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HEROTATIZEET

o 7R A SEBERTSE
HER WSH E

Z S RIE AN FERERTSERT S 4 FIBI I SEiRk G £ 42 BT T 580 E o7z HFF O3
BIREEICHEDL L~ AL LTAZEINLLB TS, BIEZ 2T TERS N4 H O
i, TTITEHEHRMEICES, ABFDBOTHREL TV THERRENDIDICR>TWw5E. Th
DIHED T AV DHEL LS THBFLTHLRE, THHTERBTHS E LD K
WTBRETH 5.

&T, MENEAFEEOIEITIX, 19445 CBUF (WEEATE) & RM3EM TEAR S
(G ZINE, BAF, BAOBEEENSOMEYEZFIH L THZEHRE, a8, &
EROMEEED L] 2L EBRE LTI TR L7220 Bk A BRRRT 22i 25212 % o
TWwah. Lk, 60D I THMRMAENME IUE, R, BIEL, HRMICED 5N
TR IR B & S & 10T, BN O RBEEIC B 2 AR ORRICES LT
&7z, L2L, 20024 ICBUF OER % 2 M ENCRIFE ST 72 Wtk & 2 oBFsekke
Z ARBET ISR & N7 AT B A\ B BT 2 A s - e ER R T 5 —
(NBRC) ~BE L UW iz &zl

LI ENTFEE ORI % FT 5 7202003F 0 S H 72 (MY OWRZ IS T 2 HIBHEZH
g L7z, ZhUE, 19614 M I A FSBETIERT 0SB AT ZE 30 M 260 B L, A WAk IRAT
HEICEETHIRIEBIT . [BEBICHT 20217, b THREBRZIEL, RFL,
AR L CEMB L UERORERICEST5] LVIBVHAEZZIRERBESE10
Thd. MEXBEOMRE LAEZ258E, 1) FERLMEIAERL T2 BEw DS
B - 54 - FE - RER ECBS T A%, 2) MAMOREENREL A0 R IR SR
BB 58198, BLU3) MAEWKHE T AEEL S CICBREICHET AL THSL. &5
OB OAL ST, MAEWNFELEEI SHREFTHEZINT 50O #EL K
ICHREBTHBRFEDHRD TS, EE, 7/ AEREHCLHEOREIZD ST L.
o2 OMEROEYT ) AOHHIER, ThOEDF ) LERZFE LR RE s %
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HERERELZY, 7 2EREIZOFTEPSNFFEINLIDEEZ TS, L0 d
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YOS EENIZE D & CEEROREICHET AE] cowT, 7TEOH B, 1. KAHL
AR AR A HEY ORI - 93 & 2 ORE GREFITE) . 2. AW (microbes)
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Exhaustive isolation, identification and preservation of microorganisms

from a permafrost ice wedge

Kozo Asano

Research faculty of Agriculture, Hokkaido University
NIW9, Kita-ku, Sapporo, 060-8589, Hokkaido

Heterotrophic bacteria and fungi from a permafrost ice wedge were revived to their active state after

being preserved for thousands of years under subzero temperature and starving condition. Most of the

isolated bacteria were non-spore forming and were affiliated with Actinobacteria, Proteobacteria, and
Firmicutes. Two groups of novel strains, which can grow at —5C by changing their cell wall fatty acid
compositions, were isolated on diluted or mineral agar plates and were proposed as a novel genus and
species. The phylogenetic profiles of partial 16S rRNA genes from the isolates were different from those
of clones from the ice wedge DNA. Most fungal isolates from Alaskan ice wedges belong to genus
Geomyces, an anamorph state of Pseudogymnoascus sp. and Rhodotorula glacialis, whose sequences are
related to those of isolates from cryopeg in Russia and Alpine glaciers, respectively.

Key words: permafrost ice wedge, adaptation to sub-zero temperature, phylogenetic analysis
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g7 &A% 2 EH UL LB L72IRRBZ RO D KA
WL ERT D25, WEREOFEMIZHAT S AART
DA, T - KRE VDAL 4% 2 Db (1
H5, 1997).

KL (ice wedge) & V9 HWEIZIRE DEWEZDKA
HEBICRRVAEL, &, B, ROM#F/ICHR L
XGRS 72 B 5 KR E, Lo—EH2NmiLAA,
WIBAHTHEET 2L V)T A 7V ERDIEL T
E¥s&E26NTWAS (Mackay, 1972). fIHED
BVIETHEE VD L) LRVEIHICE > TRK S
N, RARLBCTIIZTKEBICBEINIHETH 5

(|

E-mail: asanok@chem.agr.hokudai.ac.jp
FEFWFFEH | Thomas A. Douglas (Cold Regions Research
and Engineering Laboratory, USA), Anatoli
Brouchikov(Geocryology Department, Moscow
State University) fRHIEE. (International Arctic
Research Center, University Alaska), HH &b F
(L& R F R R FFE k)

(French, 1976). KICERMEZHFOZ & T (Fig.
1), BEE-EIRAFEL TR 2RI n B,
DL, TREEEICHALADONAEE TOLMEYN
WnELES, HESINIZKOERISHAET TOR

Fig. 1 Fabrics of ice wedge in the Fox permafrost tunnel.
A. Foliation of ice indicating annual veinlets.
B. Exposed part of the ice wedge.
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KETFTTT o bHEER STV &R 5.

YRYT, TITAAOKRARLELEE - LSS
i, ru—rRHEEkRE LCER, EIEME, SlED
o) HFEREINTWEDD03H 5 (Gilichinsky
et al., 1995; Gilichinsky, 2002; Gilichinsky et al.,
2005; Steven et al., 2006; Sheridan et al., 2003a;
Bowman & Nichols, 2005; Pikuta et al., 2005). JKif
I2H % ORIRBECHESELEL, ZhE CICHEHN
BOMAEY I HE { BEEX 1/ (Sheridan et al.,
2003b; Miteva et al., 2004; Xiang et al., 2005; Reddy
et al., 2008).

INHRIRHREREICB T 2 MAEY O HEE
%, AFEBICHT AB0E, KESIT Y N

(Europa, Jupiter II) TORDIFLED T FelE A FHEAEIC

HERIIEFoCE F, AABILBIIBE S
NBKEEDI B, HEBEHEAY DL IR T
L OB Y BT ok, BREBEVWRERICb-
TRESNIBEMOERE, HIbS 4 207V TH
BLEZONL. ZORBERTALED DMESERS
Z L AST & DAY O RN BT 2 1T o 2 flix 2
NFTIZRL, BRbEIhafedge Lz, Rk
HECE, TELARTEMREBEYZK»HOHEET 572
DICEZELPR - L ZOMR, REEHROTH»H
BO N BB FHEBARE 2 BRICOWTHRET 5.

LB

KA DR EX AL EHL, 20074F 2 5 20094F 12 2
¥, 79 AH (N64°57., W147°37.) RO ¥ XY 7T
(N62°59., W133°58.) THRW L. TIAAM7 =
TNV ZAHHLHAS 1I5Km O &I AI2H 5 Fox
Permafrost Tunnel TIZ A B 22 K A T HIZHE - 72
b RAVAIE, BRI ZENT I E %L
BIXZF-4CItfHRL, BEMFECHALTNS
(Johansen et al., 1988). F YA NVHOEITBIZEF
NBERIOERPEIZE Y N L OREE EHHER
J&13 31000 4ERT A 5 14000 EERI O L EE S N7z
(Sellmann, 1967). €DHTBIZEE L7 6 DDk
BE7SAHOREE Lz, ZRSIIKBNICE
N5 XY vORFEICEBERMED S 25000 F771 K% O
16200 2EH/T L EERDPHES NI o kB EE . F
72, FRRGREORNERAARTBIZMET 5 X7
7, TVYVINEREBO<S VY EARY VTV ICER L
W ORDKBE IR THhSORRE L, BEL
TR VOM - #E - FEH, BHELZEZEROKED
PV EIZ, 100g~3kg ORBEEB A D B L, &
572 F FMRRITEAT.

P Complex media

*Minimal Medium (per liter)

1. Luria-Bertani medium (LB)

2 LB + 1% D-glucose (LBG) K,HPO, 1.0g
kS 4 x conc. R2A medium (R2B) NH,CL Log
MgSO,*7H,0 02¢g
P Diluted complex media FeSO,*7H,0 10 mg
CaCl,*2H,0 10 mg

4.
5;
6.

100-fold diluted LB (1/100 LB)
100-fold diluted LBG (1/100 LBG)

Trace elements **

Hickey-tresner diluted medium with Agar; 2.0% pH 7.0

antibiotics (HTDA)
** Trace elements (per liter)

P Defined media MnCl,*4H,0 10 ug

CoCl,*6H,0 10 ug

7. Minimal medium (MM) CuSO,*SH,0 10 g
8. MM + 0.5% D-glucose (MMG

o D-glucose ( ) ZnS0,+7H,0 10 ug

9. MM + 1% the supernatant of melted ice, (NH,), MoO,, *4H,0 10 ug
filter- sterilized (MME1) el

10. MM + 10% the supernatant of melted ice,

filter-sterilized (MMEZ2)

Fig. 2 Isolation media.

WHEMBEEY  TXL7F4L ORL LIRS
FEMEZHEST L0, UTOHIIOWTEREL
72, ORI CE oo —%2 88, f, k&

&, B, au_—PEEEINLETCORRORLRSLD
D% FEFEA?. 2u=— PCRET 16S rRNA E{Z

F ORI % FiAk, FOWRINEITTHEL, 7
Jka—nVRAbyrbk L7 BEEHEIEREZEORLRA
I —FHEBEENTRTCT YT — VA by 7 &L
72, QFHEEHE L CIOMOEBEERSE A/,
OMEETREE, EAMILICTSL—  28EL, B
WEEEREALELT L a0 — 3 BIRLE. @O
E LTCRUKEEY 7 uh 50 DNA 2 Hv, FERE
B X BB O 24T o 72,

T 5 A N KBLEENE, JkSEEE B AT & A
YAt AT 7. AR A I 3OK RIE OB
EOELTD, Ty ) —VEKREICI ) FEEBE LR
ML, —HEREEAEHENAEKICTABL,
FEREW BRI, 5D OKRESORBEY % = 00
B (x8000g, 4T, 155M) #12, LiFE—HoORE
W E LT, hBRERIE DNA fliH it L7z, 3o
W% Fig. 2 1R L7z, 3SEORREHOMIZ, 100
£ - 10fE /L, PAEMERNE y F— L AF—
FREE s, EAREREMICOkO EEZ 74 VY —HE
L, BHESICMRAZ2b0EEHE L. 15C TH#E
%, ®1rBicbizh, FEHIS, ME, B, %
R % HEEL 72,

EARIOBER  BEtkooo=—%2RE L, M
# 168 rRNA BIETF DL ==Y VTS5 £ < — 27F
KO 520R & W CIIE#E, WK Big Dye

Terminator cycle sequencing ready reaction kit



KB« IRBEHICAFIE S B A OREFENHAE - 58 & 2 OIRAFE

(Applied Biosystems) % fl\», ABI model 3100
(Applied Biosystems) (2 TFtA 7. 1856 N/z3EE B
75 DOTUR 71 2 5 & (Schloss et al., 2005) % H
v, SHEBIEEAL (OUT) oz ko, #hFho
OTU Ed51id BLAST % fIH L GenBank 7— % X— 2
W THFAKEEEIT> 7. OTU BHl & #nZEhoE
BLFL, o FREHEHN Y 7 + ARB (Ludwig et al.,
2004) ZHWTT 54 XY %47, MEGA 4.0

(Tamura et al., 2007) ZFH LT, EHEAE

(Saitou & Nei., 1987) 2 X ) ZFEB 2 ER L7z, b
ROV -0RBEBERT—-Y X M5 v TEBF

(Felsenstein, 1985) (2 X D72, EFOLMEEK
DNA 7 51i%, 5.8S rRNA #HIZT % & & Internal
transcribed spacer (ITS) %EIR & UF 26S rRNA & &
¥+ ® D1/D2 BB OIFEBLSY % Fidk, ME L FARICH
FHERKREZITo7. BONZAHREY & K2
ClustalW (Thompson, et al., 1994) T7 54 X~ b
%, MW & MRS 2175 72.

JO0—=>74 771 —DOER & DGGE f##k KA
B R LB OB, S = v R YV — V8 ISOIL %
HwTHiil L7 DNA % 3 £ 12, 16S rRNA #EIZF D
WAy s7a—rI 4750 — 2K L. 27F RO
520R TR L 72 PCR Wi F X pGEM®-T Easy X7~ ¥
— (Promega) MU Escherichia coli JM109 % T
rau—sfblLrzu—rs4 75y —%EE L7z, %
7z, Basitias 5 (2006) D FEEZSE|Z, ITS gD
ITS1FGC (40 mer) —ITS2 # 300 bps % PCR T4 iE
L, 20%-50% DIEELRL 7 )V Tt L DGGE f##T % 1T

-7z,

Gammaproteobacteria
(31ep)

Actinobacteria ( 59 rep.)

Bacilli
(5rep.)

KBRS R L7OKEPOBFREERKR,
ERTER, ®BF) V&8, pH, WMERIE, FXKE
W, 7oA, B, WERIE, HWEEER, Lo
HOLFEBZEEIC L DAL N,

FEFEMESFERE  ISOPLANTII (ZvyR¥ Y
— V) BFHOTHRAEADNA OHMBHBI L EHR L
L, 27F KT 1522R, 27F J U 1500R % i \» THEIE
%, 16S rRNA #EzT 2R OMERY] % 5 AMF T
& EDITREM R RIRIEAT 21T o 72, REE R OV
FHRERN, GCEELZWEL, FITHRDOBRE
#RRE I AT X v, MIfEBET I BHR, XTF
7O A T VB, BREFERME, VU VIRE, I a-—
VEBEREDGHEIT o7z, BELREIZ, NI AF—F
VT BIETTH D, gyrB, rpoB, recA, 7% & OYEIER
FlZzfA Iz R L7z, HEOFMIZA LS 0RE
(Katayama et al., 2009, 2010) # SR L.

fhoR & L

HEIhZHEAFE ZOEY BOooimosE, X
BOBHEEARKRE, SBFE%, 28F) v &2
&, FEFICEL, 13T, EAOMIERBRICBT BE
BEIZIEH L 72, REEEGBRE TS { O EATHLY B
NBEA) L) FHREFKL, BAREOAFIIFE
BEMETVVEED o 2. ORI D AR R
WO C, N, PRZOMOIEEE, KETOEED
F10MEH 5 100 ThH o 72, TN SO EER A & B
HESNT2T 7 A A KBLHLBERR 270 #k & OKAZ DNA H 3k
273 71— ®, 312 16S rRNA #EIEF DO ERHHF %
DL LR MMERE Fig. SA RO 3B IZ/R L7, B

Actinobacteria

Bacilli \2.9%

4.0%

93.1%

Gammaproteobacteria

A B
Fig. 3 Phylogenetic relationships of 67 isolates from Alaskan ice wedge
(A) and 273 clones from the partial 16S rRNA gene library (B).
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BT O

S NFR R O ESHEAMEIZ6TORLZ L 7 V-7
(OTUs) 2B, ZDEFEAERRBFERERLZW
LD THo72. Actinobacteria \ZBET 5597 Vv —7
(OTU) 245 %, Bacilli \CBT 557 Vv — 7 14%k
( Carnobacterium, Planococcus 2 ¥ #% ) ,
Gammaproteobacteria (Lysobacter \2iTi#%) (BT 5
3 NV —T 1R ITz. Table 1 1 Actinobacteria
KRBT 27 V—7OREHRDI B, EFOEERKRE
16S rRNA EIZF O H 5 AT T 97% LT O M % %
BoborkZho s nizBhe il oid
DTH5A. L PHIE R EBIERL AP S TEES R

THEY, BRTLEHE U CEAS XD ITAFREH
RLEAREREHATH Y TH o7 EZ 5. Table 11228
1F72 238D 9 B Actinobacteria \ZJ& $ 5 KB BLEE AR
& DB DIEEMRDES] & ORMBELRE 16S rRNA
BIETEREINCEDV TR, HER RO
W H ® 9 B Propionibacteriaceae, Nocardioidaceae,
Brevibacteriaceae, Micrococcaceae, Microbacteriaceae
& Nocardiaceae \Z & R FHICH N7z, I
Nocardiaceae \ZiL#%7% 7 Vv — 7 & , Microbacteriaceae,
Propionibacteriaceae \ZJ&3 % 7V — T IZFH O 8
BDEL, ENETROROHRT, 5V IdEHEOR L I1F

Table 1 List of isolates showed less than 97% similarity in partial 16S rRNA gene

Rep. No. of Closest relatives (accession no.) Similarity (%) Medium isolated
137 1 Tessaracoccus bendigoensisT (AJ132334) 93.5
j4 1 Aeromicrobium fastidiosum® (X76862) 95.6
12 8 Aeromicrobium panacitermeT (AB245387) 96.6
120 1 NocardioidesjenseniiT (Z278210) 96.4
j2 5 Rhodococcus caprophilusT (X80615) 95.8
m9 2 w 94.9
jl8 1 96.2
j21 1 FrigoribacteriumfaeniT (Y18807) 95.5
j22 1 96.4
03 1 96.4
09 1/ 96.6

ml5 3 Agreia pratensisT (AJ310412) 94.2
h51 1 Salinibacterium amurskyenseT (AF539697) 95.1
gl3 1 Microbacterium hydroygzdcmsT (AJ698726) 96.9
h47 1 Brevibacterium antiquumT (AY243344) 96.6
cl2 1 Arthrobacter sulfureus’ (X83409) 96.6
oll 1 Arthrobacter oxydans® (X83408) 96.4
j34 1 Arthrobacter pascens' (X80740) 96.9
125 11 97.0
021 3 ArthrobacterpsychrolactophilusT (AF134179) 96.9
14 2 96.8
143 1 96.5

Diluted media

Defined media



KRBT« IRBR IR S A Y ORFERVBLEE - 58 & T ORE

AL FAT—%2RTHDDTH o7 (Fig.
4). Microbacteriaceae \ZJ& L, Subtercola, Agreia J&
L) k&R L7z AHUL791, AHU1810 i3 RBEHIC
B L L THROWEEIE» o2 (Fig.4). NI AF
— Y ¥ V" BI5T gyrB, rpoB, recA Bz FOAMFEME %R
N7AER, IZIZALT (95% U LEME) ThoZ e
5D 2MRIEAEE Lz, iy s o, TR,

#EIFR, AHRAEARR, [RERERET, -5CT»56
27TC THEF T AHERERF CTEEREIL20C TH o 72,

Ml B2yREITDAB A AL, EFEXT ¥/ VIiZMK-
12,13 H A 0id11, FEY VIREELT AR 7 7FY
VO —V, VRATZrFINT) kO — Vel
L, DNA G+C &% 65.3—-65.4mol% TH-o72. 1,1-

.ropionibacteriaceae
——m ocardioidaceae
?Brew’bacteriaceae
——f  Hicrococcaceae

Aok ok
AHUL79B1810"Microbacteriaceae

% AHU1821, AHU1820

% candidates for
novel strain

Neighbour-joining tree 0.1

Fig. 4 Phylogeny of candidates for novel strain

dimethoxy alkanes DE & &%, Microbacteriaceae
BICBUIALAINOLDEELZSHEBEN EZOD
Subtercola, Agreia B BB L BHL PR 572

(Table 2) .728®, T i % Glaciibacter superstes gen.
nov., sp. nov, AHU1791"=NBRC104264"=DSM
211357 & L CTHEHELRE L2 (katayama et al,,
2009). RWEDKOHRTEEKIT/-ZOMEIZ-5C~
25C CHBETRETH Y, 20C TREALEBFEZRL
7. (TLv=wvAxTFuay FERESE 25T 25 20T,
20C 75 10C £ TL 10C %5 -5C F TORTAEKA
WORISREAEZ Y, FI210C 25 -5C T TOM
R ERFHIC—EICEAT 2 EFHALIE o
7z. (Fig. 5). X, TSB+2% D-glucose 55 #iH TR 3¢
L7-& & BEORTIINES T, ARafifliEg, koE
SIEBROSESENL, holdl ORKEOKRIRIIC
BUIAHEERKILDOEDEE 2 b/ (Katayama et
al., 2009).

Nocardiaceae \Z %% 7 )V — 7%, 16S rRNA &
T E&REF OZMELED S Corynebacterineae T H
WIRBRTAZ LML, gyrBEMGRTIZED SR
BIZBWCHRL PROY =B/ oN7z. I 3—-ViR
EERBOMOBEMT Lo EERL, &dEHER
Rhodococcus J& & OFRFTEIX 95.6% LLT T, #i#EHTH
LUREMEA T 2o 72, & THAMEEN, MEBER SO
D EATo MR, 7T B, RN, E3FR, &
HAVERE, REARERET, —5C2527C THF
THKIERE CEBEEEIZ20C THo74. D-7 V7 b

Table 2 Salient characteristics that differentiate strains AHU1791" and AHU1810 from Subtercola boreus

and two species of genus Agreia

Strain or genus Peptidoglycan amino Predominant Major DMA

acid(s) menaquinones
Strain AHU1791T MK-12, 13

DAB Not detectable
Strain AHU1810 MK-11, 12
Subtercola boreus DAB, Hyg MK-9, 10 a-C;, & 1-C , DMA
Agreia bicolorata MK-10

DAB, Orn, Hyg a-C,;, DMA
Agreia pratensis MK-10, 11

DAB; 2,4-diaminobutyric acid Hyg; threo-3-hydroxyglutamic acid Orn; ornithine
DMA,; 1,1-dimethoxy alkanes a; anteiso-branched 1i; iso-branched
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Fig. 6 Temperature dependence of the fatty acids profile in strain AHU1821".
*1: cis-hexadecenoic acid (position of double bond was unknown)
*2: trans-hexadecenoic acid (position of double bond was unknown)

— 2, FYtuo—), ¥ /)—Vr2%&E(L, DNAG+
CE®IL694-71.6mol%, EEV VREELT, ¥
KAT7FINT)ka—), RAT7FINVITy )
— VT IV, RATFFINA IV =, KRT 7
FINVA Y b=V RYS Y)Y FEELEZ. FEX
FF 7 VIEMK- 9H,), XTF K7 H Y 1id meso-V
TIJEAYVVEE, TIEI)—R, 57 —R%k&
fr (Chemotype IV), A7 I YEZZ7V ay v, £
% JE W5 B & C16:1, C16:0, C18:0 & C14:0,
tuberculostearic acid 1Z13 & A & & F 3, 16S rRNA
HAR T HEE D W Tl #% % Rhodococcus, Nocardia,
Tsukamurello J& & A F % 7 ViR, £ EIRITEEH
DHETHENDAZ LSNP o272, T O
% Tomitella biformata gen. nov., sp. NoOvV.
AHU1821"=NBRC 106253"=DSM 45403" & L T#2
% L 7> (Katayama et al., 2010). Z OHOYF#E L
T, ERRECETIHY, Cl6:1 D) b—Ho¥—
7 OEE BN C16 KUV Cl16:1 Dt ¥ — 27 0 & &
WA L7z, e ® Glaciibacter superstes TIZKIR T
TORREMEEZ RO, KRS OIRE (GE#EEE
Be, TEUFIIRRAEE) ZME L7205, ZORRICBWT
X, FAUABABERICBYTCHHEBERREVEK Y

cis BIZ R T CHMEETwb LFHEINS (Fig
6).

INLDOMEED, T I AN OKESS 7T ROME
EAHUD AN F ¥y —a2VL 7T a v LTHRFL.
TR T QKDL IHEWEDA S ) —= Y T D7z
DICHBEL 7 ) Lo — VHIZfRAF L7/ E 738D 9
L, 16S rRNABREFOHTEFIZED,
Proteobacteria \ZJ& 3 5 274k Actinobacteria [ZJ& T %
158k, Firmicutes \B T % 14D B RE SNz
D, TOBBBIIT 7 AN KBEEREIIRECRES
> Tz,

HEIN-EREFEZTOEH T T AN KB S B
HES N2 1T0BRDORIRE X, TRCOEXRYFZ 27
- ViEH P -80C TREFELZ. RRETHI LS
V—7%RFET %55k D rRNA #E1xF ITS #HiR D
FEECH CTHIRIMER L7285, EINHE DS D00
13& A LD Geomyces BTH - 7z, FTAROEERHIH
faz 7 ) tn—VigiEH -80C THREL, Thetho
HEREELHEMRE L. REHR2KIZONT,

26S rRNA E{xF D1/D2 IR DM F K DR,

% D% £ X Rhodotorula psychrophila T& - 7274,
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Fig. 7 Evolutionary relationships of fungal isolates from 5 ice wedges.
IW1~IW5 represent five different exposures of ice wedge in Fox Tunnel.
Isolates in parenthesis were isolated from the other part of permafrost in Fairbanks.

Phaeococcomyces nigricans, Leucosporidium
antarcticum (AR 2 d O S FLE L7z, KB 55
HELBRFE L Tz Geomyces BD 9 230 FEH %
rRNA & f2F ITS SHBIE LB L T h 5 [ZH R 7%,

INFEFTT—FIN—RIEHE I N TS Geomyces J&
DREA REORES Z b L1285 N RkER % Fig.
TIR U7z, U, &ERETHEME PR Y —28
155172, Geomyces JB1Z T F T, Gymnostellatspora
& Pseudogymnoascus & DEMEHA (TFELT) &
LTHEZT 51 (Rice & Currah, 2006), &H 50
AEMRETEONE, FOFERICEVE RS T TR
HTH o7z, KED L0 BEE N7 Geomyces spp. 137
NT RN Pseudogymnoascus J& D EHEMA TH 5
ZEDBRMB RSO E B o72h, TEROEKIL
SPREMIHEID SN TRV, T2, FL4OERL
AIKBIZE LA 5N T W72 Geomyces BITKBLT &
Ik 4%, G. pannorum, P. verrucosus, P. appendiculatus
WEINLIMIY L7 TR —2RL, BELDET
HEZLPIFHEEN:., ZhoDO 7 F5AF—ERL Y
TTNY I ALHBARARLIEL S TEBES NI

Geomyces B 5 ML L, KB L ICR L DEME
FaNTwBEEIE (Fig. 7).

BEBIKELLZVWET, EKBEFOEREL R-#
R, ZKICH LA 57z DNA 5 5 OHIEY IX R
WCHM RN Py =V %2R, HEROKR LR
Bk, MDKARLIE DB 7 0 — Y ITHAIEFIC
RONEFELPFEEL T EWwEBbhiz, Ny
R ORI 2> S MHFEMARR 21T o 725 R, KB OE
HEZ, Z200RHNOEVEHLDHDODITLE A EDN
Geomyces sp. T& o 72. Rhodotorula sp. Buellia sp.
\ZAHF] 2 DNA 2 &0k & o 72, BERE, RIREO
IRELS BERR DNA #8550 & L CHHBRIC PCR THIE L
INEZRTERBENONY FLFHLEMETHL I &
Ph, INOLOEEEIIEZTVWARETKIZH LA
LN TWEEZ bz (Fig. 8).

—7, BEEFEKFNICDNA»L T I A A KEAD
MEFEZ RS & ZFDE L A Gammaproteobacteria
TH Y, Actinobacteria ¥ 4% (2B E o7z, LA
L HEERRIZZ D < A% Actinobacteria T - 72 (Fig.
3A,B). —H, ¥YRYTOKPLIETGLEEDs a—
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Isolation and phylogenetic characterization of nano-organisms (nanobes)

Takeshi Naganuma

School of Biosphere Science, Hiroshima University
Kagamiyama 1-4-4, Higashi-hiroshima 739-8528, Japan

Microorganisms, particularly archaea and bacteria, are micrometer-sized and are also referred to as
"microbes." In general, the smallest free-living microorganisms are 0.2 um in diameter. Therefore,
sterile filtration with a 0.2- um-pore-size filter is presently used in the medicine/food industry and in the
field of microbiology. Recently, however, the existence of nano-organisms (also known as
ultramicrobacteria and "nanobes") that can pass through a 0.2-um-pore-size filter has been presumed,
but little is known about their ecology or phylogeny. Our previous studies based on non-culture-
dependent methods have revealed that some nanobes are novel and deep-branching species that are
phylogenetically important. In this study, to obtain an inventory of nanobes, we isolated 53 strains that
passed through 0.2-um-pore-size filters from various environmental samples, including samples from
the Arctic, Antarctic, and deserts. Based on 165 rRNA gene analyses, the gene sequences of 15 of the 53
strains (28%) exhibited less than 97% similarity to known culturable strains. One strain isolated from a
river sample was closely related to a known obligate ultramicrobacterium from the class Actinobacteria.
The genome size of this strain was small (ranging from 1.59 Mb to 1.74 Mb), as estimated using pulsed-
field gel electrophoresis. The findings of this study suggested that obligate ultramicrobacteria may have
the smallest genome of all organisms.

Key words: nano-organism, ultramicrobacteria, culture, molecular phylogeny, genome size
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BTRAL B ENTEL, BAMIE, FLE0.2um
DT 4N —F R HEBNMEAEY (0.2um #8
) OWFEFIA1970ERT» S H 5. FIZE, HKPO
EWHICED S 02um BEBHOEIFIE, 1~10% TdH
% (Hobbie et al., 1977; Watson et al., 1997;
Zimmerman, 1977) . & 512, EREMNE T 108~10°
cells M TH B &5 BIREEARIIBWT, 0.2um @8
WOEEH GFETELHEE 1&10~10! cells 1' T
b b EOHED R E NI (Fukuba et al,, 2002) . ¥
72, THOBERICESIHIZEO—HE LT, 1981412
HIE02um D7 4 NV F — %@l T 54 & 72 TR
OB Nz (Torella & Morita, 1981) .
—DOFHRBEIZ02um LYV KEL oy, B9 —
DIFHEEED 02um DAV EDOTHY, Vb
SIrunsF) T EMBIN. 0%, HRALH
DR PAK, TERKNHPLSFTEETLTNV T3
saNZF)THRSED D VIEREETIN TS

(MacDonell & Hood, 1982; Hood & MacDonell,
1987; Haller et al., 1999; Elsaied et al., 2001; Duda
et al., 2007; Miteva & Brenchley, 2005) . Z L5 OHf
2D 0.2um EBEICIE, [EETVLIOIEETE
% w | w9 “viable but non-culturable”

(VBNC) REEDMIHE, BLU, EFERO—IITHEAN
i o B %2 #:0 Cytophaga % Microsilla % & D
EHEAEENTWS, —FT, Hahnd 2SHEEL 7=
Actinobacteria, Polynucleobacter Cluster

(Betaproteobacteria f) &, BHRBELIEREMHTT
L 0.2umWiBOBNF L X0FETHY (Hahn,
2008; Hahn et al., 2003) , TD L 5% b DL
obligate ultramicrobacteria (FHEZ NV FF 3 7 x
2FNT) EHERTWS, Tz, ThoDFEET YV
b IZuNsF ) TIRRAKBICEENICEET S &
b I TV A,

AR T, RERIMLTF AR IR MR K W M 2 & DR R
BERO 0. 2um BEBE (P2 0.1um HERH) ORE
HEH &1, non-culture-dependent 2 FEIZ LD
16S rRNA BEFIZET L RRMMWAT A frb N 72

(Miyoshi et al., 2005; Naganuma et al., 2007) .
Naganuma ef al. (2007) &, <=U7J I 70K

4

WAL S8 7280k @ 0.2um B HEO A ITHER
FIIC A & 5 EIEMTE & Ml o 0 AR il L7z,
BB, fERBYICT A VI —HHESNIED) O
£ (0.2um “FHE” W) PEEMOSERIIELZO
3L, 0.2um BBE DV { D2 E R OIRITITIE
W ZATHEWES P (deep-branching) LTw5
TEDbhot, TOXHIT, 0.2um WBEEEEIC
RGN EE LAV ELET A WL
LY o20HY, 0.2um BHRET HbLI VT IS
TN FIYTORHKIV S Y a YOLFTILEL S
h3.

w52 ranNs T 7R A XZFT
%, B/ ADBMNIAX%EZE)ZTHERICER
THbH, META XHPNSILHE-01I0E, Fhel
LT A DEMBRBIIHRLEY ¥ N TRLT
BhohnwEEIZLONENPLTHE. EHFEDOLDITL
BERENRRMBEY A X2 EH L7 Mushegian &
Koonin (1996) i, F4HMETH 5 Mycoplasma
genitalium & Haemophilus influenzae D7 ) A % 5
B CHEEEBICETFCLELEREN /oty I 2
EHEL, 032Mb THHEHEBLA. ZoOfDLD
2, BEMoBEY R CRIlY 4 Xb 7 A4 Xh
AEeDE, LIZLIEFEMED B WidHAoMAY
THbH, TNBIEARRLRUR %2 OEFREED—H

il sEER ) 2EE0ELTRALS 225
T# 5 (Moran, 1996) . 72k 2, 7774

(Acythosiphon pisum) OFMBHNIEERTH 2
Buchnera aphidicola W HIBY A4 AHELE 0.2um A
%, 7 5% A4 XL 0.64Mb TH 5 (Nakabachi et
al., 2006) .

T, BAEERAEEOF T LY ) 204 X
PNE WV E ST B IEFOTEMEEME Ignicoccus
sp. b, MBAWICHME Nanoarcheum equitans & 3%
HEEFTWD (Waters et al., 2003) . Ignicoccus sp.
DY MY 4 XiE 1.30Mb, N. equitans D5/ Ak
0.48Mb THh 5 (Waters et al., 2003) . T DEE &
FEHE DT ) 2% 4 ADOEFHE 1.8Mb LT LAk
o T2 AV RNVOIEPFEFICELLTWEEER
bha. BE, HAREEBFEEOY VI IZunNs T
7T, 3HEILOWTH J AL APFRD LN TW
5., BTN IITIIoUNITFYTTHD
Pelagibacter ubique ® %/ A1 1,308,759bp & JEH
12/ &< (Giovannoni et al., 2005) , T 7=, KD
VTN T 7 THB Polynucleobacter & D
TBRS 7 2% A XH1L.9Mb & BN S WI &8
bhroTwsb (GENOME ATLAS DATABASE,
http://www.cbs.dtu.dk/services/GenomeAtlas-



MY (nanobes) D7HEREIE & RFESEICHE T A%

3.0/ . L&L, Ak (ultrapure water, UPW) 2»
5 Bl X M7= Minibacterium massiliensis 1, A{EW
D—EDHH 02um L H/IAEL, ZDF ) A4 X
i 41Mb EREVWIEBHMONT VS (Audic et al.,
2007) . ZD X, MBEOEAMEES ) 204 XD
MAOBEEZRT AT — 7 OERI T ER+HFT
H5.

FITAMETIE, INVEFIZ2unsF) 7o
Witk L 7 ¥ 3 ¥ (nanobes collection) %+ 5 L
EHiT, ENLF ) AT A ADOBHRERETHZ LD
B E L7,

KBTI

AEHEERM A E, R, Wk EEdkE, it
REMDOERLBEEDSHH2 (Table 1) . JLEOH
YINEINT 2 —FEEAT 7= ANV EEBAE Y
YARNVT Y EOR 79.4°N 13.4°W &, Troll hot
spring 2 HFFE L7z, SHUIKITASRIE L CTHi Tk &
Bol2b OFHMBATHRINTTELR, HRRIICMUE
THRRTH A (Jamtveit et al., 2006) . FHERDOY
TR 62.6°S, 61.0°W H 5 20084E 127 IZHE L
2. HETE, TEBEEEFOFT VAR EDN SR
ERIMLA. 77V ARBIRIIHEF2=2VTT
i, WREROBETHIL2INSHBEEFOFTT VA
POWMEEEFW LU, T2, 200449 Bz, TR
IS NER 854N, 137.2°W, R IEHT ST
A TFCALE 3 5 BORAL LA SERE L 72, HGE
WiEHAREROY S VEERELTHORTED,
Miyoshi et al. (2005) 1%, ZOHTKD 0.2um B
WA ICH R RAMBEICE T 2 168 rRNA EBET % 2 Bk
HLTWwA, WIOY 2 7 IViE20084 7 B2 BEER
LEEWERENEE»S, #34.2°N 132.6°E, #
34.3°N 132.6°E, # 34.4°N 124.T"ED 3 5%, %
72, 2009 3 BICBMEREETHENRN 35.2°N
132.9°E M L DBl e & L IHER L. #B0F
TVIZHERER PSR 31.9°N, 130.0°E Hi & 247
B3 B VK Eith, TR BRIUR BT RN RS0
345N 182.7°EBIC BT 5k, BLUBRER
EWHERTNEFOWMDOERRE KL, FTHEBEOWHII%E
TAHEE L HIHRR L, REEGEDE BREBED
T ERERFAMTH L. BIIBILA 2Rk DE
BE, BITHARBKOTEBOZRBM TS S Z L2345
NTW5. KDYV 7 VIZHEENEO IR BRETH
34.2°N 132.6°E Hi s & M4BT 49 34.3° N 132.9°E #
H, BMEETHA2BEEMIAIMNTEMERXH
33.9°N 130.9°E#hm & IO B FEH A 33.8°N

131.4°E # 8, JuEEO KRG BEHRTRH 33.6°N
131.2°E sl & RIFTHZ LT # 33.9°N 129.6°E #h 5%
DEBAZRRLE., I, RBREESLERTH
352°N 120.1°EHi, BLUF 2oV 7HMEF 2
= A# 35.9°N 10.6°E Hig oMk WM ENL. h
SOV TVIIEROFEEEZHCT, EHOT I AT
v 7R PVICRES N, BRH» Sy AROBEEER
B E TR TR S L.

BABEY OB B2 1 Elsaied et al.

(2001) DFHHEZWEL THW ., kY ¥ V=
BICERLLILE02 yum7 1+ V¥ — (Advantec,
Tokyo, Japan) TAB® L, R2A¥# (Massa et al.,
1998) ZiRMML 7z, TP W#2 CoEEY Y T
B, U VEBBEHEEEKICESL, ERRCRELAZ Y
VERHEEKOHEBIZIUTO®EY) THhH; NaCl
(8g/1) , Na,HPO, (1.1g/1) , KC1 (0.2¢g/1) ,
KH,PO, (0.2¢1) . TN A T THRERTHEL
Fo. BB RES, WARNBLEUHRO 1.5% ERE
WIZFOREBELEAL, FIEMEBEELA,. ERI
Er7-BEauvz—zdvy, ffbds7o0ll, 4kE
b 3 AR L 72,

16S rRNA #{=TF % PCR #igH L URGMET B
HE L =%k 168 rRNA R F OIREEF 2 RET 2 72
DIz, 7/ 5 DNA O %47 - 72. DNA MO JE
1%, Aljanabi & Martinez (1997) ®F % iz,
Hi L7247 2 DNA 5 16S rRNA Bz T O&EH
16008H&ED 5 B, #15008EEMEIET 5 L9 %, HIEM
B ? 168 rRNA #EFHEN T 74 v —t v b 27F
(5"-AGAGTTTGATCCTGGCTCAG-3") & 1492R
(5“GGTTACCTTGTTACGACTT-3) #HWT PCR
HEIZX DB L /2 (DeLong, 1992) . PCR KIGIZH
Wb DNAKRY X5 —F¥IZL, TaKaRa Ex Taq
polymerase (TaKaRa Bio Inc., Otsu, Japan) % M
v, PCR 30§25 1213 Takara PCR Thermal Cycler
PERSONAL (Takara) %#fff L72. PCR K53 &
MICEEM, % 96T (340) T1H A 7 Vit 7248,
95C DI % 4085, 56C D7 =—) ¥ 7% 608,
72C DHEZ60B DT A 7 Va35% 4 7 ViTw, &
#®IZ72C TOMER 5 HMITo 7. PCREWIE 1.5%
THE =2 VERKBTHIY A X (#150055)
DT7Z7XAYFOFRENEIELHRE, QlAquick
PCR Purification kit (QIAGEN Science, Maryland,
USA) zHWTHRELZ., BERFO®REIR,
Macrogen (http://www.macrogen.com) &5\
SolGent Co., Ltd. (http://www.solgent.com) ZZEEt



&

L, BioDye Terminator V3.1 Cycle Sequencing Kit
(Applied Biosystems) % fVvy, DNA ¥— 27 L ¥

— ABI 3730XL automatic DNA sequencer (Applied

Biosystems, Foster, USA) #fff L CHE L.

B o N B=FES X, BLAST (Karlin & Altsul,
1990) 2 & A M EMHRE % GenBank/EMBL/DDBJ
DF—FN—ATITo72. HHNIz 16S rRNA HIET
BHB I, Fho BT LZRLU-EEROR
FEFH 2D W T, CLUSTALX multiple alignment
program (Larkin et al., 2007) #HWTT7 4 A b
#fTolz. TIA4 AV MEOBEFIE, MEGA 4.0

(Tamura et al., 2007) % T NJ I & D RH
AR LA, BELA-EZETFEMNR
GenBank/EMBL/DDBJ 2% 4% L 72 (Accession No.
AB539970-AB540022) .

BEOBE MY 4 XM B Lo
ORI, EESHRERNIDIGEEE MR RE
(FE-SEM, HYNA 727 /1Y —XH8-5200) 12T
BEL: BHEZ12002% VI AT VT FT
EEL, BE2FAZELlum 74 V7 —ICTHEL
To. YT NICEFEND KRG VEFRET HBEORMIKRS
THESEIE SN0 b, 2074 05—
LEOIum 74 V¥ —TAHBENNB50%, 70%
90%, 95%, 97.5% DILF J — ) — X2 THRAD
)%, BRI, BTEBGBRERICBEL TR,
EAF X REERELD, TANVT— %A VR
Ny ¥ (A4 527 /0y —- L8 E-1030) #Hwv
T# 100A (0.01um) DTOEESIC Pt EF L.
T/, BFHEMSETOBETIERS - HkBoMi
DEFRFHT SN nicwd, FEEHTOMBY A X
B7ANVF—DOBBIZL o THERLE., +0I0E 7
WAEEE 10ml 2, HEICHERLA-=ZEOILE
0.2um 7 4 V% — (Advantec, Tokyo, Japan) TH#
L7, FOAMICH 2% R2AKH# (Massa et al.,
1998) R L7z, »BIFEHTE 74 VI DA B
LT ETHOBINC L DIES NS, —F D ABIL
BA—N—5v7LTHBY, 7407 —LHITEBEEIL
ZEULOABILFPEEEL TS, SEIEED LD
HABILTEHNERTA0R D, 740y —13
SHICLTHAEBLUBREELZABLE. ZhoDs
TSP Z AL RS R, BESR O E
I DRI L 7.

70 A A XOMEIC X L
( Pulse Field Gel
PFGE B 7

LY XOHE
A7 4 =N FERKD
Electrophoresis, PFGE) #% w7z,

!

B

SE A= —HEROERT T PNV TERI L

(BIO-RAD, Richmond, CA) . fEE L7279 7k
10041 @ 50 U/ml HIFREESE Ascl, Notl, Fsel, Sfil,
Apal, Dral, Sspl, Xbal, Spel, Xhol, Clal, I-
Ceul (New England Biolabs Inc., Beverly, USA) T
#H1t L7>. PFGE i CHEF-DR II Pulse Field Gel
Electrophoresis Systems (BIO-RAD) # B W THrd
N7z, PFGE i% I-Ceul THIL I N2 T T 7 LI REE
FWHEE LT RWT I IS LTI, 3V T250%
5 900 R D8IV R T 4 A T50MEITHLIIZ. Mo
WERCHILENZ TS 71, 6V T6THNIDL 54.2
BONRVAS A AT2REE, 6V TO2H»586%
DISNVA Y A L TIsMEREKBI Sz, WOT ) LA
A&, CHEF Size Standard —Lamda ladder 3 & ¥
CHEF Size Markers — Yeast Chromosomal (BIO-
RAD) 2L THEINLT7 772 Y M OliRE
FEITAZ LI o THIS A, B, BElizhi
4 7 LE, Genome Atlas 2.0 (http:/www.cbs.dtu.
dk/services/GenomeAtlas/) B X U Prokaryote
Genome Size Database (http://www.genomesize.
com/prokaryotes/) LOEBED S ) At A4 XL K
L7

FER & BE

HE SN ASIVBENORBSE 2354700
YT, BREBSMROTNV LT IZuNs T TH
HpkX/: (Table 1). #®OMRFUX, Proteobacteria
f92534%k, Bacteroidetes F14%11%8k, Actinobacteria
FIHS5 Bk, Spirochaetes 7528k, ZFOMI 1 HTH
o7z (Table 1). Proteobacteria M34¥k®D 5 %, 158k
it Alphaproteobacteria #, 12#kiX Betaproteo-
bacteria #, 7 #id Gammaproteobacteria #l TH -
2. FUTNVIIRIFEEN TR HICZOMEY R LTE
MR L ) 240, TR - BN ETEI
ZOoOMRrRON RN TH B W, CFB group

(Bacteroidetes 1) & Hylemonella J& (Betaproteo-
bacteria ) DEFEHEBEKRO ZNZN 20.7% (11
) & 18.9% (10%k) &£ < 2L Twiz, —ikK
2, ThoOMERITEFTIEFICRNI LML
THEY, AECBNTHROEFTORBNIFIT
ChRTHH s T o 2MiEE2H 5. CFB
group X Hylemonella B &, RIROBEEZFD
filamentous bacteria (X, BATHIFEICB W THILE
02-um 7 4 V¥ —DAHWEHHLMBPBENTVS  (Hood
& MacDonell 1987; Schut et al., 1997; Hahn et al.,
2004). %7z, Elsaied et al. (2001) DHBEEL
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Cytophaga-like bacteria 1, HlEkSHLIzB VT 0.2-
um-EEHREE BB T A L REI LTS,

~—%, Rhizobiales B (Alphaproteobacteria )

(Fig. 1) & Blastcoccus B (Actinobacteria F9) 11,
INFETYNISIZuns 7Y TELTOHmEDNR
PofebDTHY, FHRE/NMIREHERTE Lo
P, 58, EEPOSBRBICBITAFMLBREEEL
EMN W BETH BH. ¥ 72, Rhizobiales H

(Alphaproteobacteria #) 7 #k & Bacteroidetes ¥ 7
¥, B Shr3tk (Fig. 2) i, 16S rRNA #H{E T
IZHET SRR OFER, BEROREER & ORI
97% DT &, FEIEAEZRLA (Tablel) . Z
NEABIZE o TEFOR WD DD,
EFVEL ST TR TE Lo BREIIELRT <
ozl EITRET S0 Ltk (Hahn, 2004) .
S 51T, JuRE B A THRIE S - H# Bacteroidetes
M 7HRELVENICER TR 2P o7z (77.4% to
93.0% similarity) @3t L, AL HAE, HEH» S
B X N33 Rhizobiales B 7THRIZEWILAHBTH
D (97.2% to 100% similarity) , FESICEENIZHE
ETHAINEFIIZUunNIFITTHAEELZLN
5.

IREEOBEEI 2> 6 Bl L/ KNC # (Accession
No. AB540017) % Hahn et al. (2003) ASHHEL 7z
Luna Cluster 2B 3 5#lE (Actinobacteria ) 1Z3E
BB o 72 (99.7% similarity) . Luna Cluster
Fa—uy SBLUHREO S FEFE 2E»S BES
N7z ¥ F ¥ R 7% obligate ultramicrobacteria cluster

WRET VI IZzanyFUTH) Tha.

BEZGICHTBMEY I X FE-SEM 2 X 5 Hk
BEOHE, CFB group IZET 5 KIP #%, KIY #,

KOr #, B X U Hylemonella J& (Betaproteobacteria
M) BT 5 1219-2 #kIZ F1E 1.5-3.0um Dl &A%
BWTHor: (Fig. 3). TNHICHIM » 728/ IR
DoNGhol. HMBROBEE - BkzECL )il
A RGBT B REESEHE 00, TNLOKRT
g 0.2-0.3um Fifk & ILEHIHI W B BIEE S
N, BAHleE LT EREE LTLE02um
74 NG — @B Y 5L E R bWz, Vibrio &
TH5H KEMIZEEDH 0.15um B LIFF I/ E D
=72 (Fig. 4). INHORMTLLEA» S 0.2um 5
BWELTHEDIN DY (Hahn et al., 2003; Schut et al.,
1997), 0.2um FBE/EBET 5 RMHEL VR B
%9 . F72, Betaproteobacteria WG T % 124 ¥k,

Afipia J& (Alphaproteobacteria #) 2B 5 1Z17 ¥k,

B & U Oceaniserpentilla & (Gammaproteobacteria

A

B

M) WS 5 ShrSW #k7: &b 4% 0.2-0.8 um A%
EHBHAIVWEETH o2 (Fig. 4). 7z,
Rhizobiales B (Alphaproteo-bacteria f) BT 5
GB3 ¥k, S-42 ¥k, 1Z6 ¥ X U Pheaospirillum &

(Alphaproteobacteria #) Z&$ % NP1 ¥, NP3
MRITEER 0.3-04um & B KVWERETH o 72

(Fig. 5) . RMMBHT OMRE, BEHMOMREY IV T3
Ny T TIZ99.7% L IEHITEZ TH o 72 KNC
Brid C R OBRE LTz (Fig. 6d).

~J, Rhizobiales B GB10 #%, Phaeospirillum J&

GB9 ¥k, B L U Actinomycetales B KNA-M #ix, &
FEAH0.5-1.0um & Bl L7z BHRICHRTRE o 72

(data not shown) . 2Dk ) ZEKRZMBEIILE
0.2um 7 4 V¥ —THBBEOREBIZHFEL TV LR
HeLT, MROZEIEZ LS. KHIFETIE, =
NoOMEBUILE02um 74 VF —THHE (B
8) LR CHEENEA LN 00, B
MBRSBE IS o, THEEELEGTT02um
PDEOoREZSEZFHEIHTDH, —~KRPICHEIERE
0.2um PFIZHEIANLTBY, 7405 —%@# LW
BEMrEZ NS, BB, CFBgroup DHEIKRNE R
BEMELVZABEREOSBICEREEEZR L LW
IBEER, TOFN—THPEFERO—FIIE SR E
Hobk shaiE (Elsaied et al., 2001) % EMNITT
Wb, F7z, MBI KE My 4 X
TR SN, BHrABICHMEERAL NP o7
NP9 #, GB3 ¥k, BLUIZ16 R &, EFHRD—
HTHEMET BB ZOEMBL %L, AR/
BREL o WHENY D 5.

BNREOA /LY 4 X BEEL53%0 9 b,
168kD 5 ) 24 X% PRGEICL o TEHB L. £
NOOHIRBRLBETR O L ES% Table 2 &
Table 3 IZ/R L7z, KRAfFRTIE, WiIFEROAEED -
T LA AOWERBE L7z, TOHE, 165D
)AL XL 16Mb b 4.8Mb DEICH B Z &8
bholz, BYOITHRIZOWTIE, MBEEORERK
BMBEICBUT AR ATORERLEILY, ¥ 594X
FEBTAI LN TE Lo, W%, PFGE IZIEH
5x 10 cells/ml DMBEPLETH 24 (BIO-
RAD) , —#HOMTIIIER ITHMAzEL, LELEAE
BEERHETAIZ LS TERh o B, YNVFTF3I
ZanNy TN T O—IZIEFICHEESENZ EDPMS
NTws (Hahn et al, 2003) . ¥/ 2% &L 72k
WZoWnWT, FORBEEDT ) LY 4 X & LB L%
B, CFB group T& 5% THS B & T1 #¥i, BEriceif
EEPWFE SN TS CFB group 42D HFT/Hh 3
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isolate 1216 (bark) [AB539982]
Isolate 1Z6 (soil} [AB539980]

Isolate NP3 (travertine) [AB540022]
Isolate 1212 {sand) [AB539981]
isolate GB3 (sand) [AB5399678]

Isolate GB10 (sand) [AB539979]

9 47 Clone WC2 95 (waste site) [GQ264001]
“Isolate GBS (sand) [AB539977]

isolate Shinshu-ah2 (soil) [AB100409]
Methylosinus trichosporium NCIMB111317
{2 Bradyrhizobium japonicum NBRC147837
Rhizobium huautlense ATCC218177

% Rhizobium leguminosarum NBRC147787
;‘E Mycoplana ramosa NBRC152497
100 Mycoplana dimorpha NBRC132917

Maricaulis maris NBRC1024847
Caulobacter segnis NBRC15250T

‘00 Mycoplana buflata NBRC 132907
100 l l Isolate $-42 (mud) [AB539972]
w0 “Isolate An19 (mud) [AB539971]

Fig. 1 Neighbor-joining tree showing the relationship between isolated Rhizobiales strains and other clones/phylotypes.
Names in bold indicate strains isolated in this study. There were a total of 1268 positions of the 16S rRNA gene
in the final dataset. Phylogenetic analyses were performed in MEGA4. Bootstrap values of 1000 replications
greater than 50% are shown at the nodes. Origins of the clones are in round brackets, and 16S rRNA gene
sequence accession numbers are in square brackets. Scale bar: 0.01 nucleotide substitution per site.
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100 Clone glb351c (glacier ice) [EU978839] )
—WE Clone A02-05D (worm gut) {FJ542822]
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Clone Elev (soil)[EF019970]
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10~ isolate Shr3 [AB540021]

100

Clone TSNIR001 J18 (soif) [AB487112]
Clone FCPS531 (soil) [EF516682]
Clone UA24 (alga surface) [DQ269039]
Clone SHWH night1 (sea water) [FJ744863]
Desulfomicrobium norvegicum DSM17417
Desulfovibrio alkalitolerans [GQ863489]
Myxococcus flavescens NBRC1000817
Pelobacter acetylenicus NBRC1038087

py 100 Hylemonella gracilis NBRC149207 :I Betaproteobactsria
—-—{ R Bergeriella denitrificans NBRC1021557
Escherichia coli NBRC117757
91 Rickettsia rickettsii [U11021]

o Bradyrhizobium japonicum NBRC147837

= [: Rhizobium sp. [FJ23050] Alphaproteobadteria
100

Rhizobium undicola [DQ648579]

] Gammaproteobacteria

J Deltaproteobacteria

0.02

Fig. 2 Neighbor-joining tree showing the relationship between isolated Shr3 strain and other clones/phylotypes.
Names in bold indicate strains isolated in this study. There were a total of 1226 positions of the 16S rRNA gene
in the final dataset. Phylogenetic analyses were performed in MEGA4. Bootstrap values of 1000 replications
greater than 50% are shown at the nodes. Origins of the clones are in round brackets, and 16S rRNA gene
sequence accession numbers are in square brackets. Scale bar: 0.02 nucleotide substitution per site.



Fig. 3 Scanning electron micrographs of CFB groups and Hylemonella strains.
Thin filamentous cells of (a) strain KIY, (b) strain KIP, (c) strain KOr, and (d) strain IZ19-2. Diameters of these
cells are about 0.2 um. Scale bars = 1um, pore sizes = 0.1xm in diameter.
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Fig. 4 Scanning electron micrographs of other relatively small strains.
(a) Rod cells of strain IZ4. (b) Thin filamentous cells of strain KE. (c¢) (d) Short rod cells of strain IZ17. (e) Rod
cells of strain ShrSW. Scale bars = 1 um, pore sizes = 0.1um in diameter.
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Fig. 5 Scanning electron micrographs of Phaeospirillum and Rhizobiales strains.

Short rod cells of (a) strain NP1 and long rod cells of (b) strain NP3. Rod cells of (c) strain GBS, (d) strain 1Z6,

and (e) strain S-42. These cells are about 1.5-2.0um in length and 0.3-0.4um in width. Scale bars = 1xm, pore
sizes = 0.1 um in diameter.
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Fig. 6 Scanning electron micrographs of other isolated strains.

(a) Short rod cells of strain Shr3, (b) rod cells of strain IZ2, (c) short rod cells of strain GB1, and (d) C-shaped
cells of KNC. Scale bars = 1um, pore sizes = 0.1um in diameter.
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FhoFNFN3EHL24FBHTHY, Hio727/ %5k L7z (Fig. 7c) . Alphaproteobacteria i Tl
LO/MNEEFRD LN Ao (Fig. Ta). 203 ¥k KNA-P #4122 % H, GB10 #2%96%F H,
Actinobacteria MIZJB 3 5 KNA-M #1x 2.6 Mb D 7 S-42 #k & NP9 #4385% H, NP3 #h& 1Z3 #R4%81%
Jhzdb, 127THF3HEH LHBI/NS WS A% H, 126 %272%HTH o7z (Fig. 7d).

R L7 (Fig. Tb). %7z, Betaproteobacteria i Tl ¥ 72, KNC# (Actinobacteria M) 122wV TIg,
174 ¥RAS 1294k 4 T H LR ITASWT ) 294 X ZOHIBRBRELEMF O L &S % Table 317" L

Table 2 Genome sizes of isolated strains estimated by pulsed-field gel electrophoresis (PFGE)

Fragment size (kb) for restriction enzymes Fragment size (kb) for intact genomes
Fragment 176 174 179 178 NP1 123 Anl9 NP9 S-42 GB10
Spel  Swal Xbal _ Xbal _Xbal _Xbal _Dral __Spl _ ILCoul Xbal _ KNAM TI  kwe KNAP THS
1 630 365 440 475 525 370 650 600 3100 650 2600 3500 4000 4120 4800
2 365 310 410 310 440 330 500 520 630
3 260 300 310 210 415 305 380 450 530
4 230 240 200 165 225 270 365 420 435
5 195 225 185 160 200 235 250 300 365
6 120 160 160 145 185 210 240 290 280
7 105 140 130 150 185 220 145 170
8 85 105 125 135 135 105 120 145
9 65 95 120 100 115 90 100 105
10 90 115 80 100 80 85
11 a5 100 65 85 55 60
12 50 100 55 75 40
13 45 85 45 65 25
14 30 75 35 55
15 25 65 25 45
16 20 60 15 40
17 45 35
18 40 25
19 35 15
20 30
21 25
22 20
Total 1800 1855 2380 2635 2695 2695 3000 3090 3100 3310 2600 3500 4000 4120 4800

Chromosomal DNA from each isolate was digested with the proper enzymes and electrophoresed to resolve each restriction fragment. The fragment lengths of 15 strains
were calculated to be 1800-4800 kb.

Table 3 Genome size of strain KNC estimated by PFGE

Fragment size (kb) for restriction enzymes

Fragment el Faal Not1 I-Ceul
T 570 720 220 1700
2 250 610 200
3 240 290 150
4 220 120 100
5 130 90
6 120 85
7 60 80
8 75
9 60
10 50
11 45
12 40
13 40
14 30
15 25
16 20
Total 1590 1740 1510 1700

Average: 1635 kb

Chromosomal DNA of strain KNC was digested with 4 restriction enzymes. The
fragments were separated by PFGE and their number and sizes were estimated. The
lengths of the restriction fragments were between 1590 and 1740 kb (average 1635 kb).
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Fig. 7 Distribution of genome sizes of known culturable strains and strains isolated in this study.
(a) Known CFB group and strains T1 and THS. Data of 42 strains were obtained from the Genome Atlas
(http://www.cbs.dtu.dk/services/ GenomeAtlas-3.0/) and Prokaryote Genome Size
Database(http://www.genomesize.com/ prokaryotes/). (b) Known actinobacterial strains and strains KNC and
KNA-M. Data of 127 strains was obtained. (c) Known betaproteobacterial strains and strains 1Z4, IZ8, and
1Z9. Data of 129 strains was obtained. (d) Known alphaproteobacterial strains and strain GB10, 1Z3, IZ6,
KNA-P, NP3, NP9, and S-42. Data of 203 strains was obtained.

7z, WAROEFE, 7/ L ROEFZ 1.51Mb 5
1.74Mb (F# 1.64Mb) 1ZEB L7z, 72, HIREE
FAHE SN T2\ intact DNA 134 1.70 Mb D&
IZkEy S 7z, THIZ20094E12A BUTE, &/ & OfFR
SN T\ 5 Bacteria 5+ ® 938 #% (Genome Atlas)
FT5&FBIT/NE W, KNC #4287 5 Luna Claster
X, MoREY VT IZuNsFYTTHD
Pelagibacter ubique (Giovannoni et al., 2005) 3 X
O Polynucleobacter necessarius cluster (Hahn et

al., 2009) EOMICZonHBEEEFE S TVAE. H—
OFEBRIIHA L CFROREY VIS I 7Ny
TUVT7THHI L (Fig. 6d) , £ 0H\EHEIIKRIC
IEF Y RAIFEHETLHIETHAE. #LC, SHEHDE
BAERIZZ NS RT ) 2R D, EWwHI=2HD
FRBEEG25. 7 AFAZHNECLDRLTL
BIYNMTIIZuNZFY T ERRS%R WV (Waters et
al., 2003, Giovannoni et al., 2008) 2%, FOHRTHIR
BTV T I7unNs T TIEEHEETHNIWS J A



Ea3

b0, LEIFENTELESL).
HEAEEOMAEY 07 7 KiE/INCE T 28T

13& A ER v (Marais et al., 2008) . {HFEICER D &
BN ERIEZAEY TH B Prochlorococcus marinus
BZEOELBVHO—~DTHD, 207/ A/
DNA BEEROBIBICL 2EEROEME, BEIZ
L BEVBIRNIZX o TiRZ BN Tz (Dufresne et
al., 2005) . 7/ A ofE/NE, WHELZERE W) A
NOBEZEHH/L, EHOBFICERCHEH 5. £
72, 29 LIS X 2 BIE RV A XK E W
FERIEMICR S, D I FEHEEEO NS 7Y
TS N THIZT A0 CBEEAL Eh) B

(Giovannoni et al., 2005). Luna Cluster &
Polynucleobacter necessarius cluster d HAFEIZ W E
PREISATH RV OO0, ZO&GFETEEST
W5, BE5IZ, KR TIZBEEICIRBEEE B
Bz, RHEOSHREZRET LI EHNTSE,
IHRT ) LDO—EEELIENTELLENHZLET
HrH9H. 2L ZiE, NITYTORTHERL M
) A w ¥ o HTCC2181 ( OM43 clade,
Betaproteobacteria #) 1%, Z OEMLETF A C1LAHIC
BLLTHBY, 7/ 2EI1E1,304,428bp TH 5

(Giovannoni et al., 2008). F 7z, Prochlorococcus
marinus AU X LIZWHE VWHONL TV BRO—
DRRE, ¥ LAOEBALICE o TEYRE O
robustness (EEM) bW EEELND S L O
E23% 5 (Holzendorff, 2008). Z®D X HIZ, EDER
BT % 512 & © T minimum gene set (Fx/NE
ZFty b)) BZLY B, 5%F, SFSERRE
POREY VI IZuNsFY TEHEL, F15
7 NERERT D2 LS R/AERIETF R Y P ORI
BHThA ).

U3

WAEY, BN T TRT —FT o EOFBME
idum ¥4 X TH Y microbes & FFIENTw5E. F
AW OREME) RHAEROMEY T RWT, BHAT
BEDAIMEHOR/NT AL T —KIZ0.2um & &
n, EHFE - ARERRLMEYFHSEH CILE 0.2um
D74 NVF =X pERBRE (BH) 2R HAwLR
Twh. L»L, EFICk-T, FLFE02um D7 4
NVE—FEBTAMEY, Wb®A IV T IZan
75T EREN B BNUE OGFESHEERE NS
X9 o TED, FOEBLRMICET 2HAIZ
FRZLVw. Lo, Bhhwv (FEFSD) LATHISE
&Y, BAMEERES T TEESRRORR B

#

B

HENEINDLZ LG o>TE. £ TRMZET
&, BEUNEY OSBRIV Ve Y EBET BT
o, B AL - Er SO ERRRERE> S, L
ZO02um DT AV —%BBTHEEDOT IV T I
suanNg 7Y 7 E5EE L. 16S rRNA BIETI2HED
W RARIBAT ORISR, 158k (28%) MEREAIEEEMRE @
MEMEART% VT ), FIETHEI LB TP
72, F72, WBCBET A E SN, ®AEE 0.2um Hl
BOWNF A XTHITTREY NV FF I 7 anNT 7Y
TICIEF A AN A L Y B sz, 2o
#RIZDW T, Pulse Field Gel Electrophoresis 312 &
D7) LT L ADEEET-TETH, TNIH
1.59Mb %5 1.74Mb &, WEBEN/RNELRT ) 2% b o
TWABZEFPELN o7z, ZORFEIEIRNT/ A
BFEZLIZTREREIVI S I ZuNI T IT DT
ANFEEICEETHL I LR LTV,

R TR O N R OHE (DEHFE
%, HEwL)
Nakai, R., Shibuya, E., & Naganuma, T. Genome sizes of

ultramicrobacteria isolated

environments. (FxfaEfEH)

from natural

PRI L L /- Wikk

ARHEZE ToEfE L 72 B #k % NITE Biological Resource
Centre (NBRC) B X U Japan Collection of
Microorganisms (JCM) WZ&FFE L. #0955, B
CHHEPETLZbDRUTO®E) TH 5.

Hylemonella sp. KNG = NBRC 105390
Hylemonella sp. Kha = NBRC 105391
Microbacteriaceae sp. KNC = NBRC 105389
Acidvorax sp. KNA6 (A) =NBRC 105509
Phaeospirillum sp. KNA6 (P) =NBRC 105510
Arhodomonas sp. Kure = NBRC 105621
Arhodomonas sp. NOW = NBRC 105622
Arhodomonas sp. Takehara = NBRC 105623
Flavobacterium sp. T1 = NBRC 105624
Sphingomonas bacterium KJY = NBRC 105625
Blastococcus sp. GB = NBRC 106559

O

FREEAT)ICH2Y, FREBIEEBY T L
B FE N FERERT 78T 0 BARE S LI 0 & ) Bz L
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Isolation of new actinobacterial strains for the screening of
new bioactive compounds
Yo6ko Takahashi

Laboratory of Microbial Functions, Kitasato Institute for Life Sciences, Kitasato University

5-9-1, Shirokane, Minato-ku, Tokyo 108-8641, Japan

One of the more efficient ways of discovering novel bioactive metabolites from microorganisms is
through the isolation of new microorganisms. About 60% of novel bioactive metabolites have been
derived from actinomycete strains.

In order to get new microorganisms, we tried to isolate actinomycete strains from plant roots. Eighty
actinomycete strains were isolated from the root of Goodyera procera collected in Iriomote Island. The
majority was rare actinomycetes, Micromonospora (18.8%), Polymorphospora (16.3%),
Sphaerisporangium (11.3%) and others. Furthermore, the new genus Phytohabitans suffuscus was
proposed for 9 strains (11.3%) in this study.

We previously reported that superoxide anion (O,) was generated from glucose-peptone-meat extract
(GPM) medium and novel actinobacterial strains were isolated using GPM medium supplemented with
superoxide dismutase (SOD) and catalase. The specific types of reactive oxygen species generated from
GPM medium were investigated in this study. Hydrogen peroxide (H,0,) and hydroxyl radical (-OH)
were also detected. Among components of GPM medium, the meat extract showed the highest O,
generation. Novel actinobacteria strains, 4 new genera and 8 new species, were isolated using radical
scavengers, SOD, catalase, ascorbic acid and rutin.

Key words: Actinobacteria, Endophyte, Reactive oxygen species, Radical scavengers, Bioactive

metabolites
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INE TR SNHREYEEDE O#60%1E
BRE O KRB ED > SRR EIN TS, £ DR
MBS LB > S AR, FERRARDOBERICH
WHLNTEz, T/, BEYEFOREODITH4
BIRPZINTETEY, bhbhoOWEETLH
LW ERZBA70 DA RS TR TE
72 (Matsumoto et al., 1998; Matsumoto et al., 20083;

E-mail: ytakaha@lisci.kitasato-u.ac.jp
EEPFFEE AR (B RS B AR SR7ERT)
PERE (B REERYLhHITFe )

Takahashi & Omura, 2003; Takahashi, 2004; &1&,
2004; Matsumoto et al., 2006). ZHEEO TR TEHR
Y ETE R L 7D E 058, EREE R
AU EB R OB, BEREAEIC L % s
MWL ORBEOSH, EEAELTOFrS vF
LADFE, E512, FHCHCIRBOSEE LB
R, HEPORERLEDO S OBGRE OO T4
o7z, INHTHHROBEED, LS OFBELAaD
R &h/z (Omura, 2008).

=7, INE TICHE SN HAEREIT ERBEED
DRBBETH Y, %< ORFABREDHBERERICIR
2 T3 b Twa, Feld, TNERFBAME
WOSMEEETRABTXIRHET>TEZ. ZOE
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DBERT, MEET—RICAVLENZEREM, OFE
PEEE (R—1—FF T F7=F v, O) PHETS
ZEERRBLE 85I, TOBREDDIZA—/—
FTEYFYVALY—E¥ (SOD) 45 F—EZHEMT
LEFEMAEMIHIh s L RBLEBELTE
72 (Takahashi et al., 2003). TS h7-HH
Actinobcteria, Patulibacter minatonensis KV-614"

(Takahashi et al., 2006) % 16S rRNA #{=ZT DI
HEFNC & B R/H OMRTICALE LaHEs 28 T
HTw—BICNELTWS., F/, KEBRIE, —RICH
A B B S B B LR 20D 200 AR IRFER KL 3
T3+ HHBELTESN/-HH (Janssen et al.,
2002) R TEEHRODNA 70— DAL TWS
—# (Sait ef al., 2002; Joseph et al., 2003) IZE WA
Mz RT.

ARHFFE T, EWEEDERRD 2O OH 12kt
WEBREHL O, EYORITIEE URRE O
PR, LAV 70— RFRLE L BT, B
BEOBVREKRESEENIEZ ED. 4, Zh
LAMERMRE W HAESBTEEL, FEUEILOE
WEWERRET 072,

R OMAEN SOOI SOD R ¥ T —F
o, EEBERENROMETE KT FILEY
THALETAANVEVBENVF VY ERWTHEEZIT R -
oo F7, BREOBAYENRILS ST L7201,
REOER, SHSL—F, ouZ—DOBRIRTTE
PCR #: 2 AR L7 B Y o2 5k OB
5 AR

SEERTT ik

HEHORD S5 ORIREO S BEEEETB LY
MENBHEHR D) 29 e X5 A4 N, WHEETEE
BX ¥ Uy O TRNOEROEY 2 R L 72, R
LM O % B, EREB 0% 8 ) — )V, 1%
REEFHY -V TEH I TBERRE L. 0%,
BEAKTT T &S, AHETTVELALBICEK
¥4 (CMC asparagine agar, Water proline agar)
WCRAL2IC T6EMERLL. ROKERE LM
T BT TERD MARORETREREL .

PEEMROBSSUVBOHEECHE  HYWOHICSE
WL, B L-aou=—%22T4HH L, 16S rRNA
BETEERAMBITICI BB IUHEOHEEZTTR-
7z, Z3HIL 16S rRNA R FIRERSIC & 550 F R
A, BLOEE, WEboOMEEET 3 BRAEK, £
BB, WA, VU VIREY A S, FEXAS

i

E

F)UBIVGHCEESORBEHICI VT, &
IS U TR HSEMMEREE DS B 2.

EMEEOFME 7 AIOA FOME  AEREH
(Starch-yeast extract broth, V8 juice-sucrose
broth) T27C, 7 HRM¥EELEEERBIZOVWTEY
HHRBREITR S A, FI—7 Y FVYIRBI
Ea7NVAn FREZITRo 72,

SEMEOCHEBECRAE - SREEkIuvbrITa
—IC L BILEMOBREZIT R L LBIC, HREOR
WIEIZOW T IR BRI & D EREEATR

o7z,

DEEEH R OIEEEFEORREIC L D Actinobacteria
X Actinobacteria B ¥ D 7 #E 121X Glucose-
peptone-meat extract (GPM) ¥H# (1% glucose,
0.5% peptone, 0.5% meat extract, 0.3% NaCl, 1.2%
agar, pH7) Z AW/, BHrSHETHEERRED
Br2121E SOD (389 units) , # % J—+¥ (300
units) , SOD+H ¥ 5—¥ (WMEoHa LR R
B, TAaVE VB (88ug) , VF¥ (12ug) %
20ml DEREEMH HIZBAG LT, ZO%K, HBEHRH
TBAL2TCTHEELT, ERNogstan=—
OEEFEELRBR L., ERNTlsMshiiedr o
BRSOV TEB IS EEIIR 21T o 72,

Hih b RETIEEMBEORHEETE GPM %%
Hi, Nutrient Broth (Difco), Tryptic Soy Broth

Soil samples
| PowerSoil DNA (Isolation Kit, MO BIO)
Bacterial DNA
I PCR using specific primer set
Detection of specific band (590 bp)
Selected soil samples
I Media supplemented with radical scavengers

Isolating plates

Replica plates

|  Plate washed PCR
Selected plate

I Colony PCR

Target strains

Fig. 1 Efficient isolation method for target bacteria.
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(Difco), Mueller Hinton Broth (Difco) (Z2WTF 7
o — 2 C# (Cohen & Chovaniec, 1978) 12X 1) 2 —
N=FF T F7=24 (0y) OEFEERITR- 7.
GPM B4 D& K5 @ O, %413 WST-1 8 (Ueda ef
al., 1999) IZX DM L7z, BET A EMEERES T
DRED7zDDOMMA T — 7L LT, 0,12k WST-
13, #@ER{bksE (H,0,) ZiE Fuluoro H,0,™ Kit,
E %y I40 (-OH) 1ZiF Hydroxyphenyl
Fluorescein % F\ 7z,

TESAB D 5 OEBEMEN OISR & TR 5 B DT
EEROFNE HEE Fig. 1 IR L2, 9, HERE
FICEMBMAEYBEEL TV ERE )P EMB7-012
TE,SEHEMIE L2 DNA ZHWTPCRICL DR
WML 1f6lE LCEE SRS L TS EREE
THEES I, BHEETE & L CTIRE L7z Patulibacter J&

(Takahashi et al., 2006) DO¥H %Az, KIEITE
& T 4 BB © 4 7 v Conexibacter B &
Solirubrobacter BORKR DM TE L X HFE TS
A <—%&FF L7 (Fig. 2).

PN (O = 0 R (LR L/ e AN ok 7
T, 27TC T3HMERLETL— POV T A 2 /FR
L7z, RAT, 2OV A7 b—rLEkosao=—
XS LR RE T I 4 ~— % v T Plate washed
PCR ¥ (Stevenson et al., 2004) THiH L7z, HEN
YR EN TV - koan=—itowTan
= — PCR %47\ B R D A 53-8 L 7-.

PF (423)
—p

ik & EE

EMOIRL SORMBREOABEEMEUEDERSR
H726 LWk e U THRYOREZ vz, 10O
MY OM 2RI, REKEE, THEL AL
L, WABSREZEELZ., HERLAao=—%4T
JrBkEL, 16S rRNA EZFRHIFIIC X 552 %
Thol. TOMR, TELERERLTU—-F%RL
7z, WREEERECTRM LV FryyoRoflz
Fig. 31Z/R L7z, Ef8otkomii s, BEFHOHEEZ
Tholz. TNEFNORBNTOR—BIZFA—HEZRL
TWw5. Micromonospora J& 28.8% (23%k, 87Ff),
Polymorphospora J& 16.3% (13% , 1% ),
Sphaerisporangium J& 11.3% (9#k, 2%) DJET
ZHx O, TEPTRDHEEDRE Streprotmyces
B ARDOATH 7. BT, ZORDIE, HE
T, L2bBEVHPR—FETHLEERTIBETNT
B, Phytohabitans suffuscus & LAFE LT
(Inahashi et al., 2010). Phytohabitans suffuscus
K07-0523" ® 16S rRNA EIZFBCLHIIC & B R &
N, REE, Micromonosporaceae FHZJE LIS |2
¥, Asanoa & , CatenuloplaneslE B & O
Verrucosispora BSER SNz, THHOREE OERE
BLOILEMK O LB % Table 112K L /2.
Phytohabitans J& D b K & R IFEUTMBEEEY 73
Bl L Tmeso-VT7IJERA)VBELY YYD 2/

590 bp FR(1012)

5'[16SrRNAgene " T

| —

A

A

e

—\ e N

Patulibacter minatonensis KV-614T
Conexibacter woesei DSM 146847
Solirubrobacter pauli B33D17
Rubrobacter radiotolerans DSM 58687
Rubrobacter taiwanensis LS-286
Rubrobacter xylanophilus PRD-1T
Symbiobacterium toebii SC-1T
Thermoleophilum album ATCC 35266

T. minutum ATCC 352687

TCAGTTGGGACGAAG—CTTC
TCAGTTGGGACGAAG—CTTC
TCAGTTGGGACGAAG—CTTC
TTGTTAGGGACGAAG——GGCG
TCTCACGACACGAGCT-GAGG
TTGTCGGGGACGAAG--GGTG
TTGCCTGCGAAGAAGGGCCCT
TCAGGAGGGACGAAG—-CCCG
TCAGGAGGGACGAAG-—CCCG

GT-GGAAAGAGGTG——TTCCCT
GT-GGAAACACGGC—TTCCCT
CT-GGAAACAGGGC—TTCCCT
AC-GGAAACGTGTG-——ACCTT
AG-TTAGCCGGGGC——-TTCCT
GCCGGAAACGGTGTCCGACGCT
GC-AGAGATGCGGGAGTGCCTC
GG-GGAAACCTGGT--CTCCCT
AG-GGAAACCCGGT——CTCCCT

. s

- .

5-TCAGTTGGGACGAAGCTTC-3’

[ Primer PF

Primer PR
5-AGGGAAGACGTGTTTCCAC-3’

Fig. 2 Specific primers for Patulibacter and related genera.
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HDOREWIZ DT S FRORE LT o 7ofH R, M
WZ &R OB ST EPFET S 2 LR E
niz.

FEWy DAR D & 53 S L7 AR TR 132 BR DB 22 AL
YOV TEBAEYEWRBRLE KT -7 Y PV IR
ISR E AT R 072, ZOMERE Fig. 4 (R L7z, £EY
G PEFH R Tl Dinactin, Sinefungin, Streptazolin &

5\ % Aranciamycin 25, FJ7—74 Y FUV 7B Tl

Streptazone B1 B X N Juvenimicin A3 2SEEEME &
L CHE&SN7z. Streptosporangium sp. KO7-0460 &
FI—=7 Y FV7EHEMEOBERRZED L
%, Spoxazomicin & % L 72 HrE A HEEE S 7z

(Fig. 4). AYWEEIH b Xy —<EEZEL, B
FEIIJUFVBLIUTARATI VICHEKL 14~21 5
DEWEEZ R L7,

28.8%
25 8 Species
Ea [
§20 =
° —
> 16.3% LYy
i 2 scus
; ie 4' 1 7/ Ko7-0523T 7
§ 10 —BE— 1113% 112'3%10.0% strain K07-0460
o - T5% e
) . pos
A EEEE R . 540/613%13%
- 1 T 2.5%
O iy . " ey o
& 4 {4 o 3 2 > >
F LTS TS
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FFEL LA TS
“-\\0 ) % ‘&0 © &\ & S
b R <

Fig. 3 Presumptive genera based on 16S rRNA gene partial sequences of 80 strains isolated from a "Goodyera procera" root.

Table 1 Morphological features and chemotaxonomic characteristics of Phytohabitans suffuscus K07-0523" and
closely related genera

Characteristics Phytohabitans suffuscus Asanoa Catenuloplanes Verrucosispora
Sporangium - - % B

Spore motility - - + -
Diamino acids meso-DAP, L-Lys meso-DAP L-Lys meso-DAP
Whole-cell sugars Gal, Glc, Man, Rib, Xyl Ara, Gal, Xyl Gal, Man, Xyl Man, Xyl
Phospholipid type 2d 2d 2¢c 2b

Fatty acid type i I m I
Major menaquinones MK-9 (Hy), MK-10 (H, ¢) MK-10 (Hg ¢) MK-10 (H,), MK-11 (H,) MK-9 (H,)
G+C (mol%) 73 71-72 70-73 70




BERE TRV R O 50 & S B & ORI H R A OIS

CH;
Actinomycete 132 strains H\, P
Inoculated in production media
&
Incubated at 27°C for 7 days MK
Mixed with equal volume
of ethanol K07-0388 KO07-0388 CH: K07-0486
Samples Streptazone B, Streptazolin Juvenimicin A,
o}
OH
» Detection by dragendorff HaC N )\\CHs
* Anti bacteria and fungi _N N \
+ Anti malaria \>”< H
* Anti trypanosoma ° S
» Anti influenza virus K07-0460

» Anti inflammation

Spoxazomicin A

o]

O,

K07-0391 K07-0388 OHOCH;,
Dinactin Sinefungin K07-0433
Aranciamycin

OH OH

- /

Fig. 4 Search for bioactive compounds from cultured broths of strains isolated from plant roots.

(x10%g)
70
—&— Control

60 F —0O—SOD + catalase

50

40

30

20

10

Days

Comparison of the bacterial colony numbers
between the GPM supplemented with and
without SOD + catalase. The soil sample was
collected at paddy field in Saitama
Prefecture, Japan.

EREBIEIC X o T, fMWH 508 S N BERENE A
YIEE M ERR D12 D 7 e AWM EIRE L TH A

THbHI PRI NI,

EUBEREIC & B Actinobacteria BEFRD DB & D 5E
BAEYO GV 5N 5 /R S HEBEIS
BTz WAL, ZORHICSODRH Y T —
ETEBRMTEI LWL > THEMED 2 HiTcE L2
&2 FTITFFE L TE 7 (Takahashi et al., 2003) .
SEERZAT o 2P OB EROKE L8 E w7254
@D 80D &4 ¥ T —EHRM L BB E% Fig. 51
AU, RO 2o g — BB e i, 4
MER AR R IR L7 & S AN ST, BT’
147030 & Z OBV T H IHUBEREDEIES
7z,

HEEKHLE, HEROFILER, BERELRET
PRECL 7281 8 FHH 0 3K & v T GPM B #ic
SOD, #% 55—+, SOD+A4 % F—+¥, E56iZ, 46
BEEBREREDR IR SNBSS TWEO T
AN YEERNF BTN L T Actinobacteria BkE
ML, TORE, INSESTFYEICORIEL
HBHT R AW L, Table 2124, MRINTIE5H
SN0 B O S HENIIZED O B 5 FBEORE
KB TRMER L. AFEICE-T, 15H8E2E
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Table 2 New taxa isolated by agar media supplemented with scavengers of reactive oxygen species

Number of strains

Scavenger
SOD Catalase SOD  Ascorbic Rpytin Reference
New taxon +catalase  acid
New Family
Patulibacter minatonensis KV-6147 1 Takahashi ef a/.,2006
New genus
Oryzihumus leptocrescens KV-628T, 1 1 1 Kageyama et al., 2005
KV-647, KV-656
Humihabitans oryzae KV-6577 1 Kageyama et al., 2007a
Humibacillus xanthopallidus KV-6637 1 Kageyama ef al., 2008a
New species
Arthrobacter humicola KV-651T 1 Kageyama ef al., 2008b
Arthrobacter oryzae KV-6537 1 Kageyama et al., 2008b
Microbacterium deminutum KV-4837 i Kageyama ef al., 2006
Microbacterium pumilum KV-4887 1 Kageyama et al., 2006
Microbacterium aoyamense KV-492" 1 Kageyama et al., 2006
Microbacterium terricola KV-4487 1 Kageyama et al., 2007b
Microbacterium pygmaeum KV-4907 1 Kageyama ef al., 2008c
Demequina salsinemoris Kv-8107, 2 1 Matsumoto ef al., 2010

KV-811, KV-816

Soil samples; Paddy field in Saitama Pref., Aoyama in Tokyo and Amami island

GPM medium
Nutrient Broth
Tryptic Soy Broth

Mueller Hinton Broth

Control (water) A

0 1 2 3
Generated O, (nmol/mli/h)

GPM medium
Glucose (1%)

NaCl (0.3%)
Peptone (0.5%)
Meat extract (0.5%)

B

0.1 02 0.3 0.4
Absorbance at 450 nm

Control (water)

o

Fig. 6 (A) Levels of O, generated from conventional laboratory media by means of the cytochrome ¢ method. After the

reaction mixture, which consisting of 20uM cytochrome ¢ and each medium in 100 mM Tris—HCI buffer, pH 7.6,
was incubated for 1 hours at 25C, the appearance of reduced cytochrome ¢ was measured at 550 nm by
spectrophotometry. The control consisted of 20uM cytochrome ¢ in 100 mM Tris—HCI buffer, pH 7.6.
Experiments were performed in triplicate. Error bars represent SD.

(B) Identification of the medium components generating O,. The O, generated from GPM medium and its
components were measured by means of WST-1 method. The WST-1 assay was performed in volumes of 2041 of
various concentrations of GPM medium or its components, 10u1 of WST-1 (at a final concentration of 3501M),
and 17041 of 50 mM sodium phosphate buffer (pH 7.2). After incubation for 3 h at 25°C, the absorbance of the
reactive solution was recorded at 450 nm using a spectrophotometer. Experiments were performed in triplicate.
Error bars represent SD. Significant differences between the groups are indicated: **P < 0.01 vs. control.
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T ATE, SHHOREIZE . Z® Table 212
&, RWEBREUACEONRRAFECLATRELE
TNTVAHIERHLRLS.

Bih SRETIEUBRROBRBETE GPME
HOMIZ Nutrient Broth % Tryptic Soy Broth 2°5 %
O, DFEAEDR SN (Fig. 6A). T, BERZEE
THDIZ GPM BEHDEF T IOV THTET -
Tl ARBRBESTHBEHIF A 0, DFVEFELEDN
Rohi: (Fig. 6B) . 3512, GPM ¥ 654
AEHEBESTHEERELZEIAA—N—FF T F
T4 (0,) , BE{AkE HO0,) , eFuxy
ZTAN (-OH) S hi, —EHERIRHE
Nihdhodz, SHENBRELSFEOP TR FENS
WEZZ LA -OH P S S iz Blidigd T

>
Absorbance (450 nm)

00
300

w
Fluorescence intensity

Fluorescence intensity

0 2 4 6 8 10

Concentration of GPM medium (%)

Fig. 7 Generation of specific type of reactive oxygen
species from GPM medium. A) O, by WST-1;
B) H,0, by Fluoro H,0,™ kit; C) -OH by
Hydroxyphenyl Fluorescein (HPF). After
incubation at 25C for 3 h, the absorbance or
fluorescence intensities were measured. The
GPM medium diluted in sterile water was
used at final concentrations ranging from 0 to
10%. Experiments were performed in
triplicate. Error bars represent SD.

OMRATH A (Fig. 7) (Nakashima et al., 2010).

TEHAMDP SOREMEDOBE SRESE
DEMBRBERZZRLIISESLLEHBTRED
Patulibacter minatonensis KV-614T1%, ThFT, (3
LALESEEMN O LV, vwWb®w b uncultured
Actinobacteria \ZEFETH B Z L5 o Tz, #2
T, FE/ROTEBRIIBIT A0 2MEZEEHN
W, FEBLUVERBICHBRLT A v —%%EHL,
TEI,POCHEHBEDNAZMBLTPCRZ TR o7z, #
DFER, 23T 16> S AWK ERFE AL D
PCR EW»HH & iz,

ST, NSRBI ERE s HWCHEBY
WMEYORRGHEORE LRSI, Thbb, 5
IR ERE RN 2 Ay, SHEARERE
DEBRBRTBRLERE L. COFHTL— 10
HFEHRUTIZ Plate washed PCR EZIEA LT, 25D 5
HEZL— e ORERICENMAEY OO0 = —HFFEL
TWAHB7L—F IMZRIRLZ. RATIZO 1THICH
LMooz —ZowTau=— PCR %17-
72k ZAh, Taum—PHEHKE L7 Patulibacter A%
HTHo7z. 16S rRNA HIZFEFIBITL Y 5=
— &% Patulibacter minatonensis & MM T, 220=
— & Conexibacter B DL & % 2 & NWHAEREM 72 Wead
EiToTwh,

INLORERIE, ThETHEESNE Do ZHEEN
FREARICELGALTBY, FEezIlkRtsz e
WKLo THMTRICRAZEE2RLTVWA, £/, 1
B b O A DNA JiH & PCR, Plate washed
PCRE, &5 au=—PCR 2R HAEDLESL
ZLILoTHWE T A MEY MBI TES
ERVIETE ., ORI, BWET5EA8EE
FEETHHMAEYORESHE~OGH b HIHFTE
5.

T

A OREE LT MAL, [HEHoRH
LOBMBEOLTHE] & (2 SFET 2 EERER
DBFE] WKLo THHEI NI ARRBE L Lo 2 HH%
%, 16S rRNABE T oW EREF I # oY
Actinobacteria DFZAB TR L (Fig. 8) .

COWRDBRETI VI NAANY Vv —WiKMO
WhWwEBIT YO —- VEHTHES NS
Microterricola B % & T 6 HiE SHMEZRB L /2.
T OB D & 1& Phytohabitans suffuscus K07-0523°
Z, HHBREEBREEICL o Tk Patulibacter
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Fig. 8 Phylogenetic tree of new genera and new species isolated in this study based on 16S rRNA gene sequences.
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Phylogeny and biogeography of yeasts associated with insects:
flora survey for discovering biological seeds

Hisashi Kajimura

Graduate School of Bioagricultural Sciences, Nagoya University
Chikusa, Nagoya 464-8601, Japan

We surveyed insect-associated yeast flora intensively to contribute to a better understanding and
conservation of biodiversity. A total of 295 strains (27 groups) of the yeasts, all of which belong to
Ascomycetes, were isolated from galleries, frass, excrement (larvae, mother adults), mycangia (mother
adults) and/or body surfaces (larvae, new adults, mother adults) of a total of 8 beetle species (Scolytinae
and Platypodinae) in 6 sampling localities. Phylogenetic analysis of the strains based on the D1/D2
domain of 268 rDNA revealed that 12 groups, associated with 7 beetle species, were clearly
differentiated from described species, suggesting the presence of novel species. Beetles and their
habitats will continue to be a hyper-diverse source of previously undescribed yeasts. Candida sp. 1 was
mainly isolated from Scolytoplatypus tycon, and Pichia sp. 1 was frequently found in its mycangia.
Pichia porticicola was isolated from all the growing stages (boring, egg, larva, pupa, new adult,
overwintering adult) of Xylosandrus(=Cnestus) mutilatus life history, and was detected in several
localities. This yeast species was also associated with two other beetle species. These results suggest
that P. porticicola is quite common among some beetles. In this study, the yeasts were isolated from the
body surface, even if larva and adult were rinsed with ethanol, as well as from egg galleries. They were
also isolated from excrement, clearly showing intake by beetles. The yeasts' role in this association with
beetles has yet to be fully elucidated. At the conclusion of this study, 112 strains including the novel
species were deposited with NBRC (NITE Biological Resource Center).

Key words: ambrosia beetles, ambrosia fungi, insect-fungus association, seed-boring beetle, yeast
species diversity
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i BF7 4 AVETHL (B, 2009) . VI AVRO
FHRT, ¥74 45T HB (Scolytinae) & F+HF 27 4

RREFBELRBRER OB, FOREBHLED A VR (Platypodinae) 12474, HAEIX, i1
BRSBTS, RELWEELZHO TS, Lk Fh, B1E 302 & 3BMISH MO N T W 5B

L, FHERE 25 BHOMENRES Thholl i (Nobuchi, 1985a, b; Beaver et al., 2008; %k,
Ehb, KENEZ7UIWEIHE VA b TS 2009) . ¥4 AVHEOBREIZ, HWERICHE (L)

il

v,
HEMRIEDS RTINS REE L2y, B

E-mail: kajimura@agr.nagoya-u.ac.jp
eEBFZEHE IS, TEAES, SWHE, P OB
(NITE - NBRC)

EERLUCENT S, oM - REBH» S, B
FHMEF LAY, WETEILE (WEEPEET
%) ¥7 4 LY (bark beetle) , BiZEILMEF 27 4 A
V, BTFEIAMEFIA LY, BEEF ALY
(ambrosia beetle) IZKFISNT WD (Farrell et al.,




B A

2001; #&FF, 2002) . ZORTEEEFZ A LTI,
DM THAEE L TEET L), FERLBEE
#%H (Beaver, 1989; #4¥, 2003, 2006), £ D7z
12, mycangia &IFFiEN 5, HAERORTEFEK - &
WMTABEZMRI TS, F7 10 EROKPH,
FHET 4 b VIEROITITEHE, R TEE#34007E
WEEEE ¥ D (Wood & Bright, 1992; Farrell et
al., 2001).

BHEF 7 ALV EHRTHHEBER, 770 V7
%38 (ambrosia fungi) EBHF IR T3S (Batra,
1963, 1966; B, 1998). TOHT, F 74 AV DK
FRATRZEER, FE7 70 7HE
(primary ambrosia fungi: PAF) &Iidh, it
& LT, Ambrosiella J& % Raffaelea J& 72 &3 5
(Batra, 1967). F7z, ¥ 74 AVOEFRPICL 5
Tk, B mycangia N TEER b HFE T 5 2°
(Kinuura et al., 1991; Kajimura & Hijii, 1992; #2#,
2000), TN BOWFFETIE, M S WIzBERORED
REETHD. —HT, HENOBEEREZ S -7y PIC
L7z, B 70 SREIMT b Twb (Banno
et al., 1983). 1k 5% 188 ¥k % Debaryomyces J& 1
T, Hansenula /& 67T, Hornoascus & 1M,
Kluyveromyces J& 1 ¥, PichiaJ& 6 FIZFEE L7z, #
DO—WIZOoVWTIE, TOBBEHEFT R bR,
Ogataea paradorogensis (Nakase et al., 2008) <
Pichia porticicola (Ninomiya et al., 2010) ® X 9
2, HiflE LTRIRShTwa, L2, ZoRE
LWMED, ¥4 LYOMPRFTEBEIAHDOEE D
HY, MEOERETHICHEETELR V., RIETI,
WY FHEIALYERBRTHIEERRESNRTY
550D (Endoh et al., 2008a,b,¢c) , ¥7 14 AV
BdEgol, &EGEOEBSLETHL. HRANIIA
B, BMETEALEFZ 423 8MRAT, i) OH
HOBERX 74 V20BN TWVAED (Ganter,
2006) , R SHBEOHEHRSFARL T 5.

ZIT, AWIETE, 745 VRERBOREL
DHEEMNICED, ZOMOSZREOMIA L R
BML LD & L7z, FEIC, 5o s fRaEc
DA, AHERORREHAHELZEAY E LA T4
bbb, F7AAVRERY V-2 LHTE - WAHET
a2 TN, BEOME - REEMTMeSIET, BE
LHEYMIREEM RIS Z 2 ERE L

EERIT i

TEERAOEE JGBEBRBTTHAYFIALT
(Acer japonicum) , WERBRHE THAYFTH T

izl
F, EMBAHEFTCTIANY ST (Acer
rufinerve) & ¥ €Y (Lindera triloba) , FIHKILIE
HAHRTA aNE3I Y (Acer palmatum) , FWHEATHE
BH T INTITFE4 XY T (Carpinus
tschonoskii) ZEHRL, BBICELIEHMAREL
2 FRARPIICERE L7z, SR% @RI EIRL, 8
WA LIWEH LTI LAV OBERHERL .
ZO, F24LVORFERERGTLEE BT,
M HBIR, BEH, 792 HOBRICHST
B ENbEBY. 742 086, KBIFEHE
T, BHIRU B, ), BOHELL. FHREHTEWN
Tk, 2+ 5 (Quercus serrata) BL U7 X< F
(Quercus variabilis) DBEZMESGH L L. F
7o, MHMEBEEHBE TR, SIAPARTE R
W, HBRAF A2V Ty 7 (ETHVE)
B, #eA, 2006) TRIMEREZWHMEL, ALHEH
(Mizuno & Kajimura, 2009) 28 A L CHiE % LR
AV AN

BEOYE XA LAVOWENOREK, 75X,
#iZ, BELZE Yy PTRILL, RF b - FF 2
b — RIEREEHDH B id YM EREEHICEE L 2.
15C H 5Vt 25T O CHMIERICKI 2 H o
O o - ER AT R, MR L7, mycangia (20
W, BB LARBSEREZHTHBL, 20k
DOFEREME, HEOBELHELTHE. SHIT,
W H R, Bk R R L TRITSET, BEE
SHEL. ZOBE, SimEHRiuciE, mEkDd B
Ty =N THET ARIAEL MR 2. BRIETR
T=-80TC 7V —¥—ITRFEFEL, SAHEMmE L.

TBEEREE RS YM ERFERICE 2B L
25C T3 HM, FRBFIEYMEREM, 5% FFET
F AR, 1.7% 32— I — VEREICHE T
il 25C ©7 HRE, #H % Dalmau plate 2 — > 3
—VEREMICHEZEEL 25C T HBIRREL, X%
SEMBETHE L.

EIBRAMIREER Yarrow (1998) D JFFHEIZHE
W, SRR L OCRFROEERBREL T o 7.

26S rDNA O D1/D2 BB DB EE SR E SR 1R
fx YM RE I cHERE L, £W L7, DNA Ol
121%, Dr. GenTLE (Takara) ®F v M &AL
72. 26S rDNA @ D1/D2 fEikix, 754 <—& v b
NL-1 (5-GCA TAT CAA TAA GCG GAG GAA AAG-
3) & NL-4 (5-GGT CCG TGT TTG AAG ACG G-



BAEILEBE ORI & WAGT © ¥— XD 00 7 0 5 #T

3% , TaKaRa Ex Tag (Takara Bio) %\, Gene
Amp PCR System 9700 (Aplied Biosystems) THiIE
L7z. PCROEMFIIUTOEBY THA. #% DNA
DEPOMENEE 5T 3 HMITh o728, BEMH
94C 308, Y94 <=—7=—1) ¥/ 55T 308, fhE
BIG 72C 458 3 BeRE % 30Y 4 7 VATV, BRiR{EE
KIS % 72C 5 5 MAT - 72, BB L 72 PCR EW» 5,
LD 75 4 <8 X ABI Prism BigDye
Terminator v3.1 Cycle Sequencing Ready Reaction
Kit (Aplied Biosystems) % T, EEMIZT —4
YA EAT R o 72, ABI 3730 Genetic Analyzer

(Aplied Biosystems) THHT L, %5 M7z LR
£ ATGC ver.4 (Genetyx) THLEE, PesEl 7.

DFRERN RE LRSI, DDBJ 675
THERBAEOBEMBLH & L HIZT F4 XV PETW, I
B L7z, ClustalX 1.83 (Thomapson et al., 1997) %
HWTREBH 2T, KO ZEHE (Kimura,
1980) B L UK A (Saitou & Nei, 1987) 12 X
DR AR TS L L DI, 1000EDORTICL - T
bootstrap i3 (Felsenstein, 1985) Z &L 7.
Kurtzman & Robnett (1998) 3 X Uf Kurtzman et
al. (2008) 1Z9Evy, BEAIEE & 98% LT oMMz b
DY — T % B IERE LT L.

AR L s

ORI AAFT A LY (Xylosandrus(=Cnestus)
mutilatus), N3 3I TV HF 74 5L (Xylosandrus
brevis) , W 7 ¥ 7 4 & ¥ ( Xylosandrus
crassiusculus), LAV N F 7 4 5 Y (Xyleborus
volvulus), #4 2 %27 4 5 (Scolytoplatypus
tycon), I AW F* 2 4 & ¥ (Scolytoplatypus
mikado), 7}/ I % 2 4 A (Coccotrypes
cardamomi) , X F ¥ £ J FH F 7 4 A ¥

(Crossotarsus niponicus) DY, 795 X, 3} (4
H, HEH) , mycangia (BUEM) &»5VidkE &)
B, OBRHE, BRHD 5, BRF205 RoBERE 5
(Table 1) . WEBEEE, AN, o, WY, %
BHH 5 VIEREATH -7z, SEEEINZTRTO
BERFEBEICBEL, Shol32m/ v—"71248075
N, 20 bD127 NV —THHBRERMLE L N7
(Fig. 1) . BBOSHUTHEHOLNMITHLET, £2
A DNTPEN LGSR TH B EEFEINT.

PHBEMOBEINV— T, NAITVIFIAL LY
TR EN L Do, THOXIA4LY (72
FAFIALY, Y OXT4LY, ZXYNIF0 A4

LY, 420 F 0403, IHRFIALALY, 7Y
JIFIALY, YFFVEIFTXEI40Y) Do
Hanz, 0T, ¥4 a0 F 04 A PEERT,
mycangia?* 5 13%k, Il (MEBAEIR D 2012k
g BYTE) A H26kk, HHIL (EILEETHRIC X
o TR SN-HUE) 26138, ARk 5, 2
DOHBOEHT96% % 572 (Table 1) .
Candida sp. 1 (FV—73) &, ¥4 3% 74 A
YPMOFR I ALY DPLELEAEFBER TV Y

(Table 1) . D Pichia (Wickerhamomyces)
myanmarensis &%, BEARAEZEKEL, L- T4 —2
FEALL, STCTHEEFLLEVWE TR 72, $72,
Pichia sp. 1 (Z')V—72) &, mycangia % 5 &HE
124 ks s (Table 1) W% FE O Pichia
porticicola & 1%, <V F— X & 3EEET, WEBEEE
L, 35 CCAFLRVWE TR -7,

FHROVOEYDOREINZ I A ) FF 24
Aid, 3FZMD Pichic BB ELBEHRAL TV
(Table 1) . Thbb, 248 (EEAM6H, Hhmle
M, W 48k, BrACHUW 3 Ak, AT SR 2% Pichia
porticicola & 98% (563/570bp) , A O 1 Kt
Pichia veronae & 99% (565/570bp) , FrLHio 2
¥R Pichia nakazawae var. akitaensis &£ 100%
(530/530bp) DMEEER LA, TNSOBRE
Y, Pichia porticicola IZTEPNCERET 5 Z &5
MM odz, BB, HEE, FPERICRS B THE
LI ORFGLE) |, &b O i) HicigE s
NBHH (HEYE) , SOOI S IEERIES R
7=.

Pichia porticicola V&, IICEET 52 X 44
XA LTVOYE, FRUNOGEER, BRihbsEs4
AVROHEN S /SN FIAE, WEBERD Ny
FIOALTFPOREINIIA )T FF 2462 T
&, YLl G ~FH R 25 80% (328k/40
) , mycangia 25 100% (4 ¥/ 48k) , %ok
75 100% (10%k/10%) OBEHEE CHEES R
(Table 1) . F7z, FIEHKILEO AL TNEI IUHhoHRE
BNV A FFF74 03T, Yl GRS
Mo 47% (9 ¥E19%k) DOHHEEETH S5 (Table
1) . INoDFRPS, ZOBESHBECELT
SHLET AT ENREINTZ. 512, Pichia
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L7z (Tablel) . #7F 74 ALIZBWTH, 2N
Fhz7 (FHR) ObE AN ©83% (586
¥) , N Fuhy (WER) oyE (@) <
100% (2%k/2%k) LI TH o7 (Table 1) .
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Neighbor-joining tree showing phylogenetic relationship of 27 groups of ambrosia and seed-boring beetle-
associated yeasts and some related species in the genera Yamadazyma, Debaryomyces, Nakazawaeaq,
Millerozyma, Wickerhamomyces, Lindnera, Saccharomycopsis, Ambrosiozyma, Starmera, Pichia, Metschnikowia
based on sequences in D1/D2 domain of 26S rDNA. * Novel group (Sequence similarity<98%)
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Banno et al. (1983) », ¥4 A3 78 (121, #
LR 8 fl) OHEN S, KEErHHWL TS, L
235 °C, Pichia porticicola ¥, ZFDOF 7 4 A LM
BT 5, ELOT—HRNLERTHLIIOLHEREISN
5.

SEORETIE, HAROWE L REMMB THR—TE
Llpolzizd, BEICEZE, DSBS
AR B 2 ETEAR a0 b Lhvkwy, —7F, [
—HUIR CTHEBOBE 2R L UL, BEHESEO
MREzHETCELTHA). T2, SHOFIA LY
AT BICEE L oA, HAZITTH 320/ 0+
ZALNVBHEHETAHEIEDND, SBRELIEHOX Y
A 5 EGHERICMAZ THEBOIEE ED T L BE
Wb, B, SHEAELEZ TN, FfEs
EELICMIBTESLTHA ).

XA LT ORRNISHINIBENDH L
BEILS N2, ED XD RREDVDBONPIAHT
Hb. Thbh, 724 FF7 40T O8EHIC
ZHoOXEFHRETS Z-MAFTERIC LS &,
Ambrosiella sp. 3 EWE % 505, BER: (Pichia
porticicola) TR PRI BHEHETE 2w (BN,
2000) . ALRFEE U 7= b4 O SRURE S E R O HiE
NERELZED, ZOHBEIS LAz, L2L,
SEORECRENL X, BERIIYTENZT TR
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HEHEOBR (Vega & Blackwell, 2005; #4f 5,
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FEBOIEN» SRS, FIEFET LI EHH
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SmH-1a
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SmH-3
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StH-5b
StY-la
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StY-5
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Wickerhamomyces sp.
Wickerhamomyces sp.
Wickerhamomyces sp.
Wickerhamomyces sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Pichia porticicola
Pichia porticicola
Pichia porticicola
Pichia heimii
Pichia heimii
Saccharomycopsis sp.
Saccharomycopsis sp.

Ambrosiozyma ambrosiae
Ambrosiozyma ambrosiae
Candida trypodendroni

Candida sp.
Pichia nakazawae
Lindnera sp.
Metschnikowia sp.

NBRC#H &

106860
106861
106862
106863
106864
106865
106866
106867
106868
106869
106870
106871
106872
106873
106874
106875
106876
106877
106878
106879
106880
106881
106882
106883
106884
106885
106886
106887
106888
106889
106890
106891
106892
106893
106894
106895
106896
106897
106898
106899
106900
106901

SmH-7a
SmH-7b
SmH-8a
SmH-8b
SmH-9a
SmH-9b
SmH-9¢
SmH-6b
StH-8b
StH-10a
StH-13b
StH-16a
StH-7a
StH-8a
StH-10b
StH-14c
StH-17a
StH-17b
StH-17¢
XcY-1a
XmW-2a
XmY-14a
XmY-16a
XmY-18a
XcW-1
StH-13c
CcA-1
CcA-3
CcA-5
CcA-6
CcA-8
CcA-9
CcA-12a
CcA-13a
CcA-13b
CcA-14d
CcA-17
CeA-10
CcA-15a
CcA-15b
CcA-16a
CcA-16b
CcA-14b
CcA-l4c
CcA-14e
CcA-14f
CcA-11a

Wickerhamomyces sp.
Wickerhamomyces sp.
Wickerhamomyces sp.
Wickerhamomyces sp.
Wickerhamomyces sp.
Wickerhamomyces sp.
Wickerhamomyces sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Pichia sp.

Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.

Pichia porticicola
Pichia porticicola
Pichia porticicola
Pichia porticicola
Pichia porticicola
Candida sp.

Pichia nakazawae
Candida railenensis
Candida railenensis
Candida railenensis
Candida railenensis
Candida railenensis
Candida railenensis
Candida railenensis
Candida railenensis
Candida railenensis
Candida railenensis
Candida railenensis
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida sp.
Candida pomicola
Candida pomicola
Candida pomicola
Candida pomicola
Candida sp.

107490
107491
107492
107493
107494
107495
107496
107497
107498
107499
107500
107501
107502
107503
107504
107505
107506
107507
107508
107509
107510
107511
107512
107513
107514
107515
107516
107517
107518
107519
107520
1075621
107522
107523
107524
107525
107526
107527
107528
107529
107530
107531
107532
107533
107534
107535
107536
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CcA-11b  Candida sp. 107537
XmW-6aR Candida sp. 107538
XmW-6aP Candida sp. 107539
SmH-6a  Pichia sp. 107540
SmH-6¢  Pichia sp. 107541
XcW-2a  Pichia garciniae 107542
XeW-2b  Pichia garciniae 107543
XmW-1a Candida sp. 107544
XmW-1b Candida sp. 107545
XmW-4a Candida sp. 107546
XmW-4d Candida sp. 107547
XmW-3  Candida sp. 107548
XmW-8  Candida sp. 107549
XmW-7aS Pichia sp. 107550
XmW-7b  Pichia sp. 107551
XmW-7¢  Pichia sp. 107552
XvB-la  Ambrosiozyma cicatricosa 107553

XvB-1b  Ambrosiozyma cicatricosa 107554

XvB-1c  Ambrosiozyma cicatricosa 107555

XvB-2a  Candida berthetii 107556

XvB-2b  Candida berthetii 107557

CcA-18  Candida fukuyamaensis 107558

XmW-10 Candida sp. 107559
- 2
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Species diversity of corticioid fungi (Basidiomycota)
in the subtropical regions of Japan

Nitaro Maekawa

Fungus/Mushroom Resource and Research Center, Faculty of Agriculture, Tottori University

4-101 Koyama-minami, Tottori-shi 680-5338, Japan

We reported 101 corticioid taxa belonging to 44 genera (Basidiomycota, Agaricomycetes) based on the
680 specimens collected from the Nansei Islands and the Ogasawara Islands, both located in subtropical
regions of Japan. Among them, fifteen species are assignable to new records from Japan. These were
Asterostroma andinum, A. muscicola, Kavinia vivantii, Lindtneria thujatsugina, L. trachyspora,
Peniophorella pertenuis, Phanerochaete australis, Ramaricium albo-ochraceum, Repetobasidium
mirificum, Scytinostroma africanogalactinum, S. alutum, S. duriusculum, Theloporus calcicolor,
Tubulicium vermiculare and Vararia gitionii. Furthermore, 15 species of six genera were recognized as
new taxa based on the morphological and/or phylogenetic analyses. Phylogenetic analyses of nucleotide
sequence data from the nuclear large subunit ribosomal DNA (nLSU-rDNA) revealed that Sistotrema is
polyphyletic and divided into at least six clades and that Grammothele is closely related to Epithele.
During this study, 583 isolates of the corticioid taxa were obtained from the 583 specimens and
cryopreserved in liquid nitrogen as genetic resources.

Key words: Agaricomycetes, cryopreseavation, distribution, molecular phylogeny, taxonomy

-

oYy rEIZETFEM (Basidiomyceota), /N5
% r#8 (Agaricomycetes) ZHTE L, FIHPFNOH
R, BHHEVIEHEELZ LI ICEBICRA SN H
HThY, ThooREBE LIIEFEISDTIICTE
WEBE A AT 2 FELEOEHE (Z)2L) Ko
TFEHR (BDZ) #BRT D LICL - THBNTS
N5, ZOL) LTFERZEETLHEME LT250
J& 1,700 fERM SN Tw5B (Larsson ef al., 2004). &
DETIZ1994% F T2 3 ¥ 7 # 7 F (Corticiaceae,
L) KB T A0HBL L C203f2HE S
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SLEWFgEE | FUREAE (BIUKEREMEEE & 0 28z
BRI > ¥ —)

(Maekawa, 1993, 1994), ZOHBAEF TICAEIC
53 A% B MFRE E N/ (Maekawa, 1997, 1998, 1999,
2000, 2003; #i /I, 2000; Maekawa & Hasebe, 2002;
Maekawa & Nordén, 2002; Maekawa et al., 2003;
Suhara et al., 2002, 2005, 2010). X, { F#
4 # (Coniophoraceae), 527/ 7 5 V% A%

(Lachnocladiaceae), 723 % ## (Stereaceae)
LEOGEBELET, av Yy yEE LTHAES
LEFEIFMEINTVE, aY Yy rEENITE
AERBERTHY, FOZTKRMEHH2EDL,
BHRAERRIIBIARTHEE L TEELRRHEHTT
WA, ICIIEPICEREER L, EEEY L odg
MRAPBD LN 5B HmERLETh T
5. X7, KEBHICIAHBEELER (Hatakka,
1994; Hofrichter, 2002) % A4 + & ¥ VLM E

(Kamei et al., 2005; Kamei & Kondo, 2005) 7 &%
RABEhTBh, SEMICIZEEEER: LOEES R
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B EEEDTE .
ek, avx sy, FORLAENEY Y
% 4 H (Aphyllophorales) ® 2 % ¥ 7% 4 #
(Corticiaceae) 2& F N Twv 7z (Talbot, 1973).
19904E48 & 0 AT AW FENFE % H v 7z rDNA R4T
WHET L RRBERICE T 5 FHRA IO, vy
2 ¥ BELRHETHY (Binder et al., 2005;
Hibbett et al., 2007; Larsson, 2007), Hibbett et al.
(2007) OR L7 BEGRIGFIREREFNCED (0FR
sz kg, avv sy rERdRiEb1207 0
—F (B) Wo#dsZ e HorE Lot
AWFgEiE, F L EISBNR T A E NS IR
EERRD, avY sy rRB L OB EEOM
SREMEHENL, CASOEBOEAIRIIBITS
BEMEHS T A E L DI, EEERE LTHM
AEBANICRET AL BENET S,

SEER T
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KCBWTHBRELT Y, avY 7 ¥y ETEETR
BL, £#FEECOWTTEBEOBER LR E
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ZRZUHEEEE O ZHEBEREEMNR L v 5 —FEEAE

(TUMH) (ZHBRFFEL 7.

DRI TEE T AENC, TA 7 EREAR
VUHEHCT, STEEROBE LRI HEEOM
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) #H0HL, EZ9Omm DEE > v — VIZGE
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T (RHEAE ko7,
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BEREBIIBVWTRELLITY S ¥ r T EEERIE
A 680 AIZOWT, HEBEICED C HEFENNRE
TolzkR, Table 1IZR L7244/8 101 % FE L

. INHIIEHARRBEREE LT, Asterostroma
andinum, A. muscicola, Kavinia vivantii, Lindtneria
thujatsugina, L. trachyspora, Peniophorella
pertenuis, Phanerochaete australis, Ramaricium
albo-ochraceum, Repetobasidium mirificum
Scytinostroma africanogalactinum, S. alutum, S.
duriusculum, Theloporus calcicolor, Tubulicium
vermiculare 3 & Uf Vararia gittonii ® 118 15f % &,

HL7z, 512, BRENEE ST Asterostroma
B LT Grammothele \[CFTB T AHMELEES NS L
To4FEZRE L7,

Asterostroma sp. 1 . A (BIA 4 H) IHEEO<
YU =T HRIEBWTAF e IVF (Bruguiera
gymnorrhiza) B L FY ¥ V¥ (Rhizophora
mucronata) DR FIZFEAE L, FEMRTHELET,
FEBEIIFHEISRRPVWIFREEL, BRBE»L1B
8T, FEABERBEIRERIrSHREBRE2ET L. BT
aFIRVIZREREEFT LWL T, K& 5H78.5-
11x75-9um (%K), 73Iaf Rk HT7H

Table 1 Corticioid fungi collected in Nansei Islands and Ogasawara Islands

— Nansei  Ogasawara
Scientific name 5

i Nansei  Ogasawara
Scientific name 2

Islands Islands Islands Islands

Amphinema byssoides + Meruliopsis corium +
Asterostroma andinum + Peniophora bicornis +
Asterostroma cervicolor + Peniophora cinerea +
Asterostroma macrosporum + Phanerochaete australis +
Asterostroma muscicola + Phanerochaete brunnea +
Boidinia borbonica + Phanerochaete chrisorhiza +
Botryobasidium candicans + Phanerochaete leptoderma +
Botryobasidium conspersum + Phanerochaete magnoliae +
Botryobasidium globosporum + Phanerochaete sordida + +
Botryobasidium pruinatum + Phanerochaete stereoides +
Candelabrochaete langloisii + Phanerochaete tropica +
Cerocorticium molle + Phlebia acanthocystis +
Dacryobolus karstenii + Phlebia aurea + +
Dendrocorticium nasti + Phlebia chrysocreas +
Dendrothele bispora + Phlebia georgica
Dendrothele cyateae + + Phiebia livida + +
Erythromyces crocicreas + Phlebiella tulasnelloidea +
Gloeocystidiellum porosum + Phlebiopsis ravenelii + +
Gloeocystidiellum wakullum + Pseudolagarobasidium calcareum +
Gloeodontia discolor + Radulomyces confluens +
Grammothele fuligo + + Ramaricium albo-ochraceum +
Haloaleurodiscus mangrovei + Repetobasidium mirificum +
Hyphoderma argillaceum + Resinicium bicolor + +
Hyphoderma ayresii + Resinicium friabile +
Hyphoderma definitum + Scopuloides hydnoides +
Hyphoderma litschaueri + Scopuloides rimosa + +
Hyphoderma microcystidium + Seytinostromella nannfeldtii +
Hyphoderma praetermissum + Seytinostroma afiricanogalactinum +
Hyphoderma puberum + + Seytinostroma alutum +
Hyphoderma rude + + Scytinostroma duriusculum +
Hyphoderma setigerum + + Scytinostroma portentosum +
Hyphodontia barbajovis + Sistotrema coronilla +
Hyphodontia boninensis + + Sistotrema diademiferum +
Hyphodontia crustosa + Sistotremastrum niveocreneum +
Hyphodontia flavipora + Subulicystidium brachysporum + +
Hyphodontia gossypina + + Subulicystidium longisporum + +
Hyphodontia griselinae + Subulicystidium meridense + +
Hyphodontia microsporum + Subulicystidium nikau +
Hyphodontia nespori + Tofispora repetospora +
Hyphodontia niemelaei + Theleporus calcicolor + +
Hyphodontia nudiseta + Trechispora alnicola +
Hyphodontia ovispora + Trechispora cohaerens +
Hyphodontia sambuci + Trechispora dimitica +
Hyphodontia subglobose + Trechispora farinacea + +
Jacksonomyces fifurellus + Trechispora nivea + +
Kavinia vivantii + Trechispora praefocata + +
Lindmeria thyjatsugina + Trechispora stevensonii +
Lindtneria trachyspora + Tubulicium raphidosporum + +
Litschauerella clematitis var. macrospora + Tubulicium vermiculare +
Lopharia spadicea + Tylospora fibrillosa +

Vararia gittonii +




Hif

EETE, 4RTFHET, K& X4738-65%8-9.5um.

Asterostroma sp. 2} AF (GEAR 4 F) 2SR HE
B (RE, BEBIULE) B TFATYTIFE
v (Livistona chinensis var. boninensis), %
a /) % (Pandanus boninensis) B LU/ Y ¥
(Clinostigma savoryanum) OB L UHEE EIiZ
L, FEMIESEET, TEBMIEE, RER
P HRRBB T, TEAEZRIBEIrOEBRTE
L, LELEABEOWHARLEET 5. HFRFEW
ERERE AT ST, K& EH37-8X6-6.75um

Theleporus calcicolor TMIC33967
| Theleporus calcicolor TUFC10063
Theleporus calcicolor TMIC33974
Theleporus calcicolor TMIC34339
Theleporus calcicolor TMIC35041
‘Theleporus catcicolor TUFC10064
Theleporus caicicolor TMIC33937
‘Theleporus calcicolor TUFC10062
Theleporus calcicotor TUFC10058
gg| Theleporus calcicotor TUFC16061
=] Theleporus caicicotor TUFC10060
Theleporus calcicolor TUFC10057
Theleporus calcicolor TMIC33973
Theleporus calcicolor TUFC10059
651 TUFC10068 i
Epithele sp. TMIc33328 ] Clade 3
Epithele sp. Wu 62045
Grammothele sp.1 TMIC34956
Epithele sp. TMIC34851

@
by

Clade 4

=3

lre

1 451 Grammothete sp.1 Turctooss | Clade 2
Grammotheie sp.1 TUFC10066
7 Grammothele fuligo TMIC33794
Grammothele fuligo TUFC10067

‘Eé Grammothele fuligo TMIC33783 Clade 1

Grammothele fuligo GEL5391
91 Epithele typhae TMIC34617
Epithele typhae CBS 203.58
Epitheie sp. TMIC34619
Epithele macarangae Wu 9705-5
1901 Epithle nikau TMIC33946

74 Epithele sp. TMIC34618
Hexagonia sp. Wu 9708-117
Hexagonia tenuis Wu 0304-13
Hexagonla tenuis Chen 794
Daedateopsis confragosa DAOM180496
Corlolopsis gallica FP 102596A-SP
Corlolopsis sanguinaria BCRC 35433
Fomes fomentarius DAOM129034
Hexagonla hydnoldes CRM-22
Polyporus arcularius VT959
Lentinus tigrinus DSH 93-181

Polyporus squamosus Andy Wilson s.n.Mass

Datronia mollis DAOM211792
- Polyporus varius DSH83-195

Polyporus melanopus DAOM212269
Polyporus tuberaster DAOM79978
Donkioporia expansa P185
Lenzites betulina DAOM180504

Lenzites elegans Chen 336

9g, Pycnoporus cinnabarinus DACMT72065
Pycnoporus sp. ZW02.30

Trametes gibbosa Wu 9411-7

Ganoderma applanatum GEL4206
i Ganoderma tsugae ZWsn

193

73
56
7%

66

‘Trametes versicolor MB73
100 - Trametes suaveolens DAOM196328
Dendrodontia sp. GEL4767

n

Epithele clade

\ HHB10621
Dendrothele candida HHB-3843-sp
Dendrothele americana FP-101995-sp
50 Physalacria bambusae CBS712.83
100+ Physalacria malpoensis 2373Inderbitzin

e
0.01

RER

(EEERL), 734 FE BHTHEHEEE,
JaFPET, K& EH940-60%6.5-8.5um.
Grammothele sp. 1 AH (A 45) SHEES

(EEKE, FEBBIUHERE) TV TR
BcsE L, FEAEEEET, FEREIZKAGD
SRBET, FEROECILRISETREETS.
FLBEB X U FEE A S hyphal peg 252875, Hh
BRI ZEHAMTHY, HRRICE T T2 H/T
%. Hyphal peg iZB @ TRMIBEDLNLTED, 5% K
BALF Y U AKBEB IO ALY 7 — K TER

4

Epithele-Grammothele clade

core polyporoid clade

Fig.1 Neighbor-joining tree derived from nLSU-rDNA sequences of Grammothele and its related genera.
Confidence values from 1,000 bootstrap replications that are higher given than 50% are given at
branches. Bar indicates 0.01 Knuc in nucleotide sequences.
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Lawv., BRI T %EE & hyphal peg D%
BLOILEEORRICOER INS, HFRITI ABR,
ARDONFEEF L, KRESH11-26X4-6um TH 5.
HrREFidEes, g, HEE, BHET, R&3H
5.5-8X2.5-4um THY, FE7I0Af FETH 5.

Grammothele sp. 2. AFE (BA2H) IHEEHES
(HEE) KCBWTIAEMBRICREEL, FEKIY
FET, FERBHERITKERT, MK HERIOLARE
FaBwilikE 275, FLEEB X OFEB D 5 hyphal
peg YT 5. HAMERIIZEABTHY, BHEX

IZiZ2 9 v 7% %7 5. Hyphal peg iZ B/ THEHIC
BbhTBh, ANy 7 —RERTTFAII /AP
Bt % RT. BRRKARFEIFERIZEER S 1
A, WTREIABIR, 4K0NMEEFEL, K& IS
18-27X5-Tum TH 5. HFRFRIEE, FiF,
BE, BT, K& EH810x3-4um THY, K7
34 FETHA.

LE® 452 A, Hyphoderma 2 i, Peniophorella
2%, Sistotrema 2B L U Trechispora 5 T O H fi
tEZohA11HEE R L.

—— Sistotrema brinkmannll TUFC 3405
Sistotrems brinkmannii TUFC 33570

| Sistotrama beinkmannii TUFC 31326
b Sistotrema brinkmannil TUFC 34081
}— Sistotrema brinkmannii AJ406430
Sistotrema brinkmannii DOBSE704
‘Sistotrema oblongisporum’ DQB98703
Sistotrema brnkmannli AJ406431

A clade

Sistotrema brinkmanhii AFS08473
Sistotrema brinkmansil TUFC 33544 B dod
Sistotrema brinkmannii DQBISTOS nde
Sistotremna brinkmannit DOSSSTOS
Sistotrema farinaceum [XI888707

i L i DOBIBT0
100/100; Sistotrema corontferum AM259215
Sistotrema resinicystidium DQEBIBTOS
Clavulina
et

Clavulina cristata DQ888742
Clavulina cristata AY586648
Clavulina cinerea AM259211
Mutticlavula vemalis U6643%

Yol ynoides Us6440 § Mul
9811001 Multiclavula mucida AF287875
Sistotrema cblongisporum DOBISTOZ
Sistotrema oblangisporum TUFC 33845
Burgelia favoparmatiaa DQI15469
Sistotrema oblongisporum DO8SBT728
Sistotrema oblongisporum GQ16281%
Sistotrema oblongisporum DOEISTOT
i ides DOSSBTI0
TUFC 30494
AF506474

iclavula clade

811100}

Hydnuro sp. DQ898744
Hydnum sp. TUFC 1035%
Hydnum albidum AY2093186

411

[ Hydum sp, DOB98743
Sistotrema athatiaides TUFC 32078 ! S
“—537i%l Sistotrema atheliides DQBIET00 g

L} II‘IN’ 00!
athelivides clade

—i___‘— G0303309
= 9371001 Minimedusa polyspora DQ315476

Sistotrema efibulatum DQBISEIE

Sistotrama octospotum DQBIEESS

£3/04

Sistotrama bipgsiae AM259217
22199 Sistotrema semanderi AM259219)
Sistotrema semanderi AF508476
Sistotrema coronifla TUFC 34358
Sistotrema coronitla TUFC 33913
Sistetrema biggsiae DQBSSEIT
Burgoa vermoliana DOB 15475
Sistotrema eximum DQEIBEHE
2371004 Sistotrema eximum AF 393076

100/100p~ Sistotrema confluens AYS86712

06040
wgrf Sistotrama confluens DQSIBT11
Sistotrema confluens AM259216

Hydnum albomagnum AY700185
Hydnum rufescens AY283187

S. brinkmennii clade

)l Cavulina clade

S. oblongisporum clade

S. confluens—
Hydnum clade

Hydnum clade

Sistotrema coroniila AFS08475
mnggd i avrseoni| S, adnatum-coronilla clade
Sistotrema adnatum DQBIBEID

S, eximum-octosporum clade

Burgoa is DQ915477
s oo~ Botryobasidium simite DO8SST0
i DQOss01Y e
v Dassarze] Botryobasidium clnde
Y L AYB4T212)
Burgoa turficola DQB15467
h¢ DQBi76!
TRRFFBA Thanatophorus cusumeis AFS!&G.:] out group

002

Fig. 2 Neighbour-joining tree derived from nLSU-rDNA sequences of
at branches. Bar indicates 0.02 Knuc in nucleotide sequences.

Sistotrema and its related genera.
NJ/MP confidence values from 1,000 bootstrap replications that are higher given than 50% are given
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TATFETBE LUERBED RGBT 7 A
7T+ 7B (Grammothele) 57 L BV AR

(Theleporus) & & I35 £ DT FR % Hikl 2 Ak i
FREEERL, TEBRPBRCEILR» S REREE
L, FERBFEILBEEICIIER ST, BILOKELIC
EREINDEZ L Lo THERITONLFHEETDH
D, Z0% AT H SEFICOA L, BETE
G. fuligo (T4 TF5%) OHRFHSRTWE. A
FECTIHEANOTBAF IR, SINE L 72 G. fuligo & &
23RN H1F S NS HER B & OBHMEBE IR
FER AR b B RO FEBH % 55D Epithele
b 8T 258 rDNA HEEGNI 0 L T RAEIENT %
Tootz. ZOE, Grammothele B & VB R
¥ n a2 s Bl (Polyporales) @27 - 7 L— K

(core polyporoid clade) WIIHLE L, Epithele-
Grammothele 7 L'— F& B L7z (Fig. 1). NJ#B
FUMP T L 72 R 2 e L2 2 A, W%
MEILIZIT 3 L, Epithele-Grammothele 7 L — F
X, &6i22bv-F1, 2Vb—F2, 2V—F3, 7
L— N4 B L Epithele 7 L — FiZahis:.

EXNVEATERXESLVEBRBORBHEN v A
N F o FEIE (Sistotrema) &7 2 X% 4 HICH
BL, BMAfEE Lcsoffdmen, REHLIER S,
confluens I HWE RO T EEKEZEERT 505, K5
ORI HHEETERZEET S, LHL, 28K/

BRI 5T b ARWFSECIZENPS I 2 s 2 &
WHELA-FEAER (FHEKR) 2580EANE
Sistotrema B X UHEE R =~ T, 258 rDNA 1%
WAV TG FRMBIT LT o o 7. FORHE,
Sistotrema & 6 207 L—F, ¥&bH S adnatum-
coronilla 7 V— F, S. athelioides 7 L — F, S.
brinkmannii 7 V— F, 8. confluens-Hydnum 7 1 —
F, 8. eximum-octosporum 7 L — FB X' S.
oblongisporum 7 L — FiZshh 7z (Fig. 2).

PERONELARE  NEEREBLOMNEEE,
BIEL-ao Y s & rHTEE»S SR E LT
583Kk M7z, T O OWMRITAMRE IR, WHEER
FHBRERIT o7 1 2ABICEREREBRORLS
FRERAFT 27 1REZIUN L, BEMEEIT R -7
%, MASSHMCTHAESRLEEBELRATLHER, #
HLATRTOBHBRIZBWT 100% OFERFE SN
BEEDIT, FEFARROWBIZELRENOERS
LREEETH o 72,

n

TORER

%

RS TBRAERICOVT kA5 rE

(Asterostroma) & LT A. cervicolor @ 1 FED A5
BED»LIE SN TV (FEDS, 1963), A%
ZBWT, KELUIIC A andinum B L U A.
muscicola O HARBEFHED S (Table 1), &
LIZ, BREY Y/ u—THOY Y VFB L
e FORE LX) E SN Asterostroma sp. 1
i, WITRERE2 BT LHE, 7I0l FEOHETR
TFEBHT 5 RIIBVTHFHEOF TE A muscicola
WCHEUT 27, HFRTBLIUHETFREIEHE LKL
THSPITKETH B HIZBWT, A musciclora &
MR AR D, 3510, ITS % A v Rk
BV THPRTH D I EARBEINT. S5,
Asterostroma sp. 1 RERBO< ¥ 70— 7THHEO A
PHB/OENTVBEDITH L, A muscicola i~ 71
— 7% & T M HUE A S IR LS M) TR <
SADFRDO BN TS (Suhara et al., 2010). L7228
= T, Asterostroma sp. 1 iZTEEEFEN, 5T RMHHE
H#MB L OEBENIC A muscicola & ZRR Y, Hifd
L%, A macrosporum & L CHit L7z (Suhara
et. al., 2010).

NEFEHEBEORE, XEBIUBBICBWTINEL
7z Asterostroma sp. 2 DT TFOHEL L UKE X
1& A. muscicola DEN S DOHEHZA B %S, HFBHROK
& A A muscicola LB L THLMNIKREL, 5
WHFHROMIEEICARTH 20T L, A
muscicola DML 2-4 R EERIZE L. 72,
Asterostroma sp. 2 /PR S O M TS B A TE
ThHhryasx, )Xy BLIATYISEny Ep
LOAKRFHEEINTWED, A muscicolo EHETFHEIY 72
TR BFRYOMBIZDREET L L LB

(Gilbertson et al., 1974; Gilvertson & Blackwell,
1987), B L7z & D WCamBbIE . b DIEkE
B L UEBEERIY, Asterostroma sp. 2 & H
HeEzoNn5.

TATFEATREEXZDEBRBICDOWT TATHE
& (Grammothele) B X % OIEBIEH O ZMIEHT
ORER, Bohk4a2027L—FDH b,

Grammothele sp. 1131 % £ 9 % hyphal peg % ##
L, MO G. lineata & YT 5%, Wi 5% Kk
BefbF M) U AKBRTEBET, T ANy 7y -
WHRTTFHFAM) A FREERL, HTETOKE
BA5.5-8X2.5-4um THAEDIZH L, Ryvarden



BN IS AT B 2 Y 7 & i GHFEM) OSBRI B & OHEEHORAE

(1979) 12 & i # 13 hyphal peg 7% 5% /KEELF
MUY AKBHEPCREBZEL, FFRAMI AR
BERL, HFBRFOKE $5945-6X1.5-25um T
H5HELWMLZ. DX Grammothele sp. 1 138
552 G lineata EIZXTE, FHiEEZ 5N 5.

Grammothele sp. 1 IZIRZERNICSEE L, IKBE@P 5
RBETHY, TEARHIEIRE-EIRER, £
AOLZERL, TEBWEICHHEE, #% 0 hyphal
peg VWM T B, IS OEHMIE G. lineata \ZIEM$
520, HFRFORESIVLELRLIENDS
Grammothele sp. 1 X i & % 2 5 5.
Grammothele sp. 2 \ZIRBEBNT A L, TEAEREH
BT, MEEOR,» MRS 28 EEET 5.
$ 72, KL Grammothele sp. 1 & [A#IZ hyphal
peg TIEK T 2%, HTHT O K E &5 L O hyphal
peg WO THALI DL HELEZONS.
Theleporus calcicolor \& HARRMER cH 1, LK
BHNIFEL, HEPL 7Y —AmTHY, FLIEFE
ETHEALETLH. LXK TIERICE S T
BhHY, TFAMY A FRIEERET, HREHIC
EHERAR R E B0,

258 rDNA HRFEFHIIC B0 { 40 F RHAT O f5 58,
HARETA 7 rBBLUF0OHEBERE IV 2
YASHDAT -7 L— K (core polyporoid clade) ™
WZHRE L, Epithele & & 12 Epithele-Grammothele
clade K L7z (Fig. 1). 6K L—FiZ4oD
JV—F (ZL—VF1, 2, 3BLUY) 9hii.
7 L—F11&G. fuligo, 71— F 2% Grammothele
sp. 1, 7 L — F 31 Grammothele sp. 2, 72, 7 L
— F 413 T calcicolor IZFnEhadic Lz, 72, %
MM OFERIZB YT, Grammothele B O R
Dy L—FIZEDLNZZ E, &5 Grammothele
B L UHERIE TN Z T Epithele & OFBEIRD L
722 & LY, 5% Epithele-Grammothele clade P4 D
BLRVOGERIZB BREVLETH 5.

EXNDESERXBES LU ZOERESEEICOWL
T HAREREAREZ 72 nLSU-rDNA @ NJ i &
o TYER L7228 E, Nilsson et al. (2008) O
E BRI, 8. confluens-Hydnum 7 L — K, 8.
brinkmannii 7 L — F B L U S. oblongisporum 7 L
— FPAB TN =T ORI IR OB THRETBET 5
Multiclavula 7 V' — F, Clavulina 7 L — FB LU
Hydnum BANFIRINEST L LWL E L2572

(Fig. 2). S. confluens-Hydnum 7 L — FiZl%, 4+
HERREZBRTAARBORLER L 2Ny 5 rEFF

(S. confluens) B L CRBIZHERBOBEIED

LN T 5 S alboluteum, S. albopallescens B & UF
S. muscicola, & 51 Sistotrema & iERERIZH B4}
HERWMIZEETETH B Hydnum 250E L7z, —F, B
DD52007 L— FIZHTET % Sistotrema FilL$ -
THEAEEE L THAON T ASEETH 7. F72,
WAL LCHEINTW S S diademiferum (3444
BRI @ 8BNS E 5 5 Sistotrema-Hydnum 7 L
— F& 61/100 ® BS ECMidkBEAZ IR L7z, HARE
S. brinkmannii 13V % b 2008 KL 7 L — F,
AZLV—F (BS{H96/100) BXU'BZL—F (BS
fE91/100) Wiz, F72, kT AV B I —
Oy 36 SN Tu S TERICH L TR
W5 5 S. coronilla W/NEHZRR T HTFEL T
B TH 5B Minimedusa & & 12 S. adnatum-coronilla
7 V= PICHE L7z, BBao/ B E BT 5 S
coronilla E Wl 8N T b HAKED2EKR
(TUFC34358 & & U TUFC33913) &, BB H O/
WA KT % Burgoa verzuoliana & & $ 12 S.
eximume-octosporum 7 LV — FIZ& T iz, S hbd
FERIEHARMED 2 BEARIL S, coronilla & 1387 5 P
(FifE) CHHrIEVRBEEE. B, S
oblongisporum (DQ898703) & S. brinkmannii 7
L— FHKRO LN ENLEFEEE 2 Sh.

FEHEE SN EEEERICB YA Y vy 2 rfaEE
HOLE  HEEE (KRR, AR, GHE
BLUOTER) BLONEREE (KB, BEBIWV
WE) ICBUAIYN s ¥y HEARGSOEAD S b,
SAHEEIRIZEIC X o CHE L ~OLTRIE L 72448 101 4
WKOWTHHEEMICBT A REMEZ IR L 25,
MR BICI330Be6HE, NEEGERICIESURS6HED S
fnENENED LN, $72, TFHEEE L5 HEH
BN CH 0, kb KT
Hol: (Table 1). ZHhid (1) MUWHEEKEETH
L0 L, PMEFEHEBIIKEETHY, WHEOK
TERPRZLIE, (2) WFEBIITITRBEECTE
TAHMPEWICH 1,600km DRV BHBHZ L, F7-
(3) MUWFHBIC R~ Y 7O — THPEOA T 500
FEBEICHAM LW, 2EGBRTAIOEELON
5., LoL, WHHEEBLUINEEFEREO Y Y 7 ¥
rEEEMEE BT A DI, MRS DI
EZONBEREELEL L ORFEZERDPH Y, 48
INSERDGEFENTROERZHOLELND 5.

U

AWFZEE, BN HIZB 23 7Y 7 5 7




Hil

BEMEHELMICTAIEFHNE L, MEHEB X
OVNETFREB O IUE L7 MW A 680 HiZow
TREENPEECEICHEFNNRET 272, £0
R, 1UR15M 0 HARREE 2 & 1448 101 % [
ELZ. IRHOEDS L, WWHEES X U/NEERE
BIZBWTHM AR b N EIE, £hEN30E66
B XUBLUER6HTH -7z, MiEHME IR
HDOHNEBIZI2B 20 TH o 2. & 61T,
Asterostroma & 2%, Grammothele B 2,
Hyphoderma /& 1%, Peniophorella & 2%,
Sistotrema i& 5 i35 & UF Trechispora J& 3 % Prifi &
LTz, $7z, SHESE#EKE 7 rDNA AT
(258 B X "ITSHEM) 21T % o MR,
Grammothele BB X O Sistotrema BH L ZMTH 5
ZEPHELPCRY, FhERSESED 22U ED
RIZDETRETH A EPRB N, KRz L
BL T8 HHKOTHMAHELN, IhHIEDWTI
B R R, WA RERRER TR o,

PRAPEBI A RE L 2R

ARFFFET BV TH S 7270 HERk 583 #RIZ BEUR S B
SRR & O CRIEEFENE L Y 5 — S THREFL
TwWa. IhH0) by EEERFHERICDOWT

X NBRC LHHLEFETH 5.
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"Biological species recognition" within the toxic cyanobacterium Microcystis
Yuuhiko Tanabe

National Institute for Environmental Studies
16-2 Onogawa, Tsukuba, Japan

Microcystis aeruginosa is a unicellular cyanobacterium that forms water blooms in eutrophic lakes,
reservoirs and ponds worldwide. This cyanobacterium has been the cause of increasing public health
concern due to the production of hepatotoxic cyanotoxins called microcystins. Although within-species
phenotypic and chemotypic variations of M. aeruginosa are substantial enough to differentiate it as a
distinct species, efforts to subdivide this species taxonomically on the basis of genetic variation have
been unsuccessful. The aim of this study was to investigate the possible utility of "biological species
recognition” in the within-species diversity of M. aeruginosa by measuring differing levels of impact of
genetic exchange (e.g., recombination) within and between lineages. Using multilocus sequence typing
(MLST) analyses of both housekeeping genes and the microcystin synthetase genes (mcy), we identified
several panmictic clusters with much more frequent within-lineage recombination than between-lineage
recombination. Biogeographic analysis of M. aeruginosa in the Tone River basin also indicated that
strains belonging to different panmictic clusters often coexist in a single water body, suggesting the
presence of barriers to genetic exchange between clusters. Taken together, the results presented here
suggest that within-species clusters of M. aeruginosa may be comparable to the biological species in
higher eukaryotes, opening new avenues for the future application of the biological species concept in
revising the taxonomy of M. aeruginosa.

Key words: Microcystis, MLST, microcystin synthetase, recombination, biological species recognition
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MEZRELE 2 G T 5 EYHOR/NDHE
BATHY, TRERESBHYI L 327)7ETHS
DLEYBIZOVTHETIETE, LarLids, B
B OO ECPE RIS EER 7 — ADZ WD
WL, N FYTOROECERRICEHETAZ
BN TN TOGEEZIIE > TT LR TRVWEE
WL, BEONZ T ) 7OSEZEIIBNTIE, N
T 7 OFILTERER - RN - AR E O
M Z T, DNA-DNA ZRHEFEERT 70% DL L OHE A
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Rohb, H5 it 165 rDNA OBEFILLEIZB W T
97% DL EOMRM SR ON DL, L) REL G -H
ZRNER R 7NV —T7E LTEHENS (Vandamme
et al., 1996) . TN D OFERIGEBEDBRMEICERI
WYL, CROOBBETHRIMLZ V-7 03—
BRICEZICLEVDY D B L v BERIGEILICE TV
Twh, Ok, BEONZ 7)) 7 0ESE I, 3
ROBEORBrREICBE 2D, —HFTABNLHE
BEWHIHTENRD Z2EKETDR V. N7 57 7O
BiL, BRENBEHOZL S, RENCEL-EROR
ZFRTPRE, REEIOTHEEOEEDLD, &
RIS ZEDN 7 7)) TOREYENELE, Ak
> TORELOFER L OB OIFERE 25 85 %24H
BBDTHA.
NZFYTIHARS L, BEEY ORI ICHE




H

Thb, FlziZay 558y Y —, rDNA DS
TRABEEIFEATEVER WV ON7 570 7O5EILE
TIXRAMEE LTHEXhTLED) DICdEHLLT,
MEFE®EZ L AMITVENWTHAD. 2T L BEFKE
LR, IR 3adfE2REL) LI LETN
—iZd v, ThEBESBHWORER HERH O
L7 ) APRELTVENLTHE. TORE
HOFERELT, #2252 ECTRICEELRDOVE
PEAGE & AFEREETH 5. BEEW ISR T 5
HUEMICL > CTFRERTS, BebHEHEICI3ENME
R H Y, RICKEPHoELTHTFIETER
V., ZRICE Y, oS ER R AR L AR
Yo THAZEDLZEDVWHICE AP, Thdtvnb
WA [HEYERHE] OEHTHS (Mayr, 1942) . F
PRI, MBEOELRZEFETOMAEHLEEZ DL
BRI oTHLVWREREANTEVWIFRDL D
B, WBICHRT AR EEABOMAERIZL o
TRRERZBRETHIEICLD, #EFEH—IR
DK% (homogenizing effect) bdH 5. ZDHEDE)
BIXy ) ACEEEEL L, RELRY / JMIRE
L=, &8, ZREEoREN - BEW
B —M %242 (cohesive force) & LTHERET 5. B
T5HIZ, BWIRREETI ZFV—7i%, BEBIZHH
ZEEICDEETAIECRY, ZOFXV—TEHEDR
WaAHHETAILIChA, 2O, [HWEHnHE
Wik PEHRDEHOEBRL L TBOTRYTHE
EDOBPE 2o TNA,

=%, NZF)TIREAEEEREIFEL RV,
HWETIXRRERREICL o TELLET S, N2 7
DTS REERERTRIND COBBSREEL THwAL
W, BICRHBICE R AR OBRRT 2 HET5
SEddE. ZOLIENTTFYTTIET ) APAR
EThHLID, BEFICLoTa—FERBBEDR
REWC D, BlZE, FEHEE L7 EE I
LoT, HONZ 7Y TICEMAEWEARN PR vE
WHBEEIHR D S B, 7 A EBEOREESHERE
ENY, INLEPMEATELYEIT TN FIT
ZBWTIE, BOBERFERICLZLETTHE. O
I EYEHICBNT, HErWHELRHASEBEE LT
HHTHI LI L EAICTLERSL., R2LT
Ny )7 ORSE»S, ERYSEICBV AL
BELVCHIAEPHNELZ LB TERVDTHS
»?

L LBds, NyFUTICRERERE F#HEL
VA, HREETEID ADEESH B 2 LB
AR, BBRRIIBWT, 77—V TIAIFED
et AIEERFICRAREN D S HE (FFh—)

31

e E

WCHET A7 AR 2S, KRG Lo EE (%
TFE) oF ) A DM THEAEZ (recombination)
PRITIEEAHRLDPDHALNTHEHRETHY, #
AEBEEFLHFEIME SRQZORROFHIZL > TH
BLTE&. &EF, N7V TOHBKEHRIIBNT
b, I & o THEMFE TORETFOMAMEZ D EH
ETRIoTWAI EPHLNERo7 (Smith e
al., 1993) . —7, TOEMEE DAL L OB,
WHOBIEF ORI L THEEBEMICESTH
ELHLNERSTETWS (Vulié et al, 1999) .
INSOBEERIE, NZFITIBWTHEYFN
MBI R THAZILEERT S, 2¥4LbIE, &
HETRES 2%, MABRIKRICEL [F]
Oy sH THE] (FFr—RFFMONZ T
7) DEVA IHECRLZEEISEI EERIRL,
T EETOMAEKENREETRE 2#lARR I
EFERMOFELERT A PO THL, 2Fh, ¥/
AU RVTEZNE, N7FUTRBILZZ77 TR
TIAI R LIz, BEBYORMEEM
CEIFRLLMEEZ I LT L LA NLTH S
(Fig. 1) . BHEHEOM AR & LB O,
N FYF7ORCTFH LT dh o BEEZMNEGT
BT hD, FLTENE, NI T)TOREND
ANBEREE LV MHEZHREL, N7 7Y 7 O5EE
WCHRDEA~OEL R TREZ#HO TS,
AFFEICBWTIE, HH T ¥ B Microcystis
aeruginosa ZEFNE LT, RENRHEHICBITH4
PR OWREE 2 HER L, AR EICESRF
BEBLLALWE - F2HIIBWTRERETHIL
KEoTwbwa7Tta (FH) EEEL, HERE
BREARSOREMELYFIERITIVE (U7 /N
2FUT) ELTHSBNRTWA, /2, AEIZI /0
VAFUEV) BEFEEFISRBI T T aBEERK
T a2 Mo T D, EEE, AT A a&HK
DR X A HPHEFES IR THENIRE SR
TWhHIEHb, 19954 WHO (H:FRERE) 2%
32U VATV OSEKICBIT D ERROYER A
4R8I 4Y QugNPblF) 2754 L, BELHER
FOSERKFEICBWT, RE7Aa02b3I70Y
AFVvOERPRERILOATYS., BEBMIZIX
Microcystis B 1% 3-8um FEEOMALY A4 X & 7R3 B
DY 7 787 70 T THEH, —RIICIZERE
WWREFNLHEGE (du=-) 2BETS. Afddao
S—BEFERICERTH L0 (Fig. 2) , L
FOBEWIZESEL L E L 5 (Microcystis
aeruginosa, M. ichthyoblabe, M. novacekii, M.

viridis, M. wesenbergii) W4 3 h T w7
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Biological species recognition
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Fig. 1 Conceptual diagram of the biological species recognition in animals and bacteria. In animals, the genome of
offspring is the mosaic of those of parents as a result of sexual reproduction. In bacteria, the genome of offspring
are the same as those of the parent due to asexual reproduction, but plasmids and phages can mediate the
genetic exchange (recombination) more frequently between closely related individuals than distantly related
ones. Note that the impact of bacterial recombination on the genome of offspring is similar to that of animals,
allowing us to recognize a freely recombining lineage in bacteria as a "biological species"

M. novacekii

Fig. 2 Micrograph of four of the five major morphospecies
of Microcystis. Note that all of these species are
currently classified as a single species M.
aeruginosa (Otsuka et al., 2001). Scale bar, 40 um.

(Komarek, 1991). T4, a0 =—BREISEESMNG
WCE o THEWCANEDL L Z ERFER SN (Otsuka
et al., 2000) , & 5|2 EFL5 MM T 16S rDNA DEW
WEIEAELWZENHEHLNE Ro7272012, BHIEIR
S EE M. aeruginosa —fE L L THbNhTw 5

(Otsuka et al., 2001) . L22L%ad5, BB~
N7 % a—FT5EMETF (MLST, #&il) I2ES5<R
IR AT o 7o BIEDOWRICB VT, AEIHEHOH
RN RMBIC PN S Z AR ENT (Tanabe
etal., 2007) . ENZdh2rbod, kdoao=—
P T aFEOECIZORKERBLTES
T, £, CHETICCORBE-RLAMLOVRER
LIEERETIEICHERI L Twawn, —F, —#
DY T T ERMRIZ, REOBREROMEAERICE
WTHDAMARRPEHETEZ o TWwA I Edhho
TWw5b (Tanabe et al., 2004). T OMEREIE, M.
aeruginosa \Z A S N2FEARMEEICOWT, A
ADOBEEEIREE LAY HEERO B A RN %
RET 5. AFFEICBVTIE, ZOWREEICDWTR
FIsZE2HRE L, M aeruginosa D¥k% HIRFA
IO REBIZHEERERL, IOV TATZAF—E
YBEBEFRETA IBRERTFT - ZHVTR
W ERFIENT 21T o 7.

EBRTTHR

Microcystis O Ei & HAZWOMBLY 7T a%
REL, 470Xy P Z2HWCTHEMET T
M. qeruginosa ® A0 = —DQHEEZ 1T o 72, FHRY >~



TN EAZRBOKEOE0.22um D7 4 )V —%
FAWTABL, Iz 351t — 7 LV—"TREL
77b Dk MA B:# (Kasai et al., 2004) & % 1:1 D%
STRAE LB EZR V., ABECLIVREL2
oo —HEER (REEEWN) %l fidoao=—H
HEEFRFROFEZTACWTHE-MBZ BT A2 LITX
STr7u— b7z, 7a—ALIZBWTIE MA
BE#osz Az, DENCEEL, #RAEEICI-T
R TV ZEERICOVWTHRBOFETs o—
AbERATo 7.

BHEONTIZAX—ECTEETFEICLZZ2IEST

(MLST) EREAFECTIHBENELE s u— Uik
235 %k, K O L BRBEHT 98 A AR W R DR A G B

(MCC-NIES) & Y HfE L 2128k i2D2 W T,
Multilocus sequence typing (MLST) & w9 FiEz
AWTRIZEFIA Y T2 7o, REEINITYT
DHENEROMBITFLRL LTHASNTWAEFIETH
D, 77 ANIHETZEHO (—BNIZIE 7 EHiro)
N AF—Y ¥ FEETHR (£5000E55) %, &
BT IA4 -2 A7 PCREICIDIUEL, Th
5O 2 REL, FOENIZEDS W TEAEERT
2479 dDTHA (Maiden et al., 1998) . KT
X, EEOPEBITMEICBNTHILLZ7 DDONT A
¥V U IEBETE (ftsZ, ginA, gltX, gyrB, pgi,
recA, tpi) \2FED W72 M. aeruginosa ® MLST R ¥ —
2. (Tanabe et al., 2007) % H\, SEKEOEET ¥
LA ¥y 7 %47o72. Fig. 3I12&7 /J LEFINFHRE SN
TWw5 M. aeruginosa NIES-843 kD 7/ A BIZBIT
%% MLST Efn FHEONMELZRT.

A IAEZFEGEFEICLZIEFEFEZIELY
(meyMLST) TAIABEI UV AF L IETO
DT IVEBPLRLBEROR)RTFFTHDL., i
BREOS VENIZOVAFUEDLLIENALN
TW 525, Microcystis IZB W TIX10HDEET 55
BAI v AFVEERERET (ney) 79 R5—
BITZUYAFVOEEREIToTw 5 (Fig. 3)
(Tillet et al., 2000) . Microcystis I2BWTIET 4+ 2
FERIZUVRAF U EDL BHRED L LRV
TAHIEPAONTWES, D20, THIHEI Y
0y AT EABGEE X, MLST TR LY 2
F-VY UV IBIETFLIIELLEEEZEFE LTV AT
HWHrH 5. SEOWIETIE, mey xBEF~Y—H—&
L7 2T5 222k ), MLSTIZX » TiRO N
BTG RE T A2 2 AT, COEBDD,
KEETFORGHM<— - LTHERATHL I LD

3
ghtx
M. aeruginosa
- NIES-843
) \ mecyE  meyD  meyA meyB meyC

meyt / )

G ’LC))H \ neyF 10kbp
meyG

Fig. 3 Physical location of MLST and mcyMLST loci on
the genome of M. aeruginosa NIES-843 (Kaneko
et al., 2007).

RENTWD meyD, meyG, meyd @ 3 BT (Fh
N 55034, Fig. 3) (Tanabe et al., 2004) % &R
L, INHICLB5 A4 ¥ 7% MLST LRIBOFES
BB L TiT o7z, REETICX AMENTZE MLST 12X 5%
BT EXAT 5720, meyMLST &3 562 &7
5.

DFRGERBEN  MLST THE LW ZEFIZ DWW T,
7 DO OEE TR % ¥1F7- LT MEGA (Tamura et
al., 2007) ZHWTHFRBBEN 2170 7.
meyMLST T & 172 BLF]Z 2 Tld ClonalFrame

(Didelot & Falush, 2007) % F\ TR % 17 o
72. ClonalFrame |3EAKH OBETF OMAEEZ 2 E 8
AN RFEFTZTMRELE T2 FFEEHRALTBY,
BEOBETEEZHWZ N 7)) 7 OENE RO
IZHELTWwA,

#HAHZ (recombination) Di&RH & 48R

EEFOEEEMEAEZEEL —oOFEE AW
fliL7z. R EHEBTFHEMTRONSMAMER 2K
WYy 2HETHEA, —2OHOFEIF, 7 o— v
DBERZLEBETFEOMIEERTICEHZ 6T L
GESENTPE) WCEBL-HETH S, #HI, A
WARMBENT S ¥ & LB ITHY 2 3 TR 2
PR o TWEHE, BIZFEM CREDOMLELT
DEGEPZ W PRI ND GESTE) . CoH
Ik O WTEL SN [, (Haubold & Hudson,
2000) W) EHEAVC, BERHAIS=0 (5~
¥ ARE) AR U TR VAREE 15> 0 (GABZ 232w
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7 u— i) RRETICKRET S, HEHAICIZE A
R PERISZVEA, [SEIREREE LTI ZFR
F. RIE T START (Jolley et al., 2001) % T
Tolz. ) —20KEIE, BIETEBTROASHA
BHIER BPEBEFEOZFBOBEOR—22 725
FTIEWEBL, COFEOEEREERAEZHVT
FETRYICEEMM 9 2 FETH 5 (Feil et al., 2001) . =
DL PAUP (Swofford, 2002) % VT4 - 7=,

wmo R

MLST (2 & % Microcystis DBk D21 E 5
HARUOERE 7 V7 ZEHPrOREL T F a7
75 M. aeruginosa D¥.EE - 70— U fLE4TH T &2
0, Fr214ska | oo — k& LTREMLL, Zh
LOERRIZOVT MLST IZX 2 BEF A ¥V 7 %47
o7, BED T 74 —% AWl PCREIZEI>TE
TO¥ED S MLST B fnTEH 2 BT LI L TE
W, V=TT UVRATF—=FIZ) A XBRENE A — AN
BRENZ pgilconTiE, HZ7+T—FT 54
~— & LT pgiFB (5'-ggTgCgATCgCAAATCCCgA-
3) mEEFL, Ihx PCR¥IE, vy—2r1>vy 7
BT 52 & CHIBERRR L.

MLST IZ & 3 Ricf#th S 0IISE L 72 214 Bz
FF—5 I CBED 198OEBEZEFT—5 2mz, =t
412RDBEF T — ¥ O TCRBEN 27072, =
N5 412D MLST 7— 7 13 237 D 1= — 2 72 81E
FEIIHDHEEINE Z b h o720, REMHTIZIE
CO23TDBEFHEHOATH W, ZORKE, M
aeruginosa DTEMNIZIE 7V — 7 A~G L AR 5 BHBE
LREHESRHEN, FNHICBE VYT I b
OU— 3y 4T ABENA (Fig. 4). ZVv—7A
~F D 6RIZBICEAMETCRHE IR TV 2228
(Tanabe et al., 2007) , 7V —7 GIZE D TH
RN, EREWZ LI, ZV—7 G BT 2B
1, BOMEICET D A= VED—#k, AERBE®D
—HREBRWTIE, 2@TE - HARR (B, dtl) »
LI ENRTH o 72,

MLST (CED < M. aeruginosa \ZH T3 HAHZ D
1R & SEE AT INTT) T DAY TR IR
LTiE, ERMBENNCTORERTES 5 72&EZF0
AR BRI L, ZOHEZFMT AL RO E
Boleke b, ZOB, RHMENTNCRE S HE
GREARGH NV —7 A~G & [HEYWHE] OFEdE
LEZBHZ LI, FHENRT Tu—FThsrtEbh

5. ZTTHRIFFEICBVTIE, BRAEOMAIEZH
BE & KRR DM AL 2 HEIZED D B HICD
WTCHRNRZZ, RIZE 7 Vv — THORM AN 2 SE S+ 4
2@, POENESEROMAEZ HE L ) BEEICKS
W) THIUE, BARGEEEICARERELSD 5 & &
ABIENTEDL., HEOHTHILZ 2DDFEIC
£, MLST 7— % » LA AL 2 HE 2 570 L -5 5
Z Table 1 IR 3. £ TORMICBWT LSDEH 1
WX bheholzl thb, WTFADORZRFEICBWTLHA
ABPRIFEZI o TR EEZONL, LI V—F
C~FiZBWTIL, ISOEFEFEICOLYDKREL 2D
GhrolzZ b, MLST BfzTEM TBHES LM
AEZIE, T VI AREICLET 513 B WEE R
CoTWBIENHLNER 572, 7V —F B it Feil
et al. (2001) OMEICLINIE, SV FAXRIZET
BV Z OB GRS, =7
AZDWVWTIIAMEDOK RS S b, MAMZ OMEED
PRVELHZONTWAZ EAVRBENS. L —
TEERTIEIE LSOE, KU Feilet al. (2001) O
EARERDVRT LD, MAEZ OEEIZENC &35
ol ZORRITENRKEE O M OB DT
N A

F
E\:Q ,C X
D X
n A oo 11 1
S 2 : 99 99 ‘4' ','r
< 5 \::\> 99 /
EA‘ : , 59 i \' '
67 WG
0.005
B

Fig. 4 MLST phylogeny within M. aeruginosa based on
the concatenated sequences of the seven MLST
loci (2,992 bps). Tree was constructed using the
neighbor-joining (NJ) method implemented in
MEGA. Bootstrap statistical values for the
major groups are shown at the respective
nodes. The scale bar represents substitutions
per site.
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Table 1 Analyses of recombination between MLST loci

Group N*® n® 5 Portion of significant congruence *
A 111 50 0.274* 42/42
B 69 54 0.123* 29/42
C 33 6 -0.023 5125
D 31 12 0.056 1/16
E 29 13 0.010 1725
F 11 6 -0.024 4/36
G 70 44 0.089* 12/42
Total 412 237, 0.279* 42/42

a. Number of isolates.

b. Number of MLST genotypes (ST).

¢. Standardized index of association calculated using unique STs. Null hypothesis of panmixia (],f =0)is

tested against significant linkage disequilibrium ([AS >0). *, P<0.001

d. Maxinum likelihood analysis of tree topology congruence based on Feil et al. (2001). The

log-likelihood’s of 200 random trees were calculated based on the sequence data of each locus, and

compared to those of the ML tree topologies of the other two loci. Log likelihood scores higher than

those of 99th percentile of 200 random tree topologies are "significantly congruent” (P < 0.01),

suggesting the low rate or lack of recombination. Thus, the lower value of the portion of significant

congruence indicate the higher rate of recombination.

meyMLST (2 & % 7 F AEF & FORGEEN S H A
BAOFE  TTICMLST F— ¥ MEF 6N T A H
Oy LA B, ETOIC 196 R E B L, T4 IFHR
I UVAFUOEERERTHNO 3EETE
(meyD, meyG, mey) % Fv:72 meyMLST f##T % 17
o7, FOMRER, ETOFERPS 3ODORIZT M
W52 EANTERD, EFERDSIE 5 HROBISZ KR
WTSBIETFLEIRETAZENTERDP /2. Th
LOSHOEFEAPS I IBEETLDIIHRB SN
A, chidBEsl 3r7uvAF v AAEEETZ I
A —HNDOEIPICERPAY, MBRTOI—FT
AEEEOEENEDN 720 EZ LN, mey d
1182 LHE SR, Thbids1lor=—2%
meyMLST &ETFRIZ53 & /2. ClonalFrame % M
W7 R DAER, mey ZIRKE L ZODORBITH D
NAEZ LR bAY, EHILIOTODORMITEFNEN
MLST®Z Vv—7 A L Bizc—% L7 (Fig. 5).
MLST L2820, “Oo0RMIBE LWV T T4 b
70— DI meyMLST B TR T4 LIFE D%
Moz, ZNSIE MLST 0% (Fig.4) TiEA &
XiZB Lz, BRENILZIZ, ThbD4DO0
meyMLST &z F#iZ, meyD, meyG, meyd D4 O

0.1

Hybrid between A&B
Fig. 5 ClonalFrame genealogy of three mcyMLST loci
(1,651 bps in total). All branches are highly
supported by Bayesian posterior probability (>
95%). The scale bar represents time in coalescent
units.
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R CTIIERLZIV—T (ABLLIWEB) ICBELZ:
7o, FV—T AL BOBELHIIL > THELN
A7)y FEEFRLEEZ N5, meyMLST I2DW
Td, MLST & ABEOFEE AW THAEZ OB -
i #4772 (Table 2) . FO#HEE, V-7 B
DWTIE, T V7 AREICICHT 5 5B CHL A 2 A
I o TWB I EAREEN. T2, MLST O

ERAEIS, meyMLSTIZBWT Y, FVv—7 A DA
BWREERIELIZONATWEIE, F-7 VT4
ROMAELZ DFE RN L bdh oz, RERIZ
mey BARFIT BT b FEPARAREE 122 Be bR B AN 1R 7E
THIEERET 5.

EMMIERET  AEOREPRERMIC [RRERE] 2
BHETHIEIRBENZD, ZOBRICITEELE
T5., RELRLIE, EFNEFNOTIV— T VBRI
LTS, MABZTETHLIZH20b5
T, TEREPZRVWDI] BEETFOMAREZ I S
Lo BERH AL THAE. 2, ThAHD
TN —THREFRNCTEE L2 L SIS AER P EEE
THRIDLLITHE201E, Th5OENZRKEIZDIX
@E%i%ﬁ&u%i&<&ofbi5kw5:af
H5. TOMBEIZEYME720120%, BRBEICIZRL22
%ﬁﬁ%@%ﬁ%ﬁ&%i@ﬁ&%%%m:ﬁm?é

Table 2 Analyses of recombination between mcyMLST loci

Portion of significant congruence ¢

Group N*® n® by
A 118 30 0.193*

B 84 17 0.064
Total 29 51 0.188*

6/6

0/6

6/6

a. Number of isolates.

b. Number of mcyMLST genotypes (mcyST).

c. Standardized index of association calculated using unique mcySTs. *, P < 0.001

d. Maximum likelihood analysis of tree topology congruence based on Feil et al. (2001) as in Table 1.

July

Lake Inba

Tokyo Bay

" Lake\Kitaura

Pacific Ocean

Fig. 6 Distribution of MLST genotypes in Tone River Basin in 2005. The proportions of strains at each sampling
location are indicated as pie charts, the size of each being proportional to the numbers of strains. Note that
a single bloom sample contained multiple MLST phylogenetic groups. Abbreviations for sampling points are

as follows: Is, Iseki; Tk, Takasaki.
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VENDH LD, BETERESELVWAREIZOWTER
BATD T LB ENTR W, 22T, AEOMAKEER
W THENEE ] PEETIPEPEHRET L LW
I, MENRT7 7u—F2HHATAZLICLA. 20O
77O —FIZBWTIE, RICBRLZREI VT (T
V—7 C~F) PE—#gmchFEL L, #EAD
HHEZLDPPbOLITREPBE I 2w Erb, £
THIREEA D 5, LHBTELDIITHS. TOFE
BWTiX, SHOBEEOEENHEE 25X B
ICHIBT 2 LEND L7720, BT LIKREMSN LY
FNEFNRBICEETFTF— I PAFTETH S LT
YF L\, Fo, BHMCES TRESRIKREET
TNV L THBELTLE S &, EERBEMERICHRBNE
ILD3d o728, TOEEEZZITTLE) TRESD
b7, AR EHNCERIICRE L ERRERO
HEBZTAHZEDPET L. EESLHFMLSTICEST
BEFIA Y7 LRI, 20054 HFICFIRR)IIK
RICBTAEBOMB LY FEE LI REIIEEIN
Tz, FIRNAKRE I, EBREBOKEZED, ¥
B A MERT L CobT- 00 CARTFEEICIE SRR O T iR
BICHELL—HOWBTHY, RXFE2MOMEES
ELBrHLINICEINE. TRHOWBICBVT
BERBIIHEAZER, 74 IBEIREIBER
N5720, HBE/NSWHEA 7 — )V TOREO
RS EZFAL2ET VB L LTEHFHMETH 5.
MLST %M 1 122005FEBEFOFMRNAR DT — 5 %
Ty YL A, BHORSEHOEREICIZHE
BMORZE T NV— T BT 2HESREST 27— A%
WZ Edbh o (Fig.6) . RERIE, 2L
FIABNIKRICBIT Ay — )V (K TE0F T59)
ZBWTIZ, HBENRERIEELZVWI 2 RET
5, FO—FT, BARKHEOH T V=7 G DOHiZ
BrHo—#EoATLr SN2 572, MLST
LT 7 DENRERERARCTARIZE S, RIV—T
WKETABEAEEIE s HoOoOE2 b 58I N
A, Zo0BNEBRCCE - Hl - OB ATS
LAGEEINTWiRWnWZ b ro.

z %

AW T - 72 F BT ¥ ¥ Microcystis aeruginosa
i, DRTE s EInNTwizZ bbbl
D, BEMCIHEFICEHELRETHD. AEITITEEFHK
LEBHRSMLNTEBY, SHICKRICE o TRER B4
FHEOIIZUAF VLI LEFHMONT VS %
&, AEZEMICATLEHEETH S, AL, 168
rDNA OBHFEATHE RS 5 BEHICH—TdH 5 & B

el

i

ENTHBIHEINTREZZHLDOD, TOH
ATbhey vk 23— P 5EEF (MLST) @
FEATRE R 5 1L, AEIIECEWICOEBR I TV
FEHTHEI Lo TS, ZOFEIR, H
HEROTHGET LI 2 AALMEOEE L 225
2. L Lads, EFOPETMETIT o AHED
MLST @t O#F 1%, MofbafEoteae Ry ) 5%
OPOBARFHLZERTHICESZDDD, Thb
DEAZRBEEBREATFIRLZ V22 5LFREL D
ER L dolz. NI T) T OMA GGEBETHEIIL
Tw5, - E8 - AREFEDOT—¥ LBETFT—%
DO—FKIZXDEIPNEHHE, bW 5 “Polyphasic
taxonomy” X, REZMH/ILT H2RAAIIBWTIEE
DRERTRENTH o7, HEEVIBEADHFTD
ARBEOPNEEZ 5% 01F, MofbTEnwz L,
D%, [FREIZEEN - A{bZEN - BEENICEHRKRT
HHY, FNTHRENHETHE], LwHfekD
HEATEHTAZILE—OOKRETNIZIVOND
LhZzw, LeALENRTIE, AERNICABINAZT7D
OHELZRFHEOFAZ LD LS ITHEBIT LTI wD
BHEIPPEC)RBENLMEIRSIN-TETH
5., TRBEOZRERL LTHRONY 7Y T DI
FRRDVBEINTWBLE, RIT) ZOMEITTHE
BBV THBITITENRVOTEEZVELI»? H
LV T 7 7T OGEIL, BET— 5 DAt
HLOAGEEREEZLELLTWEDREALIH?

AFZEICBWTIX, M. aeruginosa DTENRGH %
(W] L LCEEBTE L) HICEH
L, %07, ML TWwZ@EY, BT XTo
THEBENICBWT, REHEM LD DB CEETERT
OHAMEZ IR o TWAE I EWbh oz, TOHRT
EHIT V=T C~F D4 REHICE - TR, BFEE
WNZBIT 555 AREICILEY 5 B E CHARZ
PRI STWE I ENbholz. T/, AYHILHFENT
DORERIEBHBERICHBENRES 2V L 2R
L. IROORENLS, BHH2ITEOLOENR
MENTIIERTORESEEISEZ Y, &Rk
HEEICXERERD L2 EPNRBEIN. DLEof
R.EZ22FLOLL, M aeruginosa DEHNDA 7
D AZBMBICOWTIE, EYFENE L L CEHRT
ErLE2 89,

FHENO 4 ZFICONWT, EYFENEEERSTRET
BHDHEBRRED, ZNEIEEFHYDOT V¥ LAREIZIL
WMTHAIEOEHETHABRZIEBI o TndEwn
9, #E2® (conservative) Z2IEHEIZIDWIZHIRTT
b, TOL)IHMLVEEZRILERITE, N
T U TR EE N A & OE TEET & M



H#T ¥ Microcystis \281) 5 HEM R TRREIC B 5 2 BFgE

TEENIREND LD, EELTERBEIIHGC
ERVEVIHEND L. BELREBHEE N7 7Y
TOBBMICHEALTCLED L, £2TONIFIYTE
—fEE LTRBREED 2B, LI RRICK- T

LEIDPLTHS. EBEIWE, Table 1 12T Feil e al.
(2001) IZX 2METBMEOFMARLTWVAE LS
I, 2RI N—TBRFGIBWTIZHYIC
FHETHAMRAEAIEI o TWAI EAREENS.
ERE, mey DN TIZINV—T BIZT v ¥ AKTEIZIL
W BHMABEZBEEFBESN TS, Y V—F BRI
GO NV—TREYENEE LTHEBTLIZ L
DU EFIZ DWW TR T TR LA R 2285, #lzid
TN —THTOMMEZEEZ BMELL, FhEdE
POEEHLUARBEEZRET S L0 o TEWER
FARPHBZ T, &) FEidTE»d Lk
W, EZEE, BEREIOTAFATIRESTWLEYI 2 L—
Ya ilL AW d N, REBICBY 2K
EZREREDI (p/f) H053L YV KELRBE
A IR LR 2L LTRBRET 2, &t v
IRERPBON TS (Fraser et al., 2009) . 2T
DREE, BRABRIEELZVWEOHBLLE N E
HOTFTTCOHEMBETH B0, N7 7Y 7 —HEIZ#EA
TAHIEEGTERW, LPLEDFS, IENHRETS
FIZOWTERNICHEED T A— ¥ — % Pset s o
EIZX Y, BERRIEEICE TS W Y R RS
TR A, LI TLERLLBERIKEY, 20
T2OOEBRIIRLTCES TER WY, 4BOTICESF
VAR ERRE LTERL TWLTHAH TOED
WMEDOERE, N7 TV T7OEYFHEOMELFE
WAL LTWLES S,

KN OBEBORME EYENFEE LTS T A2
Lit& o T, AHEOMH/LIZ & B DHHFHHEFE DB
RNz, LA L2226, Ko ToflARED
AEWEpfE e LT ca bt BicidE
BIRETHAH. flZE7NV—TAKXDWTIE,
MLST TR2Z2 5 E ) A2 OFEEBI» R YIS,
BIEHNEREDOE- DR ERIIERERTH L LD
ThHsb. TOLI BT V—THToOH#ELTTEZDM
BIZNWCEREZLTHMTL RV, — A2
T T D/, H5VITHNRREEOREBEIEEC X
STERLRY, ZHTHEI LR Lo THENLTH
L. BIAE, BERICENSZFYTOBSMLZEE L
THRBIR (BIK) CLoTHELBEHEZLATY
oo NZFYTIGHENEEESFELRwEELS
NTW7z7280, BEBWICRSNh 5 BEriiE oo
BEESHER SN T Wi Th B, I IEBEYIZM
Mot A4 XHREL, FMEHEF A XL LK

EnZEps, REEBHIHE»OBHIEZS L
WHOBEIL LD (WhbWw B “Everything is
everywhere” {Rii, Baas Becking, 1934) . LA L%
o, wit, BAEY O RN HIREE RGNS
& h (Papke et al., 2003; Whitaker et al., 2003) ,
NZFUTEBNTOEFNFEMUTER T & HE
ELTREENTWS (Papke & Ward, 2004) . =
DBED S AR B BNz M aeruginosa ® 7 2D
NARFE R HE, V=7 G DT railitt By
T, By -l ) EHE L2 o0MBL»SDH
SHESNTWA L V) BEFEBECMTE. Ehsd
E, SO EETV—T G IR & > TA L
LRTWEEEZRET L6 THE. MORKEHE (L —
TA~F) BV TCIEIHBBEIRETE 2 o7
FREIZBWT, FV—7 G OAFMBEIREEIC L - T
ELEVIHETIHREWBRT L2010, 20
TN —THEOWBEADOEKBIRIC L > THELE
WO ITREME R A LR TSR S v, W, BIAM
W NV—7 GERB SRR =, NEE» DY
YT NHF TR, IR RO BRI
BeBETL. LPLEWS, F—7 G I20054E D
Bl (Bril) O7F 2BV TERECBELETL &
&, COBBRERY, BROINV—THE—~D7 +a
WIZHELRRETRAET L LI EDF— % LI
SHEET L (Fig. 6) LafteTHELLE, K7
V=TI R REEECH BRI TR
fMiEIBHLEEDLRLE. WTFRIZLTH, M
aeruginosa &\ 72 IE 1O 7 ) 7 OFEAO
TRy — 2 TT o, MABZ, HRER, HHENRE
He, BENEE (FERLALVEY LD EES
7o &) %, BAMERIC X B MR OMIETFREEROE
) ZEDERD T 77 & =%, HPIIHHVIZEE
IZFRAEAEREIC/ER L2 E LTBRENRTW A0
THAH. T2 F by, EYFNHEEROLTIE,
RN OBIZNEHREOARE 2 HF T2 LT, R
DHEFWHRZITI) LTH, FHHTHEEVSZ
ETHAH, SHRBENTRRLZZAFEHE I AV—-T G
i, RIRHWRAY S EE5FTICRBE R o 225 -
HWIEEZ /A L TR E V20, RO
FWLERTES LTH, RO {t7ov 225
Be5ETH, BELUIEMEBLRETHA.

Z 0

Ei# T v ¥ Microcystis aeruginosa \ &7 4 2 22
THIETHION, KBEOREE VI BEEI LR
FCHBEILR > TV AHETH L., BHEONIAF—F




H ol

¥V BETFHEEIICES S BaRERETF I €YY
F3: (MLST) 2F@ET LY, FHEIPEL
L TOOHBLREIRREZ AL TWAE I Ehb A
oz, B ORBERENITOMMAERH TOBETF DM
A2 (recombination) BEZFMELAE A, &
&b ARBEIIOWTE, HEBHYWoOAEAERIC
ICHT 23 EOBHETHEAMRZIINZI o TWnBH I &
ARBENTZ, FO—T, T ORGREH OMHIHR
ZHEEL, REBANOMAIEZ L) EFEP .
RO 7 + 2 HRBIETF (mey) DFFTICBW
THFFEINA, T, EAWHIEBTOMR, Bib
FRBICE T A BAESHWICERLTVWAE Z &
Larkirodz, [HIEMEE] 2PHFEELZVIZD 2D
b oY, RHEBMTHEAEZHEMECIZ SR TY
B Ehs, REEEC [HEENE] PEETHIE
B TFEM@REINE, Tho50HERPL, M
aeruginosa DTN DR OZME [HWFNHHE] &L
THHRTELZ Db,

AP TR S N SRR O

ISR

1) EBEEE, SR, EEE ARIKRICBTAT
* 2T ~ ¥ Microcystis aeruginosa DRI 7L
AAM b EE 9 HRE (FH) 20074E9 H 1 H.

2) WDMERE, SRk, B ClonalFrame % fiwv7z
7 T T v B Microcystis aeruginosa OFEPIFRH
N HASRESEAH32E S (BH) 20084 3 A22
H.

3) MuME, EWEE, SIE, HEE Vi
Microcystis aeruginosa \2 B85 7 4 I HFRAEAKHE
fEFowardkit BAREHEZESEI8ERS (B
20094E 3 H27H.

4 HBHEE, ERE T4 IEHT VB Microcystis
aeruginosa W2 BT B HAREAREHOER H
REHFESEMERS (0 I1E) 20104 3 H20H.
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Molecular basis for probiotics beneficial effects; Isolation and structure
elucidation of innate immunostimulants from intestinal bacteria

Yukari Fujimoto

Department of Chemistry, Graduate School of Science, Osaka University
Toyonaka, Osaka 560-0043, Japan

We have a long history of taking fermented food in our diet for our health. "Probiotics" are live
microorganisms, which are considered to have beneficial effects for the host organism when they were
taken as a part of the diet. However, the molecular basis of the beneficial effect of probiotics has not
really known. Resent progresses on the understanding of innate immunity have revealed that common
molecules in microrganisms activate the receptor protein in host organisms, and stimulate the immune
system. The bacterial cell wall component, peptidoglycan, is one of the common coomponents in
bacteria, and recognized with intracellular proteins, nucleotide-binding oligomerization domain protein
1 (Nod1) and Nod2. This recognition event induces a host defense response to eliminate invading
pathogens. The genetic variation of Nodl has been linked to several inflammatory diseases and
allergies that are strongly affected by environmental factors. We have found that many bacteria having
DAP-type peptidoglycan release Nod1l ligands into the environment. However, the structures of natural
Nod1 ligands in the environment are not well understood. Herein we report the isolation and structural
elucidation of natural human Nodl (hNod1) ligands from the Escherichia coli K-12 culture supernatant.
The supernatant was fractionated with reverse phase HPLC, resulting in the isolation of several hNod1
stimulatory fractions. Structural characterization studies demonstrated that the molecular structure of
the most active fraction was the native hNod1 ligand GlecNAc-(f1-4)-(anhydro)MurNAc-L-Ala- y -D-Glu-
meso-DAP. We also found other peptidoglycan (PGN) fragments using the 7-(diethylamino)coumarin-3-
carbonyl (DEAC) labeling method to enhance the sensitivity in mass spectroscopy studies. These results
suggested that DAP-containing bacteria release certain hNodl ligands to the environment, and these
ligands would accumulate in the environment and regulate the immune system through Nod1.

Key words: probiotics, peptidoglycan, Nod1, tracheal cytotoxin (TCT), innate immunity
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SEFWEER  BIREEL (3 V7V REESER)

WEWELCO TunNAtF 47 A" INEHEHOC
WA, TaNA T T4 7 A%, BICBAMEED 5 WG
BH 7 o—7 LN AHLEE GFICB) ICFET 5
MEOMBICHELRIZL TR EEILNED, *+
DFFURVIIBITBEFIOVWTRERBHTH -
7. BPIEEOMERER IO W THEEF R W
BB DPITONB LI o720 b R ED Z
ETH Y (Eckburg et al., 2005), FBEIIX LA M2




H2s| &R TMAEERYED 5 IiZEOBEICD
WThH, LLBREBHAINTHRV,

—J, WAEYWEEDEOSF NS —YBHRICE T
BEOERGESEELINSE Z &A%, 19965ED T 7
TV avNTOEBEBEMICED S Toll ®FE R
(Lemaitre et al., 1996) % ZoNFiCMbhbr T L &
2V, ZZI10REDOMIC, BRFIEISMILEY O LMK
Biflic BT RERBEE2RALTWE I HL R
EhoT&TWwWA (Janeway & Medzhitov, 2002;
Sansonetti, 2006; Akira et al., 2006; Medzhitov,
2007). BEASIEIL, BEIHOE—REH-TE Y, F
& LTHAEDRE OLEHFRELZREHEIBHRT 5
FIC X o THEMIL S B %S, #ALISHWREZ RS,
fiy, BRrbe b2 aOHABEICES T TLHLASM
Wz B CHEP OB L OBESH O NIk o T
WA, EBEFEBYICB VT, VU EREERE L
PARBERSSEOBETOFRER 8 ST
5 JEESIET O - HIICd EEREE R
TV 5,

FADTINV—TTIE, ThETHENLRFEICLS
GIERHEMEHRS T4 75 OfigEs:, ThxH
Wihlie DSZHEEY VN HE - BRSOV HABOR
F, WMBVOBTE L UEMSY V37 oo
MET->TBY, A bEaRkeEEE U CEAERH
BHEOMHZIT> Tnb, ZOHT, MIREERG O~
FFZY A (PGN) 1357k Nodl, Nod2 i X 572
ik o TERBERERLTAZ L, Fot0EAS
VA Y FEMOTHLMZILTwWS (Inochara et al.,
2003; Chamaillard et al., 2003). FIHIZ7 5 VA0
Th—T LR RERFERL T 25 (Girardin et al.,
2003a; 2003b). Nodl DEMEFERIIHKE L DT L
NVE—RRBEDY) A7 % EASEDLEPHS PR
T 5% (Hysi et al., 2005; Eder et al., 2006), 7 L
VEF—EBOEHNIA S OBBREDH B Z E2RIET
BIERRBLNTWELOD, FHERZHL»E R
o TWiV, Nodl/Nod2 i oO#E Z 2 EREIO—D
2, BE L OMBEPERT ABR T -5 TH A, E
OB RS TS IEBHTH 5.

Taid, 4 oBNHEZ SO HER, BEEHOREE
WB L UEBEICOWT, IVHVROBESEEDIC,
HikdB LU EE®, Nodl, Nod2 & %\ & TLR4-MD2
ZREOTEEEIE S, B Nodl V¥ FiZ
DV TIRERICHAR EEICBRVEEZ RS b ONFE
FTAHIERPHOLNIT A E DI, FEICEE IR
FLTWBHZ & %RLT: (Hasegawa et al., 2006).

M FE T PR TR R FE BRI H Sk D SRIEHI M T &
LT EFBICEEETNS Nodl V7~ FOBER

@0

WEAFI) LD, REARORERMIERICHEEY
HLEEZLNLPGN 79 72X Y MERIZODWTHT
LAOLVTCET L. £/, 2ofidr{bBeRTac e
W&y, RIRBREGSOMELERT S & & DITFH
TEWEEETHL ML,

KERTT i

HEVE CRESE  Escherichia coli (REH) K-12
BRix, NBRP KIGH$¥E (B Bm20F%E0 ; NIG) &
D AFEL7. E. coli 1 20% 73— A &K M9 kb8
1.5 L(x2) (Na,HPO,, 6g/L; KH,PO,, 3¢g/L; NaCl,
0.5 g/L; NH,Cl, 1¢g/L; CaCl,, 3 mg/liter; MgSO,,
1mM, pH7.0) %, 37C T24B:EIRE L2 0 & fikE
FLLTHW, 60L BEUICHB VT 40L @ M9 &S
B Lo 2L, 30C CT40MHEREEEAT
o7z, BRPIEEL L TRHEZIY B2, 0.22um
D7 4 V¥ — (Steritop-GV; Millipore, MA) TAiB7
HTEICXY, BEEELEEEL.

b b Nodl (hNodl) EMEESDEEE  KEHEREEL
W (22L) &, FTHMHOLS—T 4525 (Cosmosil
75C,,-OPN, Nakalai Tesque, Kyoto) %* i L& %47
o7z BWHIE, 0.1% MY 7vF ofEEE (TFA) KB
(BB A) BLU01%TFA 7E b= bV (B4
B) TiTV, AWU/B I # RO (B, LELICH
TAHBHEOE) THEH L7z, 1 100/0 (3L), 90/10 (2 L),
70/30 (2.5L) B X O 30/70. & TOWESIE, BEEEE
17>, hNod1 MBIE R © 17 o 72, HHEEGE, A K
/B i#i: 90/10 DWSF T - 72, T 550 SR K
(53.7mg) BARIEML, SMEEREI O~ 7T
4 — (RP-HPLC) T3HBRZToA. FMEM
Column: Cosmosil 5C,; AR300 (Nakalai tesque Inc.,
Kyoto) 10 x 250 mm; Mobile phase A: 0.1% TFA in
Water; B: 0.1% TFA in MeCN; UV detection: 220
nm. 1[HH® RP-HPLC 7l ik, ROEMHT (0% B
i (10min BVAH) &, RERH00 X CEMRES
BT 30% B & LiFH. ¥ © 4 mL/min) ZEL, &
P 55 % AR HRIEE R 27-32 11872 18 & AR E 40
2 [H H @ RP-HPLC 5 W Tid, ROFEHT (9% BT
w . B 3.6 mL/min) 7L, PRS2 PR
6-9 iz f% 7z, %< 3B ® RP-HPLC 7 Tix, XD
%t (9% BT, W# 3.5 mL/min) 4 L, i&
P 53 % PRIFIF R 7.84-7.69 518 7.

BE9H (LC ESI-QTOF MS) HEamE, -/ -
Wikoo< b5 74— A5 A CapLC system
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(Waters, Milford, MA) % %t L 72 ESI-quadrupole /
time-of-flight (QTOF) mass spectrometer (Q-tof
micro; Micromass, Manchester, UK) % H\), Mass-
Lynx software & F\» T LC B L WE =54 &8 D #i
MEAT o 72, W T IVEAIZIE PicoTip needle (New
Objective Inc., Woburn, MA) % H\W7-. LC B
715 5 &E LT, Atlantis dC18 column (Waters, C18,
3um, 75um x 150 mm) % b J v 77 5 4 Atlantis™
dC18 Trap column (Waters, C18, 5um particles, 0.18
x 235 mm) & & BICHW/A. BIER{LtAmE LT
[Glu1] fibrinopeptide B (Sigma) % M\ 72. LC/MS 43
FIZBWTIE, 20uL DH Y TR N Ty TH T LIE
AH%0.1% FEET 4 57H (15uL/min) WEE, £7 5 4
WEALIREARZ BV L. (W&l BEIHE
Ai5% T M= MU, 95% K, 0.1% ¥HE; BEIA B :

95% 7t~ =1V, 5% K, 0.1%FEE; IRESE: 0 to
4 min (5% B); 4 to 45 min (to 40%) B; 45 to 53 min
(to 70% B); 53 to 58 min (to 95% B); 58 to 60 min (at
95%); 60 to 70 min (to 5% B). Q-TOF /85 X — ¥ 3%
7€ . source temperature, 100TC; electrospray voltage,
1.8 kV; cone voltage, 30 V. +/ XA 7L —A F »fL¥ X
T AERHRE R DORE % F V72 | source temperature,
80TC; electrospray voltage, 3.1 kV; cone voltage, 45
V.

hNod1 & #7E % & BR hNod 1 FI s 4 R B,
Nod1 (0.17 ng of pCMV-SPORT6-Nod1) D75 X I F
BLOYKR=¥—7F 23 F& LT NF-«B dependent
pBxIV-luc B & UF control pEF1BOS-f-gal % # & 3A
A72 HEK 293T (0.5x10°) ® NF-x B il L2 #HE L L
TiTo7z (Y I TV RE - HEEL) (Inohara et
al.,2003). TabbL, VYBAINVYTLAEIZILIY TS
A3 FZEA L7 HEK 293T I2DW T, EAT 8 B
BTNV EMZ R NAREEL, BETFEA
24 D) F Y FARTE NF-x BIEHALZ VY 7 2 5
—E Y R—=F =T oA BEICIDREL.

DEAC (diethylamino coumarin) % 7% % B\ \ 7= ESI-
QTOF EEHNMh  XTF N7 ) h v HRILEHOT
IV EDDEAC & 712X B IBHIZ RO FEITL Y AT
272 2H B ®RP-HPCIZ X D15 NiEHES
(750ug) % 0.1 M NaHCO, K& (6uL) (B> L, 7-
diethylamino coumarin-3-carboxylic acid
succinimidyl ester (Invitrogen, USA) ® Y X F LK L
A7 3 F (DMF) ## (2.5uL) 2% 23C T17h K
BB EIZED, ¥ TDEAE T, BOENLBHE
7= FYNTI00REICHRL, LC/ESI-QTOF

MSIZ& Y 52470 72,

NMR 2 NMR AXZ b ViZ Varian INOVA
600 spectrometer (Varian, USA) % H T, 'H:
599.48 MHz {28\ T 5mm Varian 1H (13C/15N)
XYZ PFG triple resonance probe % \» 30T TAT -
72. 'H-1D-NMR B & O* Z &kt 'H-'H gradient
enhanced COSY (gCOSY) iZ, Varian HZ#/%)L 2 7' 1
77 bW TTo 72 IEEES O Y T Vi, DO I
% L, 5-mm microcell NMR tubes (Shigemi Co.,
Tokyo, Japan) & IV THIZE L72. D,0 HTH4 I H )L
¥ 7 MiE HDO signal (6=4.718 ppm at 30C) # ki
ELTHETRLZ.

NTFRTUAHL (PGN) {E¥EK & RP-HPLC 447
Zan & L THW PGN #0581, v InF Tl
WE L FEICE 5 TITVv (Inohara et al., 2008;
Hasegawa et al., 2007; Inamura et al., 2006,
Fujimoto et al., 2007, Kawasaki et al., 2008), R4t
&% W L7z, iE-DAP (Inohara et al., 2003), A-iE-
DAP (Hasegawa et al., 2007), MS-3P(DAP), MS-
4P(DAP), MS-5P(DAP), DS-3P(DAP), DS-4P(DAP),
DS(anh)-3P, DS(anh)-4P (Kawasaki et al., 2008).
RP-HPLC IZ & B 5T &R D 5% H v 72 Column:
Cosmosil 5C,; AR300 (Nakalai tesque Inc., Kyoto) 10
x 2560 mm; Mobile phase A: 0.1% TFA in Water; B:
0.1% TFA in CH,CN; isocratic 9% mobile phase B
solution at 8.5 mL/min; UV detection: 220 nm.

TR - BE

KW (Escherichia. coli K-12) 122\ T, ¥#E FE
D Nodl VWY FEIF L. $398EEREFOY
IR % ST 5720, M9 B/ NEH T OREED T B
% E. coli K-12 IZDWTHEZ TV RIE DB 21T -
7o, BREEMIZOWTE, BAroME IOV THKE &
1EH D Nod1/Nod2 &Mk %l L 72 B D 4tk & FAk &
L7z (Hasegawa, et al., 2006).

FEATIZDWTIE, 353 LiE % Nodl FHE % 1812124
WAL, EHESEES, Fig 1), $hbb,
FEZFTHMHOLS —T v 5 4 (ODS) ThitE U
FiMR L 7-%%, ¥ HPLC (RP-HPLC) THE L7 &
TOE DD hNodl {EEZMEL, HEEFIZONWTE
512 HPLC 4H % 17 - 7z (Figure 1B, 1C, 1D). 3 @ H
@ HPLC 47 EIZ & 1) 38\ hNod1 &M% 2 oW 45 %
B, ZOEEESICDOWT, ESI-QTOF MS 447 (Fig.
24, 2C) B LU MS/MS 547 (Fig. 2D) #4772, &
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A. E.coli K-12 culture supernatant | in M9 minimum medium
T 2214
Desalting (ODS) Indicated with human Nod1l
stimulatory activities

v

Separated with RP-HPLC (ODS) x3 | (st active fraction: 0.15 mg)

Nodl
B. 5 - C. stimulatory
" 4§ No.llsnmulatory 4 7 activity
S activity
3 )
2 {5£
2% E
S S
; {42
1% / €
0% 138
/ ] 2 g‘@
W
HPLC profile 117
{absorbance HPLC profile 40
at 220 nm) (absorbance at
220 nm)
P A A ——
6] 5 10 15 20 25 30 35 40 45 50 55 60 65 70 (min) 0 5 10 15 20 {min)
NN X o A%
PR A (e I A A
¥ &G < DR &

D. Nod1
stimulatory
4.5 activity
4
g
3-5:‘_’:
3 8
o
25%
o
g
15%
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{absorbance
at 220 nm) 05
0
10 {min)

Fig.1 A) Isolation of fractions with Nod1 stimulatory activity from Escherichia coli K-12 culture supernatant (M9
minimum medium). B) The HPLC profile and Nod1 stimulatory activities of fractions from the first cycle of
RP-HPLC separation. Nod1l stimulatory activities were measured by using a 10ug/mL sample prepared
from lyophilized residues (F4-3: 8 mg in total). C) The second cycle of RP-HPLC separation. The dark
colored fraction from the first RP-HPLC separation was further separated with a second RP-HPLC
purification. Nodl stimulatory activities were measured by using a 5ug/mL sample prepared from
lyophilized residues (F4-3-B: 3.6 mg in total). D) The third cycle of RP-HPLC separation. The dark colored
fraction from the second RP-HPLC separation was further separated with the third RP-HPLC condition.
Nod1 stimulatory activities were measured by using a 0.1ug/mL sample prepared from the lyophilized
residues (F4-3-B-5: 0.15 mg in total). The dark colored fraction was corrected and analyzed with ESI-QTOF
MS, MS/MS, and NMR. Details on the HPLC conditions are provided in the Experimental Section.

5 N 7> HPLC {3#: ], ESI-QTOF MS/MS &, ARk L (Fig. 2B), ESI-QTOF MS/MS (Fig. 2E) & $IZA—T
72PGN 75 7 4 ¥ MLEW TH % DS(anh)-3P(DAP) Hol2.MS 757Xy F—3a RNy —YDHHITD
(GleNAc-(f1-4)-(anhydro) MurNAc-L-Ala- y -D-Glu- WTld, Fig. 312" L7z, NMR A2 L (‘H-1D-
meso-DAP (Kawasaki et al., 2008) & HPLC FrREFRF[HE] NMR and H-H COSY) I22oW T HHIEZITVY, KERH
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[ C. ESI-QTOF MS
A. hNod1 m/z 648
stimulatory i m/z 851
fraction
from The most active fraction ]-—-»
bacterial vz 463
supernatant
m/z 320 m/z 873
.L;l wal d ol . i "
300 400 SO0 800 700 800 | 900 | 1000 1100
3t RP-HPLC of
E. coli supernatant D. ESI-QTOF MS/MS
m/z 320
1001 m/z 648
Ap‘ m/z 463
Precursor ion
5 10 (min) %1
m/z 191 m/z 851
. H !ﬂl]l&i lllll Ll l j i A“l
B. g’é?;ﬁ:?;:d i e300 | 200 300 400 | 500 = 600 700 800 90 | 1000
-3Ppap
E. ESI-QTOF MS/MS of synthetic DS(anh)-3Ppar
n,c\u/9~§~cu~g-;3—~ u»z—tm m/z 648
{6t o 1005 m/z 320
T M, 0
—0
:[to# o miz 463 Precursor ion
oH ¢
u,c,g"“ g pS %
RP-HPLC of
1 synthetic DS(anh)-3Ppap m/z 191 m/z 851
5 10 (min) i _x{‘. 1 _i.: T B ! I l : i
100 200 300 400 500 600 700 800 900 1000
Fig. 2 The HPLC profiles of A) the natural fractions (the third cycle of RP-HPLC) from the E. coli K-12 culture

supernatant, and B) synthesized DS(anh)-3P(DAP) (26). C) ESI-QTOF MS and D) ESI-QTOF MS/MS of the
most active fraction (F4-3-B-5) from the E. coli K-12 culture supernatant. E) ESI-QTOF MS/MS of

synthesized DS(anh)-3P(DAP).

+H* +H*
m/z 391 m/z 320
H 0|y o]
CI-N—CH-CAN—CH-C—OH Y
Hac\g/ W I I m/z191
CHs

Fig.3 The MS/MS fragment ion analysis of the most
active fraction for human Nod1 stimulatory
activity (Figure 2D).

ROEEE B X OMEEERMPFE—TH5H Z L %2
L7z (Fig. 4). —F H® RP-HPLC 4 TH 5 1721k
HHE 5 F4-BIZoWTIZT I/ BOW 2T, V73 )
XY VBAGETAZEDERLS. YT IR
) VBRIE, Nodl OFEEMEE L LTUALEZONSET

I /B THA (Chamaillard et al., 2003). H&KD RP-
HPLC 2 & ) 40 Hl & 7284313 hNod1 % 5% < F# L
72%%, 7 A Nodl (mNodl) IFHIEL 20072, Th
(&, mNodl #% DS(anh)-3P(DAP) IZ & - THEMHIL I 1
2\ &) s (Magalhaes et al., 2005) % 2 H4 5 4%
RTho.

TEEE S O E ORI, OO PGN 757 2 > b
HEE DB S 7228, REK CHHRENICEBHT 5 2
EHBRBETH 072720, BESTOBORKER L% H
B, EEEHIELTH B 7-(diethylamino)coumarin-3-
carbonyl (DEAC) % 7" %3& A L7z (Meesters et al.,
2008). PGN 757 x> o7 3/ #%IZ, N-
hydroxysuccinimidyl ester £!® DEAC % 7" % H\ T
73 FERICL 52EAZTTo72 (Fig. 5).

DEAC % 7 % {4 F-3-B E B &4, ¥ 7D
A%, ESI-QTOF MS % Il5E L7z (Fig. 6). HESH D
R, ROAF Y E—7 PR ENT ;m/z 1183
(DEAC-DS-4P(DAP)), 1094 (DEAC-DS(anh)-
3P(DAP)), 1081 (DEAC-MS-5P(DAP)), 962 (DEAC-
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Natural Compound
'H (& in ppm; J in Hz)]{COSY

Synthetic Compound
'H (8 in ppm; J in Hz) |COSY

Atom

Al 5.43 s (1H) A2 543 s (1H) A2
A2 1398 m At, A3 3988 s (1H) Al, A3
A3 {360m A2, A4 3.59 s (1H) A2, A4
A4 1395 m A3, A5 3.96 s (1H) A3, A5
A5 387 m A4, A6, A6’ §3.88 d (12) (1H) Ad, AB, AG
A6 341 m A5 344 m A5
A8 {370 m A5 3.74 m A5
AT |- - o o
A8 1205s = 205 s i
Gl |427d(1.2) G2 4.26 m G2
G2 |380m G1, G3 3.79 dd (6, 2.4) (1H)  1G1, G3
G3  |370m G2, G4 3.72 m G2, G4
G4  |355m G3, G5 355dd(9,1.2) (1H) {G3, G5
G5 [374m G4. G6, G6' §3.76 m G4, G6, G6'
G6  |463m G5 4.63 s G5
G6' 469 m G5 4.65 s G5
G7 |- = - =
G8 |203s 203 s =

1.37 d (6.6) 2 1.36 d (7.2) BH) 2

416 m 1 4.16 q (7.2) (1H) 1

4.38 q (7.2) (1H) 6

4.39 q (7.2) 6

i
2
3
4
5
6 141d(7.2)
S
8
9
9

H-H COSY Correlation /’ o
Sl

NMR Analysis of F4-3-B-5

Ie) H
o 4l i
G N G C—OH
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9
H—C—H
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| 19
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H——C——H
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!6{
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C—OH

H
V8 o
'—C—-E——-C c—n{lc
’ i ] }
o]

141d (7.2 GH) 4 e
415 m 9.9 424 m 9.9 K‘ }
198 m 7,10 197 m 7,10 H 0
210 m 7,10 2.13m 7,10 o=t_H (l: g_OH
10 [226m 9,9 232 £ (7.2) (2H) 9.9 I
= = e = CH,
12 |413m 14 423 m 14 1 )
13 |- - - - CH,
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16 |179m 15,17 185 m 15,17 b ]
17__[370m 16 3.72m 16 ch,c%H HoN Cl ﬁ—OH
8 |- - - - in D,0 o wt 8
Fig. 4 NMR of DS(anh)-3P(DAP) from naturally obtained and chemical synthesized.
o]
B+ —lD
DEACtag ...
H Q H 2 o
eg. Hac\H/Q—N-?H—C~N—(I3H-C—OH H N CH-C—N—?H-C—OH
¢ ;
O  CH, CH, PN 5 CH
P CHy (o]
L | 1 H it
O=C—N—?H-C—OH
Gt
....................... : ?Hz
[¢)
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H A I

00 | o

Fig. 5 DEAC labeling reaction of amino groups in the Nod1 stimulatory fraction.

MS(anh)-4P(DAP)), and 909 (DEAC-MS-3P(DAP)).

I BEBILZEITDRVWE AL, m/z 851
(DS(anh)-3P(DAP)) B & " m/z 1011 (DS-4P(DAP))
DOHRDPEHI N2 L5, EHRIC X 5 RER LA

R &h7. 72, DS(anh)-4P(DAP) (Tracheal
cytotoxin (TCT); &% LR MifasER) &, EEROSLM
BT F4-3-C B ISR S N,

LA LB ORI S, EHESICE TR 5 PGN
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NH-CH-C-NH-CH-C-OH NH-CH-C-NH-CH-C-OH NH-CH-C-NH-CH-C-OH
| 1 1 1 | !
o CH3 ?Hz o) CH; ?Hz Ie) CH; ?Hz
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cmmu\[(cr«l3 CHy o5 O HN. CHy CHy % O HN. CHy CHy
o CH, H3C\«NH o CH, Hac\z” o CH,
RHN-CH-G-OH o RHN-CH-G-OH S H N-CH-G-OH
) 0 o
MS(anh)-4P(DAp) DS(anh)-SP(DAp) DS(anh)-4P(DAp): TCT

Fig. 6 A) ESI-QTOF MS spectrum of DEAC labeled fraction (F4-3-B in Figure 1C) from E. coli K-12 culture
supernatant. B) The observed structures with DEAC labeling. C) DS(anh)-4P(DAP) (TCT) was also

observed in the F4-3-C in Figure 1C.

777X NSRS OMEE L LT GleNAe B X U 1-
67 vt Faflo GleNAc(anh) DT 5 % &1 2 & H3H
Lk ol ABALEY % a7z hNodl &M O FEM
EF L h (Fig. 7) (Kawasaki et al., 2008), MS-
3P(DAP) B & U DS(anh)-3P(DAP) #%, ##i\» hNod1 &
e dOoORREY Y FEEZ 5N

¥ 72, MEW (Bacillus subtilis natto NI146a) 12D
WTDEEE REFROREE RIEFRO Nodl V) 7~ N % fF
L, KEE S EDOFREEEL. —HRELZDZESICD
W, B AR TV 2T Th 5.
UEoRLY, 4L, BRMETH 2 KEE O
BLEEBERICFEET e MoOMBABRRESENR
Nod1 FIBIEHEZ FoLEW 2 B L, 2 ofbFEEss
DS(anh)-3P(DAP) (GleNAc-(f1-4)-(anhydro)
MurNAc-L-Ala- y -D-Glu-meso-DAP TH 5 Z & % &
L7z F72, {L2EH9IZ 40 L7 DS(anh)-3P(DAP) &

FKIRERALEWD AT MV, EPEELSI—%T 52
LERLT.

KERID, VT7IJEXY VBERTF 7Y
YR FOMBE ORE FIFF I hNodl R % £
ICEMHFEELTBY, ZOXERBEFHOPICLZ.
MATA (MR - 2 HE O MITREE IR O B O Y &
LT, TCT #& % A UMTBE L D 7z O FBAE L C
WA, ZOBFETRE RIEHFIC TCT BUEE L H>
ILEBHPHETELDOTIE WA EEZ TW5D., hNodl
DAY FIREFCTORBNZEBICHEELTNwDLZ L
P, BAFECZORHUEZIT TR EEZLNS.
Nodl IZ2WTik, HEHSHMEL D ZoTWAET LIV
FRBLBETFEROMENAB EN TSI L
WAL B OREROIER 2 52 1ICBRDH 5 LRI
ENTWAZE, FEEEDMOEE L OBEEIZD
WTHELOMENITOITEY, EHMIBITS
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Fig.7 Human Nodl (hNod1) stimulatory activity of chemically synthesized

peptidoglycan (PGN) fragments.

BEELRRTO—D2THHEEZONDD, AIFFEICL
B RERED Nodl V) /v FIEEMHICX D, 5BFD4
RN TORREMRY, &5 VITEBEDOBES DA ICED
5T LNVTOIFOEBEZEN2EEZTVD,

-3

AFEIZBCT, BRMAEE L TRBEREONZE LF
FicEEhse NI Nodl U ¥ FIZTEE LT 21T
572, Nodl &, ZOBEFERLHEEDT LLF—
EREOHEENREINTEY, ZAOGRERDEE
BICBVWTERERZREZRIL TR EEZLNTY
5. M9 /NS TOREFEMNTEER Escherichia coli K-
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Study of a new approach to prevent bacterial and viral infection
simultaneously

Masahisa Watarai

Obihiro University of Agriculture and Veterinary Medicine
Inada-cho, Obihiro, Hokkaido 080-0834, Japan

The uptake of pathogens by host cells is a key event in infectious diseases. Heat shock cognate protein
70 (Hsc70) contributes to Brucella and rotavirus uptake by host cells. In this study we investigated the
role of Hsc70 in infection by these pathogens. The monoclonal antibody that inhibited bacterial uptake
by trophoblast giant (TG) cells reacted with the EEVD motif of Hsc70. Bacterial tetratrico-peptide
repeat (TPR) domains containing proteins bound to the C-terminal of Hsc70 through its EEVD motif,
and this binding inhibited bacterial uptake by TG cells. Infectious abortion was also prevented by
blocking the EEVD motif of Hse70. In the mutants, genes encoding protein containing TPR domains
had been deleted and were designated as Brucella anti-virulence (Bav), because these mutants showed
hypervirulent phenotypes. The monoclonal antibody that inhibited bacterial uptake did not prevent
rotavirus infection into MA104 cells. Our results demonstrate that Hsc70 on the surface of host cells
mediated the uptake of pathogenic bacteria and viruses, but the functions are different from one

another.

Key words: Brucella, rotavirus, heat shock cognate protein 70, infection
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WHEMBEOL L BHEEME~NEATIRIZR-T
Wh, YVERT, VATUT, FREER W, FE
MiAEME~8 58 AT 2 (Ashida et al.,
2009) . ®BW, LIVAERT, y53IVT7, UrvTF
TR EEMMEOR TSR Z EHTE LMBNEE
AW S LEMBE~NOBAREZ D > Ts (Kumar &
Valdivia, 2009) . AREEIMEEL > HERE, HET Ry
W, BEREERGE, BESELZ S, LRk
~MEET B EMIEC, HERFEFIAL TS SICHE
~2A¥ % (Sinha & Fraunholz, 2010) . XD
JE B & ELEET 2 2002, wIEMIE I B R &
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BT &Y, fERMILC G L TR THERETTAE & %
B, M, 7ANZILIHEOWE L TREEMBANE
FAL TS, IS OREAR MNP HEiE R 58
5H, MBN~OFABRICEEESRD SN
B, ME, vANVR, FROBEMBRACEANT,
MM L CHEETHI 2B FAL Y "YERS Tk
(lipid raft)” PILBICEE T HZ LB MO TV 5
(Duncan et al., 2002). V¥ K37 F OHRERS X
OBERBIE R AR 2 A% WS, FREMAY OMIEE
AV E RS 7 boBRESEBLTHEEINSL S
Eds, BEI TR TWEWH 2 EGH S
FHETHIENTFEEINE, VEFS 7 VO&ERE2HE
ETLIEL>TEHL DHBEEROBRYELZHIETE 5
ZEnb, VEFT T MAMIBRMICEET BB
F= oL AL LTOREZFHEOTRMENEL SR
. LHL, COFEREE~NOREIKRE L, BY
FHIEEA~OIG A EEETERETH L. T hEITH
T EDITIEEHEEEROBREICHBIIHESTLHTD
FEPLETH L.
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COEICHBLANVTRIESGS, VERT 7 MR
BEAOBAMBE IR EELZLNS. —F, BKL
NIV CRZSE, REMAEDICIREDOHRED 5 i
JEEH I B T 5 MM - BERREFZDON
B, INEBELKHERICHTHLET IS —DZD
WE2s M A HLICEBICREHL TWa D, 50
T LE R WA Z OREBCE FET 5 %05
RAONBVHMEITHTH L. RROBEAH =X A
%R LBk 2 A5 5 720118, RO
BREOMPIEELBEE LS, LELRAS, B
DR E B L~V TS 5B EIE~ Y 2D 2wk
S v FEOEREY FH VT FVROER P SIHD
HREFRDY, TRITHEFHERL TR0,

ThETBRERBRICEREL, F£E, Xy 1 BYs
TUANCHEZFIERBITI PO TS, A
TNV BRI L AMEDTEA ) = X L 2R
B 270 A2 AVWIREEFVERELS
(Kim, et al., 2005.) . SOOI AETNVEHVH
izky, 7L BRERERICERT 5 REHE
M (trophoblast giant cell: TGC) 1245 8By &k
L, SRICE->THENFESBIENLZEEZRML
72, TWESEEO TGC~OREICHESTALES
T —DOMBEERIT 7L TARHIETGC DMK LY ¥
F$ 7 MICHEET S Hse70 (heat shock cognate
protein 70) AL CEET LI EPPEL LR o2
(Watanabe et al., 2008) . Hsc70 3B ERET L
TIANADL T —ThHbILbHESINTS
(Lépez & Arias, 2006) . IR TIRWEMROELET
BRERFELE TS — & LTHEET 2 Hse70 DAHE
YR %5 FL_VTERITL, ZORREIEICL TR
BAR O B % BRI HIE T 5 FEORE 2R 5.

BT ik

HWETANADEE Brucella abortus 544 B

(ATCC23448) B & U Listeria monocytogenes EGD
¥ (ATCC19115) % H Wi, W) o —
VEBREFEL, 70t IKMd 5 \vid brain heart
infusion (BHI) ¥#b#% H\WvwT37C, 18MHMREREL
7. a ¥4 VA Watk (ATCC VR-2018) &
MA104 #ifa % B TiEE L.

AfanEE SRS (trophoblast stem cell:
TSC) & FGF4, ~/$Y ¥, < Z B8 i i 384
JAOBEFELFEZINA 7 TS ¥iiciE2 L7 (Tanaka et
al., 1998) . M TS HH % BT TGC ~ab &
72, MA104 M2l MEM 8i3b 2 VTR L

Db

A

7. MHRIZ 5% REEH ATFETICB VT, 37C THEE
L7.

JareEF e NEAEOERE & MEIRENR HiAlC
/R L7z Hsc70 B & U tetratrico-peptide repeat
(TPR) FA4 YEHEDY I VT ¥ FMEHEE,
PCR ZEIC X ¥R L 7285+ % pCold TF X7 ¥ —
(TAKARA Bio) i2z7u—>r7 L, BETEHRE®

HEHSEHRETo 2.

R2-25 HifkB L OME# L7z Hsc7T0 DY 2 > ¥ ¥ b
BEHE®M vy Ay Ty 54 v 7l
10%SDS-PAGE % FiVv 7= B L DiTo72. B 1C I
RLIZRTFF (10pugml) 2EHL, 47054
y—FL—Mla—74 7L, R2-25 HifkE ORISR
% Bio-Rad ELISA reader (490nm) 2 X o THH
L7z, Vaverry 1 &HEE AW -EHE—EOHE
DFEEHERL, ELISA B & U pull-down assay & i
TEIEICL WIT oz (Watarai et al., 2003) .

bavA, bavB, bavC Bz F RIBMDIEH bavA,
bavB, bavC BIZT O LB L TR O#HIE 1kbp %
PCREIWIVHBIEL, ZhEho DNAKA %
pSR4Ts Ny ¥ —iZru—=r 7L, MEAMAEZIICE
o TRIBHE B L7 (Watarai et al., 2002) .

TGC # V- BEER  BELLEHZ TGC~
MOI (multiplicity of infection) 10027 % X 9 i
L, 150 x g TIOAMELTHIEICED, WEM
Jo % 953 SR 807z, 304 MR L2, HHic
gentamicin (30ug/ml) ZIHEML TS HIZ300MH 5
Wik24FE R L, MREACHFETAIEZRK S
7. PBSZHWTC3EPBEH Lz, #HLZ-DW %
BWT TGC R s, ERFEMICHRA L -BREE
L7z, EREM SRS go=—HEFHL,

B L L7 (Watanabe et al., 2008) . FEHL /-3

%, VareFr bERERBRED 2EEBTIICEML
7z,
o291 DOBREER 7 £ VA % 2,000 focus-

forming units I 7% 5 X HICHML, 1RHEREEL
72. MEM BT L7288, S OIC14EHEEL
7o HOBPUMRIRIC LD, BRSOl T o 7.

HIRY 7 R EAVAEBEER Mooy RAITHORK
BEETLE/ 70— FAPIRR2-25 DHE- L2
@, EEVDRT7F FEHWTHELZD D, BavC #
FEEARG L2200 HEL, BERERS &2, HiR



MBI LU A v 2B G % MRS 2 BRI 598

TER%E, 45 HBICH PR, REOREHAER 5> TWwh. Hsc70 7 7 IV —iF N KM\ ATPase
#WE L7 (Kim et al., 2005) . KLH (Keyhole KA b, CRumBNTEE R («\7% Héfé.\) K
limpet hemocyanin) & 2 ¥ ¥ 24—+ L7z EEVD X AL VU EFESTWAS, ATPase FA A VIZEEITRLA
7°F F % Titer-Max Gold 7 ¥ 2 /8 + Z W\ THIE SNTHBYVAEYPEIZL 2EBVIZITEAEL VD, B
Z{To7z. ELISA X D RIERIOMIE L B L, Hifk B VITHECHFRO LN, FREFROERIC
fili> F 7% FER L 7. WIELTWAEbDEBBINTVE, CRBANZEE
Bk R AL 2 EdHE D EREESHETIE 2 C R HER

fEEL L e WKEHIPTEIENTESL., TNTETOHEIZE
D, 7VESHOTGC DL HETLE/ 70

Hsc70 DHEBER X 1 > DHEE Hsc70 1323 3 v —FVHiRIE, Hsc70 % 2 D24V 7234, ATPase
7§EE (heat shock proteins : Hsp) 707 7 3 1) — FXAL VRTIE RS EERBR N AL VHIERIET 52
CERTAEHET, 7F v Rure LTORELHF EATRENT Wz, SHICHEMARBT 2T, 7Lt

(A) (B)

1 384 556 646aa
Hsc70 | ATPase [ PBD [ C]
kDa I I WiV VIF C | H Wl IV VTFC
o1 646
: 150~
i 1 484 ""-'-- " -
H: 162 646 75~
. —
IV: ——" 50~ 3 SRS =
v 385 546 ™ 2= s ;
cBB WB: R2-25 antibody

(©) (D)

Peptide binding domain (385aa-555aa) 0.6
ENVQDLLLLDVTPLSLGIETAGGVMTVLIKRNTTIPTK *
0.51
QTQTLTTYSDNQPGVLIQVYEGERAMTKDNNLLGKFEL
TGIPPAPRGVPQIEVTFDIDANGILNVSAVDKSTGKEN 0.4+
Lpgp-1 CopaD2 °
KITITNDKGRLSKEDIERMVQEAEKYKAEDEKQRDKVS &
PBD3 Ceepa Dﬂ' 0.3;
SKNSLESYAFNMKATVEDE o)
L_'PBD~5 0 2.
C-terminal domain (556aa-646aa)
KLQGKINDEDKQKILDKCNEIISWLDKNQTAEKEEFEH 0.1

QOKELEKVCNPIITKLYQSAGGMPGGMPGGFPGGGAPP
0 N

SGGASSGPTIEEVD QLN
LELL R

C-1(EEVD motif)

Fig. 1 Epitope mapping of monoclonal antibody R2-25. (A) Schematic diagram of truncation constructs of Hsc70. A linear

diagram of full-length Hsc70 is shown at the top, numbers indicate the corresponding amino acid position. The
ATPase domain (ATPase), peptide binding domain (PBD), and C-terminal region (C) are shown. The truncation
constructs generated are illustrated below and aligned corresponding to the full-length protein. The name of each
construct is listed to the left of the illustration and all have an N-terminal trigger factor (TF). (B) Immunoblot
analysis of Hsc70 truncation constructs. Purified proteins separated by SDS-PAGE and stained with Coomassie
brilliant blue (CBB) (left panel), and the same samples were analyzed by immunoblotting with R2-25 antibody. TF,
trigger factor; C, loading buffer. (C) Sequence of Hsc70 from 385 to 646 amino acids. Six synthesized peptides are
shown underlined (PBD-1 to -5, and C-1). (D) Reaction activity of each synthetic peptide was measured by ELISA.
Statistically significant differences between control (BSA) and C-1 (EEVD) peptides are indicated by asterisks *, P<
0.01).
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SHOD TGC ~DOEEEHET 2 E/ 7 u—F VHAK
1, Hsc70 ®7 3/ BES O & DL % BT 5 i
E L.

TNVESHED TGC~NOREREZHETLE/ 70—
FOVHifRAS Hee70 D7 3 J BRELHI D & DI % Bk s
BHFEDD B T2DIZ, HscT0 2\ L DD HT
ZvarveFr b EEEEERL (Fig. 1A) , 20V
avEF v VEHENOVEO RIS ME Lz, £
DFER, Hsc70 @ C Kl /4 FEEREB AL YD
—E e C KWL &) Z#kT A LARSINL
(Fig. 1B). X HIZEEMAMT 2179 72012, C K
Bl 1/4 #10BEOXRTF FIZH4FTHEHR L (Fig.
10) , TOEHRNRTF FAOPRD s % ELISA
WX o THETL, B/ 7 u—FVHfkoR#sT 57 3
JBEF ER 0 RATE. ZFORER, Hse70 O C K
WE S O GASSGPTIEEVD &\ ) sl 2 389 5 2
EASHIE L 7> (Fig. 1D). ZO#EfE K A A ~iZ EEVD
LW IR S ATV DL EEVD BFl & 5
ZER L
TVESHD TGC~NDEREHETHE/ 70—
FoUBRIE, UMEEER N AL v 2RBTLHIOL
R XN T WA, EEICIE C KiHEE O EEVD i
FITdHbH LB L7 (Watanabe et al., 2009) .
Hsc70 @ C EK¥sEE® EEVD % & L5k EEVD €

(A)

A
=

i

A

F— 7 LIFEN, tetratrico-peptide repeat (TPR) F
AL UEFEBLTEHELHETHIEPHESNT
2% (Hirano et al., 1990) . TPR F X4 »i3k347
I BHS %R AEYIT, TPR FAS V2 ECEARIE
A DEAE—EAEOMEEHICHEG T EERD
NTWBH, ZOFMRBIEICOWTIIREAHZA
AL, REFRICE D, Hsc70 ORREE R A A V78
EEVD E5|TH 5 2 EATRB EN/2729, Hse70 I2HE
EFHHEBMETFIETPR F2 4 V2 E0CEHETH 5
ZEATH SN

Hsc70 P85 T 2 EF18%k Hsc70 O HHE F X A
COBMAERDS, BHETIETPR FAA Y2 &
EHETHAIEDHENEINZ, £22Tr /675
NR—ZAH5 TPR FAAL v 2 & GEALERELZE
A, SEOBEAHENFNICEYS LA (BE{EFNo.
269, No. 425, No. 1732) (GenBank AE017223,
AE017224). Zh 5 3D TPR KA M Y EHE L3
B L WRIBROWIREN, BXOVaryed- v &
HEZ/EHEL, EL¥RFEEZHVT Hse70 & DS
e A PYAR
TVESHOTPRE A 4 VY EHE & TGCOMATE L
IZFEB 5 Hse70 AR T A LWL TTVETH
X TGC HIZRAT A LIl SN D, TPR FX A V&

(B)
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Fig. 2 bav mutants of B. abortus have hypervirulent phenotypes. (A) Internalization into TG cells. Bacteria were deposited
onto the TG cells which were then incubated at 37C for 30 min. Bacterial internalization efficiency was determined
by evaluating the protection of internalized bacteria from gentamicin killing. WT, wild-type strain; AbavA, bavA
(No. 425) mutant; AbavB, bavB (No. 1732) mutant; AbavC, bavC (No. 269) mutant; AbavAB, bavA and bavB
mutant; AbavBC, bavB and bavC mutant; AbavAC, bavA and bavC mutant; AbavABC, bavA, bavB, and bavC
mutant. Right panel shows R2-25 antibody treated TG cells. (B) Intracellular replication in TG cells at 24 h. WT,
wild-type strain; AbavA, bavA mutant; AbavB, bavB mutant; AbavC, bavC mutant. Data are the averages of
triplicate samples from three identical experiments, and the error bars represent standard deviations. Statistically
significant differences between wild-type and bav mutants are indicated by asterisks (*, P < 0.01).
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HE & Hsc70 DfEEZ A LB OMIBEA & BITT 5

7202, 3O TPR FAA VEHABEZEAL VWK
BEHREEHE L. Zho OREHRITHBEA OB

BTT2ZERTFHINLY, BRIZFOHETH -
72, RIEHRIEE TGC ~OMIBEBEARELNAF A LA
L, ¥IZEET No. 269 OREHSR IBEML 72
(Fig. 2A) . ChHLDOBEFE_EHLHVIF=ZEHIIKR
?aéﬁf-fﬂﬁ%%{’is%%b, MR AR 2 BE L7

5, H—OEEFOREBEERFTOON Lo 7.
h 5 DOEEKOMIBE NI Hse70 123 5E/ 70—

-
—

MOMBNMEHEELZRET L2225, Wb BEK
ICHARBWHIRNEEEE R L7 (Fig. 2B) . 215
TPR N2 A YEBHEORBHROBEED S %o T
HIENEZDBNZZD, INHDRF % Bav

(Brucella anti-virulence) & &ffiF A2 & &L, #&
fZF No. 425 % bavA, No. 1732 % bavB, No. 269 %
bavC & L7z,

TNV ITHO 3D TPR FA A Y EHHE (BavA,
BavB, BavC) o) a2y ¥+ v VEHEZ/ERL,
trigger factor (TF) & @& €72 Hsc70-TF LR A

FAPURIC L o THE SN2, FERIC, ThHoD0ER L, pull-down assay IZ& > TENEFNOEHE O
’bbe\
&
(A) o (B)
R AN A & w2
P & FP P & &
EEVD: - + - - kDa EEVD: - + kDa
HSCTO-TF e s s -150 BavA-TF === = —150
BavA s —— -75 Hsc70 —— -75
Hsc70-TF [ A 150 BavB-TF ~ wa
SRS
BavB e — -25 Hsc70
HSC70-TF s s s =150 BavC-TF e o =100
BavC e - =37 Hsc70 = -75
(C) (D)
& &
ODyqo 2 CX O
025 EEVD ‘ EEVD+ sEEVD+ Qo‘\e,g
0.20 * - . A
015, X * LA
N
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o°q,° P 0«5‘ Pof @@ o"’ Qoe’b Q;a Q;b

Fig. 3 Binding of Bav proteins to Hsc70. (A) Affinity of Bav proteins for Hsc70 shown by a pull-down assay with Hsc70-TF
fusion protein with or without EEVD peptide. Samples were immunoprecipitated by anti-His tag antibody (a His), anti-Hsc70
antibody (a Hsc70), or beads only (control). Interaction between Hsc70 and Bav proteins was indicated by co-precipitation.

(B) Pull-down assay with Bav-TF fusion proteins. (C) Bav proteins

binding capacity for Hsc70 with or without EEVD peptides

as measured by ELISA. BavA, BavB, or BavC proteins were coated on immunoplates and then Hsc70 was added. Data are
the averages of triplicate samples from three identical experiments, and the error bars represent standard deviations.

Statistically significant differences between control and Bav are indicated by asterisks (¥, P < 0.01).

(D) Two-hybrid

interaction between Bav proteins and Hsc70. The upper panel shows positive and negative controls, while the lower panel

shows Hsc70 and Bav protein binding activity for BavA, BavB, and

BavC.



B &

EHEBET L7z, ZoOMRE, COJEAED Hse70 I24F
BRICHEET LR EN (Fig. 3A,B) . &5
IZ, 2® Hsc70 & TPR FA AL Y EHEOHK A 7b>
EEVD BEHIAL72#A TH 5 HhEPRFTT 5720

SR mWDmﬂ®A&«7%b%(mL %
DOREICE 2 5% % ELISAICX o THRET L. #
DOFER, EEVD BAIZMA72d 0k, ERINTES X
U sEEVD Ec%l (EEVD BE4l % 5~ & AICEE L72E
) ZMZ 725 DICHRELIHAENEES N
(Fig. 3C). F7z, BRE% V72 two-hybrid ¥ X 7 A
’i%ﬁﬂﬁVﬁbV(%,HﬂﬁOtTPRFX/fVEE

DEEHRO LN (Fig. 3D).
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Bav £ 8 & OREEERRT RIZ Hse70 & Bav EZHE
DOHEAERIC L 2HOMEEAICEZ B2 e L
72 7V HHVIEI T AHED) 2 ¥ F 2+ HseT0
Z TGCOREFEEHIIMR /2L 25, TVt T HOMIL
BRBAZIRS ML 72 (Fig. 4A). &% L7z EEVD R7
FRZMAEEDRABEOFEREIE S N (Fig.
4B). W2, Vav¥F v BavEHEEMA-EZ
5, BOMBEAMEOK T 28D 517z (Fig.

4C). 2 BavC HEBRMIZE D, HFELWHBEKX
Bﬂ%?ﬁﬁ?’éﬂf:. INLORRIZEY, Bav EHEMN
BRI H 5 VIEBEEERBICOWMLTWEZ EATFHS
N7z, TNZEHEDD B72012 Bav ZAEIH 5Pk
EL, I AY Ty T4 7LD Bav &EH
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Fig. 4 Interaction between Bav proteins and Hsc70 interferes with bacterial uptake by TG cells. Bovine or mouse Hsc70 (A),
synthetic EEVD and scrambled EEVD (sEEVD) peptides (B) or Bav proteins (C) were added in the culture medium of

TG cells at the indicated concentration and then bacteria were deposited onto TG cells.
triplicate samples from three identical experiments, and the error bars represent standard deviations.

Data are the averages of
Statistically

significant differences between control and Hsc70, EEVD peptides, or Bav proteins are indicated by asterisks (¥, P <

0.01).

(D) Expression and secretion of Bav proteins.

Bacterial lysate from in vitro culture and its culture

supernatant (Culture sup.) were tested by immunoblotting with anti-BavA, BavB or BavC antibody. WT, wild type-

strain; Deletion, deletion mutants of each gene; Comple.,

recombinant Bav protein.

complemented strains of each mutant; rBav, each
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Fig. 5 Interaction between Listeria TPR proteins (Lmo2479) and Hsc70 interferes with bacterial uptake by TG cells. Bovine
or mouse Hsc70, synthetic EEVD and scrambled EEVD (sEEVD) peptides (A) or Lmo2479 proteins (B) were added in
the culture medium of TG cells at the indicated concentration and then bacteria were deposited onto TG cells. Data

are the averages of triplicate samples from three identical experiments, and the error bars represent standard
deviations. Statistically significant differences between control and Hsc70, EEVD peptides, or Lmo2479 proteins are

indicated by asterisks (*, P < 0.01).
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Fig. 6 Binding of bacteria and Hsc70. B. abortus binding
capacity for Hsc70 with or without BavC protein
as measured by ELISA. Bacteria were coated on
immunoplates and then Hsc70 was added.
Bacterial binding to Hsc70 was inhibited by
addition of BavC protein. Control is BSA coated
immunoplate. Data are the averages of triplicate
samples from three identical experiments, and the
error bars represent standard deviations.
Statistically significant differences between
control and BavC are indicated by asterisks (¥, P
<0.01).

BORBEME L., 7V SEMICEREL-EHos
BARZEAT L72& 2 A, BavA & BavC O3IEIZEED

HN72A%, BavB IO NG Do 72,
WL BavC O ARD 17z (Fig. 4D) .

ThVEIHEFMBICHEFISEITZEAON
TWABYATYTHTPR FAA VEHE® 6 BRA
LTWBIEDNT ) AT = R=ZADRRIZI VS
M & o7z (GenBank AL591824) . 22T, #09
LD 1THSH Lmo2479 DY) a v ¥ ¥ VEHE R
TERLL, TV I WEFBROMBIT 21T 072, VAT
7D TGC ~OMIEEAD Y I EF ¥ b Hse70 DR
Mz X g s 7z (Fig. 5A) . —75, Lmo2479 ®
WIMZ XD, WoMILE NZHE SNz (Fig. 5B) .

Hsc70 DR LA T AP EI N ELISAIC L 5T
ey L7z, Zo8EE, Hsc70 & 7Vt SR OREE DT
maI3Nnz. 72, RISHEHIC BavC EHEZMZ 5 2
LIZkoT, ZoEIIMEESNS (Fig. 6) .

bav MAZTF O RIEMEDSTRE % 5| EHE 2 3 HEh IR
RTAETVERAWTHET L2 2 A, BAEKTIRIE
45 ARICHZBRE LB ICOARENBDD SN
72. —7F, bav BIZFORBHETIZEIR 4.5 H UAto
HICHZ %M L2 5E COMENRDO SN, HEDR)
YIS 5 2 LAUREN7 (Fig. 7B) .

Hsc70 ICHEETH 7V IHEAOERFE LT, TPR
FX A4 v&EBHE (BavA, BavB, BavC) #[FE L 7-.
L, Hsc70 IZHET 5 RARKTIEH OMIBEA %12
HETDHDEEZTVRN, ERIEZF 0N THIBEA
HETLHEMZRSZ LD LN, FHoOMaE
AZMHETHE) 70 —F VHRIZ T V£ T EO Bay

= | iy
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EHBELABOBEXZLTwEbDEEZONS. &
TNt 5 HIE TGC ~OMEEAZHETLHF%
BELTWEORE VI FlBEMSRRENZ. T
Ve SHEEEDIFEEME ORI L AEL, FHR
OB LTRD LNHRTIE L, ZOHEER
FHCL VA TH A, FEEOBVHEIIR L R
FEEABIERITEEZZ TV, TVt IRICIEE
ZEET ABEBIEEL, REXEYZHRLIS &
THERKEOFBRET LHKETH B0 Lk,
BAERAS B2 EBELABRIIAETHY, MEL
PR L7220 EMOBREE L TRAEMICECIESEL D
B, —7, WEAM»LRTHET S L0 bRk
BELEBEPERICOBEINIHD, HOLERBE A
WLLOICENTHD. IHBOMETH EEIINS
WIE EBEOEBTICB VT, B EAIEEMBANOK
BEHETEVATLERAEL TS EEZONS.
BZ5<, 7Vt IHEIE Hse70 OXRTF FiEE F X A
YVIZkEEL, TGC~HYAENS. ZTHIFIFN-yIZ
ToTHmahns, MYAFThAT VL THIETGC
ATHEHE L, TGC DM FE SN, TOREEE
OEFEHEB L ORESTERIENEIDDEEZZLD
N5, 7VESHIRENFIESEIENSDEHILY
572012, TGCNBGAEF N2 WL HIZ Bav EHE %
4 5. Bav EHE L Hse70 ® C EKig F 2 4 11T
HWEL, RTFFHBERFAA v OBRZHEST S, 2
NIZX o THIE HscTONFEETE R L2 Y, Hsc70
AN LIZEOMD AASHEINS.
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No infection

¥ A

VL EDIRSZMGEET 572012 Bav EAE X HW T,
TGC AORIBIS BB OB 2 & SITEDLFET
5. B2 BavC SHEE LFBICHWT A &, MR
ADBENREIRLB NI EIEE LT A, BavA
5 X 0" BavB O BEAAI~ DG ILREBE N OBRE TIX
D SNV, EERNTHEREL CWBTRBETE
bhb. T, VATV TORET S TPR KA 4~
EABDRABOERZRT I ERS, TGC ORI
T 5 Hsc70 2YERARE &7 BY O AHITEE
RREERL-LTwEEEDNS.

RBAEHIEEORE TR ACWOMBEANZHE
#9425 E ) 70 —FVHE (Hse70 @ EEVD B3l %
T HHK R2-25) ZERNIXG L7k, Tt T
B2 RESELEE, MENFNHEIND Z LRSI
72 (Fig. 7A) . 72, &R L7 EEVDXTF FZ H
WTR T AEREEL, PO L5 E2ER L RER
EE, TNICTNVE T WA RERELIE. £/ 70—F
VA R2-25 245 L7 A L RARIC, REDR)ZEA
KFL?. 258, YJaryE¥r v BavCEHEZH
RGO FNICERAZS- L2356 DRI, WIS X
LRMESHESI NS (Fig. 7A) . 7Vt I WO TGC
ANDOBGRHETAWEIC L o THRENHESINSL Z
EAREMNT. Hsec70 @ CRMWGHEIRICHELET 5
EEVD EFI2Hifkd 5\ id Bav EHE AT S
LitkoT, WO TGC~DRAFHEES L, Zhic
o THEZNSZLETELbDEEZLNS, &

(B)
B wild type
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Fig. 7 Control of infectious abortion by protein interaction via EEVD motif of Hsc70. (A) Infectious abortion prevented by
blocking EEVD motif of Hsc70. Pregnant mice were inoculated with R2-25, rat IgG (control) or BavC protein and

immunized with EEVD or sEEVD (control) peptides.

Control received no treatment. Statistically significant

differences between the untreated control and antibody treated mice are indicated by asterisks (*, P < 0.01). (B)
Abortion induced by bav mutants. Pregnant mice were infected with the wild-type (black bars), bavA mutant (white
bars), bavB mutant (grey bars), or bavC mutant (crosshatched bars).
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NEDORFIZTMBERPIC L o TR SNBTHES
TS HDICERLMETHLLEEZLND.
TS HBREOBTICL Y ESR 2 REE Ty Y
ANVADBEFEICSHTEBH L) PR 21T
2. TR TROBREZHET 5 E/ 70— ik
i, B TANVAROBEREEFELEICHEL R o7z
(Fig. 8). Hsc70 IZH$ 2R 7 0 —F VPR TITRE
ERHEENL., 3574 VAD VPs EHEM
Hsc70 DHEERH AL VISHETH I EPHESN
Twb (Zérate et al., 2003) . 7Vt S HDOBKY% [
ETBHE/ 70— F VHARIE Hse70 @ C HK g K 2 A
YICHAET 5 EEVD BELS % 38k L, EEAH N AL
VOBEEAICAS LTSI EAEZLNL Y
Hsc70 & VP5 O#EICIIHEZ S 2 v 0 LR
X A
TIVESHEET T T A VA DOHNE AR 132 E
RO HNE 05, HscT0 DEENIR LD LEZZ 5N
5. TVETHDLOZ 7 A VA DMMBEAIMICY ¥
FI7 MNEMIENZIREICELI 70 AL V2B
35 (Lépez & Arias, 2004, Watarai et al., 2002) .
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Fig. 8 Effect of anti-Hsc70 antibody R2-25 that inhibits
bacterial infection on infectivity of rotavirus.
Confluent monolayers of MA104 cells grown in96-
well plates were incubated with the indicated
antibody or recombinant Hsc70 for 30 min 37T,
and then rotavirus was added. Data are
expressed as percentages of the virus infectivity
obtained when the cells were preincubated with
PBS as a control. Data are the averages of
triplicate samples from three identical
experiments, and the error bars represent
standard deviations. Statistically significant
differences between control and antibody
treatment are indicated by asterisks (¥, P <0.01).

CCIERMLTEZZRAFEFAHLCHBEEBALTYS
bDEEZEZLNDE. Z2DOH)HLD—DH Hse70 TH %
B, O IANVAOBEIZEIILE Ty — & LCHHE
LTwa., —7, 7Vt IBHOBAIT Hse70 DREREE
L, WEAPBREZHBL TV 0EHERIN
5. L2L, COBRROWBEREIZBITLERITIT N
HIETH . G, SHICHEZEDLEILIZLS
T, HALIZENAZ ERHFEN5.

3 )

MR Z AR & RIE Y 4 0V 235 E a0 o
THEVIBRRIIBOTIZLBENRD SN BD, K
RBIIRLLEEZONTE . La2L, 4D
BEAROKRERTOMATICL Y, HEADE EMEEA
WHHE L TRDOONDHRPHONDE L) ko,
AWFFEITME & 7 4 IV AOMBERAICHE L THE T
B EHIRMEFOREEZFIH LT, WREAR R
iz et Lz, Ve HEay o4 LV RILEE
Al ST 5 Hse70 2 A LTHIBEAT 5.
Hsc70 OIRIE R TR 2 AT L, BRERN AL V%
HH2IZ L7z, 20EHE b &2, WKEAD K
HIET 2MEOMBEEIT o2, TV SHOBRYEZHE
ETBHE/ 70— F VAR Hse70 O C K IS
15 % EEVD BlH % 2Biks 2 2 &M L7z 2
DIEfE D &2 Hse70 ISEE T 2EMRA T2 3 EEZ
L7z, STNHOBMET D TPR KA 4 »»EEVD it
Flzfl# L, Hsc70 LRETHI LAREOLNZ, &
OWHEKTF (TPRFA A YEHE) OB XI2LY) EIZ
EEMBENEATLZ OEFNEINLD, HRIEIZD
WTHotz. TPR FAA VEHEIIHE & Hsc70 i
&, BLURHOMBEAZHET 2HELHOZ L
RENTZ. WORGEEZHEET 2 E/ 70— F Lk,
BLUROELET S TPR F AL YEHE I Hse70 @
HREZBICHE L, WOWMYARZHEET LI DO LE
AHN5E. ZOBFOMERIIIBIT 5 ERITKIZH
WTixw2s, MEASERBERIEREZHHTsHE
FEEELTWAZ EATRBE SN, BEPHEREEC
FRZMATHDEEZ SN, ABLREENY A7
V7HICOARDOON, MBANFEEESRICHTE S
boEWIfFE N, —T, HOBRE*HETLE ) ¥
T—FVHRIE, 97 74 VADEYGEFSICHEL
W EDRDSNT. T F YA IV AL Hee70 % Hifl
WCZEMRE LTHALTWADS, MR Hse70 OBEEE
ZIHRCHE L, BEMENOBASEZHHL T
5. ZNOLOMEEIA NVARFA—DBEERTFE4HL
THERELTVDY, ZOBBIIRLRLLEZONS.
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Construction of yeast for bioremediation with the ability to adsorb and
recover toxic heavy metals by improving the cell surface
Kouichi Kuroda

Division of Applied Life Sciences, Graduate School of Agriculture, Kyoto University
Kitashirakawaoiwake, Sakyo-ku, Kyoto 606-8502, Japan

Metals are important materials that are frequently involved with our daily life in diverse ways.
Environmental pollution by toxic heavy metals and reserves of rare metals essential as part of high-tech
products has become a global issue. To solve the pollution problem, researchers are examining ways to
adsorb and recover metals. One area of research is bioadsorption, in which microorganisms are used as
metal adsorbents. Unlike conventional accumulation of metals in cells, cell surface adsorption by cell
surface engineering is a unique and effective strategy for the construction of a novel bioadsorbent. In
this study, arsenic-binding proteins from Escherichia coli, ArsA, ArsR, and ArsC mutants, were
displayed on the yeast cell surface by fusion with the C-terminal consisting of 320 amino acids of a -
agglutinin. Displays of arsenic-binding proteins were confirmed by immunofluorescence labeling of
cells. ArsR-displaying yeast, cultured in bufferized medium (pH 6.8) with 2-morpholinoethanesulfonic
acid (MES), showed enhanced adsorption of arsenite (IIT). For the adsorption of molybdenum, the cell
surface display of ModE protein, which is a molybdate-binding transcriptional regulator from E. coli,
was performed. Yeast cells displaying the C-terminal molybdate-binding domain of ModE could adsorb
molybdate. Treatment of the cells with papain allowed the recovery of the molybdate that was adsorbed
by the C-terminal domain of ModE on the cell surface. Furthermore, the substitution of amino acids
involved in the metal recognition of ModE led to improved binding selectivity between molybdate and
tungstate.

Key words: cell surface engineering, bioadsorption, metal recovery, arsenic, molybdate
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PTHNETEERZ R I 2V, SRR ORE 4
ZRIEZ R ABEOHMATF L LTLHHEADERTH 5
D, BIREFET S EBMRLEENCHEAEL, ARk
SBRA T VHERTPREATERLRBLIEIZL o T
RBSHEENS., /2, BHEFICHVIEMELTD
BEETHY, BIILT7AINVEIEZDOE I VLD
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BAEEEICZY)D2h b, T2, KECHEDND LD
o728, LT A ML BH7REFRDE
SENTWA.,

X BRRROF, £FOWE - mIUIBREEL
RLT A VEBROERICB N TRE LEMSHFET
X5, EBWEDOFEE LTIIER, WElbEHFE
BELHAWSONTELD, TA MNEARFRYE, KiRE
THOWMETRETHH I Eh 5, EFEIEEHVZ A
FHEMIC L BWMEIEEEHEEDTEY, FITKE
FOEBERECHEL CEMEMEZBER LT 551 F
TRy =V (EPYREFR) BPEEHIN TS
(Gadd & White, 1993) . EWIREFOLEEA 4~
BECHEDLLT, HENOERBA X VEEFAER LY
LaV—EOHIFICHERTAVATLAERL TV,
FOYATFAIBWTHA BRERWEESY VX7 BN
WTBY, NI T FY—XRY FOBERBIZBNTIE,
OV o ERKNOEREEY VN BOEERHE-
HEREEDFETLIOTH L. WMEWMIILLEREA
FUEEIE () MlRRBCToOlRE, (2 MEBA~ND
Y AAEERE, Vo 2200BBICHITAZ LA
TE%D., INTTOWNETIIBHICEB LS ONZ
LAETHY, ERESY VS BN ERE
ERXEHLILIZE-T, MlBA~OEREREZH LS &
LEWVHHDTH o7 (Pazirandeh et al., 1995) .
L2L, BELAEESEA I Y 2EINT 57201213/
PHHT ALEND Y, B EREOMIE O BRI

Uptake of metal ion

i Intracellular production
of metal-binding protein

i

(B)

Cell surface adsorption

EATRETH S, —7F, MREBERETOREIL, TEI
T LREES L, EIROBIZ S Mz ity 5 0%
Mhwvize, —ERE- BRI H W7/ 2 BRHE Y
HIEBMETHDL., F020, HREBIIEREA A
U - EIREENSTAZEICE T, LD
BNAFT FY =XV MOABEPHHFETE S (Fig.
1) .
Fre Rty VX B - RTF FORMIBEEBRR
WX OMIBRERRE TA V3 AT ileRR TE N L -
T, MBRER~OERE A + YW BILEOMN 52T
BB o7z, MIRBERETEZTIE, MRERBIZREETS
YR BEOFTEREFMAL, ThzRrT5H
FUNRZBICHMELTREASELILICL T, Mg
FKBLICEREEEL, EXLORMBLTI BT 4
AT VAETE, BROBREIEDLa- T 7 VF =
YEWH MY VS B D, NEREOGUWY 7 F v
& CRUWGD GPL 7 ¥ —f4%& ¥ 7 F v 2 & Ll g B
TYAN YT FAL Y RENS Y87 HICN Rine C
KM ENPNRATHILICE ST, Frd sy Vo3
s ESMRBERBIRARENTWS (Fig. 2) (Ueda &
Tanaka, 2000a; Ueda & Tanaka, 2000b) . FEK, %
HOWRBET A AT VA EILL o TEEEOMEERE I
BEEBRBAA VBRI VR VE - RTF FERRTHT
Licky, MBRERLECTESREA A ¥ OWAEI T HER
RIEEHALEROAEIIEII LT &7 (Kuroda et al.,
2001; Kuroda et al., 2002; Kuroda & Ueda, 2003;

Transcription {}

Translation @,

Cell surface display of
metal-binding protein

o

o Metal-binding protein  © Metal ion

Fig. 1 Two-types of microbial adsorption of metal ions toward the construction of a novel
bioadsorbent: (A) intracellular accumulation and (B) cell surface adsorption.
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(A)

GPI anchor

Cell-wall anchoring
domain of & —agglutinin

Metal-binding protein

Cleavage by PI-PLC and
ransglycosylation

Exocytosis’

Cell membrane Cell wall

(B)

[ Receptor]

Functional protein

Cell recognition factor

[ Antigen

Cell Surface
Engineering

Application

Fig. 2 (A) Mechanism of yeast cell surface display system and (B) its application.

Kuroda & Ueda, 2006) . = Z TAETIEX, &F®
FTHEHICAENOFEEIKELRMEE o Twb L
R, WELTAZ VD12 LTEESERLTW
LHAEVTFVEREY—=F vy belL, EBZWEBREL
ZASEINE TERBICANLERES  BINEREO
A% A AT,

ES YiRES

[Eal v - Saccharomyces cerevisiae
BY4741/Ased1 % ( MATa, his3Al, leu2A0,
metl15A0, ura3A0, sedl::kan MX4) (Euroscarf,
Frankfurt, Germany) #=MEERERRT 5K A Mk
ELTHW ., ZORCERTIAI FEEALLE
Bk SDC ¥ # (0.67%yeast nitrogen base
without amino acids, 2% 7V 3 — X, 0.5% /1 ¥ 3
JEE, 0.002% v AF T v, 0.008%u A,

0.003% A FF =) ITTHEELL. BIEFHEICE
Escherichia coli DH5a ¥k % v, 100ug/ml D7 ¥ ¥
YU rEELLBEM (1% M) 7MY, 0.5% R
FZ, 05%NaCl) IZTHEELZ. 4, eEWtz
7~ E. coli J53/R46 #kid LB ¥#l2 TRz L 7-.

HAREBIRRD - DA EETFIEE b R4 %
T E. coli J53/R46 HRORIF T 5 R46 77 A3 F L
WCHEFET A ars %82 ¥ (Bruhn et al., 1996) % $57%
1L, PCRIZX 5T ArsA, ArsR, ArsC % 2— ¢
LBEFEFNRFN s O —= v L. 72 E coli
DH5a®%k®D %7 /7 4 %88 L, PCRIZ X > T ModE
Z2— N3 A2EETOORFZ7u—=v 27 L7k 7

U—= Y7 L&A DRGS0 Bea—F T
BT, MRERXERRA LY PR ¥ —
pULD1 (Kuroda et al., 2009) _E® Rhizopus oryzae
HESNVTTIFZ—EDH5MWY 7 F Ve S cerevisiae
Hka-77VF =D C K320 7 3/ BRFRAE DI
FHETHIINVFra—=v 7% 4+ (Bglll Xho D)
WAL, ZOMETEZTIAIFRICIE IV
— ZFFAE TS THEBICHIL S 5 GAPDH 70 €—%
—OTHIC, NEmA»LLHWY 7 FN, EREES
Y&, FLAG ¥ 7, a-7 7 VF=r® C E¥i 320
7 X BRI O — N9 AIEIEA 2ER L Bl A
fZF%&t (Fig. 3). 852 ArsC % 32— N¥ 53Efx
F 2 MARAALZDLDIZONWTIE, 173 /BoOEBRE
BEH o572 ArsC (R60K) %IRRT A0, site-
directed mutagenesis FEIC L o THENSTHT I /%
I— N3 5REEFNICERELBEALN. DNA YV —7
Y I THEL-REEETFORIZHR LD
B, EEEEY F v ok (Tto et al., 1983) (ZCHEERFICE
AL, SDC #EXEH FIC CREiRk % ®& ik L 72

WAMAREIC L ZRROERE  SDC BfAREEHIZT
EEHE X REERAPBS Ny 77— (pH7.4) T
WL, 3.7% DHRNVLAT VT F&E&DH PBS Ny 7
7— (pH7.4) HIZBELTRLVAT VT NEEZ
fTo7z. RICHIR%E PBS Ny 77— (pHT7.4) 12T
SHPEE LD, 1%0FMETNVTI Vil
PBS /Ny 77— (pH7.4) HIZHEEH L T 30min 71
VX VT ERITo. FOHB1IRXIELE LT mouse
monoclonal anti-FLAG M2 antibody # 12, ZERT
1.5h S E¥72., E5ICPBS /Ny 77— (pHT7.4)
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TV, 2 kPufke L CHOBIER L 7240 1gG $i/k
(Alexa Fluor488-goat anti mouse IgG) & ZiET
15h Rn & €7, Rin# oML % PBS buffer
(pH7.4) T THE L7k, EUBEAMBICL28ER
707z,

B FWE - BNEER  HBEL-SEREA A U
&5 vy BIOREERE & SDC HAREE #1112 T 48/F I BE
2L, ERHLTRAKTHE LD DEERA 4+ )
ERBICHE L. T, Ny 7754 LEENGTT
DEFEIZIX, 50mM ® MES [2-(N-Morpholino)
ethanesulfonic acid] » %\ i& 50 mM @ PIPES
[piperazine-N, N'-bis(ethanesulfonic acid)]% jl .,
pH 2 ZN 2N 6.8 L T2 1R L7 TRELST
272, 100uM D% — 7y b &)E % &L &BARBH
2, BEL-EBA A VHEY VN BERTER T
0D,=20 L 2B L ITHML, /LD LS
30T ICC 2 WML E R 21T o 72, FUSHE DB % 3
DAL ERE, RERCEITWLIERAESREA
F % ICP-MSIZko TR L7, £/, MBERBEIC
THELZEBA 4 V2 mINT 579, WS %17
o> 7-Bf% PBS Ny 7 7 — (pH7.4), 50 mM PIPES
[piperazine-N, N'-bis(2-ethanesulfonic acid)] /¥ v 7
7— (pH7.5), 50mM TAPS [N-tris (hydroxy-
methyl) methyl-3-aminopropanesulufonic acid] /¥
77— (pH9.0) ZEDEMENy 77 —HIZEEL,
5mg/ml D784 »C30C, 2hMLE L7z, WEBE
Ny 77 —HICHEEL-EEAN 4 % ICP-MSIZLD
FEL, WE LR A 4 v olLz 3¢ L 7.

IS

ERERES L NN VEOMBERERT = p
ERTRBREICIEEEHEAS T Y (ars FRE V)
PhEboTHBY, LREMBNICEIY Air: ThziR
MUTeRPE Y 27 28 s h, eRrMigshc
PBEHT 5., Z0ars A RE VI 200 ERET

Signal sequence for secretion

Promoter

i

(arsR, arsD) & 32D EEET (arsA, arsB,
arsC) BRI N TWw5 (Carlin et al., 1995; Xu et
al., 1998) . FAEIRTCTH 5 ArsR ¥ V37 HiZe FE
DEVEBETTIZFIRTVDFRL—F —/TFOTE—%
— BT R T H 2 & TarsA, arsB, arsC BT D5
BHEHHLTWS, LaL, MR 3MOeEISA
5 ArsRiF3flioeZzeFHEA L CHEELELEz RS
L, XV —=% =20l LTTROK ars BT D
FIHEFET L. ATPase TH 5 ArsA LY V%7
BTHbH ArsB ZHIE L CHEAKEZERL, 3o
LELFIT A VEHRT AR T E L THEEE
5. %7, ArsCiZ5fioeHZE2 3fliic®8ITT AL FE
BUERLLTHL. #2T, 20X e EMMEY
AFAIBOWTHEELTWS Y VX B0 Hil#%.
FATRICEE L, BRREBIRZ R A
KEFTeEIRLFROBVERLEL LTEL
FAELTEY, 3fliesflio 2B {LEREL &
5. ArsA, ArsRiZEDIZ3flio v FITH L THEEBE
ERT I INIETHEHD, sMOEIZLRHET S
720 ArsC EEMFEOFH b AMA ., ArsCld 4 # Fro
TI/BEETMOLREEEEL, 60FHOT IV F
ZURBETIUSICES LTWAA, 0 ArsC ZRAE
B60OFEHDODTANF= v 2 Y VICERSERLD O
(R6OK) TH VY, fEEBIIEHL-T I RTIEDO A
BEbNIERIEKTH S (DeMel et al., 2004) . bB3E
MtE%52 %75 A3 FR46 7°5 PCRIZL V) arsA,
arsR, arsC#EzT%27u—=>r71_, HMiaREHERR
Bty b2 & — pULDL ICHARA CRAEIZT
RS L7 (Fig. 3). arsC Z#AAAZ L DITDOW
Tt ArsC (R60K) 2 %HT5 L9, EHICERLE
AL7z BELETIAI FEBBICEAL TR
T, MilREBR R ZERT 57720, B Y30 H
DO CEBIDOPLDORMALTBW FLAG ¥ 712
W AR E V- Hot iR R 2 T o 2. ZOR
B OAEEETELLAVIVIE-LVTITAIFE
BALHETIIEESR N2 o720l L, &
VRS L 7- MR Ml R E A2 BT 2 RIUARIC X

FLAG tag Cell-wall anchoring domain of « -agglutinin

3’ Half c'>f o -agglutinin 1'—'

Metal-binding protein—encoding sequence

Fig. 3 Structure of fusion gene for cell surface display of metal-binding protein on yeast cell surface.
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(A) ArsA (B) ArsR

Phase contract
micrographs

Immunofluorescence
micrographs

Rk N S

Immunofluorescence
micrographs

(C) ArsC(R60K)

Phase contract
micrographs

Immunofluorescence
micrographs

Phase contract
_micrographs

Fig. 4 Confirmation of cell surface display of arsenic-binding proteins by immunofluorescence labeling using anti-
FLAG antibody. (A) ArsA display, (B) ArsR display, (C) ArsC(R60K) display.

Table 1 Adsorption of arsenite (As*) by ArsR-displaying yeast in 100 uM arsenite solution (pH 6.5)

Non-buffered MES PIPES
Samples Dis ; ;
played Displayed Displayed
Control ArsR Control ArsR Control ArsR
11 gd/fgr(ﬂtl')or} Sl 0.96 0.67 3.03 5.87 0.82 257

HEIEVEE S, ArsA, ArsR, ArsC (R60K) &
Wo Z2HW S U BOMBRERREMIET LI &
WT&E7 (Fig. 4).

EFREE S NN VERTEEBOERRBEE 20t
PRI L - TIRRDHER S 72 ArsA, ArsR 1R EE
B2z HWT, EeBER (pH6.5) ICBE L, WER
BaiT o7z, ArsA IREETHIC DO W TIIIfEL 22 & 9
GWREROWERITA SN R o572, ArsR FEREEREC
DOWTHRAEROERIIRAONT, BEPIRRLL
ArsR SRIE L TV A REMEASE 2 b /2728, MES
Ny T 7—=5H,WEPIPES Ny 7 7 —TFNFNh
pH6.8, pH7.212/Ny 7 7 ¥ & L2 B #IC TH 3
L, BMERBICH L., Zo/R, Ny 77007 L
TV VEE ORI THEE LS ICIREREDOHEK
BRONGEDPoDIZXL, MESTNYy 77 v
L7 CREE LA I3 e S B ORI R
L7z (Table 1). L7225-> 7T, MEEBERRL
ArsR TR L RS A2 R L THB Y, BRCH
MRERRENET5Z LATE.

EUTF AR /N E ModE DiIERERT
b N ERIILDET A REWICBWTEY 7

TreMATELTRETSEY) T T UREES vt
BVHFEET D20, TR6DF 82Dy o>EY T
TR MEREICER Lz, RIBEICIE, BT
DE)TTF VY RALZDD T v AKR— 5 — 2
boTBY, RUTFSALEEGIVIVETHD
ModA, ¥ » /37 ETdH %5 ModB, ATPase TH %
ModC 575 (Self et al.,, 2001). ZD LD %E
TT DY AABIZE D B EIRT & modABCD & T
NBEZFRTYZEEL TS, ZOFBEH ML
ModE #5T-> THE 1Y), ModE &£V 7F VA F ¥ H%
WAETLEEEIHESNSL. F72 ModE 13262 7 3
JBRDY N7 BETHY, N, S DNAFEAE F A
42, VoA —FAL Y, BY)VTFUEBEERNAL v
DIFEHOF XL V2 ORI TW 3

(Schuttelkopf et al., 2003). #ZTZD¥ /374
DEVTTFURA A VA EAAL, ModE £ D
BRI CERFOEY TFVBEERAAL VDA E VS
7o 2B OMBERBIRR 2 A A&7 (Nishitani et al.,
2010).

ModE # #MifeREIR_RT 2720, KBEY 295
modE &zt ru—=vr L, O&EE CEEF
ALY (BT TFUVEBBERNAL V) A3 —-F3 58
H% pULD1 ICHARA TR EE, a- 77V F =
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(A) Full-length of ModE

Phase contrast

Immunofluorescence
micrographs

micrographs

(B) C-terminal domain of ModE

Phase contrast
micrographs

Immunofluorescence
micrographs

Fig. 5 Confirmation of cell surface display of ModE proteins by immunofluorescence labeling using anti-
FLAG antibody. (A) Display of full-length of ModE, (B) Display of C-terminal domain of ModE.
These data are the averages * standard deviations of three independent data.

-
L]

Number of adsorbed molybdate
(x107 molybdate / cell)

O - N W 0O N 0 ©

(A) Control
(B) Full-length of ModE
(C) C-terminal domain of ModE

Fig. 6 Adsorption of molybdate by ModE-displaying
yeasts in 100 #M molybdate solution (pH3.0)
(A) Control, (B) Display of full-length of ModE, (C)
Display of C-terminal domain of ModE.

CORET N EE L THIRERIETREITo 2.
FLAG % 7239 2 Pufk & B v 72 BOGPUER G 0 &S
B ModED&E, CKInF A4 v&bITHBERER
REMRT AL TE (Fig. 5).

ModE 12 REBOEY 77 WEEEEIN  ModE
£EB LU ModE @ C K% N A A ¥ &R LB
ZHVWCTEY T FVEBAF Y EREZ T2, 20
R, oV PO —VEEREE R THEROHEATAS

60
50 -
g |
; 40 - l
[
>
g 30
ksl
8 20 -
[
o
10 -
0 B o
dH20 PBS PIPES TAPS
(pH 7.4) (pH 7.5) (pH 9.0)

Reaction buffer

Fig. 7 Recovery of adsorbed molybdate by papain
treatment in various buffers. These data
are the averages * standard deviations of
three independent data.

N, FICCEKBERAL VOARZRR LGSR
ERVPBWVI LD h oz (Fig. 6). RKIZ, ModE @
CEBNAL VIRERIIEELATY 77 VAL 4
CRENZTHINT A ENTEEPREEITo 72,

BARRGIZIZ, 7984 Y EAWCHIERE LD ModE %
YW+ ETEYTFVBAFT YD) ) =A% RA
72, 2O VLB WA Ny 7 7 — % ARG L
722 A, PBS NNy 77 —% Wiz L &ITH50% D
EIEIE SN (Fig. 7). 72, 7984 VAL
FHEEEEREL-LZA, EEICATL CHIRERE
IZF O ModE 297Kk &, i3 & & FER DS REV HE
FEN. FD2®, ModE OHIBEEBIRRICE - T
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MM DY R & 5 HEESEOWR - B 6k 2 BEDF LB O AR

BVTTFVBAF ERAE BINT LI LEDTEDLH
LTS TERET I LATE.

BIRPEWE LA T 7-EE ModE EEY 757 Y EEA
FrREGTEREL, RELETHEY VI AF VEAF
IR L THEAEEZRY. 5% L7 ModE HREER:
bY U TAT VA F VBETRER L. EROBS
TORMEE Z720, BEIGETIEEL, 2ERINEEL
TWAENE L, BRIWESEIRDONE, F2
TModE #WET A EICLY, HeBREom L%
KA. ModER 6207 I VBBELALTEY 7
FrWAT Y, SO TARATFUVBAT VERAET AT
O, INLHDOT I VBICERERLEAL, HEERE~
DWBERRI. ZOHE, YV TFVEEAF N
T HWAERED ModE Z R LT va v b o— U
BERBECEIFTHRTTEN, §V7AFVBA T~
T AWEERRIE MR SN D L vo tz, BIRAYTLE bR
ZIRY ModE ZRMERRTEESAHEAS 22 EHFTE
7=,

£ B

Ylokiw, EYobo&mEads v v ot
B EERENEL, MCEBA 4 st e
5T 2HbA 97V —-E LT, MilERLRE
O LEZ, MREBITRZECL > TERBESGS v/
HERRLZ, 2R oT, FEROMBANEROR
TIERTHILDOTE Lo BEBOEINS, M
MOBEFHZEHTEEr RV TIENTE
7o BEEALE B8 L FEE OS5 Tk, ArsR
DRFRIZE > THERTEREGEZENTES, L
ML, WAL TS0 3R RO pH IZHI R
PLETHY, VOEERIRLS Nhd o7z ArsA 12
REERHCEI L C L8 pH OIS DB TE 5T
REEEDRIE SN, T2, TOZ LT ArsRA pH IS
LBHEEZTRTL, EBROBBISH LTV
WKBLT, 2oy HEko pH RER*HET
BERCUEL T BERD L EEZ SN, ArsC
(RBOK) (2 DWW TId4H, MBRERREZT5ICE
EF o7, SHRIFBNEEDTVE S0 vEIzHT
LMAEREREATL I ENTENL, 1o0MEEE
L3O L RHET S ArsR & 50 & FEWE T
% ArsC (R60K) & ZFBHCIRRT A LICL - T,
HARFUCHEAT S 31, SMiOWHDOeRIIHIETE
BNAFT FY—RYMIRBEEZLND,
WSEOFBERKR, F-FNIC LA LBRIEHFRED
BEENTVABLTAIND1IDTHLEY TF %

F—rv &L, ModE #MIlARBIRRTE I &IZ L
2T, EV 7T rRERE R TH B2 FER
THIEHNTER. ModE DEEZIRLEB D, C
K NAL v OARERRLEDOEFLET S LEBED
139 PBCRFRE R L, SR ReagtoMao
HGHEZWEL, ZORFEEARL 7225,
CRUIF AL VDADFFELBRENTVWSE I LA
G0, TOZEFEEREICERPEULERICR
TWwaEEZ oM $, BREBROMEE S84
TREIT LI EICEY, WHELLBY ST B8
50% %[BT 22 &8 CE, MBOFRMELTEETH
o7z, S8, LOEECEMNBELEINTEY S 5100
HLTW &S00, COKPLIFEELR
DREEZTTERL, FHEROEIIIIB VT MEE
BaWEDRL LERVEHTHE L) 2 &2 Ek
T5. ModE E) 7 FVBAF V23 Thy 7
AT VEEAT VA FEET LI EFMSE N TV B,
ModE O &R B -HAICHE T3 7 3 /BRI E
BEBATLILIZLoT, BIRNWEE L ERT L2
EDTEL. EBRORNS -5 v &b BB
WIZEWOERUNOMA LERPREL TV A4
FEL, TOL) RBIRNBE ISHBIETICEREL L
HTHHAI.

ARWFSE TR L7-MIERE c oW ss 235 ko il m
ERMEARESSBL L8, BELAEROEINSE
GTHHI L, WHEICHOMEOBEMNESTETD
52k, ZLTELICHEDTRE SRR AERED
HERUREICED LV ETHED, MBEE LRSI,
MR~ FRELAET2FEELTETTIER
<, BREBALLS vy AP RREN-ME% 1
DOFEEE LT, ¥ U7 BORE LM% 0
BEEWd, BRLAY S ot GBI
EHE) EBNITAZEDTELHERALDF Y —VTDH
HbH. Thibb, ERATVERY VN EOWREL
/A A WEBTO S TFERESFFICERTE L0
ThHb., L7z oT, 4E ModE DMZEIZL - THEH
TEEHIE, FHERAF v 2RSS 2H
LW U7 BoelETRETH Y, BOERICE
UCHIIAEBIERT A5 v 7 i 81
LoT, EHLEEERCLERGERICH LTI LFY
TNIIHIETHIENTELD, ERERELEY
AT LOMEIZHEMTES L EbI A,

U 5

ERIITH O HEAEIFICHA 2 BRTEEICED
FoTVWAERLYETHE. FEESRICILR
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ME YR, NAF 7 BERBICRPER VLT A Y VO
AR RHEE ko TWd., ZOMIICIT, &
B OWE - BN, dThMmeEwErEEAE LTH
WEBENAFTRY T g ydERSRTWSE., ik
Wik 2WEEF I NE CHRANOEFRPERTH o
72, AW TCiARRBEREOR L IRL, WX
BLEICLYERAF VEEY 37 HEBOMIR
EBICIERTDI LI L o T BROSTFEFRZ
Tof. FEEER THLLELRSE T IR LK
T5720, CEMEERRTXBE>S 3o FHHE
BEDDOArsA R ArsR 7 V2 H % a— N3 58
fZFEru—=r7 L, MREBRREZITo 7. ArsA
WABE CRESEROERKIIR o bbb,
ArsR #REERE CUIEB P o pH 2R A RICR S %
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TR SMiE LTHHELET A0, 5lideHBe
BE% 30 ArsC (R60K) ZESREZIERL, Thziilie
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Comparing the microbial diversity in subtropical and cold latitudes in
Japan with the goal of establishing a database for microbial inventory
Tatswji Seki

International Center for Biotechnology, Osaka University
2-1 Yamada-oka, Suitashi, Osaka 565-0871, Japan

Elucidation of the microbial diversity is essential not only for their protection but also to ensure the
sustainable use of microorganisms in our life. The research, which was consisted of three projects was
focused on the diversity analyses of mycobionta, yeasts and actinomycetes in two distinct zones of
Japan, Iriomote Island as a subtropical latitude and Rishiri Island as a cold latitude, to establish a
database for microbial inventory. The fungal flora was studied exhaustively by isolating strains
belonging to a wide range of two pseudofungi in stramenopiles, and Zygomycota, Ascomycota, and
Basidiomycota in Kingdom Fungi. According to the analysis of the more than 500 species identified,
including new species candidates and newly known species in Japan, it was noted that the subtropical
and the cold latitude, respectively, hold its own diversity, denying the conventional idea that the species
diversity in subtropical latitude was wider than that in the cold latitude. Diversity analysis of the yeast
was carried out using 1,528 isolates, which were identified as 278 species. Out of these species, 143
species were recognized as new species. It is noteworthy that the number of species isolated in two
zones corresponded to 20% of 1,500 species cited in the new edition (fifth edition) of The Yeasts, A
Taxonomic Study (2010). In the analysis of the actinomycetes, 1,770 isolates were classified into 328
species. According to the estimation using 16S rDNA analysis, it was conclude that 164 of those species
may be proposed as new species. The variety of the actinomycetes genus and species among the isolated
strains in Iriomete Island was found to be wider meaningfully than that in Rishiri Island. However, it
was noteworthy that the actinomycete flora at cold zone in Japan is significantly diverged with wide
variety likely as that at subtropical zone, though the numbers of overlapped genus and species in the
both island were limited. Conclusively it was suggested strongly that the microbiological diversity in
Japan might be wide enough, and the more variety of microorganisms was expected to be isolated
according to application of various resource and methods. Moreover, the collaborative research might
contribute in the establishment of microbial inventory by depositing 955 strains (794 fungi, 50 yeasts,
and 111 actinomycetes) at the NITE (National Institute of Technology and Evaluation) Biological
Resource Center (NBRC), Japan Collection of Microorganisms (JCM, RIKEN) and/or appropriate
organizations for microbial culture collection.

Key words: microbial inventory, fungi, yeast, actinomycetes
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i, BARBEBICBIT 2 WHEMER TOBEEESFHRRS
NHEEDLIT, RIESCEE R EILEAEICLT 5 H
ELTOEEFSEHERIND L) ko, FAH
TR EZREME O —B & U TN AT B A5 FE AT
AR (NITE) CAWEBEEE Y ¥ — 5T
(20024E 4 B) &, ERNOMAEMEFROIE, #
7, |BAEETH & & b, ERRKE LTopst L o0&
BRAECHET A A7 V7 HEEPOICIT> TE
THY, MAEMEFROHRE FHRELBEYICT -
TWwh. E512, HFlMEWRFEZRD T, HERLIZ
RS OB 2 A RIS B VT L SR & 20
TEOMRIC T AWEP RIS A LN TV 5.
WY EECAYOLREOERIBNT, HAD
EYRBATNENS Z EE W, RKEOBHMYIZE
WTRBBLEFFORBIZILIBEI LTV 22%, bk
EPNZOWTRZFORBRBAETHALLEEZ>TLHRE
Tt 7% v, Dictionary of the Fungi 9 iR (Kirk et al.
eds., 2001) TIXHBEOMMMEITHSTT, HEENS
F 100 525 150 T EHEZTwaH. Fiz, MEICD
W BRI FE 4000012 R L CHEE S B FEIZ405 2 5
3005 &£EZ2 5N TWw5 (Groombridge, 1992). T 7%
bHMAE DBB L FOHETMET1% LT, B
BIZ5% LT E AL, ZofigMidttmol N
PR TENTWA I, FRIEICRA
DR R ML MAEYT T L CEEL T AR
FHMIRBLTVWREEZ HNT WS (BB, 2005).
WU TER SO0 ASH 2 1B R s hTwa b vwhbh
Twhb, Zhid, BEEN, Aok K
FL TSNS, Woese (1987) 12 & » T
EN72) RV — b RNA O EERTNC & 2 250
MPRHECLDBELWERREAWMiEC 2722 810X 5
LEz oA, L L, FBCOBELHHREOS
BILick 3L 2AbREVWEEDNS.
CDXABEREMEYIIONWT, £ XY MY —
DEEH B OWFFEIT D% {, BFBEOMEYHZIL L
AT L 7= 5813 v, ol Tl (2009) 29RE
B FHHE EEROSE RS P ERERY v 5 — £
% AL & U TR NS O TS BT & M 0 ST
L, AETH> THEREHEIFLELTVAH T
xR L7z, 72, Muramatsu © (2003) &, WHE
MBS EME OFARLEPOMMRE 709 2 i L,
2007 207 R RO . FRZEF LAV —3 7D
Bukit Lagong R R K 15 TI1323/8 185 TEA3 Bt
BNz LS, BAROHMA IO RGRRIHOL AR IX
BT DRI D & L 5w ERERDT 2.
KRR T, RPBEOMEMOLFEELER 57
B, WAE O B L BRI B W TR

WA ESREL, FoMEHOSHEE, TR
MENEMPEEZACCREELFMIiT2Z L2 BN E
L7z, F/, BohLiiEHE L oxr ) -7
— IR ARSI ET A E R HINE L7z

WAEY O EET , BHTIHRE LCHRE (X
FIEESARKN  24.2°N, 128.5°E) %, &iRaime
LCHIBE (FIFALSCY o~y @S ARP © 45.1°N,
141.1°FE) %8, 20074 & 200845 (8B 2 BRI L
Foo F, BEEHSELTIE, WHhW s REOMEEC
B SRIRBBEA & BEREA %, AT C O B AR
D, SHOBKROSEE AL, THROLEEE ZD
BWOREEITo72. 7, SHERRIE, ) 855
Hoal AR BERE - AP BEEREM (NBRC) TN
Of) LSBT NA Y V= Ak ¥ ¥ — (JCM)
HEDNPREREICFIEL, RPEORREROMR
I8, KT, Eoo% T v—T0mE (&
IC & A HHEAM, BB & AR, BINC X 20
WICHT 5220 20T 5158) 2L
THET 5.

HAAROESEE S L S RFEORRFEHED SRS
EZDHEE (R, 2010)

FRIREM ST —21E, FY 7Y -5 —% 8116
HOILFHIEE THE SN2, SR OFICER >, S
ML L72A RS A2 24 VR (Patterson, 1999; Kirk
et al, 2008) KRBT A5 v Fas8BLY
Pythium JEW O 2 Wk L, HROBIZTEMEITHI-HH
AWM, FEEM, HEFREM, 7THELTEMCET
D12 (BAWE, WMWNARE, WEEHE, B
FOSHEE - 7TFHENTHE, LAHEREE,
Penicillium BWHE, V7= 5B HHE, BEE,
Aspergillus WIETWIH, /A4 REE, WHEHMETHME,
TR 1owT, MEWHROWEEL L UTZDHE
A, BRHRFROFREIC BT 2 HEOL k%
PR, U7y IR BIEBIC L D RLE B, R
redEm o, %, B, R, AhIE, fk, B,
g, Ok, WK, HRHETCIZEME, W, BITLEBEo
W, WMok ZBIChAD, MENICHEMEEZ R
7o, WO MEAREIE30008 R kY, FES
N7 500 ETH Y, ORI HARHE
i, REBRHELZL, FBRPHFIILEDDOLRERAE
i, EE L2 RREE S 5 794 ¥4% NBRC 7% £
FEEE Nz (—EXEEL i) .

APFFAIINNANVREOSEY YF 2T
(Labyrinthula) 33 X U Pythium BEIZDOW T
X, BAEOMRE S TRMIC D SR T 5058
BBV, REWBECEMYORERE LTLEE
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BAENC BT BHMEY DL L £ X2 D) —F—F R— 2 ORI

Thsb, FHEGHEINZSEY U F 25 TR, %R
W& MG CHB LI EER o 288, AT
DHEPSRE S M TW AL H Y, FEoREME %% 5
BT AITEEDS R Do 2. Pythium BREIZOWTIE
1,197 %% 4L, WHISIC B 2oL M2 R
L72&Z A, HRETOFHRO FBEHMEIEH o
7.

AWM (Zygomycota) (X, Hibbett 5 (2007)
WKLo TADDHEMIZTRKE S NA, FBE, PEE
BOWTRLPS AEMIZE T AP SUES 7.
Kirk (1993) i#AREOSEHRAIZOWTHRE Lo
AERY F RO IR E Y - BAFEDSERR
SNB & Lz, ARWIZETH BBV T
RN I AERY & A E & DI SRR 5
RVB LN TEEM (Ascomycota) 122V THZ,
TR D53 HlE & AREER SR A S Lz, FlaidR= Y
D AW T, oSS TR ETRIBAELT
WA, Wi TOEE M 2 5 CHEBEOME S
BoONIz, GHETIED S B IX28F T, Z0
iERERAE L £ 2 b, BEEHIE T 72 25
TAHERDN. F7, RWEFE L V) BN 2 ok
BT, I NA8TR 182805 B, TETHAR
RIBTHo oW HMTE2HIE4TOARTH o2, i
BTHLMIHP S THoThH, DHHEMIIRLZY,
TR L & MBI O RO B ATRIE S .
HPHELTE, #REPSIEZZ—5 V7250 7%
HHIICEBT AL HMONT WAL DN, RS
POEEET VTRGTRELBTHLLOEAoH
D, TNEHKROFRENEEZ BT

COWREELT, BiREE L CHETICBIT AR
M 72 2 WEAH 2 A E THOTH S I L7
A, BWAFCTHEORMNFAT AEmICHY, T,
MR O FAGRTRE 0 SHOFEEI L VW L8
MENLN, ¥ rFa s, HEWE Wi,
FEYIPIAER TR E 223 d o7,

F72, GHEEAROSHER, FMEHEHR, SETHE
¥, EHIEWAR &AL, NBRC BWMEFHLY — I
DT — BT EFRRWRT — ¥ R— 2L 7o
77 b AR U BRI AR L 72,

HADHE#HES S VSRHBOBBEOZHMEE %
D& (B8, 2010)

B EF - AEEEY T -5 =2 &L 34D
HFFEE & 4 BOFER 1% CRK 3 iz, BREMH
IZDWTIE, 199842547 E 7z The Yeasts, A
Taxonomic Study, 4th ed. (Kurtzman, C. P. & Fell,
J.W. i, 1998) TId&EM100/8 722 (F LA EN

T-TTEVMT7OERZEL) PERIhTw E£H
DEEF O BIHEE, Index of fungi (CABI) 12X
% & 20064E-2007T4E DM TT9TH o 72, LA FEFTEN
% The Yeast, A Taxonomic Study, 5th ed. Tl 148
B, #1500HAFWMENLETETH 5.

MBEROTEEE, BLUBHRWHONRED I
B, MBI UREELEEY T 51,528%k %
THEL 7z, BIEORE, FFRED S HHE S N2
177HC, 9 beeAFHHBEMETH Y, WHEE,D
IFosfliA S, O HATHVIHITEERETH - 7.
R EREOS SN 50% ERBICEVESTH -
oo BB, WRENS,SEKBIIHHEI DX 14%
T, 2B TH o7, INHEDI L, ¥
AYIZHEEE X N 7250848 NBRC & JCM IZHEE &8 7.

MONRE, FRLBOYE, THEREER 37%,
YRR 63% Tho/., TLHKRBOYE
1, FEBEREEN 18%, HTFRREL 82% T,
)5 &b FERCREEEE X D BT HREE DS S s
Nz, L~TiE, FRE» S, HARENRIE
FTHHFEICHE SN T D Trichosporon
porosum, Cryptococcus terricola, C. podzoricus,
Sporobolomyces roseus & = DEBEI@ D HES I, W
KEPOIE, BABRNEFEEETLOMEIRTVS
Kazachstania yakushimaensis X Sporobolomyces
ogasawarensis 7 E0S 5 HEE L, ¥ 72, Rhodotorula
bogoriensis 7 EEATHUR TG ShTw s %
SHEECE 7,

K7UY x 7 MIBWTHEEL 72F % The yeasts
85 BT T E R (F1500%F) 0Fy 2 HI5Y, Bl
BIEZTTH1H5CH25. SEEHLTI4EDOHF >
TV T THol2I DL RREPBE SN2 &h
O, HRIZEZHIZ OB T AR LT
WwWa EHfEE N, T, BRI SHAET TITHN
DORFFIL WS CEMMHLT, 2018
SO FHICRAM L7z 2BBRLTEY, AW
FEDWRE L2, i 3B o 28 BICE A
EREMHELTwsZ AR ash, R ECEET S

B4 Ry P —ERICKE CHBT A ST
&7,

BAROGEHGE S S VS BRBEOMGEBOSHEE
Zokege (81, 2010)

BB F — 2 RN 7)) —F— % &L 4 %
DIFEHEE L 3HOWMNTIEETHER S .
Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH (Braunschweig, Germany) ® 7 —
& R — A T& 5 Bacterial Nomenclature up to date 2010
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(http:/fwww.dsmz.de/microorganisms/main.php?eontentleft_id=14)
EhE, BEOMREORKIZ1I816E T, H bIHE

(Class Actinobacteria) DB L 249/E (13.7%)
Thb. T/, MEOMEELEERIFICH ML
8,665TH T, o HIIAHI32,113H (24.4%) L %o T
W5, &, BEREB LUHEED MR 409 8 (1
BE225 i, W20, HIkIE4sH, ZOM1108) D
FHREB R, FEEROMELRETLI LT
WE LTTO RO B bk & 1872, 168 rDNA D 4H
FES L RN L Y MAREE T2 25,
TH 3B oMbk 881 MriZ24F163)8 240 T8I, FIF B0k
Bk 889 BRI 2050/ 166 FlIC S, MK E SO T
ERGIEHBHEDBSHFELTWDL I ERbhs7z. &
HOAMETIE, BBEIET3E 328 S 72D T
FOLARVTEHROHED 16% (323/2113) HHHETE
rHEEE NI, B, 165 rDNA SEIEELH O+ F il
A% 98.5% FKiili O ik % A EMICHITERGRE & 35 &
TEB MRk 173 ¥ (89Ff), FIFL B MMk 172 4%
(7580 EH L. IS O5HE/RD D B 111 A
NBRC iZ#Fit s .

EE, FRBTRBIRCBEAICOVWTHRELZ L
2B, BULARNVLTREFTIET40E (55%), %
oML AV TR 328 B 78TE (24%) LA EML
TELT, MHRHOMESMIEMIRTRECEL -
TWAZ EDRENT, THOMIRTIHE L THRE
NEEBOSMEEE (FHBOSSHkEPICHED S
HE) DWW ThDB L, Streptomyces J& DML
THEBTIE33% (287H#), FIHLE Tk 48% (423
¥ ThY, ARBOFTHLMIEPo 7.

F 7, SEEEOMBIC X o TH HmE OMmE S 1T
BaoTwi, FIZEHERBOBKRIEDN S 19840 D
BUREAB &Nz, FOR, RO 4B
THRBHEABE OBEBEMIZ 7 (18%) L4 hbho
7oo F77, REESEERRICIS, HIRIECBE D5 O
BRI S o L TR 2 R T HRoO S &%
B ICE W E Vo AR oZED RS hk.

P Ak D — BRI D TR M e 5 3 SRR R 4T
W, 2% B 23 W ( Angustibacter luteus,
Luteimicrobium subarcticum) 1 X U Georgenia
thermotolerans #1Z L & T 5105 HORE L L.

BbhiZ

BEOEN B BMEW DL ML 4 R Y
—F = R— ZAOMEIZIANT T, WHERE (TR
ERFLE GHIRATER) OREWHDOHEIC D W THE
Wgea AT o 7z, SRRBEAMHOMAT T, A bF A0

ANVROSYY v F o THHB L Pythium BH, W
RoOBEEHM, TEEM, HFEMITDWTS,00085
PLESHERAC ARSI, 500 P EOTEDFEAR S
NERMEDPHET Sz, BEAHOZRERITICE VT
12, 15008kl L2t xh, 284 HOFEI RS NS
KA ME s, BB T 1,770 RS0 HE S
h, 328 FICFIE & NEMMEAHET S Nz, BMRERAF
MRA~OFEE, AFFCoskkERY, £ RV BT
— I HF S TELLE IO N

— I, SRIREE, B, BOREICArDb LT
A e BRI T S N Ao EREI P %
CWMOMBENSRD SN, LrLl, ERE LS
WL 728 & PR B D S48 L 2R T R e B TR
RBIEL, &b oL OWBICIEMN LR RWZE
LW PSP ol ol khb, HEROEL %25
L LA b I RNRRHEEN DL L3 E R
WA, ZLOFHEFRESI NI ERPD, HEES
WA ORI R E L, FT LWL S EEE
PR EE LRTHI LI o TERE(REATE
ZEm s, 2oz tid, Muramatsu b
(2008) DEFMLEHBK DL <L — ¥ 7 O Bukit
Lagong FRAMMRER 25 O 5 HE S N5 B BEIH O % #k
P S b ZE &, BAROMAEWHE OSBRI B
FHICE S v E I

4Ry MY —F— 7 — ORI, RN
SRR OB H 2 RS HLENDBH, 2, 2
S DFHERRIZ O WTHIH LIS 5 4 H % R E 0 #EIRA
ENAHZEDLL YRY MY O T T 572012
BEENE, BB, RFEEZE L CLOROFM R
FEEN, MOEMBEREVPFERETEES N, BED
BEANOEREIRD R SN2,

3

LW O LRI, FORE0ARE LT, Hifk
BFAICE > COEELRHETH S, BAPEIIBIT S
WM OSREERITE A VR M) —F— T R— D
RS C, ERE (ESGE) SRIRLE (miRay
) BT, B, BR, BIOUBEREICET M
Rk E ML EOMERET A LICLY, HMAEY
ADOHLEIC D W T ORMENFEE 1T - 2. WAL 3
WFEEBE (1l 2010; & B, 2010; 11, 2010) XX -> T
Ehi s iz, RREBEHOMBHTIX, AT 2 //34
VRO v F 2 58HB L Pythium BRO 2 W
HEWAROBEAWEM, FREM, HFEMIHLLS13
RREICR T 53,000 bk DL LS oo s, %
BPEAGET Sz, b 500 FELL B IH S

- 114 —



FAEICB T HMEDOLREFTE L VRV MY —F— & R— 2 OREE

ZOHIZEHBESCHFNC 22 b0 bR a4, W
BT OBEMHPKRE VLIRS, TS 50 i
EEHHBICERE 2 EHNEAETL I L EH L »E o
7o BEEHOZ BT T, 1,528 0L LSS X
n, 278z FEL, 5 b 143FAHM & HEE S h
7o i, SIS FEEUE, B LW The Yeasts, A
Taxonomic Study % 5 MICEER S N 5 #1,5005 D
20% % GO BHZ L IRERICET A, REEHEOMTC
W&, 1,770 BkHS5HE S AL, 16S rDNS OIEEAS] O
R R ICE O BHEOMBRIEIC L Y 3288
BREES N, T/, 164EBFREMLESNA. B
HEOBHBOEZEEOFD, HAREBEOZRLIYIEE
KBV EPRENT:, —HTRENRFROWFRTE
BT ABHEII R, HROEHHOBMEL I
TR ZNIIE S TEMRTHE I LPHL LR
o572 B ED X )2, L oI RES R L2
BFRIZBCTHHMEWHOSEREIIKRE L, FILVWE
BAMERCMREE TRT2 28I - TEHEEL
FBRTELEMIMFRINL. 2B, 2L 7R KEE
794 ¥k, BERESORK, OB 1118k, &3t 955 RRISAHAT
Bk N R EP MR AT BB N A A 7 o | U — AR
EMRBEEREM (NBRC; NITE Biological Resource
Center) , IV ATBUE NBLERFEFTINA U v — 2 &
¥ ¥ =AY ERSEE (JCM ; Japan Collection of
Microorganisms)¥ 72 13O RFH M IcFEE S, £ >
Ry M) —HRIZFESTELEEZ ORI
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Mycobiota in the subtropical and cool temperate areas in Japan
Koji Kageyama

River Basin Research Center, Gifu University
1-1 Yanagido, Gifu 501-1193, Japan

We examined the mycobiota of almost all the fungi belonging to pseudofungi in stramenopiles,
zygomycetes, ascomycetes, basidiomycetes, and anamorphic fungi in the subtropical and cool temperate
areas and compared the diversity between the two areas. Seventeen researchers investigated a wide
range of functional fungal groups such as labyrinthulomycetes, comycetes, zygomycetes, Penicillium
species, endophytes, loculoascomycetes, anamorphic fungi, marine fungi, Cordyceps-related fungi,
Aspergillus species, aero-aquatic fungi, lignin-degrading fungi, pyrenomycetes, agarics, and polypores.
A variety of specimens were collected from terrestrial and seashore habitats from leaves, stems, trunks,
roots, litter, insects, shells, sea weeds, bubbles of sea water, soil, fresh water, brackish water, sea water,
and so on. The number of isolated species in each fungal group was not commonly greater in the
subtropical area than in the cool temperate area, depending on the fungal group. Loculoascomycetes
and agarics were more diverse in the cool temperate area, while comycetes, Cordyceps-related fungi,
Penicillium species, lignin-degrading fungi, aero-aquatic fungi, and polypores were more diverse in the
subtropical area. Although most fungal groups have no distinct border in the habitat areas, it seems
that they have mycobiota specific to each climatic area. In all fungal groups, new species candidates or
newly known species in Japan were recorded in both the subtropical and cool temperate areas. More
than 500 species in total including new species candidates were identified. A database was developed to
manage the information, such as origin and location of the isolates and their official accession numbers.
The fungal isolate database facilitates searches for individual isolates and provides a place to compile
the mycobiota information for each area. The present study will contribute to clarifying the mycobiota
in the subtropical and the cool temperate areas of Japan. Information about 766 potential useful new
biological resources is now available.

Key words: fungul inventory, mycobiota, species diversity, cool temperate area, subtropical area

E-mail: kageyama@green.gifu-u.ac.jp
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[5=)

EaY

ETHb0%EE L 0FHEESARLEETHAESh
Twh, E4E, DHA © L 5 R EIiER A H
B Wi OB ERtF TR Fo b0y (H
T, 2008) , THETHISNTWadolzfi LWiKkEE
o -HED R ST (Nagano et al,, 2010) , &
HEBOBEWISHRBRINTETWS., LAL, b
PEOBHEMHICI OV TR —MOREMZREIZ LA LH
EHREINTELT, HHEOSHREEZRARL L LB ITH
ZERE L THRET A LIIEELZRETHS.

Z2C, AWETIRIEY v W, JIEE, ®
AW, Penicillium BWE, WYWNERE, MEF
PHEB LT FENVT7HE, WEEH LRER
48, MW, Aspergillus WH, FKREWHE, V=
VARHEE, BWHEETEE, THEREHzSRELT,
D) hDE QTR ORMETH 2 H RN & A ICRE
HE2BEL, FREEOESEBOWMBMHETREL
TA YRy M) —=F—5%kF L, HRAOWHEMENE
BHEEZHSPICT S i) ARBEEOT-F %2 b &
2, BAOWIRW RO BBHOEYZILET S ;i)
WEBREDDF - &b L2, HARDIEE O M
OEMEIRET % iv) BEOBEARL X UD MK Z 1§
WEEB X OBAEDREEEICEREL, SHEENER Y
LT HEEHI, ARICAHL, MMEERETAC
EREMELTWES, BERBICIEERLENOBRICD
W, BUTOHICOWTRE L.

SYY Yy SHEB L IR, BRI
AOTFRHBRICETVTA N T A N VB E LTHA

(B¥R, Kingdom Fungi) »5iETENTWAE. T
NS OWIEIHIEDL AR {, DIRELZT TR SRR
WATHHEEMCET 2HHRIELEw. LarLl, IR
SOHWBIITERYHEAESCREERCEST5D0

(Kumon et al., 2008), SHEHEY ORIER 7 k4
L2 o b @ (Erwin & Ribeiro, 1996) 3% < &
ThTBY, HEHAPARLILEEETHE. £C
T, FRBELE X UTERBEILICBT 5040 & A
T5 L LB ICHBRREEZITo 2.

BAWEE, ek, MM LTifbhTELY
1000FE % & /D S R WSS, R g R RBEACH
Ei CHERBAICE LSRR ON S, E, €
DEZMENRR SN, BEEMIEZ 408N (I
NI B ¥ M
Entomophthoromycotina, F W €& F & ¥ MM
Zoopagomycotina, ¥ s + 3 H M
Kickxellomycotina) ZfFfk S L7z (Hibbett et al.,
2007). APWETE, INLLHEMD ) BERTHE R
WicowT, ZIChi 50, ARFELHERT S
&9 FHER ORI O /2.

¥ HE M Mucoromycotina,

iy

Penicillium JBHEIX, WEEB L UOHREO T
BEMHOP TENED LD EI) pERENCHEET
HIEEBAMICHEBEOTEEAB TS5 HE - FEL, %
DI O LR % A 7.

MY AA L, BT ICEE TN RS
B2 MBRICERBCEETAIHEETH
5. FEW & HE (8 B4R (symbiotic (coexistent)
interaction) CHoTI DL BB % RI WENE
HAHEREICAEENEZ L LR D (Stone et al,
2004). AW TIE, HMBEMICORA)RBEEAEED
B bAREBLUTRBICAETTHHYOEENL
SHESNAPNAREAILEL, WBICB 5 NAEHME
OEHFEEFORBEHLMITEILEZHBEL
7z,

MNEFEEEBLOTFENV7HE (Reeii)
oW HRER Z 4R e LT, HAROWMEHES
2B B HIEMAVME (1997) B LUVIMES (2009)
WKLo THMICAES N, TOMAPERSINLODDH
B, LaL, BENEDLVIERRELEONETRE
- 7T FENTHBEICHETAERIIIIEAER Y. F
NS ORAEREE LI ARICBIT 2 REME O
i, ThETENRTIedol. £oT, FIREB L
UHEE (5IREE) 2BV T, JICHy - ¥ 7 lEE
B L KA TEREOWEMERAEL, TolbEz
To7z.

MRS FWWARE) &, DR ERERST
ELTHB LS mAREE L S L TEFLT
W5h, FORTFIITEY (appendage) R 5% E
BHEEELLTE), BRICITLHFELHICL o
TTE A (JHE) WWRE, £HEEShELD, HE%
BWLTEHETL I LICL Y, FoilROIpHAR
HOWEMZMBTLL LD, FFN2RTFHLE
RESHTAZENTEL, FREB X UHERDE
EA S E RN, Wik SREL, FimAwEM
DI R FT - 7.

A WMEREEE, FTERERM ANy S 7% U8

(Clavicipitaceae) Cordyceps & (JL3&®D) TBE S
AHEHOKBK T, BHOBEBMICAEL L, RFHR, L
WINE CEBWBICOMTHY, HIE~EM7 V7T
DERMEICE L (Kobayasi, 1941; Sung et al.,
2007) . ARBBICHBET A7 FEN 7 IE30[ER S A%
Fonhady, FLFEN7—7FEVT 0GR IHE
W SN A PN A R {, £RERESEDR
MAHEZEZD LTHIBRETHY, ZORKHEOR
EEREREEIC LTS, Zhidohd TEARCES (i
EWERCTHEFBICL MNP Dt e, 47
HEEBRMMEEEINTOH VNI EOBEN K E N, K
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A AROTEBAIRS & O

WoETid, HAFIBOMIILDOBIZHIT 54 NEEH

(FLEENTZTBLUTFENT) OEEEZ BT
&L BT, ROV, WL BAEYRR
TEHEBICFERE L /2.

MW, FEREMKASY v 7 BIRL, BEN
0.3mm DA HBO TR (FEFR Wi, —
BEEOTEB L UCLMRMEOTFERTF BT 5 HEE
TH5H, BEWRBARICHEEL O THYWEE &
LCHBEFBEETHLENY TR, YRR EES
e LT, HMYHEEICSETAHSLEER AN
FTAEY - TTTAVEOERIEFET S RUFAER,
IRV Y EEET S Gibberella fujikuroi
DL ek a LA EABEEYE ST E 2 AT
HHEHDEARFENICEETH S (Rossman et al.,
1999) . L»L, BAZRELDETHT7TVTEEICE
WL, REBEOWIRICEMGAIERE I R, Bk
WCHRTELELREICHSL, 29 LREOH
T, HAOMILIZBIT 5 ARBBEOMEII R % FIHT
HbH. SHICHEE, MYHEREHOBRRLEDLET
Tol. HEME LTRAZHRE, WEE, AHE
B, BB, EEOMWELEEL, £09) bk
WRELEFHNZDOEIBWHEWICEE SN TS, &
I LM OREREZTHIEICLY, Faodhd
HHEMZELMIT AT, WikEEoEYo
WEFBINICERTAZLNTE, SBOKRICKE
CEMTELEEZONS,

Aspergillus BB X, TEP NI XF A ME2IFL
DETHEFRETICEDDTELLBRT S, Fof
Th, b b, B UCEgE GEWRE) 25k
Y ELRIFEIRHEHE Fumigati, Nigri, Flavi, Terrei,
Nidulantes D% (Section) {ZBWT, WHE, FlIR
BoOTE»S0SMEEZ LKL, ERERFNEO
S bbb EERTIL A fumigatus TH 5. HE, A
fumigatus & JERERICIER LT 5 239 FRMAYIC
XX BITTRE % A. lentulus, A. udagawae (Neosartorya
udagawae N7 FEIN7) T LIRS0 E W H
LIEFRMIZEER S, ElZEENIRKDLNLTVS
(Balajee et al., 2005; Katz et al., 2005) . Tk
WA A, fumigatus \CFH LOHEEER L7,

KA, KBOBKRLUIMRPEE LITER
L, SNHEBEPRPOBEOF VRIS S 83h:
B, ZREPBEADHEORICEFERELT
DHELTD . FICKLOMRPLELEOSHEE E LTH
<o =7, ZORBEOAGRL MBI 5548 ORFFEHIZ
B, BWANEATH R, {13 (2009) KX D&
PO Fp YL AL S B s O R EFIR B TE T E
HHHBEREEFERERER YL V¥ —RICBT 5 EHE

BORIKBHEEOL R & 2 DI

AT, PREFBEOSIHLZRHEMSHLMIENT
W5, RRAETE, HhAEOTEGICAET SRR
(iRW) L7HEE (HEE) BT, £IIEF
T5PREFEOLEHEZALNIZTH L EHIT, L
EHOBBEM O E4T - 7.

Vo o REE RS EE) ERERERRIC
B aaE L LCTEYRO LD THOHEOEEHER
#%4H5 T3 (Osono, 2007) . ABIZETIE, FIA
BETERBICBW TR 2 AEBN, BN REE2
BT 5EESTMREEOLIREORE 2 5 LILK
THIEEHMELT, EBICH- ZHWHES D/
F— VN, BIO Vo UG ER T AEED
SRRV 24T - 72,

HEMBTFREIEICOW T, ERNoOLE - BRI E
DT LNLFIFBLETERETIE, ThoOBENLR
B HAEHOL ETOXOEMERWTE-00H
BRI NETIILEOP DTS (EHES
1998; FElE, eI, 1999; Wi STAL BREEHR B AR DR AR
2006) . Lo L, #hoofEiisid, SEFNEL
REELBEARIETHY, BERERLO0RHE
BRI ST bhTnwhvy, KR T, WBIcAER
T AT & O IS W TIRE B2k % 40
IEL, WEMBHo—BETaZEEEMELTY
5.

[WEWE] SHRe Y7 7HILEDHLNT
W (v savayr®], [yoayril] 2&o
WEOEOIHEET I, FDIFEAENKMBHET
H 5. WAEGTREEOIELS NS EE /BT
HHZ ENHLMZIENTWS (Binder et al.,
2005). L& L, BERWIZELLTWwEZL, EEL
AMBEH R 2 L HEC R EFU L AERBEATHE
2o, KRTELEDTHRDLNL I XS\, TEHIEIC
BREELZEAREEASEINL —JF, BEMNAM - 2
B BARACHCS N ERFIICERLTESL L, W
HINEOEHITBVEMETH L. FIFREEFEEHEC
DWTIE, EFRICEEIEEDT Y F 2T SIV— T2
L BWEITONTWEY, FIEHRESITHLIT
Wiy, FEEEMEEECIO VTR, F8 - KER
(1974) 12X o TN T TEIMNA HIZKREREFHRZ - 7258
PEEHE SN, FOBRIARITHLNTVE LD
D, FEIFolWBFIITbRATHRW,

Pk, BIBLZEEICOWTERB X R OFE
1B, BETER SWET RSB LTEHRL
EEEIMRANATELILFHBLTY 7 by 27
ZEFELS. BEELZEY 7 MOKFRTE SRRk
OEHREATIL, IEEEEZAEDICHHATEZ X%
L7z,
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B,

E28

i

MEB L OHE

MPHEE  REIEE AT A0 4 D SRR
DWCIEHRE, BEAFHIBICOVWTIITERE % .0
Eh AR E LTHRELL. FIRLE, BEELD
CEVARCEES NS zE0I 25, RS
B LI BB A il 7 BRI A PN B AR AR A
BHEBH B X OB T A E R E MR RS E
F, WEBICHL TIRBENHBARREEETAE
B AR BEHTB L O IT U R E R R R
AR B A AR OB R T 2 AN TR R
fTofz., ARHEE, BR R2SEE LA

SEVCYSHE  ARBTIE, 200747 BIZUT
DE)BRFFHTH T VT % 4T o . SR
B, ORI R, WiRm R, TREB TIX20084
TARUTOL ) BB 7 &7, L
B X R, MEINTE, SRR, A
O, WP, 74 200, Wb kB LU
W, WRERN L7z, WosHxrsaxviEhz s
DR ETAMBIETT o0 BRLZEKOA, 55
WL HERS R iR A RN 2 2 HEGRE 10ml icw Y
B2 e, RIS NABEIBOEWIRET 1AM
EHE LA K ICEDPAEYIERE, PiEY
BAaREML d-GPY EXREW L&A L, < viEh
FBHEREN ) VY SHEO IO —% F v
Y5y —TIY LT d-GPY HARSEMICH 2k <o
TR SRR TS Lz, BoOREIITBE, HkEm
BIZ X BT TS, 18S rDNA EETREFICHET L
BFRZEICL VT2, &, d-GPY ¥#id, 0.2%
ThNaA—R, 01% RIRT >, 0.5% BT F A%
Bk EBEARE L D 1 RBELDOCERLTS
— b2 L—7 LTS L 72, KRB OBIgRIE A% K
PHY LA

OREE%E  20074F, 20084EIJbiRERIGLE - (L BB
T OMHBELVE R - AT TR L Ok EE &
FHLL 72 20074EFIFLE TIX IR F 2 104 FT 2 5,
AL 7 o BT, 20084FEFIRE - AL E TSR
8 # 7, AKEHF18+7F, 2007TEWMER TR IEBL L
KRR FNEN10- BT, 200851 - REB Gzt
B 12 7T, REH LTy HOAE024 B CIREL
7z, 20074, FIRB TN ShTEIITEEB X
PrI<wz@ e LHEZE A CalEEiT-
72, 9em Vv — VIZANLEICEERERML, #
OFAFNIHE L TRE L zERE L3z o< 2 %»

o= =

N, BRTHTHMKE L. WREE»S 058
1, Pythium #IR¥EM %2 Hv7z2 (Narita & Tojo,
2007) . FOMOLEBERICDOWTIE, Pythium &
REEHZ W HREREIC L VD827 o 72, KR
BOSHHEBIRE T BV AR AT, 20074
REBPLORBBICEEEBL T 74 M7 —R—s3—
Z, FOMOREICITEOAFHREEE Lz, #
WENARRBOPICENZEE L WEEEZ A
N, B, 1-3HMEKELL. 208, MiEkgsmE
L, EBIREMICBRL, BET, 25T, 1-3 A
FL, £BLCHED?SHERSMHNC X o THMkZ
S L7z, BoOREIRZENEERES XU rDNA ITS #Hi
DFWEBRFNCE DT TITo 72, REHOHIZE IR 1LE
ZBIURGE -G L,

EEHE FIFLE (20074 8 A, 20084E 7 ~ 8
H), WEE (20094 9 H) & 2O cHuR
FrERLE. BEBCOVWTRERGFIEL» 51
% 9 13728 (20094 8 A, 12 ICHRE) dMEL
oo AETIE 74—V NTHEEE, RREZRCHEEL
TWARHEZBINRET L & LB, FAK, 2ES
DERMAET &, Wi, PEBSOBTFLIEET T,

T, Uy —, B, DEVWEEES O RE L ERE
L, ¥, 48, FELL, EANGESHRE
(N4 PRY 7S EBIUIHCRERMEH , B
ARk, TEEEHRIC K DR (- I Vi
(CMA) , 1% ¥+ AKH) L, 8k - Wil

SR, =< —Y ¥ YpSs HiH, CMA, 1% /37
LEEHER G, ¥ HEMBLY M) EF A
FIOBICDOWTIESRZE MEYE ¥4, 03% %2951
W TRTRFLZFELL. BEOI LHESERH IR
H1%, YpSs LCMHEL THEERL, MU aEE
Ellis (1963) 2wy, BR7 VA BRIET CIRIEF2
FER, LA—, WEzHCERE2ML L, A
B O T FFFEIT 10% BRELZH VW, K
HHEOWFFe I RN B3 LA

Penicillium BEE 20084 7 A ICHRE, 2008
EIRICHRBETERFNI2EEE 2 ERIL, M
PGS & A RIREBE O SR 1T 5 7. 100065, 5000
3 & OV 10000 5 L 7 LR E, MiMB &
U R O O Z W5 572807 15 A
T a—02g LT —ARYHIV0.03g FIRML
TorHERRM (2— ¥ I -7 H =0 (HKEZE)
5g, EIHIMRFHM (HKEIE) 12, K 12g, #H
AKLIL) WHBATL, #23C TEREL . FHRIEREE
I 1R, 28E, 4AMBICESEMEHE
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HARDEHAIRE & IR SO RIRE B O L3 & 2o kg

L, HB L TEREL BRI HBEL2, 28 - [
EF ORI LCA ¥ (Miura & Kudo, 1970) %
B/, BREBEEBCLIZHALLFEHEHORE RV,
Penicillium J& % B3 LA, &5 217z Penicillium
BOBERRIZ 3T K'Y — 4 DNA @ 5.88 rDNA 3%
¥ % &% ITS1, 24EE 28S rDNA @ D1/D2 FHiS
DFEEET] (ID $8I8; Peterson, 2000) i2b &< &
FMRAT &, Pitt (1979, 2000) D7 % F 72560 7
BREBEETV, BLANVORESRA. KEHEO
e\ AR S E ALY L 7s.

HEMAEEE  ARBTIZ20074E 7 BB X 020084
7 BT, TERETIZ20074F 9 A B X UF20094F 2 HIZHR
EEBIhv, FIFLEESHE & UTEEE28H 04
MAEEZRE L2, RELEEIBERZER L TR
2Bl O BRI S AT TR R LT Vg
AN, EBREIELRo2. F0%, ekl
FIOBUC DT, BRI A S 2 AT & 005
SOl EMBRBEAIEZ L 72, REREIE 70% =
¥ = 14 ~20% REEFEEF U 7 AKER
(HRIRFIREE 1%) & 25 MWHER KT 15 %
2 Bl ¥E8 == F A TR 4 TR, DLEo
FETB I o7 (Okane et al., 2003) . EHFH L
7o BB IL 515 mm AREICSEIL, 12 EEFT
FAERBEMICEMS, 17C TR L 2LTRY
BERPOMBELTCELEAD LI VEIER SN GT %
SHEUBREEMR R RENL L7z, KIS, AR (RIR
B 174 kB L UTHERE 1908) oW TEEEEY B
Z7 9 L FEEIZ rDNA - ITS 3 X OF 288 rDNA -
D1/D2 S DOHMEF Z BFEIC LV REL, Thoo
THRICERDEHORELRAAL., BT EEFFECTX
FTIBREL R R DT B & % 2 e o 7 BRI
DWTIE, ARSI HRE IIC BLAST KB X U
BHAEICL 27527 —BITEBI ) Z & CTHEE
HeE L, WEICBI B PNAERE OFER I W TR
B L7z, AWBEOMIEILRMR RATHY L.

NWEFREESSU7FEL7EE (FRE2EH)
20074E 2 2 (FIRB7TH, WEEIH) , /-8
20084EIZ 2 H (FIRLE 7 A, WERE118) ORERE
EiTol. BAORMYHFAR - BWEREEL-0IC,
FATHY - 5 R, BB ROBH RS ZEESIC
FRELL, FhBKkETFOIEEZEBL -0, W
NI« B A S BN L 7z ik i 2L % 25°C, R4t
TOTIAF v 7 r—AWIIT1» BRET THRS,
WOEFTERR LA, IS OMYEE % EAREMEEI
THEL, BMELTA2RESA S NAEE&ICIIMST

WG TR R B BIS 2 1T o 72, E22BAIKIC
MBSz ER L, ThEREREMANEA L
#®, BFLLHRFZH) EFTIYHAE - ¥ all
FERBEH THERE LAORRE AR 2 1872, S5 ICRBITS
U CH# kA 5 DNA Z fill il L 72%, nrDNA 18S -
285 - ITS #3%, p-tubulin, TEF, RPB2 M1 7
TS5 ePFBL, SRR 2T o7, AREON
FEITH R AH Y L 7.

BEEE (FMELEERE FPFLEIZ B W TIE2008
F£8 A, 20004 7 Biz, A, KB, EHOEE,
5, MEBIBWTIREDIE, HsiEOED S S
R L. WA E I N mEROBFE RS
—wUvRITA 0TI Al —Y — R HWTHETS
BEL, Bk, FEl, BICEEnLRBTok
BICESWTTo 7. FIRES» S S, RitH
EHIBFENAEEICOWTIE, EEER (EREE,
MR T 2R, HSREORE) ZonwTH
~Nfz. AEEOWRE P BN L,

RBREFEE  FHEBETOH2007E T H, 200847 BD
2H, VHRETO20074E 9 B, 20084 6 H, 20094
2AD3EMOFEICB VT, FICHBEICRBRELLE
W 2 EORPFEAFELLE, INL0RBOLIZBE
AN (GETELZETERT) »EEREMET
THHEL, TrePY BMh (Pl — X 20g, RT >
3g, BT+ 1g, £K15g, K 1L, Ban et ol,
2009) \THEFE, EiEEL /- 200, YuT7U0HEPS
BELTWFF a7y s riiontid, FEAH
W oHEL, PCASH (VxHA4®2g =¥y
20g, K 20g, K1L) THEELAL. HHEORE
I, KRB L UHEE LoOBRTREMEOEESL LU
ITS, 28S rDNA D1/D2 $Hi® DNA ¥ — % >~ A5k
WD o7z, EARZETHBRIEARLE L, NBRC
BAREICRTE L7z, AREOMEIES ehaHEY L
7.

BEE  RHOSHE, FhRENEROREI LK
MLTBIRolz, BEMBE,SDOHUEL, %05~
1.0cm M OMEEF % WK T T10~20 5 Mk L, +#
FEREEH (WA) LiICBEWER, FIroMELLY
FEHERDMT AL TR BELSHETZHE
LTWab0RaAEFHEEEASE T2 &Y,
TR ER, FEXKED (WA) RIEY, 2R
TEMLUZ. TEANRORTIFAN S TEET Y
DML T WA LIRS, 2%, BFEL2S
ETFOHRZHEILT ML CHOMREKREEZ, B8
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it
T¥HAE - FFR b —REREHM (PDA) , &K%
o (SNA) , 4 — b I —VEEREH (04)
(Kirk et al., 2001) % 72, Hypocreales O [l 5%
1%, Rossman et al. (1999) OGEMERE A/
PRI oW TR EE, AS (1992) # Ellis
(1971, 1976) DFMRE 7z, REHOHIEIE
BERE R & ORI S =244 L,
¥ 72, Ophiostomatales, Diaportales S R4 £ 12
WHETHHEBICOVWTORE L. KA S8
WCARMIBEEZ RS 70 T RfT o 208, —HF
74 5 VEOILE SR MR LA, F AN
RSN TwAELAZEBRBILRDEY, BEHSE
SUEERAT o7, M 1% EF T AERE T B
W, BEFLTELERE 2% FF T X RERFEHICE
WL, fiRmibke sy L, REEHONIEHE
BADHEY L7z,

Aspergillus BEBEE THERREIC LD
Aspergillus Bl HBHO A ML T 72, Tabb, X
FU MRS LROEREEZ ML, V4l
FML2RT b7FF A bu—2%K (PDA) ¥ (%€
Kl 2%, chloramphenicol 50 mg/l &) % WA
%, 4asCBREICHHL2b0% 26ml it LidAk, &LL<
BE®, 37CTT7 HMEELL. 1Ko & 3D
FERBEM BN L2, FEE, BEEHSC L 5EE
BT o7, LEWS LT, B-tubulin HIEF O
B E LR % Glass & Donaldson (1995) DI
HUTHRELS., ARBEOMEIEEOEEIEHEL

7.
HOKEEHE  FFRBETIZ20074E 7 A, 20084 7 A

W, HBERK AXvauf, 7 M) ELED
1047 FHIT, PEEE TIX20074F 9 B, 20084 2 A1
MR, %R, K&, @Az EL 18N CEK
L7=d, B, WEBIUMETHE L. REDOKER
BHIFR BT 7.56-24T (FH13C) , VEEE T26-34C

(E¥28TC) Tholz. FHELLHBIREHEICE
D, ARBRFHIAEBREICADETLC T, WL
B 25C TR L, MEMELCERENTE
T RS 2 VT SV, SHEs (B -
FEH TR AEREW YMA+T T4 7 ) CEERE
50mg/L) WCBHl, 20-25TC THE L. HBFE LT
T EREH (Vv A€ - ¥ aHEKEILPSA B X
VYA€ =Y VEREN PCA) THIZELHHK
BRI L. R A s ey ol -y —%
WCIBT R8I0 H1F, BN CREEL, BFLLR
TAZE SITEEE ISR L Tk e B, WORE

i

¥

-

i, BFokEL L TR (288 (D/D2 #Hi)
B & U8 5.85-1TS rDNA] 2DV TIFW, ZO0TE
WAE IR 21T o 72, AEEOMFRITILIED
AHH L.

I HREE (EMEHEE) 20074 7 H
(2, FFLARTE o 2 LB - 728 300, 600, 900,
1200, 1500m @ 5 #H T, HRRE Y ¥ o\ ¥R
ZHH T2 D, 5 THEE 100 L 7.
EBRBEICCHEHZ5mm OE/FZ IV K—F—TH
WEIMBH 1R EFTHIKE, 3100 3EH 2 o Btk
TH/NEE A DL 2. $72, 20074 7 HicdbHEE R
FITOEBEELCBWTERAY 72 A F 7%%E%
208, 20074F 9 A ICHFHEIRVESE R O KIEFKE B B
WTEHZZ A VA HRER 20, FRENIRIL
L7, EREBICTEESSmm OEFE I VI K—-F
—THEIROEARLEEABIrLENEN L%
Fhikx, FrE0ZER 2o RMBMEIC L Y Bz ok
L7, DHEREBEICOWTE, MARRBOBIEL LD
12, YDNA ITS %385 & U7 28SrDNA D1-D2 B O
ERHZHELRE 2T ok, PHRKkOEEERN
X, 2% FIFx X ALK LT L2 HE oo
=—iZ, 120C T4~ 7 L—THHE L7723 X
+ % ( Quercus crispula) %\ L A ¥ ¥V A4
(Castanopsis sieboldii) HHEDHEH B &, BRT
2 AREEERESE U CRED O 2. REHOMIEIT KR E
FAEY LA

WEHETFEE  fRBTIE, 200747 H 26-30 H,
2008%E 9 H 2-4 H, F4E 9 A 19-21 HOFF 3 W oA
BV, THEB T, 20087 A 1-2 Ho 1 BIOLH
HE2ITo7. ELRERLZTKOMY TH2B 1 FIfL
B) FIRE-LN  EnslEEE, R LEE, R
5D, EARNEL, F5 U BERE, wiRREE
(FIBLES) RURNT @ A8 nEEE, A3
A (WEERE) WER AR N, 850 RIITE
3, HREEE, < —-VIIER, v¥r L.
FROZHBEICBVT, WRPEAH EREXDY,
WHETHEOF R FHEE (20Z) ZIEL, XK
H®S HicBTFaFalk s dfkssic l hioai %
fFofz. BINROFERT BT 5 WHETIRE-FE
TR AT, KT O IR 1T - 72,
BT, BI VRO W T EREL
W7 —TTTIAF v 7 ¥y — LT, %
KR (FAEYWE RN MNCEH# (lH,
2001), FTEEREM] LICHEHTFRFEETEEL. B
H%, ¥ lofTo—%#ix % MNC FERFER

A
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FARDTMHIRS & ORI B S IREHUI O S Bt L 2 0 Hele

REHICBAEL, MUMERERE N L MBS
W (L, 2001) 2HEvy, MNC ZREHRREH T
FRBE MR L7, R B TIUE L 2ERICDW
Th, WEICHE THRSHE (UHE, 2001) 217w,
MNC SER ARG H b CRiReRE 28/ 2 1S L7z, flok:
BRERICOWTIE, 79y Fairryarofktid
FIAFEROE ML BIET 2 L & b2, ¥ rDNAITS
FIHOWMIERS R RE L, BEROFEETo 7. &K
WIEOWIFR L B SEATE Y L 72,

BMEEE ARE D BE, Kb, B2, BE R
BE s L CTHEE | MG, %R, #HPI
do, MRS, BRI R B THERZTo
2. TEREBLUZOBEHERR, FEEHERE, H
FlaF FETHF) F-BTFERETOM»SHOS
Mz tT o7z, vk - BERERE L L T PDA 853 %
U7z SRIL 727 E= A0 ARSI R B & OB
B BE, HE3RECORELTo 2. &
W OWIZERARE  AHH L7z,

EHTF—4~N—2X Micrisoft Access #2121 C,
FEER, SEAHR, WHRESR, REE®R, EETHN
W, BESLEML, WHEFIEH Y — P ORI
BRI T, EBRICoVT, MET RS
e L7 F72, BV 7 b2 HWT, KFETHES
NREEARS L UHKRO T~ 2 AN L, HEZHH
FHTER LI F—F R— AL L. RFgeidAR
TR — & FlmE MY L e,

EERB Lo

JEVCYSHEE WEE>LGEEShz1skRico
W, 188 rDNA @G TFEH 05T R AT, b5
MBI X AIEHE, B UEREESIC X &R
2 % 1T v, Schizochytrium B ( 108 ) ,
Botryochytrium J& (2#) , Sicyoidochytrium J&

(1#) &LTR@ELR. —7F, FIRE»Soish
721THRIZ DWW T b B, Ulkenia B (10%#k),
Thraustochytrium aureum (6 ¥k), Thraustochytrium
sp. (1#) & LTEZEL:.

FI LB A & 4B & 72 Thraustochytrium sp. (1
) 122, 188 rDNA $REILEF] % 40 F RARMEAT L
2L hH, INFTIHEETFF—FXR—ALEHEEN
T A5EYORE) &3IFICRREE 2 B3, Szl
R TR L7z, MY S Ulkenia JE TR O
&) T A—ROMBELRELN, BLAVTHHE
ETEREFEALTY, WEMIZ Thraustochytrium sp.

& L7

WRE»S 3E, FRE»S 3BFSEEShizas,
MEBEWTIPLb0MEINIZMBRELEL 225
7z, WIRA IR IOKEOEV R, RBEIC L 5
DB L 5T, B LRV THMIEI TN T
WA REMDPDH B, —F T, Botryochytrium,
Schizochytrium, Ulkenia %8 O ZAEHIZ DWW TIZ,
KEETOHHES AL D B0, Iho0RKER
DAL, BEho TV AHHEEDH L. WHiRe LD
WEREOT, MrL2oMOMEPATRTHS LR
bhd., 361, oLV TIREE ST 25888
HEZBHIC22WRELDDZ05, ) Y 5O
MGG L 2 EBEDLL kbR TEY,
OREVPHETII RV, TCICERTLIDIIREL
wekEbhs,

SRE$E 92 Fr T4 - GRUBEL R ERE L2oKEE, A
PLE - fL3CE Tl 494 Bikk, WHRE - HIEE TiL 703
WHRDOEFI1197TRI#RD Pythium BHWHEI S S 1
7o, JERERGEEE B X UF rDNA ITS S0 EmHIC &
BT — 5 R HCTENS ORROFE 21T o 7245
B, PG - tLXETIXHARFER 18 Pythium
litorale & &1, BRAEISEZFE L, 7HOKRER
iz R L7z, TR 258 Witk 5 B, BLANAE 5
B - 256 WMk, RECIME 258 - 2 WAk, KK 236
DD B, BLAFEL12ME - 203 Wbk, SRiDiIRHE S -
WBEMTH o7z, —F, WE - AEETEAARY LM
288 P. minus B L U P. purvum % & to, BE A HE
14fEz WE L, 168 ok EWREL R L.
IERCE 506 WMk D 5 B, BEAIFE12E - 455 Wikk, K
FLARAE 6 A - 51WART, AKFE 197 WMk D B, BEin
M3 AL - 48Bibk, RECWAI2HE - 149 WM TH - 7.
FNFNORILIIE L rDNA ITS S 0B 512 3k
D FMB R RRFT ORER, NSRBI
BEARE E SRR D BRBER L. TROHEENS,
ADOFP - HXBL D DBOWE - FHEHE TN
BEMPPLE I EBWEL N E ol AT, TR
BEDLRAHPSEIFEEIFZLEHBELCEATS
D, KREHERL LTSI EFESEONETHS
o, B, MBIIBWTHBATLHEIZ P
catenulatum, P. heterothallicum, P. intermedium, P.
torulosum, P. helicoides ® 5T, KT 2/ <D
2720, ENLOHRMETOAGHS NI E O
B RREEREE 2o 7.

2007 ETARE O 2> & 45l S N7z P. helicoides,
P. myriotylum VT, ¥a9Y - NI 4 - b
MIBHERBRZ T o/ 25, FRENEFRWIIH
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h==X
i

BIUORFEBREIAEEIERI L, FWEEIMERSN
AR
BAIC B 2 Pythium BB EM ORI Watanabe
(1981, 1988, 1989a,b) XX > THE S, £ D
DEE - FESINTEL. L2Leds, 2o 0hf
7213 HARRLMMEIC B\ T b EHH b ORI R
K LTHBY, ERFHRMN - BB EORERIC
BT B Pythium BH 2RI LR SEIRITL
Az, REFETIRBREP DD Pythium BH % 7
ML, BIABRELLE OREREr REBy I &8
TE, HARIZBTS Pythium BHEEHOMBHICKE
EE5TrEELONS. 515 Pythium BHONW
M EILIBT 5720, $2, KFHAYEEOWRO
OB L RENLETH S, T2, KEHOS
MERATHICH 220, R S I MmHEEAREEDS, K
HECIEEEZ F iR LRI OB R
THoHEERD,

BRRBORKRL SRR AL T 5 Pythium
BHSHREEZETAIE2WOTHL 2L, #
N2 WB 2R LB ~OREICD VT, REBHIC
X BVEA~DOHBEARBEOTMEEENH L 2 L 2RELT
Wk,

EAEE  AWETIE, WBID, AET4EMTH
14F25 B 550 BESRES MM E 3 e (HEEBE
2f%aEt) . FRE,SIX4TEM 6 B 9 #1658 345

GRECIRE 1B, R 28 »EBohi. 209
LRREINEOEERK L D BEHREICL D o
Eh7zF 7 £ 5P Kickxellaceae D RELIME T REFE
ETPERIVIBOATBYHRFEOTRMEL D
L. F7, LA ESC CEMEEL KR,
Chaetocladium brefeldii, Kickxella alabastrina %O
R EI S O N, WREDPOIL4TEM6 H
11RNeE3H (AARHER 48, WEM7HEEZED)
PN, D h, &4 ¥ H Mucorales @ HAHE 3
Bixwind, EAOBREEISOAMONTELD
DTHBH., TL—FBIY)RWI N Kirkiana
ramosa WAMESREBRUBEOMNEFHEE 2 5.
Phascolomyces articulosus 13 EFIFO W I ST
WX N TP RIKAHEARN O Y E) DX
1§ 5N/, Hyphomucor assamensis 1 AU 7 ¥
F, TL—V T, BFmofATRICEEE wbh
A, MYEFHYH Zoopagales ¥ I EATHITA
# Sigmoideomycetaceae @ Thamnocephalis
quadrupedata ZEBLZ EP O TPIZHMOEN TV
FARE R 72h%, /N Hh CHifM @ Basidiobolus J& %
BEE LT EEBEMY$AZ LI LA

o =

Kirk (1993) EHEAREOSABBIIOVWTRLE,
TAERY F CHEOEC, KE BN - B0
WP TEDL LR L. AREP LS
NEOLOFEHE I, BEWERCETLIOTH
5. Carreiro & Koske (1992) &, u—F7A4A > F
DEERREESEE OCTHIRICLAZY) L,
ERLEREFRB LY, JIRELOoEESHOESE
BEHOTESICOWTERN 2 BIMERT 22 £
FThiE, Bl oFslErEohs o b iifes
na, i)y, WEE, S, fE¥, RO MO
TEHEEZONTELEIREKHE SN, Loh et al.
(2001) IX= L~ TRHROBRAEEEDE, 75 7HTr
ACHOIFRITHHEZEERL, FHOr Y YHD
SRR TS TRVWI L ERLED, 22T
EREINLIFEEEARAETHO THEEREN, K
ROl COMEOME, BRI - mwik
M L2EAHERRL, BEhlvicsds L
HWCTE 5., MBICH@ER 3HM 4 H 5 Fr1ofid i
BRI OATHARER) ¥ LA ENSD, b
UEF A Y HOEEAR Syncephalis depressa TILFi
B L D ERBEDOHIPIBEIICKENI & 2 EHI25
DoHN, REFICE CTHEAEPSEL TSRS
BH Y SHBOMEVPLETH S, 2, MEOEHNH
HETWL o OIBERBEICED LBERTTo2E
A, 7IOHBLICBWT, FIFETIX Rhizopus
sexualis #%, TERBTIX R. oryzae BB SNz, Th
SN bR b A9 A A%, Tl CmE R B
RENDY, K4, FiRA, BHEFIHHEROID B
FBAOERWFEMIECH L RENY D 5.

Penicillium BHEE i B CHRE S 7z 241 B
B 5 FF 391 WAk (WWRE 191 Wk - FIFLE 200 |
B ORIRBEISHE SN, FOW Penicillium BH
FIZET 107 Bikk (WERB44Wk - MR B63HK) TH
72, Penicillium JE WS Hidk % 1D SISIERERCT] &
BRBEICI->TRELLEIA, $& L b0
MRINz., Zhoop, BafEEFEL 9 52 ki
20fF I F Y (Table 1), € OBIXIRIERTHH &
BESHEROVWTIr— b L M7 2 BEMAE & —
BLidhol., B, METEL31HK (20/) %
NBRC (Z#FE L7z, RFEEHRITOFEFENIIEDOR, 5
HIEX NBRC WKHFHTHTETH 5.
Penicillium BWH O 7 L 4+ E NV 7 & L TIZE
Eupenicillium J& & Talaromyces BSHI 6N TBHBY,
WEIERAEMICORAL D 5. ID HB OB IZ X
D, FLAELTERELZVEKRICBLT VR
DRMBLCIET 2L E2HETLILPTRTD S
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AAROMEAI S L IR O R EM O Z B8 & # 0 ik

(Fig. 1). WBODHRARELELLEZ S, HEE
065 HE S N BIMIZ IR Talaromyces SRAEREIC &
TNBHONVEL, POoFENLOID HHELET O
ZREDP B OIZK L, FIRED S5 SN2 EkE
Eupenicillium R EEIN L D OB KRE ST % 5
O, POZRENECESED SR (Fig. 1). %
72, BEAMEONTHEICHE L THE LB 2B
& (P. adametzii 3 & O° Talaromyces B 15 T,
trachyspermus) T3 72,

KIRH 5134 D Penicillium BEEI#ME SN T

Table 1 Species of Penicillium and its teleomorph genera
isolated from Iriomote and Rishiri Islands

Locality”

Species o
Iriomote Rishiri

Penicillium adametzii + +
P. asperosporum - +
P. biourgeianum - +
P. citreonigrum +
P. citrinum + -
P. decaturense - +
P. ¢f. daleae +

P. herquei

P. janczewskii
P. janthinellum -
P. lividum -
P. manginii

P. meleagrinum
P.of. multicolor
P. oxalicum

P. paxilli

P. piceum

P. pinophilum
P. ¢f raperi

P. roseopurpureum - +
P. sclerotiorum +

P. simplicissimum

+ o+

P. soppii -

+

P. ¢f. swiecicikii -

+

P. thomii

P. verruculosum - +

+

Eupenicillium brefeldianum
Talaromyces cf. stipitatus + -

T. trachyspermus + +

a: + isolated; - not isolated.

WBA, F—HURTOME S Witk RS L
BEFEHIC D E DV TS RE L =Blidd v, 8
¥ (2009) L BEFEE (EFER) CORHBEMERAL
ZBWT, 4 Penicillium BREEICE L XIVOR
EVHBELRHEPLZLEINLILETMESN TS
B, AR T S AR R 3R 2 FR | B A B AR &
—HLZVHEBRIPEHE O LMo T, £FBic
VEREEIRD Penicillium BHEED %  FAET B M
AREENG. 72, MBICIEL THBELHMIZ 2
HMORTHBI LS, MEIZERT B Penicillium
BE ORI R 2200 SNS. H
BREOL CENMERGICHHT 2 mETHHA, W
REDSGMEE NI P. oxalicum & Eupenicillium
brefeldianum (P. dodgei ®F L F E NV 7) LI
IR MRS, FIFRED» S5 L7 P janczewskii &
P. thomii X ILHRASES R MIRIZ A5 § 5 2 & A3 5
NTw5% (Domsch et al., 2007). 513, HMEBEHAMH
RS LR BRI & B AR EME L) D B W Rk
REEREZERLT, SEE IR IBRESTPEHTHR
BHRIRZ ATV, BB % I 2 L EHH 5.

KN RRE ETORERE D ST 5 D DEIH AT
HES /oL SBE - BSERICHETY U7 364 Witk A HE SR
MRS 2 B 2 % o 1o fE R, TR 54 FM8TRE 132 F A
RS, FRED S 3520E65H, WHREH S 13448
T RBREN., HREOLFERE L L T
Anthostomella cf. eucalyptorum, Cladosporium
cladosporioides, Diaporthe cf. phaseclorum B & OF
Glomerella acutata D 4 FEOIKRTH o 72, WEIZILE
T 5E & L T Anthostomella, Arthrinium,
Cladosporium, Glomerella, Colletotrichum,
Diaporthe, Phomopsis, Mycosphaerella, Phyllosticta
DI/TH - 7=, WEE T Biscogniauxia,
Nemania, Xylaria b \Wo oo ¥4 94 % 5%
Xylariaceae W, KX + ) + 2 7 =29 7 #
Botryosphaeriaceae (2% 9 5 Neofusicoccum
mangiferae & MB B ONE RN CTHERBE DL E W
& &N B Guignardia endophyllicola (= G.
mangiferae; T F & NV 7 Phyllosticta
capitalensis) DI FSF LMW Hh 0SSN, L
PLINSOWEFMAEORAP L IFIFLA LSS
NWihhof, —71, MRABOHEEORY» S5 sh
72 Mycosphaerella berberidis, Venturia ditricha 3 &
UF Alternaria sp. 1&, WREOHE» S IS8 hiz
ol MBILEKOEN XEETT LYY VE

(Rhododendron) M7 & 438 S 72 AR o iR
T, @I Diaporthe cf. phaseolorum @ 1 ®
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2 1 £ =

ATHolz. FHESNHOMEEZ YOI LITH AEE S N2, #EE 1000 m AL THRE LA

&, BHEBEOHY T 2115, RFRBEOHY 5 O RS L D Venturia ditricha, Gnomonia

(FHrHhv23z2E) KowTiR1-9ABaER cf. trientensis, Mycosphaerella berberidis B & ¥
7o, FRBREDF 4 F » 7% (Betula ermanii) 122w Plagiostoma sp. Th o 7.

FIFIL O 7 HHEE 2L WS NAE O & FIRB LVERE O LB Anthostomella cf.

B A0 RBEREL, HELZ (20084H eucalyptorum, C. cladosporioides, D. cf. phaseolorum

) . FOKR, Uy NEREPSZITRONAER BLUG. acutata D AFHIZRONA-Z L IETFHEEZBA

ITASD0z RI13-502 @

ITA2070 RI1-SD29 @
ITASO00 Bl 13- SO0 H
ITA2985 RI12-SD16
ITAz807 1655013 X}

A2770 107-8001 O

1TA01 1 T 3-5005 ® P of. raperi
ITA2973 RI12-S003 @
ITA2950 RI11-SD05
s RIoT-3B05 @ P janthinettum
114 TA3025 RI13-SD22 @

\TA2953 R111-SD03 ®

iTA3008 RI13-SD02 @
ITA2071 RI12-SDO1 @
1TA2946 RI11-SDO1 ® P simplicissium
ITA2868 113-SD25 O
|TA2748 1105-8D11 Q P, oxalicum

40
3050 Rl15 SDZ1 [ ]
ITA2924 RI09-SD0S @
ITA2889 RI07-SD19 @
1TA2921 RI09-SD02 @
{TA2917 RI08-8D34 @
1TA2981 RI12-SD11 @
1TA2948 RI11-SD33 @

ITA2815 1110-SD04 O
TA2704 102-SD14 O
[TA2717 1103-SDO7 O
iTA2684 1101-SD07 O P. cf. multicolor
ITA2831 [i11-SD11 O P. sclerotiorum
lTA2875 #14-SD02 O P. adametzii
TA2892 RI07-5D22 @  P. adametzii
rrAzaes RIO7-SD24 @ P, citreonigrum
JTAZ2859 #13-SD15 O
ITA2896 RI07-SD27 @
ITA2933 RI110-S004 @ P, asterosporum
ITA3080 Ri18-SD10 @
ITA3007 RI13-SD0t @ P. thomii
ITA2877 RI07-SD02 @
iTA3068 RI17-S005 @
TA3057 RI16-SD04 @ P. lividum

ITA2860 1113-SD16 O

[TA3074 R118-SD04 @
1TA2932 RI10-5003 @
ITA2902 RIO8-SD02 @  P. decaturense
{TA3005 RI12 SDSQ @ P. manginii
A28 76 RIO7 S0
94/TA2982 an smz °
J—~ A289(1) RI07-SD21 @
mmss 1113-SD11 P. paxil

ag Lo A2890 RI07-SD2C @ P, roseopurpureum
7o TA2721 1032012 O i
281tA2705 1102.8D15 O _P- meleagrinum

1TA2824 [111-5D04 O

ITA2809 1109-SD15 O P. citrinum

ITA2747 §105-SD10 O
ITA3081 RI18- SD11 [
ITA3066 RI17-5003 @
ITA3047 Ri15- SD17 ® P biourgelanum
ITA2915 RI08-SD27 @ P soppu

ITA2728 1103-SD20 O P, cf. o
1TA3049 RI15-SD20 @ P. cl swlez:/crku
1TA2909 Ri08-SD12 @
1TA2094 RI12- snze o
1TA2967 RI11-SD26 ) i
iTA2887 RI07-SD15 - S Janczewskii
ITA2997 RI12-SD29 @
1TA2881 RI07-5007 @
65| TA2974 RI12:5D04 @

17A2816 1110-5005 O
[TA2947 RI11-SD02 ® o

1TA2799 1109-SD04 inophi
o ey bb-spps © - Pophium
ITA2960 Ri11-SD17 @
1TA2713 H03-SD03 O

ITA2755 1106-SD01 O
1TA2741 1105-5003 O
1TA2930 RI10-5001 @
ITA2729 1103-S021 O

95,1 TA2758 1106-5D04 O

iTA2739 1105-5001 O
1TA2961 RI11-SD18 @ P verruculosum
1TA2861 l113-SD17 O

|TA2767 1106-SD14 o

00/ TA2841 1112-8D10 O

ITA2794 1108-SD10 O
ITA2760 1106-5D06 O T. cf. stipitatus
10 2 ITA2775 1107-S006 O
1082~ 1TA2742 1105-SD04 O T. trachyspermus

L_ITA3002 RI12-SD34 @  T. trachyspermus
9 ITA2765 1106-SD11 O
Ton1A2864 H13-8D21 O

}TA2821 111-8D01 O
001 ITA2711 1103-5001 O
- A2049 RI11-5D04 @
] !TA2637 112-SD05O P, piceum
ITA2854 1113-8D10 O

Fig. 1 Phylogenetic tree based on ID region sequences (neighbor-joining method). The scale bar indicates substitutions per
nucleotide position. Numbers on the branches indicate the bootstrap percentages (1000 replicates). Open (©O) and
closed (@) circles indicate isolates from Iriomote Is. and Rishiri Is., respectively.

Eupenicillium lineage

100

Talaromyces lineage
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55D THolz. HPWHPKELBLRDLILLEDE
FHREMZEERL, WMELLBRELLY Y VEMYE
THEROLEZ B 2olod, TOHREDL D. cf
phaseolorum ® 1TEOAPHBEBTH o7z, LYK
EHOBBEEIMABLHEESETRE(ALLZZ LR
RSNz, 74 74 FrREBEREVvD— 2%
V=R ER L, ek, ARMBAEOSFREE
ELTOEEIBEZLDIEFMONTVAER, K
ARELTOERBWEEDHEB LWL EEZLRT
Wi, AEORAEICBVTIR, BEEOREH»S
Nemania, Xylaria B E R SN Bz EHRIC 7 0y
4747 rBEEISESSEE S 205, FREORE
M oidb$h 25 (Anthostomella cf. eucalyptorum
B L U Daldinia loculata) B35S NIzDHIZo 7z,
Okane et al. (2008) % 4 DM AAEM s a4
TA S rREEE LT L, BORES vt
T4 7 rHEEONEERLE L TOBVWEREEICOW
THELA. SEORE»L D, LHELERIKERY
HEFT A O AT TIE, SEFRICHRTE
DERB7OFA T4 rREPERL TSI &HF
ABEN., BERE»D O HDH SN
Neofusicoccum mangiferae & Guignardia
endophyllicola &, #WiRHF & 0 IR D EW IS
P TIELA SHETHHTHD EMBEINDL, —F,
Mycosphaerella berberidis, Venturia ditricha 3 & OF
Alternaria sp. IZFIREP SO ATHE NI, 55 h
YN AWAES S, B 1000m LETREL
B DA DS GEES DD Venturia ditricha,
Gnomonia cf. trientensis, Mycosphaerella berberidis
B & U Plagiostoma sp. TH o705, TNHOFERM.
5, A { &b Mycosphaerella berberidis, Venturia
ditricha 1%, X D@HEZEBEZEFCGCHETSH B I L5
238 b (de Hoog et al., 2000; Okane et al.,
2003) . MRBICHEBETHRE LTHBENL b ODOH
T, ¥IZ Cladosporium, Glomerella, Colletotrichum,
Diaporthe, Phomopsis, Mycosphaerella, Phyllosticta
FEiy, NWEHEHOZELRERE L LTHlEsnT
WAHBEBEEL SNV — T THhHDH (Stone et al.,
2004) . SHOBEN S S ZOLEBIEIIRZ I Nz D
OO, MERIZBIFAHEL NV TO®BERIEEL v
Z Epbino .

AAERBRBEEDEAN L TEOLFRTEHI LT
W5, RELHENFNKESELRDFRES LUHES
T, &R Lo MEsN S BHEOBEITIIRE
WD SN h o 7oA, PNAERIEA ORI BEEE
g 3 R N DR N 3-F (AN

NEFEEESSUT7FELVEE (F22EH)
Ml - BANONBETFEREL L UORE2HE
REREL, S BEXTo7. FIFETIZE 210 K

(FEWIF 118 4, 7FH TN 7HIE2E) OBEEAR
EREL, 1205 LD EEKREEL (Db 8KE
NBRC i2%&t) . WHEBTIkEr216 & (TR 112
M, THENVZHEE 104 R) OWBEEARTREL, 81
HEDBEKRES (7H% NBRCIZHFE) (Table
2).

AMFRIECBOTRAKETFTERETDH 5 5 &
Massarina ingoldiana PRI G - HEBOME L 6
RwiZE&n7: (Hirayama et al., 2010) . AR EARP
WTHERALT AR BB FRBFRARLCETLHET
B#agoh, BEE#k (Shearer & Hyde, 1997) O
%, W BFOFHILHMEZINTE (Rajaet
al., 2009; Shearer, 2001; Shearer et al., 2007; Tsui et
al., 2000). & DJEVGATIEATEARAE - BA O HE
WIHICEFTTE LT L L, WS L I AKIBOW
FHIAEBTRTHAZ LIEETZLDOLMIRINT
& 72%% (Shearer, 2001) , EBIZ 2B 4D EH 5
hAEAMTH B 2 & BSRIIGED 5T IR > 5
B L7 (Hirayama et al., 2010). FILE® “M.
ingoldiana” 1% M. ingoldiana O FEMEFE A & 13 L
NNV TRELER BB Tingoldiago ICHIE L, Wk
B D “M. ingoldiana” ZARFEOEERKEMIC—K
TAHIEFWELIE R o (BE Lindgomyces 12 L.
ingoldianus & U CTINE) . Vb Z &k, e
R TE LT ORERS, KEEIZBWTR
WMEALTERLDOTHLILERBLTYS

(Hirayama et al., 2010) . T 5O IIHERIENE
REABENTELWIEHENERIZL > TR
BETHDHZ END, M ingoldiana & L THFRH S
WESNTELAHIIOWT Y, BEMERLE ST
REFATIC L W BEREEZT)IREEER LN,

7z, KR CRON S FEFAEROSEHEY E
U, Tetraplosphaeria, Triplosphaeria, Polyplosphaeria,
Pseudotetraploa, Quadricrura @ 5 & % i3 Ui #
Tetraplosphaeriaceae 2072 (Tanaka et al.,
2009). Quadricrura BT, dLARICBWTF V<
Y FICEHEETA LN Q. septentorionalis & 538
EEIZTY 7 A SN2 Q. meridionalis % FifE
Ak L7 (Tanaka et al., 2009).

Astrosphaeriella aosimensis, Byssosphaeria
schiedermayeriana, Massarina thalassioidea,
Morosphaeria ramunculicola, Morosphaeria
velatispora, Quintaria lignatilis, Trematosphaeria
confusa, Verruculina enalia 72 EOFEIZERE NS D
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Table 2 Dothideomycetes and anamorphic fungi collected in Rishiri and Iriomote islands

No. of specimens collected

Taxon
Rishiri Iriomote
Dothideomycetes
Ascocratera manglicola 1
Astrosphaeriella aosimensis
Astrosphaeriella trochus 1
Byssosphaeria schiedermayeriana 1
Didymosphaeria sp. 1 1
Glonium spp. 1 10
Hysterium puricale 1 3
Kalmusia brevispora 1
Karstenula sp. 1
Leptosphaeria doliolum 5
Leptosphaeria fuckelioides 2
Leptosphaeria spp. 4

Lindgomyces ingoldianus 1
Lindgomyces sp.
Lophiostoma cf. bipolare
Lophiostoma caulium
Lophiostoma compressum
Lophiostoma fuckelii
Lophiostoma macrostomum
Lophiostoma spp.
Lophiotrema arundinariae
Lophiotrema cf. vagabundum
Lophiotrema  sp.

Massarina arundinacea
Massarina thalassioidea
Massarina spp.
Massariosphaeria typhicola
Melanomma sp.
Morosphaeria ramunculicola
Morosphaeria velatispora 2

BN = AW RO -
— ~ W

—
— N O

w

Ophiobolus sp. 2

Ophiosphaerella sp. 1

Phaeosphaeria fuckeloides 2

Phaeosphaeria cf. luctuosa 2

Phaeosphaeria vagans 2

Phaeosphaeria spp. 1 2

Pleospora sp. 3

Quintaria lignatilis 2

Roussoella sp. 2 2

Salsuginea ramicola 2

Splanchrnonema mori 1

Tingoldiago graminicola 2

Trematosphaeria confusa 5

Trichometasphaeria culmifida

Trichometasphaeria cf. gloeospora 1

Trichometasphaeria taminensis 1

Trichometasphaeria sp. 1

Triplosphaeria cylindrica 1

Venturia sp. 1

Verruculina enalia 9

other hystericeous fungi 5 8
Other Ascomycota 34 32
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Table 2 Dothideomycetes and anamorphic fungi collected in Rishiri and Iriomote (Continued)

Taxon

No. of specimens collected

Rishiri Iriomote

Anamorphic fungi
Bactorodesmium sp.
Bahustrabeeja sp.
Beltrania spp.
Berkleasmium spp.
Brachysporiella sp.
Canalisporium spp.
Corynespora sp.
Cryptophiale sp.
Dictyosporium spp.
Dinemasporium sp.
Ellisembia sp.
Endophragmiella sp.
Exserticlava sp.
Koorchaloma sp.
Megacapitula sp.
Monodictys sp.
Periconia byssoides
Phialosporostilbe sp.
Piricauda spp.
Pseudoacrodictys spp.
Pseudolachnea sp.
Pseudolachnella spp.

Pseudotetraploa curviappendiculata

Quadricrura meridionalis
Quadricrura septentorionalis
Spegazzinia spp.
Sporidesmium sp.
Sporoschisma sp.
Tetraploa spp.
Tretopileus sp.

Other anamorphic fungi

BN =

o — G A
e B WD — L2 W00 N RO

I N S
N

—_

[

1

2

B
DR ©

53

Total

210 216

AIERETELZD, ThbiIvnTFhi v ey s
—7HEZROWZFOIHETHY, HEEYICH
Lo HERTHELEEZLNDL, —F,
Leptosphaeria, Ophiobolus, Phaeosphaeria %8 7% &
WE—RICEH AR EEE b oM THRE SN ETH S
2% (Shoemaker, 1984; Shoemaker & Babcock,
1989), AMIETRMREND FTHEBENSZHTH
2. CORBPBROSAE XKLL O0EDIE,
AWFEOBENLRHFEL? L IAWTH 555, SBER
HIREBRBEVERTH L LEDNS,
UEDE»HAHERETH 5 Salsuginea ramicola
ZTEREICTHR L, 18S & X U7 28S nrDNA, TEF,
RPB2 DT 7 — 5 % L AR DRRF IR 2 DT
Bl & 22 L7 (Suetrong et al., 2009) . F 72, Fli
B J# @ Phaeosphaeria brevispora {22 W T & ¢

Kalmusia brevispora %% L 7> (Zhang et al.,
2009).

%3, RHIEE LT 200 MU L OREERKBAE SN
BT DORIBITERFAETH Y, FEELD 0T 158
ZEELRV. BYOBRICOVWTRIBEESES L US
TR L > THAEEZITVWEFHLET LD LFET
H5b.

BEREE (FHBLEEE) FIGLE 51, 7Hi32
Bz L7z, 2095, SR ERO RS 554
PHREINTVIORRERE 1L EL 35

( Lindra obtusa, Halosigomoidea parvula,
Halosigmoidea sp.) T& o 72 (Nakagiri & Tubaki,
1983; Nakagiri 1989). PEEH 513 51 8 B4 4 hf
L7z%, Z205 5 1 (HAFHEH Savoryella
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appendiculata) V&, BAFEP L OAREINALTYS
fTdH o7z (Table 3). FHEHRKDON, 27# % NBRC
WCEELZ. FRBED S OME S ok, B
B L U'LSU rDNA (2 X % REMATORE R, FHEEN
2 A7 =Y 7 B Halosphaeriales ® 7 & WV 7
Halosigmoidea BIZR T AT TH D T ENFHALNITE
ofz i, BEEHREREASLEIA, SETFEEO
WIRAT15-20C, HWOIRER 10-20% THH Z &P
5, HRFHOWRICHEE L2EIREREoZ L Ahh
ol Fl, BBICLY, FERBROWEHE

(sclerocarp) 2SR E N5 A%, WEBIIRAL v
EDbhro .

FIFLE T, BWEE POIcE AT 5 Iz
THIRERSAA, —F, BRE TR, KEOME
A TSRS L2 WEMTH 5 2 &8
Shotl., NRB»LRERINKRERMA
Halosigmoidea sp. &, LSU rDNA I & % RN O
R, WETEEW Corollospora BOT FENLTTH S
SEDHESPI oMo, BHAHEEE R TH
LI ELHLIC ol THBEEFROGILED
MREHESL L THEIRBEVWRIETSH 5.

XBEFEHE AWETE, THFELVZHE KFRg
W) 6)m1s%E, THWMsSESME (i, HEFEM
1@ 158) , AFtiofE (FIGLE 6 7, THRB15MH) 2°
Biksh, ZoH H17H28R kT ML L7z (Table
4). MBEOLEMIL Beauveria bassiana, Isaria
tenuipes, Gibellula spp. T& o /2. Gibellula BT
R E GBS X )RR ORI
WERLH Y, L XVOREIEIRETDH 7295, 4
FiE QTS #i) X B & wIhd G pulchra 1Tk
BTholz, FO—FT, ITS HEIROEILEH I HIK
ks hnabhli.

Metarhizium sp. 113 EEHROBEBE R & HRhEao
SHEFHEBOBEFREZERL, ZOLIT74T54
FAE RICEFLTBY, W Akanthomyces J& &
X N/2H%, ITS B L U 288 rDNA D1/D2 IR
X BOF R O E, Metarhizium BIZEZETH
LI EDbhdhol, KEIZARMNTHEICRIRL TS
b, BEOTRMEI DB, Simplicillium JB1% ITS
WTHMPEZETE 572, Simplicillium sp. ¥ DNA 7
S AV A 5> X=X (WAL 1 E T R Y T R = e A PR
Modz. LPLARDPSHE U Simplicillium sp. & L
TEHFEINTVWLHEKRESVHEREZRLTED,
NS EELETHENTAZIETHEL LTIRIBTES
LD EE LD, Torrubiella of. ryukyuensis & L 728
Rk, MO EFHBERICBEDNTEY, HWRIZ

KA
i

AN

-
—

WS

BWET 2L M TEADFEBRPIER SN T
2. RAMEETHY, DNAF—F NV Z2ICHBHS
NTWRWHETH S 720, WErZEEIZIES 5 ITHRE
WLETH 5.
CHhETKHMRE T,
Ophiocordyceps heteropoda, O. sphecocephala,

C. militaris,

Elaphocordyceps toriharamontana, Isaria tenuipes,
Cordyceps BRI 1 HORREHEIDH 5 CRIFLET
WA, 1999). — K, BEBETIE, O
dipterigena, O. elateridicola, O. sphecocephala, C.
pseudolongissima, C. pleuricapitata, C. kanzeshiana,
C. rubiginosostipitata, Nomuraea atypicola, G.
pulchra, I tenuipes, R 2 HBHBMENTEY

(sH#, 2006), DIz O. fasciculatostromata, C.
termitophila, C. iriomoteana, C. polycephala, C.
sakishimensis, C. ramosostipitata, T. iriomoteana, T.
ryukyuensis, T. plana, T. minuta STEF HREE N
TR ICE DN TERTLEATH N (Kobayasi &
Shimizu, 1978, 1982a, 1982b, 1983).

Cordyceps J& (JR3E®) & Torrubiella & (Jh3%
D) WEAE, BEEOBETFEEBE BV 20T R
{2 & o T, Cordycipitaceae, Ophiocordycipitaceae,
Clavicipitaceae (#3%®) ® 3FICHSEI L

(Sung et al., 2007). 4 HORETIE, WRETIE
Clavicipitaceae (289 A fEAS 7 TR S 1L 7zds, FIA
BETRERINE» o, 2RORIER DI FIRE &
WWEBOAFEZ L, HHFBEAEOD
Ophiocordyceps elateridicola bR T 5 Z L8 TE
72. TOZENLEBGTHIRTHLTEREDFHN, £
HEHBHEBLOCRREPBRTIHENLVERTS
b T EARIBENT:,

LMEHBEIISMEHORR - 7 BIZFET BT,
BHRAORIBVO L) ZERSEOHHITHEALIND
W%, FRETHRIE NS Cordyceps B (L5%
D) i, EIOHHRD LI IR, & —PIZAERT
LRAPSETLIMTHS. SHEHARE TR N
O. sphecocephala b T RFONFERPSE L TW
oo MRICBENZEE, LI, AFORVWEEDT
FENTREFBEREN. Z0—FT, BERETIE
BEREROEWMIIERTAIRRICELLFLAELVT

(Conoideocrella, Torrubiello W/®) WS, B
FEOHEP S IINRICBE SN LM EFBICE L HFENE
v, ZhiX, Kobayasi (1941) #%Fcil L7295
iR CEBEOBEMORERICARTS. BELIE
HHEBRLZELFOCEMCSLEI L, HFELRD
BHOEHRFROSVPEMREICEL I LICLY, WX
B S OFENLWEVIHERIIE oD ER
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Table 3 Marine fungi isolated from sea foam collected at Rishiri Island and Iriomote Islands

. . Deposited to
Strain no. Fungus name Source & Locality IIiIBR C
Rishiri Island, 2008/07/28*
AN-1775 Lindra obtusa sea foam, Ishizaki @]

1776 Lindra obtusa sea foam, Ishizaki
1777 Lindra obtusa sea foam, Ooiso O
1778 Lindra obtusa sea foam, Ooiso
1779 Halosigmoidea sp. sea foam, Ooiso O
1780 Halosigmoidea sp. sea foam, Ooiso O
1781 Halosigmoidea sp. sea foam, Ooiso O
1782 Halosigmoidea sp. sea foam, Ooiso
1783 Halosigmoidea parvula sea foam, Ooiso
1784 Halosigmoidea parvula sea foam, Ooiso O
1785 Halosigmoidea parvula sea foam, Ishizaki O
1786 Halosigmoidea parvula sea foam, Ishizaki
1787 Trailia ascophylli sea foam, Qoiso O
1788 Trailia ascophylli sea foam, Ooiso O
1789 Trailia ascophylli sea foam, Ooiso
1790 Trailia ascophylli sea foam, Ooiso
1791 Corollospora maritima sea foam, Ooiso (@]
1792 Corollospora maritima sea foam, Ooiso O
1793 Corollospora pseudopulchelia sea foam, Ooiso O
1794 Corollospora pseudopulchella sea foam, Ooiso @)
1795 Corollospora pseudopulchella sea foam, Ooiso

Rishiri Island, 2009/07/16°
1803 Halosigmoidea sp. sea foam, Numaura @]
1804 Halosigmoidea sp. sea foam, Numaura O
1805 Halosigmoidea sp. sea foam, Numaura
1806 Halosigmoidea sp. sea foam, Numaura
1807 Halosigmoidea parvula sea foam, Numaura O
1808 Halosigmoidea parvula sea foam, Numaura O
1809 Halosigmoidea parvula sea foam, Numaura
1810 Halosigmoidea parvula sea foam, Numaura
1811 Dendryphiella salina sea foam, Numaura O
1812 Trailia ascophylli sea foam, Numaura O
1813 Trailia ascophylli sea foam, Numaura O

Iriomote Island, 2007/09/26"
1796 Lindra thalassiae Hoshizuna-hama O
1797 Lindra thalassiae Hoshizuna-hama O
1798 Lindra thalassiae Hoshizuna-hama

Iriomote Island,2009/02/11"
1815 Carbosphaerella leptosphaerioides  sea foam, Tsukigahama O
1816 Carbosphaerella leptosphaerioides  sea foam, Tsukigahama )
1817 Savoryella appendiculata sea foam, Tsukigahama O
1818 Corollospora colossa sea foam, Tsukigahama O
1819 Corollospora maritima sea foam, Tsukigahama O

% Sampling date
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BIns.

BEES LI UT7FELT7EE (FZ2EH) Sl
OWRETEF 122 BEAREWREL, 134 BHROFHEITK
WLz AbiFix, FMRABOWE - I - B - 4 - 40
RIS, BEBUEARZRE L ZOMKE, BE
W 2R s W22WAkE 0 HEL, FfEE b s 1 Hixik
Rl F7-, BREEZEHCHEYHRERREELE S
D B1IIEED B, ERETE, I - #6% - BEL
EDIBrFHh L, EESMEREZREL 2. TOME,
HREIF IRIBHEMkETHEL 72, F74, BEEEE
PN RESRREH E BEbN 2248k b B, 85
W2, AIEE, BEHBOL0rFiL S, AEssERTRE
L mERE L BN b64lk% 1872, B, BE
T TRIETEMRIX, &F90% (Table 5) T3
D, D5 H Cosmospora BH ® 1H &,
Bionectria grammicosporopsis (Clonostachys
grammicosporopsis), Hypocrea strictipilosa
(Trichoderma strictipile), Hypocrea cf. atroviridis
(Trichoderma atroviride) ® H AR SHHFE TN T
w7z,

ME CRENTEEEMAL, JbTs5H, BMTI10H
Thotz. ZORENG, HHE OGN BT
LEBBEOLZEEEIEHVEEZ 5N, Samuels et al.

(2002) IC& 2 AL —FLTWw kEofEizon
Tk, L ERTHHERIMEL oD DD, HFEL
BbNnB Cosmospora sp. FIR B TEELHHEL
7. ZhiE, FIRBIRBUAEEEOME,&L{fFTb
NTLholldEeEZON5.

BRI, MFEEZT L REFESESLHE
W FHFOMPEHERLEL, SHORAEIIBNTHHE
FHEOFEE LS Hypoerea pachybasioides
(Trichoderma polysporum) & Hypocrea strictipilosa
(Trichoderma strictipile) %, Xylariales O F#E#kTL
C1# L4 & Bionectria byssicola (Clonostachys
byssicola) #BE L. Thoid, SBBELIFLE
IZBT AR EMN L L CoMRESEf s 5.

¥ 72, Ophiostomatales 3 X U Diaporitales ZAbt
FEIRET A 0EBICOVWTHRETIX 6 » T Ti%
EEITV, 120WHEBLIENPTEL. 209 B,
MHITL1IED o 7228, REWEF 1EEEh T
=YX 7 A ALY (BEuwallacea validus) 7 5 i
Ophiostoma J& 3% & Leptographium & 1 F A4
AN, REBREZEATHED, IhoZEeTEM
DIFTYFIALLVDOTHEINATEHELE LTS
o7z, —F, WRETE 3 »FHho65EAEEMITL,
THEFEE L. REBRES 1EBE T T, B

TR RBERN AR O WS TRI S L/,

FIRE L IR ICB T 2B EEOIEE O L H
FMICETELZWDY, ENERONE, NPy b, F
FERBLA-BEEATHIEELLNE. KL
Ophiostoma B \Z HABEEOAMBTEZ, +7
4 4 A M= H Ophiostomatales IZ2WTIL, ¥4 &
VEEEERIEAR B TR EBEICRI T & 2, HE
BT ALRINTE o/, ITKROMICAEL
HHEEIFIFE TR T VMBERT RN, ZoZ
EATHIIT & o THHEBIBE D H B L RREL
TWB0Rd LRk, TOHIZOWTHE, 4#LD
IR PREE L £ BNV ETH 5.

YRR I B CH BRI & FIRE, BB i
BYWTEHKOWEESMEL. SEORETIE, I X
N a7 (Lysichiton camtschatcense) 7> 5453k L 72
Stemphylium vesicarium, YV ¥ 1) F ¥ < ¥

(Aquilegia flabellate var. pumila f. konoi) , €4 3
vk ¥ <X (Aquilegia vulgaris) 50 HEL 72
Stemphylium lycopersici, ¥ ¥ T = 7 A

( Syngonium podophyllum) » & 4 L 7=
Colletotrichum capsici, b v 7 VY T E FF

(Mascarena verschaffeltii) , ¥ %> (Melia
azedarach) » & 458 L7z Fusicoccum aesculi, 71 %
NH v F (Glochidion zeylanicum) S 5L
7z Colletotrichum gloeosporioides, © A I ¥ X A +

(Itea oldhamii) # % % # L 7 Discosiella
cylindrospora, 7 % v (Pandanus odoratissimus)
5 58 U 72 Fusicoccum aesculi., XA FXELE Y

(Spomdias lutea) # % %8 L 7z Zygophiala
jamaicensis, 7 ¥ Fa ¥ A (Dendrobium sp.) ,
N ¥ (Vanda sp.) #5458 L 72 Colletotrichum
boninense, = # 7Y (Momordica charantia) 75
58 U 72 Geotrichum candidum 3 & UF Corynespora
cassiicola, F 5 T v 7 ) — 2 ( Hylocereus
undatus) , # 7 (Brassica rapa var. glabra) 75
W U7z Colletotrichum capsic, 7 W I + X5 (Aloe
vera) M b 4#E L 7> Lasiodiplodia theobromae 1%,
REFOHETHHLEZOND. ZOHTL=FY
JRRFGIYTNV—y, THI - NT %L, HEY
WEERMEWTH A0, 4B INOEWCHT 55
MRz o BEEREZIT, WEHBRICEIL T
vy,

Aspergillus B EEBEE WmERE, RSO LE
(FHH, M, MERE &) £ 100RE1 5D
Aspergillus MEHFEOHMBEERZ Fh Fh,
Fumigati #i 32%, 33% (Z®H LIEMBIYL A,
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Table 5 List of pyrenomycete isolates

Species Location”® MAFF no.
Cosmospora sp. (Fusarium sp.) * Rishiri 240564
Alternaria alternata Rishiri 240565
Stemphylium vesicarium Rishiri 240566
Hypocrea pachybasioides (Trichoderma polysporum) Rishiri 240567
Stemphylium lycopersici Rishiri 240450
Stemphylium lycopersici Rishiri 240449
Hypocrea strictipilosa  (Trichoderma strictipile) Rishiri 240568
Cosmospora sp. (Fusarium sp.) Rishiri 240569
Cosmospora sp. (Fusarium sp.) Rishiri 240570
Cosmospora sp. (Fusarium sp.) Rishiri 240571
Cosmospora sp. (Fusarium sp.) Rishiri 240572
Hypocrea cf. atroviridis  (Trichoderma atroviride) Rishiri 240573
Hypocrea cf. atroviridis  (Trichoderma atroviride) Rishiri 240574
Cosmospora sp. (Fusarium sp.) Rishiri 240575
Cosmospora sp. (Fusarium sp.) Rishiri 240576
Cosmospora sp. (Fusarium sp.) Rishiri 240577
Cosmospora sp. (Fusarium sp.) Rishiri 240578
Botrytis cinerea Rishiri 240447
Pleospora herbarum (Stemphylium sp.) Rishiri 240448
Neonectria coccinea (Cylindrocarpon candidum) Rishiri 240579
Pseudozyma aphidis Rishiri 230058
Lasionectria sylvana (Acremonivin sp.) Iriomote 240580
Nectria pseudotrichia (Tubercularia lateritia) Iriomote 240581
Trichoderma cf. harzianum Iriomote 240582
Bionectria grammicosporopsis (Clonostachys grammicosporopsis) Iriomote 240583
Haematonectria haematococca (Fusarium sp.) Iriomote 240584
Nectria pseudotrichia (Tubercularia lateritia) Iriomote 240585
Arachnocrea scabrida (Verticillium-like) Iriomote 240586
Bionectria byssicola (Clonostachys byssicola) Iriomote 240587
Nectria pseudotrichia (Tubercularia lateritia) Iriomote 240588
Colletotrichum gloeosporioides Iriomote 240452
Colletotrichum capsici Iriomote 240453
Colletotrichum gloeosporioides Iriomote 240454
Fusicoccum aesculi ITriomote 240457
Fusicoccum aesculi Iriomote 240463
Colletotrichum gloeosporioides Iriomote 240464

— 134 —



HA QSN IS L ORI R IRE B O LR & £ 0L

Table 5 List of pyrenomycete isolates (Continued)

Stemphylium vesicarium

Colletotrichum gloeosporioides

Meira nashicola

Discosiella cylindrospora

Discosiella cylindrospora

Colletotrichum gloeosporioides

Colletotrichum gloeosporioides

Fusicoccum aesculi

Colletotrichum gloeosporioides sensu lato (RG2)
Macrophomina phaseolina

Zygophiala jamaicensis

Zygophiala jamaicensis

Lasiodiplodia theobromae

Colletotrichum gloeosporioides

Colletotrichum capsici

Colletotrichum capsici

Colletotrichum gloeosporioides

Lasiodiplodia theobromae

Colletotrichum boninense

Colletotrichum gloeosporioides sensu lato (RG2)
Colletotrichum gloeosporioides sensu lato (RG2)
Colletotrichum boninense

Auricularia polytricha

Colletotrichum gloeosporioides

Colletotrichum gloeosporioides sensu lato (RG6)
Corynespora cassiicola

Lasiodiplodia theobromae

Lasiodipledia theobromae

Colletotrichum gloeosporioides sensu lato (RG2)
Fusarium solani

Geotrichum candidum

Choanephora cucurbitarum

Corynespora cassiicola

Cercospora citrullina

Corynespora cassiicola

Colletotrichum capsici

Colletotrichum capsici

Colletotrichum boninense

Iriomote
Iriomote
Iriomote
Iriomote
Iriomote
Iriomote
Iriomote
Iriomote
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Ishigaki
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako

240465
240467
240471
240473
240474
240475
240476
240478
240480
240482
240485
240486
240489
240490
240492
240494
240495
240499
240501
240503
240504
240505
240508
240510
240513
240443
240515
240516
240517
240518
240519
240520
240444
240522
240445
240523
240525
240528
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Table 5 List of pyrenomycete isolates (Continued)

Macrophomina phaseolina

Bipolaris cactivora

Colletotrichum capsici

Colletotrichum gloeosporioides

Stemphylium vesicarium

Choanephora cucurbitarum

Colletotrichum gloeosporioides

Lasiodiplodia theobromae

Stemphylium vesicarium

Colletotrichum capsici

Colletotrichum gloeosporioides
Colletotrichum gloeosporioides
Haematonectria haematococca (Fusarium sp.)
Haematonectria haematococca (Fusarium sp.)
Lasiodiplodia theobromae

Pseudozyma aphidis

Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako
Miyako

240530
240531
240532
240533
240534
240536
240537
240538
240539
240540
240542
240543
240589
240590
240591
230059

() Anamorphic name.

® Rishiri: Rishiri Island; Iriomote: Iriomote Island; Ishigaki: Ishigaki Island; Miyake: Miyake Island.

Table 6 Isolation rates of Aspergillus species

Rishiri Is. Iriomote Is. Xinjiang, China"
(100 soil samples) (100 soil samples) (376 soil samples)
Sect. Fumigati

A. fumigatus s. str. 33% 32% 14%
Atypical A. fumigatus 1% 0% 7%
Sect. Nigri 11% 45% 50%
Sect. Flavi 1% 4% 10%
Sect. Terrei 6% 21% 19%
Sect. Nidulantes 1% 4% 14%

* It is not the data on this project, but listed to clarify the distinction of microbiota
among Iriomote and Rishiri Islands, and dry area.

fumigatus 0%, 1%) , Nigri i 45%, 11%, Flavi
i 4%, 1%, Terrei i 21%, 6%, Nidulantes Hi
4%, 1% Tholz. FFLE X oM S RN EEY 2
A. fumigatus i3, B-tubulin BEZTFOEARFNICL S
MEORERE, A virdinutans EEZELR. FIRELD
LWHEEBIE, Fumigati HizBRIWERLZ R T
Aspergillus i D5 HEEDVE 2 o 72,

HHE Lk

BB TH 5 HEERRE OB L 1k, Aspergillus

BAEIC L o TOHHENRZ 5 7.

A. fumigatus W23 B L5 % 47
DT> 72 (Table 6).

7z, FRMLERY
o 12h, ORI

TR #5380 & 6 IR IR O I BFR R <, Fumigati

Hin BB O S W7z DTN

LT, MoETIEHL

PAHEBT IR T OB EHRIE A R Ao 72, £ DRRI,
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HAROEEHF RS L O IRFRO R IREEB OS¢ 20 ik

WIRAT D 512 Aspergillus B & L¢3 & {18 248
] % RS Penicillium BASEE IS NzZ & h
SOMMIBMTORBORBNEEZ SN S, Fumigati
HiZBWTE, BELARETHLHRE, HEEIS
WA 2 A fumigatus DEEELCSHER L DI
LT, PEHEREROLED S IZIERBI A A
fumigatus O EHENE o /2. GBRHHETH LS
— A+ F) 7 TIRIEREIN A fumigatus TH 5 A.
viridinutans & HE THHE SN Twh (Varga et
al., 2000; Katz et al., 2005). F72, AL T
Aspergillus BLEBEICL A ERED D b, FEMEIR
2 A. fumigatus T 5 A. lentulus PREE & 7 5 1=
WE L o T (Alcazar-Fuoli et al., 2008) . &
NHIISERBIN L A fumigatus T RMR TOHH
PEWE W) FEOBRTH 5.

FKEESE KR TR Z HEEL /2. ZOAR
1%, FIRLE»O45EH (1UR13H, 95 18 1 Mk
WEHZ &), HEBD LATHEN (14E21H, 55 3
BIFKERBEEED) Tholz., BREIICT2H M
(21 30%, H b 4R ATEAKARHEZEL) %
NBRC ~&Fat L7, 7z, MESSMERIT 2 BoORE
WHEEATY, B0z s s, il
LB T3 Aegerita candida, Pseudaegerita corticalis
VE L ORESZHTHHEEINLZ 0D, ThH0H
DPRABETOBRERTH S I EAVRBENT:. —FT,
WEBTIE, Ihs 2SS, Candelabrum
brocchiatum, Helicomyces J&, Helicosporium J&733%
COREZFoHMEsh. 72, FIRSHMEEE
SHERORIZIZE AL~ L o7z (Table 7).
FIGLE EVEEB I, ENFNICE ik RE R
EBRLTYAZEFESP IRz, 72, GIRFIC
LB HFRE & M ICMNE T2 HEROSHRO
B, 3 AEF—FET, RESTTORIEIF]
P T3 7.5-24C, WEBETIZ26-34CEREZT L
5, BEE (RERS) & 2EEHOBVARE
ah/z. F/2, 285 rDNA (DU/D2 i) IRILEHIC
FORMEN & D, FRBES MRS TRES
B $H D Leotiomycetidae (Helotiales) CFTET % b
DHFEL, BEEBETHKITFEREE
Sordariomycetidae % DothideomycetidaelZ BT & 4 5
LYY ST AR

DT AEREE (EMEAEE) EEIZR o 72
BRSOy — V0 BB OZ MM R mLst
DEAIZE S Lo TEAT A ENS, ABREOR
BEPLOWBELRA2ZEFNONTV S, FICER

B AESoZSHTIE, BEKRRLICE D % RE
FUEDEAPREVETFHRIATVE., 2O Eh
5, BB Lo HEEHEOEL Y- 7
OEEEREZMA C Lk, BROLBEESEEOEL
VW2 L CLERTR2FMHERE 2 5. K5
T, ¥ N (Betula ermanii) EEICEBTS
BNEEOS A %, ALEEIHOFIR B D 5 FIFIL

(% 1721 m) OEBICH > THW7% (Osono &
Hirose, 2009).

TOFRER, SR THHMOMNEEFBRLZ, 55
Trichoderma viride, T. hamatum, T. polysporum,
Mucor hiemalis, M. genevensis, Penicillium soppi, P.
thomii B & ¥ Cladosporium cladosporioides,
Mortierella cf. polycephala, Paecilomyces sp.,
Pilidiella sp., Phoma sp. O 12 EHECHB L
2. BURNREOBO BN, SHERE, WHER
1500m RSBV THO 4 E &) dED» - 72, H
ML DFHALLEE X 300, 600, 900 m 0> 3 Hb & T Ly
B0 72nt, INH3MHMELYVBVEFD 2 1K

(1200, 1500 m) & CHEMBLOEUE I KA -7, F
72 1200 m #i 5 & 1500 m Hb 5 O FHPE I KD o 72,
BET L1201, HEICR BBy —hs,
600m, 900m, 1200m, 1500 m A TZhZNHIH
BEPRERE L2 4ABCRS S, DLEokRy
b, ¥ iy NEEEOBNREEOS B & TR
FIPLILDRERIC &b % 9 BEOEMTH LTELL T
BY, TOLEIFRIC1200m & ) BWEBOMET
HETH 7.

V7= RIEE R AT AEBEOL R W
RO ELAERY TH D) 7= BRI
ST AERNEALTEY, BMIBICBIZ%EED
DR BNTHLI R EEZES . V7= Vo mEE
HOEE T ZII-HEMRZARLT I EHON
THBY, REOERE LWENL., HEOEABSRIE,
WO 7 F, BREROY 7Y 8%, BB
ATV, FTIAEINDY Y UROT R, #
WEHRD 7 ¥ NF XL ETINE THRED D
D, HFHEESFREEESEAICHS L TWDZ e
WHoMZENTWSH, EHIETIE, FIRBTHESL
T TR TH S I X5 (Quercus crispula) @
EHZRIT-REL, BRETHESWERLL7F
BDOR 5T 4 (Castanopsis sieboldii) DIEH % ZiT
THERZMELE LT, EACHESTIHEBOL RS
fewRAE U7z ORE, IR, 2009).

ZTORER, I AF TEETIIHHS N 4TH R,
ERRroaBs N Ao T RELER (RQ-
BL-21) , BEOETFREEEH (RQ-BL-151) , B
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Table 7 Aero-aquatic and aquatic fungi isolated from Rishiri Is. and Iriomote Islands

Sampling site/Fungus

Substrate

Rishiri Island.

Hime-numa
Aegerita candida
Helicoon sessile
Helicoon sp.

Pseudaegerita corticalis

Spirosphaera carici-graminis

Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs

River near Hime-numa
Candelabrum japonense
Helicomyces sp.

Pseudaegerita corticalis

Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs

Kanrosensui
Aegerita candida
Aegerita tortuosa
Clathrosporium olivatrum
Helicosporium griseum
Helicosporium ?

Pseudaegerita corticalis

Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs

Kutsugata
Pseudaegerita corticalis
Pseudaegerita sp.

Varicosporium elodeaea

Submerged decaying twigs
Submerged decaying twigs
Submerged decaying litter

Menushoro-numa, Minamihama-shitsugen

Spirosphaera dimorpha

Submerged decaying litter (Sasa veitchii 7)

Otatomari-numa
Aegerita candida
Aegerita sp.
Clathrosphaerina zalewskii
Helicoon sessile
Pseudaegerita corticalis

Pseudaegerita corticalis ?

Pseudoclathrosphaerina evamariae

Spirosphaera dimorpha

Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs

Submerged decaying litter (Phragmites australis 7)

Under Kokusei-bashi

Aegerita candida

Submerged decaying twig
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Table 7 Aero-aquatic and aquatic fungi isolated from Rishiri Is. and Iriomote Islands (Continued)

Iriomote Island

Maera-river
Tetraploa sp. Foam
Nodake

Candelabrum brocchiatum
Dendrosporium lobatum
Helicoma viridis
Helicomyces roseus
Helicosporium virescens

Peyronelina glomerulata

Submerged decaying twigs
Submerged decaying litter
Submerged decaying twigs
Foam

Submerged decaying twigs
Submerged decaying twigs

Shiira-river

Candelabrum brocchiatum
Candelabrum cf. brocchiatum
Dendrosporium lobatum
Helicoma limpidum
Helicomyces torquatus
Helicosporium panacheum
Helicosporium talbotii
Peyronelina glomerulata

Unidentified fungus

Submerged decaying twigs
Submerged decaying twigs
Submerged decaying litter
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs

Subtropical trees exhibition wood, Ootomi

Candelabrum brocchiatum
Candelabrum brocchiatum?
Candelabrum cf. brocchiatum
Helicosporium griseum
Helicosporium panacheum

Helicosporium sp.

Submerged decaying twigs
Submerged decaying twigs
Submerged decaying litter
Submerged decaying twigs
Submerged decaying twigs
Submerged decaying twigs

Urauchi-river

Candelabrum brocchiatum
Diplocladiella cf. alta
Diplocladiella taurina
Helicomyces torquatus

Helicosporous fungi

Submerged decaying twigs, submerged decaying litter

Foam
Foam
Submerged decaying twigs
Submerged decaying litter

Isthmotricladia cf. laeensis® Foam
Polylobatispora deltoidea Foam
Polylobatispora sp. Foam
Scutisporus brunneus Foam
Tetracladium sp.” Foam
Triscelophorus acuminatus 7' Foam
Waterfall, Urauchi-river
Helicosporous fungi Foam
Triscelophorus acuminatus 7" Foam

* Aquatic fungus.
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I UIEERRA LA S NBEBELTY U A< 2R
B LT Xylaria sp. & B X /-8Hk (RQ-NB-31) ,
D 3EE (Z4THEHRD 6%) THEDEHNDPRD S
h7:. DNABERMOMFT» S, Thb 3HKIET
BHMIZCE L, RQ-BL-21i X ¥ ¥ ¥ &

(Leotiomycetes) , RQ-NB-31 k7 a4 74 %4
B Xylariaceae ® Xylaria sp., € L T RQ-BL-151 &
1 ¥ 7 % 7% Sarcosomataceae (BT 5 W
&, FRENED DNABERERFOMRAEIE» -
Fo. AF VA FETE S N52E KT, FITEH
W o HE S Nz R EE QM FEIE (IR-BL-11, IR-
BL-41, IR-BL-181) , Marasmius spp. (IR-BL-23,
IR-BL-101) , B X UFHBED Xylaria BH (IR-
BL-121) , Geniculosporium spp. (IR-BL-151, IR-
NB-33) , AfoRFRERE#H (IR-BL-21, IR-NB-
171) 7 C15WH (£52H KD 29%) THEDOEHN
R BTz,

HEHBEFHEE FRBOMETIE, 2633k
(20074, 58FEL ; 20084F, 205K = HE LM
R, s8Eestl 5% 5103 #k (20074F, 274k ;
20084, 76kk) ML TE 7/ (Table 8). FRBEDH
HTIE, SIREEZMRA LB, 12B13fEr5%521
¥eFFENT& 2 (Table 9). B X EEX5 DK TIE,

HARBESERONEVGECHMETHERZET Y
ENHY, BREROMILICESL Rh ol

PR B OREIEMICIE, ABERETETH 5 Lactarius
flavidulus, Leccinum scabrum, Lentinelus
flabelliformis, Paxillus involutus, Pleurotus
abieticola, Suillus grevillei, Suillus pictus,
Tricholoma portentosum, Tricholomopsis decora 72
ERRwZEESNS T, U —SREER AR
B e & DI, SMEEREOSEBESLENS Ry
REN. —J, WERBORE#KIZE, RE7 VT
T CHHAiT B Campanella junghuhnii, Lentinus
velutinus, Tetrapyrgos nigripes iz EWR W2 &,
1FE ALY —GREEPARMBEHEETH - 7.
WECTHBT Z2HMIIMRATEL,ok. B, DNA
® BLAST MZE CTE VM Z R & & WK IS <
Boh, FEMEOB VSR BIEZEEFETE L,

o ZREREETEEIZ, b TR SEE
FELD, KPECLYVZOSBREZHPTE LI
Bviiv, L»L, FIRBLEEETIE, @<8&%5
HARWZESH, ZREFNREHOREMEE BT 5 &
EZONBHEPEL L RVZENn. FRETRWE
Sh-EmEEM R, BRNcEdElERL iz
RLZART 2 TH Y, SERREEZ ST

o= =

Zhol. LidoT, FREOREHFHEDOIHE
X, ABEORME - fliALmBEE LR, FRLEHEM
ThbeEZONI. —F, HEETEWARKAED
Wi L d SRR EMTE S 2Rk E o
A, BobOWEIE, EET7 VTSP LERD
EEZLNBELOTHY, EHFHOBEML FMhE
T A LRSI,

EDOTHBKEABTHIE, TEAREFEILOW
BYPEEHBCRE(EEINE 2D, EBRICERT
B WEA & EREICIBIBT 5 22 W I BRI R S 58 1
MZHE BETEEE) LETHLLEINTVES,
T/, BEOLMBNELG LY ¥ — 5 AR B W
b, BRORELMEFREIZHEIN T
A, EHIT, EOIBBRKEETEIGERICTFERK
D FEA RN, FEHNE & R ICH THaE
BERZTHLRINERSRW., 200, BEOHIE
ENHE L& IEBRKEEFRORE TR, 7%
IR B & LAWEAREICH LT, BEks
B2 70O RIELARLTIIBB MBI SR, L
HoT, &%, SOIHBRREETEORE®EKEL LD
L hoBEERE LTRIE{BE7-011, BT
OEIWE FCER) 2, XY EHE (5-104) Th
BRI RCEEN S,

mEEE FIFREH 5134 100 4, FHEBH» HIEH
180 HOEANFE LN, Zhoed, FIRBERNS0
Witk, WERBEN 100HKTzOEELZ. ARABE» LR
BENTHEOL L RENOBRFUIICIEL 9HT 5
FThHolz. FIRBOFMHIIBYTE N ey, =V
TV E Vo T ERPEECTH LY, TNHICHE
AT BHEOL BT URIIBWTEIRT <Y
EICHRET I THo7. LALRBLUTO 6
BEINREFETH Y, 205132 —F YT OHE%E
WERLICOHATHHEEELZONS | Anomoporia
kamtschatica, Anirodia odora, Junghuhnia
separabilima, Postia ptychogaster, P. rancida,
Trechispora candidissima.

—F, BREBIIBVWTRESNLHED ) b—EIZE
AR EOHBECTH o720, FBECHESRZD
DOFLAENRET VT HGHIRE DILBETH -
7. Echinochaete B O —FEIIRILME L HWT s, E.
maximipora & L T # L 72 (Sotome et al.,
2009) . U TOEMNREEMPRE S N, 2
NOBVWINIEHT7 VT LORBRETH S !
Coriolopsis badia, C. polyzona, Dichomitus
cavernulosa, Gloeoporus croceopallens, Hyphodontia
ovispora, Phellinus ferrugineovelutinus, P.
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Table 8 List of cultures of basidiomycetous mushrooms obtained in Rishiri Island

Number of

Taxon (genus) -
Species Culture

Agrocybe 1 2
Amanita 3

Ampulloclitocybe 1

W
['8)

Armillaria
Artomyces
Chalciporus
Clitocybe
Coprinopsis
Cortinarius
Crucibulum
Cystoderma
Dictyophora
Galerina
Gymnopilus
Gymnopus

Hebeloma

[ > J & S NG i VFO S G

Hygrophoropsis

£
V3

Lactarius
Leccinum
Lentinellus
Lepista
Lycoperdon
Lyophyllum

i N B e T B

Marasmiellus

I
N

Marasmius
Melanoleuca
Mycena
Paxillus
Phallus
Pleurotus 2-3
Psathyrella 1
Russula 2-3
Stropharia
Suillus

Tricholoma

—_ e O\ —

Tricholomopsis
Xeromphalina
Xerula

Total 68-73 103

3
1
7
1
2
2
1
1
1
1
2
2
3
7
2
1
6
4
2
1
5
1
1
8
1
9
2
1
3
1
3
2
3
6
1
3
1

— R — B W N
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Table 9 List of cultures of basidiomycetous mushrooms obtained in Iriomote Island

Number of
Taxon (genus)
Species Culture

Campanella 1 1
Coprinopsis 1 1
Hohenbuehelia 1 1
Lentinus 1 1
Marasmiellus 1-2 2
Micromphale 1 1
Mycena 1 1
Parasola 1 1
Pleurotus 1 1
Psathyrella 2-3 7
Schizophyllum 1 2
Tetrapyrgos 1 2
Total 13-15 21

glaucescens, P. tricolor, Trichaptum brastagii. &5
{2, Ceriporia, Ceriporiopsis, Dichomitus,
Pachykytospora, Phellinus, Postia % B % EI12E$ 5
kFEMPLZHRE SN TVEY, 2hLbED—
WILARBEEEZONS.
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IFM : EMREEEN THREREEBEHEZANE LY & —

¥ Y FHE (F%)
Botryochytrium sp. NBRC 107460

BWOSRREHEMO LB & 2 0 ki

NBRC 107461

NBRC 107462

NBRC 107463

NBRC 107464

NBRC 107465

NBRC 107466

NBRC 107467

NBRC 107468

NBRC 107469

NBRC 107470
Schizochytrium sp. NBRC 107471
Sicyoidochytrium sp. NBRC 107472
Thraustochytrium aureum NBRC 107473
Thraustochytrium aureum NBRC 107474
Thraustochytrium aureum NBRC 107475
Thraustochytrium aureum NBRC 107476
Thraustochytrium aureum NBRC 107477
Thraustochytrium aureum NBRC 107478
NBRC 107479

NBRC 107480

NBRC 107481

NBRC 107482

NBRC 107483

NBRC 107484

NBRC 107485

NBRC 107486

NBRC 107487

NBRC 107488

NBRC 107489

Botryochytrium sp.
Schizochytrium sp.
Schizochytrium sp.
Schizochytrium sp.
Schizochytrium sp.
Schizochytrium sp.
Schizochytrium sp.
Schizochytrium sp.
Schizochyirium sp.
Schizochytrium sp.

Ulkenia sp.
Ulkenia sp.
Ulkenia sp.
Ulkenia sp.
Ulkenia sp.
Ulkenia sp.
Ulkenia sp.
Ulkenia sp.
Ulkenia sp.
Ulkenia sp.
Ulkenia sp.

BT (Rl - AR

Pythium intermedium NBRC 107360
Pythium macrosporum NBRC 107361
Pythium catenulatum NBRC 107362
Pythium undulatum NBRC 107363
Pythium sp. NBRC 107364

Pythium pyrilobum NBRC 107365
Pythium dissotocum NBRC 107366
Pythium sp. NBRC 107367

Pythium sp. NBRC 107368
Aphanomyces cladogamus NBRC 107369
Pythium helicoides NBRC 107370
Pythium helicoides NBRC 107371
Pythium sp. NBRC 107372

Pythium sp. NBRC 107373

Pythium helicoides NBRC 107374
Pythium sp. NBRC 107375
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Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.

Aphanomyces sp. NBRC 107390

Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.

NBRC 107376
NBRC 107377
NBRC 107378
NBRC 107379
NBRC 107380
NBRC 107381
NBRC 107382
NBRC 107383
NBRC 107384
NBRC 107385
NBRC 107386
NBRC 107387
NBRC 107388
NBRC 107389

NBRC 107391
NBRC 107392
NBRC 107393
NBRC 107394
NBRC 107395

Pythium catenulatum NBRC 107396
Pythium sp. NBRC 107397
Pythium sp. NBRC 107398
Pythium sp. NBRC 107399
Pythium sp. NBRC 107400
Pythium sp. NBRC 107401

Pythium aphanidermatum NBRC 107402

Pythium sp. NBRC 107403

Pythium spinosum NBRC 107404
Pythium parvum NBRC 107405
Pythium sp. NBRC 107406

Pythium torulosum NBRC 107407
Pythium arrhenomanes NBRC 107408

Pythium aphanidermatum NBRC 107409

Pythium arrhenomanes NBRC 107410
Pythium inflatum NBRC 107411
Pythium takayamanum NBRC 107412
Pythium torulosum NBRC 107413
Pythium heterothallicum NBRC 107414
Pythium heterothallicum NBRC 107415
Pythium intermedium NBRC 107416
Pythium minus NBRC 107417

Pythium parvum NBRC 107418
Pythium spinosum NBRC 107419
Pythium takayamanum NBRC 107420
Pythium vexans NBRC 107421
Pythium sp. NBRC 107422

Pythium sp. NBRC 107423

Pythium heterothallicum NBRC 107424
Pythium heterothallicum NBRC 107425
Pythium helicoides NBRC 107426
Pythium helicoides NBRC 107427
Pythium myriotylum NBRC 107428

Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.
Pythium sp.

NBRC 107429
NBRC 107430
NBRC 107431
NBRC 107432
NBRC 107433
NBRC 107434
NBRC 107435
NBRC 107436
NBRC 107437
NBRC 107438
NBRC 107439
NBRC 107440
NBRC 107441
NBRC 107442

Pythium heterothallicum NBRC 107443
Pythium heterothallicum NBRC 107444
Pythium heterothallicum NBRC 107445
Pythium macrosporum NBRC 107446
Pythium macrosporum NBRC 107447
Pythium sylvaticum NBRC 107448
Pythium apleroticurn NBRC 107449
Pythium aquatile NBRC 107450
Pythium litorale NBRC 107451
Pythium oligandrum NBRC 107452
Pythium dissotocum NBRC 107453
Pythium sp. NBRC 107454

Pythium helicoides NBRC 107455
Pythium helicoides NBRC 107456
Pythium sp. NBRC 107457

Pythium sp. NBRC 107458

Pythium sp. NBRC 107459

BAWE (B

Absidia cylindrospora DS0Z139
Absidia glauca DK9Z4-DS0Z113
Actinomucor elegans DS0Z73
Backusella lamprospora DS0Z126
Basidiobolus haptosporus DS0Z66
Basidiobolus meristosporus DS0Z71
Chaetocladium brefeldii DS0Z114
Coemansia aciculifera DS0Z64
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Coemansia aciculifera DS0Z70
Coemansia erecta DS0Z72

Coemansia furcata DS0Z76
Conidiobolus coronatus DK9Z12-DS0Z123
Cunninghamella echinulata DS0Z146
Cunninghamella echinulata DS0Z55
Cunninghamella elegans DS0Z148
Cunninghamella elegans DS0Z57
Dimargaris arida DS0Z91
Gongronella butleri DS0Z128
Hyphomucor assamensis DS0Z17
Hyphomucor assamensis DS0Z18
Kickxella alabastrina DS0Z125
Kickxellaceae gen.et sp. nov. DK9724-DS0Z58
Kirkiana ramosa DS0Z19

Mortierella alpina DS0Z119
Mortierella alpina DS0Z132
Mortierella ambigua DS0Z133
Mortierella bainieri DS0Z54
Mortierella bisporalis DS0Z134
Mortierella elongata DS0Z135
Mortierella elongata DK9Z16
Mortierella exigua DS0Z120
Mortierella exigua DS0Z136
Mortierella fimbricystis DK97Z14-DS0Z100
Mortierella globulifera DS0Z121
Mortierella humilis DS0Z82
Mortierella hyalina DS0Z122
Mortierella oligospora DS0Z171
Mortierella selenospora DS0Z74
Mortierella simplex DS0Z75
Mortierella sp. DS0Z104

Mortierella vesiculosa DS0Z86
Mortierella vesiculosa DS0Z87
Mortierella wuyishanensis DS0Z137
Mortierella zychae DS0Z102

Mucor circinelloides DS0Z13

Mucor circinelloides DS0Z42

Mucor hiemalis DS0Z11

Mucor hiemalis DS0Z41

Mucor hiemalis DS0Z12

Mucor plasmaticus DK9Z1-DS0Z112
Mucor racemosus DS0Z46
Phascolomyces articulosus DS0Z165
Pilobolus crystallinus DS0Z129
Piptocephalis xenophila DS0Z60
Ramicandelaber brevisporus DK9Z11-DS0Z59

Rhizopus oryzae DS0Z131
Rhizopus sexualis DK9Z8-DS0Z99
Rhizopus stolonifer DS0Z130
Rhizopus stolonifer DS0Z50
Rhopalomyces elegans DS0Z170
Syncephalis depressa DS0Z62
Syncephalis depressa DS0Z92
Syncephalis formosana DS0Z63
Thamnocephalis quadrupedata DS0Z51
Umbelopsis isabellina DS0Z115
Umbelopsis ramanniana DS0Z117
Umbelopsis vinacea DS0Z118

Penicillium FRWIHE (%)

Penicillium cf. multicolor NBRC 106902
Penicillium meleagrinum NBRC 106903
Penicillium cf. daleae NBRC 106904
Penicillium oxalicum NBRC 106905
Penicillium cf. raperi NBRC 106906
Penicillium pinophilum NBRC 106907
Penicillium citrinum NBRC 106908
Penicillium sclerotiorum NBRC 106909
Penicillium piceum NBRC 106910
Penicillium paxilli NBRC 106911
Penicillium herqueit NBRC 106912
Penicillium adametzii NBRC 106913
Penicillium janthinellum NBRC 106914
Penicillium janczewskii NBRC 106915
Penicillium roseopurpureum NBRC 106916
Penicillium adametzii NBRC 106917
Penicillium citreonigrum NBRC 106918
Penicillium decaturense NBRC 106919
Penicillium soppii NBRC 106920
Penicillium asperosporum NBRC 106921
Penicillium simplicissimum NBRC 106922
Penicillium verruculosum NBRC 106923
Penicillium manginii NBRC 106924
Penicillium thomii NBRC 106925
Penicillium biourgeianum NBRC 106926
Penicillium cf. swiecicikii NBRC 106927
Penicillium lividum NBRC 106928
Eupenicillium brefeldianum NBRC 106929
Talaromyces cf. stipitatus NBRC 106930
Talaromyces trachyspermus NBRC 106931
Talaromyces trachyspermus NBRC 106932

R (RAR)
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Annulohypoxylon stygium NBRC 106994
Annulohypoxylon stygium NBRC 106995
Arthrinium phaeospermum NBRC 106986
Aureobasidium pullulans NBRC 106987
Botryotinia fuckeliana NBRC 106996
Botryotinia fuckeliana NBRC 106997
Botryotinia porri NBRC 106998
Botryotinia porri NBRC 106999
Glomerella cingulata NBRC 107000
Glomerella cingulata NBRC 107001
Glomerella cingulata NBRC 107002
Coniozyma leucospermi NBRC 107003
Cryptosporiopsis actinidiae NBRC 106988
Daldinia eschscholzii NBRC 107024
Daldinia eschscholzit NBRC 107025
Glomerella acutata NBRC 106989
Glomerella acutata NBRC 106990
Glomerella cingulata NBRC 107004
Glomerella cingulata NBRC 107005
Melanconis alni NBRC 107006
Melanconis alni NBRC 107007
Melanconis alni NBRC 107008
Neofusicoccum mangiferae NBRC 107009
Neofusicoccum mangiferae NBRC 107010
Neofusicoccum mangiferae NBRC 107011
Neofusicoccum mangiferae NBRC 107012
Neofusicoccum mangiferae NBRC 107013
Neofusicoccum mangiferae NBRC 107014
Neofusicoccum mangiferae NBRC 107015
Neofusicoccum mangiferae NBRC 107016
Neofusicoccum mangiferae NBRC 107017
Neofusicoccum mangiferae NBRC 107018
Neofusicoccum mangiferae NBRC 107019
Pezicula sporulosa NBRC 107020
Phaeoacremonium griseorubrum NBRC 106991
Phaeoacremonium griseorubrum NBRC 106992
Phaeosphaeriopsis musae NBRC 107021
Phomopsis bougainvilleicola NBRC 106993
Rhytidhysteron rufulum NBRC 107022
Rhytidhysteron rufulum NBRC 107023
Sydowia polyspora NBRC 107026
Sydowia polyspora NBRC 107027
Sydowia polyspora NBRC 107028

ABFREEB L7 FEV TR (AW
()
Ascocratera manglicola NBRC 106250

Kalmusia brevispora NBRC 106240
Lindgomyces ingoldianus NBRC 106126
Lindgomyces sp. NBRC 106130
Pseudotetraploa curviappendiculata NBRC 106241
Quadricrura meridionalis NBRC 106242
Quadricrura septentorionalis NBRC 106243
Quadricrura septentorionalis NBRC 106244
Roussoella sp. NBRC 106245

Salsuginea ramicola NBRC 106256
Salsuginea ramicola NBRC 106257
Tetraploa sp. NBRC 106251

Tingoldiago graminicola NBRC 106132
Triplosphaeria cylindrica NBRC 106247
Triplosphaeria sp. NBRC 106249

WAEREE (U EEREE (P
Carbosphaerella leptosphaerioides NBRC 106647
Carbosphaerella leptosphaerioides NBRC 106648
Corollospora colossa NBRC 106650
Corollospora maritima NBRC 106639
Corollospora maritima NBRC 106640
Corollospora maritima NBRC 106651
Corollospora pseudopulchella NBRC 106641
Corollospora pseudopulchella NBRC 106642
Dendryphiella salina NBRC 106661
Halosigmoidea parvula NBRC 106655
Halosigmoidea parvula NBRC 106656
Hualosigmoidea parvula NBRC 106659
Halosigmoidea parvula NBRC 106660
Halosigmoidea sp. NBRC 106652
Halosigmoidea sp. NBRC 106653
Halosigmoidea sp. NBRC 106654
Halosigmoidea sp. NBRC 106657
Halosigmoidea sp. NBRC 106658

Lindra obtusa NBRC 106635

Lindra obtusa NBRC 106636

Lindra thalassiae NBRC 106645

Lindra thalassiace NBRC 106646

Savoryella appendiculata NBRC 106649
Trailia ascophylli NBRC 106637

Trailia ascophylli NBRC 106638

Trailia ascophylli NBRC 106643

Trailia ascophylli NBRC 106644

ZMBER ()
Isaria fumosorocea NBRC 106942
Isaria cf. tenuipes NSB-181-1
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Isaria takamizusanensis SSB-188-1
Gibellula sp. SB-204

Isaria sp. SB-205

Isaria tenuipes SB-207
Conoideocrella luteorosirata NBRC 106950
Conoideocrella luteorostrata SB-210
Nomuraea atypicola NBRC 106945
Isaria tenuipes SB-213

Gibellula sp. SB-214

Metarhizium sp. SB-215
Metarhizium sp. SB-216

Isaria cf. tenuipes SB-217
Termitomyces sp. NBRC 106973
Torrubiella cf. ryukyuensis SB-219
Isaria fumosorocea SB-220
Gibellula of. pulchra SB-251-1
Gibellula pulchra SB-252

Gibellula pulchra SB-253

Gibellula pulchra SB-254

Gibellula pulchra SB-255
Ophiocordyceps sphecocephala SB-256-1
Simplicillium sp. SB-261-1

R (B - kg - HHE)

Alternaria alternata MAFF 240565
Aphanoeladia sp. SR 26

Aphanoeladia sp. SR 27

Aphanoeladia sp. SR 28

Arachnocrea scabrida MAFF 240586
Auricularia polytricha MAFF 240508
Bionectria byssicola MAFF 240587
Bionectria grammicosporopsis MAFF 240583
Bipolaris cactivora MAFF 240531
Botryosphaeria dothidea IR-1
Botryosphaeria dothidea IR-2
Botryosphaeria dothidea IR-3

Botrytis cinerea MAFF 240447

Byssostilbe sp. SR 24

Byssostilbe sp. SR 25

Ceratocystis moniliformis IR-4
Ceratocystis moniliformis IR-5
Ceratocystis moniliformis IR-6

Cercospora citrullina MAFF 240522
Choanephora cucurbitarum MAFF 240520
Choanephora cucurbitarum MAFF 240536
Colletotrichum boninense MAFF 240501
Colletotrichum boninense MAFF 240505

Colletotrichum boninense MAFF 240528
Colletotrichum capsici MAFF 240453
Colletotrichum capsici MAFF 240492
Colletotrichum capsict MAFF 240494
Colletotrichum capsici MAFF 240523
Colletotrichum capsici MAFF 240525
Colletotrichum capsici MAFF 240532
Colletotrichum capsici MAFF 240540
Colletotrichum gloeosporioides MAFF 240452
Colletotrichum gloeosporioides MAFF 240454
Colletotrichum gloeosporioides MAFF 240464
Colletotrichum gloeosporioides MAFF 240475
Colletoirichum gloeosporioides MAFF 240476
Colletotrichum gloeosporioides MAFF 240480
Colletotrichum gloeosporioides MAFF 240490
Colletotrichum gloeosporioides MAFF 240495
Colletotrichum gloeosporioides MAFF 240503
Colletotrichum gloeosporioides MAFF 240504
Colletotrichum gloeosporioides MAFF 240510
Colletotrichum gloeosporioides MAFT 240513
Colletotrichum gloeosporioides MAFTF 240517
Colletotrichum gloeosporioides MAFF 240533
Colletotrichum gloeosporioides MAFF 240537
Colletotrichum gloeosporioides MAFF 240542
Colletotrichum gloeosporioides MAFF 240543
Colletotrichum gloeosporioides MAFF 240467
Cordyceps sp. SR 29

Cordyceps sp. SR 30

Cordyceps sp. SR 31

Corynespora cassiicola MAFF 240443
Corynespora cassiicola MAFF 240444
Corynespora cassiicola MAFF 240445
Cosmospora sp. MAFF 240564

Cosmospora sp. MAFF 240569

Cosmospora sp.
Cosmospora sp.
Cosmospora sp.
Cosmospora sp.
Cosmospora sp.
Cosmospora sp.
Cosmospora sp.

MAFF 240570
MAFT 240571
MAFF 240572
MAFF 240575
MAFF 240576
MAFF 240577
MAFF 240578

Cryphonectria macrospora IR-10
Cryphonectria macrospora IR-11
Cryphonectria macrospora IR-12
Discosiella cylindrospora MAFF 240471
Discosiella cylindrospora MAFF 240473
Meira nashicola MAFF 240474
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Fusarium solani MAFF 240518 Ophiostoma aoshimae SR 6

Fusicoccum aesculi MAFF 240478
Fusicoccum aesculi MAFF 240457
Fusicoccum aesculi MAFF 240463
Geotrichum candidum MAFF 240519
Gibberella sp. SR 34

Gibberella sp. SR 38

Ophiostoma longicollum IR-16
Ophiostoma longicollum IR-17
Ophiostoma longicollum IR-18
Ophiostoma sp. SR 7
Ophiostoma sp. SR 8
Ophiostoma sp. SR 9

Haematonectria haematococca MAFF 240584
Haematonectria haematococca MAFF 240589
Haematonectria haematococca MAFF 240590

Pleospora herbarum MAFF 240448
Pseudozyma aphidis MAFF230058
Pseudozyma aphidis MAFF230059

Hypocrea cf. atroviridis MAFF 240573
Hypocrea cf. atroviridis MAFF 240574
Hypocrea sp. SR 35

Hypocrea sp. SR 36

Hypocrea sp. SR 37

Hypocrea pachybasioides MAFF 240567
Hypocrea strictipilosa MAFF 240568
Lasiodiplodia theobromae MAFF 240489
Lasiodiplodia theobromae MAFF 240499
Lasiodiplodia theobromae MAFF 240515
Lasiodiplodia theobromae MAFF 240516
Lasiodiplodia theobromae MAFF 240538
Lasiodiplodia theobromae MAFF 240591
Lasionectria sylvana MAFF 240580
Leptographium sp. SR 10
Leptographium sp. SR 11
Leptographium sp. SR 12

Lasiosphaeria punctata SR18
Lasiosphaeria punctata SR19
Lasiosphaeria punctata SR20
Lasiosphaeria ovena SR21
Macrophomina phaseolina MAFF 240530
Macrophomina phaseolina MAFF 240482
Nectria pseudotrichic MAFF 240581
Nectria pseudotrichia MAFF 240585
Nectria pseudotrichia MAFF 240588
Nectria pseudotrichia IR-7

Nectria pseudotrichia IR-8

Nectria pseudotrichia IR-9

Nectria sp. IR-19

Nectria sp. IR-20

Nectria sp. IR-21

Neonectria coccinea MAFF 240579
Nomuraea atypicola SR 32

Nomuraea atypicola SR 33

Ophiostoma aoshimae SR 4

Ophiostoma aoshimae SR 5

Raffaelea sp. IR-13

Raffaelea sp. IR-14

Raffaelea sp. IR-15

Stemphylium lycopersici MAFF 240450
Stemphylium lycopersici MAFF 240449
Stemphylium vesicarium MAFF 240566
Stemphylium vesicarium MAFTF 240539
Stemphylium vesicarium MAFF 240465
Stemphylium vesicarium MAFF 240534
Trichoderma cf. harzianum MAFF 240582
Valsa ceratosperma SR1

Valsa ceratosperma SR2

Valsa ceratosperma SR3

Valsella diatrypa SR22

Valsella diatrypa SR23

Zygophiala jamaicensis MAFF 240485
Zygophiala jamaicensis MAFF 240486

Aspergillus WEBRE (RO)
Talaromyces sp. IFM 58209
Eupenicillium javanicum IFM 58210
Eupenicillium sp. IFM 58211
Eupenicillium javanicum IFM 58212
Eupenicillium javanicum IFM 58213
Eupenicillium javanicum IFM 58214
Eupenicillium javanicum IFM 58215
Eupenicillium javanicum IFM 58216
Eupenicillium sp. IFM 58217
Eupenicillium sp. IFM 58218
Neosartorya spinosa IFM 58219
Eupenicillium brefeldianum 1IFM 58220
Eupenicillium sp. IFM 58221
Talaromyces sp. IFM 58227
Neosartorya sp. IFM 58228
Talaromyces sp. IFM 58229
Neosartorya quadricincta IFM 58230
Talaromyces sp. IFM 58233
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Dichotomomyces cejpii IFM 58234
Talaromyces sp. [IFM 58235
Eupenicillium sp. IFM 58392
Neosartorya quadricincta IFM 58393
Neosartorya sp. IFM 58394
Eupenicillium sp. IFM 58395
Neosartorya fischeri IFM 58396
Talaromyces trachyspermus IFM 58397
Talaromyces sp. IFM 59438
Eupenicillium sp. IFM 59439
Talaromyces sp. IFM 59440
Neosartorya sp. IFM 59441
Eupenicillium sp. IFM 59442

FORERIE (LD

Aegerita candida NBRC 106769

Aegerita candida NBRC 106759

Aegerita candida NBRC 106782

Aegerita candida NBRC 106784

Aegerita candida NBRC 106774

Aegerita tortuosa NBRC 106768
Candelabrum brocchiatum NBRC 106802
Candelabrum brocchiatum NBRC 106803
Candelabrum brocchiatum NBRC 106805
Candelabrum brocchiatum NBRC 106808
Candelabrum brocchiatum NBRC 106813
Candelabrum brocchiatum NBRC 106788
Candelabrum brocchiatum NBRC 106791
Candelabrum brocchiatum NBRC 106792
Candelabrum brocchiatum NBRC 106799

Candelabrum cf. brocchiatum NBRC 106810

Candelabrum japonense NBRC 106777
Clathrosphaerina zalewskii NBRC 106761
Clathrosphaerina zalewskii NBRC 106760
Clathrosphaerina zalewskii NBRC 106779
Clathrosporium olivatrum NBRC 106767
Diplocladiella cf. alta NBRC 106795
Diplocladiella taurina NBRC 106815
Helicoma limpidum NBRC 106811
Helicomyces roseus NBRC 106790
Helicomyces sp. NBRC 106766
Helicomyces torquatus NBRC 106804
Helicomyces torquatus NBRC 106807
Helicomyces torquatus NBRC 106800
Helicoon sessile NBRC 106757

Helicoon sessile NBRC 106775
Helicosporium griseum NBRC 106786

BORIRE IR DL R & £ DL

Helicosporium griseum NBRC 106785
Helicosporium panacheum NBRC 106814
Helicosporium panacheum NBRC 106787
Helicosporium talbotii NBRC 106809
Helicosporium virescens NBRC 106793
Isthmotricladia cf. laeensis NBRC 106796
Peyronelina glomerulata NBRC 104523
Peyronelina glomerulata NBRC 104522
Polylobatispora deltoidea NBRC 106820
Polylobatispora deltoidea NBRC 106821
Polylobatispora deltoidea NBRC 106822
Polylobatispora sp. NBRC 106823
Pseudaegerita corticalis NBRC 106770
Pseudaegerita corticalis NBRC 106754
Pseudaegerita corticalis NBRC 106762
Pseudaegerita corticalis NBRC 106756
Pseudaegerita corticalis NBRC 106758
Pseudaegerita corticalis NBRC 106763
Pseudaegerita corticalis NBRC 106765
Pseddaegerita corticalis NBRC 106781
Pseudaegerita corticalis NBRC 106771
Pseudaegerita corticalis NBRC 106772
Pseudaegerita corticalis NBRC 106773
Pseudaegerita corticalis NBRC 106776
Pseudaegerita corticalis NBRC 106778
Pseudaegerita corticalis NBRC 106780

Pseudoclathrosphaerina evamariae NBRC 106755

Scutisporus brunneus NBRC 106816
Scutisporus brunneus NBRC 106817
Scutisporus brunneus NBRC 106818
Scutisporus brunneus NBRC 106819

Spirosphaera carici-graminis NBRC 106764

Spirosphaera dimorpha NBRC 106783
Tetracladium sp. NBRC 106797
Tetraploa sp. NBRC 106789
Triscelophorus sp. NBRC 106806
Triscelophorus sp. NBRC 106794
Triscelophorus sp. NBRC 106798
Unidentified fungus NBRC 106812
Varicosporium elodeae NBRC 106753

V72 UATREEE R EED  CRED
Absidia glauca B3-32

Aptospora montagnei B8-193
Cladosporium cladosporioides RQ-BL-21
Cladosporium herbarum B7-112
Epicoccum nigrum B8-122
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Geniculosporium sp. C4-23
Geniculosporium sp. C6-21
Geniculosporium sp. D2-11
Geniculosporium sp. D2-21
Geniculosporium sp. IR-BL-151
Geniculosporium sp. IR-NB-33
Lecanicillium psalliotae B3-42
Marasmius sp. C4-11
Marasmius sp. IR-BL-101
Marasmius sp. IR-BL-23
Mucor genevensis RQ-NB-91
Nigrospora sphaerica RQ-BL-101
Penicillium citrinum B7 11-3
Penicillium janthinellum B6 12-5
Penicillium miczynskii B3 12-4
Penicillium soppi B7 6-7
Penicillium thomii B8 19-1
Phoma sp. B9-21

Pilidiella sp. B8-71
Trichoderma polysporum RQ-BL-151
Trichoderma viride B6-183
Umbelopsis gibberispora B8-33
Umbelopsis nana RQ-BL-182
Umbelopsis ramanniana B3-11
Xylaria sp. C4-22

Xylaria sp. IR-BL-121

Xylaria sp. RQ-NB-31
Unidentified fungus D1-11
Unidentified fungus D6-11
Unidentified fungus IR-BL-11
Unidentified fungus IR-BL-181
Unidentified fungus IR-BL-21
Unidentified fungus IR-BL-41
Unidentified fungus IR-BL-51
Unidentified fungus IR-BL-61
Unidentified fungus IR-NB-171

WEBEFEE (L)

Agrocybe praecox AT-0785
Agrocybe praecox AT-0788
Amanita rubescens AT-0847
Amanita sp. AT-0843
Ampulloclitocybe clavipes AT-0865
Armillaria sp. AT-0771
Armillaria sp. AT-0845
Armillaria sp. AT-0849
Armillaria sp. AT-0850

=N
K3

w2

Armillaria sp. AT-0854
Armillaria sp. AT-0867
Armillaria sp. AT-0868
Artomyces pyxidaius AT-0882
Campanella junghuhnii AT-0820
Chalciporus piperatus AT-1005
Chalciporus piperatus AT-1031
Clitocybe catinus AT-1009
Coprinopsis sp. AT-0806
Cortinarius tenuipes AT-0884
Crucibulum laeve AT-0851
Cystoderma amianthinum AT-1010
Dictyophora duplicata AT-0833
Dictyophora duplicata AT-0855
Galerina helvoliceps AT-0782
Galerina helvoliceps AT-0899
Gymnopilus liquiritiae AT-0858
Gymnopilus liquiritiae AT-0895
Gymnopilus penetrans AT-1022
Gymnopus dryophilus AT-0776
Gymnopus dryophilus AT-0790
Gymnopus sp. AT-0774
Gymnopus sp. AT-0786
Gymnopus sp. AT-0881
Gymnopus confluens AT-0886
Gymnopus confluens AT-1019
Hebeloma velutipes AT-0840
Hebeloma sp. AT-1015
Hohenbuehelia sp. AT-0814
Hygrophoropsis aurantiaca AT-0893
Lactarius laeticolor AT-1004
Lactarius sp. AT-0834
Lactarius sp. AT-0842
Lactarius sp. AT-0872
Lactarius sp. AT-0878
Lactarius flavidulus AT-1003
Leccinum scabrum AT-0848
Leccinum scabrum AT-0877
Leccinum scabrum AT-0885
Leccinum scabrum AT-0888
Lentinellus ursinus AT-0784
Lentinellus flabelliformis AT-0768
Lentinus velutinus AT-0828
Lycoperdon perlatum AT-0832
Lycoperdon perlatum AT-0860
Lycoperdon spadiceum AT-0861
Lycoperdon perlatum AT-1014
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Lycoperdon perlatum AT-1034
Lyophyllum connatum AT-0846
Lyophyllum connatum AT-1018
Marasmiellus sp. AT-0772
Marasmiellus sp. AT-0822
Marasmiellus sp. AT-0825
Marasmius bulliardii AT-0777
Marasmius pulcherripes AT-0787
Marasmius scorodonium AT-0775
Marasmius scorodonium AT-0778
Marasmius scorodonium AT-0781
Marasmius scorodonium AT-0796
Marasmius scorodonium AT-0844
Marasmius sp. AT-1026
Melanoleuca sp. AT-1032
Micromphale sp. AT-0808
Mycena cinerella AT-0773
Mycena cinerella AT-0783
Mycena haematopus AT-0862
Mycena polygramma AT-0789
Mycena polygramma AT-0793
Mycena pura AT-0838

Mycena pura AT-0839

Mycena sp. AT-0795

Mycena sp. AT-0826

Mycena sp. AT-1027

Parasola sp. AT-0805

Paxillus involutus AT-0852
Paxillus involutus AT-0853
Phallus impudicus AT-0891
Pleurotus abieticola AT-0780
Pleurotus djamor AT-0818
Pleurotus pulmonarius AT-0770
Pleutotus ostreatus AT-0897
Psathyrella candolleana AT-0769
Psathyrella candolleana AT-0807
Psathyrella sp. AT-0811
Psathyrella sp. AT-0813
Psathyrella sp. AT-0815
Psathyrella sp. AT-0817
Psathyrella sp. AT-0821
Psathyrella sp. AT-0824

Russula cyanoxantha AT-0875
Russula marice AT-0857

Russula sp. AT-1017
Schizophyllum commune AT-0823
Schizophyllum commune AT-0829

BOFRIKEFH O LR & £ 0 ik

Stropharia aeruginosa f. brruneola AT-0841
Stropharia aeruginosa AT-1007
Suillus luteus AT-1008

Suillus pictus AT-0800

Suillus grevillei AT-1030
Tetrapyrgos nigripes AT-0827
Tetrapyrgos nigripes AT-0830
Tricholoma portentosum AT-0864
Tricholoma portentosum AT-0889
Tricholoma sp. AT-0799
Tricholoma stans AT-0863
Tricholoma orirubens AT-1011
Tricholoma saponaceum AT-1033
Xeromphalina sp. AT-0869
Xeromphalina campanella AT-1023
Xeromphalina sp. AT-1000

Xerula radicata AT-0896

P (RE)

Auricularia auricula-judae MAFF435191
Auricularia auricula-judae MAFF435195
Bjerkandera adusta NBRC106826
Ceriporia reticulata NBRC106851
Daedaleopsis confragosa NBRC106854
Daedaleopsis tricolor NBRC106855
Erythromyces crocicreas NBRC106847
Fomes fomentarius NBRC106857
Fomitopsis pinicola NBRC106830
Ganoderma applanatum NBRC106825
Ganoderma mastoporum NBRC106849
Gloeophyllum sepiarium NBRC106831
Grammothele fuligo NBRC106848
Hapalopilus nidulans NBRC106858
Heterobasidion orientale NBRC106850
Hypholoma fasciculare MAFF435197
Irpex lacteus NBRC106829

Junghuhnia nitida NBRC106838
Junghuhnia separabilima NBRC106833
Lactocollybia cycadicola MAFF435201
Laetiporus montanus NBRC106842
Lentinus squarrosulus MAFF435190
Lentinus squarrosulus MAFF435196
Lentinus squarrosulus MAFF435198
Lentinus squarrosulus MAFF435199
Microporus affinis NBRC106845
Nigroporus vinosus NBRC106844
Oudemansiella canarii MAFF435193
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Oudemansiella canariit MAFF435200
Perenniporia tephropora NBRC106846
Phaeolus schweinitzii NBRC106852
Phellinus ferreus NBRC106828
Phellinus hartigii NBRC106832
Phellinus laevigatus NBRC106834
Pleurotus citrinopileatus NBRC106859
Pleurotus djamor MAFF435194
Pleurotus djamor NBRC106837
Pleurotus pulmonarius MAFF435192
Polyporus alveolaris NBRC106836
Postia balsamea NBRC106841
Rigidoporus lineatus NBRC106843
Schizophyllum commune MAFF435202
Stereum rugosum NBRC106856
Tapinella panuocides NBRC106853
Trametes hirsuia NBRC106840
Trametes versicolor NBRC106839
Trichaptum abietinum NBRC106835
Trichaptum fuscoviolaceum NBRC106827

T
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Species diversity of yeasts: a comparison of subtropical and
cool temperate areas of Japan
Masako Takashima

Microbe Division / Japan Collection of Microorganisms,‘RIKEN BioResource Center
2-1 Hirosawa, Wako, Saitama 351-0198, Japan

This project was undertaken to study the species diversity of yeasts in Japan, and thereby to understand
the diversity of microbiota of the country by comparing it with those of the USA and European and
Asian countries, thus contributing to the construction of an inventory database. Iriomote Island in
Okinawa and Rishiri Island in Hokkaido were selected as the sampling sites to compare the microbiota
between the southern (subtropical zone) and northern (cool temperate zone) parts of Japan. A total of
427 and 1101 strains were isolated from soil samples and plant materials collected from Iriomote Island
and Rishiri Island, respectively. Based on the sequence analyses of the D1/D2 domain of the LSU rRNA
gene, these were tentatively classified into 98 (including 57 new species candidates) and 177 (including
86 new species candidates) species, respectively, indicating that new species candidates accounted for
approximately half of the total species isolated. Basidiomycetous yeasts were isolated more frequently
than ascomycetous yeasts in both sampling sites; however, since only 14 species (5% of the number of
species isolated) were commonly isolated from each site, the microbiota were assumed to be quite
different between the sites. From Iriomote Island, we isolated Kazachstania yakushimaensis and
Sporobolomyces ogasawarensis, which were also found on Yakushima and the Ogasawara Islands, and
Rhodotorula bogoriensis was isolated from tropical areas. Species previously reported from other areas
of Japan, European countries, and the USA, such as Trichosporon porosum, Cryptococcus terricola, and
C. podzoricus, were also isolated from Rishiri Island.

The number of species isolated in this project corresponded to 20% of the number of species included in
The Yeasts, A Taxonomic Study, 5th edition, which will be published in 2011 (around 1500 species).
Furthermore, the number of our new species candidates was around 10% of the total species described
by scientists to date, indicating that each of the sampling sites used in this study showed distinctive
yeast diversity from that of other areas. The results of this study also contributed to the construction of
an inventory of yeasts of Japan.

Key words: species diversity, yeast, inventory, Iriomote Island, Rishiri Island
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Table 1 Yeasts isolated from Iriomote Island and Rishiri Island

Iriomote Island Rishiri Island
Strains Numfber I:I)?Ir?:\flr Strains Numfber IZ?T:;IA
isolated sp:cies spec_:ies isolated speocies speéies
candidate candidate
Ascomycetous yeasts
Saccharomycotina 59 18 8 475 66 24
Taphrinomycotina 0 0 0 2 2 0
Basidiomycetous yeasts
Ustilaginomycotina 64 12 6 22 7 2
Agaricomycotina 219 45 31 365 66 36
Pucciniomycotina 85 23 12 237 36 24
Total 427 98 57 1101 177 86
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X2 b DIk Kazachstania yakushimaensis <
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B L B RTER, Rhodotorula bogoriensis 7z &
WHBOBEE ZB SR W2, NREL,S
i, Trichosporon porosum % C. terricola, C.
podzoricus, Sporobolomyces roseus & #+ DIHFH 7
EHAERNRPECKE» G L B0 0N 5
72. Leucosporidium scottii 7z EIF %M 0 M35 HE &
Niz—75, ERRPECK, BREErLGESNAETR
BN 23C BETH 5 Udeniomyces J& R Mk
ENhhoi.

TERES L OHHEOMIRE > & BICHHES L
72 @ %, Barnettozyma californica, Candida
boleticola, Lipomyces lipofer, Wickerhamomyces
anomalus (L, FEWERABHEY Y o3I 20
M), Cryptococcus flavescens, Cryptococcus
laurentii, Cryptococcus pseudolongus (PLL, T
WREBEENT & FHEM), Sporobolomyces roseus (3
TRAREBET X VMM 125, BLU 2 PifEms
T, BHELEODLTPE%ICBE o7z, Thb
D 9 %, Candida boleticola, Cryptococcus
flavescens # & UF C. pseudolongus & O/ D H
KTHHESNTHEZ E0E, FEIZBWTRE 2
FT—LfLERTHIENTEL., —F, o sHD
SO THBOMENDLIHETH - 72

(Rurtzman & Fell, 1998), Th b5 0fiz &, K7

0¥ x s bTHEES NEEATE & FE S sk owT
&, SREBHMAZSHEOBIN 2 SEmEIT ) 2 LA
RRThrEEDNS.

72, A7V s TR S AR R E
N-DRIWRE2E (RO 21%) , FIFRE49
T (F26%) L7, 182 282000
FERINEZ 3R B (Fig. 1 BL U Fig. 2). Thig,
R 2T Y TIPSRV EHRERTHA I, 4
WERAT) 72O E L HESF— 2o THR R -
T/l b Z20BHEHESNSE. KRy V 27 b
TRERESTH B L ORI Esef o Fifli st e s h7:
A, MiEEicgE 2By 7Y v 5 Thr I E D
b, THMETHILOTE R HLBDTEH VLI
SEEND. ARG IS R NIRRT, &
JAF=F el T BEFEOMTEICLY,
WM OLZIEOHERS T bR Tw5, Fl2IE, &
TV MIBWTRSHETE Lo 2 F DLk
RADSH AR BETH % Saccharomyces kudriavzevii T
X, HAREL RV MTVEOKRD GAL EizT134<
Blolzdy PI—27ORETHEETLERESINRT
W5 (Hittinger et al., 2010). #->T, K7uy s
MEBY B LI ICHEO TV —THF— 5k LTER
L, $0EL D IAhS5MiEITH) 285, &%
DINSOWRSTORBIZEM T2 Edi, 1~
Ny M) RO DI L VIR TH AL S LR S
nriz.

M, K7OYV s M CHHELBEMEIEEORK 8
UEFEHRNDONAF) V=2 vy ¥ —ZBESRTY
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Table 2 Species isolated from Iriomote Island and Rishiri Island

Locality of the

Scientific name

Iriomote Rishiri

Already preserved at
Biological Resource

type/neotype strain Island  Island Centers in Japan®:
Ascomycctous yeasts
Saccharomycetales
Arthroascus schoenii (Nadson & Krasil'nikov) Bab'eva ef al. Russia O NBRC
Barnettozyma californica (Lodder) Kurtman er al. USA O O -
Barnettozyma pratensis (Bab'eva & Reshetova) Kurtzman ef al. Russia O NBRC
Candida boleticola Nakase Japan O O IFM, JCM, NBRC
Candida bombi Montrocher O IFM,JCM, MAFF,NBRC
Candida chickasaworum Suh & Blackwell USA O -
Candida coipomoensis C. Ramirez & A. Gonzélez Chile O -
Candida corydali Nguyen et al. USA O -
Candida friedrichii van Uden & Windisch Germany O JCM, NBRC
Candida intermedia (Ciferri & Ashford) Langeron & Guerra USA @) IFM, JCM, MAFF, NBRC
Candida kruisii (Kockova-Kratochvi & Ondrusovd) S. A. Meyer &
Yarrow @] IFM, JCM, NBRC
Candida kunwiensis Hong Soon Gyu et al. Korea O -
Candida oleophila Montracher @] IFM, JCM, NBRC
E/Icg;zg’rdgsgﬁigfito & Oda) van Uden & H. R. Buckley ex S. A. Japan O IFM, ICM, MAFF, NBRC
Candida solani Lodder & Kreger-van Rij Netherlands O JCM, NBRC
Candida songkhloensis Y. Imanishi et al. Thailand O NBRC
%ﬂfiﬂ spandovensis (Henninger & Windisch) S. A. Meyer & Germany o JCM, NBRC
Candida tsuchiyae Nakase & M. Suzuki Japan IFM, JCM, NBRC
guﬁigg ;/glx)lrgltzf:e (Capriotti) van Uden & H. R. Buckley ex S. Finland O JCM, NBRC
Debaryomyces hansenii (Zopf) Lodder & Kreger-van Rij @) O IFM, JCM, MAFF, NBRC
Debaryomyces maramus di Menna O ICM
Debaryomyces polymorphus (Klocker) Price & Phaff Denmark O IFM, JCM, NBRC
Hanseniaspora vineae van der Walt & Tscheuschner South Africa O JCM, NBRC
Issatchenkia orientalis Kudryavtsev O NBRC
Kazachstania aerobia Bai & Cai Japan O MAFF
Kazachstania servazzii (Capriotti) Kurtzman Finland @] MAFF, JCM, NBRC
Iéazachsmnia yakushimaensis (Mikata & Ueda-Nishimura) Japan NBRC
urtzman

Kluyveromyces siamensis S. Am-In et al. Thailand -
Kuraishia capsulata (Wickerham) Y. Yamada et al. Canada O JCM, NBRC
Lachancea waltii (K. Kodama) Kurtzman Japan @) JCM, MAFF, NBRC
Lindnera saturnus (Klocker) Kurtzman et al. O JCM, NBRC
Lipomyces lipofer Lodder & Kreger-van Rij ex Slooff Netherlands O O JCM, NBRC
Metschnikowia koreensis Hong et al. Korea O NBRC
Metschnikowia revkaufii Pitt & Miller Canada O 1FM, JCM, NBRC
Ogataea zsoltii (Peter et al.) Nagatsuka et al. Hungary O -
Pichia guilliermondii Wickerham USA @] IFM, JCM, NBRC
Pichia mandshurica Saito O JCM, NBRC
Pichia methanolica Makiguchi Japan O JCM, NBRC
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Table 2 continued 1.

Saccharomyces paradoxus Bachinskaya @] IFM, NBRC
Saturnispora dispora (Dekker) Liu & Kurtzman @] JCM, NBRC
Saturnispora zaruensis (Nakase & Komagata) Liu & Kurtzman Japan O JCM, NBRC
Schizoblastosporion stark icii Ciferri O -
Starmerella bombicola Rosa & Lachance O IFM, JCM, NBRC
JT:;";I][:}SS/;O]/'a microellipsoides (Osterwalder) van der Walt & Germany o NBRC
Wickerhamoniyces anomalus (E. C. Hansen) Kurtzman et af. @] O IFM, JCM, MAFF, NBRC
Zygosaccharomyces rouxii (Boutroux) Yarrow @] JCM, MAFF, NBRC
spora florentinus (Castelli ex Kudriavzev) Kurtzman day O JCM,NBRC
8 24
New species candidate species  species
Taphrinales
Schizosaccharomyces japonicus Yukawa & Maki Japan O IFM, JCM, NBRC
Taphrina sp. O
Basidiomycetous yeasts
Agaricomycotina
Bullera pseudoalba Nakase & M. Suzuki Japan O IFM, JCM, NBRC
Bullera pseudovariabilis Bai et al. China O ™M
Bullera unica Hamamoto & Nakasce New Zealand O JC™M
Bulleromyces albus Boekhout & A. Fonseca O IFM, JCM, NBRC
Cryptococcus bestiolae Vv et al. Vietnam O -
Cryptococeus carnescens (Verona & Luchetti) Takashima ef al, Italy O -
Cryptococcus flavescens (Saito) Skinner Japan O O -
Cryptococeus lavrentii (Kufferath) Skinner Congo O O IFM, JCM, MAFF, NBRC
Cryptococeus macerans (Frederiksen) Phaff & Fell @] IFM, JCM, NBRC
Egz;c:nccus magnus (Lodder & Kreger-van Rij) Baptist & Netherlands o IFM, JCM, NBRC
Cryptococcus musci Takashima ef al. Japan @] JCM, NBRC
Cryptococeus oeirensis Fonseca ef al. Portugal O -
Cryptococcus podzolicus (Bab'eva & Reshetova) Golubev Russia @] IFM, ICM, NBRC
Cryptococcus pseudolongus Takashima et al, Japan O O JCM, NBRC
Cryptococcus ramirezgomezianus Takashima ef al. France O JCM, NBRC
Cryptococcus skinneri Phaff & do Carmo-Sousa USA O IFM, JCM, NBRC
Cryptococeus tephrensis Vischniac Iceland O -
Cryptococcus tervicola T. A, Pedersen Norway O IFM
Cryptococeus victoriae Montes et al. Antarctica O ICM
Cryptococeus watticus Guffogg ef al. Antarctica O -
Cryptococeus wieringae Fonseca et al, Netherlands O Ic™M
Cystofilobasidium capitatum (Fell ef al.) Oberwinkler & Bandoni Antarctic Ocean O IFM, JCM, NBRC
Cystofilobasidium infir (Fell et al.) Hamamoto ef al. O JCM, NBRC
Derxomyces boninensis (Sugita et al.) Bai & Wang Japan O JCM, NBRC
Derxomyces komagatae (Bai et al.) Bai & Wang Japan O JC™M
Derxomyces pseudohuiaensis (Bai et al.) Bai & Wang Japan O ™M
Derxomyces pseudoschimicola (Bai et al.) Bai & Wang Canada O ™M
Dioszegia zsoltii Bai et al. China O M
Fellomyces mexicanus Lopandic er al. Mexico O -
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Table 2 continued 2.

Guehomyces pullulans (Lindner) Fell & Scorzetti Germany O JCM, NBRC
Hannaella luteola (Saito) Bai & Wang Japan O 1IFM, JCM, NBRC
Hannaella oryzae (Nakase & M. Suzuki) Bai & Wang Japan O JCM, NBRC
Hannaella sinensis (i) Wang et al. China O JCM, NBRC
Hannaella surugaensis (Nagahama et al.) Bai & Wang Japan ] M
Kockovaella sacchari Takashima & Nakase Thailand 0 M
Leucosporidium scottii Fell et al. Antarctic Ocean O IFM, JCM, NBRC
Miakia frigida (Fell er al) Y. Yamada & Komagata Antarctica O IFM, JCM, NBRC
Mprakia robertii Thomas-Hall & Turchetti Antarctica @] -
Trichosporon coprophilum (in preparation) O IFM
Trichosporon moniliiforme  (Weigmann & Wolff) Guého & M.
Th. Smith JCM
Trichosporon porosum (Stautz) Middelhoven ef al, O JCM, NBRC

"""""""""""""""""""""""""""""""""""""""""""""""""""" o s T
New species candidate species  species
Common new species candidate between both islands 1 species

Pucciniomycotina
grgﬁ(i(:fll:nia naganoensis (Nakase & M. Suzuki) Nakase & Japan o JCM, NBRC
Curvibasidium cygneicollum Sampaio Japan @] IFM, JCM, NBRC
Rhodosporidium paludi Fell & Statzell-Tallman USA 0] JCM, NBRC
Rhodosporidium sphaerocarpum Newell & Fell Antarctic Ocean O @) JCM, NBRC
Rhodosporidium toruloides Banno O JCM, NBRC
Rhodotorula bogoriensis (Deinema) von Arx & Weijman Indonesia O IFM, JCM, NBRC
Rhodotorula glutinis (Fresenius) Harrison O 1FM, JCM, NBRC
Rhodotorula graminis di Menna New Zealand O 1IFM, JCM, NBRC
Rhodotorula ingeniosa ( di Menna) von Arx & Weijman New Zealand O IFM, JCM, NBRC
Rhodotorula marina Phaff et al. Mexico O IFM, JCM, NBRC
Rhodotorula minuta (Saito) Harrison Japan O 1FM, JCM, MAFF, NBRC
Rhodotorula mucilaginosa (Jorgensen) F. C. Harrison O IFM, JCM, MAFF, NBRC
Sporidiobolus microsporus Higham ex Fell et al. Jamaica @] M
Sporobolomyces jilinensis Bai & Wang China O -
Sporobolomyces koalae Satoh & Makimura Japan O -
Sporobolomyces magnisporus Nakase et al. Taiwan O JCM
Sporobolomyces ogasawarensis Hamamoto et al. Japan O M
Sporobolomyces phaffii Bai et al. China @] JCM
Sparobolonyces roseus Kluyver & van Niel O O JCM, MAFF, NBRC
Sporobolomyces sasicola Nakase & M. Suzuki Japan O JCM, NBRC
Sporobolo xanthus (Nakase et al.) Bockhout o Japan ”C_) _______ IFM, JCM,NBRC

11 23

New species candidate species  species
Common new species candidate between both istands 1 species
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Table 2 continued 3.

Ustilaginomycotina
Itersonilia perplexans Derx
Pseudozyma antarctica (S. Goto et al.) Boekhout

Pseudozyma aphidis (Henninger & Windisch) Boekhout

Pseudozyma flocculosa (Traquair et al.) Boekhout & Traquair

Pseudozyma fusiformata (Buhagiar) Boekhout
Pseudozyma hubeiensis Bai & Wang
Sporisorium elionuri (Henn. & Pole-Evans) Vanky

Tilletiopsis minor Nyland

Tilletiopsis pallescens Gokhale

New species candidate

UK O NBRC
Antarctica - O JCM, MAFF, NBRC
Germany @) O JCM, NBRC
Canada O IFM, JCM, NBRC
UK O JCM, NBRC
©]
Q
USA O o M
O JCM

6 species 2 species

*, Information obtained from the JSCC online catalogue.

IFM, Research Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University; JCM, Japan Collection of
Microorganisms, RIKEN BioResource Center; MAFF, Genebank, National Institute of Agrobiological Sciences; NBRC,

Biological Resource Center, Department of Biotechnology, National Institute of Technology and Evaluation.

No. of species

Isolation frequency

Fig.1 Isolation frequency of each species.
@®Iriomote Island; [ Rishiri Island.

7oh, BRERORDEE DL, EMNED reference
HELZLIBLET ENTE .

PDERSIETFEREE SV —BERICIETFERE
BrZu0h P TNVE LTIE, EYB XUk
ZHWZD, 09 b, TEDPSOGEEEEE Table
SIWIRLZ., SHOSETIX, BREBIUCFREE
DbFEEARABBIVETRRBIO AL ELON
72, e, HFRRBBOFRTIEING ¥y BEMICET
BLEERENS { SEES LT

Vishniac (2006) & T3BIERT 2RO 54 L
FEoEv (Fi, WE, v ¥y, RUBRERK) 2
HRLT, EOSMICENPETFNLIERIE, tEOE
RABEZE (electrical conductivity) , E, YUFKOE
BORGEBTBRERVEXREOE S (degree of
oligotrophy) @ 4 DA%42% % 5%, 5& Y 58% 1Z K5
EHMEL TS, T/, FoLEOHAD A L BE
AR L, WETIE Cryptococcus albidus & % D5 H
25, F 72EH# Tl Cystofilobasidiales & BIARATEEW &
HBRTWE, ZOBENPSADL L, HEEB X UOFHA
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Table 3

More than
4 strains

4 strains
3 strains Only one
strain
2 strains

Fig. 2 Isolation frequency of new species candidates.

Number of species isolated from soil samples of Iriomote Island and Rishiri Island

Basidiomycetous yeasts

Number of species

Subdivision Order =i = R I
Iriomte Island ~ Rishiri Island
Agaricomycotina ~ Tremellales 21 15
Trichosporonales 3 6
Cystofilobasidiales 0 4
Filobasidiales 0 5
Pucciniomycotina 5 7
Ustilaginomycotina 2 1
Total 31 38
Ascomycetous yeasts
o Number of species
Subdivision Order momim = = e = e A
Iriomte Island  Rishiri Island
Saccharomycotina ~ Saccharomycetales 13 26
Total 13 26

BEOWMT & DBMAIBLZVEETNT S FHEIS W E
HEXN, AoV POBRIFAUMEMERL
72,

2L, Bl L7z X ) ICPERE & FI S Il 7l
B TARL, TEF VY TINVEOLODTFT—F %L
STWhEWnied, FOERIZOWTOMENTEITH 2 &
WTEXLhrolz.

AR M) —HBEICS T INEFROERME
Table 4 ICEERGHZEORE L Wb TS [The
Yeasts, A Taxonomic Study] D 19984 FAT D5 4 hit
ERERTTFEDE S MOBBOE (FE) 20T
L7z, %, FERRBHTET VATV T ZH0L
WCHGEN’T T AL

—7F, HFRERBEIIZ 0 L) RRE2Z - FSMHE
BATbhTwiwy, FLAELVTORPEZ TWAED

L BE A

CHERBHEOEICL 0TI R, BREEWN
B e RRBITICE Y, Fek T LAENVTIHRRERE
nzZiicks. HTHRBEBOEGIE, 20052
EVWHTH DA, —DOOHMOFIZRFFINIEESE
BT LA BNV TIHRERET AP, THEVIAR—DL
PEELZVIRIMISGE Y., T42bh, HTFRERERIC
BWTiE, Y= Y AOTF—=¥ BN THILEDOR
BELEZHEV) HIZBWTRELRXVORETT S
TV VIRIRICH 5. BEHDO R 577 AENTEN
TWBEEO—2IZZZIZH 5D TIER VL HEET
X5, fito T, MTHREBERIIBWTIERAITHEE
ROFREPVLETH 5.

BEIZBWTD, FRICHHEEE R OICERERN 2B
BELfThNTER. LAL, SEOMEIEEELT
W ABEMBOIEENEZLHNTH L0, RAEE
EHEIAT> TwARVWEEDE L, FLREDZOOF
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Table 4 Number of species in "The Yeasts, A Taxonomic Study”

4th ed. 5th ed. (will be published

(Kurtzman & Fell, 1998) in 2011)* Number of
““““““““““““““““““ species
Teleomorph  Anamorph Teleomorph  Anamorph described
45 genera 15 genera 1000 species
Ascomycetous . .
. 270 species 230 species 72 genera 14 genera (Kurtzman &
easts
Y 19 varieties 4 varicties Fell, 2006)
more than 500
. 19 genera 51 21 genera species
Basidiomycetous . .
) species 1 171 species 34 genera 28 genera (Boekhout,
easts
Y varieties lvarieties personal
communication)

*, estimated data from the table of contents sent by the Publisher of "The Yeasts, A Taxonomic Study" 5th ed.

—— Sporobolomyces nylandii CBS 90937 (Thailand)
L.JCM 5877 (India)
TLSporobolomyces phaffii AS 2.21377 (China)

B

100

99

P [ ) Sporobolomyces japonicus CBS 57447 (Japan)
JCM 7487 (New Zealamd)

0.01
e

9 Sporobolomyces carnicolor CBS 42157 (Japan)
I JCM 8241 (Japan)

Y—— JCM 8244 (Ja

Sporobolomyces ruberrimus CBS 75007 (Japan)
Sporidiobolus pararoseus JCM 5350 (USA)

Sporidiobolus pararoseus CBS 4917 (Japan)
Sporobolomyces roseus CBS 4867

Sporidiobolus metaroseus CBS 76837 (Portugal)
99 [ Sporobolomyces beijingensis AS 2.23657 (China)

100} JCM 5727 (Japan)
Sporobolomyces jilinensis AS 2.23017 (China)
65

Fig. 3 A neighbor-joining tree of Sporobolomyces roseus and related species isolated from
Rishiri Island. The evolutionary distance was calculated according to Kimura (1980).
The numerals represent the percentages from 100 replicate bootstrap samplings (a

frequency of less than 50% is not shown). The isolation locality of respective strain
was shown in the bracket.

ZRESFRYMEAR & AR B AL RICE DO b SIS N Yty — AR RER

ThbHcD, BEOKED, L AL, BRENLEE
HErshsdbodbLwv. FlzE, REgECHEL %z
Sporobolomyces roseus & FLFELRWIZOWT, WK

(B BT BRC-

JCM) RF SN TWzkk e P TIT 24T o 72 &

5, INOPLIAOFHGERZ RWEZT I LB TE 7‘:
(R%#, Fig. 3).
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“No ecology without taxonomy” (Phaff &
Starmer, 1987) & Wb THEY, MRl 2T hE%
5 WASES N R MRS WS, SFEWEN R FE
DRBIZED =T Y ADBRPESLERY, T2
OF — FPEBEOERE LTERSNTELBETDH
BT E, 4 Ry M) —ERICELD MG MHELS S
LEVZEDTIERNWES S .

REFgECHEE L BB OMORIE, BRETEEOK
#LwvwhbhTwhb [The Yeasts, A Taxonomic
Study)] ®# 5 R (£, H15008 28 URTFE) DI
Wy EHEOH 28zHzY, FHBOEEIE 155
FEOL. Zhix, BEPSHET TR ORI
WCEDEHINTELHICHLT, #0 1SN0
FHHRICRH LA EE2ERLTEBY, KUIRIHSR
LB, e R o RS RRIEICE AZREE
EHELTWDLIEMREN. T, BPEICHERT
BEHOL VRV M) —EBICKRECERT A LA
TER. MAT, byr2Hx2BOY YT V) 7
ORERTHHZENOHERELT, RIPEHOEEZEDS
Btk 2 30IRT 5 ik, B b 08 - o L BE M
ARSI NIz,

-

FOECBET OB EHREICOWTREL,
k7 V7 e ok RELERRTLI L
2k b, BAROMAEMHFEOSHRIEZIBEL, R2ED
BEEDL YR Y =T I R— A DOREILFET
LI ORMEET-> /2. BHICHILORKZEME L
T, WEAFHRE LCHERE, WS LTHLE %
Y7y e UCEE L, fil R RS 2 ot
BELTREL, BEBOT VTP 5 4278, £/
FREOY > 7N 511018:% 04 L7z, LSU rRNA
BIEFO DUD2 FA A4 ¥ (600353 DAY
WDKK FEERT o725, WERBOE AT
(3 baTHEASHEER) 12, FRRREOBEN 177
(D beeRp TG sHEEsh, FEEMOR
I 5ETH o7 MERENE DI, FEEARBE
I WHETHRBESS SN, LaLeES,
TiEREB LI ORREOWBREH D O HBIZHEE S I
D, 148 (QoMUIBRATES L O 2 Hififeh) <,
NESHELHOLTIE% THo72Z b, TR
BERARBOBMBEE -2 B oS MEERT &
EINAZ, LRV TIE, AEE» S
Kazachstania yakushimaensis X Sporobolomyces
ogasawarensis 7 ERABR/NEREE B » 5 05 HEE

L@ iR, Rhodotorula bogoriensis 7 & HL
WS OB L LBEAN, FLAREL L E,
Trichosporon porosum, Cryptococcus terricola, C.
podzoricus & % OFBR 2 &, B HARE MR ECK
HTHMENT L ORI, ERENLER
WCECTEHES P o7
AFETHEE L ABROBOHIE, BESEEOR

#LErwvwbNTwb [The Yeasts, A Taxonomic
Study) D% 5 (201 14E5EFIFE, #1600%H AN,
FE) OPRRFEROH 2EITHB T 5. TBEN
SHEET TRNAOREBFICLVERENTE LMD
1Moz HRICRBLAZZL2ERLTEBY,
ARFGEA & E L2, thE 3Rk -2
BARBREZEHELTWA I EFRENS. 2R
LY, BOSENCHER T ABEOAL vR_Y MY —1E
B RESEWT A EMTE

AP CTHS b MR ZE AR O ey
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TRAFRR B 7 5E L 22 B e bk

54
Barnettozyma sp.
Barnettozyma sp.
Barnettozyma sp.
Barnettozyma sp.
Candida sp.
Candida sp.
Candida rishirensis
Candida sp.
Candida sp.
Candida rishirensis
Cryptococcus sp.
Cryptococcus sp.
Cryptococcus sp.
Cryptococcus sp.
Cryptococcus sp.
Dioszegia sp.
Dioszegia sp.
Metschnikowia sp.
Metschnikowia sp.
Metschnikowia sp.
Metschnikowia sp.
Metschnikowia sp.
Metschnikowia sp.
Pseudozyma aphidis
Pseudozyma aphidis
Rhodotorula sp.
Sporobolomyces
carnicolor
Sporobolomyces sp.
Sporobolomyces sp.
Sporobolomyces sp.
Sporobolomyces sp.
Sporobolomyces sp.

Lz
Y07-301-10
Y07-601-18
Y07-601-13
Y07-901-6
Y07-1601-2
Y07-503-6
Y07-901-4
Y07-102-6
Y07-1002-5
Y07-901-7
Y07-1003-6
Y07-1002-14
Y07-806-4
YO07-808-9
Y07-1004-8
RS090
RS092
Y07-1007-3
Y07-1008-3
Y07-204-2
Y07-302-6
Y07-803-2
Y07-901-3
T. Sato 16-2
T. Sato 116-2
Y07-1302-6

RS045

RP171
RP172
RS004
RP154
RP022

BoZH% A

HEtEE
NBRC 105021
NBRC 105024
NBRC 105025
NBRC 105028
NBRC 105019
NBRC 105023
NBRC 105027
NBRC 105030
NBRC 105031
NBRC 106149
NBRC 105033
NBRC 105034
NBRC 105036
NBRC 105037
NBRC 105038
JCM 16282
JCM 16283
NBRC 105017
NBRC 105018
NBRC 105020
NBRC 105022
NBRC 105026
NBRC 105029
JCM 17033
JCM 17034
NBRC 105035

JCM 16284

JCM 16285
JCM 16286
JCM 16287
JCM 16288
JCM 16289

R

1L TH

BOBERARO S L T Ok

Sporobolomyces sp. RP198 JCM 16290
Sporobolomyces sp. RP034 JCM 16291
Sporobolomyces sp. RP0O08 JCM 16292
Sporobolomyces sp. RP165 JCM 16293
Sporobolomyces sp. RP046 JCM 16294
Sporobolomyces sp. RP118 JCM 16295
Sporobolomyces sp. RP160 JCM 16296
Sporobolomyces sp. RS031 JCM 16297
Sporobolomyces sp. RS050 JCM 16298
Sporobolomyces sp. RP139 JCM 16299
Sporobolomyces sp. RP173 JCM 16300
Sporobolomyces sp. RP099 JCM 16301
Sporobolomyces sp. RP196 JCM 16302
Sporobolomyces sp. RP033 JCM 16303
Sporobolomyces sp. RP066 JCM 16304
Sporobolomyces sp. RP040 JCM 16305

T. Sato 82-7 JCM 17035
Y07-1202-5 NBRC 105032

Tilletiopsis pallescens
Unidentified yeast
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Diversity analysis of actinomycete assemblages in subtropical and
cool temperate areas of Japan
Masayuki Hayakawa

Interdisciplinary Graduate School of Medicine and Engineering,
University of Yamanashi, Takeda-4, Kofu 400-8511, Japan

The taxonomic diversity of actinomycetes from natural substrates, including soil, plant, and lichen
materials, in a subtropical area (206 samples from Iriomote Island) and a cool temperate area (203
samples from Rishiri Island) was compared. Pretreatment using five distinct methods and subsequent
culturing on humic acid-vitamin agar of these samples resulted in the selective isolation of 1,770
actinomycete strains. These isolates were classified based on a combination of morphological
characterization and 16S rDNA sequence analysis. We used the 165 rDNA sequence similarity values of
297% and 299% to identify isolates at the genus and species levels, respectively. The isolated
actinomycete assemblages were composed of diverse species. Thus 881 of the Iriomote isolates fell into
24 families, 63 genera, and 240 species, and 889 of the Rishiri isolates belonged to 20 families, 50
genera, and 166 species. A diversity analysis based on the Shannon index revealed that the species
diversity of the Iriomote isolates was significantly higher (P<0.05) than that of the Rishiri isolates.
There was little taxonomic overlap between the Rishiri isolates and the Iriomote isolates, as only 78
species occurred in both groups. Several species, reportedly isolated from other tropical areas, were
found in the Iriomote isolates but not in the Rishiri isolates, suggesting that climate may influence the
species types of soil-inhabiting actinomycetes.

Key words: actinomycetes, inventory, taxonomic diversity, ecology

2TV 5. ZOFEEORBUILTZEIICED TEH L

e e THD, BlZIE Streptomyces D & 5 VMR

|

SRR EHEL, BERRPSETHAZ L TCHOHRT

BB (Actinomycetes) & i3 Actinomycetales H NEWMLTRESEERTES S, Arthrobacter ® L

CEEhaMAeYHELIEL (B8, 2001), Bog v IEFROKESFZHEMB TR TR E TEATY

7 THBEINETH0EIERENLEZA LR % (Cross, 1989). F7z, AHEMREHS S, W
W ORI ZIT KM D & B, B4 & aa i,

E-mail: hayakawa@ab11l.yamanashi.ac.jp 7R A O B & SR O e

SERAFIEH | SRIFEEYE (LK 2k 2 B IR 4 T 248 & BF 2 i _f”’“ﬁf ':"”i““l'i 5’,*1?, 3;’: ’ ;“ R lr

H), WP (LIRS RS RES TR A ELROALOT, WK, WUHH, W Rk, &

WFZER), FRIIEE Ry 7 Bosk A 5 SR 5 B) SHELRDBIENTE L (Williams et al.,

WAL F 7 /0 v —KE), 2BE 1984) . B 50T, HIRAYIC D BT & SN 3 T

B ORSLATECE AL SRR AT Se A N 4 oF BREDELEZAIELEBLTWD D LR SRT

T /uv-KE), REEZ UATBEA

RS IR S 1 o 52 ) O Y — A W5 (Goodfellow & Williams, 1983; Xu et al.,

), FAEESE (BT Bk A B R EE AT I 1996).
RS A 5 7 1Y —KE) BRI EE 2 TEMEYETH Y, 19444EI12A +
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LA YRR SNTUSR, e ESEOLM
EEWEOEER L L TESEE MR R & T
SEESNTE S, FEETE, EEENLZRLIrS T Y
T OB B B BRI A O B il 2 AT b
TETHY, FIAELT BN OSEFNE
PEHE o205, Fliid Wang 5 (1999) ¥~
H R =N OBRETHMD S8 5 THROBGHE z 08, [
FELRER, S6BICER SN L aEL TS,
F 72, Muramatsu b (2003) E <L —3 7 DL
SR S 0 L 22 O 1 TR o [ e R 2 4T
oT-EEE, 2B AR Y. —F, BUEIIBWT,
INFTEELTHEIEEWEAOA S Y -2V DM
BTEMOTEENLSLHABMMES DTSN TET
WADS, AN, M BREEOMIZEIZIThNRT
Wz,

HRFUC BT B, FRCH BMED 0L R
FIRAT B I Lid, MEAEBROBREDOAL LT, #
EYEBEOMEREOH» L DERTHS. £ITK
Bigecix, FAENCART B HOG R ORI
EFLE LT, BARFEE X OWIRFBICVE TS
EEBIOHAELZEY, WE» L ROBKRE D8t
LCHHE - BEMEZITH 2 LI X Y RREHEOS %
Ped e, L, 4Ry M) —RHETLHILE
Bige Lz, $72, FRMEOBV AR HERIZo W
TiE, PR oSN R, FrofREs LT3
%, BT sLLbic, SEENCEREEOREVRERK
WKOWTIEANZRHREFEREICEET I Lz HIY
L7

FEERTT

DEER O WEBBIOHNRBEZHRIULE Lz, HE
B (24.2°N, 123.5°E) ZTESMBICME L, B
X 289km* CHAH. KET (http://www.ima.go.jp/
ima/index.html) 2 & % & 20074 @ EF AL
24.2C, HEMHFREIZ 2,485 mm THo7. —JF, F
B (45.1°N, 141.1°E) & EMSICHKE L, &5
fild 182km* TH 5. 2007 DEFIHRMIL 7.4TC,
AR R IZ 859 mm TdHh o 7z, BBHRIUI20074E DB
L TF20084ED 7T AL S 9 BOMIC T o7z, THRED?S
ZHREN 206 BT (B 1204, W) ¥ — T R, W12
M, ML, fEF1es, FoM29s) , 2RI
B 513 #E 208 5 (Lgioext, Y & —19:3,
R17m, HiFIE28, TEfr14i, FoM295) DREK
B R IEIN L 7. SRR ERELE 10C THREL, M
123 r DI E O 2% 4T - 72,
TEEBICOVTIRILE 2mm OfizEL, BRT

Jl

1IE

1 EREE L7z 0 b IGRE o g Lz, $4,
pH B L OHFHY &R (WEIEE) ZEEIlito TH
A K =0T R E V- TRl B
Wit (Hayakawa et al., 2000) , THE& FERICLEE
L, SHEfToz. B, B, REICOVWTRER
B2 KEDOWKS X OBRBERTROEER, RELL
B TT O HLTHOOMICHR LA T, LB
L, 30C, 2BMERRE (Matsukawa et al.,
2007) #fTo ThonziTo72.

SEEE SEEREHIE Humic acid-vitamin agar (HV
agar; Hayakawa & Nonomura, 1987) % Z&AKK:H &
L, chizfiseeslsLTcyrrzuon® vy I F
50mg/l, PiMIEAIE LTFH ) V% ¥ VB 20mg) iR
MLZzb0Z MWz, Tz, —HOBEKROGEICIZE
LF b)Y A 10% (wiv), 723V VY b=k 30%

(wiv) ZWinL7: HV agar 2 w7z, BEFEREIL
30C A& L7z,

HEB I UHYY ¥ -2 5 OBREOSENCIE, @
WOFPRE, FFIVEHEF MY A (SDS) mi#
% (Hayakawa & Nonomura, 1989), ¥ &3k

(Nonomura & Ohara, 1969; Hayakawa et al.,
1991a), MK - ®-LibE#H: (Hayakawa et al.,
2000), 35 2fbsEMEE (Hayakawa et al.,
1991b) %7z, BB, HEKHHD 5 O 5 EEIE AR
%, SDS FiALEEz vz,

SHEEARIE 30T, 2EMBEEE LA, AR EICHRL
7o fE 20 7 R % 49 L Bennett's agar (Jones,
1949) ¥ 7213 HA agar (B 445, 1979) LTHEFH
X THALL 2D, Oatmeal-YGG agar ()5,
1982) A5 ¥ b ETHA L TRAEL .

R E R B erEmlgL, k%t HA agar B XU
Oatmeal-YGG agar (Oatmeal agar 1,000 ml, Bact
yeast extract 1g, glucose 1g, glycerol 1g) L TH:
L, BEEMET CITo7z. REHRICOWTIE, B
I THARZHER L (Hayakawa et al., 1996) 7E
B T WMEE (JSM-6500F, HAET) X o TH
gL

£ Bty ) 5 DNA O PrepMan® ultra
reagent (Applied Biosystems, CA, USA) % V%%
HIZ X W F7 5 7. Tamura & Hatano (2001) @7
125t - T 168 rDNA DFT4 R (1.5 Kb; Escherichia
coli numbering system 2B} 5 22-1528 DHLE;
Brosius et al., 1978) % PCR IR &+, ABI Prism
BigDye Terminator cycle sequencing kit (Applied
Biosystems) B & ¥ ABI Model 3730 automatic
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DNA sequencer (2L NV ¥ A VL7 Mo —F Vv A %47
7Cs
FH RO 16S rDNA AR (1,200 Bl E) 11,

EzTaxon tool (http:/www.eztaxon.org) % H\ 5 Z
£12 & Y TYO16 database (Chun et al., 2007) H O
BEAEItR DR AR EAHREMR LT - 72, F 72,
EMBL/GenBank/DDBJ database @ BLAST #3 3
DD ITIT > 72. £ L T Drancourt et al.

(2000) B X U Stackebrandt & Ebers (2006) DHF
FERERICHE L, - HERRD 16S rDNA HEFZEAFI oA M
N971% BLV99% U EDOBE, EEMICBEMORES
FOENEE L7z, FRRBEE, 35120 T%HKE
MIZE o COREDFM AT 72, HIE, SEtko
ER%, RE%R, BT ESHOBBROAE L LRSS #
B35 & L& 1T, CLUSTAL_X program (Thompson
et al, 1997) 2 X D D HEMRE 7 — & X— XD 168
rDNABEBRINOT 54 v 2 ¥ &I, NJ&E

(Saitou & Nei, 1987) 2 X o THT R 2 HEHE L
THEFT L 72 (Felsenstein, 1985) .

ZERME DR 52 & N2 E O DL T4
FREE$E % (Shannon #8%¢; Shannon & Weaver,
1949) 28T 52 LIk - TERIICEEM, HEL
7z. Shannon OZMERE H IIHEICEETNLHED
BES () BWEE (KEMOEFHOFLR) %
EBIEANLDLOT, XORWCEIVESNS.
H=-XPilnPi . & 2 C Pi & i % HOMEOMAKEAHEE
FEOEMBEKICE S 5E4E. Shannon 185 0 FFAM &
Wilcoxon fF 5 NEALFIMREC & D 1T - 72 (Flanagan
et al., 2007).

wmoR

DEER TEREBIUHRAEORKRSEE» L3
THROBMRE 2 08 L7, &BHRICD & Oatmeal-

YGG agar LIZBIT A EMAEKH, EEROM, Wintkt
REEOFELEICL > TEEKRZHERL, 1,770 %
(FEFEE 881 %k, FIFLE 889%k) ##EILL TIHAEL
7. TUERE 881 ¥R - HEIRE B D NERIZ 148 646 ¥k,
W) & —19%k, B39tk HAKHH 1084k, TEF 9 %,
ZOMEAOETH o 2. —F, FIAE 889 kD AR
X 67Kk, MEM ) & —46Kk, B Z39kk, MK
105 %%, fE7t 9 ¥k, TOMEEIIMRTH 72, 4o,
BRSO TERIIER TR T, FHpH6.6, AHEY
BEB10% Thol:. FABEOTHEIIEBOEET S
KWWK T ZTHEFE pH 5.4, BHRYEE 18% Th -
12,

REER  FEHRICOE, 16S rDNA HFHEES) DA
FPE>97% B L U>99% % FNENEB L OO [EE
HME L L CTRZERIT- 72, ZORERETHM 1,770 #
1,747 RR (98.7%) B L UV 1,125% (63.6%) A%
NENEB L OHARE S 7z,

[F5E DfE R, THRBED B 881 #Ri324F163)8 240 &
W2, FF B BERR 889 #kIZ20%E, 508, 166 MICHE
EN/z (Table 1). MMBE O L XNVOLEM: (2%
S EWEE) 2 EEICHERS 2%, Shannon 5%
RKozb L, EE 746, FIE669L%D, HRED
FH3H & (P<0.05 Wilcoxon 5 B MM ATARE) 125
oz, 7B, 16S rDNA EFEES O M FEE DT 98.5%
R D5 EEAR 2 EE ISR N & 5 LR ES
HERE 173 8k (89F#), FIFL B HERk 1724k (75%E) 7%
L7,

BREOLE WEELFALE THEB I NBEEO
BREG, W, BLOSEEROMEE% Table 2 IR L
2. TRBRHEOEEICOWCHMISE KA Lk
25 (Fig. 1), BL RV TIERE 738 F 408
(55%), FML NV CTIE#HEE 328 fE h 78fE
(24%) LAEHELTBLY, WREOMESAR X

Table 1 Diversity of actinomycetes found in Iriomote (a subtropical island)
and Rishiri (a cool-temperate island)”

Area No. of No. of Species diversity
isolates  Families Genera  Species naex.
Iriomote Island 881 24 63 240 T7.:5%
Rishiri Island 889 20 50 166 6.7*

¥ Isolates were identified using a phylogenetic analysis based on comparison of nearly

complete 16S rDNA sequences (>1,200 bp).

Y Shannon & Weaver 1949.

* Values were significantly different (p<0.05; Wilcoxon signed-rank test for paired samples).
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Genus
Species 16
0% 50% 100%
D Iriomote only E Both Rishiri only
Fig. 1 Taxonomic overlaps between Iriomote isolates

and Rishiri isolates. The arabic numerals on
the graph are the numbers of taxa.

Iriomote Rishiri

Streptomyces EH Actinoplanes
Kitasatospora Micromonospora
B8 Dactylosporangium Streptosporangium

£ Pseudonocardia Nocardia

Isoptericola

i3 Rhodococceus
B8 Other genera

Fig. 2 Incidences of actinomycete genera in Iriomote
Island and Rishiri Island. The percentages on the
graphs are the frequencies of genera (above 3%
are indicated).

HIBTREL B2 oTWAZ EATRENT.

M5 OMIETIE L Tl Eh -2 BB OB E
(BHIBOEFEHFEFICHEDLEE) IOV THhDBLE
(Table 2, Fig. 2), Streptomyces JE2Si b &, PHE

BETI333% (287#), FIRBTIZ48% (423%) T
HY, WHIREOLETIFRED S THL»IZED
WORETHHMBEEDE» o 72DIXMEEF I
Nocardia,

o 7z,
Actinoplanes, Micromonospora,
Isoptericola, Streptosporangium, Dactylosporan-

gium, Rhodococcus, Pseudonocardia, Kitasatospora,

N

Fig. 83 Scanning electron micrographs of isolates from
Iriomote Island (b-f) and Rishiri Island (a). a,

Actinocorallia sp. RI50-DHHV301; b,
Catenuloplanes sp. IR34-C0109; ¢, Glycomyces sp.
IR8-RCA104; d, Marmoricola sp. IR-027S3; e,
Virgisporangium sp. IR08-25; f, Verrucosispora
sp. IR10-DHHV603. White bars, 1 um.

Nonomuraea, Microbispora,
Agromyces 5 ThH o2, TN HLOE DN,
Agromyces, Isoptericola, Micromonospora,
Pseudonocardia O HIEEIITAEE THL 2 I2H
<, 1T Kitasatospora, Nocardia, Streptosporan-
gium OFHHEERAREOFPEVEH-SR LN
72, BADOHBOATHHALHRERIL, HRET

Catenuloplanes,

Actinomadura,

& Actinomycetospora,
Cryptosporangium, Glycomyces, Krasilnikovia,
Marmoricola, Planotetraspora, Verrucosispora,
Virgisporangium %23/&, FIPLE TlE Actinocorallia,
Oerskovia FD10E TH o 7z,
BOLAXRVTHEBEZIT) L, BRETIE
Actinoplanes (Acpl.) brasiliensis (Thiemann et al.,
1969), Acpl. philippinensis (Couch, 1950),
Actinomadura bangladeshensis (Ara et al., 2008),
Catellatospora bangladeshensis (Ara & Kudo,
2006), Dactylosporangium thailandense (Thie-
mann et al., 1967), Micromonospora (M.) chersina
(Tomita et al., 1992), M. narathiwatensis
(Thawai et al., 2007) %O IBIFE OEIFFER
ICRSNT F72, BREOS Y 70— THKLKHD
+3E % & Isoptericola (1) halotolerans (30%k) , L
variabilis (12%%), & 512 Agromyces ® K [F EFE
(20%) HL L HEESNAFEMNRA LN, —T5, #
FLE 21X Acpl. cyaneus (Terekhova et al., 1977) %5
DEFHHEAOEIFERWIIRA o 72, FRE
7 513 Streptomyces (S.) mauvecolor (13%), S.
mirabilis (178k), S. olivochromogenes (16#%) %0
S. diastaticus FE#¥ (species group; Williams et al.,
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Table 2 Species composition of actinomycetes found in Iriomote Island and Rishiri Island

Suborder

Family

Genus & Species”

No. of strains

Isolation sources”

Iriomote

Rishiri

Iriomote Rishiri

Catenulisporineae

Corynebacterineae

Frankineae

Glycomycineae

Actinospicaceae

Catenulisporaceae

Gordoniaceae

Mycobacteriaceae

Nocardiaceae

Tsukamurellaceae

Cryptosporangiaceae

Glycomycetaceae

Actinospica
unidentified
(Subtotal)

Catenulispora
unidentified
(Subtotal)

Gordonia
rubripertincta
unidentified

(Subtotal)

Mycobacterium
Mavescens
Sortuitum
insubricum
lentiflavum
neworleansense
senegalense
wolinskyi
unidentified

(Subtotal)

Nocardia
amamiensis
aobensis
araoensis
arthritidis
beijingensis
carnea
cyriacigeorgica
elegans
higoensis

Jejuensis
Jiangxiensis
niigatensis
nova
preumoniae
pseudovaccinii
rhamnosiphila
speluncae
testacea
vinaceda
unidentified
(Subtotal)

Rhodococcus
aetherivorans
equi
erythropolis
Jjostii
maanshanensis
qingshengii
tukisamuensis
wratislaviensis
zopfii
unidentified

(Subtotal)

Unidentified genus
(Subtotal)

Tsukamurella
pulmonis
(Subtotal)

Cryptosporangium
minutisporangium
unidentified

(Subtotal)

Glycomyces
lechevalierae
{Subtotal)
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Table 2
Continued,
Suborder Family Genus & Species No. of strains Isolation sources
Iriomote  Rishiri Iriomote Rishiri
Kineosporiineae Kineosporiaceae Kineosporia
mesophila 6 S,PL
unidentified 4 2 S,L,PL PL
(Subtotal) @) ®)
Angustibacter
luteus 1 S
(Subtotal) ©) [¢))]
Micrococcineae Brevibacteriaceae Brevibacterium
[frigoritolerans 1 S
(Subtotal) ) 0)
Cellulomonadaceae Cellulomonas
xylanilytica 1 S
humilata 1 S
unidentified 1 3 S S,L
(Subtotal) (¢))] 5)
Demequina
unidentified 2 o
(Subtotal) ) @)
Oerskovia
paurometabola 1 S
turbata 4 S
(Subtotal) 0) 5)
Unidentified genus 1 5 S (e}
(Subtotal) (€8] 5)
Intrasporangiaceae Humihabitans
unidentified 5 1 S, TB S
(Subtotal) 5) M
Intrasporangium
unidentified 1 S
(Subtotal) (¢8] (0
Janibacter
unidentified 1 0
(Subtotal) 0) n
Oryzihumus
leptocrescens 2 S
(Subtotal) 2) 0)
Phycicoccus
unidentified 1 S
(Subtotal) (€] (0)
Terrabacter
aerolatus 2 S
lapilli 1 1 S S
terrae 1 S
tumescens 3 S
unidentified 1 S
(Subtotal) 2) (O]
Microbacteriaceae Agromyces
aurantiacus 1 S
cerinus 2 S
unidentified 20 S
(Subtotall) 21 )
Labedella
unidentified 1 S
(Subtotal) ) 0)
Leifsonia
naganoensis 1 PL
(Subtotal) [} 4
Microbacterium
aquimaris 3 S
deminutum 2 S,PL
maritypicum 1 S
trichothecenolyticum 1 S
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Table 2
Continued.
Suborder Family Genus & Species No. of strains Isolation sources
Iriomote Rishiri Iriomote Rishiri
unidentified 5 3 S L
(Subtotal) (8) @
Unidentified genus 1 S
(Subtotal) 0 ©0)
Micrococcaceae Arthrobacter
kerguelensis 2 S
ureafaciens 1 N
unidentified 1 4 S S
(Subtotal) ()] (@]
Citricoccus
unidentified 1 S
(Subtotal) [€)) ©)
Kocuria
kristinae 1 0
(Subtotal) (€] ©)
Promicromonospora-  Cellulosimicrobium
ceae
Sunkei 1 S
unidentified 2 S, L
(Subtotal) ) )
Isoptericola
halotolerans 30 ,L
Jlangsuensis 7 S,L
variabilis 12 2 S, TB S
unidentified 12 2 S S,0
(Subtotal) 61 )
Myceligenerans
unidentified 1 S
(Subtotal) (N (V)
Promicromonospora
aerolata 1 (0]
Hfava 1 S
kroppenstedtii 3 S,L,0
sukumoe 5 PL,O
(Subtotal) (10) 0)
Genus incertae sedis Luteimicrobium
subarcticum 1 4 L S,L
(Subtotal) n “4)
Micromonosporineae  Micromonosporaceae  Actinoplanes
brasiliensis 1 L
campanulatus 1 S
capillaceus 2 S
cyaneus 1 7 S S
deccanensis 1 L
digitatis 6 6 S S, L
durhamensis 1 S
Sferrugineus 1 1 L S
philippinensis 1 S
regularis I S S
umidentified 45 37 S,L, S,L,PL
PL,
(Subtotal) (60) (53)
Asanoa
iriomotensis 2 S
ishikariensis 8 4 S S, PL
unidentified 2 3 S S
(Subtotal) 12) @
Catellatospora
bangladeshensis 6 I S S
chokoriensis 7 S, PL
citrea 1 S
coxensis 1 I O S
methionotrophica 1 S
unidentified 3 7 S.L
(Subtotal) (10) (18)
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Table 2

Continued.

Suborder

Family

Genus & Species

No. of strains

Isolation sources

Iriomote

Rishiri

Iriomote Rishiri

Catenuloplanes
Japonicus
niger
unidentified
(Subtotal)

Couchioplanes
caeruleus
unidentified

(Subtotal)

Dactylosporangium
aurantiacum
Sulvum
matsuzakiense
roseum
thailandense
unidentified

{Subtotal)

Hamadaea
unidentified
(Subtotal)

Krasilnikovia
cinnamomea
unidentified

(Subtotal)

Luedemannella
helvata
unidentified

(Subtotal)

Micromonospora
aurantiaca
auratinigra
carbonacea
chaiyaphumensis
chalcea
chersina
chokoriensis
citrea
coxensis
eburnea
echinaurantiaca
echinospora
endolithica
inositola
krabiensis
marina
matsumotoense
narathiwatensis
pattaloongensis
rosaria
saelicesensis
siamensis
viridifaciens
unidentified

(Subtotal)

Pseudosporangium
Sferrugineum

(Subtotal)

Spirilliplanes
unidentified
(Subtotal)

Verrucosispora
gifhornensis
unidentified

(Subtotal)

Virgisporangium
ochraceum
unidentified

(Subtotal)
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Table 2

HWAADL R & E 0 ik

Continued,

Suborder

Family

Genus & Species

No. of strains

Isolation sources

Iriomote

Rishiri

Iriomote Rishiri

Propionibacterineae

Pseudonocardineae

Streptomycineae

Nocardioidaceae

Actinosynnemataceae

Pseudonocardiaceae

Streptomycetaceae

Unidentified genus
(Subtotal)

Kribbella
aluminosa
hippodromi
koreensis
sancticallisti
sandramycini
swartbergensis

(Subtotal)

Marmoricola
unidentified
(Subtotal)

Nocardioides
albus
luteus
unidentified
(Subtotal)

Unidentified genus
(Subtotal)

Alloactinosynnema
unidentified
(Subtotal)

Lechevalieria
unidentified
(Subtotal)

Lentzea
albida
violacea
waywayandensis
unidentified
(Subtotal)

Actinomycetospora
chiangmaiensis
unidentified

(Subtotal)

Amycolatopsis
echigonensis
pretoriensis
rifamycinica
vancoresmycina
unidentified

(Subtotal)

Pseudonocardia
ailaonensis
ammonioxydans
carboxydivorans
endophytica
halophobica
oroxyli
unidentified

(Subtotal)

Saccharomonospora
viridis

(Subtotal)

Saccharopolyspora
gregorii
spinosa
(Subtotal)

Unidentified genus
(Subtotal)

Kitasatospora
gansuensis
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Table 2

Continued.

Suborder

Family

Genus & Species

No. of strains

Isolation sources

Iriomote

Rishiri

ITriomote Rishiri

griseola
mediocidica
nipponensis
paranensis
phosalacinea
unidentified
(Subtotal)

Streptacidiphilus

anmyonensis

carbonis

unidentified
(Subtotal)

Streptomyces

albiaxialis

alni

althioticus
ambofaciens
angustmycinicus
antibioticus
anulatus

atratus
atroolivaceus
aurantiacus
aureus
avermitilis
bacillaris
bambergiensis
beijiangensis
bungoensis
caelestis
candidus
capoamus
carpaticus
cavourensis
cellostaticus
celluloflavus
chartreusis
chromofuscus
cinereorectus
cinereoruber
cinerochromogenes
coelescens
coelicoflavus
coeruleorubidus
coerulescens
cyaneofuscatus
cyaneus
diastaticus
drozdowiczii

durhamensis
echinatus
exfoliatus
Sfilamentosus
Silipinensis
fimicarius
Savotricini
Slavovariabilis
Jlavovirens
Aavoviridis
fragilis
Sfulvorobeus
Sfumigatiscleroticus
galbus

gancidicus
geysiriensis
glauciniger
glomeratus
glomeroaurantiacus
griseoaurantiacus
griseochromogenes
griseoflavus
griseoplanus
griseorubens
griseoruber

3
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Table 2

Continued.

Suborder Family Genus & Species No. of strains Isolation sources

Iriomote Rishiri Iriomote Rishiri

griseorubiginosus 5 24 L S,L,PL,

TB, FP
L,PL
S,L

griseus
halstedii
herbaricolor
hygroscopicus 8
indigoferus

intermedius I
kunmingensis
lateritius

levis

libani
lienomycini
lomondensi
longisporus
Iydicus
malachitospinus
mauvecolor
mayteni
mexicanus
microflavus I L
mirabilis
misionensis

b = N Lh D

b2
[72R72275] w L

nwnnno O

BB 00 B 1D s e
oo
w2

murinus
nigrescens
nodosus
olivochromogenes 16 S,L,PL
pactum

paradoxus
parvulus

parvus
paucisporeus
phaeoluteichromato-
genes
phaeoluteigriseus
prasinosporus
prunicolor
psammoticus
pseudovenezuelae
pulveraceus
puniceus
puniciscabiei
purpureus

rameus
rapamycinicus
recifensis
resistomycificus
rishiriensis 9
roseofulvis 1
rubidus I
rubiginosohelvolus I
rubrogriseus 2
sanglieri
scabrisporus 1
seoulensis
somaliensis
sparsogenes 3
spinoverricosus
spiralis
spiroverticillatus 4
sporocinereus
sporoclivatus 1
spororaveus 1
Sporoverrucosus
tanashiensis
tendae

tuirus
trgidiscabies
vietnamensis
vinaceus
violaceolatus
violaceorectus
violaceoruber
violaceus
violascens 2
viridochromogenes
viridodiastaticus
xanthochromogenes
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Table 2
Continued.
Suborder Family Genus & Species No. of strains Isolation sources
Iriomote Rishiri Iriomote Rishiri
xanthocidicus 1 S
xantholiticus 2 S
xanthophaeus 5 S
xiamenensis 2 1 S S
yanii 1 L
zaomyceticus 5 L,TB
unidentified 66 135 S,L, TB, S,L,PL,
FP, O TB
(Subtotal) (286) (420)
Unidentified genus 1 3 o] S
(Subtotal) )] 3)
Streptosporangineae  Nocardiopsaceae Nocardiopsis
alba 3 S
listeri 1 S
prasina i 3 S S,0
unidentified 2 3 S S
(Subtotal) @ ®
Streptosporangiaceae  Acrocarpospora
unidentified 3 S,L
(Subtotal) 3 ©
Microbispora
corallina I S
rosea 7 2 S S
unidentified 6 12 S, 0 S
(Subtotal) (13) (15)
Microtetraspora
glauca 2 S
malaysiensis 4 S
(Subtotal) 4) )
Nonomuraea
bangladeshensis 1 S
candida 5 S,0
dietziae 1 S
helvata 1 S
kuesteri 2 S
salmonea 1 S
unidentified 11 7 S S
(Subtotal) (22) (@)
Planotetraspora
unidentified 3 S
(Subtotal) 3) 0)
Sphaerisporangium
melleum 8 S
unidentified 1 1 e} 5
(Subtotal) [C)] 1)
Streptosporangium
album 3 S
amethystogenes 3 7 S S,PL
claviforme 2 S
pseudovulgare 2 S
vulgare 1 17 S S,PL
unidentified 4 16 S S, PL
(Subtotal) (10) (45)
Thermopolyspora
unidentified 1 S
(Subtotal) 0) )
Unidentified genus 1 O
(Subtotal) [¢)] 0)
Thermomonospora- Actinocorallia
ceae
libanotica 1 S
(Subtotal) (0) 8]
Actinomadura
bangladeshensis 2 S
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Table 2
Continued,
Suborder Family Genus & Species No. of strains Isolation sources
Iriomote Rishiri Iriomote Rishiri
citrea 5 S, L
coerulea 1 S
Sulvescens 2 S
madurae 1 S
maheshkhaliensis 1 7 S S
meyerae 1 S
nitritigenes 2 S
viridis 4 S
unidentified 3 S
(Subtotal) (15) (14)
Total 881 889

168 rDNA sequence similarity values of 297.0% and >99.0% were used as the criteria for identification at the genus and species

levels, respectively.

® S, Soil; PL, Plant litter; TB, Tree bark; L, Lichen; FP, Flower petal; O, Others.

1983) 2B § % % Kitasatospora mediocidica (13
BR) 5% { DS N A EMA D o 7.

HEE, AIRE, OGN -RENLHEOER
WETHEMSIER % Fig. 3 IR L7,

MBEHFEORE HHMoEIERO—HIZoWw
TRHEMZoHEABRZTT Y, 28R 2H A

( Angustibacter luteus, Luteimicrobium
B X U 10% #
thermotolerans, Actinomycetospora chloros %) M4&
%% M HEFE International Journal of Systematic
and Evolutionary Microbiology 8 X U
Actinomycetologica k. ~fT9 & & £ 12, Demequina
B 2 ¥ & E R 48 International Symposium on
Biology of Actinomycetes 2009 (2 THE L 72,

subarcticum) ( Georgenia

F—aN—XOBELEXRORE Rt cou,
FE, RELLCRBERE L,7T708Io2wT, B
%, DHEROTRIGH L HHENE TN LT — F R—
A% MS-Excel ICX DLz, T/, Fi#Mtomw
SRS L URIERB I NI ICE T S Ok,
S L EZEE OBV EBREET 111 BRI OWTIEHE
AT B NITE Biological Resource Center
(NBRC) ~&F&tlL 7.

% %5

EEPIZB T B B E O B R R RS L
pH, Ko&E, ARWER, WAL voERRETIC
LoTHERZLIENFINITHELPIZENTVRD., &
LI, HWEHAFOLBEEEH O 20RABETH D,
L72ho T, R R &2 &0 MY, BEHMITK
MEMHERET2EERRFELVEL MRS

NTE7 (Williams et al,, 1984) . LH L, # DI
W7 DI ER L TR 200 - REWRseE
ERDIEhD, [BEEBREAHDBRICET %%
oz T CEN LA TR TRy, 2oz
i, BB ORBEOREICIBESCEIEREE L
M ORBUEIR, (b0 HEMNMIR, 16S rDNA IR
FNTELD G F RN S 51277 2 DNA ORHESF
e EMEERPERINLZEWCHRRALTVS E
EZzoha.

&L, ZROMMERIRD 16S rDNA 1 HEH HMiF
MENT — I R—APFELTELZOITHE, 168
rDNA S FEBCH o AH 8] 0 R BT 12 20 < B O
BFED, ZROUBDIFHHTER E N5 LB
FEICBWTHbND L) I2h o TEZ (Muramatsu
et al., 2003; Iwai et al., 2009) . ABFETIL 16S
rDNA IHEBRFIOHFMY >97% B L U 299% # Zh &
NEBLIUCHEOMAN 2 FEHLHE (Stackebrandt &
Ebers, 2006) & L CHi5FE 217 o 72458, 98.7%
B LU 63.6% DRMPZNETNELMDRE B & OHA~E
Bah, TEENSRECHET S92 EET
Holz.

AT, ZRODEROFRENEZ IS, EH
WHOWNER, HREBONREENENTE/HLIK
MHEMITBELNTWABZ LWL L. 2L
HOBES EYEEL IR LS RERENC L ) g
ThE, MRBEOLHUEOFFEEIIE L, REBELEK
BEABGRR DL R IR LS L TwAEELLR
7z. 72, WHUISTESY A MMESERIRDT ~
7 Th6%, WDT 7 THEN24% KL, ZhEN
TEZ o B EEPHEEN TS L &R
W & B T & Agromyces, Isoptericola,
Micromonospora, Pseudonocardic O 55548 B ASE A
o7z, TOW, Micromonospora B DWTIX, TR
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FTELDOMEBICL VKRG EROFH RELHOG
EPBHSAICENRTEBY (Williams et al., 1984)
FEEMTEPSZVHEEOABEFAERICHELTWE L
HesE s b, Agromyces B X U Isoptericola 22T
b, MREOMOM, KES< Y 7u—7HKot8%
ERGEBOBAREIOEFHES N2 DD,
WEOSA L EHEOBRPRRINA. —7,
Kitasatospora, Nocardia, Streptosporangium,
Streptomyces ZBE DS HHERXFABE TH P72, T
D9 B, Nocardia B & U Streptosporangium {2
T, BAcHBEEZRLEBDEROEVWLEIIZ Y
CENRINTTHREINTED (Lacey, 1973;
Hayakawa et al., 1988), KK T pH 2MERVFIH
EOTENEBICHLTWAZ X HiE NS,
72, Streptomyces {2\ Tl S. diastaticus TEHE

(Williams et ol., 1983) PHFRBTE o724, Z
OHBIFEE (4~10C) TEFTELHEPE NI L
oM ET S, D EoKRICmA, HERTI
B O, FLARE CTRERFFOENS TN
FNERNICAON SR EE2EET AL, RKBEIEK
WHOMBESAEZRNT2ERELEAFTHY, £HY
KRB OEEICE L RHBEESER LTS
EATRIEE NI

ARWFZE CHBEE & v ) D TH W R & O FBGRE
OBWERIT - 22 b b T, FHshBREO
FRORE, #l2iE, WRETEE 240, BAFD
W7 V7SI BV BB E ORI R L AR TR
B (36)F: Wang et al., 1999; 23/& 185 ffi: Muramatsu
et al., 2008) LILNFBWEEERLZ. ZOBEBDO—
DIiE, A CREAEORIRGHEEREL-Z &
FEZONL., LAL—FT, RPEIIIBTIROR
M7 UVTHEICEDL L IE LSRN OREE
P LTWBEIEFHLERL o7 £72, B
HICEBTER WL EE SN L RHR O L KM
NaZ ehbhol., &%, EIERLICBT 3K
WHEOZHBEOMENFE TS & & I, BFHROK
MEME OEN R BITR R LT B I L AR
R HEBEETHS.

%8B, AR TIROHHIROME OIS X B U
DL T o 7225, FlZE, HKIECHEH
EOWMEMIETEE R > TwE I LBHLNE R
oTWw5h, 5%, LTEIAOEE DS O5HEREE B
2L, o TwElzv,

Z ¥

MEEAISIC AR § 5 TR B B L OIS ORI FLE

n

E ¥

FREND?S, LR RO E LRARER 200 K%z
FIL, BOREHOMMBRY LAE, TEeiTo7. W
WME O L RE Y S OA I IEEER (HV agar)
EEARREME L, BEOMHFEOM, wELLERN
AN & AR &, BAEE O BIRGHER RS L
7. TNOLOFET LD LTT0ME HE, RAFEL 2.
EERGTEEBEB XU 16S rDNA RS B
1,500bp) 2#0 AR M & USRI I & ) B
DO GREZITo 72,

[ 5E DGR, TEFR B HEM 881 Hrid247163/F 240 i
2, FUBL B 5 e #k 889 #1 20FH50/% 166 FlICALIR &
n, Wi e bR CEHMHOBEBE IR 54T L T
WBIZEDHEPE o, BB O L XV OS R
B (BESLHEE) 2L 10,
Shannon %2k 5 &, WEE 7.46, FIFLE 6.69
Lk, HERBOFNEE (P<0.05 Wilcoxon 511
NEARE) 2@ h o7z, &3, 16S rDNA RS
DARFE S 98.5% K O MMk A EEWISH L 35
CVHRE R 1736k (89FR) , FIPLEMEMR 172 %k

(75%H) AL L7

THERE, FIREBTHRIBENZEBEICOWTHERE L
2e A, BLANNVTIREFTIEF40E (55%) ,
7oL AV TR 328 FEH TS (24%) LAEML
THBHT, BHEOMESMAIZNBIRTREL Rz
TWw5bZ EpSRaNiz, WHOWB TR SWAZERE
BOSHEE (FiBoffiikdic o s84E) 12
DWTHhBE, Isoptericola, Micromonospora,
Pseudonocardia FROGFHMEEIERETE {,
Kitasatospora, Nocardia, Streptomyces,
Streptosporangium & JE O 5B EIIFIRE O F 258
WP R SNz, B4 OO &K CTHIR L 2B E
JB1X, WEE Tid Catenuloplanes, Krasilnikovia 7z
238, FIFR BT Actinocorallia, Oerskovia 72 &0
10 ThHod. T/, WHEETIE Actinoplanes
(Acpl.) philippinensis, Dactylosporangium
thailandense % O BIFIRFH AR 6, FIREIC
13 Acpl. cyaneus SO EWFHAEA O R & N 5 R
Bd o7z,

ARBIEC TR O N BFER O Hiedy

OB LURA F —5H

1) UK, REE, OB, RHEEk, REEZ,
WA, WAIem, BIESE (2008) . EABEOH
TR B OV HE SRR ST 84T B IBGR TR AR 0 2 BRI AT
ARG 422008 RS (LFD .

2) WREEA, LA, BEME, (RS, BIESE
(2008) . AFRBHED O OWMRE OHE & SRR DK
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3)

4

5)

6)

7

8)

9)

10

=

AAROIBA B & O

BT, HABBINSR2008FERE (1LF) .
RARERL, FHGERE, HEAME, L3E8, BIIE
F (2008) . EELEAR D BARE O L 5 0R
SHEE PCREBICE AWM BRZIIOWT, HAMRMES
L2008 KRS (1IFY) .
HAME, AHESE, EHEz, ZEEYR, Lk
B, BioAREE—B, FIIIESE (2009) . Frankineae Hf
EUCIE§ 2 FrBl el . HABSE b3 420004 A4
(&R .
HORMW, ZB3ER, AmEEE, BHEZ, BN
B, WATIER, BIIIERE (2009) . SyiRrs OV 2k
WA A B9 B Hi AR S A S DR 0 ik & £ IR
. BRI S420004F RS (BRH) .
RS, CHEER, RHER, Rz, O
Z, ATIERS, RJIIESE (2009) . @A K OVHE 34
WL D BRI AR S O BURE O ik & £ R
. BB ES420004E RS (Bl .
EHEZ, ANNE, AHgEE, CEER, LR
A, #ocfk—ul, RUNIESE (2009) . SX@EmMELE
V72T 72 F 230 7)) 7 O4HE L R ENTZE. H
ARHAR F 220004 BER & (BkH) .
HAME, AHESE, ZEBEER, RERZ, LK
B, RJIIESE, #iki—B (2009) . MBS L O
WA & 57 HE & N7z Actinomycetospora JB 53 BliRk 0 55
R AR OME. AR ES20005 k% (B
H) .
Tamura, T., Ishida, Y., Otoguro, M., Hamada, M.,
Yamamura, H., Hayakawa, M. & Suzuki, K. (2009).
Novel species of the genus Actinomycetospora,
isolated from subtropical and temperate zone. 15th
International Symposium on Biology of
Actinomycetes (Shanghai, China).
Hamada, M., Tamura, T., Ishida, Y., Otoguro, M.,
Yamamura, H., Hayakawa M. & Suzuki, K. (2009).
Isolation of actinobacteria using the medium
containing 5% sodium chloride and proposal of two
new species in the genus Demequina. 15th
International Symposium on Biology of
Actinomycetes (Shanghai, China).

D

2)

3)

4)

Hamada, M., Tamura, T., Ishida Y. & Suzuki, K.
(2009). Georgenia thermotolerans sp. nov., an
actinobacterium isolated from forest soil. Int. J. Syst.
Evol. Microbiol. 59: 1875-1879.

Hamada, M., Otoguro, M., Yamamura, H., Tamura,
T., Suzuki, K & Hayakawa, M. (2010).
Luteimicrobium subarcticum gen. nov., sp. nov., a
new member of the suborder Micrococcineae. Int. J.
Syst. Evol. Microbiol. 60: 796-800.

Hayakawa, M., Yamamura, H., Sakuraki, Y., Ishida,
Y., Hamada, M., Otoguro, M. & Tamura, T. (2010).
Diversity analysis of actinomycetes assemblages
isolated from soils in cool-temperate and subtropical
areas of Japan. Actinomycetologica 24: 1-11.
Tamura, T., Ishida, Y., Otoguro, M., Yamamura, H.,
Hayakawa, M. & Suzuki, K. (2010) Angustibacter
luteus gen. nov., sp. nov. isolated from subarctic

B

L7

ME M OZ A & 2 DL

5)

6)

7

8)

9

10)

forest soil. Int. J. Syst. Evol. Microbiol. 60: 2441-
2445,

Motohashi, K., Takagi, M., Yamamura, H.,
Hayakawa, M. & Shin-ya, K. (2010) A new
angucycline and a new butenolide isolated from
lichen-derived Streptomyces spp. J. Antibiotics 63:
545-548.

Takagi, M., Ueda, J., Hashimoto, J., Yamamura, H.,
Hayakawa, M. & Shin-ya, K. (2010) A new 16-
membered tetraene macrolide JBIR-100 from a
newly identified Streptomyces species. J. Antibiotics
64: 627-629.

Tamura, T., Ishida, Y., Hamada, M., Otoguro, M.,
Yamamura, H., Hayakawa, M. & Suzuki, K.

Actinomycetospora chibensis sp. nov.,
Actinomycetospora chlora sp. nov.,
Actinomycetospora cinnamonea sp. nov.,
Actinomycetospora  corticicola sp. nov.,

Actinomycetospora lutea sp. nov., Actinomycetospora
straminea sp. nov. and Actinomycetospora succinea
sp. nov. and emendation of the genus
Actinomycetospora. Int. J. Syst. Evol. Microbiol. (in
press).

Otoguro, M., Ishida, Y., Tamura, T., Yamamura, H.,
Suzuki, K. & Hayakawa, M. Virgisporangium
aliadipatigenes sp. nov., isolated from soil in
Iriomote Island and emended description of the
genus Virgisporangium. Actinomycetologica (in
press).

Yamamura, H., Ohkubo S., Nakagawa Y., Ishida Y.,
Hamada M., Otoguro M., Tamura T. & Hayakawa,
M. Nocardioides iriomotensis sp. an
actinobacterium isolated from a forest soil. Int. J.
Syst. Evol. Microbiol. (in press).

Yamamura, H., Ashizawa, H., Nakagawa, Y.,
Hamada, M., Ishida, Y., Otoguro, M., Tamura, T. &
Hayakawa, M. Actinomycetospora rishiriensis sp.
nov., an actinomycete isolated from a lichen. Int. J.
Syst. Evol. Microbiol. (in press).

nov.,

RAFBEBE I Z 27 EE L 72 Bk

ARWFIEIZ L ) 0l L 2 LT O WMk % NBRC IC%EC

Acrocarpospora sp. NBRC 105343
Acrocarpospora sp. NBRC 106376
Actinocorallia sp. NBRC 105360
Actinokineospora sp. NBRC 105648
Actinomycetospora sp. NBRC 106356
Actinomycetospora sp. NBRC 106357
Actinomycetospora sp. NBRC 106359

Actinomycetospora sp

. NBRC 106360

Actinomycetospora sp. NBRC 106365
Actinomycetospora sp. NBRC 106375
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Actinomycetospora sp. NBRC 106378
Actinomycetospora sp. NBRC 105527
Actinomycetospora sp. NBRC 105528
Actinomycetospora sp. NBRC 105900
Actinoplanes sp. NBRC 105361
Actinoplanes sp. NBRC 105337
Actinoplanes sp. NBRC 105393
Actinoplanes sp. NBRC 105336
Agromyces sp. NBRC 106451
Agromyces sp. NBRC 106452
Agromyces sp. NBRC 106453
Agromyces sp. NBRC 106454
Agromyces sp. NBRC 106455
Amycolatopsis sp. NBRC 105362
Amycolatopsis sp. NBRC 106366
Amycolatopsis sp. NBRC 106368
Amycolatopsis sp. NBRC 106374
Asanoa iriomotensis NBRC 105338
Catellatospora sp. NBRC 105363
Catenuloplanes sp. NBRC 105339
Couchioplanes sp. NBRC 105340
Couchioplanes sp. NBRC 106501
Cryptosporangium sp. NBRC 105364
Dactylosporangium sp. NBRC 105341
Demequina sp. NBRC 105854
Demequina sp. NBRC 105855
Demequina sp. NBRC 105856
Glycomyces sp. NBRC 105342
Gordonia sp. NBRC 106352
Gordonia sp. NBRC 106354
Herbidospora sp. NBRC 105349
Humihabitans sp. NBRC 106350
Intrasporangium sp. NBRC 106456
Intrasporangium sp. NBRC 106457
Kineosporia sp. NBRC 105344
Kineosporiaceae strain NBRC 105387
Krasilnikovia sp. NBRC 105345
Leifsonia naganoensis NBRC 106519
Lentzea sp. NBRC 105346
Luteimicrobium subarcticum NBRC 106521
Luteimicrobium subarcticum NBRC 106458
Marmoricola sp. NBRC 105384
Micromonospora sp. NBRC 105347
Myceligenerans sp. NBRC 105348
Nocardia sp. NBRC 106379
Nocardia sp. NBRC 105645
Nocardia sp. NBRC 105646

noIE =

Nocardioidaceae strain NBRC 105388
Nonomuraea sp. NBRC 105351

Nonomuraea sp. NBRC 105350

Oerskovia sp. NBRC 105647

Paraoerskovia sp. NBRC 105853

Phycicoccus jejuensis NBRC 106520
Promicromonospora sp. NBRC 105352
Pseudonocardia ailaonensis NBRC 106518
Pseudosporangium ferrugineum NBRC 106351
Pseudonocardia sp. NBRC 105365
Pseudonocardia sp. NBRC 105353
Pseudonocardia sp. NBRC 106517
Rhodococcus aetherivorans NBRC 106353
Rhodococcus sp. NBRC 105354

Saccharothrix sp. NBRC 105355
Sphaerisporangium sp. NBRC 105356
Streptomyces alni NBRC 106367

Streptomyces antibioticus NBRC 106515
Streptomyces antibioticus NBRC 106369
Streptomyces anulatus NBRC 106361
Streptomyces atratus NBRC 106362
Streptomyces coerulescens NBRC 106504
Streptomyces corchorusii NBRC 106502
Streptomyces flavoviridis NBRC 106505
Streptomyces gelaticus NBRC 106514
Streptomyces griseorubiginosus NBRC 106509
Streptomyces griseorubiginosus NBRC 106364
Streptomyces griseorubiginosus NBRC 106511
Streptomyces hygroscopicus NBRC 106377
Streptomyces misionensis NBRC 106513
Streptomyces misionensis NBRC 106512
Streptomyces murinus NBRC 106355
Streptomyces psammoticus NBRC 106508
Streptomyces seoulensis NBRC 106516
Streptomyces sp. NBRC 105369

Streptomyces sp. NBRC 105370

Streptomyces sp. NBRC 105373

Streptomyces sp. NBRC 105383

Streptomyces sp. NBRC 105371

Streptomyces sp. NBRC 105368

Streptomyces sporoverrucosus NBRC 106380
Streptomyces violaceolatus NBRC 106507
Streptomyces violaceus NBRC 106506
Streptomyces xanthochromogenes NBRC 106503
Streptomyces xanthochromogenes NBRC 106510
Streptomyces xanthochromogenes NBRC 106358
Streptomyces xanthochromogenes NBRC 106363
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Streptomyces yanii NBRC 106370
Streptosporangium sp. NBRC 105366
Tsukamurella pulmonis NBRC 105357
Verrucosispora gifhornensis NBRC 105358
Virgisporangium sp. NBRC 105359
Virgisporangium sp. NBRC 105643
Virgisporangium sp. NBRC 105644
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Studies on the quality and purification of water in Lake Biwa:
the role of the reed belt and the microorganisms inhabiting it

Hisao Morisaki

College of Life Sciences, Ritsumeikan University
1-1-1 Noji-higashi, Kusatsu, Shiga 525-8577

We investigated the characteristics of biofilm formed on the surfaces of the reed Phragmites australis

physico-chemically and microbiologically for 3 years (2007 to 2009) in the southern basin of Lake Biwa.

Our study revealed that the reed biofilm can remove nutrient ions by adsorbing ions from surrounding

water to result in water purification.

1) Inside the biofilm, a totally different environment from that of the lake water was found. Nutrient
ion concentrations and bacterial density were much higher (by several hundreds to thousands of
times) than in the surrounding lake water, and the bacterial community structure was totally
different from that in the lake water. We deduced that nutrient ions were adsorbed by positive and
negative electric charges in the biofilm polymer and that the high nutrient concentration caused a
rapid biofilm formation (ca. 1-2 weeks).

2) The biofilm showed a high denitrification activity. Accumulated nitrate ions and an anaerobic
environment inside the biofilm seem to be responsible for this activity. A denitrifying bacterial strain
firmly attached to the surface of the reeds has been identified.

3) Both bacteria and algae increased their numbers during biofilm formation (diatoms were rich at an
early formation stage of biofilm formation, while cyanobacteria were rich at a later stage).

4) Nutrient ions could be removed efficiently from the lake water by the reed biofilm, as revealed in a
pilot experiment using an artificial reed colony planted in a waterway.

5) A high density of bacteria (thousands of times greater than the density in the lake water) capable of
killing Microcystis aeruginosa and Closterium aciculare was found inside the biofilm. These bacteria
seemed to actually depress the emergence of water bloom in Lake Biwa.

Based on the above findings, the application of reed biofilms was considered in two ways as follows. 1) In
the northern basin of Lake Biwa, river water flowing into the lake can be maintained in a 'clean’ state by
removal of nutrient ions by the reed biofilms. 2) In the southern basin of Lake Biwa, the reed biofilm can
be fed, as confirmed experimentally in the present study by using stable isotopes *C and “N, through
the food web to maintain a rich ecological system.

Key words: biofilm, reed (Phragmites australis), Lake Biwa, removal of nutrient ions, water
purification
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Algaecidal bacteria

|

Depression of

\ Bacteria

Mineralization

Organic CO, Inorganic substances
substances (Nutrient ions)
[ I
Adsorption Adso{ptson
}
Denitrification \ll espiration

Inorganic substances
(Nutrient ions)
I
Assimilation
(Photosynthesis)

™

Micro-algae )
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Fig.1 A schematic illustration of the role of reed biofilm on the purification of water in Lake Biwa.
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Dynamics of inorganic nutrients and analysis of food webs around reed

(Phragmites australis) communities

Ichiro Imai

Laboratory of Marine Environmental Microbiology, Division of Applied Biosciences,
Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan

Biofilm on submerged reed stems appear to play an important role in adsorbing nutrients such as

inorganic nitrogen and phosphate, and biofilm itself is grazed by some animals such as snails and

crustaceans. We investigated the adsorption of nitrate and phosphate by biofilm on submerged reed

stems collected from Lake Biwa. Biofilm clearly adsorbed these nutrients, in particular, nitrate was

entirely removed from water in our experiments. The reed shoots in containers clearly showed an

ability to remove inorganic nutrients from water in pot experiments. Next, we investigated the fate of

biofilm on the surface of submerged reed stems using a stable isotope tracer method. The test

demonstrated that some snails and crustaceans actually grazed biofilm originated from the submerged

reed stems. We noted that biofilm produced in spring was better used than that produced in summer.

According to the results, the restoration of reed communities will be an environmentally-friendly

strategy for restoring lake environments.

Key words: reed, biofilm, nutrients, adsorption, food web
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FUENAF T4 IVLIZEBREEORIL 20074
6 5HIC, #HEBTFUTOARERRECTKET
(10ecm BE) 263 v0EZYIHLTCHELE-
72, 300mI A=A T I AT 1% BEDOWE CT i

(Tablel) % 200ml AfL, ZZIINA &7 4 V4
(LI# BF L3 5) & L3 v 0EXE/E BF
TS5V TRELLIVOEZNAELL. ITVOED
EXiif2ecm ThHAH. INHZREE, HMmE
504 mol photons/m¥s B X O° 14hL : 10 hD BA I J&
DRETHEEL, BEHFOMBEBER L) Vi
REY ViEEORFEZE L.

K2, 20074E11A20H IR I Y E0H T ¥
T RITV, FREOFREEBRINERZ ERL 7. FE
2, 22cm PO BF 275 THELTEDD
O, FNEMER1L/10, /100 CHR LD 0% FHE
L, AU EBEOLELERRL. ZOROERRE

Table 1 Composition of the CT medium
for culturing microalgae

Contents Weight and recipe
MgSOy - TH,O 40mg
KNO; 100mg
Na,HPO, - 12H,0 62mg
Ca (NOs), - 2H,0 150mg
TAPS 400mg

Vitamin mix

Vitamin B, 10pg
Vitamin B> 0.1pg
Biotin 0.1pg
PIV metals
FeCls - 6H,O 0.588mg
MnCl, - 4H,O 0.108mg
ZnCl, 0.0315mg
CoCl, - 6H,O 0.012mg

Na,MoOs - 2H,0 0.0075mg
Na,EDTA - 2H,0 3mg
Distilled water 1 liter

pH 8.2

HR

1315C & 25C 23 L, REHEOWIIGHEZ B L
7z,

Ky NEEIZ L B3 YBFOFREERNOIEET

20074 7 H25~31HB L "8 H28~9 A 2 HD 2
b, BBEVEYECBVTRY PHTI ¥ EKY
(530 x 350 x 280 mm, 52V v ME) HIZNAEL
(#5500 A/m2) , I & BF 2 & 5 RFEEOWIRZ
WZoOWTHF 21772 (Fig. 1). Ky bOHFIZIZEN
S5mm OF (F— 27 L— 7RENE L 7)) A%
bh, CTH#iE AN/ KBTI Y% 3 EH PR
¥ BF 2 8¢ TERICH W, BEMOKEZD
BB%, GF/F ¥ T AGMEIERCTIHA L TREZKMEHP
IZAN, 1100#EEO CT RO REBIRREZHEL
7o, BEL7-EBRRXIZ Table 2 1R L7z, EEREHEA

Fig. 1 A photograph of reeds (Phragmites australis) in
pots.

Table 2 Experimental plots of pot experiment for
examining effects of reed on cleaning up of
inorganic nutrients (NO,-N and PO,-P)

Plots Reeds Biofilm Microcystis  Closterium

aeuginosa aciculare
Y1 + +
Y2 +
Y3
K1 + + +
K2 - +
K3 +
K4 + + +
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L5HEBFTEHEHRBRBELLEAS TKEZH—IZLTAD
VT T ERITV, FERREEOB L .

RERMAESFEHW /=32 BF %9 < 3 BT
RIERFEO I VHEICBWT, 200845 H26H, 6
H30H, BXUSA9BIIH Y7 ¥ 7 %&fTo7z.
K% HEV1000, 250, 63um OFFCHRLIEL, BEHF
F (Particulate Organic Matter: POM) % %4 X4
L7z, KICITVEHNS BF 2L, I VEEOW
EabidfihiavrEnz. 2, Ay b (BEW
100um) THYHHEHNOKPIERT A ZRIL
7. ThHDHEBHIOWT, EBPWEIIOVWTY —F
4 Y7L, DEZMLEEZIC, RELBEORERNM
REZRE L. S5ICFig 2R LAEI1C, KE
TOIVEIEbem OFEZHETHRL, I VESR
WERBICERTHAEMEZRELT, ARICY —T4
YR, RBICLELRELEEE L EE 5 E
(Delta Plus Advantage, Thermo Electron) % F\»
TRERMF A WE L. REOERYH L LTI
PeeDee Belemnite 7, EFOEEYEIZITKAF D
BRT AT

Cut reed shoot above water
level.

Cover whole shoot with a
plastic tube.

% K?> oy

Cut shoot at the root and
immediately put a rubber
stopper into the bottom of
o >§ 777 the tube.

Fig. 2 The procedure for collecting the animals near and
on the surface of reed shoot.

i SR 3 3

SVENAA T4 IVLIC L BREEORIN  20074F
6 HS HICRRE LI Y0EZFW-EETIE, WHH
BEX (NOLN) BEB LY VBEY ~ (PO,P)
IR 24RE B DS IRAT B 2 L AR S N7 (Figs.
3,4). NIZUIXUIEMHBALLTICE TET LA
PIIMHIRALTICE TIHETEY, 96MHHETLIE
LT, SYEORENS BF &5 & 2854
Th, ZOFFT LIV LRBVHEETIIH H25, %EED
WA o7z, T s ) — VBRI & o THEY
ERELTDH, REEOWIIRZ 572, 517 —
FHRERVA, = 7L —TWHE L BFffX
DIV EIHEIEDOWRINEAT 5 7225, 1) VBRI I¥IC
Iy b REISRE I N,
KERFAOWNAEEZIIAOY YTy v roa VE
Th, 6AIDVIBVERETCIDLIEREIN
(Figs. 5, 6). F72HE 25T I2H~, 15T D & hKw
WS TIRBIGEE DK T 25 sl s N7z, 72, BF
FIVOEEREODL O L FEERE S HATLRB

20

Upper —$—BF+
pp ——BF-

Lower —¢—BF+
—#— BF-

NO,-N (mM)

Time (h)

Fig. 3 Adsorption of nitrate (NO,-N) by reed stem (2cm
length) with biofilm (BF+), with wiping treatment
(BF-) and ethanol treatment (EtOH). The
sampling was made on June 5, 2007. Upper:
upper part of reed stem from 10cm depth, Lower:
lower part of reed stem from 20cm depth.
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Upper —o—BF+
pp — i BF~

g ELOH

——BF+
~ i BF -
—d— EtOH

PO,-N (mM)

Time (h)

Fig. 4 Adsorption of phosphate (PO,-P) by reed stem
(2¢m length) with biofilm (BF+), with wiping
treatment (BF-) and ethanol treatment (EtOH).
The sampling was made on June 5, 2007. Upper:
upper part of reed stem from 10cm depth, Lower:
lower part of reed stem from 20cm depth.

NO4-N (mM)

Time (h)

—o— BF+
—a— BF-

- BF (suspension)
—e—BF (susp. 1/10)
—x—gF (susp. 1/100)

Fig. 5 Adsorption of nitrate (NO,-N) by reed stem (2cm
length) with biofilm (BF+) and with wiping
treatment (BF-), and by biofilm with three levels
of concentrations (whole amount from 2cm length
reed stem, 1/10 dilution, and 1/100 dilution). The
sampling was made on November 20, 2007.
Upper: upper part of reed stem from 10cm depth,
Lower: lower part of reed stem from 20cm depth.

DB R %R T A, BF BB EEARL 72%
EEEEERIGESMET Lz, SHICREREOR
AR A THIRIBZEDIRENL (F—F IR
).

b2 s, REEOBRNS BF OEHTH S Z L 2°
RENT. 72, BE25TICB 5 HREBEORIGE
EIZEH (6 7)) oa YE0FMLH (11A) b o
I B\ lnn, BHOBFIELHOLO L
DL FBEOBRENEIKE o7z, THITFMIC L
D, BF # ST 2 MAeYW oMK BF B & O XKE
WG R D 2 L 2 RET 5.

I VEERMO BF R ORERIBE R, SEoKTO
FARIEIEE & WATHICEEIT 525, £ ORBEIZ10008
BMEBFTFOFDPTEVWIERERAINLTWV S
(Tsuchiya et al., 2009). Z OMAEYRIED BF I35
SHNCREREBICH Y, MRBER ) Y ERIEE TR
BFEHIZHFI LY AATLE D w9 (Hiraki et
al., 2009) . SEIOFKERIZ, FICE~WED I 1%
AMEET RO BF EEPEVWE SN TWS 2

PO,-P (mM)

Time (h)

—o— BF+

—t— BF-

-~ BF {suspension)
—e—BF {susp. 1/10)
—s—gF (susp. 1/100)

Fig. 6 Adsorption of phosphate (PO,-P) by reed stem
(2cm length) with biofilm (BF+) and with wiping
treatment (BF-), and by biofilm with three levels
of concentrations (whole amount from 2cm length
reed stem, 1/10 dilution, and 1/100 dilution). The
sampling was made on November 20, 2007.
Upper: upper part of reed stem from 10cm depth,
Lower: lower part of reed stem from 20cm depth.
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EEEMNITTNS,

Ky FEERIZELD I BF OREIERN Aok
DRy POIVIZBF 2R SETCHESELT IO

30

20 b

——Y1
—u—Y2
—a—Y3

—3— K1
—¥%—K2
—o—K3
—+—K4

Fig. 7 Adsorption of nitrate (NO,-N) by reeds in the pot
experiment with different conditions (see Table 2).
Experiment was made from August 28 to
September 2, 2007.

“/_‘r_,,-——-ﬂ
3 b
——Y1
2 —m—Y2
—4&—Y3

3 K1
—*—K2
—e— K3
—— K4

Fig. 8 Adsorption of phosphate (PO,-P) by reeds in the
pot experiment with different conditions (see
Table 2). Experiment was made from August 28
to September 2, 2007.

Wer, WIMU7-REIE (WEREL Y VERE) BRLHE
RPIHEEEN, BTN 2 A CTHRIBRFALT £ T2
EAMET L7 (Figs. 7,8). IYEDBF #2753 T
BR LSS, BRELLD o ERRICHENTRRE
CRFHBEMET LA, 202 EIE, 79 CThE
TERPo7BF £72133 VEIC L B HBHERINE &
bz, ITEANE o ERK (BF b #W)
T, FEHBEORKTREBSE S 22072, ULo
EBHREIEL, 79 23T o ERBREER
BRI E R T ERTES.

PEKMES R AMIcB VT, I UHIZKkDE{LDHE
WERELTHFINTWS (BH, 1984; Ml &, 1994;
WL E, 1996; BF 5, 2005). ZDOHEEDEREIZ, BF
OEBMPEDPRYKREVDDEEZ 5N, 4#%IZBFIC
FH LR OMENLETH S S .

RERMAEAFTE AV Y BF %9 < 3 BMIEET
SVOERMIIBF & LTHER SN MAEMEE
&, WA CTHBM R REREE NEEL, B
EEMICHAE SN TS L) B 28 U Cilko
BEGALICHES T 5 L RARIC, FRBMEDHEOES

May 26 44
F
. g o ML
c fof R4
0 1o sa
b O 10 ~
oS o
H BF &
Dt -8 =
6':?%0 A GF/D L F3
POM 15-63 A
pom  AGF/F
250-1000 4
r T T T T T 2
-33 -31 -29 -27 -25 -23 -21 -19
513G (%o)

Fig. 9 Carbon and nitrogen stable isotopic ratios of
animals (open circles), POM (filled triangles), BF
(filled square), detritus derived from Phragmites
australis (filled diamond) in reed community at
the station of Konohama Beach in Lake Biwa on
May 26, 2008. MN: Macrobrachium nipponense,
CC: Cercion calamorum, SQ: Sinotaia quadrata
histrica, CF: Crangonyx floridanus, PA: Physa
acuta, Cy: Cyclopoid copepods, Cp: Cypridopsis
spp., LC: larval chironomidae, Si: Simocephalus
spp., Dt: dead leaves of P. australis.
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WICBIT 2 EWEFOEELY, RELERORERML
KOG & - THRITHEET 5 2 L3, ERFEMIC
KELEREZFD.

20084F 5 H26H o # A& TIE (Fig. 9), BF ® §vN
fiE1Z 8.49% &, POM DfE 5.30~6.54%0 (2T HE»
572, 72 BF ®J3CfEIX —25.20% T, Min3a o
fiE —28.42% £ ) bEL, TOELLESVWTT I F
AEFEEBFAEEZXYTELZ EFRREEIN. &
W eE 1 BEREEO FAMAES I, YN TH 3%,
513C T~1% DHEH% L, BF 2 EETHEYOH
WEIE, 0N THI11.5% 28, 63C T—24.2% =E
LWVWIH LIRS, INIGEWERRLADIZE XS
=¥ (Sinotaia quadrata histrica), W7 <F A

June 30
o r 14
- fo] - 12
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Fig. 10 Carbon and nitrogen stable isotopic ratios of
animals (open circles), POM (filled triangles),
BT (filled square), detritus derived from
Phragmites australis (filled diamond) in reed
community at the station of Konohama Beach in
Lake Biwa on June 30, 2008. CF for Crangonyx
floridanus, Cy for Cyclopoid copepods, Cp for
Cypridopsis spp., LC for larval chironomidae, Si
for Simocephalus spp., Bo for Bosmina spp., Cd
for Chydorus spp., PC for Procambaru clarkii,
ND for Neocaridina denticulta denticulata, RC
for Rana catesbeians lavaae, PM for Pectinatella
magnifica and Dt for detritus.

(Physa acuta), 70 Y ¥<3IXFaxlt
(Crangonyx floridanus) ® 3#TH Y, BF #H &
LTWBWwIREL Twi- kB S5,

6 H30H ®FAAETIX, BF ® 55N i 8.98% T dH
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10). F* 72 BF ® §uC fEI1x —26.06% T, fin3a o
5 —-27.92% & ) &L, AIEAZLUAEATS -
7. BE2ERTLEWMIHL TR o722%, I+
I X< TV (Neocaridina denticulata denticulata)
LITITNVHA IV Y a (Cypridopsis spp.) 1L BF
CAEMREEREHROW A RE L TV AT REIRD
bz, T vmBEEOMAKTICIE, BFEEOHE
BEHAFICEBRL TV EBHEL I R5 720 T,
INSOEEEDBEOTNRTH > 72 W REEIE .

8 H29H121Z, BF ®6»N fEid 7.20% &, POM @
il 5.66~6.94% RN T ¥ D 3.13% ICHRTRRH
ol (Fig. 11). F72 BF ®612C il —25.24%
T, Ming v »—-30.38% £V bE»o72. 4EHS BF
BAFKIMETE o722, TITNVAALITVra
HIIBF 2IRELCWwWA LR EINT.

£k LT, 5 AICBF AFIHENEL VD, 81
1213 BF Off & L COMBIZARN I TS 2EmT
HY, Zhid BF KT 5 MEY O CEEEE AN

August 29 ;
14
- 12
Cy 10
o 3
Cp §
O -8 =
BF W POM o
APOM 15-63
aF/D AKGF/F 2507100 6 ©
; LG O ApoM 63-250 |
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Fig. 11 Carbon and nitrogen stable isotopic ratios of
animals (open circles), POM (filled triangles),
BT (filled square), detritus derived from
Phragmites australis (filled diamond) in reed
community at Lake Biwa on August 29, 2008.
PA for Physa acuta, Cy for Cyclopoid copepods,
Cp for Cypridopsis spp., LC for larval
chironomidae, Si for Simocephalus spp., and Dt
for detritus.
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Table 3 Densities (individuals/L) of animals observed near and on the surface of reed shoots in Konohama Beach reed

community

May 26

June 30

August 29

Animal group sample 1 sample 2 sample 3

sample 1 sample 2 sample 3

sample 1 sample2 sample3

Larval chironomidae 120 73 35
Tubificidae 3 11 13
Naididae 0 0 12
Crangonyx floridanus 0 0 0
Asellus hilgendorfi 0 0 0
Cercion calamorum 0 1 0
Chydorus spp. 114 275 1599
Bosmina spp. 132 9 30
Simocephalus spp. 5 8 5
Ceriodaphnia spp. 4 0 2
Scapholeberis spp. 0 0 0
Alona spp. 24 8 29
Cypridopsis spp. 5 53 14
Cyclopoid copepods 16 273 27

8 16 43 10 21 6
5 0 4 5 0 19
0 0 4 0 0 6
41 3 0 0 0
0 0 5 0 0
0 0 0 0 0 0

3909 674 212 73 35 19
3 24 19 0 0 0
7 50 8 0 7 0
1 0 0 0 0 0
0 101 8 0 0 0
6 3 2 0 7 0
96 18 53 55 71 58
111 232 76 45 28 19

BL7zDERBVFEEDRD LN (Table 3). F 72
BF @ 6N I8 WEAIADH - 7248, BF HTIIEW
LG PEDFRD N TWDEDT, HETIN HOE N
TERRIEDSEFRE L T WMDY, ZomEmMIEL
TR AV R LTI B Hh D L,
SREOMFEICE Y, FTRMELBIEHIA IV
ISP L CEB L TVEEENHLNI R 57275, &
EEOMBE/RENS, IVEOERD BFIX, 743
VryarmbhE T AMAEYREEHRNE BLUgax
VR XTI UVEICEASNR, EYHEBEICBALTYS
Z AR E N7,
SEOMEIZE Y, T D BF &0 ELiE 1At
HH7OTHLNE -7, BEWIIBVWTIE, 3
WORMASEAMICHEEL TS (W - EH,
2005) . ZOEKRT, WMZiHKkOEILORE L TK
W LEBENZHEOZ L ZERT 5. WL EE KE
NiEWzD, KELEKXKL TWAEENL W, S EIT
REWZB L TUE, ZORBEWIN & BF oKL E
WCOWTHFED R NG h o2y, I ULtk
HEboHWF L LCER LT 5 2 S 3RO E
ELRHETHAH. LaL, ITHAEY, AMAE
HRNICHAREMDY) ZFLOOFMAL TIThRITH
3, MBEINHEIZFOHICHEBIIETY, Aok
B EICENS VwEEZ S (KEF, 2008) , 2O

L9 RE» 5 LBEBRT L A0 EWNMICERT 25 L
Wo iz, BAREZERZTTRWITRIESH OB LS5 DM
NHADREELRLTHSH (BREMNREGREFME
H4x,2010).

L

GHEBEEHRKEOI DEHEI BT VEE, X
EEZRMUBERBICNEL, ¥8E NEP) O
WINEE 1T o7z, T VEDA-REBRR T, %%
WIREIIERPIETL, FIINIEZE L7 BE
X25FED F A5 L ) b RERIPGERE 3 555 72,
¥, SVOBFZIa vEISHEEL THEL, R
BR2HRICEBR2ITo7EZ 5, BEFOARDRIMT
b3V E+BF LAMORBERINSHER SN, &5
WAL 72 BF OE I RERERINEEDSHTROES
WIZIS CTIRT L 7=,

BEMEWEICBWCKER TRy MIEELAZT
YERAW (500 RKmOFE) , IVEBFICLS
KD EAICET 2K ERLT EFICE L 72, 0D
R, ARSI L2 REEIEE LB L, §FIC
NiZ2 ALRICARHRARLT  CiRESMET L. 3
VAL VB AIIIREBREREOR(LIIRO LN L
Moz, PERS, 3V EED BFIZL o THREEMN
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KIERREO I VEEICBWT2008%E5, 6, 8 HIC
FAE ATV, WKITIEBIEL THEL DT A XDIKE
WFESZHHEL, IVBF eI v EED, T2
Ay Mo TIVHENOEMEIREL T, KEL
EZXORERMALZGH L. 5 AICEe Xy =
v, YA FHA, JuYyF<IZAIaENBF &
BAELTWLREEESNZ, 6 HICIE, 3537
VETITUHIA IV VAR BF 2 —HEBEEL T
ERBEENT, F-8 AOMRTIE, TIUAAI
Vrapeii) BEEFELHEESNL. DE2rs, F
VEOREMOBF A IV ar Rl e T AMEY
REHXHHE, BIUI oIV xv I VS CELSX
N, BYEEEE L CHRENAERROYWEERICSEA
LTWwW5aZ EARIBE N,

AIFFEB) K T1F & NP R O
Ep&isd|
1) &H—H. BHRCBITAEL - BifFoY 7 - yo—N
VERT (B ILE# SGA) #H5 it RkEESE
(WFC2008 5th World Fisheries Congress) . E# K
FEEURET (FIRH) .

[OEE%E]

1) Ohtsuka, T., Nakai, D., Nakamura, Y., Morisaki, H.,
Yoshinaga, I. & Imai, 1. (2008). Algal assemblages on
submerged reed stems and their influence on
microbial activities. 5th International Conference of
Interfaces Against Pollution 2008. 2 June, Kyoto
University.

RAFPRBI IS FFRE L 2Bk

ARFZERE T, MEMOTEEEZERL TV
WDT, BROFIEIE 2.

S

AHFZEI, B EEAFEEEPTZERT S 1 I E I 28 B AR
[FEHMONKE LRERLICET M-I ViFE €
CICHERT AWEMHPRITHREDOMBP] O—R T
bh7zbDTHY), TEBzBo2EET B L Uk
DERICESHILZH L LT T, AHFZEZR) T &
DBHIZLY, FUHPLEEMISAD B EOHHH A
ZOWTZTERE B o LR ELEHIZOABEE =
HRIGLE, WHERFREREELY ¥ —ROPHIEA
BIZ, moW0NC () BEW - EIKEREEE O
BACHERSCEHFBL LTI, RKFEZ2ZETTT 5L

T, B—HOBH TEE> TV EZEKENER D
2 SREEA, FHERFRFREBRATRREFIRER
EWESFELHIREOPHRNK, FMELHEED
RE—#, %5 HomK, FEFEREWHFR 4 BAE
AP RO X D E#R L E3. AR L ar s K
%, HmEMEWE, FAKRYE, BEERFOIXRETIT
DNHR, ELOTHERLDIDII o722 &K
L, BROER, SAFRICEHERLIT. REI,
ZHEOIEERFEANDREGE) IR — 5 — DX
IZBWT, B0y =5 —%2Pd Brl&zdElE, W
BRI ST I\ 72 Ly BER IR O R A A
RHELZIHFEEZELET.

X W

BEMRAREFMERS (2010) . [TV -1 1 Z215H
(REMAERSEMEE) | 51 P03 s 5 2 B
BOFTHELETOIRS. 115p.

WL B (1996) . ALK @ BAOFLig T2 FIH L2
PEKMBE SRS, NAFHF A TV REAL VT AP — 54
23-25.

Hiraki, A., Tsuchiya, Y., Fukuda, Y., Yamamoto, T.,
Kurniawan, A. & Morisaki, H. (2009). Analysis of how
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macrophyte Phragmites australis. Microbes Environ.
24: 265-272.

MRIER (1994) . 33 ATRMIC BT 5 KE S LE. K
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B, & St LH-—#%, TEEPH, TR, HEF
s, PN 4B, ZHEERE— (2005) . AL3 ViRHICE
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H AR L A2 )27 45k 41: 93-101.
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BEFES (2008) . T VWRAEICBITLHKE M E OEE
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12.
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476p

HAMAEWAERRFES N, + 7 4V ATFZEERE (2005) . 234
F7 4 VA AF. BREGE. HEL. 192p.

FEEF A, EwmliiE (2005) . Wl ooXy -,
V54 AWK ERE. 253p.
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Ecology and physiology of anti-Microcystis bacteria in reed
(Phragmites australis) communities

Ichiro Imai

Laboratory of Marine Environmental Microbiology, Division of Applied Biosciences,
Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan

Toxic blooms of cyanobacteria such as Microcystis have increasingly had negative impacts on freshwater
ecosystems and water resources used for human activity. Hence there is an urgent need for the
development of useful tools for preventing occurrences or reducing negative impacts of cyanobacterial
blooms. We investigated cyanobacteria-killer bacteria in biofilm on submerged reed stems of a reed
community in Lake Biwa. Bacteria were isolated from the biofilm using nutrient agar plates, and the
killing ability was examined for Microcystis aeruginosa by co-culture experiments. We found a huge
number of Microcystis -killer bacteria (on the order of million per gram of reed stem) in the biofilm on
reed in Konohama Beach. Microcystis -killer bacteria were also abundant, (on the order of 1000~
10000/ml) in the water collected from around the reed community. Small-scale experiments using
potted reeds and M. aeruginosa revealed a decrease of the cyanobacterial populations. In experiments
conducted using artificial water channels, anti-Microcystis bacteria were confirmed and isolated. These
bacteria belonged to the phyla Bacteroides and Proteobacteria (a, £, » and J). Based on these new
findings, we propose a possible mitigation strategy for cyanobacterial blooms, i.e. large-scale
development of reed communities along the coasts of lakes with toxic cyanobacterial blooms.

Key words: reed, biofilm, Microcystis, bloom prevention, algicidal bacteria

RN GR) ZME LR WRY, ARG E
v, HEKPICEENSEREOWE & ICEREWY
DEFRR) VPRATH., BER) VEOMBERER
BUIKBOEWAEFEICLEL2WE TH 55, BEIZHK

]

BEMN 2 COBKBOBRRELEEICREHEOH

o

B EARMEORABRIC X B, FRICEF % B E
TTHENZEBEN T, BREIAMRRERICIEE
SNTW22I VI, BAROELEEN @) S 42
RPN TW22Y (FEEIED, 2003; THE - &
Yit, 2005; 4¥F, 2008), M= I VW AR LWL L 72
BAETIE, VY 7ZIRTAREY AT L (EABTHRET
BTRETE, WEID % FARBEICHE Y AKMER

HnE © AuiEE KR bk BE R 20 28 e v 2 2 W 52 40 B
ESiAEY/E b Y

BUERT © T041-8611  ALifE i ST &M 3-1-1

E-mail: imailro@fish.hokudai.ac.jp

FEBFZEE | RFERA (BB B BRI )

AT BRI TIEAIE O AW A e T L E$, ks
WKERLTT A IR EOFEMMEOREFEZT X
IT. IMPERBLORBNLERTHL, BEX
EIC L BRBEHLE A T L3554, B, S4
WMINLIERYB L OAERE - BEREozERLY v %
W LTAKREP SR A, BIOTF aE0EEM
MEEHOREFAEZ WML T B0 K& gL 2
5.

RIZB VT, BRICREOREMENELL T
WHEWVIFHLVWHEEZRAIERL, RoRES
FHLTWBHREEOE2HEHE L7 (Imai et ol.,
2002, 2006; 43, 2007). ZOFED L, K OFKET
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FRICIE, MO #iE & OB GEMAE R 7%
HFETHLHEFRELTWS (49 2007). 72, #
BIEF P4 7 AOMHHEL LTRELEREZFHD,
FrIAFAREREOBCE L OBMEWOFELE 72 o
Twh., BEOFNI4 5 A, HEFEZLERL
RoTW5h.

PEORREELS, I UERIRRAEBRICBIT 5 E
BWEHHTAE, 2L DOF M4 5 AOMHGIHE LT
WBESEDP T LD 5 TL B, JFICKE FOENSEE
LEZLND, BENCIBIT AT IORERBEOE
KEBAERDE, TVHOWDB X OVLEORHMY
¥R (FEE, 2009 74 20BMIEEE —ICL
TWwa EHIZEbhs., T, 7FIDRXA Y I Tho
EEHICBVLTY, BEGE (IVHFOEBEREE
) IS D RER, AERT A IOBEIEIL T
LERULONTWAS., FYEREMDINA F 7 4 IVADF
SR, MAEMNEENE LT FIA ¥ APKE
WCARHFICEICHE SN TICRD. 20X 2BlEAD
5D T A 2 FEAR IR T ARSI S TR
ThHY, BARMREEEOBEBISLRNE, I V%
DFERNC & 2 7 4 I WH OB FFE ST REIC R D,
SHORELEHFTFHENS.

ZFZCABIETIE, IYHECBITLING T4 I
BN MY EEOAERICHET 2 AR L IR
EL7 FFEY FERICE - TI VAT A T &
TAHIEERL, RICBBHBFEOI VHIZBVWTI Y
EONAL K7 405 (Biofilm, % BF E#59 %) K
Fo7 A aEMEEE L, L. Tz
Tl 2 72 KB EBRIZ B W TIE, KEBEOKST 4 2 % Hif
T2 EERL, PELAMBEICOWTHELY KA
7oo BBFFIZEY, FURET A IOBEFRHIIKRE
)% IEET A REAUR e,

FEERITER

Ky FEBRICE B3I BF O 74 IWFHNICEIT 215
20074E 7 H25~31HB L U8 H28~9H2HD 2
W, BEHEDECBVTERY hhTa ¥R KE
(530 x 350 x 280 mm, 527 v PILEE) HIZIEL
(% 5004 /m?), I ¥V & BFIZ X %7 % 2
(Microcystis aeruginosa) OFIHINZ DV THE 21T
o7 (Fig. 1). Xy FOHIZIZEN 5 mm OBF] (F
— b L THELE L) SED LN, CTHb%
ANk Ta Y% 3ERFMHEE L BF 22K S
FCEBRICHW., BEMOKEZBIEERE, GFE A
T ZBHMETE R TURB L TR E KM HRIZAN, 1/100 8

o CT 54 (Table 1) ORBIEREZRE L. &

¥

BB

FELEBRRXIE Table 2 (SR L72. EERBEGEDS 5 H
BECHEERELZAT TREH—ICLTKRDY T
U VTRV, T4 2 L EEEREOZ LA RN

HMEIDHICH D7 A IAEMEORE CETE
BRI HEOF LT ARERFOEK T Y HICB W

Fig. 1 A photograph of reeds (Phragmites australis) in
pots.

Table 1 Composition of the CT medium for
culturing microalgae

Contents Weight and recipe
MgSOy - TH,O 40mg
KNO; 100mg
Na,HPO, - 12H,0 62mg
Ca (NOs), - 2H,0 150mg
TAPS 400mg
Vitamin mix
Vitamin B; 10pg
Vitamin B, 0.1pg
Biotin 0.1pg
PIV metals
FeCl; - 6H,O 0.588mg
MnCl; - 4H,O 0.108mg
ZnCl, 0.0315mg
CoCl, - 6H,O 0.012mg
Na,MoOy - 2H,O 0.0075mg
Na,EDTA - 2H,0 3mg
Distilled water 1 liter
pH 8.2
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T (Fig. 2), KEF2HHATA2I 00Xy H
L, AAro#MREFCHELERE>TT4a (M
aeruginosa) & ¥k ¥ I 4 Y ¥ T (Closterium
aciculare) DFFEMME % 7z, FWAHFEIZ20074E 5
H~6H, BXU20074F10H ~20084 8 H o MM
2, BEARAHIC 1 HOEETIT>72. ik LT, 3
WORWILILHEE (Fig. 2) 1280V T ik % I
L, [RRIZT A 3 oIlfA Omise = K L 7-.
FEBREICFHbR-7-3 YEEWAKIZOWT, BN
EME 2 ERFRERE L > Can -2 R

THEEL, 7t oCIChEE LTHREDI A Y
FEIIHT IR ERE T 2 B EERIC X
> THERL: (Fig. 3).

KEEEER  KEEHOWZETVEERRICLY, B
ELOBRL L &R SNA T aOHERTF L
LT, 7TAIWHMEICER L, ZoOME 0GR E
LToa VREEDOEEMEZ 50l L7-. @B REETIC
HBHBIYOt Y ¥ —IZICBWCEBRKKAY T, 3
WX, BFBRER, avREX, avbo— (3

Table 2 Experimental plots of pot experiment for examining effects of
reed on cleaning up of inorganic nutrients (NO,-N and PO,-P)

Plots Reeds  Biofilm Microcystis aeuginosa  Closterium aciculare
Y1 » + +

Y2 +

Y3

K1 + +

K2 +

K3

K4 + + +

Lake Biwa
670 km?

Biwa.

¥y N Y : i ‘\.'b ’i’ - Y ! . b
Fig. 2 The sampling sites of Konohama Beach (reed belt) and Kitayamada Port in Lake

Kitayamada port

. BN
A
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*
I
2y

Culture of
microalgae

Bacterial colonies
on agar plate

Culture experiment . , )
Microcystis aeruginosa

@ Closterium aciculare

Judgement of bacteria
(Growth inhibitor or killer)

Fig. 3 Procedure for confirming anti-microalgae bacteria isolated from water and
biofilm of reed stem collected from Lake Biwa.

Experimental channel

*Experimental plots
A: Control

| B: Roots

= | C: Forming biofilm

| D: Matured biofilm

«Sampling points
.Upper

o) Middle

; @ Lower

Channel 2

Channel 1

<
Fig. 4 Diagram of experimental channel for investigating anti-Microcystis bacteria.

A: Control of no reeds, B: Roots of reeds, C: Reeds eliminating biofilm by wiping
at the start of experiments, D: Reeds with biofilm.

ML) g 2R R GFsA), ki, ik, T
BAKEEZELCY 7Y v 7 i i7o72 (Fig. 4). it
KOEZ RN 6 BERTICREE L7z, KEEDKDOHIZHE
T A7 4 2IFIREmOE= 5 ) v 7 ERIL, 2009
£7H1HICHBL, MPN & (Imai et al., 1998)
LDERL.

K2, KRB BT, iR, Fid S RKE R
L, HEAFX, 0.1um EHEK, lum EHEX %%,
KRXIZTF a (M. aeruginosa) Wi, I 7YV FE

(C. aciculare) ¥, RN 3 FEERX % %\ T,
TAakTF AR ORmEE= 5 — L.

Rk & ZE

Ky NEERIZK B3I BF O7 4 2MEHICEE T 3 4&5T
KEEOHDOAEY b I I BF 2R & ®THE X
T EOHRE, THIWMKEREI JuFA T4 X
(M. aeruginosa) %A 7-FEEBEXTIX, I 70F 2
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TAADQWIBESHES N, MEREELIBRSLE

(Fig. 5). #x#E27 9 X7 1) 7 A (C. aciculare) %
RTEBRXTORMBIC, 70279 7 LAOHEIEAKA X
CHEINL (F—FREBR) . EBKEF WAL
ORBREEMBE S ER B RES N, BEIL 10~107
faml oA+ —% -2 L7 (Fig. 6). F/-3YED
BF 7253 10%cm? (107g I VIRE) O+ — ¥ — %

BETIZud A7 4 AREME» KBS (Fig.
6). HEESNBEMBEOFIIZBEELTLE S RIS
BEGEOBVLDLELBD LN,

HEIVEICHE T BT A IMEBEORE & ST
WEEBEFIUTAEOI VL0 L 2MEE, 7
FaBLOKED 2 BREEERO 1 6l% Fig. 7TI1TRL

E 12388 @ K1: Microcystis + reed
K% + biofilm
T 120000 '
S 100000 B K2: Microcystis + reed
2 80000 AL
2 60000 Ny A K3: Control (Microcystis)
(]
© 40000 \/ . .
T 20000 X K5: Microcystis
o 0 ! : + aeration

0 1 2 3554 5

Incubation time (days)

Fig. 5 Changes in cell densities of Microcystis aeruginosa in the pot experiment
with different conditions (see Table 2). Experiment was made from
August 28 to September 2, 2007.

Microcystis inhibitors ( E) and killers ( W)
K1 (reeds + biofilm)
30
E 25
4
© 15
o
o 10
2 5 | P
5 : -
8.29 8.30 8.31 9.1 9.2 9.3
Date

Biofilm on September 2

—
[e=]

108 cells/ cm? stem
o—kr\)wb%\lmo

2 |

Y1 Y2 K1

K2

K4

Fig. 6 Changes in cell densities of anti-Microcystis aeruginosa bacteria (killers
and growth inhibitors) in the pot experiment of K1 plot (reeds and
biofilm) during the period from August 28 to September 2, 2007, and
those in biofilm of reeds in different conditions on September 2, 2007 (see

Table 2).
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2. A7 7 L= EHAVWTWAEZ LD, BfE
FEIZLT, MIEEED L VIIREL BRI B
HICHBITEECTH 5. BEMEIC L 2BIE2ITRE, £
DEIFZERTH S (Fig. 6). 2007 6 AL 7 HIZBw
T, WIAKFIZIZBEME A 100~104ml D& Tl
BN, IVEEREO BF 513 10%cm? (10%g I 238
H) OF—F—OFECREMEIERT S Z LA
BHL 7z (Table 8).

2007411 ~20084F 8 H oM, FEICHzo
T, REEOI VHEOHOT 4 3 L kORI E = 7
R7-EER%Z, BFIZ2OWT Fig. 812, I YA DK

Judgement of killing
and growth-inhibiting

Closterium =

No effects

Microscopy killing

Control

LTI Fig 9ICRLZ. ITYERED BF o
10°~10%m? (105~107g I ViBE) D+ —F— D%
ECHEMBECREMBEIERT S EPHPIL.

21 Microcystis FREME 2% 10°~10Yml DEHE
T, Closterium %M HE 1 10°>~5x104Yml F£ & OB
THH & N7z, Closterium (25 % HEMHE M
WEZIZuF A7 4 ADHED~10FERVEETD
o7z, HEBEELT, IYoALZTwuiRwIkILEEDK
2D\ T Microcystis & Closterium O MHEME % #aT
L7zkER, REICHESRTUS~VIOREDEETH -
7z (Fig. 10). 408k L 72 EME L HEME O &

Inhibition

Killing

Microcystis

No effects

Fig. 7 Judgements of killing and growth-inhibiting bacteria against Microcystis
aeruginosa after co-culture experiments.

Table 3 Number of bacteria detected from water samples and biofilm on the reed
stems in the reed community of Konohama beach in June and July of 2007

Number of bacrteria Sampling dates
June 5 June 19 July 17

Water (x10%/mL)

Total colony forming bacteria 1.7 6.2 32.0

Anti-Microcystis bacteria 0.11 0.39 2.0
Biofilm (x107/g reed)

Total colony forming bacteria 52 2.1 2.8

Anti-Microcystis bacteria 0.98 0.32 0.61

Percentages of anti-Microcystis bacteria occupied 6.3 — 21.8% of the total colony forming

bacteria.
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3 VAICHRT 2 7 & 2 S0 o A B A RE AR RO SR

RaE&, MEERET A0, FERTHESE, ~5
I A4 —EPo7. GTVWHPLELAD BFIZOW
THREME L HEMEZRARILZAH, IVOBFIC
HARTHERQ ITHTEWEETH o728, ThidIrsoF
AFAAREZOATF ) AFICHEBLERTHo 72
(F—FRIB\BE). £512, Yoz TrwibiLH
BACAHEAT % BB L7227 4 2 OBH BN A A 12
& LD o720I28 L, I VHTIE 10°~5x10%cm?
REED T & I IHIMIE AR REATATE L. A%
TA a0 2 KA L LA, AMEAETHVDZ LN

M17: Microcystis aeruginosa

KB REMEAVR S 7z,

KEEEER 74 3 (Microcystis) % R 1S HETE
HEST HMAEWE, I T0EN,S BF 2hELEE
KiZswTHRDIBLZCRAB SN (20~
30 MPN/ml). fidFEERXIZH\WTH, 10 MPN/ml 2
TTEd b SN, TR E LU CiE Lok
B C. aciculare DIRED 5 VI EMEW X, B
10MPN/ml LT CTldd 543, Rixmishs. 3
VOELRIIERENTWEBF 2BRELTT IO

CL: Closterium aciculare

107

-

"
> //

10°

Number of bacteria (cells/ cm?)

<100

»
108 [ /‘\/«\/ \ \—»e—Kmed Mi7
T e \.\

—a— Inhibited CL
& Killed CL
—&— [nhibited M17

\W
\——t/\

20~ 28— 28— 27—
Nov  Dec Jan Feb

2007 2008

28- 30~ 26—
Mar Apr May Jun Aug

16— 14-Jul 29—

Fig. 8

Changes in cell densities of anti-Microcystis aeruginosa bacteria (killers and

growth inhibitors) and anti-Closterium aciculare bacteria in biofilm of reed stems
submerged in water in reed community of Konohama Beach from November 2007

to August 2008.

M17: Microcystis aeruginosa

CL: Closterium aciculare

10°

/k\

108 | \

Number of bacteria (cells/ ml)

<100

o /%\(Q\
AV

—e—Inhibited CL
—a—Kiiled CL

—&—Inhibited M17
\ —<—Killed M17

/ \‘H 7
)

2007 2008

20= 28~ 28 2}
Nov  Dec Jan Feb

28- 30— 26—
Mar Apr May Jun Aug

16— 14-Jul 29—

Fig. 9 Changes in cell densities of anti-Microcystis aeruginosa bacteria (killers and
growth inhibitors) and anti-Closterium aciculare bacteria in water samples in
reed community of Konohama Beach from November 2007 to August 2008.
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B 2 T2, WER 300MPN/g GBE) DORE
M MR Sz (7— 2 KIEF). K& BF OB %
2 MPN % o CREEMTE < BEEH1 W o #0% 37
L7272, lum LEOEBLEZT-THY, KB
S OBEMBE BRI EIR SN o s R, #
INEHHIZ R o TWAB L9 IZEZ BN D (Imai et al.,
1998; Park et al., 2010). L22L, K& 3 ¥ BFIC
FEBICT A 2MHBE SR S TBY, 74HaD
WHcES T 0L FEINS.

M17: Microcystis aeruginosa

— B

RIZ, HKEPOFKLERIML, EOHX, 0.1um
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Fig. 10 Changes in cell densities of anti-Microcystis aeruginosa bacteria (killers and
growth inhibitors) and anti-Closterium aciculare bacteria in water samples in
Kitayamada Port from November 2007 to August 2008
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Fig. 11 Changes in densities of growth inhibiting bacteria against Microcystis

aeruginosa estimated with MPN method in the water samples collected from
the experiment of water channels.
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line and @) and no filtration (black line and ). Freshwater was collected from
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1000 bootstrap traials are shown at the nodes.
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percentages of 1000 bootstrap traials are shown at the nodes.
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reed belts in the coasts of lake systems.
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Denitrification in the biofilm developed on submerged reed surfaces
Yoshihiko Sako

Laboratory of Marine Microbiology, Division of Applied Biosciences, Graduate School of
Agriculture, Kyoto University, Oiwake-cho, Kitashirakawa, Sakyo-ku, Kyoto 606-8502,
Japan

Denitrification is a key process for removing excess nitrogen compounds from aquatic environments
through the N, gas production. In this study, we investigated the possibility that biofilm (BF) developed
on reed (Phragmites australis) surfaces under the water can be a "hot spot" for denitrifying bacterial
populations, given the micro-anaerobic conditions, rich nitrogen oxides, and abundant organic carbon
sources available for the denitrifying bacteria. The submerged stems of reeds with biofilm were
collected from a reed community in the southern basin of Lake Biwa, which is the biggest lake in Japan,
and the denitrifying activities of the BFs on the reed surfaces were determined by a “N-tracer
experiment. At the same time, total heterotrophic bacteria and denitrifying bacteria were enumerated
through an MPN (Most Probable Number) method. There were generally more denitrifying activities in
BF's on the reed surfaces than in the BFs on the stones and the sediments at the reed community, and
denitrifying bacteria were detected in the heterotrophic bacterial population in the BF on the reed
surfaces at a relatively high ratio. The denitrifying activity in the BFs on the reed surfaces was higher
in May, when new reed stems grew and relatively fresh biofilm was forming on the reed surface, than in
June or July. This observation suggests that the microbial community structure and physicochemical
structure of BF on the reed surface might change seasonally and affect the denitrifying bacterial
population and their activity. A culture-independent, clone library protocol targeting the nitrite
reductase genes nirS (the component gene of cytochrome cd' type nitrite reductase) and nirK (the
component gene of Cu-including type nitrite reductase) indicated that novel genes of nirS and nirK
different from those in the NCBI (National Center for Biotechnology Information) database were
abundantly retrieved. Furthermore, the compositions of both genes in reed BFs were different from
those in the BF on stones and in sediment. These results suggest that BF on the submerged reed
surface is a unique habitat for some denitrifying populations.

Key words: denitrifying bacteria, biofilm, Phragmites australis, nirS, nirK
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Fig. 1 Research site at Lake Biwa.
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HREENHOBMOLRE N L, FHREFED
B~ MEPOFIROFIIC L > THH L 7.
Beagid =M L, RS &EE o &R RE R I
BUAHEREFENER L OCHEMEHOMEAR SR
REE O S, MPN % K72, MPN i B
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DaAr¥a—F—7ar555HCEELE. %
T, F—5 AENICRBORALRLBRBEIZOVT
i, ¥EO—#H (lm) 224R~<f 77—} (7
ThIY) MY, GREE (Fu—2—ua4f I VR
3, FSEMEE, KR 2T, EMHBOMNLE R
L7z, MPN #EiC & 213 EHOC A 72 B3R 0 B
ORI EE DAPL HIC X DEMHL 72, BB &
W%, FEPEERSAE, #5—F VK CCD A
X5 ¥ A5 A (HAMAMATSU, C5810) % Al v T

B2 RE, HEL, 0oy Ea—%—FTEEL
7z,

DNA & PCR 3 ¥ BF ®A® BF, s
5 ISOIL for Beads Beating (v R ¥ —>) Fv
FERAWT, Btz 27 VIV, 4 DNA &
HL2Z, wiihd 504l @ TE buffer 126 L — 30T
TR L. fhi L7z DNA BUBHZ o T E R
Y (nirSBL P nirKk) 22— F LT 5EAERG
D PCR¥IFEZ T 7. HO2T 94w —ZENFR
DOEEFERAMCHL THEBEEZEZLON TN S
(Braker et al., 1998) nirS 1F-nirS 6R B X U nirK
1F-nirK 5R 2 w7z, 72, BREW 7 v &= 781
MEW (7HEy 7 AW OFEZHRT 572018,
T ey 7 AW O 16SrDNA BN LT 5 4 < —
+ v b (Amano et al.,, 2007) % H T PCR # A
7z. MIE D 16SrDNA Z #2i9 & L 72 PCR {21 27F-
18392R DT I A ==ty bW, B5I7 PCR
FEW X Wizard SV Gel and PCR Clean-Up System
(Promega) % HWTHBL7z#, pGEM-T-Easy N
7 % — (Promega) IZ#fE&#, E. coli INVaF' #
(Invitrogen) ICEEEHRTHZ LT, 70— 51
AR i = A AN

D=L TR Kou—rI34T75Y
—P s, MEVEBIC0 T— YU ERY, 4V H— D
WA ZRELL, Y= v TEER s h 5N
AFHRXE, FIITrV) I ALy 25
L, ¥v¥¥ 31— DNAY—4 >¥ (3730x],
Applied Biosystems) B L UfBONR—ZA2—5 %
WTiTbh, BERATRELL7T—-vD) b,
PCR SO W75 4 = —BiEHFEZhnwr
— VDB O SR, E 7, B SR
5% NCBI-BLAST 2.2.12 {2t U CHFEMERE 2 17
vV, NROBZETFR @GS0 7B L EIEME
D nirS BL P nirK 857, 7HEy 7 AMEB LT
BOEHMIE @ 16SrDNA) & W &2 IC B % 2 A D
iz, ZOBRBETHNTY 7 MO BioEdit 7.0. 9 &

E

Z

BT oh/ B FEERE 2HEL, 73/ BE
FICEBR LUz, SO, ThE TS ok
LELNZTNTONrS BLUNrK 07 3 BE
R ENTEBY, Iho oBEOEEF.LORME
WEREEND His 2 HFAZRTHEOEH VES
(nirS : HPEPR B & O LHDGG, nirK: HLIGGH)
EEEhvra— L THBBROMT S By
= BNz nirS B XU nirK BREEH OIS B X
7 3/ BESNE Doturl.53 #JHWT OTU L L 72
%, clustal X 1.8 ZHWTIVFTNTITA X2 b %
EREL, £I6HA - RE (Fy v 7)) BLERY

7ok, EBEREE R & o TREM 2 R L7,

R
BEBEEE  SRETICNaNO, & b L—H—&
LCERSRD “N, # 22 Bt 5 2 & T3 Yok

EWXERENENSAT 7404 (32 BF) DOBERE
PR U2Wigedlid iz <, ARSI E T8O
Pk L ERNEEGOREE T2, ETHRIRLA 3
VER )FOFFE, (WTIITREE L
BF(ii)GF/C 74 V% — T BF W L, %o GFIC
T A NE =M {UHOZFMOBE E NN TVICA
n, BERSEEEZNELAZE A, KHICBF 25
L3 vokpZE (0ST) 220F FRE L LEE
O WRAKOREFTEEMMTELI L, L, DFEOE
BRCid intact @ 3 ¥ E BB SN E T2 2
L7 F, FNFNROBEPIX o THRERICE
HLRAIFNAENO, 28R LLEZS, EToOREICE
WCIEEERE D NO, I IZ IR K TH 10uM BETH
D, WML ERE (Na¥NO,) D 1% BETLH»
dro iz, KWL TIINA 7 v »N RS
TIML 72 R OERETEM Lz, S O CHlrER:
FLIZBA, P EDH0BBBE NN, 7 AVEMD
ON, A ABGEMICHEM L7222 L2 5, KiFZETIE
200 I OB ORI 3 M LM E D 5 Vv CHnE
BOMEE S N, H ZAERE A FIE L, ThEEE
Bagifitke 352 &Lz, —J, "N, #ADER)
Rohizintact @3 ¥E% 4 — b7 L—7WHE L 723
BTN, T ADER RO SN2 o722 Eh b,
O ON, H A DOBERIIEME OB K B 2 &A%
RTE Fz, FRIC N0 REBITEL S *N, £
ORBEEY) FMELZE A, MBRALTTHo
Tl ERS, FYBRBITANRBORKERIE L
LTN,ThbHEEZ SHIT, arybu— VKD
WNH,Cl % %00 U 72 S8R IX 2 SRR 3 00 Na*NO, b 7

L. =N, *N,, N, ZhEhoT 4 V¥ b v — %2k
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(A) Potential denitrification rates (*N, production rates) and (B) abundances of total bacteria (light

grey bars) and denitrifying bacteria (dark grey bars), in the biofilm formed on the submerged reed
surface (BF), in the biofilm on rocks (Rock), in sediment and lake water (LW) at the reed community
at Lake Biwa (Fig. 1). The total bacterial counts were determined with epifluorescent microscope
after DAPI staining, and the cell numbers of denitrifying bacteria were estimated by a MPN method.

72 ZAh, ®N, & N, DERPR SN Lhro/Z &
5, CORBRTIIHLRLTFEY 7 23 fTbhTn
BWIEPHL2II o7, THEYy 7 ZMBEICE L
T, BN 774 ~—% 72 PCR (Amano et al.,
2007) IX&oTL ZOHFAEMHERTE Doz &
5, SYBFHNOEZENALEIZETFEY 7 AME
S L TVWAREWnWI EREZ HN 5.
2EMOFPEOMRKELR, IV BFHICIE1gBERD
720 200-3300 nmol N, & A 1% 5 % Bl &2 50 2S5 1E A2 L
TWALZEFHLMI R -7 (Fig. 2). /-3 V%
WO X BB AR EFHFEOE NI LR, LA
B L - FWH2 M ESE I BB L Twa I L 2
W7 o7z, 5 BIZERELL 729 ¥ BF S I3 R E W
BERSEE RSN DI L, 6 AICHRIL-3
¥ BF OB SEEHEIIHEMK, Zd 3 ¥ BF off
BOAEMHICL VBT A EEZRMLTWAD T
WHhrEEZ, ZO5HE 6 AOBREFEEDE NS
FEHIGER T2 b 0% 0%, 50wk BF O 7o
T ATERTEDDE0ONEHL72HIZ, 20084121
ANEBICBF #2232 HZ L, BEAR
WA EN L BECHEEELIEILT 209 0
MRz, ThiE, FTES AICHTE»SFEZHBL,
BERELTWL 720, HERNICZORFEERSINS
BF QA2 H 5\ id&E EICdh 5 TR S b
72720 THDH., FORE, BHEZLZ CZOIZh>
TBF ZREW o723 3 TlE, H—BBOLEKGE N
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Fig. 3 Potential denitrification rates (*N, production
rates) in the biofilm formed on the submerged
reed surface, collected in 2008. (A) natural reed
stem, (B) the reed stem from which biofilm was
artificially removed on May 19, (C) the reed stem
from which biofilm was artificially removed on
June 9.
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BF ICBEWEBEREEENRoND Z EXW ST %
572 (Fig. 8). Fo72 BF alELE»o723 YT
b BF NOBHEREIEEIEILL TnD I L2 fieT
%25k, BEFNOREFEEZ, PREd [FHIC
IAER] & [BFORKBRICEAZER] I2&oT
B SITTWA I EATRBINT.

2007T2E DI BWVWT, I TVHENOHEEY
(Sediment) AT E L Tw5 BF (Rock) , ©L
TiiAK (LW) OBEREEEZFAICHEL, I
BFOFNEHREKLAZEZS, WTFNLSEI T BF LD
HHI S I o 72, 20085 AB LUV 6 b Mk
DU EAT - 7255, TOMMIIED S Ldorz CGR3E
F). TOKRITZIVEEIIBVWT, I YKFED BF
PEBERICHBEEOS Y ARy MlhoTWATH
etk Z RIS 5. SEEONEAEREESEIX, h
FCICHESNST Y BF OBREENY (Seitzinger et
al., 1993; Yamamoto et al., 2005) & F&EH LK
BTHo7h, TNIFWEEDOEVIZEEDTH S
. INFEFTOMETIIPEGEEIZT £F L ¥ 2@
LA T CTHEL, THEFL YL T—HORE
HHREZEOFO N,O iR (Nos) ZRHELHR
EHRTAHNO TAERERT DAL (TREFLY 7Oy
7)) THESNTWS, ZOHEZERLPHVE
BN b L= =L D S REMES, TR ER
MW (BH) OEBEBILETHLIZ, XF /-l
DEEWEMASL 2 CTHEFEZREEL TS, D
0, RRBAEMICORILWHEELDH L. SHOD
EETYH, B (SORMLILL) BET L E, HEICX
5N, DEREESRREL R5EANH 072, &
7o, BEEWZRINT S EHO»ICEIEREEEORE
HiIZEL oz, SRIOFETIE, AEWEZMZ W
HEMOBRBCHERSFEELZHNEL TS Z &
5, XYVHLGOFEIENENELNIZOTIEZ WA
LEZHNA.

BRZME  DAPIEICX VEHEFHLAZI Y BFA
DOFMAEEIL 5 x 10°-8x 100 cells/lg ThHo72. TD
i3 A ® BF WORBMEE X Y #10f5E <, HRYHh
DFNICIEE L7z, —Fh, MPNEICX-oTHER L
B FEME L2 x105-6x 10° cells/lg TH Y,
WME D 2-38% MMiEHEEFOME & L TRHETS
72. ZOMERA® BF REBRYO L L LEL THET
EEWETH Y, I BF NOEEREMEI S W E
PEHHRL WA L E2RET S, £, &tERRE
MEO0.5-9% BHEMETHYH, ZOMED LD BF
PR OZFN L KL THIOEEWETH 72, Z
NHOFERIE, I¥BFWNICEBEVEELMFL T

AMEMEIER LTSI EERT. LAL, kb
L7239 ¥ BF OFFEREREO B & B M5 EH il
WIEHREL MBI R O N e oz, BEL I
MW T BMEOBRENKE L, HEEEOERZHY
THICRREIA TG THo72nbTHAH. wWih
28X, SEOREZBELTI PO BF NOEEER
Z Al (heterotroph, H) 24 ® % i & M &
(denitrifyer, D) ®#l4 (D/H) 34O BF LR
DOFDOEELBE L THL2IZE o7z, LALFELE
YOKRFETHoTOIRELTWAEITORFZEET
VICHIET ANz I Vv OKBEZNENIIR E N
%5 BF @ D/H #Iig$ % &, fin/-3 2 okpEIIE
B &7z BF N CIEREMEOH &P 2w LA
SMI o7z, SRIOFETIIFD % BB R T
ETVWARVED, LYHENCIOEREZMN TS
CIETERVY, HELD2DOH2I VRMAERE LT
Wh (fhTwiwy) I UiCiE, REMEHEOAR
B L CTIHFELERLHLIENEZLNS.

BREEEEETF (nirS, nirK) (CL2REMAEFHED
g CNEITICHEEESNR TV 2R EME I
16SrDNA BRI & 5 Zfim5 3 L& b TE G RHR
BIMELTEY (Zumft, 1997) , 16SrDNA ZiERY
& LRI S I3 REE T & L C O BEH A O FEHL L
FHWETHILIETELW., FITAIRTRBEZEC
B AR EETICER LTI Y BF NOREME
PR L7, HBICEE T ZBRERTHO
PCH A ERECEE (Niv) EgEFOT— 4% X—
ARFHIED - EDEETHY, HEEMAL Loz
HE OEM BB CAATETH S (Braker et al.,
1998). Nir & BEF L LTRBEKREL nirS &
nirK @ 2 006N TEY, BIZEF M7 E—4cd,
¥ 47D Nir BEEETTHY, BEEIMEFIAT
D Nir BEEEZTFTH A, Ihbid, BEPRLRLZ
T, FOBEOHERELLLRVWEEZLNTS
D, HEHNONTWAEETOMED nirS & 5% Wik
nirKOWwWsnhr—5723%2 5L Tw5 (Braker et
al., 1998). ZD7:® nirS B X N nirK Bz+% ¥ —
Ay bELTPCR-27u0—r54751) %2475 2
EIEo TREFICHFET AREMED 7 1 7 2 HLHl
THZEDRTWRETH S, T2, nirS BL O nirK 13
SEMEOFEZHEMNT 20 F~— 1 —& LTORKEE

WIS TBY, Ihbo#fzTFr AV ZEERN PCR
% RT-PCR, FISH 2 #HWTHEMEB I U20
EEZ2E=51) 7 L7265 H 5 (Smith et al., 2007;
Nogales et al., 2002) . EIRAY PCR OfER, SHO
FETIZEEOWMEEL ¥ ¥ — € (cytochrome
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R T > OB & REME 051

cd, FATERERIAT) OFEWES VX7 HD
BETTHEnirS BI P nirK OIS T
7o, FNFNIZOWTLITICEER T 5.

nirS #FE{zF nirS 1F-nirS6R D754 v —+t v
M HWTRIRK PCR #1702 & 2 A, 20074 1C#Rk
U723 ¥ BF, fi BF, MWL X UK ORF 55
EAFHER A W 43 D\ OFE S AR OB IR EY
BEFHINLHE 900bp OBIETH A MRS
2. INSLOWBEEYD 7 a—YS5 475 =755
LNEHERINI T ND T —F RX—=ZAHF D nirS T
RIEFEN, EWRBICLERLLEZOND T I BEE
WEFSTEBY, F/27— 8 RX—AHFOREHFE nirs
BET 70— Oyt WEEL L 28RS (7
I/ BRECHIAHFE 80-99%) THh -7z, T b oifisk
Eﬂﬁi@ﬁ%ﬁﬂ#%ﬁﬁéht?‘/@ﬁﬂ@?
VFTNTITAXA PRERL, EBEEEICL-T
R 2B L7z (Fig. 4). ZFO#EE, iﬁﬁn’({%%
N7z nirS BREFNIIEH LT, FARMAITHHR

997 845 ol

- 1

971

1000

-Azospirillum brasilense Sp7 DSM 1690 (AJ224912)

AEREAERYBTSE

GEANDSZ o, TROSRBEEENBICT I B
BLANIC & 2 ZmBhic BT, & HIZE W bootstrap fiE
(>800) THHEND62ODZFAZ—2KBT 2
CENTE, 7T A —TICRALBH»SHBE
N7z nirS 70— (EF558473) %, &M &
WEN7nirS 70— (AB162299) % & Dki4 7288
EHR I O— VBRI Dr FAF— 12T T, &
DY FAY—IIEMAKEED 7 0 — 2 hH2 % Bl
SIN7ZHOD, ToMOEBHRO I OD-V I ETH
TBH, TNONFREFAL ZRICHLEBL TV, 752
- T BHMFO I ErSMH SN nirS 70—
EHRMEA 0% LEL, TDZTAS—IZEENE
78— ETRTHAKOK THEASICHRE L., 252
F— NLIEATL{RM D nirS 7 10— (EF558478) %
IAF2TYY—DnirS 72— (DQE76108) & 4
FE2E L, e 2Bk 7y a— Y BREF L 7R
WAL L Tz, 3% BFHED nirS 7 10— ¥ 33
HWIZLWr IR — Wli"]“]/ffm@mﬁ(}%?b‘

BoniznirS 7 u—r (EF177782) L7 5 A% —%

Alcaligenes faecalis (AJ2249

1000 —Unidentified bacteria demtug))mg isolate IFAM 3698 (AJ224910)
992
748 %Fseudomonas stutzeri (M80653)
T Pseudomonas stutzeri (X53676)
——BFjul-nirS-114

Uncultured clone aS3 (DQ303117)

761

Pseudomonas aeruginosa (X16452)

M m
M Ralstonia eutropha (AM260480)
L LW30-jul-nirS-10
LW02-jul-nirS-04
1000
970 vV
997
987 VI

Fig. 4 Phylogenetic relationship of nirS-like clones isolated from the biofilms on
submerged reed surface (BF), thebiofilms on rock (Rock), sediment (Sed), and the
particle fraction (LW30) and free-floating fraction (LWO02) of lake water. The
phylogeny were inferred from the partial amino acid sequences deduced from the
nucleotide sequences of fragments amplified by the selective PCR targeting nirS.
Tentatively identified clusters (I to VI) are shown.
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EELZzbo0ZFn s OMEMEIZ80%EETH D,
TR REETCTHLEEZONZ. £{ DI BFH
koru—rHEINL s I A5 -V, EmEEREO
nﬁSﬁth—y(Amenm LTI E L, I
WCHRNRREME 2 KT 28E5F7 7 A5 —
T%%k%ﬂbt.7717—VIiIZ%1”U~
®D nirS 70— > (DQ676108) L& L MAMELE 2
o572b00, 0% BRETH), TOITFTAY—IIRT
LBIZT7U0— 3 EDbOTHRARENTH L LE R

SN, TOZ T A —IZIZAEED BF HED nirsS
sua—rhPELEENT.

%y T AY —NOBEERTIOERD
WTHo7/2Z hn, S0 S5 N7 nirS BRECHIZ,
B =T (pseudogene) {LLTH ST, EEITHEEL
TWAEETTHAMESEI B RBINS., Ly
L, 7922 —=1BX0 27525111, 72T5A%
—HICBOTIHEFICTEIBELL, EHTHLI EH
SEBOBERTEEHT ARSI R, BEETA
EBATLDDOH B nirS FREFI S LGV, —77,

IEEATE 3

F"——_QL_‘

997

%

Rhodobacter sphaervides (U62291)
Rhodobacter sphaeroides }/\J"MQOS)
Alcaligenes sp. (A,

Achromobacter xylosoxidans (AJ224905)
Achromobacter xviosoxidans (AJ224904)
—~——--~w»~Pveudonmnm chlaroraphis (721945)
e Rock-jun-nirK-1
Blastobacter denitrificans (AJ224906)

!Ww4
I
| {

e

¥ EZ

75 A%—1I, IV, V, VIIZ
EAERY R ICEFEENTH Y, FEBEOS IR
R, EERAB LT I BESIE LTO
BEEPEP 72, TOIEE, 5D nirS HRE
FIAS, MBEICE - T, ZRENSHH S N2RE (5
Kb oBERN Y, 3 BF, BLXUOEOKE) THER
THLEODIILELRBETTHY, T2, Ihoray
WRICBT L EERREREORNFE 25 TWAET
REMEZ RIET 5.

B35 nirSHE7o—

nirK #%:81=¥% nirK 1F-nirK 5RO 754~ —+t
v FEMWTPCR 247o 728 E, £ 0156
nirK %S 7 2 — v MESn-0lZx L. ke, s

ELWREEIN o7z, 2D LI, mrK’i’%Oﬂ%%
MBS KTICIZIZEAEHFELTBLT, L2t
TENSDMAE AL CTHERETIC, BAMICAERL
TWbLIERRBT S, nirK iBEF7e—r07 3
VBT SRMBT L2 2 A, F—F N=2121F
HFHELZVHEZEN % R onse (Fig. 5). 4H

0.02
224903)

Pseudomonas sp. G179 (M97294)

D 96/

BF-jun-nirK-03

Alcaligenes faccalis (D13135)
. Ochrobactrum anthropi (AJ224907)

e BF-jul-nirK-125

'Wﬁ —«-“”7 111

Achromobacter cycloclastes (Z48635)

936

Rhizobium sullae (U65638)

Sinorhizobium meliloti (AJ224909)
Hyphomicrobium zavarzinii (AJ224902)

BF-jul-nirK-128
rbnwlturcd bacterium clone HKD6 (AB278631)

'BF-jul-nirk-20
BF-jul-nirK-111
—BF- ]u} nirK-12

1000

v

1000 “Sed-jun-nirk-03

K-
9% ’—bnulltun,d bacterium clone Ssedi_nirK-40 (EF615410)
——Rock-jun-nirK (6)

Fig. 5 Phylogenetic relationship of nirK-like clones isolated from the biofilms on
submerged reed surface (BF), the biofilms on rock (Rock), sediment (Sed), and the

particle fraction (LW30) and free-floating fraction (LWO02) of lake water.

The

phylogeny was inferred from the partial amino acid sequences deduced from the

nucleotide sequences of fragments amplified by the selective PCR targeting nirK.

Tentatively identified clusters (I to VI) are shown.

= 220 —



HEM 3 i ORREE s HE

BNz T nirK FEELS S BV bootstrap fH (>
800) THRSNAPRL4DODI T AT —IZKHIT
AT ENRTEL, 7527 —1&ETNEI7O— i
M A S s Lz nirK 7 01— (AY249357)
ET I BB B AMHEMEAT89% & B <, KB
ﬁ‘z’)fa Y BEHBETH o7, MARP OB ENT nirk
s a— (EF615314) EHFEEREH VI I X5 — 11
ﬂmmk@mmym—/ﬂm%mw)&mum
A (80%) % S A% — Il 4&TI Y BFH®RT
Hol. —=F, 7IRAF—IVIEHEEYBLUEDE
HHED 7 u— 3 KEnzEH0TBY, Hoh/-48
su—r0Hooyu—rHEFeHEE, 21270
PEEHO BFHETH 72, WFRLDIrF A ¥ —§
FORNFOLIEEIEL, 42D7 F A7 —BFNRF
NEBGIZBRNTH 7. 2O EHDS, nirKE
F2HT HPEME IR ZNEN 04 BIEICR GRS L
TBY, #kEAMLTITEREZET %n%nmfa
WEM B DV TWADTIR BV E W R 5T
JZICRBTE 00 Lk,

U

IUMEIIBITLEHEREDOLE LT, gk
WERENANA T T4 VA (Y BF) BREETH
LEWHRBDOS L2, "N FL—H—EIl Lo TH
AEREFETMET S & & HITMPN HEIC L » This
AW EFT L. 2088, 32 BF OFEREEE
ERBOREICEE SN S BF R oz &t
BLTHEL, F-2MEES-0 DL itR%E
B -0 ORSEMHEOHELENZ LWL,
ol TOHEIS, BIREOMBEIERHL,
WILYEE LTORBRYLEE LRI P RPED BF B
BAs, RE»PSERLTHRETIHEBNEBEEICE T
Tl THERy ARy b 0o TV B HEMA
MREEIN, T, ZOBERENEIZSEHCX
D, FLBRENE BFOHS GrLX) 12X HEH
TAHIENVDYoT. BRENERETOVEDTHS
MR TTEFEOMESEET, nirS & nirk, v

THEMEREOHEHER 2L/ 25, 32 BF
BN E TR S LT 7 W 7 22 B 4
FEREOLZ 7 LMEHENFELZA -2 LT
FAHELTWLIEPH LR 7.
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Epiphytic algal community structure on the stem of Phragmites australis
in Lake Biwa, with special references to the secondary succession
and effects of water quality
Taisuke Ohtsuka

Lake Biwa Museum
1091 Oroshimo, Kusatsu-shi Shiga-ken 525-0001, Japan

We studied the community structure of epiphytic algae that form biofilm architecture, with special
references to the secondary succession. Experiments took place in a reed community of Lake Biwa's
Southern Basin from May to July 2007 and from May to June 2008. After biofilm was wiped off the reed
stem, the population of the tube-dwelling diatom Encyonema and/or the chain-forming diatom
Staurosira rapidly increased, and after 7 -10 days, the algal abundance recovered to about half of what
it was before wiping. In the meantime, understory algae recovered only slightly, and thus the algal
community had gaps near the stem surface. The algal abundance became almost the same as that in
the untreated stems after 21 days, and the understory algae such as Achnanthidium also recovered.
After June, the community architecture became thin and flat on both wiped and untreated stems, with
massive abiotic debris infon it. Using principal component analysis we separated the temporal changes
into two components, interpreted as secondary succession and seasonal change, respectively.
Relationships between diatom assemblages and water quality of Lake Biwa's satellite lakes were
examined by using canonical correspondence analysis. The first axis was constituted mainly of electric
conductivity and PO,-P, suggesting that anthropogenic eutrophication chiefly affected the diatom species
composition.

Key words: biofilm, community structure, epiphytic diatoms, Phragmites australis, secondary
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Life forms of epiphytic diatoms. A: adnate, sessile
(e.g. Achnanthidium, Cocconeis). B: adnate, motile
(e.g. Navicula, Nitzschia). C: rosette-forming (e.g.
Eunotia, Fragilaria). D: chain-forming (e.g.
Eunotia, Melosira, Staurosira). E: tube-dwelling
(e.g. Encyonema). F: stalked (e.g. Achnanthidium,
Cymbella, Gomphonema, Rhoicosphenia).

E

Fig. 1
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B bhwe 8N Twd (Eriksson & Weisner, 1999;
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BF##BRE T3 BERHEO_RER (158)
20074 5 B 19H O FEEBIMEKE, I OEDQLTRES
WO Cocconeis B L UL DK\ Achnanthidium
FEELTWwWA., L2L, BARCEEARO
Fragilaria, #80KEk% 2 <{ % Staurosira, F2—7
DI T T Encyonema, Wiz fids Gomphonema %
COHED RSN, SEMBE TIEafs LTIMAR
HEEVE R TR LT\ (Table 1; Fig. 24). 7272 L#
FETRRUZ0.25 T, ERMMOLSTHEHIIE DI TV
DTIkEd o7 (Fig. 3).

W RERE Y 5 3 HEOWERIIL 0.02 T,
HEWMYAO /IO T TH o/ (Fig. 3). L2 L
Encyonema ® , W & © < % Cymbella,
Gomphonema, Gomphoneis % & DEBEDN /Sy F 1iC
EFLTED, SEMBETEHSMICEIE S VD5
BEEBE L Tz (Table 1; Fig. 2B, C).

10H 10, BEEETREUE0.17 FTHEEL, EAIZE
HREWYIIZHE N LNV T TEHBELL (Fig. 3).
Encyonema, Cymbella, B X UM EZEHK T 5
Gomphoneis % EPREMOMEL D DL hofe—F
T, WERYAIZE LS L Twiz Cocconeis B LU
Achnanthidium 2372\ WAL R, RITDHERD
HICE b o 72 BHE R ORBE Protoderma 85 H N7z \»
nE, BENDBIECEET OBEED RV
MBHER SN (Table D). oW EI Y F1 & 4
RIS 22 o Tz (Fig. 2D).

Table 1 Changes in species composition of epiphytic diatoms after wiping
biofilm off the reed stem. Relative frequencies of abundant taxa
more than 5% in any sample are shown.

date 19-May 22-May 29-May  5-Jun 19-Jun 17-Jul
clapsed days 0% 3 10 17 31 59
Achnanthidium minutissimum 30.5 2.5 35 10.0 225 10.5
Aulacoseira granulata 6.5
Cocconeis euglypta 22.5 2.0 1.5 10.5 31.0 9.5
Cocconeis placentula 2.5 1.0 0.5 0.5 1.5 8.5
Encyonema simile 1.5 24.0 13.5 12.0 1.0 6.5
Encyonema caespitosum 4.0 2.0 12.0 8.0 2.0 1.5
Fragilaria vaucheriae 1.0 5.5 12.0 3.0 1.0 2.0
Fragilaria perminuta 8.5 5.5 1.5 35
Gomphoneis heterominuta 13.5 9.5 6.5 1.5 0.5
Gomphonema pumilum 16.0 7.0 1.0 14.5 235 35
Nitzschia fonticola 3.5 45 6.0 13.0 3.0 1.0
Punctastriata linearis 2.0 55 3.0 2.5 6.0
Staurosira venter var. binodis 6.0 1.0 16.5 2.0 5.5 15.0
Others 12.5 26.5 13.0 15.5 5.0 255

*before wiping
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Fig. 2 Change in epiphytic algal community architecture observed using SEM in 2007. A:
the untreated biofilm just before wiping off (19 May); an adnate diatom, Cocconeis is
dominant, and stalked diatoms were also abundant. B, C: three days after wiping
the biofilm off (22 May); diatoms were usually scattered, but partly tube-dwelling
diatom Encyonema gathered. D: 10 days after (29 May); stalked and tube-dwelling
diatoms became more abundant than before the wiping, while adnate forms were not
recovered enough. E, F: 17 days after (5 June); stalked and tube-dwelling diatoms
were still dominant, but adnate ones also recovered. G, H: 31 days after (19 June);
the community architecture dominated by Cocconeis were flat, and the top was
mainly occupied by abiotic fouling. I: 59 days after (17 July); coccoid cyanobactera
became dominant, but they were not visible probably because they were buried in
thick abiotic fouling. Scale bar = 100 um except for B, F, D, H (= 20 um).
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Fig. 3 Change in cover indices of three algal groups after
wiping biofilm off in 2007. The column shows
those of untreated biofilm just before wiping off
(19 May).

ITHRIIEWER 27011 &, 10HHE X ) 2R
4 L7 (Fig. 3). 7272 L, Cocconeis B & ¥
Achnanthidium 12T LA BRICEE T A2 @RS
N7z (Table 1; Fig. 2E, F).

SIHZIC B ERHAT0.08 T THA L (Fig. 3),
PO Cocconeis HMEE T 8% L 22 o7z (Table 1).
SEMBZETIZZOED S, EEO LHPELIZ, 3k
EMREOREZEN L ALNS X HI12% 572 (Fig.
2G, H).

SOHB O EREIL 007 T, 3IHE LD T EN
Badolz, L LEEOEMBICIIK X 2E/LrR
b7z, EEIZERIISHA L, Xenococcus & & b
LAHEEEIELE TS LIk -7 (Fig. 3). SEM
BB TIE, BFO L2 EEYEOMNEYH—TEICE -
THEY, EHE»SIEEEZIZLACHETCE o7

(Fig. 21).
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Fig. 4 Epiphytic algal community architecture observed using SEM in 2008. A: dominance
of Achnanthidium minutissimum complex (19 May, untreated live stem). B: bristling
Oedogonium (19 May, untreated live stem). C: Cocconeis on Protoderma (19 May,
untreated live stem). D: chain-forming Staurosira (arrows; 26 May, stem wiped a
week ago). E: uprising ribbon-like colonies of Eunotia formica (16 June, stem wiped
four weeks ago). F: diatoms attached to Oedogonium on dead reed stem (19 May).
Scale bar = 100 z m except for A and C (=20 um).

BF * R T52B2B0_XE% (2F8)
20084 5 H19H 0 EERBIGE, JFUHEOET Y ETO
BHEOLERHIT0.41 &, HEIBWEEZRL. #
B D 63% # HENLDTEY, bELHLN
7201 Achnanthidium Td - 7z (Fig. 4A). i
Protoderma %2 5: ik Oedogonium 2 DL AL
7 (Fig. 4B, C). L»L, 7THEHIZRHEEREZ
0.13FTETL, ZORIZIBEELZNLUT ZHER
L7z (Fig. 5).

5 A19H I BF O & WY %47 o 72 Hi L E AT
3, BEEY OEBIZEEC Staurosira & & L 72
EHOMNESR S NI205, BEREIL0.006 & 720
ANE STz T BIRICHRETESI30.05 T THEML,
Z0#HDFIFRABEOMETHERE L (Fig. 4D). 7H
H o 5 Tl AT SR R LB R 0 5 LU T
BERKE 572, LA L, 21H BRI, ROUEEHO
EHESRALZZ XY, BEIZIZIEE UHEREK
THR L7z (Fig. 5). 6 AICiE, 200740 RERE
BTIZIEE A LB L %95 72 Eunotia formica %53
ML, SREERZ TR LT ERICRI MO S OB
iz (Fig. 4B).

6 A9 HIZBF OREWY 247 o 7o HLEZHE T
b, REEY OEBICEEIC Staurosira & b & L7z
ETOBEEOMNENR LN (BEHRE$0.003) . #
FEFERIZ 7 HERI2 0.02 T, FMIEEB L ORI HILH

o
iR
»

Cover Index
o
w

<
)

0.1

0 G
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26-May 9-Jun 16-Jun 30-Jun

Fig. 5 Change in cover index of algae in 2008. Diamonds,
triangles, open circles and closed circles shows the
change on stems which were dead-untreated,
living-untreated, living-wiped on May 19, and
living-wiped on 9 June, respectively.

HE X DIZANEdD o 21HEICD 0.03 T LM
B, RMFEEB X ORI ELEREE L D IR RS
WETH o7 (Fig. 5).

Mgy ECOBRBEOBERIIZ, FITHORE L
DhREro7. LA L, EIToRE LRI, 5
H19A %5 6 H16H IS THERBE O KRIEZET
(0.56—0.16) 2 R 5MN7z (Fig. 4F, 5).
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Fig. 6 A principal component analysis for temporal change of diatom assemblages in 2008. A: factor
loadings of each taxon. B: scores of each sample. Diamonds, triangles, open circles and closed
circles shows the change on stems which were dead-untreated, living-untreated, living-wiped on
May 19, and living-wiped on 9 June, respectively.
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Fig. 7 A canonical correspondence analysis for diatom assemblages from satellite lakes of Lake Biwa in
May 2003. A: biplot of each taxon and water quality. B: biplot of each sample and water quality.
Parameters of water quality were selected by forward selection with a significance level of 90%. A
sample (No. 7) was omitted because it mainly consists of plankton diatoms, not epiphytic ones.
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Analysis of biofilm properties formed on reed surfaces
and their application for water purification

Hisao Morisaki

College of Life Sciences, Ritsumeikan University
1-1-1 Noji-higashi, Kusatsu, Shiga 525-8577

We investigated the biofilm formation process on reed (Phragmites australis) surfaces over a period of
about 2 months on two occasions (from mid-May to late-July, 2007 and 2008) in Lake Biwa. We
observed that biofilm formation was a fast process: in around 7 days, the wet weight of the biofilm per
unit area reached that of mature biofilm. The speed of the process seemed to be due to the many active
bacteria at the early stage of biofilm formation and the extracellular polymeric substances (EPS)
produced by the bacteria. The EPS carried electric charges resulting in an accumulation inside the
biofilm of nutrient ions from the surrounding lake water by an electrostatic interaction, resulting in a
high concentration from an early stage (as early as day 7 of the formation process) that was maintained
throughout the formation process. This rapid development seems to cause the biofilm bacterial
community to differ greatly from that of the lake water, even at the beginning of formation. The biofilm
bacterial community differed between the first and the second half of the formation process due to
amorphous compounds of brown color (a complex of organic and inorganic substances) that covered the
biofilm during the second half of the process.

The nutrient ion concentrations in the interstitial water of biofilms formed on reed surfaces were
investigated in the northern and southern basins of Lake Biwa over several years. The following
observations were made: 1) in the interstitial water of reed biofilm, the concentrations of ammonium,
nitrate, nitrite, and phosphate ions were much higher than those in the surrounding lake water; 2) the
nutrient ion concentrations in the biofilms changed seasonally, especially with respect to nitrate ions,
being higher from winter to spring and lower from summer to autumn, in synchrony with the changes in
the lake water; 3) the bacterial community structure of the biofilms formed on reeds was different from
that in the lake water, with small seasonal variations.

Key words: biofilm, nutrient ion, ion adsorption, microbial community, water purification
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v NEMAL (BERE1%) HE L7z, il DAPI

(4,6-diamidino-2-phenylindole, #& #& ik ¥ .
1mg/ml) #Mz, X7V 740y — (fLF
0.20um, KO020N025A, polycarbonate,
ADVANTEC Toyo Roshi) _LiCiisE L, 5TH06M
# (BX50 BX-FLA, OLYMPUS, Tokyo, Japan)
TRz T ML

RIREE (2007FEDY > TIDH) BF 1S#H#K

WARZREELTKCTEBAMNL, % 1ml % NB,

DNB %5t (NB 74 % /KE K T 100 AL 72 b 0)

TR L (20C, 30H) . (NBEHHMARK : &
YRT M 10g (HARE) , BoF R 10g (FOGH
T2 , NaClsg, KEAK 1L, pH7.2).

PCR-DGGE #IC & 2 MIEREBERT  amiLC
BFEBMHEBICHK Imlz iR EL
(12h) . ¥ BF E#KRKOBEY % VT,
DNA fliH % 17 - 72 (Quick Gene 800, FUJIFILM,
Tokyo, Japan). 7 5 4 % —, 341f-GC (5'-
CGCCCGCCGCGCCCCGCGCCCGETCCCGCcGee
CCGCCCGCCTACGGGAGGCAGCAG-38' (GC 7 7
¥ 7ft &), (Kubota et al., 2007) ) &£907r (5'-
CCGTCAATTCCTTTGAGTTT-8', (Gurtner et al.,
2003) ) #H W T PCRTDNAZMIEL -
(iCycler, BIO-RAD Laboratories, Hercules,
CA, USA). &t @ 95C (5min), 80T
(1min), 65C (1min), 72T (1min), RD#EE%
19%4 27 ; 95C (1min), 62T (1min) (REZ
194 7 V2 0.8C TiF5), 72C (1min), KO
BE9FA 270 ;95C (5min), 52T (1min),
72C (1min), T ®#%, 94C (1min), 55T

(1min), 72C (10 min).

DGGE &, ZHHRENE 30%~60% D 6%
(wh) 7ZIONVT I RFVERCTIT-72 (100V,
14h, 60T) (Dcode Universal Mutation Detection
System, BIO-RAD Laboratories) . ik ) #%,
1XSYBR Gold (Invitrogen, Eugene, OR, USA)

T30 Mgt L, N P8y — U RERRLZ:.

DGGE N ¥ F8% =i, BV 7 v 272w
T2 9 A% —fBH B O multidimensional scaling

(MDS : Togerson, 1972) fB#t L7z, L i, ZH#
&, unweighted pair group method with arithmetic
mean (UPGMA) 12X D{ERI L7 (Sneath & Sokal,
1973) . 7z, HPEMHNT (ANOSIM, (Clarke &
Green, 1988) ) %47o7-. '

BF OEHEE - £FXE
YLTYLTHERFY L TULTHEE BB
WOGHLE) , B CRIR) TBwT, 3¥, RICE
i BF 24 H (20044E 8 A~2008%E3 H) =
IHRIL, HAC TCREL 2P LIRBEIIHEHE-
7z, BYEaVEBOWMAKDOY T v FEIRLER
ERLTH 5.
FEEABEOFETI IO BF BRBHRE/ERL -
%, 7N (83, FEEWEK) % SBBREiz
FH, TR TR SR AT AL L 7,

BF Rk, #BKPOREE A F BE 7 VE
ZOAAF Y, YrEBAFT Y EEREEAROFETE
RL7. WEAT Y ROEMBA L
Bendschneider & Robinson # (1952) K Uf Wood 5
DJiE: (1967) TEE L.

BF, #WKOBIEREEE BF B & #0 L, BF
By 2R 40g12%5 X 9 WWHEFKIZEH L.
10mM HCl aq., NaOH aq. i F L, pH 0%&1%
HE LA, Wik 40 ml b REICHIE L7,

PCR-DGGE i & B\ - MEREMERI Ltk
LD 5 2 AT L 7.

BF DK% {LaE
A0y hEER BEMNEMNICH S Biyokr s —
(EEEW - AR LR ER Y v 5 —) &R
LEBRIEFIC S A DKRE 2 B2 (FAKBKIZIE
1.2m, &3 18m, /KB 30 cm TR 6 BEHIC
5 LN LTUK L2k @Ak L), 84
DKEE 2FHRICHT (4 ROKBTIHRW), 157
MO SEOKKIZI Y EMEZ LS (1RKOKE (&F
18m) H720, H1800ADI VY EER LA IV IR
WKOEREFELTWAEDRPESIEZTEY 35cm?).
3EDIL 1 AOKRBD T > ORTEHSERL, MY
o7z ORBORESD S DOHRERINE BRED 572
W) . BRY 1AROKEAIIAT S &R R 6 BRI T
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WAL (ariha—VvHOKE). ZoX5KkE
BENEL, FYBEARFOED L) BB OKRER
FEOBRERETEDZOPEN: (3 VHEWMEKOK
B oOBEL R0, 3T0EEELRD (20094
9 H24H) BLUI L OREMIKOKER (20104 3 A
5H) WCEBRE T .

WAL 72U OKREZFD T TR T D KR
T, BEISKREF Y TY 7L, BABOKELRE
AT L7z, LT OFETEABORBHEOBRER,
MRFERAEH L, ABOWMEREEZ 6 BETHY
HIZ LN S TR ECHED I &2 BRIz LR
EL HAWAMOREOKIZ SR O LE, T
DK 6 EHHH O LFHEOKICHYST L EEZ LN DS,
PeoT, HAHBHO LFHEOKROFEFITILE L 3B
DOFF, 6 BHMBOTROKOEIBERE F LKTh
¥, EEP»SHHESSICTRE CRPTENLLBIZEN
P ORBEIRE (HDEVIEERE) SRS
LEZOND, KPELEDS TR E RN L B HEIE
HElRE (HrWIdEE) shhhrotHe%
100% & L, BEEIPSBRERERDLZ, 0k
12, FBAREICBIT B RER, WREFTRHLLL.

KB CTHRALL 727K 13 BF BB & R B AL B L
oo 2L, RBEOBERA-IPTFIAHF—
(AACS-II, Bran and Luebbe, Norderestedt,
Germany) Tillsg L7-.

RERBEE (2010F3A85H) O3 L OKIP{LEES
L UR#H BF & Ot IhmERLEL B
L, ROLSICHE—KEEZME, BF OKEfLiELH
N7z Bih, 3 YEERLAKE (M %2 KECS
V, LEOXBOI > BF #EBR2 A Eamy
(HEEUF X BF EEBRo®RhELA2E5) |, Tik
ORXWO BF iZF0FFHK LA, £72, 2V BF L,
A (K7L r®, —Keh k&3
26cm x 12cm ; K& QBM@T (RELZEELT)
26x 12 x 2 = 624cm?) BF OkEbix kL 72, 3
VEMAZTORV 1EROKE (N) T, LE»5TFiR
FTEIKMEEL, BEWIEW (B8 6m) i3
LAY, KORKW (B3 6m) WKIGERBROKR
A BF (EBZ HAICAREAT 720 2 LD 7
72) , WFH (B& 6m) 2H# LA BF (5
BRPALE 3 B BATA & HAT 720 R LY T, Mk
BF 2 3¥72) #HHREE L, KELiEz A~
7o ABL, WKEECHREIERIEATE SR & E U o6 KR
WERE L7z, KBS TERINL 727K i BF BB & F#EIC
WRMHE L7, 72720, RBHEOBREEA M7
A ¥ — (AACS-II, Bran and Luebbe, Norderestedt,

iy

A

e

Germany) THEL 7.

FERB L UEE

I BF OFRBERE 20074 & 20084 o [ I 1
(5 H19A~7 A23H) WEBEMNMRNARED 9 Y%
WBWT, 3 BF ORBGERIIOWTHN, WET
HIRRORREE B2, 2008ECEFHEH OB
ZEL, 3EMTSETBF #EWY (5 B19A B
LU 3#Bo6 HOH) , DO BF RGBT B
RIWCEBH LA (5 A19H250BEREE % FP1
(Formation Process 1) , 6 A 9 H#» 5 DEK AR
% FP2 LWEET5) . I Tk, 20084EIE BN
R AR TWw L.

BF M;8E8  BF OREEIIEEMMICEFICHEN
L, 1~2B8HMCTHBOERBF Mo Twiw
BF) tRBOEE (9 5mglem?, FHDELIZLT
#150um) WELA (Fig. 1. B35 L9511, EH
WIARBBERILENARBTHEIC b BT, BF
NERERELRRIETH D Z L (BF OBEES T
HAMBER R -V RBELRETLEEDN
%), BFOAELRERED L Lz L#EMNSINS.

g
o ~-@- FPI
S~
g
=
R
.20
15)
%
&
3] 5 o xR R
3
E
kS
= 0 i
m 3 2.
6. Y 0.y, v,
ay, My 25 iy (2 o g
)% 7,0, % 3
)’902? 9% #Y

Fig. 1 The change in the biofilm wet weight with the
biofilm formation process (@ for FP1, & for FP2);
altered from Hiraki et al., (2009). A broken line
indicates the average wet weight of matured
biofilms formed on the intact reed surfaces. The
surface area of the reeds was calculated from the
diameter and length of the portion of the reed
where the samples were taken. The sampling
dates were shown in X-axis with corresponding
biofilm formation day for FP1 and FP2 in
parenthesis, respectively.
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I YERMNA & 7 4 V2O E ORI B L OKE(L~DIEH

BF FRRKRDOREIRRE  BF MK O KN BMELTWwLEHNING.
WREZ BRI DME L. 2R, Biak

THERXT Y E=o 440, V)V VEEAF Y OBEED BF RS —DFE BF RV~ — 2 fEAEH 25
BF TR OBEBEEICDEL, DB EHE - BEBEL, BEPTOR)—FOBRIKEIRZE)
f‘;ﬁ“ﬂ‘ﬁﬁé NBZLEVPHLNI R -7 (Fig. 2). Mk & (Electrophoretic mobility; EPM) % kt4 7% pH T

IZHANE B L MAANRED, BEREAREO S W0 WELE. BEAEOEOEHO BF KXY ~v—13, #
BFWIZIEK SN LHERM SN, 2E% BFEE, ® EPM 3% pH CTHMOfEZ R, 72 EPM ® pH
72 BF O omwREEE (Fho0mi, #E) & BALIC X B EE/ S — VIZEM L T2 (Fig. 3).

a) NH,* b) PO,

- [Pl
~® FPI

Biofilm interstitial water ( X 10! mM)
Lake water (uM)

Biofilm interstitial water (X 10-' mM)

1l Jo

> =
Jo, = 7,
2 (%*r i 3o Mgy, “fes 2008 % G%y
9 »2) 227 )

Sampling date Sampling date

3 22

“é U”)D"" 7/0 R 2 0/[65‘ %

Fig. 2 The change in the ammonium (a) and phosphate (b) ion concentration in the biofilm
interstitial water and the lake water with the biofilm formation process. Solid symbols (@
for FP1, A for FP2) and open symbols (L) indicate the biofilm samples and the lake water
(LW) samples, respectively; altered from Hiraki et al., (2009). Broken lines indicate the
average ammonium and phosphate ion concentration in the interstitial water of biofilms
formed on the intact reed surfaces. Each number in the parentheses shown after the
sampling date in X-axis corresponds to the biofilm formation day for FP1 and FP2,
respectively.

= FP1 EPD
—; 0 & 0 N\
k=
Z |- |
%

) )
=
m

3 3

0 2 4 6 8 10 0 2 4 6 8 10
pH

Fig. 3 The change in the electrophoretic mobilities (EPM) of the biofilm
fragments as a function of the pH; altered from Hiraki et al., (2009). The
samples of biofilm formed on different days of the formation process
(different symbol corresponding to different formation day from 7 to 65)
were used for measurements in 10 mM PBS at pH levels ranging from
2.0 to 9.0.
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ECI N

pH7 TEBF R~ —3AMNEEZAFL, ZOWER

pH4 FEETRII/NELL2Y, pH2 TIEFRY v —IZ1E
WEAAETHEI ko7, ZOFBELS, BERY
< —IZFEHE (T3 /E~o7a b ryoffmcise
Hbhz) BLXOEHE (ANVEFIVEOMEEIC X
HrEbhb) AL, BAEER HT7) TIRERN
BOFPEHBELVSZ WD, &K L CTAOWEL
HLTwh (ADEPMEZRT) LExbNb. B
VoL MEE Y L EHBTIVYT VTV —TCBF 2R
S ENBH T D ZOHENELRT 5.

SEM £12& BFHKEWHERIIZI VEREIZIZIE
EAEMBF TR, 28HH FTIZEHERLRE
ORBEOMAERIFEEHEL, ABCAEROR) v —
MYEOR ML (Fig. 4. LarLl, BREH
(FP1 ™42, 65HH, FP2 ®21H, 44HH) Zid%
EOFEFEOWENBF 2B, BEOWITE 2o
oo COWMERBmEERICELALLEIA, RRRLE
SHHBHIL, TRRECL)EAIIEETLIED
5, TOWEIERY L ERYOBEGAERLIERN S
72, %72, ZOBHOBENKRICOELDOWENSR
BB E, 2522007 D IZIZRMYICEDYE
PHELA-Z LS, ZoRGEOEROYEIZEM
W25 2 ORHOBENHAT A EEWEO—fE
Tl wnhr LRI N,

Z O BF F ORI ) TR =—

1

BELBPTHI LD (i), ZOFRBREOWE
KXY EREIBELNL L, HANESN, F7WHERR
bHESN, BF FoBEMEEIMET T L Ebh
5.

2HEH BF M 0O4HHIZ BF EROBICaE L
(10° cells/wet-g BF ® %+ — % —), FP1, FP2 W&t
TR 3 BB B ICKEME (1 3x10° cells/wet-g BF) 12
¥ 172, BF NTIEBMAKTOWEKE (10° cells/mL
DOF—F—) D000 LOBEE CHBEIBEL T
Wb N7z, HL, BFOEEEI, AKX
EBLICEVWDOD, BFEREIICIZRAD Lz B
65H H T 1x10° cells/wet-g BF).

0= —FRE (2007F 0 HEERER) RS
T, DNBE#MTRIUSEE LA, Tu=—TEK
=3 BFEBOBEI0H BIZIZIF10%I1CbEL, 20
BE%TITRI L. ERBOT - LHbEDL L,
BRI EEEOB RS RETERET A & W
) BFEZE U LR 5.

HEARFEEE BF 705 DNA ##iiliL, ME®
16S r-RNA &£+ % PCR-DGGE 12 X V) BT L 7.
Fig. 5 2"+ X 912, BF FOMBEEEREIZHIKE
KELELRY, FEBBRERY LB O BF ol
W ERSED B o2, BF o RERIEE D E M

Intact matured BF

7 21 4l

Fig. 4 The biofilm formation process on the reed surface observed by SEM (bar: 10 um)
: altered from Hiraki et al, (2009). The SEM images of biofilms of intact reeds
(upper row), FP1 (middle row) and FP2 (lower row) were shown with indicating
the corresponding formation day of biofilm (Note that for intact matured biofilms
the number same with FP1 indicates the same sampling date with FP1).
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I VERMENA F 7 4V A OFEEE OB X OKREE~DISHH

KOBEARELETH B Z &A%, BF Ll kKOMRETEE
BEORESZEVIIHEL TV ]IS, $7,
B L7z & ) 12O BF BAERWETEDLN, £
DUWRDFHERE S ER 72, TOZEPMERE
BEr LSS NG, WL RERZSHE
RIS B LEND S,

MR EEEIIRE CEE LA, BFERERD

LWV(65)
LW(28)
LW@1) Lake
EW(0) water
LW(T)

LW(42)

FP2(4d) N
FP1(65) Later stage of
rp221) i Biofilm formation
EP1(42

[— ;.;';'g;) Early stage of Biofilm
Fpic  Jf Biofilm formation
FP1(28)

FP1(0)

T 1
30 w0 e 0 D 0 9 ]

(a)

Dimension 2

-&-Fp|
—A— FP2
LW

Dimension 1

(b)

Fig. 5 Analysis of the bacterial DGGE patterns of the
biofilm and the lake water samples by a) cluster
analysis and b) multidimensional scaling (MDS)
analysis; altered from Hiraki et al., (2009). The
number attached to each cluster indicates the
formation day in the biofilm formation process for
FP1 and FP2, respectively: For LW the number
same with FP1 indicates the same sampling date
with FP1. In MDS analysis solid symbols (@ for
FP1, A for FP2) and open symbols ((]) indicate
the biofilm samples and the lake water (LW)
samples, respectively: The number attached to
each symbol indicates the formation day in the
biofilm formation process for FP1 and FP2,
respectively: For LW the number same with FP1
indicates the same sampling date with FP1.

AP oEICHE SN ME (DGGE ¥ Ld/N v
FCIBGEBRIHICHE L TR ON LN Y FICHIET
AH) bEELR. IS OME D BF OEEIZEL
MhboTWBWREMDH 5. 20094E (20084 & [Fl K
) 12, REEOI Y BEFRLINONYFOY—2 T
VALEMPD Y- X AT HME (168 rRNA
B FOFEME 100% ; £ 500bp) & 4BEL, BAE,
COLBEREMROEEYE (EPS AR, EHTES %
EATL TS, TNICLY, MAYENZHELS
BF ORI DOWT, #FLLMBHEALTVWFETH
5.

BF WRDEHEE), X8

BEBOILW, W GHLE, KR CEMER
J, B&Z1A®EICS Y BF #5ML, BF AOHH
RIBRBEIC DO W CHAERT (2006~20084F), F— % %4
L. RICEEHEZ DS,

WK B LU BF BRKFO1+ BEE BEMM
K (BFAMEBDAK) W sea2IEig L, duill, miim
FrF) I EOMKE S, BERULNNY — U TH
Wi LTz (fRFEL T Fig. 6 I[CHEEEA + ~ OEH)
INF =V EIRLIZ) . AP SEEICHT TREREE
WEWD, Bilhb &L oz, T, Xast+4
CHBEBIZTI Vo M EOEEE T ) REEY

@ BF interstitial water
O Lake water

Northern basin

interstitial water of BF (inM)

Nitrate ion concentration in
Nitrate ion concentration in lake water (UM)

Southern basin

MJSDMIJ SDMIJI SDMIJT SDM

Sampling month (2004 to 2008)

Fig. 6 Seasonal variation of nitrate ion concentrations in
the interstitial water of the BF on reed (@) and in
lake water (O collected from the sampling sites of
the northern and the southern basins in Lake
Biwa from April 2004 to March 2008; altered from
Tsuchiya et al., (2009).
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ol oA M

WAL EEZ NS,

BF HIBKFOREBRBE S HFERLNF — 2 TH
HiZE L7 (Fig. 6). TOEE/ Y — V(ZIZ D04
WARO BNz, 1) BF BT ORBIREREIEE
WARPOXRBIERELIZEALRUNY — 2 TEHE
8195, L2L, 2) BF HIBRKHOREIEREIZIHK
N, BERUERE REZTRT.

RIZHBRD X512, BERY) Y —OmMEHEEI
LEMEBERCED Y DL LHERNEINS.

BF ANDEWREIEREE BF 2R TR —D
& ORE BF OB BREDOETHR L L
IZ, BF BIBRKH O REIEREITMAKIZE~, BF K
OO (1ABEE) »oHE/RULESE»-72.
BF KD T ISR T 2MAEYH I L2 <,
BWVREIREREDN BF FOBAWOEEIZL LD L
EE 212w, b, BFEBKFOBWKRERERE
i, 752 OB OB THER GHAKRF) OREBIES
BF NICIEfE SNz eEZONA.

—EDY TN TIEDH 50, BF R v —DERK
BREE (EPM) 284 Z2 pH CllE LA, 208
B OBEBEOBFEY S —LRABOKEIE SN
72, TORBREIINVEFIVE (pKa~4d) RT3/
2 (pKa~10) &\ o2 EREED BF R v~ —HIlfF
ETAHIELZRBTE. ChODOERREIT pHT
TE&H4AME (—C007) , EME (—NH,*) %F
LTBY, INOSWEDLZDBF R =34 K
BBRED L) 2B X 2FL, WELFHOHELOWE

Northern basin

A F v EEREREBAKS S BF WICEHET A28 % %5
DLERIENA.

B SN A F VOBREZEAESKTOBEI NS
Wiz, BF O A A 2 B A IR 8 5 AT
b5, ZOEE BF ~OEEFEREEBERICH
D, BEHROAF VIBEPRELEEZDONS.

2HH BF I TIZRBRBEEISWV. Z07:0L
Bbhzds, BEFHOMEDMAF LY EE2ICEE
BETHIEL7. BF HOLREEIL 10° cells/wet-g BF,
au=—Fk (DNBE#B ETORELK E107
cells/wet-g BF O — % —I2E L, #hZFN 1mL D
WARFOFEREL EOfE%Z 5~ L7z (Yamamoto et al.,
2005) . fEk, BF HOBAWITEEIMERVEE DR
T&727% (Marshall, 2004) , BEWRETAONS
BF Cldam=—%BRT& 2ME bW ARTOBEHE
DEOBETHET S &5, —HRIC BF FofE
POBEHEIMEWEZEVTIINEVwEEZ LN,

HEBEERE BF WO ME o B 4£M % % PCR-
DGGEFEIC L WEIRZE 22, FEEMAL K& R
o>TWw (Fig. 7). WAPSEEREIHELTE/:
FEOMED, BFHORFEIEEFRECHEEL,
FRICE DRI ED B VIZHEET 2HE SR EL
VF, SRR BF WICHESOMBEEEEESER S
TR EHEMENE DS, FLVWERE SHREHT L LEN
b5b.

Fig. TI2R L72& 912, BF R OMEHEME IS

Southern basin

07-9 @ Biofilm
[0 Lake water

Dimension 2

07-9

@ Biofilm
07é/ 08-3 | O Lake water

083 07-6
07-9

Dimension 1

Fig. 7 MDS analysis of bacterial DGGE patterns of the BF on reed surface and
lake water samples collected from June 2007 to March 2008. The solid
symbols (@) and open symbols ((J) correspond to the biofilm samples and
the lake water samples, respectively: The number attached to each symbol
indicates the sampling year and month.
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I VRENA T T 4 VA DOFHEBE DB X UKEL~D B

HiDHEITE EDITEELR. LarL, TOLEHI/ Y —
VIR FOMBAREREDTHEE Ny - LR E
CE%ZoTW/:. BF HIZREIRBE S, $72pH
DEALD NS RN BREI R SN TS, O
RRBEAN TIIMAEN OBEREOTH LGy —
WK EBRLZLONS NN, TIHE, HIVEF
VIVENREEREROLEZION, B HEHEIC
BWTHINEHEPDL (F—23RLTWERW) |
BHEEICE 05 MEHEREOTH LT 2 AT
HhbE, ROBFEIEDHo (F—FERL TV
VW) . 3YBFBIOEEMAE I, MEEEEEE
BEHEEH L TW2S, MBEOLE Y — VgL &
%o TWwiz, 3 BF hoBEEE A & 3T
FHEBHLTCEZ LI N, 72, I BF
FOREREILZ, FAUENTRSL EEEBERETSL LD
WCRZ7. L2L, EREDLDLEZOFEENY — 1T
KRELSEbo Tz, FE, BiE (WE) 253
VOEZEDLYIZE ST, WARELLDI VEHEHAD
MBI ORI E (I ERTMOLEIFELT
WHEAMTE T 5 L BbN DA, ZOREMEOE
HITBARWERICKR SN, EMBEOL IZHERE
ERLRDEEbNG) , ZOBROMBEOHEMIZL Y
A D BF HOBERBESBELLT 5 LIRS
5. 35T, ZOMBIOMEHERENZDHD BF
HOMBEHEREDTHEFH Y - 2XRT 500
dLlizrw., —F, FEICED ST DGGE # T3
VBFIZEBLTRONBNY FEEDLN, HoH
DOME ((FEEIE WO BF Rk ICHEL, £
DS BFHTOERBEOBCMELEET 2 EEBD
N5) IV BFHRICHEICERLTWAS LN SR
72, WA L-EHEEE, SXRBEERECTHLI Y
BF NOHENLZRED O, ThbOMBEHEICT
YBFHIZFETE 5200, dLLR, ThosoME
73 Y BF NORRNLZEELZEEK, #FLTWED
P, SHROBHILETH L. B, DGGE THA LM

<

S NH,*+ NO,~
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-
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= | N
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TNV FEPYYVHLTCY— 2V AL, 0k
ZHBEAELEL TV ONRE* ED TV 5D,

INA T T 1 IVLIZ & DK%k

FRL72E 912, I TKRBZED BFIZEBOHAKE
I L EREORBIENLERE L T DI LRI
LOVHALRPICR 572, BF O ZOBEZIEHE T,
FIRBRBEKFOREE Y BEICHY AR, &5I1THK
2, MoEY DN, A AEHHOBEEEL, K%
FAETE AL EIN., T THRERHORL S
(BRI, BIXOREZBHGBLEY 33 %
v, ERIOKE(LREE R

£ RELEE (2009F9H24H) O3 BF OK2{LAE
Biyot v % —IlZKkEEx &I (E1.2m, EX
18m, KA 30 cm THHAAMERE 6 BFRIICAR 2 X ) 103
W2 BEKLZKE@BALZ). 1AOKE (&&
18m) %720, H1800ADI Y ERHERK L. IV 1A
WD EKEEL TV B EDOKPERSIEFEY 35cm* TH
B, ZOL)RKEE IRFRELZ. F0HBL1EKD
KEED I @ BF #EE 2 BRI XMW o 72 (EERY
HIZIZBF BB AFE R R LA KB F (Forming
BFDE) ). D 1XDKEDI ¥ BFIZBA ST
FERLZ OKBEM (Matured BFOE) ). B0 1
KOKEED I VIRITTE G %25 LAY Bl 72 ko
WES 20 ORBIERINAE AED 5720 ; KB R

(Roots &) ) . FR) 1 ROKKIZIIMD %
HH oM CcEKLE (v ba—VHOKKEN
(None ®E) ). O XHITKkMESE2L, 3 BF
PAKRFOED L) REEOXRIEY LORERETS
B Dh xR,

WEEA LY, TVEZOALFVICELTIE, 3
ZREHELTVRVWI Y PO —LVOKEN (BREX
10%) EHE L TKEM (3 v DEESIZHE BF %
HE ST FOKE), KER (I ¥ OBEH72T

NO;~ PO~
50
30
10 i
l N B l'.
M R F N M R F N

Fig. 8 Ratio of removed nutrient ions from water flowing down through waterways of M (reeds
with matured biofilm), R (reeds of roots remained), F (reeds with biofilm of forming

stage) and N (control).
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I L7KE) , KBEF (3 0XE5 0 BF 2 £
2HRAIICHKER-TH Y, BFOIEEFOKE) OF
KEEDOBRER (#130%) Ero7: (Fig.8). £z,

HREE A 4 I LT, EfNICEERITE,r -7
A, KEM, R, N (—HBREERSIIAFATHo7z
BEsnFiIcwEmLy) , BEE K -8~+2%)
PHEBELT, KEF (BEE:H6%) OBRERINE
Motz TVOMREKS, WWEEE, BF Offwis
RN LT OB TEEEEOREERIREIX
FMEEL Y, I BFOXEHBEEEZ O
(3 v (20094 9 H24H) ) OFEBRTIE
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Fig. 9 Removal ratio of nutrient ions by biofilms formed on reed or unwoven cloth for
more than 3 weeks (matured BF) or 2 days (forming stage BF).
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