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Inferring phylogeny and isolating culture strains of the key ectomycorrhizal fungi
to the conservation of endangered host trees
Kazuhide Nara

Graduate School of Frontier Sciences, The University of Tokyo
5-1-5 Kashiwanoha, Kashiwa city, Chiba 277-8563

Many tree species depend on ectomycorrhizal (ECM) fungi, root colonizing symbiotic microbes, for soil nutrients
and thus for growth and survival, although ECM associations of endangered tree species remained unknown. In
previous studies, we discovered new ECM fungal species, Rhizopogon togasawarius and Rhizopogon yakushimensis
that specifically colonize endangered trees Pseudotsuga japonica and Pinus amamiana, respectively. Both fungi are
the most dominant species in soil spore banks within the remaining forest patches and would play key roles in
seedling establishment and forest regeneration after disturbance. To assess the conservation values of these
important and potentially endangered ECM fungi, we need to know more about their evolutionary and
biogeographic backgrounds, but it is often challenging to estimate divergent time of fungi due to the scarcity of
fungal fossils necessary for time calibration. In place of the fungal fossils, here we applied the robust divergent
time of the host Pseudotsuga lineages to fungal phylogeny. Phylogenetic trees of R. togasawarius with closely
related species found two monophyletic groups, representing Asian and North American species groups, as
exactly the same as the host phylogeny. Given the divergence between the two groups happened 32 million years
ago as evidenced in the host lineages, the nucleotide substitution rate of fungal ITS regions was estimated to be
0.52 =0.11 (substitutions per site per 10° years), which was very close to the rate of the host, i.e. 0.56 +0.07. This
correspondence indicates that the hosts and ECM fungi should have similar generation time, and indeed both are
pioneer species that regenerate after disturbance. Using the derived substitution rates, we estimated that
R. togasawarius diverged from Chinese and Taiwanese relatives around 17.5 and 14.5 millions years ago,
respectively. When the same substitution rate was applied to the phylogeny of R. yakushimensis and their relatives,
R. yakushimensis was estimated to have diverged from their relatives in Southern China or Japan around 16.2
millions years ago. The estimated divergence of R. togasawarius and R. yakushimensis coincided with the initial
formation of Japan archipelago, indicating that they originated from allopatric speciation associated with the
geological event. These findings may have profound implications to ECM fungal evolution, providing time scales
for ITS phylogeny and clear evidence of biogeographic effects on fungal evolution.

Given both R. togasawarius and R. yakushimensis have the same distribution ranges as their specific hots, it is
highly likely that these fungal species deserve endangered status. So far, very few fungal species are included in
IUCN Redlist due to the difficulty in the assessment. Here, we successfully isolated 21 and 11 strains of
R. togasawarius and R. yakushimensis from soil spore banks collected from the entire distribution ranges. Four
representative strains were deposited to NBRC culture collections for ¢z vitro conservation of the fungi and future
application to the endangered hosts. While microbial culture collections have not yet been utilized for ECM fungal
conservation, they may play important roles in future. We also tried to maintain fungal strains in association with
host seedlings in a greenhouse. ECM seedlings colonized by R. yakushimensis were successfully maintained for
two years without any airborne contamination, showing far better growth compared to nonmycorrhizal seedlings.
‘While long-term sub-culturing of ECM strains often results in the loss of mycorrhiza formation abilities, we can
avoid the trouble by maintaining the strains under the ECM symbiosis.

Key words: ectomycorrhizal fungi, endangered tree species, soil spore bank, molecular clock, evolutionary rates

E-mail: nara@k.u-tokyo.ac.jp
L HIZEE AT HBRE RROR K Bep S R = rge ) MINBA ORI KRR B s a) A Ak 7e )
B 2 5 (RO R A2 K A B AR Rl R -l 72 ) RIGAEE CREUR R A Be T SIS R - F 727 )

_3_



&

w5
SMERIRE (U, BB 3y 77 Hk &0

BIARMIBIC I ET 2 BEFEEHTH Y, HTHE TEEOS
e RAEBEDS S £ 5 (Smith & Read, 2008). M 4
IBAROCERED 22 TN E 2 L TEETEY, T
HCHARZ I CTFEARZRESELDICb AL D
A IR R TH S (Lamhamedi et al., 1994; Wu et al.,
2001). —J7, WRAIETETROR R TRIFEMIZRINL
TeBHFERY VR EOFEG R RIS LT\ 5 (Hobbie
& Hogberg, 2012; Kohler et al., 2018). 9 I, 15 T4
KROBENCLELRBEGOITE A LIZHRE»SME SR
TWb 70, HEBMANRE - 7T 5 DI RRE
LB VIATH A (Smith & Read., 2008; 5 K,
2014). PLEo X912, BEA & BB oA I 2
BIRTHY, 2O RICHEMREBRIIKD LoTnd &
SoTHB/ETIT RV,

HAR CTORME 0BG LT, HIEPORSR
v b= elT (RABEL2EL) O2OWFET 5.
BEVAL L7 TLE, BIARORRE 222065 H
Ay N7 =7 PRI EEMICAEL, BET LT
FEEP ST ILEENL 720, BEBADIZIZETO
ARASEAL L T b, KRB BEELIC X - T EMR
AHBLTLED &, BEPORRAE Y b7 — 273K
L, Koot d SoRd 2720, mEsAkoEEIEL
CRHEE X5 (Nara & Hogetsu, 2004; Nara, 2006). L 2»
L, HgERICER SN RIRREON - FELRT) 23
FEREYE L L THERET 28600, #tod 5
B EBARDOEGEPELINAEE XD (Baar et al., 1999;
Izzo et al., 2006). 2O X 9 T2 TS % WL,
AR LTV B R REE L ITRE SRR, X4
BRWHTHR SN S D% TH 5 (Taylor & Bruns,
1999; Miyamoto & Nara 2016; Murata et al., 2017a).

<~ VRO V& (Pinus) R + 77 7 & (Psendotsuga )
FEREDECEBTH Y, HBEZICWE R CEST
BERFN R 2o TWna, 20X ) SRIE, Bt
Ja7-& LTEET I 0%\ a7 ul® (Rhizopogon)
R7 I 70E (Suillus) \ZHMMERD 5 720, ot
REDBEEMITHEMICTBATSLI LD TE S (Baar
et al., 1999; 1zzo et al., 2006; Peay et al., 2009). 4Fi23 =
v 1§ (Rhizopogon) DTN ToHFEmIIEL, i
CEHHHEEHEPCREEZMRT 22 E2 OB
) (Brunsetal, 2009), X YHKZTFTHRL, BBOE
AT R TR g Tl S s (Miyamoto & Nara,
2016). ZOXHIT, fEEBIA D R D HELERSE
BT A ETHEHLTWAIARES A S.

< VIER MY T TR, BT L OB R

B — %

DOFMOEIE - N THALIZ & o TSN - WAL,
HEMOEREITH L TR HEAFEAET 5. AIFFETH S &
T2 MNAY TS5 (Pseudotsuga japonica) 131U 0 B
HERPEDO FICOAERT L2 HAOBAERETH
D, MEEHMICEE S Twb (IUCN, 2020). ¥4
FTAMGIET NS HED/NS L, AFRPe ) FONT
HROFN Sy FIRIERAT AR THEAET 5. LA T
BEEHIC X BREMIC X 5T, P Y7 T O IEH 3200
JHERNCAER D B R =) ¥ FREGFREITT ¥ 72D
ZOHRFBED Y F AT T (Pseudotsuga sinensis) &
#2000 HAERZ L Lz e g & T v b (Wei et al.,
2010).

MY TS LR DAL <Y (Pseudotsuga menziesii )
FACKRPEEBIZ TR K 72 53 A 38 % 50 W HUIS O Rk AR TR %
RETHHHETHE. MELIPLLELIBETHS Z
Ehn, ZLOMEERIEDH L. WREFIIOVWTE, X
=iyl ey avalg (737 5RICEH
Y17 Villosuli W)m) 254#4E L (Grubisha et al., 2002),
By cEBET428, IWKFEL EOHHELZICNRS <
VOREFEYT B EELEREEL O LWL 2SR
Tw5 (Barkeretal,2013). ZZCHARD N 7Y 75T
QWMEFRIzE 24, MY T TR 2 R R A
L, ERTFE L TROENT S 2 LAURS N, Bl
BOFEEEFITH O REH 2o T a el S 7z
(Murata et al., 2017a). Z ® &I Mujic ef al. (2014) 2
X o T Rhizopogon togasawariana (O 5|2 R. togasawarius
EETIE, M bS5 avn) & LTREBEN,
Villosuli g (2 & F N5 2 AR &Nz, Villosuli Hi)F
BTV TIBBARICORILET L L, HEDO MY
7 ZIEEAER E 7 Y7 T 3200 AR AL TWwWa Z
&, VavnEid I FERZIERL, BT
HEAFEL TR 7OREMBASTE VW L EEZ
e, VYU I v avubgE e URICRESEL
bDEEZLND.

NAHT L NAHT T Y ayuoitiERiy, #WR
WORMAII B W TEELZMA LR L T b EE
A3 5. HEY LB HEEN W\ AR TR DA IEA IR
DTH% L, 1R O 5 I AR E O R IE A3 #E T
& % (Barbee & Taylor, 2010). 4 < %7 % Rk 1L
AEAREE S 2400720, WEOSBAEHEEITE
RKELRBEENETN, TOWEMS3~5FbREL
& 4% 5 (Liicking ef al., 2009). —7J5, H¥WZHAER O
S WE AEACHE A A MW O I AEACE W20 5
(Takamatsu & Matsuda, 2004). [E&ED F LD HARE O
SR AHE IR S N7z BE v 2s, BRI X - THE
ESWEFEED SV MY T Fo5EREfES) 2 & T
(Wei et al., 2010), bFH 7T a0 &gl sk



M SEARBI AR DRI R 2 HRE ORI E BRI L 7 ¥ 3 > O

FRMEEVTEDIDEEZ LN, 51, ARBWIC
W BIRIC D B 1E T2 & AR O M S i 458U o FRiR I
Lo THARH 2 IR EZ 52 5 MAPESNL TH
59,

MAYT T Y gy w3 E EBOR & W U oA L a7
BTz, fE EREOR & FAR G AR 2524 9 5 Tk
HAE. S5 7uah 754 bx—h—EHw:
HEHERENTIC XL 5T, WL S 7R FIH O BAE Tt
FamFE L) SEREOFTHIR S, EFOBLENS
LSBT LTV DL Z RS IT R o72 (Abe et
al., unpublished ). Z MZAER; % JBUZ & » TR A
FTHIENTEL MAHTFITL BN, Nl 2 /N
BIAKAE L CT0 2 M AT 5 a7 a0 TRV
BRI > TWB72DTH L. 2F D, FEHEERND
PEASHHHIC K o THIRICE 2 ) A 7 13 X 0 b WA
DFTHVWIEEREL WS, INFET, YT T
ZII UL T HMHAERBRORETIE, HTOPUESR
PRAE, #(E:, WA ONHZR L, FEBARICORFEZD
bhT&7. La»L, MHYUITEINTYTI a0
OEFREBNERE RVIELOBR 25 E 2 5 &,
MY Ty ayud R EAm LR YT IHhE R
RICHERFT 22813 TERVWTHA). M T T3
TUE kS LTRE - MiFFT 2 2 &8 TE UL, HEM
DERICH LR E FRBEORE L, RELERND D
EEZONL. ZoNh, KHBOBENEIEAT
WL LEEZETLHE, TEXLRY L ZERDORKE
FISETH I ENEEL 5.

A THRETZ D) —2DEEMRIEY 7 4 1T
A THAH. Y7 FFTATORMMELC LY IO
WTOFMEAHTH 5. BfEIE, BARLHETEOR
LN LA BET, EFEIE~ Y MR ER Ok
12 & o TS S IERESIEAEINI S 2 MR EHE TS
% (Akiba & Nakamura, 2005). AFEORARE %2 72
LA, Yoy FTIATIILARAELEBHEOY avu)g
Bz RL, Y242 avna (Rhizopogon yakushimensis)
L L CREi X N7z (Sugiyama et al., 2018). Y7 ¥ 23 3
v abEAROM IR TFHETRIBELETAIRETD
D, WELBEOEEFEEOEFICEE L 2R/ L T
5 EHEETEX B (Murata et al., 2017b).

Yoy 4Avarailonthyfr7ud 794 h~v—
B — % O 7ERIBEANNC L - T, fMEDEICEET
TENASHIBR S M THRMGILAHEA TV B 2 LS S A2
ENTw5A (Sugiyama et al., unpublished ). J& AL D
TEEL D S/ANRBWIRTFHAZIKAETE2Y 5 42 3
7 0 CTHROWASTHIRA 22> TWb 720 TH 5. MW
J5vavakffis, Y77 xyaynd s
WML, T0V)AZI3EEDRICEANTHL LEZD

N5, KEIZOWTY, B 2HEMH» 5 Rk MRS
WL, AVFr—alLrvar LTEMTLILT,
RWHEDORAIZT TH L, HBEEMETH 2 mEORSE
WCHIEHT A ENTELEEZ LNIEEFRIIKE V.

R O WRE 2 HERET 2 72 D IR 2 — 12T
bbb (Corbery & LeTacon, 1997). L2L, EHiRHE
B L2 WR IR & o3 Egglinskbh b 2 &b %
W (Marx & Daniel, 1976; Thomson et al., 1993). #fi7Kk
RIATIVFAN, TIVFUVEBRE - I EFEAZHA
L TIPS 23 A D H 54, ARIEAGEE S 7w
I THY, CNOOFFETIIBML TL T 9 Wifl
LAEET % (Lalaymia ef al., 2014 ). — R 2 054 M bk A
- THW STV 2 RSB SRS TR AL, AR I
BT DD HLVGEENL VDD, Kk BRI TD
NTHB Y BEid e S T H R 2 WRMERE T2 5
L8 bhs (Homolka et al., 2006; Crahay et al., 2013 ).
LA L, BIBRE CII AR o BREHERR SO 280 S
BEZERLE L TWAANVFry—aL 2 ¥a vidkl,
ST LEL T O NOMETHS . — RN
REL NV THREEE RSOz > TERENICHERET
ELMMIHFENLEENS.

Haxt L AERTH ) B ECOEFT VIR R 7 — N A
F 27 —WREOWSE, INNAMEDOAVF ¥ —aL s
Ta TP E ESETR Yy MR A 2 L TRk
PHEFESN TS, ANIEM ECTAFT 2 HED Z Wit
HERBREOEEIXZ O X9 % FE TRtk iR s s 2
Lol b0D, WO ZHMIF LA
RLRETHREZ R TEDL A vy PIREWVWEEZS
nas.

ZZTAIZE TR, (DEEOFEEREZET T2
T, MHHT T Y3y uOGIAER EAREE 2 B S
PCTHIE, QRSN ELBEEEZY 7S 23
TOICEA LT oML B EW S ICTH I L,
@M TFEHNCC MY T I avuBr0Y s ¥
Ay avuWkr BT L, WEEBAL LA
SR RECHROMERS T RE» A MGET A2 L2 HIY
E55%.

FERTT

REMELEY TV

THEBMAO EEERLZMBENICHAELE L2
(Fig.1). A H¥ T Iy availonTiy, MY T I
AT 5 = RIRH BRI EA o =2 200, FikibRH
5 ERENRE T O JI SUBLE, AL AR A WY o0 K3
W, R SR IS AT o2 D & SR, b
=M oW 7 o6 oz x5 & L7z (Table1). v
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Fig.1 Distribution of endangered Pseudotsuga japonica and Pinus amamiana forests (left) and illustration of research outline (right)

Table 1.

Sampling site information

Species Site names Prefecture, islands Number of samples Coordinates

Rhizopogon togasawarius Sannokogawa Nara 25 N:34°15'38.1" E: 136°05' 49.3"
Kawamatakannon Wakayama 25 N: 33°54'37.1" E: 135°22' 03.8"
Ohtosan Wakayama 25 N:33°45'06.3" E: 135°41' 55.7"
Yasudagoyama Kouchi 50 N:33°37'49.8" E: 134°02' 37.0"
Yanase Kouchi 25 N:33°38'22.8" E: 134°05' 55.8"
Nishinokoyama Kouchi 25 N:33°36'36.5" E: 133°57' 53.6"

Rhizopogon yakushimensis Hirauchi Yakushima 26 N:30°14'49.7" E: 130°30' 14.9"
Ohko Forestry Road Banri Yakushima 21 N:30°19'40.1" E: 130°24' 37.7"
Wasedagawa Tanegashima 32 N:30°36'36.9" E: 131°01' 43.4"

For each species, soil core samples were collected to conduct bioassay experiments and bait ectomycorrhizal fungi from soil spore banks.

U E ARy aYMIIoWTIRY 2 ¥ AT Y ST B
REBRREEREA B O & RINKRE R, HREER
RREMPH TN oORBEN O3S E R E L
(Table 1). —BBYICHBLR O B R HLEE 13 T E AR H
WHNLZENL . L, MY TUITvavuky
75 Ry ayallonTid, TEEROERAGII D T
7% < (Mujic et al., 2014; Sugiyama et al., 2018 ), HIFEN
HRBRIUEICFIHS A 2 LIZHEERTRETH 5. — 5,
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EH 5 OWMED fE B AROFRAMIC B W T TR
TIEELEETLIEPHHLTED, BMLRTF25E
Bz S NS ERDE IS Th D, 22T,
B GG N AR RAZZ N TS T T £7213Y
7 H5 AT TDORBD 21 ~50#EIZBWT, 5emX
5cmx10cm (ES) OLET o v 7 2N 72, Kk
GO T v T IR A R R qE ERR OFRAE
Bk -oTEL .
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INAFTy A

PR L 72 THEGUR A S MR A 2 T BrvT1 7 A
LI bRz X & 72, Murata et al. (2017a) (256> T/3N A %
TR KEEERL, Fa—TICHEER AN, MY
7 IS SRS Nz BRI, =Y o2, Y
7 ATIIRGLLRNE N HEICIEY s 4 2 T3
v E7zld e X <Y OFT & Rz O & R E BB A
ENLEBREOr ) — 7 — A2 (HR 16K, W4t
SHER, WFE25T) TH6IHBW L. "fvvir
AAXVIE TS T IR 7 5 A2 TITORT-OAFD
WETH o 72720, MELHFETRALZbDTHY,
AT YIS YyavaFiiv sy ryavnm
OMIRFPOLWMERIET 5 2 LRI TNS
(Murata et al., 2017a, 2017b). BHIMHEF, WUz 0 2
~3ml OKEKRE 3~5 0 T LKL

LB, NAFT v LA HlORKO DNAMHTIZ L T
(FREBI), Y27 &2y avapPEELTnwb 2 L HE
RENMERY ARy MIBREL, BE (AL IC3kE
L7220 =7 — AN (i 25C) THEFFE AT - 72

HEFROIRELER & BIRE DN B - 15

S5e4THI%e (Ishida et al., 2007; Nara et al., 2003) & [d
BRICANA FT7 v A HOETORMRE TEITKEKTHE
WL, FEARBEMSE T CTBIZEL, WREBHOMLIERER &
OB X VIBREEN 2T/, VTS avnFE
TRY 75 Ay a v uOWERIBES 4 TORE TR
L, BHidH-VRKTIOOWRERERE LTS
VLR L0, FRENEARNO 2mlF 2 —T
AN, DNAHHICHE U7z, $72, Helims L <Rk
ENEEOLNARRZINGRIN L, WARE O BERER
12t 72

FRIL - WRIE, REEEEE T D) v o CERDME SRR
FE1%) T245 30 BRI A L7z, WHAKT2 Pk
L, 30ppmdD T N FH A7) ¥EGEML 7 MMN
(Marx, 1969) PR FIcHE L, 20CTH 1+ HiH
¥Rl 20, MY IIFTavniyrsyiia
Y OMOWERLEER LD O %W 727 MMN ¥ #(2
BR LML L 72, M L L 72 Wi# A S Bk 2 3RIL DNA
L L 72

PTFENFNFEICLIEREORE

2 & 72 CTAB #¥: (Nara et al., 2003) 12 X 5 T
DNAZH#IEL, 74 7—F7 54 ~—DITSIFX
ITSOF-TE Y N—=AT 54 < —0DITS4 X ITS4B, LB-W
MW TYARY — ADNADITS I % B 1ig L 72
(Bahram et al., 2011; Gardes & Bruns, 1993; Tedersoo et
al., 2008; White et al., 1990). 4l L 7MW % ITS1 & L

_’7_

CIRITSA % 794 —L LTy —F vy A&fro7z. 1%
LN T—51E, Y—F ATy T) VT b x
7 ATGCver. 7 (GENETYX #, HA) CTHIEMER L R—
AI—=NVOTT—%BIE L BHOyF v I%x
7 o 7z ITSHE B O MHF M A397% LL b % [ Ul
(MOTU : molecular operational taxonomic unit) & % #%
L, By IFIAY) v 7 %ATo72. £ D, NCBI
(National Center for Biotechnology Infermation) #3$2fit
LTWBBLAST 70275 2% ML, BfHEhTws
Wik L OMEPEOME Z AT, MOREEITo 72, A
F7 v A HOWRDY OGS Wz ERIE, Mok,
FROMECL>TIMYT FvavuFizidy syt
YavuThabIEDVMHRINTZDDDOAZHKRE LT
o7z, F72, MULTESF Y TVHRTH > THHOH
WIS oSN WIZRE HHRE LTHlo 72,

EN Sy

FAH TS Y ayap TS HEERF % query & LT,
NCBI @ Blast #& 2% (Megablast) 2 & » T A [\ 7% 28
95 % LL L D%k 7 M AR BCH &2 HUAS L 72, SRARMENT O B
WZICR & 7 B [ — Mg o [ — R IERCH R, —EBARIIC K
HOHHEINIHIREL. VYU I vavaiEd
Villosuli Wi )& & 3t #% 72 Bl 4 )& 2> & Rhizopogon vulgaris
(AF062931, AF062934) % ¥4 iEE L Tz CRAEIENT
OB F—7ty b& L7z DEDORBHITIZIET
MEGA ver.10 (Stecher et al. 2020) ZJAWTiT-72. 7
F4 AV MEMUSCLE DT 7 + )V FiZE Tir> 72D
b, Wi OB IER AR R0 % TR THIR L 7-.
Sk R AT o 3 3k E # £ 5V 12 1%, BIC (Bayesian
Information Criterion) scores 2%# b i\ b O % i €
TV E L THW ., Rmbhidmts: (ML3) &b
A (NJE) X TER L. wihd, Fryv 7
I3 pairwise deletion & L T\, 2l OfF A 1 500 ]
DT —PFANT Y THEIZL o THINL 7.

X754 ayailonTd RIS L TR %
17 o 72, AV & Rhizopogon evadens (AF062927) 3
X U¥ Rhizopogon occidentalis (AF058305) % f#iJf L 7-.

ITS $EIDERERE, &L OERIEE DRIRERDHTE

NI T Y a u ORI L 72 ITS 5
41k (ITS1, 5.8S,ITS2) D754 ¥ A ¥ b bAHED
Bz, PPV vavazrgty YV TEEED
KFERE DI E (I EEZ MEGA ver. 10 12 X > THI L
7. Ao EREAERET VAR L. £
NENOFFRNIEETH L M AT F BB AR50 L 72
DI A 7 L OFEH D 5% 3200 J54FHi L HEE S L Tw»
% (Weietal, 2010). 22T, TNHLDNHHT IR



BIA LS RIS 2 7 U 7 FEEE L AL RERRE A I
L7zo b [ UAEREARE L, ITSH o % 5
(% divergence/My) % L7z, 2Dk, HfEEshiz
LEMEZ VT, PERLOERE BLOBEOR
1t & DA OHEE & AT % o 72,

ITS1 FEHIE D A, ITS2 FHIK DA, B L OITS1 & ITS2
T (TS B AR & IR AF S 72 5.8S HIL A B\ 72 b
D) THFRMOEREE L, 72 7 MO 5 E
BTk o7z. 7272 L, BIREEHEE I, ThEho T —
¥ty M@ REIEEIRE TNV 22BN, 16
FOITSHIFIZOWTH, ¥F M HYT T (Pseudotsuga
sinensis, Pseudotsuga sinensis var. wilsoniana), N4 <
( Pseudotsuga menziessi ), Pseudotsuga macrocarpa D¥iH:
Bi% % NCBI 2> MU L, Lid & [k 70 28 S o
2117 o 7.

N7 T a0 L RO R C IR R
Bz e Bcho -2 s, HIERETVEE
L&zl (substitutions/site/10°years) T3
SUAERZHEE L2, S 2 THACKER L 7 ¥ 7 M
SR AEAR & 3200 J5 AR T & ARGE L, AT EAZHEEEIC & o
TT7 VT HIBAOGBAFAROHE 21T -7, £72, HE
DIFHLE AL & DI D FRL & FARIZIT - 72

G s 7

NAH TS 3 O0RBEL & ELERE
ZHINLOFRAH A S FRIL 72 50 O T3S > T v o
B, BIZBVWTNAAFTT v AW I T TV 3
O OWRISTIEK S, B OFEED R SN2,
NSO MR TS Y gy aiil, BXOREDS HEE
L 72 Wbk (#2aR) o ITS %134 T, Murata et al. (2017b)
HNAFT v A OB 557215 (1LC260453),
B X U Mujic et al. (2014) 23 FE B V72 FFk ¥
4 TEAROELS] (KC542888) L[FH—TH-7z (72721
BT HIHICIEEOLREY AL I EENS). Zh
5O & F— & R— A FOWEF G & &0 T%
WML T, A HUSvayadk v TS5y a
TR R (REAL O 720 RO MOTU % &
DTHERMT S), ke 7 V7 OWEER 20054
BNz (Fig.2). F72, 7V 7HIANTIZPEE
BEOHPHERZMTH Y, M5 3y o L hlighkiE
L. Co0X) BBBREETHL T T IR
DOFAEAFR & &L F—Td 1) (Gernandt & Liston, 1999;
Wei et al., 2010), F T FAFRMEZ MR L7 F F 3
LR L CEAZ EAURIBEENS.

100/99
0.010 uncultured ECM Jp (LC260453)
98/100

uncultured ECM Tw (MH919321 )
85/97
uncultured ECM Ch (MH919320 )

Rhizopogon parksii US (AF058314)

Rhizopogon subareolatus US (KC306766)
100/99

uncultured ECM Ca (KP403083)

Rhizopogon vulgaris (AF062931)

100/100
Rhizopogon vulgaris (AF062934)

Fig.2 Phylogenetic trees of Rhizopogon togasawarius and related species based on ITS sequences

Branching supports based on bootstrap tests on Maximum Likelihood (ML) and Neighbor
Joining (ML) trees are shown (ML/N]). Kimura’s two parameter model with gamma distributed
rate variation was used as the best substitution model. NCBI accession numbers are included in
the OTU labels. ITS sequences obtained from ectomycorrhizal roots (ECM) and culture strains
in this study were identical to the underlined published sequences from ECM (LC260453) or
sporocarp type specimens (KC542888). Abbreviations: ECM, ectomycorrhiza; Jp, Japan; Ch,
China; Tw, Taiwan; US, United States; Ca, Canada.
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JeRARE & 7 2 7 REREDME & FERIC 3200 5 4F RIS
I U7z EARE L7224, ITS $Ei4k (5.8S rDNA #
&) OMEALHEE L 0.11 % divergence /My & HEE X
72, SNZICS, FAV T T Y a vk REOTERE DY
I U 724RAK13 1710 Ji4ERE, FAH TS avua b /B
JLARAE & D5 IE 1410 J5 41T & HEE S A7z (Table 2).
SEANTPRAFE S LTV 72 5.8S #HIE & B\ 72 ITS1 & 1TS2
FEIR DML E 1 0.15 % divergence /My & K& %2 -
72500, HESERIIKESE L2272, T
5 DSIAERIE, HBEEIC L > Ta2—F V7 KERS
HARF B2 S -l & —39 % (8, 2016).
7, WETHLEHHTFETF MNFYT T O5IAE
e b RECTEEL v (Wei et al,, 2010). D F D
MY T a vy al EONRMEIE, fE AR R R
L7 M EBAR L AR 2 702 X &2l o
TEbnLEZOEND.

HE] & B0 O AR B O 23 AR & AR ISR L7 &
Z A 590 JTAERT & HEE SN2 b oo, ITS1 Ik DI IE
BHIIELF U TH o7z, TOT D HEEEHEICHE
TEATERE & MKW ASCHEDSIEE Z o 72T RetkE 3% 2.
bNa. BEIZODWTDH, 4T MY T T HMIL
THEETHHh, HEOYF N T EE—ETEHE
HE SN TwD (Farjon, 1990). #BARHEIZ X -
THERAINC I T ORI TN D X ) WA T /A
T A RN 24T D R P UXIERE (L 7o 2 2 5
PCTHIELEITELRVTHAY.

FNAYT S Y ey b R o 3 i e

(substitutions /site / 10°years) OHEEfEIE, ITS FHH4
KT0.52, PRAFEN725.8SHIBERRL L 070 TH -7z
(Table 3). b #7533 aithEk (80N
oI L7 FEARUE, Fh e 1750 JAERT L HEE S
7z. Takamatsu & Matsuda (2004) I L > T F > a %
Y (Goloviomyces) THERE S 172 ITS HHIR 35S (& 4
HPEIE 2.52+0.11 & AWFZEDHEEM X D b By b v,
L AEEORL WD OBM A LIIZTE RV,
Z OBILEHGERE O K X 2 2T # T S 22
ENTVD EHIT, AR OENZ KL TV 5
bDEEZOND. F2, TNLHORRII, HTREMR
HEZHER 200 AN BHE, ERED 8% 54 (R
OILHEICE > THIIERIT) S ERRBEYTH L Z & %W
RLTWS, WFIISE &, TS FI8IE AR B o B 47
HERPRlE L OV ORI I D AU STV AL TH
D, ARWFZE TR L7 #ALEEOHEE X 2 LS OWF7E55
T LZORMEZRETEZ2HEODHIHRTH
HEEZTND.

kAT F B AR D ITS #IR O AL HE % FHE T 5
&, ITSHEI 4K TlX 0.11 % divergence /My, FRAF &
N 7258 M % I < £ 0.13% divergence/My & 7% 1),
MY TTavuofEEME I ZIZACHEE R
(Table 2). 3§ & & ¥ 3 ¥ o ¥ % i (substitutions /
site/10%years) T b, ITS#HIKAIRT0.56, 5.8S FH %
o062 LifEEESN, LMY TT Y av
LTiRER O e & MR CTH - 72 (Table 3). HEfL
BT AT & BAFRDSH 1, AR (T &AL

Table 2. Evolutionary rates of ITS regions and estimated divergence time within Rhizopogon togasawarius and their host lineages

DNA region used for divergence time estimation

ITS1 ITS2 ITS1+5.8S+ITS2 ITS1+ITS2

Rhizopogon togasawarius and relatives

best substitution model selected IC \[@ IC

aligned sequence length(bp) 251 630 471

evolutionary rate (% divergence/My) 0.136 0.158 0.108 0.147

Divergence from Chinese relative (Mya) 13.7 19.4 17.1 16.9

Divergence from Taiwanese relative (Mya) 13.7 14.2 14.1 14
Pseudotsuga (host tree genus)

best substitution model selected TN TN TN

aligned sequence length(bp) 1177 232 1571 1409

evolutionary rate (% divergence/My) 0.140 0.091 0.117 0.131

Divergence time was estimated from relative phylognetic distances to the distance between Asian and North American species groups,
given they were diverged 32 millions years ago as evidenced in host Pseudotsuga . Only the mean values are shown for evolutionary
rates and divergence time. Substitution models: K2, Kimura's 2 parameters; JC, Jukes Cantor; TN, Tamura-Nei.

_9_
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Table 3. Estimated substitution rates of I'TS regions for Rhizopogon togasawarius and its relatives in comarison to their coevolved hosts

DNA regions used for the estimation of substitution rates and divergence time

ITS1 ITS2 ITS1+5.8S+ITS2 ITSI+ITS2

Rhizopogon togasawarius and relatives

aligned sequence length(bp) (L) 220 251 630 471

number of substitions between Asia and North America (K) 9.3+2.8 11.8+£3.2 21.0+4.4 21.0+4.2

substitution rate (substitution/site/billion years) 0.66+0.20 0.73+0.20 0.52+0.11 0.70+0.14

Divergence from Chinese relative (Mya) 14.2 20.4 17.5 17.5

Divergence from Taiwanese relative (Mya) 14.2 15.0 14.5 14.5
Pseudotsuga (host tree genus)

aligned sequence length(bp) 1177 232 1571 1409

number of substitions between Asia and North America 50.2+5.9 6.5+2.3 56.7+7.0 56.7+7.0

substitution rate (substitution/site/billion years) 0.67+0.08 0.44+0.16 0.56+0.07 0.62+0.08

Substitution rates are obtained by calculating K/L/(2T), where K is the mean number of substitutions between Asian and North American
species pairs, L is sequence length, and T is 0.032 billion years representing the divergence time of the host Pseudotsuga lineages. Mean
values followed by SE, which were calculated from 500 bootstrap tests.

135 < % % (Smith & Donoghue, 2008). + #9475 3
NAYT 5 Y g wa b EENARE L7 B E R &
EZEzoNnbZ hn, TOMACFRIEHEELEIY &5 L
TS HEMD D 5.

Y4322 a7 00RELEDIRFERHETE
3OOFAEMA S L 72RO HEY 7V TN g
FTYEAWIIY 7 2 A a v uOBRIEEK SR (CF
W 19/26, J7H 15/21, FARE)I25/32), H AT @
TR I N, TNOSORE, B X OHERED S B
L 7-Witk (#2ak) @ ITS B4 C, Murata et al. (2017a)
WY 7 ¥ A TR, SEER (LC315873),
B X U Sugiyama et al. (2018) 25 7 % & ¥ a 7 u OHfl
PRI W THEA S 4 TEARORS] (LC216339) &
SEEC—H L INS5DOXY I AT a v aniityl e
T F N— B RS Nk e iSRRI (R IR k2
95%LL L), WD AAB X O ETHRILES L2 RR
PHMMENTZDDOTHY, ¥ av g 13R
MIC K& <N T/ (Fig.3). T F CTICIRAX
NTW3TavaEOLEOHBEIZS & ENL V4l
JE\&#EZ 5N 5 (Sugiyama et al., 2018). ¥ 27 ¥+ 3
7 P EO PRI O W Tld % <, PERETOM
LM BB TR T 2 IS O W T E WEFEMESE S h
72, T OHSREREICIE HAR TS - AR Hk o BCA
BEFINTVDA, ThHORBERIIOWTIE ML
ENJET—H L eh o2l ad 5. MLETIEHE
BB DM AS R BE N DM O R & TR EIARIZ B o 7258
(Fig.3), NJETREYZ7 7 Ay avuhpbofEeid i

HTHIET 5 L VW) RERTH - 7.

MY T T Y gy u TR S 7 ITS il A ot
IL#ELY e, PHEESTRBSIFEE Y2 7 4
Y avudsBAEREHET S L 1780 TR & R o 72
(Table 4). HZAMBEHNO A AROTHRFECLH] & O 5 IEAFEA
131640 HAERT EHEE S N7z, AR YT 5 ay
O CHEE I N EREE N LY 2 ¥ A a Ty u0gy
AR ZHEE Lz & 25, REREIOLEE, HAREN
DULAFEFE & 13 Z N2 1770 J54F4i, 1620 7 4R 12 5501
L7zeHg &N/ (Table5). T OHZKEN T,
ITS1 B AR TITS2 SISO LR 72 {, Ry s
7 3 aualito HAROES] L EREHBORSNIZIE 2
WROBWR L o7z, 2F 0, ZREEEH L AVE
12, hERERE Y2 ¥ Y 3 v a LSO H AR
DINIBASHEDE Z > 72 DD 5. e &
X7y Axvavnaid7 Y7 OB E 50 LT 1600 5
FELL AL E LRI TH 5 2 L IZHE R,

Y F AT avaDFEETHLY Y F 2T T DR
FEALR IOV TIHIZE A LGP o TR, ]
X772y avna by y I3y )E AR HE
LT Ififbz LTE R ERETHE, Y2 55T
g b iV H BRI E RS & o Ml e 5 45 L
MREEATE . F 2, Rl LK AT SR b
T T gy apE UK E oA & ik L7z
EHEESNTWAZ ERDS, Wb BAYBDOEL
WMo — 9 7 KE» HREHES N IE TR Lo
HWEEZM-725DEEZONS.
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uncultured ECM Jp (LC260454)

uncultured ECM Jp (LC171572)

uncultured ECM Jp (AB923019)
0.020 ] . .
Rhizopogon yakushimensis (LC216339)

uncultured ECM Jp (LC315873)
uncultured ECM ChS (JQ991778)

100/100

100/100

uncultured ECM ChN (LC176637)

uncultured Pyrola ECM Jp (LC096324)

100/100 | uncultured ECM ChC (AB636449)

uncultured ECM ChC (AB839390)

Rhizopogon evadens (AF062927)

Rhizopogon occidentalis (AF058305)

Fig.3 Phylogenetic trees of Rhizopogon yakushimensis and related species based on ITS sequences

Branching supports based on bootstrap tests on Maximum Likelihood (ML) and Neighbor
Joining (ML) trees are shown (ML/N]). Kimura’s two parameter model with gamma distributed
rate variation was used as the best substitution model. NCBI accession numbers are included in
the OTU labels. ITS sequences obtained from ectomycorrhizal roots (ECM) and culture strains
in this study were identical to the underlined published sequences from ECM (LC315873) and
sporocarp type specimens (LC216339). Abbreviations: ECM, ectomycorrhiza; Pyrola, Pyrola
mycorrhiza; Jp, Japan; ChS, Southern China; ChN, Northern China; ChC, Central China.

Table 4. Estimated divergence time of Rhizopogon yakushimensis from their relatives in Asia based on evolutionary distances

DNA region used for divergence time estimation

ITS1 ITS2 ITS1+5.8S+ITS2 ITS1+ITS2
best substitution model selected K2 K2 K2 K2
aligned sequence length(bp) 239 376 624 464
divergence from S.China relatives (Mya) 26.6 6.1 17.8 17.9
divergence from Japanese relatives (Mya) 18.9 8.5 16.4 16.6

Table 5. Estimated divergence time of Rhizopogon yakushimensis from their relatives in Asia based on I'TS substitution rates

DNA region used for divergence time estimation

ITS1 ITS2 ITS1+5.8S+ITS2 ITSI+ITS2
aligned sequence length (bp) 239 376 624 464
number of substitions vs S.China relative (K) 8.0+2.7 3.5¢1.7 11.5£3.4 11.543.1
divergence from S.China relative (Mya) 25.4+8.6 6.4+3.1 17.7£5.2 17.7+4.8
number of substitions vs Japanese relatives (K) 5.7£2.2 4.8+1.9 10.543.1 10.5£2.9
divergence from Japanese relatives (Mya) 18.1£7.0 8.7£3.5 16.2+4.7 16.2+4.5

Divergence time was calculated using the estimated substitution rates in Table 3. Mean values followed by SE, which were
calculated from 500 bootstrap tests with MEGA ver.X.



w® R

NAY TS 390EN IR 3 O0EEE
YT T Y a T u ORI 5 b =2 AN
@i, K, Mg, v 2 ININEKIZ X BR8N
Wi EOEBZEI YY) vy — R S5 % 2
lrollzd, BIEAALFT AR THY, FHERIUE
WCIEE->TWRWv, ZRDAORBKEIMD S 5,
H 7 ayuidEmINnT2 Wk Y2y rvay
TN T LR L RINARE )T BT 5 Wkk, R
5B O HEEIZ I L 72, MMN SEAGE T o B
BN YT vavuidgifn, Y7y ryavnid
CURMBT, LLICEFRAREIDEVEEL o7
(Fig.4). ThoDFERIZE, TEENIFIC WAHLHEM
THH T EZFHT S 2 LI2X 0 1 HOBIHFHA TR
KB IZEROPENSTTRETH S I L EZRL TV 5.
HEES N W0 B, VST 5T avool @k
X7 &R avu 3HkkE WRGAFRERE T 2 ML AT
BUE N B S B SR N A T s a Y — kv
% — (NBRC) 2%t L7z (Table 6). Bh¥=HEICIL
RCHATP MR 2 W5 & WL, L
BRLMBENTH D 200 F— AR & - TG
HAEE L COBSBPERNICA %2 v (TIUCN, 2020).

75

IOk, AVFr—aLr T a rTREOMEGIE
RETDHEVI)MEHEROIFIEL T Rdh o7z K
FEIZ L o T, MBERMEYORLEL VI A NVF v —2a
L2 ya O Blr S SICBETAI L.

TSI avaFEidzv sy Ry a v aoEkE
OHHEREZIE L2 24, KRAE b ICHKIIIK
X ENI R o7 E5IT, RSN HMR R0 R
BED ITS #HIR O IERA % ik L7z & 25, MY Y
FyavuTid g CEAUNBE SN (RkTIX
21 R 7 TARAST T A WA C, W TIE 140 4 >~
FIVHR3ONRTTEY D137H°C). WU IEY 7
NTIEH—DER Y £ T2 RT WL DnoTb DD,
—HTRFALEES Y TVNT2Oo0D5 4 THFEAELT
W2 Ehn, EFNTRERESN TRV EAHHL 2
WEN —T, Y277 AT 3 aORBER SRk
ITS HIHOBHNZEL H—TH Y, EMIhhorz. —
Mel2, ITSHURICIIFENERDIFAT L2604 <,
CHTAEROAL KL Iy yavakETiE10HEY
4 FULETHER SN TWwW5 (Kinoshita ef al., 2011). B
5L, MBEEBRICOARLETLZ LS, HHO
P A ZDVNE T2 DITHIBRRE OB % 50 20, [

Fig.4 Cultured strains of Rhizopogon togasawarius (left) and Rhizopogon yakushimensis
(right) grown on Modified Melin-Norkrans in a 90 mm plate.

Table 6. Deposited culture strains of ectomycorrhizal fungi isolated from soil spore banks

Species Strain* Site of collection Bioassay host NBRC number
Ryaku No.32

Rhizopogon yakushimensis (Rhizopogon Y221 No.199)  Ohko Forestry Road Banri Pinus parviflora NBRC 113761
Ryaku No.33

Rhizopogon yakushimensis (Rhizopogon Y1-3No.196)  Wasedagawa Pinus parviflora NBRC 113762
Ryaku No.10

Rhizopogon yakushimensis (Rhizopogon T-1 No.200) Hirauchi Pinus parviflora NBRC 113763
Rtoga No.10

Rhizopogon togasawarius (R .togasawariana No.193) Yasudagoyama Pseudotsuga menziesii NBRC 113764

*Lab strain names followed by working strain IDs in parentheses



HERE I AR DRI R 2 BB ORMOBE W L 7 2 2 > O

Fig.5 Pinus amamiana seedlings, nonmycorrhizal (above) or ectomycorrhizal with Rhizopogon
yakushimensis (below), grown for two years in a green house
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Novel technology of high-cell density culture by controlling hyphal aggregation of
filamentous fungi in submerged culture
Keietsu Abe

Graduate School of Agricultural Science, Tohoku University
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Filamentous fungi are widely used for production of enzymes and chemicals, and are industrially cultivated both in
liquid and solid cultures. Submerged culture is often used as liquid culture for filamentous fungi. In submerged
culture, filamentous fungi show diverse macromorphology such as hyphal pellets and dispersed hyphae depending
on culture conditions and genetic backgrounds of fungal strains. Although the macromorphology greatly affects
the productivity of submerged cultures, the specific cellular components needed for hyphal aggregation have not
been characterized. The fungal cell wall, a complex and highly dynamic structure, is composed mainly of
polysaccharides. In Aspergillus species, these polysaccharides are mostly a-glucans (a-1,3-glucan (AG) with a
small amount of a-1,4-glucan), p-glucans (f-1,3-glucan with 1,6-branches), chitin, and galactomannan. Some fungi
have an extracellular matrix (ECM), which is composed of polysaccharides including galactosaminogalactan
(GAG), and is associated with (or attached to) the major cell wall polysaccharides. Through functional analysis of
AG synthase genes in Aspergillus nidulans, we found that the hyphae of an AG-deficient strain are dispersed under
liquid culture conditions, whereas wild-type mycelia form pellets. A. nidulans has two AG synthase genes, agsA and
agsB. To clarify the role of AG in hyphal aggregation, we constructed strains overexpressing agsA (agsA°®) or agsB
(agsB°"), in which the other AG synthase gene was disrupted. Cell wall analysis of the two strains revealed that
hyphal pellet formation depends on the molecular mass and spatial localization of AG as well as the amount of AG
in the cell wall of A. nidulans. In addition, we discovered that the AG and the extracellular polysaccharide GAG
contribute to hyphal aggregation in the industrial fungus Aspergillus oryzae, and that a strain deficient in both AG
and GAG (AG-GAGA) shows dispersed hyphae in liquid culture. Under flask culture conditions, the productivity of
a recombinant polyesterase, CutLl was significantly higher in the AG-GAGA strain than in the wild type and AG-
deficient (AGA) strains. Furthermore, computational fluid dynamics (CFD) simulation revealed that the AG-GAGA
strain achieved markedly better mixing than the wild type strain in the whole space of 3L bioreactor, causing the
higher productivity of enzyme by AG-GAGA strain. Through our study, we demonstrated the contribution of
chemical properties of AG and GAG to hyphal aggregation. Since various filamentous fungi have AG synthase
gene(s) and/or GAG biosynthetic genes, regulation of the biosynthesis of the two polysaccharides could be a
potential way of controlling formation of hyphal pellets and thus can improve productivity of industrial fermentation
using filamentous fungi.

Key words: Key words: fungi, hyphae, aggregation, a-1,3-glucan, galactosaminogalactan
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GENDEWLLCHATZ VI F T2 5~ (GAG)
RAG, 7 b= F UMb Tw S (Loussert et al.,
2010, Beauvais et al., 2007).

$HOIL, Aspergillus J{ % O LRIREO Y 7
WRZERZ LT 2 ERAOM LR RE BT,
SRR R 2 MU BE S HE AG % RE L 72 AR DY %
BT, AR — 58T 5 2 L 2%
L 72 (Yoshimi et al., 2016). % 7=, H3EW T AW T,
AG M2 THKRBMENA F 7 1V 2B Z D GAG b
BRI ICE S35 2 & & B L7z (Miyazawa ef al.,
2019). ARFHLTIX, INSDOLHENRARBEANT L L
THRET AT LA SR LML, WARERNT /K
L7 BRSNS B R R Il CTh ), LERED
F AN D 255 WREVEIC DO W TR T 5.

BT

Ek, BERM EEFHNER
EFVSRIRE A, nidulans DY ERIFR E L C ABPUL £
(Motoyama et al., 1996) % i\ 7=, 72, BESERIRE (B8
W) A. oryzae ® AW Fk & L T RIB40 5% #% O NS4 #k
(niaD", sC™) \ZIEAM R K v i 2 B EIR T ligD B X O
7 7= B EAE T adeA %= B EE L 72 (AligD::sC,
AadeA::ptrA) ¥k (Mizutani et al., 2008) % H 7z, A.
nidulans B X O A. oryzae DLz 7a v 75 A b -
PEG 1% (Gomi et al., 1987) 12 X V175 72, AWfFETIZ, A.
nidulans B & O A. oryzae DI /V i & L T Czapek-Dox
(CD) Bz L7, A nidulans T, SeAETRME
KIRCTTVF= (02g/L), €4 F ¥ (0.02mg/L),
¥y FET ¥ (05mg/L), w9V TYY¥ (1.22g/L), 735
TV (112g/L) %3N L 7z A oryzae T, niaD @
RAEFRME % FFOMRORTE DKL 10 X Stock Sol. D 523
2 70mM@EF b)Y A0 b )2 70mM L(+)- 27
VI URF BT ATKMWIZ L7 CDE: L (CDE
) 27z, 72, adeA DRFBERM ok %
WRTLBIE, 001%E 25X X7 F=rE2RMLA
CDE ;M (CDEA K ) & v 72, F 72 A. oryzae DXL v
MR HERTAM 7 & D FEBITY B2 R0 W S AR FE VAT L 2 138
SRR YPD 5 & H v 72 (Miyazawa et al., 2016). ¥
YLy NEEE, MESICRAZ10MOR AT E
IRBEMSE M125 (Leica Microsystems, Wetzlar, Germany)
TEIZE L ClsE L7z, Escherichia coli D¥5#81213 LB ¥
WaE M, FAWEE L THEET Y ¥ YR F<A
UREMUL, LRAER A SETREARRE L E LT T
BLYAIIHIBE15% (w/v) &b X ) EREMA T
A. nidulans DFERFHREEFE B X OUARIRERE 28 1 3@ 51

37C TV, A oryzae TIX30C TH#E R 4T - 72,

A. widulans \ZH 3 a-1,3-7IV H > EREBEREET agsAd
B & W agsB BIREHBERDIER
A. nidulas 1 2T D AG O £ BB % B 15 T agsA, agsB
EHLTBYEFEORELERTI agsBDAMIEILL T
W5, TR T OWRERNT 2 H 91 agsA AR F8 Bk
(agsA’E #k) B X UF agsB Wi = F Btk (agsB" #R) % 1
W72, agsAERRB & UM agsBE R IX, &4 DMIET DN
7 aE—5 %, MRIISEREITS tefl 70E—5 12
ENEFNEHRT LI LTI VMERLZ agsA RO
Boz0, 75 A3 FNpAPyTragsA Z{EH L7z, agsA
5 Ik # FR 48 4 (amplicon 1) B X OV Fl 3R 4H 38 & — #
(amplicon 2) % A. nidulans ABPU1 ® 7%/ 2 DNA % &
Bl LCWgL 7. 72, pyroA ~—7 — (amplicon 3)
%75 A3 F pUCpyroA (Yoshimi et al., 2013) Z§H L L
TR L 7. tefl 7u€—% (amplicon 4) 1 A. nidulans
D77 ADNAZGHFME LTHIEL:. hndlih &
BamHI T ## Kt L 72 pUC19 % In-Fusion HD Cloning
Kit (Clontech Laboratories) % Ji\ Tk L7z, 57z
7 I A3 NI Notl CULELL, AagsB MO E Iz,
agsBE Mk ORUE D728, 75 A 3 F pAPyT-agsB % 1F
L7 agsB® 5 IR (amplicon 1) B X OF
SFEE D —EB (amplicon 2) % A. nidulans ABPU1 D%
J LADNAZSHRE LTHIRL 2. F72, pyroA~— 71—
(amplicon 3) % 7 A X F pUCpyroA (Yoshimi et al.,
2013) Z 4RI L UCHAE L7z, tefl 7@€ — % (amplicon
4) X A. nidulans D’/ 5 DNA % §81 & L CHAE L 72,
IS AW & BamHI THERAE L 72 pUC19 % In-Fusion
HD Cloning Kit (Clontech Laboratories) % i\ T ik L
2. 5N/ 5 A3 FIENotl CHLELL, AagsA kD
R I W72, agsA B X Y agsB 53 B X pyroA
DYSRMEICE DB L 72, WiEEBla A 727 oIk
LWB A > 7oy MEFTICX DAL L 72
TUF = VESRME A FEOBRICH L CTUE, BamHI TR
ML 72 pA-AoargB Z TR EHERIR 5 2 L I2 L D 2D EK
% W4E X &7, pA-AoargB (I F O TNEHCTIER L 7-.
A. nidulans O argB =T ® 5 IEFNFRFE (amplicon 1)
B LY JERERHIE (amplicon 2) & FNZF N A. nidulans
ABPU1®D 7 7 A DNAZ# M & L CHE L 72, £ 7z,
A. oryzae ® argB < — % — (amplicon 3) % A. oryzae ®
777 LDNAZSHME LCHIELZ. o3k &
BamHI THERAL L 72 pUC19 % In-Fusion HD Cloning Kit
(Clontech Laboratories) & F\ Tk L7z, o r
FAI FIENotl TRELL, 7V F= v EREROIEE
BRI 72, AL oryzae argB < — 71 — D iE 13 PCRIZ
I DHERL. —HoBs &R < T XTO ligD #15F
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WMk, NotlL¥L L 7275 X 3 F pAP-CligD # &
findfe U C ligD tfn T & Ml S 7

A. nidulans DMEEART I 5 — €815 F amyG B 1FE#%
(AamyG) DIERY

amyG BAZT O 5 IR FFIR (amplicon 1) B L OH
R4S (amplicon 2) % A. nidulans D /7 5 DNA % 4%
WL LT, pyrG~— 7 — (amplicon 3) % A. oryzae ®
77 ADNAZSRIE LTCENENWIREL 2. foh/:
SWR 7S Vit L, 2IRE®O PCROER & L TH W,
SWH ZRA L7, BN PCREWIT S VL,
ABPU1 (AligD) MO E I 72, amyG BT D
& 413 PCRIC X D RERR L 72

A. oryzae \ZH 1+ B GAG B BEREET DRIERDO /R

A. oryzae ® GAG G B R BIZT 7 T A —DH b
ugeZ & sphZ An T % LN O g THBFICHEEE L 72
(Miyazawa et al., 2019). ugeZ 81518 & O sphZ B15T
@ 3 IEFERMEE (FNZF amplicon 1, 2) B X Waded
1= ¥ (amplicon 3) % PCRIZ X 0 ¥IE L 72. PCR®
7 & L T ampliconl, 2 Tl A. oryzae 7 / 1 DNA %,
amplicon 3 T TOPO-2.1-adeA 7 5 A I F & w7,
% PCRIEWIZ 7 VA LT 2R HOPCROFHAE L LT
VT3l 2 A L7z BO PCREE 7 IV L,
A. oryzae DA TIRE B X Y AGA % (agsA, agsB, agsC @
= HEEEN o E iR H v 72 (Miyazawa ef al.,
2016). sphZ B X O ugeZ BT OEIX > T 0y
MEATIC & D AERE L 72,

fHERRE D 5 D ZFEDHE

CD ¥ i C 24 W R 35 78 L 72 Hi % % Miracloth (Merck
Milipore, Darmstadt, Germany) T4 #@[EIL L, KTk
Wetk, SURSWEME U7z SRS R % R — v IV T ik
%, BOKHML, 7TVAVIMEITS T, KEMES, 7
V1Y) (2M NaOH) WiEPEE 43 (AS), 7V ) ANEE
W53 (AI) 1245 L 72 (Yoshimi et al., 2013). AS W41,
TV ) FRRTRE L ] A P 0 AST 4 & ASEE o AS2
T eNG. KESIERTHY, SHE DL
HOWE D &G ATNS, Bl Z1E AS2 W55 1% 35 % (H i)
DVEHE (FIZa-1,3-7NV 7 V), 40%DHRE, 25% 135k
MYITHLH, WhHRAEFRIZZ0ORVA X8 ) — )L
(L) THRELASAEE, 2HOER % D570 % U E
ENAHDOT, BN U THIRE I L 7.

B 55D B 51 DU o i cE R L7z (Yoshimi
et al., 2013). #M4>10mg % 200uL ¢ 12.5M B 1 45
WL, AT, 160 4 v FaxX—1F L7z ZDH%, 48mL
DK% SRETIN 2, 100°C, 12h ik LIk 55 L 72 (6

i

B DAL 0.5M ). MK 53 BOR 2 D VR A i ER /N Y
7 A EMAZTHAIL, 8000xg, 104 Ma oL, b
W& B L7z DK 5318 9 o B3 o Hi i HOBE 13 High
Performance Anion Exchange Chromatography-Pulsed
Amperometric Detection (HPAEC-PAD) #:12 & ) BeHi L
Em L7z 485 4k LT CarboPac PAl (4mm x
250cm) {2 CaboPacPAl guard 77 5 A & 417 THEH L 72
(5 AiREE35T). 18mM NaOH % B & L Tt
1mL/min THMT &2 4T - 72, HpEK 5 oL L CTr
VA=A, HF77 b =R, FVvayIy, 77 M3
vBIUOY Y =2 v

a-1,3-7IV 751 > ¥ 3 FEBDRTE (HPSEC i)

AS2 WM& E N5 LHEHE AG O F/E, 5T
715 2 Sugar KS-805 (8.0cm x 300 mm; Showa Denko Co.
Ltd., Tokyo, Japan) 3 & OF Sugar KS-G68 6B ' — K71 5
2 (Showa Denko) #JH\», 1M NaOH # & & LT
Dionex ICS-5000 Offit 7 )V 4 1) R ¥ 712 £ V) fit # 1mL/min
THM % 4T o 72 (Miyazawa et al., 2018). B Z " )H
Rt TIT - 72, AS2 % 10mg % 1M NaOH &/ L, 47
MxfTo7. B EIE TFAINIVERAI Y F—FL
LCHEE L.

HIZITMNYIIHTIZDEFER

W A. oryzae AGAFED L < 12 AGA #R 123t L T GAG
A A5 F & W L 72 AG-GAGA ¥k (mock) @ 34 F
TR EE10X10°M8 & 72 5 £ 9 1L ® &L % Brian 35 #
(Fontaine ef al., 2011) 34 (FI3L) CHMML, 30T,
160rpm, 72 e IRE R 28 L7z, B5#81% % Miracloth T4
WL, WhEkREL, LEZIS L. 52 sy
AT ANVE—THEABL, 3SKOHEERZADLET,
ILETue—% ) —INFEL—F ZHTilf L B
fin LR B 4C RIS L TENL, HEILE R
5 X9 TNRL—F TRl L7z, WRIZ, 20g OKER{LS
MU ARMAZ (RIEEO0SM), 4T THIEELE. 2o
% 3,000 g, 4C, 10 7 fla 0ol L, Rt 2 ML
72 (0OfFET % /7 —VElisy). EiflCiz05L0Ty /) —
NVEMZ, ACTSHEMBEHFELAFSRREELZ. Z0E
% 3,000x g, 4C, 10 7 0o B L, FRik % BN L 72
(05T Y J —VEZ). ZOWEEZEVEL, 1,15,
2,255y ) — Vilisr & N E NG L7, Kl
B IMIERETHIL, KIS L TEH L, SRS L
7o, WSS E E D BRI HIRE 2 S D RED 53
W TR SNz W5 & FRRICER L7z, 54 TEEEOF
fililz 1%, 2mg ® AGABRHRFL T ¥ /7 — V5 & 721
AG-GAGABRHIH 1558 T % / — V%% 1mL @ 0.1M
IR L, 104 vortex L7z b D% w7z,
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Smith D#EICED o-1,3-FIVHFEEHI =Y NORTE

AS2 [ 43 (20mg) % 0.1M [ % %% 18 i (pH3.9) 10mL
WL, RIEESOmMMICR S L) icEa v E#ES b
Vo AERML. EORET % 4°C CTRYFT 72 R
HLARSHERELLE = FL 7)) a—101ml %
MA<T, BEZZBITHERT M)A ERELE 20
B2 BN L72#%, NaBH, (30mg) % Iz C 3 Wef & i
THREFLZ. 20RZ10% (v/v) BEFR THME, &
ML 7z, KRR % #GEPE 0.5M IS 5 X ) I L T 24
RS CHRF L. 2o E2HBEZRL, PEO
1M NaOH (2 #f# %, Jcik o HPSEC #: T4 11 % 54r
L 7z. Smith 3l 518 L B0 sFE% KL,
W B AT O 4311 % e L7z (Miyazawa et al., 2018).

BEARMIREE ZSHEDEIARIC & B HET

WA RE S B O HO S 13, Miyazawa et al., (2018)
Do 72 BWREATA K7 T AD LIZEE55T
TI15 M S 72, RWTH50mM ) YA ) 7 A%k
i (pH6.5) T2WPEEF L2tk 4% D/NTHRIVAT
Ve R CREIE L. 10ug/mL AG 53 REEHE D a-1,3-7
VI UREE B A A v & GFP Ol &k (AGBD-GFP) T
SAMfRED AG Z Pt L7z, f-1,3-2V 7 1% 100ug/mL
OPL-1,3-7NH VE ) 7 a—F VPR THRE L. F
F 213 10ug/mL @ Alexa Fluor 350 #&/NEKIFEL 7 F
YT L /2. GAG 1E 100ug/mL @ Alexa Fluor 647-
conjugated soybean agglutinin (SBA-Alexa Fluor 647;
Invitrogen) THeff L 72 (Miyazawa et al., 2019). B O
AG 77 ff B 3% WL B 121X, Bacillus circulans KA-304 O
a-1,3-7 )V 71 5 — ¥ (Yano et al., 2006) % i L, p-1,3-
TN YR TIRA niger HED 13-V H F — X
(Sigma, St. Louis, MO, USA) % v 7.

HRDOBRET v A

GAG 15 F O W5k O BRI LT 0 5 T17 -
72, AG-GAGAM D 53 F % 1.0X107/mL & 72 % X 9
50mL @ YPD 53 124 L, 120rpm, 30°C, 9 KR 4E ¥
B L7z, BEARTX Miracloth # HIWTAM L, B4
Fa % KT 2 [PEH L7z, RE 500mg O W SAMFZ%E 10mL
DY) Y EEREAEAEAKAOmMM Y Y b)Y A,
137mM NaCl, pH7.4) IZBEH L, ThziRIRER &
L CHEAEVE SR IS IV 72, 4004l DK, 504l @ 1M 1)
VR Y Y AR (pH7.0), 25uL O B R RE B
T2BuL oLy ) — VG EELHERERA L. R’
AT 7TV — b I FH%—% T T 1,200rpm, 30T, 1 K
PR U, EARBEMEE 2 W CERERDTBR 2 BIE L 7.

GAG fFE T2 B B Rk OEEIH T 5 pH DEED
FEAM L, 25uL O W R MR & 450l O S FERR AT (%

JEEE 100mM ; pH4.0, 5.0, 6.0, 7.0, 8.0) B X U 25uL
LSR8 ) —Viligy &R A L7z A TIREHEE L,
FARBEMEE CBIET 5 2 L IC X D 7o 7z H Wi
1, FEEES b U Y AMRMEE (pH4.0-5.0), V) VEES b
Vo AREAE (pH6.0-7.0), Y ¥ ¥ -KEE{EF MY
7 LA (pH8.0) TH 5.

KEHR GO ME X 2 EE~OEBOFMIE,
25ul D BRI % 450uL DY) Y EEF b Y T 2GR
(¥l 100mM), 0,1,2,4F 2 E8MREFEB L
Bul D 15FEREI Y ) — VG L RA LB ZE 1R
YL, FERBEMSETBRE T L2 NITo 7

GAGDHZ Y Y3 UEEDTEFILL

5mg M 15| T & J — Vi 45 (GAG i & W 43) %
800xL M®K¥ 0.5M NaOH I L, Jk#% 2M HCl T
MTHIEITLY GAGZHEM L7z, OB 4mL @
50mM BEfE G M) o A& R RA L2, RIZ, 4mL @
A% ) —)v & 10mg OEEKEERE % N, ZEIET 24 IR
LS BREL 7 F MERIBE T > 72, FIGD#HD
2T MAIKITHF L TEN L, HfFizR L. 2o E
b —ERRYEL, F2H 07 L F MALRE & FEREL 7.

204 KEEICE S GAG DT £ FILEE (DD) DRE

GAGDDD 3 + 4> D DD DMEHETHLaa A4
R EHEIZ X Y PesE L7z (Hattori et al., 2009, Terayama,
1952). HkEHZME L 72 5mg @ GAG % 0.1 M 3EFR IR L,
0.1MIEEEZH\WT1lg & L7 30mL DK% GAG % &
LW A, 300mLO=M7 5 AIHBLTASY —
TCHRIEL LS, HEDEREL L T01% (w/v) b
WA DTN —E RGBT L7z, kI, GAG %
ST L, N/400 R ¥ = VEREE /1) 7 & (PVSK;
Fujifilm Wako, Osaka, Japan) # Y 2L v b & W TX
F—TRELAPOHT L. BioarsEadr sk
AT B M AT E O E L.

GAG O N-T 2 FN #5273 (GalNAc) %3 DD
RO S KD/ 15 =LY/ =Vl O GAG
VSO 5% #8572, AG-GAGA ¥k 1.5 {714
=V OMERE ST TVOHERNSLTIV. 1.5
TS — VIl E N ATV Y I v mITWE Blix
% (Johnson, 1971) IZ X Wk 7z. T74bb, 15 RS
J—)Viligra SMMEEICIRE L, 1007C, 4 ReRmE Lk
SRz, KIS, KR L7218 % R U 5 2 3R BRAs
HCHRE ImL b XK THR L. SOy, HEEEE
MBO2MBUTERZEHIDBELL. ZOBWICImLOT &
FNTEN R (4% TEF VT in LENEEEF M)
L) #MATRAL, WEKRE T30 5 MK SET
F VAL L7z, RIMTHR&E L, 5mLOLY ) — v &#H0
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LA L7z, 2HIC 1mL @ Ehrlich 543 (2.67% (w/v)
p-dimethylaminobenzaldehyde in 95 % ethanol : conc.
HCI (1:1) solution) M A CTRAL, iR T 25 7 HHE
LAEMSE, COBBRD A, xMEL, #7783
OFEHERR D ST TV hOBAT IV REZHE L.

X
161

DD (%)= x 100
X Y

+
161 203
X= ! X X x 161 x
=T 400 1000 f v

Y= axb - X

where:

a, sample (g); b, ratio of total hexosamine in 1.5-vol. EtOH frac-
tion from AGA; v, titer of N/400 PVSK solution (mL); £, factor of
N/400 PVSK solution

EFIVEER U FF — € Cutll D& EE O

7 FF— ¥ EFEBMEAG-GAGA-cutL1 FRIZ 79 A I F
pNGA-gla-Cut (Maeda et al., 2005) % B v T LLHT & [ Bk
DO FEETIER L 72 (Miyazawa et al., 2016). cutL1 H5E8
I Y AN 2 b D niaD BAZFHEND 1 IE—TOHFAZ Y
FrTay MRS IR L. BEREERIIITON
B TE L 72, WT-cutLl, AGA-cutLl, AG-GAGA-cutL1
DEMRD ST % 1.0x10Y/mL & % 5 & 9 ZhZ2h 50mL
O YPM i AR5 2 H:48 L, 30°C, 100rpm, 24 I [ [n] iz
WRUER 2 U7-. B #8313 Miracloth T L7z, H5RAM
faid K CHis L 70°C, 24 WE 2R I E R 2 I L 7-.
400uL DF;:3E B2 2004l 9 100% (w/v) ® 1 7 an
FEmRZImz, B2 REPICEENE 2 7 Ba bk S
4, SDS-PAGE I2 & 0 ¥ v 87 B % 48 & ¢, CBB 4uft
L7z, SN2y VX0 EDONY FDH b7 FF—F
CutLl ® /3N ¥ K % Image] # HHWCTZE& L7, Cutll &
3AEE Cutll % H TR L 7o BRE dlAR A 5 5 L 7.

ERDEEE A oryzae AG-GAGA ¥ & BFEMDIZER
D RS RE AR

TET AL BRI LM 3L 4 Y v — RUSERAAE 12 15 L @
R & A&, 30T, 660rpm, 60 R REFE 2 1T o 72, 1k
PrAL S SRR AR L C, f#br Y 7 b7 =7 Fluent
(Ansys, Canonsburg, PA, USA) % ¢, ELiEETFIVIZ
Realizable k-e (Shih et al., 1995) % j# H L T computational
fluid dynamics (CFD) ¥ I 2 L — ¥ 3 V##i & 47 - 7-.

w R
EFIVRIRE A. nidulans agsA” #B L agsB HENDIRIZEY
A. nidulans O agsA’E B X U agsBE k1%, AagsB #k

B

IR L CagsA T A £ b %, AagsA FRIZH L C agsB
WREA LY VEFNENWEAT LI LICL DERL 7.
F9, agsAF MR D agsA BIZ T OB EEFNT L1225,
B 2R R RR R AagsB MRICHCREZEICEEIN L 72 (P<0.05;
Fig.1A). T 72, agsB* ¥k D agsB O 38 Bl 8 13 B A B Rk
R AagsA FRIZ HACHIEE 123N L 72 (P<0.05; Fig. 1B).
COIEDL, FNEFNOERBMKIIB N TagAd F7-
13 agsB DI LANED LNE T LATRE NIz

CD #ERPAEE L T4 HER S g/ au=—p/k
BIIAROM THE L AERIIFO N 572, CD
PRE: M % F 72 ARIRE R R IS B VT, B TigE L —
& L C (Yoshimi et al., 2013), TFAERIRRR AagsA PR1ZEE
BRBEANETEE L72DIH L, AagsB TIXH AR50
L7 (Fig.1C). agsA% BRiZHB T AagsB D H R 708k
HIEHEL, BHABEORVE RO E LK L 72
(Fig.1C). agsBEMRIZEP A RN & JHML L 72 B 2 W %
OWER L 2 54F L7z (Fig.1C). UEoZ &
5, agsA%F ¥k & agsBOF ¥k O [ O B ME 0 3 v Y AgsA
& AgsBIZ X ) AL S N B S DL D E W ITHEER
T B R RIE S 7z,

A. nidulans agsA’ #%3 £ U agsBE# D 7 IV 5 ) BB 4
TIWH NS a-1,3-FIVH 2 (AG) TH B

agsA% Bk 3B X O agsBOF Bk DML BE B 43 % AT $ 5 72
DI, BTV ) TS & o THITRE S5 % 43 L
7o, FATRRZE D STV ) Wk 53 CHRI R K A ETED
AS2THZMZAG A EEN BT ED LN T WS (Yoshimi
et al, 2013). AS2MFizFE NV a—2ebEDOT
)= A ATV D, AagsAAagsBRRIZBWTIZIT L
AT NVaA—RA%E&T -7 (Fig.2A). agsA”" #kB
£ U agsBE HROKEM 5 RIS xTT 5 AS2 W43 H o> 7 )V
T—ARIFENZTN18I% B L V182% T, ¥FA bk
(6.6%) DR3ETH o7, AIBFIIZH/HRE DL ZN
FN10%DO7NVaAI T NI—ABLT1-2%D
V)= AEENTWA (Fig.2B). UEkzTLwsd
&, agsA”" R, agsBPE Rk L B IIRER O 7OV ) WA
TN v DR AR AR TIN5 2 LAVR SNz

PARIBRO AS2H 3 B L ORY T4 7a v ba—)
ELTHWwWELAY VR ENEN a-1,3-7 NV F—E TR
ML7-E ZAMEOWERED> ML SI7z. —Ji, AagsAAagsB
WO AS2H B LIOAT T4 7ar ba— e LTH
W= K7 U5l e A ETEOERZRD Sk
7o 72 (Miyazawa et al., 2018). agsA%E#k & agsBE ko
AS2 WA BT, BARR A YV OYE & RARICHE
OEEEHFED 572 (Miyazawa et al., 2018).

3C NMRBEMTIZ LY, B4k AS2 Bisr& Streptococcus
salivarius MR OFEEBEER GTRJ IS X VEEFEREH S
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Fig.1 Characterization of the agsA°” and agsBYF strains in liquid culture. Conidia (final concentration, 5% 10°/mL)
of the wild-type, agsA%, agsB", AagsA, and AagsB strains were inoculated into CD liquid medium and rotated at
160rpm at 37 C for 24 h. (A, B) Transcript levels of the (A) agsA and (B) agsB genes were determined by quantita-
tive PCR on total RNA. Error bars represent the standard deviation of the mean calculated from three replicates.
Asterisks denote significant differences based on Tukey's test (*P<0.05). (C) Growth of the wild-type, AagsB, agsA’",
AagsB, agsB° strains. Upper row, photographs of cultures in Erlenmeyer flasks; lower row, representative hyphal
pellets of each strain under a stereomicroscope. Scale intervals are 1 mm. (Reproduced from Miyazawa et al., 2018)
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Fig.2 Monosaccharide composition of cell wall fractions from the wild-type (WT), AagsAAagsB, agsA°E, and

agsBOF strains. The strains were cultured in CD medium (160rpm, 37C , 24 h). (A) Alkali-soluble, insoluble in

water at neutral pH fraction (AS2). (B) Alkali-insoluble (Al) fraction. Error bars represent the standard error of the

mean calculated from three replicates. Different letters denote significant differences based on Tukey’s test

(P<0.05). GalN, galactosamine; GlcN, glucosamine; Gal, galactose; Glc, glucose; Man, mannose. (Reproduced from
Miyazawa et al., 2018)
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7enE Y TIRBAIN R AGD Y 7T VAR S hrz AS2 H 537 Hid TG [ U A T VALHERE SR A T &
agsA" Bk & agsB" ¥k AS2 Wi 4370 5133812, Ay vk niz. ULo=Zo0@irs, BAMK agsA” b
F—d b 7 MY 7 F skl & iv/z (Miyazawa et X W agsBE ¥k D AS2 W /31X EIZAG 2 SR S L Tw
al., 2018). 5 Z &N 50027 o 72 (Miyazawa et al., 2018).

K, ZHRED X FIALGHT 24T\, AS2 55 D % HE
DiEAEMX % JeE L7z (Miyazawa et al,, 2018). BpA R A. nidulans DHAFEEEAS2 B DT IVH JRIAM T IVH

PROAS2W 41 iE EIC1,3-7 Vv a Yy FiEAEZRT COFRFE
2,4,6-tri-O-methyl (Me)-glucose (Glc) (1,3,5-triacetyl- SFRRBOT VAV WERET VA Y O55 T RIEH
2,4,6-tri-O-methyl-D-glucitol) 25& F L CTw72. 7z, 1,000,000 TH % Z EAHEZ SN TE Y (Choma et al.,
DD 2,3,4,6-tetra-0O-Me-Gle (FEFETTH ), 3,4,6-tri-O- 2013), ZOKREEDSIEMEL T ROHEEVSHEL VW E
Me-Glc (1,2-7° )V 2 ¥ Fi#§ &), 2,4-di-0-Me-Glc (3,6-5 ENT&72 KifsETid, HPSEC # HWCTT7 v A )Wl
) W X 1,4-7 0 a3y FiEE(2,3,6-tri-0- BTV A v D E ORI 25 BRI )T & AL L 7.
Me-Glc) 1 AG 8D T I 4 v —F 721 AXR—H— 4 TH ST EERE LTHWZTER A MT Vid, BHESAKE
ReEZHNDL. 1,2-7 VA Y FREGRFTITZ M=V T %2 EZ05FRI/NE LAY, 70,000-2,160,000 D
VICHERTHEEZ NS, 3,6-50 Mk 1x AS2 1 43 12 iR MTREEML 2050 T8% A 572, agsA” o7
AT 5 B-1,3/1,6-7 VA VICHEKTAEEZONS. B VAYBEEZT VA VDY — 7 1% agsBE IZHRT/HE
A TR O AS2 T 4 & [ AR IZ, agsA% ¥k & agsBE Bk O WA I S L7z (Fig. 3A). agsA ¥k 7 v 7Y
A
(Molecular mass X 103)

S, 0.05 2,160

D 108

2 0.04 A0

_9 Ve S 70 —WT

£ 0.03 ‘ AN

T - - -~agsA©%E

< 0.02

%’ ————— agsBOF

o 0.01

> -4 Dextran

8 0}

0]

X 0.01 :

7 8 9 10 11 12 13 14
Elution volume (mL)
B

>, 0.09 (Molecular mass X 1073)

@ 0.08 WT

& 0.07 .

€ 0.06 ——WT_Smith degraded

T 0.05 agsACE

S 0.04 - - -agsACE_Smith degraded

» 0.03

0 002 agsBCE

> .

001 | S TNA | agsBOE_Smith degraded

© 0 - Dextran

© 0.01

7 8 9 10 11 12 13 14
Elution volume (mL)

Fig.3 High-performance size-exclusion chromatography elution profiles of (A) AS2 fractions and (B) Smith-de-
graded AS2 fractions from the wild-type, agsA°?, and agsB°" strains. The AS2 fraction (10mg) from each strain
was dissolved in 1 M NaOH/H,0. Glucan elution was monitored as refractive index. Molecular masses of the glucan
peaks were determined from a calibration curve of dextran standards. Elution profiles shown in gray in (B) are the same
as in (A). The results of a representative of three experiments are shown. (Reproduced from Miyazawa et al., 2018)
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WHEEZ VA Y D¥—2 by 74 (M,) 1 1,480,000
+80,000 T, agsB #: (372,000 +47,000) D) 45T -
72 (P<0.01; Table 1). ARk 7V H ) Wiat: 7 v
7Y DOM, 3 agsB* Bk ) b/hE 2572 (P<0.05; Table
1), WARRO T VA ) WEE TV A v OIS agsB
WLV VLno/zZ s, WERKOT V) WE
P H o DR U TR W RE A E 2 5
Nb. TNLDHTRITFERHEESE (DP) £ LT
9,160 =520 (agsA°®), 2,230+290 (agsB°?), 908 +319
(wild-type) (ZHI24§ % (Table 1). BARIFIZHBVTI,
13.5mLAHEIC b K& 2 ¥ — 2 2 Shzas, Zhid
SRENLTNAVTEET VA VICHETHEERS
N5 (Fig.3A). $7%bb, agsA2#kB X 1 agsBE bkD
BT VA ) MEME IV A ¥ O TR0 E ARG
OB AOFEELERNTH S Z LAVRKE SNz

agsA’E B X W agsBERRO T VA Y WEWL SV v
DT, AGH 7= b+ Db & 4 5 W Hetk At
EZHNiz, FIT, AS2 WAIIxt LTS o 1,4- 4%
& % BRI INK 5% 5 % Smith 43# % 47>, HPSEC
WX BT RE AT 7. agsA” Bk, agsB" Bk & b,
Smith 5 #I1Z & ) ¥— 27 2SI X D DK & 2R
i &7 (Fig.3B). Smith 0@ L7227 VA VW]
WYV H v O 4113 10,000-110,000 D 7 F 2 b 5
VDY — 7 REFRE A S VR L 72 e i & R 72,
Z O K%, Smith 7 f# 12 X 0, agsA°F ¥k T 13 41,600,
agsB% FRTI3 38,300, FPAERIFRTIL 31,600 O M, 7R L
72 (Table 1). ThHOM EEhLh, DP & LT257
+36 (agsA%®), 237+19 (agsB°F), 195+23 (B4 M) |2

#2325 (Tablel). agsA%® ¥k& agsB%F ¥ko [T Smith
SR T2 T VA ) WEE TV H v DR B e R
ZRRO LN Lo Tz

SJRE A. nidulans DIRREDENXLEEIZEL D o-1,3-F)V
B (AG) DBRFEDBEM

RO X 9T, agsA” Bk & agsBO bk O WK B B 4%
BT BEBBST VA ) WEE T VA 5T & B
RLTWD Z Edmmgshiz, —F, AG D5 T-mOE
WIZ XY, RSO Bl o AG O Z2 [ 5 A
IEWDEL, ZNDHARDOEEEDENIFS Lz
BEME L £ 2 5Nz, 22T, SO EMRIET 572012,
B AERR, agsA%F, agsBYEKE D AG, B-13-7 VA VB L
OFF v 2B LBIgE L7, WARERICB VT,
AG AL O W 31 - Toi < SRk S vz — o,
B-13-T VA RFF VI BRI NIZDOATH > 72
(Fig.4). AagsAAagsBRRIZBWTIL, p-1,3-7VHh v %
X5 AR HREERR S Nz (Fig.4). agsBERRICH
WL AG 255 SO S Nz — T, agsA RO AG
FFSER SN2 ARTH > 72 (Fig.4). 72, p-1,3-
TV YR FF V1% agsAPE RRIZ BV TR HEOBEE R
EN—T, agsBEMTRIZEALERI N 572
(Fig.4). ThH0Z ki, FARMKR agsB ¥k AG
A RE D FRAVBIZRTE L TW5B—T, agsA Bk AG
MB-1,3-7 N H R xF VB LI TV etk &R
LTWwW5.
FROREE S HICKAET 5720, agsA” B LV
agsBEMRD R X & a-1,3- 7V A F—¥ 7213 p-1,3-7 v

TABLE 1. Molecular mass and degree of polymerization of alkali-soluble glucans from a-1,3-glucan synthase—overexpressing strains

Sample My? DPP

WT AS2° 147,000 £ 52,000 908 +319
WT AS2, Smith-degraded 31,600+ 3,700 195+23
agsA% AS2 1,480,000 = 80,000 9,160 + 520
agsA“E AS2, Smith-degraded 41,600+ 5,800 257+36
agsBOF AS2 372,000+ 47,000 2,230+290
agsBF AS2, Smith-degraded 38,300+ 3,000 237+19

*Molecular mass of the peak.

®Degree of polymerization.

¢ AS2, insoluble components after dialysis of the alkali-soluble fraction. Values represent the mean +

standard deviation of three replicates.
(Reproduced from Miyazawa et al., 2018)
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Fig.4 Localization of cell wall polysaccharides of vegetative hyphae. Hyphae cultured in CD liquid medium for
12 h were fixed and stained with AGBD-GFP for o-1,3-glucan, fluorophore-labeled antibody for $-1,3-glucan,
and fluorophore-labeled lectin for chitin. Scale bars are 10um. (Reproduced from Miyazawa et al., 2018)

B —E T 715, HOGEERR L CHINRRE R 4 2 gt
L7 a-1,3-7 V5 F— B TUHE L 7z agsA % -1,3-
WA F—E T 72 agsB® # (Fig.5) Ti&, MWE
WL T wid (Figd) LHEPOFKETH - 72,
p-1,3-7 0V F — B TUH L 72 agsA% BT, AG 250
FaOMEB LRy MRICHOLER S, g-1,3-7 VA
YRFFIZOVWTHE#R SN (Fig.5). «-1,3-7)V
71— BRI L 72 agsB #k (Fig.5) Tl AG DG
IR IR (Fig.4) EHANTEL kol FhUC
X L, agsBEKk D W 5% D a-1,3-7 )V F F — ¥ LB HE
(Fig.5) @ B-1,3-7 )V A v ® e, W JE AL B
(Fig.4) EHRTHARLZ. DEDZ RS, agsB%
FRD AG 1213 & A SHIBREDSBIZRAE L TWw 5 —,

agsAPPRRTIE p-1,3-7 0V A VICHB I N T WA Z LR
Sz,

$]E A oryzae GAG £ A BOBZ THIEM O RIFIREREE
ICH1F2RER

N F TOMN DS A nidulans 1235\ TIEAG AYH
HREENTTHD I EPHS P E % > T b (Yoshimi
et al., 2013). —7J5, BE A oryzae \ZB T IFAFAET
% AG A 5% 815 T (agsA, agsB, agsC) 4T & il L
7o AGA RO R ARET AR I D /S XLy 2
L7228, S5 7% 9 - 72 (Miyazawa et al., 2016).
ZFDD A oryzae \ZB VT, E2OHEREHENT O
FAEAE S 7z v MERGMSRIRE A, fumigatus T3,
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GFP Alexa Fluor 350 Alexa Fluor 594
(Chitin)

(a-1,3-Glucan)

agsBOf+BGase agsBOf+AGase agsA%c+BGase agsACPE+AGase

(B-1,3-Glucan) Merge

Fig.5 Localization of cell wall polysaccharides after treatment with «-1,3-glucanase or g-1,3-glucanase.
Vegetative hyphae cultured for 12 h were fixed and treated with a-1,3-glucanase (AGase) or $-1,3-glucanase (BGase)
for 6 h. The hyphae were stained with AGBD-GFP for «-1,3-glucan, fluorophore-labeled antibody for $-1,3-glucan,
and fluorophore-labeled lectin for chitin. Scale bars are 10um. (Reproduced from Miyazawa et al., 2018)

YR F & % N4 F 7 4 )V 4k LT GAG 2350 Hb Ak g
SNBZEHNAS N T (Fontaine et al., 2011). A.
oryzae D 7 W2 H GAG EGWGEIET 7 T A ¥ — MR
FFENTW/Z LD D GAG % 5 2 OWAREAR T LK
E L, A oryzae DEFAERIGRE X ONAGA BRE Bk LT
GAG B WET- D7 5 A% —ND sphZ B X O ugeZ i
ZF2W3EL T, GAGAEDE X OFAG-GAGA PR & B L

72 (Miyazawa et al., 2019). ¥ ZE#k, AGA ¥, AG-GAGA
B L " GAGA ¥k % CD E R AR # L T30C, 5H
MRFEL722 25, WINDIILALHEOWRERE

TR ER L. RIS, YPD AR <30T, 24
REEIEE#E L7z & 2 A, BERO R SRIIFE 3.7£0.2mm
T, AGA#K (27£03mm) [ZHANT, BEHFIZKE o
7z (Figs. 6A, B). ZORRIZDHI ORI E L < —FL
Tw/z (Miyazawa et al., 2016). %72, AG-GAGA FEDH
HRITERITBI L 72—F, GAGAMRIZIFAEM X b & BiEg
K& W54 (6.2+0.0mm) 2L L 72 (Figs. 6A, B).
NSO Z Lid, A oryzae lZB W TIHAGIZHIZ T
GAG S WAREEICHFG LTBY, A oryzae D ARE4E

I AG & GAG O A RGBT W ORI
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Fig.6 Phenotypes of Aspergillus oryzae AagsAAagsBAagsCAsphZAugeZ (AG-GAGA) and AsphZAugeZ (GAGA)
strains in liquid culture. (A) The wild-type (WT), AagsAAagsBAagsC (AGA), AG-GAGA, and GAGA strains were cultured
in Erlenmeyer flasks (upper row), and images of hyphal pellets were taken under a stereomicroscope (bottom row; scale,
1mm) at 24 h of culture. (B) The mean diameter of hyphal pellets was determined by measuring 10 randomly selected
pellets per replicate under a stereomicroscope. Error bars represent standard deviations calculated from three replicates.
Different letters indicate significant differences within each condition by Tukey'’s test (p<0.05). (C) Galactosamine (GalN)
content in the hot water—soluble fraction of the cell wall from the WT, AGA, AG-GAGA, and GAGA strains. Error bars repre-
sent standard error of the mean calculated from three replicates. (Reproduced from Miyazawa et al., 2019)

ThbHILrERBLTND.,

EARE T HMSBEIC XY, A fumigatus D W52
1 GAG AF M 2= MW D a BB S b, 2 i sph3,
uge3 B X V¥ agd3 BIZTF OKBIERIZBNTRET S
LA X T w B (Lee et al., 2016, Bamford et al.,
2015, Lee et al., 2014). =2 T, A. oryzae ® GAGA B
L U'AG-GAGA BRIZ BV THRAR DI AR T 2 0 E
B L, FPRELAZEYD, A oryzae DI EMRDB L O
AGA ¥k TIZ TR KT O MEAMEIR DB i AL S 7z D12
AL, GAGAPEB X I AG-GAGA RO W R IXIFHITH -
72 (Miyazawa et al., 2019). T 5D Z &1, A. oryzae
2B\ TR R OMHEIR D15 25 GAG 4G B IE T
DFITERNT 22 2Rk L TS, £/, GAG®D
RIGZ & D ERET ETONA 7 4V ARSI
%2k HBIE s 7z (Miyazawa et al., 2019).

(Gravelat et al., 2013) X A. fumigatus DX 31 H 5 15

Texy ) — VIR e &K GTRL, T2 IEENS
T2 b3V (GaN) =& LTGAG E% Eam L7z
DF xR A oryzae \Z bW L, KO HW i 75 O ik
IR EENDMEEREA A M ux N T T T 112
X0 GHT L7z AR AGA PR ok (HW) 1
SICiE 1g N A F < 24720 0.2-0.3mg D GalN 23 & F
NTw7—7, GAGA P = AG-GAGA ¥ @ HW [ 75 %*
S5t GalN Xz & A Rt s h - 72 (Fig.6C).
DT LI, A oryzae \ZB T ugeZ & sphZ D—F F 721
Wi iA%, GAG DAEBITHHETH D I L ERL TS,

GAGA HRIZB W THIR AR & 32T L 722>
T, GAGA ¥RD AG DAL HEE D THID & N 247 - 72
VAT L OEEDTRD 51T, GAGABRITK X
HFIEHR LB OWTHLNITA I LI TE L
2o 7z (Miyazawa et al., 2019).

-
—

-
—
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In vitro TO GAG RFHNERBEDERE & BEATED
pH &7 1%

Fontaine et al. (2011) 12 X o THE S 7z GAG K58l :
EBEIZLT, A oryzae AGAMRDOE;TE EIEO LY ) —
Wik % 150mM 3E b MU ATHRIEFLIZE Z A,
TR IE 150mM 34T MY Y AR BER L. £

A

T, BELWENS GAGEWRT 572018 ) — i
BIVLIE 2 2 N L, 78D DM % 1572, AGARRHISK 0, 0.5,
1,2, 258y J = VEFIZIEWTNHH 8% DN T
2 h—=AEL5%D< Y ) —AB LA GaN B E T
nTw7 (Fig.7A). AGAFRHIK 155z ¥ /7 — Vil
FIZIE16% D GalN & 17T% DT T 7 b—ABL14%

mGalN ||
20 {@GIeN ||
oGal ||
mGlc
10 ® Man

(3,
1

Weight of carbohydrate
(% of total fraction weight

o
I

AGA s

B

0&
EtOH Fr. v

<=
(=]
=
—

+Buffer 0 vol. 0.5 vol. 1 vol.

1.5 vol. 2 vol. 2.5 vol. AG-GAGA

DIC Alexa Fluor 647 Merge
C - —

r

+Buf.

+AG-GAGA 1.5vol. +AGA 1.5 vol.

AGA 1.5 vol.

D -

+Buffer +AGA 1.5 vol.  +AGA 1.5 vol.
(with mycelia)  (with mycelia) (without mycelia)

0Oh

lh

Fig.7 Aggregation of mycelia of the AG-GAGA strain induced by ethanol-precipitated GAG. (A) Composition of the
fractions obtained by ethanol precipitation. (B) Mycelial suspension of the AG-GAGA strain (25x1) was added into a
mixture of 400uL of water, 50 L of 1 M sodium phosphate buffer (pH?7.0), and 25xL of 2mg/mL of the fractions prepared
from the AGA or AG-GAGA strains, as indicated. Samples were incubated at 30 °C for 1 h with shaking and examined
under a stereomicroscope (magnification, X 8). (C) Mycelia incubated for 1h in the presence of EtOH-precipitated GAG
were stained with soybean agglutinin—Alexa Flour 647 conjugates and observed under a confocal laser-scanning
microscope (X 1000). Scale bars, 20um. (D) Aggregation assay with the 1.5-vol. fraction from AGA was performed as in
(A), with or without mycelial suspension of AG-GAGA. (Reproduced from Miyazawa et al., 2019)
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TABLE 2. Degrees of deacetylation of N-acetylgalactosamine residues of galactosaminogalactan

Sample Degree of deacetylation (%)
AGA 1.5-vol. EtOH Fr. 489+4.6
AGA 1.5-vol. EtOH Fr. (acetylated) 20+£0.5%
AGA 1.5-vol. EtOH Fr. (non-acetylated) 43.6+52

Values represent the mean + standard error of the three replicates. Asterisk indicates significant
difference (P < 0.01) with the AGA 1.5-vol. EtOH Fr. (non-acetylated).

(Reproduced from Miyazawa et al., 2019)

DY) —=AETh T (Fig.7A). Thbb, 2
OWIFIZEIZGAG L AT 7 M= v F U BEENTWS
LEz bN7z. AG-GAGAFRHIE 155 ¥ /7 — Vil
S GaANAEFENTBLT, 8%DHTT 7 F—R&
5%D< Y ) —AETEN Tz (Fig.7A). AG-GAGA
PREK L5 R T 5/ — Vil O HHEET 5 &,
AGABRHE L5 5T & /7 — VIl 5312 1E GAG 3% 25 %
HEEINTVLLEEZOLNL. WROEED in vitro TH
BENL 0G0 % IS 5720, %MW % AG-GAGA Pk
DWHRERAGL, BEROERLBIZE L. 2ORE,
AGABRHIE 1558 % ) — Vil &N 2 785812 DA
BRI Sz (Fig.7B). Z O%Hkid SBA-Alexa
Fluor 647 12 & Y Heti X7z (Fig.7C). AGA BRHIE 1.5
FH T Y — VIl CTIERRIFFAIE T ClREHE L 20
7= (Fig.7D). a4 Pl & ) P L7z AGA Bkl
FR15RERT S 7 — V28 £ 1D GAG H O GalNAc
DT £ F VAL 1L 48.9+4.6 % Td - 7= (Table 2).
GAG H1 @ GalNAc 58513 A. fumigatus (2 38\ TERSTHY
W7 e F ks h, EBFEFO I EPHESLTWY
722 & %5 (Fontaine et al., 2011), GAG #4711 &6 4£ 1k
TELD pH HAF T D v TR/ % 3 A 72, AGA #RHTK 1.5
Ry ) —Vili5 % AG-GAGA RO Bk L IRA L 72
%, pH6, 7 OWEICIZEES R Sh/2—T, pH4, 5, 8
TIRIFEALEEL 2D o7 (Fig.8A, B). AG-GAGA
K15 R Y ) — Vil 2 2 7284, £ @ pH
ZMCHHERIEITH LT T TH o7 (Fig.8A,B). F
72, GAG JEEAE FI2 B W T AG-GAGA ¥k D i % 75 pH 4,
502BWTHVEERITEK SNz (Fig.8B). TOH
AW TIEAHTH 54, K pH THEET 5 KA %
FERFHAG-GAGARIZFRAE L T 500 Ltk v,
6D LN, KpHEMT TO GAG O IEEL O
HINAY GAG MlOBHEFE 51 X2 L, GAG KA
BRI DT SNz 2 EAURE S 7z, Hk pH AT
L TIRIEBM AV 7280, GAG 2SIERER M ILAEM %

L THRAREIRICHS Lo g s 5. pHBIZBWT
BT S N b o Z2EFIZOWTIIAWTH 5.

GAGIRTFHERBRENDKRFBEEDEE LR T EFIL
{tNEEM

GAG HAF N e BB IE GaN O T 3 V& E A L7z
IRFEAGEENRR T 5 LB Z LTz, Z O % MGl S
5729, AGABRHR 15T & ) — VIl 5 % K EERR
AT (TERF L) BLOIAAEF TULFR L, SN
ZFHIIL7z. N-7 £ F Vb ST v GAG 13 Fig. 7B
L FFRIC AG-GAGA RO Wk 2 fE i S €7-—T, N-7Tt
FALIZ &) BAREERIZRIE L 72 (Fig.9A). N-7+tF
MEEN7Z 15Ty ) — VSO T £ F VAL
20£05%THY, N-TEFMEEN TR WISHEE
¥ ) —VESORT £ F VALE (43.6+52%) 2k
RTHEHF WA L7 (P<0.01; Table 2). b &
75, GaIN O 7 3 HiE GAG AT R BB ICHF S LT
W3 2 EATRIE S N

GAG AT B DR ERE BT L 2 D O»EH» % WG
T 5720, KEREEPIET L IRFEOFAE T CTHREE
Al 2 47 > 72, IREEIFAFAE T TR SR AN L 72—,
JRFE ARG E 41359 T - 72 (Miyazawa et al.,
2019). U EoZ ks, GANDO T I 7 e L7zkE
K DI DS GAG IR 2 BRI\ CEETH 5 2
& AN ORI S e,

AG-GAG RIEHE D 4 2 2 BESRE M OO T

Bk DB DS A, oryzae DN A F < A B X U EEHE A
FEDHINNC 53 5 250 % MGE L 72, YPM RS s
TR LI2EZ A, AG-GAGA-cutLl FRIZH AR 25 L,
AGA-cutL1 BR CIEB AR LR TN E R R SR OB % BB
L7z (Fig.10A). 24 WEREF 4812 DR 48 L% % SDS-PAGE
W L 72k, AG-GAGA-cutL1 ¥k 53ih 7 X 2 T
T 7 7 £ Vix WT-cutLl #k%° AGA-cutL1 #RIZ T HEm
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LTw7z (Fig.10B). F72, "M A AR 7 FF—F P56, AGRGAGZELLh—HH LLRBMAEZET

O 5w EEREIZV TN D, AG-GAGA-cutLl f & BHRIREICB VT, N F~ AR 2 BEE DA pE kDS
AGA-cutLl # CHAERIRIC R TERZENK 10158 & AG R GAG D KIBIC X B Wik 0B X - TS %
O#g 45128 L <72 (Fig.10C, D). ZhbnZ b W REMEAVRIE S 7z (Miyazawa et al., 2019).

A

(PH) 4.0 5.0

6.0 7.0 8.0
B

(pH) 4.0 5.0 6.0 7.0 8.0

Fig.8 pH-dependence of GAG aggregation. Mycelial suspension of the AG-GAGA strain (25uL) was added to
450 1L of buffers with different pH and 25uL of the 1.5-vol. EtOH fraction prepared from the AGA or AG-GAGA
strain as indicated. Samples were incubated at 30 C for (A) 0 h and (B) 1 h with shaking and examined under a
stereomicroscope (magnification, X 8). (Reproduced from Miyazawa et al., 2019)
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+AGA1.5vol. +AGA 1.5 vol.
+Buffer (Acetylated)  (Non-acetylated)

§ (M)

Mycelial aggregation in the presence of (A) acetylated GAG or (B) urea. (A) The amino groups of etha-
nol-precipitated GAG were acetylated with acetic anhydrate. Mycelial suspension of the AG-GAGA strain (25uL)
was added to a mixture of 450uL of 100mM sodium phosphate buffer (pH7.0) and 25uL of the 1.5-vol. EtOH
fraction prepared from AGA (acetylated or not). (B) Mycelial suspension of the AG-GAGA strain (25u1) was
added to a mixture of 450 xL of 100mM sodium phosphate buffer (pH7.0) containing 0, 1, 2, 4, or 8 M urea, and
25uL of the 1.5-vol. EtOH fraction prepared from the AGA strain. Samples were incubated at 30°C for 1h with
shaking and examined under a stereomicroscope (magnification, X 8). (Reproduced from Miyazawa et al., 2019)
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Fig.10 Recombinant CutLl production by the WT-cutLl, AGA-cutLLl, and AG-GAGA-cutL1 strains in
liquid culture. (A) Phenotypes of the WT-cutlLl, AGA-cutLl, and AG-GAGA-cutL1 strains under liquid
culture conditions. Conidia (final concentration, 1% 10*/mL) of each strain were inoculated into YPM medium
and rotated at 100rpm at 30 C for 24h. (B) Secreted protein profiles of each strain. Lanes W, D1, D2: proteins
precipitated from culture supernatants (250x1L) of wild-type-cutLl, AGA-cutLl, and AG-GAGA-cutL1 strains,
respectively; lane C: 1ug of purified CutL1. (C) Mycelial dry weight of each strain. Mycelia grown for 24h
were collected by filtration through Miracloth, dried at 70 C and weighed. (D) Concentration of secreted
CutL1 in culture supernatants. In (C) and (D), error bars represent the standard error of the mean calculated
from three replicates (*p<0.05; **$<0.01). ns, not significant. (Reproduced from Miyazawa et al., 2019)
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BARDEEE A oryzae AG-GAGA ¥ & FER KD IESE
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Ty — IR (3L) I2BWTH Cutll AEERlZon g
TOMENHI N, WAHRTEEHHED AG-GAGA # T
B AERRICHRTH 2GR o7, CFDY I 2 b —
Va VIR ORE, =2 — b OB GEERIROR:
BEOWENIFE Y 2l & L TZE O oR 2

ik

i

LTAY v 7L TH Y EEM LR TR E 2K
ENTpapozdy, MU= 2— b IAERATHRTEAK
WHRTEAT U AG-GAGA PR CIERE N 4TI 5
B 2T 5 Z LA &7z (Fig.11). CFD & 3 =
L—7 3 YRR, BRI TR O TR IR
MR ELOR LT, AG-GAGA Pk TIZl &AM A1k
WCHRMTAZEERLTNAS.

AG-GAGA

Fig.11 CFD simulation results of WT and AG-GAGA strains in culture. (pass line)
WT and (B) AG-GAGA strains were grown in a jar fermenter (3L) with 1.5L YPD medium.
Conidia (final concentration, 1% 10°/mL) of each strain were inoculated into YPD medium and
rotated at 660 rpm at 30 C for 60h. The calculation model is the turbulence-model (Realizable
k-e). Red circles indicate the reactor upper space, and the AG-GAGA strain has better flow
than the WT strain in the reactor upper space.
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a-1,3-7 Vv 71 > (AG) O EIEIZ B $ 2 BB OV T
1% A. fumigatus |2 B\ T (Beauvais et al., 2013, Maubon
et al., 2006, Beauvais et al., 2005), HHREHIZBIT LK
HZ D W TUE A. fumigatus (Henry et al., 2012, Fontaine
et al., 2010), A. nidulans (He et al., 2014, Yoshimi et al.,
2013) B X UM A. oryzae (Zhang et al., 2017, Miyazawa et
al., 2016) IZB VW THE SN TE 225, KIKRE D AG 1L
FHETEIZ DOV TIE Choma et al. (2013) 512 X % A. wentii
CBTFBT VAR VS v OfLEEEB L L 8
F—¥ (a-1,3-7 ) % F —¥; Streptococcus mutans O %
B C72 O OWIE X O LTHH) oXREE L
TOREIFN SNz DO DMg—DBITH 5. A. nidulans
WX A D AG & EER B R T (agsA, agsB) A 2T 5.
FEWARICBWTIE, FICAgsBIZ L 5 TAGH G &
T \w % (He et al., 2014, Yoshimi et al., 2013). F 72,
agsA BIE T I EFRBRICEE T2 EZZ 5N TWS
(He et al., 2014). L2>L725, agsA O HERg =,
AgsA, AgsB 12X ) &K S N5 L DL EIC DWW T
IIAHTH - 7.

A2 T, agsA, agsB D 3B (agsA®E, agsBF)
MREERL, Zho OB E T h b Lo ks
W3 2 G EANT L 72, BFAE TR R agsBOF BRO ik 1
WARIRER BICB W CTEBERIWEZ IR L2—7F, agsA®
HTIIEHEDORCE AR EZRIL L 2O AF L
(Fig.1). 7WVH U WEEZ VA v OFf % O R
B XD, B agsA” HB X O agsB RO TV
VWHEET VA VIEFEICAGH S S Z & (Fig. 2;
Miyazawa et al., 2018), 7 V7 ) WHEEZ IV~ DM,
13 B AR R R agsBE Bk T X F 1 F 150,000 B8 & O
370,000 TdH - 72—, agsA%E BTl 1,480,000 TH % Z
LAVRENT: (Fig.3, Table 1). T 72, 7V h Utk
VA YO Smith RIS XD, AR, agsA® BB L O
agsBEMRD T IV A )T VA 3Ty, #5200
BIED13HEDa-Z NI —ADS 55 T2y b
WkzHT5ZEDmRENT (Table1). agsA’2 ko
AGH 7=y FOEIZ agsBE MDD AR ThH 72

agsA” ¥k & agsBERR DI TT VA D AVENE SV A v
DHTEPELZLZENICOVTRIANDOFEETH . S.
pombe D AG A B # AgsT MBI B 2 4 >, HIBLWN
FXAL VBIUOLEREBERN AL Y D3DODORFAL Vip
5% (Hochstenbach et al., 1998). A. nidulans ® AgsA,
AgsBIZHINHD AL UHPRESN TV S (Heetal,
2014). 1,3-3EED a-7 NV H YEIFHIAN F A A4 12X
DEREN (LAREEDa-I VI v DT T4 =%
TREED H2), LEBEHM N X4 v & #o THllgsH

P E N B L FHENRTW S, MBS 72 AG 85134
Jash B 2 A4 & o TR SICTHEISERE L, Rt
AG#IIC R A & # 2 5 115 (Yoshimi et al., 2017). S.
pombe DU JE K VEL AR agsI- 15 (MBI K A 4 » D
G696S IZEREH L, BL L HHBREORIIZE )£
BEAD TN a-7 NV 5 V8% AT % (Griin et al., 2005).
G696 13 A. nidulans ® AgsA, AgsBIZ b RESNTW A
A, OO FIE O RS < % v (unpublished
data). agsA%E#k & agsBERRDB O 7 v H ) WEENE S LV
g DFROENE, TEREEEEOMEA XA >
DOBFEDBEVITENT 20703 Lhhw., ZO@EVOE
HEHSNIZTAH72D121F, AgsAE AgsBD X 5725
AL B X OBERFNENT LB TH 5.

HOGHMEEBIZIC X ), AG IZH A RIFRR agsBE R T
A RERANB I RIEL TV B DK L, agsA” #k T
HITRE NG IZALE LT Wb 2 R s/ (Fig.4,
5). ZoiEviE, (1) EHEMICAG DG4I
5.2 % AgsA & AgsB OREFFIFEDE Y, (2) K]
PED &9 7 AG D5 TR B S 15 WAL= R D
EY, OWTRPICEEPITE2EE26NMS. Ml
BEZ L — ML L TR SR DA R IRR L T SR JE0h TR
5 (Riquelme et al., 2018). MBI ECAG 234G &
N5 L, FEFEIEBAZERICHRE SR, Riglbs & O %
IbE N CHIEEED —EBIC % &% 2 b h (Latge &
Beauvais, 2014). 43T K X 7 ZHE— AV I KISk
LT OARBENTH S (Guo et al., 2017). FD720, 4
THROKE 2 AGIZMBEOWNEIZRIE L 72—, 5T
WAVNSVEMREDOAE IS L7zb ot EZ LN
5. agsBE tkoMMah TORSG RO TV A ) WEE
TNVHEDBEEE agsACHRE D %L, o
Z & agsBERROMBEEC B WTAGA X DA EICE
RENTZENTH B REENE 2 5 b (Fig.3). F72,
a-1,3-7 0V 71 F — CIMHIE D agsA RO B 5 Tid, Ml
B D W EBIZHY > THH AGBD-GFP D HOEBIgE S 7
A (Fig.4), T 7= CHlREEICME T % AG
PYBAAETHILITRRLTED, ZORRIFORE%
%tk (Fig.l) 2R - RN EZ 5N 5. AamyG Bk
D AGBD-GFP IZ £ 5 AG D@ G DOMER L, O
W % 328 L T v % (Miyazawa et al., 2018). ¥ i, A.
Sumigatus O HNLBEE D 53 F 1 & A3 EAH NMR 1S & D i
e, AGHIEED SR EMBNBIZRTET 5 2 &
s & N7z (Kang et al., 2018). A. nidulans @B A ¥k
WKBWT, ZO0ORIZE ) EHREI NS AG OAMIILEEH
DZEMGANRL L LR EEINDD, ZIUTAGD
SFEDENIERT L2001 Lkw., B b0T18E
D AG DB & P EAL AR & OBIREER B S 212
5720121, SO5RDMNPLETH L.
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BWIIBIT 5 AGOAEEGKITIE, AGEKEEFE I
A CTHINE W a7 35 —+E & UTP-glucose-1-phosphate
uridylyltransferase %% C# % (He et al., 2014, Camacho
et al., 2012, Marion et al., 2006). HaHN a-7 I 7 —¥ ik
AG BRI LE R a-14-7 V5 ) F ) THET 54 < —%
BT 5 L%z 5N TWw b (Camacho et al., 2012, van
der Kaaij et al., 2007, Marion et al., 2006). A. niger Dl
o a-7 39— AmyD 137 > 7 ¥ KGR L THE
W<V b MU F — X% ERT A (van der Kaaij ef al.,
2007). A. nidulans O amyG BT OB XD, il
BEAG XS24 5 (He et al., 2014). A. wentii DT
WA DNWEET VA A 1LA-RED -7V 3 — ARk
LRBPNANR—F—%fFL, AGH72=y FMa+%
[T Twv % (Choma et al., 2013). AT, A. nidulans
DT NA )BT VA 213890 % D 1,3-#E5 D a-7
W v & BE o Smith 4MFEWRER 7V v (BZE 5 1,4
WEDa-T VA Y) HHRY, AGH 7=y MIl4s
WEDTNVH VL > THTON TV R IREEZ /R L7
(Table 1, Fig.3; Miyazawa et al., 2018). A. nidulans @
AamyG RO T )V A ) WEME TV A v 04T 93,500
T, #iFk (ABPU1 AligD) CZIERTEHZFIS/NS o7z
(Miyazawa et al., 2018). AmyG (& AG D AXR—H— & L
THRETAAVTREENTLLEEZON L. A nidulans
AamyG ¥R D 7 v 71 ) WA 7V A1 21 Smith 43 1§ 12
X oT, FEGMREEL D 5T EAA L7z (unpublished
data). Z®Z &iE, AmyG IZA TRAIDHEFH A~—
=BG RN E L 5N 5.

A. oryzae \Z B\ TIE AG RIAVE TEAEMRICH AT/ S
BWAROHERK L7225, A nidulans & 135720, Wk
SENCIEE S B h o 72 (Miyazawa et al., 2016). §7b
+, A oryzae 1213 AG DAV O BSREZ KR T 2EAF L Tw»
HEEZBNL. KFRTIE, BRETLIESERTLLT
HRRAL 53 W 2 B ORGSR 73T 5 GAG (275 B Lfg#T %
1772, (Lee et al., 2016) i A. fumigatus 238\ T GAG
DEEEDPBIET 7T A5 — %Ky 5#ET (gths,
agd3, ega3, sph3, uge3) \Z X o THIMEhTEBY,
D @AIn T 7 T A5 — DA niger, A. nidulans, Botrytis
cinerea % EV OPOFERICORA I TwL I L
EWRE LTS, RIFEICBWYT, A oryzae D7 /) L
LTI IRT —DPBREIN TS Z LD LN
72 o 72 (Miyazawa et al., 2019).

GAG T A. fumigatus \CB T T I AF v 7R 747
ut s Fr, FEMBANOEEICHES L, WEMEICHET
LHEEEEEZ AT H T EHNHMS N T W S (Gravelat ef al.,
2013). GAGIX¥F7z, 7L — MERFEONA T 4 V4
R D BS-§ 5 (Gravelat et al., 2013). L2 L7%&A55,
N FE TGAG & RABEDOBBEMIIO W TIEAE il

B

Mo T2 KRIF7E TA. oryzae \2 B\ T GAG K
(GAGA) B X VAG L GAGO W /28K L 72
AG-GAG X (AG-GAGA) HREERL, WARER =
REORBA A BIL L 72, ZORKE, AG-GAGA #RIZH %
MEEFTL72DITH L, GAGA BRIZEFARRIZHERTH
RPKRELZRL Y PEERLZBOLEFT L2 ERD
(Fig.6), A.oryzaelZBWTIXAG 72T TH <L GAG b
FRONRL Y MEBICHGT I EPHL L ko7,

AG-GAGA MO R L H R L 72 GAG ZRET %
CEIWX Y invitro DERERTEROBIEIZHKY) L 72
(Fig.7). Z @ in vitro DRSREEIRHT 55, GAG FEAE
TIZBWT, pH6, 7 Tid AG-GAGA RO AR I & 1 %
L L2—7, BEPHEMT TIZOEEIH T - 72
(Fig.8). GAGEABMIET 2 T A% —I2BWVT, agd3
EN-TEFVTT 2 b I VRT 2 F MEBEE % 3 —
FLTWwW5% (Lee et al., 2016). T 72, A. fumigatus \2 5
W, GAGH @ GalNAc FEH&E —EHA BT £ F b &
NTWwaZ EPRHE SN T 5 (Fontaine et al., 2011).
A. fumigatus \Z B VT, agd3 Bz T OHIEIC X Y GAG
DT L F ML 572 %), HgEE~D GAG ©
WWEPRI L2 EMEEIN TS (Lee et al., 2016).
F72, GaNACEEOB T F VLXKV AELT I/
OB IR AR OABMERANDOEAL IZULIET (Lee
et al., 2016), BEVEpH & CIXHE RIS % - L CHREE
HBEPGIFTWLEEZOND., 20T 3 7 FEIIPMpH
i (F#12 GAG OFBNAHE) Tld7a by fns
NTWARWRETHL., 2ol ens, HEpHMET
GAG 238efii 3% 2 £ 75, GAGH D GalND 7 X/ k&
HRARER TG O 7 A v RMMIBEREIZ 35 LT b GAG HE
gitoe Puox il OMOKREMEGRLDOT & E L
o TWAHIREMDE Z 5 b, AGA BRHIZED GAG ©
i 7 &= F WAL (DD) 13850 % Td - 72 (Table2).
JKEEERIZ X ) 7k F VAL L7z AGA ¥RHI K GAG X3 & A
ERREE 2 FHEE Y (Fig.9), DD &7 & F V1L
EHARTHFZITHA L7z (Table 2). 5 DfERIL,
GAG @ GalNAc 5 FE DL 7 & F WAL 2s GAG A B %
GBRICEHTHEILERBLTNS. 2512, GAG
KA WA BREISMIREFAET THES L
(Miyazawa et al., 2019). DI &%, 73I /o7 x
FUALIZE D, GAGEZ VA B X OHIBBEEIZHEE L
72 GAG L D OKRFERHEVPIR EN L holzl b %
RIELCTWwWA, KERE P pH I To GAG IEAF
MRABREDOTE LR THLEEZOND. ik pH AT
T GAG Z RN L& L7k, B pH (pH4.0)
B L CHEENRITEHR L o722 &5 (data not
shown), —HEEKRDITER S5 & GAG M OHEE A
P pH SR TH A L2 RIBL T 5.
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Aspergillus |8 W % & & 5 KW 2 AV 72 BB EEICB W
T, WALy b OEKITZE DN GEEIRE L 7 %
Z L5 (Driouch et al., 2010), A FEEOHIREER & 72 -
Tz, A niger 2B WT, XLy bOKE L &R/MET
5720\2F 7 RSN B33 5 (Driouch et al.,
2012). SO X WA 5 FRUIRIRNTH 545, FiHb
OEIRZHR L TL 9. AG-GAGA #13 AGA ¥k B4
MRICHANRTHREF R 7 FF — X O e S35 11
L7 $hbb, WALy KN ORI A 585
FEENDOER T 7 —F L b 2 SRS,

2

SR AR IS X 2 7 VX2 ] - LR o T3
BRI S NG, SRIRE %2 TEAEREMICKER#T 2
B, RRICEF LA T DA, BEBKRT 57
DT, ZOEREREPHEEEL 2o T/ RAITET
WVRIRE A, nidulans 2B\ CHINARES Bt o-1,3-7 0V ) &~
(AG) BHABEENTTHAHI L EZTTICRBLTY
o KR CORBE T L0 EUTOIIICARS. (1)
A. nidulans O agsA & agsB O HME KD AG D41
WK A 14075, 40T THrHr e x WL (2)AG
DM HLEE o D 53 AT IRAT DFE R, AgsA DB T 5 AG 1X
HHEREN g 12 AgsB OET A AG 1IN IZHam L, F
WHVEZ AT B AG SRR EEAE ICH G595 2 LT
SNz (3) EEFRINEOBE A. oryzae TIEAMNEES
JBE&HED AG MRSV~ N v 2 AZHEN S 7 NI
575 (GAG) DO2MNWAEENTTHLHI L
R L7z, bbb, METAERRDHE R (XL
M ZERT 5015 L, AG & GAG ® Z & K #H ¥k
(AG-GAGA¥k) TIZH R —4 L, WA M
LCEBERBICET A I 2R L. (4) HE kR
GAG & Bk 5240 Btk 0 AG-GAGA Bk O Hi % % JH W T
in vitro T GAG 12 X B WA RE & AT L 72, ZORE,
Hi % GAG % AG-GAGA BRI SR IS L CHRSREE DT
HUE L7z, GAGHOH 527 b3 ¥ (GalN) DT 3
BT RFALT B L WAREEREIKT L, GalN ®
T X HAKREREE N L CHABREICHFG T2 LH
RSN 72 (5) MW OB AR Kk AGA Bk K OF
AG-GAGAMR OB R AW % 7 7 A 3 THAN L,
AG-GAGA R D VR A EVEAHERR S 7z, (6) ¥4
KRk & AG-GAGA ¥k % 3L ¥ % — T 660rpm, 60 1[5
L7245 5, AG-GAGA ¥R OEE SR AL R S 2B 2o 7.
FRMOWAIEE 2T L2 & 25, AG-GAGA FRIZHF
MR E L TR DI E= 2 — P O EDIRT L, B
RIRRCIIBE R N o SR D365 DREFEE & Z DAl D
RREOMTAY v THGE D B 720 | KE R SR e

ENZVAH, AG-GAGAKRTIZ A v TAHEZ 53124
NERP#TEsh s 2 LR sz Dk, e
Aspergillus |85 IR O W AREEE N T CTh 5 M E % HE
OREREEH LT, WALy boORllZEIT) Z &1
W L7z, AG B X OF GAG 13 Feii 19I5 12 SRR B S 4
HLTEY, KEMz#EHT 52 L THix ORKRE O
Ly MEREHIBL, FEEBEREOEEEZSETE DD
DEBbID.
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Elucidation of signal transduction and gene regulation mechanisms related
to priority determination of polysaccharide utilization in filamentous fungi
Tetsuo Kobayashi
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Production of polysaccharide degrading enzymes in filamentous fungi is generally under regulation of carbon
catabolite repression (CCR), however, sensitivity to CCR differs depending on the enzyme type; for example,
cellulases are more sensitive than amylases. Strength of CCR also differs depending on the repressing carbon
source. Thus, the production is finely regulated although the mechanisms underlying the complex regulation
remains to be elucidated. CCR is mediated by the transcription factor CreA as well as by PkaA (cAMP-dependent
protein kinase) and GanB (Ga; a-subunit of trimeric G protein) in Aspergillus nidulans. The deubiquitinase CreB is
also required for CCR. To further understand mechanisms of CCR, we compared the effects of creA deletion with
deletion of pkaA and ganB genes as well as creB. This study revealed that PkaA and GanB participate in CreA-
independent CCR and that contribution of CreA, PkaA, and GanB in CCR differs depending on the inducers,
repressing carbon sources, the enzyme types and culture conditions (plate or submerged). It also revealed that
CreB functions independently of GanB. In addition, we identified a promising candidate of PkaA substrate that
regulates CCR.

Key words: Aspergillus, polysaccharide degrading enzyme, carbon catabolite repression, cAMP signaling

it = & A & L7z (Ebbole, 1998; Tonukari et al., 2003;

NI RN — R A Z K5 4 M (carbon
catabolite repression, CCR) &\ 9 Y A7 L% FfoTH
D, THRICEDEDHITRBTE L RFEBOFILET T,
EPORFROBEAL»HH SN D, €- T, CCRIZM
HOEG S\ HED W TRFIFEACOB NN % g5 5
VAT ATHD. FHRIKWIIMD TEH O i FIR % FIH
HEThaiED, CCRYBMTHLI LTINS,
HFIRB D CCRY AT A2 WS 2+ & LTRMICH
E &N T2 DL, Aspergillus nidulans @ ¥z 5 ) il [ T
CreAT#» Y (Dowzer & Kelly, 1989), ZFD#%IIH D%
KEIZBWTOHIARKFOF VYT ZCCRICEHDL A Z
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Tudzynski el al., 2000). CreAHM 53 2 DI1x% 5%
DR CEADLBIETFTHY, ZoPIFEELR
EELTIT—E, EVIT—¥, FII7F—¥, S
F—E R EOLHESRELEDEEND. CreA DX
AR L oMo LVl SNhTBY, HflxRE
O T TIIBITRIET 525, A T TIIBEL HHE
HENTHE SIS (Brown et al., 2013; de Assis et al.,
2015; Tanaka et al., 2018). T OE» S OHEHIZIZ T 0
T4 ¥ ¥ F—+ D SnfA % SchA 5L T\ 5 (Brown
etal,2013). —7, cAMPIRAfFHE7T0 74 v FF—¥
PkaA 13 SnfA DEREZ FHE T2 EME SN Tw2S (de
Assis et al., 2015) .

CreA KIS XA T L D3CCROME—D ¥ X7 LTl
W, e F ULEEFE CreBR I N EMEAEH T 5
CreC % 23— F§ 5 HIZT OFERERIHT CCR 2> 5 O
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Hil A3# = b (Boase et al., 2003; Lockington & Kelly,
2002), N5 UWIE CreA DB KM 2 &%
AbhTwiz, L2, mEOHwETILCreADLE F
F AR SN RV £ R (Alam el al., 2017), creB ®
LERRHIED CreA DR BB % 52 72\ 2 & (Ries
et al., 2016; Tanaka, et al., 2018), creA & creB & . T fil;
B CHMBERI VBT IT—¥, ¥ 75—,
B-7N Ay F—VEENR SIS Z & 7% &5 (Ichinose
et al., 2014, 2018), CreA & CreB 3 4li37 L T CCRIZH
53 5LEZ205NTw5. creBRcreCERDOY T L v

— RN SHEBEEINTT VAF UMY V78
CreD & LUV FF VMUEEFE HulA D CCRICE D> TV 5
(Boase & Kelly, 2004 ).

INFTITHRIREICBIT S CCRIZH L TEZ 0
BB DA, 1TEAERT I T — R %AW W LR
ELTHOWTWS, LAaL, B E L 0RERERD
CCRZDI&EMR I L, & ORI HNH] he 3 U5 o FHH R0 1
MEETICE > TEILT S, e, TOLH %I LN
THMIZOVTIE, CCRICHT AHMADN T4 ThR W
DS TR, T 41E, PkaA 25 5 512 CreA & 1%
ML TCCCRICDALZEZ R LA720, AWFET
ZcAMP ¥ 77+ v 7% CreAlZ & %5 CCR & DE WX
CreB & DFRIZOWT, B OWHlRFFESLHEHIL O
Wi o R & LTS L7z

[N N

FBRTT %

CCR BERFDEETFHIE

Aspergillus nidulans ABPU1 ¥ (biA1 pyrG89; wA3;
argB2; pyroA4) %= kR L L CT#lfz T %2 17 - 72
(Motoyama et al., 1997). Atkix, €+Fv, w1y I,
TVE=Y, Y FEY VEREOERKTHSH. A
nidulans ABU ¥13 ABPU1 ¥R D pyroA4 % T7ER pyroA &
R L72MTH B, BIETHIEHOT I A 3 FERIZEL
ToOXHIH o7 £, Aspergillus genome database
(AspGD, http://www.aspgd.org) LOFEFITF—% %
LT TIA Y —"El L, BEMEET OEEIE T
O L 1kb & T 1kb, BLO~Y—r—#@zT %
KOD Fx Neo DNARY x5 —¥ (OREHE, K) %
bBLEWTPCRTHIEL, 2o ZHlBREEZETL AT
W L 7z pBluescript Il KS(+) & &4 L, GeneArt Seamless
Cloning and Assembly (Thermo Fisher Scientific Inc.
Waltham, MA, USA) & % \» 1% In-Fusion HD Cloning Kit
(#7514 M, %) TRIELZ. ZhiHwTE
coli XL1-Blue & % \» 1& DHba % S H dinile L C, #3E A
ty bEROTIAIFN BHEHTIAIF) &2fi
ey M LR & TR oI~ — 7 —#1{5
FOHEA SN EZFH->TWB. 72721, phaA DiEERR
WCDWTIIIERDTIBREETE & ) 77— ¥ & F\ 72 )73 Th
WH79AI Fafl. v— 7 —#fzT L L TIHA
nidulans @ pyroA & %\~ A. oyrzae O pyrG EAnT = H
AVAN

glucose
S
é ATP

Creﬁ _ Snf5

cAMP

PraRPiaR CrefiCre

<
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i
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Carbon Catabolite Repression

Fig.1 CCR mechanism in A. nidulans. HXkA; hexokinase, GIKA; glucokinase, GPCR; G-protein coupled
receptor, PkaR; regulatory subunit of PkaA. o, 8, and y denote a, 8, and y, subunits of trimeric
G protein, namely GanB, SfaD, and GpgA, respectively.
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LGE, AopyrG, Lk, P& NHWKGERE L -REEE A L
Twh, ZhEHCTY Y Yy EREORBEIZ L D 5E—
BB OBIERE IS L, 7 V4 ad a2 ERiE: % R
E L T2 B Bes) E oA LA 2 T AopyrG H3 i
WLk G Lz, 34bb, Ritonikidy
VY VERMETH B, creA/ganB " EHIFEKIZ, ok
INHVEB L 72 ganB B T-HEEMZ Bk E L, AopyrG %
X—N—, L TereABIRTEZWIET S EITX o TE
W7

TL—brT7yta

20 & P i KR & B i DR HL IS Wk O 23 A I
W (B ETH10Y) 2 2Ky bL, 37C T3 HIMEEE
L7z PR FEROBEIZ1%E Lz, /2, au=—
D ERAL%E B < 72912 0.1 % D TritonX-100 % £ Hb 12 7
ML7z. 7I9—E¥TR1%T v 72w, BERIC
VARV ALYy X = Rl N AV § WY B N 3 A B
VTG —E¥TIE, ZHELTIBDANEF I AF I+t
)i — 2 (carboxymethyl cellulose, CMC) # I\, X%
BT L—1%201%Da>TL vy F (Congo Red)
TYfn, ED%0.8M NaCliBEE Tt L, CMC 53D
e s u—zg L. ¥ I7F—ETH,
0.05% AZCL-¥ v I v ZHWiHEEWE &£ LT 10mM F
U= AZFEML. AZCL-¥ ¥ YOG RICE Y E
oo a—L LTH Y5 F—BiEErnmiitshs. <
VFF—ETE I I F U EERGET S
locust bean gum % 0.5% D E TH W, FERIITZ Y
J—VEEBLTEDTOSMZLERIELZ LICL
D, xrFr—¥iitkz gLl &d, Ter7—
YT 1%Dh¥A4 T L=+ 2HWT37TCTS5HM
R#L, REMOH YL v 05Nk iRE L LCiFE
R L7z,

TN —EDYLET T T 1 —

BEREZ0LI%CMCEEA LTS VE W
nativePAGE (2fft L, L — b7 v A LRkkICa >y T
Ly Ntz 47 TR N Y Fe i b L 72,

B REEATE

HiREEE L7 WA 2 iR E, MR 2 & O R
WCHIE L, 37CTO6RB L N 12 R B th o548 I
HOMEGEZWELL. ¥V F—ETRFBEWE L
LT1%Fyu—2A, HfIWEELTI% I VI —A%
v, v FF—ETIEFEWE L L T0.5% locust
bean gum, MW EE L T1% 7V a— 2% iz if
HREOEEELTIEF T T+ —ETIL0.5% AzoXylan,
< v FF—+E€TlE0.5% Azo-Carob Galactomannan % H
v, 50mM a7 iR (pH5.5) 40T TG &
w7z 1B oM % 595nm OWOLEE % —4 12 0.1 I
ASELHERLERLL.

BEEBT

HIREEE L 72 A nidulans D WK %E 7 4 V& — 5812 &
DHER L, REBEEZEF R ORDETI L%,
RERE04g DHAEZRVFEAOMLIZEEL, 37CT
KRR L2, ZOHBRTANY —AMTHKZEINL, #
PREFTHRE L7z, B AR % SR e B SK- 3 )V (7
Fa T, W) %MW TH e L, TRIzol reagent
(Thermo Fisher Scientific Inc.) % Ji\»C total RNA % #fi
H L7z, cDNA G D 728 O 3iln G K5 12 13 ReverTra
Ace qPCR RT Master Mix with gDNA Remover (%)
) 2 L7z. RT:qPCR ®#%#3121% StepOne (Thermo
Fisher Scientific Inc.), St 7 % 12 {2 THUNDERBIRD
SYBR qPCR (WEERGRR) ZAMEH L7z, NEBEHEEIET
& LCactin #f5¥ (actd) ZHv, ERHREETO
actA V233 B A R A S L7z,

RikB L UEE

cAMP > 7 F 1) > JHRI/KIC & B CreA FEIKTFEAY & CCR

CreA X CCRICH S 2 G HHINT-TH Y, 7N
I—2AD &) B EACED R FZIEOFAE T T R FKIF
FALICEI D B L ik it n T O BB 555, Ly
L, creA BIEFHBHRTIEI T L — PERBIIBVWTT 3
T—EHEEDO TN - AWFNIREREEINLE SO0, v
T —YAERRESN RV (Fig.2). T X9 H#EN
12 CreAICHKBFEL W CCRY A F A DFEFEERLTW
5. —F, A AZEVS —BBIETDOCCRICEDSL T
U754 y¥F—E¥PHFETE2OTIRAEAVRLEEZ, ¥
10025557054 V& F—EHETHEERT 47
G —RBERLIE A, phaATHIERICB VT EL S —
CAEEMHIARESHEHBRINDE L2 RHLZ (de
Souza et al., 2013). WIEMRT 4 75 1) —CTCHWTWBLH
BROBERTLZS, T4 Al VTV LRk E B 5720,
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Fig.2 Growth (a) and amylase and cellulase production (b) of the deletion strains on agar plates containing starch or

CMC with D-glucose.

PhaA BEERE % F 72 (VBB L C creA BEHERR & JEBE L 72
(Fig.2). HISRT I/ Va— Rz RFERE LT
L — MZBWT, phaA BIEMRIT creA B30 & AR
LWAEBKTZRLZ —H, creAWIF k& 3812
PRAATMETIZT I 5 — BAEEMINIEER SN R WD
WL, Vg —CEENHNIERE CHRI N7
PkaA & CreA ORI TR % S B K 2 & s S h
TWw/z7s (de Assis et al., 2015), Fig.2 DiERIIE LA
CreA & PkaA 73, L CCCRICHEGTAHZ L 2RL T
Wb, pkaA L creA O ZEREEMR T, phaA WEIERE &
HEL TN T —EAEEOIREETH 510 —DEEHDK
EL o T0nBRD, VLR ECreAdbEILT—¥D
CCRICBHG- L TWwWaB ERIBE N7z,

CAMP &£ ThHHT F= VY 7 F—+ (CyaA)
DWEBE=ZREKRG Y Y37 IZE Wl S hTn 5.
ZZTC, ZBKRGI N2 EDar T 2=y b (Ga)
23— F$23MOBMET, ganA, ganB, fadA DRGEE
2L BHE L CCRNDBEZ T L7 (Fig.2). 7V
I—2FH—RFERE L TOEFNOEBEZIVT O
BRICBOW TS TH o7z, Tz, 737 —CHEH
il phaA B HERE & FBRICW T MOBIETHIT L A L
BRENehorzds, v —BHEENHOW S Hh 2 ik
W ganBHEEMR TR SNz, Thbb, Fva—2ff

1ET T GanB %% CyaA Z {&MEA L L T cAMP 24K L, £
DGR, PkaADSHEI Y7 2= v T @ PkaR» & fi i L
THEMALT ALV —EDCCRAFI &R I L
Ezohiz. B, geAWEREIEFELVAFTRTZR
THLODHEILTIE R WwE ELTWw5 (Fillinger et al.,
2002). %2 THA PG Z AR DI E - TR,

SRAGY YN HEGTu T A v AR
(G protein coupled receptor; GPCR) 12 & 1) ZDiEMEA
W2 s. A nidulans D7 7 2121% 16 i GPCR &
BbhpBIZF2a—FENTwb. TOHTCCRIZ
M5 32b0%MET L0, T TS8R (gprA, B,
C.D, F.H I, M) O@{ZT-WIERZER L 72h3K 726
FELE o TR, i, 7V 3 —RI25% L7z cAMP
LANVDERIZEDE D gprH, I, MTh 5 gL
ENTw5b (dos Reis et al., 2019). AHIZE B LS
NS MIEF O HMIE TV o — 26D cAMP L
NVOEAPZIZHET L. Lo, e L7
gbrH & gprl 3R TlZ CCROFRRIZHE Z 5 B d o 72,
CCR P43 GPCR A A T & 2\ D IR EE D720 &
EZ TV, ABHR Z & R T T E R,
SHEEER T VI - AREPERTHESINTED,
WIERHLOBAEDT 70 —F TIZCCRICH D %
GPCR D[R X & % 2 &7,
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CAMP 7 F )TN LtV T—E&EFREODT
JU 3 — XN

cAMP ¥ 7' F1) ¥ 7 ik v 5 — YA 54
LI ENRHERL RS20, EEMEICZLWT L= b
Ty A ORERTH L0, BHREETORLVT -V HE
fZF® CCRIZDWT RT-qPCR % H V> TE B MIZIRNT L
2. e VS —PREETRBEOFEYH L L Cldkoy
F—Ax AV, TOGREEMR B0 VAT T —
YIHEHD2-FHF L )TV Y< 4> (DN]) %k
LChab F7, WlpEE L CErva—arrars
D2-FAF T NVaA— AT FHEWE, WY
BREM» 5050 %0oy FZVAF—¥A#ET
(egld) LkmVY v Furs—¥AEET (cbhd) O
REEY Fig.3 1IR3, WTINOBETIZ2W T #ER
TR EABIEH O T 7 74 VIZIZIZFA L TH -
72. TU—= 1 7oA R, MBEETED creAl
BIRR BB IS S N7z, EEE R B B A (T
WE SN TV E7-ORIOHREITEMHTH 2205, 77 F
vIET (actA) THEEHEALL MG R ZO b DI
RS2 L, eglA DM G T OEE &L creA B3R
THIE (WT) 0 341%, cbhATIZ 241 TH 5. LaL,
JEPIHI ST DUE TR L R D Bl 2 1F eglA T 145D 1,
chhATI8 3D LI E o7z, —Ti, phaAWRIERKT
1% eglA OIS F oG &I (WT) 5915, cbhA
T 50 %5 & BEHPH] OB X creA BEIERR X D K & V7S,
JEPHFISGRIF L IR T 2 L FNENTHDO1LESH5DLT

eglA

relative mRNA level
(log,eglAlactA x 103)

relative mRNA level
(log,cbhA/actA x 103)

3 mM cellobiose + 50 yM DNJ +
M none
2.5 mM 2-deoxyglucose

HY, ZH5 LIPS EE A7z, TL—b
Tk ORRLWKLTEZ S L, D EOMREIEHE
M DEWIZ L 5T CreA & PkaA ® CCR~D 502
EREDLS T BMRER AR LTS, ZHEEEKRICE
VBT O eglA fRGRIEBIME (WT) @ 135 5,
ganB WERETIZ8IRETH D, cbhA X ZF N ZF I 155 %

L1223 TH o7z L L, WENOBIERICB VT
SEEZBEIHNIIA ST, ROBEIHOREIKE VW
AR T H MBI GGORERILEL S OBETITOW
THIMHIGUD 3 po 1 REICE Y E -7 2t
PZHM L TCCREGIESEI T Y AT AT S
CEERREL TS,

FEY 2 R — U I V)V u — 2 (Ball Milled
Cellulose; BMC), ¥l %= 7V a—x& LT, Wk
WBRTOIY N7V F—YHFEL eglA, cbhAFBL%
fEMT L7245 3 % Fig. 4 RS, =¥ N7V A+ —EiEH
OMMIETFA T 7 4 =12& VAT 7. KOT OiEH
NV RS EglA, LOBE DN RAFERG AT O FLRE AT
H7: 7% EglIBTdHh 5 (Endo et al., 2008). 7L — MiisE
ERECHERY, LT —VHEENDEBEOREITIZ
FH Lot Tabb, FEIHISLMT Tl Rk
ABU & B3RO BT K & a2 was, Bl
TIZBWTIE creA IEM TR L 2235 H EglA, EglB
DEFENED SNz, T U phaA W35k & ganB
WIEMRCIXAEEIIRDON L o7z, — T, creA L
phaA O "MK TIEIIH] G4 T o EglA & EglB DA

cbhA

Fig.3 Expression of eglA and cbhA, evaluated by RT-qPCR, under 3mM cellobiose-induced conditions with or
without 2.5mM 2-deoxyglucose (2-DG). 2-Deoxynojirimycin (DN]J) was added to prevent cellobiose
hydrolysis by g-glucosidase. Relative expression levels of the genes normalized with actA are shown by a
logarithmic scale. Error bars indicate the standard errors of more than three independent experiments.
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(a) AcreA
ABU AcreA ApkaA ApkaADAganB
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BMC
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relative mRNA level
NONP,OOOON B

(log,eglAfactA x 103)

B BMC 6h

B BMC 12h
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AcreA
ABU AcreA ApkaA ApkaA AganB

6 126 12 6 12 6 12 6 12(h)

BMC+D-Glucose

S
ONPOOONAEO®

BMC+glc 6h 1 BMC+glc 12h

Fig.4 Cellulase production and eg/A and cbiA expression under 0.5 % BMC (ball milled cellulose) -induced conditions
with or without 1% D-glucose. Each strain was cultivated in the minimal medium containing BMC with or
without D-glucose for 6 h and 12 h. Culture supernatant (15uL) of each deletion strain was subjected to zymog-
raphy (a), and total RNA extracted from the mycelia was subjected to RT-qPCR analysis (b).

FE 6 REE TRO LN T WAL, W28l
T UCTAEEITNCES LTwWa 2 3R s N, ES
M ORRDL L AKTH L. ZOfEIE, TL— 5
R L W) EWZT TR L, FHEYH D@
£ 5T CreA & PkaA DB G- OREN KL DL Z & &R
LTwh. tubt—2Z& BMC &) FLEYWEBTO
PUEM L, TR IEEBEOFEWETH S DR L
T, BBV —=ZANGHREINZ W EFEYELo L
F—APHERE L EVEVI RIZHE. EVT—ARLD
O Y — R RHEE 1o T A RERR B T T
¥, CreAlIZ X 5CCRECAMP Y 77+ ) ¥ 72 & %
CCROEVO—IHSHOL N b EEZOLND.

TIaA—ZALSDOBEREICZ L B LS — EEIFRRNE
ANDCAMP > T+ 1) T DOED )
ZFLZFHLCCREWFIKZHR DT v F v 7IHL VAT
LATHY, 7NV a—ADNORA R FIFEI R Z 5] &
A, TORBIIWHIRFROMBIC L ) 5.
ZZ T, creA, pkaA, ganA. ganB, fadA OWEIED %
FEHPEAAE T COEF L CCRICH 2 5 8% 7L — b
T v AWK D@L (Fig.5). EFENORBEILT

SN =A% BTN I — 2L LRETH -7
B, AT b= AWM R TIE phaA & ganB O RI%E
e AEBRTAR SN ZhEh 27 =&
BIZCAMP ¥ 77+ ) Y 793 A Z L #/RIBEL TV 5,
T2, FVU—AH—REFEBPTOEFTIALRRLETH Y,
FEE L 720 T e v e L WAFBKR T 070
N7z, CCRIZOWTIE, T3 HkD ABPUL &R
MOABUTHOIPBLEIZTNVT F—R, =%V /) —2X,
F LU= ZANBRVEM], T2 b—=RETTE ) — AN
W25 &I L. 7V =R Ek<y ) — 2
HilZ creA & praAWIERETH 2, “EEEHRTAE
RSN, ganBWIEMETIZZOHRME o7 F ¥
O—R &7 TE ) — 22 5 O CCR IR IL phaA 1
BUZED D creATIETREL, FYB—-XDOWAHTIX
ganB WiRIE I CTH o 72, THIERY =Rk
LI TIE CreA DFBIDSFEFITRKRENT LA RIEL T
Wh, BBREWT LI, Fua— A2 X 5 fadA
WERTO DT PICMBE SN TV,

ot — R EFHEYE, KM EIHEImE L LT
RGN % 4T > 724 % Fig.6 lImm L7z, 7L—hT v
EALRALEIC, FNVIA—R, TVZ =R, <V ) —
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(@) D-Fructose D-Mannose D-Galactose D-Xylose L-Arabinose

AcreA AcreA AcreA AcreA AcreA
ABU AcreA ApkaA ApkaA ABU AcreA ApkaA ApkaA ABU AcreA ApkaA ApkaA ABU AcreA ApkaA ApkaA ABU AcreA ApkaA ApkaA

000.

ABPU1 AganA AganB AfadA ABPU1AganA AganB AfadA ABPU1AganA AganB AfadA ABPU1AganA AganB AfadA ABPU1 AganA AganB AfadA

b .
() cmc+D-Fructose CMC+D-Mannose ~ CMC+D-Galactose CMC+D-Xylose CMC+L-Arabinose
AcreA AcreA AcreA AcreA AcreA
ABU AcreA ApkaA ApkaA ABU AcreA ApkaA ApkaA ABU AcreA ApkaA ApkaA ABU AcreA ApkaA KaA ABU AcreA ApkaA ApkaA

ABPU1 AganA AganB AfadA ABPU1 AganA AganB AfadA ABPU1AganA AganB AfadA ABPU1 AganA AganB AfadA  ABPU1 AganA AganB AfadA

Fig.5 Growth (a) on and repression of cellulase production (b) by various monosaccharides. Strains were cultured on
minimal medium agar plates containing indicated sugars as carbon sources.

eglA
w12 12 12 12 12 12
3T 10 10 10 10 10 10
23 8 8 8 8 8 8
”ég 6 6 6 6 6 6
2% 4 4 4 4 4 4
%E 2 2 2 2 2 2
0 NDGFMXA 0 NDGFMXA 0 NDGFMXA 0 NDGFMXA 0 NDGFMXA 0 NDGFMXA
WT AcreA ApkaA AcreAApkaA AfadA AganA
cbhA
14 14 14 14
o1 12 12 12
<< 10 10 10 10
=
£8 8 8 8 8
EI 6 6 6 6
25 4 4 4 4
Tg 2 2 2 2
=0 NDGFMXA NDGFMXA NDGFMXA 0 NDGFMXA 0 NDGFMXA 0 NDGFMXA
WT AcreA ApkaA AcreAApkaA AfadA AganA
3 mM cellobiose + 50 uM DNJ +
N: none D: 2.5 mM 2-deoxyglucose G: 30 mM glucose F: 30 mM fructose
M: 30 mM mannose X: 30 mM xylose A: 30 mM arabinose

Fig.6 Transcriptional analysis of eglA and cbhA under 3mM cellobiose-induced conditions in the presence of various
repressing monosaccharides (30mM). 2-Deoxynojirimycin (DN]) was added to prevent cellobiose hydrolysis
by p-glucosidase. The data without the repressing carbon sources are the same as those used in Fig. 2. Error
bars indicate the standard errors of three independent experiments.
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ZAFEIIHE T, SNHICHRTHF P u— 21355 <,
T3V —RF LV EATRENT. creA TR
TIEF IO —R L7 IV — 22 & 2Nk
N, FVa—R, FNT =R, =¥ — 20N
HAWIRRICE & F o7 praA BRIk TR VW h oK
BEOBE D AR, ZEBEERTIZETIZOWT
IFIZE IR S N7z BIREE OIS ganB HIEK T,
PkaA®D LN T Z 2 5NBICHBb ST VTR
T HAEC D phaA B Z B 2 M 20 &k L7,
%8B, 2-FFF TN =IO TROKT S IHAE
CHTWAED, THIZIEIA»OBEBEIRH I DD L,
RFENBZNWTF O T THLIDEEZLNL.

ganB WIFERR T O BLINH] 2% phaA BIERE L D 3R & v
) HEIL, phaA D LT Y 7 F IGERIE D5 L <
WA ZR LTS, IO E#RZ BT
LERAR)NN—ECOWEMEND 72720, Thi
I— N9 % plcA, pleB MR OISR % A7) L
TWwiwv, —7, cAMPHE Y Y7 B3N H 5
DTIREEZT ) AEMEBEELAE T A, FhxA N
CAMPAEEEF — 7 2RO ENWPL N E B o 7.
FbxA & F-box protein IZ738HEN5b. TO—HDF
7RI FF LI S SCFEA RO T T
EEEMET 5. foxA ORI TIEF 2 7 F —ERBIR
BTT2IEARENDELEDIC, CCRNDHY R
2 E N CT\w72 (Colabardini et al., 2012). % Z T foxA
HWitkB L OERNT- O cAMPREBEF — 7 2 KELIE
BAAAOFBBREERL, ¥ 5F—¥HHB LU CCR
COWTIHN LA BERBRIEONEWZET TR
, MO ROBBEI R ON L7, BELL,
TG WIS BB DL DL Ebh 5.

WT  AcreA ApkaA OcreA  wT
ApkaA

AganA AganB AfadA

None + Glucose

AcreA ApkaA QcreA
A

AcreA  AganA AganB AfadA
AganB

[N N

X7 F—tEEEFDCCR

creA, pkaA, ganA, ganB, fadA DR 7 )V a2 —
ALFIYU—AFHEFTOFY T F—EDCCRIZE X
LR TL— N7 vk A2 XY igENT L7 (Fig.7).
PR FZROIEFAET R F 2 0 — ZALFHE T T phaA BidH
BTOFT I F—EAEMEFTLTWE0IE, Hiak L7z
L9 ICABERO LB D F V0 — 2B —RFFTALE
T, LELEFELVWAFTKTEZRTZ0EEbND. 7
V3 — ZAFAET TIE, ganA DAL 4T OB TR
HAEDSN FPu—R3FY 5 F—ERAOFHY
WETH 2 AS, A niger THRUEE TIE CreA KA1 %3
e LTl 2 EME SN TWD (de Vries et
al.,1999). - T, FEROMFUZHEE L VDS, ERE x>
O — Z454E K T A. nidulans T creA WEIERE 7210 T <
ganB WEIERE T H BLEIHIAEED b, S HICHEKFERW S
A fad A WIERR TR L WIS g s vz, 2
ORI, FadADHFICF 20— 2D ICEE R
HEFFSTVDL I LERIBL TS, fadA BEIERIZBL
5EF2a—A050ORMENE eV S — A ENGITL 7
L—hF7 vt TOIPRIBLEBD LN T2 (Fig.5).
1%F O —AZFEYEEL, 1% 7NV T —RA%H]
HWE L LR MARERETOF ¥ 5 F — BEPEMRAT
H % Fig. 8 1R Y. B3 2 iGN & 5 b FEY Y
EEEASENA DS, TAUEEE R AT6 IF [ R 12 1] & 5 <,
FUME OB 595 ThbH. FEEIHE 128
FIZBWTF U —2DMEIZEbEEZONLF VT
F—EHEORKTIRRDLNTWAS, LaL, BiEES
TU— A FHEYRE L2202, BB WTHE L
PIHISFEEISHE Z > TV AR H 5. L) OIEH
¥ (ABPU1) &1L CE&TomMEKkRTr VI —2IE
TFHETTHEFICEF VI F—CEERBOLNL

WT  AcreA ApkaA DcreA
kaA

AcreA  pAganA AganB AfadA OcreA
AganB AganB

+ Xylose

Fig.7 Xylanase production on minimal medium agar plate containing 0.05 % AZCL-Xylan and 10mM xylose with

or without 1 % of D-glucose or D-xylose.
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Fig.8 Xylanase production of the deletion strains in submerged culture containing 1 % D-xylose with
or without 1 % D-glucose.
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Fig.9 Transcriptional analysis of x/#A-C and xinR under 3mM D-xylose-induced conditions in the presence of
30mM D-glucose. Error bars indicate the standard errors of three independent experiments.

DTH5DH. FNVI—ARMEHTET LT vtA L RGN ORE R % Fig. 9\ R Y. slnA-Cldvwihd T
R D) fadABERR TORMHNIIRE AT L2225, 13 VRX VI F—VYRIETFTH S, KBRIETHIEOEEZ
O TIE B 2 B ASF2 0 57z, creA, BT T EIC® 2D, xnA X CreA & PkaA 2 X 1R
pkaA, ganB DO FEIZIZIZHETH Y, cred k 1 2 8, xinB & xlnCl3F & LT PkaA lICHl#I S T
pRaA R creA & ganB O " HBIEERIZB T I HITEHW Wb EEZ LNz KTExinB O CCRIZEL creA MK
EPEMES R SN, FLEWEIICHZ DD, creA WIEMETIZHME (WT)
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D2EREDOESRTH ), anC LT L AELED SR,
fadABEDREPHMEICR SN 72D xnB 721 Th -
72. XInRiZF o —2ZpEL7-xd 7 F—EHEET
FHEAHE)BEENTTH Y, xnA & xinB ® CCR X
CreA KAE N 72 xinR DBIPHIOK R TH 5 LS
Tw5 (Tamayo etal.,, 2008). LA L, Fex DFEELM
TIEMIER S L IS 24 RREORHLHIEIDH 5 DO,
?ﬁﬂﬂi‘ﬂ EColEERIZEDKRICBWTH IEMHISRED 3
GOINS4G5D1ITHY, creA% GV NI
BT S W2 xlnR SO BIIHNI D & e h o 72,

Y FF—EEEFDCCR

creA, pkaA, ganA, ganB, fadA DWYEN~< ¥ FF—
YHED CCRIZHEZ D2 HEEZTL— T v LIk D
AT L7245 9% Fig. 10 (a) \O/R L7z, Vv a— AfFFE T
TIX, ganA, fadA LAV o 4T OMIERR T I 2 BLHPH]
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RHEIFIAED SND L) THHY, ERECZLVWT
L— b7 v TREZE ISR, HifkiiET
X, Figdnte Vs —¥AELBOTHEM L7077
AWE/RLE (Fig.10(h)). 34bh, ZHou—h
AME—=YHA (LBG, #F2 b~ FrnE®RD)
RIFEWHE, SV a—AERIHWE L LA, creA
IR CHEIGEL L 225 b BEHIA R 5 5 %,
pkaA R ganB O HEEE TIIBLIIHI R R 1L 7% <, cred &
PhaA O I T 7V 2 — AAFAE T TOAEEI T
HZDLEVWIHTHD.

EEMT T, Yy Fr—¥r2a—F7T5%
manB & manC @ 7" )V 3 — Z I 1E CreA & PkaA 7%
LV T — L FERICH RIS L, FYE—-RI2L5
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Fig.10 Mannanase production on minimal medium agar plate containing 0.5 % locust bean gum (LBG) with or
without 1 % of glucose or xylose (a) and in submerged culture containing 0.5 % locust bean gum with or

without 1 % of D-glucose.
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PIHNE CreA S 3 Z 1€ PkaA Wi B0 @) < & % 2
bhbiRL ko7 (Fig1l). Zhd I —Ei(r
TOLELELP LTS, B, p-~v /v ¥—tilfx
FmndBR~ v F—CREFOFEEGER 23— F
35 manS (KFEFK) T, BHRTOLVOREBIET X
HbL5D0, TbZ LMk (ABPU1) TO CCRAFE
AEBIEEI N0 o7z BAREARIT BT 5 BER A IR
EENTIZB VT, Bk (ABPUL) & fadA B3RSO
W CIRMHISM T T MV REE RGNS
72, THESRER O~ Y ) — A2 X ) CCRAB| X
I Nb7-0tBbns.

CCRIZEH % PkaA DIZERY

LR L9, EBREMERENELRTICL > TCCR
B4 N T OB OB R R 2 5. Zid CCR
DY AT NBEROBMEEIINZ T, FHEY R
DEAIC L DREZALOREDRELZITI TV DD L
Zzbhb, LaL, BHIARRTHIIEZ STV
SLTHY, LI EFBEMRCCRY AT LIRS
DL EZEDLERBV. ZOMMR Y AT L2 BRYT
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B L7usr4 ¥ F—EA (PKA) OEHFORE
tahs7ur A ¥+ —ETH 5 Yakl, Riml5 D&k
Ew S (YakA, SrrB) REEHOELIIED L @{5TF D
HE G K 7 Sfllp A€ 1 & (SfIA & f4) DBk
Wik, FVa—ZA gy AR—F —oiEEH KT
Retl (MHMBET) FET S (AN1927) OE5BIHZ
EDRNT & AT 7275, W IZOWTH AR CCR~
DOEGIERO LN h oz, £TT, cAMPY 7Y ~
FTHIBMEND &% 2 515 CCR UMD LKA H

L7z, 7a57—YAEETH 5.

A. nidulans \Z B\ 5 FEWKIN T 07 7 — XX PrtA
T, TOMETRBUIRFFEIHL ERFIHOEZ 5
(Katz et al., 2008.). = 512, prtA ®%Bl1% GanB 12 &
DIEIICHIM S 2 &3t SN Twb (Molndr ef al.,
2006). 7V 3 — ABEICM D 5 GanB 78 E IRHLK S
HToru T 7 —EORBFLIZLETH LD L) DS
WRIEKCON 720, HBEZNG 7201707 T —
YHEFEIZE 2 % ganB W L phaAWIEDO B B L

o~ N WP~ OO
—
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Fig. 11 Transcriptional analysis of manB, manC, mndB, and manS under 3mM mannobiose-induced conditions in
the presence of 30 mM D-glucose or D-xylose. Error bars indicate the standard errors of three independent

experiments.
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7> (Fig.12(a)). #¥4 7L — 1+ LTtk (ABPU1)
TR Tu T 7 —EEELZRIT NI =2 DT PRV LK
L7225, FEMICganB MR TR L, 5121k
PRAA TR THMEL Tz, 2T, sAABEEMRT
oTaFT—EhEE T L - T v LI DR L
LA, ## (ABPUL) X0 BAEEENMELTWS
CZENHONE RS priADFRBARN AT o728 2
%, ganB k phaAWEMRCIXIZ L AL EHI RIS v
DKL, SAABIERTIIHERS I E XA VHFTET T
Bk (ABPUL) X 0 BRI KRIEICHE L Twi
(Fig.12(b)). Z NV a—2fFAET TORK LA IED S
N ol prtA DFEBIL CreAKTF 72 CCRIZ L D
HEEINTwEZ EMESINTBY (Katz ef al.,
2008.), F4 b INEMERL TS, LA, Zh
BTN T — AL T TR LA 5 hh o 2 JHK &
E 2D, UKL T TOCAMP LX)V O ERIZH
HENTWBEDT (dos Reis et al., 2019), HLEKSFIC
BWCTHINEED -7V 1 R p-T IV T ¥ DGRHR T -
THEOT NV IA—=APHER SN, THUZ XD GanB O
YA 2D TR RVPEEZZL TV,

HERE RO SII1IE PKA TH 5 Tpk2 12 & OV Y ER{L
ENbEDNAKAZLRD LHEENTw5 (Conlan &
Tzamarias, 2001). SfIA 1% Sf11 & D4k D A R P 12 v

Relative expression (prtA/actA)
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M starvation M casein

AT I KD DNAKES B A A 3D THIE AT
{, ZOHEBZIZPKADY YALEHAL L% 2 515 RRXS
TF—IHEAET S, SOAALFAKEZHEZZ T Tw5D
EARET D &, PrtAlZ & ) VLS 17z SfIA 25 DNA
O REEL priA OBRIASRZ 52 L1124k 5.

A & F % B Magnaporthe oryzae \Z B\ T, PKA&Efx
F O & %3 U AEF BHE R 5 O 3 L
RO R K EETAY, sALARET 7D Mosfll T 5
ZEPWL I NS (Lietal,2017). 2T, 4
X ganB & sfIA D _BPIFEHRORBIA L MHTH I L &
L7z, V=T v A OfFR, IADHEIZEVT —
YA BE R AN & B E L2 b o 7205, ZH#
BT L ganB L TR S T w72 CCR DR R A58
2L L7z (Fig13(). EEMITICHE W TD,
ganB R TR E T W7 egld & cbhA DFEBLIS,
TR TEHECCROBMT L o7 BB, 2
DT T 7 OIS B TR T 7 F v EETH2D
DM FEHEZDOHDTH S (Fig.13(h)).
DEOHRERAELTEZONDZETVELTIE, #
R FZFEOIEAAET TIESAAIZ X W IIFl STk
@525, AT TIEPkaAll X %Y LT SfIA
AL L CHLBIHIA R Z ), CCRASB[&E R Sh
LEVHIBDTHL. LarL, ZORMEETOEDZ

(b)
prtA
NS QL \gd
glucose

Fig.12 Protease production of the deletion strains on agar plates containing casein (a), and transcriptional
analysis of prtA without carbon source (starvation) and with casein or D-glucose (b). Error bars
indicate the standard errors of three independent experiments.
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Fig.13 Cellulase production of the deletion strains on agar plates containing CMC and CMC+D-glucose (a),
and transcriptional analysis of eglA and cbhA under 3mM cellobiose-induced conditions with or
without 2.5mM 2-DG, 30mM D-glucose or 30mM D-xylsoe (b). Error bars indicate the standard

errors of three independent experiments.

RIS SIEEZ oL 3 E L SN, sA Rk
R sflA/ganB BRI B CHIH) B EEIR O IEFIE T
BTSN T —EHETFHEIRKTRROONS &I
FZ, TORTOREI2HD1I,2H35D1ICHER
WeHTH b, KRABETFOEMPEERIEEZ RO
DIZFIHRBR OGP LETH L LEEZOND.
cAMP ¥ 7 1) ¥ 712k %5 CCRZ BFT 57201213 2
DORMOHNT-OFREIBO THETHDLEEZLOND.

fiaE*F > {bE#3% CreB & CCR

ERLMWIEICL > TCCRAMEEIN D L i s N T
WAHBIRT D=2l creBhd 5. MBIz L I
CreB i3l ¥ ¥ F MLBERICHESINE & VX7 H T
HY, CreCLOEAEMKE L THIET 2% (Boase e al.,
2003; Lockington & Kelly, 2002). 4% CreB iZ/ii-2 € %
FALICE Y CreA ZHEALT 5 L DETUDIRIBI N
TW72Hs, 4 CreA & CreB i3z L CCCRICH D B

Z EAURENT: (Alam el al., 2017; Ichinose et al., 2014,
2018; Ries et al., 2016; Tanaka, et al., 2018). £FiZ ¥ 55
RER~OM G- Z W L S 354 ICEU L2
DR R LTS o 2720, creBHIERIZOWTD
MM 2 AT 572, F NV a— A% WllRERE L7227 L — b
T v A ORER, creBHIERTIZIT I 7 —EL LT —
YR PE O W #BRAE & 5 72 (Fig.14 (a)). T
creA, pkaA, ganB OREEMRTIIFED SN h o 72K
WTHb, ZNI2LD, CreA & CreBA M. L TCCR
b LZ EDEREINS E EHIZ, CreB 2 PkaA X
GanB & LMV L CHRET A 2 RO N otz &
5ICHEEMRNT T, creB & ganB O " EHPEAR T A
FV — 2 X ZEGHHIA ISR ENE 2 L bR
o7z (Fig.14 (b)).

CreB I3 EBAEWITIRA S RAF SN2l e 5 1L
BRTHY, NI VAR —LLORY Y HDOL
VRV A M=TREGRICED L. F 72, A nidulans T
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Fig.14 Amylase and cellulase production of the deletion strains on starch or CMC agar plates in the presence of D-glucose (a),
and transcriptional analysis of eglA and cbhA under 3mM cellobiose-induced conditions with or without various
repressing monosaccharides (b). Error bars indicate the standard errors of three independent experiments.

13 CreB & CreCOANT O AL EZEZOSNTWVED, B
W= 5 2L B T T UL USP46 (CreB), WDR48, WDR20
(CreC) O~F7u =&k TH 5 (Hodul et al., 2017). %
Z T, WDR48IZHh 72 5 #1nT % AspGD THE L& 2
%, AN10017 25354 L7z, RE(RT OB T S 20
2739 —FLEHilks—F¥DCCRAMREINT
BY, creBWiERk ML 72 EKBITH 572 (data not
shown). f£- T, CreBi&CreC & & 312 AN10017 & B
BEREERLTWEEEZLbNA. CreBDOREREL L
T DIERSP S b T v AR —F — DA EIE
Bbh, CCREETEETL LIV I—A TV AR—
Y —DRFANEZ SN, FIT, FVa—ADONE
BBRRE cre BRI TILIR L 722 25, Vv a— A4
W REEBIESR SN, L, DI PRIEBIET
HHIENL, INHNCCRFHREZIIZREIT LIIE R
51§, CCRICE DS CreB DERIZIEINIHFRET S &
Bbhb.

L

RRBNC BT 2 ZHEDRER OEREL, —BIH — K
YHhEIRTA NHE (CCR) OHIEITIZdH %A%, CCR
KT 2 B EIE RO L > TRE D, 728 213,
VT —XRTIT—ELYDBBETHL. CCROM
SLWHIRFINC X > THRAE D720, AP ITBEHEHIH
SNTWDBE, 20 AN =X AOFMAT 5 S h
TWbEIEFE ARV, CCRORA N = A L% S 5| ZHF
T 5720, creADWIOREETuT 4 ¥+ —EA
(pkaA) B X U Ga (ganB) B 15T X creB O YE D 522
L L7, ZokH, PkaA B X U8 GanB 2% CreA I
EAF D CCRICHE S5-94 2 &, CCRIZEBIT S CreA,
PkaA, BX U GanB OF G ORED, £ VT2 —H—
R FIR, BEROMHE, BEFMICI-oTRLSL S
EBMW S E R o7 T2, CreBAYGanB & (3l L
THAET D Wb otz 512, CCR %
9% PkaA IE DA 2 il & g L7z,
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Establishment of technologies for green production of semi-conductors by biosynthesis:
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elucidation of mechanisms of bacterial chalcogen-metabolism and their application
Michihiko Ike
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The existing physico-chemcal processes for production of semiconductor materials commonly possess
shortcomings like use of hazardous chemicals and huge energy consumption, i.e., high environmental burden.
Biological synthesis can be the eco-friendly and energy-saving alternative to overcome such shortcomings, and
may turn the semiconductor production processes to be “green” in future. To establish the basis for developing
semiconductor biosynthesis technologies, a variety of chalcogen-metabolizing bacteria were extensively and
intensively examined for their potential to synthesize chalcogenide semiconductors (ChSCs), an important
category of semiconductor material. Attempts were made to produce ChSC nanoparticles using the bacterial
strains capable of reduce sulfur (S), selenium (Se) and/or tellurium (Te) oxyanions under aerobic conditions,
resulted in the success in biosynthesis of CdS, CuS, ZnS, CdSe and Bi,Se, nanoparticles as binary (two elements)
ChSCs. Further, production of CdS,Se,.,, and Bi,S,Se;_,, nanoparticles, ternary (three elements) ChSCs, was also
observed. On the other hand, efficient synthesis of Te-containing semiconductors could not be confirmed within
this study. From the study on Bi,Se, synthesis properties by chalcogen-metabolizing bacteria including a versatile
Se-metabolizing bacterium Pseudomonas stutzeri N'T-1, it was suggested that efficient biosynthesis of Se-containing
semiconductors was attributed to high Se-volatilizing activities of the bacterial strains. Selenol-containing
compounds as intermediates of Se-volatilizing metabolic pathways, such as methane selenol and selenocysteine,
may play an important role in biosynthesis of Se-containing semiconductors.

Key words: Chalcogenide semiconductors, chalcogen-metabolizing bacteria, green production,
selenium volatilization
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YRR RO - BE SRR 7 0 2
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FEEMFGEE @ I LR CRBORF R B LA gER)
BB CRBOR SR b LArgest
Bl BER AL R BRIEAHE)

W&o TITbILTWwWaH (Gao et al., 2013; Ma et al.,
2008), TN HOKETI, AELZEHOFM, Wik -
BETORE, $REIANF—OFARLE, REAN
PR bV MELIIZTBY, X EREGEREO
AR - RN ORI (7)) — k) 2RO bR Tw
b, HBAKF 2R T A E 7)) — AT A FE L LT,
AR, WAEMOFO &R - SR ICE DNk %A % F
H3 5 “NAFTHE BZRREINTWS (Maletal.,
2016). UEMBOSIZER - HIETCTEITL, AERHE
A HWLLED W), KRG ANV — - AR
POMRBREHAMEITH D, N G EBITEA S KT
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BROIZ 55 OMBEEFRTE L THERT V%
VEELTWS., F/2, ¥4 7u7727b)—=¢tdwb
NHMADRNE L XV TOERGRIE, F /A XDRT
OBIEICHE L TWwWAH EwZ (Klausetal, 1999), X 512,
WA ) BRSNS/ T/ RT1E, £EHRS 8
TEETEDNS I ETEY~OBEEMNEL DL
Wo el EAHRERE AR SN AR L (Li
etal,2014), MM AY v P REVEEZEZ LN,
i (S), L ¥ (Se), 7 (Te) DAV
rrrgtenvay v RE/R (ChSCs @ Chalcogenide
Semi-Conductors) &, Ye#M - BB O FHC 7
WHEER A L, FOUHE T, BEEEAE, 7 v =2 X,
NAFARXA=D Y 7 ETIR#MICFHHEN T2 EE L
LEWEERD—7 7 T) —TH Y, MEHPEELEOM
WL 5T, Z2OF I KF2NA T ERITETH S
EHFHISMICENT WS (Mal et al., 2016). BEREGIZIE,
ChSCs D34 F 411 Fig. LIRS TIT b b, ¢
bbb, AEWRBICID, +VIHHE, +IVAliZEDh )V
a7 VR E-TRICE TEICL, Ihe gl 27z
ERAF UIMLETAHIEIZLY ChSCs 2L B, L
2L, BIRTIE NS + AT HE 7% ChSCs O TR IE R &
ENTHBBY, AEAI=ZZALIZOWTHLTLL I
HEI N TWRWZ &5, SR 2 G M A3 7
SNTVD LTV RV, FFZ, 2hF TIZChSCs &
BAZH WO N TE72MEW D% 1L, Escherichia coli

bioreduction bioreduction
Ché*/ Ch#* ——— Ch® —— Ch?
Me2*
Ch : Chalcogen (8, Se, Te) Cheml.cal
reaction

Me : Metal element

MeCh
(ChSC)

Fig.1 Schematic of ChSCs biosynthesis process.

E Z

(Sweeney et al., 2004) X Saccharomyces cerevisiae (Cui
et al., 2009) AN 27 AMAGHIENTD D LITVR A
WETFTIVIAEDTH Y, EEFHTEEZR LNV OR)RE
INA F G LA 2 R Wil oA - i S T
WRWZ EN, N FEREEHTS)ZTORELRAR
MVt 2 ERoT0AS.

AWFgelE, ChSCs G ICIHHTE M vay
CRREM A R R L, O ChSCs F 7 KT H R O4E
P& BN CIEIR T A5 2 L 2@ U T, FEHMZ ChSCs N
A FEROMEL - HEEE AR T2 L2 HME L7
bOTHD., T T, HFREMFTIZBWTT A ik
(S,0,7), Wit L Vgl (Se0,”), Wi 7 WIVERIE (TeO,”)
QAT VBRI A oV ERINIEICT A%
A HMERICHE N EZ 4 TT, ChSCs &MY % 5
L7z, FAOWIRI V=T TlE, BERKFOEL VT
WV EAL - BRET 2 HWTAHN I F Y ERALA 4 >~
ZRFIICEICT HZ L DTELMBEREIREE - BUSL
TELD, WREED L HHT, WA ANVITF D
FRIC AT O MR PEDS, BEET TRICZAT O BEAAOM Rk
WIEE A R WIFFICRIERN 2B EITH 2 L 25 5 A
27> T&72Z2 25 (Kuroda et al., 2011; Kagami et
al., 2012,2013), Z OFFZEDHME % RERE L 72,

FKER5 i

fEREMS L UL

AR FiRk & 2R S DCETRE R A v a7~
% Table 1I2/7F. SThbid, MIRETHAV AT v ORE
LA * ¥ 2R BV TRTT 2/MEkE LTH
HELZ2DOTHY, FRIRN LR ILEEATLIO%
SEOMEICHW. 2T, FARBE kL U®
WEGW LY VB, BT VVEREZRICT S
bol LThlEshzwitkE zheh, SHHR, Seft
W, TefRHWLABLTV 5.

Table 1 Bacterial strains used in this study

Strains Metabolizable chalcogens References

Lysinibacillus sp. HM1 S203% JP 2020-054302
Stenotrophomonas sp. HM2 S203% JP 2020-054302
Pseudomonas stutzeri NT-1 Se03%, SeO4%, TeO3> Kuroda et al., 2011
Pseudomonas aeruginosa RB Se0s3%, TeOs* Ayano et al., 2014
Stenotrophomonas maltophilia T1-1 Se0s3%, TeOs* Kagami et al., 2012
Ochrobactrum anthropi TI-2 Se0s3%, TeOs* Kagami et al., 2012
Ochrobactrum anthropi TI-3 Se0s3%, TeOs* Kagami et al., 2012
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INOHHOREFITIIIEARNICTSBE H (Bacto™
Tryptic Soy Broth) % F\:, %226 UC 1mM, 1.5mM,
2mM, 7213 6mM DAL a7 v (F AR (Na,S,0,),
Wit L R (Na,SeO,), W7 VIVERKE (Na,TeO,))
EWMU7z, SPHEREZ AT B, AR HIZ 18g/L
DEREMAZSHZ L TEILSE T/, £/, ChSCs
GHEREICIE, Avarregt TSBiMIZ, Hva
7 rEtEM R KT A WO H B SEEE 1mM O
METHRML, TR sE2720% L —MalE LT
2mM F 7213 20mM O = b B EEEREZ TN L 7R %
Mwi, 2248 Bidll), Cddl), Codl),
Cr(Il), Cu(Il), Fe(Ill), Ga(Ill), In(I), Mn(ID),
Ni(I), Sc(II), VAID, # X OFZn (1) (22 TIZ MR,
PhAD IZoWTIIMEEIE L LT L 7. 7, HM1
Pk & 0V HM2 ¥k % v 72 ChSCs & 1% B 12 B\ Tid,
RERFEHLIC 100mM O 2-FE VK 2 Ty v Aok Vi
(MES) #%ffiii (pH6.0) ZHEMT 2 LX) pH%
GRS E7.

ChSCs & i

Table 1D /1 )V 35 ARk % B 38 L 72 € KRB My
AHlaa=—%W L, 50mLAENA 7 WVIZHELT
20mL @ TSB X3 HulABRE L C, AF 5912 24 B 1B o [al iz
e (28°C, 120rpm) %47-7. Z0Hh, FFEHR
D 5% % ALK ORI HERE L, FHkD ST 12 Wi
Feag LR e i & LGRSt L 72, e
ANy (FAGERE  2mM, #it L 0 1mM,
i 7V )VEEE - 1mM, 7272 L Bi,Se, 3 & U° Bi,Te, 3%
AERICBWTId M2 L IR, W7 OVIVERE D 1.5mM),
BIUEEE (F1mM), =) o= (2mM, 7
72 L Bi,Se, B & U'Bi,Te, & Mk TIiZ 20mM), &5
2 HM1 #k B X O HM2 #R o 55 #2115 121 MES 100mM %
Nz 72 20mL @ TSB £ #h % 50mL 75 /8 4 7 W25 L
7oRBORIC, RIREEEWE ODyy, 750.02 (NTI#R, RB#,
TL1 Ak, TI-2 ¥, TI-3 #k) F72120.1 (HMI1 #k, HM2 #)
272 &) AR L, PRI iR R s (28,
120rpm) % 17\ ChSCs &5kl & L7z, BE2Epih %
FERFIGIC R AW A SR L, STt L7z

L A ER

NTI#, RB#, TL1#E TL2#, B X OTL3#EIC
LT, 2oL AL MG T 5 R%
fTo7z. INHOWMERIHE FERICHREL, 50mL
BNA 7RI ELZ 1.5 mM ot L v i % &t
TSB ¥ #1Z ODyy, 750.02 127 % X ) ICHEHE L 72, 2 h
PR s dR G R 2 (28C, 120rpm) L, FEERRY
VIR & PRI L C & RE AT I L7z,

PINAE

PRI 7854810 %, 4°C, 21,900 % g T 5 45 [l 045 e
L7-%, fBon7z LiEE2E020um D7 4 V7 —ThH
WLbDZRMHRARE L, /2, FEEICLTHEON
T2 UL % AR TR L 72 o &2 AR & L7z )
AR Z 5% MEE T 10 fRAML, SFEHEA 77 XA~
5541 (Inductively Coupled Plasma-Atomic Emission
Spectrometry; ICP-AES; SPS7800 SII Nano Technology )
WS 2 2 ETHMT oAV ar v B X O EREORE
2 L7z, FEARGCEHE RS T 100°C, 10 4 fIALRE
952 ETHILL, BHEKTEEARL72%I2 ICP-AES
922 8T, pvarFrBIUgRERHEOGEYHIE
L7.

L UHHRBICB VT, MilaNotL vz &HAH
otk Bk v~ s~ 57 (HPLC; HIC-SP,
Shimadzu ) - 7K 3% 1t ¥ 58 A4 J& 7 8¢ % 041 (HG-AFS;
Millennium Excalibur, PS analytical) (2 & ) 17 - 72, %%
FEWE 4T, 6,000xgTI05MELHEET A LI X
DR L 722 AP AR C2 BEkiE L, #LmoE
FAHAKIIER Lok, BEiLEIc X aEmL, &l
5 BE (4T, 6,000xg, 10min) % ® I & % HPLC-
HG-AFSIZfit U7z, BE#EER L LCo5uM Dt L VBRI,
YL UyBil, vtV VAT Y, kLI AFF =V R
AT, RERH 2 iR 5 2 L I2L DAoL »
LEW DRI ZAT - 72

ChSCs 7 / fiF DEIE

ChSCs & SR ER TH & M7= [l A R &2 WK 12 IR
L, ZO10uL % T 5 AF v 7 — K VLA & 0
Av a1y K (ELS-C10, JSWFRE) LICiiTF L
HARECERIC X D FEHE S8 7. 0B %2 & 8 E 1B
#& (TEM; JEM-2100F, HA®ET) BI O ANV F—5
B X #5040 (EDS; EX-24063]JGT, HA®E 1) 12t L
T E 200kV (2 THIZEB L OLR T 217 - 72

fRkB L OEE

A7 AAHEHERD ChSCs &Rk EE

BN sy AHEHIE 2T, 3SEoAvary (S,
Se, Te) & ¥4 4@ (B, CdID), Co(D),
Cr(Ill), Cu(I), Fe(Ill), Ga(Ill), In(II), Mn(II),
Ni(Il), Sc(Ill), V(I), Zn(II), Pb(Il)) D#AEHHE
2 & % ChSCs & # 372, 2 2T ChSCs RERICB W
T, ANax L ERBEOKMD S OHERRIHED
LNRIICH LT, TEMICX 2EMoBIEZTH 2 &
T ChSCs D&k % fEZR L7z, ChSCs &M ERE & N7z
HNAF L EROMAEDLED—E % Table 212,
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TR AT 5 2 & O T & 72 ChSCs % Table 312
ARLTWA., SHHHETH 5 HML M F 7213 HM2 ¥k % H
WnbZ 2k, Cddn, Bi(ll), Cu(l), Zn(l), »
L OPh(ID) O LY B AROEBAIKI Lz £ 72,
Sed X U'Tefl il Wi T & % NTI#k, RB#H:, TI-1#k,
TI2 ¥, TI3HROWVTFN DAL L b8k Tdh %
Bi,Se, * A CT& 5 Z L SR SNz, AT, NTI
3B L O'RB#IZ CdSe b AT HETH 5 2 & D3RR S
Nz, BEPHERINZ2EH RO L bl HEk
Bi,Se, 8 L N CdSe I2oW T, BlEO AR % 1T
AR L7 T2 FENC RN L2 & 2, Bidefhois
BEIC & > C, TSBEMIICHRT 2L E26Nn5S%E
GHTTHHIENRWSHNE%RD, Bi,Se, B & UFCdSe
DG B L, 3IC# %D ChSCs TH 5 CdS,Se ., B
L UBi,S,Se ., DEWDITZ S T EAVRMEE N7z, 350
FHRD ChSCs HINA FEWE NG D 2 L SHHEIR S
N0 HMOMRETH 5. —F, 7V RERICD
WTIE, WTFhofE & A DA D IR &
BRERITRD N E o7 T2, REBIHW-4)F
oS b, Co(l), Cr(l), Fe(l), Ga(lll), In(Il),
Mn(I), Ni(Il), Sc(Il), V(D 22w T, e L 72
WENOAN T v L PERERAERTE Rh o7

ZZTEANVar s LA L ChSCs 2 A LS5 &
B E LT UMDOILEE V2R E 1T - 7228, g

Table 2 ChSCs synthesized in this study

Chalcogens

Metals

S Se Te
Cd(I1) + -
Bi(III) + -
Cu(II) + — -
Zn(1I) + — -
Pb(II) + — -

+, synthesized; —, not synthesized

Table 3 ChSCs synthesis capabilities of the bacterial strains

Strains

Lysinibacillus sp. HM1

ChSCs synthesized
CdS, CusS, ZnS
CdS, BiS, CuS, PbS
CdSe, BixSes

CdSe, BixSes

Stenotrophomonas sp. HM2
Pseudomonas stutzeri NT-1

Pseudomonas aeruginosa RB

Stenotrophomonas maltophilia TI-1 BisSes
Ochrobactrum anthropi T1-2 BisSes
Ochrobactrum anthropi TI-3 BizSes

B

Z

7 ChSCs & AT 5 72 b o 1Z ¢ddD), Bi(I),
Cu(ll), Zn(D), PbAD) ®5FDATH Y, 7% Y BRE
WThorz T2, ALWEERSINS S5FHHEOSIE
HhALERTELZDOIIH LT, L L tiikix
Cd(ID) & Bi(IlD) ®ANL/AETEDICEEED, T
WAL EEARIZ DO W T ETOEE L S RILERTE
7, WALWR, kL AR, TR ORI FE
KON FEROWAIEIEL DI EBHLNE R -
7. IhoDZ ki, Fig. 1128 L7z ChSCs /3 A + &k
DAF—=HIZBWT, ANVar AFMEIC X > TR
Eha-fioAanvary (B Ch) La&EA+» (K
2> Me?t & L CTHIR) Db & I35 CHaAT T
5HDTHL, FOMAEDLEIL > Th HHO S
D, HHCEEIREOD LS THLH I EE2RLTW
b, ZZTIRSAHBEICL D, ML V&R
L CHALY P8RS G SN 72285, B HEE o fi b
Wi % K % Fe(I), Ni(I), Sn(ID) 2> 5 O & R I HfE
BENLG oz b, HHIZ-TMIo S & L <k
WA Axy (S*) AL, &4+ v e bAT s 0%
METAHILIFTERY. SRHHICL > THELAST L
D& SALEWH, AT S OB AL D 5 Vvidb
AN Z ALV EBA T v bW e ER L2
DEEZDLDONBEYTHDLEVZL. T2, kLAY
FEAROFBAT DN TH ML HEREIT) T LA TE 5.

HIL AT ACHEHAE S £ B Bi,Se, DERK

INFETIZ, WL OH»D ChSCs DISA F F R
ENTETWEY (Maletal, 2016), ZD% 3hift
MRTHY, L AWRLEEOGHIZE T 5 it X
RonTwab, $12, Bi,Se, DAFKIZOWTIE, Mi—
Zhou & (2018) %% Lysinibacillus sp. ZYM-1 % J\» T4
J% L 72 Bi,Se, 7/ ¥ — b O TR E 2 5F4f L 72 85
DI BDHKRT, BiSe, N FHWED D DIZOWTIEFE
M7tk 257 <, ZOREMEIZEVER - 2 R AW C REA
WHREINTVRW, FIT, L AW E8ko N {1 F
BROFEHMEHS L, ZD X H = A LEHOFHE )
D E&$ 5720, Sed LU Te fCAHMEMIC X 5 Bi,Se, D
AR % SN CFI X7 (Kuroda et al., 2019).

Se(IV) B L O"Bi(Ill) % & &85k © NT-I#, RB#,
T/, TI2#k BXOTE3MHz2E2ELZBORMHO
Se B L U'BilgEORKIEZE(LE Fig.2 IR, &TORW
FRAT48 BRI LIPNICIZ & A & D Se & Bi % A IWIZ R 2
L, COR, BEEHIE Bi,Se, (IS 2 Baz 2 L7
XOICHBEZMBELZEZ A, 192 H LI, RB R
TI1#k, TI2 8k B X OTI3HO 4 BHRIZHE W TBi
O LAFHERIN. L, WSk b4
J% L 72 Bi,Se, 2 & Bi A5 HilE L FHAM L7 b o L
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Fig.2 Time courses of the soluble Se and Bi in liquid phase.
(a) P, stutzeri NT-1; (b) P aeruginosa RB; (c) S. maltophilia TI-1; (d) O. anthropi T1-2; (e) O. anthropi T1-3.
Closed circles, Se in liquid phase; open circles, Bi in liquid phase. (Reproduced from Kuroda et al., 2019)

Fig.3 Morphologies of synthesized particles at 48h cultivation.
(a) P, stutzeri NT-1; (b) P aeruginosa RB; (c) S. maltophilia TI-1; (d) O. anthropi T1-2; (e) O. anthropi T1-3.
(Reproduced from Kuroda et al., 2019)

N L ORERIC X 2 EH7 BiSe, AT IEMY)  Bi,Se, DAMAGET Lk # 2 57 48 WK 0
CHARR A BT A L BB L O OLEL SN — HIRK 2 TEMIC X D BI% L 72 & B % Fig.3 1378 7
Ji, NTIRRIZBWTIEE SRR o T BilgE NTI#, RB#FE TI2#%k BXOTE3HTIE AR
O EREHE ST, GW S N7 B,Se, K TAZEIT  ICFEE 50- 100nm AORT & B LTV 7201kt LT,

s hzdbotEz bhi. T AR IGAIIEN & 7213 KT AR nm Ok % £ H0E
ETORMRTHMHDOBI & Se 28T ITETHRES I, L Twi #nwT, EDSICX 28I SN T DI
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T OKi R % Table 4 127”9, RBAK, TIL#%, TI-2 #%,
BIUOTI3 MDA BWHRPER LR T A var vk
LTSeDHh% 5T SEEATVAA, NTIBRDER L
THF12IETSe DAEEATW 2, HNVIF Y EBID
FEAEHE (S+Se)/Bild, W3 h o ¥4 b Bi,Se, ¥ 7213
Bi,S Se(,, DEGHMETH 2 1.5 WEZ /R L2 &

5, NTIFRIEHAEEE O R v 2 705 R 8K Bi,Se, 2 AR L,
Z DD HEIRIZ DT Bi-S-Se ® 3 ToH R -85k +
RER L7722 LRSI, 2T, Bi,SSeq,, Fo
SIETSBE OB ICHR T2 b DL wE, Fiidho S
B DWIERET &85 2 LT, NI DO BRI
Lo THHMEDE VBi,Se, 2 EREE 5 Z LW HET
HHrLIbEZONL. 4B, THHICOWTIEB, S,
SelZfNZTNa, P, CLYMISNAA, TR T2
MR IR ST Wi2729012, EDS 7047 ORI
W sl SNzl 2 2 Sz,

Pl kb, NT-I#, RB#:, Tk, TL2Hk, BIO
TI-3 ¥k 5D Se - Te X 13RI M1 Bi,Se, 256 B
THETH DI ENPS MR o7z B NTIRRA A K
L 72 Bi,Se, 3ALEE <, FAREMOREEIZBWT
b BiOTBEMAELTLREL T2 b, NI
WIHFICHE 2 % BiSe, SME TH 5 L% 2 bz,

FRMEHILST ABEMEICLS ChSCs B A H =X
LOHE

NTI®k, RB#:, T8, TI2 8, B X OTL3 KD
MM BiSe, * AT B AN = AL %2HEL DI,
CNOWHRIZE 22 L AL RIFNIZRRZ. &R
Fig.d lZRLTWA. WFRORKD, 24B5H F TIZR
LMt L VEBEDIFE AL EILEREL L VN E&IT
L, WH2OREMNERITS S AR LeEEE L
E 24 W DAL A ICHE U, 96288 RERTIZ 22 TRk
REN/ oK, BEHBLUOEMHICEENREL VO

B

Z

RANG Y ADS, KRFHNZE o TE L 3ER L LisE
ZhbEbhizbnlEz bl 4L oAEwIBn
TEL VOIS DI PICELLETH Y, #
HOY L Y EHBLSE MBI NTIHRE FH7- K
DIPRETHLEEZONTVAZ DS (Kagami
et al., 2013), ABFIEIC & o T NTIRRLSLO 4 Btk D i
DTEW Se fliFEILiEZ O L VHLNII L o722 L
BEAREZETHL. NTIHRICBIT S IR E TOHf
RBIZBWT, HRILL2EL v OfLFIERRIEY AT VL
L=F ((CHy,Se), YAF LI+l =F ((CH,),Se,)
HEDAF MY TH D Z DS PI R > TS, HlF
O L AR O R ZH O 2B > TR nd
DD, WEAHMEFEMLZDbOTHLEEZ SN, AT
MEBEROBIETA Y v 2L /=) (CH,SeH) *+t
LY AT4 Y (Se-Cys) 0t l /) —vikafioft
EWAHEfRE LCERT 2 2 L5 SN T 5.
ZIT, kL raEtItEWE ol LRI T
&% % HPLC-HG-AFS 12 X ) NTI RO BN L L bE
oK % RA 2R R % Fig.5 1R T, KRG 12 1
BZIIZZHOL L v 2 50 REY I S Nz Kigg
12~ 24 BERIZ A Tl Se-Cys L HEE SN B E— 2 H%h
FTOELELTBY, F72, BRI DI, AR
M35 ~4 5 R L ALEY O 72 ¥ — 7 H3Fuih
Eh. Tho X, NTIHRIE, #it L r@BiEETo
MECHRMICEL Y 2SR EERL VWL 2 L
BHO2ZRY, ZNHHPEG L CTRERPER I NS
bW NI
PLED#EIIEDWT, Fig.6 IR S X h
72 Bi,Se, DNA FHFWA I = AL ORI EZRL T
%. SefCHtwx, WASEMTCHit L v HIEE RLRY
WZEILL, kL — s (-1lio Sefb&W) %%
LT (CH,),Se, Sk it L VL&MW & ER T 56
HNaeFo. L /) —LEWEIBREOHFAAL TIEIAEE

Table 4 Elemental compositions of synthesized particles at 48h of cultivation

(a) NT-I (b)RB (c) TI-1 (d) TI-2 (e) TI-3
Na 5.0
=]
.2
= P 0.9
=3
=
£ . Cl 2.3
s
= S 0.0 1.4 3.3 3.1 2.6
=]
% Se 60.6 58.9 52.8 59.4 57.6
= Bi 394 39.7 35.7 37.5 39.8
(S+Se)/Bi 1.54 1.52 1.57 1.67 1.51

(Reproduced from Kuroda et al., 2019)
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Fig.4 Time courses of the Se species amounts in the cultures of the bacterial strains.
(a) P stutzeri NT-1; (b) P aeruginosa RB; (c) S. maltophilia T1-1; (d) O. anthropi TI-2; (e) O. anthropi TI-3.
Closed circles, Se in liquid phase; closed squares, Se in solid phase; closed triangles, volatilized Se (estimated).
(Reproduced from Kuroda et al., 2019)

o Bacterial Se metabolism
o 12h Elemental Se
[]
100 4 i
H
i Selenol Volatile Se
U P e e e . Selenits ==—=p- (Se(-I1)) ((CH;),Se; etc.)
0.0 2.5 5.0 7.5 10,0 125 15.0min (Se(lv)) Ba=a
1
m %
Bi(lll) = -~ Bi(lll
2ah (=1 |~ ()
200 v Chemical reaction
100 Bi,Se;
e e T Fig.6 Potential pathway of Se metabolism and Bi,Se,
0.0 25 50 7.5 10.0 12.5 15.0min production.
500"92/ Solid and dashed arrows represent biological
60 h and spontaneous reactions, respectively.

(Reproduced from Kuroda et al., 2019)
250 {-

0.0 2.5 5.0 7.5  10.0 12.5min

500! THY, HRBLICX V cEELL Y ICBILI 52,
Se(lv) Standard B L o RBHEE ) & O TR S OTERE L > % 0
EEITL TRl = UEEMITRT I ENTE LD L
L Twd, T THEREPIZBIAN A 4 ¥ 2FE

250

0.0 2.5 5.0 7.5 10.0 12.5 min THEAICE Kenttoswel ) —vibE&Wix

Fie5 Detection of S ini wholites in strain NT.I Bi(Il) & #5A L Bi,Se, 7 /KT 2T 52D L ¥z
ig. etection of Se-containing metabolites in strain NT- . . . -

cultivated in TSB medium containing selenite by HPLC- 5 Z) TLUH XA P & 72 Ciﬁﬁ“(‘BIZSeS K /‘*li

HG-AFS. 2L, EOMORMRITHIZIMIIZE T 5 2 & 25igE
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SN7zA, ThE, TRHEkORL 2 — VLA o
FaAA ORI E VDD 5 Z L ITRRT 5D Tl
W EHE S NS, JKHIZ BiySe, 7/ kLT & R i
B35l F/RNTFIREOBEDORESIZE > T—HiE
SREL, BIID BAHEMRT 2 &bzl —vibs
WAL ENTIERLL VBRI, NI
IZoWTIE, MWt ENHEIC K D oRER L U %
I Lfld, BiSe, 7/ MFEZZEICHRF LGS OL
RSz

%€ S N7z BiSe, LD A 71 = A L1, A MED Se
R %2 A L 72 CdSe 0 fbod & L > LW 21384k 4 ik
Wkl TadnEEZLNA. T2, NTIHIXSe D
HEALRBICBWT, YAFLVEL I ZVT 4 F
((CHY,SeS) Y AF VY ANVT 4 F ((CHY,S,) %
ESEECHBILMEZ D AR TSI LD S, Se DI
IEEHIESHRB EBM L TWB I EPHEEESRh TS
(Kagami et al., 2013). Z®DZ & 55, Fig.6 &L 7
A I Z AL THALW LB DONA F EW T TDIES b
DELEZOLND.

ChSCs /N1 A &R EREAR 1} TDOERE
AWFEICBNTIE, WREMFT TV v EITEE
RIS, INF T VEWEIETHILY, B
L L MR R E BT H I LD TELHBRDO N
Vs ARCEHIE bR & P L, ChSCs #iEITH W 5%
EYMEOSALTI5) e LTEMT LI ENTE &
M55 Z & DTELdo o7 VALY 8k o & g
WZonTiE, %S SIHERL TV LENH L. R
e CTIEE72, L AW EERDS, Gt sk
T5Y L/ —LEMBEIRA A ¥ LALFICRET %
CETHEREINS L) GHRHERET LI ENT
&, BALEAG I b FR O (FA— VL EEA
Y OALFERE) X o TITbIL s 2 LAl & 7.
oz ErL, R Vvar yRBEHEEH W
ChSCs iz BV Tid, MEmICL2 L /-0, F
F— VO ERET LRGN EEETLDOATE
{, INLDOEEMDEEA F v e LEsEELRT
WEIEIZOWTHEBTAIEDNEETHLE VR D,
Thbbh, YOG EALFORENT v A L il 5
Z L2k 5T ChSCs A DL %X % &\ ChSCs
INA F BB ORER 2 a2 RS LR TE
7z G, v ar AREWSERT AT A -V, kL
J = VALEWEFEE L, 0RO EZ S0
THELLI, FHERA T ¥ LALEW RIS 55
FAMEICT A2 12Xk o T, X ORIERMIZ, XD SRR
ChSCs # #iE+ 5 Z L DT E MO AWHE I h
%. LALE®D X 912 ChSCs /N A & Bt 32 o 3 g &

B

Z

BRI E LD TELD, ERLDLDIC
ZE512, N ARSI L > THEL % ChSCs F 7 ki1
DR - K582 L, ERT 2 R O R & RIS
LTV LEDND .

U O

LAY 28R T BT DGR 5 BRBEERT & KIRIC
KL, 7= MbTaFEE LT, BEDORBEN
R T H 4 AP REIN TR DA, BURTIZE
FAALD 72 D12 VB 7 AW I R 45 AT D FE A A3 53012
SN TWS 3w ewv, AR TIE, MECLS
ANy R AR L CEERLEY E RO — )
7 T1) —Td % ChSCs F / K1 & /N4 F KT 5 Bidli
O ZHE LT HOWFEET- 7.

TR FIZB W TR 7V a7 VB (S,0,7,
Se0,”, TeO,”) DEICHER AT LM RICH L T,
CA* &/ A+ v 2RML 7R #E % 17w, ChSCs D&
WART vy v VAR R 27CHERChSCs & LT
CdS, CuS, ZnS, CdSe, Bi,Se, D& SPB L U4 Se F
JRTOEEDPMER SNz T2, 35CFESHRD ChSCs &
LT, CdSSe,, & O°Bi,SSey, DO LITZ 5T
ELWOTHLNE RS T. —F, MMhoAanvary £
M % 7284123, Te & &t ChSCs Wik &
BASFERE T 5 Z L AT E T, AN A G A3 B
THDIEIRBE SN N4 FERICEE T 5 5 R H
DT % BiSe, IO WTIE, ZOFEMI%EHS 2
W29 2 AEIT, BEO Se fCHHITE B L O Te 13
WX )BT TH S I LATRENTZDS, FRIZ, £
Bk 72 Se 3 & W O TRYHMITAT S P stutzeri NT-1IZ K
D LA ibh/z. 22T, BiSe, & &t Se
&4 ChSCs O &%, Se fLHAMMEA I X 5 Se DIiFEFEAL
it ((CH,),Se, (CH,),Se, % ? Se A F VAL ® 4 1K)
CHEMITONE Z AR E N, ThbE, CdSe
% Bi,Se, iK%, Se DIEFALIZD %A% MALALE LD
WAECTHAL LTA U % CH,SeH % Se-Cys 2 ED &
L= AbEWAs, S 7z CddD R Bi(l) & X
A ETiIThbhzb o Ll Sz,

A 72T ChSCs O A BLREATHERR & 72 IR A v 2
7RI TR, 4912 Se AR L, ChSCs o+ / fi ¥
NA FEROFERLE D 2 9 2 THLE R MEWfE T
HbHEVWRD. F72, AW TSe & & T ChSCs Gk D
AN ZALD—WBPHLPIC R -T2 LI2E D, K&
P 72 ChSCs DN A F M I Twnw 2 &
PRI NS,
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Search for new compounds using physicochemical screening focused
on physicochemical properties of microbial secondary metabolites
Takuji Nakashima

Laboratory of Microbiology for Drug Discovery, Kitasato Institute for Life Sciences, Kitasato University

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

Global public health faces a desperate situation, due to the lack of effective antibiotics. Coordinated steps need to
be taken, worldwide, to rectify this situation and protect the advances in modern medicine made over the last 100
years. Japanese work has been in the vanguard of many such advances, and work is being proactively tailored to
promote the discovery of urgently needed antimicrobials. Numerous research group has isolated multiple
microorganisms for a long time ago. The resulting collection comprises a broad spectrum of microorganisms,
including strains producing novel and diverse compounds with biological activities. A bioassay-guided fractionation
of microbial culture broths has been employed to screen the microbial collection due to searching for new
biological active compounds. And many novel natural products have been discovered among the microbial
metabolites produced by members of the collection. However, there has been a decline in the pace of new
compounds discovery from microbial metabolites. One of the problems in the field of natural product is the high
rate of re-discovery of known compounds. Recently, it has become easy to acquire the ultraviolet (UV) and mass
spectrometry (MS) spectra of many single components of microbial culture broths in combination with high-
performance liquid chromatography (HPLC). New compounds from microbial culture broths were investigated by
employing an approach based on the physico-chemical properties using spectral analyses such as UV and MS,
collectively designated as physicochemical (PC) screening. As a result of physicochemical screening, eighty new
compounds were identified among the secondary metabolites of fresh isolates and stock strains producing known

compounds.
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1929607 LI v 7l HIc X 2=V VORR
(Fleming, 1929), 19404 7 0 —1) —1fit & F = Ui
Ttk aR=V ) o EEE (Chain ef al., 1940),
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WS (B, ENFFERss N IR IEE - e - SRABIFTERT),

FitG e (BL, b B R KA 5L 2WF5eiT),

B (B, AR A 270 + 7 7 —<kkaai)

7o FOk, Ty 7 A LSS THOGE 2 O R
HIPUAEYE DR Z 4T\, Streptomyces antibioticus 7> ©
7 79 7 <A ¥ v (Waksman & Tishler, 1942), S.
lavendulae >S5 A ML 7 s AV 3~ (Waksman & Woodruff,
1942), Z L T 1944 4E12 S. griseus P H> A L 7 < 4
¥ (Schatzetal,1944) ZFER L7, Th o oA
HoSR2HIZ, % TSR MRS I3 e A3 A
PES B RN EMICE N ST, FBWEOWRENIE
wHEDTEZ., — R EYEEYEIRERO T E T,
B B 58 O AW & SRR A R A T ) % BT
L, ifEzR Lzt E 7~ 757 4 —7% EThH
WL, ZO0mREOWEELZHFMT 5. Ihai)k
FTZETHMNOWEEYH Z RS 5. BHEE NMRR
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MS 7% & & WV CTREEIT 2479 . SORET, MAEY
W% { OEFERPFER SN LrL, Mk
WD HEFET HRIBDZFDH OHEWE L LTHH SR
7201, 1987 FFICFEFL S, 2003 4E12 BTl s 7z ) R
TF FREWE S T v~ VB RETH S (Silver,
2011). Baltz (2006) &, E33EH 5 107 BEORGHRE % 4
HETIIET T I~ A Vv RBNTELEHEL TN,
% { OBIEMFEII LT OHH D S RIWIRRIIZED S I
BLTWA. Thbh, MEWONE - ¥z, EY s
fili, ABBRCHEE DL IR & B a0, T 72, MEY
HAFET ZALE YIRS LT, BB B ATHE L v,

—7J7, 1990 SEACITRICKR O I FETHIR W TEA S
Nieng 2ANV—7y A2 ) —=r7% (HTS) 1, 1t
GWIA4 77— DR mETIT) T EMNTE, Wl
DFEBEMCEY OBERRLEHE MY — LAY OERIC
Hwbhd L)k o7, HAOBMIEMETYH HTS %
BATZMEACR Y, EEGOBRRFEI KR »rSa
EF M) TUERMNERYVEDS/2. a2 EF N T
VAL, BONZMFECRNC > F IEE v, 200
Vb B EHAL &Y (Derek ef al., 1998), #iLiZY
VTF4 v r77ay 7L LTHEBENTWEEREAL
27 VEAEWA F I P2 28K (Wang et
al,2014) R EPMEHENTWS. FIZR7HEREOR
RUBEWE Y T h =<4 ¥ v ORREEZFE U LTAl
FHFEICHTS SOz, LHL, 3+ Y 7T
WERGED B ESEN & R o 2PNEIT L A LIRS, 4R,
KR OREIER AW IETE O L AR DS G S A, B
PG EY OB EEH Shooh b, —hle L
T, 7uA VA4 A VHKON) Y FY YBARIGIZ
Bl XN/ 71) ~ (Towle et al., 2001) 1%, 2010 4E\C
PUAsAFHI & L CFDAICKRB I N, TOBRIE, KK
WRIBEOREFEFRE L TRIRITHATE 2 2 2R LTw

5. ALEMORES T I W IVAR-AITL > TH
42 EASTE B (Christopher, 2004). 7 I H VA R—
2%, LB OB R SHE LA R E R AW
TENDERFEPO sp® RFEDEE % RT Fop* 1B H
W (Lovering et al., 2009) 7 & O b ART T A LiEERN
¥ &, ALEW ORI 23T & 5. B
%17 RARMNIALEA M & D 7 I AV AR—= AR
LwbiTBY, AEEMRICHSsNS ) — MMEam &
LTHHISNh TV,

7 MR OMBIZ XD, AEMISHS MR
KICHEY O EERBIETEETAIENDHE LN L
7% o 72 (Crits-Christoph et al., 2018). Z® kA&
AR IERY K, ANa - JEA T VR T3
W, OBE, X IMREOSDOICKIITE S, Bl
L IEHEBORBRDE D o TR EY CRkW)
DB - ARG EAN IR S, 2213 RAH
DI & 7 B R OB RS SE 70 Ehk 4 B R A
boTHBYH, FF+~4 ¥ ¥ (Fig.1; Omura et al.,
1974; Nakashima et al., 2017a; Nakanishi et al., 2019;
Matsuo ef al., 2019a, 2019b) 125 &N 2 12, BRI
Streptomyces rosa subsp. notoensis 0S-3966 £k 1 B kA 5,
S OK 2 DOEREE GO T RERESER SN F
72, TNOHOEBEEREIDO T L REENRENICE )R
B RR L7z, BEETERCHRIETEDO T RIZLD
WA A E 3 B ZRAHE Y ORI R SCAI R B
b,

UEMERRRCIEE DI B EENTE D, itk
POITbIN TV B EYEETIE A 4 Y WEOEEORIZ
BB TLIEw, BREELTWLWHEMNH 5. H4E, 27
O b7 74— EHBSTNIEHET LWRREZET,
EOrEE - EIRE - SRR EEANRSZ PV LR,
BRI 2 M CTE B L) k> TE T

Fig.1 Structures of nanaomycin analogs.

Nanaomycin A (1) showed antimicrobial activity against Trichophyton spp. Nanaomycin H (2)
and nanaomycin K (3) showed cytotoxic activity against MCDK cell-induced Epithelial

Mesenchymal Transition.
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REREEETIE, MAEMOLRERILAWAEER %1
EMT7201C, BEOAEWIEETIER L, LC/UVR
LC/MS FETIL &Y oL AR 2 T L, fb&W
DFHMEE T L CHEE - AR B X ORSEEEITH F
BCHRWEOBFEZTo72. ZOEWIHEEICE S 2w
3 1J: % physicochemical (PC) screening (Nakashima
et al., 2017b; Takahashi & Nakashima, 2018; =6 « &,
2018) ERRL 7z

JEE KM AISE 7V — T, RAEIZIED, Bk 2ok
ZERE L Ok L, ZoREEE A7) —=
YL, =oN— %2 F >~ (Burg et al, 1979) 5
2% ¥ AF ¥ (Omura et al., 1991) 7 EHHWE % &
T 520 OB E #F A LT & 72 HEMAWEIRS
4751 — (KML) Ti&, ZH5EERE ERPE
OWFETRIPE & A SN WEOLRER & T,
EMREESICIVRESINRTY S, W, Zait
WEIREZ8 572012, ko LR 2B
L, BERRREZ2 58 L Cnb. Bz, o
LD GEES NSRRI, — it S 13 g s el
V> Streptomyces J&E LN O R D E DL {, TOHH 5
BrE - B OB % £ Bk L Cv % (Matsumoto &
Takahashi, 2017).

AR REIEL, ALER KA RIS 7V — 7 o S FRT S A
D—HELTZML, KMLIZIEFES TV B4 2 H
MR DOREAEW % v T PC screening 12 & % HiHWE 0
Kuefroi-.

PC screening OB IZ LT O ) THAEH. FTORE
L TV A OWARE i TR ek, ROy ) —
VaEzZ, & RMUREREZRRELBISRMIED
WL, aArEkek & L7z LC/MS R LC/UV 5 #i 7 —
¥ W, BRI ICE TN TV A EE SR %
AN K I @ 7 — % % Dictionary of Natural Products
(DNP, CRC press, Taylor & Francis Group) THiZ L7-.
BEHTIE AR S U I/ TR Rl 2 B
L, WEELREYSTRFE RO FTEIRKEVD
DRFPHZ b 7287 MSTHRER L7z, SBALARRIZIX
il bbb & THHMPWE D dereplication O 5 EE A%
mEL, 8 SICEERERL S OLEWER D AAT
WD AATALEH O MS/MS 7 5 7 A » b OFFfE & %
WEZ GbETLEWEHEE L. BEAmE ERESh
TALEMOMS/MS 75 72 » v 25477 )4kL, 4
UNTAT = NR=A L LT L7z

ET WEMCROBEE

1) BESIIC L 2HAMEDRER
HFIE L TIEKML ORF RS & O RS 5

GrHEL 725K = 7z,

(1) RHPRAFHR KML © £ 1,200 0 i i 5% 28 i il
W O LC/MSHHr 7 — % & H v, F K5 50
(MakerView™ Y 7 b7 =7, T—Y—H% ATy 7 R)
WX OB L7, SOEEGHIIICLY, oy T
VOB TTr—% 2K L. 22T, =%ty b
FN—=TET, ZOTXNV—T% AT Ty b5
ETT T4 HNIZERTE S (Fig.2). FEEHBmIc
DWTERG I 217> T, 20,000 D —2 &ML,
LEMOsTREEAF > THEE/TAV Iy Y
E—2r &ML, 4662 —2FTRYAAL Zhe
NOY — 7 OFHHEM, BIHBREINA RS Ry,
MS/MS 7 5 7" A » bop#ifEfie 1572, ShbofFHe
KW 7 — 4 —X—Z DNP 12 S T B B E
DOEMEIKTH I EICED, FrlleEEshsibaw
IR, WL X ORERENE D72,

Fig.2 \Z— B % /R 3. Streptomyces griseus 0S-3601 #k
BHEETLZ—DODE/TAV My Z7E—=27IZERL
7o, ZOREHEREMD? HEIRL 72/LEW O 55 FHIK X
CH,N* &3 T & 72, BB RBIPIE 272 X O
28dnm Z/RL, INHDTFT—F % DNP THELEZ
5, BAWEOERE —H L eho7-0T, HHWEE
L7 Sfru~ 7974 —CH#EE NMR T
AL, 43I =<4 ¥ »# (Nakashima et al., 2016a,
2016b) & PuE L7z

A J71:C, Streptomyces rosa subsp. notoensis OS-3966
M5 FF* < A ¥ 3 (Nakashima et al., 2015b, 2017a;
Matsuo et al., 2019a, 2020a), Actinomadura sp. K13-0306
MR HH 435274 2 (Kimura et al., 2016), Allostreptomyces
sp. K12-0794 ¥k 2> 5N 25 <A ¥ 7 $ (Suga et al., 2018),
Lechevalieria aerocolonigenes K10-0216 FkH 5 ¥ V< A

PC2

m/z 2422926 (calcd. for CirHaN'Y)
UV Amax = 272, 284

/'

PC1

Fig.2 Principal component analysis of microbial culture
extracts.
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¥ v (Kimura et al., 2018a), Mumia sp. YSP-2-79 ¥kA* &
LI 7~ A ¥ (Kimura et al., 2018b) # 3R L 7-.

(i) FPERBRBE MR IRE « Jb B AR G Rb AR ZE 0T i/t
WEIRWIZE X » & — TR R RGO MR 7 & Ofs
BREREE A O F IR - B O SRR 2 A A 7 SR IR % £ 500k
LCWa. RS X OBBEHRRIRE 2 R L LT,
FEo (i) & KR PC screening # 47V, HEEEE HISAIR
W Pochonia chlamydosporia var. spinulospora FKI-7537 #k &
N RIaA=%F 4 N (Miyano et al., 2018), Neocosmospora
sp. FKI-7792 %% & ) 7 b F XV ¥ ¥~ C (Matsuo et al.,
2020b), i IR E Sarcopodium sp. FKJ-0025 #k X
DV aRFT 4 — )V (Matsuo et al., 2018), Penicillium
brevicompactum FKJ-0123 %k & 0 37507 x1) » (Matsuo
et al., 2019b), Penicillium steckii FKJ-0213 ¥k & 1) /N> 4
I FEEER L.

DNTOTRKEEHAMEDIRER (FHREERLEY

EHEEmALEY)

RKIRWY) 7 — % <X — X DNP (213 267,132 O A BAL &
BEEIN, TOH)HLERHRILEWIL62,100LE
(23%), EHEEILEWIX5,0871LE&W (2%) THDH. —
Ji, KEGG MEDICUS (Kanehisa et al., 2010) (Z1& HA& 3
X OKE D BRI CHE 2 b £ 1210484 DES WD
BEEINTWD. 2095, 7207 LEW (69 %) HEH,
2430 1LEW (23%) BHEAEATVS. ZOLHIIAN
THGHEEGOILEW LIS RREEZ EAL L, B
FHELTHHIN TV RILEW DL . 22T, &%
FRmEErEOIEMOR ) —= v TREMEL
MBI ERE 21T 7.

G EFILEWE TG T E EFRNV— V2 T
R Lz @RV — e, 5TaEdmiics sesWw
BEZVPHEMEINTHEEVI V=V TH5E. EK
4353 M 1& MakerView™ v 7 b7 = 7 & JH W TN L,
DTERPIGEOY -7 %8R L, PC screening & O Hril
e L7ALE W R R - Mg L7z, 2 ORR,
Trichoderma virens FKI-7573 fk X ) b aF+ 44 v 77
v F (Miyano et al., 2020), Oidiodendron maius FKI-7498
&b R=Y FYE, Sarocladium oryzae KF-140 ¥k X
DHus T4y Ty RESERL.

R EEND AT UICHO LI THREITERITK
WTEERENRLWILHETH L. LrL, mEbeEWwz i
FEADBINWICERE T 5 ik v, £2 T, Fig.312
AR RN AL BSOS (B 77 L), (Trost &
Masuyama, 1984) B X W= 5HTET & #LA G D& 72k
Wy H S B i 3 W b R (MoS-screening) & HESE L 72
(Matsuo et al., 2020c). MoS-screening (2 & V) Trichoderma
polypori FKI-7382 ¥k & F 4 K1) ¥ 7% — V¥ (Matsuo et

(NHg)sMo;0,4  Ri(__-R2 R Ro
R1\S/R2 ﬁ or >S\<
H0; fo) o o
Sulfinyl form Sulfonyl form

Fig.3 Principle of molybdenum oxidation reaction.

al., 2020d), Leptobacillium leptobactrum FKI-7961 ¥ 5
L7 FA= v R L.

) INIRFO-IEEUH (ESYUH) EHWE

FARMEDIER

B OMBIE LR S TH STV T AT 0 —IVITPLE
WWHET 7)Y Y BOENGFTHL. ) AT
VDY T ) —VIIZIIVT AT O — VG S 28R
(ES¥Y VU A) 2#BFL, TIVITATO—) LRI
RET 2ALEW % B R R IR SRR L7z, OB RT
WM 859 %~ T B ES T A LAY LA
WEEREL, MHWE LG EFE L T, HEHBE
W20 b EW A R L7z, BEAWmEE, RV bs
WMPZTF TR, HAGALEWHRES ) HITHET S
Ebirol. F72, RS Y ULEWRHIERILEY
% EEFREGUHERNLEW AL i S h, BEaw
Bo4bEWmDH B 5 LA (80%) WA 7 v A
oA NEo7 Fsmg e Lz bEmornrs
Amycolatopsis sp. K16-0194 ¥k & ) Y ¥ U ~ 4 ¥ VM
(Izuta et al., 2018) 3 X UF Streptomyces sp. K16-0477 ¥k
IDFATYTINCEIRER L FHEL LMD ES
VEIRA VORI, ESTY AIIMAEM T VA
OA FERET D REMEDRIE S 7z,

4) PC screening & U = HUSE T / LD 5 DR

BiRRE L UEERIFR

BUSAIR 7 220 & D HEA AR T DR & PC screening
rHAGEDLYE, FEWEORM AR, L=— 7 F
WTHBT I/ EZNTYATA ¥ OESKEET & B
W 768k 2» LK T 5 T & T “Streptomyces subflavus
subsp. irumaensis” AM-3603 ¥k B X O S. nitrosporeus
K93-0711 #k & 0 A <= A ¥ Y FBlRAZ IR L7,
F 72, Streptomyces sp. KO-7888 #k & ) kA4 % 1E (2l
9 2B T2 R L7l ESRELITO 2 &
THHIRXRTFF, $—XTF o HE2HE L
(Koomsiri et al, 2019). & 512, PC screening 12 & )
SNTHHMADOAEEREZIT, PNy Y o) v
(Inahashi et al., 2016), 72 F /7125 4 I (Inahashi et
al, 2018) BEX UK Y Vv 4 ¥ v OAEGEEIET 7 T A
y—%REL.
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B

2014 4E 5 5 2020 4 F T O F AT i HE Y E 2 PC
screening TH W72 SN/ W E % Table 112 F L ©
7o KRR 19k B X OSRIRE 10 R &, #rBi E 32
L&t Fahzr & s L 50b6W) 23R LA 2
CTCHFREE NS L, T b PC screening 12 & - T
RENTALEM DL 1%, H#E - BEJOER I S 90
EMEES RN S NE 2 THDH. ~NTOLEERD

BbIZ

W R RGBS ) A DRI ) —= Vv 7 TiE, %
K OHEEFHULEW D EE Tz

1940 4E %> & 2010 4E TR O HHEEY 2 5 33,500 D
LEWHIER s, Zodho 10,800 1%, 2,000 FE5 5 D
10FH TR ENTWS (Bérdy, 2012). F 72, Newman
& Cragg (2016) 12X % &, 19814EH5 2014 4E 0 34 4F
HIZ 1,211 OS5 BR 3E S AOR E A 5 R 3E )R (FDA)
THRBEIN, ZO0%BRENRKEMD L0idEhze
YMILTHRILNZALEMTH Y, RAWHEROHEENE:

Table 1 List of new compounds by PC screening (2014.10-2020.3)

Compound year  Producing microorganism Biological activity (year)
Nanaomycin F & G 2014
Nanaomycin H 2016  Streptomyces rosa subsp. notoensis Inhibitor of EMT cells in H & K
Nanaomycin I, J, K 2017 0OS-3966 (2016, 2017)
Nanaomycin L 2018
Sagamilactam 2015  Actinomadura sp. K13-0306 Cytotoxicity (2015)
Iminimycin A 2015 . . . ..
Iminimycin B 2016 Streptomyces griseus OS-3601 Antibacterial activity (2015, 2016)
L . Antibacterial activity (2015)
Mumiamicin 2015 Mumia sp. YSP-2-79 Antioxidative activity (2016)
Mangromicin L 2015  Lechevalieria aerocolonigenes Antioxidative activity (2015)
Pyrizomicin A, B 2016 K10-0216 Anti-tumor (2016)
5-Nitro tryptophan 2016 5 . . .
K12-0360 F 2017 Saccharothrix sp. K12-0360 Anti-malaria
Hamuramicin A 2016 . . ..
Hamuramicin B 2017 Allostreptomyces sp. K12-0794 Antibacterial activity (2017)
Sarcopodinol A, B 2016  Sarcopodium sp. FKJ-0025 Antibacterial activity (2016)
Pochoniolode A, B 2016  Pochonia chlamydosporia var. spinulospora L ..
Pochoniolode C 2017 FKI7537 Antioxidative activity (2016)
Chaetochiversin C 2016  Neocosmospora sp. FKI-7792 Antioxidative activity (2016)
. . Streptomyces subflavus subsp. . . ..
Bisoxazolomycin 2016 irumaensis AM-3603 Antibacterial activity (2016)
Streptomyces subflavus subsp. . . ..
AM-3603 A 2016 irumaensis AM-3603 Antibacterial activity (2016)
K93-0711 A 2016  Streptomyces nitrosporeus K93-0711 Antibacterial activity (2016)
Streptosporangium oxazolinicum K07-
K07-460C25-2 2016 0460/Streptomyces lividans TK24
Tatemasporine 2017  Actinomycetospora sp. YM25-058 Fluorescent
Dipyrimicin A, B 2017  Amycolatopsis sp. K16-0194 Ergosterol binding assay (2017)
Virantmycin B, C 2017  Streptomyces sp. AM-2504 Antifungal activity (2017)
Trichotioneic acid 2017  Trichoderma virens FKI-7573 Antioxidative activity (2018)
Hatsusamide A 2017 e " Cytotoxicity (2018)
Hatsusamide B 2018 Fenicillium steckii FKJ-0213 Anti-malarial activity (2018)
Cipralphelin 2018  Penicillium brevicompactum FKJ-0123  Antioxidative activity (2018)
Sattachipmycin 2018  Streptomyces sp. GKU 257-1 Biofilm formation inhibitor (2018)
Penicidone E, F 2018  Oidiodendron maius FKI-7498 Antioxidative activity (2018)
Holothin analog 2018  Streptomyces sp. AM-2504
Leptothionine A, B, C 2018  Leptobacillium leptobactrum FKI-7961  Cytotoxicity (2018)
Sarocladic acid 2018  Sarocladium oryzae KF-140
Thioporidiol A, B 2019  Trichoderma polypori FKI-7382 Anti-Candida activity
Dietziamide C 2019  Streptomyces sp. K16-0477
K18-0336 A 2020  Streptomyces sp. K18-0336
KMA-0360 A 2020  Streptomyces sp. KMA-0360
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DRI N TV 5B, B2 PC screening & 9
TFHEEHWT, WAEWPEET2WEICENEZHT,
HWEARBLCTEZ. TN FE THAEWO ZRICH Y
PH% L DALEWHFHREIN, FHIEH STV 575,
LFMN ORI, £ OIBMAPRERD T 5%
ENTVAILERBLTNS.

S OWIFEL, FrEWEER TR ERO’ S X
L HUEPEETHLZ L2 /RLTW5D. Tiwari &
Gupta (2012) &, VbW 3 FHDHERE 2 B IR I iz b
BEWIONTELOTEY, FBWEHOEKER L LTl
RV EIRRT WS, R TEH, Table 1IT/RL
72 & 9 12 Streptomyces J& 10 Bk T % DX LT, 9#kD
FiVBORW 2 SR E 2 56 W L7z, A Dimiic
175 CTwW7z PC screening THA Lz~vrru~ A v
¥4 (Nakashima et al., 2014a, 2014b, 2015a) %> b L/ ¥
¥ 2 1) v (Nakashima et al., 2013) e &% 5o b &, Hid
TR 2> & 58 5T & 78 o B Streptomyces J& 2
SR ENA$E ENs. —J5, RRBEICEZT 5 &,
A3 BE S D Penicillium J& 75> 5 32 OF B E H
FRTED, INFCRAHEWOEFER & LCHt
5B A3 > 72\~ Pochonia chlamydosporia var. spinulospora
FKI-7537 » & R a2 =4 5 4 NHH, Leptobacillium lepto-
bactrum FKI-7961 2> & L 7 N F %+ = Y J, Trichoderma
polypori FKI-7382 7> & F 7 5K 1) Vo — Ve EOH MY
BHFATE.

WAE, RINBEESRE SN, BOMAEWHKROHH
L&YW OBEHER S Twb (Grushkin, 2013). 4
J AFEFTICE D, WARIC X o T 30 BL o> AR
WHESREEF ZH o TVwAZ ERHEINTEY, K
AT THA T E B E ORI N AROZ L LD
Bx5. L»L, 7/ aEhroTHlsNsibawE,
FERZGTELILAEWICZBOLTRELHEND
D, ZL OFBWEPREROFTEFWMYRIN TN S,
PC screening lZWHE » 1) & THDOTE 7225, {LEWLDH
WX 7 WG RO D A SIS HEKT & 2 BRI
b, Tz, TURACHTFEY O B RE SRR S 7 RS RAT
SNTVRZEPHETH), AFLIhTEwz
WA TEDMREZRO TS, WO T#
FICE VBN WML EETFRIESFICTMZ, PC
screening l2 X A7 7 a0 —F LI I TEMLTE L
F= I N=2AZMHT 5 LIS E o> THHLEWHER D
RBYICEELLEEZB.

REMNHELEORKD HEETH HERLHFETIE, LT
D2 HFHNG.

ZOVEDE, TVTAT -V ERRWIHET S
LW ZHRMT A2 A5V (ESY ) H)DRFETHY,
2019 4R ICE LV ¥ TALFEH S TR E L7z,

LIOEDR ML AY Y2 YOI THAD. bL
YY) VIIWRBOF VX VEORS S S N A
VIR Polymorphospora rubra K10-0510 ¥k 0 55 28 4
5 PC screening TH M S 7z, KPEIX, MLoro—
A2 FOT T ) hBAHEE L& TH Y, N4
W, MBS EALIHF R RSB S Twi
(Nakashima et al., 2013 ). A28 R A v & It
FRFFECIOER L, 29— 7 v IR ER R (e s,
2016) BLOF— 7 7 V—FEHE N KS, 2017)
MRERR SNz, BAE, MLy Vo) v oEERIINEE
MHETE2EThHEL, BRIETT—7 AR RAER R
Wz, 7 X 7MEOBHERET (e, 2020) 38
gaIniz, F, a~wvFEMliosoRy MR TERE
WA LSRR (K - /NR, 2019) 2R L7
MNPz ) YIRS T 7 v v B X ORI
PRl & LW TR & £, 2021 412 bbE B L O
HhiFHlE LCLiliTETH B,

o

RWFFRIE, ik NFEEENIFERT O 2014 4F BE 4] 3
Bin©d % LB RS db BA BRI SR T A3 IR
WS RE IO LDOTHY 3. KKz -7
FEREFFEINI IR CEEHR L P E 3. 72, Zoffgeig,
KA B X OEBET LA DORIEZE D b TIRE
ETFTRIZE S THREINADBDOTHY, ADTLE YK
HELETES. F, LERHEIEES V- T O,
FRICA G R CBMERIC 2 D F LABRARE Tt X
O — P, ST TR ) F L2 HIE
At B X OB BEHE LIRS L L FES. PC
screening I & A HBALEWOEZ X & HITEITL TL
723 oz, RGO, RREEFEL, AE IR
L K OFAGRIRITEH T L LI E5.

D' N

Baltz, R.H. 2006. Marcel Faber Roundtable: is our antibiotic pipe-
line unproductive because of starvation, constipation or lack of
inspiration? J. Ind. Microbiol. Biotechnol. 33: 507-513.

Bérdy J. 2012. Thought and facts about antibiotics: Where we are
now and where we are heading. J. Antibiot. 65: 385-395.

Burg, RW., Miller, B.M., Baker, E.E. et al. 1979. Avermectins,
new family of potent anthelmintic agents: producing organism
and fermentation. Antimicrob. Agents Chemother. 15: 361-367.

Chain, E., Florey, H.W., Gardner, A.D., Heatley, N.G., Jennings,
M.A., Orr-Ewing, J. & Sanders, A.G. 1940. Penicillin as a
chemotherapeutic agent. Lancet 236: 226-228.

Christopher, M.D. 2004. Chemical space and biology. Nature 432:
824-828.

Crits-Christoph, A., Diamond, S., Butterfield, C.N., Thomas, B.C.



AW —RACEH E Y O W B L2219 (255 H L 72 physicochemical screening (2 & A W& 0383 & = D EZHALIIZE

& Banfield, J.F. 2018. Novel soil bacteria possess diverse genes
for secondary metabolite biosynthesis. Nature 558: 440-444.

Derek, S.T., Michael, A.F., Matthew, D.S. & Stuart L.S. 1998.
Stereoselective synthesis of over two million compounds having
structural features both reminiscent of natural products and
compatible with miniaturized cell-based assays. J. Am. Chem.
Soc. 120: 8565-8566.

Fleming A. 1929. On the antibacterial action of cultures of a peni-
cillium, with special reference to their use in the isolation of B.
influenzae. Br. ]. Exp. Pathol. 10: 226-236.

Grushkin, D. 2013. Natural products emergent. Nature Medicine
19: 390-392.

*Inahashi, Y., Shiraishi, T,, Palm, K., Takahashi, Y., Omura, S.,
Kuzuyama, T. & Nakashima T. 2016. Biosynthesis of trehangelin
in Polymorphospora rubra K07-0510: Identification of metabolic
pathway to angelyl-CoA. Chembiochem. 17: 1442-1447.

*Inahashi, Y., Shiraishi, T, Také, A., Matsumoto, A., Takahashi,
Y., Omura, S., Kuzuyama, T. & Nakashima T. 2018. Identification
and heterologous expression of the actinoallolide biosynthetic
gene cluster. J. Antibiot. 71: 749-752.

*Izuta, S., Kosaka, S., Kawai, M. et al. 2018. Dipyrimicin A and B,
microbial compounds isolated from Amycolatopsis sp. K16-0194.
J. Antibiot. 71: 535-537.

AR, MAAR L, IR, P EKA, FAEE, KA
2016. F# b Loy — 24bA W trehangelin OHTEALFEREIZ B
3 W58 451360 H A S 2K 4%, 28AB-pm183.

gL, BIHRRDE, SRR, B A, wBKH, BiGET,
KA 54 2020. FrEl ~ Lovg — Z{6AW trehangelin O Bz J§ N
) 7 REREIC B3 B ISR, S514018] H ARSE4 25K 4%, 27P-pm160.

Kanehisa, M., Goto, S., Furumichi, M., Tanabe, M. & Hirakawa,
M. 2010. KEGG for representation and analysis of molecular
networks involving diseases and drugs. Nucleic Acids Res. 38:
D355-360.

*Kimura, T., Inahashi, Y., Matsuo, H., Suga, T., Iwatsuki, M.,
Shiomi, K., Takahashi, Y., Omura, S. & Nakashima, T. 2018a.
Pyrizomicin A and B: structure and bioactivity of new thiazolyl
pyridines from Lechevalieria aerocolonigenes K10-0216. J.
Antibiot. 71: 606-608.

*Kimura, T., Iwatsuki, M., Asami, Y. et al. 2016. Anti-
trypanosomal compound, sagamilactam, a new polyene macro-
cyclic lactam from Actinomadura sp. K13-0306. J. Antibiot. 69:
818-824.

*Kimura, T., Tajima, A., Inahashi, Y. ef al. 2018b. Mumiamicin:
Structure and bioactivity of a new furan fatty acid from Mumia
sp. YSP-2-79. J. Gen. Appl. Microbiol. 64: 62-67.

*Koomsiri, W., Inahashi, Y., Leetanasaksakul, K. et al. 2019.
Sarpeptins A and B, lipopeptides produced by Streptomyces sp.
KO-7888 overexpressing a specific SARP regulator. J. Nat.
Prod. 82: 2144-2151.

ONSCERYS, W HE R, HYRRSE, thEIKH, MifEi6RE, SEET,
KA 2017, PNy Y2 YARSIrtliE L2 AL TF —

N7y Y —RFET L. 2017TEEH AR ES KRS,
2C14p12.

Lovering, E, Bikker, J. & Humblet, C. 2009. Escape from flatland:
increasing saturation as an approach to improving clinical
success. ] Med Chem. 52: 6752-6756

*Matsumoto, A. & Takahashi, Y. 2017. Endophytic actinomy-
cetes: promising source of novel bioactive compounds. J.

Antibiot. 70: 514-519.

*Matsuo, H., Hanamure, Y., Miyano, R., Takahashi, Y., Omura, S.
& Nakashima, T. 2020c. Screening for sulfur compounds by
molybdenum-catalyzed oxidation combined with liquid chro-
matography-mass spectrometry. Molecules. 25: pii: E240.

*Matsuo, H., Hirose, T., Mokudai, T., Nonaka, K., Niwano, Y.,
Sunazauka, T., Takahashi, Y., Omura, S. & Nakashima, T.
2020b. Absolute structure and anti-oxidation activity of chaeto-
chiversin C isolated from fungal strain Neocosmospora sp.
FKI-7792 by physicochemical screening. J. Gen. Appl.
Microbiol. (in press). doi.org/10.2323/jgam.2019.06.001

*Matsuo, H., Mokudai, T., Higo, M. et al. 2019b. Cipralphelin, a
new anti-oxidative N-cinnamoyl tripeptide produced by the
deep sea-derived fungal strain Penicillium brevicompactum
FK]J-0123. J. Antibiot. 72: 775-778.

* Matsuo, H., Nakanishi, J., Noguchi, Y., Kitagawa, K., Shigemura,
K., Sunazuka, T,, Takahashi, Y., Omura. S. & Nakashima, T.
2020a. Nanaomycin K, a new epithelial-mesenchymal transition
inhibitor produced by the actinomycete “Streptomyces rosa
subsp. notoensis” 0S-3966. J. Biosci. Bioeng. 129: 291-295.

*Matsuo, H., Noguchi, Y., Miyano, R., Higo, M., Nonaka, K.,
Sunazuka, T,, Takahashi, Y., Omura, S., Nakashima, T. 2020d.
Thioporidiols A and B: two new sulfur compounds discovered
by molybdenum-catalyzed oxidation screening from
Trichoderma polypori FKI-7382. Antibiotics 9: 236.

*Matsuo, H., Noguchi, Y., Také, A., Nakanishi, J., Shigemura, K.,
Sunazuka, T, Takahashi, Y., Omura, S. & Nakashima, T. 2019a.
Nanaomycin I and J: New nanaomycins generated by mycothi-
ol-mediated compounds from “Streptomyces rosa subsp.
notoensis” 0S-3966. J. Biosci. Bioeng. 127: 549-553.

*Matsuo, H., Nonaka, K., Nagano, Y., Yabuki, A., Fujikura, K.,
Takahashi, Y., Omura, S. & Nakashima, T. 2018. New metabo-
lites, sarcopodinols A and B, isolated from deep-sea derived
fungal strain Sarcopodium sp. FKJ-0025. Biosci. Biotechnol.
Biochem. 82: 1323-1326.

* Miyano, R., Matsuo, H., Mokudai, T. et al. 2020. Trichothioneic
acid, a new antioxidant compound produced by the fungal
strain Trichoderma virens FKI-7573. J. Biosci. Bioeng. 129:
508-513.

*Miyano, R., Matsuo, H., Nonaka, K., Mokudai, T., Niwano, Y.,
Shiomi, K., Takahashi, Y., Omura, S. & Nakashima, T. 2018.
Pochoniolides A and B, new antioxidants from the fungal strain
Pochonia chlamydosporia var. spinulospora FKI-7537. ]J. Biosci.
Bioeng. 126: 661-666.

* Nakanishi, J., Sugiyama, K., Matsuo, H., Takahashi, Y., Omura,
S. & Nakashima, T. 2019. An Application of Photoactivatable
Substrate for the Evaluation of Epithelial-mesenchymal
Transition Inhibitors. Anal. Sci. 5: 65-69.

*Nakashima, T., Boonsnongcheep, P.,, Kimura, T., Iwatsuki, M.,
Sato, N., Nonaka, K., Prathanturarug, S., Takahashi, Y. &
Omura S. 2015b. New compounds, nanaomycin F and G,
discovered by physicochemical screening from a culture broth
of Streptomyces rosa subsp. notoensis 0S-3966. J. Biosci. Bioeng.
120: 596-600.

*Nakashima, T., Iwatsuki, M., Ochiai, J. et al. 2014a.
Mangromicins A and B: Structure and antitrypanosomal
activity of two new cyclopentadecane compounds from
Lechevalieria aerocolonigenes K10-0216. J. Antibiot. 67: 253-260.

73 —



R OK A

* Nakashima, T,, Kamiya, Y., Iwatsuki, M., Takahashi, Y., Omura,
S. 2014b. Mangromicins, six new anti-oxidative agents isolated
from a culture broth of the actinomycete, Lechevalieria aeroco-
lonigenes K10-0216. J. Antibiot. 67: 533-539.

*Nakashima, T., Kamiya, Y., Iwatsuki, M., Sato, N., Takahashi, Y.,
Omura, S. 2015a. Mangromicin C, a new analog of mangro-
micin. J. Antibiot. 68: 220-222.

* Nakashima, T., Kimura, T., Miyano, R., et al. 2017a. Nanaomycin
H: A new nanaomycin analog. J. Biosci. Bioeng. 123: 765-770.
*Nakashima, T., Miyano, R., Iwatsuki, M. et al. 2016a. Iminimycin
A, the new iminium metabolite produced by Streptomyces

griseus OS-3601. J. Antibiot. 69: 611-615.

*Nakashima, T., Miyano, R., Matsuo. et al. 2016b. Absolute
configuration of iminimycin B, a new indolizidine alkaloid,
from Streptomyces griseus OS-3601. Tetrahedron Let. 57: 3284-
3286.

*Nakashima, T., Okuyama, R., Kamiya, Y., Matsumoto, A.,
Iwatsuki, M., Inahashi, Y., Yamaji, K., Takahashi, Y. & Omura,
S. 2013. Trehangelins A, B and C, novel photo-oxidative hemo-
lysis inhibitors produced by an endophytic actinomycete,
Polymorphospora rubra K07-0510. J. Antibiot. 66: 311-317.

* Nakashima, T,, Takahashi, Y. & Omura S. 2017h. Search for new
compounds from Kitasato microbial library by physicochem-
ical screening. Biochem. Pharmacol. 134: 42-55.

Newman, D.J. & Cragg G.M. 2016. Natural Products as sources
of new drugs from 1981 to 2014. J. Nat. Prod. 79: 629-661.

Omura , S., Tanaka, H., Koyama, Y., Oiwa, R. & Katagiri M. 1974.
Nanaomycins A and B, new antibiotics produced by a strain of
Streptomyces. J. Antibiot. 27: 363-365.

Omura, S., Fujimoto, T., Otoguro, K., Matsuzaki, K., Moriguchi,
R., Tanaka, H. & Sasaki, Y. 1991. Lactacystin, a novel microbial
metabolite, induces neuritogenesis of neuroblastoma cells. J.
Antibiot. 44: 113-116.

Schatz, A., Bugie, E. & Waksman, S.A. 1944. Streptomycin, a
substance exhibiting antibiotic activity against Gram positive
and Gram negative bacteria. Proc. Soc. Exp. Biol. Med. 55:

66-69

Silver, L.L. 2011. Challenges of antibacterial discovery. Clin.
Microbiol. Rev. 24: 71-109.

*Suga, T., Kimura, T., Inahashi, Y. et. al. 2018. Hamuramicins A
and B, 22-membered macrolides, produced by an endophytic
actinomycete Allostreptomyces sp. K12-0794. J. Antibiot. 71:
619-625.

*Takahashi, Y. & Nakashima, T. 2018. Actinomycetes, an inex-
haustible source of naturally occurring antibiotics. Antibiotics.
7: pii: E45.

*EAEVET, TEKE 2018, MUEW I B RARY O F .
Japanese J. Antibiot. 71: 99-112.

Tiwari, K. & Gupta, R.K. 2012. Rare actinomycetes: a potential
storehouse for novel antibiotics. Crit. Rev. Biotech. 32: 108-132.

Towle, M.]., Salvato, K.A., Budrow, J. et al. 2001. In vitro and in
vivo anticancer activities of synthetic macrocyclic ketone
analogues of halichondrin B. Cancer Res. 61: 1013-1021.

Trost, M.B. & Masuyama, Y. 1984. Chemoselectivity in molyb-
denum catalyzed alcohol and aldehyde oxidations. Tetrahedron
Lett. 25: 173-176.

Waksman, S.A. & Tishler M. 1942. The chemical nature of actino-
mycin, an antimicrobial substanceproduced by Actinomyces
antibioticus. J. Biol. Chem. 142: 519-523.

Waksman, S.A. & Woodruff, H. B. 1942. Streptothricin, a new
selective bacteriostatic and bactericidal agent, particularly
active against gram-negative bacteria. Proc. Soc. Exptl. Biol.
Med. 49: 207-210.

Wang, X.N., Yeom, H.S,, Fang, L.C., He, S., Ma, ZX., Kedrowski,
B.L. & Hsung, R.P. 2014. Ynamides in ring forming transforma-
tions. Acc. Chem. Res. 47: 560-578.

MG (BB BT, NGRS 2019, FBL N Losa — LA b
Ly Tz YOI Y F OB ITT R B
%245 Poster No.098.

*ARBIECCRE S N F Rk O



IFO Res.Commun. 34
75-92, 2020

HEGHI X 20 B E ORE
BE #F e KA
e SR L B ST S 0 7 o
T108-8641 HULLHRIE X H4:5-9-1

The search for new compounds by mass spectrometry
Hirotaka Matsuo, Takuji Nakashima

Laboratory of Microbiology for Drug Discovery,
Kitasato Institute for Life Sciences, Kitasato University
5-9-1 Shirokane, Minato-ku, Tokyo, 108-8641, Japan

Microorganisms have been known to produce natural products with unique chemical structures. These products
are produced from their interaction with the environment they live in as a strategy for survival. This suggests that
these diverse chemical structures are often associated with vast strong biological activity. This is reason why
natural products are an important source for drug discovery. At present bioactive compounds were often screened
through bioactivity-guided approach. However, this approach could miss potentially valuable compounds in such
minor components or secondary metabolites without the specific biological activity, and it is possible to miss or
overlook potential and valuable compounds. The development of analyzers, such as HPLC and MS, are possible to
physicochemically detect compounds produced by microorganisms. In our laboratory, we have identified new
unique compounds using the physicochemical (PC) screening approach. PC screening is performed by indexing
the physicochemical properties of the produced compounds. In this study, we report the new compounds and their
biological activities discovered by PC screening from actinomycete and fungal strains.

Key words: Kitasato Microbial Library, deep-sea fungi, endophytic actinomycetes, mass spectrometry,

physicochemical screening
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WA, SRk aHEEE S ORI EY 2 AT 5
ZETHLNTBY, T THRA ZAEWSTEDE %K
O THERNEL R EINTEL., BHEIALA ML T
4 3 ¥ (Schatz et al., 1944) X /)X — X 7 F ~ (Burg et
al., 1979) 5%, SIRE A 5 X =31 ¥ (Fleming, 1929) %

E-mail: matsu-h@lisci.kitasato-u.ac.jp, takuji@lisci.kitasato-u.ac.jp
Eprges - HREZ ORACKRAEmAEATIET),
JEYF L (KRGS,
KIGHER ORITRZERZE B R BT IE R
W (EDNZOFFEB S AN AP TR AR |
ER O (AT KRR,
YA A+ (Rt BF 77 1),
IAARE T (BRI AR B2 SERT)
e — (LB IE HUAE an B AR ZERT)
HHIEAN (EEORSIe BLAE R AIFSERT)
R A (IR A R TR ) |
PR (b R 2200 AR d B FFE i)

2 7%%7 5 ~ (Endo et al., 1976) 2338 &, I, B
W, BELR O TRE GBS HRE R L TE

PR BTN TV B HERNIE L L CAEWTE %
EL7HEND D, ZOWEHRFTINL, MEY AR
Wa DR OEYHE TR L, 2R L hib
QR I7UX NI 74— ETHEL, EO5MHD
WEPEZ FETli S5 2 & THREEZED, (bEWERFEL T
WL ZodiEE, AHTTERIEOENZHETH )
WROBERMDEZZ . LirL, TOHEZTTIE, #
KW D% & 3 DWPRUEFERE)) & T AN SN
BEINTELEEZOLND.

Crits-Christoph et al. (2018) 1%, A S L 725
T OIS, AEWIZE < O A FEY G i E
ZETERAELTWwE I aHEL TS, 72, Thb
DBIZTIIRIIRED D Db £ L, B S ¥ 5851
THFEM b S hooH 5 (B, 2014 & - KE
2016). Bz 1F, TEGMRBEO ) KV — 2o 720
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RNARY 25 —VITERLZEAL, JUEMEREZ D
o5 Z LT, RIREIAFANGHLL, BrkCTl3AmEL
TV ho /4R TOER) VU2 EtlBlitHYE ¥
RYFIA TV REET DL kol L OWEDND D
(Hosaka et al., 2009). DX ) REMiFEFICE-T, £
e ZRREHAEANGEIE T 21 3 2 AEW S S 122
ENBZEPPFFEINS.

Z 2T, AT, MAEwR R,
AL E Y O WAL PR &2 LC/UV R LC/MS 7 &
TIRTL, T—FR—RAEWET LT LIZLLEDD
Tz L, HEE - Bz gD, AT Tu—F%
physcochemical (PC) screening (Nakashima et al., 2017;
Takahashi & Nakashima, 2018) & Fr L, #HHWE O#ELR
WHFEz M L7z, M L7, JEHRSFARATAIZE
FV—T LRSI KA V=T TiE, B
WZUE D PR S A S B R EE W 7 & BT IR O 122
Rsex D, k% &0 TR 520 OF M E = 5% 1
L T &7z (Omura, 2015). 45 4 FE bk & HERMFTE
DBFE TG S N7 WEAI B A i R S A A W R 5 A
TN =M baLrvark LT, RMARGEICE
DERAFLTHBY, RIFETIX, ZORMEMAY % HREH
W72 F72, JRRATZEAE T B A BA R AR E
Fr AW E IR v 5 — AW REF 78 T,
HEAERY 1,000 BR UL LSRR BRI 2 ML CTB Y,
ZOEEEIEMNTH S, INFTICHAR: L — )&
b FEfE & & 7% O Ao 7R R MR A 5 200m LT
H 5, WMMOWREETHL. O XD R REE)
DR - FIEEORIRE R, —HTEISHF VS I
BT DR IRW R E s T2 (B - 5
1, 2013, Matsumoto & Takahashi, 2017). W%, B,
FIAR 7 & OFFERERSE 2> & BT S 725K B R0 B I 2
D DF S BEE & PRI JE W 72,

FIRM R & TR

EEMEMEERET 1T —DOFA

Z %1 AKY ¥ (Omura et al., 1977) R F F F+ < 4
> v (Omura et al., 1974) 72 & KM A1 7V — T THR
L7z % A 2 BRI ofllic, A L7 b= A
Vi EEEPE & A PET B BRI SRIRAR I X D
BRESN TS, 2o ORMBAFBHRE 340 Bk % 150
L, AfEEIOREBCTRRL, Miodr e (1,360 3K
L7

BHRIRED 5 DB U 7RIKE
JCHL A a R AR SE T AR B IR v 4 — K D 3R
P S 72 B HR SRR 705 Bk B & OV HI SRR KT

320 BkDS, FNFNATEEHOR: 23 TREI N
2,820 B X 171,280 (71 4,100) ¥ > 7V OF: 210 % HRW
PR L LT L7

R

BRI AR BERS b & L QR 4 FlgE % A 7

301 K7 Hb : 2.4 % starch, 1.0 % glucose, 0.5 % yeast
extract, 0.3 % meat extract, 0.3 % peptone, 0.4 % CaCO,,
pH7.0; No.51 553 : 0.5% glucose, 0.5% corn steep
powder, 1.0 % oatmeal, 1.0 % pharmamedia, 0.5 % K,HPO,,
0.4 % MgS0,-7H,0, 1mL/L trace metals solution (0.1 %
FeSO,-7H,0, 0.1 % MnCl,-4H,0, 0.1 % ZnSO,-7H,0,
0.1% CuSO,-5H,0, 0.1 % CoCl,-6H,0), pH7.0; No.54 5%
Hb : 2% soluble starch, 1% defatted wheat germ, 0.5 %
glycerol, 0.3 % dry yeast, 0.3 % meat extract, 0.5 % CaCO,,
pH7.0; NSGS }% Hb : 3.3 % nutrient broth, 3.3 % soybean
meal, 2.2 % glycerol, 2.2 % soluble starch, 0.5% CaCO,,
pH A%

SRAR A ER L & L TR 4 FiE % v 7z

F8 55 Hi : 3 % soluble starch, 1% glycerol, 2 % soybean
meal, 0.3 % dry yeast, 0.3 % KCI, 0.2 % CaCO,, 0.05 %
MgS0,-7H,0, 0.05 % KH,PO,; F8Q X5 il : 3% soluble
starch, 1% glycerol, 2 % soybean meal, 0.3 % dry yeast,
0.3% KCl, 0.2 % CaCO,, 0.05% MgS0,-7H,0, 0.05 %
KH,PO,, 0.03 % , quercetin dehydrate; F36 %5 : 500g
rice, 5ug/mL seaweed tea (0.1mg/mL); F38 57#th : 3.0 %
sucrose, 3.0 % soluble starch, 1.0 % malt extract, 0.3 %
Ebios, 0.5 % KH,PO,, 0.05 % , MgSO,-7H,0, pH il %

LC/MS BITE S

RHEAR 7 a< 79 7 4 — (HPLC) iZ Agilent 1200
series(7 YLy by oay—), HEOoNERRZ
QSTAR Elite Hybrid LC/MS/MS System (Z—t'— - ¥4
I v 7 A) B L TripleTOF® 5600 System (L. — & — -
YAy 7 A) &V LC/MS O#ll5E 44 % Table 1
BIO21ZiEk L 7.

HEFFME DRE

F G5V 7 b MarkerView™ v 7 b =7 (= —
E—-H A4 xvy 7)) 2T, HHWEHEZREZEL .
MarkerView™ Y 7 b7 2 73 A ¥ Ka I 7 2 ¥ 8
DB RTF N Fw = —DTa774) ¥ 7HIZ
BEFSN T U T ATH L. BEREER RN 1,360
AEE QSTAR TH#TL, 45727 —% % MarkerView™
V7 by 2T7 THERL, 1RBHICOAZ IR TV S1LE
W @R L7z, —7, SRIREEERRY 4,100 % > 7
VOFFER % QSTAR T/ L, #E - O REME %



T

AT X 28 B E O

Table 1 LC/MS condition in QSTAR

Column Inertsil® ODS4 3.0 i.d. x 150 mm (GL science)
5% MeOH + 0.1 % formic acid (0-5 min),
Eluate 5-100% MeOH + 0.1 % formic acid (5-35 min),
100% MeOH + 0.1 % formic acid (35-40 min)
Flow rate 0.5 mL/min
Column Temp. 40°C
Detection UV-Vis (200~600 nm), TOF-MS (mv/z 100-2000)
Injection vol. SuL
Tonization mode ESI positive
Ion spray voltage 5,500V
Ion source gas 50 L/min
Curtain gas 30 L/min
Declustering Potential 50V
Focusing potential 250V
Temperature 450°C
Detector voltage 2300 V
Table 2 LC/MS condition in Triple TOF® 5600*
Column Capcell Core C18 2.1¢ x 100 mm (Osaka soda)
5% MeOH + 0.1 % formic acid (0-2 min),
Eluate 5-100% MeOH + 0.1 % formic acid (2-10 min),
100% MeOH + 0.1 % formic acid (10-13 min)
Flow rate 0.5 mL/min
Column temp. 40°C
Detection UV-Vis (200~600 nm), TOF-MS (/z 100-2000)
Injection vol. 1uL
Ionization mode ESI positive
IonSpray Voltage Floating 5,500 V
Ton source gas 1 50 psi
lon source gas 2 50 psi
Curtain gas 25 psi
Declustering Potential 80V
temperature 500°C
Collision Energy 45V
Collision Energy Spread 15V
Ion Release Delay 30 us
lon Release Delay Width 15 ps

A9 B SRIRE OB FE R FF BN 2 3R IR (UV) X2 b
Ve H§ AbahE #BRNL 2

EIRL LamiE,

FT 4= I L DL /.
X O NMR 5512 X ) ik S O T %, £ Tz W

BonWHIZ, MSH

Analyst®*V 7+ 27 (Z—E—-HAf v 7)) ZHn
T, BEERMEPL UV ARY MLy, BIRL7LED
OWELFRERZ AT L2, ZOF =5 2T, K
Wy 5 — & ~X— Z Dictionary of Natural Products (DNP)
IR S T 2 BRI E TS o Feige > MS/MS 7 — ¥
MORBA VNI AT —=F RXR=ZATHREL, HHMz2H
L7z

BE, BES JUEERN
P E &g SMALEW 2 G 5720, Kk
BRIV, YUATNVATLARODS AT L7 UR NS

VARREEORE R MG L7z, B, FEICOWTIZHAL
BYOGLESEIIL T & 72w,

A E MR

PRI MEREBRIE, X—=N—F 4 227 ETHEL. &'
W & L < Candida albicans ATCC 64548, Saccharomyces
cerevisiae ATCC 9763, Aspergillus niger ATCC 6275,
Mucor racemosus IFO 4581, 27°J ABptkwi & LT& LT
Kocuria rhizophila ATCC 9341, Bacillus subtilis ATCC
6633, 7T L&MW & LT & LT Escherichia coli NIH]J,
Xanthomonas campestris pv. oryzae KB 88 # M EH & L7-.
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W 5 3Bk 1, Cell Counting Kit-8 ([i=1k%:) %
HWTiTo 7z, b MFE S L EEMNL Hela S3,
I 6k T Bt S HT29, b - Jili g 28 i b R 5t o 4
A549, b MBRSEMIE H1299, & b EREBRSE PANC-1,
b Sk B ERE R A THP-1, & b T
FNE Jurkat, & b AT BEE IR HL-60 % Fv72.

PUBALTEMEX, A= —FF T FT=2F 5V A,
L Ra¥y g YN, —mIEMEN R Z S L7

RikB L UE%

HENMIC L 2HBEMEDRER

1,360 HCR T B 22 am i o (W B AR R ORR TA K9 340 #k
T ATF ORI TR L72H 81 OLC/MST—% %
MarkerView ¥ 7 b7 =7 TE 535341 L 7. Streptomyces
griseus OS-3601 ¥k (A P L 7 b~ A4 ¥ VAFERI & LT
1973 AR 2 BURSHZ M T RIRAT) D No.54 ity (NN
IEIERE ML) ORFAEWI I 0 AB S AL E W ICE
HL7z. Z2oba oW AR, m/z 242.1910
[M]* (C,;H,N), UV AKX 270 35 &£ UF280nm Z 7R L
7z, ZoWELFEREIRE 57— % X— 2 (Dictionary of
Natural Products B X U4 N7 A F—F X— ) T
RLUIAER, FLUT W e L, HiHME (1 3I=
AT AL EHEEL, FBEB X ORETE L.
S. griseus 0S-3601 # % 10L ® No.54 £5 #1 ¢ 5 H R &
FL, HFE LW L. ZoRiE L% 5
ra< b7 T 74— CRIL, REMIZHPLC TS I =
<4 ¥ A% 3.0mgkEH L 72 (Nakashima et al., 2016a).
Fiz, HWWEORRBET, 1 I VAD
MS/MS 7 7 7 A ¥ AP L 2B WE ([ I =<4
3 ¥ B, Nakashima et al., 2016b) % 28.5mg 157-.

4 3I=<4 Y AD2D-NMRBENF OHEH, Fig. 1A 12
RT LI, WENICA I A V26T 5HET
BT EDW ST o 72 ROESY AT X 0 Al 7.4k

Fig.1 Structure elucidation of iminimycin A.

wH
H

EEFig. IBOXHcyrzara/Sy&EeETIVF IV
BT v FORKRTHL LPE Lz, T/, Mt KRR
&, FHEAL%%Y 7 b Gaussian 09 (Frisch et al., 2009) %
w7z (CD) A7 VoA & 20lE % It
B2 LIl YE L 13234 VA, ¥
7TV BRETVEVEDET Y FOMBRTHL L
5, (2R,3S) 7213 (25,3R) ® 238 1) O ARMEE A%
ZbNf. FZT, Gaussian 092X D ZD 23 @ CD
ANRY PIVEEELEZ A, (2R3S) O E —F L,
£ 3I=<4 3V ADMEEX, Fig.1C O X 5 1SHixf vk
BlEEE L. 4 3I=~4 Y AR, mAEwRHE
WTRPOMELE LE0TFHRAI=ZT ATV E2H/L
Tw/z,

4 3I=<1 3 B®D2D-NMR N OREHE, Fig.2A 12
RT LI, FEENICEY) Y= A4+, N-7EFNv
VATAVEAETHLMETHLIENHL MR,
ROESY (2 & O #HA VAR EIE A I =<4 2~ A LTk
Wy ra7anvBRETIVEVIDST Y FOBRTH S
EEL. £ 324 Y Y BOMR AR B,
Gaussian 09 (Frisch et al., 2009) 12X ) CD AX2 bV %
HELEZA, (2R3S) ORERE—FK L F/, 2
PO MK ARBLE (X, T % — = v & )V (Mozingo et al.,
1943) B L O R ~— 7 1 —ik (Marfey, 1984) |2 & D
ELZ TA—=v T VEJHVWTN-TEF VT ATA
RN, BHELN-TEFNVYZATA Y EMKRS
L, X L7227 T ="%FDLA (N-(5-Fluoro-2,4-
dinitrophenyl)-alaninamide) CTHEFE L 72, O L-B X
’'D-77 = » % FDLATHER L, LC-UV/MS T L
2. 4324 Y YBHEOT I =i, LC/MSIZE
W MSEB L OE IR S LA R —3 L2720, 2
M SEBETHL EREL. UEOMELY, 3=
~A v BOWEE Fig. 2BD X ) IkE L 7.

£I=2<4 3V AB LB OEYIGYEZ 370 L 724
B, A4 3I=<4 ¥ AldHeLa S B W TIC, =

C
H
! \;K’/cttt \N+ : ."""I//\/Y\
o H

A, '"H-'H COSY (bold lines) and selected HMBC correlation (arrows) of iminimycin A. B, Key ROESY and NOE
correlations (arrows) and coupling constants (dotted arrows) of iminimycin A. C, Relative configurations of

iminimycin A.
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Fig.2 Structure elucidation of iminimycin B.
A, 'H-'H COSY (bold lines) and selected HMBC
of iminimycin B.

43.1xM 3 & 0 Jurkat 312 354 C IC,, = 36.04M Al
B EW A2 R L7z, 72, Bacillus subtilis KB-211
W2 LT 50 ~ 100ug/disk, Kocuria rhizophila KB-212,
Xanthomonas campestris pv. oryzae KB-88 |2 xf L T
100ug/disk T 1k M % 2 % L 72, Iminimycin B 13 X.
campestris pv. oryzae KB-88 |ZxF L T 100ug/disk TH
PR PRI E R R L7z,

AMVT M= A T VHFEW TH B Streptomyces griseus
0S-3601 ¥R A S HBWE A I =~ 4 ¥ VEHIB S,
C DAERNIAEW DA FET B ZIRIREEW ORI, £
COFHBESWY RSN TV LIREEL RIEL T
5. F72, FWHETH D5 ) LENFR Streptomyces griseus
IFO 13350 #k (Onishi ef al., 2008) 1 I =~ 4 ¥ Y Fi%
HERET DI D bhorz BFE, LRI A A
ZHDTVD,

Streptomyces rosa subsp. notoensis 0S-3966 ¥k1%, By
MAMEREAE LTS TWwS T4~ 4 Y VA
(Fig. 3A, Omura et al., 1974) D/ERER & LT 1974 4505
BUAE T R E S T2, MarkerView ¥ 7 b
7 7 CEBSONTAERAS S, FRO No.54 Kt (/)
ZBURIRSEE ) ORFEAL I O A B & Wik G
WIZHHEE L7, 2o el oItttk m/z
805.2307, UV KWL 233 B L O 270nm /R L7z, 2
OYPULFEIINEIRE 7 — & N— A THRETE L RER, #Y
THMILEWIE R, FmELHEL, BEBIWY
M L7z,

S. rosa subsp. notoensis 0S-3966 £ % 10L @ No.54 K%
WTeHMEEL, HEiEEWBRIHEN L o5
FBLErH£M7u~x b7 7 4 —TREL, &EMIC
HPICTFH F+ 4 ~A4 ¥ YH%EZ4ImgWE L7 &M
NMR B L OVERGHT &L D F <A ¥ ¥ Homgdke
%477z, Fig.3BIZ/RT L HI12COSY £ 1) 54T
SrMEdE s L OVHMBC AHES & 0 PHiME & 2 geg L7z, AH

B

04
NH
HO,
N
(0] = N 7
[N

correlation (arrows) of iminimycin B. B, Relative configurations

b 37 AKHE 813 key ROESY 2 QT A7 v 7Y v 7 a
VAY VI BRELT. N-TEFIVIATA VD2
135 % —=v 7 (Mozingo et al., 1943) B L Ok L~ —
7 4 — % (Marfey, 1984) 12 X 0 VAR & 2 $e5E L 72
(Fig.3C). FF++~A4 Y Y HOMEIZFF A~ T ¥
DERERTHDLF 7 FF ) VERICTA T FF— LA
WA L7 EY T - 72 (Nakashima et al., 2017a). F
FAIA T HOMEOBET, HBEHEF 4~
A VFBIUPGHRAMEN A~V VY FI
da i OKRBALIL G (Fig.3D), FF+ 4~ 4 ¥ v GiE+F
VB BHEL, SERIC o MLEWTH - 72
(Fig. 3E, Nakashima et al., 2015). & 512, FFF <4 ¥
v H OAWE I 217 ) 72012, EERAEE M) KL
7o, ZOMEET, FrElMEREAE S 4~ A ¥ U1 (Fig. 3F),
J (Fig. 3G, Matsuo et al., 2019) 3 £ O* K (Fig. 3H, Matsuo
etal., 2020) =5 L 7=,

F A A T BRI PR E M R M A
B Ih ol ¥/ VHEWHATH LT A< A
YA [Fig3A) i, ¥/ vomiedbliidtIx/ vy
VANOERI L) EEEEEZ 4T S (Marumo et al.,
1980; Hayashi ef al., 1982). Z OIEWMBERED 72D
&, F7 MR VERD4a L 10aD EEAHEET
HAH. WSTA ZHWT A== F T F5 Y7L (0,)
DREAEZIE LR, FHd~ A4 2y AR
2 0, DMEAEDTERTE72A%, F G, HiZ 0, DjEADs
FEALRD LN ol TOZENS, FHREFRK
D da B XU 10a fLIZAKIRFE D L <IE A VR = v FE D34
BTHILICLY, O OMEARRIE R, PURIEED
WELIZEEZEZONS.

W AR ZE A (NIMS) O i 2564k & o JLFFF
T, FFA~A Ty HIZ ERMERE (EMT) 12X
D FIZEMTEAL L 7z (MDCK) (2xf U CRBERIN IS5 5
wh 2B Ebrodz. RN & AR R
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Fig.3 Structure elucidation of nanaomycin H.
A, 'H-'H COSY (bold lines) and selected HMBC correlation (arrows) of nanaomycin H. B, Relative configurations
of nanaomycin H. Nanaomycin H (C), nanaomycin F (D), nanaomycin G (E), nanaomycin I (F), nanaomycin J (G),
nanaomycin K (H).
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MNaIZ TGF-p TEMT %3FE &4, +F+4+~4 TV HD
HNB YRR R 2 7, SRR & D R RS 2
MR L&) @il a2 54 & 7z (Fig. 4A).
Fig.4B (A) 1 DMSO, (B) &7+ 4+~ 4 ¥~ H T
L7z RGOSR GETHh 5. IKHEER IR BER# L
D EMT % i53E L 7#fille 25 8) L 29 w7z o fiffa st o3
W5 172 (Nakanishi et al., 2019). FF+ 4+~ Y FB
L O'GITIZ EMT #F &M Ic s LT R, 54
<A VL], KB R A R & 7z, Bk o
PC, FFF~A TV HBICKSEDREEZRL
72 (Nakashima et al., 2017; Nakanishi et al., 2019; Matsuo
et al., 2020).

EMT B in G N F- 768 &8 & OBIFRITIRR 6N Th
") (Chaffer & Weinberg, 2011), EMT B#izE R T 7 7
I —T&» % Snail 113, #EOWMBLHIE L OMBEDE
W E s ST A (Peinado et al., 2007). FFF <A
Y YHBELUK®EMTIZRIH L 791253 5 30 3 & ffe
BBz, MERFOHEF B4 & OILFBTZE TR
et k9 2 Ml B A BRI D R 2 A7z e MBI
Nabkid KK-47 #k (BEEE) 5 X OV T24 #k (RiEHER)
D2 7z, KKATHRB LU T24 bk =
AERERL, FFH4~4 v KeEEmcky L, E
BORREZ R HE L7z, ZofE, 3y bo—
&R L TS o R I3, RS oo B sl & d) L
7z (Fig.5). IR L 7= /%5 o e gt OfR, LR~ —
H—=THbBE-NFN)YHPLEFL, MERY—H—T

o>

020,000 cells
m2,000 cells
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o o
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DMSO

Nanaomycin H

HHEN-AEANY UV BIEX Y F OB HBR SN,
INLDMERPSFF A~ A VY KIZEMT 5FE SR
7oA U CHIBHIRIRI R A3 B LRI S 7.

MarkerView™ > 7 k% = 7 % HJ\» 72 PC screening T,
26 M B Mumia sp. YSP2-7T9 Bk H 4 3 74 ¥ v
(Kimura et al., 2018a), Lechevalieria aerocolonigenes
K10-0216 #%4*5 €1) V' < 4 ¥ ¥ (Kimura et al., 2018b),
Streptomyces sp. AM-2504 k75 ¥ 5 v b~ A4 ¥V B&C
(Kimura ef al., 2019) 2 &2 R LME L. 2hbo
PR E ORERE S Fig. 6 ([ZRCH L 72,

BRRESBLIRE

A RHETSERT - BUEW R IR Yy —B XD
WA RERERT I T, IR R R WEIROHRY, Mo
7% EOFFER 7 5 HER A © SRR RO % 708 L T
5. WP X BRI HRRAR, RN A ORI % 8%
i & L T PC screening % 17\, M ¥ ) H R SR R
Pochonia chlamydosporia var. spinulospora FKI-7537 ¥k X
D ARa=s 54 N4, Neocosmospora sp. FKI-7792 ¥k X
DA NFRVY U C, BREHRSRIRE Sarcopodium sp.
FKJ-0025 %k & W v a R5 4 J — VI, Penicillium
brevicompactum FKJ-0123 %k L 0V ¥ 7 Vv 7 =) »,
Penicillium steckii FKJ-0213 #% X ) /N > % I F H,
Allostreptomyces sp. K12-0794 ¥k X W NL S <14 ¥ V¥ %
BRLZOTI ZICHET 5.

Fig.4 Effect of nanomycin H on MDCK cells undergoing EMT by TGF-A1 stimulation.

A, MDCK cells were treated with 10ng/mL TGF-1 plus 0.001 % BSA, or 0.001 % BSA alone, for 3d. The cells were
harvested by trypsin-EDTA and seeded at 2000 or 20000 cells/well density in a Falcon 96-well plate (Corning, NY, USA)
and allowed to attach for 1 d. The cells were treated with 50 ug/mL nanaomycin H containing DMSO (final concentration
0.5% ) or DMSO only and incubated for 1 day. Finally, the cell viability was analyzed by MTS cell proliferation colorimetric
assay kit (Funakoshi) according to the manufacturer’s instructions. Data are means += SDs (n=3).

B, Representative images during expansion of a circular cluster in the presence of 0.5% DMSO (A) and 50ug/mL
nanaomycin H plus 0.5 % DMSO (B). Only the cells indicated by arrow heads were dying. Scale bar: 100 um.
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Fig.5 Antitumor effect of nanaomycin K on KK47 (A) and T24 (B) cells in vivo.

Two bladder cancer cells, KK47 and T24 cells (1 x 10° cells) were inoculated at day 0 in Balb/c nu/nu mice (age
6-8 weeks). Tumor volume was expressed by the following formula: (longest diameter) X (shortest diameter)?
% (.5. After the longest tumor diameter reached 10mm, every mice with tumor (KK47, T24) were randomly
assigned to treatment groups and control groups and then administered Gelform (Pfizer) containing 0.5mg,
1 mg nanaomycin K or DMSO. After inoculation, tumor diameter of mice was measured every 24 h for 9 days.
Mice were sacrificed and tumors were collected at the last day of the experiment. Tumors were fixed and
embedded with paraffin. All aspects of the experimental design and procedure were reviewed and approved
by the institutional ethics and animal welfare committees of Kobe University. Data are means + SDs (n=4).
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Fig.6 Structures of (A) pyrizomicin A, (B) pyrizomicin B, (C) virantmycin B, (D) virantmycin C, and (E) mumiamicin.
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RIZFZ1 FABLUB

Pochonia chlamydosporia var. spinulospora FKI-7537 ¥
i, RSSO LS SNz REEAFSQ
B TS 5 FKI-7537 A B X OSBWE 13, UV kiR
YL 274nm, m/z 319.0461 [M+H]* (C,H,,0,), FKI-7537
B ¥ B 1& UV i K W% I 226, 277, 314, 380nm, m/z
335.0391 [M+H1* (C;H,,0,) ®W1E% 7R L, DNP#ZEED
MR, ChoWt e 5T BRI AR L, FiimE
CHEE L7z, 22T, FKI7537 Mk KER 2%, &0
HSGArOAT T T T 4 =2 X DAEML, FKI-7537 A
% 10mg, FKI-7537 B % 46mg BUf% L 7z. NMR ## i fif
B E, FKI-7537 AB L OBl 7 0 £ v J#iC L4 a
77 b UDHEEE LI BIE T, WA ICHA TR
=+ 74 FABXUBem# L7 (Fig.7A, B). Ka=
74 FABLOBIEGE, MZ@EAX7 bvs
TUFS5NVH 522X BHPLCITICE D, S IHAKT
AT LI ENREN, Ka=4+F4 FBIdwe
FRF S VMNBLIO~BEHBERNEZEHEZEL B
Y (Fig.7C, D), 7 3 /Eg&IoH % BULEL L 224
UAHEEWETHLETZINT I FEEETAERD R
Wah, FFFMEZIT- 72 (RF S, 2017).
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Acetone Quercetin A B
Pochoniolide

FRFNILSLC

Neocosmospora sp. FKI-7792 #&1Z, BRUHRHT I O 1355
O HEEX N7z ARRRDS F36 BT PES % FKI-7792A
W, UV R KWL 204, 262, 306, 318, 351, 367nm,
[M-H] =399.0842 (C,;H,,Cl10,) ®#¥tk %7~ L, MS®
FIRfR 85 — ORI T2 —DFT 5 I LG ho
7o, NS ONEHE DNP R L7-#ER, %49 5B
WL, I L e SNhiz. 22T, FKI-7792
Mo KERRR, KEHTL7U T 741280
KL, FKI-7792A % 5.2mg Htfs L7z, %48 NMR f#dT
OFER, FKI7T7T2AWME A v o <) VB EAT L7
kF XV ¥ V¥ (Wijeratne et al., 2006) O #H7 HIE Y H
T, FhFNVTyClapti L7z (Fig.8A). AWHI 4
DDOARFRFEEFA LTz, ZFONFHEEOKE %
1o 7z, 1,3-diol s O Mx ARR E X, 207125 —
ViEEMARO CDCLHIZ BT 5 HNMR 7 I # V> 7 b
MORBRBMICHETEL I EPMONTWV S
(Rychnovsky et al., 1993). 2T, 7 FFXNLV¥ v C
D2ODYF—N%Tt&—)ILL T bis-acetal K& L,
TH-NMR %l E L 7245 %, 37,5 -diol iZ syn, 67,8"-diol I&
anti DBRICH 5 2 & 255 H - 72 (Fig.8B). &KIZ, 3
7B L8 o> MTPA ester fRZFHH L, FNhZFNh i

B
D
30 -+
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3_ 20 A
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Acetone Quercetin A B
Pochoniolide

Fig.7 Structures and biological activity of pochoniolide A (A) and B (B).
Eliminating performance of - OH and 'O, by pochoniolides A and B. (C) - OH with DMPO-OH values and
(D) '0, with spin concentration values measured by ESR spectrum. Quercetin used as positive control.

Mean =SD (n=3), *** p<0.001 vs. control (t-test).
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Fig.8 (A) 1D, 2D-NMR correlations for chaetochiversin C, (B) *C-NMR chemical shifts of bis-acetal analog

for chaetochiversin C in CDCl,.
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Fig.9 The Ad values [(Ad in parts per million) =dg —J,] obtained for (S)- and (R)-a-methoxy-a-(trifluoromethyl)

(MTPA) esters.

FVARBLE g L7z, 7 = — VKR IE O #E % 5
5720, r b F )Y ¥ C % TMS-diazomethane T X 5
WAL, (S)-MTPA-OH B & UF (R)-MTPA-OH & [t &
w7 KW Eh»& &) TLC THEL, C-3-(S)-MTPA
ester B X U C-3"-(R)-MTPA ester 7* 5, C-3" L OMixf 7
RELIEIZ S TH B Z EAH ST % - 72 (Fig. 9A). 7=,
C-8"-(S)-MTPA ester B & U° C-8"-(R)-MTPA ester (3 1l
@ MTPA ester £ DREGW THRO N2, ZhEFho
HA WO HH COSY %l 2 L, C-8-(S)-MTPA ester
B LV C-8-(R)-MTPA ester Dt & 7 5 'H-NMR % 7l
WCHE L. Zof%E, FigI9BIR L@, C-8 1
DR SIARFLEIZ R TH B EDBHLN IR -72. kil
DOMM VAR EDORKREZHEZR, Y P FRXVT Y CO
#iot VL AKBCE & 3°S,5R, 6SB L UEREDEL 7
(Fig.90).

FhFRVY y CORMIEYE, MlEE divIY
TG, PURRALNGE 2 BFA L 724G R, —HEIEmBE (0,)

OWFEEE R L, avybe—L (7 Y) %210,
FEEFL00% & LizL &, M FARLVY Y CE25mM
THLHE L 728 CTld 55 % T TIAEF 2 WK L 72 (Fig. 10).

YILARTF 4/ —ILAHBLUB

Sarcopodium sp. FKJ-0025 #k1, FEIRSEAE A L7
T GRUE200m OHEREW > & Mg X 7z, KREHRDS F38 55
WCHFET S 22o0WE FKJ-0025A 8 X O"BWE X%
NEN, m/z=297.1702 [M+H]* B £ 08 281.1747 [M+H]*
KBS T4+ =252 6L, 5FR3CH,0, B &
O CH,0, &g Sz, F7z, 2208 X U8 290nm f
FEWZUVERKRWIIZAEL, Zhs50nF—4% % DNP TH
FRUTMR, U TH2MAWE IR, FBlmE & e
BNz, T, F38KiHiTFKJ-0025 #: % K a8k, 4%
Fihorrua~< by o7 4 —CRELER KM
YVaRF4 ) —=IVA%25mg, YIVIKRKT1 ) —IVB
#15mgfH7:. ThZFhoE % NMR B X ' LC/MS
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100%

80% i
60%
40% .
20%
0% .

Control 031mM  0.63mM

Spin concentration (mM)

125mM  25mM 25mM

Chaetochiversin C NaN,

Fig.10 Quenching effect of Chaetochiversin C on singlet oxygen (*0,). The 'O, spin concentration

values were measured by electron spin resonance (ESR). NaN, was used as a positive control
at 2.5mM. Error bars indicate the standard deviations of measurements (n=3) and asterisks
indicate significant differences from the control, *»<0.05 and **p<0.01 (Student’s #test).

m— COSY
OH /X key HVBC

Fig.11 Selected 2D-NMR correlations for sarcopodinol A and B.

Z o CHESAENT L7258, Fig LIAB X O BIZRT &
IR FOFTF ) —VEERFRLETIMETHL T
EWWIS PR o7z, TS OFHWE X Sarcopodium
BARREAEET LTV I— L THLI LD, o
RFA )= VABIOYVaRFT 1 ) — VB LML
P TRT 47—V A, 5 IS 2 BoKMEIE DS &
EAFRKZEATAILEDD, UREY Yy —ExHWT
Z ORI ARBLE 2 PeE L7z, 7 =/ — VKRR O fi#
Y5720, IV aARFT 14 ) —)V A% TMS-diazomethane
TAF VAL, (R)-MTPA-Cl B X UF (S)-MTPA-CI & JX
g4, (S)-MTPAL X 5 VKB X ° (R)-MTPA = X
7 VAR % 572, W MTPA = 2 7 VKD '"H-NMR O 72 5
PNV ART 4 ) —IVADS MO ARELE LS TH
LT ENHSEHIE %72 (Fig.12).
FNVaRTFT4 ) —VABLXPYVIKRT4 /—)VB
OPURIG B L ML % 30l L 72858, v ak
74/ — v Al Jurkat Mg 12k L T IC,,=47ug/mL T,
HFIVaR7T 4 /=) BT HL-60, Jurkat 3 X OF PANK-1
Mifgizxt L2 enIC,=37ug/mL, IC,,=47ug/mL

OH O OR
HO

-0.07
+0.04 -0.02

OMe
R= (S)-MTPA or (R)-MTPA

Fig.12 AJ values [(Ad in ppm) =Js-J] obtained for
(S)- and (R)-MTPA esters.

B LVIC,,=66ug/mLTHINLHMEEZ R L 7.

ZNF TIZ, Sarcopodium &7 & D IRACHEY D H
B AKYEPOHRE ol TNV ART 1 ) —
)V B Jurkat /g @ BAZHINEFELE 2 7R L7z DK L,
PV IRF 4 /) —)VAIZHL-60, Jurkat 35 & UF PANK-1
Mifga LCiviifadtt 2 R L, ZomltkoEi, 5
MOKBEEROFEIRKNT L L& 2 b5Nhiz 5%, T
IRFT4 )= NVABLUOBDE S 4546075 LW
DI L 72\,
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Fig.13 (A) Selected 2D- NMR correlations of cipralphelin, (B) MS/MS fragmentations of cipralphelin.

Fig.14 Absolute structure of cipralphelin.

TSN TY

Penicillium brevicompactum FKJ-0123 #kiZ, BT
BRI O VR 283 m OHEREW 2 & Mg S /- KRpkD
F36 5 # ¢4 3 % FKJ-0123A ¥ &1, UV M KW IX
205, 283nm, m/z=478.2331 [M+H]* (C,H,,N,0,) O
H%E/R L, DNPHZEDOMER, ThoWtt e —39 28
WHEIE R, B E L SN 22T, FKJ-0123
MeE KERHER SHrTL 7075741280
Fi# L, FKJ-0123A % 10.1mg L L 7. NMR B X
O'MS/MS 7 5 7 * ¥ b #RH o & %# (Fig. 13A, B),
FKJ-0123AWE X7 A elg, 7Y > (Pro), 79=~
(Ala), 7==)V7 J =Y *F )L X5 (Phe methyl
ester) ONEICT I A LZHBEWE T, ZRO5OHEYL
WKCHATY TSNV 7o) v et Lz, &7 3 /%O
VAR, WREY—T7 4 - Tl L Y TI
7 =Y ~ 1.0mg % 6M HCI Thl/K5f#1%, D-FDLA T
fiiL7z. ¥72, D,L-7uy ¥, DL-75=>, D,L-7x
VT 7= OfEE S Rk D-FDLA 56 L, LC/MS
TENZENGH LTz, 2R, 7 F007 > Yk
o7Fay v, TS5y, 72V T I VIEENRER,
D-7uyr, L-79=Y, L-7=z=V75=rThHbZ

DMPO-OH (uM)

2 4

1.5 1

1 4

- I .

. . B

0.013 0.025

Cipralphelin (mM) Quercetin (mM)

Fig.15 Scavenging activity of cipralphelin against hydroxy radical.

EVRHLNE RS LT, Y TINT7 ) D
HRHEE % Fig. 14 O X ) \ZPE L7z,

PTINT ) ORI, MREE, i T
W, UMY R L 228, e FaEv s vUh
WHEEEEZ B L, a3y hg—LTlE, b Fexy s
VHNVDIEEE DMPO-OH THRE L2 & &, 25M @
BEBETH-72. —FH, Y79V 721 r%01mM T
WP 72Tl 05uM F THRAERZHHIL, ZofE
HIZRYF47arra—nvoroivks v L%
- 7z (Fig.15).

A BRI, B EERTwS
WETHLH. FTOF ﬁ%@%<ih@%ﬁﬁ#ﬁiéh
THY (Chen & Ho, 1997), ¥ 7V 7x) b ko
FUTTUHVEERER LR T I LTSN, ERE K
VT4 73y ba— VIZLT AR RO
FACERE T YHPBEEESG LWEIZINE TRIK
WA LI S NE e, RYEPHORE L o7z
(DNP #i-X).
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NIHIRABLUB

Penicillium steckii FKJ-0213 £k (&, i i UL ) & o
RHE1L17Im OHER 2 & HillE S 7z, KRR kDS F8 8%
oA 9 A FKJ-0213A W B &, UV A K WY 206,
270, 332nm, m/z=703.3221 [M+H]* (C,H,N,0,,),
FKJ-0213B #’& 13 UV # AKX 206, 229 (sh), 252 (sh),
326nm, m/z=449.1560 [M+H]* (C,H,,N,0,) % 7% L,
DNPHRZEOMEE, oWt —3%3 2 MunmE L%
<, B g s h7z. 22T, FKJ-0213 #k% K
BEERE, #HHITLZOT T 574 =10 X D IER
L. FKJ-0213A # 10.1mg, FKJ-0213B % 28.3mg H 7%
L7z. NMRAEEMNT B X ORI #E 2 EOMEFICZE D
FKJ-0213A 13 % Y ¥ IMBBX M) IF V<3 FC
MBI AT IVHEEE L7 B R (Fig. 16A), FKJ-0213B i
TANRNVFEZ T O BERA (Fig.16B) TH 5 Z &

A
C OCH3
Oy O T OCH,
B | N
N o

el
oH!

MBS E oz, EERHORPIIZS 2, NY I
SFABIUBEGH L 72, ZhOHHWER
HoWfc, BMAWETHLY U FIBBBLT MY
a7 < I FCHHE L (Fig.16C, D). ¥ Y ¥k
BIdMx SRR E A, ) I F < 3 R CIEHR Lk
Bl S ENENHE S Tw b (Ando ef al., 1993, Davis
etal,2008). =2 T, % VY UHEB M VAR E %
WETHIET, NYH I FADOMY VAR E % P8
THZLEL RRMROY Y FIHBE XY ) —
VAR TG BT, XBRAS ah R R IRAT 2 4T\, R SR
FofademE Lz wIiS, Ny 33 FA103mg % 2M
NaOH v, 2 IR [ SR Tk 53 L 72. 10 % H,SO, T
RIL, WRERERE, »E L) TLCTHBR L. &
M I HPLC TR L 22858, Ny ¥ 3 FAHK
DY YFIBEBBLIP M) aFTVYI FCEZENEN

Fig.16 Selected 2D-NMR correlations of (A) hatsusamide A and (B) hatsusamide B. Structures of
known compounds, (C) trichodermamide C and (D) tanzawaic acid B.
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0.6mg, 0.5mgfi7z. ThoWEE, KARHKkD S ~
FIBBBLO M) 2F NV~ I FCOHENEZ K
L7243, BO—FERLZZD, NV 3 FADM
I AKELE % 4°S, 5R, 8'R, 9°S, 6”R, 7°R, 10”S
12”R, 147S, 15"R & g L7z (Fig.17A). K\ "T, M
V4 3 K B ORI VARRLE & KA 2k, ROESY HIB B
IO ZF it E G HREIC X Y kE Lz H-6" & H-3
DOROESYHIEIZX ) Zh S idpRLE, HS5 & H6 O
WMEERDS8OHZz L ), H5 dafdiEE E L.
72, NUHIFBIE, TANXLVES Y U8 (Capon et al.,

2005) R R= ¥ F Y V¥ (Lin et al., 2000) & FEEDEA
R TEREIN TS LTINS 2D, &I
Fig. 17B /R § & 9 AR EARBLE & P L 72,
NYHIFA NYYIFB, FUYFUEBBLIOL
YarFu~ I FComGH, Miladstk i~V 7
15V % 574 L 7245 3 % Table 3 3 X UF Table 4 (278 L 7-.
MR ERTI1d, NV 3 FA DA Hela S3, HT29,
A549, H1299, PANC-1ffifgicxt L <, &h EnIC,
15.0, 6.8, 13.7, 18.8, 12.9.M THifa M % R L 72.
72, M) TIEEETIR, NI FARKLB LU

OCHs

OCHj

Fig.17 (A) Absolute configuration of hatsusamide A, (B) Relative configuration of hasusamide B.

Table 3 Cytotoxic activity of the compounds against five human tumor cell lines

1C;, (uM) values against five human tumor cell lines

Compounds
Hela S3 HT29 A549 H1299 Pancl
Hatsusamide A 15.0 6.8 13.7 18.7 12.9
Hatsusamide B >100 >100 >100 >100 >100
Tanzawaic acid B >100 >100 >100 >100 >100
Trichodermamide C >100 >100 >100 >100 >100

Table 4 Anti-malarial activity of the compounds against K1 and FCR3 strains

1C;, (uM) values against two strains

Compounds K1 FCR3
Hatsusamide A 27.2 27.9
Hatsusamide B >50 >50

Tanzawaic acid B 78.5 79.2
Trichodermamide C >50 >50
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FCR3IMRIZBWTENENIC,, 27.2 B X U 27.9uM TiF
PEERL, ¥y FIEBIZKIB XU FCRIHKIZBWT
FRENIC, 785 B L U 79.2uM Tl Z R L. Zh
LORRPL, FOFIRBHLIWVIEFY) I TIT 3
FCHAALD b, ZNONI AT UHAE LIz H 3
FADHDBERNIEEZRT ZERNHS NI R 72 2
NS ORI, IEHEO B F LA &3 UL,
Bl HRAWENEEWT 5 2 LHTE D ek 2 R0
THLDTHo7-.

NLZ7A > ABLUB
Allostreptomyces sp. K12-0794 #k1Z, HRERFA oo >
TR OWA 5 HEE S 7z KRE RS No.54 B Hy ¢4

H H

HamuramicinA R = ):<
I

HamuramicinB R= X __~_

Fig.18 Structures of hamuramicin A and B.

WY % K12-0794A B X "B R IE, UV KLY 265,
275, 330nm, m/z=605.3450 [M+Nal* (C,.H,,0,),
K12-0794B ¥ ’& 13 UV & KWL 265, 275, 330nm, m/z
= 5833620 [M—H1" (C,;H,0,) %7 L, DNP 3 D4
INSWHE —BT 2EMWEIL %<, FEWE L HEE
EN7z. 22T, KI207T94 #kax K%, £Hh 5
Aoavw b T T7 4 —=I12XDEEL, KI20794A %
329.3mg, K12-0794B % 397.9mg HUf% L 72. NMR % 1%
fEpt OfER, K12-0794A B LB, 7 vilgi%x
H3AHBl2BE~ 7074 FThHLrI LW LN
% o7z (Fig.18). APERWORPMIC L %, NAT<A
YUYABXUB a4 L7z (Sugaetal., 2018).

NATA Y VABXUBORIEES X O Ml
B33 2 M B OFE R % Table 5 B L V6 122N 2
NRL7Z NATI3A4 T VABXOBIE, Kocuria
rhizophia 3 X O° Xanthomonas oryzae pv. oryzae \Zxf L C
PURIG S Z R L, B L 7 4Tl B v TRl sk
%R L7z, Allostreptomyces J& Hi2k O — R B O WS
FZINFTIIRL, NATIA TV VABIUBRHD
WEE o7

CDOXHIT, R BREED O o EE S N EY 2 v
72PC screening 12 & 0, IFEHICZ=—7 Lhig&EE2HT
LRRMENERLIENTE. WTIOYE D
Bk AP A B S, SEoF TGS
WRThHo7z, WERPHYNG &, FERERTE D & 5 S
NBHMAEWE, FELHHEOMAEN b LI T
b, Gk, FO L) RWH S OFBYE 05 A WA
n5.

Table 5 The MIC values against eight bacteria

Strain

MIC values (ug/mL)

Hamuramicin A Hamuramicin B

Bacillus subtilis ATCC6633

Kocuria rhizophia ATCC9341
Staphylococcus aureus ATCC6538P
Escherichia coli NIHJ

Xanthomonas oryzae pv. oryzae KB88
Klebsiella pneumoniae ATCC10031
Proteus vulgaris NBRC3167
Pseudomononas aeruginosa NBRC12582

>256 >256
4 4
>256 >256
>256 >256
4 2
>256 >256
>256 >256
>256 >256

Table 6 Cytotoxic activity against five human tumor cell lines

IC5, (uM) values against five human tumor cell lines

Compounds
HeLa S3 HT29 A549 H1299 PANC-1
Hamuramicin A 1.1 5.0 2.3 8.8 5.0
Hamuramicin B 1.3 5.9 1.4 17.8 4.5
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WAEWITINFE T, NAIOKIEE WG Z A5 51
EWERMLTEL. ENOSERVAEERFOBRICE
VB AEHENCREWED IR S ML EWTH B 720, il
N EYEEZ R T S ODL v, LEHEOL B,
ETEEO L LRS- TBY, HLiEL A
T HLEY (FHALEW) oW, AIZEIIRIZB VT
WELMETH L. T CICRBSTE 22BN
WED% 1L, ZOEMEZIRBICHER SN TELLD,
HE LW & BRI L7 5E 0 &, {LAWAH
BHEhcaz, $hbb, HRUMOWHIE, #His
WThozb LTHRAEN T L ARESEVEE R
LN, TEOEIINY 25RO RIRIE, £ oIks
Mo 2RI L, BUEMOLEW R % RRKBRIC
Fl& W9 2 & ZufiglC L7z, PCscreening (X, /L& ®
WE LA PR RIS L 3 5 720, AW E IR L §
BAZ) ==y EHIEL T Z L DfLEWh R L
%0, FHWEOR L L2 FETH D, AT
X, BRI B L OSRIRE 2 & EWIETE % A5 A B
ZRH$Z 2L, PC screening DA ®1: 2 B
L7-.
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Screening for nitrogen compounds by principle component analysis
with liquid chromatography-mass spectrometry
Hirotaka Matsuo, Takuji Nakashima

Laboratory of Microbiology for Drug Discovery,
Kitasato Institute for Life Sciences, Kitasato University
5-9-1 Shirokane, Minato-ku, Tokyo, 108-8641, Japan

Filamentous fungi produce secondary metabolites with various structures. Recent genome analyses of filamentous
fungi indicate that there are far more biosynthetic gene clusters of secondary metabolites than the number of
compounds discovered thus far. This indicates that filamentous fungi potentially produce unknown and useful
secondary metabolites. Physicochemical (PC) screening systems enable the detection of even minute amounts of
compounds in a culture broth. According to the KEGG MEDICUS database (https://www.kegg.jp/kegg/
medicus/), which provides molecular information about commercially available medicines, 87 % of medicines
contain nitrogen. The nitrogen is important constituent of most medicines. Thus, to conduct PC screening for new
nitrogen compounds from secondary metabolites of filamentous fungi and actinomycetes, we established modern
screening method of nitrogen compounds using principle component analysis and liquid chromatography-mass
spectrometry. During the course of these screening, three new nitrogen compounds produced by Trichoderma
virens FKI-7573, Sarocladium oryzae KF-140 and Oidiodendron maius FKI-7498 were discovered. Here we report
the establishment of screening and purification, structure elucidation and biological activities of these compounds.

Key words: fungal metabolites, nitrogen compounds, principal component analysis
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Fig.1 The LC/UV chromatogram of the cultured broth of FKI-7573

Row Index Peak Name m/z Ret. Time Group USE
65482 | 65482 301.3/13.6 (65482) 301.2901 13.58 FALSE
65483 | 65483 301.3/13.9 (65483) 301.2902 13.86 FALSE
65484 | 65484 301.6/6.8 (65484) 301.6463 6.85 FALSE
65485 | 65485 301.7/6.0 (65485) 301.6678 6 FALSE
65486 | 65486 301.7/2.6 (65486) 301.6685 2.62 FALSE
65487 | 65487 301.7/2.5 (65487) 301.6708 248 (Monoisotopic) | FALSE
65488 | 65488 301.7/4.5 (65488) 301.6767 447 FALSE
65489 | 65489 301.7/4.8 (65489) 301.6792 4383 FALSE
65490 | 65490 301.7/4.5 (65490) 301.6805 448 FALSE
65491 | 65491 301.7/4.8 (65491) 301.6837 4.8 (Isotope) FALSE
65492 | 65492 302.0/3.0 (65492) 301.97 297 FALSE
65493 | 65493 302.0/3.0 (65493) 301.9952 297 FALSE
65494 | 65494 302.0/3.9 (65494) 302.0123 3.91 (Monoisotopic) | TRUE
65495 | 65495 302.1/7.1 (65495) 302.0634 7.09 TRUE
65496 | 65496 302.1/6.1 (65496) 302.0635 6.05 TRUE
65497 | 65497 302.1/8.3 (65497) 302.0654 8.28 TRUE
65498 | 65498 302.1/7.0 (65498) 302.0731 7.01 TRUE
65499 | 65499 302.1/6.1 (65499) 302.0909 6.06 TRUE

Fig.2 The partial table of compounds analyzed by MarkerView software
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F36-SBM-AS) TOAFERDVEATEM LD b EL T
21t5Y (Fig dB A2 0f)) % #IRLZZ. ZokHk
HEZE D, 4004 > T W& FT W m/z BEAMEEK
(TEPTFE) OWEZ 1197 &L 72, Zohhs
WARKE R 2 W E % 78V W RGRINL, AR A ER
AWML TP E 20 AR, 284 WE % IR 72,
COND 8WE W EALFE IR i % DNP THigk L
AR, S5OoOWEPHREEEMETHL LS
72, FRUSNOWHEIZOWTIZHTHhTH 5.
V97D m/z B (G FEPTHR) OWE%E R
WML7ZZEICkY, 1%V FEHHR2OEGEEME
FHELTWAZERHOR IR o7z E5I2, B
HWEWEICOWTIZ ISV H8WE L AL T
BT LN oTl. TDEHIC, FHMGERER T EE
THRTLHIET, RRBEOGEEWHAREEZTIEHT
LT ILT

Trichoderma virens FKI-7573 ##* F36SBM-AS $#h T4
ET3N)AFARBICONT

AW Bk HS F36SBM-AS 55 i C 4 2 9~ % FKI-7573A W)
HiZ, UV AR 216, 249nm, m/z=510.2255 [M+H]"
(Cy,HyiN,0,S) oWtk % /R L, DNPMEDMER, hb
Yotk & —303 5B 2 & BB L HEE S he.
Z 2T, FKI-7573 tha KERi %%, S£HMirs s~
N5 74 —ICX DR L, FKI-7573AYE % 55mg L
L 72, NMRHT O S, FKI7573AWE I~ T T Y

= 1H-'H COSY
&~ : 1H-13C HMBC

Fig.5 1D and 2D NMR correlations of trichothioneic acid
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Fig.6 Analyses of ROESY correlations and coupling constants

VUYBIZIVIF I AL UPEALHEDET
(Fig.5), Trichoderma & & W E A IZINATHNY) 35 F
rRE A LT

A 7 AKBC B % Wi 9 5 7260, ROESY M B L U057 »
TN T Ay Ry O ETo IR, ) 3T
FEEOMIR ARELE % Fig.6 O X ) IZHE L. & 512,
C5 Ot VAKBLE (X, T % —= v 7 VG (Mozingo
et al., 1943) 2 X Z BB KOG TH L 2~V 2 = v o Feliet
ExE, (S)-~Vy=rdOHK (Reinhold ef al., 1968) &
REggsZeCcRELZ. M)aFFABEILA—=v
VTR L, HPLC /e 52 & T, MY a4+ Ak
HRERDOANV Y = v 27, ZOMEERE X [a] P +53.4
T, (8-~ = YO o] )#+44.7 TH o 7272
O, M) aFFABHKOAN Y= L1 (S)- A= v
ThbEPRE L. NTT) T VEERRG O AR E
IZCDARY PMIZE D PE L7, CD AT VDG
$1213 Spartan 16 (Wavefunction, Inc.) & Gaussian 16
Gaussian, Inc.) Z w7, FEWHOCD AXZ bk
Fig.6 Offixd v ARELE % b & 12 LM s =k
AN MVEFig TIR Lz, Eilll, sHHfe ICiED
Jy MR ERLEZZERDS, N aAFFAEONT
7 T YRR O AR E 13 1S, 6S, 7R, 10S T
HoHLIEL ULoHE2S, M) aFF rmik
Fig. 8 1278 L 72l VAKRCIE Tady 5 & e L7z

M) 3+ A BobOETEE, MiEE, P 7

Ae

200 240 280 320 360 400
Wavelength (nm)

Fig.7 The comparison with CD spectra of trichothioneic
acid (full line: observation, dotted line: computation)

P

Fig.8 Absolute structure of trichothioneic acid
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P, PUBAIEVEZ SR M L 22652, e Fasy 55U h 0L
(‘OH) B LU —EHME (10,) HEHEZ LML ©
Faxy g VM35 01mM O Y 254+ R EED
HEEE BN TH L 7 TV F V ERIBETH -
7z F7-, —HEIEMBEISHT S MY I FF A BOW I
P, BT 5 25mM 7 Vb ) A LA
ECTHo7 (Fig.9).

Sarocladium oryzae KF-140 #7° F36SBM-AS #Z#h T4 &
39077 FBICDOWT

A B PR Y F36SBM-AS 353t T4 3 5 KF-140 W 1,
UV 4 KWZIN 264 nm, m/z=382.1875 [M+H]" (C,,H,,NO,)
OYHEER L, DNPREOHE, choPhs—3732
BEAW RS 7 <, Fr R e &z, 22T, KF-140
Mea KER#E, #HI Tz T 74 -2k
KL, KF-140 %8 % 55mg IS L7z, NMR f#HT o f%
B, KF4OWE T 5 I v BEEOHEICET 53

2.5 4

DMPO-OH (uM)
e

0.5 1 o i
0 4
0 0.0125 0.025 0.05 0.1 0.1 (mM)
Quercetin

Mean + SD (n = 3), **p < 0.01 vs. control (t-test).

0 0.125 0.25 0.5 1 25 (m\M)
NaNs

Mean + SD (n = 3), *p < 0.01 vs. control (t-test).

Fig.9 The -OH- and 'O,-eliminating performance of tricho-
thioneic acid. (A) -OH with DMPO-OH values and
(B) '0, with spin concentration values measured by
electron spin resonance spectra. Quercetin and
NaN, were used as respective positive controls. Mean
+SD (n=3), **p<0.01 vs. NC (t-test).

e KA

D DM & Sz (Fig. 10A-C). KF-140 W E #
Sarocladium )& &5 b5 I VEEICHATY R Y 5 FlEE
s L7z,

HEEME CIZOWVWT, P 72 VR AT 4 Y EHWV
TEICLIZEZ A, oo BITMEIT L0 o72. T2,
ParS5F#EE TMS YV 7 VAY Y TAFMLLIZEZ 5,
WRKT3ODAFNVENEASINSLZLEERL. 2O
Stheill- T o EREATH S X5, MS/MS
TITAYNEBILIZESA, HEMBEATEZ TR
BHRONWT S 72y Ml SN 7z729 (Fig.11),
Va7 7 FROMEZHEMEATHL EREL.
a2 5 FBOEWITIEIZOWTIEE T TH 5.

Oidiodendron maius FKI-7498 # »* F36SBM-AS 1% i#h T
HETHAINRZVRCESLVPFIZONT

AT R 25 F36SBM-AS 55 Hh T A 3~ % FKI-7498A 1
LU BWHEIL, FhZh UVAEKIIN 226, 260, 314nm,

Fig.10 Three deduced structures of sarocladic acid
'H-'H COSY (bold) and HMBC (arrow) correlations
of deduced structure 1 (A), 2 (B) and 3 (C).
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Fig.11 MS/MS fragments of sarocladic acid
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Fig.12 1D and 2D NMR correlations of penicidones E and F
(A) 1D and 2D NMR correlations of penicidone E and (B) 1D and 2D NMR correlations of penicidone F.

m/z=418.2005 [M+H]" (C,H,NO,) ¥ XUV AL
JX 226, 260, 316nm, m,/z=432.2038 [M+H]"(C,,H,,NO,)
OYPEE/RL, DNPRZIEOFER, hoPike —3%¥
LMWL, HBWE e S, 22T,
FKI-7498 th & K &8 #tk, KA 7670 75
T4 —=ICE DML FKI7498A B X U'BWE LT
% 25mg, l4mg B 5 L 72. NMR @ #1 o # £,
FKI-7498A 8 £ U'BW H 12 2-(4-¥) F-3-A VK=
W) - R T ARG LT 5=V F U FH OB R
WETHDZENHHY (Fig12), R=Y FYEB X
UOF et L7z,

NR=ZY FYEBXUFIE, 2-(4-pyridone-3-carbonyl)
benzoic acid # ARG L THLEWMTH 7. 2D
BerHTHREMELTIEIR=ZY FYC (Geetal,

2008) BLUD (Liuetal,2015) OAMEINTEY,
FHWICL=— I BETH 7. X=Y FrCldan
7 7 XX DD H5 5 NI2NERIKR TH % Penicillium
sp. IFB-E022 70 6 Wt S, 55 stk dsiety S C
Wb, Fr, RV FyDEY U= TOMD LA
5Nz PERIRE TH D Penicillium sp. HN29-3B1 2 5
HoENTWwE, R=Y NV C, DOB#ELEWTHL 7
= X8O DFRFEWEADNP IZH RS LT 2 25,
s ALY oA W Penicillium J& 2 % 1%
Talaromyces & ( Penicillium & D524 D—2) D%
RW TH 5. Oidiodendron J& & Penicillium J& X Z L&
1L Leotiomycetes ¥ 3 X U Eurotiomycetes {2 54 S T
BRI CBRICH D, RIRWIIE T & cAET
LWENBRLRLZENMOENTED, s 2RIk
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Screening for sulfur compounds by molybdenum-catalyzed oxodation

with liquid chromatography-mass spectrometry
Hirotaka Matsuo, Takuji Nakashima

Laboratory of Microbiology for Drug Discovery,
Kitasato Institute for Life Sciences, Kitasato University
5-9-1 Shirokane, Minato-ku, Tokyo, 108-8641, Japan

Natural products are often used as drugs, agricultural chemicals, and chemical reagents. Compounds containing
sulfur are often useful due to their strong biological activities. According to the KEGG MEDICUS database
(https://www.kegg.jp/kegg/medicus/), which provides molecular information about commercially available

medicines, 25 % of medicines contain sulfur. Thus, sulfur is important constituent of most medicines. We

established modern screening (MoS-screening) for sulfur compounds based on Mo-catalyzed oxidation and liquid

chromatography-mass spectrometry. Here, we report the establishment of MoS-screening and two new sulfur
compounds produced by Trichoderma polypori FKI-7382 and Leptobacillium leptobactrum FKI-7961.

Key words: molybdenum-catalyzed oxidation, sulfur compounds, MoS screening
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I, HARHMARTERME LTHY ST 1,
G R I A B R B A R R RS0, H
B REROMBILED—2TH L. 7/ o - - €
T — 7 N— 2 TH % KEGG MEDICUS (Kanehisa
etal., 2010) 1288 SN TV B ST E#HS (0.1-1kDa)
BT 2 EmEEENOEELHRD &, £ 25%05E
WEREMTHo7z. DF D, AHREWE % EIWIHE
THIENTENE, IR GEELOFRAPMFEFETE 5.

RARW T, ZOMBIEIERMIRE, KE WBE
EFR, W, EER OBRE W)y, IR 7R
MoK A. BHRRY T — % X—Z T3 5 Dictionary of

E-mail: matsu-h@lisci.kitasato-u.ac.jp, takuji@lisci.kitasato-u.ac.jp

JLFE7EE - IARET QLR KZEIEAGEZEIERT),
P — (L HUORSAAE HLAE an B AR ZERT)
PO AR R A G FHERTZERT)
R (IR H A R AR
IR (b B 2200 AR d B FFE i)

Natural Products (2017 4EhK) 12X % &, R#HE, KE,
Wk ARREROTR & LA, RS hTwai2r
FALEW O 9 b2 EWE IR 65,0004 (24%), &
W LA 9,800 7 (3.6%), &¥EFWE IR 5,400 1
(2%), ERFWHEIZH 40007 (1.5%), &Y Y WH
1349 980 1 (04%), &3 FEWEIE3241 (01%),
&7 v FEWHIZ 2101 (008%) Thot:. WY
DR 2 EER i I 1F, MRS (Pollard
et al., 1962, Coyne & Maw, 1964) = +a 7V K ¥
AW TLC O R &S (Korte & Vogel, 1962) 7& &
BHLNTVDA, MRS OMmbEREEcHL. 2o
X9 RBEREOR, 2013 FEICHALEZERT & IO KD
FFEZET, HEOH 2 B E il o w88 T
B [S-F 37 2| Pl &7z (Nakabayashi et al.,
2013). Z ik, WO RKGEEL (35:94.9%, *S:
429%) %, HESHEEE RSN 2 H v T M2 #iikz
RO 5HETHL. LrLEReess, ZoOHRGH
PEIIIEFITEAITH D, BR LAl - RBA L
L, ENTHERONIAEEOARYIA L TWD 0, H
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KT RIT B HEBEE VR 5.

T 75 v AL 1, 1984 4E 12 Trost & Masuyama
(1984) SHHG L2 77 v 2t & L, #ER{bK
FEeWALH E LTHYRBILKSTH 5. @, HEHE
ST TIMKIRIEDFAET, 2 KERIEDERALIH
5N 5. Jeyakumar et al. (2009) HiZZ ORABIE LT,
ANT A FERANVT + v EWALT 2 M8 % ik % il
L7z E512, ZoOBETIE 1B X O 2Kk 4 L
T4 VOBLIZIFEALRE W, 22 THAIE, 2O
KIGZFMT 52 812k o T, MEWSERTOEh®
WEEZFAETEL2DTIERVIEERT. Thbb, #%
AEWRERTD O EHEWE % ) 77 YR X ) L
(R TICEERZ M) L, RIS~ 7 & @by~
TNV%&ELC/MS TS5 Z &12L ), ML N/-&
WYL > 7TV B sk, o132 (%
FT-204) BINL#720E—2 25395, REBLY
VTNBHHER L= ERET S LICE) EhEY
BzRETEDL KW TiE, £V 77 VE{be LC/MS
EHIAGDEL I LICLY, AREWEOW: 2 HER
% M4 L, MoS-screening & @44 L 72 (Matsuo et al.,
2020a). AIEH TIE, MoS-screening DS L UAE
RN X B Trichoderma polypori FKI-7382 #k74> 5 N-7
FNYATA VRO MEICAHT 5 F 4R Vo — NV
(Matsuo et al., 2020b), Leptobacillium leptobactrum
FKI7961 ¥k & ) Y A% FF = v i EICAET 5 L
7 +F 4 =2 (unpublished) OHIFIZOWTHIET 5.

FKB 5

TUITTFUBMLE

BB Y SV E Img/mLICh b X ) 25 ) — )
200uL\C # AR L, 1004l 3 2 & L2 28 D 96 well
plate 12 4 ¥ L 7=. 18 H ( 1t H plate) 2 i,
10mg/mL 2 # # L 72 (NH,){Mo,0,,-4H,0 /K ¥ i %
10pL 3 X 0¥ 30 %M bk FEARE 10puL Nz, 28H Gk
WAL plate) (ZIZIREERIED 720K %E 20uL N2 72, &
BT6MM, 7L— by z—h—TiRER &F 7
% LC/MS TH#r L 72.

LC/MS BIE S

LC I%, AB Sciex f1:3# ExionLC™ % H\v», #8443 DL
T Y. Column: CPCELL CORE C18 S2.7 (3.0mml.D.
x100mm), Column temperature: 40C, Eluent A: H,0
+0.1% formic acid, B: methanol+0.1 % formic acid,
Gradient system: (A/B), Omin (95/5)—2min (95/5)—
10min (0/100) — 12min (0/100), Flow rate: 0.5mL/min,
Wavelength: 200-600nm, Injection volume: 1uL. MS I,

AB Sciex #L# TripleTOF® 5600* System % i\ 7z, K
T4 TAFE-FTHEL, SHEHESMEIZLIT OM
). Ion Source Gasl: 50psi, Ion Source Gas2: 50psi,
Curtain Gas: 25psi, Temperature: 500 °C, IonSpray
Voltage Floating: 5500V, Declustering Potential: 80V,
Collision Energy: 45V, Collision Energy Spread: 15V,

Ion Release Delay: 30 us, Ion Release Delay Width: 15 us.
% 5°— %1%, Analyst software (AB Sciex) % Ji\Cf#
BrlL7e.

RRIR

SR T IE D MERRES 28300 & DML BUAE G RHAREZERT C©
RHIGAFE ST 7R 2 5538 L 7o 85380, ORI
ko HERRET 2 2 V7

FHAMERRS LURBR, EEEN

MoS-screening {2 & D SiEWE TH 5 L g S iz
WEIZDOWT, 2oLtk % DNP & g L 7-.
e H B E W A FE W 2 ohe U 7B i CRE 1%,
VATXFNAT A, ODSHT L0 NTTFTT 4 =54 F
WXL BonWEIE, —RieBLORT
NMR %12 & ) PR O 2 17\, FHETEICLD
VAR TG L.

A E MR

PURNGERABRE, 7T 2B 1R & L C Bacillus subtilis
KB-211, Kocuria rhizophila KB-212 %, 75 LFEMER &L
C Escherichia coli KB-213, Xanthomonas oryzae pv. oryzae
KB-88 %, HE W & L T Candida albicans KF-1, Mucor
racemosus KF-233 % 7.

Al e E R BE, & b owiE SR 1 i A i HL-60,
b N THREME A MR HAE Jurkat, © 2Pk IRV H 95
Mile THP-1, b MHifgens bz isEiig Ab49, b M
e PANC-1, & b5 SHERHH LR M HeLa S3,
v b RSB BRI HT29, © bR H1299 % H
(AVAN

PUALTEYEX, A—S—FF Y FT7=F VTV AN,
v Fadd g o), —HIERRFEHZGE % 5 L 7.

RikB L UEE

FFIROI, BMERHEE AT 5 RKARY T B EICA
VT4 RIPHANT + YNBILTE 2089 e il §
%728, Fig. VIR L7 T 4GS BT 54—
F7 49U ¥ A (Kajula et al., 2016), AIV7 4 Figi&#%
HTbFF+~4 Y K (Matsuo et al., 2020c) B L
N-7YFNVIATA V2 K§55 7% AF >~ (Omura
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Outovirin A

Nanaomycin K

Lactacystin

Fig.1 Structures of outovirin A, nanaomycin K and lactacystin.
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Fig.2 Chromatograms are shown for Mo-catalyzed oxidation and control samples containing of sulfur compounds:
(A) outovirin A and (B) nanaomyin K. Chromatograms (i) and (iii) were acquired prior to Mo-catalyzed
oxidation and chromatograms (ii) and (iv) were acquired after Mo-catalyzed oxidation. Mass-to-charge ratios

(m/z) are indicated as [M+H]".
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12.08min; Fig.2B-ii) & LCTHIE L. —F, 97 %
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VL EO#E? S, K% w7286 T, BIERRIC
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B (Kuramoto et al., 1997), K—~X1) I (Hamill et al.,
1969), SF-227 (Mizushima et al., 2012), 77LE) > B
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ity a~ 75 4 ECik (Fig.3B), #®RT, UV
AR MPVE X Om/ziiH» 5, peak 17 (11.56min),
peak 2° (11.16min) 3 X ¥peak 4" (7.10min) % Zh
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Fig.3 An LC/MS chromatogram of a mixture of compounds with and without sulfur. (A) Control (non-oxided)
sample, (B) oxidized sample. Intensity refers to the output of a photodiode array detector (DAD) operating in
total wavelength chromatography (TWC) mode.

Table 1 The structures and LC/MS data of the compounds used in this study.

RT "
Peak No. Compound (min) m/z[M+H] Structure
1,17 Tanzawaic acid B 11.56 295
\N/ﬁ(o
2,2 Beauvericin .16 784 /k(go °6 N//©
o__0 _ O .
QLAY
wISN ¢}
|
OH O OH
3 SF-227 9.63 297

HO OH

Continued on the next page.
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Table 1 continued
Continued.

4,4 Acremoline B 7.10 246
5 Outovirin A 652 481
6 Nanaomycin K 645 548 O:
y S_N
6b  SulfonylnansomycinK 621 580 93 H
o /1l p
O N coo~
—N +
/ N\
Sa Sulfinyl outovirin A 5.72 497
6a Sulfinyl nanaomycin K.~ 5.62 564 O& H
//S N
o
N/ -
coo
—N +
/ N\
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Fig.4 LC/MS chromatograms of kitasetaline-containing broth for the control (non-oxidized)
(A) and Mo-catalyzed samples (B). The physicochemical properties of kitasetaline are
also shown. Mass-to-charge ratios (,/2) are indicated as [M+H]".

- 106 —



BY 7T VRALS X ORI 2 A G DR 7 SRR B IR SR OMESE & H LS R B O

B-HNWVEY VETH D (Fig.4). SHEWHALFMIR
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Fig.5 1D and 2D NMR correlations of (A) thioporidiol A and (B) thioporidiol B
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Fig.7 The stereochemistry of thioporidiol A
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The search for new compounds using ergosterol modified silica (ES silica)
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Ergosterol is an essential component for fungal growth because it is included in fungal cell membranes and
controls membrane fluidity. Antifungal drugs that target ergosterol, such as amphotericin B (a polyene
compound), have been widely used to treat serious systemic fungal infections. Amphotericin B has been used
clinically for more than five decades due to its potent fungicidal activity and relatively few examples of drug
resistance. However, there are problems of medication methods by the drug’s poor aqueous solubility. New
antifungal drugs that improved physico-chemical properties and binding with ergosterol could give effective
antifungal therapy more safety. Based on this concept, we developed silica-binding ergosterol (ES silica) resin and
searched for natural products interacting with ergosterol from 859 actinomycete culture broths. The physico-
chemical investigation in ES silica screening resulted in 94 known and 24 new compounds. It is suggested that not
only polyene compounds but also various ones interact with ES silica. Heterocyclic compounds with nitrogen
atoms such as piperazine and nucleic acid compounds were detected in multiple strains. Approximately 80 % of
known compounds was microbial alkaloids. Dipyrimicins and Dietziamide C, new compounds interacted with ES
silica, were discovered from culture extracts of Amycolatopsis sp. K16-0194 and Streptomyces sp. K16-0477,
respectively. Dipyrimicins possess a 2,2’-dipyridine core skeleton. Dipyrimicin A, which is no interaction with ES
silica, and B have the structural different in carboxyl and amide groups. The amide group in dipyrimicin B could
be the primary factor involved in the interaction with ES silica. Dietziamide C has a unique structure that
possesses a N, N, N-trimethylpropan-1-aminium at the center of tetramic acid dimer.
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FLRME (3K UK SN2 RAEVEELRIE, B DR,
B AR e B TREBECIRAE & AR DTS B IR
FEPERRAEIZ 0T DA, FFIS, PRAEVERRE I3 P
WHE & VDD &) 12K, i, I, B & ol
AL, SWAENGEIIIEEIC R BIYETDH S
(1T, 2010a).
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#l7 k7YY B(AMPH-B) 25FR TR S, H
WRE DIREDS] FE & 7 o 72 (Gold et al., 1955-1956; Stiller
et al., 1955-1956; Tilley, 1962 ). Streptomyces nodosus H34:
#E3 % AMPH-B X, 3 THICAT Y T HBEEL, C
DB T A EL I OMIBIED 3T 5 L)V T AT
O— )L EfEES L CHEDE#EZ FHO 5. T DR,
MM R odih 2 £ L 88, MEWREHNZ ST 5
(Abu-Salah, 1996). T A 5 1 — b 1 B MH 12 3
WINCAEAET B O T, AMPH-BIZIZIZTT R TORHEE
W3 L TR IC/ER $ % (Kitajima, 2000).

LA, 7Y —=LVRLF v ¥ 714 R4 ED AMPH-B
IR DBILEWAIDHE S NFER THwWLONTHS, Z
NOPLERANL, AMPH-B IS R PLEH A X7
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BE #% e KA

MVTHY, MRS AFNCHEOEELRHRE
FET 22 LIS DHMERENE2RBT TS5, 20720,
A F 22 0SNG O m WIS LT o AR HIORD
RERT. —J, FERPHAR YT (Bennett, 2004) 7
EI X B EEAN TR O MBLASWHER S T3 (Niimi
& Niimi, 2009; 11111, 2010b ).

AMPH-B (Z B K OB B HAEH 35 2 & TRIAME
RS 720, WEREECIZ W, —), aLAFa—)v
EDOBRIRMIITE AL LD TIZRL, BERKOIEHMIEIE,
Y A fAE R B RE R R E OB RRIEH 2 H 75
(Yamagishi & Mikamo, 2010). X512, KRPL¥ /=)L
WL 2wz, BOHLETRIZEAETHNS W, T
TAFa—)IVIZHEAEL, LW ERTILEmERWE
FTTENTENE, FPiERNAZRB IR TE 5.

WA, RACHEY S O L& % FR e T HEE
FOVZIRAT 3 2 A SRR ICHE L, £ K LB %
WMTED L) ko7 FFmMIWITEEIN T 5L
EWOUVIBIA R bV, 55Fm, 5k, iz
EW LR Z IR L, YHBORRY 7 — & X— A
(Dictionary of Natural Products 72 &) TH#E T 5 2 &
W& D, H2HEOREEDOTICHBEWErIZ IR
TVLREIPTFMTEDL L) ICh-72. COFEE
physicochemical (PC) screening (Nakashima et al.,
2017; Takahashi & Nakashima, 2018) & #L, WA
HEY A O O P E % PREE L7z, PC screening O—
LT, ¥ TFIATHARMESGTF & B L 721 iE %
TR L, WORWRE D © 2 O AR & M EAE % 7R
TALGWEME L, PC screening THM L HEE L 721LE
YR HE - MEE T EEERL. AWM TIE,
B O MM RER K 7T, AMPH-B O 457 Th 5T

A B

VT AFT— V%) A5V L 728 (EST VU H)
2L, ES VUMK ATALAWEIRE L.

FIRM R & TR

ES 1) 7 DEH

YA TNVOREBOKEEE (57 =) IZZVITR
FH—VEMEGEEZES YY) A EELYY VTR
& DILFEFFECIER L 7.
YUBTNCY Ty TV TH (B3-ANVAT NS
QYL MY ANFTTT V)T TF I — V56 L,
BHEiL-FF—NEICT VT AT — L % s ST
FALL, ESTYUNERIER L. 500mL DL TTIVT T
Z21220g D Y H 7V (Chromatorex MB100-75/200,
By vy b)) AR, b ¥ 300mL E A,
A5 =W LAEDBS3-ANA T TaE ) b R
FEY YT U59g R MATEEFMEABRRSUET T
80C C8IFMIL S 7. WL EEWE v B
TORX% ) =T L7, & 51280TC T 12 KEREE#4:
X, FA—NVERZERICETAEYIYAAN (FF—
YU A) E215gf%7z. WIS, FA—NT) H20g%
500mLDt/85 TV 75 ATIZAR, 14-TF FH >
300mLEZMAZ, AT —%WHELENL, TVITAT
O— VA& 4.0g MA CTHREBIZHEM S %, TV HIVEH
BHRIE LTCTVEAAL Y 7Fa= ) V% 80mg Il 2,
BEFHAEMSLMET TS C T BBS S/ &
g, A5V —%AHHL, PVIY, TS5 Fa75
YBIUORXY =Tk L7z B L, 80T T2
MRS T TV T AT a— VY A 7V (ES T
) & 20.7g 1472 (Fig.1A).

OH Actinomycete culture extract (1 mL)

100 mg ES silica
mixing for 10 min at 250 rpm
centrifuged for 1 min at 5,000 rpm

pass

I
ES silica
washing with 4 ml H,0O

SH
HS,

HS washing water

centrifuged for 1 min at 5,000 rpm

ES silica

eluted with 4 ml MeOH
centrifuged for 1 min at 5,000 rpm

MeOH eluate

Fig.1 Illustration of ES silica and screening flow.
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HARE S E R

A7) == 7P, ALRAEGRHARTEAT AR R RE
R TrER SN O A R TR it 2 A L7z,
TR TE I A PE RS M 1d 30 B M - 2.4 % starch, 1.0 % glucose,
0.5 % yeast extract, 0.3 % meat extract, 0.3 % peptone,
0.4 % CaCO,, 5mL/L trace metals solution (0.1%
FeSO,-7H,0, 0.1 % MnCl,-4H,0, 0.1 % ZnSO,-7H,0,
0.1% CuS0O,-5H,0, 0.1 % CoCl,-6H,0), pH7.0 & i\ 7.
AMPH-B D72, No.51 54t : 0.5 % glucose, 0.5%
corn steep powder, 1.0 % oatmeal, 1.0 % pharmamedia,
0.5% K,HPO,, 0.4 % MgSO,-7H,0, 1mL/L trace metals
solution (0.1 % FeSO,-7H,0, 0.1 % MnCl,-4H,0, 0.1 %

ZnS0,-7H,0, 0.1 % CuS0,-5H,0, 0.1% CoCl,-6H,0),
pH7.0 % v 72.

LC/UV & & ' LC/MS BIE S
mMiksa< 57 4 — (LC/UV) X ELITE
LaChrome (HYNAF 74TV ) il L7z, LC/MS
13 LC {2 Agilent 1200 series (7 YL ¥ h727 /0P —),
B BT |2 QSTAR Elite Hybrid LC/MS/MS System
(—E— ¥ Ay 27 R) B LULCIZExionLC™ (=—
v— ¥ ALy s ), BRE5HEE I TripleTOF® 5600
System Y AT A (—E— - YAy 7 R) #Hwiz. LC/
MS OHIE S IEZENZ L Table 1 BX U2 1IZREHK L 7-.

Table 1 LC/MS condition in QSTAR

Column Tnertsil® ODS-4 3.0 i.d. x 150 mm (GL science)
5% MeOH + 0.1 % formic acid (05 min),

Eluate 5-100% MeOH + 0.1 % formic acid (5-35 min),
100% MeOH + 0.1 % formic acid (3540 min)

Flow rate 0.5 mL/min

Column Temp. 40°C

Detection UV-Vis (200~600 nm), TOF-MS (m/z 100-2000)

Injection vol. SulL

Ionization mode ESI positive

lon spray voltage 5,500V

Ion source gas 50 L/min

Curtain gas 30 L/min

Declustering Potential 50V

Focusing potential 250V

Temperature 450°C

Detector voltage 2300V

Table 2 LC/MS condition in TripleTOF5600+ system

Column Capcell Core C18 2.1¢ x 100 mm (Osaka soda)
5% MeOH in 0.1% formic acid (0 — 2 min); 5% —

Eluate 100% MeOH in 0.1% formic acid (2 — 12 min);
100 % MeOH in 0.1% formic acid (12 — 14 min);
detection, 254 nm.

Flow rate 0.5 mL/min

Column temp. 40°C

Detection UV-Vis (200~600 nm), TOF-MS (m/z 100-2000)

Injection vol. 1yl

Ionization mode ESI positive

IonSpray Voltage Floating 5,500 V

Ion source gas 1 50 psi

Ion source gas 2 50 psi

Curtain gas 25 psi

Declustering Potential 80V

temperature 500°C

Collision Energy 45V

Collision Energy Spread 15V

Ion Release Delay 30 s

Ion Release Delay Width 15 ps
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ESYUARI)—=25

A7) ==y ZOFN%E Fig 1B IR Y. HUb Ry
WA 1mL % K T L L 72 ES U % 300mg 12 fit
L7z AmLOKRTRERFOHE, 4mL DO X ¥ J — )V TIHEH
L7z, SOX¥ 7 —ViEliEsgs % 4 50 L CTES )
HEH TN ERER L7z, SO Y TV %E LC/UV-MS
TN L, ES TV A EMEAER ZRTILEW oWl
MR (UVIIX A R 27 bV, 40T, 0 THK, i
Md) Z#IE L. HEST Y AWMLY V7LD LC/
UV-MS 57— % Zfi#tr L, 5N Eiz b &ITRRY
7 — % X — Z (Dictionary of Natural Products, DNP)
BIOA NI AT = R=ZATHEL, BAWEOH
EBLUOHHWEEIERR L2, FiH g shiAbe
TR, WS 21T o 72,

AW E MR

PR R, XR——F 4 27 ETHEL:. B
W & L < Candida albicans ATCC 64548, Saccharomyces
cerevisiae ATCC 9763, Aspergillus niger ATCC 6275,
Mucor racemosus IFO 4581, 77 Atk e LTE LT
Kocuria rhizophila ATCC 9341, Bacillus subtilis ATCC
6633, 7T L&MW & LC & LT Escherichia coli NIH]J,
Xanthomonas campestris pv. oryzae KB 88 # M EH & L7=.

M3 BR %, Cell Counting Kit-8 ([R{-1L%:) %
MW TiTo 72, & b5 SR bRl i Hela S3,
bt MG AL HT29, & b Hilife R b R i i B
A549, b MBVEMIE H1299, b bR PANC-1,
b b FERE A fE A THP-1, & b T M A i
AN Jurkat, & & EiEREME H F MR HL-60 % v 7-.

FRB L OEE

ESYUART) == FROMEL

AMPH-B 4 £ B Streptomyces sp. K04-0037 By 2E 4
MW aHWT, #a- - BHABREIT-o72 EST U A
100mg 2 K04-0037 HREF 2N ImL 2 F v — T L,
AmL DK THEHE, dmLDO X ¥ ) — NV THEB L. X
502, 4amLOImM TV ITAFE—VEG A Y ) — )b
B CHEI RSz, ES T @ g, K Pk i 4,
Ay )= VERESBL I VT ATFO—VEFAY
J = VEWW 5% LC/UVTHN Lz, ZofEz
Fig.2 \ZR 3. BFmISF LFx—=I Lz v 7w
W 72572728, ES Y 4 ada#iii2 AMPH-B @ € —
7 DMERR S Nz, KPEE I 4121 AMPH-B O ¥ — 7 28
MR INT, 2 ¥ —VEitims 2 AMPH-BO ¥ — >
MHEFEE NS, 72, IMMIVITATFE—)V AT ) —
VCEM LZE 45 12id D 32012 AMPH-B 23 #eh & 1 7:

T,

e KA
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Fig.2 LC/UV analysis of fractions treated with ES silica
using culture extract including AMPH-B
Fifty percent EtOH extract (A) of Streptomyces sp.
K04-0037 strain, AMPH-B producer, was subjected
on ES silica. And then pass (B), washing with water
(C), eluting with MeOH (D), and eluting with MeOH
with 1mM ergosterol fractions (E) were analyzed by
LC/UV. LC conditions are as follows: Inetsil ODS-4
(3%x250mm); 5% —100 % MeOH in 0.1 % formic
acid (0—30min); 100 % MeOH in 0.1 % formic acid
(30— 35min); detection, 254 nm.

Z NS, BORERERICE TN T\w5b AMPH-B i3 ES
TUAIHEL, AT ) —VTHIT A b7z,

- 114 -



IVITAFa— Vi) A (EST ) A1) ZHOHBWE OHE

ESYUHRTZY—Z2Y

WO T B 280 859 -~ 7 )V % ES ¥ V) 7 THLAL
L, ES¥ U MY > 7V % LC/UV-MS THHF L 7-.
LA OWBALFEEIRO F—F 2 H LIZTF—F R—2
THRE L 7AE R, 104 0k 5 4 baW (E#HE &L &
167 b5 Z MR L FHE L7z, boE b {11k
DORGRE D SEEDPHRATE 20 VAT F K
&My v 7u<x Ay YEOREICDOWTHZ/RT.
MR A K18-0349 MR B 28t ik B X OVES ¥ ) 77 L3
P FVOLC/UVZa< b5 L% Fig.3A8 X UF3B
WZRY. ES V) AR A Z T, wIHERR 7.7 4, 8.1
TBIVEABIIIADODE =7 PHBIN. Thb3
LEWIZ UV AT MUDSEBLL T b T & HHRRA
THbH LR SNh7 (Fig.3B). IR 7.7 51
Na 4Kk TH % m/z 558.1726 s &, #A + v %
m/z 536.1931 [M+H]" & PesE L7z (Fig. 3C). ¥ HIKRRH 8.1
FBLUBAGOILEW S FARICHA L+ v 2 EZEh
m/z 796.3394 [M+H]" 3 X 0¥ m/z 435.1499 [M+H]" & ik
%€ L 72. DNP T MS 1 % 535.18 ~ 535.20 3 X UF UV ##&
KWL % 280nm ~ 320nm DHPH T L7268, Vv
K< 4 2 ¥ DNV (C,H,NO,, Dupuis ef al., 2011) & %
y7ux4 A (CyH,CIN.O,, Izumikawa et al., 2015;
Goering et al., 2016) ® 225 v F L7z, IR 7.7
GOILEWORMARY -2 [M+H]" +2 (m/z2538) 13#
A4 (m/2536) OFI30BDEEDTHDLILND,
15 FOEFEZEATVDLZ ENbrb. LoT, Bl
B 7.7 50L&, HFEEEFATHL Y v TuY A
VUYAEHER L REMIZ, 220 MS/MS 7 J 7 A
YMAF Y (m/z22638B L0V m/z417) 3L, BRI
WE sy v7a< Ay ALFE L (Fig.3D). Bk
181408 L U845 DILEWITO VT H FARICHEL
ok, BN 8.1 B X U84 0L E WL, Fh
Fhy vr7u~x4 v CHBLXUB (Fig 3E, Goering et
al.,2016) EEL7:.

B 2 ME LzE K)oy RIEGWIE,
AMPH-B, A PLNLF VAR T4 YV E 11
EWrtrth s /e, R = U REEWPINC D Bk~ 2 fi
BEET AWM ETE . B EEce Fafy
PABELETHILEW ) IR 5 F Y EHIEROKRON
HWEEWH SMH N, UGV URiERET ALY
AT VR ANTA Y BR Y, BERRLEWT
ENYA YV VR VAT T X R L BRE RSO
MMEEW L s h, BAWE B bEmo S b,
SALEMDBMEm TV ha g K725 72,

ESY YA TRILL 7224 % 7 — VIEHHKICE L DERY
IV RILEMAP R ENLZ s, ESY Y ADTV
TAFA—VGF BB L TWbL I ENbh ol —),

ESYYAEFA—=IVI Y HIZTNVITATO— N %EE
S8, FERLTWS. YUYBICBHiLIZTVIT A 50—
WlE ) A 1gH72 YK 50umol TH Y, ¥V A FKImIL
F A —NVEIRELZIRETH L. BB shz% L oM
EWTvhal R, ZORMSLZTA—VIEEHEE
HERLTVRIREEDD D, SBOBEADPLETH 5.

ESYUARTY - TICLDHEMBEDESR

ESY U ANEHWIAZ ) —= v 7 ORRE, 291LEW
PHHWE LR SN, T0H 5, HHERAEED
B EE2EE L, Amycolatopsis sp. K16-0194 #& (Izuta
et al., 2018) 3 X UF Streptomyces sp. K16-0477 ¥k 7 4 pE
T RHEEFTHWE O HHE - 2T 72,

Amycolatopsis sp. K16-0194 ORFFE A I 175
192578 X U201 32 — 7 BIgE & 7zh%, ES ¥
Y CRBES B L IR 1920 O ¥ — 7 I3TH R L,
HINEH] 201 50O ¥ — 7 BBlgE s 7z (Fig.dA). 22
DY — 71312 UV AR 240nm B X U8 320nm % 7R
L (Fig.4B), ¥ LHew s iz BN 19.2 5
OALEY (V¥ A Y v ALt &, m/z 247.0714
[M+H]* (C,H,N,0,") %7k L7z —J, ¥R 20.1
DOEEY (YEY <A VB EMs) 1, m/z246.0771
[M+H]" (C,H,N,0,") #75&L7=.

Amycolatopsis sp. K16-0194 = 6L @ 30 ¥ #bC 9 H iK%
#L, BEREFERBICEN L. COREEAY ) —
VTHIE L, 2otz 54 YA+ HP20B X O
ODSz7u~x 7774 —CTRAL, KLY <A
VUARSTImg ML, YEYS ALY U BIE, B
L EEEET S VCHL, FoMlimE EST Y hT
MELL, B Y YY) <A4 Y B%166mg ki L 7-.
ZFORH 7 0 —% Fig.5 1R

V¥ <A T AB X OB oW LR Z Table 3
127”83, HRESIMS AXZ MLIZE D VEYSR A VYA
i 4 T R 246, 5 T R CLH N0, (il 5 fif : m/z
247.0714, HEAE - m/z 247.0719), €U <4 ¥ Y Bik
ST 245, 57 TR CLH, NLO," GMIAEME < m/z 246.0884,
PUERAL © m/z 246.0879) LY L7z, YEURA VA
BXUBI, K A7/ —=VBIPIF ) —)VIZWE
Tholz. IRAXRZ PV TREVEYIRA TV VABLY
BILHHETZ2ANVRUVBBLIUT I FOA VRV ERHE
EMFEO_HEIEAHED 1670cmT D -2 L AR Y
BBLOT I FOMEBLUOERLKEOHKEN RO
3300cm ™ LD ¥ — 7 g Sz T2, RS TI
VEIYRA T AF112C, YEYRA T BIE84T
(decomp.) /R L7-.

VYA TV AB LU B O NMRIFH OFER, ik
WIZEY D U205 L7208 ) ¥y Fi e a 7HiE

- 115 =



BR HE hE KH

VA
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60 - [M+H]
100 4 m/z 536.1931
80 50 1
60 - 2 40 1 m/z 538
_ 404 $ 30 4 / [M+Na]*
= 20 4 ) | — = 504 m/z 558.1726
GCJ 0 - T T - T 1 \l/
£ 120 A 101
100 - 0 T t — !
80 - 500 520 540 560 580
60 4 \1/\11 m/z
40 -
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0 \ |
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Fig.3 Identification process of known compounds in ES silica screening.
A, HPLC charts of culture extract of Streptomyces sp. K04-0037 (top) and MeOH eluate treated with ES silica (bottom);
B, UV spectra of compounds eluted at 7.7min (top), 8.1min (middle) and 8.4min (bottom); C, MS spectrum of
compound 7.7 min; D, MS/MS spectrum of compound 7.7 min; E, Structures of tambromycin B (top) and C (bottom).
LC conditions are as follows: Capcell Core C18 (2.1¢ x 100mm); 5% MeOH in 0.1 % formic acid (0—2min); 5%
—100 % MeOH in 0.1 % formic acid (2— 12min); 100 % MeOH in 0.1 % formic acid (12— 14 min); detection, 254 nm.
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Fig.4 Analysis of Amycolatopsis sp. K16-0194 metabolites.
A, HPLC chart of culture extract of Amycolatopsis sp. K16-0194 (—) and MeOH eluate treated with ES silica
(----); B, UV spectra of compounds eluted at 19.2min (—, dypyrimicin A) and 20.1min (----, dypyrimicin B).
LC conditions are as follows: Inetsil ODS-4 (3 x250mm); 5% —100 % MeOH in 0.1 % formic acid
(0—30min); 100 % MeOH in 0.1 % formic acid (30 — 35min); detection, 400 nm.

9-day old culture broth (6 L)
centrifuged at 3,000 rpm for 15 min

Cell Supematant
added with MeOH (2.5L) extracted with EtOAC (6.5 Lx2)
centrifuged at 3,000 rpm for 15 min EtOAG extract (496 mg)
Supematant
. Flash chromatography
ﬁ?sﬂvfﬁrgﬂnfaot?gggﬁjuo on ES silica (80 g, 50i.d. x 95 mm)
on Diaion HP20 (80 g, 50 .d. x 95 mm) washied with H,0 for 20 min,
eluted with linear gradient 0-100% MeOH (at 254 nm) eluted with linear gradient
0-100% MeOH (at 254 nm)

Fraction included in target compound
K16-0194 B (16.6 mg)

removed MeOH in vacuo
Flash chromatography
on ODS (Chromatorex Q-PACK, ODSE0, size 120)
eluted with linear gradient 0-100% MeOH + 0.1% TFA (at 254 nm)

K16-0194 A (86.7 mg)

Fig.5 Purification of dipyrimicin A and B.
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Table 3 Physical and chemical data of dipyrimicin A and B.

G A oD
Appearance Yellow powder Yellow powder
Molecular formula C2HioN2Os CoHiN3;Os
Molecular weight 246.2 2452
ESI-MS (m/z)
Caled. 247.0719 (Ci2HiN2Og) 246.0879 (Ci2Hi2N303)
Found 247.0714 246.0884
UV Ainax (MeOH) nm (¢) 204 (9,232), 241 (10,427), 204 (5,093), 242 (4,366), 294
269 (4,851), 318 (5,005) (1,962)
IR Vi Bem! 3259, 1670, 1523, 1461, 3340, 1670, 1577, 1473, 1403,
1265 1272
Melting point 1112-113.8°C decomp. 82.8 —84.6°C
Solubility
Soluble H>O, MeOH, EtOH H>O, MeOH, EtOH
Insoluble acetone, chloroform acetone, chloroform

I/ L CTw/z (Fig.6). fISICEVWYHY, VY=
AT VAZHANVKUE VEYVSRAL Y UBETINE
HLTWw YEURA T UyBaF+H—V3 U H (ES
Y HEROBIC TV T AT U — VR EELT B O
U ) T B KBRS &, WG Lo
22Enn, VEYRA T UYBEINVITATHE— VI
BAELTWAZ EAREE N,

VEYYA Y ABXUBOREIENLD X O
PEZME L7z, ZOKH% Table 4 1IR3, YEY <A

Fig.6 Structures of dipyrimicin A and B isolated from a culture
broth of Amycolatopsis sp. K16-0194.
Bold line, 'H-'"H COSY; arrows, 'H-"*C HMBC.

Table 4 Biological activities of dipyrimicin A and B.

Antimicrobial activity
. . Dipyrimicin A Dipyrimicin B
Tested microorganisms 10 30pg  100pg  30ug
Candida albicans ATCC 64548 11* - - -
Saccharomyces cerevisiae ATCC 9763 26 16 - -
Aspergillus niger ATCC 6275 - - - -
Mucor racemosus IFO 4581 18 - - -
Kocuria rhizophila ATCC 9341 27 18 - -
Bacillus subtilis ATCC 6633 22 19 - -
Escherichia coli NIHJ 23 16 12 -
Xanthomonas campestris pv. oryzae KB 88 27 21 - -

*Numbers represent clear zone (mm) of growth inhibition (paper disk, ¢ 6 mm)

Cytotoxic activity
Cell lines Dipyrimicin A Dipyrimicin B
HeLa3S 5.1+£0.5%* 246+139
HT29 62+03 72.1£270
A549 43+02 >100
H1299 92+0.5 68+33
Pancl 94+35 >100
THP-1 43+06 >100
Jarkat 44+05 >100
HL-60 39+07 >100

**]Csovalues (UM)
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Fig.7 Structure of dietziamide C

¥ v AT A. niger ATCC 6275 UMV O E R IZxF LT, YLK -
PLELHWE 2R L, BWMRatkicN L CT10uM BT T
IC, iz xR L7 —FH, YEIUIATUBIL, E coli
NIHJ S L CH B EEZ R L, BhWiiiaikicxr L
TIEIRA VY AT o7z 72720, HI299 A
VIR L C IR A DL b oo A B G N 1 2 R L 7

Streptomyces sp. K16-0477 @ 5 24l H W 12 UV ik
WX 270nm B £ O"HRESI-MS & V) m/2334.1751 % /R L,
G TR C L H,N,0, L HESE L7Ab B s e E Tz,
AYEE, T NI VBO2EIKTHAIC T TOoN-1-1
UHEAEL, NNN-F)AFINVIZFILVT I=TLDT
FTIVEB2EAROPLICHALLEBETH - 2
(Fig.7A). 7+ I VBO YA ~—1b&Wix, &P
WW Dietzia timorensis MZ-3 R SRR I NV b Y
7 I FAB XU BT (Hoshino et al., 2015) 3% 1,
AKWEZ#VT YT IRCEMBLE CGREE). vx
F Y7 3R CIEPURIG TS & O 84 5l B s M 1 dOR
oz,

AMPH-B I3 EBEAMBE RSV T X 50— )L L EE
L, A4 F 22 VEBKT S L CHEEELF SR
L, B Wi %773 (Borowski & Cybulska, 1967). —75,
Gray et al., (2012) (X AMPH-B ORI Z 70 A H v
T Y TRMEETFERAER L, BRI 540
BURIGMEZ ST L 7. KA X9 Lo, B
WHH) T LA F ORBIZERO LN o708, PLE
WA R L7, ZofE1E, AMPH-BIZAE#ICE
BERINVIATH— VAT A I L2 - THERIG
PeaFEH T 5 EE2RBRLTVS. F v 2 IVERIE
AMPH-B OHFLE G VEIC L TIE 2 <, &A% 0
S, FHORZEZ MBI LSETn5.

L»L, JEYIA T YBRIYT Y7 I RCIEES
TYNIHETHH, PLEEEEIIRS ol TV
VA4 YBRTYVZ MY T I FCIZAMPH-B & b L
THTFEIVRNE N, WRIZ, TVITAFa—VERKHEGL
THZ0EMW R ERIIEDY, EHETEs002b LR
R,

U3 O

BHOBE S CTH DTV TAT O — VIO TSI
Bb Y, AantFICWERER S TH S, R T VR
BWAT7 A7) Y BB BPERELEZRL,
FHINOMHHALATEZ D I2 w720, RIELERIEDT
WAL LCHOEDL R E T 5. LaL, 7k
7)) ¥ Y BIREKIZH T BB AR, ARG )k
LKA BRIMER DL, TyRTY VY BOENTH
HINVITATa— ) ERKET HLEWE, - ahiER
A LTHIfFTE 5.

CoarvkSrELEL YUAFMIZVIRAT
O — L E G S8R (EST VU ) ZERLZ K
R R S ES v ) h ERET LAY & 1
L, WOM R EE R 859 - v TV A & BEAIY B
U bEMETE L, HEEHBWE 291w % L 7.

BEAWRLE, R = AMLEWZ T TH L, Bka ks
WABES V) HIKET A b ol Tz, ER
7T ALE MR BRI G R EFR L A OEERAL
EWn% i Eang. BB 41LEwmo 5 5 751k
BEMHBER T VA AL FE2o 7

ES¥ VU h L#ET 2 HBWE L, Amycolatopsis sp.
K16-0194 2343 % Y ¥ 1) = 4 ¥ » B & Streptomyces
sp. K16-0477T BHEFET LY T V7 2 FCAEL N,
VEYRA T YBIRATHERICVE) Y UBEEAT
LALEMTH -7z, ES T HIEREGWE Td HBHAR
VEYIA Y VAFMBICHA VR VB YEY <A Y
Y BIMIEHIZT I FHEFKEG L oHER RN DD 5 72
(Fig.6). ZOZ ENS,ESTY Y HICHET 57201213,
TIFPEETHLIEARBEEIN, Y MITIF
CENNN-PJAFNVZFVTIZTLDNT T IV
B 2 BARDOHMIHE A L7z =— 2 B CTh - 72,

KRBT & N7 WFFERER O iy

EERTE

1) U, BE, BWARES, S5, Brpid—, SiGeE
T, KA, mIEBHKAE. 2017. TV T A7 0 — V2 Hwv
TR B OYESR. H ARG #5832 K% 91 7-8H.
R

2) HE T, BIE, WAE S, 2018 TV ITAT T — )b
B %2 728 B B OB %E. H AR ZLFR20184E EE R
£ 3H15-18H. #iE

3) Nakashima, T. 2018. Search for new microbial metabolites
by physicochemical screening using new resin, ES-silica.
Microbial Natural Products: Discovery of Novel Compounds
and Biosynthetic Pathways. 27 November, Bangkok,
Thailand

4) B, B, AR, BT, KA, hEKE.
IVT AT = VRIS ) A7V R &AL E D o
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PR g BRFEEB L O S SE
fites  fhke, e KHE

AL B A HUA: a2 BE FE AT RIS B R W 2 2 )
T108-8641 HULTHEVEIX 11425-9-1

Search for new compounds from actinomycete genome
using PC screening and their biosynthetic study
Yuki Inahashi, Takuji Nakashima

Laboratory of Microbiology for Drug Discovery,
Kitasato Institute for Life Sciences, Kitasato University
5-9-1 Shirokane, Minato-ku, Tokyo, 108-8641, Japan

Genome mining of actinomycetes has revealed several uncharacterized biosynthetic gene clusters with potential of
new secondary metabolites. It is known that actiomycetes harbor much more biosynthetic gene clusters than the
compounds they produce. We employed both physicochemical (PC) screening and genetic approach to discover
new compounds from actinomycetes and performed three experiments in this study. 1) we screened a unique
biosynthetic gene, which was involved in aminovinylcysteine (AviCys) biosynthesis, from actinomycete strains in
the Kitasato Microbial Library using a PCR method. Then those actinomycetes were characterized their production
of new bioactive compounds by LC/MS analysis. As the results, two new AviCys compounds were discovered from
“Streptomyces subflavus subsp. irumaensis’ AM-3603 and Streptomyces nitrosporeus K93-0711. 2) positive pathway-
specific regulator genes were selected from the genome sequence of actinomycetes and overexpressed in the
corresponding hosts to achieve new metabolites. As the result, two new lipopeptides were discovered from
Streptomyces sp. KO-7888. 3) biosynthetic gene clusters of trehangelin, actinoallolide and pyrizomicin, which were
discovered by PC screening, were identified using heterologous expression. Furthermore, we revealed the
biosynthetic pathway from acetyl-CoA to angelyl-CoA in trehangelin biosynthesis.

Key words: aminovinylcystein, transcriptional regulator, biosynthesis, heterologous expression
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P ISR BUGAC & O AR Tl A R B 2 b
WaMREL EET L. BRSO E O T RAHEY 3%
BICEATEEEZAL, TI/JEZVY AT VR
STV FVEOI— 7 REEOILEW ARG ST
B, EN513H MRSA, FEEH, MIMSICHLT
DI HE I N TS (Sitet al, 2011). La»L, %
OREBALEM ORI M TH Y, EFRH~OIG
HIZES> TR WbOWPFRETH 5. I, #ETLF
DEMBRFIBI L WV BIRE D7 ) MRS R, 4

E-mail: y-ina@lisci.kitasato-u.ac.jp, takuji @lisci.kitasato-u.ac.jp

Pl e A AN/ NI E PNy N - e R R 2 U B

LEWOLEEWBIEF AW S E 2o TE 72 HERITAE
WG & SRR T R OB DT h b Tn iz s, i)
AR D7 7 KGR S ZRACHEY O EENGEE T 2R
TTHIET, HBWEHSLHWOMEZ AT 2 WHER)
HRNUFTHZEPTREICHR>TETN S,

—Ji, BREO T 7 22, BHRICE > T30 Lo
TR EWESEE T TR — T A &M
59k o TWwbA (Nettet al., 2009), 5 & DA
BIRT7 7 A5 —13KIRIREBICH 5. FORE o — 0ACH
EWEGBEE T OB 2Tty s L FaL -5 -tk
L C Streptomyces antibiotic regulatory protein (SARP)
% large ATP-binding regulators of the LuxR family (LAL
family) & W o727 VST EBHM SN TE Y (Bibb,
2005), L¥al—%—@faF2EAL, KIRIREDA
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ERBET 7 TR - HREDODEIHLHIET, AF R
AT EORBMERER EN TS (Laureti ef
al., 2011).

AT, BRE T 25 5 DESRGEET O (W
bwWwbir ) <A =r7) &PCscreening & A b
52 L THBWE OIS & il BRI, 2=—
I B THET I EZNTYATA VRGBSR
BIOVF2 L=y —#ETEFH LW EOHR
WZOWTHET A, 512, PCscreening 12X D51
RHHWE N LN Y)Y, ToF I/ THEIALFBL
WY I~ ¥y OEGEMEIZOWTHET 5.

ES9iRex

BRRIE

BB 7 ) oD T I ) EZV Y AT A4 ¥ RALEW
ORI, ALBAGR AR BRI EE L D
ROLSNAHMRE 768 tha ALz, L¥aLb—% —i&
23 BLIC X % F B W B ¥R 212 1% Streptomyces sp.
KO-7888 %k (7 4 bFH ) VAEW) 2MEA L7 &
BHEET 7 7 A5 — I 2% Polymorphospora rubra
KO7-0510 %k (b LoN> ¥ =) YV EPET), Actinoallomurus
Sulvus K09-0307 %k (77 F /7 7us 4 FERER) BX
N Lechevalieria aerocolonigenes K10-0216 #% (~ >~ 7' 1
ATy, ¥UVA T VAR BREHIL.

TIJEZIY AT A L RIEEYDIFER

T7IJEZNYRATA Y (AviCys) 73 7 3keF
F— NPV VRN LT L= 7 2iE %
BT HLEWMTH 5. AviCys RLEW % MW 7/ &
X DPCR%Z HWTHEKT B 72012, Streptomyces sp.
OH-4156 ¥EASERET 5 AviCys RILEW TH B ¥ A ~~<
4 ¥ v ® AviCys & HEEE TH % CypD (Claesen & Bibb,
2010a) B OZFot v a2 cdhsbsGrmD (Claesen
& Bibb, 2010b) O#fn T3S & ) AviCys £ B#E 1%
TORRT I 4 < —%%GH L7 (Table 1). HUHRH 768
¥k & v, W 1R % TrisEDTA buffer (10mM Tris, 1 mM
EDTA, pH8.0) IZf&:&% UBEIE T 10 B3 5 2 & T
DNA # ittt L, Taq DNA polymerase (=2 —+ f ¥
SYR - NAFTER) BHCT, LM 95T 108,
T==1 7 :52C30%, MKk:68C 145 %35%1
I WATH ZETPCREAITV, HOBEETE2HAT 5
Wz 227V —=vF L7/ by bLEEKIZOWTIZ
P ARTA D VORI KRRTF F2a— K35 cpA
(Claesen & Bibb, 2010a) & [ 7z i fn 1 D IE IS %
NI 52 8T, ToMEEHEE L.

TILY =TI ADSDEEBERF I X 52— DER

FS7 7 5y —2 T A% antiSMASH (Medema
et al., 2011) THTT 5 2 & T, R ED LA E
BF 7 IR —OEEEZIT > 72. antiSMASH Tkt v
b L& WEET IS LTl Local BLAST # i wC, #
[ 7 BRI TR MRS L E TRIZT 7T AT —D
WREIT o7,

HERBEEEFNIA—=2 78 S URIBHER
Table 1 ® 7 F 4 ~—% M\, Phusion High-Fidelity
DNA polymerase (Z=a2— 4 Y275 F - N F T 1K)
2T, BN 95C 108, 7T=—1 7 68T 308,
i :72C 150b% 3534 7 VviTH T & T4
G T 2 IR, BRMEAREHAN Y —
pOSV556 (Prof. Gregory. L. Challis, Warwick Univesity,
UK) &5 WiEKIBHAEB X7 ¥ — pET15b (¥ 7'~
TVEYyF) lZra—=v 7 L7z BEEHRY 57—
Z2oWwTld, =7 taFRb—v3 Y& E coli
ET12567/pUZ8002 |2 H Af%, FA{REI X ) s i1
= (Streptomyces albus J1074, S. coelicolor M1152 % 721% S.
lividans TK24) ~E AT % Z & CTHEIETFHHMK T /ER
L7

E AR B R DREREREMT

HEEREETZ 270 —=2 27 L7 pET15b % E. coli
BL21 (DE3) \c= L 7 buaRL— 3 v CTE AR, LBH;
WTHRL, IPTGTY VSV EORBIFHE L 7-.
W HMAE I, BERICX ) REemds 2L
T, YN EERB S S His 6- L 2
Z Uy BENIS T ATRRE SEEESSE5
Z L TE DRI 21T 72

FI/LDARI R4 T &S LUEAREET
7522 —DWE

HEEREET 7 9 A% =D 4 ZH30kb LLETPCR
2 X AHEASSHEE A, BT AT A3 RS
A7) =% TONETHERL, EHGEEMLRTZ T A
y—OWMBEITo7 T AIFXRZ ¥ — p0OJdadé6
(Bierman et al., 1992) @ BamHI#/t¥ B X ORI~
/ 2 DNA @ Mbol #i50iH b & 5 4 7 — 3 a v &4,
LAMBDAINN (=v Ry V=) ZMHEHL TSy 7 —
Vv T %45 7244, E. coli XL1 Blue MRF’ ~N38 A4 5 2
LTaAAIRNIATIT) — 2R L7
AAIRFIATF5Y—=DODOEERBET 7 F9AF —
DYFL, BMIEF27 A7 —0k, Hib, Az ZFh
FRERYICHEE XSS 7514 ~v— (Tablel) ZHw
T477% - 72. PCR 3 Taq DNA polymerase (=2 — - A
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YTF YR N FTR) AT, BN 95T 108,
T==10>r7 :59C 308, k68T 15Dt % 35
YA T NTA T oz, W L2 A I FICAEAEET
7 I AY —ORBFEWBIEEN T WA, #oa
A I F2580 L7z #HEE L O PCR CHIE S & 7248
18i% Gibson Assembly (Gibson et al., 2009) 12X - TH¥
EEDLELIET, 7I9AY—DOEHEEELRT ¥ —
(0

EES S UREERD LC/MS BT

A FE RS b 121X No.43 K5 Hi (5% maltose, 1.5 % dry
yeast, 2.5 % ebios, 1% KBr, 0.05% KH,PO,, 0.05%
MgSO,-7H,0, pH7.0), No.43-2 ¥ # (No.43 55 #b &
maltose % 0.5% (22 2 72 #L)%), YD H (1% yeast
extract, 1% glucose, pH & # %% ), No.58 55 # (0.5 %
glucose, 5.0 % soluble starch, 0.3 % CaCO,, 1.0 % dry
yeast, 1.0 % Wilg/NZWR3E, pH KiR%E) A L7 A4
PER M ICRERE 2B A 1% L 25 X ) IR L, 27CT6
HERE 9 Re3E L7z, AR SR, SRS RoT Y
J—=NVEMZ, WAERRG 2L, 3,000rpm T 10 55/

#LsrEEL, B2 XL, QSTAR Elite Hybrid LC/
MS/MS System (AB% 4 = v 7 &) % v TLC/MS
fHHT L7z,

L¥aL— —@BIEFHBUC X 2 H B EHRE T,
V¥ 2 L= —0RBU X ) BEFT SN WHOY B
b Mk % Kk 5 — % X — Z Dictionary of Natural
Products THZET 5 2 & TEOHBMEZ TFIIL 72,

HEHES B L OB ERRT

WM E HP20, YU A X VBLUODSH I L4270
<~ 757 4 —CTHUAS L, 5 ECHPLC IC X b Bk L 7.
BONTZWEIZOWTQSTAR (ABHY A4 =y 7 2) #H
WTEDREEE R M B L OTMS/MS 7 5 7 4 >~ M
Z17\, Agilent 400MRDD2(7 VL ¥ b7 27 /a1y —)
HWTHMNMR T 2479 Z &0 X D, 2O hikE
EERMRE L, F, WBY—T7 4 —BICED T I 8
DR N ARELE % g L7z,

Y TE MR
PUwiiEERABR X, 7T 2 BE1EW & U T Bacillus subtilis

Table 1 Primers used in this study

Primer Sequence

Screening primer for AviCys synthetic gene
cypD-64F CGCTCGTGCCGTGGTGGAT
cypD-416R TTGCTCTCGACGATCTCGTT

Heterologous expression of trehangelin biosynthetic gene

thgHIUK-F AAAGGGCTGCAGAGGAGGCGTACCGTGACCCGACCGG

thgHIJK-R AAAGGGAGGCCTGCTCAGCCCAGGCCGTAG
Functional analysis of trehangelin biosynthetic enzyme

thgH-F AAAGGGCATATGGTGACCCGACCGGACGCC

thgHR AAAGGGGGATCCTCAGTCATCGGCGCGGAA

thgl-F AAAGGGCATATGTCGACCTCGACGGTG

thglR AAAGGGCTCGAGTCACCTCACGCAGTTGGA

thgK-F AAAGGGCATATGGTGACCGCCGGTACGGGC

thgk-R AAAGGGCTCGAGTCAGCCCAGGCCGTAGCC
Screening for actinoallolide biosynthetic gene cluster

aal-LF CCAAGAAGTGCGCAATTCCC

aal-LR CATGGGCGTTTCTCCGCAT

aal-CF AGAAGCTCCGTGAACACCTG

aal-CR CGCGTAGTCGTGGTACATCA

aal-RF CGGTACCGGCGGCTGCTC

aal-RR CCTCCCCGCCACCTCCAC
Screening for pyrizomicin biosynthetic gene cluster

pyr-LF CGCCTTCAAGAACGACAAGT

pyr-LR CTTCGGACAATCCTGTGGTC

pyr-CF CACGGTGAACATCCTGCTG

pyr-CR GAGCAGGTCGTCCAGCAAC

pyr-RF ACAGAATCCCAGTGGTGGAC

pyr-RR TCCAACAGTTGACTGCGTTT

Underlines indicate Pstl (CTGCAG), Stul (AGGCCT), Ndel (CATATG), BamHI (GGATCC) or Xhol

(CTCGAG) site.
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KB-211, Kocuria rhizophila KB-212 %, 75 LFEMEEL
C Escherichia coli KB-213, Xanthomonas oryzae pv. oryzae
KB-88 #, H.W & L T Candida albicans KF-1, Mucor
racemosus KF-233 % fiv 7z,

FRB L OEE

WIREST S LD SDT I/ EZINY AT A LRIEEHD
BR&

AviCys EAREE T2 —2 v e L, HkH 768
HIZH LTPCRTAZ ) —= ¥ 7% 4T7% - 24 &,
“Streptomyces subflavus subsp. irumaensis” AM-3603 ¥ (A
VAT VEFER) B X U Streptomyces nitrosporeus
K93-0711 % (% ¥~ N VAEER) @ 28b e v b L7z
vy b LZ2HRICOWTHIBAERTF FE2a—- 75
cypA VA 72 SBAR T O IR IETLHVFENT % 4T % o 7o 4
AR A T LRI T, AM-3603TIZ8F H D
Val % Ala 12, K93-0711 #k T3 13 F H o Ile %% Val 12 &
&b o> Tz (Fig.l). AviCys TZ D X9 ZEF D
RT7F FO#EIE % <, AM-3603 B X O K93-0711 #
Ik ZFh 15 2067 B X 082081 @ Hi Bl AviCys % 4=
FETH T LRI

AM-3603 kI & U8 K93-0711 #k& @ 5% 223 % LC/MS f#
M L7A5%, N2 No.43 BEilh 35 X U8 No.43-2 B ks
L 0 HEE L7222 R T La Y AM-3603A B L U
K93-0711A DAEFED R S N7z, KER K, K15
A7uax 7T 74— DR L AM-3603A 5B L O
K93-0711A % 0.2mg 3 X U 9.0mg IUA% L 72, 45 fig g
HEOHN B LIOMS/MS 7 F 7 A 2 RN O R,
AM-3603A 3 X UFK93-0711A % Fig. 1 (27”3 xk & gg
L7z, PURE R BR O R, AM-3603A 35 LU K93-0711A
1 K. rhizophila KB-212 .25 LTIl &2 R L7z,

MEMIC LT =— 27 7 AviCys 12 H L, PCR7% 5 UNIC

LC/MS M 2 Ml bE - P TR LR, B
W 768 Fk & 1) AviCys AN 2 bk A2 R KL BIRT 5 2
ENRTE. ZOTEIE AviCys DA HIRE < @G T
&, 414, PCscreening % TR W I N EFEWE O
HIRAERICHIGH L2,

LX1L—2—EEFERICLIFAMERR

Streptomceyes sp. KO-7888 ¥k & 77/ A X ) 16 & L
Fal—F—#@RT2EINL, FhEhpOSVs56Ic7
O—= 7, KOT888MICEAL. L¥al—%—
IR OR A % LC/UV B X O LC/MS T L 7245 5,
SARP family #2518 K 156 BIkk T % Streptomeyes sp.
KO-7888/pOSV556::speR D YD ¥ 48 (2 BT a3 » b
=i v ibE W E — 27 24K (KO-7888A 8 L Of
KO-7888B) %Mt L7z WY — 2 & & UV i KWL
268nm, T EIIENENR20B X984 TH D,
Dictionary of Natural Products #t3% L 724538, %473 5%
ILEWITIES, FHWE e s he.

Streptomceyes sp. KO-7888/pOSV556::speR % K i 15 2%
% KHEHITLUT T T T4 —CHEBERL,
KO-7888A 3 & Y KO-7888B # 6.9mg 3 &£ UF 12.9mg HL
L7z BOMRERSAICLD, KO-7888A & m/z=
921.4106 [M+H]" (C,H,N,0,.), KO-7888B I3 m/z=
935.4356 [M+H]* (C,HoN,0,) Toh - 72. MS/MS 7 5
T AV MEH, NMRIGHB L ORE~Y—7 4 =2 X
57 IO Ky, IRIRNWSHIC Y vy, 7)Y
Y, 3-e FOF YT ARG E VR, L-Fudy, L-AL
F2rBIUD-uAf Y rBLU3-eFaF T AT
FUBRT I FPHMELHH)RARTF FEPEL 2
(Fig.2). SARP family Sz G- #IK 7O FHIC L D 1ES
NWEP ST —RTFVABLOBEGH L. Y —
NRTFVABLUOBOVREIG AR Z AT 2 - 7o/ R,
WENOBREW ISR L TOIHEEERE b o7

R EDESEBETORHAHET AL F 2

Cypemycin: X = Val, Y = allo-lle

............................

AM-3603A: X =Ala, Y = allo-lle
K93-0711A: X = Val, Y = Val

Fig.1. Structures of cypemycin, AM-3603A and K93-0711A.
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Fatty acid Gly Gly OH-Asp Tyr Thr Leu  OH-Asp-CONH,
R X HO
CHs N HO (o)
NH
0 N 2
H
e}

HO
Sarpeptin A: R=H
Sarpeptin B: R=CHj

Fig.2. Structures of sarpeptins A and B.

1 kb

thgA ktth thgC thgD ktth thgF

thgG thgH thgl thgd thgK thglL

| ')|::) | :) | YD

) = EE=em)e) =

° Thgl )H/L Tth
S-CoA —>
S CoA Wethyl " NADPH

maronyl
Acetyl-CoA -CoA

OH
HO 0
o
HO
o O._oOH

ThgJ HO
S CoA —> S-CoA —> J
Trehalose oH

oj‘
Angelyl-CoA /

Trehangelin A

gene proposed function

gene proposed function

thgA  transporter

thgB  serine/threonine protein kinase
thgC  glycoside hydrolase family protein
thgD  glycosidase

thgE  TM helix repeat-containing protein
thgF  transporter

thgG  LuxR family transcriptional regulator
thgH enoyl-CoA hydratase/isomerase

thgl  3-oxoacyl-[acyl-carrier-protein] synthase
thg  acyltransferase

thgK  reductase

thgL  Lacl family transcription regulator

Fig.3. Gene cluster and proposed pathway for trehangelin biosynthesis.

L — % —#{nT DO%B & PC screening # flAEHE 5
LT, HBMEY—RTFVABLUBEIRL .
Ltk R WG TEEHMR IS TR 24T ) 2 & TAW
HEARMINL Z L2 WifEd 5.

LN D T ) DEBBEETFY 7 X2 —DRE

k 1//\‘/71 ) 1% P rubra KO7-0510 BRAS4EES 5 b
LN =22 250FDOT T2 RS LY

BHThb (Nakashlmaetal 2013). TrYxY HEEIX
AEI =NV EOHYKGTE LTHBLTHDLH, T~
T UABEATAMEMHREREIE N LAY oY
> & SF2575 D A TH 1), Pickens et al. (2009) 12
SF2575 DB BT 27 T A8 =G I T 5

Local BLAST # HI \» T K07-0510 ¥k D K 5 7 b 7 J A
V=TTV ANESF2575D 7 Y 2 1) L CoA Bk R
LM SINDE Y %7 (SN, K, ]) EHFEED &
Y UNRTEREOREF I IR —FMETHI LT,
NV V) VEERBIET I AY —EHfEE LT
KT 27 5 A% —1316kb ® DNAFHIE 2542 1, 12
MEOMZFIEThTwiz(Fig.3). 20N, 7>V x
UV CoAG R B LT >V x Ul CoAlnfg s &
ek SN B MIET (thgH, I ], K) % PCR TG,
ME OB N #—p0OSV556ic7a—=>271L, S
albus JIOTARRIE A L7, BIETEAME ML T —2
TR YD HiH TR L, BEEE A LC/MST L7z & &
A, NN T ) YOEREFHERI N0, Uik
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Tkl fikE, e KA

BF I IAY =% PLNAY T ) VESEMIETZ T X
F—LE L7, 861, FNEFNOMIRZ ¥ 87
ERBW TR EE, Niv T L CTHERE ZOMRER
Wra4ro 248, Thgl, KB X OHPIHRKIST 5 Z
&), 2F U= )VCoADHT ~ T =)V CoA
BERINEZ L2 L: (Fig3). 7Y%
DA 2 M 138D 5D DD (Basey &
Woolley, 1973; McGaw & Wooley, 1979), ZiL 5 13HE%E
DAT, SHOMEIPEERICL DT P )V CoAt
BIAERE DR DOFEH & 72 5.

TUF/TFOTA4 REAREGET VX Z—DRE
TrF )T a5 A4 FiA. fulvus MK10-036 £k 35 X OF
K09-0307 ¥EASAEFET BP0 b U /X v — =G ERT <
5 4 FAL &% T D % (Inahashi et al., 2015).
K09-0307 %D K57 b4 ) Ay — 2 T A% antiSMASH
T2 8T, 727F /7054 FEABRBEIET 2
TRy —mHfEE L7z, I TrF /70T 4 FE
ERGERT 7 9 A% —13# 50kb ® DNA #Ik2 5% 0,
IHIRY) rF FEREE#R (PKS) Y ~ 27 1A P450 %
Aﬁ?@ﬁ@ﬁﬁ%#%%&énfwt(mgw a2
IFIATIV =L VHEOSNIEETZ TAY —D—F

aalD aalA1

] E— —— —} o]

aalA2

AalA2

EPCREMZHFE S LI ETT2F /754 Kk
BRBIET 7 9 A7 —OEHEEEHRy ¥ =& ERL
72, |BHNRT ¥ —ZBERZEITL Y S coelicolor
MI1152 &AL, TER L Z2B00H 2 YD ¥ olsas L
LC/MS T L7z45 3, 727 F 7 7054 FOEEDGE
Az, ULokREVMEERET I FIAY—%T F
F/7uIA4 FEGKEIETF I IAY—LHEL. T
2F 77054 FIZIRPKSIZX ) RY &7 F FEEDE
BN, 12BEBET 7 UL NIIP40ICE S
SHBAITEY —VERICE > TEREINS Z L2
#Wsnsd (Fig.4).

EVJSA Y EEREIEFI 7 XEZ—DREE

¥ <A ¥ X L. aerocolonigenes K10-0216 54 i
FTHEY Y UREF TV VR LM AR AT S
L&MW TH Y (Kimura et al., 2018), AR OHRE
7w, K10-0216 kD KT 7 N7 /) Ay —0 LV A%k
antiSMASH T3 5 2 & ¢, ¥ U~y v AEAKE
Err7 oAy —ndfig L. #Eshiz¥y <4
G BBIAT 7 T A 8 — 1349 40kb © DNA #is A 5 7
D, FVKRY —LXRTF FEEEEHE (NRPS) BL O
PKS% D 16 B OBIZF 2 EHLTBY, ¥ VU<A

aalA3 aalB aalR
1 kb

aalC
AalA3

Module 5

Module 6 Module 7 Module 8 Module 9 Module 10

AalA1

Load Module 1 Module 2 Module 3 Module 4

G
NG UG
(ks (an)acy k) AT) oaks (o)
I %; ’
:g OH P
(0] OH
AT: Acyltransferse o

ACP: Acy! carrier protein
KS: Ketoacyl synthase
KR: Ketoacyl reductase
DH: Dehydratase

ER: Enoyl reductase
TE: Thioesterase

gene
aalD
aalA1
aalA2
aalA3
aalB
aalC
aalR

proposed fanction

crotonyl CoA reductase

PKS module

PKS module

PKS module

cytochrome P450

acyl-CoA dehydrogenase

TetR family transcriptional regulator

(9

SC0) @ @g g@@ @@@ @@@ @

Actinoallolide A

GGG

(&)
@g %@@@@@@@

“OH

Fig.4. Gene cluster and proposed pathway for actinoallolide biosynthesis.
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orft 2 3 4 5

101112 13 14 1516

=) tle) )

ORF4 ORF5 ORF6

ﬁ;%o

) (oI
Be0Q EOFEO COD ﬁ

,N ORF8 S/ N ORF10
Z°N
5
Pyrizomicin A

orf  proposed function orf  proposed function

1 hydrolase 9  LuxR family transcriptional regulator

2 monooxygenase/hydroxylase 10 amidohydrolase

3 monooxygenase/hydroxylase 11 O-methyltransferase

4 NRPS 12 TetR family transcriptional regulator

5 PKS-NRPS 13  ABC family transporter

6 NRPS 14  ABC family transporter

7  dehydrogenase 15  transporter

8 thioesterase 16 TetR family transcriptional regulator

Fig.5. Gene cluster and proposed pathway for pyrizomicin biosynthesis.
VUIRIgEA S - =L, VATA V25T, < (A)
__)I/CoA;batU‘U/( VU ERBBICAREINSE LS P
gxnz (Fig5). T2 FI4750—k 05 ® }

hﬁlﬂf:&?? T AY —DO—EkE PCREW % ik S8 5 (©)
TETEY YRS VU EBARBIRT 7 T A Y — O&HIE
REGNT YRR L F 70, YHMET 7 TR — ®
28 N5 LuxR family 56K 1 0 #8151 % 588U © l \‘_
Ry =lflEra—=vr Lk #BohiRsy—%
S. lividans TK24 ~ 2 3 A L, {F8 L7 B A % No.58 ® | o~
K CHAE L LC/UVIRAT L7245, MRlET 7 9 & . ; . . 5 (min)

5 —DAHRBALTZMTIEE Y VA ¥ v DEFEDITER S
Nhdoil-—F, BETFYZ IRy — L EEHIERKT2 1k
BE &I BNTE ) U Y v BIUOZFOHEAKRT

» % AFA0320 ' (B 5, 1999) DHEFEDHERR S
72 (Fig.6). DLEO#RE ) BHBIZF2 7 A5 =

VIS A T VEERBIET I IAY—ThHY, TD5%
HiZr 5 A% —PN® LuxR family §i= 5 B # K112 X 0 IE
WKHIE SN TWAZ LN L o7z, ¥ USRS Y
YOE) Y UVBRBLOFT V= VEROBEIZOWTIEAR
W 720, Sk, BIRFBESHREIUSICL ) 2%
GRS E NS 2 2 WFT 5.

. The LC/UV chromatogram of pyrizomicin production.
(A) the cultured broth of TK24 introduced the empty
vector, (B) the cultured broth of TK24 introduced
pyrizomicin biosynthetic gene cluster, (C) the cultured
broth of TK24 introduced pyrizomicin biosynthetic
gene cluster and co-expressed with the transcriptional
regulator, (D) pyrizomycin A, (E) AFA0320, (F) pyri-
zomicin B.
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1) v CoA DM ik & e L 72.

RPN T 5 N7 FECR D ey

JE 2w L

1) Inahashi, Y., Shiraishi, T., Palm, K. et al. 2016. Biosynthesis
of trehangelin in Polymorphospora rubra K07-0510: identifi-
cation of metabolic pathway to angelyl-CoA. Chembiochem.
17: 1442-1447.

2) Inahashi, Y., Shiraishi, T,, Také, A. et al. 2018. Identification
and heterologous expression of the actinoallolide biosyn-
thetic gene cluster. J Antibiot. 71: 749-752.

3) Inahashi, Y. 2019. Isolation of endophytic actinomycetes and
the search for new secondary metabolites. Actinomycetologica
33: S56-S63.

4) Koomsiri, W., Inahashi, Y., Leetanasaksakul, K. et al. 2019.
Sarpeptins A and B, lipopeptides produced by Streptomyces
sp. KO-7888 overexpressing a specific SARP regulator. J.
Nat. Prod. 82: 2144-2151.

Z oAt
D) KA A, s BRE, Wil T, RE MR 2017, R Lo
V) v oBED FEH2017-158546, (SRR AALEMIZE
1T, S bRl AL

I

ARDFERNZBH72), ZRELZIEZE) L L2
T R NSEREREZET 12O S BAL L EIF £ 9. £ 72,
AFFED — AR E R A AW B S X VST L
72, ARWZEDFITIC ST 72720 1 KSR b
R AT TER O A RIR I L, 7 A EE A £ — b

e KA

K%:® Arinthip Thamchaipenet 1#-1:, Wilaiwan Koomsiri
i, AR R A GR SR O ARE T4, B
gt A HIE AL, R S ONEA IR
CE#HoBEERLET.

Xk

Basey K., Woolley J. G. 1973. Biosynthesis of the tigloyl esters of
Datura: cis-trans isomerism. Phytochem, 12: 2883-2886.

Bierman, M., Logan, R., O'Brien, K. et al. 1992. Plasmid cloning
vectors for the conjugal transfer of DNA from Escherichia coli
to Streptomyces spp. Gene 116: 43-49.

Bibb, M.]J. 2005. Regulation of secondary metabolism in
Streptomyces. Curr. Opin. Microbiol. 8: 208-215.

Claesen, J. & Bibb, M.]. 2010a. Genome Mining and Genetic anal-
ysis of cypemycin biosynthesis reveal an unusual class of post-
translationally modified peptides. Proc. Natl. Acad. Sci. USA
107: 16297-16302.

Claesen, J. & Bibb, M.J. 2010b. Biosynthesis and regulation of
grisemycin, a new member of the linaridin family of ribosomally
synthesized peptides produced by Streptomyces griseus IFO
13350. J. Bacteriol. 193: 2510-2516.

Gibson, G. D., Young, L., Chuang, R. et al. 2009. Enzymatic
assembly of DNA molecules up to several hundred kilobases.
Nat. Methods. 6: 343-345.

Inahashi, Y., Iwatsuki, M., Ishiyama, A. et al. 2015. Actinoallolides
A-E, new anti-trypanosomal macrolides, produced by an endo-
phytic actinomycete, Actinoallomurus fulvus MK10-036. Org.
Lett. 17: 864-867.

Kimura, T., Inahashi, Y., Matsuo, H. et al. 2018. Pyrizomicin A
and B: structure and bioactivity of new thiazolyl pyridines from
Lechevalieria aerocolonigenes K10-0216. J. Antibiot. 71: 606-608.

Laureti, L., Song, L., Huang, S. et al. 2011. Identification of a
bioactive 51-membered macrolide complex by activation of a
silent polyketide synthase in Streptomyces ambofaciens. Proc.
Natl. Acad. Sci. USA 108: 6258-6263.

McGaw, B. A., Woolley, J. G. 1979. The biosynthesis of angelic
acid in Cynoglossum officinale. Phytochem, 18: 1647-1649.

Medema, M.H., Blin, K., Cimermancic, P. et al. 2011. antiSMASH:
Rapid identification, annotation and analysis of secondary
metabolite biosynthesis gene clusters. Nucleic Acids Res. 39:
‘W339-346.

Nakashima, T., Okuyama, R., Kamiya, Y. et al. 2013. Trehangelins
A, B and C, novel photo-oxidative hemolysis inhibitors produced
by an endophytic actinomycete, Polymorphospora rubra K07-0510.
J. Antibiot. 66: 311-317.

Nett, M., Ikeda, H. & Moore, B.S. 2009. Genomic basis for natural
product biosynthetic diversity in the actinomycetes. Nat. Prod.
Rep. 26: 1362-1384.

Pickens, L.B., Kim, W., Wang, P. ef al. 2009. Biochemical analysis
of the biosynthetic pathway of an anticancer tetracycline
SF2575. J. Am. Chem. Soc. 131: 17677-17689.

Sit, C.S., Yoganathan, S. & Vederas, J.C. 2011. Biosynthesis of
aminovinyl-cysteine-containing peptides and Its application in
the production of potential drug candidates. Acc. Chem. Res.
44: 261-268.

R, TP, &S, 1999. F 7 V) VY ¥ V1L
G, KPR AR R 11-60572.

- 128 —



2018 4F B — e r 7E B B O W 78 s

B R - 2018 4F 4 7 ~ 2020 4% 3 1]



IFO Res.Commun. 34
2020

4 N
wE/OLZOMBAREICELS
WMERDELE ZHMED X H =X LOREHR
ok A K
RS AR A R 8

kodama@life.shimane-u.ac.jp
- v

BEY: I Fa Y Y 7 RERAEE AN LML
FHAAETHE K OAYFLTHRS NEFMBOEILLS
BALDEE S & 2> T b, L LRI O oy %
MFRFOBRRIZIZE AL SR EIN TRV, Z 0%
RIS 2720 DT VAWK ERDI F) Vo) Ay
Thb. I FYVYY LY ORMBUENIZH 700 ML
LTwaitdEroL Ik, 1l omEaiEhko
PVELIFIEh A AERICLIN TS, I FY VYYD
L7l ZISHAERR TS 575, TRl
TOEENRETH A, ks o BRI AIEE
WX B ELOMBBRFICHE I EEZRL TS, 70l
TRV ) AT UNDOLHFAEAY R FTRA A X
SICHIAELTBY, yuL 5 B OMELPEA
BEEHBIETH L. ABIZEIZI FY V7)) A 2w
7RISR X 2 B O AL & Z AR b X A = X
LOHEZHBE LTS,

BHE AL IREEI NIV YT EPVEED
AL o THIlLZRIE FICHES N TWw5. 0K
VRHERHIBIIAEEI Fa v N TOEREE RS 2
DI, I FY YY) AYIbary Ry TEI 2 0—F
VHREER L 7. 2odifkzfHL <, 7oL 7k%k
e (Aftk) LiFk (Rakk) OPURORTEYE% 308
PURBETHIR L2, SHI2IFYYIIAYDIT VA
VT =L TF=500, VIBWEDO—>TH2 7V
5 FF RS BB E T 57V FF 2 S- kT
VAT 2T — YOG IRIERY 2o TERART T F &
TERL, ZhzHusic LoHumis 2 M L ChiE o )Rt
P2 HOEHURE T L 72,

MR- ER T/ 70— FVHUEE I L7z 80P
DOFER, Rk L THBEO I P a Y B 7S
LW e hol wpko I bar Y Tidza L

FEWYPHATHZ, I ha vy B 7REIRWEOLEED
Mito Tracker® Green FM % i\ [k DfE R % #H7-. it
WL 2 A L 7 BOEPURE DR R, Btk & fktko 2
RN TE o/, BHELET LI L THER,
HEBN L BERILA L AR 2T 5. AL RO
MOEEIZBNT, EHRFEMOFREALITE 25 EI b
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ERAMRESNTWS., —HIFI Y7 ATIZBVT
E R TR RS TSR L, ZoMEIER
HTH o7, KWES2S I M3 N 7RO
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TIARRVIFATOFERSEEI Fa vy P T
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B AERRPLFEREFEI VY P T EOMED
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ARG PREE SR D FERFE O 2 Hig & L7z,

Ak 7/ ADNAW, [ CREL»S AT L2 1E»
S AEAE ] & [HE»S AT L2RIETORR % 43
i) % WA CoEEE L, MY20 FARR i cRiaE L
TRONIWARELHRAT / ADNA L LT L7
PCR-DGGE #:13 B-F 2 — 7'V ¥ &IET (BenA i 50 Wi
#1400bp) % HIWE L, ZPEFHIBEES % 25 35%, 60T
DFMNTIT o7z, V=¥, RTFF¥—-¥BLOWmN -
k7 a7 7 — ¥ OREREEN 8 G Hick
B EEEEE (0.85 B L 1N0.95,,) T 5 7= fiffwdm i
EHWTTo 72,

TR - ER Wi S A amstelodami, A. chevalieri, A.
pseudoglaucus, A. ruber, A. sydowii O 5% 534 - [F) %
L7-. I, AR - 7/ &5 DNA TR % M 4,
BenA #1n 1 O #0E & DGGE T #% #r L 72. DGGE
DY—H—IF, [MELAS5MD A L) IHE L7 BenA
Mok & L7z, TRURETHPOAFLZ1IEFELLA
TR oW THELEEOMER W RER A
pseudoglaucus B X O A. chevalieri BB HFETH Y, 20
RS EL L L BICIN SO HELITT: 1
IR L7z, 72, TRETHRR 2L 4FME] (220w
T, Lo 2fE M A amstelodami, A. ruber, A.
sydowii EEEFEE o Tz, 518, BEOKRGE
HAY15 % FE B OB 7V TiE A amstelodami 7%,
W B &= A 3.5 % O Y >~ 7V TlX A. chevalieri H¥E
G ISR O DonT, [HEETHIEL
b AR (134> 7V) ] oL 72T (7 EiR
G T RS EREO R B B AR (0.85
BLU0.95aw) THFEL, HoHNhhil CHEESR)
DT RRE RG22 TRz, ZoRR, ks
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77— DI, FOKIEE T TR L 72 v T
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737 )& Lecanora \2 2o\ CliE, HAR L JHIHIE O DNA
HHPAGTH Y, FmREMOMEIEA TV R
720, [ZEALMERLZEENTE Lo/, KEE
L CF—R=2ftThHZLL L7

BMET7O T TCHREERS D RESYERED
EREFR - DEPIAR
NN

KR FHH 0
yoshitaka.ono.grapes@vc.ibaraki.ac.jp
G J

BEY: BEHHER (GLR) &, WET7 I 7IZBWT,
BIEHBEAK & < 7= S EHEY 2% FEAVBAT AT Th T
FYR TR ZIRS v, BIEEL & HICREDONE L
MEOKTA2b726LTwah. K%L, HE7Y7E
A—=APT V=V TR G L BT AU HZHRA-
A L7z GLRIR R W O THEPH - AR OV 7
MEEZHL2ICTLIEEHE L

FE HET VT EF—ANF L=V T AiT 5
GLRW L W7 ¥ 724§ % 20> GLR I & 0 Fhf
FENIE H A ENL AR - BB - A REE)S Forestry
Herbarium : BKF, Ik KFHRFEEAM  IBAR, HEK
FRBREARE : TSH AT OBEAR & 72, 1 EHEPH & 2

RO, ¥4 - For=< AR FarsFriw
B RO Y F v F 7V RICH B EL AR L 2 OB
BWCORMALIPE LRIV Zhs o -
781, % A4 B K%l i &£ & B & (the National
Research Council of Thailand ) DARFED H & 129246 L 7-.
FEISZ BN CORRA & BEAIUSRIE, & A EISLAR - B
Y - WIRER ORI 2 /72, X b LD GLR #EE
A&, XM F ARV REERER TR =F I /i A + 7
70Ty =ty —OMREOHNEZRTN/ 4, =¥
Fo T B, FAZVETRE L. 5T SREENTICIX
ITS2 }% U° LSU rRNA(D1/D2 38 ) DFECH % v 7.
R - % : BKF, IBAR, TSHEIEAR, K% 4T
DIFHLAL & F 721 L 7B 2 s L7228, R 7
VT A=A T L =¥ 7 GLREDHERE ) DAL
7 N RIS E L Tw B HEIIERTE b o
7e. LaL, ERFHAROBEIR 2L, 54T
SRACENT CHESE L 72 Rofehl CH7 7 GLR 1 2 f & 13 1]
SR %22 L—F (clade) 2T 2 &5, K
M7Y7 - A —AKMI5 L — 37 GLR & (& Neophysopella
BOFHTH 5 LiEm L7z, ThE COREMRBRICL S
W56, 7 KR Ampelocissus BRIWH»SHEE T V7 -
F—ANFL =27 GLRIE O ETH 5 W igtE %
FELTWZDS, 74 THRZICRB LA araneosa |27
ETHHEF VI EBETYT A —A I L= T GLR
W EFTEIEMIC S 5 RIS 57 5 Neophysopella
BOFETHDZLEHSLH,ITLA & AIZBWTGLR
WORMFAMEL %Y 2577 7% (Meliosma) JEHE
WNHFET LR V2 LR, M simplicifolia
WCE N T 2 v 2 /W L7225 AHIZ
Neophysopella JBH TdH 5 Z EBWHSL o7, F72,
M. arnottiana \Z7%5/E L SO TR ZIER T 20 €+
YHRWZ LM, KRE D Neophysopella J& O F LT H
LI ENPLNII R ST
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4 N
AMEHEOELRHERBRENTEIET 5
BORORA
e YNy NE S = T
tnakazaw@XKkais. kyoto-u.ac.jp
& J

BEY SRR AT b ARMIER T (1 o —5)
DI I 7 ZIFHT OFER, KM iR DAL, 28
% & NS ARIEIC B3 2 #0 5 O BURGR EEASHRIR &
iz, Bz, BEEF WL L T m A5 4E
L7z E26N%. ¥icy<F a3l A%4H (Polyporales)
IZBWTIE, KMHPOLHEZIZEA LG L % VER
B B 5 8 #5 B Ceriporiopsis subvermispora 75, Trametes
versicolor 7 & DA A IFATH K O e i 45 1 12
EIZE L, TS O—#kI % A2 5 #IRNEA
RN EZLL, ZORICHBEBIEN L ELL 7
WEEELEZ HNE. L L, I ORFEE FEBRIICIEE
T2 (\BT2) JL3fTbhiTtuizn. ol Lil
R TAIZE TR, Z oMU %2 EERE N THEE &
OFEIETHZ R HE LTITo 72

FHE:y<xFalb Ay r BIZHES N KMIENET
i, MW BETY =7 T4 v 7EBRRPRE SN T
Wi\, ZF 2T C subvermispora 23\ > T CRISPR/Cas9
EHWT ) ARREIC L D BIZTFAREANERIT) 720,
AWOYFHETE ) F AARHRO 7B P75 A M, N
A r7a~ Ay Vipth#Efas, gRNAB XU Cas9 DFEH
Aty PeHTAHTIAIFREALL KBIZETC
subvermispora \ZZEREE A L 72 n T, foyl (ZEHEBR
1 5-fluorocytosine i 14 % 7R3 720, RIAM TLHEA
Z IR R 2 85 T) ISR T, 78Ty
SUGREEHEICE TSRS EET pal BX D
gatl) TH 5. pexl B L Fgatl O WM IEFERE)Y
FZ VR RITTRE R 572012, % C
subvermispora % 7 F A E L L CT11 HE B L U720
HR B2 L, Klason LI > THRAFY 7= v & & K
L7

BR - EZR  HonnS o~ ¥ Vit EiER g

DA 70 % L 123 feyl, pexl, gatl @ HGHE AR T2 5
HRTHBHZENHW L7720, C. subvermispora \ZB\F
LR ) MR ESHENLTE 2B, £
7z, MHFER OSATIIZE & RIS, T RRIR A 2 AR S
bE, TORERDONL rax A v ViEANER L7
72, PCRICK BMPEH IR O ONL T a< A 2 ¥
BT OBIES AN R kofz. 2O EIE, &
WZRICBT A ra< A ¥ VIHEEE T ORBIE—#
HTHDIEDRBEEINL., ZOld, " ruvfy
ViR AR ) BT S L Ic kY, SEEE AR
WOEEATRETH L LEZDBNL. ZOZLiF, 20
C. subvermispora \2 B\ %77 7 AR, 7/ b LEIC
% 2 ¥ —AFAET B RE IR I O KB 22
WCHRTHAL I LERET A, RIZ, BkE pexl B &
O gat] BMEIRTFERKROB TT F RE P DY 7
SRR LI-E A, TN ORIZBI 5 50#
BEOMT RIS N. S by, RFETHERLZ
IR TR L Bk L ORIT, REERE D LEBSET A
WRETH L I LZmy. FkiE, AHFETHILLZT
AR T T, FEBIZFEBREN T ORI D IEGE
AT FETHA. T2, T versicolor (BT 57 A
MR DELIZH D AA TS,

HABUEVEEFIRITIERICE TS
HAERR & T OREE

o FEZH
PN YN R S 2 T e

tokiw@agr.nagoya-u.ac.jp
S /

BeY @ BB, R4 GRBEEANER T30 TR,
W mOEY TIIFH R 2 TR 2 FIH S5 b 0 £ THI
LbMa, INOHORIIMAEY L IABBREHESRZ LT
D &) LA MR IR 2 FATRRIC R o722 L A%
N OOH L. BHROHFTHRFIHE RS IRILE R
HlCld, £ < OfECILE % &b k4 SR
MEhTwb, LALAAS, Fll-EREA RO
BRI D TH Y, BEEoREIZO VW TRIEE
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AL Do TuRv, RIEHEHRICEE ST 225,
RS (B VO —X, A3k E—X, ) F=Y)
WCEA, FHKNEERZERCTH L. RIFFEIE, AR
WHAAM 2B E LTHHTRIC R 72025, 21 b
T AW E AR EROZ LIS b0 E)
WEWHONMIT A EXHIE L7

Fik AR R (RICy Yy vy 24 AVF, 4
F/aAnVFAXYFERFHEE) 2HALDY L TY
Y7L, RN, SRR &) BERE A B L,
DNAH#HRICHE SV CTHE L7z, Th o ORERKRE H
WAL TR B O EALTE P O A 6 & FEBRIY 12 F 7z
IRAYFERFERDY L, F 7 ORHN T RAFRE
L7-B 2 BXTHEET A= F kR ax vy FE N
F (= vhREn) IZonTIE, BROMEEILE LK
SMTT B0, ¥ ORKER BEEERT 2 O B
R FEROBMAKICE TR E A+ 27 a< b
7T 7 4 —=BHIC &L o THAR.

BR-ER: oAV FRERIIOVT, &7 ORifRkC
B79E/) =X, 97 b—A, Fha—A, Fiu—
Az EE LTI0MOBENE T, BEEROY V7
VT~ v =AW SN —F, YREAFEHD
P TNTEY Y ) = ARPRB s REROE
ALPERBRIC X 0 BERRE 7L 2 — 2B WAL 2R L
FVIy, kot —2A, Fyo—RAIVEMEER
L, Eva—x, 795¥/—Z, #I527 b—A1213%E1L
WERRS R oT. INLDORRIL, Ay FFEn
SEAERERRE & 7 28 D B R & BRI 12 53R
T2HOTERVITEEEDIE Z Shi. W ERFER
I RXYFE FFARO SFOBRIEI Y ¥ v — AT
LPEZRL, ZOHHD2/TIEF T 7 VIZHIRNE(L
WERR L7z, SIS, RN SR B % 5 L,
HROBRIZFHFG T LWL "R 5. VY v A
LUIZOWTIE, MRRARFHEDZ Y eryy vy 7 A
Hisk O RERE 4 18 % & IR O BALTERBIC i L7z & 2
B, BETHFIO—REF VI 2B LMEERL, 11
oW TRAT I 7 vu vBIZOEEERLAEZ LS
5, Mok L HREME % R L TR ORI

FHIAWRMEAIVRER SNz DEXD, BIRIZKSK
MAINZIE, SR OB Y BRI e A 7 1%
HERITHEVE N L2 RRT 5.

HHRREFICE & & O BIREHRRT
[VFKINTFTUT7] OFROEEED
ML E DBER U BIEBEMREFEE L TO

B OIREE
KW OB P

FALKR R R EF7E )
shuhei.yabe.h2@tohoku.ac.jp
(N J

BAY 4R, SRIMPERIC X 2 BYSEIILRT 54, Al
SV TR ] 2 5 ORI BHUEDE ORIHNE W L T
BY, BREOMIPEHETHSH. 2006 EICHGE SN
227 Rz 707 (M) BEEROSE R
Na¥ 2T LA 4 DEYIEEZ RS 205, RO
ROWROWRIFE LTHFTE S, LrLadrs, 2
DR R 2 GRIZEIRE L TR TH 5
72O MG RERME A5 2 L 2SEETH - 72, RIF%E
&, 2T KN 7)) TROBIRNSEEEE R T 5 L
EDIT, AWM LRI IE$ %M 055 HE & R
W7 NIRRT, BB R OBWFRITY HAZZ D O
Thsb.

FiE L E RS IR BT O PR, R L S A
MoTHE, EH-SETRILECELL [ExX5hs 1)
ELTHSNAMANI [ROEM] 2HRELZ. 10
EAR RRA B #0127 24k F M) 7 &% 30-60mg/L iR
L, 5% 7T v HACE)EIL L7 0% @I &
LCHEHBEMEICI D EELZ H#EIE30-60TI2T
7-60 H ATV, Zr#Edk % 16S rRNA B AR 3L E SIS
HOEFE Lz, FREERRIIRE I, (LA R,
70 DT T OG5 F SR A IR AT % AT SR L
7. F7zin silico\Z X BB KM EGEAR T >~ ¥ v
VORISR, BRI X 2%, R, MEmrd
P TiTo 72

BR-ER 519K T F N2 7Y T O5HEC
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WL, ehosopBPNMEEZMWEL, 14
#F (Dictyobacteraceae fam. nov.), 13 J& -1 #E
(Tengunoibacter tsumagoiensis gen. nov., sp. nov.), 5 Hr
T (Thermogemmatispora aurantia sp. nov., T. argillosa
sp. nov., Dictyobacter kobayashii sp. nov., Dictyobacter
alpinus sp. nov., Dictyobacter vulcani sp. nov.) % $&"g L 7z.
SHI—MORMIZBFRELEM T I &2 Al L.
fa T3 2 2B RMOIE I, HOMRE, R i
CRWT3HIHTH L. ZHOH5HH/RO T 223
URACEH W A A LR T RE AV IR K C 22 418 & ORI L DR
T513L%L, TNHLOERLALEIHBTH S 2 LIVR
e SNz, EERRIE 7T AR A S BEPETE £ THRIA <
PRIEEEZRL, COREY»OHREHEEINET ¥
Mo Fx 2 ALEWERI L. DLk, RBIEICLD, K
RMEITT 5 LITRIIL, ZOEERKT > ¥ v v
DS ZRMNT HICE ST

>O7VBAREEYICHRELES S
Desulfovibrio BH#IE D H4E(L
Z JF K M

FOR LR AL A BB
hkuwahara@bio.titech.ac.jp
G J

BEY : a7 VNI, BUEWR, FICEBAEY LR
By (5EAY) BTOZRRIAERRIIFIEL TS
D, MRIENEORFDET NV E RS> TVD. Y=
a7 ) EREAAEY Trichonympha agilis \ 23423 5 %
¥ 7% M1 W “ Candidatus Desulfovibrio trichonymphae”
Rs-N311%, fgFMINEREICHZE L, E&E50nm DK T
DARNFICHELE TV 5. Ke i, FMET 2 20
WL, A X2314AMb IHE/NLTWB DD, KFE
WAL & AHRERICRE & 7 X R, HilER G RE ) %
R 2oL —F, ANyt t+ia7
VORI HEAT B T collaris DMK I1E, Aafk
W&l L 72 IRE T “Ca. D. trichonymphae”
ZnDsv-02 A5 fiF 5 £ L T v 5. K BF 28 T i,
Desulfovibrio J& W & & Trichonympha & J5 A= A= ¥y o Hil i

FRAEIERL, ToEEEBRZELNE T 720,
TSR NS ©H 5 Rs-N31 &, SeaicMifafkas
BHMLREBCTHEAAYMBERETIIHELET 2
ZnDsv-02 D WHE T ) MENT 4T 5 7.

FHiE AN F a7 ) OGP IET S T collaris
1A % BERORIEIC X D WM ICHEBEL, Wik~ A 2
0 X ZACHEI L, HRYO ZnDsv-02 % & LRI i % ~
A70Fa—7RI L7 BXL7z2H Y 7 vil7zw LT
&7 AR T w7 A DNA 2 U6, K
WAy —4 % — (MiSeq) HO I 4 759 — (X7
IV REXL MXTIATH) 2R 9477 —
AV IFMiSeq Ty —47 v A%&fiol 51T
PacBioTou ¥ 7)) — FOWIF 4T o 72, ZnDsv-02 ®
T AREREL, T AR B IO, BT AT
i1 7.

BR-ZR EONLENZ T vy 7TV L72KE,
ZnDsv-02 D ITEERD T /) 2 ORAHIZK D) L 72,
ZnDsv-02 D7 ) L34 X3 1.6MbTH Y, Rs-N31®
14Mb & D R R K & w25, Lo H WL
Desulfovibrio fairfieldensis (3.7Mbp), D. desulfuricans
(29Mbp) & IRKIRICH/ALTWE Z LWL E
oo fe. BART 2 BERE 0B L L BURAT L 72 K5 R,
ZnDsv-02 & Rs-N31 DR FRKED/8F — 213 L T
Wz, BBREEWV C &1 ZnDsv-02 (345 MRS o BiBE S
BEINTWDIZHHD ST, Rs-N3LEFAARIZS 7 F
{RZ D LBIATF DL BRI LTV, LA LA
5, ZnDsv-02 1%, Rs-N31 Tk iz bl Tw3
CRISPR-Cas ¥ A 7 & R il BRAB i % (2 B > % EAR T & f&
FLTBY, AEED7 7 =YK DNAICE ST
Wh7ehZeEzZoNA, F72, ZnDsv-02 IZIXHAE
FEIZHW 5N type IV Y AT AT 28R F A
AAET 575, Rs-N31 Tldbh T/, BFED ZnDsv-02
1, type IV5rilh ¥ A 5 2 & DNAfZEIZ B b % Eis T
(virB4, B, tral) 29> TH Y, HAFORERE G % v
THEHEFAAEYHICESE L b EEIObNE. &5
12 ZnDsv-02 1ZFLIFI AR % PR4% L TV 7248, Rs-N31
TRBEETILL Tz, — /%1 7% Desulfovibrio J&HN T
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IFLIR % G RIRR T AV F —HE § 575 1 FITMRNIE
HE LTS Re-N3LZHIER O Y AARDHEETZ L E 2 S
N, oA VF—Jie LOKELZMATL L 3mEE
JEAEAEDIZ L > TX ) HARBTRENED D 5. AHFZEIC X
D, MREGMETH-TH T/ AR 5 TEY
A AL D — WA S & ko 72,

4 N
MRMFEEETHT I T OHEBEFFIOBEL
BYEIFR T 2FEWHLH S —D
AAICK BREH - REFAXRIBTEE
ERKD#EE
VNGV NI |

KB 7 1 R S i o 25
sakuma@mus-nh.city.osaka.jp
- J

B8 : 4 H, HAOHEZEOMNTF & L THRAEED
T 25 2 EATE v, FRIC, RIS
BWTRT Y F 2 THIRZEOFEIIKE . M7 wEAMH
DI L & F 53, FIRBER /BN 2 L, £<D
WIFEIC 7~ F 2 THISEE O - S 5. 5 HEM,
FHEM OB S, EETOERELRET T ITHO
e 725 OGRS H ADO L R IE RO L 7 -
TV, IhoBEDONEEDMEIZN S TR E LT,
WHRE & B ITEARREER PSS, LrL, LTLD
B INLEREP Y TH R, REMRERDZ .
AL TIIIFROBIIEE L & 7% % 82 OREAR T O
WSSk & (2L Iy —] OFHETT05 2
LxHME LT

Fik 1 2018 4R SR BT 37 F AR S i AT b L7 R
BT, FrEdAZ Lo RBEMBR 2058 L7z
FRICWiZE LR & Bb N Ol REH A H OBk, &R
IO EEHERNIER L, BB X RO E -3
T & pRMIRESE 2 RA 7. BARICIE, MO
ZDWTHEARR SR FEE & OB E L & L2 BRI
279 L EBIT, HILDERDOK & 1970 FEALLHET D
RIY T4 WA, KEHEZPLIITYIVEET T
VAR S N BEAR L ORI & DTV, RO 5

TRV THLRAEB I o7z,
TR - ER L CORGEHERIOWT, BE LD
W REZ IR & U7z, RECHERE %R % <L) o 72TH
AEOIHM] ICHbLZEREGHD S L, KIBHE
1900 B LA #1100 H F D %7V & M1k, ke
OEEZIY, FHAWEEZERL L, SRS S
Td o7z EHERROBEALGH 750 57, FEEH % &
400 MO RIS 72 #fii 24T o 72, & BIZHINIEORF
FER BIGTLR O PGS 7 &R A FE A 1200 Ko JE i & 17
v, FRER DR RERE] ORBKEROH O
0 R 800 KL 72 LR R RE DR B 2 T o 72, K
RIFHARP R ETOFREOM, MHRKEEHTZED A
ELTAEEZ LT, EAFHOIEEALIZIET 77 73
TR e ORI 7217 T < RBF=EHE ORI ALK A
BERD., 00, REVCHERE 7077 4% EH
L, WREZEHLTILEESH X ) WEEOFII & %
H—AE LT, [E0Z s BIRLHEFEREDOA
Ml OFATL7z. 13220, BIEDP L OEEE 2T T
Y #i%E, DNARSIUSE, S5 ERHE 2 &l )RR
HOBENEGE LT REHEE XS 72
TRAFEICL2WENIRZ BRI T2, 7
AFITICEBMRICT F 2 7 EROTEH 2 RAET %
72O h, WD L R UENH L. SRIO
0 ALATHEBBIED S — RO, BAR - GR2EHET
BIFRANEHED D EHTE.

T =X T RICLH B A FIVEEDFIRM
XAERT T OREE T OER - £
A H i
FOH L KPR e B R S

sharuta@tmu.ac.jp
L /

BHY : Thermoplasmata H 12 B\ T, 2013 4E 12 HIRE
& N7z Methanomassiliicoccales 1%, * F VLA WFIHPE
DFLVAY YW NV—TThb. LirL, HM¥IHEC
K L 72BN R iREREE D S5 O —BlOARTH B, AifFET
3, SFICEIESEICER L, Thermoplasmata A % ¥ 1
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DHERE, ZREBIORBERZHLMNITHZLEH
e L.

HiE T AENTIZIE, DNBSEQ-G400 (MGIfl) B
& OYGridION XS (Oxford Nanopore #1:) % J v Tk
By 77— 20 L7277V L7 PCRT ¥ 7)) 2
VRN, MiSeq (IMuminath) 12X 2 X7 Fik
TH727— % % QIIME % H\CTEdT L 72,

ER-EE: mim MM ALH R H» 5 WHE L L
Thermoplasmata * % ~ W Ca. Methanogranum caenicola
WZOWTH ) MR L7225, 7/ 584 A% 1,130,161 bp
ORF#% 1,158 TH V), BE#Ht D Thermoplasmata * ¥
W% THiR/NTdho7. DNAG+CHER (mol%)
M622% L RHVIFE b R oNz £2207 7 2121,
AZ )=V It A Y v HE R B 7 mtaABC B X U merA
EAR T2 > TW2Ds, WL O 2OREHEIIIRED D
B EEZONT. KRRITRIEHFTHEZ I LT Zawn
A5, IAFMRIC X 5 EHH D B & FHREIND.

H A% 3t o0 B LR 22 5 50 C ~ 90 C DR K A5
5 i AR, 2 DNAZHliH LT, 16S rRNA
BIZT, AY YRR OREEFBIZT merA, A F VLS
WA %0 ) BEREIR T mtaBC WL L35 PCRT ¥
7 A UENRAT o T SRR ORER, 55T VA )
Dl tIEN S, X F VLG L Z 2 5N Bk
Xk D Thermoplasmata * 7~ BHMIH SNz, BRI
WHIREI 51E, B merd & OFRVEAT 85 % LT
DEFN S B S, B LR O EARIR S 7z,
B LR ORRLIELY X ¥ ) —VE FERERF L T 55
SUGHICHEM L TR RZHYEL, Tho XTIl
GURERA 7 WO HE A7z BEma T, S
1572 50 C DREAEZH & Thermoplasmata * %~ W A
S, Z o 16S rRNA Bz THRIERCHIE, BEATR O RS
L OMFEEA 93 % LKL, Thermoplasmata 8 O )& B
ik %z Hhie.

Z N F T Thermoplasmata * % > BIZ BN H» S
Ropo Ty, ARFRICE D, Ik Rl EREREEIC
LA GAT L TWD s, BiEs L IR %
BEIZE o THLRIT R o7, TRH XY YRIZOWTHE

LNTWET ) AEHIZE 2D DS, 351 2 AR
B D RIAHE 2 i, M & iR IR AR & v TAAYR
LTWB RN D 5.

BEEOESRETTFO I/ O—/NILE#ERE S
FEAY X LEDBEIER
BN OE

VRNV NEYNE S =22 1 A
hmaekawa@agr.kyushu-u.ac.jp
(N S

BEY : —MUCEERHCIE S o SR R s g, 12
FRCKE SOMBRTHEAT 2. —h, x5/ —-V&
1L B BE: Ogataea polymorpha TI\XH A X DB 7 % #il i
TOEENRALNLH, HET L OBRIZHAL TR,
BEARBERTFIEGHF2a—-FLTBY, ML
Saccharomyces cerevisize TIXHEF 7 BTV BLUIZED
ZHRRBIET 2 EPBEWBEETFE LTHISN TV 275,
IR BT RBAEEEZ T AP b M ST 5.
AWIETIE, A& — IVEALEER: O. polymorpha DVEZ
OHfFEAZ HIEL T, 200HBAMME TOBMZETFHRIAO
EREEHOPICTHI R HME L.

& O. polymorpha BFAETIKRIIFEAHFHE S L5 HLEK
S CIIHEARMEEMTDRES ) v 7 TH L. Bh
RNZARAF L 7285 T HEBUEN O 72012, AWFZE T3S
BAEHARE L LizallB Lol —fHAA AT S
Uy skERWZ. £7:, oM Tal @5 F 25
Bl9aZ LIl D ES L AL o BN MKk (a+a
) BT L7z, S T2 0. polymorpha Tl
AR RO R KD X O REIIRSE M T OB T-FBUR
Bl STV S5, R TIIHBEG R RV
MAME [ /&35 3 1T o882 Lk St & Lz 85T
FEBUAENTIZ1E CAGE (Cap Analysis of Gene Expression )
e NAVAR

R - ER BRERMICBVTallffifa L o BT
AU EORBIROEE R OREAMBRE T2 50T
19l & A7 727°, 48R OH3 6 % 1224 $ % 300
DEo@fEFPAREEZRLEL 202 ER5,

i
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O. polymorpha DIHA RGBT IIHKE LA CTHREICH S
TAHBIETRAZHMT 2720 T, ZL OBETRE
BLARVICEEE G ZTwD I EHURBRE .
afilfifin, oA, a+aBlOETORIZB VT, fl
ST DL KD BT OFEBIE L - P25 & 7295,
KPR ILB L CTH Y, a Bl £ 7213 o B T A
HBFEINLBIZTEEAF 40 TH o 72 HEH
FRMEDE , BERGRSIRE BT 2L, K
[F%E D 14 BInF % FE L7z, S. cerevisiae \ZRE T 7 H%
AT ZE T EICRBHCEE T2 TSR, Bk
RAOBIRF O FEEF IR SN TRVl
BfAEInTw. 72, BAERLARIZLHAD DNA
GBI RAD17 AR T I3 AL S C a AR R Y12
EREBLTW, RIFZEICL Y, KEAMOMETHE
T 7 7 ANVENER, FICHEGRNERNICEBT i
ZfaET S L TET.

TATRIEEICLBINITUTE
FREDOBEBICEDS
KBEOMREL S =T7YU Y
% A
St KR i B e

hhemmi@agr.nagoya-u.ac.jp
& J

BH : B mIRIRE, K pH & v o MBI AEE
T27—FTI2L 5T, TNOIEET HIFHkRHEED
AV TV /4 FBEIREIC X > THI S LG, IEWiEH
WTHWA T EEEEREOZ L DT MBI LS
WHENREETH L. Hrlx, TOT7—F7HRREZ K
WA S5 2 & TR O 228 L S &, %
HREEANCIE 2 RO MR BT 2 v, KB
Ml =7 Y ZIZMYMATNS., T—F T
TREDEAHRZEA L 72 KB E IZBEICESEEATH S
7o, ARFE TS TR R ORI X %,
7 =% 7 EIREOAEmRILEZ Hi L L.

Bk RBRIEA Y TV 2 A PGB ORTBRAR PR
ELTAFNVIZYRAY b= VERBEEOAEZAH LT

. FIT, [REEE & AZSE AT U 7 A SR AL R
ThoHANT YBRBEBEOBENZLY, 7T—FTRIFED
HERERORIEZIN EEXZ 2 & & Lz, BRHkO i
AT R, BXOWRET —F 7 b RIEE
NTWBERANT VIR RIGRISEAL, 41V
L/ A4 FEEICE 2 288 ERREL 72, BEEZiz a7
A FEEOEERCHEALZKRBEZ W, AaT )
A FEEREZIREL L2200 247 - 72

R EE BHOXNT CBREEREFI2OWTE,
TIAI FEHWKiEZT TR L, CRISPR/Cas9 ¥
AFLEMH LT 7 AN AL L - THREBRA~D
BAER 72, TIAI ROHPEDNITEHNA VT
L /A4 FEENESREZ2 L7256 Lz, DBEoMEiET
BAIETIAI FEMMH L. BIEMEO 2 0 Vg
FEHIE7 4 — PNy ZHEICI DIHERBI SN TB Y,
ENDBA VTV A4 FREAEOUITIZRS LI T
b, TITEOMRBLELT, FKADPEEGFHEET—F7
Thermoplasma acidophilum X 1) W L7=T 280 v B
T ORI 2 oA 72, FREHTODOOHEARIFEAL
MRE LWF ehola—FT, ZTO—MEERKOEEELEIC
o THEE L 72 AL AN e VIR, BEREH
ko AT R L RSO A TV ) 4 RAERER ER)
RErALTVAE ReFS51C, BERET—F7
Aeropyrum pernix £ ) ATP FoR M DR W H R 0 28I *
NoUEBREEERBL, Che 7 —F 7R EGa L
72, ZORBEA~OBEANZ, FRENZ L2, 8T 7 4
EBBLUTIRE )T 52 & THEM L7240
ZBWTOARA YTV A FEEZM LS, FRHR
PEx & VT — %7 TdH % Methanosarcina mazei O ig
ZF 2 WA OAIRD R S iz, RSN
B B RERERIEORIN & LTI, FfEHIMho 23 1
VEERHI I EVCBRESEOMRE G0 EE R
Lize. FREBEOTERE I, K3 oA ICHE S0
EINLG7—FTEFEOMEICELTE), Mgk
YYZT) I TORAESHRTE S,

|
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(" 2
PREBIPSSEFHERILEYE
HETHEHNVRBEIOLZD
Bl (Cm ) - BB T
S A

SRR P AP
akouzuma@toyaku.ac.jp
G J

BEY  ABFFETIE, K& (CO, N,) EEAT %
VF—=h o EERARIEW &GS 2 FH R 7 o
Y AZBIMT 720 OB gL YT L2 HIE
L7z BRI, BRIV F— 2R L CRBgEEE
EEBEMAEXATH T & A5 e 4 M W Acidithiobacillus
ferrooxidans OB FHAVERM 2L L, AW oOER
FEERE (= hayF—Biitk) 28E352L128D
xR EBFEARILEWOBLREEDOR—A L 7% %8
FUEMROREZ HiG L 72.

Fik  nifA BALT % )R4G£ 2 5 — pBBRIMCS-2 12
ra—=r 7L, BEEEDRICL > TA. ferrooxidans
ATCC 23270 RICE AT 5 Z &2 XD, nifA B FEHIRE
(nifA-OE #%) #AEH L7z, nifA-OE#RIC BT % #EisT
FBIEEIIDNARA 707 LAWK DL, = b
07— B OFHIIE 7 £ F L v # T & o T o
7. TYE=ZI ALK Y (NH) BRERSI Y270~
F7T T4 Il ) ER L7, BRALEREICE S T
774 M7V (12em?) %AVEHIM, Ag/AgCl#f
B, &AM E Lz 2B RS LS
BV (F AR 150ml) & w7z EBEMIE 0V
(vs. Ag/AgCl) (2% E L 72,

R - EE A ferrooxidans D = 1 7 F — ¥ @l {nF
(nifHDK) OEFIZHEHEE 72 32— F 52 L3
EENDLHET (nifA) BAAAEL, ZORBTEWH
HEFEROMEICEG LT FPRIN 22T
A. ferrooxidans O nifA BT FEBIAE (nifA-OE /) 2 E#R L,
ARERKBOBERTHEAZTERG L LK 22 LI1CX
D, NifADZEFEHEEHH~OBEL %272 ZORE,
nifA-OE ¥k Tl nif HDK % & 4% < o B F e B #E s
T OFRBAPHEFITHIML TV 2 2 AR SN, NifA

BINS OBIZTF OEGIHHALETF & LTH < 2 &A9R
BE N7z F72, nifA-OEMRIZEF AR L D H Hwvw= ]
0y — Btk E R L7z, nifA-OE #h & BAALFER 2 L
7RG, B AR RIMR OB AR 121 NH, A5 S e Ao
72D LT, nifA-OE FROB P2 5 3 A A RO
NH, AWt S 7z F72, MR & L &4
FeHEE I NH, AEE S ko 722 L0, NH, O
FRIFERT AN F—IAFT 2 2 LR S e DL
L OERN S, nifA OMBIFEBIT X - T A. ferrooxidans
DEFBEERIAM EL, X ) KRR L BXAD
LOBEFAEWEESRMES ND Z LATRE NI $ 72,
AHEARFFRE R 77 A I F (pBBRIMCS-2) %X —
AL L7277 ) MRERANRY 5 — %R L7z, SHBIEINh
LOMBEICIS, T3 BREOEEFRAEY & EE T RE
BRBIETYEROWEEEZT) TETH 5.

BEMPBA BETENT/ LBRICEL S
IREEEID A h =X LDOER
H o G A

P LR R S BREE B T2
tanaka.seiji@kochi-tech.ac.jp
A y,

BE MM D% 1E, M 4 ORI ASE B Bz (2 7
SNTHEY, FHUBRBEOZALICBIE 2D IEICHIE -
HWIBTH2ODOTAT T AENMZ L. BIZIX, KA
DB T T, MEEEIE - TR O HLET IS 7
O 77 ANBEHTLI LA HONTWS, ZOFHK
X, BEAEOWE, BEGEIGICED LT - HEO
TR HHTH Y, EMmOXEHNTH L7 21EH#], T
LbbZEDEMDOT ATV T4 T AITHENRRI LI
v, ZHIHL, PRETIED DA77 2ERE EHEYR
Wig B 2 & TEREZLISHIET 2B MO TS, Z
D ¥ BELGEISERIEE, 7 AREEAD) A7 &k
I WREMED S 2 28, EBRIIIEBA N RO AT /A
SRR EEESED 2 L3N, 0 kD kb
RO, MY OB E IS G O ARG O BFER 7
I AR OEACIRIC O D s 2 eI TE 5. £
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2T, BEHOMA 4 VIREIZL ) ¥ - L X
B 2 ENHMHN T2 IMFRRE CUPLE(E T2 ET VL
LT, 7/ hUchi & b ) BREGEIS NG &2 X2 50 A 7
XL O HigL 7.
Hi% ¢ Saccharomyces cerevisiae WFFEZEFEW303 % & & 12,
CUP1 #1xT (ORF ¥ 184bp) # &L 2kb D) ¥ —
Fr=y F2ZhTho, 1,23 E—F2>F 7 VMl Z 1k
L7 ET, FXA=VIREIHDLIHTR, METEL
% R-V—"7 (DNA:RNANA 7 v F) @< &
SM 5 RNase H Ok ZER L7z, ThozHwT,
WA VIRMBEO T ) NSRRI Tz
ER-EZRBITOMRE, )7/ 2UIciZ2a¥—Ll
Eo CUPI 2=y FHMLET, i) YHild CUPL#ET T
3%, VE=trz=y POBHGL LTRSS L,
iii ) A )L 2 B A5 - O KIARRTIE, o ¥ — 5
ABHEICHIHI S B 2 &, iv) IEM R R A 55
BT ORI TIIEEIIA SN 2w L, v)RNase H
DRI/ TIE, a€-—BohrkEshs L, 2R
L.
DiEofRd, §4 A+ > oz kY CUPL E{EFO
GG DR REL 5 RV —T L BB T + — 7 O
2212 & 5 DNA2 REHYIMT &, 2 ok oHFMIE 2 A5
WA —BEHOENTH LI L ZRERT L. LrL,
BERL Y CUPI) E— P2z PHIZH L E SR TV
MBI, 5 e 3 S MBS 5 &) HERIC
v, 22T, 2=y MNOBEEIEEE R
A, PERME SN TWALETIEZR <, ORF 3 ME
THEWEDH 5 L), ERLETIV R SHFT DR
b7z,
ALY, BIEF I KoM, <o#EfaT
PER) DAL BEE IS U7 B FE I 2 8B L NV o fill N B b
MO o Twd L), WMIFREREDME 2 % I
WIS A~ — N RBRBISE WD X 7 = X LW 5 H &

ol

EHRETICH T 2EEHED
A b L AR EETEICRIT B
ooz
SRS B K2 N1 o B

iguchi.hiroyuki@kuas.ac.jp
& J

BEY : HARBREE D TR RAT I X 0 kY ok BB
AR T L T b, M EEN 2 & RMIAERT 55
HEWNEEDZALD B E R E 2T, AFIH S 2 WE
BERFLITMIRG D LW b EEZ 5NDEA, TOkkR
FCOMIIRIIIAHTH 5. Z 2 TARIFFETIE, W
M O EE A B BREE T T oA FLRER LB BB~ 0 #)5
PREORI A HiE L 72,

FiE - EELREMMBEY TdH % Methylobacterium J& Ml #
CRAEOHBBIC I VB E o 2 RS &) 2X%R
&L, M2 AT I AR O T VM. extorquens
AM1 2 L7z, EFRMERET &, BHITET S
Bl 37 °C O M T ORI 2 EABBRBEO T, FHRE;
WA TRIEHE ORE R 2TV, B0E - WA - 5
EDRNT & AT o 7z

FEER - £ Methylobacterium J& % Fi D £ IL eIk % K5 3%
LR, 37CTOAET 264k - AW 144kE %0, 3
FDOIDVITCTHETE LW 2R L7z, 30/37TC
DY A4 7 VEHEKRLARELT, STCTEFTATD
AM1#RZ L 72 24, 30C 6hr/37C 18hr Tl
60 % FENAET (au=—JgH) L7z, 30T
3hr/37C 21hr TR ALK EFFRO LN T, EFICIE
30CTT3MM LY ERHMzLEEZEz b $
S7TCT—ERHBRFFL THB 30T BITLIzE D4
73813 48hr PREFT 32 % 72 &, 37 CIIMEBBEM I Td
BT Ehghot. HMETHREBIST S, 37T
IR OMBL AR IR L T 7z 30CICRE T &
4hr ETHIRRIIIEF ISR 5722 L5, 37CTIEM
WA ROBEIRREINT. L, YafXFAF%E
ECART MMZE 37CICEWTY, B
BIEEAERON RPN T, R EERER
OB HOEREDENERELTVD LHEE L.
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WA, MR BB O WIS 2 X5 720,
P A VBB TEFTTHMIBICOWTDNAY A, 707
LA N 247 5 72, 30 CIKFIZHERT 37 CTHRICIZA 8%
DBIZT- DG EN 2/ LIS LA L, $10%2 5%
DRI LTz, IROHEETFOI L, BHERAT
IHEE &M, EREEINTIE Y v R a s ORREANE
B3Nz, WES A 7 VREETOAEFICEHS-T 2K
FEWSNCT B7280, 37TCTHREL 30T RFICHZ IS
B3 2 HEEE T2 2 e 2, 3L, K
R FRsgtk 2 e L7z, VR OBEF ORigkiL 37 CHE
IR TOALEEIA L, 21 O@IET OBIERRIEH
A 7 VR CTOEFHED LA L7z, BB 0@ E TS
WD 121%, ¥ v Ru VBT OBEREAHENL Tz
R, ABETRY yROYORIfESNS L TERIC
HET B LIRS N,

YL EDRFGEIZ X O, Methylobacterium J& M H O il %
BB T2 B0 5 A FUIRER A H ICH G532 HlHE T
EHLNICTEZ. 4%, SNOHIEEE T OL )R
TOEF A2 RO L L) BB HIEEMEIC oW,
SO R LFMEHED TV E 2,

4 N
ALY/ LBRRICK 2BREBMEOSE
K H =
IR PR PR AL 7EF
kohta2@bio.c.u-tokyo.ac.jp
\ J

BRY : BT OFEEAERE QSR Tld, ZRJFALELR IR
B, TR END BENERRIC L > Tr ) A2 R
L, B (HFE 2 & ROl R 2 0B3RS 2 T AT IR
ThHb. LhL, EEFETIEHBHO A MIRGE %
WROOHY, TMEERFOZ S BT Z %o
TVbZENL, FILWHEORMENLETSH L. ik
B CRERO X ) %7 7 AHEEEHE L TE R
LA BRI E & OB oSS HIETE 2.
FEH LI, BB LMK A 7 A TAQing ¥ A 7
L ZHEN L7z, TAQing ¥ A 7 A Tld, FEEGHE O H

BRFE%EFE Tag I 2 AIRAIZEEA L C—BMIChRS 5 2 &
T, 77 AHICEH O DNAYIW &2 3556 L, R4,
ANTFOEETERE L L D7 ) AR FRTES. 2
DFFEN L0 I FBI % 7o B M FREEE A O
TEHIZEE L7z, £ 2 T4, TAQing ¥ A 7 A % Bk
BERRRRICE L, MR A e\l L kB S %
BRI L, RAICHERETF 2 EET 5HEM %15
Tow ez o RiFgECIE, FRICEEREIIBINLC Taql %
YRy B R EBEESEI L CTAQIng Y AT A& BT 572
0, BEEBEFHUE 2 4 ORIR & FE MBI O & H Y
L7

FiE  BEERERE & UCIENRERE - 7 A CEERE - bV TR
BE, ORPHERR & U CEBRE MR 2 7o BRAR4
I HERER OB J5 % V72, Taql & ¥ 28 7 B,
KIEHNTRILI G ZAF V¥ 7 & Taql & I
VLYV ICE )RR 72, Taql ¥ > 2% 7 B O BRI
ANOBAL, rarTy 2O Xfect Ty AT s T T
AR IR ROE 2 S 2 I LT R o 7.
R - E2R  EBEKRTOTAQIng ¥ A 7 A UH LM%
KELL, ZO5M%2SHICKHMEEERT TOLEEOR
AEATo 7. ZORR, KMEREEREE GLIICFEER S
F720bH, SDHH T 42 BT 30 4 BN 5 50
VIR TH DI D bhrolz. RIZ, Taql ¥ ¥ 528
ZXfect NI VAT 27 Y g VIR XD BERBBL A
MATH5MERE L. COEBRICIEERWSIT O
W, GFP % vy 37 B EHwiz, ¥Eof#E T ban
otz 2h, BROMEELMDLT, K30t
GFP LA B b7z fie DMASLEZRAFALES
KR L2E A, MV TERE LGB T 9 S oM
\EATHEME R L. O CIENRERES X O
MVIEEREC Taql 23 A L, HIREAAT2HEET
307 u— YU EOERKERZ. NVA T4 -V NE
SUKBYE A T A TR GBS 5 kB
Fr2REL, PVIBERZERKIZOWTIE, SV A
7 4 =V FELIKE) YR iR 0 58 4 & fERE L
72. LA 5, TAQing ¥ A 7 4 O EEERERE T 0 F ik
SN TE 72 &I L 7.
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4 )

gV 5 M small RNA GevB Ik 3
HIVE X T HEFEINGITERE DT

HOE A M
BRSO AR A IR,

Bl L0 KA R EFSR
mmiyakoshi@md.tsukuba.ac.jp

. /

BHy: 7)) ¥ 2k o TEHE S5 small RNA GevB 1E
W AR (A < BRAES N, 7 3 7 BRI B 55
51D mRNA # 555 L~V THIEIS 5. GevB O
N AR B IR AR BB & 3Bl & o TIE S
5. GeVBOBRIZZ) v VICk o THFEESINS —T7,
ZOREEEINVEY I V- T AT X Y EEABC T
7 v AKR—% — mRNA 2> 553 % small RNA SroC (2
AP %, RBFTEIE GevB ORI A 7 = X 5 % W15 A2
L. KERT I VBRTH B 7)) ¥ VI X D WMR # ol
BT 22 L2 HE T 5.

7% : Salmonella enterica serovar Typhimurium 3 L <
1 Escherichia coli 3K @ GevB % BRI ICHB T 2 7
I A3 FZHE%EL, S Typhimurium SL1344 %3 L < 1
E. coli BW25113 k2 TR H iR L 7. T hThoRkk%
0.2% 27V 32— A% R FF & 3 5 MOPS i 5 TRy 48
L. ODyy, % 1053l L7z, 72, GevB 038l %
TIE) AL THETLTIAI FEMEL,
GevB B £ 02 0L BRAR DM FEBLIZ X 5 SL1344 HR D
NF Y A2 )T b —2%1b% RNA-seq 12 & o TR
L, B EET 2R L il S s s T
IZOWT GFP#IIRRE AR Z/E L, GevBFEHIZX 5
GFPiH DB/ E YA 70T L — b =¥ —%H
WTHIE L 72

&R - EZE  GovB O#EIFEBUC X - T S. Typhimurium
LE coli DEFHENBGE SN, TV a— X%k
e B84, S Typhimurium 1 E. coli X 1) & 5
EZhREWHOERSH SNz $£72, GovB R R ELT
5 sroCTREEMRTIZ L D BIE RBIEZFI SR L2 2
DT e, GovB L F 21 xS Typhimurium &
E. coli TI3M#EDDH Y, S. Typhimurium Ti& GevB 23

WLV 2 L) M HET L 2 LRI N, €D
HED—2>L LT, GevBIE. coli O 53l K1
% 3 — K3 2% phoP mRNA L35I 2B L CHBLEZ I
i+ 25 —7Ji, S. Typhimurium ® phoP 1% GevB & 33
SR FHEZ Z T 2w L %P 522 L7z PhoP
13 S. Typhimurium O 95 i K ¥ O FE B % w] 5 Z 55l 4
FZHRTTHAHZ EHND, GevBid S Typhimurium D JiF
FEHRERBEICIEIES L EARBEINE T/
RNA-seq f##T 12 & - T S. Typhimurium @ GevB L F =
Oy ERFEL, GFPEERELG RIS X 2 ST & v
THE OB #IR T % FE L7z,

T/LIAZ 2V TELVUBERRD,S
HFEPRWEShEHRL
HHBETEROEGEREEZOZT LD D
Mok S

IR ] T35 v A B P A A BRI AR T L)
oshiki@eng.hokudai.ac.jp
- v

B LN o B OBAEWRS I E TICHE SN T
W WHT A R RE TR E AT A 2 LR WAL,
AWFFETIE Y Y2 BTN FEIZL > TINS oMK
AT B AR TR A ET 5 LA HIR L7z ¢
1) #ex T ' = ARALME Candidatus Brocadia &
MV, 2) FLERIN Lactobacillus JBATA.

A& ¢ Ca. Brocadia JEMEIZOWTIX, REA T LY T
7y —TARREZKREREL, HEY (20gwet) 271~
FTVATHRL, MR 2572, xFunf 4oy
YR EFAGA, EMRAY B AR L 35 TR
ZATv, AR T (Nir) 32 e L7, HiahiiE =
Ak 25, BUKMEMBAEH, e e 788 4 b,
FVIE# 7 0~ b 757 4 —~MEL, NirifitEZ g e L
728 VST KGR EAT o 72 Lactobacillus JEMITH 1D W

TIX, L. brevis, L. farciminis, L. buchneri, L. suebicus
eHEL, WkB X OB O Nir (i % Lk & Rk
HIE L 72,

#ER - £% 1 Ca. Brocadia \22WC, ML E O Nir #&
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WPED KA W EVE M 5 AFAE L 727200, W 557
ONir O ERRT BAF B r7ux b T T
74 =L 2 A, £ 1E o Nir iGN S
L, AKligaSSICe Kadd 7884 hruv b7
7 4 —CTH#E L7 HEY% Native PAGE ~NIEL, 1%
PEGeta il & o TNielitk &2 /R $ 8 287 BN FERuH
fLL7:. Nir{ithZz/RL7ZNY K20 IL, B,
LC-MS/MS T2 & o THEZAAT WD, —7, &
AF a7 74 —%FEY L729HD Nir
PR, BBRERVC &1, AR L7z hof gk
(B A A+ > i, BUKEEAEAER) ([2 QWA RD b
ol E6IT, ANiriGFHEIMO TLZETH Y,
2, Fur7—ERE 2175 TH NiriGEomA 135
O LN holz. AL Ca. Brocadia ® Nir 3% 287
B UAM & o THE S 5 & b THHEMEA R W il
B Chuh e gL, BUE, FMEFEZEDTHS.
FL B2 & Lactobacillus J& # T 2 2 v T, MRS} H#1 ~
PNO,” Z ¥ L T 33 Wpf &5 28 L 7245 &, PNO,” O K
SHPNO T TERIILSI N —J, Nirllitkz /R L72®W
2 e LT S 7RIS Nir (512 7R S 2o

7o, KBRS O # A T Nir 23006 L 72 WThEME 2 % 2, #k 4
AT ER £ L 72725 wTRICB W T Nirifth#
RUWET LI TELdol. SORERS, BNO, 2
5 PNO NOFETTIL A IEAEW AL T W20 T %
Wk A IHERL, BEEEITo 72, MRSHEHLO pH %
5.5 FEJE (FLERIN OB 28#8 T IRe & M FREE) ([ AREE L, Wik
ZHRMET, NO, #iRMMLCHELALLI A, NO, o8
BHFICHRT 2 2 e 2R L7z, fEo T, FLRIN OB 2%
R TRRO 572 PNO, 725 PNO ~D otk AW 1Y
GEOBIWCHRT 22 e O L ol AW
NO, DWBAEL 2 Z L EHERIELBMENRTI A
Moz hs, ARBIEIC L 5T, ALFRIS b BRAH~TS
LB ENHLNE ST

tRNA FZRINX T F NEREBERD
tRNA EE B OmRE &
AT F FRIEDEDRIR
oo FEE
FRFE WL AT K EE A W 450

c-maruyama@fpu.ac.jp
- v

By @ JLAE, — SRR AL G By (LA e — A
THbY YNV HAMRY AT LT I/ 7 VIV-tRNA
73/% (aatRNA®) 20N A YV x v 7 L, JUEWER LD
KICHED % EEKT 5 2 B SNz T HGE
LIZBWVTD, BHERLR AT aa-tRNA® IKIF I 22 7 3 KA
BERICLVIAEMEZEASR L TS I L2 L7z,
AWEF Orfl11d, GlytRNASY # L & LCTHRIH L, it
AW glyeylthricin (GT) 2B 5 GlyHIS D 7 I F4&
A 5 2 L a WO LIz, F V8 BRI R
2B W T, Gly-tRNASY % & & 20 Fl ® aa-tRNA®
BT B, 6o T Orfll FE U ZFEEFZEOTIZ Gly DAt
? aa-tRNA™ % JEH & U CRlak3 % MR OBER DETE T
R, TRNABAERL T I FEBIEHRIC BT % (RNARE
AR O] 2STRETH B, KBRS, BRI A
T & 0 OrfllIZ @& WARIE M 2 /R SRR T 2 3R R
2 T A, W Orfll &€ 1 VE#EEIE T sbal8 % Fi 72
R L7z &2 CTARWIZETIE, Sbal8 iz k% H
V72 tRNA LB RR AR D 1R 2 3 7.
Tk o KB K O aa-tRNA® % JEB[1C, Sbal8 it 2.
BRI X % in vitro BB %417\, Sbhal8 D3 % #Ek#E1Y)
WHEFR L7z, I Shal8 @ tRNA® #1512k 9 % FE B 72
PR & BRI 9 5 72D I RNA® % in vitro B L,
AL RNA filt it Flexizyme 2 HI\WC7 3/ 7 ¥ WL L 7z
NTHE Gly-tRNA™ % LB ISR PUG 217 5 72.
f&R - EE 1 Shal8 M R FEFKIZ X B in vitro SIS D
#, Sbal8 & Gly-tRNA®Y 72 17 T 7% < Ala-tRNAA®,
Ser-tRNAS" % JL Rk T 5 Z L AVHIBI L, ##l GT H
BALGWOMR GRS L7z, SHICALERL
aa-tRNA*, Gly-tRNA®Y, Gly-tRNAM, Gly-tRNAS % 3k
B & L72RIGTIE, Shal8 id4: T d Gly-tRNA™ % JEH R
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WL, GTHRAM L7z, F72BREW 2 212, tRNAY
@ acceptor stem #§ & O & 7> & 7% 5 tRNA mimic 3£ &
Microhelix RNA & 68 & L 725412 8T, Sbal8id
GT AW L 722 &5, Sbal8 ® tRNAaa H B 78KIC 1,
acceptor stem fEEDVNEETH L Z LML 7. fito
T Orfll & Shal8 ixm WM (75%) Z/R LA 5
ZOIERERMEIIRE CRARY, Shal8 IFA VB R
WE2AETET I NAERBETHL I EEHLNITL .

DRERICETHIMPEERALAFZIZL D
s=dsir=din)n
o
NN T e 0

anshin@mail.ecc.u-tokyo.ac.jp
G J

B8 : BN oML MBI % MR 5 5 720 IR
WA TH Y, BESBEIMERAOBENTOH L. T
ZRED D T DHIRBED & A F X & ¥ A TR WHKAE Y
RIS B 28, EO5T A T = X LI KRIFA 2 5558
%<, ZLZLMHRTOEFLHL2TIE R\, AU
FETIR TN T AT 10— IS L CTRIBI] O 71 HH &
L CHlIRE D S Gk 2 e 3 2 IE WAL G v 4+ 4
7 I FEHWT, MBEEEROHIE A I =X 5O %
ATz

ik SRBHOEZIEETO Y Y82 ($5000) 12
DWTEMINTWS, Ly Y7 HLDRIGS V 3
ZEORBIL 7 Y a yERHWT, HOGHEMEE T T
HaNJRTE & BlgE L 7.

BER-EFR A AT I NI REENE OB E b L O
fEEE R B ORI TV T A F T — VICkET 5. 7 Vo8
7 BEOMBHNBIET — 7 N— 22X 5 /350 D% ¥ %
7N EE S, %130 D% o3 7 ESHIL O B i
ERREERICRTET 5 LTERENTW D, ZRHIZon
T—#3>, 4473 FEZAHEL HlaNRTEDZA1L
EBELETAH, 100580 DY 237 EhRIEZ LT
ZNE R 7N LA DY AT o (W = F {0 | WA A N Y
TADODT V=TI LTHERTIE, 30RDVDD

DOt F F T I NI & MR R EERIBAIZY 7
V—1FrEH (FV—=71), JD3050 D DIMILE
g A SN REEZLS g (FV—72). #10
Dy N7 HIMEERBICE EE L 0D, BEREMET
POHPEBRINTH (FV—73). FEYD30HKDIID
W ENDNDRIELLZ R L (FVv—T4). %
NENDO TNV —TIZOWTHERKN % 5 » 87 B E
YEH B H% Gene Ontology \Z X WM+ 5L, ZFV—F
10 % ¥ 37 G A TR B E % & 0 hhiiE
SNTVDL I epRansz. NRERPLET AT IF
DRI L DL DDD TN v A B A RE S H
AT 2 2 e o TB Y, ML o
EINGERT 2 MESE R OGNS, —7, MfaRERs
DOHHTIZ, MR 1,3-p-27 0V F ¥ DL L+ *
7 3 FOWHRERIKAFANIC LA T2 2 WS 2012 -
7o Gtk MIRBEMERTFEEL 7 V—-T1ICEEN
58 T D1,3-B-7 VA AR BUT BB % R
T5Z LT, HRWOMILEES KO & G % B L 72
W, F, SV—=T212F T VAR =DM SN
THY, MEFHEEWEF 2T I FOEIEF o7z %
B OFAEARIE SN, F V=T 3B L4 IOV T
EAHE LR ORI S TuR v, £t 4
53 FAREMIZT AT T AT O — )b & OBEREN 7 B
BHoHIETTHY, 5%, FMRENEZIT) FTETH .

BRADPSERRROFR7I /B
Bk FEESR DB THRIRIR
moE K E
ElIPNES e

sakuraba.haruhiko@kagawa-u.ac.jp
- v

BHEY © KOS CTIIRER OMSENME B 2, EEICAHH
HBD-INVFIVEE D- 7= VT I5=VBLUL-MY
TrT7 7 EDERICHIHTE 2 N7 3 /7 BRIk
MREAMT LI E2HME L.

HiE2MOT I RBUKEER 2RI, AR
AWML NLTREOAREME L, R e 0%
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X meso-¥ 7 3 7 ¥ A YEEFIKFEREFE (DAPDH) 2
SAE L7 ALD-7 X/ BBk #E#F% (DAADH) &
L-7==V7 7= YkFEH#HE (L-PheDH) TH 5
INSORRIIHFARIRTH VL EEERFET 5.
DAADH I3, FIZHIEEED-7 I VR D-V Y v & Lic
FEWIEEZRL, BOSZFHL TS Z1 AT v 7
THKXTE LD, MO D-7 3 7 BISHT 5 ST
CEDRMBRSNS, L-v ) 7+ 7 7 Y BikFEREE
(L-TrpDH) 135 v # 7 EWCHEAET B 5, A% ETHH
HBHEETH 5. Ko HWL L7224 L-PheDH (1355
BHELHL-F) T 7 7 T A RENERT. 2
D2ODMROIERERT v VBT 257 I /BRI
LR MR EERREOLLEZ M > 72,

&R - E% : DAADH Ofsfgsr (7 K% : 5gz1) %17
W, Symbiobacterium thermophilum 1 % @ DAPDH O
5% (NADPH /2L % A7 - 3wbf) & i % & Asp94
IEER AT O —H 2T 2 WREMEAR S 7.
DA ZAER L7z & & A A REERIT LB RIEE K& <
Bz, D-7x2 V7 7= VIR I HEEE LI
NCHS0R A L7z, £72,D-AF4=2,D-uaAf v »
D-FY T 77 T HEED EALTw EE
MERT v FOWREBAEOBKIZL Y, S Eil
P AFFOBUKMED-7 X 2 BISxHT 5 RS LA L7
#2505, —Ji, DAADHB X U'D94A X D-7 L %
I UBICEL R R & v, Clostridium symbiosum
HRL-7 v & 3 VIRBUKEREFZ OR R GEER &
Ibgv) %#ZEIZD-7 V% I VIRICIEME 2R3 &2 REEHR
O fEH & LT, DI4A/WI48K = & % Bk L D94A/
W148K/D124S ZHARMKEAER L7z, ZofR, =&
BRKED-7 VY I VRRISK T B BUGHE & S L 7.
¥ 72 UF B Geobacillus kaustophilus tH 3 L-PheDH @ #%
WEIENT (7 HRR) 247, FTICHEZIS ML T
%W S5~ ¥ Nostoc punctiforme H3% @ L-TrpDH (7
AR 5b37) LKL 72L 25, L-PheDHIZEB W TH#
B oM 88 D AFEAE T % Leub0 B & UF Leu313 27,
L-TrpDH Tl 2 74 = Y IZi#E# S LT 7z, L-PheDH
D L50M/L313M AR 2 FR L7z 2 A, L-b) 7|

77 T A RIS ES L7

Kiah 5 OB D% BHEET 2EH/D
% & Z DIERTER OfEER
~BEARA7O-Z0XE»rS5#HEEND
BEMENDEE~
O A

TN 57 23 e e B
yasuki@ishikawa-pu.ac.jp
) J

BEY - KB, KW & 5w S W7 Rl T
BbhWTBY, FEBAENRZOREWH» HmEE 2R
HETHN)TREERRL WA, EBE2AHEICE) N
U 7HBEDIR M AN B WES, ARIBITBIT B KEHA
RPN 7% EORBREIBMICER LTS, <
A HWZINETOMRICBNT, Feid, BN
HEF 3 % Bifidobacterium JEME O Wz, R0 HE g
O DORREA % RAE S 5 8) X 24§ M 25 % W] g
PEEE L TW5, 1EoT, AW TIE, BRinEE%
{213 % Bifidobacterium J&M W O [ % & & OEH T
OfEHEHBE L7

HE e FBIOT o WBEOBNICHEET 5 12 KD
Bifidobacterium JEHE % Flv 72, 8 L2 £ RIZOWT,
Wil e /Eie 2 A5 % ¢ b RIS AMIBERKTd % LS174T
Mife & LB 2 I NG L7z, FHMEHE & LTid, &5~
PES AR & LT VY T Y 7 — et s L O T v #
W v 75, RIS EZHR T 2 L%y Y87 HTH
% Mucin 2 (MUC2) OB A28 Es L ERW
PCREB LIV KR = =T v A REZH W LAR—
F—T A RIZEHLTIE ©IMUC2THRE—S —
B (1131 ~+20) ZHARALZN Y T 2T —ELR—
F—Ryy—%ERL, MUCCORBEGHZ VY 7 =
F—EiEEE LTME L7 F72, LSI74THIE 2?5 D
Wi e REICBTARY T 7ayra— e LT
Notch #&#FHEH]TH % LYA11575 (LY) ZBEH L7
IR - £ LSI74T ML 2 LY O T 6 HE o %
T 5 2 & THIE WA~ DML R I S 872 Hoh
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il ZE TN T TR B X ORI T RIRY v 7
ety TYett L7z, WRIANTIC X 2 Yt il o 5Hilli 2 & O°
(2, AR & W 7o OB REME & 38 & 7 o TR,
bl oGt A F 7T CLE LY (2 X 2 MU %
B2 2 TE LD o7z HWT, MUC2 DFBIZE
et L7oE /I PCREBLPLR— =7 v &4
FxHWT, LY O 5L IRAER) R & 574l L 72, 2 DR %R
LY A1 FIZBW T, MUCZmRNARBB LUV Y 7 =
7 — B OFE S LAHER S N DLEORR LD
LR R (RGP LR AR R 2 A 5 % Bifidobacterium &
WOBEBRIBE L TR RAZ )=V FRTHLHI L
DR E N7z, it o T, % Bifidobacterium J& M & 3L5s;
# L7z LS174THIS BT, Ua%aFHili% % v ¢ MUC2
DIEBEB) % RN L7z, T DGR, MUC2 mRNA O %51
LAV EAEICTESE LB & L, Bifidobacterium
angulatum & Bifidobacterium faecale % [7)5€ L7z, 5113,
ARG O E %% & CNVEH BT Off i %2 BI85 .

JITA-IVERERHEOZRMRMICEL S
HRRE— RABCZRED
RET/ LEhE RV /R

&k Kk R OCP
FORUREFR A o R A - W 72 R

asamizu@mail.ecc.u-tokyo.ac.jp
& J

BHY : HURLE Streptomyces coelicolor A3(2) 13 3 2 — )V
& A W Tsukamurella pulmonis TP-B0596 (Tp) @ il )i
IFEfh 2 /i L 7200 IR % L, ARt A (RED)
ZAPES A, OB R EAERNZ I EIEME oM
MBEAAZOR SN B C &2 b RAOENAFAET B 2 &
AR E N7z AU TIINERRAENTFEEZ Vv, 374
HH S, coelicolor ® RED A REINE A TR & 28I, 7/
AHOER T EZFEE L, HIZZOBBEWRND 5 I0E
P S-9 2 R R T oRELZ Big L 72,

Bk EAF L (PCT) HANC X DERL 22
BIa¥74 77— (#%1575fH) X1 59 ¥ D RED &
BHEREICRE 2R LIERRE A7) —= v 712X ) %

WLz Zo)b16kicoOVWTREC Y —7 v —%
W77 2 v =0 Y A 247 o7z, 20 16 B
DI IEE R E M S5 2 AL R R R RS & R
W Z e RAehos. 22T, S9HROEBRE O
Al 2 AT o 72 1%, TEO%LE L7z 51RO H TRIFHT D
26 RRICDWTH ) A V= VAR R I T, B
SRR S N7 BUE T 12D W TS TR B OV
T X BHERR A AT - 72,

fER - EE AR NMOMERIZOBIZ T ZITV,
WD 16 ERRDY) ¥ — 7 v AT, Vs 3
MR A (gB), WIFUNRINT (fasA), BEREARA
EEEE (sarA) OBIZFHHERDORR, LB O
[FEAHERRTE, RED AR EICERT 2 2 3 KHE
BT THDHIEIREENTZ. KD 26ERKDY) ¥ —
7Y AT, 'Y TR T T VAEAEEEE (moed),
PR RE R JI TetR BRIz G-I K 1 (sco1718) @ EART-HH
MFEBRORR, RBMOPEPHRE TS . Zoh Tk
BN T & R S N7z TetR SREHE B TICDOWT
EHL, BEOEETHERE R L, BARRE ORI
RO BN 2 T o 72, O, HEHgTIET ¥ ¥ A4
LR E RS, AEHRICELIE % < RED £ MEAELE
T HRBRPERINS. TN FA VT 7T 4
7 AHNT DGR T &2 5 AR TetR Btk FVE XK FAL &
MEIVATYRFETH) Ly F—RHETH D LHEES
N, BT % ABC ik RO Gl 2415 & %
A bz, DF AR TIZ ABC Wik KOS HE I 1258
LTI PREN, BASI»ORGFALEYA
HEShTnwb 2 erEzohiz. DEo#ERkyr»rn, #
G EFE T Tp OEMUKAEN e EFIZ X Y S, coelicolor i
TWIZKRHING FHRERL, TR ML ALERD
RED AEFEASEE Z % Bl DAFE D RIR E 7z, S RITIE
BRE O LB OMIAICINT T E 3 IEABCHIRMAIC LY
PR SN2 RAVNS T OREZIT) FETH 5.
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(" 2
EERBEE T 2H 4
BECERBOMBAEFERAT « > JBE

EEOEBBEANOICH
i T

VRN PNEYNESR 2 A
tani@chem.kyushu-univ.jp
G J

BEY 14, A7 4 Y INREOBOKEROHETH 5+
73 FOREFRICHICRETFHIEE > Twb. AifRET
&, SRR E Vot T 3 FREERE O I H AT 4L
ZHIEL72, BEHIE T I Fe RREICERS 572012
X, A7 4 Y IRERBRERESULTLLEND S
BACH NG O RNERDSE LB R E b, Faid,
CNETIZAT 4 ¥ TREDORIRPWHET 5 & miRE
JEA b L ABERY (HOG R st s, fLH
AT LA EZ L Twb 2 e x L Twa.,
C ORI EEE A bTE R, T I FEREEE
TELHMBOAICE L 2 EfFshs. 22T,
A7 4 v IRVEREWHE T I23B 1 5 HOG R 0 ik #
HEZALRHLPIIT BT L ZR AR

FHik AR T 4 v TREAHIEEERET (AURD D%
BUIHNC & o THH BSE % 3538 L 2B HOG #EHARAT
WICHG AR T 2 -8R TF2DNAR A 707 LA
Lo THIRMICHE L7z, FRCRBFEDOR D - 7281z
FIZBLC, AURI #BIHIHIRICHFIFBL &, LFH
FEIHIRE ORI & B 2 % o 7.

&R - EE L AURI FEBUIH] T € HOG #& B AAF 1 2 5
B ERAT A28EET30HOFHRS, BEBEHICL-T
AEH W (B%) $AEETELT BiEREo
FMP48, UIP4 {2 T % @ L7z, UIP4BFFEBIZ X 5
EE MBI R, FMPAS RIBIZ L > TR O R B
7275, UIP4 RIBIZ FMP48 BRI FEBL O A BRI A58
BERIZE ol TOIE LD, Fmpd8 & Uipd i
A CTRIFICHE ST 5 A%, Fmpd8 A EE 4 s 2409
Z AR SNz, AURI FEBINE] T € Fmp48 13 HOG
#2# » MAP kinase (Hogl) & Z® T OG5 KT Th
% Msn2/4 % /v L TR A5 Z LAMER S 7.

—75C, AURI FBUBIHI T CI3GTEREFAE (ROS) OB
PBEIND Z EPUFINSMOENT W 4l I b
T2 R T IFRBIR R B (rho') T1&, AURIL 5310
M & 2 ROSEIIM B OB ER RSG5 2 & 259
7ZIZHBIL, ROSOFAEREMNI P Y FYTTHEZ
EAURMBE NI K 512 FMP48 #5813, AURI %
BLIIH T ¢ o ROS o ¥ & Wil 3 % 2 L 255 h o 7z
Fmp48 3 #z 5N 7T 5 Mksl EHEMAEHT A &
A5, WYREW S 8 MM BB Th Ao Tw b,
AURI S B T T FMP48 BRI FE B & 5 B il
WMA B L OROS MR R 1E, MKSIRKIBETR b
{lrofz. ThHDZE XY, BERHNE AURI SSBBIHIT
T HOG fE KA 1912 Fmp48 D 5Bl % F 5 4, Mksl
Z4 LT bay Y 7 HkD ROS DRz ¥l L T
WhHZ ENREZ LN

- D
RICELZKGERBRA 2 NTE
REXRBERORMRE
# O L Ik

TR R R E =0 5E R
mhanaoka@faculty.chiba-u.jp
(N J

By KWz iz & 28 7 o KR=IEBLR
&, BEDILKHAHINE K DERPH L. Larl, Z
DOEAMDOHME & 7% ZEEFERIZOVTIE, 0L A
WY I =2 a viddh, AN L2 X B HEREIC
Iz, fEE RO I 72 22 Bt OBl i s HIFE
N5, AHETE, HERMENTHL YT /37T
T ONISEEEHERE S SICHL2ICTHE LB,
ZOMAZFA L CRBRIZBIT MRz & 87 D
RBPAERTHET LN TED [RBT AT L]
FZEZT HIE L7

HiE AR TIE, SR 2 FE BRI B b 2 A
FE LT, ¥7 /N7 F) T Synechococcus elongatus
PCC7942 DV ARV AL ¥l —%—RpaBIZEHL
72 S. elongatus = ff % 72 R E TR E L2, X DR
WIHEHEICY 7 N LB OEMETHBI Y — L RpaB
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DY) YERAGIREE D ZAL % X7z, £ 72 RpaB & HLLMZ,
ZOBREHTIE—F =T o o —FF - L
ZEALZZKBRZ/ELR L, RpaBIZ & 5 u5HaEE S
AT B O R AR,

ER-ER: INETOMRT, RpaBiditA LA
JBEICE DL Z EAIRENT WS, 5#H 4Tl RpaB
) YA S NRHA % EREEE T O T E— 5 =12
e LG 2 W3 2 25, MG TIZER I Y ~
BAL S NGRS 2 2 &b, BERICBITL2ENR
72TVt — LTOMMAMNRES . L,
RpaB 2NEEME % LA ML AZIRET 200, 5
WITEHBICIRE T 52O EIAHTH - 72720, Sk
IR EEZACIZES U 72 G 80 &2 3 ST R 7. 2 R R,
BOGDO A% 5T, BRIt —@ otk Lo t&r
WZBWTh WA R EDFEBI LA L, £HUZfE v RpaB
D) YL ENALEZ LRSI L T, IR
SO E 2, KBHICH T 2 65 BFH U R OR%
ZiTo72. RpaBIx$ 5t —FF—FIINbIST
HDHIEDPRENT WS, NbIS - RpaB # HEAYIC
HHEEHELBHIZ, RpaB Il AT OE—F —
OTICHWBETPEREND L) BT T AI FEAE
L7z, —Ji, NbISIEZHtictE- THELLMILA ~ L
ARWGEW Y By 7 ZADZALIC & )T S b e D
BHIN TR0, BREZERERT L0 >
P—FF—E CphlIZHEHL, NRImONIGEEK P2 A
Y1 Cphl, CERIMDFF—E R AL VIZNDIS &) F
AT -2 BB ELEHOTTAI FHERL,
KBWICEAL:, SAHORICBVWT, BIcksHM
BIZFORBFEE —EO LNV THRIT % 2 LT8R
L72As, iFEsER e 32 L oiEs RS h, K
WBH MR BBFED 4 I V7, HHVIF T E—
y—WHI DL &, FEERRMND S 5 7 B iRE L H L
ThbEEZOLNT.

4 N
BEMMEE 7 « AXEPET S
ER LB D REER
A #% W
A HUR 2 BREE 28
yyamamot@vmas kitasato-u.ac.jp
& J

B#Y : Bifidobacterium animalis subsp. lactis 1%, B¥ o
ML IR T2 7 4 XARW O TR Z RS
BABWHETHY), TOA ML AMEOR S50 HEH
PREEINL TN FT 4 7 ATIRSAH I T
5. 7 4 XA AWDOWIZIL, Bifidobacterium asteroides
X Bifidobacterium indicum O X H12SOD XA ¥ 5 —¥
2D, BRFEICWEZ R TRAED i SN TwaHA, B
animalis \SWEFR 2725, HREMBEICWEZ R T 213
5o TWiwv, KEFFETIE, B animalis JCM 10602

TS % 2 & T, ARH OBURACHERE O] 2 A 7.
FHiE  BRFIEZ VR E TR O G HEI I ERAITH B
1-Methyl-3-nitro-1-nitrosoguanidine % 272, MR &%
PERRICOWTIE, RET CHRERTFE L 72 BR O B RE MK
TLMRE WG L7, BRFEMEARICOWTIE, @ ER
i Ecau=—2BRTEhWHIFREMHFTChan
%R TE 2 RE DR L7 TEERRO T AT
i3 MMlumia HiSeq # A7z, 72, b 9 — D OFHN Tk
& LT, BEFE KM % 7R Bifidobacteirum longum
105A#K\2 B. animalis D7 ) 554 75 1) —%HEAL,
KA T CTOEFRD B\ IKIRA RN Z 1 - 3¢ 2 8
TR L7z,

MR - Z8 BEERZURICOWTIE, IREREER O
FEREDSAH BICAK T LM% S RIS 35 2 LT & 72,
WA L7507 7 A2 @bt L7oRR, 3tk L ¢
MRLRE A BRI IE TS, TARTA b L RPENO B 52
WEINTWD cpPEIZTICERD RO Sz FE
SENTBR T OB AERGRIE T % Z NN OMHEEZ
WEALZEZ A, HRENTOERRINBELI-Z L
PH, INOOBETPBRRMEIIHFFLT0LE I LA
MRSz, E72, MHBES BCREEFITE RO 5
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N7k, VU F— 2Ry ) VISR RL, M
JABEZAT 5 0 DRFEAE L T D LR SNz BRI
PRIV TIE, BB LZ23/o) 5, 2kkTHEL T
FR G X ICERA L S, BRI TE~OB5-A7R
Sz, MRFIEZMEE RS B. longum 105A ¥k % H
W2 A7) == 7T, B. longum 105A DL F %
RS BIETFEIFT I LIITEL o708 K
IRV ) B S 585 F & LTYen FEREICH
FBETEFET S LRI L7z

PiEX D, HifaRER ClpP O IEF 2 BEREZ RO 2 L 2%
B. animalis DRFIHMEIZHFG L TwbH 2 LAY oL
Holz. Fi, Ve FUBERREITEERIRET 04K
DOMEFHCG-$ 5 Z RSz, RIFZECRE S
7RBAR ISR E L OBRIZOWTAY A S D% »
WD, BRI ZHED D Z LT, B. animalis
DY LA OO 3% LI SN 5.

EEMIIELEAHRHAREICELS
NAFRYITAFIVEEY 2T LDORF
BT SEXT

HAL = IE T BB R A A e v 8 —
mieko.higuchi@riken.jp
\ y,

B © WAL O A SO X, CRRLR RS L 2R
FEEAT) SEAMONTEY, MER RICBEICHET
LKA EMEE L, K= A VF—2FHTE 5, B
BE EAHEIR D 720 OB R B A FE S AT A Th b.
7o, WA FTIAF Y I O—HTHHE) L FuFy
TNA YR (PHA) G EAT) BAEROVEDOTH .
LU, AL e MO T o0 BBk 3% & 43 32 BB 2,
ENLBWEFRIZHLG T 2075, $72PHAAEICED
IV BETIorIBEIR TRV, 22T,
PO KL e & A B (Rhodovulum sulfidophilum) @
PHA 2D W TR L 72,
Fik AL O T OB 3011, E ARG (730,
800, 850nm) @ LED % i\ 72, EH X E (0Dg,)
WX YiHllEL, PHARR T A7 u~< 7574 —HE

H

SIATRNC X Dl L7z,
BR-ER BB AFLPHAAEOWTIICSE
WTH 800nm DIPF B HR TH -7z, VL VREY
YIMRE RFR L LTHET 5 &, MRS #ETIE PHA
AEEL WA, FERF MY Y AZIRINT 5 & PHA A
FERAKE ST 2 e 2R L. IR EO®
ZFIEBURNT 2 47 o 72858, TCAY A 7 Vo FH % i
FOFRBHLRVPBETLTBY, TCAY A 7 VOKT
CEDPHADAEESN LW EAVRBEI NIz F o)k
FH % LOWEICEG- T 2 G N T OiGED, FEER
OFRME VB FEINTEY, FERFENEO PHA
AFEDORIBICE S L TWwb 2 L AR Sz,
TR bR R E RFERE L2AEFICOWT, B O&ITH
EIRBRKFZEF M) T LADOREORRERFEL 2L 25,
8mM F A HiEEF kY v AL 20mM REEKFEF b U T4
DIFAETT, WORWAEFERLZ, E512, DEMN
PR U 72K EBKFEF D)7 A0 T 3 BEAOILY AR
RWRTAER, EOT I VAL REEAKFET b T AN
WYAEh Tz, F7RBAKEF M) 7 2% REFE
L7-PHAAEZMGEL, FAHET MY 7 AREOH
Mz XY, PHAEEDHMT 5 2RI L7
SRECRBGED 720, BRFTAEME—DERFL L
2B AT R BIS LR, ko ata g
MEIZOWTEFERDON. BEOT YV EZT D
ZEW A T 2 = b a s — B O & Gl L 7o R
SREREMHETTIVEFTLRLKRIE, Bo=bas
F—BiEMER Lz T bur - Y RIEKRIIESE
HADKRTREFTE hho/l b, = turt—
PIZIBZERMEICIDAEFT L LRI N &
HE B REMC BT B PHA A % AT L 7RG, Y
YOMERFERETHEPHAREREL 2D, FEfEZ
WEBETHLEPHAZAET 2 L2 AL
CO X AL RGBT X, B8R TERbk
R A L 7B R ORI IS TR T & 2 W A
VATAREGRDHRLWMEWTH D I LIRS N
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4 )

HEREMA 2 ERFEEELEHZAV
BIxNX B _B{bRFZREM O

I 3
T REFR R EBAM A 2 N—2 3 Y BE7ER,
B AR 72 e SE R B8 ST LA 8 B 7 AR

wakais@jamstec.go.jp

. J
BHY - AN R OV X — & R U 7 W R A R B
P B ST ICEE 2 — AD—D2Th 5. AKiifsk
TiX, @RIBEZNESELHEEYEX 5 v AERRH O
KREBRPOSBTEZITWoTRAY U HRAEAET S L0
IREIER L, FHEWREIALVY—D—D2THoL T
POV — Z R L 72 JCEREN R 0 — FRAL i SRS BT % B
ETHIELEHMWME LT
Bk AREBRIE, SBENER Y VA Methanococcus
maripaludis NBRC 102054 (KA1 #%) i L 72, RE I,
KFEZIANF—JRE LTRETEZ LI LIIMAT, &
EHEETRGARE LTHETLIILOTRTH L. it
AVDOFEWAT ¥ L AR (SUS316 : 30 % 10X 0.1mm )
IS F AV A B L, MRS ) 3 SR CTE D
H2S2cm® 555 & ) ICHE L CEMEER L. DA
7 L ASTERC SRS A A & A % AL LT
e L, A&7 1Y —d250IdMgkikbeh cfek L7
il % KB R (HASS Y 3>, A 1L9W) 12
e L, MEROANALEREANAI A NS T T 4 —
WX Do L7z
fBREE: NI TOWRICLY, SWEMEXY V&
W3 BRIV CTAET T 2BICF RN AW SR
FMPERBMONEEERE END Z L5 hoTHY,
CORNE AV TEBREI~NOBMELE Mt Lz, AT
Y UVASHEM AR L, S8 SR % TR T 2
Y VBB ARET A LT, BERERICEETSIL
W2 L7z,
—RERLF LV A RE Lo IRIEER L LT, B
IR BRI A2 L TR AT v L AT & i
RIZWEL, @E LA WIS ASE VR, S
CRFEDA BN S N7z, AR ISR D M S 7z,

BEFHANEA Y VHICHETH B 720, s % Mgkl
FEWET5Z LT, BBIGE T AFEAD L EEHRD
BSOS B U720 WIS, SR EE A & v AR A
EALTEM & MPRE R B % NP Bl B L CEE L
TR, KA A F U S Nz, L7edso T, HA)
HEEE LTwiob AV F—BREIC X 5 bk FED» 5
DAY PHERICEI LT A5, —HT, MEmEL
THEEOAFELRINS A 2, A7 v L AMER
DTMEAVNS L, FEEALEN TS X F R HD A
Y GRS 2B 2 TR R BIRASEN 22X DK
ENELEEZONS.

BB, THIRESALF L E I, K% A b
LUV AT AR L. B D ORIMDTEA 12
RTEID, BRALY LV EFRERDPKE M I TERMAIC
AL BT B EBHREr o7z BROSBILTHK
2B CD I TR BRALE Vv E AV EED R
WM Z M) LD LA, Sk, SAEMERX Y VAR
TAT ] 5 AL T oD TR PR IR R AL AR 24 72 D o b=
O, MPANE T EERDOERBROER 2 L2 XD,
THRERLF LV TORREEEI R TH L L H X
TW5.

U5 wIWOA—ZABNALFTZALED
BERFEERICEYEREICHT =
RESFAMEIHHREOFH

W oE 2 A

TR R A AT BEF S T
takahito@rish.kyoto-u.ac.jp
- v

By : Zk4x 1 onF TlzHEF X Y Pseudomonas & =%
Rhodococcus B % i L3587 = = v/ R IELE T =
=)V (PCB) 70l i & + Bk HBE L, Th o o#fak
LA RO T MRt 24T o T & 72, TR, 2
NS OMWIE, €7 x =)/PCBSDEEHIYE T
TR L, BRA I EBALEM O3 - REICHE3 5
BIEFEALTWwD EPRINL. —), ThookRE
TG A o A B B 2 D7 B AL B 0 R & M L
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7eEI) = v R oL b EZ SR TwE. R
ez, V)7 kg — AR F < A0 0045
BALEWEREZITSH ETY 7 = = )V/PCB 43/l i % F
HTE20hE) D, TOWREEICOWTHELZIEEH
e L7

FE 7 AR ERT L7z 1207 = =)V/PCB
SIERRIZOWT, B4 &) 7= Y HROFFHFFLED
SIS 2 WAL R IR, BALEEATREF CH B Hk % Ik
L7z, TOBHRLIMRICOWTIE, BE CHFERILED)
EIRMBOIERIMO S TR ., R L2y VX7 H
R B WRERO 2HEEOMBEMETERZ AR
L, #7477 Ly AX 0V RITESKIIC A L 72
K, TNETNOFNGERETTI VA AV E R 50
THHL, ChozERAEbESL I L TRIRIIEDLND
BLTHIND Y VX ERBERNIRTF P A7 4
YH=T) T4 v THFEICKYVRE L, —, T A
TR A mE ST s+ I 7 Z0BHC Ly, V7
= VHROFSFHRACEW ORI L e S bl
fZfIiZonwTiE, Mexlczue—=rr7 L, KBHER
Rhodococcus JEMW OFEBLHR % W CTREFI 2175 7-.
ER -2 SRV T 2 =)V /PCB 5 fEME O Y
7= VRO FFALE W OB IOV, HeHk
KXo TRELSRRDLZ LW hoTz. TON, HIKK
%L OIE BT HHRICOVTHNET 4 77 LAY
VI ROCELGKEN I L7k R, B EOZ b BN
A D EREERM L > THESNL Y V2 Y
ERGIHETE, 3512, HEMMKTTF—7 -2
MBCLHFAEDRRE o7, FWETELY VN0
BHEE S NAHEBIC L o THB LR, HREILED
D5 - BRI RS WG58 VR ED S
Mot =7, SRHHWZE 7 2 =)V/PCB 5 HE &
N, V7= bFEEERA TR D SV B-O-4# G DH
RICHMEHE SN AMALRDY) 7= vt F ¥
F—VBIATEEEGER L, BEBICE Lz Uk
7 AMEMORERERL T O T F I 7 AR 2 &
£V, ¥7 x =)V/PCB 7EMR L T5 & AL &M D 55 -
REA M BERPRETERE AT LI LYW

e, V7l a— AR, F<A0504EHY
HERALEWAEE~OFAMER S22 EZ HN5.

BT MR HKLIBRE I BT
KEE - BAEREHET1,4-F %9
DE %R S MY EBEDARER
= W OE E

FK U A7 K 2 A W DR 250
nmiyata@akita-pu.ac.jp
) /

B AEILEYTH S 14-VF %~ (LT, DIOX)
AT D BRI T K &2 I LT & B4R
WFREAR O BIFEATRD STV B, AWFFETIZHA LS
B MK I B\ T, 3 AIREER 2mg/L © DIOX
PHEMIREENT WD Z LICHEH Lz, 2 OEYLes
2817 % DIOX 3 fROHMAEZHS T2 28T, &
WD LBRAE D% 52 TRYFEN 75 BRSPS O 2 AT
B\, i RPN EAM OFRFEN D Db b L
SNz, REFETIE, Z OAEYILERE o DIOX 4 2 1
I WEMHEORREEZH O 2T A L2 HME L.
Fik o MRS R K A AL A A O BRI L 7244
HREGHEZY Y —7 7 A v ¥ —I1Z AN, DIOX k)%
6mg/LIZHHEE L7212 K 2 it A 48T 20°C Califeks 28
L7z, BPCHAKDOT v E=7REZEH T 12 I3RS
EHR T LA I THEGRZHE L 7. DIOX#REILT
Azux b7 T 7ERGMEETER L2, AYHIRIC
& 5 [k & % 3R % 928 T Ud BC A H# DIOX & ifshn L
GRS A F 7z BC Fri % 2 AR R T
FETHE L7z, EWHROMEREL 4 DNA Z Al
L7:#%, 794 ~— 515F L U'806R % H T 16S rRNA
BinT-% PCR¥4IE L, Illumina Miseq CT#MT L 72,

TER - FR RRIL 2EWHRO MR ROME,
FLEH 1-7 ) V-2-FF7 L7 (ATU) OFBEMIZ LD
DIOX A K E CHESINL Z LAV L7 EWiE
ROMRERTIE, 7Y EoTREZOHAIEEZ 20
~80mg/L I L5 &% & DIOX B #7252~ 3 512
BMU7zA%, WHREBEFROWMAREZ A SETY
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DIOX /3 EE X IZ & A LML e o 72 — /T, 7
YEZTHIEGRO M GEEETIE, ATURMNC LD
DIOX 7 f#iE R & CHHES NS DD, ATUIRMEETD
IR L LTI INIRE D 59 % DR ML R &1, DIOX
fRIZBT 2T ¥ =T RALH RO E DS oA o
HREZENZEN41%, 59% LA o, TUE
= 7 BIFEG IR & v 72 BC IR DIOX O 43 i BR I B W
T, 4 OWTHE S N7z DIOX @ 24 %\ZHM T 2 ik FS
AEWHRICEES e, ok L MBkIC, ATU
WINT B 60 % O DIOX A3 S 7z75, ATU #8 Nk
DRFFALEIE 8% I E Y, ATUETMIED 1/3
WCETHAT L EBWSN IR -7z BB, DIOX 4
fRIZBIT 2T v ' T BRALE O F 531349 40 % THE D
SRR DOHFGEOFBRKE VDS, EWHIRIC X 5 L&
TS 5 L7 v E=THALROF5552/3 (=870 %)
o TwWiz, MREERTOMR, 7 v E=TEIEGR
Tl DIOX I EEAS 7 o~ & = 7 AL B Nitrosomonas
ureae (r=0.71; p<0.01) J& O°H¢ )& %% 2 Ml 1 Pandoraea
sp. (r=0.84; p<0.01) OMHEEG L FHOHBEZ R L.
DLEORERD S, K DIOX O fFELICBWTT ¥
B TR DG L1525 & O LWALEDSE S L.
Gk, T B THRALE DG L CEWHRIC X 5L
IZHE D ETORKZ T 2 LEE D 5.

2

2

5 AR HERB SR DR E
Cellulosimicrobium sp. NTK2 D& &R &
HEEFIAL RN X
‘XFLT hSDERYELEE
HOE Z W

TIOR3
arima@tottori-u.ac.jp
- v

B9 @ 7 VAN EDE MR vy — 212K
CHMANA F~ 2B E LTOFMICHFIRTY
BEWETH B DY, Z ORI IEHE 2 VR R BB A
2R, REZHHFHICEE>TwhRv, Zrixth
F TS, AR S ¥ F U & GBI 5T S B

Cellulosimicrobium sp. NTK2 (LLF NTK2 #k) % Hijfk L
72. NTK2#i3, 82o0FFF—X#RTL2o00FF
YR Y Y87 (CBP) T2 H>. AWFETIE,
NTK2 #k%° 2 OB ZE R 2 A L7232 RS ToFF
ORI ¥ FF—CoRMAHOEB E BIEL
NTK2 RO F5 1 NTK2 #3550 & F F — L DREI 12
DV CEMM L7z,

HiE P NTK2 BB 2813 25C TR AMITATV, Bilh &
L CISP1 (LEIIH U THFF >3y & — (CP) S % 5)
T2, 2% FF BEREY OKEAK) 2HEMLE ¥
N7 BOEEIR, NEBIRRE T 2B REBS LE
bz, FFF—EBEEOFHEICIE, =FL 7Y a—
V¥ F v (EGC) # E L LA €S 57 4—, CP,
EGC, ¥F v+ /77 4,5— (CNF) & OGHDHE
JCAKGGHN, p-nitrophenyl chitobiose ((GlcNAc),-pNP)
I2XF 9 % pNP @Y, ¥ >4 ) ThE (COS) 4 fi
BOTLC Z¥H L7z, aFHFIHIEAERICE, Alternaria
brassicicola D3 %R L7z,

IR - ER INTK2 %% 2% CPHAE T CH#T % &,
ZLCEFEMEL, BEOY V7 B O E W
EGC it (WA €7 974 —) RSN 5
ENT2E X HDONKGN NS, AFOFFF—E
CBP, 27#ifi® Bacterial solute binding protein A3[F] 7€ & 1L
7o. F7o 2% FF UBEEY (H =k, A AvE, VA
M) ERiMiE UCNTK2 HrARZEL T RiF4R 4
HEREY OGRS N, K3 Lk o SDS-PAGE %
FART T 74 =05, FWENDY 237 BIZBEEY
TETENPRON. FRCH SR TH#ET 5 L, NTK2
WiE2o7ar7—¥b5WL, Ihbidh =it
WS B8 R DbLEER bR, — /T
NTK2 #kid, Z VI —ZARFF A MY v ORECILHL
THEEFHES N 8o0FFF— YoMz HHE%
5 L, (GIcNAc):-pNP, COS, EGC, CNF, CPIZHF
T2 xR RRAER, 7ol ovnTidvwIhr ok
B LCRBEE R L, T2 CHRERERMEILR
oTwiz, F72, WTFhoOEEHD CPIIHT % 5
WBEENL 57205 B TOMBZBHEELRET S L,
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A E WGP SN E6121E, 520
W2 iEFRIE, XY BTIREE A brassicicola DI
T LRI L 7.

KEBEATPHEI PO FUT7ZHVE
XIxNX—FREBEBORIRE
NAFT A2 IDINVEEANDIGA
JE AR
SV NE S T B R
k-hara@u-shizuoka-ken.ac.jp
o /

B BRI LA U BEL, M 2mHWE
DAL R LS/ DR ThTwa. L L
HW R oA REMEDSI E5 %1200, BER2SHA &
VE=ARICKRY, AEF KT R HOWE o4O
HHIHEET 22 20w, Zhid, B#ZODH
OB A YTy VThHDEFEREE, HEE SOk ] TH
BZEREW ], THINZAVFE—] ®3207 7 b7y b
WD 53T 57X THY, TR PL—FF 7D
MRICH 2 2 L, MANZERSHFET 2% bh
b, FITHRAR, ZoO=2BE0REICH LIRS OL
Ah5 [N AVF—] 205, ARG
IANVF—2FHTERVEEAONT )L F —F H b
OG- HIYE L7z

Fik L AW T AR A X SN M3
BafEie LTl 72, 20 ATP A % i1t
B/ 572012, BIEWFYE R Haloterrigena turkmenica 75
LONIER 71 b R TO—FETHE TN T RS
PRI bay Ny TS T
Fu RT3 bay ) 7RTOFRGIEIIL,
TxRAY TRy T A Y TIZEDRERR L7 ATP L X
Wi, V7)o vy 725 —¥iEEHCTHlEL
7o. Fl, AEINLBICATPRHET L2774 7
IANVDETFNVELT, FVEFF v EEEYOREE
LCDTNB & HWTHlE L 7.

BR-EZR BESVY T4 i, MR EHVTAE
ESNDHENE . MFRROI Pay Py 7RIICT

VEa Ty aEHEEELE A, ATP L XV
L7 g, I bary FYT7ICBTAMEEE T =
ERICMZ, FAsa Ty oich7a b VigEYR %
JEREsEsHZ LT, ATPLRXLVPEELZEEZDN
%, DXL, ZOWFEEROMBBELZ, DHicEERES
BINEFAH PN TV AR—5 —TH LI L x Mk
L7-Gxal 2 5Bl 3¢, %% 5 1 (alltrans-retinal)
EEORVERIZT, LERF L 2SO8E L. 20
AR, MNZ VS T VIRED FAZ20 TR L, Ml
W NEFF VIREO LA SBIGEI N Ty FE Y
DHEEREABC M7 Y AKR—%—ThH5HGxal 12L& 5
TNE Tk v OIS OFEI I 1E ATP O E % 9
728, MM B X UMK N O 7V 7 F F Vi o Ei,
FINZ O N7y B XD ATP B SHE L S Iz
CLICENT A EEZ LN,

1 MR IC L 2 EEFRR/ 41X
Hll s OB RERYAFER
O 5t

PESERATRR G AT E A A 7" 1 2 ARFZEER M
ryo.miyazaki@aist.go.jp
(N S

BaY : TE0 TN EA O IZ L 5T, [H—4%&H
THE L7727 10— ViR TH - THE 4 i L~
VORBRIIY TV PO hoTE £
D &9 7% VML NV ORBIROAI — P 7 v — 4
IR REI 2 Bkl & ikt 2 Al L, SRH 4k 2
b U AR W AH 2 SRk 4 2 REGEIS IR & e S
EHIEBWEINTWE, —HT, BIEFHEB A X
A - Al - SRET ORI 2 HEN LBETH
BICHBD LT, ORI EEHE 2 MR BT L 2B
BMTHLH, I TERUIETIE, BEMKZETVEL
THEALERR, 7/ 37X, =4 70l¥Efia LT 7
O—F 2L ) EETFRI A ZOHHRTFZ 7 7 274
FZZEL, 2ol omz Hry & L.

HiE D ET, —WETNVEY D Escherichia coli MG1655
(KIBW) &9 B E 7V D Pseudomonas aeruginosa PAO1
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(REIEWE) ©F 7 25 o LAEIA T L IFLFRIZ T2 7
NENMEED, sty v 378 (GFP) #izT
EOEERIA LR - —HREME L. SR THRBEIE
MR T 572012, LR— & —WiH 34 tiko i —i
P21 a¥ =422 L)AL F&EETORIE
5N 4 X (Coefficient of Variation) 1%, )V —
y — % T2 50 - [W— R EH o 10 75
MHHE L. RIS, VY —F—ZHWTHEETRE
B OPIEIE L 5 % OMNLEH OREBLRI THL, B BV id
W3 5% DHEBOLHFME Y KT L2k - T, #
RT3 A XDWETLOMED & ZAL L 7 LA ko
WG &k de, BREoRER, #EIEERkROL2T
L) Y= YA o T T o 7o, RIS, BALARKT
Woh o 7o B8 &2 MMM 212 X o T AR K
(MG1655 8 L O'PAO1) TR AL, #EizT%3 /4
R % i3 % K F O] & & kA 7.

R - EE 17 HOBLESZ T, MG1655 %o
FEVIGEIE T DI ) 4 AT L 72 b bk A% 3 ¥k,
PAO1 kD U HBAZ T DFEBL ) A XHHMKT L 72 ALk A
1HR7 & NCIRHBIZ T ORI, 4 Ah5 LR L7zEAb
WAL SNz, SOk ET ) 2% ) ¥ —7
YALBHERBRO Y ) AL 25, KR
7 BB ONERF I REN RO 072 2T,
NS DOEROHH S IFFFEEIR Y] S ITHED 2
LEZONLIa— FHEHROLEREZRE, BT 7/
F—varMERBELLE S, BIRENZ LI, &
AL ISR BRI TR, BB oMLk I E
54Ny uZ@BET (ThbbEENICRIATFHIL/
A X %&HT5EEZLNLHT) ITHEREDLN
7o. INLOHPLERIGEETRR A XK EL S
ATWARERRFEET 5720, BAEMKICBNTHER
2 PN A R 22 X > TEA L, #F 68k ORI 3 1k,
FRIETA 3R) OMARMKOERIIKI L. BlIfE, Th
SHERBOBETHEI/ A Ax VY =5 —BLUY
ALTTABHBIZLVIWEL TH Y, @RI A
AR F D E & A AT 5.

BEMCLVER SN D
ESEEI 2 7V OERBIERN
S
WK 27 ) — o BREEEA 520

futamata.hiroyuki@shizuoka.ac.jp
& J

BRY : NA A ZAOBFHANGHE 7Y — AV F—D
AIBNZ, PEBRFUC R AL S ORI TRHDOFRE T
H5DH. FERZICBCCTREDREERAER LD 5
e S N7 HnER R TG W Desulfovibrio sp. HK-II #k & AY-IV
HiE, BREFMICIERICERTHLHICOHEDb LT, A
WP BRAL ARSI R R 2 EBIA TV EA
L7z, &2 CARIIZETIE, WMEkOEFEI & I VAR
Btz W 522 L, AW AR OEL & B ER
MBSICET I L2 HWE L7-.

HE 75 AT e N— AR ICICE D B T
LB L7z, BUEWAER L7 3 £ 7 VI XRD,
EDX 3 X O°FE-SEM %212 X 2 W) Bl Rh 2 i f b 2 9206 L
2. A=K 75774 FEABKE T HMAEIREE
it &2 M aE LB AL AT 2 06 L 72,

#ER - £ 1 Average Nucleotide Identiy (ANI) f##T @
Rk, HKII#EB & CAY-IVEED 7/ & [ o A 7P 1%
99.99 % Td - 7z. HK-II #kH13k > Mackinawite (354 1%
AHETHETum A4 X0 TH 5 —77, HKIVHIkK
@ Mackinawite (3 %2+ um ¥4 X O FIZ 2 FERIR O ff
WERHBIZE X 7z, Mackinawite 2 5 IC BS54 % & e
SNDBWALKFAEIREE OREENE 2 bz, €2 Thit
P TC A B R T % LT L 7oA, Wbk & & 257
BIZTH3100 % —F L TH Y 7/ 2458 O ARG O
RO Z EIIWEETH - 72
AY-IVHRAVER T 2 EEWE (RBM-IV) OFEBEZE
W, HK- I MRS 2 20 (RBM-IT) & gL T 23
Ao 72, SEM #1%55 5, RBM-ILiZ i ~%+ um @
BERMEE %4 L, RBMAIV TR 2RIz st ~%n
nm QR T2 FER S N7z, EDXEN 25, RBM-II B X
U'RBM-IVH O 8B L O ok i1, 2heth
551% B L V67.4% TH-72. U EOKERS, hb

—

bear
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O RBM-1I B & U RBM-IV O Fi it B A¥ i A3 5 7 % B &
LC, WEOBIRE X OB CEDOECDTE 2 S hi.
1%, RBM-IV I @ A 8 & 1172 100nm D47 1R it
TRV BEARIIUTT B O W TS 5 LEAH
b, —), WL REETZRAL T 5 0MEE TS
T CHKI #R& B8 L7208, AfRiIA e 2 biR# o
72D\ F G AR D FUIR A WERR (228 He LA AP 5
. —77C, MRAVEFRIZR I Z OFFRRO A H A
TETHo7z. ZORLD, HKI MGt EAL
R UACH 2 AR T B T LAVRE N,
VLEofERD» S, RIFSE TIXEEO AR AR
LEEEIATVORMEZHO ML, MAYOERN
T ReMEZ R LIz, 41k, FHEBEHEOM,
NaAVEFIERRE B X BRI O 2 A
DLFETH 5.

FEEEEVEFENICRET S
WM E B SEEER D
Hgem EICREd A%
® - W

ALK SR A B G AT SRR
mori@yamanashi.ac.jp
& J

BEY © SRR H LA e E o R o
fE & RN OIS AL SR SN TV 525, #Hb
R TOAWWAE OVERBEIEL ZOIRHIEH F W REF S h
Twiwv, TITIE, B4 EREEED & S5 &R
BWERRRMIBAET LME L oML, AT =
7 —)v A (BPA) IZEWIAER R 2R L2k W,
SRR & OBF IS X 2 KBS LR R oM o
TRETE & RS L 7.

FiE T AEERIERURL X SRR > CHERERY LM
ZOTHEL 7%, KTHERRO WA & SO E AL G & i)
HCIRA T % W 3BR I B\ TEN 7S R 230 1 2 R
THRE I L 72, BT, RFICBPALCK L CEER IR
HEMRER LR E, BAEMRICB W TG S
BPA 53-f#14 Novosphingobium sp. FID3 % LL# DK E b

RERIZH W72, BPA HHLERERIZ, WAE TN & oA % 45 4
HMF 2 3REEMTRE S RICBPAZRINT S
ZETATo 7z, WAHIBRIICIRINL, wO0HEC X 5
EEF o BPA (i BPA) &, FUNRAZ BEECRE
952 & ThLE 7z BPA (KK BPA) %2
Fhmdiifk s u~ b 757 4 — (HPLC) 12X ) #&HE
MZIE L7z, S 512, BPA THEUIMBIZE L 22615
RICHAERZEAL, BPAGHE ALK H2546
D& TRRDOEALREZ 1T - 72

ER - ER BB S 0K 5 EERIMRIC X 2 FHEFIRIL
EYWAERBEORR, BEHREEKICLI D KSR
o Tz, ZOHDSEMAIRE ODy, T 1.0, BPA#IH]
I 0.1mM & L72We A5 3Bk IZ 5\ T 10 47 LA BPA i
BE % 50 % IR L, I % W T2 2 7232 5 Freundlich
DOEASRRH ) LI, B pH LiRE, BAETS
FEE 7 & OSSR T CRE LW 2 R 3k %
BIKL72, B, WS SBRES RN BPA X
W2 BTS2 L TRBICHINTE 5 2 & %1
ABLTWD. #WnT, WA R0 R % 7 BPA#
LB 217 > 72. BPAWLAS i & HAH T BPA &4 K2 I
WS EGEE, WERANOWAEIZ X ) AR ONIZHE
BPAREEASMA L, DItk #B#T TR 5N
oo 7 b, BEERST I HAR ORI A ETIC L D
AP BPAREDMR T L2, —J7, MAZRAL
72 TIE, R AT BPA SR KOS AR %5 BPA &
DR L, RO AFRAF BPA R D % b 45 1 Al o
HLD BRBEWICET 5 EBIESN, WAE R DH
WOEMZRESELZERHSNERoT VT,
BTG PEG e & W W OR AR ChRERBE 170728 2
%, WA ORI X ) BPA 2 ORI A 2816 VE 5
RHMOYE L) SIRES R, WEEHZ S OBAEND
EPEGROBERER FICH G535 2 VRS,
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4 N
BHELORIEKRE KELEETTRRL
ST/ TI T ORI
;o ow =
PR R A AL TR
arai@bio.c.u-tokyo.ac.jp
\ J

B#9: ¥ 7 /8757 Tid, 7 ¥V ACP & I0EE % (AAR)
ET7VTe FRALV I VLY ¥ 7+ —+¥ (ADO) &
W) 20D EERE IV, AU X o TEH Y4 o jrAb
KEXERTEZ I Lhs, WIKRRLOBIEICER) %
FEWRENA A T AV F—DERERE LTEHSRTY
5. INLOREEE, KBEWISEAT S L RILKEL L
FEMHEIC 2 5 2 &2, AAR & ADO iAW % R L
T RALKFAFEIS R TH LS. Lo L, AAR & ADO D
W20, MFEEOETHELSEHETH L. €2
TARMZETIE, AAR & ADO O EEERIZ Sk % Al L,
BN D ALK FEZ KREAEETRR R YT /NI T )T
ORI E HIR L 7.

Ak AAR O Z W E T 5 BRI IE, AAR O U
HELRE L 72 5 5 TADO & & B ICKBMNTIREILE
&, RSN RALKE (NTFTFE B L RN S
THY) A0 N7 7 HESHERTER L.
7o, KRIGH N O EER 5 ICAF1ES 5 AAR O (0]
WY AAR®) % SDS-PAGEXR Y = A% v 7uy M TE
L7z LT, pAKRFEAE & %2 Wi AAR & Tl o
7oA IETEE L7z, ADO R KA FAROWETE S FARIZ L
TlE L7z ik, ¥ 7 /2327 5V T Synechocystis
sp. PCC 6803 (2% 3% D& T2 A L TH &R, &M
SN Ak FE R Em L7z

BR-ER: £79, AAROFEBRILEREEZREL .
REW T 787 7 7 12 A D AAR & L L
72 %8 B, Synechococcus elongatus PCC 7942 H 3£ o AAR
Wi EIEEE o7z £z, WKL ) bilEFEEO YT
I T ) TICHRT 5 AAR DI ) DIRFBOD %\
TV &L HERELRE RIS, RIEMHEEAARD T 3
J WS &, EIEYERL AARISED A XHICLT, 1T
I REREFAR R S0 EIER L 72, T ORR, AAR

DOWEHER W AAR = 2 Bk S &, BALKRERENEE
mLEXes ECEELRT I WMREEORILE. 2
NoDOLHEEFRE 26M(FR L7225, THETT
I b T AAR ZRAROEZ D) L7z,

FARIC LT, M3 ADO O EBERBILICI Y A ZZ. £
DR, PCC 7942 IZH3K 3 % ADO H3 b Btk 72 5 72
T/, 3TMWMD1T IV RERERBEFRL 72ERH
B2 & D, ADO @ ENGETEILICEE 2 7 3/ BRI % 20
PHETAE L, WA ADO B A BRS¢ 5 EROMES
I L7z, 2512, ADOSAARD S IEH %2 ITI S
BRIZ, AAR &EAEAS 2L A W2 L 7.

I, ERlomiEtER AAR & ADO % £ Bk flAa s
b TEALZYT /287 5V T Synechocystis sp. PCC
6803 D2 HEMk & 24 TRV U 75 8L, BEOIAH 2 o jie AL
KRFEOAFERDIFERKRI D S 5B Rm LT/
N7 TN T ORI L7
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4 )

ERMERIE%E 8T 2HR L EHD
DREEE KB X H X LD

oM g
BT RFIAIIE L > ¥ —

81 7R H AR £ BT BB A L 2
aoyagi-to@aist.go.jp

\ J
BEY : HBRO KIS % ko D B R L I3 Rk~ 2o i
PERA LA E BT 5720, ZOEYSFRERICIS
BHERORFE - TANF R T 5 ETHEHETH
5. LaL, #ESbMERRLEkoMAEYEICIC T 2 A
ZLw. KBFZEIE, #ETERILS T OEME 2D 5 0
#t U 72 Deltaproteobacteria #i O 3 AN B 6 FH o> £ 211
T &7 ARG X 28ICA A = X L OY], B
OS5 7% 0B 0 RGO A o B - B AR
A7z,
HiE: BREICHE A 9 5 4 i W 6 Bl [Geobacter spp.
(AOG1, AOG2, AOG3, AOG4, AOG5), Desulfuromonas
sp. (AOP6)] % &bk EE b8k [4 Ff : Goethite, Hematite,
Lepidocrocite, Magnetite (10 ¥ 721% 20mM) ] = &1
K, BER (5mM) ZEFHS54AkE LTHWT1 7 A
MREZE L, MEIZREL L7 miR R C otk
X% Ak oA R 2 GAM L, AEBEA I IR T 72,
EHIT, STHER 6 FIOBKETT A 7 = XL Z WS
¢, 2f (A4 PRTEXRTFZYF) ODNATA 7
FVEIERL, 7/ AERERL 2. —)T, RIGE
DF LA 2T 5720, KHERHFMZ &R
B X ORI 74 2 7V R AR, EEE
KR PEALER IS TR 100 O TR R IR L 72, 4
ELL SR R 2 ke L 728588 R 2 0 RS, B 16S
RNABEF AN G & Lokttt — 7 = — i &
FHL, FORFIIEDO TRAMPRE S L O
DK S TSk & BRI O TSk~ F 28 3 o B
2TV, SRR S E RN 04T 2 RE S
THIRSEE R OME LT o 72,
fER - B BB ORR, 2HER 6 FLILRIEERIL
FRIZH L Cocii 2R L, HHI2 AOGL #HEB X UFAOG5

MRCIZBERI8RE TCIN Geobactor sulfurreducens X Geobactor
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