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SERAEFERT DIG B
— BT 2RV EAN72 5 (1995.4~2001.3) —
%N B B
Juua—7- 19944F, FEREWFZERT IR 2> H504EZ M2 72, Z D1

IR L OSHE ML REO T IS ML M AW 4
BLTBY, NEHIZZENSZAICHBELTE . ek
WAEY R L L CEE ST SN0, 18004 L
-0 v SO ETFREMAEY & Bk LIRS 5 F¥EE
M7z LB, Fh B E T collection & LT
M LMERE ST & 72003, MAEW S NEOWN, M
FIREICR D 5 2RSSR SN T2 b L, ke
&L IESRT BREN TR IS W o B LA
Ho72rHTHAD. collection DE % FHDAHI2IE, 5T
EWSFE R LAY ORFREEEZH S22 L,
WIFEEARNDZITNINFHTH 5D, % DWFEH com-
munity D1 & % ? collection % FEHFHYIZ L 2 5 BiBEAs
AU RTHAH. SR LT 5EGRZONIEE LR 572
DI, WA % & A EIROE OB AW EIRRAT
BB (Culture Collection) 2SETH 5. AWK IHMLF
FEBIII PR L7 BB IR A WIEE 0T 2 TH
b, WIS ICHIZEs B LTIt 2 12 EIHTE 9 %
EmMEOAMERTH L I LATRDLNS.

19904E F T F @ Culture Collection ® & 12D\
T, WMEES DR LVREL S 2> Zh 6o
T X % & ENTIZ19604E X £ T W FH i AN FEBEIE 22T
(Institute for Fermentation, Osaka (IFO)) #»3ME—® pub-
lic culture collection (ZAHYAEWEIRIRAERER) TH - 7.
INHORBOEE OB & B2 RTBEL LT,
— B DWIEH i L2 AR RO H 5. A
D & v 7LV KE D American Type Culture Collec-
tion (ATCC), # J ¥ % @ Centraalbureau voor Schim-
melcultures (CBS), €L THA®DIFO TH - 7z. 1970
ELRE, ENTIZED WK 2 FHEIC & > THEYE IR
BEEEML IS L L2 hb 53, 200048 F T
IFO 235535 C vy 72 o Tz, ZoHEMBITNVLD
Mdb. —DIliL, IFO DIFEIZE  DFEZF ORI
MR Twiz, Thid, AR ERZTICRS S, &
B R EORHAZERMEE I W B2,
TE WG EARAERE B OGBS B U 2 — & 2 DT,
KEID ATCC @ & 5 ICRMAIHETH 5 2 &, B
KL LDBETHLIZH2DT, EORENTE 2
LGS % &% L 3 5 IFO DGRBS T TRAT.

B D 72 $% 4% IFO Research Communications vol.17 (50J&
HEaE) ICRENRTWVE. 223 T5 ADOFIEDIE
i D7 \\72. IFO Ok h 519754 $ TOIREIEEEkIX
BANRBEY A, 197645 519894F ¥ TIIHE B kK
2, ZFOH%I19954 T TR ERINBMKY, 2hehik
LTw5. LTI~ 2 #1319954E 4 H 7% 520014 3
R Z TOIFO OIFEOFREEKTH Y, (1)AEWEIFRA
WEhoNy 7 75 2 K8, (I)IFO o3, () FEEVI%
BT OEYEIHRRAAEEZID & RN, B EI2o20w Tl
W35, T2, MR PHEEIZE, IFO ORFH
HERHAERDPSZITTELRENLZYR— MIOWVT
LN E RSBV, TNOoDT L EEE X, 1995
FE4H CERTE4H) 22520014 3 H CER134E3 H)
T TR OEEO—EHY L2 LT, 20
T IFO DiGEIC D o 72 H /2B Ic T + — B A
%&HTT, IFO DIFHDEHO—KM % k3 5.

HEWERRAAEBION Y 72 75 2 F

1) Public Culture Collection & L T IFO

Public Culture Collection & H A% D 2By PRAFFRBI S
H7:%. T ZTE public culture collection & 1ZZ D4
WERRGERREOFE LB TH 2 EWEIRONE - HE
B - AT - S REDVRAERE B DA O R I B (WFFE) 12
HFICAT) 2L TH A, BHELIRE ZT T bk
MR HEEZEBL TRV 2WllN2sH 5. IFO ©
EEIEZNICH725. —T5, private culture collection &
RIRAEERREI T, YRR AYE L T\ 5 REBHRLS
BENLZEZZT T MBI BEL O — A2
BTLHZLIIHETHS.

2) EWMERRIFEB OMREEE

G FARAAR B OB OIRIE & L TR RO RAT
BEZNo05EEn oD, ERINITRERD
WE X B L, 19604EH, R TIET X # O ATCC
PHREED by TORIZH Y, 246i05F T » ¥ D CBS T,
IFO 3 ZDWIZT ¥ 7 SNTWiz. 7RI L8 A 520004F
T TORS0EM D IFO DIEB 2R VKD &, FETE
ERELTIDRIFAZENTES. FFIEHOHL
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E LARBRIER RS Z L, FNELZ HIEFIES
ERATLIMMAZIIRENH A L. EHIZZOMNE)
ZHR— M BHREEA»CDLZ &, & EDLEME
AT ENEIIR D, AT VI TIETIVT bOTRKREIC
RE SN THRIE L0 EER O R — b A5 CBS
DIEIE DI 5 5727, ATCC IR R TH % 7%,
FESEWFZERT - NIH O L FH OB N HA SN TE 72
F7o, WEIPKRESHET ST LI, HIFEHF R MNBOE
HEORMEEPEEOBEME LTE. L2ALARDES
ATCC ZRBEMH#ETH D, BUF & T HBILRICHE 2GS
LC&7 EYERRGAHEEINT LT v FRRED
B L2 1ik% 9 28 T E Y.

3) BtkEEES ([FOES) DFEEE

TERIUEIFO 32 ANZ- RO E— 5 i
)= b=V THAH. 14UIRFEIIHT Y, T0HBT
NTOZTANKEMRICIE IFO F5 241, izt
20004F F TOHUIRI20MHC D %2 o 72, 19805ELARE, U
HIORPa vz =% — 2GR oOBETILZHD 7.
A 2—F—%FHLCRBKT 20EHHTH 525,
WA T 2 e 5. T72, EHOMEWIC

5%

Ly F—s xR LCLE) kb H L. 22T, Wk
Gz ANH, IFO FHF5 4k L Om/ROERE LFkL
TeAEHOREEH b HH L T& IFO Tlda v
Ea—F—PEARICHEEL, HHRET—F =241
NTh, ZoOREFN A/ L7z, SMEBKOME IZFM
ZHRRENTWEY. IFO TIZZF AN kI Z R
ZFRoOBEAEDIFO FHEMNITTVWE, RIS/ Z—D
DHEFTH 5.
HRTHDTENETNORKEBIZEE IR L L Cfiifid
HZL#IFOHLRBLALOT, FNRFEHEMIZZD
BHROMEICOVWTELE 2> TWAH I L 2BKT 5.
Thbb, IFOFSOMN W EWERZ M L7-ies
R L, MR ESERHEOH L Z L % IFO EL%
Fo TRET 2 2 L 2R T 5. WIS ORRIZIdA:
WEREKS & WFNIFO FEABHFTWEDIE, 0
2L EEKRT 5.

4) REZERTEMRDOEFNZE

AW R ARAF R B AL U 728 W B AL SN BT B
5. HUE, AR KO TH 2 KIED ATCC 13 R fH
#HThHbH (HATIZ ATCC AWM TH S & LITLIE

s (R
‘ " % G ; ‘ . .
F ;%;f}éj iif:% ‘!/Jm 7‘““1 (Beurlon) & % e, ‘ by S AN v‘m‘%kﬁ,ﬁi‘d“%'\’iﬁ‘\\ﬁrjﬁl}
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éf_f;; 2o | ¢ el /i /L,WAM) = e > % : |
I S P ot Pllrer £ ! ‘:.L//.p.i/a/; 2 ,, ]
sy e (UnFerginige Carbutery ) |Wotipnn IWHJ(;:{ e
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1 IFO IZHRMNZZT AN WMk 2 Rl L 72 R — Y. 19414F Nakazawa @ Beer yeast (Burton) Hitk#%
ZUANT, EEARNS. IFO FFid T 2T Tuzn.,
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FERENFIERT DB

ANEX
I Adk,

MaEbis). Thwz, BUFBELRO SR AR A
Organization for Economic Co-operation and Development
(OECD) o &I kEoRFEE LTATCCIEZmML
T, HFGEE D E - OB A & 58 &AL
LTWahn, EHEI0HHKROHEIC L 203 AENA
72Tk, BENAERIIATETHS. £2I12E, K
EME OEEEEINDH Y, ATCC 3FET 5 R,
VITEHORNEEPEA SN Tz, BlZIE, 19604
1 LB Stevenson 75 ATCC D EHALH D & & 123 # B
W2 O OMBAH Y, F7z, 190FERICIEA) =T ¥ F
@ Bethesda 7 5 /X — ¥ = 7 M ® Manassas I Jiti i% %
Bifim L 72RRINBUR 2> © TR % & D Z O HEE IR )
W o7z KRENZIZ ATCC DAMZd W 200 A E
TRERAFAR B3 5 4%, BUFATBREBIIZZ N 512 EIC
o U CEMMICEDZ LTWwab., RENFO ATCC ~D
FWIE N2 Tld v, ATCC i3 NIH < il o> BURF B
Mo ray =7 MTEWERREREE LT
L., AW&EHEONE - WmEEH - A7 - iz o
52 LI DBEFIRAZRHTWAD. SEITBE~722000
D OECD OZHETHFHEII 2o TWizas, R o
ARG ZTIZ L TAL L, WhWYLIRFENE
SedE ENZBUFBER 2 S ML L T 2 Bk ShvTw
7o B - — RS - MMEEHAIC I CEMIhTn 3
—fBlASATCC THBHLEER 5.

ATCC DBl FCTOW B2k X )12, EWEIRRAHE
BY % BREIICE 2 A 2 E ST X BANBRRR O AN Z D
HENCAT R TH 5. ATCC & [FFRIC IFO b X HZE
LW 5 IR H R R EHIRRP 20—k 5 O
ABEICL DL OB EZ T THEHLTEZ L
3, CRETOWREE VLM TV L. FEHW
W EETMICRHIEMEKGE L CTE 2D 0 0b b
3%, public culture collection & L CTOM:AHE - #%fk % £
MR C & 20IC3 D5 5. FROMEHEL JHI
HRIUTERTE 575, WELHRLTBE W,

F—F—THLrRHFEMHLHEICE T, ZWEFEH®RD
PRAEFEII AT & 3R N2 &9 5, IFO ORI
BHEOBEMRIGE T2, SFMROHERTO—DL
ZEZONTEL. ZoOZLIZEIVESEERIITE .
IFO DM EBHETH 2 AMUHRHEE#HK, ZMAEHE
HEONMNIFEHERBLIO=ZRBEFERORM HIZ,
I IFO THfE S M- AFHs - A SRl a L |
LC, HE - B0 EHT OO TERICHL
HrMly, REERONTOMIERTLY D, BN
FMTIHEIN TV AT L OBALREREAICS
nTwzl vy, ZoBREEFEOHY LT 2HET
bZITMAN Tz, B 1B I RFERERE),
HATEEE CRRORF 25 8I%), MEEE (RBRKY4

-

— FEEERFZEI 2 Mk 22 AN 72 B (1995.4~2001.3) —

HHAZ), BIREE CRURPAEEIR), MRS O
FEABEYAL AR e R B, BORAYS CRRAEH
%), bORLE DEFAPIFICHRIIE> T, Sk
i, YRR SR ORE 7 EER A 5 7T,
EofsekiE L v b IFO 0 k) ZREOEIC X 258
EAEMERE NS BRI L > TRETH 2 L E
BLTWz, ZhiE, IFO OFTHIZE o TEA LRI
CEL72Z e THo7zh.

5 BRHEEZO AMEIE L IFO DMRES

SRS - Ao NEE, REEAmEe, #ER, R
I, FEEFE L OB RS B I T b, FO OiE
HEEEY L CE-REER T, ZORMORESHE
(&E, #E, BHEZoMoRE & O M) <TIF0 ~
DOREFH R — MIELEF®RICR 2 b H o7 TFO
FRHER - IRFTOBREMEHL T2 Lbd D,
geE M OB RRPEMRHA+ 51T 2 D BRBEICH - /2.
NERETAM L 2 3 o D BRI HE - T Zzas, 3RS
DEEBETLHHRICADLECHEMBEEORBE LI D -
7o ZNITHE > TIFO O AL D Al s 7z, RH
EHOEROFFMEREN SRS &, IFO OEFIIMAEY
EREBICERLT, EWH2/MrTL, DETHIHERL
MBI SNz, Lo L, IFO O¥BIZZF0 L 9 2Bl
FETIE W EZ2ERLZ. MEY - Miins S EwE
BRI EYE LT 3L T 2B HL0T, FE
DR % i 2 7R A MRS 5121, VMR &
BMiaSANRTHY), TNEIGHTELAMOBR Z

D7 R EWEIRORICO BB L0 5THbH. TOE
EEARHEHOANFTTIIRCHMBLTINL, 20k

12 LT B N7 IFO ORFZEE OALE D&, BFZEdT o
HENZE 5 THGOmTIE R L, IFO OFEIHTLHE
WOMTRKEVHEETH-12LES.
BEHBMTHLEBROKENIZLRIEL I Eh D,
KAk HFRUIEEZRBAES2SHAILTDL 5572,
Zo%, RHOBEMRTH LHEHIEEN, WALE LD
EAEBRIK ISP TIFO I2BML, fEkoElEHBT, 1
WFRT-& & DI - JEFs - IS - 77— R—20D
T— Y EHEORBMEEL MR L. T0XH I, KB
Y R— b2 THL, ANFOMTL 5 eXRE=
J7z. F7z, IFO OWFZEIEENCH LCd RHEMIIE T
SRBRERL I EATES. LA L19974EEIC, R
L IFO ~NOEBEERMOWIREZRELTE . 20D
FIHE L TREORE B2 DH 572 —D131995
RIS X 72 AR R S X BRI O A — T D
7o DRSS O LW 2 B T2 2L vz
L THDH. BE 14875000 H O IFO ~DO I K &
RAHETH - 72h B LRI . Mo—o21F, Yk, LG

-



s
#1 WRREREORRE
FE H7 H8 H9  H10 _HI1l__ H12
B (4~B&E38) 1995 1996 1997 1998 1999 2000
HRFE R 66 61 43 67 55 49
[REEEES 27 27 18 20 25 16
MM FR 33 28 18 43 26 29

ZTOMGEE-RESE) 6 7 4 4 4

BB, RFEEELCIEEE R EEO KL LT
EIBRMIC A B2 E - FBL, E O - ¥k
Bl HRBROEEICh R AN>DOH -7, 2ot
S RO HEFORMICHEL RIZLI- L F
Abhiz. Lal, FEIREHIIRE %0, REENO%
UL Y %<, 20004F CPRI2EEE) T TIXFAHDE
M 118750007 O3t 2 el TZF 5 2 LT & 7z Y,
IFO (3 E OFf 4 W et SFE 71 ¥ = 7 F OB
D& Z 72, TFO OWFFEFRR R AW & FAAR D
WTOT— ¥ OEMEDB X OWIZEHE O AWM DSE DO FE % 3%
TTHDIZBHTH 72002 EE-S. 2o 0%
FuY xy MIEBMW L2 IFO O&Z%EH I, AWE
PRORFAN 20 VB P O3, E I e i O,
FREERHWLRKRE, PR CEHOMRERSZ
NFETIZRVIIERERMMIILD, RELAMELENT
5Z Lotz L, Byt ORESEITRL
BV THDL (K1)

6) IFO ORFIRIR

[FO DHEFZFHBEHIM 2 & A 6 FHMMTbhrh T
WH, K25AmBTH L. EE O E T 3 5,000
FHTHo72 (£2). WADI L, HHROGEIHH
7,000 I CTIFIFBE—~ETH 5. Fi4E REEND
5 DFAER 1 487,500 [ O %5 4 %0 AR W #E 2 & D Fl
TULAEE) 128 2482,00007 1, & AR5
MREIKRT IS o7:. INSOIAICK L, A%
2 f82,00007 1, FEERE & Mg B2, Mg
m2 b DOEBREMAMNZ L) $6,00005 1 TH - 72,
19994F, 20004F D3 M OZEENIAIMM EOILFTE 2 HIF L
7278 Y 2y NOEKDTOICE O IR & 2 7
PoTHA.

CHNIZOVWTIEBRRT S, COE2PL LGB LD
2, 1TAM72) OHAL7005 M8 TH B, Z DHIZ
BEEORVKRFOM R D720 OBEHICH YT 5.
19904E G & HARRFE DS TR L TW2R I TH 1, 4,
BOPOENO ALV OMEE T LT H
5. &5, ZoOMMZEOBHTIOEE I HEB
TR, TFO DX HIZARMENEL, LrbaNg
(FNEDPRBNETH o DR EDFETHB) 12X

2

5
F2 RKEEOIALIH
EE H7 H8 H9  H10 _ Hi11__ H12
FEMA~FFIH) 1995 1996 1997 1998 1999 2000
FRURA (105H) 3441 3237 3110 3428 3921 4513
HHe%E 2500 2,320 2348 2575 2655 2918
DHRREE 170 100 100 105 588 851
BRDEREE 771 752 657 748 677 744
SEMZHE (105H) 3420 2800 2538 2885 3919 3,736
UNCE S 2439 2110 1820 1,746 1,922 2,103
EERE 316 214 352 682 1,489 776
MR E 398 375 278 239 372 670
Z D1t 267 101 88 218 136 187
FrE 25 17 16 16 17 18
NEE FIR (%) 70 65 58 50 48 47

WH LTV BRI LT HER (EWERZENO
HBETEE PR S 2 EH RN & W55 ORFEIE
e RRLE) PEEINL L)kt BEER OB
MEDOMH T, WMHEEEIIBIT 5 AMFEOEEHT70
N—t ¥ FULETIZEE D EREOIREICH 1, #HeHIC
HWHT L0120 %L EL60%UTICHRZ S Z &
UF L, FWENTW ZOEKRTIZHLEENIZ
1995, 19964F2SFEHIZEDIRETH - 72 (K 2).
FOH, BNHWEBRICLIMBAKRELSES L2720
19984E 20 LRFFMICWE SN2, FOTa T 27 FORA
BIZOWTIZBRT 5.

IFO D33

1) ERREEBOEMERHOINE - R1F - REEHE -
NiE
HABADRAEY (JFCC) 2B T 2 END &Y

ERPRAT BB D 19984 D AE ] F2fdt & —FRET L T2 3

ALY, MEEIFO 2 5 AU S - AW g Rk (d

Yok & B AR RRSS % & ts) 138,900k T3 5. HIAE (2015

) T, ZOERBICILHT 2o ENEREIE: S 2

I CTHAH. EMERORLERZTE2ANE, TFO LYK

XWHBIZH L. BEEFPKREVWI EIE, ZOBEIE,

MREDPLENIID L TEWEITORIEATELITTTH

5. LaL, BFROL PG ERDS v EIZRS

BWHERATTWDS (F3, K%). LB

B L T2 DN ELFITE B REDMED R

NTWinwZ e, ZOFRERO—DTHAH. KPRk

B I NRERE T, R EORRICHIETE %

BoONEEHICERLTHNZIFENTHA ). TFO X

BRI 72 R LS W IRAEREBI Tl v, EIN

NDOVFTHOBFEF I S 52 4eE T oM A IFO @
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FERENFIERT DB

— FEEERFZEI 2 Mk 22 AN 72 B (1995.4~2001.3) —

# 3 19984FFE D EI O F 72 LW E IR ARAFAR B 0 FE 1)
] ® 5 ] & 2 E OB X
BE | AKE B8 KEE #EE 24X g“ﬁ% Z Dt &it ERN E4 | &5t
a) EE

ouT 356 3,800 0 800 0 0 0 4,956 142 5 147
RIMD 0 0 0 2,660 0 0 0 2,660 188 2 190
GTC 0 0 53 17,503 0 0 0 17,556 986 235 1,221
IVR 0 0 0 5,000 0 0 0 5,000 15 5 20
IRMG 0 0 0 44,858 45 0 0 44,903 26 0 26
FERM 12 4 0 2 0 0 0 18 10 0 10
RIB 889 156 0 129 0 0 0 1,174 73 0 73
NIG 0 0 0 16570 20 0 2000| 18590 | 1,133 42| 1175
TSY 800 0 0 0 0 0 0 800 27 0 27
NIES 0 0 0 0 0 676 b)3 679 636 28| 664
IFM 4414 744 902 149 0 0 0 6,206 444 21| 465
TIMM | 2,764 4,038 0 0 0 0 0 6,802 123 0| 123
1D 0 1 5 1,821 0 0 0 1,827 121 0| 121
IAM 1289 415 53 1,304 0 421 0 3482 | 1,221 32| 1253
ATU 604 287 116 361 0 0 0 1,368 16 0 16
NRIC 447 1,411 9 3,382 7 0 0 5,256 268 13 281
MAFF | 10,308 495 261 5,328 469 0 o)d246| 17,104 501 51 552
IFO 7858 3075 1,685 2875 69 (] d)496| 16,058 | 8281 472 | 8753
HUT 665 452 294 8 0 0 0 1,419 20 4 24
AHU 1,330 835 130 320 0 0 0 2,615 82 0 82
RIFY 50 640 2 540 0 0 0 1,232 15 0 15
JoM | 1125 1987 1,762 4,261 0o 2 e)135| 9291 | 2474 483 | 2962
IGE 1,072 1 0 0 0 0 0 1,073 5 10 15
&5 [ 33,980 18341 5272 107,871 610 1,118 23877 | 170,069 | 16,807 1,408 | 18,215

ABNITIAT7 -2 ) REBY(RR) . HRR. DBV, )T HE,

2) TFO (L6153 5 ERDEMEREDRE E DEE

R HFHRITE IR REE A L, International
Streptomyces Project (ISP) £k 45 #lix H A B B # &
OFtEDERS & LFTERG L 2. EWEFEKIIOWT,
KAWL 728, AR EIL 6 41 T1,0008k:4
JER Z 72, ERIIR L E B R, BuiErER L
7o (FR4). AEwHRICO VW, oGz ER
BL, FEOFHEKk% &% IFO Research Communications,
& FE @ B9 @ Journal % IFO List of CultureZs &2
L, WrgeEofHIzaL7-.

F 72, BRSO VT, 20004 3 H RICHF#S
AR DI DN T HEEZRT L, ba—< ¥
AT ZRFMENBE L720T, BTHLELLLRER
T5.

3) 3ADF1—-—L—%—

WK DA IEF 2 — L —F — 5o THEEMIC
Kol LT 058805 5. EPN O WS 2 & TR,
FEQEVIOEMBRAETHA SN Z DD L. EPE
BRI B VT, 8% - filas: - % - 4R
Wk 7z &% & RO ICOWT, — B OHfZE
HLRERMFEERD, WNEOEMOIIEE & #Emds T
XpHLFEDOI LR Fa—L—F—LHL, TDXI%
ADEE T 5 2 LD ORFREORIEICERL 5 H#H %
B72¥. IFO TR AT, 104ED 5204E %2 23T, B

K4 FAEREIRAE L 7RI L B o

FE H7 H8 HY H10 H11 H12

FHE (4~FBHE3H) 1995 1996 1997 1998 1999 2000
REHREH 15441 15441 16,828 16,058 16,238 16,442
5 7601 7601 7778 7,858 1,885 7,988
NGTI7 2821 2621 2785 2875 3000 3083
2353 2918 2918 2931 2946 2349 2968
B GEIZF) 129 129 129 129 123 133
TERE 1645 1645 1663 1685 1696 1,694
T7-T 70 70 69 69 69 69
Eokybiilia) 420 427 473 496 505 507
SRR 8708 8367 8153 8753 7,503 8,501
B 7612 7,688 7,586 8281 7,098 8224
By 1,094 679 567 472 405 277

BRI R T AL EICE CAEHAD - 72, TFO
IR L0000 WG hbEH ), £ HIF
ZIE YIS LT b, TFO IIZHIHE, BEEER,
SRIRE, BOSE, BMHIRZR oMz H Y, Kt
EMIZENENE BT RIS RABEDRZEY L7
[FO TIZH MM 2 Mk & Bl 2 FEOMREEZ TR T 5 7:
DIZKFETH, RETOHERLTVWAMEREZITT->TE
72, BHEBAZTE L OHYEDNEF > Two 2™,
ST OEATIADF 2 —L —F — (TR TR~
72w, TFO Y, R L7- & 9 12088 L OREFORE
FEREENREEHESH S ERoTWD), BT V—7(G
EWET) W ATUEERE, AR G f, SRIRE
GITIIE RS ENZNIY L7z, L oM~
OFGICE Y, WR IS A AR ERES > S0

-
—
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= | AL H ]
= L T 14 A
w T WA g R B &
SR - B |1 3
igl‘, * Z’H'Jffrﬁ—' FOHE T Ll
w7 o0 2w IR #*
F (af aZ ﬁﬂ&_ =+ 43- =
A I T 2z 2~
x5 wit®m T 3
P 20 - A
# tegf 3 %
- Sl w
iy 1AB - 1+ &_{ﬁ 1
/j% L

HAM AW IR S D19974F . CF19) Hoifi &

X2

Mg (19974F) 352 57 (K2). T oEiiid IFO

O, WEH BB IR EAREMEE R
PRER, WL L7HANTH DY, MmO Rk

L UK R OMZEZ RN I N TV 5.

3FLHIWMLTAETLEIE, AL THHEBKRT S
FCORMME, MEWRROEHHELLZLE, #
1L GiEOMEE DR O 72 O SRR HAT O T3 Bk
L7228 THAB. 612, TORRICHIS L2508 %
~YA¥—L, AWEEOFAHZHE L EE IH IR
— B OWAEWREE T TETH BN L B
HHESR T B IZDIARAE L T B BUEMk 0 224 44 & Z81L
LTw<., RFBZMIZIFO ICHRAL T AR %
B LW EIEEICHE > THOEL, TORRE PR,
IFO Research Communications %° List of Cultures (2L #
L7z, BEWEZREE G 2 BB T » T VIHRAEH 2 HD
FLTHAL, 4C TRETHV AT AZMEL, £920
HADGHEMREBIL L. SOY AT L35I, EHok
BICHEAIN, EHEINTWS, H ¥ - RIREO5H
ERE RN L 2R IR o 5 LIS E DR T
BEORAMREESE Lz RIRE 0% L A
(Herbarium) #4# L, EWNAOGEZOHIZEHE OF
FIWCAE L7z, B REZ — @ ICER L, IR
ZRATVLWKEZI D Bz ZHIREEETH B8, 2
ORI R PEELRERIIL > TWHDT,
HENDOWRE»LDOFHD H 5.

R HEZER, SRR X ORI TN ENRA L
TV AEROMEEZ AL, Tho o % I[FO
Research Communications D5 ZH L TREL T 5
DT, HHPLORBOMNEHLEIZLRIG LTV 5.
WOk, PDFILSNT, v PTHRESNZHD R
5THA). IFOICIE, ZDXH %Ry A4 TOMEEIR

2

5%

ISP FEHERR ZHH Y L T W 2TEIRRIER, BT, B
B2 EPEEL TV ChSoifEoIEL T
WAHIHEEIORF ¥ RRAL ¥ MY, 2= —Dr L —L1%
BCHE, Thra—F—ofRBEHHEL L THBLAEZS
ETHL. ThHDL—H —~DWEE) RIS AR O
Bz %250, IFO IZENAOMEE I I 2 =7 — D
SOEHEEME L CTHRLIZENTELDRID L) 2E
NI EH->THILTH 5.

19984 ~19994F U, SRIRE & #1204 L T 7= A s
Aspergillus J&\Z 3 FWIZHTE T % IFO RAFH D 55
HF BB 21T o Tz, 20 Aspergillus )& &3 5
BREEEIMONTEY, 2U0HLZAEET L HEME S L.
IFO IZfR-4F L T\ % Aspergillus J& O 2 Witk (Aspergillus
parasiticus IFO 30179; Aspergillus flavus IFO 30180) 37
TIMNFIVEEELTVLIEDPHD, F—F =2
ICREER L 72, S HANIIEI AU HEEET L0 L9 U,
Aspergillus J& D BB RALAN G EBECTH - 2. — 75,
HMEETIIE 2 S Aspergillus J& DH & % { DIEWEIC
ML T& 7. FERAITEE, R B2 89 5 A
RORFELEMLD—DOTH DL, RELEMTHD
LA OFEETEP LI EINTE 2. 2D Aspergillus
BTHO O PRI VEEALZVE W) FEE LD
FIEDRH -7z, FO4F (19994 3 B), THERZOFN
MFEZSZ IFOICBIEL, MEHzEZ LTwiZn.
HIZo o TIE, MY VBEETOBRIER» O EEET
WWERNHY, PFT O mRNADEASHTHRW
ZLERDFIEDIETH -T2 FDI%, Aspergillus
olyzae D7 77 M XY VESBBIETOEEL TV AW
CEILE ST MRV UBARENTRWI LD oz,
B, TOMEYVBETEMBRN LB EROAYE
TRRAE PR B SRt L 72 8% < @ Aspergillus Wi bk H3 15
Vol R LTBE 2w,

4) ENIMAITRDIEED

R &M %25, TFO DBy bk O RAFHIEZ 1RO /-
DL, 19844FETH 5. L FDORE R IRPBEDN
B BE L2, MW ETH 2 FiFOIUTF O LEHS
HEUTE ZOFHBORILNE LT, AMICEEE
SNRAEREICEYMRE L FEL 2T uE 2 s %<
ol EINTIZEYT 2HE% L, /0 ATCC
IR = WIFSEINIZ 2§ % LB D > 72, € DRk
BECIHEATTHLETH L7:0, REOAIIKE
otz FZT, IFO X3 —u v 3 4#T (EPO) 205
WA ORRFFLORMEBE L L TRA SN TWZD
T, HEBFEOKE, BYWMBORAEREE LTHHKRFR
BT B 2 AT E Iz 20004F F TITHI2008k DK F==4
Rtk & Feararatik & LCIRF L 7.
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FERENFIERT DB

By RE S Ak & IR R L v RS BEASEER
END. BIBOMIIEA DB MO0 AT
Thb. BPRBMROBERTL VDI~V S aTI A<
HgThb. M3~ Af a7 X<IlHE RSNz CKT1
(IFO 50003) HMfLOERE FHMEE TH S, FHFHIE
OWFERETH Y, ZOBEIZLIEOHHPFHEHIHIRS
N72bOTH 5. 19934FE bbb IUIENO E R IFFeikE
THEALTWAEEMO~A 275 A<E 2 REL
7z, REREIEBEVLZEIIH0% YA 3T T AITE
exh T, Z20%k, HAMBEEEEPLE 2
D, ERBIEHEICSA 27T AHROEEZHRLD
FyUvR=VERERL, ¥4 37FXIHERL TR
WM, HSRBIMIRE ORI E S i iarko &% 55
YL 2 EDENOEERME AN Y 2 OGEEEO
Lol TOX )KL OFE R - 72 5eR R
ZREVIEDZDITKVIZEBI Lz, 4 375 A~
MR OFCIBTOH IR, HHMIE 7272120158
Tl MRS H 5. HRKRFEOD D
—OOERELEBISHIBOHREMEORETH 5.
OHTHEND Z LR LD o7, KEREE
B 222w E Nz e MRS, RIEZE %
7254 OREBEHEI O FTIERL, NAZ2F7—Hia
HETHLZEZHBHL, ZOMEREITFEMADL SR
HINBLZ LIkt FDGHMEDOSHIZTITILELT
4TER). ChooZ ErbHilanNry27izE9ETH
%<, WMREEHS A TH e mEERINEAFETD
BoTLE) ZERFITH LT NEZ RS WY,

BRI % 7257 L TA S 164E B o iEB O T <
DOHOFHROMBIRE 2B U7z, 35 R SRR AR

-
—

Mycoplasma hyorhinis |25 4% L 7= CKT-1 fifg.  (A) I35
Yefife (B)~ 4 275 A= 2 S Lo, & HHRS

EiTs ADYAR
BIE L 7-.

MEO B H B ORISR S 7z 5 2

— FEEERFZEI 2 Mk 22 AN 72 B (1995.4~2001.3) —

DOHINARE (AP-16 IFO 50424, MA-89 IFO 50293) % #i7 L,
Mg N> 21288k L7z, ENS T~ 7 AR
fakk (MEBS5IFO 50472), rNEFBiE~ T A7V 7#l
fatk (KT-5 IFO 50161) %37 L7z, {kiE o3 1 mouse
olfactory cell (DBC1.2 IFO 50484) #f&THAEL, F
7o BEAF O MR AR IS AL e = — o — & A7 MR R
(Neuro-2aTG IFO 50495, PC-12TG IFO 50496) % #37.L,
INY ISR ABREEY R B E Atk o %
BERELIEREW SR LZ, Bl S, M)
BT 135 { OB L RO T A MR A I TOE TR
EicHb o7 £ oMilarkaHia Ny 7 o) A MR
WTELDIZ, ZhS5DANHOREITHH RO
WTdhsd.

20014E 3 H, EAEE»LOEFEICL Y, 4B
fakk, F250kkidk 2 —~< V¥4 = v ZIRE/ M OB
Mg N> 728 L2 IFO HFo 2 i3 %, ba—
T UH A I ARG N 7 bR OIS I3
THZ LI ko, TOBKICHALTE, va—< ¥
A T ¥ ARE B O iR ELE R Lo e s
DRI X B, FiFHFTRICOWTIE, 304E R R 72
IS T 2 HERHHDT, Kk KBIHELHZELT
EERBE L, FFICENT COSRE - REEBM
FROFEHE % TR /-

5) ZE

ENOFEPSRE SN FHERET L (F£5).
IFO OFFEIIRIMOM e R Z 2, KL 2 b, HbkA
fEHETHE. TOLHHEKBIE, KAIE-THHES
ADZEWRINCE > TORERFVTHY, METD
bH5b.

BHE D ERIT O VIZBEICRERR L7, A ORIk
DHEFOEMRTH 5. R, FKEBICAERT S~
v — 7 EEMRICE LT BRIRE 2 R, )R
IAH OIS S HEEL, £ oMMEERR L. Th
SRR OATEERZ W S 22 L7z, HA I X E N & H
RHE O TS S BRE 2 S ML, £ oL 5
RL7 PERKIT~ v 7O — 74 B E A& HL o B
Pl LB S L HORRE % KBk L, SHEFOII%EE

Tol. THoDOWIZEHTEE 7.
#£5 19954EA51999F THOZE
3 Z& RHE
1995 BAEES EEEE T thif A3
1995 HABRBEZS MEEHE CEAE) BF BE
1997 HAWEPERER FREHMNE R &
1997 HBAMIEFES IF4—HE FiE BE
1999  BAMHBFAZEE STER X E RIR &
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6) RALHTHEIL

197012 Bl & 7= KB T EE B 2% (EXPO70) D A X >
PO EoE LTAELOREERE 21T o 72, K 4A
(27”9 X 9 12 Time Capsule EXPO '70 [Fé#kE | 12RRHR
ENTVEY, [HEWEROEMEDRL & ZDEHRD
BAEOGH] L bbb, HiEH - oitsd CGERf
ZERTORER) (I OZENI O Wi ST
WaY URENOMEE CRIMEATRE 2o T
10FE3H DL E oA Yk 2 BN O KB RFEE THRE L
TYTVIZEHAL, FNOOESEFRERSY Tz
PRAE L7z, Zh H305EHD20005E 12 4 7 2 VN TRAT
LTWizT7 v 7o MAmkEzY LT, £F0
HEE PRIz ZOMRIIHBIIRA AL LT/ 3
WAMEE (2% ¥ IFO 4290, ME R IFO 13169, &
BOUIFO 5754) 72 OEFAHERT LI EMNTE .
RAEHE T, FEEEZESERZNHIR L RIRE 2024
L72bDThHD. THIZE T, 197054 1E, SEMERFsE
FrCRZE L, BUAEWORLE5ICER L T/ Lk
HIMAEY O BHREY ITER TS E W) Z EHRE
IZFEREEI N7z, COEDIRY MO Sh, FUEFE
EN/2Z ) LWAS/NEEEWRSHAREYEEL, 714
LA T EIViLE/ =T — (2000.11.23) O ETENE,
BEAMNMIZOBHEISIRL T, JHEEEE T/ —
FAWZSML, 197012W F T 72T OBR % 20004F 12
D OMD 2 - kEh L, RIRGEREM ORI E & &Ik
ML DTH o7z BHEEIZIE, 197012 R L 228k
RO AW AR ABOFE MR S N2 Z &1k 5. TFO
OEYEFRERRE L U GEH L T EM R RO
EE RO RREICEA L2 8k s IO
FEAERDS, MICOELHRFTH -7z KEl, 2100

T
ol

==
=
i
=
(=)

K4 2428 TEVHEED000EROHEEA) LD TV
WCHORIE SN 3FEO R (B).

5%

ECHTENVEEUHE SN (X4). Zo8, 72198,
INSORWKROAEFRBEITH) B DESLH . £
DO, HUHFIEEH1004E 2L LS RTOFK 4 DKB & [F U
BEUEERDLIZETHAI.

7) METOT T U N TOERE

SCERE, BHEHNT, JEAARREEEL R EORT
W X BHIFER, HABRRN 2 D ISP AR D IRAE
H¥ER L, UIRMOITRIZS  OBZRILCSmL, H#
L7 (56).

6 XA OFt A A Lz lpEd, B
IThREDHETR I 27 FTHDH. 22 TIF1997H 5
2000 % TIT o 72 R - BHERTgE B IC & 2 itk 7 —
F R — AVERRE L RFEELON T A F — - R
A BFERE (NEDO) 12X 2B Y 27 2 0ff
HHEIEIIOWT, BB, ZoTFuT s FOHMIX
IFOBRDB # %3 57215 T <, 74 =V FT—=21
IZ2RBEOMMRPHEE L - HEHoMAED K%
IFOBRDB (2 %8k L, 7z, % L7z IFOBRDB IZN%
ENEREMHET S 12X ) IFOBRDB D&M %
MEES A2 2hb. 25D 7ay ey bONEIL 4
DI EINE. OIFOFTNICRELTWEETOR
WizowTo7F—% % 57— % ~X— 2 (IFOBRDB){t ¥ 5.
@7 —%~N—2 (IFOBRDB) ®FIH ke LT, a)i
MROBED > A 57 L DMk, b) IFOBRDB 2 5 RFE R
OHBAH ¥ u ZOFERK, o IMHTDORERE & on line T
B LERO T — 7 R— 22 HEMHTEER Y AT 20
R, DD D, QIO LY E IR & oItFE
IR & UL Y A 7 2 OfGE. @I o LY & FRE
RO EHUINEE. DT, Z#hFhicownwTALiELCE
L.

7-1) IFO Biological Resources Data Base (IFOBRDB)
o=

R70 Yz s MILERE MEXT L4 NEDO 25
34 CHRAER 1 /600007 0% &8 & IFO O F &
THEME L 7-. YU E Windows 95 SRR ST, ZThICH
WMLz Ca—F Y7 NI THPEAICHE SN TY
72RO DOS DI Y LRI o0odh o 72 I
TbdH5. ENIIEREROIHAEOB VT —F X—
R B RGN HESE U 72 A G IR R AR B 25 % 2 o 7.

IFO TIX19804EkA 5, B H T, W BICSAE
WEREOMWEHREY 7 — Mgl (Fig. ) 263y Ea—%¥—
WCEBEBFALZBHBLTWAY. I3 —0y BT
(EPO) DEsF etz B L T2 b d Y, Hilo
X2 T—DEEPODET T 7 A VOFERNPLET
Hoiz. EO%, FEHERTHE] & #k X AS400(IBM #) %
EHLCW. SHo7rayzs TR, 2F2) 57—



SEBEFSERT OGS — BT 2 kW2 A7z E (1995.4~2001.3) —
6 19954F LA 520004F B £ THEA L7 F =58 %
F MR ERRE HYET MRE (%%ﬁ)
B
1995\ O R 2 EMBE DMK L RE DR XA hifE BB (548) 31
I O—JHEKEBICERTIERED D ES LU EREICET SR BRENHEIE |4 B (248) 46
FEEDBLEERAE ENTIEME |iF BE 10
/NG - BIEFAVIDERE EiEH HEHES (KR) 1,700
1996 BIERFRAMREE: HRAROMKICETIHRE E&£H THER 200
2oy 0-TERROMEMBORRALTDEEROINERT XA thif B3 50
R O—JHEKEBICERTA2EREO N EHS LU EREICET SR BRENHEIE |4 BB (248) 46
FEEDELERRAE E)TFZEBE |4 B 10
HEYMRNERICHSITHHFEMLE AEMRNLER Phrylpsticta D5 AF IR XEE ER R 100
Flavobacterium BB D ZH M ERMELICEATIHE XEE =P lIPAy =2 90
MR/ Y BIEFANVIDER EE£4 HHES (RK) 1,700
1997 [1HERAME: BEBT —IXN—XDBELHRE X &R {EBETTIE (548) 70
BIEMFREMAREE: HRAROMAEICEHTIHE EE4 THNESR 200
TV A—-TJEEROMENHDORALZDOEBKROIRERE X & thid AR 120
BEEY: TYTiIIBIUNIIVYFICETEINERD S £ R | XS R R 190
MR BEFAVIDER BEA HHERS (KR) 1,000
EMRABRMHOT —IXN - RURYRT—VLICBT A E B ERERE (RIERHTT [TRER (RR) 530
1998|1EMARME: BERT —IN—ADBELME XEpE kTS (548) 70
Ty 0-JERZOMEMBOBRALZ DEE/RDOIRERT XEE i A 60
MR —FICH T IRTEEYHOBRE BEENHEIE | iR B8 (5348) 4
BEEY: 7TV BIUNIIVYFIZETAIRNERD S £REFHE [ XE A R R 30
RN Y- BIEFNVIDERE BEEE HFHES (%) 1,050
EMRBAEMEOT — IR R VR YT —V{EICEET HEBIAERRE | RERMT |TREB (RR) 530
EXERAMEYMOSERT TEOATLORR BES LR EEIGED) 8,000
1999 MR8/ Y - BEFN\VHIDER BEH HFHES (KKR) 1,050
BEEMEMHEORBASIVIESKHOINERE XEE iR HE 170
MAEMIZEROEREE WES RLEBFFIE(IRFK) | 1,800
EMRAEMBOT — AR - B URYrT—21L BT 2 EBMAEERK |[RERHTF |[MTREB (k%K) 530
EEXERAMEYVOSERT BESATLORR BES THRESB (RK) 6,700
2000(#ARA/ Y SEBIRF NI DER BEEH HFHES (KK) 1,050

a) RS Fa2FILERN) —REME, b)) TEE R MR E

HEDEV AS400 & MO BV PC 2B L, WFZERTIC
P45 LT 516,2358k 120 W T O Y GRS IR 2 — 355
PR BE 7% 7 — &% N — A (IFOBRDB) # #% L 72 (X
5A). TRAWIARIE AR BE, PERASET, WIASEE, W
HMEZE R L, BWMRAERICE, AR
T ENERBOMEERY AN HAREE 2ERT 5
e, F=FRX—=2A0 [EEH] 22T IBM #H:Y
HEPEDENFTHEL, 2FEL OFEH K TIF-
OBRDB % 5% & & 727,

7-2) IFOBRDB D&

N OFEEIIRERE M O PC THRE L T 7 —%
DFRT% IFOBRDB IZWGNE 5 2 &2 Bi5F D, Hill
T—=5DA Ty NERET— 5 OBIER, XL
DB ZH%E, AR5 2% ETHE. KTV —TDF—
FEHBANBFICIIEN TN DD, MO &5 ICE
ERAAL, TN T7 7 Xy MELSWEF LB, SRIRE
DL BRIBBOLBVPEETH 558055, KR
b HRFDIEIZAS. IFOBRDB D FH A ¥ H55& 28
HELFET, FIZ2EDLYORMEFZS/2A8,
TOFTRTODEFZ M— DB ICINAETE-Z L IERED
HBHIZBBERNCRY, ReAPBELZEK L. Ihd
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[FODFHLAHMLEAT THL o TR TLEE o7
IBM OB 7V —THHo>THZ L THhbH, EHI7
AV, B %G-T, HYEED—-ANTHE7ur T LH
M %L F KAS IFOBRDB #1ERC &S L2 ThiEIc &
D, IBMAL2oftNEE SNz, LEW
ZOTF—FIR=—ZADEHDO—BRELT, T—5D
output #EEZ vy h & v F{EK % HEML L 72. Microor-
ganisms -4 11K (2001) & Animal cells % 6 it (2000)
132 @ IFOBRDB % S8 L7z (Fig. 6). /N—FI ¥ —
DAy a s oM, MERTEOENT: CD-ROM bR L
N— Fa¥—I12iFf L CTERNA DRSS IR A L 7.
Output HREDFIH D b 5 — 2 I/ FEH 2> & =W &
BHROBFOHEREMERETE L L) ITHETLH L
ThHbH., BHELHEETIISA Yy -4y FE2ELT, %
HLAE DTGB IR % real time THFIZHIEL, Fhd %
ARER D SBIEREIC 2 D IO 7B CTH B, R— L R—
VHP) EFHoTWARVHBIZR [F—2] 2FHoTwni
WO LS LRBERTH D, LILKTSbhTwiz IFO
IZ& o THEBD NTHIROIGEINE Z M oE5 b o8 b
R D 12THhdH 5. IFOBRDB 2 SRR L 721
HO—HR % 19984F, RERIIZ Nacsis D — x— (http://
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(Netfinity5500 M10)

- Yeast (7,889 strains)

- Filamentaous Fungi (3,080)
- Bacteria (4,696)

- Bacteriophages (69)

- Animal Cell Lines (505)
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e Accession: 1958 Res Lib. SNoase & Co. Lnd (o= OOU R SNnsd).

Cultivation madum]] 200
VIBILT Accessien:) 91 SA) (o O 5P 030, av
7’ A » ’ F

rsan 4

X5 IFOBRDB &FiNA v b7 — 27 DR
A VAT AR B. IFODF— L= C. EWEBFEKOME Y AT A
D. M EBE OGS T — 5 R—= A DOREET NV

www.soc.nacsis.ac.jp/ifo/index.html) 253 E L7z, £
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Construction of the Foundation of Screening Strategies for
Extremely Rare Microorganisms from Tropical Areas
Masayuki Hayakawa

Faculty of Life and Environmental Sciences, University of Yamanashi
Takeda-4, Kofu 400-8511, Japan

This study assessed the effectiveness of isolation and screening strategies for rare microbial resources, such as ac-
tinomycetes and lactic acid bacteria, from tropical regions. Application of the rehydration and centrifugation meth-
od developed by Hayakawa et al. (2000) resulted in the selective isolation of 632 rare actinomycetes from 113 soil
samples from Myanmar. 16S rDNA sequence analysis revealed that the actinomycete isolates were particularly di-
verse, consisting of 17 families, 48 genera and 128 species. The most frequently isolated genus was Actinoplanes,
followed by Krasilnikovia. Of the 632 isolates, 210 strains (33 %) were new species candidates with 16S rDNA simi-
larities of less than 98.7 % compared to the most homologous prototype species. Forty-six strains (84 %) of the 55
new-species candidates exhibited antimicrobial activity or had genes that encoded nonribosomal peptide synthe-
tases or type I polyketide synthases. The findings showed that rare actinomycetes from tropical regions have po-
tential for producing useful and novel metabolites. A total of 253 lactic acid bacteria were isolated from 55 tradition-
al fermented foods using a newly developed method involving co-culture with yeast strains and a conventional
dilution plating technique. These isolates belonged to four families, eight genera and 30 species. Lactobacillus was
the most frequently isolated genus, followed by Weissella. Several species, including L. futsaii and L. plajomi, re-
portedly isolated from other tropical regions, were also isolated among the Myanmar isolates examined in this
study. Most of the 253 lactic acid bacteria isolates exhibited the capacity to actively ferment mono- or di-saccha-
rides.

Key words: actinomycetes, lactic acid bacteria, taxonomic diversity, ecology
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D& rp, FAE TR G ETATH

AR, RS OB T, A, EHINEHE
M EICB A ERAMEN OB T RbTW S0
(Azevedo et al., 2000; Hong et al., 2009; Lan et al.; 2013),
SrEEEAR DR RWRED £, ZOMIERIZITAY]
GRS, FMEYEECERERIOE LT, £
W% RIS DTN & 1 JERE E O EHENHEFI TR ©
n, FIHEIFEEBA» SBROAEEZNS Z L5
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ERFFEE WS (LURKRET A R r v 5 —),
FEARGH (LBEKZET A VRS gEE v 7 —),
CEEER (LWRKRFET 1 BT v 5 —),
A 98 (LLIBLR A A BRBE )

MidL AR (NITE) 2SM 7 V7 2k LK EE
DT I XAAF—NEWMEL, AWEHRESLHICHI - 7
MAEW RO BRI ICR > TW5. HET VT,

BRI ORI, ks AL, S W7 Y
T HEDOFHEMAE M ATIK £ L FFE SN TS (Hamada ef
al., 2015; Nurkanto et al., 2016). =D Z & (X [EHISAE
WmRPHROEER, FEELMmE Vo HEYERRTE
RIS E L CRTEM 2 A HERICH w2 6N
b, FOHTIx Uy —dIIE T RIEICR> THhOM
HWRED RIS R o 2 ETH B, £ 2T, ABIETIE
NITE 2SS U723 v v~ —#If L o LFHiZe Y ¥ =
7 MBI 5 28T, FENIBIT2HEY OS5 HERS
WA RERET L L E Lz BRI, ERNHOERE



Ll

W & L C S 2 ORI R0 FS I B VR T R e FLIER A %
WY LV, DR AR O 5B O L 4Rk,
EHICHAMZWHLPICTAZEZEME L.
WA R 1E Waksman HI2E A MLT b~ A ¥ D5
R, RBPOFREIC L > TLL 8BRS 5
HEAAT DN, PRSP E A e, BUEA], S EmlA
T EEM R B R SR - ERMLS TS, K
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EWEAHESNTEBY, Hl 21X Streptomyces avermeti-
lis DEFEW LYV ENIZAXRNVATZFVIET 7Y%
EOF AV AREDORFREEE LT, E6I274 5
THERHHE (VR A) ICETHEERL, ELAHD
NG EEREICEEEE 725 L C\wb (Omura, 2008). i
HRN O HEC B LT, ABCEAGE S SDS-YE i (Haya-
kawa & Nonomura, 1989) (2 o CHEHOE 5 TH
% Streptomyces J& % 57HET H 2 L ASTE DD, GAEE
DN TR 3T S A 0 RIRGHETT 2 Wi h
IS 2 A kv, 621X Hayakawa et al. (2000)
Lo THERSNHAM — OB, Eahtkzr o
Fi VTR & BRI T 5 Z LA RETH B, AN
LTI AARTIIGHMEDSNEETH 555, Bartis OB
OHET & B GBI 2 AT BRIN & LTz, ERA
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TBORRTR D % 1R A Fi I 2 54 L 72
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B CHIREEE L 720 b A PCPAGEASEH 6785, #
BHEPERINTHEEINLEZ VLW, F 2 THEkC
H7zo T, HWIETEOBIHRE OB Z 3N L CRLERE
DAV % VEE SRS HET 2872 2 FHoM%E % H
L7

BTk
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VDT = 4, XA, 3= 610N %
INEE L7z (20144E11H). ZoHBIE sy v R ¥ O&MBEIX
FCEBEBFEEVA—VRBEIZEBLTEY, #lzE
X UYY—HEWROI—5 7 O ARSI ETY
13323C, HRREAIRDOEFEIYIL23.7C LR > TH
% (http://www.worldweatheronline.com/). ¥ 72, [
BRI AR BRI L 72 NITE R A 3 v » = — 13,
Iy =i T A~ U L R YT v
M SRS Nz R8N 2 R E L2 0 TH
b, =77, TAEOARM, FIFE, THEELDERRLZ
THEERB05 M 2 o g s LTl L7z, &
BEERHIILE 2mm O 2@ L, S CTHEEZ L7720 B
BTN O HEIC AR L7z,

FBEOSEERE LTI vy~ —hiiiciiihs %
I—=X 774 WO T A VHIX XD 295 D FRER G
ZAFLTHH L2 (20144E11H). 70 8HBRICH
RRIZfEEA L 72 NITE R FLIRIE, 3 v > = —HdLiBo
FUME T YK &) AF L7226 DFREEE & 4
HRETH5H0THS. INLOY Y TVOMEIL, ¥

KIEEEH, MEREAR, HlH, B% TRE>& 14
TOTH5.

o

WOHRTH 0> 435 1113 Humic acid-vitamin agar (HV agar;
Hayakawa & Nonomura, 1987) % #AR¥HE L, Zhic
MACHELTYZ7aAF T I F50mg/l, YA Y
v 5mg/l, PIHIEHIE LTHY V¥ Y U 20mg/] iR
MLz D& w7z HEEs 3L UK — @0k
B3 (Hayakawa et al., 2000) % Jf il &L % @ H O
30C L 38CITEHE L7 2 BT o 72, S BEPIIESE
M (F25C) T2HAMK#E L, Yeast extract-Starch 5%
Wi THALZ AT, T30 =— B &0 5 ORI
2828k & B L, ORISR DR -7z ek A%
ABIE, [ U AR — w0 pi i & D 20044812 3 v
V=554 L7z NITE £ O BH #3516 % i 2
ToReRre3sk A A Lz, $72, e LT, FAkA-
BT & 0 FeASE O H35E A & 2k L 72 OB 530
A& L7z,

FLERTA O 43121 MRS 26 K554 (Difco #18) % 3k
A¥HE LT, THIHAEHELTYZ7aAF LI F
50mg/1 & REEH VY7 A 01g/1 ZHMLIZS D% v
7o BT 0TCICTT ATy 7 - o F (ZHEHF R
L) 2 AW TGRS EZITo 72, £ 7T 1g
% 0.75% A EHAKICBE LY v 7V AP EER L
7o, BHCEARBE T v 7VEPGE & B REA RS, ST
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100z % 23 BERE W BBAR L7z, 0B SEAR I 2 481H5 ) B BT
ERIZau=—OEF MR L. WL, B3
J& 3 & (Saccharomyces cerevisiae RIFY 1001, Klyveromy-
ces marxianus RIFY 4040, Pichia fermentans RIFY 4078)

Z30CT2HMBEEL-DOEARERE L, KB
AL 50 g & 2 T VAR 50 11 2, MRS AR E;
2ml %40 L 72127 = V7 L — I (Thermo Scientific ft:
) HEFEL, 30 C C4ASKFRMIBE AR B 21T o 72, AR
SEMRGEE & RIRRIC R 100 o] % 40 BfEss Ml Al L 7295,

O30T CRIFHELAREEL, au=—DEF LR
L7, B0BHECEVEF L-au=—%, BIROE
W HEIRL, #AEH148%k % HilE, MALL 7z, HANIZ
WRER A V77 B A2 MRS 1 9 KR |2 42 B 4
L7zboxRblgo7:. FEEillR AHERBRICIE,

20044 I AIEIC L D 3 v v v — OFBEAS A S S
M7z NITE $/7 FLIE T 1058k % i 722538k % L3 L 7.

FIE AR

BRI B & O FLER & 0 BERR 7/ 2 DNA o il 1
PrepMan® ultra reagent (Applied Biosystems, CA, USA)
EHWAEEICL VT2, INZEHRDNA L LT
PCRIZTIZIZEFE D 16SrDNA # g &, ¥4 L 2
=& 0 A TR & P L7z . SRtk IR
iz ATGC (EXT4 v 27 R) TT vy TRV,
1,200 bp LA D EFEEHIZ D Tl EZTaxon (Kim et al.,
2012) \ZTHFEEREZ T 72 .

WA B 122 v Tld, Drancourt ef al. (2000) 3 X O°
Stackebrandt & Ebers (2006) OFZeki RIcH# L, 48
Pk > 16S rDNA Hi FE B 5 O Al [F] P75 97 % B & T 98.7 %
VLol s, MENICENOEL X OHEAEE L. F
7z, AHENEAS 97 % LA O T8 B iR R0 A Ak o 15 o T ik
WDOWTITE MR L 2TEBIE, 2512015
ANTIZ X o CHREDFi 1T - 72, BIH, GEEtkoSE
ERR, R[BR RTEEOEEO A E L WS = iR
3 5% & HIZ, CLUSTAL X program (Thompson ef al.,
1997) 12 & 0 Stk & 77— & R— A H D 16S rDNA ik
BEH DT I 4 v A FEiT\wv, NJ# (Saitou & Nei,
1987) 12 & o THFRinh 2 S LTt L 7.

FLER I 1D TR A3 99 % PLE %2 BEAIAE A~ S
L7z, ZNBHICDOVTE ST, AHZEBEMEE (CX41,
F 0 VS EHWORBREBISE 77z 72, R
FHRIZOWTITEERE FHEMEEIC L 288 b 1T- 72,

SR DR

% S N7 B OO % B IE S AR EHE S (Shan-
non 5 %% ; Shannon & Weaver, 1949) #4452 &1
X o TEEMIZERG, L7z, Shannon OZHEEETREL

H 3#HECEINIBoBES (B LWEE (£
FOBABRDOEFEL L) 2FEICANLDOT, KROKIC
IhFERENSL. H=-3PilnPi: TP R{iFHOHED
TEAREA T O AR EIC 5 ® 284, Shannon 1§D
FFlli 12 Wilcoxon 55 NEMAIMEIC & ) 47> 72 (Flana-
gan et al., 2007).

PEEMROERMERE

TR ORI NIRRIE L L COFHI 2479 720, P
WA EZIT-72. HIB, I v =TSz Ac
tinoplanes & D 5 %, FrifHe wbk558k (BEAHIRE & @ 16S
rDNA i ALES O R 98.7% Kiii) 12DOWT, HE4
¥ (Aspergillus niger NBRC 9642, Colletotrichum orbicu-
lare NBRC 33130, Candida albicans NBRC 1385, Saccha-
romyces cerevisiae NBRC 10217), 7° 7 LBt 3 ¥k (Ba-
cillus subtilis NBRC 13719, Clavibacter michiganensis
NBRC 13762, Staphylococcus aureus NBRC 14462), 7 5
LEMEW 2 ¥k (Escherichia coli NBRC 13762, Pseudomo-
nas fluorescens NBRC 14160) (23 5 PUiiiGth % XK E
J&#: (Goodfellow et al., 1990) 12 TiT-o7z. 51T, #
ZF LRV TE MR IIGEMEY E % R RE§ 5 W RETE IS
DOWTIEKRY) 5 ¥ 4 FE&EBHE (PKSE Type -1
polyketide synthases) #EfnT B XU KXY —< I HI~R
7 F K& W B % (NRPS: nonribosomal peptide synthe-
tases) iEfnT % PCRICCHIMEL, M3 %2 & TRl
%17 o 72. PKSI, NRPS %t fn+ O#lE, #riho Tk
I3 Gonzalez et al. (2005) 1ZHE- 7z,

FLW 2 B BH~NSHT 5720, PSR RRE
To7z. HlL, WEREFSEREABR CITHUMESE, R, W
T I — )7 E1THBEORERIC O W CHBEE 2T L
7o B, HEKREESEE R EET AWM LR
L NBRC 225 5% 23723 v v~ — FSEEA Sk
OFLEEW, 7253tk % Hv72. MRS AR CTRiR 7 %
1T - 7B R bR 2 W A AR K TLORS ISR, Al
W20 % £ BE R % 30 L 72 GYP 55 Hi (Hagi ef al.,
2004) \CHAEL 72, 30°C, 3 HMKG#EM%, pHMllE & &
BEOWIRBIZE 1T 72,

G S

[mghREE]
FIEFER

S BERRAE D 16S rDNA HEILELS O H R PEMR TR O
5 297% B LU 2987% AL E ENENEL LT
HonE#H i L CHE%1T -7 (Table 1, Table 2).
ZORER, I v < — o EErR6331k 1T 18F, 47)E, 1287,
H ARG BEMRIZ19%), 4608, 1557 &, TN ENELHa S
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Table 1 Taxonomic diversity of actinomycetes isolated from Myanmar
soils (118 samples) and Japanese soils (120 samples) using
the rehydration and centrifugation method”

No. of No. of Species diversity
Area isolat . K index®
isolates Families Genera Species ndex
Myanmar 633 18 47 128 3.7
Japan 530 19 46 155 3.8

@ Tsolates were identified using a phylogenetic analysis based on comparison of nearly
complete 16S rDNA sequences (>1,200 bp).

® Shannon & Weaver (1949).

Table 2 Species composition of actinomycetes found in Myanmar and Japan.

Suborder Family Genus & Species* No. of strains
Myanmar Japan

C lisporineae  C lisporaceae C lispora
subtropica
yoronensis
unidentified
(Subtotal)

0
0

1
M

—
CEE

Corynebacterineae Nocardiaceae Nocardia
acidivorans
amamiensis
aobensis
araoensis
arthritidis
brasiliensis
cyriacigeorgica
elegans
Jiangxiensis
mikamii
niigatensis
nova
pneumoniae
speluncae
takedensis
testacea
vaccinii
vinacea
unidentified
(Subtotal)

DUu—o— o~ 9RO~ RN === —

UooNo——coh—oOoNO—~OONOO
7

Rhodococcus
canchipurensis
erythropolis
maanshanensis
wratislaviensis
unidentified
(Subtotal)

——occoo

—_
o—vw—

Mycobacteriaceae Mycobacterium
unidentified 1 0
(Subtotal) (1) 0)

Frankineae Cr angiaceae Cr angium

yplosp plosp

arvum
aurantiacum
minutisporangium
mongoliense
unidentified
(Subtotal) (13) (13)

— o 00 W —
—_—oon

unidentified genus 1 0
(Subtotal) (1) 0)

unidentified family 1 0
(Subtotal) (1) 0)

Geodermatophilaceae  Geodermatophilus
unidentified 1 0
(Subtotal) 1) 0)

Glycomycineae Glycomycetaceae Glycomyces
lechevalierae 0 1
(Subtotal) 0) ()]

Kineosporiineae  Kineosporiaceae Kineosporia
mesophila
mikuniensis
rhamnosa
succinea
unidentified
(Subtotal)

AN O~

—~

unidentified genus 4 0
(Subtotal) “4) (0)

Micrococcil Cellul daceae Cellul
flavigena 0 2
unidentified 0 2
Continued on the next page.
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Table 2 continued

Continued.
Suborder Family Genus & Species No. of strains
Myanmar Japan
(Subtotal) (0) “4)
Dermacoccaceae Dermacoccus
nishinomiyaensis 1 1
(Subtotal) 1) 1)
Intrasporangiaceae Lapillicoccus
Jejuensis 1 0
(Subtotal) 1) 0)
Intrasporangium
oryzae 0 1
(Subtotal) (0) (1)
Phycicoccus
ochangensis 0 1
(Subtotal) 0) (€]
Microbacteriaceae Microbacterium
arborescens 1 0
flavescens 0 1
Jejuense 0 1
oleivorans 0 3
oxydans 0 1
testaceum 0 1
unidentified 1 0
(Subtotal) ?2) (@)
Diaminobutyricibacter
tongyongensis 0 1
(Subtotal) 0) (€]
Micrococcaceae Arthrobacter
oxydans 0 1
ureafaciens 0 1
(Subtotal) (0) 2)
Micrococcus
yunnanensis 5 0
aloeverae 1 0
(Subtotal) (6) 0)
Promicromonosporaceae Isoptericola
unidentified 2 0
(Subtotal) 2) (0)
Luteimicrobium
subarcticum 0 1
album 0 1
(Subtotal) (0) 2)
Myceligenerans
xiligouense 0 1
(Subtotal) 0) (€]
Micromono- Micromonosporaceae  Actinocatenispora
sporineae rupis 1 0
(Subtotal) (€))] 0)
Actinoplanes
abujensis 3 4
brasiliensis 5 18
campanulatus 9 4
capillaceus 4 2
couchii 0 3
cyaneus 0 8
digitatis 16 20
durhamensis 0 3
ferrugineus 4 2
globisporus 0 3
humidus 0 1
lobatus 1 3
nipponensis 0 1
palleronii 2 1
philippinensis 8 3
rectilineatus 4 3

Continued on the next page.
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Table 2 continued

Continued.

Suborder Family Genus & Species No. of strains
Myanmar Japan

regularis
rishiriensis
sichuanensis
tereljensis
toevensis
utahensis
xinjiangensis
unidentified
(Subtotal) (186)

NO— OO —Oh
~

11

2

0

1

2

0

3

78
(176)

Asanoa
ishikariensis 0 1
(Subtotal) 0 (M

Catelliglobosispora
unidentified 1 0
(Subtotal) (1) 0)

Catenuloplanes
Japonicus
nepalensis
niger
(Subtotal)

—o — o
-
o) =

—~
—~

Couchioplanes
caeruleus 31 13
unidentified 2 1
(Subtotal) (33) (14)

Dactylosporangium
aurantiacum
Sfulvum
luteum
maewongense
matsuzakiense
roseum
salmoneum
siamense
tropicum
vinaceum
unidentified
(Subtotal) (

—
W

AN == —— O —
—O oo~ LI WW

—
~
-~

(37

Hamadaea
tsunoensis 2 0
(Subtotal) ?2) (0)

Krasilnikovia
cinnamonea 123 30
unidentified 1 2
(Subtotal) (124) (32)

Luedemannella
helvata 1
flava 16
unidentified 8
(Subtotal) (25)

~ W NN

—~
-

Micromonospora
aurantiaca
auratinigra
carbonacea
chaiyaphumensis
chalcea
chersina
chokoriensis
coxensis
echinospora
endophytica
equina
harpali
humi
krabiensis
marina
matsumotoense
narathiwatensis

— O RO R —m =, O~ NN — O — O
——_O OO~ —,OoOOoO~—~,NO —~

Continued on the next page.
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Table 2 continued

Continued.

Suborder Family

Genus & Species

No. of strains

Myanmar Japan

Propionibacterineae Nocardioidaceae

Pseudonocardineae Pseudonocardiaceae

tulbaghiae
wenchangensis
unidentified
(Subtotal)

Planosporangium
unidentified
(Subtotal)

Phytohabitans
unidentified
(Subtotal)

Pseudosporangium
ferrugineum
unidentified
(Subtotal)

Verrucosispora
unidentified
(Subtotal)

Virgisporangium
aliadipatigenens
aurantiacum
ochraceum
unidentified
(Subtotal)

unidentified genus
(Subtotal)

Aeromicrobium
tamlense
(Subtotal)

Kribbella
albertanoniae
aluminosa

flavida
koreensis
sancticallisti
sandramycini
swartbergensis
unidentified
(Subtotal)

Mumia
unidentified
(Subtotal)

Marmoricola
korecus
(Subtotal)

Nocardioides
albus
ganghwensis
luteus
unidentified
(Subtotal)

Actinokineospora
baliensis
enzanensis
soli
(Subtotal)

Actinomycetospora
iriomotensis

(Subtotal)

Actinophytocola
oryzae
unidentified
(Subtotal)

3
7
5

(39

1
Q)

2
@

=N —=O

—~
=

Q)

©)

NO == OON O —

—~
~

M

NDOoONO O

—~
~

DO O

—~
-

©

1
3

(4)

0
0

7
an

0
©

NnoO— O K

—~
~

—~
=K=J
=

—~
SRS
-~

— N hRANDWO—O

(13)

©)

(O]

—
0 W — — —

N ==

—~
-

()

0
0

(0)

Continued on the next page.
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Table 2 continued

Continued.
Suborder Family Genus & Species No. of strains

Myanmar Japan

Amycolatopsis
australiensis 1
pretoriensis 0
tolypomycina 1 0
unidentified 1
(Subtotal) 3) 3)

—

Kibdelosporangium
unidentified 1 0
(Subtotal) (1) ©0)

Kutzneria
unidentified 1 0
(Subtotal) 1) 0)

Lechevalieria
aerocolonigenes
atacamensis
unidentified
(Subtotal)

o0 L — N
—_—0 O
~

—~
=
—~

Lentzea
albida
albidocapillata
violacea
unidentified
(Subtotal)

coocoo
=
B ——

—~
~
=

Pseudonocardia
antitumoralis
halophobica
khuvsgulensis
oroxyli
zijingensis
unidentified
(Subtotal)

We=m—O oo —
DO —=—=MNO

—
=

Saccharopolyspora
spinosa 1 0
(Subtotal) (1) 0)

unidentified genus 1 0
(Subtotal) (1) 0)

Streptomycineae Streptomycetaceae Kitasatospora
cystarginea
gansuensis
mediocidica
nipponensis
paranensis
(Subtotal)

(=R =N =R

—~
=
—~
3 = = NN —
-~

Streptacidiphilus
carbonis
rugosus
unidentified
(Subtotal)

W= = —
cococo
=

—
=
—~

Streptomyces
abietis
albiaxialis
anandii
angustmycinicus
atratus
atroolivaceus
aureus
badius
beijiangensis
bungoensis
caeruleatus
carpaticus
carpinensis
cocklensis
coeruleofuscus
coeruleoprunus
crystallinus

e T T SR S S W I S o )

OO OO—=NO === —=O~—W

Continued on the next page.
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Table 2 continued

Continued.
Suborder Family Genus & Species No. of strains

Myanmar Japan

drozdowiczii 0
durhamensis
ferralitis
fildesensis
flavotricini
fradiae
fumigatiscleroticus
geysiriensis
glauciniger
glomeroaurantiacus
griseoplanus
griseorubiginosus
griseus
hainanensis
hygroscopicus
hygroscopicus
indigoferus
kunmingensis
Iydicus
mauvecolor
mirabilis

noursei
olivochromogenes
paucisporeus
phaeopurpureus
pseudovenezuelae
puniceus
rishiriensis
rubidus

sanglieri
sannanensis
sioyaensis
sparsogenes
spiralis
spororaveus
staurosporininus
tauricus
thioluteus
turgidiscabies
violascens
vulcanius
wuyuanensis
xanthocidicus
xantholiticus
xiamenensis
unidentified
(Subtotal)

j;kll'—"—‘OOOI\)O'—‘O'—‘O'—‘O—"—'OI\)O'—‘O'—OO'—O'—"—"—‘O'—‘O'—‘OO'—‘OO'—"—"—‘OONO'—‘
;O—"—‘—‘NO#O'—‘O'—‘O'—"—‘O>—OO’\O'—‘O'—‘#ONO'—‘ONO»—-O»—-—»—-»—-I\)OOON'—‘O'—‘

—~

) (73)

Streptosporangineae Nocardiopsaceae Nocardiopsis

dassonvillei 1 0
flavescens 0 1
(Subtotal) (1) (1)

Streptosporangiaceae  Microbispora
amethystogenes 1 0
rosea 0 2
(Subtotal) (€)) 2

Nonomuraea
candida
muscovyensis
turkmeniaca
unidentified
(Subtotal)

NO = O =
-
W — —— O

—_
—~

Planobispora
unidentified 1 0
(Subtotal) (1) 0)

Planomonospora
sphaerica 2 0
unidentified 4 0
(Subtotal) (6) (0)

Continued on the next page.



5

ik

Table 2 continued

Continued.

Suborder Family

Genus & Species

No. of strains
Myanmar Japan

Sphaerisporangium

melleum
(Subtotal)

0 1
() M

Streptosporangium

album
amethystogenes
vulgare
(Subtotal)

SOoOOoO O
=

2
1
3
6

—~
—~

)

unidentified genus 1 0

(Subtotal)

M ©

Thermomonosporaceae — Actinoallomurus

iriomotensis 1
unidentified
(Subtotal)

Actinomadura
bangladeshensis
fibrosa
maheshkhaliensis
nitritigenes
unidentified
(Subtotal)

0
0
) (]

B SR SR
ooNO O

(10) 2)

Total

633 530

* 16S rDNA sequence similarity values of >97.0% and >98.7% were used as the criteria for identification at

the genus and species levels, respectively.

HREAFR X N7z FL NV OSEE (BE < LIy
PERMICHANRS 2%, Shannon ¥ EKd B E, I v
Y~—37, HA38 L%V, Wilcoxon FF 5 fF ML A
58 T\ T ][] O KR R D S AR PR LA B 72 25 3 o 7.
B, BAEANREBRECTE2VWHERER (BafEE o
16S rDNA HEF: 5 O fHF 1 97.0% i) (L3I v v~ —
SRR ALIIER (1.7%) RSNz /2, HifEiE
ERR (BEAFE & o 16S rDNA 35 L EeH) o MR ME: 98.7 %
W) 133 v o~ — g EERRk2108k (33.2%), H ARG EER
1418k (264%) THYH, ZOHGFEI ¥ ~v—CHE
(p<0.01: " BE) ZFGD o 72.

EREOLE

I ¥ v — & HARTHEES N7z ORI O fifi 2 [F 52 Ok
B GHAEDVTREBIUHE L XVOEHIZOW
THEMThEEZiTo72 25 (Fig. 1), BLNLVTIR
wEtesE h27iE (39.7%), L~V TIdHRFEF233F 52
FE (223%) LAOEHELTEST, HoE o6 X
MHIHTRELEBLRS>TVAZEIREINT.

Wi 7 DIl L TRt S N7 R EE O S EEEE (%
I D G5 BRI 5 2 EE) 12D W T A S & (Table 2,
Fig. 2), Actinoplanes B3\ b &<, I ¥ v ~—TIlZ
29.4% (186%%), HATIZ 33.0% (176%k) TH 72, F72,
Actinoplanes BOHR THMEEHE SN L HHKIT I v ¥
< —TI266.7% HAIZ43%THY, I v rv—DhH
W15 Ao 72 (Table 2). )& THEEE DB Ao

Genus B\
Species ﬁ 52 ngg N

0% 50% 100%
Myanmar only E= Both W\ Japan only

Fig. 1 Taxonomic overlaps of actinomycetes between Myan-
mar and Japan. The arabic numerals on the graph are
the numbers of taxa.

Myanmar Japan

B Actinoplanes V2 Krasilnikovia [l Streptomyces £ Micromonospora

Couchioplanes [l Nocardia E Luedemannella ¥ Dactylosporangium

& other genera

Fig. 2 Incidences of actinomycete genera in Myanmar and Ja-
pan. The percentages on the graphs are the frequencies
of genera (above 3% are indicated).
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El 10kV  WDifmm SS30

20180 Sample

Fig. 3 Scanning electron micrographs of Krasilnikovia cinnamonea MN14-A1084 isolated
from Myanmar. a, a colony on HV agar. b, sporangium-like structures. White bars:

a, 100 xm; b, 2 ym.

72D\ Krasilnikovia )&, Streptomyces J&, Micromonospora
J&, Couchioplanes J&, Nocardia )&, Luedemannella J&,,
Dactylosporangium J& 7% £ THo72. TNHLDEDM,
Krasilnikovia J&, Micromonospora )&, Couchioplanes &,
Nocardia I, Luedemannella J& D53 EEEIZI ¥ v~ —
Tr L, Wi Streptomyces )&, & Dactylosporangium J& D
SEHHEIIHAROFPREVEIS RSN I v orv—
TOMBLL 2B H 8%, Mycobacterium )& (1 ¥k),
Kineosporiaceae F DB IBHEEM (4 %), Micrococcus &,
Isoptericola )& (6 ¥k), Actinocatenispora J& (1 %k), Catel-
liglobosispora J& (1 %), Hamadaea J& (2 ¥k), Planospo-
rangium J& (1 %), Phytohabitans J& (2 ¥k), Micromono-
sporaceae Fr DFIEHEEMR (44K), Mumia & (1H%),
Actinophytocola J& (4 #%), Kibdelosporangium J& (1 #%),
Kutzneria i& (1 %% ), Saccharopolyspora J& (1%%), Pseud-
onocardiaceae Bt O IEFERG (1 ¥R), Streptoacidiphilus I
(3 %), Planobispora J& (1#%), Planomonospora )& (6
), Streptosporangiaceae Bt D& Bdlikk (1¥k), Acti-
noallomurus J& (1#R) Th 7.

FED LX)V THEERE O D - 72 D13 Actinoplanes
brasiliensis, Actinoplanes digitatis, Couchioplanes caeru-
leus, Krasilnikovia cinnamonea, Luedemannella flava T
HY, IhHoON, BEOIFEI Y ~v—DFTHS
M EESHEE AN 2 o 72, Krasilnikovia cinnamonea 53
HEFR o SEM (4% Fig. 3138 L7 BRI Tor 5
AT =T BIFHAREN TS, $72, I v U3 —
S DB EE S NI Cryptosporangium minutispo-
rangium, Catenuloplanes nepalensis, Dactylosporangium
tropicum, Planomonospora sphaerica %, B A o H
(Tamura et al., 1995) D3&F N T 72

HBHEDRSE
HRUED N —FBO S BERR I D\ T REM 72 20 J AR

Positive for

Antimicrobial activity

NRPS/PKS-I genes

Antimicrobial activity
and/or PKS-I/NRPS genes

0% 50% 100%

Fig. 4 Percentages of strains exhibiting antimicrobial activity
and/or having gens that encode nonribosomal peptide
synthetases (NRPS) or type I polyketide synthases
(PKS-I) in 55 new-species candidates™ of Actinoplanes
from Myanmar. * Strains exhibiting <98.7% 16S rDNA
sequence similarity with a deposited sequence.

%475 T 5. Planomonospora J& D FHFEIZ >\ TIEiK
WMEFETRERITV, 2 OMWIZ Virgisporangium J& o
Wi, Krasilnikovia J& D ¥itE, Kineosporiaceae B O &,

Frankineae Wi H O FL T 723 FB/ IO VT, FiliMEzE
International Journal of Systematic and Evolutionary Mi-
crobiology 3 X OF Journal of Antibiotics b THRE %47

mEE

Iy =0 E T Actinoplanes JEIZ1X % D
PR eSS EELTBY, IhosoFHtEERET S
7o OPLREIETE B & O WA W A A R B AR T
(PKS-1, NRPS #fx¥) D% PCRZEIICTIT- 72
FORER, 55RkH30k (57%) AHGRERE (7 ©, B,
W) OVwTFhrIF LCHREEREEZAELTEY, R
AR PE M A A B B A T 13320k (59%) SRAE L, T
WIENED L IEZRAGHED A SRR T OV
EAET HEIT468k (83%) 1SR ATE (Fig. 4).
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[FLEAE]
HERSBEOEINE

HRER SR L HRIREZ I v Y~ —DR—F 7
V(o) (SEHAL, FLEEEZ 0k L7k
Table 3 IZ/R L7z, R % Hv 5 &l E ORPEEAR
BT S N7\ Lactobacillus J& O FEJFEAR R BT FEHE 52
R GEETE DL Ebholz.

FERER

SHERRICD & 16S rDNA 3EAEECH O FH R O 6 5
2o =99% OMEE A O ERkREL L CHEEZIT-
7z (Table 4, Table 5). & R4 MERk253%k (& 4 FF,
8 )@, 30FE& LAk HREICHIE SNz DT 7T
IE Lactobacillus JE W O 53 MEMEE 25 & &5 <, T HERRD
80% (202kk) Z 58, R\T Weissella, Enterococcus,
Pediococcus, Leuconostoc, Lactococcus, Streptococcus,
Vagococcus JEW ONAIZZ 4 S 7z (Fig. ba). fED S
> 7 Cl& Lactobacillus pentosus (53%%), Lactobacillus fer-
mentum (28%%), Lactobacillus plantarum (26¥k), Lacto-

ik

bacillus farciminis (23%k) 55 D MR BES S Ao 72, T 72,
Lactobacillus futsaii, Lactobacillus plajomi & \» > 72 Bt
Hiigi5 A OFE (Chao et al., 2012; Miyashita et al., 2015)
b HE S 7z (Fig. 5b). 7B, 2535 HEkk D 9 H 128k 1,
BEAIAE & @ 16S rDNA 352 BLH D ARIF AT 99.0 % Al ©
HY, FHEEHEERE L. 2635k % 58BN O WR %
ABHEarybua—& LR/ S 78234, 3t
AR5 5 BN b Nz, —TF, A IMAIIC
P TV rHE LA R (148K O AR T 5 &
AP A & 5 R 1478, DS 4 B 22825589
b, 09 HILEERPETHEES Nz DId Lactobacillus
mudanjiangensis, Weissella cibaria 72 ¥ D14 T H - 72
(data not shown).

TR

S HERR253FRIC D E 17T OFEE O FETERE & X724
REFig. 6 1SR L7z EEELBELLHR 1374
(54.2%) BETORETEFT RO LNz O b,
HUREE, TREETTI1E228%k (90.1%) O4rBERRAS pH % 4

Table 3 Effect of co-culture method for the isolation of lactic acid bacteria from a food product
of fermented shrimp and rice (Pazon Chin) in Myanmar

No. of isolates

Co-culture with;

Closest species based on 16S rDNA Control
sequence similarity rate (%) dilution Saccharomyces  Klyveromyces Pichia
method cerevisiae marxinus fermentans
RIFY 1001 RIFY 4040  RIFY 4078

Lactobacillus farciminis 1

Lactobacillus tucceti 1 1

Lactobacillus pentosus 1 1

Lactobacillus plantarum subsp. |

planatarum

Lactobacillus sp. 1*

* A new species candidate with 16S rDNA similarity of 98.5% compared to the most homologous

prototype species.

Table 4 Taxonomic diversity of lactic acid bacteria isolated from traditional fermented foods in

Myanmar®
. No. of
Country No. of isolates - -
Family Genera Species
Myanmar 253 4 8 30

* Isolates were identified using a phylogenetic analysis based on comparison of nearly complete 16S

rDNA sequences (>1,200 bp).

A total of 55 samples (21 pickled vegetables, 11 fermented sushi, 9

fermented paste, 2 fermented rice, 1 Doubanjiang and others) were used.
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Table 5 Genera and species of lactic acid bacteria found in traditional fermented foods in Myanmar

Family Genus & Species™* No. of strains
Control method Co-culture method Total
Enterococcaceae Enterococcus
casseliflavus 12 12
Vagococcus
unidentifed 2 2
Lactobacillaceae Lactobacillus
brevis 7 7
collinoides 4 4
curvatus 2 1 3
farciminis 15 8 23
fermentum 13 15 28
formosensis 3 12 15
Sfutsaii 9 9
gallinarum 1 1
paralimentarius 1 1
mindensis 1 1
mudanjiangensis 4
numrensis 2 3 5
paracasei subsp. tolerans 2
paracollinoides 1 1
pentosus 33 20 53
plajomi 2 )
plantarum subsp. plantarum 11 15 26
pobuzihii 1 1
songhuajiangensis 1 1
tucceti 1 1
versmoldensis 2 2
vini 3 3
unidentifed 6 3 9
Pediococcus
pentosaceus 5 5 10
Leuconostocaceae Leuconostoc
citreum 1 1
pseudomesenteroides 2 2
Weissella
paramesenteroides 2 12 14
thailandensis 1 1
cibaria 3 3
ghanensis 1
unidentifed 1 1
Streptococcaceae Lactococcus
lactis subsp. lactis 2 2
Streptococcus
infantarius subsp. coli 2 2
Total 135 118 253

* 16S rDNA sequence similarity value of >99.0% was used as the criteria for identification at the species level.
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DFIRT S €5V TEERE 2 /R L7z, & D pH 2METF
L7=DIZ 7V a— A &8 L L72RD Lactobacillus min-
densis RD524199 ¥k C, ¥5 IS pH X311 F TR T L7z A&
WIES 7 P =R XAV ELF =R EOFH AL T
F—X, 5747 —ABEDOEHME, <~V b—L%Y
VY b= EOFET VI — VIS B ISEERR X IR IS
B o7z28, TVZ b =AY ) — A L\ o 7z B
WZIEE W IERERE 2R L7z,

a)

O Lactobacillus Weissella M Enterococcus

Pediococcus Other genera

b)

O L. pentosus
L. farciminis

L. fermentum W L. plantarum
L. formosensis B Other species

Fig. 5 Incidences of lactic acid bacteria genera (a) and Lactoba-
cillus species (b) in traditional fermented foods in
Myanmar. The percentages on the graphs are the fre-
quencies of genera (a) and species (b).

No. of strains

C-source <

BpH ~3.50 @pH 3.50~4.00 M pH 4.01~5.00 @pH 5.01~

Fig. 6 Assimilability of carbon sources by lactic acid bacteria
isolates (253 strains).

ik

%z %

19934E DM E ARSI DR X 0 Iy 2 & it
ZEFEANDT 7 X AT 51201 IGEEE R AL E A~
[HRTEHIC IO FAE] & THRES ] 2479 Fosdk
KRERIE 2 o7z EO8, FIEERLHITOWTIZ20144FED
Pl ERE TS & o TERIZE IRFL AL E & B2 A H
DMITN W % i L 72 B 2 I gedpsfrb iz (OF
£ 2015). THITEEV, REFFRICBWTI Y v —0Di&
fRBERTH 2 HE B X OB E OIUE & & O %17
) 72OIIE Z DEMBREERICHI > 727 7 e A% 4TS
VEND B, T T, TeA i3 B GG S A AR
(NITE) @ [3 % v~—I2BF 4@ mEHRORE L
Kl RE 2 FIURICRI T A LM I2Bm L, I v v
Y= 8T A YRR LG E LT R A L7z

[mghREE]

W7 V7 OB HISIC B 2 BGRE 04 B X 0%
BEPEICBE S 2 0F%81%, HEZER Xu et al., 1996), ¥~
HR—=IVOBW W (Wang et al., 1999), <L — 7
(Muramatsu et al., 2003) 4 ~ ¥+ 37 (Lisdiyanti et al.,
2012; Widyastuti et al., 2012), X + 7 2 (Hop et al., 2011)
TILRTEY, Ixry~—r5oHfdRw. —7,
SRFNITSE L U TR AT ORI BT %R &
FTAHMEILEECR > TROBNE L Z2oTEBD, #l
AL, N 757y 25513 Krasilnikovia )& (Ara & Kudo,
2007a), Luedemannella J& (Ara & Kudo, 2007b), Pseu-
dosporangium & (Ara et al., 2008) DIRE SN, 540
5 & Actinocatenispora J& (Thawai et al., 2006), Actino-
phytocola J& (Indananda et al., 2010) DIRZEHTTHN T
Wh. INLMBME IO W TR DS L Krasilnikovia J§,
Luedemannella )%, Pseudosporangium J&\IANFETHAR
PHLGEEINTVDY, I ¥ r~—EIRIZBIT D58k
BEHIER 12 { (Table 2), Actinocatenispora J&, Ac-
tinophytocola JE\ZDOWTIX I v ¥ v —HITOARGEES
n<Twb. F7:, Planomonospora J& (Thiemann et al.,
1967) 1ZFEP H0FEE AL TV DL 53
P AFEDOAPHE SN TV L BHIBHIETH L. Z
LT, EERBVWHIZINSEKIEA ~ F (P sphaeria),
A =% (Palba), N\*AXL5 (P venezuelensis), F
1) (P parontospora subsp. parontospora), 7IVE > F >~ (P
parontospora subsp. antibiotica) &\ 7z By i & IR
ELTWwa. N, B8 Ths I v vy ~—0013 Pla-
nomonospora BN EES N TWB A, HARD S D455 BRI
BEDP o2 — T, LV ofFE# e LTI, Krasil-
nikovia cinnamonea, Couchioplanes caeruleus, Pseudo-
sporangium ferrugineum, Luedemannella flava (3 H A& &
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LTI v UV~ —TOGHREINE <, %72 Catenu-
loplanes nepalensis, Cryptosporangium minutisporangi-
um, Dactylosporangium tropicum, Planomonospora
sphaerica %5133 v U= OLDAGEEE TV A,

FOBL BRI D W TR BEAIE & 0 16S rDNA A [ 2%
98.7% Kl HE b L I3Hferke LTHY, I v
¥ — FEJRURR T 70 BERR633 Rk T D 210%% (33%) IZHIEL,
IR, BL NV THRERRCRD Ho 72 KIS
Frankineae Wi H 7 & 3 #HFF, #HE & HEw S M2 WK
SEEENTWD., ZOMIZ, Micromonosporaceae Ft,
Pseudonocardiaceae Ft, Streptosporangiaceae Ft7> 5 b Hr
&L HEE SN DR RS hTws. —7, HA
POEHIEE LS XD REHRIIRANTIEIEITE R
Mol end, BHICIEHATII MR, [EAD
WA ] PHEELTVWEEEZOLNS. B, IhbHOD
FRE - HR B O BORE R D W TR HIE SR 72 204
B 7ZI5E%4T > T 5.

BRI O A2 3§ 5 5k LT, HlRGEER E
DONAFT v e A ESHCSENTE DS, ZRREHES
it {5 (NRPS % PKS-L, -1I, -1I) % PCR CTHH$ %
BETRNEEOFAPBAETEIERICZY)2OH 5
(Meklat et al., 2011; Kim et al., 2011; Bredholdt et al.,
2007). KBTI, I ¥ ¥~ —EOHVIHLE Actino-
planes J& O FpCTHFEME E MRS 2 B L, PLHTEM: &
NRPS #{= T8 L O TE PKS #ZF-OMMIC L > THEH
BT o072, TOMR, PRI & “RABHERZ
TFOVTFNPZRORWKOEFIE84% 12 Loz, Z
N F TIZ Actinoplanes J& B> S 131200, L 0o B4 WE 0 it
# (Lazzarini et al., 2001) 2X»H5H T Lh 5, I ¥y ~v—
PEDFHE & HEE XN D Actinoplanes J& I HTHAI S E IR &
LTEWRT Y Yy Ve FLT0wDHEEZLNS.

(FLEAE]

FERE LI B B LR O S L OWFZEIE I — 1 v 8
RT VT % EOEHN L RBEBEAGIS EIN TV
BT EHE SN TWwWA (Tamang et al., 2016). 4FICE
M E BRIz AT 257 VT REICE
WTIEARBOEHELHE (Chen e al., 2010, 2012), ¥
[E® % 25 (Nam et al., 2009; Jung et al., 2011), 7 A ®
Mo L¥ER 75 a7V (Phithakpol et al., 1995) O
HEWIZOWTE L OWEMREN D 5. £/, FEEFLIC
BIL Ci¥A4 ~ F (Dewan & Tamang, 2006, 2007; Tamang
et al., 2000) €~ TN (Watanabe et al., 2008, 2009; Yu
etal.,2011) % ETiibhTw5.

=, IX U —ORBEMIH LTI T LI
ENZ/NEOBINS L2 oW %2 58 L 7285 2'd %
A% (Thwe et al., 2011; Moe et al., 2015), HA¥ERY 7 2 KE1E

FZEIC B3 % it i .
RIFFEClEfix FE & 3 2 MR — A FRBId L,
Wk, KUBE, WROBEW L &4 MR R M5H
POILRK 2 rEEL, 2530k, 4%k, 8)8, 30MEICHE LA
AWMW AW L. B F 5 (Miyashita ef al., 2012) 1
7 4 OREEAN14Y > TV Hh 59458k % 40 L, 4108k
[22W T 16S rDNA $HEEFA 2 17y, 6 BASERD b7z
ZEEMELTWSDY, MR LR, Sk h
G AR DIZH Db b T AR TIIED TRZEMIZ
LSRG IAMEP G CE L EZ LN

FUBE W 2 AN 2 L CHRO SR 3 EE 4
HHo—>2TH 5. RIFFETIEHEkO 1THEE ORI
A REEE A L. A EROR 80% % 5 5
Lactobacillus JE\2135 7 4 / — AR XA LF b — A5
L RS VWHEILHAET 5 (Khedida, ef al.,
2006) 2%, ARFAETIZ65% U LEOSEEKRLYS 74/ —
AR A VLF b—AEBREE R L, pH4O0 LT & %2 5 72
TN —AR TV b= AEOREE, Ar0—2
57— A% TR TIZ 90% LI o5k A pH 4.0
DT ol AF—FBLXOINVaVEEF M) 2%
<&, mBMWIERBELZRLIZALF F—ZTDH 71%
D EERICEBEREN RO O, ZOREIPLI v
< — OREEA IR I SR B R E V&
AbNhb.

U )

AR, BV & THHBEN OWREI BT - TH
D, BATHEEOFMEI L (il shTETWwaD. L
LB 2SR 2 WRED 2 (. T O0MIERIZITA
BHZ % . RUFFE T, BORHE L O H 2 W5 &
L, ¥ U~ — 0O TIERRRIFERE LD O A Al R [
AHEOBINMGHEEET L L & b1, SHko5HE
FIS AR R A R % 5T L 7z
(BARE] I v v~ — %Mo LH13M D S FAR - i
ki (Hayakawa et al., 2000) & Z®%#E: (Maeno et al.,
2015) 12 & b FHABARR633%k (NITE RAKD &) &
372 TERE K UF 16S rDNA fRITIC X 2 il 5y [ & O f B
STHERRIZITRE, 48)8, 1277E L S Ak BAE IS S 7.
Ak FLETHARD? S S N Ao (19%,
47)&, 155M%) LI~ 2 L, BOT ¥ 7 TR 40% D
T TIE2% LAEHLTBLT, Iv /Y- 0OF
AHGRE OMBEABIE AR LS MR o TnH I L
Hbh ol B LNV TR Krassilnikovia & O E A 73
2 L, Planomonospora, Actinophytocola 45 )% 1
Iv =R BoEPLHELN FHOT Y7 TIRAA
2T K. cinnamonea, Couchioplanes caeruleus, Pseu-
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dosporangium ferrugineum 5 O3 EENE <, Catenu-
loplanes nepalensis, Cryptosporangium minutisporangi-
um, Dactylosporangium tropicum, Planomonospora
sphaerica EHNI ¥ Y —ORPL SN F 7,
BEFIRE & @ 16S rDNA 61142 98.7 % i D Fr Al HfE € 4k
(B D AEY) H36330kHh210kk (33%) [CHEL, H
R, B LRV THBEDSE D o7z, B
PRI 84% (flLikobbkrba6pk) 2SPURTETES L <13 kAR
HPEW A B EE ST (PKS-1 % 7213 NRPS #15T)
ZHLTBY, HRAEEER: LI ns. &b,
— RO WRRIZ DT FEM 2 50 RSk O RE, L2,
A TGS PEIR, DNA RITIZHED K S ) A
fIpThh, HiflSEL LTRETLZ2TETH .
(PLESE] BEafE (LR 15, W6 M) 2Hv/izd
MEBRIZ BT, FURE e OBERE & & b (2R3 3
5L, TOEEMEHEDSZVFHRSNELE0H LS
Ebhols TOZEDLIAMRELTEEROME % Sac-
charomyces cerevisiae %5 OEERE & & b\ HARES o TR
FEL, KROTPHEET 2L L7z, Z ot
BEZRBAMGENT 5 22T, BFOERERET
BT A2 ENTELVAREEIRONS Z &A%
otz v yI—OFRFAMSSH (FEOFY, R
IYDORNER RS- N, BEEKH, EHRES) »
O, BERE & LRSI R OVERRE 2T & D 2534k (NITE
RAEBRD &) OB % 708k L, EECFEARIC 16S rDNA
AL 2B REE TR -722 24, 4%, 8)%, 30
FEIZHE S 7z, Lactobacillus JE W A58 b % < 80% (202
¥k) % 5%, Weissella, Enterococcus, Pediococcus, Leu-
conostoc JB B EE S F NI H W72, Lactobacillus J& 55 8Bk
DOHFIZIIBTIR O BB R ¥ A ORBEEMLD O 5 EE O &
% L. futsaii X L. plajomi & I CTWwW7z. 16S rDNA f#
Hric o  FrfffEEkiz 12tk (5% Tho72. FHME
ABRIZ BV TIE, 2630kH 1378k (54%) AS17HEEE o R
MEHEETEE L F72, 2284 (90%) »HSHLFE,
TR O R FEEERE B pH 4 LT A O 2R L7z
EBIINT T A T VRO & RO bk D 58k (2%)
Hotz. UEDXHZ, I v v —ELBRIISEEN
ICEBTH Y, BRESHRCI LD, HlhBHAN
FAFEANDOFH P TE 5.
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Molecular mechanism of cellular reprogramming by bacteria
Kunimasa Ohta

Department of Developmental Neurobiology, Graduate School of Life Sciences,

Kumamoto University
1-1-1 Honjo, Chuo-ku, Kumamoto 860-8556, Japan

Previously, we demonstrated cellular reprogramming by introducing lactobacilli into human dermal fibroblasts
(HDFs), which could then differentiate into cells of the three germ layers iz vivo and in vitro (Ohta et al., 2012).
The bacilli that causes leprosy had also been reported to expand their infection by the machinery of cellular repro-
gramming (Masaki et al., 2013). Although the phenomenon of bacterial reprogramming has been reported, the
molecules capable of determining the fate of human cells have not been identified (Ito & Ohta, 2015).

Here, we showed that the molecule of somatic cell reprogramming is ribosomes. The treatment of ribosomes to
HDFs form cell clusters expressing stemness markers and inducible to trigerm layers derived cells. The ribo-
somes are incorporated to the cytoplasm and nucleus by activating endocytosis. As ribosomes are present in al-
most all living cells, their involvement in release of cell fate restraint suggests a new concept in the plasticity of cell

differentiation, evolution, and generation.

Key words: Lactic acid bacteria, reprogramming, multipotency, stem cell
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oW Tix, Fe GBEORIEL D> DERRE
BlioTwa. FLBH &1, W20 LTIl % Ay
LHMWEEHORHTH Y, BHNT7u—F 2R T 5 EEW
(AMRICER LB E 2T H2WORNE) o—>Ths. A
BEICIIGOBE L2 XITAHEFTRL, TLLVY—%
Wz, MIEHRLTANVZ, BT 28BN 280 5008
Hb. LBERLE 74 ZAAWHT b ¥ = E 508
FECTFHIRREBDH L, S—T N AR EL VT
VI UHFER DI B bl vos s, BN
B THRAEEO My 7S5 v F—] LEbh b LR
BAHWEELERSTWA. T2, — W2 IBNHITE %
W~ 2D HREET5 L, BoBERELERE (%%
W, KRB 2 &) (2B b B B4 BT ORBIE
b2 Ens, BAR7T—IRIZBIT 2P,
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EEMBOBETFRBUGEEL 2 5 RMEIRENT
W% (Hooper et al., 2001). L2 L7ZAad5, BRI
X 21 AR RE N D E Y B e & O JERERY I it
i, BEAEHLRNIIHR o TR,

Fald, ABREO LD 2BEERZMBICWY AT
B &, EEMIA S 20 e b5 FIETTH S
LWV TATFTHORNIEEAS— L, ABHEL b
FEHIBICI D AFEAZ EICX Y, mEMgicy 7o
FIIVTRIY, MK EZIY AA a5 LS
REME A BT 5 & v SR & IR TR L7
(Ohta et al., 2012). FERIEWZ &1, [k MRAHKD
a7 vHIfE, 94 B (Mycobacterium leprae) 2%
B35 LLRME MR T L] LV (Masaki ef al.,
2013) DFEEI NI 2D, BUETIE, K4 OWFZEH
TVATZAN=,RD, DN T THARMBIESGT 5
&, QWM RAFNINZ T TIXEEMEE Y Tu s
AL, ZOREFRINIEEL5 2, ZRtkef5s
L ENEBEINTNS (Ito & Ohta, 2015).
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YT HRT-ORER R, ZOGTEERTY) XY —LTH
B ERRMBUL (Ito et al, ¥ehgh). 43R E - TH
e, [ bR MMiasd X 7-3LBw 2 B At &Ml
WEBEL, Lz ESRT 2] L) BlgIL, ARRE
RICTET 5 ) RV — LICERT 2R Tholn b %
ZIIFLD VWL, Sk, v —=F 1) AHPEME L 72HMl
P A S (Margulis, 1970 5 &0 EA% A ) A3 I 2 0
WARMRAMALZ EICX YA L, BEOEMK L
IbL72) ZEBRINMEES 52 & T, [HIR % fkaikte
CEICXDMIBBAICI Fa Yy R 7 RERKE Vo 22k
HIZT AN F—2 AR T/NEE % b DB ORI
DOIF | BRFTE 5.

BT

fHBE & ERk

HDF #ifig (Human Dermal Fibroblast cells, Cell Applica-
tions, Inc. Cat No.106-05a)

LW (Lactobacillus acidophilus JCM 1021)

KW (Escherichia coli JE28)

FLEEEBNRE S DOFRN

MRS ¥ b % = E A KRN %, LB (Lactobacillus
acidophilus JCM1021) % MRS H5#b 20 ml I2HiH L, 37C
T2 - 3 HMERER R L2, RIS, WINEA ORI
ILZEAZ3LIE 7 7 A2ITHKL, 37C T3 -4
HR, RERZEL7:. BONERE 1L 2 500
(10,000rpm, 10min) 2 & » H & %= 4 © 72. Phos-
phate-Buffered Saline (PBS) 2%, .05 8% 3 [l
DR L CHifk% Pkt PBS(pH7.0)30ml 12 4% L 72.
FARSRE % Branson ¥ =/ — ¥ — 250D i@ Il i3
& (Branson) THM:L 7. 1% & M7=l i 1 i le
TyEZT A (BRE) 2HRML, 4C T2 RHwHRE,
FLGEEIC L ) BARREE Bz BB R RN, i
WRE CHH L2, v 7 &m0 58 (10,000 rpm,
20min, 4°C) 12XV, ¥ Uy BHEeitl s kst
TEA #%f83# (pH7.5) \ZW#&fE L, BB AN, —B4C
T TEA R L CTENT 21TV, K5 FOWHE %2 I
DRV, BT LY IR EILL, RSB T L
% — (Millipore) THA# L7, BEZHL %D 72
Mt VR ML, FLEETE Hskilis & L7,

)RV — LS

£H AL H72 0 25-30g) L 7-7BEE % TMA-I
buffer (10mM Tris-HCI pH 7.8, 30 mM NH,Cl, 10 mM
MgCl, 6mM 2- AV 7 b ¥ ) —)b) 40mliZf&&E L
7z. Sonication (GTC 1hr, output 4, duty 50%) %, BEH%

FECTHEERL TS DO ZMEZE L. 8,000rpm, 5min
T b L, RiEZ T 5. 045 um filter % & B L7z

42,000rpm, 30min, 4 C T L, EiHEZFINT 5. &K
12 36,000rpm, 6hr, 4 C T2, LiEZFEIET L. ik
B % TMA-I 500 p1 T f# L 72 %2, Suc30 TMA-I (30%
sucrose in TMA-I) 3.5ml {2500 1 # EJ@ L7z, w&BIC,
36,000rpm, 15hr, 4C Tl L7z, EEZBEEL, ik
J& % 2ml TMA-I buffer |27 L C, WAERTIHH
it —80C CTRAEL 72,

HHR2 IR B EBR

10cm ¥ ¥ — L T HDF #ifid % Fibroblast Growth Me-
dium (Cell Applications, Inc) T X # L 72. 10ml ®
CMF (Ca* Mg* 71U —/Nv 7 7 —) THillLZ ks L 7.
0.25% MV 7Y vl (1mM EDTA&4) % 1mlhlx
TERIZVWEDLSE, CO M vyFax—7— (37C)
W5 MANTE, M) Ty YHEBM (Cell Applica-
tion Inc.) 3ml Z N2 &®L, MEKEZFHL: o
LU 24 well plate I2H T V2 ANTEE, 1x10°D
HDF#ifazmz7z. 20FF37C, 5%C0, 1 v F =
N—FTHAEL, MH% MR Z ALz

SHEMY—H—DFE

FLEEW 225 70S U RV — 4 %% L, HDF ez A
WCHIESE AR LAz BE2EAMB v AN
a-Nanog Jifk (ReproCELL), J v b3t Oct3/4 Hifk (R&D),
~ 7 A3 TRA-1-60 Hifk (Life Technologies), ~ 7 A#i
SSEA4 4k (Life Technologies), < v b ¥t Sox2 Hifk
(Life Technologies) THefa L 7-.

Ml EEER

HDF #8 (SLEE W HH Sk D 708 V) RV — 4 % Hifilt S &
7ok, 2 BBBICHIRBEZHCY L, IRIGMIT, &M,
BRI b & SR 2 B2 (GIBCO; A10072-01,
A10070-01, A10071-01) 12534 L, S 512 3R (3 HH
BEITHARW A Lomscifh) BEL:. &4 ofifasiz
Oil Red O %:ta3: (JEWj), Alizarin Red S #etai: (),
Alcian Blue Ffaid: (#k45) 12X 0 gL, MR 5L
FHE R LT

I>RH¥A b= AAEER

96 well plate 12 70S VKV — 4 % (0.5 ng / 50 11 / well)
D4 T AN, HDF Ml (20,000 cells / 100 1) % 0 2. 7z.
KADITY FH A b= ZHEH (500d) ZINZ 721,
CO, incubator T 2 H 528 L7z, MBI & % &
%, MTT 7 vt A2k BHIIEE M E L 7.
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IEEERXOY 7075 LMBEDESE

Fx OWfZR 7 V— 7%, b b EEME (Human Dermal
Fibroblasts) % MV 73 VLB, X 7-FLHEW (Lacto-
bacillus acidophilus JCM 1021) L {RE2 &, & b &M
PIHEBEH 2 AL LI VMRS B L, =i
HROMIENE LT E 2 L2 MR35 2 & 2
L 7= (Fig. 1; Ohta et al., 2012). R7% % HE x HHEIZ,
MW HkOMA e P EEMICLZEEEZNET 50
MNP EV) T ETHD. BN E KEEES, MR
%o LM%, RODOA+ 35Hh T 4 (QFF) 12&
B L CHIRBSRIE B BE 2 30~ 7. ISR i M sl g &
h=-79273va3> (No.9) ¥y 77y 7L, ROT
VA T A (GelF) & B LT, MBS
HrHbHE—27 (No.14) ZRM L. E5612, 207

ectodermal cells

Lactic Acid Bacteria
(LAB) °o

/ mesodermal cells

'

endodermal cells

Human Dermal Fibroblast S
(HDF) g

Trypsii OJO)
e &
Os®

Fig. 1 Microorganisms reprogram the host cells. Cell clusters
induced by LAB were transformed into cells of the three
germ layers by cultivating under appropriate differentia-
tion conditions (Ohta et al., 2012).

lon exchange chromatography Gel filtration chromatography

f
No. 14

No.9

lon exchange chromatography / SDS-PAGE

) NS 75 kDa —|
§ t —_— —> Mass spectrometry

No:11 50 kDa —|

Fig. 2 Identification of cell cluster formation activity from LAB.

We fractioned the LAB lysate and observed the cell clus-
ter forming activity by performing three column chro-

matography, SDS-PAGE, and LC/MS/MS analyses.

T arEOLF ST A (ReQ) ITEBTE
YU NVE—2 (No. 11) (ZHIFESRIBIRBEASEAET 5
LERRML (Fig.2). 2®79% ¥ 3% SDS-PAGE
I CTE R BRGHEL, HAONY FEGHEL
728, RSV Yy N ERFEIZE L.
DESNIZT YRT ) A 2D TVDEE, VRV —
LERERT AT VN TEPEROPE LN ENS, )
RY =208 7u 753 7S LTwbOTIE L
WL s, VEY—LEZ2BKT27 08
(L12) %A LB VWKO Y A RS 2 L LB
BPEREICR), VRV —L22BETAMHeDs 5y
B O BN ICB W THA REREEHT L2 &
AIRBEINTVWEH»STHS (Kondrashov et al., 2011).

FLERE R ) Ry — LI & 3 R

VARV —21E, BUFS 29 XToAamicdtilL 724~
NIEER~Y Y —vThbLBE#HSN TS (Topi-
sirovic & Sonenberg, 2011). V) RV — A%, S0FEFHLL L
DY RTEELTR LD 3D RNA & OB AR
57 AN TR b KB CHEEREEY T, Kbh2o0
P71y bRSERIN, 35D 20°RNA, 35D 1
By UNRTETHD, AL, BEOEE O CIER
PHURY—LF R B R L, MRRUEKEREY
fTo728 25, Fig. 31TRT & 5 ISHRBATE R S .

LAB-ribosome
-
- ”-

T olO,

Trypsin ¥
o, SR
o o9 e

Fig. 3 Ribosomes have the cell cluster formation activity. From
Fig. 2 analyses, we speculated that ribosomes are the
candidate reprogramming material and performed the
cell cluster formation analysis. Note the formation of ri-
bosomes-induced cell clusters from HDFs.
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Control
HDF
Induced
Clusters

SOX4 2
ZFP36L2
PBX1
VPST2
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PRDM16
STAT3 1
ZHX2
POLR2C
KAT6A
KLF4
TCF7L1
LDOB1 0
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YAP1 2
POLR2H :
ForR3 Normalized

expression level

Fig. 4 Global gene-expression profiles in LAB-ribosomes-in-
duced cell clusters for genes involved in stem cell main-
tenance. Fold-change in expression of differentially ex-
pressed genes between LAB-ribosomes induced cell
clusters and control HDFs.

l

iE

BAHCET 5T 3), RGN GALEE S 7zl
faix Oil Red O Hetuiic L Y et sz (B HE - T
WAL . ChooRE, VRV -2 %
Wy AATHINLIL, ZRetka gL, BREME2EZS
Z LIk o oML ML TE B I L EZRLT
w5,

KBER¥ ) Ky — LIC & 3B & Mt
SETOERTIE, FIS@ROETHREL/ZAMREH
RUVRY =22 HCTWR, oz 579 7HEDY
RY — A THFEMOMBMILIE D D B D% e L
72, AZ—F Y ® Sanyal W3 7 v — 7A, AT

LAB-ribosomes
--

HDF - 8
Trypsin 30‘:) ) differentiation medium Neurons
CYAO
2 weeks 3 weeks
Adipocyte
Neuronal cells

Adipocytes

Fig. 5 Schematic drawing of cell cluster formation and cell dif-
ferentiation procedure. LAB-ribosomes-induced cell
clusters transformed into neuronal cells and adipocytes
by cultivating under appropriate differentiation condi-
tions.

Fig. 6 Cell cluster formation and cell differentiation. Ribo-
somes derived from Escherichia coli also induced cell
clusters and they were transformed into adipocytes, os-
teoblasts, and chondrocytes by cultivating under appro-
priate differentiation conditions.
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RY =205 X7 L12\CHis ¥ 72 7= KIGH %
TE L, ZoRBEEZHE L Tw/z (Ederth et al,
2009). HoH2n, TOREBW (JE28) Ofth %21,
His ¥ 79 A5 H\wicT7 74 =274 —ux 73
TA—FERLTY)ARY —2ZBHL, EREOMBIIE
RFEER AT - 72, Fig. 6 IRT X512, RKEBWHKDO
RY—AEZRYAAIZE bREFMILE, ML TR L,
FEREMEZEZ D LY R, M %M
Fa~&Emfb L7z, £/, KREBRIZK D, A HRELLE
THREL-ABEER) AV — 2P 2RALTWS
et b PEBRT & 72,

DARY —LEMIERICERAL X HZX L

MR 2SR D AE N A A= A8 e L
T, TVFY A V=V ADOEEREZOND. £ T,
S5HIHOT Y M4 b — ¥ ZAMEH OFAET CHITSEE
KEBEZITo72. Fig. TAIRT LI, §XRTHOL Y
FH A4~ — 3 AHEFRNSHBLBLIE R 2 %9 50 % #9H] L 7.
100% ¥ F TRETE Zh o720, HEADREZ
HIF D LEHMIEAEATLE ) NS THS. Geloen if 5
TN—T%5, MY T VB oME, Mlasts s o
WEORY AADPHEENL L VI HLEREL TV
(Serdiuk et al., 2014). F 4 1%, EEED 50nm T 5 H#6
Y —X&R#EFo b EFHMICERENZ TRz, M
JUENANOE ) ARIZITE A LBIE SN P72 £
A%, M) TV VMBEHOE b EMZICEEE - X

(A) (B)
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=

] -
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20 nm

o
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Microsphere ( 50 nm)

Fig. 7 Incorporation of ribosomes into the cell is enhanced by
endocytosis and trypsinization. (A) Cell cluster forma-
tion was performed in the presence of the five endocyto-
sis inhibitors. Note that the numbers of cell clusters
were decreased with inhibitors. filipin (FP), genistein
(GS), cytochalasin B (CC), 5-(N-ethyl-N-isopropyl)-ami-
loride (EA), bafilomycin A1 (BM), concanamycin A
(CM). (B) The incorporation of fluorescence beads (di-
ameter: 50 nm) was enhanced by trypsinization.

FRALTCALE, HIIEICEL L 0EEE — P A
FhTwi (Fig. 7B). IS oEHEIE, Myt 5
ZTZVRY =21, TV YL b= RE N TV M
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Wwh.
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ROMPANEFL L. 51, VRV =AY FH
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IR AT, VRV — 23 220 T SIS
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FA—raT T T4 =X )RR SN KR R
VARV —ATH, FBOMBIIEKEEZ S L. Bk
N 2L, e MEEHENAOHERLZYVERY 2%k
bR EL D 3A F & C D MBI S b 2 &
5, VRV —AIZX 5L mEERITEN 2L THS
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Fig. 8 Schematic drawing of LAB incorporation into the cell.
The alive LAB were applied to the trypsinized HDF's ex-
tracellularly and they were incorporated into the cell by
the endocytosis and the trypsin treatment. The cell wall
of the incorporated LAB breaks down and the ribosomes
flow out from the bacterial body, resulting in the localiza-
tion of ribosomes in the nucleus as well as the cytoplas-
mic region.



K

W & BRI O LR AR % B CREAE U - B MR S, 3
faryrFy7Rruu7s s R b e#E LA
(Margulis, 1970) & RBEIZ, U ARY — AKX BHMEY 7
T rg Iy IMERBE LRSS D #EILOMREIC R TV A
WREEYH B, 2F D, EEMRIEHZ A RN T
U7 OEGICi s, F0) Ry — A2 RN
WAtz &2k, Mgz Tursrs3I70LTLD
HOWHEZAET 2Rz b3 eTE&zond Lhikn
(Fig. 8). &k, VEY—2NIHEAETHY) FurF 3
VIUREER XA Y ERFEEL, VRV LAWK 80 E
DOFi 7= 2 BEREN —10 % X WU, 84 - AR
RKEBLA NI M 252605 LMHRFELTVA.

AREN T S N7 FE R e

[BEEESES

1) w3, MEFAIE, KHEINIE. Human fibroblast re-
programming by lactic acid bacteria, #5471 H 485 A A2
W aiEsy, A&, 20144 5 H27-30H
KHFIE, ¥R, WS Lactic acid bacteria con-
vert human fibroblasts to multipotential Cells, 4512a] &
MRy v BRI A, R, 201445 A30-31H
KHFNE. N7 707 EMEMEMEZA LB T 07 5
I V7, B R EAE TR AT R 2 X - —, AL,
201446 H 2 H
Ohta, K. Lactic acid bacteria convert human fibroblasts to
multipotent cells, 12th Annual Meeting of the International
Society for Stem Cell Research (ISSCR), June.18-21, 2014,
Vancouver, Canada.
KHINE. N77) 7 oMEER N LM77
737, FRRFEVPAERTEBIZE €I+ —, &R,
20144E 7 H25H
KHFE. SLBEIC L 2o 7053 7, HEik
FRFERE B8 AEMAF £ I —, WA, 201449 H
22H
K H 3l IE. Lactic acid bacteria & % & b J% & Ml g @
reprograming, 45 7 1] Retina Research Meeting, 3 X,
20144E11H22H
KHEMIE. N7 7)) THRWEIC L 270 s 7 3~
7, 937 H ARG WSS, B, 20144811 25-27H
KHIE., ABHICE2MBo7ar5 37, UK
¥ HEHE IS —, Ak, 20144E12H 9 H
KHFNIE. FUEA % F e 72 ikt 2E R % £ me e 1 ik
Wy pBMeZz0) 7ur s3I v FNT, FR2GEREN
AFEIARATTI—F, KB, 201542 A9 H
KHFNIE. Lactic acid bacteria—derived materials convert
human fibroblasts to multipotent cells, #313[ml&:HlL > >~
RI7 A, HE, 20154 5 H29-30H
ARHFNIE. Human cell reprogramming by defined factors
isolated from lactic acid bacteria, #5488l H ARF&A4: A5
KAES, LI, 20156 A2-5H
Ohta, K. Natural factors derived from lactic acid bacteria
convert human fibroblasts to multipotent cells, 13th Annu-
al Meeting of the International Society for Stem Cell Re-

2)

3)

4)

5)

6)

7)

8)
9)

10)

11)

12)

13)

H

search (ISSCR), June 24-27, 2015, Stockholm, Sweden.
KHEFNE. LBWHRkD) Tu 75 AYWEOREE L %0
FEBL, S517I H A RNA % & 4E %, #LWE 20154: 7 H
15-17H

KHFNE, SN RREHERRAWEICE 5 Mk
MM OZ REEIE~DOLH:, HAT a7+ — A%E
20154F4%, REAR, 20154E 7 A23-24H

KHEANE. Tsukushi & W 7oA EMamrse s> S, L8
WHRY) 707 5 AHWF % w2 i o gl s~
S EANFHIZES32015, WhAE, 20154F 9 H20-22H
KEFIE. VARV — 212 X 580 % se A s, Al
WHTFTaT 7 ANy Iy ¥ —t I F—, W,
20154F 9 A29H

Ohta, K. Stem cell-based tissue regeneration research and
education unit, development and adult Neurogenesis in
the central nervous system2015, Oct,5-7, 2015, Baeza,
Spain.

KHFNE. LB RWEIC X 2EMY 7urs I v
THERE, BT AT 7 AWBABIIZES, WEL 2015410
H16-17H

KHEIME. VRV =212k MEEHMBOZ g
PEHE, 5538 H A4+ AW ¥ &, #F, 20154E12H
2-3H

KHEINIE. VARV — 212X 50805 G EA R,
20154FFE b b ER IO IR AL HE E 945 SKIP & 3 F — #23,
HH, 2015%F12/12-13H

K HFIIE. Ribosome converts human fibroblasts to mutipo-
tent cells, CiRA/ISSCR 2016 International Symposia, F{#R8,
20164 3 H22-24H

14)

15)

16)

17)

18)

19)

20)

21)

22)

B

1) Ito, N. & Ohta, K. 2015. Reprogramming of human somatic
cells by bacteria. Develop. Growth Differ. 57: 305-312.
KHFNIE. 2014, FLFEWIC X 22 MeMEMlaoalE. HAR
FURRTE 223k 25: 13-17.

2)

e U
1) RHAIE, PEES: MRo® T sy T 3 v 7R,
BLUOL IR ORGET B FH2014-98213
2) KHFIE, M : MOB v s 73 v 7 2FHET
B, K OREHLE ) & 72 2 et o0 ik U5
FFHA2015-223656
o
AWFZERS L, WEZEBD I & TH 72 234830 [ A S
FEATICTR CEHBL T3

D' N

Ederth, J., Mandava, C.S., Dasgupta, S. & Sanyal, S. 2009. A sin-
gle-step method for purification of active His-tagged ribosomes
from a genetically engineered Escherichia coli. Nucleic Acids
Res. 37: el5.

Hooper, L.V., Wong, M.H., Thelin, A., Hansson, L., Falk PG. &



FEERIC L MY Tu s T 3 v g ORH

Gordon, J.I. 2001. Molecular analysis of commensal host-mi-
crobial relationships in the intestine. Science 291: 881-884.

Ito, N. & Ohta, K. 2015. Reprogramming of human somatic cells
by bacteria. Develop. Growth Differ. 57: 305-312.

Kondrashov, N., Pusic, A., Stumpf, C.R., Shimizu, K., Hsieh, A.C.,
Xue, S., Ishijima, J., Shiroishi, T. & Barna, M. 2011. Ribo-
some-mediated specificity in Hox mRNA translation and verte-
brate tissue patterning. Cell 145: 383-397.

Margulis, L. 1970. Recombination of non-chromosomal genes in
Chlamydomonas: assortment of mitochondria and chloro-
plasts? J Theor Biol 26: 337-342.

Masaki, T, Qu, J., Cholewa-Waclaw, J., Burr, K., Raaum, R. &
Rambukkana, A. 2013. Reprogramming adult schwann cells to
stem cell-like cells by leprosy bacilli promotes dissemination of
infection. Cell 152: 51-67.

Ohta, K., Kawano, R. & Ito, N. 2012. Lactic acid bacteria convert
human fibroblasts to multipotent cells. PLoS ONE 7: e51866.
Serdiuk, T., Alekseev, S., Lysenko, V., Skryshensky, V. & Geloen,
A. 2014. Trypsinization-dependent cell labeling with fluores-

cent nanoparticles. Nanoscale Res. Lett. 9: 568.

Topisirovic, I. & Sonenberg, N. 2011. Translational control by the

eukaryotic ribosome. Cell 145: 333-334.






IFO Res.Commun. 30
47-56, 2016

IR %2 AR L B L2 IR & 5
W PRI T i 1 SRR D 17 10
B H i

AL iE R SR A B R A TE e
T060-8589 tifEEALBEHILIX AL 9 41 9 T H

Clarification of the Mechanism Underlying Gut Microbiota Alteration
by Western Diet Hypothesizing a Bile Acid as the Responsible Molecule
Atsushi Yokota

Laboratory of Microbial Physiology, Research Faculty of Agriculture, Hokkaido University
Sapporo, Hokkaido 060-8589, Japan

‘We have previously demonstrated that some bile acids, especially deoxycholic acid (DCA) have strong antimicro-
bial activity and regulate the composition of cecal microbiota in rats. As increased intestinal bile acid flow occurs in
response to the administration of a high fat diet, bile acids may function as a selective pressure to alter the gut mi-
crobiota composition in response to a high fat diet, which we term the bile acid hypothesis. To evaluate bile acid as
a host regulatory factor for gut microbiota composition, detailed information on the bactericidal activities of the di-
verse molecular species of bile acid in humans and rodents is required. We investigated the toxicity of 14 free bile
acids (FBAs) in humans and rodents by monitoring intracellular pH, membrane integrity, and viability of a repre-
sentative intestinal bacterium, Bifidobacterium breve JCM 1192", upon exposure to these FBAs. Among them,
w-muricholic acid (wMCA) showed the highest toxicity, approximately 10 times stronger than DCA. Based on the
bactericidal activity of each FBA and their in vivo concentrations in rat feces, FBAs, particularly, oMCA, S-muri-
cholic acid (AMCA), hyodeoxycholic acid, and DCA, may exhibit selective pressure and control the bacterial popu-
lations in the rodent intestine.

Next, the effects of high-fat diets on the bile acid secretion and the microbiota composition in rat cecum were stud-
ied. WKAH/Hkm Slc rats continuously fed high-lard (HL) diet exhibited the prominent increase in the amount of
wMCA, DCA and SMCA compared to Control diet. HL diets induced phylum level alterations in the composition of
the gut microbiota; Firmicutes predominated at the expense of Bacteroides. Analysis of operational taxonomic units
(OTUs) revealed that specific bacteria at the genus levels from Firmicutes were highly concentrated in the HL
group. In addition, we successfully isolated the member of OTUs corresponding to the genus Blautia, Clostridium,
Ruminococcus, Eisenbergiella and Lactobacillus, which showed significantly higher proportions in HL group, and
that of those corresponding the genus Bacteroides and Parabacteroides from Bacteroidetes, which showed low pro-
portions in HL group. In DCA resistance test, those bacterial isolates belonging to the phylum Firmicutes showed
higher resistance to DCA (in terms of IC;, values) than those belong to the phylum Bacteroidetes. In correlation
analysis between the total concentration of wMCA, DCA and SMCA and proportion of isolated intestinal bacteria
in the whole population, the OTUs corresponding to the genus Clostridium and Lactobacillus were positively cor-
related with the total concentration of «MCA, DCA and AMCA in rat cecal contents fed HL and control diet, while
the OTU corresponding to the genus Bacteroides were negatively correlated. The common OTUs that significantly
increased or decreased in response to both the HL diet and cholic acid supplemented diet were detected. These
results strongly supported the “bile acid hypothesis”

Key words: bile acids, high-fat diets, gut microbiota, host-microbe interaction, bile acid hypothesis.



i

i

Abbreviations: «MCA, a-muricholic acid; SMCA, S-muricholic acid; CA, cholic acid; 5(6)-CFDA-SE, 5-(and 6)-car-
boxyfluorescein diacetate, succinimidyl ester; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid; HL, high-
lard; LC/MS, liquid chromatography/ mass spectrometry; wMCA, w-muricholic acid; AMCA, A-muricholic acid;
SD rat, Sprague-Dawley rat; ICy, inhibitory concentration 50; OTU, operational taxonomic unit; 3-0x0-12 «
3-0x0-12 a-hydroxy-5 5 -cholan-24-oic acid; 7-ox0-DCA, 7-oxo-deoxycholic acid; 7-ox0-LCA, 7-oxo-lithocholic acid;
12-0x0-LCA, 12-oxo-lithocholic acid; QIIME, Quantitative Insights Into Microbial Ecology; UCA, ursocholic acid;
UDCA, ursodeoxycholic acid; WKAH rat, Wistar King A Hokkaido rat
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HFoTV5., ZOBKRIMAY -7 -0 RIHE
W, BRRIFZEIC BT MO A% 59, 2 BURERNE
KIGH A, FREVIGIE B L &R 2 2 BRIR OFIEICHE D W
FERROZALH W S SN T & 72 BAEIIE AR #%
DEAL & IR FAE O R R BR OFEIIZ I AEA LT W
5. &0 bUREBAEEIUCAE ) U, ZhicEis 2 HE
AR, BIRIE, SIEREDASRY) vy 7V F
U—ADFRIEITER T2 &, Wikl & IREFAE O B
PEIZOW TR RPZICAH LR TS L. foTEZLRS
&, SR EOBIUI L) WERRD/NT v AHEAT
LEBEICOVWTT OREAHLEDOTH S, £ THRA X
WMAEWFMREEOEB L LT, mEHERIUItE) W
BN T v ADEA G &R THREZ T L L
L7z, AR ZOOOIEEMRHE LTHHTBOMYS %
e Lz, 5o, HBIEOREEEZRL, &
BB IS & 0 SR T 5720, BRI &I
BRI PRI LS 3 2 BINE & LT 2 2 & 73
EN720TH 5. HHBoOBREEHIEL 205 h
TS, ThrylNMEEERCED L) ZEEr s
ZTWDLNIIDoVWTIE, BT 2&k s OLITII%EE T
AL EZ b7z TRET H ST do 7z

C S CHAREIC O W T HICHBIT 2. JHITER IR
TaALA7Tu—Lbakan, T HEBICHHITOFER
SELTHWENEZATaL FLEWTH Y, 24Dk
FRHINVKRFINVETHL T VBEERTKELTY
5. b FTRIFIETI—VER (CA) &4/ FF%va—
VI (CDCA) 723G S (AR B o 7% 1 Fig. 1
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HLFEFIEE KA R (il KFER R RADIER)
MW U RFEREBE TR,
A U RFR BRI FEbE)
A% AiEE KRS B R TERE)
HEBEN OREXREAGRHAH)

WCRL7Z), INHIEIREMIUMDO IV ERF T VI
FyNYHBLIET) T UNT I RS LA
ELTHRH oM  & 72 B AR IE Z O i RO TS
PRI L DN TRFTORERREE Y ¥ 3 VS
#AALL, NS ORI EZ T 5 H&E %2 Hs Tw
5. WEMAEZEIT S L, ZO5R RS LE
%30T, LVSEOBHPHMING. RHE#Z
ARG ERERIC LY, NE TR S FHIRIL S
NI CRE s NS, L, TLK—& (&Ko 5% o
JEAER S R ~TEA L3 & I ichii~Rl s b, =

Name R, R, R; Ry
Cholic acid (CA) aOH H aOH oOH
Chenodeoxycholic acid (CDCA) aOH H aOH H
Deoxycholic acid (DCA) aOH H H oOH
Ursocholic acid (UCA) aOH H BOH oOH
Ursodeoxycholic acid (UDCA) aOH H BOH H
7-oxo-deoxycholic acid (7-0x0-DCA) aOH H =0  aOH
7-oxo-lithocholic acid (7-oxo-LCA) aOH H =0 H
12-oxo-lithocholic acid (12-oxo-LCA) aOH H H =0
3-0x0-12a-hydroxy-5B-cholan-24-oic acid (3-oxo-12ct) =0 H H aOH
a-muricholic acid (aMCA) aOH BOH oOH H
B-muricholic acid (BMCA) aOH BOH BOH H
w-muricholic acid (a(MCA) aOH oOH BOH H
A-muricholic acid (\MCA) aOH aOH aOH H
Hyodeoxycholic acid (HDCA) aOH oaOH H H

Fig. 1 Structures of the tested free bile acids.
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ORI RN OBNMEIC L > TE T e S
NTHEII) UHHLNIET) T U HHEBER BRI 72 -
72t EHICFFFa— v (DCA) VY ba—
% (LCA), #F VAR p RO KIIHERICAIRENS.
W EERE AR e R 0 T D BUK A B KRS 5 72
B, —HRITRORETEEZRT IR 5. TR
WAs) VR DGR S A O MBI/ LB
HfEAxRIT7-0THS. PTHZWRBEHEEE YD
7 DCA @ Wi i M 13 M > CTHRJJ T, Lactobacillus %
Bifidobacterium J& M % W 723 Tld CA D#10f5D
REEREZET A ERREINTWS (Kurdi ef al.,
2006). F7:, DCA OFWIGTEIIEIWET VR b O
WOABRETHEESI NS, Dol byt &
PRI A2 BINT 5 & KIBENO DCAREIEFE Y, Th
DBEIVE & 7o THBMEOZILT 20T Ve M
EL, FBROEERHICES72DDTH 5.

HgE, BATERE LTHRLAIZTT, B ME
FEHET2EERTTHAHZ Lx M L7z (Islam ef
al., 2011). $7%bH CAEZBRMLZIIERRENEL 7 v
MZHz272225, EfFORBHEBERXVCDCAR
BEAKL, EBNICBWT Firmicutess 9O A B X O
Bacteroidetes P DA 2SBEE S 7z, FREW Z &1,
CHITERGEZBIES 27 XA EF VBT 521k
(Hildebrandt et al., 2009; Turnbaugh et al., 2008, 2009)
L TBY, Wi E 7V T Clostridia %2 Erysipelotrichi
WMOWMPBIEINTVS, D EDOHENS, T ZE
PRIFEBEUC X 2 W#ENT v ZAOREERIE, JHTERIC
L2BPEOWMATHL LB HEL, 2hze [JH
HREL] & LT L7 (Yokota et al., 2012). 4l
DOYNEATSED B IR meIREi] 23352 & Th
B AGHAREH T &S, WHRELEEMNP 2 & K) v
7YY Fu— A% EORRREIE & ORMRERE MY %
LCHEREREE R REEND S.

APEAIZETIX, T v M2 A28 L ) AR
MO % RA . MEFORNE LT, FTITART v

b 7 EOEWEE TNV OIGNICAFTET b k4 IR
THOBNME~ORWTEE MluEtk) % in vitro T
OEBRTHE L7z, B CIIEA o — kIR 574
ELTCARCDCAWIMA, a-nY) I —)VEE (aMCA)
R B-5Y) T— )V (BMCA) MBI TER S, BA
MWIZED -2 T—VEE (0MCA) R A-41) T— )L
BE (A-MCA), e+ 5+ F v a— Vi (HDCA) Lo
TWRIAH B ICER S A 20, B NE D L EHEL R
HBPEAET S, ZhT TIHABOBRFEIEEICOWT
1%, CA, DCA, CDCA, 7-0xo-DCA, 33-DCA O I NHl i &
~OVEHDHE XN TWw5 (Stacey & Webb, 1947; Floch
et al., 1972; Kurdi et al., 2006; Devlin & Fischbach, 2015)

DHKRT, FHRBEIHFIET S MCA 5T % &7 Wi
BT I T b T v, 22 TARIE T, BN
Bifidobacterium breve JCM 1192" Z 8= ® & L C, k&
RFHIEIAE T 5 UH O BH R TF ORI %2 UeE
L7z, RICINSHOFEBMRZEIZATI v FETVIC
X % B 5B 1TV, WAL & R ER W D
BEME % in vivo TINS5 2 & T, MHBAGHOIEY
iR AT.

FBRTT %

I—VRF MU T A (CA), TAFII—NVEKRS MY
7 . (DCA) ¥ & U° CDCA (& Sigma-Aldrich (St. Louis,
MO, USA) 205, VY FAF T a— VST +) v A
(UDCA) B & UF 7-0x0-LCA iZ Tokyo Chemical Industry
Co., Ltd. (Tokyo, Japan), = V> I — Vi (UCA) &
Santa Cruz Biotechnology. Inc., (Dallas, TX, USA) %5
FNENEEAL . o-MCA, B-MCA, w-MCA, A-MCA,
HDCA, 7-0x0-DCA, 12-0x0-LCA 3 &£ T 12a-hydroxy-3-
ox0-58-cholanic acid (3-0x0-12«) & Steraloids, Inc. (New-
port, RI, USA) 258EA L 7.

A pH BITE (< & 2 RETER D AERZRRIRIERED T8l

KAEINET, BEEEIRH TR ORI TE O TN
BEHEEIEHTH L L EZHLMIZL TS (Kurdi et al.,
2006). Z OFFFEIZB VTR 4 (TEEENRH B X 2 Ml
WG % SR 2RI R F LA L T ab. Zhid
MR % FR T 7K EA 4 ~ DRl %, B. breve JCM
1192" OMIfLN pH 2 806 X DllET A2 2 L1 &Y
REERIGBH T 2K ThH. ZOHETIE, TR
VA=A L ) TANF—IZEEIL T 5. 2 Ok
FRBESOSIC X D AR E N/ ATP 78 b YRy 7 &ER
L7 e 2P 50T, MLN ST
AHMZHARTHH BT VA ) IR Y, filgAshic pH
7 (ApH) ASHEV. SN B. fiv ClEMENRTEE 2 fiRastic
5.2 % &, JEMEER o HERR B2 IS BOKPE DSV 72,
MR % 255 2l LA 7 e b~ 200 L il
WpH 2T &€ 5. ZTHEHEYET & HmEKMIZ ApH
MWHERT B, TDEEKFEA 4V UHD A F 3
RIARDMEGS U 7 iia i % 5@ L CH IR L, MiasE
MBI D. - T ApH % {5 % e B IA - 1e iR BE % o
ETAHI LT, ZOWMRIEEIARR I L CHMZ3ES
LikEEETFHNT A ENTESL, AEBRREZH VT,
hTTHAIZDCAB L UCDCAACAD1/10 D
T ApH i L X852 &, T74bb DCA% CDCA
X CA &1 105 WAITEBBEE 2 RT 2 & 25
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NI LTW5,

NP pH ol %2 38R 1Z Kurdi et al. (2006) @ J5:12
o WTHT 572, B. breve JCM 1192 ¥ % 0.025% L-3 A
T A VIR % &1 1/2 MRS £ #1  (Becton, Dickinson
and Company, Franklin Lakes, NJ, USA) T 37C THhA
I —MRiEE 2 Lz Wz EBEE L -4 Y ORBE %
N,:CO,:H,=8:1:1DREFNATEMRT ST & THf
KR L7, C ORI R 2 41 ODgy, A% 0.05 (2
%5 X ICHBHICEME L, AEELIT-72. ODg, 2°
0.6 fFiEI2#E T % F TRSM T 37T THAMIZH 2%,
REA % w0 B U C iR % Y L 72, Buffer 1 (50 mM
V@AY A (pH65), ImMAEEE~ 7 4 ¥ 7 A,
0.1U/ml PiiEb S ORIV F ¥ & — 1) IS T ki %,
Buffer 2 (150mM Y ¥ %V & (pH6.5), 1mM Filk
X7AY A, L0U/ml D SNV F Y 5 —E)
(2T ODgg 2705 & %% X 9 IZHRE L 72, AR IS
& # D pH 7 1 — 7 (5-(and 6)-carboxyfluorescein
diacetate, succinimidyl ester (5(6)-CFDA-SE) (Thermo
Fisher Scientific Inc., Waltham, MA, USA) % #i& B 4 M
LB X IR, 37C T30minFELTTu—7
ZAIBAINZEA L7z, @0 #EtR, Buffer 2 12 CTHIES
L, ZVI—ZX%2#RE10mM & 55 XHIZHRMLT
37C CIEMEET LI LT, MBBANICHEA LR
727 u— 7 MM HE S 872 MRRIEE I & w0
HEf%, Buffer 2 12 Tl Lk L7z, 4F& O Buffer 2 12T
HEEE, K CTRIFL TN pHMEICH L. A
YF 2Ny MIFE L MRS 2mL 2, b8
FEERT (PerkinElmer LS-50B) % Jl v CHIIE I @ 45k
BEENE L. WEOBIZIE, A% —5— —TH#E
L35 37C THRFFL, HAEZ A (100~200 mL/min)
B L7z MOGMESRDER TV — R ERIRE
100mM 2% % X9 WSRIM L7z SEHBRENEER, &
T B 2 HOCMEDLEAL L < A FTHRML /2.
20 M Valinomycin 2 4L (A AV #{HE) BL O
0.2mM Nigericin 2 ¢L (ApH %i4%) %i#RML, ApH ®
HEZER L. JERT Z & 124 pH IZB1T 2 406
BEAREL, MEfElEgk L, Thx v THilaN pH
ERD7-.

imAfRIa(E BR

A A 3B 1 Kurdi ef al. (2006) D723
TAT- 7=, MiBgN pH M€ 3RER & FMED 5 TRk % 5
Tk, BOSEEIC L D WAREZ B L, Buffer 2 12Tl
Pe# L 72, Buffer 2 12T ODgy 2503 & 7 5 & 9 12
%, v a—Z (RRIEEZ 10mM) B X ORI % 5
MLT37C CT1HRMB L IREMERELZ. MRS
WA I L CEOD AR, 5RO Buffer 2 ICTHEE L

7. LIVE/DEAD BacLight Bacterial Viability Kit (Thermo
Fisher Scientific) ¢ SYTO9 & PI % % & {4 L 7z 44
ZMZT37C T15min fRFF L7z, HOWLERZMEH L
T 480 nm Thiet%, 500 —530nm DAL (Live area) &
620—650nm D ifE (Dead area) Zil%E L, Live/Dead
M L7z KRHORLID Live/Dead H % F#e 4l
& LT, HKFEMMICPB T 5 membrane integrity (%)
ZHEM L.

HERRAERER

AP 2 BRI Kurdi ef al. (2006) O J7iEIC3EoWn
TAT - 72 HHLIE Bk & RAR O J5 ik TR L -
SR 100 L Z X LT L— MIZIRML, 0.025% >
AT A VB & 1/2MRS 5 H % i1 2 TRREE %
#Tol. WG STFEANLT A 08y 7 FHWT48
B DL BB SRR L. SR oRUEY 7 Vo CFU
AR 100% & LT, HREMEMICBIT24BF LR
L7,

BN RER

3MEHDOMESD 5 v b B X O WKAH/Hkm Slc 5 v b
FHOWT, FXAMY VAL S 2HMO AT,
2% (n=5~6) 4, TNEFRIZFTFAMNY) VED
BVRETFFAN) VAEICB%DT—FERMLAETF
AMN) vEIT—FEZL5 2T, SHMORMEL R
BAT oz (ZnEn s, HL#)., SFoMIX
Table 1 \Z/R L7z, EHNEY %2 %, LC/MS % v
MR AT B X OV & 16S Wi 2417572, 2D

Table 1 Compositions of control diet and HL diet.

g/kg diet
Ingredient
Control diet” HL diet’

Dextrin 529.5 299.5
Casein 200.0 200.0
Sucrose 100.0 100.0
Soybean oil 70.0 70.0
Lard - 230.0
Mineral mixture 35.0 35.0
Vitamin mixture 10.0 10.0
L-Cystine 3.0 3.0
Choline chloride 2.5 2.5
Cellulose 50.0 50.0

“ Standard (Control) diet consisted mainly of dextrin.
" High-lard (HL) diet prepared by adding 230 g/kg lard to the
standard diet at the expense of dextrin.
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W, KE, #HasE FEB X R EREZ ook
Wr—5 2 WAL 72,

LC/MS % Fu =B EE 4R

RH 1 B8 437 1% Hagio et al. (2009) @ F#EI2#EoWT
To7. BEHBNAEY200mg 2Ty ) —LE ) VTt F
Pa— ViR GRIREE1M) ZWEEE#EE LTz 7.
%, 60C T304, 85T T3 HMIMmE L7z, .l
HEfR, L3 2 WXL Coml s L7z, BiFomX % 3 [
BOBEL 8, A% 7 —VIEE LEAE S 5 212 C
WL mOEmE A/ —VIBREL, BENE
YWrh o R B & % LC/MS (Waters Quattro Premier XE
tandem quadrupole mass spectrometer) TiE#r L72.

* 2 16SH BT

DNA #iH % Yu & Morrison (2004) #5230\ C
To7:. BBWNAEY 100 mg % Washing Buffer (200 mM
Tris-HCl, 80mM EDTA-2Na, pH 9.0) 2 T#Ei#R, WH
¥ — X (H££0.1mm) & Lysis buffer (500mM NaCl,
50mM Tris-HCl, 50 mM EDTA, 4% SDS, pH 8.0) %/l
TE—X¥ a3y h—I2X ) WMAREH L7z O 0RER,
FiEREERE T B AL, O LT RS2 EILL,
RNase A % i 100 ug/mL & 72 5 X H 2RI L T
37C T—MEIE &R/, 7o/ = rzuoaRLAaBL
¥ ) — VikkkIZ & ) ¥, TE buffer (ZEF L 72,
SR T DNARE Z e L, B\AIKENIZ TN
FA&RERR L 7=

MH @ 16S rRNA @z ¥ 0 V3-V4 FHIk % BAlEH%, =g
KFE7Q T4 TRFEBREG LY 7 —IZB VTR ¥ 16S
BT # 4T o 72. ¥ — %4 ¥ 21213 Roche diagnostics
#L 454 GS Junior Z L, f#HTY 7 7 =7 QIME
(Quantitative Insights Into Microbial Ecology) % fi\»T
A% 16S WHMN 247> 72. SD 5 v b TIZFI 7168
) — FORFIAIE S, #EF78850 V) — K DL % HL
L, WKAH 7 v b+ Tl 10330 V) — FOBELFHI A3
EEN, BEF113637 1) — F OB 2 S L7-.

BEBARY Y 5> DBEREEO A ERTE

PRI BRI D U AN RIE S % 49 2 B AT %
G %700, BN % PBS (140 mM NaCl, 7.7 mM
Na,HPO, - 12H,0, 2mM NaH,PO, - 2H,0, pH 7.2) 2T
A, 1mMDCAZRMD L IZERMD 2 png/ml
a) AF V&K EGERE B X U Brucella € K5 #
(Becton, Dickinson and Company) &R ¥;HiI1Z$HE L,
N,:CO,: Hy,=8:1: 1 DRANATHEBRL7ZHKT ¥
YN—IZT37C T4 HMERERE L. EF L%
O =—% GAM (H/K#IE; H5) -0.1M MOPS (pH 7.0)

WARRE ISR L, WA F x> N—I12T37C T2 HM
BB E L, TAUHIYRA VBT DREERLD
DNA Zhi#8, Bihod 2 & 16SH MMM & | U E:c X
) 16SrRNA ®iET ¥ — 47 v A& 4To 72,

DCA Tl ER

JEH MR % & % 7 v GAM-0.1M MOPS #53# (pH 7.0)
S5mLICE DBk Z R L, HiK T v /N —I12T37TC T
BRI — BRI R 2 1T 5 72, #0 ODgyy =0.05 127 5
£9120,05,0.75, 1.0 B X 0 1.5mM DCA % &t GAM-
0.1M MOPS 554t 5mL ICH:AH L AR O S T TR #E L
7z, BREEICHARBEEOR A 75 227 L LT 0Dy &
& L7z, 0mM DCA O EUEmMBEL b L < IZEw M
DREE D ODggy % 50% 1T S8 % DCA RS % 1Cs,
fiie LCHEI L.

RikB L UEE

A pH BIE I & 2 BETE OMARIEIEERED TRl
AREFFE T OFEBRZEF AT X VAR g AL L]
13 MCA 2 & MR B HREICHET 2 4O IR B
ST OB IEARG BE & HERAYIZEEM L /2. Fig. 11213 %
NG E/R L. T2, Fig 2 123 FEp L LT CA
B IO DCADOHINLA pH OERHREZ R L7, FOR

DCA

71
0.4 mM

6.9

0.6 mM

+

6.7

6.5

Intracellular pH

61 +—T——TTT—TT T T T T T T T
0 3 6 9 12 15 18 0 3 6 9 12 15 18

6.3 T

Time (min) Time (min)

Fig. 2 Effects of free bile acid on the intracellular pH of Bifido-
bacterium breve JCM 1192, Internal pH measurements
were conducted by fluorescence method using
5(6)-CFDA-SE. After cells were cultured until mid-expo-
nential phase in 1/2 MRS medium containing 0.025%
L-cysteine, harvested cells were preloaded with
5(6)-CFDA-SE and energized with 10 mM glucose (indi-
cated as “Glc”) in Buffer 2 (pH 6.5) to build up ApH. The
free bile acid was then added at the indicated final con-
centrations. Valinomycin (Val) and nigericin (Nig) were
added to confirm complete dissipation of membrane po-
tential and ApH, respectively. The pH values were calcu-
lated based on the calibration curve created by measur-
ing the fluorescence intensity of the deenergized cells at
pH values between 6 and 8.
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R, WITRT DB MRICE VT ApH DAY
LKAFBD LNz (FERPIEEh 2o ApH R %
~5) s DCA(0.6mM), CDCA(0.6 mM), HDCA (2.0 mM),
3-0x0-12¢ (2.0mM), SMCA(~2.5mM), AMCA (3.0mM),
12-0x0-LCA(4.0mM), CA(4.0~6.0mM). —J5 TKIIR
TN BT ApH IZBE IR T L7225, NIRRT
MR DL LTSRS b N7z, FhLl Eo@n
24T b % h o7 wMCA(0.15mM), 7-ox0-LCA(1.5mM),
UDCA(2.0mM), F7:, IROMEIEETIIHER L 72
PHCILB IR 2 & e o 724%, ApH K TR 258 8 T
§5<, ApH IZFRE B Z 5.2 oo 72 (FEIRPILRER L
TR KIEE %2R T) ; aMCA(5mM), 7-0x0-DCA(10mM),
UCABmM). INSDOHEENS, oMCADINE Tk
BB BEENE 2RO EEZEZ SN TWADCAR
CDCA X 1 b & 510/ B Rl B 2 4

H

$ 5% Z &, HDCA, 3-0x0-12a, BMCA, 7-oxo-LCA, AMCA,
12-0x0-LCA B X 1" UDCA %* DCA, CDCA & CA D [H @
mREEOMBEREGIERN ZRT 2 &, 72 oMCA,
7-0x0-DCA B & O UCA FHMIa BB EH 258 &R S 7%
W2l ZEPTHIN.

B. breve JCM 11927 (Z3 3 B PETEADMBIIE H & V4%
RADFE

ko K NATTHEE T ApH W RIS IO VT,
Live/Dead et id:\2 X 2 M IR fEAT B & OVERR R
ERBEAT -7, ZORE, 14F8 T 8 FRE ORI R
BT ApH 2L AT TR TR S/ B £ O
KiE % AFRR O T A58 Sz GEIRN O EE 1A 5%
HAT20% LT IR T3 24 /RT) (Table 2 12130
BlE L TCCABIXUDCAD R %Z/RL 7). DCA

Table 2 Membrane integrity and viability of B. breve JCM 1192 upon exposure to free

bile acids.
Membrane integrity (%)* Viability (%)b
Bile acid
(mM) lh 3h 1h 3h
CA
0.1 93.01 101. 44 84.76 101.81
1 87.42 92.27 81.40 91.65
2 66.94 63.60 66.11 53.80
4 40.45 43.46 41.79 26.55
6 34.59 23.59 40.17 18.22
8 23.15 9.62 19.67 6.20
10 12.01 4.52 9.25 0.84
12 6.22 4.78 2.67 0.09
DCA
0.01 118.50 92.85 106.77 99.54
0.1 125.23 101.44 90.51 96.60
0.2 91.73 87.75 77.72 81.84
0.4 77.21 66.14 39.77 31.24
0.6 6.38 4.07 1.12 0.29
0.8 5.43 6.72 2.07 x 107 115 x 107

Data are means of two independent experiments that gave similar results.

“ Cells were cultured until mid-exponential phase in 1/2 MRS medium containing 0.025%
L-cysteine and harvested cells were washed with Buffer 2 and re-suspended in the same
buffer. After this cell suspension was incubated with the free bile acid at the indicated
concentrations for 1 h or 3 h, membrane integrity was monitored using the LIVE/DEAD

BacLight Bacterial Viability Kit.

" The same cell suspension as that used for the measurement of the membrane integrity
was appropriately diluted to monitor its viability by pour plate method using 1/2 MRS
agar plates containing 0.025% L-cysteine.
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(0.6mM), CDCA (0.6mM), SBMCA (1.0mM), HDCA
(1.0mM), 3-ox0-12¢ (1.0mM), AMCA (3.0mM), 12-oxo-
LCA (2.0mM), CA (6.0~8.0mM). F7z, &k 3FHD
AR IS DWW CII R KRB MIRE RN OE) 2Bw
TR EM 2R L, ARED20% LT 2
L7z wMCA (0.08mM), 7-0x0o-LCA (1.5mM), UDCA
(2.0mM). —J5T, MM pH iR TIgWTdEME % 7R
L 72RO CIE, FEPIISR SRR 12 B v Tl
FatEG B L OVERROBRTIRIZE A LBD SN h >
72 : aMCA (2.0 mM), 7-0x0-DCA (10 mM), UCA (3.0 mM).
O & 9T, WRBRL 7RG TR AN & g5 %
R L EREL LT SEREEN-HTHIE0H, &
NETHRESN TV IFEROKE A A = X 21, CA
RDCALED a IO MIZTF TR, RIS A FY
OB, F7/29 v MIHEHET S MCAICHEATE
LI ENHONE B o7z AR RBRICES R, JH
HEEOBEEE 5 BREIC X4 L7z —% K% Table 3 12
AL7, Chooffly, RBLABETEBOR T
oMCA I D B VERETEEZ RS2 L, o« ORI
(CA, DCA B X U°CDCA) i p B Hit#E (UCA B L U
UDCA) ®# 4+ F VB DA (7-0x0-DCA, 3-0x0-12a,
12-0x0-LCA B & U 7-0x0-LCA) & ) b BB EIEM: %2R

Table 3 Classification of human and rodent free bile acids ac-
cording to their bactericidal activities on B. breve JCM
11927 cells.

Concentration for

Free bile acid viability loss

(mM)’
oMCA =0.08
DCA

0.6
CDCA
HDCA
3-0x0-12a
BMCA 1.0~2.0
7-0x0-LCA
UDCA
AMCA

3.0~6.0
CA
aMCA
7-0x0-DCA =6
UCA

“Based on the results of viability test in Table 2, “Concentration
for viability loss (mM)” was defined as the free bile acid concen-
tration that gave a viability < 20% of that of the untreated cells
after exposure to the free bile acid for 3 h.

FTZEVPHLNII R T

Hagio et al. (2011) & 6 J8#D DA/Slc 5 v b & @&
TTHEMEAE L EORMIPOFAHRIBEZHE L
TWwa, 22T, RRABICL VS L& HH B
BRI 2 R TR & ST BIRE EIRN) &
ZHBLI2EZA, wMCA (2.79+0.80mM), DCA (0.58 +
0.14mM), SMCA (0.60=0.17mM) ¥ X U HDCA (1.96
£0.63mM) 2SR E TV MR R & R IR ER
ThHbHILIRBEIN. ThbETy FOBEBNTIE,
wMCA, DCA, BSMCA B X ' HDCA %% in vivo 12 B\ T
WHEEALOBRRE L LTHLS LT B ETFRENI.

EnaER

YA B % MR %5 72, SD 5 v + & WKAH
Sy MO2HEHEOT v FEHV, BEE GHEER) D
LL@E7—FAE (HLE) 2&5 L7 8 HMORYR
JERF A G- REx %2 1T 5 72, 8 HEABEHDAEEIZSD 5 v
P CIE REEBRICH R CTHLEETHZ WML 7228
(469.92 +7.21=534.18+19.22g), WKAH 5 v b Tidxf
TRHEME e HL R A EER 20 o 72 (348.00+10.22=
355.28+13.88¢g). EERIIM T v b & H 1K HEBERE &
W U C HL B CTAHREIZA L72 (SD : 1419.18 +26.53
=1282.52 = 33.81 g, WKAH : 1014.29 * 51.30=750.22 +
23.07g). —H T, HWEERIIMT v b& DICHREEL
HLHECTHERZ% /R 373 (SD:425+0.16=4.03+
0.14 g/100 g body weight, WKAH : 3.43 + 0.44=3.51 +
0.09 /100 g body weight), HFEEGHLALE D FHEEE & HL
HCHML2b00EELER RS o7z (SD:2.29
+0.20=2.94 +0.35g/100 g body weight, WKAH : 2.68 =
0.16=2.87+0.10 g/100 g body weight). —J5iC, HFl&iZ
BTNy MZBWTHOHLE CIRIEOER/ A D
SN, BIFOREIRDEIEE X 7> (data not shown).

BETERHERR AT
LC/MSICTEHEBWIRTB®BEELZNE L 2HERE
Table 4 127”8 L7z, SD 9 v b CiItEEE L kX HL#T
MARH IR T DA B2 BALIZBIE S ke b o 72 G IREE:
2.026+0.215=>HL # : 2.572+0.093 ymol/g). F 74 H
B CREIG M 2 R TIRTBRIC oW TliE, DCAB LW
BMCA CTHIIMEI A ERD S b DD (DCA, RHEEE:
0.585+0.058=>HL # : 0.746 +0.091 zmol/g) (SMCA, %t
FR#E ¢ 0.493 £ 0.056—>HL # : 0.595 +0.058 umol/g), #
WIEHEO B oMCA XBE LB E RS Lh o7z (3
MR B © 0.433+0.087=HL #f : 0.477 +0.131 umol/g). —
JC, WKAH J v b CldxI BB &l HL B CHRRT
W B O B R BINATEED b (1.336+0.264=>3.210
*0.566 mol/g), wMCA, DCA 3 X O SMCA 4 e
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Table 4 Effect of high-fat diet feeding on cecal bile acid composition in SD and WKAH rats.

SD rat WKAH rat
Bile acid
Control HL Control HL

CA 0.021 = 0.006 0.096 = 0.061 0.039 +0.012 0.668 = 0.174"
DCA 0.585 = 0.058 0.746 +0.091 0.318 +0.077 0.481 + 0.081
BMCA 0.493 £ 0.056 0.595 + 0.058 0.333 £ 0.080 0.770 = 0.178
®MCA 0.433 £ 0.087 0.477 +0.131 0.412 +0.086 0.653 +0.124
HDCA 0.006 = 0.002 0.006 + 0.001 0.005 = 0.002 0.005 = 0.001
Others 0.488 + 0.042 0.652+0.020°  0.230+0.035 0.634 +0.105"
Total 2.026 +0.215 2.572 +0.093 1.336 + 0.264 3.210 £ 0.566"

After SD and WKAH rats were continuously fed Control or HL diets for 8 weeks, cecal bile acid
composition was analyzed using LC/MS. Each value represents mean = SEM (n=5-6). *p<0.05

vs control group.

AR E N (wMCA, KR 0.412 +0.086=HL #f :
0.653=0.124 mol/g) (DCA, xF#8# : 0.318+0.077=HL
#0481 +0.081 «mol/g) ( BMCA, xt M % : 0.333 =
0.080=HL #f: : 0.770+0.178 ymol/g). T D#EF X b,
st AE & HL #: 1 © oMCA, DCA 3 X UF SMCA #& i i
DZEALIXSD v b XD WKAH 7 v MZBWT XD
RKEWZ EAURENT. xHIREE L HL AR O BT ERIREE
DOEALD, SD T v bE WKAH I v MIZBWTHERLR S
HEHIZOWTIIAWHTH 5%, WKAH 5 v M iK%
THLIENFELTWDLI,L Lk,

PR E R AR
SD BLXUWKAH 5 v s OFHNEWH S DNA % i
Hi L, 16S rRNA # {51 @ V3-V4 fHIg % ¥lE%, 2 ¥ 16S
W 21T o 72, ZOH#HE, SD J v b Tl Firmicutes
F9 D &4 % Bacteroidetes P D EG I HER TR IIAD 5
N o7z (Firmicutes M, xFHEAE 1 58.82 £ 4.33=>HL #f:
62.18+5.25%) (Bacteroidetes "] : %} TR 33.92 +3.99=HL
#:3210£4.72%). F72, BLXNVIZBWT S Firmicutes
PRI O 7B X O° Bacteroidtes PRI O A =72 A1
B LN Ao 72 (datanot shown). —75, WKAH J v
I Tl Firmicutes M OE 42546 B\ 1 5H L, Bacteroidetes
F OB EHH B U7 (Firmicutes M, xF W8
31.22+1.89=HL #f : 76.77=5.36%) (Bacteroidtes [Y], %}
HEHE © 59.00 + 1.89=>HL # : 19.42+4.98%). J& L N
B\ T b Firumicutes M ® Blautia J& 53 F B2 L,
Bacteroidetes '] @ Bacteroides J& 3 X U Parabacteroides
B BN L7z (datanotshown). 15 DR X
D, EIRITEEIU XY BN oIBR8 %
WKAH 7 v b Tl BB ELRZD SN, HITRREED

BIMA47wSD v F TIIREZLED SN
EDVHLDI R0 Thbh, Ty PORKOEE D
Z CHRIT BRI B OB 25 2RI HE OV W RB AR
X N7z, WKAH J v M 2D\ operational taxonomic
unit(OTU) N #4772 25, 15 v bH72 ) O
e HLEOKRY — FEA10Y — FLUL E® OTU 7118
HFAEL7:. ZoOR TR L ) HLEICB W THEmYT %
Firmicutes F\ZJ& 3 % OTU 1339/48fCH Y, ZDH b
AHREAIEIMT 5 OTU (Z15MEAFFE L7z, —J7 T, xR
X b HL #12 B\ T A § % Bacteroidetes "I )E T %
OTU 1320/23CTH Y, D5 b HEEICHAT S O0TU
PIBEE L. COMELY, BEHAEERICE 21
HRRREOHARIZL Y, AP 7 OTU 23 5%
e Eh, HTEBAMS S IC3EE®E2, OTU LR
WV CH BN EE T AR EAVRIE S 7.

ARGRER T PIHINT 3% 022 8) & I & o BE A E IZF20
Lol WHEEICIDZHEENDBEIIONT,
HEMICHEME D7 2 (ob/ob) TIEBPIMIE # A5
L~V CEAL L, Bacteroidetes fZ%F 3 % Firmicutes [
DO#H (F/B) 238K 9 %5 Z & (Turnbaugh et al., 2006),
o 2 PRERRE I a) —F 4 Ty M X DK
‘3T H, BNMEED F/BHAMET LTEE
Boe o F/BHIZED W2 & (Ley et al., 2006), B
HERI< v ZCEEE%E 5 2 TR 2 3 5 & BN
WD F/B A K95 Z & (Turnbaugh et al., 2008),
&, EhiE F/BROMRIMHET 2 Z LAVREINT
W5, ARRERTIE 8 AR D G RERIC X U RIT 24T o 72
25, WKAH 5 v b T2 S ICRMoOEIRIFEEIIC X
DRI 5 2 DL Tw A (unpublished data).
Gt D Z v b ORWEMBZWS2IZTHI LT,



NEHER 2 SR & 08 L 72 VU IKERIC X 2 I P o8 i 1 A o SR

WAL &I O KR BRI S 22 B L DN S,

SEEMEERIC & V&R & h 3380 5 BAERE OS5

FREOMHTICE Y, SRRDGEEIUC X ) BN
W & BB OZLDBILE S 17225, Firmicutes
M A% Bacteroidetes M2 b~ TEZIC 7 2B HIZEH & 5T
BV, Z2CTERBEEINC X % RS Firmicutes
M B X U Bacteroidetes "] ® OTU (2} 9™ 5 [ A @
Gk x R A T ENEY % PBS ICEE %, ) AF v
M L7z EG B & U Brucella ER B I TR L /-
AHFLAR700 30 =—22oWT, IYAFYZRML
7z GAM +MOPS ¥\ Tl fkis 285, LHFIRD b
72#9 300 BRIZDWT 16S rRNA IR DY —7 » A (V3-V4
) BATo 7z FE LA % b LI A5 16S W
EMHoOOTU IR SE-L s, WML Y HLA
TINS5 Firmicutes MIAIH & U C Blautia gluceracea
(OTU1564), Clostridium symbiosum (OTU517), Clostridium
hathewayi (OTU1049) , Lactobacillus taiwanensi (OTU517),
Ruminococcus gnavus (OTU218), Eisenbergiella tayi (OTUS85)
B & U Clostridium orbiscindens (OTU1288) Z[HE L, xF
IE#E X ) HL # <43 % Bacteroidetes Il W & L T
Bacteroides sartorii(OTU1353), Parabacteroides distasonis
(OTU214), Bacteroides acidifaciens(OTU1528), Bacteroides
nordii (OTU86) % [F5E L 7.

DCA it i BR

Firmicutes ' & Bacteroidetes ["] D 53 BEMRIZ B\ CTHIT
PRIV 38 & WGEES 5 728, in vitro 12B1F 5
DCA it Pk ikl % 17w, 50% 4B FLERE (IC,) %5
L7:. ZD#E4%, 7 HD Firmicutes M [B. gluceracea
(0TU1564), C. symbiosum (OTU517), C. hathewayi
(OTU1049), L. taiwanensis(OTU517), R. gnavus (OTU218),
E. tayi(OTUS85) B X U C. orbiscindens (OTU1288)] @ 1Cs,
i (0.6~1.5mM) i 3 ¥ Bacteroidetes FIM S [B. sartorii
(OTU1353), P distasonis(OTU214), B. nordii(OTUS6) ]
D IC, i (0.3~0.5mM) ICZHRTHEIZ2 ~5/05
W% 7% L7z, Bacteroidetes I @ IC, il =g &
FHUZBWTHIINS % DCA 2 (0.481 mM) T 4712 R
BHESNZRETH L. AHERITERHEEIICLD
Firmicutes MM MBS 5 2 L L FIFET, iR
THPEDE NV HFELALIIHF ST 5 EBHLSIIT o7

P ERAERR & B5 AR 2 O #E R D AE R

7 v b OB ORRHERIREE & BNHE O BB
ek RN ZRET 5720, EENEESRREIG 2
IRTIREIZEL T A oMCA, DCA B X U SMCA OJH
BRI L DR &, Firmicutes [## B X U Bacteroidetes

MAIE O % OTU OFFAEIL & OFHBIENT 2 B 2 % 5 72,

ZF DR, Firmicutes 1 ® C. hathewayi (OTU1049) (p<
0.05, R*=0.483) 3 & U L. taiwanensis(OTU517) (p<0.01,
R*=0.728) D 2#RIZBWTIEOHBEAED SN, Bacte-
roidetes P10 B. acidifaciens (OTU1528) (p<0.05, R*=0.313)
BV THOHBM D b7z,

IR TES A IR IR SR & DLEER

FATHBATIRICBNT, A7 00— A& EE L72JH
T (CA BmMExE I v M5 L, w{25»® 0TU
BT 2 MRS REHET 5 2 & 285 LT b (Islam
et al., 2011). & Z TARREBRO BRI 53Rk & %17
EBROHBRMERSHBROBREZLK L2 E 25,
B. gluceracea (OTU1564) 3 X O C. symbiosum (OTU517)
MR ERAMEIZB T ERBHNTHML, P distasonis
(0TU214) B X U B. acidifaciens (0TU1528) 254§
B ZEDHI L7, BRI S X o TS 2 55K
DWW G 1BV TH —HK L BB 2 RT I &
A5, JRAERIR S % RS 191258\ Firmicutes
FIOMITE 2SI ER I & 2 B PUE 2 BRE) ) & LTI
EFECTESIC b0 NN, TR A3 87
T2 b0 LM 7.

U3

e bR o FICAEAET A 4O BT EEIZ DOV T
B. breve JCM 1192" % $5FR 1 & L CpEkBr & 17w, 4
TOMRITEROBREIEEEZH S 5123 5 & 12, oMCA 28
I E TREEE N EEZ b TWwiz DCA X CDCA
0 BRI mCEBRETEEEZ R T L2 /M Lz IR
By FERNOATE & REIGEE L OB X
D, in vivo Tl DCAIZHZ «MCA X SMCA, HDCA %3
RIS LTV ARSIz, 9y b a
HAuwizmeh a5, WKAH 7 v+ Tldtf
MBI XTHLEIZB W T, DCAIZIZ oMCA X
BMCA & S IZHRNBT R EEASBE K L, Bacteroidetes Ml
W9 % Firmicutes FTHIE DA Z ISR L. §
W B ORAFHTIC L ), HLEEIZ B W T IS HE IR
35 0TU DMt s/, BEHNED X WV EBOFKE
5B L, 16S rRNA @1z T- O EY] % g L, WEMH
Mo OTU [2wlg €7z, Zofik, HLEICBWTHE
WZEIN$ % OTU 23§ B ¥k & L T Firmicutes FCl&
Blautia, Clostridium, Ruminococcus, Eisenbergiella 33 X O°
Lactobacillus JEMT %, W5 2% OTU ISHINT HEkE L
“C Bacteroidetes |l ] C & Bacteroides 33 & UF Parabac-
teroides B W % TN ENFE L7z, HHEERICOWT
DCA TR %17 o 72 & 2 A, Firmicutes FIHIH @ 1Cs,
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i Bacteroidetes ')l # O ICs, ICHNTHEICHWEZ
KL, WiZEBREIVLEVDCAMMELZE TSI LA
HPIL72. 7 v b o) T R72 DCA, oMCA, SMCA
WIBEICNT AN 50 OTUFAERIZBWTY, Clos
tridium 3 X U° Lactobacillus J& MW © —.> ® OTU T
IEDOHIBEAS, Bacteroides JEMH O —2 @ OTU TIZHEA D
MRS NIz BATHIFRO R BRI &H 53k L ©
WBIZX Y, 58RO T B. gluceracea 3 & U° C. sym-
biosum \ZHH%$ 5 OTU 2SRl &8 X OB &
TN L, P distasonis 3 X O° B. acidifaciens \ZAH4
95 O0TUNRIZWAT L EHHLL. sk
Rl TIEABIRE] 2@ XFLTBY, HEMHKT
& LTI R R X E 2 K23 2 LAVRIRE T

KRBT 5 N7 FERR D ey
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Post-genome Research on Ecophysiology of Anaerobic Ammonium-oxidizing
(Anammox) Bacteria
Satoshi Okabe

Division of Environmental Engineering, Faculty of Engineering, Hokkaido University
North-13, West-8, Kita-ku, Sapporo Hokkaido, 060-8628, Japan

Anaerobic ammonium-oxidizing (anammox) bacteria are ubiquitously distributed in natural and engineered eco-
systems and significantly contributing to the global nitrogen cycle. So far, about 20 different anammox species di-
vided over five genera have been proposed, but none of these are in pure culture. Although nitrogen metabolism of
anammox bacteria have been studied using an enrichment culture of “Candidatus Kuenenia stuttgartiensis”, those
of other anammox bacteria are still poorly understood. Draft genome sequences have been determined for the
members of “Ca. Kuenenia”, “Ca. Brocadia”, “Ca. Jettenia” and “Ca. Scalindua”, which accelerate our understand-
ing of anammox bacterial physiology. Here, we studied the anammox metabolism of “Ca. Brocadia sinica” that
does not possess the genes encoding canonical NO-forming nitrite reductases (NirS or NirK) in its genome. It is
proposed that “Ca. K. stuttgartiensis” reduces NO, to NO, which is catalysed by NirS. However, this study re-
vealed that “Ca. B. sinica” reduces NO, to hydroxylamine (NH,OH) with as yet unidentified nitrite reductases. We
attempted to purify and identify the as yet unidentified “Ca. B. sinica” nitrite reductase; however it was unfortunate-
ly failed. Furthermore, we investigated the hydrazine (N,H,) synthesis, which is a downstream reaction of NO,
reduction in anammox metabolism. “Ca. B. sinica” hydrazine synthase (Hzs) and cells could utilize NH,OH and
NH,’, but not NO and NH,", for N,H, synthesis. These results clearly demonstrate that the metabolic pathway of
“Ca. B. sinica” is NH,OH-dependent and different from the one of “Ca. K. stuttgartiensis”, indicating metabolic di-
versity of anammox bacteria.

Key words: anammox bacteria, enrichment cultures, nitrite reductase, hydrazine synthase, hydroxylamine

% =

BT v E=TEIL (TFEY 2 A) KR, BEA
FHTTT vEZT 2 BFHGAER, HEMHERLTBETFZEMKE
LT FIY Y (NH,) #HREERDE L CEBEER
HA (Ny) ~NEHWTHMEWIETH Y, LT E
IV T/REN D (Strous et al., 1999; Lotti et al., 2014).

1NH, +1.146 NO, +0.071 HCO; +0.057 H" —
0.986 N,+0.161 NO, +0.071 CH, 7,00 51Ny 5+2.002 H,O
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T FEy 7 AL S MR, Planctomycetes 28
T AUV REHAMEMBETH O, WEE WE, P
Yile ERkA GBRBEPICIRIACHEELTWA, ThETIS
58 F20f S E E T W 5 A% (Jetten et al., 2009)
(Fig. 1), ZOHRZEL X OBREEORE I 2 S, K
SRS RGO N TV R, FERERE RO
DHEETH Y, ZOATARBIIMEKKE UTRFHLZIES
L. THEY 7 AMEE, EEERTHY 55 T
55 VIRE TPl ¥ 72 anammoxosome & FFIE L % il
WINREEAT 5 L=~ 7 x> T\ 5 (Damste

et al., 2002; van Niftrik et al., 2008) (Fig. 2A).
T FE v 7 A RIS OFEM R AHEE R, Strous ef al.



“Ca. Scalindua sorokinii” (AY257181)
“Ca. Scalindua brodae” (AY254883)
“Ca. Scalindua marina” (EF602038)

“Ca. Scalindua zhenghei” (GQ331167)

UPG . ) —
Ca. Scalindua arabica” (EU478624)
“Ca. Scalindua wagneri” (AY254882)
{ ; “Ca. Scalindua sp.” (AB900163)
“Ca. Scalindua japonica” (A8573103)*
'— “Ca. Scalindua sinooilfield” (HM208769)

“Ca. Kuenenia stuttgartiensis” (AE375995)**
“Ca. Anammoxoglobus propionicus” (EU478694)

“Ca. Jettenia caeni” (ABOS7453)*
“Ca. Jettenia asiatica” (DQ301513)

“Ca. Brocadia fulgida” (DQ459989)
“Ca. Brocadia carolinensis” (JF487828)

“Ca. Brocadia sp. 40" (AM285341)
MBR clone

E “Ca. Brocadia sinica” (A8565477)*
“Ca. Brocadia anammoxidans” (AF375994)

* Enriched in ourlab.

** Enriched in the Netherlands

“Ca. Anammoximicrobium moscowii” (KC467065)

0.02

Fig. 1 Phylogeny of anammox bacteria estimated based on partial 16S rRNA gene sequence. 16S

rRNA gene sequences were aligned using the ClustalW program (version 1.83). The tree was
constructed with the maximum likelihood (ML), neighbour joining (NJ), and maximum parsi-
mony (MP) method using MEGA 6.06 software. The ML tree is shown here. Pie charts at
nodes represent the confidence of branch topology, and bootstrap values greater than 80% are
shown in black. Scale bar represents 2% sequence divergence. Anammox species with * and **
indicate available enrichment cultures in our lab (i.e., “Ca. Brocadia sinica”, “Ca. Jettenia cae-
ni” and “Ca. Scalindua japonica”) and Prof. Jetten’s lab in the Netherland (i.e., “Ca. Kuenenia

stuttgartiensis”), respectively.

Proposed nitrogen metabolism

A Cell structure B
y BCTNT

NO,

nucleoid s =]
N BT S —— 200nm

A: anammoxosome

R: riboplasm containing the nucleoid

P: paryphoplasm (periplasm)

ICM:intracytoplasmic membrane

CM: cytoplasmic (outer cell) membrane

in anammoxosome

NirS, Nitrite reductase; Nar, Nitrate reductase
Hzs, Hydrazine synthesis;

Hdh, hydrazine dehydrogenase

bc1, cytochrome bc1 complex

Fig. 2 Cell structure of “Ca. B. sinica”. A transmission electron micrograph and corresponding
diagram were overlayed (A). Proposed anammox metabolism by “Ca. K. stuttgartiensis”
(B), which is considered to occur in anammoxosome. Anammox metabolisms by other
anammox species have not been investigated yet.



Table 1 Summary of the reported draft genomes of different anammox bacteria.

R Ty 2 AMMBEOER - ARFZOEFMBIZINT TORR b7 AT

“Ca. B. sinica” “Ca. S. japonica” “Ca. K. stuttgartiensis” “Ca. J. caeni” “Ca. B. fulgida”

Nucleotide 4,077,002 4,813,083 4,218,325 4,087,350 4,947,964

sequence (bp)

GC contents 41% 38.8% 41% 40% 50%

Contigs 3] 47 5 4 2,786

CDSs 3,912 4019 4,664 3600 7,235

tRNAs 47 44 44 47 36
5Sx3

rrn operon(s) [16S-23S-5S]x1 [16S-5S-23S]x1 [16S-23S-5S]x1 [6S-23S-16S]x1 16Sx1
23Sx2

BAFN01000001- BAOS01000001-
Data resource BAFN01000003" BAOS01000047. CT030148t BAFH00000000t 2225789020%
Reference Oshiki et al., 2015 Oshiki fet al., Strous et al., 2006 Hira et al., 2012 Gori et al., 2011
(unpublished)

tAccession number at The National Center for Biotechnology Information
#Taxon Object ID at The Integrated Microbial Genomes with Microbiome Samples (21 May 2012)

(1998) A #FiHs# L 72 “Candidatus Kuenenia stuttgar-
tiensis” # X HE L, A ¥ 7 AMENICEDSERVWAZX
NrEETFHEISHEESINTWS (Strous et al., 2006).
“Ca. K. Stuttgartiensis” &7 € v 7 A KolE, =BRE;
DHAEEE (NO,) o—mfbgE % (NO) ~DEI,
DERENZNOET YE=ZT (NH,) "5 F5Y
v (NH,) O, 3)NH, OBHEHFTA (N, ~OmEAL,
T anammoxosome M H1 T H T 5 5 & % S I 7z
(Fig. 2B). it 4F, Kartal et al. (2013) 1%, 1)“Ca. K.
Stuttgartiensis” OMMILAIC NO BEAET S, 2)NO A%
EHELLBET FEY 7 AEENHEET S, 3) 75
Ev 7 ARIEE T F LY THET S E NO DERH
AT %, 49NO & NH,” 2B & L TNH, S h
LT LRFEAML. INOOMEEEICL D, L, HE
B/ENLLIHIITFEY 7 AL, NO, 12 NO %#%
TNH, B ENDEEZZLNTWS,

ZD X HIZ, “Ca. K stuttgartiensis” ? 2 FACHIZ
L THIZEIZHET L T 575, o7 FE vy 7 AMKEIZD
WTIEELEEhcwhw, ZoEmE LT, “Ca K
stuttgartiensis” YA 7 F € v 7 ZHIH O L£EREE R
DPHEVLEIN TV RN EREITOLNEEZEELITINTE
TIZ, 5 #ERYY) 7 7 & — (Oshiki et al., 2013) % W C,
3FEHD 7 FE v 7 ZHME ; “Ca. Brocadia sinica”, “Ca.
Jettenica caeni” 8 & UF “Ca. Scalindua japonica” ® % F&
FRIZE L7 (Fig. 1). Sh o 0EREEREZHVT,
HERAERPNSEMA GBI XY 7 L2 1T - 72
(Table 1) (Ali et al., 2015; Awata et al., 2013; Oshiki et
al., 2011; Oshiki et al., 2015).

SRR L7z “Ca. B. sinica” &, o7+ € >
7 AR & M CTHY B EE 2558 < B BIAE MK & v
) A AT 5 (Oshiki ef al., 2011). HEFNNA <
RN RA YT AEOKE, 32003V T4 75
WA KT 7 4 7 4 (4,07Mb, 3912 CDS, 47 tRNAs,

“Ca. B. sinica”

1247

2289 1112

“Ca. K. stuttgartiensis”

“Ca. J. caeni”

Fig. 3 Venn diagram analysis for comparison of the genetic
background among “Ca. B. sinica” (red), “Ca. K. stutt-
gartiensis” (yellow) and “Ca. J. caeni” (formerly Plancto-
mycetes KSU-1) (blue): The homology search was per-
formed for the amino acid sequences by the BLAST
search (blastP threshold: > 25 % identity and > 30 %
overlap ratio in amino acid sequences).

lrrn, RAFEETFOABIZED CHEETLHRE > 98%)
EREET S Z LI L7 (Oshiki et al., 2015). “Ca.
K. Stuttgartiensis” & “Ca. J. Caeni” @7/ & L L L 72
B 1,247 CDS(4: CDS @ 31.9%) &, “Ca. B. sinica” ®
FABEETTHY, 75y 7 AHMEHOBIENEZ kD
WEERLTVS. EHI, THTF — AR 21T o 724
3, 1,175CDS ® ¥ ¥ 3 7 BB MR S 1z (Fig. 3).

77 MMEHRICE DO W TER AR T T IER LM
W, “Ca. B.sinica” 1,2 F TIZHHE I N TS NO 4



B &) HAERR R TR (NIR) 22— F3 55T
nirKBE T nirSOWTNORAELTES T, HHEOM
THEER T ZENH S L Twb EEZ SN DD
eI e 25 (Braker et al., 1998) £ 72137 FE v
7 AW D nirS B L nirK BIE IR LT T4 < —
EHWTENZEN PCR #1772 - 7245, “Ca. B. sinica” ®
77 5 DNA 25 nirK B X O nirS B3 2 2 L3l
Khol. ORI, “Ca. B. sinica” 1, nirS %4
£ LNO, % NONEJIT % “Ca K Stuttgartiensis”
(Kartaletal., 2011) & ZR 2 5REBETCTFEY 7 2
K% 4T o TV A RERZRIEL TV 5.

Z 2 TARM%ETIZ, “Ca. B. sinica” DEHZERIFRE D
HWHZHBEL, DT FEY 2 AUBOE—BERTH 5
NO, #ICIIS O CHW DR E, 2) 2 OIS % fili
T HMAEMRTTHEOREE - FEZR AL, 5612, 7
FEY ZARBOE _EETHLE F7T ¥ (NH,)
B AT 2% (Hzs) ORBEREMEICIO VTR
AT L7z AR LN O —ERE, Oshiki et al. (2016)
THREFATH 5.

BTk

INA AT ZIDEES L UHFR

TFEY ZANALF<RAZ, LAHEATLYT 2 ¥ —
(Tsushima et al., 2007) F 72 1B R Y 7 7 ¥ —
(MBR) (Oshiki et al., 2013) 2> 5 5 L 7= (Fig. 4).
FHEA T L) T2 =BT, T RART T
Za— VIRTHIELTEBY, A¥—5—HRICX o> T
ML L7215, mgaBa~ftL7z. 2B, F9=a2—WN
4 F < AZBWT, “Ca. B. sinica” 2554 < 245D
95% Ll L% 5 5 Z & % FISH f##i THEFE L 72. MBR

Up-flow column reactor

Membrane reactor (MBR)

EFFLUENT

Fig. 4 Schematic diagrms of a up-flow column reactor and a
membrane biorecator (MBR) used in this study.

MO L 72234 F < 2%, Percoll (GE NV A4 7)
AW BEARE O LE O NN A 2 E
2. ZOBIEIZXY, “Ca. B. sinica” OFEEIINA F~
AERD 99.9% UL ETH - 7.

INT T IV ER

“Ca. B. sinica” \2XBT7FEY 7 ARILDOE—BEET
»H5, NO, iSO i#EwEFEEST S (NOT
(&% < NH,OH 2 AW E CTH 5 2 L 2FEHT %)
oz, 4FEORE  1)NO LK EHK (PTIO) #
TnkER, 2)NO 4ful (DAF) 2 & 2P NO o,
3)7EF L UHERR 4)°NO B X UNHOH + L —
=R 17572,

INA F = A R RSN (MgSO, 7TH,0 1.2mM,
CaCl, 2H,0 1.2mM, KH,PO, 0.2mM, KHCO, 5mM,
Trace element solution 1ml L™, HEPES (pH 7.6) 2mM)
(van de Graaf et al., 1995) \Z8E &, MG AT ANA4
7 (10ml) ~NpELZZ. NALTIVDONY FAR—R
AU LKA (G177 L—F, +0.5atm) TEMRL %
37C CTHEEE L B, 7HEy 2 AREETIML,
A =T =X BB EAIT VRS 37C THIEREH
BgLZ N TVREBETHW: PNE#LEwEs Lo
ERII U To#EY)THY, SIMA = AL D AT
L 7z : ®NO,Na>98%, “NH,Cl 99%, “NH,0H HCI 98 %,
“NO # 2 98%, *°N, &' A 98%.

NO & RHEH| (PTIO) AhNGER

PTIO (Carboxyl-PTIO, 2-(4-Carboxyphenyl)-4,4,5,5-
tetramethylimidazoline-1-oxyl-3 -oxide, sodium salt) ([&{"
1b%) 1%, NO #BEREIZ NO,” s (2 35, fto
T, PTIOFATTIENO AR L TH PTIO 1T XV
FRriCHE SN 5720, RPITLENOBHELRVE S &
W& %% (Kartaletal., 2011).

NA T VIZPNH, & YNO, (R 2.5mM) B &
O'PTIO (#EEE 0.1 F721k 25mM) &5 X9 @RmMmL
72 6EEHOREBEBIIBITLEN, 0EREE=F Y
VT UH AR RHEE R R U7z R L 7 A
VT 78 —ONAF < X%

NO %t % AU -#ZK NO D&

Diaminofluorescein-FM (DAF-FM) (7K % 71 41 V)
A EEERIETH D, MR~ ERE, MR A
77— EEEIC L o THIIRNICRFFS NG, 2O
NO 2SHila P THR L 7236, NO & DAF 23RS L it
NISERIZZEILT 5 (Kojima et al., 1999).

INA T UNPNH," & UNO, (RIS 25mM) &Rk
L, 37C T30min H# L7z, Ny FAR—AFN A%
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GHTL, PNy, M ADERB L UNO,” DFRAF% MR L 72
%, DAF %45 UMl gt % ST T o 72
DAF e FEYF 4 7a v ba— & LT, BREXE
BETNOZERT LI ENW LN LR T WS
Pseudomonas aeruginosa PAO1 % Mg, 30C T
FEAEL, APBOEMEHNCERE L 7 & v 7.

TEFLEBICLZ2FERHMORTE - T2

TEFUAIKEE 4uM) KBV TIHRAET v
= 7 BE{LANTE © ammonia monooxygenase # FHEL, &
R (03—4mM) 2B W TIZAEE SR M E o
nitrous oxide reductase % BlET 5 Z LA LN TV 5.
F 72, FE R BHERE I S Tld R vwas, 30 uM FREE
DT EFVAAFAET TT FE v 7 AHE O *N, ARG
LT L EDHEEINT WS (Jensen et al., 2007).

NATMIZT 2 F L v fgfik (40mM, TOC i B2l &
WX DR MBS M F7213 50 M L2 % X9
L, SoMERE L% EE MNHS BXUO
PNO,) ZRhL 7. 37°C CT455 ¥ L, 155 Bk
TAY FAR=ZATAE X OFARZERILL 72, Ny
FAR—=Z 7 A1k (N2: m/z 28,29, 30, °NO: m/z31) |2
DWTHM AT o 72, WAEEFHIIOWTIE, NO,, NO,
NH,OH i#E D= % 177% o 72, FEBIZIZ, MBR 2> 5%
HLU Percoll #EEABLE L HEIC X o THE L 72354 4
RAEHW. B, NH,OH OERZ BT 55612
&, T—wbEmE LT, RO NH,O0H % 100 M
THML 72

“NO %£7:1& "NH,0H IC&£ % b L —H —RE

NO F 7:13 NH,OH ORI M2 WMAES % 729, RLEN
MARERAL AW % 723 7T IVIRERZ 1T, ERL L2
N, # AR % 54 L7z, N4 7IV~"NH,* 3mM) &
BNH,0H (3mM) % 721 ®NO (A< 2.5mM #124)
ZRML, 37T TR L. BEMIZAY FAR—2
HAB X ORI Z RN L 72, ANy FAR—=ZAT R
(N2: m/z=28, 29, 30) 122oWT, WO WTIL,
NH,OH, NO, N,H, {22 W T A5 %2177 5 72.

lle==2wi)

ANy FAR—ZH ZA5HIZ1E GC/MS 28 (QP-2010
SE, BERIEH) 2Hwi Yy ¥5U—5 54121
CP-PoraBOND Q (Varian) % f\27z. M4t 3B o
S HE 5 72 (Isobe et al., 2011; Waki ef al., 2010). ~ v
FAR=ZAHFA50l % ATY v FiIEAL, m/z=28,
29,30, 31 ICOWVWTCE=F Y YT 2o, MBI
BTEN, A & I TERL L 72,

WA O NO EEIE, hEmEEzIEI4 e s

- 61

AEIC L D ER L BUNERETIENA 7L R R
Fx YN—PNTH®E L, NO#M/NEM (Schreiber et al.,
2008) (Unisense, TR 0.1M) ZAH~NTFALE
WEDOMEEIT R I+ 70V vkl Hogg &
Kalyanaraman (1998) Zft-72. I+ 7uvrzifi=F
F VW TEIC Lo, Sephadex G-25 41k (GE NIV A
FT) Lo THEL, BRTI ALV OGHE lem,
GLYA TV R) ~"NGiELLE. 5 AEV%E He T A
L7, FEE 100 20 37280 L 580 nm DOWLILEEZ
b flle Lz, MaEsfenicid NO fafikz vy, €
WG BER BT I1E Ae =10,300M 'em ™ & W72, Ko
Mol FRREIX 20 M TH 5. A EEIZEIT S NO D
HARBALZ BhIE T %720, B#ED/N4 7V % 50ml %
LEICAN XL vy bu—%—%2HwT
1000 X g, 10min, 4 C T 058 L AR % 0 S & 7-.
TBEEES DI IISRLEPSNL TAERYHBL, ®
KeEGEThwlkBEZHTAZA M) ¥ I TRILLIE
it L 72,

NH,OH # ) 13t ta 3 & 7213 GC/MS #: THIE L 72
(Peng et al., 1999). Itfaidiid Frear & Burrell (1955) 12
o Tiirot. ABETE Y ZRAL, REE
1% GC/MS~NAZF Yy bLREALL ST
NH,OH & 7t b RS L TRETLZT7TE N+
L (MW=73) #%8&3 570, m/z=7318 LU 74.1
ZSCANE—FTE=FY Y F L7z KiEOEETH
fEE M A —5—Th ), MmERTBERARL Ik
ik D NH,OH % 3B & RIBRICALEE - 53479 5 2 & CfF
L7z, NO, BIUNH, BEIWX, ZhENnFT7F NV
IF L ¥ I7 I Uik (Association & Federation, 2005)
B & OF Watt & Chrisp (1952) D F 2 X b #llE L 7.

NH,OH &5k % 1% > EHERIRR TEE R DS

“Ca. B. sinica” ODNA XA % T 70 VKREVF A
THHEL, fiioNy 77 —A@CMMY YA T A
Ny 77 —pH75 02MKClL 1% 2 —)VEEF bV 7 A,
1mM DTT) (& &4, 4T CT1RMEHELZ. BE
Wy % 00k (10,000 g, 60min, 4 C) L, WEMEB &
OB PEM 5% 08 U7z, 2 2O S N AP 45012
DV, LT oMY iR 1T % o 72, AEHERE 5
2Ny 77 —B 20mM Y YEEH Y T ANy T 7 —
pH 7.5, 1 mg/ml Lysozyme, 1mM DTT) Zf&#% &4,4TC
T 1R L 72, 2D, n-Octyl-B-D-glucoside % #&
WEE 1% (w/v) @MU, S5 1HREMBHRL. BiEY
%t EE (10,000% g, 60min, 4 C) %, BoNWE
P 5% crude extract & L, LUT ORGHEERERA~E L 72

ORGSR A & M, WU S BOR AR BAE A
7175, WEREICSVIERZ O N T T 4 -2



7z, B4 F A8 Tld, Seqharose Q XL #H/k% I L 72
HiTrap QXL # 7 2 (5ml K, 34 4 V1) 2 v 7z,
Crude extract % 77/ 7 4 L7z, 20mM Tris-HCl /¥ v
77— (pH?7.5, 0.1% n-Octyl-3-D-glucoside, 1 mM DTT)
54T LK) 2—24 (CV) @KL, RKEEY 7 H
RIS WY 7o, 0-1M NaCl
D)V=TT7IIVTY ML TTR 72 BT I
YarvEbRL, e FaFIouy I CAEREEZIE L
ARV T I 7 v a v ERA LR RAERAM L 2.
HHERERICE, SR rRoBA 4 R RER
(Source Q15) ASFEIH S 1172 Resource Q /7 7 & (1ml
) AV RBRCERLZ7S 7Y a vk
20mM Tris-HC1 /Y v 7 7 — (pH7.5, 0.1% n-Octyl-3-D
-glucoside, 1mM DTT) T5RAMML A T 2~T7 774
L7z. 20mM Tris /¥y 7 7 — (pH7.5, 0.1% n-Octyl-3-D
-glucoside, 1mM DTT) % 5CV ik LKA /82
BRmBsE gy o8B0z, 0—1M NaCl
D)V=TTIIVITY ML TTR-72. BT I
YavEERL, e FaFoory I VAEREEEZIE L
T AEEDSEWT 57 Y a v RRA LA L 7.
B FE21Z Superdex 200 fHAFEIE % 5 2 (HiLoad
16/60 Superdex 200) % 72, RS E-CREUXL 727
F03arEANTAENTTIAL, 50mM ) YRS b
® A8y 77— (pH7.5, 0.15 M NaCl, 0.1% Octyl-3
-D-glucoside, 1mM DTT) Zi/K$ 52 & THHEAT
ol BE79 27y aroe Faxy vy I VAR
BEWEL, &OEWITEERLAET7 I 7 ¥ a v aemik
e Lz, $£72, TRV A X2{ET 5720, 5
F-H~ — % — kit (12-200kDa, Sigma) fH/& 5 > /37 &,
%4 5 —+ (232kDa), Ferritin (440kDa) % F\»C,
BHARY 2 — A L3 FRIZOWTHRERZ/ER L 7.

FREERIEE T NH,OH £ REME D RITE

DToMMKE %% &) IEHIEERELWEL
90 11 50mM TrisHC1 /N v 7 7 — (pH7.5), @kt (6ug
-BSA), cytocyrome C (77 <:LJEHIZE, 25u4M), sodium
dithionite (20mM). GBI EEW % 37 C T2 H
PRI L 7282, 10 @ KIEHEE (2mM “NO,, 200 «M
YNH,OH) # i L BUS % Bldn S &7z 37°C T205 X
B3tk SAMML KT TRIEZEIES
w72, Kse 72 by 4pl ZREL, e kX LT
IVETENVAF YL (CHNO,) ~NFRAELL 721,
GC/MS 12X > TR 21T %2 -7 (van de Graaf et al.,
1997). 4 #7121 GC/MS-QP2010SE (Shimadzu), 71 5
2 12 1% CP-PoraBOND Q Fused Silica (25m X 0.32 mm)
(Varian) %, AW&EMHELToOMYD & L7z 5 50C 1min
225 15 C /min T 200 C ¥ TH-ii, injecter 80 T, MS

£ 07 =724 R220C, A7)y FLZA1uliEA,
F¥x Y7 H X He (1ml/min). E@&3 5¥4H1L, SIM E—
F1Z2T m/z 73.1 (CH,"NO,) B & U8 74.1 (C;H,"NO,)
EE=FY 7L BERETROE Fe®i vy 3
CYRERIE GAEFERE, Wako) ZBFEAML, 7 b i
Lo THEML LB TR L2, ¥ v 328
WBE D E R Lowry # % 721d Bradford #: TiT 2 v, 12
HYEE LCHMET VT I e v,

2L INTEDRTE

SDS-PAGE #4177 - 72, NEKT I /BRSO PEIC
XoTH VX2 BORER1T% > 72. SDSPAGE IZ1&
NuPAGE kB2 & (Invitrogen) % M\ 7z. ¥ % 4%
LDS buffer 8 & O DTT {1 & A5 #, 70 C 10min T
I AT o 72, BILUHFEAOT ¥ TV % 10%
BisTris ¥ V~\7 774 LikE 247> 72, B TFES—
71 =121 Novex Sharp PS PROT STD # M\ 7-. k&7
Wb ¥ N7 B % PVDF E~§z5 L, PVDF JE %
CBB %M (0.1% CBB-R250) L, #ii S iz Ny K& hy
F—FA 7YY ML WO LAZERIZOWT, B
3k (25mM NH,HCO,, 30% 7t b= bV V) #A4T
Tolth, TRYVAHEICEDNEKT I BE-
ExRATR o 72,

E R EMEER (Hzs) DR, EEMHER

“Ca. B. sinica” /54 * < Z (20 g-wet) %, 50mLD ) ~
[ 3y 7 7 — (20 mM, pH 7) 128 L 72 (0.4 g-wet ml ™).
¥—X¥—541 % (5000 rpm, 1min, 3/8) 12X 5T
WK% B U 7-%, 0B (13,400 X g, 60 min, 4 C)
XD EEAZBILL 72, MRS EIIER A + 55 H
(Q sepharose XL #H4K) % fiv:7z. 20mM Tris-HCI /¥ v
77— (pH 8) H® NaCliREZ BERWIC LA S5 2 &
TR L #i 5 L7z Hes 2 S &, RAMEH (30kDa)
W&o T L7z, R ViR a< 75
7 4 — % (Superdex 200 1K) # H\», 20mM V) » /N v
77— (pH 75,015 M NaCl) #:#/K$%Z&THzs %
W SE72. FILL 7 Hzs % BRA1ME#M (30kDa) 12k -
THME L i #RE# & L7z, Hzs O #E 13 SDS-PAGE
2 X o THEFE L, nanoLC/MS/MS f##fiZ X - T ¥ %
7 BFEERIT- 7.

Hzs O WG A2 WE$ 5729, NH,OH 721X NO %
EELLIEEZITT>LTvyEAL Ny 77— 1ml
(2.6 mg Hzs, 50 #M cytochrome ¢, 1mM “NH,*, 1mM
YNH,0H) % 1.8ml/NA 7V ~5iEL, 37C TH#EL
728, PN, F A4 % GC/MSI2X WllE L2, T/,
NH,OH @484 1 12 300 21 @ “NO % B & L THABRIC
RB#EIT- 72
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Table 2 Effects of PTIO addition on *N, gas production rates of “Ca. B. sinica”.

29N, gas production rate D Biomass 29N, gas production rate
(umol vial'! h'1) (mg BSA vial') (amol cell'! h'1)
No PTIO addition 051 0.11 08 14
(n=4)
2.5 mM PTIO 0.53 0.8 15
(n=5)
30 2500 7 0.90
BB X O 2 P a0 om
s 7 ? 3
‘ o 3 15 4k [ 7 ——12100 § o054 Z
NO £RMEA (PTIO) FAHR z /e S VA
NO EMMLEHTH % PTIO 2 KM, JFmmAeo £ / o T 0 E g
Z -
BN, # A & g U7z, PTIO IR B X O°JEiR 64€/j 1700 018 F
RIZBVT, PN, 7 AR A B 21380 5 0 1500 ooo
0 15 30 45 60 :

%h o7z (Table 2). BEAEDWIZET nirS #RET 5 2
EDHEFRE TV A “Ca. Scalindua japonica” T, PTIO
IR T PN, #ADERFRECHESNZ 0
FEFRIL, “Ca. B. sinica” 12 & 5 MRS EEIE % 7T S5OSO H 1]
RBWEINOLACTH D Z L ZRIET LD TH 5.

NO #ta#| % A\ =#ER NO Oi&H

W57 PN, M A B # EFR L 72 “Ca. B. sinica” /N A
F = A B X AT Sk TR 38 L 72 P aeruginosa
PAO1 %, NO #L4fa#]TH % DAF I & - THfa L,
SAME 22 % 17 7 o 72. P aeruginosa ® WK H 5 1%
DAF o3t M4 5 2 £ 5T & 7295, “Ca. B. sinica”
DHENPS I TE R DT, OB, TFEYZ A
RS D H RAGHEY & LT NO 25BN CTA i L CTwv 7z
WZEERTHDTHS. L2LENL, THEY IR
BUGE, RN @ anammoxosome & FFIEN 5 /N E T
EFBEEZLNTEY, NOWERLTWzOTHN
13 anammoxosome WIZfFFEL 7L # 2 5114, DAF ®
JRE BT EBEMEOMBECHREZ SN TY 57
anammoxosome (Zx1 3 5 EZ W IZHIED & T ARHT
HY, ELLIRFAVLETHLLEEZLNS.

7EFLUBEILLZPREREMOEE
TEYFLUICEDTHEY 7 ARG EHE L,
NH,OH &3 % 2 & H» % i) L7z, “Ca. B. sinica’
NAF<A%IE MNH, BLOPNO,, &% 2mM) &
TEFL G0uM) HFEEFhsrEHRTHEELL
“NH,0H ®ZE DS #E 720 7 — Wb & & LT
“NH,0H (0.1mM) Z#&inL, "NHOH o&/ % 55
WCHERTE B X HI1CL7: (Fig. 5). 7XF L ViRn%
T, N, 2 O A KR IERMR & L T 90% L

Time (min)

Fig. 5 “Ca. B. sinica” was anoxically incubated with 2 mM
“NH,", 2 mM “NO,", 0.1 mM “NH,OH and 50 mM acet-
ylene. The concentration of *NO,~ decreased concur-
rently with increasing "NH,OH concentration. *NO,~
was reduced to "NH,0H, and the pool substrate,
“NH,OH, was concomitantly consumed under this con-
dition, which resulted in an increase in the ’N/"N isoto-
pic ratio of NH,OH. Error bars indicate the standard de-
viations of triplicate vials. (This figure is slightly
modified from Figure 1 (Oshiki ef al., 2016))

ERESR TV ®NO, OWHEIZHEV NH,0H H3%
R L, "NH,OH/"NH,OH kb3 3L 7z 5528 BHIE30455
T S "NO, »10-31% 13, "NH,0H & LT
B L7 Zomfsiz, "NHOH OH 2556412
EINTVEDLIFTIELVOT, #NFE TV B
REMED D 5. PN,H, B L O"¥NH, o BRI ER SN %
Motz F7z, AMB L OO PNO #E%Z GC/MS
2 (R R <5ppm), /BB (<0.1.M), 4
Fuav i (<20M) THE LA, Wb T
RELL T TH o7z, ZOkERIE “Ca. B. sinica” D&%
R NO % L & 23, “Ca. K. Stuttgartiensis”
DEFNH (NO OBEREIMR) L3RR b I LERE
THEHDTHS.

—7, "NH," BXOUNO, % & LTHE L
A%, "NHOHOEREIRBD SN h -7z Thig,
“NH,OH % "NO,” ®@EiIZ & o THER L2 E%RL
TWah., F72, N FIZAERMB LOBWHENA A+~ R
HNF Tk, "NH,OH o ER I D SNtz B
Fo®RE LY, "NH,OH O ERE AP0 BSOS H R



TH5LDTHL. SHICAMKOREEL T—Vbahe L
TYNO (10uM) ZEML T o k%, BT S hiz
“NO,” D7 2% 23 °NO & LTRSS hi-.

FRLOEBERIZTRT, “Ca. B. sinica” \[2& 57 F
E v 7 ARROHFRCEWIE, NO TldZ% < NH,OH T
HBHEVHTERRBTIDTHY, X¥7 ) NFIIC
BUWTNO A & 15 WA ERIE R ICHER nirS #5177
B S o iR e —3§ 5.

BNO # & U *NH,OH O FI| 4574

NO & FJ i ¥4 % 3¢ fli § % 72 ® 12, “Ca. B. sinica” %
UNH, BLOPNO Z38 & LT L, EHT 5 ®N,
&N, A B X AT O NO B DR 2L 2 12
L7z (Fig. 6). 3 6 BFHIC BT 2 N, 7 A 04 ik #
JE %R 72 KR, “Ca. B. sinica” /N4 + < ZARMAR T
0.123+0.0045 (s.d, n=4), IEFMFR T 0.120+0.0190 (s.d,
n=4) mMh'vial ' TH ), FELEIDDOOLNLED-
72, ZOfEHIE, “Ca. B.sinica” 2"NO 7 FEv 7 &
KEOREL LTHHATERVWILZRLTWVS,

WUz, “Ca. B. sinica” ®» NH,OH I ¥ % 34l % 72
®, “NH," B XU °NH,OH % 3B & LTH#EL, Bk
5 ®N, & N, & 2 B & 0¥ #l v o NH,OH ) 0 %
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Fig. 6 “Ca. B. sinica” was anoxically incubated with "NO gas
and 3 mM “NH,". An arrow indicates when the sub-
strates were added. Error bar indicates the standard de-
viations of triplicate measurements of NO concentration
in liquid phase by the myoglobin absorbance measure-
ment. Abiotic production of *N, gas occurred in the vial
without the cells of “Ca. B. sinica”, due to the high reac-
tivity of NO. (This figure is slightly modified from Fig-
ure S2 (Oshiki et al., 2016))

B2 bx Bl L7z (Fig. 7). NH,OH 2HE S 512k -
T BN, B L OON, HADER LTz BN, HADERI,
NH,OH 257 + € v 7 ARIEO B FZEHEKE LTHH &
NizZeZRLTWAE T “NyWAoEKIZ
“NH,OH 525 N, T A% T 52 & RBLT
W5, ZORMIEFICOEHEDDH Y (Hu et al, 2011),
NH, AR ZHI & K5 Y U GBSO I Rk
BWZ EITRERT A EEZLNTW A,

UEofRE2RET S L, “Ca B. sinica” (X577
Ev 7 ARIZBWT, 1IN0, DEILS NS HFET
NH,OH 28 %32 2 &, 2)NH,OH 27 +E v 7 A K
WOIEE LTHH IR, N, A% EET 52 &H8%
BrCREB & N7z, $€- T, “Ca. B. sinica” I2& 57 FE v
7 ARIGTE, P EAEPE X NO Tid% < NH,OH T
HHWEMEAR. ZORRIE, Ty TS AMREER
KF® Van der Graaf et al. (1997) 12X 2L —5 T 5.
L2 L, Strous et al. (2006) 2 & - TS &, Kartal
etal. (2011) 12X o THGE & L7z “Ca. K. Stuttgartiensis”
ORHRE L IERL Y, 7 Ey 7 AR ORHHTREEIC
BORLEED 20D —UHPHFIET B, 29 L-EE
AR OE OB R TOAEFER = v FoMLIZ KIEFT
WBIBAEOLZARWPTH LD, TFHEY 7 AMED
SRR O—BEHLPICT A LN TE L.
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JCEUG % filidit 4 A B o Bk - W E % AT,
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BREHTARICIBT 5 5 ¥ 382 BB & 0 "NH,0H 2 i
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Fig. 7 “Ca. B. sinica” was anoxically incubated with 1.5 mM
NH,OH and 3 mM “NH,". “N-labeled N,H, was pro-
duced from "NH,OH and “NH,", which leads the pro-
duction of ®N, or *N, gas. Error bars indicate the stan-
dard deviations of triplicate vials.
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Table 3 Recovery of total protein and "NH,0H production activity during the protein purification

Total protein ISNH,OH production activity
Concentraton  Volume Total Activity Total Fold
Recovery . . Recovery
(mgBSAml!) (ml) (mgBSA) (UM gBSA'min') (nMmin™') change
Crude extracts 0.68 1,000 676 100 % 0.2 164 100 % 1.0
1st purification
1.06 36.0 38 6 % 0.9 36 22 % 4.5
Sepharose Q XL ° °
2 ificati
nd purification 0.56 45 25 0.4% 5.2 13 8% 26
ResourceQ
3rd purificati
r¢ purtfication 0.03 8.0 025  0.04% 19 5 3% 95

Superdex200

The purified protein (6 mg-BSA) was incubated at 37 ‘C and pH 7.5 with the addition of 2 mM “NO,", 0.2 mM “NH,O0H, 25
mM cytochrome ¢ and 20 mM sodium dithionite. After 20 minutes of incubation, the sample was mixed with acetone for
the derivatization of NH,OH. The concentration of *"NH,OH derivatives was determined by the GC-MS analysis.

Mo, HWSY VX7 BO5FEY A A RHEE L2 Z
%, 280—420kDa O#PRICHAET 5 L FHI N,

R X N7z 4 v 827 F X cytochrome ¢ % BT L5145
& LTPNO, % "NH,OH ~#iL¥ 2WEHEAL, €0
WP 1mM EDTA, 1mM 7 V4t F F U 2 A F72134TC
UTBLT70C D ETRIEL. £2T, HEy o
7B % WA L, SDS-PAGE M %47 7% - 72.% D #
%, Superdex 200 elute DKEL — ¥ A HITIFH— L F
L9 %Ny FA5150+10kDa O 7 i (2 S 7z
(Fig. 8). ZTo/NY FO N K7 I/ BRECHIENT % 17 7%
W, MR 217 7% - 72485 H, “Ca. B. sinica” D7/ A
25 W2 E N7z brosi_1236 BIEFICa—F3h b ¥
YR E —F L7 NCBLICEHINTWAHES VI3
7 B % MBI blastP MRFEE TR - 72L 2 A, brosi_1236
DO FE T ZHEIET I “Ca. K. Stuttgartiensis” D4 L)
LDOARREWIZENT. “Ca. K. Stuttgartiensis” 234 9
% kustd1514 # {2 & oM FEME, 7 3 7 BRECY] T
434% TH o 7.

— 7, Mo anammox Ml K, “Ca. B. fulgida” B £ O°
“Ca. Scalindua sp.” 7* 513 FE 0V BEZFIIHRI SN %
Aolz. brosi_1236 13 7 FNVRTF RTHY, ¥ 7
WARTF FEGL & B 725 T X1d 154kDa Tdh -
72, Vg S T 2B B HEE S TR 280 —420kDa
ThHholzZ b, HIY ¥ 737 214 brosi_1236 D 2 &
& (308kDa) THrHELEZONAE. Fh, Y I7FAR
TFFTH5HZ DD, anammox KL D KIS TH 5
anammoxosome WICRTET 5 &2 5N A, brosi_1236
BIETOF 87 HREB L~V (1,175CDS i, 11748
FH) LA EuZ#IET ThH 5 kustdl514 5T O
mMRNA BB L XU BD TEWZ L6, RERTI,
“Ca. B. sinica” B & 1" “Ca. K. Stuttgartiensis” DL 12
B EELTWwWhEEZEZLND.

LA L7%A%5, van Teeseling et al. (2014) O#EIZ X
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An attempt to purify and identify as yet unknown nitrite
reductase from “Ca. B. sinica”. SDS-PAGE analysis was
performed with the molecular size standard marker
(lane M, unit: kDa), the crude extract (lane C) and the
3rd purified protein fraction (A). A major protein band
appeared in the lane P at 150 + 10 kDa and subsequently
identified to be the brosi_A1236 protein by determining
the N-terminal amino acid sequence and the peptide
mass fingerprints (B). The brosi_A1236 gene is illustrat-
ed as an arrow-shaped box, and the regions highlighted
with green or brown color represent where the amino
acid sequence matched with the N-terminal amino acid
sequence or peptide mass fingerprints determined from
the 3rd purified protein, respectively. A black arrow rep-
resents the signal peptide cleavage site. Scale bar indi-
cates the 3,000 bp of nucleotide sequences. However,
the brosi_A1236 protein is most likely localized in the
membrane S-layer (i.e., outermost cell compartment)
and thus is not a nitrite reductase (for more details, see
results and discussion).
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Slayer ¥ Y X7 EHTHY, TFHEy 7 AL ELT
W5 E#zZ 5T\ A anammoxosome & IfFAET 5 L
BARLDL. S5, Plam iI2X 5 F X A4 VRN ORES,
brosi_A1236 ¥ » /8 7 B L, BMAFO#EERLa 7 77
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“Ca. B. sinica” 2 X 57 FE v 7 AREOH—BERE
T, NO, I NHLOHNBEILENE I LW LNE 2>
o TOHREZIT, BETHEHLE TV Y (NH)
EWIZBWT, “Ca. B. sinica” & NH,OH & NH," » 5
N,H, & AT RE A MGE L7z, EER I W “Ca. B.
sinica” @ Hzs Z il - AL, PR EME % 37 L 7.

WY S EH S 3ADN Y N (Bl B2, B3) 38
£2 X N, nanoLC/MS/MS RN IZ & » T, £hEh,
hydrazine synthase subunit a, 8, y T 4 & [FH%E S L7z,
Hzs |2 “NH,0H, “NH,", cytochrome ¢ % &N L3 %
o7/, PNy FAHHER L, FEPICE KT Y0P
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“Ca. K. stuttgartiensis” 2335 ¥ 7 ¥ ¥ Gkl
F# (Hzs) EEEYFRMIE %Y, NH,OH & HN,” »
5 N,H, Z81Wd 52 EHTE AR\ (Kartal ef al., 2011).
L2L, HE4E, “Ca. K stuttgartiensis” Ok F5 Y U &
g (Hzs) HSHUEE S N, x MM EEERITICE D 2
O JUBHEMEAEE S 7z (Dietl et al., 2015). & OHd:
2L iE, “Ca. K stuttgartiensis” O & FJ ¥ ¥ &l
2 A7 v 7, 1)NO ®» NH,0H ~® &7, 2)NH,0H &
NH, OfFA & 5 N,H, O TH#ITT L EE2 5N T
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Functional analyses of the hypothetical gene detected within the genomic data
of extremophiles and its application
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In the entire genomic data of microorganisms, many hypothetical genes were identified. To elucidate their actual
function or activities, two different groups of genes were chosen: the one is genes annotated by sequence similari-
ty, and the other is hypothetical genes without similarity to any data in database. Among genes annotated in hyper-
thermophilic archaea Sulfolobus tokodaii and Pyrococcus horikoshii, three genes encoding glutamine:fruc-
tose-6-phosphate aminotransferase, phosphoglucosamine mutase and bifunctional protein with phosphomannose
isomerase/mannose-1-phosphate guanylyltransferase activities were chosen as targets for analyses. These were
expressed in E. coli and purified proteins were used for analyses of their activity or function. The first one indicat-
ed that only three-residue shorter form exhibited the expected activity. The candidate protein predicted as phos-
phomannomutase/phosphoglucomutase protein exhibited phosphoglucosamine mutase activity. It was shown that
the sugar-1-phosphate nucleotidylyltransferase activity on P horikoshii bifunctional protein, PH0925 protein, was
capable of catalyzing glucose-1-phosphate and glucosamine-1-phosphate as well as mannose-1-phosphate. Also
fructokinase and phosphorylated amino-sugar epimerase activities, which were not predicted by sequence similar-
ity, were purified from the S. tokodaii cell free extract. The novel nuclease, EndoQ, was detected and purified from
cell free extract of Pyrococcus furiosus. The enzymatic activities of the protein identified from thermophilic archaea
were successfully improved by introduction of single substitution, deletion or insertion. Also the expression sys-
tem using bacterial cell was developed for efficient expression of thermostable proteins from extremophiles.
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Table 1 Summary of the genome analysis data of three hyper-
thermophilic archaea

Pyrococcus horikoshii OT3  Aeropyrum pernix K1 Sulfolobus tokodai strain 7

ORFs over 100 a.a. 2002 2618 2558

annotatable 537 (26.9%) 609 (23.3%) 842 (32.9%)

with similarity to

hypothetical protein 429 (21.4%)

483 (18.5%) 746 (29.2%)

with significant motif

148 ( 7.4%)
no similarity to database 888 (44.4%)

190 ( 7.3%)
1336 (51.0%)

122 ( 4.8%)
848 (33.2%)

ORFs 50 -99 a.a. 59 76 268
annotatable 22 (37.3%) 23 (30.3%) 70 (26.1%)
with similarity to o o o
hypothetical protein 22 (37.3%) 41 (54.0%) 174 (64.9%)
with significant motif 15 (25.4%) 12 (15.8%) 24 ( 9.0%)
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Fig. 1 Outline of the predicted metabolic pathway of phosphoglucosamine and phos-
phogalactosamine in Sulfolobus tokodaii. PMI, PMM/PGM and RmlA to D indicate
respectively phosphomannnose isomerase, phosphomannomutase/phosphoglucomutase
and enzymes catalyzing each step of the TDP-rhamnose biosynthetic pathway.
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FIN TN TH I 2 OEABRE & IRk L 7GR
BOFAET S ETE, WRWETHLTINVT b—R6-
VUSRS A VEES AT AL RS, L
L, TOY VR LEEZ VY b— 2O — B
BT RLL AL LT LEY. 22T, UDP-M
TEFNT NI VEERBEROTREDTH L) ¥
BAb 7 V3t I Uh) YEBAEAT T 7 NI VICERT S
WEMED D 2O Tidh v iR Lz Wi S 5[ 7
VAt I v6) Y] RO T 7vas vy V]I,
RBIFET — % 7 S. tokodaii ORI % BUS ¥ T

#

RAERD O MR L. ZOE, svay3 v
61 VAR GRS Z 7256 0Ak, EEICHMELRTS
7 M3 V6 VEROAIENMERR S Nz R R
HIZRWZE N2 YIRLT I 7Y X 7 —ElhtE%
LT, R ATA2EOECHET 22 LM
k72, ZONKBOT I BBREHID 54 E S W izEfz
TAEWP S, T T A I Vs LA S 72 #vik -
WHETEAEY?S, KXY VERET I VY X 7 — €l
EAHIETE /-2 eh 0, KifEEET2EAHOANE
EMRATHLIENPHR. ThET, EoEY»SH T
VaAYI V-6 VBRETT T I V6 VBEAERT
5IEX T —EEREIRIEEhTnRnZ ehn, A
BT — %7 S. tokodaii 70 S M eiFz2 R4 2
MR

W2, BT — %7 S. tokodaii T DD h OFERE
X7 LA F FEGHRREICLERTI VT F— 261 VR
IV b—=ARSAERTLTINVT M FF—EiZ, HFH
P DIFHTHEG R & RHBUFELT — F T S. tokodaii D7/ A
BRI EhTwiz, L L, ZOBERTFED?S
7 b EFF—EiEkEmiishy, Zi3 27 b37
FTEIV VAR - FF—EIEETHE LB S E
72 o 72 (Ohshima et al., 2007). T®OZ & 3%/ A5
FIZIE IV P F—ERFELEWIER2RT. 22
T, K7 —F7 oFMBMBEOHIZTI VS FERF—F
WEHESGFAET 2 0MR L2, ZORE 2535wk
WHEHY) VEBILEINZ TNV =AM I N TE .
F2T, AREMEBEC L CEMRM RS, B
HEPEENLEHICE THELIT) LR &
BHEONKNG T I/ BRI ORHEAT 5720 T, JHK
Mz MAR L LCTAEELT, COEAEDSAT VS b
FF—XOREPIERLEIT) TETH 5.

BT HBIZTFOARIEKTH S DNA L, s 2%
HTHF A=V %25, FIziE, 1bLEWE - S=I0E - 1K
HHRAEIC X o T DNA IS A . Z 0l & Bra:
L T84 9 % %12, EndonucleaseV &\ 9 d DA S
Twhb. LaL, @7 —F7 Pyrococcus furiosus O
HEARBIMBE L BEETIVDNAZ RIS SEL L, 20
EndnucleaseV 2383 % A& & ¥ 7 % A& T OYIWiA
sz, £2C, COUMEEZHERL N Km0 7
IRECH ERE L CHlIsF2RE L2 2A, LA D
AHFEEC & 2 BEREHEE TlIBBERERFTH o7, 2
DO DNA HEHBE I K RE T 5 TH A 9 Endnuclease
U R TORE L 9 Z & T EndnucleaseQ &
ARt oz 72, ZOBEAE OB O LD S M
ARG Z 5 DNA SIS CEE L ERELZ A3 5 PCNA
EOMELMEMEREE AT 5 LB SN D HEAHE S h
2. F2C, RKBWoORRTARE LMz ZAE 2w



FRREREE A D 7 ) 22528 & N B HERER AR (R T OREREIANT & 2 DI

T A EndnucleaseQ & PCNA 25l HAE % 238 L
72 & Z %, PCNA fi 1 F T A EndonucleaseQ o 8 45
DNA WG E SN B 2 LR E N, A7 —F
TR CIEME A LR LT, DNABE OB
DBEEERFITHED TV DL S EHHEN S NS,

JRXZ7L7—+¥P (RNase P) X, RNA L &EHHE®
AT, EREEITEET 255 SN2 (RNA 5T
D 5 RIAFAET B ) — & —EH % B3 5 72 12 H i
$25ZLTHA. T RNase P, BIEMW - FHA%AY
WAL, MO IRNARGEY D) — 5 — Ok
F&4TH. LaL, EIEME - BEEAEYTIX (RNA DS
2D % Hk7 RNA G FOUIMNCBES LTwa 2 L2355
NTn5s, 2L, 7—F 7D RNase P2 tRNA V) — ¥ —
FIE W LSO EOR B A LT B 23 5 212
o Twiw, 22T, T—FT7I2BIF 54 RNase P
Bz EHoOEFE HIE L7, A RNase PH#EEHET 5
RNA Z %35 %412, Z® RNase P OBEZ KT & &
TERBREVER L7z, WA E O ILih) SERKICE W
TERAHINT %5 RNA 2581727 RNase P D#EE 2% 2
bNb. FZT, EFHED 25% 84 L7z RNase P&
AR E B A S RNA RN L, ZOFERORL S
SF KM Y — 4 v —I2 X IRV TR L
7o, ZFORE, 120857 O RNA BRI T 2 5L
FIZHWMLTwBZ VLN E R o7, S HICHRD
52 LIl TOWNIODBIETIE3DDBIET7 T A8 —
ELCTHETHIENHLE o 72, A, RNase P
BN 5 A% —0RNA ZYWIT 5 &) EHENEE
WEE SN TWRWDS, X 5IZFEM % f#47 T, RNase P
DY =7y b &R DBHTFOMIINTED MM,

3) MRBRBRBEAE Y s TR IR OIS

INFTOMFTORT, FHLEECHSE AT 5 H
BT - |EHE - BEVPABENTETwS., 2hbid,
HBERLEN - BEREN - BAERHEN L BRD 2008 C
Hb. —F, FBOSE MBS H8FE - EHEIX, Ch
T CAEWFENAESWEETH o Z2WEOAIE L W) B
OWREMEDE Z 5NA. LaL, BIFAT -7 Hko
EEZEMEOHIZIE Km i - keat fEEH SN2 579 TH
KIFHEODL DL L TUNSWIEANH 5. keat 1
AREVE WV Z L, KSOETHEIBEVE W) Z
EC, IO EZET 5 & BUSHEEEA T ) 2558 LT
Wb, FIT, BMEICENEE - EAEOAELTY
% il RE DU I Y FLA 72,

SRR T, BE-1-) YRR 7 LA T NiER/ 7 X Bk
1) YR T 2 F VISR IO W T S HOZRK TS
PAT13~1.548 LH$5Z & 2R L CT& 7 (Zhang et al.,
2007). L2 L, 2OLERLIGEETHENZ FY T - K

BOEGHEEE L L TR I PRI DOTH 7.

Z 2T, S5HEOERAEHMAADLELILET, &
S5O RO ERE L. BetehoeT
DBEELERARNE-1-) VX 2 LA F iR/ 7 3/ -1
U UVBT v FOVEEBEEE T, BARIO 10% FEE L
TOFEUEIBEEN2OARTHo72. 2O LiE, =D
Y EOZERZRFFIC—D2OH-1-1) YEX 7 L+ T Figk
/T IO VBT b F VR REERICEAT S &,
EHEOmE T2 72532 L 2m L.

WIZ, B—ZROBICRHEEY» LA L297FH O
Tyr %, MOLETHO7 I BICER L LR EOERZ
ATz, ZORBR, 6 ME O RIKTIE UDP-N-7 & F
VNV I B L UDP-Z )V a— A )7 o4 G
O EAPHER I NIz, ZOHTH YITN TIIEF ARG
LI L THASEOEEER L. T2 SHHOZ K
EHE T, UDP-N-TEF V7V ad 3 v aliEto
AR S LTV,

IS OWEEDRAE S /B RARPE-1-) VR 7 Lt
FNER/T7 I M) VBT e FVIRERBREE OB T
Y 722 YO7N, YO7TM B L VY97V IO WT, £ ’H
VT D Km, keat i % FEHT U 72458, (&0 _LH120E keat fif
DOLEADPHEG L TWE I EIRENZ. SRIOEEMKRIC
DOWT OGRS, AHE-1-) VBB 7 L F Fisk
/T IR YR T e F OV REEENE T AR X
LA F FERGHICOWTIE, —207 3 ) BRIEICE
BABATLILT, REMEETE L EPRENT.

T2, FUH-1-Y YBX 2 VAT NigR/7 3 1
VBT FVEEBEEO CRKmMlica—-F3hT
WAHT I LY VT T VEERIEEOMEIZ DO W
TOREZ2ITo72. CRBOT I VBRILEHT I
REKSEHIET, REL VA I V1) VBT T
VR RBIG A LR T A 2 LRI B0
Km, keat lEDBNT 24T - 728%, Th S DERIKTY
KEL FERLTWZDIZL, keatfEiThH o 7.

RAKT Y ) —AL VAT —¥E<r ) —A1-Y) VB
L GTP 245 8 A MDD o2 A HlBIFEA T —
7 P horikoshii 05 3 B 5N4 7 7 7 v aFVEEER
PH0925 Z&ZH 122w Td, CRMHOT I /R s
100 R FERERES S LT, BAMNEAEOHED
3SRV v — A1) VL GTP #4564 38 A0
ERTIEDVHLNE ST

VB ORI B 7 — % 7 HkEEE T, O
DERDEA, BN HEELRESORIOEBAICLY,
W2 KX ERSRL I EDNTREZ L V) T EDTRE
nr.

ATAE, BB S ML S 7z DNA Z 88 W T, %
Al BB DNAKY X5 — Y OW %2155 2 LAk



R A

Z DOWiFr % Taqg DNA E Y X 5 —EOM 4§ % 58 & 58
WL BRREERLC, TROOEREKEALEOAL
TWBIEEE RN L72RER, 794~ —MEEEB IO
DNA # &G EARH AR O Tag DNAR Y A 5 =¥ X D
LMEINTVEIDOREAMEINTEL Ihbno
DI SN TV B ERAED 7 I/ Bl & BpA 7Y
Tag DNARY A5 —ED7 I JBEG & 2T 5 &

97 I JBOFAPRH SN, 22T, ROTI VW
DI & BT Tag DNA R A 5 —PIZHALTED
WEBRN L7z, TORR, AR OWAICLD, PCR
FEM O 3 oM, DNAKARON LB sh:.
DT LiE, K97 I BREOFEIEA Tag DNA R X
T—YORELRET IHIEAFLTVDLILEERLT
W5, 5tk FEPOBBEEETLT I VBITAPS LI
Bohsdh, SHICHEIICDNARY X7 —Eoiik%
RS BWH DEAET POV THIFEZ DTV E
VAR

Pk, BT —F 7 HROBER R T OMOEERIZD
WTENRS DISHIEDT % B I & BEH RO ORRE-
A MRET S EMMRERT L, SHICIXEROENE
OREFZ/R L. LA L, TholE - RREOIH
IZOWTEZBE, BE  ZEHEAHIONEOREIZE
RO MATH B0, —HTENLDERABEDORIEN
BAEELEELRRETH L. 22T, HEMoNs )
T & SBUR ORI HLA . 6 F AT ER
L 7= D% Geobacillus kaustophilus HTA426 ¥ T, EF iR
FEA60C LBz, WA T — % 7 Hkil 2k &
HEOEEIGELTWS EHEE SN #FENE 70
E—F—%FL, HEIN-EOEOBREZRDICTS
O Hs Y 72 AT 5 CTEAEVPEREINL RS
Z—% L. BOoh0, HKOMHIELR LBIETIC
DWTARBLRZ 2R R EE IR L7z 2512,
BRI E N EAE IS E KT TEEERT
w7z,

Vb, BIFET — % 7THROMBEEET 2 EAY -
B R OWEME ORI L OMEL, EBEOEE DM E 1T - 72
EOIZRIRMFEBARE LTNZ T 72 VIR % G5
T5ZEDHE, SHROICHTERZEEbNRS.

F3IE Kb

ARFATEIEE L [ 7/ AR ORI
EIZT ORI E ZOFH] Lo HEIGE 2 6N T
Wiz T, A AEHPICHEAE S B R RE R RIS T 1
X EDRERBIETREINLOD, FNLIZITEDRR
BEVWYRHLONEN) ZERFTHELEL L TENLVTL
Mo TEI B> T L%, BFEDT /7 A

#

FRNTEA Cldse &g - MEE ik v b OAREERM
BETTlE W eE 27z FFISBIEFHRT —F 7 HED
BE - ZEAETIE, ChITIHHAELSHESRT
W RS EROME Z BEAE,» S IR I Y, R
7o 72AERE AR SN D L WA B S C RS
NTETWAE, SHIKHEESINTOWAEREIIAF LTS
A, EFERWD N 7)) THEROBEE - RO L BL
DEREGIEE A RBT A LKL EVIME DS
CRIBENTETWS. ZOMAK, By L
FR BN SHEEEFIC SDOTH LD, HEMNHED
ML OWBETEZ L L, BIFRT —F 7 HREE - &
FHEIWZDWTH ) 2ME#P ST /7 — b SN -
ield, 72& ABHoENE - BERE OMFEESRWZE
NTWizl LTHENIEHELRLEETH - T, ZoiEE
ENTBERE - IHERE SN DOTIE R, EWIHR
FWBEREEbNA, o2 EkiE, & ZHEE»S
AR - TEHEEDHEE SN T W2 E LThH, FEER 2 R A
T s T Tl - Wk L v, o F ek
KM\ - W% - BETRELEZ SRRV L
ZRL TS, ZOHT, SHOPYMATHRIZL:
(AR SEREAHEE ST W B E E - B3 - (5T
WZ2oWTIE, MRS S TR 2 VIR 24
WHERLEEEZETH2E0MARM SN TE 2 L%
NRWGDOT I VBIZ L o TREHEEIIH S B &
W ERE, RO 2 TR RB T 2 & AR EE
GHEZWSPICT A LDk, EFICEERERD
HHELDTHo7bEZONSL. —FHT, BAESF AL
FNEI54ERT & BRI 7 & e WALIC 32l i g 3 5
CEDNTEICL > TETWS., TOHONT ) AEH
IZDoWTIE, B MEO—E Rt SN2 5D
B BECTHEL, EBOEBRN LN *EHTLZ L
PRLELZOTE RV EEbNRS.

T/, WMREH T GRING B 2 & iR ikaE & ia
L7227 7a—F o4 RN TH - - BHH - B
F - BETOEEEZHT S 2 LR & v Bl R
FTENMRIZLIEIREGERZLEEZ L. LT
J DRSS AP RN 2 B bFoFETOT T
O—Fix, ECRELHENTRNL ) RERE D20
ZUEEMDLH L. LA Lo, WENLETECL-T
FEREARMAE Y - K - BETOREZMHT L2 L1
BAEOEM TR TR LERMRAZ LS, avave
L7z T 70 —F 05— F R THEER BT R
wprkllbhs, #1Th, EOHTEERZITERON
BIEFICEELREZZLEDNLOT, FOBIZEZY /
L IEHRRAHREEE O R, € OMAHTEZ 2D THNII,
REROEAOWER, EERNTOSTFOEILOER (A
yARu—24), BETFOMEBEROERERE, FICAR



FRREREE A D 7 ) 22528 & N B HERER AR (R T OREREIANT & 2 DI

LN A BB RN R THREIZZ WOT, ThbEH
FLAHT LT, RN ZIERDBRICR DD T
LTnwhrtkEZ5.

I

RIFZEIE, A5 NFEEEITZERT O 4212 & %4
Pod EfTbN7zd DT, TIIXEFOFTEEL- V.
F 72, ARWFFENDIINKF R E R AT e K B
BoOZTHRE THHICEBOBEE R L2V, & SR
Feik, W (AR RIS, AL
B, |ABEMFESE) OB UEMEEICTEE LR
AR - Btk BEOBRBEIE CICHEOH S A, 45
B CIREAM BRI % 1T - 7o KRFEBE - FHAEDOE S AD
SO THRLETORZLDT, ZIIEHOER
FLw.
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Functional analyses of the proteins or enzymes whose function was predicted
from similarity analyses
Yutaka Kawarabayasi

Hakozaki 6-10-1, Higashi-ku, Fukuoka, Fukuoka 812-8581, Japan

The functions or activities of genes assigned in the genomic data have been usually determined from results of se-
quence similarity analyses. However, during progress of experimental analysis of genes predicted within the ge-
nomic data, it was found that in some case actual function or activity was different from those predicted by se-
quence similarity. To elucidate the actual activity, function or feature of three gene products predicted as sugar
metabolic enzymes, these genes were expressed in Escherichia coli and the purified recombinant proteins were
used for experimentally functional analysis. It was found that full size of glutamine:fructose-6-phosphate amino-
transferase did not exhibit the predicted activity, but its truncated form of three amino acid residues from N-termi-
nus exhibited the expected activity. Detailed analyses indicated that this activity did not catalyze reverse direction
of the reaction and was not subject to feedback regulation by the downstream products. The sole candidate protein
for phospho-sugar mutase detected within the Sulfolobus tokodaii genomic data exhibited phospho-glucosamine
mutase activity as well as phosphomannomutase and phosphoglucomutase activities. This is the first identification
of thermostable protein with multiple phospho-sugar mutase activities. Both phosphomannose isomerase and man-
nose-1-phosphate guanylyltransferase activities of the bifunctional enzyme predicted within the mannosylglycerate
biosynthetic pathway in P horikoshii were experimentally confirmed. Also glucose-1-phosphate guanylyltransferase
and glucosamine-1-phosphate guanylyltransferase activities were detected on this protein as well as man-
nose-1-phosphate guanylyltransferase activity. These observations indicated that the experimental analyses were
very important for recognition of the actual activity of the gene products predicted from the genomic data, even
their functions or activities were predicted by sequence similarity analyses.

Key words: glutamine:fructose-6-phosphate aminotransferase, phosphoglucosamine mutase, phosphomannose
isomerase/mannose-1-phosphate guanylyltransferase, thermostable protein, thermophilic archaea
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X o W E RISV B &5, BB
BT —FT7TOHERAE - BRTHECHBINTETW .

BIZ AL, BIFAT —F T2 OHBISNIZRART VY
FFF—EBRAFVFF—E¥TIE, NZTFT)TICHFELET
LEBBEVSATP 2 b0 LR, ADP %Y Vi
bk LTS Z &2, Mz 8 A8 O FERIIENT
OIS ENTE 7 (Sakuraba et al., 2002). F 7=,
KADTIV—TPBEITHRE LLCBIERT —F7
S. tokodaii MK DOFE-1-) Y EEX 7 LA F N/ 7 3/



R A

Pi-1-) YT e FIVIEEERBEER L, T N—R DM
FYEIRAT DR TIE, Vv a— 12 Y& TTP % #%
AT AHEREEZAT LI ENHEES TV Larl, %
B RIGH P TR S 8-/ 2 BT IS DWW T OFEER
RN A& N-7 2 F V7 a3 v-1-) Ve UTP #
WETAHIEBEDALTVBI PO E R
(Zhang et al., 2005).

INSOBIHRT L), MEIHEEIHH S N 2H
HE - BEReEhze a— N 2 85T & ORI FE
LR R R E ST e LT, EBIC
M2 |G L UCTERE LEAE OEERN 2 IHNT A 5
BONLMREEPHEESR LR 2P HE RSN
TWb. ZOMKERT 7 MMERPOBIEZT - BIZTFED D
EROBRECHRTTESY S0 Lo TRV E VI
RTiE, —Mo [HRkamEET] oREZLEZOR
5. THNOHAMED SREIHEE SN TV LHERET - &
HETH->Th, Ml EBRHBERALITH) 2 LI13E
R EZ oNG. FRGBIHFAT —F THROE
ZF - BAEOWE, WHOREIZLEEZ 5.

22T, AR#IETIE, MR LED SRR E S
NTWIERHEEENY - BETHLINVY IV 1T
Vo7 b—=A-60 YEET I EEBEER, ) LR L
¥y —YEE VU b~y ) AL VAT -/
)= A1 VERT T ZVERK A EER IO W T OfFNTRE R
ZRT.

FBRT5

VRS

HIZTHROMAEW & L CBIFE T — % 7 S. tokodaii
JCM 10545 (Suzuki et al., 2002) % 7z, 777 2 DNA I,
BEIC#E ST % J5#: (Yamagishi & Oshima, 1990)
WEDRBL MiZEAEORID-OKREGW
Rosetta2 (DE3) pLysS # J& 0" BL21-CodonPlus-(DE3)
RIL ¥k % HIV 72,

RPN 2 — DI
SO N KB & OF C K i IO R 5 5
TIA—%EEL, 5§ RKMICHYT LT T A~ —IiE
Bl KD &% I Nde I 8%, 3 RKIKICHYST S
TIA—INET NI IV TNy b—A6 VBT 3
J HiEBEEFE T EcoR I BB %, V) » R LbE 2 & — CRE
FE Tk Xho I %E, V Vb~ Y /) —AL VU XAF5—¥
/) — A1) VR T S OVERKE G WEFE Tl BamH [
AL EAMT A DT I 4 v —% ket L7z, HEETIC
WL727T54~<—+t>y b TPCRWIES ¥ 7% E{ETH
W R %2 BDOBO Nde 13 X 0 C Kl o K& -H BREE %

#

(EcoR I, Xho I, BamH I) THIWr L, [H UHIBREEF CTL)
Wr & 172 pET21a, pET28a 3 L N pET28a X7 ¥ — I8
DBOA L7z, WERFIFEGIC X D BN R %217
W, BREXRT =L LT

HBmAEREDEE

R EERIN VY IV 0 7T F— 61
VEET I BRI AN Y ¥ —13 KB H Rosetta2
(DE3) pLysS #:12, oMo BEHEDOEB~NY ¥ —1
BL21-CodonPlus-(DE3)-RIL % IC . E iz § % = & T,
Mz EZAEE LCHNOBERTEYEZEE S 7
WEIV I TNT F—=R6Y VBT I HiIEBEERIH
N7y —%HEER L2 KBRHE 7 v 20 Y2z iz
WALBE ¢, MOBRHEHORIANS ¥ —TIE
#i4 L 72 K W BL21-CodonPlus-(DE3)-RIL (X, % F~
43y r7u5 a7z a— VaghIBEHp T
37°C THFEL, ¥E 600nm TOWSLEDS 0.6—0.8 127%
LETHEESE, TIITHIRE238ug/mLIZh% L)
WZIPTG MM A, X51237TC T 6 MREELMkEL T,
EAERBOFEETo 2. BB THEARRZ 10,000
Xg, 1657M OB LSHETERL, BEiFHk HED 45
W OREE RN RSB S WL X AR e L7
Wi % 15,000x g, 1557 MlE L REL, L% 80T
1055 [ D MBUILBL % 1T - /2. FFE 15,000x g, 1547 [
DEEL 72,

His ¥ 7 2 A3 A EAZIZOWTIE, ZOHNiF L —
Mo AEHACRERTS 7

His ? 7% B LBV VI IV TV T F—R61 V
W7 3 EEBBEEAEICO VT, BT Y'Y
Lk, BiktEru< s ro 74—, BAF R0
RN T T4 =L o THRE R 2.

BEOHREIX, BCAEAE7 v /4 F vy P2 HWT
HE L, BHEEICOWTIE, SDSRYT7TZY VT 3
FA VELIRENC & - THEE L 72,

BEREEDRIE

TVEIV TN b—A60 VRT3 KR
122w T, 50mM HEPES buffer (pH 7.5), 200 mM
KCl, 2mM DTT, 0.5mM 7 V2 +—Z-6-Y) [, 0.5mM
LoNVy I vaEt S 100l #H 502 Ld 80T T
S5MBRLAEZDL, 66ng DREBZZMZ S5
80C THIL &Mk L7z, RSNy I VR,
HOLFHEIL L, ODS # F 4 (AccQ-Tag Ultra 2.1 X 100 mm
Columm) % %% L7z UPLC Z W THBEL, BhigdkE
350nm, HIEHE 450nm THlE LER L 7.

Y UERALRE Ly — PEERIEEICOWTIE, FRBIC
X o THERENRL S (Akutsu ef al., 2005). F Ak
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N aly—Eoy4, 50mM MOPS buffer (pH 7.6),
2mM MgSO,, 10pxM 7 Vv 2 — Z-1,62.Y Y, 1mM
NADP", 1U Geobacillus stearothermophilus H 27V 2 —
A-6-1) ¥ RIBIKFKEESR, 2 ng DRFREER & & & JOS
2mLEH S5 LDA Y TY v TEFETH 5 G. stearo-
thermophilus F1 7V 3 — 2-6-1) Y RBKEZEOFE
KISRETH % 65C T3 MR L% Fva—A
1) UERAERGERE 04mM 1245 X ISR TRIBE A
Z— b &, E5I265C TI05 MBS % 1T S8 72,
COR, KEPEITTEEEESNE IV I —26Y ¥
BHH v T v TEFETH S NADP IKGEHED 7L a2 —
2-6-1) YERBOKFERR OB XL YV EbEh, ZofE
R EN S NADPH ORIZEDIETHEWI HDT
5. Wk 340nm OWIEEEDZALIZ & - T NADPH &
HRGEEZE L. RARIY Y ) Ay —YOYE, h
TV rEEEL LTIV a— 2-6-Y) Y IEIKEREZEOM
WCARART VA=A 4 Y 25— (fructose-6-P <=> glu-
cose-6-P) BLXUOFAF<Y Y /) —A4 VA5 —+F (man-
nose-6-P <=> fructose-6-P) % SSRICMZ 5 Z & T, 3k
BThrb~r ) —A1) VEIrSER IR ) =R
61 YR E BRI 7V O — R-6-1) RIS L TR
$T5HNDTH%A. 50mM MOPS buffer (pH 7.6), 2mM
MgSO,, 10pxM Z Va2 —A-16-—-") >, 1mM NADP",
1 U G. stearothermophilus 3k 77V 2 — Z-6-1) » K
FWHE, 1UBBHRRZA R VI =L VX5 —F,
1UKRBREERAKRT Y ) =24 VAT —¥, 20ug
OREMELZELRSH 2mL #5520 LoBRB L O
KBWHEKA v 7)) v FBEORHEISTE TH 5
37C T3HBRR L7218, ~ ¥ /) —Z-1-Y V% %k
E0AmM 225 X IZMABZETHRIGZAY — F &
7. Bt MERICAER S5 NADPH (22 W T, %
£ 340 nm OWSLE D ZEALIZ X - T NADPH O 2E g i
FUELZ. RAKRTZVaAYI v ay—BiEEICOVnT
&, WTFoRETHRIBLZ. ZVvad3 vy Ve
L) VR VAT FER/T X B YBRT 2TV
LEBHEr v 7Y Y IBEEL LT, 7EF IV CoA
UTP & 2RI Z % & UDP-N-7 & F )V 77y a4
IVEAEKTA. LerL, FvatIrel) VBHIHE
LTH UDP-N-TEF NNy I VidERL RN ZF
T, FVvayIve) YBEREE L THWRIGR
TiX, d LAY —ERIEHEST L72RDA UDP-N-7
FLUTFNVIASI O -7 P HPLC THRIEEh L Z &
%5, TOE—=2ORBBRARTNVIAYI VAT —
BIHEAFAE DR L 72 5. 50 mM MOPS buffer (pH 7.6),
2mM MgSO,, 20uM 7V 3 — 21,6 ~ &, 2mM
7 £ F )V CoA, 0.5mM UTP, 1pg iE8pE-1-1) VX 2
LA F FiE#/7 I W19 Y7 £ F VR &

HE 2ug B E2ECRIBE 2L H 592 LY
AT v ITEBELEDREENRETH S 80T T1
SRR, Va3 v6) VERENASZ & TRIG
AT S, B SN/ UDP-N-7 2 F V7 )V a ¥ 3
Y13 HPLC 12 & o TH#E L 257 nm OWGEIC & D #
i R L7

Pyrococcus horikoshit %N A4 7 7 ¥ 7 2 a FIVEEHR
DHRAKRT V) = A4V 2T —EiEHIE, 50mM MOPS
buffer (pH 7.6), 2mM MgS0O,, 1mM NADP", 1 U
G. stearothermophilus 3% 27V 3 — 2-6-V) ¥ BRI AKFHEE
%, 1U G. stearothermophilus HE S A K7V a3 — A 4
v A5 —+ (fructose-6-P <=> glucose-6-P), 2.0 ug M 1%
WRREREZELNH 2mL 2 60 Lo h v 7)) ¥ 7l
FORBRDIMETH S 65C T3 o MHRRL-H%, &
B 04AmMM IC %25 X9 ICv Yy ) =26 VBEINZ %
ZETRIEZEAY —FS¥/. TNV F—A-6Y V%
AT 5 KB O#EFTIE, 340nm OWSLED ESFIC LD
NADPH DA #E A HE L7z, AEHEDOD 5 —2D
BB, #E#-1-9 B E NTP 2463 52 Mo W T,
50 mM MOPS buffer (pH 7.6), 2mM MgS0O,, 0.05mM
NTP, 1.0mM #§-1-V) &% & & SOSH 10 uL & & 5 A
Lo 8T T1HMARRLZ%, 1ng OREEHEZM
RBZETHRINEAY — P &7z, Rb% 85 C THAT
2, AW % Wakosil 5C18200 7 5 4 % ¥4 L 72
HPLC TH#r - B %1772 (Akutsu et al., 2015).

HMAMESLUXRT U ADME
FRoRKS%, B2 pH R ZEETITY, £E
FEERE L.
T/, FEMEELEOFAT A7 ARRKDDL 0, H
Bray Mk B R2TD Km B &L O keat %KD 7.

RiRkB L OEE

TGIVEIL TV N—R6) BT I EEEEEE

BIFET —F T D7 ) LWIEHRF» SAHFEPEIC L 5 TR
WMENLTNVET IV Ty b—26) VIET I/ i
BEER L HEE s EBEE 1L, KGR O i B &
PEEEE LCAEESRA (Fig. 1L). LaL, 20k
HE % W2 RS2 5 1%, Fig. 2A IR TR Z 0 s
RHWCHHETEINE I Ve W2 IehEA 2538
NEZTNVE I VBPE{RB S eh o7, 202 i,
AEAEE, HEE2SFUMIh T\ EREL 2w
ZEERLTWS., FIT, AEAED N K DBH
FHEKRFLZEZA, AF—FaFrELTHVWTWY
72 Met % 2 — N9 5 ATG @ 3 &3k C RNzt m o
WHERAF—AF =P LTHwONE ValZI2— KT
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Fig. 1 SDS-PAGE analysis of purified predicted gluta-
mine:fructose-6-phosphate aminotransferase pro-
tein. The recombinant protein was expressed in E. coli.
Lane M, L and S indicate molecular markers, long form
of the recombinant protein and short form of the recom-
binant protein, respectively.
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Fig. 2 HPLC elution profile of glutamine and glutamate
in the reaction performed by long form (A) and
short form (B) of the recombinant protein. The top
panel of the B indicates the elution profile of the stan-
dard molecule of glutamine and glutamate.

Table 1 Relative activity under presence of
each downstream product

Added chemicals Relative Activity
(0.05 mM)
None 100
GIcN-6-P 83.1
GIcN-1-P 96.9
GlcNAc-1-P 92.7
UDP-GIcNAc 99.2

i

5 GTG DAL TV, 20 GTG % ATG I[2E# L 72
ET3IBRESNEKBOT I VBERVZIEOEAE %
KEHECTHEEIETAHAZ. ZH5D0HWT 3 —2DEH
HH, KEwowc, k- mEtaage LT, %
B2 Mk (Fig. 1S). TOHENT +—20D
EHE TG EIT> TH7zE 25, Fig 2B IZRTHEIC
BBt o TN E I VIROEFENHERE SN &
DT LiE, NEWGD 3EREHAEAEICE, BELTW
TAGHEAAIET B E VD) T ERZRLTWA. Z ORI,
MEED T2 S IZFRILR Wb DT, FEERN 2 AT
) ZETHOTHRELNELDTHD.

SO % 5FMBERN A S, ABERIZIEHF MO RS L2
flt 37, WS & il L 22 &, &R UDP-N-7 & F v
WAy I VESRBERO VAT I V6 YIRS D
TR OEY % BSOS RICMA THARBEEEE I HESN AR
W (Tablel) Z&25, Fray3Ive) YBUSAD
BEWICX D7 4— Ny 7HIflZZ I Cninz &5
Lt ol S, REAEDN L OML Y CTARBLT
BT —X7 S. tokodaii FIZAFFET % D DR & Mk % i
DTWVEn,

OB bELZ -t

AABUFET — % 7 S. tokodaii 7 7 L IEHHZE— FL
SNz, BHCHAET 2 VBEOMBELY LT 205 —
Y AAT 5 LHECSINEAEORBR CORI%
ATz, REALLAEDICRKBEOR T, Wk -
PEAEE LTEESNS Z LD -7 (Fig.3). 2

kDa
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Fig. 3 SDS-PAGE analysis of purified predicted mutase
protein. The recombinant mutase protein expressed in
E. coli. Lanes M and 1 respectively indicate molecular
markers and purified mutase protein.
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T, REHEZHVTAHL TV AEEOR %R A7
9, ARARINV ALy —YiEhowihE A~ Fig.
AAVTRT X 9IS, RIBHEMARERT 5 D> T, W
KEOLABASNE Z 05, REAEIE, MK
ARTNVALY —EHEREFELTNDE I LS. F72,
RART Y ) L7 —EiGEEICOWTh, Fig 4B IR
X9z, FISKEEARET 2 DIht - T, WEED EA
MHERE S Nz, DLEoKEM» S, REAHE, HFEMES
LEE SN ZOoDENEH T 5 2 & AP IZERIIZ
RSz

BIFET — % 7 S. tokodaii D4 7 AERHIZIZ, 20
FEHEPBEICHAL TV VIBOME 2 ZERT 5 A
y—PiEEAETAM—0EAEE LTRESLTW
5. ZIT, REAED, MHEMEDL S IFHEE S N2V
FEEIIEARARI NV AY I VA7 —BIEEZAEL TS
OTEBwWhr SN, 22T, ZoWmtEomtz
RBT2, TN =RV ) —ADYELRELY, KA
RZNVIY I VA —ViEEER D v 7)) v 7RG
TORBIEH R o7 22T, TTRIROMEC
WY MAE. FARZT VY3 v a7 —EUSIZ, Fig. 5
W) TRT VIS V6 VERE TV I VY

Absorbance
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Fig. 4 Increase of absorbance at 340 nm during phos-
phoglucomutase (A) and phosphomannomutase
(B) reactions. Absorbance at 340 nm was measured af-
ter incubation periods indicated. The closed squares
(H) and closed circles (@) respectively indicate absor-
bance for the reaction in the presence (0.03 U of the re-
combinant protein for PGM, 0.1 U for PMM) or absence
of the predicted mutase protein.

VBERERT A TH L. FIT, VIV )
VBTN AN I V6 YRS S ER S NZIREIZ 2,
sz Va3 o) VR RIET AR L
72. F UBIFENT — % 7 S. tokodaii 5§ % FE-1-V R
X7 VAT PR/ 7 I /81 Y RT T IVIRIR R
FiE, FvatI 1) YBICHLTT EF IV CoAH
L7 FNVEEEBISETCNTEF VIV I I
BT HEEEZAELTWS. LaL, ZvatIven
VI Z OEAENMIES 5 7 2 F OV EER UL O E
Wb Z EIEHELRNZ EPMSN TS (Zhang et al.,
2010). L2°L, HAKo¥OZELE RT3 511385k %
BENLEEENL. 1205, o) VBX 7 LT
F#a#/7 3 41 VBT £ F OV REERBEE L, N7
tFV TNV a3 1) YBEUTPE AL T
UDPN-7tFNVFNVayIvyehEld s Latisks
(Zhang et al., 2005). Z ®4rF1i% HPLC 2B\ TR
TOWINTHIMT 5 Z LAk E. 22T, JUGKRTD
HHELTEIZNVIFIv6) VEBREIAE, By Ty
FEEF L LCR UBIFE T — %7 S. tokodaii B2k DHE-1-
VORI VAT R/ 7 I ML) YERT 2TV
BEER LEREEWMELTTEFVCABLDY
UTP % ISR AT, A&y —YHEMEHE % K6
87 RBHERUTPOY =2 LB Iz ws,
FIna o3 v 7 vh 5ix, UDP-N-TEF V7))V a3
YoOY¥—shmihsh: (Fig.6). oI ki, R&EH
BRIV —=R -V ) —ADMIZ TNV aH I VIS
LTWwsY YBREDNEZ TN TERT ZIEEZH L
TWAIZEERLTWS., ZotE, ThETICT—

CH,0 —p —O CH,0H
—Q o I —o
OH ( ) Lo 9
HO OH HO 0—r—o
NH, NH,

Glucosamine-6-P Glucosamine-1-P

Acetyl-CoA Acetyl-CoA
UTP urp —
+ ST0452 + ST0452

UDP-N-acetylglucosamine
(UDP-GIcNAc)

Final Product

Fig. 5 The reaction catalyzed by phosphoglucosaminmu-
tase and scheme of detection of glucos-
amine-1-phosphate. Glucosamine-6-phsphate is not
catalyzed by the ST0452 protein, but glucosamine-1-phos-
phate is changed to UDP-N-acetylglucosamine by cou-
pling reaction of the ST0452 protein under presence of
Acetyl-CoA and UTP. (I) indicates the reaction catalyzed
by mutase activity.




R A

Frab RSN VRILHEL ¥ - THRE I TY
7215 (Akutsu et al., 2005; Namboori & Graham, 2008;
Ray et al., 2005; Rashid et al., 2004) L5720, X 5I12H
AL SHEEINZ DO TIE R L, EBOEBRIHNTIC
FoTWHLODTHLNRERS72HDTH .

JOBE~w> /) —RAIRXAT—E/7 >/ —R1-) LB
T ZIVBEEAEEER

BIFET — % 7 Pyrococcus )& 1%, EHFRETORE
RIFEEDBWBENHIET B 720wy ) Vv
L= FEWIHLEWEART LI LPAOLNTV S

A

UTP
UDP-GIcNAc

012345678910

Retention time (min)

Fig. 6 HPLC elution profile of product by coupling reac-
tion with the ST0452 protein. Elution profiles for
products before incubation (A) and after incubation (B)
of the reaction mixture with the ST0452 protein. Elution
profile of UTP and UDP-GIcNAc standard molecules (C).

#

(Empadinhas et al., 2001). Z®O<>/ V7))L —h
AL, Fig. 7IORT X I L5 REORIETH %
TEDPMBENTWS., 51, ZNLOLE T %
AMEDOWEFR L, Pyrococcus &7 —F T D) AHFT—D
DY FTAY =R LTWDZ LA -T2 (Fig. 8).
T72, 20U 7 A5 —NOKBIRF O PNIIRAE S 1
THBY, filx OBIETEW OB D —BUEIL 70-90%
ERWEERT.  OEEEREEE DN, Pyrococcus J& T —
F 7 OFRSIERBED DD RIET, P horikoshii H
FDINE ODEEEIZOWTIE, daCosta D7 )L —
TN & o TEBW A THhN, TTICEILTY
% (Empadinhas ef al., 2001). F7z, ZOEEEREEKD
2HHORL R E R THLRART Y ) 27— XK
FEIZDWTIE, U4Hf%e 7 )V — 712 & - T P horikoshii

HOH,C
0,

20,POH,C
H H H

o H
DU
HoNH HO/0p0, > HONGH HO/oH PMI

H H H H (PH0925)
Mannose-1-P Mannose-6-P

Z0,POH,C 0 CH,0H
b H HO OH

HO H
Fructose-6-P

GTP
Man-1-P GTase
(PH0925)

GDP Pi
PPi
HOH,C HOH,C HOH,C
b ! b {! coo B coo
HONJLY/cop MPGS HONLLG/0- MPGP HONH HO/0- &
H H H H  CH0PO5 H H (‘ZHQOH
GDP-Mannose Mannosyl-3-phosphoglycerate Mannosylglycerate

H(:ZOH
CH,0PO42
3-Phosphoglycerate
Fig. 7 Predicted biosynthetic pathway of mannosylglycer-
ate in genus Pyrococcus. PMI, PMM, Man-1-P GTase,
MPGS and MPGP indicate phosphomannose isomerase,
phosphomannomutase, mannose-1-phosphate guanylyl-
transferase, mannosyl-3-phosphoglycerate phosphatase
and mannosyl-3-phosphoglycerate synthase, respectively.

MPGS MPGP PMIManlP-GTase ~PMM
| | N

P. horikoshii —| >——' 394aa >|243aa >| 464aa >| 455aa >—| >
PH0927 P PH0926 ¥  PH0925 P PH0923 P
394aa )\ 243aa 465aa | 456aa | §

P abyssi —< ™ 91% 92% 2% »< |
PABOSI6 PPAB0S17 PAB08IS V¥ PAB0819 WV
394aa )\ 242aa 46laa N\ 455aa_

P, furiosus ] >{ 87% 89% >l 93% >_<]7

PF0591 VPPF0590 PF0589 ¥ PF0588 W

Fig. 8 Gene cluster for mannosylglycerate biosynthetic pathway predicted in genus Pyrococcus.
In this figure gene clusters from three Pyrococcus species are shown. Within the arrows in top line,
sizes of gene products are indicated. Within the arrows in the second and third lines identity of
each similar gene in P, horikoshii is shown. Under each arrow gene ID is shown.



FAF 2 & BRREATE R STV L IFE T — F 7 O&EH

HIR D b DOV THEBRIIENT I M A, 3 TS
%47 T &7 (Akutsu et al., 2005). PLEDF ) L1E#H
DEERIEFTH S, P horikoshii TAH: A AR I A BE
LTWbZ LI THaTPHINED, ®BIHK- 2R E
ERXRHORSZMBEST AL 777 v aFViEH
H-BEe LT, HEARoE» S —ooEHERY
PH0925 B E VS RWZENTE /2. 2o PH0925 &
AHLTWABERIEED—D, FAKT Y ) —AL VR
7 —EIHEICO W T OERWFENRH R ZRT. Fig. 912
AT RRIZ, A PH0925 & FVH % PUSHIS N R 72356 D &,

FOBK I HE > TESEED ERAPALNDL Z Eh 5, K
PH0925 HEAE 3, FEPICHKRART Y ) = AL VAT —F
WEEZ A LTn5AZ EAVRE N7 (Akutsu et al., 2015). F
DIHIEMEIL 28.8 1.8 ymol-min ' mg protein ! Tdh - 7-.

Absorbance (340 nm)

0 20 40 60

Incubation period (seconds)

Fig. 9 Absorbance at 340 nm during PMI reaction. Absor-
bance at 340 nm was measured after incubation periods
indicated. The closed (@) and open circles (O) respec-
tively indicate absorbance for the reaction in the pres-
ence or absence of the PH0925 protein (2 g, 0.058 U).
All experiments were repeated three times.

Table 2 Substrate specificity of the forward reaction of the
Sugar-1-phosphate nucleotidylyltransferaseactivity of
the PH0925 protein

Nucleotide substrate Sugar-1-phosphate substrate Specific activity

pmol min"'*mg’! protein

GTP a-D-Mannose-1-phosphate 102+0.4
ATP 0.8+0.0
CTP 0.8+0.0
UTP 0.8£0.0
dGTP 82405
dATP/dCTP/dTTP ND
GTP a-D-Glucose-1-phosphate 52+04
dGTP 02+0.1
ATP/CTP/UTP/dATP/dCTP/dTTP ND
GTP a-D-Glucosamine-1-phosphate 73+0.7
dGTP 0.5+0.1
ATP/CTP/UTP/dATP/dCTP/dTTP ND
GTP/dGTP Fructose-1-phosphate ND
a-D-Galactose-1-phosphate ND
N-Acetyl-p-glucosamine- 1 -phosphate ND

ND indicates non-detectable.

B - B ORRERY]

—F, vV —=A-1-V) WL GTP 2 # 6T A
OWThH, HEPHTH S GDP-v v ) —AKBE N
:a#%,immws%égﬁ:@ﬁﬁ%ﬁwaéc
ENREFR SN, SSICHKD A Z L2, Table 2 12K
?lit,;@PHﬁ%%E i, v~ v/ —Z1-Y v
R VEREB L LA, ETONIPBLUTH
#vaamnv%%gthﬂmféé*aﬁ%B
e oz 24 PH0925 R B, $§-1-) vk
Ektfﬁw:-x1Ux@bloaw:&~ vl v
Wx GTP B LU AGTP LA IR I sk E T L
WS ol FVat3I vl VERE GTP %4
ST HABEFEB IOV a— 21 YL GTP 2 4%
BT AWEMEE, ARFMSINI~TY ) —R1-) VL
GTP %4/ T AWEHEOK 70%, 50% FBEOWEMEE LT
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Fig. 10 Sugar-1-P nucleotidylyltransferase activity of the
recombinant PHO925 protein in the presence of
different metal ions. The Sugar-1-P nucleotidylyl-
transferase activity for three substrates, Man-1-P (A),
Glc-1-P (B) and GIcN-1-P (C), were measured. Rela-
tive activity is shown as a percentage of the maximum
activity obtained for each substrate. C, 1, 2, 3, 4, 5, 6, 7
and EDTA indicate addition of no metal ions, addition
of Mg*, Mn*", Co*, Ca**, Ni*", Cu®", Zn*" and EDTA,
respectively. All experiments were repeated three
times.
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RSN TE IhSEREEEEZABTE2MER
A3 52 e, BHIOHEMER?SZTTIERBT I &
Wk W TH % (Akutsu et al., 2015).

B2, TR VX GTP & 24T 2
2D &8 A + ¥ DI LI TD 5 A5, Cu®* % Zn*
EVIERBAF Lo TEESRE RESI NS v
IRMEAET LS. ZORBII N T T HROMERR R
PETLHMEERELS RRLL0THS. T2 HEo
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Identification of novel proteins or enzymes by using necessary
or detected activity or functions
Sonoko Ishino, Mohammad Dadashipour, Yutaka Kawarabayasi

Laboratory of Functional Genomics of Extremophiles, Graduate School of Agriculture, Kyushu University
Hakozaki 6-10-1, Higashi-ku, Fukuoka, Fukuoka 812-8581, Japan

In the genomic data of thermophilic archaea, some necessary genes are missing when compare to the metabolic
pathway. As the missing genes fructokinase and epimerase linked between phosphoglucosamine pathway and
phosphogalactosamine pathway were detected in the cell-free extract of Sulfolobus tokodaii. Thus purification of
these proteins was attempted. Phospho amino-sugar epimerase was successfully purified and the encoding gene
was identified from N-terminus sequence. As this activity has not been detected from any organisms so far, this is
the first isolation of this novel activity. This result indicates that biochemical approach is important and powerful
for recognition on the genomic data.

To maintain genome stability, all living organisms have DNA repair systems. We discovered a novel endonuclease,
which cleaves the 5’ side of deoxyinosine (dI), from the hyperthermophilic archaeon, Pyrococcus furiosus. The nov-
el endonuclease, designated as Endonulcease Q (EndoQ), recognizes uracil, abasic site and xanthine, as well as
hypoxanthine, and cuts the phosphodiester bond at their 5 sides. To understand the functional process involving
EndoQ, we searched for interacting partners of EndoQ and identified Proliferating Cell Nuclear Antigen (PCNA).
The EndoQ activity was clearly enhanced by addition of PCNA iz vitro. The physical interaction between the two
proteins through a PIP-motif of EndoQ is important. These findings provide us a clue to elucidate a unique DNA
repair system in Archaea.

Ribonuclease P (RNase P) is a ribonucleoprotein that catalyzes the processing of 5" leader sequences from tRNA
precursors (pre-tRNAs) in all living cells. Recent studies have revealed that eukaryotic RNase Ps are involved in
processing of small and long non-coding RNAs (ncRNAs), and also act as a transcription factor of RNA polymeras-
es I and III. To gain insight into biological functions of archaeal RNase Ps, we prepared archaeal mutants KUWAP3,
KUWAPS, and KUWAP16, in which the gene segments encoding stem-loops containing helices P3, P8 and P16 in
RNase P RNA (TkopRNA) of the hyperthermophilic archaeon Thermococcus kodakarensis KUW1 were deleted, re-
spectively. Phenotypic analysis showed that KUWAP3 and KUWAP16 grew slowly as compared to the wild-type
strain KUW1, while KUWAPS had no difference from the wild-type KUW1. Moreover, quantitative RT-PCR (qRT-
PCR) and Northern blots analysis of KUWAP3 showed that the accumulation of unprocessed transcripts for pre-tR-
NAs to a larger extent than that of the wild-type KUW1. Whole-transcriptome analysis of KUWAP3 identified three
gene clusters whose transcripts accumulated to larger amount in KUWAP3 than wild-type. A further study on the
three gene clusters will allow us to establish the functions of archaeal RNase Ps.

Key words: hyperthermophilic archaea, genome information, purification, DNA repair, Ribonuclease P

E-mail: sonoko@agr.kyushu-u.ac.jp, dadashi_2000@yahoo.com,
kawarabayasi.yutaka@nifty.com
LFEFIFEE AR, Ik  LHEER, RERERES,
RS ORN W
(UMK PR BE R e RE)



B EF, ENREF YT, AEA

AHEICIE, 3Oo0HHPEINAHDT, ThThi
DWTRE - EBTE - MRB L UEEZRT.
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FHE - BEIIOWT, 520 ERANEHE - B
FBRIRL TLoEAHOEERIZI Y & < DI -G L
W2 E Bbh s, KGR SCHER T, MHEEO
B 6 3R N R e WRAER T2 E0ETOE
BZFITDONT, KBIRT %M 2 \CHE L 7B Rk
IV Ty a yOVEENST TS 2 AN ML E
L 72 (Baba & Mori, 2008; Baba et al., 2008; Ogasawara,
2000). LA L7255 HRERAE (R 2 8 % (SRR L T
b, MEOALEICLELBIZTORGICEIHET LI L
THIEL %5 2 EOWERIIERT LI ENTER
W, F RO S T, BRI EWIZ AT
ENTI otz BELDS, WRENLEETHELZ
175 T S HERERIEIE T ORERE ORI oW 721
ZLBVOPHRTH L. TOMICEEENTH S
mRNA DB KRB~ 707 L—2HW T
M3 bE5 A7) T b— 2N (Iwanaga et al., 2014)
2, ETORWYOBELFN T2 A7 R0 — LD
77 K OEIERFHIAHE SN MAEM TIIY M E
T&7. ZNHORED Y BRI MLATYD, ik
RMEAYE - B - HETOREICZ DAL DRES
BT ETRBZVWEREONS.

VAR AT IER R & U - BRI AR, 4RI
T —F 7%, KBH - fiEESOEIEMEICH L T
ZDT ) AT A ZDNEL T 7 AIZa—FEhTwbi#
RFEEPD % S RIBERKRTHBRER IS X 2 LB
HEABIVHWEVWI X))y M BHLEELNL. L
L, BIRTHIEROERSTRE 2B T —F 71
Thermococcus kodakarensis D & (Sato et al., 2003) T, fili
DBIFET — F 7 CTIEEIETFHE - BETFEA L SIFE
WCHEL <, IZIIRWRETH A, T2, OB LREE
TTHBEVEHT 2 EETHEZHALPIITH I ETH
FEARME T OBRICENZ DT R VWL W) E 20
5, BAETAMOME (FVva—R, T4 —%) %
R IEMRTORERPLHTZERNA ZH Vw17
a7 LV—fNTICED A L2 L ZOrhoid, 3
AT 2 8E T2 A3 2 LidhRkA2s, [ U
T2 R’ BT IS THERERABETTHo 120,

IR ICELBOBRTAH ULy — v &2RT L
PH, O 70T L—ITORRPSZTTIE, #
RERAEIZTF OMERIZM D 25 < Z LTk ah o 7
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S. tokodaii D 7 ZERPICIIHFEEO LRI S TV 2
=A%) VLT AR EATHTHAH) TNV M F
F—ECOFEPHEEIN TV, LrLeds, KEE
FREW T R RN TERE LRI R ZOEH, 51, Tl
ENFz7 V7 b EF—EEEREIRE ST, 27 M3
XN TR — bR F—EIEEDERICHEE S L
(Ohshima et al., 2007). Z DOFEBFERE 7 A EREZR
BTHE, RBIFBAT—FTIRZ IV M FF—EDHE
FELRWZ EIZR D, —), RBEET —F 7 S. tokodaii
i, BRIV IA—RAEGHL T ANVT -2 GRS 5
W7V a—A%) VB L 2 WERBR R 2 v C
WA ZEPMHN TV (Kim & Lee, 2005). 72, 7
J AEHHICIE OV 3 ¥ — B EETEHE D SR
MEINTZhdhorz, LAL, HEPSEEICIY A
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% (Nishimasu et al., 2006) .
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S. tokodaii \Z\X UDP-N-T 2 F N H T 7 M43 v &2dd
g AR, — BT T TICHFET S
UDP-N-7 &2 F )V 7 )V 24 3 v AEG RN & RERICEE
T 52 EAHEE S/ (Zhang et al., 2010). ApE-1-1) &
B2 LT Fieh/7 I /810 Y7 £ F kiR
BRI ZORBO 2EBEOIL, 527 M3 V1) »
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VAT M3 1) VBEERT AR, BXUED
NT7YFNVNHETZ M3 1Y v UTP & 26 S
HTCTUDP-N-TEFUH T 7 b I Vv EARTLHEE
it 4 5 2 LSk B, Fig. 1 O ZHERPNUIR TR
BAHE1-) VX 7 LA F NisB/ 7 3 BE-1-) VR T
TV IR R O E BRI RS REIRAT O R, BT —
* 7 S. tokodaii WIZHFHET A ENRRBINTWES
UDP-N-7 v FNVH T 7 b3 VAEGERRERETH 5.
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T2 ETUE, BIET TICEBRNICHR IR TWEF S
M VL) UBOLERICTTZ VI V6D VI,
ESIZF D LEHICUDP-N-T 2 F V7 v a3 VAR
BREETOTZN T b— 261 YERIZHIET 5 VB
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UDP-GIcNAc biosynthetic pathway
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Fig. 1 Predicted metabolic pathway of glucosamine and
galactosamine derivatives in Sulfolobus tokodaii.
The pathways shown within the single and double box
respectively indicate UDP-N-acetylglucosamine and
UDP-N-acetylgalactosamine biosynthetic pathways.

FHETHIEERSL. L2L, 20U Vb, 7V
7 N —ADKR—N R CERL KV REE L.
T, WHEME LTUDPN-7TEF L7V ad 3 VS
R O R EEW A UDP-N-7 2 F VA5 7 b3 vk
AR CTHH SN TRESH 2D TIE v L HEE
L7-.

VIE, BIFET — %7 S tokodaii 1213, LEZFEHEE
SNHER-EAEOPTHAHNCEETL2H0E LT,
TINVZ I EF—EBLI®Y VBILI VI ) U
AbHS 27 M3 VEERTHIE RS —CHEOELED
s hiz, 22T, IhSOBE - EEEFERIC
S. tokodaii DWARFIHAET D00 ? FFET 5 D% S F5H
THIET, ITNETHEBRNTH ZMET - BHE
DOWREEMHATE 5 LHIfFEN/-0T, ThoDORHEIC
WY AT

BTk

7

HRTOT—F7 & LTHBIFERT —F 7 S. tokodaii
JCM 10545 (Suzuki et al., 2002) % f\7z. 7/ & DNA
i, BRI N Tw b (Yamagishi & Oshima,
1990) ICX DB L 7. M2 KB OREBO O KE
4 BL21-CodonPlus-(DE3)-RIL # % Hv: 7.

EEDREAE
TN s b FF— BV TIE, 100mM TrisHC
(pH 7.5), 4mM MgCl,, 2mM ATP, 5mM 7 V% b —

A& &L 13541 2 80°C T 3 4R, AN ihm
WEIZ7 O~ MR 15 u 22 THIGZ BB L
7o, OB %E 80 C TS5, KiFIZ X Y S
ZEIEEE. ZORIBED D HEAMS &R 72D,
3 YE7 (Amicon Ultra-0.5 centrifugal Filter) TFRAME
WMEOEEY; Y TNEAF 70U N T T T 4 —TDH
Fricfit L7:.

VYEBAET I BT E X T — IO W T,
50 mM Tris-HCI (pH 8.0), 1mM MgClL, 1mM Y > B
b7 I /% E LM 13541 % 80°C T 3 - fRinfE, &
MR E 237 0~ MW 150 202 TRIEZE
BlIa L7z, ZORIBHE%E 80 C TI5H ML, KiFiZ X
D RIS E IR S8z, ORI S EAD % K< 72
12, 21 AR7 (Amicon Ultra-0.5 centrifugal Filter) T
RAVERZOERY Y TVEAF v 7a< N TTT 4 —
TOHHIE L 7.

H—FT7 14 v Ty —H#, BRALFMRHEEESE L
A4 rua= 7774 —%{EIZ CarboPac PA10 /1 5
LEEHLT, A=A —HROFETHN 277

BREFE

TNZ FFF—FEIZOWTIE, HEILE Toyope-
arl-DEAE 7 7 24, HiTrap Q 77 7 4, HiTrap-Phenyl 77 5
2\, Toyopeal-Butyl 7 5 2, Mono Q # J & % v CH
Wad7e.

) VLT I BT X T —EIZOoW T, TRETLR,
Toyopearl-DEAE 7% 5 A, HiTrap Q 7 < A, HiTrap-Phenyl
NI AEACTHERET 7. ZNBEDH T AIZONT
X, A= —OHROFMTHEAHL 7.

EABONXKKET I /BEIIDORE

SDS-PAGE #:C48f L 78 & % PVDF JEIC#z5. L
ZOBEERCCEBREOHE T I VY —7 V¥ —"THMr
AT ol WS - OWEtiZ X — A — RO LTI -
7.

M ARELEDEE

HEj =7 v —%2HuTHoNKEDOT I/
RELH A S HEE S N8B T- O ARY % e, #=T
I PCRIGWE 79 4 ~— % %5 L72. 5 KuITMHY
FT57I5A4—IEHEI F o0& % D IZ Neo IHAL
%, 3 KMICHINS T 2 T 5 A~ — I HIBREEE Xho T 38
MENMTBEDTS 4~ — %5 L. PCREGIEX
B 72 n T IS A % HIBREESR Neo 18 £ U8 Xho 1 TY)
WrL, [ UHIBREESE CYIl S 7z pET23d X7 & — I
A L7z HEFERGIRZIC L 0RO HREIT, &%
BNy y—k L7



B EF, ENREF YT, AEA

R 2R INTAIEA T —¥ 22— N3 558
5T 2 F2 5B 2 5 —% KI5 BL21-CodonPlus-(DE3)
RILBRICEEIERT LT, MIBZEAEELTHY
DBIETEMEAEESEZ. TYED) YRz K
LB ¥ <, e L 72 KB BL21-CodonPlus-
(DE3)-RIL % 37C TH;# L, Wk 600nm TOWILEE S
0.6—0.8127% 5 % TEH X, TIITHENE 23.8 ug/mL
1272 X HICIPTG 2z, S 5I237TC T6IEMEEsE
FHESBELC, BAERBOFEEIT 572 10,000 % g,
155 D EECH R BN L, PR, Wk 4 5=
DRBBERUNIRE L7258, Z O RRIRE R % 85 LB
XML 72 B % 15,000 x g, 1555 a0 ook L
L L 80T 105 M o ML E %2 47 - /2. T &
15,000 X g, 15575087z, His ¥ 7 &2 F 5 5 & H
DT, ZOBNIFL—I I 2E2HIERE
1o 7.

fikB L OEE

TIVT hxRSF—F

K7 —F 7 oM MB RO 7V b FF— Bk
VEDAFES B MR L2 2Ah, VYBIE7 V2 F—X
FOTEPLEASLMBL0T, WEICIY AL
DEAE # 7 ATIX 12-17THFHD 7 I 273 »IZ, kKD
HiTrapQ /7 9 A Tl%, 24-31FHD 7527 ¥ a3 »1iZ,
% @ 1 HiTrap-Phenyl # 5 4, HiTrap-Butyl 77 5 4,
Mono Q # 7 A X AR ELT - 7208, T OERET, 1§
WD LM EETNLEAEOEHE IRV RS Lo
7o, BEEE%® PVDFRIZ7 oy FLTWYHHL, Hl4
DY FVELT, HEI7TI By —7r v —THEH
HONKMOT I/ BEH &2 RE LTz, ZofFR, +
TIIAFVFF—EL L THESNTWAHEHEIIZD
WZiZEEhTwninI edflloz, T2 ki, K
TNV FEF—EIE, ThEFTIHMOENTVRVWELD
PHEEFZEHENENS. 5%, N KEOB 2 53
EENLHETFEMPZEAEE LTAESE, Lol
fRFDPEBIC TV 3 F—YiEtEH LT 5200
BEfTo TV TFETH .

DOBET7 I /REIEX T —F

FeAN IR ORI ) VB b T 3 ) RO &
BT BIERT—BENEDLD L0 MHRET72. FO
B2, ZvayIvey vl rvay o) U
LV ODBERINE LSRN, FIT, FvayIv
A UEBEE, Svavve) YERE SRR
TG OIL % ET S8, HEOMRLIT- 2R, 7
Va3 ) VBRI E LTMA AR, o

OBOEHEN Ny — & BN o7z LirL, 7
Va3 Ve VEEEIREE LTALKSRTIE, K
MDY — 7 ok Sz,

HAE, 527 b3 v6) YBRERILTwZN
ZZC, OB A EEWRE L LCHHEL, By —
YO BRSO A B % FET 5Tz vs
ZEeMk otz FIT, NEFRT—FTOVAET
%) VAL L & —Ehk A RIE O ) Y ERIEOME
BWTEBLZ DS, Fig 22) IORTRIEZEITSE
HZEDPMETIE W2 LMfFLZ. ZvadtI ve)
VEREINH & LA Il ST B RUSIE Fig. 212
1) TRIKETH S, HRHENTBEHTZ b3
1) URE LY —EEEEE RSB & T
I3 V6 VEBISHEEFET — % 7 S. tokodaii ORI
I % UG S B 2O E Y O B ALE 2 g L 7.
[[fl— DN EISHEN S NAEITE, SR g
M2 Fig. 20 (1) OB E FABERVALET S L 2R
FTZENRHEE., T, I I 1) UL
5 —BERISSECERM OGN 217> 72, WER%E
Fig. 312R 2%, (1) BLU(2) iZBDBD, REIED
AF27 b1 U8, FVayI e RO
L72bDTH5B. B)ITHFZ b3 V1Y YRIZA
¥ — YR RIS S €26 OERY OSHRERE R L
T2 EHOMBIZH I =7 B8R N TN DL Z L5
B, @)z, ZFvay 3 e M %
I SR EOEBOGTRRE R LB ERETH S
FNaA¥3I L6 UBOY— 7 OEICH 2% — 7 05k

i
CH,0—pP—O CH,0—pP—O

|

o

0
I
o
|
0 o HO }— OOH
OH (1) OH
—
HO OH
NH, NH,

Glucosamine-6-P Galactosamine-6-P

2
CH,OH ﬂ
HO )— Q0—P—O"
OH o
NH,

Galactosamine-1-P

Fig. 2 The expected metabolic pathway used for HPLC
analyses.
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| product (GalN-6-P)

" ——
(5) L, e
~

“@ L——’—“—/

GIlcN-6-P
U
3)
GalN-1-P
6-24.044 L_,/
@ b

Fig. 3 HPLC elution profile of products with two different
proteins. Standard galactosamine-1-phosphate is shown
in (1), standard glucosamine-6-phosphate is shown in
(2), products from galactosamine-1-phosphate by mu-
tase is shown in (3), products from glucosamine-6-phos-
phate by extract is shown in (4), and mixed product of
(3) and (4) is shown in (5).

kDa

116
97

66

45

29

20

Fig. 4 SDS-PAGE analysis of the protein containing in the
fraction purified as phosphorylated amino-sugar
epimerase activity. Lane M and 1 indicate molecular
markers and the proteins in the fraction purified as phos-
phorylated amino-sugar epimerase activity, respectively.

BENz. (3) & (4) OIS THERK S N7 A W AsFH—
DY DOHPRERT B 72012, Ble S S8z (3) & (4)
DS ZRE L TON L. Z0#E% (5) ITRTH,
MELE =2 I3 AUMEICELZ 220, [
—DEEP DO DR B USTHEBE L TV D Z EATR
Ehiz. o, MEEY Fig. 21RT (1) O % fil
S B B A P SR AR T 5 Z LR S h
7o, 2T, AWM R R SRR A S ARG %
A AEAEDORMER»T.

ARG DEAE 7 T A O VM 4312, RO HiTrap Q
#1155 Tld 1420 M52, RO Hitrap-Phenyl # 5 4 C
LWHFESICEIN SN, L, TOmSIZIEFEIZ2
HEOBEAESEEINTVWEEITE 57 (Fig. 4) OT,
MHOERAED NKHOT I/ BEMNZ MR L. &
LM77 I BES 2 O HE S NBEETFORIANRY
F—mRELI-E A, WEWE - TEEoOMEL  BEAE
PEZHIH SN, KR EAEICTFE D O
HEDRERLI2E A, Fig 5 IR THICHIE R EAY
EFHOWCRISZED A2, HORICHELRY -2
DVHEETE 2T S, BT —F 7 S. tokodaii F12
BELHREITNVAYI V6 VBETT 7 VI U6
VUM EERT A LML Y X - R AT
5 WA DN TR S 7z

SRS NIZHB) VL7 I /Y 25— &K
HE% 32— N9 58EETE, BO07 ) MERAHERC
R RABEET L SN TV D Tho72. 20, 14

Substrate

Product

Recombinant protein

226,500

Purified native protein

Substrate only, ..., ‘ L

Fig. 5 HPLC elution profiles of products with native and
recombinant proteins.
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AFREERE L E 7 AR A G D TR 28R L <
WA A A S TR 2 & v ) ity 2 A4
CEDTFED, BHEDOL T ) LML BATALS 5
RTHoTHOAM R LARENT AEEEIh I T
THEN T Do/ T 7 b V6 YEREEET
% &\ B 2T T ORI b BIfE0 iz 5.

(O] #H#¥ DNABERME X 2 L 7 —+F (EndoQ) @ Hifif
i =

BB T2 B W Tik, DNA O 5 & 23 .
FCHIEDBT I 7fLicE D v by vy 7 omis, 7
ToUPERFFVF U, FTZURFH U F R
5 L HBMEFICAEREADIEKE E % %5 (Lindahl, 1993).
LA LA BRI R IR & U X 95 IS8R R 2K
CHZKEDOEPSHAF THLOFEZRALTETY
%. ZDDIILBI AR ML O W THEER 72 DNA 1518
BHESH TV IOTRZVWAEEGEINS, F2132
NETHOAEY TIIASN T Ed oo 7 L
7 —X¥ &5 U7z, Pyrococcus furiosus O 0 N il 8
HFIZeRFH U F 0 5 fllo DNASHZ Y3 2 161 %
FRL 2O Ry EAEZRE L. ZofERIEe
REFF 22T THRL, MOBT I /LEETH D Y
TIYNRFH U F IOV TH FAMICE#RT S 2 &b
7 V) Thermococcales DB DO H TR 7 3 /LI 0B
BRI BERO—D2OTHLLETFHENSE., TNFETIC
HONTVEBREIIHFAES R CHBHOBE L LT
Endonuclease Q (EndoQ) & %1J1¥7-. Proliferating cell
nuclear antigen (PCNA) (3 DNASH L2 254 F L&A
LEMICDNAICERAT2HEHABRZHEL TENLH A
DNAIEH$ 2o 2RI 2 LEX LN TV S
(Warbrick, 2000). Pyrococcus abyssi T3 EndoQ & € 1
ZSPCNA L HHEAEH T AWREMESREIN TV S
(Pluchon et al., 2013). % ZC P, furiosus ® EndoQ % H
W PCNA & DA HEAER % SR IR~ 7z,

BT

BEF/7O0- 76 UHBZEREDRR

P, furiosus H¥ EndoQ (PfuEndoQ) % 2 — K 5% j#fx
T & AL77 T A3 FpET-PF1551 (Shiraishi et al.,
2015) % T site-directed mutagenesis kit (Agilent £,
HHD) I2& D C AR (411-424) RIEZERK (PluEndoQ
APIP) % a— N9 28T Z1FR L 7. PluEndoQ WT,
PfuEndoQ APIP B X OF P furiosus i3k PCNA (PfuPCNA)
DR 7 B - 0 P A2 1E K B BL21 (DE3) Codon-

Plus-RIL ¥ (Agilent £, Hx() %M\, BE#Hk (Cann
et al., 1999; Shiraishi et al., 2015) DN IZEBDOH T 4
ru= g7 4 — 2R TREMEREmE Az MR E
FE OB 280nm IS BT 2 b2 #E L, EVR
KRB E D ER L FFREICHWZZEVBOUREKIX
PfuEndoQ WT, PfuEndoQ APIP, I X U PluPCNA %5%
NZEN 47120, 45630, BL U 7450M 'em™ TH 5.

KRE S5 X E D (SPR)

MEVEH % A3 5 72912 Biacore ] ¥ A 5 & (GE
ANIVATT) RAVT, REH L 72 PluPCNA #1211
B % CM5- F v FICfE%E L7z, % 10mM HEPES (pH
7.4), 0.2M NaCl, 0.005% Tween20 % H \» T PfuEndoQ
WT B X OF PfuEndoQ APIP % K % 7R TR L 7-.

DNA 8 $ & U1 RIS

TAEX VA )V EELFVITX I LA F FOS K
i 12 Cyb & A i L 7z 45-125 (5-dCGAACTGCCTGGAA
TCCTGACGACITGTAGCGAACGATCACCTCA) B L O
I #li 88 45R (5-dTGAGGTGATCGTTCGCTACATGTCGT
CAGGATTCC AGGCAGTTCG) # ¥ 7=V 2 42V AILE
WAKHE L 72, EE & 70 5 A8 DNA 13 45125 & 45R »
0.5mM BEfg~ 7" & ¥ 7 & % & 40 mM Tris-acetate (pH
7.8) W TT7 ==V L THWZ. YIRS IE 50mM
Tris-HCl (pH 8.0), 1mM DTT, 1mM MgCl,, 0.01%
Tween20, 0.4M NaCl % & ¢ 20 L ® FUSTETRIZ, 10nM
F% DNA & 2nM PfuEndoQ WT % 721% 2nM PfuEndoQ
APIP # 2 CB 7% - 72. PluPCNA # WA &1 =
mfk L LTO 5 10, 25 50, 100nM % @i L 72,
75C TH5HMMIS &7k, 40puLDKRIVAT I FE
fl 2 T TBE (89 mM Tris-borate, 2.5mM EDTA) & i
PCSMRFAEL 12% 727 VN T I FAIVERIKED
12t U T 48 L Typhoon image analyzer (GE ~\JV A
7) THHMLL 7.

RikB L OEE

EndoQ REOZICEHE NS PIP-box EF—7
7—%7H¥kEndoQ FET DT I JEENOT S
A x 7 MR L TRz E 25 Methanomicrobiales
% B < A o> C K U FH 4812 1% PIP-box Kk O B 51l A% 7 o
- 72 (Fig. 6). EndoQ 13 Z »EF— 7 %4 LT PCNA
EMERERT 2 2 e shizoc, MEREHORESK
BLUOENPHEBIIEDI ) ITHELTWERIZONT
WX % 72 % PfuEndoQ @ C K (411-424) % RKEK S
7Rk 5 L PfuEndoQ APIP & L7-.
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PIP-box

consensus sequence Qx x hxxAA

Tko EndoQ 409 @IR S | TEF L 416
Ton EndoQ 412 @I T SLMKF L 419
Pfu EndoQ 41 [MIRTLLQY | 418
Pab EndoQ 409 @IL NLMEFL 416
Mac EndoQ 461 @K S L FDF - 467
Mma  EndoQ 461 @K S L FDF - 467
Mba EndoQ 451 f@}S S L F D F - 457
Mija EndoQ 776 EVTLDRWL 783
Mig EndoQ 383 EN TLDAWL 39
Mae EndoQ 415 KTTLDKWI 422
Mmari EndoQ 385 KLTLDSWV 392
Mvo EndoQ 385 KTTLENWM 392
Mth EndoQ 378 AETLDAYF 385
Msm EndoQ 389 LTTLDNF - 395
Mka EndoQ 407 RTLDEL I 414
Nar EndoQ 395 KKLGEF - 401
Aar EndoQ 409 KNLFDYK 416
Pfu PolB 763 EV GLTSWL 770
Pfu PolD2 1253 VI SLDDFF 1260

Fig. 6 Putative PIP-boxes in EndoQ homologs in
Archaea. PIP-box consensus sequence is shown on the
top of the panel: Q, a glutamine residue (black back-
ground); x, any amino acid; h, hydrophobic residues (L,
I or M; gray background); A, aromatic residues (F, Y or
W, gray background). The residues consistent with the
PIP-box consensus sequence were indicatde by the
same color. Tko, Thermococcus kodakarensis KOD1
(BAD85076); Ton, Thermococcus onnurineus NA1
(ACJ15906); Pfu, Pyrococcus furiosus DSM 3638
(AAL81675); Pab, Pyrococcus abyssi GE5 (CAB49547);
Mac, Methanosarcina acetivorans C2A (AAM04083);
Mma, Methanosarcina mazei Gol (AAM31501); Mba,
Methanosarcina barkeri str. Fusaro (AAZ70511); Mja,
Methanocaldococcus jannaschii DSM 2661 (AAB98023);
Mig, Methanotorris igneus Kol 5 (AEF96206); Mae, Meth-
anococcus aeolicus Nankai-3 (ABR56895); Mmari, Metha-
nococcus maripaludis C5 (ABO35878); Mvo, Methanococ-
cus voltae A3 (ADI37103); Mth, Methanothermobacter
thermautotrophicus str. Delta H (AAB85783); Msm,
Methanobrevibacter smithii ATCC 35061 (ABQ87334);
Mka, Methanopyrus kandleri AV19 (AAMO01639); Nar,
Nanoarchaeota archaeon SCGC AAA011-K22
(WP_039268096); Aar, Aenigmarchaeota archaeon JGI
0000106-F11 (WP_042665925). The sequences were
aligned by ClustalW2 (http://www.ebi.ac.uk/Tools/
msa/clustalw2/). Amino acid residue numbers of start-
ing and end of PIP-boxes are indicated on the right and
left of the sequences, respectively.

1,100 1
1,000 o 800 nM
900 1
800 1
700 1 --= APIP
600 1
500 1
400 1
300 1

Response (RU)

800 nMAPIP —
0 30 60 90 120 150 180 210 240

Time (s)

Fig. 7 Physical interaction between PfuEndoQ proteins
and PfuPCNA. SPR analysis were conducted using a
Biacore] system. PfluEndoQ WT at various concentra-
tions (0, 50, 100, 200, 400 and 800 nM; solid lines) and
APIP (800 nM, a dotted line) were injected on the chip
immobilized with PfluPCNA WT for 120 s in 10 mM
HEPES, pH 7.4, 0.005% Tween20 and 0.2 M NaCl.

PfuEndoQ & PfuPCNA B 04328918 E

KT T XEVHHITHB VT PUPCNA % B % L 7=
F v 7% v T PfuEndoQ WT B X Of PfuEndoQ APIP
ZHRMUCHESER ZM@H L7z Fig. 7I12RT@ED,
PfuEndoQ WT (ZH] & 2B DIe & 2 R L, IREEAKLF
Wity % =275 AOBESHEK LA —J PluEndoQ
APIP £ 800nM O HRETHEML Td o 72 Iuk %
IRE Lol ITNHORE LD PluEndoQ @ C K
IZA-AE S % PIP-box BRACHI 2%, PfuEndoQ & O AHHAEH
WEETHLI ENbh o,

PfuPCNA |Z & % PfuEndoQ DEIRTEME DR

EndoQ & PCNA OMHEAEAAMBBND 7 7 2R EH
RIS ED L DB O 2% M5 72912 PluPCNA f#4E
T T® PfuEndoQ WT 3 X UF PfuEndoQ APIP @ 7 % %
A v VR AT TR DNA RS S SIS %
7. PfuEndoQ WT '3 DNA @ 11% % YIli ¥ %
Z 1t LT PUPCNA 2L T (< &, IEEERAER
W2 7R E TIREAS R S 7z, — 5 PfuEndoQ APIP 2
X % 38 DNA oY) 1 PluEndoQ WT & A% ® 10% T
H5D, PUPCNAIC L AR EIZF oK o, &L
ABHE M 72 (Fig. 8). SN b Of5F1E, PuPCNA %%
PIP-box AEAEY % /- L T PfuEndoQ D #ERE % lEHE§ 5 =
EERLTHEY, MBAICBWTmZRLICMm L
AREEN%. EndoQ H3B5-9 % DNA 515121& PCNA
MRD YRR R BEICFS LT L PHEINS.
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A
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(trimer)
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Fig. 8 Cleavage activity of PfuEndoQ WT and APIP in the
presence and absence of PfuPCNA. 5-Cy5-labeled
49-125 dsDNA substrates (10 nM) were incubated at
75 °C for 5 min. —, no enzyme (lane 1 and 14); WT, 2 nM
PfuEndoQ WT (lane 2 —7); APIP, 2 nM PfuEndoQ APIP
(lane 8 — 13); the concentration of PluPCNA was varied
as indicated. Cleavage products were separated by 8 M
urea— 12% PAGE and visualized by an image analyzer,
Typhoon Trio + (GE Healthcare) and cleavage efficien-
cies were quantified by the software, ImageQuant TL
(GE Healthcare).

(] BAFET — % 7 2 5 OFHi B RNase P JEE DK
.-

Ribonuclease P (RNase P) ZEIEME, 7—F7, %

L CEBAEWIZNT S 3DODMEALRM F X A VI

L, Wil tRNA (pretRNA) O 5 K 7at > ¥ 7 K

it % fdtfi T v B (Walker & Engelke, 2006; Torres-Larios
etal., 2006). RNase P i&, filtfitr(s% 39— T Ok
P RNA (pRNA) & filt itk # Wit 5 2 | g4 712 =»
I SN S ) AEEABEEERTH 5 (Guerrier-

Takada et al., 1983). JT4EDOWFFEREF 2 S HIEAN R B
BAWIZBWT RNase Pid pretRNA D7ty v 7%
i3 2 7220 Cid e L, FoiolkiEE o 2 & s
ENTws. FIziE, HIEME O RNase P Tld, B A
FYVDEERRT 7 N — ADGRIZEGT 54 Xa v
® mRNA %, FilKfR45SRNA, VKRZAAL v F R ED
non-coding RNA (ncRNA) #3Z & L TUIWF§ 52 &8
M &N Twb (Esakova & Krasilnikov, 2010). F 72,
BAAEY TIE, 55 rRNA and 7SL RNA 72 & @ ncRNA O
il 12, lung adenocarcinoma transcript 1 (MALAT1) =%

multiple endocrine neoplasia b (MEN-b) 7 & @ tRNA £k
HTHEEZFORNAZE 352 R (Wilusz et al.,
2008; Sunwoo et al., 2009), RNA Polymelase I 3 & OF 11
OHBHIEHAFE LTHRET LI ENHEIN TV S
(Reiner et al., 2006; Ishiguro et al., 2002). EIFME B X
UEAAEY O RNase P I2D W TIIBERE N 2 M5 A% 8
HEINTWBD, KISEMNETH ST —F 7 RNase P
WZOWTIRZD L) WG E 2220,

AWFFETIX, 7 —% 7 RNase P DFEREMRI D 7212,
IR TBRERDPELIN TV LI BIFALET —F 7
Thermococcus kodakarensis (Tko) % 92 BR &F % & L
(Morikawa et al., 1994; Sato et al., 2003; Takemasa et al.,
2011), EIETIRIEIC X 0 ERNICHAET 5 RNase P O
T ERRT S 7L RROER % A7z,

41X T kodakarensis L W] U7 )VE 2 v AR Tl#fn
FHNIIEE LR TH 2 B BN T — F T Pyrococcus
horikoshii OT3 (Pho) Hi3k RNase P #WfZExf &2 L, %
DY T2y PO EERRBICET LML EDTE

= TN E CTOEBKEN S, P horikoshii 1 RNase P
DOfE G2 3 ) PhopRNA D A 7 4V — I D R IR
HERERE N O ISR I B W T pretRNA YIWHE T2 &
5452 % AH L7 (Uedaetal, 2014). ¥ 512, KB
5%, T kodakarensis RNase P (TkoRNase P) D& F
B/ P horikoshii RNase P (PhoRNase P) D& E &
YIBEEIC B W TRBRTTRETH 2 2 &R, K iR G AT
P OMEEOEM CRVWESHEZ RO L2 Rl L7
(Suematsu et al., 2015). Ll Lo Z & 225, P horikoshii
TERL TE AN IERE T kodakarensis |2 W
L, BETHRIEFEBET) ZENTRTH DL EE X7
Tbh, ERKROERIZE L LIE O ALY 2 FEER
Re% T kodakarensis AR D TkopRNA IZ#H 35 Z &
L7,

FBRTT %

BHEMS SUEEMOEESRY

T. kodakarensis KOD1 ¥k b & N 2 D& F A4k, 85T
DB BESRETICB W TR L. B2 ASWYT
B (0.8x ALK, MERETF Z 50g/L, MU T b~
50g/L) &, EBRFEACELTRERES H50
FYENVE CYEES50g/LERIML:. £72, % RS
PRIZERD 7212 Na,S+9H,0 i3 2 #KIEFE 0.05% 127 %
EOWMA, BRSEAFOMRIIZLF X)) Vil E Hw
7o, TU— MRIEICIE, VT4 b 10g/L (FOGHRESE, X
W) & 7z, B o EN 2 I121E, UV spectrometer
mini photo 518R (¥ £ 7 v 7, #4+) Z i L, OD 660 nm
ZRET A 2 LG HEFE % FF4 L 72,
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HERBEZBED T T X3 FOBE

<~ —Hh —@IETFTH 5 PyrF #i5 T & TrpE EI5T %
BT LENRFEICL Y REL 2T kodakarensis
KUW1 845, MFEME 2312 & ) TkopRNA #{&T- D
BATAINV—T2RESIELEDICTTIAIF
pUDAP3, pUDAPS, # L C pUDAP16 ##§2£ L 7-. HRY
W5 T T % TkopRNA itfn T (326 bp) @ 5 HIDOH[H
FHBL (TK1793, 930 bp) & TkopRNA #izF & 271
E— & —5HI% (150 bp) % & A 72 3" Ml oM [F) 438 (TK1791
& TK1792,930 bp) %, Table 1 \ZRL7T 54 <v—t v
I (5FLG-F/5FLGR & 3FLG-F/3FLG-R) # Ji\»T PCR
WX D BEIE L 72, BE L7275~ A ¥ b % Hind III/Pst I
& BamH I/EcoR I CTHll BREEF AL L 7214, pU-Ryo N7~
¥ —|2zu—=>271LpUDRPR 75 X I FZ/EHL /.
pUDRPR 75 A 3 F_ 75 TkopRNA HEF DK A 7 A
NV—TERETLHLDIZTTIL <=+t b (RPRAP3-F/
RPRAP3-R, RPRAP8F/RPRAP8R, # L T RPRAP16F/

Table 1 Primer sets in this experiment

Primer Sequence 5'to 3'

Construction of Plasmid

SFLG-F TGCAAGCTTACTTCAGTCTCACGGCTAAGG
SFLG-R AGCTGCAGTCACCTTTTCTTCGGAAGC
3FLG-F AGGGATCCGAGCAAAAGGAAAAAGAGACC
3FLG-R AGAATTCGACCCCTTTAAGGATGCAGTGC
RPRAP3-F GGCTCTCGAGGAAGTTCCGCCCAC

RPRAP3-R ACTTCCTCGAGAGCCCCCGACCC

RPRAPS-F CCGGCCGAGAGGCCGGGCAACGG

RPRAPS-R CCGCGGCCCCGGTGCGGTGGGC

RPRAP16-F GGAGGGCCCGTGGTAGGCCGCTCAGTCG

RPRAP16-R TACCACGGGCCCTCCCTCGGCCTTGCACC
PCR analysis

PFL-F TCGTGTGGCAACGGGAGTTCAGCTCG

PFL-R GCTTTGGATGCTCTGAGAAGATGAGGCG

RPR-F ACCCTTTTAACGTTCTTCAGGCGAG

RPR-R CCGTAGCCCGCCTTCTGTATCA

TEL-F AAGCCCGTTGACCCTTTGAAGCTCTACAGC

TEL-R GATATGACCTCCGAACCGCCGTCTTCAAGC

P29T-F CGTCAGAAGGACTCAAACGCTCG

P29T-R GCTCGAGTGCGGCCGCTCAGTGATG
qRT-PCR

preGlu-F CCCTCTGCTCTAATCTCGGACG

preGlu-R GATTTGAACCCGGGTCGCGG

preVal-F CGGTCCACCATCCTTGGGTTG

preVal-R AACCCCGGACCTCCACCTTIGT

preTyr-F ATGGAACGGGTTGCCCAGTAGG

preTyr-R AACCGGGGACCTGCGGATCTAC

16S1R-F TAGTCCTGGCTGTAAAGGATGCG

16StR-R CTTAACGGCTTCCCTCCGGC

Northern Blotanalysis

Biotin-Tyr GACCTGCGGATCTACAGTCCGCCGCCACTC

RPRAP16R) % HI\»CT PCR 47\, MMz HO 7
5 Z 3 F pUDAP3, pUDAPS, % L C pUDAP16 % #f§ £
L 7. TkopRNA #f&¥ Lo /RIEMHBIE, ZhFh AP3
1% 2434, AP81368—-79, % L T AP16 13 240—261 T
HbH Fl ¥—I—BEFTHSPyrFEIZTFEZHBY
HBIZ T TdH % TkopRNA BIET- D LHIIHK S X 9 I2#%F
L7

TkopRNA Bz FNEEMDES

KUWLRRIC W LT ERRTHERLAE ST A3 F
pUDAP3, pUDAPS, 3 X 0" pUDAP16 % Sato 5 D
S# L TR L7 (Sato et al., 2003). HHFHL
BRAMWITbI 20 0MRIZIE, PyrFEEFOEADE
i & TkopRNA BIZ FICHRERNZ T I < —+k v b
(PFL-F/PFLR & RPRF/RPRR) #H\WT PCR %479 &
ETENEFNRER L2, RIS, AT LIV —THRIAE
N7-WHE» S, PyrF BIEF2BRET 5720107 F R 3
F pUDPyrFAP3, pUDPyrFAPS, ¥ X U pUDPyrFAP16
IR SR U7, MR R BIUCI, TR L
7B E 0.75%5-7 Vst aF vEEE 60mM NaOH
A ASWYTHER M CEFT S faa=—
PCR #4795 Z & THEAL 7=

/.

KUW1 B4 S S UEEKD 5D b— &)L RNA Ot

£ W% ASW-YT+S® 55 IS L 85 C T —BRATHY
L7z FE, BEHE ASWYT+ UV ¥ o BEE H L AE
HL, HOAEFTHF T8 T THERZE L&, 4T
T 5,000rpm, 20min &0 LAEW L7z, £H L7-HKE
TRIzol ##3% (Life Technologies, Carlsbad, USA) Zi&H
L -80TC THRAFELAZ. +—% )L RNA O#itix, TRIzol
ABEICHER L2 > 70 % v MEROFIRICHE Al
L7.

EE RT-PCR EIC & 28R

fli L7z b —% )V RNA 2% LC, Table 11Z/RL7zH
REETICHERNE 7954 ~—% v, Prime
ScriptTM Reverse Transcriptase kit (7 7 5 /54 #, i)
TiifinE %17 o 72, LightCycler Nano System (17 ¥ =. -
TATT AT 4 v 7 A, H5) &M\ T SYBR Green |
FIZX ORI L7 F72, MATICEY A 2 ViR
(AACt#:) ZIRHL, BIT M OFBURE O B ISR
EEPEEZEAL. ZOB, a¥ ba—)VEETFELT
16S rRNA % Hw 7z,

J—=¥rJ0Oy MEICL BN
WL =2V RNAD»S, LD WRNA 75 7 2
v b &5EUT 5 72812 NucleoSpin® miRNA (Macherey-
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Nagel, Germany) % 7z il L7=% >~ 7% 8M
REEEATZIR T Z7INT I FEERSVICERL,
Trans-Blot® Turbo™ Transfer System (Bio-Rad, USA)
% Hv>T Hybond-N+ positively charged nylon membranes
(GE healthcare, USA) 1285 L 72, F72#i 1
tRNATyr O 7 > F 3 F ¥ v — FIRRN & €4+ F 1L
ENFTU—=TTNA TNV = 3 v &fTo 720k
Chemiluminescent Nucleic Acid Detection Module Kit
(Thermo Scientific, USA) % ¥ v MEIRO FNIZHE VIR
L7,

KRS — VI RZEB TR T b= L8R
KUW1 %7 4 ¥k & KUWAP3 ¥k o o Bhd i # (7.5hrs)

KUWI ( APyrF, ATrpE ) 1.0 kb
PFL« r_,, o RER:T
T_1ki793 P TKi792 K_1Ki791 |
RPR-AY - PFLe {l’enﬂme

X ”"“RN’%

TK1793 A\ PwE XM XX 1K1792

Prar

PUDAPs (pUDAP3, pUDAPS, and pUDAP16 )

l Double-crossover recombination

KWAP strains { TkopRNA AP pRNA, ATrpE )

PFL-F = — BFPR-1
= ! TKI7T93 | Pw-F M X TKI1792 Kirkizor §
[

>

(IK1792 |

TkepRNA mutants
PUDPyrFAPs (pUDPyrFAP3, pUDPYrFAPS, and pUDPyrFAPLG )

Genome

TKI1793

l PyrF gene pop-out recombination

KUWAP strains ( TkopRNA:AP pRNA, APyrF, ATrpE )

FFL-Fey  —s PR}
e TK1793 TK1792 K TKi791 |
RTR-k*~ *=IFL-& Genome
ThkopRNA mutants

225 b—4% )V RNA Z i L, Macrogen f:IZR AR S —

U T X % RIS & AL 72
HRB LB

RNase P DM 2K T 3 B -EE DR
P, horikoshii H 3k RNase P O FHHE R FZER D& H0 5

TkopRNA L@ P3, P8, =L TPI16 XA F &) — FHEiE
DRIEH RN OYIWHEE Z P IE T T 208 LT
W3 EEZ, MHEAMBZHO T X I F (pUDAPS,
pUDAPS, # L T pUDAP16) #1E# L KUWI1 RIZH L
TRHEIE# %17 -7z (Fig. 9A). 79 A3 FLhiZid~—
H—BIETFEEALTE), TORETHEERL LD

PyrF locus (—)
KWAP strains  KUWAP strains

B

M KOoDKUW P3 P8 P16 P3 P8 P16

ThkopRNA ()

KUWAP strains
M KODKUW P3 P8 P16

500
400

300

(bp)

Fig. 9 Preparation of T. kodakarensis mutants with TkopRNA deleted stem-loop. A, Design of the plasmid for deletions of the
TkopRNA gene by double-crossover recombination and PyrF gene Pop-out recombination. In the construct, the gene segment
encoding TkopRNA was placed downstream of the pyrF gene. The genes encoding TkopRNA and its deletion mutants are shown
in dark grey and light grey boxes, respectively, and other flanking genes including PyrF are in white boxes. PFL and RPR primer
sets indicated by black and grey arrows were designed in the 5" and 3’ flanking regions of PyrF and TkopRNA genes, respectively
(Table 1). B and C, PCR analysis of PyrF locus (B) and the gene encoding TkopRNA (C) confirming deletion of the gene seg-
ments in KWAP and KUWAP strains. DNA size markers were run in lane M, and their sizes (bp) are indicated to the left of the
gels. The results of PCR with T. kodakarensis KOD1 and KUW1 are indicated in lanes KOD and KUW, respectively. The results of
PCR with KUWAP3, KUWAP8, and KUWAP16 are indicated in lanes P3, P8, and P16, respectively.
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HRAMBZ P fTb N hOMEEIT- 72 BoNni:
KWAP ZE B8k (KWAP3, KWAPS, KWAP16) (Zx} LT
794 <—+v b+ (PFLF/PFLR) %M \TCPCR %#4T>
AR, BAKRI DL PCREA2EVWI LS5 HMD
AL PyrF A FASEA SN TWSE 2 L SRR T E 72
(Fig. 9B). K2, %5 N7z KWAP Z S #k 7> & PyrF &
EZTFx2#BRET L2017 5 X3 F (pUDPyrFAP3,
pUDPyrFAPS, % L C pUDPyrFAP16) % & i L 72
(Fig. 10A). 1§ 5 1 72 KUWAP & % ¥ (KUWAPS,
KUWAPS, KUWAP16) (2t L CHBO T4 v —t v
FZHWTPCR 217 o 7245k, PCRITH 238 < %5 T
WL ZEND PyFBETVRBREINZ ENHRATE
72 (Fig. 10B). F 72, AF AL — FHEENKRBENT
WA DDEREAT D 72912 TkopRNA IR % 75 4
~—+<% v b (RPRF/RPRR) % l{\» T PCR # 47 - 7= 4§,
FAKRIDBHEPICHEHWPCRIFF PR TE 2
(Fig. 9C). # Z T, 13 b M7= Rk KUWAP3, KUWAPS,
ZLTKUWAPI6 123 LT, DNAY—2 vy v 72
& ) TkopRNA OFLHI ZFER L 7L 2 AZNENHMD
AT LNV —THEBDO AR EN TV,

EERED LR

PPtk X 0% O N7 RRRO LT HEE 2 W L 724
B, KUWAP8 (2 DWW TIZ KUWL #pA R E B L THE
TEWHR SN2 572 (Fig. 10). L2 L, KUWAP3

0.8 T T T T T T T T T T

0.6 [ .

0.2 | 4

0.0 1 ] ] ] ]
0 3 6 9 12 15

Time (h)
Fig. 10 Growth profiles of wild-type KUW1 and its mu-

tants. M, Wild-type KUW1; [], KUWAP3; @, KUW
APS; O, KUWAP16.

& KUWAP16 Tid, #HNMLAFTREIZNENT76%
ER%FTTHRYL T, UTOERTIE, AFHE
WCHERADR SN2 KUWAPS 255t & L% o
TWw kel

Pre-tRNA OEEE DIRET

HARMNIZ BT % RNase P OLIRHIGHEAME F LCTwWab
DOREFRITIE, KUWL BB & Y KUWAP3 225 b —% )L
RNAZ##ii L, & RTPCRIEB L/ —F 7oy
MEICXVERMi 24T o7z, =% v b+ &7 5 pretRNA
DEEIIX, codon usage data base (http://www.kazusa.
orjp/codon/) #BE\ZZDa N ¥ OHIBE A & EE
L7

XY (75 hrs) FTRELZBEE2S =51
RNA 7 #li i} L, % & RT-PCR % 12 £ 1) pretRNAGlu
(GAG), pre-tRNAVal (GUC), 4 L C pretRNATyr (UAG)
AR RICEREA KL ZoME KUWAPS 1B
W T pretRNAVal & pretRNATyr 5% 1.3~1.8 f5 &AL
TW5BZ DR TE 7 (Fig. 11A). $ 72, pretRNAGlu

A B
2.0

Pre- Mat- KUWI1 AP3

—
W
T

Relative amount ( Fold )
—
=

S
n

0.0

pre-tRNA

Fig. 11 gRT-PCR and Northern blots analyses of pre-
tRNA transcripts in wild-type KUW1 and KU-
WAP3. A, qRT-PCR analysis of pre-tRNA transcripts,
pre-tRNAGIu, pre-tRNAVal, and pre-tRNATyr. Wild-
type KUW1 and KUWAP3 is shown black and grey bar,
respectively. B, Northern blots of transcripts using a
specific primer (Biotin-Tyr) complementary to the an-
ticodon stem-loop sequence of tRNATyr (Table 1).
Approximately, 200 ng of the small RNA fractions/lane
was separated on 10% denatured polyacrylamide gels
containing 8 M urea, stained with ethidium bromide as
shown in the lower panel, and transferred onto Hy-
bond-N+ positively charged nylon membranes, as de-
scribed in “Materials and Methods”. Pre-tRNATyr (0.2
ng) or tRNATyr (0.2 ng) prepared by in vitro transcrip-
tion were used as standards and are indicated by Pre-
and Mat-, respectively.
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IZ2DW T KUWL B Ak B X 0" KUWAPS [ T & &
EIR NG oz

W B REEEAT ) 720D ICtRNATyr O 7 v F 3 K~
NW—TIHRW T -T2V —Fr7Tay Mk
W2 X ) Fl % 47 o /2. KUWAP3 T RiERIATH 5
pretRNATyr O /N ¥ R & AT dH 5 tRNATyr DN~
FEMINT A2 LACTEL. —)T, BEKTIEATRE
Td % pretRNATyr 23 2 12 i X 72 (Fig. 11B).
Pz &hs, KUWAP3 HINIZE VT RNase P DY)
WHGEAME T LTV B2 L2 MRTHIENTE .

R — T I — I L 2FREEDFER

KUW1 % 24 #k & KUWAP3 ¥k o 5 £ 3856 3 (7.5 hrs)
o F—=FZVRNAZHIE L, RIS —F7 =12
X ) YRIEACA & MR IARAT L7, BUEE TIC, 3o
WiEF 7 9 X % — (TK0179-TK0180-TK0181, TK1103-
TK1104-TK1105-TK1106, TK2018-TK2019-TK2020) #*5
JEH X 7z RNA 2%, KUWAP3 (2 8\ T %4k KUW1
FVZLERLTCWD I LARENS. SR, b
DBIET 7 7 A& — B Y ® RNase P 12 & % VIR
HoFHL, ZOMOEGIEY DI DV TR %
HTWL.

2

RS & 7 AEMO I 22 5, Mg C%
UG 7EE B s UG & i3 2 BRI S hTn
WA, IR RS R SRR AT 2
ERFBEREETE2ERABOBERICE R 2 LAVRE
N7z, G, WBIFE T — %7 Sulfolobus tokodaii O HEH
Rt o 7 v 7 b FF—Li3THERE T, VU
b7 I /T ¥ X —¥EAEIZO W TIEE T O E
FTITH Z k7.

DNAEIOBL 7 I 7ALIZEARNTHIFERIBEIN
BRUFNER SR, A IGBIEMET — % 7 Pyrococcus
furiosus H* 535, L 72 Endonuclease Q (EndoQ) (% DNA
HOLRFYS VTV, 95V VBITFHrFros5fl
DY VRY T AT IV 2 RIS 5 D TH T 3
7 At DNA ORI 2 BEICHB L TWwWab & FRLTW
%. Proliferating cell nuclear antigen (PCNA) i DNA $4
FEZAT4 FL&HSEEICDNAIIEHT2EAE %
FELTENSD DNAIHER T 5o 2 et 4 2
LEZHNTw5. EndoQ IZALFIMIC PCNA & #HEAE
MY %7:00m5EF—7 (PIP box) BMiZHLTH
O P furiosus ® EndoQ = W TEFNZFN D PCNA & D
MEAMEH %2 FEHICH Rz, ZOF S EndoQ-PCNA J# 5
G A 2385 S L PCNA OAFAE T T EndoQ @ & R % 4

VFUVERIY FX 7 LT i s h 2
DY R HEAE X PIP box KeBLH %2 K2k L2 RKT
g s N 572, EndoQ 3B5-3 % DNA 5151
13 PCNA 2580 D 3R 2 B HICH S LTwb & T4
YR

7 —% 7 RNase POEREMHEZHWE LT, P
horikoshii & BRI EFIECTH ) BIZT-HIE 2 RA
L ENT W5 T kodakarensis KUW1 #: % Fi\v», RNase P
OYIWIEE % D SRR R L7, BREOME
#1213 PhopRNA Z AR IC I $ 2 W sefs Ric kO &,
TkopRNA BHIZTF DK AT LV — THEEZ KRB L-ER
MR L7, e oMAMEZH 79 A3 FE2IRER
W52 LT, FNENKEAT LNV — THEE P3, P8,
Z L TP16 & K L 72 % 5k KUWAP3, KUWAPS,
KUWAP16 2SI N TWB I L 2R L. Boh:
25 Wbk & KUWL B PE bk o0 42 T 2 Lk L 72 5 4,
KUWAPS (3 B bk & M ERIZAEE L7245, KUWAP3 &
KUWAP16 (2B W T AEFHESD T2 LT
(76%~92%). X 512, T kodakarensis KOD1 ¥ a2 F
VHEAZE L CHREBENWEREEOR NI FUITHT 5
7 ¥ F 2 F %D tRNAGlu, tRNAVal, tRNATyr % %t
%L LT, KUWAP3IZ BT 5 pretRNAD ERE&E %
qRT-PCRIZX VMR L7, ZofsE, &L HHHEED
BV IRNAGIu TREEZE R ZIRON o723 00,
tRNAVal & tRNATyr iC Do W Cld Bk & ik L T
KUWAP3 IZB W TZDER =D 1.3~1.8 12 L
Twiz. R%IZ, KUWAP3 & KUWI1 94 #k ® RNA 1
HEFIRBIZED VT VA2 )T b — LRI O,
KUWAP3 IZBWTEMICER I N TV 12O BET
PR EN, ZR5D) LIEDOBEFA3I DD+ X1
VEBBLTWwWAIEERML. 4% Zhootx
O %9 5 RNase P DT s ifr S h 5.
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Application of the gene resources identified within extremophiles

Sonoko Ishino, Hirokazu Suzuki, Yutaka Kawarabayasi

Laboratory of Functional Genomics of Extremophiles, Graduate School of Agriculture, Kyushu University
Hakozaki 6-10-1, Higashi-ku, Fukuoka, Fukuoka 812-8581, Japan

Some enzymes identified from thermophilic archaea exhibited lower Km and kcat values than those of the bacterial
counterpart enzymes. Sugar-1-phosphate nucleotidylyltransferase activity of the ST0452 protein was successfully
increased by introduction of single substitution into the amino acid residue located at the reaction center. Also in-
troduction of the short deletion at the C-terminus increased the amino-sugar-1-P acetyltransferase activity of the
ST0452 protein. Also it was shown that truncation of C-terminus region enhanced the sugar-1-P nucleotidylyltrans-
ferase activity encoded on the N-terminus of the PH0925 protein. These results indicate the improvability of ar-
chaeal thermophilic enzyme, and their usefulness in application.

The DNA polymerase from Thermus aquaticus (Taq polymerase) has been used globally for PCR technology. We
attempted to develop chimeric or mutant Taq polymerases with improved PCR performance by utilizing informa-
tion obtained from the metagenomic analysis. Some chimeric and mutant Taq polymerases displayed higher prim-
er-extension rates and higher affinity to the DNA substrate than those of WT Taq polymerase. Based on the prop-
erties of these chimeric enzymes and their sequences, the mutant Taq polymerases with superior speed for the
primer extension reaction were designed. These mutant Taq polymerases displayed enhanced PCR performance.
Genetic tools useful for functional analysis of heterologous thermophile genes in a thermophilic bacterium, Geoba-
cillus kaustophilus HTA426, were developed. An upstream region of GK0704 gene of the strain HTA426 (Pgk704)
served as a substantial and maltose-inducible promoter in G. kaustophilus. Using the promoter, various genes from
heterologous thermophiles were successfully expressed, conferring remarkable properties to G. kaustophilus, al-
though some of the genes hardly expressed in Escherichia coli. This result suggests that the expression system us-
ing G. kaustophilus is more practical than that using mesophiles for in vivo analysis of thermophile genes. This
study also generated new selection markers functional in G. kaustophilus (chloramphenicol and thiostrepton resis-
tance genes) and a new strain, G. kaustophilus MK244 that accepts DNA from most E. coli strains due to the defi-
ciency in DNA restriction-modification systems. The strain MK244 enables to construct large chromosomal librar-
ies of heterologous thermophiles. New selection markers facilitate complex genetic modification, including
multiple gene expression, in G. kaustophilus. Therefore, these genetic tools, as well as Pgk704, can contribute to in
vivo analysis of heterologous genes from various thermophiles.

Key words: thermophilic archaea, thermostable enzyme, host-vector system, DNA polymerase, PCR
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PELSENE i A7 NI/ | R - N

AHEICIE, 320HHPEINHDT, ThThi
DWTHE - EBTE - MRB L UEHEZRT.

(1] BT — % 7 B AU B IR0 M o e
w8

WA OWSEE [HFE M2 SEREISEE S Tw 58
T —F 7 OMAY - BEOKEMT] BLXO%H
DOFFIEE EMEZ IS e L2BIFR T — 5 7 OHHE
HE - BEOHEE L 2O 2ERICETTHI LT
INE CHMOBERCTIZHS Ik o Tk o 2EEER
WA SN2, ELHBOBEST - BEREED
FAEPHERINTE . InBiE, 77 AERP S22
TIHEET A 2 AR BV E DT, EEBRIYENT THO
THONLEELBIFAT —F 7HEROBEETERTDH
5. BT — X 7HROBEAYE - BERIE, HiRSCT
LTEWEELEZ RS I 05, B LR 20 72
BRI, WEEESORHATOFMIZHITEASNT
W5, TR T —F 7 HREERE ORI Y EEX
LA F FER/7 I 1) YEBRT £ F ViR #%
(Zhang et al., 2007) OFRIZ, KmEHAN7 71) THED
BEOLDENRDL L/NSVIGENH L. THITRIGIC
Ao HEITHBEETHAMATELZLERL,
BIFBT — % THRBEETOARMR N THS., LiLh
M5, keat [HIZOWTH NI TV THEREBEZO LD L H
WORBMEH T TOME R LGS, 2TH560/h80n
it HhdH 5 (Zhangetal,2007). TDOZ ki, Koo
TEINT T THROBELYH WL D DENE W)
ZEERLTVDS. BT -3 THREEOET b
KOFETH BB - BVEth: 2R L7 F £ )00
WEE FIF5 2 EAHEE, SHETIERISHEMIC AR
bLEZOLNS. £IT, A AO&EAY - MEOET S
TWEPE DI HL Y LA 72,

KRR 5

7

HIFE T — 7 Sulfolobus tokodaii JCM 10545 (Suzuki
et al., 2002) # w7z, 7 A DNAIZ, BREICHESH
TWA ) (Yamagishi & Oshima, 1990) (12X ) &L
7o, Rz EAE OB O KB BL21-CodonPlus-
(DE3)-RIL ##% /2. ¥ 7 VEEKREROBIZIE, M
MERLAZEZRENEZI—-FLTWBETIRAIF
DNA (Zhang et al., 2007) #=$# & L THW .

TRHERFE

HER, REERZPEATDOCHEY) %+ — N —
TG TEETDLTIA—%ikF L, PCRICX > THE
BAEA L. Bohi-z70— 2 i2onTld, KA
ZIRGT H I L TFELLEEIEA SN T WD 0 fERE
24772

TEGEAEDOEE

WA 2 RSN KR ERBETFERORBENRY
% — % K} % BL21-CodonPlus-(DE3)-RIL #k (2 T & iz
TAHZET, MAEAE L LTHWOLEREETHED
ZAEPES T, B VEEX 7 LA F NERg/ 7 3 K
1) VBT e FVEBRBBRERBEANRS ¥ -3 T v
¥y, PHO92S EABERIHNRY ¥ —DYGERI AT~
A2V RMA TR LB Bsdb ¢, TR L 72 KW
BL21-CodonPlus-(DE3)-RIL # 37 C TH;# L, ®E
600nm TOWIEEHA0.6-08 2% 5 FTEFSE, £
CACHRILPE 23.8 ug/mLIZ 7% 5 X H W IPTG 2z, &
51237C Te MR E L M L <, mAOEEHOFELE
#1772, WK% 10,000x g, 155D LB CHEE L,
Veite, WO 4 BEOBERICERE L%, Z0KE
WEBEFRLHEST 2 2L CHARZ MM L2 B %
15,000 x g, 1550408 L, Lg% 80°C T1054- Mo
BALH % 1T 5 72, FEE 15,000 % g, 155555050k L 72
His # 7 %43 A EAEIZoWTIE, ZOHENIFL—
M T AEHCTAERE TS 72

BEHEEEX, BCARAE 7 vEAf4 £y bEHWT
HWELZ BHEEICOWTIE, SDSRYTZY LT3
7 NVBLIKENIC X > THEZEL 7-.

EEDRE S E

W) VEERX 2 LA F R/ T I ML) VBT &
FUEERER, PHBMEHEOE T HH-1-) VB
& NTP Z #5445 iE 122w T3, 50mM Tris-HCI
(pH7.5), 2mM MgCl,, 10 mM NTP, 0.1 mM ##-1-1) >
EEUINE 0L ZH S5H LD 80T T2 4 MHRRL
7ot%, 50ng OFHEEAEAMA LI L TRIEE A S —
&7 Kb % 80 C THAT &, LB % Wakosil
5C18200 % 5 & % %35 L 72 HPLC THHi- Em 2T o 72
(Zhang et al., 2005).

W) VEEX 7 VAT R/ T I ML) VBT
FNVIEEBHRILGT L5 ) —20FEETH L, 73/
1) VBT R FVEEREEIC O W T, TReF v
DREF—=THDTEFIVCANS, KISDHEITIH -
THEEENDS COADAEREZHVWTHELE. oK
Je i, 50mM Tris-HCI (pH 7.5), 2mM MgCl,, 2mM
7 F NV CoA, 2mM 7 I JHE-1-Y) Y E ST BB

- 104 —



o BRER B B AR - B IR O I

104LZH50 LD 80T T2 MR L%, 50ng D
FWREOEZMZ A ZETHRIBEASY — &7z, Kb
T # 50mM Tris-HCl (pH 7.5), 64M 77 =¥ » il
W40 L % N 2, % Z1250mM Tris-HC1 (pH 7.5),
1mM EDTA, 0.5mM DTNB ¥ 50 L #MZ, 412nm
OWSEEZWE LT, FUbx EmiflE L7z,

FXT 1 U AN
KBFELOX I T4 7 A 2RO B0, WS
Ty MIXBZEPTDKn B L W keat %KD

fikB L OEE

ZTRICL I EAHEERREEDORE

BE1) VX 2 VAT FER/T I /B VBT
FNVIEBBEENAETANTEF VIV aY I 1) v
& UTP 2 #&3 A5 IcowTid, EhLoT 2
JBET I UICERT L ETHAREAR LD D
1.3-15 itk 2R3 5 MO EREKIZ O W TS
MELTE7 (Zhangetal,2007). L2L, TOLEHL
72T N T T - KGR OBEMOBERIEE L L
TEREZENLDTH o 7.
1HOEREZEAT LI ETIHMEE ER €L A8
TEZS5HHEOER Y BHMALGHLEL LT, b1
W E LA SELIEVPMELZOTE LA LHENL
7o, FIC, ZHEHOERERR - O—-VIEALLD
HEERAREL) VB 7 VAT FiER/7 3 1)~
W7 e F VAR LR L. FoKE, Fg 112

2.0
2
=
S 1.5F
g 1.
£l
bk
=
S 10}
0.5}
0 - ﬁmmmﬂﬂﬂ
L IIINMAT SELIIAIIIIS
N N N
STSESESETSSESETSESSSS
o N A o~ KT AT S XA S N~
o X L L XL XXX
¥ SIS T T
S ST FESFSIK
2 COERRES S

Fig. 1 Relative activity of the wild type, single substitu-
tion and double substitution mutant ST0452 pro-
teins. Specific activity of the wild type ST0452 protein is
2.2+0.1 ymole*min ' - mg protein”".

AT LI, BHTHISERO LA SHRETE AR
TH THELERKITHARAATEEITE, BEALRELET
DO EERARNE1L) VY BX 7 VAT NisR/ 7 3 HE-1-
VBT T OVIERBEEE D O I AR O 10 % 2B
ToEELrmBEIh o/, TOMEZ, ZoOlE
OEBRNPFEIFIC—D2ODOHE-1-) Y BEX 7 Lt F N/ 7
I BELY) VT b FVEEBEERICEAS NS L, I
DI T35 2 2R LTWA.

Z 2T, Blole i TOFEHAREDWREIEIZ DWW T
Wit 247> 7. B—ZEROBICRHIFEED LASEH» -
72 D1F97F H D Tyr % Ala 12253 U 7228 BLRE-1-0) ~ R
X7 VAT FiEB/T7 I 1) VEET v F VIR R
EZThotz. ZOITFEHD Tyr 2MOETHOFEEHD 7
I BRICER L 72 BERAROER 2 HA T, KIBRTOR
BOWR, ETOLEREIWEYE - TEREAHE LT
I, 22T, FERKRE-1Y) VEX 7 VEFF
/7 3 )R- VBT b FOVIEREZEO N7 T
VIZNAFI V1) VBBI SV a— 21 VEEE
UTP O AT O WTHIZE 24T > 2. ZOREE
Fig. 2 \a/_ L7z, —EMTH - 72 6 FHOE 2K T
WD L RAFER SN, Zoh TR D G
BN YIIN TIZEpARIpE1-) VEEX 7 L F Fig#g/
T ML) VBT v FOVIREBEEENA LT AN
LU THRASEECIEEZ R L7, F72 YOTM B RAK
EHETIE, NTEFLVZVvay3 vl Ve UTP
FRATAEEIMGESNZEEKELI Y Y, Fva— 1.
) UHRE UTP 24663 2GR I Nz E 01T
BREVEVIEMSRWE SN T2, ZERTH-

wn
f=1

f
4.0
2
z3.0r
g
o
2200
k|
&
i
ol

wi[NH QS L M,

Fig. 2 Two sugar-1-phosphate nucleotidylyltransferase
activities of wild type and mutant ST0452 pro-
teins. Open bars and hatched bars indicate GIcNAc-1-P
UTase and Glc-1-P UTase activities. Relative activity is
shown as a ratio of each activity detected on the wild
type (wt) ST0452 protein.
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TS OLERAEHETIX, NTEF VI VaY I
-1 YR E UTP & OfSETHED AMMEE S Tz,

INSDOERD FANEOMAERIZE > Th &k
ENTVZOPEHS2ICT 57201 I h
EERAROP ORI BERIKIZONT, ZOEEOMEL
7y ML EPFTO Km B & O keat il O IRHTIZHL
DHLAZE. IEMEAMEME S B RARRE1) VIR 7 L
FRERB/7 I 1) VBT T VERERBEEREO T
T, RN % YOTN (W5 O AR & BA- L7225 E),
YOTM (v a—A-1-) YL UTP %6 73 AEHE0R
HEHRORD BHWERK) BI YTV (N-7EF V7L
a%3I 1) UEEE UTP 2463 A0 A LA L7
BEK) 1200 TC, ZOHEEOHKT Ty ML bR
3D Km 3 X O keat i % AT L7z, 2 D4 % Table 1
IZRF 25, YI7N TIEM G oGtEo, YITV TIEN-T &
FUTNVatI 1) YBEE UTP 2463 0 &
D keat A LA LTz, —75, YO7TM Tl il otk
D keat fED LR DFERE NS, v a— A1) Vi
& UTP 2% &5 51 Tl Km0 ERA5 2 {548 7
DI, N-TEFNT Va3 vl Ve UTP 2854
XEBIEETIZ, Km0 ERE L o TV,
ZOZEPSL TNV I—R1Y) YEEE UTP #8463 510
WD HIEED LARFEIRELS ZoTHM D LR
bND. S OERMEIZONT OIRERED S, A8-1-
VUYBRX 7 VAF FER/7 I 81D YRT 2TV
BB REVAT AH-1-0) VR E NTP & oA
WTIE, =207 IV BREICEREEATHILT,
KEARETE B Z LIRENT.

Wz, FUHE-1-Y Y BX 7 LA F Figi/7 3/ HE-1-
VUBT v FIVEERBEEFEO CREHICI-FINT
WBT7 I HELY) VBT FOVEERBEEICOWT S
AT 2 2 EDSMHEAIY JA 7. HEROA~DERD
BATHEEOREIIR SN2A, BHEFETIELh o7
FRICHLT, CERMDOT I/ BEFRIL BRI RIS
BIET, REL Va3 vl VBT £F VIR
EES LR T 5 2 L MRSz (Table 21). C Ko
BEFRILR IR S S GE, ARWEMIZ4.865, 1UFRHER LS
Tof, EIK168fE LA L. —F, A7 b3 v
1) YRR T S VEERIGEICOW T, 5EREB LY
1REDORBIZE D DT RRP KT RALNZ. F/2
N RFHHIZT— FENRTWBENTEF VIV TSI v
19 YEEE UTP 2843 A2V Tk, ZoxkE
WL BB EA LR N o7z, T2 i, R
W1 VEERX 7 VAT R/ T I L) VERT T
WEBRREIES O C K5 11585 O SIS I AME-1-1) R X
7 VAT N/ 7 3 /1) VT e FOVERERBRER
MBCRMBEIIZT— FLTWSB T v F VLRI

HLTWAMREMEEZREBLTVWS. Zhb 725 v
BRI DMIGE S N7z 2 DO REEFKEZIZOW
T, o7y M2E 2 B30 Km B X O keat
fEDIENT % 1T > 72, ZOFREHE% Table 2 NIRRT A5, =
NEDOERETHREMMESNTV/2DIE, keat fET
Btz 5ERHE - IVRERK S S RARHE-1-) VR
s VAF NEER/T I 1) VBT e F VIR R R
T, ZNvay 31 VBT v FOVEERIENED keat
ERZENENRK 4 55 - 1885 LA L Tz,

HBUFE T — % 7 Pyrococcus horikoshii 233 %, H A
RV )AL IV AT—EL ) — A1) VL
GIP 2 & SEHWEMD 2% FTENL 77V
¥ a FOVEEF PH0925 A BIZOWT D, ¥/ —A-1-
VUL GTP 2563 AIEMEAVMRE T & 2 2l A 7.
ZOFER% Table 318 L7z, A PH0925 &ZHE % C K
Wi BRI S EREBRAEORIANY & — 2 i
EL7 INHSORRERBEAED KBWNT, Wik
- EEAE S L CAESHER SN CRImM D
5147 3 J FRFRIER S & B L B AR PH0925 & 1E S
RTEEOML2MEOWEMEAS, & 512 C K 5114555
DT I EERRSED EWERBEAENHET DD

Table 1 Kinetic parameters of the typical three mutant ST0452

proteins
Proteins GlcNAc-1-P UTase Glc-1-P UTase
Km keat keat/Km Km keat keat/Km
(mM) (s (s''mM™) (mM) (s (s''mM™)
ST0452 0.030%0.014  1.45%+0.19  54.9 1.03£0.21  1.24%0.18 1.21

Y97M  0.039%+0.012  2.31+0.26  60.4
Y9N 0.306£0.181 22.06%£7.73  86.9
Y97V 0.711£0.089 12.84+0.52 184

1.60£0.29  5.71£0.81 3.61
2.58+0.52 10.30%2.26 3.98
0.64%+0.13  0.22+0.023 035

Table 2 Specific activities (1) and kinetic parameters ( II ) of
the N-acetylglucosamine-1-phosphate uridyltransferase
and amino-sugar-1-phosphate acetyltransferase activi-
ties of the wild-type and mutant ST0452 protein

I

Protein GleNAc-1-P UTase GleN-1-P acetyltransferase GalN-1-P acetyltransferase

(umol/min/mg protein)  (umol/min/mg protein) (umol/min/mg protein)
ST0452 22+0.1 674+ 12 47.6 = 0.7
DCO005 20=x0.1 3235+ 132 38.0x 15
DCO11 2.6 £0.1 1130.7 £ 45.6 29.6 = 0.6
I
Protein  Substrates Kin keat kea!Km
(mM) (D) (mM's™)
ST0452  Acetyl-CoA 0.63 = 0.02
GleN-1-P 0.59 % 0.05 1232+ 46 211.0 = 14.1
GalN-1-P 171 £ 0.2 69.7 £ 6.9 408 = 3.7
DC005  Acetyl-CoA 0.52 % 0.00
GleN-1-P 0.56 = 0.04 490.6 + 35.6 8692 = 2.1
GalN-1-P 0.84 % 0.05 179+ 03 215+ 1.0
DCO11 Acetyl-CoA 1.69 £ 0.07
GleN-1-P 1.55 +0.01 2310.8 = 12.4 1488.9 + 13.4
GalN-1-P 0.66 = 0.09 126+ 1.3 196+ 05
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Table 3 Specific and relative activity of the wild type and trun-
cated form of the PH0925 protein

Length of truncation

from C-terminus Specific activity

Relative activity

(residues) (umol"'*min"-mg! protein) (%)
PH0925 0 0.20 £0.002 100
DN450 14 0.25 +£0.02 125
DN350 114 0.71 £0.05 355
DN345 119 0.16 +0.01 80
DN328 136 0.03  +0.0002 15
DN321 143 0.002 +0.0003 1
DN310 154 0.002 +0.0001 1
DN271 193 0.0003 + 0.0001 0.1

RSSO RS ZENHLhE o7, LdL,
I 5 FRIER LS B LiHTIZ I AR O 8 HIN LR
THIENS, ZO5 T I EERIEDFEEIZA PH0925
EHHDa—F+h<r /) —RA-1-Y) VL GTP ##54
THEEEHAT 2k sHL L EbNS. F/220
PH0925 #& F1 & @ C K ¥ A 51005% & o 583813, &
PH0925 & HE D N RKimfIRICAFET 5~ v /) — R-1-1)
VL GTP ##5& 3 2 M2 ¥l 2 B fk 2 1o & ik
EEND.

Yk, RUZZ3D0BIORIZHITFE T —F 7 HkEER
T, HEPONOEROBAD L VITHEELREIOK
KOBAIZEY, TRELTWAGEEZKEL LRER
HTEDNMERIZ L V) T ERIREINTZ. Sk, BB T —
F 7 HROMOEEH T D WD T TGO LA 25 58
PHEREBIhoTWE v, T2, ERE LA SES
C MR EBRENEIL, SHOWHARETORAIC
LA L TV E 72w,

(0] BHOFEAIZL S DNAKRY X 5 — Btk
#Oa

itk DNA R A 5 —FId@z T 7o —=v 7R
HUSENT, PCR SO RAZTIRMEEM L KA TMKE LT
7z (Perler et al., 1996; Terpe, 2013; Ishino & Ishino, 2014).
LD BEM% PCREZZ1G5 -0 MEW D & i %
FRERTHLRAAIREICDZ o TRITONTWED, 5
FHAM B L OB REMORRA D D RO N AEWEREL
PR SN TWhRW, &2 CHRFER 2 ROV H
RKOBIZTERZFAT L2 LT, REEDBEETD—
B AR OBET LG IS T, BETFEDOREE
WEEEESN L, SVERIEEL BE T 2 85T 0%
WEeBIhHHEr Lo,

FBRTT %

X5 Taq RV AS—FEDEETS X I FERL

HAZHMORBRITELI DB LZREX Y57 A
DNA Z$EN W, 794 v —%» MZ, 5-dCGCAG
GCTAAGCAGCTCCGAYCCHAACYTSCARAAYATHCC
BLU 5-dGAGYAAGATCTCRTCGTGNACYTG # T
PCREZB I ho/. FTHRIESEIHMREREBPIB LT
Bgl I OB#EFTH 5. FMEI N, YHACH
JUTHNAC BIXUT:SHCBLIUGRMFABL
UGNMAGCBIUTERRT. 26D T 54 < —
BAIZ7 73V — AR DNAKRY *5—BIRFEIN
7 X 7 WEECY), DPNLQNIP B X (Y QVHDEIL # 2 — F
T HEETICHYT 5. pTVII8 75 A 3 F EDEAM
TagDNA KR 2 5 —¥% 23— FF 5B EFICO KD
LI Blp I3 & OF Bl 1T O RER&ELS % & 5 H LA
LTBY, Zhorx/HnT, BEDNA L) HIEE Nz
#7 600bp ® DNA Wrh &AMl 2 T, F X F#IEF 2R
L7

A ERE DR

BARB L OF AT Tag K 27— X Oz HH
BHoOEAIZIIKBE IMI09 BRI T T A I RE2HWTE
Bt L, 37°C TH#EL OD (600nm) 2503123 L7
L&, IPTG Z#BE 1mMIC2 5 XH@MLT, &5
2 6 RIS AE L CREPEAE S 7T I /BRI FRIEDH
ANEREKZEET D75 A I Fid, Agilent £ O site
directed mutagenesis kit % il \»C pTV118 IZHfi A S L7z
PRl Taq RY A 7 —¥@IZF X OIER L, A Taq
RYRX T —LBEARDOTTETRGRZRE L CEASE
72 KW oMM %2 75C T304 MALE L, if#m
GERR)IF LA I VIETHREBRL T, mEET V€
S LATHENLCHEBEZBIRL 2. % ®f% HiTrap
Heparin HP # 5 & (GE~NWV 2 4 7) B X O HiTrap
Phenyl HP # 5 & (GEAVZA X 7) W7 a< b
TIT74—RBIh\, EERENEE

T4 < — RS

$5701Z M13mp18 —A$H DNA % H T, P-32 fegid:
FAMILRERTINNV LT If~—%2T=—VLT
20mM Tris—HCI (pH 8.8), 5mM MgCl,, 14mM 2- X )b
HTPILE =), BLU0.2mM INTP % & & RS’
H1C 0.0025 unit/pd ¥ A T F 7213 0.08nM B AR5
JOLERMBEEZMNT4C TRIGL, WEEY%
0.7% 7 NVA ) THE—ATXr VERIKE TRER L7,
=1 ITFTT T4 =XKL
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At R, A

DNA #&&7&M (Electrophoresis Mobility Shift Assay (EMSA))

% - 75 4 ~<—DNA (3nM) % 04, 1.6, 6, 25, 100,
BLU400nM @ Taq RY AT —E¥LEEL, 0.1XTAE
H 1% 77— 27 VERKIKEI TR L2, A—17
VF TS5 74 =X VB

PCR

$F10Z ADNA # T, 2kbp OMIEEM»H SN S
X754 <v—%#%F L7 $i% DNA 2ng & 20 pmol
DTI54<—%ty bFHWT, 50uL ® PCR i
(10mM Tris—HCI (pH 8.3), 50mM KCl, 1.5mM MgCl,
0.2mM dNTP) 12 8nM ® Taq FY x5 —¥ %2 T,
94 C CTI0RIH & 64 C TISHHE O KL 2204 1 7 VE
ML7z. KISEWEZ T Ha— 25 VESKKEICHL, =
FVTLATURA FRETHRI LN N2 4 X —
V7554 (LAS3000 mini 7Y 7 4 )V A) TER L7

fikB L OEE

TJ73IU—ADNARUAS—tEDT 4> H—HT KX
1 UIZR 5 h BEHIDEE
P Tag BY X 5 — ¥ Val586 7> & Leu781 @ 196

Taq pol gene \
Bip!
4".-i:R
’ N\\

g
lac promoter 9

pTV-Taq'

3

motif 1 2AB 6 C

AT

residues

chimeric Tag polymerase

Fig. 3 Schematic diagram of the construction of the ex-
pression plasmid for chimeric Taq polymerase.
The recognition sites for Blp I (GCTNAGC) and Bgl 11
(AGATCT) were created in the Taq pol structural gene
(gray arrow). The introduced gene fragments (black)
also have the recognition sequences for these two en-
zymes from the PCR primers, and the substitution of
the DNA fragments can be performed directly on this
plasmid (upper panel). The produced chimeric protein is
shown by a bar (lower panel). The replaced region was
indicated in black. The motifs conserved in family A
DNA polymerases are indicated by white lines.

AL, FEM

PeHw 2 — F3 % DNA % 53 DNA 20 518 S Iz i
WCHEBEL, FAITEMREERLL (Fig.3). ThonT
A < —WEEEZOM L72ER, wWorDF XS5
FOTWEROBEF L) SR Z R L. Es0
TRIERCH 2 0T L 7oA 2, 1A B L7z 7 a—12id
BpARNCHART 9 7 3/ BeikHE (GPGQAPRRL) Offi A
WRANDPHIET B Z Ebhrol. RENLZZT—VD
1965550 7 3 7 BRECH O v THiABLY % A 5 % $HIg D
—RBEH 7 54 X~ M%& Fig. 4 1289, ZO9T 3/
WD DNANDOEWEEZ L7256 Lzt Bbh
5. Taq &) A 7 —EORBEMETIEZ, ZOFAIRIE
TALUH =BT REAL Y D2ERKD ¢~ v 7 ZDRD
W—=TINET D EAbho72 (Eometal., 1996).

motif 6

clone 730

wWT GRRRVVIPDLEAR

66-2 GRRCY IPELNSP
B1-1 GRKRPMPELHSA - - -
26-7 GRRIHLPAIRSR- - -
B18 GRRRFVADLDAR- - -
B1-10 GRRRFVADLDSR- - -
A33 GRRRPIPEITSN- - -
B88 GRIRPIPEILAQ- - -
B84 GRRRYLRDIHSR- - -
B9-177 GRRRYLRDIHSR- - -
734 GRRRYLRDINAA
B98 GRKVFTPGIKDK:- - - -« . ... NGAMRAFAERA|

AP I[IJTAAD | IKRAMI

KA13-8 GRRRYFPELMPAGPGQAPRRLPEAVRRKAERE|
A39 GRRRYFPELMPAGPGQAPRRLPEAVRRKAERE|
68-11 GRRRYFPELMPAGPGQAPRRLPEAVRPKAERE|
21G-13 GRRRYFPELMPAGPGQAPRRLPEAVRRKAERE|
C3199 GRRRYFPELMPAGPGQAPRRLPEAVRRKAERE

26-35 GRRRYFPVLQSVSPAQ- - -
B3-17 GRRRYFPVLQSVSPAQ- - -
B33 GRRRYFPVLQSVSPAQ- - -
B82 GRRRYFPVLQSVSPAQ- - -
234 GRRRYFPELAPGAQTS - - -

-EQARRRAERELIVIIAP |[efe]S A AD

AXXRRXRRXRXXRRRRRXRXXXXXRR
——AVIDFFFFFFFFFXCF<<FECC
>>>>>>PP>>PPPPPP>BB>PD> P>
=3I IISTSZI<IIIIITIZ
<OFrFFFe———————-=<=-<<=-=<<
ANZZZZAAAAIIXNIIDIDZZOBPXXD

264 GRRRYFPELAPDSKAH------ HTVKAAAERMEYI[Jar i[fgdsanD
—
insertion of nine basic
residues cluster

Fig. 4 Alignment of the amino acid sequences in the re-
gion with the 9 aa insertions of chimeric Taq poly-
merases. The chimeric Taq polymerases with faster ex-
tension rates than that of WT were analyzed. The
alignment was performed with MAFFT (http://mafft.
cbre.jp/alignment/software/). The consensus residues
in motif 6 are indicated in white on a black background.
The numbers on the top indicate the amino acid
positions of WT Taq polymerase. The distinctive region
observed in this alignment is indicated by a line with
two arrow heads. The basic cluster is indicated by a
line. The DDB]J accession numbers of the nt sequences
of the clones are LC002849, 73-4; LC002850, KA13-8;
LC002851, 66-20; LC002852, 21G-13; LC002853, 66-13;
LC002854, 58-11; LC002855, KA13-9; LC002856, A3-3;
LC002857, B8-8; LC002858, B9-8; LC002859, B9-17;
LC002860, B8-4; LC002861, A3-9; LC002862, C3-19;
LC002863, B2-16; L.C002864, 23-4; 1L.C002865, B8-2;
LC002866, B3-3; LC002867, B3-17; LC002868, 26-4;
LC002869, 26-35; LC002870, 26-7; LC002871, B1-8;
LC002872, B1-10; LC002873, B1-1; LC002874, 66-2.
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HBMAZEHED T 714 v —HREES LU DNAEEEN

“onrzu—r, KA138 B L WWA39 S ERIL /2%
ATWMEESHICPCRICIAT S 2 & % Miat L7275,
ERNLBRZEEDRO SN oz, £2TIT I/
W 5% 3k & B A2 B Tag A ) A 5 —E D Arg736 & Val737
DB L7 R EZ/ER L 72, TN % InslTaq &
T5. EHIZDNAWKCKHT 2EARE LTS 720, fHA
FeA 0% 3FH B L U4 4 % H o Gly-Gln % Arg-Arg 12
B L7z (Ins2Taq). TNHERMO Taq R 25—
YO 2 V2 WAR & MR L, BREtE
ML, TIA X —MMREORHR, Insl-Tag B LT
Ins2-Taq DHEEDOE S IFFERICL2EM L E
o7z (Fig. 5). L2 L¥PHIZK LT Insl-Taq & Ins2-

A wt ins1 ins2
(kb) 255 10 255 10 255 10 reaction
(min)
8
6
5
4
3
2
1.5
1
0.5
B WT Ins1 Ins2

1234567 1234567 1234567

bt

P

Fig. 5 Activities of the WT and mutant Taq polymerases.
A, Primer extension activities of the recombinant Taq
polymerases were analyzed. The names of the Taq poly-
merases and the reaction time are indicated on the top.
The sizes indicated on the left are from 1 kb DNA Ladder
(NEB) labeled with P-32 at each 5 end. B, DNA binding
abilities of the recombinant Taq polymerases. The
names of the Taq polymerases are indicated on the top.

Taq I22IE R SN d 5 72. EMSA 2 X ) DNA #&16
M EFRIE T 5, Insl-Taq B & U Ins2-Taq A5 # A4 Y
WCHRTHES2ICEWIEEZ /R L7, B85 DNA B3k
OIAT I JBEEHIICR SN S =20 Arg BRENE W
DNA#EZ DL LTWEEEZ LN, Ins2 TEHIZ
BML o0l EET7 I VBICIBFEEIASNE
No .

A ERE ®HV/- PCR

“ B 097 I EEE S, GPGQAPRRL (Insl)
GPRRAPRRL (Ins2), # i A L7288 Tag K1) A 5 —
LI, HHMETOBMBICBIT 2885 5 b AR &
BRI B 2 R LTV B 2 WIS h7-0 T,
Fex 2 REOMIBENIEONL LI TIA~v—tY
FEHWTPCRZEM L7 RENZFBERE LT,
2kbp ® HHEIROMIFIZH LT, 158 & v ) mun ik
W CREW A S /2B % Fig. 6A1ZRY. BIRS 7z
DNA &% bR L 72458 (Fig. 6B), Insl-Taq & Ins2-Taq
OMIZEITIR SN0 57225, 97 I/ BEOIF AN Taq
RYVAT—¥ae LD EHLZ PCRERICKELLZES
5. ZOZ LIIHARY OIS T I S DNA #
AICHL LT, PCRIZBIT S DNABHIGA & 1 <
BBI)IENIEEZSNS.

A

m WT Ins1 Ins2

-
M

(kb) 8 | 295+037282%0.31
8
’ S .
Q
65 s
4 S
N
3 22
2 3
15 € 1.00+0.1%
©
3
5
Q
@

0.5

WT Ins1 Ins2

Fig. 6 PCR performances of WT and mutant Taq poly-
merases. A, The amplified products (2 kb) were ana-
lyzed by 1% agarose gel electrophoresis. The names of
the Taq polymerases are indicated on the top. Lane m is
a 1 kb DNA Ladder (NEB). B, Quantification of the band
intensities was performed by scanning the EtdBr-stained
gel, using an image analyzer (LAS-3000 mini; Fuji Film,
Tokyo, Japan). The relative amounts of the products
were calculated from three independent experiments,
and are shown with standard errors.
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A% B, SR RAL WEAR #

(] FAELTEAG BT OMBLNSHTH H % Geobacillus
kaustophilus HTA426 O BEIRFH Y — IV ORI

i .1

UFEANIL, MIRBRBE 2T A CTHEE T 2 MRS EY
T, TNOWRAT 5 RIEETIE, GRS R L
o TWah, RMBETOREL BT 254, K&
ST 2HEOT Tu—FrHHENS. 12HOT S
U —F T, WEBETORHEY (BLOEHR) %
Escherichia coli (KWW) % &ECTrEAL, HONER
SRS SR L LT, 2otz R BREN
ST 5. 22oHOT 7 u—FIZMIP ST, ﬂ%nﬁ
BT KGR EOEFVIAEWISEAL, Fhic
TR B KR ORBIEALZ 7§ 5 Z LT, %@%
ﬁﬁ%?iﬂﬂﬁ"é. RBENIITE, BETHREIFITE

B AT, PLEM e BEREMRIIC RS T AT E S,
%IHH’JV\] G, BIETHEOKRE haobiicazhc, &
BT E L DAL L WHER, WRER TR
e a—FTHEICDESAHTE L. &Rk nb
2HBEOT Tu—FIRE—EROBERICH Y, WEDS
WBWTEM T 70— 72 5 BIETHREOMHICES O
MEBITH 5. HRRORIMBIREFIIOWTD, REBE
AT & BN O 7 70— F 5 SR S h bR &

ENL L, RIBW 7% <‘:“@”‘#fﬁ%¢“(“ IFERE L 2 WIEAD
HbH. IO DG, FEEEET OMBNSHTIIIEF
BRHEZBEETHIENET LD, FRARHOBET L
BHMIIWENTH B0, TDLH Lotiidd T it
bt

G. kaustophilus HTA426 1%, ~ V) 7 F i OUERE )R
5 Bl XN 75 L B H C (Takami et al.,
1997, 2004a), HHEA S IR AT T O )L IR B i PR T
MBI T & 5 (EFWRIRE, 42-74C  AFEE
B, 60T LB Xiirf O fHLIER], % 20min). AW,
AW AR R ASER & W7z Bacillus subtilis (RiEH) &
W% T, Geobacillus J& & LT iﬁ“?ﬂ /\’7/ PNEYIIFN
AR E N7z (Takami et al., 2004b). eI T,
TIAIFICL LB E LA “C“%Zz (Suzuki &
Yoshida, 2012). > F 1) HTA426 ¥k, EmFMIICIEMT
LRTWIHEARD 1D Th Y, FMELFER BT Z2 MR
NG A0 NHNEEE LTEHEMFCTE 5.
F ZTARIZETIZ, G. kaustophilus HTA426 O & 1=5H
V—NVEIESHEL, FORMMEICOWTHREEL 72,

FEIRT5 %

Bk, HEEEH BLUTFXINR
HL7Z79 A3 FBXOHME Table 4 1I2F & 7.

7278,

I BA B O (3 BOL 2B FE 2% S i I b B 2

Table 4 Plasmids and bacterial strains

Plasmid or strain

Relevant descriptions

Derivative of the conjugation plasmid RP1; Tra+, oriV, oriT, KmR, TetR
E. coli-Geobacillus shuttle plasmid for gene integration into GK0707 locus of

E. coli-Geobacillus shuttle plasmid capable of autonomous replication; 4mpR, TK101,

E. coli-Geobacillus shuttle plasmid capable of autonomous replication; AmpR, TK101, pUC replicon, pBST1

Plasmid
pUB307
pGAM46
G. kaustophilus; AmpR, TK101, pUC replicon, pBST1 replicon, oriT
pGAM48 Derivative of pPGAM46, carrying Pgk704
pSTE33T
pUC replicon, pSTK1 replicon, oriT
pUCGI8T
replicon, oriT
pGKE75 Derivative of pUCG18T, carrying Pgk704
pGKE75-tsr Derivative of pGKE7S5, carrying tsr gene under the control of Pgk704
pGKE75-tsrH258Y Derivative of pGKE75-tsr, carrying the mutant gene tsrH258Y
pGKE75-cat Derivative of pGKE7S5, carrying cat gene under the control of Pgk704

pGKE75-catA138T
pGKE75mut-catA138T

E. coli strains
BR408

DH5a

G. kaustophilus strains
HTA426
MK72

Derivative of pGKE75-cat, carrying the mutant gene catA138T
Derivative of pGKE75-catA138T, carrying two mutations in pUC replicon

An engineered strain for conjugative plasmid transfer to G. kaustophilus; F—, e14—(mcrA-),
D (mrr-hsdRMS-mcrBC)114::1S10, D dem::lacZ, dam+, hsdM1S1, hsdM2S2, pUB307
A common strain used for DNA manipulation

Wild-type strain
Derivative of the strain HTA426; ApyrF, ApyrR

MK242 Derivative of the strain MK72; ApyrF, ApyrR, AhsdM1SIR1,
A(mcerB1-merB2-hsdM2S2R2-mrr), GK0707::Pgk704-bgaB

MK244 Derivative of the strain MK72; ApyrF, ApyrR, AhsdM1S1R1,
A(mcerB1-mcrB2-hsdM2S2R2-mrr)

MK480 Derivative of the strain MK242; ApyrF, ApyrR, AhsdM1S1R1,

A(merB1-merB2-hsdM2S2R2-mrr), GK0707::Pgk704-bgaB, A(mutS-mutL), AmutY, Aung, Amfd

G. kaustophilus 1%, Luria—Bertani (LB) ¥#13d L < 1&

pUB307 was used as a conjugation helper plasmid. pSTI:33T and pUCG18T autonomously replicate in G. kaustophilus due to pSTK1 and pBST1 replicons,

respectively. pUC replicon is ible for

ion in E. coli. AmpR, KmR, and TetR denote ampicillin, kanamycin, and tetracycline resistance

genes for E. coli, respectively. G. kaustophilus MK242 and MK480 lack genes related to pyrimidine biosynthesis (pyrF and pyrR) and DNA restriction—modification
(hsdMISIR1, merB1, merB2, hsdM2S2R2, and mrr). G. kaustophilus MK480 funher lacks genes for DNA repair (mutS, mutL, mutY, ung, and mfd). Other

iations ng704 afg functional mG hilus; TK101, k

tsr, thi gene; cat, chl I resit gene.

gene functional in G. kaustophilus; oriT, conjugative transfer origin;
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AR EHCTEE L. BiRozwiRy, g
60C TI1ro72. WA, UToEWEED
WU (R, 03gL™), U YMAkE F LU
L+TkAM (25g LY, Hifk7 vE=v A (1gL)),
ik~ 7% 7 a (04g L), $Ab~ >4 ¥ AR
BmgL™), HibH N 2 ki GmgL™), HAb#k
(II) AKFY (Tmg L), fileHisn-LARMY (04gL),
Ao 10mgL™h), #iba sur 1D 50mg LY,
filgsid (1D (02gL™h), ¥ifk=» 4L (II) (10mgL™),
IFL Y7 I UNEEE (025mg L™, BIOHMY X
EREFIRFLVT I AY UGS (10mM,
pH7.0). LEIZHLTD-ZVva—2x (10gL™?h), #H
I/® (gL, #Fr~4 ¥y Gmglh), BXow
53 (10mgL™") #®IML7%z. G. kaustophilus % F)JH
L72BAEAEEICE, BRI FR (10gLl)) 280K
AR (MY Bidth) 2 L 7=

G. kaustophilus ND TS X I NEA

G. kaustophilus ~D 75 A I KDOEAIZIZ, E. coli H»
5O HEBAEEE (Suzuki & Yoshida, 2012) 3 L < &
E=FEA1EE (Suzuki et al., 2013) #FIH L 72, —F#H
EREOHEE, HRAGARIZ E. coli BR408 (Suzuki &
Yoshida, 2012) % FH L7z, #EHL54K (E. coli BR408)
LB Z AR (G. kaustophilus) & WHEE (ODgy) A%
031275 FTHEL, MlzEAE HO5#IckD
L2 dE L7z, (AWM, LB ERERH ARy
ML, 37C T4IEM 26 —WaEE 22 L7-%%, [IRL 7.
E L 72 ARIE, 88D 2 ARG I & A L, 60C T—
MR 5 C L CREBIR AL S, ZREAREILS
WCIE, R SRIC E. coli DHSa, EATREANILIS—
\Z E. coli DH5e [pUB307] #FIH L7z (KIEMix 7 &
I MRAIREZIRT). BG4k (E. coli DH5a), #
Wz 51K (G. kaustophilus), B X OHBHIEENILIS—
(E. coli DH5« [pUB307]) % RA& 25031245 %F T
FEL, Mzietk —HEGEELFERZ LELZR
TR % 1572,

G. kaustophilus THEBET 2 7O E— 2 —DFER

B. subtilis \ZB3 A% FIH L2255, HTA426 #k
7 A OFEERHBEERETEFRL, 2ofe T
E— ¥ — % PCR TR L 7=, 156 7= B Rk %
75 2 3 F pGAM46 (Fig. 7A) @ Hind TI-Sph 1 ¥ 4
FHEIZIEAL, 2oV T 7 aE—% — K Fito Sph 1-
BamH 1% A M -5 7 b3 ¥ —EOBIET
(bgaB) #IEA L. ZHIZX VS N7 bgaB3H A
ty M, UIINBLUSTNVEFRA TS AR
L7zh v % —#EIR (Suzuki et al., 2012) % T,

A

I
S
3

Q

\

—Sphl
~HindIll

pyrF

pUC
Amp pBST1

Fig. 7 Structures of the plasmids pGAM46 (A) and
pGKE75 (B). pGAMA46 is a vector for gene integration
into GK0707 locus. pGKE75 autonomously replicates in
G. kaustophilus. Abbreviations: GK0707’, GK0707 up-
stream region; 'GK0707, GK0707 downstream region;
AmpR, ampicillin resistance gene; pUC, pUC replicon
for E. coli; pBST1, pBST1 replicon for G. kaustophilus;
oriT, conjugative transfer origin; pyrF, pyrF selection
marker; TK101, kanamycin resistance gene functional in
G. kaustophilus; Pgk704, a promoter functional in G.
kaustophilus.

G. kaustophilus J Kk O GKO707 locus (23 A L 72, 15
ONTE R % RFRIRD T 22 B Kk 4 i DB p TR 2
L, SERERARH O MBI 2 8 L7, B
WH o BgaB &%, = bu7=z=VHI57 bET)
¥ F (p-nitrophenyl-3-D-galactopyranoside) % #&2 & L
TEEERTEESAICE D ER LA, 1=y ME, 15H
72012 1nmol ®/¥5 = b1 7 = / — )V (p-nitrophenol)
RS CAMRR L ER L

G. kaustophilus \= T 5 BIE@B=TFDORER

G. kaustophilus ® GKO704 Bz T LD 70 € — ¥ —
IR (Pyz0) % PCR THIE L, pGAM46 ® Hind II1-Sph 1
T4 MEICHAT S Z & T, pGAMAS #1572, DOV T
pGAMA48 & Sph 1-Bam HI ¥4 W2, B4 7o BATLT 2
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Wi s T (bgaB, amyE, PH0380, PH1171, PCAL1307,
B LU ST0649 ; Table 5) ZIFALL. #oNiz7T T A
SN OREBAEYy M, YUV BLUST VA TOL
aF v BERH LAY v ¥ —3IR (Suzuki et al., 2012)
\2& 5T, G. kaustophilus MK72 44k ® GKO707 locus
WAL, F-&%B ty F2Ear—xRy ¥ —
pSTE33T (Suzuki &Yoshida, 2012) \ZH 77 u—=> %
L. G. kaustophilus MK72 % & ¥z U7, TEEEA
X, MY 5P CHRARSELS 05124 5 F TRAEL, o
DWTEMBEBIRT OFBZFHET 57 OITHIRE 1% O
TV b= ARSI L 72, & 512205 B 28 % i)
Toth, BRRWAS OHEFMLWEZRE L2, 2hicE
F N5 R AR BT ORIEW L, SDS-KY 7 7
VIV I FIVERKE Z TN L7

G. kaustophilus DEFHRN B Enffatk DR

G. kaustophilus HTA426 D7 7 ApiziE, 2% L offl
BRAG i R & A5 (hsdM,S,R,, hsdM,S.R,, wmcrB,, mcrB,,
mrr, GKPO8, B XU GKP09) »HIENns. Thoi#
ZF o Liid L O TiR#EE %2 pGAM46 (127 0 — = 7
L, MSELAETIAINEY TV NVBIVS7 VA S
OF yBICHESL Ay V¥ —EIR (Suzuki ef al., 2012)
 H W T, G. kaustophilus MK72 @ ) BR A% fifi & # = T
(hsdM,S\R,, hsdM,S,R,, mcrB,, mcrB, mrr) =R L
7o, O NRERMKIT MK244 & a5 L7z,

G. kaustophilus TRERET D /- HEFNRIR~ — H— DEER

FF A VUT b ViiEEET (tsr; Table 5) =2, HE
BRI 75 A 3 F pGKE75 (Fig. 7B) O Py TS
O—=r 7952 8T, pGKE? sy #1872, /2705
L7 x == Vit & s T (cat : Table 5) % pGKE75
D Py THNZI7 O == 7§52 8T, pGKE75-cat %
5 72. pGKET75-ts7 &£ pGKE75-cat % 7 25 % VE i B W
(G. kaustophilus MKA80) B A L, B 5N EEEH
HREFFAMN VTN EZUuS L7 a—-VeED
LB B T A i EE T 5 2 L T, HilnEwtEoF
FAMLVT M UVIREBEETF RO/ B I AT =0~
VI PEBAR &2 A S8 7.

FRB L OEE

G. kaustophilus |\ 1 2 BRRE(ETFRR

G. kaustophilus THEFET A ERMU T O E— ¥ — %2 WE
T 572012, HTA426 7/ A OHEE 70 T — ¥ — i,
% bgaB EIZF D EWIZHAL, BRIy b %
G. kaustophilus MK72 |\Z3BA L7z, 1% 5 Wz Bl A
IRFRIRDTR e Dk A i VR P CTRERR L, BAESN

%5 BgaBmEIK L2 h, #iEYIV b — AR LER
T-# (GKO704— GK0707) @ LG (Pyny) o, 7
W —=2ZAHFETIRCBOWTERBRRT LI Bbh o7z
(Fig. 8A). Z=DOBE® BgaB WiEHE, ~ Vv =22 &%
VB TRER LGS L) D10 EEL, A7
E—F—EITNV PRI DFEINDL I LHREER
7z EAEEINS BgaB HiEMIE, MYB#izHwsZ &
T kL (Fig. 8B), W32 ¥ —75 A I N pSTE33T # M
WTRERHASELZETHICMELZ. ZOXHICLTR
WAL S NFEBI R VT, Bia 7 BRI O g%
BnT % G. kaustophilus W CTHRILEE/2L T 5, amyE,
PH1171, 3 X O PCAL1307 & 1n ¥ 2 HEREMIC 38 L

N
o
o

o
None =
D-Glucose ™

D-Galactose =
LB P

bgaB specific activity 3»
(unit/mg protein)

- N w

8 8 8
D-Fructose ™

D-Xylose

L-Arabinose }
Cellobiose ™
Melibiose ™
Sucrose ™
Lactose *

myo-Inositol =

(unit/mg protein)
N B (2] [0}
o o o o
o o o o

bgaB specific activity 3

o

o
N

2 3 4 5 6
Culture period (h)

Fig. 8 bgaB expression in G. kaustophilus. (A) G. kaus-
tophilus strains that harbor bgaB gene in chromosome
under the control of Pgk704 (solid bars) and PsigA (hol-
low bars) was cultured in minimum media supplemented
with the indicated sugar. Crude extracts were prepared
from the resulting cells and analyzed for BgaB specific
activity. (B) G. kaustophilus strain that harbors bgaB in
chromosome under the control of Pgk704 was cultured
in MY medium. When OD600 reached 0.5, maltose was
added to the medium at a final concentration of 1% (solid
circles). After the medium was further incubated for the
indicated period, crude extracts were prepared from the
resulting cells and analyzed for BgaB specific activity.
The culture without maltose was used as control (hollow
circles).
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Table 5 Expression of heterologous genes in Geobacillus kaustophilus

Gene Origin Gene product Relevant descriptions

bgaB G. stearothermophilus ~ p-Galactosidase This gene functionally expressed and conferred
B-galactosidase activity.

amy G. stearothermophilus  o-Amylase This gene functionally expressed and caused extracellular
a-amylase production.

PH0380 Pyrococcus horikoshii ~ NTP transferase The gene product was produced as soluble protein
although not in E. coli.

PH1171 P. horikoshii Cellulase This gene functionally expressed and conferred cellulase
activity.

PCAL1307 Pyrobaculum calidifontis Esterase This gene functionally expressed and conferred esterase
activity.

ST0649 Sulfolobus tokodaii D-Lactate dehydrogenaseThe gene product was produced as soluble protein.

pyrF Geobacillus OMP decarboxylase This gene functionally expressed and was responsible for

subterraneus uracil prototrophy, although not in E. coli.

pyrF Bacillus caldolyticus OMP decarboxylase This gene functionally expressed and was responsible for
uracil prototrophy.

pyrF Unknown thermophile ~ OMP decarboxylase This gene functionally expressed and was responsible for
uracil prototrophy.

tsr Streptomyces azureus ~ RNA methyltransferase This gene functionally expressed and conferred
thiostrepton resistance.

cat Staphylococcus aureus — Chloramphenicol This gene functionally expressed and

acetyltransferase  conferred chloramphenicol resistance.

TN X o TTF ¥ 7 ViR, kvu—255HhE B X
MY TF) VIREED K % G. kaustophilus \ A5 S h
72 (Table 5). amyE & PH1171 OFEHREW MBI
BUCHE S N7z BRI L TS, PHO3S0
B L O ST0649 DISHFEW D G. kaustophilus HFLPIN FE
HEEINLZE QMR L. DL RIE, G kaustophilus
ICBWTRBEHANERTVLC BTS2 L, 2L T
AW EET OWRBRMBHNGTITB T, G kaus-
tophilus e L& L72BARADPHEHTHL Z L 2R L
TwWb. 72 PHO380 JEBLEWZ, R TIZELES
NaholzZ &5, G kaustophilus 5EBLRITKEGE 5
BRIV, HRARHEZTORBICANESZ 5.

G. kaustophilus D SN B Erifak D EH
HLWBBEDT ) L5475 —% G. kaustophilus %
WEELLUTHRETENE, ZOHEAREORMNERT %M
ARSI E > THE LR T % 5. G. kaustophilus ™~
DT T AI FEA, E. coli BRA0S 2 5 O —FHetitnik
W2 & o THT 2 5728 (Suzuki & Yoshida, 2012), E. coli
BR4S ZfaE & L7294 75 Y —DHET X NI,
G. kaustophilus #iGFXE L72r ) L5475 ) —DHESE
G RITEETH L. LA LaA S, E. coli BR4OS O
WIS E 2 B IZ, E. coli BR4S Bk T
G. kaustophilus #iGFXE L727r ) 554 75 — DR
&, EFICHETH 72, £ TARITFETIE, DNAK
RIGHRE RIS S Z & TRERERMERZ M E X8
G. kaustophilus MK244 Z{F8 L, E. coli DH5a %> D%

Table 6 Transformation efficiencies of Geobacillus kaustophilus
using conjugation

E. coli donor G. kaustophilus recipient E. coli helper Transformation efficiency

(recipient—1)

BR408 HTA426 - (13 1L1) x 104
DH5a [pUB307]  HTA426 - <1 x 107
DH5a [pUB307]  MK72 - <1 x 107
DH5a [pUB307]  MK244 - (13 £08) x 10
DH5a HTA426 DH5a [pUB307] <1 x 107
DH5a MK72 DH5a [pUB307] <1 x 107
DH5a MK244 DH5a [pUB307] (6.4 £ 4.3) X 10

G. kaustophilus was transformed with pUCG18T using binary and ternary conjugation systems. The binary
conjugation was performed between G. kaustophilus recipient and E. coli donor . The ternary conjugation
was performed among G. kaustophilus recipient, E. coli DH5a donor, and the helper E. coli DH5a
[PUB307]. Transformation efficiencies are expressed as the number of transformants per total

number of recipients (mean % SD; n=4).

GIREZFH LA RO H i 2 #REE L 72, E. coli
DH5a 3R K FIH SN B KGR T, BEERDED &
WZ E» S, E. coli DHSa 75 OFEARENRETH N
X, G. kaustophilus #8EE LT ) L5475 —0
LB 5B, WifF@ ), MK244 ¥k E. coli DH5«
POEBB L CELBEEETIAI FERELIZEL
7z (Table 6). < DFFDOHIRBA=IZ, E. coli BRAO8
MERCIEAEZICL D0 LFABET, BEHmEN
W= W ZFHEEEIIBW TS, MK244 i
TIAI FENELCZHE L. SHEERGRES
HW/279 X3 FEAIZX 5T, G kaustophilus MK244
EREL LIGBE T 2OEBBET A 75 ) — LR
T&7. BONIMK244 5475 —% 7T VLR
BHICEDSER 7)==y 7L 25, o RHELT
B O pyrF BIZTHFETE 7z (Table 5). ARE R,
G. kaustophilus MK244 % FIH 3 % 2 & TRFE0E DNA O
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FTATI) =R TELIE, BOEPIIYEIATT
) —DFBWBIETOWEAR 7 V==V ZICHAMTH 5
TEERRYT. EHIREZ LI, ZITHEShZ—
O pyrF EmTE, KIBW N TS L2 - 72 (Table 5).
& o T G. kaustophilus 1%, MR BIET OMILA5HT D
TODOFEFELT, HRELYIEMNEVZ .

SEEEEMEF A X b LT S U TMEEFORIH

AN DM T BAR TR, BB OIEHEIR~ —
N—=055EFEBRDB. LML, Geobacillus JEHMH T
i SN BEHRIN—H —1F, HF~A ¥ Vi
FEru a7z a— ViR FICRONTEY, 2
i Geobacillus J&HH T O 15 BE 72 AR YA & HIBR S 5
FRE %o TW5h, FZTARIGETIX, G. kaustophilus
LN O B3R % FIR L 72 Bbigimtkodfz 74
¥ (Suzuki et al., 2015) =FIH LT, G. kaustophilus T
WRET 274 A P LT b Vit~ — 7 — OBRFEITI Y A
A 72, pGKETStsr T im 2 RV IF 2 (G. kaustophilus
MK480) # Bt L, HEEREEZFA A LT
GRS ECTHRAEELLEZA,60C TFFANLTS
b ViR R THRBE SN FRL ORI, tsr B
FEW O H258Y Bk o2 — N3 5 ERBIET (f5758)
A LT, G. kaustophilus MK242 [pGKE75-ts7] 1%,
50C TIEFF A L7 b VithE/R L7225 55T Tmn
S o fz. F NIAT X U G kaustophilus MK242
[(pPGKET75-#s7 55y 1%, 55CTdFF A ML 7 b Vit
%R L7z (Table 7). %72 pGKE75-ts7yp5ey 1&, FF A T
L7 b % EIRGEH & L7 G. kaustophilus DI Hinif 2
FHCTE, ZNICETLEFFAMLT M VBEDLRKVY
DTH o7z (G. kaustophilus \ZxF$HFFARML T~
OFBPLEREE, H50ugl). DL EoREIE, F4 A
ML 7 b UANEPEERIE LCEHANTHELZE, ZLT
ISV yo5sy T AT T 25 G. kaustophilus O EALF X ZEIZH M T
HbHZEERT.

SR OS L7 T = - UMEEEFORIE
785 A7 ==Vt IET (cat) 1&, Geobacillus
BT ORI IR S N B EFER—H—D 1D
7EHS, BEBEREMEW 0, ZoRERIZKWY. 22T
AWFFETIZ, G. kaustophilus FUNEPI D HFE 125 R % F)H
L 7z Bb3gm Pt o MInF 2% (Suzuki et al., 2015) %
HWT, LY EETHRETS 78547 = a— Vit
< —H— OB M A, pGKET75-cat T G. kaus-
tophilus MK480 # o Eixia L, 7 us L7 x=a— )%
GHET A ETHARELALEZA, 60C THEE
270757 2= a— ViR RIS ON. Eh
513 cat ZEBLEY O A138T Btk 2 0 — F 9 24 RE
{5 ¥ (catyzey) %A LTz G. kaustophilus MK242
[pGKE75-caty35r] b, 60C TRMHTRWEI BT LT =
—a— Vi ER L7z (Table7). LA L 65C Tid2
05 A7 22— VEZWETH-722eh0, X1 ER
THfET A7 054 7o a— Vit~ — 7 — 0%t %
HigE L, G. kaustophilus MK480 [pGKET75-cat,;ser] & 7
0757 x=a— VERRED ELTHRFEELZL IS,
65C THLEILZ BT AT x=a— Vit 2 5= T st
SNz, ZR0ET BT A3 F pGKET5™ cat, e 13,
G. kaustophilus MK242 |23 65C I2BIJ A7 0T 487 =
—a— Vit E M5 L7z (Table 7). pGKE75™"caty;zsr
DOEIEIEEF 2T L2 & 25, KBHANEEICLE
pUC L 7)) o VHHIBNIC 2 » FTO AR SR S e,
CHOHAERIE, WINbEIRZ 0T A7 2 =3 — Vit
WEET, LEo2r—HOERZFTRER BT A
7 = = 3= VI EDOR LT L7z, pGKE75™ cat, 57
HLLIZZDB TS A3 KN pGKET5-caty 5 ZHRET 5
G. kaustophilus % WA 22 L7261, Zh o MBaiic
B 5 CAT M, 79 AI Fav—-¥ BIUOT7EF
WV CoOARBEICRERER IR ON o7 L LF
WIERE L7283, G kaustophilus [pGKE75™"“cat, ;357)
@ CAT i, G. kaustophilus [pGKE75-catyer) @ b

Table 7 Antibiotic resistance of Geobacillus kaustophilus carrying the indicated plasmid

Plasmid Antibiotic Culture temperature (°C)

50 55 60 65 70
pGKE75-tsr Thiostrepton + - - - -
PGKET75-ts7 555y Thiostrepton + + - - -
pGKE75-cat Chloramphenicol + + + -
PGKE75-cat ;357 Chloramphenicol + + + - -
pGKE75™cat ;;;5r Chloramphenicol ~ + + + + -

+, substantial resistance; +, weak resistance; —, negligible resistance
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DXy b EFIE L, — T pGKETS™ caty s O
G. kaustophilus W77 X I R a¥ =, pGKE75-cat,ser
DBDIY BEANMEIP A SNz EH 6 pUC LT
a L NDOLERDS G. kaustophilus HILHNIZ BT 5T T A 3
FHEBELE R 5.2 pGKE75™ “cat, 350 @ G. kaustophilus
Nav¥—HERL 5LV, ZLT, 20a¥—%
BAONRT S A3 PRI AVE—2 B S8, Bt
TIZBIT S CATEAREADH LOWTIEZ7 T T A
7= a— VigEREom sl ERI Lzt EZ LR
L. EHTREZ LI, pGKET5™ catyser (& catyzer 18
5T % BN~ — 5 — & LT G. kaustophilus % L nf§
HZENTE LoTRTIAIND, G kaustophilus
DBZTFHECHEHEMFETE .

2

ABIFE T — % 7 Sulfolobus tokodaii H 3k o> 4t A%, 3 [ 3
BFEOFITIE, KW OBUEEZ L T, IRWBED M
BB HKL P, 2O RIS HED BN D DOIEET 5.
ZZT, EHHRDICNETSH—DT I BRRIEICE R
ZEAT LI LT, WHEIMRE S NI2E SRR
L7 F72 CREOT I BHERICREEZEAT
CETHIEND AR SN, Tho DR ETHER
SN BRSO AT CORMBIIR T,

iR 13 &0 1% O N2 RO M4 Y R 0 A5 T B IR
EHWT, BAFOMBMEDNAKY X5 —-¥Th b
Thermus aquaticus H% DNA RV X 5 —+¥ (Taq K £
T —+¥) O—FITKMOWIN @A S F XA THHE
RBILL, WMHEAZ V) —= 7128y, WAEMIDHEN
DNA &G 2 R oBE 2 FE L7, A SRR
EEET OB ZHT L7225, DNAKRY X5 —+F
DT A4 VI —=HT AL BT BEALIHHA S h 7z
9 7 X/ A DNA S RIG 2 R4 5 T ReME 2
L7z, 4RI Taq B X T — ¥ OMY T HEAIZ9 T
I BREIRA L72ALR 2 B OVE 2 FR LB RBIRAT L 724G
., DNARGREN L2T) X ) #iv DNA ARG B
LTBY, LdbHHEEZRFEEL TPCRICBHATES
IR ORIBUIRD) L 7.

F72, MeA RIFARBEET 2 B 5 BN 5 2
EEHBE L, G kaustophilus HTA426 O @ RS0 Y —
V)R B L7z, Pgk704 (&, HTA426 Hk CHERES %
EEBTHE—Y —L LTHHAT, IhEHVDEHA
TR ARBET 2RI TE 2. ThOTFARRET
D% IREFERNCFEI L, Bx Ri%GE% G. kaustophilus
WfHG- L7z, —EBOF AR ELE T, KBE T TlakeE
MWL adoll th b, REHY AT HITHILN
BHLY AT A LD SIFAEEET OMBNGTY — v &

LCTHEMEVWZ D, TR T, E. coli DH5a 75
DZFBHAIEEIC X B G. kaustophilus WG nffL ik % M T
L7z, &613, XD EmTHiEETA2F4H X LT b Vi
PRETR 787 = a— ViittEEET DA L
72. TN 5iE, G. kaustophilus % fg 3 & U7 8GR 7/
©FA T 5 —DREER, G. kaustophilus DM 7 (%
FUEZWREICT 5. DX ) 12 SN2 IR
V—id, X DIRAEWHBRERETOOIICHRT % &
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BAY @ R IR T ORI, KRR, T
SN TR OWELLI D S WY OB THIREDO RV
KA L§ B 720, WREHOREY QOHHIRE) K
MCTH D, TATHIET, Kl 5 ILE 0.22um D7 4
Ny — L, KRR IMEE M AT 5
CEWREIN/Tz0, KRUFSETIE, AW L DJEIHIC
AT B A ANMEE DA LW SN TH I L
ZHE LT T 7.

FHiE AR L 2 DR OBREEKS, 022um DT
AV E — Tl R B %, KRR O - AL
BRI CHEER, 16S rRNA # = ALY
F L, RMFIEN 21T o7, EHEERICOW
T, EBWEETHEMBIBIEEIT) L LI, MRA Rk
FWR, R DML - T ORESLM T CEE R
AT o7z B HEE SN A BRI OWTIdA T/ 4
Byl & L, oA EICOVTHGEEEZT- 72, &
5z, WG e 2o (Lo, Fio#Hll,
BLUOTMTORPLIELW]) OFEEHEZE#EL,
W T % OB S 42 DNA % i, 16S rRNA i f=
TRWWEL, MY OIEIERY) % Wi L TR 217
-7z,

BR-ER.IINFETIC3®IT=—%/{T, €D
B 145 FRIZO W TIE HiE%, 16S rRNA #An 7N HE
DR AN 2170 72 35 N72HAKIL,
Proteobacteria "] (744%), Bacteroidetes "l (44%%), Fir-
micutes "l (18%), Actinobacteria 'l (9 #k) 1R T %
LHEE SN, T D9 B Proteobacteria M & Bac-
teroidetes MRS % W OWHRIE, HrH, HriEiEs
s, WIhb 74 vy —%@#EL ) 5 LRES

M7z, Bacteroidetes "|\ZJ& 5 % Witk M8-2, M15, M34
L, € Algoriphagus J&, Flavobacterium J&=°
Aquiflexum JE T O FEHERE & 16S rRNA & 151 23511
L CTw7z2%, $EIZ M15 B X O M34 #RIZZ O —BUE A
92-93% Lo 7z, FlowTFhLIHMEE IIRE D
HHEZCHTRET, 4512 MI15 #RDS, R LV Z <D
RE2MNHTE LI LARBEI N, 3HhOT/ LB
Gl Lzt 2sh, £hEh3.88Mb (M82H),
489 Mb (M15#k), 291 Mb (M34#) THY, &Kk
PRI LB L, 7 A4 A DIZHBH/N S 2o 72,
% 72 Proteobacteria P DF HERIRIZOWT S, 7/ A
A4 XH3.65 Mb &S o7z,

—77, WK OME %2 L% 0.22 um 7 4 )V & — T4
U723 GRF Y A AoMAEY), BBz S 51
L0 um 7 4 v & — FAZHiE L7l G/
W) 20T, BB Z1To 72, TORR,
DY A X DOMAY OFE & IR LT, BN o
AEHOME L, WIT ORI TD Proteobacteria
M - Bacteroidetes 123 AL L TH Y, WHE DGR,
ABOMBEFE D 90% UL E & 7. Eitis Tl Bac
teroidetes MDD 2 EEM LY 8 <, R TROP
Il & DFedi b i % B2\ Proteobacteria M OE & 705w L 72
5> Tz, EOWEIZBWTD, Bacteroidetes 10 90%
Lt % Flavobacterium #A35HTH Y, BFIZT7 4V
¥ =%l 5 2 LAURE S NIz, Proteobacteria 112
DWW, Lt Tld Alphaproteobacteria 3 X UF Be-
taproteobacteria W A3, Wit TlX Gammaproteobacteria
WS, FEITIE Alphaproteobacteria Hi D H B A
fLLTHEY, LI - il - FIsT R % % Mg
WAER S B ReEAVR S e,
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BEY @ FMAERICB W TR SR @A 2L <
ARTAERREZ, MRS HHEZEETLZ L T#
e R L, WEMBERICEREREHZRZL TS
EFPREINDD, ToEMRIES AL RE 2 3P L
7eWiEIEA R, RBROPTORETL S bhroT
W\, RBFETIE, B4 R RECRE O BIARIZFE A4S
AEMOETER B L O REOBFERFERERMARLZ
MEFER RT3 2 2 2T, BIRICRETIERRHOR
PRS2 T 5 &I, BENERICL D EERH O
BALREZASMICTH I L EHWE L.

FHiE DR TRINEA RO 7 A<y L ad 7 0Eh
TBHRMIZBWT, MA R MEEO T < IR
ZHAT BRI & B Td 5 B OFFEAERIEHE S
y — ¥ % 2013420 520154 12 AT TRAT L, A&
BT AT X 0T L7z, £/, BRELZZELS
FE34% > 7, FRI1AE29% > TV, BIUT AR Y
BIRDOHIZONWT, BFRRFLEFRMARLZWE L.
EHIT, MEARLICKCHASh, RO TFEEZER
LTWATPBESN TV AERRETHL L 5 EY
&3 (Physarum rigidum) OEBAREZH VW3 70
IALEREHCT, KT TOEBADEEIZ L S
B RRALIZ DOV THREEL 72,

R ZER 7T VBARRICHEL LA L HR
DFFERIZONT, Ll L7FA 88 — 2 2R THLA
EbEEEBERIELL. I, BERO=F71%
s (Hypholoma fasciculare) L ZETEW O s €77 Kok
a2)  (Arcyria ferruginea) 1%, BIARSFEOWIAIZE L
BIRKICHEET WP D72 T2, BROF Y H7
* % r & ¥ % (Ramaria apiculata), > T ¥ 7 JEH

(Oudemansiella sp.), AF¥ ¥ 7 %% (Pleurocybella por-
rigens), XV 4 7 Y (Neolentinus suffrutescens), 7 X
¥ )@ (Mycena spp.), LI FIT L% (Asco-
coryne sarcoides) LEWWD % F7 »RaV) (Cribraria
cribrarioides) 3 X N a7 KRR (Arcyria cinerea)
&, BIARIEO BRI E CBIARIZIEE T 5 6N
Dol BREORFELERARLIEZY > 72 &
DRELIEHDWTAS, P 23.5% T, FEED 22.9%
EEVETH o7z —F7, R D 8C jrFE % E F AL
RIIE265% &, ZRBPHEOMEIIRE (RE-
22 ehn, BRERIEHH I SO LAHRZ RE
BELTwagtEdsnmmahzz. 72, ZEREO
WN S REZE MR RO & ) P T 1.2% 12
EEC, RIIVERAPERZEEL T2
REENIZ, EHICI 7 aXLEBRTE, A 5EY
R DEETZEARE ARTARETF MY 74, 1
B, X7 AT L, ANTT DKL F VIREDIEIN
LTBY, ZEREOEEIZL 25 MERILASEZ 5 725k
AR S N7z, LLEO#RIE, MR BWTE
ERAPERZHEAEL, E0OEEMLICEML TS Z
ERRRL TS,

-
REREMEEEDEL - SixHL
PFERENARER ORI
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LB KA R ER BRI 25 4/ N H] - BREEAHE e
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BEY D —RERED 20% 2 H ) L #E ST 2 BN
R DERSNZHEEOL EHO—-2TH Y, KM
R DER — RAPER & L CTERROMERHZH
LTWw5., ZHUSHEHEEDIER RO R ik
FRMEEM L AL TV B0 EIONTVS, 20
£, EEBL-REEFL LTHON T2 HEMR
ThHoHH, —REEZTH2IETOHEH BV TR
PEREIR RAEVEZ R TR SN TV D, fEE RN
B DE O AR REM R B L O RAEEE D S S IRE
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DOHEALBFE % BURT 5 720, HEIR S8V B IR, 28 0k
DM TREBILE 2 & CICH FRHROEMB L 05T
SRARIRHT % 4T o 72.

HE VT 3R AE TSy a—
THIZTIT, B~ S Uh SR R i &
XA VERY T4 Y EICTHEEL . Bk - 1
L7-fem At e s L, SR B, HOBBEmMER,
FEARIE T UM ST, AEALE T UHMEEIC TR L 7.
HoNZO 3 — F 28S rRNA# & T B & U 16S
rRNA # {21 AL%) & PCR GRS, + > 7 —EICTHE
L7z TR i ik B L O A& v C
frofz. #BoNn7ftmAEEEERORERE ) 2%
KA — & v — TR L7z,

BR - ER R FEENHERHOBEBSEOM R, =
NETICHLN T2 HRIZIESIER S 7274 LRI
B HES RSN, EERE T BEMEBIE O,
4 HPEICW I NAEDBIE SN, ZOMEIEHE L
AR TH B L EZ DNz, R RENEER D
HEALZ ENT 3 5 720D, HEIE RS E B @ 28S rRNA
WAE RS % P L7z, B o 28S rRNA GEIE T4
FORBEFNTCTI, FER SRRV BB HORARE 2 TR
9, PR 3DOOMI L L—FEEKL.
T, PR RAEEEEA BRI 2 o C,
BIEAST. LCORA B & PR R AETEN O #EL & %
F722EZRBLTWD., IThDOD S ITEERIK
16S rRNA @2 T ASE T & 72720, TR KV
HDERARZ AL TSRS S BTSN,
NS ORFN, oG BIERE ORI & g L < b
BEDIERITR &, HIERIEIIC BT % BERERY 7 i
FIDEATVDLZ ERRIBLTWAD, M LTAEL
A URE D T IEALDSTERRAR T ) 2RI LR %
FENTS %728, RAEMITEM S 2 bROTEIR R AEVEE 3
BIOIERRIR T ) KR BRI L7z, ZORR, 7/ A
FICHET 28Iz 27 7 2@V SNz D
DO, FEWIE T 5 BIZTIXIZITREL TV 5 5
BIBLTHBY, (EEREIEEW~OUWEI T/ 1A
fbsig: S -,

e ™
M LR OHHEIREAN OBEISE L DERA
OB itk

SRR E IR 7R

takamatu@bio.mie-u.ac.jp

- J

B BELWYWEFERO—DOTH 5 LA ZHEIL
Pk sk c R b L, WoEETH S
JRBEFHRER & LB ITH AR SR O ER O LIS bk
STHIFIBELZEEZONS. T0f%k, —HoM
HIEAT, AT SNSRI R LD TH A .
7= HI3BERD SR T V7 &l & 3 5 #ui His
WCHEET 59 EA IR ORMIFN 24T o 7248, iR
WHIRTIIRD ZEDTERVIERLZREMPE T
5NN o TEL SHIFEK & W) i
LIZES RRDBREIC) EAZHRE NG LCHE/L
TRREFNTEFEATHLEEZTVS. L2l
INHDEFUITOVTRRZIIH SN TRE RO T,
RIFFETIE D & A I O B BB~ OIS AL O 5
BLZOEFIZOVTHL2IIL LD & L7z, K%L
OHMIZKREL ZOZHIT o5, 1) JAHIFEO BN
R - MIARBUCHET 59 EA SRR % 07
EUISNICT A, 2) WET VT BLUDLFEEZ &
W7 P TIIB bR L RS 5.

FE A YFARATITRIA R EDORE T ¥ 7 B Hil
BIUHAZELHET V7 HIRT) LA ZRBREA
RIREL, ST RMMEATE X OREBSICH L. &
TR T, FL v 2 AFEITE Y 4 DNA % fliH
L, PCRILIC X Y rDNAITS #is%, 28S rDNA D1/D2
SIS KO IGS IR 2 WENE L 72, BEWEAHI O DNA ¥
— 7 I AEPEL, KRERES L ORLEIZLD
Stk & M L 72, ATt o R REBI%E T, Shin
& La (1993) DFEIC & LR % v THREEA D 5
DGIREITTZ AT, S, AW, &SR, JE3F
BoYA X, BWIREZRLE L. BT OB H 5546
13 3% AKIRALT MY 2OKIERICT Y 2 ML, HTD9
%, HER, F09, FOIRTFOHK, +14 X, BK
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SritsklL e,

TER - ZER DHW 7 V7 TRE LB RN D EA
CIRW O 5T RN & TR 24T o 7oK H, N
TV, FVT=8y, T TIZHEETLHEAZ
R A~ TH B Z LSNP o 72 BRAEDHF
ML, NTITL)F, vvT—, hvyFY, Hya
—FvY, TAYT, N= FIHEAMBEEAEL
F72BE T 2 MORY ZFAE R AFES 2 2 LA
ENTVS. ZOHR, KEROHPRHI L2511
HE B B, BIARBUCFEM D & A 2 A A&
C OWIXIH T F 7 BRI % Erysiphe quer-
cicola TH AT ENbroiz. ) EAZHE MY O
MRS A7 A T d B 7204 THEPH IR <, 4 EHPHIZL
BRI EINLE EEZ OGN TEL., SHOMR
BB HIRTIZIZ D L) EHREHE T 2 LEEDDH
5T EERBELTCNWS, 72, A Y FAYTBIUH
RIZBW TR FEZ TR L, Phyllactinia poinsettiae,
E. baliensis, E. sidae, E. viburni-plicati, E. kissiana 3
X OF Podosphaera photiniae @ 6 Fi% #Hifi & L Ciiik,
FEEL.

EHHIBREORRIBED
ML TORA :
EHMHIEREOSRIEDORERT
< B X PR

IIBLR AR AP A WL

motoguro@yamanashi.ac.jp
- /

BRY D ALREIGEE 2 R hwESbTw 5,
AR, EBIVEILIRE O BEFI A ML T s, Ll
SR & RO BRI DA 2o 72 D BB & RO
WIAHTH B, AHFZE CILEBEFLIE W 2 230125
MEC XML A MEL, 74 VEEEES HRR
SolEs A EEHMNE L7

HiE ook E L GEEIED HE S Tw b Lacto-
bacillus )& 7 7 (L. agilis JCM 1187, L. ghanensis JCM
15611, L. mali NBRC 102159, L. nagelli JCM 12492, L. sat-

— 122

sumensis JCM 12392, L. vini JCM 14280, L. curvatus
NBRC 15884) D@1k % soft agar #:12 X V) HI5E L 7=,
KIZ0IM ) » R I ILIR N 2 i L, RIS
B LB OB 2 R 2 A L7z, F 72,
L. ghanensis, L. nagelii, IEEE)MED L. plantarum NRIC
1067 2 MV E B & JEEB PEMNE O AR LD 720 125
DEtEBE L. SO ofRE D LIl i
EL, TA VEERERODL AR LD EEEALEER O
Gl A AT,

R - £ ! L ghanensis, L. mali, L. nagelii, L. sat-
sumensis O 4 Hil3 soft agar {ECHBIEZ R T LT &
M T &7z, L vini \% soft agar #: TIXIERI M Z ML T &
aro 728, BAEE T CTIEBMEZ MR TE, L vini ®
EFE MO L KL CHFHEEZ LN
72. —7, L. curvatus, L. agilis |33 NP TH IR
B IIHER T E o 7.

U Y BRI WA T B LI5S RIS ETOKRT
SEFEDED S, 9055 ICH FikE LTz, L gha-
nensis B £ O L. nageli & IEEBIED L. plantarum % H
Vi Lo EEG R AR BRET L 72, 700 g - 1055 0 st (AL
P 0 M 0 [N (S SE B FLIR 1 T #Y 54~57%, L.
plantarum T 50% LLT & 72 ) w0 BEIC & 0 JEEE) 1 &
FEFHPEAINE O 2B LIARKYZR AT RECTH B & & 2 7.

Db 0 o Eeds & ) > etk i |2 s 2 30C T 1 I
BRI L, o —#% 700% g - 105505 HE L C
R R ISR A R e LT, Rike
TR S B HIEM LEBEFLRE O 70 & A7

B, BONTHMRIZT A DO EELZARATH S
L. brevis 25 KN-% K7z,

AMIFGE T 1 5 Bl B PR FLIR 1 O 5 BRI T
ELWRMEARLIZH, TR LA LILGHETE
hrolz. SRIIECTEERN & B EEHAGD
5 7 LR & ) L S 720 ORG R D T L
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4 R N
SiREERK - BERRICETS
YR YR D
% F B W
TEPERITZE B SEREAE I - Sthist N AW BEIE S 20

minegishih@jamstec.go.jp

- /

BEY  REFIE T OUIREER AT 123 2 BESRIRIR 3, MHE
WHOBENED 225, EOMARE K E IR
o 2RHREDERTHL. TOHKIEAT TRED
BARTEHBVRLEESNTVE., L2 Lers, &
ORIFIIRZZFHICLENTBY, T BEWERN O
mEDHETH L. Z I TARIETIE, BIERRICE
B S RN 2 BRSO BN 2 T T e —
FEITo 7.

Fik ARG TR R ST - IR ORI DT,
B O FH LR > 7 (Well) &R A B35k 1 (Bath),
WSO HEAR Y7 (Pump) 12X 5 3 B FH
SEAR L7z, BRI L72Y 7V LTl SO 7
A AL IRHT, KR 3 ) L AR FE AT % 47 o 7.
7R R ORERRE, SRR X B IR EE, 2
O — U fENT (PCREGIG L 72 DNAWTH 23FA L7275
AIFZRBRICEEERL, Ho5N7ATIAIF
DNA H1® 16SrRNA iz T-Ads % T - % 1500bp) 3
FORMA Y —27 T v HF =12k % * ¥ 16S rRNA &z
TN GRS R L 724 DNAIC T e -7 %
A3 UsERRCY % ff&k %9 350bp) ZAT- 7.
BR-EZR .V IAVRBCBURERSET T e
L 12CHIETH Y, pHIZTS5FHETH 72, FEFETN
EIEVF I LA VIRENREGWIETHY, ThITHE
WRR OB KTH > W EEE R LTS, &
HITKFE - BRHEFAARIL 2 e L7c#s R, B
HRIIEAHEARB LY 7K TRV S LATRE S
N7z, T, &Y A4 POWFRIRAKMR»SEHEN T
7o, RKDBRAZD % AR RIREARTH S Z LA
R E N7z, TR A A G OKER, TR LS RAK
A PTE 2T IHRIEFICE N ERGh o7z,
KA Y — 2 T =12 L % 16S rRNA 5T 7 » 7

U oa VMRS ORE, EOF T NIZBNTH
Proteobacteria M3 LTz, WiR#E, Well T
1% Thaumarchaeota ] ® Marine Group | 2’ b % <,
Pump Tld Methanomicrobia #i, Bath TIZZF DT & A
& D% Woesearchaeota "1 Tdh - 72. THHOHRR LD
Well, Pump Tl YRS THA L2 WrgKE & i
WP DRBEA IV LRRERE LT 5 & 124
T AL E PO XY YHHRA Y YRR ET Y, &
IR ENTZA Y V2 BALT ML L7z 8w
IMRDBEZ LN, 70— VBITIZBWTHIZIER
BOMRPF LN, =) ¥ 70 R221655 112 & 555
HETIE, HRIREE 15% THIHIT & % SRR I 0 4 HELS
B L7z, TS5k 16S rRNA {13 A il 41
ZIENT L 72AE R, MEEE R NS C THECE T A Z
EWd ol WEPLE SN T VT A E
NI b DI R A0 M C & 70 2 L3RRI
Wi BUROWEARDZ D X ) BRIGFTIIHEMAZ A TS
HILEHEVEEZONLZOT, 0k AilEErEM
RHIRT OFICHE ORI CihEh/zd oA, Bl
ROBRITHIE L THEK- 2L FERONS. £z,
SRR O HIIIBEAIAE & ORF DMK, FEFITHTHB
P BHAEBFEAEL, TNOIEERRCEAF DO
LEZ LN

s A
BRICEBT I 5EROTBIEELEDOEIL L
RRDED LU RICHEMEERE DR
WoHE R
JEHUR AR

uchidar@pharm.kitasato-u.sc.jp

- J

BEY  HRITAHZMENERO—>TH Y, Em
ZIELOHET LA REWEEWEORER L LTH
HENTW5D. HEk FICA BT % BRI 150 /78 & #E
EINTWDEA, EBEOFEREULZ DK 5% L EHTH
MG BHWAFRETH B, £ I TABIETIX, HEO
W=7l 2 AR L, BBl e o5 R
FAHrZEEZHWEL, IFETIZaEEEREI 7% <
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HAIZHEZ A s it (BRER) 1SFH LTHA
DIrHEB L U2 D U RACHIEY DIFNT %2 3R A 72
HEDIT, MEAZEMT 2 72012H0EE vz
TSR RET L, SRS, BEREAB LY
B HSRAT O PR O ImIE 1 5 PRI L 72 B3O I
Wi, MM PH3BXU6) BXUHOILDOTRMN
HORIEE2B LU 20mg/mL) DR S 4FED
HERE M ®BAT L7z, ThE21C BXU40C T2
Mg L, EFLHERZHR LA, $72, 28RS
DT, D1/D2 26S rDNA FIR DIFIEA S FED <
EZFOMEMRFIC L Y BHEOHEEZIT- 72, RIZH
HERR D RACGHEEM O FEMEZ TR D 72012, DAL
WE L ORI OB % V72 R R EE T, £
@ EtOH il # HPLC (ODS # 7 &) THHr L7z,
72, Mo A S, PURETES X O EE)
WOWTHHE L. SSIHEMEE ClBRTE& %
10 HOAEYERDA 7)) — = ZRICH AL L 7z,
BR - BE Pl EOR BT, Hoft:
2.0mg/mL GEIREL), FRYEEE @ pH 3, BisgimpE @ 27C
TRIFIZIO=Z—=AEFL, TNERERND DO
FHEE LTS L7z, SolEE AV, 3 FEArO6mE
S 66tk (1208) OHEREZIEL, ZOWHUE
Acidomyces J&DEARD 38% % 5%, KT Penicillium
J& (24%) , Aspergillus J& 3 X U Ochoroconis & (12 4.5%)
DFTHELNZ. TONFITHAR O k145
(Penicillium J& . 24%, Trichoderma J& @ 8.1%, Fusar-
ium J& . 5.2%, Aspergillus J& : 2.9% DNH) L3R,
T b Acidomyces )&, Ochoroconis J& 3 X U Acrodon-
tium & (1.5%) 7= &3 —RIFETEIHEI LTV
HW72Z o7z, KIZ, ZRRHEWOLENES LT
A 2 AT L 7250, B oML 2 RN L 72 AR PESS Hh
T, Penicillium J& (4 ¥k), AcidomycesJ& (2 #%),
Lecythophora J& (1 #%) B X OREEK (18) D
8 k& (12%) T, KANEEM O A EVEI R T
GEACRIR L7z, T 72RO W T3 66k H 260k
(39% : 8 ¥RSKRIFEI ) DORFFEWAEYEIEZ R L,
Z O THOAEZ R L 725 T O R EYEEZ R L

o6tk (9% LALdhol. TOZLIZHEO
GruEE & B Y, URACGHEEY) O ERE I3 DAL
B TRV EZREZL TWwb. & 512 Penicil-
lium adametzii BF-0003 ¥k 23 4 B 3 % # Bl PR AL A
pyranonigrin L 38 X U Aspergillus nidulans BF-0142 #23
AT % HTHLYE helvafuranone O 5 HIZHIF 5 2 &
WS L (GesC#eah), 3L, Acidomyces & ,
Ochoroconis J& 3 X U Acrodontium J& %5 O il 55 554 FL A
D RAGH ED OFRAT 2 kL T B, BLE KR &
0, ImAERFIH 2 BR 2 U5 T & 2 A% 7% 7 HEE &
LCHaifEshn, mERUANOBERIERTT2HE
2B BRAS 72 b,

54 ZIRMWE D EREF R &
RERFICLIBFEBEOVBES LV
BRAEERREDNHICET 2R

i Mg —
IR AR

yt-saeki@cc.miyazaki-u.ac.jp
- /

BEY . A4 ABRKREIE, 7/ 2P L0n L2905
A TN, ZORI ST B W TRECH -
2=y FERRT. 51T, KHERMIZBWTRED
T LI A TOBKBEOBEEESBEINDL. oM
R (& Bradyrhizobium japonicum USDA110 27 5 A ¥ —
BT WA T, BEREEREDE AR & L
TEFEAHPHfFEINTWS. 512, USDA110 7 5
Ay —D% L, weBERE AL, HR{bER
N,O) ZHRHEFICHEZETTRICTIRIEAT 5.
AR, NEaBEiz R SR E OIS 74 X
HEE D 5D N,O BUR MBS TB Y, A BRI
OB EEREZHO LI L OREEFEHRSI AT
. AWFFETIE, SR s e A B A Rk & R AR
WO LTWL I EICHAL, BRERT L LT
EEARIRTE B X O nosZ BARTF DA MRS, BRI T4
MR BT R B AT L, AR o ZERE MR & B
BEZ AU L2 RO ABI T Y b o — Lok
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P ME L7,

FHik W bE (BAs L kb t) 12, B

japonicum USDA110 BF2E (wt) #hk&, se&BigsEicy

e N,O BICHERBET TH 5 nosZ BInT = W3 L

72 B. japonicum USDA110AnosZ ¥k, B & O+ AWK B

DRFEHR & LT B. japonicum USDA6 ¥k (N0 F&4:71),

B. japonicum USDA123 #% (FEWL 2 ® ), B. elkanii

USDA76 ¥ (NOAJEHY) #BEAML T A 703 XL

AP L 2. BRSBTS & ARSI

EE Lo A 20 a X n %, SEREEORGRRE (20, 25,

30C) T30-60HMILAFRER LA, LD, 5 HRE

DNA Z filith L, HURIE © 165-23S rRNA i#t {2 T ITS

W% B % R U 7228V it BE ) L 7 ) B Sk Bl i A2

Lo THMKROBLEEZFEL, EaBEkof L

THEOIREE - Bt e R AR AUR 14 B SRR S TS

WBEMAT L7z, 72, VTV F A A PCRICE > TH

RO BGEAR T S BL O IR BEARAFE % AT L 7.

R - EE . B japonicum USDA110wt (% 135 o flis
ZHHb S THKEETICBTESEL 25, R
s BT 58 510IEEED 59, USDA6 # %

USDA76 #7551k L7z, %7z, USDA123 BRiZUF5H)

PO T CTE ST 2 AR D 5.

USDA110AnosZ ¥R N O 5T b 5L b

otz VT IVY A A PCRIC & BRI BEE 58

BLOURBEARLEIEIRNT OFER, B, elkandi 13551 T < 56

L, B. japonicum 1BV THRWREH IO 5

Nz, L Lads, LHATHEL S % USDAL23

RIS B W TRWIEIZR L. Zh S DMK REE

Sl oD BRI IR - AAT 10 B #2135 HURL TR O Hb BRI 53

il = LTz, ERGT AT ORR, PR R LR

R A BT T REEN L, TR SEM, ReT
WEPZBIF SN, DLEOKRELD, nosZ #fzT2H
T HAMBREO BT LT, 130K

Bt R OB L > CHERBEEkRE A L
FRAL S 3% 2 B L 20 A FIARORC I 2 A2 B AL &
15 2 TIEE PEAN I O W R RIE S 7.

BIRHBRE CECERRMBER
EMBFO SRR RN OB
I
AR TN IS oS INGERIE S

mail:nghm@post.ndsu.ac.jp
- /

B89 i, RHER 7 EOBSIERRIC B W TR
2 1) 7 MEM (Cryptomycota, Rozellomycota) %%
5 % % trAphelids - Rozella - Microsporidia (ARM) 27 L
— Nk, RO FEBIREREDE SR E LT
BNaZe0dhsd. INoOENERBHREWICEIT 2
BIZHZARIE & P2 R A O 28 U T, iR
FZIZANT TOMAOER & A7z,

FiE D HARDL0ME [RE (L), WG 7
Iy Rt (B, sl (B, K5 (5
IR, BRI (RIUR), #i (Li), S
(LR, ANHOM ORI, &l ORI, #
i CEHIFE) ] I2B VT, =<y - N=VREEHD L
MR ZH T, HRoOY > 7Y v 7 2%k
L7z, =8Oy T VIOV TIE, B, BRI,
PNV X B R R AT Y TV idE B
29 5 LIS, #RI2Hk L, ISOIL for Beads
Beating (Nippon Gene) %= H\WTC, EEOHMH %175
7.0 Bl L 7oARIR 2 RIS, W2 RRRMICHIET 5
PCR 77 4 ¥— (nu-SSU-817, nu-SSU-1536) % fI\vC,
/NP7 2= b rRNA (SSUrDNA) B{ZF-#) 750 Hi Ak
ZWIEL 72 2 T, R¥ 7 2=y b rRNA(LSUrDNA)
BIZT2WIET 2774 ~— (12H#) OfFHliz1T- 7.
E 512, 10 B W TS EEICHI L 72 ARM
FHICHFRN L PCR T IA =% T v L, ZOK
WVEZ RVA L 72, BEWEREY X, KERZ pTAKN-2 75
Z 3 F (BioDynamics) ZHlA AR, HEIREE, &
sa— Y EY -2 —r IR REL
7z. PeE L7 DNABHNZ, REMZEERK, B &
O Blast 12 & 2 % ACH] & 3212 webPRANK % H v C#
FlE i, gBLOCKIZ & b sl % flili, TOPALI IZ& %
N T3 PhyML B X Of MrBayes % fiv» T, BIC At
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2 X O MEALE 7 VD IR B X KB O
R FASF AL E A S 7.

BR-ER V7)) V2o ERYOETrS
%8 SSU rDNA OFFERIWIIR SR S L, To4aTH
5ARM 7 L — Fidi & hzz. —F, WENAERE
WORNIEDTH -7z, BEEY >~ 7% H v TR
DR FILE LSUrDNA 75 1 ¥ — (LR3, LR5, LR6, LR7,
Vilgalys lab. webpage £ 1)) X% PCRZ u— DO
HEMMEZFM L7222 25, LRTIGARM 7 L — K%
ML (IR %575, LR3, LR5, LR6 13, (TIZHIWEL
BN EDBHOLN R o7 ARM 7 L— FOHEEIF
EWHPTFHH 3ETH Y, FIHOMT3%~78% &
KRELCEHL T2, 55 1 ENT EPHBEORAKE
KB LTERTVWAE, 2095, RILENZ
ARM Z# % M35 PCR 774 ~— 2B L, 455
MR 2 R L7z, A<, WBHER 2 7 O $hiE 4
ez 2, L 5em UEROMT, ARM 2~
L— FORBEGICEENEIEREREMEA S
Motz. —7, ARM 7 L— FORESZHMEZ RS &,
#Kg L N UNOMTREZAMEMNAR SN, 5em
DIRICHERIICHN 2 H 8l ARM RfchE iR S 7.
T, BBy VR AW, B AR E W
R R AT 57282 5h, AMHICH ARM 7 L—F
WL TWB 2 LAMERE N ARMZ L—FD
—#ix, T P rHFEAENOA LSS, B

E ORI E DGR S BG- LT\ B REME & R
L7-.
4 N

X85 LT ROETREORERALE
BImERAVWERRN1MF Y MIBITS
WAEMEERE & ABOEZMIFEM G

oIl A&

FOE TERFRE T AV X — Al E b,
B TR ERAE SR

nakagawa.m.ae@m.titech.ac.jp

- J
BHeY : REFPEPERED> SN EITIX, K, B
B, BOABERENEBL, b0t~y

MO ENT WD, NAF <y R 2 MY
R HEAL R O G E A R ITHE  Z & A5l
ENTEY, WHAERBROEY Y 7Hur vz b.
NAF <y MEBRIPLEEIER I NS BBV
T, EOX) BRBERHN, Lo XD Rl wiEo %
KERL, LX) LWHERBLZERTLILT, ©
FEALT 2 DD WS MR o T, £ 2 TARIFZE
T, A A~y MHBEWREEISN L < A D
WCEDEIIHFGLTWEDN, X575 ) NMEN KD
e BT MR 0 i 3, KSR REARILIRAT  (69Cpy + 67Hy,)
[N Y e T N WA

Fik L KROREE AR D20, HERAEIORE 5
Kl (63—77C) TR SN DR RS+~

RON L7z, KIS, JERANA A=y MERGER B
972, 55CIZBIFBIFIRNA =y FEFIEFAL
1, 9, 13, BBHBZIEE SN2 4+~ v % 1mm
SR 2 AT o 72, X577 MR TIRMEmH &
A EE N KA (VY v, RITHTCA, 3k Fa¥
vru¥x vk (3HP), #EILH T £ F IV CoA) Dt
BEEICDWTINT L7z, 01C,, + 6 H, AN ICE L T,
E A Y A3 S 2 MR IR AR I OM 3 o Rl A7
RIS A % AT ZE D 5 F LD, N F T AND KM
Ay - BRBOFGEEEFR L.
R -8 B2 KRIBICB T 551 3~y Fofi
2T 0.1% LA b 8 2 Al T 0 2R PR B A& Hpoi s 8 1
168 T o 7z, RFEERBORERIZONVT, AV
Y Mg Cyanobacteria, 3#=7CH TCA &% Aquifi-
cae, 3-HP WI&X Chloroflexi, #ICHIT & F )L CoA #%
%1% Thermodesulfobacteria 7 S S iz, KA W
TR S < AT 2 BRIARRIE & 6°Cyy » 6°H,, M5
Ai %25 75C PL L TIALS A BN KR DA < 2K
BWARICELTESLSLTEBY, Kikas75C » 5
63C N5 & & D IBE MM KT L DA 5HK
&L ot T/, 55CIEBILREMEENS <Y b
2B L Tl F 3 Chloroflexi H3E 5 L 7-fk b OBk~
v MHER L, 9 HE, €O T Firmicutes 72 & OHE
BRFEME~ v PR SN, 15 Ak, Kok
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<y MISRIIRERE & 5 5Cp AR L 72 2 & A 59
JEREME N D ) SRR L2 2 EAVRmBE
7z. BT Deinococcus/Thermus 7% & DHEE K AZH W %
Hub & LR REN R~ y PRIz, K
WFFE T IIBHE 2 B E A RER T L 7/ D AT & [l iz
WRILIENT 2 DERI$ % 2 & C, BV REmmIC b 4
BB RMAENBED L ORBERBETHEG LTS
ERTIENRTE.

BEMEEOERICET 2%
oK M

HHERAERF BRI TE R

sawayama@Xkais.kyoto-u.ac.jp

- /

BEY: WX, =% —VREEREL S —BEoiEE
AFEMA E LT, JRSHEEFH STV S, @HR
BOSHERE LCid, RS0k RS, KB
(HFPEI T O 5B - BFZEBE IR A 2o T,
WOREN RV & L HBEHEE IR )T e
A, GEBISLEVEREEZEZ S, Z TR
T, WEEBE D O L FOW AR E Y L, 2o
PEIR - B VRS2 AT A 2 LK D, HUEEL 22
WHIZ DWW TZ QAR ESEMH O W RETEIC B9 5 41
REHEr22HME L7

FiE BT GURY) oiEERYREY VT,
Pl OB AR S, S F a 247 IPR:
xR L, PDER7L— b2 HVTRHEKRI D=
—ZHE L., HEEL/-oo=—725 DNA ZHRHEL,
PCR % - Dye Terminator 3 % i\ T, 18S rRNA i#t{z
¥, 23S rRNA # =¥ D1/D2 #H3%, ITS i o 3 A5
IR BAT L7z, A0 Y EFEOGHIE, A T7TIVTHEL
RBIZOWT, FAZUY N 574 —% T
HWE LT 52 L Tifo 72,

TR - ER Y v 5168k, EY LT v
3Kk, Fr¥asdkFT IV T UhLI6ROHE
Moo= — % HEEL 7 B L T S HUEEL 7otk

DN, MS1#kE MS2HD PDERX T L — F 25 2 1
YREEDSRD b7z, MS1 k& MS2 bk R: 28 S AH
WMEHFAZOI T T T 4 =12 & o THHILIHR,
AU FEOADDERITH 536/ F T L 14—
VAEREAL TS Z LAYEE Sz, B2 26SrRNA
#A1%T D1/D2 $HI K OF ITS $HI o ¥ IR 5] % AT L
THr M 2 R L 724528, MS1 k& MS2 #kiZ Ge-
otrichum candidum | TdH - 72, WHRILFFIC, G
candidum OF — X BIER 5 — & —FEREpR & 1TS S8
FHEH OMFEPEDTF N Z LA 72,

MS1 ¥k & MS2 #kA%, AUV BEFEZEFET 50305
POFTMEATH LW REPEZ SN L. MS1HkE
MS2 #k 1, FICEBEIRO LNV E2b, X
O RESAMEAEICHEL T EidERICLL,
A - ERESRI R B X 2O W TR A B OBIFE O A
Wfpshs., HEEEZED LMD TORESE
FIHAHETE 22 &0 5, HALEMNZENNA £ Y
— A+t Y& —IZ MS1 # (JCM 31318) D% itx{r- 7.
72, Fr¥arstxT7 I 5L, Trichosporon
JRRERERR DSBS < HEBE S 7z,

LEHEEARAIBRFRIRED
NTF RERMEICEEY 2%
w N
WL KB b R R

karakawa@okayama-u.ac.jp

- )

Beg v MNERNESE O IR E Lactobacillus gasseri
(LLF L gasseri &5 %) 1%, Hx RIS
LZHMRTaNA KT 47 ATHDHS, s EOREM
FMPCRIFICAT L2V L5, ZoFHMEH
PRENTWD., RIF%ETIE, L gasseri DT F FER
RO, AP TERTRRAE R (GERFLR
L) O % AA T,

Fik  @RBFE B2 MRS B EA (R
yURTR), MIT Ny (BESEHEAL L RT
FRIREW) BLXOAIFI W BoWWr €L v,
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W7 I BEAYW) EhEhRmL, #RHhT
D L. gasseri 3 WROHETEZWE L7z, 72, &l
JRFLZ N— 2 & Lz oORBZ T, WO XT
F WK% GFAM L 72,

RNT, L. gasseri & W\ 7238 BESLBLE I ) C, 38
BEEM O T a7 T —ERBEOHEMEZUTOLHIZL
TRl L7z, soclhilFsl 2 A Ee % 7 Moo 7 o
TT—X (RTY v, MITVY, a-FERN)T VY,
Loty b, 743y, TUAT4 v, 284 ) T
WL, K7 a7 7 —BWUHEIAHTO L gasseri FEHERE
DEFEZWE L. X7V VX 20O
o237, v MR, B F—AhT—, A5
Hi, HEA VEH) 2OV THITV, AR EERD
AHENEEZTo 7. 72, XT Y VRBELIIBY
LB EREL, o L gasseri 4 WARIZH LT FEiti
L7

AFEMOT T 7 — I 1357 5 L. gasseri 5515

FLBELE LT, AMKE L oA bR 2 RKa .
9, AWFAERA OLMRERMSIMMA 5, 37T Jes;
3T L. gasseri FMERROFLPAH 2243 2 Btk % 53
P TE L7z, RIS, BEIKWRZ MO L gasseri 4 Rk
EoFh R BRI L U, L. gasseri 8L BE (2]
VI 7R PRIbR & O 3L O A IR RN L 72,
#&R R L gasseri 3 iR Ty, MU TP
WM 522k, BRBELERV2 MRSEH B X
OBITHNEFLCRIFICET L2, A¥4 v LR
HYPIJBOBINTIHIZEALEEE L o7z, Kk
FIZED, L gasseri IZEHPL LTH v 37 HR itk
TIVBTERL, XTFF2ERT L2 LpH 5
Loz,

L. gasseri DX T F FERMUATRE N2 Lnb, £
DEFREIZH 2 2AFEMOT 0T 7 —ERHOEREE
AL A, LYty PR 6O TOT T —
VB & o THREROLPAEFTEM L. 51,
RT Y VPO BT T, #ITBIRALZT TR,
MBOFLFM BT DRI E AFRER AR S
N7z, F72, XTI VUBORRIE, EHEKRZT TR

<, Mo L. gasseri 4 WHRIZH LT H RO LNz,

L. gasseri FEMERROFLPAEF V% 10 B S 5 3R 3
BEEk® & LC, Lactococcus lactis subsp. lactis 4B254 3
&£ O Leuconostoc mesenteroides subsp. dextranicum OR-1
R L 7o, MIRRREE W RIE, JREERRZZU TR L, Ml
D L. gasseri WHRO L AEE S e L 72,

PLE, REFFETIL, L gasseri D7 F FER M % W]
LML, RTF FIRINCEAS %\ L gasseri SEMEFLH
HEE LT, BEEMOTT T 7 — 0B X O
FRERI & DR ek 2 L L 72,

s R
RIRAE, ATP £EfE, ERERREZ
MIEL - MEMBEEICLS
FRARY T 24 NORBEE
fifk &

F I B R AA A R AT
funa@u-shizuoka-ken.ac.jp
- /

BRY D ABFZETIX, AMIZE > TUHATDH 5 RIS
WS (FAS) #FET 2212k, v 2 =)L-CoA
DR T — ViR L, T RACHEY ORI L 7
Escherichia coli (KWiW) DfEEZHIES 5.

Fix  FAS OB (3, FabB/F #lE$F 2L =
ZHw7z. £72, ARedrecombinase 3 & U Cre/loxP
v, KEW O FAS #f= 1 fabH, fabF, fabB O in-
frame mutant ZE# L7-. ¥ 7, fabB/fabH, fabH/fabF
DOTEWIFEMROER L2, T2 FV-CoAB LU~ =
W-CoA I LCMS # vE® L7z, £7z, vxua=)b-
CoA 1% TIT 1 PKS - RppA B L NE ) 4+ ¥ 3 7 F — &
MomAICk ) 754 VAL, @il iz
FOURE L RT-PCRICK Y, b L7z,

ER - FERBmIE~Y 2 = )V-CoA ZHiEkEE LTIE
IRE IR L DG I N5, KRIGR ORI S
JX A% 12 B\ C FabH, FabF, FabB i3~ 1 =/ -CoA
FHBETLIMETH D, 63ug/mloEL L= Dk
512Xk, 103ug/mlo75FY U HREFL. D
EXY, RReEREREZHETSE, R F 4 F
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DEFERHAIEZ 5 Z LD - 7.

fabB/fabH WM IZ BT 113 ug/ml & Btk & Hoig
LT3MED 774 Y 2EELTWDZ L HPIL
7z, MM T £ F V-CoA B & '~ 1 = )V-CoA % i &
L7245, fabH/fabF B3R IZ B W TT £ F V-CoA,
~ 1 =)V-CoA DAEMBNEII B E LKL TZNENG
5, 45f5Th o7z,

FadR (3 5 i 1 0 A2 5% 2 1R 2 3§ 2 i X - <
B %. FAS HRTIZBM & LI L T FadR D5 &
APFITHIM L T 7z, SEBS, FAS bk TIl3 Bk &
¥ LT FAS EIZ T OEGEDHML T/, FadR
X, 7EFNV-CoAHNVKRFT T —+¥ (AccABCD) &
7)o F DOV OB OG- IR OEE b iG
169 %. J2B%, FASHUEMR CTIIBIMRE LB L T Ac
cABCD, IcIR OEEEAHNM L TWw7z. IR DG i
DEEIMAE, 7Y F F 3 VIR O AceA, AceB @
BT LTz, AceA, AceB 137 £ F V-CoA
EMHBETIMETH L7720, TS OWRGEDH L
CENTETFNV-CoA RV ZTZHHTHL LEEZ LN
5. F72, AccABCD X7 £ F )V-CoA 5~ 1 = )b-
CoA DERZ MBS 2FETH 5720, ¥H=)-CoA
WAL EZOND.

B—NIFTUTRATP D
ExHRESTALEICEL S
T I — U3 EHBIE DR
&N B R
RHRFHE R Y 8 —,
Bl BB R AR B A A B A E 7e 7
imamura@lif.kyoto-u.ac.jp
- J
BRY D AEOWES S, BEWICHE - ZMER TS
> TH Al % OMFLNEHO mRNA R & /87 B OB
CIEELHTH LI DD TRz, 2D L) iR
W7D NI WS, 4 Ofl % 527k
LERIEIZE X, EFHELTOI A7 2O LTwDE
ZzobhTws, —J, MlaoR#WIZowTE, £
DWEEIHLOMRL T NERELLELAT A EHESN

5H00, FOEBEIIOVWTIERFT STV DS
7o, FRICATPRE IO AV F—RELHEL,
B RACHBEBRICIERILC, ZORBZHIBL TV 5
7o, FEWICERERNRIA—FITHILLEEZOLND.
AWFFETIE, N7 7Y TN ATP %M % OfMiiaZ &
BT HEM ZRE. L, Z OB % H\wT ATP i
EHIHOBBREHONICT A2 L2 HIFL 7.

FiE DATP K& Y /87 M Th DA ATP A B
FeVr 7=y b NERM107 7 I VBRI E CE
w247 3 WEERE OB, HIEFIZ R GFP Z s &
BI2ANLY YR B L7z. e T 2=y M
MEFI R GFP # <Y v A — 2 Et L, ATPHALC
LD HOUEIERANRT PUHPRRELSETEI 0%
ML [QUEEN] & #fiF72. QUEEN % 405nm &
490nm I 2 DD Y — 2, 510nm IZ#H B — 27 %
AHLTBY, ATPREN EHA T 2126 T 490nm @
Y — 27 2MET L, #i2 405nm DR Y — 2 2%k
AL $%bb, 490nm THkE L7254 L, 405nm
T L 72854 @ 510nm (235 1F 5 HOLRE D % 3k
HHIETATPIREZNMO LI EDVTRTHL I L
AR E N7z, QUEEN % 383 2 KW O @ 2 5,
QUEEN D38 Y 7 F 0V Z B B (S IR T H 5
Z &, £LTQUEEN OHEY 7 F i b i\ E &k
THINEAN ATP IREZ RN TE 5 2 LAVRE iz KIS,
QUEEN 2 38l3 2 KlpWa 4 A=Y v 7§52 LI
& o TR N ATP Okt BE % il 4 Dfie = & 12k
ET ALK LIz, TOMR, &H—0r )/ A
ERORBRHZN —BRETHEZLLZLETH-oTD
MR BT 2 B D ATP B O5AR EK & RIEA
DERL, POIEMMizE oW VWML R
o7z, ATP I LMl ofR e~z 25, B
PRIV Z &2, ATPIREDSEHWHIIE L D, FHITEW
ATP 1 & Fpo i A% b RIS &9 B A
gan.

Z2 I QUEEN Z H\W/2 ATP 4 X — Y ¥ ZHfiilZ & -
T, H—MlgL VTR F— % 2 E)8
B 72, BRIV & RN § 2 00RETIENS 2 &
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AWz, RIRAIIE 22 & > = 2OV F — R & g5 %
FHRELTHERIANTHLLEEZLONS.

- R
KBEICBTFBIAEZERI XLy F
T E% A8 D AR BR
B W K #

W LR E B =TT
tshimada@res.titech.ac.jp
g v

BaY AR EETOEYITE LS, BIEILL
DWNELEZ LGNS, HAcRRETEELRAGEHR %
FIEEI LTS, LaL, REHIEIZED S H A
EML72A5HTH, H 70—tz ks s
BRI TR, BB ANLRIEDTTRE S 7 5 HAL
bioTWww, TIT, MEOFRE R HEHICE
ATREBR MR E L, RB7o—oEiftzy kS
TOHTHEMD [Feia] 2B o232 2 HME
LCHi%E %475 7.

FHiE 7V —RA % BRRRFRE L/ TO
Ny FEEREHCT, REBRFAT— 37 va
—ABALIZ X D R P LIS AV F -2 T B
R A5 — b (Glycolysis Phase) 75, BEEERT 3/
% % FJ ]l L € TCA cycle 0 = f LV F— 2 A L,
BERTE 24T ) A A 7 — b (TCA cycle/Gluconeogene-
sis Phase) ~&NERER L T EBRZ M. L 7.
Z OB O RHED OMIBNREZWE L2, &5
2, RO BRICHG§ % B Z T ORE%
YA

FER - EE ! Acetyl-CoA % FEEE A9 5 Acetate ex-
cretion pathway % f#)9"% Phosphate acetyltransferase
(pta) F 721% Acetate kinase (ackA) % /RIF S5 &,
Glycolysis Phase 7~ 5 TCA cycle/Gluconeogenesis Phase
~NOYI ) R BB, MBS L AT A 2 &
Mg SN, ZOFHH 5, Acetate excretion pathway
M LR#20 ) B2 27:00ERH (Metabolic
Transition Phase) 2SF1Ed A FAVRK S iz, £72,
Z DOREOWFARRIZ BT 2 M A b A E Y 0 iR BE AL

fbzflE L7z 25, 71— CoA DA WY
EALTw2 2 BB SNz, £O—JiT pta K
BRIZBWTIX CoOAHOREIIBHAKRLEFAFETH LD
D, 79 =0 CoADIED FHAIIBE SN d o 7z,
Z 2T, pta RIEMRIZBWT CoA DRIERATH B3
N UBERTIMLI:E S A, BGOSR 2 [
L7z, 2512, bR B X UV TCA cycle Lo K EE#%E
DEETRBEFELLELBE L1225, Pyru
vate dehydrogenase (PDH) % 7zi% 2-Oxoglutarate De-
hydrogenase (OGDH) OFFEDH 7 1= v | % #F
FHHEE 5 Z & T pta RIKIZ BT 2 HITH O 155 A3
SHNCEE L. 22T, ZhbO0OBEONNEE
FERFIICIE L7z & 2 A, BPZERR Tld Metabolic Tran-
sition Phase %322 PDH i&PE2MX T L, OGDH iff23
EA LTV, pta RIAFRIZ BV Tid PDH G PEAMEK
TLZ&W—77T, OGDH iEEA BG4 DRI L <
FHLTWA, Zhso%EH» S PDHIZH$ %5 OGDH
DIEMER A —E L 12 7% B Z & % Glycolysis Phase 7>
5 TCA cycle/Gluconeogenesis Phase ~®D & % H%E L
TR HHTRE S N7z,

AWFZEA 5, Glycolysis phase 7* & TCA cycle/Gluco-
neogenesis Phase ~DEZIZIZ 7 ) — D CoA DAJE,
$ LU, PDH/OGDH{E L Z Y ) B R 27200
Metabolic Transition Phase 23153 % HHAVRIE S 7z,

s R
A7 VHEEERRENITITICES
KREDFERE

i i

BRERK S B AR B g > & —
tokuda@comb.u-ryukyu.ac.jp

S

y,
B . REMWICTFEL > 07 ) HoEbsENcld, it
AR DIARE S RICE R 2B EE2RT IS
NTW2AS, H%L a7 TINS5 IEN
77 T HAREFRCEGTH I PRI TY
. LaL, REAGHIZHEDLLZEERIERA S 7 2N
WX o THHMIZHI S 2IC R > TW AT, Mm%y
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07 VBT LREAGHED A =X LIFIEFEAETS
PR o T, AKEFSETIET a7 ) BN TRESS
RICBD B N7 7)) THEREEL, oML EET
THME RIS 2 L 1CE T, AHZMAED
BIETRBEAZIST A L2 HME L7

HE ARMETIHRE LYy T 07 (Nasu-
titermes takasagoensis) % IREHE L, BEWRE L D EN
WA RBYLL 72, Percoll % BEA B M £ o TRF )
BN TN THROARTRHERL, il L7z DNA Z Hw
T HiSeq2000 (2 X % 16SrDNA B L ' X & 7/ L f##it
ZHEMLZZ. SHICHEABOTETHRLIANZ FY T
I DHNE L7z RNAZ v, 3 DM L7zt 7
IZDOWT AT +F Y A7) T b — LEHT % P8 T FE
L7z

R - ER D 16SDNAIC X 2327 7 7O %
1T o 7245 %, Fibrobacteres (R DK 40%) B L O
Spirochaetes (ERDK) 44%) BFEICEDO LNz, Fh
SICRWT, TG3MIZET 237 71 7 b k% <
#7%) Bo NIz, X577 MMREFTOREE, #2100
TiOXRT Py FY—=F26, 1257 THoay 51
TER. BONTEEFERIID D B, D 2.3%
HHEFCH B R ER T ThH o 7. BLASTH—FI2 &
Y 155218 DO BEE AR S RE R BT AR, Zh
LD)H 130N —AGRICHEETLHEETTH
HELiEEEh, 1/308~N3 o — 25 RICEE5§ 5
CHESN. SHICAF FT VA2 )T b — LT
DFER, FY TN 72 ) 13 OET WA S h
72, TOILHOENMTY U EEI—-FLTWAH12
JiEIZ 2T dbCAN (2 K 2 HE A€ 3 B i 38 A5 T
[ 58 % WA 7l R, 266148 (22K 2.2%) 2SHEACHTE
W RBETOEGFY TH L EHEI N, ThHIR
BYOHEJ L~V (FPKM) IZoWTHE Lz& 25,
BIRZR N Z &2 GH11 128§ 2 EfaF OIS L~
PERDHK 40% % HHT w72, GHILIEFA~NI Lo —
ADFEERSTHILF VT V2R HEE (¥
F—+t¥ EC3218) #%#&L77IU—LLTHILNT
W5, EHICHREVWZ LI, GHIOF Y I F—F

MRS 2 BBLRIZFIED 9 B 3 DDBZF OATHE
BHED60% % HHTEBY, CBM (Carbohydrate-
binding Module) 36I2E T2 F > 7 VBN AL v %
HLTW. 5%, TROEDANI L a— A5 EEEE
DRI 2 FERi L T 28T, W EANI L
O — AREROMERD RN DN &7 2 LAWIFESNA.

- N
MEMICEIFERDDIEZEIRILX—D5
BRI 2 E—AOEREHBBICAT 1

HBO R

Bk W B

FIR R EL AT
kinoue@cc.miyazaki-u.ac.jp

\_ v

B89 gEICWIC X 2 Rl 4 MV E FRE IS w A
RE/NHALOBIZ T2y R EIT .

Fi& Bk ICH Geobacter sulfurreducens PCA ¥R %
W\ X o THIFBNIC A U 7 BT & Ml s AR AE 3
BIALSR M E OB T ZBEARANET LR & H
D, KERIZFEEBFIC RIS b2 oA (OmeZ % &) %
AN %

PCA 7 7 A NIZIE 2 2D 11 B3 R T HED T
19 5. ThZho 1B REIETF I8 2 HEeIC
IR AR T 2 W L 728k, gspCDEF B AR T WEERE,
oxpG WHERRICDOWT, FO&EERESY VR B L 5wy
YXZE DT T 74 )% SDSPAGE IZ#E < N A G
f, LOmeZyikz iy 2y rryuy 5427
fENT 2 AT 572, 72, ZNENOBIERRIZO W TRE
YRR EIL T DRI DWW TR 72,

OmcZ X WAEMIREL B TOREICAH LR c Y T
UL THb. OmcZ it 50kDa & 30kDa D K/Hh =D
DA XTHAET S (£ OmeZ, OmcZy) .
OmcZ BIETOFHICHAIATF ) v 7077 —
Y (Ozp) DEZTUEMRZFRL, HHEIND Y >
N7 AT L, BUEMIREEL T OSEERT) & A
7z. F72, Ozp MBS 2R WEERL, FHHE
% T O OmeZ \R3 2 YIWnG U &2 f 7.
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HH DD EEL 70 B BESE FE AR YM18 FRIZD W
T, &7 AxE L, MMOKEER G. sulfurreducens
PCA ¥k, KN400 ¥k & OIS ) A ENT 247 5 72,
#&R - EE | gspCDEF BRI AIE Y » 37 HIZTOW
T, BpApkE BRI O Nah 57278, HEEIG
b Twiz, —7F, oxpG BIZTHEEIZOWTIE,
OmcZ DEFERDHE LT L, SRR EKDNT
Wz, TIN50 ERND, gpEfnFideMy brm
LPSNDFEBIZHDL DM EDD Y 287 D5
bbb L, oxpGid OmeZ ORI/ G W b % i fx
FTHDHIEIRBEENT.

0zp WAET-HEEERRIE, OmcZ % & RERY, #E
B & Jeo TWwiz, F7z, Ozp ZBFFI T 2 KW
OHLEEF AL OmeZ, Z VI § 212 o T
2. 20T ERD, Ozpld OmeZ, # VI L, OmcZ %
T HBEE S TWD 2 EATRENRT.

YMIS#hD &7/ A ZRELIEZ A,
3.7Mbp T, 3,354 D ORF - THB Y, PCARIIH
LT, 122,022f8® SNPs & A L C\»72. JEHAE A
PCARR L ) &\ YMI8 #k & KN400 £k A 12355
BEETFO3BMAZEN, IS OBIETFIEE
BRI S 0 OFEE 2RI LTS IRENE LS
nzz.

e ~
HEDOHBEAL Ny 7 ZZEIZBEL -
IE 2Ty 7HIEICLD
BinFRIR AR O
&k o =
DIRR L7

moshimi@meijo-u.ac.jp

- /

By : KY (ADP-Y K—2) (PAR) fbiZE#/EWIC
FRW% s R EONHENHREBHTHL. 20
BB, NAD* #JE & LT PAR 2 &K 9 4 poly
(ADP-ribose) polymerase (PARP) & % f# 3 % poly
(ADP-ribose) glycohydrolase (PARG) #Bi5-3 4. &
HEEBAEWIIBNT, pargk /) v 7 ¥ 3¢5 L0

F 7% PARALA | &2 2 S NAIRSEAE R S NG, Th
1%, #F % PAR OAKICKEO NAD 2§52 &
T NAD* 463 % 723, ATP O AT S Auifig
HEDIERITEEZONRTWAS. /2, NAD' &3
BIZT 5T EnD, PAROBIKSE L O Rx, Milan
DUV Fy 7 ALFERZRIIHBRLTD I EFEZLHN
7. 51T, PARPIZL 5 PAR(LD Y —7 v F & U8
ZEIFICHENICHFELTBY), AN F—7y
FCTHBZEND, PARILICE AT AT 1 v 7
LBETFRBOGMAIFLEL VLI EEEZ LN
7. L Lo, RIRE Aspergillus nidulans O 7
L ZIX parp @ ortholog 25 1 DAFFES %45, WBERER
X O A nidulans % & HRRE O 7 Aop2ix, BRI
D parg @ ortholog X LI S v, RIFFETIL, %
KW D parg BIZTF 242 L, ZOAEMENEE 25
MPICTHILEHNE L.
ik LA nidulans D7) DERD S parg BB T %
7% (NdxA, B, C, D, NppA, BB XU HP) #k
L, VayErry vy o8 Hedis L7z, REL
THEDY) 3 EF Y MZOWT PARG G2 Ml 5E L
7z. PAR O 5% B 1E LC-MS/MS I T L7z, &
7z, Afparg HkEE# L, DNABGANI S 2 &2
MR L7z,
TR - ER ! THO parg i) a2 EF ¥ by o8
7 H&RE L PARGIERZME L2 25, €
PARG (hPARG) & FI#kiZ, HP & A Mg KA1 12
PAR % 43f# L 7z. PAR @43 % LC-MS/MS (2T
T L7z& 2 A, ADP-Y) R— A0S S /zZ L h b,
D% 37 B % fungal PARG (fPARG) & L7-.
KIZ, Afparg R EBELL, 3 Ho DNA B AN
THWEERG L7z, TofE, BHEERICERT, A
foarg #ki3 DNA AN LTS 2R L7z, £72,
fPARG OMIHRIEZ T L7z & 25, F& LTHIC
JFEL Tz, & 512, PAR D5 % fRRFIYICEER L
7L A, Afparg ¥k Tld PAR @ 553G P 23T (2K
TLTWwWAZEpuRE N BAE, ZRRHWOERE
WS 5B AR LT 5.
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b Z E»s, RIKE TIX PARG %% PARG & L
THREL TH Y, DNABEREZ SICHS L Tws
EBHL NI R o 7.

p
BECEFRE,SHEB SN
BIEEA S OB L AMEECEEY %R
VLTI
SO SR AIE F AE PR

kawashin@nodai.ac.jp

- /

BRY D RIZEOEMBE S A BREEA P L AT T, IR
PEM R DR % ) EME A b L A 2384 LRSEIC W
Tob. HE O O A F SR EE 2 M 2 2R E B
Bih MBI OBE LTV, T08RIT & 0 B 3
2 HEE - AL TWwh. ShSBBRBERIZ KA T
HY BBSRCTIEMEZRL, WET DOKGA0% DB
B TR ARAAET 5 % EENBREEA b L AP
RRT I END, BRI EREE A N L AT
WD R INTZ, HEDOT AT 7))V b5 H
HE L 7O Kid MR IC BT, S Bl 5 BRis
AMVATTTAY X% VF v EbET bHHE LKA
Py > 7 8 (AstaP) 2SKEICHEBT 5 2 L5 R
SN, 20134F IS L7z, RO a T 2 4 FRSE
¥ N BIEEMORP R L rweEzbh
TWiZ e b, WMBEED D OWZe kL LCoR
AR E NI, 2T TR TIE, WRERE? S O
BN R R OMA L S5 % L MEEORER
ZHmE L7,

FHikAstaP i3 a7 /4 FEKBELT 255 %
TN ETHBN, ZOEMGHIARITH S, &
C CTHIZEEE O BBk € 7V 38 % v C AstaP D4
MWAEZITY, MATA ML AR OFFMiC 7 1
T4 — LMENT, HPLC \Z X 2 AR RN 7 & % 47 5
72, EAEEED S OWEF LRI OEKREHME L
T, HAR»OH 7Y v 7 Lzl s lvwCa 2z
—Z VT ERATV, AR O S B RO R
HfgL7-.

BR-ER . V7IIFEFARZULIRLEDET L
B R Kid BRELRFED £ 27 A L A g 7% & DM
HEEHWCOKREE YO T 24 PGS 7 Bok
FEREZ AT L7z, £ O#IR, WAl T A AstaP H
¥R BORBPME NIz, ZORBARITEE
WMo 7o, BIRTZMNT L7225 AstaP & mWll
FEEHT55 V7 HTHEHIEIHHL, ki
HHOEF—7 HFPL TV &2 biE{boBET
SERRARIC N RSN 8 Y TH D EHEE
SNz, WRERICERT 2 AMEREOS 5% %
Hille & T 217 o 720 BIBUUI R ICE B o 2 7 ) —
= Y7 EAT, K200k OB B O HEE IR D) L 7.
HEER O 9 B 1 M Kid BRICILHT % 7 AstaP $
By Ry EoREERE A LTW, S EDH T
7/ A4 Fe R@ICERT 2 MMEEs i S h /720
FERFN RN 21T TV 5.

1/ b—IViEEsBEE & D
WEBRR7s 42—t
Klebsiella pneumoniae 9-3B #H ¥k
T4 2—CEDOBINEFRT « 2—EDREE

oM OB M
Bl al SEWNE NS S 2 AT

sonet@chem.agr.hokudai.ac.jp

- )

Boy: 74 F 0 (472 b—=6Y V) (ZHmD
VU OFEIFEEETH L. T4 ¥ —KIET 4 F U
o) VRERIEHT ABETHL. 7145 — LM
BRI, »5VIE74FVBIrLDOL )Y PO
AEICHEHTH L. EXASITMALRTHDTOAL
¥ b= Vil BERE % FE D Klebsiella pneumoniae 9-3B R H
¥ 7 4 % —+ (Phy9-3B) % 3¢ R L 72 (Escobin-
Mopera et al., 2012). —7, REZOIHIZE LTI,
HRWASBS LRV 2 TH Y, L) Zetomni
HR D AR DR DFERARKD LN T 5B, KT
1%, Phy9-3B DA /¥ b — ViEREREIC 53 B &
MEEWHOPICTE 2L, $22NICE VR0
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WHIREHRD 7 4 ¥ —EEBFET A L2 HE L7z
HiE K pnewmoniae 7 A H & PCR THINE % 47\,
KIGHEHIEB NS % — pET28(b) (7 a—=> 7 L7-.
Mz 74 5 —XWET 714 =7 1 —, BUKMEHEMER,
A AP0 K 703 b TTT7 4 =X )R-
7o, WBEEREZ 02M B2 V> A, 20%(w/v) PEG
3350, JRIGETITHM20C 4 v Fax—F L, B5h
72 % O T X BRI 2 47 - 72,
R K pneumoniaed-3B 7 ) A5 3-T 4 ¥ —¥ LM
W2 @R Fa2REL, KBRS TR ZITV, iR
» 5 Phy9-3B L FBEICA /¥ b — Vil B 2 ERR L
72, FHREFE 1L 498U/mg &, KEGRHED 7 1+ 7 —
VAT 22 /R L7z, 72, Phy9-3B &
2 mARE T L Tz, Ml 2 Phy9-3B Ok s bIZ K
DL, X X ) BEAIO E. coli HIkD 7 4 %
—¥ AppA LFWL L 7SS S A & e o 7288, itk
HUZ B W TIETyr2385%k 403 %2 5 TH ) (AppA T
(& Phe), 4 /¥ b—VitElife & OBIEHIRE S 7.
AV FAYTOREBENT VX, §XEANTA
Vh—VEEEET 4 ¥ —EDRAT ) —= v TRV S
DAY Y= VilEMET 4 ¥ — ¥R EETLENITYT
PIESNTH, WINb K pneumoniae T - 7z.
EZ 1 E. coli AppA & DG TEIAL O HE A 5, Tyr238
BRFEIZ Phy9-3B D 1 / ¥ b — ViliBERE & OB AR
Ehz. TRITOWTIBUEL ST AN 217 > T
5., T2, 745 —EDA ) —= 2 FRELT,
43 b= V&ILHEE O B subtilis ® KA M & LT
A5 AHRDNAZEAL, 74 F Uik H—jK
FKFEET LM TOLEBELREL TLREMET S72
B, N7 —DUREFF>TV5.

COPLAMETLEET S
STINIFY ALY S 3 DIEE
S NI O )
TN oY DR

maki.teramoto@kochi-u.ac.jp

- J

BEY  AWFZETIE, 7 h v RRALKEZHMBANTES
LAHEPE T X B Proteobacteria P OB B H A FEH 5
C O RALKE R AR T 2 WL, RALKER AR
WCENEMEE Y T )N FY TICEATLI L
T, CO, b HRILKFEHEETEL YT I NI T
THRaALVIva v RMETLIEZHME LT

FiE L TNA FRBALKFE ORI, OB LR
Z vy GC-MS f#HT I TR E L 7z, ALK 3 i A i o
EZTE, ABROET ) AEN 2 B v, RALKED
B2 G BIZFRMEEL, KW TRHA
S, EEWE GCMSHN 52 ETHRELZ. ¥
TN T ) TRHRORAE, ENREENIETTO Y T
NI T ) THRD S B B FEPE A IR E W 60FR 12D v
T, B L7 (BHhdzh o) BERELZAN, GCMS
FRRTIC & 0 RALKFEEFERE % 7.

MR - ERRBIEICEY, AOEETLZT VAV
FACKFE O EDOREIILI L, 722 OFEAEREE
FETORIRICE L. ZOEAEICIE 2 D0EET
PLIET, THHIEHRE L TWiz. 1 DOBIET (phsA)
FRTCEER BT LA Z R L, phsA DFEBLDAT
RACKFZEDHEFEN L SN2 EERII D o7z, D
9 1 DOBIET (phsB) % phsA L HIFFIZHEI S5
&, BRALKFEDEFERAMEBAHML 72, Thbnl
L h 5, PhsB Id PhsA OIE % A PET % & i &
N7z, F7phsA L, 7 7 8N27 7)) 7 HKOFALK
FEPERAE T Td B PCCT942_orf1594 GRICEEHK AL
) & PCC7942_orf1593 (el iifn 1 & HIYE %2
AN BEA VKR Z VAR EET) &7 I/ BRL XLV T
W LT, 16% LA ofE 1 & 69% DL T oA %2 0R
FTIEDNDL, LI A TORAKELEEEETTH
LT LG hotz. F72 phsAB BIZTHEO T LI
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RALKFEAEEZ I Z 5 DNAEBL D 5 2 L LS
L7z S 512 phsAB BAZFRED TIRICIE, Mg
S % E 5% DNA SIS % Z EAVRIE S 7z,

— KT N F) TRRIZOWTIE, IE L7260k
ETHOT NI YPRIBENTZEhD, YT I
FUTIE T VA VEMERE DO I L AURIEE
N7z, b WA E 2 o 72X Spirulinag /& T, Z
DREDHERE L 72 ALK R IZIZIEANT S T v THo
7o. L LZoRAbKFEERERIE, Atk ERD
DTHIERLT1/221C% % Ll Sz, 2 FHICHM
AT D o 7281 Calothrix BT, Z ORISR L 72k
IEARFRIFIZERV I TFA Y THoTe, VIR, Zh
SHkE G RN LK RERERICENZ YT
N2 F Y TRRIZ, ARRD phsAB %35 A L ChfbkFE %
HAEE SR D I ET, CO,H 5 RALKTE Z B
HFET & DROBEN; B TE .

B3 DEKES, HEDLDICEIS
NITIVTOEENA HZX L
S S N1
SRR

daisuke.nakane@gakushuin.ac.jp

- /

BW N7 5094 F5 AMIZET S IEME
Flavobacterium johnsoniae (%, 75 A7 & OEEY
ECHIAE - 12 - BUks - T 2 MM BB A B
). OB EFERABRLHELR EBEA O A AREE) & 13
El R B oTEY, ML EBH A=A 2T EAL
I Twiw, A7 bid—, Bz % hid
OB DFIIMH R 2 >OOHFE, DF ) 1L KmMY
YR ENFEEESRADN — T o THE R ZH)
&ML L, 2. KMy v BEHPERWERE L OFEE
NaekEzbll, TELDZEV)EBETFTVEZREL
72, THRBEOETRETH L [HRHE (Fxv 5
¥7)] EXPTVwE. RIFFERETIE, FEHLN
RELCERPLEETVEIRL, N7 7YV T7TOHD
MR A 7 = XL %Y 5 2 2Pk L 7.

Fik EELIE, N7 T T ORREEER EICAR
v b5 L, WEEBIC X > CTRELEZIAAY, 20-30
R A21C1E, H B D10006512 3 % 2 B IR S 7 —
YRR TAZEERRB L. COLREEOMKT &
W DB S5 £ T, RO ANZABHEE T
S0MER DL R IC@BigE L7z, BREWLF Y AT A
FWHRL, /87— VR OBESITRL L 7o T % M
T52LT, WMoPicEEhaNsFY T 1L LR
BECTE D FCICEMNEMEL.

TER-FBR NI T ) T OB R 2 128
BT LFERRAEWET LI LTI Lz, ZOBMR
XY —VIFRART3Imm IZbEL, N7 7Y 7 1K
(Bum) DO1000f5E K IZDEL 2. T OMIEEGE
I21E, BEAETXTOMAD IR L 2AH5 0.3
um/s DEETTAF I v 7 BB %2R L. O
FECHIRR L S M- ERLEENX, N7 70 7 1RO
EORBIC I o TREEINTVD ERE L. £ T,
N T T 1RO & 2 REcEKRTEMLT, £
OHMLERAE LD T A—F =L LTHifHL
7z BRIEGC LI, N2 7Y T 1 EEDERER L
OB T A A >Z LA RIL. 20kd %
R O EREE B L O 1 RO L el o Fiik i, il
BRIRTE ISR RINTH D, FVa—ZAZMR B LS —
VKB L O OB & ORPEDT L 72,

T, iz & AR ED & ) BRALMATEL T
WBDES DD WEEH B S v HOB) & \MKFF
LTWAEEZTWA., DF Y, HENLEDKN Y
YR ENELEESRACEL 2 LT, 1K - £
LRV CTOMBEDOBENIEL L, En)ETILVTH
5. LaL, Shidd FTHHTHLHDT, 4HIF
N7 T T RO LT, 1 OGS THEMOT & % 3
RITHNZ, KR RE, SAERERTHRINTE 2
FHHFWMFEE VT, 7/ A—=F—L VT, Ky
YN DG BT HLENDHLIESH .
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e ™
HEBHREOIRERRS
BT ERE OBRILBEZED
DA N X LDEBERICETT
R A

R ARG
tnakazaw@kais.kyoto-u.ac.jp
- /

Bey : Hr@o—# “HEEmaET &, REh o
Rtk 1) 7= v AR (HCERIL) T& 5
WEk EWE— DA TH . ZORBREEN OIEARIE, B
WIEFTE O BT WA T 2BALEEE [V r=r - X
VEFRTF—¥ (Lip) B~ Hy - Xt FT 5
—¥ (MnP)] THEHLEbLNTnE. ~HTHTH
TIE, WA & 3R DRk R Y v 37 M ORESIE
fiikk - SRR O FFAEDTATIIZRIC X o TRIB S I
Twa., ¥72, L) r=r V) 7=V RiEREED
BRI, MG IEE EMROMMBEIRLRY, Zh
WY &L TROSY (BB offsE] SEETHD
Ehfue LRBENTWD, TD L) BB
FIET 7200, V7=V REER 2 D 5 IRET
BRAJET S LD THE L., 22 TR T,
B e 5 % 77 (Pleurotus ostreatus) TrAMH 5
V) 7= R R O TE AT U 72 S8R Bk & 43 i
L, ZORENERBETEZFET IHEEFT 70—
FIZ & o T, HTREA ORISR Wb % K/
TERAETHIEZHME L.

FHiE 7 MREEAO PCI RIS LT, FIEHK 0%
2% 2% 9IS UVIRE 217w, ZREZEALL. 20
th, V7= RS LA D B BT & i
BE LT, BRERADZ ) —= v T RFfo7.
TR D 150RIC 1 ko FIE& T, mElfaRIfi 2% &
T2 RE R IR T E 2. 20K, KRR
DI AR L DIHEMN S1572 F, T HROBH S, H—
(b LB 25 BETERPEKET, %
FKHMZ o2 ThsH) T L ZMRBLIE, Bzl
W L7 BRENT R GEiE~—7—) 2HWT, FHRE
RBRTVFAET D7 AHEBAER Y RAE. 7

L)Y =T Y ADKR, ZORY AATIHEBITAR
L7cBIZFARTE L (Thaitgl RARERT
L7, MHEEERERL X BB TS ERE 1T -
ToAE R, B FE T4 MO RERBRTF 2 MET
AHIZE ST

FER  SNEETE L EREREET O 4 BETFDH
b, BELUKE (WREBH~) OBRICEDL EE R
ONDHEIEFA 2D 72, Lo T, LEERIH
HIERD7ZDIZHEMIHERE L TV B Z ARSI hie.
Gi5L, REBRREH VI -BETOREEITHI LT
(%) 7= VRS RMAEETE R VDR ?
ZOFERIZEIICHLOH? ] ICHZZ L a7z H
LT 5.

4 N\
HMESEZFERDHEIBIRNATTE2Y—D
AB R E, Wb LCBREANDICH
it AR
A RN N5 L Ty

s-itoh@phar.nagoya-cu.ac.jp
- /

B9 . A8 RNA (Z§58 RNA R KV — 4 RNA O
Bl HIR EN D X ITEHNARAT L 7= Kb ik 2 1LY
3 5. T Y NREH O RNA 7 — )V Id MR O 7R
HEEDRNAZEHA, CHEEWSTTAZY) —=
YT BIET, BN TICRERNICH AT 5 RNA,
‘RNA7 74 ~—" %Al#8$%52LT&%. RNAT 7
5= — PR O & 5 IR & RIS L, oW
B AL RE CTHERTRE R EHUR Iz B wEEn
WHERS, —HCHRERREEORBUCER %
BEERIZLTBY, HEREROMM, RN G
DAY A= VOERELRMEL HD L. HEEME O
hTh, WET VRIS L Y N HHHR L
AL, BRIVWEEOFBUCHG L Twb. AR
RGP ERBI BT 2 G RSIEE 2o TWH A
R FEELMETH S, A TG T F Bk
WHEZOHTLETOFHRICBVTRASNTE
D, WEENOFGLEV a HRICHT S RNAT 7

— 136 —



IFO Res.Commun. 30

2016

¥ —DRIREHIEL 7.

FHik L a HEITKAT S RNA OB AR NS T
#AL: (Systematic Evolution of Ligands by EXponential
enrichment, SELEX #:) 12X D 47> 72, Wil iZ T4
RNA R X J —BiGHGEYB L 77 1 < —BLY
ZFED 40mer O T ¥ ¥ AELHIH S e A 2 REH DNA %
BMIZTARNAKRY A5 —¥THEEELI LTI ¥
%45 RNA 77— (10“fHH) %157, Nit77ru—2A
\Z 6xHis ¥ 7 24 L THi & & 5 & NHSilitkfb & 7
TH—AZHWTEE#KE L zaBmHEELIZ=TE L
i — AU E AL L7z a BER 2 H VT RNA 2456
S, SHLi0b, AIFY—=, T )=V, T
V=D aHROWT % T RNA 2, X
L, @5 #% PCR #1785 DNA 21572, G - &
WA A2 EBHSERBLIOFA 7 VEHEY)ET L
TaHBRIHFERMWIIHEGT L RNAZIRMG L. «
FEMEVI Y PO — VERRE L CTRRIM
AWMLz ZATPCRENZ 7 O —=V 7L
HiIEICH % AT L7z,

BR-EZR . HA 7 VTLICRNAL a HBHOE NI
ZA#HEL, 2O RNADHE LB MORMF 223 ¢
T, SELEX #%&1To7:. 8% 4 7 VoEHNODL, I
MR TR R IICH G T 5 RNA Z U 5 2
ERTER., ChETFIFIAIRNIY T 7u—=r 7L
WALBCH) &2 AT L 72528, U5 S 7B o £ NI
FPEDP D 32D 7V —FIZPOR L Twiz, 4%Ihb
® RNA L B RO G R L Kl 7 7 A€ ¥ LG4
ETWEL, o BROBMIGEIIH 2 hfIGE, Wi
7 B BRI B Rk EIAAET 2RO o
HBROMLOTBLIERT 2 TFETH D, FHOME
XY, MEHERICHET 5 RNAOBIREE LM
I EWNTE. Sbkx MR #FE 2 1 512 RNA
775 —ORIFEIZN) METFETH 5.

==

i

N
=

EZ - RENICAZREAL
HRREEIE > —D
PFHBEUARCLSZTIY

AN E S

Bl eV NE NS e LTl
obarak@pharm.hokudai.ac.jp
- /

B8y Mo g R Tlx, ToWNELIE T
B EIA R 2 5. ToMke [TREENH] (ZHE
BB OAEAFICLHTH S, b b TIEIREIEI R OH
IR T S AMA BERBERTISREI . XS5,
H 3B BE Saccharomyces cerevisiae (2 ¥\ T Z Dk 7z i
B I R ARTE & A5 2 BRI #i & > ¥ — Rim21
%[ L7z, Rim21 13 Rim101 #£8 & v 95 5 WAz R
PO LIRICHLE LT B, Rim101 % B 130 5k B
WAE LN CTHIET A DICLETH D, ZOKLE R
DOF, AR T Rim21 12 & 2 IR IEuH B il o
R & OB - BEAFRIS S IV 72 H S g O Tk
ZHIELZ.

FHik L MR E VT, Rim21 O % RENT % 1T - 7-.
PR L 72 Rim21 2 FR D #ERE 1, Rim101 &8 16 1%
{LRED A MECRFli L7z, %72, Rim21 @ C AN B
I (Rim21C) &5 D A% GFP L RS 3 5 L (GFP-
Rim21C), @% IFAIBICHE L, REIENFRoZL
WCIBCCTHEES 2 2 L 2 BEICH LT s, ZotE
ERHLC, BRAEALZT I/ BRI &
OMFEAECEENCED 2 0B e MaE L. F72,
KB T Rim21C Oz & ¥ 8 7 BafEE L, K
FEZ ARy P L= bakba— AL O EG9ER
It o 72, REMER Candida glabrata ® Rim21C &
GFP Rl 5 X7 B aFEBLIL, IREIESHEILITEE
L7228 2 3888 L 7.

#&R « EE  Rim21C B ICALE 5 3 DD L
727y I VGRS BER) 27T = VICEMRL
Rim21 2% ¥ ¥ 37 gz ko> Tz, TO3E
ALFid, Rim21 OMIBLNRAERL MK T & Dt > % —#
HHROEHIITE G- LT Zh o7z, LA L, 3EBS]
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ICERZ 4T 5 GFP-Rim21C &, WREIEFSE(L L
7oBE D AN & ffiE L e 2o 720 HI%, 3E FEsIEE
B FR o AN IE BRI BD Y, MR D S 0 B3
HELEAMLTW, T2, ZOEMICH L IEEN
7 A% — (RKAEH]) 1%, 3E FHI & E8 I~
WENEEARABL TSI E LB L2, IRE/BAE
EriCld, Rim21C Mz & v 37 Bid, MFBIEPIE I
EEICATETL2AICHE LR LHSEG L. 72,
C. glabrata ® Rim21C 13 B 3F#E#E @ Rim21C & AR I
W& B RIS U TR 2 & f i L 72,
WEAERAET 5L, Rim21 3 F#KMED R VW Rim21C
A O, MR RE & O AR % #: ) R
LR olREIEHEZRMLTws EE2 515, RK
FeH) & B ENRE & o BUFIME & SERAIIC X 5 F5ET)
OIEFUERIE, BE BB TH L%, REE
SRR LR IR E DS N g 2 S A % &
I HES L %2 ), Rim21C AHEE L T 27 F Ut
BEOLNLEEZONL., TOKL [filAIE] & C
glabrata \ZH B TELEEZ LS.

MEMD DS RIERE DIFHT
KBRS/ LIREET PR LS
H-GEEFIE
il K AT
FESEHAR G WIIEHT Y 7 1 & ARFZEFR
s.kakizawa@aist.go.jp
- /

BEY BRI, RSt - R - BB L, SR
DEETHME T 5 Z L2 X > THRBT 5 [ KbkfE]
% FFD. IS ERIRRE O SR 3 BEW ¥ D
KELRMETH LA, TOFHEEHBDOTERSLTY
5.

ARFFEIL, EAEBFE S 7z TRBUEE T ) 238 e
ZHWD 2 E THREPFOEREROEE WYL X
VEFTHLDTH L. WRET LMK L Class Molli-
cutes () Fa—7AM) BT LAER ST A< %
Hwad., AT 7T X< ZMaLE - fi - Bl - Hk

B EIEGT 2 WEEME CTH Y, SEARKREZ L
ThBY, ML A EFEORETEZIKCT L2395
NTwa, BIREWHE LT, AEBTIAIHY 3
7Y A NTIERT L EMOARDBETFND [ AR
Ll BZEmenTnd, o OG- REMER
Bl BB ORI BLIRIE VSRR TH 55, AE
077 A0 EEIEFRIFARNETH 2 610°%
, ZOANZALFINITEAEHRBPIN TV RVON
BUIRTH 5. AWITEE, KBIELT ) 2 BAEHA % 16
L, AU T IARDOETF ) h% /7 0—=0 7352
ETZORRROMYI 21T T L 2 HIET.

HiE T TRERETREAYT TS X< (Spiroplasma
chrysopicola) % H\ 7z, MW 2 HEIKRD 7 ) A% il
$H0, ke 7 Ao —AF VAL, 2OHT
y R EIRE DR T o7z, £ D%, FVhT
HIBREEZ P 2 47\, 7SV R 7 4 — )V B2 VRS IKE)
XTI A A XM LI, &5 /A0 —=
TDIHONRT Y —iF, TTICHBIN TV LEEEA
THARNR 7 7 —% iz, ZONRZ & —|21%, R
DXy PaXTHEE - BHEOERRY - — - v 27
TARDBERY = —FOBIZTVEEND. L7128
BROTE R & L Tid, BEROMILEEZ RV Th b
RYVZFL I ZYaA—NVEHVEZAT 0TI A MY
R & 7.

BR: AT X7 Axdhit - gL, 7/ A
DESZWATH LM, zuo—=o v FHEEBEEEL
72, 3FHHOMIREEE (I-Ceul, SAI, Ascl) THIMFL
7 &, 1 OOHIREER TR L2220 70
—ZVTRIT, $RTZE—Z VIS 17
Sz a—ro@EPlid, HCHL L VT T
Ly 27 APCRDOFZE W72, Dk, /SVAT 4 =)
F7rVERIKENZTA H— A Xz, HWo
P ARXDT ) NP0 ==V 7 TETW5L I EDTER
T&7-.

FER R HCES Az 0—= 0 TR, X/
LM DEI BRI 7ua—= v FTHRLZ P
5o 7z, 200—300kbp FEE F TIEEIEH I VAT
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JU—=VZURTHY, £ =1 A AR %
5ERMBERL LT OTHLMMAICH 72, Ll
1Mbp 22 HEHTHHE R 70— 7 TED
Wby, SROBRBINZIT R ET)
LR,

~
BERZFALZBREERR2ICELS
I PACRNUTRODFADZXLDORR
ok o
TG R F R BB L
nameki@gunma-u.ac.jp
N /

By : VARV —ADHKIET F D%\ mRNA #HIER L
TLEI) R ERALZBEBICEY, FBRIENTS. &
WD I hay R 7OMRRICB BN
&, ICT1 &P (MFERAHERT) 25) RV — 4k
THAET 2 2 LWL MIC SN, BREW S LI,
IPIYRYTTRESIED ) o ORIFET N
F Cl2o0rf65 H I E LA 2 Lot S h, ZOXRE
B PTEIPIVFYTHEZGISREBITILDIIRS
iz, Zo220RFEEM2SE b THERISHR
FENT0D I EOHMIBIZE > TRHEAZ LIFHS
MHTHDHD, I AR THEAORFEERR T
L, ICT1 & Cl20rf65 23& 0 & 9 & EI 50 LEERE T %
DODPRATH 5. KEEOHMIE, HFERHPE Saccha-
romyces cerevisiae DR/ X H I M3 FY 7 TORER
EH TR ORI TH 5. 215 ORTF O REHM
BBEIOIMIVF)TIREDE) B E5250
PERFMIZRNR, I IV FPYTHROFIERA I = X A
DIFFIZHE DT 5.

Fik L WERBRC B % ict] KIEFE (Ayolllde ) B
X O c1201f65 KIEME (Aylr281c #) 122\ T Flow cy-
tometry ZJHWTHIBZ LTI ba v FY 7 ~DEE
ERRA B FEED BT,

BR-ER I ary FY 7 OREEDS U T
B (RFEEAHAZ ) Lo —, PUF YPGE:H) 128
WC, 2 D0DRIBHRICE AR E OBTHRE (BIE) D%

4

EaWDS, HERITE4T) LEARE VELRY, 2
DF DL Aylr281c BRO T AR & o 7. YPG Hith
T O B B ) oo N B W E AT T, Ayolllde i
GHlicBATTET SHITrFI y FEh, —H, A
ylr281c #kid SWICHATTE T GO/GLIT T v 7&
hcw., T/, B2 ooxKE/KIE ST
Sy TENRTW, E512, 2 DDRMBHRIT b5
M, BEMELICI by R TEEMIMET L.
CORMNAZIFIVFYTICRELTEETLHD
X, Ayollldc ¥RTIZ I b a ¥ B 7 OGN IER# 24T
b enwZ LRI EN, —F, Aylr28lc RT3 b
2y R TOREPERIATbhTWwZnh, H5HW0n
WRERI bay P 7 ERBNICHER T 2 BN
AL TR IR ING. —J, EFLTIE?
DOOREHIEGMEE Mo SHTHEY, I ra YT
WS A ENTELRVWIRRIZHH 2, H LI
AAELZTEMELLIOETSAI P ay Y TS W
CEMRBEIND., AWFZEIC LD, BEMBORTI
HIRELC C & 2o 2o 72 yol114e DRIB L yir281c DRIBE
DBOMBEEPNDOTHL NI R o7z, EHIT,
Yr281c DRARIZ L Y I Fa ¥ B 7 ORI HIER AT
bTVhRWnwZED, e bDI NIy N THOBE
THEERICEE TW 20 HEET 2 LEBH Y, FEREX A
ZANEHOFENY LB LEZLND.

111

HEMRBEREREEYEERIFT S
BREEIE N/ OY91ILAD
RIEGEIREICE Z 2 2 ENDEH

[ N
JEHRE AR T2 b

dsano@eng.hokudai.ac.jp
- /

Bey: 2ow 4 VX (NoV) BEREOE-EKETH D
18 EHINB~OWAE OB, MBI IR S 7z ik
Mk PTIE  (histo-blood group antigen: HBGA) & ®#
HEMEZERHT 2 EEZE26NTWS2S, HEADLIE
HBGA #¥E 2 MRS A § 2 B WAl Enterobacter
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sp. SENG-6 %% NoV # FF 5 M IZHfi$E9 5 2 & AT fE T
b kai Lz, A TIE, HBGA KWHE % 1#
Fe L 72N 2K BRI EOREFE L TR 5D
A, F 7 ok HBGA AR IS4 & 7z NoV i3
EDX) BRETHET 200 EWLNPIITLHILE
HigE L7,

FiE RSB ETG VAL 2> S A S 72 RALELT K
T vEY—2L L, HLHBGA Bk (L AR
&, PUB HUEPUE, L H BUEHUE) ZEE L7296 =
V7L — & HwT HBGA B NME O X 7 ) — =
Y7 - B AT o 7o, WAk HEERR, SRR v
~ @kET 7 AT A) &HVT HBGA MIE O
A RE L, & 5IZHEERO 16S rRNA EIE -~
— 7 VAN O BD BBL 7 1) 2 % )V E/NF (Becton,
Dickinson and Company) 2 & V) Bifi[dE21T- 7. W
RHR O HBGA B EH Z MINT 2 720Xy 2 A5 7
Oy 74 Y7 %47, NoV OMIR~OWE R OBl
T 50 HkE S T A4 VAR T (norovirus-like
particle: NoVLP) O#tA % % R - BHf$E (Trans-
mission electron microscope: TEM) |2 THBI%EL 72,
TR - FE | 4 HEE S 7z HBGA By 1M 8 ik 13
Kilebsiella spp., Enterobacter spp., Acinetobacter spp., b
L < 1 Stenotrophomonas sp. \Z)JBTHLDTH Y, 3
Fralgicpisnizzers, TAKRE X OEEGIR:
(213 % k7 HBGA FpEMIE SRS 5 Z L s S0 &
Lolee TxAY Y Tay T4 Y7 X ) MR
HBGAMME # M L7z & 25, VRS> S
HBGA HRE DRI S e o 7zl L, FriHic
U S M7 IRV A WA EYD (Soluble microbial
products: SMP) K OV Ha 4 ¥’ & (Extracellular poly-
meric substances: EPS) 2% HBGA BB % & A TV 7z,
IS OREIE, HBGA MR & O TIZBIT S
NoV DA ERE L LT, WARICHIR S 72 RE & Wik
POMNTZIREOW ) 2 ZET 2 LENDH L L &R
LTwa. TEM BIRO®E, Eids SRk oM
ML SMP I D NT/-RED NoVLP 2 @lgE s, XL v
b R A S I E AR ISR L 72 IR D NoVLP 78

BlgEsnzz. DLEO#E LD, NoVix HBGA i
WEDIFETIZBWT, BRI SRR &Rk
P HEEN SMPICEDNZIREBO L E 5 0O T
L) BEVZD.

KG&ERNT /LY AT LICKD
BENDRERRFHORERNE
BREMFENFEICLS
[XERKBE] OER
mowE
HHRR A RON A B B T2 78t

jkato@tmu.ac.jp
- J

BEY . KBHE IS TLALVTRS ECAMEATRS
ETWVEMTHHH, BRMICRIHERT DY), —
HEZFHTRELAH S TCwaEETLH Y, Ha
DWHLBEEREWTH L. TOKRBH % H 72060
Wy ) 24 2y A% HMe LT, Koty
B OFM BN LY 14 % BAZFHE % 58 LT3
5. FRABAWFNFECLY DEEARKER] ©
e %2 AR 5.

7i% © 16SrRNA FiRfkd 7t o ¥ 725§ 5 /A
BIET vgF 32— K35 YqgF & v 28 7 B R FEH L
T, invitro T 16S rRNA HibR& % FH & L 7= RNase i
PRIz, F72 yggF S ERKRD ) R — A ORE Y ~
X7 B % LC-MS/MS Till_7z. & 512 16S rRNA Hi kK
KD 5 leader DR IR 2R L CERBA %2~ 7-.

FFADPINETIERL TERBR OO
ISR S A BREE, 7 AR R R LT, WA
) 72 WIHBARTF & W LTl 7z,

BN MER 7 aa T 4 VERO TR Z, L
A B O LA BT 2R RBR TR
BFHLIICBATEILICE s THAAL., F22h
5DEWNEE L % 5 KIEH DN LG WAL O &
A, AR EERR O MER, R A S B A R R
fAT 2 47 0 72.

R ER R L YagF ¥ v /527 BH, Mg Tl
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7% { Mn** f£4£ F T 16S rRNA Bilifk 2 04 5 2 & %
RL, RNase TH B L HWHL NI L7, F 72 yggFe
ERHEDO)KRY =L TIES1 Y YR EPZRBLTW
5L bHD, 16S rRNAHIRARD 5 leader iV K
V= ADOBKICEETH 5 L[, S1 5 Y280
VRV —=ANDOT 2y 7Y RMETLI L ERLT.
YagF & /87 81, MRANTER S Tw b IR
WHEITHAEL T2 Ry — 2%, BRBICHHTER
WCEHT 2 AL v F L LTHW TV S ITREERE Z 5
nrz:.

BIEWN R L ARIE T %2, BRETEMERIA TR L
TIHRET DLV AT LML, EBIZDNAKY X F
—Y M oY 72=y b EMEEHNT S, DNABBEIC
M55 2 BEET yoaA #FE L7, S HITEVE
IRTOMILA b L A % B FREO R E 12
DI L7,

SR 2 Bl AL 72 KL A BT R O £ B A B B
BIZFRARBRHCRHT L2 L) ICEAT LI LICL
D, zuu 74 VEEOWMEKTHL 7ua T 1 54
Fad&ERIE L, F22N608BICEELE %
% KI5 O~ 2 G BREHE O FRAT % D, i AR R
AR, BEREARA B MBI T hemX, hemY BInT D
PERBSRAT 2 1T o 72.

INT T T OFERR RIS &
RUT IO
%t ]

EHUR SV AR

yasumoto@kitasato-u.ac.jp

- /

BBy R 7 I V3G TFHNICERO T I 7 % ok
GTALEMORIT, N7 T T OMBNIIZERICE
CHAEL, [HEB»OERETHET L] L) K
THOAET IV EER R L. FHLAIZORY T IV
BRKPO LR FE (CO,) EHmWBHAEELAL,
CO, % T Y A S O A IKABIZ A 54 5
ZEEWLHRNITLZ. COMUY ARIIIBE BT b UK

Thobzd, RIVTIVHEYTINTT)T ONAR
ZHFG LTV REMIEEY. 22 TAIETIE,
HAEWIZBIT S CO,HEHETH ANV EZTD VR
Fl—va RIS, ®Y7 I UARRYIAAT CO,
PEEINDZOPERAETH L LB, YT/ NI T
V7RISR Y) T I VAEGREEB LR T IV
AR ER 2RI L, B L OLA B S 2 55
BEWOLPICTHIEERHME L.
FHEOIMOFZHEY)7IY (FhLY Y, AN
IV, ANV V) KERE 2 HHEEHE L 225K o
CO,ZWINEH7z. TOXRY) T I VB zEHIHOK R
VERIOROGERIRM L, BEREEZUEL .
T, Y7 287 T )T ® Synechocystis sp. ATCC
27184™ %, 25C, Jtik 40 umol m?s' 5 F, BGI1 ¥
WCHEL, ARLAZRY 7 I VAEGHEHE-Y 7V
FuXFNVFNV=F > (DFMO) BLORY 7 I Vi
REAK R A L-Lys (palmitoyl)-N-spermine (PTI-1) % &
U7z, FrEoBERAE L 7-0 b a6 2 o Ml
R L7, BGEEEN A S N HERIZO W TIE,
TRINER NG WGP 2 T 2 ) 0 B 1 1 A T 5 ) e 2
B NV T Y7 OXYTD) Tl L. WERM
i 25T, JEE 4 500 u mol m?s' & L, K2 IS
NaHCO, % 5mM & 7 % & 9 @i L 7z B8 2 5E % 47
>72.

R -8 DV E R T IRBAH O CO, 2 WIS ¢
PERERY) T I VWA RNT 2 LHEELANRF Y
L—va YRIED R SN, 24ho CO, & WILL 72
BHER) T I VIEHIE, invitro TVE R 212 CO, % fit
WTELIEPWOENII o7, KU T I VidMIaR
CHEBETHEELTWDL I EDRMORTWV SR, K
73k CO, L DEGEAMEZMS TS, CO,
AR LA E DG IZH M E R TR, £2
T, AW CO,RMIEEZ AT 2 ENAMONTVDE YT
J XY 5 T OREWISA K L7z DFMO 8 & UF PTIL
REIML, B bA BOEE I RIT TR R W
ZORER, R T I Y AGERMEEICIE IR R AERE )
o 72DIZ% L, PTH % 60~80 uM fit 59 % & &
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T Ns 7)) T OBFIEABICEH S, e iE
(MeFFEAHMEE) MBI A L7z, DFMO 285
MR OERY) 7 I v EZEDIEL I L IZMER T
505, BEOKR)TIVEREZBYIELIIEZOMD
AT I VEGHRER EHCELENDH DL LEAUR
BEINb. PTG T /287 7 TASK§ 2 g
ELREREEZRD SED T ENW SRR -T2,
AWFFEICE Y, T 282 F ) T OH 7% CO, ifitk
WA 5 2 LMK, S XD FHIICHRFEL C
WS TPETH 5.

s N
TO7F — LEITEE BV -RMEEEE
YA LRRATRMARICE TS
WAREEESZOENERES > N7 EDRR
ol B

PSR R A DT
nakay-m@okayama-u.ac.jp
- /

B9 - SRR O RWNE G X 2 o, bR
DYEFE RTINS D . AL TIE, SR Porphy-
romonas gingivalis (Pg) O KYZ X % Wi AW O REESE
SEDFH D=2, Pg AT 2REE T 77 —+E
“TrIRA4y (Gp)TIZAEB L, Gp OfE EMle~ D
PR O 24T - 72, A1, Pg DREHIZED
16 EME D% M R RE 2 RIS 2 - A7 772
VA Y b=N3-FF—t (PIBK) /Akt Ol % G
L7z, 22T, GplZ & 2% LRk mEE o 5511 B%
& W 5 22T 572012, PISK/Akt #0453 T4 &
Gp D TN RT3 BRI S > 738 7 F 2 T L 7.
FiE | PIBK/Akt OIFEVEINH O 5 T4 2 B 5 202§ 5
72002, WA LRI (HGEP) % MW, Pg
ATCC33277 Fiddk (WT #k) & Gp R¥H¥ (MT #k)
RGeS, WREBREIT572. Gp Il kb PIBK Off
PRI B BB Y » 87 B & PBK OJEY 7 1=
v b p85 L DEEANDHEBEERE L. TEY V-E A
FUBEBEERCT, By 2ot F v I
AT, BRI EHIEL, TEY yE—-XI1C

X % ikketk, p8 DM & 1T o7z, XKIZ, HGEP Dt
Ry EECHF UL, MEERGEOE T v
LI s > 7 DAL 2R, ZALB RSNz s Vo8
7 % » MALDITOF B & 541 (Bruker 1) %#177% 57z
K7 7u—FE LT, MO 5 Py sikrd
BILY 2 8 BOMBE AT R, LERER 2R
(EGFR) O#i#75%d% - 722 & 45 EGFR & p85 OfE &
7.

fER - ER I WIHk& MT H% HGEP &3¢, ©
FF I Ly YNy B L p85 E DA E AN
7o, WT MO &G TIREG Y 2> 5 p85 2538 ®
LMol MT RO EG:Tid p85 23l & 7.
P85 LG LT WAIEY Y8y Bk Gp MU 5 2
& 735, PIBK OFMEHIN & 2 DfRE S X — FOHFHIC
BRoTnb EEZ LN, WTHE MT %o HGEP
NOEGIBIT L, EFF IRV ENTEY 3y
HoZELZRAN7T. ZoE, BXZ 100kDa,
110kDa, 120kDa f}3E D 3 D DL S ¥ 78 7 H D J A
A BTz, MALDITOF & & 087 2 177 - 7228
R R O N h o7z o T, FER R
L, SHhbilkin L CEBREZIT%R) FETHS. EGFR
& p85 DA T B Gp DB RARIHER, Wk
DEGe - RIEGD WD EGFR & p85 DA 13780
SN ho7z. Gpll & % PIBK ol & EGFR O Yl
MRSV EEZ SN BERS, Gpllk
% PBK IO A 7 =X L, BLU Gp OIS > /X
7 B DR % REfE L, IR AY 5 Gp D
JEPERBE T2 H S22 LTw L.
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HBEBEHEREICE DT ANZ b
DEA DX LDEREICH
A OH L O#
I B R R B Se ) B R ZeFt
tishishi@hiroshima-u.ac.jp
N /

BEY: 7 ANZ M, B ER SR LN
Ho2L ) ZOMHPEHEEZIEIC 72000, F
ZEHEDRR L2 b Tl v, BWomkic ks 7
ANRZ MEHBEEDROBMPL, ThETOT AN
F OBEFTEN L o THH20304 R 4 F TISKL0T A
JMEDFRIEDS TR E N TS, SREBRILMIEE & 7 AR
PERAELTHEELLZLEZA, FHREEN ELTHS
B0V BMEBIC X ) Big Sz, £ 2T, ABf%
T, SBLHIR 2 V727 AXRZ O3 iEx HigL
7oo 2, TARZ MIMNCHRGI S NS oSN
NI ER L, Aok -3skathsy vxog (7
VFY) BWELT AN MMEEEKT . 20
T ANZ MMEOTERAZ X B8O, EARNO%
OEFERZBEL, EHREOBELHMNSETEY,
INDHLDO—HEZEZ SN TWE. 7T ANRA MK
DHOPEY % EH LY B 2 easT &g, #kiC
LB E O FE A 2 Wl $ 5 2 L AT EHLD ) A
7 EREE LI ENTELDOTE RN EEZ R,
Z 2T, AWIETIE, ADith7 AXA T+ (7 AXRA
MME) E5RT AL b HIRL .

FHik S 2, 7 AN b G Z AL 722
FiiT, 28C ofMTREEZT ko7, TANAID
SRR D ZEAL % SIS TRIZE S 5 2 & 12 X ) 3l
L7z, 7TAXRZ MMEOGRE, BAEDPSTEELZT
ANRA M/MEIZ 50 mM ZFE L 723 2 3 L ¢,
T ANRA MMED SR OBE N HVERT B 2% BT
Bi%E Lt L 7.

KR - EZ [ Acidithiobacillus ferrooxidans & 7 AXA |k
ERAELTHELZITT R, TAXRX M ETHEMET
B LR, 7ARZ MORMOK S ENT
W T BlgE SN/, Lo, ThlEgMss

EI3HEL < 7 AR b OMHMEE T SRR A 2
LIITE Lo

T AR MMEOGMEE Hig LA 217572 7
ANA MMEOBOBEY I, EI2T7 =) F YHRD
KEBALSRCTH B Z LAMBNTWD. FkEF& LT,
KLk Z BT 2B A RR LI 2 A, ¥ L —
MEM %52 U R ) VIR EENE S TR LS %
BRSNS ol. 22T, BEIPOLSHL
TANRA MMEE, BUERGTRIRY Y VEBRERS
L7225, 5HTTARZ MMEDOSOBEY %13
FREBIEMTEDLI LG o7z, L L, EHhRN
BHETH B 720, HEEMETT ANR MMER G|
FTAHIENEF LW, MUKRYY VERIE, PEESMT
ET7ANRR MMEE GRS B LN TE Lol £
2T, BHEEMHTT AR MMERGIRTE ZWED
R LIME, TAINE VAR ELELETT ARR
MIMKDSROBBEW % 12 IR EIHRTE D LDy
Molz. TRANVEYR (€F3I¥0) &, LffiTh
RHEE DN 720D T ANZ MZ & 2 BT IED T B
WISHTE 2RSS 5.
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