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V% dMB-MAT3 #K J OF dMB-MAT32 #K T, KI,IREEITIRAF L CRWE RSB S iz, KL 2%
WIME TR VERBRX Tl BEX LD BIRWERABIE S, dMB-MAT35 £k & FEkD
RENEXTWEEEZ L5, 100 ppm O KI3 ASUHI S A7 X TR & TR K & 7
D, HEEXEHAD L AMB-MAT32 BROEEHEIL 4 5L 720 . iFKMEREIC L DB IREIX
B LR D L 8EThoTe, o, FEBRIEENEL TWHERELFL 18ppm TH ., 445
PEEOXE & i35 & R4 RBOBREEIZEL TWe [A7 4 K13,

IOEINE, AVRAAUVHFETCTERZE T3 URBILHEOSBECKR) Lz, =
DB DIEE A T = X LITHOWTIL, 2-2 ETHE L=,

1-2 FHEERIENPDODEBEBREDAZ ) —= T

a. BRRMERE OSTHE

JEROH 2 Bt SR AR pE SR, RIR T A BUET ) DB L 7250 D BRI AE ) % 4y
BEL7- [AT4 F19],

BEEKMER AL, LI UIXa e =—Bl A REE R 720 RIRET 2 210 WV CHREME R
AT o T, HEHUE, KBENE R OGO RER R TR R VA & AR % xH 5
ELTELOEREH L, BEEAEIX2 CLk Lz, RIBKIEERNTERICL s ae=
—fb (EEFERE) 2170, a0 =—0OBERRO - DIZOWTIL, iR IC
L7z aa=—4ElRNRBO o0 DI ONWTIE, ARFGHRIEICL 20821770 4
BlE L 720822 oW Tk, 16S rRNA (8 fs RSN L ARIEEIT-72 [AT7 A K 20],

4N DT DA BEESE ORGSR, 64 |8 T8 B MK 2 15 T & 7o, TEMRIS

DIV FERE R Rl [ AT 4 R 21] (R L7z, BERPIICEEZ1T 5 Z &3 T 5 Mt
DOWAEM AT DD KR %15 Z LN TE T2 EAVHA Lz, 2EEE C&H 2 h A
T DROBE FIT IR A I O DMEE L. ITERICER 2 22 BUE ) 3 858 5 AT EE
Ma > TWHEBRETHD EVZ D, 16S rRNA BisFAECHIAHEINME L LT 98 %LL 2 RBfE T
D ELTEEAIC, B S —E LSO 119 KRIC BV | il A s % < 45 HfE
TEXT-Z EVHIBA LTz, 2B L =2 D 16S rRNA B FEANCHESW T, TEX5HRD
SFEATR 30k (AT 4 K21 FOHAT) Zi&k L CTEIERIEL R L,
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GyBE LT BAEMC K A BB R RE A METT D 721D, BRERL (Fe®, SIGMA- ALDRICH) |Z X%

L¥EEEAT o7, HEMIE, H T. Dinh HO®RE (c. HBH) 22E1C, N LiEKEEHIC 2.7
M D ERFERT K ORI -CAHIRIE 2 RN L2 b O 2 L7, mitsa 3o Bl L= B
ZAEH L, T2 CTHEELEL [A T4 F22], 7Bt LIZERIZOW T, BRI D-DRiilE
EOUIHBBE N FET AR T THEENE Z 2060 E et Lz, A2 U AREICE L
TIIBBEIRIMX O BTV, £, AFHETHRREIN RSN TWD U maripaludis KAl
(c. HZH) &, Bt E UTHREHIH W, IR/ & U TR X 2 [t
FRICERE LT, RAEE X TlE, Wi TR FAE T, TN FHT4.6mM & 2.8 mM
DALFRIE RN Z D 2 L ahoTe [ZAT A F 23~26],

WMEEENFET D56, MAEYKREZ RN L2 O TH L REER Z7FE Lz DlX, KAL
Mea&Te M maripaludis ® 2 DI ThoT-, BIEEE & L CKEEZFIHTHZ ENTE
72N Methanolobus sp. MIC11-52 1%, SKERZFHE L e o7, MBREETH THD
Desulfotomaculum sp. MIC4-22. Desulfobacter curvatus MIC4-9., Desulfovibrio
dechloracetivorans MIC5-15 TiL, FEEMIILEE R LOSKERITE Z 5720 o7,

W DNTFEET A6 . Desulfotomaculum sp. MICA-22. Prolixybacter sp. MIC1-1,
Desulfobacter curvatus MIC4-9, Malonomonas sp. MIC11-27, Thiomicrospira sp. MIC5-2,
Shewanella sp. MIC5-4 (N Thiobacillus sp. MIC3p—35 IZ DWW TCHERERIE NIRRT A8k
RS TE T,

fifim] & L C Proteobacteria IZJ@T DL DNELJERIELZ L > TWVWH I L&/ L TIEIW
DM, BREEZ b OWMEMTRET N E R A RFBIIRZ T b nignoT,

Ubagedd e, UFOXIIkd [RT7A4 K27,

> @B R O BRI AEM L S - R L. ZNO OB RRED A E
ARETT 5 2 & T MAEMIE R OJRIKE O A6 2 i~ T,

> aEEAEEFENZ X, Furyarchaeota, Proteobacteria, Firmicutes, Bacteroidetes
BEDOZIRIWMER DAL, 64 )& T8 FITAH Y T 204EY (M - M) 130 #RA
T A

» Methanococcales, Deltaproteobacteria, Epsilonproteobacteria, Gammaproteo—
bacteria, PBacteroidetes, Desulfotomaculum|\Z & £ DMAEMMNEIERELX ™ LT,
TOHFBRIX, BIEIIHRA ThoTo,





b. AKFEHERE DL EE

BB T OKIZOMMo T & & SO L (Fe — Fe2+ + 2e-) [, /KHRDT'H
o () ITXoTRES, - FIRAKERFEET S (Fe + 20,0 — Fe” + H, + 20H),
Z DAL THAE LT KFEIX, Y — RKFE (cathodic hydrogen) & MEIiILTUN%, von
Wolzogen Kuehr & van der Vlugt I&. 8 /KIZHELTZ & XTI ND “H YV — NKE

(cathodic hydrogen)” X° “/KZEME (hydrogen film)” ZMAMNIEE LT-F/EHEE LT
EWFRENEZ D] EWHIRERE N Tz, ZAUE, “I Y — NEMRGR” & L THaLATWD

[ZRT4 RK28], LA L., ZHETIZZNEFERT 2 ERERITHE O TH R,
von Wolzogen Kuehr CAH, van der Vlugt IS. The graphitization of cast iron as an electrobiochemical process in anaerobic soil.

Watre 18: 147-165. 1934

BKEREECTOR Y — NEMIZ L 2WMAEMBREEREET 22 2B E LT, SBEL R
PR RBE LR 28 L, @BRE RO 21T -7, BRI, Firmicutes |Z
J& T D HERE ARG B 11 4K, Deltaproteobacterial\Z &3 2 MR TAM A 9 Bk & OY Archaea
BT DAL AR 6 R Lz, SERREBRE LT, SR FE T C5 &L
T DRI ORA A REZRE LTz, fRE AT A R 29T, IEEMNIRIER &
L CRIEX b RFT L, 5T 2.2 M OILZRBRNSEZ D2 EBDhoTe (AT
A4 R 29D 5H) . FEAEMMRERE L L TRWERREZ R LI-DIX, 2 E TOAR
BT &M & 72> TN Methanococcus maripaludis \Z)J&d A Miclel0 DA THH-T-, —
Ji. 16S rRNA AR FEAIRC SERICFRE CTd 2 & HIlr T & 2 M. maripaludisMic4c08 I3,
ELIBREEE RIS oT, ZOMEIT., ZNETORFETHEEL., BEENHEIRTX
7= M. maripaludis KA1 \Zxt L C, HIERTHD M maripaludis J]" DEEREE R I 20
ST=D L REERMERTHY . [B U M maripaludis TH->TH., FBEEICEL THRL LT
ERNHHZENHATHD, M maripaludis Miclel0 LIS Tl —HBOREEHE R T

(Desulfovibrio capillatus Mic13c03 & Desulfovibrio dechloracetivorans Miclc02)
DIEEY BRI L TR 2 HREDHEREEZ R LIZOATH -T2,

STBE U T PEIR D D IR E K B BB METE 26 B2 @A L, Y — NEMIZ X 55E
MBREDPFERTE DNENTONTHRE Lz, ZORER, Y — NMEMIC L 2EDE R
EEZOLNDBRNN OO THEGRIZTE 72, L L, YEMAYERIX, FEEDH

bm)) BREBR LN TRRT2HEBETHY . HEERE FIZB W CRA R EYIE &
LIRS RVWZ EARIR S, — ., REMRKIERFEECIEE TH D M. maripaludis
Miclel0 THZ o 728E &I, T bH Y — FEMIZE SO MAEMIE & & L TIERIC
WL <, BBENAZR M. maripaludisMiclcl0 OBAGREx bivd L &b, B Y — NEMIZ
EOBRELITE L2 LWVRAEYEREE ChH 2 TRtk Z2 =g LT,





c. BREREOEERNE

RS T CREZ BRI OMAEMZIRMT 2720, GREEZME OB HGMAE L THE
SMERE 2R LTz, RESHOFN S o7 EKE, 1.5 g/20 mLOSRFER & ME— D& 1t 5
R T 2 EH (Felg ) 288 L N,/CO, 7 A FC37 ‘CTLAMBIKEE L[ AT A F30],
LB . B iR a8 L WEEHLITHE 2 kW72, M 2 0B 5720 R Z2 W CREE L
L7oEsh ECARZBEME— DB GIRE LTEEL, an=—EKkE2To7-, EEH L=
0=—%2KE T T EHHIE7-0E, FelfHI CRERETE L7, ZOREMEENG, BIR
BOY TNV ORI DY T inG, i, SRIEREME A & AR Methanococcus
maripaludis KAIRE R OOSTREZ 57-, 25 OFED16S rRNAIBAR FECYIIL. Methanococcus
maripaludis JJ'OFE100 %—F L., WtkE b M maripaludis THDHEFRTELTZ [RT
A K311,

WA, Ho T, Dinh B3, AEMBRICKE K BEET2MAEME LT, MEHEREY 2 O
BetE i L Desulfobacterium sp. 1S4 ¥k, Desulfomicrobium sp. 1S5 ¥k, Desulfovibrio
sp. HS2 Bk XA % AR Methanobacterium sp. IM1 BED 4 Bk & 438 L 7~
H. T. Dinh, J. Kuever, M. Mubmann, A. W. Hassel, M. Stratmann & F. Widdel. Iron corrosion by novel anaerobic microorganisms.

Nature 427: 829-832. 2004

WREAHLRTTE X, T OAEBIES T KRFEOREICIVEREEZE L BAEIE LD,
MAMEEORFHZRIRRE & L THbil, MHERE INTE T, o, A X AR
IZOWT Y, BRI EEI RIS W TREEDOREZH O MAEDIEE LTEETHDL Z
EMS, BAEDBEIC LS L TV D AR R ST & 72,

Al JFEMEE Z v 7 BRSO L T2 BB BE A WT IS I maripaludis T o7z
ol F L MOGETHBELSE A A X U AERENNT Y M maripaludis & 53¥E
Shiz (AiF a. HA b ) 2 &6, ZOMERREIMZ 7 WEOBERIZH - T
L AREMED R & T,

BB REEZHRD 20T, THEE % Fe 5 CHiE L, B MMP OKFER, A ¥ V&,
BESELZHE L, BRFEXIX, FRNEBEENSEECOBREZRLIZOITER LT,
BERMIEERISEE TS, BROBEDEZ D, DT DREOKENAERK LI, L, HiX
HIEEE RS TIEI A X DOFAEITRD Lo T=, —J5. 057 BROBETEN HIL, B
NI FERENRD HILT, A X VARPRD DLz, A X AREE, BEICHE
BT DAL L D KFBAREND TIREND A X U ARRE (A X UARKEIX, 4mol
®D H, 735 1 mol @ CH, #4925 : 4H, + CO, — CH, + H,0) XV HiTB M KE o7,
AL AERREDEIN L TWDMIFKEDRHE S R0, A X AEROEINNEZ 572 <
7o T BT, KBV I NEED T, 0STHRIC L Z28KE /I, H5% 14 HEH CEREXOZ
& LTI S o7z, KAL R T H RO RN Sz,

BREARAINT v — L7 va NRFEEINTWD M maripaludis £ (C5 ¥k, C6 k.
CTHE. S2HR) DOBEREZH T, TNHDORTO R Z AMAEpiEIT, BEMIZHEAT D10
FHIMBILIZ LD KFBAREND PTREIND A X U AKEE L, ZOZ b, 057

-7





K ONKAL BRI D M. maripaludis L, SREBEZFE LW Efim LTz (AT 1 K321,
d. SHEEMAZ VARE LMBERETTHE &I X 2 HANRSE SR EER

HAREREEH Cld, SE R MAEM N EMCTIERZEZ LTI bITTIERIZE I ThH D,
WAEDBEOEMS ZRTHEHRA LT, T, 2 HOMAEMICLA28EREO v —
R, Thbb, SEEMEA X AENRE &S REL b oW R CHE (SRB: Sulfate
Reducing Bacteria) &2 K2 WiRREE R EERH TS 5,

1 el DEEFEHV, BEEREZIT-7- [AT4 F34], = Z THU- SRB IZEE A
H7Z T SRBFE FTIR SFNIX. RENDOT N ELS R BRBRETH D, —FH M maripaludis
0S7T BEClx, MWERNEZ S, LorL, BEREZ 7272\ SRB & M. maripaludis 0S7
MaEEETs L, KOVBMLWEENRRO LN [AF A K 35],

ZOBF O L GRENEE 7 0 A g VR Y vy — I (CP NI ; SM-09010,
HAE ). INTWiH %2 © R0 X —20 88 X SR i@ & RS 7-BEiSE  (SEM-EDS ;
JSM7000F, HAE ) ZHWTEIER L, SFEELZ L7272\ SRB & M maripaludis 0S7
ROHEEERT, FHORENE LD L TWDLZ EngnD [A T4 K 36], &K
(Z2OUNC SEM-EDS 24 U C, M maripaludis {71E F COERE, KOSERIEL H 72720
SRB & M, maripaludis OST #EZEILEZE LT7- L X DERIZHOWT., BEMEHO ICESAZ2
NV, M. maripaludis FFAE T CTOBETIEL, €, 0 KO Fe ITHEATWE [ZA T4 K 37],
—J7. BEAREA T/ SRB & M maripaludis 0ST BRODILEERR TOE A TIL, F1UIh
Z. S SN, BEAWHE Z XRD THAT L7-AER, i & b FeCOICETe 2 M ynno
7= [AZ4 K381,
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2. SREEMISAEY DR EEE DM

2-1 3 U RERCHE DO FE EiiE

1-1 T, S URBELMEN I URA T AAE T CEEERIELZ 2R LT, 2O
JBEBHELZFELARD T, EXbFRREZER L7z, EEOBRRETIZ., Z7r A
RDIEARE IZBNWTHEENBIEINTNDLZ b, A7 VA X 5 2tk
EARTAESICRLTH, AMENERZFHYE LS D IOV TERILFEICHRE 21T - 7=,

BRLFRBRIL, 274 F14IRT Lo, IEHEmE LTFIEY ORT U A
EHEAL, RBRRICIZI UREA G E2EGAEDAKE RO CERKREIKEN (4—7 P —
Xy kR Trxn) ZRELE, AIfREO%, BANEELTWD I LA LT,
Ko BERE 2 B R L 72,

FEREATA K157, TR LTEOPNEREIIRX T, BERBLITBE I -
oo VUV TRLIEIURA A VBLAEE 72720 dMB-MAT35 #RIZIH W T b BHE 72 BB
DETBIE I N2>, —F7, 3 URBGME IMB-MAT32 ki, HEMEEZ DO EN D
e8I, ZoOEMEBRIE. REEESCILE L Vo /RIS ORI 55
BV AT OWERERLTNWD, EHIT, I VHRBILME AMB-MAT3 ¥Rk Tl b LWEM O
FEINBE SN, EEER, EMNOERDTNCARONT%, 2IRREMOK T8
B3I, EO®RENMND L - IKTFEMEY KL, SEAIIRWEMEZMERF L, 2ok )7k
FENX, AT L AR O REVEGEIEOMEIC L 2B OZMRET., BAREERLL, R
AW O EAZ R L T D, REMAIEOMRIEAZ R L TWD W) Z&iE, T7hbb,
AREIZ LY 27 o VAPEMICIEEDNECTWNWDHZ LEZ2RLTND,

WIZ, ZORAT 2 VAFOERED I 7 REBILEIC L D0 FIR3 URBOAEREITEIF LT
WDINE D IPRD T, fraRREO I UHREEKR (MY 93— G|, KI,) R ToxT
v U AP BRI B BT DO ZE B 2 T2, 1-2 mM O T U SBIEIRH TlE, B E LD A
DB S, 3 M LA Lo 3 URER T, BEREMNO L TE), T7hbb, BREOFHEN
BRI [AT4 K 16], ZOZEEL, MB-MAT3 ¥k CoOZEENE K< —FHT 52 &b,
dMB-MAT3 #RAFAE FCTIZ 3 mM LA LDk 3 U RN AEFEIILTW D ATREMEDR B Z Hivd,
L2 L., dMB-VAT3 BRORERZICIL, 1 mM O KI, LM ENTE 5, BRIGEAET 3 mM
EWVWIGTIRITVBEAFETHZ LITTERY, ZZTROLIRETANREZLND,

dMB-MAT32 ¥RD X DI AT v L AICE R EZFETE RV, ERSkOBRE2FHET S
ZENTE DI UERILME T, I A A IRa R EEFE L, ZOEREL
T TIRIAVRICEDEREEZFEL WD EHESND, —FH T, ATV L AMICEREE
FHE LT AMB-MAT3BRClX, S URA T OIEEITO L BT, T RITVEEMD
DD IFIECHEREDICE D, EBRHIZBW TR IRk 3 7R OB @\ O EIk &
FEFOHLTEREZFEL TCWALARERBZ LA LND [AT7 A N 17],
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2-2 A& AEREDOEEHE

SRIEEME M maripaludis O0ST #kE M. maripaludis KA1 RRODA ) AR IEECA 2 E L
Teo Z LT, SKEBEREE TR M maripaludis S2 BRDAT ) DIEEERAYI] & g U7 [ A
A4 K 39], $EBM M maripaludis 0ST R & M maripaludis KA1 FRICIEIE L. M
maripaludis S2 BRIZIIAFAE LRV IR T & WAEME BT & Lz, Zh 6 0Bs
FEmilL, &7 2FO 5 EHEITIZAEM L Tz [AT A R 40],

FRIERME A X2 AR M maripaludis 0ST ¥R OVKAL #RiX, ME— DB ALERE LTK
FEFHTDHZ ENAEETH D, WH . %7%&&u%@ﬂﬁﬁ% %, ME—oE L
ke LTE&BEEETe Fe 52 WS, Me—DBEBFHEGIA L U CKFELE TR T 0ST £
ZAEEEIE AR U, Fe BRI L7, K52 2 M. S8 GBI L TR L R
L TWRWEEREN S DL, ZOEERKRE, KELSTOEHICHEFEL, 2 BAE L,
FERZHWTHEAL LIzKEE L ECan =—EREITV, 2 ORERND 0STnutl Bz
SBEL 7o, 0STmutl #RI%, @BESKZE AR E L TAX U EAKATRETH T2, £0D
AR, SO FERRILIC K > THE LD KFEOLEFIHATHEEOTEA X Ak b
X L7z, ZAuE, 0STmutl #R23, SKERREEZ 72T, (LFRRIETHEL HKEDH
ERIHLTCAZ UEERL TS Z EERLTWD, 0STmutl BRI, /KFEE XEe% E 7t
HARE LCRIARE T o7z, T720H, 0STmutl BRDERERREL b2/ 2 LiE, KkFE
EXMAFM LI p L F—BGHEREIITE L) o7 [AT A4 R 41,

0ST¥RD 7/ MG H A 61T, 0ST #RIZ %ﬁ%&mw%@%bx%@mW@mm%ﬁotﬂx
4 K 42], 4 {#® ORF (MM2_1355, MM2_1357, MM2_1363, MM2_1365) ZB4< 9-_TdD 0S7
BRI 4 B4/ 72 ORF 0 PCR PEM O PEIR AN, 0STmutl Kk DNA Z 85 & LU TR bz, 2z
0STmutl #2372 < &% MM2_1355 725 MM2_1365 F TOREIEAZ REL TWVWDH Z &:%52—1/7:
W% [AF7 4 F43], 0STmutl FRORKBILFHEBOMK Z 2 T A K 44 12777

Z DREICIE, SRS RYE M maripaludis (0STRRE KALKR) 72008 F4 5k KX

F—8 OKFEA T 0OKRFEHFEERT DS 2H s H, Z [ R9IC it 5/%38) 08
BN HEET D, 2Ok Rusrr—8iF, M7=y (M2_1358) &t KkH7=2=v
(MM2_1360) D —2>DH 7= MpbEKY /N7 2= |~ (M2_1358) IL, twin arginine
translocation signal ZA L CWA, ZNHDZ Lk, 2Ok Fasr+—EN) twin
arginine translocation system |2 & o T, ffafEst~E M I D AfeEMEEZ R L TV 5,
ZOb FaFr—PlEE1E, M2_1351 & MM2_1366 & DORICIF(ET 5, MM2_1366 1%,
MM2_1351 @ truncated BIaThHd, T7hbL, 2Ot Kurtr—EEE 11X, direct
repeat DRENZHEENTEH Y KELRLTV, 2D Z &1F,0S7THEDOH T MM2_1351 & MM2_1366
EOMTHEMBExZE-2L, e Falrh—EB8 128l OfEEE KA LR
0STmutl HRAELZZ EZRLTWVWD, ZORMEMRIET 72D, 0STmutl #iE W T
MM2_1350~MM2_1367 fEI > PCR 1T ->7=, PCR FEM) D ELKIKENENTHRE R1X, 2 D PCR WY
FlX., 7/ AEHRER ORI ES (8 10 kbp) XU HITL5 0T -T2, FEER.
Z D PCR EEWI D — 4 o AfRMTHE BRI, 0STmutl BEZ2S, 0ST KR 11273156~1139227 b £ T
DO Z KB LTS Z L AR LT,





UL EOFE RS T8IE AN A X U AEREIC X AAEIIEEIL, A X AR E SRR sk
~EH L7ze Ra X —BIc k- T, 84 A O & AKRFBEB D TIEROMEEN = - 72§
REZ D] EWVWOMEME R ZIRET S,

0STmutl FROKRBFEEBIIIL, KEENKEESR & B Fa 7 ) —8 2 filalkst~ & 92 o
ICHERET B & FHE XI5 twin arginene translocation component, Tat C (MM2_1362) &
Tat A (MM2_1363) HEHFEINLTND, ZDOREEMKEEFRIL, signal P ZHLTWNWHDT,
MBS~ END ETFREND, AFAEREDO A X AROEEIL, KEL @
fbIRFETH D (4H, + CO, — CH, + H,0), EREEMiIAKEERIX, IREEKFEA T EARFEAF
D “FRAVIRFE 1 E AT D RS & AT il 2 T hH S (HCO, +H s €O, +H,0),
F T, BEREMEA X CAERE TR, SO ETEES L COKESTAERERETHE R
o —B L REEA TS R IR 3 DR A RAE T D R R K I 25 A M A o
LTAX AERDOIEEER/TODAEEMEDRH D (AT A R45], 77 LENTHER) G, 0ST7
WA EE RN Fa s —E e Mlafit s L, SR LHE T2 R TRINT,
Z O ERRET D72, L FOEREZIT- 12,

M. maripaludis 0S7T ¥k & 0STmutl #R% H,BsA FVWC 37 CT 10 HEEE L7, 2D
B iR W 7 4 /% — (millipore, 0.22 um filter) Z W TA L, WHRZFRE LT,
Z ORI b A A Fe FEHIZ 1 mL #5ME L, 37 C T2 MR L7 [AT7 A4 K 46], 057
FEE 0STmutl BROEEERIR BB AZ . T ENEREICS S E e, KISHRTOKER &
GRS EZ, AT7A4 RATITR LT, MEFEE BRI DA Z VA AERITEZ 5720 o7,
ZOZEEF, WET ANV Lo THEBRNOHEENEEAETXTRINTZZ & ER
LTW5, SEREXKEHETHD 0STnutl BEOEEERK BB AOFINL, BREkEICHES
Gz leinotz, SHRAIIC, SR RMERTH D 0ST BROES#IR BB, AR Z NS
B2 [RATA K47],

BRI BB DR R R T AT, X N7 55fiREESE (Proteinase K. Qiagen)
W UT=, B30 SREEZ DI, 057 BROREEIK LB X 5 G Ss B4 58
BIZHFE Lz, ZORRIL. 0ST BB BEEMEDWE 23 L TND 2 8 & D3 IWH
BRI ThHDHI EERLTWVND, 0ST #EE 0STmutl ROEERIE LA O 7 a7 4 — Ak
BT 2TV, 0ST KRODEEZIR BB ARSI & iz & v X7 it L=, 0ST BkD
BRI bR AR SN Z "7 D5 0STmutl RO XKKFEBFIZEZ D & N
713, B Rasr—8 (MWM2_1358 & MM2_1360) & fRFEIE/KEESE (MM2_1364) Toh-7=, 0S7
FRORGRIR LB K DR S OKFHAEBEDNIEMEIL, CO, T A L REEAKFZT Y 7 A
ZRWEHETTHEZ o7, 2RO DfERE, B R rh—EBocE N6, SER
PRETHZ 71T Kl r—BThHo EfEm LT [A T4 K 48],

AT A K49 1%, SREEMEA X VAREIC L DBRFEA D= A LOERETH S,
> SRS EME M maripaludis (X, Sk OEBEEFEZI &K ZENTEDE Kb —8

v L) AR A
> b ReFFr—BoERICL> T8E W DIEDNTKFE ST & IREEDLKEESE DIEH
\Z Lo TR & HtBAEL Ve “bIRFEZ T, M. maripaludis |\ TAEEFT D,





3. RAEWME R FEM DI D D EARRIE R OB

MAMIEERIRA~OERL, T72bb, MAEMEEODZE - MK ORBITIEE A E1T
LTV, ZORKIZ, UTOXL 276D THA 9,

> B5 T 2AEMICET D AN DR,

> A=A LITEET DEEN DR,

> E b o THMAEMB R ZZW T IUT L OO 5 TR,

Z OMBEfRR- DT AFHAE T,

> BREREUERD O MR I D Sy B

> EERAEM O RREOTHE

> JEARMRAY O W 22 D M iR
BAT-CETZ, ZORER, BEA D= XLRNTOT ) DMERNL ., EDBREZEO-D
DIERPRHHERELEINTEZ [AT7A4 K 51], ZZTiE, TRbolEs b LicLiz
MAEMB R OZW - IIHIEIF ORI DN TR 5,

3-1 BRI BAT D BA%E

WA GBI IAREAEE THE (SRB) ICX > TR IS E W) BHITERATHERVIZHLHELT
HHI=, HAEMERPIE=SRB O] IO T, B THbKED RS
AUSRB SR S D &, SRBICKDERIEA D L LG ITHkSh Tz, L, Killk
TOJRIMZ > 7 JKK TOSRIEREHDORBIZB WL, $EREEEZ L o 72 SRBIXAH ST,
BRIB M M maripaludis DEFETHBES N, Lo T, ZOWMLWERZFHET H4E
Yy ORI N OVE I 72, MY 7 B D EMBED U A7 OHEIZEE T
bH LB XTI,

IR, MAEMBEZEEINT & U COSIERYE M. maripaludis OFFEER HEOBIFIZS
WD [AT A K521,

B EME A 2 RN 5 BRI 2 HIEFEEZ<E 2 D08, HREENOLLTO =
DDOIFEDONWT NN EIRET ENBENTHAD [AT7 A1 K53,

> RERBHEERICKTF LRI . MEDEZHM L LicERE L, BROW
HMAEBIETHOT, WMEMPBREZEZ T LOMRILITE S,

» Fluorescence in situ hybridization (FISH) : 4AEMORELZHISD Z &N
TE LN, EBEOBSTITH 2 LIXEEMICEHEL L, BEY > 7O F% MmN
X DL,

» Polymerase chainreaction (PCR) : IEEIZKF LW ORERFHHN T 5,
PCR D5 THER PCR(qPCR: real-time PCR) 1%, & HITEREM AR B 2 (N4
HZENTELOT, WERERREUTRFR 7R 2 SO T2 s Z & T,
JEEDY A7 ORHZIHT | BREOMEITZ HFHMET HZ LN TE 5,

PRI RN A 2 AR &SRB S K 2 Wi RO 22 BRI ARt E I 28 e Z 2 Wl et &, 1-2 IH
TRLTc, ZOBNTRENTZ X D102, SIS RME M maripaludis DR —FANCEETH

[-12





D, FOB., SBRIEREELZ T2\ U maripaludis & XBTHMLENH L, F7-. M
maripaludis & SRB & OB EHIRBAEMBEEIC LD T O—3W BB R ons568., WE%
BMHTELZERFFE LY [RAT A4 R b54],

BRIE RN M maripaludis @ 16S rRNA BI&FELHNIE, BEFEIO, SKEREEEL 220 U
maripaludis Bk & 100 %B T2 2 EBRH LT/ > TV D, PCRIZ K » THED ORF Z 1
M3 2856, SEREE LI VWEZPERR L, 8GR A & AR O 7 % Fr BRI RR
T 5 X972 ORF Z@INTHZMENH S, LLTFD X 5 72256, BiH% 4 ORF % 10 124V 1A
NTE [ATA4 Rb55],

> 7 LR TET LTWABIEND A Z ARBEO Y 7 A O ORF &R 2R S
720N ORF,

> MiflaERkE. Mfest s X7 EH O ORF,

> JE&PCRNA[REZR R EZ & (200 bp LAL) @ ORF

BRI A 2 AR (M maripaludis 0S7, KA1, MiclelO#R) KROVEEHRELZ 72720
AL R (M maripaludis JJ' [FEYERR]. S2 | C5, C6, C7, [V B4/ AFEMTRR] Mic4c08
FRIBRBE/yBERR]) 2 W C L _EFE O ORF 2% L C PCR 24T 5 72, £ D& F: ORF_1355, ORF_1357,
SOV ORF_1363 @ ORF 23, R RMEA & B Toh 5D 0ST Bk, KAL B, MiclclO #RDHA T
IR S, Z OBIG FREAN B AP A X VAR IR TH D Z LR ENRE [X T
A F56], ZOfERIL, 0STmutl Rz Wl W e Fa b —E42 a— N 581
DFIET HBIG 7 T AX— =BT HZ ENRIIEHLNITR ST,

BRIERMEA X AR &SRB IZ K B il 7o B RARHEEH 2N Z D ATREE 2 R 51
I%. SRB O EAR N MLEETH D, SRB & DIAFIC L DEREAME X # AN OIS & (et
TERNCIZ, BREEMERIC X D HAE AN HE R LR ZH C TV D & Bbitd, MmEEMERIC
B HEELRESRE ThH D BAbamiEEE CEEFE (Dissimilatory sulfite reductase) % =
— N2 dsrABTEIG T A EMEGE T LCEHAT &L [ATA4 K571,

i PCRZIE, BRERM:A Z AR IZRF R 7285, SRB @ dsr B Iz T,
A B R AR R 7 mer BAR O« B 2B 72 16S rRNA B An 1 &
Lice ZNOHDOEGFEBIE L, B4 Z & Ta ™= 52372 Standard DNA ¥R %
FHEL L. Standard DNA OWNE 77 A ~—Z AT real-time PCR #1772, AT A K 59
IR T X9, ORI DEED T A TR LIZaOERE ORI AR E L. % DNA IR
D CT fax R, CTEE 2 B—HDREREIER L. RAEO 2 B —HE HICHEM
L7, SERELR T2 —7 v M LT, SERMEA X VARE., BEREEZ LRV A X
VAR, WRERYEETE (SRB) o DNA 2 W TIER PCR 21772, SRBICH R T T A
~—t v N TIE, SRB ZIF A2 EEMICHIET A2 LN TEX, £, A X UVEREEMRKIC
ROND mer BIGFTlX, SEEREOHEIIH D LT, T _XTORA X U AKE A L
Teo —JC, SRIERMEA X AEREICRRRAY7Z ORF 235t L LI 74 ~—& v F Tl
EREICERE BN A &2 BRI OB A FF R C& 72 [A T4 R 60],

WIZ, ZOERPCR A3, B2 —PAEMBEI DNA DR T, L0 EERES DNA &
AWTEEIETHITA D0 ERB Lz, SERMEA X VAKRE LY & 1 T Em0WREOMO
MAEO DNA ZiRA LTEHE T, SO RFEME, BEMEICKEN RN &R ES T [
74 K61,





ZZE T, MEME RSN E LT, MAEMORROBREAE P ICHEL CE, L
NLUREE LTHIWT 2R WEERRER F W ONFET L5 2B 2 b b, 2 2T,
IREEIH R I >\ T a5,

IREBIZ X DL FHIRIE RN DAL TV D8, AReRBR S 0 S5 o FR X CIRBESE 72 IR IR
BITEC TRV, —F, SERMEA X VAREN A X U AEREITT> TWDGEA., S0
BT EFE G RIX D 12~36 {5 TH D, LnL, FHATE 2RMBIMBT L, TOHBE
WL A & RO 1/3~1/5 ICE TR T 5, T70bb, BREERE L TORBIEEN
BERMEA X VARFEOBEICB W TCHEFICEEREWRE L > T 5,

AT A4 R631%, BIEREVERA Z AE Z R4 I IRIEHIRE TR LI E DN Y — T
DEFRBEL R LI 77 Thb, B, #H, RERBEREN S 72> T\, IControl
(Fe—H,) | TiX., & DRBEEE COLFRRKERENRB SN E I E, 10S7
(Fe—CH,) | TlX. AZVHEDBAZ VAR EITSOTWNDHEEDAZ VAEKENLRET S
B, [0S7T (Fe—H,) | Tl, A ¥ UERDIRBEEORBIZ KV (L F > 2% OKRFEREDN
SCEHSNDOHE LTS, T T7NRTERBY ., A X ARKEO D Y — RO
IR ICE < EERRE D 12~36 5L 72> T\ 5, —J7, RERFEER T, HEE X IRX
D HENEODA L AERRFE R D LB LTz, ZORERIL, SRR ¥ AR
X DRI W TRBEOMENIEFICEE R BR Lo TNDHI LEZRL TS, L
MWoT, BRIERMEAZ EREOBRY AT Z3HMlid 5 LT, REEOUEKG & v 9 BRI 1
DE=HZV T HMWEATH D,

3-2 WAYERFES EDORSRE

UL EDFERITHEASNT, MAEMER EREHERZEBRE LIZERE Y 2 7 iHl L0 —# %
BRI,

WAEMBREY A7 AEMEN E U CEEAMEA Z ERE L SRB BAFEEL, 2o, BREE
PR E L TRB L ORREEA A P S s5E . ZORRIXIEFITEDBEDERY A
JHEBZTCNDHERZETHIENTED, WIEWERIAZDZ7 7 L LTI, $RIER
PEA & R & IRIEDAFTEN T bivd, SEEMEA X VAERE RSN TS, K
REMRNGE, BREY ZAZIXEVEWEEZOND, SREEMEA X VAREICLOEE
A7 OHBIHEREL LTIE, ATA K65 DXL RT IR AEETHA D,

KHETHO NS> T ARG L TER LIEBEYEEZE 7 v —F v — b —fl
HATA K667 T, /o b AEMPEET 50850 THEY, REZER, MAEYD
TR ZBEEEATIT &, BURTOBEY R 712728 0EL NI BLOTHD, TN
TIER<, AR LBEHROBHEICHEN, ZTNODOFEREEML TN ZET, SHITHEE
DEWBZE 7 —F ¥ — h~ERBESELILERDH D,





3-3 BRI EHT O3

ARRAETIE, SO THEZ@EL THERZHTINORBEETEF TN TS, —F
T AV RO FICB W T R FEIFOB & W HIRD AT —ITERLERND 5,
KFETIL. “HDICORNDE —oDT Fu—F 2kt LT,

> T7ua—F1: BREZLLLRVEEMEHCTERE [AT A K e8]
FARFUCIT BRI E ORI E T DA EAUTTFLE L, AP TIE 10 0FRE T
CRREEZBENO TROGEMEEME A SHESh TV D, ZoMEMESRE R LR
fESE L&, @RKREICEHITAE LWIRIRE L 7> TRR A LET 5 BI50 ER
NTWD, ZOXI) RWAEMEZEEMIIGHT L2 ENTE D006 Ly,

> T7u—F2:. KMbEMERAWZEREBIL (AT A R 69]

HARFUTIZ S22 IR 21T O MAEMD L < FAET D2 2 DML TE Y | MNATE
1L S ELAR RS (NITE) TIXZ D L 9 M A Gl KA a L 7o 3
VERALTWS, KHEOTTH ZDONITE DAoL 7 v a v O—E W TCES A7
V==V T RATo TR, WMEMBERERN OO T 2 b Al %2 88 R H ORI R
THZETHARMELZFETEXLHI ENRINTE, 2O XD AW H K KIMEEWIL.,
EHFEEOH DL 7 NVEZ LT AT RO XS I, BREAROEWBRERANAD D IKEREEA T
RIBFRAN DRI D 2 E NI N D,

PUFI, BAEME R R EmRO 72D O FIEMEROBEHEOE L OTHD (AT 4 K 10],

> BRE RN A X U ERREICEA BT R RRE LT,

> JER PCR ZHWTEEMDORERIICEIERIERA X VAEREERE T 5 2 & 2R
L7,

> BREEMEA X ERE & SRB IZ L DIERIEHENS | MESEY O AE O O EEM
PR LT,

> IRFRIEE O X 9 R BREEER & A ER O/ AE o TOFE O EEMEZ R LT,





II

. A0 EEREEIC T D MEEG R RICE T A

[B&K]

B -2
FEHEEZE -3
1. AV RRITIRENDLOSEI AN AEMOSEE e -4
1-1 Fim R OREERSE -4
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F

~ LB A~ NI EOMO~ T v L, FER, BRINE LT U7 & fE S g
EEOBEFE TH LN, HEENZ W EIZ 1 BETEL ORI Y VD —DPTER H WO
FIChdH 0, HATIHEIC L 2B FEECHFEGENRESN TS, EE. ~ 7 v bk
Tl AANK T —EREFEE N LI UIERE Z 5, HlZ0E, 1975 4, 22 1 4 T b > DJFH
ZAlE L UL TS B ARIZIET THIAT L CW I KPR EFTR D~ B A X 1 —,
FEEIDN~ T Il & > o T TR — )R O Hafge AT CEEME L. K9 4,500 ¥ = Y » hb
DOFMATH Uiz, MHESSE L, 4 R TIZToWEZR L7225, K7
— D=7 DERERIEIIERTH D EEE L TWaA v RRUTEIFIE, BARICHEZE
KL, =7 v BWETIZIZ D%, JIFEMROZ > —E VY TEED X > 71— O
FbEET TV,

~ T R LA L WL DDA A e — RRH L0, Wb Ay RRIUTH
FEE> TS, FlxiX, 30 7 b Ul ECTRMZERT 2% 1 —13~ 7 v il @i
RA[RETH DD, v R I7EZFAMEE L TWD, Zou R 7 KT~ 7 v i
WEPASHRED o [A1#E & U THRE STV D08, S BEE AT 2 O AA A2 8 175 55 S A2 i ©
HY ., LM D X O e MATIREEER - BRIEIC OV Ty sy, L
oo T, =T v BEREAHRFZ ~ T » 2 i T3 2 M ss v R 27 g~ 5 Bl L 7=
. ML R L5 A HFESEORENBEINTND,

AT HESORIRO—>2 L LT, MEMERWZE L (M AL AT s m—ay)
ND, ZOEWX, 77 A OoaMBHEROEE, RxMIER I, £0%, W<
OPOMZETOIT WD, 1 —AEME L TE LT HIZE > TV, EICE
T AEGIRHH S OT= TN, N AV AT ¢y =—v 3 VAR ER SN D, £D
BIMEIZBT DIEERB D 22T, GEHD ORI AT E N WA A, I H
FIAHE Z D AREMED BB DWW TR, AN F L AT ¢ =— 3 2 BT 2 R
B 21X, BB AFAET 2 AT AR 0 O fEIIIZOWT, & 6o Ui % FiE
LTBLZ LT, GHEHOBLENOEETH D,

HARET A OEIERBEICOWTIE, ~ 7 v Wi L v AR 7 ko 2 #Rizsi 54
MR ESORAEZMEL T, XM AV AT s =—va ViEMArREEZ I LI L TEL
VERH D, ZibA » R T HHE CRMEHFERIC X A2 ENEZ D ZDiE%RE N
AT VAT 42— a VLo THLTE D0 ENZ W 5 7-0I121%, Seikic & o
LD IR RIS AE IS AER L, DX D KM T EDREDSMREE ) B RET L0 E D
VERDH D, LU, 4V RRUT 2 ELEER TONL F VAT  =—3 a3 o FEif
RTRANEE Dy BEBISE 134 £ TIEE T, AR RN E o, AlEIX, 20X 57y
BENDLE_INT (AT 4 KB1],

Atz A v R TENTEBT D124 7--> Tid. BATITIEE LSRR~ 2RI
CHEB Lo, FET &L, BIMOERERE OB Z RO W2 NEL L&, £ L
T, B CTHBEL 72 AR 2 A ARICBIERT 5720, EWSHEESRK 28T L
WO RDDORWEVEEL LI2Z L ThDH, BREDOENZL->T, 20 X5 elE%E
TR Z T, YPOHEEERTE T,





KHEICH I U4 v R T RER: (LIPI) OWFEEHIX, ZofEicsncai-
CEICHTAREREHOBENEZEEI N, AA NV —ROHWKEIZNAE L, AHEROE
Btk FEE R Z OFEE ORI - KFICHLHEBRCTE b0 EHAL TS,

ey e

RREDOINIZ, UTFTOEBYTHD [ AT 1 KB2],

(1) fims AN O REEEREE & oy Bk

A2 RRI TN T, HREAK T OMBEOBEROE O L, il K O
FET., $hbb, "M FRAT 4 AL —3a UEETICBWT, E0 X5 2w
EOME LT 20 E T,

(2) Aoy R OIEME L Tk

NAFAT 4 A —va Ot r B L., SRR OZIN, IRt OTSInNE & ik
IR ORRFT 217 5 72,

(3) Aoy fiERE TSI DFRHT

=ODFHEE RTINS EY % 7BE LTz, 16S rRNA B {s EFNZFE D < RifiF
HrZ X B 5ED% ., RFEHREDIZHOWT, AllRILKED S FRE S 2 FHE LT,

(4) 2T

WA Iy R % 52 T Te I RAL K B O B IC B3 2RI 15 & LT, ErEME A
W= AEre it BR 2 et L=,

(5)  EIREEH CTOEFEER & HEARAE R O R

A ¥ RR T THEOERE R T, JFIHOMAEY i 2 RENCE =4 —F 572D HE
BRI 2 IR CCL JFUMIB YR T A NRA F AT 4 AL —2 a VORREHET 57
DOFEIRRAEIT T2, TOED, A ¥ KR TUAD BB L 7= i MM o £ il
IR T-EMNT L. £, A ¥ RR U THEHRO A MIERES OV 7L o 4 5y iR
AN 2 R L7,

AHETIZ, FIAFRROWE L LT=D v DA ZE O BELOIEN, ~ T v I fEE
KO VR 7 PRI B W TR ZRIIL, NA A VAT g =— 3 BT K@ T
—Z2HWE LT [ZAT A4 F B4l, ZDW/KT OREHRIGEDORE, WA OREERE O
Hr. 2 OAEMBEE D & D IRACKIE 3 ERE S DFEHT M OB A D53 BE A AT > T2,

AV RR VTR CIIRE 2 MIEENRBO LNV &, A RRU T EEARE T,
A TRAE O DA DK E S 7o D Z EBHER I L=,

AV RRIUTEHMTONRLF VAT 4 =—3 3 VEIRERITIEST - T, MRS HEREN
AFT 7 ) uaP—HF5EFT (MBI) £t ¥ —ICRE SN R ) 2 AT
T R 2 I L, Bl SEGERBR O BE R A Ve L7z, RIRRS, Filce A AV AT 4
T—Ya ViMHiiiEE LT, alia=F 4 - NTURI VT M—AEERRBE LT, S BIT,
B AT T HMAEMORIEZ T Z LI X > THHEREZEILT D2 FE (SAF AT 4 L1
—a ) (AT NEREE (RMEILE) ORELZITo T,

VL EOFRE S SRR A RS 5 X 02T A v S i e L5 A & %

Im-3





A A PR T OFEREE THRIERRRZ M LT, Bk LICRERIC LD A 2T
D=y a CORMEERR LI, ZTOBOII2=T 4+ FTU A2 )T b—AKICk
DIRHTRETN D . THUELE T RIS 2 | L AMRIBIC & 5 = & SRR STk,
AFHETA > B TS O 0B LIZBRORELT 1, 500 FRIC B, £ D 5 LB D
AME 2 bRz 85 B RITio7= % 691 k& NITE ICB#s L=, Zh b OEkOT T, HiEX
THHE L B2 HND DN 186 Bk Th o 72, T HIFBE R ARICHT CTHIEH TH 5,
R DBRFIZDONTIL, (A ZFIH LA OBREZ 2% RICBE T 2504 iR
BICFEH L, D OBEOME L BEERICONTEH, A ¥ —F v hEA LTIEL
REAL TS FETH D,

1. AV FERITIRENDDEEER A MDA D5 BE

1-1 M5 R O REEAEE

AFHETIZ, £9. BEEOHRBKTIIZEDO L S RMIENEET L TV DE0nE, A
IR AL VEESKE) (DGGE: Denaturing gradient gel electrophoresis) % H N THEAT
L7ce IRWT, ZOBEARMIEKICFEMEOREBEZMZ 2 Z 212X o T, AEDOREERKE
DEDLINTET H0EMAT L2, ®EZIT, BERICEBWTAMSMRIZE G- 9 2 MR
EHOMNET B0, R ORI 2 TN U 77K o C A il o0 ffHe B A 4 HE i X
Z ZATE D A AR OFEEE & LR AT L7,

BRGNS OWEK CTHIZHEE L2 20 LEOR Y Fa e’ L o8y o 7 (2K AR L .
WK OPAEMITALL 0. 22 umD A T L« 7 4 VB — IR LTz, iR HDA T
VNI RIATAATHRE LT, L4 CTHRH L TIEEE Tk L7z, 207 4%
—nH B X —T 4 5% VT DNA Z 4l L7z, RN CL 2 D DNA 72 5 Al 16S rRNA
AR 7B % PCR HiME L7, Al 16S rRNA E{x1-Wi v @ PCR #§IRIZIX GC 27 7 v 7 &A1
L7 94 ~—%2 M\, ZOLHICLTHELAZ 16S rRNA Bs Wi ic->u T, DGGE
Ze D TR A RE SRR 1S 2 AT L 7=, DGGE TiE., DNA OEMDE SV DEVY (—AH4 DNA
~ORRELCT ) A2 HVT, DNA Wi 2430895, DGGE 7L Lo Ry REnZhid, 2
7o T B HR L7 16S rRNA B FWMrh E &2 65, RN RO/ 2R
E L, 557 BEERSNIT BLAST (2 X W ABRAMEMR 21T o7 [A 74 K B6],

a. HRMKFOMERE

JFIHTIEY S N5 RO B IR ORMIERED DGCGE 7'1 7 7 A V& AT A K BT IZRT,
~ T v WHEEE R N e AR 7o 2SI B W T, il U T Synechococcus J@ M Y
Pelagibacter J@IMELTEE LTINS N, £7o, BRBFEE AV XU TIHREIZBNT
LI L7 TR S U C Ruegeria BRI STz, ~ T v B L v LR 7 HEIZ RO T,
ONEEDN D D—TEDWFRBFAET 5 Z 0 h | BEin S OHEK OB R /D e < mE O
FRFEMENEP L TS EEZ BN D,





b, JRIM < SREHEISINER DA 57 AR

BRI, A A @B IS E CHIE S § 5 ISR EIE (RlcEHRL Y
V) MESEEELTWARY, Ko T, JRIMTHRINTWRKIZZNO AR L TV DHHRE
WaMzx 2 Z LiZ&o T, AMRILAKFEZRFZP L L TR TE 24D O HETH 2 (it S
B, FHOSREINET D52 LN TEDLH, ZOXIIT, MAEYZ W TEREH 2 (LT
HEME —RIIANA TV AT 4 =— 3y LS, ZOW T, BUGIZEET 5 A
WO AR T Z LI Ko TEREHEILT H2HTE A T AT 1 AL —2 9 VEMES, —
57 GBI RIAED AT 25 Z LIS K - THHEREZELT D2 A A4 — 7 A
YT—va s [AT A FB8],

JEH - SREHISINE OA MM EEO R 21T 72, JFh & REHEZMZ T 10 HHE
30 CTHkE o 553 LI R ORI T OMEHEEMIEZ DGGE (C X W ffr L7c, v A7 i
A (AT A4 R B4 &MR) ZEr< 21T Acinetobacter venetianus i HE H{L L
T\, HARBFEW/KIZBWTIL, Alcanivorax borkumensis 73 bELH{L L T2, A
VR TIRFEEAKICEB WD T &8 S 12BN T Alcanivorax borkumensis DMEH L7273,
HARR SRR DN B EIBBENRR Y R2LKRTHLEEZXOND [AT A FBIL,

c. AiMAENIERE ORI

A ¥ RR T IR OMBERE L A IGGRRHZ A 0 R 2 TR I Sk 25 4
BHREIZDOUWT, R Z28h 2 it L 7o, dgakiE e AR 27 gk B His. (X7 4 K B4 &)
2B T, 200846 A 30 H2bREME 12 A L HET 2T STV 7 Lz, 20
HARMEAKIZRBIE LR AN A, 10 HRE 30 CTHRE H>FEE Lz, Ziub BAMEK L R
WS FEEE P OMBETENEZ DGGE I X VT L=, ZORER. BN T,
EERHR 28 L CHIE L IXIIIE —E CTH o 7=, Synechococcus J& i N Pelagibacter J&)>
MRS L ORI SN, FIRINEICB W TH, ERHI 4@ L CQEE—EOMBE S
Zoaw L. 2FED Alcanivoraxsp. MELF E L TR SN, 1 v KR T EHOIRFHEK
TG MBI % B 51 U T= Acinetobacter venetianus 1% 2 Vo7 ) A (8 A 11
HE10H6H) TOHR, BEFEE LTRSS [AF4 FBI0J, 274 FBIITRLT
HS O ARG R IC BN TS, v AR 7 ke B MisIZ 3515 D Acinetobacter venetianus @
B EVEIE LS, RSB W TIX, & LT Alcanivorax JE&HDHIHAD A0 =AY K 3555 i
IZH5 352 EnHEgasn,

UbkaFEonrd, UTOXLH125 [ A7 14 KBI11],

> SREHOIINCG X0 AT RIS L, Ao fEMEtE S vz,

> A RXRUT EHARTIE, BARMEAY RO BTG IS5 T 5 AT o i B B E O 4%
e D,

> A2 RRITEHRICIT DA MBI U TORERFMN (A A 2T 4 LL— )
WHEZNTH Y | BRI 2IEHETFEORRB R LETH D,





1-2 £ ¥ FR YT KD O DA REHE O 5Bl

HELENE DA SR RAL K B 3 AR (2 BE T~ D WFSEIX 60 A-LL LRI HATHOAIL TV D D3, WEE
PHIE, ZNETIZ 19 BOME LB STl o3, BEENOBES LTV 58 80 J&
IZHARDTNA 5D 1 RETH D, S6IT, MEILZNE TICEITHE - BN
DEEEN TS ZENEL . A2 RRIUT DL 9 KRN 30 COBE Ok &
DX D R RENFIET D OMNIHOWTURIEE A EH BN TV [ATF A R B13],

2 MRS DA R [ AT A R B17]

FOMZIE, FEFIZE < OFEFEORILKE KLY, S, N, 0 ZE 0 RILKEFEERNE N
Do TUBIX, —MRICHEMIR Sy (Bafngy) . S&EGS . VYU T AT 7T AT RSy
HEND, BIMSIIAMOTERSTHY ., n=Tvh v, DT Vv, Bk T vl 5%
MO ESND, BEBRRIEKAFEE L TUL, XBy, Mmoo E R R K
FOEN, ZBRBEEFBERILKFE (PAHs) BNEEND, D% UL, TAFAIEE O,

ZINHDRIKF L, EM L > TESREZ T D, GFRBIREME T TOHRIE. B
KR T TOREL Y & ISV E TR Z 5, Z OO, BRI
ik (X7 —8) ICLDKBEDMNEGETHD U-1HSHR), 70 HOEEIR.
HEIOKBIEE DB AT LE ) AF 7T —BlIcLoT, AFNVERT VI —LIED
%o —Ji. BHEBERAGKZOBREIX., WEIC - >OKBEZEAT LA A —PI
L oT, HHEBIZ OOKEBEREA IS,

KHETIE, LFO=2D58EEZ . A > R T KD S A AR E O 57 Bl %
PRAAT,

a.  HRWEKD B DA 53 A B O IELBE 55 B

NTHEKZER—R | LIRS, ME—DRFERE L TCATLRILT 787 T4 ME
MZEBA L7 b OEAWT, BIREEAKGESE, Al fHE oS ERGE %2 30 CTiT-
foo AUTcam=—(%, [FUEKEHECHREEL, H—Tean=—%FkT 5 £ TH
MRS Z VIR L, Mk L7 [RF4 KBl4],

b.  AMSHME Y FERD D O HE

A ¥ R TWARIRERR L R 2 N %, 30 CTHEMBERE L%, TOBEK
AT R 2 2B U7, IRFEIE LTI, BilHa. & [FAARICIEIHZ Vo, PAHS fEA
B OLEECIE, ZSBEEBRILEY (PAHs/PACs : 7 X2 Ly ORI FF T2 T =)
v hLr, BL %) Zsublimationy® (alley JF, Brown LR. Use of sublimation to prepare solid microbial

media with water—insoluble substrates. Appl Environ Microbiol. 66: 439-442. 2000) |Z &> CEERELHIZE HIZN
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2O AW, TOEREMAE30 CTEREL, 5. 7 U7V — O L OO
EOIZ L > CTHfMEOREEIT-T2 [ A7 A4 FB15],

c. AMITAENEERREE D b O5HE

SR TH LNy FREETIE, BBCRTH 5 BRREET OFMGRFS TERMIND &
D IR IR 2 DB CE VBTN H 5 DT, M & f7E SEebh &Aoo
MR 2 & 0 Rl s b O LT, AahaofgliE 258t L7z [AZ 4 FB16],

FRESOGBEFEEZAWT, A2 RRUTUWIKD D 1,500 #RELF O Ao ff s K& Ot
PAH Sy iR # T % 4y BlE U 7=, 0 L7-RRD 16S rRNA {5 1RSI 2P E L. BLAST #sg% % H
W TR 24T 2 72,

AR & U C. BEEDO T IV hH U5 RME Alcanivorax J&. Marinobacter J&DN5y Bl
ST, ENLSMT, TNETT D 3 fiilE & LTS D722\ Oceanobacter JEI\ZFEx
DOHEEDNSEES L7, X 512, Alpha—proteobacteria, Actinobacteria, Flavobacterium
B SRR AMSHHENGIET S Z ERHLMNI -T2, N0 0L, Bl X3 Hr
OBk Th o7z [AF7 A K B18],

PAH Z3RARBE OBEICIZ, FICT7 =2 F L L e OR Y FAT = v ERFERE LTH
WD, DR T RIS, 7w b L R < NS R
720 SRAARHT DRGSR PAH 53 A D 25 < 1X Alpha—proteobacteria (ZJ& L72[ A 7 A KB19],

ZHE T, WED PAH IR Tl Cyeloclasticus JBIZOWTE S DHREDRH 5,
L L, AFREORERTIE, 4> FRUTHKT NG, Z2EOHE - FrFaEmitk 2 & T PAH
Sy FRANE DI ESR S 7=, HFIZ. Alpha—proteobacteria #fflD Roseobacter—-Sulfitobacter J&
BiME L, S E TICO FAMFRIFIEIC L VKR CORMOSRICEZE 2@ E % b
DIIENRTFBEINTWVWDLIN, OME &L THsh Ty, 7.
Alpha—proteobacteria LAZMZ & Gamma—proteobacteria <°Z AU E TITHBIE TOHE D720
Beta—proteobacteria, Bacteroidetes %F. ZAERMEFOFENH MM oT- (AT A
R B20],

PLb, A2 RRUTHERD D OAMSHRMED O SR e Ao flE 2 08, LT o X

INCFEDDHLENTED, [ATF A KB21]

> AV KX THAKRG, K1, 500 RO % 73 BE L 7=,

> HLCEEDRV 691 KA, HARIZBEE LT,

> BERE O SRIRMEAT OFE R, HTHE (F) Al 186 BE. Ao & LTS O/ 53
B & T e, SRR A IS A 2 S B - PRAE LT,





2. AMofEMAEYE BARRE S CTEW YT 5 FEORE

2-1 EHPEAEEE DO E

MHERBE ISR T DA MERONA AV AT 4 —3 3 2T, BIEOIEERAEH X
%o MIROIEEHIER 2 2 b DONRH Y . Oy, WHOFRHGMEN 72> Tnd, A& T
X, BH - UV OWAKSOBEHEIZOWTHREIL, "M AV AT 4 =—T 3 2@ LT
L EHIECE HER A S LTz, BEMEREEIZ WD HilL, REEDZER - U R
NG T 22 & TH D, AMDFRME D/ FEERICB W TIEL, 57132 ppm 2, U
1% 0.5 ppm BETHARAEFTEZRT 2D, SRIOEHED BEOEEILZ OREICHE-S
77,

ZOWHRBROMER, A AEFa— b, IROTRA—"—IB B4 EIOHEEEIOHF T N
AT VAT g =— a2l LBkl L7 [A T4 K B23],

2-2 REVEICAREEERRIC X 2 7

ERNMEIEERR IO B % . MBI 2841 v Z — O KA e i R B 2 VO TR~ T,
WEKIREE X, 20 CROV30 CTHEM L [AT7 4 FB24], File LTlda—AbLL7=H oD
W23, 20 CL 30 CTIE, A—AMOZFEEIMNEL Big-> Tz, 30 ClzBW\W T,
L— 2 BJFI O FRENEENT D T Em o T,

WTNOREIZEB W T, IEEHSIN 3 BHUWNICHGER TE 2835 b, WkEm
DFIHAY > 7 IWNXIME LEFEBOEIX, XM FAT 4 AL —T 3 2k -T
3 BUMNICREIZHD Lz, —FH., BB LEFEME SN T 5 & MAEMC XD 0ITIEe
AMERD NI DT, ZTOZENL, NAFRAT 4 AL —v a3 U ilE-> T, FoRIL
WHERNITEZ Y, B EOOFMOHBEENEZ o7oOTHA D LEX bILD, FAk
SHT R, VR EBILE AN R L2 B B D,

ZDOZEND, N FAT A L —2 3 VOMREIEHEICH LTI, ~7 U TN
TUVABE=Z—TCEDLXIRERAREIELRITNIIRGRWNWZ ERRBI N, ZOH
AlE, A v RV T EREF COFEFERRIENSINTZ, [AT7 A KB25],

2-3 /NHBEHE AR BRI K 5 P

FEIZW L DO T ER S BEEOME A MR OARIZ 72 2 FIREME S /RIR S LT
Wz, £ 2T, BREMASHIITDIL. o, 2-2 THO KRENERAFHE SRR TH L N7
ST, FIHORILE S OFIEE L FEH 2 E EICRHE T & 2 X 9 72/ pe i S &
ZVER L. BARDEKEZ AW 27T HREIOARA AT 4 Db—va VEBREIT-T2, [AT
1 K B26]

N 60 L OKFED FEREIZHE 10.5 emXNEE 2.6 cm OH T AMEZRE LIz, ZOH
7 AMEIIE, Wlo A —AMEAE (BivE 25 g M7= 0 B EURLEH 0. 25 nL) Xt7-
WiLE % 25.0 gitihlz, ZOMRARNOBIZIX, FIZHEKOTIHIZ L > THEbiIL TV 5,
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BREICHEZY 7V 7L, vrZra A X rE2fnTiivE s omiit 217 -
7o THHFED A DK ZBGToDIl, LI E T T AMRZ I E AT Y
LRI VDI, PIEERE L LT T =F v FLo—dI0 ZRIIL-, ZOREETY 7 um A & v
Z Xk EIT o7z, BN THEIRIZ OV TEEICEM 21TV, GC-MS 12X D &5
o ESHT LTz, o Elaor— 27 HiEE 7 =7 F L -dl0 O ¥ — 7 ififd THiE
L. &R OKRFEEZEH L,

gy ha—LE LT, IBREZRINES, o, WMEMEZE LR ANTHKEZRR LD
DTOFME S OEEREZHE L, Z0ay ha—LBWT, TAHCVEED
PAHs/PACs DFAFRIL, —E®mBD Lz, T72b6, MIRITHKES E 252 212X
LHbNE KM D OIS OHEE - MEENEZ D Z BRI NI,

—J7. IEEHARINC X > T, Tk v KON PAHs/PACs DRENE L RESNZ, 2D X
T, BEOMIENH3ITATON D RICEBW TR, JEEHRINC LD XA F L AT =—
3 OFRIE, EVBEFICEND Z L EER L (AT 4 KB27],

DlbhaFEodndt, LTOXH12% [AT4 KB28],

> REEMMERERLE L CIEA R Ea— MR LIEY TH S,

JFUMOMER (5—A4k) 1320 CL 30 CTITHEARD,

> NAFTAT 4L — a3 NlioT, BNEITE LMo E 05 OFBE 8
BRI,

> R OTRAEY 3 2 T DR ER TlL, ~ 7 UV 7 AN T U RAOHENEE T
H5b,

> WEPERIC X A xRS ORI ORIEE - IRCOEAEWIE, RILKFES T
FEIC K-> TR S,

> BBMEN o THIUR. 1 AT, TVl KO PAHs/PACs D43t it “rIiE{b”
M X, B OBEE RS IR NRD S,

Y





3. fiMIEGRAEY ORI DR

OYBE U T Iy AN & U 2 B AR TR UL RO O & D IRALKFE ARG A3 4y
XD MBI, TIH VA RE I OW T, BT O -7 v h v R OSSIEEE 7 L
v Do Z IR~ To, —J5, PAH SRR & fIE S V72 & D2 DWW T, 4Ff PAHs/PACs
ERWEATRBREZEML T, TONMIEHEEZHE LT, b2, EEREVWEEZI LN
% PAH S AR I DWW T, NS E £ 5 FEIRIRICIKTFE D3RRI HOWNT b EEMl e iR gt
iTo77,

3-1 JEiE AW fREERIE

JF 2 T, TV o A O 3 RTEE 2 Tl 2 2 F A4 K B30 I LT\ 5,
BEEN DT V1 AR Td D Alcanivorax J&<e Marinobacter JE D5 BE S L=, F1LLA
(2 ZIVETT VT 3 fiRAlEE & U Tty D72 W B I HERR O TR O BABE I pic P L 72, Gamma—
proteobacteria OGO HEIE N L o=, FHLAZ E Alpha—proteobacteria,
Actinobacteria, Flavobacterium 2. AR/ NFET A EDRHLMNIR o7, ROT
D HFET XXX Alcanivorax T 5, AR EEL =AM MEMEOH T, gIkdE T vl v
R TCXT=DIX., Alcanivorax JEDEEDIHTIH -7,

3-2 T IV o fRANEE D oy RRTE

T2 T VT o fE & L C, BEHIOD Alcanivorax J&<° Marinobacter J&, M OV
TA ¥ RRUTHEKDSFHRIZTBE LT Oceanobacteria BRI ZE T D, 6 DH
kA 274 R B3LICART, BEFOLDONRFETHHICHBELZEHKTHY ., ZhbD
SIRTEVE R AT A R B32 1R,

AFHA CTHBUBE LT E D 7 V0 53 iRt % 30°C CTHIE L. Alcanivorax O FHE
WT®HD A borkumensis SK2 BRODIEME L Wiz Uiz, BFUMILLRE X, 3L A ETRTO
Alcanivorax R CTHIH 3L, T DIEIDDBEOFEKN LI Sz 72, Oceanobacter B
WX, EET VL O RIZEI LT, A borkumensis SK2 & RO EVEEEZ R LT,
Alcanivorax JB¥EH . 21A10 ¥R Z BRI LU C, A borkumensis SK2 & [RIZEDIEM: %~ LT,
Marinobacter sp. 2M3 135 HIRWESE T IV S RIEVEZ R U723, Marinobacter J&JA
f#k (Alteromonadaceae) 2M26, 2M46. 2M48, 2M49 % Alcanivorax sp. 21A10 LV & &EW
BT NV 3 RIEME A R LT, W8T v 0 o DRI B L Cld, 33T D Alcanivorax
JEFNEE DN TG M 2 7R3 — 7. Oceanobacter AL Marinobacter JEME TIIMHE 1L
o lz, LTeno> T, Alcanivorax JEBHE L. IRFHHE O AWM RO TREICHE
NTWD I oz, BV CH, EERDEET VI U E THDH Z ENBE XD,

3-3 FHEMLIRFTERRAKR &2 A VI AETRR

PAH MR DU\ TIE, £ Ff PAHs/PACs 1T 5 248 B ikBh 2 22 REFHh J K AR EE T
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fTo7= [AT74 KB33], TDOFERE, ¥R T7 2TV FLUEIRFRE L TEB TX HEEN
%<, IZEAE DB T, BHEEOBZREW E L THVZ PAHs/PACs PIAMZ D72 & 2
FEFHD PAHs/PACs ZEBICFIHATE D Z ENHL MR -T2, BT, $%< OHEKKT,
PRAEDNZ X B RN RSN EES  B 2 HTR Y | MEED D oM 2T & A L HLEE S
LTUWZ2UY high-molecular PAHs (Z /LA L o L y) (XL TEFTT DI EDMERT
X7z [A7A4 KNB34],

3-4 FELERIAKE DR D 53 TG

£ KRS TR DS I HRBH AR AR O C. HSARIEN % b -
TWAB ETFREINT-DN, Altererythrobacter \ZHEix D, 1/E25 #kTH D [ AT A K B35],
Z DEDJFEIH R O F B R IRACK TR DS MREE T 2 . WOt S VT2 Cyeloclasticus J&
AS BRI RAESI L bR LT= & 2 A, Cycloclasticus @D IFHE -7 [ AT A4 K B36],

B A BRI TUHED GER L2 EAMICB VLT, 1/E25 FRITEROEME S{E L
TWa ZEMmrani (4-2a. HEZM),

UEZEEEDD L. A2 FRIT UKD BI3EELIZT VA 3 A E O Rk, Lo
EBVTHD, [AT7A FB3T]
» Alcanivorax DI, ST VT > DO fRRES 1 2 H - Tuh T,
> A2 KRR THARNSDBETE 723572 Oceanobacter 1%, Alcanivorax & [G1Z£D n-7
VT REE M A R LT
» Marinobacter ® n=7 V71 3 fRIEMEIL, Alcanivorax 2 O Oceanobacter £V $45-> T
AV

Flo. A BRI TUWEAKRD G BE LT G5B IRRACKE S REE OREIZ, LT EEBY
ThoH [ATA4 KFB38],
> ZET N TOBEE D SRR D PAHs/PACs & L TE 72,
> PAH MEARE O 72 CUUER PAH (B L Y) 2R TX AEBEO RN E ST,
> TNFTUT . T2 ) FTVr BV UFEOEHSRECEY A T EEERE R,
B LEREN IR T2,
> AV RRUT SR T, 256 TR 30 CTOIEEDO T BENbDORE I oT:,
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4. FAMBHBEE~DONAF VAT 4= —3 3 UHREBD =D DB
@ oA

4-1 A MR LT DT

A2 RRT TR O EE LTl REICOWT, 2RO R oL THRIN
B AN R FRIEAS 1% PCRIC X » THERR L 7=,

TIVT RO O0E. Kl A FIVIEO KL TH Y . F O G % il 25 BEE O
—2|Z, alkane monooxygenase (AlkB) 235, — . BHEERALKFZ GO HIFE T
ring—hydroxylating dioxygenase {2 X5 DO KBILDHEHFE~DEANTHDH, ZILH%E
Z =72 MZ U7 PCR 24TV, MG S 4172 DNA Wr i e 4l 2 I L7z,

a. TIVHVE) FTHIUFT—EELFDOLEEM

Wﬁ/\%ﬁl@D% 2l L7z 40 BRIZ DWW T, 7Wﬁ/\M@@%@MMKB%ﬁ
9 Alkane monooxygenase 125+ (alkB) @ PCR IZ X - CHEE L7-, 34 R CHEIE R X
Nz, 7u—=2 7 %47\ alkBOBEYNZRE LTz, TOHEET I /BRI, By OFE R
% blastx IZEL > THTo7o & 2 A, BEAIO ALKB ElAITKE L, £ 80~95 %DFHRIMEZ R L
72
TARIRAT OFER, ZNFETIMBN TN D 3FEED ALKB # A 7T X TR S 4L, A v
RASTHRIZSERT VD ) A X 7T — ﬁ%ﬁf% EDMHERR S LTz, SRR
FHPEDEOEED B IX, FrBED R ALKB MR S iv7e, TVl Tk U T fRRE IS &
WZ ENHNBITCUWND Alcanivorax J&. Marinobacter J& Tl, 2 FFELL LD A1KB 23R
Stz F7o. BEAEMRIC LT 16S rRNA BIsFOFARPEN G < TH . ALkB Bix -3 5%
AT ENER SN, £ D— T AIKB RE v V8Is T2 Alcanivorax &, Marinobacter
}.%'\ Stappza J&. Thalassospira JEDH72 5 B CHER I, & H IO AKB 23K I
(CAFAET D ATREME DS R S e [A T4 KB40,

b. VUAXFITI—EEREFOLEMNE

PAH YA D 9 5. B L7- 300 #RIZHOWT, FHEBRA~OYIFEOWBACK S EH 5
RTINS (A7 —8) &Ea1% PCRICK - THME L7z, 184 BE CHAME D e
BEN, 202 B I0RIZONW T u—=0 T & {Tol, TOHEET 2/ BB OAR[EM:R
Fh blastx ICL > TIro72& 2A, BEROTV AR 7 F—EESNIx L, K 40~95 %D
MEMEZR LT,

RN OFER, ZNETIZMEN TN D 4 FEHT TR S, 4/%2/7Pm
SIREROIRERT 5 O F X 27—, TAH U RE O & RIS SR
Tz, L L, FEBRICHE LEEKRD 9 BREEIZ W T, %$@6@%@7547~
ZWZ PCRICBW T HHIEN L SN ol DT EnbA v R TERICI. Bl
Db D ENTRZDFRMEOE N AT T — BN FET HZ ENRBINT, FFZ,
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Alpha—proteobacteria @R FHINZHHMEDO EWRIZEBWTIX, OV AF 7 —ED
M ITE o2 (AT A K B41],

UbzELdr e, UTDXH1Chs [AF 4 KB42],

AV R T CHBEUT- G A RIS Z DT BRALKE S RO RIZE K e % flid- 2 g
FRINNBEF BB T OH IR 2 T L2 OFER. SRR O @\ R ALK SE 7 i
(E/AXTTF—8 - AT —8) BEFPFELLE, £72. 16S rRNA BIZFD
FERMEDSE < T, MHRMEDIRWRILKE DR BE T2 b OLaENH - T,

4-2 EAH MBI D A B B C O A 0 fEATE

BRI CHEBRICHE 2 o 2RI T, E 0 &9 e A R 23 HEBLS 5 2 A B
SINNIT DT, A 2 BRI THEEO A GRS O 7O T, LIFD LBV
T L7,

a. =&

AV RRTUT IR G LI E A MOy 2t Lic & 2 A, IRFHOBENT L
T3 ANZODNWTIE, RN ATV [ AT 4 R B44],

ZDOEFMMNS DNA ZfH L. 20 DNA 75 rRNA 5O E o ECY 2 HElE L=, Z®
DNA Wrh & 27 v —Abtk, HERSNZRET HZ LICE D, EEMICHE L TWHDHHIEO
HEFRINE IOV TREIT LT,

Ja—2 O ENZIX, Marinobacter <° Oceanobacter DMIE LT-, ZiLHDOF a— |z
KIS ZDME O 7T ENZOWTIEL, HE - BERICREIL TS [X T4 FB46],

EAMIEL, 2R OFHIR A MEZ S5 A TWe, Ziux, oKk EBE L TR
B R CIL A R O ZERMEDNFEF IR 70D Z & LRI THH [ A T A N B46],

b. PRHIEH

A RXTT, A73F® Tanjung Perak & Cid 72 B H Sl O H il 2 B0 L |
T OMBE RS E LT LT [ 2T A 8 BAT],

16S TRNA a7 v —r 74 77 U —fEATOF5E R, Gammma—Proteobacteria 73 76 %% 5
OTWNAZ ENRGoT-, JBm LUV T, Oceanobacter J&H> 49 %, Alcanivorax J&nD> 13 %,
Marinobacter J&D 6 %DEE THE 5/ LT /=, Alcanivorax J& K X Marinobacter J&IX,
JEH &SRB A ST KONy FREEERICBW T UM SN TW5D, Oceanobacter JEIL, /3
v TEER CTIIMHE SN 7oy, A R T EHOUEK D & A0 i 2 550 B
L7EBRICZ S S TR Y . FEEY DMK I IT DAL Em N & DRIEB I LT
D

X BT, PEHEEH S EEEL 7= DNA % V7= DGGE AT OFE R B b Oceanobacter J&
NEEICESEL TWD Z EBHEND bivie, —75, AiLHEKF O DGGE 7’1 7 7 A Wil
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VWTCIX Oceanobacter J& D /N KOAFIEIZ/INE <, Oceanobacter J&H3 it H BT CTIEFE
(CHET S, XA, HEICAE LT WHEEZ 5 2 L HEE vz, Oceanobacter
JB N B G RIS LT ST 5 &0 D EIIARFHEN IO TTH D | BIREEWEIELT
b5 [A7A K B4a8],

VLB B2 70RO CTHBLS 2 7V 0 oy i 13, R&E S S TH D (AT 4 R B49],
Alcanivorax I3, BB M ONREZE N+ Ilibg S vz & =8 535, Marinobacter I3,
FEBEENR Sl X BT A, ZOMBEIL. WEREFER 21T 5 O CEFRISET
THHIET 2, /o, VBN v L0l oy afHTE %, Oceanobacter 1%, JiiiH

B STk H, BRESRM T TE S LT S,

7R, FEE O A SRR DR E DS CEEET D O DBRIT, FEIZOWTZIENY
Thbd, ZOAN=ALEERIIHET D2 & T, RBISHFE T, FrEOA Mo iR %
BREFLICRIH T 2 L5 i b TCE 5 THA 9,

"B, AT A KBS0 T, Marinobacter &RV VRN O LR TEALZ L E7RT,,

v

VL, A v RR U TUHEO A MNGYB; O TV DTG AFD Z &R BT

7ol [AZ A4 FB5L],

> B A WX SRR A W R B DM E T D

> BURBERET COAMBREO ARG (FTF 2N T T=ax—a) |
1T, SRR ARG LT D,

> RS CORHEH YT C Alcanivorax J&., Marinobacter J& & (8 Oceanobacter &
MEWHRTHEEL, ZRODOMEN, A 2 RRU TR TOAMSRICEE TH A
Do

AV KRR THFIRT, 1,500 #RUL EOMEZHBEL, 2D 5 HO 691 #z HARICHEL L
Too ZAUCIX, BB - R 186 R E ENTVD [A T4 KB52l, TN HOHEFKIZD
WL, U A MEBEMERF TH D NBRC D058 SND TETH D[ AT A KB53-B54],

Fo, KHETHONTIERIL, FTREREV AL T FETH D,
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4-3 AV ERXITHEIZBIANNMM ALV AT 42— 3 VEGRR

AV RRTT OV ¥ FIVEIBIALET 530 BOWER T, FUHEE Loz k)
THONAFT VAT f=—2 a3 v OMREEENITHEIET 57D OFEFERER A 1T - 72, FFlZ,
UTFTOHEBICOWTHREZBLZ L 2HE L [AF 14 FB56],
> WIRMERICES LT AMONA AT ¢ AL—3 3 VIR X D9 & R ghE

Fm~OBEMME (GYHEBCIRDL) O,

» NAFAT 4 L —2 g TR VST O M IRE 2 RS 5 72 DI LB iR e

BED fi 70 e 8 M OMIG 715 DR,

a. FERERABROGIE

FEERBRY A R v RRU T Oy WA FEWPNLEST B3 BT 72, 23U BT,
FALICEWEPER 5 km OFAE (NEKI 700 A) THDH, BOFEMIZA > K3 TR
(LIPI) OB ERHY, 2061 kn {HHOEHIC, b 2—2% (a7 VUV —FE) &6
HEIEZAT T, ZOHRICHED T L ERE L (AT A KRBT, AMEOERENEETYH
TEMNX LI MK < . RO LR EMHIRTE 5, o, ba—2EFLHFEDT L2V
HZ Azl RO OBEREESZ ENTE D,
> HZEH T AOHAE

FREABRIZIL, XA T4 N B8 (T G b B = Lo 2 FIHDHZE T T L& Tz,
— BB S 7 A TH Y . M BEBAKERRAY 7 A TH D, TEDT AT, EE
FHENZHR LT 6 HOM@EBID T 2 28ALTEY ., REBRICHE/RRE - ZEEEHT D,

MR 5 5 L % ORI KRR 7 F Lm0, LT LB Thsd : {F
EVEOWEAR. WAKIC L DBAERIE, KO T LANOMILECIRIOIER O -0, BHEEE
ERHWD, AT L0 LTI 77 oY b b, fmefloRr ey FEHWTE
TUENTLEHES - EETOIEETHY, AT OLTHNARETHS, T7 LMHOEE
BEBITIE, THAEENED /Sy 2 LTSRN L ORAKEINTWD, LT T A 1
AROERIT 10 kg FRETHY, WBHPELRTALERTHLANTROVLY Z LN TED,
FANZ A T LD FERICIZ. HEKITEE ST 08 MIWETHIH T AT 4V —%HEE LT,
HTAT 4N =%l U CTHAKPIREATDZ Elcky, F250 T AN TR 2B
LTS & &b, RIS T T A FE S EOERICR 32 0%
SHEECH D, ML T N EEICIE, ORI O 255 072, 7 AN~OFKD
RAZBSEEBIT, BT ANTHEHITH 2R S AaiETH b,

BIRRKEREU I 7 203, e BEEA 7 20D, W EFECTAT 2 5 HOER] A T Lo
T TR = (BTN T ERT, vV arFa—TEEREL. 20
Fa2—T7%ECTHER D 7 2ANOBBEAKE VY VP TRINTE 2#ETH 5,
> RSO E

1D = — 22T, RIS CYERR L7 ER BB 7 7 2 6 R & BRI 7 401
AREHEL, 6 HOE 2 —LEFZ LICRRRBREMZRE L [AT 4 K B59], kX
—11E. MR ORI EIER 2R L a v b o — v gefb e U, 3RBRIX-2 13, JRIl O 2R
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M D548 Uiz, BB -3~3BRX-6 13, B MEIEEOUSIIECUSIITIEIZ DWW TR
L4 L, IREtoOmE S e flia Hik g L,

HBICHEH T 2T, PR S HARIZ &<%AéMTw577t7/74%EE%
210 CTARYE LERMERDZRELZLO (ToW U 7B EM) 2wz, F2Eh
AL%W%@&AH%mzwgkbko:h@\%%%(&yﬁ~ﬁﬁﬁbkﬂﬁ%>@
W O 25 9 JE S 3.3 emDME A EHEIREICEAS LG O 2 BEL TS, Z O
WANEIZOWTIE, PR T, U7 LAHPALE THNESE LY 7 DAEE~O MR H 2 720
Tl EERL TV D,

BRI T DR, Scott DA RAEa— b (14-14-14) ZFEH L=, 4R
Ta— b (14-14-14) OEZhEIL, BEHERARE TR 3 MhHBTH D,

HERIX -6 12OV T, %%é%ﬂ%ﬁ@%ﬁ’ﬁﬁ#éﬁ%k%%é%ﬂ%ﬁ@ﬁﬁ@
AT HHERRET A0, TZ8h T AOMSIEHI R P BRI IRE 2 IR SR 5
fEAEE Uz, IEEHRINEIL, SBRX-5 LFR—ICHEL., HERFTE DX HICLT,

77 DZFRT AT DI, Y BIRRICHER L T2 KRRV 2 1515 72Kk 2 FHV T
SOV L THELNS 0.25~4 mm OFIFAINOFTAED ZEH L7- [ 2T A K B60],

BT BA~OWWDFET AL, BBIH T LT EITV., EKEZBIIZEHUK LN b~
—IZ LD BEHOFTER L X FEDIZ LD okl 7z, [HBIT T A OEIZIT Ny F
ERAL, ERORLVRNETy FEHWTEE LT [AT71 KB61, B62],

AHERX -1 D 4 D HZIZENT D8 % OURSEEH 7 7 Lo gEBicix, /Ml B &g |

EAEE (MDS-MKV/T, 7 L v 7 &) %S%ﬁﬁﬁbi@@¢@ﬁﬁ%5%%MLko

HZE T AERIET D 2 — LFEEOFEKMENMEV, IUTHFZED T Ll FEO T Z A
TANE—REEEE D T LA, B ZE w7AWf$ﬁ%ﬁﬁf%&<@éﬁ
BHERSH D, T, FEADTLEZRET HE 2 — LENICHR L TWO D72 KR (v
VR ROVEI WK IR T 52 L TEE BIF EkE bt 2 — 2N RELTE [X
T4 R B63], ENDOEJRZRER, AIGLOREMEM AR 5 cm OFESIITRDLH LI I 2—
LENEUZEA LT, EEB AR D L) 1ICeb L [A74 FB64l,

mjﬁ@¢ °h T LE, T LAR— 2T a—2EE Tk LEZ, BEa—

ZIXRSEED T AROFZET T 2 UEEREUE T 7 5 6 A, BRI A 7 A 1K)
%1$¢o K& L7 [ AT 4 K B65, B66],
> kBRI

717 LN OUERY Fii L 0 K E 2K 2 em @< 72> 72 2008 4F 8 H 18 H Ok (23 KF
) 12, RERX-1 2R T XTOFZED T ANICHTGEORMZ 200 ¢ TO®ALE, [A
T4 R B67], JFHBAND 10 FEfZIZ, I EmicsA L FUh AR HIzigE L Tun b
T &R %\ﬁ%EB\ﬁ%ﬁ4\ﬁ%ES%ﬁ%kLTﬁﬂ@%ﬂ%ﬁ7AW®@ﬁ
@B LT, RERBRIG D 2 2> A % O EEUH 71 7 2 OEIRFIZ [FER O J5 75 TIEE
L7c, WINER% DT T ANOWERYRE ORI AE AT A R 681277,

TP EEL 2 N U= B 23 BRBAtAH (0 HE) & L7z,
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b. FERERABR DR

ARERIX -1 0 116 H BB U7 7 7 SZERE Lo/ B iR R E 2 E L
N RE T OIRELEE 2T A R B9 (=T, IR EIL. ALEHNRNHLH DD,
FEIAINIITE A L2 25~35 CONA AL RAT 4 =—3 3 Tl LI#PHN THER L
TWe, HEBWEIRIX, B OB 7 AMFEREFFITPS 17 ATIE—HOREZEN 10 C
T BT D HNE -T2, ZhUE, P5 I T AITERE L7 IRE G OWERALE Tl o
B I K0 REFIRRBIC 2 D RN E < L KURDOREZ R Z T CWizlzd s E2 b b,

ABRBALEIE, 10 B, 60 H&, 116 HIZIZIT DWW EREUA T 7 2O 2R,

2 Z A KB70: BRLEIE D B 7 DML (FEs B ~RBR X -1—iABR[X 6)
AFA KRBTl : 10 H# DB T 2L (FED 6 ~RBRIX-1->RER[X 6)
AT A KB72: 60 H%DH T LHMBL (FED DA ~RERX -1 >RER[X 6)

A7 A K B73: 116 B0 H 7 258 (0> 5 A ~RBRX-1—ikBR[X 6)

MOYERR) 72V N~ DI ZE L, HOWHINEL TH 20 cm, 10 HETKI 40 cm FTEL
TWDZENHBTE, 10 B BLBEOMOJEEX, FEIMEIE 2 7N U 72 3Bk X -3~k
BRIX-6 DA T ATEBHEI S, B2, BREBRIX-6 OB T A TIL, P3 BT LAA~OIMOYEEE AR
ATE T, RERBABETOWIIE LA TH o722, 27 H HUBIC, MTHERSTWL AN
7T K TFEH O N EFHR A~ L T3 R Sz GRERX-1 25k <),

IR VEIZ X 2 2R E ORI ICBIT DA EZ 2T A N BT4ITRT, BT LANEE
IS L2 MEAZZE LT BAHED 200 g (2567 L TaRERBE MG O I 7E 4y 81359 160
g L/INEoTle, THUL, TT7ET T A MEMAIZ, IR EORIE T L7235 <l
HTEXRNWL Y TAZ 7 AT VEOBEEMEDBHEEL TWNDHEE LD,

B THRC, SIMEIER 2N L TWRWERBRIX -2 OB T L& &0, T_XTDOH T L
TS IRE O DR STz, FEDMEIREFZ 30 L TV 220X -2 1I2B W T H s O
W DIHERE S VTR & LT, ARSERERER CEEA U 72 S AETEHE K OB % 5 1 F T Lk
HIRIREE DRBI 2T A TW o, BRI PAED IR EZZBND,
Moy DR RIT, EEIEEIOFRAEITE L CTE < R AKX -3, X -4, #Abk
X5 DFERMN IR TE T2, Fo, BIEIE 2R R m I Hom L7235 & Wb b
72N HIRE 20 em £ TREMEIEEZ RS L7-iBRIX-6 Oy =ik, (2IEFEEOHE Z =
L7z, — . dBRIX-6 TITREIEIRE 2 N L7z P5 7T A2 2 D M iERIX -5 &
i L CTHHE CTHH Z bR INT (AT 4 N B74],

ABRAE T 12 DOFABRX -2, RBRX -5 L ORERIX-6 DP5 BT LB ITLH/ e~ NI T 7%
A2ATA RBI5IZmT, 7r~ M7 70%, fitfh (GRE) ZFE—DOBEDY ZHWTRRLT
WD FEZMEIEELZ TN L TR W ERER X -2 (28T b 9 C O8Ik Tl RSy DI ME ]
DHER STz Dy, BRRIX-5 KN 6 TIEH OB ENKRE <, Frio, BBRX-6 (22T,
KEBZT DM NRESNTND Z EDBHRINT, K7 a~< NI T7ORERIL, P57
LITHIT HRMDIREORE R L HHBEMEN SV | BEEIEE 2 B IR T 5 2 21Tk
DAL R EN T BTz,

SHIZZOREERENS, RERKE THROREBRX-2, RERX-5 L ORERX-6 O P5 17 AIZE
BNy (C12~C36), 7 Z L (CO~C4), ORI FFT7 = (C0~C4), 7 =T
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Pl (CO~CT), ZA Ly (CO~C2) DR OMWIREIK T D FRE R LIz &
Z A R BRIX-6 T, g 121 TR < HERD B RSN TV D Z L AvREni,

LEERX PA 5 T DO T OAMEROHR % 2T A4 K B16 1253 [T 44
EHE, BRGNS 10°cells/nL A — & — CHER & Hu, T & AEBIMENLERE WA L 7= kB
K-3~RBRIX -6 DA T 1 EJy (P3~P5) ORIBKIRTIE, 3~4 4 — & —OME ORI A
MRS,

BB PA 7 LORBA T ORIRFRIEOHER & 2 7 4 KB () 1ORT. H
BRABIRELS 35 1) 2 RIBRUK F OV F R IR DRI 2> 5. kJ5 D T BITAFET % FIBUK
& CEERARIBE A T EAVR S, i AR L RIBRIK-2~6 T, B
I P AE SR IR EE OB BRI AV HERR S, B OMABEIEL TV DM T A (P4, P5) T
ERTFRRSRISE AT L A SR LT, B, B a— BB O T ORFRFILE L,
b o= S SN OWEK & Hel L TR MBI &R LT

RRIRIK P4 0 7 A ORIBADRAGRTEILOMR & 2 74 K BI7 (h) \RT, MER
I LT3R X -2~ KR -6 O IR DOBLIRTEABRLIL SBRBAGIFIC+100 mV F2E T -
=i, WEBRBIAR & & BT L& BB THRFICIZ-300~-400 mV £ TTF LTV
T ERHERS I, BN, b a— MENEOWKOBRLE TEMIZ oW T, RBRX D
L OBEWNIMER S o T,

AE R GUBRK-1 0O b = — KB PICRE) 1CR0ARS N7 B e DK (LB %
AT A R BI8 IR T, b a—LENOWEAKNMIE, BEHEROTmI2 e U CEBmIc L L
e FRIRDRAARS & Hole LT SUBRTHS 60 B 6 DLGEIKHMING L 351F B HEABE 2K & < 72 1
mzr LTz,

c. JFRIMDEROBRENRT A —F DELR

IR M A IC L DM E 2 HER T 5720, 17 ARG SN ABERIREC
OWTHEAE Lz, 7 7 AN TOWEKML D L TFEIOHSE, BT LTS IXEESR 2 & ek,
717 A BN BITRKNCE ENDHBRDPEHINICMESND, BT L TFEIMBEEIND
fesR X, KO EFSITY=2MKEICa ba— L THIHRERX-1 DB T LNDIY)
FeEYRE (3.86 mg/L) Z 3 U C., RBRWIM 28 U7-mBMIEEIL 0. 72 g¢/column & HH X
Nic, —hH. A7 L5 EEPOHE SN DEBERREIL. T T 2NOWERE DO DKL DK T
T T-HZERE (ZEFREE 42 %0 G REIFRFDOEKE 6.3 % & 5 W oM G
) ICKRRTOMBERE 21 %) ZEL T, RBRHMAZEC-BREMAGEIL 57.14 g
EERHENTZ, ZO/RRNG ., WP A~OBBZMGE ORI TIL, RO OIFEHFE S
HOTWNDZENTND,

Wz, RBRICHW Y =Y o 7B AR Tl b B A &L C16 fafnsy (~F
T ) wRMH ORICKFBIEEOREDE L L CTRFEEELZAA LT, ~X VT D
¥ DSERSIRI LB I IR BT THETX 5,

CiHy, + 24.5 0, — 16 CO, + 17 H,0

R ZE U T 7 LNOREBEREIIEEHEEINDG EE 2L L. BIREERIZESD

< BRERAY 72 3 oy i B ERBR O R B BRI G U C— R BSOS L. RERIIE &
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Cl=h 7 ANOMBEITN 17Tg EHEESNE, —07, RERHMICE T 285 B 05y
BEEOFRAEIL, ORES 52X 1TH Db OO —REEMED L, Mo EILEEEE K
< kllo7z,

TS M A AR B L L D I O BRER S MR N TR L VR Ze o 72 K & LT, SRmiE
PN R CRIBUK ISR L LTl 23 0 7 AR E bt L7c rRetEnd 5, Lo,
T AT 4 NE—ICHRBRIX-6 ZFRWD TR IC L A FEADRHA LR ->ToZ En, D
AT DHSORHITIREN TH D EEZEX LD,

K717 LAOBBEMEEITIZIER —EF 2 biv, BENWSMMOFIRRE L 2>Tns 2
CIIRBENEDFKENS LHATH D, TO—I5 T, MO EITEIEIEE 2 % < R
L7eBRXIZERELS o TWND [ATF A NBT9],

FEMEILE O USIN &I, R 72 KBS MK T RAFE T, 220, MO ER S5
NTWDADEMNERETHD EWVZ D, ATA RBBOIZ P4 1T MBI DK OEER
BREOHRE Z 77T, ZORE., g AE 60 g/column OFRERX-6 K OWH#E AE 30
g/column OFRERX -5 [ZBWTiX, MFAKTOEREENRKELS ERITHZ E0MHRIN,
WEK D —IRIEY A | &L 2 AR B E S,

— 7. AERX-4 OFIHEAE 5 g/column £V D72 WEEMEIREI OB AR THIIE, B
BRK P IR B DB R NFRAFT D AREME MRV Z L AVR ENTe, BRI -4 2B kg
AEEFD 1[04y O BN HIFE Y 72 0 YSINE X, £9 600 ¢/mi CH D2, BRX—4 125 1) 5 BT
Tat% 2 7 H R OFERIMEIEEOVE HER 1T 50 % Th o 7272, 2 HH M CTRERh IR 3 4
WHT DR DD 2 & 2 BET 5 & EMEIEE D 1 B4y 0 BAL AR Y 7 © isInElL,
300 g/m LA FICHIfl T R&ETHDH EEZ LD,

MVRE ORERE RS, B, MREICEINEIRE 2 A3 2 L0 bbhiciRAeT
L0, W OMDDRENE N EARENT, A AT a— D OERMAEHE L,
FENMEREEL 2 b IR A L 7oK -6 TIRHEEN KX, ARAET— FDAXy 7 O
AEZHEAR CTH D 3~4 2>H THI 90 % DB DO THILTWD Z LR I NTZ, —
. FE AT EAT o TRBRIX -5 Tl RERBALE)N D 2 2> H BHEZIEEL OB HBREE 23N & 5o
oo ZORKE LT, BRERBAE S 2 20 H BT OKAL AT X 0 i@ 35
HN% <, IEBIOEHMEE SR oo LHEEL SN D, BRI & OIS A fik
S H70, Dl b, FlZENS/NI ORI T DR OWE RN O E S LD K
MEIARIMEIREIZRA L TR ZERFEETHDL EEZHND [AT A KBS,

d. EHHOENT

HERX -6 MOF 7D T, DNA 2R L. EMEEZ AT L7z, DNA fEhT 2> 53K
DI-RBR X -6 1B T HEEOHERE 2 A T A K B82 (Rd, R IFA M M4 A E ©
H D Alcanivorax JBME L., RERBBERZICEHWEERE O, ZORIIE HENMET
L. @M REE (W) T D Marinobacter J&{<0%F DM OBEFKIEERE O R0 5 < 72
STWD Z ERMER SN, L -> T, Mo RAREEY & L CRBAKRICE b Lz
BRI L, FERNEIEE S DA Ui R H 2 E 72 AR E U TR 2 KM I
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F 0 ofEMEES N b O LHELE SN,

A FERERRBR DAL Y D BRES Tl AFAUPE R 720 T 70 < BREUHE R 23 I i oD 23 gL 2% <
5 L. 2o OMEZREINTEMEET 2 Z &I X VBENHIRA T &8> TWDHER
BT THOMoMaletE TE DN DD Z RSN,

RERIX -6 2> 5137 BREALAT: 10 H H O A —ZLFEHMTIX, -7 VA AT DF 30 %03

SRS TWEZ, ZOHF L TIICHONT, aIa2=F 4« G AT YT h—AfEHT L,
AIRLOBEARENT (7 m—0 T4 77 U —fiffh) ORREHK LT, 23a=7T 1 F T
A7 VT = NENTIE, IGRBGIAAET DM OREHE OB 2R L, /7 r—rT A
7T U —fENTIX, FYBGICFEET DMEOE G ERT, I3 a=T 4 - hTURAT YT
b — AMEMTTUX, i L72 RNA 225 ¢DNA 28 LT & B 47 11, 062 43§22 5 rRNA & =
— RLTW5S 1, 17288 %& 7 o Z LA LTt L7z (A F A RB83 /), 7 m—r T4 7
Z U —fEATClIX, i L7= DNA 2 #5802 LC rRNA =2 — REEIK A PCR IR L, 7 o—21kL
T 48 ElB &M L= (AZ A RB83 ),

WE ORERZ IR T D & Alcanivorax NMELHEE TH D Z LB RBE SN, —F,
Ia—2T7A4 7T ) —ENTOFEETlX, Marinobacter 1X, 48 WA D 5 H 1 By Lok H &
NPT, A 22T 4« FT7U A7 YT P—L@RITORBRTIE, 2 BHICESLL
THEETH D L RSN To®, Marinobacter X, 159 COMRBHEEN @V E WD Z &
NEZOND, FT2, 70— T4 77 ) —frOfE R, Alpha—proteobacteria d 58 %
BEEEMLo=N, ala=T 4« T UAZ YT b— ARITORER TIT.
Alpha—-proteobacteria |3V 72 < i &7z, ZdDZ &5, Alpha—proteobacteria [FifE/K
FUZH 2 BAET 200, REHEEITIERWZ ERE X LD,

SHIZ, A3a=T 4 bTU AT VT b= LT 208 T oRNA &CHIE S 7z 122 Bld)
IZOWT, TOREALHEE Lz, AmiGEENIMAETH HHE (transcription) - FHFR
(translation) 22225 b D, £, HEARMO LD ZERS &, Bl (defense) K&
OMEERICEH (1ipid metabolism) (202 bDRHI T, AMZIHEL TV LHY
NHAFGIZ RNA HSRTH 5 DT, BN 5 BIn 0132 < BB 5 DIL T8
ST, BN 0D BB TFRE S FBELL TV Z L iIx PN TH o 7o, BHENT D>
DHLEEBETFORTEH, blo—2EUWE A KEEHE (L2, 4-diaminobutyric acid
acetyltransferase) <2 b Lo —ABREEZNH Y. - TIHE L W= [AF7 4 F B84],
e —2 %, ARV A CREEXZ, i E—Fa vy 7% OB LTHERSN
LEMEINTVWDZ LD, AMBGYEBE TAMEZ DL TO LA A ML A %%
FTTWbZ EmEBEZBND,

Hengge—-Aronis R, Klein W, Lange R, Rimmele M, Boos W. Trehalose synthesis genes are controlled by the putative sigma factor

encoded by rpoS and are involved in stationary—phase thermotolerance in Escherichia coli. ] Bacteriol. 173:7918-7924. 1991

McIntyre HJ, Davies H, Hore TA, Miller SH, Dufour JP, Ronson CW. Trehalose biosynthesis in Rhizobium leguminosarumbv. trifolii

and its role in desiccation tolerance. Appl Environ Microbiol. 73:3984-3992. 2007

Purvis JE, Yomano LP, Ingram LO. Enhanced trehalose production improves growth of Escherichia coli under osmotic stress. Appl
Environ Microbiol. 71:3761-3769. 2005
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e. FLOHOEEE

ARFFERBROFER, U TOMREZ/HLZ LN TE [A T4 FB85],

> BRI THERINIMHREZ NA ALV AT 4 =— 3 o THELT 256 ORI EIRE
OWMIFIEE LT, IEE 2 REICEATT 2 5EL D HIliEY U2 & IRA L CHllER
THHENE L TWD, ZOBEE LT, 1) BN D ORFBEOEH & HEE
T KRB ST D WD R A DM RN RN E N, 2) BN MEAEAR A RS 2 HE
HINHTD, RBIOB(LZBIIETE | WOTIC L o TR T S 2 falk
PED 72N, D2 ERETHN D,

> REEWMENEE 2 T 355 5 e D ZIRIGY 2 P I3 5 72 01213, FricilE K D= FIRE
DOEFIZEETLHIVNERS D, A AEa— b (14-14-14) ZHEATIHECIE,. 1%
J7A—= MY OfEREZ 300 g L FICIIZ 2 R&ETH 5,

> FAETa— L (14-14-14) OFDWIEIL, BELVEe 7T —2L—HLTEH, 2~4
A ThH T, EEOELICHW D5E 1, TGRSR R O EE 2 B8 L T,
8 1E ORI AEE 2 B LIRS U CToE L TG T2 & Th D,

> MR SAERAER 120 T SRR b EE & EEZ R LTSRN &
Do ZNOOWEMBEOHAEERZ BT 22 212X, KVBEM A 4L
AT 4 —2a R TELRRERS D,

2008 - 10 Az, {HYIR AR OMMNEIERBROWR THH N BIZEE L [AT7A4 K
B86, 87], E Dk, MEIEIN AT, —EHIZ O T, BRETERWVWEE ThHo T
[AZ A K B88],

ZOHELH LT, N F AT 4 L — g VRBRABBLEDN, AREREEKTICK
> T, ZOBROMATIL, A4 > P2 TEFEE (LIPD) [ZZERbNT, 2O X5 REENF
kLl xoiw, LIPLIZXH LT, UTFE2EF LT oREZ_E LT [AT A FB89],
> PEPNBRE NS AV AT 42— a VEAAE DR D,
> RSN A A VAR =T, AR S,
> T K D IEH - AR L O 72 DI BRR LR SR B 72 35 A 12 1, BRI R A F VN T2

NRAF VAT g o— a U EETH,
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5. JRIMOMEN SRR O &M iE

INRICEE LI-AMEZBRET DDA F VAT g o— g U2 E LB, Al
FRAGH 721F T < . RIS LT RIKE K IZHAL LT “FlEsl” S, hE
X9 D BN EE TR REME R B B,

AFHAETIE, AMEOA IR OAREEFEEORMET 5720, Vv T A X %0
T, 1) MR oA & | 2) ZEBRFEBERIKFE LAY (PAHs/PACs) DHEREAER
EIToTo, V¥ U AKX L, Oryzias JBIAFEO P THMEISREO K bEWHETH Y . ERE
wmERBA L L ComEEHF LD [ AT A1 FBI0],

JEOH 53 R R BR ORGSR 20 (5 AR L 72 0 fRIEGRBRIX T2 v U A X B IROFE T H I f1]
SEBENRD NIRRTz, FTHMNES LR TAA ALV AT o—2a v EFEE L,
JEIMAMRAENT J o> THIRESNTHAL U T2 3 FRIE DS 20 SRR EATIR SN D LGE L7256, A
MINzx T 2@t onirneEExohd [AF7 A4 KBI1],

PAHs/PACs DFEFERER TIE, JIMKEENEE 5> & IR0 o0 fR ik K vt 23 O A R TS L
TR AT D PAHs/PACs JREZIZ. JFUH A fRBOK IR 73 o CE L 72 BRa D 7 3 S -
oo ZORERNE, NAF VAT 4 =—2 a3 VEBOBRIEL, AW PAHs/PACs JEEDE =
ZYV T BT 5 ENFELWERERLTE [AT4 FB92],
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BN EEMBR B ORRAR 1 1T54(
VIGETELSERBERICE LT, MEYH
BE535RRIIMEMBER (Microbiologi-
cally Influenced Corrosion: MIC) &FE(E
hd. REVRRITELLVEECRBAET
LY, BETIRENFEELENIT DR
MTLREBNELDHI NS, B ORRER

ShTE=,
MEVRRICEHES T HMEMEL T, 5
BIERTH, HERILERE., A2 ERBER
ENETOoN TS, LHL. REALGIME
PDOBENTETLVEI Y., REVRE
[FRREBEOMENMMNEEMICEELT
BCREEZLNBIEND, TOEEIZDOL
TRREFHGENZSVOLIRIRTHS.

MEME R REMHE
H &Y

> ZT0LEOH.MEMBROBERMNERETSILT. £
BEBICESIHSMEDEREL. TOMEMFRIE®
BEBBZHONITIENEETH D,

> ZCT.EREEEERAMNLSEEHRLIMEMZER
LR EEL. ENOHMEYDERBEREDHEEE
BRETTAHCLET. MEYBEEBDENRZHEIZT H&
=) O

02






MEVEE X REMHE (HR)

1. MEMBRICESIT2EEDONE2MEMD N EE-FE
1-1 KBEARAILCDEEREEED DB
1-2 RBGEEREIHODERBEREDRY)—=2Y
a. BREED S B
b. KEZILHERD DB
c. HEBEDEEEE
d. HEBHAIENEE HRERIEETHE (SRB) &IZ&Kb A4
HEBREER

2. BEEBMEMEYMDEBHEDAEH
2-1 AVEMRILHEDEBHE
2-2 AMIVEBRFEDEBEE

3. WMAEVBREXNRERDI-HDEBRHIFRDOER
3-1 BRERHEEMTORRE

3-2 WAEMERFTESENDRE

3-3 BEIEEEHERE

03

1. MEMBRICEAE T HEEHOLNSMAE
D 53wk Rl 7E

1-1 KBAMARAICDERERED B

1-2 FHEEREICDERBEBEDRY)—=2Y

a. BMIAMEEDOSH: HIAMIREICERT HMEY
ZIRILSOREL . TR DIRBRIEET A

b. KREILMEDHHE: ZIRILHBE (BN oD
B ENORETHKRERNOIWENNEER
ZEIERIT IZ AL

c. HEREOERRME SKZEFHEMARLLTIE
SETEHWMEMD 7Bk
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1-1 KBEARAENCDEERED 7B

1-1 KiatkEh

=LyE A=

IR EZ Vo

TEELT=3 @%Eﬂdt‘f*ﬂiil KHE

BREE

05
1-1 KBEAABNSDEEBED B
ERBENMEELLGOTLND
KBMH ABIVREUEER
EEH
|
RARF R[EUR
|
Pipeline ; Grid tank
(MRW) (MBT)
aﬁilﬁlﬂljntﬂ
: , O —
Grid tank Injection well
(MAT)

(Mw) |

#h F~ETEA 05






1-1 KBAMEHAZAAMSDEBED B

IKBEAABEMAKERW-EREBRAER

[ EaEEEBAE

Filtrate
(BrE)

nativ | filtrated native filtrated

mmp| FK (MRW) | 1328 (MBT)

KBS AH ‘

M AIK I (MAT) jmmmp| EAK (MIW)

(RRE) Q Q

/
native filtrated
SS400/x% Z 5
(40x15%x5 mm) @
Incubate at 25°C

native filtrated native filtrated 07

1-1 KBEARENSDEEED 7

EH XA AKZERL-EENLZERRER

KA

250 T

[\
(=
o

[a—
W
(e

[
(]
(e)

Dissolved Fe (umol/ 17.5cm2/7days)

MmAIK
(GRIBE) Q / 50 :[.
. _J - O 1
TEER 288 38H --- Native | Filtrated | Native | Filtrated
HERFOHEH 1st week 10th week

LOLVAAKIZHE
L&EZD

OMRW OMBT BMAT BMIW
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1-1 KBEARENSDEERED 7

REK, EREBRARERERY. RREEENE
BEERDROMENEZED LR

-*+MC—/
S - - S - - CP: corrosion products
g QEJ <§t é QE: 2 g E % from corroded pipe

v L) - i
Brine L™ . = Bacteroidetes
\ J — —-‘.
- e - ™
—
R <«Rhodobacteraceae
et = Beelbed < Silicibacter sp.

lodide-oxidizing
bacteria (I0B)

L= Brine —”—Brine+MC a

09
1-1 KBEAABNSDEEBED B
P Ay = ZN\ ?ﬁ
MAIKDNLDIADFRERILTHED 7B
A E 16S rRNAE = FEL 5
Strain Related species Identities
= dMB-MAT1 Bacillus beakryungensis 98%
[} dMB-MAT2 Marinobacter sp. NT N31 98%
MAIK |:> dMB-MAT3 lodide-oxidizing bacterium A-6 98%
@ dMB-MAT13  Bacterium K2-26 97%
— dMB-MAT31 Flavobacteraceae bacterium HN-181 89%
RRMEHICEE
dMB-MAT32 lodide-oxidizing bacterium Hi-2 98%
dMB-MAT33 lodide-oxidizing bacterium RB-2A 98%
dMB-MAT34  Antarctic bacterium R-9216 97%
dMB-MAT35 lodide-oxidizing bacterium WAI-2 90%
dMB-MAT36 lodide-oxidizing bacterium WAI-2 90%
dMB-MATFL—FTaa=—it ° :
IMB-MAT olat dMB-MAT37 lodide-oxidizing bacterium RB-2A 99%
- plate .
1/10 conc. Marine Broth 2216 dMB-MAT38  Flavobacteraceae bacterium HN-181 90%
Filtrated brine water MAT dMB-MAT101  Stappia sp. SMB21 100%
1.5% Bacto Agar 10






1-1 KBEARENSDEERED 7

SDEERREEEERN DAV HREEHE(0B), AV ZRZEMEA(IAB), 3D

FHETHE(IRB) LD RMFHE R

Desulfovibrio desulfuricans ATCC 29577
100 — Zobellia uliginosa NBRC 14962

67 1ABC21
[ Shewanella sp. MR-4
100 1 | Pseudomonas sp. SCT
100 IRB M-1 (IAB284049)
lg?r_r IRB C1-1 (AB284048)
o 98 I(I}{glll\ﬁll-g (AB182553)
ordiimonas gwangyangensis -
100 5 CAMBMATIS 8
_ | 100 ' dMB-MAT36
_]_O.Q—l' Rhodothalassium salexigens DSM2132
Rhodothalassium salexigens ATCC35888
].QO_r_IOB Q-1 (AB159207)
I0B WAI-2 (AB159208
I0B C-3 (AB159205)
10B Hi-2 §AB159206)
10B Mie-8 (AB159210)
dMB-MAT32
974§ dAMB-MAT33
97 dAMB-MAT37
Mesorhizobium plurifarium LMG 10056

Rhodobacter sphaeroides ATCC 17029
L Pseudorhodobacter incheonensis KOPRI 13537
96 100 Moderate IAB C-8 (AB182556)
9 "Moderate IAB C-4 (AB182555)

9
100 9.8_|_— 10B Ka-4 (AB159201)
10B SE-1 (AB159209)
I0B YS-11 (AB159202)
7, Methyl halide-oxidizinE Rhodobacteraceae (AJ810841)
71 Roseovarius mucosus DFL-24
374 IOB N213-3 (AB159204)
57|99 10B RB-2A (AB159203)
Roseovarius sp. 255-2
Roseovarius tolerans Ehko lake-172
0.02 54 dMB-MAT3
— 90" IOB A-6 (AB159200)

P |

64

100

100

Arenibacter troitsensis JCM 11736 I AB
100 Fi lexilz)acter aggregans NRBC 15975

IRB

I0B group |

I0B group Il

11

1-1 KBEARENSDEEED 7

73 BERR D FF R

. dMB-MAT 32 dMB-MAT35
Strain dMB-MAT3 dMB-MAT33 dMB-MAT36
dMB-MAT37
. . , Unknown
ik iE Roseovarius Rhodothalassium Alphaproteobacteria
2T BE BE BE
LES — + _
AVFRAF
R baE + + o
AFM{&

12






1-2 AVZRBHILHMBDOIEBHEE
MAIKBEZHDOIVIEMAFVIREIZEITS

B HRDEERE
10
=
S
=8 T
g 2 []omMmKI
= 5
N [] 180 uMKi
2 5§ (A REIRE
59 MAKIS)
= 4T 1 mM KI
£ (3 FEEIRAT
2| PN AIKAE )
0 ] [Tl |

Control dMB-MAT3 dMB-MAT32 dMB-MAT35

AVFRIEHEICKDBERIITVIEH D LREICKEFEL. AVFREIEEY
(18 ppm) DAL A Y LIRETETRERZEIZERIT,
13

2-1 AVFRBIELHAEDEBHLE

SUS316-LRATU L AR A BB E ALV -I VU REEE
HEEERDESRILFHER

Filter (0.2 um)

Medium:
A MIW-KI (200 ml)

Temp.:Room temp.
Gas phase: Air
Stirring speed: 250 rpm

14






2-1 AVRBIEHREDEBHLIE

Open-circuit potential (V vs SSE)

e
~

S
Y

(o)

o
[\

S
~

AV RKRILHMEOEREREDERILFRIETHE:

ATV AT HEREFED

dMB-MAT32 dMB-MAT32
(I REBEHEE)

v

’

f EREIL (BEYRIEK)

Control

Control and dMB-MAT35

(FEIVFREELHE)
EiekL

l dMB-MAT3
(FoRBLEE)
BRDEEGEE(RT
VLAHTHDREFEE)

¥

6 9 12 15 18 21 24
Time (hour) 15

2-1 AVERBIEHEDEBHLIE

A RBRBRPTORTULRAEBDELEE

E (V vs SSE)

05

03 F

01 F

0.1

» 12 MM Kly BRI ELDH

control 23 mM K|3: E’E%fd: Eé.{ﬁO)J:
—(W) | THEEHD

3 mM Ki,, , 5 mM K, ‘

3 MMLLETHOEEIEL., dMB-

0.0

05

10 1.5 20 25 30 MAT3 D ZE & & K<—E, dMB-
o o) MAT3BETIE3 mMBLE DI, A
BN TWSRIEEMEL B S,

16






2-1 AVZREBILHRDIEEHE
Y EEBILHE (I0B) 2L A HFDEBAN=X L

dMB-MAT32M &

I0B
Fe2* o~ « AV LML AU DS FIRT
21 1, DRELE,
\fl - L= FIRIAVRIZKY
AT REEEER,
e > ¢
Anode Cathode

dMB-MAT3DIEE

 AIEMA A D5 FIRT
DREERE,

c WBEL - FIKIADFRIZKY

s BAREBIZHFKRIAVEREZRE
6. BATNICEEELZHEEZ
> TARATULARZERZER?

Anode Cathode

17

RHREERIEN o DWMEND 5B
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BROMEVRET AL






1-2 [RMRESERFENICODERBEDIE a. RILEEDDEE

[RiH (3K

MIC1: $XEIR (2004.12.16), MIC3: EifIR
(2004.12.27),
MICS5: B SR (2005.6.30)

FLA2K (6 55

MIC2: ¥ HIE (2004.12.16). MIC8: X HIE
(2005.7.28), MIC10: #BR (2006.2.3-4), MIC12: X
BRFT (2006), MIC13: TEIR (2006.5.17), MIC14: T3
12 (2006.5.19)

$SYE ez

MIC4: EifIR (2004.12.27). MIC6: ERBIR
(2005.6.30)

HEFY 3 5t

MIC7: FZER (2005), MIC9: FZEIE (2005.10.6),
MIC11: FZIR (2006.2.20)

1-2 [HREXFEMODBREDHE a. MIERD T

FhEa—45 vk

REIEETH . MRRICHE. KBRCEE.
SHEE. AR ERE

BRI EOERE SUMRSRE

RIRIERE
EEFRIEHEE

BERN

EERE 25°CHLLITER

BEFHE5& WRER., FABRER, IRER L

RFRIR AR BE. BRI XRGL

SURER CO0,, N,/CO, (80:20), H,/CO, (80:20)

R

16S rRNA BIZF—IIT O R @EH
% ARB ZFL\T. 16S rRNA BEFICE DL -RHBE/ER
L. 2 EEHMDO RN EEZEEL-,






1-2 [RMRESERFENICODERBEDIE a. RILEEDDEE

Deltaproteobacteria — MIC4-9, MIC5-15 & MIC11-27
Epsilonproteobacteria — MIC5-2
Gammaproteobacteria — MIC3p-35 & MIC5-4
Alphaonproteobacteria — MIC9p-26 & MIC13-7
Fusobacteria — MIC14-3

Bacteroidetes — MIC1-1, MIC5-40, MIC11-2 & MIC11p-13

Dethiosulfovibrio — MIC9-28
Spirochaetes — MIC9-32
Actionobacteria — MICT7-6
Bacilli — MIC14-11
Peptococcaceae
Haloanaerobiales — MIC4-21
Clostridial cluster| — MIC7-2
Clostridial cluster XIl — MIC12-7
Clostridial cluster XI — MIC3-60
Clostridial cluster XIV — MIC3-17
Clostridial cluster A — MIC7-3
Clostridial cluster B — MIC9-27
Clostrial cluster XV — MIC1-12
—— Desulfotomaculum — MIC4-22
Thermotogae — MIC4-5

4R 7SN MEYKREES

Methanomicrobiales

Methanosarcinales — MIC11-52
Methanococcales — KA1 & MIC11-43

Uncultured archaea #E 5 30 &%

Methanobacteriales

1-2 [HREXFEMODBREDHE a. MIERD T

S E &
EERHIODRKETH 30 ¥

BLERIE 1

1. Dinh 5* OMEZSHICLI-MBIE TS h SIEHIR%
FAKL 1.5 g ZA -1
2. LECEHMOMBIEZHBIEICESRA /-1

* Dinh et al., Nature 427, 829-832 (2004)

HEBREH

S 25°C

HERHAM 14H
EREREEDHIE

BH#&E% o-phenanthroline iEZICKYERLT-.






1-2 [RMRESERFENICODERBEDIE a. RILEEDDEE

b 1 (SO,?) i 2 (NOy)

Methanococcus sp. KA1 (Euryarchaeota)
14.4 mM ([R ) N.T.
Methanococcus sp. MIC11-43 (Euryarchaeota)
8.6 mM (k) N.T.
Methanolobus sp. MIC11-52 (Euryarchaeota)
5.4 mM(Z1E%L) N.T.

Blank

Methanomicrobiales

: 4.6 mM(ZE{L7L) 2.8 mM(ZEIE%L)
Methanosarcinales
Methanococcales *HEETEHER. SoCAI, BFREORE

Uncultured archaea
Methanobacteriales

1-2 [HREXFEMODBREDHE a. MIERD T

MIC4-22 %

Pepr.o.caccaceae
k erobisles HEH#h 1 (SO,2) HE#h 2 (NO,)

Clostridium sp. MIC7-2 (Clostridial cluster I)

3.5 mM(ZE{EZL) 3.2 mM(ZE{ELEZL)
Acetobacetrium sp. MIC1-12 (Clostridial cluster XV)

2.2 mM(ZE{E%L) 2.3 mM(ZEELL)
Desulfotomaculum sp. MIC4-22 (unclassified Clostridia)

1.9 mM(ZEIELL) 7.2mM(EE)
Exiguobacterium sp. MIC14-11 (Bacilli)

2.1 mM(ZE{#LL) 1.9 mM(ZEELL)

*RIEIEEHER., HoC I, SRFHORE






1-2 [RMRESERFENICODERBEDIE a. RILEEDDEE

i 1 (SO,2) ¥ 2 (NO,)

Geotoga sp. MIC4-5 (Thermotogae)
3.2mM(ZEAZL) 3.9 mM(ZEELL)
Dethiosulfovibrio sp. MIC9-28 (Firmicutes)
24 mM(ZE{ELEL) 2.2 mM(ZE{EZLL)
Marinilabilia sp. MIC5-40 (Bacteroidetes)
24 mM(ZEELEZL) 2.1 mM(ZE{ELL)
Prolixybacter sp. MIC1-1 (unclassified Bacteroidetes)
1.7 mM(ZE{EZL) 104 mM(RE)

*HEXEHER. Ao A, BENOKE

1-2 [HREXFEMODBREDHE a. MIERD T

Eoeftaproreobacteria

Epsilonproteobacteria F [ -
l_' Gammaproteobacteria M I 05'1 5 ” ENI I C 5-2 ’1
— Alphaonproteobacteria —--—-.il" . . ] l

b 1 (SO,2) & 2 (NO,)

Desulfovibrio sp. MIC5-15 (Deltaproteobacetria)

4.8 mM(ZE{EGL) 3.6 mM(RE)
Malonomonas sp. MIC11-27 (Deltaproteobacteria)

2.5 mM(ZEIELEL) 9.0 mM(FR1ER)
Thiomicrospira sp. MIC5-2 (Epsilonproteobacteria)

5.1 mM(ZE{LEL) 8.7 mMGRER)
Shewanalla sp. MIC5-4 (Gammaproteobaccteria)

5.2 mM(ZE{E%L) 20.1 mM(RE)

* BT EHER. ST, RERORE






Deltaproteobacteria
Epsilonproteobacteria

Gammaproteobacteria
Alphaonproteobacteria

Fusobacteria

Bacteroidetes

Dethiosulfovibrio
Spirochaetes
Actionobacteria
Bacilli

Haloanaerobiales
Clostridial cluster |
Clostridial cluster XII
Clostridial cluster XI

Clostridial cluster XIV
Clostridial cluster A
Clostridial cluster B

Clostrial cluster XV

Desulfotomaculum
Thermotogae

i EGERBEE I EE
Methanococcales

1-2 [RMRESERFENICODERBEDIE a. RILEEDDEE

- EREEEERNN L ZESHREMEMERIE S B -

BEL. ENWOMEVDERBEREDHERERATHL
T.MEVBRRODEERBZEHARICTIEZAMELT,

- EERERBEERAMPICIEX. Euryarchaeota, Proteo-

bacteria, Firmicutes. Bacteroidetes 73 & #7548
EYHLFEL. 64F78TEICHYETIMEY (HH
BE. #{iE) 130 BZ o8 L 1=,

- Methanococcales, Deltaproteobacteria, Epsilon-

proteobacteria, Gammaproteobacteria, Bacteroi-
detes, Desulfotomaculum |Z&Eh 5 MEMHEE
BEEZTRLE. £, TOKBREIFRMITHKRL T
Ho1=,

- MEVRBHBERNREEASLT, BELAMEDRR

BOBE. BBAHW=_XLOHEEL L V=, BEDE
BT AL YRNERNUVLETH S,

1-2 [FHRERFELODBREDDEE b. KRELEED T

BRIREICEoNnD
N —FEBIZEAMEYIEE
Ik SRR

SO2 ~-~ - *ﬁfﬂiﬁﬂi—,ﬁ
FWDK\

Fe Fes He [H]
* Iron

Anode Fe » e Cathode

A —FHEEBICE SV -RBREETEHICLIBREETIL
(von Wolzogen Kuhr & van der Viugt, Water 18: 147-165, 1934).
I 8H,0 — 80H + 8H*
I 4Fe — 4Fe?* +8e”
Il 8H++ 8e— — 8[H]
IV 8[H] + SO, — S% +4H,0
V  Fe* + 8?2 — FeS

Water dissociation
Iron dissolution
Chemical proton reduction
Bacterial sulfate reduction
Chemical sulfide precipitation
nite
28






1-2 [HEERFENODBREDDE b. KRELEED T

BRABRER
SELT RIS KRB LR OKERAE

=
N

Methanococcus

"Desulfovibrio maripaludis
capillatus™

©

Fe? concentration(mM)
w

EFEAE AR REAIEE T E AR ERE
SEMTRELI-HDRE.

FIER LT, A BL-AHEERETLICETEENMBELZ, 20D
B M. maripaludis Mic1c108kR IS FEREICHLVWVERZSISEIL =,

16S IRNAE F IR TH-TH, BRICEAHY . BEREEHET
B3, nite

1-2 FHRERFEIODBREDR ¢ BRERBEDEREIRME

RIAKM T CTHRZEREBSEDIMEMDIRHE

(BEEH)
LIS N Bk 20 ml
7 32 15¢g
S48 N,:CO, (80:20)
pH#E &% 100 mM HEPES (7.0)
mE 37°C

B MEERS DY TV






1-2 [FHREZERFENODBRED R ¢ BRERBEDEREIRME

KREBED DB

2. a0=—1kt 3. MEYID 7Bt

1. IEBHRDHR

&> 10"'=p 10-2=p 103

W W W w2Em

OS7HE€* féﬁ(k[ﬂi@lﬁ&lﬂ@/?)

D EE¥RD16S rRNAE G FELHI D fETHER
= Methanococcus maripaludis JJT&100 %—%

31

1-2 FHRESRFEIODBEEDHE ¢ KEBEEOEERE

BERTANBEM DM maripaludis EDLLE

K=RE

200

150 -

100

H, (#mol)

50

0 3 6 9 12 15

Corroded iron (M mol)

BEH%E A E
1250 400
1000 - = 300
0
500 - 3
% 100
250 |- i
0 0
0 0 1215 0369 1215
i*%EI%I

C5% (O), C6 #(A),

C7#x (O,

2% (0) EER (@) 0S7# (@)

BRENDM. maripaludisld. kG BREZH L TLVELY

32






1-2 FHREZERFENODBRED R ¢ BRERBEDERIRME

HREBHEAIE
=IcE (SRB) &2 &K 517

i¥u|

BXFE

B e £/,

REE WREAIE

7 3 B 7R

33

1-2 FHRESRFEIODBEEDHE ¢ KEBEEOEERE

-
——

. 0_1 mm \K::::::::i>

N2 COp=4:1

M. maripaludis and/or SRBIZ X % 8k/& &35k

34






1-2 [RMESERFENICDEREDHE c REREDEERRE

-

M. maripaludis
+SRB

1-2 RHFEERFEICDEREDDM c BREBEDEER

SEl 150V X300 10gm WD 98mm SEl 150kV X300 104m WD 100mm

(c) BB &M A # L AfRE (0S7) (d) OS7 and SRB






1-2 [HRESRFELODBEEEDHE ¢ KEBEEOEERME

———=30 ym IMG1  —————=30 ym CK C———=30m OK C———30um Mg K

:}0;1 | ———— 30 ym Fe K

OSTEEBXERMDITRD M

37

1-2 FHRESRFEIODBEEDHE ¢ KEBEEOEERE

p .K_‘

OS7 and SRBEEBAXRYID TR 7

38






2-2 AMUEBEOEBHEE

1 ) LBHIZ L BBREB OB EEETIRR

- #KEBEMethanococcus maripaludis OS7EM.
maripaludis KA1D Y/ LfEHz=1To1=,

- ESKBEBRMEKYT /LELT. M. maripaludis S2k
ERALT-,

BEBEMKSY /L OST BRI /L S2

KERERIC SRIE RS/ s KA1
BEREWNLEEGF

39

2-2 MUEREOEBHE

[ 3

KB RMERICRENG RS

M. maripaludis

KA1(BXEE) g

M. maripaludis @
OS7 (kB &) Al

M. maripaludis %%
S2 GEgxE &) "






2-2 AMUEBEOEBHEE

REBREREHROER

1000

"M maripaludis 087135
LT TIEEL, KREZEF
HEAKELTEETHE,

" KETHAIEELTIES
BB, BEEZREL
b DORH-T1-,

" COEERMBEEMEL.
0STmut1tkERDIt1=,

~

(S

o
\

Corroded Fe
(pmol)
N (8]
(8] o
o o

0S7mut 1%k
REX

0 3 6 9 12 15

BEAK
e %
2-2 AAVERE DR EHE
OS7T#RICEBLZELF
- (- 1=y 2y
No. ORF HERETHEE 2K (bp) No. ORF T RIG TR £R& (bp)
1 MM2 0033 hypothetical protein 183 l6é MM2 0942 hypothetical protein 498
2 MM2 0038 hypothetical protein 255 17 MM2 0962 hypothetical protein 342
3 MM2 0040 hypothetical protein 561 18 MM2 0963 hypothetical protein 186
4 MM2 0041 hypothetical protein 375 19 MM2_ 0966 hypothetical protein 228
5 MM2 0042 hypothetical protein 384 20 MM2 0968 hypothetical protein 591
6 MM2 0045 hypothetical protein 405 21 MM2 0969 hypothetical protein 447
7 MM2 0458 hypothetical protein 222 22 MM2 0970 hypothetical protein 645
8 MM2 0459 hypothetical protein 231 23 MM2_ 0971 hypothetical protein 450
9 MM2 0544 hypothetical protein 966 24 MM2 0972 hypothetical protein 432
10 MM2 0546 hypothetical protein 1044 25 MM2 1353 hypothetical protein 921
11 MmM2 0551 hypothetical protein 474 26 MM2 1355 hypothetical protein 408
12 MM2_0552 hypothetical protein 198 27 MM2_ 1357 hypothetical protein 426
13 MM2_ 0562 hypothetical protein 459 sec-independent protein
14 MM2 0566 hypothetical protein 183 28 MM2_1363 translocase protein Tata 231
15 MM2 0941 hypothetical protein 2883 [tatA]

29 MM2 1365 putative signaling protein 1635

INEDELEFNOSTMUtIIRICHFEET 5H\%F
PCRIZCEK->TEA~NT =

42






2-2 AMUEBEOEBHEE

SEFE R EERIEHE (0STmut 18R) DEE B D4FE

1. H,0, 2. S2, 3. OS7mut1, 4. OS7

0972 1353 1355 1357 1363 1365
(432 bp) (921 bp) (401 bp) (426 bp) (231 bp) (1635 bp)

1234 1234 1234 1234 1234 1234

~
0STmut 18k D &R L 5E1E

43

2-2 MUEREOEBHE

OS7Tmut1¥r D R K sEE

(2] 3

[ [NiFe] Hydrogenase}

1Kb Small subunit Large subunit | BKb

(Tat signalft)
MMZ_1351 MMZ_1366

4 / \ 4

Tat C Tat A

ARR X —

os7

st 52 w2 DHydrogenase MTFR{E 44






2-2 AMUEBEOEBHEE

A OS7 L
M2_1356
MML1351 MM2 1356 pamiz 1
MM2_1350  MM2_1389  pg

byeels
sillar { 1l Submil hﬁioganasa TMC Tath
M2 1306 ﬁﬁﬂwssgmal 'erge SUEUN 7ot transio
it nig  similar te

o Tegenase e M2 1851
m%mmm malg?i;f? m?gww

IRy I

) 3 bcof" HZO

HRa 5t

Y 44 . carbonic
. B | ‘ = i e ot anhydrase
S ' e vy hydrogenase

: fHAEM = :

.
.
.
-
-
I

2-2 AIVEREDREEHE

OSTHRIIBHEEBMERIV /1\D%
LTSN ?

KRB

OSTHDIEER BRSO
filter He B HE DMK
OS7# o - &
7 o — | coam

7Y - ®
o o S °
- 7 -

FeiZih

OS7TH#DIEE K% . 0.22 um filterE AWLNTRE L= 1%
BERLEBEHEEE

46






2-2 AMUEBEOEBHEE

CH, (M4 mol)

0STHRDEERLEBHICLLKER

A= BR#%E

50 ~ 500

a g 375

30 3
g 250

20 (o)
“

0 L 125

RERLEH | D
0 -o 0
0 3 6 9 12 15 8 0 3 6 9 12 15 0 3 6 9 12 15

Y
0 A= 0STHR D IR
© GEE BB RER

MERX (O) O0STmut1#kDEZERLEH(A) STHROEERLEA(O)

OSTHDEERLEH — HEREEKFRLESHMNIENM

47

2-2 MUEREOEBHE

B IND G REBEFRRINZHR

Eats KFEREE

a

500 800
g
3
= 600
o 0S7 1%
0 0STHk D 13 . % gg’;i
- wLEEBH o
o 250 - £ 400 |
Q 2
9 N
H T 200 -
0
o 0 | i%‘%‘;?ﬁii%_fﬁ+P‘roteir‘lase 0 IEEE FBH+Proteinase

0 3 6 9 12 15 0 3 6 9 12 15
A=k

OSTHDIEERLBHICKIEERHKE - /KEFALEM
- AU BEEBERHZMIZKYEE






2-2 AMUEBEOEBHEE

N

REER
CO: (Air) CH4
oz(SqutIon)—-.\

Cell
Methanogenems
enzyme

BEBMM. maripaludisTHESIN-H%ERIREETIL

49

3-1 BEERHZMORS

Bl TD
& H 2 it D B

i

i
&
i

o
>
A

50






1 BRBBHRHONER
MEMBERANDEYEHA

REEM

MEMEEIZHBREA

BB 5 HMEMICET AHREALE,
AHZ R LIZET BEEARDEN,
MEDE R ) N e T (R a A AN
D - 4 . . ’
Bt DB F

FIOozyrTcHOBmYEH

IR ML DBBEILGHMEN D5 B
SR AEY D HKE R RED IR
BREEMBEYMDOBRAND=ZALDHE
BMEDBEZHD-HDERODER

BEAN=X L
?

51

3-1 BERERHZM O

EXOHWEVBRFIEAZDEAERLBER

® HEEDHEERICEITHOMER
SRBOF# D H ISR UKTF,
BICHLWEREFE T HMEMEIRHL TL DM EEM,

¢ KIRETOHRER
BLWVERZFE I HWMEYDORENE IV EEMGERT,
RETOYEEHENOHEAEHLE®, MEVMOHEAEDLEIZLIEER,

\

=
=
f==}

L SRBE FEICIEH

AR EREHETER
piciEd.

Copy number { X 108 copiesiul DNA)

BRMEAZ L RS
(CMPAyE R & 89(C
&,

& 52






-1 BEEREETORRE

X R -

1. BEICKREFLE-BEBHHAR
ISHEEL. BRREOFEZERILOT. MEMLIE
BZRCY CEDHERIFHELIABRRODORNKEN, YRIN DA o1
EHIZE. BENRLIGREFETTEITLTLSAIEMERY,

WMEMZERM LA

EERET DAIE

2. Fluorescence in situ hybridization (FISH)
LRMEMDREZHLIENHELN. ERDOBRIGTITOFEFEETHN
[CE L BEBYUTILOBRIHEREZDFiE,

3. Polymerase chain reaction (PCR)

BEIRELLZVL-ORRGFEMAH KL, PCRIEEDFTHE
ML EREZMAMTEELEES

(qPCR: real-time PCR)IZ. EHIZEE
DT.YEEHHIVIRFNLE_SBOY U TILEANSET.EBER
DIVRAIDHELT . BERDETEZLFEIT H2ENHESD,

=PCR

53

-1 BEEREETORRE

BREEETHERKE=2)VIDEEN

Control

SRB

M. maripaludis S2

M. m. S2 + SRB

M m. JJT

M. m. JJT+ SRB

M. m. Mic4c08

M. m. Mic4c08 + SRB
M. m. OS7

M. m. OS7 + SRB

M. m. KA1

M. m. KA1+ SRB

M. m. Miclcl0

M. m. Miclcl0 + SRB

Dissolution of Fe (umol/2 sz)
0

200 400 600

 —

BEEEAIVEREICLSERE
BRI, SRBAEELIZHE. E6IC
ALLGBHEN TSNS,

et

—7AT.SRBEFZEHLTLEER
\) A9 D IERETR T (3 HH TN

et

BEEBEAICERBEORE XE
BIRVERTEMNTESH. SRB
DHEEIISHIZZEDYRIZEH D
DT, ARFICEZR)VTTBEIL
&Y IEREGEMEZEFELT D,

54






3-1 BEFERHZMORES

EEZPCRBEHICH AARGEEEEREDRFDBIAHA

{0 A R () BT T 5 3) D5/ s £ D
ORF EARRIE £ RATILORF. » 5014

—l

BOREELLUNERTHLELS . EERFORE
£z 5 HHIEE - M5 42 D BITHKYAL, » 1244

% EPCRATAT A/ A& (200 bpid £) DORF ) 104 ]

hf_\ﬁ

P

BEMARVERE (M. maripaludis OS7. KA1, Mic1c10#k) KU IE
ﬁ'léE)";‘UEEEE(M maripaludis JJT[12#E#k]. S2 [7/ LfZT#R] .
C5. C6. C7. Mic4cO8tk[IRIZE/ BfE#K]) AL V/=PCR

m

55

-1 BEEREETORRE

PCRIZ&AO0RFM)ENEFER

ORF_0542 ORF_0559 ORF_0594 ORF_0596
MOK1J25674SNMOK1J25674SNM MOK1J 25674SNMOK1J 25674SNM

ORF_0671 ORF_0944 ORF_1274 ORF_1355
MOK1J2 5674SNMOK1J25674SNM MOK1J256 74SNMOK1J25674SNM

ORF_1357 ORF_1363
M: Size marker 5 M. m.
MOK1J25674SNMOK1J2 5674SNM (100prNAIadder) 6:M.m.CG
O: M. m. OS7 7: M. m. C7
K: M. m. KA1 4: M. m. Mic4c08
1: M. m. Mic1c10 S: SRB
JM.m. JJT N: Negative
2: M. m. S2
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4 Fe 8 e
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- &5 4 Y —Treal-time PCRZE1TL.
BREREER. (D) -
- Standard & DNA & # & Fi L) Treal-time RNETS4<—T
PCR. Real-time PCR
-iX#IDNAF Dtarget gene/16S rDNAIZ& HEIE S Oy R AND w28 FE D B iE
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C ELaE—HMM R EREIER
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#H# EDNAZHLV=EF=PCRI

dsrB mcrA ORF1355 ORF1357

16S rDNA

Jojem J[LIvIS m
HAS+CSHIVI+LS o
dAS+CS+LSO

I0jeM QLIS
dAYS+ISHIVII+LSO
dAS+CS+LSO
gYS+LSO

I9)eM QLIS
HASHISHIVI+LSO
dAS+CS+LSO
HIS+LSO

IojeMm (LIS
GAS+ISHIVA+LSO
dAS+CSHLSO
daS+LSO

I0)eM QLIS
HIS+CSHIVI+LSO
AS+CS+LSO
HIS+LSO

1000 g
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100 E
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(umol/2 cm2/d)
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Cathodic electron relase rates .
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Control 0OS7

(Fe—H,) (Fe—CH,) (Fe—H,)

OS7

00mM O1 mM B30 mM|

REEICKDTINVGEEEL
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36IEEHMLLBY . MATE DR
BMARETHEAIVERBED
113~1/51252/D T %o
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REZERELTORBEREN
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BOWTEEICEEZEGERZE
W%,

63

3-2 WEVBERFIMAEDRE

A

MEYE

A

IR %*’Z’%Jﬁ

T*J:’Cﬂ)n:Hﬂﬁﬁ/ﬁd)?

64






3-2 WEVMBERIMAEDRE

BRERMEAIVEREICISMENER) RVZER(—H)

)XY RHIEH
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+
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cwBSks 11
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W A
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YES

YES
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CMPAZ X U'SRBIZ
KBERICHMLLE
BAEITLTLNSH

! A REEXR, BREXE
&= REBRE HKE,
A rJ":M” CMPAZ £ USRBIZ
o LZBALEEDY
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MENBEIETL
TS A EETE S ELY
M. SR OREL
EZA)T XA,

SRBA#E SRBDO{
T MTETE
% SRB
YE @

YES

CMPAD CMPAL

YES

RREEOBER
PEREShT
WA HEmH
#HE

lodide-OB
M THERA A2

M

YES YES

YES

CNRBIZ K558 VE =38 )
BEAER LTINS | BOURIERZT |
BEMNDHD, DAL
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lodide-OB IZ & % [&
BAEITLTNSH

NAF T4V LZE(C
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i Bt K, BB
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- \

BEDURLERAT
INA
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RO%EHZ TN,
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770—F1: FBREFZRAVEERML

plEEERMAEEHEZERL-ERIEL
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i - e— 0 7 142128354249 56 63
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O RYBIRET S VAR
v THEOHMEHINMES
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Synechococcus sp. LS0567 (DQ526412)
(100 %, 137bp/137bp)
SR KB A OEMREES T/ NITIT
BENOEF ., NEMDREETERMIZH M

i 4 1 4 8

|
| ;
1
5.8 3 Pelagibacter ubique HTCC1002 (AF510192)
. (99-100%, 134-135bp/135bp)
)

REEBEMOEETOTANITYT
EEICEBNICHFEAET ASARMIL—FKRIZET S

4

Ruegeria sp. ULA23 (AM180736)
(99 %, 134bp/135bp)
RHERBMEOEE a TATANITIT
T BXICERMNICHEETARELF NVE—IL—FIZRT S

S
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o BKPIZIEBHLBEENTENIZEET S
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— 80kmDBFEIZ550h DR EXKEE

BO8






BRARMENOAM | [mah Lt aie E R OIS A

30 °C 20°C

1T PR EIKTlE
. Aclhetobacter & & F
Alcanivoraxh‘ £ @L TE 1k

Acinetobacter
venetianus
(100%, 161/161bp)

Alcanivorax
borkumensis
(100%, 160/160bp)

——Alcanivorax
borkumensis

.P (97.5%, 156/160bp)
. . ;" Alcanivorax sp.
. 281_(10)_89.1mbsf
= =% (100%, 160/160bp)
. - R <« Acinetobacter
e “ pe d Alcanivorax
M Y < Rhodobacte_raceae
- <« Thalassospira
'+ - < Marinobacter , B09

I BRARBENONE | (3 HNBREROBYNATH

1. Synechococcus sp.

_ E %5ﬁ7k EiEH 5‘?%{& o LS0567
£ S % % 22588 3B 333 Sy 3 L 2 Prochlorococcus
T 222N N0 O0zZzZ2Q0 < N » Z & i tr. MIT
O F 0=l ONDO® OB~ o B X o marinus str.
SO+~ NA+~-NONOANOD ~ O S = 9215
. 3. Candidatus
kX N ! Pelagibacter ubique
o - 4 S N RN HTCC1062
b i) 2| 4. Candidatus
Pelagibacter ubique
Acinetobacter venetianus

- " Alcanivorax sp. Haw1

B

Oceanospirillum sp.
ME113
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=
.
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.
-

Alcanivorax sp. K3-3
”/ Shewanella sp. C16-M
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it |
£ l

— _ 16
) il =4 Vibrio sp. ZXM027
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AILRERBZH—DRFRELTEAT-.

f Isolation

ample Crude oil

@@@
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Artificial seawater + nitrogen (100 ppm),

phosphorus (8 ppm), Iron (10 ppm) and
Noble-Agar 1.5%
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Sea water 190 ml or Sediment 1g

NH,NO, 200 mg

N DAY 7] K,HPO, 40 mg
E;$ 7] ﬂi E 0) Ferric citrate 4mg
% fg iﬁ E Yeast ext. 4mg

Crude-0il 1ml

Sterlie SW up to 200 ml

Il [RiMZEME—DRFRELTMAT
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N
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SRS 1= 11—

Carbon source  -Acenathtene ‘Pyrene 4
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‘N-parafins
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Sphingomonadaceae familiy

o—proteobacteria
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Flavobacteriaceae ¥}

Sphingobium (96%)

Altererythrobacter/Sphingopix (>98%)

y-proteobacteria

.
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Novosphingobium(<98%)

Sphingomona§ (<96%)
B—proteobacteria s
Alcaligenaceae %} Thalassospira (97-99%)
Roseobacter-Sulfitbacter group ‘_.—’
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S003166 Roseovarius tolerans .
0.01 5428852 Silicibacter pomeroyi :
= 932 AB255401 Ruegeria mobilis NBRC H Fatty acid Salipiger  Pelagibaca
6 $363875 Silicibacter lacuscaer AF281031.Zymomonas H . /0 mucosus  bermudensis P6 P42 P24
Yl H content: (%) M m
DQ178660 Pela; .
ISU-P001 %ﬁ *Eﬂl *ﬁ- Y10677 Erythromonas H Cis:o 12-4 49 1533  11-86 10-99
SU-P006 IR sbz US7337.Sphingomonas |G 13
0 | SU-P042 96% homology to 19 H Cir:0 0-33 0-63
SU-P024 . q M59064.Pseudomonas H Ci7:00yC 0-30
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A AB289591 T geramo AJ227754.Caulobacter H ot 20 08 094 125 095
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5007365 Marinovum algicola T 14514 Mesorhizobium . Cia:1 11-methyl 19 75 715 326 567
S009291 Phaeobacter gallaecien . . Cio:0CYC 2:3 0-6 1922 404 2111
5434336 Leisingera methylohali -AJ011759.Aminobacter . C16:0 2-OH
S400180 Sulfitobacter dubius H C10:0 3-OH 2:48 2:23
'S366464 Oceanibulbus indolifex A L26166.Brucella . Cy1.9 iso 3-OH 0-34
'S400181 Sulfitobacter delicatu ) : Ciz.03-OH 34
I 5004794 Sulfitobacter pontiacu 9 D14500.Agrobacterium e, 30 23 02
$021710 Staleya guttiformis T 32 U29386.Rhizobi .
5018041 Sulfitobacter mediterr -Rhizobium : C0:1 0-49
5014692 Sulfitobacter brevis [ Y16927 Paracoccus H Parvularcala
5012007 F litorali N . y
5414256 D85829.Roseivivax H Fatty acid (% Total) | P38 P39 b:;z’::::;:-‘
ol mmeE | || o
SU-P012 U77644 Silicibacter H C9:0 0.1
M WE;%%?; 96% homology to 588 6 X78312.Roseobacter E C10:0 30H 0.3 0.3
iee m H c1
S471104 S I 60 Y115 0.3 0.2 52
368742 Oceanicola granulosus J=' I:I. C13:0 ISO 0.4 0.2
842?218138Lﬁktanella hongkongens 1000 P38} E;, I C13:1 AT 12-13 0.5 0.2
o,
S416877 Loktanella fryxellensi L P39, s 9; %o hc;m: logy (tio i C14:0 06 05 2.9
5416760 Loktanella salsilacus S F54401| B SO CINUCCRSIS C15:0 1SO 23 14
S438412 Octadecabacter arcticu —|
1000 . H
'S437166 Octadecabacter antarct AF544015.Parvularcula H C15:0 0.3 0.2
'$133991 Jannaschia helgolanden . H C14:0 20H 0.3 0.2
SMgggsgmrqceanicola ba!s‘le'nsis D30778.Rhodospirillum : 16:0 ISO 11 0.7
alipiger mucosus 6o M59061.Azospirill H s
$414111 Roseivivax halotoleran 5 zospirilum : C16:1 wiic 1.2 09
S414110 Roseivivax halodurans 10109.Magnetospirillum . C16:0 23.0 20.8 8.6
'$390062 Roseinatronobacter thi . . H .
999 $390053 Rhodobaca bogoriensis Kordiimonas gwangyangensis GW1 C17:0 1SO 21 28
5413578 Rhodobacter veldkampii AF062074.Orientia : C17:1 wéc 0.2 0.1
S4S13§ggﬂR0h;:o:uluT su!flgophll . H C17:0 0.4 0.3
odovulum iodosum M21789.Rickettsia H i
5413575 Rhodovulum adriaticum ) H C18:1 w9c 0.5 1.0 6
5019650 Rhodovulum robiginosum U23709.Wolbachia C18:1 w7c 49.4 59.6 73.3
$366610 Woodsholea maritima T C18:0 0.7 0.9 a
11 methyl 18:1 w7c 7.6 4.6
gE B X FNEN 28 :
16S IDNASREFECS| - IEIBE M BIER B LU T DM (GCEEF) D [asazn o3 o2
ummed Feature . .
4 = = g — I~ < - ~ h
MEIREER DD . RIMFHIICHHLCERTH L EEZAOND, Featwre3 | 45 43
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2. WHAMRE A DEARE

@ BKETOBENEREISDBHE

37 == s, \Y A A =
(FEZNEREF DERE)
Total-N Total-P
s 2 st 0 4 7 10 15 20 0 4 7 10 15 20
BKZTREB= | 14) (3d) (10d) (17d) (24d) (31d)| (1d) (3d) (10d) (17d) (24d) (31d)
A33-h 16.6 3.6 28 20 4.7 3.0| 0.03 ND ND ND 0.08 ND
FAE3-b 141 541 34 176 19 10| 2.72 2.66 0.72 3.52 0.31 0.18
nMavko-) ND ND 0.7 17 1.8 08| 0.05 ND ND 0.04 0.10 0.06
V2 ND ND ND ND ND 05| 0.03 ND ND ND 0.06 ND
VNI 1.6 09 1.0 ND 0.3 ND|45.60 0.81 1.50 0.59 0.75 0.43
14 6.6 ND ND ND ND ND| 0.08 ND ND ND 0.06 ND
4%1-h 78.2 0.5 ND ND ND 04(24.10 212 0.49 0.35 0.26 0.14
A—nN"—IB 92.6 48 43 04 ND ND[69.80 1.98 1.46 0.45 0.35 0.21
34743} 111.0 11 1.8 0.3 ND ND|[61.80 2.42 1.94 0.53 0.36 0.27
2AA-N=2—)L} |179.0 0.6 ND ND ND ND[77.40 1.68 0.76 0.27 0.21 0.13
A—N"—30 133.0 ND ND ND ND ND[36.70 1.54 0.54 0.23 0.18 0.18
JoR4— 27 ND ND ND ND ND|[64.50 3.75 0.98 0.19 0.12 0.12
HDYTY7 145.0 19 1.0 ND ND ND|23.10 1.62 0.22 0.05 0.05 ND
B ppm
NDI&# H B 5 (N=0.3, P=0.03)% %% %K 3. N=2ppm, P=0.3ppmLl L E#FFTRLL =,
(ppm =mg/L)
BE#40.50% 500mID A TH#KIZ2 . HARESHL . BELERL THLLEREMZ F-.
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2. BRSRE B OFHRT | Q@ ARG EMEBRERICLDIHE

Air Reservoir

tank Beach simulator

EEREM
o JKEE1:aVhO— LR (REEERM)
o JKig2: EERX (REI&HM)
o REIR (OKFE2)
- R—R—IB[AYITFIUTUZRE. 40 wt%-N]:160g,
- UDRB=B0[—BIVZRIKE) VB —F L8, P,0s&L T30 wt%]:40 g)
o R BUETIETUTANRBEANTBEBKEREH L TL—RME/ERE. BB ICKEKEIC
BRI —(2H D LI’ A (15009, KEE) . FHICKYIZRESE S,
« BE.I732T20°CIZHRTE
o TR 1285 GHEIXFRIF % &43: 00LE)
AIEEB
«  TDC(#87K).PCR/DGGEIZ&AH t 1L—Yav i HT
- BRERHGHE).VV-EFREEGLD) . BERER. pH. KE
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2. BHNERE TEMHE OFERE

Q@ INREEIRREERERIC K DETHE

T35
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SRR
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« + R HEBEREEFETOMEYIZXSRMFLIREDIM
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2. FBSME AL OFREERE

BiMNRERIEMHIE D EHRE (FLH)
. EMHERELTIIAREI—MIRLEL TH S,
B DMK (L—R1E) (£20°CL30°CTIE RS,

o NAARTALL—2av|Z&->T, WHIZHELREAD
WiEMNSDRIBEMNERRINT=,

o FHDMEYHEEFTMT HEEERERTIE,. <77
IWINSUZADIBENEETH S,

- MEMNERICKDIIEREA SO FIEKD O R EE- R
DEEWVE., IbKRDTFRICEO>TELS,

- BEHESATHLHTHNIIE. —~ARIT, 7ILAHY, PAHSE
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3. MR BMEYDEFIEDAER

4

V. Gl AR %

O RimzRAWN-2fEEEAE
TIVAYU S RE D #EEE
EREERAEERRIEKRZAV:AET
SER

®» OO

FEERALKRDBE DD REEE
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3. Bl M EN D LD QD) FEBEZERAWN -2 fFE S RE
Arabian light - T
oo pom

i GCIMS##T

medium, 5 ml

Artificial seawater + nitrogen (100mg/L),
phosphorus (8mg/L) and Iron (10mg/L)

;’"Y%"

Degradation activity

Strain BLAST search result of 16S rDNA % = Ikane iso-alkane
ID05-P-062Bt Bacillus pumilus strain B402 100 <C16 X
I1D06-1530 Acinetobacter sp. 142 100 C11-29 X
ID05-P-031Bt Alcanivorax dieselolei P40 100 C13-32 (@)
ID06-009Bt Alcanivorax dieselolei NO1A 99 C13-34 O
ID06-045Bt Alcanivorax dieselolei NO1A 99 C13-34 (@)
ID06-0910 Alcanivorax sp. B-1084 99 C13-31 @)
ID06-0600 Alcanivorax sp. TE-9 99 C13-33 O
1D06-0930 Bordetella petrii 99 X X
1D06-0870 Brevibacterium case/ 3Tg 99 <C16 X
1YtG96 Marinobacter aguaeolei NT8 99 <C16 X
1YtBOMO3 Marinobacter koreensis 96 C13-22 X
1YtBO20 Marinobacter sp. 97 Cl11-34 X
ID06-0037N Oleiphilus messinensis ME102 89 C12-34 X
ID05-P-002Bt Pseudoalteromonas sp. 95 <C16 X
ID05-P-003Bt Pseudoalteromonas sp. 95 <C16 X
1D06-1330 Pseudomonas aeruginosa 99 X X
ID06-0740 Pseudomonas aeruginosa PAO1 100 C13-31 X
ID06-080Bt Pseudomonas aeruginosa sRsB-29 929 C13-32 X
1D05-P-024Bt Stappia aggregata CHLG 11 100 <Ci6 X
ID05-P-011Bt Thalassospira sp. DBT-1 99 <Cl6 X

Alcanivorax B (XIEEWWT7 LD 9 R EERED
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3. MR BMEYDEFIEDAER

/BONE=T LAV REED

16S rRNA Bz FEHICE DRkt

O. kriegii NBRC 15467

Oceanobacter 100 o[ 1918
‘ ‘l 1014
Gi) 751 201

Alcanivorax
(G, &)

100

93

100

54

100'

o A, borkamensis SKp* PR
A.

jadensis T9

2A75
88 ‘ [ 2A44
67 2A17

J: A. venustensis 1ISO4
2/IA10

M. sediminum R65
2M49
2M26

548

M. hydrocarbonoclasticus VT8
2M3

B31

3. BMT PR MAEMDEFEDAZRA

Q2 TFILHUHRED S EEHE
Bohl=7ZIhoHBEDORLT-
EH7 VA BV ST IVH o EEED B

100

Alc 2A75

. Alc 2/IA10 T Marinobhcter
2M26

—p—

L

Marinobacter

2M46, 2M48,
2M49

Alc SK2
(EE50#R)

E#ET7IVAY (O), BET IVHA(L)D

7 T—
Oceanobacter Marinohacter
201, 1014, 2M3
1018 Alc,

] Alcanivorax

0 2 4 70 2 4 7

R (8)
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3. MR BMEYDEFIEDAER

@ %E IRABRRIEKEEH L\t Bl

- O

Phenanthrene Fluorene ‘ Phenothiazine
Fluoranthene

3. FMA R YD D AR SEZBREFERIEKE

#RAW-EEHER

Growth test* . N
Strain nameJ Best match to Phe |Dibzn| Flu Firt | Phz | Pyr Phe: 7':5’:/Z‘l/J
1D05-P42BI Hydrothermal vent strain TB66 + + - + Dibzn:o~> ‘/ 9—'7." Jx
IDO8-RI-320 Rhodobacteraceae bacterium F9 + + >
1D08-RI-323 Roseobacter sp. RW37 + ) .
1D08-RI-298 Salipiger sp. PR55-4 + Flu:2) 1/7"_ Lz oo
ID05-P17BlI Alpha proteobacterium GMDJE10F1 + + + th 71/9:7 /J
1D05-P22BI Alpha proteobacterium GMDJE10F1 + + - + F| I't -7 ) |/7.|' 7_'9
1D07-0120 Alterierythrobacter sp. + + + + + Pyr : t" Ly
1D07-0220 Alterierythrobacter sp. + + + +
RCBP14 Hydrothermal vent strain NF 18 + + + + _ _
1D07-0190 Kordiimonas gwangyangensis strain GW14 - + + + + o 7 ) l/7_|'7“JT‘/ S 71
ID06-RI-670 hingobium pentaromativorans + & So o ~
1D06-0030 Novosphingobium sp. 2PR51-13 + j— ?7 / J ~ t l/ /
ID06-RI1-644 N hingobium sp. TUT562 + %-_F 0) % 63\ ﬁg 'lﬂi 1 t é
ID08-RI-309 Rhodobacteraceae bacterium F9 + + + N
ID08-RI-317 Rhodobacteraceae bacterium F9 + + !l:% E FH l' \ T: EEE E
1D07- Rh ium GPM 2511 + + + + + =
0090 odobacteraceae bacterium G 5 ** ‘ j: . E =] g E 4% ll‘i
RCBP66 Rhodobacteraceae bacterium GPM2533 + + + + + + o
1D07-0180 Rhodobacteraceae bacterium GPM2545 + + + + + 75\ ,2.; L \ o
1D07-0330 Rhodobacteraceae bacterium R11 + + + + + + S N
° 7\
1D08-RI-311 Roseobacter sp. CSQ-2 + + + [i\ '& -d- —C o) E T*
RCBP59 Roseobacter sp. WHO JT-01 + + + + 75\ %& *E 0) PA H % ﬁ
ID05-P6BI Ruegeria sp. + + + -
ID08-RI-321 | salipiger sp. ¥ * 1 t T % 1-: o
1D06-1580 ingobium sp. +
RCBP84 Thalassospira sp. 1-1B + + + +
1D07-0020 Tistrella mobilis + + + +
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3. MR BMEYDEFIEDAER

Altererythrobacter
85 A. luteolus (AY739662)
A. indicus (DQ399262)
90 A. epoxidivorans (DQ304436)
60 1/E25
44— E. litoralis (X72962)
Erythrobacter
E. gaetbuli (AY562220)

27

E. longus (M59062)

‘— E. aquimaris (AY461441)

E. vulgaris (AY706935)

58 E. flavus (AF500004)

E. citreus (AF118020)

0.005
——— L F seohaensis (AY562219)

16S rRNABZFEIIZE DN/ VR R 7 BB R 1IE258k &
Altererythrobacterf& &Erythrobacteri@ & ZE# D 7 F % #i 45t

B35
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C1-Phe
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: z : z ; Oh
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: ; { 1 : . B .
: : 1 1 i B sd
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Cycloclasticusfg AS#RE LU AU R 7 BBERR1IE254R D 7 5B 1 D LB
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O Alcanivorax®&HHY. BUREET ILA D EEEE N %
EoTLV=,

O BAXRBENG (TN EE TEE M DT Oceanobactedd..
AlcanivoraxERIFD T IV A iEEZE R~ L=,

O Marinobacter® mT LA R ;E X Alcanivorax
B KU OceanobacterkY %L >TLV-,
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3. BMT PR MAEMDEFEDAZRA

D FILAVE/AFHFR2—X(AKB) D SH 4

BXANER 5 D FE R4 -
(80-95%)

| 1D05
;W,;Lmos-msm

598

1D05P050BLAIKB-4
300 EF647620_Alcanivorax_dieselole
ID05P046BtAIKB-7
ID05P038BtAIKB-3

AB049411Acinetobacter_sp_M-1_a
-AJ009582Acinetobacter_calcoace
AJ009584_A_calcoaceticus_alkb
1

J002316A spADP1
883—Acinetobacter_sp_alkb_AJ009585
60 AJ233398 A calcoaceficus_alkb
62! AB049410_Acinetobacter_sp_M-1_

1D05-P71Bt
P28-Al-3
11YtBOM02-2

Long-length n-alkane (C1s-)

RIRFHIFREDZ RS,

1YtBOMO03-1 G—
0150-Al-1

'0010-Al-2
Ftubercutosis =
unidentified_CNM-group_bacter
J293306M alkb
Gordonia__sp_SG11_alkb_AJ83397
/AJ301868 R_erythropolis alkb
'AJ297269Rerythropolis_alkb
-AJB33928Rhodococcus_opacus_alk
‘AJ833921R_ruber_alkb

———AJ009579
C363!
1D05P06Bt
Burkholderia_cepacia_alkb_AJ29
-AJ293306Burkholderia_cepacia_a
 fascians_alkb_AJ30
AJ301876R_eryihropalis_alkb
AJB33973R_opacus_alkb
'AJ301874R _erythropolis_alkb
AJ30T869R_erylfropolis_alkbd
'AJ301877R_erythropolis_alkb
PO1Bt

forescens_strain
alkb

|D05-P09Bt
EU688983_Alcanivorax_sp._PA3

ID05P051BtAIKB-3

1D05-P44Bt

15 HSTRY-atkh—BXB — == ===

FHRMEOEVAKBNEBE ST,

Alcanivorax, Marinobacter & Tl&.
2Ff&f5 Ll E DAIKBAFERR SN T=,

AlkBHEEE=TFH
-Alcanivorax
-Marinobacter
-Stappia
-Thalassospira &®

B H5ETHERINT,

ID05-P31Bt
976/ID05P051BtAIKB-2

P28-Al-2
58 EAO97272 Marinobacter_aquaeole
ZP00819507_Marinobacter_aquaeo
Alcanivorax_borkumensis_alkb, A
1D05PO50BTAIKB-2

16SIDNAD R AT,
AKBEIEF(E. BEdHENTERSNT=,

ID05P052BtAIkB-2

jadensis_

Medium-length (Ci12-16)

Short-chain-length
(Ce-12)

ERETIVAVER/FX I TR —RET T HEMNERSINT- (FF

Outgroup_ AAB70825 5

AVERITEEE) B40
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/PAH metabolism \

Dioxygenase

\“ /

BEXIEC S SR |
40-95% 1

Group IV

benzene/biphenyl
dioxygenase

GroupIl -
naphthalene/phenanthlene
dioxygenase

éroup I

benzoateltoluate

Group I

RIBIEFDZHE
N

@ SAFLHR—

------- FLU \ﬁ

> i
a—FaTANoTIT

PHE 4}

PYRfE J

998
955
773
671
5;

LG

01
3,3“ ez, } PYRS 2

DUA-4.
PRAdBAS
1EISZR£I ¢ T Sphingomonas/PHE% fi2

1000
1000

e r;mg F Bordetella/FLU% 2

HREDBVNEHREOFFIT 11—

AEHTHEMERSINT =, (e ﬁE&HHEE)BM
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4, WAFULATAI—a RO DEBIERER

OREF-pi::

TIC: 80714-10.D

Pristane

L
;_T_ % ;m Gas chromatograms of hydrocarbon
s components in oil paste

AVRR T RFBENIRBLIZRE BPOR M AREFZ AN
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4. WAFULATAI—2a0 KD =HDEBIEHRESNR

ZEHPOMERE 165 DNAYO—USTSURE

Closest organism in

OTU No. % Clones Phylogenetic group GenBank database (accession no.) % similarity
1 % 983 .[ Marinobacter ] Marinobacter sp. MED203 (DQ681151) 99.7
2 8.67 a-Proteobacteria filamentous alpha proteobacterium BIO47 (AY590698) 92.8
3 8.09 Ectothiorhodospiraceae = Methylonatronum kenyi ATM 1 (DQ789390) 92.9
4 2 4.05 @ | Oceanobacter Oceanospirillum sp. ME101 (AJ302699) 98.9
5 |g} 4.05 ® | Erythrobacter Erythrobacter sp. NAP1 (AY326259) 99.6
6 g 2.31 ®| Marinobacter Marinobacter segnegenens SS011B1-4 (EF157832) 96.4
7 # 2.31 B-Proteobacteria Nitrosomonas europaea ATCC 19718 (BX321856) 86.6
8 1.73 Sphingomonadaceae Erythrobacter sp. S74-1 (EU670653) 96.5
9 ¢ 1.73 ® [Afcanivorax | Alcanivorax sp. Mho1 (AB053124) 99.9
10 > 1.73 @ [Alcanivorax | Alcanivorax sp. PR-1 (AB053132) 95.9
EEMPICIIRMOARIEEZET. SHA
MEMNFELTL .
SuEH | ( Jopoy 22
B45

4. WAFULATAI—2a 0RO -0 DEBHIEHRESNR

SEEEICEDBEFHICHRCRE R BRENER
% 16S D Cloned gene

isolate Fhylogenetic :E t: i o \ s P10 /\-L egrgd—n:g a'ELmy BS
group 1ZIR/8 ¢ =) sﬁ - A bl TR Ak mo |k |cyp153

carbazole-degrading bacterium CAR-SF
{AB086227)

1D06-0037N | y-Protecbacteria a0.6 = = | = e e

Thioalkalivibrio thiocyanodenitrificans 926

-0106N | - eri
iD06-0106 y-Proteobacteria strain ARhD 1 (AY360060)

ID06-0076N | ,-Proteobacteria Aestuariibacter halophiius strain JC2043 94.8

{AY207503)

1D06-0110N | \-Protecbacteria | Marinobacter sp. HS7 (AB089803) 96.0 F T T T A T o
. |Oceanobacter kriegii strain IFO15467

1D06-0086N | \-Proteobacteria (AB006767) 96.5 - | = | =] -

RBBRENMEVRRE TR EHRGEMORENFELTLD

NAP, Naphthalene; PHE, Phenanthrene; FLU, Fluorene; DBT, Dibenzothiophene; ALK, n-Alkanes; BS, Biosurfactant
production ability; fmo, flavin-binding monooxygenase gene; alkB, Alkane monooxygenase gene; cyp153, Cytochrome P450
monooxygenase gene
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g-proteobacteria
5-proteobacteria

ENLS DR
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Rhodobacteraceae
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\L - Oceanobacter
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Other y- 49, E/Hﬂ ﬁj\ﬁg&b
Proteobacteria 0 — THRELL

5Bt - R E A
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Alcanivorax

BT+ 5 N RBEEEALS
BB TEN  GEETER

Alcanivoraxlg. Marinobacter@HS FU R M HEEEL THREDEWNVEE
(Oceanobacterlg) MME HIEL TSI EMN RSN T B48
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Marinobacter: FEEEENTHTIXEVR. BHIET 5.
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JUBENILS O LD N EFFATES,

Oceanobacter: [RiBELEEINI=BKP. BREFHTTE
519 %,
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BIEEREERR MDD B S HPhosphate Solubilizing Organism (PSO)

? ) Acid or alkaline
ROPO™ + HO _ phosphatase , {op(™ +ROH
0 lg
/OH /(]H
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37N Insulimonas litoralis strain IMCC1877 90 Alk+, E+ alkB
10N Kangiella koreensis T 88 Alk+, E+ alkB, cyp153
2MO01 Gamma proteobacterium PM10 99 Alk+, E+ alkB, cyp153
102N Thialkalivibrio thiocyanodenitrificans strain ARhD 92 Nap+, DBT+, Phe+, Flu+
76N Aestuariibacter halophilus 94 Nap+, DBT+, Phe+, Flu+ IS 7
23N Arcobacter sp. BSs20195 95 Nap+, DBT+, Phe+, Flu+ °7)bj3/63\ﬁ¢%
110N Marinobacter sp. HS7 95 ﬁ:t: £+ Napt, DBT+ cyp153 PAH ﬁj\ﬁgg
32N Thalassolituus oleivorans 93 Phe+, Flu+ alkB o 7Hﬂ ?’L,ﬂ:
12N Rhodovulum iodosum 96 DBT+, Phe+
5N Oceanospirillum kriegii 96 Alk+ alkB .Monooxygenase
21Bt Aerococcus viridans ATCC 700406 99 DBT+, Flu+ (AIkB, P450)
11Bt Aeromonas hydrophila strain HC960715-1 90 Phe+ .
18Bt Alcaligenes sp. 80 97 DBT+ *Dioxygenase
0020 Bordetella petrii strain GDH030510. 95 DBT+
4Bt Brevibacterium celere strain KMM 3637 97 Phe+
0040 Castellaniella denitrificans strain NKNTAU 97 DBT+ G)ZQI )—: /7‘ =
KSD.3Bt Cellulosimicrobium funkei strain CDC 100 DBT+
1470 Chelatobacter sp. Pht-3B 97 Flr+
P-010Bt Chromohalobacter sp. 1S-Ch1 100 Flu+
P2BI Citricella thiooxidans strain CHLG 16 100 Phe+, DBT+, Flu+
BWPh.44Bt Demetria terragena 97 Phe+
P-037Bt Haererehalobacter ostenderis strain MSU3710 98 Phe+,DBT+
KWPh.19Bt Halomonas sp. EPR 11 97 Phet+ dox+
KWD.7Bt  Idiomarina sp. JZDN38 97 DBT+ dox+
KSD.2Bt Klebsiella pneumoniae strain 9.1T 99 DBT+
KWPh.24Bt Kocuria sp. BF A20 100 Phe+
0160 Kordiimonas gwangyangensis strain GW14-5 99 Fir+
KWD.13Bt Lysobacter sp. 96 Phe+, DBT+, Flu+, Fir+
KWPh.42Bt Maricaulis sp. 100 Phe+ B 53
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IEC (%) 4(2.05) 4(2.22) 3(1.70) 3(1.71) 3(1.72) 3
2 2 5 6 8 10
ISO/IEC 0 . 0 5 .
82 136 152 179 196 250
76 119 150 184 196 250
99 101 103 105 106 124
3 4 5 7
20 22 23 25 30
17

04 5






04






04






2015

2010

04






®)

04






17

17

18

19

18 22 - - 4.0 4.2
18 22 - - 4.0 4.2
18 22 - - 0.26 0.26
14 22 6.8 6.4 1.7 10.6
14 22 2.1 1.9 1.8 3.0
11 22
16 22
61 22

04 10






7 22
17 22 0.20 0.14 0.30 0.28
13 76.8 - 76.3 71.3
13 1.8 1.8 1.2 1.0
11 22
13 20
12 22 14 13 1.7 0.9
18 20 _ 5.5 3.0
19 1.2 1.2 1.3 1.4
17 20
17 20
14 23 0.25 0.23 0.27 0.27
18 22 _ _ 0.40 0.38
04 11






3 0.14 0.14 0.15 0.16

40 30 1.4 1.4 1.4 1.5

40 30 0.90 0.90 0.88 0.92
17 17 18 19

16 19 1.2 1.0 1.1 1.1

16 19 9.8 9.1 6.8 55

04 12






<m OO

04 13





04 14






TR 2 0 EETEMETRECKLEAFEE

Tr19%8H
BR A 1. BFEXBER
ik 04. TREHE-MMERDOER
FERA EERIMRER HEEFIBRR FERRA HEEFIBRAR #8 8
ik J=]:y Fe 3 [E D FEVERBRIE BE D FEE L 70> TD T AR MED TN A VERTAR, ) BRI 52 — (RAICHEEL | TR E DOAFFERIFERR D
KR89k | EEREYRE K0, BB Ak Lt = — XICAIREI S S U Eh O% Re 2 (X0 | PEZER S 2 ik 2L &0 I, KA LI th 2 e i 5L

ERAN

HeR B R 151R
X iEHET
b L

DS E D FE YERBRIEI L D SR L 70 - T D TR HED B i B PERTAf  Jen A AR R S5 2 — (RO ICHEE L | PEZEBT S /) D38 L e OV
A LIRS OREGE A M DT D (T B i B LB R TR T D,

HAKH B AR - $EIR LI T O &3Y,

(1) TEERENED R
FEEAL X ALHAE - W ORERZEZBLC, FEEBS O, 4 L0t OMEICHIR T HH e TETHLHN, Fo3E TIERCK
CHEE LT, E B UEA I B D RE R O BG4 TIERWEIZ LD TR EDISO,TEC~DBERRILL, WEZRFE IR E-> T
HETFTWEE KL S TND, EDT | ARFERRE H O EFRGCE, [E B EORRZIC T - EH R py 72 3k, R Tl o vER
FAKOBREZEL T, BCRIZHIE LD, [E BB L2 BRI A I CHERE 5,
[ B ] T E PR AR e L H A%
20154F (P 234F) £TIT,
OEBFEEDIR R A T2, (ISOTEC M k13~ 154 6314)
QWK Zr DR [E 5 | 52 50w FEBLT 5,
(ISO/IEC JEYE: SERL18AE2 A FFS M151, K148, 95125, {A102, H60, #112)

(2) B A PR

04—1






PR L I O (S A R T BT 1= . B S R e L Ol A T e 50019 AT A B C i, R A TR
5 (RABREAST VRSB A Tt . TR 1 T4E 10 B 1O E - BT BT IS~ — 2 IS C L A B P AHERS L TV S,
[ E *%]%EJISV“—yiéﬁﬁ%”E/\IIZﬁZOﬁE‘gﬂ ifiz%/ﬂi\‘i:%??ﬁ—éo

(3) FnH ELAE DA
WFSEERIE B A 1R &3 2 BETE B O BRI T HAE PE L U CER SV, ZDBHIT e e B IO B BINE S D7D AN, 1272 11
BRELL TEEINDO A TIL, (LS BIR TOFT= 72 ZEBI R OIEENZIT D72 3572\, LT23 > THFZEBR R R DR AL & 2R TR H
ZHIBIZL ., FZEBIRIE BN O 72 DT AR F AL RIE BN 2 2 BRI DN RN K 2 T T2 Iaid, i3 %) | L TERBSNZHE
BRENMARIEE I, KB FTREL SN TVDZEN NI TH D,
AR MARETSENC XA SN RAL, MRS, TR ZER R RFISEN S DR ED R —2E L TE SRS,
SHEAEYE . BB T s, T — 2R — A WP EN AN
[ BEE] 229 EClo, Any g o A58 (DR &R E, QHVEF W, (L P E L 2EH, ANFATE f@ak, @B EIRTE#®,
OB ED IZHBWT, TR BAEEER T 5,
O FEENES AT FEVEYE 314 DR (44 B AR : W3 AR E250Ff S | AR YEY) I 250 FH %)
@207 5y 1 VK [
< R[E & N —95 1 24X % FE fi
<> — AL 2B (BED A5 HVEL (X 0D Jh g 55 574 T D AR — B D i %)
QW B E IR DR | AW a L E LT A MBI E IR % 7 T R R AL CE AR R DfE T
@DH T A IS0 T AR E DT —Z_— 2D, 3k LL_E O E R (L,

MERDWEE
KIERDER. 17
BES5DnEMS

(TRARUE)

FRAEIT, BHAMEORECR, B OMERE 218 L CIRDE EFEDORMED ) L OERBES ) Db 2 b 7263 D TH R FBE Th D,
LU0 SRR T PEL B0 | T B IR EIBHY b D THHI LD, FRHTIEHEL RF ORE = Mg 28 — B L 72b DI DWW TR
ERTEEESHEES NG AL DL, BREL, @il - FEEE XIS, Wih L 2% 2N =— Xm0 B e a0 REOFIGEICE R
Vo720 REERTOREEENEF LB DIZOWT, EREIEOE RS OF|ERIRE LOFHEEIT) L2l U TEE(L 2 HEE
TOMENDD,

FoAFEPNRESNIDDIZOWTIE, BRGSO R E N E DR HEITE G L TV D Z e 2l TE 2T AR HE Ll D (F
PEDSHERR TE7RVY, 272 | EZ SRR AFEHEL OB S P2 MRS - SE 422 & GE A PERHAT) 23 6 ETHD, WA PERHRIZ SV T,
[EBREE G MEA IR T DL EBIBEHMEN &< ORI RNTEA SND LN ROENDHZENE | PR 7TH 10 A ITHIE - i TS #IS ~ —
I EEIZ BN T, ERERET o7 RFIFEBI N F 28 28R T Dl B L7 o 7o, A 181, RSN D BB K& OVTIS ~ — 27 il BE D= 4H
PEZHMERF L TUOKZEDMTBIOKRF 72> T D,

ey AA )

04—2






WHFEBRFETE B2 hied & D FNRI AR B O R BE PEL U CERAS L, TNDSHIT e WF FE RS0 MBI AIE 2 D703 %, LanL, HilZ
B PEL L TERSND DR TIL, AR B TOFT 2L FECTEINI L2723 D72, LIeh3-> T, AF7ER SRR DR 2k T
DOTE M2 EICL, AFFERRRIEBIO A 7209 RSP AL 2 TE T 2 22 BRI DI RAVIC KA TOKT20I i, TR | L LT, FRshe
HEEENMERIES I, RSB ATREL SN TWD LN LB TH D, FHY AL, OFFEDE OM EIZ IV EE DI R LA L O b2 P E
THENNRDHLHT0 | IR ERITAR -2 H#E T 2 2L, OMFER) ASRAVZRIE - BEPELDSKRO BAL, FEAHIH Y ORE D2 @)
S BRDREZ R LR OB DO TIERWD T, ZOFH DI > TIREZ BT 52 LITHFF TR0, LVOMEZAL TNDHIEN
O, AR ZFFOM - —E 2O MHREL T, RFEOBEENZEHL S Ob | Haind &350, BN ERg AR 2 i L TR
EFITIESHIATEDINTTHILITIY, HFFERIZE D B HHRICE § 5 ERRREEIZHINETHD, ZON T, mERNITERRFEE ) &
AT DMSATBEE NEEREBIN# AW IEATe — E D EA L~V 2R o 1o H i B R E L COREN 2 3 DMSAT Bk N B ah A B pfr A
AR5, [EE L T— I oRIZ M BAR OB i 13T A D T D, FrICEFERTEARIEIC SW T, @ R BN L~V T EFR Fhig oo B 2L
PRSI HE A, E R E AT MERE B (FERAME - BT MERR & 22— (NMI)) ) DL e o TR T HZ LN B TH D,

Fro, FHERI L, BROE S E LRI AR OB E ThHD, LIzi> TR -2 D =— XD ZE{ITEDE T, REDEE %
{5 LD DM BTG T Uil BE O LR L S 2ATVRAS | ATBS BALZ R > THIFED D 2D RAYISHI B 2 L TS LN Y T,

MR BiEEE
~M[ (7=
IHED £ K&

PESER S ) DAL, LA L DIt R O G LB B LR AR T 5720 LT OB DWW T, H ARSI T,

. FEXRIS o1t
% DR IR B ol SV EBME AN O E RS T2 YLK 35720 LU T Otk % i,
(1) B EOENTZHETIZ DN T, EESTI5 OB O 3D [E BAE (L 24t 35,
O3 OB R
[ A HE (L DR B S0l « R, AT — DTG T IEIC W T, (REDE R E SN RELIZVVRY Y A
BT %, £7-. BOEFROEENEBAEAEL L TR SN B A IR EITH 5T RE I B O 72 CHEUE L O BF 5245 | i X
95,
QE B EAE DRI AT - F R 7 S AL
M EINBANZ DD I8 (/77 /ay— alRy b SAA AN T A Sefilift, ICH 758) 2 H N B R B2 R e L, BFZERE 38
IOIEBAEAER BZOMER R - HEICELE T E L CGHEMICHEE T~ BEROEFRE » O E S b E XD, F-, AF5e% 7 ns
T ESDIEAEALOE VA D FRAL, BEATHRIS ~ > 7 & E B AL RIS O Bl B 2DV CRERRIZ B KL A | AIFFE BH 58 SAZHE( L O — (K1)
HetE# X5,
@t STl T IR HEFR I F O F L
EREESEICB W) —F — 2y T ENDHMAFE OB RRICAT T-HEZ iR T2 L 010, REETOEBELHETORFELXD, £
7o AL IR DB R R D AlRR 2 XD,
@7 7 R PEHIRIZ 35 1 D EsR AL
TUTREIENCRLC, Bl — I, HAFIRE, HHEAES AMZEDIEECEN T 15 Hete 32, 727 K EPEH-I N Ok ~

04—3






IEREA IR B 2 B EAEMA)ICY — R L FEBRER ROMER - SRR E R E OfelEz AL LI, 7V T KRVEA =T T4 7 2 HE
i3 %,
ORESME DA B FEAUE L BRI Ol E ~D &

TEANAREE ORIk B B ER AR B 32 B3k A & (2D 2720 OFFHARECHE ATV, HMIEERR a2 @ | B E LA E
BORFCERMEALBE BT ~ DB X0 | 245550 B T O R [E AR HE D IR R R E O MBI I EAT D,
(2) & /MEVREE DG ) AR L2 DT BARMERAG L AT L D5 L 27 E i S O FL AN D,

FEIERT EAR MG B (JCSS) Bk 2 THI Tt IE Y — B A& BAA 4 D720 O IE f i B fif . ARIBE S A | il B B
AT DEGEEIT MBI SR A I T %, Fo, 2EM TRIEDIGZSELTLITEY | EFEEEY —E A A= 2 — D RE X5,

. 2245 e th e OREEE

224 L OAR RN E XA DR AR A 22 A A 2 AR B L | SIS R (2 LD T 5 D Sz Al 327200 . LT D fit 5 2 S i,

(1) SRHENESUTE SN OIS OB A XD EEHIT, BREL - @ik - 2 =D IR DI IS/L - [EFHRHE (L 2 HEE 2,

(2) 2242 TR % 3L R 5 KIS o7 BF COMFFEERE 1T THFZERE RO IEMEZRREA « FLE T M BEL 22 272 AR TE) 2 R4A
(ZHE 9%,

(3)JIS~—7 R DG DRI DT DI IR A 2 M I TN §D72E | # JIS ~— Il E2EESED,

04—4





(U A= (K18)

s

B

RO EAE:

REBUR DR E

ELEOREZAFEOERLL>TV ST RRLENER., B MM, MMEREREL—AMICHEL. RVBEOMEREMR

DEFRMGE R, Rk - B G EH - —XITHHEISH IS L&

BES D,
eIgEEOwE 0

| [ BAE]ERE A R B

| 2015 EETICRRKEEICLFELSS L5,

| E S IZE L HREAICHET D,
L OEBEEDREGHMERETS,

' Q@K HNDHEBES I ZHEERRT S,

| @S

! [B12)# JIS T— VR THIE~NFER 20 &£ 9 BETIZEEHBIT.

RMDERERY. EXBRFNERIETHEEDIT. RE-RUVBHRE

AR RS |
[BE)FER 22 EFTIC. MWEBREALFICHBLT, TIEBEEER. !
FHEARE W IRITSE 334 TE5E. I EYE 14 RO ER I
R 20 5HD 1 HhEEIE |

-2EEHN—T B 124 RIEE B |

-o—LLRIE |
EYEEERER: HEADORE. MEMEDLEL '
" EWEIREREZ 1 AHEERETELARH OMEIL |
i M HSRERE 30 FHIEZED DB k. 3 WL L OERE#L !

(M EAEOEBNIHMIZONT. EETISOERIZ O EFEE L DHEE
OLEREFOEHNE

QEBZENIREICAIT-E AL IERIE

QR TEATIEEEMRDER

@77 RKFEHICH T2 E

G E DI BAZHE L EATHR I O FIE A~ DX

(ENbsRFEDRE S RN ERMOERTSELEAT 1=, UTFEEN

) E/MIYEEDOBRFNEBRLLD
A EEERG IR T LADBRIEOREUKETIZOEE

(1) EHERITSERAIND JIS OREERSLLLIC. BE- B -RE2DOHFITBITS
JIS b - ElfEEE b Z HEE

(3)JIS T—H R FDHIZERDRIED - DR ERELHEICERTILE.

L ;IS T—UHEEER

ZE-RLOERMEEXASHENRLCEDCHAAZREL. NEBTRFICLLITEORMERE Y 570, LTEER

J
<4

(2)RE-TLEHREXZ S, FIZERS B TOWEELEIC
BVWTHIRBEROEEGE - LRI ELLGLIMEL GTE
R ERTICER

HE- AR GREERRAEREEE

RN B EEBRE IR EREEIRERE
ERAMBEREEBATEILESE
CHERIMRRAREE
-EREERRER LM EEREE (NEDO XiT8)
HRBRZELT+O—T YT HEREE (NEDO X fH)
RELATLEFRAEZFE(NEDO X ft&)

IR F—ERASEIES AT LEE (LA (NEDO i)

- SRR A AL - B ARE T B H 2 (NEDO Zt%) )

RN R E R EEEE
GTERREBRRVATLEMBEKSEE(NEDO X HE)

- BMBEERER O MAEYE B REMTEE (NEDO X&)
RSVHBRAREORRFRICHLTEINAALATIT—
2avHifTiAZE (NEDO i)

RN EAD ERERMBERBILEE

CH AR ERSEEEER AL R EREENS

04—5






FeR DR IR

(5 B AR I ~ & T T IR T
PR I8 ~ Pk 22 R

(BRI - R O HERS )
(1) TFEAEHE

v TR 13~ | Rk 14~ | Rk 16~ | AR 16~ - -
L 15 4B | 16 4% | 174 | 18 4% HARE(H2T7 4-E0)
s ok fr K (1 5520 by
@ISO, [EC {2351 DI A1 (F3:(%) 638.8) | 7110.1) | 86(13.9) | 94012.3) | v e s g s
b=t H14 4E5F | HIS 4R | HI64EEE | HIT 4R | HIS 4RSS H A B (H27 45 )
. s 1| ok P e Slf7
@(ft?%(lff; CRTBEERHHIIIE | o ooy | ss6.06) | 58(6.40) | 60(6.64) | 63(6.99) (e
’ SRR 18 4F 2 H W)
XOERRE 18 4F 2 ARERICHIT DK DF |52 0%k - KE 148, 4 ¥V X 125, K4 151, 7T X 102
(2) 5N FoA
= H14 45 | HIS 4R | HI64EEE | HIT4EEE | HIS4ESE B A B (H22 4E )
OYHIEYED I F (R F) 152 179 196 232 252 | 334 (34 4] HAZ:250)
@IEAEE DA (A ) 150 184 196 225 242 | 314 (44 HAZ:250)
®205 55D 1 HE XhF (R E) 103 105 106 107 112 124
@M% T E LT (SR LRI I R N B R - -
PRI CRER) 2% @ H) @ 5) G | ®35 | ®am| w7 ERE
DA T AR T —H DA (R E) %22 1 %123 0 #2575 #2575 ¥2T FH 30 ST LR

MOIT TR 16EHE EFTDNAZ O — 2 E T (BB 2 HEEL L Tuh=,

04—6






(A=A

H184 H194E H204E

29 31
(PR | (FRERED)

ST RPUTRIL, Wi SR OB T I T DM R (RTEEFE O SRR ) (2D W TR S NI TH L7200 | TRESRFITBIT DL

PRI (M) 26

FTLTLH—E LA,

oy
VEN
N
EN

S|

$EJ2 18 AEFE DA TAAIT, 34t TR ~DIEEFN KR E i Tho7-7-0 ., EMEL Tt 75,
SR THE BT, NI TEE NIEE B AR EHE R OFEEE, LRaEHERE, FHEEE S TR0,

!

TH20FEEICH

(TR D ER

Pk 19 R, TEIBAEAE RIS B A% ) BRI AT AREN L7 14 B LU C, TEBAEREALERS T /L ar 7 o0 1 2R ELT., TRIZBWT
IFELERRGEIF FE B R F AL LTz, L L, WEEBLRIZEB W TIE, BIEOFR D E O [E BEAZ ML O BUHL - B Z 0 F I T LH I E O
HFINZAGSTHbDOEITIE 2T, o, FHEEEIZOWTH EREB S AP KT 2 FEBRE - HIR N O RO S = — XA~ DO RGO 2 B
DR EDHRE | iRk B EEDERMIZM iffoeio JE DL TN BT KL Te o TD, ZHLTBUR AR E 2 | R 204 BRI Y 7> T
LN ORER OE - B LETT,

(S

H A E O [E AR IR R RE ) A TREBHNI S S | PEREE G 12 AL T 57012 [EBRAR RIS B ARERIS T M B A /M2
FIZBI DT EBMEERA R TEDAM RN EERE# T — 4 — //72%%%@?%25)\*&@ BREZTT TEN A B RS B A R b
H2E | R OSEA I RAEIC AT 7o, MEMS R0 —E ARy MEDFHA 73 B 31T D EBMEHE IR R OB - R R AT THTHL 0 87 - BESE 4
TR R E BR IR R 2 | A AR TRE T,

-WFIERH 3 AR HE L — (RROITHERE 457280 . NEDO (Z381T DR FERR FE R EE S E AR IR DO VBRK - #2 R 4179 NEDO JEH 2 22+ 42
FHEORLZMD,

< RSEAT B NS FAL 55 i B AR oD 55 2 ) P I Bl A x| e 420y B (RRAE Lt BR) 00 365 2 S M 3 DR & 24 A 9~ 2 7=

[ SEAT BOE NSRS ST AT B AT BAR AR 8 i B 22 1o 4 ) S DR E‘E%flé

B EARVESAR AT T 2 (oo — 7 K QYRR B SR HE ) E) D25 22 DWW T, YD H2E A AR AR LIZ72) 194 B THE IE
(#T),

GEF - HTARTA2)
- ST 53 BP0 A i 22 4 - (R [ A « BRI A O AR TR A/ P 12 30U T Bt AR HERR TE D = — XDME KL TWD IIfC, Il B2 &
IFEDORENNEEIT 2> TWDTEFLEEA | FHEBIE IR MR B 21T > TS,

04—7






MR D

Bt -EMN
XIERE
KIERNBRETER
JRMEDBE R, B
DERFEEDL
BE

(i SR SN 5L - A ZIMED

PEE S O, BE LR ORI D E (G OMR DT | T3 ) 58 OFEfE 2B 25 K IX L F O LT,
HMED R,

(T EFEUE)

FEEAL I, AHAPEDRELR S E OXE, HANOE E bz U TR O K | TG OILRE FIREE T D8 3072 — /L Th | BRIE )72 [E BE
EEEALIR BN X TR Vo<,

Bz, SOV RERM B 5 1A D EBAEHE 72 2%, B EN D EBEEL 2R E L, R TSGoSRE ., A AR SO G KE

BB LTI FHIE 725 TVD, ZO LI [EH BRI X RE T G 1 AL OBLE D, B MED R,
LU, WK T, EFBOREL CEBEE A BRI E D, BRI E R E LA HEE L | PEZERS B GO R E U TR I [E B
FEAELIREN A TWDDIZKIL, FDE T, EEEEEOESIZ T THRVHA TETINDH OO | FEFEFUZLD BRI BHLOAR
SR ARIREL TERBEDISO /TECIZBITAIGFEIK T, Rk EEE LS THYZRBER DD, 2070 BEREHITLDERH
U DR | [E B AR 22 ) - B S A2 R R O i R S LV RS VAR SR B S . R RIS & — KA . Do REZE RS
W HEE 32 [E AR VE LY B, ROk =B ENCENZ L D2 L7 TS EDMEAL R HANT 0 B BT D E B EO A ZREL , ik
KJERS, OWTIEEBS 1 OMILIZE T 5,

Fio. D ElE b, A B A~ORLOBE R O S = — RIS LT B FRE, B - EE S, R E A~ O3 IR O
AIAENETT B E ORI OWTIE, REIOFIZRICHE N2 X2 REIERTITHE SRV oo | BT CTrEER S U CE LA
D ANHEFETHB 2T ALY, EnE  EEE LS TT 7Ry e VT A N EL, BA LIS T OGN T REL 725, B
IRAT T = — kSR EEE R R AP 78 3 1T D | SR TR BRI, Ml - PR E R R R 615 Ml - R EH B C 16 o
JIS 78 1 JISIHEDIERZE DR R % 01 Td, (%1 84FFE I X EF )

(CSESE-%9)

FRHAEA~OEE B RIIFNEZ AT OB O TIH AW, MO E LTI W T, 4 B LT RMORE120E ., U
ZEBAFE~ R AU b e =T ¢ R —MERE D BV VRN A TR N ETE H UBE 2 BB S CRFZEBR R A1 79 2 & T FnaY F 0 34 2 ik i | HE
L. FnEYAIETEENC LA ST B A 2 i L SRR R b, MR L UAS I 322823 /T Re & 70D,

(Zh==E)
(T2EfEvE)

TEEREEO R | [EBARVE L O BRI A EGEIZ BY 9~ 2 5 SR I X HUAS AR AU L B 72 7 — X DBUG E AR IR D ARNT | HIZRZ DB THERN
BN DR TR MO B8R THD,

Bz, FEYERAEFZEBA R T HM LT, [HHL - vV 50 E RS E 2 AONFZER % K OBE (L | I B Wi, A AN B —% 5 &%
F5H7e8, FonsE I 1A E AR YL E B 2 FE AR L CHEME L 7= 2 S 12 0 . B AR OBIFZE B 38 il 5 03 8 A ) CREIBRE HE (LIRS OV - B
HIFBICThD, ZOHAITH ULWEAT CRIE /) B Clag)d CORME THY, fEfg = 20 A COHEGE~DOFEN L kL2, A
AROFEWNZ IV 4 20 BB A EBEEBRICH 5L T,

04—38






KBE RERY O FORDL (H . B ARG ERESE ST —%)
HA 9 1600 B, H[E 570 B, 7AUH 9100 R, A2U7 £ 30 B, 55 9 27 1

(Y FEA)
IS A2 T BAEME DT (B4 DRI I | BRIARIR A - 22 42« BREE2 & O 53 B THTTZ e Bl S AR DAR EM B ~ DRSS B &7
STWDHRI T T, IROENIZEIHOG LT, BIFETRIRIIKIE T DI LD REL/ 2D,

BET HEHE
E i BT &R
MFICETBHAL
Eftlt

Ol&EAFS$2007) (FR194E6 190 BZEHE)
M % AT REMEPE RN — oA /X — a4
@ERENSEIEN)
WA ) _—a DNE
QNI PE RN (12009 FEHEEFHE 2007 J) O HEE
- (W) £z, EEEAEIEEI DY — & — B2 S TE B ER B ERIG | 255 FICEITTHEEHIC, A B EELARDHIT S EFIZOWTO

57 B B N o B 2 SRR 1 AR IR B 5,

OlA ) _—2a25] (FRR194E6 H1H PRBIRIE)
FHE A/ _R—Ta LE MR — R~y
1. fER T AT DO UL
(1) FRAICEWMH T~ X
1) A= a Al R AT 7o p b SR B i
@FA I PERRI - A7 LTS B D H7 7= 72 R B
- FEHEALIT oD [ B R B

E R L OTE B AR5 LT DB D, LU R OEGAAT,

- EBERESCEBREHROS T —F — o T D AN OB B Z TR (L, Fo, BERESCCHEE - RFEICRB W T
[EIBRAT I A 2 i U 2R D 2 &R HEL . RIS TZ0 R — N E AR B B D38BT DD LN TED L
IRITREMFTT HLEBIC, ERFEES B OENE N2 A T 00 =7 AMFEOTE R, EBRE R EITRD M OF KL
ek,

- AADELZHTHEREE - =X —EFO 3B BW T, REE B, B BRI ROREEEE R G Tk, MERE

ORI, 77 B E L b # g LA GBI O [E R A HEE T2 L6012, [T U7« KRR (LA =2 T T4 7 | &R
TE - HERE T 2% | EBEE SNSRI 27 07 R U E O | B H o N2z @b,
[ (C L DWFIERA R DR 21T O 72D DI 2R W T, AFFERCR O H BIEEL DS I SO 0 B DV TR, [E&EICED
WHFERRSE 7 v = 7 b H R, ] e OV AR RFAL 5 2 31T DR AT ZE B & U CIE BRI 2 B 9 D MGt & ARE L AL AT U | A

JebH e LA ME (L Z — (RBITHERE,

04—9





5) BRI AU 2 TR

@ EIBR SRR PE RIS [ BRI S LT B e

Bz, BtsE RO EBFEE OB HEET 5720 WOKIEADEIBRER - 8951 % & 1SO (HBFEEEHAS) K OIEC (HIRES
BETELX ) 195 5 B M B R D5 201 54 S CLO FEBR,

O%ﬂﬁ@ﬂaﬁiﬁﬁﬁﬁzom 1 (CEp184E5H31H A EERRE AR TR E)
HE3E A PEDTE H
0. [EEAEAE IR BN 258 32

. EIBR R A S 2 FE T D

CPEEROFERRA SR, EEREE L~ Z 835

. EIBAE IR EN X T2 AR AL T D

- ERKEL TOEBEEE IR 2RI

. EIBEEEE A DB A XD

L T UTEHEOESNE O A TR LTS

. EBAEAEIZBE DL — L O<KDICEBN TS

N OOk W=

ONRFREEIS AW (ER194E5H 28 HET RFMEFERISHRE)
G WES| S L S |
1. BBEOEBEH 4T D58AL
(1) BRI S 2 koA /= ar m AR T i,

OFE T PEZETE J1 A R B s - E 23 AR b iR S e IE , TR PEHEME EHE 2007 ), T4 ) _R— g ARED T- 8 DFE T
AW HINIE 7722007 | (AMARIZZ2-2007) | [ [EBEAE AR A HRIS ) | TE B UL RIS BAZ ) OR B2 2. 2Dk %
BHFEIHEET D,

5. AEpEMEN ERIOSODHEA 7T
4. T B
(3) A /=T ar Z Nl 2 B A 7oA A L
WFZER RO TG B2 M 5720 | [EBAEUERR S HRIS | 127> CL 2015 AEE TSRS E DK GE ENC A~ Th ik (72 < [E B
EHALH Y — R TEDLINCT D, 20728, ISO-IECIZRITHT Va— /WEHO S E H 5L Tk L= [[EESE ik B A= o
EERLEICANT T REEEL T, R RIS AT TR - A I O — ML - EBRE b2 2B 2L 801 HMAM OB RARER

04—10






A2, WFFER%BE 5 O EI IR L TR 8 & 3R 5.

E7, FRSSEm S B COMFFEEIE I THFFERE RO IEMEZRRTAT - SLBUC M ELL 72 W) 72 L (RHEEARYE) 2, 2010 AFETICH R
MLV OE - BET D, 2O, [HYE DEE IO EARTE (EFFEARE) IOV T, TOPRBEHEE T DLLHIC, HWEICTH
FITHAE T DO DR EV ZTTD,

O TR B FEERIE 12 DWW T — REPBZEO MMM EEF B OHEREZ P 0MC — | (ERR194E5H 16 A AR EERa S E)
I. B EERIE LA ) _—ar DAl
4. [ERER 722 BGH AR L T2
ORI 8F12 A ISR E SN T E AR VER A HRIE | 22, SER 1 O E A28 T FEICFEIT T 5, ZOH T, ISO, ITU%DT
Va— /UEELIR B OSRL 2 XD EEHIZ, T —T LT 7 77 MERER & Lo SRR E BEYE L AT — SO BRI 35 | AFF 72 BE % -
SO A FERRIG & — IR P72 A Y L O B A 2R 375, F7o. FEE RS LD E BRI BB 327 7 ar - T DR EEIE T,
QFRLLIFENS  HESLS K FTOHBE LB U T AL A OF EZ (LT 25, £, EBEAEEIEEN T AEORZH LR M
DORRBRE DE R CEXLBRIR OB /2L | EEERCK BEFDOIEMELITIRD A Ol B AR A ziib oL Lbic, BEE
SRR 2R | SIF RSB R L C L E B LI B T e A %08 UL FEAT - AL T~ D XA T,

Ol EB = ARSI (ERR184E12H6H  AHIM EEEMIK AL I E)
F1FE EEROBEMRE YL, EEEEL~ORRLE L2
Fow [HeREL CoOEBEEIEEIZmL T
H3E [EBEREL AM OF EXKD
AR TUTFEOMNNEEOEEEA LTS
5% [EEERELOT-D DN IERL—EICE BT 5

OTE3YRIFHMEASE ] (CER18E3H22H REREHMESHRE)
F3TE BRI AT A EE

3. BRI 7= D HAZ DAl

(2) FnH FEAE D FE

(4) BEHEA Y ~DFERRAY K

Ol ) R—va  AIHR A (ERISHE6H 148 MARZEHEIFSEBIE)
3. A/ RXR—=ar EfE BRI T LBER DAL
(1) il OF| e, EFREEbeE H D BOR DAL
OWMAR ARy NI — T 70U YA 7 L F 755 O ¥ B SR T I 2 36 1T A E BEAE HE (L ~ D B RO B AL (A DR E) &%

04—11






D7Fua—7T v

ONEEEEAFE] (FR1THE4A8R HERE)
HARA Ji 5
(2) BEROME OREMR QFF & - Bl O 1IE{L
() RFEEDEANTISCT- G QE BRA 78 O e ff:
(8) XD @D EE~DBHLOEHE

thfE - FRETED

gk 2 24F fig

ik S )
A—HY—OHH
EDER

(FEX¥MERHESRES FK19FE8H1H)

WFFERE I AR HEAL DO HERE R —(RBIZATO DR F N T, ZOTDITIIM TR 7 vy = 7 Nt DI IR HE( L FEHL T E D LD 7 A4
Z BT A TR LE NS, ZhbIZR&DJICIS (fvZ—F g )V AZ 2 —R) 2Nz T, [R&D&IS | ZHEfE 4~
‘NEDO 1% 5 ET 1 JKFLEL D FEEAZEERH 7 0y 2 7 MHEE I AL TWADS, FO 7410 —T w7 D7-8512 1000 430 1 FREOFEDF
FAFEHE(RIZEID Y THET T, B L O RZOF BRI I D723 DD TIEAR W,

- E B AEALIZ D72 T D AM DR EETEDRFEZE IS TEHE - TR, EIEBS a2 RE T2 ECHEEROTHMAIZHERL, ALilZ & TR
X,

(AARTEEREFHESKRS L1946 H28H)
< FE SR TRR A BT AT CEEAE(L I DWW T ORFZE D72 ) BRI T VTS, AIFFERR I8 SR WL oD — IR FIHEE I DWW T, H ARk

[ZESTREBETHY, 77 ar 77 O CHERZE LEBMEREIL OB A 2 Y LI 7203 XN ETHD, RO FF 2 OIMSI1T
BUE NSRRI AT DL,

cREFOBESC, HIRAIRE | 20 —fRIEE M IARE O BEMA I SE L 21T =020, OB BICH LT 7 BEATESLLD
IREREE AT I &,

EBEEE M ZONEH N HON T, BHEIZHOE DI 72 BHH S B 2L,

(B AR TR ESEER S FR19F6 A 19H)

VEEE ORERE(LIEB) ~D BB DWW TIL, B E ~OFRIRUL 1T T B E D HUSEV IS I T AZENEETHY , M
TIPSO T 7 a—F BB

SEUE(L OB ENESLLE D IDNCEEIFEITTE L DONENIZEEIRL, BUFEL CTRZEDORE F B &I D2 ENNEE,

ARZEOFRHER Y F D E U FHI SN D LD R A AT T D& TRV, Bl AT, B FREHE | R FLMFTL T2 E 720,
-BUS EEEE A SR T 570 O PRIEA I T O IEBNE,

04—12






(FE R e RS 5% k18411 H29R)

BRINIF B S OFEAEZ A TS B W TEEE(L L IO LWV BRIE 28, P E S AR A [E AR E 2 JE S 3 D72 ITHIR 2 E>CTnd, £91L
7o, TRAE OREE BEEOBGH G $HIIT R MR, BT B ARDOFHIWE Y THLHY, BUFEL TOZEE S %L IR,

ESRE OEEEAHED DI T T, EEEELO mENECOWTEFEL THARMEICEY B T =72 & 20,
~INHYTRIFFEBRFEIZ DWW TH | Iy ar & BSGERL T RHIRITEE LA LB IS AZUTHDALA T2 E 20,

(B AR TEEER A S MR AR K Frn Z B P18 A6 H)
EZFRIEIZOWTE, WOTHEZTHFE T TEObDLL TRERBIFFZE > TS, AFFERHFEZ 5| S E 5 I P> THRLLU Y,
A EARAERAR SRS E O E R ICER T O BELARE THO LT FFEB O —HLIZB X TZEED,

04—13






BREBREERBEITDHODERNEE

(FPEHEB HRARFEERO]

5 HHB) v | ow B4R | 184REE | 194FHE | 20 4RJE
oy e (Eﬁ) ﬂfi % Eiﬁ g; TEAE | BeTE | TEE | mRm s
e s - | dEm) | dEm) | dEM) | dEM)
[. T EEREUE(loHEdE
T R DB E T B P R O e
Wtz | | | e | o SRR LTS [ R0 ] 4 0 5 2 A B R
1 A 7 il AL | ZRE | HIS ) M2 40 ]38 BT A6 o sy e s SRRSO I~ B TS h
BIISIFRZEDVER - 122,
OIS E RS T
, . - [E B85 4 S s b 1A T T D MEMS Rot—L 20Ky M D 44
T E B Re R | — i aE - Hk#E 7 . . . . . e e e i
%ggiﬁ%&@ﬁ st ik % H18 H22 4.0 3.5 4.0 B0 | - 551 [ B MR O 4R
TR TR R R B E R (PR C =% )b |
GOEPNAMEREE | oo | | e | RO RS2 BT — i s 7 R T T E D ) O
AR (L Beat nEgE | %3 HIS | H22 ) 0.26 1 04 ] 0.24 1 08 S o s s i o B (L BB L B T
F- R
M. FEYEZEGENFZEER %
FATYA T A NEWIBIE BREE R O )70 /0y — RO E . 4 4y
WIEEBTENE | o | | eee | WP D TR E O [ 4 ) & — LS 7 | [
i Bt W | s HI4 - H22 77 70 98 LD et v e - 0 00 7 I 5 0 e 1 [ B 1
B A O EH,
M. FE1TE
B e B R (O EE e RO E R E BN T 5. AR ED
BBl S L | —Rad - ke ZGt H14 H23 0.3 0.2 0.2 0.2 [E i AL A T HHTATH 7= D DR 0 5 B 5 1T 4R A B
2 F LB O EIEA
O BEOROUES | mant | - fwm | s | Ws | m2 | 04 | 03 | 04 | 03 | EHRBOBENORERRBITIOLERKIERET.
O
(3 -
(DFF RS EAl | mpa— | KT | BB OREN A A AT BT  [E R
WP et o IR B e I B I R R GRS P ee
T 6
TetR)

04—14






O

;jfj) ; BERR DFE BT O D2 R A0S % 5720 BLk O
) Bt EAEHE AR H AN | EIRBA - F2 U6 1o 6.8 6.5 5o - KL B TE DA AR T D72 OFATBAFE & HEE D
i TR E ﬁgg " ) ) ) 1EHEME R RN Do TIRGET 272D IR Al K et B AHE IE
fhgeapes S D B % FE M,
1b)
IV. JEHESEIEBUR O L
%ﬁfé;;g%@’h et | - Zi6 | H7T | H22 | 03 | 02 | 02 | 02 | BNS s ~oBiis BHREEO YR - RO,
V. EP/J %—Eum nﬁﬁﬂsﬁ%\é
BN EDFEEDI L F /ML RN E VS E T EWET
(10)¢/J\¢%%f%m ~ - BRI EBEREEA ISR RN T RSNSOI
S —Read e |z | s | ur |z |z | e o .
IS HEEDO TN,
VI H/NEnE) FEAR i
. B OMFZERRE TV vy VETE R Ui, /N2 0 R 2415 84
;%%mﬁ%%ﬁgﬂg —fkRE - %5 H12 H22 1.7 1.6 0.8 0.8 | ICHERT DHAYFAE L L TOHMM B RGO B FE L N T
H At — 5 D Je OV HART B %,
A/ EE~DF & I O FRBR R AR B A A9 A L, /N2 T N T i e
EAREL IS R L | e — 1B H18 H20 5.5 1.5 3.0 1.0 DY ADFE L 5 M2 BB CAE T B LY AT LD
E 5,
VI JEAEGRGEERR 20 4
Ui:ﬁi%@¢%$ —RdE - Sy | MI9 - 1.3 1.3 1.5 16 | A-MVEKINERENCERE DI A4,
EINI=R 2 [ X i %y A 2L B LSl 4{/«\\ Eﬁﬁ 5 :%
%ﬁ?ﬂﬁ.;gﬁﬁur;ﬂ%é% e ~ PPN 935 ~ 0.1 0.2 0.9 0.2 gggiiifiﬁuf%*ﬁ%%@)%ﬁ;ﬂiﬁ“é*f@@ﬂﬂ FEIZERE D
=] [ i Y N
;23%¢¢WM%%@ —fx=E - Sy g S40 - 1.4 1.4 1.5 1.6 ISO(E BAZ UE L) O N A EN AR S 4,
(16 EIER AR = —r it - Sy a4 S40 - 0.9 0.9 0.9 1.0 IEC([E PR 7B A e 2 3%) 0 N BN B H 7= 4 04

/\Tﬂé

VII. 5h& - EFRR

04—15






ANFrELEZRY | —KRad - kot H=Y - - 0.3 — 0.3 0.3 FHETEZFRBRIEM OO DR,
IX. T EREYE - nm S i 5 LB L m iR
(18) T-ZEREHE- A AL
M G LRI E | —RRE - Mkt | FH - - 3.0 - 2.5 2.5 SEYERREBUR (AR D — MR AV S AL B I iR
[y
X PRYEIE A AR HE R R 4 B
(19MSZATBHE N RS, (LW ER G S L M AE B E IR O - 15 FL BBV — M
ST SRR | et | - | e | setbe | His | - | 763 | - | 759 | 794 | ESCERE. MR S ORI SR g
BB A i,
(20)3R SEAT Bk N8 i =R s g - 32 [0 A 1) 2
PO | —eaar | - e | mm | oms | - | 2 | - | w0 | | RSO SERIEEUOMARR T RO
R A& X DEEA,
CUBAFE K RAELE LT 4 e ~ g | sef e Hi6 tjoo | NEDO | NEDO | NEDO | NEDO | NEDO DRFFERZE 7 0 2 b T > TR T LB O DR IZH
077 TG FHE vt e ] e | e | ‘e | e | WO EBEERZIEROTD D707y 7 IR E D I,
, ' SO %0 E BAZHEILFERIIZ 1 A IR iE HER B A XD T
] e s
oLV AR | s | - s | mbe | onu | oz | NP9 | NEDO | NEDO | NDO ) o ho s o R R LD A 941
- PEIRE ] PERRE SRR PSR iy B R R R R O - HR R,
\ R ORI 72y VTS 7= P AR L CIE ST
£ .
%ﬁg@%ﬁ;@g;] it |- | e | e | oHn | oag | DO DEDO JNEDD | NEDO %fgﬁf&z%%%%@Fﬂa%mm:?w%@gﬁ&zﬁum&m
98,
QO EICEFBRA | ns ~ PP B NEDO | NEDO | NEDO | NEDO | 1H#GE{E Ay M=/ Effi s L TRt s Om @i E 217572
7 LIRS o RERE | seRT | OHIS ) H20 ) s | aeita | mfta | ke | Dot
O
(5
(25) BT Fe B Y AT LG | IR jsz aiies | stba | sel too | NEDO | NEDO | NEDO | NEDO | @B AR ML= AT hOK ) FE A OFE BRI 4
HEE TEAER) E 7‘3;%?‘% A I Rt | Rfte | e | ke | TR EME ORI 2R AN D FE i,
O
k)
O
@)= vt MR | =tk | (A24 | e | gea | pr | e | NEPO | NEDO | NEDO | NEDO | HBFOMEBAEYATARIEOTIMA MR BITHL TR~
e rsmiseais | Fihe | oo ) 0 | e Stte | e | mhte | Kfte | BUESRRS D ORI B SRR DN,
i)
COA MBI ER DM | =t O ket | A4 H17 H20 | NEDO | NEDO | NEDO | NEDO | AMHICAERLERIE &L &EZTHMAEMDORERR D

04—16






WG RBAN | FalE | Al e | Rfte | R | RS | OOEBENEHALL SONTREDIT OV TR EE L
S f”‘;‘; TR A - 1A,

R D%

i B AG

A

O
(28) 79 HYEBE S f2 D (£ - o A T BB 1 3 1 5 75 T £ A B A P
BT YR TED | k- KA NEDO | NEDO | NEDO | NEDO 'mﬁ@mefﬁﬁm%ggigéﬁﬁﬁgfzﬁiLtﬁ
NARUAT (vl | mE | ok WO stta | e | fte | geite | fCEMERILBORERUEMICOCORMET L TR
s B fz i - $R AL,

/l:@\:#u

TiEfR)

(B - A RT A %]

B DB « A RTA 54

BEE - A RTA VEOME

B IED DG BERY 7R TIEARHEDHIE S O R X TR At F 52812k T R T3 D i H DU, 4

TR TR PERESR OMEHEE O AL DG H b, BB O BMAIE LK OME R X ITHEE O GH{LA Y, b TAKOEED
HEICTF T2 HNET D,

FHEIE FHROEELTED | WIERFIROFEMEMERL, bo TRIFDOFEX OO LICFH 53522 BiIE T,
(]

TinmHEH B3 2 M

HAR TR A FEBSHEAEA LT I ar T O S

RHEATBR S FHEATEROMR %
(M S7ATEOE N5

MNTATBOE N4 R 2

B RTAfH A AR B (NTTE)

ERICK L TR T 2 —E AZ O EBE OB O FIZET5HIE
A AT T /ar—4 8

B. AL W R L B

C. WEMRENT

D. E{E 24 B

04—17






BT AL —  PEREBANTIR G B ZEHHE (NEDO)

[ 1f7 50 B 4 O F ]

FARTEA

<T7> FLyE ORI B G B K ONBEE 5 B
ORI O EFEROH A R OMAFIT L~ T BB EIRORE R0 i B EEARN L b2 E 4, ERLDT
AT PAT A NGRIER | BREL, /7700 — MR R O R =T E 2300 B T B AR T (L - e

FZOWT, BRENE » el M2 R o CHFEBR R A HEE T 20 0 892, (IS AT, ZHHDBE 3 B3 D058
PHFE 0, PESEHIAN - = 31 — BN AR AR DIE (L - A SRR 55 L 2 3 D LD T DTE B 24T D,

PERPARR B WIIERT (AIST)

O T EFEAEAL ~D ED L A
OMFFEBR%E (R EDIENE)
cEFF B 2T KO T I
R R AR O KL UEE A PE O T
R ARG AR HE D B HE
ERSE R AT AOREEE
FHEOEELEAMOBERK

[ ht Al

RS\ B % ERaR =

B % KB

RS D i fA ]

BeliEE 9 2 PR A A B 2Rk
=

<R PE AR DFTEENTARD S UE - FRAEM I B T 2/ B BU7R BUR O [ -
VA SN

PEARBLATRERS JLTRGE AL TR R OB O TR T 5 RO IO A -
A LI R OIS
] SRR IEMBREC BT 5 K BT B HEL A -
« TR B B O B T U K B
5 Y4t/ T _
' FRHETS BB B ORI BT 475 A
) SR AR MBI AR B A L DL L 10 A -
RS B T bR S SRR IE 32 A1 =D AL AR 1
i OB B O R CNHEE
" FARIER - TEEARHEI XD B PEOTERR PE. 156 A -

PR TS AEFE S IEUIE AR T o E B P AT A5 T
FEREHEDHL i Jo OV M

04—18






HE THEDOREEAR O Je Ot B2 M D72 OHfy Lot # & OhFsE
B HEAR

. B RO B U B OS2 7 R T RO TR .

! FUR IR B DAL U BT 5 5675 R T0A
« CH) 00 P A B OO RO T ORI — A
A RATHER R OIS

! AR SEEAR RO RO TELR SR 1A

04—19






		17fy1st109.pdf

		18fy-jizen-107

		19fy-sesaku

		20fy-sesaku



