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R U —r o X —L LTI S L DKFE T, BIEEICAMORATAZ TR E LTAEINTED,
LA REHARTE L2 WAEFEEIE ORI N E E N TN D, Thermococcus kodakarensis 13 80°CLL LD EIREREE CEF I
RSB —X% 7 Th D, AREITMEEFIETICEBNTELE VIR T v 7 7 EOEMILE I
FLIEABTEITY, 78 Mo REETZREE L OKREERET DL, TOBOREKEH IV KFEFHAERIEH N
END . REIEIAA A~ RAEFEE T 5REKBEEDOEAKE L THETH LM, KEICRIT 5 KFEFHRAH
DFAMZ DV TIEIRIZICARH R RN Z N, AT TIL, T kodakarensis DKFEFREICEHO L E NV EVER/T X /B
AL O Z1TH L & biT, RHEEIC LA KFEREROBILE B LT,

T. kodakarensis (X NV E U EEE T X VB ERIRFICELT D22 E CoRAX—%BET L L INTEY ., TOWE
THALETM 7 = L FF Y (Fdeg) B THGEARLE TS0 FUBTICL VAR ERET DS, L, By
VBRI KO X BEBLOKBRESOFGOREIZOWTUIARATH-7e, £Z T, KERESFETICE
FAHENE T X BRBCBERY O~ AT VAN AT oo L T A REIZBIT HKE L ZBLRFED
FEAEFENVECBBLIINZ T I BB EEZ N L THNThI T Y 7 X BB A 2RO 13 2 50
LERMEL N, o, HIEAORAELKESMREE Farh—BlcXLo THBRLEh, ZOBRICAEL
WBILIIN 224X T NVENEBEORETLNT 2 /B LOFBAERICFIHIN TSI EER LT, v ANT VR if
FRZBWT, RESERM CIIFEONEBEICAR SN —FH T, ZOWBOFRAERIZT X /BEEERET D5
BEMEMTIZR SN ole, ZOTd, FKEBEEHEHIZE 4005 ORI RS 2D A5 O FERE A& ik
BEOFIERN R S T,

T. kodakarensis D )V FRIT 2 7 BRERLICBW T, BB ViR E Gl 2-4 % VEED T 2 /L -CoA ~D IR
IREBSOGIE 2-4F% Vg © 7 = L F¥ 2 VBB ITTHFRE (KOR) RERZIZ L - Tt SN 5, REIEZH D KOR
XZua Z7fE (Por, Vor, Iorl, Tor2, Ogor, Xor) #H LTCTEY ., ZTNODOEERFREN A — T v T LTV &
Mo, HENTOEBROFESLHHIZ OV TUIA LA TIX e h o7z, & 2T, KOR /N7 1 J s 1M {F
L, ZOKBERERMOVANT UV RAEMET D ET, ZNDHOBEEEMNT L, TORE, Por BELE Y
Felz{b, Vor oI X 7 BeEg{b., Torl B HFHET X/ BEEE L. Ogor 25 Glu/Gln « Ser ffb & E I L eI
HoTWDZ EEHLMNI LT, Tor2, Xor IFE LV EVBR/T I/ BEBLICES L TnWnetExbhiz, £, 7
VESTICER LTEWENZOBFERFNCL Y. REBEEMFOET I MEAEWN T. kodakarensis DEARTEMEIC
FOMAKGRENTT =T BRAERINDZ L, BLO—HO Hyh REENRT VE=TH#HBELTNDLZ L%
R L7,

T. kodakarensis |37 T By v 4 —V T a=F—B -4 VI VT e Kubrr—Eo@Ea 268 L TELT,
TCA %A 7 MIFHEEE L TW b ST, — TIEEDOBIENT —F T Pyrococcus furiosus I3 FEEEIZIEME%
RTINLOMBMERESHZEL 2 — N5 3 81277 AF%— (LLF, PATCA W4 2) #2H+5, £2C. T
kodakarensis \Z P-TCA ZE AT 5 Z & T TCA VA 7 )V EFERES W, Fdq BHERIEIC L D KRFEREDHROR L%
RAT2, T kodakarensis ~® PLTCA BAIZ LV a I BAREORMABIE SN, £, BBt oo
IZT7EFN-CoA > T ¥ —8 ACSI £721F ACSHIT Z RKSH/- LA, PATCA OEFEANIZL D a T BRAEKED
BN RIFIZIE L L, PETCA IZa— RENDBERICL #7777 208 ACSI B L OV ACSHT ORI X 0 3
bz EHERI X A7z, PATCA BARRITHEIRE & bl U CHER S 7= 0 KRFBRAEDRDBEVEFR 2 A 54, FFIZ ACSI
KRR E ACSIT KR CTEDOBMER @ N7 &0 b, a T BAEROHENE OMBENE SRR I NI,
PLTCA DE AN LD RBA~DHEEZHLNCT 720 A LR — MR 21T o728 2 A B2 Z L IC PATCA
IEEADBKRICBNTYH 7 = VBRI SN2, PATCABARHIIZZ 07 = U EROFINENIRE AL TR Y |
TCAYAINDT Ty 7 APELINTND Z EPRBINT,
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Thermococcus kodakarensis is a hyperthermophilic archaeon capable of growing anaerobically over
80°C. In the absence of elemental sulfur, this archacon produces H,, which is attracting interest as a new
clean energy source, with high efficiency. However, details of the Hy-evolving metabolisms have been not
thoroughly understood.

Mass balance analysis of 7. kodakarensis under H,-evolving condition demonstrated that the cells
utilized pyruvate oxidation and amino acids oxidation simultaneously for H, production. The comparison
of mass balance between a cytosolic hydrogenase (Hyh)-deficient strain and the parent strain indicated that
NADPH generated via H, uptake by Hyh was consumed by reductive amination of 2-oxoglutarate and
formate production. Excess acetate formation was observed in rich media but not in synthetic media,
suggesting the presence of an unknown metabolisms producing acetate from some compounds in rich
media.

Mass balance analysis using gene deletion strains was done to elucidate the function of various KOR
paralogs (Por, Vor, lorl, Tor2, Ogor, Xor), which is potentially involved in pyruvate/amino acids oxidation
in T. kodakarensis. The results suggested that Por, Vor, lorl, and Ogor are specifically involved in
oxidation of pyruvate, branched-chain amino acids, aromatic amino acids, and Glu/Gln and Ser,
respectively. No contribution of Ior2 and Xor in pyruvate/amino acids oxidation was observed.

A gene cluster encoding citrate synthase, aconitase, and isocitrate dehydrogenase in TCA cycle from
the related hyperthermophile Pyrococcus furiosus (Pf~-TCA) was introduced in 7. kodakarensis aiming to
enhance formation of reduced ferredoxin for H; evolution. Introduction of P/~-TCA resulted in increase of
succinate production and cellular H; yield. The succinate production and H, yield with P~TCA was further
increased when acetyl-CoA synthetase ACSI or ACSIII-deletion strain was used as a host strain.
Metabolome analysis interestingly detected the presence of a few TCA cycle intermediates including
citrate and isocitrate in 7. kodakarensis despite the lack of TCA cycle enzymes, as well as reinforcement of

the cycle by introduction of P/~TCA.
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