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SEhTV3, Biz. KEWR. VYV -YRIIAE—BELT. BRELOHH
THAThZEMHEESh THY., ChRXEPOABREET 3V A F LOMR
BHESHh T3,

EPU. BN TEDD THEDP O R RILERISER TR EIT X RN,
EREHETo>TVW3, 4. EYHKOBh EREESAALT. &8 EXL.
LRXIVK-REREBULSETAMEBTETA TV S, BER. KBTI L
¥ HBEACHAUTHBU. o3 VUEIREARATEBL CRESRET
BILEHNTE D]

BEW KB FEREWL. 19424, Gaffron&Rubinlc & > TEE  Scenedesmus
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B3R ENEHBEER T ERN. 2302520 2 QT L A4 & DWE L
KEREFRAREZDOTHY. BMAEXREFRRLZDOUEBHTORL.
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FXRSFIVRBGFAVIE R D ThoRk. Thbb, BEORKERERS
VTR KT XA — kR RRERSEHT ZBHHELTCHAT 3 2. N
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RETZBMEN. KEREBRRTHIL POV T —CRHENCEET 30,
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ARRTIEE. BHEOBAKZIREFEOWUELAMBEULT. BRRIVAEKER
ke HT S ELEREChlanydomonas MGA 1612 BEHMU. COMBLIUMHORE
WRBEOKANKNBOBRBL OV TLUEBRE VR, T BEORRNRKEBOR
EEDLOIB/BOINEMARERLUT. BhrEENSIURRIERH T 3 KELE
EVAFLAORMEOTHEH >V T ORI L MR ko

TRHEB, FRXOBLI1EETE., ERUEBIFOWBRELIY. FREREER
Fy 3 EHEREEChlanydomonas MGA 161 B# U, COHOBMBEULZODVLTR
HFUk B2F T, MGA I6IBOBAKFRERMETESI DI, FUYTUER
B, oS +r—EEHRERR. FYT 00 KTANOEHE,. FYTUNREE
OV TREE2MA R, E3ETW. MGA 161K HOBREOHEBH S 2B,
ERZhOoHOBRRBORBRODVTER VR, BATTUE. RROMKRKH
PORONRAMRARERELUT. BE-AAGBMFAORAMBR LI KRTEEY R
FRARDODVWTRHU R,
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Biophotolysis (KDEWH¥MALM) k. REEYS S VL. FEHOXEMN
BEEAVT. Ko kEEEETICLLEZE N S, Hi1ix. BRE%o
Biophotolysis SystemRBRUTW 3, BREWE. BR. MRARFT VT Y E2EHRL,
B, BREAUBTTCFIYTORERETIHABEITL. KER2RUD. BFR. T
Y=, SBREOABLEEYRERTE S, TTCR. CORRBREOEAR
FAUVR. REBKBEEYAFLABRIEShTE 2, &' KETW. KRE
EHtomErEMELUT. BHRRIVEZKFZHEROBREITY.. TOBKHKO
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Fig. 1 Green Algal Biophotolysis System
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167028HE. ThThOKEBIEE S h. 58 REIALQALERE
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oo Fly BREWEAKFRERELE T 38 % Chlanydononas MGA 161123 U T
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Table 1 . Composition of OK medium

NaNO 120 mg
K,HP 5 mg
Vitamin B, 100 pg
Vitamin Byo 1 ng
Vitamin H 1 pg
Fe-EDTA 239 pg
Mn-EDTA 332 pg
Tris 1 g
Soil extract 50 ml
Sea water 1000 ml

Adjusted to pH 8,0 by 0,.2N-HCL

Table 2-1 Table 2-2
Composition of Modified Okamoto Composition of Trace-metal
medium mix Ag

NacCl 30 g H4yBO4 » 2,86 g
CaCly® 2H,0 0.20 g ZnS0y+ TH,0 - 0.22 g
FeS0,+7H,0 0.02 g " Na,MoO 0.02 g
KoHPO 0.50 g EDTA+2Na 50 g
V%tam n By 100 ng Dist. water 1000 ml
Vitamin By, 1 pg
A= solution 1 ml
‘Dist. water 1000 ml

Adujusted to pH 8.0 by 0.2N-HCl
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PHMUT. TOMBEBIUXIREHECBHUTHELTWAHlREBDTOR
VW, 262830 ROk, HBMIh IS THOWENREZOBKREREEOLT
BERUTV S, GKRHREMERLETIHBAHEEI IR, EUT. BEACOHK
DO KFHREMEE. g BB, IRFBIT. ¥150.30£0.16 umolOkKFEHKE
BRUVELORMUT. ZOA4E. 1.91:0.45 pumol D KEHRERRU TV R,
EBR. COAKRBY. CHOBVEBEUVUERBIAUKEFNVAZORERIT-
PR BARRETEIA TV 3 LS5, RERBRRR U3 HOh o, 5
WCHGA 1618k RBU. AT RBMHA UL, COHWE. SEXEHT A8 ABOKANE
T WMEREZORMEHRL IV, ISIFETABORETH S EATI L

50 |

25 |

Hy evolution (umol/mg dry wt./shr)
with (B1) or without ([J) 0.52 By

HGA 161 HGA 171 MGA 206 MGA 208 163 strains
testeg

Frequency. (Number of strains)

0 1 —d 11—

0 0.5 1,0 1.5 2.0

Dark H, evolution activity ( pmol/mg dry wt/Shr )

Fig. 2 Distribution of H2 evolution activity of newly

isolated marine microalgae
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15-35°COMMBMTHBMU. EHEBEEUNCTH>h,. TLERELTILIERES
. 0.5-3.0 SCRIF2MELRLEDIOD., FThULOKEETE. ZOKOD
B, HEXh Thk. Thw i &, MGA 161&IE. FEHOEEL VS LI
MEHORETHIIELERILE, T3 MAUEKHMOFAROBRIBLT.
COBEIVitamin B1B X UB122 BRT B2 &dbbhhok. UEDKRE X V. MGA
61O BRLMBEEE R, 0.1hr ! L E THLELU k.

4
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Fig. 3 Effects of temperature(A) and NaCl
concentration(B) on the maximum specific growth

rate of Chlamydomonas MGA 161
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. KEREBETHALIFOFF—EOEMHL. §<L. EFRVDPREXT I L,
SEHRUE. FUYTIUDPIAFTNOERMBLEED I L, BRRE. FUT VIR
BEOAKEELEDIIEY,. BAERENLOLDREETH S EH¥X5h
3, TUT. COBRHEHL, MGA 16IBKREHUTEREEHI L REBT RITR o k.

g2 RBRAE
(1) E&|F &

S8 U JzChiamydomonas MGA 1681 U THRMAHEREEA VT, "Ek. ¥
RAXKELRHAREYAEFTLIVEY R Y2 Chlanydomonas reinhardtii C-238,

Chlorelia pyrenoidosa C-212, Chlorococcum minutum C-13823 U T %3
CRURT YR —LBERBEAVT. DSRBAREGAEEREBRL R
Bo., ZTh>RELR2Wn2OXBEHE T, 30°CTHRU .

(2) BXRRE

HEMOFLERL. WERBLALVESOBORMTHBFUBREL K. . &
OBEFBIONEEXRUVLEARBERLASFUR, X, COoORRERXTLRTERAL.
TP EXR T AERULE. LY 7OV 2 —B—(100 rpmiZ & Y.
30CTCI/RESI>EMA e COWR. BEURKFE., A0 MTITHREY
EEU R,



(3) e FoyF— €l Ek
RBRbCFETh Oy F—EEHER. Triton-X100(RMEO0. 1T
BURE. BxUAFLEADD-F2Q.5MEFO1O0OSMOKTHELEELY.

IKRRHY, EREE] mgOEBRET S KRBRBHEUVER U L, 9

@ FrTooER

FrToE BMoDFERUELVEAZER LY, 'OE&dI WML, 2 -V
FUYTIVRREOBIUBERE'SDRIVEEL. FLa—RBRTEHLU R
Table 3-1 Table 3-2
Composition of Modified Bristol Composition of Trace-metal
medium mix Ag
NaCl 25 mg H3BO4 2.86 g
NH,4Cl 270 mg MnCl,- 4H,0 1.81 g
CaCl,* 2H,0 10 mg . ZnS04-5H,0 0.22 g
K,HPO 500 mg conc., H,S504 1 drop
Ag solution 1 ml Dist. water 1000 ml
Fe solution 1 ml
Dist., water 1000 ml

Table 3-3 Fe solution

FeSO4-7H2O 1.0 g
Adujusted to pH 7.0 by 0.2N-HC1l conc, H,504 2 drop
Dist. water 1000 ml

B3 WRBIUFZK

D) FUYTOERBEBKREEEOK R

FEOEBKEREUTFTYIIVORELITSANHEHORBILLEIDBOTSH 5,
tr.12) UlB>T. FUYTVERBPBEKEREOHWMRE T &R 5 EHEN
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ERUTW S, MGAISIEk L. BEOHMBREAHTE. HRAnERESENY.
LlpgmolOF YTV ERMUTLRORHMUT. RERE. ZXHR. KERH
TTETHREIBIERE->T. FrT7ryERBEORMBBRELR, ELT 20
FrTEHMBORMBRE. ChoRZHTRBIIRZFORBONMIZLSD
DEBERULR. UHURYS, FUYTVERBOBMZRAG > B ARREED
BB oh2dok,.

Table 4 Relationship between starch accumulation and H2 evolution

Growth Starch Hydrogen

condi tions accunulation ‘M) evolution (B B/A
' (ymol glucose/mg dry wt) (pmol/mg dry wt/6hr)

Standard 11 11 1,00

5% NaCl 1.6 0.83 ' 0,52
7% NaCl 1.8 1.1 0.61
0.5 mM NH,Cl 1.8 0.88 0.49
20°C 2.4 13 0,54

Algal cells were normally grown at 3% NaCl, 5 mM NH4C1

and 30°C (Standard conditions). In this series of experiments,
cells were also grown under the conditions modified as
indicated, but dark anaerobic incubation was carried out
under the standard conditions, Data are taken from the mean

of three or more experiments.

W MGA 1BIKKRBVT. FUYTVEMBOHMMRZRA > BRKEREEOR
MBBHoHBRVEEHEFARZIIEREMELVUT. ToRXFLVLVHREET > k.



Hald. ZOBKOFYTUVHBEBKRKFEREOBREILEANLDDOTSH %
FAREERG M NCDESAXEBTHEL LB, MRA g RERY
D, BO9umolDF YT VEREEBUTVLWREDOIK{ULT. XHFMRO.5 nM NHaCI)
RUTHEULEL. H2Uuml0F YT YRERUTVR. UhURBSE. FV
TUABORNE P PHYI RS, BEOFYTYAREEB AU KEREFER
KERZURD>hBMok. HIR. SRHELKBTHEELLER SV TR
12BEETH. SHULF YT VOHS 0B UDABMU TV RD - ke

H N-deficient cells
O—\ N-sufficient cells

Starch degradation (pmol glucose/mg dry wt)

Hydrogen evolution (pmol/mg dry wt)

Time (hr)

Fig. 4 Relationship between starch content and
hydrogen evolution in Chlamydomonas MGA 161

Hydrogen evolution (®, Q) and starch degradation

(A ,/\; determined in glucose units) were measured. A

Algal cells grown under N-deficient (@ ,A; 0.5 mM NH4C1)
conditions and N-sufficient (O,A; 5.0 mM NH4C1) conditions

were incubated at sufficient (5 mM NH4Cl) medium.
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. REREARANTRASEE AL E PO — CER SR L5
SVIHIBERHTTCOKERENUEEEL RSB, 124 RB . MGAIGIEE 2 ISR
BTFABSEE 5300 0. SEUASRIBEER. YN RABKBEANTS 3
YIOAXYIFREMUREACBYBE FOFF— Bl AR LS
RNEeDBDTH 3. MGAIS] R, BERZUBTRBITESRRZ L., FLALELDR
CHBEEKEOKERENED S h ke —F. EFOFF—EEHR. BEE
ABITHELDPRRIMU. 2BERR—EE %> k.

A £l
15 | "
o
£
g
wF =
0.5f

o
<o

01 2 3 4 5 0t 2 3 4 5
Time (hr) Time (hr)

Hydrogenase activity (pmol/mg dry wt /hr)

Dark hvdrogen evolution (

Fig. 5 Effects of cycloheximide addition on hydrogenase

appearance and dark hydrogen evolution of Chlamydomonas
MGA 161

Anaerobic incubations were performed under N, atmosphere

2
in the dark : control was carried out without cycloheximide
addition (@). Cycloheximide(50 pg/ml) was added 30 min
before (A) or 1 hr after (M) the initiation of dark

anaerobiosis. Arrows indicate additions.
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BAFEREGLHEILWRDPoR. DELD. MGAIGIH OB KERELE VT
EFOY - b ERSEERF LB RoTORVE ENES DI R - e

KOS, KEWRBES KL, MGA 161k AL, BERKXSETTAEUL.
EFay BB BARREFELLUBRURLDTH 3. tHOBE L HEL
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?&77‘20

Table 5 Comparison of hydrogenase activity and dark hydrogen

evolution in various green algae

Chlamydomonas Chlamydomonas Chlorella .Chlorococcum

sp. MGA 161 reinhardtii pyrenoidosa minutum
Hydroganase activity
(ymol/mg dry wt/hr) 12,0 7.51 1,10 0.78
Hydrogen evolution
(mol/mg dry wt/nr) 0.147 0.080 0.017 0.007

B BEOF YT IUDOSKENODERELF VT VARBEOLE

F# . EMP(Embden-Meyerhof-Parnas) @B 2N UTF YT Y2 HBU. 2O
FYTVRARBETERUVLRMOBR AR, KERHRETZ L THBTE S,
11.12.29 B6lx. MGAISIBKEMORRMRBESIKRDOFTF VT U akEA
ODEBMBEF VT ONBEBLUBURBDTSH 3. MGAIGIKRIL. F> 7V HRIE
2B W T, Chlamydomonas reinhardtiillHB 3 DD, KEAOTEWERU.
Chlamydomonas reinhardti iR 4ABEEFRAIL. 1 BLOTNA—-AMS2FN
DKEEEBRUTVR, TOER. BEOMTEHEAOL S RFEHREFEREN. 4K
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OHFTRDBBB>TVR, UDd, SETTRBESIH TV IRFOEHREOR
miEM. 0.43 (mol Ha/mol glucose) TH B LVIEEMS S, 20 Z ONGA 1618
OEB|BOZTEINEAEh L, UMUBRMS, BIATRUR KD, MGAIGIERD
REERF YT VRERULBEALBLOTE. 1 2KREMBROKRERLEORTD,

EREPRVORABOF YT VBEBLTIBY., FUTUHREER TS ILREE
EHBILREST. COHDOKRREERLIVIDAIZIEVAETS 3 3.

( Algal strain)

Chlamydomonas sp. MGA 161

Chlamydomonas reinhardtii

Chlorella pyrenoldosa

Chlorococcum minutum

0 1.0 2.0

Starch degradation ( pmol glucose/mg dry wt/6hr )
Hydrogen molar yield ( mol H, / mol glucose )

Fig. 6 Comparison of fermentative starch conversion to hydrogen
by various green algae
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FERUE. BR. BNECFYTVEEMU. K. BRFUTTFIOTORE
BT 3%B2ITOL. KEUARDRBHT A, BB, =¥ /) —L,. ¥B. V&
O—LREOXRBEEWEERT 5, 12:20.24.29 MGA 161N OREL HL#
UTEBRRVKEREMRLBELTVWSCEWR. 1, 2ETHs DR RS R,
ZITCARETHE. RUEMGAIBINBRKFEHREERZFULUIVEIDREHIT S LE
BRI EUT. MGA 161 MOBRHEORBHZEUEEN L. REOXRRRKBOKN
MEEETIZE2RF R,

B2 RRA®K
(1) BT'A &

MGA 161k B LIUIMOBRHEOERAZUE. E2EE2HM-(DOERAFEICHEUT
1:1-.'37‘39

) FYTIVBIUREBEEYOEE

FUTYBIUKEE. B2SE2H-02),(DOERFELHU TERL k.

ke REARW. HRAIOIP TS TECKVERUR. X512, BREREY
Bt K h KR KRBT ADNORBEEY L. S5 T 0 e EREBEE
SVBEE LBRABMU LK. TOLBEREYYTALE LR, RBLEEWOTRE
REUTH. BB T . FUEO—Li. N—UYYH =T YNL LD
AFBERE (F-%9 1) BAVLT. $REE®. 'OLR'DU. ThEhFBE
KEBRE. ABRBAEBRZ ARFARNUVLLOREAVT. BEHERIVEEL L,
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() BEORBLEEYOLLHK

B2F. 6. BBV T. RRUVRABKOBEOKFREESFEFTLER
STW3Ze¢BBEHohRE, FTZTC. MGA IBIFEEOIHOBREDOKELUAD
HBEEPOLERTZILREST. ChoRBEORBUHSOKBRIEETSE
2SR, KE6UW. MGAIGIK MO REIHORBEEYOL L LELLD
DTH 3. BE, RBEEVYVERCERTETCLIDEI»RHUMNT 3D,
Carbon recovery& Oxidation(0)/Reduction(R) index® it ¥ 217 - 2o  $FiC.
0/R indexid. BMILWETH S ¥H. KBAAELBRPWHEATH 5KK. ¥ /-,
JYed =L RBT T ThEThOLENXN(CxHv02)P &, FFRERI-(1/2)YRHL
THHUFMU 2. MGAIBIKOERRBEEDE. KK, KBHT X, BE. 15
J=NVTHY. ¥EB. A JVtku—nid. bh¥hrUpRBIhRdok,
ZhHUT. Chlamydomonas reinbardtii & FYT7VH4BEEIHEDLEL.
KEIVD., XEB BB Y/ LR EhTHh2! 2! 10LETKE
WEMUL TV R, Chlorefla pyrenoidosa Cl. 2FPHRHBEEHSEL
HDD. Chlamydomonas reinhardtiiEFFRRBLS P LA HRRU k2,

"F 2. Chlorococcum minutumid EW. KEBH A, BFE. Jytto—- L R2ERL.
KF. ¥B. ¥ /-l BEACRBEIh Do R,

(2) BEOBKERERE

—f. MEMOKEREBEE E. ColiMEClostridiunBMRAETEEZ
EBHIhTOLEN, 'P"EREORAKFREBREDVIREEZHIDIER->TY
2L, NART AT 74 b (Na2HP0a) L. Pyruvate formate-lyase?!:22?
B & Uformate dehydrogenase?’ BHER L SHOH TBY. E. ColiBi(formate
hydrogen-lyaseR)DKEFHRERHEHEORCIEHRT 3.



Table 6 Fermentation product formation and starch degradation in green algae

Chlamydomonas Chlamzdoménas Chlorella -Chlorococcum
MGA 161 reinhardtii pyrenoidosa minutum

Product A B A B A B A B
Starch -0.52 + 0.17 -0.89 + 0.27 -0.30 + 0.09 ~-0.34 + 0.06
H, 0.97 + 0.21 1,87 0.45 + 0.15 0,51 0.12 + 0.04 0.40 0.06 + 0,02 0.18
co, 0.81 + 0.24 1.56 0.57 + 0.20 0.64 0.16 + 0,08 0.53 0.21 + 0,06 0.62
Acetate 0.62 f 0.24 1.19 1.09 + 0.39 1.22 0.39 + 0.19 1.30 0.40 + 0.15 l.18
Ethanol 0.34 + 0.17 0.65 0.66 + 0.29 0.74 0.22 + 0,07 0.73 0.03 + 0.04 0.09
Formate 0.01 + 0.0 0.02 0.95 + 0.30 1.07 0.27 + 0.13 0.90 0.01 + 0.01 0.03
Glycerol 0.06 + 0.04 0,12 0.10 + 0.02 0.11 0.04 + 0,05 0.13 0.27 + 0.06 0.79
carbon (g, 94 + 10 98 + 9 101 + 7 94 + 17
recovery - - - -
O/R index 0.95 + 0.23 1.1 + 0.19 l.00 + 0.18 1.09 + 0.15

Fermentation product formation and starch degradation were measured (A: pmol/mg dry wt/6 h) and the molar
yield of products was caluculated (B: mol product/mol starch-glucose). Starch was assayed as glucose units.

Values are means of five or more experiments,



Table 7 Effects of hypophosphite on hydrogen evolution and
formate formation in Chlamydomonas MGA 161 and Chlamydomonas

reinhardtii
Chlamydomonas
MGA 161 reinhardtij
Hydrogen Formate Hydrogen Formate
evolution formation evolution formation
Addition

umol amol pmol . pmol
(mg dry wt-6hr! (mg dry wE-Ghr) (mg dry wE-Ehx) ‘mg dry wE-GRE!

None 0.81 0,02 0.35 1.14
Hypophosphite 0.77 0.01 0.38 0,30

Hypophosphite (1l mM) was added immediately before dark

anaerobic incubation.

X7 NARIT AT 74P R2EMULIBEED.  Chlamydomonas MGA 161 &
Chiamydomonas reinhardtiiC B 2 KEHXREBEXBRERERERL TV 3,
Chlamydomonas reinhardtii ¥ BEMIE. NAKRKT+ AT 74 POEMITLY
TS LHEIh R bhPH o, COBROBAERLIULLHEHEI WD R,
REIC. MGA 161K KIREDHETh P>k, UkP->T. ZOHKR
BLTWE. E. ColiOXKRREUITHOH I, ClostridiumBI g b 5. NAD(PIH

- Fd - Heasel WIBHBEBNUTKITREDITLOATVWE I ENFBETOh T
19.28.38)  Fp.  MGA 1BIBREBVTER. NIRRT 3 AT 74 P ORMOEE
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Fig. 7 Effect of NaCl concentration in the medium
under dark anaerobic incubation on starch degradation
and fermentation product formation in Chlamydomonas
MGA 161

Starch degradation (*) and the formation of H, (@),
co, {Q), acetate (A), ethanol (A), formate (1),
and glycerol () were measured. Algal cells grown at
3% NaCl were incubated at the concentration of NaCl
indicated. Starch was assayed as glucose units. Points

are the mean of three experiments.
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Fig. B8 Effect of NH,Cl concentration in the medium
under dark anaerobic incubation on starch degradation
and fermentation product formation in Chlamydomonas
MGA 161

Starch degradation (#) and the formation of H, (@),
CO2 (O), acetate (A), ethanol (A), formate (),
-and glycerol (M) were measured. Algal cells grown
under N-deficient (0.5 mM) ‘conditions were incubated
at the indicated NH4C1 concentrations. Starch was
assayed as glucose units. Point are the mean of three

experiments.



Chl amydomonas Ch)omydomonas C oce
MGA 161 reinhardti} minytum
Starch I
Hy
C02
Acetate
Ethanol
Formate £
Glycerol EP a]
1 i [ 1 1 1
0 0.5 1.0 0 0.5 1.0 O 0.5 1.0
‘Starch degradation or product formation
(pmol/mg dry wt/6 h)
Fig. 9 Effect of CO on fermentation product formation and

starch degradation in green algae

Dark anaerobic incubations were done with (£]) or without ([])
added 10% CO in the gas phase. Starch was assayed as glucose

units. Values are the mean of three experiments.

ZORPE. —BILREFOENY. RRUESHKOF YT UARBREEERRIEV
THdVRP >R UDUIRM B, MGA 161 Chlamydomonas reinhardtii OFHRD
RBEEPLCAELRELEBBEREL R, RO, ERXNOBALEBRUT.

COMBEBLVTURHN2BBEOLY /- LOERBBD>h k. COFRHEELT
. ERUEBRANOKRBANKZEORDIRIY /) - ARE>THATNI X
SRRoLHBDEERULR, FThEXNUT, minutunld. &%

FYtO—- L TEREBRARHEALTCEY. —BILRFORMR X 3KFRE

EFHORENCOKOXRBHFLU A RETILREVIEZI LU RD R

Chlorococcum
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Fig. 10 Classification of green algal fermentation based
on consumption mode of reducing equivalents
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BLE RBRE-AGHHAFAORABBUL LI KELEE

B1H HF

K113. BERYA LV EFAUVLRE-HHC K3 KILEEYAFARRLUED
DTHB, BEN. BEARHNCERLRF T Ve, REBMRSHET OREL.
KEDUALHHR. ¥ /-0, FBREOERPEENTSEN. ¥3Z:
BOTHsDIREhE, ThEHUT. 8. XANEEL. 584 BE
BEUTKZERHRETEIENRMO N TV S, 3435.3D

TITAHAETE. BE-AECHAFTOREHEBRISIKREREYAFARBY3
EFNEUT. KEREBRBLTNGA 16IBRBI3DOD. FUT Y HRIERE
EFREHL., FRYLEBELRBLEEMRU TV G EChlanydomonas reinhardtii®
Ho., COKOBEMOBEERBI S KEREEBBIRUTFT VT YD sKENOEH
EW. AEHHEELORAGERBR LT, EhBUmLETESILR2RFUR,
28, KREREHAL. NEIEREBEHEO B TH 3 Rhodospirillum rubrum®
i MAY -

Photosynthesis

Dark fermentatia

Fig. 11 Hydrogen production by alga-bacterial system
in light/dark cycle
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Uk, 7. NCIBXYVEVRU RNXEMME Rhodospirillum rubrum 82550%.
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(1) @#&Chlamydomonas reinhardti i DB EEY & ¥ & M M E Rhodospirillum
rubrumd ¥ 2§ H &

X8, B Chlamydomonas reinhardti i OXKBEEYERULTHE Y. ¥ k.
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b ZZ TR U L. Chlamydomonas reinhardtiild. KEXOMWZHE®]. =¥ ) —IL.
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Rhodospirillum rubrun® AT T 3 LW Lk>T. BAEREOBAYRER
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Table 8 Fermentation products of C. reinhardtii and their
availability as substrate for H2 evolution by R, rubrum

Chlamydomonas reinhardtii Rhodospillium rubrum

Product Molar Molar Hydrogen *

or production yield of product evolution
Substrate pmol mol product umol

(mg dry wt-6hr) lmol glucose ‘mg dry wt+12ht)

No addition ———— —_—— 0.07
Hy 0.45 0.51 ———-
co, 0.57 0.64 0
Acetate 1.09 1.22 0.05
Ethanol 0.60 0.74 0.05
Formate 0.95 1.07 2,04
Glycerol: 0.10 0.11 0.05
Starch -0.89 ———— —-——
Carbon
recovery (%) 98

* park anaerobic assays were done with added substrate (10 mM)

(2) Rhodospirillum rubrum® 8§k EF &

Rhodospirillum rubrum® B XKERERHE LT, 3P UVHEULIRHULTH R
12, Rhodospirillum rubrum® K RHEWL BT I3 Y NI BHEHMBEEA
rashJxz=a—n (50 pg/mdE Formate dehydrogenasefHEH NA KT
FAT 74 PG AOEMBREERLTL 5. 210 10 MO ¥BELHEUR
Rhodospirillum rubrum@O B kKX HLEWL. SKHEOFHHHMORLCBED» NS L

SRRV, Z2hBI/O53Ah7zoa—-LOEMRZLYVTRCHEET L .
¥Fhe NAKT AT 74 POFEMICE>Td, ZOBHOKRFELEHBIL LA
XN TWVWR. BLEXY. Rhodospirillum rubrumid. FEMERAEZH T THAZ
h % Formate hydrogen-lyaseREZNUTKBEHRERUTLEIENTIREI Ok,
8.3 5 b, COK. 7EFLYBREHRIEIEAEBD Y. 2 bOSF—
PRELIIKFREOTHEMEIBRLVESZRU k.
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Time (hr)

Fig. 12 Effect of chloramphenicol and
Na-hypophosphite on hydrogen evolution
by R. rubrum
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HehdT. 2. Chiamydomonas reinhardti i OFRBEEYPTOXBELEH S

UT. EEW. Rhodospirillum rubrumBKELHEETEINLE S DFARTH .
wW3W3kt

£ 9. Chliamydomonas reinhardtii& Rhodospirillum rubrum®.
ECTRAUVEBARBYIHMARALERERLUEDDS S5, P — YL OHE
Er—FRUERE, BERRBLTLE. BREREOEMREONWT. KRREEED
FBEMUTVE, TLUT. RECHEVELRLV. BEEHB8: 20I56KR. &
AKOXKEREEBZEDO R R, TROB, Total massWHETVTHHULES
RREBIBAKERERBUTE. TRAKERERERFT>TLA3XGHAFTOM
BEEBEVIEAGIVE. REAURRETHIIRFEOHRBEBIVIE GO,




VRV AKRREENBERINS, UEBoT. UTOERUCOLEOKESR
HERDODVTHRETSEIEWRRUERE. UhUadae, BHRELZ L2, Algal mass
CESOVTHHURREARELBY I KERERHUTE. ¥EAL2: s0if
BREBLREL. AR FAOEEY. BEORBRECEELE LI TVWE L
BRB{EHhk. ChoBEGHELEHESI KTREBRBRREODVTD, X3
FHLRBRADBLETSH 3 S,

Table 9 Dark H2 evolution as a function of mixing ratio of
alga and bacterium

Hydrogen evolution *

C.reinhardtii : R.rubrum

Total mass base Algal mass base
(pmol/mg dry wt/12hr) (pmol/mg dry wt/12hr)

10 [ 0.60 0.60
8 2 2,39 2,99
5 5 1.50 ' 3.00
2 8 1.09 5.45
0 10 0 0

* H, evolution was measured at 0.64 mg dry wt/ml of total cell

concentration. Data are taken from the mean of five experiments.

131, REBHRERE-XARMAORARUBY S RBOEHEILEN
KRODTH B, REBMATHFYTURABMURHNS B, BB kR

IY )L EERUTV R, —F. BARTY. BHMALUER 3B NARE
hk. bbb, 6KMENK. SBUEAL. T ) —LOoMMELE > k.

B, CHMBNE. BRABRCBT 3 KEREN. SMCBML TSI EHNE
H&hk,
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(C.reinhardti{) (Alga:Bact,= 8:2)
:?E @® Hydrogen
-~ 3 2.0F O Formate
T > A Acetate
g o A Ethanol
=~ g M Glucose
g S L5
= 8
5 =
— o
= o
g & 1.0}
3 o
(%] E
4 fu—
o £
[T
(%3 (8]
S 8 0.5
=2 2
s a
| i 1 I
0 6 12 0 6 12
Tilme (hr) Time (hr)

Fig. 13 Time course of fermentation in the algal culture(a)

and the mixed culture of alga and bacterium(B)
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Fig. 14 Effect of total cell concentration

on hydrogen evolution and formate accumulation
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Th, BEOMBAPTIHRLCTET LD, ENFa—ToPZAEGHARTLA

NT. FEEHHMULRBTERRIToR. ThWAR. GEORBEEDOR

EMMERIZIHMAR. BEAUTITLh3FERo R, UkB>T. WEYA
INOER|BEUTY. AHRECOBRRBTEAUVER. CORAEERUE.
BB T, 2000/mD%BEHT. 30°CT. REMERERETH. BHLZBL
Tk EEREHT. 30CT. REMELS>SEhk. TUT. ZORENRVEL
fTbhk,

BEE. RS A INCAFAT I DPOLISCEMBL 2BV EUVRNGERL
TWhk, AERERCEHUTY. SERMAD. 12ZBHAT. mEZREEIY,
0.5 umolDKERERUTLWEORMULT. RBAERTE. EThoPHao
2umolDKERERUTVR. FUT. —BHRbE-T. WHEHI. RER
KREFREBBEI L L.

X108, BREENALEARRBUIHAREERE LT YT OPSKEND
THRELLEBELELLDOTH S, RAROKFREEBIUZEHRIRL. HMRO
ZhEWBUT. HABOKRZREEBIUNSHOEREBRB D> h k.

Table 10 Comparisons of the H2 evolution and the H2 molar

yield between the algal culture and the mixed culture

Hydrogen evolution Hydrogen molar yield
Culture (pmol/mg dry wt/12hr)  (mol Hy/mol glucose)
Algal * 0.62 0.51
Mixed ** 2.81 2.70

# ihe culture of Chlamydomonas reinhardtii

##% 0 reiphardtii : R. rubrum = 8 : 2 (dry wt ratio)
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