|

) <

The University of Osaka
Institutional Knowledge Archive

Title YERMEO=- NOSFF—ERIGEERE LIKEE
EY AT ALIET AR

Author(s) |gi

T

, B

Citation |KFRKZ, 1999, EHIHwX

Version Type|VoR

URL https://doi.org/10.11501/3155624

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



¥ERMEO= O -t RIbEER

EURKBREESRATLICEY 2R

A99°9 &

Al =

Q7672



RERHMEO-bOTF—ERIGEER
EULEAREESRTLIZET 2HR

19994

sl =



B8 RECBY B KREROIS L RS ARORE
—RHEOL KOFF—EOE5—
B KRERDIMHRIE OB
(1) EREN |
(2) EBMRBLUHE
(3) b ROV F—UEEORENFRS AR RIETHE
(4) KEOBGABHSBH SR LIETHE
(5) REARSMETCBY SERORE
B N
(1) KEEROME SR SR\ AT B
(2) KEEES R A B BREA X ST ORBEOF

BE NAHHEOKRERSIME A =X L ORI
B8 MOV F—ERRBROKEBMEICNT IS ) —)VOEE
(1) EEBREK
(2) EBRMEBLUAE
(3) =% —NIZXBKERERDTEME
(4) WEM PHB &R & KB4
(5) =% —)vHnifHD i%ﬁ:?@%ﬁ&:&li‘é‘%%

11

11

14

15

16

20

21

23



(6) =# =)V ATP EEBICRIITHE

(7) BRETFTSERCLSZ= boF—EEEmEomk

BIH S hoSr-EEMRRBROAARMEICN TR ) —VORE
(1) ERE®N

(2) EBRMHBIUEE

(3) = horr—YEERREEORETHE

(4) = bOyF—YEERBEED nifHD X T 224 7 —)IVOEA
B NE

(1) =% /=i X% nif B=F O]

(2) BREFSHENERICLS nif BEFOBIE

B=E Zhorr—ERBEERL UEKREEY T AOFH
B KREE~NDOEMGKLGE
(1) KBREX
(2) RBMEBIUHE
(3) = oV r—EEEREREORKIIBIT) 2 EEEAA DR
(4) BAREREOREC L2 KkREEEOR L
BHE ME
(1) KREENEEGT 2 HARME D E
(2) =barFr—EREEEBL ULKREEY X7 LOEETHE

25

25

27
27

27

30

30

33
34
35

37

40

43
46
47

48



Abbreviations

C carbon

CoA coenzyme A

CTP cytidine 5'-triphosphate

DMS dimethylsulfide

DMSO dimethylsulfoxide

FID flame ionization detector
HPM hydrogen producing medium
MGA161 Chlamydomonas sp. MGA161
MOM modified Okamoto medium

N nitrogen

nif nitrogen fixation

PHB poly(3-hydroxybutyrate)

rRNA ribosomal RNA

TCD thermal conductivity detector
W-1S Rhodovulum sulfidophilum strain W-1S

wt weight



CEBBREDORIEIN DEARLELED>TED., ZOEDELREESELZ &
CRECBIT 2FASOEAVER LTS, “BEREIRIAREN RESHEN 2
THY. ZOREERIC OV TRACKHENBEL O hAZRRL T, ZZEoTk
3% BB REEHEROBEADERD RO SNB L Sihok. LBLERDS,
TRERROHEHIIELFH LERLTHD. LAEROTR X —EOHRE.
ABe, H#. BREOHAOHEEAT BT RVF —EEORRERISRVE D
EEEHL VOETE2EEIPhRV. ZOFTCELBMEHFIE/AINIDRZK
BAROT RN F—EHTH H. BEEAFHOT VB —EERF & LRI
BHOTEERDBDD—DTH Do KABRMEMIABLOD L —BILBEEEE L
EMEMBEANCERTIHMEERE L. BAAKY D OXARELESENL VB
NTVB I LD OBLRIIEITORA TN, KFEICEIOMEL LT, XaE

Anaerobiosis

HH“I" A i

1 .
Alga

Acetate, Ethanol, Glycerol

Bacterium

Anaerobiosis

Fig. 1. Combination of alga and photosynthetic bacterium for H,
production system.



Bl O ORI 7 £ LTS 2 A abE R KREEY AFABPEET N,
ZOERMLICAD EFEIET ST EE% KEEMEC BN TE L SRRED
EREEDRVOTEEEAFRNORENRY )~ TINVE—TH 5, FEFZ
B ERROUIEI & hABED b & hARAET RS & RERCER L, WSS
BTCBTT 5 L BN e RUBLZ ORMENEERT S L RICKREERT S,
—F. HARHEIEESRET. K2 ORBED 2 MEENICLB LU TKkERRE
B33 (Fig. 1)o _

ZOYRF MEBWTKEOE R, BRI L2 BHARE HARBE LS E
BIMABOBRB B VWTEE 3, BEICBVWTREE ROy F—E 5 (Eq. 1) K&
BRIV TX= oy F—ED (Eq.2)” ZNEhKEOLEREZAE T,

2H" + 2¢° T———> H, [Eq. 1]

2H* + 2¢” + nATP ————> H,+nADP +nPi [Eq. 2]

ZNPROBYE LT KOV F—¥ DS KEDE R - BAb D TR i Al 5
BDIZXNL. bV —BRKEERO—FRIOADRBZHE TS NS 2P
BFBNB. KEOERE RENICEE T2 LRETIIERESA T, KREEH
Bi—E 2 PUECERURVDIIN L. AEHRME TIXIHRISEET. 60% 28
ZThB. FHROICKRE ER Uk, RECBT 2 KEOERIE— Y ML E
CEALRWEBRE U TRMEFOKRBEF —EREICET 5L Eq. 1 KRTEFR
05 F—ERISOPENKEOBRILBEA~LBFTT 3 20LEL S iz, EALE
BELEBE, Bt P OKEEE TRKROH - EWOMEHE FEC
LBAREEERD TR Ve THERETZHEL LT, RETEHEDENK
HOERFIMBE L. 205 EFNTHE S ¥ 3 HARME & 2 KEOERI LR
BT 2. RENCKREEDHEL - EFMLEZDL I BRI IAF ATV THERIK
7% (Fig.2)o Z2CABATIE. FTREOBBAMREEE X ETS RS2 Li



< I U T DEIB RDENWKEDERZIH 502 LENICL D &
UCBREADEMZEIF Lz, T, KRDERZME T2 2 & TE UFKEONH
EMZHERIKBEANLRRT B0, FHZECEHRHEDOEREZRE Lz,

Fig. 2. Improvement in Hj
production process including
cultivation of alga and

c
S lga
s photosynthetic bacterrum. In
-
3 improved process, a loss of Hy
S
%, evolution by alga must be
I .
complemented by an increase
A of H, evolution by
WY @A _| photosynthetic bacterium.
Hz production by alga  Improved H, production
and photosynthetic by photosynthetic ~ Unrecovered H, evolved by
bacterium bacterium

alga; | theoretical H,
evolution by alga; [ ], and H, evolution by photosynthetic bacterium; B.




F1E FKBIBTDKEEROME & BHIEOIRE
—REOE FOrF—LDEE—

ﬁﬁﬁ%ﬁﬁﬁib*éﬁﬁb%%ht%ﬁbtiD:Mﬁﬁ%%@%bﬁ%é
BAEAICER T 5. ZOBBIIBEET TR, H20WEERIBARHFH LS,
BEROIRNT—FEER T, RETEIREKORBREZHF BV TERLEEBHIX
PIT—¥, 72 A 72V =B XY AMEEZIF V) 2 —RA BT HHRE =0,
PRERERIBCIVENVE VBER TR LDRRED~NLARFEIN B, KV X7
LAIFHEOEE LU BB P TIN5 B8BICHE UTKRZEET LIV RAT A
TH D [Eq.3 ZDHIHBETH 5B IREORIBHEICL>TY AT LA&EDIK
REEHEIASLEHT 5, |

CeH.,04 + 6H,0 ——> 12H,+6CO, [Eq. 3]

BERICIBRZ LD ICRYZAT AICBNTIE, REOEHIFKBICBIT 2 KRERK
EWAMA S Z LT L D ERD O ER TEERAKRAN LN 58T HRDRKZ B
SREDHD. LIAP. KRERBEBECBVWTERT 2 ERPBEEHND—DT
HOKKRERZMZ B2 L TRBOBRID. REEDERICBWTELOELNE
U3 eBFRSNEYY, 22T, BLORBEG IOV TRE AR L CREEE
%E&%ﬁ?éﬁftmiiﬁéﬁ%%EW%?%ﬁEtomf@ﬁbto



B1HE KEEROWHIZEFORES

(1) EBREY

BBECPBNWTKREFZAE T 2 RO/ F—EBBBERZESERICEL. F
AR REEZZITEZ EBASNTWSB ", Chlamydomonas reinhardtii Dt K
Oy F—BEI SRS —SB/L LTHROZEEDY A 7 TH D, ZORMELT
—BARRICLDEERZRTZ I EHFMONATNSE ™Y, 22T, BRE T —R
fbRFEZAVWTE ROy —E2HEL 256, MR 2EENET I BG5S
BB LXCEBRENERIC D VWTHANZ, 510, RBEOEBRICE W OKERERKZ
M2 B 7= DDHEFMEMRET Uz,

(2) EBRMEBLUAE
SR

TR YT FE = IO T B X h 7= S EEE % Chlamydomonas sp. MGA161  (BLTF.
MGA161#) ZHWE=",

BREN

MGA161 #kiZ. modified Okamoto medium (MOM) iZT. S VERP 74 V& —
(045um) C K DERE L /= 5% REH X 22T =R 2@8& L. 30°C. 41 Wm2 D
KIS THZE L. MOM IENaCl (30 gb). MgSO,-7H,0 (025 g/L). CaCl,-2
H,0 (0.2 gb). FeSO,:7H,0 (0.02 g/L). H,BO, (2.86 mg/L). MnCl,-4H,0 (1.81
mg/L). ZnSO,-7H,0 (0.22 mg/L). CuSO,-5H,0 (0.08 mg/L). Na,MoO, (0.021
mg/L). CoCl,-6H,0 (0.01 mglL). =TF L > 7I VUEEHE_J F1 Y A (50
mgll) ZELEEEBABREZA— N L—THE L. ZhiZF7 3 VIERIE (20
mg/L)., ¥7 /332 (0.2mg/L). KH,PO, (8.16 glL). K,HPO, (99 g/L) &

) VERAEETR (PH=8.0) 2 A BRERIC 5mIL DEIETEALTHE L. &
5



BEF/INV—H IV (1.6L) ZHNE,

S Jas

FBUEFEHHA DK (ODgy, =1.0~1.5) ZEDOARERICAVE, BLTREL =&
RIENEZZZRVMOM CTHBEZTWEX LERBERICMEL 2. RIG
BRI AL RETED. HEIVWEREREFEROBERX I TNVF Y v 7 TR
BLUERIC3 04, SRS ZELTCERARZBRALER LR, BH L 30°C
TiREDZ2Tok. BB, BEBWNCHLBIBUTKRAR, " BIULREEEZ—F
2. RRKBICEA LR,

B
RECEDERLUEARIZ, TCO-HRZ7ux IS5 7% (AF L ELFa5—
713X, HRXAVDIHE) CTEE Lz, =¥ /=7 NVa—)yFe ROl F—
EBLUPNVTFERTFe oy Fr—E 2B WEBREICK DERT S NADH O
340 nm DRAEDEM P SEE L. V7V O—IVEF-Fvy b (R—) U H—-
NINAL) ZRHWEBRE, FEHREIEERREKI O NS 7% (B 4;
TSKZ7 )V, BY—) CTZENZhEERE Uk BT 10 mBEEHTOBREEZ R
DR TEDER. 40% BERBRICT 2 BEOHE 2TV EEEKBTT2 047/
MELUTMAZRELIZ b DZRER L Uice B SERLEI IV I - Z2EERE
F-Fv b, R=U YV H— NS L) REDER LT

E ROy —EEE0diE

REPCRRALEZE POV F—EEERE. NS Fodivz»4 b FRU DA (10
mM). BU F2 X100 (0.1%). AFIVEFO—5 > (2.5 mM) 2 ESHKICRERE
WICHMU. KROEREE L DEH L=,



(3) & ROV F—EEEOHE IR RIS T
Widelh. 2RV CCREO R o 1 b = BERA 2 ST OMEALRS &
HL LS A (DR B 1 7= (Fig, 3A)e 225 HOBBREER b Kk 0/ F—¢
EHEHET 5 AREEE T B K EDE R BEEEAE L 2o - SER
SETTRE TRV EEZ BNE, Eh. ZOBEATERIOERSED &
nB B (Fig. 38)e S HIEBREDFER & b IFRIE DS L 7 7= i
S IR L “RMER S TRMES AR DEEX B hd. LEN-T, BED
SRR ROME - B S ROEE # FIIC TR L 5 00, BRIOREE
MO EBRIED RN D, = OBE. ERSHORBILEL TRNEEL 5hd,

&

#58
=

_ [3; anaerobic |
:21 B8, aerobic

Anaerobic

-0.3

Starch content
(umol glucose/mg cell dry wt)
o

(pmol/mg cell dry wt)

Starch degraded or products

Aerobic
~0.2
0.5
-0.1
o i . 1% ot o B 0
0 5 10 Starch Ace- Eth- Glyc-
Time (h) tate anol erol

Fig. 3. Effect of O, on starch degradation and end-
products formation in Chlamydomonas sp. MGA161.

A; time courses of starch degradation,

B; contents of fermentative products.

BRI oy - —EESZEETZ 00, LROLS CHORBRICKIFT
FEDPREVWEDRIC, KWERNRE RO F—COHERTH 3 —BERE®
AWTKREI Lz, bbb, BREMETEBVWT—BRIEREZES LEREORE S
AT (Fig. 4)o

—BRILRBRZRI L 56, BRETOKRERIKRBICET LECBBHRE
7



Fig. 4. Effect of carbon
monoxide on starch degradation
| | and end-products formation.
Incubation was carried out for 12
h. The initial starch content was

1.09 umol/mg cell dry wt.
N, atmosphere ([]),
10% CO in N, (E8).

1.0
Starch degraded or products
{umol/mg cell dry wt)

ST LTz ZOR. B OAMEEYIT B3 AMNIO ERIC S EEHE L. BRI
W, =& —NVidEIMEMmER LUz, BRI, BFRE1EVE D 4T, =5
=NV 1ENLD 6 ENVDKRANLEHRIND =D, REEHICBVWTLSY / —
VOBIEORKR, ERL = ERIOKESBOMAZEET 5, LENST, B
SAHTFICHBNTE ROy F— U2 MET 22 L 0k D, AREROWE. B
BABDILE. B L TER U ERIIOKES BORADTRIC 2 5L E L 505,

(4) KEOCEBGAA DB ORI RIZTTRE

—BALRR IC KB KBREROIED e FulF—EEEOHEZN L TWEDE
DPREDPDD D, POERIMEHRICKREZRNLZOXERZRAN-. ZOERARK
B RoSr—ERIGE 70 b 0BT KROBLO K5 & T ICMET 5 &
D5, [MHBADKEDOFRMERIGTE Z2KEKRIE (KEDOBUAA) HHEICHET
CHESNEDPSHTHS (Fig. 5)

Fig. 5A CTIRKRDKEED SHMIHOBEEZZ LEIWTERRLTWADT, 2
DEBKRD LRI U THEM, KBROBLIIHSUTHDLTILCRD, NP5
ASRESCHEMUEKRIZ2% OBECENWTHRDTIZ B RENE, L
b, ZOWLRVHBEZERET B ITREWEM L. B0 @RI O
KEBEKENIC LR L 8% KEHFMIIBWTERE L=k o /= (Fig. 5A) . REEEWD
ERFKREBEOEMCAEVER TR, =¥ /—VBLU7 ) 0 —)V Tl
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- 1.0

©
o
]

- 0.8

(=

Ethanol - 0.6

- 0.4

O
(V)
1

0.2

Starch degraded
(umol/mg cell dry wt)
=
H, (umol/mg cell dry wt)

Acetate [

o
L
§
W

T T L] ElE |} L] L ’ L] ¥ 1 T T ¥ L] i’ L] 0
0O 2 4 6 8 10 0 2 4 6 8 10
H, concentration (%)

Products (umol/mg cell dry wt)

Fig. 5. Effect of H, injection to gas phase on starch degradation and end-
products formation. H, at final concentrations of 0, 2, 4, 8, 10% were injected,
and after 12-h incubation H, evolution was calculated by subtraction of the initial
from the final concentration.

BnfERE & 7 b —BRAG RGN IS FOL U = &b 2 R L = (Fig. 5B). IS5 DR
D, KROBUAAZRT L BMoBEM E Ly ) —)ve /) 0 —)VDERH 1
My BRI ERo~=,

(5) REEA RS TICBIT 3 REEDHRST

RBAR KN EEFOEAZXPLER TEZILOTEBLREIITHD, B
XL LTOMEZ2ZR T L ROV F—BiE 2ETI 82 Al sEZ &
N2, 2ZT. RBARX, BRAIXOEHKATEBOTREERESE, Loy
F—EEMOBERNEL. ROVCICEBBIBEB L URRBENOERE 2T
(Fig. 6)o

REHZGE T CTRESRAKZRECBO TR F Oy F—BERIERBELED D
DERAREMTIEBIT S 12 U FOFEE TH- % (Fig. 68)e LEH>T, E kD
ﬁf~€ﬁﬁﬁﬁ@ﬁxﬁmTTﬁ&mVNwEMiéh%:tﬁ%ﬁk&oto
iz, REBRAZSHETICBWTUIKRGBINR L AROMRIAD S, EEHXEK
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3= 3T
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Fig. 6. Effect of CO, on hydrogenase activity (A), starch degradation (B), and
end-products formation (B). Hydrogenase activity was measured under an N,

atmosphere after N,- or CO,-anaerobiosis. Bars indicate standard deviations.

MTOREL LB UKER, BRBERECHL RS TICBHIEE, =5 /. B
KTVt 0—IVERECEMMPRD S = (Fig. 6B). Chlamydomonas

reinhardtii DREE XN RO FF—PICBWEEOEE pHIZTHETH B
EDBESNTED . Tl MGAI6T HROTBEMIBICBENWTE FOyF—L i
PEIXERYE: pH THEZE RIE T DR O 5 M= (Data not shown)e TN SDFERI b &
BHXASKHETTOE FOF F—EEMEOEK TERER O pH BEE» SAN TNV
EHEEZOND, BE REBAXCIDHSREBEZRESGEICIEpH X6UT
KRBT Lh 5, HHOBEREE T 2T LITEo TLDBRVWKRERDIPHZ
EPHFTE S, T, L DERALIKEWEER T —VIZBWTd BEoBOM &
CREBEYTHEIY ) —)VBLUT ) 20— )VOBIMPAEEICRZLEZ SN 5,

10



B2H S

(1) KEEROIMHIDBIF RIS RIZTHE
BEDODERHABIAUCBIT 2B RBICBVWTEIRBED & U THRERDP K L
ROTNWBIEPS, Eq4liRahd L5 LB SBRIG DBRICERL Z28m Y
BIEIAKRERICIDEEINTNWEEEZ SN D,

(CeH:0d),+ 2nH,0 —————> 2nC,H,0,+2nCO, + 4nH, [Eq. 4]

ETAD, e ROV F—EEHEETI S, H5WIKRRMIC X b AEEA
HEIGES EHA. ERLEMBNOKRFIETHIC LD Eq. 5 TRIEEBRDET
RISDIEEE U, BROCHBEROB DLy /) —IVEROBEMZVERI L
CHRIND, —FH. VLo VOBEINIEEQ6 IKRT LS CREETHB IV
I—RZBEILTBET. DFD NI —RICKEBAFMLUZ VD —VEERKT B
TEREDSEHEI NS, L LERDS, —BREOBMICL>TIEI Vo —
WVEREOEMERD SN T, 7V 0 —)VEREER ~DOEZEN L EED s b
BEAONB, CORAKCODWTIRSHOMEEZERITRS 2,

2C,H,0, +4H, ———> 2C,HO+2H,0 " [Eq.5]

CeH,:06 + 2H, ———> 2CH0, [Eq. 6]

Lle. KEERZIH T2 L BBLBENALT 22250, DD THES IS
Ulets, ZOAAZXLE UTEMERNOBILETNS VA LELBEDb>TW\WAA§E
PED R E NS T EBEZE,

(2) KEEEY T AIBIT 2 RBH XS T OREE XD
BRNAIMHOREZEEL LT, RBIASHOREBRCIBWIELWERE S

BENTBHELFiQ7DL5IR%. RFOEMI+T, WOE—CTHERLUE. RBH
11



Starch

® @

¢ » Glycerol

®

i ZZHZ:"'z

Pyruvate
®

Acetate <4— Acetyl CoA Ethanol

© ®

Fig. 7 Enhancement of starch degradation and formation of
ethanol and glycerol under CO, atmosphere.

+; increase, -; decrease.

RS T BV CRIGHMED & UMY DRBEERIC =0 & > RELHE L EEE
. b RO F—BEEOBANRET S—BLRERIITRD S hi &5 RS
RHECHEERIELEEDLELBND, . b F OV F—BEMOE TS
BAERBARCHEDZLICL VB PpH BEIC, & RO+ —EEEDOEE pH
1o & A B B MR S U 72 0 B S U o

KEOERIRER 6 A FMEC L2502 THEDT. BHOMEE
®$ %, Fig.6B DIERERICL 3 LERHR. REHRZhZhOSHTIENT
0.46, 0.67 umol/mg cell dry wt DB B 2L TH DY Eq. 3 &b 552, 8.04
umol/mg cell dry wt DKEDPEFR/RIIICER LT S CORN. FHEOREEEC XD E5K

CeHi06 + 6H,0 —— > 12H,+6CO, [Eq. 3]

L=KEIZZNZFh 0.68, 040 umol/mgcell drywt TH h. BRI EEHEDZ
NZN 123, 5.0% Y TS, —FH, REHXSMBICBNTREZSY /J—VBLT
T —)VHEMUTBHIELD100% OB TAREALEBRIN-ERET S

12



L. BRAXKHE. REAXEZHENZNTERLEZEEYH» S 445, 913
umol/mg cell dry wt D KEDERKDTEEETH 5 o :hliéiﬁi%@%h%‘h 80.6,
113.6% ICHE § %, CHOKRERDEIGZILET B &, RERAZASM TORE
DHREEIFETUEDKBEEBRANLFEND SEDPMEL ZOLDPERDICENL TN S
0. HAERMEICLDKEEZBEETZI LV LUYOHNICERT %, £
RBRAZASMH T TER L2 EEYP O ERINB I KROEVSHE L EBHPLE
BINB/EKRDOEE LR B5RICR2 D ZHhIFBHLUSNOEEKESICERL T
B FERMOEREDBMU DL HERINS,

ZEEBAT ORBETEERDPERTHAKRIZE koS r—EHEROEHEM. 50
FRBAZZHETORBICL Y )=o) — A%, EHTEILH
AERICR 2. FTHRBAXSHTIC BT 2HEEOREIL. T 2K FE K
PIODKELHBDERENS AP L HAARMAEC L2 KRO—FEE. ERERCE
595 b DTHEOTHEEE V. Lkds T, WICHARMEH N S OEENE 3
EIICKEALERT B BE D ERA T B LEND B,

13



B2E EMEOKRERMIE A =X L OB

KHEBHE BT ZAKERERZ= b ayFr—Blc L i, Eq.2 DB T
RENBY, ZORBIZBIT B ATP ZHBREEE CIIAAGRICL > THiEIN D &
DHEREE G- PO F— R 2Bl N THETAOICEELREkR 2D,

2H* + 2 + NATP ———> H,+nADP +nPi [Eq.2]

X510, HAHDPMZ ShBEHH 3 WIFREETE= oy F—EEED &
RET= PO F—LEBHOEAROMEITNDZZ L H5, KAKEEL= DY
F—BIEME L OBICIZAEESDH 32 L B FEI DT, HARMEIRK DR %
D RVWBRFEREDEARETS 2D, KPOBITLEEEETIILNTE
FEATFERYOFELELT2% LEboT, B TARMIETFHSKE
LTHEROBBCAARTH Y. RAREEEELETH0OARS T oy F—
CIEMICA S POREE RIFTHEMED S 50

E1BIBVWT. REARSHT. REOEETETY /) —)L, VU tOD—D
ERPREINBILEHSPIC U, HABMED Zh > OEKYE BRI K
RNEEHBTHI LTI, KREEEZ —BENCEDD I LB TES, HEEM
HOKRERDOEEICDWVWT ) > IB 2 UTAB" 2% AU RS H.
MEXNTWBHE, THJ—D7 ) tOo—)L %AV ETEFILES LT 3o,
ZCTERETIE,. =¥ /) —-NVBLTT) 00— NVIZDWTKEEFRDOEBEL LT
DM EIRE LR 2K ENOEREE KA. 2L TZOBERT, XARDOET
HeERE 2D BAESTEARYDPESL VT O FF—PEE OSRENE T
BENIRERICBEDRVWESZRVWE L. ZOBESRZEMICHENT L=,
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BIE —boVF—EREHEOAEEGHEMEICNTEY ) —)VOEE

(1) ERE®

KREFRZMET 2= bOr > —BiEARk, £ENCEIERAXEZECLHED
ZRFL LTHHATRRY VESTER2ERTIBRTH D20, PVESTHEE
T%t:bnf%—ﬁ%ﬁ?ﬁ%%éh%ﬁL&mo—ﬁ\7?%:7ﬁk2?%
CHRKRSGT. BRFRENH I = bV P —EBEMEDPRET %, ZLT &
HERBBICERAIIDPEELRVWEE, Eq. 270 o OBTICE VKRR E
57 BN

Light
i Carbon sources
nght | Substrates H,
NH,CI
3 \ Anaerobic
@ ‘ NH 3-free
|
nitrogenase
Growth

nif gene expression and H, evolution

Fig. 8. Process of H, production in photosynthetic bacteria.

situation; —, flow of substance(s).

Fig. 8 IZ AR MEDEED LUKREEDEBREZTRL T\ 5, BKIEMEZ T
SEBBRECBVTEIEREL UTNH,CI 2232, = oy Fr—E¥ma—Fk
&1 % nitrogen fixation (nif) BRFIIIMEENTWVWB, BEBICEEKN 7 TP
RETEBOWTHERKEF CBIN2 L, bV — BRI TRRLAKE

ERDBRIET B0 LD > T, BREEROBKRICHRI N-EEIDB KkRALER S
15



N3EDRER by F—EEEORRADPNETH D, £ 1BTREEREYFE
LLTTE ) —BIUT V00—V THBILEHALPICLED, RICHBNRD X
STy )= VEAEBEMEOEBICAWEEA. KEERDFBD ShRP o,
ZIC. TH I -NO= bafF—EEERRICN T ARECOVWTIRE Lz,

(2) EBRMBBITHE
Btk

M U BRI YR EICCHEE - BEIh =iadkmmatt#E Rhodovulum
sulfidophilum®® strain W-1S (L F. W-1S #) T& %, AHRIZARLRDOBRE
OHAKEAT LD B h - BENKR GBMRSE) THD. 16SrRNA D DNA
EHEFELH % WE LU (GenBank accession no: strain U55277), % OMREMEL D R
sulfidophilum LRIRETH % LEawD 7= (Table 1),

Table 1. Identification of species of strain W-1S by 16S rRNA
sequences homology of photosynthetic bacteria.

GenBank
Species Homology (%)  accession no.
Rhodovulum sulfidophilum 99.3 D16423
Ryv. strictum 95.4 D32246
Ryv. adriaticum 91.4 D16418
Rv. euryhalinum 90.2 D16426
Rhodobacter sphaeroides 88.9 D16425
Rb. capsulatus 84.5 M34129
Rhodopseudomonas palustris 81.9 L11664
Rp. globiformis 78.6 M59066

st
W-1S %, AKRERK. = boyF —LiEtRlEZE0 %k, MOM 2%
% L 7= hydrogen producing medium (HPM) Z A W=, BAEEICIRAAERMED

E4 I EREEZEZERELF 7 I VIERIE (100 mg/L). =3 F 8 (100 mg/L). p-
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73 ) REBEE 60 mglL). E4F > (10 mg/L). KH,PO, (8.16 g/L). K,HPO, (99
glL) 22T VERIEER (pH=8.0) ZFE L. NH,Cl ZHIF L /= MOM DERIE A
BWB1IEH1H (2) ) CsmLOEIAETHRMLZ, HPMIEX CIR. NEZ=
ATBELT. TNZNOHR. HI2WEBRIIHL TEAD CIFE - N¥EDH 20
ZOMOBEERMT 22L& Uk,

EEDEEICIZCIHE LTEIE B F N YT A, INTBF M) DA, DL-Y)
YIABF MY DA, BERF PU DL ZRZ 1 g, NJEE LT NH,Cl 2 5 mM ¥R
U7z HPM 85t AW = o EEIESTICEVE VBB NU Y AL INJEEF Y
DA, DU YIRS MU DA, BERS MU DA NHCI ZIMIZA— NV L—T 8K
BLEZ EEOERICABERELEZESY IV AD ) VBEERK (pH=8.0) % 5
miL DEETEE Uk, | |

EEEN

BEARBEEZEHMNE ULEEZ. 1LV—EY (BEN16L) ZAV. 1LOD
HPM 53 (47 C¥8. NH,CI) & W-1S % DMEE 10 ml 2HEE L. MIFS. X
RERMET, 30°CICT. RTRAFVIRI—5—TCHBLED ST,

KELERSES
MEUEREHH OER (ODyy, =0.4~0.6) ZEE L AERICH W=, RO L7

BRI HPM 2 C 2 BE¥EBI L OD,, =1.2~14 DEEL R 3 &5 2 HPM I BB E
L. RIGEHRTH S 18 mm OHBREDH 20X 100 mI A v —IcELE. 20D
B DBCRUTEBELRZERYZRMLE. RIEESBR I TNV F v v I TE
BRUEBRIC300M. EHEERBLT7LVI Y 2BALER LS. BHUES
FEEROTo KRERDA > Fa2R— P MISSEWM DY LT RF V5V THE
HRBWMICEH L DD 30°C THRE S LTiITo 7%,

17



8

KEOEZIZIE1ZE1H (2) OFECELTUITo . ATPOEERII YT =
S—BORNXEMBLEEREE (ATPE=S V)Y b, N FA—
Ev ) KK DERE L. poly@-hydroxybutyrate) (PHB) DEEIFZUTDOFIET
To70 #I20~100 mg DEIREAEITH L 30~60ml D7 D ORIV AZAIZ. 60
°C. 6ERIDHHZT> ko BB X VHIlEEEZRE/OLNE AL RELE
B BEMCTEN ZNZERZBEELCHRE, BE. BREELREDE
22 PHBE& L%,

= f oY — PR

= b OFF—E RSB E R TP F L BRI DTS
CHIE U o LEMERE 3 ml OBAZBSHICHALINI BT MY DA
GOMM) B 705 A7 x2=3—)b (50 ug/l) ZESKHICHEM Lz, Z DR,

SAEEBIC 10% IC2B LS 72 F LU HAZMZ 350WM DY >V T RXF U5
THEBHL 30°C TREZBBLE. RIGEKS. 2 00RICERLEZF L
COBEZAEL. TOEDPLEEEEH LEZ, =F L7 EFL OO R
HIZFID-ARZ70~ bS5 7RSI 8v 7 R (Yr—F—XPVYT—Y) 2%
HUEAZ LAZERLERAREZX Y U 7—HRAICAWTIT2 %,

PCRBLUY—V TR

nif BLTFHBNWE 16SIRNABEGEFE I/ O —=0 752012 W-1S #RD b—
%)V DNA 288 & UCPCR 2172/, F—% )VDNAREERDOEAFZT DT
AF—EKT37°C. TREAMELERY =/ —)V-Z2008VA-A VT INTN
I—)V (25:24:1) THREHZT2 R D EHWE, 754 ¥ —DERIZ GenBank
DNA 5—#% ~X— 2 D% % 5% 2 U Rhodobacter capsulatus @ nifH @ 5' {IE31]

5 5-TCAGATCGCCTTCTACGGCA-3' %, nifD @ 3' AIE57» 5 5'-GGATCTT-
18



CTCGATGAACTTC-8' Z: &R L nifHD 754 ¥—& L., /. EHHED 16S
rRNAEGFOD 5' BLU 3 REOEEICRES W2 EED S 5-TGAGAGTTTGA-
TCCTGGCTCAG-3' 3 & 1% 5'-~ACGGCTACCTTGTTACGACTTC-3' DELF% Z R
LIRNA 754 ¥ —& Ufzo nifHD 75 4 < —BL U MRNA 754 v —& Ak
PCRIZ& DB hiz 21 kb BL U 1.5kb @ DNAMTH % TA-Z O —=> Fic &
DT & —ICHHIAAIBEEBFTIOREBICHA W= BB, niHD 7’5 4 <~ — TR L
7= 2.1 kb OWi F 2HRARE 75X X KELE, pNM5 T35, pNM5 IZFAE h
F=Wi 2 DWTH PCR 75 4 Y — DT 500 bp IRERFIZENT 51 ~—%H
WESATAFVE (V—>—FF—¥ YA INS—T 0P TFw b,

B%) L DNAS—27 3> ¥— (DSQ-1000, Bi) kK& hiELk, Z0—=>
JEhi= 2.1 kb D PCREWIZ R. capsulatus B X U R. sphaeroides O nifH &1z
F L 89.5% B LU 91.7%. R.capsulatus O nifD Ei=F ¥ 83.9% OMEMEETRL

=25 nifHD BETFRADOBEBD> S RZ2WHTH B LERDIT =,

J—¥>7nwv MEW

W-18 £ D RNA Ol ik ODg=1.25 DE BBk 40 ml FOEKEZERE L 74
VozY (ZyBRYIV—) 3mITHEMTEILTITok. BEHFETTHELE
ERD S U RNA15 ug ZFRIVATZIVTE R 22 M), FIVAT I K (50%
viv) ICT 65°C. 154/, £EHEMBLEE, FIVAFPNVTERQ2M) 223
THO—=RTIN (1.2%) CTCESKKE Lz THEE—DFIVIZT. RNA -\?—i:-—

(0.2-10 kb, Novagentt) ZESRKELF O v ATOYAS RiCkhR@mT 22
LIZE DAL T FA B =2 a VROV 4 X BHE Lo 20, Hybond-N

(P v L) AVTSUIZRNABR RSV X 77—, [0-®2PICTPEH I Ni=7
O—7 &585°C. —NA TVF A ¥—aLBTok, 7O0—7EpNM5 &b
EcoRIEEIZ X DT h H URIIX L 7= 2.0 kb @ nifHD-PCR T 28R LS ¥ ¥ A
774X —DNASRY VT Fy b (REE) KTSOFT74Y b—TE#HzT-
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= T, Py 7vo—F4 7 0arbao—)be LT& RNA4 ug 2RIV AT
Ik (50% viv) T 65°C. 547RE. EMUELER, 2 —F 4 77 HI—RYF
WV (1.2%) ICTERKEILIRNAZF Vo L707 A RICKDREL =,

(3) =% 7 —)IVIZ X BKRERDELIH

Fig.9 XA ARME W-1S BRE AWV, [RBEREOEXEREEMTHZ S/ —)b,
Z)en—)V, BRUBRY S DKROEREREHRTHE, KIF1 72>
PO—LE LTMZ=INZERE B L. 7Y & 0—)VP & OB CIlKRDE R
EMEL ST H L LBRIABROTOWE, EICTy ) —VERML EBEK2 2 K
AIEEH S KBERIF 2 AD OBV LN S FHURVWERIES W,
B1BTHLAICUELSIC, RBIRRET., REORE TERT 2 FLER
KRELY ) N7V O0—VEERTERICOPIPDLT. ZORDZS J —
VEKABMEOKBEE KT OPR WL RS LEARIETH 5. DFD. %
BEME W-1S kDB =¥ /) —)VEEEIC LRV S ITKRONRIZMIFIET LK
REES T LEKRDPRD LERLRD, T8 —VEIERLD BTN THY E
FhEhRE UTBNEME 2> TV b5 3, M. ABRERICHAZ L
RADDEEICEED ZMETH D, ZOMPITAIDTTUT., MK L,

Fig. 9. H, evolution from the

main organic compounds excreted
*| during the algal fermentation.
Succinate was used as a control.
Each substrate was added at a
concentration of 1 mM to

carbon- and nitrogen-free
minimal medium.

Symbols: A, ethanol; O, acetate;

X, glycerol; [, succinate.

w
]

Hy (umolimli cuiture)

0 10 20
Time (h)
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(4) W PHB OER & AKEER

EEROEAZ HPM ICERE LETHSKRLE LTASHFMETICA > Fa—
MUERR. KEDOERDRDS N (Fig. 10A)e THIIKBREBRDOEBE L R DH
EEMBEOEEET LT WS, HMEFMECBVWTEEARICERI NS I LHPAS
N T 3 poly(3-hydroxybutyrate) (PHB)®**® 08 % ~\E=& 2 3. W-1S BB
b ZOHEEDPERSINT. LI KROERICHEN PHBSEPRD Lk, T
TNA—=ZZEBRI Y Y hS 4 RiEA > Fa~— b BEAKERERICIET. %
TH5HDD, ZORICHEELRELMIIFD Shizd o=, Fig. 10A DEHEFTIEA v Fa
N—MTSHOEKEER. N8B ) Od% BIXTEVECBPORIRE
FECHMESRTHED. HABBER LI HRDD PHB 2E/ LTV (Table 2),
NN URRBEZINTBOATEELZBE. EHEICHES PHBERIIIZLA LY
BOS5NRL R (Table 2), PHBIX A FHIIN BETE2EATES T, Lido
TPHB & L 2 ERIZTTEBRD CN LLAEMT 25, aNTBOBTESREL
| REATIR4AEORRRTHEEL LEAL LEL ON EBHEL LTV, 20
PHB S B ET L&tk 255 5 LOFRL Fig. 10A LELHTS ¥ ¥ 2 <—
LieiBer. KROERE LB SN D57 (Fig. 10B)e Thd OFERL b, 4t
HPOEBL R2YEZHMETICA > Fan— LEREAC, BEEEECS S
BPUDHERE L PHB BHNIZZhef A L TKESERT 22 L BHEP Lok,
btﬁof\19/—W€%Mbt%étmiiﬁﬁ%<%@Bh&h®ﬁ\19
J=IVDHRMC KD NEREETHS PHBICHK T2 KEERIPIH XN TWEE
HLERINE,
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H, (umol/mi culture)
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Hy

T
N

PHB or polysaccharide
(% of cell dry wt)

10 1 Polysaccharide y
P A c
0"= ¥ T T T v ] v L Ei- gﬁ —E T EI--O
0 10 20 30 40 0 10 20 30 40
Time (h) Time (h)

Fig. 10 Correlation between H, evolution and PHB degradation during
light-anaerobic incubation of photosynthetic bacterium in the absence of
an external substrate.

A, cells grown with 1 g/L each of pyruvate, succinate, DL-malate, and
acetate.
B, cells grown with 3 g succinate/L.

Symbols: O; PHB, [1; H,, A; polysaccharide.

Table 2 Decrease of PHB content, C/N ratio, and growth rate in
succinate-grown culture. '

Carbon source
Mixturea Succinateb alone

Doubling time in terms of ODggq (h) 4.6 9.0
Dried cells
Concentration (g/L culture) 0.207 0.244
Carbon content (% of cell dry wt) 45.7 38.9
Nitrogen content (% of cell dry wi) 6.1 9.7
C/N ratio 7.5 4.0
PHB
Concentration (mg/L culture) 5.0 0.2
Content (% of cell dry wt) 24 .1 0.9

2The mixture comprised 1 g/L each of succinate, malate, pyruvate, and acetate.
bSuccinate was added at 3 g/L as a sole carbon source.
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(5) =% =)V nifHD BETFOHRBRICRIZTTEE

W-18 BROKREHKIZ A > Fa— FORMEE L HICEFATE = barr—+E
EHICESICEEL. KEZERLTWBEKICE FosFr—EiEEdgcs i
Do 7z (Data notshown), L7zD>T, =¥ /2 —)VOHEER. XABKMEO= D
TrF—EREEORBAPEE S PEPEKRENHETH 52, 22T, KAKME
W-1S BRDA > Far— M EIZZ ¥ /=) H= boy F—EBEBERRICRETEHE
EDOWTHNE, Fig. 11C I W-1S ko= b0 ¥ F—EKEK%E 32— R 3 nifHD &
TF270—TL LT/ —PINATYVTL - a VT 2T =RBRTH 3,
FRICKREREDRZEL Fig. MAZRKIR Uz, nifdD BinFE70—7L 35k
RIFT 4732 0=V THBINTBREMB L CEEEFNOEAKTIE4 DR
USDD/NY FHRER TE /= (Fig. 11C,lanes 1,2)e ZN5DS BT 4.6 kb DR
X nifHDK mEEY LB, B D O ABEOW H X nifHDK EEEMHB 2 FAT
TS LT RRIENBERTHBZLEIOND, —H, 2 AF 4T3 bo—
VD NH,Cl HRINTREEEYIISEEITHEEL L /= (Fig. 11C, lane 5) EFEH DN
A7V 4 E—-a L DRFERETOREEDEEL LEEE. 100 M DT ¥
J—=NVMA=EETEnifHD BT EXERL =D 1 mM BINOEAK TlEELicm
#lX = (Fig. 11C, lanes 3,4), D% b, nifHD BEFORBEHI—EEBEN FOT &
JNVTREIMHEINZ L ERBLTWS, ¥ ) —)IZL 3 nifHD BEFOD
AR = PO T F—BEERZARB LTI > THEMTONE, ABHPLOEE
%%M%ft4V#JN—b?%t:bn&f—%ﬁﬁﬁ%ﬁ?%ﬁ\I&/-w
BRMLA Y Fa~— 135 LIEERREEERAGIET L 400 pM TR
w7z (Fig. 11B)e B, KELERE 100 uM O ¥ ) —)VFEIMTKIBIZHD L
ZdDD nifHD BEEYOHERIFIGEL T 1 mM BT T Do hizh o7
(Fig. 11A) e U EDHERPSEBHL LT H /=B A U Fax—MEIZHEMT 3
& AEAIE W-1S D nif B FHWEISh= oy F—EBE AR hizn

128, KREEDBPRDONRNWZ LI LR,
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=
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Fig. 11. Repression of nifHD genes and nitrogenase activity by ethanol. Strain W-1S
was precultured in MOM with NH,4Cl as a N source and a mixture of C sources.
Incubation for nitrogenase derepression was carried out in HPM under an Ar atmosphere
with illumination.

(A) H, evolved over a period of 1 d. Conditions: 1, 1 mM succinate; 2, no external

substrate; 3, 100 uM ethanol; 4, 1 mM ethanol; 5, 1 mM NH,4ClI with no external
substrate. (B) Derepression of nitrogenase activity at each concentration of ethanol over
a period of 6 h. The activity was measured by the acetylene reduction method. Values
are expressed as percentages of the level of the activity derepressed in the absence of

ethanol (105 nmol C,H, mg-! cell dry wt h-1). Data are means of three independent
experiments; bars indicate standard deviations. (C) Northern blot analysis of total RNA
from the cultures corresponding to those used for the Hy-evolution measurement. After

8-h incubation, total RNA was extracted for hybridization with a nifHD-specific probe.
The lane numbering of 1 to 5 corresponds to that of the incubation conditions; lane 6,
after cell growth prior to incubation. For a loading control, rRNA bands were visualized
by staining with ethidium bromide. The estimated sizes of the hybridizing mRNA
species and the 16S and 14S rRNA bands are shown in kb. The 23S rRNA was cleaved
in situ, giving rise to 1.5-kb and 1.1-kb fragments upon denaturation as in Rhodobacter

capsulatus and R. sphaeroides™.
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(6) =% /=D ATP ERBICKITTEE

ZXREEMEIC BV TCnf B TFORBEIXEEAD ATP SEOEN ELIC LD H
HENTVWBZ EDBHESPITINTN S, HARME T ATP ZIBRKRRET.
HERC K> THIGEIN D, nif BEFORBRICRIFE Ty ) —)VOWHIZIRZEH 2
BB THIFEN ATP 2 2 Z2ERNICHIE L= (Fig. 12), AAE» o6 0EEZHMETIC
A vFaR—} TR S F—BEELIRET 2 ERE T ATP SEIIHDHERA
CHDdo TFH )—)VEFNUESECIEE S ICEERATP SBORAIRD Sh iz,

. ATP (no substrate) O 120 § Fig. 12. Decrease in ATP

e 1.5] 1002 5. level in cells incubated in the
=2 | on = T presence of ethanol
o ° 80 0= .
£31.0] © g (triangle), compared to cells
Qo - 60 § o incubated in the absence of
o g L40 § % an external substrate (circle).
<3 05] Nitrogenase &I, Open and closed symbols

= (no substrate) |- 20 g O indicate ATP level and

T o = : ) & nitrogenase activity,

0 200 400 = 600 £ respectively.

Time (min)

ERCEFHERTH DY /) —UDBEIEEI TV R T Pb5 T, ATPEEIR
BULAETLE. 2OZEeHS. TFJ —)VOFME & HERDOEFEERICS
T2 CRRACKRIS DA S PO TERT § 2 WHEMESRBE Wi,

(7)) BRRETZAKICLS = Moy F—EEit s oMk

KD VBRERIBDB R A—XIZHET LEHER L ATP BEKT 2 EDICR. EFEE
REHUTEFORIGEL RI2ETFHRER L. EFEERERNE-EFEERNC
L TZR ORI IRRETFZBERDPLETH S, LEOERLV =ty —+E
EERBROMEIL ATP SBOERTICERT 2L E1 50520, EFit54hoTsy
=NV HEBREFREREZRMUZBE Y ) —VIC X 2MEHRIEE S
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PEDPIREKEN., Z2ITREETZAEEKD NaHCO, © dimethylsulfoxide
(DMSO) ZAERIN LT = hay F—EEMORRDEER FA\/ (Table 3)o =
Moy F—BEERRIETS ) —)V O BRRMTIHEIE hiz2. NaHCO, L D i
RINCMEDBEBREINE, L, ZOBOEHEIEERFNTRR L EEZ £
@b, NaHCO, iEEDOINIE 5 I{BEMTH o/, DMSO DREKHEMS T/ —
VBRI TREE 2 2R L. DMSOEEDOEMERENIZB W=, &,
NaHCO, ¥ DMSO D#RIT = k0 7+ —+¥ EE OB ROE VIR E R
ok, ZOMBEOENSAICERT S PSP TRV, —DOHEEEMEE L
TINLDRREFRAERIIEF2ZRT ‘Iﬁ‘é‘@%iibs BARRNICEBRBICELT 5 D
FEESIFTCHEEETIPOEVWCERT A2ILPEIONE, CNHDOHERIV K
REFSEERDPHETZ LY ) -V = Moy F— LRSI 2 MEIZIRIS #
BT 32 L DB RS . “

Table 3 Derepression of nitrogenase activity in the presence of
ethanol combined with dimethylsulphoxide or sodium bicarbonate.

Concentrationsa (mM) Nitrogenase activityP
(nmol/mg cell dry wt/h)
DMSO/NaHCO;  Ethanol DMSO NaHCOg4
0 0 170+47 315+110
0 1 0.22+0.09 4:5
1 1 2314 472:5
3 1 40+26 691+88

aCells which had been grown with ammonia were resuspended into HPM. Ethanol,
DMSO, and sodium bicarbonate were added before 6-h incubation, respectively.

bAcetylene reduction activity was measured. Data are mean values for three
individual cultures together with standard deviations.
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B2H —boSr—EEMERRRONEEMEICN T2y ) —VORE

(1) EREX

F1IHORRDP S W-1S HRICBITF 2 KBERICE LY /) —)VOMGIFER %2
&S 220 CERENICETESRE ETZERBLETHIZ LI LR >
o 2R F—PRIBRIGETHOBERBRTHD 70 MR BTTHILT
HERMEORL - BNV XZRBTE2LVWS I HBRBEIATE L, Z
DHACE 7D P DPBRKETFSERIC RS, ThHBEERSIE, —torFF—¥
EHEDBBICRBR L TCWBAEKRICIBW TR DY/ —)ViZ X 2§ R EEI N S
AEEM DSBS N D, 22T, COEEWESDPIETEEDUTOEREZRKA -,

(2) ZBRMBBLUFEE
% 1 Eﬁ@ﬁ?ﬁ‘:ié UT??'D 7::0

(3) = MOV F—PEMRESOEIERTER
Oy F—EEEDSRE L ERERAE TSRS, = by F—EEED
R L2 EEERMOERT A > F 2 x— M UEEEKIZDOVWTHENE (Fig. 13).

60 500 = Fig. 13. Expression of
3 I £ nitrogenase activity associated
< - 400 2 E . L
e S & with PHB degradation in the
T 503 =T
= L300 § § 2absence of an external substrate.
o
S o, Cells grown with 1 g/L each of

«
g 40 - 200 s % pyruvate, succinate, DL-malate,
3 d
; &L, and acetate were incubated
I A / ANitrogenase [1005 0O . .
o L) = = under light-anaerobic
A activity g .
30 T ———— 0 = conditions.
0 2 4 6 8 ~

Time (h)
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B ICBWTHBREZES TIPS EBEZRMLRWES, MEACERLE
PHB 2R3 22k = b oV F—EEMORBECLERI AN T —DEES
Nd, ZORBEA VFa - ORFTHEBELRD Y/ —IVEHRMLZOZE
ERARBCIH D, MOEEOREPRVWEORBETHHLEFELOND, TDT V
#JN—btﬁmf:bm&f—%ﬁ@ﬁ6%@ﬁ%ﬁ%ﬁt&otw@1$o

(4) =o' Fr—YREERBREO nifHD I3 7 —)VOEA

Ho5PUH. EEEHFMICTEEZ A > Fax—FL 6.5 FEZEERICTSY ) —
W& BWE NH,Cl ZBEENCIRIL 2. 2 LT, SLHMBD nifHD EEEEYZ ) —
PUNS TITAL =2 avick DT L (Fig. 14A). ARICT S / —IVEHNED
KEEREDRERNICHIZL = (Fig. 14B)o 6 .5REOT LA FaX—MILD
nitHD SR EEY D HER I N THB Y (Fig. 14A, lane 1), F7=. B OFERD> 5 HEIEK
F= bV r—EEEERFBELTWSE LEZION %, ZOEKIC nifHD ZWHEIT 5
ZEDBASNTWBNHCIZHEMUTO.5, 2KB%EOnifHD S EE82HA =K
R VWTHORBICBNWTIBEEEMIIHEEL TV (Fig. 14A, lanes 5, 6), —7.
T =)VOHEMEICIZ 0.5 BXU2REROIGF B\ CHRIMNE & ARICETE
YIHZRDH 5N (Fig. 14A, lanes 3, 4), nifHD DRRICEERTH DRV LRI N
Zo LIED>T, =¥ —vi3z= bbb F—EEERBROEEIIBWTIE NH,CI
ERIBRIC nifHD ZWH| L7258 (Fig. 11C). = b r/ F—EEER BB OFEKICHB
T nifHD OIMEE L NH,Cl L3RR 3HRERLEZ LISk D,

FERIC6.5READ TV A U FaR—FRICTH ) —)VEFMLZL I A, HINE.
T ) —NVIEEPPICEDRRINICKEAN BRI Nz, BRIMTIEKEERIZIZ
EAERDONR DT (Fig. 14B)e DX b, =¥V —NDEFH 5K U TRE
INTHY, b= b rF—EEESRRLEBERTRETY /) —VOREIC X
DERLEETHPEREFZAEROTO M ICHEN, KERZERLEEHREI N

%o TOBA, = baT F—EFEEDPEET S & T, NaHCO, > DMSO D/
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CARICERRBETZBEROHEEHRDPENNIHAD X8 ) —NVEETIBVTHE
MICRBEL 2L HRIN DS, TRbb. b0V F—ERBRPEETHIED
IH ) —=IVIZK B nif EFOMFREERHINSE ZEZRLTWVWS, £ LT,
T8 —NVEERE UTRRINICKRERD AIEICR S,

A

kb 1 2 3 4v 5 6
46— B
2 04
27— 5 047
nif 30.3-_
1.8— E 0.2-
10— =~
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Fig. 14. Derepression of nifHD genes in Hy-evolving cells in the presence of ethanol.
Incubation was started in the absence of an external substrate to derepress nif genes and
nitrogenase activity and after 6.5 h ethanol or NH,Cl each at a concentration of 1 mM

was added anaerobically to the culture. (A) Northern blot analysis of total RNA extracted
from nitrogenase-derepressed cells with a nifHD-specific probe. Lane 1: after 6.5-h
incubation prior to the additions; lane 2: after 8 5-h incubation without the additions of
ethanol and ammonium chloride; lanes 3 and 4: 0.5 and 2 h after the addition of ethanol,
lanes 5 and 6: 0.5 and 2 h after the addition of NH4Cl. The estimated sizes of the

hybridizing mRNA species and the 16S and 14S rRNA bands3¥ are shown in kb. rRNA
bands were visualized by staining with ethidium bromide. (B) H> evolved after the

anaerobic addition of ethanol (O) or without the additions of ethanol and NH,CI (A).
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FIE E

(1) =% 7 —=NIZ & % nif BzT DI

% MGA161 BROEREZRBEY TH DT Y /—)b, 7 ) eO—)b. BILUKHEK
DA, HABRME W-1S BRIC X 2 KRERICFAZT N20E7 ) £t o — VB L UEE
BTHole TH /) —)VEREBL UTHENMT 3 L ARERIIROS Wi o7z, 5t
BOOEBEZRTMURVWEHIIBNWTH ARERIZRDOLNDZZ L PLSHFMLEZ T
5 ) =)V Z ORI LIIFIRICE < LRI hiz. SOBRBRITDWTERZ1To
ReZA, ¥ J—NVIEKREFREMETSI = baS S—E &I - RT3 nif &
TORBREMZ D LHHESP RO, CNET nif ZWHITHHLEMEI T E
-7, BEVIVBREAFACNREFZETZ3DIELNTE P 4FA
ENZZATORVWTY )= B nif DRBUCERREEESZ . E—H TR
BRICBI2EFHERTHE L WS —HEERE TS Z LIZEKEN.

(2) BREFZEMERIC X B nif EEF OB

NaHCO, > DMSO EHKREFZBR L LTEA T2EMTH Y. Ih 5Tt
EMEGEMT 2 L HIPERIN_IODTF—EFEDPREALE. BRMLE
NaHCO, id B bikE L U CHIBEAICER DA T hIRBEERIC K DETINBEIC
MREAOBROBETHZHEET 5, DMSOIZ DMSO U ¥/ ¥ —Eit k> T
dimethylsulfide (DMS) BT X2 BICRKREFZEMARE L THEET S (Fig. 15)
Z & Rhodovulum BONERMETHEEIhTW %4344)0 BRETZERDIEE
EFTTH ) —VERNMUEZMIBICBWTEZATP EEMET LEZ LS, =5 /) —
WIZ KD nif DIFNIZ ATP 2 E2DEKRTICERT2AEEELIEZI OND. —FH. &K
BEFZEROERICED. EFHEED S5 ZEEANL KEROEFHCERCBIT 2
ETORZPRINNERPEFLT IHER. ATP AR BETT L nif DI HIHHERR
LizEEZ 503 (Fig. 15)0
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ZELRERDB LT DMSO O ERSRIINARIC L 2 EEROEHEICB N THHRE
IhTn3b, Rhodobactercapsuiaws‘(“i BEHI\NITDEF VB W&
EO).—JL\%’EEFQL\? BRIC. o DBRKRETFIERDIEEFELE T TEMAIZEME L
RirozDIN L, BRETZEAOERRINCL VEBEIRDSNTNE Y,
NS DERD S DBETEDORWERIC L3 HARRNDOHEENRIEADREE N
THEH. =¥/ —NVERNMUEBECOEROEAA NI LDHEREI NS,

Lig_ht

Electron transport
system in photosynthesi
Metabolism

Repression|
ADP L|of nif
of ethanol — ——
Derepression
of nif
ADP ATP

U -

> >
J

CO, fixation
ystem >(CH-),

J/

\—

\|:DMSO

reductas DMS
Fig. 15. Derepression of nif genes in the presence of ethanol coexistent with the
terminal electron-acceptors.

DMSO; dimethyl sulfoxide, DMS; dimethyl sulfide.

T8 ) VEET O nif SETORBIES b 0 F—CEEASEE U B B0
CORBENE. ThE. = DS F—EEALTRRETIARDOTD F AL
BFBERN. =¥ =N X3 nif OMEIDEBREIN-EDEEZ SN (Fig. 15),
% %5 &, NaHCO, ® DMSO 2¥ I LTI & ) —Vic &  MSIH@IE Lk O L
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BOANZZLTHD. DED, T —VEEFREKRL UTHEMULESE, =
FOsF—BEEDEEICRRT 5 DI IXRKER electron sink L RBEFRE
EKDBBETH 5o

ZOEDTY -V EEEE UTHET 2580, cEssrLO=tnY
F—EEE R RPCREI B EERZER TS I8, BVKRERERLERT
BEDICEETH D, KELEEANET 2 HEFMEO= by F—EEEESE <
RETHIEHLYEORETHD. RETRIOPEDORVWEERER 2 HNICHES
BEDODKE 2172,
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38 - OFF—PRIGEEE L UEKREES 25 LD

HARAMEEAVTREEREE T 254, BEERIAES ZOIEsETE L
BTED. —HAKREEORISHCEERRAARL &, HEMHE L AREEYH
RIZITO¥ 2 H5ETH D, MFIKREEDBRE L IXFIC BB - DDk &
BREEBIZHETH DD, MBEOF L I BEOADBRETHZEHBES &
SHTENTVSD, NEIERE LTEMRILVY IVBEO7 I BEAVR
FRER5 T, £k, BHREEALHN ZEEOAE ZROCHB LEVLWSH
BARHEITNE2®Y, —f, BEOHFRIHINCH 5 EEE BV OKEEE
179 =OEE PEHEBRE S ICHRAI N 2EE6PEL . EEOKE AP KEAEH
SNBEDHMEFPENEVSIFHMEEL TVWBEY, LEN->T. KEEEICBIT 3
BEEBRL L TRBEOHEIFL VS REBINTS D, ZOBAICEIEREK

BB LB KRREEGBRBISFEEI N M7, AMECBVTIE. BEOKEE
EERICBT 2EAMG T B RE L FRRERAR A REUVRERBREAE
& LIZKRREENRDWEEH AT,

B1H KREE~OEMGHGE

(1) EBREK

AIATLEEEREBL LTIy J =)V, 70—V SHREERERD S
OKRREEZFERE LTH L, RETH 2 RBROBBERTHRIC= boyF—+£
EEZE T2 NAEEMEZ AW AEDP LY )= SDKREECEFNTH S,
EVWS0. REBEVMICEEINZ Y/ —Vh-boyF—E23— RT3 nifE

CTF2IHET225THD (B2EF) . LHrL. EOHEKEHL KEEED 28
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BHSREY RF ACTEKREEOBR T by F —EOEERE. £EOKR
~NOEBRERBICTS 2L icR3 kD, = bOrF—PEEENRERET 38
BOBADNEERREL 2 D, 20T, Chb 2ERIC= oY F —POEHERE
HE L U8R EMZ. Fig. 16ICRT 3BE» SRBEERIC LD REKIS D
Rk REE RS

Two-stage cultivation method Three-stage cultivation method
____________ — ————————— —— —
Stage 1; cell growth r Stage 1; cell growth 1

Algal ferrﬁentative broth

Light anaerobic (Substrate for H production) |Light anaerobic I

L
Stage 2; Hs production | : Stage 3; Ha production
Fig. 16. Schematic diagram of the cultivation method in H,

production by cells of photosynthetic bacterium from algal
fermentative broth.

I
|
I
I
I
: l ! Stage 2; Nitrogenase derepression
|
I
I
I

(2) EBRMES ECHE
=B L UEKk
T MGA161 kB LU EERAIE W-1S kB2 W=,

i, SERSEM, BRERN. BIUOKEERSEN
BIEBIURE2BCELTUTo &,

EE
FBIBIZELCTUTITo =0
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(3) = bV F—PEERBREZEORKC B 2 EEEGAADRHE

HNERD S DEBZRMETIEA > Fa— 2TV KARKMAEOEARIZ=
07 Fr—PiEE2RRIREGA. =¥/ —LEEMBs = oy F—EEETFH
Rt ISR U KRERDPUFET 2 22 RO U7 (R, Fig. 14). JOKERE
&ﬁ%ﬁtLT%MLEI&/—»KE%?%%@#é#é%ﬁ?%tb\i&/—'
WVOMRBEANDEGAAZ = b0 T F—EiEE 2 HE L EEARCB O TEHR = 3.
= habFr—EEELRRER L TWRWERKRICZY —)b, FVEo—)b, HR0i
FFRZBEMTHMUA > F 2R~ POBGAARFANEZL IR, =¥ )=V, T
OV TIRERRR & LR U BUAADIERE ICBL . By /) —)V Tk 4 BiEgiE»
S5EIEL TWBDHH B (Fig. 17A)e Z LT, =¥/ —)VOBRAARZEADO = O
Tr—EEMRBROERICLVEMIRDSNE (Fig. 17B), = b 0¥V F—EiEk
ERRLTORVWIITIET S ) —)L OBUASLIR 2 KRR D 5 B &

Residual substrate (mM)

1

-y

Time (h)

Fig. 17. Uptake of substrates during H,-producing incubation. (A) Cells
in which no nitrogenase had been derepressed were suspended in the
medium containing acetate (O), ethanol (A), or glycerol (L1). (B)
Acceleration of ethanol uptake in cells in which nitrogenase had been
derepressed by preincubation in the absence of ethanol (A), compared to

that in cells in which no nitrogenase had been derepressed (A).
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BETHE UL, = Oy —UEERRRIC TS ) VAN R Ba, B
ﬁﬁﬁ@ﬁ?ﬁﬁ%ﬁﬁotk@%%%tﬂﬁﬁ%ﬂﬁ@ﬁ%mbto:bmﬁf—
CIEE R 5 U B TR R R B ORI o> T T8 ) — VO BUAR b N T
BILBEBLRD, COTZERLIEMULETY ) — LV EEEE L TAEADE
PEDRTNDC L B RSN D,

WAIS BBV T, S 5 RER IR R ¥ Fax— b LB 1 mM
@:Ab@%%%bt4y%l&—bmﬁmfﬁﬁizﬁogmv&ww:bnﬁ
FREMSEET S b, UTFORBRCHEIN JBENOA v Fa~— b
I hOSF—CEE R RS C L EEE AN B L L.
GEERERABEE LR, T —. 7)) e0—VEEE LEERE Fg.
16 TRl 4 DRASBRIC & D85 N EAREE L. KRERDT ¥ F2x— b
& LROBUAS & EAT (Table 4)o = b 07 F—BIEHDORE L MIEE S

Table 4. Effect of nitrogenase derepression on uptake of substrates.

Substrate Substrate concentration (mM)
Before derepression  After derepression
of nitrogenase® of nitrogenase®
Acetate Oh 5.64 5.64
21h 1.85+0.03 0.45:0.18

Consumption 3.79 5.19

Ethanol Oh 458 458
21h 4.23+0.18 3.86:0.17

Consumption 0.35 0.72

Glycerol Oh 5.05 5.05
21h 4.63+0.11 3.87+0.09

Consumption 0.42 1.18

® Cells were suspended in the medium containing acetate, ethanol, and glycerol after
growth or after the derepression of nitrogenase by preincubation with 1 mM succinate.
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EOICKEE 1mMaONTBREZRMLT LA Y Fax—b2{Tok. ZORKR.
EMERRSEEROBERICBNTE, iR, =45/ —)V, 7)o —LonThod
EEICBVWTHEEZER LU TOWRVWERE R UBGAAEDEM L Tz, Ih
5OEERIAHREDOELD S, RERBHEZEBRL ULAKREECBVTHZ b
Oy F—ELOEERADEBERETZ Z LT XEOBUAA « A - KEERIT
E5—HEORFHOTNPRESINZ Z L BRBINE, = vy F—EBEEIER
LMficBWT, =8 2 — VTR 265 7)) 0 —)V T8 3 EDOHEERIGAH
EFEETNEI L6, RICRBHARSHETORBC L EMLETSY ) —)b,
TN 0 —NVEHENICKENLEBRTEEEZ 5N 5,

(4) BEREREOHREIC L 2 KEEEEOR F

KEEEOEBOMARICEN T HEAERM, = b0/ F—ViElRR. SE%
BEEEMIDKR~DERD 3 520 572 3 REO IS TRI NI, KRR S
KREECHAT BB . ABEETREEE fE N2 HEE L OREO®
EETIY ) —UIC L3 MEINEE 2 IR K REES 55 2 LHTE
BODEYWSPITELENH . 22T, INTBEMCLSETL A > F2~—
FEFFVS b DY P ESEEERE ¢ R EE AN TELDEEDTY ) —L D
FHETCBWTOKREREZTAN (Fig. 18B). =¥ ) —)VEMEBIC T 2k ELH
S U (Fig. 18A) KIAEREI 50 MM % TR B oA S ATAE
Lo, N LD ERBER DS EBHREL Bot, L LEHD.
50 mM LI EDBEIZT 5 2 — VTR S T DA BT b REREFZDS N
BBBETHD. k. = b OV F—BEMEREL TORVEETI 0.1mM &
WS HBEEEE CREE RIEBD SN AR BB L 2 EET B L. RERETH
BENBEERRIELPICT H ) —VIC & ZIEICH URHEERSES RTV B2 &
WD, — K. EHAEE 1 MM TREDK 70% L5 EHEBNENTS ) —)
BEORMICREVEDMER & 2ok o BEORBETICERT BT ) — LB
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) 100 1 A Fig. 18. Conversion efficiency (A)
.§ g 807 and production (B) of H, from
£ é 60 - X% E'\ - ethanol at various concentrations
E g 40: \ ‘ during the three-stage cultivation of
g % 20: , photosynthetic bacterium. Cells
§ e% o ] E:E: :E:: :E: E’E Et Ep—r]':_ were suspended in the medium
60 containing each concentration of

g ] B | \\ | ethanol after the derepression of

% 401 § N nitrogenase by preincubation with 1

E ] \ § mM succinate. Incubation of each

fE; 205 < § - § culture was continued until H,

& N \ \ % evolution ceased.

| AN NN/ANY NN ANNIANYN
0 051 5 10 50 100200 500

Ethanol (mM)

05~5 MM EEAICINE Y COREHHTRERMEWERGEIB/ OATNE I LD
5. BEERFOTSY ) —)VIZKEANOEBRIIBWTELUREBEERAICH D LEX %o
INETOXEHEMEDKRERICET 2HRIEL LT HPM K HRBEFRER TRESh
ZEMUERMUTIToCEREDY, ERORBREREE L UTHWERSICRERED
HEBRMEDOKREESEZ LORERET 200 BRET Uiz, £ 1ETHRETLEREL
BILRBHAGHT COREBEL., £2 BB IPERETHRE LEAAHRMECBT 2
BRI EEZEAEDEEF AT AIZDVWT, ROV AT A B L DDOKEREE
B, BRUOKREEMNEEZFML /= (Fig. 19)c WTHDYZXTFT LBV THKEALE
BINZBELYUEORIIFEOREEAE IRV THREL BB TH . ThiFI/Va—
ABMTEH LR, Eq.3 ZR>T. FNVa—X PEEHSBRE 2T RO BRREK
REBRELPEHINZOT. ERDP LB L W HERMEIC L 2 KEERKE. ROV
BB L DKREFEDVEKRERRICLED ZEEERDE,
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CeH,,0, + 6H,0 ———> 12H,+6CO, [Eq. 3]

KEBME I & D ERS R ORBEND & ERLEARORE, HARME
D 3B 5 Ui 2 B EEOBIGE N RO SN, 3 BROBETIE B
BT ARAE D 5 D72 ) DROKEDSERLTH D —F. 2:BROHETHEA
RERE TR IBEBOS 754 ABRDS NI KELHAFMED 2D
SERLEKROBBICE VTS, 3BEOHETE 2 4BEE HITRHEC
WKRERE 283 LN TELOKN L, 2 BROBETE 2 4 REERICBNT
HHI60% DARDERICEE o750 1o, BEEEOSHH REERHR 555
BARCEE LEBA, b5 OKE ERERES CHO L. = ORDEBALKL
ARMED > DKRERBOBME WS BT LRESATNSZ L SHEEDPER -
o Ee. REOKBERCBVWTKEZBILLTH, ZOBERESTHDIE
WRETHS. LihioT, BN ST OEE FARMEC kR ERH LR
SN, KEENDEORES BASZ LA TE S, ChoDOERNS. GHICHIT

Fermen-  Cultivation of 9h 24 h
tative gas the bacterium
phase

CO, Three-stage

N, Three-stage

=
N, Two-stage 7

0123456780123 45¢617 8
Hy (nmol/ml culture)

Fig. 19. Improvement of conversion efficiency in the three-stage cultivation
of photosynthetic bacterium based on stoichiometric H, production from
glucose degraded during algal fermentation. H, production from photosynthetic
bacterium was measured at 9 h and 24 h, respectively.

H, production by the photosynthetic bacterium, §&§; H, production by the
alga, FZ; H, remaining to be produced, [ _|.
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BIREEH X EM T OREE & HARME I B3 3EED»SRLIEREEZEAGDE
22L&, YRT AREKICBIT ZKEREEEDR £ & EIROR) R ATEEIC R
5LEZONDo

E2HE ME

(1) KEREEEGT 2 LAEME O

KEREEC AV AARMEO BRERHECBWT, —tarr—EnEtzd 5
DPULORRZ E-EABMHBT2HEOEMERES PIC Lz, ZEORAAREE
BFEBEDSKBANOEBRICBI2RERETHZ Zeh b, KELERIIBIT
ZEBEREELRD. = bOSF—EREEPRER L EERICIBWTETS )=V P
V00— irE REORBAAGH TOFERBBREYZ XD RO ITEUAL
Z LB TE R, R sulfidophilum ¥:i2BWVWT. EEDHGAADME E & HIZKKRERZD
ROWERDPRDOLNTNBDT?, ZREABOW-1S fRicBWTdT ¥/ —)b,
) e0—)v o OKREFNEDOERNDBIHFRING . = taFF—EEEZH 5
PUDRERIBEERICBOWTINSEEOEGAADPEE L ERRZHASPICT S
ORI SRIBREDPLETHSD. TORRL LT2ODTHEESEZI ONS,
—DHOAEEHIZ= ba S r—BESBEETSEZLICL D, Zh s EEMORH
CEDERKT 2ELHZHBEACHEEREL 2T <252 DRAPEEBICZAL—-RI
RN TR EEREGAAEEPH L LEZE WS HDTHB, ZLT. $5—2
DAEEME IR I 2 5 DFEEYDOBGAA BT R )V F—IKRENREEREIC X DT
NTWER5IE, F2ETERINTWB LS =y —EHEEPEETS 2
LIZEDHREHEN LR ATP EARDSEELINEHER. EHPEAADEET S
EVWSERTH Do FFE. W-1S HRICBWTIELXDERMOBIAAZIRE Lz & 2 5.
KA I L2 T2V ¥ —EEFE 2B A T &R VWBERKSH T I BuA
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AREEPMET T2 LHBHERINTEHD (Datanotshown). Zh SES FAEKEDDHS
TRV F—RERNREFHMEIC L DITON TV B RS REBIN TS,

%, BERRIE= b 07 F—UEMOREREEC BT ORI CIALNT B
b, BXIC R sulfidophilum % THEONERBRE BT 5%, FERIZ7 2V CoA
PEI—BRIDFZEFINCoA IZE# I, P EF)V CoAlk PHB £EABERD
MREETH D720, BRI PHB ICZE# X h 3, Rhodopseudomonas
*Y Rhodobacter sphaeroides®®. % LT Rhodospirillum rubrum® ¥ \\-
EAEGHMBEC BN THRBREEEL U 2GS CELNICPHB BEEIhL 2 LH
RINTHED. TEFKRIECBNTH [*CIEBEZ AV /= E8 D 5 AROREZE2Y,
= b O F—EEMEDSRE L T, B S PHB ~OZHRAEL 5 h. K
RNOEBDERITR D, LED>T, BEORBENEEE L LTHEAL-EA.
:FUV%—Q%ﬁ@%ﬁ&EmtLtéﬁﬁ#%ﬁ%%é&ﬁ@hfhét%i
%o

palustris

(2) = b+OVr—ERE2EE L Uk KREEY X5 AL EMETE

REOKEE 2 RBAH REMT TS 2 LPNERMED= oy F—ERse i
BY UKREES 7L EBET2 L CHERTRTH B, TRDB, BEH X
SHTEHB L, SBICLBKEEHRRINZ SN, 2082 AFMECL &
BENBIRBED~LFETELDPL THB. -, KAREE 2 3BEPL &
BEBEICL VAT AL, RO N OV F—PEMREL AV TRE L, kS
ERDS T8 4 ©OEHD L TEREE DR EHED S h iz,

L Lab s, HERMEOREEERZ 3BRICXY 3 & BRIk REED &
IRARBEEEZFRE L EBBDEA AT — V7 v TOBEL 2 VELTH B
S0 LEBDT, 752 b AT — VOB B CRER S BEDE R BIEEFbTIC
ERRIBITCEREBTEEZMO R TRRLRNTH S5, & DFEDICEHKE
FEDT=HDY) 775 — %R T HREAEO N FERA BEBEICHRE UEROR
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L HIZHRICNFEHE - bV F—BEEBRANLBTIEILBEDPDH S, &5
2. = b oY F—EEESERR LS OBEKICRE MR AR T 5 BT bR
RITO T EEEENCRBR MR T 2%, SBROWEPELN S

FRICEE L. BRORBEBLITAATMEOREREZHEAGE IRV AT
LORBIE., KREEZHAABRMECENTI2H0OTHD. THIT. ZOKREE
MERFEREDRN SFICE TICME Lz,
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AMETENARMED DR 2V F—EHiEEFA L. BECEAFONER
L UTOMADPIIRE N TN RRA R EERRCEELTCEET 2T
LAD—DDETNVERET HILDBTEE. ZLOWMEMDKEER - BuAH % il
WIHBRL LTRRL WS- by F—E, e RolyFr—HiZEBL. 2hb
DERDPKRERRIEDOH 25T, KRER - BUAAR 2N L THRL REBSAHICE
Er 5285 L ER LR,

REOKERERRIE ROV F—LESIC X VMEINZ DI OKRERENZ 2
ZETRBAMRIGHRET B LERHUE, 2L T, fERL D BREMAFCHL
SNTELERARKMED 5 RBARGHANERMEFEERTS2L T, ZOKEE
BROMH 2B BITRER U KREREWZ 22 2id. KBEEZ HOL LESS
TR ARLS CEDNE Y. BBARIC LD ERT 28T U BIIKEER
ORI TERYORBEBANLERI NEED, BTUBOBECIECED R
Pofz. MEDKREREZMET AL TENICHMULEZY ) — V2T ) kD —
Ve B FERYE. AEFMBEICEbLI v I icih= by F—EE
BOMBET. KEANLEBRTIILHTEEDLTH B KARMEMES T
VP OERT ZKRLBEDPAARICL DER L AABBICHRTS 20, FEDK
REROIHNC & 2 WP BRI DI SRR SRMEOKRERE. &5
KSR T LA2KOEEEOR LTHETDL I Lizho ko

RO BD 2 BRI IX 2N THFEAN® ATP/ADP 2o TR V¥ —KRER
LS W BEEPIBEZINTVE, —F, KFE RIS =KEEROW
HIEHIAOBLET S ¥ R ELE RIETLEZ bh, TRV BRARE
JEPMEHE L2 LW HERD 5. BRARRIGHBBETNT Y RAEENTII LI
LV EEEIND LW S FRR A D RRE i,
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—F5., REDEBEYMTHATY )~V )t 0—)V2KENLEBRTEZED
CHERHE L 220 e ERYD S DKRERBRET L. ZOMFERT. K
ZEREME T 2o b F—EEMORATIEB BN EFED» S KEAD
EHBRCB I 2EEBRE THIZLERH LEZ, 2D ed5. HERICKREE
DEBETH 5 RERBEZ T 2. 5P LOBERET= by F—E%E
HERRI B CBIBREIERBIAYTHEILER L, ZOL3E= Y
FBEHEORROBESEEL BEDE. TF ) — LB b0y F—EEEE %
BLTOWRVWERIZBWT, oy F—EE8HAZ23— KT 2 nif BEEFEIHT
ZZLITBALTWE, fiFice>To= ol Fr—Eo4EBEaliX. 2RESE
MORZLI=REBCBPNEERIIRATOERII 27V EZTXETTSHI L
Hb. TORD. PUrEZTOFTIVBRESTFHCINEFEETHEEHCX
b nif EETFRIHEN D L BMEATVD, L LENS, T8 ) — DL
BRAFRIENEFZEZET. LErOHIECELING 208D nif BT 2I0E]
THEVWIHMEFTBHIN TRV, ZOTF ) —)VIZ X3 nif OIHIIE NaHCO, ®
dimethylsulfoxide (DMSO) &\ > /= REETFTZEAROHETS= b oy F—BEH
DPREALEZEARCBNTEERD o N AP >z, XABMEDIKRERZITS B
J[EH T, —BRRER CORKETFZEERRIHEROHERFICAARTHD., &
TUEPRKNICZRIERROEEREICHVWSNE Z LI W AAROETFEE
RICBIZRAL—AREBETFOERZMEIND LEZ SN TWVWS, NaHCO, IZ=1t
REE LUTHGAZNZ DBEIERICEL D, DMSO I DMSO ) ¥ 74 —Eic kb, £
bbb r—EEtRE T O RERTEIEER D ENZNERICL >TDE
FTUBORKITOLUHEA LERR, =8 /) —VEETCBWTHEEBBEEDOEER
RICFG LELEZOND, LEDKST. =¥ /) —NVICK P nif BEEFOMEIET
)= NVPRBASINDZZ L L >TEU ML POERIC K D HEHROHER VR
HRRBICHEIMEEZLICREATEE VWD AR LADPTREI N,

AMEIZK B, KREEY XT AOZBREDOYE I X D RN KREEE IR
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BEXh, ¥ ) —NEKENLETHRTES,
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