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Advances in molecular biology of green algae for biohydrogen

production
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Tab. 1 Structural characteristics of algal Fe-hydrogenase from C. reinhardtii (Cr HydAl and Cr HydA2), S. obliques
(So HydA1l), and C.fusca (Cf HydA). The respective genbank accession numbers are AF289201, AY 055756,

AJ271546, and AJ298227

Sl e NET HifisIx 5'UTR 3'UTR wiEA ESk TATA HE
PR AL AL AR BRI B TREEH TREEH (AR
Cr HydAl 8 7 1494 158 747 497 50 5'UTR _Liif 187bp
Cr HydA2 10 9 1515 139 873 505 62 5'UTR ¥ 24bp
So HydA1 6 5 1344 154 1100 448 35 5'UTR _Liif 25bp
Cf HydA 6 5 1310 436 21 5'UTR _L-¥ 25bp

VE: Cr HydAL, B KA LEEHYdAL; Cr HydA2. 35 KM A LEEHYdA2; So HydAl. #EME S 1bBEHYdAL; Cf HydA. C.fuscaZfLE

1.2 Gk FefABEe R

2002 4F, HappeZt ™M 35 1 1 i (1 2 A B [
hydAl e B 2K AT B P kAT T 3Rk, REFH
Western blotA il 2] 7 HydAL & A F KR RIE, HiE
FEARA I B LA AT, UEWIHYdAL B A S TR
I T I T S B R T 1 SR s . A
PosewitzZ 8 9V Bl hydEFJE R 15845, 2 Sk 14
KPS ABE TR PEE K, HydGXf sE B HYdAL #i
HydA2 3& % e H 3, Posewitz2hd il 78 K FT i
(Escherichia coli) 133214 3 P A< 5 [ Hyd EF
HydG#IHYdAl JE[, H k433 T — N AIEER
HydAL /i, (HiZ35 M HydAL B RIE A0 FasE
(21, i 76 P W T 2 #2 B ( Clostridium acetobutylicum)
W R IA EEIRHYdAL B, BAR T DA IR e v AR A
(FIHYdAL B, {H 2 5k AP, King25P2i i
I T FRAR B KU M HYdE . HydFAIHYdG 55 36 14
K EEMIHYDAL FEFAL A 3 40 i 20, HydAL &
ABEAME AT LAAS 258 e RIATEME, SALEmIRIA &
WA E T KK

EAERRZE, BT MEE Ao, BT kn
FIE FEWEAE AT B (1 TR IA LT & 1 0 T
AERAFAEAR K S R, 5 BR A E R S i A L

(LB, )20 FT Bl i M B R BR A 2007 4,
Boyer&: P MR i T — 75 K R T S U £ I 4 A
F SO A S A B 0 S S T R IR i, S
RN R A B S5 R R (R IE LA T &
(R ML R T 6E .
3 G EFeR LR AR

FeR MLl A4k i S FL AR, fEAL TS M v AT
BUHKEATP, 55Ni-FeXtb BRI i ZBEAT L, 34
8, FLI R 1) 750 e 5o A A Ay UK, 88 A G
S e S AE R T G, BRI T S ST
IR . LER, REEFATRN I RFeE LI
ABURTENLEREAT T — RIS, RIS FeA
TR 55 4l Fe S A —FF, FLAUBUSIE IR B LAk
LMz 5 [2Fe2S] i T I A A A T A6 4 B AL
EEFEE I D2 KW, O, nl el —2e i £ ik
8 TR /AR 0 BA Ay 2 200, i Tk
FeZl LM IFT i A I XE LGRS, H R6T i 225 4 (1
A BT I [FIYR AR VAT o T I S A
FEHYdAL FIHydA2 [ [F1J5 A R I, 78 L3R T A7
TE] e AR ST, I HLIx e S Ak g <Ak i 1
FLBEKTH, 50,104 TR, 3 L sk
INEARFIFEL, NN RHI N0 MIE, Mk

78 HEEERF2£12009 £E155 33 /56 11



i) m
R EVIEWS

AN H R, — B DA R, AL
(TR R R 5 R B IR e 1 s AR 68T, King %
[290551) FH iz s AR B AR K 3 B K S Hyd AL Al it
(R LRSS RRHEAT T 84, 9/ TR I AL
¥, RIICA M TR R — i AT, E W
X 2 S AT 1 B 15 ke o L L 4R S e A
TTREI, I ELKE RO G = U5 h— AW L i St
(IS 1] o
2 ZEFEANRMH>TFENFHR
2.1 %k = aARitieR

AT, SR SR 1R - 30 LAY S E
fREAR AN B R . 1 B E DR
r, GEELERHIORR, R AR B R
KA T, SRAME AL IR R ), FFI L 5
FeU BB 2B (| 1) [ Mg 14
TTBLS M B, 7R — AN Berh, SN e
FRSA R I 5 B, o e i
Wi, ESE A B, ELELI R, XLy
FRI e L e A R ), T RSl (I8
R (B 2), BB R
{3 5 2 2 1 i ST 4% 2 Fee L A0 S0 i 550, T

F—BrE (AR

co,

2¢” l\, LY

®ExEa

TR e iR, S 2 B2
LRGN, 2 RE ) L RELERF A2 B AR ) 26
KOV, PR B A R e AR SRR
Z LRI RE LR . SRR SO T, TR TG
DU, RRPIACEEDNART AN R EATIR %, Sk
s AR K P T2 D 0 4 A A s
201 JRARGR R I T 5 AR AR DI ) 2 A
58

vAg
50

2H*

K1 AR ik

B BB (RA)
S H,
win]

i a5
S A2 EG

K2 [aE B digt

22 HEFERMHETZAELLR
221 WERARBIERRERE SulP

WRICEAVE NS E KT, WL
) 38 5 A AR R . BFOUR I, ST A VAN
LB TRIPRE T, HOb A i R 2 il K
NEE, TR R AR N, A BT SRR
Bi, b, TR TR H v 3 2 Sk &
HoRZ B Bk, SRS A
F R M g = A, e A& et 4T
TR s AT BRI m e AR RO . ESE A

BEIBRARWIL A T, ChenZ B8y 2 BRI T 444
VBIERHEESUIP,  HARADIK 2 1 2 ABC Y I 4t (A it
WS H I B 304y, EE AW T4
PR, S0 E 5 s Sk AR . DFC R,
SUlP {548 W] LA B RGN 18 g )y F B
O Wb E g, DI TR AR R R —
ANTESHE A, R A TR R R
BREYE, (FA7E R TR, TR A e
()58 256 5 P PE FH ARG, BOE R Rk g 1 1 5 2 K
SCARIEHE R 2 1 R AR B R R 5, R b S

Marine Sciences/Vol.33,No.1/2009 79



i) m
R EVIEWS

P P I 1) o 2 3R T e R 016 T s 2 5
STATHC. HET, 7ESulpfimdlsii . KA
Mo UL W] B AR B Z RAS, e — antiSulP

AL B 5 T8 S T M T R

41]

222 RuEMmEERN sta7

2004 4F, Posewitz 25 M8I%] 3 1 4¢3 S AR Pl HEAT
TrEAR IR, 5B AN AT R R S AR B
sta7-10. XIZERKRIMSEAR FE R sta7 BE4T 70 2 R I,
gt =) 55 bR A () S e R il v P TR, ) B
XA Phsta7-10 KrE &I, 1% 58 bR AN n] s 1k
TER A AR BB E RS B 5%, F HALREE
SR TR SRR P B 5w, AR T
[igaceit

T e R BEE SRS & T I Th e, H RTAEAE
SRR, RS B F R B SCREE R A
R A W 7 R0 8T N NE 0| 5 AR i
DA g 12 8 P A P A B At ] s P SRR, ik 2]
TR SR () A7 AE 25 e S PRI R S A R 5
AT PN A I 1 A 5 4 e W A% R TE B A
Ko ANEWE—FHfERE, ZICHEM, STICHEES HI%
S BITER AR . TR RS S IR 40
L, FEWAT TS IR, BR T PS IDGEKTIE
AN, PSS A O B Al T LA &
PR vl 707, DRI TR 7 S5 3 il S AT ok
Ve A S B N, S EBEEME AT
e, FEMEHH . 2R, SULlEE A
(1) B AR B2 1) o bRt T A 2 S M H, P BT SR T
SRR DA B S N T S e 3 U AR LR,
A ] i R 4 2% S R T A R R R T
ERPETERY TR, BN SE D A B SRR AL ) S A
W, DSk BT ST AR i o e A Rl T
WS — AT 71
2.2.3 Tlal ZF KILEBThEEER

I N BT 75 A A 32 B P T 7 AR H A T
WIE T, DR ARG A1 F R I I 20 36 Hodst
KiEgm. R REMAAEH P R IDRERIR
WAL i, FE 288 P K4 750 NS0 T 4Lk
o, A K 122 MG T RN BT J
[, M2 RMERS 7 BT AR E A
IRERY, —fekeiE, DB TR (ke
FEE B N, REOZWIINAE 90%LL E K
JEHE LA CRRAE AR Pt o 10 7 SR (1 ki
B, BARLORSELR, FEESSER

(1) v 2 B R B R A, AT R RIS T 5 774K &
G BR R A A g,

H 20 thatrhtiid, s RS B ARRR IS Y
T 5 % R 2R 106 R R FH ORI & A8 7 ) IR
BEAH AR B BS R IER 4D, 2001 4F, PolleZ
S A A i B AL N 98748 SC R JEAT I 43 35 S8 AR AR O
RIS RN, i —REPS IR R0 2R K NASE
PRI, (G EOR A I AR 3 £, ¥
Mo I 2 28 R 2R (0 28 ORI Tlal PR DR e 75 DA
RIPY, [4E, MasudaZsl*I7e 4t (G453 (Dunaliella
Salina) H X kI, MopRa AL (CAO) F
Lhch ¥ 238 7E 6 A 3 10 R 28 0 5 R K /NS AL 72
rpt A AR A VE . Tlal 2R 8 & H s esh e
FER R IR, REE RSN ErT LLE
I SR s AR A BRI R, I TR A
Bl vl = S0k A2 A I 6 R FHRCR AR 1 )
A TR ARG %, DA AR AR S, it
TE R A .
3 ATAEMFEAEZER A+ WM

FRT &

B o %oF 2 i S A g DL R S AR T LR T i )
BRIRN, 5 T )2 EBORAE S AT 1) s DA
KGR AL A AR AR B 2. DATRAR
T EYERAR N EETFE, LaigusiER.
P AR T IE 5T 1 388 30 1 A A ok il S A i it 1 2
o
31 ZARKRAR

AL T O, (1 BB 2 H T LA S5 1 5 44
AL ST OL ISR FIRE ) IX AN R e 1. H
Tl O 4153 2 Fhall i S AL BE 6 = 4k AR 25 19, Jf
FLFI T Ho O 3k H Ak O I8, H SR
il = 2 S AR 5 K R A B R« R King 22
A B Fe S LR Ml I &5 0, ST —
SO, HE T o Fe Ak i PR K g i
=) = YE S5 M) S DhRe S5 7 T S T, I
() AR L AR AN 2 L Fe AL B EAT 58 4 PR AL
Wan i an WS ) e [ R s NIV e SR Sam = 3
FeZl Mg — Yt 45 14 S DhRe (M it — 20 5

FER A BAR (gene shuffling) &R A
SFHEAR, HEnxEARC N TFEAR T
PRSI, JFAE s 2 g e e butks e PERL
TeRasE PSS 77 A T BRI, th etk
Tk e AN TR A el ) [ 8 25 RO B T A A 1 1

80 HREREE212000 4E155 33 145 1 1Y)



H ik m
R EVIE

REPE, FE DR AR AT LIl 3 IR S A 43 17K T
IELL, QS TR, AR TR I I F
HAAMA S, I HARTFHELS TS SR
W o AR 3 55 AR H AN LEAS T B 17
W = 4 450 S S REA R NI T, A 402
AR T N e A SR R AR e Ly, I HLAE
KARFEm RERA MR, ik, SR+
O3 T MK T (R Sk Fe S AL I XL P9
F i Nagy 210 2 4 33 ] 42 1) ( Clostridia)
(AT s, 7 T shuffling S8 A8 3L R B,
rhE B T AT M R SRR A T AL A

BRULLAAL, W AEAE F AR SRR A b ik 21 2
A A PE A B D R, IR s ILAE g b )
TEPERIE L S GER DS, BRI mas
PP SRR 2, R S A B U 1 Bk T A
W LEEAT T,
3.2 Rt TR

AR S 8 7 SR AR B 22 S i Th RE S
KOG R REMIN A e, Hig, HARHEL
Mg LA A R K TR 25w P AR, o ST At ik
PR B AT RO, AT T A B R
TP P R s o T X 58 AR 1 HEA T B BE T 32 1)
TRERRARIE, RCRM MG, R Ak i E 2= 1
LU 3R 1A 21 2 s e AR DA R IR 2 57 R B AR
N RIS, KA AT A2 KO I s A Th A
FEM IR AR, NI B FBRATEPRERA T
i B R = AR L

A8 P BT e S DA (R A, m kA TR
T B H 1056 2 95 7= S AR U 1 G B oS AT U
F9C, A9 ok 2 a8 A B Sl g v b S AL, Bl
T Js SORZ PR 1 A 1l 356 DR 1) 15k 4 AR A5 40 ) 2k v
LI R A AR B2 E A Tlal. CAO Al Lheb 25K
LR R/ L [N R R TR 555, ] DA SE TP 1)
SMRUE R AT PR T A, TR
B ) TR R o

5 7K R A A AR £t et v AR
FEWFFE I — A2 5T . H AT, & A WF5TF Chlorella
kessleri [FTHUPL FELAI7E S R A #Stme 1 3R1A, i
3K 1A A 1T D[R] B R A5 /S il FTH O 7= A2 H
ELStm6 (1S T 50%, (A ISt 7 ) FH 4t
Wb TR B P e £ e R S T gL,

WS
4 %E

SR B G AR I A R S AT UK 0k
B, AR ERCRAR Sl U 2 2 IR R
JEMPIR T E . 25 A BOR B Lm0 a3t
W) T RRIAT A AR (RS, CafET
K R E LRI 78 T A T EORAE R . Bt
FWHAIRN G v 0 B R S PN ] 42 e 8 2
LEPS AT YD P QT VAN B = PN ]
B K IR T A A BRI N S 5
] P 22 1] o

SE Rk

[1] Gaffron H. Reduction of carbon dioxide with molecular
hydrogen in green algae [J]. Nature, 1939, 143: 204-205.

[21 WK KD, BEE, S AREIICCCPXY 3 b A< 5
JCH AR R R[], A A A 22 4. 2008, 27:
62-66.

[3] Skianes K, Knutsen G, Kallquist T, et al. H, production
from marine and freshwater species of green algae during
sulfur deprivation and considerations for bioreactor
design [J]. International journal of hydrogen energy ,
2008, 33: 511-521.

[4] Kamp C, Silakov A, Winkler M, et al. Isolation and first
EPR characterization of the [FeFe]-hydrogenase from
green algae [J]. Biochimica et Biophysica, 2008, 1 777:
410-416

[5] Roessler P G, Lien S. Purification of hydrogenase from
Chlamydomonas reinhardtii [J]. Plant Physiol, 1984,
75(3): 705-709.

[6] Happe T, Naber J D. lIsolation, characterization and
N-terminal amino acid sequence of hydrogenase from the
green alga Chlamydomonas reinhardtii [J]. European
Journal of Biochemistry, 1993, 214(2): 475-481.

[71 Happe T, Mosler B, Naber J D. Induction, localization
and metal content of hydrogenase in the green alga
Chlamydomonas reinhardtii [J]. European Journal of
Biochemistry, 1994, 222(3): 769-774.

[8] Winkler M, Heil B, Happe T. Isolation and molecular
characterization of the [Fe]-hydrogenase from the
unicellular green alga Chlorella fusca [J]. Biochim
Biophys Acta, 2002, 1 576: 330-334.

[91 Melis A, Seibert M, Happe T. Genomics of green algal
hydrogen research [J]. Photosynth Res, 2004, 82: 277-

Marine Sciences/Vol.33,No.1/2009 81


http://engine.cqvip.com/content/q/90335x/2006/027/001/zk03_q2_21187890.pdf
http://engine.cqvip.com/content/q/90335x/2006/027/001/zk03_q2_21187890.pdf

Bk ﬂ&
R EVIEWS

288.

[10] Winkler M, Heil B, Happe T.lsolation and molecular
characterization of the [Fe]-hydrogenase from the
unicellular green alga Chlorella fusca [J]. Biochimica et
Biophysica Acta, 2002,1 576: 330-334.

[11] Guo Z, Chen Z, Yu X, et al. Subcellular localization and
identification of hydrogenase isolated from the marine
green alga Platymonas subcordiformis using immunopre-
cipitation and MALDI-TOF MS [J]. Chin J Biotech,
2007, 23(2): 297-302.

[12] Florin L,Tsokoglou A, Happe T.A novel type of iron
hydrogenase in the green alga Scenedesmus obliquus is
linked to the photosynthetic electron transport chain[J].
The Journal of Biological Chemistry, 2001, 276 (2) :
6 125-6 132.

[13] Ghirardi M L, Posewitz M C, Maness P C, et al.
Hydrogenases and hydrogen photoproduction in oxygenic
photosynthetic organisms [J]. Annu Rev Plant Biol, 2007,
58: 71-91.

[14] Wunschiers R, Senger H, Schulz R. Electron pathways
involoved in H,-metabolism in the green alga
Scenedusmus obliquus [J]. Biochim Biophys Acta, 2001,
1503: 271-278.

[15] Forestier M, King P, Zhang L, et al. Expression of two
[Fe]-hydrogenases in Chlamydonmonas reinhardtii under
anaerobic conditions [J]. European Journal of Bioche-
mistry, 2003, 270: 2 750-2 758.

[16] Zhang L, Zhang W, Jin M, et al. Cloning and structure
analysis of hydrogenase gene from Chlamydomonas
reinhardtii SE [J]. Process Biochemistry, 2005, 40: 2 968-
2972.

[17] Happe T, Kaminski A. Diferential regulation of the
Fe-hydrogenase during anaerobic adaptation in the green
alga Chlamydomonas reinhardtii [J]. European Journal
of Biochemistry, 2002, 269: 1 022-1 032.

[18] Posewitz M C, Smolinski S L, Kanakagiri S, et al.
Hydrogen photoproduction is attenuated by disruption of
an isoamylase gene in Chlamydomonas reinhardtii[J].
The Plant Cell, 2004, 16: 2 151-2 163.

[19] Posewitz M C, King P W, Smolinski S L, et al.

Identification of genes required for hydrogenase activity

in Chlamydomonas reinhardtii [J]. Biochem Soc Trans,
2005, 33: 102-104.

[20] Posewitz M C, King P W, Smolinski S L, et al. Discovery
of two novel radical S-Adenosylmethionine proteins
required for the assembly of an active [Fe] hydrogenase
[J]. The Journal of Biological Chemistry, 2004, 279(24):
25 711-25 720.

[21] King P W, Posewitz M C, Ghirardi M L, et al. Functional
studies of [FeFe] hydrogenase maturation in an Escheri-
chia coli biosynthetic system [J]. Journal of Bacteriology,
2006, 188(6): 2 163-2 172.

[22] Girbal L, von Abendroth G, Winkler M, et al. Homologous
and heterologous overexpression in Clostridium acetobu-
tylicum and characterization of purified clostridial and
algal Fe-only hydrogenases with high specific activities
[J]. App! Environ Microbiol, 2005, 71(5):2 777-2 781.

[23] Boyer M E, Stapleton J A, Kuchenreuther J M, et al.
Cell-free synthesis and maturation of [FeFe] hydrogena-
ses [J]. Biotechnol Bioeng, 2008, 99(1):59-67.

[24] Adams M W. The structure and mechanism of ironhydro-
genases [J]. Biochim Biophys Acta, 1990, 1 020(2):115-
145.

[25] Montet Y, Amara P, Volbeda A, et al. Gas access to the
active site of Ni-Fe hydrogenases probed by X-ray
crystallography and molecular dynamics [J]. Nature
Structural Biology, 1997, 4: 523-526.

[26] Nicolet Y, Piras C, Legrand P, et al. Desulfovibrio
desulfuricans iron hydrogenase: the structure shows
unusual coordination to an active site Fe binuclear center
[J]. Structure, 1998, 7: 13-23.

[27] Cohen J, Kim K, King P, et al. Finding gas diffusion
pathways in proteins: application to O, and H, transport
in Cpl [FeFe]-hydrogenase and the role of packing defects
[J]. Structure, 2005, 13:1 321-1 329.

[28] Buhrke T, Lenz O, Krauss N, et al. Oxygen tolerance of
the Hj-sensing [NiFe] hydrogenase from Ralstonia
eutropha H16 is based on limited access of oxygen to the
active site [J]. J Biol Chem, 2005, 280 (25): 23 791-23 796.

[29] King P, Ghirardi M L, Seibert M. Oxygen-resistant
hydrogenases and methods for designing and making
same? The U.S. patent. Pub. No.: US 2006/0228774 Al.

82 HEEERF2£12009 £E155 33 /56 11


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Boyer%20ME%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stapleton%20JA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kuchenreuther%20JM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=PubMed&Cmd=Search&Term=%22Adams%20MW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVCitation
javascript:AL_get(this,%20'jour',%20'Biochim%20Biophys%20Acta.');

Bk ﬂ&
R EVIEWS

[30] Hallenbecka P C, Benemann J R. Biological hydrogen
production; fundamentals and limiting processes
[J]-International Journal of Hydrogen Energy, 2002,
27:1185-1193.

[31] R¥t, Ak, Fwhy, 45 $EmK AR N INE.
AR NS A W] LA, CN 1657605 A. 2005.

[32] Debuchy R, Purton S, Rochaix J D. The argininosuccinate
lyase gene of Chlamydomonas reinhardtii: An important
tool for nuclear transformation and for correlating the
genetic and molecular maps of the ARG7 locus [J].
EMBO J, 1989, 8: 2 803-2 809.

[33] Tam L W, Lefebvre P A. Insertional mutagenesis and
isolation of tagged genes in Chlamydomonas [J].
Methods Cell Biol, 1995, 47: 519-523.

[34] Moseley J, Quinn J, Eriksson M, et al. The Crdl gene
encodes a putative di-iron enzyme required for
photosystem | accumulation in copper deficiency and
hypoxia in Chlamydomonas reinhardtii [J]. EMBO J,
2000, 19: 2 139-2 151.

[35] Van K, Wang Y, Nakamura Y, et al. Insertional mutants
of Chlamydomonas reinhardtii that require elevated CO,
for survival [J]. Plant Physiol, 2001, 127: 607-614.

[36] Polle J E, Kanakagiri S D, Melis A. Tlal, a DNA insertional
transformant of the green alga Chlamydomonas
reinhardtii with a truncated light-harvesting chlorophyll
antenna size [J]. Planta, 2003, 217: 49-59.

[37] Melis A, Chen, HC.2005. Chloroplast sulfate transport in
green algae - genes, proteins and effects [J]. Photosynthe-
sis Research, 2005, 86:299-307.

[38] Chen H C, Yokthongwattana K, Newton A J, et al. SulP, a
nuclear gene encoding a putative chloroplast-targeted
sulfate permease in Chlamydomonas reinhardtii [J].
Planta, 2003, 218: 98-106.

[39] zZhang L, Niyogi K K, Baroli I, et al. DNA insertional
mutagenesis for the elucidation of a photosystem Il repair
process in the green alga Chlamydomonas reinhardtii[J].
Photosynth Res, 1997, 53: 173-184.

[40] Melis A, Neidhardt J, Benemann J. Dunaliella salina

(Chlorophyta) with small chlorophyll antenna sizes
exhibit higher photosynthetic productivities and photon
use efficiencies than normally pigmented cells [J].

J Applied Phycol, 1999, 10: 515-525.

[41] Chen H C, Newton A J, Melis A. Role of SulP, a
nuclear-encoded chloroplast sulfate permease, in sulfate
transport and H, evolution in Chlamydomonas reinhard-
tii[J]. Photosynth Res, 2005, 84: 289-296.

[42] Kok B. Photosynthesis [A]. Gibbs M. Proceedings of the
Workshop on Biosolar Hydrogen Conversion [C].
Bethesda, MD, 1973. 22-30.

[43] Polle J, Kanakagiri S, Benemann J R, et al. Maximizing
photosynthetic efficiencies and hydrogen production by
microalgal cultures [A]. Miyake J, Matsunaga T, and San
Pietro A. Biohydrogen Il: An Approach to Environmen-
tally Acceptable Technology [C]. Pergamon. 2001.
111-130.

[44] Masuda T, Tanaka A, Melis A. Chlorophyll antenna size
adjustments by irradiance in Dunaliella salina involve
coordinate regulation of chlorophyll a oxygenase (CAO)
and Lhcb gene expression [J]. Plant Molecular Biology,
2003, 51(5): 757-771.

[45] Xidedt, T, SRS F S AL WL ERIE STt e 3],
AR TR, 2005, 21 (3) : 348-353.

[46] Nagy L E, Meuser J E, Plummer S, et al. Application of
gene-shuffling for the rapid generation of novel
[FeFe]-hydrogenase libraries [J]. Biotechnol Lett, 2007,
29: 421-430.

[47] RWF5, T4, REAEYTIZMO R[] hEL
W) T REZRA. 2006, 26(10): 88-89

[48] Doebbea A, Rupprecht J, Beckmanna J, et al. Functional
integration of the HUP1 hexose symporter gene into the
genome of C. reinhardtii: Impacts on biological H,
production [J]. Journal of Biotechnology, 2007, 131:
27-33.

(R % B )

Marine Sciences/Vol.33,No.1/2009 83


http://www.springerlink.com/content/100330/?p=53c11c5f654f4723b8cb104330c6afcf&pi=0

	1 氢化酶的分子生物学研究
	1.1 绿藻氢化酶的结构
	1.2 绿藻Fe氢化酶的表达
	1.3 绿藻Fe氢化酶的氧敏感性

	2 绿藻产氢代谢的分子生物学研究
	2.1 绿藻产氢代谢途径
	2.2 绿藻产氢代谢的重要相关基因

	3 分子生物学技术在绿藻制氢中的应
	用前景
	3.1 蛋白质改良研究
	3.2 代谢工程研究

	4 结语

