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Effects of Sulfur and pH on Photohydrogen Production
of the Green Alga Chlorella pyrenoidosa
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Abstract: The effects of sulfur and pH (5.0-8.0) on photohydrogen production was investigated in a unicellular
green alga, Chlorella pyrenoidosa. Under continuous illumination of 165 wmol m?s? conditions, in the TAP culture
medium, changes of chlorophyll a content.Fv/Fm and ®, indicated that growth of C. pyrenoidosa were very well
at initial cultivation pH ranged from 6.0 to 7.0 and can form a temporary anoxic conditions in favor of H,
production. Maximum H, production was obtained at initial cultivation pH 7.0 by C. pyrenoidosa. The maximum
rate of H, produced by C. pyrenoidosa was 0.10 ml mg" chl h' and the maximum total yield of H, produced was
1.39 ml. In TAP-S culture medium, changes of chlorophyll a content.Fv/Fm and ®g; indicated that growth of C.
pyrenoidosa were inhibited and can form a permanent anoxic conditions in favor of H, production. The total yield
of H, production by C. pyrenoidosa in TAP-S culture was more than that in TAP culture. The Fv/Fm value of C.
pyrenoidosa in pH 5.5 TAP-S culture was higher than the others culture. It indicated the residual PSII was more
than the others. Under continuous illumination the electron of production H, requirement mostly comes from PSII,
so the maximum rate and total yield of H, produced by C. pyrenoidosa appeared in pH 5.5 TAP-S cultures. The
maximum rate of H, produced by C. pyrenoidosa was 0.58 ml mg" chl h"' and the total yield of H, produced was
10.98 ml. The H, production of C. pyrenoidosa was notable effected by sulfur and pH. In this test the best
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conditions for H, production of C. pyrenoidosa was in pH 5.5 TAP-S cultures.
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Fig. 1 Effect of pH on the chlorophyll a contents of Chlorella pyrenoidosa in sulfur-replete (a) and

sulfur-deprived (b) algal culture medium under the continuous illumination
4 pH=5.5; m pH=6.0; A pH=6.5; O pH=7.0; * pH=8.0. B 2-5 [i]. The same for Figs. 2-5.
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Fig.2 Effect of pH on Fv/Fm of Chlorella pyrenoidosa in sulfur-replete (a) and

sulfur-deprived (b) algal culture medium under the continuous illumination
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Fig. 3 Effect of pH on ®yy of Chlorella pyrenoidosa in sulfur-replete (a) and sulfur-deprived (b) algal culture medium under the continuous illumination
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B/NEREBEAEKEE R (B 1), bR e R B
Fid L MIERERER T BBRENFTT FHA
BEMRIE I B A ES, X B R
B B, R A D ERBRTE TR SR P R &
HEABREEMERBTN 9% (B, Bm™
SHERE 1315 (A5 . EHTUREEAATRE
0 7K T S B A R B K B RO 318 BINE SE
pH EARWEAZPREEKP—IEE,
HEmERTE. EEREFBRNEE 8% pH
EHEHARE, BEEAERRKA~EEMNLS
f%. pHS.S THFMEAG/DRBEEREE &S
(H 1a, 2a, 3a) , H/=H S &5/ (&l 42). pH 8.0
BRI AE KR RS KT pH 5.5 1, 2R
BIRET pHS5.5. HA3IH pHETAKNEARK
NRBERRHBERASHERHER o &R
EEEZR (E la 23, 32) , TUEBRFEBZEE
HEEEER (B 42) . BALPIRBELETH BT
WA R EEEEENEE R pH 5.5 HFREA H
H. B BN E2E pH HEWEE, &S
EAREBEEARMN 124 15 (B 4b) , FFEHEE
1538 1% (B 5b) o WHERE a SRR RR
S H AT LLE H (B 1b, 2b, 3b) , BHK D
IREEAE TR SR A=A 5 SV TER PSI
R R Fv/Fm B —E MK R, FV/Fm{ETE 72 h
MEFARE (BFEKFE a=0.05) , & pHEFHA
BAMSFEEEHNAK (B4 . F£720 )5, pH
5.5 BRI A EER Fv/Fm TR &8, HIKE pH
6.0 1 6.5 H5FEWR R B Fv/Fm {8, 1M pH 7.0F71 8.0
B SR A BRI Fv/Fm BT FRE & B R(E2b). &9

7E pH 5.5 B3R A BEWE TE 10 PSIL B AL E R R M,
A 7E e IR &4 T F= & B 7 E B RIE TPSIM, B
VAB R BN =S R pH 5.5 BRI B,
H R pH 6.0 1 6.5 (& 4b, 5b) « FELHEEFFB A
BELEZE pH MW ERHRE, FEWEREE pH
7.7 BRSBTS R R, € pH BT AR T
7.7 B PR SRR = E0E 2 PR R EATE pH 8 IO
FEEREE". REFEAERZ pHEXHAEE,
pH 8 tt pH 7 B> T 19.3%,pH 9 L pH 7 B> T
25%. M EH KBS BT pH BHEE. BHZAD
RE S XF M E A B RS RN pH EAR,
BB SRERE %2 pH XHEE.

Sk

[1] Melis A, Happe T. Hydrogen production: Green algae as a source
of energy [J]. Plant Physiol, 2001, 127:740-748.

[2] Ghirardi M L, Zhang L, Lee J W, et al. Microalgae: A green source
of renewable H, [J]. Trends Biotechn, 2000, 18:506-511.

[3] Melis A, Zhang L, Forestier M, et al. Sustained photobiological
hydrogen gas production upon reversible inactivation of oxygen
evolution in the green alga Chlamydomonas reinhardtii {J]. Plant
Physiol, 2000, 122:127-136.

[4] Wykoff D D, Davies J P, Melis A, et al. The regulation of photo-
synthetic electron-transport during nutrient deprivation in Chlamy-
domonas reinhardtii [J]. Plant Physiol, 1998, 117:129-139.

[5] Khatipova E, Miyakea M, MiyakecJ, etal. Accumulation of
poly-b-hydroxybutyrate by Rhodobacter sphaeroides on various
carbon and nitrogen substrates [J]. FEMS Microbiol Lett, 1998,
162:39-45.

[6] Tsygankov A, Kosourov S, Seibert M, et al. Hydrogen photopro-
duction under continuous illumination by sulfur-deprived,
synchronous Chlamydomonas reinhardtii cultures [J]. Inter J Hydr
Energy, 2002, 27:1239-1244.



492 P R AR

#15%

[71 Kosourov S, Seibert M, Ghirardi M L. Effect of extracellular pH on
the metabolic pathways in sulfur-deprived H,-producing
Chlamydomonas reinhardtii cultures [J]. Plant Cell Physiol, 2003,
44(2):146-155.

[8] Schnackenberg J, lkemoto H, Miyachi S. Photosynthesis and
hydrogen evolution under stress conditions in a COs-tolerant
marine green alga, Chlorococcum littorale [J]. J Photochem Photo-
biol, B: Biol, 1996, 34:59-62.

[9] Antal T K, Lindblad P. Production of H, by sulphur-deprived cells
of the unicellular cyanobacteria Gloeocapsa alpicola and
Synechocystis sp. PCC 6803 during dark incubation with methane
or at various extracellular pH [J]. J Appl Microbiol, 2005, 98:114-
120.

[10] Shah V, Garg N, Madamwar D. Ultrastructure of the fresh water
cyanobacterium Anabaena variabilis SPU 003 and its application
for oxygen-free hydrogen production [J]. FEMS Microbiol Lett,
2001, 194:71-75.

[11] Rippka R, Deruelles J, Waterbury J B. Generic assignments strain
histories and properties of pure cultures of cyanobacteria [J]. J Gen
Microbiol, 1979, 111:1-61.

[12] Harris E H. The Chlamydomonsa Sourcebook: A Comprehensive

Guide to Biology and Laboratory Use [M]. San Diego: Academic
Press, 1989:575-580.

[13] Han B P(#1#°F), Han Z G(¥ & &), Fu X({1#). Algal Photosyn-
thesis: Mechanisms and Models [M]. Beijing: Science Press, 2003:
57-76.(in Chinese)

[14] Lin S J(#k/>F), He L J(3% 37.#), Huang P S(3E¥i 4 ), et al.
Comparison and improvement on the extraction method for
chlorophyll a in phytoplankton [J]. Ecol Sci(4: #&%} %), 2005, 24
(1):9-11.

[15] Hase E, Otsuka H, Mihara S, et al. Role of sulfur in the cell
division of Chlorella, studied by the technique of synchronous
culture [J]. Biochim Biophys Acta, 1959, 35:180~189.

[16] Zhang L P, Happe T, Melis A. Biochemical and morphological
characterization of sulfur-deprived and H,-producing Chlamy-
domonas reinhardtii (green alga) [J). Planta, 2002, 214:552-561.

[17] Benemann JR. Feasibility analysis of photobiological hydrogen
production [J]. Inter J Hydr Energy, 1997, 22(10):979-987.

[18] Guan Y F, Deng M C, Yu X J, et al. Two-stage photo-biological
production of hydrogen by marine green alga Platymonas
subcordiformis [J]. Biochem Engin J, 2004, 19:69~73.



