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Effects of nitrogen, manganese, and sulfur deprivation on
photo-hydrogen evolution and growth of Chlorella
pyrenoidosa
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Abstract: We studied the hydrogen evolution (HE) of green alga Chlorella pyrenoidosa grown in normal (nutrients sufficient)
media and nitrogen, manganese or sulfur deprived medium. The results showed that photo-hydrogen evolution could occur under
all conditions hereinbefore, but the efficiency of HE was maximum under nitrogen deprivation, and the total hydrogen yield was
88.613 uL H,/mg Chla, which was 4.61, 1.92, 3.63 times of control, manganese deprivation, sulfur deprivation groups, respectively.
We also measured the growth, the photosynthesis and respiration of the alga. The data demonstrated that manganese deprivation had
less influence than nitrogen and sulfur deprivation on the growth, the photosynthesis and respiration of C. pyrenoidosa. Compared
with the normal (nutrients sufficient), manganese and sulfur deprivation inhibited the photosynthesis and growth of the alga while
bringing small impact on respiration. Nitrogen deprivation, however, greatly restrained the photosynthesis and growth while
enhancing the respiration. Those data provide clues for the further study on both the conditions optimization and mechanism of

hydrogen evolution.
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Fig. 1 Comparison of hydrogen evolution by C. pyrenoidosa

under different conditions. Control: TAP; TAP-N: nitrogen

deprived TAP; TAP-Mn: manganese deprived TAP; TAP-S:
sulfur deprived TAP.

x1 FTRAFHETEARNKENFELE
Table 1 Total hydrogen yield of C. pyrenoidosa under
different conditions

TAP TAP-N TAP-Mn TAP-S

Hydrogen yield
(pL Hp/mg Chla)

22 R . WMBRZMEBZNIKELE ST
RERE M

K 2 BN O /NER B A 7 St FE
A 5PN R R AR T K R A NER AR
[ 4510 F e A U AT F el 0, i 20 B 2%
%o S A R A SR LA B S A BRI P, R
WG HEE G, W\ LA ANER A TR S

19.232 88.613 46.256 24.380

>

80 [ TAP —~-P

T R

T

(X}
(=)

Activity
(pumol O,/(mg Chla-h)
N
(=]

20 //\‘\‘-———4
0 | = 1 1 1 1 ]
24 48 72 96 120
Obturation time (h)
C ~-P
= 801 TAP-Mn aR
)
5 60
)
z & 40
S X
<o
< 20
£
=~ 0 1 1 L L 1
24 48 72 96 120
Obturation time (h)
2 ERRNEKKEAEFEESERASSTFRERM T

Jo, 4 PR R AT 24 ho PN e 0 A0 O B SR
TR R o TAP AGA U H M 24 h 5 IHIG
HHIE I, 48 h 247 IR B K, e KAE R 74.619 pmol
O,/(mg Chla‘h), Z 5% EY%, 29120 h )5 19 209] ih
AR 5 TAP-Mn 20 3 40 i 1) ' A ik 40 25 DU 7 i
48 h ARFFFIXT RS AE , M 48 h JE IR in, 72 h
JE¥ iR, JKRMEHN 73.652 umol O,/(mg Chla-h),
ZIG 8 Y% T TAP-N F1 TAP-S £H 3 40 g i) 5%
BRI 24 h 5T TR, 43 51F 72 h Fl
96 h fEZE /K, M 16.927 pmol O,/(mg Chla-h)Fl
12.551 umol O,/(mg Chla-h) (& 2).

mE 2 JRa]FE i, 7EEH 120 h A, TAP.
TAP-Mn Fil TAP-S ZH it M-I FE 48 i 3 2% A i A
o, Je LTS FFE, Hr TAP fil TAP-S 417F 48 h
2 WEWGR BB KAE, 43512 35.319 umol O,/(mg
Chla-h)#1 17.797 pmol O,/(mg Chla-h); TAP-Mn 2
WP A KAE R 72 h Ay WIS EE Dl 27.892 umol
0,/(mg Chla-h), MM TAP-N ZH ) I W 4 4205 R AR
PR L R AR — AL TR A, MNWITIRE
2.200 pmol O,/(mg Chla-h) ##% 120 h 1% 40.183 pmol
O,/(mg Chlah) (£ 3), H 72 h F—HBKEERET
HoAh Sz A, B R A LB S ) B A
ANEREE I HA —E I AR R

——
= 80 TAPN _._g
S
5 60
Q

2 o
z E 40
3 20 o
g
0 : . : . ;
24 48 72 96 120
Obturation time (h)
D --P
80 TAP-S &R

60

40

20

Activity
(umol O,/(mg Chla-h)

24 48 72 96 120
Obturation time (h)

Fig. 2 Changes of photosynthesis (P) and respiration (R) rate in C. pyrenoidosa grown in different mediums at the progress of
photo-hydrogen evolution. Alga was grown in TAP medium (A) and nitrogen deprived TAP medium (B), manganese deprived TAP
medium (C), sulfur deprived TAP medium (D). Measurements were taken with an oxygraph system (Hansatech Instruments) at 25°C,
beginning with the record of dark respiration (5 min) and followed by the light-saturated rate of photosynthesis (another 5 min).

Journals.im.ac.cn



492 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

April 25,2010 Vol.26 No.4

R2 ERARNIKEEFRFHTHAESER
Table 2 Photosynthesis rate of C. pyrenoidosa under different
conditions

Photosynthetic rate (umol O,/(mg Chla-h))
Obturation time (h) Y pino” —»rme

TAP TAP-N TAP-Mn TAP-S

0 44.532  44.532 44.532 44.532

24 45.845  44.703 41.694 45.230
48 74.619  21.741 46.417 38.008
72 68.358 16.927 73.652 19.951
96 51.604 16.936 64.121 12.551
120 34.823 16.989 51.579 14.455
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Table 3 Respiration rate of C. pyrenoidosa under different
conditions

Respiration rate (umol O,/(mg Chla-h))

Obturation time (h)

TAP TAP-N  TAP-Mn  TAP-S
0 2.200 2.200 2.200 2.200
24 11.664  10.624 11.454 12.663
48 35319  18.635 24.437 17.797
72 24.779  23.658 27.892 17.412
96 16.741  32.817 13.724 8.315
120 17.151  40.183 14.176 6.870

g A O N R Z —TE T IR S A BB L
YRR, P40 D' i S R I T I AR 4
RAT, FETRAR AR B BN A B [ IR AR
B AR/ INRBETEAR R 25 AR 190G G FHIT I 48 AR 4k,
GPREY], EH AT, TAP #il TAP-Mn 2H %
20 LAY 6B IR R — BB E T P IR AR 4
R (K 2A, 2C), A REIE BB 1Y PR AR 5
1M TAP-N 4156 5 iU A 3R 24 48 h A A7 55 N I FE 4
FREPP, ZERFFRERE, B —ET H 51
SR I I AR A2 R (18] 2B), 416 B A I IR R 4838
BRI [a] 295 48 h Ze 47 5 Tl TAP-S 4B K S 35
(IR ] # TAP-N K, 340 Y66 iR 72 h )5
A 5 WA S R AR (K] 2D),

23 R, . BWREXNEBZNEKGEE KBTI

AN TR S0 R P g R a &
HAME 3 PR, HE 3 IUE R, EAZNEK
BAE TAP KR b IR s A K, 44 120 h 7 & SL 8
G, BRBh e a 8N 70.995 mg/L, HAHI
AE RS T 4.03 1%, A, . X E AN
Bl ) A K LA R TRV RE B A, 3 A

Journals.im.ac.cn

B AR a & U RART TAP 4, Hrh sz
BT A A NER B AE K R, 489 120 h
FRASER, WA E a FEa I NYIIG K
20.796 mg/L 1 19.781 mg/L F}5] 26.237 mg/L Fl
22449 mg/L. #HHAM/NKBEAE TAP-Mn B FR il b A
WK, MR a Ha iR 19.81 mg/L $25
F] 53.099 mg/L, ZEPIIHEF R 2.68 i,

oo
(=]

r —-—TAP-N
-+TAP-Mn

| +TAP-S
-o-TAP

(=N
(=]

393
(=]

Content of
chlorophyll a (mg/L)
N
(=)

S

24 48 72 96 120
Obturation time (h)

3 EERNKEEASFEIEPHER a 38R

T

Fig. 3 Changes of chlorophyll a content in C. pyrenoidosa at

the progress of photo-hydrogen evolution.
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