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W OE TR RRREEFICOM X & % /N ER#E(Chlorella pyrenoidosa)d: K. TEHUBFI I E &80, EEGHTT
BUBRIR AL B FRE, 1% 501 B PRI OG IR 38 2 (401120 umol photons-m™2.s™2) I i COL ¥ i (0.04%H10.16%) 2H & 4T 44 11,
P T B AN ERIRAE K TEHUIRE . pHAME S JeA G R . BRI T BE(CA) G T Flo-CAZE R #E RIE X IR AFh S 77 4%
PRI 25 BRI AR A% /INBRIE LR T 65 T COL IR FE A AE K B bR IR 658 3 COL IR B AR B: 7 44 & P A8 TENLBR IR BE
1163.3 umol-L™, 83 m T HA3YL; ik COLMK & 4135 (¥ pHFMs2 a5 552 751 (9.8), 1T G 6 8 7o COL 34K J3E 40 5 1) pH A 5 1 A
f1K(8.6); It 1 COL IR J&E 24 35 1) 3t K I A T 28 (V ) P B KO TR 28— 2 I A TE LB IR JE (Ko ) B 151, 20 il A2 FE A 32H 11
1.28-1.915F11.61-2.001%; 5 Y6 HRAK COL K 5 20 85 1) il /1 CATE M 5 s TR G B C O3k B 20 i 1) il b - CASE IR 3R A B
Eem THABIH . DL 145 RR IR COMK FE nT i i3 2 A% /N R (M pHAMBE SR TEA LSRN I 3, 75 5 B4 CATE 1 K o-CA
FRMFRIE; ZEFEBEUHCO; N EHUIE, Fx oAU iR 52 6 R R .
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Abstract

Aims Carbon concentrating mechanism (CCM) is one of the important contents in algal physiology and ecology.
Numerous studies have been carried out in eukaryotic and prokaryotic algae, but the information on economic
microalga Chlorella pyrenoidosa (Chlorophyta) is limited. Our purpose is to explore the composite effect of light
and CO, on growth, inorganic carbon utilization in C. pyrenoidosa, and enrich the data on CCM in green algae.
Methods Two light intensities (40 and 120 pmol photons-m™-s™) and two CO, concentrations (0.04% and
0.16%) were combined into four treatments, and then the algal growth, inorganic carbon concentration, pH com-
pensation point, photosynthetic oxygen evolution rate, carbonic anhydrase (CA) activity and a-CA gene expres-
sion were investigated.

Important findings Chlorella pyrenoidosa grew fastest under the high-light and high-CO, condition. The total
inorganic carbon concentration under low-light and high-CO, group was 1 163.3 umol-L™, which was signifi-
cantly higher than that of other three groups. The alga had the maximal pH compensation point of 9.8 under the
high-light and low-CO, condition, and the minimal pH compensation point of 8.6 under the low-light and
high-CO; condition. The maximum photosynthetic rate (Vmax) and inorganic carbon concentration in half maxi-
mum photosynthetic rate (Ko ) in the low-light and high-CO, group were the highest, which were 1.28-1.91 times
and 1.61-2.00 times of that in other three groups, respectively. The highest activity of extracellular CA was de-
tected in the high-light and lower-CO, group. However, a-CA gene expression reached the maximum under the
low-light and low-CO, condition. The results indicated that the low CO; level could increase the algal pH com-
pensation point, photosynthetic inorganic carbon affinity, and induce the external CA activity and a-CA gene
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expression in C. pyrenoidosa. HCO3™ was used as the primary inorganic carbon source, and the inorganic carbon

utilization was also regulated by light in C. pyrenoidosa.
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IKAE FEZR R COAFAE AP, — &0t [
T IS N7 () SR B il ———1,5- — W R A% T A 72 AL B o 4
g (Rubisco) X} CO, 1 55 Al JTARAIK; /2 CO.7E/K H
(K3 HCE B A% 12 (Moroney & Ynalvez, 2007). #3854
T& R 7K H X PP COL MR BE A B H R FF R A e & 1
A, 28— FhCO MK 4EHLHI(CO, concentrat-
ing mechanism, CCM)., %CCM{#i 5 < 7E 41 i A 3594
45 TCHURR (Ci), T2 x) Ciziz A1 773 Jin ATRubisco
BT Civk B2 At v, DARI T 32 280 & 1F A I AT
(Badger, 1980) . B FRT i (CA) & CCM ) F 40 p 4
7y, WA COMHCOs Z Al A B L. BR T
CA, Z 5CCMIIEH — R H e F =K 1, W
CCM1/CIASHILCR1%%(Miura et al., 2002; Yoshioka
et al., 2004).

ZRIRFRF WL, R, COKAE. pHIE
ZEARREXTCCMP=AE M . i COLMKR FEE 2 i 86 2%
CCM X CiA I B E R 2K . B RAEA A COMK B
BT B IR o R A [F) 1) A2 BOIR A& (Wang &
Spalding, 2006). {XCO % £CCMIE SR %, 1
0.04% CO,RE BT 3 B4 A< # (Chlamydomonas  reinh-
ardtii) Js /N CAZw 5 % [KI Cah 1) %15, TMi5% CO,%>
) H 254 (Kucho et al., 2003). {KCO, i ik a] LA
P SR B A Hh CCML s i 4% R 1~ CIAS ) 3R I,
CIAS X n] DA% il 2 CCMAH 5 3L [K] 1) # 1 (Wang et
al., 2005).

JEIE B FE ] DL B R XS i sE A g, M

MR I G E R R A K . SR b Cin s
B R T ERERIRS), CilkiETHRATPE A1
Rt RS0 L im A S (g s A s i L, 2002)
RS IE SR CIsE M A E IR R, 1EMRH
6B 2544 R AL IG5 (Dunaliella tertioleca) % CizE Al 1
2% MK (Goyal et al., 1992). JeHEGRE 25 51/
FEERCCMIN 7 — BB R 3K . ot AU AE Y
otEVE B 2R, T H fg s PR A0 i 2 PR 85
RICIHR L, MM 5#CCM.

T ARUECO, i Ut 3 Ab A K AL B4, 6k
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WCANCI B 2 8] 75 ZEAR Gt P47 . AR R SR T
&, G R BRI O G ARk g T B3 B A
K(Elrad et al., 2002). {Hit % [1)oaaeE 251 A0
WCII A FEM . FHELZ T, BEEAERBICIZKM T,
N 25|t 2 HREI R (Yamano et al., 2008).
I, W 70 R i P RN COLMR B 1 &2 A 0B % T 2 i
BEFXCIIF FHFMCCM AR B2 & 3.

CCME KA MMARFMAMEBENEZ
—. HHATCCM T 75 Jif 1% W5 v F1 B0 A% 2 3 1 B e
—RWARET IR T REWHA, HERAEEY
FEA LGN AR ) ) — P i —— 3 H % /D BRI
(Chlorella pyrenoidosa) - #H i 70k L /b o ZNER
&t CCMIF 7t = AR Hh AE COLIK FE X Cild iz FY:
HSHIRM, LA CAR % 2 %571 (Bozzo et al.,
2000; Ochiai et al., 2007; Li et al., 2012), 1fiJ:H5®
JEEFAC O 2N /INBR i 5 B R TE B D o AL
AR /NEREE N SEIG PR, B FL T AN IR O HE 5 FE A
COMRFEXZIEMIERK . pHEME ST TEHLBREFR /]
T B T il % 1 S5 R R e, DAER D B AR /N BRI AR K
FNCCMXT ' i 5 B AN COL Mk BE B & R (i B,
fif U AZ /N BRI I CCMAIL, i e B A% /N IR
X TEHLBR R AN i AR Y SRR BTk

1 #MRA7EE

11 MRIEESR

A SEES BT FH AN A R A% /N R EE8207, RE T
WRFMGHEAEY) TARE SR =M= . M
270 N LK 8537 5 (Guillard & Ryther, 1962), #h
JEH1.5%, FEFRRERNES £ 1) C, JaRg A N12
h/12 h (light/dark) .
1.2 ST

OB A ISR B KOk 9% (40 pmol  pho-
tons-m2s ) Fl 631 (120 pmol photons-m™2-s7);
FRCOIKFE: 7 COLK £ (0.04%, fIRCO ¥ FE)Fl4
H25 S COK E (0.16%, THICOLIKIE) . COL MK Fl
I CO IR FRAR R e Ik, 1EHE TR L COLK
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FE AR A6 /N F0.005% o K i 20 43 ) B TR e B A
COLRIE KGR ECOMKSE . IR KCOLIREE
e 7 R = COLMR BEARN 2% A (43 Al T id A LL . LHL HL
AIHH) T 3T & M PE RS 7245 K (640D L) 5, HE%
BRI R R gk B 12 R, I N
(6.0-8.0) x 10° cell-mL™, HIT )& 4525 .
1.3 HEKBNE

W X BT B A% /N ER B 42 R 2000 1) LU 91 -2
BRI R, AR e I EURE, JESR5 RN 5
TE440 nmif KT IIROG S, FEAR I A S 00 = ) 8
Y1 2 FEE 5 RO B b 1l 28 8 ORTH R A% /I
BREEM 2 o AN E L, 45 FIUILF
BIME . DAESFRET (RO AAAR, % BN AL bR R4
R I AR i 2R AR5 A 301 = (Inxg — Inxg)/(t; -
t)TFE LA KR (W), HAxs xo ml R e, b
FIF I 10 55 40 P 2 B
1.4 CiRERNE

ST (TA) I 3 73 FH R 3 e 2 (R i
N2, 2013). Z#Millero (2006) #5771, 78l
WA S, RS E. pHIE. HIE. TARRE
(3Ll b, fi FHCOSYSH M it H1s 3% h B R
REKSH: BWEKTEHLEE(DIC). CO,v HCO3 .
COS™ W% .
1.5 pH*ME s IMNIE

B 100 mUBER I =M, BUE 44 AR
FIRFICO % M FHEATRr 7%, EBH6 his Ml pHIE A
th, BZEpHEE TR, B IpHE R A pHAME
£ (Maberly, 1990).
1.6 FXEMEIRERNE

K H Clark 714 %5 % o F8. 12 (Unisense  FertiliTech
AJS, Aarhus, Denmark)ill5g 3t & i S 55 ToH LAtk
W N B 2k . 7625 °C AT400 pmol pho-
tons-m™2.s  f{ e IR SR R, I 5E R E T L “CO,”
(13 7K 2203 (25 mmol-L™ HEPESZE 1, pH 8.0)
AT AE AN [FIHC O3 9K FE R B e A1 T
R4 Michaelis-Menten /7 F2: V = Viax X [S]/(Kos(DIC)
+ [S]) KA & K #5Ko5(DIC) . Y, VIR E TN LARIK
FE T 86 B TR Ve N AT LB IR R
f ¥4 B R 2 [S]NDICHKRE; Kos(DIC) Jyik E]
IR TE R (Vi) F IS FIDICHKE o Ko5(CO,) A
Kos(HCO3) 1 # Ko s(DIC) i1 H 15 Hi 1 Kos(CO,) =
Kos(DIC)/44.2, Kos(HCOs) = Kgs(DIC) x 43.2/44.2

(3L, 1999).
1.7 CAEMHINIE

228 000 r-min~ 55 0> 10 mintic 5 K7 3524 hif)
YHHG, 5K pH HE R 8 CAYE 1%, 7E Wilbur £l
Anderson (1948) 75 v F Sl R n et . o/ CATE
PEE: E BT B ZE MR (pH 8.4)H .0
JEEEAIIEH IO CHIMIFICO, 75 187K, HpHTH i
I sz A 2R pHAE 1) A2 4k, G0 e pHAE R B — N Az
BT 75 (P E], DAAS s oA (9 [ AR AR R R 25 0 R
RIECATEEU)IHHE A U = 10 x (To/T - 1K1t
HCAIGME, F AP ToRIT 23 Al S B AR 2 A 8 A
T05E 4 M s pHAR T B — AN B2 BT 75 B I TR] . 5L CA
TEPEN S EEYIMITES00 WIN AR 75 I Hh AT R,
DAAAES s, [HIER9.9 soy—ANJE 1A, [A)BGER 75 il 1.7
minJa, FHEIE LB ANCATE Ml & 7k HE4T
FfL PN CAE P =i CATE - APCATE 1% .
1.8 CAEREFTIARIEN

W70 25 S COLKRE T 55 745K 1)t A A% /N ER
FE Ay G 7% B A2 A [F) e FE 5 B R C O B 2% 1 1
B RFh IR, 0 BI7E0. 2. 6. 12 hEE LEARH
ZF FHIRE IR B . I Trizolik 7 (invitrogen) 73 71 $2 BX
AZHFE 5 ELRNA, PR ] PrimeScript RT reagent
Kit with gDNA Eraser ¥ # 5t i 7] £ (TaKaRa) ¥
RNAJ # 5t l.cDNA. L118S rDNATE NN S LA,
a-CARE[RIN H LR, Wi 178 6 € SEPCR I )7
YR EHET%(2014) . #4IESYBR Premix Ex Taq
(TaKaRa) 1t B P AT %t 8 BEPCRI VL, [ MR 5
FSYBR Premix Ex Taq 10 pL, | FiF514%0.4
UL, cDNAHR2 L, JIDEPC-7K#h & & 4 FH 520
ML Ot E BPCRI N 26 41 95 “CHiAZ 142 minja,
F41#95 °C 155,58 °C 15's, 72 °C 20 siE4T40IRAEFF
Wt E B PCREE R JH 27k 34T 70 T (Livak &
Schmittgen, 2001).
1.9 R4

K FH Excel TAF 2 3 47 #04E &b 22 R0 1E &,
SPSS 19.0%kA3kAT 77 22 43 HT Al 2 E LA (LSD) Si it
or#T, Hp < 0.05R R EREE, p< 001K RESR
S ETE

2 #HR

2.1 NEPERGREMCOMKE F AT EE AR
't B 55 A1 COLIK FE X H 1 A% /N BR A S i
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BEEL). A KR EHHA, HOZHLA, i
LHFILLZH 4 K 8 (K1A) . ] WL s e s Al = CO,
WA R T %8 AN ERE MK

FELLSRAT N, 8 /N BRI B AR KO 2 ()
A%, 90.54-d7h, MITTLH. HL. HHZA B )& LL
11575 1.2265A11.366%(KI1B). H ARGt
PR (LL AN LH) 3 2 Ta), DA R w5 ) 1 4H (HL AN
HH)# 2 M ZE S AEE (P > 0.05), PR
[EE R 2 R, COLM X 2R % /N ER A K I 5
AN Ko TR CO M B P 4L (LLATHL) 2 18], PR /&
COL MR FE P A (LHATHH) 2 [R] #B 2 i ' 3 5% 77 3 i
KPR (p < 0.05), Ui BILEARICO %14 T,
WEeem A R T AR, DL REEMHENT

CO; IKEE, Julsm R W A /N ERBEAE KK

2.2 AREIHBBEEFMCOIKE EHIRREEEL R
ZEHHFN
ASTA] e R 5 B AT COL MR JEE 5 1 2K A% /N BR T

12 r
= —o—1L A
z 10 Fr—m1H
5 7
< 5 8
5 E
<3
o 4
3 2
0

0 1 2 3 4 5 6
R FEmf ) Culture time (d)

BRI RIR Eh R R &S H(RL) . X AHAF %A
B A R PR RDE TR & 23T LA, RIAE
1 COU FE 2644 T 7K v a] 1) FH ) TE ML B——C O,
HCO; W< 5, 1M AN BEHRIR IR I C O™ T & B /b
(p < 0.01). LHALM A DICIKE (1 163.3umol-L ™).
CO, K (4.37 umol-L ™) FHCO; K /& (1 022.1
pmol- L™ #B 2 35 i T HAth 3% (p < 0.01), TipH{E A
COZ R AL T Hifh34H(p < 0.05), MBI ELHH
716.63%, SLLAHLA Z R ARE . fEHHALE:
F: 7 P DICYE #(803.4 pmol-L )4 ML LL . HL#ZH
T H14.98%. 20.67%, ELLHZ1%30.94% (p < 0.05),
HCO; W% (574.9 umol-L™) 4 HILELL. HLW 41
49.87%.84.44% (p < 0.05), pH{E FICOL” I FE MK T
LL. HLPZH(p < 0.05), MCOKE 5LL. HLFZ
THRFEER . 1EARCOM L I 2 (LLANHL) 58 1) 5
TR R, LA ERTA S8 S Y T R 3
Fto A, ICOMFE [ AL (LHFIHH) 2 H (1) & B
RS HIZER L E (P < 0.05); MKCOMKE K

c
B ab be
a § §
LL LH HL HH

g 4 Culture group

o
)

0.7

e o
(TN

0.3

e A R A

Specific growth rate (d™)

e
[\ -
T rrrrr

0.1

o
=)

1L S AR R FE RO 0 28 114/ NER M A K IR CP I bR R 22) o A, K IIZE. B, HLAEK#%, LL, LH. HL
FHHZ RO IARCOMK L . IR COKE . Wt IRCOR L LI COMR LKA ARVNE FRERRZE 7
B3 (p <0.05).

Fig. 1 Effect of different light intensity and CO, concentration conditions on the growth of Chlorella pyrenoidosa (mean + SD). A,
Growth curve. B, Specific growth rate. LL, LH, HL and HH represent low-light intensity and low-CO, concentration, low-light inten-
sity and high-CO, concentration, high-light intensity and low-CO, concentration, high-light intensity and high-CO, concentration
conditions, respectively. Different lowercase letters indicate significant difference (p < 0.05).

F1L AFICHRERERICOMR 51 T A/ NEREE B FR K R P - BRIR 36 28U LB (P AR R 722, n = 3)
Table 1 Comparison of the parameters of carbonate system under different light intensity and CO, concentration conditions in Chlorella pyrenoidosa (mean +
SD,n=3)

sl B pH DIC Co, HCOy™ cos”
Treatment group Total alkalinity (umol-L™) (umol-L™) (umol-L™) (umol-L™) (umol-L™)
LL 1387.8+55.1° 9.35+0.00° 765.3 + 36.8% 0.22 +0.18% 383.6 + 18.44° 381.5+18.3°
LH 1388.4+57.3° 8.48+0.03%  1163.3+58.8° 437 +0.46° 1022.1 +57.4° 136.8 + 3.6
HL 1275.0 + 16.5% 9.41 +0.04° 665.8 + 22.6° 0.16 + 0.44% 311.7+24.2° 354.0 +5.8°
HH 1190.1 +0.0° 8.95 + 0.04° 803.4 +17.2° 0.84+0.12° 574.9 + 27.2° 2276 +10.2°

LL. LH. HURIHHZ 5 27~ R BRARCOR BE « R HE M COMREE . i G IRAIRCOL IR L oLl i COMRBE 2%t o ARG FRER IR ZE 57 5% (p < 0.05).
LL, LH, HL and HH represent low-light intensity and low-CO, concentration, low-light intensity and high-CO, concentration, high-light intensity and low-CO,
concentration, high-light intensity and high-CO, concentration conditions, respectively. Different small letters indicate significant difference (p < 0.05).
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1 (LLAIHL) % 1 45 2 5025 R 3R 8.2 (p > 0.05).
DA | 25 SR 350 0 A [ s B i B2 K IR C O i 35 77 3 v
IR RA K SHGE WA K, M 5 CO MK FE KE 7%
WA R

A6 ER B 7% 1 P9 2H (LL/LH) 8 T B 7 il 2
hb, RS SHI) 257 WE, e aimmid
(HLFTHH)ER T B8 FICO K EE4h, HASHii
EREE. AT, M T IR, COMKE &R
MR IR IR S RA K SHN EBER K. BT EWE
Ab, LHA IRRIR £k R G0 % 2805 HADIH A7/ ] .
R, PUATEBOGRGRE T, mikECO, KR
ffAE B TR, AT A R 7% VR K COL MK T
HCO; W FE AL DICHR FE AR BT 1, T K 2 CO, 1)
VAR EpHIE PR E, FRIRIpHIE XM T CO Kk
E, PR,
23 FREIXBEEFCOHRE FHIEPHIMER
oAl

AN ) R B FICOIKR FE 26 A, R A% /N ER
FE IR F R pHAE B I [ AR i 2 . Bl A R 5
I R RE G, 15 774 R b pHIE 128 T, BBk —
ANFeEE, BIpHAME S o FEAUIAN R S, HLAL 3
FIpHAME s e s, oN9.8; LLZL . HHZHFILHA fripH
AME K IRE9.5. 9.3R18.6. fRCOKEE I 2H (HL
FTLL) 2 B pHAME £ 5 T s CO ¥R FE (1) 6 2H (HH A1
LH), = obsmis 7% 0 7 2 35 i) pH A3 000 Sl v T4
NARIEER AP ZL(HL > LL, HH > LH). 7], &CO;,
W FE T DA AR B A% /N BRI pHAME R, TR o
FEL 558 T P DA v FLpHAME £
24 FENBIEEFCOKE ZEXFCIFEM I
2

ANTR] e HR R FE AN C ORI BE R 72 26 11 B A% /1
BRI AN [F ik FE I ma REAN[F] . MG B TS SRl it
DICHK & i 37 i 28 (P-C) H T LUK BIL, B B4 97 A
JoR R iR BE (1 T e, 95 4L 8 1 e 5 TG T R 3 L
BN, RGBT (K3). R4 R RIRIN
, LA A R AEER, RWARREIFRZMT
AR CisE A AN

K KBTS T E S, 5514
2R T S 1) B KO B (Vi) I R R 5 TR
— 20 (R CIIR JEE (Kos) o Vima FH Ko s 42 21 W67 41 %6} Ci
RN EZESH, Vi Ko/, 40X CO,
[RI2% A0 ok (Badger, 1987; w3l 1999).

0 6 12 18 24 30 36 42 48
i) Culture time (h)

E2 ARERDGHESEEMCO MK E T & FAZ /N EREE FIpHAM 15
CPEELFREMmZ). LL. LH. HLRIHHA 53R R R E SRR
CORIE . IR ECOMEE . EOLTRAKCOIKEE . Eoltm
COR KA. ARG TR IR 2253 2. 3% (p < 0.05).

Fig. 2 Effect of different light intensity and CO, concentra-
tion conditions on pH compensation point of Chlorella pyre-
noidosa (mean + SD). LL, LH, HL and HH represent low-light
intensity and low-CO, concentration, low-light intensity and
high-CO, concentration, high-light intensity and low-CO, con-
centration, high-light intensity and high-CO, concentration
conditions, respectively. Different lowercase letters indicate
significant difference (p < 0.05).

-1

ate
1

w
=)
S

et
Photosynthetic r:
(umol O2-108 Cell™"-h

0 1000 2000 3000 4000
NaHCO;i& /% NaHCO; concentration (umolL'l)

B3 AN[F) G HE o BRI COLUK N & 1 A% /N BR R ¥ P-C i 25
CPEEARMEMmZ). LUy LH. HLATHH ) 58 R EE AR
COKIE . IR ECOME . EOLIEARCOIKE L Eto
COR KA ARG TR IR 22 53 2. 3% (p < 0.05).

Fig. 3 Effect of different light intensity and CO, concentra-
tion conditions on P-C curve of Chlorella pyrenoidosa (mean +
SD). LL, LH, HL and HH represent low-light intensity and
low-CO, concentration, low-light intensity and high-CO, con-
centration, high-light intensity and low-CO, concentration,
high-light intensity and high-CO, concentration conditions,
respectively. Different lowercase letters indicate significant
difference (p < 0.05).

FE IRV max MK s H R IR HES Y, AHAN[R]3E 97 5%
PERIBFHELH > HH > LL > HL (%2). fELHZ
T, BRIV a2 (415.44 £ 4.23) pumol 0,-107°
cell’™h™, B & T HAIHEM FEAI Ve, 735
FEHHAL1.286%, LLIKL51EFHLIN1.916%, H%
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F2  AFDCHRGREERICOIMRE T H AN REIIVmaIKos (P EHHR
iR 2, n = 3)

Table 2 Effect of different light intensity and CO, concentration conditions
on Vmax and Ko s of Chlorella pyrenoidosa (mean + SD, n = 3)

Kb Vinax Kos (le0|~L71)

Treatmeat (umol O

group 10%cell-h™) DIC CO, HCO3”

LL 275.93 +16.83" 107.20 +2.49° 2.43+0.06° 104.78 + 2.43°
LH 41544 + 423" 188.33+2.04" 426+0.45" 184.07 +19.59"
HL 218.03£10.16° 94.20+7.03* 2.13+0.16° 92.07 % 6.87°
HH 324.05+1.34° 116.83+6.89° 2.64+0.16° 114.19+6.73

LL. LH. HLAMHHZ IR ROEIRIRCOK L . ROLIRRCOMKEL.
JEHRIRCOREE « LI R COIRIL %M e ARVNG FRER R ZE R B3 (p
<0.05). DIC, IEIITHIEK; Vinax, TRATEEIER; Kos, IBFIHAIGEH
2L R TEHLBIR S .

LL, LH, HL and HH represent low-light intensity and low-CO, concentra-
tion, low-light intensity and high-CO, concentration, high-light intensity and
low-CO; concentration, high-light intensity and high-CO, concentration
conditions, respectively. Different small letters indicate significant differ-
ence (p < 0.05). DIC, dissolved inorganic carbon; Vma, maximum photo-
synthetic rate; Kos, inorganic carbon concentration under half of the maxi-
mum photosynthetic rate.

H2 A Z 2B EE((p <0.05). FELHZMT, 40
f1Ko.5(DIC) tH 5% 7 ((188.33 + 20.04) pmol-L ™), 435
FEHHL.6115%, LLIL. 7665 ATHLK2.006%, HIHAh3
M2 R, (HEAN3YL 1A fKys (DIC)ZE R HIA
2% . Kos (COx) MKos (HCO3 ) AL Ak L [F] Ko 5
(DIC) &, I UL, 't i FE A CO M BE #5252 Ml 5
T CIRISR AN 77, oA o s P B, COL A Pk
1%, PGP CiISER F s .
25 A[EIFERSERE FICO 58 E X5 CAE 4 A ST
AN ) S B 5 5 A C Ok X6 B 1 A% /N BRTBECA
TP W B4 BT 7R o AR C ORI BE (1 P 2H (LLFIHL)
FE TR L CAVE 1 2 3 =1 T 5 COL MK FE R 4H (LH AT
HH), b LLZH 3 0 B 9 CATE M 2 LHAL ) 1.516%,
MHLZLFI M N CAIE Y R HHZE 1.240%, $HH B3
#5(p <0.05). MLLAHLA . LHATHHZH 2 8] )
NCAE LR E ZR . W IMKCOMKEIHS T
PICATTE, E 6 BB B 6 B P AT 4 DU T S
FXT TR CA, A/ INERERIRAINCATE
TR ZEE N R APCATE HEIEHLES FR 60 N e, 18
#3.04 U-10 cell™, 435lAELL. LHATHHIXI1.401% .
1655 f11.781%, 5 HAM3IH Z M EZE (P < 0.01);
HYGRLLAH, HRIMANCATETE ~2.18 U-107 cell ™.
M7 125 COR9A FE 1) 13 2H (LH AT HH) 52 1) Ff A C A 14 £
ik, AFiEZHZERAEZ (P > 0.05). A IKCO,
WEFEFEE S T B A% /N BRI R AP CATE M T =,
T 1 ' 58 U] i 1 BE(R COLIK 15 3 I CATE ME T+
MR IE; TEmRCORIE &M T, AR 5w i 4
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CATGTETCREM .
26 AR EEEFICOIKEFHEICAERERIE
ppA

e HE B8 B RN C O B 3 1T LA RS 2R (1 4% /N BR 8
— AN shE R a-CAR R IE (EI5) . TEARIEIRIKCO K
JEZAT, BEMa-CAK R RIAE R E T HAIA
(p <0.01), 7£6 hHEIAER R, N0 hRIEEN4.79
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Extracellular CA

B4 AFEDEIRGREEACOLMK L T 8t A /INEREE HO BRI 1T 1
(CATEMECPFIEARERZ). LL. LH. HLAHHZ B3R R
RARRIRCOIRE . RGIRECOKSE . BLIRIKCOMKE
IR COIKE 2. AR RER R 22 57t ik # (p < 0.05).
Fig. 4 Effect of different light intensity and CO, concentra-
tion conditions on carbonic anhydrase (CA) activity of Chlor-
ella pyrenoidosa (mean = SD). LL, LH, HL and HH represent
low-light intensity and low-CO, concentration, low-light inten-
sity and high-CO, concentration, high-light intensity and
low-CO, concentration, high-light intensity and high-CO, con-
centration conditions, respectively. Different letters indicate
significant difference (p < 0.05).
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[El5 AN [F] e o M COL U B X 3 A% /N ER ¥ a-CAJE R &
KPR PR E AR Z) . LL LH. HLRIHH R K
HIRIRCOMEE . MRIGIRFCOKIE . mGIRIKCOIRE . =
TR COMIEL 5. ANF/ NG FREIRZE 57 5.2 (p < 0.05).
Fig. 5 The effect of different light intensity and CO, concen-
tration conditions on a-CA gene expression of Chlorella pyre-
noidosa (mean * SD). LL, LH, HL and HH represent low-light
intensity and low-CO, concentration, low-light intensity and
high-CO, concentration, high-light intensity and low-CO, con-
centration, high-light intensity and high-CO, concentration
conditions, respectively. Different lowercase letters indicate
significant difference (p < 0.05).

O 4 #2414 Chinese Journal of Plant Ecology



LRSS SR ARANEREE A AN TEH LB A FI XA DG IR SR FEMICOR FERIMAI R, 939

£, MLH. HLAHHZ Fo-CARE R FIA &5 N
#HO0 hFAE1919.11%. 54.14%7F111.55%. KK
FEEIRIKCOMKE M, HEMa-CATERIFRIAELE2 h
F112 hEL R COLMR FE P 4 (LHATHH) i (p < 0.05) 17
ECOLMRE ML (HHFILH) B, 762 hA12 hist(a) i
HHAH fjo-CAZE Rl ek 2 25 T LHZH (p < 0.05) . 1445
FULHRCO M B 7] LA Fo-CAKE R R IA, HAR
FEHRARIE TARCO M 15 3 Ma-CA MRNAIFA R .

3 g

3.1 SEBIRE FNCO. K X 24 K B B2

TR RCO BTG, KA B COKFE
LBl 2 360, FELH A AT 0 E AU N, R
KA ML AERMARKER, W7E0.08% A
0.64% CO, K & 261, #i &% 1o 2E 8 (Microcystis
aeruginosa) ¥ Lt A= K 3 28 LE 27 < 2H.(0.04%) 73 7l 2
1 3.20% F11.59% (2 @B 4F, 2011). f 4ol BK
(Nannochloropsis sp.)7£2 800 uL CO,-L~*f#1f11s CO,
HRAREFRIA T a4 E(Hu & Gao, 2003).
FICOMRFE (R it R A KM, 57+ CO,
Sy IEANCIR EE T, S840 M A COL/OL 1 EL 451 2 i,
M A T S R I 42 3E Rubisco 2 32 4k 1 i A <
(Gao et al., 1993).

JeHE RS S A E IR S E AR K1)
HE R 17 HICHE 8 FICO MK B X R AR K A
A HAER, WAE &G sR N LB 2% (Skelet-
onema costatum) AL K B v TG R, HAKOGR
T A KN B A SZAK COL3 FEE 11 PR i (R 1 SC
A, 2003). fEm MR T, mCOMKEE R
R K2 e % (Spirulina maxima) A4 K KGR 2%
PET, R CO U X AR KU e B S 5 e (B2 g 2R
Erdfl, 2001). AT FU 4 R R B =GR E CO,
WP A% /BRI AE KR, I EASIRTE = s
COMRFEZAF N, # R E o IR A K TR
32 EEXCIHIFIA

WA F R CiRT o5 Ee ) S pHE ARG, 18
pH{E /N T 6.4 B ¥ 3 3= Ci S CO,, pHAE TE
6.4-10.3 2 [A] i ¥ 1 EZCiAHCO3~ (Moroney et
al., 2011). FESEE IR pHAE I AR & F 57 5 25 Ci
FIF M —NEESE, WP R Cir U
— I E BAR AR . TEpHAME K T9.20F, R AA
HCO; FIFH GE 71, I HpHHM sk, R H g

R (Maberly, 1990). ASHF 7T FH BRAK 6 5 55 CO,
WAL A, FLARBA FAT B IR I B A%/ BRI 1
pHAME fi 5 F9.2, H ek N pHAME Aok
SN, %4 R I AR N ERE A AR I
CO,, tHEAFIHHCO; IRES), HHCIFIHGES)Z
DGR AR R .

TEm K CO 4 F TR 7%, /MBI H ZE R %
(Nitzschia closterium var. minutissima)xJ Ciff) 3 17y
52 T B&, CO M s T 5, HCO3 IR 52 R (3 7
RARHRE, 2009). I E AR EEATCOL M5 A1 ) B
FHRFRW P COMKE T i N, HEobamsktt T
%X CO 1 55 A1 7 BH . v T 6 5 2% A4 (BRI 5L
A, 2003). AW 5T R IR % /N EREELE Bk
[ECO %M T #5397, HECIsEM I T, 5L
TR XS TE R IR ECO, R IR
Y CioE M IS R R —8, b ECisk
T4k 5 2 CIR AR ML R T2 B UIAH G 1)
(Raven, 2010; Wu et al., 2010).

3.3 AEBEEFNCOIRE I EACAEMEHIZ N

FeHE R R CO U JEAE R CCM A R 15 4 H
YER, Hoh—AJ7 Ut WA CARTE. tnEsRbE
i A 2 R I CATE 1 (1L A2 %%, 2006); 1M =
WP COBEF: K1 /N HT H 22 T B AN CATE M R B (2
RIS, 2009), 7E12F131 pmol-L™ CO,HY,
DR 2% A R H L B AN CATE P, (HTE4
pmol-L™" COL I A B 3 1tk I BL7E m ot s 441
N HCATE RGN 12,505 (MR SCRA i
i1, 2003).

AR 25 3R O 1 e BRI C O B 45 77 2R (A 1%/
BRI M AP CATE VS 51, IO IRIRCOK IR .,
5 DL b 5 SR v L (2003) FOHF AT 45 R — 5. %
S5 IR AE B T (R CO ¥R B2 1T LA 5 5 38 1 f 7 CAYE
P, I H o BT R C O B i S I CAVE T
IR X SEEARIKECO, F, 4N T332
BCO M THAME, &ilidie & sbCAE LA
PECO IR, BICCMAHSK o M ARG R AR COK
FMES, EE M AN CATE M B R BRI COL K B 461
B, W] B SR b PR ) T 8 41 A 1 e = L,
D] L i A C AT PR BRI K
34 KERRIBEFCONREXNCAEREFRIZHF N

B3 5 A C O B AN AT LA RS ) CAR ¥ 3
P, [FIRHB RN T CASEE [ 3K F . IRCOKFE
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Al LS T A CASE R () 2k, T Bl 9 FE nT L3R
T CAZE K ) R IE SR . 40 = #f 48 5 3 (Phaeod-
actylum tricornutum) fft] B-CA 3£ [A] (ptcal) K fig 7E ik
COMR B Aok M N A B sk Rk wE N, Bk
B 4% N L3k R 3R IA & E B S 45 1F R 4 0 50%
(Harada et al., 2005). {HLA 7k, FELLKRIFICA
RN RIENZILCOIMKTFE S . =M\t en
- Flly-CAJE Rl 18 8 7E 2L COKR FEFIS5% COLik
J& 464 R 547 28 4k (Tachibana et al., 2011).

AR 45 FAL R IAMKCOK E REF FH AN
/NEREEM A a-CASE R IR IL; HF HAEARICOLMK
AT, Misbo-CARERIRIAZ IR IAR . A&
I APCATE MR a-CAE R FRIA &5 RIFA—FL, B
SRAKCOLIR IR HE T Wi I3RIE, (HobH CATG
HMlo-CA mRNAZ 2 AR . IX 7] e 2 K HCA
T PR A PR R PR AN, T CAE BRI R IA I A
2 M/ C ARG I K ) — Fla-CATT K.

4 ZEig

o 5 AN 15 COLR BE /KT A 1 T (i idk 2 A%/
BREE A K AT CII A « FEARCO B (A COLik
FEYSFAE T, ARJEsamEmS, & A%/ NEREE K pH AR
PR T9.2, UL ZR A (I Ci/ZHCO; .
11 COLMK i 23 T B0 A% /N EREE XS Cise Al T F B%;
HAO6HRFAAE L, &G uRE: 7R 1) B AR N BRI
CitIsEf ). Rtk COLMKR 25 1 RE T2 i e 11
FANCAIE M, TR ESRIRCO M & RE K S — Fl
Musha-CAZER K ERIA. T, 8 A%/ KX Ci
)R FH R4 AN AR T COL R FE IR 5 Tl R 5 i
251
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