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IHE, B hEE"

FE: VRN AREPRBRABE IR F AN A E, REDREN £ E XX LR
MAH, ERRAAMMRAELEEPCR FEHARTHEM2 A AN KN EEHANHKE L
K AR BREBE(CA)FUERIMTARREBER (ca) KXW H, FRAN,BEHZE
FORMBEIS 30 A EKRNT, LEAS SR EERENEEZ IS H0.83 (;CAE
M AR TR, EEAS KA EREEREREANAE 3N TIAR ca REREXRAE
NHEZEAEGTE W, 2HEZACO,KREEARAEFTETHZR COKEMN1.23 fF,12 CA
EHERK,E 8 RN TR COREUN0.41 fF,a-ca fi y-ca £ F KK EWEA CO, K EA
WA Ft . £ 0 ~10 mmol/L HCO, 4 # T ,% A #% /N2 % M HCO; & & & & K m fk,
CA &M 7%& 5 mmol/L HCO; & & , 1 3 # LA ca 3 A %k %k &4 1 mmol/L HCO, 4 3% 41 &
o IREA  EARANKEAKERESFTREE 2 FEA CO,KEfrg HCO, 4 #
HCAERTHMKE BA COKEAS mmol/L HCO; Frif 3,1 ca X H KA EH#E 2 %

2R CO, Ak HCOy K T8 & .

KEW: FABARE; B CO,; RMH B, ca £

FESES: S917.3

TR GICE 1) O A [ o a2 o A R RO [ Bk
1 50% , g2 i VF Bk O R R g8 b iy OS2 AR
Sy iR pH RN 8.1 ~8.4 oAy T AL
IAFAEIE LR R 2 MR (HCO, ) o 32, CO, ¥k £ 4%
I AEAR Z2 B B REAE AR CO, PR iR AR 15 48 i 1 D'
B A 2 B i DR e A L P A7 A CO,L T
45 ¥ i ( carbon dioxide concentrating mechanism,
CCM), CCM RpVi i 35 1 Jo Wl s (Ci) 3 MU R ¢,
FrE M Ci 7K, R 45 1 78 ik B2 I5F [ ( carbonic
anhydrase, CA ) ¥ H e fL il CO,, 2y 5t 45 [ ik il
Rubisco HFR AL W $E it 2 1Y CO,JIEY) .

JOE R B2 A AZ U B CCM 4 A
[R e T T AL R A
CA A IIRE RS 5 CO, mKAER  fiEf CO,

%5 B #5:2013-11-26 &8 B #§:2014-05-08

XA SR A

5 HCO; Z [ iy A1 1. 5% e, HL e B ik 10°, J2
O 4 8 b bR em iz —"' ., Wk
HEFE 2 R A CA R H— 25 M AR Tl , CA
AT ¥ 4 K a-CA  B-CA ., y-CA  §-CA  e-CA Fl (-
CA % 6 Fp 2/ A5 WF 500N B A1k A A TR i i
figfe' ", CA G132 2 Fhar B R, o
CO, K F-7EJH i CA WP R IEH T E/EH" .
HCO, & Wi CA W6 PERY 5 —Fh LR,
T £ B A AL X CA WEdh A mEZm ", i
S8 N/P pH DA B Zn® " S5 2 5% i 2K CA I
MR BB E D,

B A% 2 H X Bl TR TR I T B 22 1A A X

W—3K B K B ( Chlamydomonas reinhardtii ) ,
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WE R A B P AATE 12 Bl ca S i 5L, 2
$5 3 2% a-ca .6 5k B-ca 13 5% y-ca R B
Hb R TIR DI AT CA TG PE Y BR A5 R 3R 455 | M ob
CA JE i S A fieae "™ .

/N BR B J&  ( Chlorella ) J& % B ]
(Chlorophyta) /) — 2K Z £ 5 I8, & B 9 A&
K D a RS, 2Ot aE TRk, 6
TRk CCM I g Wi i 2, an CA 1 PE S
BN Z 6 R CA i M2 457 L A W5
I H % /NER B ( Chlorella pyrenoidosa) fj 5£
56 BE, BF 5T R B M 2 B JC HL ik——CO, Al
HCO; % H A & A CA 6 P Sz 8% 5% K F- 11
SO FEAR IR/ R CA YRR BT 45, DL
Fi e /N IR T LB 79 P T AR R A W) e A
fRALTERL

UMk

1.1 SEI##

/KRB 820 MK BE, B 7 I K i v
Y TR E R R S A E R, BRRE N
25 C GBS EE 29y 40 wmol/ (m” - s) , G I JA]
BN 121 12D, i Fl £/2 A T K B 3
iR,

1.2 Zwigit

hAE (15,30 F145) ¥ & T £8 B3 F0Es
NaCl > 8 15, HCO, ¥ B ¥ & i & i A A 7]
NaHCO, >k 52 8, H &k Kk 1.2.5 Al
10 mmol/L, A& il NaHCO,{E Jy % B8, CO, ¥k &
BCE A CO, L BB FR A R 21, R TS CO, 38
SIS FH N COL MR EE 23R, COLMRIE, Won il
0.043% ;I Jii CO, 3 < 1 R 1 5 55 72 46 N 1) CO,
W 0.086% , B 2 %5451 COKE .

1.3 AKE

26 DA TET % 55 1 - Al 4 5 e e 30 A 7 B B
TCHURK e B2 ) B FR B rp 15 97 7 d, #4% IR 20% 1Y)
LU 91 %% 4 B B A7 300 mL S fif 3% % B ) 500 mL
HEE R 35 9% o B K I I (e JBORE , 122 9 d U
JEFEIAE 440 nm KT OB, AR A X
Y =15.5280D,,, -0.917 8 (R* =0.996 0) 1 % %
O R, RERR AL B 3 AN AT A5 RO M,
iR,

1.4 BE MR ER BT BE & 4 E
F ## Wilbur-Anderson J7 3= >l pH Hi b

N 2 B TR I 6 M, O R A B, 4 TRMETE,
8 000 r/min (> 10 min K 4E 10 mL B, £
Fi L 4 CHE Y 20 mmol/L B 1 % 2% nh
W (pH 8.4)2 mL YR B4/ 1 YK ,8 000 r/min
2.0 10 min J5 FAE ] 2 mL b %2 2% o iR I
PN M o T ) BV B RO T mL O T
CO, M Z& 1K (17 0 CZEMAK P HZ LA CO, X
Ry 1 h) , H pH 30 52 W i &R pH (A 1928 1k,
W05k pH (H B 1 AN 2047 BT s B ] . AR 4% CA
WO HAEAL . U=10x(T,/T-1)KkiHH
fLAh CA T 1, b TR T 43 53 Sy SO A 28 b R
T8 FIA A S 240 ML S8 I R pHELR R 1 A A
L s EIE] . DB 3 KB4 8 K, 5 K [ 5 )
] BRUAE , g F Ak B3 A AT S5 SR ICHP M .
1.5 P EE PCR &l ok B BT B B B R &

HE R &y AR A 12 /N R e Sy 2L ) e 7+ 3]
W) ca B[R 3] (AR KA), A Primer Premier
5.0 Attt & PCR 519 (R 1), 5196
A5 DNA Iy b i o e Sk 51 5 A RS\ 58
Mo LA H B /N BK B 18S 1DNA Eh N £
HH

ABEF R 3 50 B 0 WL R A ) R
o JCHL AR 1k B AL B 12 h % 5 40 g, A Trizol i
7 (Invitrogen ) $£ B H & RNA, f] /| Prime Script
RT reagent Kit with gDNA Eraser ( TaKaRa, K
%) [ 5 L cDNA J5 HIAE 52 i 9% )6 i€ # PCR
R M . 52 B 98 )% 2 & PCR ( SYBR Premix Ex
Taq 1T, TaKaRa, K% ) § 34 #2 )5 2 95 C 1A #k
2 min; %% 95 C 155,58 C 155,72 T 20 s ¢t
£7 40 ANEHE  H 2 2R3 B ca FE T (A X %
A

F1 BBHBEERAELESE PCRIY

Tab.1 The primers of carbonic anhydrase genes for

real-time quantitative PCR

ca K CA 7.7 SIFSI(5'3")
ca gene CA subtype primer sequence(5'-3")
CCCCTCAAGCCGCTCCAGTT
unigenel3488 a-CA
GACGCCAAACACCGCCAAGC
GTCACCAATGGCAAGTCC
unigenel 1800 B-CA
TTCACCGAGATGAGCAAC
GGCGGTGCGGATTGAACAGT
unigene8070 v-CA

CGGCAACGTGCAGCTAGGGA
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1.6 HiEALE

B ¥ % A Excel #4118, A SPSS 19.0
B AT s 22 S W R A0 A, Horp P <0.05 3%
INEFRE P <0.01 RIREFWMEE.

2 45

2.1 EHEXEBZNIKEEK IR EEEE
MR ERERIER RN

HhIE 15 ~ 45 A /D BREE 820 Xy A DL AR
Koo Horb R EE 1S R 30 B SRR AE KA, OF HM
A 2R B A, MIER 45 X035 20 I 1) A=
KEA—ERMEIER . WAes 9 K, $h3E 30 #1
45 FEAN M 43 ) & E 15 f9°0.97 £ AN 0. 83
B ) o al 0L, ER 3 1S F 30 B8 s & 8 3 %
/NBREE 820 YA

25
5 ——ERFE 15 salinity
E a5 30 salinity
< 20r o EBRF 45 salinity
é_ >
S Z IS5t
x 5
NI A=)
~ =10}
w8
S
§
0 : L L L |

1 2 3 5 6 7 8 9

4
HIRmiE / d
culture time

B1 BEXMEAZK/NKES20 EKHZME
Fig.1 The effect of salinity on the growth of

C. pyrenoidosa 820

R CAEMNN - EEEE,
MEEFERSE 3 KRB 8 K, CA I 1 B s % B 5]
MRS &G TR (B 2), 7558 5 K, 8
30 Fi1 45 HFEHE CA GRS &, 43 3 82.89 U/
10° 20 g A1 22. 13 U/Z1O0 40 g T2 B 15 85 95
TES 6 K CA G P f &5, 4 94. 86 U/10° 41 iy,
I HBEE LB T m CA WEM B W BEIR, 7558 5
K, EhBE 30 F1 45 3 CA G M4y 2 15 Fh W
0.93f5F0 0. 24 %; #5458 K, £h B 30 H1 45 ¥
CA G PEAF L B 15 B4l CA 3G 4Ry 0. 64
f5H10.04 f5, W UL, BE & K5 5% B 0] A9 4 K, 3
JE 45 XF 8 A% /N EREE CA IE M i 0 1 4 ok
R . Gt s R R BRE S R
JE 1S H130 HZhh, HAR &R CA Th P 2 5
BE(P<0.05),

o hfE 15 salinity
120 r w2h¥ 30 salinity

~ othf¥ 45 salinity
2 10 I
F a
= 2 80+ a
Tz
28 60r b a
-~ <
#HO 40 b b
ju b
< 20 . . . )
0
4 5 6 7 8
RigRmtia) /d
culture time

B2 HEXEBZ/NIKE 820 RERFEEEMZM
Epab.c RAFHRERZEREHF(P<0.05), FTEER
] 1t
Fig.2 The effect of salinity on the
CA activity of C. pyrenoidosa 820
Bars with different letters ( a, b, ¢) indicate significant difference

(P <0.05). The same as the following

3 ML ca FE IR Y 2 3R 7K Pt 52 4R B R T
MERFE 15 ~ 45, B & SR B IR 280 ca £ ik i
HEICE 3) o WEREE 15 4 a-ca FEHFRIEFERN
1, R E 30 1 45 401 o-ca 3Rk 40 J2 H 1. 60
51 1.90 % 5 #h BE 30 Hl 45 41 B-ca ik it 43 il
SEERFE 15 4 B-ca IR 1. 64 fH5F 1.57
11 £ BE 30 F1 45 4 y-ca ik & 53 B2 Eh B 15 41
y-ca FRKIKH M 2. 07 £5F 2. 16 f%, 3 Fp A ca
M R BYZ RS, IR ca e K7
MEmzEREE(P<0.05),

2.51 E%E%_"Z 15 salinity
—= m EH 30 salinity
2200 ¢ o#bfE 45 salinity
i 5 b £ b b <
‘w 1.5F
§ 3 a
z £ 1.0F x a
o
= o
£ 0.5
=
I
0
o-ca B-ca v-ca
ca KA
ca subtype

B3 #HEXEBRZ/NIKE 820 IERETERE E R A M F
Fig.3 The effect of salinity on the

ca expression of C. pyrenoidosa 820

2.2 CO,ZEBRZ/NIKEEK FIMNRERETEEE
MR EERER RN

23 CO, e JBE A 2 52 i 38 28 A I Ay T 2 A
Ko HEAM/NEKEE 820 7 2 {5257 CO, MR A 1F
P HAER S CO MR BE KM T AR E R (K 4).
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FI5 9 K2 fi 25 K CO, B 72 6200 L 0 i 2
CO, A& FHEFERY 1.23 £, W1 2 — i JE L 7Y,
CO KT T FF 8 14BN BR BB A K

— % —— Z¥5,CO, air CO,
= - 2f%%/5,CO, double air CO,
E oot
S Z15F
x5
MglO-
Gl
2 5
g
"1 2 3 4 5 6 7 8 9

R / d
culture time
B4 CO,XEBZIIKE 820 £EKIFM
Fig.4 The effect of CO,on the growth of
C. pyrenoidosa 820

CO, Mk FE /& B2 CA VR EM EE &R,
18453, CO, 35 37 14 B 1 A% /N3R5 i A1 sk 1% T ity %
P B 35 75 B[R] 19 28 < S T PR AIG, 658 4 R
MY CA WM B & (37.68 U/10° 41 i) 5 11 2 4%
253 CO, K FR 1Y CA T 1 Bl 25 55 77 i 7] 386 K A8 1k
AK(ES5) . A2 FpART CO,He B X 2K 1 #%
ANBRE CA TG MERZ W 25 A 8 3 (P <0.01) . M
%53 KB 8 K,2 f525 CO, B5 37 1) CA I 1
AR COKEFRIN 0. 15 ~ 0. 41 £%, UL B i 7 CA
TP T B R CO, Tl .

2 ° 25,CO, air CO,

» 2%2%/5,CO, double air CO,

CAVEE /(U /7 10°41 1)
CA activity

4 5 6
KEFEma] / d

culture time

B S5 CO,x&HBZ/NIKE 820 kR AT B 5 1A I
AN R RN 22 Tl .35 (P <0.01) , UF i B [F g
Fig.5 The effect of CO, on the CA activity of

C. pyrenoidosa 820
Bars with different letters indicate very significant difference

(P <0.01) ,the same as the following

CO, ¥ i X i 1R 15T it & [N 20K 7K P A 3
Wi, 5 CA IR 2 251 CO B3R

BENY 3 PP ca JEPR I 2258 TR LA < CO,
(E6), H, A& M a- B-.y-ca Fik & 73 &
JEAE R 122 4% (1. 09 f5 A1 1.47 £, BR T B-ca Z
Hh,2 Tl CO, e BEXT a-ca Fil y-ca &35 1 (152 T 22
HEE(P<0.05), oW, KEKE CO, A MF
B /NIKEE a-ca Fl y-ca F kKPR E

0255,CO, air CO,
u2f%%5,CO, double air cozb

_ 14_ b .

120, a
mm 5 1.0F a
) %0.8-
B Eoet
=%
=2 0.4

=02t

=4

0 . .
o -ca B-ca Y -ca
ca R
ca subtype

El6 CO,x & B/ Bk 820 BiEL BT B £ F R XM M0
Fig.6 The effect of different CO, on the

ca expression of C. pyrenoidosa 820

2.3 HCO; X ZE B 1% /VBK % &£ 1< | B 51 Bk B8 BT B
EERERRIEN M

AR ERE R EELIE,
BYES AT DA 2 RN ER B AR K (L T) o A
552 KIFIG A TF HCO, ke B2 X 3 AR K 1Y 52 ) 22
SBORBI B . B HCO, Wk JE (9 5 i, /) 35k
R ZEE I, 755 9 K,1.2.5 Fil 10 mmol/L
HCO, 2H 11 3 200 0 %% 152 53 il o W BREH 1) 1. 24 £ |
1.33 % 1.38 {51 1.55 f%., 5%, 740 ~10
mmol/L HCO, i [l N ,HCO, ¥k 54 K 2
TEAH ST

. 20 ——0 mmol/L

= —-=— | mmol/L

E ——2 mmol/L

P 15+ -« 5 mmol/L

2 > —— 10 mmol/L

=B

x giof

B

=

0 T
1 2 3 4 5 6 7 8 9

IR ] / d
culture time

7 HCO; X & B % /K% 820 £K MM
Fig.7 The effect of HCO, on the growth of

C. pyrenoidosa 820
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o 38 %

ik TR 2 5 AL 2 5 VIR 98 2K Tk TR I il 0% M 1 — e
ML . 5B CO, X% CA {1 1 52 mi (1) if
[i1) 728 A AL, e T2 T I 905 P B o 5% 7 B 1) 174 3
WRR THRTAENBEA(E8), 75585 X, &
TR S AR vk B AL K5 7R B CA W& Mk fe i, Hovp 2
A5 mmol/L HCO, 21 4 i 1% M 43 %1 o4 122. 08 Fil
180.50 U/10° 4l 7€ 1 ~5 mmol/L HCO, 3 [#l
AL, ZINER ML A sk R T 6 0 P L R B HCO, ik i
T 5 1 T s 24 HCO, ¥ B2 35 %] 10 mmol/L
W, ik R Tl 1T 46 R R o RIS mmol/L HCO,
BiFR ey CA WM dem, JF H 55 HoAfth HCO, ¥ &
HzmzEREHE(P<0.05),

~ 250 u 0 mmol/L

=2 ol mmol/L

§ 200} d =2 mmol/L

= o5 mmol/L

~ .Z 150 | < = 10 mmol/L

a 8 bC d

= <100} : H b

A I

EAR N Y "‘""E b o o

aaky|a -] aag] a

o 2wl o A n e, e

3 4 5 6 7 8

BiFrif (e / d

culture time

B8 HCO, MEHZ/MKE
820 R ER BT B i 14 B %5
Fig.8 The effect of HCO, on the

CA activity of C. pyrenoidosa 820

AR M B2 HCO, 1 3 FE Y ca 1Y 5% 5%
FHREYE TR, ¥ 1 mmol/L HCO, 4 &
& L Yk R 10 mmol/L HCO, #4H (& 9) ., X T
B-caFlly-ca, a-caFe ik 2B A d /Iy, L B ey 36 3k 4t

®() mmol/L NaHCO,
3.0 a1 mmol/L NaHCO,
251 a2 mmol/L NaHCO, e d
: 05 mmol/L NaHCO,
2.0 010 mmol/L NaIéICO;

(e}

—_
(=)
T T

AHX Rk
relative expression level
= _
W W

L e

<
Q
Q

S

ca subtype

B9 HCO; Xf & B #/3KkE 820 iR
BT B & B R X B R0
Fig.9 The effect of HCO, on the ca expression of

C. pyrenoidosa 820

(1 mmol/L HCO, 4 ) & X fi4i iy 1.33 f%. B-ca
HENFXREAEAEN 2 4 (1 M 10 mmol/L
HCO, 4) iy 22 3k 5t 43 )] J& X BRAL Y 2. 44 £ 70
1871, T y-ca LR FRIRB L @i 2 (1 f
10 mmol/L HCO, 4 ) iy 33k 1 43 il J& % Bt 20 1Y
213 f5F0 1. 97 %5, Gt # Mg R ,S5 Fh
HCO; Wk E 4 ca Fik ¥ 2Z 7B E (P <0.05),

3 3fie

£ B Xl A K R Bk ER BT B A B2 T
ENE T AR € A S N R S R e N K
AR A B A K BV B, B O e sl I A
R T A A R A T Bl R S T
¥ IR ¥ ( Dunaliella salina) {J5 38 A H 35 B 0 1 B2
TR L ARWRIE S R A i B AR K
HA —E WV 1E3% 8 B A% /N Bk 1 h B
15 ~45 [ N 3 AT Dhpe sl A= 4, 3B B R Ak Rl
3 o

R X S ok T T il 0% M M LA SR 3R R KO
A % m, /N B H 2 B B ( Nizschia
closterium ) ¥ Jifl 48 CA {5 M B £ B 5y 18 W7 B
6, ER N ) BE Rl A [] £h B Ak B A 45 R 9 R
— 35, 0 BE A AT e A2 1F Al IR T I G R A H G IR 3R
5. 4N Fisher 25" % B £h AR A FC 38 o 5k AR 15T
) mRNA 8 [ 3235 7K 256 NaCl ik 5 7t & ifii
B . Liu 2000 KRB 30 &0 T AR Kk
AR IR 2N Eh B 5 ~ 20 B, L CA 3 o4 A 3% [
R B EFERAL. RUFREGREW, EAZ/ADER
A CA 36 PRl B m R AG, 5/hE H ZE T
R R—B HARMR T 3 FER ca FEH T
FEIR KBl A T i g R 5 AR MR
WML, HIMI CAEME ca N FIL L
A=W EE A e e B TR R E R A 24
R HA— W AL & 2 F CA L NSk i AKX 31
Jfi4h CA 4 Wifh «-CA(CAHI Hl CAH2) %ifi" '
3.2 CO, B EK R BRERET B M

KA CO, M B T ml LASE & e R w2k ™
J1o X 585 A A Te MR e B2 w5 T DA #E O
A T B AR, DT o A KA e 9 L
CO, ¥ B 14 T 75 AT LA ] 98 2 76 3 1 g fg i '
AR A R RV, Bm COMREEA A T & H %
/NERE 820 ThE KRR B A K
COMkERMMT CCM WEERNEZ —. &

3.1
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Wi CO, ] LA i T HLER 1Y % 3z, i AR vk B2 CO,
AT LLYE S CCM ML, B 7E A TG WL AR 4% 18 T 1
BT LUE ok 1 0 M A CA I PRk 4 = i 9 CO, K
AT A R YOG A I Bk BB T, i A
(Scenedesmus sp. ) 1£ 2% CO, 153 T JLFJt CA
TGPk, M AE 0.035% CO, ik B F ] LLAS 0 1) 45 5
CATEME™ , ARt £ W, 2 555 /L CO, W%
Fi AR den) CA TR 2 B 2R T2 COLMKE

SRR 2 %A COL e BE Al LASE AN a-ca FI
y-ca BRIk T HAR B h AR R CO, ¥k B X
ca [) mRNA JK 52 Wi 45 R AR, 20 B Gl B i e
( Thalassiosira pseudonana) 7% 0. 16% CO, 4L BT,
3 4 a-ca.d-ca.l-ca /) mRNA £rBEHEFHFT
% T = f8 #8385 % ( Phaeodactylum tricornutum ) 1E
255, CO, M 5% CO,/KFET 6 4 a-ca Fl y-ca I
[ mRNA RBUR B AL
3.3 HCO; iR B Xt ol 8 4 K R Bk R BT B 19 %2 T

IR A 2 KR LR 1) EEAAEETE K,
TE BRI HE A 3 3l b K 5 G AR o A Ak
R e G L A5 o R S HAT B g7 Jk
T HCO, WY RE ST AHAS W) S2 56 vp B FH 7 i AN
R, X HCOS I 5 ik 55 7 45 047 ¢
A, HCO, (i F5 it 2 B3 52 W 00 2 K 3R
Bily pH, e 250 e S0 i AR . A WF IR 45 R R
B ,7E0 ~ 10 mmol/L HCO, Ju [ M, A K 5
oy B 5 TEAH OGPE

T T2 S0 o e T AT G 075 1 14 572 i 7 B8 b s
A ARIE , UN4R LR T 38 35 ( Microcystis aeruginosa)
TR A= 21 Bk 3 ( Haematococcus pluvialis) 1E 0 ~ 20
mmol/L HCO, {5 E N ,CA Gtk 5 HCO, ¥k & i,
R AZE B R WAL 0 ~5 mmol/L HCO,
WEE S BN, B /D 3RO I A CA S R BE
HCO; e B2 Tt i Fh i o % /INER 55 0 45 1o 9
FE A 203K b CA I PE AL AR, — 2 o 5
PR SE D S 1) 2 L PN CA I 1, T A BF 90 DU A 1Y)
JEMLA CA WEYE I —Fh AT BEJ2 , /DR TP A7 7
HCO, Bk m 2" &R 54 CA %
T K, 2§ HCO, ¥k Bk 5] 10 mmol/L B, ik iR
I T 0% 14 I, DN RG i PA T BB R B HCO, #
Pim 2 AN, BN CA ¥ 4L i CO, 2l Rubisco
RACEESEHE T R IS, AT A CA Sk He
iz CO,,

WSS BWY 5 25 P T 2 11 /D TR K

18, JE S0 IR T 6 T PE R AT 5 OF HL s vk 2 CO, ] LA
e /N BR A A, TR A A A CA 6, BB IZ /)
TR A7 TE L A1k R T 1, O LG 1 52 e Eh A
& CO i, 7£ 0 ~5 mmol/L HCO, &4 T, %
AR, KA CA TE PERG 5, Ul N R R
HEEF ] HCO, AT P A K RE T -

S 3L
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Effects of salinity and inorganic carbon on the growth,
extracellular carbonic anhydrase activity and ca gene
expression of Chlorella pyrenoidosa

WANG Weiwei'?, SUN Xue'?* | WANG Dongmei'?, SHEN Jia', XU Nianjun'"
(1. School of Marine Sciences,Ningbo University , Ningbo 315211, China;
2. Key Laboratory of Marine Biotechnology of Zhejiang Province ,Ningbo 315211, China)

Abstract: The aquatic algae have developed a carbon dioxide concentrating mechanism ( CCM ) to acclimate
to the CO,-limiting environmental conditions, of which carbonic anhydrase is the major component. In order
to explore the response pattern of carbonic anhydrase to environmental factors,and to improve the utilization
of inorganic carbon and algal biomass of Chlorella, the effects of salinity, CO, and bicarbonate on the
growth, extracellular carbonic anhydrase activity and 3 subtypes of ca gene expression level of C.
pyrenoidosa were investigated by biochemical and real-time quantitative PCR methods in this study. Results
showed that the alga grew faster cultured in 15 and 30 salinity ,and the algal density in 45 salinity was 0. 83-
fold of that in 15 salinity on the 9" day. The extracellular carbonic anhydrase activities were inhibited with
the increasing salinity , which was especially obvious after long-time treatment with 45 salinity. However, the
expression level of three subtypes of ca genes increased from 15 to 45 salinity , which could vary from 1.52-
fold to 2. 16-fold of that cultured in 15 salinity. The algal density cultured in double air CO, (high CO,
level ) could reach 1.23-fold of that in air CO, (low CO, level). But the algal CA activity in high CO, level
was lower, which was only 0. 41-fold of that cultured in low CO, level on the 8" day. The a- and y-ca
mRNA accumulations in high CO, level were slightly higher, which were 1.22 times and 1.47 times that in
low CO, level,respectively. The growth of C. pyrenoidosa was promoted when the bicarbonate concentration
ranged from O to 10 mmol/L. And the algal CA activity showed maximum value in 5 mmol/L HCO, group.
The highest levels of «-,(- and y-ca were observed in 1 mmol/L HCO, group. It could be concluded that
the growth of C. pyrenoidosa 8§20 was suitable under the conditions of low and moderate salinity,double air
CO, and higher bicarbonate concentration, and the CA activity was induced by low salinity, air CO, and 5
mmol/L HCO, . However,the ca mRNA level was higher under high salinity, double air CO, level and 1
mmol/LHCO; conditions.
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