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1 BB EFE
1.1 EEFEA
F1 G % (Dunaliella salina) A 7S 5255 75 8 6 3
i, RTRER A DOEEE .
1.2 #HREH

B A Pick B Ry U, AN NaHCO;, 4
5 pH K 7.4, 120°C, 20 min K . JelF I PN, ok
RGN IE 8 55 IR0, 24 6000 Ix, YGIEEWI A 14 b/
10 h, N 25C,

FIH GMS 150 S AKIE A1 (Photon Systems In-
struments, fE5L), VAN 6 cm . A 1 L BUIXFEEAE
/NS FEROG RN Y, LR G IR WA
H 4 4H: 99.97%N, + 0.03%CO,, 99.7%N, + 0.3% CO,,
97%N, + 3%CO0,, 91%N, + 9%CO, ., FF2H % 3 1 F47.
1.3 A FZIRAFA N BRI ELHHT
1.3.1 20 Ha 5% BE W

FEATHESIBUEAE, L 0.5%0 F RS 2 S 4 e, P
BRI HONIEA T 5 A0 B
1.3.2  BRERETESIE M A I 2

T P22 I Mt 45 2 1) 0 5 2 BB Wilbur-Anderson i HE,
TEUT B AOE S R

i A1 T T 9 0 - B Ak P A — i AR AR
BE, LA 2000 r/min, 4°C A0 5 min, & 1, IR
SE P AN  FH 4°C TR 14 5 HE 2 2% o ik o B AT i,
PR, bW, SRIEH 5 mL B 25 ik &
R, SREIANMAE S KRN AR R E T UK, R
FEL R 4°C, ke d H R A 3 mL 0°C AT CO,
77K, H pH 1t (Sartorius PB-10, 32[E)IE pH {H,
ek pH {EM 8.0 [ % 7.0 BYAFIE] .

SRR TR T T 00 S I AR ) 5 40 R o
o A 7S AR FEHLAY92- 1 1 DN, #iZ4¥, 7
POPEATRERE, B TAESME: T 200 W, BRIRAE
FARFIE] 8 s, [AIBEmETE 10s, dE/EH 80 s.

1.3.3 Hm&EHNE

P i DR & (R st R, ), fE IR
W I B A, AR 3 R
134 BESEHNE

ORBERBCIHEE  NE (v:v)=1:1, ITA
PR, T UK R A R B AR
MG, FH 045 um JEMRIEIE, KB IERRAE T
-20°C,

'm@mARm1E

FH e ROB AR 3% 4% (Shimazu LC-16, H7S) il
SEMEIE, WELMES IR THAYER!HI XIE 420
15
1.3.5 MSEREE AN E

S R DG A (Walz, F2E)IE, I 5E A
A6 BCERE SR IV 5 min. 7ESEOEAN L 1B 45t
FEUEBE Fv/Fm(A ROGLBEHAER) . Y(IDERK

JERE %)
1.3.6 SAIAEHEE A RBUE G 5T
(1) HEHHEH

STV RS IR Wang 2520 2 )ikt
INUAJA#E, Frfs s A U0TE N & 125 mmol/L kiR = Bk
) 8 mol/L FRE, fEZE R T . LA 10 000 r/min,
4°CHE.L 10 min, ERIEMIDTVE .

(2) FEFATE L YA A I A3 b

JH Wbk B R (bicinchoninic acid, BCA)E
FE I A (Cat#PC0020, Solarbio) #HA7#E HE &,
PL 8 mol/L JREM R, LIKEEEELN 1 mg/mL,
37°CF 10 mmol/L AY 5 B B i JE 26 11 AR
1h, BEEFERRE AT, mAEMSTIA 50 mmol/L
I 2 e, Fe/3 ke Ak 30 min, A BRIR E4%, ¥
8 mol/L & H B E] 2 mol/L, HEATEEY) . PP E
Hif (Promega, 32[E)5ET 30°C/KIEH AL EE 5 min 1%
b, FfJEFEBERE - =1 : 30 (w/w) IIAZE FARER
i, F37°CKIFHATEEY] . 12 h )5, AW R B4k
FER 1%, (i JBEmE2% 1% - B U J5 A9 AE i 7 12000 r/min
4°CEL 15 min, BIE#RRE 70 pL 533%, T
—-80°C, LL%s LC-MS/MS # il fgi FH .

JERE AT S I GUIPTRLE fil il 224, FR
®IEJ5 (maxis plus QTOF, Bruker, & [E), Y]
AR A I R B50RAH (3% R 48 (Agilent 1260 HPLC
system, Agilent Advance BIO, &), £ Kyl iR
SH A (0.1%H ERH4iK) 1B (0.1%H MR L), S
I Blonder 251 J5 4 .

HFH O-TOF Contron (Jii4< 4.1, Bruker, f8[E)%k
WU 43 M7 J5 () IR iR 2508, it Spectrum Mill MS
Proteomics Workbench 4 (M4 A.03.03, Agilent,
EHE) 4b¥E MS-MS ik 58 R E AR E, IR T
BEARE R DUE— b 545 8 A AR X
Feihd, IEHERAME SPSS 19.0 TS E Y B35 P4y
Br, P<0.05 M i M2 R .

1.3.7 pHWE
W 24 h J5, F PB-10 28 pH & 55375600 pH.
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s R KD, (GAE] 22.45%10% 4~ /mL, W
TE 0.03%~3%Mk BETLIE N, FE CO, ML i, ALIG
Eh AN A KPR, BRI CO, AT A Y A
A SR L TR IR, AT SR CO(9%) I it
AR VR IR

100 o N2+0.03% CO,
90—~ N2+0.3% CO,

N2+3% CO,
N2+9% CO,

~ x®
(=R
T

BE/(x10"4~/mL)
N
o
T

2 40T
|30k .
] ,’//{

N

N
(=]
T

20s i
10 |‘ L 1 f 1 L 1 f 1 L 1 L |
0 1 2 3 4 5 6
s a)/d

K1 AR CO, e BE T £h 5 40 i 2 B2 A8 Ak
Cell density of D. salina under different CO, con-
centrations

Fig. 1

Hi R SENE 2 s, 5538 5d )5, S4HmsE
I FTF . TE 0.03%~9%CO, ¥ BT Fl N, 0.03%3k B4
HlrE A%, bt 0.200 mmol/L+ 0.005 mmol/L 1
K% 0.439 mmol/L + 0.068 mmol/L, ¥4 2 4%, i
Hofth it BE A AT 42 24 5~8 A%, L vk 3 4 ] G i
FXRR . RUHEME DAL CO, ¥ EE(0.03%)
FHLG, $2Em CO, Mk B2 T2 o A [C R B H M & %

T T PP 5 S AN 3 77N o JHLA MR T G U 14 7 5
WHA I E A REE CO, YR Th &M T R s,
0.03%¥¢ FE A =M 0.0130 U/10%Cell + 0.0017 U/10°Cell,
9%k Ji5 4 F% {1 My 2.4018E-4 + 3.6088E-4 U/10*Cell.,
1M 3% FE L2015 0.3% ., 9%k 4 TC i 22 5% .
S0 TR T 5 2 Ry B P B B A/ A R, L P R A
B TR T 6 55 T 7 0.03%4 B T die foi, 4% WAk JiE Ak L i)

‘M@Ammw

o i FH 22 5(P>0.05) . RIILFE 0.03%~9% ¥k i i Fl
N, CO, % Xt 1 PR 5k 1R I 06 e 1) A FH G i 2 P 22
F(P>0.05).
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Fig. 2 Glycerol concentration of D. salina under different

CO, concentrations in initial phase and at day 5
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day 5
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RERLALACR Y(ID AN 5 FioR . 7E 0.03%~3% BT
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Fig. 5 Photosynthetic activity of PSII under different CO,
concentrations at day 5
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FHI LC-MS/MS 73 Hr 45 Hh 15 73 LI 4 B 2R
HA 264 4>, JfH UniProt (http: //www.uniprot.org/)
W8 R E I Ee, UL KR 6). WKL 6 7T
DB, 29 21%M 2R RIRE A NHENEF (hypo-
thetical proteins), 7E¥#E ZEHh A R BER . HAhE
HT R i R Heok S RIPEASC . BB ENY
R A M. AR EA . PrE g .
REBARH . F5 %S 5 UmeSEE . UH—
EOT TR H AR X R R, IR R SPSS 19.0

HEAT 2 5T -
2.4.1 BRABHIBHEXER

B AU AH DG A L, QA T i 3 42 v 1) ) 260 1 -6-
IR AT, HEE-3 SRR A ME(GR 3% ) LA K
i Al 2 M - 1 -l R A A Ay 2 M - 6- i R 1 LA A A
i fipp 3% 475 1) 4] 250 WS R A0 7 B, F 0.03%~3%C 0, ¥
JEE S0 PRl A B R 32 T e T B, 1T C O MR B 9% M) WA
T 0.03% B 2 S R R B A (e ) 5
T8 T2 I M S % ) A T A 8 T2 - 3- 22 ) S M) i 2 58 1 )
o T HA R B AL B 7). BEAE, IR SCHEIR ) &
HEE Rubisco F RV IE rbel . 5 K BT — HE g it
(0.3%5 3%k B N JC i 3 25 )R Rk A AHIE Y
B BERRAZ TR B RTAYE 0.03%5 0.3%IKIE T i
KR RFEET 3%5 9% E (& 7b).

AN, HAERRRHEEE T (CO, HREE 0.03%F1 3%)
o I3 i e AR AR OC R A fIB1%5 S 8E 1 LeiD Al
T TR T I o A P AP A28 vl 11%) S it ity e o A A U g D)
HAE 0.03%3% B TR 3
242 EATERHEXER

oA M EE A EEME 8 s, 1
0.03%~3% & B [N, 556G 1F R ARG 1Y B AR X
FIR A I, 0 ATP & EFHY CFla T3  CF2p
TEHE, A (5 25 £ H b6(cyt b6 7 0.03%F1 3%TC i
25¢), PSILF) CP47 1 CP43 2w .00 7K H (CP43 7E
0.3%A11 3%JC & 2 5)  PSI W3E VII . 7 9% CO,
W N DL AR AT S R AT b T R R T ),
XS PS T 2O S BB SHHTT &
2.4.3 FHHEBAHE, PUEMY REREREHEREH

Ak, HIEEH 70B. BE R R F hiE R
W BEIE PR IRAE 0.03%~3%Hk I e, 9% & I}

Marine Sciences / Vol. 42, No. 9 /2018 101



Bt

I BEREE 9). TEIZVERN, IS E 90, K
I 70a, @AMAYEALEE . 30S ZPHAE A S3(

s MR
sy T

EEFAS 379%
5.68%
SRR
7.58%

KNS R

. H@ART/CLE

SRR A AR AR (0.03%~0.3%Hk B 0.03%~3%)
B 2635 T 18, 9% i Wk I 3k 1 R ke 4

AR ST
2.27% R CiA

0,
1.89% v ok
1.52%

3.03%

A EREN
1.14%

BT ikia
0.76%

14.39% e
(s 21.21%
:‘0
g
K5
&
&
\
B SEBIEANC .
0 <yl
17.05% 16.67%
Ko zmRBEAMINGEDE
Fig. 6 Functional categories of differentially expressed proteins
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Fig. 7 The relative abundance of carbon metabolism-related
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Fig. 9 The relative abundance of protein metabolism, anti-
oxidant, transcription, and translation related pro-
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at day 1
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31 CO, REMHKREZA KFASHER
)% R

AR GE R R, ARSI R A R B 2R K
Heili COL VR BE & 3% 7E—Eu N, s CO, WA
g, A EC R A B R O A E MR, i vk
FE CO, X6 200 ffS 1 A= KA 3V

M Sk PR B B TG PERE A CO, ¥R BT & R R,
0.03% & J3 21 14 356 4 fe v, TV PA) sk TR T G 955 2k R 32
CO, MR FE (540 . 6 11 AL 24007 s, I CO, 5 5
A LeiD FRs R BT 1) 32 28 R AE (R B 0.03%F11

' H@ART/CLE

3% A BERIN B, 7E R E CO2(1%~5%) BT,
FRFRW i CO, RERE T 4 i AE K FDE A E T
L, ANk R T e A 0 1 A2 2 PO ceM ML Y
TE LT AR CO, VRIE, iR CO, MR FE T 259 il i
) CCM FIBRBREF B A Y, BB CO, Mk
JEMTH R, BOAMRIRBFREG M 2 TR, & COo, B
ik CCM i 42H CA BEXT TR £ A1), 0] T CCM
ik, ST 1,5- B R B 2 11 (RUBP)AY
CO, I il 5272, i ity vl 1] FH A BR VS B i, 4 e A
K, Hum S n & f bz F,
0.03%MfIk CO, M FER T B-EHE PR E, [F
BRI SR G TR 1A e RS A 0 i B R
Ferp IR R K AN UL CO,, K BLBEE ik U5 IR
T, - S N RBA IR R, —F g2
S i R AT R AE T el AR A 2 5 ok B A TR]
3% T B-BA % MRS EAR, 1M PSIADES
HYESHF/F,. Y(ID &, HTE 0.03%~3% F 2 I
FHta#, 9% F it ZIOLSHIRR, 506G R
KR I ATP A6 CFla WAL, CF2B WWEE, 4i
e {62 bof, PSII ) CP47 £l CP43 S i it 26 1 DL &
PSI W V LA X ek At 35— 8. A&
B, CO, My e ol B 4R & nT AR5, i F/F(PSTI
VB TETR )R Fy/Fy B9 HCAE RS R, 45w ik ot
B4 Ak T 27 B B B NIRRT G 3k 3 0
TOCAEVEFLIRNL CO, ¥ B AR 1k AT R 2 ik o8 15 4
AR RS B, RSN T, HXEAR
ik B, JeAERRSER, b an i AR K R T 2 Y fE
i, DAIE R A AR
32 HKEFES COyRE BB
HH AT IE R ER, 7E 0.03%~3%CO, W JE
T FRI P, Bl R R T, AR ECER P % R T i 3
R R FGR T 1R 0.03%IKE T, =RRIGEF
TR 2 AR S I 1 9 8 o B v o T R JR K 34 h
(1) X5 G Rubisco Bl 9 7 5 | 5K BETRIE % 2 iy
WA 5 Z AR R rTRERENL COWE T, 41/
AR A IR e /D, Sy R IE R A A R B, 4i i
VAR DGR B AR B R B, B S S R
25 A ROR AT, o s e R e ok i vk
CO, I~ Rubisco Hif PTG 2 22 5, {HAK CO, T4 jiE
R BE 1, % CO, T 40 At rh B 22 T AR (1) ¥k 5
A A ) ALK B, f Rubisco R (L RE 55 A 2% 1Y
RARAERN,
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Xof Bl W S RN A CO, 7= A PSP T il S R v, o
R BER CO, Hi T B iR I BTG 1, i % CO, i
AN, FEAERRARCNE 11 Fras. AN RS
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Y R AL L PR e SR EE CO, T, AN ER
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Fig. 11 The effect of high concentration of CO, on microal-
gae cells
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Abstract: To study the effect of different concentration of CO, on Dunaliella salina, a gas mixing system, GMS
150, was used to produce precise gas mixtures with N, and CO,. We investigated the growth rate, carbonic anhy-
drase (CA enzyme) activity, and glycerol content under different concentration of CO,. Differentially-expressed
proteins in D. salina exposed to different CO, concentrations were analyzed. Our results showed that both the
physiological and photosynthetic activity increased with increasing CO, concentration, while higher concentrations
suppressed this trend. The optimal concentration for cell growth was 3% CO,. Extracellular CA enzyme activity
declined with increasing CO, concentration. 3-Carotene accumulated under lower CO,, while higher CO, facilitated
glycerol synthesis. The photosynthetic activity of PSII increased under 0.03% to 3% CO, and was inhibited under
9% CO,. The relative expression of photosynthetic proteins was consistent with this trend. The synthesis and pro-
portion of light-harvesting pigment was possibly regulated by changes in CO, concentration. Higher CO, concentra-
tions may induce cellular oxidative stress. To cope with these negative factors, heat shock proteins and superoxide

dismutase were up-regulated.
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