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1. bR RIS AR AT A S5 357 5 AT I K R G 5K R0 A S S S 2 A U R, b3t 100044;
2. R EAERIT A WFFERE, JEE 100083

WE: SR KR PRI I B S, WRMROK SRS RG T R A, Ak, BEE CO, HE
Y H #3380, BRI ARG BRI, MmO, XA T A Ok & ik TR, R e T
LR CCM BILRL . IZAIL I RE A A0 MIAEAX PR R AL ML (RubisCO ) [IBRALEFE R CO YREE, LAMEIIDE G VE I A
JERFI o SCEELARA CO,p W BETH R R I AL R 5, T 5eA0E T AN RDB S TCHLIAE T UK R T i Ay, i 7K
AL KA JRVEAEK PR PR PRI P B X P AR R 1 R T, S T I AR AU R AR T ML R P4 in 1 % e S
BN AR KR CO, YR BE T i W Wi 2t A A SR S S ORI 7 I A IR o 38 okt i R T WL 1) e e 4 L g L3
IBIFFE, JCHURRIE A S = B R /R SO ER , ZERRIRIFRROEH T, HCOy . COS BRI TLHIRR AT LIFEAEH CO,, H2i
T RubisCO JH ) COMEE, #i 1 BEAICHLIAIALR, (HRINEELREER) 1A CCM Ll dsz 5] pH, SLIE . N, P 45K
R0, PSSR FHe T IO IS UM S 1 . IR NI A S5 T R . AR R IR, =HE CO,
PEFEAMBE A5G HEE FAZIHEC, T2 AFREL N BEZEXT COL MMM IR, th T CO, AEW IR SR BN BRI, Rl
CO, T REME AN AR ARG FE o MR IKIRK IR pH LE P PE-55 B8k Y L, DRI S 22 i 4 b Tl i i il X CO,  HCOy
BRI, kT B RS CCM BLEI . 45 1, BRI C A A RIRSY, H SRR X T i 4 iy
T 1) FEAIL ) B 2 P PR T A A P 2 e L R T i 2B K DA BOK ST it R P R S AB AR CO, W BT 174 T [ AL ) 7 ey B
—IRARHIE
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NZETH BB R BRI AR WAL 30 i, AKPRRJZEE TR R D SR R 2

Horp o EE R R 2B IR KRS CO,
WRE BIAWIZET ( Low-Décarie et al., 2014 ). #TJL
FEREAH COy WeJE VIBFAE 0.5% 3 BEb I, AR A
IPCC # H kM4, Hil CO, B4 ik 5
391x10°, Tk HArATR 20 30%. JEHI, 7 CO,
HEOAS s, 21 a2 T2t CO MREER AS, K
SRR BTE 3 CAAT (REmARSE, 2005 ),
IR TR ARGV . EFRTTR ARG
%, KR Z 00 B 2 I R A A TE HL ik
(Rosemond %5, 2015), A ML AR REFE/S,
[RIAHEREE IR KA pH BT R, —2EiyA 2 i
BRIEES ki (Finlay 5%, 2015 ), ALK IGHL
TR FARTE TP RESE . KATHE S RBOUKIET

AT, IF HAEREE CO, Mg, KRR
6510 B RS A S T RIS i S SR AR K AR R
i iy Ai BB K (Reichwaldt et al., 2012), HAf
XA MEARL, 2R O R . K. SR
SREE . KIS Bk TRERAR. BEUKL
1 A ML B B 28 AR K D R T R 1Y R T
( Emelko et al., 2011; Paerl et al., 2012; Sinha et al.,
2012; Tangetal., 2013; Zhang etal., 2012 ), 1R/
O B B - A T B0 T AL T o MR K B 2 ok
AR (O'Neil et al., 2012), BIRIRKEBRSG
X} 4 BR ATy LA K B~ A ) b BR AL 270 24 1) 52 )
B/ NTEES RS, (BIRKESRES NEKE
PRI R INER, 0 AR BRI
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WK T R K AR S R G 5T (RXBEAE
&, 2012 ) BEIAEIEAT A BOLAER I
FEH AT pH FIBRETF &, KR4S g S T
IE o7 el e A (SCEZ NS, 2008a ),

SR, TE—E R CO W EKFF pH
P, W SRR T RE R AR5 | Rk Ak
(Su et al., 2015; ZEM, 2008a). TES5HHIES
B, EERMEOLE R R E T X HCOy
W) Eshis i, FrDMEIERIRK T, S2Rp%tF
TCHUBR AT 80% ) HCOs™ (#HEE, 2006 ).
UTBBAEN | VL2 B AR KR e 2 K AR
How&iRE, 72, ABEERYKT 545
( Elliott, 2012 ), {HIAK % g /KAEAR R TCHLIK K-
IR o LR PRE T ICH LR TR K s 28 K A5
M) 0 A FE 4 ST T AL B0 98 . I, BF5ETE
PUBRFEAS [R) 4R 7K A AS TR 4 B =X A R %o 3
B AR BEC R ARG B B S X (S
4, 2008b ), JUHEHAPBEIEXT TAFIE S TCH LR
s LRSS I I 2

AR SCHEAR T TCHURR X T 58 2 52 Wi (4 AL BE DA K
HATRBFsTE R, ARG TOHLIRAE TR OK A Hh -
DL AER COp /K- T iR ) S5 SRS B0 Ry i e .
SRR AE AR P T ICHLRR A6 e 4 HIL R L K JC AL
XSS EE AL . KNS FIEZS TOH LR W 2%
FEAEFIE ST 4 AR, X S 5w R A A
T MU TR T S s 4T, LA
— AR A AL T K AR TCHLRR 7K - 4 52 1 S
WA SR T AR AR A A 1
1 FoHUERTE FF A K 48 o B S 187 WL R AR UL 3R
BRNBR BB KARFEHRE
1.1 SETWIBEE T T BRETF K e T &

19, 20 HBLIK, KHBALARE R Be 15
KAH CO T, A RKERE 20 t22 0
1% K IAER 3% (O’Neil et al., 2012), K
COL FRFZMEON 350x107° B4 hn%) 800x10° I, 237
HAK AR pH FUKARHEfAHEICHLR (DIC) 19748
fbo FEANEIYE, KAPE CO, 1 et KRR
P& FBUKIAR R CO, M EHE R, FBUKIAR
fREZ ) CO,, WRFRER N A AR, PRFARE T
Wl (cconn. ) PR, BRIREME T (chcos. )
W& A 14N (Raven et al., 2014 ). T /KR e LA
FFLL COsY . HCOs Hl CO, B RAFTE , HAFAER
fiff A 5 S, T AR s i M AL X R
CO, VR EETH R M N 3R 2 A ( i oR 5%, 2002a ),
FIRIKMAIETF AR ZR, CO,y 5 R AW A Xt T ik
SREER I AR R, WK SR IR KK
BRI Tl alse A= K AGRE R, BN CO,

EARRAN TR, T AT B AE M, IR
TR K (R - P AR AL . (H Pl T B8 o
FIFEIR, V7K TR B B IR K R B | R Ry
KBRS R CO AN, IS WK b E
AR (JJBEIRHE, 1987 ).

KA T e 38 e B 2 S I 2 ALK AR TS L
Tt R . S TR M T R R
T IR R B, WIFHUAR FR B TCHLTF R
S COLMRIETH RN A 4%, LB BRAR BRE0 Jy
PR E R COL VREE RIS, X AE Ky s
YR O TIE LA AR, PR TR CO, IR
JE T1E ) B, ( Low-Décarie et al., 2014), {H
PR B S50 2 S DR H

FERAR COy W BE T i %ot T B A= A () 5 )
i, E4H BT (K25, 2006 ),
TESEAT K AR AR WSS — Ay, BERAAZ K
HCHLBRBR S, TRz LA ERE TR L OGHE
FVFWe S & e T B o SR, AP ) — Lk
5T, AL KT TR B AR E SRS T AE )
Wk, YR eI KRGS ERZ 2K CO,
e B PR (BAREESCEE, 2003 ), RS CO, HERY
T 25 AT LA 3 K AR B4 e - A7 a0k i 52 e 1 7K
R AR BRARIR PR I S iR TR -G T
55, HE KR CO, BYHEK At 235 i A A
A sy (kLSS 20125 M558, 2009 ).
IKIREE RO\ BRIEA AL R AN 1 BT

KERE ~~e Tl

EHBRE | pamm
R ©  [Tympm | BRR
Z Ry .
€O = HCO; K it
L% _Tane]
%
% i
B
KABTRHE ikt ]

B 1 kIR RRAEERAE 2

Fig. 1 The carbonate cycle in the water environment

1.2 EMRE T BK B KA R A EER

H i SE 56 2= rh AP KA COL ¥ BE 1R 7 vk I
HyEg R 1, F2A44.: RH COmEe, 15
W25, COL MR T HARK, X856 K A A%
s KA TE RIS IR, 1E1E 2 L0 = S50 A Y
JRfraa A BT . Hirh, COy YR BE IR B B[R]
PEBAF R RIS, BE MR IR RCA L/
i, — R 3~6 d, T HAR T B A I a1 7% ) 52
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B, UNFE S CO, R BEFREE SR AL o8 AR T4 45
PSRRI , — Bk T i S 35 0 XA T
(S, 2006 ), KIEMELIERA ST, BE
JEXT TS B 1) S KA TR, R T K S
SMRME TGRSR, SRR AR A S AR TE K
Hsc e, XTSCER L R A S Akt

M —Fhordk, 38 e iR SR 5 7k
OBREE , FEAHLL pH 7Y, RS280a HATHEHICHL
weFt S A FBL (L #%€, 2006 ), 7E HCOy
InE g, BTN, REFES A . HCOy
oo THhmifs 2l 2 (2285, 20115 #h
A, 2007 ), 245 A EERE — B NaHCO; Al
Na,COs, I L F 7E 100 pmol- L™ LA, 52
I8P X AR R pH A , PT LA I JoHLER
ALt e(DIC). ¢(C0%7). ¢(HCO3) .
c(H,CO%) o {EL[]EIUE AL (14 745 TN & 2 LABS IR
HERMIERAFEAE, 46 R 2K kY NaHCOs.
TEFRTFHCOS BRI TH i 1 Na AOvk e . R
TEHUBRIE AR chiR K2 Na ™ ¥R BE T HCO; #5135 8
RN, I LA BRI AR I JCH LB IR A AR R &
BN EE T ( Ghoshal etal., 2002 ), T HAiXT
TCHURR T T2 A KR O o A SR = B B
o RO FE AU L SR AR R BE R A JEAI LA 7K - A B
- e Y o

IR TUA I AR T LA AR 45 s K A B TE AL A
KA, E )R SR AR TEHLR T e S ST AR RS

H CO, MR B RIREE LA T Y, an2f HUZERIR
TS INARIR S 3, PTRETE—E pH Yol P9 i sk i
ToblR L CO, REAFER T 2, MidFAERER Rk
W, ARSI IR KR 2E . L), 7EAR[F pH [
W, IKARTCH U T AP SFE RIS 0 s Zoid i i — 20 1
MR o H AT AT DA A SR KR pH R
[r] S0 B N A PR AR A R, RS SE
RN
2 IESREF ALY MR AELE

BRI PR AN —, TEERKWA
SREfE R, KA CO WRE TR O MR I
Tk, WEEREER Cs A E P AZERE-1, -5 ZBERR
{LHF (RubisCO ) X CO, FFERUIEARL, (F2 L%
HEANMGAAVERIXT CO, IZEFIIAR R o X 22 A
RS A LT AOCEEY T h R AR CO,
Wbl (CCM, COs,-concentrating Mechanism )
FARERIEN COL WREELIAMEEH RubisCO X CO,
ERIIHA L, JRMTEE K A SRIERE R 1T 315
i3 (Bharti etal., 2014 ), Afi]xF#2 CCM HL
AT A FE AR N CO, IR EE R T4 51 40
ERPLBEITLG (Winck et al., 2013 ), FFHEHM
CCM ML B AL TN 58 A ek A AL, B0%
B (O'Neil etal., 2012),

TG AL AR HE A W 2 e 3 2 o R R SCTE 3R
( Calvin-Benson-Bassham cycle X B #5¢%5, 2002a ),
ZAE R, 1, 5- W R A T R Ak W/ A

£ 1 BRESELNBREEKEARL R

Fig. 1 Technology Evolution of the Simulation of the Elevated Inorganic Carbon in the Environment

Fhk oAU il ik PR B in | Pk B% 30k
- BN 1.94, 2.83, 3.65, )
HLRINAETE Microcystis aeruginosa IS NaHCOs HIU;% 10d 443, 5.15 mmol-L" ( EEEE, 2015)
AEAISE Cylindrospermopsis raciborskii R (COy) RN e SSuR S E R S 1300 ppm ( Pierangelini, 2014 )
2%/ WX Chlorella pyrenoidosa Wi NaHCO; N5 8 1. 2,5, 10 mmol-L" FHEEE, 2014
T I/ Nk Chlorell d ah BN d 1-L! ( EHiH )
KIATR IS ¥Rk (Coy) JEA S 27d 270, 380. 750 ppm (R BRESE, 2013)
B (5%CO, IRESM) 5 L/(L-min)
Mt Scenedesmus PRI Na,COs BN 14d 100 mg-L™! (%=, 2011)
7 NaHCO; 100 mg'L'L
TR T Bk (COy) JEA I 90d 360. 720 ppm (Hargrave etal., 2009)
EARLEAS: 6 - , . . .
P ‘d . VRINNaHCOs, pH IR SXEEE BRI 20 mmol L ( %EET, 2008a)
™ BR dcenedesmus o zquus
LIEEE S - , . . .
S— d" ! e VRHI NaHCOs. pH RS P WRRHIGE 2 mmol L ( %EEH, 2008a)
= BR dcenedesmus qua ricanda
LIEEE S e
BRIk ENRGFR 15d 0~250 pmol-L™! (4, 2007)
SRIRAKBE Chlamydomonas reinhardtii . " Hmo %
PRI Na,COs 100 mg-L"!
I PR 2 N NaHCO; Hala g 27d 200 mg'L"! (INEZE, 2007)
HLA pH ] pH 6.0~8.0
B CIAERE Microcystis wesenbergii - N . .
S - Hﬁ?ﬁ & 71 NaHCO; ENEESE BERE 0~200 pmol-L™! (k%% 2007)
Bl U 7RI NaHCO; BN 6~7d 20 mg'mL"! (E#5E, 2002b)
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( RubisCO ) Y M PR , 5 CO, [ e FEAZHME-1, 5-
TR (RuBP) I, AR 3-BERR H AR (3-PGA ).
ok CO, Fil Oy A fLAARIME , T LT RubisCO
PEAL R [ A SR O, R BERRUER . SRTHT, KSH O,
Lt COye MIBN KEIE, HIRAIEL
Y COL HRARHLHIF 2, BIVIE i 76 40 0 PN el e AR 22
CO, K4 RubisCO ¥ [ERRELE . £ CCM H1, ¥
20 30 5 3 3 BhE s HCOs #E A MUY, 7E4HMI N
B RR TG OME ] HCOs 5578 CO, ( 25/,
2012), iXHE CCM AT LUK RubisCO JE [ CO, HREE
FERIN 500~1 000 F5LA L. F46, FREHAK:
RubisCO FIHKAR T ( Carbonic anhydrase, CA ) £
BB, BHIET Oy #E ARERITEPEN A5,
AT RubisCO LRILBHER , il AL BERE P
(s, 2006 ). [FIETHEE T RubisCO JAH CO,
IR, AR T I COL £E [ AN B A rh ARl
JGHERY CO, E BNk iz RGEH 41 Il ( BUELEL, 20065
SRFEMELE, 2014 ), [RIES R TCHLIR 5 B 2h mT 5E
ERFERGSRDERE, JEAERFEN pH WIEH . EF
SCHRIER CCM 7E2 i HCO; MR R IRl , I
SR CO, BYIE R FIA (RERESE, 2012), H
T SCHR A B CO, TE EAX B M SR it A7 R 4
B B HL M AR (Winck %5, 2013 ).

€0, HCOy

||||||[l[:|Il||||||1|||||||i|||||||||[|||||||

"—-_‘.
~

€O, €= HCOy ‘\::’ ~ RubisCO#7%
BT 8
HCO,; €—> (O, A

/ \
[} \% — 0,
|
l 3-GPA .I\A
/ 3-GPA

\ RuBP
RuBP €N
\

N RubisCO
~ 7

-
e

7/

2 TEGGE COREHLE
Fig.2 CO,-concentrating mechanism in blue and green algae, CCM

CCM MLl FIEF 32 1F 2 R IR 52w, G
Bk . pH . OGA ARG ( PAR ), 524ME(UV-B ).
ROCRMESFIRE . BEcR MPoTRIRE, W
I —LEFR ) CCM 32352 FIR BT O, 4% 1 5]
(Raven et al., 2014 ), WRAEESEHHBENT,
CCM MU A%k ( Bjor Rost, 2006 ), {HiEE 5
HAB PR ZFR A XT CCM AL 52 Fg Z ik — e

MR pH i (6.0~7.5) B, ARMENLI
FIH CO, M HIEZEZFH ( Moazami-Goudarzi et
al., 2012), B} CO, ¥EEEAR R, XFF4r HCOy
TEMIAN CA WIVEH T B 1 COL ¥ HIGHE A4, 55

43 HCOs MRS 25 728 £ sz itk A i, [RIA
FAE CO, M EFEHE ( Moazami-Goudarzi et al.,
2012 ), Miffepy CA 83 HCOs Hl CO, Z[AAY
A, AEREILRIEH pH. TERRBRSI S T L
HANES A ZMEE T, R AN TR S 2
ARG, AL 0 25 ot e e LR 1 76 &
YER CBUEAE, 2006 ) 7K s R CO, it AR,
K pH WAHHR TRE, 5K b S i ot Uik
) COo/HCO5 F Ik (4REWESE, 2001 ), 185577
WA A NS (CCM) MY ( Winck 55,
2013; BXEFESE, 2013 ),

BRI A5 A VR R P R % AH i
pad R, HA R R G B S EBOEA H R TR
(HaoRd, 2002a), JCHLIR iz R — 2L
BYE AR E MR, METTR R A SRt
KM ELEEFICR, BocREHFsmi ceM myk
TR AHE (Ravenetal.,, 2014 ), {HHHATICHAR

45ie.

3 ZTHmRIEFREERNTEFXREZNN
3.1 BT ESREE KA

TCHLIIAT T W LR A5 W LA 3l = AN 2K,
Gy A EZER . AR NI A B T . YT
WA BRI LA TR, WL 2.

S 55— FBEIA O i 2 0 20038 2o K S T
SEHFIK AR () e LB i A R A CO,, JIFH.
CO, FE/K Y HIGH B S22 /N F HAE 23 S 1 9 HC
B B TIKIEAFAEGEER], ARG RNy i S
SR A SRR L, HIMEEXT KR CO, MR
T A M R AT BEASBH &, X LE A R 2L T
W LA 51 2 SR X T K AR TG Lt P 52
It HLILE K R 1) COLFF ARG Z AT B A S 50—
FEIRENRA, Bk, #e BYE, R CO FHEXF
IRARTEHLAG 1) 52 i 0 S 3 2 1 W S i AR IR K p
YR, A BREA MR, T R280E
LRPAE/NEREEE | DUR R | MR | AR
SREREIE | ol e R R R R A R
( Singh, 2014 ),

NAZEE , BT R IR LY CO, 23
MapiAi %, (R A AR R R . Bl
H CORIERY TR, Wi -2k ) B A 8
W B (Ghoshal 55, 2002 ), KT HEHZR
FERA T RN, FEARIRIE CO, B3 R, A/ Nak
A AT UL I 0 e S R B A,
BRNEVREE CO g%, AR BIR, |
RR 1.5 4% (Tzumo %5, 2007; Singh, 2014 ),

YRR/, AR, e
5 R B S A AR FR R TR PR BOC R o SR M A
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Fig.2 The effects of inorganic carbon on the growth and species competition of blue-green algae

e Pk CO, Iy HCO; i3 2% ik
ol MR A K S 2.40~2.83 mmol L™ (s
AR R NaHCO, — FAVBETHES . Ktk 2SR, TR 2’;‘3 ’

15 CO VR BE LA RH A i

PR Bk (COp) MR, TBHLBCEFI TR, CCM AL

I FH
YA NaHCO T 2 5235 CO W UAEas Sk
" SRR A KR
AN
AR commy 1 2 T CONRE IR Tk
BRI e s UF R CA TEMEREAG
— (R30I R RO 2
ﬁ%;% BRIk (COy)  MEFINCR, (BIRRA s A
! OB PR MR TR
. 5 B S RS R T LR 37
2
BSBUEE e vm. SRR R WICH S
LA

RTCALERAI R RE
A NayCOs
IR EE BN NaHCO; —

LA pH 2
ARITHCAE N NaHCO; —
DU A
FHREE CO, BEFR M AL A Y
WA/ BN NaHCO;  HumBl B Z, HAA /K

FIHRI R

RETORIREOIA RN, WS SR, %
IR AR TR

IRTEBLIT 28 HCBE SR TR K T R
R , RN TR R T T e

HEEFRRET, TOUA IR

( Pierangelini,

2014)
0~10 mmol- L™ HCO; YE, K 5HMKEEIEHIX;

( T Him %,
0~5 mmol-L™" HCO; Vi, sk CA Tfth 5 )3 1E A543k 2014)

F| 10 mmol-L™", FRERITEE I T I

— CBROBFE, 2013)

— (#V%, 2007)

INE S, 2007 )

(#k %, 2007)

— (E#5E, 2002b)

BN, RIAEOR, B BTEANIE P 9
FE%1 0 A B 7/ B 1Y 12 D0 I B RN 7 N v A /O O
B S HEEFYEAIL, [RIRESZ 4 B R R
il PR AACRR R /N ) 2 38 AT LK PR AR TR K
TR o 2 55 &, 4o BR ok e
( Aphanocapsa ). FEFT# ( Aphanothece ). (K7
( Chroococcus ) JEFK#E( Coelosphaerium )% ( Singh,
2014). 74, ABPERM, IRAERERRE 5
The 1 °C, BEREAL TR 2.5%, XWRAUEEEN
KA CO, Y BE T i (4 Al 2w i
AR B4 58 5 T A, CO, e T+ e T
HCO; W EEF R4 7 A B 2R AR K i, #R
I, MRPEEEZER) COVERAADLE], TEZ R ek
TG ) TR SOK TR i CO, (RABIESE, 2012),
X — i R B N HFERE R, CO, MRBEHG NS K
s — it . BT SEPR AR T B R A K A
H, JEHVE SR BN 2 R 0 A R PR
R7, 20 i 5 B 2 K s i CO,,
TN HCOS 48R, PRI —&B 43 = iz i i g
HRE TR, CO, WREE R T Xl 20 i 1) D' REA
IREETJWBA T, P AR SO AR KR
To (AL FRIHE E e A K F R CO, MR
AR b ELA S (2R, 2006 ), RN #EZE CCM

PLTZEPERREAR, (75 AH DR A 16 A TR AT
o BiF CO MBI TR, MAh CA TEPEREAR (T
UL 2.2.1), BB/ NEREE A e M MR TR I, T
HHEEMEZ @ E CO, Il ( EERRSE, 2014 ),
M COL R EE IR E S 1 1%~5%0T, s34k
T ) B TR T T P e P S o o A e R TR
(Z/Mfg, 2012 ), BEBATER COWRIEF, pH AT
R, XTI Co, MRS, Wb T Xt
HCO; IR, JeW A st CA JEPEREMR. WX 7
AR, T CCM ML IES:, X—J7 ]
BEAEAES S, BT CceM HLflZ 2 Imd], SE0E
XF HCO; FIHAES TR H4h, AR EN, &
W CO, AT DM #E AR /N B i 2R G, DRI i
TBE IR I 2 B/ NBR I S5 2% 3 ( Brilman 4§, 2013 ),
[FE, AR AR FRR IO T, & COMRIEN
M SPE, ARIE A RKEIER ., 78
BIRWNANIET TR CO MBS 22 R ek i, HAE
FKHORTES CO, WE T W& Pt (Andersen et al.,
2006 ),

TR LR, R A T = S AT SR e ) 7
IR KI5 LKA, I FEF i L
FEPEREAR (FMESE, 2007 ), SZERTER, 7EMK HCOs
IR, B CAEs ANE CO, A CIERE I KT
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DU M e A ZE T e (B ik SR, 2007 ). 7E 0~10
mmol-L" HCO; Ju B P, HCO; 1M J¥ 5 2K 20 i 35
JERIEARSE (SRS, 2008b ), 4 Y o bR
SENREEZ S 75 mmol-L, H 2 fE ik 250
mmol-L™" (Jaiswal etal., 2002 ), 47K FELE R,
IR TEH R 2 B BEFPRE4 /)N, A DL I A Wt
ST, BEE KR AR, TR
KA D, pH WEEZ R (Hu 5%,
2015),

g5 b, R COL XN T i kil B AR HEVE .
ELIRER B R A1 I SR A B 388 22 5135 43 00 i) 2 3 v
FEAZIAER, BEET CCM ML A A BRI BT Y
Wk, /D RET HCOs i EshiEis, 3R 5
THER B AR, TETCHURR BRI () 1 0 T 5
Gy PRI s A, H CCM HLil sk
KR TS TCHUR AR AR IR T, SREa ity
BEE I RE S T — 2
3.2 FTHBHRXMEZERFANHEMEZTEMN
A

TEANRTCHURIR TR = T, BEEse 4
FEAR R PR FAE 58 B R FE IR RS S AT P A 55
TCHURAE A — MEG B K IR R 2R, SR
SN LR CCM HILHI, TS AR AS ) A 28 ) i
28 RN T AR o PR 25 S PO T VR RS
Fse e, dE MM PR A RIS 254 o [RIRT,
TeWURACE T = id S MR b A T R AR, 5%
M) 55 24 ) FR 54

MOKAER =ML, YK RS T TEHLaR PR ]
PIEOLT, s ES FAK, BOMERF, Hit—
R KAE, KR pH 8RBT R 505 T3k
KA COy, AFTHEIHITCENER, HiE
T AR P A R B IR K AR, TR AR K
RN B, AL T I8 A i e et e A K de
RERSH, B DMRRAE SR CAER, W HiEZA
) W i A R AR Y 18 SR B A e e X EUE K
AR AW B B, KR pH FFEETH R
R E AR K, R ILA & B e LR SR N
B (SCEmNS, 2008b; MRV, 2007; LS,
2007 ). AT, i 58 55 R CCM ML A5 s T = 58
RENS EHA FHORIR SR W e e K AR HP ARV CO,
AR B R 5 RIR K Fh eSS TR B Lk T
B, —BRECHTERFE, BlRKAE RO
XFFICAUREFN ) Kos ARG, TEJRFIE BN =5 %%
JE 1 A TOHL 5 e SRS 0 T, o nT DLARIESL
PERERENE 1IE WA K DR R AR AR . (AR5
&, 2007 ). JRZ, HICHUmRK o AR THAT
JLHIELL CO A IMA RG], SRl T B fe

FIEEHSR—2E | IF HOKAER G E S RIRAL, Hiist
# CCM ML I, JEAS CCM ML Y Fe 2 FnH:
AEE CCM HLFI Rl T Re e LS R g p
FRAFFIER AL, Wk pE 2 18] DK S HA R it A
YISE S K R 2 RIS, KSR H B %R
FSER AT REWD o MoK CO M ETH R, Bl
ZHRTR AR T o X A U] 2 P A I
FARRGERN, RIS AERE BN TR, AT IR R AR
AR BT A R R AR A (Yu 4,
2015), HHL, RAEEEMBESRET, Kikh
BRZHEAREIR B IR . ELHE AT I SE B8 ULRH TEHL
R B )T = PR RIBERAL A A AR SR, H
AR E A o 13X — 7 Ty B 2 1Y )R
DS A E—HAIER] (O’Neil etal., 2012 ),

KT BB F T R AT A e e, %
GEHNEIA N, WA LA [ 2 , i Redfield
Wi, WIS C N : P HAEAE 106 : 16 = 1 BT,
{H T A 4 BfF 58 50 36 W 7 W R 40 1 Ak 2 0 R A
Z KK DIC Fr gk, KR COy A LT
2 ) VAR IR AL TR AL, AT T
Redfield FL{EAAZ AN SEI BIE G, o 75 KR CO,
TRFRAN BN 380x10° T+ 750x10° J5, RN
Fhak R A AR . BOCR A RAE CO, KT R
KT AR E, [RIATEE G R AR BT O AR
1k (Sterner %, 2002 ). IHrBOIRKBIAE &1L
KL TFHECEBRTIAED, IR T E—
SEFERE A5 K EwE IR Ve A T s, IR R
SLIE RS AT INGR . EARZEES, AR E
FEBSC MBS, H C @ N HBEE ALK T 2
BB BN G:, IITH R T S eE B8
AR RIS .

4 WMREE

ZE b, EERKAT CO W TR Hunhil ik <,
SPARFR MR K AR G HUBR T S5 AL RNk B KSF-, - i
TCALBR KR K FREE v i 2 e A0 2 K e sa 4 B 58 M
XSS, HET, ABRIIRAKEEK O™ E, 7F
EEREMAE R =T, FamEFRUT
fifF5% .

(1) ETCHURAETHS IS OU R, #5485 CCM
PRI & A e RE 7R AL, AR K S E JCAILRR B )
ML T — 22 A 5E o

(2) 7 C. N, P nEZ#REFHLMET, #&
S B R o 4 S LA QB BIL i 2 fn ] 2 Ak S AR i
(IREFEJ5 1]

(3) &8k COy KT AR RIE S T LR Y
A, R IR K SOK BRRIE & AR 10 A8 AL i 2t
AR A R R o 4 T B T 2 T S SR SIE
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A Review on the Effect of Inorganic Carbon on Blue-green Algae Growth
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Abstract: The blue-green algae is one kind of the important components of phytoplankton in waterbodies. It is also the main primary
producer of freshwater and marine ecosystems. In recent years, with the increase of CO, emission to atmosphere, the global climate is
changing significantly. The frequent extreme weather events exert great impact on the concentration of dissolved organic carbon in
waterbodies, as a consequence, CO,-concentrating mechanism (CCM) of algae is affected. Through CCM, the concentration of CO,
could be increased located at RubisCO of the algae cells, in order to promote the photosynthesis and diminish light respiration of
algae. Based on the climate change due to the increase of CO, concentration, the equilibrium among inorganic carbon in different
forms in open waterbodies was first described in this review. The carbon recycling processes in waterbodies and their effect on the
algae was then analyzed. Various experimental simulation technology of the elevated inorganic carbon concentration in the
environment as well as the research method of the algae growth and species competition with the elevated CO, concentration were
also summarized.According to the researches on the CCM of blue-green algae, inoraganic carbon enter the blue-green algae via the
Calvin Cycle. Under the catalysis of carbonic anhydrase, HCO;™ and CO;* as the form of inorganic carbon could be transformed into
CO,, which increases the CO, concentration around RubisCO and the inorganic carbon utilization efficiency of algae. However,
CCM of algae is also affected by pH, illumination, nitrogen and phosphorus, etc. Based on this theory, the effect of inorganic carbon
on the cell structure, size and the individual cell proliferation of blue-green algae was summarized.Some researchers indicated that
CO, with high concentration could promote the growth of nuclear protein of algae cells, and this phenomenon is much significant for
the algae cells with small size. Since the CO, could be directly utilazed by blue-green algae, CO, play a more important role on
promoting the reproduction of individual algal cell proliferation. The pH of natural surface water is in the range of neutral to weak
alkaline. Therefore, there are more researchers focus on the CO,, HCO; utilization by blue-green algae and their CCM. In summary,
although there are a great number of studies on the effect of climate change, the factors such as the mechanisms of carbon utilization,
the micro-changes in the cell and the CCM of blue-green algae during the algal growth and bloom still need to be further studied.

Key words: climate change, inorganic carbon, blue-green algae, CO,-concentrating mechanism



