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Abstract The greenhouse effect, which is believed 1o oceur primanily as a result of the accumulation of carbon dioxide in the
atmosphere , has become one of the major environmental concemns and received worldwide attention. In this paper, algae species
sereening and cultivation for efficient CO, fixation are reviewed. The related dissolved inorganic carbon ( DIC) utilization form
and CO; concentration mechanism (CCM} in the process of CO, fixation by microalgae are analyzed . Four objectives of the highly
effective photobioreactor design and operation are discussed, and the advances on €O, mitigation technology with integration of
microalgae (enzyme) and membrane bioreactor are also briefly introduced. In response to elevated CO, concentration, much at-
tention needs to be paid to the construction of transgenic microalgae with higher performance in CO, fixation based on the further
ascertainment of the related mechanism, and the development of effective CO, biofixation system integrated with other kinds of

advanced technology, such as membrane immobilization and separation .
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THRESSER MENEFEXAFERF LULERBEE
CO, MBMMBHT BN, MEEE CO, IEER. AFX
LB R AE L. Co, UL (ceM), L K B E co, o
MEEKNEREEFREBERIZABRTE . BEELE
FERSHOCEYRLE FRESBEATHERE CO,
HAHSENHE(E)-Eco, IFERER L EEEMNH
RS EXNFERR =T HFERFiTiE, SERARER
RFEANARESFE-

1 E A IF g A

1.1 REA

BRAFESHEYHANKEFEMHX. HTHEAZH
b CO (<0 1% )M ERFAEAMEREEYER CO,
HaRd HAKEER W HEER WA THRESF
CO,(10% ~20% )HEFR A B B8 T MR B iR B R 5 1F
ERAEEWE CO, RE HER, AR NO, S0, FSK
HA4y, HI0EXRBNII T ERBEFFTEREN, Xit
BREAZHMPHE CO, HEATHEPEE S KE €0, ¥
BrrMH BRMSZELTRAMKRSE TS EDH IR
WOME. WA AR Chlorella ellipsoidea ™" . Chlorella soro-
kiniana ATCC22521°Y . Chiorella sp. UK0OL® Hi Chlorococum li-
ttorale * ;3 [H3E % R FI L 3 /) BR B ( Chlorella vulgaris )™ ;
REBA 2005 MER TR ENHE CO, MERER
Chiorella sp. NTU-H15" B E AL K ¥ EHE S CO. BB
Bt Bh ik it T Co, W AT AEREE 2v-1-
1.2 WENREEXEFESF

HEEENEREATR KR LB H BEF
RFZH. ATEMITEFREREMDFELS BEEH
B REEORSEEIUE SR L L
EAFESFHNARIEFAERIEFOEE IR
% FEMERAE CO, ERXEFAGRERIT.

MBHAEFERFTARSHRBERNENEW, QIEER
F{EEH GEE pHAES LT %, ok EE
FUMIHMEAROTE EHEFET LARERNIE
F it

MESFEAOREFEREREREE~"HEN—-%F
Mgt BATERMMEHIDEAREREERAUT -
Rk MBI R ERERE RAAEBRILLR
St EE RGBSR R RS R M
TR FERASLEERFNAENRLMSE . KEHW
KEAAMBESFLBE P/ ER AR ME A B EY,
HE Mandalam EFABFE X —iEk AR BEERBESTE
BEfTELHWH T HEFERK S . 25 hENERERE
FHEFHESHABPETHHI10 T/al, —BELHEF™
E(FEIF0-40g/(m d}7 .
1.3 BRAE CO, RERMEBEIERSR

MEmEEE CO, MERMAMEERHA S ERUERRD

ECO, ENRAFE MR, 201HL 0 FH, EBEREY
EETEHRXE KD EEREEASRLEREHRLTR
WEEHES. A0 ER NEEEN ST RURERN
BURGE ABIAFATRT . 87T 0 FRPY. BEE
HEANER ANFEAFIFRKIREBCCMLUERAS
EMERE " R TRBRIEN 1, 5- PR B R &
P E M (Rubisco) FEHE AT — SR E R AL EHZE CO, HIEE
e

HAT, MEEE CO, WERNITEBMZ T EEFERLEMN
S FHaNUREARBE SR EFT. AN Wakasug F
WET BB E Chlorelle vulgaris C-27 TR EXHEAM L
HEFREF @I RAXREEA AL E B
HHILL, €. vulgars FIEEREEMY * - Beuf B M —FFEE
BINF CO, IWER S 0% WRMMBIFZE R Chlorococcum
littorale PR T cDNA, 472 4718 Rubisco 15 4L 8 (rca) #1
B DNA K8, AT co, IMEAH S . MARBEHFFR
EHEST rea” 5 Sasaki 2 M Chlorococcum littorale 75 % &
CO, W (20% ) T HF M AR DNA B4 H 45 & & HCRI
F1 HCR2(High-CO, response ) ,i# — & 737 & B HCR mRNAs /9
FERAFERBA CO, WA KT M H IRk
-

2 WEEECO, MNHEHEE

THRBEELSER SR P RENRE T HE A R
HOUE, EPURARNMNEHIE, LR ENBRT&EE Y
AEERANEEES TFHBEE CO, HERKMIR S KK
AEATHEENELE L.

2.1 FTHEEF AKX

BN TILMF AR A28 R LA A
HCO; #1 Co, H A5 A SRBE R AR (CA), I Chlamydo-
monas reinhardtii . Scenedesmus  obliguus . Dunaliella  terteolecta .
Chilorella saccharophila , Chlorella tulgaris C-3 . Chlorella spirulina .
Chlorella pyrenvidosa T Chlorocoecum littorale s A 89 7] LA F| A
HCO;, #1 CO., . BA Z KA CA, 40 Chiorella ellipsoidea F1 Chlor-
ella kesslerii; 8% & REER|I R —F L LK, 1 Chiorella meni-
ata T Chlorelle rulgaris 11h HEE P H COZ-Q‘”'ZJ. s —EUAARA
TCO, Wi FHMME, BERARNS cCA;mBEL T H
HCO;, 2 TR E FTRETR M A A CA i T RHlik M
M WA RSB M TR CA BT ER (T 2 (A A X
FEW. FAREEFN CAEERE. WA CA LB
EHBUEATRBNRPERMLE MOXHTRE
{ Chlamydomanas raihardert VEE B A0 H 3 Fh B A BG - 2E MR 9 1S
EE i CA URFRERK FH9 CA7 . AR MF CA
FEA—HRR CA F B LM ERE HCO, B PIHEH
MEETE.

2.2 THUEREHLHE (CCM)
ARG EE AL S N K R PR AL B, TR
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M B — Fb 3 BB T ML 0 T ) ——CO, B HE 4 HL
(CCM). EHMFERELENBROFZ, AT HEAS %
R L U8 FE 77, 7F Rubiseo BIULBHERC SRS
CO, H % . H #| T Rubisco RBILMER, ML ELREF
# EHNHESZISNRRE L BF .co, IEMNE
TR (0 2 T

CO, CO, CO, CO, Rubisce
CA Ca
” ) - H . |[pamd ”l 1 _ |[Pump] HCOS COr—=Rubisco
HCOY HCO; 3 |CO_\ l CAl T Pvrenoid
Wall Cvtoplasm  Chloroplast HCO;
B 1 BB R 3R A EHL B E

Fig.1 Models for inorganic carbon transpert in unicellular green algae

EXGFRERSE, —RIN RN Co, T LIF &
BB, M HCO, —RAREMN. A THBXH LI IKFILH
RONfO] PR HT b R LB ALY L IF e H R TR
EHBELEAMENRREER. B 2HEb— T
) P20 I R T BBk A i RLA R Co, PR A
B AEBEA.HCO, WE S I siEmt AN, ENE
Mo, BREBHTEE " . YEE pH &S .8 Co, IREA
R B4 HCO, TEMLA CAMTEA TR E A co, st &
#E B HCO, MR# A TREEHEHFA,MMA CA
MR HCO, #1 CO. Z MM ¥4, Ffr 8 WE A pH. It
F . Thoms %48\ — R AN RIS MW A BE H g
A CCMER HAHIHENHETHEENE MHE
BArRE CCM BIFRE fE S .

23 CO, RE®E

FWE CO, (1% UL b IR 10% ~ 20% 0 8 1 #
HEMAY cCAEMHEN CCMBER. co, ELERHILSE
S EATH CCM WHEEFRK,CO, REFH—LH &, B
CASRIERIE BN cAJLE#%, CasE@MElL Co, 0
HCO; 2 BIMMT s, 2 CO, MER T . CA B FES A
MGt TR, M H7E CO, LW HCO, #t B F B £ B
H MR, 4 co, BB —Hr 2 H pH THE,ATMH
BCo, BE, TRTRNAN BAEHTS . HEH LB
PRI R BRI pH A EH, MNAEHATRI 8 LA E
105, FWHIN CO, ERFEEEREARNTE MY
HRCO, IERSH 1%, BWA pH FREHTSUT.HE
HEXKETRANAEARNEBRE CO, WER KN CO, IKEH#
~HHINEI 0% pH FHATOMT LM FH P ILER
A HCO, .CO, KBREMBMETBHARATES .

AREEMATLMEZRFLIES T ZH & Co, EKIE
RHNESERR—FEHN T PSIRNTEREY . ILTHE
MABRGHEERRD KEE Co, XM TREMLKSE
BREEEEPSIEE. BT RIS RaRTRERTR
g, PSH R AR TRERFHN, S PSIHER TR
R LB - F A BT S ATP, XRER I

EHEHZRANFBETREEH TETENSE EFATH
pH MTHIE L B CO, ¥ F. 58 Co, HHTERKMHERE
BRMECO, METHRBEINEIERS  FAFEE 7 £
Bt EPEER ATP B CO, ARG THEMERBER
LBk BT |H " . AT, IBF MK CO, £ T H # 3
0% CO, K MR PSH HBEHETLT .

3 HMEBEZCO, MREBEREERHK

BB EDEEEEE
HEAEYRMERLAMESFEHEFENES FE,
BHAEMRMBNAE - HAENEEENMERE Co,
HARRHRFE®E.

EWRESEARITWEEETES LM NI —.
EREMMSHERER. REYRNENELSHESE.H
FHAH EEHEFAREFEIER RAmEL=3) He
FRAMEREBER, — WRIEEGEEE. —BEd
Bt B R A% 1F A R OR B B O A B P S A TR, I
SREHRDB RS BEEE BNEBUREFWR L
BRSO ALRPERNEMELEYREN S RE g
FEAMH T EAERIRE AR AN SN EMAFLY
— 0 Bl 30 76 8 W P A (5 B B Rl e AN B3R B 2s 3% F)
205, EHHEMER CO, BRB T 58" . = REHEIL
B, KRBT EEMERECO, 0, E% , FERR T
BAEN. YEAHALUTEREFAHE, - ME2EHEE
BES-TEASERUBANEESTE. BTTLUHA
KEAMEEOSOETERNARS BRFETHARSE &
B ORFEFETURART A BHEH LR
NoA% . ABEHME AN BEXMNE R, R
EEUFLENHH BB BRF A E ERER LS.
B LEMLREBE RS MR IR R L A e B
B T MEE K AFEBRALE . N BT LEEN
. ONAARPAEES LRI AR BT SHBES S 0,
HA . Ll Chiorella kessleri R38R R %0 B 1 4 L IR
MIXETR N HBEEELE S x 10° cells/mL B, 0,
PEEE R 10 mmol/(L-h) . X3k INE| — ¢ % ek, 1
EMFHEE(OPRIARTH . MO RAL YRS FHE
ZEBRERNEHEAR 0. WEFEREELRBSEY .
B A aEE i ERM R LS fE R 7R % IR B (&
ZEEEERNRE. B HBENERERERE =
THOL BT BT M AE M. B EEET—Eat,
EHEES X MERMFLR LA, SREEe &
B EAEES/) MBS CLAXDHRE. HUHEHL
W ARBTEMATECED, s WS RELEs
TR EBEMHM S HEAGEERE D EEA >
MABPRLEEY® S KPR YR B P ERMNL
FHHEENTREMN.

Br r LR WAEESN BEIRNSHHEREETR
RS SEhri AT E X A M 8, @MEHARXREY R

3.1
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BHREES KRERT—ERMNEN &, nEENR
WY EHNERNTEMESNER UESERENRES
SRR, S THESSFHRABELTE, M E 6 EF M
FAMTEESEXE B4R 2 REFRRPH AR Y A
3.2 RS- co BEsgAEA

BTHEEETEN.CO, ERFELRERBEMHIE
% BAYE.SRELYER A TREMBEAEER, M
e S TER S SPHEE CO, B AR, BESERIX
HAEE AR EER RN EE FE A RNENRS .
HESdco, WER RNUEANFKEEKERNNS.
WO RS T REE RS A AW B
B s mE” ok ERRE Y U RBANELE
PR HTT HH N

V10 EH B AR M E (BB co, BERAE
RETHAHHRE. B0 Mivatake EEHEBRELRHET.H
LHEFEFESHBAEREE BT A5 SEAIE
BHEWBEERSE Co, BK 0,. I T—MKKD Co,
MEER0.M% , MISIATHBARNHEYE : —FES/H
HEESEAMFRATASP CO, ¥EE. 5 —F R4S
S/ EEd EREE CO, XEPRVERHNEHSE
FREFESEK. FRANERELXST . RHASE O, A
CO, THMEBRMBME L EHAE WM . T Trachten-
berg FA-HH A TEFHS ML THE CO, WERMR. &
WT €O, ) CA BS-BEFR 3K H AT 35 . Chakrabarti % I 3 1K
FHREFLEPERK Rubisco A EHE LA EERARETS
dhco, #4EWBEE R A, % BRI B 2 3 B R AR (dimethyl
pimelimidate) & & FI BA K A IR L # B 7l BT R
A13-"HZEE _TRDCOIBESIIEEME L. #i,
fIErRE T EELSHERE BB LRERN pH %
Mg EREHEEAEARBEEMTEREHAT X
BEHENERERE. MAEBELBHNERRERERERET

M- oo, MegElitR FHEZEEERER
EoEERUREER B8 BEK. ZBUAEFHLER
B S8 BB G Co, ISR AA T My iE M
FEFHE CO, MER. HNA RERATEEERAMNEE.
BEER S B A AR TR S U R RERE S
HRADE .

4 B £

WEEE CO, ARBAF N RERBERTELER
GhREFRAAAEERRE L, WA A T E R R
AT A CO, W BB % 7 m A AR AR B B
FAREMBESERSHE P Co, ERSHL . ERR
AR R R TE R MR 2 -

REMERE co, #R A THFEHERK KRG

R BOK R R 2, BT AR — W AT kg
S abE- T H T E S A S AU B E
OREHOEE. AEESHERSME, ML ANE
PEmSH M ERESHATER LR, R ETHRAY
Bk MR A REN RS HMENYIREF, U
AiERBEFEBEAZFATHFRE CO, ZERER.

MHFTUES AHERES A THRELHEERN BS
BES S o, RERFHAHMBARERERHE
10 B HER B, AT R A E FE Co, BARLEMES
UFE AT =07 0 — 5 FF R R W A R LR CO, R
EfGERNERH FRARAENEFEBMLHLEESHL
Co, MEE  FMIMERIREAMEAREE CO, HME;
HHRESHMTMAMNBER, AR ARELEYRM
8] EE Co, SR,
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