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FHE: LI/NEKEEFACHB-1580 MM FACHB-16 18 4B Fi Xt B, LLEL T RSk E0.04% CO, 5% CO,H120%
CO, (v/v) = FIEAREFRAAE T 1A KA A FEARRME 1 m 57, X 1 190 38 5 TE LB ) FH A 56 A= 32 2 50R0 1l i 1) FH
COfENIRIR FR . GREY], MRS RE M AR HICO,, 1E5%(v/v) 5 AT T BRI e KA E R &K
B AR K R R i ok B AL BRI R . NEREEFACHB-1580 MM FACHB-1618 8 KA Y& 2 5 N3.5F0
5.4 g/L, 53 51720.04% CO, (V)25 1415014605 . 1E1R1820% CO, (V)25 T, TIHRER R AR =3 B %
T AR (P<0.05) . Bl COL M B 38 N, WARSREEI JEHLERSE RN 77 L9 FIIR AR CATE M. #14ERubisco
TGP, K Rubiscoif b1 T kT, B Rubiscoii AR WA R . Fi4h, INEREEFACHB-15801/7 £ =i 11
JL AR N CAYE M5 1M EEFACHB- 1618 i /N CATE 1 JLT- N2, BN CAYE M B Ik T /N ER#EFACHB-1580.
FH L HEN, ZNEREEFACHB- 158088 [A I WS/ 53 THC O3 F1CO,, H A CAMEALIE WHCO; PRid 5 4k
CO,, Mifi RubiscoZ it 76 /& I CO,HIE; T FACHB-1618 3 ZHR UL A i 1 11CO,, Hef P CATE ML, HHE
I HGAE R v N CA & 5, B3 S Rubisco Xt CO, f 552 M1 S L ik & [ BV H

KPEIR: SR, YR, CHEMBOIRZENLHI(CCM);, BRIRETER(CA); 1,5-BEFR% B BE R LB (Rubisco)
FEDHES: Q948.8 HERFRIRAD: A X EHS: 1000-3207(2018)01-0182-08

Tl R — S LA Jf B T . 2 A e 5 B IR Y

AWy, R 2 ) AR B R A,
AT 171 e 1y 23 B 78 COL R TBCA, “F 3401 kg i 4
THEHAFEEL.8 kg CO,o AN & 20 &
CO ML), BARE TR N AEYIREIR . &Y. 1A
Bh AR RIS R A AT, B e
PG HUA I 538 Ak, R B0 ek Al 2 D [ B
COL AT RE U5 IT A TR AT I 78 348 R i 4
AR3Eg 5 DAL HERUR S COL M A AT ik
10%—15%(viv)"™, [ 1tk 97 34 66 65 45 280R) Fi o K
CO, IR R BERN 2 SRR JRHE 1) B . FETOE S
TSR, CO LR B2 23 R M 55 IR Hh ALK 1)
AR, AT 5 M S5 A o AL AR FH AR ATL ) R AR AR
o BFFLEREH, AS[FEEF N CO, B3 M AN[F],
/NERFEE Chlorella sp. AL ERBENannochloropsis
oculatalE & T-5% CO, (viv)ZAE T A=K Z 3401,
A b, SE B A P Chlamydomonas reinhardtiitt 5%
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P KB R, HRCAER R TR,

BRI W TE WL JE , JE 3 Calvin-Benson /&
(RIR SBR[ 72 CO,, fx 45 A WL A7
1,5- W FR 1% I 4 2 16 1§ (D-ribulose 1,5-biphos-
phate carboxylase, {5 JNRubisco, EC 4.1.1.39)2& &
IR SCAE I ) DS BRI, e R AN 1 20 T T R A% I B
(RuBp) 514r FCO, 45 A 77 424 13- IR H I IR
(PGA). %A A [l Bk i B s 0 3R, e 5
GERAFYRIAR R . 5 — R ABEAE L, Rubisco
A2 BRI — 2 dE % — 1%, EfRubiscofg [A]Hf
AR AL R SRR R — AR, it
BT FCCMI 7 — M EERK . CO,AMUZRu-
biscoflE 1k IR, iE /& Rubisco (1) 1% 46 7 FE 14 1
T, KEREEY], CO,KE L IHRu-
bisco KR K LR AR A, T HRCO LA Ik
J5E X} i Rubisco [P 200, A3 BT 58 47 4 42 e 1
AR

AT 5T LA i FH TR & S TE S COL I cHERT 7 4b
RS 72 B R0 R I Fh 9 R R, PR/ BR
FACHB-1580 I} # FACHB-16187E A [HCO, 4
A N AR A A B R K IR S e LR
FAAH A BE S HOAGE R FHCO, BE I 6 &, FRER
FA RERNEGEE R 52 CO, B8 711 AE B 4R bR, TN
e 2 [ B R A R 0 e AN S 4 AR

1 #R5ERE

11 SEMSRIEREFREHE

SEI6 FH 2 M 8 (Scendesmus sp. FACHB-1618)
F/NERFE(Chlorella sp. FACHB-1580))3k H
Bl = Bt 1k 7K ¥ Fh PE(FACHB-Collection, Wuhan,
China).

Ri 7R3 N NAES om, A RUAFI750 mLATAER
AN I SE RS, 555 5 9: BGRB8 (5
FxNa,CO,, PAIF%EBE /R Na W (I NaCIUC ), 146
S HEBE 20 50 pmol/(m’-s), M 55 41 i 2% i A T
AT, REEDBI, IR (2542)C.

A N0.04%. 5%A120% CO, (vIv) =4,
FRLH3IAAT, SRV E 9200 mL/min, 3% 2858,
ANER FECO, 28 S M AiCOL R &1 Bk, FHCOL I &
{(MS400, Eranntex, Shenzhen, China)ll ;£ CO, ¥
B o VTR BRI B N A gg0=0.320.1, 1577 JE A
17d.

1.2 £YIENE

A= DL 40 i T B (Dry Weight, DW)#E R,

e 52— 3dES mLEE, FH B I AT 4RI (1.2 pm,

Whatman GF/C, GE Healthcare, Chicago, IL, USA)
k. WPERTE, BEREAE105°C, 2hpt T E4H &, FR
HIFLFEEIRICNW, (2), W, (2). HRITFE AR
R

AW X (g/LY=(W—W,)/5%x1000

W EF=E: P [mg/(L-d)]=(X,—=X))/(t,~t;)x 1000

B AR KT u=(1gXo—1gX, )/ (1—1,)%3.332

B 5 R co,=CoxP (M co,/Mc)”

Horb, XRXG J3 5l R A K B R S R AR £ R
1 1) T 2, Co s a2 i 1 F £ & e i,
PRIZNEDETZ, M co, MM 7R RCO, 5 T
CILENII T,
1.3 RUELHHEFEFMDEHK, s(DIC)HINE

WS B KA i, & BV, EE T
(TR E MR BG 1 1-BTP(pH 8.0)"r1, A %22 Wik
TEVCANM3 IR . 5T 5 B 4B — 350 43 s 1
2k, AN 2 mLE T A A B A% (Chlorlab2,
Hansatech Instruments Ltd., Norfolk, UK) 5z N8 P,
FEMAIYEERS500 pmol/(m’-s) T, ) FH 35 480 i > & [F
T A A5 M 9 TEMLABOA o8, 24 38 4 B ' A T8 S 3R
JUT 20, 30 R 28 MIFEFLINA A [F] &
INaHCO- ¥, T 72 FE 4 M e & A R . JR Ak
X TEALBR B 55 70 77 FH o HLRR - M A UK s (DIC)
(RIS A 1 F 2 0A B — - I M URR IR ) R 3R
T, I8 I TR V=V 0 [DICV/(K s+[DICT) X} 52 56 %k
AT SRR A S R
1.4 RubiscosE 4N E

AT X6k B (T EE 2920 mg), 5000 r/min,
25°CE50>5Smin, 25 13 J5 FpH 7.5 Tris-HCIF ¥E
o fE4°CHM R, 900 pLiEHUK (50 mmol/L
Tris-HCl pH 7.5, 1 mmol/L EDTA pH 8.0, 10 mmol/L
MgCl,, 12% (v/v) Glycerol, 1% (w/v) PVP 40, 2.5 mmol/
L DTT), K 4i 68 22 mLIGE/EE S, JFmA0.5 g
BB R/ 85 TR (ELA20.5 mm); I FH R I, 40 B B
(Gene Ready, Bioeer, Beijing, China)# #5241 il /5,
12000 r/min, 4°C &> 10min, % Bl RubiscofH #2
o FHEEW —3B 5 B H T V4 Rubiscoi 14 1
5E, —HB 5 5 VG L %(33 mmol/L Tris-HC1 pH 7.5,
0.67 mmol/L EDTA, 33 mmol/L MgCl,, 10 mmol/L
NaHCO;)¥% 4k J5 Il 5 5 i Rubiscoii "', Ru-
bisco & A ¥ 46 Rubiscoii 4 5 S T Rubiscolil
PERIEUAE

I 43 566 BE 90 52 Rubiscod® 72", 4R
P 1 A S B 3o A o BT FE N ADH I & R 1 5%
BEE LY W E IR B B 30°C . B i
5 pLAH SRS AL BRI N 187 pL [ M (50 mmol/L
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42 %

HEPES-KOH pH 8.0, 1 mmol/L EDTA pH 8.0, 20 mmol
/L MgCl,, 2.5 mmol/L DTT, 10 mmol/L NaHCO;,
5 mmol/L ATP, 5 mmol/L Phosphocreatine, 0.2 mmol/
L NADH, 10 U/mL PGK, 10 U/mL GADPH, 10 U/mL
PCK)H, )5 A8 puL 50 mmol/L RuBp, i H 243k
FEIRF2 mmol/Lo 3 RIIE A4 224K, BE30sHI—
R, BELE10min, THELA3 R NE . RAAEERTT
I AR R B AR AR

it L% 77: U=10%AA434,/6.22/2 (mg pro)
1.5 CAEMNE

X O R 4 B (T B2 29920 mg), FH20 mmol/L
B 29 (CAS: 144-02-5) 2 M (pH 8.3)i W 41
i 9 3k - B E R R B H T AP CATE I E,
S CATE P R IR 41 MU 1 71X (Gene Ready, Bio-
eer, Beijing, China) il FE 4H A J5 W 52, B Y CATE 1
HLE ICA S HIAPCATE L ZE1H .

RPN CAVE M . R PR e
PO AT BRI 5 P 4 255 B, R AR I A R B
Mg Ra. THEITEWT:

2k 2 ad & Chl.a (mg/L)=15.56xA44c6—7.34%

[25]
Ags3

CARgITPE: EU=10%(T,/T-1)/(ug Chl.q)

To: NECAREELZ 9N ZZ i pH A 8.30 % 5|
7. 30 B[R] (X 2,

T: & H CAME EL 2248 2% vl il pH M 8.3 0% 2
7. 30/ B [H) (SEER2H) o
1.6 HIESH

SIS KA K T35 EeAr v 2= R, B SPSS
18040 TH A4 T 5 AR M e it 5 22 5, 50K
FNP<0.05, B 52 KN P<0.01.,

2 4

21 FAHREEERRIRECOBSEREHTE
KHIELER

PRSI TES% CO, (vIv) 2 R 3RS i KA
MER R, KA KERA R KCO, e H R,
LS I 17d)E, DEREFACHB-1580F1 it i

FACHB-16185 KA EIAFI3.5515.4 /LK 1), 4
IR AVRI1.4605 o PR SR TR B K [ Al Tk
AR K A 293 7] 52 563.7H1660.9 mg/(L-d),
0.78F10.57/d(FE 1). [FIE}, PARRSEEII REIERI20%
CO, (vIv) s, ZFAM T AKEZE 50.04%
CO, (v/v)ZHAH LAY 738 I183%F122%, HiZ& kT~
/NERFEEFACHB-1580 A M) & . % 5 10.04% CO,
(vv)4(P<0.05).
22 PREEETRIKRECOBSEREZEHTE
IRyl o]~ a7

] 22 7% P RR 4 S AE AT 3R 500 umol/(m”s)
ZAE T ITCAT LB R At 28, R AL R 28 R BB ATTE AS
[F) VR FE COL 35 77 26 F 1 s K & U 2 A8 A
Ko AHEATRERMTALIRSE R T H HK, s (DIC)H)
B 5 CO, ¥ P2 38 I 34 = (¥ 3). /NER¥EEFACHB-
158011K, 5 (DIC)43 71 850.6+ 174.641344.8 pmol/L,
20% CO, (VW)HLHIK, 5 (DIC)S20.04% CO, (v/v)ZH
6.81%; MI#EFACHB-1618fK, s (DIC)%: %l KN
190.6. 443.9F1498.1 umol/L, 20% CO, (v/v)ZH ¥
K5 (DIC)#£0.04% CO, (vv)ALHI2.615 (3 2). A4k,
R4 T, /NERIEEFACHB-158011K, 5(DIC)fH
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Fig. 1 Biomass of two strains under different CO, concentrations
(Mean+SD)
A. Chlorella sp. FACHB-1580; B. Scenedesmus sp. FACHB-1618

®1 BRFEENEIRECOBSBEFRFM THEKSH(FEHRES)

Tab. 1 Growth parameters of two strains under different CO, concentrations (Mean+SD)
COLIKECO, cone.(v/v) : FACHB-1580 : FACHB-1618
FUAE RO 0 (/D) COL I EHH R o, [mg/(L-d)]  HEAEKIER 0 (/d) - CO,JE & R o, [mg/(L-d)]
0.04% CO, 0.48+0.04 321.3+46.7 0.4540.05 425.1+15.9
5% CO, 0.7840.06** 563.7+40.3** 0.57+0.02* 660.9+33.7**
20% CO, 0.77+0.009** 521.9433.7** 0.55+0.04* 546.9+73.9*

¥E: *P<0.05, **P<0.01, T
Note: ¥*P<0.05, **P<0.01, the same applies below
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PG T W% FACHB-1618, EI7E [F] 45 41 T /MR i
FACHB-158011) TeALBs A1 /) & T MFACHB-1618.
23 AHRFEREFRRECO,BSEFREZHT
CATEMRIEEER
/NERBEFACHB-158047 7E fR AN C A, i 14 [
CO B 38 in 2. 2% P2 AIG; Tt FACHB-1618 2 71
CAJE AR (< 3.6 EU/mg Chl.a), 5%F120% CO,
(T ILFEAZEE 4). T4k, NERFEFACHB-
1580111 il Py CAVE VRS iy, HLBECO, I B 38 in HL v 4
B3 FER(P<0.01). HAI7E0.04% CO, (V)& T
il N CA¥E 7% 9540.0 EU/(mg Chl.a), /£20% CO,
(V) R5.44% . /INERIEEFACHB-15807 1 M i ;Y
CANRubiscof2flt 7 78 2 ICO,KIF . M LI 5,
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Fig. 2 P-C curve of two strains under different CO, concentration

A. Chlorella sp. FACHB-1580; B. Scenedesmus sp. FACHB-1618

WHEFACHB-1618 il N CATE T8, B CO, MK
7254k, GG AR AN B 2 o
24 AHRFREEARRECO,BSEFRZHT
RubiscoiETERIELER

Bl & COL MR FE 38 I, PR R 4] 46 Rubiscoi
PEFIRubiscolF W EEIIA T FEEH(E 5. K 6), M
S Rubiscoi L BB . 7£0.04%. 5%F1
20% CO, (v/v) I, /NEREEFACHB-15801) #) 45 Ru-
biscoidi 43 5 40.56. 0.4F10.27 umol CO,/(mg
pro-min), Xf . Rubiscoif 4B 531 943% 22%F
20%; M FACHB-1618 )4 Rubiscoii 1443 7
0.68. 0.58%10.49 umol CO,/(mg pro-min), X} ¥ Ru-
biscoiF b E 43 51 °N31%. 30%A119%. 20% CO,
(V) T, PRk BV 4G Rubiscod P & Ru-
biscolF L E 50.04% CO, (v/v)ZHAH HL 1) B 2% BRAK
(P<0.05).

3 i

KEWFFRY], TR, CO MR
FRII 0, A A R 412 i T8 0 Pl b A KT AR,
FREE R L CO, (I8 N 2 TR [ (I W pH, W] BE A
AR ST k2 OIS AR KA CO K
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) - [ 1K [DIC]
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i 600 . .
g 500 + i
e L
2 400 +
s e
&2 300
HE L
hed) *
= 2()() .
e
it i
§ 100 +
o LI
0.03% 5% 20% 0.03% 5% 20%
FACHB-1580 FACHB-1618

Kl 3 PR SR AN FVR B COLM AR 72 4414 F K, s (DIC)EL
BCTPHELRER)

Fig. 3 Kj 5 (DIC) of two strains of algae under different CO,
concentrations (Mean+SD)

R2 BHREEETEIRECOBHRZGTRNBEMNERK, s DIC). RAAEWMEIEREV,,, MLR(EHEHREE)

Tab.2 K, 5(DIC) and the maximum photosynthesis rate of two strains under different CO, concentrations (Mean+SD)

I KB THEGEZ V0 [umol O,/(mg Chl.a-h)]

TEHLBR R AN S8 5L K, s(DIC)(umol/L)

JESIRECO, conc.(v/v)
FACHB-1580 FACHB-1618 FACHB-1580 FACHB-1618
0.04% CO, 81.1+10.0 102.1+9.4 50.6+0.8 190.6+47.3
5% CO, 58.7+1.4* 103.7£3.5 174.6+39.3* 443.9+143.6
20% CO, 62.9+£2.3 112.8+6.0 344 8+0** 498.1+£54.8*
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Fig. 4 CA activity of algae under different CO, concentration
(Mean£SD)
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Fig. 5 Rubisco activity of two strains under different CO,
concentration (Mean+SD)
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Fig. 6 Rubisco activation rate of two strains under different CO,
concentration (Mean+SD)

8 520.038%—10%(v/v)" . NERE(Chlorella
sp.) HEETEME T-2% CO, (viv) %tk FA KM, b Hs
A, 0 AU ER B (Nannochloropsis sp.)1E15% CO,
(V) ZAF T HAE K IE R 8 0.52/d, FH HE 2SS AR
F58%"" . FEASCHE T, /NERIEFACHB- 158071
HHEEFACHB-1618%I7E5% CO, (vv) 2k F A K
EMER R, RKAEKER, K KCO,H &
K, 1£20% CO, W), efttAKEE Y
0.04% CO, (v/v)ZHAH EL 73 )38 IN83%M122%, & ¥
SIZIG B FH R PR 2 8 35 fig 1 B AR R EE =R 20 % 1
CO ML A I m i e CO,H TAEMEMR R, R
E M EEFACHB- 16181 ) & = T /N K i FACHB-
1580, (H M ELAE K A K, /N EKEEFACHB-1580%
20% CO, (v/v)ZAF I IE B B 5

RNEHRECO ARG FR A FEmMR A AEK S5
X} 55 FE I e LR R AL S A . AT
FE W, P R A R T B COM, Rl &
S COM 2™, I T M IH LB AN 7% %
i, BIENLBRSE AN B FRECT Y. BERES)y-
nechococcus sp.1£2% CO, (v/v)%A+F F K, s(DIC)
50.35% CO, 2 fFHH ELFH & 72045 42 i 35 S -
nechocystis sp.1E£2% CO, (v/v)& 4 T K, s(DIC) &
0.02% CO,ZAF15.4755 , FEA S v, W3 bk 4515
K s(DIC)E 21BECO, 25 ¥ FE 1 14 In v = (4
4), %45 R 5T AL R — 2

FUAK 5 S S A 1) A7 0 A5 440 B P9 ) 2 5 386 T,
R CCMREAT AL L A B E A . ANE R
FICCMIBAT WA, = EAR IR TCA LR IR I Fh 2
AL E, COLM B HE = AL FH LI LA S CATR 40 A
3N TE AT S, NEREFACHB-15804F
TERBAMCATE I, T EEFACHB-1618 i #hC A 14
WA WETERE, HA M CATEYE R EERR, 320
K CO,; T I AMCATE T4 = M EE bR, RS R I i
HCO; FICO,"™™ . daub4fEil: M FACHB-1618
B i I CO,, T/NERIEFACHB-1580/E A
IR RCHCO; F1CO, . BE A CO, 45k FE 1 384 i,
/NERJEEF ACHB- 1580 71 A il A CAVE PR3 2. 35 1%
f&(P<0.01). Swarnalathas " 53 B f 3k 7% 7K S
WAL R, BCO 214 T MAS 1) f 7 CATE P AH
P2 &M R B T7%—96% 0 81 K 4 1 Thalassi-
osira weissflogiifl = ffi #$8 ¥ Phaeodactylum tricor-
nutum [0 NFI L N CAVE P [RIFETE =ik B CO, 26 1
TREARET . KRB 98 2 B CO MR B FH i W CAVE 1
A S AR T I R TR C ATE G ) T
HCO; i 2 B EEAE ™, itk — B 1iE o
/NEREEF ACHB-1580f¢ [A] B F] HHHCO; F1CO,; FF
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H B COL IR E 38 N, #ARXTHCO; IR FH A
BEAIE, XFCO, MR FH 8 77328 1 o

TC e T A R N A SR AL AT Ak T2 X1 I AL Bk
(HCO7 5CO,), & Refl 244 A Rubisco i F
HAECO,. KT CO, fRubiscolt]FL0, 45216 45
T BEAE COLMELA VR FE I3 N, W Pk 43 5 FI Ru-
biscodfi AR AN B &, 1 ¥4 Rubisco i P4 F1Ru-
biscolf b I H T . 50.04% CO, (viv)k
RFHEE, 20% CO, (v/v) 21 R 20k 4% 8 I W] 4E Ru-
biscoi& 4 FIRubiscoyf tb ) 5 2 F . KERT
Fi: 25 4B BT 9 HR AR R B v TR P C O, 2 4 1 ) 46
Rubiscoidi PEFEILE . Wi FAMTEZ10.07% CO,
(vv)ZAE T W1 HERubiscoli AR . Sages
KIEKAE0.095% CO, (viv)&ett N HISFHIEYIH F
[fIRubiscoif b 5 25 S A M Eb A 38 PR . ik
CO, MW tHRubiscoid M, TT A8 & KN TE mrhk 25 1
T OB ERN, B PSR IR E & B HIRu-
bisco ik H # ik, HR, Wik HE1ES% CO,
(V) A% T BT d Rubiscoid M 5 25 S 4 A e
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THE GROWTH AND PHYSIOLOGICAL RESPONSES OF TWO GREEN ALGAE
TO THE CHANGE OF CO, CONCENTRATION

WEI Qing"*, ZHENG Ling-Ling', LU Zhe"? HU Li-Li' and SONG Li-Rong'

(1. Key Laboratory of Algae Biology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Selection of microalgae strains that are capable of utilizing high concentration of CO, is essential for indus-
trial application. At present, the microalgae research mainly focus on the biomass, bioactive products and recovery
properties, rather than physiological properties. The influence of different CO, concentrations, including air, 5% CO,
and 20% CO, (v/v), on the growth and physiological properties of Chlorella sp. FACHB-1580 and Scenedesmus sp.
FACHB-1618 were studied. The goal was to clarify the relationship between the physiological properties and the CO,
utilizing capacity. Results showed that both strains were capable to use high concentration of CO, and had the maxi-
mum biomass accumulation, specific growth rate and CO, fixation rate under 5% CO, (v/v) culture condition. The maxi-
mum biomass was 3.5 g/L in Chlorella sp. FACHB-1580 and 5.4 g/L in Scenedesmus sp. FACHB-1618 which was
1.41 and 1.46 times higher in comparison with the control (air) group, respectively. Both strains had higher biomass un-
der 20% CO, (v/v) condition than that in the air group (P < 0.05). With the increasing supply of CO,, the affinity of in-
organic carbon, the activity of intracellular (CA;,,) and extracellular (CA,,) carbonic anhydrase, as well as the initial
activity and activation rate of Rubisco declined in both strains. However, there was no significant difference in the total
Rubisco activity across time. In addition, Chlorella sp. FACHB-1580 had significantly higher levels of CA;,; and CA;
activities. By contrast, Scenedesmus sp. FACHB-1618 had very poor CA;,; and CA.,, activities and were not detectable,
indicating these two strains differed significantly in the utility of inorganic carbon. It was speculated that Chlorella sp.
FACHB-1580 can absorb both CO, and HCO3 whereas the Scenedesmus sp. FACHB-1618 tends to only absorb CO,.
Chlorella sp. FACHB-1580 may obtain its abundant CO, for Rubisco via high CA;, activity; for Scenedesmus sp.
FACHB-1618, due to its lower CA;, activity, it may increase the amount of CA protein, or higher carboxylase affinity
for CO, to promote the reactions of photosynthesis.

Key words: Green algae; Biomass; CO, concentrating mechanisms; Carbonic anhydrase; Ribulose-1, 5-bisphosphate
carboxylase (Rubisco)



