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Modulation and adaptation of carbonic anhydrase activity in Microcystis spp. under

different environmental factors

WANG Shan-Shan'"?, LIU Yong-Ding" ", ZOU Yong-Dong', LI Dun-Hai' (1. nstitute of Hydrobiology , Chinese Academy of Sciences ,
Wuhan ,430072, China s 2. College of Light Industry and Food Engineering , South China University of Technology , Guangzhou, 510640, China) . Acta Ecologica
Sinica ,2006,26(8) :2443 ~ 2448.

Abstract: The carbonic anhydrase (CA) activities were determined in three cyanobacterial species, namely Microcystis aeruginosa
Kiitz, Microcystis viridis (A.Br.) Lemm, Microcystis wesenbergii (Kom.) Kom, which are dominant in a lake ( Lake Dianchi)
subject to major blooms. In more detailed experiments on M. aeruginosa, the effects of inorganic carbon, pH, temperature,
nitrogen/phosphorus ratio, glucose, and light intensity on CA activity were also investigated. The results showed that the CA
activity of M. aeruginosa was influenced dramatically by the concentration of bicarbonate. Consequently, it is suggested that
bicarbonate ions were the main form of inorganic carbon M. aeruginosa could utilize. Cultures grown in the dark exhibited CA
activity 6 times higher than that of cells cultured mixotrophically with the addition of glucose. Features of eutrophic water bodies
promote an increase in CA activity, and the resulting higher CA activity would accelerate the utilization of inorganic carbon and
favour the growth and blooming of Microcystis spp.in eutrophic lakes. Although the experiments were carried out under controlled
experimental conditions, they may provide some basic data that will prove useful for the control of cyanobacterial blooms in nature .
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inorganic carbon, DIC) B ¥ B MK , Wik pH{EFH & o SH 3% B M I8 B9 DIC, — 670 25 F1) F — 1L B ¥R 48 DL
(Carbon dioxide concentrating mechanism, CCM) MR FF B AR A K B % . 5% B BT B8 ( Carbonic anhydrase, CA, EC4.
2.1.1)52 CCM B9 — A B BRUR4Y, X 4 F5 M J5 B P9 B) Rubisco £ S 58 E WK CO, Wi, B &R CO, MILA
CO, FEM MR R A XBMEHY , XF CABHMITHBRIKEABRRKELEPNERUREERESR
b5 CAEHH XM LA ERRWHRIRELESIERD, LF Berman-Frank F4RiE , Kinneret # B K T 15 4
B 38K 425 Peridinium gatunense ff) CA & YL BHE R 53 8 h CO, WIREH X, 4 BT FHELTIKEIKRE
fEF 1.8mmol/L Bt P. gatunense &7 BB CAEM . WHrh T REFERUMNER BRBR T Co, 4, RE
WP RAENGRENBRE)TEERNSERT L., M HEREP P HBEKENEY%IH  AXEENET
4TI BEENBRBRE RGN, REE PR T RV SMNEE AR pH.N/P L (R E A B B B X SE
B CA BN,
1 HRE5AE
1.1 R BEHRE SR

SLEG PR FIE 4 R BB , 5 55 0 38 B ( Microcystis aeruginosa Kiitz. ) , 2% 2. 38 % ( Microcystis viridis (A. Br.)
Lemm) , B [C 030 ¥ B ( Microcystis wesenbergii (Kom. )Kom. ) Ll Kt BEBE 573 ( Microcystis sp. 573) i P EEI FE x4 &Y
1 YR KT B S TRK R B (FACHB) #2448, SR A MA 3538 5, 8 500 ml #IE P B B IE 9% 24h B EOER,
FEWE R B IELT , 6 B3R E 30umol photons m™*+s™' IR ERFFFE(28 £ 1) C,
1.2 BREEEEEMEN <

B WESEUE KBB4 M, UL 12 mmol/L Veronal Buffer (pHS8.30) 1& 3%t — K 3+ & & & ¥, X A Wilbur-
Anderson B HL BT CA S o REH 2mL vKIE B AT CO, 8 W (17 ZE 18 K 38 60min I 4E CO, A& 3K
B)EABBRIBBR/KEEEN 2CHAMIER P, H pH iR KN AER pHIEER,iCF pHEM 8.30 T
FE5) 7.30 BORTIE], CATEM I MR E E U B . EV.UAR U=T/T-1 B, THT, #3REEFE
MAE CABTVA pHAE T FERRT[E] . F LA R AR SR v VBT 6 9 58 36 36 40 IR HE AT LS CA BT o
1.3 HEKa SEMIE

SRS M 95% Z BT, MTRARITEHEE a &R Chla(pg-mL™") = 13.7 x ODg; —
5.76 x ODg
1.4 RFETHUEK UK T BB BT A8 A9 15

RE 3 NARE CO, HE, 4> BIFE A 10 mmol/L 1,3-bis[ tris (hydroxymethyl ) methylamino ] propane( BTP) f]
EHREPEA0.01%,0.03%,1%H) CO,. WENMBAKPIAREMM, WE CABEELE % 0.01% CO, H19
HAMBEOWEREBD 0.03% CO, {ZET  MEHBG 24h N CATEHTH, RZFR., F—HILRERE
T 6 MARBI[HCO; 1,5 FIFEEH 10 mmol/L BTP Fy3EFRE P MA 1, 2, 5, 10, 20 mmol/L # KHCO, , LLA il
KHCO, # M58, MEEEKEXNE PG, A 0 mmol/L HCO; ¥ E| & 20 mmol/L HCO; I KRR
) %% B 00 B 4 24h AW CA TEHEE L,
1.5 KNEVEZ WK E T BRER BT RS A 15 1

TEXT U K M A B R P4y BIMA 1, 2, 5 F1 10mmol/L BB I 8E, LI— DRI B p R e
XL, B DA AT REEES, BT 24h FIE 6 MR B CA B
1.6 AFRE/BEL JRE pHE LB THREREHBEEYE £ LRBEAEFRFHT , ARMH KRR, 455K
ET S KFH NP H:8/1.6.8/2.8/3.8/4.8/5, AMNBEERE, MEHME 4 MAEMHREKFE: 21C,
24°C ,27°C 1 30°C ;4 N AR pH 7K F . pHS.0, pH8.3,pH8.6 Fi pHY.0;4 4~ [R B 58 /K 5F : 30, 50,60 i 90
pmol photons m™*+s™ ',

AXHAEBREYER 3 KU L BOFHE,
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2 #R
2.1 4 PhONTE IR BR BT BE IR MO E

WET 4 Py REREBHRMAFIMIMNG CAVENY 7E 4 A BRERKPARARIE M CA WAL, B
FIME P CA TEHEE 53 51 M : M. aeruginosa,, (64.09 + 5.83) E.U./mg chla; M. viridis, (61.55+3.11) E.U./mg
chla; M . wesenbergii , (38.02 £2.03) E.U./mg chla; M .sp 573.,(19.99 £ 1.56) E.U./mg chla,
2.2 ARITFEHURK K BT 40 55 1 2 3 00 Bk AR AT BB 05 14

TEMBEREA KNS pHH 8.0~9.0, A P ENKK FER K RE HCO, o LU FIR & B & W AH-<H
VR IR TR [HCO;, 1o M. aeruginosa B CA V&S [HCO; IR b, R F [ HCO, JF &, SR Kl
il CAWEME RZ, FFHEEEME 1,A), HEAMME 20mmol/L HCO, [84E Ommol/L HCO, HEFHFERE
B, [HCO, )= R Ff, CA WY ¥ N 37.17E.U./mg chla, 7E Oh [S #% S B A %14 148.62 E.U./mg chla, B &
e 4.0 5, LIEBH TR, MHENTHRURED TKPERSLIBRAEFEF . ARNES CA WREKE
BREHFMHERALE HABRBRFEERMNRATTHAESZRERIRKEHTTRE FBSTHRER
B EHETE R NN T HIES LA, 2B NE R B E RIS FEAG T HKE. WEIHCO, 1 & [HCO; ]
BRI R, CATEMEMN 74.42E.U./mg chla BB W 3] 14.48E.U./mg chla, B JFEEH 19.5% (& 1,B),
RECO, REE pHIERF 448t GRS, HYmFHRESR KEEA CO, T, CO, BHREE RN HCO, ,[HCO;
B AHBHME T CAEHE(E 2,A), MBEEMNEA 0.03%CO, HIEFREEBEEA 0.01%CO, FyIEFRRK
R F E B AR BRI ER TR - EENSE, CAEER — T AL, &FHHE 1BHR
F) W% (B 2,B;0).

O CA activities —®— [HCOy] —C}— 20mmol/L [HCO;"] —=— Contrariwise
60 4 700 _ 200 F g
= M =
; -1 600
il
5 40 L — 500 % 5
= — 400 E =
z 0f = z
z — 300 & Z
2 0t .H | = 3
% » 200 = %
Zor H— 100 p
< o
0 I ! 0
0 S5 10 15 20 0 6 12 18 24
KHCO:#% ¥ Concentration (mmol/L) B} ] Time (h)

B 1 [HCO; 1M CA BHKE M
Fig.1 Effect of HCOy on CA activity of M. aeruginosa

A:RFI[HCO; 1 &4 Tt CA MM, T3 FF 4589 W E [HCO5 15B: A& Ommol/L HCO; %% B 20mmol/L HCO; K57+ 2 (M) K 1o M1 R
FE(C) M. aeruginosa .CA Z“ﬁﬁ—: L A: CA activities at different bicarbonate concentrations that determined at the beginning of the culture; B:

Time courses of CA activities of M . aeruginosa after transferring from Ommol/L HCO; to 20mmol/L HCO; (M) and contrariwise( [])

2.3 A[EIE B VR BT MR 5 1 2 O MO ik R T R O

FEXSNEEERERMABEIURO LR ZGT WS M BERAMEITGE B FERK, L Co, A FEREIFK
BIHEIHE ., B THE P XVRERHHEE, TURAMH CA WEHETE 24h [5H 127.64E.U./mg chla, 3 &
(63.74E.U./mg chla)# 2.0 & ; A 10 mmol/L %% 5% #9 40 g ,24h J5 CA ¥5 1M 20.10E.U./mg chla, FF X R
B2 1/3(B 3) . M. aeruginosa TEAMNE RV S B VRFIRFEMNREERFE T A A EEGBEIENF LK
B EERNTTEY o BREARE R RAXBEFNEE Y2 - FENHAHSESRT o-BiRAAaRN
B EZ53 X482 Ao T RVBREN AR, KERE S5 R E Bk KA S THLRE
O cA MEH.
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] CA Activities ~—o— [HCO57]
- ~ 1 .
e A 00 160 B 400 _wor . 360
= 140 | 4 600 = 140 | -G——— 7 360 S 140} 4320
o e 320 % - 280
£ 120 | 500 £ 120 ) ] 250 g 1201 ]
= T _ = 4280 ~ =
> > > 4240 ~
= 100 S w1004 loo & & 100+ <
< 0 g S /F“ E % 14200 E
z 80 L— 4 .. 5 804 ] 200 = % 80 1 4 160 =
e 3008 § S & S
2 60 - 2 < e 1 160 2 2 w0 T— 120 2
# E d200= # [» 4120 = # ] =
Bmoo40 - $ 40 | 40 180
3 < 1 80 <
2 L I'l— 100 O 2l Ja O 20} 140
0 0 1 S S 0 L - 0 1] L 0
0.01% 0.03% 0.30% 10mmol/L HCOy 0 6 12 18 24 0 6 12 18 24
4-F8 Treatment B Time (h) i Time (h)

B2 CO, X M. aeruginosa CA TEYER B
Fig.2 Effects of CO, on CA activities of M. ageruginosa
ADBARRHHE CO, ZANA 10mmol/L HCOS BY M. aeruginosa B9 CA TE¥E;B: M 0.019% 5 B 3] 0.03% CO, ¥ 5 24h P M. aeruginosa CA 1%
HEBAL;C: N 0.03%HBE 0.01% CO, J& 24h HIYZE{L  A: CA activities of M. aeruginosa when aerated with different concentrations of CO, ; B:

Time course of CA activities of M. aeruginosa after transferring from 0.01% to 0.03% CO,; C: Time course of CA activities of M. aeruginosa after

transferring from 0.03% to 0.01% CO,

2.4 ARE/BELLRATAEHMBERE B RET G
MAR B/ RETEROFE R BRESITER
iR E H BT P AR E CA W, FEL R
FHT ARB/BELLEEFR B M. aeruginosa K B HR (8/5
B AR BEFE N 0.22,8/1.6 BF 5 0.185) (B 4,A), CA
IE VRSB R ,8/5 B 24 87.89 E.U./mg chla, & 8/1.6(34.66
E.U./mg chla)Bt B9 2.5 15 (B 4,B)
2.5 AR pH. BB 6 HR IR E T bk R BT B8 4005 14
KEWEGRBARESEKEREANEITERA, B
pH EBEHMKBREEREHRMNA M THERKEYN
R, ALBP,.H pH MEBEFHHEEEER

140
120
100
80
60
40
20

CA #&#: Activity (E.U/mg chla)

A3

T T 1T T 1

1 ﬂﬂﬂﬂ

CK ®&Dark 1 2 5 10
# #BEYE E Concentration of gluocose (mmol/L)

TR EEAEE T B &SR CATEH

Fig.3 CA activity of M. aeruginosa at different concentrations of glucose

B CAEH(ELD, pHX CATEHMEWMELEEFE®RI, Y pH 90K, CAEMRARSORM 2 F,M

20CH30CHKMT CAEHERME 1.4 15,

J& % FF Optical density (665nm)

S D B B
10 12 14

J DR ! J

6 8
Bf ) Time (d)

2 4

[e.od
(=}

(o]
(=)

S
(=}

[ %]
o

CA 35 Activity (E.U./mg chla)

il

1 l l { L i |

8/1.6

8/2 8/3 8/4 8/5
N/PH{H N/P ratios

B4 AR NPHX M. aeruginose £ KW
Fig.4 Effects of different N/P ratios on growth
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#£1 TR pHNFRERE T 500 %R RS R 8E
Table 1 CA activities of Microcystis aeruginosa cultured at different pH and temperatures

brig] pH B B Temperature

ltem 8.0 8.3 8.6 9.0 21C 24C 27C 30°C
[HCO; ](mg/L) 118.34 90.28 73.2 48.8 137.86 87.89 68.45 51.96
CA Y5 #E/CA Activity(E.U./mg chla) 46.510 64.212 75.612 97.167 48.787 61.562 64.304 69.052

[HCO; W& T3 b [HCO;‘ ] were determined in the middle logarithmic phase

BARRETXEAERKPPARHAT CAFENE, BE-THBEEREMENWERE 2CTEHR M.
aeruginosa B, B7E 20 ~ 30pmol photons+m™?+s™ ' M FF M T AE K B, H7E 90umol photons m™? -5~ F A KB}, #)
REBRRBHN CARE  REXABHALIIAERAN CAEN(ES), SFEME, TR BIEPH cA BHATL
BESEXEGREPARNBFEEN PSIAS AT, BHMEXHEREKHE Chlamydomonas reinhardtii ¥,
CATEHMES SRMERESE X, MA 10umol/L. DCMU & 58 2 Hl CA IEHMIES; F A HNE&/ERE CA
HEAFENANTPRLTEN, EE —FEXNHBINALETE CABRIREANAT IR, Bit, LHEE
FExt CAEHERBRNEMUFATHAERMENBKRER RS CAFEETY CARKNRENERES
LA IR TR — 2 PSS . REFENEEM T M. ceruginosa HAEKFARRA AN, BHR
CA EHR B E LR R (B 5).

—_ A 80 [— B
£ . . _ ]
£ 04 ¥ 34 Light intensity =2 70
g (umol photons (m?s)) é’ 60 L —
So03} O 30 A S s
g 050 ol / N )
S A 80 = 40
= 02 |- v 90 =
= -
S g 30R
a <
@ o1 L ] # 20 H
" Ha
X 5 10 H
R 0 ) L 1 1 L 0 t | 1
0 3 6 9 12 15 18 30 40 50 60 70 80 90
B} 18] Time (d) 338 Light intensity (umol photons/(m?-s))

H5 RENEI M. aeruginosa 1A (A) FIZH BB M CA WS HE (B A
Fig.5 Effects of different light intensities on growth(A)and CA activities (B) of M. aeruginosa in logarithmic phase

3 iFig .
M . aeruginosa B) CA WEHE 5 EFEPH[HCO, JREFEVHXR(E 2), N FEF[HCO; JFEKE, CA EH
BE RZUEETMHE, MYEFEEP[HCO; 12X Smmol/L Bf, CA EHEBFEFECHWER KT, EHE LM
T,CA M HRSAEHCO, JFEF 6mmol/L LA AT 8 M & B X FEAt A 1/2(E 1A). H I, H & #E K, HCO,
& M. aeuginosa P W) EE LKL K
ALEARAFANERABEEKENBRRRBREYFRBE.ORRECCHRESHI I EZREN CA
EHEMAL MEEEE RSN CAENE., WEBASSWIENRT % Chlamydomonas reinhartdii 1 ,CA &R
49.6~ 185.8 E.U./mg chla"®, Chilorella spp.#] CA &N 5.8 ~41.2 E. U./mg chla" s ALK M.
aeruginosa B CA &P (64.09 +5.83) E.U./mg chla, X {# & A 4 AR B SN RIS T IR B UAF VLA F 47
H3E A R EAUBRIR T . HBERKENBLAHEES DICRBMAKERY XAt o, TREMKTF 10 pmol/L,
BB AU THEETRESAFAMEMETRHEEEMN CAEMENEARHN CCM, XA BN TIBREHITE W
EHE AMAEEYE BEIHIAFHH eI AL, FIEKENRR, FHEYHTAFEHN CCM &FE
T4 CO, WREEN 3 ~ 32pmol/L M Z W E PRI — B A £ K ER YA KB PaT, i % 3%t DIC K
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B ) 65 98 T B 5 ) O O P R A BB 5 X AP BR PR 2t — P B B B CCM IR CA WS R st
FIUA i — R BT BT . QEMK ARKGEF T M. aeuginosa BIEK" FIXTH CA Wtk
MFESR. BRT XV, pH BE E/B L B AMAVNKEYER XA RN EABBELFAHHFRSH
[HCO; 151 CAEHM S, TRFIIEEEFEHMEHBEBRKERLTTENRE RN, kP KEB
MAFE(E4), BEIKRGR D, & pH RIFT (R 1D, HEEFIR M. aeuginosa HIRHE A AT 4 i
PLBKIR R A #6355 , ANTTE S R B ) CA 75 1.

7 5h B JLATTRE ST B W] RE R A B Y6 6 A3 X U AL A B =] 4K T 6E BB 9% 7 S 45 4 B 18] 79 58 R 5
TE ARAKE T, EH URETT X7, ERARBORE N Y EREHRE, B 1k T EHLBRA M o X S iR A 45
Fi#t— L ERIEE, '
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