BE F1H
2018 £ 2 A

t OB
CARSOLOGICA  SINICA

P~ Vol. 37 No. 1

Feb. 2018

BINE.Z B.EEEE COERELENFM AN ERBEEBEEAZR]] FEEE,.2018,37(1):91-100.

DOI.:10. 11932/karst20180105

CO, % FE 16 B Xt 0 T 55 72 155 ol B Y BB 7 A Y %2 i

Frg F B EBEL ALY R, GLA, Fa R AR

(L HAZIXEREASS

IARFE. T & Ak 541004;

2PEANAMFREEMAREN/ ARRRNR. T BRBEDNFESERE, T H #4k 541004;
JLBRARHAM AL RREEARTT S, F £HK 541004,
L BERFRERFFIR/ERAEMPREETLLLE, &K 400715

W OE: 8 EE K AE /NI E (Chlorella vulgaris) 1 E 45 4 % % (Nostoc calcicola Breb.) 3 £ 83 %, &
HUE K F DA Willbur 1 Anderson 7R WEALEFH LR KEEFLE CORE THREE & 5 % T LW A,
HEREFW . ERTINCORENAEFZUUETELIR R AT IS RB T BFRREN COARERE
ABOW AL HRAW2LSUNRETAHESEBAGEBRBRHABERL2ARET 1.46 0 2. 12 4%,
LHEMERACORERAF RN pHTRAFEENRESA MEART AR KELATE P o pH HEHK
EHECORENEXN  FAENTHHRARAFEENY N EFA BhH Co S EB AR EHREFBY
MAREE TRFEECOH MR ERRTEBHXRERT.

KW 2 FMECORE BB E HCO, ;XM 47

b E 5 HK S P642. 25; Q945 X EERIEAS A

0 35l

jills

% B% BF B8 (carbonic anhydrase, CA) §— %%
MW EAREN -1 EE T, &% 30 kDa,
Y AEY KT P AR R BB ETES R AR
HERMEHEMA CO, 5 HCOy WM EHAL R I,
AN FEEORBR 2 LA P B
UK F OB, ZFRERKRE, £aYLe
YEFS Pk BRRF RS RES b0 1,5 — ZBR R B BB (ribu-
lose—1,5—bis— phosphate, RuBP) K B} fig 1% B2 = 1N
Bi®% ( phosphoe — nolpyruvate, PEP) B ¥ 1k 7% .,
R RuBP MM&EE ., ESFHEYLEmMAH T,
CA a] fill 2 FCHL B o] 3R b B 15 AR R A7 A9 97 R, et R
=R AL B B R OC ML B B Mk B S CO, B9 B 2
RO BREETEESN R o BV 5 A < B 5 AR5 A
RIEZRIAGFEERENTIRES, B efil2aR

XFEHS 1001 —4810(2018)01—0091— 10

AL BERC), HPA RIS A T IR AR,
T TR T 8 S AL T LA AR 2 Bk R 46 2 B XUk L 3 T LA 3 i
W RS F 8 CORBEERBE NS E5REBD
NREWBRE T B , JF& B AT 20K WK E
B.OBKETE A CA B, RIEMERER CO, 4
JEETET AN 10 £, MM A=A, KA FERENmEE
AR CO, o FEBT, AT 35 35 A2 AN, A Y ik IR B B
BEKERENIEETEREMES 0% LN
MK AR BEWBRERIESNERD , LXK, 5
REWWBREBBREBME CO, KA LM, BRE K
S CO,, ™4 HCO: . ABHERN pH HIE
%, Wi & Bk BR &R A L A A B # M T 'K
A BRI EEIR S A W S, e A %
REFEAIESHEHES THAEFRBE FTAERGREE, A
SEAAEERETARNEESAKABRMERD
AR THAER FHESREY . ABEHHAMER

EETE . HARMFEES B A KR K58 8 R B A AL ) AT 2 P B8R 19 A0 B 18 RKUM (2014GXNSFCAL18012)
BE-{EHEEN EREQ92—), B, BEHR4E . FENEAFELMR . E-mail:294042514@qq. com,
BEAE FEROAIEH.B.EL AR FENEEELYHMBRAEHI . E-mail.glgiangli@163. com,

U f5 H#1:2017—07~-20



92 TEAE

2018 4

AXHBMZEEENRBRERE T RREBEE
EE., BREATPHRESFES2RELKEN
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LA RS, ERAY, Rt R Y ENEY
Z— HBLTE 20 ZALERT, A 13, AT, W TE
BB AL M T LAERK ARE AR KE,
HATE 3~8 um, AERRAOLEEREES, @3t
GAEFFRAEKER, BHRANRERAF
R 2 BeoK A YIS .

45 B ¥ (Nostoc calcicola Breb.) & T 5 %
T, A R AR, BRI R T F KR
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fE e — AR AR, T IR R4 B B A £
o0 M Y 22 R A, B R BRARD Y . B R BT DR B R
H o E R E B R TT.
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Table 1 Chemical index of spring water S31

Ca?*/ HCO3 / BE/ WHE/ SAER  HmTE/ - EkY/ BEE CO./ WE CO./ BEE(CaCOs)/
mg*L™! mgeL™! C mgeL! A7 /mv  pseccm™! = mgeL™' mgeL"! mgeL! mg - L7}
4 A 100. 60 5.20 21.00 12.81 7.39 288,00 457.70 0.25 268.90 108.13 4,22 268. 64
5 A 103. 00 5.00 23.60 16.15 8.08 264. 50 450. 60 0.25 258.45 105. 51 4.02 248. 56

1.3 ¥ERXE

W4 XXERE .2 XHBIMA 10 mL XHE K,
Bah2 ZABIMA 100 mL THEAKEH; 251 1
mL /PEREMESSHKBEREBE TR 10 mL KR
s, RARAHS, ALK ERETEFRX
RETWERAR. BEH X 10 mL REDPEARE
BXEANSBUER, HIK 100 mL B #0540 &
W, BER1.6X10°4 « L7, FH0.22 pm L
BB EE K AENERERE, S RIEFFE 100
mL, 32 B A/NER B A1 B E5 8 K B 20 mL MW T
FF R 150 mL BRSSP, S, A% 724
MR, /N R B AR E RS 36 . W
R 6 4, 84H 3 4~ P47, 408K AB.C.D,E,
F,#8 B.C.D.E.F5 & F CO, ¥ F M. & 1%,
1.5%.2%.2. 5% 3 %W BE T/ B3R, M A HES
SHRREF,FEEFE 24 h 1 48 h JEBUE I E AE L B dE .
1.4 MWRAERMNHF

K A Willbur 1 Anderson 75 ¥ il %€ ML N . Sh Bk

METEEEYE. BEOWENMHEHEAR,. 8FT 8
mL.pH % 8.3 B L ZE i, 7£ 4 CTFR&EM
A 4 mL 4 °C CO MK, pH it 0 R p F &+
pH H 78 1L,i0% pH M 8.3 BEE 7.3 FiFH A
., BRMEBEEEDRITEARRY.

EU=10X ( T,/ T—1
o T, R B R AR £ b ok b 40 B Bt pH BT BE AR
TR E ;T R SRR P sk 40 M bt pH (B F BEFr
TR E . A I ER T BRI B SR R R P AR
S A WTW350i 23R8 /K B S 30Ut 3Ok T
BEpH. M E (DO) . B R E (EC); Ca®" IKE M
HCO; # B4y B S E Merck 43 8 4 7= & 58 B ik )
B B BE RN S E .
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2.1 CO, R B85 BE X #3058 0 BR Y g 1O B2 )
MR BT B 2 g4k CO. (g) + H,0 — H.CO; &
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HCO; #4764 1R A, — 7 18 o 40 R BOlUE 1 35
Fi Ca®t A —FEERKERSIBPEES LR
A CaCOLIE, FE R “BEIR — CaCO,"E K. B
FE SR — A H A B R EHN HCO BItE
WA B ERTEABKELESRE R HE LA YR FHR
ICAE RO, B A%k e Xt 1 A& & rh R HLER 59 F) H
BERAMABERERPHEEE CO,, BEH KK S H
HCO: #1768/, 3t HCO; MAI AFEE R
pH #1 DO W&, XA RS E DO 5 CA X
WA EE, BEhTE CO, EMET .pHHAEK T
MR CO,TEK PME H HCO; FTEL Witk pH
5 CAZBMLEA —BM.pH 5 CA fMH LT
RTEE. SHEEESRESREELETNGE
BE,—EWRENE E8 TREH TR AKEE
BEM XA RER E M A DM B EABE IR K
NSRS FR B T ERK ) Ca®T £ Zn®t
Bz atRERS AN Zo® T MITE MO B, ATIE L
Ca®™ H{&E .0 HEAL RE 7 55 55 10 2B 1 45 g, AR it
K HCO; Misfb, FIFBE LY S EHM#T,

2.3.2 JIHBECABEZERTMXHR

% 3 AlA, /R CA § HCO; (EC.Ca*" &
LEREMEMALER, 5 pH FERFEREMLK
Z,5D0O FHEBEMEMAR, MRE pH & Ca*7
B sak ¥, 5 HCO; .EC.DO A& S8 EH
Y XE;CETEDOFHREEMEL., BREKEHR
R A B K AR R A — 85 Lk LU
4 CaCO, T R B B M A HCO; Mg,
W ERE ST E CaCO, @i, Fat, Ca’ 5
HCO, " B &% ¥ EC S W T, HCO; . EC.
C " ZEMERMAEERTE CAHRBEMEXRK
A, EHEEKASES, MEME HCO; #frtatk
A4 0,,CA 5 DO FERMEM, £ CO,
WIEME T .M pH W TR CAZERBERBMKN,
HE-EBRENGFEAMELR. A TEREDE
A FTF CaCO, B B 4 MULTE, 6 & 1E AR #E T %
CaCO, Y ILTE . T P W AE AR %, B/l Ca* ™ 55
DO fF7E B EH XK,

®3 MKECASEBEFEAXKE

Table 3 Correlation between Chlorella vulgaris CA and karst factors

CA pH Ca?™ HCO3 DO EC
CA 1 —0., 443 0, 864" 0.860" 0.698 0.873"
pH 1 —0.010 —0.175 —0.309 —0.433
Ca’~ —0.397 0.909" 0.754
HCO; 1 —0. 124 0.179
DO 1 0.897"
EC 1

HF.x R 0.05 KFECGU FRBEME.

3 & it

(OERF 3% CO MEMFFE P, AREBET
PR BB R BT AE TS YRR L X CO, TR
KRBT, EEWBRH 2. 5% CO, WEFE T
DNEREEE AR BERRETREE I RE T 1. 46
A 2. 12 F5 , DT A 326 X JC AL Bk B IR AL, 38 RO 8 IX
RIBRAE A BE F L DAL X @ RSB R R AP . AR
o7 ot 9 2 A0 T () SR B, 2 A7 TR S T XY B8R S LBk
RREF BRI E BRI ITAEH R A T2 R EENRT .,

(2) B VEPBETE RN X CO, YR BE B RH# kY pH K
HCO; FTRRAEEZEWREEM. FEES o E 8
K,pH X HCO; B3I E . RV HMBELEEBX 2K
EHARENEES 5 E LA B KTEN XN 2RIE

(3 TEHEFR 48 h B, Ca®" (HCO; 5 5 k%
BRBR BE RS A A O PE A 85, 9%, 83. 8%, 7E UL B BX
Ca®™ JHCO; MMREEHM X ERK, BEESF
48 h Bt ,Ca®" JHCO; JEC X /INBER B Bk B8 BT A 9 4 2%
KE|T 86%.86% .87 % , FEM BT B EC X/ ER B Bk AR
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Effects of CO, concentration gradient on carbonic

anhydrase of two karst microalgae

HUANG Binghui'?, LI Qiang®*,FANG Junjia‘ ,CAQ Jianhua®*, JIN Zhenjiang',
PENG Wenjie! , LU Xiaoxuan®, LIANG Yueming’

(1. College o f Environmental Science and Engineering » Guilin University of Technology s Guilin,Guangzi 541004, China;
2. Institute o f Karst Geology. CAGS /Key Laboratory of Karst Dynamics, MNR&GZAR, Guilin, Guangzi 541004, China;
3. The International Research Center on Karst under the Auspices of UNESCO,Guilin,Guangxi 541004, China;

4. Chongqing Key Laboratory of Karst Environment /School o f Geographical Sciences s Southwest University , Chongging 400715, China)

Abstract In response to the challenge of global warming, it is important to study karst microalgae and its
carbonic anhydrase for greenhouse effect owing to carbon sequestration. Yaji experimental site is an inde-
pendent karst hydrological-geological system located in the peak-cluster depression and the peak-forest plain
border zone. The experiment was conducted on the Chlorella vulgaris and Nostoc calcicola Breb. cultured
on the spring water which sources from the limestone of Rongxian formation, the upper Devonian at the site.
We compared the carbonic anhydrase activities of two different microalgae under different carbon dioxide con-
centrations by using the methods of Willbur and Anderson in a closed system and analyzed the changes of
karst factor by using the WTW350i multifunctional water quality analyzer and the hardness and alkalinity
kits. The results showed that the karst micro-algae could deal with the habitat impact of elevated carbon di-
oxide by rapidly regulating its carbonic anhydrase activity in the environment of less than 3% carbon dioxide
concentration, The activities of carbonic anhydrase in Chlorella vulgaris was increased by 1. 46 times and
Nostoc calcicola Breb. was increased by 2. 12 times respectively in the environment of 2. 5%. The increase of
carbon dioxide concentration leads to the change of karst factor, resulting in the decrease of pH, HCO; and
dissolved oxygen (DO) and the increase of electrical conductivity (EC)., Karst microalgae play an important
role in coping with the decrease of pH and HCOj; induced by the increase of carbon dioxide concentration.
With the increase of incubation time, the pH and the HCOj; in the culture environment is recovered, indica-
ting that the karst area is an important participant in response to global warming, With the increase of car-
bon dioxide concentration, karst factors have an important influence on carbonic anhydrase. The correlation
between calcium ion of Nostoc calcicola Breb. and carbonic anhydrase was the highest at 48 h, but the corre-
lation between EC and carbonic anhydrase of (Chlorella vulgaris) reached it highest at 48 h. Due to the cor-
relation between carbonic anhydrase and calcium ion, the influence of calcium ion can not be neglected when
we study the relationship between carbonic anhydrase and karst dynamics in karst area,

Key words karst microalgae, CO, concentration, carbonic anhydrase, HCO; , correlation analysis
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