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£ 0.19.% 7 10.0 mmol/L % # F & 0,37 . F % 20. 0 mmol/L £ # T £ 0.57, #MXFHEEHTT &
., REHEMENFRAANKENHNA G . ELEHNARERFRAREATER L,

XBR.ZHmBARA G BERE LR HOE
FE S EKE . QI45;P642. 25 X HERIRE A

BREXRNZ2EKIBESANEE LS, BREET
AEFE KB IHFEA R, 18 B UL Z Bk R
MBRESEBEREHARSH RARHEABEEL. T
W E AT, KR Z BRI 7 280 ppmv £ A,
Ifi BT SIS S R, EC LM T 387 ppmv, i
KT 40%" 2, BEBEZETHIRREHK 70%,
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1.1 KE#HE

AR TR BERM B E FEAFERKE A
V3T B ¥R 7K 38 # 2 (Freshwater Algae Culture Collec-
tion of the Institute of Hydrobiology, FACHB) (ht-
tp://algae. ihb, ac. en/) . PRI B EE A /PERE
(Chlorella pyrenoidosa ,FACHB—5),

F FABGHE Y Soil Extraction (SE) & 4 1% 3% 49 7
B AR T A SE BFEBMEER I T
0.25 g/L NaNO;, 0. 075 g/L K, HPO, « 3H, O.
0.075 g/L MgSO,*7H,0.0. 025 g/L CaCl,+2H,O.
0.175 g/L KH, PO,.0. 025 g/L NaCl,0. 0005 g/L
FeCly, » 6H, 0.1 mL/L. EDTA — Fe (0. 82 mL/L
HCI, 0. 1802 g/I. EDTA — Na, fl 0. 9010 g/L
FeCl; +6H,0),1 mL/L B & BHE B [2. 86 g/L
H.BO;.1.86 g/L MnCl,*4H,0.0. 22 g/L ZnS0O, *
7H, O, 0. 39 g/L Na, MoQO, * 2H, O, 0. 08 g/L
CuSQ, *5H, O #10.05 g/L Co(NO;),;+6H,0],
FRAEA LRI 150 umol *m P s OLBE A
12h/12h; R E:22.0£1.0 'C, @SR M &E NaOH
o HC #4145 pH B, 2 RE7F 8.0040. 05,
1.2 EHigit

BRI i B 2 708 5. 0.10. 0,20, 0
mmol/L, FRiC IR Mk BR E iy 6° C H 3R —
17, 4%, 1 —28. 4%, FIBS 538, HEFRBB A 4 K. FF
FREMERCFATIESE 6 M, EAE LR A HE B b, R
FEHLAG R LUHBR B R EVI R E R R AEK
AN
1.3 MELEYENVUEREMEEERZH

MEEARSEVNERAZIHGRERE
B, AMRRAMEEYENBBEER P OE
ARFRAENERERL, BT,

P,=N;/No(i=1, 2,3, 4) oy
N @A NERNMEEEREE, N AW
ERE R EEEARSE,
1.4 REHRBMLE CHAE
L4 1 RAuE

TR 55 AR R AL IR B 20 B A - B K AR 8.0 M
E-ERMEFBAEH 2 mm K EEEREF 4L I8 IR
I RRBRFE T ERA VIR T, #Tok, K

HEACHIIFES IR A IRBRMBEE F R EH
BB R A A A E RS PR R
SEBGCEEANNAEEICHESKEERA
(ZAERBRABASLE ., R&RBag 41t
B RRERDY
1.4.2 Ak

BARE LR A 2 B il B0 TR BT B
R, ERAPEZRGMAGZE 1mol/L &R ¥ %
T LA EBR AR B 0 L F B K B . B
%G TIRIFE S TR B .

MEER S THROMEES, EAGEE (850
CTHHEE 3 g, HEATERRE G2 (850 C
Fidyke 3 ) REHWES,#HE, BETFHERHE
HERNARERAGH P HAPER0 T, 5h), 218
BHE BAEETPHREBENIBEITHATEAKE
RA(ZIEERA RASTE . BAREEHA—
FALR SR

Ko m 1 — & 16 e <4k B A R 3 A
MAT252 7€ K 6" C {B . bR i K F [ bR A o 1 R
(Pee Dee Belemnite, PDB), WBiEE/NTF 0. 1%,
HERKRRD.

8°C (%) =[(Rug /Rw) — 11X 1000 (2)

Rua HHEESFHEC 52C B HLE ; Ruw PR
MEFEC 57C ML,

1.5 RERKANARRBENSE(S:)

SR Bk [R) 7 2 2 AR RT LA MR L R 3R A AL B
BRI, — R BT L S B8 mT A FH A T8 AL B R TR
BEA 43 B R KA R T LR KR B L
Bk . AHR L, FI R XUR A 2 7R Br B R GE it 1 35 57
AR INFAARIC 8 C 9 NaH®CO;), T L E B
i 7 Ik IR B AR E 0

MR8 K B8 A4 K 038 B 8 57 8 LB
o R E AR H 4L, R WU A B R B A,
AT AR,

Foxm =2y (P, — P)(0C,, —8C,_)/
(8C, —8C) (P (i=1,2,3, 4 (D
BRBIABR S, R 3 A LUERN.
fezn =L(P, — 1D ( 8Coy —3C,) +
(P, — P ( 8Csy —dCiy) +
(P; — Py)( 8Cy 3 —8Cisy) +
(P, — Py)( 8Csy — C_) ]/
(3C, —8C,) (P, —1) (4
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2.1 RWREMENTW

WELFRERMBRBRIMEET, AR
TEOLE R B, — BT N E X BT
HENBNRAYH, AKRENBE-XFGH A E
BT PR, 7E S e UK Bk R S AR 3 (20, 0
mmol/ LM EAB /N E O R EIME, B —HiF
SRR EERGE D,

R BEEHREEELETOMESnREERLY

Table 1 Growth folds of biomass of the algae under different concentrations of bicarbonate

AR ‘
[NaHCO;]*/mmol/L B o N AU
5.00 1.35+0.11 2.4310.15 3.48+0.21 5.161+0.17
BEHB/NRE 10. 00 1.33%£0.12 2.37+0.14 3.4140.20 5,04£0.21
20.00 1.3340.13 2.35%+0.16 3.37+0.19 4.99+0.23

R WP RMA R S R,

2.2 FEERETNENBRERBMCEAERNTL

M4 B i R A 3 SR H R EALBR AR E (]
NEBEKRE(E . RMARREMoC HMR,
it o7 8% 35 W K TEHLBR Y 61 C {H i 7 AR A
B A 220 R B M 3 ALk B A3, W3S A B R R
5, Xt R B 3R R R CHLBR 9 0 C fH B R BT IR
AR ER E A 0 C fH ., Ud U Bl B IS I A B AR
VR FE B 38 0 B0 TC ALK o B TC LR B 103 8 A R

K DS IR IR R 5, Bl % SR o6 [R] B9 HE 2 S A
() kB2 LS B ) — Kb BBE FR IR 0 C Z{ETE BT 4R
/I B I U B B % 3 D A s L R R AL BRI
HHEREAR. TREAEFRPHTNRE—
FE SRR R, BN E 0B R S A R
HRZRA AL 2R AL TTHk
R,

x2 BEBSWALETHHMEXZNERAKEMLEAR (%, PDB)

Table 2 8" C values of the inorganic medium under different concentrations of bicarbonate (%, PDB)

2h 39 WY
T3S
[NaHCO;]*/mmol/L % oK R EAUFN
5. 00 —10.340.6 —9.6£0.6 —12.840.9 —17.540.8
dti 10. 00 —13.940.5 —10. 140,68 —9.03:0.6 —10.940.9
20. 00 —15.9+0.4 —12.3+0.5 —11.1+0.5 —10.1%0.6
5. 00 —17.740.7 —11.5%0.8 —14,740.8 —18.840.8
o2 10. 00 —22.1£0.6 —15.6%0.6 —13.540.6 —13.040.7
20. 00 —24,740.5 —20.1%0.5 —17.6%0.4 —14.940.4

B FE SR TR R R B R SN I 507y TN OB C S — 17, 4% NaHCO JEFEW 3912« BN 613C h—28. 4% NaHCO: JE R ¥

2.3 WREGNENBHNRERRACEREAREN
AL B R B R E SRR A R R B B

8 C fH BV IR R L A vk BE 1 78 AL A8 4k R 30, L
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Table 3 6" C values of the algae under different

concentrations of bicarbonate (%,, PDB)

23
on o1z
[NaHCO;]*/mmol/L
5.00 —20.3%0.3 —22.1x0.4
BAg/RE 10. 00 —22.240.5 —26.2%1.0
20. 00 —27.2%0.7 —34,1%0.6

EEREDPRMARME SRR E; on: WM ONC H—17. 4% 1
NaHCO, B 55 5 W BT 35 58 (W 0 3 6 C {H; 91z B SWC A
—28. 4%/ NaHCO; B35 R M BT 5 P ¥ 03 C fH.

2.4 ZHBHNENEAMIEMCERTEEEHNER
bk 8

BESEREBHBEERALENE. S5 B
D) RN EHEN TR R A GH, Aka T
LUE Y A TR 5 75 24 TF S0 1 DR o o JE ALk R 9
B B AR, 2 B B e R S R,
MEABERMELILBRERFR X BEYE, XAE
PR iE AR & T B 538 o SRR Lk R AL R A W
MG RMIE (R O, K fuen T f pen 2 F—H#E
A0 P T B SC G, 43 )58 Aok B IR W AN P BR AR R) a2
R MR R A Ve ke R AL R B TT BB R,
BIRER AT ERRBHHTELSRZENZFR
AN, EZELE 10. 0 mmol/L kR E GG E T , B EH it
BERKHT —BRURAA T %5 SRR
FAA I T ALBR IR 690 BB A o M,

x4 BEBESMLETHRER AR NGB
Table 4 Proportion of added inorganic carbon source used

by algae under different concentrations of bicarbonate

b g A
furn friim
[NaHCO;]*/mmol/L.
5. 00 0.19 0.16
BEAKNRE 10. 00 0.37 0. 37
20. 00 0.57 0.63

BB FEP M NaHCO W BE 5 foxa 7l 1 B XHLGKIR {7
IR R AR RN S SR BE fenn B BEE
A HUBE [0 3 T 5 B R R S0 AL 8RB BB R
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Application ofbidirectional labeling method to quantifying

carbon utilization in microalgae

LI Haitao"?, WU Yanyou’,ZHAO Lihua’, ZHANG Kaiyan’, HANG Hongtao'*
(1. School of Karst Science » Guizhou Normal University , Guiyang,Guizhou 550001, China;
2. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy

of Sciences , Guiyang ,Guizhou 550002, China)

Abstract August 2015, the Chlorella pyrenoidosawas cultivated in a greenhouse with different inorganic car-
bons(NaH" CQ, with different 8 C values added) in the culture medium. The 6 C of inorganic carbon in the
medium and the biomass of the microalgae were detected on a daily basis. In the meantime, the organic sta-
ble carbon isotope compositions of the microalgae was also measured. The proportion of the added inorganic
carbon used by microalgae was quantified by comparing their stable carbon isotope compositions using the bi-
directional labeling method (NaH" CO;with different ¢** Cvalues was added). This study compared respec-
tively both inorganic carbon and organic carbon of the stable carbon isotope compositions. The results are as
follows, it is 0. 19 under 5. 0 mmol/L NaHCO;, 0. 37 under 10, 0 mmol/L NaHCOQ,, and 0. 57 under 20. 0
mmol/L. NaHCQ,. At last, we analyzed the two methods for quantifying the carbon sources in algae. It is
very important to calculate the proportion of different inorganic carbon in the carbon cycle research in karst
lakes,

Key words inorganic carbon utilization, stable carbon isotope, microalgae
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