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BLA XS JCHLBR A 3 4 14 R JH SR, 3 A G BIL A
(DIC) W BE ey KA A AR i 2 | e A R
P, FEAE“ DIC TEREAON ™ 52 DIC ML 5
M, A 2o S5 P T AL A W i 1 3 22 T B S BUK A
[6] B R AT ) KT AR 1 TR B A
IR X O LA A AL B PR A 9 A
F TCHLBR A i A4 09 2 B D7 A 3 A il PR
WITICRE R HCOS o M T A8 S e L ) 47 2t B 45
Ik FE AR T AZ A, SRR R A T E iR R R 1
W S IR S B B 8 18 R T 8 A {EL e v vk B8
(1R RAR 1 S A %ok H R P e I 6 1Y) fE 7 AT 40 A A
FNS X HCOS 1Y IR Mk 42 52 B LA W 3%
W], s Xof A [ 49 I AL S J5E ) il SO AL il g 2 34>
BB RIS . 124, ol HCO, [ R EX A
(7] LA JCATL 2 U5 A e 7 A1 B A S T, TR, AR E S
e 3 S R T R A AR B R S, AL BRI R
R E5E B R R bR ic JriEpE g 18 F /oK
B HCO; FIFIRSAS R LA IR B S, b5l
Tt S S A B B oK AR B 35 728 A1 iy 17 F) A S T
FEHEBEIS AR

1 ME5IE

L1 ##

AP & B A /NEREE ( Chlorella pyrenoidosa,
FACHB-5) , B o Fft i J00aE o 20 0o DI 38 ) el e
Fofr W v L RE 2 B 7K A AR WD BIE S BT R R 7K 8 T
( Freshwater Algae Culture Collection of the Institute of
Hydrobiology , FACHB)

FiFRIEBGIT HigR3E, BLIL ISR 1 fros, JLp
BRUR AN R IR AR A S 00 2 PRt . 3% 2 sk R Ak
A5 Ay Y IC AR

&1 Bt 1L B BGI BREMBFRNAN REXRE
Table 1 Composition, concentration and dosage of
mother solution required for BG11 medium

with a ratio of 1 L

7] Gl FRROKE il
1 K,HPO, 2 ¢/500 mL H,0 10 mL/L
2 MgSO, - 7H,0  3.75 ¢/500 mL H,0 10 mL/L
3 CaCl,-2H,0 1.8 g/500 mL H,0 10 mI/L
4 Citric acid 0.3 g/500 mL H,0 10 mL/L
5 ek 0.3 ¢/500 mL H,0 10 ml/L
6 EDTANa,  0.05 /500 mL H,0 10 ml/L
7 AS 1 mL/L

T2 ASHIAMELLL RIKE

Table 2 Proportion and concentration of AS components

Ay (33
H,BO, 2.86 ¢/L H,0
MnCl, -4H,0 1.86 g/L H,0
ZnS0, -7H,0 0.22 ¢/L H,0
Na,MoO, +2H,0 0.39 g/L H,0
CuS0, -5H,0 0.08 g/L H,0

Co(NO,), -6H,0 0.05 g/L H,0

1.2 LIigit

BG11 5 AR EFH AR 17. 7 mmol/L,
R T TSI 5 e A T A S 00 A 1 B s L, AR
FREIE TR R P A R E TR E R 18 mmol/L,
SCHGBEE 4 FPASE] LR, BRSNS A B S AU R
FoR18:0 .16:2 .9 :9F1 2:16, IR 1R W47 Z A4
& ~27%0( A 2H) Fll+4%0 (B )  FEFRAK R IR
BIEA 5 mmol/L [RRIR Z AN, 435 WL 35 F= 5T
ANTE] H A9 208 X 2 P A% /)N ek e A K B N T ML
[FIAC R SEge e 3 IR,

B A% bl o5 AE T R 2 B sk Ak 24 A 5 T A B
MWERf E R E S LR ENLEIEREE, R
Fe SEREBRE 150 wmol /(m*+s) ; YEmEEH, 12 h
/12 hy TR ,22.0+ 1.0 °C . JH3 5320084 pH 78
8.00 £ 0.05, NURFRESZE IYFS 8RR , 2Rl b
(50 mL 55 FRIEAAERF 1 mlL 59 Fh i 25 O v 47 Uk
VG RS ) AR [R) Bl i e, P s B SR L AR 1
WRESME R 1.9 mg/L, 3557 12 K, AW 4R35
TR R B A RS
1.3 SHNER*

1.3.1 sEAHEen T

R 8 0 A R R v 2 W e ) B s D e %
SRR 10T i P s SRR 2- 3R a IR R
fiF o ELARI A2 7 9 2R % T i 3 i b (3 Rk
LI AMY IO CREEDY IR R LY RS R
1.3.2 AR F 6gm 2

TR LB Y 4 25 Sl Ak o 855 57 5 I SO A o
AT EDWEE  INAGE 1 mol/L Eh R B ik L) 2= 5%
TCHLBR B2, PR AR 4l /K VR iE 4 s, VR IR
THRBLFE 53 T 8 GO A 5 O ) FH 5 356 A B g [
K3 AKE it 7053 WIS i A0

R ENY i N = ST U W 2 NI T I A S 2L )
(MAT253) M5 H: 8" C (B, A ft >R FH 1] B o 94 )
it (Pee Dee Belemnite, PDB), Ml & % 22 /N F =
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0. 1%o, HE5 R RN A .
8" C(%0)=[ (Ryg/ Ryy)—1]1%x1000 (1)

Y Ry TR SRR C R C M HAE 3 R g 7R
FRERI R C R A LU,
1.3.2 #RAEfmAben

X I R ok B VR A B RE 43 O A B
T B m I < R 35 5 I B R A 2 O B
JIAGE 2 1 mol/L £ W2 Bk ¥ LA J3BR TCHLAR 1Y 52 1)
PR LK PR 4 W5, HR VR TEEDLFE 401
SR I RI) )3 B B A A B T AR AR A o 72 0 BT
JE AN, RS I A . Ry T R SR PR TR R A
LA 1= A 52, 5 B 2K PRV 0EE 5 I, Y
R T RAILFE 40 T R OB R o O ) FH 35 356 A oA ik
PR A T 3 43 WP ) 4

T 1A A A A b 4 o8 R 4 A A (CM-
CRDS) il & £ i ik B JC R & &, A3 IR 27 =
2.5%UA N, Ve 1 mol/L R R R T AUAE Sl &
WRICER & T R FH R R Vi ok i A A DU e AT R
i, PR C/N L,

2 ZR51®

2.1 AB WAXKAYMERMHIBERLERE

H PR 4 S 56 SR A TR) 119 TE AL 20 Ak B, 80%) 7
Y9 B T DR O Rt Bk E AR H
SPSS19. 0 il 73 A FAF O DG VR 36, Ao e 45
= 3 iR,

SEULZRAA 2SI 2 A SRR O
RURFEAE B2 5 T, B SO A oe 45 31 2
THE X AB 41 5256 ()R S5 & I b 28

BT AR BRI 2 A%/ NERER I B i () A SRR (b) i

x3 WMAIEHXEREER
Table 3 Correlation test results of the two groups

of experiments

BiE 1) P R?
FEHFEE/ (mg/L) 0.015 0. 985
M4t 2E a W/ (mg/L) 0.048 0.952

2.2 HARER
2.2.1 RE ALK R LB T A KOG
HRREFRFM— R, RF LA
LB A3 T 45 20 b S B T A i R AR R Y
BB B 7 Ak b e AL IR L 1 0 28 Al i A2 A (1
1) o Bl la b SRS E 0 18 :04b BEL Xt iR
?H,%:z/j? 18 mmol/L A EUE F5 T 85 [ o ik B R A1E
AR ROIR L, 0T HE 2 i 1 5T R A A B o
FEECR 40 fi5 2547 . MRS B R IR R Lt
16 20 S5 AR 1 0T v B DG) HE ZE A L3 A
oMYA A E IR L 9 19t FR
JE e B 5 0 R A L 3 R, MR RIS R
A EE RSN E] 16 mmol/ L (S A - 8 5 A E IR VR JE
Hom2:16) B, B A 8 1 vk B itE — 2P TR
XULHAER R E R — WG T M5 A
RUE G O3 R, B P B I BRI SR
INEREEIGT I AE M R T, B 1D RS AL
SREEIRUEE N 18 040 #L4H Ay XF R4, IR 18
mmol/L S E I T BRI 4 R a W RIEME
RO, HES A S R IRWBE Ll 16 120,
BT SRR a VR S0 R AR LU B R I, T
A B A R IR MR BE HE ok 9 OB, v rp i 2 R
a WRBE I /0 IR SRS R B T #) 16

pALa|

Fig.1 Protein (a) and chlorophyll (b)contents of Chlorella proteinosa with different proportions of nitrogen sources
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mmol/L(AHZS R B S R BE R EE LN 2:16) B, 5
TS AR EE RSB A A HE, B P i 3 a IR
JE IR 1 Y

SRR ERRERZ M —EWERT, &
FRZ NERBEFI B 7RI T K R, D s s S A
ISR B 2 R a AL, (HYES AN
FeitE— 20 KRS S0 R A /NEREE T 4 R a &
RN ARG BB = A A
2.2.2 RERRLGISHESRESE RASERER

A

HERBEFRFM—EREIT, B A /NBkE
[ A i 8 i | R DA S R B 2 B B 77
S AL AR el B A fe AR A (R 4)  BERE
BH Bl B 2 R U o L P AS BT 18 K Tk e v AR 1Y
WA N 52.30% 1. 57% 38 11 E] 55.39% +0. 16%
JE TR, I BRI A 2 6.39% 0. 85%
HEINE] 9. 87%+0. 76% 5 & TR, A S e e 44
Bk & i AR S A R AU L, A5 IR R
AR AL R E TR G TR, SRR
BRI AL 8. 12, Y BRI AR
RN 8. 75, X R BN HRA b A AT & IE W AR K
FIT . M ASR . AR EE R N 16 :2
F, SRR A LN 7. 76, FEARFF A 1R B A K A T
YIS R B S AW EE R L 9:9/1 2:16
iF, B S R0 N 50% 81 50% DL L Bk AU HE 2>
EERE, TS mER IR S S A ER
TEEAAHRR, BT IR A L0 B R R,

®4 ARLHIRBEMNEZEEZNKESHE.
SREM /N EHEM
Table 4 Effects of different proportions of nitrogen
sources on carbon content, nitrogen content

and C/N value of Chlorella proteinosa

®5 BHERGEEVREMRERGENRBRSKAAONER

Table 5 organic carbon isotope values and estimated

bicarbonate utilization share of each group of algae

A4 8"C/ %o B 4 3" C/ %o FIFHGYE () /%
A, -20.92+0.03 B,  -11.37x0.26 30.7
A, -19.43%0.23 B,  -13.80+0.23 18. 1
Ay -20.01£0.21 By —15.90+0.05 13.2
A,  -18.80+0.04 B,  -16.03x0.12 8.9

AR SR

<£&m§w) et/ % At/ % C/N
18:0 52.30:1.57  6.3920.85 8.75
16:2 53.39:1.15  7.47:0.82 7.76
9:9 55.39:0.16  9.87+0.76 6.94
2:16 54.68£0.20  9.60+0.91 7.14
2.2.3 R &R b s p s HCO; R AL 89 % @

AR AR 5T 33 5] 457 28 vk T 1) [ o7 28 5
TR i) A7 28 7 i Do BRGS0 ok 45 31 2 P A%/
BREEFEIZILE S5 T HCO, WA HME (£ S) .

WA i TG R 3 R TR A R AT AR O

8= (1£,)8,+ 8, (i=1,2) (2)

FETRE(2) 8, A ISR 1Y 8 C H, 8, M
flie 78 2 A 2 SR JCHLIR IR SR 87 C H, 8,
SR AR T 5 4 I S I 8 TE MRS R B A ) S
CAH, £, A RICBE A FH IS 0 B4 JC AL f s e 5 %) 49 45
ST PR FRIC ) HCOS SEUE, 7 (2) AT L)
AT

Op = (15, )8, + f5,8y (3)

6“ = ( 1_f32)8A+ fszauz (4)
TETTRE(3) F(4) 8, Fl 8 23 51 A TR N A — Ff ak;
AT 8 C Y HCOS B3R M BE IR 10 81 C
18,8, B e 56 4 R FH 25 SR JC ML U5 B 38 K
(1 85 C fH, 8y, 1 8, 20 1 A B s 52 4 ) FH S
55—l 38 —Fh HCOS B3Ry 8 C i, £, Fl £,
G35 R A TR S IR 5 —Fh el 25 — A HCO;
IR AR50

TEWC S LA B 7 2R Mg 0 ok B v e s
WIRF R T P Rl PR A, LA W] — HCO; W B 4 8%
FEEAMT [ —Fh o R A i HCOS BT i B ik
TR AU AR R Y, AR K SR I W 1 22
SR AT AR B f,, =16, = 6,0 TR (3) FIJT
FE(4) 133,

fy=(8, =81 )/ (85 -8y,) (5)
IF(S) H1 (8, -8y, ) AT LA B i IRl Z prid
1A 287 C 12, dE— 2 fRifk N .

fB = ( 8’[‘1 _8'1‘1 )/< 8c1 _8(;2) (6)
FRIE R (6) A INA PR HCOS /9 87 C {E AN H X
JO7 A A B P A B E A 1 8 C ELA B3 H R e )
IR HCOS o SR IS AR 401 £,

GERRWI (3R 5) , BEE A A AR 5 A W
B, A R EAAR Y 8 C A =20. 92%0+0. 03%o0
AN E] - 18. 80%0+0. 04%0, B 4 Fh sk e A iy 87 C
M=11. 37%00. 26%olk /L F| —16. 03%0£0. 12%0,
[ TCATL Ak P 4% A2 %o i i AR 1 85 C s I 3
Ferb 1, FORMEER HCO; A Gy ER, Xt BEZH v (24
RIEY NS R , HCO; FIHBH LN 30. 7%,
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AR EASE N EE IR L O 16 22185 HCOS H]
LR 18. 1%, “SHEA R B A R BE IRk
Lb A9 (98 , HCO; FIHM AL 13. 2%, HEER
MY 7 EbEE I 3] 16 mmol/ L (Al AR A - 4% 2 &MY BE /R He
L =2:16) B, HCO; FIHMGELH 8. 9%, 45
PO BEE B A AR S ARG in, HCO; 1A
& 25 TRk,

2.3 iFig

HRAE LAAE AT TAE , AS TR B 1) JEHLAUE 3%
T (R AR NEREE) AR B B 25 TR
INIEHUE e B 3G, A= Wy o 2 A A 2 R 1Y
I AR DL A R 3 57 2 B — R AR ORI
FEPH LR DA 25 R A 8 3R 2 B — R A A ROk
MBI ERZ  ERHRE (0.2 mmol/L) B, LIZE
JoT e B RAE A AE R B 22 AN K (B2 Y O ML AU
JE T 2 mmol/L B, DA ZAUE N B 5 S i — SR
)2 1 VA B LU S RUVE S 1 R A B — AR R
FLTH B — A XU A S AU A o
— RUR A SEIG LA R X HR AL, 5 1 S S v E ML AR
R SR B 2.0 mmol/L i, 23 30 ] 4 ke
AR,

AR EER AR ER - ENELT, %
W R B 4 R a WRJE SR L6 40 %
AP R AR, M A AR
IRWRPE LR 16 28F R iE T 8 A /DR B A KR
B T 24450 A R LA TR DU o ke 1
K, X5 LR TAEREA RIFm—8h:, 458/ %
W], DR BRI, SRR a A, B
MR W R AR B, A AR E S 2
mmol/L( A2 - Bl A UBE IR MR FE L 16 20 ) S0
2 P 11 T A 8 R 2 SR AE Sy o — ZRC U P ) IR
FHEL, 2558 B3 3002 RO 2R P vk B R AE T 3
W SRR R, R T AT AR S S
TR SR A 8 A 11 ORI T A 088 00 B A A BT, T
RS a WISRAE T S PG IR PRI, Y
B A RUR N B R 2 o A R AR A
BAEFEER T2 E"EM.

ARITFEA GG A A IR AW IEF A K T
WSR2 — (HRAE IR B s AT,
YA RG22 26, o DL PSIT g6
i 1 g5 R R A, PSIT 7E 2R 48 R | DL — R4k
I XAEAE , B~ PSITHRARHR B S v O 2 1 (e
D1.D2 A M) it A& G 1K (Oxygen evolution

complex, OEX) LA KAt RE SRR > A
5% 26 WA 75 4% Ak B4 74, PSIT (9 16 Mt &5 fr
TR, & s PSIT B4 47, &% BE % i PSIT (1 )64
3, X PSIT BE 5 0 AR AE A il VE Y . ARHR ST
R B R T VE R, VT BE R B AL BRAE PSIT Y
TR, T RZ g T AR K Bl FEARMR Y
BRERT B TESE N WA, vREE T
ARG R R, RIS LB NIR R
W [R AL TCHLRR IR, Horh HCO; )2 o B A A 5, A
MAEXT B2 A A, (B, SE 5 241 A 550/ HCOS FIH
PYRRAR X B R TAE A, B, 1A, B, SEER4L
I 16 TG B Al B 23 B 22 1) a5 % A W i 19 G AL e T
T SO P AR B B R R R 1 L
i), MEZEMIERT BT CO, Z 2] T XK
(4 BBE T, B BOIE ACE IR R 0 T ALK
FEARE . A Al A B T R T RE, A
5 1 R PR R B R A R b B AS TR T AL LA BREZ ) T
B A /NREER LR AL, X fE— B L3R
W] T AR B AR /N ER AN B R AR K B 2 3 T
BRI, EXFPE SRR T, T & HEMIEM,
U PSIT TG M % s e 5 T AR A8 i i S HL
Wk Al B R B I A 302 6 e U 1, T f B 1Y
AR H T REZ B T R BRI, AH R, A A AW
FI I 241 2 2 /N ER X HCOS I TRIfE, X
—J7 T AJ B8 -5 A R R BB % SR TC ML 11 [R) Ak 2 A1 F
FA KT 55— 1] 8 5 Rk SR A i -
ROA A K, BRI, s 0y ik & R L it f2
LA 5 20 ) FL 505007, BIVAS A 000 A ) 2 42
AR /N BR X HCO; Y TR Ak, 4 245 2 Ak 2 )
i)

AW T AR a M R R
MR SIhR b IR SR R T SRR a TS
N A A 0 e s e £ R R TS R 905 AR Y A
R R e e B AR e R v, AN T 3Bk B 1) S A7 A
T MARMIET I, MRS T i e, A
FTMMRIBAEAE TR R R, B DL, AW 58 v 2R
FIFI 4R 3R o & AR AT 2, Y
FFE 5 FPEDIE 5 S 4 B 1) RUBE A b A A 2 ] RS
VEFHEE A0 & ok s s B A, HER
HAEWE TP T 20 5% i () AR} 2 ] ) 326
M2k a T RORIE N EYRENAIE . fERASE
b EGE FH PR 5 2Ok F8 s A W it WA SR
FHE AP FERIEDIE
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Effects of Nitrogen Sources of Different Proportions on HCO;
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Abstract: Carbon and nitrogen cycles have always been the focus of research in the field of global change. Aquatic organisms, as the
main drivers of the material cycle in the water environment, play an important role in aquatic ecosystems. Microalgae are important pho-
tosynthetic units in the aquatic environment. The utilization mechanism of inorganic carbon and quantitative methods of inorganic carbon
utilization pathway have been reported, but the response of HCOJ assimilation to different proportions of nitrogen sources is still un-
clear. Therefore, in this study, the response of HCO; assimilation of Chlorella proteinosa to nitrogen sources in different proportions
were investigated through culture experiments in the laboratory, combined with bidirectional isotope labeling method and stable carbon
isotope technique. The results showed that: under the condition of certain nitrogen nutrition, different proportions of nitrogen sources
had significant effects on the growth and reproduction of Chlorella proteinosa. When the nitrogen supply (in form of nitrate and ammo-
nia) was constant at 18 mmol/L, a small proportion of ammonia produced the highest growth of Chlorella proteinosa, but when the ratio
of ammonia nitrogen increased, the growth and reproduction of Chlorella proteinosa would be inhibited. However, a higher proportion of
ammonia will inhibit the growth of Chlorella proteinosa. Different ratios of nitrogen sources also have significant effects on HCO; assimi-
lation of Chlorella proteinosa. With the increase of the proportion of ammonia nitrogen, the C/N ratio of Chlorella proteinosa decreased
at first and then tended to be stable. Meanwhile, the utilizing share of HCO; also decreased continuously. During the growth and repro-
duction of microalgae, the assimilation of carbon and nitrogen nutrients influenced each other with a complex conjugate relationship.
This study can provide a theoretical basis for the study of carbon and nitrogen metabolism of microalgae in response to karst water envi-
ronment changes.
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