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Potential Carbon Fixation Capability of Non-photosynthetic Microbial
Community at Different Depth of the South China Sea and Its Response to

Different Electron Donors
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(1. State Key Laboratory of Bioreactor Engineering, School of Biotechnology, East China University of Science and Technology,
Shanghai 200237, China; 2. State Key Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and
Engineering, Tongji University, Shanghai 200092, China)

Abstract: The seawater samples collected from many different areas with different depth in the South China Sea were cultivated using
different electron donors respectively. And the variation in the potential carbon fixation capability ( PCFC) of non-photosynthetic
microbial community (NPMC) in seawater with different depth was determined after a cycle of cultivation through the statistic analysis.
In addition, the cause for the variation was clarified through analyzing key gene abundance regarding CO, fixation and characteristics of
seawater with different depth. The result showed that the PCFCs of NPMC in seawater with different depth were generally low and had
no significant difference when using NaNO, as the electron donor. The PCFC of NPMC in surface seawater was higher than that in deep
seawater when using H, as the electron donor, on the contrary, the PCFC of NPMC in deep seawater was higher than that in surface
seawater when using Na, S, 0, as the electron donor. The abundance of the main CO, fixation gene cbbL in surface seawater was higher
than that in deep seawater while the chbbM gene abundance in deep seawater was higher than that in surface seawater. Most hydrogen-
oxidizing bacteria had the ¢bbL gene, and most sulfur bacteria had the cbbM gene. The tendency of seawater cbbL/cbbM gene
abundance with the change of depth revealed that there were different kinds of bacteria accounting for the majority in NPMC fixing CO,
at different depth of ocean, which led to different response of PCFC of NPMC at different depth of the sea to different electron donors.
The distributions of dissolved oxygen and inorganic carbon concentration with the change of the depth of the sea might be an important
reason leading to the difference of NPMC structure and even the difference of PCFC at different depth of the sea.

Key words : South China Sea; potential carbon fixation capability; gene abundance; depth of the sea; affecting factors
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Fig. 1 Distribution of sampling sites and mixing

areas in the South China Sea
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FEARIRERZ (5 m ), IKERJZ (25 ~200 m &
JE) IR Z (500 ~ 1000 miE &) FE)E (1100 ~
1500 m¥REE) 4t 4 ANREERE B HE T4 2R IA 0. & IX
WRIZFER N 5 m BRI HIRES IR IZE N 25
~200 m TR B [R5 WA, IR )Z R 500 ~
1000 m ¥R B 1 Bl >R 45 19 AE &, IR 2 8 1100 ~
1500 m¥R 5 FERAT AU AL .
F1 BREREEKRE

Table 1~ Sampling seawater depth of each area

N [X 45,
WhE/m B c D E F
5 vV vV v vV vV vV
25 vV vV — — — —
50 v vV vV vV vV vV
75 vV Vv — — — —
100 vV vV vV vV vV vV
150 VvV v 2 — — —
200 v vV vV vV vV vV
500 vV vV % vV Vv vV
700 vV — — — — —
800 — — vV — vV —
1000 — vV v vV vV vV
1200 — — — — vV —
1500 — — vV — vV vV

1) NV ORABLO TR AT R, * — FoR AT R

1.2 EKARGA R AE P57

101 AR AR B TR RE SRR AR S Y
P B DX AR TR P 5 LU TR B 19 3] 4% X I 4 A
AR BE BIR A T KRR B AR R 3 A
FTRE 2545 10% 1 L1 5E A AT 90 mLL HEZK FEA NS
FER P TE P, I RE RS ZE S B DL H, T
USRS F7 , R AL H,: 0,0 CO, 20 8. 5:
0. 5: VI EL gl A, R OB . e e 42
PRI A4 2% F bR 2 AR 3238 HIR A
SHHIZSR: CO, 0 90 1. B TR IREBOLIR G K 57
(28C,120 r'min ") 4 d JFEH AAREGA. 8 d
F—AJET 8 d S I R R A LA
1.3 BRI RERIE

T K AR R 58 4 mT 35 3Rk G 57
ANRE o 4 S S 254 B ARG oA W v Tl
73, B A5 e i K AR S AR R A R SRR R b 2
—E I AR E G TR A M 3R J5 T € CO, Y4, iE X
R BRI RE , LA I S B AR T [E Bk g 7. BT R 5R
FErh R T RN R K I AT A AL, B LATE S
Fela SA VARG I R R CO, MY E &, 7E53 4T
fi %l Shimadzu TOC-VCPH 45 #L % 4% #7 1%
(Shimadzu Seisakusho Co. Ltd. , Kyoto, Japan) Il &

S HLAK & & (total organic carbon, TOC) , 3 LIt
Jp RS bR, ARG CO, [EE T RE. DA
it 3 VAT R 0 M bn i 22 | DGR A
SIS it 1 [ B T .

1.4 KA YR K DNA $2HK

T M EE A B R TR KRR SR 1.1
() 4 /TR AP B 55 LGV 5 15 380 45 TR B i Tl 7 T
BEAKFE B3 LIZIR A KM 0. 22 um 7%
FLUB MR AR KA.

A DNA # B ik 7 & ( UltraClean ® DNA
Isolation Kit, MoBio USA) M3 3 Ho A JH U B 17 %f
Tk 8 AT VA K ) Tk L D B B IS 4 TR DNAL i i
NanoDrop ND-2000 ( Thermo, USA) il %€ DNA F£ i
(R BE RN AEFE | 2 5 B A S 7E - 20°C P58 LA T
53T
1.5 [EfEAR SRR R 5B

M TR R SCIE A 2 2 B0 [ g 12, A5 32
BN IR SCUE I 1 G SR 35 (X ebbL | cbbM 1Y 3=
BE. FEIRFE cbbL FI cbbM FH 1.4 5 R EBUH A
DNA K& & 18 3 ABI 7500 i€ & PCR ¥ ( Life
Technologies, USA) i ik 48 X 7 1t % 7 66 I 2 G
LR A B, FE R cbbL 15 & 518 A K2F (5'-
ACCAYCAAGCCSAAGCTSGG- 3') il V2F ( 5'-
GCCTTCSAGCTTGCCSACCRC-3") ") chbM 5 HE 5|
YN cbbM-F (5'-TTCTGGCTGGGBGGHGAYTTYATY
AARAAYGACGA- 3') Fil cbbM-R ( 5'-CCGTGRCCR
GCVCGRTGGTARTG-3") "),

SERAE . B2 pL 1.4 3R BUE Y
DNA ¥£ IR A 18uL SYBR Premix Ex Taq™ system
(Takara, Japan). fEIRZRMFUNT . 95°C FiAs 14 3
min; 95°C #Ef# 30 s,62°C (cbbL ) /55C (cbbM
FE) IR K 60 s, #1740 DMEFR; 72°CZEH 10 min.
1.6 Hiusit

T 4% XS R R BE W /KR iy 3 NP4 5 14 ]
TR HE T B3 B bm o 25 | 4 LA Ry 4% DXIUA [R] R
FE R KL S O RS 7. BT AT X A5 TR B AR 1Y
Tt Vs DB e TR BE A6 B e 1t BRAE R 246 B2 (1 100
~1500 m) HA 3 A X 1~ F S fE AN, oA B HE
R 1A R XS AE R 1 A /N DX ORI 24 DX 3k
WA, Gt b 2s 1T R i KRGS UZED
AN [7) A S 1 r [ e v T U B 2 S A

K SPSS 13. 0 GEdt 54t B a4 7 £ 1A
E 2 (ANOVA) ,LSD ZH ILH (P 4 0.05 5%
0. 01) 3BT A [RITR FE [ 48 AR Y 22 5 3 k.
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RS T 4% X S IR B LA NaNO, iy H F-E AR Ay
M o7 (R A0, LA g 22 5, Xl g2 i T
NaNO, S0 BT 7= Az (14 R B F5 Mo 5 DA H A i 7
P i i A0 B AR B ) A K 9218, X 5 SOk
(12,13 ] 45 S ARAF , B X 12 v 1~ HE A f o 13 155
AT HE—2 (0 30T K T DX 3 1% 23 SR 4 R B
TR IR 1 2 W R AT RS, Gd — Ay RGBS R R B A e v Tk
FE I E e R, PTAR IS R 2. fE—  H, I Na,S,0, RYMR A SCER, ULIE 2.
F2 BEEEAIERA B BB X R E TR R

Table 2 Response of potential carbon fixation capability of non-photosynthetic microbial community in each area seawater to different electron donors

it/ g - L~

2 #R5itie

2.1 R[RIREEME ARG A U Y 0 B R 7 ) S L
Xof AN 7] L - (AR 11 o 7

X} R R K3 6 A SRAE DX I K KRR 43 45 4 TR
JERBEEIR A, 3L H, | Na,S,0, . NaNO, 303fE i

HE Y3 YR/
IR rsm AIX B X CKX D X E X FIX
5 975.5+107.0 2638.2 +104.1 395.7 £37.5 1309.9 £53.2 1221.7+18.1 639.9 £156.8
H, Sy A 25 ~200 1202.8 «114.7 2782.4 +284.8 1088.9 +55.0 1090.2 +67.0 869.9 +155.7 1056.9 +102.4
500 ~1 000 194.7 £102.7 623.8 £97.7 534.6 +77.3 664.5+132.9 490.7 £65.5 1052.7 £127.5
1100 ~1 500 — — 412.4 +25.6 — 458.9 +37.5 440.6 +40.5
5 1163.3 +41.5 1148.9 +£252.4 959.6 +235.0 2143.35+169.8 594.6 +158.5 114.1 £36.5
Na,S,0, Sy H Tk 25 ~200 1658.2 £231.1 723.2 £165.8 406.5 +6.5 771.2 £103.9 394.2 +122.9 923.5+149.2
500 ~1000 1555.3 +243.5 398.2 +94.2 883.5+108.5 2533.5+106.3 1821.8 +190.4 2103.1+145.1

1100 ~1 500 — —
5 519.5+78.6 458.4 +£65.3
25 ~200 429.5 +53.2 450 £62.4

1035.7 £213.7 —
367.8 +45.6 434.8 +54.7
364.4 £50.2 301.2 £49.6

1976.2 +256.9 1576.6 +106.8
345.6 +69.3 420.8 +42.3
420.8 +58.6 426.3 +47.2

NaNO, N HL T4
500 ~1000 514.8 +53.1

1100 ~1 500 — —

547 £65.4

475.7+72.3 494.8 +74.7
472.1 +£50.7 —

357.3 £56.0 358.4 +£43.6
359.5 +61.1 330.7 +42.6

2500

o H,
8 Na:S:03
2000 ¢

500 | ﬂ ’_I_‘
o L1 : . .

5 25200 500~1 000 1 100~1 500
TR /m

A3 2 I A DX I v [ B i e A5 TR E B EE P 2, BR 1100 ~
1500 miEEEBHEESN, HEARHERR 1 AR DU EAN 1|5 i X
{8 BEAR T 09 B ST B RIAR 22
B2 FREREFHEZHTEKIELES
REY EREE N RERET L
Fig. 2 Variation of carbon fixation capability of non-photosynthetic
microbial community in seawater with the depth under different

cultivation conditions using H,/Na,S,0; as electron donors

MIE 2 01, DL H, T MR R IEIR AT
200 m DAY B9R)Z K A AR C A B 1 04 18 ik g
FLRFE T 500 m LUN MK, B0 i 22 0 B
W1,5 m PR R JZ K B 45 XS AR5 A P 1)
Pl 5k 2 S Al T A TR PR A 45 DX ek ] ) 2

S (bRiE 2 R AR B X 8 2 f5 LA 1) |, 3k AT RE &
FHNBIRET S5 0F OGR4 ) A b xd R 2K
0 B Ab A BRI RAAE P 45 4 1 s i g 3 DR 3R 2
TR KA T Al R 8 YA A AR 0 T ke B ) (X 2
PEREK.

P Na,S,0, J o F AR 1 35 3% 2544 7,500 m
DL R 2K B E G A il A 9 1) 1 ik R 7 2 8 5 v
F 200 m AN RZ K, FEEE KA MY
i e 2K 0 1.5 5 e 4

Bt 22 0T, LA Na,S,0, i THEARY
B A 45 TR BE B 6 Bl A 9 T sk 75
(R X325 S PR BT KT DA H, PR R R 4
PR A IX 2% 5 1 (L) Na,S, 0, J B T i 5
FERAR L ZDLH, L TMAR 3 5L ). Ul
K IREE R LL S,07 i THARAYILAE A 371
A Xk R 22 S R T RE DL H, O H AR Y
TRRE F 77 B X 1) 22 520

T T K I (] % 5V Bl 2L 0 T e v g ke
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