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The glucose-utilizing bacterial diversity in the cold spring sediment of Shawan,

Xinjiang, based on stable isotope probing
CHU Min, WANG Yun,ZENG Jun, ZHANG Zhidong,LOU Kai *

Institute of Microbiology , Xinjiang Academy of Agriculture Science, Urumgi 830091, China

Abstract: Most methods for investigating bacterial diversity of soil microorganisms was lack of the ability to establish a
causal relationship between function and community compositions. Recently, using stable isotopes to label phylogenetically
informative biomolecules ( phospholipid fatty acids, DNA, or RNA), has the advantage of providing more definitive
evidence that a detected population is active in a specific process, if that process leads to assimilation of C or N into cellular
constituents. In practice, Nucleic acid SIP is considerably more sensitive and more informative for taxonomic purposes,
particularly among of those related organisms, and thus is more generally useful.

Shawan cold spring provides a typical non-sulfide cold spring environment in the arid and semi-arid areas of Xinjiang.
In the previous research, the first overview of microbial diversity in the Shawan cold spring had provided, and the results
showed that bacterial communities in the Shawan cold spring were diverse which comprised of 11 phyla and maybe exist a
diversity of functional groups. In this paper, we surveyed the carbon sources utilization functional bacteria and their
diversity in the sediment of the cold spring by stable isotope probing ( SIP) and 16S rDNA clone library. The functional
bacteria were enriched using " C-labeled glucose as substrate, and then "C-labeled genomic DNA was separated directly

from the sediment samples and then it used as template for the PCR amplification of bacterial 16S rRNA gene and

EE& WA WS R AR X AARAIES (2011211B41)
YRS HHA:2011-07-05; 1&1T B #3:2012-02-22
# WIRAER Corresponding author. E-mail ; loukai02@ mail. tsinghua. edu. cn

http ://www. ecologica. cn



4414 A E = 324

construction of the gene clone library. Based on restriction fragment length polymorphism ( RFLP), 417 positive clones
were picked up and grouped into 27 operational taxonomic units (OTUs) by Hae III digestion. Subsequently, unique clones
were sequenced. The blast search in Genbank and phyogenetic sequence analysis showed that 27 OTUs were divided into 9
phyla of bacterial domain i. e., Firmicutes, Chloroflexi, Nitrospirae, Actinobacteria, Proteobacteria, Bacteroidetes,
Planctomycetes, Cyanobacteria and Acidobacteria. Of those, Firmicutes and Proteobacteria were the dominant groups, and
accounted for 28.3% and 38.6% of the total clone library respectively.

Compared with 86 OTUs in the previous publication, Gemmatimonadetes, Chlorobi and Verrucomicrobia were not
captured in glucose-utilizing bacteria, and the number of OTUs in other phyla decreased evidently, especially in
Acidobacteria, only 6.45% of OTUs was observed in this research (48% in the previous research). In sum, that only
31% OTUs utilized glucose as carbon source in the system, suggesting there maybe exist other carbon sources utilization
bacteria in the environment. In addition, we found that the incubating time and substrate concentration are key factors for
the detection of some species that in low lever in the environment. As the result of enriching in this paper, a lots of OTUs
were detected for the first time, such as the phylum Chloroflexi and genus Desulfuromonas. Particularly, genus
Desulfuromonas was an important supplement to previous research, because strains belonged to the genus could reduce the
sulfur to H,S, and the reason why the genus exited in a non-sulfide cold spring need further study. Additionally, compared
with previous research, we found that the proportion of OTUs in Firmicutes was increased obviously from 1 to 7, which were
divided into order Clostridiales and order Lactobacillales, and replaced Acidobacteria as the second dominant groups.
Hence, the results indicated that an appropriate and reasonable pre-culture could be a useful supplement to study microbial

composition and diversity in environmental samples by using culture-independent methods.
Key Words:; cold spring; stable isotope probing; bacterial diversity

Fa s [A) 2 ZAR1C ( Stable Isotope Probing, SIP) A LA BEE 48 7% A1 T 4 T 6 S ARG I P ke | 235 SR o ffy 25
PG B SCh T g A S B S L BB TR —"Y ) fEfE YA AR, AN A A AR R T C
ROWERR B W7 iR A2 %2 [R) 137 Z B i ( Stable isotope probing of phospholipid fatty acids, PLFA-SIP) . DNA-SIP L)}
RNA-SIP $ A X&MLY IR UTR A AL 5 Y + e SRRk R R D B8 34 W 1) 2 RE M AT T 10F
5314 ,DNA-SIP Il RNA-SIP [H 38 i A4 @ 3 PR SO Tt — 25 A A O BE I 4R, o . B2 AN,
PO T AR b 1A 2 TR Z AR TC A A SC o e iR

B SRAE R — PP s P (R ASEE 7255 ) | R ZRETIRZ M T I B & A i mig iz, 2
K BUGRARIGE M) 2 BT T 4R R % A S R G R e M — SR IR M g (W TR b A ) AT R T AR
RS X TFARER A BB 18 SR A P AR AR 5T 38 g /b A S 6 2 b e X v SR LB A W 2
BEVE BRI T 45 SRR A8 P A W Rl LA & O 2R SR 3 A B P ] BE A AE £ b
B UG AR I 2 A (L LA P A0 B 5 P DS T S — B A

FERTHITE S IEAN I, DRy v v SR DR 40 T8 BF I R 8 X 42, 4" C A [R) 6 3 A i 1Y) A 2 A
RIEY), SRV A 38 C FRid DNA IEEBU 73 B A 16S rRNA JE PR 5 B SCE (i Ry g v
FIRIEXT LU A5 ) AT Aff 2 12 P53 v 7 2 A AR P 48 81 7 A 2L R 2 R
1 ##FE=E
1.1 PRSI REEFIRAT

THIEYE R TR 4 85°22/35”, db 46 43°50°30”, M4 1500 m, SRoKIEHGEM , &4 R AR5 5.5—7.5C
Z 18] K 59t (pH {0 5.0) , EZBHES 70 Na' fil Ca®* , BIBF 4 SOF" HCO; Ml CI™, A% H,S, ARWFFE4
F 2008 4F 9 H 18 HA 7% 5 IF KA, BUA R O HHE X R 2 10 em AT (/KR 6.3 °C,pH A
5.0) G E FICH 50 mL B0, i 4 CEEIKAE 4 h Z N8 IS = TS, BIARFE R -70 CIRAF,
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1.2 EZEFIAE

" C-gluose ( Aladdin, ), pMD18-T( TaKaRa, Ki%) , Hae 111 BR |4 N VI ( TaKaRa, K3% ) , BEW [PIR
Fl (TR ZETE, L at) B 8.0 L ( Hitachi, H AY) | PCR $734{% ( Eppendoff, f [ ) , DNA 1,7k {% ( Bio-Rad , &
), FEERE BSR4 ( Bio-Rad , 32 [H] )
1.3 ik
1.3.1 ARV A= bR

FETCH AT, 0 52 10 ¢ REMTURRY)E T A 50 mL JC 3 HEAR T, B 0. SmL 100 pmol/L
B2 G- 2 W I V1) S WG SR i 3R 1T, JF I C I B B IR &) 5, E B SRS 5, 8 T 10 C 1 Fff i
F25 d, SRIG, 18 RN H AT 0. 5 mL ¥ JE 4 50,100,150 F1200 wmol/L " C-A %58, , I FH JC 1 B
RS, T 10 CHE AT 483595 9 d #47°C DNA FRic ") [RIHARRARFR A K BEK 3G 35 9 d 19+ 1
FE, 100 wmol/ L2 C-H A MR R T 7% 9 d 19 - 48RE 5 X R
1.3.2  JUAME DNA 142

WERBES 10 g, A TCE SRS AR ZBFEE 10 min, # % 50 mL o KRB0, SR SClkHGE 7
FEUO B BRIBORE B DNA, i 70% ZEEBEYE DNA Pk, 23 S R0 TE P 1. 0mlL 4 CHCE 8, I
fi F2R 03 G RE T E DNA 4l Fik B
1.3.3 "CHric DNA 53

PCAric DNA 5"2C #7ic DNA 43 BOR AT CsCL A RE B0k IR 3R BUW B DNA (2520 1 mg) il
AFIEA 3.8 g CsClL 19 4.0 mL TE I, FFMA 100 pL ¥ EE 4 10 mg/mL 1 EB I3, IR G , & T s
LT 54000 1/min (140000 g)20 °CEL 60 h, 27 SCHRM 975 140 51 LA A A b | - A8 b LA 2 P C
58 A R LR A 55 9510 E. coli DNA 71138 DNA FE & % B4

ANCTAR U IR ELOA BT SRAMT TS, A 18 SA S RIS TEC ZW R 0.1 em B
SERI S H 20T PRI T KR B0, 1 mL KW IE TR, IR O, KREIVZ, RE
% 4—6 Wi, 3 mL TE ¥ ,300 wL YEEE R 3 mol/L MIBERREN (pH 1H 4.6) ,2 A LB, -20 C &It
FET, T 13000 g B5.0> 15 min, W8 DNAS
1.3.4 407 16S rDNA (1) PCR ¥ 35 % 7 [ SC R iy g 7t

K A4 16S tDNA 38 JH5 14 8F : (5'-AGAGTTTGATCCTGGCTCAG-3") L }2 1492R ; (5'-TACGGHTAGGT-
TACGACTT-3") ") #47 PCR §" 8%, 24144 95 °C5 min,95 °C 1 min,55 °C 1 min,72 °C 2 min,30 MEH ;72 C
10 min, PCR YA UIBELEA IS , 2 8K %% . I ER 4R PCR 7795 pMDI8-T #AK#EATi%E 4%
(BAEES IR S HEL 2 E. coli DHSa 1, RFIWEE N 100 pg/ mL Amp 456k 1 &% % A
BEGi 5 BH A e B 7, FF Pk 1 60 PHE o Rt 28 LB Amp” PR IG IR, IR A4 .
1.3.5 PHMEZFETH PCR-RFLP 4347

FHIC T 25 PR i BEME 50 e 7 T 44, SR FH 519 M13-48 Il M13-47 #E47H# 7% PCR,PCR 7=#1% /il PCR
P ali ik A &gt 4tk PCR P24 Hae 11 R N VIRGIEA T RR H0E B B 8 2 5 (RFLP)
G307 ,3% BERRWEEER FRLIK , 3 B se ke RFLP 35 8) TR SR A th BUR . DA 3558 (o) BTl Tt 2 i
SCPER IREAE M AR IR THR AN ce = [1-(nl/N) Ix100% , X, N AR TE RS nl AR
HARNEEER 0 s
1.3.6 RGKEFWIIE LSBT

BEIUR R v B T 1E i SR A W R A BRAA RIHEA I3, Bl 45 77 91 25 BR 2R 7 51 )5, 445 0T )
TE RDP 11 ( Ribosomal Database Project II, http://rdp. cme. msu. edu) #4773 2E M 1 %€ . FIFHE NCBI(http . //
www. ncbi. nlm. nih. gov/blast) By AT BLAST HexF, w8 B[R] PR B 2 i 7 1) 5 R EF, 8 3 3 EZTaxon
(http://www. EzTaxon. org) SHEa R RIEAT HE X, 358 B I] 5 1 45 5 Ao AE 2 P ik 2 51077 — [l 4l MEGAS. 0
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AT E X NI ARG R E M A 24MH (Bootstrap ) A7 1000, AH3CFH EL 14 %] NCBI £4 J% ,
H: GenBank %5854 . JF815499-JF815525,
2 B
2.1 PCHRICE RUTE DNA 4358 Kok

VPSS SR U2 C-AI A IS 75 5 d AR A8 2800 10 40 0 52 90 0 AR ZE B B, 8 T 12T/ DNA
FIFRIC ™ AR T 0. SmL 7 50 wmol/L 9 C FiATWEHEATARICHE R 9 d, ILAT DNA YR BE&E
HC Fric DNA 7 B3R BT,

PRI C FRiCE DNA J2 E. coli *C XF i DNA A F] 54 3.8 ¢ CsCl 1 4.0 mL TE W, M =
B HLTF 54000 r/min,20°C B0 60 h 5, /N PR IGH TR B O, BT EAMT (1K 302 nm) TS, &
PL2C Aric DNA 5PC #Ric DNA Zr B (181 1), BRI C ARiCRE Y DNA 2583 CsCl R R B0
Jei , B — A R DR A A 45, 57 C FRICRYXT IR DNA FLAS, LA A T2 C #3iC DNA 57C #id
DNA Hfa] (P 2) , B SR OB H DA A0 A B VR 0 20 I R VR 0B A T T 2, DNA B C i,

MIX 3C 2c

12c 3¢ Sample

lZC
l}C

B 1 °CEIEAETE E. coli DNA BRI R H B2 BCRAEAFIZAFR DNA BEHERA

Fig.1 Density gradient of isotopically labelled DNA from Fig. 2  Density gradient of isotopically labelled DNA from

the controls spring sediment
MIX.3C DNA FI'2C DNA & & # &:3C.%C Ff 0 10 E. coli BC.BCHREH E. coli DNA;"CE. coli >C DNA ;Sample: *C #3

S
DNA;'2C.E. coli '2C DNA ICHYFE & DNA

2.2 BCHCER RULEY) E DNA BI40 5 16S rRNA 3% 1 72 34 5 6 7 8 9 1011 1213 1415 M
D] B2 SC 43

g NURRRN . 2000 b
AR B C FRID A DNA Z50F TRER IR B 0, 2. 1000 bp
500 bp

BETTYE L8R EB f CsCl &, P EE4HTA 16S rRNA LA 52
BESCHE, M SCHE Fh BEHLBE B 417 A BH M v e 7 b 17
PCR-RFLP 4387 (& 3) , #Edh Hae TEGY) R B K/INFIS%
HRUR R AAFAE 27 FhNTE RFLP 158 FFAEE Y 16S
rDNA TERE S 35 863 93. 5% , Bk 73 i B s
TV SRR v ) R A A A Al U ) B A P R B
2R,
2.3 BCHRCA BRI 16S rRNA TEFE SR RS R B T

PR RITER Y 27 DT TLIT T8 X KRG LT /e (B 4) Vv SR DU 8 40 4 1 H

3 16S rDNA XERFRSFHIEREF RFLP £
Fig.3 Partial results of RFLP analysis in 16S rDNA library
M :100bp DNA marker;1—15 ; B 7EpET
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B RS T P AN 9 A1), BIEEER ] ( Firmicutes ) 2k # | ] ( Chloroflexi ) Al ALBR € & ] ( Nitrospirae ) |
T ] ( Actinobacteria) A JEFT ] ( Proteobacteria) fUFF 1] ( Bacteroidetes ) | 7% %% [ | ] ( Planctomycetes ) |
HEAN AT 1 ( Cyanobacteria) \FERFF [ ] ( Acidobacteria) , H:rt AR TE AT 1 AR BE G 1 A AR S B HE, 20 31 o v b

SCHERY 38.60% F128.30% (£ 1),

AEIEAT 1 1] ( Proteobacteria ) A A A/ 5% SC PR 1Y &2
TR, SLALEE 9 4~ OTUs, 43 )& T a-Proteobacteria .-
Proteobacteria , y-Proteobacteria #1 8-Proteobacteria P4
AN, E AT 55k A a8 R E T, Hod,
3-Proteobacteria f14% 4 1~ OTUs, fCF M 7i % T X23 .
X179 X369 F1 X412, fH L4 96. 0% —99. 0% ; «-
Proteobacteria 3% 3 4~ OTUs, fC R Mt Fa [ T X162,
X267 1 X399, AH L P 95. 1%—99. 2% ; B-
Proteobacteria f345 1 > OTU, X F M TLE T X137, 48
UIPE 99. 6% ; y-Proteobacteria £14%5 1 4~ OTU, f{ &k
SERET X18  AHUTE 99.6%

JEEER ] (Firmicutes) ARG TR 5 — FE
WA, A4 7 > OTUs, 3 )& TR EEE T iR i H
( Clostridiales) F1FL#T & B ( Lactobacillales) ., H:H1,6
A~ OTUs A @ TH w1 H AU R 7 X7 X126 X133
X155 X153 F1 X358, #H L1 90. 7% —99. 4% ;1
OTU 1 J& FLAT s H, 187 1 e B X331, # oL 1k
99.8%

JZR T ( Actinobacteria) 341G 3 4~ OTUs , H:
1.2 4 OTUs 5 53R K F2 % 11 S BEAH AL, AR L1
97. 6% —99. 2% X F M 7a [ X253 I X372;1 /> OTU
SATER IR ISR L, B 99. 8% (RN TE I
X106, 7% % B[] ( Planctomycetes ) H 4 4% 2 4
OTUs, ¥ 5 4E 85 3R % T BEARAL, AR AL 95. 4% —
96. 1% , 1t % 38 B 7 X200 F1 X276, MR AT 14 1]
( Acidobacteria) 1 3EAUFE 2 4~ OTUs, ¥ 5EE 2% 1]
KBFRIRL, ALY 94. 5% —97. 2% AR 7T Xbs
F1 X333,

EALIZRTE B ] ( Nitrospirae ) 2E4LHE 1 4~ OTU, A,
LrikET X9 HAER TR 2 BEA AL, A7 U 99.
6% . WFTFHET]( Bacteroidetes) #6145 1 4~ OTU,{t#E
SORE T X305, M5 AR FRIZ TR EAR L, A LE

*1
WER

TR RRRYEAEEF FAHE 16S sDNA EEXEF 55

Table 1 The sequences analysis results of glucose-utilizing bacterial

16S rDNA clone library from the Shawan cold spring sediment

N et = IR A
A ey
“UT clones of Total/%  division
X162 14 3.38 AT o H a-Proteobacteria
X267 11 2.64
X399 6 1.44
X137 30 7.19  ZEJEFFIRE B W49 B-Proteobacteria
X18 17 4.08  AIUHFIE v W4 y-Proteobacteria
X23 18 4.32  AIEHTEE & T4 S-Proteobacteria
X179 13 3.11
X369 23 5.52
X412 30 7.19
X7 21 5.04  JEEELE] Firmicutes
X126 5 1.20
X133 4 0.96
X155 30 7.19
X153 19 4.56
X358 24 5.76
X331 15 3.60
X253 8 1.92  JlERWTT Actinobacteria
X372 12 2.88
X106 11 2.64
Xb5 45 10.79  PRFTEIN] Acidobacteria
X333 26 6.24
X200 6 1.44  FRA[] Planctomycetes
X276 2 0.47
X9 6 1.44  TELERIERA ] Nitrospirae
X305 4 0.96  fFFIET] Bacteroidetes
X29 10 2.40  ¥EYAT] Cyanobacteria
X19 8 1.92 %X [T Chloroflexi
St Total 417 100. 00

99% ., WidE 1] ( Cyanobacteria) 2A04E 1 4> OTU AR FEREF X29 HAilF21Z 0 TAHHRL, AHIME: 97. 6% . &R TA
I"1( Chloroflexi ) #403% 1 4> OTU A F VLT X19 SAEEEFHZ T T2EBEAR ML, AU N 90. 7%

3 it

SRAF N FEH T K5 MR R AR IR A A5 5 DX P TER R A B A W Y A A8 LS b ) AR

S S
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4

100 | X358 (JF815501)
Clostridium bacterium (AB486118)

98 X7 (JF815499)
Clostridium putrefaciens DSM 12917 (Y18177)
Clostridium amylolyticum SW408T (EU037903)
99 Clostridium acetobutylicum (X78073)
=2 82 X155 (JF815502)
100 Clostridium chromiireducens GCAF-1T (AY228334)
98 Clostridium saccharobutylicum (GU060306)
X126 (JF815524) Firmicutes

X113 (JF815505)
95 4‘:‘? Clostridium sgAY957603)
100 100 - Cellulosilyticum lentocellum DSM 5427"(CP002582)
100 X153(JF815525)
Sporotalea propionica TmPN3T (AM258975)

100 Uncultured bacterium (HM270013)

74 [ Aerococcus viridians (AY707773)
100 L[ X331 (JF815504)

80! derococcus viridans ATCC 11563T (ADNT01000041)

99 X253(JF815506) i
4‘99 E Uncultured Coriobacteriales (AM777984)
Isenella umbonata lac31" (FN178463)

X372 (JF815508)
100 10

o Uncultured Actinobacterium gl;] 851433)

Frankia alni ACN14A (CT57321
98 Arthrobacter oxydans DSM 201197 (X83408)
99 X106 (JF815507)
10%8 Arthrobacter sulfonivorans (FM955888)
100 ———X19 (JF815505) }
L——— Uncultured bacterium (GQ487891) d
— X29 (JF815521) .
100 {{ Phaseolus vulgaris (DQ886273) Cyanobacteria
73 - Daviesia angulata 214" (EF446139) E
100, X9(JF815500) . .
100 Uncultured Nitrospiraceae bacterium (GQ302556) Nitrospirae
78 [ Nitrospira moscoviensis NSP M-1T (X82558) 3
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Fig.4 Neighbor-joining phylogenetic tree based on partial '>C-labeled bacterial 16S rDNA clones library from Xinjiang Shawan cold
spring sediment samples
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R AR Axel Heiberg 5 ki SR 12 /R FLIT0E S Re 4 SR 22 A5 B e S5 2R I, 40 18 = 2 phy A
JEFTFEE 1] ( Proteobacteria ) FIEEER ] ( Firmicutes ) 2%, 2915 70% L) I, I AFAE 3 K R AR E ; 2R TE AT 1)
(Proteobacteria ) "' Z BN I S A AL AL 5, ELBRALMIAE 32 2 00 BE TR IO 4 Rp U WU RE I AR R
AR B A S B R A A A EE T BRI BT R ICH FLAKER , 7E N
AN R UL AR B TS R B R AT # ] ( Acidobacteria ,48% ) FIZZTE AT 1] ( Proteobacteria ,25% ) 41, 5 I
RV IR BT AN 6] ELAR % 05 B A AH DG I Al & A s | 3 R BT BEAE A B R IR T 7 X AR AR S R SE W
R,

AR F DNA=SIP FAR | Xof 397 it U0 V5 S5 OB 200 1 7 9 1) AT 26 W R FH AR A7 49-H7 , Corinne 2524 ARy 101
BE R A IS AR Y 2 R B0E AL A A TS AR Y B A e AR R B A BE A R SRR O . ARiC DNA
TS — AR E R 1 R, T aE B AN T BB B Z 1R AT AR H A SRR Il Rk, P C ORI
R FIAR T ] 22 DG H 2, e B AR et (1] o 0 ] i 5 BOK 28R 7R DNA B0 A58 4, Bfi° C-DNA Fil™C-
DNA J 78 PRI 5 6 B 3 BRI, B2 A A e p) TR O e ST 22 R PR AT, s 7 e A1) P
BEFEE D IR B A P Wy A T A R T I 2R AN RE B LS BRI rh D RESIUAE M i BL S L . AR SCHff
FE T U A0 B R I T SR [ RN C Rid 450, G 5R 2 d J5 , PRI 0. SmL MR B2 150 pmol/L 19" C %5
WERESR 9 d, LIS C ARic DNA 2 BSRCR RS

VDTS VR SR UTRRY) T BEAE 1 FH A A M O AN BV G 27 /1> RFLP 3554 43 & FAN B 9 171, S R
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AT R A

A SRS TE T TRTHAS RS BRI A EVE i IR A 1 X R IITE IR R Rk i R R i W 2
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