#lHsENR JUL 20, 2011, 38(7): 988-999
Microbiology China © 2011 by Institute of Microbiology, CAS

tongbao@im.ac.cn

Wt E IR Al 15 R IF 52 = 89 BOX-PCR & &
MEMZHMES T

Rk RMAT YAOE
(™ JRA K= 2 B B 0 BT 2 T SR

EXE MLE
TR R AR HBE TR BEHL 524025)

I
Ak
Rl

B E: BRI -KXEH MR AMERFEG K L2 #a, BATE AT BB A A S A
PR R IE SR ARE . h T AR EL A S AL B I AR AE 09 4 R 8 A T 3 AT dn 1) e R BRI R A A,
KM &AX PCR (BOX-PCR) ffik#hi K, i iLil Al B Ao RALH KGR EAR LA FEKE
ARFHTIEARMAFHN LS. EREAW: FRABALERRKE LRI @A 5 EF 09 KA
—H, AEENSm>Im>13m, LAEH Im>5m>13m, EHE EHELEHE, LEeAKKET. B
B Ao AT H; P EIERA EPTRIZIRE BOX-PCR B ikt) 3 A tARNL, (2B B LM AR, mamE
SHEMEET LOENMERNALZETESE, X5MANAN A HREMSHERERF LR AR
Ve EARNL AR E PR —AKE EREE AR ERFNEABITRERR, AP EE A HZA
RAEBIR TR AT G B TR, FRRELER AT R AMRAYN S HBEIRIG KX R AL
BUERSTHIMANARRESLAS .

K Wks, BFA, @il S AH, TE AR, BOX-PCR

BOX-PCR profiling and biodiversity analysis of cultured
bacteria in Huguangyan maar lake
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Abstract: Maar Lake is a unique type of lake in geological structures, and little is known about micro-
bial diversity in various Maar Lakes worldwide. In order to understand the community structures of
culturable bacteria in Huguangyan Lake, a typical Maar lake in South China, BOX-PCR was introduced
as a screening technique for bacterial isolates that were obtained from three water depths in winter and
summer through the general R2A plates and in situ lake-water agar medium. The results indicated that
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the changes of bacterial abundance were consistent along water column and on the two types of me-

dium: 5 m>1 m>13 m for summer and 1 m>5 m>13 m for winter, with Proteobacteria as the dominant

bacteria followed by Actinobacteria, Firmicutes, and Bacteroides. BOX-PCR profiles for cultured bac-

teria on both mediums were similar, but their community structures were not identical. The bacterial

diversity was higher in winter than that in summer, in consistent with the trends found in other similar

primitive lakes. Our results show that using different media may have different limitations in cultivating

microbes from natural environments. This study may contribute to the understanding of significant re-

lationship between microbial diversity and environmental characteristics in unique Maar Lakes and to

the isolation of novel functional bacteria.
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HA . ZF EESR.

1 M5
1.1 #7#)

1.1.1 HMmAYSEE: T 2009 4 7 A 30 H 12009 4F
12 A 24 HO IR T B IRKIEFIAERLE 1) 3 4K
JZA(1 m. 5 m AT 13 m)POKAE, 21 RIE 1 5
IR T RAEDT S A HU B B SRR A K S

R1 HEBKXEH

Table 1 Parts of hydrologic features of sample
BH
2009.7.30 2009.12.24
Parameters
#H
&I 4.1 3.2
Transparency (m)
K= 15 131 513
Waterlayer (m)
vE
it B2 31.2 31.1 28.6 19.8 19.6 19.2
Temperature (°C)
pH & 807 828 7.28 774 7.8 782
pH value
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1.1.2 #HFEY4LIE: FH Niskin Rk 25 R4 5K
FES L, SERPHE ISR S HEAT R — SRR . RS
JKEEMR YT 3 pum JEBE (Millipore 23 @)L €, i ERY
BN 2 BiR .

F2 KITIEAYATR

Table 2 Volume of filtered-water sample

IKZE 3 um i AL
Waterlayer (m) Filtrate volume (mL)
HE K7
1 650 650
5 650 650
13 400 650

1.2 FREUAEFRIR
121 HEFE: (1) AWEFARHFE RAY (gL):
TERER 1) 0.50, AR IR 0.25, FEFFR 0.25, BEE
HER/K Y 0.50, %M 0.50, liEMETER 0.50,
MgSO0,-7H,0 0.05, NEREREH 0.30, K,HPO, 0.30, B
JI§ 15.00.

(2) 43 pm PERETIE S AW KR 100 mL
5 1.5 g BRARBC I A 3E 7 2k . BB A 5 B e R 28K
EHTLE 1x10° Pa T K 20 min, )7 HUH #8157 1L
(EA2 9 cem), 4L, JHHE 4°C P&,
122 REVAEFREE: ¥ 3 um JIEEHLEIK
JZHY 50-60 pL B KRR EAEIRAG T HRPIERE R
b, TERFEM R, MRS A K Z M TR B
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AR AL B I X 55 35 3 T 04 TR E 400 Bk Rl 26
R LLRAF R B A 5% . FARE T 4 °C % H,
Ii] Fisf 1) 5 H MW N 20% M TR RO E T
—80 °C KWIGRAE . T 14 FE 24 45 BE T 76 AR TRl K
NLJBR . B SR EAIE B Lk

1.3 TAIEEFE4HE 16S rRNA FFE I

1.3.1 WHMBERINMAEEERLE DNA: HIAREAE
WIF: 7E R2A [ IR R4 & 4 15 37 b B Bk i
45 BAR T4, TR 100 L 0.05 mol/L NaOH &
T KR 200 uL PCR & h, IR &A= LRI
FITBETIAE N, IREJE 95 °C KIBALEE 15 min;
14 000 r/min &[> 2 min, H 1 uL 7EF PCR [V Y
R o

1.3.2 BOX-PCR [ [ K #8434 (1) 4 R0 pE 5L
[KZH DNA () BOX-PCR S o ARk i i H A 7] 1)
SR IR AR, BRIl RN LN 4] DNA &t
BOX-PCR i J& b HL K #1435 . BOX-PCR [ X
MFEFEWIRY: 95 °C 2 min; 94 °C 30 s, 92 °C 30 s,
50 °C 1 min, 65 °C 8 min, 35 MiE#; 65 °C 16 min.
BRL 7= WA 1.5% 35 Ae B BE e F Ok ke DU,
GoldView Jxf, .

(2) BOX-PCR i BUBY 70 3R1T 0945 40 R AR
BOX-PCR F=HI1E 1.5%35 R o6 s oL vk Azl o #EL 3K
FIFER R W TR, 70V, HLIKIHE A 180 min E
210 min, BFEEI ] GDS-8000 %5 F 15 20 Hr A IR
Jo, N MO8 H UK S Bt FURBL I 2 A, 0020 ik
H1 A A R A5 1 TR
1.3.3 16S rRNA EE Y PCR 1E: HACEIER
afi 7 5% A L PR 2H DNA 1Y 16S rRNA LR 34, fifi
FHE 514 27F (5'-AGAGTTTGATCATGGCTCA
G-3")#1 1492R (5'-GGTACCTTGTTACGACTT-3")!"",
A3 SRR T K% AT 8 16S rRNA JEF Y 8—27 Al
1492-1 501,

S P IAE 1% Bnt A W v M Fi Dk R, ol
GoldView 4L,

1.3.4 MESEIRERMEDH: (1) K HME b7 iE A
A T AR IR 55 A PR /)T o W34S 1A%
1% 7 9 AR K0H 5 11l (RDP) I Classifier T LA
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INT ARG LB IAE, R 80% A BINE
{5 B {H (http://rdp.cme.msu.edu/classifier/classifier.
jsp)e (2) 1€ NCBI %#% 2 hifi i BLAST T. H(http://
www.ncbi.mlm.nih/BLAST)# 5 H i /5 571 5 545 ¢
H R RIS, R ClustalX 1.8 # {4 0E47 41
PEREHESIY, SR 5 MEGA 4.0 Fof U2 it f
MR TN Z BRI KR

2 HR5a5h0
21 FHREBFEHNERZTEIHEDH

ME 2 FE 3F W, KRR FRE, BRE
B R ORE 23 A2 4 75 2 2%, R2A B9t |
B H 2 20K S m 1 m fil 13 m; 7EAZR,
WK 1 m>5 m>13 m, SCE AR P B, [
FEEEAEA R L3RI 40 o AR b A R, — %
BTERSRAT 1 & 2 d MAAETE, RE R I
o FiEe . M EsE,

—

S5m

2.2 #ARE# BOX-PCR FE o

ASYR S B R Y 2 35 77 2 R2A 15 55 BE R /K
IR RS, fE AT BALHRECT 340 4l bk,
22 BOX-PCR A B4 Hr S B4 15 Hi ) 16S rRNA J
B, T 280 PRACERBEMEA TIF 0. HohrE
HER2AR S L (RIKZ-G'5)H 76 %, H K
TR R FR I b (shui-/K2-%'5)H 83 %k 4% R2A
FiFidE b (dR-KZ-Gi o)A 63 4k, ZZMI/KHEE:
FE3E L (dS-KZ-4i %) 58 4o

& 4 /R T4 BOX-PCR (LIRSS, fE5E
iR, DL 340 HR2LR AR B R R SE R 41 )
JFEAREFT BOX-PCR I, it UVP BEIE A%
RGN Uk B, REE T LR, O 2R A G
BOX-PCR HLyk Il N B AT #H W] 454 I A bR, JF#E3X
AR AR PR 1 RRVE AR TR, HEAM)T )
MrbvBr. M 5 Bilh, WIS IRk BRI R
BOX-PCR &I 76 AH [ 2247 i) Z R AL

&

13 m

El2 Z2FRAEFEIHNEETHEER24dRE)

Fig. 2 Differences in winter isolates on R2A medium (Culturing after 2 days)

L

El3 EERAEFEINEETHEER24dRE)

Fig. 3 Differences in summer isolates on R2ZA medium (Culturing after 2 days)
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Fig. 4 BOX-PCR profiles for a part of the strains from samples in different seasons
A1 mE 7 R2A ISR [ 1-20 S bk B: 1 m EFWDKBRIEH 772 L 1-20 SRR C 1 m &% R2A B9 | 1-20 S HiIfk; D: 1 m

L WK e g5 b 1-20 SR M: A FRARMECEAEY).
Note: A: Strain 1-20 from R2A medium of sample in summer; B: Strain 1-20 from filtered-water-agar medium of sample in summer; C: Strain
1-20 from R2A medium of sample in winter; D: Strain 1-20 from filtered-water-agar medium of sample in winter; M: Molecular maker (TaKaRa).

2.3 SHARBFEHEE 16S rRNA EEFH9 4 bpo MLz 34 s 6T 8910
{65 30 514 1492 F1 Eub27f 9714 F3& 280 B
FFRAY 16S rRNA LR F B, T )5 3R BCAY e 2h
Hh 249 %, HEZA 132 4%, &4 115 5.8
s s s
¥ 3151975 ] RDP Classifier T E#17IHE

IR SR, FREUK &8RP 5 35 T RDP %&%E
FEFR) 4 A2, 398 (R 23 4NE,

Z 29 NE), WWFE 3, HPEZE R2A ii%ﬁt%u/ﬁ)bk
TR B IR I S AT 17 AF 18 AN g, A& 2= )
R 19 ANH 21 ANE . BRIA R EAR N 80%. M
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5 Z£ZF1m. 5mEHE 16S rDNA EE &4
(91 500 bp)

Fig. 5 Amplified products of 16S rDNA from parts of
strains in winter samples

T 1-5: 1 mKJZHKR; 6-10: 5 m KJZ Hkk; M: Marker 2000.
Note: 1-5: Strains of 1 m samples in winter; 6—10: Strains of 5 m
samples in winter; M: Marker 2000.
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*3 HEFHIKFRELE 16S rDNA E E F5 RDP Classifier 3325 R

Table 3 Taxonomical hierarchy of 16s rRNA gene sequences of the representative cultured bacteria based on RDP
classifier analysis

b OUT SR H Roe
Representatives of OTU Clone number L s —
J& Genus BI5E Confidence (%)
Bacteroidetes
dR1-22 2 Chryseobacterium 100
dR13-8 1 Mucilaginibacter 100
dR5-12 1 Flavobacterium 100
dsS13-11 3 Elizabethkingia >99
Actinobacteria
shuil-22 1 Unclassified Corynebacterineael 96
shui5-21 1 Unclassified Microbacteriaceae 100
shuil3-28 1 Aeromicrobium 100
dR13-9 1 Leucobacter 100
dR5-13 5 Microbacterium 78
dSs-23 1 Nocardioides 100
dS5-24 1 Agrococcus 100
dS13-27 1 Unclassified Promicromonosporaceae 100
Firmicutes
R1-13 3 Staphylococcus 100
R13-7 1 Unclassified "Bacilli" 84
R13-10 5 Bacillus >98
dR1-20 2 Unclassified Bacillaceae >87
dR13-16 1 Lysinibacillus 100
Betaproteobacteria
R1-24 2 Ralstonia 100
shui5-6 1 Methyloversatilis 100
shuil3-15 1 Aquabacterium 94
dR5-25 1 Curvibacter 100
dR13-13 1 Alcaligenes 100
dR13-15 4 Pelomonas >93
Gammaproteobacteria
R1-17 1 Unclassified Enterobacteriaceae 100
R5-8 5 Stenotrophomonas 100
R5-28 49 Acinetobacter 100
R13-19 27 Pseudomonas >88
R13-30 3 Rheinheimera 100
shuil3-6 1 Unclassified Moraxellaceae 83
shuil3-10 1 Pseudoxanthomonas 100
dR1-6 2 Unclassified Pseudomonadaceae 100
dR1-11 1 Alkanindiges 90
dS5-26 1 Unclassified  Gammaproteobacteria 83
dS13-3 1 Aeromonas 100
dS13-16 1 Serratia 100 (f§£k)
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Alphaproteobacteria
shui5-22 13 Rhizobium >97
R1-18 1 Unclassified Rhizobiales 99
R5-6 11 Sphingobium 100
R1-27 1 Unclassified Rhizobiales 100
R1-30 5 Blastobacter >82
R5-23 2 Paracoccus >99
R13-4 12 Bosea 100
R13-5 1 Unclassified_Alphaproteobacteria 96
R13-12 16 Sphingomonas >81
shuil-1 30 Brevundimonas >90
shuil-23 1 Unclassified Rhizobiales 99
shui5-8 9 Xanthobacter >84
shui5-25 6 Caulobacter 100
shuil3-3 1 Unclassified Rhizobiales 100
shuil3-11 1 Unclassified Rhizobiales 99
Unclassified Bacteria
R5-21 1 Unclassified Bacteria 96

RDP 3443 Hr Fl 16S rRNA JF 5143 Hr 45 5 (8 6) %k
M, I AR 2= AFK)Z T, IF A
HFBHAL, 35— W P TR A TR Y AR 2 R
SEM AL, 8 H LA TE BT IVE M R SR
HWRE L . JERE R AT B S, Hr &y He il ok
T 76%, X —BUES 2R A A A W oY 45 R
RIS AT AR I B, A8 T AN RERE 1 i
i H Bt L 25(87.9% . 6.8%) T4 Z(84.6% . 2.6%)
AR AL 2 BT B RS, I HK 2R TE 3 T R
e K (K2 REZ . 89.1%/88.6%, 90.7%/87%,
83.7%/77.8%); ikt N & F I EE 3.8%,
K7 6.0%),
24 HAREKHRFEE SN

DL NJ (MEGA 4.0 8RRkt 1 ) 5557 Il 4
P 16S rRNA JPHIM ARG KB WA 6). 453 BIR,
38 ZWDC AR AT 16S rRNA B 181 E T
SR ERBUB K 249 KA, Hep 7 KPS
(HQ436429 . HQ436438 ., HQ436439, HQ436442 .
HQ436451, HQ436452)5 GenBank "' A M4
) PR f R AN B 90%, I 7R 1 16S rRNA FE [
RGKRE WA IR B KRR TR IWEAN R 43 R

http://journals.im.ac.cn/wswxtbcn

JERER . FFE . oI . BB W UL & y-AR
3

e FELO DAL LA AR (R VA 25 40 S DTRR W R R, T
THTURR W T 09 IO RO A SRR BT A L Dt 2B AR
FUS AT FRAE, 0 55 PR BT S S5 1 I SAR M L 22
— Y AR AG A A I 5 R B YR . e,
] A A7 2 3 30 5 90 O 2 3 T 1 B 43 B 48 s R OR
YR VK 199 14 <A A8 B UY), Negandank 4% L) Lake
Holzmaar [#B45380)2 8 F 810534, Mk T K
BH = A (i ] BESK B LI BRI AR AR
I R A M S R SUZ IR A B B C R, A
T, F5SEL I 000 39000 e i M L2 5 i &% 2 e B I U2
DU AU AE SIS 2 A, 7EH10 M R
AESHRRIRINRE TR | A PRV XA B DR A AL
il bt A oA R PR A S T, A EAR R, e, T
78 S5 50 G AR W T T v 4 8 R eI VS BB
HAT B A RIRCR PR, X it — R R
SHZHIREDGE AR AR T iR

b
P

W
S
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3 Uncultured actinobacterium clone HF500 26C13 (EU361011) —
100%— Clone shui5-21 (HQ436426)
92| Microbacterium schleiferi 23-44 (EU168035)
— Uncultured bacterium clone nby649d04c1 (HM845218)
100 _[ Clone dS5-24 (HQ436423)

76" Agrococcus sp. RCML-30 (FJ005071)

Clone dR5-13 (HQ436425)

100 Wl Uncultured bacterium clone nbt38c01 (FJ894283)

Microbacterium esteraromaticum XJ-7 (FI1527721)

100 Clone dR13-9 (HQ436424)
100 |- Uncultured Leucobacter sp. clone A4H6MS (GQ206322)
90" Leucobacter iarius 40 (AM040493)

Uncultured bacterium clone L1142-5P14 (FJ672639)
4100,_Ebmicromonospora sp. LCR44 (FJ976553)
63 L Clone dS13-27 (HQ436422)
57 Mycobacterium sp. SRB1151-113 (AB010910)
100 H— Clone shuil-22 (HQ436421)

! Uncultured bacterium DSSD26 (AY328725)
100 | Aeromicrobium erythreum NRRL B-3381 (NR_024846)
100 Clone shuil3-28 (HQ436420)
Uncultured bacterium clone ncd548d12c1 (HM277994)
95 — Uncultured bacterium clone FFCH5314 (EU133114)

100 _|:Nocardioides sp. Gsoil BX5-10 (GQ339904)
97 Clone dS5-23 (HQ436419)

0.02

88 —y Lysinibacillus fusiformis 112XG14 (FJ174599)
100 | Clone dR13-16 (HQ436428)
100 Uncultured bacterium clone A7 (HM007543)

Uncultured bacterium clone nbw145¢03c1 (GQ067995)
—IOO‘Staphylococcus capitis BQEN3-03 (FJ380955)
Clone R1-13 (HQ436427)

Uncultured Bacillus sp. clone W2 (FI863099)
Bacillus sp. G16 (FN543480)

Clone R13-7 (HQ436429)

0.02

m[Chryseobacterium sp. OS11 (EF491961)
Clone dR1-22 (HQ436418)
Uncultured bacterium clone ncd256f04c1 (HM269890)
Elizabethkingia meningoseptica EKMS1 (GU180606)
—I(X)tUncultured bacterium clone NMG46 (GU183606)
56 —Clone dS13-11 (HQ436416)
——Uncultured Flavobacterium sp. clone SOC18C (DQ628948)
100 _:E‘lavobacterium glycines Gm-149 (EU672803)
50 Clone dR5-12 (HQ436417)
Sphingobacteriaceae bacterium kmd_018 (EU723091)

100 __:Uncultured bacterium clone ncd182c04c1 (HM261523)
94 Clone dR13-8 (HQ436415)

100

100

0.02
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Sphingobium yanoikuyae TYF-1 (AB491195)
100} Clone R5-6 (HQ436447)
100 Uncultured Sphingomonas sp. clone 1P-1-J12 (EU704841)

Clone R13-12 (HQ436446)
55 100 [ Sphingomonas sp. XJ-3 (GU184189)

Paracoccus sp. jx9 (FI539115)

100 | Uncultured bacterium clone nby664f11c1 (HM846224)
~ 52 L Clone R5-23 (HQ436445)

Agrobacterium sp. ZY064 (EU652864)
100| Clone shuis-22 (HQ436450)

Uncultured bacterium clone ncd998t06c1 (HM332666)
T 100 Rhizobium sp. W3 (EU781656)
100 || Uncultured bacterium clone ncd133g08c1 (HM259076)

48 Clone shuil3-11 (HQ436451)

Clone shui5-8 (HQ436449)
100 Uncultured bacterium clone ncd949f10c1 (HM329117)
100! Xanthobacter flavus B2 (AB512110)

88— Clone shuil-1 (HQ436448)
43 Brevundimonas poindexterae FWC40 (AJ227797)

Uncultured bacterium clone p02.D11 (FJ602414)
100 Bacterium SURS-3 (EU195909)

100[| Clone R13-5 (HQ436452)
60!'Uncultured bacterium clone nbw914a07c1 (GQ028236)

0.02

100 | Uncultured proteobacterium clone LPROCKB44 (FJ902310) —

98 Clone shuil3-15 (HQ436434)

100 — Beta proteobacterium IMCC1721 (DQ664240)

Beta proteobacterium KIN192 (AY 136099)
100 WE‘: Uncultured bacterium clone ¢s-50 (HQ115566)
93 Clone dR13-15 (HQ436432)
Clone dR5-25 (HQ436433)
100 _E Curvibacter gracilis 7-1 (NR_028655)
87 Uncultured bacterium clone XmE347 (EF159932)

Clone shui5-6 (HQ436430)

100 _LUncultured bacterium clone M5-A9 (EU148706)
670 Beta proteobacterium W8 (AY429708)
674 Uncultured Alcaligenes sp. clone H2 (FI1863103)
100 HI_Alcaligenes sp. LI-F (DQ211905)
Clone dR13-13 (HQ436431)

http://journals.im.ac.cn/wswxtbcn

82 | Uncultured bacterium clone 1 (GU574353)
100 [~ Ralstonia mannitolilytica SDV (DQ239898)
52" Clone R1-24 (HQ436435)

0.02

100t Uncultured alpha proteobacterium clone NEC02051 (AY911432)

Alphaproteobacteria

Betaproteobacteria
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Fig. 6 Phylogenetic tree reconstructed from 16S rDNA sequences of the culture bacteria from Huguangyan Maar lake
Note: The tree was evaluated by bootstrap analysis of the neighbor-joining method based on 100 replications. The numbers in parentheses are
accession numbers of sequences in GenBank. Value of 1 000 bootstrap resamplings that supported the branching orders in each analysis is

shown above or near the relevant nodes. Bar: 0.02 sequence divergence.
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