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Analysis of the diversity of intestinal aerobic bacteria from the Sth
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Abstract In order to investigate the diversity of the intestinal aerobic bacteria of the 5th instar larvae of Dendrolimus
kikuchii Matsumura the characteristic ARDRA fingerprint of the larvae’ s intestinal bacteria was obtained by amplifying 16S
rDNA with a general primer and digesting the 16S rDNA PCR amplicon (about 1.5 kb) with four restriction enzymes
(Hae Il , Hind I, Hinf] and Tag 1 ). ARDRA patterns were analyzed by MVSP software using the UPGMA method,
and the full complement of 5 representative strains’ 16S rDNA were sequenced and blasted in GenBank. Although a few
enzyme combinations (Hae Il + Hind Il and Hinf I + Taq 1 ) could not completely digest the 16S rDNA PCR
amplicon, the diversity of intestinal bacteria could be inferred from the results obtained from all four restriction enzymes.
The results of phylogenetic analysis based on sequencing show that intestinal aerobic bacteria from the 5th instar larvae of
D. kikuchii include Klebsiella oxytoca, Yokenella regensburgei, Klebsiella peneumoniae, Citrobacter freundii and Bacillus
thuringiensis. This diverse intestinal microbial ecosystem may help protect larvae from invasion by invasive pathogenic
bacteria.
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JZEWNE B Dendrolimu kikuchii Matsumura, X
2k @R B L, 85583 H ( Lepidoptera ) A i ik B
(Lasiocampidae ) #3 & W J& ( Dendrolimus) , 75 5 4y
i TP o R LR LSS, B,
BEPARBHAEAE T ~2 0, 27 %, DL 4 R4 il
K A T T RGP CROR B, EEAE
BLFEFS (Pinus kesiya var. langbianensis ( A. Chev)
Gaussen) | == 74 ¥4 ( Pinus yunnanensis faranch) . =
M AZ ( Keteleeria evelyniana Mast) J By BB #4 ( P.
massoniana Lambert) ZER Rl B A A B F K E
BEAE ([ R A B sl W E 5 BT, 1979 ), B FR A
“JC M k K7 ( Gninenko and Orlinskii, 2002;
LeMellec and Michalzik,2008) ., #A % B KE B A
I 3 B 5 NSO (An e b ) (Bosk (BUE 4%
(EB 2R 01,1999) o H B E A S8 il
FIBIF ST T 2R B A X H B iR J7 Tl (Bogus et al.
2007 ; #577 111,2009 ; it 5 BH AN E A7 5%, 2010) ,dA
XF HE IR U B I 5E H 0E (213 AT &1 b, 2010)
(IEREN7BIERT € 7/1 Rl SUUE 'S1 B8

RSP P B BB i B A R — R R R
YSRGS, HE Ze A T Fa B A 6] 4 3
P HBCED A R AR 20 ( Moselio, 2006 5 #0455,
2012) . 5 A8 B Ho iy il BT 3 AR R 1 2 0k
Yy A AN Bt PR AT 16 IR A0 T DR A Bl ) A
TR R R TR K AAER] . ¥ 1l B X A
P BT AT U A 5 4R 0 SE A A I 3 T AR T,
IEREXT S A K AR L RE i AR AL R IR TR A
JLAEA: R 6 BB A BT BT U0 R A ik IR R 55,
2010) , HETEA H A f i i ( 0129 5 45, 2005) |
FEH U5 Ry B4l L (SRR A 2006 ) | AR L
A HL (X E TFAF,2007b) AR KR (X K TR AR,
2007a) 2R 4l 1L (B TCFIX] E F,2009 ) FSC L
AT He (BRI A 25, 1998 ) 45 B H Jig 38 Bl A= 49 19 A
KMFFE (B b T o gy T AR W 04 X I 5 R WL
e i, P78 DNA BR ) P # D) 5 B o b ik
( amplified ribosomal DNA restriction analysis,
ARDRA) & PCR L Rl RFLP £ RS & 1114
B F 3% A ( Vaneechoutte and Rudi, 1992) , 7K 3¢
FIJH ARDRA FHCH AR T 5 B F M B R4
He 3 A0 T T RE R 22 R, D9 BT B IR T T R
e ERIPSE X1 X €/ TP R NS SN WS R I & ¢
AP BEIR A TT R BAT BRI R

1 #R5F*

1.1 SEIesrf

BEEM B RS B4 iR A EH T RALR
FERNFRI SR B HUR G A 40 FL Bk 22 (5, -7
G N B T BN, 2 R A R S

NA 3 7 %. CMC-Na 20 g; Na, HPO, 2.5 g;
KH,PO, 1.5 g; B R 2.5 g5 BiflE 20 g; 7818 K
1 000 mL;pH 7.0 ~7.5,

1.2 LWHE
1.2.1 BEABEMSE KARE R A 8RR
FMER S BRI KER2 ~3 d EZHENE
Y HEE, 1T 75% ORS00 W AR R 10 s, B
0. 1% JHREEHIH B 10 s, TR K Uk 4 I £
A T LR 3 e J5 1 R b 9k T 1 KT i
URATAE NA 5535 5 1 K I iR SRS 58 2 SIS .
FHTC T 08 40 W 118 B S 0 4 Bk SRR 4y TR
TR AT A & B U 8, pH ) , T K
BB T BERR (A 2 mL TCEEK) 215 s ik
Fie 10 A5 86 BEAT AR BE J5 , 45 B 0.5 mL 2 1ii T NA
ot b BT 25CHRAR RS R . FEIRAG P
M b H T VR TS P R B, B HE TR NA P AR
L HEBE B, g fh S 0 AR A
R 4CIRAE, ITAIREESR 3 K.
1.2.2 DNA (3280 DNA {9 £ HUH 40 B DNA
PRGN & ( B RRAF) .
1.2.3 16S rDNA #18 O5|W kst E1 514
5'-AGA GTT TGA TCC TGG CTC AGA ACG AAC
GCT-3"; [ In] 3] ¥y : 5'-TAC GGC TAC CTT GTT
ACG ACT TCA CCC C-3'( Weishurg et al. ,1999)
(H B AET A TERARAFSG ) . @K NIk
FAEM G 10 pmol/L; K1 514 10 wmol/L;
PCR MixMaster 25 wL(H1db 5t G AW AR A
FRZS w4 1) s DNA 4R 2.5 ng; K& K £k 2 50
pLlo @R AEF : FAE M :94°C 5 min; 48P 94C
1 min,iB & :56°C 1 min, ZEAfi :72°C 3 min,30
I LGEAf 72°C 5 min, @PCR =445 : PCR
Y5 wL H]EB B8 ik B2 Ry 0. 8% 1) 35 Bl e fie
F KRG N, P AR ASC A
1.2.4 168 rDNA BREIEEGY] ASLEH T 4 F
PRI 1 PN U I, B 4 FH SR 7 S B 20 & (Hae T +
Hind 1II) X%} 1381 16S rDNA § 34 7 Yy 17 B V)
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H N ZE R Hae M 15 U Hind T 15 U;10 x
mol-L ™" Buffer 2 pL;DNA 10 pL (<1 ug); KH
KAFEF] 20 pL, 37°C T &Y 5, 0 EB J«
M2 0. 8% 1) B g W Bk e o B Mg V) v B, H:
WHZ i Sl 4 (Hinf 1 + Tag 1) X% iRy
16S rDNA #E47 il V), H S W AR & 2 : Hinf 115 U;
Taq 115U;10 x Taq I Basal Buffer 2 pL;0. 1% BSA
2 wL;DNA 10 pL ( <1 pg) ; KE K FEF] 20 pl,
37°C R 2 ~3 h JGH-T 65°C F i 2 h, fij EB
ek B2 0. 8% 11 SR &E I 7 B I U0 F B o
1.2.5 ¥BHM ] Total Lab TLI00 #E g &4
3 AT A XoF B T W B i L YK L 9 AT 4 A F
VK EE b A DNA #° 7l 1, AN i
LN 0, FEAT G (/T 100 bp 19 F I8 He AR
e BT AT A9 R B KN, BT DUAE A 3R 80 o R
%) i Ja H MVSP 8 g R RS

1.2.6 MFE  HIE R 45 Lk 5 M 10 2 B bk
Bt 16S rDNA PCR 724 30 wL 2% 48 AP ¥

2 HREHW

2.1 BEARSTBEER

Zad s aife, N5 I B AN B 4l U iE
rhARE] 10 KR, g5 k5101 ,5102 5103 5104 |
5105 .5106 ,5107 \5108 5109 1 5110, it pH {H

M12345678910M

a brdcEa cr 'dhd rdic b

- 1500

g

‘“-:E 500
-
e3 B -

] 100

W 4550 5 W RSP BRI iE pHE R 7.2, 2
Hidk
2.2 #%%E{K DNA E1] (ARDRA) £ R

W 10 A Ji 38 T 26 K5 5= 43 5 i 45 PCR &)
BN, 915 35 4K 1 16S rDNA, 25 5L 7, 38 5
WXt i B ) DNA #E47 16S rDNA 34 )5, ¥4
1 500 bpZE A7 4 14 55 (B 1)

M12345678910M

1 ¥ EHA 16S rDNA FE
Fig.1 The 16S rDNA fragments amplified
M 455 100 bp DNA ladder, 05 %7 B b4 5 .
M is 100 bp DNA ladder, the digit showing strains number.

B 9™ 9445 20 19 A% B R DNA T BR 1 1 3 U1 i
T AL 0 Tl D7) 121 3% UL P 2

MO0O123456738910M

ABBB BCCCDE
bp

1500
1 000

500

100

B2 [FEMAER 16S rDNA PCR =% Hind 1l Hae W (k) B Hinf 1 Taq 1 () @YK EXEIL
Fig.2 Agarose gel electrophoresisof amplified 16S rDNAs digested with Hind 1
Hae M (left) and Hinf 1 .Taq 1 (right) from gut flora

M %75 100 bp DNA ladder, Hefli 5= &) (a, b, - 5A, B, oo ) F Al B Pk B (JE R U1 5 DNA R B B
AT AR ) 8 U A 310 S — Rty B R [E A S O — ) L BCF RN BRGS0 S UK Sy a E
M is 100 bp DNA ladder, other letters(a, b,-=---+3; A, B, ------ ) are different electrophoresis zone type ( lanes with same

DNA fragments and position are same zone type, otherwise others are different zone type), the digit showing strains

number, 0 is CK.
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10 # 5 4 JE 28 4 6 H4h Bl 3 40 58 Y 168
rDNA PCR =¥ & SE 4 w41 & (Hae M+ Hind
M) 647 U0 J 1) B B o 58 e ri ik L3 (181 22 42
ALE L HER Y 10 BRI IE RV S A 5 Rl okl
BU(43 & a b c.d e 5 Bl B, i isf BT 4K i V)
B /b S VR W A YDA R, T R i T
AR, RREFE /0 e 5 4 B354 T oR 1 4N
MRk, BT LAIRAT ik T 2 0 Sl 4l & (Hind
[ + Taq 1 )Xt 16S rDNA PCR i#E17EGY], 451
TN A S AL A X 16S xDNA PCR #E47 il D1 J5 1Y
ENE M BE R Uk B (2. 47) 5 207 s &
B Ul JE A — 2 22 5,10 BRI IE BA 5 Fh e ik

=1

By 5E A B C\DE 5 Flif i) , [A) R i 35 g 1)
Fr B SR JO VR R T RS R BE ST
Oy RS % RGP RA B B B T R 2 AR E . (HRSE
7 ST RN 22 67 5 G D) 245 SR 45 5 )5, 459 B 0 Akl

HOZEERY,EAME TITAEAR, TR
W T 5 i RSP A B ML 4l H Y T A R Y 2R

2.3 BEGNFER

Fe g U125 R i UPGMA R (18] 3) , JF i
AR PRI, 0 Py 45 2R 8 id Blast Lo, H45 2R
W1,

KRBT 4R

Table 1 The sequencing results of representative strains

REFE S

Number of representative

GenBank & %5

AL (%)

Query coverage

GenBank accession

LB (% )

Percent similarity

Eyit]

Description

strains number

5101 AB273739. 1 98 99 Yokenella regensburgei
5102 AB353046. 1 99 99 Klebsiella oxytoca
5104 AY830396. 1 99 99 Klebsiella peneu

5107 EU366370. 1 99 95 Bacillus thuringiensis
5109 AB548831. 1 99 99 Citrobacter freundii

e 1 nl A, S e RSP RN B B g T A 4
12 58 5 1A [C A1 B ( Klebsiella oxytoca) | T 4 Hi & 2
5 [C B ( Yokenella regensburgei ) | 5 57 10 K #T
( Klebsiella peneumoniae ) . 3% K #7 & B T &
( Citrobacter freundii) . 7 = 45 2 #t0 ¥ B ( Bacillus
thuringiensis)

E 3 LU 7 B A% 2 0 10 4k 3 i AE

UPGHA

80% MAHALK PSR S 28, B iy 5 % 4 d f i
A Z AR RO i O 2 R A
JE PR AT BE S - R O T AL BT 5 kR TR A A
KA AR A=, 7€ A e A i 38 B ) — 13 1
B3 ad s i, or s A 2 10 dRiE R 2 8UR T
PR I 18 T X 26 18 T AR AN B U aE A
R DI B, — AN X P B HUESOR , 3 T LAHIE i b ok

5104

———
|5105 Klebsiella peneumoniae
5103

5102—* Klebsiella oxytoca

5109

SI 10} Citrobacter freundii
5108

I
(5 07} Bacillus thuningiensis

]

15106

5101 —»Yokenella regensburgei

52 60 68 76 84

92

100

AL 43 BE Percent similarity

B3 ARDRA ZRMHRBELEURNFLER
Fig.3 The results of ARDRA in dendrogram and sequencing
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T TR N R P P B U AR T o (HLR R R 5106 A
5107 Jo o = A ZF FURT B, R —Fh R VB (RO EAE
5 BIP B B B i A S (0 20% ),
WBA XSS e K A B HUE R, AR AT RE Y
JE AT PUTR LT i : (1) P B A IR =5
ZF AT T 04 ZF 7 A 98 A AR 7 R B B i Y
PRBE A R v TR N AT R A — B fi 3l R R i
153 i 3 =) 0 0 85 Bk R, P AL Ok AR TG 0 T A R L
H O 5 A A R R TR R, (2) &
S8 T B IE R SO W IR BHL R T A7 32 Ml o D
T AET R A, (8 45 3R I 18 E A8 T 98 = 4 2 AT
R G A A B 9 2F J R AE R AR AR, AT ZE S T
WE NI A S RGO . B2 ,5 BB
T HU T 2 R B R 8 1K R B0 A ) AR
e dr B R W R S R AR E , IR TP AL T R f
B

3 #Hig

(1) S FH G (Hae M + Hind M) f1£
B S B4 A (Hinf 1 + Taq 1) %5 2 650 7 8 w0k
FImGYIE B G 78 4 R W 5 % B8 fn B i
A 2 FE M S 7 T A 22 A5 A I 0 T DD 45
REEE IR A RE M Z M

(2) %3 ARDRA 4B 51,5 #6585 4 1
(4 17 18 T TE 80% B9 AR K P B SR S 26, R
TR E R 2R

(3)5 WSS AS B HU iy i T8 T B R
FAA KT B ( Klebsiella oxytoca ) | B 4 i £8 2 78 [C
B ( Yokenella regensburgei ) . i 55 1H K T B
( Klebsiella peneumoniae ) . 35 [K #7 & ® # &
( Citrobacter freundii) , © 178 18 W IE % W) i 4= 9
RGBS B T = & 2 AT (Bacillus
thuringiensis) X 2P FA B R FH P RPN E
HURgfE R
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