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Comparative analysis of the composition of dominant intestinal microflora in

silkworm reared with different forages

XIANG Yunqing, WANG Xiaoqgiang, FENG Wei, ZHOU Wei, XIE Hongxia, WANG Yongji *
College of Biotechnology, Southwest University, Beibei, Chongqing 400716, China

Abstract; The insect intestinal tract is a complex microecosystem that contains abundant microorganisms. To explore the
relationship of the intestinal microflora of lepidopteran insects with host growth, development and disease resistance, we
reared silkworm larvae with tricuspid cudrania leaves and mulberry leaves ( both belong to the family Moraceae )
respectively, used methods of pure culture isolation, 16S rDNA sequence determination and phylogenetic analysis to
investigate the gut microorganisms in fourth and fifth instar silkworm in order to find the composition changes of the
microbial community that induced by forages. A total of 56 dominant strains were isolated from intestine of silkworm larvae
and classified into twelve different genera according to the characteristics of colonial morphology, mycelial, physiological-
biochemical identification and 16S rDNA phylogeny. These twelve genera are Brevundimonas, Stenotrophomonas,
Enterobacter, Staphylococcus, Pseudomonas, Agrobacterium, Aeromonas, Brevibacterium, Citrobacter, Escherichia,
Klebsiella and Bacillus. Only four genera of these dominant strains ( Brevundimonas, Stenotrophomonas, Enterobacter and
Staphylococcus) were common existence in the intestine of silkworm larvae reared with tricuspid cudrania and mulberry
leaves. Besides, five genera of these dominant strains ( Aeromonas, Brevibacterium, Citrobacter, Escherichia and Klebsiella )
were detected in the intestine of the silkworm larvae which reared with mulberry leaves, while only two genera
( Pseudomonas and Agrobacterium) were presented in the intestine of the silkworm larvae reared with tricuspid cudrania
leaves. The composition of dominant intestinal microflora had shown significant difference between two kinds of silkworm

larvae that reared with different forages. While the silkworm larvae were reared with tricuspid cudrania leaves, it was
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notable that the diversity of dominant intestinal microflora was considerably lower than that of silkworm larvae which reared
with mulberry leaves. In addition, we made preliminary studies on the relationship among different dominant intestinal
strains of the silkworm larvae that reared with tricuspid cudrania and mulberry leaves respectively. The certain dominant
intestinal strains from silkworm larvae that reared with two different leaves mentioned above were combined together as
microbial additive to feed silkworm larvae. Taking 3 independent experiments for each combination, we found that the
silkworm larvae got sickness induced by some combinations with the symptoms such as spitting yellow liquid, head shaking
and finally led to death within 24 hours. These results suggested that there could be substantial change on intestinal
microflora of silkworm larvae, possibly the gut microbial community structure changes, induced by different forages. The
composition changes of intestinal microflora were qualitatively differed from the changes of that along with the inter-instar
changes of silkworm larvae reared with the same forage. According to the studies, we speculated that the community
structure changes and lower diversity of dominant microflora in intestine of silkworm larvae reared with tricuspid cudrania

leaves might be related to their retarded growth and susceptibility to Bombyx mori nuclear polyhedrosis virus ( BmNPV).

Key Words: dominant microflora; intestine; silkworm; type; difference; tricuspid cudrania leaf; mulberry leaf
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18 R, WP . B AAMEE N B S I E WA R R R R FEAE P AESH H B R i
EE T HoAd R B R B A BT S B D . B E R R AR — D E B, DA R R VB
B B 5 R T8 PIATE S A A SR O S 2, s K B U SR AU R A 2 TR

R 20 HE42 60 4-4R, Takizawa il lizuka %4 5K & i 18 P A B EA T3 — 26858 . REFHE MR RIHEH
HOBTST B e , 1982 4E Ty SC A WA AE TRl e M AR o 1996 sEINE H S MK & 18 4B i
16 252405 , 1 F A TBF 46 S 2 25 30500 A SR R 2 X 8 R R Wl ™ o 2000 4R ZR SR B S5 BT 5T % LK & i 18
WA, UM R EE 2, RO B TE . 2002 ik WE LR B E H A EFE WA HE
KA, Ho LA R ORI ZE AT B o 2007 4F H A 25 AR % 1 4 B 1 14 MR RSB ik 9
BT RZEHENEMRNSEE . WX EIRE T UE AT R EGEMEYAE T —E KR, E U
EHRARB AR RIGEMEY) 518 FRRER LR

¥ [ Cudrania tricuspidata ( Carr. )Bur. | 5 Z&# ( Morus alba L. ) J2Z&F} ( Moraceae ) N[l & HIAEY) , I H
e B AR B3 FIRH R e . Bl B Bn 4 ER AR BEREHAR, & BARRER
JRAE FE AR (H AR 55 , R ik iR e B AR B SR RS TR AR R E™ 5
BIRAGMHR IR R 7 5 YR B & A M BB B 1R T X s & AR AL i e e A b BN 2 4 BE T 5T
R B & LE P, A S 5 DAIAR B R R MR IR X 2, U IS AS [R5 55 1 T R &R I LS
WRERAI AL, IR R BN K AT IR S B ESAE SR RR , AR A SR A ER R
TEH D REFIVE FABE e BaAt , Dy ik — 2D A0 @ 3 H B B8 (R R A SR SR HE AR
1 HREH=E
1.1 SE5bk

TREE x Eip e Pl L&Al 3244t AR B B RPN, R B P g R R E S

LIRS A NEEAMERE(NA) DREHEEFE(PDA) K | SRR (CSA) &
RIEFREE(CA) . VA EEEFREREXEE, W pH £9.2—9.8,

XFRREAR KRBT E AR IR, PR R R e S R

PCR ¢4 FI 0| 290 5 TaKaRa 24 5], DNA JBebie 4fifk mIoR & B Jb i B A R, ZEE A3
514 1:27F(5’-GAGTTTGATCCTGGCTCAG-3") .5|#7 2 :1492R(5’-CGGTTAC CTTGTTACGACTT-3') , HE 4
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IR AT 13 AR TR 4 8RS B R P4, 251 E Mt mE R, B3 EiE. N
4 18551 R3]S BT K, B 1d, FBEE 20 L, YURE®R . EXEFET ,H 75% i SRR X IER%
X RBARR AT KE, TR K e 3 W, B H g, TG ST 38 wBUR W, B 5 kR B WAE D — 1 IE
BAAL
1.2.2 LA BRI 2B

R E X TR MR b, %8G S EEE LLEI o 10% DL b, BmHEARTTA 2 #2LEW
LT, TR B . DAL AR i o AR S B B B R

IR NREIREE AR B mL KB, 3 10 BRI THRE, & BUR = B EE %W 0. 1 mL
BT ARBEARE SRR AT EE 3 K, 30CHEFEAE PSR 3—5d, RBUL S E B ETE , B0 B 55
H EZWRRNE B il Gk Ch B —T) , BB SER AR , BeAh 2IAH B 1 & B 55 5 B IRAE
1.2.3 RAREHFVIFLE

Y B B B MR TEAE D S 35 5 ERIZE 30°C 1555 18—24h, MR HET S . RS 2 Yk M@
RIS I AT H At A B0 AR ARG - 2 R I L AL B A TR | B AR R B K I A B R iR
B SRA AL =05 TR 2 SR S AR BT 2
1.2.4 RBEHFHTFEYFLEE

(1) LA & PCR S Bl %5

MR BB BRE— IR R AR, A 100 WL JoEXZEK , Wen IR ) )G , WK ¥ 2 min, 10800 r/min B5.0> 5
min, F{ER P EIEA 16S tDNA, BT PCR P35,

(2) P34 16S rDNA [¥) PCR ¥ g Filll

PCR #3142 iR 50 pL AR R, 41 444 :95C 5 min,29 MEFF(94°C 1 min,55C 1 min,72°C 2
min) £J5 72°CEEfH 5 min, ¥ 6 pL PCR P SEFEZWWRIE RS , I 25 E 751 0. 8% MITE IR HEE I 1k 1E
W, FE 7 —TKEH A DNA Z3FEbric, #TH K. ESERBUGI T UIF B B DNA 454, b 54 B A w] 5]
WA & I ULERKE PCR F=14lifl , 3% 2 pe 3 & 073 A LA BRA R IUT o

G)MBREBHRFELE I

k% Fi Blast ZX{4KH75 (1) 16S rDNA J¥ 5| 7E GenBank (48 P2 o #E47 AHAUME L X , SR BRI JEPE 90% L) i
Rl 3 &FFIME NS HT 4, F MEGA 4.0 84 LIS R B R SR B, EREBUE, MM 1000 1%,
1.2.5 M 5RMHEFERRGE DA SR ER LR =S

WS TERE F AWM SRR EE B IR ER, St 5SRMHEFREN 4.5 BEE
W B AR R B o = 7
2 GZR55H
2.1 M5 RMEFERE B O BT AR RHE

TE 4.5 WAMRE, 40 B AR IO DL S Bl 3k 56 Bk, # BRI L 40 12 28, 4 B AR R 1 B vk SW83
SW48 .SW42 SW115 .SW54 SW81 .SW86.SW101 .SW82 SW75 .SW38 I SW41 FmHKM  HHEFxERER
EHRAREELESAE 7R, ZFHRAFREGHEPRBEEEFESEA 10 28, ENEENREEESE 42K, H
B SW83 SW48 SW42 SW115 FI SW54 KA &4 1 #k,SW81 FI SW41 KM E & H 2 H,SW86 %
RILHE A 3 #k,SWI01 KM PLHEAR 16 Bk, SW82 I SW75 KL AR &H 8 #k,SW38 KW IMHAFA 12
o WIEERKATE 1—10 mm Z[A], HAMER/RITF (£ 1),
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mulberry leaves respectively

®1 REHEHHARREGEPABEEERSME T

Table 1 Colonial morphology and mycelial characteristics of dominant intestinal microflora in silkworm reared with tricuspid cudrania and

BARRR Higr 2k WHEA P ARRHIE
Culture type Culture medium Colonial morphology Mycelial characteristics
SW83 NA B, BN, R, SR ST FRIR, B84~
SW48 PDA FLE @, PR, GRSt FEAR, B B0 HEF
SW42 PDA W, WG FER, B84, P 3 15
SW115 PDA B, W%/, WS FRR, AR, KIEA—
SW54 NA B, W%/, NGRS LI
SW8l1 GSA B, N, BEAREST FRR , BAAS X B B
SW86 GSA WA, WK K, GRS HFPR, 84
SW101 PDA B, M, D% HST FRAR, A
SW82 PDA SR INSUE 33BN FRIR, B84~
SW75 PDA WO, D% FER
SW38 NA BHE, R, %S HROIR , BN SN HEF SBAS LI 3 1A
SW41 PDA EL R, Dl , i 218 5T HFPR

SW.: PURgR%:; SW83 Fl SWAS i Mm% K i B A IR IR ; SW42, SW115, SW54, SW81 Hl SW86 J2 R fal 3 K & il HA It
EHEARL; SW101, SW82, SWT75 il SW38 gt it 5 R M-RFF K &M I I L H AL SWAL J2 RO DU % 52 % i 18 v 438 2 i U 55

pith

2.2 RIATEBEM A B A LR

ALK E LR 2, 456 TR TE A (B R R AE 23 BT, 45 SR R W SW83  SW48  SW42  SW115,SW54
SW81.SW86 .SW101 ,SW82 . SW75.SW38.,SW41 4351l 518 B i i J& ( Pseudomonas ) | + & 4+T 5 J& ( Agrobacteri-
um) KB ME & (Aeromonas) ¥R & & ( Citrobacter) 48 #F i J& ( Brevibacterium ) . 55 5510 IR B J& ( Klebsiel-
la) 5% K@ ( Escherichia) 55 B MIAT 5 )@ ( Brevundimonas ) 337 B i B J& ( Stenotrophomonas) .\ JH T 5 &

( Enterobacter) %% 3R J& ( Staphylococcus ) T ZE AT 5 J@ ( Bacillus ) fREE .

R2 RBEHEEEMNE

Table 2 Physiological-biochemical characteristics of different dominant intestinal microflora in silkworm

LS B2 R, Fug SR Hefubhty Gikoliyad 23tk

Culture type Gram stain Spore stain Oxidase Catalase Glucose fermentation Motility
SW83 - - + - +
SW48 - - + - +
SW42 - - + + +
SW115 - - - @ +
SW54 + - + - -
SW81 - - - @ -
SW86 - - - @ +
SW101 - - 53R fH - +
SW82 - - - - +
SW75 - - - ® +
SW38 + - - + -
swal + 0, BT RS - + +

+: FHMEEUR BRI RS - Bk RS R B © KBRS MR

2.3 fREVEEE 16S tDNA 145 R
B 12 DMEEFRERI A PE S B R ARPEAT 16S tDNA 3%, Il Hoor 7B 78 1455—1545bp Z R (K 1) o 7T

BiR/NR T 9Ki8 , O 1455bp; T EERKHE 11 3K, 2 1545bp,
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2.4 MRBEHFIILNRRGEKE 5

PL16S tDNA BV M ER RZ L BEWERH(E 2),
R SRR T I B R A L SR S B SW83 SW48 41
NS5 EHB @ Pseudomonas F11 Agrobacterium H. A
BRI, RS R & E A B L8 2K A
SW42 . SW115.SW81 .SW86 Fi1 SW54 435Il 5. HI1f) 4 4~
HME B 1 NI E B Aeromonas . Citrobacter ., Klebsiel-
la Escherichia F1 Brevibacterium 75 % & R JE M, —#& 1t
R A SW101.,SW82 ,.SW38 Fii SW75, H.th
A 3 RAHAE 5 5 EHE 3 A HHTE 8 Brevundimonas |
Stenotrophomonas F1 Staphylococcus 75 %5 & W &1 J& 14 , 10
SW75 5 Enterobacter 1 Klebsiella ¥4 % & R VB 1 ( &
2) A —HEE R F R AR TR (F
1,5 2),SW75 J& T Enterobacter, HJ\ 4 R & figiE
BB A ISR SWAL 54058 Bacillus 4555 7l
Bk, EREREVLEEHERYE .

M 1 2 3 4 5 6 7 8 9 10 11 12

3000
2000
1500
1000
700
500
300

100

bp

1529
1477
1537
1532
1518
1532
1455
1525
1533
1532
1545
1542

B 1 {RHBEEF 16S rDNA § 1 i ik il
Fig.1 Agrose gel electrophoretic patterns of 16S rDNA
amplification of different dominant intestinal microflora in
silkworm
M: DI3000 43F B &4 ¥KiE 1—12 433 R 78 SW83, SW4g,
SW42, SW115, SW54, SW81, SW101, SW82, SW86, SW75,
SW38 1 SW41 ix 12 /MBI Rk

@ SW38

100 |

100 74

94

Staphylococcus sp. TUT 1203 (AB188210)
Staphylococcus sciuri (NR 025520)
Staphylococcus sciuri (S83569)

85 < SW41
— 1 Bacillus firmus (AY833571)

100 —: Bacillus Sp. G2DM-32 (DQ416779)
90 Bacillus firmus (AJ717383)

Brevibacterium sp. BH (AY577816)

& SW54
60 100 _E Brevibacterium sp. J3 (EU099374)
70 Brevibacterium sp. (DQ448693)

@ SW48
100 Agrobacterium sp. JST1 (AY174112)
_E Uncultured bacterium (DQ304800)
98 66 Uncultured bacterium (DQ304799)
100 | Brevundimonas sp. 39(DQ406733)
Brevundimonas diminuta (X87274)
75 87 Brevundimonas sp. OS 16 (EF491966)
—— @ SW86
100 |_|: Escherichia coil BW2952 (CP001396)
100 Escherichia coil (CP000948)
@ SW82
100 |_|: Stenotrophomonas maltophilia (AB294557)
93 Stenotrophomonas maltophilia (AB294553)
Enterobacter cloacae (DQ202394)
64— ® SW75
100 98 L— Klebsiella sp. TNT3 (DQ229102)

@ SW8I

o3 Klebsiella oxytoca strain 5 (DQ294284)
100 \T|—|: Klebsiella oxytoca (AB353045)
72 * SWIIS

Citrobacter sp. (AF025369)
& SW42

100 Aeromonas hydrophila (X87271)
E Aeromonas sp. RK 217215 (AY987764)
Aeromonas hydrophila (AY987735)

73

— Pseudomonas sp. Pi 3-21 (AB365062)

00 L— {3 S
67 Pseudomonas sp. PH-03 (AY091598)

B2 MEHSRHAFREHEFIENABAHREREN

Fig.2 Phylogenetic tree of dominant intestinal microflora in silkworm reared with tricuspid cudrania and mulberry leaves

F S PRCK B IGIE R 16S 1DNA F#31, 455 AFFIRE RS 5 B S00 LB 05 RER SR AR, BRREXT 60%
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2.5 S5 RMEFREELE P EESRE R LR E T

AIREEIREI (K 3) W SR RIR KR E LB R R R BT B34, 4.5 AR -4 37
K& EHHBE A 6 B S B, RIHRIRFK R L E 0 7E 8 P16 Fio R, F—EHAR
TPRHA I 5 % i 18 P A S B R R BIBAAERRE R

®3 HEMHERMHAFREHEPRESABEIFILE

Table 3 Difference of dominant intestinal microflora in silkworm reared with tricuspid cudrania and mulberry leaves

Hil AR 3R K T il P S RM-AFRR ARl P LS B R

Instfiq.wae Df)min:.mt ifltestinal .microﬂora in silkworm reared Dominant intestinal microflora in silkworm reared with
with tricuspid cudrania leaves mulberry leaves
4 ##% 4th instar larvae T AT EJE Agrobacterium SR Aeromonas
AR Bacillus SIFF BB Brevibacterium
S B AT )8 Brevundimonas BRRER Escherichia
HIFHMIEJE Stenotrophomonas HHAFE B Bacillus
JHHFE§ )8 Enterobacter S5 B AT 8 Brevundimonas
HEFREJE Staphylococcus I B Stenotrophomonas
T8 Enterobacter
HEFREJE Staphylococcus
5 #% 5th instar larvae R¥ B Pseudomonas FrEBRATHE R Citrobacter
S BMIAT VS J8 Brevundimonas H A R Klebsiella
SEFR BT )R Stenotrophomonas S B MUAT BB Brevundimonas
WFT @ Enterobacter I B Stenotrophomonas
HWHERE R Staphylococcus AT 8 Enterobacter
HEFREJE Staphylococcus

4 MR FREHERBERE G R AR R B ZREKR, & 8 B RAEWIREE, 25 2Hm
TR FRZ B g ) Agrobacterium 55 3217 35 5 72 iy 18+ 1Y Aeromonas | Brevibacterium F1 Escherichia( 3 3) . 5
KW E AR R el ™ A T 257 , MRS X B ILHEE 2 Pseudomonas , MR SR X &R A B Z
BiAE Citrobacter Fli Klebsiella( £ 3) o X THRANWIFHE, ZHE B E MM ERZRBANILEHRA 2 3,
J& Agrobacterium F1 Pseudomonas ; 32 M- 1R 35 & E WL EEF 5 28, /& Aeromonas , Brevibacterium  Escherichia .
Citrobacter F1 Klebsiella (3 3) o TAFHHIHUE FERK & B W AE S TR BRUR £ KA, X R A2 A6 7T BT
O A R g T PR 8 25 TR R 5 4 B A 1 2
3 itig

UEAESR , B A R 8 SR P 22 2 DR 2 0 BV AR 3 3R vk xoh B Ul S E M kAT 5T 57 (HLIEE S RE SR8
SEHMR, AR T I 5T R R B M Y 2 18 R 516 £ BRI AR, APPSR i R E AR
B B 56 MREE AR, 3T ELBT 40 B B 2 S 0 34T K ik 5 M AT 8 )8 ( Brevundimonas ) F15E 5% B I T )&
( Stenotrophomonas) , X SR A #E— W R M ARKE T KPRt S HEMAESREMRREBHRTEE
HIREEL o

A NR MR R E B IHE B 10 50080, MM X /B b o B iy 7 R, B3R
HILHER 4 . MM RFRZERHE P9 E BRI EE S Aeromonas . Citrobacter . Escherichia . Klebsiella 1
Brevibacterium 5 258, X B R MAR R B E P FEHEES" AP RV 4 89058 0L Ak
HPUEFRT FPEDRR, BEl 13 B A DO BB S R MRk LA™ eI, BT AT B S R & i A
YR TH AL 23R 5% , AT B8 & ( Brevibacterium ) FEAR I 2 h A W] BB £ 5 HUIER XM BE, AT 7E — € R
bR EAR R M A RE N MR R R & B MRS Pseudomonas
Agrobacterium , BB BFFE R W, B B 02k W 5 78 E PR MR B R KSR, Pseudomonas 32 534 T
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HAR AL, Agrobacterium —fRFFET T3 D , ZHCERBURE , BT BERBORM R R X R PR IR, A
HIE BB B rh A 25 BR B ( Staphylococcus ) F5 T 1 J& ( Enterobacter) L 5 B M E T bA %) A B
ST R IS B AT T8 R ( Brevundimonas ) F1ZE 5% B Jf 68 J& ( Stenotrophomonas ) )T BEFIVE FIA ¢ T#E—20
IR o

MR EERE , [F] — Fh R 37 2K A, 3 L A 1 AE 278 1 5K 2 1 18 19 20 25 B A 4 Rt A 72
A2 (B [RGB 43 S FAAR 5 SR SR 5 A, S 0 R 0 2 1 U T I o T A M 2 R R A A P
B, AT R R R BB N — MR AR E RSB EIR G RAR R, RIAH P RELIR S HER W
HERRERG 24h NI T il B RER , ARG BEHASE T, 3 T EE KR RA DR NS,
LI R RHMR) R X & M T AR Y 2 A 5 Rl — bR DR 37 X e i B AR W R AR IR AR Rl . R TF
A HIE WY 5D Z 18] )26 FR LRSS A rxt g E A R IRAPR
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