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SWRTLIMTE o P SR BE R 222 B, WV &7E 321004
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VDRt AR A ZEME | A g R Wy A B R
R EHMIRGY) . A ERRRVEHE W
00k O AN Wi 2 4 e FOE =Y e e 3 A L]
JUPG PR RS, A Sl B P SR X AR
FEA R B F Lz — . 2018 4EFR [ dx 1™
TR 67.9 T, (HARAE AR R LY LA 1Y
B Ry, REWEREEEFRE, MEHES
Yutifar, [m] s 38 O™ EH R IRIR 2 . IR RS
rh TR ZH BRI A 2 U A SR IR AL R R IR AR W
TEARRALIIS BLA . H ETN T R B G OR 2R A
15253 B B o bt 5 o AE A i, (BB
R 18 2R W] 250 A AR PREEAT i b B IR BB 0B B 0 ]
BRI AR AT 0.01%-10%, 44
Py A Ak T35 B9 {H A 7] 5 37 IR 25 (viable but non-
culturable, VBNC)RHA R EARGIFEE, N
T BR 1 AT A AR IR rh (A ) 22 R 2 B
ISR N, R, S R
(Micrococcus luteus)TEXT B 5 W 73 WA ) 52 T
i # Kl ¥+ (Resuscitation-promoting  factor, Rpf)A]
WAL Z R RSP AT VBNC ARSI 2
SRR U IR G A Rpf Ml 24 15 7K o
BRI e 2 1R R AR 25 B AL IAICR IR 70% 9 %¢
YEABC AL B (Pseudomonas fluorescens)FE Ak, T UL
H U Rpf 7E 45 MR [R] PR 45 b & 4l VBNC 2 24
KB R B IR S R R DI RR TR B AT Z A K
P7 EEI

1E4 N1k, T AT T AR ) B B g o
b, EH R AV R AEE VBNC RS TE 5T
AR DR IE . eAh, i I R S L el
SRR, IERTZ N T ERBEAE N A MR
& ZREER AT DR AR IR 57 SR P s 3 e
TR VDA T RV e Z R b AT o0 i, JFadad

WU TR A AR 43 B 75 AN S T Rpf A9 MPN K5 57
R G5y BAREUAR U R ] KR SR AN A VBNC R385
B, DU s v b TR R 5 5 B8 A A Vb A 25 5
PSR

| R L

1.1 #ME

111 FEME: (1) YR Hih 5 Tk
Brf e, R AT AP 2 (23°14° N,
106°22' E), W&ET 50 mL LHEELEN, Bikea
e S22, AR AE ZE-80 °C VKA, & . (2) Hifh:
e BRI (Micrococcus luteus) IAM14879", 175
5K 53 20 L A P 2 E 5 T A ) B R 9 = A
HH B e 4t

112 ZFEREsREE. (1) SESFMEE (L)
FEAMRS, BEEHZE 0.5, HAPES, NaCl2.5, B
g 20, pH 7.0-7.2. (2) 595 %% MRS KiFEH(g/L):
EOAMRS, FRES, B 2.5, K-HPO, 2,

PSR 4 2, LEREN S, WEINE 10, IR 801,

MgSO,4-7H,0 0.5, MnSO,4H,0 0.25, Fifg 20,

pH 6.2-6.6. (3) SIEF M IK—FHiFRH(g/L): "
PEER 10, KNO; 1, K,HPO, 0.5, FeSO, 0.01,

MgSO,-7H,0 0.5, NaCl 0.5, Bifig 20, pH 7.2-7.4,

(4) BEMHERERE AR . LMM AR5 0
SCHR[12], HAEEFREES WSCHR13].

1.1.3  FERAFIALES : E.ZN.A™ Mag-Bind Soil
DNA Kit i{5fl & (Omega, [E); Qubit3.0 DNA K
IR G PR MR B (h ENDVARA R, SEE];

Agencourt AMPure XP 7] & (Beckman coulter, 3
[); Ezup A4S H 41 DNA S50 & (4
TAY TR BB ARAA, Fif).
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PCR {X(BIO-RAD, E[); B MRS
(UVP, %[H); Qubit® 3.0 &Lt 388k kiR
FHEL (P EDARA R, 3EE]; BRI (Tecan,
B 1) o
1.2 EOEERN TR 4 RS A

FREL 200 mg & VPFHESL T 2 mL B.08H, N
A 1 mL 70%Z %, £~ 5 10000 r/min #.0> 3 min,
Fr WK A PBS ¥, 1RAIJ5 10000 r/min
20 3min, FF FERIE, HEEOE TRKYR
1 min, FREEFESAEA 55 °C HE48 10 min, 1
AP JE BORE S, T E.ZN.A™ Mag-Bind Soil
DNA Kit 125 & fe v 4 i/ 5L 20 DNA, JFH
1%ENEEEE S L VKR I DNA 5888 . RS9
341F(5'-CCCTACACGACGCTCTTCCGATCTGCC
TACGGG NGGCWGCAG-3")#l 805R(5-GACTG

GAGTTCCTTGGCACCCGAGAATTCCAGACTA
CH VGGGTATCTAATCC-3")¥ 34 16S rRNA JE[A

B V3+V4 X, 3 Agencourt AMPure XP 5l &
L1 0.6 fEEIHEER NS PCR 7 HiE1T DNA Zlifk [l
FHIH Qubit3.0 DNA A&l a5 € %] D) DNA
RSB 2 5 o FE SRR AR TAEY) TRE( i) I A B
/3], 7E Illumina Miseq PE 300 & 547 =i &
WF o M FARAFAY reads 3 UEEALALER)S , DLF
GUARLEE 97% bR, 8l Usearch £ {4 4% RDP
classifier DI I Hy 55 ¥ #F 47 OTUs (Operational
Taxonomic Units)3R2E, XFPaldEfT4028 004,
G 1 R ZE
1.3 F BRI AR 0 B R AT S R 4
P VPR TR IR RS, IEPEA R R R
AR B A AU Al 28 LB H5 97 L . MRS Kig it |
R SRR B, B IEER 100 pL
MR, R IG IR B R 3 AN TR B RS B

actamicro@im.ac.cn

Tpab PR 3 A EE . 4 AR FRILE T 30 °C fHiR
BFRAah RS, E WD A KGO . PR
PR A D 5 IR Al ARAR i R . AR SRS
W SJAE LR EE 10% H A, —80 °C f 7K .
1.4 HF Rpf B2 HE FH MPN X 3% R G T
SR VBNC RS H

& Rpf TP MRS BRI 2 A
T TAER AR, FIEWOH 0.22 pm JEBTIE,
TRAFT-20 °C UKF 45 H o RHAIHET Rpf 1Y MPN #5
I RGBSR R AL, 430 55 8 57 40 TR 3
FRhk | B9E S MRS M E R m R — SR
R 3 FomtigRst, RS IEYE Rpf 1Y
AR FRZH 5 K TE Rpf (XTHRAL, FIFT 96 FLAR A EE %
RSP TREERRR(107'-107"0), R 3 A EE,
30 °C fHIRKE IR, FHEEHRCE D E 35 5% 0 )
ODgoo fH, #XT MPN 3, TH5HSLI0 4 (& G 1%
Rpf 4H)5 %3 BRZH (7% K36 Rpf 4R & i i, LLSE e
YA W e N BRSO ) B B 25 SR (VR) VRN
Rpf FEPEFRE, DA PR 41 B B8k 20 240 7
B/ L A R A A< 100% 45 VBNC B0 1%
R, BUIL I AL 5 T B2 A A AL VR T B G R R
B KR WA TR BRI A i %, @ WA A
TR OL, PRI TR v 2 AR N 35 95 Bl AR
BaliligR, T80 °C KA IR
1.5 FE#k DNA RS 0TAYFEE

FIF Ezup AU A SE I 41 DNA fli#gid70 &
PEHUE R DNA, SRAE 514 27F (5-AGAGTTT
GATCCTGGCTCAG-3') #l 1492R (5'-GGTTACC
TTGTTACGACTT-3") i#47 16S rRNA FEH 3
P17k 2 b R AR YRR A BR S
AR . B Pt S5 Ezbiocloud %4 E H 2 0
FEHIEAT BLAST Hoxt, #E Hir g Mg L%k
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2 ERFAM

2.1 BYHEBEIE ARG AR

FES PR ZOT S 70439 2%, JPAIFH
KHEHy 429.77 bp, FILAAT 1893 4> OTUs, Il
JFPETHRN 98%, FHAFE S o Bkl i (44
5 ; Shannon FEHFRER IZE (K DiEaTFEIE, ¥t
BH I 7 #5CH A L. Alpha ZRETEFE ST IT 45 R
7N FE S Chaol 48 %k 26963.75, Ace 48 X
75995.25, Shannon $5%% 1.01, Simpson $§%% 0.72,
KUIREHEFE S, B2

el I A R R T, KRR S A 10 4>
1. 18 N4, 27 ~H . 57 ME. 96 &, FEH
WK, 2R T (Proteobacteria) i) =F £ ik
96.96% , NAXTHETT; H KL 5 BETH ]
(Firmicutes), FJEH 2.86%; HAx 8 N1 LAk,

Enterobacte 84%
erobacteriaceae
Gammiaproteobacteria

Proteobacteria

Bacteria

Firmidutes

Bdcilli
Lactobakillqle

Streptococc]

A —LERET TR (K] 2). TERAK- b, FREAE
1% A F K- 24 TR & A Bkt 16 )& (Enterobacter) . B
R & (Erwinia) . FLERE & (Lactococcus) FiZ A
& (Pantoea), 4355 84.49% . 4.89%. 2.10%7l
1.22%, BT we S 0%, A 4.11%8950 &
TR 3).

1.2r Shannon rarefaction plot
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Figure 1. Shannon rarefaction curve.
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Figure 2.

Multistage species composition.
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Figure 3. Distribution of microflora at genus classification level.

22 ERRRRRA TR B SRR AL E

3 BIANIR] 43 B R 75 A3 B AR B 0 T B R A T
Zalifh 2 H A JFIAE 33 AHREE 1), 2 16S
rRNA FEH W 5 T, #RIHET 4 M. 44
9., 8 4H. 10 MR 144N E, HAREERT TN

T, 15 Bk, LB ERR 45.45%, HIK
HASIEETT(8 BR), ERETIO ¥, BFFETIA
R)o #E 14 A @, 2RI IR (Bacillus) VLR T4
J& (Streptomyces)?s o 5 5 MRALKEFRY), MARXT
A& o

Rl BDABEFARNIBER

Table 1. Isolation results of culturable bacteria from silkworm excrement

Phylum Class Order Family Genus Strain
Proteobacteria Gammaproteo- Enterobacteriales Enterobacteriaceae Citrobacter 2
bacteria Enterobacter 3
Klebsiella 1
Xanthomonadales Xanthomonadaceae Stenotrophomonas 1
Pseudomonadales Pseudomonadaceae Pseudomonas 1
Firmicutes Bacilli Bacillales Staphylococcaceae Staphylococcus 4
Bacillaceae Bacillus 5
Lactobacillales Enterococcaceae Enterococcus 3
Lactococcus 2
Leuconostocaceae Weissella 1
Actinobacteri Actinobacteria Micrococcales Microbacteriaceae Microbacterium 3
Pseudoclavibacter 1
Streptomycineae Sterptomycetaceae Streptomyces 5
Bacteroidete Sphingobacteria Sphingobacteriales Chitinophagaceae Chitinophaga 1

actamicro@im.ac.cn
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2.3 BT Rpf i MPN ¥5R RGBS L
VBNC H%E

KT Rpf 9 MPN 532 R4, 16 3 At
FEMREFREERANER 2 R, fERESRIETPAIN Rpf,
HEMEE R (VRORT 5, 40T BB H 32 B A R
Xof BEZH Y 14-100 £, VBNC #9816 R 1E 92.9%
PLE, BRI P AAE RS A% Rpf SRR
TR B AT R FR AL VBNC IR .

BUOEF A0 Rpf i MPN 15 3% R A AF 55

PEAT M BRI ARG I AL B A5 2 29 AR
Sr9E 8 TIERER T VRASE T, HAn Rpf &)
SEIR LA 21 ¥k VBNC I, 1 i K Rpf %] AR
AT 8 PRAIIEFRANG, 4R ER 3. X 21 #k
* 2.

Table 2.
culture system

VBNC FIHET 3 9. 6 ~H 789 s,
H ARG LN v-2E B 18 24(Gammaproteobacteria)
BT E B (Enterobacteriales) . 1 % BEZH i) 7] B 3%
MATHIE2 W 3DH SR 5408, 1
rRNA FERN PP 25 330, A BRE 550 B 28 3 H B
2 HERIEIE 3 3 R SN R & (Exiguobacterium)
A ER & (Enterococcus) . AN J& R VBNC
A 2 8k, 52 Ex. enclense 1 Ex. indicum, %
WA FRMEA 3 bk, 202 1 % Ex
acetylicum F1 2 ¥k Ex. indicum BiEZM; BEKE
J& ¥ VBNC BHHRAT 3 ¥k, #BI2 En. faecalis ({14
Fir, TXTHRAAA AT EEFRAM BN 2 Bk, 300 En
lactis 1 En. faecium WL E R, HAh 5325 2 A TR
Yo AR ) & A S BT bk

E T MPN 1EF 2400 Rpf B9 3 #hig & J VBNC EEEFF LK
Comparison of reactivation rate of VBNC bacteria in three media added with Rpf based on the MPN

Culture medium

Rpf activity abundance (Vg)

VBNC bacteria resurrection rate/%

Weak nutrient bacteriaculture medium
Weak nutrition MRS medium
Weak nutrition Gao’s No.l medium

1.5%x10%/7.3x10°=20.55 95.1
2.1x10%/1.5x10"=14
9.3x10%9.3x10%=100

92.9
99.0

# 3. ET Rpf7£ MPN EFRFFH A VBNC B IEFHAE S BLER

Table 3. Isolation results of VBNC and culturable bacteria in Rpf-based MPN culture system
Category Class Order Family Genus Strains
+Rpf Alphaproteobacteria Caulobacterales Caulobacteraceae Caulobacter 2
Rhodospirillales Acetobacteraceae Roseomonas 1
Gammaproteobacteria Enterobacteriales Enterobacteriaceae Pantoea 5
Enterobacter 4
Erwinia 2
Pseudomonadales Moraxellaceae Acinetobacter 1
Bacilli Bacillales Exiguobacteriaceae Exiguobacterium 2
Paenibacillaceae Paenibacillus 1
Lactobacillales Enterococcaceae Enterococcus 3
—Rpf Alphaproteobacteria Rhizobiales Methylobacteriaceae Methylobacterium 1
Rhizobiaceae Rhizobium 1
Bacilli Bacillales Exiguobacteriaceae Exiguobacterium 3
Bacillaceae Bacillus 1
Lactobacillales Enterococcaceae Enterococcus 2

http://journals.im.ac.cn/actamicrocn
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FESr BRI 29 R, HepH 8 B
VBNC #1551 BRATHEFR A 1) 16S rRNA JE[H 741 5
ISR E AR AHBUE R T 97% . 18T 99%, 4N
% 4 PR, Hodf CSCXZR6-1 5 CSCXZR6-4 BYiT
z B MR ¥ K Erwinia  aphidicola DSM
19347(T), AHALEE 535 98.96% 5 98.77% ;
CSCFZR3-2 5 CSCRZN7-1 [T A i bR AR &
Enterococcus gallinarum NBRC 100675(T), 0L
Iy Bk 98.97% 5 98.90% ; CSCFZR4-1 |
CSCXZR6-2 55 AH I 1 3t 25 B 2 T ok () ARLARLJEE 4
W A 98.75% . 98.80% . i CSCXZRS-1 .

CSCXZR6-3. CSCXZR7-10 5411 AT i
PREGFRLEE 23510 98.61% . 98.47%. 97.97%, R
i 16S IRNA K FAIALIE /N T 98.65%, AILL
WE N AT BE R BT AN SURTE M AR iET ) 3X 3 Bk VBNC
PR s T TE R T A

SEHCRA T 2 Ry OrEk, RV LR R R
fisr Bk, T MPN KR RGNS Rpf
Xof REZH 43 B AR A (4 T B SR 20 R S IS M Rpf 58
B0 A A B AT B 3710 VBNC AHE, BERRALAL
TEE A ER A B ol n i 4 Fis . 45 REU
KB 0 8 5 1R Y e KA W 3R # & (Enterococcus)

x4, STBERSIEGMRIXERR 16S rRNA EEF F 5 LA

Table 4. Comparison of 16S rRNA gene sequence similarity between isolated and related species
Category Strains Login number of DDBJ  The closest type strains Similarity/%
VBNC CSCFZR4-1 LC484735 Paenibacillus tylopili MK2(T) 98.75
VBNC CSCXZR6-2 LC484722 Exiguobacterium enclense N10-1109(T) 98.80
VBNC CSCXZR8-1 LC500798 Caulobacter segnis ATCC 21756(T) 98.61
VBNC CSCXZR6-3 LC484723 Enterobacter huaxiensis 090008(T) 98.47
VBNC CSCFZR3-2 LC484734 Enterococcus gallinarum NBRC 100675(T) 98.97
VBNC CSCXZR6-1 LC484721 Erwinia aphidicola DSM 19347(T) 98.96
VBNC CSCXZR6-4 LC484724 Erwinia aphidicola DSM 19347(T) 98.77
VBNC CSCXZR7-10 LC500466 Acinetobacter soli CIP 110264(T) 97.97
Culturable CSCRZN7-1 LC484786 Enterococcus gallinarum NBRC 100675(T) 98.90

Acinetobacter
Erwinia

Pantoea
Roseomonas
Rhizobium
Methylobacterium
Caulobacter
Paenibacillus
Exiguobacterium
seudomonas
Stenotrophomonas
Klebsiella
Enterobacter
Citrobacter
Weissella
Lactococcus
Enterococcus
Bacillus
Staphylococcus
hitinophaga
Streptomyces
Pseudoclavibacter
Microbacterium

B Conventional method
Bl -Rpf
Bl Rpf

0 2

4 6 8 10

4. FEMHBEEF Rpf+MPN 9 B X ERERB KT LB ELEL

Figure 4. Comparison of strains isolated by conventional method and Rpf+MPN method at genus level.
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T WO SN Rpf SEE A RE S B B AT I
J&(Enterobacter)iTa ; LS MMANE Rpf BYXT
WAL Y843 25 B 25 AT BB (Bacillus) 41 B8 5 4N
TG Rpf FIESINZETE Rpf (5557 3L GRS ST
WRMET; MEmEYE Rpf ASLIRALIA 7 2515 3
T 2K ZF A FF W 8 (Paenibacillus) . A4 ¥ # J&
(Caulobacter) . B AN & (Roseomonas) . 12
W& (Pantoea) . BXSC IR & (Erwinia) FIA S FF 7
J& (Acinetobacter)% 6 ~JEMIBRKE, KRV
FATEBCR LB VBNC B, [RIHHEUESE 15X 4k
VBNC (8 JGHE A # HL 0 B 5 SRS AN R 2 5 R 2
RSN 43 B

3 itib

WM EARKENEGIERE, @R
REBE TR BT 4 V0240 BRI AU 6 107/g,
MERFEECRE 107, EAFRHE WAV 43
BE ML 4E 2 A /N ZE AP (Bacillus pumilus)'®,
e A U vy TR P Hp A3 B B B A A AR . BB
PN SR ARG = | R SRR T TR 45 LR A
A S BV AN B 2R AP IR SEM-9 TRk,
AL, TEAR VD AP AR AE A VA (B ) 25 A T
SR T2 4 B 22 WA (B 1) 2 26 TR i A VD25
£ R FH ) B T A T A AT AR VD P Y TR A
Mo AHIFGE A 3 P B R R A TP P
MR- 2 VD BT A0 TR T R 2 R 0, 45 2R
KBV AEEE 10 41, 18 A4, 27 4
H. 57 MRk 96 NN&E, BRI HLaxH LR
(96.96%), HIKIEIERERE](2.86%), HAax1ZEH
o7 LIRS s EJRAKOF b, W FF i JE IR s
HRKCREE . ALBREE Mz A WE . x4
RERKEEIHRERGE —-CENESR,

Yeruva % 3 AN FP I S48 Pl AN B RETR 24
PEBIF 5 e BN [7) 3 i it ol ) 401 77 22 40P LG A0A
[], - F O 00 A > v 240 T 2H B R BRI R A i i 22
SMAEER S, B A B AR AL 2R
e POVZENoF i U A1 B 2L 2 1 AR R

e I S H TN M S PRI
TR P AH S A AR T B, (R S 2 ok 3k
W T 5 et 8 B R G R . ASBIF 9 i 2o i AL
FER AR 7 B AR 33 MR mT R SR 4, Ho
KBS B AT BR AT & (Citrobacter) . R R TH
J& (Weissella) . W JL T Ji i J& (Chitinophaga) 5 1B AR
WA 8 (Pseudoclavibacter) 35 1E fay i 12 ] P 3 AR
HORATINE , e 5 AR DAE i X S R A TR
f = BB AT K

IR TR R AN 0 B 04— AR BORE i o
ARWAEY . FORIH R Rk, (HAF
FEARIE /R ZRNIAEIE A (5 15K IERIRTE
) ISR AR R AR A9 0.01%-10%
FEah rh RS B RUE D A AL T VBNC AR TR HEA
A, AR H BRI 1% A W) 2 R PR R
AR TR e #E K F Rpf, B A T ERTD
HAEE R VBNC [, ] B A T S e o
WA 700 14-100 £, 6155 21 #k VBNC 14
PR, HhRF AT R . TR E . SO
J& . AR . WOCRE R A EES 6 1
J A TR 24 R BB A L o0 B i A RTINS B 2 s S
Ry E, (R 2 EE AL I R TR R TE
LI P AR Y, HEX LE TR 52 Rpf (1)
N GERMEHER, R T84T VBNC Ik
SRR EIRE S, N al 53R E R Ak
AR, AR AL R 3 & VBNC FPERY 16S rRNA
LR A1 R T 98.65%, Ml A VBNC 1Y
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B HHTRAG RN 4 JERE A AT B,
R S X 3 AN EIRRATE 0 Al 3Rk VBNC %
TERRI bR, AT 22 M 00 285 2 RO A Bt IR
HRWIFE

i LA, 3 ROTIRBNESL RV AR T
A 2R, A RTE T i U AR B R
FELCH  PRELH s A AE B 2 2 5, T HLE i i
i Rpf 1 UTE A Vb A R BT v ad I e LR A
Oy TR BORREA I A AL T VBNC R R
B, XN AR AR A VD o B AR ) 2 R
J . 2 B 22 VA O BRI B IR A Vb A 22 TRy
A BT SR A O B PR R A AR 2
RS B S R AL

2 % B
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Bacterial diversity and VBNC bacteria in silkworm excrement
from Guangxi
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Abstract: [Objective] To analyze the composition and diversity of bacterial in silkworm excrement from Guangxi,
and to explore microbial resource of silkworm excrement. [Methods] Through high-throughput sequencing
technology, we analyzed the composition of bacterial communities in silkworm excrement. Meanwhile, we isolated
culturable bacteria and those in viable but non-culturable (VBNC) state in silkworm excrement using spread-plate
method and resuscitation promoting factor (Rpf)-based MPN method, and then classified and identified the isolated
strains through 16S rRNA gene sequence analysis. [Results] The bacteria detected from silkworm excrement of
Guangxi belonged to 10 phyla, 18 classes, 27 orders, 57 families and 96 genera, in which the bacteria abundance of
4 genera was greater than 1% and the dominant microflora was Enterobacter (Proteobacteria). We obtained 33
culturable bacteria from 14 genera through the spread-plate method, in which 4 genera (Citrobacter, Weissella,
Chitinophaga, Pseudoclavibacter) were not detected by high-throughput sequencing. The detection abundance of
bacteria increased by up to 100 times by Rpf-based MPN method. Also, we found 21 Rpf-sensitive and
resuscitation-cultivable VBNC strains from the Rpf-treatment group, in which 6 genera (Paenibacillus,
Caulobacter, Roseomonas, Pantoea, Erwinia, Acinetobacter) and 2 genera (Paenibacillus and Caulobacter) were
not found through spread-plate method and high-throughput sequencing, respectively. [Conclusion] Our results
provide a new perspective and a new approach for exploring and utilizing the microbial resources in silkworm

excrement.

Keywords: resuscitation-promoting factor, viable but non-culturable (VBNC) state, high-throughput sequencing,

silkworm excrement, bacterial diversity
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