TRAE SRR Mar. 20, 2020, 47(3): 880—891
Microbiology China DOI: 10.13344/j.microbiol.china.190556

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

Lit 55k

MEAFRNELIIEFRESREINF AR LR

WEG B Au4a Z2RE FxE
PR RIRE R PR R SO T TR A% E  JER 100193

# E. A& NI RT3 (viable but non-culturable, VBNC)JIK 2 & 4m i 1§ 18 1 35 if #E A\ #) —FP 4%
HRE, ZBRATHBARELSFETN T LFFRE LKA, HIAAH R 88 HRE R RIS 4 —FF
A G FR . VBNC RAB AT ARLEF AT RLA *BHE X HERMN, FFEXT VBNC K&
KM BF T H B AEFR T AR Y S R A i 0 A BRI b ks, AL B EEET
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Research progress on viable but non-culturable state of bacteria
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Abstract: Viable but non-culturable (VBNC) state is a dormant-like state of bacteria, and many species of
bacteria can enter into this state when suffering stress conditions. VBNC bacterial cells can resuscitate to
culturable state and recover their pathogenicity when conditions become favorable. Consequently, entering
into VBNC state is considered as a survival strategy for bacteria to overcome the hostile conditions.
Nowadays, VBNC bacteria pose a great potential threat to human health, food industry and agricultural
production. Research on detection, induction, resuscitation and their mechanisms can provide theoretical
basis for managing or reducing the risks of VBNC bacterial cells. Based on the research results of VBNC
state of phytopathogenic bacteria in our lab and other research teams in recent years, we summarize all
progresses of VBNC bacteria in this review, especially on the mechanisms of VBNC state formation and
resuscitation. We hope that this paper will be of significant reference to the study on the survival mechanism
of plant-pathogenic bacteria under stresses, the primary inoculum analysis for bacterial diseases in the field,
as well as the role of VBNC cells in the disease cycle.
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A 16 SIEAR] K5 FE (viable but non-culturable,
VBNCYIRZS, BT JERA IR . Xu 55
T 1982 AEMF 5 KIAFT I8 (Escherichia coli)FIEE LK
& (Vibrio cholera)if 1 R & Bt B4 ", 12 b6 5
30 ZAERIBIFEH, XRESeAT Z b 20 I ik 52 18 8
B I BRI E A X FIOIRZS . HAT, B RERS
HEA VBNCRZHY 100 ZF0CEY R, B & [RnE
B} 7 (Brettanomyces bruxellensis)® . i 4 1 &}
(Saccharomyces cerevisiae)” FIZ= Al 52 4 DU 1
(Hanseniaspora guilliermondii) V45 3 FhlEEESL, H:
AB R ANER

AR VRA 4 22 47 DA 25 b A 4B 0 0 D 240 o 4 5
WEFE, HLE R s A I AN A= 7 S bR, AR
WNHIETTIE T MMER IR AN 19 VBNC IREWTE, B
UCUESE T 353 15t290 I (Clavibacter michiganensis)[ﬁ]
FPG TR BE I (Acidovorax citrulli) ') VBNC Ik
BRI IRFA, BLEAEYRREANE VBNC IR
bR EP I A ¥ SDOE W= NI B 4
16 o AR SCHE PRSI Y B F 8 TARE A R EAT3C
BRHRIE, 456 VBNC ARZSHLE] w8 A X —25 1
o, AN VBNC REERERBEL . ik, 3%
M TR BIRWIAMEURTE . VBNCIRSRIE
RIS TR AL 55 5 T EA T TR A T ) R G
W, WIEENIRAT# VBNC AR i R
LRI 22, SRl A iy VBNC AR
I I R P VTR U R T R B

1 VBNC REWEA

HARA R IRAEYIA 99%LL EHANF VBNC
REW LR B3RS, AT R ZRhEENS IE
WOy B R R U W AEAS RIAEE S5 e TR aT L
HEA VBNCARZEP, 4 PE A VBNC RZS A AN RELE
HOLEE SR B AR, (BRI Y 7 B
TRACEAFCIRE TR, 2 A& BT, 46T VBNC
PR B0 R AR AT DUPR & e B 5 5 AR K ) RE
1, [EE HEo T d b > 2B, ik, VBNC
TR AETEXT B2 | 8 & FRAH AR b AR 77 A5 A 2
G A E KRB AEGE, SO EARIME

e RN TR ) AP, ELa e T IR R AR b
Tl ZESURAE T 1)1z e, A e AR
FRE Py P27 00, WSS R 4l 7 VBNC
RSB FTR A, FERt A s
1.1 #8E& VBNC RZSRYENFNIF S

AbTF VBNC AR B B ELAT 4 0 e Rk
FIE 8 A5 0 280 45 PR 7K P 1) A3 3 2 R DR 3R 5K g
U R — 4k E T VBNC RS
() ) B A 3 3 43 0l K A T R AR R AT B 5 T A
THEC, P T 0 DA R BR8] 355 3% A A ) 42
158, AR SR AT BGE 1 R SR AR S
B, WA T AT RO TR AR R S A P A
A RGNy R ey e g gy et
5-8FE-2,3- . (4-H B U s AL P (5-cyano-2,3-
ditolyl tetrazoliumchloride, CTC)Ye 5 Jy =" F fi
FANTA TS St G T e ik sah, BT
AR RESE A, (] DNA 254 Y4kl EMA (ethidium

monoazide)[ls'm] )[17]

sl R PMAxx! 4454 qPCR /97 i 2
VBNC R ARSI o % 57k . fE R
WK e, 5% 6 IR 24 32 (fluorescence in situ
hybridization, FISH)H F#ET 48 H R 54 5
R M,

VBNCIREMIARRERARE, ANiEEMRE
K pH. JGHE . MRAERREE . BRI AR i H A
AR . m R AR . SER A . TR A
SR IRA SR A A BEA VBNC JREP 5
Yy I 240 R 5 A DG P BIF 98 N 4 R BEAE h TEK |
THEERE MM E S MAEY . 25O HE
REBEIE A VBNCIRE KA A P14 60 ZFh, M
JE&F 20 B BFFE R, K IR AT AR SE
T T ARRIFERIEA VBNC RE, WERLIK
W (Vibrio cholera). GVKE (V. vulnificus). R
M YERE (V. parahaemolyticus) &3 KIGFF
(Escherichia coli) O157:H7 A HE B T A AR 28
SRR BRI FRFIEA VBNC RSP SRR
SRR, AR EAE SR AT E. coli CMCC

. PMA (propidium monoazide
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44103 #E A VBNC AP, FLEREE Lactobacillus
lindneri) BM-LL14527 W] 7E 0 °C {IRIRLAII <0 Rag
HiiE A VBNC RSP, 5800 Py 42 & 74
W (Cupriavidus metallidurans) ] 1 58 F# 45 6T
BRALFIHE A VBNC R,
FEYII MR 1 VBNC RSB EA B,

H AT E B35 450K 2 5 2 7 v 0 G Y B
AT IR A O, WAR 9 L 3 FF T (Agrobacterium
tumefaciens)®" AL R B I8 55 T (Xanthomonas

HRHE Y A
B IR T (Erwinia
4% Bt 3% W B (Xanthomonas
axonopodis pv. citri)™ . Bl (Clavibacter
michiganensis)\® F1 40 B P 5 B (Acidovorax
citrulli) "V 55 Y A E — B W E B TS T Uk A
VBNC IR, IWAh, RETEBMESR I (Xylella fastidiosa)
AITERRRFEVE P kA VBNC ARAPY, TR
M B T A B AR Bl (Pseudomonas  syringae pv.
syringae) R EL R A FP(P. s. pv. tabaci)) WP TEZ
Mk T AR R A VBNC RAP,
1.2 VBNC REEAREZ R EBHFE

VBNC ARZSF AL —E 550 T ol LA TR, &5

JEREB R Y A EZ A0 . Y HiTHRIE R VBNC IR
BWEIRE I EA 2R, SRR LLEIE S =2
EZBRIFESFH T InEFRY B AR A £ AR
FAFTE T VBNC SRS TR A RT3 i T L BE A
SRS WRN EDTA RERS K IR B T A S
VBNCARZS TR, W0 52 55 7k sl i — 2
FEE 1Y /NIT A HLA) AN 2 R AN A TR i PR A
Al VBNC R BRI E, fl) Ka
FAE TN RS VBNC RS IR AT 7E 25 £ RN
Hohe AW E/R, VBNC AR BV BITH (V.
alginolyticus) FNRIGS MK (V. parahaemolyticus)
BEBSTEREFI/INBUAR N &2 951, A6 SR 4 B 0 -
amylovora Fl C. michiganensis 77 FITEFEF 5L
AL R 4 v RN AR AR AN B 1A IR A AT B AR
PR,

campestris pv. campestris)m] N
(Ralstonia solanacearum)™'

amylovora)[34] N

VBNC RS TR A 1 200 1 7 A [ 400 77 v 22 5
MK . VBNC WRA&M V. alginolyticus Fl V.
parahaemolyticus FEFN/NRG 28— & B (B REE 53 25
BN, ERIR S I T AR T AE /N R
[ i v 3 S PR R AL AR A RE R ot B
WrRE B (Listeria monocytogenes){bT VBNC IRZSH}
ANEABOEYE, BFES WG 0 88 T 2 08 5 R
/NERBPAT R BB T, RUIZESEA VBNC RS
B S0 1 2 S BT B 1, 3009 P il 1 A T 35 R
M S TP B2 4T VBNC SR 28 A1 400 5 D5 40 1
R. solanacearum ] TEZAAEARAR 2 i [ 52 25010 2
it g3 Er. amylovora ) VBNC JRZS A
WA ZERL R SRR 1 AR S R Y SR
VBNC IR C. michiganensis Y035 Anfa ik 5 B
SR B 3 T AT IR TR A B AR O R 6 B K e
PRV, AL citrulli 1 VBNC RS BAE F0 5 5 6500
BABOE oo #2255, (ATEP9 R b 4%
F VBNC ARSI R LR, Wik, WA T
VBNC R R A PR BB AL, XTRFFEiL
AP AR B R BRI A R R Al A e
FH 1395 35 (R 4= e i A E 0

2 VBNC RZIBEAE 7Lk
FF VBNC AR TR AL i A A

WFFEE R RN 2 T8, il 4 VBNC
AR5 R EO Bl R R AR ) 22 SRR B, X
TE AL 5T . Heim 5538 1 — 2 3788 i B 7k
Fb & VBNC WRAE&SYLHK AL B Enterococcus
faecalis, KB VBNC AR A B AR KR4
W, (BEARSEMECER BIF, aemiQ
MXREARIELREDA, X—450 KW VBNC
RS S TR XA BLEREE (1 — Fh R pL i o 78
)T V. cholera ) VBNC IR 5T, KBS 40IE
A IR, =M+ ABC iEHikmM
polB. fliG. flaC £ FifZeik. T VBNC IRZE V.
parahaemolyticus 13 [ 41 M8 A 410 Br 45 1 i
A, PR FEE AR RN S E D, W
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K5k . BHPE. ATP &1L, B A APt E e SE 214>
AR Zhao SRLEA R AL 2E AV (1 4L5F
X FE AR BRI 51 VBNCOIRZS E. coli BIA R
JFWFSE, ek VBNC RS AR BESERE  AL
WEPEREAR . BOW ) T RESE— R0k, BRIk
AR A 0T 6 45 B BB 25 A4 T SR L) oy M 5
W [AlmF, VBNC RZSHY R R RE AR B L 3
LR IUAE R R A Hh — PR BRI P15 A8 Ry T A
WA, MAPIRACHRR RN ATP 8/0, 5l
BRI ETR . AR . BEI AMP AE AR HY
TAE SR AR AN FE ATPY ) Pu 2558 1 i A B
0 E. coli AN[FIFEFEIRIRARAS W TR AR A TIF ST,

RILANAEH ATP 7KF-52 0 VBNC AR B IE BRI
KI5, VBNCOIRZSH A ATP &t R, K
(¥ ATP i VBNC RS B VA S 950 B i i i 5401,

Pseudomonas syringae pv. syringae %L1 # R
BRI VBNC REJ5 H RA tra R R

VBNC REFKTREALY . Fhaw. k

KAE DA Sk . BE ™ A IR BE SF A
RFER Y FRZRIA, =AW R G RN R A G
PR Ak B i ok 3 A W AN T 1Y

VBNC IR 25t 25 St B 70 58 25 1R B — ol i
PRV o

VBNC JE Ll b ig 2, ¥ e 2 56 Riltiete
R ZEE, BRI RS FEEPELT L
ANTTIH
21 EERM

J 55 [ V] (stringent  response) & 4 [ 7F 2 FE R
UK SE AT 38 2o 98 2% 2B KR IG nd BE R 5 i —

A AL SRR A S o AT AR BX
535 PUBERR [(p)ppGpp PR DS (p)ppGpp i 1445
A RNA REEE . A A w5 e skl 72

Sl i AR S IR A ek B FEAT 45 S 4N T (persister
bacteria) 5T H, E. coli N (p)ppGpp L5 % -
i 55 3 & St (toxin-antitoxin system, TA system)ifs 5
FrERER (p)ppGpp 2 RBERELFZ, Wi
BOE Lon & FIBE R 108 FUK A R, ST s2
TA &%, AOFEERY, =R NAE VBNC RETE

B ZIEVER, H. V. cholerae W (p)ppGpp W&
SEH reld ., E. coli H(p)ppGpp HIG HEN reld 5
spoT 7£ VBNC IRAF A 1 FR&EPS, RhE
G B(p)ppGpp 1158 A5 (AR5 B A 7R o pe iz 2 W 1 5%
P, Hi#EA VBNC AR AEE S0 B AR, Y
(p)ppGpp i B F IR, B VBNC R H A
G 0 R IA R XT VBNC
RSP RN 1 T, B2 200 T 8 18 R

T | Chedy

() pp(rpp
1
P P P :p,
Polyphosphate

@ Lon/Clp
P P P Antltoxm — @

Free toxin

Inhibition of translation and cell growth;
induction of persistence and VBNC

B EREEERFEIRSE VBNC IRZS B 9 FA5 L
Figure 1 Molecular mechanism of persisters or VBNC
state formation regulated by stringent response!”!

o AR SR U, RelA 8 SpoT £:H4(p)ppGpp
5 BB (p)ppGpp HIKERE , (p)ppGpp REAEAIN T A1 SR Wk
12 it (PP X)W fifk 22 SRR R (polyphosphates), T3 2 Rz ih
MR, ZRBEMELBESHIT Lon/Clp AR TR TA R
GERHOCHE R R IE , e - S50 R 200 ML v 3 2 1) 2 3R KT g
T, S 1 BE R A B R A R A A AR, R T R
VBNC IRZAHIIE AL,

Note: During amino acid starvation, the protein RelA or SpoT
causes an increase of (p)ppGpp, resulting in the enzyme activity
inhibition of exopolyphosphatase (PPX), which responsible for
degrading the polyphosphates (PolyP). This results in an
accumulation of PolyP, which activate of the Lon/Clp protease and
affect the expression of toxin-antitoxin related genes. Eventually,
the level of free toxins in bacterial cells accumulated, which
inhibited the protein translation and division of the bacteria,
thereby regulating the formation of VBNC state.
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YU, RelA 5% SpoT 247 EXNEE, 34N (p)ppGpp
()45 s (p)ppGpp HIRES , (p)ppGpp IS 1)
USRI (PPX) R 2 KRR R (polyphosphates)
I, FBEREREEVRE, 2RSS
Lon &AM IR TA RGEAILFFFEIE, 8
ok HE TR A 240 B rh i 8 R A R R A R
FEFNE A K402, R VBNC RS IR
22 BEMEERSK

TR P8 K A S (toxin-antitoxin system, TA
system)7E 4l B T 5 3 A7 7E, 7E 41 B IS N A AR
Ji. #EPE . AU AR R Y R AE IR S 2
FEREERST, TA ZSEH R RIE SRR
SHE Rz, BOA R B A I B 3
SRR Y 2015 4E, Ayrapetyan Z5P0IZ5 A
NHGE PRSI0 = AR RCR, 48 TRk
PIRIRGE SR, ZRUGA N AP VBNC IR
A5 TR B RS AT DL AR AL 9 2 B o ok i

Active <I
cell <:

Fe, B VBNCIRZAWAZ TA 2G5, H VBNCAIR
BT AR RIS SRR B (PRI . S TR A e i
B R IRF— W B, IEF AR R 0 B R A
FrRRES, WY RS AE R, B IR
BERSU BRI HERE RS 0 A0
AR RRIE, B VBNC IRZES; A &0
ffEbR, WA EER SRR, VBNCAREMZH
PR R B R RS, SRR RN R
HE— 2GR, D] {4 B OBRAS A BR AR &2 E 8
PGS, RN AL H RS 7R 3L ] 15 5%
PE(E 2). VBNC ARSI 5150 R A 1 2 4L
i, A& VBNC RS S5HBIREHR
TR A B 1 [ — Rl SESOR 2519  Ayrapetyan 256554
i VBNC RIS HEPRAS EANE R e B
BTS2 A A BIOR S, % B IE S AR
NAXS, 5 VBNC IREME, ZHikRha
() 45 B DR SR W I ) LR IR IR A, R BRPiAE

Key: D -Free toxin
---- -Resuscitation time
g - -Culturability on media

g

E Induction

b= N

S t Persister | _____ Active
2 cell cell
5 A

£

8 Induction

t : VBNC | . t Persister | _____ Active =
cell cell

B

NN
| Frectoxin

B2 MEYKRIRESRIgEES

Figure 2 The model of microbial dormancy continuum hypothesis

159]

T BRI P EURER AR, SEAMEN S IR RER G AT OR 5SS R A i s B3R A B — g BB,
SIEAFRRRS, W05 6T R TP AA e, TR e e R ootk —20 SRR, s B IRES A A T A\ IR B FOARIR , BN VBNC
RAS; IR MG S5 U R R A Fh R 2 AR, SRR R BIART VBNC RS A IR E 0 B ACHNE M, B AE R M
IRk By aT SR

Note: Environmental stress induces the degradation of antitoxins, causing the liberation of their cognate toxins (red triangles). Culturable
cells with normal metabolism activity will become persisters when the free toxin reached a threshold. When the stress pressure persists, more

free toxins accumulated in the bacteria and resulted a deeper dormancy, which named VBNC state. When the stress conditions were removed,
the toxin levels decreased, and the bacteria in persist or VBNC state recover to normal metabolic activity and culturability.
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RIG & B RIEPAT & 75, 1 VBNC ARASHE A
(52 R A R AR X 2 2 LB R P2, {0 TA RGexT
VBNC R A I ML -5 35 BOIR S AR P

Hii, CA#HETA RAEREWE N VBNC
REWIE R, Mad Kk Z AL mE, AT gn
FH#EA VBNCIRZS, 155 2 5L D[R] P B 2% 2k
DR e b 3 R U AT AR X AR RHICER 5104, A o
R, XTI VBNC RESEFEIEHN TA R5%
H hipAB* | higBA'® | relEBY | chpAKAI®Y
vapBC1* V4
2.3 ERMINMEERMKER

Lon A& [l 9145 19 28 11 B i 2 16 R ™ B
DA TA RGEPETE AL, TREXT VBNC IR Z
(I B AR . Lon 5 1A i T %2 0 1o f A
17 TA REMPIER  UETTER S8R B
KSR B R S IE L, Lon 25 FANGYE VBNC Mk
BV R AV A R IAED). Clp & 1S Lon
EAMEA MM, ZEAMREYFER E.
coli F1 Staphylococcus aureus F ZFPTLEER M T2
HA#EA VBNC RSP VBNC 4R 7 Salmonella
enterica WRH I Clp 8RS BB MAREIE AL
Clp HIZEA5 K HE A VBNC HRZSHRE J1 T Rel>08,
U, AR R K VE R FTREFE VBNC R
BB B k455 EEAER
24 XHBIAERATF

HHT, MIEET VBNC MR E T X H [ 1
RGMEE, BAMFREY, Sigma H T (c°,
RpoS) A% 84 AT OxyR %} VBNC ARZSAYTE ik
HAT— iR

RpoS J& RNA RAMH—IHEE, FER%.
BHE . B T K R AR 0 PR R A T TR R
YERL, X 20 B 0 — 8 R 7 6 ke o R 45 A
FA. RpoS & 5il¥ VBNC R T /EL I E
BEESZUY ) E. coli . Salmonella enterica . Er.
amylovora “FAFEEI rpoS LG, REME Pt
HEA VBNC A7, H VBNC R4Sy it ] s
i, BB BB AR TP VBNC R

V. vulnificus TR REWEKINE] rpoS FEDHFrer
P HAE VBNC BIAK G Rk B & T,
W] rpoS A F T U EE T ) 445

OxyR J& LTTR (LysR type transcriptional
regulators) S i [ 4% S VR4S R 7, 2 i o i o
XL AR ARG . on B S A A I8 i i St AR A
Wy 35 Ak Tl P T A R e AT A 3 1) 1) A Ak o
P HATEAESE oxyR REWS I S AL M AH 56 5L
 JFRIMCESZE I AN VBNC GRS 1 i
S V. vulnificus H oxyR BB SAR R A H
A E AL A B E, RIETAE R IR T R REAE HI
(heart infusion)[{AREFER FA K, M4+ VBNC
AR [FIEF, ARSI o A S 2R T 2 Bl
Vibrio spp.#F A VBNC ARV, OxyR AEME T
ahpC F1 gst FEHRRYFEIL, T AhpC FIABEH AR S-F%
# [iff (glutathione s-transferase , GST) 43 5| X} V.
parahaemolyticus F1 V. vulnificus ) VBNC IREIE
MYEFF B TR, v, parahaemolyticus
i ahp C2 HE PRI R S AR PRAR H B A BY RERE PO E A
VBNC 2, FRERE4ERE VBNC AR Ayt a] B 2 45
Jei, BV e e [ AET-U7 56T V. vulnificus
) VBNC REMHFREIREN, EFEFRME Y,
A S EE KM i SRR R,
S5 VBNC BRI, FARBFEEY, oxR
FEXT VBNC RATEBUAE ] 2 5 6 Pt
AR,
25 ERRHEFSEREL

VBNC AR B L i A BTty , 2 95 L o
SRR HOE™ . BRTERT TR E AN, LI A
T VBNCRZSHAR 5 B A A+ B2 AT
—BESEF LR, ZRESE XN ESS
3 FIAEAE, Ana iR 2 i if H T~ (resuscitation
promoting factor, Rpf). H&FEFZH Rpf 2
AERS I AN B A K B VBNC RS IA R 75 AE
&R, TE#E IR E (Micrococcus luteus)
R IRE, HATCH R A T 2R
707800 S Rpf {2k VBNC AR HAR I
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BT AR 3 Rt 55— A= Rpf 54
f g (s EHIARERL, Bl Rpf 5 VBNC RZS
PARR T ZARLE A, 0 (R 20 e A i (o H A
Ty B REECRISE AR Rpf BPERF
VBNC HRA T A 40 i BE v g ISR WE (18] 3), b
TR R Rpf BEARSECE VBNC RS 441
R R RS AT ] P 1A 43 24 B A K A RSB AR 43, AT
205, WENIERTEM, WE 3(1); 5 =R
R Rpf B KSR IS T A 2 =g ] A 72
B Am M, SIHALEFAHYERfESE VBNC RE
BRI AR, N2 5 95, KA IE R Bk, o
] 3(2)11041,

AR (quorum sensing) 7 5 43 Tt AT DL
£ VBNC REFIKIE IR, Ayrapetyan SFHF5E K

Activating

Cutting f

1.
sl

|-

= 1=

Breakdown product

o
o

Resuscitati

¢ ¢ 29

B, V. vulnificus 18557 FIFWRTUIE 57 H VBNC
ARG, T A SR Ny AH DG BE PR 28 A8 IR 1 3
WA el 2 950 phah, BRI (554 7
A2 BEUSfEUE VBNC RAERIAME DS, MARES
Ji AL-2 B RIIANRESZ TR, SMNESIN AL-2 J5fE
i 2 52 I3, ARLTS AR (A 10 410 T 4 PR R I T A
SERBFAE T FE bR VBNC SRR E P, %058 78
SIUESE T RIS 541X VBNC RS T30
HEAEM.

BRI NS 543 F X Campylobacter jejuni
V. vulnificus 1] VBNC IR R A2 I3 354 —
SEFMS S HET, T RHARAE 50 Tt
VBNC RAFERE FRpLH 58 80 (H A it
7N, BHRIBNAE 5T X VBNC RRABIVE T #E

Resuscitation factors

Sﬁmulaﬁn% %

[ > (Nomaici])

ﬁ
@

Interacting with
other factors

ev96

3 Rpf {EAFRAEBERE VBNC REFKREFAAmMER"

Figure 3 Two viewpoints about the VBNC resuscitation mechanism of resuscitation promoting factors (Rpfs) acting on

peptidoglycans”

TE: (1): Rpf W VBNC ARAS T (A0 I RERR 2 X, ARk 2 DI SRR T AR R 3ol TR VBNC RS E IR ML T3 5
(2): BEMLIRIRME, HP=PVER s A5 S HARE AR, i feik VBNC R R R K 5.
Note: (1): Rpfs are required to cleave the peptidoglycans with inhibitory properties distributed in specific area of cell wall of VBNC cells and

thus promote cell division and growth again; (2): The decomposed product(s) of peptidoglycan divided by Rpfs may interact with other
factors and function as “second messengers” to stimulate the resuscitation and growth of VBNC cells.
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5 rpoS B PEFA £, Ayrapetyan ZHIRFTTLS
RE/R, AL-2 fEfgi L LuxR SRR rpoS FE[H
K, MIE St AL A KatG i iRk, AL
RegR i A AL, AR S R AR KR 5
ER VR IR R BEHEBR BRI A 543 718
AT AES 5 HAl 5 VBNC JIRZSE A LR iR e 5
Wi 3X — L R A AT REYE , PR, HEEARMLGIA A Rk
— B,

Zi b, MR EE A FEAE O R B VBNC
REWMZFFFIE IR 5. VBNC I B ME J5
ML B BT E A o B, (Hd s 7 — &t
B BTSSR AT RS IR 4 FEoR s BIARISHE R
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Figure 4 Schematic diagram of research progress on induction, resuscitation and mechanism of VBNC state
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