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Detection of culturable Salmonella and its formation of a
viable but non-culturable state under oxidative stresses

ZHANG Lingna, LIAO Hongmei*
School of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: [Background] Bacteria would enter a viable but non-culturable (VBNC) state under
oxidative stress, and their colony forming ability may be affected by sublethal injury that imposed on
bacterial cells. Currently, the quantitative detection of VBNC bacteria is based on the difference
between the viable and culturable counts. Therefore, the accurate detection of culturable counts is
critical to quantitating the number of VBNC cells. In addition, a proper growth medium might avoid the
missing detection of viable pathogenic bacteria. [Objective] To analyze the effect of medium
composition on the detection of bacteria exposed to sublethal injury caused by oxidative stresses, and to
explore the formation of VBNC state of Salmonella enterica serovar Enteritidis under oxidative stresses.
[Methods] The culturable cells in Luria-Bertani (LB), beef peptone yeast (BPY), and Salmonella
Shigella (SS) medium were counted and compared. The formation of VBNC S. enterica serovar
Enteritidis was quantified respectively with RT-qPCR and fluorescent staining under confocal laser
microscope. [Results] The sublethal injured cells under oxidative stress could be detected with
non-selective LB and BPY medium, and the counts of culturable cells reduced in SS medium because of
bile salt. The formation rate of VBNC S. enterica serovar Enteritidis exposed to HyO,at 53 °C for 1.5 h
was significantly higher than that in the other two cases (P<0.05). [Conclusion] For the detection of
VBNC state, a suitable medium should be selected to detect culturable cells. Oxidative stress would
induce the VBNC state of food-borne pathogens, which deserves special attention as H,O, is widely

used as a disinfectant in food processing and medical treatment.

Keywords: Salmonella enterica serovar Enteritidis; oxidative stress; viable but non-culturable state; culture
medium optimization
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— M T EAA AR SR e Y A
PRSP FNFE S e e s A LA BRRIE, W T
RIS B T E A BT RO L TRE Gk
W WG R 3 4y HE ) 27 1 46 BT VBNC
SWFAE BT EOL RN A5 R AW A, ik
e SR T A 5 R A IS T, A e e o A
RT-qPCR Kzl &5 4 T & 5 A il VBNC 820,
JOART A S TR SR I RTG AR EE, Ho,
TEHEA 18 A [T AR 5 3% B0 AT 3% 557 0 py e il 1+ 23
PS8

1) R (Salmonella spp.) & — 2 18
e, FEAE ARSI S RN A AR, W
T AATEF 1 K R — e 28 it v BT
FORFEE R BRI EETE, VTR EOR S
CRME D, EVPT] FREAT AL T R £ 6 4 4
MRE D B IR YD T R BRI 32 B R AR
JEMRTE S HImERAL, — BRI AYAEIR N I
FEAE TG | T FLE EEL RV
[CFH (Salmonella enterica serovar Enteritidis)/&
R ITREZ —, EREEERIPTTR
WM EY R EREZ R, E-MEENT
TEPEBOR

WFSERBT, Al R R S B B AL aE
FIH bR RS F AL R A C, AR
e MPTEALBERY RN A K, AL T Al i s A
ARG IR U B TR HGE DT T
TEEALEIER T 2 A VBNC 2, #llfilA Ak
s DR I P e AR S T S BRI AT R
VBNC &I, PSR T AT A B
#EA VBNC 51— EZHE R, — 2K
A7 SRS TR A VR T S Ok, N &
SUHTEN . P R 2 AR R L IE R TR
R S AL BRI R T 0 M AU A U
Sb, VBNC ZSANBEXSHLA R 1350 K By i

AR R AR E R B AT T
DA R R 1) B T 30 2 791 £ T 32 1 S
D 1IN A 2 I e PO R W N ANy = s
VBNC V01T QTR ) B 4%

Huar, BN FESHEZXR#E GB
4789—2016 VK I & M BOR B, A TR AR 4>
B LORER L SEE MR KRB, (IR AT
Pikr i VBNC SBURH . AL RIPTTIK
PR ISR G2, 43 A1 K 95 S 4k A R TR
HEEFRER W, PFH LA H0,0 20 H AR 1Y
FALIE I XT A gk A VBNC S5, LI
Shy B B b A 00 R B A R O PR 4R R B R
B

WEERE

1.1 EHREEFE

R UPITTERHE CMCC 50041, hEE L2
fn A %E Jr (National Institutes for Food and Drug
Control, NIFDC), fii F beef peptone yeast (BPY)
WM R PR IR R B R, 1 37 °C TFHiE
10 h, JARE IR B S (1-9)x107 CFU/mL 7%
AN TE AT R SR ORI A P A R B R R Ay
R 1 PR,
1.2 FERFIFYE

AAban . . Lk, sAUE RN . R
JHEL . PR kSR . MIEIREN . PELL . Segk .
30% H,0,. $hMR . BB . Bk . BRI EK |
PR . SN, RN R . K,
FigE LA IR AR EAk. R
PE, JEst IR AR RA W s
Al B REYVRHCARA R ; DNA =BG
Mg, R A ARA T ; RNA 2
Woalsn &, puM I H B A R w3 LIVE/
DEAD®BacLight™ {7, Molecular Probes
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x1 BERERERHE

Table 1  Solid medium configuration table

AR R B SR IE By
Growth medium Medium components (g/L)
BPY Beef extract 5.0, peptone 10.0, NaCl 5.0, yeast extract powder 5.0, glucose 5.0,

Luria-Bertani (LB)

Salmonella Shigella (SS)

SS-laboratory-made

SS-lactose

SS-sodium thiosulfate
SS-bile salt

SS-ammonium ferric citrate
SS-sodium citrate
SS-neutral red

SS-brilliant green

agar 15.0

LB broth 32.0 (purchased from AOBOX): according to QB/ABX02-137 standard
formula configuration

SS agar 62.5 (purchased from AOBOX): peptone 5.0, beef exact 5.0, lactose 10.0,
sodium thiosulfate 8.5, bile salt 8.5, ammonium ferric citrate 1.0, sodium citrate
8.5, neutral red 2.5%1072, agar 16.0, brilliant green 3.3x107

Peptone 5.0, beef exact 5.0, lactose 10.0, sodium thiosulfate 8.5, bile salt 8.5,
ammonium ferric citrate 1.0, sodium citrate 8.5, neutral red 2.5%1072, agar 16.0,
brilliant green 3.3x107*

SS-laboratory-made without lactose

SS-laboratory-made without sodium thiosulfate
SS-laboratory-made without bile salt
SS-laboratory-made without ammonium ferric citrate
SS-laboratory-made without sodium citrate
SS-laboratory-made without neutral red

SS-laboratory-made without brilliant green

/N#]; QuantiFast SYBR Green PCR i £r,
Qiagen /A 7 ; SYBR® Premix Ex Tag I1 i £ .
PrimeScript"” Reagent Kit with gRNA Eraser”,
TaKaRa A #] .

o 1 S ¢ 6 5t PCR Y, Applied
Biosystems /A H ; il PCR 1, Bio-Rad A ] ;
BOCIHRETOCR I, Carl Zeiss 2] ; K
N6, Thermo Fisher Scientific 23 &) ;
pH it, MR -Z RSB AR A A 5 fETRK
WA, CTIA,

1.3 7%
131 EMEELESE

I PR U FE O U5 2 B 5 PV vk
DB L BB IFE 4 °C .5 500 r/min 50> 10 min,
A BRERKTEUE 2 WA BTSRRI T K
H AL 4R :53 °C F 0.2 mmol/L H,0, .
53 °C 'F 0.2 mmol/L H,0,+0.2 mmol/L Fe*" (3%
1552 W) A1 53 °C T~ 0.2 mmol/L H,O,+pH 4.0 (FH
0.1 mol/L FyEFRIAY pH), S I 45 J5 7 B m

A 4 mg/L wl F AL A WL AE RN, AR
T A FRER K PR, T BB AR DL A I S
1.3.2  AIEEFRE N

AR FREER I 7 S I ERR GB 4789—
201627, A5 FITCIE 0.85%4 BRER K HEAT 10 15
B EERR BRI ER 3 NI A A B R T AR
T B 1 mL A3 O BT R SR LA
IMARE IR 5L, R A o0 28 5 1 & T 37 °C
BRI R SR 24 h, iERETT SR EOTRLA Logio
(CFU/ML)&/R o R T BEARA IR , R FH 250 H
AR VEAIARE A, FAARERAE SR . B 10 mL A
I 4 °C.5 500 r/min 5.0 10 min, TA& T 1 mL
0.85%4: FHEL K LAFRAT 10 54 kL i s B s B
210 fEVRARFE S A TR 57 I id ]
BRI R
1.3.3 SEHMFEEHEERN

233 qPCR Fl RT-qPCR A6l 4 7 50l
WEE, HAAERES % Liao %, i 40
DNA HEHEGAF &2 1 mL R L 4] DNA,
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% QuantiFast SYBR Green PCR &7 & ik17
qPCR i, ST AT EL () S Cr (x)fE X N 1)
brofE dh 28 B R OB B y=031x+11.21
(R?=0.996 6); ffi [} RNA H#EHUAH] &3 1 mL
W% mRNA, 7BIf#if] PrimeScript"’ Reagent
Kit with gRNA Eraser #1730 % s T il B4
FANEWEZ IR (cDNA), 2% ] SYBR® Premix Ex Tag
117 &7 RT-qPCR [ v, @7 At 45
Cr 8 XF N 0y b5 #E il 26 & & 36 AL .
y=-0.33x+13.704 (R>=0.998 3), H:d1, qPCR HI
RT-qPCR VIHER inv4 R EEGE, 519 F (5-GTGA
AATTATCGCCACGTTCGGGCAA-3")FI R (5'-T
CATCGCACCGTCAAAGGAACC-3") i1 4 T. 4
Y TR IR A FR S w5 B, §785 BRI
7 284 bp*,
1.3.4 VBNC HHEEEFHE

VBNC 252 B i Ry 17 TR £50FH AT 3% 3% T 4K
2EME>, VBNC S EETH AR ()G
iAo Q@WT
VBNC 2T 2= B 20— P 35 77 R K (1)
VBNC 75 5 Fb=VBNC 255 /B 50 100% (2)
1.3.5 LIVE/DEAD®BacLight™ i 7| & & #&
HE

¥ LIVE/DEAD"BacLight™ 7] & 5i ks
W, A& EA 2 FIRDOEYE: SYTO 9
A DL ot 40 M 5 DNA 454, R 5 S 4t a0
Y65 AL N BE (propidium iodide, PI)HBEFE T
T AMEIE S SYTO 9 S5 &0 5,
KIare A aaiiot, Hiba il &rsot e,
A TEEE N M TS A0 R AR ek, AR Az
R4 20 8 5 6P SYTO 9 3k il & 5 %
K43 51J2 480 nm F1 500 nm, PI ik Flk Sk
K552 490 nm F1 635 nm . EAR#EAEZ IR Liao
ST R 101 SRR, B 1.5 ul
REAYRYE 0.5 mL B, 37 °C F AL

15 min E15#. BS pL BWRCE T8I, b
U, BIE RO R A R g,
b T L I e ) W R O B,
T N TR R TR Y LA B TR S A g
Pos Aol G FR I, 6w LRI VBNC 2548
PR 7 T
1.3.6 BUEEES5SH

HAMAYIRE 3 MY ER . A
Excel Gt A BT A 5t , JF b it 25 o 1
A SPSS 23.0 #4777 43T (analysis of variance,
ANOVA), % H Waller-Duncan #:%;, & & 1/K
Sk P<0.05, fifi H Origin 9.0 24l %4 4 .

2 BEREAW

2.1 BEFERHEEARMELENTHRED
TR E AT A TR 14 A 220

K BPY . LB Fl SS [ {4 55 3% He ks i i 4
VWITIGH, KA - FRNERTER. &
it 53 °C 0.2 mmol/L H,0, &b B )5, BRIPTTIR
TR Y AT 35 I R B TR s 2 A B [ A 4K 3
90 min Hf, 3 Foftdi IR LI ORAG H AT R IR B (K
1A). £ 3 FpilEgREE 2 0], LB Ml BPY 3R 5K
M5 R B V22 5(P>0.05), SS BEFRILA I
ZER W T HAL 2 A(P<0.05), LWL T
M, TEAHFECR BRI TTIREAALETE LT,
LB L E % BPY LREVEE R, i HIB SR
fERI &, 5% (Bl 1B).

i — il A B — AT R 3 AT SS R R Ik

S Hy0, Ab B Fr B AR T IR I R VP T IG

W VR TE BLRE T I G B4 3. iRl 1C T,
SS-bile salt 3 EAGI AU AT G AR RAURE & T
SS-laboratory-made 1577, SS-sodium citrate 5775k
R AT B R R 25IT SS-laboratory- made
(P<0.05) ; HoAth FL— W o3 Bk 5 SR AL S5 R 5
SS-laboratory-made 155 R TC i & 725 F(P>0.05),
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B
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Dilution: &
C 8r
~~ 7 B
g 6f
]
S 4
2 3 il
en
3 @l
1L
0
A
e N s
'a‘od oo o A b
e %06\36‘
e
o
S

1 3EFEIF 53 °C 0.2 mmol/L H,0, 23 57
KIDITIKEAEFREEME  A: LB, BPY Al
SS [ AR F=FAGI T 552 REL . B: [EARKE AL
AR, C: BR— oK B SS B SR EL A I W] 1 %
WAL *: P<0.05; A[F/NEFEERIR Al 55 55 WAL
TE0.05 K FTFEREE

Figure 1 Effect of growth medium on detection of
culturable S. enterica serovar Enteritidis that treated
with 0.2 mmol/L H,0;at 53 °C. A: Detection of the
culturable bacteria with LB, BPY and SS solid
medium. B: Solid medium plate. C: Detection of the
culturable bacteria with single component deletion
medium (based on SS medium). *: P<0.05; Different
lowercase letters indicate that the culturable bacteria
are significantly different at 0.05 level.

RS IR, SS B 7R 3 HER R A Ak
JEJT R B U0 1T G TR AT BE SRk i R 45 4, il
fan] B WG B KT LB 1 BPY (P<0.05);
LB 3592 Bl & TR H AT 85 720, DR e 2258
B3R F LB 85 57 A I o] 55 52 14
2.2 SEMWEAFN VBNC SBELTRER
X B %2 i

FALTE S35 VBNC SR U0 1] FC T B
SZM AP 2 FFR 060 min PA 45 A BRAH A4 AT B R AL
PG, Y AT B 57 AR T A PR (0.1 CFU/mL)
BF, 3 ANAbERA SRR H G T, RIERE
HTHRIWPITTRE AT VBNC &, &35
KL, 53 °C AbFEAHIRIHSE](90 min)f5, AIKEH%
K T4 FR (0.1 CFU/mL), H,0, 4b ¥ 4]
VBNC #4505 2 = T HAh 2 41(P<0.05).

Kt , AREAE T T BRI TR 2
YEA VBNC &5 53 °C 4b# 90 min J5, H,0, 4t
P L R VBNC B4 E B E ST
H,0,+Fe?™ fil H,0,+ i MR (pH  4.0) &b B £
(P<0.05).

23 SWEAT VBNC HEDITREALLE

AALIE I VBNC UPTTIGH 5 b Je %%
O Y 4,55 K B0 IE VBNC 25 41 T 46 45 51 4
B 3 iR, AbFE 1.5 h 5, BESD TR FR AR
T4 W FR (0.1 CFU/mL), 4% 4b ¥ 44 2 7F 7
VBNC Z540H, 53 °C H,0, 43 1.5 h JE ALY
VBNC 47 4 b 255 T A 3 405 2t
B RS RIS T X — 255, AR I AT 0
MBSV TR AN, RIRIRAEFETG A,
Hirdr 53 °C H,0, 4 PRAFE & BE TS 2 X 401 1 5 4t
B, H,O,+ g Ab B 5 40 o 40 i 48 2 2 BA T
AR S 0| E S o I L0 (R D ) ot SRR
o A D 45 R B & T RT-qPCR K il 45
(P<0.05).
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2 407 CIRT-qPCR
7+ 2 30k LIVE/DEAD stain method
56 £ %
Es g 20f 7
2t “ 10t dn
83 L
C4r %%M
> 5L
23T £ 20}
v S 15
—=—Total count 5 10t
1 | —o—Viable count g 88 F
0 R T L L T S T R I P =
CK 5 10 20 30 60 90 120 180 * 2 e
¢ (min) Treatment condition
B g - B
o6+
g L
=t CK . b d
O o4l — .
=4 3 SE/EAT VBNC ,Uﬂmwnfe@ & bk
g3r B A: VBNC 71T &5 (4 55RH RT-qgPCR
2 |—=— Total coun
| [—o— Viable count o Y B K IE ). B: LIVE/DEAD %¢5%
o [ Culturable count 0 e YRR CK: AALI; a: 53°C T 0.2 mmolL
CK 5 10 20 30 60 90 120
r(min) H202 ALI\}E 1.5 h; b: 53 °C ‘F 0.2 mmol/L
C g H,0,+0.2 mmol/L Fe>" b3 1.5 h; ¢: 53 °C F &
Tt fR(pH 4.0)4bF 1.5 h; d: 53 °C T 0.2 mmol/L
201 H,0,+/ W (pH 4.0)40¥1 1.5 h; HA A 0.1 mol/L
5 5+ v ot oo SR b
é . Fr&RE 17 pH
:13) 3 Figure 3 Percentage of S. enterica serovar
S0 Total count Enteritidis in VBNC state under oxidative stress. A:
2 '_—O—Viablecount Percentage of S. enterica serovar Enteritidis in
1 [ —a— Culturable count VBNC state under oxidative stress (Detected by
0 CK 5 020 30 60 90 RT-qPCR and fluorescent staining). B: LIVE/DEAD
{ (min) fluorescent staining and microscopy. CK: Without

B2 SHEITHRPITRESER. FEL
FAMIEFEEE A: 0.2 mmol/L H,0,+53 °C 4b
#; B: 0.2 mmol/L H;0,+0.2 mmol/L Fe*'+53 °C
AbFE; C: 0.2 mmol/L H,Op+pH 4.0+53 °C; pH
i 0.1 mmol/L #r2 iR i

Figure 2  Variation of the total, viable and
culturable count of S. enterica serovar Enteritidis
under oxidative stresses. A: Treated with 0.2 mmol/L
H,0, at 53 °C; B: Treated with 0.2 mmol/L H,0,
and 0.2 mmol/L Fe*" at 53 °C; C: Treated with

0.2 mmol/L. H,O, and pH 4.0 at 53 °C; pH were
adjusted with 0.1 mol/L citric acid.

treatment; a: Treated with 0.2 mmol/L H,0, at 53 °C
for 1.5 h; b: Treated with 0.2 mmol/L H,O, and
0.2 mmol/L Fe*" at 53 °C for 1.5 h; c: Treated with
pH 4.0 at 53 °C for 1.5 h; d: Treated with 0.2 mmol/L
H,0; and pH 4.0 at 53 °C for 1.5 h; pH adjusted by
0.1 mol/L citric acid.

3 WwE5E®

HRLED S BOR A 3 B AR R
W, ORTED SN e A R AN [ R JEE 1 77 R A
S AR 52 B BOAERT A RE A AS A K
AT RGEARE IR WBOEZ A, K%
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PR, TEERFENRFRE FE )R,
H ™ F Z A AN R AL 55 VBNC 54078, 2 E
PR B R IR A T A RUbE R VBNC
AT, PR SR BRI R s . L
JEIRFEIE IR HE 5T X R T T8 IR ) B s, il
FHAS R 35 35 A W A8 A0 07 B U0 1T IR B Y AT 85
FEEL, Kgh R A BPY 1 LB X 2RE
FE ISR A5 R B & T SS MR
FRH(P<0.05), X5 Wuytack ZFHIAFRLE R —
B, UBOEERGEDTTRERBEER TSN
ERE AR RGHNE AR, (BESY =61
LA ARSI Hp JCTA RS P, X AT BB S A Ak
TR REP A RETE S 9% | R T &4k
BEAK, SRZHGIAEM L, ZHi50
MEF e R HBENER ARG, DEE
PG AR K BT TE W B AR, (Rt
PERE IR A b — RS B A FR A R Y B, i 2k
ARER, RFFapB a7, AR 25
BT AR AT V0 1] R RS RETE & IR R 259
AR FR R AR KPS RER 1R S — Rl i P
SRR AR | 5 B 1 B AR 9 5 30 DNA # 4k
B TS IR R AR e R B R
b, WBEEAE AR K AR, (AR R
Br SRS v B REER AT BE 2 10 I BOE A T s
REJT, B a2 00 B0 R A T e Bk 35 97 A
M RE 2> M BR R B G . o T S VA b o
VBNC B4, MRIEHATREFRARE, X
B RS T R SR AN, T LA A B R SR AL
B7iot & i R

TSR L Ha0, i AER B AR R T xt
VBNC & TIRFEIE AW, #ifE 53 °C
ZAF T HL0, SAMAE T AR I Fe? il iR R (pH 4.0)
PR R VP TTIRT . HaO, FIFREE B B 5L (-OH)
SERPERTE RS, JUHJE-OH B m btk
H,0, il Fe* fig & A S5 s b 1 -OH, b2 I

R ELEE A 1180 RS I [R) v B A Fe® AT
A-OH #F5E Hxt VBNC V011 FC BT B 5200

W R EA TR, Hy0,+53 °C 403
1.5h, BRIWITREE K VBNC &40 & £ #
VBNC 75415 (5 b3 U Fe Rl ik
(pH 4.0)4bFZH (P<0.05). 558 & M sE —
, BT IREAE SR IERT 28k A
VBNC 2P, b A7 2 i v e sl Ry
T B ST E AL RE T BRAL, B 4 TR T
FEEAIR AT, 2 RBAUE DNA .
R R, HEET-P Y HL0, 2 —Fh
HA®SBSEENEER, BARAE, fek
NP5y, R AR AR, X2 Fhan R . B
TR A A RAVERRY, SR e E Ak R
T, A AEEA VBNC 4

1E 53 °C 1FF, H,O+Fe* AbFH 1.5 h )5,
6 0 BCR B R B W LT H,O, Ak B
(P<0.05), JFHEWETRET 1-2 MEEY.
Zhang FEMHRRY], BERIRER AT KIGHT#
A VBNC ARZE, (HIZBEE L PR ] ) E
R AT ) R R ER R T LR BE VBNC 401, FF
T ™ 5 A B 0. -OH HLAT R AR, L
PR ML TR 3 RO, 54 8 B RIS R
F1t L DNA i 2805037 B B 4500 4G 3 4
AN DNA #47 qPCR, 41 B S B B T ke ]
B T 250 52 W R R T 240 TR 1) DNA

1E 53 °C %1 F, H,0, Fil H,0,+pH 4.0 (pH
0.1 mol/L Fr&ER I 7)) 3 1.5 h o] 157
HAETE, (HERTES AL FLJS VBNC 25405 & He
i ZK T Hy0, 4B (P<0.05), Kang 25 H R 71
iz A4 BRI R 25 30 SOD s MR AL,
IF Hy R TG R A A RSS2 401, e A R B
RKih, BEESHTITEHICHEFTEEY, A
FRW, FEEFFMT, BN 0.7%5 1.0% 412
REAERE 3 d 5, R T TR LA VBNC
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AP HIEAE 53 °C & 1FF, H0, SIS R4k
A ML A S AR A VBNC &,
53 °C 4b¥ 1.5 h 5, H,O,+pH 4.0 B R &
&T H,0, AR (P<0.05), FIAMRYE SRR
T 214 DNA 454 . Wu S8 58 = B R Ab 2 25 5
A DNA Fl RNA 2544 il A 140

S 2 BB A (R 2 451 G R R e
F ' VEA, SEUREBIRNIN, XS5ZHNEAH
REFR ML A7 MR RCR A 56 . TR —Fh R 2= {4
BV SISt HoA R 7 5 o AR
SR AL TR D7 19755 =389 01 48 21 3 4 i A
VBNC 7%, X VBNC T -5 76 1 Uit
INEARACE J1AE 56 o DRI X 68 i 2 4 1) W A
SRR, FEEEAMXT VBNC 25408 1B .

HRETXT T VBNC &S 417 AR 4 2 ik
AR, U VBNC &, TR RW a0 . M
DLy B 8% T 2l VBNC &S #EIR, 13X Xt
VBNC 2521 A4 BRRRAE . JE L 22 52 9L
Hl3E B T T, Xt VBNC 2540 5 1 HE 2
BT, R VBNC S41H & X, Fig
AT VBNC 2540 1 &2 70 5 1 AT 1% 55 AL
KifiE VBNC B4R, B2 M T VBNC &
M A G WA G, B 5T AHEE,
LA 2 BB o0 4 2 AR TR VBNC 2841 1R 19 4%
. HETFER VBNC S E EANA B
T . POk K sy A )% RT-qPCR
& A & fb N % (propidium monoazide
chlorine, PMA)-qPCR ¥, B HHE0E ZHUE
VBNC SRR T 2K,
i B A W BT A0 (A () 240 B A DN o B 2R
SRR R IR PUERIREARR, H
AN 4 0 B I e R TR Y S AR SR
5-HE-2,3- T HORJE U e R TR VBNC
AT, HRE L T A A IR R g L0k
Rk B a2 bty B+

VBNC 7 40 B S8 A AR 3506 1 2 75 R AR i AN 3
2 T AT HZIRE A b, T RE
2 PHGHEF LA, RT-qPCR J& T4k —
25 3k FH R I B O ek, HLREL L R
mRNA 540, JEH mRNA [ o WAL RERS:
IE) T T A9 mRNA, AT A7 /X )6 B AN BE 1A
H3Z ¥ A Bl 2 mRNA 5 R, SR SEIe A
A Mk ARV EEFT). PMA-qPCR
W VBNC 25 2H B 2 56 T B 50 48 1 4t B
PMA i BB 1E U ABRZ i, HEA
FERUME 1 B AL T 0 KT IR S o A
A B iR /R AR, S e A A
W ACHKITUE DNA, JF7E DNA $EHUS gl
FeBk, T B PRI I SE TR DNA A4 38 AR I %)
TG, (A PMA VERIZCRAZ ROV MR | G b0 B
R[5 K W G i [a] A 52 ), h AN ) sl 2 P /A
e 22 7,

£l O 0 | 2 @ e | S =R S e ik Rt Y (R =
FBUE FEE WG, SS e R IR AL P Ay AR ER
BRI T B R B 5, 1 AR SO BRI K
VBNC A 0 14 T e 545 38 1488 97 B Al
AR IR AL LR BN R R AL E T
2k A VBNC RA, SERMERREEsRN Fe™ #H
Eb, 53 °C H,O, ZbFRFEm R VD1 TR B £ it
A VBNC 25476 o PRE e dioin 13 A v i
FERBURE MBI, 755 E AR A
JE 15800 VBNC S0 TE I, B B AjH =
R RS LR RN vk, T A R
VBNC &I BLAHLE T AR, 2R
(R BIE 5 T R PR ARG I 7
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