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Differentiations between the viable but nonculturable (VBNC) or dead state

of Edwardsiella tarda by ethidium monoazide (EMA) treatment-PCR

Nam I Kang and Eunheui Kim'

Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Korea

Edwardsiella tarda predominantly causes edwardsiellosis in fish at high temperature, but is rarely
isolated from water when water temperature is low. However, E. farda is viable but nonculturable
(VBNC) in low water temperature, but it can be revived when water temperature rises and cause
disease to fish. Therefore, in order to prevent disease, it is very important to identify pathogens that
are in the VBNC state in environmental water. In this study, E. tarda cells in the VBNC state were
detected by the ethidium monoazide (EMA)-PCR method using the low-temperature oligotrophic sea
water microcosm obtained by inoculation of E. tarda at a concentration of 10> CFU/ml. In order
to distinguish between live and dead bacteria in E. farda, each sample was treated with EMA at
different concentrations, photoactivated with a 500 W halogen lamp, and PCR was performed with
E. tarda specific primer. At the concentration of 10’ CFU/ml bacterium, DNA amplification was
observed only in the live cells when treated with 60 pg/ml of EMA, and smaller amounts of live
cells could be distinguished from dead cells by adjusting the EMA concentration. In addition, the
VBNC cells of E. tarda in the oligotrophic low temperature seawater microcosm were estimated
to be in the range of 10*~10° CFU/ml by EMA-PCR. Therefore, it is possible to detect VBNC
cells that will act as potential pathogens in environmental water using EMA-PCR method, and
quantitative confirmation using concentration change is also possible.
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ik 7hse AElE A4 2 4 T (McDougald
et al, 1998; Du et al., 2007b). =3+ HAA = 874
o4 VBNC HHZ & = A4S R{sta
A0 (del Mar Lled er al,, 2007) 2 FH S wl=
AEAE 7Hss Al BIHAJT (Sun et al,
2008).
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Sl ARHI dn F¥71E 3 DN
AABNAE H7HE &, SAE wj st AR
o] AAld AejolA A, BithE HNEE HEshe
direct viable count (DVC) 1, 273k Al 2 =9
FEZ AT 5= = BacLight® W, A9, Al=E
W &4 &5 5743+ multi-parameter flow cy-
tometry H, A &ZA QA FHA THS EASIE= re-
verse transcriptase PCR 5= ©]-83} VBNC A&
7} A AlZ et OES S8 ATt (Whang et
al., 2003; Oliver, 2010). &3} ethidium monoazide
(EMA)E o] &3t At vt Fstaat st
= 94+% 2J=dl (Lee and Levin, 2006; Wang et
al., 2012), EMA7} 2 AlZe] &49 Axd&
Aejd o2 F3}3le] DNAY] 2§ 24 DNA
EAE Walst =2, PCRA DNAZF S&5A] ¢
= dEE o83t & viwE s otk

olef] & AFelA= EMA-PCR WH & o] &3}

- 7o)
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79 A adol A AP GA Holo] B
ZREY 23 Aot YR FHojdd #+&
tryptic soy agar (TSA, BD) sl Aol 4 25C =2 3t
% Asletd EAQs B3, 16S tRNA gene
sequenceS #2435} database W] E. tarda®} A7
A1 identity7} 100% P23 &< T AR

o,

E. tarda®| VBNC MEf R%=

TSAoNA 31C & 2443t & M YE E. tardas
0.9% NaCl &4 ©. & 33] 4| %3} 10° CFU/mI7}
HEs d@ad sl ARfrste] Ngd &
microcosm= A 23 H T (Kang and Kim, 2016).
Microcosm A2+ 93] 22 E s+ 27 045
pum membrane filter (Whatman, Germany)2 < 2}k
A& 0] 439 2™ Du ef al. (20072)2] WHE <
23} microcosm W] E. tarda?} VBNC JH =
= 2 w7hA] 10 = 1.0C wjr]el 40 o1 F
. Microcosm A& 10 mlE 274 022 pm mixed
cellulose ester filter (Advantec MFS, USA)Z <] 33}
% ZE|E TSA iAol &2 25Tl A 48413t nfj &
3t= = o] 1 CFU H]&F (0.1 CFU/ml) & =
microcosm A A7} VBNC “gejol ozttt I
3Rt} (Baffone et al., 2003).

E. tarda®| Mxnt A M=

E. tarda tryptic soy broth (TSB, BD)Z 25T o]
Al 24N 7F F3F sk oF 10° CFUmIY] T =2
2% s AAAEE AE AT A ASE
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2] 3 & TSAo] =date] 25C oA 24413 &<t
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H 4+ A= E tarda 55 AA37] Y5 0.9%
NaCl €902 E tarda®) & == 9F 10°, 105,
107, 10° CFUmIZ #4¥] § ¥ EMAE TE=HEZ
*2]sled photo activation A%l & YA E2] 5}
PCR templateS +4]|3}53 ).

E. tarda®| VBNC =1} Al#o| 2HE 2|st EMA
s M-
VBNC celld} Ab#& TR317] 93] EMA - PCR

S AANFE Y (Wang et al., 2012). E. tarda2] mi-
crocosm= 100Col A 10823+ x4 &g A €A
g 3tA & A& FHltal 27 EMA 0, 20, 40,
60, 80 pg/ml2] &=l A photo activation AlZ]
f o} 5L WHOZ PCR templateS A| 23R T

£0| primerZ 0|28t PCR

EMA A 2%t E. tarda®] DNA template 1 plE
PCR premix (Bioneer, Korea)e} ¥H-8-A1A E. tarda
E£-0] primer (Table 1)E ©]-83} PCRE A A5S
o} (Sakai et al., 2009). PCR 4HE2 2% agarose gel
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. Sakai et al. (1995)= E. tardaS 10° CFU/ml
2 25CoAA sl e oA st dS
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Table 1. Specific primer sets and conditions for the detection of Edwardsiella tarda by polymerase chain reaction

. Condition
Primer code Sequence (5' — 3") -
Temp. Time Cycle

95 5 min 1
EDtT-F TTCCGCAACCATGATCAAAG

95 30 sec

55 30

72 30 e 30
ED(T-R AGGCATATATCCACTCACTG sec

72 5 min 1

F, forward; R, reverse
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E. tarda® AT<7F <F 10’ CFU/ml € w EMA
-PCRZ E tarda B¢ Tt AHdS 7 T e
EMA 55 ¢olr7] 93t EMA F5°] m&
E. tarda®] DNA SZAHEE B3R (Fig. 1).
AL ZE EMA sl 4 DNA band7} A&
W M Zuto] A ARFS 70 pg/ml ©]7d2] F
S 4= DNA band7} HE5H A &%o™ 60 pg/
ml2] F5) A= DNA band7} 9F3A UER O =
2 E. tarda 10’ CFUmINA o3} Abd& 78
T = EMA HA: F5EF 60 pgmlZ 2G3A
EMA 40~50 pg/mlo 2 A3t At AlF ol A
DNA ZZo] dojit AL EMA FX0| 13l &
9 FE7F =:37] Wi HoE woHE

EMAO 2|8t £ tarda Mz ZHE st

EMA 40 pg/ml¥} 60 pg/mloﬂ/ﬂ A3 Abetol
78 2 F A= E trda =5 A I T (Fig
2 and 3, Table 2). 10°, 10°, 107, 108 CFU/mle] A+
T At E tardaS EMA 60 pgml =2 223}
AS W 10° CFUMmIS] FXoE= 25 DNA 5%
o] JAH HkH °F 10° CFUmIN A& AL E. tarda
£ DNA FZo| 43 AdA g o A E tar-
dat= DNA7} S35 0 2M A3} Aol 7o)
7bs3k9 ok A RE 107 ~ 10° CFU/ml =04 =
At Al 5ol A DNA FZo] doju} 9]
E7FsstA T

LIVE DEAD
40 50 60 70 80 40 50 60 70 80

Fig. 1. DNA amplification in live or heat-killed Edward-
siella tarda (10" CFU/ml) photoactivated at various con-
centrations of EMA 40, 50, 60, 70, or 80 pg/ml. M,
100 kb ladder used as a size marker.

105 105 107 10° P M

10> 106 107 1082

Fig. 2. DNA amplification of live and heat-killed Edward-
siella tarda at various concentrations ; 10°, 10%, 107 or
10® CFU/ml, photoactivated with 60 pg/ml of EMA. P,
original E. tarda; M, 100 kb ladder used as a size
marker.

DEAD LIVE
104 105 106 10% 10° 106

P M

«— 300 bp
+— 200 bp

Fig. 3. DNA amplification of live and heat-killed Edward-
siella tarda at various concentrations (104, 10°, 10° CFU/
ml) photoactivated with 40 pg/ml of EMA. P, original
E. tarda; M, 100 kb ladder used as a size marker.

Table 2. Comparisons of DNA amplification according
to the concentration of Edwardsiella tarda (108, 107, 10°,
10°, 10* CFU/ml) with 40 pg/ml or 60 pg/ml of EMA

EMA(pg/ml) 60 40
CFU/ml Live Dead Live Dead
108 + +
107 + +(pale) No data
109 + - + +
10° - - + -
10* No data - -

+, DNA amplification; -, no DNA amplification.

H E. tardaS EMA 40 pgmle] =2 235}
A< W= EMA 60 pgmlo 2 X E]3tygS w A
3 Abgo] FE B % 1ol f W& 10 CFU/MmI
oA AT AfEe] FHol FF5a ATk EMA
57} obgel Wt Bt RS THE 4 A

o ot
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Heat killed VBNC VBNC

0 20 40 60 80 O 20 40 60 80 P M

Fig. 4. DNA amplification of the heat-treated VBNC and
VBNC of Edwardsiella tarda photoactivated with vari-
ous concentrations of EMA; 0, 20, 40, 60, 80 pg/ml.
P, original E. tarda; M, 100 kb ladder used as a size
marker.
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VBNC E, tarda®| A&

RE E. tarda’} VBNC “FH]ol] Y43 "G
3|4 microcoomS A 2] 3 A3 X 1A &
2 A5 EMAE 40 pg/ml= A gk & EMA -
PCRS AAS A3 ZE AR4 VBNC cell#
Aol & 7153 Y (Fig. 4 and Table 3). 20
pgmlZ A8 39S w57 A8 F 279 Al
o Al At Abto] FEo] 7 AIRE 60 ot
80 pg/ml®] EMA 5ol A = 25 DNA $Eo] o
A= o] VBNCRI A3} AbF9] 0] 87153
™. EMA 40, 60 pg/mlol Al E. tarda®] A3 Akt

< TEHEE A g 23 (Table 2)2F EMA 20 ~
0 pg/mlell A VBNC E. tarda®] DNA FZo| 32l
¥ A3} (Table 3)E ¥ w3t £ W] VBNC E. tarda
€ 9 10" ~ 10° CFUmI®] F==Z ¥ Y 35 mi-
crocosm ol & Zolgt FZHE o
DVC WH o Z VBNC cell& Al43 23 (Kang
and Kim, 2016)2} Y254 .

Elabed et al. (2012)2 Pseudomonas aeruginosa’}
VBNC el 2 3|4= microcosmol] 1413 5 -] 5}
H2o= B3} nutrient brothS 3715+ ujf
AAERNOH, 24 T 484]7Fo] 73k original
celle] 54E 3 E3IASS Bustqnh & |
AA AFE°] VBNC FeolA 585 FA ok
= R37} T} Colwell et al. (1996)& VBNC el
2 23 < RAEUY Vibrio choleraes 33
Aol tiH o 2 B E wi¢f 7tk A2 E el st
AT Zhong et al. (2009)2 & Vibrio cincinna-
tiensisE zebra fisholl Al B7F HE3A S o HLA
< Uettta B stk ol o e Ao
A & o) 257 st 53 A5Ed Ml
A HaA e o) wAst= oA {FHANE original
celle] 7+l oJg AY +% UAR VBNC cell©]
AT oA 2= A3 HAA=E 283 H
AFE o8 AYAE RETI AT, =3
del Mar Lled ef al. (2003)°] H31gh vlof] mp=H
Enterococcus faecalis®] VBNC cell growing cell]]
H] 3} vancomycin® thate] 5004 o] F7kE
WS BT weba] Aol Mg of Foll S+t
A AEE st et= VBNC A o] HYF& Ao}
ol OA] AES dode AoR ARG 1

N

ol=

Table 3. Comparisons of DNA amplification according to the concentrations of EMA in the heat-treated VBNC
and VBNC cells of Edwardsiella tarda artificially induced in low temperature oligotrophic sea water microcosm

EMA (pg/ml) Dead cell

VBNC cell

Sample 0 20 40 60 80 0 20 40 60 80
A + + - - - + + + - -
B + - - - - + + + - -
C + + - - - + + + - -
D + + - - - + + + - -
E + - - - - + + + - -

+, PCR amplification; -, NO PCR amplification
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Edwardsiella tarda= T2 152719 o5 o
=S fdetA Rl 0] Yol W FFo|
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E. tarda= 25 AFEE Zo] ol viable but
nonculturable (VBNC) A E| 2 Ex]3}t}7} 49|
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VBNC “JEj¢l TS 8lsle= AL mj¢ &
stk B A Fo A= 102 CFUMIS 52 E farda

£ A F3ste VBNC JHE
<= microcosme Al B Z 0]83}4, ethidium mono-
azide (EMA)-PCR W ©. 2 VBNC el 2] E. tarda
ANEE HAZEsta At E warda®] A3} Akt
< 78] 98t Z4zke] Algel EMAE s=H
2 A E]?S‘}O:] 500 W] halogen lamp= photo activa-
tion A%l & E. tarda 5-°] primerZ PCRS A A] 3}
Atk 10" CFU/ml Al i35 =9 A& EMA 60 pg/ml
Z AHEsIRE w AT DNA SZo] &<l
HAo™ EMAREE 9A 2AFToEN AE Y

of B A& & = A 7 7SR
Wk AL 34 microcosm Wl U= E. tarda®l
VBNC Al X & 714%6} | $15l9 EMAS =482
A g3t PCRE AAIZ 234, VBNC cell ©] 10°
~10° CFU/m1¢] %EOL Aoz FAHJG. 19
22 EMA-PCR W& o] &3lH 4 IHOH 3

ST AL wor 3

= AAERA YA = &%é VBNC cell & #AZ3}

= Aol 715 B ol TEHEE 01%6}01

FHQ FRIE Vet Aoz J&%%E‘r.
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