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Characterization of Viable But Nonculturable Condition of Escherichia coli Induced with Copper. Ku,
Hyung-Keun, Sang-Ryoul Park, and Sook-Kyung Kim*. Health Metrology Center, Division of Metrology for
Quality Life, Korea Research Institute of Standards and Science, Daejeon 305-340, Korea — VBNC (Viable but
nonculturable) state is an adaptive response of cells in adverse environments, which lead cell not grow on rou-
tine nutrient agar. In this study, we induced VBNC in Escherichia coli using copper and verify the character-
ization of it. After treatment of copper, we didn’t detect any cells via plate cultivation, namely, colony forming
unit (CFU) was zero. However, we identified the existence of VBNC by staining live cells with Live/Dead
BacLight bacterial viability kit and counting them through flow cytometry. Then we isolated genomic DNA
and RNA from VBNC-induced cells and analyzed the stability of them. Degradation of RNA is more severe
than that of DNA and RNA is degraded as specific fragments. In addition, we showed the morphology of
VBNC cell by Bio-Transmission Electron Microscope (Bio-TEM). VBNC cell showed impaired periplasmic
space and inner and outer membrane were separated and the amount of cytosol were significantly decreased.
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Tl A3 VBNC F-5= Agrobacterium tumefaciens,
Rhizobium meliloti, 18] E. colivl X B g=H[1, 5],
TEE A3l He] thE 2EHAE 53 f2ur) )
7l 7Fs3p7] wiigell £ dToME Aol 72 A
3 VBNCE #x3 F 2 $8 A3t 5A4& Fisis
ATE 31T VBNC Aol o7k Al EojA] Mol
flow cytometry ¥4, genomic DNA2} RNA2] ¥3} 7]
I AE e 52 FAsgE

Mz Uy

ARBEH #F W VBNC fiiy

Aol A8 FFE= E coli KCTC 21343 SR A E],
=38k 7)ol 9o}, Luria-Bertani ¥} %] (1 L% 10 g
tryptone, 5 g yeast extract, 5g sodium chloride)el| A E.
coliz- %3] 600nmellA412) F4=7HUV-1601 Shimadzu,
Japan) 0.6(exponential phase)e] & wj7}] 37°CellA] wfokst
F 3500rpmell A A RE)dle] TAE SEsige Eeld
TAZE 09% NaClZ 33) A&t 27} 20mLe] 0.9%
NaCl(500 pM®] CuSOE Aggt A3 xejslx| ¢ A=
£ w2 F8))el 1~2 x 10%cells/mL H =3 H=3 F 25°C
oA it Azl A2k b0 AIRE HFs}e] wy
°FA (culturability)?} A8-8-3 (viability)S ZAslgic} A8
33] uHEsle] X E AR ANl

VBNC sfolg 9i8h uiekdnt M8 Y

VBNC =8 E. coli®] ¥°F3E& galslr] 93l A
8] A Al >(colony forming unit, CFUYE ZAA 3} 500
uMe] CuSO.Z A3t A =9} h2F2E CuSOZ A3}
A 2 mAE ARE WY dAF A A 7 100-
200709 A=te] AXNE F UE=F 23] 34 8le] LB H)
Aol =3I 37°C Wikl o] B2 wjokst ¥ 1 £
AR A3t

A 532 LIVE/DEAD BacLight bacterial viability kit
(Molecular Probes Inc, Eugene, Oreg)S A}-8-3le] 25}
A= 1uLe] SYTO9 nucleic acid stain(3.34 mM)3} 1 uL
2] Propidium iodide(20 mM)E A] &.(10° cells/mL)el] ] 2]
g F, Ao WS Aptslar 15E o] A HkSAIR) F Flow
cytometer(CyFlow, Partec, Germany)S AHi3le] Al31g]
. Forward scattering®} side scatteringS ©]-&3l cjA-74k
< AEFL FLIGAYS ) FL3M3sh S o] 43 2t
7+ 99 AEZE A3l

DNA, RNA HX|

CuSO.E A28t E. coli ¥ifN 22 HE] FpEE 2 mL
2] A2E AH F 3500 pmelld FAE F2si 2 F
DNeasy Tissue-Kit?} RNeasy mini kit(Qiagen, Germany)

Z |83l DNAS} RNAE 747 AHAg F 1% agarose
gelollA] A7193531e] DNASH RNAQ) AlEE Bdsigic).

ERMXI#0| A (Transmission Electron Microscope)

500 uM CuSO4E Aeléle] VBNCE =3 A 633} 12
do] Apd AR FehE HH] A WA ARE 2.5%
glutaraldehyde(pH 7.3)& X g3} 0.1 M phosphate buffer
ANA 4°Cell A 24|17 T AT 1 F AERE 1%
osmium tetroxide® F314 33 Epon§12¢] embeddt ¥,
ultramicrotome(Leica ultracut-cut, Germany)®} diamond
knife(Diatome, Switzerland)Z $FA] e} uranyl acetate®
GAg F =723t 7Y AEAS TR
9] Tecnai G* SPIRIT TWIN electron microscope(FEI,
USAYE AHE3le] 120kV Aoz Fasigict.

M=LY

o] 7} % (cellulose nitrate, 0.2 um pore size, Whatman,
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NaClel] gte}lat 25°Cel|A] Zle wekslodet. vkt A1 7zk
Ao2 ARE AF3le LB 1A wix|e] FAE =Ll
37°C Wio71olA] o E7F kst F M EARE R,

a3 % 0F

T2|E 0|28t VBNC MEf &M

) Z2F2 500 uM 552 CuSO,Z 73 0.9% NaCl
Sllof] HEgt E. coli Tl A3l FHPEZE. F 2t JA
ASH L 245 AHE Fig. 19] JesiE Agke] A
o ulg} CFU= 343] 3143l2v Flow cytometry £4
o o3 &=L AF oz HAHF) So]EQ). o] F 7
2] z}o|7} VBNC Alellol] Eoi7t NES7} o} 500 pMe
28] 28] F 39¢] A jA} B2 E. coli’t VBNC Abel
2 fr=s%ch

Uubd o= gho] AM-EE VBNC H= ¥l #2(4°C)
I I F vistE 4] uhgE w9 22 A]7h@0d o4
o] 285 o] glo] ¥ A7l FEIE Aesle A
4317 VBNCE F=3199H5].

Flow cytometry 48 &8} VBNC M= distribution
Ao AEHE £A37] $4 A8 LIVE/DEAD
BacLight bacterial viability kits 5 712 3AF 94 9829
SYTO9(4)7} propidium iodide(PI, "W7}¥)22 FA = o]
et g M ERS AU AL A PRe FH5HA]
%3132 SYTO9RE 78l whd S483E vehx, 4%
A EeS AYE v AELS SYTO95} PI 25 F3}3] o3t
543 F24 333 vepdct. ol 93 F o83
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Fig. 1. VBNC induction by CuSOy in E. coli. Cells were suspended

in 0.9% NaCl liguid cultures with (O) or without (<>) 500 uM

CuSOy. At various times, culturability (closed symbols) and viability (open symbols) were quantified.
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Fig. 2. Populations of E. coli cells at different viability stages measured by flow cytometry (FCM). A. Control, without CuSO4 B. with
CuSOy4 (500 uM) at various times E. coli treated CuSO, showed distinct FCM distribution compared with non-treated cells.
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Fig. 3. Stability of genomic DNA and RNA from E. coli cells at different viability stages. A. DNA electrophoresis in 1% agarose gel.
Lane M, molecular weight standards; lane 1, 0 day without Cu (control); lane 2, 0 day with Cu (500 uM); lane 3, 1 day with Cu (500 pM);
lane 4, 2 days with Cu (500 uM); lane 3, 3 days with Cu (500 uM); lane 6, 6 days without Cu; lane 7, 6 days with Cu (500 uM). B. RNA
electrophoresis in 1% agarose gel. 23S rRNA and 16S rRNA are indicated by arrows.

g AP=g o 6Yo] A2t Foll= 2389} 16S rRNAZ}
AL Holx & Ax= Fa=det. x5 vl 5ol -l
RNA Eal| & o] oa] vf-¢ 2k 27| 2 == Age
24 dA’ F7)7F FAEEAM FeEE Aol IEHY
o}. o] & %3 VBNC AHl9] A Ex 41 F2A
DNAE Al Aoz at HE3hA f2]3t @740 & w7}
2] AE B D93 YAREE FA8P] Slsled A8 &
2ol B 83 RNAE Hallshe A2 43tk

VBNC O[MZ2| HEH

P32 VBNC el & #as}r] $3le] sh=7]2987
A4 AAL FHHARANA A0S ARSI
CuSO; X2lel] ojs] =% VBNC w]AE-2 Hzgol v]s)
M ZA (periplasmic space)e] &H3HA] X3l A E 9
Tt A E Wite] HejEs EAT HE W £ o] &
23] 7FAaEe] 9l Aol HRHNG(Fig. 4). o= 5
AAte} RS A oJgt HE ] E2-E AlA sl A RS
FAagke 2 FR5 7] AEE Au|stat 3= VBNC
fe] BA w2 AZEAE. Cu AE 6dR9) 1294
£ #AsRIE 129412] njAEA o At Hee] s}
7} #E=E

VBNC "|AE2] 93-S of & H&spr] 93] FARARE
u] 7 (Scanning electron microscopy, SEM)& A}-£-3F t} &
A7ee] QA4S Fall, Erwinia amylovora® 7% A2}
Aol A= 2o o] x| uk VBNC Aefol| A 9qte] B}
FAYAL A EL] =77t 27 o AR Feje] W3ge] &
AL, Vibrio & TFN e FFgA A2 §
B W3 Fo| EuHT13,18].
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9 E. coli®] 7% vibrio Tl H]F o}F] A7} el 2
YA oko} A& AT7F Bl w3 WA Al
Aol VBNCAHE o] Eoizbcha d#lx e ol=ldt
VBNC Alele] WA nE 5 d5= HadE X8k
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v} VBNC | Ee] Eoigle B2 AFHT 7 Svke
B35} 9JoH8]. o)A = VBNC u| 5L ZEAAA vl-¢
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Fig. 4. Bio-TEM images of E. coli KCTC 2134 with and without CuSO4. A. Control, without CuSOy4 B. 6 days with CuSO4 (500 uM)
C. 12 days with CuSO4 (500 uM). E. coli with CuSOy treated showed reduced amount of cytosol and its inner and outer membranes were

separated compared with control.
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