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AR - BHG - HME - 01ERF - 0|SE - HYZ' - 0| 7S
SR FoINE R BASn Y BHRsTL, HAHED oSSt}
BEUED MunsE ‘HR|istn sags

Adu| Y, KPI6doll luxAB FAAE FUsle] Udr|5-e Ho@gozm 159 wagdes) Aed|2e qE
S, A4S 2 BAEE vehliE Ado] & 4 9lE7), 2el3 53 non-culturable but viable(NCBV) Abels £
ke u|BES] B Ui FRE ATE 5 JertE dolngkeh QAR EA SlelA 152 E AFS, wokr}
S Al (colony-forming-unit; CFU) 4=, viable cell 4=, 12]3 W33A = (relative light unit; RLU)2] W3}E 2519
o} FFHn)E oz geld F £ A3} glglon, B71E yeast-extractol] 93] AP viable cell 4= ghaka}
Al s o CFU $+ 373] Zolo] 37U A ojF el BxIgH o3tz asigdth. RLUS AL, 5
799 JRAFFL 0.016%712] sl om, 2 o)Fols ExZASEE o)dkE ASHU). ol AEFAS
We AR7E F¢ CFUSSE RLUS SHAIE olry] 9iste] wsg KP964 F3FollAl SHSHEA, acid shock,
osmotic shocks& HEA7) F X742 CFUS} RLUE 243 A3}, KP964 CFU & RLUE 9.1-26%7}7] 243}
etk ole 2B Ff wlel FEAIzb0] A4E CFU @ 1f2E Yo o] Fo|S-g Ml AHolt}. o]2jdt A
she g2 A RLUS H4ago] CFUS 7hagRe} o av oddsy o]9le] o AEdA 27 sHAE
RLUS| 74&3t CFU9| 7H4089] da4S 32 4 g122 Hole g, ksl o] Aekmto 2= NCBV Algl: &
E loksd AFY dold AL Jehixl R £ sigdoh. 28U 2EdIAE e KPI64o] B4 AEs}
ARt dAle FL V4L HelFir). 3, p-xylene, hypo-osmotic stress, == JdAYo] x27 A
To2RE 7t ZEY2E AASNGES A Jehie 1357 58S 2AsdE, S AEskAlel lag
periods= Z}7} 32, 26, 228-02 yepdth. 3 v| B8] ZHE 2EgAe 243 B$USE lag timeo] A3, E
332 el Lalv] Edshs 3d) RLUYE Wgo] SRt gebd AEA o) AlFozre 24
Fd RLUS ZAHCh:E o]80] 2EdA RAS 2 NG Ex £A4EE FAdAe] AAugsde] 2Ho|
AT A5, 84 € AB9 AEE JehiFdc

KEY WORDS [ ] starvation, stresses, survival, potential bioluminescence

Lo

0ok
FoN ok 20

4 ARshe 246 4g we o daggeee A
2 AHRA} Pssteh. B ge] AES] T2 A58
7] A8 mant AlEd rEREe ES 24T
U SR B b TR A e wolFE 0]
5= Bacillus, Streptomyces, Myxobacteria 5] ¢}&d| o
< 2ele & slolld Bk whdniAde A HelA
WEHE SRRIH(13). e} thrRe) plEe ofelg

i
o

o,
2O o >

—_—

[e3

N

(3

A 8ledoF 2529 AefA 2] (ecological cycle)E -4
b ole Aotk Ald@ A el £ B AEYA
sl Wk A s AEo] Ers3) o] f= ol 84
ole] wisluFole} o3AR|=Hl, 1 Follr] odoFRe]
, 25, GRS, ARESE AR E o) Wbl 9 gele)
B w3 rH5,30). AeiAlel EAsle A 2o
|27 ooz, | 4giabs]o] <glH]l ¥4k 3 539
AAAZ wlE" frel B w3 v g gt AEH A
FF2A ols= glrt.
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g2l Wyl ¢le wEEA 2334 (non-differentiating
adaptation)y& ¥.olc}. t)AF(Escherichia coli)®] 7-¢-, ¢3¢k
Agelt o FAo)gl= A FA slell4] Eo0]3} sigma fac-
torof] oJsf B3 wi AL vk FEo] Z4) FAE o]
258 WS 3AAA AEE Fecka g=iF ook,
FE ol F Alatel HiZt Aeid T2 e ApedA ] A8}
= T, 2EHA Shela] AEsly] 13k dzke] dglow,
7129 w|gE wjob o 2= &R 4 ¢l nonculturable
g A 2] Aoyt ek B uEe] 9lrk30). 22y
olz|gt AJz]H gl wislo| T B-35}3, nonculturabledt A
S AEEE fAEe 2 2R SEAEE B, WA
Al A A FAAAE AT 9k, 24). o]
g 7495 dZo] non-culturable but viable(NCBV)3}F A
ee] Agtole} &, sk o Sx|AejAllA wo] WA E
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glov) 53] AelE 4 APAIAE £5 nejdgich
o|Z-E5, Aeromonas, Agrobacterium, Campylobacter, Enter-
obacter, Enterococcus, Escherichia, Klebsiella, Legionella,
Pseudomonas, Salmonella, Shigella, Vibrio 5-2] -2 Aol
NCBVZ ZA& ¢ 90| A7=ch sk AdAd=
Aaot AFE webd WA F Aol 9% ol
NCBV A2 EAshe A$= Hase] glek17). uhehi]
71&e Bag ol F Al tigt AulsbAql dleleblokE
Az @ dyezve 478 Al E Ak 2e
sful, ol % AAZ HASE VAT BHEY 245
ste] Ao gr HuE S glch. NCBV Aefe] A
T 71Ey w2 gxEA] ¢eng, n5e o3t ¥
2E d7shed w2 ol#lgol vh2e,35). w3 FHE
EAE x| Yo Agsls PAE Bu e BAS
Aale] s m HyYR vl PSS AdA ] A9 A
ZAZE A, o]Ee] B AEH2 ds] Hgstaw Y&
e ofAel digk Q7= F83 FAAblZ Eslt) oA
3, A Ao BAss 33 2 Bl 2] |
3ol &t olafe} olofl W T8 ATESY o L A
gk mleto] Hasht, ERAIE o) AMdA WA
AEgt Bxo} Yo digt A4 o] A =|eglA] X7t
AAolrh(14).

FHZ AT Wl BufAAE F98 F o] FAAMIES
Az 2R sl ole AT YRS v AT
g =EE0 B} Isitk3,4,20,22). E ATl E Apd
A Ee AdH 2EHA FlolA Apdn|FE2] AES S
ol e gloA 7]&e] gxjubH @ik B4R she BX
wheho 2 359 A oS & UeAY o3E 24}
3gich oFo] AEHH gt AL AE Ao EA
NCBV Atejol] Zoizicdd, 159 AE ¥ k& gA g &
e oz WBr| g AduAEA LAY EESA
ol W o Rojsle] PR F& AHESI AeriA] A
AA 2 sfolla] 250] Wahe W oF& At ol
A3} 74 w353 (potential bioluminescence) A #3l=
W o2 E o] 2EHAE vk NCBV mA4E9] AF
Al me] W 250 AFAE oldlah, AAgAEA 3t
oo Aol A H-LPAE ATkt sl Ve
]l gol3hs AlFste).

ME 3 U

XiHolE2| x|

Zpd Aol EAss vlAES AHs] HEA AL
71%, AN S RE HaE Wl g, 5
£4o] etk & M9 solution(42.2 mM Na,HPOs; 22.0
mM KH;POs;; 8.6mM NaCl; 18.7mM NH.Cl; 0.1 mM
CaCl;; 1mM MgSOJ)ell A=3] 3F]4{ste] LB(trypton 1%;
yeast extract 0.5%; NaCl 1%; agar 1.5%) plate} R2A(Bacto
yeast extract 0.05%; Bacto proteose peptone No. 3 0.05%;
Bacto casamino acids 0.05%; Bacto dextrose 0.05%; soluble
starch 0.05%; sodium pyruvate 0.03%; potassium phosphate,
dibasic 0.03%; magnesium sulfate 0.005%; Bacto agar 1.5%)
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plate Abol] =Z3to] 30°CollA] wlekste] A48t colony ol
A gARZA ) $o13t Gram-S-43F, KP964S A=ishsict.

sTHygo =0 HEME

lux §A2Fe] Fo] A (donor strain)ZA] E. coli S17-1 hpir
strainel] pUTluxAB(11,25,33)2 electroporator(Bio-Rad)y& A}
S3te] FAAFAH ) b FHARS] 52 Al (recipient cell)
2 AR8" KP964°] #3l(conjugation) ¥ AlEl-S $3}ed,
rifampinol] VA& Zhs EQWo|FE 1EY AR 7S
omie N5 F, of FolAl obae] ARF} Aol
7} 9 o, KPOGIRE 32402 Adaisdct

Fol Ao} A 7+ AT LB-ampicilline} LB-rifampin
ol A 712 wiekel-g 0.85% NaCl §-of 33t ¥, H4d
022 um o} 2kx (Millipore)el] £3}A1Zc). o] HAHAE LB
plate AbollA] 847k Fot 30°CelA] whekgt &, A E 10
mM MgSO,s £-Hof] o Eghet vk, 100 WlE LB-rifam-
pin-tetracyclin plateo]] =3lglch. kAl LFEHY S
el exconjugant, KP964R-C W2} fux -3 2171 A A
o A= GEA EE plasmid A2 EAZH=AE dotr
7] $1814 LB-ampicillin?} LB-tetracyclineilA] A% o532
stolsledct. Ael=l exconjuganti: F7}A] wiX|ol|x] 2F A
Aehe], o]EZHEl plasmid DNA AA ZA3} pUTIxAB
plasmid:= 33471 ¢l non-selective pressureo| A X 4]
& ®girh(data not shown).

HAAT A SIMY M = X gael 53

KP964R-C A 7S LB Ao 30°ColA] 16-184]7F %
oF ik @t S fresh LBl thAl HFA1Z] § AxFE
7} ODswonm 0.59 =28 A A7] wiokel-g-2 48 KP
964R-CZ 48F35to] M9 LHo] ok 10° cells/ml®] F%7} =
EZ AR-FARE 2 6049 30°C od<kHH 77 5
diquots sked ofehe] 47bx] wpBoE AT ot W
o) =5 Akt

1. & Aj¢5; Nitrocellulose(0.45 pm) o3 3}4] ¢]ol Irgaran-
Black© 2 A% polycarbonate ©§3}%](0.2 um, Nuclepore)
Z & ¥, 2mle A5} 50ule] 0.1% acridine orange
(Sigma) $-of&- 412 &, 108 7 44 F sl Al
o] 32g Fme] of3}x]o) immersion oil(type FF, fluore-
scence-free, Cargille Lab.)-2 x2& ¥ dF3dnA
(Olympus, Axioshopys A3t AR AX 5 Aot
A 107] olade] ohE Ao gre U & Fddl H
cellsymlZ Jehligic}. 2. ArolglE(viable) Ald<r; A&l
nalidixic acid(0.002%)9} yeast extract(0.025%)2 H7}3k ¥
S1647 %, o) 2] Aelbd @ A7KE Hopr
(yeast extract)el] 2]3l elongationo] ¥ AJEE(15) acridine
orange 2 FAste] YPn|A oz BAFe] viable cellS
Algict. 3. wiekrlest Alda; Agt AAA|(LB e 3
FE = AAE I3 LB IAuA]) Abel] =idale] 12
o 7F 30°CellA wijokst ¥ o2 AL 4 3l 279
colony =& Algic}. 4. Relative light unit; 2} A8 23
100 e H3lar, o]ef aldehyded 412 ¥ 527+ E£3HA1A
4] luminometer(Turner Co.)Z ZA38}le] 1 ZA3Z RLU gt
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A2 g8} Luciferase?] 7182 A14-% aldehyde n-
decyl aldehyde(Sigma)3].ovd Zodhs 93 HApwl=
0.05%0] 1 th27).

AEHA XA stoiMel MiZQ| CFU & ghgol =3

AP A A A vl Eo] AT 4 9l B Amdgag
A, cdkEel A (MY-minimal wix)), HAEHe] Zx
(benzene, toluene, p-xylene, phenol), acid shock(pH4), hyper-
osmotic pressure(31-2-3]<), hypo-osmotic pressure(ZF5-)
55 A 5 08, 1, 2, 4A2¢eie} 2+ AR E HE CFU
<} RLUE &3 31ic).

KP964R-C2] 18417} wljoFe] -5 LBel AHEAZ
ODeoen’t % 0.5 A= HE A(F, 2544719 wloh),
10,000 rpm.o.2 L[] A]A cell pellet?t 7)1 AFS5R
LB= w2|i M9 &} A FAlof 2z golef njay
E9] Fr7} 10° cellymlA 5 H e i 7ch d5A
o 23} cross-protection(21)& HFA3l7] ¢3te], ATFS &
ZIAG AR o, 255 20-257C Ale] 2 fx]slsic).
Toluene, bezene, p-xylene, 712} phenol 0.1%2] &%
L2 Hrlsielen], pHet= M9 Gollof HCOE Alg-ale] &
At AR 45 915ke] AEs4(04 M NaCl; 0.1
M MgSQq4; 0.02 M KCl; 0.02 M CaCly; pH 8.0; 31) =+
s AHgste] MO-AlE dEa) 1018 wER EF
ahsdth 30°Cell A AA] wiekatHA ddshe A7kl AlEE
Az skt

2EF A W2 Mimo| HTHE WS (potential bioloumie-
scence)?| A

Algto] 2EHAE Wold FoE9lH Weol o]F AR
o2y ) 2K aka el A% Z lag period®
Alslgith. CFUSL RLUS| AFaA|7E A2 ok Al7bA) g
A 27 (pxylene, SF47, 28]a 2 awlR] slellAe] odof
A 3N dFAe) Axdsg A”gsiyct. LB HAlsx]
o 18417 wjeRA7] KPI64R-C wjoFel 100 ulE 10 mlo)
LB} Soll AbEeamel 453 F STl o 10
cells/ml F%E2] cell2 3]A43F &, AokAF MY ), hypo-
osmosis A~E#HAEF), 28]3 SAE2(0.1% p-xylene)S-
A7 1A B9 e EAA ok Folal 7} 2Ee2E A
Fozue AAS] sl WA F 4SS o
2] cell pellete LB AAui=]of] AH-gsteict 7 3 A7t
o whe el wake 2Asha Bl TR lag
period, Wke] 27}, el w He) WAEEL FABAH

luxAB TEAD} HENMEE KPI64R-CT| LIEHH= Hao|
53

A Ee] dR5E Z47] e e A® she] /A
At (lux operon)®] &g B2 Fc}(9). Luciferase(xAB
FAA} AFE Y= Aot 223 o long-chain aldehydeE 7]
AR o] g3l AMALe R 1E]3 FMNHE FMNo® 4
3HA1719 o] HAellA A7 A7)A 0 R o715 flavin o2 K-
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E] 490 nm2| spAke] FE4 W& A A 7Ich

gt

luciferase

FMNH:+RCHO+0; FMN+RCOOH+H,O+light

o] uk-3-9] AHEql A|ubske} FMN-2 acid reductase complex
(uxCDE 732} AbE)9} NADH+H')| 23] aldehyde®}
FMNH& 2= o] luciferase?] 7122 4% 4 9o}
(23). ©]=48} lux operon <k g vl E2] GAA DNA
2HE cloning=le] A+t Fo Ayl vl Ao} lux operon
£ Foshd BB )EE Kol aldehydeE 9fFoll4 A7}
& & AF ARt DT A BFE AP S e
5 9leh(o, 10).

wAB FAAE ZH= E. coli®} 573 A 2A] 2bd AT (KP
964)te] A3t AR gEHHor Uy URFIHIYS
7= exconjugant, KP964R-CZ & E-319it}. KP964R-C2] A
Egrol wd WgG3-g oholny] $)ste], LB A ul=] ol
A A RS sl ok A EES(0D)¢} relative light
units(RLU) Afole] A2 okolusieh. Fig 1o] Mojas
Hiel zo], At feof bt BAR R fo3 WAI(RLU
=(2.3% 109 % (OD)-33.9, r'=0.98)% W&IF9l = v}, x4
4717k KP964R-C 4| F 2 RE] vlsp= A% o} whabek
2 AA s}, o) Vibrio harveyiZ5-E] f-gl= promoter-
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Fig. 1. Light emission vs. cell density of luxAB-transformed bac-
terial strain, KP964R-C, during an exponential growth phase in
LB medium at 30°C.
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less luxAB2] &0} plasmid Aol o & fAALY] wEe g
FE 7]Qlehs oz 355 (1), FYAA7] T3t old
WS o8 240 o] dEe WAGEE BTt
(data not shown). Wb Ao £& Z7A 3loA] AAs}
£ AFE) 4E 50| Bashe We) ofez vehd 4 9l
of tE 250 AAEe) ALE Hlse fuel AuD
AE HAFHATHET).

Z|AHEX] LHOIMS] KP964R-CO| MIZQt B

KP964R-CE- ©]-831oq, o] 5] wlAZ] A4l dag
B Z oldx] o] A3 gl # 4l A])(minimal medium;
M9 L-H)ol| 2] e] #-g-3} &L F A, viable cell, v}
=8 AltF, 28] RLU(elative light unit)e] 315 £3}¢]
zZAletedt.

30°C dekA9 =7 s}l acridine orange direct counting
W& o] 43le] EAE F AT = 60d 2k AY 7|7
Eob wslgle] 271 AFEEal & 10° CellS/mlE frA13ksd
t}(Fig. 2). o] A|F2 culturability?] 7+A2go 2L 239 7+
& - 0.21/day(r*=0.96)0]9, 1 o]Foll °.k 4a)) o)A} w2
- 0.96/day(P=0.99)2] 71285 HelFe] 378l o]Foj i <10
CFUMmLZA] plating counting®] ©x|3HA] o]5}2 7|2sjedc}
(Fig. 2). Direct viable count ¥}*H ol 2ja] &g Awz-S &
Ashe Al e dokAd 604 F, 1.43x10° cells/ml A
o) F& T AT 9] 00929019 AP Fs AF 4 )
E 14308] o)A} @& 4=x]o]c}. Luminometry 2 23§+ W5}
9 A, L 7178 CFUmIY] zhAguc) wd - 1.08/
day(r’=0.90)24] 7] o]%¢] RLUE A-43} luminometer<)
A &1A](0.553 relative light unit/ml) o|3b74=] W=7} 79
ol A Aol sl= vlrbed AE &, CFUR &
£ NCBV cell(&, Vlable cell 2ol4] CFU & # gh= A
o W W e welFAL 3 0] Bt e}
53 Aol 7Hat viable cell?] 7harr) o whe] doju}

o ]
=t
=
35 105
14
5
E
3 104
[
(8]
E
@ 10°
8
T
P o102 4
—&— culturable ceil
—&— total cell
~—&— bioluminescence
101 T T T T T T T

0 7 14 21 28 35 42 49 56 63
Incubation time (day)

Fig. 2. Change in the numbers of the total cell and the cul-
turable cells, and the production of bioluminescence of the strain
KP964R-C under the starvation condition for 60 days at 30°C.
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B2, e & AW Aoz NCBVAHY Jd42
H Aei(Ee 222 22)0 de dFbed A o
& sfetalid] ofelgo] QUrke A% A} STk

el &gt BUg AY-E 4°CoAX 38 A7}, CFU
% RLU®| 727} A3 Hei#=], RLUS| Wsh= CFUS
wzlol nlwA & AMAPRAE ¥eJFgirH(data not shown).
KP964 o] AAALH A ewye AHg A 7E
of KP964R-C-& =& wjoksle] 2A1E o] w9 CFU ¥
RLU®| ZH4g-2 N‘uﬂook Az M9 ool A A
neh Wk Zhag-g wol o, M9ujere] Az} o] 4°C
A9 kel 0CH AuT A AHRE JepRelet
(data not shown). m2}A] o] o] 30°CE BE 4°Csle) =}
A ZAEAME w]»: CFU ¥ RLU #48¢ HoluZ, CFU
£ aA7)E F 2%0] AFEAA 2 AAte]) B uct
T 7 EAske Aud ~EH A AEA T
a3 sh.

0{HEFY AEHA 5l0iA KP964R-C2| CFUQH RLUS|
ZHH|

—&— M9
108 —a— DW
—A— ASW
—y— pH4
- @ Toluene
- Benzene
; A Xylene
1077 -y Phenol
= e |
1S
35
w
(&) L
108 5
R A
=
s |
10 A
T T T T T
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103
1[’7 .
2
c
3
)
= 101 -
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. . \ 2
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E . v
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A e
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Fig. 3. Colony-forming-units (A) and relative light unit (B) of
the strain KP964R-C under the various stressed conditions.
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EAEA, AMRSE 34, M pH 52 AEATIHA A7
o w2 KP964R-C2| wielrbsdh AT 4o} WHH(RLU)S
W3}E otolygirh(Fig. 3). RLU: 7F 2~ Ed 2o k35 o]
ol Azte] Aol wheh HAlel R4 ASEE Heou,
CFUE toluene} p-xylene2] #A-9-2 #lejs}t= 1 47} 7
4847 oo, 53] benzeneol| =FE9E A IR A
$5= Boioh mEhd 058447 B9t 7 ~EH 0 AS
s %ol RLU/CFUS v]&& nlasieled], wiefrhedt
A o st W Arr) AR A Bels
ek 72+ ~EH2 £F 2 HE2AZM £ ARAS
WolFa| Halgrd. KP96do| 9o c}E zpadAlde] -5l
= °]%3 AaE ®Wolri(data not shown; 37). wiekrlsgt
A Fo 7har) dge] il 2 vERE dofdrhes
Bz} 9lok(7,8,16), $E7t ARS8 ASelA =
RLUS} Aekrto 2= A2 ste] Ald@hebs] w3 8
o] NCBV Ae]]l population)®] 45 §|3t7|oE &%
& Al s

Hr} B CFUS RLUALe]S) A4S 2Aks)r] st
o] 7+ ~E# 7} KP964R-C] CFU 4 RLUS] ZHae] 7]
A odake nmsly| §iste], 7t ~Ed2L AEE019
CFUY RLU o] 10%5 7aAl7ledl d88k AIZKD-
value; Table 1)& otolmgtr}. Table o4 Hoig wle}
7+o| phenol [CFU2] D3-S 56 hr, RLUS] Dk 6.7 hrlst
hyper-osmotic shock [CFU2| D%k 320 hr, RLU®| D3}
10.7 hr]?] 7%, CFUY RLU®| 10%E Z14A7led 298
g A7te] oil$- o2 & glche g Hejdch mEhbA to-
luene [CFUS] Dt 2.4 hr, RLUS] D%k 2.1 hr]=} p-xy-
lene [CFU2] D7} 3.1 hr, RLUS| D> 2.1 hr}¥] A&
Ag)star= CFUSE RLU Abole] ARA S 2H8 4 Qlsich

T o

i

Pre-stress= B2 KP964R-CO| AIR|E gtdts=io £

Aol oJe] AlgkzA slellA whsl= We] NCBV Al ¥t
wjokr gt Ao Askg flg Al o] &3] ofF
s A2 olel, AEHAE wighd AlFolAl AEA =4
(N85, Foix AEdas AAT F LB A
yeast extract®] H WS TASNE &, wBe o &
Z717} 9717kA] B 83 A7k(lag period), WSS, 11

NE R
o rfr

k)

Table 1. Time (hour) required to decrease the number of CFU
or the amount of RLU by 10% (D-values) under the various
stress conditions

Stress CFU RLU
starvation : M9 58.7 15.0
hypoosmosis : DW nd* 16.1
hyperosmosis : ASW 320 10.7
acid shock: pH4 nd 11.2
toxic chemicals: toluene 24 2.2
benzene 18.1 14.1

p-xylene 31 2.1

phenol 56 6.7

nd : can not be determined the D-value due to increase of the numb-
ers of CFU during stress-exposure.
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10° ; — -
| —@— M9-treated
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g 1 —A— Xylene-stressed
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100
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Incubation time after transfer to LB medium (min)

Fig. 4. The pattern of bioluminescence from the strain KP964R-
C which had been pre-stressed by starvation (M9 solution), p-xy-
lene, and hypo-osmotic shock (distilled water; DW) for one hour.

3 HA RS zAbEidch. HEAQ 2EHA2A,
CFUSt RLUS #4717} A ZohE(37) GFA B MY &), 4
ol (E5r), 18l SAEAA AZE(0.1% p-xylene)
S 1A B9 /R F ANY 2l KPIGIR-CE 7
pre-stressel] thate] 26, 32, 36 min®] lag time-3 M. ch(Fig.
4). Lag time2] #}o] ojolx, Algtell 7}z pre-stress®] A
wrb ASEGE, M9, S/, paylene®] w415 27) 3]
Zrhgo] Al vehdisdl, 2 pre-stresse] skl 3.6,
2.5, 1.0hr'e] 27488 B} ol E2¥ 5 Qle A
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g e A3 nizkee] WS & S le ARtk
wak g Apale] BAA) 2ALAke) S delrhe W
o) Al7lH ek

webx] NCBV Al#9] 5849l g slste], 75k
2bE}e ol ExEh marker(elE £, lacZ [6], drug-resis-
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AT Aze] dubiAtE-S el S gle AE W
Aslebd el gqlzbe] AgdA ¢ dig A7t dA A& F
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ABSTRACT: Activity and Survival of the Natural Bacteria under the Stressed Conditions Detected by
Bioluminescent Phenotype

Kyoung-Je Park', Hye-Young Yoon', Se-Jin Chun', Ho-Sa Lee’, Dong-Hun Lee’, Deokjin
Jahng', and Kyu-Ho Lee'* (‘Department of Environmental Science, Hankuk University of
Foreign Studies, “Department of Biology, Kyunghee University, *Division of Life Science, Chung-
buk National University, ‘Department of Chemical Engineering, Myongji University)

To investigate whether the introduced genetic marker is useful to detect the survivalship and activity of the na-
tural bacteria under the stressed conditions, one Gram-negative isolate, KP964 was transformed to the luminous
phenotype by transferring uxAB gene. Under the starvation-stress this luminous bacterial culturability (determined
by colony-forming-units [CFU] on agar plate) decreased rapidly below the detection limit by 37 days, while its
total cell number (determined by AODC) remained almost the same as its initial inocular size. At that time
period, the viable cell number was estimated to be 1400 times higher than its CFU number. The bioluminescence
(determined by relative light units [RLUJ) produced under the same condition was also monitored and found to
decrease more rapidly than the culturability by 5-fold. Under the other stresses, e.g., osmotic shocks, acid shock,
and exposure to toxic chemicals, this bacterial strain did not show the reliable correlation between CFU and RLU.
These results might not suggest the direct estimation of bioluminescence from the stressed bacteria be an index
of both the survivalship and its activity. However, when the stressed bacterial cells were incubated under the fa-
vorable condition by relieving from the existing stress, the potential bioluminescence (the lag periods before the
increase of bioluminescence, the increase rates of bioluminescence, and the maximal levels of bioluminescence)
was shown to be highly dependent upon the strengths of the stresses exposed to the bacterial cells. Therefore,
analysis of the potential bioluminescence from the stressed bacteria revealed good relationships with survival as
well as activity.





