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Burkholderia cepacia YK-20{M HsA|A| XZX|
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Fegy ez SEA|A A2A e 2,4-D (2,4-dichlorophenoxyacetic acidpl] 2% Ecfo24e ¥ad ¢
Q) Burkholderia cepacia YK-201A] 2,4-De]] 2)8 AE A £ chillgle] JA-& A3} s AL sk
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kDa2] DnaK$} 41 kDag] GroEL ¥ 2] A4 & b3lgl e, o] iz 5L anti-DnaK &Y 3A| ¢} anti-
GroEL 2 335 A48 SDS-PAGES} Western blotg E3led 81551 AAE + AEdA 24 gyge 2
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HslE Jo M43n dAE A8 5EE YehA =k
2t AeiAelAe] G2 8749 wale AEA sty &
Edazg g8 Hed, olsk Zol dFoz2RY fHsh=
ohoFst Jeje] 2B A Uigk AEY A8 TS AYES
FAB7] H3le] FgkEole wkg v1Eem A UTk3, 4,
8, 13, 23, 36, 38)

AEAEL A8 71A] 79 8F 2EH 2 =2HUS
A5l F5Fo|AY, 2] O FHl9 ~Ed2o) sl &
&5t f7x g G Ay e, ol AEA Wi 2EH
Z~off )3} 9l-g v|R o g ~EfA 7 GuE(SSPs: stress
shock proteins)®] A= Aoz 4eiA Urhs). A 7HA
£E#2 54 9hE FoA 7 22 dF7) o]Fod RAe
&g ZZA(heat shock) B+o]th(7, 16). n]AlEC] G243 2= A
o o8] & FFE wow, JAHA 1 st F
BEHOL o8 £F9 € 54 dMAS(hsp: heat shock
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o] FEE BEAQY TXE IEAFIE dES 019, 20).
Aol S vXe FF 2Ef29 FHES E oY
%X ethanol(17, 25), sodium dodecyl sulfate(l), bile salts(9), B-
lactam antibiotics(32), viral infection(3), hydrogen peroxide(10)
ol mag uh glor, HIde AgelA 9 AeHE
phenol(15), 4-hydroxybenzoate(30), biphenyls(31)9} Z2 3}8h&
Aoy F5% T daixz & 34 diEe IRV {f =
FAHE Rog Bugnt

2,4-D(2,4-dichlorophenoxyacetic acid), MCPA(4-chloro-2-methyl-
phenoxyacetic acid), 2,4,5-T(2,4,5-trichlorophenoxyacetic acid) &
2 19404 JREE o] AAIFLR FHF AN Ay
Fet 23E At g AREEHY & HEAH F=AA A
ZAZC|TH3S). o1& FFAIA ARAELS AE TEE 02
Al(auxin)@} 2-& 712 e TEF A9 318 AFxA 2 A
AEQ 9, £7], He To2RE FFEHY, F2 89y Az
g AAScH F&3A AHEEE AoE d8A Aokas).
24,5-TE AEA & W5go] dFHo] 8ol FX€ A
ZAO)ARE G2 #HH AZAEL X3 FEETG SR 2 o
go= 3 Ik 1A FAC Ak TS M2 Yot
(34). HZAA A 2A7E AXE AN AzAY =58 YE
Ao &4 B4 tiide] HA g e B FHY uEH
AYE-A) (non-target organism)E ZA ELA =v] dE9o} &
Ev A G o] AzxAt AXHUE A 2 734
A2 Fale wi- AX T EY F5F AN 2 JIdE
A ¢33 2& AHEE 75 A7) FkEls AR Bal
FATH1L).
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T 24-D7F FR L QoA A =EHUS W v]EE0
e 2EHA $7 g dobiy] ke AAE ol
Aste] 24-D0 =€ A Y9 EFoRNEH AdS Eeldla
o] gl AlFel thste] 2E#XA gRleg YT} Ao de
AEET Qe dEAl AEAQ 24.DE 7HEke] ol9) Be
EoF el B cepacia YK-29 HEEF FATES] 4
o] Az HAE 2ARI

Mz 3 4

2,4-D 23jMiRe] =5 X 22

FAYE ok S8 AA =w FHogRE EGE A
3] Fahulok 7)Mo 2 24.DE Baste TFuLS Frs)
Frh27). viekol] ALEE F7)ull R (mineral salts medium)T 5
F4 1 [ (NH,,S0, 500 mg, K,HPO, 500 mg, MgSO, - TH,0
500 mg, FeCl, - 6H,0 10mg, CaCl, - 2H,0 10mg, MnCl, 0.1
mg, ZnSO, 0.01 mg, ascorbic acid 150 mgS XEF3FAOH, &
d 29 2 oyxgder HrlE 24DE 10~150mgs) T
ool A&ttt FHlE wlA= 1 N NaOHZ pH 7022
ZA3 F, 121°C A 1587 1 ddstgden, HE ¥
30°Col M B3 15032 3 Ashs I" ool A eliest ).
EFugo 2 RE 24-DE TS §-7] gH iR Ao =
3] 6702 T Mg Belsint. b2 BelE Al 33
Ax FAZ Yo g Axdsle g s Ry o,
o7he] Eal At 7led Esieel 7MY gdd Ales Agst
o B @7t ARSI}

22lMzel 3

a2l BHL gas chromatographyS ©]-83F MIS(micro-
bial identification system)Z A|3E2re] X|ubib Aol HEAwbd
o2 AN} Gas chromatography®] AHE: 2732 Hewlett-
Packard 6890 series II gas chromatographys AMgEtg o, #H
& HP Ultra 2 fused-silica capillary columns A}-8-31%.0.H
carrier gasBE A4S AMESIACH Awhite] 24L& TSBA
version 3.9 (Standard library)E ©|83te] vlw FAMEHc ¥
A8 AZHE Laura 5(1996)2] ol 3 AAlstAT
20n.

24-D 23 DlYEe Eills &Y

B xWe] 24-D9} 24-DCP2] #42 Oh and Tuovinen
(1991)2] WHe| o5 2A3YTH28, 29). HPLC A|2H &
SPD-10A UV/Vis detector’} 2% Shimadzu At¢]| LC-10AT
AZS A2, ZH(column)2 DuPontAl9] ZORBAX
reverse-phase ODS ¥ (250 mmX4.6mm, C,, YAZ7I
10um)S AHEELETE HPLC FAEF72 chart speed 0.25,
attenuate 128, wavelength 229 nm, mobile phase®] flow ratet®
1.8 mi/min®] 1T}, Mobile phase= K,HPO, 6 g= 13t 14} 3
mlZ volumetric flaskoll ¥ 832171 F, HPLCE SFF=
1 liter¥) A &te] WEE phosphate buffer$} acetonitrileS 3 :29]
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H&E £33t 0.2 um nylon membrane filter?2 33} A}
3t

2,4-DOl 28t B. cepacia YK-22| MEE

LB Ao N B cepacia YK-2F i $F = A
A #3660 nmollA] optical density/} 0.8 uff ¥4 F<l
FH ¥al 2,000xgollA 108-7F 48 sl Kol 7A
o 10 mM phosphate buffer (pH 7.0)% 33 A)H3}H 3, 05
mMFE 10 mM9] 24-DE X3 FriAA AN mid 107
~ 10807} 52 B cepacia YK28 HE3HT HEst B
cepacia YK-25= 30°C] W& wjE7)ol|A] wjijeksision, 2413
oz LB aAEeu| Aol 747t 100w N B =deka,
30°col A widF & FA4E AL Agsted 24-D T WE
Ao EES BAstAen, LB AAufA A witd B
cepacia YK-27} 27] ti37)6) Holee A HF 75
7k 2mMe] HA 8t} 24-DE ZA2 At ¥, AdEHoR W
S}E= B. cepacia YK-2949] &8-S vl wstgo)

SDS-PAGE

B. cepacia YK-20I 24-D Z2Ed# 2 32 X3 F 4°CE
FAIBHEA 5,000% gl A 1083 A4 FElste] ol dHE
10 mM2] phosphate buffer (pH 7.0)= M H A} 18] 10
mM phosphate buffer (pH 7.0)° TAHE EElA 4°CE 7
BlHA sowe ZSuE4)7)(Fisher M-300, Pennsylvania,
US.AE 2027t 403 §IE3AAM HEE It} ©ds
Z23 gt 323 9L Bollag 5(1996)2] Wyl wet
FU#S SDS-PAGE 3+TH6). Separating gelS 12%2] acr-
ylamide slab gel= A}E3}H 0™, stacking gel 4% acr-
ylamide gel& AMEE}YTE H7|9TL stacking gelollM+= 60V
oA 30% B2t M7HF 5T, separating gelol A& 100 Vol
A 227 Bor A7|9EE HAIEEY. FANEE X running
buffer (0.025M Tris, 0.192M glycine, 1% SDSYZ AH&-3ith.
A719% F, gel® Coomassie @4 % (0.1% Coomassie
brilliant blue R-250, 45% methanol, 10% glacial acetic acid)©
2 2A7 B dANEH D, EHEY 1 (50% methanol, 10%
glacial acetic acid)®Z 1A 308 5t gastgon, gaE
o II (5% methanol, 7% glacial acetic acid)Z 10A17F &< &

g A

Western blot

2,4-D stress shock P 3 F 2Ed A SATh Aol B4
& 938l Western blot2 Sambrook 5(1989)2) o) wel
AA1EFHTH33). SDS-PAGER T 2-& Bxji A 7)ol o3 &
23 F, gelol Y= DPHZE semidry electroblotter (Owl
separation systems, New Hampshire, US.A)& AH&-3led Hy-
bond™-PVDF membrane (Amersham International plc.. Buck-
inghamshire, England)© 2 £Z0™ (40mA, 60%), Td=o]
£773 Hybond™-PVDF membrane® PBS (0.8% NaCl, 0.02%
KCl, 0.144% Na,HPO,, 0.024% KH,PO)E 15%-4 23 ¥
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ol
rlo

2. 30mi2] PBS £l 0.3 g2 bovine serum albuming
blockmg fojo g |AZF 3087 ALoA] WAl o ul
% blocking £-8-S A Azt PBSE 1587t 23] Aﬂz}o}ﬁt} 1
2} A= anti-DnaK 9L anti-GroEL ©Y 3Hx)
(Stressgen Biotechnologies Corp., Victoria, British Columbia,
Canada)® PBS-0.08% Tween 2001 3]4(1: 10,000)8t] 14]17F

30837F A2oA whgAIH o, ¥hgo] €Y F, PBS-0.08%
Tween 2002 Z+7} 128 23], 158 13] AHslch. 231 34
+ anti-mouse IgG HRP conjugate (Promega, Madison, Wis-
consin, U.S.A)E PBS-0.08% Tween 20°] 34 (1:10,000)5}]
LAIZE 3087 A2ddA w-EA#HTh ¥ F, PBS-0.08%
Tween 2022 ZH7b 128 B9t 23], 158 B¢t 13 AXsidx,

_1!;1;

Western® ECL kit (Amersham International plc., Bucking-
hamshire, England)S AHE-3l kx| EAE XA HE

(AGFA, Belgium)°ll =2A1A &7dsle B8k}

2D-PAGE

2D-PAGEE O’Farrel $(1975)3 Bollag 5(1996)2] ¥ o
uteh AAISHA 2 (6, 26), d¥A FF-L SDS-PAGE] AM&3
TS BFE AHSSTh @ FFLS XF buffer O5M
Urea, 2% Triton X-100, 5% f-mercaptoethanol, 1.6% Phama-
lyte pH 4.0-6.5, 0.4% Phamalyte pH 3.0-10.0)2} &F overlay
buffer (9 M urea, 0.8% Phamalyte pH 4.0-6.5, 0.2% Phamalyte
pH 3.0-10.0, Bromophenol blue)S Y W& oA ALE3I%
.

Iscelectric focusing gel2 3 g Urea, 0.67 ml 30% acrylamide,
144 pl Phamalyte pH 4.0-6.7, 2.7 ml 3772 H718IS urea’}
AH3] =L F, 254/ 10% ammonium persulfate, 20 pf
TEMEDE 3718t geld THEolA ARRSIATE 7195
buffer2+= upper buffer (0.02M sodium hydroxide)®} lower
buffer (0.01 M phosphoric acidyg AHE3IHTE Gel2 200 Vil
2] 10%-, 300 VOlA) 158, 400 VOl 158 B¢ pre-runningdh
At 9¥d EEFS loading T F, 500 VelA 30%, 600 Vol
A 37 30 TS A7IFF shdleH, AU9E F, gele
equilibration buffer (5% B-mercaptoethanol, 62.5mM Tris-HCl
pH 6.8, 2.3% SDS, 10% glyceroholl 4] 3083+ a3ttt 2-
D PAGET= SDS-PAGE WMol whe} F3fslHom, gel G4 =
g A e st

a2 ® 0@

24-D 28l Mze &r U 3

24D 29E =LoZHH EY RES AF 8 24DE
e AA R FEA1A pAE ERudS 85
stom, o] Ehgtoz e 2,4-D91 Hallso] ggst v
AT-E BetAch B2lE A DE FY% &g 2
ANUA P22 o83t 0m, 24- D«J i%oﬂr FAIZe] St
3ol we} o] MEe AEET 2E A AT YA
)3l A7E AAET
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2,4-D EaAlael AEe) e A ZA4E gas chro-
matography® ¥433}31, 21 ZAZ}E MIS(microbial identification
system)$] TSBA version 3.9 (Standard library)2} Hi - 533}
& Burkholderia cepacia YK-22 W43t}

B. cepacia YK-22| 4&32} 2.4-D 238
Y SA290F 24.DE EFEE Er)AAu ]l A} B

8

74
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Fig. 1. Growth of test culture, B. cepacia YK-2, measured as cell den-

sity at 660 nm(Q), associated with the degradation of 2.25 mM of 2 4-

D( @ ) and pH(® ).

Optical density (A g0)

0.0 + » y * :
-4 -2 0 2 4 6 8 10 12

Time after addition of 2,4-D (hr)
Fig. 2. Growth of B. cepacia YK-2 on LB media in the absence and in
the presence of 2,4-D. Cells pre-grown overnight in LB medium were
harvested, washed, and resuspended in LB medium without 2,4-D( @)
or with 2 mM 2,4-D( O ). 2,4-D was added at time zero, and growth
was measured by optical density at 660 nm
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cepacia YK-29] 4733} 2,4-D9] BHE #FsIGh. wiAU 9|
24D EEE 225mMo|Yod, 27| pHE 7002 2439
ok Bl 8AIZIA 16A17F Atelol] FAE 24-DO] UAE U
ERQla, HER § 28A17bghl €443 RSttt (Fig. 1)
wizlle] 7] pHE 7.0 o|9low, wigke] A E ] w44
& Zdadld 24-D7F 93] E3iE 28417 F9] FHE pHe

5.47F Qv

2,4-DOl 2|8t B. cepacia YK-2°| MEg

LB HAlei ol B. cepacia YK-2Z HEF 3, 27 U543
719l 2,4-D9f HF F=7F 2mMo| HA H7IE ¥, AHA
LB HjA) A 2R B. cepacia YK-29) AAFA5 vlwdt 4
7} 24-D7F ¥7VE B. cepacia YK-2 &} A4 AA4HAQ) LBHY
Y| A A= B. cepacia YK-2RU} 647 B2t Aol |4
He Zeo] #HEHAUG (Fig. 2). ol 4% Adx: 24-D7 B

Viable cells (CFU/ml)

10" L

Time (hr)
Fig. 3. Survival of B. cepacia YK-2 after 2,4-D shock. Cells were
maintained at 2,4-D concentrations of 0 mM( @ ), 1 mM(ll), 3
mM(A), 5 mM(4) and 7 mM(*), respectively. At intervals, the num-
ber of colony-forming unit per milliliter of the culture (CFU/ml) was
measured.

2,4-D (mM)

kDa
116p»

9TP
660~

45y

3>

24-Dell 23t ~EE A 37w QA 273

cepacia YK-29] Aol F82- vlXu, o] A¥E EE vl
& 24-DQ] FXolA B cepacia YK-22] &8-S A3 2
Fig. 33 24-D9] FX7} 3mM, 2413t o A2l3lg wH
B &S] g438] st

24-D AEHA EAH ClMFol MY

B. cepacia YK-25 T}S3 Fx9] 24-Dell 108-HH 3608
NA) =AY T 22 EH7)E o83t NEE B T,
2 4FNE Het Lowry W (22)0 o8] ©yE HEE )
o 60 ug® EE-S SDS-PAGE 3tTH 1 mMoA 10 mMo]
24-DEFE0 60%A 360E71R] =58 HS W SDS-PAGE®]
A oy FH thiFoe] A, AFEE AE #Esded
(Fig. 4A), ©]9} 53 WY o2 SDS-PAGEE 3+ & gelol L
= @32 Hybond™-PVDF membrane® & 270m &A%
ol 2o anti-Dnak DU 9 anti-GroEL @A) &

Table 1. Production of SSPs B. cepacia YK-2 treated with different
2,4-D concentrations

Treatment Stress Production of SSPs by 2,4-D (mM)

Period  Shock
(min)  Proteins 0.5 1 3 5 7 10
DnaK - - - - - -
10
GroEL - - - - - -
DnaK - - - - - -
30
GroEL + + + + + -
50 DnaK + + + + + +
GroEL + + + + + -
DnaK + + + + + +
60
GroEL + + + + + -
DnaK + + + + + -
180
GroEL + + + + - -
DnaK + + + + - -
360
GroEL + + + + - -
+, production ; —, no production
DnaK GroEL

(A) (B) ©)
Fig. 4. Production of SSPs by B. cepacia YK-2 treated with different 2,4-D concentrations for 1 hr. The SSPs were analyzed by SDS-PAGE(A),
Western blot with anti-DnaK(B) and anti-GroEL(C) monoclonal antibodies, respectively.
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olMoz wgdshs AEH 2 2 ©MASSPs)e] W FEE
Hatth B, cepacia YK-2% Apol8t Txe] 24Dl =& E 4
S 3mM o] EFxolx ssPs7t Z7H8H] AR (Figs.
4B & 4C). »& A3} o] wel Dnake 24-D % 05
mMol A 508 =2ERS uf A7) ARBIEeH, 24D 5
T 7mM, =EAI7k] 1805 o]dold AAEA] 3kt GroEL
& 24D E% 05mMoA 308 =E2HUS o Aol A
Qom. 24D 5 10 mMAA 6083t X2 & Aeolle 44
o] 7] &ore}. olH™ Az xEAe] Eolwtel mt 7TmM
olate] 24-DOIME SSPs9] AlAdo] BAHA 5E AU &
2= 9)glom, 1 AT Table 19 SoF= ek

Fig. 591 2 4 l& Hie} o] oF 15 o] 37 &34 A
xyo] BlE|Rlt}. 2D-PAGEE 483 geloll anti-DnakK @4
A} anti-GroEL @ A& 0]43) Western blot2 221314
24D Mo 28k ~E#H 2 %7 @A) DnaKh GroELS]
BAES & 5 URYSH, B. cepacia YK-29 st =&
24D BE7} Z718b) wet 2% GdEL o] AAE
o] AdEE Zo] #AFHAT

B. cepacia YK-20IIM & &2{0]| 2|8t Dnak?} GroEL2] AN

AOvd-Sas
—

kDa M
200 I vt

1169w
O7 b veumes

66 P pon—"

450 s

(A)
Fig. 5. Two-dimensional PAGE analysis of B. cepacia YK-2. Control(A). Cells treated with 3 mM 2,4-D for 1 hr(B), and cells treated with 7 mM
2.4-D for 1 hr(C). The circle spots indicate DnaK(1) and GroEL(2) proteins. Arrow heads and open rectangles indicate the proteins indicated posi-
tively by 2,4-D shock.

HS(min) 2,4-D(mM)

2 ! [ |

kDa M 0 30 60 90 05 1 3
116»

97»
669

45» ws

31p

i4»

(A)

7 0 30 60 9 05 1 3
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B. cepacia YK-2& 30°C LB A oA wlj U3} 44
718} 27+ A HNA MFeEE FAH3 42°CER 2EF 47
0] anti-DnaK B LA} anti-GroEL BAHAE AL4-3tel
o 27 YwAQl DnakKet GroELS) AAR-E BRI A
o]7l SDS-PAGES] Z#E ETI2 344 Western blotg AT
Az} 2407} 2Ed A 29z 43S Yo} U A
¢] DnakK$} GroELo] AAE &0l FAHAUTFg. 6). gk
02 anti-Dnak @Y 3A 2} anti-GroEL DU A (Stressgen
Biotechnologies Corp., Canaday= E. colidlX & F2l 23A
AAE wwdzA, 4 44 457 o DnaK$}
GroELE 747t 70 kDaZ 60 kDaoll A A E AeE BuHA
o 2} B @A ReElsie] AS-H 24D EaiAlES] B,
cepacia YK-290ME 24-D TA7% € THNM EF 43 kDa2]
DnaKs} 41 kDagl GroEL7} A= glohe Al Felgls 2
e} AT Varela 5 (1992)2 Thiobacillus ferrooxidcmsoﬂfﬂ
&% FAEE DnaK 2 GroELS} E. colidiA /%= DnaK
2 GroELS] $AM3S 2D-PAGES ©]4-8h N-terminal oHv]=4}
qae BAste] vlad A 70%9 80%2] fiAbde HIAL
W, E coli®] DnaK A% dimer2 FEAFTtaL B EkTh3T).
B 2% A3} B cepacia YK2904 AE 43 kDadl DnaKe}

— Isoelectric tocusing (IEF)

® ©

DnaK GroEL
7 0 30 60 9 05 1 3 7

(B) ()
Fig. 6. Production of SSPs by B. cepacia YK-2 treated with heat shock at 42°C and 2,4-D as a stress shock. The SSPs were analyzed by SDS
PAGE(A), Western blot with anti-DnaK(B) and anti-GroEL(C) monoclonal antibodies, respectively.
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41 kDa®] GroELE E. colidlA A E+ DnaK ¥ GroELY¢]
At el Thiobacillus ferrooxidans BT BojX& Ao Z Vbt
o}

A B A3E EdM EYo 2R EIE AT
cepacia YK2= gdAedlo g A 24.noll w25 0)e A9
wEEE SOl Wb Aol Ao Aok 93E vl3
om, o]efgt Adelell A Ald-& ABESH7] 9181 43kDa DnaK
o} 41kDa GroELS] 2E#| 2 32 diZS WA= 2lo] &
A=A

2w

HAle| &

o] =¥& 1997¢d #=steEAEe FEAA(1997-001-
D00319)2] AHHlel] ejate] Y= S
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ABSTRACT : Production of Stress Shock Proteins DnaK and GroEL in Burkholderia cepacia YK-2 by
Phenoxyherbicide 2,4-Dichlorophenoxyacetic Acid as an Environmental Contaminant

Yun-Seok Cho, Sang-Ho Park’, Chy-Kyung Kim', and Kye-Heon Oh* (Department of Life
Science, Soonchunhyang University, PO. BOX 97, Asan, Chung-Nam 336-600; 'Department of
Microbiology, Chungbuk National University, Cheongju 361-763, Korea)

Production of stress shock proteins in Burkholderia cepacia YK-2 in response to the phenoxyherbicide
2,4-dichlorophenoxyacetic acid (2,4-D) as an environmental contaminant was investigated. The stress shock
proteins were synthesized at different 2,4-D concentrations in exponentially growing cultures of 5. cepacia
YK-2. This response involved the production of 43 kDa and 41 kDa GroEL proteins. The proteins were char-
acterized by SDS-PAGE and Western blot using the anti-DnaK and anti-GroEL monoclonal antibodies. Total
stress shock proteins were analyzed by 2-D PAGE. Survival of B. cepacia YK-2 with time in the presence of
different concentrations of 2,4-D was monitored, and viable counts paralleled the production of the stress

shock proteins in this bacterium.



