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Catechol X{2|0l| 2|8t Pseudomonas sp. DJ-122]
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(12.21), sodium dodscyl sulfate(1), hydrogen peroxide -3
(7] chemical stressel] & A= 27 viERtvRaL R ReTA )
et} Z|Tol= benzene(3). phenol([[.20), 24-diniirophenol
EO 22 24 eddl =B HEEAl elsiME 2
7W4] EF2] heat-shock 9] = FAPTIE o] EX
==

o]zt Wk et E9MEe] 2]Ele] sublethal T2
stressZ- ko v EL A AL W7 2te] £AF] o] stress-
shock w2 ghidelr|u} AlE Al Asshs W3z}
elofu} A2l=el Hggake] viEp A "Rk Lupi (192
Pseudomonas  puiica KT2442¢0 4] 1.6 mM2] 2-chlorophenol
£ stress® 45-95% o AL o ol spa| whizlel
ghde] Z=/1E= 7S D PAGES ¢]8sle] Belsledrt. Pen-
tachlorophenol?} monochlorophenole] %% E colil e
stress-shock Pjle] oF Al7be] wheh §n E2 s
(6), 20mM benzoatee]] |15%7F w25 E colitM= 33 &
#2] swess-shock o) F=¥E o] FelE(15).

Pseudomenas sp. DI-\12= 2714 334 4-chlorobiphenyl
(4CB) ¥ biphenylE meta-cleavage?} 4 22 Ha st 4-
chlorobenzoate(4CBA) B banzoaleZ AAdEl: slos ¥
37(13), = 4CBu} biphenyl |31 4-hydroxybenzoate(+HBA)
5l 22 87 o GEA] spessol] 3 PEAH stress-shock
e gdekate] Park B(240] ©lste] d7aw %l Hf
olt}. Pseudomonas sp. D)-12= catechold 05~ 1.0mM2| 5
= Wea BalEAl o elake] FEelAe ek X
a3 Aol Aol aEE2 B dTeAs 4CB
biphenyl®] Bs]352l Preudomonas sp. DI-12¢1 &he]
# 717 =2 catechol® A2 o, stress-shock THHA
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Pseudomonas sp. DI-122= Kim S(13)3] B oAl e
30°C2] Luria-Bertani(LB) wi=lel|A] f|4=7)7}=] wjeks|z] F
NEE 393l Aol AlgEldel. Catechol A F A7
o Akl Fals-E SR dds MM2 &4 A (14)0]
catecholy ‘FeZ Arlsle] Ageigdcy. MM2 FHAw ==
10mM potassium phosphate buffer(pH 7.0 1 uM FeSQ, -
7H,0, 100 uM CaCl, - H,0. 1 mM MgS0,, 8.5 mM NaCl,
18 mM (NH,),SO,Z F3+3ich

Catechol =] ¥ Flatery-Q'Brien =(7)0] B8k uy
L2 20miel MM2 ZH4uiA ol catecholE 0.5, 1, 3, 5, 7,
10mMe] FE= 22 H7EE F FAS 109~ 107 cells/ml®]
HEE gEsled 30°CM 605 Tk vickelEA 93 Ag
AR NBE AFae] ga gl =Ekakg Bl Al
o WA A8E sk

Calechol 2| S5l U M& =X

Pseudomonas sp. DI-122] catechol 3% 7 A3-&&
2757 sieled Park B4 LTolAG} Fol MM H2:
wizle] catechols 7 FEHEE Hrlgk F FAF 107~
108 cell/mle] =5 #Faled 300CelA] #hijekatzie}. 30
H3E Esl 9% AR A RS AF e A3l g4 o
LB agar platee] TSR, 300Ce| A 20417 sjoksl &
colony® Alele] AE &S A3, Catechole] E3il+=
2702 vpge B AF S viklE 2,000x g7 FEF HAER]
3l F AlEel-8 HEe} UV-visible spectrophotometry 2.
2275 mmell MY TS S A 712 ok 34

ssget,

cHfEle] £& 9l TS

Catechol®. #2]|gt FAE 2,000x g2 5871 214]822]5]0d
<=8k ¥ 10mM phosphate bulfer(pH 7.0l Fetsle] J
z+ A B fx]slmA] 50 We sonicator(Tmagic Products In-
temational. Inc.. USAIE 15%:3F 153 WHE4A A2 s
12,000 pmE 2 3087 HAlBelsle] Daals 23kt
T AASAE Ase). 539 whalE Bollag S(he] 9y
of el SDS-PAGEE- al3llv)  Separating el 10%2]
acrylamide gelsS A8}, stacking gel¥ 4% acrylamide
gels Abg-3lsdvh oA L protein assay kit (Sigma
Chemical Co.. MD, USAYE AMisled 7o pwz ydaly
o} AFedEL 60V = o0 Vella] 24|71 308 E9) AAs}
gon, HAALNREE 1X9 ruming buffer(0.025 M Tris,
0.192M glycine. 1% SDSY¥E Aasledu), #7)edEe] Byt
el Coomassie G482z 22)7F Fol a3l on
el -9 [(methanol, 500 ml; glacial acefic acid. 100 ml;
H,0, 400 mDE 14)7F F¢b 23] 23} 942 2 g

Kor. L Microlnol.

O{methanol, 50ml: glacial acetic acid, 70ml: H,O, &80 ml)
= 1047F 4k A e,

Western blot

Western blot?: Sambrook 5-(26)2] el wleb AA)eke]
=t SDS-PAGEelIA Al71d%o] Fyh F gelell gl DAL
Semiphor transfer{Hoefer, USAYE 40 mA A+ 60E F3t
Hybond™-PVDF membrane(Amersham, England)l] -7t}
Membrane BSAZ. 247} 59t A2)dt ¥ PBS buffer(0.8
% NaCl 0.02% KCL 0.144% Na,HPO, pH 74HE 1584
23] MAsMde] 17 A= ZFE ant-DnaK monoclonal an-
tibody#} anti-GroEL moenoclonal antibody (StressGen Biole-
chnologies Corp., Victona, Canada)®. 0.08% Tween200]
E3E PBS buffers]] 111000032 2]45le] membranesd] 14]
7k 308 F<F kA e shEe] Eb 0.08% Tween209)
X3kl PBS buffe 1559 33 A& 1:10,000°-2. 3|
A% 22} & A (anti-mouse 1gG HRP conjugate. Promega
Cao., Madison, USAYE 1427} Sl ¥k-gA#Ho vs %
0.08% Tween20°] ¥&% PBS buffer® [5%% 33 A%+t
wom, BCL kil(Amersham Tnternational ple.. Buckingham-
shire. England)s- ©]£5led Xoray filme 2 &Aksigiv).
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Pseudomonas sp. DI-125 LB @ghaz]e] #FE:sle] 124
7b kst F ARE EHSR: agar block®] FdAe| 0.5
em?7F F=E vle]dfe] 10 mM catechol™ 623 E4F A=
slgitt. Catehol2 #|2|8t FAls Ng 5222 uhglo] ulep
100 mM#] potassium phosphate boffer(pH 7.2)% %H= 235
% ghitaraldehyde B4 24]7F “got Aaldg Al7]5 F9
buffer(pH 7.2)%. 1584 330 A& & <}A] 100 mM polas-
sium phosphate buffer(p 7.2)Z %HE 1% osmium tefro-
xide B4 3417} Fab FoAEC 225 30, 50. 60,
70, 80, 90, 95%2] ethanolell A Zhzb 1584 e F
100% ethanolell 4] 208-% 29 FF EpA|7)IL isoamyl
acetate® X|Fete] F7| Al ZAsE A BE Sputier
coater(IB-3, Giko Engineering Co.. Japan)Ys ARsle] S}
300 Aol H5F gold coaling®le) F=A} FH=}EIw] 7 (5-25000C,
Hrtachi, Japan)2 2 F2tsiglc}h

Xjefita] 24

Pseudomonas sp. DI-12E LBa|= o)A wfekst & A#A12
Slepdled Ab7)9] HPE2=® [0 mM catechol® 24|17} F4F =
23l & A E Fapsiget o] fAE MIDI Microbial Ide-
ntity Systern(Newark, USA)Y] AMLA|ZE A oz} A1upiks
Fdlr| 216l reagent l(sodium hydroxide, 45 g: metha-
nol, 150ml; H;0, 150 mlyE 1 ml A#3e] 100°CsH| A 35
27k w=gE F Ao o) AlZel YA reagent 2(6 N
hydrochloric acid. 325 ml; methanol, 275 ml)y2- 2ml #H -}
Bl Reeld s00CS 127 A AE B F e b
7l ©hE- peageni 3hexane, 200 ml; methyl-tert butyl ether.
200 myE- 1.25 ml Axpsle] 1087 Bk A £ F 5 2o
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2 Feldn AEg Faasd. A9E A5 o rea-
gent 4(sodium hydroxide, 10.8 g; H.0, 900 mh= A=t F
gas chromatoeraphy(HPE890, Newark, USA)E 2433t}

Catechol H2|0 2J5t L{Mo| R

Pseudomongs sp. DI-12 TFAE MM2 wi#[e] 107~10%
cells/mle] X2 FHEst F 1 mM catehcole]t} benzoate
Tl 4CBAE A7}l catechold) benzoateol| A= 104
4CBAA A= 204 <l Fx])E|3lod stress-shock TH-de]
e fFmaAnh AAHE 7 A8 10mM2| caeheole]
EEAFEA 158 ZF R Al8E AHe AErE S
stdet. ofWl AATelA] & Pseudomonas sp. D125 Al
THE NERF0E vlE AR,

St

Catechol Eaf] 2! M|TFe| ME

Pseudomonas sp. DI-12= 64|z} vk @& o Fig. []4
5} el 0.5~1.0mM2| catechotd 60% o] 4 s glom Al
Fm Felr) AEElen) Jehd 3mM EE T 04k
T 30r17F XE] Fol|E catechole] AE A== ¢
ghom] A AFSs 3mM EEeA 102 cellsfmie] A3}
o] 5mmMejake] FEelME Aol 103 cells/ml |7
#2473 st

100 o —4
\\k 3,5, 7,10 mM
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Fig. 1. Degradation of catechol by Pseudomonas sp. DI-12 (A) and
survival curves al chifferent concentrations of catechol (B).

Catechol 32} AFe) Asiets Hal g
olelgk IR orElSA $15FEAY stressell )3t a]ABEe]
Aakeddl] =] MEe] Abgel] diste] Gage#) Neidhardt &
(%= 2 4-dinirophenclS o83 A4 @zl Aarehe] p1-1
gradient’} TP AFL PAhEo) FhaEeial Hors)
ofu}, @) o wlEe] 23 WEkE ghEldet HahEe] B
gl Al Alzkzlke]  elakad of 71'?5]-0% Blasco &(2y& 4-chl-
orobenzoale, d-chlorocatechol % 4-chlorobiphenyl®  Psen-
domonasell MY W Fa& 7153 w2 AL 2 mME
AT} o Ho) 3l el FlAbEe] gl S
ﬂi’»ﬂ AApo] ofA|wgivhal LaEldet. ofof 32 B
B oadT Hafel 9= e
Catechol 2|0l 2|8t stress-shock EHES] §hHd
Preudomonas sp. DI-125 Ao]3t F%2] catechol® 103
Zo} FlelgherA] 4% AMEl sress-shock TS anti-
DnaK antibody$} anti-GroEL antibody® Western blot HFg
28 AAY 3= Fig 28F 2o of#7[R] FEe| catechol
21082 228 o] Dnaks [ mM o]Akela] et
GroEL2 0.5 mMe] 4ol A A= glv, olg) 22 dipb=
Table 191 A28 B} Zo] 5B A 3mMe) e FE
el 4] Dnak7l 2715tgd-o0), 1083F =% Alels 1 mM =iz
JHE} 22 temad JE|T 6087 =F Al S mMelAF
9] a4 Dpakrt A48T GroELY] A4S 0.5 mMe]
Ak2) temola] SE7F AelHE W Folel] AlRbelelem, 20
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Fig. 2. Production of stress-shock protemns {DnaK and GroEL) by
Pseudomonas sp. DJ-12 when weated with catechol al different
concentrations for 10 mn.
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Table 1. Production of stress-shock proteins by Pseudomonas sp.
DJ-12 treated with catechol at ditferent concentration

SSP production at concentrations
Treatment tnme  Stress-shock

{min) protein (rmM):

1 3 5 7 10

5 Dnak - — + + + o+
GroEL * T + + +  +

1G Dnak. + + + o+ o+
GroEL + + + + + +

20 Dinak — + + + + o+
GroEL + + + + + o+

30 DinaK - + + + + +
GroEL - - - - - -

60 DnaK - — -~  + o+ o+
GroEL - — - - - -

—, no production: T+ , weak production: +, heavy production.

B 5ot A gl = A2 x] & A,

DnaKf?-]- GroELZ} 72 A% ozl Aabaiql fmofA

= PHEEE ok ®A vl of 14% v B3 9%

g 9 wlel= of 4~ 12%7] o) S-RElvhY Gomes
10y B yElno) o8 28 heatshock TNE2 F3H
¥ alu]gl phenol(l]. 2000]v} benzoate(13). %= 2. 4-dinitro-
phenol(19) ¥ ofu]2l 4CBv} biphenyl 2183 4HBA 5(24)
o] Wk il ke] sessl AT SEFCE ol B
Stge] slch. ols) o] P wekid HaEe] sl A
£} 0 e A el AEoz SR 2
o] Al AET W] WO, oldar A%
WA bzl S| gtress-shock Thal §H4e] fwes 2 =2RE
aled stress-shock E]“H”/ﬂ(‘!] /“H/’Hﬂﬂ o] stress-shock S92
£o] thl WAE DA Balske] AR due 9k
Rusadr}o, 29). o8} zhe- AL caechal?] B HEo
A FEHAE olulel Alze] AlEge] Helx]H ¥ B ol
2] ZIk(Fig. V8- FAE F= Aot

M=o HEf Hst

MEHo] FAF) 2H4PE 10 mMe] catechol®E 142K 6
A7t Eel H2EE W Pseudomonas sp. DI-122] AE
e Fab dAtgeld s dae Asle Fg 49 2
Pseudomonas sp. DI-128] AAp 2= #35]=ql qjgalen
wlog Al ERd-S 2SS vlehlohFig 44). 1Bvf
L0 mM catecholel] 147} Eeob #He|d) AFE£2 7he] =9
o el A el WRALG) Fig 4B) 2 6
AZE ERE A2 AEES 1 e Hs) vl Azl
7hte] el Ag T}%l‘ = glo] BE2E F5os ¥e)
WeHFig. 4C). Gage®} Neidharde(9)2 2.4-dinnropherol® 7
23t M Eol| M AER} whgale] Fzel 7)Fe] AsEdial B
a8k vk glvb, Lingl Fechter(18p= toluene 22 lLenzene®.
2 F=2l8 cochlear A FolA o] MR Rz} M1y

Kor, 1. Microbiol.

Fig, 3. Scamming electron micrographs of Pseudomonas sp. DI-12
treated with catechol at 10 mM concentration, A. untreated cells; B
cells treated for 1 hr; C, cells treated lor 6 hrs Bars represent 3 jim,

2 W] A9 FUD wusieeh B dTeld B
catecholel] 2%} AW e] vl A wlEkE elalLaig) A
Fupal g AEYE Fsiole Sikkema 5279 Bl
LRHE Aol

SEISEIESY

Pseudomonas sp. DI-122 10 mM&] catechol® 23171 &
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Fig. 4. Gos clromalographs of the fatty acids isolated from
Pseudomonas sp. DI-12. {A), untreated contrel; (B), DJ-[2 cells
treated with |0 mM catechol for 2 hrs,

1 08_

J

10"

4CBA pretreat

BA pretreat

1051
pretreat

10°

Survival ({CFUW/ml}

10%
No pretreat |

10° 10 mm cAT

T T T T T T
o 10 20 30 40 50 60

Incubation time (min)

Fig. 5. Survival resistance to 10 mM catcchol in the Pseudomonas sp.
DJ-12 pretreated with catechol, benzoate, or 4-chlorobenzoate, The
cells which were pretreated with 1 mM 4-chlorobenzoate (4CBA) for
20 min. 1 mM benzoate (BA) for 10 min, or 1T mM catechol (CAT) for
10 min were shift to 10 mM catcchol.

(=3

o} Az)EE M ZEei|A Aubake] FA]E gas chromatography®
M3 Ade Fg 5o Auh A 24 Adbses 2

LU [=

Catechol 2] A7) Azleka Wal 143

zlo| 7} HAE A 9|9 retention timee] 117654 71
= cyclo fatty acide catechol ®8] F 2.89% FTlEgl
0.94%2] cis fatty acidi 3%°|4 DBt = 102422
E3} A UM 1.67% 271l ent AA Rl kb= 2 W
7} alsivl. Rosas 25y £712F 524] 8.6 uM® dichl-
orodiphenyltrichloroethane(DDTYE £ cofidl] AH2|HE of £
3 AkAle] ZFiEeRA] AE Ao el vy H s
Govth, 2 drelss 7 AIAAE Seld 5 glsdch

HAE(H o8t MEE LY &7}t

|l mM2] catechole|v} benzoate Z22]32 4CBA® A 2]t
&, 10mM catechold] =EAZ-& " Pseudomonas sp. DIJ-
12¢] AJEAE AEs A3 Fg 69} 2o}l Stess-shock
FhAe]l AEE 1 mMe] 4CBAZ 2087 =E | mMe
benzoate 2 catechol® 1071 A 2[FL -2 HA2]E}4]
ok2 AlFETE 10mME] catehcolel] 60%- B4t =% AFHE
o) A& AerE oF 102~ 100 cells/m]l AL B4 vehis
WS oz sl

Stress-shock G ale] ABA o= Yadeo] Jvls Akl o
3t Flattery-O'Brien (71 (12 mM2| menadione®  Sac-
charomyces cerevisiaed] B AZHEe AA=8E F 4 mMo
wEAHE | AESe] FelEvie ¥ sl OSulivan 5
(23)2} Foster £ (8) acd stresse] 233 M == H,0
da4d S 29 stressol] toleiance’t SREE A Bowsp o)
O TR BT catechol Bl benzoater} 4CBA
2 HAHE| T Pseudomoncs sp. DI-12 A]Ee| A stoess-shock
dAe] = FAE] 10mMe] catechol el A APEE
T ole Wade] Rl Al Alelgt WIEES slalgtel] 2f3le]
whg Ade] ez Aggichs 22 ouiEls Aol

Ab A
o] =g 19983 F=SheAlEAvte] w1 (98-015-

D00215wl 2ske] Q| gseh. 2R S melEa)
AT el T WS A gL,
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ABSTRACT : Biochemical and Cytological Changes of Pseudomonas sp. DJ-12 Cells in Response to Cat-
echol Treatment

Yeon-Ja Ko, Jae-Yun Lim, Ki-Sung Leel, and Chi-Kyung Kim* (Department. of Microbi-
ology. Chungbuk National University, Cheongju 361-763, and !Depariment of Biology, Pai-
Chai University, Taejon 302-735, Korea)

Aromatic hydrocarbons which are not easily degraded by microorganisms can be accumulated in the contam-
inated environment for a long titme, producing toxic effects on wild lives and humnans. However, the sublethal
concentrations of the chemicals induce the synthesis of stress-shock proteins in the cells and increase the adapt-
ability of the organisms to the environmental stresses. In this study, therefore, the cells of Pseudomonas sp. DI-
12 treated with catechol at various concentrations were investigated for their survival, biodegradability of catechol,
preduction of stress-shock proteins, and cytological changes. The organisms were capable of degrading catechol
at the range of 0.5 to 1.0 mM concentration within 6 hours incubation, but they were killed by 10%~10° cell/ml at
3 mM or higer concentration without any catechol degradation. These cells treated with catechol began to pro-
duce DnaK and GroEL at 1 mM and 0.5 mM., respectively, Psendomonas sp. DI-12 treated with 10 mM cate-
chol for 1 hour exhibiled some punctuated pores on the cell wall and contortion of the rod shape. The cells
treated with (he sublethal concentration of catechol showed the increased tolerance for suvival when exposed to
the lethal concentration, and such tolerant effects were fanctioned crossly among benzoate, 4-chlorobenzoate,
and catechol.



