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ol d @ Ia)|5-0] )= Flavimonas oryzihabitans3} 4-chlorobiphenyl (4-CBP)E ¥-#81= Pseudomonas sp.3 9

YA §¢ste oldA I 4-CBPE ZF Fsie
oryzibhabitans=

of &% 7t =i e UYPAA YAEL F 9% L, YA AYE-2 5.0-6.6%

FHTFE ML, §8ANY EHE 2AEYES E
3 AEEA] 98] NTGAIZ]8td chloramphenicol WA (Cm" )2 315}, Lysozyme-EDTA

olH. UYL 40%

PEG 60003 AH3-81512 o EAHO2 §3to] o] Fo{z 20 §3H&-2 3.16x107 o]t §3Ha<] F22°] DNAYS
Bl vl of ) A= F7} st on], ARty AL miFe] 54l Ejlsle vl F22 5 mM obd

A Azl 2EFe AT 2
=& vehigion), 4CBP Ea%e

o] 712] H]%3lA T, 10 mM opPdH HAwA] oM 1.50) WS AR}
BHFEg oz} A dehgg.
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Ak SAZE AR S04 ALgslele TR f71%
A sheEo] EiAel W, FAslo] th719) £ P EFe] 9.4
& AshA7Ia Irh(12). B8] 8 298] 5 B ARA, 4
FAL A, 15015 S AZA B HEAINN 54
& bl 37t oS 47kked 2ge] thgel #)ar glek).

opdgle Lh/]E-i oPdAIR ARA, Fok AA AMA F
ohg, 318 ool flu e FIRMIARER ol o] &-Fo%k
th24). 1 o2 @] WEE WS & opdyle 4
sh, 3% %3}4 22 oe] B 9k AAA AEA H
&3t old T4, Azobenzene, Triazone Z-& HEsiA &3
< ¥4 L}E}(34). o ojddle F¥, Fitsl, 1At
B, glehy] fgo g Uy Ral7) o] Foj A} 11 ok w9
al thEES] obdRI Pseudomonas(21), Alcaligenes(40), Delfiiu
(22), Acinetobacter(44ys-ol 13l Al ¥t

Polychlorinated biophenyls(PCBs)ell &l v]a)&-o] Fa)] A%
i biphenylel] X|ghEo] Sl Fae] 422} 212 upe} @ebA]|
o, §48 47t BEE W] 548 vERTaL BaEnL
AH3). 221} biphenyt®] % Wl 312]e]] G4Vl BoilA]
%€ PCBse 1 1eolA v Eol o5k 3 7} H(ring fission)©]
B} A4 doju} giEade] uka shoh42). o#g olf
ol ml A=l 2§k 4.CBPS] &3 Aol 47kR|9] Eav) #
oahn] Z=7HAHEE Q] 4-chioro-2,3-dihydroxybiphenylS 3 4-
chlorobenzoate(4CBA)E. HEFT}H39.43). 4-CBAT ©U 237}
Aot B Al&HH o7 Ba)Eo] protocatechuate. W} catechol® 1
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Ful= 3T 4-chlorocatechol & HEE ¥ 31 7do] HA 2l
gJ =)o) chlorineo] HoxAA] Bketoadipate pathwayE whe} <+
3] el = ol ¢ et

Aol AEEF HHL Foder$t  Alfoldi(11)7}  Bacillus
megaterium©| 4] Schaeffer(36)6-©1 B. subtilis) A 4133 o]#,
J1gkeRAd T B olUEl Pseudomonas 4526y & 1884
Aolu Streptomyces%5(19y2 70-& BPATOIAME A7} o2
X)L Q). Chen S(1987y Fusobacterium®} Enterococcus
o] &3 9344 38 53l Dehydrovanillin(DDV)] 2a)-&
o] & FEHFTE AU, Lee T(25)S Pseudomonas®)
ARANE 3t dejHie] Balsol Fekd dFs 4
shalct. 1E)ar, obdY BeeS R Flavimonaset 2,4-D(2.4-
dichlorophenoxyacetic acidt-3l5-8 24 Alcaligenes 7+8] 2:37¢
S B3 7d Esise] sty opdd Eaiso] Had
A E AATH27).

Lolis II”E olF 7|2ATE BEUYE, AN Bl 3 5
opd A8 H3S= Flavimonas®} 4-CBP #3525 ZHE Pseudo-
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ek, 5 /1 deshy B0 ol kel Sryo v
W -2 HEste] Zh2ke] 7] ol thsk BehisS 2ARHh
2R 4
Al"g =F

B %ol AR e
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Table 19 EAISFYTE obdeS
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Table 1. Bacterial strains and their charcteristics

Starins Characteristics Source
Pseudomonas sp. DJ-12 4-CBP", BP", Ap" Kim (20)
Flavimonas oryzihabitans KC23 Ani’ Choi (8)
Flavimonas orvzihabitans KC23-1  Ani", Cm" This study

4-CBP, 4-chlorobiphenyl; BP, bipheny!; Ap, Ampicillin; Ani, aniline;
Cm, chloramphenicol.

F onzihabitans KC23-15= NTGH 28l AL Eddoltolr).
AR5 AHEERE o)

XIS 2t& SN

F orvzihabians®} ¥]%¥el= Nutrient Broth(DIFCO, Detroit,
USAYE AFS-3F1aL, Pseudomonas sp. DI-12%= Luria-Bertani
(LB A E AHg-slth &8 2a] Aol Rich Regeneration
Medium(RRMY& ARE-3FATH). 182 G841 gl 23}
o A7) Y8 Bartha vIR|(2)9} PAS BiR] (50 2} 7]
£ dAFE HUketd ARgsttth. 4-CBP &3 vt tigt
A Al MM2 HIR|23)E AHR-ERITE A AA Aol =
spheroplasting buffer?! 0.2 M Tris-HCl (pH 8.0) ¢+-&dofl 4
EGAR 0.5 M sucroseS F718tA ARS8 Ch27).

C s o

[

NTG X 2|0 2|8t Eei8io| /i

8 Al dast FHH ARE =] 915k
Miller®] WS w3 FAAA WAl §le F
orvzihabitans KC23& NTG(Sigma Co., St. Louis, USA) 18] s}k
of EHo|E KEStATE. F orvzihabitans KC23& LB S5 m/l
sl 30°ColA 3~5  10° cell/m! 7HA] B3 & 8.000x g
o4 sEZF YiEeElste g AAAIATH FEAE AAS
0.1 M citrate buffer(pH 5.5) 5 m/Z 33| MH3}3L 4 mi 0.1 M
citrate bufferol]l #EF F NTGE HEE%7}F 100 ug/mio] ==
& BhpolA] 308%E 30°ColA AT 8,000X gol| A sETE
dAREste] 2 AIZL $ 0.1 M phosphate buffer(pH 7.002 Al
#3131 LB 10 mol AEESt 124170 v ekslsdc) ol5 107}
2] A3k LB FAA(Cm; 100 ygimhpf Aol Z@sl 3 30°C
of| A 20~24X]7F wljakale] 2 dHskiTh

M MEd AL

Atlo] AHE FEEC] B A D g WA Al
sk, FAAZ ampicillin(Ap), streptomycin(Sm), chloram-
phenicol(Cm), kanamycin(Km)©] $5=8 & 7d A6zl A
T2 AT 0°CoN as~T2A1 WFSHRA eke] 5
ol k) g R1E dEst

AHTH A
Pseudomonas sp. DI-129} F. oryzihabitans KC23-12] 9484
A WAL Leewso HYPOE FESIHUTH28). Pseudomonase
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LB 5 miol Flavimonase NB 5 micl] Zulkst 3 wfjekel 0.5ml
S 74zt &S A 50 miell B sl 660 nmolA &%
57} 098 HEE st i gd-E 9,000x gollA] 1083E
AdEest] MEE 78S $ 37 AE 05 g& 02 M Tris-
HCI 29(pH 8.0, 37°C) 12.5 mioll AEAIZ] 3 1 M sucrose
£ 7k 02 M Tris-HCl &5 (pH 8.0) & T sldch
o] A detdo) 1% (viv)¥] 0.1 M EDTA(pH 7.6)%} lysozyme
(100 ugimhE 3-8 F THFTFGTOZ 241 FAste] 37°CA
303 ARl oksle] dEAAE AAANFY Y 9E A=
MeClL(FE 5% 20 mMYE 3718t Hgsirizch A 24
A& F MES(input cell No)ol A nutrient agar i =]l A
A M) = (osmotic resistant cell No)E Wl 535 & M| F 50
gk Bl& 8 A ey 779 B8-S 152 55
580 nmollM 9] §RE=E SHstA A xe] Fwd U
A8 %E F A3 osmotic sensitivityZ LERJATE

HEEA A

zh R E Ao dF8AAY QS K= RRMETAE
AHE-EFAT}. Lysozyme # EDTA 2 A@)édle] AAlE 3 A3)
5 AMEES & A dE Y AAE spheroplasting butfer=
107°-107712] g8kt 3 Mg d8d "l 0.1 ms A
Bl 2] top agar 3 mioll Bl RRM 3R]l top platingdle] 4
~59 ekt AW e AdE dFgdAe dT AdE =
EUTE 100882 FAIEATH

S WHE st AN Lysozyme™ EDTAR *2]ste] ¥
AAZ 1D F 755 08 mi 43S T 4000x< g A 105
I AdEYEET. AAEH FFE 0.5 M sucrose®t 20 mM
MeClLE ¥k Q1= 10 mM Tris-HCl 93 (pH 8.0) 0.16
gt § 20 mM CaCl,7} E3HE 40%(wrv) PEG
4 ml H7Veta ofshAl Wk & AedM 1087t
A SHATE TR 4,000X g oA SETF fdEe]ste] YA
S HAAZIZE 0.5M sucrose’} H7FE NB WA 1 miE
A 7]AL 37°Cl A 901t vl dsle] AE A TS H
gtk e AFA A A &
At AP A e dFAA §HS FEAZ 98
A &tdg ATl A4 4 s AV A
RRM Ao A e 4~5Y < 25 a8t az, -39
ol ME DFAA EFel-s 105107 BiE 8|6t RRMT 2
2 242 top agar(0.6% agar) 3 mio]l O] RRM HZ| el
3~49 Bt FF ksl ARMAHG. 28a 2asrr 47
A = Qe Aaul A9 replica 3t REFES TEIYS
2F UEE 2248 §HAE AEsd. dAE S5
AHE A FHF ARE AMES s A dduwe]
F= Aol 7 B A= replicad Aeju x|} ApS 200
ugiml, Cme 100 pg/ml, Sm< 100 ugimie] =2 H7}ske]
g8t
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BEe) - Y xA}

P g LS ZAbehY] s AP E AT
Ao} matFe] FEPE L5 UEpe FREYUES 449 ddY
i =]oll A wha] NBol HEEke) 580 nm W] FEEIF 0.8~1.0
o] HA wjoFatgt. o] uiekdlS NA H3hl Ao HEsle] A4
H Z22UES thA] Zhzte) e Aol replicadted -89 4
o] T im A3 FAE TN ZAVEI

SEH 2 HeEl, M| W sty Y

S3He] AelEE EAL Palleroni(32), StarrS-(37)2) Myl
olal ZAFSFH AL, 18] APl 20 E(BioMerieux Co, St. Louis,
USA) o -?;HE SANEE ARESlo] 18417 BRF RS A7)
F 5@ assAdal AeE S AR

DNA &2 &4

Stewart(38)%} FarahnakS(10)2] w8 ¥ 6}04 s F5F
sttt LB A Hix|o| #FE HEste] a5 BHOk 1

ml & —iﬂ 3 ¢ ”“E]?} % 10% perchloric acid 1.3 mloﬂ kA
Sroll WISt o) g thal flalREsie] Al
S Wy 5 % perchloric acid 1.3 m/oll REEAFH 80°Col A
2087 He2lgk & ARt dss s

DNA 5= diphenylamine®y 2 AHE-3te] Z & 4).
Solution A(l.5 g
mi concentrated H,SO,)9} solution B(1.6% acetaldehyde)S <#HI
kol AE 2 A 20 mf solution A 0.1 ml solution BE =%
8t solution CE A Z3kgrt. DNA 524 1 mi@} solution C
I mig E5ksted 30°ColA] 16~20A17F AAIgte] WaA7] F
600 nmell Al spectrophotometer(Beckman, DU 650, Fullerton,
UsA)E &35 E Yt EF DNAEE calf thymus
DNA(Sigma Co.. St. Louis, USAYS AF&3}H T

diphenylamine, 100 m/ glacial acetic acid, 1.5
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59 UV-spectrophotometers A8-3le] 4315t
A B wjalel| {5 A Esked wiekatHA AP
nmol| A EAFES :‘—” al5L, Rateeh g8l A
gatalar, opd@le] 714 Fafee dAEeF e
< 280 nme| F5AE FAATH2. 4-CBP H3lES SUY
9] diethyl ether(Merck Co, Darmstadt, USA)E F&3aL diethyl

ehterZ 272 3ld 240 nmollA] 4t}

i

o
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=2

,‘z

FJlO H’U

o ol Y2
to nE

EEEL g L

1]

UM MEgd =AL

S HER R ARl flEiAM aTE
A8 ZAVEE A3}, Pseudomonas sp. DI-12% ampicillinel] o3}
A oEe AEA(>800 ug/mhE& AU AR o™, F oonziha-
bitans KC23-1-2 chloramphenicolol] thaled 100 ug/mi71A] 28t
A5 eI} weka S 4 #22 Apet CmE A
£33t

o} Al gt

FEAA Gl 23 Aniline} 4-CBP B35 W&F 261

Table 2. Effect of lysozyme concentration on the formation of
spheroplasts

Lysozyme Osmotic sensitivity (%o)*
(ug/mly  Pseudomonas sp. DI-12  F oryzihabitans KC23-1

20 8.3 15.4

50 143 22.7

100 60.1 71.1
200 68.3 62.3
400 40.1 349
1000 ND 32.1

ND: Not determined.

Table 3. Effect of EDTA concentration on the formation of
spheroplasts

EDTA Osmotic sensitivity (%)
(mM)  pPseudomonas sp. DI-12  F. orvzihabitans KC23-1
10 434 375
20 ND 40.0
50 47.5 40.9
100 40.1 433
200 425 59.6

ND: Not determined.

YN YNES 9B MY =

Lysozymeol] o3t f& A HHx0S AAsH7] 915
lysozymes: miF 20 ugoll X 1 mpZhA] AHelste] dEPAE A
AAEE ARSI lysozymes] HE Fmo ] web o
& Zols RYo, F oorzihabians KC23-15 100 ug/miol| 4]
WA 1A Aol Ao R o] Fo)FHIAL, Pseudomonas
sp. DI-125= AT 200 ug/miS 2 LERGT] (Table 2).

gk g e R ARhE 7HAT lo) fEEA A
EDTAS] #2]7} 828 10 mMolA 200 mM7H#] A 2]}
Zb o] AR Adel mlA)i: EDTAS] 8315 ZAMSTh
T1 AR Peeudomonas sp. DJ-1247 -~ EDTAS] &% =7} w2
Ag A Ao A WHEEHA Gto . F oorzihabitans
KC23-1+ EDTAS] F&7F $71855 HA4EE S7ietant
(Table 3). Tris-HCl gF3-8-2 4 255 20 mMEE 400 mM7L
2] delaEA] L §FE RARGE E3, Pseudomonas sp. DI-12
b F orzihabitans KC23- l 5% Tris-HCL &3
EFETE A EA Aol PR %— }6}@3} (Table 4). &
Tris-HCl ¥ 5= Aﬂiﬂ“u ohgg& wIAF o2 <laf
lysozyme©] HEIZZE|7H50.2 414 %J‘—:F@}O'% Ag-sh7] wEd
A0 7 Alg )

)3 AR AAE FYSAIhT Bl ofel7ha) 2}
2250l tjalel oFe] ARAA sl MAE AR 2}
3 TH(Table 5). Lee(26)52 Psendomonasl A, Okanishi(31)v=
Streptomyvees?] PEAA Ao Na, Mg, Ca®™ o] &5o] &z}
Aolgkal Bugh vl qlot. Mlxre] AE Aol tis) A=

&

g49) 557}
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Table 4. Effect of Tris-HCl concentration on the formation of
spheroplasts
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Table 6. Effect of divalent-cation on spheroplast regeneration

Solutions Regenerated cell (x107)
Tris-HCI Osmotic sensitivity (%)
(mM)C Pseudomonas sp. DJ-12 F oryzihabitans KC23-1 I(\r/igl\gi‘;2 (Srelll\(/‘l])2 Fseudomonas sp. DJ-12 F. oryzihabitans KC23-1
20 ND 25.0 - - 54 8.7
50 12.5 313 20 - 42 4.1
100 46.3 320 40 - 48 6.4
200 44.8 332 - 20 97.2 21.6
400 57.1 435 - 40 77.7 16.3
ND: Not determined. 20 20 8.7 7.1
20 40 9.3 14.2
Table 5. Stability of spheroplasts in various solution 40 20 72 51
Solution Optical density” 40 40 6.3 45
Pseudomonas sp. DJ-12 F oryzihabitans KC23-1 ND: Not determinded.
Control® 0.28 0.25
D.W. 0.09 0.05 Table 7. Spheroplast formation and regeneration efficiency
10 mM NH,Cl 0.12 0.07 Osmotic sensitivity (%o)*
10 mM KCI 0.11 0.08 Pseudomonas sp. F. orvzihabitans
10 mM NaCl 0.12 0.07 Di-12 RC23-1
20 mM CaCl, 0.3 021 Input cell (No./mi) 8.0 X 10" 2.7 X 10"
20 mM MeCl, 024 024 Osmotic resistance cell(No./m/) 1.8 X 10} 22 X 10}
500 MM Sucrose 026 024 Regenerated cells (No./m/) 42 x 10° 2.0 X 10°
*To investegate spheroplasts stability, spheroplast samples (1 m/) were Sp}flreroplast frg) maation 9.7% 99.1%
added to 5 m/ solution indicated, and then detected optical density at equence (%)
580 nm. The decrease of optical density indicates cell lysis. Regenerated frequency (%) 5.0% 6.6%

"Control-Normal cells(1 m/) were added to D.W. 5 m/, and then optical
density was detected.

ARRE T Q= 0.5 M sucrose BN} S{H4E YEZTE Y-S
W 0.02 M MgCl,, 0.02 M CaCl, 5=8%o] 3ol whe} thi
ztol7t AR, YA ksl 7 Aol it

HEHEAAN Y S 28t =

4-CBP B3)715%] Pseudomonas sp. DI-129} obdl B £
orzihabitans KC23-19] T3t L&24 A v] 2= 27} ko] L-2]
AHIR= RRMEIR] MgCl, CaCLE TEEE st ZAKIA
CHTable 6). 71 A7} MgClLe F 05 EF A EA) A= F
8t 37} A0 Flavimonas DB AA 9] A= A8 &
3y FZF ZHAs ) gerde s AREE (1), YA
A ER A=Y anA o g 28gitkn R H CaCLE 95
2] EHLS HS Pseudomonast =2 AAAEE KA} Flavie
monass E Bk JAARY, vz vls) 25583 % S8t
Ark. ZLefut MgCLe} CaCLE FAlol st A= ca?ihs
AL WEot 2318 Aol Wkt Mg Hrf Catol &
I} FL o= -] LASHE hexagonal phase 8432 FZFA7]
o, DA ST METF HEE STAT A= ALSHTH(IR).

HEEN o Y8 X MYS vl

x 100

%)= Input cell No. - O.R. cell No.

a .
Spheroplast formation frequency ( Input cell N,

bRegenerated frequency (%)=2- Ce”[::)‘:t’cgl'l;:e” No: » 100

Z} ol g Y AA A& lysozyme-EDTAL] W&
AL8-8E A3 99% H=E v #A) S5, dFAA) 9 A)
A2 RRMOl 20 mM CaCLE #7}sto] AME-3F A3} Pseudo-
monas sp. DI-125 5.0%, F orzihabitans KC23-12 6.6%<] H]
2 AAHAS. AF742] 2" Al 492 Age-L
Garbor?} Hotchkiss(14)7} B. subtilisol Al 2-& A1 10~75%=
A3 BacillusZ:0] HR-8 1~10%0] 31(11,36), Streptomyces
£0] 10~15% (30)Z TR Aol wlsh Ajg-&o) vlwd Erh
olEdl| Hlal 18-MF E coli® P alcalifacience 1)L, F
variume 0.1~0.2% (792 AA-&o] vlud wiry B AFoA
P YL T 1 FAT AL vishH AAE
vl = UeRdoh 2 AR R s ZAFE gk &)
ol& AR, RRMHI A7} 2] Bl R 2 A 3G TH Table 7).

SENe] 43z ey

e AR E FAAE 2B 8 dde] maa
o) A WS ZARIAT §EY o 2E Schaeffer(36)%5 9]
oA AREEE 40% PEG 60008 ARE3IAEY], Lees(18)2
40% ol dellAe H=rt Eobd dFAAE 4143] coatingdtA]
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=7} RolAtkar Harsteal, Peberdys H& &
= HAjol aled dgaAlel WES AA sl &
A e SFHTH35). Gabor®}t Hotchkiss(14)e] ARE
017F 37°Coll A wiSE & RRMERAIO F3HlFetod

Z31A o] WHe A Mg 7haE, AlEEE
V‘] I Aoz A g, B A8 da) ozl g
= 3.16x 107 e 2 veldtl ol arthrobacter®d Pseudo-
monas«} FIMIE Y} FARSE =x]oth(17). 98 A g5 okA
e ZAR A AEFAZ A" FAEE s o
ZAFE ACHTable 8). TLE]AL o] F§H] 2 oMy Fof
= A FASE Ao FAEACHARE AN A Y ). Frehel
S(13)8 Pak S PEGHE T 9847 $¥Ige B
Hulgos Faksle], Aazvtol H&ste] FEH-Hol vesicleo]
=gl BBEAG

HCRK)
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r040
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E%Pﬂaiori"iﬂl“ﬂ>¥ﬂ
~N

o xd o rE
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d2], Y3tatx 54 3 DNA &2

Bt Psedomonas sp. DI-12,  Flavimonas onvzihabitans
KC23-1 ¥ %“‘%}iﬂg-ﬂ de] Ysheha 54& APl 20 E kit2
ZAFSFATHTable 9). 21 A3 &9HA P2 Raso| fid
ONPG  #HAFIM - FAube-&  HERIA o} 2 74A]
oryzihabitans®] GNA 2] EAJo] B X %}L Abglolm &
A el gld o] was: e dYE &
oy, Byt glslsl 4ol =
Chen 5(6)2] A& E #EF vl 3ot

FHAEY FHA BA4S M S A9 ?T«] i
A7 2EE A=A Yo B = AS sleg AbgHEn

watFol AlEY DNA &8 Pseudomonas sp. DI-127} oF
721X 107 pgicell ©131 E orysihabitans KC23-1.2 6,97 <107
ugfeell o)A TH EFA F222] DNATRRE 12.93X10° pgicellZ
wtsel Hla) Hit aheol of ) Tk Z1Elch mWak 9
AR gl o8] LiFEe] GRSl EfE] oAl Y
H& EAsh 2o FgH

713 Rélls 54
F. onzirabitans KC23-12] 3] FollAl At $ol=
B ao] RPESHAl FrAl=H, 4- CBPQ} obddo A B stk

S5 F220 diske] 71A EEES ZARIYCH ofd (S
mM, 10 mM)& ©Hel ghfow & HA wiR|o] £
orvzihabitans KC23-13} g3+ F28 47t Z,j}——c‘;}oq 7077}

9] A= BillsS A 4, 5 mM FRdA e F8A
o} BgF7} 40A)7ho] $of) AAlF o] 7“\‘5}01 a1, ol Rl

Table 8. Stability of fusant

Y &l 23 Anilined} 4-CBP B35 7 263

A FAFEH O (Figure 1), 10 mM S0l &8
7F ek 30A1ZE ol L) Am whE FAERE Vel

o, Vel o) G A Lshch P ) o)
H7) grn e olude] e s mME AH8T AT 10%7
o BERE UERIZO, 10 mME A48T ARl

KC23-1t7+= 40% 4% Fall =2 U3, F2297-5 30%©1%
o] ZAFEALE. ol obdRle =44 ol o R AtgHT)
wal -G8 F228) EIT PseudomonasS MM2 2 Al Z]o]]
wjefsle] 4-cBpoll OIS A E} 71 Edlled AN de
B Figure 304 YERNRAT. Pseudomonas sp. DI-12= 4-CBP
o} BPE EF Hag 4= I o|E9] Bl mera-cleavage B

Table 9. Biochemical test for Pseudomonas, Flaviminas and their
fusant by API 20 E kit

Pseudomonas sp.  F ornvzihabitans

Test Substrates DJ-12 KC23-1 F22*
ONPG ONPG - - +
ADH arginine - - _
LDC  lysine - - _
ODC  omithine - - -
CIT  sodium citrate - -
H.S  sodium - - -

thiosulphate
URE  urea - - —
TDA tryptophane - + +
IND  indole - - -
vp sodium pyruvate + - -
GEL  kohn’s gelatin - - -
GLU  glucose + + +
MAN  mannitol - - —
INO  inositol - - _
SOR  sorbitol - - _
Rhm  rhamnose — - —
SAC  sucrose - - —
MEL  melibiose - - _
AMY amygdalin - - -
ARA  arabinose - - -
OX  filter paper - + +

*F22, fusant between DJ-12 and KC23-1; +, positive response;
—. negative response

Selective meidum

Recombinant colonies (No.)

Selected Recombinants (No.)

Fusant From Ap" From Cm'

From Sm"

From Ap'Cm' From Cm'Sm"

F22* 100 100

- 100 -

Colonies classified as recombinant were picked with tooth pick from differential media, inoculated separately into nutrient broth, shaken at 30°C
until grown to an O.D 660 nm of 1.0, and streaked out on nutrient agar media. After 24 h growth at 30°C, single colonies(100 colonies) were repli-
cated to diagnostic media. Further 24 h growth at 30°C, the results were again analyzed and subclones were reclassified as parental recombinant.

* F22 ; Pseudomonas sp. DI-12 (Ap") X Fomzihabitans KC23-1 (Cm')
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Fig. 1. The cell growth and aniline (5 mM) degradation curve of F
oryzikabitans KC23-1 and F22. F22 was obtained by spheroplast
fusion between Pseudomonas sp. DI-12 and F. orvzihabitans KC23-1.

35 T 16
—2 i
10 t4
- 1.2
25
10

E £

g -0 8

© ™~

o 15 o)

1] ] ¢ ©
1G4 4
05 4 2
.00 0.0

Time (hr)

~@— Growth curve of F. oryzihabitans KC23-1
~3-- Growth curve of Fusant F22

~—&— Degradation curve of F. oryzihabitans KC23-1
—#— Degradation curve of Fusant F22

Fig, 2. The cell growth ang aniline (10 mM) degradationcurve of £
oryzihabitans KC23-1 and F22. F22 was obtained by spheroplast
fuston between Pseudomonas sp. DI-12 and F. oryzikabitans KC23-1,

HARE B3 o)FolAH, plasmidol ESl-F-HAVF EafEHA]
31, chromosome’dell 91x|8te] e glon, kg e
a7t AE PCBsY Ealolx &) 7hggt d5ell ¥
gt lehie), DI-128 ¥R 25410 SRE dAge] FUH
g &8 FoE BRE ﬁlaﬂ A AAste] 45A17E R
B Aol mobden, & #F BF 6047 olFE Hb*:?}
FFE eIt geta ojiel ARg A zw%‘ o} 23}

5 74 ool vESAEA] Ealiss vHAe &ﬂ‘z

7here] F-HxtabERlol vle] sk, AEEA -4 45
£ AL £ e /FR3 7Heg Hejn ol kst Wi
He FIBTEES Baitke ¥y oEd 8 rE 0Es
W, olES AA g AsHgd He8E 4 AL RoE AR

ok

Kor. J. Microbiol

1.4 28
g 12 » E
2 ) 2
g 1 Q- H o~
[a] L4 o
S 8- r*® o
|
)
84 -0
t
4
! 05
|
0o +—% : > ey 0.00
Q 10 20 30 40 50 &0 7
Time thr)

-~ Growth curve of Pseudomonas sp. DJ-12
~—a~ Growth curve of Fusant F22

—&— Degradation curve of Fseudomonas sg. DI-12
~&—~ Degradation curve of Fusant 22

Fig. 3. The cell growth and degradation curve of Pseudomonas sp. DI-
12 and fusant F22 on 0.5 mM 4-chlorobiphenyl. F22 was obtained by
spheroplast fusion between Pseudomonas sp. DI12 and F
oryzifiabitans KC23-1.

AOEH

1. Alexander, M. 1981. Biodegradation of chemicals environmental
concern. Science 211, 132-138.

2. Bartha, R. 1950. Biochemical transformations of aniline herbicide
in soil. J. Agric. Food Chem. 16, 602-604.

3. Bedard, K.D., R.E. Wagner, M.J, Brennon, M.L. Habest, and JL.F.
Brown, Jr. 1987. Extensive degradation of Aroclors and envirom-
mentally transformed polychlorinated biphenyls by Alcaligenes
cutrophus H850. Appl. Environ. Microbiol. 53, 1094-1102.

4. Burton, K. 1968. Determination of DNA concentration with diphe-
nylamine. pp.163-166. In Colowick, S8.P,, and N.D. Kaplan(ed),
Methods in Enzymology. Vol.12. Academic Press Inc., N.Y.

5. Chatterja, D.K., S.T. Kellof, S. Hamada and A.M. Chakrabarty.
1981. Plasmid specifying total degradation of 3-chlorbenzoate by
a modified ortho pathway. J. Bacteriol. 146, 639-643.

6. Chen, W., K. Ohmiya, and S. Shimizu. 1986. Protoplast formation
and regeneration of dehydrodivanillin-degrading strains Fusobac-
terium varium and Enterococcus faecium. Appl. Environ. Micro-
biol. 52, 612-616.

7. Chen, W., K. Ohmiya, and S. Shimizu. 1987. Intergeneric proplast
fusion between Fusobacterium varium and Entevococcus faecium
for enhancing dehydrodivanilline degradation. Appl. Environ.
Microbiol. 53, 542-548.

8. Chol, S.J. 1993. Isolation and characterization of Flavimonas oryz-
ihabitans KC-23 degrading aniline and restriction mapping of
plasmid pKC23, Master Thesis, Korea University.

9. Coetzee, JN., FA. Sirgel, and Lecatsas. 1979, Genetic recombina-
tion in fused spheroplasts of Providence alcalifaciens. J. Gen.
Microbiol, 114, 313-322.

10. Farahnak, F., T. Seki., D.Y. Ryu, and D.O, grydziak. 1986. Con-
struction of lactose-assimilating and high ethanol-producing yeasts
by protoplast fusion. Appl. Environ. Microbiol. 51, 362-367.

11. Fodor, K., and L. Alfoldi. 1976. Fusion of protoplasts of Baciflus
megaterium. Proc. Nad. Acad. Sci., USA. 73, 2147-2150.

12. Fogarty, A.M., and O.H. Tuovinen. 1991, Microbiological degra-
dation of pesticides in vard waste composting. Microbiol. Rev. 55



‘ol. 36, No. 4

20.

21.

22.

26.

28.

225-223.

. Frehel, C., AM. Lheritire, C. Sanchez-Rivas, and P. Scheffer.

1979. Electron microscopic study of Bacillus subtilis protoplast
fusion. /. Bacteriol. 137, 1354-1361.

. Gabor, M.H., and Hotchkiss, R.D. 1979. Parameters governing

bacterial regeneration and genetic recombination after fusion of
Bacillus subtifis protoplasts. J. Bacteriol. 137, 1346-1353.

. Gardy, C.D.L. 1986. Biodegradation of hazardous waste by con-

ventional biological treatment. Hazardous wastes and Hazardous
Materials 3. 4, 333.

. Han, J.J.. TK Sung and C.K. Kim. 1993. Cloning and expression

of pchAB genes from Pseudomonas sp. DJ-12 in Escherichia coli.
Kor: J. Microbiol. 31, 129-135.

.Hong, J.P.J.S. Lee and Y.N. Lee. 1992. Improvement of the strains

degrading recalcitrant aromatic compounds by cell fusion between
Arthrobacter spp. and Pseudomonas putida. Kor. J. Microbiol. 30,
207-212.

. Hopweed. D. A. 1981. Genetic studies with bacterial protoplasts.

Ann. Rev: Microbiol. 35, 237-272.

lling, G.T., LD. Normansell, and J.F. Peberdy. 1989. Protoplast

isolation and regeneration in Streptomyvees peptomvees cala-
vuligerus. J. Gen. Microbiol. 135, 2289-2297.

Kim, C.K., J.W. Kim, and Y.C. Kim. 1987, Isolation and charac-
terization of bacteria degrading chlorinated aromatic hydrocar-
bons. Kor: J. Microbiol. 25, 122-12%.

Kahng, H.Y., S.I. Kim, M.J. Woo., Y.K. Park and Y.N. Lee. 1992.
Isolation and characterization of aniline-degrading bacteria. Kor: J.
Microbiol. 30, 199-206.

Kahng, H.Y., J.J. Kukor.,, K.H. Oh. 2000. Characterization of strain
HY99, a novel microorganism capable of aerobic and anacrobic
degradation of aniline. FEMS Microbiol. Letr. 190, 215-221.

. Kiyohara, H., K. Nagao, and K. Yana, 1982. Rapid screen for bac-

teria degrading water-insoluble, solid hydrocarbons on the agar
plate. Appl. Environ. Microbiol. 43, 454-457.

24, Konopka, A., D. Knight, and R.F. Turco, 1989. Characterization of

Pseudomonas sp. capable of aniline degradation in the presence of
secondary carbon sources. Appl. Envioron. Microbiol. 55, 385-
389.

. Lee, J.S., YW. Lee, and Y.N. Lee. 1987. Properties of biparental

clones formed by spheroplast fusion of Psendomonas putida. Kor:
J. Microbiol. 25, 198-204.

Lee, J.S.. M.R. Lee, and Y.N. Lee. 1988. Spheroplast tusion of
Pseudomonas sp. using plasmid as sclection marker. Kor: J. Micro-
hiol. 26, 298-304.

. Lee, S.Y,, Y.B. Lim, Y.K. Park, and Y.N. Lee. 1993. Spheroplast

Formation, Regeneration and Fusion of Flavimonas orvzihabitans
KU21. Kor: J. Microbiol. 31, 318-325.
Lee, S.Y., J.S. Lee, Y.K. Park, and Y.N. Lee. 1994. Improvement of

30.

3

32.

33.

34.

35.

36.

38.

39.

40.

4

42.

43,

44,

A AA g3l 28 Aniline® 4-CBP Eaiis /Y 265

the strains degrading aniline by spheroplast between Flavimonas
orvzihabitans and Alcaligenes sp. Kor. J. Microbiol. 32, 353-359.

. Miller, J.M. 1972. Experiments in Molecular Genetics. Cold spring

Harbor Laboratory, New York. New York.

Ochi, K., M.JM. Hitchcock. and Kalz. 1979. High-frequency
fusion of Strepromyvees parvulus and or Streptomyces antibioticus
protoplasts induced by polyethvlene glycol. J. Bacteriol. 139, 984-
992,

. Okanishi, M., Suzuki, and H. Wumezawa, 1974. Formation and

reversion of Streptomyees protoplasts: cultural condition and mor-
phological study. J. Gen. Microbiol. 80, 389-400.

Palleroni, N.S. 1984. Bergey's manual of systematic bacteriology,
Vol. I, pp. 141-199. William and Wilkins, Baltimore/London.
Park. C., B.S. Lim., M.J. Chun and WK, Kim. 1983. Electron
microscopic obervations on protoplast fusion of Coryneform Bac-
teria. Kor: J. Mcirobiol. 23, 265-270.

Parris, G.E. 1980. Environmental and metabolic transformation of
primary aromatic amines and related compounds. Residue Rev. 76,
1-30.

Peberdy, J.F. 1979. Fungal protoplasts: Isolation, reversion and
fusion. Ann. Rev. Microbiol. 33, 21-39.

Schaefter, P., B. Cami, and R. Hotchkiss. 1976. Fusion of bacteriol
protoplasts. Proc. Natl. Acad. Sci. USA. 73, 2151-2155.

. Starr, M.P., H. Stolop, H.G . Truper, A. Balows, and H.G. Schlegel.

1981. The Procaryotes, Springer-Verlag.

Stewart. P.R. 1975. Analytical methods for yeast, pp.111-147. In
Prescott, D.M.(ed), Methods in cell biology. Vol.12. Academic
Press Inc., New York, New York.

Sung, T.K., J.H Nam and C.K. Kim. 1993. Enzymatic properties of
the 2.3-dihydroxybiphenyl dioxygenase purified from Pseudo-
monas sp. DI-12. Kor. J. Appl. Microbiol. Biotechnol. 21, 150-156.
Surortsera, E. G., and A. . Bol'nova. 1980. Aniline as the sole
source of carbon, nitrogen, and energy for Alcaligenes faecals.
Mikrobiologiva 49, 49-53.

. Tabor, C.W. 1982. Stabilization of protoplasts and spheroplasts by

spermine and other polyamines. J. Bacteriol. 83. 1101-1111.
Tucker, E.S., V.W. Saeger, and O. Hicks. 1975. Activated sludge
primary biodegradation of polychlorinated biphenyls. Bull. Envi-
ron. Contam. Toxicol. 14, 705-713.

Walia, S., A. Khan, and N. Rosenthal. 1990. Construction and
applications of DNA probes for detection of polychlorinated
biphenyl-degrading genotypes in toxic organic-contaminated soil
environments. Appl. Environ. Microbiol. 56, 254-259.

Wyndham, R.C. 1986. Evolved aniline catabolism in Acineto-
bacter calcoaceticus during continuous culture of river water.
Appl. Environ. Microbiol. 51, 781-789.

(Received November 20, 2000/Accepted December 6, 2000)



266 Hyung-Soo Park et al. Kor. J. Microbiol

ABSTRACT : Development of Fusant Degrading Aniline and 4-chlorobiphenyl by Spheroplast Fusion
between Pseudomonas sp. and Flavimonas oryzihabitans

Park, Hyung Soo, Yong Keun Park'*, Moo Hoon Kim, Bum Jun Ko, Mi Young Cho, and
Chi Kyung Kim*(Samsung Engineering R&D Center. Yongin 449-900, 'Department of Biol-
ogy and Biotechnology of Graduate School, Korea University, Seoul 136-701, *Department of
Microbiology, Chungbuk National University, Cheongju 360-763, Korea)

Spheroplast cell fusions were performed with Flavimonas oryzihabitans degrading aniline and Pseudomonas
sp. degrading 4-chlorobiphenyl to develope the new fusant degrading aniline and 4-CBP and its characters
were investigated. F. oryzihabitans was induced to antibiotic marker (Cm") by NTG treatment for the fusants
selection. The results of spheroplast formation and regeneration frequencies of the strains treated with
lysozyme-EDTA were 99% and 5.0~6.6%, respectively. Fusion products were treated with 40% (v/v) PEG
6000 and fusion frequency was 3.16x107*, The DNA content of fusant, F22 was approximately 2-fold com-
pared with parents. The fusant was stable, and showed the mixed biochemical characteristics of the parent
strains. F22 was similar to parent for cell growth pattern and degrading capacity on 5 mM aniline but cell
growth rate of F22 was 1.5-fold higher than that of the parent on 10 mM aniline. However 4-CBP degrading
ability of F22 was slightly lower than that of parental strain.



