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1o Z7)3kic). 4322 Kahng 5 (9)o] o))
B8k vl = Pseudomonas acidovorans K82, P.
sp. K92, Flavimonas oryzihabitans K229} Achromo-
bacter. gr. D.V. K24 75 ARl HE 7)dg
glal A Fed%F4 9] Welq)l RSF10103} pTS1137
(12)8 ARE-38}it} Salicylate R catechol 2352
z2t= P sp. LK5$} Escherichia coli IM109+= 2} %
gkl kd HE] pRP7o] X3 e A s
Folc},

Table 1. Bacterial strains and plasmids used in this study.
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okl 2| 2= Luria brothg AM-3}gdx, Alde]
HAA Aol 2F FAA F K33 A E7) 2§ o
e AR E, A i x]= LB g o bl A o
ampicillin& 400 pg/ml, tetracycline2 12.5 yg/ml,
chloramphenicol 400 yg/m/8] FEZ *7}3}o]
AHEElem, f4AF FFAlel= chloramphenicol
£ 170 yg/ml X2 AHr}ste] Algsiadnth B84
FHA7E Z2REH FFEY wAlole opd™l )
Z19] A% 1,000 ppm FEE, salicylated] #$- 10
mM FE5 ARSI Falle ARl 2t 71
¥5g oekspl Aeleel Agssct. obdd
vj 2] £4= Barth’s w] %] (4), salicylate Z AWz &=
M9 W= (10)5 24 AR&-3ladcth
ks W] T

dEel f9RE wd desil 224 @ 4
AEZ 3}7] $18to] E. coli HBIO1 5o Wai=]o]
ol ubd e pTS1137 2245 7238 promoter

Source or reference

Strains/Plasmids Characteristics
Strains

Achromobacter gr. D.V.
K24 Ani*Sal Ap Km
K24 (pRP7) Ani*Sal Ap Km Sm xy/
K24 (pRP7-nahG) Ani* Ap Km Sm xyl sal
LK9 (pRP7) Km Sm

Escherichia coli
IM109 recAl supE44 endAl hsdR17

IM109 (pRP7)

Flavimonas oryzihabitans
K22
K22 (pRP7)
K22-1 (pRP7-nahG)
Pseudomonas putida
TNI1307
TNI1307 (pRP7)
TN1307 (pRP7-nahG)
PpG7
Pseudomonas acidovorans
K82
K82-1 (pRP7-nahG)
Pseudomonas sp.

relAl gyrA96 thi (lac-proAB)
F'[raD36proAB* lacl®lacZ M15]
F'[raD36proAB ™ lacl®lacZ M15]

Ap Sm xyIE recAl supEd4 endAl
hsdR17relAl gyrA96 thi (lac-proAB)
F'LtraD36proAB*lacl¥lacZ. M15]

Ani” Aminobenzoate®
Ap Sm Ani* Aminobenzoate*Sal xy/
Ap Sm xy/ sal Ani* Aminobenzote™”

trp leu benl sw recA

Ap xylE trp leu benl str recA
Ap xyl sal op leu benl str recA
Wild/NAH

Ani* Ap Sm
Ani* Ap Sm xyl sal

Kahng er al. (1992)
This study
This study
This study

Sambrook er al. (1989)

This study

Kahng er al. (1992)
This study
This study

Nakazawa and Yokoda (1977)

This study
This study

Yen and Gunsalus (1985)

Kahng er al. (1992)
This study

Kahng er al. (1992)
This study

K92 Ani* Ap Tc Sm Km

LKS (pRP7) Ani' Ap Tc Sm Km xyl ade
Plasmids

RSF1010 Sm Su

pTS1137 Ap Sm xyIE

Nagahari and Sakaguchi (1983)
Nakazawa (1980)

Ani, aniline; Ap, ampicillin. Km. kanamycin; NAH, naphthalene; Sal, salicylate; Sm. streptomycin; Su,

sulphonamide; Tc, tetracycline; xyl, xylene.
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S5 Adsel Wk 10 Sl AN RS 4l
of 7b el F4E He 1004 Al Eekeo
=7} 7FRE A WA catechol 352 ¥
& FAAD SFHNE 2¥E and WHE
E. coli, Achromobacter gr. D.V. LKY. Pseudomonas
sp. LKS ol &A718 (12)5he] 2 stoic,
Salicylate hydroxylase % catechol 2,3-dioxy-
genase REXIe 22Y

Nukgk NEo] §-8-448 ghelgha) Falo a4
wpeks sl abE R Al oS %%6‘}1’4} salicylate=
inducer® #}ed naphthalene ¥-3l5-& 25+ P putida
PpG7 2o 245 DNAE ﬁ‘élﬁ}oi Mamcms =
(10)2] Wl w2} EcoRIC R 2)2]d}ar, o] 708 ke
ANEFEAR A5k 2 2gx ks wEo] k9] s)o]
NukEl S FA ¥ L coli IMI09, 1] At HJ?";}—?"‘; 3}
§HE Fallsol e Pseudomonas sp. LKS §
2] 2] 3} 5} of HLEL% Ebshp g el sl /Leﬁ,s}} Y
B¢ #FE HTHUL. oIE ofel WA Y
Tallse Zeyer 5 (22)9] el ule} zAbEkgin)
Enzyme assay

Catechol 23-dioxygenase #4-& Nozaki (13) W
ol ol 4] FHAsbelar, catechol 1.2-dioxygenase
242 Aoki 5 (2.3)2] uhel olste] A siglon
salicylate hydrox)ldsc A8 Yamamoto % (20)2]
ol o]ale] EAslein) opdyl wi x|} salicylate
2wl 2l ol] & A FEhe] 48 4] 7F vl okgh AlytS 7H2b
3]<73}od sonication A7) F cell-free extractis 92
oA asgNor gk andAdE cell-
extracts THE § FA FYsigich angAe |
unite #13 1 ymol 2] 7]A-8- WA 7] A} | ymol @]
*E’{}Ep nte = dast 34‘4 o 2 Aefsisich
b 1) ew = Bradford (5) W o g Exslgich
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opde] 7l sa]iuylateE gt doe g = 500 m/
Bl 2] of] 4] 48*1?& oF Aehi kA7l 3 6,000 rppmel]
A 1Al -2 5}o] 030131 cell pelletZ 1/10 volume$]
sodium phosphate buffer (50 mM. pH 7.0)2 et
271 F AR o) bR gl WSk} Clark
oxygen clectrodeoll A AbAAmeks EA4sigic) 4
ZavlEkE Z1AE AvbekA] dbe we) Abigm)
2bg 28 5ol A U I mM opdEls 3mM
catechol & 471‘ Tarste] gk F AbaaeEks &
Hatel AA atzam|Eke g AAEy QO.E A
shodch
Spectrophotometric analysistf| 2|3l 2als =X

obd®l Fallee AlFETTE obdyl AR (0.7
mg/ml)ol] HEstod 30°Cel 4] 4841 7F o] 4F #ekufok
sl ] 6417 ulch A 52 Hske] 600 nmoll A A E
e g FAEEL 1 AIEE 6000 rpmell A QA)E-

g & ASNE FHsled UV Spectrophotometer
(Hewlett Packard 8452A)% o]4-3}of 280 nm2] 1}
XOLO]]/{—] eers ZFshadct Salicylate H-al%-e 4]
75 salicylate  ZHA|A] 2 mM)el] A E3}o]
30° (ow 60217k o] 2k zletwlokslm Al 647k wich

AEE Hsted 9ok #e who® 340nm o A

oA salicylate #hEeF8 &3 shelc)

z2 o

ns dE| pRP79| =3
AFAAEAL W FAAR L 27 ste] pKUIO.

RSFI1010 5% AgAA Pulex 43k 5 42
A4 Asksr wwkd wejel pTSI117¢9] 7begr

promoter& =818k, o] & P sp. LK32} E. coli IM
109 ol #dxssto], 4ad 4y Fephvl=
pRP7% Fghslodch(Fig. 1). pRP7~~‘ catechol 2.3-
dioxygenase 3 A7F glol A o) F RS Eghet
A= LB st Adelafzjell A vl oFgk - catechol
Sog wrshd Zkgk Aol fehfv] wlitel
strcptomycinol E3hE) ol Aol 4] 2 23 Helin]s,
pRP7e] g% A& Awsielan, odzke] s v
o Afxdg Zelrvlmi Eelgk §F EcoRId
Pstl o2 4:3bske] pRPT frell Eebrav| ]S gl
ahod et
pRP79| Mgs, oMM U =FHe|

Lol zyH WE|E o] 6}04 catechol 2.3-
dioxygenase % streptomycin %21 ”Lé‘iﬂ} ok
4e xastd S Wl RSFI010e =85l f4 2k
& By @A hdAAE vehlgoh SFAER
AFSgE B gFTellA] 97% elde] we A E
el AL Eo ocoli. Pseudomonas sp. LKS. Achromo-
bacter gr. D.V. LKY9 ol #Ad3bge} e &3
Helg 2k zleg alslgdt) (Table 2).
WaE s13E 2alMEel | Y SETFEY 71E

Eols
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Fig. 1. Schematic ~ diagram  for  construction  of
recombinant plasmids pRP7 and pRP7-nahG.
E. EcoRI; P, Pstl; A, Aval; B, BamHI; H,
HindIIL

Table 2. Stability of a recombinant plasmid vector
PRP7 and its host range.

Plasmid Recipient Selection®  Stability”
pRP7 Escherichia coli
IM109 Sm 99%
Achromobacter gr.
DV. LK9 Km Sm 97.2%
Pseudomonas  sp.
LK5 Sm Su 98%
“The concentration of streptomycin (Sm). kana-

mycin (Km), and sulphonamide (Su) used in this
experiment were 50, 25 ug/m/, and 50 pg/ml,
respectively.

" Stability was indicated as the percentage of cells
resistant to Sm. Km. and Su after one generation in
an antibiotic-free L-broth.

Naphthalene 3lleS 2= P oputida PpGTo=
YEl DNAZ 8t} EcoRIS.2 AH2jsla, o] 7L
e Zﬂ?}i*i 23 Az Ed o) Eoﬁ]
3t pRP7-nahGE Z#3slck o] % salicylate 5
WS 3gE a0l U P acidovorans K82,
A gr. D.V. K24, ¥ F. oryzihabitans K22 Sol] 3
AAgsle] Rafis

0] 738 P acidovorans K82-1,
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Fig.2. Degradation of salicylate (20 mM) by Flavi-
monas oryzihabitans (mother @, transformant O),
Achromobacter gr. D.V. (mother B transformant
0 and Pseudomonas acidovorans (mother A,
transformant 5.

Salicylate (mM)

O
M 9 3)

A gr. DV

F. oryzihabitans
Btrains
Fig. 3. Comparison of the amount of salicylate remained

after 24 hrs culture on M9 minimal media

containing 2 mM salicylate
“7. mother strain; * M. transformant.

A gr. DV. K24-1, % F. oryzihabitans K22-1 5&
A stoict. A8 salicylater} ZgHgl & Al =) of] 4]
kanamycin, streptomycin 3 catechol 23-
dioxygenase F+32}e] W3 & AT Z 3jo] M
st FAdA NN CsCl-294] #e]2 pRP7-
nahG  Eefavjc g ”315}934 2mM Fx9
salicylate  Z 4w 2ol 4] 68A]7F Fol wjoksl p
acidovorans K82-13} F. oryzihabitans K22-1-& 304
ZhHell, A gr. DV, K24-12 36A)7ell A salicy-
late s sbdEsfste] Rall5o) A s ee &
T UK (Fig. 2). Salicylate 3w z]ef 2] wj o3t
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Table 3. Degradation of salicylate by breeding bacteria
after 52 hrs culture in various concentration
of salicylate.
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Table 5. Catechol oxygenase actiities of Flavimonas
oryzihabitans K22-1,  Achromobacter gr. D.V.
K24-1, and Pseudomonas acidovorans K&2-1.

Sallq late conc. (mM)

Strains 25500 10 s
Achromobacter gr. DV, K24 + -
A grn DV, K24-1 1 + -
Flavimonas orvzihabitans K22 t t
F. onzihabitans K22-1 + + i
Pseudomonas acidovorans K82 + -+

P acidovorans K82-1 + + + +

The value of maximal degradation of salicylate was

measured by UV spectrophotometer at the wavelength of

340 nm.
+. degradation: —. no degradation.

F24sltke]l Al S w salicylatee] e

Wateoll wlsted Pooacidovorans K82-13} F. onvzi-
habnum K22-1el elofal+= 77t 9wl 7}ekolr) Zv}
stoial, A g DV, K24-1% 7BH 7}k Er)slkelch
(Fig. 3). Table 3 ct}ekgt w3%9] salicylate w7

off 4] 52417} Fak wiekslad & wo] Fale g viehdl
7Aaldl, 15 P oacidovorans K82-19 XF7e] 5
mMef| HISM 3uv =His 1SmM el

salicylate & ¥
=2

sfsk 4~ °'°4E} P. acidovorans K82-
12] Abiziw|gke

catechol&- 7] A& A}2-3}93-8 o)
oly= FatFel 1.5uivh 54= 87.6 (QO°o2 Z7)al
oL, 0} Hels 7)alg K]-.B-g],o:] wol) = ype}
W2 k2 bl Rch (Table 4

KETFES gy

Salicylate & 7| 22 AM2-3)81-8- vl P acidovorans
K&2-1. 4 gr. DV, K24-1. ‘i—l F. onzihabitans
K22-1 $-& meta pathwayell #ei8}+= catechol 2.3-

leXyELndSL shdol AfjEol A vhepykon) oyl
2l-8- 7122 AFg-8kel-S wl catechol 2.3-dioxygenase

Enzyme activity
(U/ mg protem)"

C l"() C 230

Aniline (1LOmM) 0368 0.00
Salicylate (2.5 mM) 0.284 0.00
Aniline (1.0 mM) 0358 0.00

Strains Growth substrate

Flavimonas orvzi-
habitans K22
F. onvzihabitans

K22-1 Salicylate (2.5 mM)  0.060 10.47
Achromobacter gr. Aniline (1.0 mM) 0.375 0.00
DV, K24 Salicylate (25 mM)  0.275 0.00
A gr. DV Aniline (1.0 mM) 0.325 0.00
K24-1 Salicylate (2.5 mM)  0.034 845

Aniline (L.OmM) 0437 0.00
Salicylate (2.5 mM) 0428 0.00
Aniline (1.0 mM) 0430 0.00
SdllLVldlL (2.5 mM) ()()’() 947

Pseudomonas  aci-
dovorans K82

P acidovorans
K82-1

“ Spcuhu activities were given in units per mlllng_rdm of
protein. I U represents the conversion of  lumol
substrate per minute.

3hAd-2 mAtaeh wl vhebsich 53] F
onvzihabitans K22-1-2- catechol 2.3-dioxygenase
A2 1047 (U/mg protein)® v =& -8 vje}
wWele} (Table 3). P acidovorans K&2-12] salicylate
hydroxylase 48 WatFoll nlslo] oF 2.5u) 7}k
=7F8kd Al Fo oorvzihabitans K22-13% 4. gr. DV,
K24-1-2 oF 15w k¢ Zrbsbalch (Fig 4).

= Lo
gt ke

i

]

H‘-i—x avks e pRP7-& 28 promoter -
5 7k ol pTSI3TE Pulow 48lsle] b
]EH.L’“ i 11 L]‘d broad host range vectore! RSF
10103 ligationdle] A zaksbelc). Aite] Fglw

Table 4. Oxygen consumption rates of Pseudomonas acidovorans KE2-1 on aniline and catechol,

Oxygen consumption (QO.,

i

nmol min . mg dry weight ')

Strains Aniline Catechol . o
- e Characteristics
1.0 mM % wt! 30 mM Y Wi
Psceudomonas sp. K92 1184 17.2 AOD C230 "
Pseudomonas  acidovorans K82 1242 S84 AOD C230
P acidovorans K82-1 (pRP7-nah() 1242 87.6 AOD‘CBO'
Pseudomonas sp. LKS 1.3 1.1 14 128 AOD C230
P sp. LK5 (pRP7) 1.3 1.1 56.3 3320 AOD (C230°
Ew-her[chia coli IM109 0.2 0.1 0.2 0.3 AOD C230
= coli JM1O9 (pRP7) 1.3 1.2 SKR2 3580 AOD C230°
:‘. coli IM109 (pRP7-nah(G) - 258 156.0 AOD 230

“% wt represents QO- ratio ol cach strain to wild type.

"AOD and €230 represent aniline oxidase and catechol 23-dioxygenase. respectively.
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Salicylate hydroxylase activity(U/mg)

P. acidovorans A gr. DV F. oryzihabitans

Strains

Fig. 4. Comparison of salicylate hydroxylase activities of
Pseudomonas acidovorans K82-1, Achromobacter
gr. DV. K24-1, and Flavimonas oryzihabitans K
22-1 and their mother strains.
7. mother strain; ” M, transformant.

pRP79] promoter BFE 2o EcoRI site7} ¢
A5t 9leA] AMZAEL EcoRIS F838HA 2 5
A& Aeolck =3 pRPTE E. coli, Pseudomonas sp.
LKS5, Achromobacter gr. D.V. LK9 % %<& 4?‘—’[‘-%‘
s 2 slel wi¢ okt FafrEl Ak o

e Y 7 dE AR FAE B o 17‘011/“1%_;
o] pRP7& WE| R ©]8-3}o] naphthalene #3815
7t= Pseudomonas putida PpG72o.25-H salicylate
hydroxylase % catechol 23-dioxygenase® encod-
ingdF= DNA #3$|5 EcoR1eZ z|2jsle] opddl
5 theksk Falsol ol el ¥ A datele] salicy-

late T“H o A F7H dFE KT, o5
HFEATFEC e FaEAE Falo] opdu s 7

A7 /\}—9—6]—030 wielli= ortho pathway s %3}o]
AkzbAde] =9 a, salicylateE 7|42 L83}
A& dell= meta pathway*'— 3] dAtzbAe] =
33},]01 B A go]] Al4-5] FFEEe 714 we) lower
pathway®] ko] wejz]= A olgir). o]t
Zib= Feist?} Hegman (7)) Pseudomonas putida
RI < ¢]#] phenol3} benzoate oAbt o] T+
=do Aol wel FrhA| o2 ARl s 3t
tAb4HEQl catecholo] 4Fs}E 4 Qloke Woyre)
benzoate 9} salicylateol| 4] wH¥Et Pseudomonas
F7F A7 ortho 9} meta pathway & 758t ww
(6)2} rAket #Haje} 3 4 °‘er ol ¥ 79
A2 E AP 5= U= FFEANME T A=)
Aol AHEEhAl dethe RS L]'E]rbﬂﬂ 70 B A,
7E% o] °‘°1*‘]i 71"l w2 upper pathwayol
o] ]——E’\ﬁllﬂ A A FEo) diAbE o] At
) AA Fle Ao S}
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ABSTRACT: Molecular Breeding of Bacteria Degrading Persistent Aromatic Compounds by

Using a New Vector pRP7

Kahng, Hyung-Yeel, Se-Hyun Hwang, Jin-Kyu Lee, Yong-Keun Park, and Yung-
Nok Lee* (Department of Biology. Korea University, Seoul 136-701. and
Research Center for Molecular Microbiology. Seoul National University. Seoul

151-742. Korea)

For the purpose of molecular breeding of bacterial strains which have powerful
capabilities to degrade aromatic hydrocarbons. pRP7. a recombinant plasmid which has
a powerful promoter was constructed by introducing the strong promoter of pTSI137 into
RSF1010. The gene fragment encoding salicylate hydroxylase and catechol 2.3-dioxygenase
from Pseudomonas putida PpG7 which was digested with EcoRI was ligated with pRP7
digested with the same restriction enzyme and transformed into Pseudomonas acidovorans
K82. Achromobacier gr. D.V. K24, and Flavimonas oryzihabitans K22 having degradative ability
for various aromatic compounds including salicylate, aniline. and catechol. The transformed
bacteria P. acidovorans K82-1. A. gr. D.V. K24-1. and F. oryzihabitans K22-1 have more
powerful degradative ability for salicylate than the mother strains. The degradative ability
of salicylate by both P. acidovorans K82-1 and F. oryzihabitans K22-1 increased 9-fold higher.
and 4. gr. D.V. K24-1 was 2-fold higher than the mother strains at the point of 24 hrs
culture on the minimal media containing salicylate. but the degradative ability of aniline
by these transformed bacteria did not increase. The activity of salicylate hydroxylase of
P acidovorans K82-1. after 48 hrs’ culture on M9 minimal medium containing salicylate
of 2.5 mM. was approximately 2-fold higher than the mother strain. and the strong activity
of catechol 2.3-dioxygenase was newly formed. In P. acidovorans K82-1 grown on the minimal
medium containing aniline. however. only catechol 1.2-dioxygenase was induced similarly
to the mother strain.





