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Thirty-six aromatic compound biodegraders; 10 strains for benzoate, 10 for salicylate, 6 for
m-toluate, and 10 for DL-camphor were isolated and taxonomically characterized. A mutant Pseu-
domonas strain, Ben 6-2, derived from Ben 6 revealed remarkably improved ability to metabolize
benzoate. Thus enhancement of the average substrate removal rate from 5.2 to 11.0 mg/// hr was at-
tained by the mutant. Both of strains Sal 7 and Tol 2, degraders of salicylate and m-toluate respec-
tively, were classified as Pseudomonas spp. Both strains were found to be extremely effective in
metabolizing each aromatic substrates. The average substrate degradation rates in minimal salt
media containing 2,200 mg// of the substrate were calculated to be 40.1 mg/!/hr for strain Sal 7
and 33.0 mg/ !/ hr for Tol 2. Cam 10, a camphor degrading strain was demonstrated to be capable of
mineralizing benzoate, phenol, toluene, octane, cyclohexane and xylene as well as camphor. Strain
1040 isolated from Cam 10 after repeated adaptation to 1,000 mg/! m-toluate gained the ability to
utilize toluate as a sole carbon source. The mutant grew actively at the expense of a mixture of car-
bon sources; camphor, m-toluate, benzoate and phenol (each: 200 mg/ /) and utilized the substances
in the preferential order of camphor, phenol, benzoate, and m-toluate. Among the biodegraders ex-
amined Cam 1040 and Tol 2 were detected to harbor plasmid. The plasmid from Cam 1040 was de-
termined to be about 98Kb, and evidenced to encode the enzyme(s) for the degradation of camphor.
For the further diversification of the metabolic potentials of Cam 1040, the NAH 2 plasmid of Pseu-
domonas putida NCIB 9816 was transferred to Cam 1040 by conjugation. The exconjugant obtain-
ed, Cam 1043, proved to gain an additional ability to metabolize salicylate and naphthalene.
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Table 1. Bacterial strains and plasmids used in this study.
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Strain/Plasmid Characteristics Source

Pseudomonas sp.

Ben 6 wild type isolated from soil (Ben+) this study

Sal 7 " (Sal*) "

Tol 5 " (Tol*) "

Cam 10 " (Cam+) "

Cm 104 mutant of Cam 10 "

Cam 1040 mutant of Cam 104 "

Cam 1041 cured derivative of Cam 1040 "

Cam 1042 " "

Cam 1043 exconjugant (Nah+, Cam*) "
Pseudomonas putida

mt-2/pWWO wild type/pWWO(Tol+) William and Murray (1974)

KU801/pKU801 wild type/pKU801(Sal +) Yung-Nok Lee (1986)

AC101/pAC101 wild type/pAC101(Sal+) A M. Chacrabarty (1972)

NCIB9816/pNAH2 wild type/pNAH2(Nah+) NCIB
Pseudomonas aeruginosa

PAO303/Rms148 Arg- /Rms148(Sm”) Sagai et al.(1975)
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Fig. 1. Benzoate degradation by strain Ben 6-2,

The initial benzoate concentration was 790 mg/!, and

cultivation was carried out at 30 °C with reciprocal shak-

ing.

o ; Cell growth

0O; pH

A Substrate removal rate

B ; Relative CODyyy

Table 2. Utilization of aromatic compound as a sole carbon and energy source by the degraders.

Conc. of the aromatic compound added to BSM (ug/m))

Strain BSM BSM + Glucose

500 600 700 1000 2000
Ben 6 - + ++ + -
Ben 6-2 - +++ +++ +++ +++ +++ -
Cam 10 - ++ + ++ + + + + NT NT
Cam 104 - ++ + ++ + ++ + + + - -
Sal 7 - ++ + ++ + ++ + ++ + ++ + ++ +
Tol 2 - +++ +++ +++ ++ + ++ + +++

- :No growth, + : Poor growth, + +: Moderate growth, + + + : Good growth, NT: Not tested.
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Fig. 2. Salicylate degradation by strain sal 7.
The initial concentration of salicylate in the pure media
was 2,200 ug/ml, and the cells were cultured at 30°C
with reciprocal shaking.
o ; Cell growth
o;pH
A ; Substrate removal rate
B; Relative CODpyn
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Fig. 3. m-Toluate degradation by strain Tol 2.

The initial concentration of m-toluate in the pure media
was 2,200 ug/ml, and the cells were cultured at 30°C
with reciprocal shaking.
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Fig. 4. Camphor degradation by strain Cam 104.

The initial concentration of camphor was 700 pg/ml,
and the cells were cultured at 30 °C with reciprocal shak-
ing.

® (Cell growth

O;pH

A; Substrate removal rate

W ; Relative CODyn
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Ca 104 WelF= 700 ug/ml 9 camphor 7} %7}
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< o oF 929 9o /1A 4@l LU (Fig. 4).

tizls i‘-rﬂl%‘ Cam 10 #5+ ofE 9WEs

gl
8 el gFohe 28 camphor °\ﬂ4 o} ulek
= g, é benzoate, benzone, m-toluate %
phenol 5% #3] o] &sle tiekst 7A Aseg
4R a 9le-& s, Wb Cam 10 #3371}
ohEa gEkel s AR FFetn FEbs gl
o1} Cam 10 #5771 m-toluate ah-& A3 Hsa o] &
3tz Z3l=2 24 Cam 104 #HolFE 1Fxe]

m—toluate w zloll whE- HLAA m-toluate =F&ha
o] Hojul WolF Falo] AL, o] WelFE Cam
1040 eolztx Hslgdch(Table 3). AAZ Cam
1040 # & & camphor, phenol, benzoate %
m-toluate 7} 77t 200 pg/m! 52 A7 4= 7] 2w
Aol A&, AehujokaldA FAZFAR COD ik
ol 71" 4w B8 2AF A Fig 5ok el ¥

Table 3. Growth characteristics of strain Cam 104 and
Cam 1040.

Growth
Cam 104 Cam 1040

Growth substrate

Benzoate

+ o+

Benzene

\

Camphor
Toluene
Phenol

Octane

+ 4+ + 4+ 4+ o+ 4+

Cyclohexane

m-Toluate -

+ o+ + + o+ o+ o+

Xylene

+

|

Salicylate
Naphthalene

H

+: Good growth # : Poor growth —: No growth
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“:101 A& diauxic growth e 53$ dolZEw
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Q28 HolFoio}, oAy}t 7ol Cam 1040 F5
E& m-toluate +N TS Vel glovt 1
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[o o 2,
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32 Jelglith(Table 3), 2822 Cam 1040 F
ZF Alzo SALe°lvY NAH 53 naphthalene/
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Fig. 5. Degradation of aromatic hydrocarbons by strain
Cam 1040.
The cells of Cam 1040 were grown at 30 °C with recipro-
cal shaking in the basal salt medium supplemented with
a mixture of camphor, toluate, benzene and phenol
{(each; 200 mg/ /) as a sole source of carbon and energy.
@ ; Cell growth B ; Relative COD gy
A Benzoate 0 ; m-Toluate
O; Phenol A ; Camphor
A. Column and columnpacking material
1. Camphor and phenol analysis; 2.5m x 3¢mm
stainless column Chromosorb W AW-DMCS + 5%
PPE
2. Benzoate and m-toluate analysis; 3m x 3¢mm
stainless column 5% thermon-1000 + 0.5% H,PO,4 +
chromosorb W
B. Temperature.
1. Camphor and phenol analysis; 180°C
2. Benzoate and m-toluate analysis; 200°C (Imin.)
(3min.) 230 °C (8min.)
C. Carrier gas.
1. Camphor and phenol analysis: N, (50 m//min.)
2. Benzoate and m-toluate analysis; No(50 m//min.)
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Fig. 6. Agarose gel electrophoresis of plasmid DNA iso-
lated from the aromatic hydrocarbon degrading
strains.

Samples on the gel were as follows;;

. ADNA/HindIII

. Cam 1041

. Cam 1042

. Cam 1040/pCam 1040

. Tol 5/pTol 5

.Sal 6

.Ben 6

N O U R WD e

Table 4. Effect of concentration of mitomycin C on the
phenotype of Cam 1040.

Conc. of  Total No. Numberof Frequ-
Strain  mitomycin C of colonies colonies ency

(ug/ml)  examined examined (%)
Cam 1040 1 300 14 4.6
1.5 200 20 10

7+ wpekE 3k BE £
plasmid o 71a9l=lE EAQl712
siF A2 plasmid £A4S 3 #A3 Fig.6>
Zo] Cam 1040 # Tol 5 TFollAut plasmid band
74 gelslgdoh, =3 Cam 1040 #F9 plasmid &
curing ol &J8 AAAZ] FFE £ 5k (Cam 1041
# Cam 1042 2 ==) o] #F2 phenotype & &
A} vl@gre 244 Cam 1040 plasmid 7} camphor =k

353 des §A43RE skRlz Q-+ plasmid g
AS #eld 4 i (Table 4, Fig.7).
L2

= camphor #37]5o] AAHE cured cell o ¥
2] ¥lE ¥+ curing A|¥eE AFEE mitomycin C 9
Fxo] vwlel=el #BAE Rolm gle] Cam 1040
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Fig. 7. Agarose gel electrophoresis of plasmid DNA
from strains of Pseudomonas.

Plasmid DNAs were isolated from the following strains;
1. P. putida mt-2/ pWWO

2. Cam 1040/pCam 1040

3. Cam 1041

4. Cam 1042

5. ADNA/HindIII

plasmid 8| 7]5& ZHHA o AAE|Fa v}, o
9} Mx 2 Rms 148( 44Kb), pWWO(118Kb) =
RP,(55Kb) & EFo2 283 A7|dE4de o4&
3le] Cam 1040 plasm1d4 272 =xg Ax, <k
98Kb 9 vla® Ar|7} £ plasmd Q1 R2E W3

A= (Fig. 8).

NAH 2 &=¢loll ol Eal7|se chetst

Conjugation A& I Aoz o]g3 4 9=
AHF 2] Au-E EH o2 donor 9 recipient <]
S8 WA spectrum & 2AF EAEE A#H Cam
1040 F= Ao 2E FAA Hafe] o ofjul
gt uk2S wodr}, welsd NAH 2 donor #59 4
Ao AAE 4 e FBAQ gentamicin o
Cam 1040 A wolx=EF A3

A"
AL el
| 54& o]&3lo] salicylate ®+ naphthalene
B 5o gl Cam 1040 #FFol NAH 2& GmR
marker ¢ naphthalene #3532 o|FA" IAZE
41 conjugal transfer A7l ZAx, wlz= FL& H
X2 exconjugant & A% 4 Ut Cam 104322
=m3l exconjugant £ Cam 1040 #52 H3]5ol
F713led NAH 29l 7[¢l® & salicylate ¢ naphtha-
lene A5 74x] ®rtsloz A =% &3 orls
el FF7k Hoka 3o (Table 5).
28]y} Cam 1043 F5F= Cam 104000 vl3] FA4]

_;:{o

o

e k£
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Fig. 8. Molecular weight of pCam 1040,
A.PAO303/Rms148 (144kb) D. C600/RP4(55kb)
B. mt-2/pWWO (118kb) E. ADNA/HindIII
C. Cam 1040/pCam 1040(98kb)
Table 5. Phenotype of the cured strain, Cam 1040. orollA] Hzldle] F-gAHQ AlddHFAH A Az
Strain 12 #32 248 + U=% IF &%¢ ¢
Growth substance whof] W} AF-E AA]E . 3
Cam 1040 Caomioar T EAEF vl TE A 3
66 4o A|BZ¥El benzoate EMTF, 10F;
Benzoate + salicylate, 103 ; m-toluate, 652} camphor, 10
Benzene * * F 5 % 3679 PR U EHTFE 23
Camphor + - ot Benzoate S3TF & Pseudomonas & TF
Toluene + + 2 zlol®l Ben6olld fl®l A WolFE Ben
Phenol + + 6-2 = 800 ug/mi ¢ benzoate TENAE & ¥
Octane + + TS f7, 48 A7 AR FEE o A2
Cyclohexane + + T 714 Ealgol 1lmg/i/hrolQPa AFE 714 £
m-Toluate + + -2 89% o9t Salicylate & m-toluate ¥37F
Xylene + + Ql  Pseudomonase % Sal 73 Tol 2 TF+= 2,200
Salicylate = - rg/ml o|Ae FAFEAME & AL #A,
Naphthalene - - 48 A7k whoko = 77t 98,59% 9 81,7% 9 71 *
+: Good growth —: No growth 85 ¥3rh, m-Toluate #3Hso] gl camphor
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