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Development of Multifunctional Microorganisms for the
Effective Wastewater Treatment by Synthetic
Detergent Decomposing Microorganisms in Wastewater

Jong-Soo Heo, Ju-Sik Cho, Hong-Jae Lee, Mun-Gyu Han,
Yeong-Sung Lim and Yeong-Lae Ha

Abstract

To develop multifunctional microorganisms for effective wastewater treatment, the cell of P. aeruginosa
P1 enable to accumulate lead in its cell were conjugated with the cell of P. fluorescens S1 enable to
degrade efficiently synthetic detergents.

The plasmids of the P. aeruginosa P1 and the P. fluorescens S1 were found in the cell of the conjugants
when determined by agarose gel electrophoresis.

The conjugants obtained from P. fluorescens S1 as a recipient cell and P. aeruginosa P1 as a donor

cell possessed the ability to degrade synthetic detergents as well as to accumulate lead.
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Table 1. Bacterial strains and plasmids used.

Strain

Relevant
Characteristics

Source and
Reference

P fluorescens
S1
KE 101
KE 102
KE 103

P aerugi;tosa
PAO303(Rms 148)
P1

E. coli
C 600 (Rpd)

Wild strain(ABS*, Ap)
Conjugant(ABS*, Pb™*)
Conjugant(ABS*, Pb*)
Conjugant(ABS*)

Arg-/ Rms148(Sm")
Wild strain(Pb*, Tc")

Rp4(Ap", Tc', Km")

This experiment
This experiment
This experiment
This experiment

Ja coby(1977)
This experiment

Barth and

Grinter
Q977)

L-brothol| A &2k Fob wldkg HE ikl g 15
ml £%2] eppendorf tubeo] &7 QAR Z F4
& 483k g solution [-£4(50mM glucose, 25mM
tris. HCl, 10mM EDTA, pH 8.0) 100ul& ¥x &
BA1Z1 &, 200ul9] solution I1-89%(0.2N-NaOH, 1%
SDS)y& #H7iste] R=gdAl EFT o 0ColM 5
3 FR3FATE o 71el 50ul9) solution I11-84-<4(3M
potassium acetate, pH 4.8)-2 7}8}a] oA =g A
o] 0ol A 583 WA o} 4TolA 583 ¢
AR 3l doj A5 Nl phenol : chloroform(l
DS B Ut S F 4Rt o8 4
S9g #3l 2 volume?] ethanold 7}l AL
AN 53 WA EATE WA AL PR3
de HAHUESL 70% ethanol 1ml& 7}ste] A =g
o5 &8st DNA I AES Ak ¢] DNA

7Z=A1# RNAase(20pg/ml)7} #71€ TE
buffer(pH 8.0)ell *<9)1% SEB(tracking dye ; 40%
W/V sucrose, 0.15% bromophenol blue)& E 713t
A28 &8k

3. 27 |S2F HUS |8t HEAH
AA1Ee De graaf?o] Wiiol| utel ofzhat ¢

AA st FTAME(GEE Y FRAEG
A Z#liE) 2 help cellRpd)E th4=7)(5X 10°
cell/mD7tA] wjgsted ztz} 2:1:059 vjgz &
&3t ¥ oK pore size :0.2um, diameter : 25mm,
Whatmann Ltd.) 2. 2 &3}3}9t}. o] 3918 pena-
ssay AR AN L] ¥ 30T A 547 A
F 1mle] A Q5o AGF oS HYs] 345t
Aol HEsA) dzddoss Bo4x
o FEAEE 7} 98 2How AR T A
Huf o) HEste] YRS BS BAskA 2
S EA3 1, A lA 23 DNAE agarose
gel A71FF3te Felsigint
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B Aol AMEE FAMAE ABSY 9EQ so-
dium dodecylbenzene sulfonate (SDBS, C;»HasCeH,
SO;Na)g Al&-3lR e, Pbe PbNO:E ZH 40
o XTFE-A(stock solution : PbZ* 10,000ppm)S
ZAE oA FrdE zAste AL} A
TFEN ¥ 2759 714 AasHA8e ABSe
PbE TR &% e EF A3 712 A
7t #FEE FES 30TA wigshEA A7
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sulfonic acid sodium salt{(C;sH0;SNa, NACALAI
TESQUE, INC. KYOTO, JAPAN)S Z&#&4dg A}
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A 4217 FEAZl £ nEsEde] EIE ¢t
HNO;¢} HCIOZ 7}z} smi¥ 718le] @33 #3)
g 71X 7k, st Fh ol WA 0.IN-
HCl €9 100mlo] £2A]17] t}3 A A —spectro-
photometer2 Pb#a-S 33t
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1. Plasmid &¢&|
Birnboim & Doly$l Ish-Horowicz & Burke2]

- Plasmid

~—— Chromosome

Fig. 1. Agarose gel electrophoresis of plasmid
isolate from synthetic detergent degra-
ding bacteria(P. fluorescens S1).

WPo g HMAABS) Edllscl U Pseudo-

monas fluorescens S13} Pb & & 50| e Pseudo-

=2 =

monas aeruginosa P12] plasmidE ¥2)3t 23} Zz}

<+—— Chromosome

4—\—— Plasmid
/ mi

Fig. 2. Agarose gel electrophoresis of plasmid
isolate from Pb accumulation bacteria
(P. aeruginosa Pl).

ABCD

Fig. 3. Agarose gel electrophoresis of plasmid
P. fluorescens S1 and P. aeruginosa P1
compared with A-DNA / Hind III dige-
sted and Rp4.

A : A-DNA / Hind III digest
B : P. fluorescens Sl

C : P. aeruginosa P1

D : Rp4
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Fig.1 4 Fig 2eA B b} o] F 5 25
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Plasmid®] Z~] A%& A7|7} oln] 4& A e
A-DNA/Hind III digest (23.5kb) % Rp4(56kb)E
olgate ¥l FolA H2ld plasmide] A71F
243 Ay Fig 3014 Hiz ule} Zo] gAJAMA
(ABS) ®-38l7t¢l -P. fluorescens S1-2 <k 97.5kb9]
Hu A & plasmidr}t 87 EA43k1 Ao PhE
A3tQl P geruginosa P1&-

of 27l sk At

2. X2l ZlsEFe My 7
A A A(ABS) ¥l 5ol s P. fluorescens S1&

FEAERshL olv] Luid dliz Pb &Hs0) gl

ABCDE FGHIJKL

Fig. 4. Agarose gel electrophoresis of conju-

gant.

A : A-DNA / Hind IHI digested
B : P. fluorescens S1

C : P. aeruginosa P1

D : Rp4

E, F : Conjugant KE101

G, : Conjugant KE102

I, J, K : Conjugant KE103
L : A-DNA

vl e plasmid 7}

P. aeruginosa P1& T M EZ 319 conjugationr]#
A M A(ABS) 23173 P. fluorescens S1 A E )
Pb %22l P. aeruginosa P12] plasmid7} o)
A4 KE101, KE102 9 KE103 straing 2}z} 7)
welglrh. WEdFE9 plasmidE F)sted W7l
&3 43 Fig. 4914 R vpe} o] F&27Q P
aeruginosa P1 M E o) &5l plasmidsSo]
AMAABS) 8iF2 P fluorescens S1 A X2
AEEHASES Goletych
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(1) 718 e=xz =E_1

S A AI(ABS) ®& 3¢ P fluorescens S13%
Pb&2 Q41592 P. aeruginosa P1& 212 3o
Pb #3250] Had 7t KE101, KE102 2 KE
1032 ABS 50ug/mle] FZE FHIEgE 7w A
232} gEeke] wWiFshEA v AlbER AR
(ABS) ¥3l%5-& v A Fig 504 B vgd
ki
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100 +

60

Removal rate of ABS (%)

Days

Fig. 5. Removal rate of ABS by varicus bacte-
rial strains. Cultivation was carried out
in basal medium with 50pg/ml of ABS.
o : P. fluorescens S|
s : P. aeruginosa PI

: KE101 A : KE102

A @ KE103
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Fig. 6. Removal rate of Pb by various bacte-
rial strains.
Cultivation was carried out in basal
medium with 50pg/ml of Pb.
o : P. fluorescens Sl
e : P. aeruginosa Pl
m: KE101 A : KE102
A : KE103
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A Bl Q75 P fluorescens S1 2 Pb
27 1432 P. aeruginosa P1& ABS9} PbE 77}
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Fig. 7. Removal rate of ABS and Pb by P.
Sfluorescens S1 and P. aeruginosa S1, re-
spectively.

Cultivation was carried out in 100ml
of the basal medium with 50ug/ml ABS
and 50ppm Pb.

¢ : Removal rate of ABS by P. fluore-
scens Sl

s : Removal rate of Pbby P. aeruginosa
P1
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Fig. 8. Removal rate of ABS and Pb by con-
jugant KE101.
Cultivation was carried out in 100ml
of the basal medium with 50ug/ml ABS
and 50ug/ml Pb.
e : ABS m :Pb
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Fig. 9. Removal rate of ABS and Pb by con-
jugant KE102.
Cultivation was carried out in 100ml
of the basal medium with 50ug/ml ABS
and 50ug/ml Pb.
s : ABS s : Pb
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Fig. 10. Removal rate of ABS and Pb by the
bacteria at 4days after cultivation.
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: P. aeruginosa P1

: Conjugant KE101

: Conjugant KE101

2 : Conjugant KE102

724: Conjugant KE102

SBB00

v g AlA B PhMEl s vste 9
53 F7h= Aok

Nedse 7|dEF Nwds =A% 2
e g2

A AABS)ot PhbE E5H WS 25 Add
7 KE1019] YA4AAI(ABS) &£3llwde FHdMA
(ABS)Tt GEAEPE B9 Hlste ¢ 0%P%
FaEd o, PoHEEH LS Phyr HEAEPYL A
o vlzsttt 2en AEEE KE1029) 3494
Z(ABS)$ PbE EFAHAE A9 FEAA
(ABS) E-3e¥L FAMAABS) dEXAS
73-¢oll viste oF 20% FAHUA2U, PhAEFE &
Pbul ©wrEAeldg Ao vlsly oF 25% F718h
Ak

welA s)ed3 KE101 2 KE102 straing Q7
Fo 7t 71EA Y vgtd e ot Holzxlony
TAAAMABS) FE49] UEQ PbE Al &
HHez HH¥ ¢ sle 7498 A Ut

ir

SEXR

1. Tabak, H. H. (1981) : Biodegradability studies
with organic priority pollutant compounds, J.
WPCF, 53(10), 1503.

2. Dowden, B. F. (1965) : Toxicity of slected che-
micals to certain animals, J. WPCF, 37(9), 1308.

3. Grady, C. D. L. (1986) : Biodegradation of ha-
zardous waste by conventional biological treat-
ment, Hazardous wastes and Hazardous Mate-
rials. 3(4), 333.

4. Alexander, M. (1981) : Biodegradation of che-
micals environmental concern. Science, 211,
132.

5. Wheelis, M. L. (1975) : The genetics of dissi-
milonity pathway in Pseudomonas. Ann. Rev.
Micro, 29, 502.

6. Chakrabarty, A. M. (1976) : Plasmids in Pseux-

domonas. Ann. Rev. Genet. 10, 7.



238 2§25 A A 129 35 (1993)

10:

11.

12.

13.

14.

15.

16.

. Rheinwald, H. G., Chakrabarty, A. M. and Gun-

salus, I. C. (1973) A transmussable plasmid co-
ntrolling camphor oxidation in Pseudomonas
putida. Prox. Nati. Soi. USA. 70, 885.

. Worsey, M. J.,'and Williams, P. A.(1975) : Me-

tabolites of toluene and xylene by Pseudomonas
putida(arvilla)mt-2: Evidence for a new func-
tion of the TOL plasmid. /. Bacteriol, 124, 7.

. Friello, D. A, Mylroie, J. K. Gibson, D. T. Ro-

gers, J. E. and Chakrabarty, A. M. (1976) : XYL,
a nonconjugative xylene- degradative plasmid
in Pseudomonas Pxy. J. Bacteriol. 127, 1217.
Dunn, N. W. and Gunsalus, 1. C. (1973) : Tran-
smissable plasmid coading early enzymes of
naphthalene oxidation in Pseudomonas putida.
J. Bacteriol. 114, 974.

Chakrabarty, A. M. (1972) : Genetic basis of
the biodegradation of salicylate in Pseudomo-
nas. J. Bacteriol, 112, 815.

Fisher, P. R, Appleton, J. and Pemberton, J.
M. (1978) : Isolation and characterization of
the pesticide-degrading plasmid, pJP1. from Al-
caligenes paradoxus. ]. Bacteriol, 135, 798.
Bird, J. A. and Cain, R. B. (1974) : Microbial
degradation of alkylbenzene sulfonates., Bio-
chem. J, 140, 121.

Salyer, J. H.,, Lappein, H. M. and Greaves, M.
P. (1985) : Degradation of the herbicide meco-
prop by a synergistic microbial community.
Appl. Environ. Microbiol. 49, 429.

Chakrarty, A. M., Ghosal, D., You, I. S. and
chatterjee, D. K. (1985) : Microbial degradation
of halogenated compounds. Science. 228, 135.
Cain, R. B. (1977) : Surfactant biodegradation
in waste waters. in 283, Cally, A. G, Foister,
C. F. and Stafford, D. A. eds. Treatment of
Industrial Effluents. John Willy and Sons, New
York.

17.

18.

19.

20.

21

22.

23.

24.

25,

26.

27.

Huddleston, R. L. and Allred, R. C. (1963) :
Microbial oxidation of sufonate alkyl benzens.
Dev. Ind. Microbial. 4, 24. '
Hales, S. G. and Dodgson, K. S. (1982) : Initial
stages in the biodegradation of the surfactant
sodium dodecyltriethoxy sulfate by Pseudomu-
nas SP. strain DESL Appl. and Envir. Micro.
44, 790.

Webster, H. L. and Hallyday, H. (1959) : Deter-
mination of alkybenzene in river waters and
sewage. Analyst. 84, 555.

Sagoo, G. S. and Cain, R. B. (1977) : Factors
affecting the transfer of the catabolic plasmid
specifying the utilization of alkylbenzene sulfo-
nates between species of Pseudomonas., Proc.
Soc. Gen. Microbiol., 4, 99.

Benson, S. and Shapiro, J. (1978) : TOL is a
broad-host-range plasmid. J. Bacteriol., 135, 278.
Gunsalus, I. C., Hermann, M., Toscano, W. A,
Katz, D. and Gang, G. K. (1975) : Microhiology-
1974, Schlessinger, D. (Ed.), ASM Publication,
Washington. 200.

Sambrook, J., Fritsch, E. F. and Maniatis, T.,
(1989) : Molecular cloning : A laboratory ma-
nula. (2nd Ed.), Cold Spring Harbor Lab. Press,
Cold Spring Habor, N.Y.

De Graaf and Kreuning, D. C. (1973) : Host
controlled restriction and modification of bacte-
riphage Mu and Mu-promoted chromosome
mobilization in Citrobacter freundi. Mol. Gen.
Genet.,, 123, 283.

Hayaishi, K. (1975) : A rapid determination of
sodium dodecyl sulfate with methylene blue.
Anual. Biochem. 67, 503.

AASH{CES, BESZEL, 1973 © AESTiEH
7, INSLHRRRE, 23

RA%E, $HARIED, 1979 : ETFRKX5H, &Il
B, Wi



