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222 polychlorinated biphenyls(PCBs)2t &A= oA ZHFsicin E2
£ ol2fY, MAAT AT EMS JIE 0 HHHEAS i HARHE TS
°*E¥ JB{Lf, o] BALUSE0| X238 sl o|E 25D, Ahmed & Focht®)J}
Z 2| Achromobacter sp.0f| 2|8l PCBs7}| £t B8, OF ClM4STEFH 2
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X2, O #4450 7|7, 2XEel EY, MSEN - fAEEQl (0L HENez T
S)0i8 ot JaiL, ootz e ATADIE JINUSIT BTEID, BASOA
o PCBs EaiMTe| MM Dt MEfH Fetol] 25t &

C2lM, 2 TR0 AM= P. pseudoalcaligenes KF7075-2H2] b|phenyI/PCBs—,—oH
bph operon2 {FAMXI=XZ=st plasmid pMFB2E benzoate EdHAM|7#Ql P. putida AC300i|

=2ol5t0{ Ot= P. putida AC30(pPMFB2)E S MAIZA MTFSE, PCBso 250 U=
oot o 2R MF S s X MUZ PHE odotslis - o1etsiX microcosmoi] T glst
of, 159 MZAM D} bph operon?| EEMIASZO| 0|, PCBse| AMEsHA 2 WA=
HECE =2 EX0|MEBFRZe| A& sl 7HsIUCE

2

P. putida AC30(pMFB2)2| A4ZEHA1(?

P. putida AC30(pMFB2)E 2.4x10% celllmle] L= PCBsO| @Sl ¢i0tsl23o)
sl=2} XL| microcosmoi =I5t Ct 2 ZT, ZE microcosmo| UA P. putida
AC30(pMFB2)= TIX7|82E ZZAHs| LUzIt Zt4asto] viQf 102 O[LHoff AIESIUCH
(Fig. 1).
EXtNZoz 9| pMFB22| ®o|!?
=I5l P. putida AC30(pMFB2)7} 2245| 2t43t A|7|0f PCBs 234 bphABC
SHA7L ===l plasmid pMFB27} F0|El EXtAM|T-0| ZI=|UCt s microcosmoi| A
= pMFB27} X1O|o+ EAMTA0| OF AtHsIH oL, XL| microcosmO| A= HBHQF 152 M
ol= 10° cells/mie| MU=z AIXI5EQICE (Fig. 2).

P. putida AC30(pMFB2)94 MRFAlIT o 2ol
O10tsH =2} Q19+X{L| microcosmof UHA F£QIst P. putida AC30(pMFB2)2| Ad

samel Holg S| flE S KT, 1 A, seel HESES moEM
7ol P. putida AC30(pMFB2)0i| O]|%|= o4&t HO|X| tond, oiotsiolol st X
LSOl &Troﬁ 7|& P. putida AC30(pMFB2)7t ZAl5|7|0f &85 SEct I8,
22 0.2m2| filter2 0T}l O{TtAZO|A{= P. putida AC30(pMFB2)7t Z248| ZtA3810d,
=24 0 um-l filterS E1ist= SAMSZ0|LL ME0| P. putida AC30(pMFB2)2| AXHAlTY
o| geolojatn AMzt=|lct.

P. putida AC30(pMFB2)2| =2lof 2|5t E=tn|ME 0| OjX|= &
EXQ|MEFZEE  viroplankton(0.015~0.24m),  bacterioplankton(0.2 ~2.0um),
zooplankton(2.0 ~20um, 20~200xm) 2! phytoplankton(0.2~2.0um, 2.0~20um)S 2 L}501
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2, MIA+E viable countgf 2, P. putida AC30(pMFB2)2] =2!0f 2|5t
= 9gSs WM visto] olsf WotsiUct 1 ZBnb, P. putida
AC30(pMFB2)9| Tol0f WE E&0|MSRT 9| MHHSRsls HO[X| URUCHFg. 3)

P. putida AC30(pMFB2)2| T2lof| 2|5t PCBs A5

AF st HAUXL[F L PCBszZ== 2 69ppbich. JOJIM microcosmCHI cst
P. putida AC30(pMFB2)2} pMFB27} XO|8l EXtMT0l| 2 <'§_ PCBs 2slis2 GC-MSE
MBS0 HHSIACE 2Lt ARSI U= PCBse s RiIstE l—i r FX| & UACHTable

1).

P. putida AC30(pMFB2)2| 4 XIAM 1l PCBs 5242 24

T7|IB0Z MAHSt] XUFSD U PCBsE MAstL, SN2 Xy
microcosm0Oif . putida AC30(PMFB2)S| JHx+ LUZE SAIIES ,
10°, 10'°2 =X5}1, PCBs mixture(Kaneclor 300:400:500:600 = 1:1:1:1)2 60, 600ppb,
6, 60ppme 2 SEFHIE QLSO IS0, P. putida AC30(pMFB2)2| JHX|$ =9}
PCBsz =0 W2 MENsS HYst7| #g d8E sIACHFig. 4). O Zzt P. putida
AC30(pMFB2)2| 7Hx(z* L=l PCBs ST 7o M2 MEsHe Mtoid= 2o|X| ¥
QtCt (Table 2).
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Fig. 1. Survival of P. putida AC30(pMFB2) in the seawater microcosm (M). and seawater-sediment
microcosm (@). and host ceils P. putida AC30 without plasmid pMFB2. together with AC30(pMFB2) in

the seawater microcosm () and seawater-sediment microcosm ().
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Fig. 2. Changes in densities of introduced P. putidca AC30(pMFB2) (... 7} and PCBs degrading
ndigenous bacteria (. _), transformed indigenous bacteria (M. @) which were transtarred with
bphABC genes in the seawater microcosm and Seawater-sediment microcosm. Dctied lines indicate
the minir-um levels of detection.
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Fig. 3. Changes in densities of indigenous microorganisms in the seawater microcosm (M) and
Seawater-sediment microcosm (@) with inoculation of AC30(pMFB2). and seawater microcosm ()
and seawater-sediment microcosm () without inocuiation of P. putida AC30G(pMFB2). Symbols :
Capital letters and small letters indicate seawater microcosm and Seawater-sediment microcosm.
respectively. A, a : virus. B. b : viable bacteria. C. ¢ : total bacteria. D. d : pico-phytoplankton
bearing chlorophyli a. E. e ; pico-phytoplankton bearing chlorophyll a and phycobilin. F. f

mano-protozoa. G, g : micro-protozoa. H, h : micro-phytoplankton bearing chiorophyll a. 1. i
micro-phytoplankton bearing chlorophyll a and phycobilin. Dotted lines indicate minimum leveis of
detection.
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Tabie 1. Changes in concentraticn of PCBs after a 30 days-incubation in the seawater-seqiment
microcoms with and without P. putida AC30(pMFB2)

PC3s concentration (ng’'g in seliment . ppb}

Substituted Before After culture After cuiture
c¢hiorine MNo. without with
culture AC30(pMF3 D) AC30i(pMF31:

2 2.3 2.6 2.2

3 15 16 14

4 27 26 25

5 5.5 6.3 5.2

6 5.5 1.5 7.5

7 4.9 5.9 5.5

8 1.3 1.2 1.1

9 0.14 0.17 0.14
Total PCBs
concentration 69 76 70

{ng-'g in soil ; ppb)
60ppb 600ppb 60ppm

Cells/mli (log)

Fig. 4. Changes in densities of P. putida AC30(pMFB2) in the PAT culture medium with both PCBs
mixture and nutrient (5, 0%, W; 0.01%, O 0.1%, @; 1%, &; 100%)

Table 2. Changes in concentration of PCBs after a 30 day-incubation of P. putida AC30(pMFB2)
in the PAT culture medium with 60ppm of PCBs mixture.

Average density of AC30(pMFB2)

Before
PCBs isomer 0 1x10 1x10%? 1x10'°
culture
PCBs concentration (ug/g of sedlment; ppm)
2 1.8 1.1 1.0 0.9 0.3
3 10 3.3 7.5 6.8 6.8
4 13 11 11 9.8 11
5 11 9.1 9.3 8.3 9.0
6 12 10 11 9.2 10
7 8.3 7.4 7.5 6.8 7.2
8 2.0 1.8 1.8 1.7 1.7
9 0.1 0.1 0.1 0.1 0.1
Total PCBs coacentration 59 49 49 44 47

(u8/8 of sediment ; ppm)

197



ik
U
reh

al

—

Alexander. M. (1981) Biodegradation of chemicals of environmental concern.

Science. 211, 132-138.

2. Huisman, M., S. E. J. Enrenstein, C. Koopman-Esseboom, M. Brouwer, V. Fidler, F.
A. J. Musliet, P. J. J. Sauer, and E. R. Boersma. (1995) Perinatal exposure to
poluchlorinated biphenyls and dioxins through dietary intake. Chemosphere. 31,
4273-4287.

3. Erickson, B. D. and F. J. mondello. (1993) Enhanced biodegradatoion of
polychlorinated biphenyls after site-directed mutagenesis of a biphenyl dioxygenase
gene. Appl. Environ. Microbiol. 59, 3858-3862.

4. Jensen, S. (1966) Report of anew chemical hazard. New Sci. 32, 612.

5. Ahmed, M. R., and D. D. Focht. (1973) Degradation of polychlorinated biphenyls by
two species of Acromobacter. Can. J. Microbiol. 19, 47-52.

6. Furukawa, K., and T. Miyazaki. (1986) Cloning of a gene cluster encoding biphenyl
and chlorobiphenyl degradation in Pseudomonas pseudoalcaligenes. J. Bacteriol.
166, 392-398.

7. Furukawa, K., N. Hayase, and K. Taira. (1990) Biphenyl/polychlorinated biphenyl
catabolic gene (bph operon) : organization, function, and morecular relationships in
various pseudomans, p. 111-120. In A. M. Chacrabarty, B. Iglewski, S. Silver(eds.),

Pseudomonas : biotransformation, pathogenesis, and evolving biotechnology.
American Society for Microbiology, Washington, D. C.

8. Furukawa, K., S. Hayashida, and K. Taira. (1992) Biochemical and genetic basis for
the degradation of polychlorinated biphenyls in soil bacteria. In : Galli, E., S. Silver,
and B. Witholt (eds.). Pseudomonas : Moreculer biology and biotechnology (p.
258-267), American Sociely for Microbiology, Washington, D. C.

9. Taira, K., J. Hirose, S. Hayashida, and K. Furukawa. (1992) Analysis of bph operon
from the polychlorinated biphenyl-degrading strain of Pseudomonas
pseudoalcaligenes KF707. J. Bio. Chem. 267, 4844-4853.

10. Min, M.-G., Z. Kawabata, N. Ishii, R. Takata, and K. Furukawa, (1998) Fate of a

PCBs-degrading recombinant Pseudomonas putida AC30(pMFB2) and its ecological
effect in marine microco= contaminated with PCBs. Intern. J. Environmental
Studies. 55, 271-285.

11. Kawabata, Z., M.-G. Min. N. Ishii, R. Takata, and K. Furukawa. (1998) Factors
affecting the survival of Pseudomonas putida bearing PCBs-degrading recombinant
plasmid in marine microcosms cotaminated with PCBs. Intern. J. Environmental
Studies. 54, 223-232. :

12. Min, M.-G., Z. Kawabata, N. Ishii, R, Takata, and K. Furukawa. (2000) Transfer of

bphABC genes pf PCBs degrading recombinant Pseudomonas putida AC30(pMFB2)

in marine microcosm s contaminated with PCBs. J. Mar. Biotech. (submitted).

198



