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ABSTRACT

As the genetically modified microorganisms (GMMs) and their recombinant plasmid DNAs
could be released into natural environments, their stabilities and impacts to indigenous micr-
corganisms have become very important research subjects concerning with environmental and
ecological aspects. In this study, the genetically modified E. coli CU103 and its recombinant
pCU103 plasmid DNA, in which pcbCD genes involving in degradation of biphenyl and
4-chlorobiphenyl were cloned, were studied for their survival and stability in several different
waters established under laboratory conditions. E. cois CU103 and its host E. coli XL1-Blue
survived longer in sterile distilled water (SDW) and filtered autoclaved river water (FAW) than
in filtered river water (FW), A lot of extracellular DNAs were released from E. cols CU103 by lytic
action of phages in FW and the released DNAs were degraded by DNase dissolved in the water.
Such effects of the factors in FW on stability of the recombinant pCU103 plasmid were also
observed in the results of gel electrophoresis, quantitative analysis with bisbenzimide, and trans-
formation assay. Therefore, the recombinant plasmids of pCU103 were found to be readily
liberated from the genetically modified E. coli CU103 into waters by normal metabolic processes
and lysis of cells. And the plasmid DNAs were quite stable in waters, but their stabilities could be
affected by physicochemical and biological factors in non-sterile natural waters.
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N &
eHzex oz MY A7l v EE (genetically modified microorganisms, GMMs) o] x<d
MejAlo] =29 o, 159 H4&EH T 28l 1 {432 DNAQ er Ao @3t A= 37
2 F 2} A e gk %‘H‘ﬂl/‘i Z9% ApaA g HFHa ok e A 23 HE A2 7F
o] 715 SFAE g f-A ko] et A, wEle] EA T upel A tEY] o

Pl

2o, o]ge] HAH A& ;Me%“ %9} g AZE 2] d¥o] 4 =& field-appli-
cation vectors (FAVs)E 7Itsto 24 #8283 GEM ¥5F& #AAd HSA7l8 = A77t
NZH 3 o} (Sobecky e al. 1992). 3+ o] & AZF H+FEH AAAH A Ex) s
EZ Y EFe Alolo] dojubs AFEatg W oofl el AxF FHAEe] Hold & <
FALE M dAsiol & A oth

Paul & Myers(1982) 2} DeFlaun 5(1986)2 Fd&s8d oz HPH n|Y B8-S 319 AA S
Aol wEAIZ) T, 252 Aldd g4 Sl 2§ AEe DNAS AL AU, Ax
DNAS 2o nxe B4 a4 93y} Axe] DNAY FHA B EXM %ﬂ“*oi Z o]
g 7beA S 5ok b ok E s ol @] FABRANA NFoR2RE fFEEE X
9] DNA® #HZ vz FANF 93t Hole qeirtA Adg dEAEE & ’\15:5]%114
(Kim et al. 1987, Paul and David 1989). DeFlaum 5 (1986) 3 Somerville % (1989)2 Aol
2350} 9l free DNAE olet2 34 7} Hoechst 33258 -& o] &35t %, ARz
N a5 Bx 48y rles drEdrh

2ol == DNA probe®] 23 nucleic acid hybridization®¥ 0.2 AF A ef Al A A=A
WA v] A& o)L} catabolic genotype #5E AAMsl7|x STl (Barkay ef al. 1985, Simonet et
al. 1988). &= o] W2 AN FHFEA Mo MY vBES FH3I A
= g x #8353 9t} (Atals and Sayler 1988). Walia 5(1990)2 4-chlorobiphenyl (4CB)
238228 DNA probe® o]-&3sled 732&?—1—3 polychloroinated biphenyls (PCBs)
o] BaFsg A&3t9th Kloos 5(1994) & &4 #4235 =gAlzl GEM #3& 4349
wj o A HZTujdete B, dF S0l sty F&¥ M XS DNAS M4 S H71d
Eoll 23 agaorse gelol M A 5ta 159 A & AT

a#le g B A7 A= biphenyl# 4-chlorobiphenyle] £& 4o A benzene 2] & 7N
pchDo A 212 pBluescript SK(+) & o] &8t E. coli XL1-Blueol| 213t A =3 A
29 E. coli CUL03 (Kim ef al. 1994) & 2 712 A7 dGA|A 30T 484 &

ZAZoZN, 2 &8I} A DNAY f&S v d7stdch & ole} go] Az
plasmid?] pCU103& A& 4ol =217 DNA2] o+ 8 A& 7195 ¢ bisbenzimide ¥
og 24sln YAAZL g S ATtk

ol 3:9.
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A8 7F Y plasmid
B dAFoAE Kim 5(1987)d] ojdiA zddl+258 Ha¥ biphenyl ¥ 4-chlorobi-
phenyl (4CB)¢] ¥-&8l# 52 Pseudomonas sp. DJ-129} T2 HE pcbCDFHAE Fig. 19149}
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Fig. 1. Construction strategy for hybrid plasmids of pCU1, pCU101, and pCU103.

ol 2493 A2y @5 E. coli CUL03 (Kim ef al. 1994) 3} 53 A EZA AR E coli
XL1-BlueS A A Fo 2 AHE-3L Tt T3 pebC DA RFS] A 27 plasmid! pCUL03 DNAE
FAC =2AAH 2 kS A719 % 2L bisbenzimide & 339 (Paul and Myers 1982) 2.2 =%
AR3t ot

M= BFEe MEE &3

A FEA HP AT Y=L L FTHTE PF3 SDW (sterilized distilled water) 2} 7
ZAHAFE AFHsk 0.2 gm pore size?] Nuclepore membrane filter2 o 23 FW (filtered
water) &} o] 2 thA] B HF % FAW (filtered autoclaved water) 2] FA<lA A&l 50 ml
&) SDW, FW @ FAWe| 2} 48 255 10°~10" /ml2 d8AA 30T =&A171HA, o
A A7 2 100 42 #35te Stndard Plate Count (SPC) ZAwix]o] =@a}e] 37°Coll 4] 244
b i Fsla et wixlol FAE JF4E AFstd YSEAFSF (CFU/mD) 2 #@bsbddoh = o
A N7 E A HF A BE spectrophotometer (Spectronic-20, Milton Roy Co., San Fran-
cisco, CA, U.S.A.) & 600 nmo| X 9] FFEE st AF detb o g9 g FAs

M| Z2| DNAS| &% 9 H&

Zt FA =E2A7 APnF2RE F25= HES DNA+ Paul 5 (1989), 281 So-
merville $(1989) | W& ¥ &3le FZ359 k. SDW, FW, FAW?] 7z} wj & 300 mlol 4
7} ¢ 10° CFU /mlo] H%& @Al F 30Cod =&EA718 A, 199 Aoz Alpdgd s
10 ml~20 ml-& #3}od 2,000 x goll A 2083t A& 8t 45 E 3553t 0.2 um pore
size 2] Nuclepore membrane filter 2 o 2}l 22 o 7o)l 0,31 M NaCl 9} 1.35 X 1072 M
MgSO. & #718l3, thA] eSS 262 Hrhsle] —20Coll A 48A12F W A1§ 5, 16,000 X g
o A} 30#-7F YA B A2 DNAE FF34 =8 Mxe DNAE Paul 3 Myers
(1982) o] B 1o A9} o] bisberzimide @ Ho 2 HHE3ArE 2 miel bisbenzimide dye
(Hoechst 33258, La Jolla, CA, U.S.A)°l 20 42 DNAAEE 3713 DNA2] minor groove
o EAet= AT A7) F-9 dgEAIZ o224 365 nme] o) FHd ez #Hgs = DNAL FFS
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TKO100 Fluorometer (Hoefer, San Francisco, CA, U.S.A.) 2 =% &4t}

Southern hybridization

A Z 3 plasmid¢l pCU103-§¢ #4317] 93te] pCUL03 plasmid DNAS} Xko I -Hind I A H
(2.8 kb)& DNA probe& A}8-3to] DNA hybridization® A& 3t2ich pebCD A AE xehs}
= o] HHAL agarose gelE FE] Geneclean [ kit (BIO 101 Co., La Jolla, CA, U.S.A)E A}
&t 3143ttt DNA probe?] labeling& nick translation system (Promega Co., Ma-
dison, WI, U.S.A.) ¥} biotin-14-dATP (BRL, Gaithersburg, MD,, U.S.A.) & 2183t AE
B Akl A& R o met 3 st )

Z+ A E AFoRRE FA f29 AEY DNA £ A2F DNAY et e A7) g5
% Koetsier 5(1993) &] Wlell wle} Southern hybridizations 88ttt A719E L & gel
2 0.25 M HCloll 2087t ¥k-2-2]71 & denaturation <2 (1.5 M NaCl, 0.5 N NaOH )9 A 10%
7+ WA A7) 11, neutralization buffer (1 M Tris (pH 7.4), 1.5 M NaCl)ol| A 587t 23 AR
o} 1 % 1 N NaOHE o]8-3}la] 247+ %£<F nylon membrane (Hybond-N, Amersham Inter-
national plc., Amersham, UK)2. 2 DNAE o| A1 ATt I & 2 x SSCo| 1083 A A A7
F A oA 0E dRAZIT, s0ce AE7IeAM 2~4A3F Bt nAsIY T o] ofmete
pcbCD SR 27F E3+E o] U= 2.8 kb Xho I -Hindll BH o 2 A 23 DNA probe® ¥ 3}3}
+ hybridization £ (6 x SSC: 0.5% SDS, 40% formamide, 5% dextran sulfate, 100
wg /ml herring sperm DNA)oll A 184]7F %<t hybridizationg A Al 8tE th. Hybridizationo]
¥ DNA9 #2128 BIuGENE nonradioactive nucleic acid detection system (BRL, Gaither-
sberg, MD, U.S.A.) & A3t glabe] AlE-2) 2o whe} A 3313 o)

M=%t DNAS) HH

dA o] AxF Fepan= DNAE 27 d9AZ] 4 mie] SDW, FW, AWE 30TCelA 40
A7 = ZAIZIEA 1 FHA S Kloos 5(1994) & 3ol wel AES It U4 g A7t 72
o= 10 e A|EE # 3} horizontal electrophoresis system& ©]-§3}a 0.8% agarose gelo)
A A7 ES AAEg et " 719 %2 TAE buffer 2 TBE bufferg Al&3%le 5 V/cm=
AA AT 2 & gel 0.5 4 /ml ) ethidium bromide 89 ¢ 2 4087+ €283} 305 nmol A
UV-transilluminator (Spectronics Co., Westbury, N.Y., U.S.A)2 #Fst¥ 3, UV SLII
camera system (Seolin, Korea) & o] &3to] Al &4 stHth & 23 DNAS 723 A A
£ #1387l A3t 719 E 3 agarose gelel DNA] o 3le] pCUL039] pcbCD-F-H AHE DNA
probe 2 3t A7} el wh o wlel Southern hybridizationS 83 o}

X xE DNAS| 3™

pebCD FRAANE B2 A5 Fetav| =9 pCUL03 DNASE A3 24 $A23EH o
A A7l et 20 ngel DNAE #H3ked 200 49 E. coli XL1-Blue$] competent celio] S0 )
£ Eppendorf tubeol] £33t 11, dimethyl sulfoxideE 3 4 H7FA7] Z, 3023 ¥4 22814
. L v, Williams 5(1992) o} whlol ule} 42 cell A 1~28-32 X st 1830 g 43
gl st} o§71el 800 2] LB brothE #H71sle] 37C 2 shaking incubatord A 14}7¢ F<et
v ksl i oh. vl S A EA 100 dE 100 g /mle} ampicillin?} 15 g /ml 9] tetracyclineo] E
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shlo] gl LB nAujxlo] ©2atad 37 oA ah2u ok WA 7l & colonyE AUL) o]
colony® THAl LB aAlujxlel F@Fste] s2Eet MFd the, 0.1%¢9 23-dihydroxy-
biphenyl& #%3ted $4& W colonythg AFFHOEN pbCD FHAIF = Ae
pCU103 DNA® ¥ 493} 522 33190t

do 3l o

Mgt dFEe| MEE

Biphenyl 2 4-chlorobiphenyl (4CB)& ¥ #)3l& Pseudomonas sp. DJ-129] pcbCD 3 A5
E. coli XLI-Blued] §d3&dH oz AZTAA A2F GEM 759 E. coli CUL03E £ 71X
FACN =E2AA 119 B¢ mHASHA 259 AEEE ARG Ewd FF 5 SDW
(Fig. 2A)ol & A9 Bl£d AZ4E FRBINSY, o3 a3 std+< FAW (Fig. 2B)
AN E = F 5970 MESF7F F 1logBE F7Hs F HEAIS METE AitstA 2239
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Fig. 2. Survival of Pseudomonas sp. DJ-12, E. coli XL.1-Blue and E. coli CU103 in different waters at 30

. A, sterilized distilled water (SDW); B, filtered autoclaved water (FAW); C, filtered water
(FW). Symbols: O — O, Pseudomonas sp. DJ-12; @ —@, E. coli XL1-Blue; > —<7, E. coli CU103.
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ot zely 33 4291 FW (Fig, 2C)ell M 39744 1 logAE F7bst & Ald 43k
NYol= HEA MasrRet ¢ 1 logdx Hobt), o]et o] ARY #F1 E. coli CUL03
o] WEGL host #5 E. coli XL1-Blueg} & 2o|7} giith. E. coli #FE 2 HE o] SDW
Y FAWSI A H.Y) H#38hA] ob2 FWo A w@obdd 213 Wellington 5(1990) o) 37 Ao A9}
Zrol FWell |3l bacteriophage®t & M E38tz Q49 A3k o3t Aojaln A8 F +
A}, 718y} Pseudomonas sp. DJ-12+% Fig. 204 B.&= ule} 7o) SDWe FAWA A= HE X
5472 ¢F 2 log7t #A3 #ASdUD E coki®tE HE RSA B FFQA Pseudo-
monas sp. DJ-127} SDWe} FAWel A w2tk FWel M o et st d A2 Sobecky 5(1992) 9l
A A3 uke} o] o] A TFH Hg FHY Aol & 4 AUk

Axgt FFE2RE RaEsEE MEZe DNA

ANZ2F #F2) E coli CUL03E 309 LB Axuf Ao A] 7 E<t vlfstiiy 25 AAF
A3 FEHE AEY DNAQ & 241 ZAbe Fig. 33 Zoh Wik A2 19 Foll= AR 7
o ol251 o, 4Y Tl APE7IZE AlFE QAT AIE2) DNASY 58 A 3971A) F43] &
7F3ted <F 200 ng /mle] o] A FA AL o] 71zt f-EFH AE9 DNAE dr|dF5ez
313t A3 Fig. 4A%)F 2o, Al1YFE] Al X9 DNAZF F&E e, Al 2¢ Tl ke A
29| DNAZI AEH A ol¢} o] 271958 gelll M & =& A XL DNAC th3te] pcbCD
# A2 probeE &) Southern hybridizationS 3 Z 3= Fig. 4B9t 2t} pcbCDE 20| =
(lane P)oljAe} o], Al 29 o]F el DNAAE (lane 1~7)1A] 25 kb2l 10 kbl DNAY}
hybridization band & VeEMA T E. coli CUL03L. 2R E §& 9 M X8 DNAE Xhol 3 Hindll
Z HYsld A71GE5L AL 2ol = Fig. 5AS o] Al 24 28] 74712 2] A|Zo| M pcbCD

10 1.6 4350
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Fig. 3. Growth of E. coli CU103 and release of extracellular DNA in Luria-Bertani (LB) broth at 30C.
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Fig. 4. Gel electrophoresis (A) and Southern hybridization (B) of extracellular DNA released from E.
coli CU103. M, Marker, iindlll-digested lambda DNA; P, pCU103 palasmid DNA: D, Niol
Hind ll digested pCU1IN3 DNA; Lanes: 1 to 7, extracellular DNAs isolated from 1 to 7-day
suspensions, The arrows indicate ped(’ I genes of pCUL03.
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Fig. 5. Gel electrophoresis (A) and Southern hybridization (B) of the Niol -Hindlll digested ex-
tracellular DNA released from £ coli CUL03. The lanes are the same as in the legend of Fig. 4.

£} o]z (lane D)ol 4] 9F 7o) 3702 DNA band 7} vFelylkom o] & Southern hybridizaton
-9 w 1.3 kb L4 kbE 2ebd pesCD Fd 2ol vk hybridization signale] vhepsich (Fig.
5B, 718 & hybridization signaleo] vFERFA] 942 A 12 2] A —‘?.9‘] DNAY= £, ¢coli CUN032

PALE] S8 QA DNAola, A 29 WA 72 9] Al el DNA Fil pCUL03 Hefpiu e
DNASIS % 4 etk olsh 08 2o £ el 458 o g0l A%

A2 DNA7F ¥ thi= Paul 3 David(1989) o] ®.a19} 2l x5 & slolu),

M|E2| DNA f&0ll olxXle s3] &

E. coli CUL03E zhzhe] SAlell A7) § 790 /b “uive] &gt @7 & s Axe)
DNA®| & SDW, FW, FAWol +] wlaalglatslvt. SDW (Fig. 6A)ell A1 791 59k ©F 4 log
2] 5t FAW (Fig. 6B)ol A= oF 1 log®] it 4=7F A A1 8] ghaddh whid, FW (Fig. 6C)ell A=
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Fig. 6. Growth of E. coli CU103 and release of its extracellular DNA in different waters at 30C. A,
SDW: B, FAW: C, FW.

A 293 39 Apolo) FA3 FTAsIATH M ¥ DNA9 % SDWAlA e 24714 <F 20
ng /mlE 4% Z713 F 714591 FAW A= 4474 oF 15 ng /ml2 7k & F58)
gt 1elu FWol X E 39714 10 ng /ml B=7t%] 718 & A3 dastdh. SDW 9
FAWOl A Al7Fe] &S] MM 8] 248t vt Ax3] F713 AR 2 Bol, thakel Al 29
DNAZ} 28 AL A& NS gaty FollAx A9 DNAZL fEHche A& v
t}, o9} e AR AFe AR AP A DNAZF f&dvty ¥ 31§ Pauls} David
(1989) 3 Lorenz 2(1991)9) A7 A#e} dxate Aok ek FWoll M= HE Aldte] &
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Lobgh 20 WSt % e FWo
Garass) @ fad Axs)
Apete) 44 A Ao §

17] -l phage?]

sleferal &l 4l st 4 eluh, > 2 %)

DNA¥- DNaseol] €)%l ] #4488 yro] kvl 4.8 Romanowsk: % (1991; 1992) i

SDW, FW, FAWe] 7} FAld w&A7] ‘Hi’:‘?‘} Fep 2ol pCULO3 DNA®] P4 &
agarose gel ®7lod Syl ot 2AS W, Fig. 7- 1 2] SDWeF FAW A1 += 204 ©] *“4'1] =

-

Yo

sl 7 g} =) k& DNA2] tavh shEy glo 1o} F]g 7- 1 o] FWell M5z 4} 19 o] §-ol 5=
Wl E) o] 7l 54 ek, o] o} qlol WG s 5] 3= pCU1L03 DNAe] o &} pcb(,n H
41 2} Southern hybridization& 3+ 21y Fig, 7 SDWe} FAW A ¥= 20 7}4) 2]

Algiol| A, r12] 3L FWol A)4 Al s2of AWk hybridization signale] vhelykcl 52 2k =7 of)

ol ol

o 7 23

s g,

Lz (‘;Q] _O]

Flebal 7] A 29 2u) Aol a9l pCULO3 DNA®] 28 bishenzimide &4 o 248 HAue
Fig. 87 3}, SDWe} FAWol M= 20904 7] d-guke] ok kel 1~1.5 ng/mle] A<
DNAZF A E o), FWell+ii= 390 ol &5 E) 1.0 ng /m] wvie] 74 ‘113} boHE pCUL032]
AR wulE Hslo M pebt D Fabel Aushd @A e S e Ak d ok Fig 9ol A
Koy oule} ko) SDWQ} FAWel A= 4 2020 <012 oF 102 CFU /mi¢l &4 d&axE 48 +

A& v A E SR gha] ol FrIskd ot FWoll i Al 3elxjel A ds w3 Aol 4

s ok

Romanowski 5(1992) ¢ linear duplex DNAZ: "W Fa} 2] S+ 7ol wEBAHE W A
16U 7 A = Qb shAl B ah 2], intact 3t ek am] s DNAE *H FH ol e F Al A
G Aol 8AIRE ol el m mhalw)dubal WMalskelt Bt Bruns & (1992), Parget &

s el 6

- ]lrt,

Lylo] B 5k DNAY 5704
;uf]}!.:é FwWell M vl SDWe}F

(1992) #} Romanowski %(1991)-2 x}ele] -

Aot Faste] DNase s H-v] M E MU} KOALE

ITomo© T
P

| H
SDW

H
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FAW

Fig. 7. Electrophoresis ( [ ) of pCU103 in different waters during incubation for various period of time

at 307 and Southern hybridization (
A, SDW;
(days) in waters.

II') of the gel with DNA probe of pcb('D gene, H, A-Hindlll

size marker; B, FAW: C, FW., The numbers indicate the period of incubation time
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Fig. 8. Quantitative changes of pCU103 Fig. 9. Transformation activity of pCU103
recombinant plasmid DNA in different recombinant plasmid DNA dissolved
waters at 30C. in different waters at 30C.

FAWel =&A171 pCU103 DNAZ} &% HAAd B A7 Axe Astorga 5 (1992),
Williams 5(1992) 3} Lorenza®} Wakernagel(1994) ] ® 1ol A} o] W FalA o2 FWel
DNAZ} &3te + 3l 4A7F A& ¥ ofuie}, DNaseo} ¢+ ®-a|l L4290 2H8o] 317] g &
ol BEAT ol FAFTH R HYH AFoR¥E AL DNAYE FAR 22
208 By o5 A2E Zulav| e DNAE FASANA vz o #Fet gt &4
3t A competent cellell 3 A Fo] doju=ivl, FA ] Fajslsl 2 AL gQlo) o &l
A 4TS HEEgE AL ov)ste Aol

I

°{%1;W o= tﬂfﬁ*]?‘ g Eolit 2§42 DNAZE AA A A &2 wf 2E52) A

¥ ol EFuAEENA v Xz AT BHAH TG o7 Fag AFaolrk, B AT
Oﬂ A& biphenyl 2 4—chlorobipheny191 Bl ARG pebCDE Z2YE Az Setav =4
pCU103 DNASH L W Alg-& H4gde] @ 71A FAo m&A1A 259 kA3 it &
Aoz ATt E coli CUI03 WA T AELES SFHAERE AMESE E colt
XL1-Blue¢t &7, B#3s 37+ (SDW)& B A #4g st (FAW)oA dE&Eo] Ege
v, st g (FW)lA e stekth 2384 @2 FWel A& phageol| 21§ 872808 F
coli CUI03L. 27 #&5H+= Aixe] DNAY o= @doen, &9 AEe DNAC ush
DNase®| dyz}4% A} 2} AN A2g Eetav| =9 pCUL03e 724 b4 ¥ of
1,]3}. ?S:l 49:).01] ‘/]6]- /\g 6‘1—7};’1 %}Aal% 73_7]03 =, bisbenimide ‘6:];11-1:” 5&%}2{5} HhH O 2 Z_L_Z']
3 Ao M SDWH FAWe A= oF 20 o4 et st R AT, FWell M= 33 o] Foll= A9
adEel v aeg Aoz HPAZE coli CUL03 FF25-F 2] DNAY
FES AEY A ¥ ol A&l 9t °‘°11Jri A %3 plasmid DNAS] 7%
2 HAME FH2 APVIL XA FAHAT, A 2sis @ YE}H gl 9t
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