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The y-Benzenehexachloride Degradation Using Transgenic Tobacco Plant

Jeong-Kyung Lee, Soon-Ki Park‘, ll-Kyung Chung*
Faculty of Life Resources, Catholic University of Daegu, Kyungsan 712-702, Korea
'Division of Plant Bioscience, Kyungpook National University, Daegu 702-701, Korea

ABSTRACT LinA gene involving in the y-benzenehexachloride degradation have been cloned from Sphingmonas
paucimobilis UT26. This linA gene which catalyzes the first dechlorination step of y-benzenehexachloride is known
to play a key role in the y-benzenehexachloride degradation pathway in UT26. In this study, the linA gene was
designed to clean-up the y-benzenehexachloride and its derivatives contaminated in soil, water and air using
transgenic tobacco plants. The linA transgene was introduced into the chromosome of tobacco using leaf-disk
transformation approach as revealed by Southern blot analysis. In addition, mRNA and protein produced by linA
gene was expressed at a high level in the leaf tissue as demonstrated by both northern blot analysis and Western
bolt analysis with polyclonal antibody against S. paucimobilis UT26. In vitro analysis using GC-MS showed that
transgenic tobacco plant produced the linA protein which effectively degraded y-benzenehexachloride into y-
pentachlorocyclohexene and 1,2,4-trichlobenzene compounds which are less toxic.
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71 EAAE o] & §71944) E<kS benzenehexachloride
(BHOW aldring} Z¢o] AR E 71X= A}, dichloro-
diphenyl-trichloro-ethane (DDT)$} 74o] diphenyl +72E 714
< SEE oY (Figure 1), ]9} 2+& G7]H A 4
FAE ERAEE-ATolRE AleS B sEEH
3 ERERE ZFEY #7] diA AFATE oblA %
AR FEHE Ao FASI ik ejE IS giM oM
AHH ASOA 7], XE R FFORRH {I|94A ¥
oke] DDTE-2 BHC7} Y552 AZHAL, g LES
A Qe dE £ ABINE TR 09 B0 7
293 glom, Seeel Bash AoA% 71940 FoF
o] zkFAo] AZE EAE tlFE ok (Bachmann et al.
1988; Bhunya and Jena 1992).

BHC2] 38t 1,2,3,4,5,6-hexachloro-cyclohexane (HCH)
oj, 1825 #Zx 3 ol 479] BHC oga)7} #els
A (@, B, v, 6BHC) (Aldrich and Chakrabarty 1988), 7} 4
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Figure 1. Proposed degradation of BHC in Sphingomonas
paucimobilis UT26. 1, y-hexachlorocyclohexane (y-HCH, y-BHC),
2, y-pentachlorocyclohexene (y-PCCH); 3, 1,3,4.6-tetrachlorocyclo-
hexane (y-PCCH); 4. 2.4,5-trichloro-2.,5-cyclohexadiene-1-ol (2,4,5-
DNOL); 5, 2,5-dichloro-2,5-cyclohexadiene-1,4-diol (2,5-DDOL); 6,
2,5-dichlorohydroquinone (2,5-DCHQY; 7, 2-chlorohydroquinone (2-
CHQ); 8, hydroquinone (HQ); 9, y-hydroxymuconic semialdehyde
(y-HMSA); 10, 1,2.4-trichlobenzene (1,2,4-TCB); 11, 2,5-
dichlorophenol (2.5-DCP)

J

93 DDTHOE AF3 A4E 2 FHAT fFel o
st AEAE Qe 2x QAR o) F AlA o2 vt A
oo g e F9F BX3 BhA SHAA AR
ARSEQITE T2y QlAle) A E falg (Fe WoldA
o 44 € $AHANXY FFAJ ol XA EH FAOS WHO
dME y-BHCO #& 4332 0.88 mg/70 kg man/day ©]3}
2 FA382 Yt} (Bedard et al. 1987). A A Z A= o1 A}
£ @0l FXEHALH 1979 o]FHE vl
AHEA o Z AlLo] FAHTE (Bachmann et al. 1988;
Bhunya and Jena. 1992; Nagata and Miyauchi. 1996). 1z}
olggt FA I} FFANE BTt F, %, g0 9
WEEFFAME AAF olf 2 A AREEI Utk H
= Xi-nh_«l Hojx|ol| A ALS-E BHCSO A9 thi-E 4
Z71FE Bl thy) 2o gaEe] 295 Al WHA L

S Aoz WAL Be FAls BHCH) o B2
AL A Aol SabslE Zaol] 243 s Asior & A
2 4583 gk

19741 »-BHC7} A2 ¥ A Ao)A y-BHCE &490
2 o]g3l 37150 A7 Ak njEo] A
Aok (Ahmed and Focht 1993; Imai et al. 1989a, 1989b,
1991). o} w|WE-E Sphingmonas paucimobilis UT262. 8 H
%‘54211 (Bachmann 1988; Bhunya and Jena 1992; Imai
1989a; Nagata et al 1993; Nagata and Miyauchi 1996), ¢F 2513
200l AN pBHCE Rafsle Aol BAHE 54 9 &
A7 B2 AASHA =AU (Eisher et al. 1978; Franklin et
al. 1981; Frey and Krisch 1985). Figure 12 S. paucimobilis
UT26 Yol A v-BHCY E&i742E HoF 9tk y-BHCE
linAgH A o) 2k8-0 2 HCIS "€ EAld 5719 C17)
£ 74 y-pentachlorocyclohexene (y-PCCH)$} 1, 2, 4-

trichlobenzene (1, 2, 4-TCB)¢} 7+ v w4 Z=Alo] <k3l 3}t
EE RNzt o] SFELS linBeA ] Ag 0 g HClS
uk2akal EAjofl 2, 5-dichloro-2, 5-cyclohexadiene-1, 4-diol (2,
5-DDOL)Z #3)|A)Z1t} (Harayama et al. 1989; Imai et al.
1989b). 2, 5-DDOLSZIE S linCHH A Lo F 5-
dichlorohydro-quinone (2, 5-DCHQ) &3+8 & a7, o] 33}
52 linDy Aol 2802 C17]7} quinoned] A A3 A
AE TEANAER Hg F HETHOE linEvW A e
22 CO, 71AE SAA T (Imai et al. 1991, 1992).

B AFtE fridaA ok 2 dEedde A
Efjol] A1 *‘iﬁﬁf‘]ﬂ 7] 934, 1) v-BHCS Haish= A ©
Aol B9 linA§AAE EYG Q) A
%, 2) AEA WellA hnAvﬂXH w, 3) ¥4
A9] v-BHCE &4, ¥alste= 58 ZAE
27 goo] 2HHE EY 74 ‘%l 71 Atet= H ol

a4 49 sYsiar

ME 2y

i

AEX FANMEE YUY NET Ble] FENME

PCREMHO 2 ZZ3} linAF-AAE pUCL189) cloning &,
CaMV35S promoterE 4% ¥WE pJK108 (Lee and Chung.
1999)° 2 HE A3 H-S 7kelalz] 3] CaMV35S promoter
2] enhanceR-E3 Q sequenceE XT3t = promoterE
A3 HE plK108E A ZFstHtt pIK108E E. coli XL
(Cohen et al. 1985)3} freeze-thaw ¥ (Paul and Hooykaas.
1988)2 ARl Agrobacterium tumefaciens (LBA4404)9]
¥ & we] A48 Agdd ARSI

ol (Nzconana tabacum cv. Xanthi) 215 MSu] ] ol A]
dolalz)l & 170E ST AR 4L FAAS 93 A
22 Atk AN FEoR W ) 238
st 7] (F 1 em)E ZehA AL hormoneo] H7HH
ol MS#|R] (50 mL MS liquid media, BA 2.0 mg/L, TAA 0.2
mg/L, acetosylcon 20 mM)ol] H 1o} W)kl Agrobacterium};
28°C Ao A 29 7) co-cultureAlZ] &, 8FAA] (kanamycin
300 mg/L, carbeniciln 500 mg/L)7} H7Fe &3 viA] (BA
2.0 mg/L, IAA 0.2 mg/L)ol 27tk MS Al A& 10 ejct
ANEE A2 A st e kanamycinf]Ag 2 713
callusZF-E] A& shootE <t viR]of] 243t £3HA170
F, XA Aufate EAAMER ARSI

l

SZIXMst chillo] DNA, RNA 24

FAAG AAZRE Brunel T (1992)2] whge] ]3]
genomic DNAE £2|35th o & 1 g& A H&te] 1.5mL



E-tubeo]] W ANALZ TH3% o} vldl 3 extraction
buffer (100 mM Tris-HC, pH 8.0, 50 mM NaCl, 10 mM S-mer-
captoethanol) 600 ULE #7138 ¥ ZgiAgEoR BEAsiH
T} E-tubed] 20% SDS 40 fLE ¥ & 65ColA 1087 vt
2A1Z] 3. 5 M potassium acetate 200 (L.E ¥ 7, -207Coll A 20
ZF WEAEE & 12,000 rpmel| A 202 7F YA s A
Ptk RNAS vzl A As7] $J8] RNase H 30 unit
PARE Ao YT 37C 1AZF THSAIA 2] EA)
¥2o] RNAE Ea|Al7l ©h& phenol 33], chloroform/isoamy-
lalcohol (24 : )9l 13] z+zt AAsle] He =& el 5 iso-
propylalcohol-2- 715l DNA A& sty -20Cel 30
FolAl total DNAE ZAAIZ T 12,000 rpmol] 1087F 94
gl sled pellet3l¥ DNAE o] 70% ethylalcoholol 13] &
& AABIY A AFAXRIIE AXA & ol
ol %o Southern 45 e AEE AMEEHATH
linA-3-A217} A% plasmid DNAE PCREFH O 2 linA-
ARE S234] 1% agarose gel’dollA H-2]3t DNATHA
< [a-7"P] ACTPE = 4]3}e] Southern ¥4 £|3l DNA
probe©. 2 ARSI TE Mg AA Psdzt EcoRICE Autd
ARG AEA 2] DNAES 1%9] agarose geld|A] A71G%E
3le) #-2)%k &, nylon membrane (Amarsham Co.)ol] 7 th
FAHEE gl ZHE] RNAE 2287] 8l 24 1g
S WAPAE F4 WEAD F okISdTk SHIES RNA

extraction buffer (4 M guanidinium isothiocyanate, 25 mM

t nlo Hr o
N

sodium citrate, 0.5% sarkosyl, 0.1 M mercaptoethano)Z EE
gl &, 2 M sodium acetate (pH 4.0), water-saturated phenol 2}
chloroform/isoamyalcohol (24:1) £l Wy E§3

12,000 rpmof] 1027+ YA st FeAE s & 7YY
9} isopropanol & F718ked -20°C, 1417} E9F RNAE A A A

Ak 1087 9482 (12,000 rpm) §-, AoiR pellet-S 70%
ethanolZ A, A% & DEPC7} Xa® HiEo &d
northern A& X 82 A143lgth 23 total RNAE
formaldehyde gel*doll X A 719E38}1, o] gelZ DEPCHE 8t
Qa2 A2sled formaldehydeE A 73t 3 nylon mem-
brane (Amarsham Co.) 2. & ZZT} o]Ale] DNA, RNA7}
2= membraneE-g linA DNA ©H#H o 22 A% DNA probe
SO & 55 ColA 24A17F E<F hybridizationA|Z th ¥H-&- wlz]
membrane-g A A3 Xray Bgol =EA1A =g 18t

ek
&Z M5 Chifo| Western £A

HAA98 gulel 9xH 1 gL AAse] AAYLE F
4 WEAA wvidl % protein extraction buffer (phosphate
buffer, pH 7.6/ #<tstel Aaelshol AEAS Hskirk
o2 P AeFsl S Western blote]] AML3FITY 20 g
)23 SDS-PAGE=R. 3171952 T8ttt

ZME AIZHE 0|28} 1-Benzenehexachloride &3l - 105

ogr

7|LHofiAM -BHC2| EtdAs EtS 3 linA CHEZIof 2 2

F2989 P9 29 AEFZEES 100,09 $48
(5 ppm ¥BHCS) W medium) 3} HEPI F, ekl 30C
A 10~308 wiokaidc). o] detlo] 100 L ethylacetate S
Whaled 38 5o vorex 2 23] ST olF 4R
g (10,000 xg, 3 min)3} 2, ethylacetate Z H7}&}ATh 1 ul2
A EFEE-S gas chromatography 2 y-BHCY gd43t A%
g ZR59,

chzle] A2 GCE-27]9} GC-mass spectrometrys ©]
£3ta B4 GC 7]7] (Hitachi 263-30, Japan)ol+
electron capture “Ni detectorel] glass column (2.6 mm, 2 m)#}
silicon OV17 (at 2% on 80/100-mesh Chromosorb W)7} &2
H columng A3tk Columne] FYLEE zhz) 175C
9} 250°Co)H, 74+ 50 mL/mine. 2 E24] 319tk GC-MS
spectrometry £4]& JMS DX303 (JEOL Ltd.)$} OV-1
capillary column (0.25 mm, 25 m)-2 ©] &3}tk Column® -
EE 16C/min Z712 120CelA 250CE E ) Electron
impact mass spectrometry= 70-eV ionization potential, 300-uA

trap current$} 200°C ion source =2 233 th

Za 9l
linA FXXE 0|88 AlSHENEE vector?| &

linA -F-ZX= 465 bp7) codedhs 155709] ofu| =2 F
¥ F-2=A, 17kDag] y-BHC 293ta4E A4A o
(Harayama et al. 1989; Imai et al. 1991). ©] ¥ E-2] {-HAE 2
EA] E&A0Z AT HAsted, linAFAAe) o
A Al codonql ATGEFE Aol 8702 4718 =3
3} plasfnid%_— A 235 ok Oligonucleotide S ©]-8-3F PCR Ht
2o o8] doi7 linA §-AAE pUCH18 plasmidel] FZY 3}
%tk PCRYFS & 2318 491 Taq polymerase®} ZHEH 3
el os sk A7IxEe] WskE AA] fste
automatic sequencers ©]-8-3}a], plasmid DNA2] linA
sequence S = FQlalt) ©]E A DNA sequence”} <1
plasmid DNAE %% linker BamHI¥} Sacl &2 2, A4
F F, AEA HAH3E expression promoter 2. A 2HE] T}
pCaMV35S promoter?] &S xol7] ¢35l CaMV35S
promoter®] Y&} F =72 enhancerd S Q sequences
Z3st AE AL Y (pIKI0®)E A ASUTH (Lee
and Chung 1999). o|& ¥E|{= freeze-thaw methodol] £]3
Agrobacteriumo] EJE AL &4 Gelo] HAAE 4¥9S
e 3t7] o)A, pIK108o] AYUH Agrobacterium®] A3
53 -BHCE A4S E3sted miat & y-BHCS 28l &
ZAMEE A, oF 10819 linAgha o] Aibgo] 1=}

tlo v
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{Lee and Chung 1999).
INASMAL SQIE| SEIME chiljo] Myt

pIK108 WE)7} Q¥ Agrobacteriums leaf disk trans-
formation ¥FHd] o8] ©) XanthiFZo] FAL- Yk oF
30070 2] leaf diskoll Agrobacteriums YA A1A 200719 leaf
diskol A} kanamycint]4] (300 mg/L) callusE AT} callusol]
A AE-3E shootoll A 19070e] HARARAE 4W3}3dr) o
S 4gA9 G4 DNAZ 23] linAfgalel Fol¥
ol primerE o]&ate] Hul A HHUd FAAE &
Q157) skl PR ¥418 +3akAch BAABATL ofd
ge] total DNAGIAE DNA 20| Qojulx] e whl
FAAE HAENXE 0.7 kbpe] 559 DNA WEr} 33
YAt (A vAA)). o]= Agrobacterium total DNA| A &
Z3 DNA MEo} Fds I71Yo] ER1Eich PCREA
A 1AF E91E dAEAE 2B EY total genomic DNAE
2]3le] linAf-AAE probeE AHE-3ke] Southern £418 A%
gk ZAE FZADA 117 3 8704 (Sample No. 8, 10,
11,12, 13.19, 20, 2D E2EE] 1.6 kb A linAF-ZA A}t A
Stel= wioyb #ago 2, A EA ] FAA el linA &
At 99 F2E £ASUtE AAe St
(Figure 2).
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Figure 2. Construction map of pIK108 and detection of a transgene
gene in tobacco transgenic plants. A, Map of pIK108 containing an
intact linA gene. The 1.6 kbp fragment which was generated from
Pstl and EcoRI digestion of plasmid DNA was used as the
hybridizing probe. B. DNA blot analysis. Total leaf DNA from
individual plants (Sample No. 7, 8, 10, 11, 12, 13, 15, 18, 19, 20, 21)
digested with PsfI and EcoRI were hybridized to radiolabelled linA
fragment. Lane N: untransformed plant.

RN AZH0IA linARTALL] el

AEA ] GAA Yol g P22 =UE linA FHA7L
A EA UM HJHOE AAHER Y ARE Q5] 9
sto] FAAS 259 total RNAE ZZ3}d linASHRNE
probeZ AME-3ted northern 42 Fefstgict B2 A8
A ANAANME linARHA Refo dAMIEo] HEEHA
ore uh, Southern ZAGIA linAf Ak} E9jo] I A
£ (Sample No. 8, 10, 11, 12, 13, 19)9) 4= HAlA ) @
o] FIHUTE (Figure 3). T2lvt o1& FAAR 7iA ¢ ol
A Fd3 ko] RNA 5 ug)E BAEIAE | A3 WolA
linA§2A2E AAkE 582 ZF AEARt ofF (08 Hx
9] zpo)E Btk T3 Southern -4l 23] linA-FA=}7}
AU =dgo] IRNHIoY ArAES Ad Aatet
A e A97F BEFAUC (Sample No. 11). o] & AR
EYE KA SAAde] AGR HRdl el HAbeES
HAB] zlo]7} Kol “position effect” )] 7]0)3l= ZAO= of
AR I8P 2 figure 39 A /A 8, 10, 12, 1994
E AAREA 49l linAf-Ax7E A EA EAEATL, 112
centromerel} telomere 29 linA-§AA7F ©UEHS] linA &
Aol B mRNAS] AARs 2ol glolal Ao 25HT

SAHS SOl inATizlo] wel

linAg Al AARES Host YAAR AEAGIA o
AE Ao FAA7E AEANA linAT AL A &3}A
BHEEA N e RS ARG A A EA Y o
Z2g vifiste] D AS FZ (20 ug)3 ¥, S. paucimobilis
UT26 52 9] anti-linA polyclonal 3}4] 9} HF-2-A]A Western
g Fasick ZANAAINE inATHIE) B9 A%

N 7 8 10 11 12 13 15 18 19

inA

18SIRNA  anaeGbas b «o 4DADAS a9

Figure 3. Northern analysis of transgenic plants. 5 g of leaf RNA
from individual plants (Sample No. 7, 8, 10, 11, 12, 13, 15, 18, 19)
was loaded. The amount of RNA loaded each lane is represented by
the amount of 18S ribosomal RNA. Lane N: untransformed plant.



sle W=7 Bolgx] eFoto Ll (Figure 49 lane NTP),
positive control 2 AFEE Agrobacterium® A EX5FEE 9]
NhSo A= 17 kDad] o] SRIHUY, F4A% 4 EA
AMe el A7\7t b oF 28 kD34 MEZ Ve
o} (Figure 4). 'S8 @29 A7)71 Halkes 842 vA
B a9 linAFRA; oll A&9 golgiold 42 4 U=
glycosylation site] “N-X-S/T” site7} EA|dh= 202 Hol
2 EA el A el 4=2E who} Th Ao H7)7F Wk Ao
E F5%th

oH figure 30M WtERS A 2 EA WA linA
Azt HAbE figure 4914 vehd dde] U
Zo] ME YXBA P A2 e (Figure 39 49] 7,
8 A EA). o]21g HA post-translational regulation A}
S 2H linAgh o] AEA oA THEAI W F H]H]
o T B2 ZAEH o S WS 7l A
71= Ak

Western #2404 W F7]9] linA @) Fo] @y astE

NTP ACE 7 8 10 11 12 13

66.2
55.0 v
427 -
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215~
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Figure 4. Detection of linA protein in transgenic tobacco plants
using anti-linA polyclonal antibody. 30 ug of total leaf protein from
individual plants (Sample No. 7, 8, 10, 11, 12, 13) was loaded. Lane
NTP: untransformed plant. Lane ACE: cellular protein of
Agrobacterium containing linA gene. Protein size markers are
indicated at left side.
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Figure 5. Assay of the linA activity in the crude extracts from
transgenic plants. A: untransformed plant as a negative control, B:
transgenic tobacco plant containing linA gene.

SEME AZHE 0|28 v-Benzenehexachloride 24t - 107

29 71%5E AYL JeA gk 55 e $sid
O|E A EAEY MEFEES o|83ly GCEA S 334
o} HAAS AEAAM linAg g 2&) y-BHC7} y-

i
PCCHY} 124-TCBZ Eajde A4S &
(Figure 5). 12yt S HEAE 3tEo] 249 o |

HETE ATl AFE AEA A FET MEFEE
AE ol wido] F4 RaiHe @] #EHNS (23
A A)). °I S FHAGA oA thFo g 2dE 99
231829l linA7} A& LH°ﬂ ojml WAjsk= 54 @43
Bl 3] osy —‘:6115171 A% FHE PN fEy

& 770l Utk T2 37 o)} AN AR A

AolA 2P FPOE BEolF RS 8 lnaw
W) Ago] AAAUS NFAE 44T & Uk 2O
olee BAES Q] A% ATYBHA F7} Apel
Qo) oleie AERE AAT 5 Ao 4GBk

5 R
o aTE BEay sok] AARAE f12a] S5k -
BHCE ®hafloZ o)fatd 7140 stste mAdE
(Sphingomonas paucimobilis)o| X 218 9123 E4A F -
BHC 39 3gtAe] #Aoshs linAf-d 2k @afo] E98t
o BHCo] &4& Jehlis FZ48 AEAE vsith
LinA §AA8 &3 pIKI08 BEIZ A 28k, Agrobacterium
Z 0]8-3} leaf disk transformation HHE 0 2 thllo] &2 g

A7 0 ™, northerniA] 2 Southern 418 Y3 A4 7)
AN linASARE] £ IinAf27 F29) mRNAn A
ArgE gelalglth Western B0 4] linAgtwl o] wH&S
sel o HAAH

FaEE Ae &

grols}$] 1, gas chromatography & ©]-8
A4 BHC7} v-PCCHS} 1,2,4-TCBR *

olslah

AAF - B AF= di7bEgoigir el ot x[gel gs) 4
3351‘23\%‘45}.
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