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ABSTRACT Methylmercury, an organic derivative, is the principal form of mercury that biomagnifies and
causes neurodegenerative symptoms in animals. In recent years, living modified organism (LMO) resulting
from biotechnology has played a highly visible and controversial role. Despite the potential benefits of this
technology, public concerns have been raised about the environmental risk of LMO. The concern on the risk
from LMO release has urged efforts to evaluate and manage the risks of the LMO. To build up the capacity
building of risk assessment method for LMO used environmental remediation, we engineered Solanum
nigrum L, expressing the modified bacterial gene, merB, encoding organomercurial lyase. Two independently
isolated transgenic lines produced merB RNA. Transgenic Solanum nigrum leaf discs expressing merB gene
showed organic mercury resistance, forming shoots well on growth medium containing 0.5 uM methylmercury
() chloride and 1 pM phenylmercuric acetate while control plants breached. Transgenic merB seeds
germinated and grew on growth medium containing 2 uM methylmercury (Il) chloride and phenylmercuric
acetate. The merB transgenic plants will be used for risk assessment of natural environment.
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2003). =Ado] A3t frle2 AAAAE oA organomercurial
lyase (merB)oll 2Jaf H]LA /o] okek f7je2 o2 e
H, ojafdt R4S (Hg')e 400l 2 §azkel
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2 (Hg)Fe)2 W@ect (Bizily et al. 1999).

F 2ol = QI LAY Yol A3 & BER
sk, ge)-sjsta ) Al 122 olgslel 348 3
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Organomercurial lyase FEXE ZQUT
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o] UV crosslink (1200 x w/em’)E 28} AA|3}1 ©] membrane
S DIG easy hybridization solution (Roche, Germany) 2. = 6
8°ColA 1A1Zt A% pre-hybridization & T PCR Dig
Labeling Mix (Roche)e} A|-g-5 A2k of] o} Tk probe
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< YA hygromyein (Sigma)o] 7} wrohlA] (1/2MS, 50
mg/L hygromycin)o] X]Astsich 10 SoF ok (25+1°C,
16 hr day/8 hr dark) 3+ = Wo}x]o] AYAbal= YA A4
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shi 7o) &aHolata 1 n v U,
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Az7}F A &ek=]7] A&t (Fig. 1A, B). Ajl&shs Al
ERE & FAsk=tli= 1/2MS2} sucrose S 1%E @
3 W27k ETEolSiet (Fig. 10). W28 ZolEe Aoz
Eol A4 #3AZ & 2419 & ZEZ o|43la oF 3714
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Figure 1. Development stages of transformed merB Solanum nigrum. A: Leaf explants; B: Callus and shoot induction on selection
medium; C: Root establishment; D: Bearing fruits; E; Harvested seeds
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U ¥ $42 298190} (Fig. 1D, B)

S27 424 9 B0 WsjEo] DAEHE F=9
A7E ZEE AHES Al A] (MS, sucrose 3%, 40 mg/L
hygromycin, 500 mg/L carbenicillin, 0.1 mg/L NAA, 1 mg/L

ol AR A AEAE A7 =99 3
AHSA L 1708 BekS 4 QUi & 6 9 ’51
S =9 9 93-S 391517] 9J5te] PCR analysisE

lOP@E} T A Y2 % ;‘5% merB {74} WA=
A

obE 4= §iglaL 571 ¥4 =
22} E}_\Ho} = % 3t 5}0%} (Fig. 2).
E3 merB 47372 mRNA $:20]4 9] W g El5})

= =3
H”}W northern blot & —g— é.m g 2w, FAH F

=
%iq’ (th 3). ‘ ANE E} 2 3T merBi, merB4
A ATRE A etk

HAME 70IS(Solanum nigrum)el £2 M3 AY

PCR 2417} northern blot —i%* & Foto] FHRE A EA
of Py F o R AT WA merBl, merBd T 2ol g
LB o3t EA S EQ ojlolE merB f-4
AL o] sial dAR o AFYE vEtiEA] 2

0.5uM

control |
merB1

merB4 z

s}7] st MS AYE3}F wiA] (MS, sucrose 3%, 0.1 mg/L
NAA, 1 mg/L BA)9| §7|4& AAQl MMCS} PMAE 0.5,
1, 2,5 10,20, 40, 60 uM =22 X85} merBI, merB4
ool 7pokE o AH HEAE gl LAY A=
& YolHoith 2 AR merBl, merB4 BRI F1 2 uM 7}
A MMCofl A3} Hojr] §l 240 2RE HE3p7t o
ot ¥HH iR ¢ 0.5 uM MMCoM = ¢ ZHHo
S0z WolE|o] IABHATE (Fig 4).

« 403bp merB

Figure 2. PCR analysis. M: Marker; C: Non-transformed control
plant; 1-5: Transgenic plants

Figure 3. Northern blot analysis. (A): Lane 1 and 4, production
of merB RNAs in transgenic plants; (B): EtBr staining of total
RNA (30 ug) was used as a control for equal RNA loading.

Figure 4, Transgenic plants containing the merB gene were resistant to methylmercury (i) chloride (CH;HgCl). Leaf disc from
merBi and merB4 line regenerated and grew on growth medium containing 0.5, 1 and 2 M methylmercury (1) chioride. Control
died on medium with 0.5 uM methylmercury (iI) chloride.
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EZHPMAE AT HjAoM = iR A S5E (0.5 uM)
ofH3E] o] Azl wh, HARE A% A% Ay
10 uM7HA] 284S Yeblil=d| (Fig. 5), 4rabidopsisol
A2 BT F90|E us ATE Yepin
B 37} it (Bizily et al. 1999).

merB

AMe 7SSl SXgdnt REA 22lH] ZA}

Zﬁx}g] o otAA HA
= GRAA}
Ely merB1, merB4 AlEAE
2494 349 F% A4S A7E B4 34 BRS T
o Wl atiet. 1 75?} $hA] 93l Loljepet 1] e &
T WERF A7 Yoy AxF
A 1007H9] A= dz27t7h ozt FARE ol 71 H
U A2 EoHAGl WE Aol = 4

S A Z.}ﬂfq 3 Ae o

4 oto] 9413) 2ol A7 HE 59 Solge g

ATt (Table 1). Schuh & (1993)& th].,] HARZA 2 A

7 Wl Zol7t 2 Lehb e Mnsigom,
OuM 0.5uM

control |

1uM

A HYE Tl ARlE merB HHATE SR

WEHLE SHLEAS HA7] stel W9
2o 275} Ak 7R} Belulg 2Astelck 4404
Bl A AP olgsgT FRHBA G

A1) hygromycin A&Hg FHAL} merB FARNE T AR
stelonz FAXBE 7k merBo] G0l whe) Ay
A A= 3 oA "o 32438 ks Exle
hygromycin 50 mg/L 5=} A7}g Folufz|o) A AgAdL
gol 2 Aehs FAe AR Rt akshe e
FA4% 7 wEel YA 258 20049 TEAS

hygromycm 50 mg/L F=7} A7}E 22} Holujof xjAks}
09 o] AR FH4E YEf 23] 42 A

OW &2 H|E AME3t Zak= Table 29F 7t
MerB] —'—2}4 31 28] AAL 7|gigko] 147.8 : 49.30]
AL, 7holAlE ZH 282 (P=0.0001)E 7lolAlFe] A3
RS AT % FoE 3.84 (P=0.05)K T} £& 7}
= Yebol B4 f-ab7E Qlole) vhd 15:1 Bejy) A
2uM 10uM

5uM

Figure S. Transgenic plants containing the merB gene were resistant to PMA. Leaf disc from merB1 and merB4 line regenerated
and grew on growth medium containing 0.5, 1, 2, 5, 10 M PMA. Control died on medium with 1 pM PMA.

Table 1 The characterization of the first generation's seeds of transgenic Solanum nigrum

Fresh weight

Lines No. of fruits/inflorescence No. of seeds/fruits

{mg/100 seeds)
Control 7.0£0.9 =+ 39.4110.8 77.811.3
merB1 8.0t1.4 47.148.2 73.331.0
merB4 6.920.8 46.3t7.5 73.220.9

* MzSE
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Table 2 Segregation pattern of transformant on the medium containing hygromycin

Observed

Lines R s Expected Expected segregation X%-value P-value
Hyg". Hyg®. ratio

control 198
184.7:12.3 15:1 1.9 0.1677

merB1 180 17
147.8:49.3 31 28.2 0.0001
184.7:12.3 15:1 98.3 0.0001

merB4 151 46
147.8:48.3 31 0.3 0.5928
AL 7|thgko] 1847 : 1230|913 FhoAFe] SAH £ mer8 control

A2 ART Aike % fU5ReIA BRI gl
Q3. whebH merBl FAHe 1512 S Hel) o
S o 4= QUle. merBd FR 31 E] BAE 719
Zho] 147.8:49.30]90 31 FFo| AT ZH2 03202 5% F+F
G S 7| 0] YA BE merbd = 31
2 3 2 ekt o} T Bk A4S 5
Sl merd 7 o] T ABE S ol

ST 1A 7HEs SR a2 HEYY

merB1, merB4 T TQle] A 14| FARe] A
A sty st} F7i4-2 AHAD MMCeF PMA7E
2 uM e FA oliAo] AR A3t FAHEAE
gops Bl 41?4“1 ARttt ot $ e

£ XA X3t 2 ‘ﬁEM AFSteiTt (Fig. 6).
o} 79‘4 merB - W?} FAAL 1A= A
FAHo #& AE dehlle 7 e 3RS 2l

{merBl, merB4)& AlFsI9ich &% ol& F 9l Toid
A2 B8t merB F97% FAo] IAHH AFE BEstL
FAAL ol H7E A dAE Ad7ed B, FH
BAloke] 452E 24 5 ORI B3GR A
ot B8 Aolth

ek
o
o

¥ 2

A A 2
7&°ﬂ7ﬂ 3

F22 A4S Eol Yol
Ho|akgof o3t YETH Hof fste] A= ¢
3 F4& vehdiA Hd H2 S 752
£ = GHAHBARAE ol8dle S5 542
AAAY Agstele d77F @Es oF ¢
Huh FARHE G = ZPWEH?%MF 3= SE A
£ Brhst] S AST F EHl FEsort Fk

3
JP

(U

Figure 6. Growth of transgenic plant on PMA (A) and MMC
(B). Transgenic merB seeds (Left) germinated and grew on
growth media containing 2 yM PMA (A) and MMC (B).
Comtrol seeds (Right) do not grow on these concentrations of
PMA (A) and MMC (B).

HAEE FAAHGEEA Y &

atof o] g-8k7] gt FAKR AE
Zof §714-2 (organic mercury)S F7142
o7 HBAAN =4S AH7FA7)E= organomercurial lyase
(merB) $-ARE molstol FAME Ao f472F =) |
urgo] 8ol 2749 FA XS a2l (merBl, merB4)S 57

=1 s

B B ed
=A| ks ffste] 7hat

2 (ionic mercury)

FL2AA 2l MMC 0.5 uM, PMA 1 puMolA A3HA0-S veh]
ot Eah %a@ﬂ Lo} L% 2 UM MMCS} PMAS] A
P Yehl 28 SISt B oS YRABYS

o]-g3to} &7 oxéﬁ% FARHEAEA ) SE N Bt
PR gt 8 T Aotk

758 (2008) &

APAFAEY AT R ANEF: In: ol st
WA, BT
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