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Abstract. To increase the anti-carcinogens phenylethylisothiocyanate (PEITC), myrosinase (MYR), and
glutathione S-transferase (GST), genes related to PEITC pathway were isolated and the gene expressions were
regulated by Agrobacterium transformation. Isolated cDNAs, MYR, and GST genes were 1,647 bp and 624
bp, respectively, and the protein expression was confirmed through pET system. Thereafter, we constructed
a sense-oriented over-expressing myrosinase (pBMY) and RNA: down-regulated GST (pJJGST) binary vectors
for the Chinese cabbage transformation. After the transformation, thirteen over-expressing transgenic Chinese
cabbage plants (IMS) with pPBMY and five down-regulated ones (IGA) with pJJGST were selected by PCR
analysis. Selected Ty transgenic plants were generated to T; plants by self-pollination. Based on the Southern
blot analysis on these T, transgenic plants, 1-4 copies of T-DNA were transferred to Chinese cabbage genome.
Thereafter, RNA expression level of myrosinase gene or GST gene was analyzed through real-time RT PCR
of IMS, IGA, and non-transgenic inbred lines. In case of IMS lines, myrosinase gene was increased 1.03-4.25
fold and, in IGA lines, GST gene was decreased by 26.42-42.22 fold compared to non-transgenic ones,
respectively. Analysis of PEITC concentrations using GC-MS it showed that some IMS lines and some IGA
lines increased concentrations of PEITC up to 4.86 fold and up to 3.89 fold respectively compared to wild
type. Finally in this study IMS 1, 3, 5, 12, and 15 and IGA 1, 2, and 4 were selected as developed transgenic
lines with increasing quantities of anti-carcinogen PEITC.
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Fig. 1. Biosynthesis pathway of phenethyl isothiocyanate and related genes.

9] 22} tiAMAHE S YE2l phenylethylisothiocyanate(PEITC)
= ITCY 3t £3 2 glucosinolate”} myrosinase(MYR)o]|
ofsf ksl HHAl AGEH o5A13d(Zhang et al.,
2006)1} I a1E Hol= E& ot} Glucosinolate”} MYR
aaof o F7HE2Q] algyconeS FAJstal, algycone
epithiospecifier protein(ESP)-3-Z2}12} epithiospecifier modifier
(ESM)- A A}ef| 98] AFR A S = nitriles¥} thiocyanate =
E35)| = 7L} isothiocyanate = F-3]j I Halkier and Gershenzon,
2006; Lambrix et al., 2001; Zhang et al., 2006). 3+H 34
H ITCx= u|EFZE=golof Z2)3}+= glutathione S-transferase
(GST)of 9J3f| Zulj=]o] S-(N-pheylethio-carbamoyl)-glutathione
o= M3 THEKlind et al., 1990)(Fig. 1).

ITC+= ufj5=0l| 4] PEITC, benzyl-isothiocyanate 2! 3-phenyl-
propyl-isothiocyanates-2] Je|2 ZA3l1 1 % PEITC=
o) HYE oSHe FATAZN LA, UL AE
ARG, ek Y 0 AE Fofl B} 9 go] mars)
Ith(Doerr-O'Rourke et al., 1991; Lai et al., 2010; Lam et
al., 2009; Stoner et al., 1991; Tseng et al., 2004; Xu et al.,
2006; Yu et al., 1996).
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Table 1. Primer sequences for isolation of glutathione S-transferase (GST) and myrosinase (MYR) genes.

Primer name

Sequence

GST Sense primer
Antisense primer

MYR GeneRacer™ &'

Antisense primer

primer

5'-CCT TCA CAT TCA ACA TTA ATT AAA C-3'
5-GTA CTG AGA AAT TGG GCA ATG A-3'

5'- CGA CTG GAG CAC GAG GAC ACT GA -3
5- TTT TTC ATT AGT AAC TGA TCA TCT TT- 3'
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/% primeri= Table 1] A|A|5}SIct 5’RACE HH-E ©o]§
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A4 AAIEEIH. A8 913 genomic DNA 2]+ Cho
et al.(1994)9] Wiio] whet 4=343st¢ict PCR HH3-2 IMS
FAALA A 9I%E ppt ZoH(F: 5°-GGT CTG
CAC CAT CGT CAA CC-3’, R: 5°-TCA AAT CTC GGT
GAC GGG CA-3")9} IGA FAHSHA AdS $I3t hpt =
gto]H(F: 5-TTT CCA CTA TGC GCG AGT AC-3', R:
5-TGT CGA GAA GTT TCT GAT CGA -3)& Apg3}o] 2=
35191 0™ Southern E43-2 IMSS} IGA ]| A] E-2]E genomic
DNA 10pge AlgtaA HindllIE #2]s}o] 37°ColA] 18A17F &
t HESAIZ] 5 McCouch et al.(1988)2] Ritiof| we} =385}3it).

Real—time RT PCRZ &8t SZTMEtH(Q| FTA}t USHEM
FAAGAZ A H IMSF IGAY] TiAl 7RAA &
AL Wy A& ool 7] 93f real-time RT PCRE: 9]
sto] A 24L 3l9dth Realtime RT PCRS Z12}o
A8 ol A] RNeasy” Kit(QIAGEN, Germany)E 0]4-3}0]
total RNAS H2]5}%.2 1, SensiMix One-Step Kit(Quantace)
oA Agahe Hhel) wet Rotor-Gene™ 6000(Corbett, Australia)
& olgslo] PCR ¥H-S Sasioitt. 7 $AAE Sol4e
2 9lA5l= real-time RT PCRE primerZ+= IMS+=
MYREF: 5'- GTT GCA TCT GCT TAC CA -3, MYRR: 5'-
TGT AGC CAG TAG CAT TGA GT -3'1} IGA+= GSTF:
5'- GGC AGG TAT CAA AGT TTT CG- 3', GSTR: 5'-
TTG ATT CGA AGA GCT TGA GG -39} Zrom, gz &
AL 2= housekeeping ARSI acting: ©]-§-5F0] H|WL £4

s,

o

PEITC 2% &3

IMS®} IGA©]| 41 9] PEITC & wild type] o] T
H|ate] 2A3}7] 8 GC-MS B4S 585ttt A
AMEE A R2E £7]) 7|25 3emE A|A st 125
Sem AFH7EA] AH B FHE AR AR A A A o}
A3t = 19 ZA5}o] SmLe] B4 30T 2087 3%
3 3mL9| 84S 2mL 2] dichloromethane® 2% HHljgt
& AT %Z3F 3 GC-MS(VF-5MS, Varian, USA)& &
Ao PEITC EFARE AME3to] Ak
A& Y| PEITC Aol AH&-stoict. AAIgh
X 2712 Table 29 AAlE}FGITE

roax SLoro

Zn ¥ o
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Table 1] A AJQ 2 #-22}9] primer sequence=2 AR
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Table 2. GC/MS analysis conditions for phenylethylisothiocyanate
(PEITC) concentration measurement.

Conditions
Injector temp. 280C
Interspace temp. 290C
Oven temp. 80C (1 min) — 20C/min — 280°C (5 min)
Column DB-1 (30 m x 0.25 x 0.25)
Detector 1.5 kV
Quantitative ions 91, 163 M/Z

3to] RT-PCRI} S’RACE ¥ o s Haojg 9AZE 74|
e FAFES 2L o™ 1% agarose gelof] &
71GEa AL Fig. 2A0] AN Belg 7 A%
o M Z=s Ao R FAFE7HA] 9] cDNAZL7]7} GST
FHAAHED]SEHT; A|10-074461235, GenBank accession
No. AY567976)= 642bpo]™ MYR S A ESSEHS;
A|054493 5, GenBank accession No. AY567974)2] ¢cDNA
+ 1647bpo] itk 2}2He) §-24449] 947] A E-& NCBI BLAST
search Z2 1L 0| 8&35}lo] A=AL v w3t A1t GSTY
A% Brassica juncea®} 98%2] AEAS HH o MYRE
Brassica napus2} 98%92] A5AE Rk E3 FHAAE
9] 7| ES ofu|eAt LR HASH A7} GST= 2147,
MYRE 5497119 opm|ieito g A E o] glom 7+ fd At
of opm|ieAt M ES Figs. 2D} 2Fof AAISHEIT

MYR F4A= B. napus®} A. thaliana©l X 37019 +4A¢
7} family 2 FAEo] 9= A2 g5 % 1 (Lenman et al.,
1993; Thangstad et al., 1993; Xue et al., 1995; Zhang et
al,, 2002) 37}9] MYR AA5 stte] 2= 7]50]
9 99 A (pseucogene)o|H 7|5E 74A SARE 12
7h9] exon} 117]9] intron & 2 LA E o] @Itk (Thangstad et
al., 1993; Zhang et al., 2002). MYR+= E& X204 o]
Hieo] S Wol3L 27|02 2ule} 1 2ol
ch2 7 bR ghBones, 1990) A4sHEA £27ke) 2
Ho) Aol Ao] Wolx| =k GST HAAE: fRse
AEAo EAshE FAREA Axd Yol gafE o] =4
5} (Edwards et al., 2000; Marrs,1996) -2 © & GSH2}H
AgslE active site?} SAAEY 59 gER A=
substrate binding site7} £ASFCH Atmstrong, 1997; Sheehan
et al, 2001). H11%] ulo] oJabwl GST QAL ofy 12
o] ZA 5t AlEA o= XA O phi, zeta, tau, theta,
lambda®] 5 1Fo] EA5t=t] ©]F phi¢} tau TLFo] A&
SolAor ZARIth uiF=oflA 223t GST+= phi 150l &
o ofgtu]FA| A0 A phi 1E2] GSTs+= herbicide-
detoxifying@4d2 7} tau 15 2] GSTs+= auxin-induced
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Fig. 2. Characteristics of isolated glutathione S-transferase (GST) and myrosinase (MYR) genes in Chinese cabbage. (A) RT-PCR
products of GST and MYR genes. M; 100 bp DNA ladder, Lane 1: GST-800 bp, 2: MYR-1796 bp. (B) Protein expression analysis
of GST gene in E.coli by western blot using His Ab (1:5000). (C) Protein expression analysis of MYR gene in E.coli by western
blot using His Ab (1:5000). (D) Amino acid sequences of GST protein and analysis of protein domain using NCBI Conserved
Domains search program. Gray background is GST-N-phi subfamily domain and black is GST-C family superfamily domain.
(E) Amino acid sequences of MYR protein and analysis of protein domain using NCBI Conserved Domains search program.
Gray background is glycol-hydro-1 superfamily domain. The stop codon is marked as *.
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el Al ofEZE gl ey MYRO| 745 chillZo] &8
Koz araElo] WA 27104 NiNTA affinity 23 2
2 Al
222y 25 24 FAAE9 domaing NCBIojA
A &3}= conserved domains search L2 1#-& E3}o] B
A3t A3K(Figs. 2D and 2F) GST7d A= phiAl$9 #74
Az Felledel anE Hole IFd &a Atk
GST C familyS} N family’= 2 Zoq So]5 o2 Zajst=
29l phi #A29] subfamily™ C familyo]= GSH binding
site7} ZA5}H N family+ substrate binding site7} &2}t
th ol= wrgol, Alte Ay Az o] wekraEd,
342 545S glutathione(GSH)of| Ag3sto] AlZZY 9
=AY 7] o3-S 517]% ahH(Dixon et al., 1998) PEITCE
28 GSHef| AEs}e] PEITC-SH complex”} Al 32 tha
2191 multidrug resistance protein(MMRP) channel-2 E3f| Hj
=5H Al2d Woll GSH7}F 7raxshH A PEITC7} @Heb4h-g-
7} A = protein receptoro]] AeS|al signalS Agslo] o
Alzzo] g op7|she 9EE d17]% gtH(Thornalley,
2002). MYR -7 A}= Glycosyl hydrolase family 1(GH1)
o] ZA5l= Ao 2 BEAEE=g glycoside hydrolase:= o}

Uat MEe Bl o2 270 T 270 o9 HeokE A

ox 2 Hr

i3

S-S Eofste 9eS Stoh(Henrissat, 1991; Henrissat
and Davies, 1997). o8] AHYE B TN E3H
oA EEL GH family 18 7HA|1 9o A& o2 G-O-X
E= GSXTZRE 7HAAL Qith G B-linked glucosyl, galactosyl,
mannosyl, fucosyl, 6-phosphoglucosyl, 6-phosphogalactosyl,
E = glucuronide residue’} t)E40]11, X+= t}E glycosyl
residue += non-carbohydrate “15(¢]|, aglycone)©] t £ %]
o]th(Barrett et al., 1995; Burmeister et al., 1997; Czjzek
et al., 2000). w2}4 myrosinase A R7} ZA5h= A&
< 7Y F40] 7hiAS Uy sz fE weiE AN
<2 o] glycosyl hydrolase 7|52 T glucosinolateE £3
oh= 3teh4] Rhgo] AdE= Aor FAHITH

Sha

b A gEdg S AT MYR 0=
glucosinolate 2] 235 FHA7]7] fI5te] IAAH = 2H
3o} AR aglycone o ol AT 5 U=S 9]
t}. MYR &4} S /A HE 920 NeolS Avtelal 3°%2
FE= FZo| BamHI AGHE A siteS AF5te] pCAMBIA3301

019} glycosidicZ2gro|ut oF 7119 ©h<rol=3 Hgh3E o)
BamH|
A
LB [ Bar K355 f35s > MRY H GUS { RB
B Ascl Avrl Sp({ Sacl
LB H HPT Il K 35S[H Adhlintron GST—S> e -<GST—A H ocs3 H RB

Fig. 3. T-DNA constructs and procedures for Agrobacterium-mediated Chinese cabbage transformation. (A) Over-expression vector
(pBMY) of myrosinase gene for Agrobacterium—mediated Chinese cabbage transformation. (B) RNA/ vector (pJJGST) of glutathione
S-transferase gene for Agrobacterium—mediated Chinese cabbage transformation. (C) Chinese cabbage transformation. a, sowing
onto medium in vitro; b, co-cultivation of hypocotyl explants; c, callus induction onto selection medium; d, shoot induction onto
selection medium; e, root induction in rooting medium; f, acclimation in pots; g, flowering and self-pollination in greenhouse;

h, obtaining of To seeds.
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L RNA/ ¥E}2 A=5tsch RNAL #g] A|2ba Eakael
down regulation2 ¢4 E& FH2}F9] conserved domain
A 7Rt 2 YAt avpdo s AR W ®E
FAAL copyE AT 4= Stk HEAQ] o2 B(Oryza
sativa, Miki et al., 2005), 7}}(Solanum americanum, Sin
et al., 2006) 2 F(Glycine max, Tuteja et al., 2009) S-of| A
R} A9E blockingdlo] -4 Al (gene family)
AAE 2dste] 54 it A=5 2ds8k3ich GST RNA;
HE] JA] 11491 down regulationS 93 GST2) conserved
domain #412 3}o] GSTY F8 7|52 GSHE} A3}st=
$ %9} substrate binding pocket& =407 3}= FHEo| L
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Fig. 4. Southern hybridization and real-time RT PCR analysis of T4 transgenic Chinese cabbage plants. (A) Southern hybridization
of DNA from over-expressed T, transgenic Chinese cabbage plants (IMS) with pBMY vector. (B) Southern hybridization of DNA
from down-regulated T, transgenic Chinese cabbage plants (IGA) with pJJGST vector. Genomic DNA was digested with HindlIl,
and probed with a [*?P]-labeled 500bp of bar gene and 1.1 kb of hpt gene from pBMY and pJJGST plasmid DNA, respectively.
M: N\ Hind 1ll marker, N: non-transgenic plant, lane 1-13 (A) and lane 1-4 (B): transgenic plants. (C) The quantified analysis
of mRNA accumulation of IMS. (D) The quantified analysis of mRNA accumulation of IGA. Quantified analysis was conducted
by real-time RT PCR using delta-delta Cr values method. The vertical T-bars indicate standard deviation.
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Table 3. Phenylethylisothiocyanate (PEITC) concentrations of
transgenic IMS and IGA lines.

Line 1D* PEITC conc. (ug-g'1 FW) Rate of increase
1B 0.183 1.00
IMS 1 0.890 4.86
IMS 2 0.319 1.74
IMS 3 0.786 4.29
IMS 5 0.428 2.33
IMS 6 0.249 1.36
IMS 7 0.355 1.94
IMS 9 0.365 1.99
IMS 10 0.314 1.72
IMS 11 0.298 1.63
IMS 12 0.484 2.64
IMS 13 0.347 1.90
IMS 14 0.277 1.51
IMS 15 0.614 3.35
IGA 1 0.713 3.89
IGA 2 0.414 2.26
IGA 4 0.468 2.56
IGA 5 0.227 1.24

?IB: inbred line, IMS: over-expressed transgenic Chinese cabbage
plants with pBMY vector, IGA: down-regulated transgenic
Chinese cabbage plants with pJJGST vector.
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