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ABSTRACT : Expression vector (pGEX-Tu) for the coat protein (CP) gene of turnip mosaic
virus Ca strain (TuMV-Ca) was constructed by incoxporation of TuMV CP. gene inte pGEX-
KG vector which had B-galactosidase gene and IPTG (isopropylthio-§-D-galactoside) induction
site. The results of ELISA and western hybridization indicated that optimal condition of the
expression were when IPTG induction was carried out on YTA medium with ampicillin in 2
hours after the E. coli seed inoculation (Agys=0.1/ml). TuMV CP.gene was expressed with GST
(Glutathion S-Transferase) gene fusion system, and the size of fusion protein was estimated to
be 59 kDa, for TuMV CP was 33 kDa and GST was 26 kDa.

Key words: coat protein (CP), GST (Glutathion S-Transferase), protein expression, turnip

mosaic virus (TuMYV).

S5 Bx}o] = wlo)) 2 (tumip mosaic virus, TuMV) -

+ potyviridaeol] 3] AA| 2] & 2] el AlA}st
B 2gal o, F Foll RS 2 HHE dos]
T AR 4HAl ulel£elrh3, 5,10). 53 71T
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54 4428 dgalA BEA7)E AFE ol
e AP SA g1l Ark1,4,12,15,16). of
£ A8 AL dE 34 $4AY /)15 g
571 Aztel RS Aol LRl o @
Mg pelalel 715-¢ alshr) fsted Ak
o}, 229) A$ B4 $AA9) 715E FAsh) Ha

*Corresponding author.

o} g hiAle) digl PG WEX o] F oS
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£ #<l3}e] o] TuMV-Ca(chinese cabbage) 5.2
2 993 h2, 11). TuMVE 4% el g
A3 9Jew 1 T 32~34 kDaolt}. o] ulo]
2127} §HAd 3k polyprotein F- vle|2) 28] gl &
HESof A 2, YAHE AR Barxe gl
t}(3, 6,7, 10). TuMV-Cat= 33 kDa2] &= lials]) o)
Zye] Hy" 26 kDao] IR S SR ik
(5, 13). GST(glutathion S-transferase) gene fusion sys-
temE WAFE. colije| A A& I3 A 7|2 2y
o A £33 5 9l wdelt). GST gene fu-
sion system-2- Schistosoma japonicum® 2 %€ 3-8}
= 26kDa® glutathion S-transferase®} IPTG
(isopropylthio-B-D-galactoside) 23 ¥-¢}& =)z 9}
7] wi-Eol IPTGS) &jsiA] £3] dufale] GSTe} 3
cha I ECl(15). £ A= vlolzae] ougt
WA {229} GST gene fusion system-2- o]-§-3}od 1t
HHe}E PR3 ¢ A B A =108 4
A7) 3l AR PTG Ayt A7k
TuMV ¢]3] shial o] ity A% & u|watgct

Mz % U

gloj2iA, cDNA AR, +3Hd vlo|2{~E sodium
dodecyl sulfate(SDS)/chloroform/proteinase K& # 2} 3}
o] genomic RNAE #2j3}d cDNA &8 F3Jo 2
AHE-3tgdct. cDNA 342 oligo dT primere} Su-
perScript reverse transcriptase system(Super-Script™
plasmid system, Gibco BRL)E o]-&3licl. §AJH
cDNA<= NotliSall 2.2 A€ pSPORTI<| T, DNA li-
gase2 ARIAIZ F dAFOM522)e] HAAF shg
2o ZFEL ampicillin(Amp, 100 pg/mi)o] AH7}=
LBul el A Ageigicl. g S8-2 alkalin lysis
Yo plasmidg 2ei3t ¥ AYES A9 27
5% ¥3) pTUCA 35 Z&¢] TuMVS| 9}sjciulal
FAAE A2 glgdeh

w@4E Hele] 3% ¥ YAETE pGEX-KGel
pTUCA 35& AFJA1AA TuMV 2] ajchula ul-gdwie}
(pGEX-Tu)E A)x}stsich(Fig. 1). pGEX-KG(GST fu-
sion protein expression vector)}:= IPTG t}gf 2y %3]
Q] lacZ gene3} thrombin 5912 X-siteE A3
slt}. TuMV3= polyproteing 34 3}7] w]F-of o=t
WAL NA ZEATGE AUz A derz,
TuMV ol f-xzlol| Neol adaptorg Z A7
¥ Ncol(C/CATGGYE Ahsle] 1oz 4] =
=& YA A 7132 pGEX-KGel| T, DNA ligase 2 A}-&-

e, o

TuMY CP gcn/

Nco I adaptor

N ¢
[
Nco KCATGG)
b. | } i |
GST TuMV CP

Thrombin

cloavage site
Fig. 1. Construction of TuMV CP expression vector
pGEX-Tu. a: vector construction scheme TuMV CP: tur-
nip mosaic virus coat protein, b: structure of fusion pro-
tein. GST: glutathion S-transferase.

stof ArIAI AT A2 T BN eHEOEX-Tuyt o
FF NMs2o) WAMBART, ALY A
ol Alae] A7He LB wiAl el Abakshelet.

TuMV jEjchElel s pGEX-Tug A3 gl
+ AF(NMS22)y8 5mi¢] YTA(trypton 15 g, yeast
extract 10 g, NaCl 5 g, pH 7.0) vl x]el] Ag=0.12] &
FTEE AFsct A A AAE] 9
gt} dAFE HF F 0,1, 2, 3, 4,5, 6 A|7F] i)
1 mi%} 1 mMe] IPTGE *7} A% & 37°C incubator
oAl 150 pme £x 2 F g HEFE 1047+
Aepul o} slod IPTG A7} Al7PH sl 99y o
< wlasigch A 2¥" gFe) Ay el
sjefel-S 1.5ml micro tubeol] P& E microcent-
rifuge 2. 15,000 pmellA 5E7F VAl ¥2] 3 A
< S$gsigict. 2y digddd 100 pie] 10% SDS
(sodium dodecyl sulfate}E HA7}A1Z] F 137k vor-
texingS AAE H= B4 1087 dA=Y F
LAY st AA defalo] FRH AFALE A
tube 2 £71 ¥ Ar|dF o A AY N85
o]- &3k th(14).

CHE MojdE. AZidsS 33 Alee 23
A falst 2X treatment buffer(0.125 M Tris-Cl
pH 6.8, 4% SDS, 20% glycerol and 10% B-mer-
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captoethanol}Z 1:19] vj&2 TP F 587 B:
2 olA DA ste] WA} AY)FEL 12% po-
lyacryamide SDS gel®} Tris glycine bufferg o]-£8-3}o3,
100 Vel 208 A7) 95F 150 VA 1417} A7l
% 3l "Ar1gFo] Bd gel& Coomassie bril-

liant blue R-25022 Mgk F =H429(100 ml me-

thanol, 70 mi glacial acetic acid/1 L) 2 €43} g}
23 Y=g PRt

HHNN 2Y. YAURY DAZNA TuMV 9)
HRuas) Y 498 AYE A5 A o)F
241 (agar gel double diffusion test), ELISA(enzyme-
linked immunosorbent assay)?} Western-blotting&- 41
Alstedet. TaMV AL #318 TuMV-CaE £7]
of Z8FARM 27 Atu Ry 23 3402 AR
Aol AP Aok FHAL Bejslod B AY
of o]-83tdch. HUA o]1FZAH-L phosphate buff-
er saling(PBS)Z. 0.8% agarose gel plated FH|3F &
TuMV &8 & Fogol |z dd dyde 399
wellell H7PAIZ] F 25°C gh27]elA 16417 b |t
SAA A7 49 /55 FUsigich ELISA:
96 well2] polystyrene plate(Green Cross, Korea)ol)
TuMV IgGZ 13} coating¥ wHald Wiz x| g8 A
713t 37°CollA) 1417 ¥R2Al7) thE 1% Tween-
200] < PBSZ 33 AFslglc}. 231 F¥AHL al-
kaline phosphatase® FX]¥l TuMV IgGE A}43}ed
37°CelA 1AZF vhgA1) F 2 Wi o2 33 A3
&g}, W AE-8-2- p-nitrophenyl phosphate 3 7}4 2
H7HIAA A2elA uHgAZl F EL340 ELISA
reader(Bio-Tek)2 405 nmoll4] FHE & 2A3}gc).
Western-blotting - whil4-2- 12% polyacrylamide SDS
gelollA] H7jd¥& AlA& 3 Transphor Electro-
phoresis Unit(Hoefer)E ©]-8-31d 65 Vella] 16417} &
3} nylon membraneo)] transferA]Zjc}. ghalo] transf-
er¥l nylon membrane& blocking solution(5% Skimic
milk, PBS)ell ©h& & 25°C 8-e7]ollA] THH30 rpm)
3o shilAe] Qi Wl FAHE vl E b, TuUMV
8 A& blocking solution© 2 1/10002] v] &2 3]4]
g -§-Aoll membraneS 2o 25°ColA] 147t Eab
WH30 rpm)sted 13} uh3-2 B ¥ PBSE 27t
584 33 AAslgdc}. 23} 8¥49l Alkaline phos-
phatase-conjugated  anti-rabbit. antibody(Boehringer
Mannheim}& blocking solution®. 2 1/50002} w)g=
B Mg Sdel 1417E Bt K30 pm)stsie). wkg
o} ¥:d¢ membrane-2 PBSZ 33] 2} 534 s}y
t} SAub-3-2 NBT 45ule} X-phosphate solution

(BCIP) 35 ul-& 10 ml9] detection buffer(0.1 M Tris-
CL 0.1 M NaCl, 50 mM MgCl, pH 9.5)o] #7}A7)
4ol membrane & ¥ 37°C 3274 1587 A
A XA AAslgch. Bl TYEE membraned EF
T2 A3l uhg-2 FX) A7} '

d I

WHYE & pGEX-KG e o] pTUCA 35%)
Al FA2E E2314A TuMVe] ¢ ujghag
dMeel pGEX-Tug 3% F ol7e uiAd
NM522¢ll =3JA1Zict. o] & tujiledo] 24l LB wj
Aol Al sty As ZE-E agarose gel A7]9E

Fig. 2. Agarose gel electrophoresis of pGEX-KG ex-
pression vector and constructed TuMV CP expression
(PGEX-Tu) vector. lane M: 1kb DNA size marker
(Gibco BRL), lane 1: pGEX-KG, lane 2: pGEX-Tu.
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(a)

® ® O
® ® O
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Fig. 3. Gel double diffusion test of expressed proteins with TuMV-Ca antiserum. a: The photograph of gel double dif-
fusion test, b: The illustration of fig. (a). Tu: TuMV-Ca antiserum, TI: TuMV CP induced by IPTG and Amp, An:
TuMYV CP induced by IPTG, In: TuMV CP induced by Amp, KG: pGEX-KG induced by IPTG and Amp, NM: E. coli
NM522 induced by IPTG and Amp, +: TuMV Ca virus particles, B: phosphate buffer saline.

$ 53X 2718 A ckFig. 2). o] FEL AT
A (Ncol/BamHI) x1Elo] &3} TuMV CP geneo] 4}
Ao 98¢ galslyich

HAEA HY, TuMV 28AE o] 43 A of
Z¥ibg oA pGEX-TuR AAHE 3 HNMS22)
of Y E chdAd-e TuMV B A ubg-s)e] A4
& wad. a2 pGEX-KGTHE AU dA-F3
pGEX-Tuz} ¢l diA-FNMS2R2)el = A7 L 3t
Y 4 ik =3 FAE 7FAdelA sporer} ¥
A =A] 8¢ Bol £315 TuMV ulojaise) o)ugh
A AP Do) FUF Ao FAHU}
PAAEY dAFY HFS$dE IPTGE Ao lskA o
< 7ot AR ArHATIA 4 A S
AL BAY 4 §ldcHFig. 3). ELISAE o]-&3%
AR AT pGEX-Tuz} $ie NM522¢} pGEX-KGwH
S 7}Al NM5229] A% PTG, AL o4}
A o] wieg FA15G AR TuMV AT
A wpgo] dohta] ekskeh. 18l pGEX-Tug A4
£ NM5226l A= 7 k-8 ¥odx] TuMV 9]
gehilAe] A= S-S ¥AY 5 Adsich A
P FAAZ PTG Ampd 25 o]8-3 7 --oll4]
71 73 uhe-& NQF Amputg AHSMAZ) He-w
o}= IPTGEHE AH7HAR Z--alA vt 523131 ofA
ulhe-e B oJch(Fig. 4). Western-blotting2] 2ol %,
ELISA®] 73-9-9} #-2181A) vrebdch(Fig. 5). NM522
Z2 pGEX-KGEZ 3yAAssl NM5229] 7-FoliAe
¥4 uhgol A=A UskAlwt, pGEX-Te A
sl NMS20i M B e il ofAd ub
poivd ey 53 g R oolel o Ajt =27]

Bl b2 chil Aol ofAd uh-S FAY 5 A
ow 7 F7)e 9 38kDa A EE TuMVel o}aigiu
Arcie o] =2A HBarEgdch

TuMV 2|Z|CielEl gisol M x4 IPTG 37}
Azrd 2 wdg TuMV gochiae] kg A3}
of B Ax oid HF 242 Fol IPTGE #H7tst
= Zio] 7 A=A ol (Fig. 6). o1& ELISAE
ol-gale] il Hr g Wyl iAo & HAHE
A3 94 43 2HE #al ¥ 4= UlekFig. 7).
a2 giAgela] B4 el da-g slga
= AmpE 74 AFEH FAl szt 247 Foll
IPTGE #7bshe Zio) 7P A2 AL B3+
%tk

Nl AN T1

Fig. 4. ELISA test absorbance for the coat protein of
TuMV. NM: E. coli NM522 induced by IPTG and Amp,
KG: pGEX-KG induced by IPTG and Amp, In: TuMV
CP induced by Amp, An: TuMV CP induced by IPTG,
TI: TuMV CP induced by IPTG and Amp.
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Total Protein

Western Blotting

Fig. 5. Total protein and Western blotting of coat protein extracted from host cells. Arrows indicate target proteins. M:
SDS-6 protein size marker (Sigma), lane 1,6: pGEX-Tu (IPTG and Amp), lane 2,7: pGEX-Tu (Amp), lane 3,8: pGEX-
KG (IPTG and Amp), lane 4,9: pGEX-Tu (IPTG), lane 5,10: E. coli NM522 (IPTG and IPTG).

g e

Fig. 6. SDS-PAGE profile of expressed proteins during
different times of IPTG induction. Gel was stained with
Commassi brilliant R-250 (Sigma). Arrows indicate tar-
get protein. M: SDS-6 protein size marker (Sigma). Lane
1: pGEX-Tu no IPTG induction, 2: IPTG induction after
0 hr, 3: IPTG induction after 1 hr, 4: IPTG induction aft-
er 2 hr, 5: IPTG induction after 3 hr, 6: IPTG induction
after 4 hr, 7. IPTG induction after 5 hr, 8: IPTG in-
duction after 6 hr.
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[=] o o (=] (=]
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Fig. 7. ELISA test absorbance for different times of the
IPTG induction time. NM522: E. coli NM522 strain. 0
hr: inoculation and induction were carried out same time,
1 hr: induction in 1 hr after inoculation, 2 hr: induction
in 2 hr after inoculation, 3 hr: induction in 3 br after ino-
culation, 4 hr: induction in 4 hr after inoculation, 5 hr:
induction in 5 hr after inoculation.

ol - AYE FalA gd50 9l 4,12, 15, 16).
ol 59 4Y AL dv-#9 A% 54 a9 A
& Hdaprl A Ak 22 & AYaMe
whil Ao ofe] wol ¥, YA o Hlolei2g
Sy S TN o2 AT H 3EA
< T3t Al AH83E7] A% A AR O
A& I3t 2 AN i 2] Y 2
AL LY HEE AT e HF(NM522)S Ags=
0.1%) Fx=2 YTAu=|(F=AZ 100 pg/ml)ell 423}
247k Felf IPTGE A7k Zelddet. ol digz
o] Fx=s} IPTGS g Alzke] LA™ VAL 928
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4A &t ol A AL Smithe} Johnson
(15)2] Az} FAksidch a2 288 IPTG A7}
AZteche 233 At S A Bl gl o F
g Fu AYsla B AYe] uhse 714 3jeolr}
QAsich. IPTGRHE Al 792} ohujAdukg Ae)
T 75 BA A e oA XolHe] A E |,
ol whif o] Hiy ofo] We]9] oy )= IPTG £
Foll e of 9YE S 4 5 Yok Tsung ¥
17l 23pd chide] 4y ke wE JRe 53
AL ol BAZ} gl on, 53] 3 e viellA
Y FAz7E ubEE oA HEE = g o] 59 0
dgo| 238 zasla sty RS wWE o
ASIAIZ Aol 71 B oFe) chulaloe] whd e}
3 Byl gch & Age] Ag clokst Al
& AR 47l d-Foll ool ik F42 o
A=t shde] fAxPEE o] 83l e n g U ool
A2 Fo13 Aol ojsle] g wherkn Azt
"ol & 2 Aigd duAdds Jske PTGE ¥
7hat 2764 fjEchildle] YAise] B3] HEF
22| 7kgtel] IPTGS] A7} Aol 713 of =) chal) gl o] whed
Fo] E9ich by AR ATl 24 gy
IR S P R d b ) i b P P o e - R |
of Zhclk AlgHch A ojF a2 o] 43 A
3 A7 PTG AZHAA At ujdedak-g s}
A7) 7352 AgolA] A uh-g B 4 el ui
o) ELISAd|A= ¥ ZAX% B2 e g4
L B 4 94l ol IPTG 3¢ oujAlginte 2=
=2 o] ghAjo] wieksie A o]Fatibyio
22E A 4= 94idd vk uk-go] w17k ELISA o
A A 7hsste] 2 ubg e Ak kAo &% A
72 Ao} Western-blotting] Zx} 53 whala
B} 2ke 57]9 gl Wi e aEgdc) o) iy
Aol dallal= F 712 7FsAe] otz FA= A
A7 SDS-PAGEE o] &3 vlolz]x o] uchial ¥4
oA vehte WAE vlo]a A ouchial g 335
HH3,5,6). 22 WA Hejo] chiliale] Ay
£ Zo] nlo]ajAg] bl R Hho) oF Aow
deiA glrl(3,6). 22 B Aol AR o
WAL ulolz| 2o} uhlA P FFHolr] W
vlolej~o] chilal & 40 EAiskA] ¢9k7] )
ol ool 9] PA=HE MY Jelz wolE IE
b B4 A3 SijAle] gl AR Alx A
Zkzt GST9} TuMV CP2 Eejsle] Rats 7log &
At ae ol oldf diF Mot glw FAAE
iAol 37171 olujdiial url & 38kDal® B

= 917) wlF-oll ool iZt 7FEAE HA dein ¥ 5
et viRiRte 2= A AL PAd s Gl
o Adol osia whillale] WHAHE sl
gt 22t o] Aol E o} 7A] o)2l’ @Akl o
g B w7} glelA] ok ZFsAd o] Hbelely & 5= 3}
At

2 o

E5-¢ Zajo] 2 nlel2] 2 Ca AE(TuMV-Ca)® 3]
s & ol 7 NM522 strainoll 4] uHgd A zic), 4t
e vlola] A ol ghUA o]F a4, ELISA
9} Western blotting-2- o]-§-3lo] ¥<lslglc}. of =iy
A kel e (pGEX-Tu)2] F3-& IPTG induction site
£ A= pGEX-KGell TuMV-Ca 2|3l 822t
£ Al A dAl 4y 24-L pGEX-Tu g
AU dAHES A Al 1 mid As=0.18] 528
AER} F 242 Holl IPTGE AF 558 1 mME
ZA s} induction A}7)3= 743430} AR 24 o
wge oy wele] 44 GST(Glutachion S-
transferase) A9 Zgky Je| 2 oF 59kDao] o
w2 o] 1 tHTuMV CP 33 kDa + GST 26 kDa)

ZA| a&

o] @3-+ 74 &3 ¢] Korea Research Foundation
Plant Molecular Biology & Biotechnical Research Center
o) SRCATH]ol ]34 A=A
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