Kor. J. Appl. Microbiol. Biotechnol.
Vol. 25, No. 2, 137-143 (1997)

CHEFZLHOIAM WeEl =iX] TGF-p1o| 22| X

=] O 1 = 2

2t Xtodntstosl Ao nts)
2

AFRIR|2EZ A

Exprssion of Immunologically Detectable Epitope Having Porcine Transforming Growth Factor-
B1 (TGF-B1) in Escherichia coli. Eun Young Choi, Pyung Hyun Kim and Woo-Hyeon Byeon*.
Division of Biological Sclence, Kangweon National University, Chuncheon 200-701, Korea - Por-
cine transforming growth factor-Bl1 (TGF-B1) was expressed in Escherichia coli using cDNA of TGF-$1
and glutathione S-transferase (GST) fusion vector pGEX-1AT. An Apol-Tth111l fragment of cDNA
which correspond to the amino acid residues from 123 to 390 of the precursor TGF-B1 was inserted
into EcoRI-Tth1111 digested pGEM-IAT and the recombined plasmid was named pGET-12. Gene products
from the cloned regions of the recombinant plasmids pGET-12 was not detected in soluble fraction of
cell free extract but detected in insoluble fraction. The solubilization of insoluble gene product was
achieved by the treatment of N-laurylsarcosine. Molecular weight of partially purified proteins determined
by electrophoresis was same as expected from cloned fragment. The ELISA test results of the purified
proteins showed that immunologically detectable epitope was preserved in recombinant protein.
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Table 1. Plasmids

Plasmids Relevant properties Source

pTGFB33 Amp’ S. I Kim (NIH, USA)
pGEX-1AT Amp’ Pharmasia Co.
pGET-12 Amp’ this study

Berg ¢cDNA Z24 vectord! pCDV1Wel
+= MEF plasmidel pTGFP33E HAA
USA)R FE| 715 wyrolr] 28313t

24l vector+= Pharmacia Biotech®Z FE| -1)8h
glutathione S-transferase % %A  expression
vectorql pGEX-1ATE AR&3tel oo A 2£3 plasmid2]
Az ALRE ST Escherichia coli HB10101%]
o vl Pittsburg thehe] G. Cooper X2 FE] FoF
gE& 715 ARg-8sith(Table 1).

Aejsle] 9]

gkAL(NIH,

Hists4A U Al

A& AREE AgF 45 2 T4-DNA ligases
New England Bio Lab. <l +3te] Ap8-3sieia
DNA<} chalzle] Baj ) Ao AL8-% Atz HAE
Al lysozyme, RNase, isoprophyl-B-D-thiogalactoside
(IPTG), & DNases-2 Sigma Chemical Co.oll A, A3
o] wjekE $gk viA) A A EE2 Difco Labell A, &3
glutathione % glutathione agarose bead+ Sigma Chemi-
cal Co.ollA Zh2k F-qisle] A1-&-3}gic). ELISAe] A-8-5l
standard TGF-B1-& mature porcine TGF-B1224] =]
=+ R&D System (Minneapolis, MN)ol|4 313} A}
fatol o] TGF-Ble] ™& monoclonal antibody+
Dr. J. R. Dasch (Collagen Corporation, Palo Alto, CA,
USA) = ¥ 7|5atol ARE-38hgic).

SDS-Polyacrylamide gel M7|¥9& % Coomassie
blueSjAY

SDS-Polyacrylamide linear slab gel<> Hoefer Sci.
Instrument®] Mighty Small Gel Kit3 ¢]-&3}od 12%
32 15%E "HEe] 10-15 mAR A AT} 7] F
o] Tt gele Coomassie blue %34 £ (Coomassie
brillient blue 0.1%, methanol 45%, acetic acid 10%) <]
A 1-4A1ZF “29F g 3 28N (methanole 10%,
acetic acid 10%) 2.2 &3} gel AFR7| 2 7AZA|Z T}

Glutathione S-transferase (GST) 28CiuiE| o] YIS
3! A

ANZ2E plasmid2 FAAF A7 E colis oF 1847}
wiekdt ¥ ampicillin(100 pg/me] EFH LBujx] <
1:102.2 3)Adsle] 1A]7F E)F 37Cel A whekst o2
IPTGE #FFX% 0.5 mMe| =5 #Hrlste] 4417k &

AR S skt e feE AlEE 84
mM NaHPO,, 1.9 mM NaH,PO, pH 7.4, 150 mM
NaCl#=%=2] phosphate buffered saline(PBS) §-jo &
T AH g F RS Azaax g 187 Al Al
EE 33313 15,000 rpmell4 1027F LAV Be]3le] A}
Zl-g- ¢ded}. o 7)ol 5xSDS sample buffer (60 mM
Tris-HCI, pH 6.8, 25% glvcerol, 2% SDS, 14.4 mM
2-mercaptoethanol, 0.1% bromophenol blue)= 3}
5va-2F #l ¥ 12% SDS-polyacrylamide gel’dellA A
7193 58fo] whaal o] vhed o] K-8 gislsict

7HA R AS Befshr] i ikl o &
gl AlRe & F AR TAE 5= A3
STE(10 mM Tris-HCI, pH 8.0, 150 mM NaCl, 1 mM
EDTA)Z A=3dc) Lysozyme(100 pg/mi)e] =3¢
STE®l =} gt dE-ellA] 1557 wkAgt £ DTT(5
mM)#} N-laurylsarcosine(1.5%)-& A 2l3s}at 3ol 4]
Zw3 Zfisted xS FFstgnt. 4TelA 15,0600
rpmEE 587 YA Ee]sted 2 ApSdell Triton
X-100(2-4%)3} washed swollen glutathione agarose
head suspension(50% v/v in PBS)-& #7}3F 3 47Tol
] 158-7F WA &F vh& 15,000 rpm -2 15%7F {4 &
2313} Bead® U525 A3l PBSE 6-8% 4] #3}o
] SolH o2 A3 whllzls AAZ = UdF= 15%
SDS polyacrylamide geld7]°%3-5-& 3l Y Al= 10
mM 3% glutathione®] *&% buffer(75 mM Hepes,
pH7.4, 150 mM NaC(l, 10 mM reduced glutathione, 5
mM DTT, 0.1% Triton X-100)% $-Zstdc}. 3+t
w2l g debslr] #8lA thrombing 0.2%(w/w)$X 2
z]2]8}1 reaction buffer(50 mM Tris, pH8.0, 150
mM NaCl 2.5 mM CaCl)E #H7sked 25Tel4 30-
607 2 e]3hei.

X

Inclusion body?| +E3}
E. coli WA pGET-122 % uk5o)x] 28-4]3 9
chi 2l o] 7}8-3}= Marston?] HPH(13)ll whsic},

Sandwich ELISA
AL 2] 28 vl 252 sandwich ELISA vHH o 2
7238l ch, ELISA plateoll 50 p/2] 443 monoclonal

gro. 24 coatingdtsitt. 200 w/2) PBST(0.01 M PBS-
0.05% Tween 20)E A3 F gelatin blocking §H 2
2 A7 Fsk 37 ¢4 AR E3 blocking 314
o}, X5 oAy Ajg oS 0.5% bovine serum
albuming E3FEF PBSTEH 22 31 %F F platect] &
o} 37l A wljefslar oo 50 p/e] HAH chicken anti-
TGF-B1 A2 pg/mE- v & o} 37TCelA 1217 #




gk & 200 ui®) PBST £H2og AMAssict. 50 w2
A efarF o] (horse radish) peroxidase (HRPO)-con-
jugated goat anti-chicken IgG FA(1 pg/m/ in 0.5%
BSA-PRST)E o3l 37Cel4 1A13F FF A&t
ABTS(2,2"-azino-bis(3-ethylbenzthiazolin-6-sulfonic
acid) 714 S48 ds] 187 Ao v F
Flow Microscan ELISA 7|7| & 405 nm Il A F-3
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oF 2.2 kh Z7]9] TGF-B1 ¢DNAE Okayama®} Berg
2] ¢DNA cloning vector?] pCDV1(16)°f cloning 3}°]
g3& 52khe pTGFR33E 2 A7IMd #4 A}
TGF-B12] 390709] otulite 2 Al A4 TGF-
Bl{precursor TGF-B1)%] open reading framec] E3%}
o geler ol AA 77 exong WEhgh Mgl
o4, 11).

pTGFB33H 2 cloning® TGF-B1 ¢cDNAF-¢¢} 3%

1 Met Fro Pro Ser Gly Leu Arg Leu Leu Pra Leu Leu Leu Pro Leu Leu Trp Loy Leu Val 28

1 ATG CLE CCT TG GGG CTG CGC CTC TYG CCG CTG £156 CTG CCG £1G £16 766 76 CTA CTG &0
21 Leu The Pro Giy Arg Pro Ala Ala Giy Leu Ser Thr Cys iys Thr Ite Asp Met Gtu Leu 40
§1 TG ACG CCT GGC CGG CCG GCC GOC GGA CTG TCC ACC TGE AAG ACC ATC GAC ATG GAG CTG 120
41 Val Lys Arg Lys Arg [le Gtu Ala |ie Arg Gly Gl [le Ley Ser Lys Leu Aryg Leu Ala 60
121 GTG AAG TGG AAG CGC ATD GAG GOC ATY CGC GGC CAG ATT CTG TCC AAG CIT L6G CTC GLC 'BG
61 Saor Pro Pro Ser Gln Gly Asp Val Pro Pro Gly Pro Leu Pro Giu Ala Val Lau Ala Leu 3G
181 AGC CCC CCG AGC CAG OGG GAL GTG CCG €CC GGC $C6 CTG CCT GAG GCC GTA €3G &CT cTY 2448
81 Tyr Asn Ser Thr Arg Asp Arg Val Ala Gly Gtu Ser Va! fifu Pra Gly Pro Giy Pro Glu 100
241 TAC AAC AGT ACC CGC GAC GGG GTA GO GGG GAA AGT GTC GAA CCG GAG CCL GAG (CA GAG 300
101 Als Asp Tyr Tyr Ala Lys Giu Val Thr Arg Vail Leu Met Val Glu Ser Gly Asn Gin lle 124
01 GCG GAC TAC TAC GCC AAG GAG GTC ACC CGC GTG CTA ATG GTG GAA AGC GGC AAC CAA AT LI
(21 Tyr Asp Lys Phe Lys Gly Thr Pro His Ser Leu Tyr Met Lew Phe Asn Thr Ser Glu Leu ‘40
361 TAT GAT AAMA TTC AAG GGC ACC CCC CAC AGE TTA TAT ATG CTG TTU AAC ACG TOG GAG CTC 420

Apcl

141 Arg Glu Ala Val Pro Glu Pro Val Leu Leu Ser Arg Ala Glu Leu Arg Leu Leu Arg Loy 168
421 ©GG GAA GCS GTG CCG GAA CCT GTA TTG £TC TCT CGG GCA GAB CTG OGC CTG C3G AGG €76 480
161 Lys Leu Lys Val Glu Gin His Val Glu Leu Tyr Gin Lys Tyr Ser Asn Asp Ser Trp Arg 180
431 AAG TTA AAA GTG GAG CAG CAC GTG GAG CTA TAL CAG AAA TAD AGC AAT GAT TCC T&G CGC 540
181 Tyr L8y Ser Asn Arg Ley Leu Ala Pro Ser Asp Ser Pro Giu Trp Leu Ser Phe Asp Val 200
541 TAC CTC AGC AAC CGG CTG CTG GCC CCC AGT GAC TCA CCG GAG TGG CTG TCC TTT GAT GTC 00
201 Tnr Giy ¥al Val Arg Gin Trp Leu Thr Arg Arg Glu Ata [le Giu GlY Eha Arg lLeu Ser 220

§01 ACC GGA GTT GTG CGG CAG TGG CTG ACC CGC AGA GAG GCT ATA GAG GaT T7T CGC CTC AGT 860

221 Ala Mis Cys Ser Cys Asp Ser Lys Asp Asn Thr Leu His Val Glu 1le Asn Giy Phe Asn 240
651 GOC CAC 16T TCC TGT GAC AGC AAA GAT AAC ACA CTC CAC GG GAA ATT AAC GGG YTC aAT 720

24} %er Gly Arg Arg Giy Asp Leu Aja Thr tle His Gly Met Asn Arg Pro Phe Ley Leu Lbu 260
721 TCY GGG CGC CAG GET GAC CTG GCC ACC ATY CAC 4GC ATG AAC CGG CLe TTC €76 CTC £7C 780

261 Mer Ala Thr Pra Leu Giu Arg Ala Gln His Leu His Ser Ser Arg Hig Arg Arg Ala Leu 280
781 ATG GCC ACC GGG CTG GAG AGG GCC CAS LAC CTG CAC AGC TEC CGG CAC CGC CGA GEC £76G 840

281 Asp Thr Asn Tyr Cvs Phe Ser Ser Thr Giu Lys Asn Cys Cys Vaml Arg Gip Ley Tyr (12 aon
841 GAT ACC AAC TAC TGC TTC AGC TCC ACS GAG AAG AAC TGC TGC GTG CGG CAG CTC TAC ATT acn

81 Asp Phe Arg Lys Asp Ley Gly Trp Lys Trp tle Mis Glu Pro Lys Gly Tyr His Ala Asn 320
ae1 GAE TIC (66 AAG GAC CTG GOC TGG AAG TGS ATT CAT GAA TCC AAG GGC TAC CAY GCC AAT 560
321 Prp Cys Leu Giy Pro Cys Pro Tyr tle Trp Ser Leu Asp Tar Gin Tyr Ser Lys Vail _Leu 340

851  TTC TGC CTG GGG CLC TGT CCC TAC ATC YGG AGC CTA GAC ACT CAG TAC AGC AAG GTC CTG 1028

341 Ala Lew Tyr Asn Gin His Asr Pro Gly Ala Ser Ala Ala Pro Cvs Cvs Val Pro Gin Ala 360
{021 GCT CTG TAC AAC CAG CAC AAC CCG GGC GCG TCG GCG GCG £46 TLC TGC GTG CLG CAG &G 1089

36t Ley Glu Pro Leu Pro (e Val Tyr Tyr Wal Gly Arg Lys Pro Lys Val Glu Gln Ley Ser 383
1081 016 GAG CCA CIG CCC ATC GIG TAC TAL GYG GGC CGU AAG CCC AAG GTG GAG CAG £Ta TCC 1140

381 Asn Met ile Val Arg Ser Cys Lys Cys Jer =+ 340
1141 AAC ATG ATC GTG CGT TCC TGC AAG TGC AGL TGA GGCCCCGCCCOSCCCACAGLCCCGCCCACCCGGCA (208

1208 GGLCCGGCCCCACCCCCGECCACCTCACCGRGRE TETATYTAAGGACATC BTGUCCCAAGCCCACTTGGGATCGAT TAA 1287

TGF-P1 ¢BNA vactor {pCOVI)
1288 AGGTGEA CTGGGTCTCCGTAT 1316
Teht1id

Fig. 1. Base sequence of porcine TGF-1 and deduced amino
acid sequence.

Nucleotides and amino acids are numbered from the beginning
of those of the precursor TGF1 (Kondaiah et al., 1988}. Amino
acid sequence of the mature TGFB3-1 (from 279 to 390 residue
of the precursor TGFB-1) is underlined. Two restriction enzyme
recognition sites (Apol and Tth111I) used for cloning in E. coli
ate also underlined.
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thol] 32 % vector #HE 38k < 3.1 kb 39
714]d-& #A13}0] mature TGF-B1 F-2fell alAl %9
7F Sl ATEA Apol 5 1858 Aot A AR
= AAIBFR] 2etE). ol & A EAS &3 AT-4
A71A G & 1 vector® AHEE pGEX-1AT9 cloning
site?] ¢} v]ste] cloningel W& 7l%-3 2 ligation
3] ol A open reading frameell frameshift7} Zzal =] #]

g Zlog A% Apdd Tiklllls AA®, & A0S
A AH S cloningdtdth(Fig. 1, 2, 3). pGEX-1AT+=

q promotor®} GSTE codingst ¢lir o] whufale
bt 2 ololl F 2y 242} thrombinel 2lA o] Axl
= 47t dlemg AE=PYDNAE el &3 oY
Ao ubFoidl A9 5] AA 7] folstch(19, 20).
Mature TGF-B1ell a=3t= 123-390% ofv|i=Ake]
FEEEE Apola}t Tthllllo® A2 1.4 kb Z7] A9

nZg

19

! { precursor TGF-B1 (ii708bp)

b—— mature TGF-PB!{336bp)
pTGFR33 t o
vector TGF-B1 cDNA (2. 2kh} vector (pCOYI1)
Res. Enz, ; Apo! Trh1!li Apol
L 3
SCAE_E { i H d i — 1 1 1 1 !
{x300bp) {3, 2kt)

Fig. 2. Restriction enzyme recognition sites in 3.2 kb TGF-$1
¢DNA in plasmid pTGFf33 (5.2 kb) which containing pre-
cursor and mature TGF-f1

Eighteen restriction enzymes which have no recognition sites inside
the nucleotide sequence of the mature TGF-B1 were screened
for cloning TGF-B1 (data are not shown). Among these, Apol

and Trh1111 were chosen for easy cloning into pGEX-1AT ex-
pression vector.

EcoRl Th111] Apol Smal

Tthilll

pGEXILT Apol pTGFp33

(5.2Kb)

(4.9Kb)

L/

Apol, Tihl111]

EcoR1, Tthllll l
digestion

digestion

ligation

EcoRlfApol
Smel

Tthilll

bla

la

Fig. 3. Construction of pGET-12.

Apobk-Tth1111 fragment from pTGFP33 was ligated with EcoRI
and Tth1111 digested pGEX-1AT.

pBR322
ori
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Fig. 4. Soluble protein within cell extract.

[Lane 1, soluble proteins from £. coli HB101; lane 2, from E.
coli HB 101 with IPTG induction; lane 3, from pGEX-1AT
harboring cell; lane 4, from pGEX-1AT harboring cell with
IPTG induction; lane 5, from pGET-12 harboring cell; lane 6,
from pGET-12 harboring cell with IPTG induction. M, molec-
ular weight marker.

& agarose gel H7|dFo g2 Hglsle] pGEX-1ATE
EcoRIZ} Tthlllle = 22 F-9ie AZAIF e} oL
E coli HB101ol| 324 3ks}be] ampicilline] #3+H¢ LB nj

lollA] SAAHFAE doPd o3 DNA minipreparation
& 6}04 agarose gelitellA] DNAZZ7]7} 4.9 kbell A 6. 3
kb2 718t 718 ADE3E F ol A H-27} vectorel=
23R ¢k insertell<= single site® £xi3l= Smalﬂ
vectorell+- two site, insertol+= single sitex &l s
Bgille 2 Axtsted insert’} vectortlell ¥FE orientation
o2 FRYEUSAE ZlstFnt. Smal *2A] @
7heE-al=l oL Bgll#l Al 2.64 kb, 2.3 kb4l 2.64 kb,
2.06 kb, 1.65 kb& 7}5-Fall 5= 2| E3} plasmid pGET
-12& AFdeh(Fig. 2, 3).

GSTZECHIES) ¢dl 3 FA

$HEAl  plasmid pGEX-1AT#} x{x3 plasmidel
pGET-12(123-390)F E. coli HB101o| E£3i3}e] A&
HANIA = IPTG Wy frxsle] gabAl g i
AR AXE £E 7 28 LY YAL ALE
5}"4 | 2 5?"—%%-@“ A7 o] & Al EEste] B2 A=
< SDS-polyacrylamide gel 17193538}k ch. 1 A3

L

“ — 55.6

1 Btd"""‘"

Fig. 5. Expression and purification of the GST fusion protein.
Purified fusion protein using ghutathoine agarose bead; lane 1,
from IPTG induced pGET-12 harboring cell; lane 2, from pGET-
12 harboring cell without induction; lane 3, from IPTG induced

pGEX-1AT harboring cell; lane 4, from pGEX-1AT harboring
cell without induction. M, molecular weight marker.
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Fig. 6. Thrombin digestion of fusion protein,

Lane 1, GST protein from pGEX-IAT; lane 2, fusion protein
from pGET-12 without thrombin digestion; lane 3, thrombin-
digested tusion protein from pGET-12. Solubilized fusion protein
added to glutathione-agarose bead for specific binding. Beads
are collected and washed and then fusion protein eluted from
beads using SDS-elution buffer. Fluted fusion protem was digested
with thrombin and applied for electrophoresis. M, molecular
weight marker.

pGEX-1ATol A= el Heo] vhef whgd st 7o) &qls]
wH B3l pGET-12¢M = ¢t e] wao] Has
%] ¢ofr}. o]o] N-laurylsarcosined ©]-8-5e] E-4-4]
Abel o] Al S 831 Al ubE-& st (T,
8). N-laurylsarcosine o2 <83} A7) GST-&34A
¥} glutathione agarose beadS 410l ZgHA|7] 2 Bl 50|
Mo 2 A3t A PBSE A& ste] Al A AT o
alo] Eolz o2 73Hgt beadE SDS sample buffer



ELISA tor TGF-B1 expressed by
Transformed E. coli

SO - -
- 40—- {,{/
20
a 10 -
| .
N/ f
pGEX-INT pGET-12

Fig. 7. Immunodetection of recombinant TGF-B1 protein
from pGET-12 expressed in E. coli.

acrylamide gel 17|35 23 §-3dizle] AEwgdm
ol & F= o] UiA el|A] B8] AR )
&2 2vgkch(Fig. 4). GSTH® AL 26 kDa 9] A ¢l 4]
glutathione agarose head= A A|¥ 3L 56 kd
Aol WA [PTCE L FEA)7]|X] 9L 7 %9
w wA o] R =] okskh(Fig, 5). S3tubulal
o] beadell ¥=¥ Abelell A thrombing &g 3(6,
20) SDS-polyacrylamide gel® 2}l 3+ Az} §-alchsy
HolEal=o] 26 kDa #2¢ll4] GSTwH=Ae], 29,6 kd
HAloll A= TGF-P1(123-3900}m]=4k)e] 42k Ra)x)
o] viepgde] A2E ¢ cHFig. 6).
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A2 AH o2 2] AYARE whal S ELISA wlon
AES AlE3sck 2o o2 o]E o)A Uofa] ut
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A QiR et} o]3 22 TGF-Bl cDNAE Fz 43l
w A3 TGF-p1o] Za|slel= 2209} Hujgloz
AL AEL AARHE A=, Qojxl AL vector
ol Absislsivt. A EoilA] AF3 vlA 8 TGF-B1 el
ATE HlAe= TGF-B1E EZ anti-TGF-P1 34
ohF .2 H g3}, a)AE ellat AJakEl TGF-B1 -4
A AR o R HE fdld EeNE s 5L TGF-RIEAIL
ZEl QA ee] HEe] A¥S Ea) W) e
anti-TGF-B1 A7} o] 5 Ze|dlgjc s oAlgre A
Fholl A dgsl viep 2o} webd AFOo T HE] £4
A A 4 e olE EFHE=5S anti-TGF-B1
A A 1R Rl g A9 o] Sl gl Ao
= AzZbE 3 gl TGF-B1 ELISA9NA] AF2-3} standard
TGF-B1& R&D Systemol4 413 matire porcine
TGF-Blolslct. & Aol 5% 23 TGF-B1e
=3 g2 o oAl Aojgks Al4ksla] okelr) o
ol ELISAe ARS-5 ghallell tHyl Abi Al epitope
A7) 4 4= gl e Fig. 72 k=] standard curveol
o 713}e] $aE okS FAskedc)
o] F-E insuline|v} A}t A2} 52 2. y-interferon,
IgG 3 22 A2 Fhe] il o FE3
22 YA ZEZRE cigko g Az} st 77} wlo)
AlEsle] gheb(13, 21). iyt Al Well4] el =
AT AL AFEEY A4S BEE inclusion bodyE
FAdste] Ml ol S35 B84l Abej s =
of RbAQld|(1, 7,13, 14, 20) & A5 2o 4
71 =)

PGEX-1AT vectorE A48+ 7 ¢ GSTwh o] 2a)
e el B3t pTGFR332) Apol-Tthl11]l A
-

= E5493l] E coli HB1O1W ol A] 2H&d A]33-2 uf ol
I S A F 0 Ry $3tchulalo] wiy
2] @shrt. o] MRYDNA(PGET-12)= Bl &=
AEl E coli BL21(DE3)® Z+& ZA3E nolon
Staphylococcusrel ] plasmide] pE1949} o}A] A 2§Hs}
o E. coli- Bacillus shuttle plasmid& ®FS- & B subtilis
BD170Woll 4 & A& 7ol 84 B ool
UL Ao} HPH R =] okgtrh(data not shown). pGET

prd

&4 A9l N-laurylsarcosine-S 2232 o o)l ]3]
&3k o] £4ol B9 FHolxlgr).
PGEX system+> carriers?A 2 GSTE 7}x) 1z glo.m
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