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A Set of High Expression Plasmids for Recombinant Human Epidermal Growth Factor Secreted
by pelB Signal Sequence in E. coli. Se-Cheol Park, Jung-Hyun Nam, Jeong-Keun Kim, Tae-Jong Kwon',
In-Young Ko and Kwang-Hyun You*. Laboratory of Biotechnology, Yuhan Research Center, Yuhan Corporation,
Kunpo-si 435-030, Korea, 'Department of Microbial Engineering, Kon Kuk University, Seou/ 133-701. Ko-
rea — We have designed nucleotide sequences of hEGF structural gene to eliminate the N-terminal methionine
residue incorporated during the translation initiation step, and constructed recombinant human epidermal
growth factor (rhEGF) secretion plasmids pYHB101, and pYHB2 in which pe/B signal sequence-hEGF gene
was expressed under the control of the T7, and tac promoter, respectively. We also constructed pYHB1 vector
which contains rhEGF gene controlled by T7 promoter. The transformant with pYHB101 showed relatively
slow growth pattern compared to the transformant with pYHB1. However, we observed that the transformant
with pYHB101 secreted rhEGF of 13 mg/l significantly after 5 hr induction with 1 mM IPTG and that the
T7 promoter was more effective than tac promoter when connected to pelB signal sequence. The amount
of rhEGF was 14 mg/! under the sub-optimized condition.
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Table 1. Bacterial Strains and plasmids

b

bbbt bt S, ottt - e —
rm

Strains and plasmids

Relevant genotypes or phenotypes

Reference and source

Strains |
E. coli BL21(DE3) F ompT hsdSy(rs-mp-) gal dem(DE3) Novagene Co.
" BL21(DE3), pLysS F~ ompT hsdSy(rg-mg-) gal dem(DE3) pLysS(cam®) ”
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el al. (1985)
" X1.1-Blue supbdd hsdR17 recAl endAl gyrA46 thi relAl Stratagene Co.
ac” LF~ proA"B* laclZAMI5:: Tul0(tet®)]
Plasmids
pUC18-EGF Plasmid containing hEGF gene, Ap' British Biotec. Co.
pET22b Expression vector containing T7 promoter, Novagene Co.
Ap’, pelB signal sequence
pFLAGwATS Expression vector containing fac promoter, Ap' Eastman Co.
pYHB1 Recombinant plasmid expressing hEGF gene by This study
T7 promoter, Ap'
pYHB101 Recombinant plasmid containing pelB signal sequence Y
expressing hEGF gene by T7 promoter, Ap*
pYHB2 Recombinant plasmid expressing hEGF gene by fac "

promoter, Ap’

(Bacto tryptone, 10 g/l 5 Bacto yeast extract, 5g/l s
NaCl, 5g/l, pH7.0)& A}8-3lgls, 324 alx) o] AL
NS 15%2 Hr)sle] algsbalo)

oo kol AL&3F T4 DNA ligase®} #)8t& 4, Calf-

.

intestine alkaline phosphatase, RNase %2 Promega
Abel| A A-qiste] ARGt Al@E A, ligation,
FHA3 AHr|de T4 7] Sambrook F(11)2
B & ARREl o, HEg-2 718 A R3] AFL-F
S ughet She-8-Hej| AL2-gE x| eka) A4, IPTG
o Sigma Al A kel o, | F23F olAl EGF&=
Boehringer Mannheim A}jof| #4] “tql3le] A}-&-3}¢dc}).
Agarose gel 25| DNA®] F2] % A+ Biol0l A
Geneclean II kit®} Promega A}2] Wizard Minipreps
DNA purification system-g- A}-&3}gich

DNAS| =& 9 #IME

2 % plasmid®] F2l= ampicillin 50 ug/mio] &
5 LB v A]ol| A4 ufekgt 3 Sambrook =-2] alkaline
lysis vhHell upe} FE3lq] oy, E coli2] HAA3IL
Sambrook (11)e] wl o w}%h:} d%’ﬂ% 329
Al 2 ampicillin 50 pg/mie} #3351 LB agar #j

Aol A R Fab wiekdte] R e Hdslsr

Oligonucleotides2] #HAd
B A&l Al4-% oligonucleotides®] 3+4 = 7‘5‘*11
= S-S AbellA Al e, ol 3] ¢dr)Ad

Fig. 1ol A2} 7tch Bglla} Msel wetb-s Zlx 2 391%
34 mer®} 31 mergl wtd 7F=H2] oligonucleotides & %
o F-o2 T3 Fof 90T A 557 7hdste] A
Alzick eal A xs] Ab7bA] AE]9 A annealing

spoiek

rhEGF 2] E}al

WZ2F =258 rhEGFe] 3 & galsr] ¢
&}od amplcxlhn 5(} ug/mlG] 234 LB Hﬂ 2o HHE
HLslkodch 2e]al Agwo] 0.7~1¢ ==td o IPTG
(isopropyl-B-thiogalactopyranoside) & ¥ %7} 1 mM
o] HEE 7}slo] AdAAIZE AetaloFslgiv). wf oFol-&
10,000 X gol| A} 1637 *Al2ejsle] FAE 353l
Ao dA 2 Fu|E rhEGFE A A elgle] &4
o &8-3lsict 3= FA= TE buffer(10 mM Tris,
1mM EDTA, pH80)Z #g3t o} Z23 Hi7]
(model 300, Fisher Ah & 607} b8} kil 21 )-8
A = 7 AHE 10,000 X goll A 2057 A1 Re]ste] A
NI AHES Ee]ste] Ao perlplasm region
o] EZ3}E soluble E-3lo g AHES HQ Al nclu-
sion bodyZA AEW 9]zl A}%é‘}ﬁt}. SDS
PAGEE #J3le] Z+ A185%5 30 WX 3ste] 2X sample
buffer(0.125 M Tris-HCl(pH 6.2) ; 4% SDS ; 20% gly-
cerol : 10% 2-mercaptoethanol)el] #HErgk T 15%9]
SDS polyacrylamide gelel| 4] 30 mA=E A 7|35 519}
H7)edEe] Ext Fol gel-& Coomassie blue €344




?;;é%—ﬁ

pUCT1B-EGF
Y omes Bp

Synthetic Oligonucifeolides

\;
.;,lde 3 {AGT ACCGAGTEGECCGTAAG TLTCAGCGACAACE | 5
EGQ 5. | TAGLTCAGCHGECATICAGAGTCGLTSTTEG | 3 Mscel

g

(5421 hp
leagment’s

1 — > Ligation g

§3E2
o, i
¥ z
PYHETOY
_ {5,873 bo)

pYHEB2
(5,578 hp

Fig. 1. Construction scheme for the rhEGF expression plas-
mids pYHB1, pYHB101, and pYHB2.
Abbreviations: N, Ndel: E, EcoRI: B, Bgll, M, Mscl.
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Fig. 2. Structure of rhEGF expression vector, pYHBI,
pYHBI101, and pYHB2.
Abbreviations; B, Bgll; M, Mscl; N, Ndel; E, EcoRI; pelB,

pelB signal sequence

E. colioll X &3AQ & vectordd pET22be} pF-
LAG-ATSel 4 rhEGF #3A& #&d 3 FH]4]7]7]
2]ale] Fig 10lx{e} #e] hEGF #F3xE E&sta
9]+ pUC18-EGF(2,866 bp)= H-E] 180 bp Ndel-EcoRI
A o] hEGF A28 2eldlgo). 18|22 T7 promo-
ter2 72l U= pET22bE 34 Altan= e}
shar kA Felxl hEGF f-AaHE 4 shed promoter
r}8-of] #2}7)A] codongl methioninee] 2. %= pYHBI1
(5,595 bp)& A =3k 28 co}g rhEGF7} inclusion
body 24 A EWe FA=+= 21& £o]3 periplasm
oju} wlR]gte & Enr]A|F|7] 23} pectate lyase?]
Hpjol #odsh= pelB signal sequence(16)5 AH8-3191
t}. Fig. 16419} 7to] Bgll-EcoR1S.Z A3l pYHBI
o2 XE| 170bpel hEGF 37 d¥& F3tx
Bgll-Mscl #2155 zZv= & §4% linker(34 bp)et Mscl-
EcoRIe. & #E pET22b¢} ligations 83t L
A3t Fig 1942} 72re] A2" pYHB101(5,673 bp)=-
3} A% linker& AF2-3}o] pelB signal sequenceel] o}
2u} g2 hEGF §AAE dAstg]er 2 APl Al(tran-
slation initiation) ©FA ol A AFl =+ Ngre] methio-
ninec] A|AEe] Helge]l hEGFe} wdshd iy
T& aqkEdct. §HH, T7 promoter?] W AA| 2] H]
ToAF2 A fac promoterel] 2]+ rhEGFe] 4dE& =
AFsk7] 918ted pYHB101ol 4] pelB signal sequence?}
hEGF §##}7} #£3% 210 bpe) H#H-& F3l2 pF-
LAG-ATS®] tac promoter ¥ell 4hsiste] pYHB2&
Az 3ot Fig 20) A+= =3t plasmidsEo| 7HA] AL
Wi - A ALY BAXE veb 2 Qloh

rhEGFS| W& W MHIZH $x|

T7 promoterel] 2J5led & x]v signal sequences
2balalz] ok pYHB1S E. coli BL21(DE3)%} BL21
(DE3, pLysS)ell &3 #%tsbed | 23k o5l 4] rhEGF
] wra-e zabsled S u), Fig 3o} 7ol +
ol A R Aspol 5 ol4te] =gl pLysSell4 2
= T7 lysozymeol] 23} lysis &3}7} A& 7o
Faxlgder] o] Neubauer %o &%) pLysS& %

O

—r




5SS6  HLYE S

14
(i |- ¥ Grnwth A
:- A Sup o« FPed 112
: B Sap. Y
r,,j S Pel :.': ‘--7
o~ r-z- ‘ 10 ]
2 5 o
o 0 o]}
T - 8
S : 9 :" E
+) o -1 6
= z 7 O
O 0 “
o, B , =
& v =
- -
| q 2
A
s , 0
. '3 1 5 1§
Time(hours)
- ; |
6| . B
: v 1 &
A 4
5 5
=S| = e
- & v ™~
w 4 ; af
S o
e T R
33 5 L
< o v RS
c
= = =
Q= A f
-
&
1 ; 2
M A
v :
- U A.. we T
0 T wr‘wmﬁ—nmm m ' O

() I .lﬂ 3 | 4 0 5
Time(hours)

Fig. 3. Cellular localization of rhEGF produced by E. coli
BL21(DE3) (A) and (DE3, pLysS) (B) carrying pYHBI.
Activities of rhEGF were assayved by Radioimmunoassay
(RIA) 1n both the culture medium and the soluble (super-
natant) fraction of the sonicated cells after induction with
1 mM IPTG at 37C, at the times indicated. The activities
in the remaining fraction 1s considered as the cytoplasmic
activity (pellets), and the activities 1n supernatant, pellets,
and medium fraction were combined, and considered as
the total activity.
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Fig. 4. SDS-Polyacrylamide gel electrophoresis of the cellu-
lar proteins from cells carrying pYHBI10L.

As a control, cells were also grown in the absence of IPTG
at 37C. In all cases, samples applied to the gel are equiva-
lent to 35 W cultures. Abbreviations: s, supernatant; p, pel-
lets; ¢, control; m, medium; sp, supernatant plus pellets.
(A) Lane 1, standard rhEGF (2 ug); 2~6, pYHB101 super-
natant; 7~11, pYHB101 pellets; 12~14, pYHB101 plysS
supernatant; 15~17, pYHB101 pLysS pellets; 18, BL21 (DE
3) control, supernatant; 19, BLZ21 (DE3) control pellets.
(B) Lane A, standard rhEGF (2 pg); B~F, pYHB101 me-
dium; G~K, pYHB101 plysS medium; L~0, pYHB101 su-
pernatant plus pellets; P~T, pYHB101 plvsS supernant plus
pellets.
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Fig. 5. Cellular localization of rhEGF produced by E. coli BL21 (DE3, pLysS) (A) and (DE3) (B) carrying pYHBI0L.

Activities of rhEGF were assayed by Radioimmunoassay (RIA) in both the culture medium and the scluble (supernatant)
fraction of the sonicated cells after induction with 1 mM IPTG at 37C, at the times indicated. The activities in the remaining
fraction is considered as the cytoplasmic activity (pellets), and the activities in supernatant, pellets, and medium fraction

were combined, and considered as the total activity.

Table 2. Secretion of rhEGF by E. coli carrying pYHB1, pYHB101, and pYHB2

Plasmids Host strains Marker Promoter Signal Secreted *Secreted
sequence rhEGF (mg/l) ratio (%)
pYHB1 BL21 (DE3) Ap’ T7 No 0.1 8.3
BL21 (DE3, pLysS) Ap'Cm* 4 " 0.1 9.1
pYHB101 BL.21 (DE3) Ap’ 4 pelB 9.6 72.1
BL21 (DE3, pLysS) ApCm’ : : 13 93.9
pYHB2 JM105 - Ap' tac ‘ 2.7 45.2
XL1-Blue ApTeS d ” 2.7 39.2
Novablue Ap’ " " 2.1 16.0

*Secreted ratio (%)=Secreted rhEGF (mg/l)/Total rthEGF (mg/l) X100
Activities of secreted rhEGF were assayed by Radicimmunoassay (RIA) in the culture medium after 4 hours of with 1

mM IPTG at 37C.
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Fig. 6. Cellular localization of rhEGF produced by E. coli JM105 (A), XL1-Blue (B), and Novablue (C) carrying pYHB2.
Activities of rhEGF were assayed by Radioimmunoassay (RIA) in both the culture medium and the soluble (supernatant)
fraction of the sonicated cells after induction with 1 mM IPTG at 37C, at the times indicated. The activities in the remaining
fraction i1s considered as the cytoplasmic activity (pellets), and the activities in supernatant, pellets, and medium fraction

were combined, and considered as the total activity.
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