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Efficient Use of Lactose for Production of the Soluble Recombinant Human Epidermal Growth
Factor in Escherichia coli. Park, Se-Cheol, Tae-Jong Kwen', In-Young Ko, and Kwang-Hyun
You*. Lab. of Biofechnology, Yuhan Research Center, Yuhan Corporation, Kunpo-si 435-030,
Korea, 'Department of Microbial Engineering, Kon Kuk University, Seoul 133-701, Korea — Recom-
binant human epidermal growth factor (thEGF) was produced by E. coli BL21 (DE3) harboring a
plasmid pYHB101. The production of thEGF was 44.5 mg/L. when the E. coli BL21 (pYHB101) was cul-
tured at 27C for 48 hr in the modified MBL medium containing 10 pg/L. glucose with 10 pM IPTG/lac-
tose induction at 2 hr after inoculation. It was shown that lactose is able to induce the rthEGF expression
of E. coli BL21 (pYHB101) with the same efficiency as IPTG. In the batch culture system, when in-
duced with 10 uM lactose, E. coli BL21 (pYHB101) produced maximum 45 mg/L of the thEGF at 28 hr
culture in the modified MBL medium containing 10 g/L. glucose. In the semi-fed batch culture system,
the volumetric yield was 160 mg/L. when the culture was added with 0.5% (w/v) lactose and 0.25% (wW/v)
yeast extract in the late logarithmic phase and 94.3% of thEGF was secreted as soluble form. However,
when the culture was added with them in the eatly logarithmic phase, the volumetric yield was 120 mg/L
and 20.9% of rhEGF was found in cytoplasmic insoluble aggregates. It was found that the addition time
of lactose was important for production of soluble thEGF from E. coli BL21 (pYHB101).
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FoZ acetate XS Fole whfe]l 2 gloH,
perfusion culture T+ dialysist} culture medium$
THAZ LR acetate FEF Y FF ol3tE 243}
At ®A2d2 2 glucose WAl glycerold AHE-sle]
acetate A4S A A4, 9-11].

E AFol A= lactoses B4 2 FrE Y F 71
2] AL o]F7] 93 dual carbon source®2] 7154
<+ HE3AL. oFge] fr = 29 AHrpA7ol webA
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(hEGF)7} A% #u] W= 22 wetsl T7 promoter
ol ojste] W3 == E. coli BL21(DE3, pYHB101)2 A}
43}9332[16] recombinant human epidermal growth
factor(rthEGF) %F¥-2 Boehringer MannheimAH cat
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25 g& AAEAHL 2 Frlete] HF FEZ 0.25%(w/v)
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ate A% kit(cat. 148261)8 A}8-3le] acetyl CoA
synthetase(ACS)ll 93le] $719 NADH®| & 54
o2 acetated A s}t

E. coli BL21(pYHB101)0| 2J&t rhEGF 2&49] AIIZLH
X

1L wfefS #3led 15,000 rpmollA 1087+ 44
gl ZAE 358, wet weight 1g 3 50
mL®] periplasmic buffer(0.5 M sucrose; 0.03 M Tris-
HCl, pH 8.0; 1 mM EDTA, pH 8.0)2 Y1 3=}tsto
1087F AH&ellA] W] 3l 5,000 rpmell4] 1087k <
Al 2eisted A7 pelletell ¥4 %72 ice-cold water
£ 93 FER 3 o] A Bt AAEde Fshy
periplasmic fraction sampleZ o}-&3}gich ol A7)
pelletell g 90 mL9] extraction buffer A(50 mM
Tris-HCl, pH 8.0; 5 mM EDTA; 0.25 mg/mL lyso-
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zyme; 50 g/mL sodium azide) & g3 FE3}e] AF-2-
A 10¥7F v=]sledc}. 100 mL9) extraction buffer B
(1.5M NaCl;, 0.1 M CaCly; 0.1 M MaCl,; 0.02 mg/
mL DNase I; 0.05 mg/mL ovomucoid protease inhi-
bitor)E A7Fste] 10%7F ¥]3 ¥, 15,000 rpmell A
3077 A #2lsle A7) AFEAS cytoplasmic solu-
ble fraction sampleZ 3}ic}. o] A7 pelletel] Z
F57t 0.1%5 25 SDSE Arlsted =4l A& cy-
toplasmic insoluble fraction sampleZ 33t} 17]. ]
ko] 7+ A 85 RIA 9Jsled A o2 zabslgirt
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serum albumin)el]l 3A{sled 100 ple] F&q3} A8 s
742k A|&slar o 7]l I-EGF-4-<4(200 cpm/ul)-& 100
w4 715k o3 EGFell o8t IgG 4948 1:1,0002.2 3]
Asted 200 pi 7hsted 37TAAM 2417 WRAIZ] F
Amerlex-M donkey anti-rabbit reagent(Amersham
ABE 500 Wl #7tsked 2087 WA FACh W A-& ma-
gnetic separatorg ©]8-3}%] donkey anti-rabbit reagent
2} AjrE F-EubS 33l y-counter (Berthold LB
951G)ell 28l E. coli BL21(pYHB101)E %€ wa=®
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FellA IPTG dlAlell lactoseE FEEARZ g3
lactose®}t glucose”’} FAlol ®AYoZ FTFHoE
cAMP levele] Yol mRNAZ} A A A=) 2-2-9F

Table 1. Effect of inducers on rhEGF expression by E. coli
carrying pYHB101 by flask culture

Inducer Induction time Growth rhEGF
(10 yM) (hours) (Adn) (mg/L)
IPTG 0 0.23 0
8 6.13 2.2
48 9.84 39.5
Lactose 0 0.23 0
8 7.37 14
48 6.26 445

Data are means (mg/L)£=S.D. (standard deviation) of three de-
terminations.
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1ol 49} ZFo] 7] wllz] Q] MBL iAol glucose®- 10 g/
LEI =% 713teq wloF 2417 ¥ IPTGS} lactose®d 7+t
10 pMEEF- AH7}sle] 48412 &4t = wlokdt A
fr= wiof 8A17F Folle F= wWilo] A A doytont
glucose7} &3] 2R H-E A1AH Sl 48417 v FllA &
lactose®} IPTG®l| ¢]3lo] t}eke] rhEGF7| =g}
719 ARE FFgsle] B | = BA2A IPTGH
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e IPTGE 5522 AM-31lS o 39.5 mg/
Lol 3 lactose®] 74-9<= 44.5 mg/Lo] et
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] 99 f<dell #oI3l= phosphotransferase(PTS)
o &3ld A== PTS B1]e]| 22 glucose”} $+43]
25d ¥ 1247 ]33 non-PTS%< lactosed]
= vofell &7k rhEGFS] Aol AJAtE]o] 284]7te] )
YA 45 mg/Le] ) AR By 0w 28X|7F o] %
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Fig. 1. rhEGF production in batch fermentation using E.
coli BL21 harboring pYHB101.

A; time profile of fed-batch fermentation. B; cellular localization
of expressed thEGF. C; glucose (W), lactose (—), and acetate (LJ).
Abbreviations; S, supernatant; P, pellet; M, medium; T, total; A,
induction point; 2 hr with 10 uM lactose.
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Fig. 2. Effect of early induction for rhEGF production using
E. coli BL21 harboring pYHB101.

A; time profile of fed-batch fermentation. B; cellular localization
of expressed thEGF. C; glucose (M), lactose (—), and acetate (CI).
Abbreviations; M, medium; S, supernatant; P, pellet. a, b, c, fe-
eding points; After 7(a), 8(b), 9(c) hrs of culture, 5%(w/v) lac-
tose and 2.5%(w/v) yeast extract were fed.
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75 dA A 2 ko) 33e Fow B w68l
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w85 rhEGF) SDS-PAGE 235 vehix gt

A71e) Azl 95 T7 promoterel] 2)ste] wdio]
ZA5E pYHB101Y] A% dg7] 22 AL =
uofFS 5} plasmidd] ZAE Qlstel L g 2 FAA
Aol Ztaslgdct. webd AA7lel fmsted fx wiek
A7¥E 1247 o2 3= Zo] TA AR o S
Z7kx2 4 g}, ¥ rhEGF+ prokaryotes system

A 18 - 25
160 (21
1401 8
1201 15

£ 1 £

g’ 1001 g

b 12 3
80-

w .

£ Y o
601 ——

Total activity | } ¢
401 o
204 Growth F 3

(0] i i A AR, SO, S 0
0 5 10 15 20 25 30 35 40 45

(Y Bl R4~
'n'e

EGF(ma/
8

3 8 8 8

h-d

0.012
C -
124 Glucose | [0.0125
H0.012
Lactoss : .
PR
<4 —== Lo.ous
i’ Acetate a
g ¥ H0.011 B
k. L]
. ]
§ J H0.0105 3
§ 0.0t
] o *
10.0095
H0.000
[ A, S A A, 2 S S s 0.0085
0 5 10 15 20 25 30 35 40 45 S0

Cultivation time (hre)

Fig. 3. Effect of late induction for rhEGF production using
E. coli BL21 harboring pYHB101.

A; time profile of fed-batch fermentation. B; cellular localization
of expressed thEGF. C; glucose (M), lactose (—), and acetate ().
Abbreviations; M, medium; S, supernatant; P, pellet. a, b, c, fe-
eding points; After 17(a), 18(b), 19(c) hrs of culture, 5%(w/v)
lactose and 2.5%(w/v) yeast extract were fed.

oA EolslA vix 2 wiEH s A inducerE 2§
3} lactose’} E. coli BL212] &4l o 2w 2H8gir=
A& aesiget. 7129 {7 R Gt
AgA o FFste] FAo S ALA7AIRE B
Fole a2 % B2 24 lactosed} AAYLE
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Fig, 4. SDS-polyacrylamide gel electrophoresis of cellular
proteins from cells carrying pYHB101 at late induction.

In all cases, samples applied to the gel equivalent to 20 pl cul-
tures. Lanes 1, standard thEGF (2 pg); 2, medium after 7 hr cul-
ture; 3, medium after 25 hr culture; 4, medium after 30 hr cul-
ture; 5, medium after 40 hr culture; 6, soluble cell extract after 7
hr culture; 7, soluble cell extract after 25 hr culture; 8, soluble
cell exiract after 30 hr culture; 9, soluble cell extract after 40 hr
culture; 10, inclusion body pellet after 7 hr culture; 11, inclusion
body pellet after 25 hr culture; 12, inclusion body pellet after 30
hr culture; 13, inclusion body pellet after 40 hr culture.

*

A] yeast extract® H71o 2 rhEGFY ¢d =
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glucoseE 718 MEE MBL wiA & AHS-3ted 10 uM
IPTG/lactose 2A1ZF E<F f=ulokgt §F 27TelA]
4841 7F EF vieFslal-S W 44.5 mg/Le] rhEGF7} &
slgict. Ab7)¢) A= E. coli BL21(pYHB101)E AH$-
3lo] rhEGFE WA lactose® IPTGH U + =
A2 AHTFssithe A& AARRE Zeldt 3#4 )
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A1 wfeFell A AHR]7|el 0.5%(w/v) lactosest 0.25%(w/
v) yeast extract® ¥7}3l1& o 160 mg/Le] rhEGF
7} =gl o 94.3%71 Ful=E ). o) vlsle] { =

719l lactoseE H7Fe 79+ 120 mg/L9] rhEGF7} &
A9l o cytoplasm o2 LHF B84 BdAe ¥
£& 20.9%° @3lsich. ©]AL lactose?] AH7FA7]7h
E. coli BL21(pYHB101) 2% soluble rhEGF2] A4
o Faslthe 7S FRIg Z o]t
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