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Abstract — Using a methylotrophic yeast Hansenula polymorpha, a heterologous gene expression
and secretion system was developed for the production of hEGF(human Epidermal Growth Factor)
which has been shown to promote epithelial cell proliferation and to inhibit gastric acid secretion.
The hEGF gene was chemically synthesized according to the preferred codon usage in H. polymor-
pha and expressed under the control of the strong and inducible methanol oxidase(MOX) promoter.
The mating factor a pre-pro leader sequence of Saccharomyces cerevisiage was employed for hEGF
to be secreted into the extracellular medium. This expression cassette was stably integrated into
the host chromosomal DNA. Mature hEGF was efficiently expressed and secreted into the extracel-
lular medium. About 24 mg/l of hEGF was detected in the cuture supernatant of a transformant
with pA-EGF3 under the suboptimal culture conditions.
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Fig. 1. Nucleotide and amine acid sequences of synthe-
tic hEGF gene.

The sequence was constructed from ten overlapping
synthetic oligonucletides that ranged in length of 33
to 43 nucleotides. Synthetic oligomers (51-5S10) are
bracketed. Xbal and Sall restriction sites at each end
and the adapter sequence (dCGCCGTCTAGATAA-
GAGA) were co-synthesized with hEGF gene. Adapter
coding for a peptide (Leu-Asp-Lys-Arg) was needed
for the expression of a fusion protein composed of
secretion signal peptide and hEGF to be processed
correctly by yeast KEX2 protease. Three consecutive
transiational stop codons are underlined.
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Fig. 2. Construction of H. polymorpha integration vec-
tor, pA-EGF3.

Abbreviations: P-mox, MOX promoter; T-mox, MOX
terminator; ppl, pre-pro leader sequence of mating
factor o HLEU2, LEU2 of Hawnsenula polymorpha;
HARS, Autonomously replicating sequence of Hanse-
nula polymorpha
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Fig. 3. Screening of H. polymorpha colonies for secretion of human Epidermal Growth Factor.
A: H. polymorpha colonies grown on YPD agar plate, B: Dark circles shown in nitrocellulose are the positive
signals by immunostaining with hEGF specific monoclonal antibodies.

Table 1. Gene expression and secretion levek of hEGF
in various transformants of H. polymorpha

Cell
C(;ézny growth Strain FHE:S/E
' (ODsge0) "

1— 2 27 DL-1 8.5

1— 6 29 DL-1 11.3

1— 7 28 DL-1 14.5

116 28 DL-1 14.6

1—28 32 Al6 11.3

1—37 37 Al6 10.4

1—-40 33 Al6 7.5

158 23 HPB1 2.5

1—59 23 HPB1 2.6

1—-60 22 HPB1 2.5

1-71 33 DL-1 23.8

2—11 33 DL-1 22.6

2—21 32 DL-1 24.0

2—23 31 DL-1 17.3

2—53 38 Al6 195

2—59 43 Al6 23.4

2—176 45 DL-1 23.9

2— 6 18 DL-1 16.0

2—11 32 DL-1 12.0

2—20 16 DIL-1 14.0

2—25 33 DL-1 12.0
Hulgko| t}E 212 9lH EGF FA 27} =34 3¢ 2]
G4 DNAZ =319 A=7 47 dzr dga
ASE GA 1. 1 D ok 2403
aekAb Aol o) ELISA 221 da A&ulwdt A7)}
H. polymorpha 7% “Fol4 DL-1o] gl EGF A}
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mg/l) & 5HHPB1 % Al16)e] ulsl] wjelso
gt Mol 2 A Ee) ARSI o) w2 7] o 5o
oldl EGF A4t #5724 As ZAes shwg)
c}.

=g eld| EGFe) #tol

A EGF AAF 7755 w3t wll 2l 2] iulal
A& galsl7] Ys)A] W E2E DL-15} vector pA3
= 7]“1]%% *11-7“ =, 1e]xl oA EGF #v) #5342
Hful 2o A 60A417F uR kAl Z )
] % TCAE x-}alg}o:] t:}uﬂ Z]Q od 1
o] 5 SDS-PAGE 3&tef E-al8kS& 3hqlsle] £ 73}
S. cevevisigeo| X WEF A3 oA EGFel El3l
AtE Ko uHFig. 4). gt o) & 2] wokel =
g2 vk A AL Aldlsto] Sep-Pak Cyy cart-
ridges AF&3led 938 crude <l EGFE SDS-
PAGE 3} ola EGF specific monoclonal anti-
body® immunoblotting-& 3+ A3} H. polymorpha®l
A wbEE A xg A EGF7E AW §ale) a4
EGF2l F<2l3t epitoped 7330 Q= 7le] #els]
ol chFig. 5).

Vector pA-EGF32| H. polymorpha YA H| Z2 2
g =l

pA-EGY32] H polymorpha QB2 o] xo]L g
2l3t7] ¢Jall 2 pA-EGF3, pA-EGF33 %39 =4
DNA, =3=2] A DNA % «<lil EGFS ¥-v|3=
o5 1052] 4 DNAS Hindlll 2 EcoRIZ 72+7z}
22l slo] agarose geloll A 7] °d53FF ¥ o] & nylon
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membrane filter2 #o|stx Hindlll2 2zl5] pA-
EGF32 DIG-labelling 3}°] probeZ Al4, =81 o
w2 stalslelc) Fig. 60l A vhebst Azpel 3he] EGF
AL dHole RE A AAA DNACA]
plasmid o] F-H =7} Qs 0SS FHAY r
92l No. 1-7, 1-71, 2-21, 2-76, 3-6, 3-255-¢1 7
$ol|i= Fig. 6(A)ol 4] 2T 2 AH8%F 92kbe] pA-
EGF3/Hindlll 283} Fig. 6(B)*) 4] pA-EGF3/EcoRI

] 2 3 4 5 6 7 8 9 10

Fig. 4. SDS-PAGE analysis of culture supernatants co-
ntaining pA3 or pA-EGF3 grown on 0.67% YNB, 0.5%
glycerol, 1% methanol and 1% casamino acid.

Lane 1 and 10: Standard molecular weight markers
(43.0, 29.0, 184, 14.3, 6.2 and 3.0 KDas), lane 2: DL-
1, lane 3: DL-1 containing pA3, lane 4, 5, 6, 7 and
8: DL-1 containing pA-EGF3, lane 9: hEGF secreted
from S. cerevistae. Proteins in culture supernatants
were precipitated with TCA and separated on S5DS-
PAGE through 10~20% gradient gels.
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Fig. 6. Southern blot analysis of various formants 10
ug of DNA from different transformants were digested
with HindIIl (A) or EcoRl (B), seperated on 0.8% aga-
rose gels, transferred to nylon membrane filters and
hybridized with a DIG-labelled probe.

Probe: Entire pA-EGFEF3 digested with Hindlll, lane 1:
pA-EGE3, lane 8: untransformed DL-1 plus pA-EGFES,
lane 13: untransformed DL-1, lane 2, 3, 4, 5, 6, 7, 9,
10, 11 and 12: transformant 1-7, 1-16, 1-71, 2-11, 2-21,
2-23, 2-76, 3-6, 3-11 and 3-25, respectively.

Fig. 5. Western blot analysis of hEGF: Culture supernatants were passed through Sep-Pak and separated on
SDS-PAGE through 10~20% gradient gels (A) and subsequently transferred transferred onto a nitrocellulose filter.
The filter was then reacted with specific monoclonal antibodies to detect the hEGEF (B).

Lane 1: Molecular weight markers (43.0, 29.0, 184, 14.3, 6.2 and 3.0 KDas), lanes 2, 3, 4, 5 and 6 contained
8 6 4, 2 and 1 pg of crude protein, respectively. Culture supernatants were adjusted to 20% acetonitrile/0.1%
TFA and passed through a Sep-Pak C-18 cartridge, Bound hEGF was then eluted with 50% acetonitrile/0.1%

TFA.
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Fig. 7. Copy number determination of the integrated
heterologous DNA.

The genomic DNA of an untransformed host strain
and various recombinant isolates of a particular const-
ruct were digested with restriction enzymes Stul/
EcoRI. The restricted DNA was separated on 0.8% aga-
rose gels, transferred to nylon membrane filters and
hybridized to a DIG-labelled. Stul/EcoRl fragment of
pMOX7ARI containing MOX promoter, The hybridiza-
tion pattern revealed two signals in electroposition, one
for the genuine single copy MOX gene and the second
originating from the larger heterologous fusion. It thus
enabled the estimation of signal intensity of the integ-
rated DNA compared with the intrinsic single copy
control The Stul/EcoRl MOX promoter fragements of
the cloned heterologous DNA (upper scheme) and the
genuine MOX gene (lower scheme) are drawn to scale.
Lane 1, 15: pMOX7AR], lane 2: pA-EGF3, lane 9: unt-
ransformed host strain, pA-EGF3, lane 14: untransfor-
med host strain, lane 3, 4, 5, 6, 7, 8, 10, 11, 12 and
13: transformant 1-7, 1-16, 1-71, 2-11, 2-21, 2-23, 2-76,
3-6, 3-11 and 1-25, respectively.

Fas]go)l, o158 HAF 274 o]Are] plasmid
DNA~} &A% o34 4el tandem-repeat® %3
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Fu] Z43e] oall EGF A4itAde] 713 =& A
o %% Ax}gdct 22|y} colony No. 2-119] -+ 35
tandem-repeat2] elli= Ho]x] o} old EGFH
MAMY o] w2 5= WA=
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Vector pA-EGF32| @ copy #9| &¢I

7t HAAHRA Y Zh plasmid 39 F3 =} copy
42 3talsls] $15te] pA-EGF3, pMOX7ARI, &2
A4 DNA, pA-EGF3 % =i DNAE Siul/
EcoR1o. 2 x2]8l32 agarose geloll*] #7193 5-3}e]

nylon membrane filter2 Aeo]3}9ic). 18] 3 pMOX7

ARIE Stul/EcoRI-& 78}l 2-& MOX promoter
thH-8 DIG-labelling 3} probe® A}8-3}e] FA}3)
Aot Fig 79 viepd ve} Fro| S50 MOX promo-
ter ©HHo]| sivdsl= AlZ+= 0.8kb Ao “elyt
plasmid pA-EGF3 -r@iel DNAd| &3t A3
1.6 kb A4 “elytoh o]F F band®] AlE 7
9] zte)l &5 H. polymorpha DL-18] 992 7}#| 12
e Y copy¥ MOX promoter Wla} & A st
o] 7¥xja 9k pA-EGF3 #3212 MOX promoter
e A Aol E ojw]dlr] wFel A A
o DNAo] =35 plasmid pA-EGF39] copy
£ Fald 4 sl Aol Al B nle} 7o) colony
No. 1-7, 1-16, 2-21, 2-76, 3-6, 3-11, 3-250 A= S| A44FH
ule} 7ro) 1.6 B 0.8 kbl A7} Jelyict. o] F F
A% ZAxE vng o oF 2~5w) A5 2] Ae)r}
Vet colony No. 2-218 7% 71A A3 7rx=r)
Zpe)7} vhA 2 5 copy A=7F G Al =UFESE
ok 4= gl 28|31 No. 1-71, 2-11, 2-239~= v|x&
A band7} vERR] gkl ol plasmid f-F
271 42 H DNA] =& off g A Aol &2 3=
MOX #3432 FHe] Tl5e] ¢]&59) hybridization
oFito] HEHE Zlog FAFHG

2 <

olal FuAEe AAE X3t 442 #HE
o] 4|8} <¢lA}lal 914 EGF(human Epidermal Gro-
wth Factor)®] 325 dels 2A}3t £ 52.¢1 Hanse-
nula polymorphas o] 8-3led HdA|7|aL o] & ujA
Y2 8- og FuA 717 Y8l H polymorphae
methanol oxidase(MOX) % A}2] codon usageol
mz} o] {FAHAE spetH o2 AT wElS
os] 2 fes 7HE3E promoterdl MOX pro
motersl S, cerevisiae2] nuRelR} gol Enu] A3l
pre-pro leader A& ¢|&3s}q qld] EGFe] 2d
o Bl vector® A FFE L™ o] vector?} AIH
b7 Z3AEe] o4 DNAC =%-2 dqlalyd
o}, AN 27 H polymorphats 28 H-22] 914 EGFe}
Edgt epitoped A= ANFR3 <A EGFE &3
o2 WHEHAIZ A o| & M| E R Hulste] £33}
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