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ABSTRACT

The yeast Hapsenula pdymorpha was used as a host for expression of gamma chain peptide of F,, fragment of mouse

articreatine kinasc-M. IgG antibody. Two expression systems were designed and assembled based on the promoter codon of either of
the prcfcrcntially.hlghly expressed enzymes, formate dehydrogenase (FMD) and methanol oxidase (MOX) of H. polymorpha. Two
expression plasmid vectors, PGAGU and PHAALI, with FMD and MOX promolers, representily, were contsructed and transformed
into H. pdymorpha 1LR9 Expression of gamma chain gene yiclded about 400 mg/L and 550 mg/L, respectively 7% and 10% of the
total cell protein under the control of FMD and MOX promoters, respectively. The prepro 2lpha was incompletely processed and
most of the gamma chain peptide accumulated within the cells, especially under the control of FMD promoter.

INTRODUCTION

The developing of monoclonal antibodies has
provided general access to homogenous antibodies of
predefined speciﬁcity('). Redesign of the antibody
molecule requires the use of gene technology with
convenjent methods of expressing the protein'®), Among
the first expression system reported with which
antibodies could be obtained in their native state were
lymphoid mammalian cells®, non-lymphoid cells®), as
well as prokaryotic cells like Escherichia coli®, A
number of single-chain heterologous proteins have been
reported to be secreted from yeasts, like Saccharomyces
cerevisiae®, The secretion of foreign multimeric or
heterodimeric proteins has been reported for the yeast

Hansenula polymorpha“s).

The use of the methylotrophic yeast H.
polymorpha as an expression host system brings the
arsenal of yeast gene technology to antibodies
production. The fast growth, efficient transformation
and easy fermentation conditions of H. polymorpha
allow rapid and sufficient production of antibodics and
their fragments(®), The antibody molecules or their
fragments that contain their antigen-binding domains;
Fyp and F(ab')z are particularly important for a wide

variety of applications, like diagnosis and treatment of
human diseases”), as well as in affinity purification
methr,ds(ﬁ)'

In a previous paper?), we described a system for
xpression of kappa chain peptide of the Fy, fragment of

MAK33 antibody in the methylotrophic yeast
Hansenula polymorpha. This paper, describes another
*stem for expression of gamma chain protein of the
¢ antibodies, The cDNA coding region of gamma
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chain protein has been fused to glucoamylase,
N-terminal coding region and prepro-o factor as leader
peptide. The protein expression was controlled by either
FMD or MOX promoter and MOX terminator in the
cxpression plasmid.

MATERIAL AND METHODS
Chemicals :

Restriction endonucleases, their buffers,
chemilumnescent substrate, calf intestinal alkaline
phosphatase klenow fragment polymerase and salmon
sperm DNA were from Boehringer Mannheim,

Germany, Radiolabelled nucleotides (ot 32P-labelled)
was obtained from Hartmann Analytic, Braunschweig,
Germany. Oligonucleotide DNA (primers) were from
BWG-Biotec, Ebersberg, Germany. All other Chemicals
were analytical grade or laboratory grade reagents.

Strains :

Hansenula polymorpha LRY strains, ura 3; uracil
auxotroph, was used as host strain for the integration
and expression of the plasmids pGAGU (Fig. 1A), and
pHAAI (Fig.1B)!!% . It was obtained from Dr. Reine
Roggenkamp, Institute of Microbiology, Disseldorf
University, Germany. The Escherichia coli strain
DH5Fa''?) was obtained from Gibco, BRL, USA, and
used for construction and amplification of the
expression plasmids.

Cultures Media ;

Hansenula polymorpha was grown in
non-selective medium, yeast-peptone-dextrose medium
(YPD) consisting of 1% w/v Bacto-yeast extract, 2%
w/v Bacto-peptone, and supplemented with 2% wfv
glucose. The sclective medium, Yeast nitrogen base
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Molecnlar Analytical Methods
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vitro DNA manipulstion were carried out .n;hnhm_ By
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the standard tmethods of molecular brology' . Western
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Masmids :

For the construchion of the vecto! plasmd the
following plasmuds were used

J. pKK 223:3G plasmud, carrying the cDNA

chain protein that could be hiberated as 1.3 kb
tragment following £co Rl Hind 111 treatment, was a
gt from Bochnmger Mannheim, Germany

. pUC 10 GA] plasmud, canying the ¢cDNA gene of

glucoamylase of Schwanniomyees oc identalis was a

;'nﬁ from Rhein Biatee, Dusseldorf, Germany.

pPEPMT 130, the source of FMD promoter and

MOX termmator, was ar gift from Rhein Biotic,

Dusseldorf, Germany.

4- pGRTI-16 plasmid, carrying the preopro alpha factor
or Succharomyces cerevisiae, was a gift from the
Institute of Microbiology. Dusseldorf University,
Germany.

5- pHP mox-Ae plasmid, that yield methancel oxidase
promoter as 1.2 kb fragment upon Eco R1-Sal 1
treatment, was a grift from the Institute of
Microbidgy, Dusseldorf University, Germany.

of gamma
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Yeast DNA analysis :

For Southern analysis, the yeast cells were grown
on YPD medium to heavy growth, unul the cells
flocculate in the culture. Affer centrifugation and cell
collection. the total DNA was isolated according to
Davis et al.'"”. About 0.5 pg DNA was digested with
the appropriate restriction enzyme (s), electrophoresed
in 0.89% (w/v) agarose gel and transferred o Nylon
membrane filter (Amersham) 1o be hybridized by
radioactive probe according to Feinberg and
Vngcls(cm”s‘.

RNA analysis :

Method of extraction: For Northern analysijs
yeast cells were grown in YNBMG medium to 0.D. of.
0.8-1.0 at Agppn,. Total RNA was extracted from about
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The cells were altected by “‘c""”"l’dh.,.‘
plass beads (045 ) mm), (.’“imlﬂy ..é
| RNA, per lane were loadeg m‘.’
(1.2 wiv) agarose gel. Ag
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her Sklmcﬂl, Dassel ("c'""'t-".)
ask ¢cDNA fmmn:n‘l

20 mi cuttre
amd Iy sed using
about 10 pg totd
RNA formaldehvde.
clectrophorests. RNA was
membrane
and h_nhnh/cd

radioactive probe

filter (Schled
with y_luu-.nnyl

Follow up of gamma "hf'iv" mR‘.\’/\: The cell
¢d by growmg In YNBMG medium -~
pruum.ncl_\‘ equal number of ¢op
intervals of 2, 4,6, 12, g

were nduc
samples conlamning ap

ter nme
were withdrawn after S
16 hrs. The total RNA was .sup.ll.llul and 10 M

quantities were clv:(lrnphurc.wd and transferred
nitrocetlulose membrane filier and probed as mentiongg

before '
Protein analysis and characterization o
gamma chain peptide :

Cell-culture supernatant: Cultures wer,
centrifuged at 10,000 rpm for 15 min., and the proteing
in the supernatant were precipitated by 4‘}{ sodium
deoxycholate and 10%., TCA. The pl’l‘Cfpltalc was
washed twice with cold acctone and dissolved iy
phosphalc-buffcrcd saline (PBS). About 25 g proteing
in about 20 pl, representing 10 ml culture were
electrophoresed in 12% SDS-polyacrylamide ge|
according o Laemmlit!?.

Cell-free extract: The collected cells were
mechanically disintegrated as described by Ausubel
et al.??. After centrifugation, the clear superntant was
decanted and stored at -70°C in small portions until
used. The proteins were analysed by electrophoresis in
12% SDS-polyacrylamide gel and either directly stained
with coomassie brillient blue (CBB) or alternatively
transferred into nitrocellulose membrane filter for
western analysis. The expressed gamma chain was
visualized by goat anti-gamma, alkaline
phosphatase-conjugated antibodies (Sigma).

Quantitative analysis of protein: was carried
out according to Bradford method2V,

RESULTS
Plasmids construction

To express gama chain peptide in H. polymorpha
LRY, the plasmid pGAGU (Fig. 1A) was constructed.
The c¢DNA of gamma chain was ligated to the
PFPMT 130 plasmid‘®, in between FMD promoter and |
MOX terminator. A fragment of 1.9kb, from the
N-terminal coding region of glucoamylase, including it
secretion signal sequence, was ligated after the promoter
and before the cDNA of gamma chain. The prepro-alphd
factor was inserted in between glucoamylase and
gamma chain cDNA to function as a secretion signd
Sequence for gamma chain protein. Consequently, ¢
expression cassette comprised. FM[D promoters



§ Phant SO December 1990,
1Y

Ay ¢ RTYL AY .'l‘

S W AN

a0 |m‘|\w-“‘|"l-\. Famna chidn and (e Moy

d ‘

F L The @ypresvion plasmid pHAAL (Fig |||‘
R ™ ' )

' aandar 1@ pus VG plasmid witly the ey Sption th lll
A "

N
\ et was mserted istes ¥
Lt e estead of FMD promotey

[he sompetent vells of Hy polvmorpha | Ry Were
“.v,\h‘l‘“‘"{ with eithier pOAGH or pHIAAY exprossion
v.."‘.‘::!h‘ “.‘\ ne pl_gl&lllld UN.\\. .\ll\‘.ﬂ\l‘il oun \'N“l)

arhated tor at least X days al V100, The
;.‘\}“,‘,‘l‘-\ of tramsfoomation were about 13, g 3 1

astd DNA-for pHAAL and paAGU

P
Jale and 1

cellv g !‘[
e el
pike o happa cham producing cells, the celly
growa o hgh density (10" cellsimb) in YD
son-selective) medum for about 40-50 penerations
‘,‘q',.un\‘ y entichement in YNBG (selective) medium,
el demonstrated high stabihty and entichment of

wer

The

it
Lo cApressin plasmids, pGAGU and pHAAL we

ted 1o be mtegrated with the yeast chromosome.

1* phenotype Being mtegrating and shutde vectony,

NN
This \*0'\1\\1 e Jdemaonstrated ")' the .\'l:l|\1|i|y ol lllm‘il'

phenolype and Southern analysis.
Southern analysis :

Southern analysis for the transformants of
pGAGLL the plasmud exinbited one pattern of
mtegrabon within the yeast chromosome, 1e, it was
pregrated within the yeast chromosome at the same site
i 2!l transformants, with multicopy-number plasmid
wtegttion. In the transformants of pHAAI plasmid, the
cells showed the integration of multicopy-number of the
aypression plasmid into different sutes within the
Sromosome  of some  transformants and  low
copy-number o one Or More sites in another

transformant,
Northern analysis of gamma mRNA :

Northern analysis for gamma chain mRNA of H.
pehmorpha LRO transformed with cither pGAGU or
PHAAL expression plasmids was performed. About 10
ke total RNA in 10 pl aliquots, were electrophoresed in
LI% agarose-formamide gel and transferred 10
rirocellulose membrane by capillary technique. The
membrane was hybridized with 2plabelled probe
frepared from 1.3 kb gamma ¢cDNA.

Figure (2) shows a band of 3.4Kkb, representing a
st.‘f_i"“' .‘Slmnd mRITJ.-\ of the coding region .nf vlhc
c«t-‘ “‘.‘-““ cassette including that of gamma chain. The
q,kl:u mRNA was highly transcribed under the control
C‘p;i“::x_'”()’_\' (lane 1) or FMD (lane 2) promoters.
o\“; 4 ‘°}15 (ransformed with pFPMT 130 plasmid)
ane 3y go hm.d* of 3.4kb, of single strand mRNA

*). Comparing with Southern analysis, there ar¢ no
Pell :ii:”""ﬂ_tcs in the transcription level bmwccu
oy o Multicopy-number plasmid integration and

St g ow »an y .
W copy-number integrated plasmid.
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il s owere indoced and swples
cantainiog approximately equal number of celly were
\\‘lllnh.n\'n atter tme intervals of 2,4, 8, 12, and 16 hrs,
Phe total RNA was separated, 10 g RNA were
electtophoresed, transfered to nitrocellulose membrane
and probed as mentioned helore, Figore (3) shows that
pamma mRNA transeription starts after about 2 bra
ane 1) and gradually increases to reach maximum level
after 12 hus tlane 4), followed by rapid degradation
(ane S).'The tigure also shows that mRNA transcription
was going on right from the bepining and mRNA has a
good stability for a period of 12 hrs and the decrease in
the production of protein can be attributed to other
reasony rather than mRNA transeription,

Profein analysis and gamma chain peptide
characterization :

The promoters FMD and MOX were induced
by growing the cells of M polymarpha  that
were transformed — with - pGAGU —and - pHAAI
plasmids in YNBMG medium in parellel with PIPMT
130 teansformants, as control. The cells were grown in
YPD medium, subcultured in 50 ml YNBD, and
incubated until cell density reached 10% cells/ml and an
aliquot of about 107 cells was used 1o inoculate 50 ml
YNBMG medium, The cells were incubated at 37°C
with shaking to O.D. of 1.0-1.2 at Agggy. The cells

were centrifuged at 13000 rpm for 15 min.

Proteins in cell culture supernatant were
precipitated by deoxycholate-TCA. About 25 g in 20
pl aliquots, representing 10 ml of the culture medium,
were electrophoresed in 12% SDS-polyacrylamide gel
and the protein bands were stained with CBB. Figure (4)
shows the supernatant proteins of control (lane 1) and
pHAAL plasmid-transformant (lane 2). The gel shows ¢
distinct band of 67 KDa in size, representing
glucoamylase peptide, another prominant band of about
35 KDa, representing the gamma and pro alpha in one
peptide. The two bands are missing (rom the control
lane. The ¢DNA coding region of gamma chain is about
{.3kb, however, a stop codon within an oligonuleotide
linker was inserted after about 926 bps. The expected
pands of gamma peptide and gamma-pro alpha peptide
would be approximately 23-25 and 30-33 KDa,
respectively. The gamma-pro alpha peptide, however
was found 10 be larger than the expected and calculated
one. Unfortunately, there was no hand of molecular
weight 23-25 KDa. representing the completely
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processed gamma chain peptide i the culture
suptr-nalzmt Like control, supernatant proteins of cells
transformed with pGAGU expression plasmid, did not
show any significant bands, except at later stage of
growth (stationary phase, data not shown). Such late
expression is usually accompained by secretion of many

proteins and by cell death.

Aliquots (20 pl) of cell-free extract containing

approximately 50 ug proteins were electrophoresed in

12% SDS-polyacrylamide gel and stained with GBB for
band detection, Figure (5) shows proteins in the cell-free
extract of pGAGU (lane 2) and pHAAI (lane 3)
transformants. concurrently with that of control (lane 4).
In comparison with control, the two transformants show
{he same two hands as those is in the supernatant; the
glucoamylase band (at about 67 KD} a and gamma-pro
alpha peptide band (at about 34 KDa). There was an
extra band (at about 49 KDa), which could be that of the
gamma chain peptide providing that the inserted stop

codon was missed.
§ were estimated by

It was found that
mant produced about 20 mg/L and 380
¢in in the cell culture supernatant and
spectively, representing about 750 of
S pH.-\Al-tmnsfomumt produccd
about 50 mg/l and 500 gamma protein if’ llhc

tively,

supernatant and within the cells, respec
representing about 10% of the total cell proteins.

The total expressed protein
9

Braford method'

pGAGU-trans for
mg/L gamma prot
cell-free extract. re
the total cell protein

e extract and culture

Western analysis :
nsformed with

Western analysi
of H. polymo

s of cell-fre
rpha LRY tra

supernatant
pGAGI and pHAA 1 plasmids were carried out. After
ins to nitrocellulose membrane, the
at alkaline

transfer of prote
bands were detec
phmphatasc-cunnjug

ted and visulized by g0
ated anti-mouse Ig, gamma-
specific anibodies (Sigma). Lane I, in Fig. 6, represent-
ed culture supernatant of pHAAI-transformant, while
lanes 2 and 3 represented the cell-free extract of pHAAI
and pGAGU transformants in respective manner. The
bands at about 35KDa were detected by the antibodies
and these results confim the cariler results of
CBB-stained gel and the right calculation of the
expected molecular weight of gamma-pro alpha peptide.
It was noticed that the band at about 49 KDa (lane 4)
was also identified by the antibodies. Moreover, there
was another band of about 106 KDa in both pHAAI and
pGAGU-transformants which could repr lucoa-
mylase-prepro  alpha-gam i present g ucgu

ippekink unpn.)c.es:ma 'PL'PUdc as one peptide

: sed within the cells. However

:ta? b&jﬂ;s ;f different sizes could be identified by thc'
S a_ntxp tes. This could be attributed to eithe

unspecificity of the use ibodi .‘Cllht.l'
e expressed gammatgc:r::;l;o?;csd,e({l; :n§(ablllly of
acquisition of the peptide conformati g : ation or the
SUARS bk pmrshaians: et rmations or forms that

s‘quLnll) affect the rate of migration i
polyacrylamide gel. o daghe
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in mitosi
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et a2, found that the mRNA level of

Score
foreign genes under the control of AOXI promoter
increased progressively with the copy-number of the
expression plasmid in Pichia pastoris transformants,
Thus, the dependence of expression levels on the vector
numbers secms 10 be general phenomenon, independent

of foreign gene. Melefors and Hentze2?, reported that
the expression of certain eukaryotic gene is, at least,
he level of mRNA translation.

partially controlled at t
and the step of initiation of translation represents the

primary target for regulation. Northern analysis, (Figure
4) showed the abundance of mRNA of gamma chain in
the transformed cells under the induction conditions.

The relation betwen mRNA level and plasmid
ransformants is not linear, and this

copy-number in the (
of gamma mRNA

could be attributed (o the low stability
under the stated conditions.

The abundance of mRNA is not only dependent
on its synthesis but also on its degradation which is an
essential pre-requisite for maintenance of gene
expression flexibility with accuracy. The relation
between the specific protein production and the
abundance of its specific mRNA is usually linear, which
means.thul the translation rate is a function of the
transc;nplion rate. This scems not o occure with gamma
protein under the control of FMD promoter (Figure 3)-
A'lthUgh mRNA was quite abundant, the produce
gill(;]l:;n ::s low. This could be due to the instability ¢
Possibgitym\:?a;1 erﬁ o SRS peptide. The seco?®.
showed that the n:;r: _‘)Ul‘nrlld results. in Figure (6

A of gamma was being stable 0¥
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Figure (1): Diagram of the expression vectors, pGAGU (A) and pHAAI (B) plasmids, containing a gamma coding region. The
coding region cDNA of gamma gene was inserted in between either FMD promoter in pGAGU plasmid of MOX

promoter in pHAAI plasmid and MOX terminator. A 1.9kb fragmentt from the N-terminal of the coding region of
glucoamylase gene (Schwanniomyces occidentalis, GAM1) with its secretion signal sequence was ligated 1n between

EMD or MOX promoter and gamma gene. Prepro-a was inserted in between gamma and gluccamylase genes (o be a

secretion signals sequence for gamma chain peptide.
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codon, wn the vucleotide sequence ol MOX proinolet
s additional start codon was near W the fist IATA
box i the promoter sequence, which i tum would
mcrease the cffioeny of wanscrphion and tanslatan
Wakivama et al'“/', were able o ancrease the
el {u'ng\ af  ttanslation by 1O tumes ol
pre @ lactatbuoun by inscriion of wldmonal AUG codon
in the mMENA, 1 vilte Prnst ™ had, Also, similar
tesults when he used 8 cerevistae tnsformants for
wecretion of human pranulocyte macrophage colony
stumulating Tactor (hGM-CSE) under the control of
Moo CYOL and ACT promoters. Although the MRNA
of KOM CS1 was abundant under the control of the
promoters, vel there was still a difference i the prolein
level produced The author referred that difference m
the secreted proten to the difference i the strength of
promuoters n the  construcuon procedure  and
consequentely to their SSUTR. In the present study both
FMD and MOX  promoters are not equal i thenr
stienpth, ax the upstream repression sequence (URS)
repion of the MOX promoter was deleted (Pienera and
Hollenberg, personal communication).

Fhe improvement of the production of
heterolopgos protemns in recombinant organisms, 1s
achueved by the development of a secretion system,
However, the scoretion efficiency is a measurement of
the percentage of the product secreted Lo either the
periplasmic space or the culture broth?”. There are
several factors that affect protein sceretion. In addition
to the expressed protein characters, there are genetic
factors including host strain characters, signal sequence,
promoter syength and chaperone :1\'.'!i|.'lhl|il)’ux'm).
Furthermore, some yeast secretion signal sequences are
well-adentiied i the same or another yeast species,
while others are not identified and (herefore
unprovessed. For example, the pre-pro-alpha factor of $.
cerevisiae was completely processed and interleukin
was efficiently secreted to the culture medium when
expressed in 8. cerevisiae wansformants®Y. On the other
hand, nterferon wis neither completely processed nor
secreted to - the medium although the sume leader
peptide and the same cxpression host cells were
used ™™ In the present investigation, pamma peptide
was not completely processed and pro-alpha was usually
accompaned with gamma peplide. This could be
expluned on the basis that pro-ulpha was not processed
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il I contrast, the "h“"""'lylh'»
completely procesed g
wie secteted 1o the ¢ oltur
hy Gellissen el al () !

an loreipn Jendet pepl
shynal 'N"\llll!‘ Wik
ghuconmylase protein

A before
e s reporte  helor

Kix?
cuton plasmid

conld  be cloned withip he

for effichent processing Ay
sgoteins i the cise ol prepro. u
leader peptide o the yeast /1. (’Il({:‘)l”uv,;/ul (‘mnp;,,ml
ecults ol kappa chain' a0 was Tound thag
bappd ¢ it wars oy elticiently 'n(‘f l.rilu’ Ih.l:fg. famim;
chain Gl Cain wars not completely processed i
wirs found as wingle |w|11u|-f wth the adphi pro SCpImen
Ihis delay in the pro sepment removal may be due i,
cither missfolding and pnssassembly of gamma p({l"i(’c
of insufficiency of KEX2 enzyme. Tmmunoglobuling i
the polymorphic structure 15 composed of heavy an
lipht chans and was effieiently secreted mto ”‘*"IZR
Jumen in the Tymphoid cells. In the absence of lipl
chain, heavy chains are retained in the l",.R lumen, boung
(v the heavy chain-binding protein (BiP) {Hendersho
et al., 1988)' Y10 is not known so far whether the yeat,
H. polymorpha has similar protein or nol.
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