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ABSTRACT
An expression plasmid was constructed and transformed to Hansenula polymorpha cells to produce kappa chain peptide of Fab
fragment of the MAK33, IgG antibody. The yeast Hansenula polymorpha was shown to be one of the most cfficient host cells for

expression of genetically engineered antibody genes. Although the rate of iransformation of this yeast by polyethylene glycol was
low, 3-5 cells/plasmid DNA, yet the transformants showed high mitotic stability for more than 100 generations. The expression
d multicopy-number plasmid via

plasmid was integrated within the yeast genome in one or more integration site (s) with low an /
non-homologous integration mechanism. A N-terminal glucoamylase gene fragment was linked to the light chain (kappa) gene of the
F,p, denvative of the MAK 33 antibody. Prepro-alpha factor of the yeast S. cerevisiae was inserted into the plasmid between

glucoamylase and light chain genes as a secretion signal sequence for the light chain peptide. The kappa chain was produced as 50
mg/L free protein in the culture medium and 500 mg/L entrapped within the cells, amounting 550 mg/L, representing about 10% of
the total cell protein. The prepro-factor was shown to be incompletely processed in the yeast Hansenula polymorpha and the

pro-segment was accompanied with the light chain peptide.

INTRODUCTION export; including that of S. cerevisiae mating factor
(MF) and that of Schwanniomyces occidentalis

In 1975, the hybridoma method was described
X . . : (12)
for making cell lines that can secrete a single species of )
antibody callea monoclonal antibody (MCA) with the

desired specificity 1o antigen (.

glucoamylase gene
H.Polymorpha, has high frequency of integration
of plasmid DNA and produces mitotically stable trans-

formants (12), Recently, H.Polymorpha, has been

However, these mammalian expression systems ) ‘ 4
are highly expensive and have low productivity(2), and the shown to be an ideal host for expression of different

cells can grow and prodnce limited number of genera-
tions and do not survive in suspension culture for a long
time ).

heterologous proteins (12:13) and simultaneous expres-
sion and secretions of others (310,14)

In the present study, H.Polymorpha was

Sacchromyces cerevisiae was considered as one employed for expression of kappa chain of Fap frag-
ment of Ig G, MAK 33.

of the most efficient and well characterized host organ-
ism for expression and secretion of heterologous
proteins (4) . However, the limitations encountered with MA
o s - TERIAL AN
S. cerevisae, including their genetic instability ), hy- D METHODS
perglycosylation (6) and poor secretion effeciency(”), Plasmids :
necessitate the search for anather candidate expression 1 The pBR322 plasmid carrying cDNA of kappa chain

host . was a gift from Bochringer Mannheim, Germany .
Hansenula polymorpha, 2 methylotrophic yeast The cDNA of kappa chain is released as 1.0 Kb freg-
has emerged as potentially useful expression host (), ment folowing B am H1 -Eco R1 treatment .
Gellissen et al (9, were abl§ to Cfmsm’"—l an expression 2- The H. polymorpha, expression vector, pFPMT130(9)
vector for H.Polymorpha, liberating the formate dehy- plasmed, was a gift from Rhein Biotec, Diisseldorf,
drogenase (FMD) and methanol oxidase (MOX) termi- Germany . kbl

nator as regulatory elements. This vector would direct , -
experssion and secretion of the recombinant protein if a 3- PUC19 GAl plasmid carrying 1.9 Kb N-terminal

secretory signal sequence is included (10,11), A variety fragment of glucoamylase gene of Schwanniomyces
of secrection signals sequences can be used for protein occidentalis, was also a gift from Rhein Biotec
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6 plaawnd, MIVINE propn :'l-’,.t maling

fwoint (M) sectetion wignal of § cerevitiae av a
VIS Kb sepment was & gift from Professor Reipen,
Insttuse T Mdgodialogie, Universail Disseldord.
Crrmany
Steming
Hamsenmila polymorpha LKY sttains, ura 1, uracil
sypenraph, & host stymin {or the imegration and
caprensacn of the plasrud pOAGU (P 1) I scheru hia
el stram DHE Vo (Manshan et a1 was ohtaned
, oty BRI, USA  and used for  vettoo
construction and amplilicaton. o was grown in I.i
medis supplenented with 150 (g/ml ampa ind

I randormation

Foeodi v trandformed as dey

VAT e M poivemorpha  was
polyethylene glyeol (PEG) an described by Klebe ot
) 11K and Dabmen ¢t ::‘.‘lq'

rihed h)‘ (Yove el

trensformed by

Motes ular methady

Sonthern snd Northernblot analvaes, as well as in
according 1o

Western
lill)

tro INA mampulation were camied oul
\ ambrook ¢ .]-2“’
the standagrd methods of Sambrook ef a

tten was cwrmied owt according to Towbin et &

DINA analysis

For Southern analyns, the cells were grown on

YID for 16-24 bes 1o beavy growth, untl the cells

fiovculate n the culture. Afler cemtnfugation and  cell
wollection. the ttal DNA was isolsted according 1o
Davie! o2

About 05 g DRA was digested with the
approprisie restncuon enzyme (s), elecophoresed in
OR% agatse pel and wznslerred Nylon membrane
filier (Amenham) to be hybndized by radioactive probe
a8 described by  he  Manufacturer

(Bochninger
Manahesm, (Jv.'nl:a.'n)')‘m’,

BNA analysis

For Northern analyss, yeast cells were grown in
TNBMOG medium Gnduction condition) 1 O of .8.
i0ats ’ \ Hectn .

' ’, A 600 nm Cells were collected by centrifugation
wnd Iysed using Glass beady 045 @ mm). Total RNA

was extricied from the lysed cells, collected from aboyg

20 ml cultre according 1o Ausubel23), About 10 pp
e gquaniities. of total KNA, wer lsaded into RNA-
fermmialdedy s PRY(IRS ¥ o

fus: !?.Jt.:l.,d’.". sparose | 2'(.},- gel, prepared and run ae.
cntidinse 10 Mo t a0 ] - *

eording 13 Manniats et al , f:lccunph(xrcscd. RNA

| mtrocellulose  membrane filter
ihehledeher Schwell, Dassel Germany), 1o be hydyi-
dized winth ghiccamylase ¢cDNA fragment, radifsa:u’vé
probe sccording 1o Feinberg and Vogelstein25) :

was ransfened nen
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Cultures media
,;r;l\,,::ﬂph(l was o grown
non-selective mediom, |5 (wiv) ’ Difco yeast-extrgey
11 (wly) Difco Bacto peptone (Y! ) \Nl)p‘k‘nurlnul Wil
290 (w Pextrose (YPD medinm). The ';ck.c“%
v yeast mitrogen hase (YNB) consisted of 0,7
medium, )‘., geen base (Difco), 0.5% (W/v) ammaonjyy,
1’;1;;;\:};:-&1&; plus 2% (w/v) glucn:..c n . YNBG;
:nchl;u‘vn or 0.5% (vIv) plycerol in YNBMG medium,

Hansenuli

25 wlv

Protein analysis

Cell-culture  supernatant ‘: Cultures  were
centrifuged at 10,000 rpm for .H) min., and !)mtcinvs in
the supernatant  were pICCipll:ll('d' by .41{,‘ 'm{]“""
deonycholate and 10%, uichlonu}ccuc acid TCA, "Ihe
precipitate was washed once wnl‘) cold :_‘u:clmm and
dissolved in phosphate-buffered saline (PBS). About 20
(g protems n about 20 jig, representing 10 ml culture
were analysed by SDS-polyacrylamide gel according 1

l.ncmmli( 6),

Cell-free extract @ The cells were collected by
centrifugation, disintegrated by Glass beads according
to Ausubel ¢t al.(z‘”. ‘The clear supernatant  proteins
were analysed by electrophoresis  in 12%  SDS.
polyacrylamide gel and either directly stained with ¢oo-
massie brillient blue (CBB) or alternatively transferred
into nitrocellulose membrane filter for carrying out
western blot analysis. The expressed kappa chain pep-
tde was visualized by anti-kappa, antibodics obtained
form Bochringer Mannheim .

Quantitative analysis of protein : Was carricd out
according 10 Bradford method(27),

RESULTS

The ability of Hansenula polymorpha to produce and
seerete penetically engineered forms of antibodies was
tested by expressing derivatives of the mouse anti-
creatine kinase IgG antibody. The F(ab ), fragment of
this monoclonal antibody has been previously expressed
in non-lymphoid hybridoma cell lines and the yield
from the culture medium was (oo low 28,

Plasmid construction

Hansenula polymorpha strain was transformed with
a shuttle plasmid vector constructed to carry the light
chain (k) gene and glucoamylase fragment F (Fig. 1
The light chain ¢cDNA and the first N-terminal, 1.9 kbof
the glucoamylase, containing  its  secretion Siﬁf’“‘ :
sequence were finked to the expression cassette Which
consists of the FMD promoter, 1,2 kb, and thc.-Moxﬂ
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sepinator, O W0 Kb the N polymasepha espression
vector (pt M |vl;mm«l)‘”’ The preprooalphn facton
was imeitad an botween the glucoamy lase fragment and
the hight Chain gene

e comstiucted plasmid pGAKE (i 1) was used
w twamstorm I pofvmorpha LRY 1o conatiict the light
Jhain praducing steain. The tanstonmation sesulted in
P colomes per e plasmid DNAL The expression
plaseid pUARU s ashaude and integrating vector, and
wanstommation of Mo polymorpha with such plasmid is
based  on mtegrating  the plasmid  into the  yeast
Chromosome, which demonestrated hy:

1) Stabibity and entichment of the uracil’ phenotype
gansformanty  after growth on YPD  medium
(mon-selective) for more than 100 generations,
followed by ¢

n) prowing the transformants n YNRD medinm
(selective) and (the vansfonmants were grown (o
ligh cell density, 109 celts/ml, and by:

1) Southem analysis,

Southern analysis:

Southern analysis (FFig. 2) revealed that, the plasmid
was integrated  at different sites W whin  the  yeast
Chromosome, with heterologous rather than homaologous
mtegraton. The intensity of the bands suggests that the
plasmiid behaviour was cither muluple integration with
low capy-number, as in transfo
10, o multicopy-number integration as in rransformants
in fane S, 7.9, and 12, Chromosomal DNA of the wild

ftype cells <howed a faint band representing the original
chromosomal genes of formate dehydrogenase and/or
embrane was hybridized by the

pmants in lane 4, 8, and

uracil genes as the n
digested exprossion plasmid.

Northern analysis:
Narthern analysis was ¢
of transcniption elements

officiency
termunator), and to determine the leve

of Kappa mRNA ander the induction con |

Figure (3) revealed that cells u.-ms'ftumcd with
plasmid pEMD (lacks kappa, GAM, :Ii.ld MI'-(. cl?NAs),
in tane 1, did not show band of 3.1KD in s12¢, equivalent
10 the single strand mRNA of light chain, pre-pro-ME-«
and glucoamylase. On the other hand, cells (r.'msfnnu‘ml
with pGAKU plasmid showed bands of 3.Jkb with
different intensiies. Comparing Northern and Southern
analvses, there 15 a relation between the plasmid copy
number and the fevel of the ranscribed kappa mRNA,
Both transformants No. 6 and 9 showed muliicopy-
pumber of the integrated plasmid as well as high level
of mRNA transcription. Contrary, transformunt No, |
of transcripion  of  mRNA

gried out (o venfy the

(promoter and
1 of transenption
ditions.

showed  high  fevel
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Yt g nm,

A g L Sy S gy | T

ol the

transciiption desphie the Jow copy et
I hese

plasmid integrated fnto thie yenst Chamosane,
obsetyation shows that the Teve) of taneapption 1y ol
may  not  depends  on - the pumber  of - plasmid
copy tmber but depends manly on the transcnphion
fac tar level.

Characterdzation of Hght chaln (k) and glucoumiylase
prateim

of 1. polymarpha wth pOskt
wong In YHEMG e in
ity the same plassd bul

A transfonmant
(No.9) was induced by gro
parallel with a transfornuant w
lacks the expression cassette (plMID plasimid),

Cell eulture supernatant; about 20 (3 presein in 20
(1, representing 10 ml of the original culture medin
wled and electrophoresed in 12% S5 pulyascry

(4) shows the cell culture supes it
staming itk

were Joi
Jamide pel. Vigure
after  electiophoresis — and

brilliant blne (CBIE). The  supernatant
sees in

protein

conmusaiee
shows 3 bands more than those bands

protein
that of the supernatant of control cells, a distinet Large

band in the approximite molecular weight of 67 kda
which is expected to be the band of glucoimylase
peptide, (seized 1.9 kb 630 amino acids).

e of

In addition there are (Wo additional bands; on
0

ahout 37 KDa and the sccond band is approximately
KDa. The band of 37 KDa most probably, represents the
pro-alpha and kappa in one fusion peptide, however,
such hand is somehow lasger in molecular weight than
the calculated one (seized 900 bps= 300 aniing scids).
The second band of about 29KDa possibly waould
represent the completely processed kappa peptide but it
is also Jarger than the expected molecular weight (se1zed
657 bps= 219 amino acids). The larper molecular weight
of the expressed proteins may be atiributed 16 the
processing and secretion conditions of the forergn hout
cells of H, polymorpha that of the original mouse
plasma cells,

Cell-free extract : the cell-free extract of the same
induced cells were pooled and about 20 (1 volume
containing approximately 50 g) proteins were electro-
phoresed in 12% polyacrylamide gel and stained with
CBI as in Fig, (5). There are similar bands (o those are
seen in the cell culture supernatant, mentioned before,
thut were missing in the control, However, the intensity
and amount of proteins in the bands sized 37 and 29
KDa we several tmes greater in the cell-free extract
than in the cell culture supernatant. This indicate that
the expressed proteins within the cell is more than that
secreted oulside,

In contrast, plncasmylase band was morg intense in
supernatant than in cell-free extract which indicate that
g!um;ﬂny!a»c protein is efficiently secreted to autiide

Ay iz s e Pn
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Fig. (1) Diagram of the expression vector, pGAKU plasmid, containing a kappa coding region. The
coding region ¢DNA of kappa pene was inserted in between FMD promoter and MOX
ferminator. A 1.9 kb fragment from the N-terminal of the coding region of glucoamylase (
Schwanniomyces occidentalis, GAM] ) with its secretion signal sequence was ligated in
between the FMD promater and kappa gene. Prepro-( was inserted in between kappa and
plucoamylase penes to be a secretion signal sequence for kappa chain peptide,

‘_‘12345 67 8910 11 12
2 »

.

Fig. (2) ¢ Southern analysis of the PGAKU transformed

yeast cells of 17, polymorpha LR, Lane 1,
“DNA. EcoRIMindIIl; Jane 2, authentic plasmi

d pGAKU; lane 3, chromosomal DNA of the
wild type; lane 4-12, are the chromosomal DNA of different PGAKU transformants No, L2
3,4,56,7,8 and 9 respectively, Arrow indicates the location of the CXpression cassette.
The chromosomal and plasmig DNAs were digested by Scal before analysis. ‘



mir 120

..
’
rr
o
e
4
- 4
@
or
3
/7
Fs
;
p
-
‘5
“

a0
I ST

Qarrelating bhetween So \
clating between Southern, Northern analv.

-~ .
proie

amount of : <80 i
( < cin expressed, there is no distinet

<L amd

3 e A APy H
HfSoronce | betweoen cel

calis wath multcopy -number plas-
transenphon level and that of low copy-
lasnud and hagh transenption level to ll.\c

wad and Wagh

~ .-.\:v "~
Desriia™sa !

SHoUn O PRI SXPIesSs AR AT e
R | 1IN AP ssed either secreted or Cnlmppcd

vﬁlg_

. A
MmN LR Ol

On astmating the amount of protein, the amount of
e expressed night chain (R) of the MAK33 antibody
Serivasives 1 H. polymorpha LR9 host cells were 50
and 30 mp L. secreted and non-secreted, respectively,

eradv SN Mol and rARrA AR .
wralv S30 ma L and represents about 10% from the total
c2l] protemns under the contrel of FMD promoter and

d.a~ 3 ’
adutnon coaditon.

Western blot

Wesiern 2nalyvsis of the cell culture superatants and
~2llfres extracts of both control and transformants was
10 :dentifv the CBB-stained gel bands. Fig.

(&) chows the results of such expeniment. In western
protein bands were wansferred 10
- imacellulose membrane filter after clectrophoresis in
*% SDS-polyacrylamide gel. Rabbit Anti-MAK 33,
tappa-specific, antibody were used to probe that the
amacellclose blots of both culture supernatants and
sell-fee  extracts. While rabbit antiglucoamylase
sthody was used to probe that of the culture
The bands were visualized by anti-rabbit

supernatant.
sikzline phosphatase-conju gated antibodies.

The specific antibodies confirmed the identity of
sznds located before in CBB-stained gel. Glucoamylase
hend appeared at about 67 KDa and was identified by its
crecific antibody. Kappa chain (at about 29 KDa) and

e 3
pro 2lpha-kappa chain (at about 37 KDa) were identified
3 bands in either cell

their specific antibodies as
supernatants or cell-free extracls.

by

ey iryeen

-~ b

DISCUSSION

The methylotrophic yeast Hansenula polymorpha

like Soccharomyes cerevisiae offers several advantages
for the expression of recombinant proteins, no)n of the
least, is the lack of detectable endotoxins = ° It has
2o = weli<haracterized secretory pathway and secrefes
ozly 2 linde of its own proteins into the medium. The
- ‘o A M . ore
secreted heterologous po!}pepudes. ca(nmr)nakc up m
than 90% of the all secreted protein . In our case,
like hirudin, the secreted protein remains stable in the
fermentztion medium, and exhibit little or nO proteolytic
degradagion 1230

Foreign eukarvotic genes, like MAK33 genes, can be
expressed in yesst cells if provided with a yeast promot-

36

er and terminator. The use of tightly controlled promot-

er and terminator elements of the methanol metabolic
pathway (FMD and MOX genes) enable tight regulation
of expresston in the yeast . polynunpha ”4’. Also,
synthesis of the desired product can he regulated to oc-
cur at the end of fermentation process when a biomass
has been produced and thus the deleterious cffects of the
heterologous protein to the host cells can be kept mini-

mum.,

Gene fusion is used for expression of recombinant
protein in heterologous  hosts for several reasons.
Among these¢ reasons, is 10 avoid degradation of the
¢ recovery and purification of the

foreign protein, to mak
ability of the

product more ecasier and to enhance the st
expressed protein &

on system has the unique
ing up to 100 copies
timeric and non-

H. polymorpha expressi
feature of the possibility of integrat
of an expression cassclle via mul
homologous integration mechanism which reduce the
risk of instability of production strain (1), The stability
of phenotype (uracil+) up to 100 generations means the
integration of URA 3 gene into the yeast chromosome.

The expression of certain eukaryotic genc is, al
least, partially controlled at the level of mRNA tran-
scriplion(‘u). Northern analysis of light chain mRNA
showed the abundence under the induction condition.

Our results suggest that the relation between
mRNA and plasmid copn-number in the transformants
is not linear. This could be explained on the basis that
one or more of the integrating expression cassettes are
not functional. Another explanation for these finding
could be attributed to the low stability of light chain
mRNA under the stated conditions. The level of mRNA
in cell is determined by the the rate of transcription of
the gene and the rate of degradation of a mRNA for
maintenance of flixibility and accuracy in the gene

expression.

It is well-known that efficient secretion of foreign
protein could be better achieved when it is fused to a
secretion signal sequence ). The pre-pro sequence of
the mating factor-( of the yeast S.cerevisiae was
considered one of the most characterized and used
secretion signal sequence for secretion of foreign
protein in the yeast S. cerevisiae Y In the present
study, the pre-pro sequence was used for the first time
as a leader sequence for secretion of light chain peptide
to the secrctory pathway of the yeast cells of H.
polymerpha. Kurjan and Herskowitz, (39), postulated
that‘the pre-at peptide should be cleaved by signal
peptidase in the Endoplasmic Reticulum (ER} and the
propeptide should be cleaved by another endopeptidase
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olymorpha LRY. lane 1,

ig : sis of g RNA of the induced cells of H. p
Fig. (3) : Northern analysis of the kappa m 0 2.3 4. 6.7, and

control (pFMD-transforman); lanes 2-8, are pGAKU-transformants No. |, A
9. A band of about 3.1 kb representing the expected mRNA of kappa, pp-( factor, &
glucoamylase coding regions that are missed from the control.

32.3

e
27.5—

. . 199 -polv. i i :
Fig. (4) : 12% SDS-polyacrylamide gel stained with coomassie brillient blye (CBB) of the cell culture
supematant of the induced cells of H ;

- polymorpha LR9, Lane M r
{in left side); Lane 1, con ’ R Wt
2 PGAKU-transformant No. 9. The
s that are misseg from control and indicated
camylase band (67 KDa), pro-( with kappa
rocessed kappa chain peptide (30 KDa).

. trol ( pFMD-transfonnanl); lane
pGAKU-transformant showed three distinet bang.

by arrows in the left side, the first band is gluc
chain in one peptide (37 KDa) and completely p

37



Zapanig J. Pharm. Sci., December 1996
Japnaig ?-
vol. 2. No. 2, pp. 32-40

325 —
—

275 — “
-~
r

D

(o]

(6, ]
A..-«“‘M‘A “‘*ﬁ
-V"“ ———’ -—v'l i

_~ il ol ""‘.-"-h}
N s gy "t ——y

b4

Fig. (5) ¢ 12% SDS-polyacrylamide gel stained with coomassie brillient blue (CBB) of the C.c" exlraFt of
the induced cells of /. polymorpha LLRg. Lane M, molecular weight marker. (m.lcfl side),
lane 1, pGAKU-transformant No. 9; lane 2, control (pFMD-transformant). Like in the cell
culture supernatant, there are 3 distinct bands for glucoamylase at about 67 KDa, pro-( and
kappa in onc peptide at about 37 KDa and completely processed but unsecreted kappa
peptide at about 30 KDa, the bands are missed from control.

Fig. (6) : Western analysis of the cell culture supernatants (A and C) and cell extract (B)

polymorpha LRg transformants No. 3 (lane 1) and 9 (lane 2) . o
A and B, detected by anti MAK33 kappa specific antibodies.
C detected by antiglucoamylase antibodies,
MW marker in the left side, and a wide range of MCAs which bind to preteins, carbohydraes,

nucleic acids and hapten antigens have been produced (2),

38
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. '(KEX2) in Go!gt bod:cs in 1hc yem S cerevisiar, lﬁ‘-"
translation and tmnslocauon in the ER. '

~In the expression cassette of light chain, there are

~both  glucoamylase  and  preprosecretion  signal
- sequences in one peptide i. ¢. there are (W0 recOEAIOD
sites for signal peptidase in the ER lumen, which may
~ affect the rate of cleavage and consequently in the fate
of secretion,

Also, the propepude was mostly conpugated (o the
light chain peptide. This could be due to the presence of
insutficient KEX2 enzyme to cleavage the pro-peptide.
This assumption conform with the previous report that
the signal peptidase s not required for provessiag of
prepro  and  the  prepropeptide 15 processed by
endopeptidase (KEX2) 1n Golgi bodies t36) Providing
this 15 the case, KEX2 enzyme would be the rate
limiung step in the secretion of proteins when prepro-a
13 used as secretion signal sequence.

The secretion rate of glucoamylase to the culture
medium was found to be high This means that
glucoamylase 1s rapidly folded and assembled into s
secretion form so it s rapudly secreted to outside the
cell. Overexpression secretion lethahity, missfolding and
missassembling are other factors that could lead o
malsecreuon of light cham peptide

l'dlu-l‘exct“"), noticed that the overexpression of
foreign protein caused lesions in the secretion system
and they were able to increase the secretion efficiency
by supplemennng the exoression plasmad by one o
mare secretory cloned genes

The tugher molecular weight of the exprossed
protein mare than o calculated one could be annbuted
to the ‘lyunyh(luﬂ, the pro-a has 3 N-glyconylauon
mu! Missfolding and  mussassembling  of e
expressed protein cosld be other reasons respossible for
altered mobility on the gel and subsequently sppeared
high i ther molecular  weight.  Expression  of
proetically engineered protews have mostly saffered
froan such vnabality snd appearsd wuh hogher molecular

weights
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