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(54) Title: EXPRESSION OF GONADOTROPINS IN DICTYOSTELIUM

The present invention relates to gonadotropins expressed in Dictyostelium. The gonadotropins are found to be secreted in a biological
active form. Expression of gonadotropins in Dictyostelium provides an easy way to select for gonadotropin mutants.
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The hormones are heterodimeric proteins of around 30 kD formed by a non-

covalent association of 2 common a-subunit and a2 hormone specific f-subunit.

__ "1_5 - Within a species, the a-subunit is essentially identical for each member of the

R gonadotropm family; it is also highly conserved from species to species. The B-

subunits are different for each member, i.e. CG, FSH, TSH and LH, but show

considerable homology in structure. Furthermore, also the B subunits are highly

- conserved from species to species. In humans, the o subunit consists of 92 amino acid

20 - - residues, whilst the B subunit varies in size for each member: 111 residues in hFSH,

121 residues in hLLH, 118 residues in hTSH and 145 residues in hCG (Combarnous,

Y. (1992), Endocrine Reviews, 13, 670-691, Lustbader, J.W. et al. (1993), Endocrine

. Reviews, 14, 291-311). The B subunit of hCG is substantially larger than the other B

subunits in that it contains approximately 34 additional amino acids at the C-terminus

28 * referred to herein as the carboxy terminal peptide (CTP). This CTP bears four serine
' . linked oligosaccharides.

~ The gonadotropins serve important functions in a variety of bodily functions

iﬁcludirig' metabolism, temperature regulation and the reproductive process. The
hypophyseal gonadotropin FSH for example plays a pivotal role in the stimulation of

i 3% -,_,Hfolhcle development and maturation whereas LH induces ovulation (Sharp, R.M.
Ny _,__'(1990), Clm Endocrinol., 33, 787-807; Dorrington and Armstrong (1979), Recent

Prog. Horm. Res., 335, 301-342). Currently, FSH is applied clinically, either alone or

in combination with LH, for ovarian stimulation i.e. ovarian hyperstimulation for in
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and the c®mon _apcgugn.nlq adglitton the C-terminal peptide (CTP) of hCG can be O-glycosylated at
_ 'fqur serine positions. The major role of the glycosylated CTP seems to be the
" prolongation of the circulatory half-life of hCG.

The biosynthesis of the ‘glycoprotein hormones is a highly complex process. In
20 - the last decade it has become clear that folding, assembly and secretion of
- gonadotropins is assisted by a large set of chaperones and folding enzymes, residing
in the Endoplasmic reticulum and the Golgi apparatus. Since both the - and the B-
subunit contain a so-called cystine-knot, it can be anticipated that protein disulfide
- isomerase plays a key role in the facilitation of the folding process. In addition, it has
. 25 been shown that the N-linked oligosaccharide side chains are required for proper
folding, disulfide formation and secretion of hCG (Feng, W. et al (1995) J. Biol.
~ Chem. 270, 11851-11859). The successful assembly of the two subunits into the
.. dimer is an absolute prerequisite for the biological activity of the dimer.

0 7 " Elucidation of functional determinants of the heterodimeric glycoprotein hormones
"""" " isoften hampered by unwanted secondary effects of mutations on the assembly of the
| subunits. To facilitate structure/function analyses studies mutants have been produced
~ “in which the coding regions of the hCG B-subunit and the common a-subunit are
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mutagenesi s of sel Gel el OBl Nein Botmencs (Lnsthraisr, J3W. Puett, D. & Ruddon, R.W., Eds.)
pp. 59-82, Springer-Verlag, New-York) and for designing potential new therapeutic
analogs of these hormones (Fares, F.A. et al. (1992), Proc Natl Acad Sci U S A 89,

15 4304-4308).

Unfortunately, the use of mammalian cells such as CHO cells for the expression of

~ human gonadotropins suffers from some limitations. Thus, it is not possible to generate

the high number of transformants necessary for studies that involve random mutagenesis

20~ of protein domains. Random mutagenesis of selected domains in proteins has been

- shown to be a valuable tool for identifying the structural determinants for receptor

binding and bioactivity. In addition, the use of CHO cells is expensive and labour

intensive. Thus, there is a need for the expression of gonadotropins in a more robust
expression host. '

© 25 Host cells derived from lower organisms might meet the above mentioned
requirements, but it is expected that the complex folding of the gonadotropins
hampers proper expression and secretion of such complex recombinant proteins.

Now, unexpectedly it has been found that chtyostelzum is capable of producing
= the htghly complex glycoprotem hormones.

'. 30
The soil amoebae Dictyostelium discoideum is an organism that provides an
attractive alternative for heterologous expression of the human glycoprotein
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produced in CHO oet kdentital tosthat in higher eukaryotes, gonadotropms produced in Dictyostelium
also were found to be Biologically active. The protein is found to be capable of
binding to its receptor and to stimulate cAMP production in cells expressing the

* human LH/CG receptor.

15 The heterogeneity of the expressed glycoproteins is greatly reduced leading to
much more homogeneous preparations of isohormones. Therefore, gonadotropins
:;produced in Dictyostelium are chemically well-defined relative to the more complex
...CHO-produced gonadotropins. This is a major advantage for the maintenance and
.- analytical validation of the batch-to-batch consistency. Since the glycosylation is a
~20 .. . very important determinant for the in vivo half-live of gonadotropins, production of
- gonadotropins in Dictyostelium provides a tool to produce non-mutated gonadotropins
with well-defined in vivo half-lives. In addition, combination of the expression in
Dictyostelium with protein engineering facilitates tailor made gonadotropins for

_ several clinical applications.

25 Because of the complex inter and intra molecular folding of the two subunits, the
large number of disulfide bridges, disulfide knots and post-translational

- modifications, it is remarkable that active gonadotropins can be expressed in

.- Dictyostelium and that properly folded molecules can be prepared according to the

L ~ invention. Proper disulfide bond formation is a critical event in the folding and
"30  maturation of functional gonadotropins. Especially the disulfide bond formation in the

B subunit is critical: all disulfide bonds are required“for efficient combination and

folding. Detailed studies of the folding of hCG revealed that the folding of the

molecule does not proceed by a simple sequential pathway, but proceeds
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subunits, the | ar ge nunber
and” post - t r ans| aveRtign, the C-terminygef &hﬁ@mm@ aeid sequenge pém REthesubtnits iadinked;
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fol ded nol ecul es_can be prepared accor

Proper di sul fi dethssthers Hﬁ‘lﬁ Preforably the |lmﬂgramomnem aucnrml@efoolp@rt@ CéiPRluall or
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mol ecul e does no TS At their papecityy, Np @t Grieatiaus with a

~ complete or partla.l CTP unit or a vanant thereof. The extension may comprise the
respective CTP units in single or multiple forms. Alternatively, a complete CTP unit
20 - ~or partial CTP unit or multiple forms thereof can be inserted in the N- or C-terminus
of said subunits. Again another modification is the introduction of one or more non-

- native disulfide bridges.

| - Furthermore, the gonadotropins according to the invention may be either

o gl_yi:osylated or partially glycosylated. Partially glycosylated gonadotropins according

' 25 to the invention can be obtained by site-directed mutagenesis whereby one or more of

- the glycosylation recognition sites in the gonadotropins are removed. Alternatively,

~ the glycosylation pattern of the gonadotropins according to the invention can be

modified by the introduction of additional glycosylation recognition sites and,

| - optionally, the removal of one or more glycosylation recognition snes, resulting in a
30 YT modified glycosylation of said gonadotropins. A glycosylation recogmuon site as

_ used herein consists of the amino acid sequence Asn-X-Ser/Thr, wherein X can be
~'any amino acid. |
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di recting expr esgﬁoger{ng paying the ?fnﬂ}oo"fc ﬁ%quencescknown in'fie ARREY dﬁn%‘ggfehlﬁﬁ’iaﬁgms
accordi ng to t hethersofregadlessiof the gliyoweylation pattera dispiasedl of t wo
non-coval ently bound subunits. Preferably, the gonadotropin is hCG or FSH.
The 10 sgonadot r Si¥atines” fmmw\oé‘rtheseapmtemsparesho fdm‘saWhQBShagertEé aiinb acid

known in the art h nodi figation,of the
gonadot r opi ns acEIMENS 3, isplated Hon? e r%lﬁwgﬁ Y%'ﬁ a?‘ﬁéls ahﬂ}? tesg fkgown
am no acid seques&qaemcfespaesa)brtlfw&llehuwanmts theréofked, optionally
through a linker noiety, to the Ntermnus of the am no acid sequence of

t he ot her subuni t . Pheseefvabiants? laee thaskeproﬂenisabmmﬁlaaemﬁbéreﬂeeal?famstxhahmno
CTP unit or r Q eat epti .
ti mes repeat ed &5 éecyt?eﬁl:@}eoitﬂ% t§%he nflivé protel ﬁ}?ea eﬁ%lﬂp"ﬁ’wf F{S’ﬁ"dgfml’ﬂg or

gonadot r opt ns acultiple geletionfeinsertions, |mbstm1tlohe aad combinations etkéreofiiand edn be

compl ate o par (S i Rktarle ME M ERERRISAC ot onsion may

conpl ete or part nit or var i

conprise the As usEP B@félﬂ \fﬁe %gg“\mx ”Srek'é}s % gm%oé?#l tsbﬂe%gé ?o t ptP%

Alternatively, a conplete
forms thereof ca8RrRXY mmeefﬂw B mabumit erhQGMdmh exgends from amino acid 112 118 to

- . residue 145 at the C-terminus or to a portion thereof. A “complete” CTP unit contains
15 . 28-34 amino acids, depending on the N-terminus of the CTP. A “partial” CTP unit is
| | an amino acid sequence which occurs between positions 112-118 to 145 inclusive, but
~ “which has at least one amino acid deleted from the shortest possible complete CTP
| ‘unit (amino acid 118-145). “Multiple” CTP units are understood to encompass
o ta_ndem arrays of the complete CTP unit or partial CTP unit or combinations of both.

20 " .. Methods to construct the gonadotropin genes according to the invention are well
. known in the art (Samb;ook et al., Molecular Cloning: a Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, latest edition). Techniques for
site directed mutagenesis, ligation of additional sequences, PCR, and construction of
N _ suitable expression systems are all, by now, well known in the art. Portions or all of
25 ~ the DNA encoding the desired protein can be constructed synthetically using standard
- | solid phase techniques, preferably to include restriction sites for ease of ligation.
* Suitable control elements for transcription and translation of the included coding
h _'seduence can be provided to the DNA coding sequences.

ke e At The invention also prowdes for a method for the expression of gonadotropins or

.. 30 .;;. :mutants thereof in Dictyostelium. Said method according to the invention comprises
. the steps of:

- transforming a strain of Dictyostelium with a recombinant plasmid vector

comprising a DNA sequence encoding the gonadotropin genes or mutated genes
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gonadot r opi ns accoydin 5.~. .10 t.he invention can be obtained b
site-directed rru‘t“?;f&éﬁg’gti"é %F@B{/‘e@wg rﬁu\f%B‘FyesegFemes the gl y%:losyl ation
recognition sites in theargmonthdakecanbinantastein anderechnditidnsrtnzaliowe bxpression of the
the glycosylatio ttern of the gonadotropins according to the invention
can be PG EY* e i ntroduction of additional glycosylation
recogni ti on sites andijsolating the exprpdsed pedteiyn, t he renoval of one or nore

gl ycosyl ation recognition sites, resulting in a 30 nodi fi ed

gl ycosyl at son of saPrkferahbydiht rpopteinsto We expresssy it ishigle-cluim proteion i.si the subunits

used herein Conséﬁtyscgﬁ;@ﬁgcﬁgﬂ.&%teﬁciﬁ@%ﬁ“%“%&é?“'rﬁ&éﬁﬁé.T%ore‘M}?rEf%%l% the

can be
- 6- gonadlistropimds kimgle-chain h€Gl err] and [err] subunits of CG FSH,
LH and TSH as well as the het er odi meric forns have in general

their conventional dmbihertdspert afhther mvemtiamoig ke provide a methodotoeieasilyhsareen for

the amno acid si@gﬁg@g@#gﬁ{g}%in&%ﬁtjgﬁeﬁ& &ﬁprfs@r or allelic variants

t her eof , regardll cOsy on pattern displayed. S

"Native" forns of thesandonomuiagenesisofgomgdotpopon génes whi ch have the amino
acid sequeng ' 2 . gp h" tissue,
and have these known ?&%&%dﬁﬁé@éﬁ%ﬂé@i@%gﬁg@@f e%‘?‘g}éﬁpgﬁ% vari ants

t her eof - trafi$fogmingvasiraintof” Digtrestelivs ovith saidi neeombingnt plasraid vector
del iberate alterati On%uft&i@kﬁﬁes under conditions to allow expression of the DNA sequence
- determining the receptor binding / signal transduction ratio and
15 - isolating clones with a ratio deviating from the ratio determined for wild type
" gohadotropins.

Preferably, the mutated gonadotropins show a receptor binding which equals the
binding of the native protein to its receptor. More preferably, the affinity of the
mutated protein to its receptor is higher than its native counterpart. The signal

20 transduction has to be at least two-fold higher or lower as compared to the native
protein. Preferably, the difference in signal transduction amounts a factor 10.

Proteins exhibiting a high ratio are useful as antagonists whereas proteins with a

low ratio can be used as super agonists.

Methods to determine receptor binding as well as in vitro and in vivo assays to
25 determine biological activity of gonadotropins are well known. '

Random mutagenesis need not to be performed on the complete gonadotropin
gene but instead can also be carried out on a single subunit gene or a well-defined
region such as e.g. the determinant loop.

: .. In order to introduce random point mutations in the gonadotropin gene(s),
30 amplification of the region(s) of interest with Taq DNA polymerase can be employed.
. Since Taq DNA polymerase lacks a 3’5’ exonucleolytic editing activity, this

enzyme is an error-prone DNA polymerase, with a measured error rate of 107 to 10™

error per nucleotide synthesized. Therefore, use of PCR with Tag DNA polymerase



acid sequences relative to the native proteins. The alterations may include
singl e or 1WO99%13081m,| tiple del etions, insertions, substitutiBREERRPS7I7
conbi nati ons thereof, and can be produgced by, for exanple, site
speci fi c mut agenesi s. As used herein, the "CTP unit" refers
to the am no acid sequence found at the .. carboxy termnus of the,
[err] subunit of URYES %?@W“&x?t%ﬁ‘ﬂﬁé PaSHPR ORGItoRs san 1be. %?g fopIntroduce mutations

resi due 145 at t [Endu, UEr Bt RIS (19919, 0NacP OALIdS RésN e 0§ 2) AH Vet ethe” frécilRnuii df

contains 15 28-34 ami no acids, _depending on the N-term nus qf .the
CTP. A "partial " Muf$siqns; psipg these conditighs 4f; ke dp%eEB@SE@ZWSi aslatiyedy laree

bet ween posi ti ongeglibAces]But fot 1P st DA Pagridists (< 500 b?). THB iieflddIRy ofTak CRIA
one am no acid deleted.from bge, shortest possible cg*npﬁggte CTP ) )
unit (aming aci dPalygerass)cam bf iperspsed RyrpdditionsofaMa’uatd e 488 of relativalyp hish
t?nge[nhar r %5 of céx’i&nﬁ@ﬂiﬁﬁsﬁdiﬁdl@f? aﬁﬂ'ber(L?&E%i, %.de altu.rtllpsgac TeshigReal] 013).
of bot h. 0 consf.ruc onadot ropi n genes
according to theARANSHR3UYA ‘%"rtéo‘i\&rlthe adjustment ‘P@?fbgﬁ“ﬁtﬂ‘%@%’t‘&’g&%ﬂﬁ% offprs
iﬂ » Mol ecu:Dar Cﬂﬁniof)g'orémi_taﬁhﬁ’f ﬁﬂlgéuci nthel type®!| 6f mutation, isSthel nge ]I}Iﬁ‘r doTP in
aboratory Press, .Spri.ng. Harbor, Tatest editign). chpi qu or
St di ventod mbaBmedpE Wi lyaiing Agunik chane it ghe Bk IS SR 5040 (1993)
Eonst ruct ilﬁn of Nucl. Acids Res. Q_&Lp’lrﬂ-e?eqrzpaanfs ' @ﬁgﬁ)@fgﬁﬁ&h@t eargét DNA{< 50 bp), td hse
nown in the art. .Rortions por a t.he ngodi t he. desi
protein can be cBhIFSTERLG 085‘?&‘}?&"%9% FSPISStORF @F&ﬂ?fg?é o chblod ?ﬁ“g@fqtge‘[g and
}ohase t echni quesDeplroefem“,aT)O/ (l%&)p?ﬁdﬂfiel\/ﬁomt Bisl 581323-383). flisuakip sthe Qfrocedures
i gati on. Sui t abl e .contro enents f.or transcribti.on a
transl ation of tH&§ #‘l?c‘:‘F ﬁ%@ﬁ Ip Stpges ﬁ".e region é?ﬁﬁ@ﬁé‘é a(?}mlf%g bﬁ?@ﬂ%’@ﬁntpoc%#g
DNA codi ng sequesepswo, the amplified DNATi3aligesveaiwvitha paiisef nestrictiole sndamuckeases that
nmet hod for the expressi on qf n ropins or..3 nut.ant s, t Ok 1IN
Di ct yost el*fum S§fd? n’éatcﬁoegga%tg%feﬁé FGUEREE ¢ tofp Etméﬁ‘leg,e@e A I‘ragment
t he steps of: containing the DNA aseghencei ofyimersétr 3i ligatéd Biithi ysstictionuendonbéiease
reconbi nant pl asgi d copprisin DNA se n codin h
gonadot r opi n gengge%t\rés rCrJuegg e%N&é &8 Step ?Pur, e %sxaﬂtmg tedotbinant DA %le&lés §re
: “~introduced into the cells by transformation or electroporation.

20 . - . DNA vectors encoding any of the gonadotropins according to the invention are

: also within the scope of the invention. DNA vectors according to the invention can be

_obtained by operatively linking the DNA encoding the native gonadotropins or

variants thereof to DNA comprising Dictyostelium regulatory sequences. Optionally,

these vectors also might contain regions which contain origins of replication and/or

25 - polypeptide-encoding sequences facilitating extrachromosomal replication. Such

vectors have the advantage that they can replicate extrachromosomally in the
Dictyostelium host cell. | |

As explained, the variant gonadotropins according to the invention can be

' 30 ©  “‘agonists or antagonists, depending on the mutation site. The mutation site may lead to
~ subtle changes in the conformation of the molecule. If the mutation site e.g. is
 selected in parts of the protein that are associated with receptor binding and/or signal

' transduction, the excreted protein according to the invention may lead to a partial or

complete loss of signal transduction activity. Such altered gonadotropins, wherein the



-7- under control of Dictyosteliumregulatory sequences

- cul t WOA81308k r econbi nant strain under conditions to alf Wé’gm on
of the DNA sequence and - -gisolating the expressed

pr ot ei n. 5 Preferably the protein to be expressed is a

single-chain protein, i t he subunits are, coval ntIy connecte
through a spacerr‘??ﬁ?@&upg‘dl%r@%ﬁré‘%r%rﬁl getpigd, can be é?ﬁ ? iso

si ngl e- chai n hCGgonadotropins with 1rtﬁﬂ6’0€t€fb1ﬁ§ﬁ§04nd0fughbletmm®ﬁﬁb@nactlsltie@ may be
provi de a net hod to egsHy screen for nmut at ed gonadotropins. Said
met hod conprises$ random nut agenesi s of gonadotropi n genes

- i nsertion of (tﬁ,grmtated nesmaglgv\ﬁyotellumgas'd V&%Iogge

- t ransf orm ng t38gM5t gpn gf’?%taﬁ?‘?r 8 1o Jayepup St BT HenApe
erct (r)]r DNAS clinical }ﬁlltbbmlaﬁﬂl@hﬂmsgdm@dﬂfolﬁ@mdn Tadéim%nttbe fdteims eagpbeasecm;
of the seque

ce em ni n e rec /[ sjgn
transduction rat BB‘ gAstic tools to detect tﬂe Presspest 8‘?\6&?%?185 O"t' W&gg‘SSpect %'

deviating fromt heuvapmmﬁbemetﬁmbgﬁdl §a@rip1éu ey wienlso usefill as c@ﬁﬁ@ld@i Dby ilSassay
Preferably, the g%lt a gonadot _5opi show a rece Ior bi ndi ng_ whi ¢ egualls
ﬁg €S.

t he bi n et el ng?‘EPqOFQ ine HopRERes g, Xarious
preferably, the afnftaguﬁsys @in bBeused e m ﬂﬁuﬁédtﬂﬂnﬂobﬂtgﬂhﬁdu%giﬂ dependert ﬁfmdrs

hi gher than its count er part nal ucti.on has
be a1 endd tv. FEVHCT oD cmevenaiﬂz Gamg ponpliEh pyarian typerstimmation

protein. Pr eferabﬁanmmtagohiswmmmemﬁtagqﬁiogransduct|on amounts a factor
10. Proteins exhibiting a high ratio are useful as

ant agoni st s wher eas Spitable iphamuwdceitical compositions according to the invention comprise one or
more of the gonadotropins according to the invention and a pharmaceutical acceptable
carrier.

.15~ . Pharmaceutical acceptable carriers are well known to those skilled in the art and
. _.include, for example, sterile salin, lactose, sucrose, calcium phosphate, gelatin,
.. dextrin, agar, pectin, peanut oil, olive oil, sesame oil and water.

Furthermore the pharmaceutical composition according to the invention may

?' comprise one or more stabilizers such as, for example, carbohydrates including

20 - sorbitol, mannitol, starch, sucrosedextrin and glucose, proteins such as albumin or
casein, and buffers like alkaline phosphates.

Suitable administration routes are intramuscular injections, subcutaneous
- injections, intravenous injections or intraperitoneal injections, oral and intranasal
- administration. '
25
The following examples are illustrative for the invention and should in no way be
_ interpreted as limiting the scope of the invention. '




low ratio can be used as super agonists. Met hods to determ ne
receptor biVWAPHEOBS wel|l as in vitro and in vivo assays to 2FCI/EP98/05717
determ ne bi ol ogical activity of gonadotropi nsi@ce well known.

Random nut agenesi s need not to be perforned on-the conpl ete gonadotropin

gene but instead ca n a single subunit gene or a
wel | - defi ned ﬂEﬁ@SP%?@ﬁk}ﬂcg’%Egt he determ nant | oop.

In order to introduce random point nutations in the gonadotropin gene(s),
30 anplification of the region(s) of interest with Tag DNA pol ynerase
can be enployed.  Figure 1: SlasmidsapdDNoning! sinategys o 1 A Mapsaof3plasmids MB12n and

exonucl eol ytic eIgIBtl'ZHﬁ’s%Ct%Xﬂmt ?ﬁlasfngﬂs conﬁ;sti(ﬁf fo%?Z% % @Ep?r ' Shialiing g, 200

pol ymerase, with a neasure at e err
error per- hucl ednpigtenanen pragienced . (bitiesoript); hdgstivilineofesiztRcevigeie iader(DA promoter

pol ymer ase
under essenti al lcfng[o%ds d arc(la%rg;[l S%SS%t(t)en‘gn{l roEné)rt]er actlss)ea(?fldt Wﬁ%&%@% and
mut at i ons seque@ﬁg)bfor \extraghramosgrnglo l:l)a,mtbiumllce iac Disydseddinm YGAR2S,. G5/D6).
Ho the f f

Wever, € 1T aamqDhibsal conteflgs ?\}’gf\”m} chﬂEn&'eS 'fh%lé Ii'gﬁl%eﬁé)dquté %h nﬁﬁgﬁ Pg}ﬂ

adequate for nut agem Zi ng@ ueénce
smal | DNA fragmesie®t (BB) Clomm dngrmpf V158 Tha@h@bmlclebtxdes used are shown

pol ymer asg, can tHaC d r
relatively high hﬁ, ﬁﬁ%g%rl]%rgﬁéaﬁgﬁéxg% %&n@ o i?éf& d?ﬁ U%faeagé Hldl%te\/\’hat
et al. (1989), véﬁmcqwélbatltutlml%blave been made 1 optimizerthe sequanse lfodﬂzayostd!lecm
adj ustment of 't RRdBHpLAkRAC.! ? ype %?ﬂ%ﬁﬁé EAY léﬁéﬁr loh onu?le%fiﬁ%equences

opportunity of influencin the tiron, 1S t
are given in Table 1.

15 Figure 2: Binding activity of wildtype hLH, hCG and single chain hCG (sc

' hCG) produced in Chinese Hamster Ovary cells (CHO) or Dictyostelium

discoideum (Dd) to membranes of CHO cells stably expressing the human

:PI—IICG ‘receptor. The membranes were incubated with *I-labeled hCG in the

| absence or presence of varying concentrations unlabeled wildtype hLH, hCG or the

20 single chain hCG’s. Displacement curves are presented as the percentage of maximal
' binding at each dose of unlabeled hormone.

_ Figure 3:In vitro biological activity of wildtype hLH, hCG and single chain

hCG (sc hCG) produced in Chinese Hamster Ovary cells (CHO) or Dictyostelium

25 discoideun (Dd). Extracellular cAMP was measured by specific RIA after
stimulation of CHO cells stably expressing the human LH/CG receptor.

Figure 4: Ir vitro biological activity of wildtype hCG produced in Chinese

Hamster Ovary cells (CHO) or Dictyostelium discoideum (Dd). Luciferase

30 ' production was measured after 4 h incubation at 37 °C and stimulation of CHO cells
stably expressing the human LH/CG receptor and a reporter construct.



conmbination wth limting anounts of one of the four dNTPs (Spee, J.H et
al . (1993) ,WOp9/13081 Nucl. Acids Res. 21, 777-778). For nut agB@GBEPIS/QHLT

short target DNA(< 50 bp), the use of ydegener at e ol i gonucl eoti des
seens to be the nethod of choice. (Ki rchhoff, F. and Desrosi ers,

R C. (1996), Meth. | ec._ Biol,. 323- 333 Usual | y, the_ procedures

have four steps. | ny'% 8 SoA8 vigrg '?'eg'fceh aB‘FV’FﬁP&”ﬂQ&P%tF S producediip Chinese

(modi fied) PCR MAmster OvarP/S'i:éll% t(CH O} her miyoiteﬂﬂn%cbﬁl&wmd I‘Mc‘iﬂ&rée
pair of restriction endonucl eases cut at _each end o

sequence of i nt eradyctiopVas ‘é‘ﬁaﬁuﬁ‘?de%ttert"h}é upsRatiomgfndh C and stlmulat@grquﬂor@lls
the DNA sequencestslfly iefressisg theshu AR SH rabebior b h FéporiePPoridenuc ease

di gested vector DNA. In step four, the resulting reconbi nant. DNA nol ecul es

are sintroduced into the cells by transformation or el ectroporation.
20 DNA vectors encodi ng any of the gonadotropins according to the

invention are Figurel6s drWiirbibiologiab af¢ity of tvhﬂil?’) P AUG From [DHO/ ealihRd
!

e DA ancodi ngrelHieeh RS anafels arpeseds by, Dicirosietinm gfiboiaue T dopeieroe

DNA conpri sing Eprcauaﬁinabmmbﬂmd #te'4/h $RALRIGES 37RC lafid @himilatlon of CHO cells

t hese vectors al%%! g ht conhaln regl whi ch coptain ori ns of
replication and/YF°PSXPIeSSINg, &YPWQ"@%‘E%&?P@E@I? fiuet at i ng
extrachronosomal replication. Such vectors have the advantage that
they can teplicate extrachronosomally in the Di ctyostel i um host

cel |. As expl ai ned, the variant gonadotropins according to
.the invention can be 30 agoni sts or antagoni sts, depending on the
mutation site. The gite may lead to subtl e changes in the

conformation of the fid ecu e If the nutation site e.g. is

selected in parts of the protein that are associated with receptor binding
and/ or si gnal transduction, the excreted protein according to the
i nvention may | ead E&!ﬂﬂb’alrt ial or conpl ete | oss of signal

-t ransduct I on act [ wb fl): al tered gonadotropins, wherein the
- 18 esign of the expression constructs

A gonadotropin mutant consisting of a completely intact o.-subunit connected via
* " a peptide decamer containing five Ser-Gly repeats to the B-chain only lacking its C-
terminal peptide, was selected for expression in Dictyostelium.

Two constructs were generated, which diﬁ'ér in their leader sequences. The

20 first one contains the natural leader sequence of the B-subunit of hCG. To limit
possible problems in mRNA translation due to the presence of a considerable amount

(about 40% in the B-subunit of hCG) of infrequently used codons, the first 30 bases of

- the coding sequence were altered conform to Dictyostelium preferred codon usage.

For the construction of the second construct it was considered that the proteins

" 25" involved in the secretion route of mammalian cells, via the ER and Golgi, may not be
W'+ - conserved between different species. To facilitate transport in Dictyostelium, the
leader peptide of the human B-subunit was exchanged with a leader peptide of a

-+ - Dictyostelium glycoprotein, Prespore protein A (PsA), which is transported over the

| plasma membrane. This leader had been used previously to express secreted
““30 ' heterologous proteins (Dittrich ,W. et al. (1994) Bio/Technology 12, 614-618).



-9- receptor binding properties are retained, can be used as

ant agoni st SWOA943p81 gonadot ropi ns with inproved bi ndi RFYEPEHal
transduction activities may be sel ect éd.- The agoni st
gonadotropi ns according to the invention can be used for the same 5

clini cal burposes agubheeauiopBaRRIOERPLIRA 1YL Hdab g P 5

be used as stic etect nce or absen
antibodies with i@dgempttd@) apd JVIOPSA (Wlfrhaﬂlp\%Ap}eé@@“ m“ﬁﬁ) bt deived ffom
sanpl es. They ar g ??‘P useful as control reagents in assay Kits
for assessing the evel s of gonadotropi n hornones in various sanples.

Ant agoni St S can bel_iyllgﬁij&?ls% .95 kb extrk- %M@Bﬁﬁf[ﬁ@%ﬂ%@ﬂ LA, oﬂ@@ﬁﬁ'@%‘%tdeum
t unors; CG antagoni sts to prevent LH surges rln%con rol I ed
ovari an hyper sti (Rdapiasmid, contalmnganm meamsggzswnsﬁlse betwesn| 2 Dd promoter “and

contraception.  tempinator, MBer?"dbﬂs"i‘élé Bf E@kﬁ‘%& @l&!f %cﬂgﬁnﬂg%'&g&?%agﬂfeﬁf)dﬁ%
bIEO

to the invention conprise one otro

accor di ng t o t hepi nﬁ‘tﬂhe‘aﬁeﬁ e?t Bh&lr?%é@?lr E:&n Bioklds 124) contammg the Dd
carrier. in of I%Bﬁéﬁ%ﬁe&ifd' %R/ D&?&Fﬁ@é %Qhﬁe& 1 fe Iiéatf%hE(Gmbb ah@ YY)D6S)
t hose skllled in tﬁe art e,” for exa terile salin,

| act ose, sucrose2-98Hk frgm DB\B)@M éStrfegene) for propagation lﬂ&tcpllnl 3addr contammg
pectin, pggnut OnL blgéﬁcvcﬁnefés staiee B eedyea{lé:evm Acting 15 promoter and the Dd Actin

Furthernnre 1t he g arnaceutlca osi t1on accordil ng e 1 nvention nma

conpri se one or @n@ﬁ@él(ﬁpﬂbpgsﬁué}m@s Kfﬁl”&dﬂw@d Qarlégﬂﬁé),ail@sa 1.05 kb

i ncl udi ng 20 cloFE@r Qisictte colBiMIhE fle Da LA S Proflofs Sauhighe BRNT ré&tittR7Ssite
proteins such as albumn or

and the Dd 2H3 terminator (from BS18.2H3, Kumagai A. et al (1989) Cell 57, 265-

275). The Bglll site in the blasticidine resistance gene has been removed by

15 mutagenesis. Figure 1A illustrates the relative position of these components in

MBI12n. Plasmid MB12n/PsA contains-a linker sequence encoding the 19 amino acid

PsA leader peptide (Early, E.A. et al (1988) Mol. Cell. Biol. 8 3458-3466; Dittrich , et

_._.:al (1994) Bio/Technology 12, 614-618).cloned in the unique Bg!I site. The plasmid

NP has an unique Ndel site in the 3’ part of the PsA. sequence and an unique BgII site 5'

20 of the 2H3 terminator, to facilitate ‘in frame’ directional cloning. The BglII site

- adjacent to the Dd Actinl5 promoter was eliminated during cloning (see Table 1).

L Using primers b20aarev and alphater (Table 1) a single chain hCG was

- amplified by PCR from a plasmid containing hCG mutant 1 [B-(1-111)-(Ser-Gly),-c-

- (1-92), (Heikoop, J. C. et al. (1997) Eur. J. Biochem. 245, 656-662). The resulting

25 fragment was cloned in MB12n after digestion with Bglll. Primer b20aarev is
- designed to optimize the first 10 amino acids of the B chain for codon usage in

. Dictyostelium. The same template was amplified with primers bmature (Table 1) and

.. alphater to produce a product that, after digestion with Ndel and Bglll, was cloned

- ... into MBI12n/PsA. The resulting plasmids were labeled JSV158 and JVI1OPSA,
.30 . respectively (see Figure 1B and 1C). PCR was performed with the Expand High
' ,_:_l}_._jlf'i&elity (Bochringer Mannheim) system, using the following cycle parameters:
.:ggnaturation for 3 minutes at 94 °C, then 25 cycles with 30 seconds at 94 °C, 30

seconds at 37 °C and 60 seconds at 72 °C. PCR products were separated by gel
electrophoresis, excised and purified with Qiaex II (Qiagen) before restriction



casein, and buffers |like al kaline phosphates. - Suitable
admi ni st r amop99/13081t es are i ntranuscul ar injections, subcut anBCHEPISO5717
i njections, intravenous injections or intraperifoneal injections, oral and

i nt ranasal adm nistration. 25 The foll ow ng
exanples are illustrative for the invention and should in no way be
interpreted as |dig¢stiongngdedoningphll NAsequengenwerhanalyzed and confirmed by dideoxy

- 10- quedc NDS TO THE FI GURES Fi gure 1:
Pl asm ds and cl on| ng sttrategy. (1A) Maps of plasnids MB12n and

MB12n/ PsA. Both plasm ds consists of four main fragnents, containing E. coli
5 mai nt enance sequences (bl uescript), blasticidine resistance gene

under Dd pronoter Taple1: Dm%&di@ncéﬁﬁﬁbu @nlﬁ:héyﬁkleﬂaxﬁﬁ?s%hhﬁeﬂ\ﬂrh@Pm sequence
pronoter (actl1l5) and term nataqr (2H3), qv(gl/n

ext r achr onpsomal alsiashavshlis Repfide srquepess PEFheu%ﬁA @P‘E)GS ‘i‘e unique restriction
MB12n/ PsA cont aigies BgH$And NdkEr sequence (Table 1) inserted into the un| que

Bgl I | site of MB12n. (1B) C oni ng diagram of JV158. The
ol i gonucl eoti des used are shown 10 by the horizontal arrows. The xxx
shown in oligonucl eotide b20aarev indicate that ' sequence

substitutions have QHgHIDBYEqicAc@pPt i M ze the sequence for Dictyostelium
codon preference. (1C) doning diagram of JVIOPSA. All oligonucleotide
sequences R

10 PsA: (Bng) Ndel Bglll
agatcatgaa attccaacat acatttattg cattattatc actattaaca tatgcaaatg cagatct
MKFQHTVFIALLSLLT YANA
b20aarev: gcagatctat ggagatgttc caaggtctce tecttttatt actcctcage atgggtggta
catgggcatc caag -
15 - - alphater: ccagatctaa acatttaaga tttgtg

| _ " i:mature: gctatcgada tatgcaaatg catccaagga geegeticg

20 Example 2:
' Expresszon of. smgle chain hCG in Dtctyastelzum

chtyostelmm strain AX3 was grown toa density of 2x10° cells per ml in axenic

) medlum before electroporatlon, The electroporation conditions were basically as

SO .descnbed (Mann S.K.O. et al (1994) in: Cell Biology: a Laboratory Handbook JE.

25 Celis edt, Academic Press, Vol 1, pp 412-452), using 1 pg plasmid DNA for
electroporation of 107 cells.

Plasmids JV158 and JV10PSA were transformed to Dictyostelium, as well as a
MB12n control plasmid. After electroporation, the cells from one cuvette were seeded
in a 10 cm plate. 12 hours after electroporation blasticidine was added to a final



are given in Table 1. 15 | Figure 2: Binding activity of wildtype

hLH, hCG anW&d&d chain hCG (sc hCG produced in ChPEBEBISNTEL er
Ovary cells (CHO or Dictyostelium di scoi deum (Dd) to nenbranes of
CHO cell s stably expressing the hunman LH CG receptor. The nenbranes

were incubated with rr.l-l.-abel.e in_the . absence. or presenc
of varying concerﬁqp‘é%’ﬁr n@ﬁ?dﬁ%‘“@%‘ﬁf ?%%r ﬂﬁgfopﬁ[g&oggﬁ? Hbeﬁ%}n’ "%“Fa“é‘--‘%gFaed
chain hCG s. D splelis,ement aspimateds the ecefls ewenet eduspentéd bye pipettingg én ofediawi rveth
bi ndi ng at each se. of. unl abel ed, hor mne.. . ' e 3.1
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Hanster Ovary cells r Dictyoste dj scojdeum (.Dd). Luchferase .
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of CHO cells Singlesteilsiwere tienessiected foh furtherexperiii«nts. esiagleovelbemhtains 200 pl
reporter constr ucotf'medium, sufficient for a DELFIA® hLH assay which has a 100% cross-reactivity
10 with hCG. The assay is based on the direct sandwich technique, in which monoclonal
antibodies directed against a specific antigenic site on the B-subunit are immobilized.
After binding of intact (single chain) hCG to the solid phase antibody, europium-
. labelled antibodies directed against a specific antigenic site on the o-subunit are
bound and quantified. The assay is performed as described by the manufacturer
15 (Wallac Oy, Turku, Finland).

The results clearly show that immunological active single chain hCG is produced
from both expression constructs and not from the control plasmid. Moreover, the
amount of single chain hCG produced from JV158 (267 mU/ml) seems to be

- considerably higher than the amount produced from JVIOPSA (4.9 mU/ml),
20 -suggesting that in this case the human B-hCG leader peptide is more effective then the
' Dictyostelium leader peptide from PsA.

The kinetics of single chain hCG production were studied for JV158 transformed
cells. Different densities of transformed cells were seeded on plates in axenic media,
25 grown to confluence and maintained for several déys, without any medium change.
An aliquot of medium was taken every 24 hrs and analyzed for the presence of single
chain hCG. The expression-level reaches a maximum 4 to 5 days afier cells reach
" * confluence (data not shoWn). Since the cells start to detach from the plate at about 6-7
" " days after reaching confluence, medium was harvested at day 5 after reaching
“ 30" confluence. |



Figure 5: In vitro biological activity of wildtype FSH produced in Chinese
Hanst er Ovawe@ 9am3dss (CHO or Dictyostelium discoideum (Dd). LREI/ERISHSE?
production was neasured after 4 h incubation ats37 [err]C and stinulation
of CHO cells stably expressing the human FSH receptor and a
reporter construct. ‘Figure 6: In vitro biological activity
of wildtype hCG frolbxanpledi | s and sel ected hCG nut ants produced
by Di ctyostelium discoideum (Dd). Luciferase production was
neasured after 4 h detviaef sorglachadn & eipeessed insPiatvasteliuem of CHO cel | s

stably expressing the human LH CG receptor and a reporter construct. 11QI
EXAMVPLES The abilitn b riagle: chairghCG from Diegegieingr 1 HaddQ thetupsm LH/CG
constructs receptor was Je@RARAREAHYOPLdIngBHkiRE birkns bthy RathHetsto@MeR KOG GHO
i ntact [err]-subuni F

connected via a peptide decaner C?vrllt ai_ni n‘g_i

five Ser-Gsy repeelisexpsessing the hpmag h&l/QCorerspirndh re-G-teg 2i5(1991) Mol. Endocrinol

termnal peptides s 788 @Ek%thﬁﬁne%ﬁqua&ua&dl Wit CLYOG! fd piiFified material from

Two constructs wefe generated, which differ in their |eader 'sequences. The
the cell culture supemnatant of Dictyostelium.

The receptor-binding activity of purified single chain hCG was quantified with a '

radioligand receptor displacement assay on membrane fractions isolated from

10 exponentially growing cells. In a total volume of 0.5 ml buffer (final composition 10

mM Tris-HCl, 5 mM MgCl,, 0.1% bovine serum albumin, pH 7.4) a fixed amount of

membrane protein was incubated with ?I-hCG (20,000 cpm, approximately 12 pM)

and increasing amounts of competitor protein for 18 hours at ambient temperature.

125]_labelled hCG (NEX-106) was obtained from Du Pont de Nemours. Specific

15 binding was 10-12% of the total radioactivity added. After incubation bound and free

hormone were separated by centrifugation. Highly purified, recombinant
gonadotropins were used as standards.

For purification of hCG from Dictyostelium cell culture medium was harvested
~ from large (22 x 22cm) culture plates. Purification was performed with the aid of 2
.20 . programmable FPLC system (Pharmacia, Roosendaal, The Netherlands) using the
control and chromatography supervision system UNICORN (Pharmacia, Roosendaal,
The Netherlands). Purification of single chain hCG was accomplished using a
combination of hydrophobic interaction and immuno chromatography with LH/CG B-
- . subunit specific monoclonal antibodies. For this purpose, 150 mls of medium were
25 produced with a single chain hCG content of 0.372 unit/ml as determined by
- DELFIA®. Using this medium, approximately 3 units of purified single chain hCG

_(~5% yield) were obtained. All procedures were carried out 4°C.

" Coincubation with varying concentrations of wildtype hCG, wildtype hLH or single

" chains hCG displaced '*I-hCG binding in a dose-dependent manner (Fig. 2). The

“ 30 " displacement curves indicate the material produced by Dictyostelium is indeed able to
“ 7. 'bind to the human LH/CG receptor. The affinity for the receptor is comparable to the
affinity of single chain hCG produced by CHO cells, which has been shown to be
considerably less effective in displacing '*I-hCG binding than the heterodimer of
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cont ai ni ng 10 valuegp Ff&%hh{ébdﬁ&@fd}&%\ﬁérance gene between the Dd Actine 15
prom)ter and the Dd Ac termnator (from pBsr2, Sutoh, K

(1993), ‘Plasnid 30, 150-154), and a 1.05 kb

5 Example 4:
Expression and bioactivity of heterodimeric hCG in Dictyostelium

We aimed for the expression of heterodimeric hCG in Dictyostelium. For the
expression of the o~ and B-subunits of hCG, two plasmids were generated. Their
structure and overall organisation is essentially identical to that of MB12n which has

20 ‘been described in example 1. In order to facilitate expression of two independent

plasmids in Dd we replaced the blasticidine resistance cassette in MB12n with the 2.4
kb KpnI-Xbal fragment from p155d1 (Hughes, J.E. et al. (1994) Mol. Cell. Biol.. 14,
- 6117-6124) containing a neomyciﬁ cassette, creating MB12neo. For the construction of
the expression vector for the a-subunit, its natural cDNA sequence was produced by

25 'PCR using primers which introduce a BglII restriction site both at the 5* and 3’ end of

the fragment, so that it could be cloned in MB12neo. For the construction of the
' ., expression vector for the B-subunit of hCG, MB12n was modified to contain another
: uni_ciue restriction site (SphI) 3’ in the BgllI cloning site [see example 1]. The hCG -
R  subunit cDNA was amplified using a 5* primer resulting in the alteration of the first 30
g+ ,30 . bases of the coding sequence conform the Dictyostelium preferred codon usage [see
example 1]. The primers also introduced appropriate restriction sites at both the 5°

(BglII) and 3’ (Sphl) end of the fragment to facilitate directional cloning.

faly



cl oni ng cassette containing the Dd Actin 15 pronoter, an unique Bglll

restricti onw 9913081 and the Dd 2H3 term nator (from BS18CTHPIS/BEMAgal
A et al (1989) Cell 57, 265- 275). Th 7Bgl Il site in the

bl astici di ne resi stance gene has been renoved by 15 mut agenesi s.
Figure 1A illustrates the relative position of these conponents in
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cte's 20 o ° Dot Rid tminas cRerpal by Micmantadise Byde s DELFIA® LB
di rectional scl oniasgay (WelldsgOy,) TerktieFinland), whiclabasg @00%t codshreadivitpovitn h6G. The
Promt e v % ook Y. M B ubRBelall 2ol b it dsterocvoet by
anplified by PCR Dicywoselipizasm d contai ning hCG nutant 1
[[err]-(1-111)-(Ser-Ay)[err] (1-92), (Heikoop, J. C et al.

(1997) Eur. J. Bi ochenAlthdigh ﬁswﬁﬁme.ofﬁmmﬁmhtihﬂﬁ%sdemoﬁmmmmmdium
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The resulting pl a@tmdstemmwaatmiabded D1 ESarpimatidn/ oFASA ab3dy to activate the human

respectively ( Se%@%ﬁﬁ%ﬁo@”ﬁ alamfepagg ‘{}ﬁ‘gs?% | fle Vi‘eélﬁtst &ﬁn%&d it Fhe

Fidelity (Boehringer system u5| OW Nng
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cycles with.30 s 3 t | &~an
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el ectrophoresi s, m@wteém &pr@lﬂfhlsiul’)vﬁotthe tyoaetxwm O(Qldb'@n)hQﬁapmd@ced by CHO

restriction cells.

Exgmp!g. 5:
20 Expression and bioactivity of heterodimeric FSH in Dictyostelium

To investigate if Dictyostelium is also capable to produce other complex
glycoprotein hormones, we studied the production of FSH in this organism. In line with
the strategy for hCG (example 4), two expression plasmids were generated. For the
construction of the expression vector for the B-subunit of FSH, the cDNA was amplified

25 {using a 5° primer resulting in the alteration of the first 27 bases of the coding sequence
conform the Dictyostelium preferred codon usage and cloning was pérformed as
described for the B-subunit of hCG. After transformation of Dictyostelium, cells were
plated to clonal dilution. Clonal transformants were then selected and further grown for
analysis.

a0 The amount of FSH secreted by Dictyostelium was determined by a sandwich
immunoassay [SS-artikel]. The results demonstrate that immunological active FSH is
produced by Dictyostelium. Moreover, heterodimeric FSH produced by Dictyostelium
is also able to activate the human FSH receptor (Figure 5).
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gonadotropins, we aimed for the development of a random mutagenesis approach. For
this purpose, we selected two amino acids in the determinant loop of hCG which have
been demonstrated to be involved in receptor binding and signal transduction.

Specific base substitutions were introduced by site-specific mutagenesis and

- combining PCR-fragments that overlap in sequences as described using standard PCR

conditions. The primers were designed to alter aminoacids 94 and 95 of the B-subunit of
hCG. The first two nucleotides of both codons were altered fully random (A,C,T or G),
while the third base was restricted to G or T to minimise to percentage of stopcodons
introduced. The PCR fragments were separated and subcloned in pCR®2.1 (Invitrogen,
Leek, The Netherlands). The primers were chosen in such a way that the subcloned

- PCR-fragments contained a BglII site at the 5° end and a Sphl site at the 3* end. After
.PCR and cloning, the pool of pCR® 2.1 constructs was transformed to E.coli.
-Subsequently, DNA was isolated from a pool of 200 transformants and after restriction
-digestion the BgIIl/Sphl mutated fragments were subcloned in MB12n containing the

BglII and Sphl site. After plating E.coli transformants of MB12 plasmids containing the
random mutant fragments, 400 colonies were pooled and DNA was prepared.

Dictyostelium was transformed simultaneously with the expression vector for
the a-subunit by electroporation. Selection with blasticidine (10 pg/ml) was infroduced

-5 hours after electroporation. The next day, cells were clonally diluted in 96 well plates

using 4 fold dilutions and neomycin selection (10 pg/ml) was iniated. Medium was
replaced every 3-4 days, maintaining selective conditions. Positive wells were identified

_ 11-14 days after electroporation, and the transformation efficiency was estimated from
. the dilution series. Typically, about 500 transformants were obtained by electroporation
.. of 107 cells with 1 ug of both the hCG a and hCG B vectors. Single wells were then
- selected for further experiments. A single well contains 200 pl of medium. Larger

. amounts of media for purification were harvested from large (22 x 22cm) culture plates.

. The supernatants of 85 Dictyostelium clones were analysed for the presence of
immuno- and bioactivity. As controls, several wildtype hCG producing clones and non-
transformed Dictyostelium clones were present on the 96_-we11 plates. Concentrations of



20 Exampl e 2: Expressi on of si ngle chain hCG in

Di ct yost el i wid 99713081 ~ Dictyosteliumstrain AX3 was gr owRCTEPE/REHT ty
of 2x10[err] cells per mM in axenic madi-um bef ore el ectroporation.
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ded tting i.n
bl asti ci di ne, an#? ’f°n£ f P Mﬁf’?ﬁe bHPeR \}E}lta?é %‘PP%‘;“?%P%%9MW° been
mcrotiter plateghown tobe mth@dZﬂrébeﬂ)tbﬁ bindirg ﬁﬂ&f&uﬁﬂ:{dnaﬁhy fadt that ¢4 clbﬁhes 4680t

and 1000 fold. The nedi con ni.ng | ci di s _repl.ace .
every 3 days. PoSPRW @Y m@mm‘ &’&?‘ fetferchcs oPhe aftered Shiftalics with
10 - appropriate folding of the mutated B—polypeptlde and/or association with the a-subunit

or the fact that not all clones contain both an o- and a B-subunit expression construct.
Twenty clones with varying B/I ratios were selected for detailed analysis.

Selected clones were further grown on 6-well plates until confluence and cell

: culture supernatants were collected after 4 additional days. Four of the twenty clones

1s did not produce any detectable hCG. This is in agreement with the results for these

clones in the initial screen. Among the other clones, the amount of hCG produced varied

considerably (116-2118 mU/ml). The cell culture supernatants were analysed for the

- presence of in vitro biological activity of hCG at a range of concentrations. All mutants

o '_ which showed B/I ratios in the range of wildtype hCG in the initial screen, also

20 displayed a wildtype in vitro biological activity when analysed in more detail. The four

" | supematants that did not show. any immunological activity, were also not able to

actzvate the LH/CG receptor. Therefore, we conclude that these clones are not producing

any hCG. Furthermore, all mutants with decreased B/I ratios in the initial screen indeed

, show a clear increase in ICs,. Their B/I ratios vary from a 2 fold to >100 fold lower than

28 v_&ildtype hCG produced by Dictyostelium. The dose/response curves for eight of the
' | mutants are shown in Figure 6.

To correlate the observed biological activities with the mutations present in the p-
subunit, the mutated expression vectors were sequenced. We isolated total DNA from
selected Dictyostelium clones and transformed it to E.coli. For each Dictyostelium

30 clone a number of transformants was analysed by colony-PCR for the presence of the
o-subunit plasmid or the B-subunit plasmid. Subsequently, DNA was isolated from
several transformants containing the B-subunit plasmid and sequence analysis was

- performed on the mutated region using an automated sequencer (Pharmacia).



days after seeding, and transformation efficiency was estimated fromthe
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assay is peffor ne@“%e’é@&}ﬁstg’éﬁlwd?ﬁénﬁﬁﬁuf acturer 15 (wal l ac Oy,

Tur ku, Finland). The results clearly show that inmunol ogi cal
active single chain hCGis produced from both expression

constructs and not fromthe, control plasmd. Mreover, the am)unt
of single chain hCG from JV158 (267 mJm) seens to be

consi der abl y hi gher an the armunt V10 4, 20
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t ransf or megdo supernaink s byDl §dbeémhtlylen@1dtd;msbi@f interactionr nﬂﬁoﬁﬁtd@apw €and
seeded on plates in ax to conf uence and

mai nt ai ned for seVEPY E‘&%ge%?a%wéﬂwhégl{’g%m Wl an epitope ogmmon fo, LH
of medi um was t akad hﬂ@r?hémtibbdy avasl immabilised!td NHStSEphﬁmeé eTteeacid-clatedgperified

h hCG Th h 4t A f A
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was har Vesiseo' at (e SuRiHAB LA Purrec hCS PRduLEL 8§ CHO cells and isolated with

the same purification procedure was used as a reference.

* Both a- and B- subunits of the Dictyostelium material were of lower molecular

welght than the corresponding subunits from CHO cells , the median values of the

| L 'peaks being 11578 and 17351 D for the Dictyostelium subunits and 14013 and 23284

~ 20 D for the CHO polypeptides. This observation indicates that less and/or shorter

~ carbohydrate chains are present on the Dicyostelium-produced hormone. Moreover,

" the peak width of the corresponding subunits differed considerably i.e. 11110-12452

D (1342 D) for the Dictyostelium o~ vs 12959-15591 D (2632 D) for the CHO o-

chain and 17006-18104 D (1098 D) for the Dictyostelium B vs 20674-25208 D (4534

25 D) for the CHO B-chain. This indicates that the glycosylation of the.DictyosteIium
product is far less complex.
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expressed iWOMBPAIOBbst el i um The ability of singlRCTERABHSHEG
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(NEX- 106) was obtained from Du Pont de Nenours. Specific 15 bi ndi ng was

10-12% of the total rewrleatylipkeds added. After incubation bound and free

hor none were sep ed b ntrifugation., .H ghl urified, reconbinan

gonadot r opi ns We?'{éartl}g §8“%ds°%§%tp é&%&?g_@.‘g @ claims™ or'2 for Us%ps %ﬁ't"ﬁﬂe&ﬁ%‘ 8‘?!"%?“%06
from Di ctyostel i ynthel bnsd&tfoghﬁa&sfhiﬁgmd/@maw% dr8&terized in that shidP¥nhabtehin is
(22 x 22cnm) culture plates. Purification was perforned with the aid of 20
progr anmabie FPLC sydtGGhot PREL naci a, Roosendaal , The Net herl ands) using the

control and chronmtography supervi si syst em UN| CORN ( Phay naci a, .
Roosendaal , n;a A ghaxgxageutlcglecompos?tﬂm c%mpnrgmg tLe gona otropxrn accor%mg to claims 1

or 2 and a pharmaceutical acceptable carrier.
6. A method for producing a gonadotropin or a mutant thereof comprising the steps
- - .

15 - transforming a strain of Dictyostelium with a recombinant plasmid vector
comprising a DNA sequence encoding the gonadotropin genes or mutated genes
under control of Dictyostelium regulatory sequences
- culturing the recombinant strain under conditions to allow expression of the
DNA sequence and

.20 . isolating of the expressed protein.
7. A method for selecting a gonadotropin mutant with super agonistic or antagonistic
~ properties comprising the steps of:
- random mutagenesis of gonédotropin genes
- insertion of the mutated genes in a Dictyostelium plasmid vector

s - transforming a strain ‘of Dictyostelium with said recombinant plasmid vector

- culturing clones undér conditions to allow expression of the DNA sequence -
. - determining the receptor binding / signal transduction ratio of the expressed

protein '

- isolating clones with a ratio deviating from the ratio determined for wild type

30 gonadotropins.



-The Net herl ands). Purification of si ngl e chal n hCG was acconplished using a
conbi nat i orW@P?9/m308t ophobi c i nteracti on and i muno chr omat ogr BEEEPISBITIT H CG

[err]- subunit specific nmonocl onal antibodies. For this purpose,
150 m's of nediumwere 25 produced with a single chain hCG content of
0.372 unit/m as determ ned by - DELFIAlerr]. Using this nedium

approximately 3 units of purified singhgighain hCG (~5% vyi el d)

were obtained. Al procedures were carried out 4[err]C

Coi ncubation with varying concentrations of wldtype hCG wldtype hLH or
single chai ns hCG di splaced [err]1-hCG binding in a dose-dependent
manner (Fig. 2). The 30 di spl acenent curves indicate the materi al

produced by Dictyosteliumis indeed able to bind to the hunman
i {eceptor is conparable to the

LH CG receptor. The affin '
affinity of single chai f’: pHAEDC ey CHO cel I's| whichy has bden showpr_to
i | ess effectl% ng [err]"l hCG bi ndi i ng

t here seeng
Yy capaci t be.tween
in Dictyost g ¢ipmpared to ells.
of single chai & from D ctgpskgl i um was a
exam nat i on3of &
expressi ng
hours with increas
of 0.1 mM 3-i sobut

) hu LH CG recept oif)
concent‘

%et hyl xant hi n @-
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JVIOPSA g8.9b
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The extracel lul ar cAMP was deternmined by RIA (I munotech).
The resul t syipePapsy ate that the single chain hCG produced by ﬁ: F;lum
m%|c result

is 10 i ndeed able to activate the human LH CG recept or

in the production of CAMP. Only a snmall difference in potency
was observed between single chain hCG - produced in Dictyostelium
conpared to the material produced in C2f@ells (I Cerr] val ue
approximately five-fold | ower. 15 - Exanpl e 4:

Expression and bioactivity of heterodineric hCGin D ctyostelium

We ainmed for the expression of heterodinmeric hCGin Dictyostelium For the
expression of the [err]- and [err]-subunits of hCG two plasm ds were
generated. Their structure and overall organisation is
essentially identical to that of MB12n which has 20 been descri bed
in exanple 1. In order to facilitate expression of two independent
plasmds in Dd we replaced the blasticidine resistance cassette in M3l2n

with the 2.4 kb Kpnl - Xbal fragment from pl55d1 (Hughes, J.E. et
al. (1994) WMol. Cell. Biol.. 14, 6117-6124) containing a
neonyci n cassette, creati npo . (s S | of t he
expression vector for the [erf]-s . 5 cDNAj sequence was

produced by 25 %@I
site both at the 5 and
be cloned in MBl2neo. Fgf t he

Moduce a]Bgl Il restriction
@Eenty} so that it could

expression

3 cont ai n anot her

e [see exanpl e

bsing a 5 priner

of the coding

1]. "The hCG [err]-
resulting in the alteraﬁ ol r@r@naaG r st 30 30 bas
sequence conformthe E]Eﬁy05|ehrddﬂpteferred codoR\usagk { see
exanpl e 1]. The pri nersjhal 2o | fRashCEACHM)r opri at ghrest i ction sites at
both the 5' {Bgl | )GaﬁHESKxiﬁxﬁn) end ol Npe fjragnent to
facilitate directional - cloq; .

T e oo 1000
"~ hormone (mU/mi)
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- 17 - The two expression plasm ds were transforned

si mul t aneou¥MG991308Y ct yost el i um After transfornati oscr/ERdslos7IvEr €
plated to clonal dilution. Conal transformants were t hen sel ected
and further grown for analysis. The anmount of hCG secreted by

Di ctyosteliumwas determ ned as described by the manufacturer using a

DELFI Al err] hLH 5 assay (\Wall ac:;}%, Tur ku, Finland), which has a
100% cross-reactivity with hCG The results clearl y show t hat
i mrunol ogi cally active hCGis indeed produced by Di ctyostelium

Al t hough the presence of heterodineric hCG was denonstrated in the medi um
by nmeans of epitope detection, additional experinents were necessary to

establish 10 whet her hCG produced by Dictyosteliumis biologically
active. Quantification was based on i muno-reactivity. The
bi oactivity of heterodineric hCG from D ctyostel i umwas anal ysed
by exam nation of its abilgghy~LQ  A¢Ll Late the human LH CG recept or
in a luciferase reporter assg sul'ts “dermonstrate tnar)the :
het erodi meri ¢ hCG produced by 2§gﬁeel um i p activate the
human 15 LH CG recept or] LTFI%0 Mor [ bi oafptivity is
conparable (1 err] val ue600 ¢ Eg |.d hijher) to the
bi oactivity of V\nldtyp@hCGrr%aﬂ%% G (Bdb ell g
Exampl e 5: S J
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20 Expressi on and bioactivity of heterodineric FSH in

Di ct yost el iggos13081 To investigate if DictyosteliumPET/EPEPZEhabl e
to produce ot her conpl ex ~ glycoprotein hornmones, we studied the
production of FSHin this organism In line with the strategy for

hCG (exanpl e '4), two expression plasm ds were generated. For the

~construction of the expression vect or4f {) the [err]-subunit of FSH, the
cDNA was anplified 25 using a 5' /8 imer resulting in the alteration

of the first 27 bases of the coding sequence conformthe

Di ctyostelium preferred codon usage and cl oning was perforned as

described for the [err]-subunit of hCG After transformation of

Dictyostelium cells were plated to clonal dilution. C onal
transformants were then selected and further grown for anal ysi s.
30 The amount of FSH secreted by Dictyosteli umwas determ ned
by a sandw ch i munoassay [SS-artikel]. The results denonstrate

t hat i nmunol ogi cal active His
Mor eover, heterodineric F

to activate the human FSH re
- 18 - Exa
sel ected regi on of hCG igﬁsﬂ

produced by Dictyostelium -
tyos Ium is also able

Tut agenesi s of a

>
o

luciferase (x10° ¢

pr it}

01 10 * 100 1000 10000
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Since we showed that Dictyosteliumis capable of producing bIO|O?IC&|ﬁ¥
active 5 WwWO099%1306%ladotropins, we ained for the devel opnent

mut agenesi s approach. For this purpose, we selected two am no
acids in the determ nant | oop of hCG Wfioh have been denonstrat ed
to be involved in receptor binding and signal transduction.

Speci fic base substitutions were introduced by site-specific nutagenesis

and conmbi ning PCR-fragnents that overlap in sequences as descri bed
usi ng standard PCR 10 conditions. The priners were designed to alter
am noacids 94 and 95 of the [err]-subunit of hCG The first two

nucl eoti des of both codons were altered fullly random (ACT or @G,

while the third base was restricted to Gor T to mnimse to percentage of
st opcodons i ntroduced. The PCR fragnments were separated and
subcloned in pCRerr] 2.1 (InV|trogen Leek The Net her| ands). The
prinmers were chosen in suc$0 ' , PCR-fragnents

contained a Bglll site at thgd % g defor Sphl S|te at tjhe 3' end. After
PCR and cl oning, the pool of |p i 1 constr

ransforned to
E. coli. Subsequgng.by- was |solated _ peol of 200

transformants and after fest e Bgl I'1/ Sphl
nmut at ed fragnments were Sgbcl ) Bglll and
Sphl site. After platinggfi t ransf or mant asm ds cont ai ni ng
the 20 random nut ant@f ragment s, 400 col gfi es were podl ed and DNA was

pr epar ed. E i ctyostelium. transfornedq simltaneously
with the expreSS|on vecﬂgr fqr - th el ectroporation
Sel ection with blastici @10 [err]g/m ; 5 hours
after el ectroporation. The n¢gxt day, cel were clonally {diluted in 96 well
pl at es using 4 fold]dil uti nd neonyC|n seleot|on (10
[err]g/m) was iniated. M0 hrsvreraus . - y'3- 4 days,

mai nt ai ni ng sel ective conditions. FbSitive®el|s i d¥Pified

I
11-14 days after el ectroporation, andiﬁﬁ?@@%ﬁgfornatlon efficiency was
estimated from &Se diluti-on: series. Typically, about 500
transformants were obtain gﬁ? el ectroporation of 10[err] cells

wth 1 [err]g of_ both the h [err] and hCG [err] vectors. Single wells
were then selected for further experinents. A single well
contains 200 [err]l of nedium Larger 30 anmounts of nedia for

purification were harvested fromlarge (22 x 22cm culture pl ates.
The supernatants of 85 Dictyosteliumclones were anal ysed for the presence
of



i mmuno- and bioactivity. As controls, several w ldtype hCG produci ng cl ones

and non- wo 9971308% ansf or med Di ctyostelium cl ones were preseRCT®PISNET17
96-wel | plates. Concentrations of

- 19- wi | dt ype and nutant hCG were neasured using a DEl Al err]
hLH assay (Wallac Oy, Turku, Finland), which has a 100%
cross-reactivity with hCG Subsequently, the in vitro bi ol ogical
activity on the human LH CG receptor determ ned. Half of the 85

nmut ants anal ysed, show B/l ratios varyﬁZbofrom 0.35 to 1.05. Taking
variations of 2 5 si ngl e anal yses into account, the activities of
these nutants are considered to be conparable to w |l dtype hCG
Appr oxi mately 40% of the nmutants show decreased B/ | ratio's. This

coul d be anticipated, since the nutated am noacids 94 and 95 have been
shown to be involved in receptor binding and activation. The fact that 11
cl ones do not show ANk hf‘f‘ nrndll("Tlﬂn IS probabl v _due to

interference of the alter¥@0@ 0, appropriate fol g n§ of
the nutated [err]-pol ypeptide %ﬁj% vm'g%l 'ﬁohth the [ es

or the fact that not all clon both an [err]- ’ .
expressi on construct. gnes W th va ]

sel ected for detailed anal yS| ‘ .E_Bpro_ er

further grown on 6-well pI e GL0bLbu-PNf | uence g

supernatants were col '@ 'ue.rA [

cl ones 15 di d not roduce =TelVIN

the results for these @ 0 Da5-Seh t he /

other clones, the anouit of h
(116-2118 mym ). The@ell cu
presence of in vitro bToI ﬁéﬂo
concentrations. Al nutan

of wildtype hCGin the initia
invitro biological activity
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supernatants that did not show any inmunol ogi cal activity, were al so not
able to wo99/13683t i vate the LH CG receptor. Therefore, we coTaredesiihat

t hese cl ones are not producing 7/1y hCG Furthernore, all nutants
with decreased B/l ratios in the initial screen indeed show a
clear increase in ICerr]. Their B/l ratios vary froma 2 fold to >100 fold
| ower than 23eqQuENCE WIETING e hCG produced by Dictyostelium The

dose/ response curves for eight of the mut ants are shown in Figure
6. To correl ate t he observed biol ogical activities with the
mut at i ons pre ”Em!r h subunit, the nutated expression
vectors were quence |soT ated total DNA from sel ected

Di ctyostelium cl ones and transformed it to E.coli. For each Di ctyostelium
30 cl one a nunber of transformants was anal ysed by col ony-PCR for the

presence of the (i) APPLIGASTr]._subunit plasmid or the [err]-subunit

pl asm d. Subsequently(AWs j Okﬁéﬁd f om sever al transformahts
containing the [err]-subunit plrasm and” sequence anal ysis was

performed on the mutat@gy $@gEen veibsEieaN7&uUt omat ed sequencer (Pharnaci a).

- 20 - Thus, the majority of Dictyosteliumclones contains
only one type of nut at('CanITY Arnhemj n the hCH err] expression vector. These
cl ones produce a single type of nutant. In addi ti on, we concl ude

that the majority of DF&t 5‘2"‘?51[1 FReHhestanfsl ysed cont ain
unr el at gd sequences ONpPOSddThR oot by 9564¥a e [err]-subunit, suggesting

that the . nutagenesi s has been random i ndeed.
(G) TELEPHONE: 0412 666379

(H) TELEFAX: 0412 650592

(ii) TITLE OF INVENTION: Expressioﬁ of gonadotropins in Dictyostelium

15
(iii) NUMBER OF SEQUENCES: 5
(iv) COMPUTER READABLE FORM:
(A} MEDIUM TYPE: Floppy disk
20 {B) COMPUTER: IBM PC compatible
{C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release $#1.0, Version #1.30 (EPO)
(2) iNFORMATION FOR SEQ ID NO: 1:
25

(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 67 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

30 - (D) TOPOLOGY: linear



Exanple 7: Mass spectronetric analysis of rec hC&Erom

Di ctyost el i W ¢bSedi deum Reconbi nant hCG pr odugegiebysios717

Di ctyosteliumwas isolated fromculture 10 supernat ant by subsequently
hydr ophobi ¢ interaction chromatograph and i mmunochr omat ogr aphy
with MbAb 119A that reacts with an epi§ comon to LH and hCG
The anti body was i mmobilised to NHS- Sepharose. The acid-eluted, purified

rec hCG was di al ysed agai nst % acetonitrile and |yophilised. The protein
was di sib’f’vgaggﬁﬂ‘% 'ig/% F%»ffnd mass spec analysis was carried out

wi th MALD - TOF 15 usi ng superDHB as matri x. Pure rec hCG produced by
CHO cells and isolated with the sanme purification procedure was
used as a reference. Both [err]- and [err]- subunits of the
Dictyosteliummaterial were of | ower nolecular wei ght than the

correspondi ng subifli FEATIREH CHO cel |'s , the nedi an val ues of the

peaks being 11578 and(%yw _rcﬂg'ue Di ctyostel ium subunits and 14013 and
23284 20 D for the pol'ypepti des. This observation indicates that
| ess and/or shorter (m) rLocarfed:B0lgedrate chains are present on the

Di cyost el i um produced hornone. Moreover, the peak wdth of the
correspondi ng subunits differed considerably i.e. 11110-12452 D
(1342 D) for the Dictyosteliuma- vs 12959-15591 D (2632 D) for the CHO
[err]- chain and 17006- 18104 D (1098 D) for the Dictyostelium
[err] ¥y 20674- 25208 sBhdsded4peitrrrrron: Brd @b &de,CHO [err]-chain. This

i ndicates that the glycosylation of the D ctyostelium product is
far | ess conpl ex. -21-

AGATC ATG AAA TTC CAA CAT ACA TTT ATT GCA TTA TTA TCA CTA TTA 47

Met Lys Phe Gln His Thr Phe Ile Ala Leu Leu Ser Leu Leu

1 5 10
15
ACA TAT GCA AAT GCA GATCT ) ] . 67
Thr Tyr Ala Asn Ala
15
20
{2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 amino acids
25 (B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

30



CLAI Ms: 1. A gonadotropin or a nutant thereof obtainable by

het er ol ogo%@hg{)ﬁssi onina b5 Di ctyost el i um hostpcT/EP98/05717 2.
The nutant gonadotropin of claim1l chgsgcterized in that the subunits are
coval ently I|inked. 3. The gonadotropin according to clainms 1 or 2
for use as a therapeutical substance. - 4. The gonadotropin

accordi ng t oletl bysrehe- Gl Has dthrePhy ddeiAtat hen Leai Segéauadety &% FYFs 10

hCG or FSH. 5. A pharnmaceuti cal cor%)osi tion conpri sbpg t he

gonadot ropi n dccording to cPains 1 L or 2 and a pharnmaceuti cal
acceptable carrier. 6. A nethod for producing a gonadotropin or a
mut ant thereof conprising the steps of : 15 -

transform ngpla sgsaila of Dictyosteliumw th a reconbi nant plasm d vector
conprising a DNA sequence encodi ng the gonadotropi n genes or nutated genes
under Tontrol of Dictyosteliumregul atory sequences -
culturing the reconbi nant strain under conditions to all ow expression of

t he DNA sequence and 20 - isolating of the
expressed prgheirfirorMATION FOR7sEQATPRIGI08: for sel ecting a gonadotropi n nut ant
w th super agonistic or antagonistic properties conprising
the steps of: - random nut agenesi s of gonadotropi n genes

- insertion of the nutated genes in a Dictyosteliumplasmd vector 25
- transforning a‘tt SEPHESE GERE NI wi t h sai d reconbi nant plasnid

vect og, (a) GelclrH! I7A0ngdPRESr4INder conditions to all ow

expression of the DNA sequence - determning the receptor

bi nding / signal transdurtseenudkie efidt he expressed protein
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

15 {ii) MOLECULE TYPE: cDNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
20 GCAGATCTAT GGAGATGTTC CAAGGTCTCC TCCTTTTATT ACTCCTCAGC ATGGGTGGTA 60
CATGGGCATC CAAG ) : ) 74

(2) INFORMATION FOR SEQ ID NO: 4:
25 '
(i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C)} STRANDEDNESS: single

30 (D) TOPOLOGY: linear



- isolating clones with a ratio deviating fromthe ratio determned for
wild type 39/099/13081 gonadot r opi ns.

10

15

20

10/10

(ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
CCAGATCTAA ACATTTAAGA TTTGTG
(2) INFORMATION FOR SEQ ID NO: §:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

GCTATCGACA TATGCAAATG CATCCAAGGA GCCGCTTCC

PCT/EP98/05717

26

39



