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HETEROPOLYh$ERIC PROTEIN 

BACKGROUND OF THII INVBNTION 
This invention relates to the use of ie&nbmaat 

DNA techniques to produce heteropolymeric proteins. 
Various polypeptide chains have btin expresse& via 

recombinant DNA technology, in host cells such as 
bacteria, yeast, and cultured mamma&n cells. @ides, J. 

* 
C. and Goodman, H. M. (I979) N&tie Vof, 281, pg. 
35.1-356 add Fiddes, J. C. and Goodman, Ii. &l. (1980) 
Nature Vol. 286, pg. 684-687 de&r&e the blowing of, 
respectively, the alpha and bera subuirits of human 
choijogonadotropin @CO). 

Kaname U.S. Pat. No. 4,383,036 describes a process 
for producing hCG in which human lymphoblastoid 
cells are implanted into a laboratory animal, harvested 
from the animal, and cultured in vitra; +cumulaEed 

Thus, for example, i heavykin and a light chain of an 
IgG ~~~glo~m, are- each considered a subunit. 
Insulin, on the mother .haud, t‘domposed OF two chains 
d$c$ pre not cc&sidered~W&nits, because both are, in 

’ nature* entided by a si@emRNA, and cleavage into 
two chains natnrall~ ocmns only after translation 

The t&m “expre&on’,ve+5r” refers to a cl&kg 
vector wh&i&udks heterologms {to the .vector) 

1o’ DNA under the control ‘fif control sequences which 
permit expression in a host eel1 Such vectors include 
replkafing virk&sa ~pla&&,,and phages. 
, The inventi&a permits t&e produotion OF a biologi- 

c&y active ~at~po~yrne~c-protein From a single Cul- 
ls ture of transfo&ed cells. The production of both sub 

units of a h~t~oFoI~~~~pro~in in the same cell di- 
nates 64 ne&iyit.y of recombining subunits From sepa- 
rate cultures to assemble,. an active heteropolymeric 

, 

l$G is fben harvested from the culttue. molecule ‘I&z system slsoallows ,production of prote- 
SUMMARY OF THH INVBNTION *’ ins, in 8 s~ie”~~t~~~, i&ii% undergo, in the culture, 

Ip general, the invention features, in one. aspect a 
post$mnsl&onaI ~.~i~~~on, e.g. glycosylation and 

biologically active heteropolymeic protein cornposed 
proteolyti@ Piocessing, For a@ivity or stability. 

of a plurality of subunits, each sub&it being synthesized The use of 8~~K~;~o~sI~ r@icating expression vec- 
by a cell having an autonomously r&ljlicating~(i.e., not 25 tom preven@ ~~d~~~~ ffluence ‘of the desired cod- 
integrated into the chromosone of the host cell) expres- ing regions by rontroit sequences in t&e host chromo- 

. sion vector containing heterologous DNA encoding the sane. . . 
subunit. Other &W&&s’and features of the invention wiI1 

In preferred embodiments, the protein is syolfiesized be apparent @oni the &IlaM~g~ description of the pre- 
by a eubaryotic cell ami the protein is mod<&&Gs& 30 fen& embodiments thereof, and from the claims. 
tianslationally, most preferably by gIyoosyla$an; and 

.* the protein is a secreted protein such as a hormone, 
mast preferably a fertility hormone such as hCG, lutein- 
.izing hormone {LH) or folliole stimulating hormone 
(PSI-I); or the hormone thyroid stimulating ho&one 35 
C-J=%. 

‘In another aspect, the invention features i bell,, con- 
taming a Fit expression vector, which cell is &pable of 
producing a ,biologi#ly active tieteropolyaieric pro- 
tein that is encoded at least in part by the vector. In 40 
preferred embodiments, a second autonomdusly repk 
eating expression vector encodes’ a second ponioii of 
the protein or at least two subunits of the pr&ein at-e- 
encoded, by a single expression vector; the protein ia 
hCG or &man luteinizmg hormone (LH~ the’vector is 45 

, a replicating’virus or a&s&d, t&2 cell is a monkey or 
mouse ceil; transcription of the difFer+t hCG’or LH 
subunits is under the control:of the SV4a late promoter; 
$ranscrip tion of the alpha subunit d the pro&&i is under 
the control of the SW0 early pmaoter and tiknsc&- 50 
tion of the beta subunit is under ~ontroi of t&e mouse 
metallothionein promoter, or tran&+%iiqn of’lysoth sorb- 
units is under the control ofthe m&se metalh#hionein 
prom0te.r; and the expiwsion vectcb WI&$ incjudes the 
mouse metalbthionein promoter also includes at least 55 
the 69% transforming region ofthe bovine papilloma 
virus (BPV)gendme. 

. . . In anathe~ aspect, the invention features an autono- 
mously replicating expression veotor including two 
genes encoding tko different hete@ogous proteins, the 60 
genes being under t& control of two different promot- 
ers, most preferably a metallothionein promoter and a 
BPV promoter; the use of different promoter&Edvanta- 
geously minimizes the possiblity of deleterious, recombi- 
nations. 65 
* As used herein, “subunit” refers to a portion of a 
.protein, which portion, or homologue‘ or analogue 
thereof, is encoded in nature by a distinct in mRNA. 

we turn~now to the preferred embodiients of the 
‘invention, t’lrst ,briefly dekribing the drawings thereof. 

lka?v&i 
FIG. I is a ~a~m~?i~i~lustratio.~ of the construc- 

tion bf the @&mid p al&a SVHVPI, which contains. 
t&e alpha &2G &MA: clone, portions of SV40’ viral 
DNA, and sequences of tke plasmid pBR 322 

FIG.‘2 &‘a aiagramm~fic illustration of the construc- 
tion of plasmid’ p bet&‘Sv”vp1, which incorporates the 
beta KG 0PNA &a~ regions of SV48 D‘NA and a 
portion Of ‘pBR ,322 in&$ding the region conferring 
resistance to ampicllrjn onhost a; co& 

‘&IG. .3 Es’ a ~a~c,~ll~t~tion of the construe- ’ 
t&n df the .plasmid p alpfia. beta SVVP1 in which the 
alpha and-beta hCG &I%4 clones are inserted into 
SV40 DNA. I 

FIG.4 is a ,diagsam.mtid .i.llwttatian of the constrnc- 
ticm ofthe -$&lsu& pRF3% and pRE398. 

FIG.: Es ii a ~ag~~~ ilkstration of the construc- 
tion ofthe ~~~.~9~, alpha tt. 

FIG. 6 is a &agram illustrating the location of an 88 ’ ’ 
bp pro@ @thin&e beta:hC@ cDNA clone 

PIG 7’Wstrates tIie bet,@ LH restriction map,,and the 
pieces used .in tl+c$mstru&iorr shown in FIG. 8. 

FIGP 8 ok a di@ra&tm&io ill&ration of the construe- 
tion of a pktsmid~ LH@@&‘B~ contsining.the complete 
mature beta LH cDNA&ne. -, 

PIG, 9 is adiagrammatic illustration ofthe construc- 
tion of the Giral vector p alpha LHSVVP1. 

FIG. 10 is a diatigrmatic il-&ration of the construe- . 
tiOK of . &PV-continillg plasmid 
pCL28XhoLHBPV~ encoding the beta subunit of LH. 
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Structure 

detail in Mania& et al. (1982) Malecular Ciu?&m A 

The cloning vectots of the invention have the general 
structure recited in the Summary of the Inventioa, 
above. Preferred vectors have tbe structures sho6 in s 
the Figures, and are described in more detail below. 

CONSTRUCTION OF CLONING VECTORS 
Isolation of cDNA Clones Encoding. the Alpha, and 

3eta Subunits of hCG IQ 
All of the techniques used herein are described in 

region vf the done is :.. . fiBed in with E cooli DNA 
polymerase IUenclw,. and tln& ligated to a synthetic 

. ~OXXNUIG. 

BamHI limber. This fragment k cloned into the plasmid 
pBR 322 between itsH&t$IH r&d .BamHI sites to gener- 
ate the @&xt$&p&a SW~IWBi This plasmid is digested 
with BarnHI, treated with all&line phosphatase, and 
ligated to the 396 bp S&3A fragment of SVclo DNA 
(From Us07 to 9.14 @ap ii&s) w&h &as been isolated 
from a polyacr~&nlde gel. The ligation mix is used to 
transform E c@i’i to ampic’tiirr &&stance and the desired 
plasmid,. alpha Jr?0 H/a, is id&&&d among the trans- 

containing I mM EDTA, that hasbeen warm& to 60” 
for 20 min. After cooling on ice for 10 min., .the phases 
are separated by centrifugation. The ho! phenole@rac- 
tion is repeated twice more foiIowed by two extractions 
with chloroform. 

RNA is precipitated from the final aqueous phase by 
the addition of 2.5 volumes of ethanol. 

In order to enrich for poly A+mRNA~ placental 
RNA is passed over oligo (dT)-cellulose in 0.5 M NaCl 
buffered with 10 mM Tris-HcI, pH 7.5, and washed 
with the same solution. Poly AfmRNA is Juted with 
10 mM T&HCl (PH 7.3, I mM EDTA, 0.05%.SDS 
and precipitated twice with. ethanol. Typical in&al 
yields are 1.5-2.0 mg of total RNA per g of tissue> of 
which about 2% is poly A+mRNA, 

Placental cDNA libraries are constructed by reverse 
transcription, of placental mRNA, second strandsynthe- 
sis using .?3. di DNA polymerase I (large fragment), 
treatment with SI nuclease, and homo$olyaer tailing 
(dc) With terminal deoxynucleotidyl transferas%, all 
such procedures are by conventional. techniques, 

In a typical preparation, Z&30% conversion of 
mRNA to single strand (ss) cDNA; 731% resis&ce to 
digestion with nuclease Sl after second strandsynrhesis; 
and dC “tails” of ten to twenty-five ba&sin Length, are 
obtained. These cDNA moIecules are then anneal@ to 
DNA fragments of the plasmid p?R 323, wblck has 
been digested with PstI, and to which dG ‘“tails” ‘have 
been added. These tecombinantplasmids arc then used 
to transform E coli cells to generate a ,cDNA liirary 
(transformed cells are selected on. the basis of tetracy- 
cline resistance). 

In order to identify the human alpha hCG clone, a 
2 19 bp fragment of. a mouse alpha t&r&d stimulating 
hormone (TSH) clone is used as a hybrid&&on p&be. 
Tbii probe has 77% sequence homology with ‘the 
human clone. It ls radioactively labele# by nicktransla- 
tion and hybridized to the cDNA library ‘under condi- 
tions that take into account the extent of homology. 
Strongly hybridizing clones are analyzed by res&$otion 
mapping and clones containing the complete corlmg 
sequence of alpha hCG are verified by DNA secluenc- 
ing. 

Construction of Plasmid p alpha SVHYP1 
Referring to FIG. I, in order to construct the piasmid 

alpha 970 H/B, a cDNA clone containing tl~ alpha 
hCG fragment is digested with NcoI. The NW site, 
just 5’ to the ATG codon signallimg i&iation of transfa- 
tion, is filled in and ligated to a synthetic H.$ndIII linker. 
Similarly, the natural Hind111 site in the 3’ untranslated 

Laborer Manual (Cold ‘Spring Harbor-Labora&y], 
hereby incorporated by reference. 

RNA is extracted from placental tissue by the follow- l* 
ing method, Homogenization of the tissue is car&d out 
in a 1:l mixture of phenol:lOOm&f Na*acetate @H 55) 

The pl.as@d 427 is constmr&d by cutting SV40 at its 
HpaIIsite, rn~~g~~$~~~d~~~ dtgestibn .with n&ease 
Sl, ligating on Eco I%I linkers, digesting with EcoRI, 
and cloning. the, resulting 1486 bp fragment into the 
EcoRf site ofpBR,322. : 

Referring to ‘FIG. 1, i&‘J’is digested completely with 
EcoRI and p&ally with Hi$lIIX; the fragment from 
0.72 to 0.94 map units b is&&d ;and cloned into alpha 
970 I-I& which h+ been d&sted with EcoIU and 
@iidIII and treated with dkalittc phospbatase. The 
ligation mix is used to transFvrm .i$ cali, and the desired 
plasmid, p alpha SVL, is iden#%%l among the transfor- 
Mants by rMif3ion mapp&g~ 

p alpha SVL is ‘&gested %‘ith EcoRI and the frag- 
ment of SV4Qi with EcoRI ends, extending from 0 to 
0.72 -rnaP units, ‘and cQ~~a~~~~t”he”SV~ origin of repli- 
cation arid the intact ,early r&on, is ligated to it to 
generate- the plasmid p -alpba?WHVFl, which is iso- 
lated from E. co& transformants. 

Construction af,Plasr&d p beta SVVPI 
A 579 bp cDNA clone coding for beta l&O was 

obtained from John C. Fiddea at Cold Spring Harbor 
Laboratory, ‘Cold Spring Ha~rbor* N.Y. ‘@id&s et al 
(1980) Nature Vat Z@6* pg @~87). T is fragment is 
ligated at each end to synthe!ic BarnHI linkers. After 
digestion bj! Ho&2 re$&tion e&z$m~ the ends are filed 
in with Kleno~ RNA polyr&rase and synthetic EcoRI 
linkerq are figt$yI an so that r$.EcoRI site is about 10 
bp 5’ ta t&z rl\lrG-qo&m c;f thesignal peptide coding . 
sequcncc. A Bar$iI:sits is ‘about 60 bp 3” to the non- 
sense codon ttWc@g tile, end of tie coding sequence. 
Keferring to FIG, 2 t&his 536, bp EcoRI-BarnHI frag- 
ment is isolated and oioned ‘&to p3R 322, between the 
EcoRI and BatiHX sites to give the .plasniid p beta 556 
Ii/B. 

In arc@ tv rXmst@ef the‘pfastnid PSVHR {FIG. t), 
SV40 DNA is partis& biested with HindHI to yield 
linear molec.ules~ 1 digcsted~ with nno&se ‘Sl to make 
Rush end% &gazed to s~tfiedo EWRI linkers atid di- 
gested, with E%oIU and BamH~ The fragment from 0;94 
to Oll4 map ui@sF cor@&irig the SV40 urigln of replica- 
tion and early region, ~C cloned into pBR 322 as an 
EcoRI&mHI Fiece. 

Refer&g still to FIG% 2, tha EcoRI site of the plas- 
mid p beta Sgb‘ WB‘is n.&h~lated in a reactian eata- 
fyned by EcoRI n$bylase, following which the plas- 
midis cut with NdeI.‘Ecc&I Emkers are ligated to the SI 
treated :NdeI fltzsh ends and aotivated by digestion -wjch 
EcoRI, which is folIowed by idigestion with BamHI. 

The SV4tl fragrrnmt of~pSVHI$ from theEcoR1 site 
to the ByHI site is isolated ,a& ligated in a reaction 
mix contamin~ the &gust&n frag;ments ,of p beta 556 
R/B. F~liow~~~g~~~, the mix is digested with Sal1 
to eliminate plasmids w!hiclz have re-inserted the EcoRI 
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(NdeI) to BamHI piece of pBR 322. J?X croli is, trans- 
formed with the digested llgatipn m ix and p beta 

neered by the addition of synthetic Barn HI linkers at 
their termini. 

SWPl is identified and isolated. The resulting piasmids pRF 302 (alpha) or pRF 
Construction of the Plasmid p Alpha B&a §wPl 394(beta)are dfg&ted with &+ietion enzylnes BarnHI 

5 and Sa3tf to rel&e the SV%O DNA secuences. 
Referring to FIG. 3, pBR 322LRpn is de&&i from PIasn$d ‘pp2-2; wh&& OSXMIIS thk -entire WV ge- 

pBR 322 by inserting a KpnI liuker into its unique 
EcoRI site, after this site is deleted by dig&i& with 

nome, and some _pBR -322 sequen,ces, is digested with 
BarnlCfI‘ and SalI to ykld tke BFV gen?me with Bam- 

EcoRI, followed by clig9stion with Sl nuclea+. H&‘Sait en& this fcagement is ligated into pRF 302 
Referring still to FIG. 3, SV40 DNA is digested with lc (alpha) and pRF”394 (bets) containing the metdloth- 

. AvaII. The staggered ends of the resulting fragments 
are filled in by Klcnow DNA polymerase to form flush 

$mei*XJG sequences ’ 

ends, and the m ixture is then fractionatecl’ an‘ a poly- 
F&lowin~ ~~s~~~ati~~ of R c& p@nids pRF 

375 and pRF 398 are lder@ied and isolated. They en- 
acrylamide gel. The 682 base pair fragment (O-64 to Q.77 
map units] containing the origin of replication and the I5 

code alpha hCG or beta he@, r@pectively, under the 
control of ,tbe rn~~~,m~~~o~~ionein promoter. 

unioue KpnI site is -isolated from the gel,’ ligated to 
s yuihetic -HindIII linkers, and digested-with ~$ImdIII 
and KpnT. 

Theresulting fragments .are iigated to pBR 322/R&n. 
~266, which contains the 266 btie pair &pnI Hindui 
fragment, including the SV40 late promoter regiun, is 
isolated. ~266 is cut with HindIXI and B+II, and 
treated with bacterial alkaline phosphatsse. 

Still referring to ‘FIG. 3, pi beta SVVPIYB is con- 
structed as follows: p beta SWPI (FIG, 2) iscut with 
EcoRI, followed by ligation to eIi&nate pB%, 322 se- 
quences. Subsequently, this DNA is cut with’ BamHI 
and cloned into the Ban&II site of pBR 322. 

The result.ing plasmid, p beta $VVPI/Ij, is then di- 
gested with HindIII and BamHI and the 1003 && pair 
HindUI-BamHI fragment is ligated into p266to yield 
the plasmid p beta VP1 266, in whloh the beta h?ZG 
cDNA is positioned downstream from the SW0 late 
promoter in such a way that its RNA transcript watid 
be spliced as if it were the viral VP1 transcrip$- 

The al@18 hCG cDNA is ibserted iota p #beta VP1 
. -. 266 as a HmdIII fragment, which has .becn cut at its 

Referring to FIG. 5, .fbe’plasmid p alpha tz is.derived 
by cloning the aipti hCG 574 HindIII fragment into. 

2o plasmid pVBt2 (V-B, Reddy et ‘al., PNAS. 79, 
2064-2067, 1982)..‘p aipha &, which contains the alpha 
hCG cI>NA ufider the ccntroi of ihe SW0 early .pro- 
mctter, is dige+ed with .Ei%RI. The 5’ overhangs are 

23 removed by Sf: nuclease digestion prior to the addition 
of syntheticc,BamH,I linkers’by bhmt end ligation. 

Plasmid I&F Z%#(PIG, 4)is digested with BamHI and 
treated with b~~;~~~k~~~~ phosphatase. The 1735 
base pair B&n?% fragment of,p alpha fz is inserted in to 

3. RF 398, Th? iesulihg plasmid RF 398 alpha t2 is iso- 
lated from.,& coli tr&formants. lhisplasmid thus has 

35 

- . . 

HindIII site and treated with bacterial alkaline phospha- 
tax. E. coli transformants derived;&om this ligation are 40 
screened by restriction mapping, aud plasmids are isa- 
lated that have the desired structure, in which the alpha 
hCG cDNA has replaced VP2 in the oorrect, orienta- 
tion, followed downstream by the beta hCQ cDN& _ 
which has replaced VFl. 

One such isolated plasmid, p alpha beta VP& is used 
45 

to complete the construction of p alpha betaSVVP1. 
‘The plasmid is cut with KpnI, and the full SV40 ge- 
nome, cut with KpnI, is inserted by Iigation;Iato this 
site. Following transformation of & ~$4 &pksmid with 50 
the required structure, p alpha beta SVVPl, is isulqted. 
This pIasmld contains DNA ennidig both, the alpha 
and beta subunits of hCG, and thus is capabIe of-direct- 
ing the expression, in host mammalian cells,’ o both 
subunits, whereby biulogically functional, g;lycdsyIated 65 
heterodimeric hCG is produced (glycosylationoccu 
post-translationally). 

Construction of the Plasmid RF 398 alpha $2 

Construction of Plasm& pRF375 and p$F 398 
Referring to FIG. 4, fhe plasmid Cl22?8 @ i&&xl to 60 

plasmid JYMMT(B); Hamer et al. (1983) 3. Mat. Ap 
plied.Gen, 1, 273-288), containing the murinc metal- 
lothionein pcomoter, SW0 DNA, +nd pBR 322,sequ&n- 
ces, is curt tiith the restiicticm end~n@&?ase B# II.. At 
this site are insertgd cDNA &ne~ of either &$a hCG 64 
or beta hCG, containing ,untransIated regions of about 
10 and 30 bp at their 5’ and of a&n&Z20 and ,$6 bp at 
their 3’ ends. These clones have been genetically en@- 

. . 

’ 

the ‘beta hCG cl?;MA in 4 transcript&ml unit under 
control of the r&use met#&ionein promoter and the 
aIpha hCG cDNA in a. traitscrip~ional unit‘controlled 
by thq SV412 earfy pronioter. 

nizing 5 to: ‘10 gram$ of the frozen-glands in 20 m l of a 
soKution co@tr&ing I ME guanidine thfocyanate, 1 M  
Z-me~~pt~ethauo~“OB5 M  Na-acetate (pH 5.0). and 
0.001 NPEDX’A. One g CsCl ia added-per m l of homog- 
‘enate and the suspension is centrifuged at 2,000 rpm for 
15 m in. The super&ant &layered carefully over a 15 
m l cushion of C&Cl solution (oontain’mg X.25 m l of 1 M  
Na-ay%te (pH 5)?’ 624 micyzolitees of 0.4 M  EDTA and 
39.8 g of CsCl in a final w&me of 35 m l) and contri- 
Fuged at 45,fKQ rpm in ‘@c ‘Pi 70 rotor of a Beckman 
uitracentr&ge for l&-24 h at ?JY C. The RNA visible as 
a peRi& &~the Btadient is removed with a syringe, 
dilute& ~~d.pr~~ipit~~ed by the addition of two volumes 
of ethanol- Fc1ll9wbq3 t&&e ~yc.ies of &ssolution and 
reprecipitaticn~ the &NA p&l&t is dissolved in Hi0 and 
brought tod.01 M~~is-~~.(pH 7.!$ and 0.5 M  NaCl by 
the additio~.af~~~~~?~ stock solutions. The prepa- 
ration is then &s&&d ftx poly A+mR.NA by two 
passes overt cl&o dT-celh+se,asdescribed above in the 
case’ Of ~la~n~l;~~~A, 

A human pitzii{ary oDN& library is constructed from 
the poiy A+mWA. irs described above for placental 
poly A*n@T5TA except that both the targe fragment El 
co& DNA polymemse 1’ qd the avian myeloblastosis 
virus r~vmc transciptase &x-e used sequentially for sec- 
ond strand cDNA sjnthes$. Reverse trankxip~e is 
used’first. The r&otio~ is s,@ppkd by phenol extraction. 
The aqueo& phase of’tie centrifuged extract is applied 
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to a 5 ml column of BioGel A-Sm. Fractious cuntainiig~ 
high molecular weight material are pooled, Concen- 
trated, precipitated with two volumes &ethanol* dried, 
and dissolved in 100 mM Tris-HCJ (pII 8.3), lQ,mM 
MgCla 140 mM 3X1,20 mM 2-mercaptoetfianol, 1 n&J 
of each of the four deoxyribonucleoside triphosphates, 
for reverse transcriptiori. Reverse transcriptare is added 
to about 20 units per microgram OF cDNA. Double 
stranded cDNA is then treated with,nuclease Sl; tailed, 
and cloned as described above. 

Isolation of Beta LH cDNA Clones 
Colonies gratin on nutrient agar plates containing 25 

micrograms per ml of tetracycline are transferred to 
nitrocellulose‘filters. Colonies are lysed insitu by treat- 
ment with 0.5 M NaOH and neu&lized with‘&5 M 
Tris-HCl (pH 7.4) containing 1;s M NaCl. Liberated 
DNA is fmed to the filter by baking at 80’ C. ina vac- 
uum oven for 2 h. The filters are screenedby hyb@liza- 

5 

10 
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tion to a 32P labeled 88 base pair fragment of the beta 20 
hCG clone corresponding to amino acids 16 to 45 of the 
mature hCG beta chain, which has 29 of 30 amino acids 
in common with this region of the beta LH p~I&yptid~ 
(FIG. 6). Hybridization is catied out overnight at 32” 
in 50% formamide, 0.75 M NaCI, 0.075 M Na$itrate 25 
(pH 7.Q 2.5% dextran sulfate, 0.1% polyvinylpyrolli- 
done, 0. I mg per ml bovine Serum albumin, and at least 
105 cpm per fiber of 32pdabeled 88 bp beta h.CG frag- 
ment. Filters are washed several times ifi 0.15 M NaCl, 
0.015 M Na-citrate at .-7’ C. before autoradiography, 30 
One of the positive isolated clones LHZ2 (FIG, 7), is, 
used further. LH12 is 365 bp long a$.l includes sequen* 
ces coding for 15 amino acids of the pre-beta s&al 
sequence plus 105 amino acids of the mature. beta LH 
polypeptide. Its nucleotide sequence is determined. 35 
Since the complete mature beta LH is not coded by 
LHl2, further soreening of the human pi#itary‘oDNA 
library is carried out u&g a 245 bp NcoI-Pv$I frag- 
ment of LHl2 (FIG. 7) + a 32P labeled hyb&l&ion~ 
probe. The clone LH6 (FIG. 7) is isolated from this 40 
screening. LH6 contains the complete 3’ end of beta 
LH, including the region corresponding to the nntran- 
slated portion of the mRNA through 27 A re$i&es of 
the poly A “tail” of the mRNA. No clones arti-found 
that extended further than LH12 in the 5’ direction. 45 
DNA sequencing of the complete, combined mature 
beta LH codiig regions reveals two differences .in the 
amino aci sequence of beta LH, from the publish& pro- 
tein sequence data: position 42 is a m&ion&e a+ posi- 
tion. 55 is a valine. Also, the mature beta LH con&s 50 
Ul amino acids, baSed on the cDNA sequence. 

A clone containing an intact signa peptide coding 
sequence and the complete mature beta LH sequence is 
constructed as shown in FIG. 8, u&ng:the restriotiorr 
fragments illustrated in FIG. 7. A 104 bp EcoRIDdeI 55 
fragment is isolated from the plasmid beta 579 II and 
ligated to an isolated 181 bp Ddei. fragment, subse- 
quently digested with PstI, from the LH12 plasmid. 
Following ligation overnight at 15” C., the ligatien mix 
is digested with EcoRI and PstI and fractionated Ibn a 60 
7 % ~polyacrylamide gel from which the desired 256 bp 
fragment is isolated. This fragment fuses the beta hCG 
signal se’quence to that of the pm-beta LHin such a way 
as to provide a coding sequence for a 20 amino acid 
signal peptide. 65 

The 256 bp EcoRI-PstI fragment is cldned in& p3R 
322 digested with EcoRI and PstE so as to give the 
plasmid LH beta 260. Thg 146 bp EcoRI-NcoI fragment 

indicated in FIG; S,jr rsolatccl from a ‘polyacrylamide 
gel and used later in she construction as described be- 
lClW. 

The’LHL plasmid (FIG. 8);s digested with Sau3a and 
the 39t.t tip f$iq&$%- ia isbla~~d~b~ .pclyacrylamidc gel 
eleotrophoresls. :Thil ‘fiagrgbnt is then. digested with 
H~RG~ ~gat~.~~‘~m~l iinkierr*, digested with BamHI, 
and cloned into the plasmld,pAPF 8~ the BarnHI site. 
pAPP l&derivcd’@$n pBR 3;;22>by digestion with AvaI, 
fllliig in tile 5’ ovehimg with the dNTP‘$ and the large 
fragment DNA polymerase 1 of E. cali. digestion with 
PvuII, and lig#lon to close -tie: plasmid so as to eliii- 
state the Pv$I siteThe piqn&l LHSB, isolated from 
the iigetion of t&e 340 bp Bah;HI,‘fragment into the 
BamXI&e dkpAPP, is di&&d with EcoIU and PyuII, 
and treated v&h bacteria? $k$ine. phosphatase. The 
fragments are ligated to a mpture of the 145 bp EC&I- 
NcoI fragment of LH.beta 260, described above, and 
the isolated 241 bp NeoI-PvriZ &agment from the plas- 
mid LRl2 sb0w.n I‘FI(Ii. 8. The ligation mix is used to 
transfojrn 8 ;eoli to an@cilllm resisEanoe. The plasmid 
LH 52OHJB is foundamong the Xransformants. LK 520 
HA3 contain 8 co~&5te beta LH coding seguence 
includiig-a hybrid stgr@ pep&e seguence. 

Construction.6f p Alpha LHSWPl 
In order to express this p&beta LH clone in aa 

SV4Wased vector as had been’ .done for the pre-alpha 
and pre-beta KG, clones described* previously , it is 
desirable to place a$ EcoR,I aire: irtry close to the ATG 
of the &e-bed co&rig seguence. This is accomplished 
by dig&&g $X520 ‘Ii@ with HgaI RIing in the 5’ 
ovtih&rg, ligating +n syntheti;ii: I&XI&I liiers, digesting 
with EcoRI a@? 3&n&& xndcloning the i#ated 496 bp 
EcaBId3amHE~ fragnmrtr i&w pI3R 322 digested with 
EcoRI and BarnHI a,nd tre;ated with bacterial alkaline 
phoSphatase. Theplasmld $$MB6 WE is isdated from 
E. a# imxhxned ‘with tl&$gaiioa mix and is used as 
the the sour& of the 496 bp fragment to be expressed. 

The plas.mih p aip&t,beta .VPl, whose construction 
and use in ex&saing both su@ruits of hCG is described 
earlier Q?IG: 3); ~djges~e~~~~;E~kI and BamHI and 
ligated in’areaction mix contz&ing the plasmid pLH496 
R/T3 whlch‘hsd be@ $ig.est$d ‘with both of these en- 
zymes ,@?I&9). ‘I&e .pla&r&$p alpha .LHVPZ is identi- 
fied ryrxong thte: E. c&l fransfama&s. As shown in FIG. 
9, the intact. SW@ &al &rly region is taken from p 
aIpha SVHVPl (FIG. 2) and inserted by ligation as a 
Kpn&SaII fragment into p alpha LHVPP which had 
been ,&gested with ICpnI a+l$alI ro give the plasmcd p 
alpha LHSVVPl- By outrjiig t& plasiriid with Bar&II 
ami reEgd&g, the virus al&a LHSVVPZ is formed. 
This v&q contaigs izloi~ed-c~~s far the common (to 
LH a& liCG ‘jis wellas FSH and TSHJ alpha subunit 
and the’spkqific &ta.LH aub~r$ under control of the 
SW0 l&m prumoter.:~e.dogi~,cDWA’s are positioned 
in suoh~n’wsy that the common alpha,$nser$ replsced the 
viral VP1 protein codingseguence and the beta LII 
insert replaced the viral VP2 coding seguence. 
Insertion of the Bets LH cDNA (With Beta hCG 5 
End of Sign& Pep@@ into -a BPV-Based Expression 

s ysqn 
LH E20 H&3 {FEG.-8) $+ digested with HindIll and 

Bar&I, treated with the .& c&fi DNA polymerase (Kle- 
now); iigateci- to synthetic .S9iI linkers, digested with 
SalI, and, cloned into the’ SW site ,of p3R 322. The 
resul&rg plasmid,‘~H 530 Sala is used as a source of the 



LH cDNA clone for,iiiertion mto the mouse metallath- 
ionein gene of the plasmid CL28 as de&b&i in FIG. 
10. 

CL&& cut with B&I, treated 4th nu~leasi~~l, and 
ligat,ed to 23101 linkers. Following, digestion dtk XhoX, 
ligation and digestion with BglIf, E: cc& is tr&n+formed 
with the reaction mix to give the plasmid. CL28Xho. 
This plasmid is digested. with BarnHI and SnlI and li- 
gated to a Bar&I plus SalI digest of the plasmid pB2-2 
(FIG. 4) to givk the plasmid CL28XhoEPV. The latter 

- LH insert is then ligated into the Xhb;l site of 
CLZSXhoBPV as a Sal1 fragment; since the 5’ overhang 
of Sal1 digests iscomplementary to that of XhoZ dig&s. 
Foliowing digestion with XhoP to eiiminate back- 
ground, E coli is transformed and ttie d&id pbsticl 
pCL28XhoLHBVP containing the (hybrid) pre-beta 
LH insert, in a BPV-based plasmid,-under con&o1 af the 
mouse metallothion& promoter,‘is isolated;’ 

Transfection and Infection of Host Monkey Cells 
The incorporation of virus-containing vectors. into 

eukaryotic cells for the production of’ a heteropolym- 
eric protein+ generally accomp&hed as follows. First, 
if the viral DNA and homopolymeric protein-encodiig 
DNA are incorporated inta a plasmid, which-is main- 
tained, in, say, E: co&. the pIasmid seguences’,(5.g. t&e 
PBR 322 seguences) are removed arc? the‘resulting 
DNA is ligated to form &5xlar DiW intiln$ng tiie 
viral region and the heteropolymeric~protein-encad,mg 
seguence or seguences. This circglar DNA generally 
does not oontain all ofthe genetic information.tteeded to 
produce a replicating virus; the other-necessary segu- 
encea (e.g. those encoding ‘coat protein) l@mg been 
repraced by the h&&polymeric protein-euoo&ng se- 
quence or sequences. The circular DNA, minus the 
plasmid DNA, must be close enough in size to,the natu- 
rally occurring viral DNA from. vG+iih it is de&ed to 
permit the DNA to enter and repkate in appropriate 
host mammalian cells. 
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The circular DNA is used to tram&,% host dells in 40 
order to produce virus stock for later’infections. Since ” 
some of the DNA necessary to produizevirus is’misaing, 
the transfmtion must occur in corrjunction witlr helper 
virus DNA encoding enbugh of the missing fun&ion to- 
produce replicating virus. 45 

Transfected host cells are growti at@ incub&@ until 
iysed by replicating virus. The re&&ing rei$lcating 
virus stock, lncludlng helper virus, is then used ta infect ’ 
host cells for production of the heteropolymerk. pro- 
tein- Virus stock is ‘maintained, since it generai& needs’ Sq 
to be reused to infect Eresh batches &host cells, as each 
culture of infected, protein-produ@tg host cells gener- 
aIly ls eventually lysed by the virus . ’ 

The specific recombinant DNA sequences’desoribed 
above are used to transfect, and theninfect, host&s, as SS 
follows. 

The pBR, 322 squences are removed from the ibove- 
descriied SV40-containing plasmi& to produce trans- 
fecting viral DNA. Zn the case of p&&a SvHGTpIt and 
p alpha beta SWPI, this is. aocompliihed by digestion 60 
with BamlI’I, followed by ligation under condition 

‘I. favoring circularization of the fragments to give 
(among other products) alpha SVHVPl and, &ha beta 
SWPL For p beta SWPI, digestion with lB@RI fol- 
lowed by re-ligation brings the SV48latz: gromot5r and 65 
VP1 splice region into juxtaposition wi?$ the be@ hCG 
cDNA insert at the same time that it elimiites pRR 322 
sequences and forms beta SVPI, At the s&e time, 

. 

ptsA58 Barn @A58 Srl;rgg viral RNA cloned into the 
pBR 322 EsrmlfT:site~~is cut with BamHI and ligated to 
obtain self+gated circles. An&lo8ous methods are used , 
for the LE vectors. Separate virus stocks are prepared 
as described below. 

The DNA*s, which are cut and ligated as described 
above, are ethanol ~pre~ip~~t~d and dissolved in sterile 
water, Appraxitiately I ug af PtsA58 Barn DNA 
(belpei virus)‘and 10 ug ofiucombinant DNA (encod- 
ing alpha and/or btsta hCC; or LE) are combined in a 
stetie test: tubs m~xed,.with’,Z mi of TBS buffer (G- 
Kimura and, R Duib5c~o 1972, Virogy, 49,79-W and 
1 mi of 2 mgknl I$+B-dextmn ioludon and added to 
a munolay5r of conflu5ntmonltey CV-1 ceils~previously 
washed twice with 10 &of TBS in i T-75 flask. The 
cells are,&& at 37’ C:,for l-2 .hrs with occasional shak- 
ing,~washedwith ‘PBS twme,‘fed with 10 ml ofDMEM . 
co&air&g 5% fetal calf serum, and-left at 40” C. for 
10-15 days. After complete cell lysis, the medium is 
transferred to atest tubei; @oxen and thawed five times, 
and centtifugqi at :fooO-rpm for five minutes. The re- 
snlting supernatauts serve as virus stocks for-infection of 

’ fresh CV-1% cells; 
Tc3 acccunplish Be inf&ion, CV-1 c&s are grown to 

confluence in a T-E% fIa& 1 ml of one of the virus 
stochs [made as deserih$d $bove) is added to the flask 
and the cells are ~n~b@$i’ at 40” C. for S days. 

For mixed inEe&tions, TV-1 &ells are grown to contiu- 
en&in a T;lllf &ask- alpha SVHVPl +d beta SVVPI 
viruses-aremixed’irr a l:i, ratio and 1 ml of the mixed 
virus is used to infr& CV-% ceils at 40’ C!. 

. 

Tram&&m of Mouse Cells 
To pro&c5 heterodimexic bCG+ng a mixed trans- 

fectiaq, five ug uf ‘e&h BFV ,plasmid,-i.e;, pRF 375 
(alpha hCEJ and pRF 398 (beta hCC+}, are mixed aud 
added to ES. ml of a 250 -m&f $ZaClz solution containing 
10 ug of salmon sperm DNA as carrier. This mixture is 
bubbied into- 0‘5 ml of280 @M NaCl, 50 mM Hepes and 
1.5 m&l sodium ~~~p~a~. The calcium phosphate 
preci#ate i‘s allowed toform for 30-48 minutes at room 
temperature, 

24 hours prior to transfeotion, 5x 185 cells of mouse 
Cl27 cells, (available from‘D$. Rean Hamer, ‘National 
Cancef ln&hlti$, WJM, B da, Md.) are placed in a 
100 mm dish or’ ‘T-73 flask; ImmediateIy before adding 
the e~og&mus DN&, the c&B, are fed with fresh m.e- 
dium (Dulbe&oo~s Z&d&d h&diuni, 10% fetal calf. 
serum). Que ml df” rzal5iuin phosphate precipitate is 
added to each dish (lo ml& and the cells are incubated 
for 6-8 h&s at 3T C. 

The mednim’is @&ate&a@ replaced with 5 ml of 
20% glycerol _ in phosphate buffered saline, pH 7.0 
(PBS) for Z minu$e$ atroom temp&ture. The cells are 
washed with PBS, f&with lOm1 of medium, and incu- 
bat& at 37’ c. ,After 2+24 hours, the medium is, ,,, 
changed and subs5gu5nt refeedmg of the cells is carried 
out every 3-4 day-i Individ,ual&mes are grown in T-25 
cm da&s, After “1-21 days? cell clones can be trans-- 
ferre@ to la&et flasks for +aiysis, 

To produce hetertidbetic hCG using a single trans- 
fection, plasmici RF 898 alpha tz is employed in the same 
manner ,as t&zabove two plasmids were employed for a 
mtied infedtion.. 

To make ~ep2miixneriq “LEI; piasm$s PRF 375 and 
pCLZ8XhoLHBPV are ‘mixed, as described above in 
the.cqe of KG. 



’ An interesting observation is ,, . culturing cells con- 
r taming beta hCG or beta LH-encoding vectors alon@ in 

the absence of alpha-encoding cells, produces practi- 
cally no beta subunit, while cells contain&g alpha ,and 
beta-encoding sequences-produce not only Betdrd&mer, 
but free beta subunit as well. This lends support ta the 
notion that the production of both subunits in a single 
cell culture has the additional advantage of somehow 
permitting the presence of the alpha subunit to stabilize 
the beta subunit. 

Deposits 
The following, described above, have been deposited 

in the American Type Culture Collection, Rockville, 
Md.: 

alpha beta SVVPl, ATFCVRZO77; 
alpha SVHVPl, ATCCVRZQ7S; 
beta SVVPl, ATCCVR2075; 
pRF 375 in Cl27 celb, ATCCCRL84Q-E; 
pR.F 398 in Cl27 cells, ATCCCRLQ4OX; 
pCLZSXhnLHl3PV E. colt, ATCC394?5; 
pRF 398 aipha t2 in Cl27 cells, ATCCCRL84QO. 
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Use 
The transformed c&I lines of the invention am used to 25 

produce biologically active heteropoiymerio proteins. 
hCG made according to the invention, for example, has 
a number of well-known medical uses assbciated with 
human fertility. 

Other Embodiments, 
Other embodiments are within the foIlowing daims. 

For example: 
Other heteropoIymerio proteins, e.g., follicle &mu- 

lating hormone, or thyroid stimulating hormone, can be 
produced, as can human or animal immunoglobuK~s or 
immune response antigens 

It. may not be necessary that the hetero,polymeric 
protein be produced by one cell, or even in one-culture. 
One alternative is to co-culture two bells, one of which 
produces one subunit and the other of which prorjtices 
the other subunis the secreted subunits G& then associ- 
ate in the medium to form heterodinier, Another alter- 
native is to employ separate cultures, each prQdu&ing a 
different subunit, and then to combine the culture media 
from them to permit association into hete;ropolymer. 

Other host cells, vectors, promoters, transforming 
sequences, and viruses can also be.empluyed. Tli~ host 
cell employed generally is dependent on the w&or 
being used. For example, when the vector 1s repliiting 
virus or non-replicating viral DNA, the bsr: cells are 
cells capable of being infected or transfected, r&pec- 
tively, by those vectors; e.g., SV&contai+g vectors 
require monkey host cells, preferably CV-1 cells. 
Where the cloning vector is a ptasmid having pro@ry- 
otic control sequences, prokaryatic host cells, e,g:, .E. 
co& are used. Where the cloning vector is a plasmid 
having eukaryotic control sequ,ences, appropriate eu- 
karyotic host cells, e.g., mouse Cl27 cells, aie‘used 

We claim: 
1. A mammahan cell comprising a fqt expression 

vector, said cell being capable of pr0ducing.a biologi- 
cally active heterodimeric human fertility hormone 
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comprised of an alpha ‘;-,&it and a beta subunit, each 
said @nrnit being encoded in nature by a’ distinct 
mRNA, said hormone beingisejected from the group 
consi&~g of &CG, a@ LH, the alpha subunit of said 
hormone being encoded- by said, first expression vector 
and the beta subunit being encoded by said first expres- 
sion vector or a second expression vector. 

2. Tlg cell. of claim X, further comprising a second 
expression v&tor encoding th& beta subunit of said 
hormoW. 

3. The cell of claim 2, said second expression vector 
being autonomously replicating. 

4. The cell af cI&m 2, said first vector being a plas- 
mid. 

5. The weI1 of olaim 4, said oelii being a monkey cell. 
6. The cell o[claim 1, tte &sba and b.eta subunits of 

sid heterod@n@c Xiomcm b&g encoded by said first 
expressron vector. ; 

7. The cell of &im Q, trans&ption of said alpha and 
beta subunits uf s$d, heterodirneric hormone being 
under the co&o1 of the SVrto- l+te promoter. 

8. The ceil of ,olaim6, trais&iption of the alpha sub- 
unit of said heter~dimeric: hormone being under the 
control~.of~the SV* early promoter, and trimieription 
of thebeta subunit of said ~~~~~d~e~c hormone being 
under the control of the movse metallothionein pro- 
moter. 

9. The cell of claim. 8, said first vector comprising at 
least the- 69% transformmg region of the bovine papil- 
loma virus ganome. .- 

IQ. The Ml of claim 1; transcription af the alpha and 
beta @bun& of said. het&dimeric hormone being 
under the -coatrol of tlje: SV@ I&e promoter, 

11. The cell of cl&n 1, tran@fiption of the-alpha and 
beta s+mit& of said heterodimerio hormone being 
under the co&d of the mcmse metalJotbioneia pro- . mater- 

12. The cel$ of oMn.1, samcell being a mouse cell. 
13. The cell.of cI$im 1; s&l frrst expression vector 

being autonomously replicating. 
14, A method for pro&$$g the biologically active 

human fertility hormoni~L;IJ comprising culturing host 
mamma&n .ceifis comp+mg, a &St expression vector 
enc@ing the beti a+,mit of s&d LH and a second- 
expression veotor eocoding the alpha subunit of said, 
LH. 

. 

15. Then method of d&n 24, wherein’eich said ex- 
presshi ire&or i~,~~~n~~o~~y replica&g. 

16. A&ethod for producing b&+oalIy active bC.G 
comprising o&rtring alii cells comprising 
an eqwsion ‘Lectbr the alpha and beta sub- 
mits of said l&G; 

17. A method for pradu&g biologicalIy active hCG 
camprisiq culturing host majmn&an cells comprising 
a iirst express&n vector encoding. the alpha subunit of 
said hCG @ml a second e$reasian vector encoding the” 
beta subumt of said hCGi 

18. A methtid fey producing rhe biologic&y active 
humarr fe~li~.h~~~~.~~ ~omp~rising cultur@g host 
mammalia? c&s comp&~g~an expression vector en- 
coding both the beta and alpha subunits of said .LH. 

* x, f * * 
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