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21298Q4 -1- 5 HUMAN TI SSUE PLASM NOGEN ACTI VATOR 10 Q20 (‘
UTI CAL COVPCSI TI ONS. CONTAI NI NG | T, PROCESSES FOR Nh@lNé;l%% AND DNA ~
SFORMED CELL | NTERVEDI ATES THEREFOR 15 The present invention .
to human pl asm nogen activator, corresponding to that found in .
- rum and/or tissues, and to 20 novel fornms and conpositions
t heredof and particularly to the neans and nethods for its production to {f‘
honogeneity in therapeutically significant quantities.. The present
invention arises in part fromthe discoveryy of the 25 DNA sequence and
dedwted anino acid sequence of human pl asm nogen activator. This discovery
enabl ed the production of human pl asm nogen activator via the application
of reconbi nant DNA technol ogy, in turn, enabling the production of
sufficient quality and quantity of material to initiate and conduct ani nal
~and clinical 30 testing as prerequisites to market approval, uninpeded by
the restrictions necessarily inherent in.the isolation nethods hitherto
enpl oyed invol ving production and extraction fromexisting cell culture.

This invention is directed to these associ ated enbodi nents in all respects.
35 -2- The publications and other material-s hereof- used to illum nate

t he backgrdund of the invention, and in particul ar cases, to provide
additional details concerning its practice are, for convenience, o
nunerically referenced in the follow ng text and respectively 5 gr ouped
in the appended bi bliography. -

HUMAN TISSUE PLASMINOGEN ACTIVATOR

10 PHARMACEUTICAL COMPOSITIONS CONTAINING IT, co
PROCESSES FOR MAKING IT, AND DNA AND
TRANSFORMED CELL INTERM__EDIATES THEREFOR

15

The present invention relates io human_plésminogen activator,
corresponding .to that found in human serum and/or tissues, and to
o9 novel forms and compositions thereof and particularly to the means
and methods for its production to homogeneity in therapeutically
significant quantities.

The present invention arises in part from the discovery of the

25 DNA sequence and deduced amino acid sequence of human plasminogen
activator. This discovery enabled the production of human
plasminogen activator via the app]icatidn of recombinant DNA
technology, in turn, enabling the production of sufficient quality and
quantity of material to initiate and conduct animal and clinical

20 testing as prerequisites to market approval, unimpeded by the
restrictions necessarily inherent in the isolation methods hitherto
employed involving production and extraction from existing cell
culture. This invention is directed to these assoéiated embod iments
in all respects.
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A. x\Human Ti ssue Pl asm nogen Activator 10 The fibrinolytic syst

is in a dynamc equilibriumw th the coagul ation system nmaintaining a
intact, patent vascul ar bed. The coagul ati on system deposits fibrin as
matrix serving to restore a henostatic condition. The fibrinolytic syst
renoves the fibrin network after the henpstatic condition is achieved. The
15 . fibrinolytic process is brought about by the proteolytic enzyne
plasmn that is generated froma plasnma protein precursor plasm nogen.

Pl asm nogen is converted to plasmn through activation by-an activator. 20
CQurrently, two activators are comrercially =&vail abl e, streptokinase and

ur oki nase. Both are indicated for the treatnment of acute vascul ar di seases
such as nyocardial infarct, stroke, pulnonary enbolism deep vein
thronbosis, peripheral arterial occlusion and other venous thronboses.

Col | ectively, theseThe Jwhltcations angd @A mptarialy beravdaysad Fuidjwwinake

ri sksi _ Tlhe under thd fh@ci@rb@h@@i‘ct.?iet h'l'p\ﬁehsidl‘nqrqrtdheﬁq;adtE?as'esta@és,nw pfrevﬂiglt he(rj
a partial, or in e .cases ot a cl.usi on. a bl ood ve ) 00
clot -- thr orrbusa%q%\ét?ﬁ'?ao] - %tear%ﬁlcﬂg?erfﬁ%i’??cfrfgfg%a arsnt ?Sga‘éé’?‘gﬂfyﬁ%@ﬂap ,
as W th heparin andecbcablyrxefkrenasst Hinngheofditeviny eeutaraned Gﬁ§§6pﬁﬁvexy

of thronbi org thg?&ﬁﬂ@&‘f’%ithJ*‘@pgéHdaab%IﬂbtliisgaQsﬂ s referréd to earlier,
st rept oki nase and uroki nase, have enjoyed practical and effective use.
However, each has severe linmtations. Neither has a high affinity for
fibrin; 35 consequently, both activate circulating and fibrin-bound

pl asmi nogen -3- relatively indiscrimnately. The plasmn fornmed in
circul ating bl ood iéuneutralized rat her quickly and | ost for useful

thronbol ysis. Resi Gual HHMaR Hssugi P ]2spiepashiActd¥RRCEl clotting factor
proteins, fop exanplTae flibbfaolgtinsystaat Dy iW @dgndneict equiViddiumasitibithg a

hermorrhagi ¢ pot egbigihatiohNsAteh! mafntaihifPhRknBaSE potent 'RIGlLVar bed. The
coagulation system deposits fibrin as a matrix serving to restore a
hemostatic condition. The fibrinolytic system removes the fibrin
network after the hemostatic condition is achieved. The
i 1% fibrinolytic process is brought about by the proteolytic enzyme

'p]asmin that is generated from a plasma protein precursor
plasminogen. Plasminogén is converted to plasmin through activation

- by an activator.

20 ) Currently, two activators are commercially available,
streptokinase and urokinase. Both are indicated for the treatment
of "acute vascular diséases such as myocardial infarct, stroke,
bulmonéry embolism, deep vein thrombosis, peripheral arterial
occlusion and other venous thromboses. Collectively, these diseases

25  account for major health hazards and risks.

The underlying etiblogital basis for these diseases points to
either a partial, or in severe cases, total occlusion of a blood
_ vessel by a blood clot -~ thrombus or thromboembolus. Traditional
3° anticoagufént therépy, as with heparin and coumarin, does nothing to
directly enhance dissolution of thrombi or thromooemboli. The
thrombolytic agents referred to earlier, streptokinase and
urokinase, have enjoyed practical and effective use. However, each
has severe limitations. Neither has a high affinity for fibrin;
35 - consequently, both activate circulating and fibrin-bound plasminogen



afitj genic and patients with high antibody-titers respond inefficiently th;j“'
trfeat meQt and cannot remain on continuous treatnent. Urokinase therapy is ~

e , owng to its involved isolation fromhuman urine or tissue -
C and it, therefore, is 10 not generally accepted in clinical .
practi ce/ U oki nase has been the subject of nunerous investigations -

See ~dr exanple, references 1-6. So-called plasm nogen activators have
been isol ated fromvarious 15 human tissue, e.g., uterine tissue, blobdf
serum -~ see generally references 7-11 gnd fromcell culture {reference
94). Conpositions thereof have al so been described - see references 12,
13. See also references 14-18. The plasm nogen activators derived from

t hese sources have been classified into two maj or groups: urokinase-type 20

pl asmi nogen Aglak YY" fndi¥z Fidindl]yl | TRESTRNRG PLARE P9sRaAstigRtors (1-PA)
based on differencesS in their | nol ogical " properti es. 5 e abbrevi ations
t-PA and u- PAlogdeis Bedkralizgsosathert auigkliyownd |Joskefori wsefl the I nternational

gorrm' tltee onthirtomdbolye $5 S _aésiildhienqﬂhmiimwiﬂ_eam_?_slegeﬁa’l, cPotting Wad&fi2. )PA:25
ecently, a N one. .. negd n f edc SeCr f-
Char acteri zamq%gkﬁpf%lgho@ﬁ?%ﬁt rﬂ?gg‘ﬁ. c%@y%&cﬁp ?hmag?éh%&‘%ﬁl’g[ to be
i ndi sti ngui sadiemerthagic ipebentdrbgi daladditien, i strapsakdnass ds cdnpeglivti on from
the pl asm noggigakid ¥ad Patfdhts with! MighUadtiBsay @t fews FeupBRd L i Ssue (Reference
i
19, 88). The, r%dupt ﬁ?s |s%¥$@§& inrelatively pure fqrnl characteri zed
“and found t o'#ETACIENGHY FoatH i 79 FBMAL; E""'Qé@rﬂ" goppinuas 4. Several
studies (eg. tiReftaeenceiroRindse Ehbrapiishexpeaslive, Fdwipyrtd iiesl ihvolwetdhe
mel anona cel ksdvaeﬁom%n ﬂ&rﬁwaﬁr@t & tikSud baNQire 2fahli N e,y thd¥erbid)r {9
conpared with uro |na?e tyge-p aannQ%en . X .
10  hot generally accepted in clinical practice. Urokinase has been the
subjéct of_numerous investigations -~ See, for example, references .
6. : R o

So—called plasminogen actiVatqrs have been isolated from various
15  human tissue, e.g., uterine tissue, blood, serum -- see generally '
references 7-11 and from cell_culture (reference 94). _Compositions
thereof have also been described -—— see references 12, 13. See also
references 14-18. The plasminogen activators derived from these
sources have been classified into two major groups: urok inase~type
20 plasminogen activators (u~-PA) and tissue-type plasminogen activators
(t-PA) based on differences in their immunological properties. (The
abbreviations t-PA and u-PA are those proposed at the .XXVIII Meeting
of the Internatidna] Committee on Thrombosis and Hémbétasis; o
Bergamo, [taly, 27 July 1982.)
25 | ' | | |
Recently, a human melanoma line has been identified which
secretes t-PA. Characterization of this melanoma plasminogen
activator.has shown it to. be indistinguishable bot_h i_nmuno'logical"ly -
and in amino acid composition from the plasminogen activator
30 ~ isolated from normal human tissue (Reference 19, 88). . '

.Thé pEoduct was_isolaied in relatively pure form, characterized
and found to be a highly active fibrinolytic agent (20). .
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Actd vators. Mre intensive investigation of human t-PA as a 5 potenti al
thfonbol yti c agent has, however, been hanpered by its extrenely |ow
concentrati-on in blood, tissue extracts, vessel perfusates and cel
Cultures. It was perceived that the application of reconbi nant DNA agf 1
assocj.ated technol ogi es woul d be a nost effective way of providing the
requisite large quantities of high quality human tissue-type plasm nogen .
actisvator (earlier referred to as human pl asm nogen activator), essentially
free of other human protein. Such materials woul d probabty exhibit
bioactivity admtting of their use clinicalgdy 15 in the treatnent of
various cardiovascul ar conditions or diseases. B. Reconbi nant DNA

Technol ogy Reconbi nant DNA t echnol ogy has reached the age of sone

sophi stication. Ml ecul ar biologists are able to reconbi ne vari ous DNA
squences W th Someflﬁﬁiﬂiﬁu%dneﬁr(egll iRegerease YA amg'g) iwas$clt apedltepof

produci ng copi ous exggenou r uct r ansf

m cr obes and cePFrﬁﬁm#”}tfgs h?h% 85?1"5 g?ﬂnggn ﬂgﬁ%%ﬁ%‘fﬁ&j‘%egrggl nfq:land fo

the in vitro |igafindhy diorvEibrbms conpared evidecirok inasei ke plasaiegget agrrents of

DNA, produci ng Retfiato@XPrisral ﬂ&exefveclsmsuﬁgeaft%n lof ﬁJﬁﬁ‘Stf-PArHsnﬁl particul ar
organi sns, thus dlrect%tﬁ the eff|C|ent S%ﬁ@YeSI eSIrigye ogenous
e

product. HovevePot&s Yhig agsr5 iase g i ns
sonewhat tort uonstremehs-loarmbntérﬂ:ratiaanue bl esd nMssﬁdvaatewl:sf,ovessel age where

regul ar predict PQPﬁ:sQE SUFF a1 @it i8smade. | ndeed, those who portend
successful results MAt out the underlying experlnental basis, do so with

considerable risk of inoperability. 5 DNA reconbination of the essenti al
elenents, i.e., anlerwg pedeiveplthantthorappdivatdsn wreecphieinahly BHA andl ect i on

character 35@@08559&1%@ B8HBTod el LT be§'uRs0! SFQU SRS bAIFEI14IRY
' _ the requisite large quantities of high quality human tissue-type
plasminogen activator (earlier referred to as human plasminogen
activator), essentially free of other human_ protein. Such materials
would probably exhibit bioactivity admitting of their use clinically
1s in the treatment of various cardiovascular conditions or diseases.

B. Recombinant DNA Technology

Recombinant DNA technology has reached the age of some
sophistication. Molecular biologists are able to recombine various
ONA sequences with some facility, creating new DNA entities capabie
of producing copious amounts of exogenous protein produdt in
transformed microbes and cell cultures. The general means and
methods are in hand for the in vitro ligation of various blunt ended
or "sticky" ended fragments of DNA, producing potent expression
Veﬁicles useful in transforming particular organisms, thus directing
their efficient synthesis of desired exogenous product. However, on
an individual product basis, the pathway remains somewhat tortuous



generally is perfornmed outside the host cell. The resulting 10 reconbinant\e’“
rerli cabl e expression vehicle, or plasmd, is introduced into cells by

' ormation and |large quantities of the reconbinant vehicle obtainéd by
«Qyo_the transformant. Where the gene is properly inserted with .
raf grgnce to portions: which govern the transcription and translation of the
encoded DNA nessage, the 15 resul ti ng expression vehicle is useful to\j
actual ly produce the pol ypepti de sequence for which the inserted gene
- codes, a process referred to as expression. The resulting product may be
obtai ned by lysing, if necessary, the hgst cell, in mcrobial systens, and
recovering the product by appropriate purification fromother 20
proteins. In practice, the use of reconbi nant -DNA technol ogy can express
entirely heterol ogous pol ypeptides--so-called direct expression--or

al ternati vel jhg Bl SXRIRID ROY SPIREGUS RAUNGEREAD rbiFRA 10 a 25

portion of the am no acid sequence o ous pol ypeptide. In the
latter casedredietipns SHdeiFcRPD £a0| Reempdodubiderd, $haea MARPOFEered
bi oi nacti ve suctéd sfut hesilisedi thootothegmidel heingr elpeginentpblbapint delesount i | it
I's cleaved i, n . nyj I See references (21) and (22).
30 Siml arl y‘ tﬁhceo‘%gﬁ&%ﬁucgll'?{ (9? i/dloggﬂéemghw'ures for studying genetics and
cell physiology i's well established. Means ‘and nethods are in hand for
][rai nt ai n: ng per wnleeﬁomlaehdtibhrtﬁsxwreemedl RlefdntepsSihieve ancotigintafansfers
rom i sol at @l ce ~Far. U ' . SWG |J. Lines are
mai nt ai ned grﬁg 2“5%??'8’ gh%pogr @%enﬁﬁerb? %‘% %I f%tﬁgg%aﬂ{egﬁﬂrnﬁiwig)??gigdrg}\l/vt hin
suspensi on cR¥RresSIPAPronpiass thaterelogews gene dasent apd fremainipge/esi¥par at i ons-
"Seems to pPosfenerd My Es parddrabd RuEHIdeBhe host ket .heThdaek@itangd, attention

's _di re%ed rIe%_ﬁnrll:feifngrrni‘:3 r}%g?xc(aga eilgpes(s%ér}-'vehicle, or plasmid, is introduced .

into cells by transformation and large quantities of the recombinant

vehicle obtained by growing the transformant. Where the gene is
prbpekly inserted with reference to portions,ﬁhich govern the
transcription and translation of the encoded DNA message, the

is resulting expression vehicle is useful to actually produce the
polypeptide sequence for which the inserted gene codes, a process
referred to as expression. The resulting product may be obtained by
lysing, if necessary, the host cell, in microbial systems, and

 recovering -the product by appropriate purification from other
20 proteins. :

In practice, the use of recombinant DNA technology can express
entirely heterologous polypeptides-—so—called direct expression--or
alternatively may express a heterologous polypeptide fused to a

o5 Portion of the amino acid sequence of a homologous polypeptide. In
the latter cases, the intended bioactive product is Sometimes
rendered bioinactive within the fused, homologous/heterologous
polypeptide until it is cleaved in an extracellular environment.
See references (21) and (22). .

Similarly, the art of cell or tissue cultures for studying
genetics and cell physiology is well established. Means and methods
are in hand for maintaining permanent cell lines, prepared by
successive serial transfers from isolate normal cells. For use in
35 research, such cell lines are maintained on a solid sdpport in



5 Likewi se, protein biochemstry is a useful, indeed necessary, adjunc
bi bt echnol ogy. Cells .producing the desired protein al so produce hund
of other proteins, endogenous products of the cell's nmetabolism ThesE
contam nating proteins, as well as other 10 conpounds, if not r ¢noe€s
fromthe desired protein, could prove toxic if admnistered to an @ni malfor
human”in the course of therapeutic treatment with desired protein. “Herce,
tthe tethni ques of protein biochem stry cone to bear, allow ng the de3|gn of
separation procedures suitable for the partécular systenlunder 15

consi deration and providi ng a honbgeneous product safe for intended use.
Protein bi ochem stry al so proves the,identlty of the desired product,
characterizing it and ensuring that the cells have produced it faithfully
with no alteratlons or nmutations. This branch of science is also involved
in the design of IBYhuediye, art byiarpyih 3p S"Sp%‘tsllﬂ"‘ SRR 189 REPPYEocedur es
necessary to appiuyrh&ﬁtxe Sceleegsffor lakyaipeeparat iahiseseemsdtarroseebnhyy can
take place. 25 mecnanicd!Br &f\%ﬁent FoP MR ndckoPaRRY diRERToRCIusrRes Y

t hat reconbi nant tec no can e used su cessfu l'y to produce human
tissue plasni nod@nreferercesof? ta'lﬂAf Joreferably in direct form and in
anounts suffgcient to initiate and conduct ani mal and cli ni'cal testing as

prerequisites to- r LY RA i tabl e
for use, in all o;ml‘ g }%pn%m eh" bﬁ%%ﬁig‘% ilCtl t"t Hé‘rdg&eu cgé?aﬂéat ment
of human bei ngs @dunotain ddcteshnalogyas el ty pc@mm ¢hs @mmdséé&téén also._ 7.

The product procﬂr‘@@&ebb{urﬂﬁg@st 'o?aéﬂhléreﬂ?ﬂté‘ﬁﬁr %dﬂb&fo@@rrﬂﬁﬂu&@oﬂ&hém I
culture systems proyvides a?}q roduCe hunman t|s§ge plasmi nogen

un|t
activator in a rﬁﬁi Rl ﬁE?‘"‘t" LIInBOtEYy PHLE! 1%, °¥fADI i ng
hitherto 5 ® usicospamdseri€i @it exmved tfxrbmothe desiaedliprobein, degudddirege upon t he

toxic if administered to an animal or human in the course of

¢

therapeutic treatment with desired protein. Hence, the techniques
of protein biochemistry come to bear, allowing the design of
separation procedures suitable for the particular system under
e 15 consideratioh and providing a homogeneous product safe for intgnded
use. Protein biochemistry also proves the identity of the desired
product, characterizing it and ensuring that the cells have produced
it faithfully with no alterations or mutations. This branch of
science is also involved in the design of bioassays; stability
20 studies and other procedures necessary to apply before successful
clinical studies-and marketing can take place.

25 The present invention is based upon the discovery that
recombinant ONA technology can be used suécéssfully to produce human
tissue plasminogen activator (t-PA), preferably in direct form, and
in amounts sufficient to initiate and conduct animal and clinical
testing as prerequiSites-tq-market approval. The phoduct human t-PA

30 is suitable for use, in all of its forms, in the prophylactic or
therapeutic treatment of human beings for various cardiovascular
conditions or diseases. '
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host cell, the human tissue plasm nogen activator hereof may contain 2
associ ated glycosylation to a greater or |esser extent compared wth native .

maj«elial. In any event, the t-PAwill be free of the contam nants normally ¥
agsoghated with it in its non-reconbinant 10 cel lul ar environment. The .
prig&s] i nvention is also directed to replicable DNA expression vehicles

ha ng gene sequences encodi ng human tissue plasm nogen activator i

expressible form to mcroorganismstrains 15 or cell cultures transforned
with themand to microbial or cell cultls#res of such transformed strains or
cul tures, capable of producing human tissue plasm nogen activator. In
still further aspects, the present invention is directed to various
processes useful for preparing said gene sequences, DNA expression

vehi cl es, 20 m croorganismstrains and cell cultures, and specific

-enbodi nents thereof. "rhec't?r.l-édﬁ tﬂl‘%fducte@ Sy %‘é‘ﬁ@"th@glﬁ directed to the

preparation of fernﬁn ation. cul tures d said m croorgani.sns and cell
cul tures. 25ngineergq, mjcrooraan]shs, Ar; 'FE} dF'éW“ﬁE)s‘ysFﬁ"@uP@"id%GWs a 10% sodi um
dodecyl sul f abgoritahiaC Ly | prodke beaanet Exsue grilaet RBigen (aSD d84&EN @fmuch

[err] - methi Rt d&ek ANRhEhaRAG Ehils nBL GRbR!dosk fifleS Mabliihl enler & | 9C

secreted from nel anona prote se I'n itor. Figure
2 shows &l e@luBiyROPEDREC i3 Q%OPW% ple@ﬂsitmecﬂepemggamoontfpr oduct s of

NRNA fracti aost @eti,vare fhuman tes QR0 FPas@hdgen acthtothélrlébE maySEenyain he

R s e e
aci d sequendat e mfenhak.- Pio agy event, te JirP8 Vﬂﬂ sb%fr%f’fl'ihel on

endonucl easeomnﬁénttsh@oﬁnuny laS8uti Atdu Wth txt% (ifl\l/l\onﬂé&%@ﬁ\aﬁﬁ 5b, and 5c.

show t he nu%eﬁ) lade %%- n%@r?te. and deduced

‘The present invention is'aléo dfrected to replicable ONA
expression vehicles harborxng gene sequences encodung human t1ssue
plasmtnogen act1vator in expreSSIble form, to mlcroorgan1sm strains

'15 or cell cultures transformed with them and to microbial or cell
cultures of such transformed stralns or cultures, capable of
producing human tissue plasminogen activator. In still further
aspects, the present invention is d1rected to var1ous processes
useful for preparing said gene sequences, DNA expression vehicles,

20 m1croorganlsm strains and cell cu)tures, and spec1f1c embod1ments
thereof. Still further, thlS invention is directed to the
preparatwon of fermentation cultures of said m1croorgan1sms and cell
cultures.

25 Iﬁ'the eeecnpanyihg drawings:

Flgure 1 shows a 10% sodlum,dodecylsulfate polyacrylamlde gel
electronhoreSLS (SDS PAGE) of 3ss-methlon1ne labeled proteins precipi-
table with anti t-PA 16 secreted from melanoma cells wath and without

30 protease ;nhlbltor.

Figure 2 shows electrophoresis of the iﬁnuno-precipitated |
translation products of mRNA fractions derived from melanoma cells.



arg_po acid sequence of the full length human t-PA cDNA. 10 Figure 6 j
schematic of the construction of the expression plasmd p[err] Rl PA
Ti+shows the results of a fibrin plate assay for 15 fibrinolytic(a
of¢ E. coli cells transfornmed with p[err]RIPA[err]. Figure 8 is an HR
trace of peptides fromhuman t-PA trypsin digest. 20 Figure 9 shoms
the construction of a plasmd coding for the direct expression of mature
humait-PA in E. coli. Figure 10 shows the results of a fibrin plate assay
for fibrinolytic activity of the human t-PA produced by 25 E. col
transfornmed with pt-PAtrpl2. Figure 11 shows, the construction of DHFR
(nmutant or wild type)/t-PA encoding pIasn1d§LSU|tabIe for transformng into
manmal i an tissue culture cells. 30 Figure 12 is a_ schemati c di agr am of
human tissue pl asm nogen activator as prepared by the nethod exenplified in
E.l herein. 35 -9- A Definitions As used herein, "hu

pl asm nogen acti vat §rigurs 3" shomanthe. Rrigizatioppat Ho‘{feggﬁﬁﬁ'aﬁlégﬁo}ﬁ%’ieé

(ti ssue- tyloe%3 plb;asmgtf_egﬁéaf ADthi YBMAOUS inl Bt 66T b{ PCTavied mnmeegh& culture
systens, in ctive r ng. a pr.
correspondi ng. tolp? oesgr?pagg‘tgjggp?asgﬁn ‘J’n§ gﬁ’"ﬁc%’@a%%@g" ot ﬁtrh\?'\nmg'gqn% ‘ive.to

human tissue. The human tissue pl asm nogen act-ivator protein produced
herein has been defimgard¥ reanfestridtaberandonitibhid gemeran@é fifdutdiger am no
aci d sequenci.ng. %,M%lﬂ gﬁwynderstood that natural allelic 10 variations
exi st and occur PF & dal to individual. These

. 'ty :

; ' F1gures 5a, 5b, and 5¢ show the nucleotlde sequence and deduced
o _' amino acid sequence of the full Iength human t-PA cDNA.
10 | ' | '
Figure 6 is a schematic of the construction of the expression
plasmid paRIPA®.

Figure 7 shows the results of a fibrin plate assay for
! 15  fibrinolytic activity of E. coli cells transformed with pARIPA®.

Figure 8 is an HPLC trace of pept1des from human t-PA tryp51n
dlgest

20 Figure 9 shows the construction of a plasmid coding for the
direct expression of mature human t-PA in E. coli.

Figure 10 shows the fesults of a fibrin plate assay for
fibrinolytic activity of the human t-PA produced by
25 E. coli transformed with pt-PAtrpl2.

Figure 11 shows the construction of DHFR (mutant or wild
type)/t-PA encoding plasmids suitable for transforming into
mammalian tissue culture cells.

30 . .

Figure 12 is a schematic diagram of human tissue plasminogen

activator as prepared by the method exemplified in E.l herein.

35



vari ations may be denonstrated by (an) am no acid difference(s) in the g;ﬁ

over gkl _sequence or by deletions, substitutions, insertions, inversions or

addi of (an) anmino acid(s) in said sequence. |In addition, the, ' .
| ocat yf and degree of glycosylation will depend on 15 the nature of the ,.
host | ar environnent. The potential exists, in the use of reconbi nant

- DNA te ol ogy, for the preparation of various hunan ti ssue pl asm nogen
activator derivatives, variously nodified by resultant single or nultipPE)

20 anino acid substitutions, deletions, additions or replacenents, for

exanpl e, by neans of site dlrected nutagbne5|s of the underlying DNA.

I ncl uded woul d be the preparation of derivatives retaining the essenti al

kringle region and serine protease region characteristic generally of the

human ti ssue pl asm nogen activator described 25 specifically herein, but

ot herwi se nodi fied as descri bed above. Al such allelic variations and

nodi fi cati ons resurting in derivatives of human tissue plasni nogen

activator ar 1icLuded within the scope of this invention, as well as other

rel ated humant e 1N ti ssue-type) plasninogen activators, sinilar

physical ly and 38 Wsedl grieda) |"pumao th s pashiveogen st vator" ararmakeri Stic

huran, {1 SSue sDhASEL MEH- BERJCL ! e b " BRI e BERRSHodeh | 1O

-10- Human tissue pl asm nogen 'S pr I oni ne as
its first anRfbivasen em@seﬁtbybwc\rpbn}eoofceﬂheCUAmessmttemsa dRal codon

i nsertionsi nbf&a@ahv@ffohﬁsec&iﬁrugi al pr@ea@s)e aérﬁbnvuaer@oﬂrbgadﬁetﬁq @pi ne is
intra- or extracellul arl i.rst. am no

heid or 3 Hh: hiASug RIASBITRED 4t LY 0R AthertisE eIV By upeh of s8R o
protei n ot hefhe human féssuenpkasmingegn tguatorpprotpdptardducedieerei g has
pol ypept i de @eer: @Bf in@atts, hearrsgoﬁnﬁ%.fmahlwcéee@vaw Gedutt@ve iafidoa- or .

LRt o e AT (FRALEDE s b e ey ShigE, S ression I
super f | uoli@ variations exist and occur from individual to individual. These ]
variations may be demonstrated by (an) amino acid difference(s) in
the overall sequence or by deletions, substitutions, insertions,
inversions oé_édditions of (an) amino acid(s) in said sequence. In
addition, the location of and Hegree of glycosylation will depend on
15 tne nature of the host cellular environment.

The potential exists, in the use of recombinant DNA techno]ogy,
for the preparatlon of various human tissue plasminogen activator
"der1vat1ves var1ous1y modified by resu]tant single or multlple
20 amino acid substitutions, de]et1ons, add1tlons or heplacements, for
example, by means of site directed mutagenesis of the underlying
DNA. Included would be the preparatwon of derivatives reta1n1ng the
essential krlngle reg1on and serine protease region characteristic
generally of the human tissue plasmlnogen activator described
25 specifically herein, but otherwise modified as descrlbed above. All
such a11e11c vartations and mod1f1catlons resulting in derivatives
of human tzssue p]asm1nogen actxvator are- included w1th1n ‘the scope
of this invention, as well as dther related human extrinsic
(t1ssue-type) plasminogen activators, similar phys1cally and -
30 ololog1ca11y, so long as the essential, characteristic human tissue
plasm1nogen activator act1v1ty remains unaffected in kind.



pol ypeptide. The latter is particularly inportant where a given host may
., or not efficiently, renove a signal peptide where the .expression
vehicle is designed to express the tissue plasmnogen activator togethes
Wthits signal peptide. In any event, the thus 15 - produced human t-Bf
i its various forns, is recovered and purified to a level fitting it
use i*A the treatnent of various vascul ar conditions or diseases.
Furtbernore, t-PA has forns which include both the single chain 20
(1-chain) protein and the 2-chain protein. ,.The latter is proteolytically
derived fromthe 1-chain conpound. It is tH®ri zed that the 2-chain protein
I s associated with produced fibrin and that proteolytic conversion from 1-
to 2- chain material occurs at the |ocus of the conversion of plasn nogen
to plasmn. The present 25 i nvention provides for the aﬂk'nistration of
the 1-chain protei tHW@R §issye PAATHIAQIENs pPefivaton s PraR¥Ed belavingt or t he
adni ni stration GfetRtsmink asPied FiFst Whindhadias (fHesenbogry isbeevoftthebaTE@Ct i ve.

The 2-chain protein can he prepared, by Ln Vi pLQt | 1C rsion
after the 1- chaiﬁaﬁﬁtsép?agl c{’)‘io"p?'bs(furﬁ'e%. v %83€§Ifl éh ?ﬁ{#&%@é,,&%ﬁaﬂw is
posi ti oned upst r&awhéneothe metieninee iprioteaser mxtracel 1ula 1y £1pavede Ay ipg

play an i”p0§tan&sfmaifyﬁfmtbmﬁ.bn&mbeoa 3§ Sté@e EHeR S tAOGEIREAitts Vstlgna 1
hereof to a mat r.1, X; e, obser.ve

i bri hence, th specifigc actiyviis t he
present tissue ﬂﬁmﬂﬁdﬁ%l‘?ra&‘ﬁ(’%’{%?eq Snare ™ ¢ beﬁ"@f' éeig?.t é%r{vg{'ﬁégg i . The
ti ssue pl asmi nogeignak polyept ideer e shhal podypertdde ot eandugdtei bringhe '
fgfrynnﬁb'n;ﬁl 't Iysgﬁéedegffgﬂ%i 1y emeavabf@rihfapqgtﬂa,ugort @xﬂaégbvtamarat@mi_@n;nam t hﬁ

nogen .acti vator .defines ‘products rising suc
portion al one or(ﬁeﬁg"éec%ﬁé?"c@ﬁ ?H'a?fai“?i Bhairegh fer Eﬁ‘&"s‘e‘hﬂéﬁ%goﬁg to the
full I ength gol ecitheut Bhd mesessity iafec]eaving apa)eaente)dtnmu{ioﬁypﬁnfr}mvst -PA
thus has a functyqgalotqgl) Nirhd QBitdrl 14 HaFERAPAA YOImgoPt &ty #hét@ & Rfven

conver si on of

host may not, or not efficiently, remove a signal peptide where the
expression vehicle is designed to express the tissue plasminogen
activator together with its signal peptide. In any event, the thus

15 produced human t-PA, in its various forms, is recovered and purified
to a level fittiné it for use in the treatment of various vascular
conditions or disedses.

Furthermore, t-PA has forms which include both the single chain
20 - (l-chain) protein and the 2-chain protein. The latter is
proteolytically derived from the l-chain compound. It is theorized
that the 2-chain protein.is associated with produced fibrin and that
proteolytic conversion from 1- to 2- chain material occurs at the
locus of the conversion of plasminogen to plasmin. The present
25 invention provides for the administration of the 1l-chain protein .for
in vivo conversion as just described or for the administration of
E:Ehain protein, which has also been shown to be active. The
.2-chain protein can be prepared by in vitro proteolytic conversion
" after the l-chain material is produced. A so-called "kringle" area
30 is positioned upstream from the serine protease portion and is
believed to play an important function in binding.the tissue
plasminogen activator hereof to a fibrin matrix; hence, the observed
specific activity of the present tissue plasminogen activator toward

tangible, extant thrombi. The.tissue plasminogen activator hereof
35 is producéd containing the enzymatically active portion



pl asmi nogen to plasmin, binds to fibrin, and is classified as a t-PA based/
on i nmunol ogi cal properties as set forth herei nabove. 10 "Essentially pure
m  when used to.describe the -state of human t-PA produced by the ¢
O\j-on neans free of protein or other materials normally asSociated with
{ - PA when produced by non-reconbinant cells, i.e. inits "native"

q hment. 15 "DHFR protein” refers to a protein which is capable of (the
actrvirty associated with di hydrofol ate reductase (DHFR) and whi ch,
therefore, is required to be produced dg~cells which are capabl e of

survival on nmedium deficient in hypoxanthine, glycine, and thym di ne 20
(-HGT medium. In general, cells |acking DHFR protein are incapable of
growi ng on this medium cells which contain DHFR protein are successful in

ggl ng so. " Q&Jrl-ésp%g@ﬁigt tdQlaEﬂléVﬂaﬁ';'erﬁtS'L ehg tFt% t&ral Bundi t:iss?% e_II ncaltoabl(ﬁ/rr ;)(;

growi ng .on _mredi a which coptain e i nhi r Jret hot rexat e :
Thus, "cell g’]§(§'ﬂ’s'-1°9F'\‘/@c b‘(ﬁ%ﬁ&'&g?%escgm%'? icgﬂ',’g]i&m'iggdb@ﬁ'éﬂogax'lao?eaI tered
or ot herw seors tipgether mithi addi tionghiaming agid\weaurnges apbte the fivdl nedi um
condi tions sinhabld1énet he cell type when the MIX concentration is 0.2
[err]/mM or nofe. Some cells, such as 30 bacteria, fail to exhibit MIX
sensitivPty due to their failure to pernit MIX inside their cell '
boundari es, eveTo tslomoaytizé hiey the ptresent DidvEn tioing Hhumal | t3-Phithes \iiasea be
sensitive t ' £iniflaHERSN 1S, b e Al InfDHFR
orotei n. i IETEyRnahERinlIpAPIE T capiSorRatal ER Thi' coffersi®l T,
per neabl e orPlaspiiegen Jo RiasAk® Binds §pifiibrinypaed ischasxified as;p =Py | g type
DHFR" r ef er shased dinhymhunbdidgit el pedpmrties agssdts fartti hareiihabokeund in the
particul ar organismin question. Wld type DHFR'is generally sensitive in
vitro td% ow concentrations of o - L : ' : -
~ - “Essentially pure form" when used to describe the state of human

t~PA produced by the invention means free of protein or other

materials'normally'as§OCiated with human t-PA when produced by'

non-recombinant cells, i.e. in its "native" environment.
15 _ . o
- “DHFR protein" refers to a protein which is capabie of the
activity associated with dihydrofolate reductase (DHFR) and which,
-therefore, is required to be produced by cells which are capable of
survival on medium deficient in hypoxanthine, glycine, and thymidine
20 (-HGT medium). In general, cells_iacking DHFR protein are incapable
of growing on this medium, Cglls which contain DHFR protein are
successful in doing so. ‘

" "Cells sensitive to MTX" refers to cells which are incapable of
95 growing on media which cohtaih the DHFR inhibitor methotrexate
' (MTX) . Thds; “cells sensitive'td MTX"* are cells which, unless
genetically altered or otherwise subplémented, will fail to grow
under ambient and medium conditions suitable for the cell type when
~ the MTX concentration is 0.2 pg/ml or more. Some cells, such as
g0 bacteria, fail to exhibit MTX sensitivity due to their failure to
- permit MTX inside their cell boundaries, even though they contain
DHFR which would otherwise be sensitive to this drug.  In general,
cells which contain, as theiFEDHFR protein, wild type DHFR will be
sensitive to methotrexate if théy'are permeable or capable of uptake
35 with respect to MTX. = |



nﬁLpotrexate. 5 "DHFR protein with low binding affinity for MIX" has a
fuhctional definition. This is a DHFR protein which, when generated w thf
cells, will permt the gromh of MIX sensitive cells in a medi um cont iy .
0.2 [err]/m or nmore of MIX. It is recognized that 10 such a funcfio
deflnltlon depends on the facility with which the organi sm produces
DHFR protein with low binding affinity for MIX" as well as upon the
proté?h itself. However, as used in the context of this invention, suc
bal ance between these two nmechani sms shoul d not be troubl esone. The
I nvention operates wth 15 respect to copferring the capability of
surviving these levels of MIX, and it is not consequential whether the
ability to do so is inpacted by increased expression in addition to the
i nnate nature of the DHFR produced. 20 "Expression vector" includes vectors
whi ch are capabl e of, p “ where such
sequences are operabvgﬁlFﬁﬁigm?BE@$E§$qHﬁg Eggn%g%qgﬁghg$£%§féitlng their
25 expr essi ondrdiparily fousdi by thalmﬁblfglﬁammgwmw gugstiien.t | ilsh byped,
that these expregurros \GeRérd1$y Nsens itiee r BV i Erabt® Tom doRcerdtpatioak gani SNe
ei ther as eD'SOWﬁ%mﬁ r %ﬁgn integral part-of the chronbsomal DNA. Cdearly
a | ack of replicabi t%f ul d render themeffectively jinoperable. In sum
"expression Gector" is given a 30 ~functional definition, and any DNA

sequence which is capghl sr&femﬁfm%ﬁtmgbﬁea@ﬁg%%%mmyffoa ﬁﬂ@%ég gd DNA code
di sposed therein_is anlu?ed | $e hg}the S eC|f|ed
(0]

sequence. I n genfyngtionaly ?fég?Uﬁ"Veif’b?s’so? s%ﬁ H”f’{ﬁ eAatfine
t echni ques are o#ithriniqelffie wlidt peohit’ phagnowth” oﬁvIMTKhseneitarvetml?.S in @i rcul ar

doubl e stranded fXuhQRREaNKGD. 21 fo/MNEr m¥RELPMIXOT MeaS € recogniBed that
' 10  such a functional definition depends on the facility with which the
organism produces the "DHFR protein with low binding affinity for
MTX" as well as upon the protein itself. HoweQer, as used in the
context of this invention, such a balance between these two

mechanisms should not be troublesome. The invention operates with

i 15 respect to conferring the capability of surviving these levels of
MTX, and it is not consequential whether the ability to do so is
impacted by increased expression in addition to the innate nature of
the DHFR produced. '

20

"Expression vector" includes Qéctors which are capable of
expressing DNA sequences contained therein,- where such sequences are
operably linked to other Sequences capable of effecting their

25 expression. It is implied, although not always explicitly stated,
that these expression vectors must be replicable in the host
organisms either as episomes or as an integral part of the
chromosomal DNA. Cleérly a lack of replicability would render them
effectively inoperable. In sum, “"expression vector" is given a

30 functional definition, and'any DNA seQuénce which is capable of
effecting expression of a specified DNA code disposed therein is
included in this term as it is applied to the specified sequence.
In general, expression vectors of utility in recombinant DNA
techniques are often in the form of "plasmids” which refer to

35 circular double stranded DNA loops which, ih their vector form are

~



not. bound to the chronosone. In the present specification, "plasmd" and 3
"yBCHQr " are used interchangeably as the plasnid is the nost commonly used ©
_vector. However, -the invention is intended to include such other -
B’ ©f- expression vectors which 5 serve equival ent functions and which .
besdp¥ known in the art subsequently hereto. "Reconbi nant host cells"
refers-fp cells which have been transforned with vectors constructed usjn
reconbi nant DNA 10 techni ques. As defined herein, t-PA is produced
‘the anpunts achieved by virtue of this_jfansformation; rather than in such

| esser amounts, or, nore commonly, in such |ess than detectabl e anounts, as
m ght be produced by the untransformed host. t-PA produced by such cells

can be referred to as "reconbinant t-PA". 15 B. Host Cell Cultures and
Vectors The r I scl.as ' re.suifable for use in
host cells of(/‘g‘fi’g"'ﬁ% ggdtrhgﬁ%%(ag?“g’%ka{?yg% E_F%tsnhg-e%ﬁg}é&#’cmm ganisnms. 20 In
general , of Ctelaseid® pndKaegiarssarg usqs dntarceangeablyc portheagplasmBNAs sequences
ingco?st r uct-2 gﬂgm%@r@ cﬁﬁﬁ‘drﬂl\b gs?uaefqﬁn oM vtémr:. n\l-fimé\'bé?-f}%tﬂlioﬁn@ﬁ@m %s -‘E-b_ CFI i

strain No. 46),. i articularly useful . er..Ji crobi a

Stra ns whi oAniagengo, Uijuds, St 0B ehiuioB exbe el vectons B! 001 7
and E. c6li @rvecequiavatentofungtbais) andrwhich bacomel knowarin -the arburse, int ended
to be illustggsdedfentdy Haketdlan |imting.  Prokaryotes may also be used for
expression. The aforenentioned 30 strains, as well as-E. coli WB110
([err], [err], prototrophic, ATTC No. 27325), bacilli such as Bacillus

subti | us, - and. ot'Recombinatobestt cellal afessidh celd 1Savhiomdiave tegphi nuri um or

Serratia mar ¢RRRGrmed Wi thovdctds RORSHAEBAASs FRP Foéomb TMahtsNAUSed. 35
10 techniques. As defined ‘herein, t-PA is broduéed in the amounts :
achieved by virtue of this transformation, rather than in such -
lesser amounts, or, more commonly, in such less than detectable
amounts, as might be produced by the untransformed host. t-PA
produced by such cells can be referred to as "recombinant t-PA".

15 _
B. Host Cell Cultures and Vectors
The vectors and methods disclosed herein are suitable for use in
host cells over a wide range of prokaryotic and guk_ar_yotic organisms.
20

In genera'l,_of course, prokaryotes are preferred for cloning of
DNA sequences in constructing the vectors useful in the invention.
For example, E. coli K12 strain 294 (ATCC No. 31446) is particularly
useful. Other microbial strains which may be used include E. coli
25  strains such as E. coli B, and E. coli X1776 (ATTC No. 31537).
These examples are, of course, intended to be illustrative rather
than limiting. -

Prokaryotes may also be used for expression. The aforémehtioned
30 strains, as well as E. coli W3ll0 (F~, a~, prototrophic, ATTC
No. 27325), bacilli such as Bacillus subtilus, and other
enterobacteriaceae such as Salmonella typhimurium or Serratia
marcesans, and various pseudemonas species may be used.

35



-14 In general, plasmd vectors containing replicon and control
whitch are derlved from species conpatible with the host cell are
connection with these hosts. The vector ordinarily carries a repl
si,te, as well as marking sequences which are 5 capabl e of provid
phenotypic selection in transforned cells. For exanple, E. coli is y
typically transfornmed using pBR 322, a plasnid derived froman E. coli
specLes (Bollvar et al., Gene 2: 95 (1977)):. pBR 322 contains genes for
anpicillin and tetracycline resistance and {hus provi des easy neans for
identifying transformed 10 cells. The pBR14322 plasm d, or other m crobial
pl asm d nust also contain, or be nodified to contain, pronoters which can
be used by the nicrobial organismfor expression of its own proteins. Those
pronot ers nost cormﬁnly used in reconbi nant DNA construction include the
[err]-lactamase (penhSENEr HasB)asHiG) vEGEAGseotAiMBGeTerd jetneard comgd 15 et
al, Nature, 275: séuen¢ekOwBich bitealder vedefroal speBieéeompatiffe wifhothd h8sY) ;

Goeddel | 4 7. d h
(Goeddel et,g2) BERUAF G5 (FhnpaitiSh) st gt o0 oy FIER
No. 0036776). V\hF‘F"é“FﬁeﬂséeF&r‘éaHﬁ’é yoes a:%wﬁbhlay mémg pequences whishi are

pronoters hage begiubdé ?dfoyﬁvedlr@nﬁlé?ﬁtypiltt kélecetbn mdre@@k&:& eencgermoag
t heir nucl eoti de s@w ave een ker

to |igate them f&H ool TS, W kally s orasd S lngnine 385 @ SisHRES T

20: 269 (1980)).d@Sved from annEagdi i ispactes (Badlimaroeesl. elfene ot 9% m cr obes,
such as yeast CUtI#“i?f bs&ﬁﬁlﬁnk%g esS?&C W?ﬁﬁaﬁ@rtﬁwa%&@ﬁneor

common baker's yeast use

o .
mi croor gani sms, 5?%’58‘3!6?? %f’dngﬁ‘ﬁef’r?ﬁ Fyé‘lefa‘é? :?é)'ra @"E%:#&q‘u transfarmed) e.
For expressimn i nelsaccnarpmjéé&,plahﬁdplozsntmthﬂpﬁ,obia:ir pBdsmid enuatiyd Isp

(Stinchconmb, et @ntalit HFQJe 3&%’1’13@ t()%m KbRERTRFS %1&1' carG%@euseZ by141
(1979); Tschenpe 1980)) Is.comonl

pl asm d al r eady g’lfn["é‘?"r??‘fh@"ﬁ‘]dfsmgféﬁee Fﬁﬁwﬂr ilfeovg RIg) %E'tsl'onT Hﬁ? ker
for a nmutant strpramobérsymestt coroki ygsed e nabédomb inand OMAoweristructypd dpbhude f or

exanpl e ATCC No. tﬁle497§accﬁ mise fpehicillinase) and lactose promoter systems (Chang
15 et al, Nature, 275: 615 (1978); Itakura, et al, Science, 198: 1056
(1977) ; (Goeddel, et al Nature 281: 544 (1979)) and a tryptophan
(trp) promoter system (Goeddel, et al, Nucleic Acids Res., 8: 4057
(1980); EPO Appl Publ No. 0036776). While these are the most
commonly used, other microbial promdters have beén discovered and

20 utilized, and details concerm‘ng their nucleotide sequences have
been pubhshed enabling a skilled worker to ligate them
functlonally with plasmid vectors (S1ebenhst et al Cell 20: 269
(1980))

25 In addition to prokaryotes, eukaryotic knicfobes, such as yeast
cultures may also be used. Saccharomyces cerevisiae, or common
- baker's yeast is the most commonly used among eukaryotic

microorganisms, although a number of other strains are commonly
available. For expression in Saccharomyces, the plasmid YRp7, for
39 example, (Stinchcomb, et al, Nature, 282: 39 (1979); Kingsman et al,
Gene, 7: 141 (1979); Tschemper, et al, Gene, 10: 157 (1980)) is
comnonly used. This plasmid already contains the trpl gene which

provides a selection marker for a mutant strain of yeast lacking the
ability to grow in tryptophan, for example ATCC No. 44076 or PEP4-1
35 (Jones, Genetics, 85: 12 (1977)). The presence of the trpl lesion



.
e

Jones, Cenetics, 85: 12 (1977)). The presence of the trpl lesion \/
'garacterlstlc of the yeast host cell genome then provides an

yYe environnent for detecting transfornmation by growth in the absence-
ophan. 5 Sui tabl e pronoting sequences in yeast vectors -
[ d¢ the pronoters for 3-phosphoglycerate kinase (Hitzenman, et al., J.
Biol. Chem, 255: 2073 (1980)) or other glycolytic enzynes (Hess, et al,‘J.
Adv. Enzyme Reg., 7: 149 (1968); Holland, et al, Biochem stry, 17: 490
(1978)), such as enol ase, gl yceral dehyds=3-phosphate 10 dehydr ogenase,
hexoki nase, pyruvate decarboxyl ase, phosphofruct oki nase, '

gl ucose- 6- phosphat e i sonerase, 3-phosphogl ycerate nutase, pyruvate kinase,
tri osephosphate isonerase, phosphoglucose isonerase, and gl ucokinase. In

constructi NGsSalichakdct eP¥IESSH Qe ryea§fnhd§t celhp deﬁénfé BRén BRoviagyQAces 15

associ at ed ese genes e a at e e si.on,vect or
of the sequ\e\érf%%‘:tde%ﬁ"é B€ f@?p‘*%%%‘(fgttfaﬁﬁt‘lmabwﬂoﬂl)égg% | Ié'? r}B\é of the
MRNA and t erabsenxe oﬁ.tryﬂdl‘ban-pronot ers, which have .the additional advantage

of transcription controlled by growth condltlons are the prormt er regions

for alcohol enase 2, .20 i socytochrome C, acid phat ase,
degr adat¥ ve enzs)/ﬁ‘é BYRMOLi NGy SRRYSACRS (INYRATE eackeRs tagiud g a‘et he

aforenentlorpedmgieyseﬁoa:l Blpihg slpho yqerate tkdhased ¢hittemagnet @l . anld_RBivdymres

bl aem d vecriis 25502075 1169 %6 Wi lg1ycotytic Rntity (s, e #,0 C o
and 25 tedn.ﬁ%ﬂﬂﬂ&nee@ 149 gg?é@bl émqlﬁ‘dadﬁﬁtal or&ggﬁﬂﬁﬂléﬁdbrgam sns,
cul tures of ldel490dEr978E)Y, Suchnasyuérioil asd,l glmerm‘r@hyﬂes-ﬂsphmphaﬂeso be used as

host s. }Jén Wehgt%'ogeﬁasea%xﬁﬁ%sﬁecﬂmgwﬁe“ﬂi&ﬁoﬁoﬁﬁas@b' e, whether from

vertebrale or I’nt erest has been -
great est i n PPESRNOSFURtOk inases JIyResePoRitasRR 38 1Amelas@ebrate cells in

culture (tlSﬁ-‘pﬁoibﬂbﬁljk@hﬁ@ﬁuﬁ%@?%ﬁﬁt@uﬁ1ﬁ"aeeprt9¢@5tlphﬁsphaté ecent years : |
‘isomerase, phosphoglucose 1somerase,_and g?uc0k1nase. In
constructxng suitable expressxon plasmids, the termination sequences

15  associated with these genes are also ligated into the expression
“vector 3' of the sequence desired to be expressed to provide
polyadenylation of the mRNA and term1nat1on. Other promoters, which
have the additional advantage of transcrlption controlied by growth
conditions are the promoter_regions'for_aieohpl dehydrogenase 2,

20 isocytochrome C, acid phosphatase, degradative enzymes associated
with nitrOQen Metabolism; and the aforementioned glyceraldehyde-3-
phosphate dehydrogenase, and enzymes responsible for maltose and .
galactose utilization (Holland, ibid.). Any plasmid vector
containing yeast-compatible promoter, origin of replication and

25 termination sequences is suitable.

In addition to microorganisms, cultures of cellsﬁderived from
multicellular organisms may also be used as hosts. In principle,
any such cell culture is workable, whether from vertebrate or

30 tnvertebrate cu]ture. However 1nterest has been greatest in
' vertebrate ce]]s, and propogation of vertebrate cells in culture -
(t1ssue culture) has become a routine procedure in recent years
' [szsue Culture, Academic Press, Kruse and Patterson, editors
(1973)] Examples of such useful host cell lines are VERO and HeLa
35 cells, Chinese hamster ovary (CHO) cell lines, and W138, BHK, C0S-7




tTLSsue Cul ture, Academ c Press, Kruse and Patterson, editors

Exanpl es of such useful host cell lines are VERO and HeLa 35 o

Chi nese hanster ovary (CHO cell lines, and W38, BHK, COS-7 and -,

MDCK cel | lines. Expression vectors for such cells.ordinarily e (i'f
‘necessary) an origin of replication, a pronoter located in front of the

gene to be expressed, along with any necessary ribosonme binding sites, RNA
spl hkce sites, polyadenylation site, and 5 transcriptional term nator
sequences. For use in mamualian cells, the control functions on the
expression vectors are often provided by yi%gl material. For exanple,
commonly used pronoters are derived fron1p&|yona, 10 Adenovirus 2, and
nost frequently Siman Virus 40 (Sv40). The early and | ate pronoters of
SV40 virus are particularly useful because both are obtained easily from

the virus as a frag Igh als i al S ' o]
replication (Fi e‘}"?, R@{kt 8&“ ﬁ\k’ﬂ‘%r’ e%xgg%sqﬁ%ew%%yéoé%ﬁ I%é]rpg(’)?’ ﬂﬁéra g@# 15
SV40 fragnents ningladedibamegessdrybrovonigin taferepliicating) wienomoter located
Bl 1Sl Te | boat oy o ECECggHe BB WkorEQiR, 1ot A th by DRt L Aleo
possi bl e, and ofTE?SHE%PF%\@I"E,S‘.FSSU%NRF?&ifﬁ' ér-irlt'ﬁserp%&@ﬂ?ﬂﬁ]ia 1ons 8 Hgentts
normal | y ass6ci atramiseriplioded terwinacr 2$equenpese sequence, provi ded such

control sequences are conpatible with the host cell systens. An origin of

replication may be provided either by construction of the vectgﬁ to include
an exogenous origi nToGHER HsmapRalfan getlsycthexsontrp] funekipgs i Sh%er viral

(.el-.lg- EO' yons, Aéiﬁil Pess 6h\WecBoN -ar_éCb@ft@rﬁ,pre\]fidéﬁyb_\beimométhqlahy Edre QO_St
ce cnronnsona C rate I nto
the host cell chf oaﬁgis%’rrg&h?ﬂéyﬁlgp ?:yrr %'l%steg% taé'tr? ‘geurﬁ? ?‘E:?g?ft' .Spoggénﬁg I n

sel ecting al1frefAdeneviniss?, god mosh frequansieimian ¥jrusndd (SV40). The early

and late promoters of SV40 virus are particularly useful because
both are obtained easily from the virus as a fragment which also
contains the SV40 viral origin of replication (Fiers, et al, Nature,
273: 113 (1978). Smaller or larger _

i 15  SV40 fragments may also be used, provided there is included the
approximately 250 bp sequence extehding from the Hind III site
toward the Bgl I site located in the viral origin of replication.
Furthe;, it is also possible, and often desirable, to utilize
promoter or control seduences normally associated with the desijred

20 gene sequence, provided such control sequences are compatible with -
' the host cell systems. | -

An origin of replication may be provided either by construction
of the vector to include an exogenous origin, such as may be derived
25 from SV40 or other viral (e.g. Polyoma, Adeno, VSV, BPV).
 source, or may be provided by the host cell chromosomal replication
‘mechanism. If the vector is integrated into the host cell
chromosome, -the latter is often sufficient.

30 In selecting a preferred host cell for transfection by the
vectors of the invention which comprise DNA sequences encoding both
t-PA and DHFR protein, it is appropriate to select the host
according to the type of DHFR protein employed. If wild type DHFR
protein is employed, it is preferable to select a host cell which is

35' deficieht in DHFR, thus permiting the use of the DHFR coding



R protein, it is appropriate to select the host according to the

type DHFR protein enployed. If wild type DHFR protein is enployed, it is..r
pr &fix&apl e to select a host cell which is 35 deficient in DHFR, thus ,
per MY ng t he ‘use of the DHFR codi ng -17- sequence as a marker for
successf ul transfection in selective me#{um which | acks hypoxant hi ne, \J
glycine, and thym dine. An appropriate host cell in this case is the

Chi nese hanster overy (CHO cell line deficient in DHFR activity, prepared

and propagated as described by 5 Ul aub and Chasin, Proc. Natl. Acad.
Sci. (USA) 73equena® asleamykerOfor saicerssénl Hﬁﬁ@PfEFFIqDHPRSpmtém MEEEYM | ow

bi ndi ng af fi nhwa ﬁ@éksWDﬁo'xﬁnéﬁﬁg «’gsféh@ Canat £fnlit k. S GUBHHRpr idtel S not
necessary to

cl Because t ta Ris
resi st ant to'?r%tt ﬁSﬁ dRats §apR b%&pﬁl%'ﬂﬁs%ﬂ" eEaWeB%QEg@E CEE{ a!l?krrgans of
sel ecti on prdefidddnt Hat DHFReadtrs i tyGeprepaned anthavopdaaded rast bescr dbest by
sensitive — WPRubCHAENMIG okl Hathl Rad! Sceanabhp 7! aabsqbba MIX appear
to be methotrexate sensitive——ome-such userut line is a CHO
line, CHOKI ATCC No. CCL 61. Exanples which are set for,th her ei nbel ow
descri be use of Or. tieobthdrshat,t he DHER prote itnf @it (Ddimibeﬁdﬁi'y'siﬁﬁhﬁﬂydf&se of

CHO cel I s asM-Ppsits &&Idl %) tﬁgq:o(a{pg]q%%(ggﬁ,y&%hgrﬁ \{\an% A&%L%%%b V40

origin of catl o Wi t hin
t he skil10 of %dﬁﬁlf’l?’?}' &5@7-‘ana$%$‘g6ﬁ% thea%#qﬁ&ﬂ':& dscméﬂ?%t t%xpr e55| on
vectors for msxihoessiata, ofrxdamltaedngnﬁdea NcaRepeieBee Bsi & mbheoFat i ve

pr okaryotic t £C | Sati sfactory anounts:
of human t- P%E]e%%g'{ é’?é‘}c]e ﬁe ﬁltt E%L[e] 'heo&g?}'?lgw $ater refinenments
using a secoﬁ@lﬁw}"%’@dﬁn@ﬁﬂﬁawsncé‘os&r%at.\@tenmﬂ&% wbﬂdducelmabh/efs even

further. The,s Y X C | drgpkold ak.e ctase-
EHINS g@gggzgﬁgigg%giﬁ%@%mwfﬁypa@fgw*eﬁru{fﬂgh =

C No. CCL
. Examples which are set forth hereinbe]dw’ describe use of E. coli
using the lac and trp promoter system and use of CHO cells.as host

cells, and expression vectors which xnclude the SV40 origin of replication
20 as a promoter. However, it woiuld pe well within the skill of the

art to use analogous techniques to construct expressmn vectors for
expression of desired protein sequences in alternatwe prokaryotw
or eukaryotic host cell cultures.

25 Satisfactory amounts of human t-PA are produced by cell
cultures, however, later refinements using a secondary coding
sequence serve to enhance production levels even further. The
secondary coding sequence comprises dihydrofolate reductase (DHFR)
which is affected by an. extérna]ly controlled'parameter, such as

30 methotrexate, thus permitting control of expression by control of
the methotrexate (MTX) concentration.

C. Methods Employed

35 If cells without formidable cell membrane barriers are uéed as
host cells, transfectlon is carrled out by the ca1c1um phosphate
.precipitation method as described by Graham ‘and Van der Eb,
Virology, 52: 546 (1978). However, other methods for mtroduc‘ing
DNA into cells such as by nuclear injection or by protoplast fusion

40 may also be used.



3Q ‘met hotrexate, thus permtting control of expression by control
né?hotrexate (MrX) concentration. C. Methods Enpl oyed 35 | f
w t hout formnidable cell nenbrane barriers are used as host cells,
transfection is carried out by the cal ci um phosphate precipitation
as described by G aham and Van der Eb, Virology, 52: 546 (1978). Hov
ot her “met hods for introducing DNA into cells such as by nuclear injection
or by—protoplast fusion 40 nay al so be used. | f prokaryotic cells or
cells which contarn substantial cell wall constructions are used, the
preferred nmethod-of transfection is calciumgdreatnment using calcium
chloride as described by Cohen, F.N. et al Proc. Natl. Acad. Sci. (USA),
69: 2110 (1972). 5 Construction of suitable vectors cont ai ning the desired
codi ng and control sequences enploy standard l'i gation techniques. Isolated

pl asm ds or DNA fra nt ored, and.re ted n e form
desired to formt hqur%tgﬁr% %(fﬁﬁ/ @@é&&é@"?@"pﬁ@gg tffgpreati ng
with restricti onweﬂzymttmttenyms)senn thei pratfeereduhdtbod olfntrgiarseecztliqn dlsout

| [err] plasmd of) b dreAMEREOLZ ih§ UPEHm Ll e u; desbPited Yy EOFATEF N

about 20 [err] of, byffer solution. p ate er. nd substrate
anmounts for 15 tﬂﬁri’i‘.’&m.'!&lf Es‘Zto gﬁg Res & %(s'gé@r‘fl ed by the

manuf acturer 5) | ncubation tines of about 1 hour at [err] are workable.

After inoubatlons, BhRleLEkiof SETRHARIDNCEKNZALIA ! P BENTL Wing

chl orof orm and the nuclerc acid Is recovere rom ueous fr iron by
precipitation wi #pf centyed) seasenqes mRIAY %ﬁ?ﬂ@?ﬁﬁrtﬂﬁaédTﬁ reehnIgyRs- pri%ﬂ 2t8di on
is-treated for 1plasmidd @8 OMA Feagnentd fabe kdeaved| stadfl ofédl, yarer ask ghtddKlienow) ,

the form desired to form the plasmids required.

10 :
Cleavage is performed by treating with restriction enzyme (or

enyzmes) in suitable buffer. In general, about 1 ug plasmid or DNA
fragments is used with about 1 unit of enzyme in about 20 ul of
buffer solution. (Appropriate buffers and substrate amounts for

15 particular restriction enzymes'are specified by the manufacturer.)
Incubation times of about 1 hour at 37°C are workable. After
incubations, protein is removed by extraction with phenol and
chloroform, and the nucleic acid is recovered from the aqueous
fraction by precipitation with ethanol.’ o

20 _ . .
If blunt ends. are .required, the preparation is treated for 15
minutes at 15Cwith 10 units of Polymerase I (Klenow),
phenol-chloroform extracted, and ethanol precipitated.
25 Size separation of the cleaved fragments is performed using 6

percent polyacrylamide gel described by Goeddel, D., et al, Nucleic
Acids Res., 8: 4057 (1980). -

For ligation approximately equimolar amounts of the desired
'30 components, suitably end tailored to provide correct matching are
treated with about 10 units T4 DNA ligase per 0.5 ug DNA. (When
cleaved vectors are used as components, it may be useful to prevent
religation of the cleaved vector by bretreatment with bacterial
alkaline phosphatase.)
35



phenol - chl or of orm extract ed, and et hanol 'preci pitated. 25 Si ze \/
sepgration of the cleaved fragnents is performed using 6 percent -t

pagyagryl am de gel described by Goeddel, D., et al, Nucleic Acids Res., 8. .
409K \(J1980) . For |igation approxi mately equinolar ampunts of the desired 30
conpdfients, suitably end tailored to provide correct matching are treated

with about 10 units T4 DNA |igase per 0.5 [err] DNA (Wen cleaved vect or
are used as conponents, it may be useful to prevent religation of the -
.cl eaved vector by pretreatnent with bacteria) al kaline phosphatase.) 35
-19- For analysis to confirmcorrect sdduences in pl asm ds constructed, the
| igation mxtures are used to transformE. coli K12 strain 294 (ATCC
31446), and successful transformants selected-by anpicillin or tetracycline
resi stance where ag) ro?,ri ate. Plasmds fromthe 5 transformants are
prepared, anal yP&d 'E‘J-V Bstpiconf 5P SPTRSF SauensEetd BYasMids iRoanFbRIcsed,
Messing, et wie, li‘éaeimi'mi':émrdsaEé&:sed%&QBax{sf&ﬂ&E.C&olbwmhetﬁ?hm of Maxam
et al, Met hoGgmd M "l £ .05 49 _!II tjon .of FR protein
codi ng seque%%%%‘é@%%%f%%gﬁé gr%%g%tﬁggk ggﬁﬁm}cgﬁ}g}% A5 t he
presence of WSFRUFLIRR EpsistencsopheyeampPRGIERNt Phasmide fxpm hbehot rexate, a
conpet i tve trakdfdihantsodreDpiFdpaned, dhilyzed vy PéJteedtivR dnAPae se§uenced

concentratiqn s highly endent . of course,,upon, t he natur f. t he DHFR
gene, prot e?’ ghnedm?ﬁ'@dc%gﬁgt?ﬁ’@?rsé[ti SL’ g‘-ﬁﬂé—%ﬁé@-ﬁ%ﬁeaﬁ?@y (ggﬁe‘r My 15
defined uppdy thedmethedrofl Maxams etiddotMetthodss derfinaimadday, $§6:4%90(1980).

concentrations of other folic acid analogs or other conpounds which inhi bi t
wever, . conveni g readi |y

DHFR | d al be. . MIX | f.is, ho ,
avai | gglue_ aﬁds'(?e?‘\pz&ﬁ%\% ‘.°"26%< d"B.fepr@g%’z'r &?é)‘lﬂgs%?qi“ﬁ?‘"r%n‘%fe rfJé‘J_é"f'lgrer’ed )

Enbodi memit s griowing bosss el Iptukhvires gonthec presance ofiaapprbs tately accor di ng-to.
t he . 20-500,000 nM concentrafions of methotrexate, a competitive '

inhibitor of DHFR activity. The effe"ctiVe:'ra'nge of concentration is

highly dependent, of course, upon the nature of the DHFR 'gene,

protein and the characteristics of the host. Clearly, generally

15 defined upper and lower limits cannot be ascertained. Suitable

concentrations of other folic acid analogs or 6thér com'p'ounds which

inhibit OHFR could also be used. MTX itself is, however,

convenient, readily available and effective. o

20 D. General Description of Preferred Embodiments

Human tissue pi'asminog'en activator was obtained according to the:
following protocol: ' ' '

25 1. Human melanoma cells actively producing tissue plasminogen
' . activator were cultured to confluency.

2. Cell pellets from such cell 'c'unu"'res were extractéd in the
_ presence of ribonuclease inhibitors to isolate all
30 ' cytoplasmic RNA, o

- 3. An oligo-dT column isolated the total 'méss'enger' RNA '('mRNA)
' “in polyadenylated form. This mRNA was size fractionated
using acid-urea agarose gel electrophoresis. -
. 35 o



f oklblowi ng protocol: 25 1. Human mel anoma cell s actively produci ng
ti ssue plasninogen activator were cultured to confluency. 2. Cel | pelNet.
from such cell cultures were extracted in the presence of ribonucl egdgg g
inhibitors to isolate all 30 o cytoplasm c RNA 3. An ol IN\gO-MT -
colum_isol ated the total nmessenger RNA (nRNA) in pol yadenyl ated form
Thi s .nRNA was si ze fractionated using acid-urea agarose gel

el ect%phoresi s. 35 - -20- 4. -The gel fraction containing tissue

pl asm nogen activator specific RNA was identified in the foll ow ng manner:
The RNA from each of the gel fractions was_pganslated in a rabbit

reticul ocyte lysate in vitro system suppl enented 5 w th dog
pancreas m crosones. . The resulting translation products were then

I mmunopreci pitated with human ti ssue pl asm nogen activator specific 1gG
anti body. 5. The pr I afe . 24 C t

correspondi ng singl Zest ?@%d‘ c} g?n%l‘éﬁﬁ%%r‘é"@\I&W\éﬁ@ﬁgcﬁ%%@aﬁg
produced doubl e strandedPeONAc RyA wps jdentidted dn| thegfolilowingsmanagei ted i nto
a vector, such as a pl asikeRNAEBFdmIBachNEf Cthe "EE1E FRIMENGHsY WAS thBHH@ESd id %
6. © The thus prepared veg ed, tQ transforn1b%cteriql

S re u cel |.s
providing a cloned cDNA'Y @)} af?%ﬂ??ﬁygfa bisape ALY LR, SIF ERT SpbR ef"ﬁ'?t(fgoxy
ol i gonucl eot isdes conpl etk zdog pancreasomicriosemdsaovireardsudt gi transdfdples in
t-PA, such as, for exanmprgdidie el tith Snmbfloprdc$piti®ed with human tissue

5'-dTC[err]CA[err]TA[ern%%%ﬁﬁﬁggiacéggggﬁggggﬁ??zﬁﬁgﬂﬂgﬁaspces codi ng for

the known - see infra - ; ‘glutamc acid -
tyrosi ne - cysteine . _
: 5. The appropriate RNA (21 to 24S) was converted to
10 corrgsponding single stranded complementéry DNA (cDNA) from
which was produced double stranded cDNA. After poly-dC
'tailing, it was inserted into a vector, such as a plasmid

bearing one or more phenotypic markers.

’ 15 6. The thus prepared vectors were used to transform bacterial
cells providing a cloned cDNA library. A pool of
radiolabeled synthetic deoxy qligonucleotideé compliementary
to codons for known amino acid sequences in t-PA, such as,

. for example the pool of 8 l4-mers, - '
20 5 —dTC(5)CA(S)TA(S)TCCCA-3" (complementary
to sequences coding for the known - see infra < amino acid
sequence: tryptophan - glutamic acid - tyrosine - cysteine
~ aspartic acid (W-E-Y-C-D) was prepared and used to probe
the colony library.

25 :
7. From the positive cDNA clones plasmid DNA was isolated and
sequenced. ' : '
8. The sequenced DNA encoding t-PA was then tailored in vitro for
30 - " insertion into an appropriate expression vehicle which was

"used to transform an appropriate host cell, which was, in turn,
permitted to grow in a culture and to produce the desired
human tissue plasminogen activator.

35



- aspartic acid (WE-Y-C-D) was prepared and used to probe the col ony
l'i bgary. 25 7. From the positive cDNA clones plasm d DNA was isol ated anH)
ced. 8. The sequenced DNA encoding t-PA was then tailored in vitro
- : insertion into an appropriate expression vehicle which .
H ed to transform an appropriate host cell, which was, in turn, '
permtted to growin a culture and to produce the desired human tissue
pl asm nogen activator. 35 9. Human tissue plasm nogen activator t hoe
produced has ca. 251 amino acids in its enzymatic serine protease portion
and a "kringle" containing sequence upggreamtherefromwhich is presently
believed to be responsible for fibrin binding. The mature protein plus its
si gnal presequence, totals 562 am no acids. The foregoi ng procedure, in
itself, is successful in producing pure t-PA Mthods of the invention

enpl oyi ng an adgi t i mah ﬁ@@'&é’&liﬁnno&i\%@ﬂ%t&e'ﬂﬁdé lpV&qu@d REhal.rexate
permt the producti enlcal active t-PA

protein in amounts %Iriegﬁ' o ‘?"'h’zfﬁ U‘ iti)gf"ﬁw%&‘élslerb'éer PR %aswp[oh' i tabl e
application of anpldndyantkringletdontainiagaequencgr epateean ltherefgomg per cell

per day can be obt amﬂ%ﬁl lﬁbﬁéﬁﬂtwbeﬁe%&'%' 3 rE?ﬁd?Enbﬂee'?&‘ PIRFRSSi ON

| evel s result- |ng I N ?ro uct’i on "of nore err h units per

cel | perSday, or, WA &t 8 @a%ﬁnmteat |Pg'|‘|s ‘ﬁf)r 9r# r’i‘rﬁfqge’[ceer'r] Pl ough

units of t-PA actlunhysdﬁe adho eacdds. Advantage is taken in this aspect of

the invention of 20 nmet hotrexate as a drug which, while normally fatal to

cells capable of its uptake, permits cells to growin the presence of
control | ed | eveing FAregringopregedinei intitonl for i3 ﬁé‘cﬁﬁ?ﬁé“bddl PrPdEeIngt he DHFR

pure t-PA, Methods of the invention employing an additional coding
10  sequence sensitive to methotrexate permit the production in host cell
~ cultures of antigenically active t-PA protein in amounts greater than
0.1 pg per cell per day. With suitable application of amplifying
conditions, amaunts:greate: than 20 pg per cell per day can be
obtained. Stated in alternative terms, gene expression levels result-
_ing in production of more than 9 x 1076 Plough units per cell per day,
or, with suitable amplification, more than 18 x 10 * Plough units of
t-PA activity are achieved.

Advantage is taken in this aspect of the ‘invention of
20 méthotrexate as a drug-which, while normally fatal to cells capable
- of its uptake, permits cells to grow in the presence of controlled
- levels of MTX by amplification of the gene coding for the DHFR
.coding sequence (Schimke, Robert T. et al, Science, -202: 1051
(1978); Biedler, J.L. et al, Cancer Res. 32: 153 (1972); Chang,
25 - S.E., et al, Cell, 7: 391 (1976)).

Of importance to this aspect of the invention is the showing
that amplification of the gene for DHFR may cause amplification of
associated sequences which code for other proteins. This appears to
30  be the'case when the associated protein is hepatitis B surface )
| antigen . (HBsAg) (Christman, J, et al, Proc. Natl. Acad. Sci., 79:
. 1815 (1982)); the E. coli protein XGPRT (Ringold, Gordon, et al,
J. Molec. and Appl. Gen., .1:.165 (1981)), and an ehdogenous seduence
from a DHFR/SV40 plasmid combination (Kaufman. R.F. et al, J. Molec.
35 Biol., 159: 601 (1982}).




codiLhg sequence (Schinke, Robert T. et al, Science, 202: 1051 (1978);
Biedler, J.L. et al, Cancer Res. 32: 153 (1972); Chang, 25 S E, et al :
Cell, 7: 391 (1976)). O inportance to this aspect of the invention is'i..
showi ng that anplification of the gene for DHFR may cause anplificat.i oRJo&/
associ.at ed sequences which code for other proteins. This appears to 30 be
t he gase when the associated protein is hepatitis B surface antigen (HBsAQ)
(Christman, J. et al, Proc. Natl. Acad. Sci., 79: 1815 (1982)); the E. coli .
protein XGPRT (Ri ngold, Gordon, et al, J. Mdlec. and Appl: Gen., 1. 165
(1981)); and an endogenous sequence from a-RRFR/ SV40 pl asmi d conbi nation
(Kaufman, R F. et al, J. Mdlec. 35 Biol., 159: 601 (1982)). -22- O her
mechani sms for conferring nethotrexate resistance 4 nclude dimnution of the
binding affinity of the DHFR protein, so that it is |ess susceptible to

met hot rexat e (Fl i nt ddther \eEhardsmalfor Somfierricg | e thietrekate Pes i24ndel dvfiyde but
In this instance, ;aold:fl Cat LN, 5 s S 4. R

appeaf that the g?e‘ﬁg@ tt;{))'% ﬁ#f %ﬁr% \?mﬁfdangpdgg R&aﬁggﬁwﬁ@%_v\‘ﬁi 4(:41 tﬁgs\y‘g ‘
resistant to MIXisylessr %%%‘F‘bﬂFst%%é’eéﬁ?’@és&ﬂb‘i‘tfﬁfné’-Eapﬁécﬂ’yéﬂﬂff_-_
anplified by thecenesense.,0p: X (19260 but inlthis Mstandey! smpltibicataspect of

the i nvention hergl opcerns. ysi t he i npact "of DHFR sequence
anplificati orrlg on aggg%{%i g‘f é’&C‘B’r Sfe“fr‘]eﬁ]bodi ng sequences to provide a control
mechani sm whi ch permts enhanced expression |evels of t-PA sequences in the

presence of MIX, or Rywdild dpedt WaktOthel f@RsEth fdr WiRNEH R ORKR GRY IFareWi th

ot to 1 it (o FRBAIFbAS o8 E R talL N hy' KRSt BE5 o ideRERReR LI ¢ ur e 20
and a CHO cel | | ibiadingi capacéty are tampl ifiipd tyf tiHpRegenoe aifnMBodi iepce, in
10 principle, this aspect of the invention herein concerns using the
impact of DHFR sequence amplification on associated protein cbding
sequences to provide a control mechanism which permits enhanced
expréssion levels of t-PA sequences in the presence of MIX, or by
virtue of prior treatment of transformed cells with MTX.

15
€. Examples

The following examples are intended to illustrate but not to
1imit the invention. In the examples here an E. coli host culture
20 and a CHO cell line suitable for the type of DHFR protein coding
" sequence to be introduced were employed as host cell cultyres.
However, other eukaryotic and prokaryotic cells are suitable for the
method of the invention as well.

25 E.1 Expression of the Human t-PA Gene in E. coli

E;l.A Figure' Legends ,
'Figure 1 is an autoradiogram of a 10 percent SDS PAGE
displaying the immunoprecipitated [3SS]-methionine'1abe1ed-
30 protein(s) secreted from human melanoma cells during a 3 hour pulse
in vivo, in the presence (lane b} or absence (lane'a) of the
| protease inhipitor aprotinin. After immunoprecipitation with tissue
plasminog-—zn activator specific IgG, three bands were observed (lane’

a) having molecular weights of approximately 65,000, 63,000 and
35 | |



sequence to be introduced were enpl oyed as host cell cultures. However, )
-eukaryotic and prokaryotic cells are suitable for the method of the -
‘on as well. 25 E.1 Expression of the Human t-PA Gene in E coli

| Figure Legends Figure 1 is an autoradi ogramof a 10 percent SDS PAGE.
dlsp aying the i munoprecipitated [err]-nethionine | abel ed 30 protein(s)
secreted from human nel anonma cells during a 3 hour pulse in vivo, in the
presence (lane b) or absence (lane a) of the protease inhibitor aprotinh{
After inmunoprecipitation with tissue ph sm nogen activator specific 19gG

t hree bands were observed (lane a) havi g'nnlecular wei ghts of

approxi mately 65,000, 63,000 and 35 -23- 33,000. In the presence of the
prot ease inhibitor, however, no 35, 000 mol ecul ar melght species is

observed. products are i nmunopreci pitated mg reimune serumis used -
(lane c). Tha>HoGr atlifofhe. ;Hﬁ%Fer’?ﬁ?&%thaq PrRYedRE o ?b‘[tQFr]h"""?"&Sel'Wed protein 5

st andar ds ar 853J00vmo lle@uldreweiht syfechesdsaobskirvpdl e No pepiucts arée gel
el ect rophoreﬂmﬁmgé %é?g HE@HW&Q%&M&%G&&E%L?&J g\van%re UCqge OF RNA
te m an_aci

fractions iso urea agar band was
observed in fii gratiens ﬁ%ﬁ\g,lgcuﬂagmyghtfoof aF‘rgrab?“&Hsﬂ"‘é?ttPUh in the presence
of dog pancr sasndards @Fenstdwh aol tiveededly off Mhaneeapreci pitation with tissue

pl asm nogen activator specific IgG This band has a nol ecul ar wei ght of
approxi mately 63, 000 daltons. The size of the nRNA migrating in fractions
7 and 8 is apprtf;wm éi gepicts dhe sl elphtropboresisme tite Amopradipiddtedar ker s
15  which mm.sietafnrrpmcai tor R Eﬁadte&mremae@rfrbahem%mea gel and

e e phafale Sl RPLSEREICYE B oL SRR Wb BT S

10 after translat1on in the presence of dog pancreas m1crosomes -
followed by immune prec1p1tatton thh tissue plasm1nogen activator
specific IgG. This band has a molecu]ar weight of approximately
63,000 daltons. The size of the mRNA migrating in fraétions 7 and 8
is approximately 21 to 245, The positions of r1bosoma1 RNA markers

15 which were determined after electrophores1s on the RNA urea. gel and

' visualized by ethidium bromide staining are labeled above the
appropriéte gel lanes. '

_ Figure 3 displays'thefhybridizatiod patﬁéfn'offgs colonies
20 3
with ZP-dTC(G)CA(G)TA(T)TCCCA (W-E-Y-C-D) probe. 96
1nd1v1dual transformants were grown in a m1crot1ter plate, replica
plated and grown on a nitrocellulose membrane. The colonies were
then lysed, bacterial DNA fixed and the filters were hybridized with
725 the 32P-14-mer_(H-E-Y--C—D) probes. The filters were washed to

‘remove nonhybridized probe and exposed to X-fay film. This
autoradiogram is representative of the patterns obtained with 48
individual filters (4600 independent COloniés) An ekample of a
positive tlssue plasm1nogen act1vator cONA clone on ftlter number 25

30 s labelled as E10 (arrow).

| Figure 4 is a restriction endonuclease mab of the full length

human tissue plasmtnogen act1vator cONA. The number and size of
_fragments produced by restriction endonuclease cleavage was

35  estimated by electrophoresis through 6 percent acrylamide gels.



20.with [err]-dTC[err]CAlerr] TA[err] TCCCA (WE-Y-C-D) probe. 96 ini@m

ter=ansf ormant s were grown H1an1moﬂterpIMe replica plated
a nitrocel lul ose menbrane. - The col onies were then |ysed, bacteri al
fixed and the filters were hybridized with 25 the 32P-14-ner

probes.

The filters were washed to renove nonhybri di zed probe

to X<fay film This autoradiogramis representative of the pat

obt &ined with 48 individual filters (4600 i ndependent col onies).
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plasminogen activator cDNA. The 35 amino acids (-35 to -1
preceding the mature sequence is depicted as an uninterrup
sequence. It is believed that this 35-amino acid sequence
comprised of a'hydrophilic “pro" sequence, preceding'serin
15 the mature protein, of about 12 to 15 amino acids, in turn
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type of pre-pro structure on secreted proteins has been described g

pkeVi ously, e.g. with preproal bumn. Assum ng this theory, all of the
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Figure 8 is iantramstmmedceeids. peptides fromtissue plasm nogen

Figure 8 is;an'HPLC trace of peptides.from tissue plasminogen

15 activator (hefeqf) tnypsin digest (Absorbance at 210 nm). The arrow

' identifies the'peak corresponding to the peptide used'to'design the
nﬁcleqtide probe used with the colony library. The-pepfide‘ |
EepfeSented by this peak was found to have the entire sequence:
L~TW-E-Y-C-D-V-P-5-C-S-T-C-G-L: ~The other major peaks likewise

20 were sequenced aﬁd,found to confirm the correct amino Séquénce of
human tisSué'pIasminogen activator. The peptide one letter code
réferrihg to amino acid de;ignétions is as follows:

Aspartic acid Ile

Asp D - I Isoleucine
Thr T  Threonine = Leu L Leucine
25 . Ser S  Serine ' Tyr Y Tyrosine
. Glu E. Glutamic acid Phe - F Phenylalanine
- Pro P Proline _ His H Histidine
Gly. G . Glycine - "Lys K Lysine
Ala . A Alanine = - Arg "R Arginine
Cys C  Cysteine Trp W -~Tryptophan
val . -V . Valine Gln Q Glutamine
30 Met. M N

Methionine . Asn Asparagine
Figure 9 depicts 'the' cdhstﬁuctign of a plasmid coding for the
direct expression of ma'ture__human tissue plasminogen activator ‘in
E. coli. 90 ug of plasmid pPAL7 was digested with SaudAl, Hincll
g5 - and Hhal and électrop_horesed_ on a:'6 percent polyacrylamide gel.



15 . activator (hereof) trypsin digest (Absorbance at 210 nm). The.arrow __
i dentifies the peak corresponding to the peptide used to design the o

nucl eoti de probe used with the colony library. The peptide repres -‘J:- b'y%,,-,
t’his peak was found to have the entire sequence: _ . .'I‘ o
L-T-WE-Y-CGDV-P-S-CS-T-CG L. The other major peaks |ikew se 28 wer e

sequeficed andfound to confirmthe correct ami no sequence of human tissue
pl aswihogen activator. The peptide one letter code referring to am no acid

designations is as follows: Asp D Aspartic acid - Ile

I | sol euci ne Thr T Threonine _26. Leu L Leuci ne
25 Ser S Seri ne Tyr Y Tyrosine Qu
E G utam c acid Phe F Phenyl al ani ne Pro P

Proline _ Hi s H H stidine Ay G G yci ne

Lys K LispraRifitd1ly 0.5 ugof th@!$5'bpCsausal-Hhal fragmenfihs =~ R

Argi nine Cys C Cyst el ne . rp= . - Pt oepan Val
V - Valine recovered. “Sigijarly, appq)xma@eu[ M5 8f fhe 263 bp -Nar M
Met hi oni ne fragmedswas purified fromABpamgaafi cdordd gPA2SE B0 dapf iriss t he

construction of I ) | fLor ' t k re human
tissue plasm nogg?]d)'é’?fﬁgt%@Pﬁﬁ?ﬁéﬁ?%’%@ﬁ%?ﬁQé&%f‘@%t@@ p é117 was

di gested wit®R Saffementwith Hhab. ALLdigpsts were eerdermeshabPései®roh houp
percent pol yacr ybadiitde r@aktion prodictsAppsalviedtingl 1edtioel ated fodm 6hgergbntop

Sau3Al - Hhal frag C edy, Sim | | I : r] of the
263 bp Hhal - Nar | ac’fr@fmﬂf“ﬁﬁ%ggﬁi-n he e r’gﬁ%‘&efgg?ﬁgﬁ&é’ﬁ‘&%‘é&ﬁhﬁwlo by
first isolating &' THA TEEGTTATEMGT (T gansnb* HATCACTERATARBAGATE N Id hveres

fragment with HhgyntheddedPoRé SoVRd Phisy bRESPAGtAlest @ b tHoar (s)houogand t he
reaction products resotl el uted onm 6 r.cen am de

ved and, el ectr, ' yacr.yl
gols. The twd i nbli5: ol OdLaRAYE] SO5TR, Aif Asi BRASPROTY ALSHr S TRPR PAT EIGEER (| )
and ‘5 GATCACTTGEOMAGNOATE (M| Jriwe(pd 8), 10 mM MgCl,, 15 mM s-mercaptoethanol

and 50 wCi [°2PJATP (Amersham 5,000 Ci mmol™") 12 units of T4
- polynucleotide kinase were added and the reaction allowed to proceed
at 37°Cfor 15 min. One ul of 10 mM ATP and 12 units of T4 kinase
i 15 were then added and the reaction allowed to proceed for an
additional 30 min. After phenol/CHC1, extraction, the
phosphorylated oligomer II and the 5' hydroxyl oligomer I were
combined with 0.5 ug of the eluted 55 bp Sau3AI-Hhal fragment and 2
kg of the 263 bp Hhal-Narl fragment and ethanol precipitated. These
20 fragments were ligated at room temperature for 4_hours in 60 ul of
20 mM Tris-HC1 (pH'7.5), 10 mM MgCl,, 10 mM dithiothreitol, 0.5 mM
ATP_and 1000 units of T4 DNA ligase. The mixture was digested for 1
hour with 48 units of Narl, 20 units of EcoRI and 40 units of BqlII
(to eliminate polymerization through ligation of cohesive Sau3Al
25 termini) and electrophoresed on a 6 percent gel. The 338 bp product
(approximately 0.1lug) was recovered by electroelution. The
remainder of the t-PA coding sequences (amino acids 111-528) were
isolated on a 1645 bp fragment by digesting plasmid pPA25E10 with
_NarI and BglII. The plasmid pLelFAtrpl03 is a derivative of the
30 plasmid pLeIFA25 (52) in which the EcoRI site distal to the LelF A
gene has been removed (53). Three ug of-pLeIFAtrp103 were digestéd
with 20 units of EcoRl and 20 units of BglII for 90 min. at 37°C,
. electrophoresed on a 6 percent polyacrylamide gel and the large
(~4,200 bp) vector fragment was recovered by electroelution. For
35 the final construction, 80 ng of EcoRI-Bg1II pLelFAtrpl03 was

y i



synt hesi zed by the solid phase phosphotriester nethod (51). 100 10 prol e_
Ql i gonucl eotide Il was phosphorylated in a 30 [err] reaction containing *
"0 'AM Tris (pH 8), 10 mM[err], 15 nmM[err]-nmercaptoethanol and-50 [err]C .,
1]ATP (Amer sham 5, 000 G mml ) 12 units of. T4 polynucl eotide kinase .
were ‘added and the reaction allowed to proceed at [err] for 15 min. One '
[err] of 10 mM ATP and 12 units of T4 kinase 15 wer e t hen added and {he
reacti'on allowed to proceed for an additional 30 mn. After phenol/[err
extraction, the phosphorylated oligoner Il and the 5 hydroxyl oligoner |
were conbined with 0.5 [err] of the el«®fed 55 bp Sau3Al - Hhal fragnment and 2
jig of the 263 bp Hhal-Narl fragnent and et hanol precipitated. These 20
fragments were ligated at roomtenperature for 4 hours in 60 [err] of 20 mM
Tris-HA (pH 7.5), 10 mM[err], 10 mMdithiothreitol, 0.5 nM ATP and 1000
units of T4 IDbH!tddl gitdhe 100 ?ilgeofmtb(e u6é5 \Amsuwhlggg;;lddfrfaomemt odir20wig BbF48 units
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0.1[err]) wezsarecmugﬁuedowwei PRepareld Ufrioan3s Bhetweeém:radgrominﬂshmd PA codi ng

o ect B SRTuRRsA D denh 1ol e (6 EndSChBISRTN Rodkal 0 e JISBAER MY
a derivati vé08fbp hed 332 bp ﬂ:_qﬂdnfmq;getﬂ;AZ@A( seguenee mabfsws H@Y‘E&ﬂ#l site

distal to thaataink df drReR baésnhs@r(pwmspb)( Rad -thd e orddehidledtide
pLel FAtrpl03 were di of EcoRl _and 20 mts%“a{] Bgll'l for
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‘large (-4, 2@0d b@ﬂ‘\vect or fragnment was recovered by el ectroelution. For 33

the fing construction, 80 ng of EcoRI - Bgl I | pLel FAtrp103 was -27- . :
ligated with 1 e 1845 b f ragment  and_ 20 ng. of the 338
bp EcoRI - Nar | Oﬁégﬁ%ab ?i&y 5ﬁ$“§ rt’%rﬁ]é?%taﬁ@’ r}?‘ﬁl s ligation s

m xture was fibethod ptia acivétynof. a mossu«plésnsnogannactwator expression
product hereof An overnight culture of E. coli W3110/pt-PAtrpl2 in
'Lur1a broth conta1n1ng 5 ug.ml -1 tetracyc1ine was diluted 1:100 in
15 M9 medium containing 0.2 percent g1ucose, 0.5 percent casamino acids
and 5 ug 1~ tetracycline. The cells were grown at 37°Cto an
Asgy of 0.2 and indole acrylio acid was added to a final
concentration of 20 ug/mil. Samp]es were collected by centrifugation
at A550 = 0.5-0.6 (~ 2x108 cells ml™ ) and immediately frozen.
20 The cell pellets were suspended in 6M guan1d1ne hydrochloride at
5x108 cells/ml, sonicated for 10 sec, incubated at 24°C for 30 min
and then dialyzed for 4 hrs against 25 mM Tris-HC1 pH 8.0, 250 mM
NaCl, 0.25 mM EDTA and 0.01 percent Tween 80% After dialysis the
samples were centrifuged at 13,000 xg for 2 min and 10 ul of the
25 supernatants analyzed for tissue plasminogen activator activity.
| Following the procedure of Granelli-Piperno and Reich (87),. the
. Plate was incubated for 3.5 hours at 37°C and lysis zones measured.
Quant1tatlon was obtatned by compar1son to d11ut1ons of a purified
melanoma tissue plasm1nogen activator solution.
30 * Trade Mark
E.lL 8 Source of Tissue P]asm1noggn Activator mRNA o
‘Human melanoma cells (Bowes) were used. The melanoma cells were
cultured to confluent monolayers in 100 ml Earles Minimal Essential
_ Media sqpplemented with sodium bicarbonate (0.12 percent final
35 concentration)._ZmM'glutamine and 10 percent heat-inactivated fetal




294. Plasm d DNA was prepared from 38 of these transfornmants and 5
d"gested with EcCORI. Ten of these plasm ds contained the desired 600 bp"‘* )
‘and 472 bp EcoRlI fragnents. DNA sequence analysis verified that one of
these plasnmids (pt-PAtrpl2) had the desired nucl eotide sequence at the
junctions between the trp pronoter, synthetic DNA and cDNA. 10 Figure 1
shows the result of a fibrin plate assay for fibrinolytic activity of a
tlssue,._pyaw nogen activator expression product hereof. An overnight-
culture of E. coli WB110/pt-PAtrpl2 in Luria broth contaiming 5 [err]
tetracycline was diluted 1:100 in 15 MD_sgedi um cont ai ni ng 0.2 percent

gl ucose, 0.5 percent casam no acids and 5 err] tetracycline. The cells
were grown at [err] to an [err] of 0.2 and indole acrylic acid was added
to a final concentration of 20 [err]/m . Sanples were collected by
centrlfugatlona 5 s Ll s [&qhl) | ately
frozen. ‘%a“?e?‘?’"'ﬁm I@t%’"\?ﬁé’%%ﬁg té%cfgga"oﬁ"% d%awne?gl neqﬂacyr ochl ori de
at 5x[ err] cel svrmducmnhwﬂe@ssee plescmogeri actiyater a@mwwaﬂ@mﬂ %elisin and

then dial yzed fojere Eﬂl&u?&ﬁ'taséon?ﬁ:éﬁ%'ﬁn' § ﬁqleﬂHmﬁchtlt?e'iOdfﬁm Na@ther0135 v
EDTA and 0. 01 pepcent Tween gb ka‘gfg 1{#6 pe sa% gxto ;
centrifuged at 19%80°S8JE SF PENE 2 ¥ P5PL]AZE- §ui?é'|pﬁb'% it s
anal yzed forsti sguiecpl lssweneogashed cance atidh MPMHeybuflf-er&d)thgetm Bro@dur e
of Granel || - Pi pesnaensil eRel e Bhine FHE: Abdbuh WES abdiaubatsegicf g 3.5 hour s

Co di lutions of b SAPTatnetr e Wiontie e, B0, ARLIT Reton elet 2R a7EBF A T on

30 hours. At the end of *theT3 dwgr Mabk1 Hng . deri@bthe anedfia Wassue
Pl asmi nogen Act i v@ioQéd Wtwar@nmna%twmﬁ @Wh%éepﬂ%ﬂmﬁeaf he
mel anoma cel | s. were cultured to _confluent nonolayers in Ear

M ni mal. Essdfti afchikator sRRSAFE At & Drefimeng; sarup; (ofr HumwaprrechP At iy cent
final 35 concEsf)r. at Thenjmmusogviegl pittated erodud t 4 veperdiepl ayeday i nacti vat ed

fetal electrophoresis on a 10 percent SDS-acrylamide gel. The slab gel
was fixed, dried and subjected to fluorography.

15 £.1.C Messenger RNA Isolation and Size Freetionation
Total RNA from melanoma cell cultures was extracted essentially
as reported by Ward et al. (55). Cells were pelleted by
centrifugation and then resuspended in 10 mM NaCl, 10 mM Tris-HC1 pH
7.5, 1.5 mH MgCl,. Cells were lysed by the addition of NP-40 (1
20 percent final concentration), and nuclei were pelleted by
centrifugation. The supernatant contained the total RNA which was

further purified by multiple phenol and chloroform extractions. The
aqueous phase was made 0.2 M in NaCl and then total RNA was
precipitated by the addition of two volumes of ethanol. 01ligo-dT

25  cellulose chromatography was utilized to purify mRNA from the total
RNA preparations (54). Typical yields from 10 grams of cultured
melanoma cells were 5 to 10 milligrams of total RNA and 50-200
micrograms of Poly(A) plus mRNA.

30 Fractionation of Po‘l_yK+ mRNA (200 ug) (56) was performed by
electrophoresis through urea-agarose gels. The slab agarose gel
(57, 58) was composed of 1.75 percent agarose, 0.025 M sodium
citrate, pH 3.8 and 6 M urear Electrophoresis was performed for 7
hours at 25 milliamps and 4°C. The gel was then fractionated with a

35 razor blade. The individual slices were melted at 70°Cand extracted



-28- calf serum To confirmthat the nelanoma cells were actively producing,
~tissue plasm nogen activator, human nel anoma cells were cultured to
Nency-in a 24 well microtiter dish. Either in the presente or absence
Q3B [err] the protease inhibitor aprotinin, 5 the cells viere washed .
oncé W th phosphate buffered saline and 0.3 m of serumfree nethionine
free medi um was added. 75 [err]. of 35 [err]-nethionine was added and the
cells were labeled at [err] for 3 hours. At the end of the 3 hour | abe+¥¥ng
~period the nedia was renmoved fromthe e2%ds and . treated with either tissue
pl asm nogen 10 activator specific 1gG or pre-inmune serum for :
i munopr eci pitation (54). The i munoprecipitated products were displayed b
el ectrophoresis on a 10 percent SDS-acrylam de gel. The slab gel was fixed,
dri ed and ‘subyixet eikht phdnolicandgomqenyi thl ohloroForim. C F riaet ks geereRbNen sol at i on

and Size Fragty t1.Q0: T f ] I, eul S was extracted
essentially ggﬂér?lggcﬁrr?gbp@%%W&uﬁ%ﬂu@?ﬁ@iﬁj@??sﬂygevt_i%tfl eted by
centrifugati &famsdationein Resdpbit yesdcylocyte fusatecsysten, Bothesda. o pH 7.5,
]_:L_. 5 Irr1\/| [err] ResetG_eblk )S.awr(GSLﬁﬂs)led;@plhii@ttéddiith'mgoﬁanw}:’?@-mﬁéro&emes la%] cent

i nal concen n |_ej cent 14 Bﬁgﬁtlon. e
‘super nat %nt géﬂtog?hegr?'ﬂsga?th%él w%ﬁ%ﬁ#ﬁgﬂ}gﬁ?‘ Pl'gf’ #uti f1%ed by nmultiple
~phenol and chedrioninemadk 508 otanograms Tofe eacugeliss Ijba KA Wk antinal (vadume i n NaCl.
cThanol . O o T B A ¢ JokhOuR cHIbPds SR D1y v

. i go- N u uty iz urify

Fromthe Cot STETHAE BRaphates ond AY SCHYpAE0 PHEREEs t1-dnf Gaghestin of |
cul tured nel emtordde di6l.§ mMcERTA; @ 4 616M i thiogheeitod 8. .Bomhey 66 50- 200

-

m crogr 0 I i E@\IAE : hahapi g M edial VA, 3TRNA -
(200 [e?r ) g%%; s\ge?;égéﬁprred yﬁgmgta}%iﬁﬁg?gﬁg%hpo%ﬁﬂuﬁdggf azga?ose
- gels. The sl giym a1dMAe 57 58) was conposed of 1.75 percent agarose,

0.025 Msodiumcitrate, pH 3.8 and 6 Murea. Electrophoresis was perforned,
for 7 ~ Incubations were carried out at'30°C for 90 minutes. Dog _ '
-pancreas micrbsomal membranes prepared from rough microsomes using
15  EDTA for removal of the ribosomes (61) were treated with nuclease as
described (62) qnd-were.preseht in the translation mixture at a
-final cohcentration of 7 A260 units/ml. Trahslation'products or
immunoprecipitated translation products were analyzed by
electrophoresis on 10 percent polyacrylamide. gels in sodium dodecyl
20 - sulfate as previously described (63). The unstained slab geis were
fixed, dried and subjected to fluorography (64).

. The résu]tihg-translation-products from each gel fraction were
immunoprecipitated with rabbit anti-human tissue plasminogen
25  activator specific IgG. One major immunoprecipitated polypeptide
band was observed in the translation of RNA fraction numbers 7 and 8
. (migration of 21 to 24S) having a molecular weight of approximately
63,000 daltons. This band was not observed when preimmune IgG was
used for immunoprecipitation which suggested these polypeptides were
30  -tissue plasminogen activator specific..

35



hours at 25 mllianps and [err]. The gel was then fractionated with a 35 *°
reezor bl ade. The individual slices were nelted at 70 Cand extracted
-29- twice with phenol and once with chloroform Fractions were th
et hanol precipitated and subsequently assayed by in vitro transl atifo
rabbit*’ reti cul ocyte lysate system Bethesda Research Lab. (59, 60),
suppl emented wi th dog pancreas m crosones as 5 follows: Translations
wer & performed using 25 [err] of [err] methionine and 500 nanograms of each
gel slice RNAin a final volume of, 30 [err] 3%ontal ning 25 mM HEPES, 48.3 nmM
pot assi um chl oride, 10 mM creati ne phosphat€. 19 amino acids at 50 mM
each, 1.1 nmM nmagnesium chloride 16.6 nM EDTA, 0.16 mMdithiothreitol 8.3 nM -
hem n, 16.6 10 [err]/ M creatine kinase, 0.33 nM cal cium chloride, 0.66

mv EGTA, 23.3 mvl dium ¢chl oride. lncubations, were rcied out at [err] for
90 ni nut es. %‘g reagﬁﬁm&l—a&fn m&#&ﬁmim%ﬁgh

m cr osones u5| ng 15 EDFFasindnogea niotivator Sdgmenddsosones (61) were treated
wi th nucl ease as deSPNebﬁgfo(fGﬁI ?Pfct‘%ﬁn{iatecep W &Igél Nsiie 1 mRRE) @hi Ulel folrur e

at a final concentration nsl ati o rod cts or
i munopr eci pi t at et PEARSTaios P Aethler striaded SPNG gieﬁaw‘" I g'b'r?&r esis on

10" percent pol yac{s2,65y66(ie g‘héscDINA wasdsum ittt tgriatdd on ad i:ertcenas

previ ously descr T I r [
subjected to flu ‘%ér a"gg)m"(d§4§l§1 fénagg{'?g‘ﬁﬁlw @aJep é‘%uq?fg] om
each gel fraction(igéreg) m#&s‘?"é'éﬁbltieﬁt e& v AT BB asapttendeh¥ith i ssue
pl asm nogen 25 &.‘b&y(/@t Pés iUNES iukiifg Iteﬁnnam@ommeoﬁﬂvhmparesnepasea«em

pol ypeptide band 4 3§ etag&glfgfa [}gbhggsﬁaeaa' fa%aﬁ%gé@aﬁmcﬂnhgw'm

and 8 (mgration armlec f pprgxwra
63, 000 dal t ths. m.mslwnrdtmdsdwdtthcﬂs@éy(ladrwéﬁeﬁmaéu?h?uﬁﬂ.l g8 ifa l}sed“\eor
| mmunopr eci pi tati Memmhamge&&tse&&thMﬁemuoEs cokt €13Cstratn 2%¢e

pl asm nogen acti V&&‘EE Ngdpeﬁ 6?. Approximately 4,600 transformants were obtained.

E.1.E Preparation of DNA Probe
15 Purified human tissue plasminogen activator was'obtained
according to the pf'ocedure of disclosed references (19, 20).

The molecule was scanned in order to locate regions best suited
for making synthetic probes, as follows:
20 |
To make the proteins susceptible to digestion by trypsin it .was
reduced and ‘carboxymethylated. A 2 mg sample of tissue plasminogen
activator was first dialyzed against 0.01 percent Tween 80 ovér
night at room temperature. The lyophilized protein was then
25 dissolved in 12 ml of 0.56 M Tris-HC1 buffer (pH 8.6), 8 molar in
urea and 5 mM EDTA. The disulfide bonds were reduced by the
addition of 0.1 ml of s-mercaptoethanol. This reaction was carried
out under nitrogen for 2 hours at 45°C. The reduCed:disu1fides were
alkylated to the carboxymethyl derivative by the addition of 1.0 ml
30  -Of 1.4 M iodoacetic acid in IN NaOH. After 20 min at room
temperature the reaction was stopped by dialysis against 0.01
percént Tween 80 for 18 hours at room_temperaturg and lyophilized.

35



35 -30- E1.D Preparation of a Colony-Library Containing Tissue .

fadpi nogen Activator Sequences Five [err] of gel fractionated nRNA (ge

VLA 7-nRNA) was used for the preparation of double stranded cDNA by .

% rd procedures 5 (52,65,66). The cDNA was size fractionated on a*
pefcent polyacryl am de gel. The cDNA greater .than 350 base pairs in_.

| ength (125 ng) was el ectroeluted. 30 ng of cDNA was extended wth dgexyf O

resi dues using term nal deoxynucl eoti dyh_transferase. (67) and anneal ed W th

300 ng of the plasm d pBR322 (68) which-had been 10 simlarly tailed

wi th deoxy(G residues at the Pst | site (67). The annealed m xture was
then transformed into E. coli K12 strain 294 (ATCC No. 31446)

Approxi Tt !y 4nQ0Red B0 RUUANS FrelCE GuBRiRienPtbre shofe i 02" ation of DNA

Probe 15 en actlva Oor was obt ai ned
accordi ng t dedhesalvet daud @loef @k M 69‘!&“%%!’@7’@6%" fen, (PHOT:5)Fhe nol ecul e

was scanned Tirgpoind€TP(K) wadCadddr £1itons0 pesio)said digdsaed rmklmg synthetic

b f.ql. b
Prypsin o ORI (€ A, RRES 6%’9%?‘”3?? Pofits, 8 9gEs, ShE goones O | 20, Y
pl asmi nogen second addit ippoff Fl’mﬂt!h"@lsym @.%J 2 rivn. Q“@l“?ﬁté%t"ﬁween 80 over

ni ght at csrfbgeémf&truzc T fw&ﬁ | ineeglanpn @tupit T WAScd1anbe5
di ssol ved in

H b ff I d
5 mvl EDTA. ﬂ‘n‘é ‘a"reéu?'f ‘885‘@’5%3 arstsceti "B%p‘ﬁﬁss"a’)%u‘ﬁso e"gelr"'“fjpefuﬁneao? "
[err]-mer capiyofdhgeds on Uie sl‘rqalats-l oAHNasls:arere dd agjutexceptefomiat foipdn for 2

hours at [efyahg Jh%hé %dH&ﬁdaﬂiq%HU ' Q‘ﬁ"ﬁs R fead ma%emeta hBGr-car boxymet hyl.

derivative by the addition doacetic acid in 1IN
RO 49 ¢ ordiges Fion s F‘B?H’rﬁf%r?ﬁér%& uP"(,ﬂet o s%wm"\sﬁs stopped by
dlaly5|s against 0.01 "

A sample (ca. 0.5 ml) was injected into a high resolution Altex .
. C-8 ultrasphere 5 column wzth two runs. A gradient of ’ '
acetonltr11e was made gradual (1 percent to 5 percent in 5 min, 5
percent to 35 percent in 100 min, 35-50 percent in 30 min). In one

15 AR -
of the two preparative runs, the"eluant'Was_monitored at two
wavelengths (210 nm and 280 nm). The ratio of the two wavélength
absorptions was used to indicate the tryptophan containing peptides.
20 The peptide peaks most likely to coritain ‘tryptophan, or that

were believed useful for other reasons, were sequenced first. This
enabled the determination of the sequence around most of the
tnyptophahs, _Aftef sequencing about 25 of the best possible peptide
peaks, all the sequence data that could be aligned was pooléd to

25 obtain a'preliminary model of the primary structure of tissue
plasminogen activator. From this data and model, several possible
probes_ﬁere located. | '

E.1.F.  ldentification of Bacterial Clones Containing Tissue
~ Plasminogen Activator cDNA Sequences -
The colonies were individually inoculated into wells of
mzcrotiter ‘plates containing LB (93) + 5 ug/ml tetracycl1ne and
“_stored at -20°C after addition of DMSO to 7 percent. Two copies of
the colony library were grown up on nitrocellulose filters and the
35 ONA from each colony fixed to the filter by~the Grunstein Hogness

procedure (69).
0332
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per cent Tween 80 for 18 hours at roomtenperature and |yophilized. 35
“3TC The resulting |yophilized carboxynethylated protein was rediss
3, mM of 0.1 Msodium phosphate buffer (pH 7.5). Trypsin (TPCK) was
.tqQ@ 50.ratio) and digested at [err]. Aliquots (0.1 m) were taken
hours,. 6 hours, and 12 hr. A second addition of trypsin was nmade & :
The reaction was stopped after 24 hr by freezing the sanple until it could
be i hjected on the HPLC. The progress of the digestion was determni ned by
SDS gels on the aliquots. Al gels were blank except for a faint band on
the 3 hour aliquot. This indicated that t43-24 hour 10 digestion was
conplete and no | arge peptides renmai ned. A sanple (ca. 0.5 nml) was injected
into a high resolution Altex C-8 ultrasphere 5 [err] colum with two runs.

A gradient of acetonitrile was made gradual . percent to 5 percent in 5
mn, 5 percent to 315hepé mmbeﬁlndwﬁcgzm@ﬁ TOECA phdbd RasSPrepared | n one
f
r =
e

(

A
of the two preparal. r :he_ £l ' t hs
(210 nm and’ 280 viaph thereRine 1S o Rabit), [In iep) eefedpobl 3 BRE I 12
to i-ndicate the aboyes ophktiers cionka ining 45600 itnansfopmants were pmebybrddizese peaks

most |ikely to crpt2indubd YRt IR empeFatuPatin\sd ambEddian PhostRite | pHf 618, 06ker
reasons, were S%e{]&jd ﬁqrst Thi.s_enabl.ed t'he d%(ﬁar' nat i.on tqf t he

sequence aroind 1st&dr 1¥erI M ptEIR3SRS. Salmon, sperp PN Ae i gUeB8IIt 35 of the
best possi bl e pegmlutionp{Eiislo pletcentefaeguidec endidhen hiyatidized @itte 58Ki gned
was pool ed to 2506 ahihel iheR Mingkd HeNEHe/ 1 BBk Yhobd§nPEie Bine SoTULGbAY € Of

br obes wer o | G EEF 30, PUSER 91ty JRBRF|Batt CRODIERBRTEEHTE) TS ARSI i ng
Ti ssue 30 washed 3Pt iesi atogeom Aemperatwre ¢DEX SHyueric percent 05! fori 86
were i ndivi dyal lonl DRCUbHeCHh IR E5CVGhd Thed exposed to Kodak*XR-5 x-ray film
- with Dupont Lightning Plus intensifying screens for 16 hours.
' * Trade Mark
Plasmid DNA was isolated by a rapid method (71) from all
colonies showing a positive hybridization reaction. The cDNA
i5 inserts from these clones were then sequenced after subcloning
fragments into the ML3 vector mp 7 (73) and by the Maxam Gilbert
chemical procedure (74). Figure 3 displays filter nuMber 25 showing in

the hybridization pattern a positive tissue plasminogen activator
clone. The cDNA insert in clone 25E10 was demonstrated to be the

20 DNA coding for tisshe plasminogen activator by comparing its amino
acid sequerice with peptide sequence (See Supra) obtained from purified-
tissue plasminogen activator and by its expression product produced in
E. coli as described in more detail infra. The cDNA insert of clone
25E10 (plasmid pPA25E10) was 2304 base pairs in length with the longest
open reading frame encoding a protein of 508 amino acids (MW of 56,756)
and containing a 772 bp 3°* untranslated region. This cDNA clone lacked
thaN%uﬁmdmﬂ.amﬁngsmqmymes.

- E.1.6 Direct Expréssion of a Human Tissue Plasminogen Activator - - -

30 _ " Clone in E. coli
- With reference to Figure 6, 50 ug of pPA25E10 (supra) were
digested with Pst I and the 376 bp fragment_ isolated by
_electro_phoresis on a6 percent polyacrylamide gel. Approximately 3 -

ug of this fragment was isolated from the gel by electroeluting,
35 digested with 30 units of Dde I for 1 hr at 37C phenol and



mekotiter plates containing LB (93) + 5 [err]/m tetracycline and storedv

at rr] after addition of DMSO to 7 percent. Two copies of the col ony
i . were grown up on nitrocellulose filters and the ONA from each .
co fixed to the filter by the. Gunstein Hogness procedure (69). 0332L -

232™7The [err]-labelled - T err] CAlerr] TA[ err] TCCCA probe was prepared
(fromthe synthetic oligoner) (WE-Y-CD) 14-nmer pool as described aboye
Filters containing 4,600 transformants were prehybridized for 2 hours a
roomtenperature in 50 mm sodi um phosphate pH 6.8, 5X 5 SSC (80), 150
[err]/m sonicated sal non sperm DNA, 5XsDenhardt's solution (85) 10 percent
formam de and then hybridizéd with 50X err] counts per mnute of the

| abel | ed probe in the sane solution. After an-overni ght incubation at room
tenperature, the filters were washed 3 tinmes at roomtenperature in 6X SSC,.

0.1 percent m put SC dth sed to
Kodak* XR- 5. xgrl?grgf?h’ rﬁq‘ t}%)%te& p%ld ? ﬁf%ﬁﬁ%ﬁﬁ?ésél nt@%sﬁsy ﬂ'd'gs@& ns for
16 hours. * Sitrigkbe ents wepeacﬁe@em\m unl endsabRddjne: 5r upits oL ONSd (71) from
al | col oni espod perase n(nv&uow ﬂﬁgh!ﬁlﬂ')l didzeummes@ﬁsfldnmp doep clablee,15 inserts

fromthese c S ed after: subclo ts |nto t he
ML3 vector ré)ﬁg €°7§? éﬁ{} 'ﬁg& é&dd"l%%?ttmgﬁetm cal'® Bagg‘g (74).
Figure 3 di sAﬂtaysexftmqtepn rﬂ]ﬁbeﬂheﬂﬂ @ndvahi grafiorm h dhe OvA; !ﬁszd! QQSﬁe%at tern
%Eﬁg' ;g\éed;wﬁ:ﬁufsr ﬂbgﬁsﬁbﬁ%ﬂnl Fokl ¥ HolFs Gh@®@e Jé&@g’?ﬂ\‘ﬁylst'&gé” ' 21 ﬁgggﬁ
u

acti vat or W%Sﬁ’f?&?ﬁ??ﬁ@ept‘g‘ einé ﬁ&‘”&"dﬁtd"g;@ﬁ@ﬁé@‘% Pﬁ 6??"85 'E nce (See
- Supr a) -obt althédud rodnthrudes ired 125sbpd Iphtaend ageh faegmen&t\o:s and by its

- expressi on PiRGéredp! qﬂv&qqla?&o(eﬁ el 7 mﬁiﬁﬁciéﬁ%d inBeFoe thlgh | infra.

9

The cDNA i ns f clone 25E asm 5E10) was 2304 base Pal rs_in’
| engt h 10+ h Re°€ gégatture full th t1ssue plasmin gen actwator prote -

| For 1so1atmn of the 1645 bp Nar I - Bgl Il fr-agment 30 ug of
pPA2SE10 ‘were digested with 30 units of Nar I and 35 units of 8gl II
for 2 hours at 37°Cand the reaction mixture electrophoresed on a 6
15 percent. polyacrylamide gel. Approximately 6 ug of the desired 1645
bp Nar I - Bg) II fragment were recovered.

The plasmid pARlexSRCis a derivative of the plasmid pSRCex16

(79) in which the Eco Rl sites proximal to the trp promoter and

20 - distal to the SRC gene.have been removed by repair with DNA
polymerase I (28), and the self-complementary ohgodeoxynuc]eot'lde
AATTATGAATTCAT (synthesued by the phosphotriester method (75) was
inserted into the remaining Eco RI site immediately adjacent to the
Xba I site. 20 ug of pARlexSRC were digeéted to completion with

25 - Eco RI, phenol and chloroform extracted, and ethanol precipitated.
The plasmid was then digested with 100 units of nuclease SI at 16°C
for 30 minutes in 25 mM sodium acetate (pH 4.6), lmM ZnCl2 and 0.3
M NaCl to create a blunt end with the sequence ATG. After phenol
"and chloroform éxtraction and ethanol precim tation, the DNA was

30 digested with Bam H1, e]ectrophoresed on-a 6 percent pol yacrylamrde
gel, and the large (4, 300 bp) vector fragment recovered by
e’lectroelutzon.

. 35



-open reading frame encoding a protein of 508 am no acids (MVNof 56, 756) and
gontaining a 772 bp 3' untranslated region. This cDNA clone |acked the - ..
N-term nal coding sequences. E. 1.G Di rect Expression of a Human /
«Pl asm nogen Activator 30 - . ConeinE coli Wth referen
Figure 6, 50 [err] of pPA25E10 (supra) were digested with Pst | arg
bp fragnment isolated by el ectrophoresis on a 6 percent polyacrylam de gek.
App(gXinately 3 [err] of this fragnent was isolated fromthe gel by
el ectroel uting, 35 digested with 30 units of Dde |I for 1 hr at [err]
phenol "and -33- chlorof ormextracted, ad# ethanol precipitated. The
resulting Dde- | sticky ends were extended to blunt ends. by adding 5 units
. of DNA polynerase | (Kl enow fragnent) and 0. 1nM each of dATP, dCTP, dGTP,
dTTP to the reaction m xture and incubating at [errl for 8 hours. 5
After extraction withe expeassioant] asnidbmas @ssemxlpd i gatdnglitggatthed Owi2twy 15

units-of Nar | fo@ryezthOUDSoRNE dfehé 925 HP1dHL EM & Breetfq ,te§ﬁodog§ g 6

Drunt end Nar 1 4878 FEh 098, 60 Bro o7 B HinFeaamest wirt 10H0L 121 TaRo act ds

~nunber 69 throudlgds@ for I1kpurk dtheocomntampertture brahgsdd tostaesfurmstd golien

activator prgtei ' hon h . B - AGEENt, 30
Lo of | pRAOSEe tamy 2 TAIE MO 408360 PPl s seanch) blasmi GURET
Il for 2 hours #8sPreewied {108 2& 8¢t thencoiories and|deestegheitbsihp dnand Beols
Rl:rc:ant 'Bplol ly?c:cRyl anmwdbvegef .thed®pi as«iimtqlz_inyaﬁnleheme] déﬁilglbhlalgeoﬁﬁ xpsl 11645 bp
r - Bg I e regcoyered. p m ex S a ...
derivative of t ﬁgg ag';rﬁ’ gﬁ)éﬂ(ﬁ‘ﬁcﬂ E?z“?fg?’"?"ggm“@ﬂ s[eﬁggr% o2 §y§]s[ E-SE‘”‘JPS% mal
to the trp pr om'shééj sgneraloof thegesplasmids thiad BRATGdNnétisdien isedon cormegsly by
repair wt hydONAppated et ane JtakRDF, aiind 1A Sddbbr GVPLSTREL.AM e of these
ol | godeoxynuc! eqh b (e APLRTAAATI A5 b d BRdciESl the | a2 1PLPRRIQL T ESter

met hod (75) was
' plasminogen activator (Figure 7).

" E.1.H Full Length Tissue Plasminogen Activator cONA
15 a.) Preparation of a Colony Library Containing N-terminal
' Tissue Plasminogen Activator Sequences
0.4 ug of the synthetic oligonucleotide 5' TTCTGAGCACAGGGCG
3' was used for priming 7.5'ug of gel fraction number 8 mRNA (supra)
to prepare double stranded cDNA by standard procedures (65, 66).
20 The cDNA was size fractionated on a 6 percent polyacrylamide gel. A
size fraction greater than 300 base pairs (36 ng) was
electroeluted. 5 ng cDNA was extended with deoxy(C) residues using
terminal deoxycytidyl transferase (67) and annealed with 50 ng of
the plasmid pBR322 (68) which had been similarly tailed with
25 deoxy(G) residues at the Pst I site (67). The annealed mixture was
' then transformed into E. coli K12 strain 294. Approximately 1,500
transformants were obtained. ' SR

b.) Southern Hybridization of Human Genomic DNA
30 Since the cDNA priming reaction had been done using a
sythetic fragment that hybridized 13 base pairs from the N-terminal
of clone pPAZSElO, no convenient restriction fragment was available
in this 29 base pair region (which includes the l6-mer sequence) for
screening the cDNA clones. Therefore, it was necessary to isolate a
35 '



-~ %

inserted into the remaining Eco RI site imedi ately adjacent to the Xba | “

- site. 20 [err] of p[err] R exSRC were digested to conpletion with 25 Eco
RI henol and chl orof orm extracted, and ethanol precipitated. The plasmd .
en digested with 100 units of nuclease S1 at [err] for 30 mnutes in -
25 sodi um acetate (pH 4.6), 1ImM[err] and 0.3 M NaCl to create a blunt
- en th the sequence ATG After phenol and chloroformextraction and \J
et hanol precipitation, the DNA was 30 di gested with Bam Hi,

el ectrophoresed on a 6 percent polyacrylanide gel, and the |large (4,300 bp)

vector fragnment recovered by el ectroel®ron. 35 -34- The expression

pl asm d was assenbled by ligating together 0.2 [err] of vector, 0.06 [err]
.of the 125 bp blunt end - Nar | fragnent and 0.6 [err] of the 1645 bp Nar |

- Bgl I'l fragment with 10 units of [err] DNA ligase for 7 hours at room

t enper at ur e haman Fdesiet pl asmanadeor stBvatayl jerdmic Sipeg rin2@Mef ABCC No. 31446)

to anpicill 'ﬂeﬁ?ﬁ‘ysirﬂﬁfﬁmerpeﬁi%éh %meer@ms% %r@me%ﬁm%ﬁ the col oni es

and digested wth and 've of these Plasm ds contained the
desired 415 PpSYRI#sminege) pGLIYALPT4 990109 $RIYEREEStr agnents. DNA sequence
- analysis verified that several of ‘these plasmds had an:ATG initiation

codon ooy rect | yrDey eﬁrjtmgeprae S 11968 B80S T (60, (611 ne).

One of ese pI asm duced the desired
tissue plasniAbREAY aR:tsl‘\‘/%‘teo e“?%s“e E’IESWWQG'FGFF“‘LaéﬂﬁtQﬁ“?l’sssue
Pl asm nogen p&etentanmmumﬁl\vgeﬂﬁmc DNA. To determjine Rhépanasdusheraf a Col ony

Cerr] of thed *ndﬁ% aptoh i Béﬁfaﬁéﬁ g '@*4“#%‘?@@&&% P ed for
‘priming 7. 5ﬂpé¢?*1 apfwejaht B | APNIGHER PN {prepared as 4y 809 Wasepare doubl e
st randefb c DNAgéstedt endompl episrc @ity 8ar{dAS, rés&riction endbsuciGbesyas size .
fractionat e%l@@tx%pﬁor%?@&%tlfw bXﬁ&’nW%Q?e %8{5 (8f) and blotted to a
nitrocellulose filter (77). A S2p-labelled DNA probe was prepared
(76) from the 5' end of the cONA insert of pPA25E10 _
(a 230 bp Pstl - Ra I fragment) and hybridized (82) with the
15 nitrocellulose fﬂt_er. 35 x 106 counts per minute of the probe
were h_ybridiz'ed for 40 hours and then washed as described (82). Two
endonuclease d\gestmn patterns provide only a single hybr1d12mg
DNA fragment: Bgl II (5.7 Kbp) and Pvu II (4.2 Kbp).
' hybridizing DNA fragments were observed with Hinc II (5.1 Kbp and
20 4.3 Kbp). Ta_ken together, these data suggest the presence of only a
single ﬁssue' plasminogen activator gene in the human genome, and
that this ge_he contains at least one intervening segquence.

c). Screening of the Human a Phage Library for Tissue
25 ~ Plasminogen Activator Genes. :
 The strategy used. to identify a phage recombinants carrying
‘tissue plasminogen activator genes consisted in detecting nucleotide
homo]ogy with a radioactive probe prepared from the tissue
plasminogen ac;ivatbr-cDNA of pPA25E10.0ne million recombinant A
éo phage were plated out on DP 50 Sup F at a density of 10,000 pfullS
cm plate, and n1trocellulose filter replicas were prepared for each
plate by the method of Benton and Davis (78).. 32P-1abelled DNA
probe was prepared by standard procedures (83) from a 230 base pair

- Pstl - Rsal fragment located 34 base pairs from the 5' end of the
35 plasm;Ld pPAZSElO Each nitrocellulose filter was prehybrldlzed at 42°C



size fraction greater than 300 base pairs (36 ng) was el ectroel uted. @g
cDNA was extended with deoxy(C) residues using term nal deoxycytidyl
tnansferase (67) and annealed with 50 ng of the plasm d pBR322 (68) whi ch,
had been similarly tailed with 25 deoxy(G residues at the Pst | site ""s_»
(67). . The anneal ed m xture was then transforned into E. coli K12 strain
294, ApprOX| mately 1,500 transfornmants were obtained. b.) Southern
Hybrl\#Zat i on of Human Genomic DNA 30 Since the cDNA prinm ng
reacti on had been done using a synthetic fra grrent that hybridi zed 13 base
pairs fromthe N-termnal of clone pPA25E1636no convenient restriction
fragnent was available in this 29 base pair region (which includes the

16- mer sequence) for screening the cDNA clones. Therefore, it was necessary
to isolate a 35 - -35- human tissue plasm nogen activator genom c clone in
order to identif§omByhqursnir 58 mMesedigmciispiatentelt €dt a¥hSHg (W7} er-85 nal

tissue plasm noQﬁ?‘/nﬁcidn\@L@d QMOHQSp%?HLtﬁJﬂCQﬁ( Dé\hardt s sdﬁ'&@r&n‘ '(94) SS()?ID in
this process invo

ti ssue plasni nogBHCARY | \95'['?5'?“5&? gp? P@iﬁlze ﬁﬁr@ ggﬁoﬁg‘gﬁ e o

determne this, mirdsatdfetme Hybelladzmobemwm pame optutdon contailniiag pr ocedur e

(77), 5 [errg Of 10ipeRcem! ?d‘d%hﬁrde%+£hkumli!@rlslsyﬁph9€éﬁtﬁnW@rr(x@ﬁ?par ed as in
80) was 10 ?estedtoc restrictio

o
endonucl eases, %‘PFBWO?%ggEA'oﬁI‘i fdwb%rrscg?ﬂ e washed 4 timgss ag %9) G- ot ted
to a 32 nit rocel $30,08¢l petrdent J057For 30 minktésgbeddeecdn Dl\baspicomarm pr epar ed

(76) fromthe 5I rggur'é % hﬂ?ﬁ@& 1@f KJ),BQZ{QEE 2l;)‘i(?mtq)itﬁsﬁdrpo:mt Rsa !

fragnent) and hy |zed cel Ul ose
106 counts per n¢rm9f-'é mtew ymgoﬁerwnowmharzédtqw o) 1A logesmere hen

washed as deggcristdind2whichIWebridized with the probe. Phage DNA was prepared as
previously described (86) from 6 recombinants. A Clone C was
selected for preparation of a Pvu II fragment for colony screening.
30 ug of ONA was digested with Pvu II for 1 hour at 37°C, and
electrophoresed on 1.0 percent agarose gels. A 4.2 Kilobase pair '

15 fragment previously shown to contain tissue plasminogen activator

sequences was electroeluted and purified. A 32P labelled probe
was prepared by standard procedures (83) for colony hybridizations
as described infra.

20 - - d.) Screening of Colony Library for 5' T1ssue Plasminogen
Activator Sequences.

The colonies were transferred from plates and grown on
nitrocellulose filters and the DNA from each colony fixed to the
filter by the Grunstein - Hogness procedure (69). A 32P-labe11ed

25 probe was made by talf—thymus priming (83) a 4.2 kilobase pair Pvu
II fragment from an isolated tissue plasminogen activator A genomic
clone. Filters containing the 1,500 transformants were hybridized
with 112 x 106 cpm of 32P-genomic Pvu II fragment.

Hybridizatioﬁ was for 16 hours using conditions described by Fritsch

30 et. al (82). Filters were extensively washed and then exposed to
Kodak XR-5 X-ray film with Oupont Lightning-Plus intensifying -

screens for 16-48 hours. Eighteen colonies clearly hybridized with
the genomic probe. Plasmid DNA was isolated from each of these
colonies and was bound to nitrocellulose filters and hybridized with -

35 the 32P-labe11ed synthetic oligonucleotide (16~mer) used for the



endonucl e:ase .digestion patterns provide only a single hybridizing DNA

O f ment: Bgl 1l (5.7 Kbp) and Pvu Il (4.2 Kbp). ‘Two hybridizing DNA ~
f nts were observed with Hinc Il (5.1 Kbp and 20 4.3 Kbp). Taken
t er, these data suggest the presence of only a single tissue .
- pl I nogen activator gene in the human genone, and that this gene.contains
at 1east one intervening sequence. c). Screening of the Human x Phage =
Li brary for Tissue 25 Pl asm nogen Activator Genes. Thew .

strategy used to identify [err] phage reconbi nants carrying tissue _
pl asni nogen activator genes consisted in-¥etecting nucl eotide honology with
a radi oactive probe prepared fromthe tissue plasm nogen activator cDNA of
pPA25E10.-One mllion reconbinant [err] 30 phage were plated out on DP 50
Sup F at a density of 10,000 pfu/15 cmplate, and nitrocellulose filter
replicas were w@pmber’fmm&ﬁ?ﬁttﬂﬂat eOFD;thQH-Q alnked severBawbmidizgdi wikivi s

]g78) 93([)% r]tﬂeahmdsgdtllfa:merp.r Obﬁbdl\@éqdéh%%rnﬁd mtﬁtepdﬁb@mﬁﬂgedur?s (85%
roma asg pair, Pstl - oca airs fromthe
5 end of the g"?p mensisa 4% t?ﬁ:&ggéﬁ‘jt" 3'8 &Qrdﬁ‘élﬁ?ﬂﬁs@ %ﬁe)t QT’ was
prehybri di zed showheta kontain3the tormrezt JuNstermitdl nddisadifunigswesphate (pH

6.5), 5X8SC (Kl@smm&'énr@yt%at%?n'&%t\&% hée%“nﬁ}]ie% aﬁisﬁDgg hr dt ' s

sol ution (84), percent f or manj de an zed w [err]
counts per m nﬁ'fté'aﬁ? AtRd Negh- e %Utfet?’?l Q‘HEG%BW%UP Lﬁ"FoWFAéBntthﬁl ning 5
- 10 percent sodcemplenuclieosidd sequen8s)Figurd tSeandimestrdttiaphpatteeaibat i on at

[err], the fil Eﬁrgﬁré{‘ﬁr)eo%shgg "lleﬁdtﬂﬁﬁs@% ﬁﬁagmfn'a &h %éaﬁéhor Q:Igm@@:{a nt SDS

.for 30 m nutes, once in 2 C at™ room eratu € an en exp ose
Kodak XR-5 X-r %ﬁfer'l’l'\?ﬂwth Dupont Cronex- intensifying screens overni ght. A
total of19 clones were 10-  obtained which hybridized with the probe.

Phage DNA was pr eRid Gt Bf £0eOpIskift a&u&s&’a&gv%qepm Rad GHi@M2! nant s.

[err] Clone C was sel ected repar a for col ony
screening. potential to be stabilized by 17 disulfide bridges based on homology -

with other serine proteases. There are four potent1al
N-glycosylation sites; three located in the “kringle" regions at

15 -'ash117, a5n18¢, asny g and one potential site in the light.
chain region, at asfyag- - Variations in the structure of the
‘oligosaccharide 1igands may be responsible: for the different
molecular forms (65,000 and 63,000 mol. wt. species).

200  E.l1.I Direct Expre5510n of Full Length Tissue Plasm1nogen
i Activator cDNA Clone in E. coli _ _
. A reconstruction of the entire codlng-sequence'was possible
employing the common Hhal restriction endonuclease site shared by
. both partial clones pPAl7 and PPA25E10. A 55 bp Sau3Al-Hhal
25°  restriction fragment corresponding to amino acids 5-23 was isolated
from the plasmid pPAl7. The Sau3AI restriction site was located at
codon four of the presumed mature coding sequence and was used to
remove the signal peptide coding region. A 263 bp Hhal-Narl
fragment (coding for amino acids 24-110) was also isolated from
30  plasmid pPA25E10. Two synthetic deoxyoligonucleotides were designed
which restore the codons for amino acids 1-4, incorporate an ATG
translational initiation codon and create an EcoRl cohesive
terminus.  These three fragments were then ligated together to form

a 338 bp fragment coding for amino acids 1-110. This fragment and a
35 1645 bp NarI-BglIl fragment from pPA25E10 were then ligated between



30 lerr] of DNA was digested with Pvu Il for 1 hour at [err],
el éctrophoresed on 1.0 percent agarose gels. A 4.2 Kilobase p
fragment previously shown to contain tissue plasm nogen activa
was electroeluted and purified. A [err] |abelled probe was prepared by
standard procedures (83) for colony hybridizations as described infra. 20
d.) " Screening of Colony Library for 5 Tissue Plasmi nogen Activator
Sequehee?: The col onies were transferred fromplates and grown on
nitrocel lul ose filters and. the DNA from each colony fixed-to the filter by
the Grunstein - Hogness procedure (69). A 32P-|abell.ed 25 pr obe was
made by cal f-thynmus primng (83) a 4.2 kiloba38 pair Pvu Il fragnent from
an isolated tissue plasm nogen activator [err] genom c clone. Filters
containing the 1,500 transformants were hybridized with 112 x [err] cpm of
[err]-genomic Pvu Il fragment. Hybridization was for 16 hours using

condi ti onls desc[]r 3@@ lzyoﬂ;[r bhS BG1] ]ﬁ031tesebfdﬂ«b 11@8nid pEeiFU\eﬂﬂowe(rSGr)] t&gwe
ext ensi vel y washe en. ex sed ,t a t pont
Li ght ni ng- Pl us i nt é'ﬂ*‘sref‘g’fer? '%'1: df%r Fg%'pié ﬁ %IO@Q %t‘lé\eﬂ fol'dni es
clearly hybridi zedtwdnskrtbed tg@nomhc qmtnel of| %1§99d!PDRW9WQ%t pﬁo‘rhatéd_e}_bm

each of these colo b t S kh€d, SarNéh
O Cor, RO, 8P BpAh YRR L0 LA (P SRoNERS Sl bk, Sardthe

used for the: 33 ‘ﬂ&rE@ﬂﬁéfr% :5??%"53 qfeﬁﬁt tER, 16 ﬁ%prlfge §o% fej%;kg ]tg\?rrer)

hybridi zed with t.h&eédenamdiddsmminitumm s:eqmerﬂﬁ&).anal ysis after
subcl oning fragnents into the nml3 vector [err] (73), one cIone (pPA1l7) was
shown to contain the correct 5 N termn

n _of
pl asmi nogen acti vat or £+ £ gH&l straind3lie @5 rﬁfgéﬁ)t aﬂiﬁ}nsﬁg the plasmid
untransl at ed regqi opt-FﬂtanZth&s grawrg | maxnﬁéﬁﬁlﬁtépmd forAdssalyhef conpl et e

nucl eotf de semLencRy g1 A 152" 8 hdiof UskE e (adlfrg Risdle @ 11

l ength tissue plasmn
p1asm1nogen activator act1v1ty 1s the fibrin plate assay (87). This

measures the amount of plasmin formation by measuring the extent of

plasmin digestion of fibrin in an agarose plate containing

plasminogen and fibrin. Plasmin produces a clear lysis zone in the
15 fibrin plate and the area of this zone can be correlated to the
amount of tissue plasminogen activator in the sample. When extracts
from pt-PAtrpl2 clones are tested for tissue plasminogen activator
activity using the fibrin plate assay a clear zone of lysis is
evident. This fibrinolytic activity is inhibited by anti t-PA IgG
but not by preimmune IgG or anti- urokinase IgG and no activity is
seen from an extract prepared from cells containing as a control the
leukocyte interferon plasmid plLelFAtrpl03. Using a standard curve -
of purified t-PA, . it is possible to estimate that approximately
20 units of extracted activity per 109-ce11$ are obtained (for
25 purified t-PA, 90,000 Plough units = 1 mg) (Figure 10).

20

E.l.J Sequence Analysis
Sequence analysis was based on the Edman:degradation. (83b) The
sample was introduced into the cup of the Beckman*8908 or 890C ~
30 spinning cup sequencer. Polybrene™ (poly
' N,N,NlNl-tetramethyl-N-trimethylenehexamethylene diammonium
diacetate) was used as a carrier in the cup. (63C) The sequencer
was modified with a cold trap and some program changes to reduce
background peaks. The reagents were Beckman's sequence grade 0.1
35 molar Quadrol buffer, phenylisothiocyanate, and heptafluorabutyric
acid.

* Trade Marks
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determ ned., 10 The native tissue plasm nogen activator nolecule has the '/
aatial to be stabilized by 17 disul fide bridges based on honol ogy- with”
81} .serine proteases. There are four potential N-glycosylationh sites, .

¢ |ocated in the "kringle" regions at 15 [err] and one pot-enti al
si-te in the light chain region, at [err].” Variations in the structure of -
t he oligosaccharide |igands may be responsible for the different nolecular .
forns (65,000 and 63,000 nol. w. species). 20 E.1.1 Di rectxp\vﬁj '
Expression of Full Length Tissue Plasm nogen Activator cDNA C one &8 E.
coli A reconstruction of the entire codrﬁg‘sequence was possi bl e enpl-oyi ng
t he conmon Hhal restriction endonucl ease site shared by both partial clones
- pPA17 and pPA25E10. A 55 bp Sau3Al -Hhal 25 restriction fragnent .
corresponding to _amino acids 5-23 was isolated fromthe plasmd pPAL7. The
Sau3Al restricti dhessaldecked Edsanicxelas webtidnRnedlly ednvertedptesumed mature

ggg I Bg sH ﬁqreageﬁuﬁpdnmsutmdl {riené emveathh@s I m;lpggrawiaﬁhﬁ@%egarﬁe&u O|n tAd'
p a r ragnen m no ,aci ds s also isolate

from 30 pradsr gv Igﬂ&'B'El & ?fg\% Bﬁfﬂgt'l'%eﬁe%?yﬁqeé H{u‘f ®otides were

desi gned whi clﬁ-arasltim-é—thrazobﬂmne dndr heatied t0a 0 s far 40 minc to poneers i ATG

transl at Ponal th tthé‘té-ﬁﬂer@ﬁggr\ﬁ?ﬁ& hé‘é’itr\e(ﬂ'?i Lt{:@)emmg t er m nus.

These three fraggents wer ated toget er forma 338 bp fragnent
coding for anfht-aéneracid ffé‘d"FhY‘%s ﬂhggﬁémo?aﬁ@ & g(\})percen%gfcgtgwqqa]g Bgl I |

fr?grrent frOFT}aﬁP%ﬁEiQnWrﬁeﬂéﬂnmuogatﬁiebﬁdpﬂm high-pBessuhe 1HqoH anfl .
Bglll sites of,t el EAL f .t i : o3 ession plasm
pt - PAt r pl2. Tﬁ "'%ﬁ%%ﬁ{'n ,Egé‘ rggﬁ\ls ég:ﬁaﬁeﬁmﬁ er"tt?ﬁ trol of a 300 .
bp fragnent ofopRarigon é@lﬁhetrﬁf-eabmnoﬁimu ofh acstanderd ﬂtihtsur@r?f Siéramies . -
oper at of9 and atfus that was introduced into the conversion vial and treated the.

same way. as a cycle from the sequencer.. . : .

E.1.K. Assays for Detection of Expression of Tissue Plasminogen
Activator -
15 _ 1. Direct Assay of Plasmin Formation -
a. - Theory - ' '
A sensitive assay for tissue plasminogen
~activator can be obtained by monitoring the tissue plasm1nogen
activator catalyzed conversion of plasminogen to plasmin. Plasmin
is an enzyme . for which there are chromogenic substrate assays.
These assays- are based on the proteolytic cleavage of a tripeptide
from a chromophoric group. - The rate of cleavage is directly related
to both the specificity and the concentration of the protease being
- tested. The basis of the assay is the determination of the amount.
of plasmin formed following incubation of the tissue plasminogen
activator containing solution with a solution of plasminogen. The
greater the amount of activator, the greater the amount of plasmin
formed. Plasmin is measured by monitoring its cleavage of the
chromogenic substrate S2251 (purchased from Kabi Group, Inc.,
: Greenwich CT) -

20

25

30

b.  Procedure
. An aliquot of the samp]e is mixed with 0.10 m1 of 0.7
- mgs/ml plasminogen (in O. OSM Tris'HC1, pH 7.4, containing, 0. 012 M

35 NaCl) and the volume adjusted to 0.15 ml. The mixture is incubated



5 - Shi ne- Dal garno sequence of the trp | eader peptide but |a he

| &dder peptide ATG initiation codon (52). E. coli K12 strain ATCC;-' A
No. 27325) containing the plasnmd pt-PAtrpl2 was grown, and ex S A
prepared for -assay of 10" ‘fi bri nol ytic activity. One nethod used for '

nmeasuring tissue .pl asminogen activator activity is the fibrin plate assay
(87)-4h|s nmeasures the anmount of plasmn formation by neasuring the extent
of ﬁ asmin digestion of fibrin in an agarose plate containing plasm nogen
and fibrin. Plasnin produces a clear lysis zone in the 15 fibrin plate
and the area of this zone can be correl ated #0-t he anount of tissue

pl asm nogen activator in the sanple. Wen extracts from pt-PAtrpl2 cl ones
are tested for tissue plasm nogen activator activity using the fibrin plate
assay a clear zone of lysis is evident. This fibrinolytic activity is

i nhibited by anti 4t BA'0 g6r 20 minutbsy 0038 mbyofpS228IM(he meomutiantm above’

Containing 9 a ol iheidisly 3B e ﬁ%are&?‘“‘r Biteilice PP AR fibupee !
Usi ng a standard c3]r Ge dfapinlj a¢addctachd (25 ul) Sm:ddﬁé o’é%nmbi'@et H‘eestl mat e
that approxi mat el yeed@esigh.t StHef s&iﬁ&ﬁ E@Catrsdcémmgéd aaertﬂeeawslorsaicbsmnes nm

obt ai ned (forg 25 urifie Pl-ou I
10). E.1.J Sequenct RR&GWESs g'éﬂl}éﬁitéoﬁnqogg ng: Bgsaégwjr‘f'yt{%%#oaﬁﬁg&l b
degr adati on. (83b)coniperEsanphidhwastandarddurokinaset soluhéonguplhef assay conditions
Beckman*890B or 89f4 39tect1or§|3fnlfl‘l'e”ﬂnqu'9e HUI.Q@?&! pladifhydenc BivatdtOdre

Used as a carrier WgiEed buhe 1%3%8%& 0 YRZoH Pt col d
used as a carrier co
trap and sone pr ogf'm'ﬁnﬁggngmsults nedmcmmdaktpmoﬁcthpemtsvﬂvhef tdasuent s were
Beckman' s setfuencep ﬁrﬁ%ggﬂiac%g’ﬁtor ﬂkﬂed%'éf’ére Pedu18ing in somewhat

phenyl i sot hi ocyanat e uorabutyri c, acl
* Trade Marks _elgvated 1eve’l of activity. Activity was recorded in Plough units,

wherein 90,000 Plough units is equal to the activity exhibited by 1
mg of purified tissue plaminogen activator.

15 2. Indirect Assay of Plasmin Formation
a. Theory

A sensitive assay for tissue plasminogen activator
activity has been developed (87). The assay is based on
determination of plasmin formation by measuring the extent of
plasmin digestion of fibrin in an agar plate containing fibrin and
plasminogen. Plasmin produces a clear lysis zone in the fibrin
plate. The area of this 1ysis zone can ‘be correlated to the amount
of tissue plasminogen activator in the sample.

20

25 : ‘b. Procedure
Following the procedure of Granelli-Piperno and Reich
(87), - the plates were incubated 3.5 hours at 37°C and 1ysis zones
measured. Quantitation was obtained by comparison to a standard
urokinase solution.
30 :
E.1.L. Detection of Tissue Plasminogen Activator Activity
1. Bacterial Growth and Samplé Preparation.
A colony of-j;'ggii.containing the plasmid (paRIPA®) was
inoculated into a test tube containing 5 mlL of LB growth media
containing 20 ug/ml ampicillin. The cells were grown oVernight at

35



i

The col l ected Edman cycles were nmanual |y converted to :
2-ani lino-5-thiazolinone derivatives. The 1-chlorobutane was dried under
ni¢t Sgen. Then 1.0 N HJ in water was .added to the - ..
2-\af Iy no- 5-thi azolinone and heated to [err] for 10 nmin to convert |t |nto .
t hR¥3I/phenyl - 2- t hi ohydantoi n (PTH derivative). The PTH am no-acid residue
was then dissolved in 50 percent acetonitrile and water and injected T;;g a
reverse-phase high-pressure |iquid chromatograph. Each PTH am no aci d- _
then identified by conparison to the retention tines of a standard nixture
of PTH-am no 10 - aci ds that was introetleed into the conversion vial and
treated the same way as a cycle fromthe sequencer. E. 1.K. Assays for

Det ecti on of Expression of Tissue Plasm nogen Activator 15 1
-Direct Assay of Plasmin Formation a. Theory A sensitive assay for tissue

pl asmi nogen ac3?’Cat én ehiquat ofbthdisnewd toye wasi diduted) 18 160 tintos 360 pllasfiri nogen
acti vator cat ajy fiegh g L EOMRARI R 20wl PP RAYT T | O 281 weld BPBIN11RG TS

an "enzyne for whic ere oi nogen! Cc_ substrate assays.
assays-are bas¥@ken ﬂ fsk 3todle b fAn foun Baynsgewthh @ WPH@[&S&!@"Y?QS‘EF At
chronophori ¢ g8sgupm oThe 419t e The triyptophae inalod riadéley acrgilac exd it wasot h t he

PThe S ihepl o CRERRL Ak A B 0o HRSAT gk Bfclyeq 8 DSl <

of the assay I'S determnati-o asmn Tornmed
fol | owi ng i ncubutes With perqsuiting ﬁ#%ﬂ§hﬂﬂﬁ§géﬁ15§Qtﬂmvafcﬂ‘5 t Bhenicapls

solt uti ?n Wi :E @er&qkatvbmdosy RleatFifagason anﬁh%@rssagﬁapimo ZUMUGKE 0061 M .

activator, e rea mQu a rme n.i s, measure y
noni toring i ts a‘(t}'%\ée 00 '?Wé g‘?ﬁ @n%lgh' ?';EASUb 5@‘5%@5&“?6&?Wa§§d from
. Kabi G oup, | nshrréiﬂrapml@rmmttgmﬁf')atuttg for RBolmml'areTAﬂ satnptpmhs of the

: _
T A A o o

0.15 m . .The t)!ﬂfrdé Vi rbat ed

For eXDYESSJOH of pt-PAtrpl2, see the detailed description under

the Figure 10 legend.

15 ' _ . o .

2. Activity Detection.

Tables 1 and 2 show the results -of the activation of
plasminogen'by respective E. coli extracts when assayed. An
activity is generated which is dependent on the presence of -

.~ plasminogen {Table 1). This activity is not affected by pre-immune
serum-df 2 rabbit-bdt'is markedly iBhibited by antiserum which was
raised against purified melanoma cell derived tissue plasminogen
activator (88) (Tables 1 and 2). This demonstrates that the E. coli
extracts are producing a plasminogen activating activity which is

.25 inhibited by antibodies against the tissue plasminogen activator.

20

Fxgure 7 shows the result of a fibrin plate assay for
_fibrinolytic activity. A standard amount of urokinase was added to
“the center row in concentrations, from left to right, of 0.24, 0.14,

_30- 0.10, 0.05 and 0.02 Plough Units. The bottom row is samples of
natural tissue plasminogen activator, with the same amount of enzyme

in edch well. The wells contain, from left to right, tissue
:plasminogen-activator, aﬁtf-plasminogen activator plus pre-immune
'__serum, and tissue p1asminogen activator plus tissue plasminogen

35 activator antzbod1es. The wells in the top row each:contain 8 ul of



-240-, at 37 C for 10 minut’es, .35 nl of S2251 (1.0 mM sol ution in-above
bu‘?’fer) irs added, and the reaction continued for 30 mnutes at 37 ™

d aci al acetic aci d (25 [%err]) is added to terninate the reacti oy
sanples are centrifuged and the absorbance at 405 nmis neasuref
Quantitation of the anount of activity is obtained by conpari sok
st angfa{ o~ ur oki nase sol uti on. The assay conditions for detection of the ful

| engt\ Li.ssue pl asm nogen activator were nodified by the addition of
fibrinogen (0.2ng) to the solution. Fibrinogen results in. a stinulation of
the activity of tissue 10 pl asm nogen actj ator observed therefore
resulting in sonewhat el evated |evel of activi Activity was recorded in
Pl ough units, wherein 90,000 Plough units is equal to the activity
exhibited by 1 ng of purified tissue plam nogen activator.

| ndirect Assay of Iy ags

ti ssue pl asni nogen%eg?%ﬂ{bgﬁngg 1%???‘&3%5@58%% eve%géeé! f—&ﬂ) trﬁﬁ't' Ssso
based on det er m nafinst wéllpisnidhe rextoactani ane, bthensecondive] 1 thes poeiemineosedm
plasm n digestion séaefd' birdntie tﬁmaqan Rh@lthe CKAREAd %ﬂﬁ‘ﬂmﬁb%& Qcmﬂtor :
pl asm nogen. Pl asm n ducgﬁgg ésls zqﬁ& gﬁb rin plate. The
area of this |ysi saE 8 cor e?%t" ¥iqus ¢ ArR imgyng |s§gngdoes not
pl asni nogen atti vaapfect matheals anpriecomiPinant tissue plasmindgen adtieststyrand that

Fol | owi ng the proogabli Sbslen et NE e fREhiEE B bye WDEILPIRS vere

i ncubated 3.5 hour zones
obt ai ned by conpar N&trat dsaw%'t]aﬁiiaf‘f'ﬂ & gRl18xEraghs ut Based o @ewqgkmase

Detection of Ti ssuetdwdaﬁda,nﬂ&eexﬁfattyaioataﬁcmightVy Yess tBa@tzelealougﬁr Qi ts

D T € AP Bhh . Arfifd QBuipabes ravbPhdly 1A' Bl VB! B6eaRhEF Thrate 1
P % of 1.3 Plough units per ml.
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inoculated into a test tube containing 5 nL of L'B growth nedia 35 \
pnptaining 20 [err]/mM anpicillin. The cells were grown overni ght at
[err]. An aliquot of this culture.was dilut’ed 11100 into 300 M -of M
h'containing 20 [err]/m anpicillin. The cells were grown in a shaker -«
at [err] for four hours, with a resulting absorbance at 550 nm of
0. 419 The tryptophan anal og |ndole acrylic acid was added to a
concentration of 30 [err]/m . The cells were incubated 90 m nutes, MAtHJa
resul ti ng absorbance at 550 nm of 0.628. The cells were harvested by
centrifugation and resuspended in 0.8 mM -63-0.01 M Tris, pH 8.0, containing
0.01 M EDTA. The resulting suspension was stirred rapidly at room
tenperature for 18 hours. The sanple was 10 centrifuged and the
supernat ant assayed for tissue plasm nogen activator. activity. For
expression of pt- PabYesl P ,ande2 sehefarth athecresuid s rofpassays edeormeleassi gure 10
legend. 15 2. 4odebhed wo@el‘iﬁcg hony gables 1 and 2 show the results of the
activation of ?asnlnogen by respective E. coli extracts when assayed. An
activity is generated which is dependent on the presence of 20
pl asm nogen (Table 1). This activity is not affected by pre-imune serum
of a rabtBt but is markedly inhibited by antiserum which 'was rai sed agai nst
purified nel anomary 1dej n t ) (Tables 1
and 2). This dem)ggtér at eﬂxﬁgjfs %ngﬁég;dﬁ,,gggag@ ?r(aéiag?% ucing a
pl asm nogen activating activity which is f i nhi bited by anti bodi es
agai nst the tissue plasm nogen activator. Figure 7 shows the result of a
fibrin plate assay for fibrinolytic activity. Persestdard Satauidtef

ur oki nase was ddqd to the center rOM/‘Nﬁconce tra qns nhleft 0
ri ght, o100. 24%44__39___0_;9, ~18, 0. d 0. Q&M."’ bott om

row i s sanpl esggfract

(with no plasminogen) 0.043 (0)
Extract -~ 0.451 (100) 1.3
Extract plus
15 preimmune serum 0.477 106 B
Extract plus
anti t-PA antibodies 0.079 9  ——
20 1 Percent act1v1ty calculated by subtracting the blank-

(0.043) from the values obtained and div1d1ng by the value
obtained from the extract.

Table 2. . Plasminogen Activation by E. coli Extracts
of the Cultures of pt-PAtrplZ

25
Sample  Ags Percent Activity
Extract 0.657 ' (100)
Extract plus .

30 preimmune serum 0.665 101

Extract plus _
anti t-PA antibodies 0.059 L 9

Figure 10 represents the results of a fibrin plate assay
35 performed with extracts from 10 L fermentation cultures of E. coli
containing a tissue plasminogen activator expressing plasmid. The

el ¥

>



natural tissue plasninogén activator, with the same amount of ep

each well. The wells contain, fron1|eft to right, tissue pla

activator, anti-plasm nogen activator plus pre-i mune serum §

plasnlnogen activator plus tissue plasm nogen activator anti by

wells in the top row each contain 8 [err] of -42- the reconbtfaant tissue

pl asm sQgen activator E. coli extracts. The first well is the extract

al ong, the second well has prei mune serum added, and the third well has

the tTssue pl asminogen activator antibodi es added. It is obvious that the

prei mune serum does not 5 affect natural or reconbi nant tissue

pl asm nogen activator, and that tissue pIasﬁ?ﬁbgen activator antibodies

inhibit the activity of natural as well as the E.-coli extracts. Based on

t he uroki nase standards, the extracts contain slightly Iess than 2.5 Pl ough

units per nml. This conpares favorably with the yal ue obtained in Table 1 10

of 1.3 Plough uni fibrieelykic activigyoef heissue plasminagancactivatar sondaining

a he L Iesul ts of aZéMcf?eirsf B%dﬁéer&%ddﬁﬁﬁgmdlmbg}ﬂhmmE Thi€. fitrinoytTabl e

: asm nogen ctlva oy} c0 ra tur [

p[ err] R P Per cent ctivi 'ydé| E{teg !)y aE§ SASIge (@H d” gl?t %ﬁ“b? ;We'mmune

Ig6 (Well B) or anti urokinase IgG {(Well D) and no activity is seen

from an extract prepared from cells containing as a control the
leukocyte interferon plasmid pLeIFAtrpl03 (Well H).

5

E.2 Production of tPA Using DHFR Protein with a Low Binding Affinity
for MTX

0
€.2.A Vector Construction
The sequence encoding human tissue plasminogen activator (t-PA)
is inserted into an expression plasmid encoding a mutant DHFR with
low binding affinity for MTX. '

15

Three fragments from overlappihg t-PA plasmids, pPA25E10, and pPAl7,
and pt-PAtrpl2 (supra) were prepared as follows: Plasmid pPAl7
20 was digested with Ode I, filled in using Klenow DNA polymerase 1,
and subcut with Pst I; the approximately 200 bp fragment containing
5* terminal t-PA-seduenbe thus generafed was isolated. The second
t-PA fragment was obtained by digesting paR1PA° with Pst I and Nar I
and isolating the approximately 310 bp fragment. The third t-PA
25 fragment was obtained by digesting pPA25E10 with Nar I and Bgl II
~and isolating the approximately 1645 bp. fragment whjch'contains, in
addition to much of the t-PA coding region, some 3* non-translated
sequences. )

30 Plasmid pE342 which expresses HBV surface antigen (also referred
to as pHBs348-E) has been described by Levinson et al, in EP 73656.
Briefly, the origin of the Simian virus SV40 was isolated
by digesting SV40 DNA with HindIII, and converting the
HindIII ends to EcoRI ends by the addition of a



e

.405 10 . Sanple ' A : “Activity[err] Pl ougl

Units/ L Extract (with no plasmi nogen) 0. 043 _ (0) Extract °
0 % (100)- 1.3 Extract plus 15° * prei nmune serum R

0 o 106 Extract plus anti t-PA antibodies ' 0.079 .
9 : -- 20 1 Percent activity calculated by subtracting the

bl ank (0.043) fromthe val ues obtai ned and dividing by the val ue obtaﬁhgg
fromthe extract. Table 2. Pl asm nogen Activation by E. coli Extracts.ok

the Cultures of pt-PAtrpl2 25 Sanpl e - [err]
Percent Activity Extract 0. 657 (100)
" Extract plus 30 prelnnune ser ufb- 0. 665
101 Extract plus anti t-PA antibodies 0. 059 9
Figure 10 represents the results of a fibrin plate assay 35 ~ _ perforned

with extracts from10 L fermentation cultures of E. coli containing a
ti ssue pl asm conartec t(AGEEGAATES)pr e'EI’GISn@‘MpWGSWﬂ WithePvull,- 4dd REi binkeos yti c

oy vech cy | S BTTL ORI SHY ehat, SO OB el
by anti t-PA ISBQ"(‘VQI'}heC?"‘B&F "ast 138 2FFb P AR éaquéﬂft‘\%we 1B) or anti
ur oki nase | gGel¥¢tirbptidresisl ano eletinoelytion; sandnc¥oned inf pBRIZ2N extract
by oper gdg [refﬂgg@léfgéapgiﬁm h)%a%w.ecm EBhs trlEedaSby Qi fag' tHei et O
ase—patr fragment resulting from EcoRI and BglIl digestion of HBY
(Animal Virus Genetics, (Ch. 5) Acad. Press, N.Y. (1980)) (which
spads the gene encoding HBsAg) into the plasmid pML,(Lusky;gg‘gl.,
Nature, 293: 79 (1981) at the EcoRl' and BamHI sites. (pML is a
derivative of pBR322 which has a deletion eliminating sequences
which are inhibitory to plasmid replication in monkey cells). The
resulting plasmid (pRI-Bgl) was then linearized with EcoRl, -and the
348 base-pair fragment representing the SV40 origin region was
- introduced into the EcoRI site of pRI-Bgl. The origin fragment can
insert in either orientation. Since this fragment encodes both the ’
early and late SV40 promoters in addition to the origin of
replication, HBV genes could be expressed under the control of
either promoter depending on this orientation (pHBS348-E
representing HBs expressed under control of the early prombter).
pE342 is modified by partially digesting with Eco RI, filling in the.
- cleaved 'site using Klenow DNA ploymerase I, and ligating the plasmid
‘back tdgethe?, thus removing the Eco RI site preceding the SV40
origin in pE342. The resulting plasmid, designated pE342sRl, is
digested with Eco RI, filled in using Klenow DNA po!ymerése I, and
25 subcut with Bam HI. After e]ectrophoresing on acrylamfde gel, the
approximately 3500 bp fragment is electroeluted, phenol-ch1oroform
extracted, and ethanol- precipitated as above.

10

15

20

The thus prepared p342E 3500 bp vector, and above described t-PA
30 fragments comprising approximately 2160 bp were ligated together
- using standard techniques. - A plasmid containing the three t-PA
encoding fragments in the proper orientation was isolated,
characterized, and designated pE342-t-PA. This plasmid was digested
with Sac II and treated with bacterial alkaline phosphatase (BRL).

35 To provide the DHFR sequence (along with control sequences for its



E. 2 Production of tPA Usi hg DHFR Protein with-a Low Binding Affinity for
MI®“10 E. 2. A Vector Construction The sequence encodi ng human tissue L
pl.asm nogen activator (t-PA) i's inserted into an expression plasmnid .,l

N

encodlng a mutant DHFR with |ow binding affinity for MIX. 15 Three
fragments from overl apping t-PA plasm ds, pPA25E10, and pPAl17, and
pt-PAtrpl 2 (supra) were prepared as follows: Plasmd pPAL7 20 was
di ges with Dde |, filled in using Kl enow DNA pol ynerase 1, and subcut

W t-h l; the apprOX|nater 200 bp fragnent containing 5 termnal t-PA
sequence t hus generated was isolated. The second t-PA fragment was obt ai ned
by digesting p[err]RIPA[err] with Pst | and_Nar | and isolating the
approximately 310 bp fragnent. The third t-PA 5 fragnent was obt ai ned
by di gesting pPA25E10 with Nar | and Bgl Il and isolating the approximtely

1645 bp. fragnent which contains, in addition to nuch of the t- PA codi ng

regi on, sonme 3" no t Plasm d
expresses HBV surfglc‘;err ggﬁ 3 8-95: ﬁ%%'{ra&?e?' 13730 b(? g"agﬂ'ﬂé%lgs ée" 3% bquaéh
described by Levi ndégessiompf pEHER Ep(gEHER6GIs BrplasMmid emessrnggmnta@t BHFR) -
Siman virus SV40 pASsi Sphqadsk byagli gesting SV40 DNA with HndlIl, and

converting the Hin E ends by addi .0 f - 45-
converter (AGLCT ?’%tegrﬂﬁ? ISI\&%\%' '?Ht"\ﬂgﬂfpsmﬁ"f*a E%Egﬁ%k%rpgaﬁﬁiged.
Fol | owi ng di gest i onhight s BpaRigous to pRHER bexcephdhat fthadifisAg coginmireg)onhies
ori gin was 1ol al eged reflakas byl H1E BonDSkaherd FPRIELARI s and

el ectroel ution, and cloned in pBR322. Expression plasmd pH8s348-E was
constructed by cloning the 1986 base pair fragnent resulting from EcoRl and
Bgl 1| digestion of HBY.2.B Expression and Amplification of the t-PA Sequence

pETPAER400 (pETPER) was transfected into both dhfr™ CHO-DUX
B1ll cells and DHFR+ CHO-K1 (ATCC CCL61) cells by the method of
Graham and Van der Eb (supra). Transformed dhfr~ cells were

10

selected by growth in'glycihe, hypoxanthine and thymidine deficient

medium. Transformed DHFR* cells were selected by growth in > 100 nM

MTX. Colonies which arose on the appropriate selection medium were
15 isolated using cloning rings and propagated in the same medium to

several generations.

For amplification cells from the colonies -are split into media
containing 5 x'104, 105, 2.5 x 105 5 x.105, and 106 nM
MTX and passéged several times. Cells are plated at very low
(10 103 ceIIst1ate) cell densities in 10 cm dishes and the

resulting colonies are isolated.

20

E.2.C Assay Methods

Expression of t-PA in the transfected amplified colonies may
conveniently be assayed by the methods simiIar to those set forth in
E.l1.K.1.b (supra)

25

Coamplification of DHFR and t—PA sequences is'assayed by
~isolating DNA from confluent monolayers of amplified colonies as
~ follows: Confluent monolayers in 150 mm plates are washed with 50
ml sterile P8BS and lysed by the addition of 5 ml of 0.1 percent SDS,
0.4 M CaCl,, 0.1 M EDTA, pH 8. After 5-10 minutes, the mixture is
removed, phenol extracted, chloroform extracted, and ethanol
precipitated. The DNA is resuspended in 1 ml (per 150mm plate) 10

30
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| mal Virus Genetics, (Ch. 5) Acad. Press, N Y. (1980)) (which spans the N
encoding HBsAg) into the plasmd pM. (Lusky et al., Nature, 293: 79 ~a
L) at the EcoRl and BanHl sites. (pM.is a 10 - derivative of pBR322
£h has a deletion-elimnating sequences which are inhibitory to plasmd ,
repli‘cation in nmonkey cells). The resulting plasmd (pRI-Bgl) was then

|l ineari zed with EcoRI, and the 348 base-pair fragment representing the SV40
origin region was introduced into the EcoRl site of pRI-Bgl. -The ori "
fragment can 15 insert in either orientation. Since this fragment™ =~
encodes both the early and | ate SV40 pronoters in addition to the origin of
replication, HBV genes coul d be expresseddlmder the control of either
pronot er depending on this orientation (pHBS348-E representing HBs

expressed under control of the early pronoter). 20 pE342 is nodi-fied by
partially digesting with Eco R, filling in the. cleaved site using Kl enow
DNA pl oyner asemit, Tragdidli gaigi, "D mMhEDTAl EERYI, CRNage kaddegedonell mg/mis &rimeNé ng t he

Eco Rl site precedi.ng th VAQ, origin, i 242 el he resul f1ng phasm d,

desi gnat ed pE3§§F"er]?'?ﬂf?&“?eg%goesf@&g\?vi{lhggéé §QS1 ‘?i{hﬁgo"dltdﬁd &é’i g Kl enow
DNA pol yrrer aseperceahcer@spronase iStgma)ni ¢ lrddrdntpi 0.5 mg/imde difeen Solfhdpens ng on
henol - o8 o of A o s g e e The. ¢ hus

P epar e p3usECHRSS o GLirebret .ot AR0U! Hree Pialed. phie BHK ve1 16t drent <
conpri si ng appresispendsdy i 069 nijpwakercand digasted ogsh resteicition ehzymear d

. techniques. AnphrdsimatetPs-205y 68 dilgestdar o tis RAce B ofbRgeliraoaRNts in the
+ proper orientati on was I

ol at ed, charactertzed, and eg%&pat&ﬁ ﬁf 42-1- PA.
This plasm d wAST@sEcaa! bl RPTFENSA0arPSe g Tiisar dgehatenbyer b0 drisd i ne
phosphat ase (BR§M EOTA,pwade tie mih8.2DWith seétienseid)dl dirguse,t bt adntdol -
sequencesdfor Bidy. chenl0-29XPTEBIS(1082) A APREONGBAGHY H1{R0qPnad agment vas
gener at ed by SaCTT—q;g7§t|on'of B ER. ng ER I's a_ plasm gxpressLn :
mut ant DHFR) . migrate of_the way down the gel, the gel 'is remqye.;and stained
with ethidium bromide. After visualizing the DNA with ultraviclet
light, the DNA is transferred from the gel to nitrocellulose filters
| according to the procedure of Southern (J. Mol. Biol. 98: 503.
15 (1975)). The filters are then hybridized with a nick translated
probe made from the 1700 bp Sacll fragment of pEHER (prepared and
hybridized as described above), or from the approximately 1970 bp
Bgl II fragment of pETPER. '

20 E.3 Production of t-PA.in Conjunction with Wild Type DHFR Protein .

E.3.A. Vector Construction o
In a manner analogous to that used in the construction of
pETPER, plasmid pETPFR was constructed containing the DNA sequence
encoding wild type DHFR., The construction was as described
25 in Example E.2.A except that in place.of'plasmid_pEaﬁR as a source
for the DHFR protein gene sequence, the plasmid pE342.HEV.E400.D22
was substituted. o _
The plasmid pE342.HBV.E400.D22 is the same as pEHER except for a
single base pair difference between wild type and mutant DHFR. Thus
30 the resulting plasmid pETPFR is analogous in every way to pETPER
except that the DNA sequence encoding for wild type DHFR is
substituted for that of the mutant.




Thiis fragment was ligated’into the pE342-t-PA plasmd to create pETPAERAOO,
a gllasmid which is anal.agous to pEHER except that the HBsAg codi ng region . .
has been replaced by the c¢DNA sequences fromt-PA E 2.B Expression and .-
Ampl i-fication of the t-PA Sequence pETPAER400 (pETPER) was transfected 4 ‘
bot h dhfr CHO DUX 10 811 cells and DHFR+ CHO K1 ( ATCC CCL61) cell

the nethdd of Graham and Van der Eb (supra). Transformed dhfr[err] cel

wer e ﬁ;‘ | ected by growth in glycine, hypoxanthine and thym di ne deficient

medi um Transfornmed DHFR+ cells were selected by growth in > 100 nM MI'X.

Col oni es which arose on the appropriate sel ec_%'éon medi um were 15

i sol ated using cloning rings-and propagated in“the sane nmediumto several
generations. For anplification cells fromthe colonies are split into nedia
containing 5 x [err], [err], 2.5 x [err], 5 x [err], and [err] nM 20

MIX and passaged several tines. Cells are plated at very low ([err]
cells/plate) cell densﬁ*?i%s%&lﬂﬁﬁl&ﬂ&éﬂ%e resulting colonies are

i sol ated. E. 2. C Assay pEEPAROGSEs Ased to transféctpOKRRS domicoéntt CHA ciehld I{Briaub
transfected anplifi i I, Nt Le :

simlar to those sgﬁgf%?%ﬁnl(myﬂgﬁg%%ggﬁd&r]gilu"p&ﬁg% ﬁ'&%ﬁ?“r}&éggtﬁlgggéd -
and t- PA sequences of Srabamyaad Y39 4oy EQo| dverty-oneacelasies whistuareseehdh8yer s
of anplified 2ol onisetecasvd ekl tuas (-HGI) fware nds saped baydwtect ion 16F0 phasmihat es are

washed with 50 mn ke PBS Vi digi Of . . _
percent SDS, 0.4 M% ﬁ'ﬁart]l'?n Ggla%fq%fjﬁ?&q%dwgﬁﬁg g& fgg%%nb'fég a%%%e&r#gt ure

i s removed, phenol cestaintnge §ibninl andop basmieogenaclesaribgd by brrnedl i-Piperno,
precipitated. ‘ThegbNA,is. ERguUMBgNdeggi 223 (To7§per 150mm plate) 10 -47-

10 Four of the most strongly positive clones were then assayed
quantitatively for plaémin formation on a per cell basis according to

the method set forth in E.1.K.l.b.

Upon such quantitative determination it was found that the four
clones tested exhibited the same or comparable t-PA secretion into
the medium, determined as units/cell/day. Subclones were prepared
by transferring inocula from two of the clones into separate plates
containing -HGT medium. Two of the yesultjng_subc]ones, 188 and 1

- were used for further analysis.

15

20 |

E.3.C Amplification and t-PA Production Levels

‘The above subclones were plated at 2 x 10° celis per 100 mm
plates in 50 nM MTX to promote amplification. Those cells which
survived, when assayed as described above, gave, in all cases, about
10 times the unamplified amount of tissue plasminogen activator
activity. Two of these clones were chosen for further study and
were named 1-15 and 18B-9. |

25

Subclone 1-15 was further a_r_nplified by seeding 2 x 10° cells
30 in 100 mm plates containing 500 nM MTX. Assay of the cells thus
amplified yielded a further increase (of about 3 fold) in t-PA
production; when assayed quantitatively by the method of C.l1.C,
levels were in the range of 7 x 10"4 units/cell/day. A portion of

: these amplified cells was then transferred and maintained in the
35 : '



mM Tris-HO pH 8, 1 mM EDTA (TE), RNase added to 0.1 ng/m, and the '“
solution incubated 30 mnutes at [err]. SDS is then added to 0.1 percent
@A\ pr onase (Sigma) is added to 0.5 ng/nl. . After 3216 hours incubation at »
afyfl . -the solution is ddgain pheénol” extracted, chloroformextracted, and
-nol precipitated. The DNA pellet is resuspended in 0.5 ml water and
dlgested wWith restricti-on enzynes. Approximately 5-10[err] of digest
is electrophoresed in an agarose gel [1 percent agarose in Tris - acgtate
buffer (40 mM Tris, 1 nM EDTA, nade to pH 8.2 with acetic acid)]; Crouse,
et al, J. 10. BIO| Chem , 257: 7887 1982)). After bronphenol blue dye
had nlgrated 2/ 3 of the way domn t he géﬂ ~“the gel is renoved and stai ned
with ethidiumbromde. After visualizing the DNA with ultraviolet light,
the DNA is transferred fromthe gel to nitrocellulose filters according to
t he procedure of South rn (J. |l. Biol. 98: 503. (1975)). The
filters are PREIENGE AT 49 o Mﬁxa SP’&‘Q"{“F%HQ %t't%éd Wolﬁa‘ﬁa‘ffé'ef romthe 1700
bp Sacl | frag‘ﬂetnerotes}tEdiE?tépruepug e iatad néd [For dippeak imatelgst+3 meathabove), or
from the appr@x l¢ nt of pETPER 20 . E. 3 _
Producti on of* Q hgal:g'l% nJ ungﬁjgﬁéwjbh{wg?wpe DHFR Protein E. 3. A Vector
Cbnstructlon In a manner anal ogous to Teble lused in the construction of .
pETPER, 8pl asni d pETPFR was constructed containing the DNA sequence encoding
- wi.ld type DHFR The construction was as described 25 in
Exanpl e E. 2. A except that in place of plasmd pEHER as a source for the

DHFR prot ei n Cgeéhd.isequence, t hérpitis Gondipidw?. HBV. E4@0t£PAd celld dayhst i t ut ed.
The plasmd pE342 HBV. E400. D22 is_the sane as pEHER exce t for, a single

base pair di fl tgimce Bet ween wi | gogg%pﬁﬁnd nut ant DHF%B the
resultl Y pI WOpETPFR i s anal every way to Bé*ﬁE except t hat*

t he sequqnfgso%ncodl ng for w q-léTyH@diWFlﬁo' ﬁ”éubst gt yt,eqgipr that "of the
mut ant . 1-15500 (-HGT medium, no mx) 18.0 x 10-3 '
1-15 10 M MTX | 29.3 x 10-3
1-15%3 833 10 uM MTX 49.0 x 10-3

... - 18B-9° .- 50 oM MTX. 14,3 x 10-3
15 189 . - 50 nM. MTX | - 14.4 x 1073

188-9 . (-HGT medium, no MTX)  14.3 x 10-3
188-9 | (-HGT medium, no MTX)  14.4 x 1073
1 (-HGT medium, no MTX) - -1.0 x 10-3
1 " (-HET medium, no MTX) 0.7 x 10~3

20

* t-PA in the cultuire medium was assayed quantitative!y in a
radioimmunoassay as follows: Purified t-PA and purified jodinated
tracer t-PA derived from melanoma cells -were diluted serially to
include concentration of 12.5 to 400 ng/ml in a buffer containing
‘phosphate buffered saline, pH 7.3, 0.5 percent bovine serum albumin,
0.01 percent Tween 80, and 0.02 percent ‘NaN3. Appropriate dilutions
of medium samples to be assayed were added to the radioactively
‘labelled tracer proteins. The antigens were allowed to incubate
overnight at room temperature in the presence of a 1:10,000 dilution
of the IgG fraction of a rabbit anti-t-PA antiserum.
Antibody-antigen complex was precipitated by absorption to goat
S anti-rabbit Ig6 Immunobeads {BioRad) for two hours at room

30 temperature. The beads were cleared by the addition of saline

' diluent followed by centri-

. fugation for ten. minutes at 2000 x g-at 4° Celsfus. Supernatants
were discarded and the radioactivity in the precipitates was
monitored. . Concentrations-were assigned by comparison with the
reference standard.

25

35



-48- 'E. 3.B Expressi on of t-PA:.sequence pETPFR was used to transfect
defrcient CHO cells (Urlaub and Chasin (supra)) using the calciump
preci pitation nmethod of G'aharm and Van der Eb. Twenty-one col onies

arese on the 5 sel ective nedium (-HGI) were assayed by detectilQ
plasmn formation as assessed by the digestion of fibrin in an agar -prate
contalnlﬁg fibrin and plasm nogen, described by Ganelli-Piperno, et al, J.
Exp. NQQJ 148: 223 (1978). 10 Four of the rnost strongly positive
cl ones were then assayed quantitatively for plasm n formati on on a per cel
basis according to the nethod set forth in E.l.K I.b. Upon such
quantitative determnation it was found that-ﬁﬁe four 15 cl ones tested

exhi bited the same or conparable t-PA secretion into.the nmedium determ ned
as units/cell/day. Subclones were prepared by transferring inocula fromtwo
of the clones into separate plates containing -HGI nmedium Two of the

resul ting subcl ones, 18Beatallllimeseanesasl fodtowsar tledt ldnel'yi8i & a@QunBm@liCied

Anplification and ts1B4e I?;.Q,p%glmg%we%& 'ghel\;ng)@(p;)\éelsgbcl.oqgs ,Y\A;#,@, ,Fpl,?%ﬁd at

2 X [err] cells per 100 mm 20
2 ] ot ohCisybe TapBi? GALE Vit 478 MhAEh vas meBEriea BUE Ty i SPAE By
cases, about 25 to gi)let L+iSs andhehem anphsfiersati fovofotther 4dnips $ticapioms imywogen

activator act§V|ty t he clon h nyd or dy and
were named 1-15 anc? 188- 9& ribﬁﬁ&il@fmler§ %Eﬁm &fsqe%gﬂ ‘f‘“ﬁ'e Ebsetel‘s“eedl ng. 2

x [err] cells 30 “"F'fF‘"lEi@P higs 4% e@ec'ﬁfr?tsﬁﬂcrﬁ HE; 199800, 9"%f18§n%
cells thus anplifi eld ylsmbdhﬂ\eaoﬂ‘ oné lofr thenor Briael (fobr aimheld:tea \imlcli)haldnbéenPA

productlon when a ely by the method of C|.C, levels were
in the range of 7 %ﬁﬁgﬁﬁfgunl§¢#@hT*/day A portion of these anpllfled

cells was then transferred and maintained in the 35
10 All of the amp]1f1ed cells show increased levels of t-PA

production over. that exhibited by the unamplified cell culture.
Even the unamp]ified culture produces amounts of t-PA greater than
0.5 pg/cell/day; amplification results in levels approaching 50
pg/cell/day. ' |
15

F. Pharmaceﬁtica] Compositions

The compounds of the present invention can be formulated
according to known methods to prepare pharmaceutically useful
compositions, whereby the human tissue plasminogen activator product

20 ‘hereof is combined in admixture with a pharmaceutically acceptable

carrier vehicle. Suitable vehicles and their formulation, inclusive
of other human proteins, e.g. human serum albumin, are described for
example in Remington's Pharmaceutical Sciences by E.W. Martin,

Such compositions will contain
25 an effective amount of the protein hereof together with a suitable
amount of vehicle in order to prepare pharmaceutically acceptable

: compositions suitab]e for effective administration to the host.

For example, the human tissue plasminogen activator hereof may
30 be parenterally administered to subjects suffering from
cardiovascular diseases or conditions. Oosage and dose rate may -
parallel that currently in use in clinical investigations of other
:cardiovascular,_thfombo}ytfb agents, e.g., about 440 IU/kg. body
weight as an intravenous priming dose followed by a continuous
intravenous infusion at about 440 IU/kg./hr. for 12 hours, in
patients suffering from pulmonary embolism.

35
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-49- presence of 10,000 nM MIX. Subcl ones of 1-15, and 188-9 were further%'
cstyed after being maintained for approximately 1-2 nonths at the

}ons specified in Table 1'. TablJe 1' 5 Cell Line .- G owh
i-ons ng t-PA/cel | /day* 1-[err] .500NM MTX s
A& Terr] 1-[err] _ 500nM MIX 26.0 x
[érr] 10 1-[err] (- HGT nedium no MIX) 8.3 X .
[err] 1-[err] (- HGT nedium no MIX) 18.0 x .[ef’\]__/
1-[err] 10 [err] MIX : 29.3 x [err] i[err]
10 [err] MIX . 49.0 x [ergy 18B-9 50 nM
MTX 14.3 x [err] 15 18B-9 : 50 nM MTIX
14.4 x [err] 18B-9 (- HGT medi um no MIX) 14.3 x
[err] 188-9 (-HGT nmedium no MIX) 14.4 x [err] 1

(- H%X)”Ed' um no Adlghe exam&leooi‘ allgoaé’p%pnate dosage form for essenti(aﬂ‘FT nmedi um
no

he cul tufe
quantitativel @P“Pﬁe’&l"Péd']“UP’l‘nﬁ]ﬁB‘é?sA& "'3§°938I ?rd'wgatorpel? ﬁar%%gaef‘agi%
pur| fied iodi appliéchbledvarein, RAVtHMEr cmﬁduimgrrzmnaﬂbttmsml pasménagedi I ut-ed

serially to iggly UQ'@ong&fl‘%‘i‘U a%‘sfbf& Qﬁan%?tl:_{i &Rd 4@0%419&5@1 'Ha pRuf f er

cont ai nigrg phosphat percent poyi ne S
al bumi n, 25 recoesgj tubrd with T%eﬁtmiea{'meb s Huectign 1xe Aﬁb’f' pr| ate
di lutions of arfsiiﬁﬂmeavmhme df 00 J8e persceny eSbdiha ehaddad IrﬁethienradlSoact ively

| abel | ed trac é{": M’togkﬂ% pgcmhlpoensnéﬁgw gag@q? ut?‘aHB%‘Jbat e overni ght

at room t enpet esence of on of the IgG
fraction of a rabbl t ant [ -t PA anti serum Anti body-antigen conpl ex was

precipitated §y apeipPéd 0Bsdrd pETUH of RekonbAhbid Hufda komunobeads ( Bi oRad) far
two houre at rc)Oml'he structure of the particular embodiment of human t-PA '
prepared in the examples herein has been studied in some detail,
“both by elucidation of the gene chmg sequen_ce ‘and by protein
biochemistry techniques. The current understanding of the protein
structure is illustrated in Figure 12.

15°
It has also previously been demonstrated by Collen and
coworkers (88) that two chain human t-PA is formed by proteolytic
'cleavage of the s1ngle chain molecule into two polypept1des
connected by dlsu1f1de bonding. The.present work permits the
conclusion that the heavy chain (30882 mol. wt.) is derived from the -
NHz”terminal'part'and the light chain (28126'm01. wt.) comprises
. the COOH-terminal region. N-terminal sequencing of the two chain
‘molecule suggests that the two chain form is generated by cleavage
of a single arginyl-isoleucine bond (Figure 12; arrdw_depicted).

.. 20

25

The prlmary structure of a portion of the heavy chain region of
human _t-PA (Fi gure 12) reveals a high degree of - sequence homology
 with the “kringle" regions of plasminogen (89) and prothrombin {40,
"41). “Kringle" region refers to a characteristic triple disulfide

-structure origma’l'ly discovered in the "pro" -fragment of
prothrombin, first described in detaﬂ by Magnusson et al. (91,

o 92). From the primary sequence of t-PA two so-ca’lled "krmgle“
régions, of 82 amino acids each that share a high degree of
homology with the 5 "kr'mgl e regions of plasmmogen are apparent.
The remaining N-termmal 91 amino acids share little homology to the

30
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30\ - tenperature. The beads were cleared by the addition of saline
di IFuént fol | owed by centri- fugation for ten m nutes at 2000 x g at
Cel si.us. Supernatants were discarded and the radioactivity in the
precipitates was nonitored. Concentrations were assigned by co

with the.reference standard. 35 -50- The cell lines are as fol) ' Oell
line "1" Ts an unanplified clone fromthe original set of four. "1- [err]”

is anl-g'rr'p'hfled subcl one of cell line "1" which was anplified initially in

50nM MIX't o g| ve 1-15 and then transferred for further anplification into 5
500nM MIX. 1-[err] i s subclone of 1-[err] which has been further

anplified in the presence of 10,000 nM MrIX. CeRr line 18B-9°is a subcl one
of one of the original four detected which had been anplified on 50nM MI'X.
10 Al'l of the anplified cells show increased | evels of t-PA
production over that exhi blted by the unanplified cell culture. Even the
unanpl i fied cul turoprentieeal dkeingle” srgtanpA Qaeceane spachateohorqygr coLF /iy,

ggpl I ficati onI r esul egibm map\Velss ABEHOACLErIGLHQ BEHtaPAIngdaNLipTe HBisulfide e
armaceutica osiLtian G esen v t| on can be
f or mul at ed accor d| "f’% alfng*/w?gﬁjetﬂﬁgg’o%ygéﬁdpﬁpra??gd'%ﬁa?rﬁat%m% iy y usef ul
conposi tions, V\/nereby t he human tissue pl asm nogen acti.vat or- .product 20

hereof is contfned in aﬂmamy‘tw &h:eaopfmnﬁfgﬁtﬂeh%% lo¥ mﬁﬁﬁpé-@hlf qpgartier

vehi cl e. Suitable vehi¢] es ang their formulati’on,, i ncl usive of her urran

proteins, e.g. hunet?-SRYI§H SAriosPRotease nRIdens Bedin; pEhes,seRine gnaymes,
Rem ngton's Phar maceasti cikke1 s oemie by tbjleﬂli\ﬁtldﬂuegééz aﬁmh'lcrsgirpmdl tions wll

contain. 'serine, ;o residues. Furthermore, the amino acid sequences
surrounding these residues are very homologous to corresponding

10 parts of other serine proteases such as trypsin, prothrombin and

plasminogen.
Notwithstanding that reference has been made to particular

preferred embodiments, it will be understood that the present

15 invention is not to be construed as limited to such, rather to the
lawful scope of the appended claims.

20

25
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25 an effective anobunt of the protein hereof toget her with a sui tabl‘@'

anount. of vehicle in order to prepare pharmaceutically acceptable : 7
ositions suitable for effective adm nistratiton to the host. For® .
"pl-e, the human tissue plasm nogen activator hereof may 30 - be )

ehtiéral |y admini stered to subjects suffering from cardiovascul ar
di seases or conditions. Dosage and dose rate may parallel that currently_in
use in clinical investigations of other cardiovascul ar, thronbol yti
agents, e.g., about 440 I U kg. body weight as an intravenous priming dose
followed by a continuous intravenous infB&t on at about 440 |Ukg./hr. for
12 hours, in.patients suffering from pul nonary enbol i sm -51- As one
exanpl e of an appropriate dosage form for essenti-ally honbgeneous human
ti ssue plasm nogen activator in parenteral form applicable herein, a vial
cont ai ni ng 25000 |U tissue plasm nogBibldegriapayor activity, 25 ng. mannitol
and 45 ng..NaCl, may be reconstituted with 5 m. sterile water for
injection.and m xed w gh a suitaple v 4 ggrpe of 0.9 percent -Sodi um Chl ori de
Injection or %-pdpttas Stakes Ratent Noec$3588Pk-or i ntravenous administration.
G Det ai | ed Description of. Reconmbi nant Human t-PA 10.- The

structur® of Epe Lﬂ‘?f%f (JUF-14 %paﬁg!mnigzgf,#_unnn t-PA prepared in the
S udi e

exanpl es herei'n has been st in some detail, both by elucidation of the
gene codi ng sequence and by protein biochem stry techni ques. The current

under st andi ng30f UnbtedpStdtRis P &tenti NoUr 4029367 | ustrated in Figure 12. 15 It
has al so previously been denonstrated by Collen and coworkers (88) that two
chain human t-PA is formed by proteol ytic cl eavage of the single chain

mol ecul e i nt 04t wdnjpted, Stafies Ratend Noect2580308. di sul fi de bonding. The present
wor k ped@its the 20 conclusion that the heavy chain (30882 nol. wt.) is
derived from EN® ynited states Patent No. 4271150. :

6. European Patent Apph’catidn Pubin. No. 0037687 .

.18 7. Rijken, D.C., “Plasminogen Activator from Human 'T'is:s'ue,“ Krips
Repro Meppel, 1980. ' '

8. United States Patent No. 3555000..
20 9. United States Patent No. 3998947.
| 10. United States Patent- No.. 4245051.
2 11. European Patent Application Publn.. Nd.. 0023860.
12. United States Patent No. 4083961.
13. United Sf.ates Patent No. 4177262. |
30 14. united States Patent No. 3082612.

15, Wallen, P., Proc. Serono Symp. 9, 91 (1977).

16. Thorsen, S., et al., Thrombos. Diathes. haemorrh. 28, 65 (1972).
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[err] terminal part and the light chain (28126 nol. w.) conprises the
termnal region. N-term nal sequencing of the two chain nolecule

suggests that the two chain formis generated by cleavage of a single t

argi nyl -i sol euci ne bond (Figure 12; arrow depicted). 25 The primary

structure of a portion of the heavy chain regi on of human t-PA (Figui )
reveal's a high degree of sequence honology with the "kringlel" regions of
pl asntymogen (89) and prothronbin (40, - - 41). "Kringle" region
referS to a characteristic triple disulfide 30 " structure originally

di scovered in the "pro"-fragment of prothronbihin, first described in
detail by Magnusson et al. (91, 92). Fromthe primary sequence of t-PA,
two so-called "kringle" regions,. of 82 am no acids each, that share a high
degree of honol ogy vvith the 5 "kri ngl e" regi ons of plasm nogen are
apparent. 35 i ni ] share little

honol ogy to the 853 273 Zﬁéa% e can specul ate
however that this regl on nmay aI SO assune a structure contai ni ng multiple

di sul fi de bonds as t I i g 1 are found here. The
catal ytic site of tﬂ% ?ﬁghtigﬁg"n%m 74 Pg\!@t%r%e so-cal | ed serine
protease region, as in other serine enzynes, is nost li.kely.-formed by the
[err], and [ér] risi guropear-Qatdntr Appldcatibe rublmo Naciod4bmguences
surroundlng t hese residues are very honol ogous to corresponding 10

parts of other serine &hot eases such as trypsin, geot hr onbi n and

pl asni nogen. "Not wi t30st Bgiimang W-hgt 2kiefbe daneets Vobedl miige 8254 part HUS (4981).
preferred enbodi nents, it will be understood that the present 15

i nvention i s not t%(ng(;eE gqstrug%taipl]l1@a£1on lgu%] %. %S%A.to t he | awf ul

scopg of the 1auopen

22. Wetzel, American Scientist 68, 664 (1980).

23. Microbiology, 2d Ed., Harper and Row Publications, Inc.,
Hagerstown, Maryland (1973}, esp. pp. 1122 et seq.

15
24. Scientific American 245, 106 (1981).

25. British, ?atent Abblication Pub]n; No. .2b5-$382A.
20 26. German Offenlegungsschrift 2644432.

27. Chang et al., Nature 275, 617 (1978)..

28. Itakura et al., Science 198, 1056 (1977).

25
29. Goeddel et al., Nucleic Acids Research 8, 4057 (1980).

30. European Patent Application Pubin. No. 0036776.
30 31. Siebenlist et al., Cell 20, 269 (1980).
32. Stinchcomb et al., Nature 282, 39 (1979).

33. Kingsman et al., Gene 7, 141 (1979).
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(1981). 59 CLAI.MS Rec I nant % ti ssue pl asm nogen

actlvator es%§§ﬁ9§ﬂ4%}ﬁlﬁé?eonoPﬁEFerﬁ?E?h%scﬁ fﬂﬁﬁﬂ?(ﬂrp * 5 2.

Human tissue pl asmi nogen activator unacconpani ed by aSSOCIated native

gl ycosyl at i 3. u S o} c by 10

-reconbinantq%NA teg% Q&%s&b B§gsﬂkﬁ?§é€cg€€y€%ﬁﬁ EQ??%EUSQ

pl asmi nogen %ﬁﬁQQQﬁﬁﬂdlﬂﬁ §eHﬁV&PF¥1ﬁEF%nforn1 unacconpanled by protein

3. Human tissue plasmxnogen activator as produced by
.10 recombinant DNA technolbgy.

4. B1ologica11y active human tissue plasmlnogen ' .
activator in essentially pure form, unaccompanled by protexn "
" with which it is ordinarily associated. . :
15
5.. Human tissue plasminogen activator per se, of the -

"kind produced by expression of a recombinant DNA sequence
coding therefor in a mammalian cell line.

20 6. Human tissue plasminogen activator according to
claims 1 - 5 containing a sequence of -a polypeptide
'precedlng the N~-terminus of the first amino acid of said
human tissue plasminogen actxvator.

25 7. A recombinant cloning vector comprising a DNA
' sequence encoding human tissue plasminogen activator.

8. A replicable expression vector capable, in a trans-
formant_micrborganism or cell culture, of expressing a DNA
30 sequence according to claim 7.

9. The plasmid pARIPA® or pt-PAtrpl2.

10. A microorganism or cell culture transformed with the
35 vehicle according to claim 8 or 9.



wilthh which it is ordinarily associated. 15 5. Human—t+ssue pl asm nogen
activator per se, of the kind produced by expression of a reconbiran{ DNA .
sequence codi ng therefor in @ mammlian c H
pl‘asmi nogen activator according to cl ai msﬁ"l“mﬂﬂmﬁmﬁ”m

pol ypepti de preceding the N-ternminus of the first #m so aC|d o
tlssge pl asm nogen activator. 25 7. Asbeconblnant cl oni ng vector

conmpri sing a DNA sequence encodi ng human tissue pl asm nogen activator. 8.
A repliTabl e expression vector capable, in a trans- formant m croorgani sm
or cell culture, of expressing a DNA 30 sequence according to claim?7. 9.
The plasmd p[err]RI PA or pt-PAtrpl2. 10. A m croorgani smor cel
culture transformed with the 35 vehicle according to claim8 or 9. 60
11. A ni cr ook§ani snd getereauepnisnc rgearddng obe afhrkm RO+ oitsrioedi BY an
E. coli strain. tZnsforfing!dn ®ll 19 seeqiding to claim10, obtained by 5
transform ng a manmalian cell [T né  I3. A conposition conprising a
therapeutically effective anmount of human tissue pl asm nogen acti vat or
according to cldRms 1 A @il cultiureuagcarding pdachaie ki cabbaiaedepyabl e
10 carrier. #4. trang?ﬁ&ﬁiﬁaﬂEﬂdddﬁiliﬁﬁoEdiﬂgliﬂeC'a'"113 sui table for
parenteral adm nistration. A process 1 nvolving the use of human
ti ssue plasm no- gen actlvator accordlng toclains 1 - 6°in preparing

phar ma- ceut|cal3conp05|¢ompu5utmahubohpr1slagtmttherﬁpeutnndnmy effective

amount of human tissue plasminogen activator according to

claims 1 - 6 in admixture with a pharmaceutically acceptable
10 carrier.

14. The composition according to claim 13 suitable for
parenteral administration.

15 15, A process involving the use of human tissue plasmino-
gen activator according to claims 1 - 6 in preparing pharma-
ceutical compositions useful for treatment of vascular
diseases or conditions.

20 16. A process which comprises'gxpfessing DNA encoding
human tissue plasminogen activator in a recombinant host

T cell.
17. A process for producing human t-PA, which process

25 comprises: _

a. preparing a replicable expression vector capable
of expressing the DNA sequence encoding human
t-PA in a host cell;

b. transforming a host cell culture to obtain a

30 recombinant host cell;
" e¢. culturing said recombinant host cells under con-
ditions permitting expression of said t-PA
encoding DNA sequence to produce human t-PA;

d. recovering said human t-PA,
35
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di seases or conditions. 20 16. A process which:conprises expre55|ng DNA.

en i ng human tissue plasm nogen activator in a reconbi nant tost tel | . 17\1
A ss 'for producing human t-PA, which process 25 conprises: o
pre ng a replicable expression vector capabl e Immmmﬂ'ﬂumﬁ 2
sequence encodi-ng human t-PA in a host cell; t ceI
culture to obtain a 30 recon@lnant host céll;t c” cﬁlturlng Sai '

reconbi nant host cells under con- ditions permtting expression of said
t - PA encodi ng DNA sequence to produce human t-PA; d. recovering said human

t-PA. 35 61 18. A process according to claim 16 or claim 17 wherein
the host cell is a mammalian cell I|ine. 19 A process for producing.
human tissue ;i asm Og%ecésacsexamn PJCF:M. )bra%lﬁﬁﬁcibbﬁﬂe%i&' n.

20. Human tlssue p nlnogen activa uce a process according to

any one of cltiendost cgligisip mammalla“ of ine.”

19. A process for pro&ucing human tissue plasminogén
5 activator, substantially as described herein.

20. ‘Human tissue plasminogen activator produced by a
process according to any one of claims 16 to 19. '

10



