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VECTORS AND METHODS FOR 
Exi>RESSION OF HUMAN PROTEIN c ACTIVITY 

t 

I 

The present invention relates to DNA compounds 
5 and recombirlanti.DNA cloning vectors that encode human 

.,• .· 

protein C activity. The vectors allow expression of the 
.·:.· 

novel DNA compoµhds in either eukaryotic or prokaryotic 
host cells. The present invention also relates to host 
cells transformed with these novel cloning vectors. The 

10 transformed host cells express human protein c or pre~ 
cursors, derivatives, or subfragments thereof. Many of 
the present DNA compounds can be used to produce pro­
tein C derivatives never before synthesized either in 
nature or in the laboratory. 

15 Protein c, a vitamin K dependent protein of 
blood plasma, is a protein of ma]or physiological im­
portance. In consort with other proteins, protein C 
functions as perhaps the most important down-regulator 
of blood coagulation resulting in thrombosis. In other 

20 words, the protein C enzyme system represents a major 
physiological mechanism for anticoagulation. 

The biological and potential therapeutic 
importance of protein C can be deduced from clinical 
observations. In congenital homozygous protein c 

25 deficiency, affected family members die in early child­
hood from purpura fulminans, an often lethal form of 
disseminated intravascular coagulation. In hetero­
zygous prot~in c deficiency, affected members suffer 
severe, recurrent thromboembolic episodes. It is well 

30 established clinically that plasma protein concentrat~s 

. 7 
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designed to treat hemophilia B or factor IX deficiency 

and which contain protein C as an impurity are effective 

in the prevention and treatment of intravascular clot­

ting in homozygous as well as heterozygous protein c 
5 deficiency. Protein C levels have also been noted to be 

abnormally low in thrombotic states and in disease 

states predisposing to thrombosis, such as disseminated 

intravascular coagulation, major trauma, major surgery, 

and cancer. 
10 Human protein c is a serine protease zymogen 

present in blood plasma and synthesized in the liver. 

For expression of complete biological activity, protein C 

requires a post-translational modification for which 

vitamin K is needed. The mature, two-chain, disulfide-

15 linked, protein c zymogen arises from a single-chain 

precursor by limited proteolysis. ·This limited 

proteolysis is believed to include cleavage of a 

signal peptide of ~33 amino acid residues (residues 1-33, 

below) during secretion of the nascent polypeptide from 

20 the liver, removal of a pro peptide of ~9 amino ac.id 

residues (residues 34-42), and removal of amino acid 

residues 198 and 199 to form the two chains observed in 

the zymogen. The activation of the zymogen into the 

active serine prote~se involves the proteolytic cleavage 

25 of an ARG-LEU peptide bond (residues 211 and 212). This 

latter cleavage releases a dodecapeptide (residues 200-211) 

constituting the amino-terminus of the larger chain of the 

two-chain molecule. Protein c is significantly glycosylated; 

the mature enzyme contains ~23% carbohydrate. Protein C 

30 also contains a number of unusual amino acids, including 
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y-carboxyglutamic acid and p-hydroxyaspartic acid. 
y-carboxyglutamic acid (gla) is produced from glutamic 
acid residues with the.aid of a hepatic microsomal 
carboxylase which requires vitamin K as a cofactor. 

5 Since prokaryotes usually neither glycosylate, 
y-carboxylate, nor p-hydroxylate proteins expressed from 
recombinant genes, the present invention is significant 
in that it allows for the first time the synthesis of 
protein C derivatives which have not undergone many of the 

· 10 post-translational modifications of normal human protein C. 
These unique derivatives have enormous research· and 
clinical value, as discussed more fully below. 

For purposes of the present invention, as 
disclosed and claimed herein, the following terms are as 

15 defined below. 

ApR - the ampicillin-resistant phenotype or 
gene·conferring same. 

ep - a DNA segment comprising the SV40 early 
promoter of the t-antigen (F) gene, the ~-antigen 

20 binding sites, and the SV40 origin of replication. 
Functional Polypeptide - a recoverab~e bio­

acti ve neterologous or homologous polypeptide or pre­
cursor, a recoverable bioactive polypeptide comprising a 
heterologous polypeptide and a portion or whole of a 

25 homologous polypeptide, or a recoverable bioinactive 
fusion polyp~ptide comprising a heterologous polypeptide 
and a bio-inactivating polypeptide which can be specifi­
cally cleaved. 

G418R - the G418-resistant phenotype or gene 
30 conferring same. · May also be identified as KmR. 
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IVS - DNA encoding an intron, also called 
an intervening sequence. 

MSV LTR - a DNA segment comp~ising .the promoter 
activity of the Murine Sarcoma virus long terminal 

5 repeat. 
Nascent protein - the polypeptide produced 

upon translation 9f a mRNA transcript, prior to any 
post-translational modifications. 

pA - a DNA sequence encoding a polyadenylation 
10 signal. 

Promoter - a DNA sequence that directs 
transcription of DNA into RNA. 

Protein C activity - any property of human 
protein c responsible for biological function or anti-

15 human protein c antibody-binding activity. 
Recombinant DNA Cloning vector - any auto­

nomously replicating agent, including, but not limited 
to, plasmids and phages, comprising a DNA molecule to 
which one or more additional DNA segments can be or have 

20 been added. 
Recombinant DNA Expression Vector - any re­

combinant DNA cloning vector into which a promoter has 
been incorporated. 

Replicon - A DNA sequence that controls and 
25 allows for autonomous replication of a plasmid or other 

vector. 
Restriction Fragment - any linear DNA sequence 

generated by the action of one or more restriction 
endonuclease enzymes. 

30 RSV LTR - a DNA segment comprising the promoter 
activity of the Rous Sarcoma virus long terminal repeat. 
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5 

Sensitive Host Cell - a host cell that cannot 
. . 

grow in the presence of a given antibiotic or other toxic 
·compound without a DNA segment that confers resistance 
thereto. 

Structural Gene - any DNA sequence that 
encodes a functional polypeptide, inclusive of trans­
lational start and stop signals. 

TcR - the tetracycline-resis.tant phenotype 
or gene conferring same. 

10 Transformation - the introduction of DNA into 

15 

20 

25 

30 

a recipient host cell that changes the genotype of the 
recipient cell. 

Transformant - a recipient host cell that has 
undergone transformation. 

Translational Activating Sequence - any DNA 
sequence, inclusive of that encoding a ribosome binding 
site and translational start codon, such as 5'-ATG-3', that 
provides for the translation of a mRNA transcript into a 
peptide or polypeptide. 

Zymogen - an enzymatically inactive precursor 
of a proteolytic enzyme. 

Brief Description of the Figures 

Figure 1 - the restriction site and function map of 
plasmid pHC7. 

Figure 2 - the restriction site and function map_of 
plasmid pSV2-HPC8. 

Figure 3 - the restriction site and function map of 
plasm.id pL133. 
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Figure 4 - the restriction site and function map of 
plasmid pL132. 

Figure 5 - the restriction site and function map of 
plasmid pL141. 

5 Figure 6 - the restriction site and function map of 
plasmid pL142. 

Figure 7 - the restriction site and function map of 
plasmid pMSV-~C. 

Figure 8 - the restricti~n site and function map of 
10 plasmid pMMTdBPV-HPC. 

Figure 9 - the restriction site and function map of 
plasmid pLlS;t~ 

Figure 10 - the restriction site and function map of 
plasmid pCZlOl. 

15 Figure 11 - the restriction site and function map of 
plasmid pCZlO. 

Figure 12 - the restriction site and function map of 
plasmid pCZ459. 

20 The present invention relates to recombinant 
DNA vectors that encode a polypeptide with human 
protein c activity. Depicting only the coding strand of 
the vectors for convenience, the vectors comprise the 
sequence: 

.. .··.,G· 
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5' -R_l __ R__ q ~ 5 3 
-"N -1VI-GCC AAC TCC TTC CTG GAG GAG CTC CGT CAC AGC I 

' AGC CTG GAG CGG GAG TGC ATA GAG-GAG ATC TGT GAC TTC GAG· 

GAG GCC AAG GAA ATT TTC CAA AAT GTG GAT GAC ACA CTG GC.C 

TTC TGG TCC AAG CAC GTC GAC GGT GAC CAG TGC TTG GTC TTG 

5 CCC TTG GAG CAC CCG TGC GCC AGC CTG TGC TGC GGG CAC GGCS 

ACG TGC ATC GAC GGC ATC GGC AGC TTC Aq(: TGC GAC TGC CGC 

AGC GGC TGG GAG ooc" CGC TTC TGC CAG CGC GAG GTG AGC TTC 

CTC AAT TGC TCG CTG GAC AAC GGC GGC TGC ACG CAT TAC TGC 

CTA GAG GAG GTG GGC TGG CGG CGC TGT-AGC TGT GCG CCT GGC 

10 TAC AAG CTG GGG GAC GAC CTC CTG CAG TGT CAC CCC GCA GTG\o 

AAG TTC CCT TGT GGG AGG CCC TGG AAG CGG ATG GAG AAG AAG 

CGC AGT CAC CTG AAA CGA GAC ACA GAA GAC CAA GAA GAC CAA . 
GTA GAT CCG CGG CTC ATT GAT GGG AAG ATG ACC AGG CGG ~A 

GAC AGC CCC TGG CAG GTG GTC CTG CTG GAC TCA AAG AAG AAG 
· ~o7 

15 CTG GCC TGC GGG GCA GTG CTC ATC CAC CCC TCC TGG GTG CTG 15 

ACA GCG GCC CAC TGC ATG GAT GAG TCC AAG AAG CTC CTT GTC 

AGG CTT GGA GAG TAT GAC CTG CGG CGC TGG GAG AAG TGG GAG 

CTG GAC CTG GAC ATC AAG GAG GTC TTC GTC CAC CCC AAC TAC 

AGC AAG AGC ACC ACC GAC.AAT GAC ATC GCA CTG CTG CAC CTG 

20 GCC CAG CCC GCC ACC CTC TCG CAG ACC ATA GTG CCC ATC TGC 

CTC CCG GAC AGC GGC CTT GCA GAG CGC GAG CTC AAT CAG Gee 

GGC CAG GAG ACC CTC GTG ACG GGC TGG GGC TAC CAC AGC AGC 

CGA GAG AAG GAG GCC AAG AGA AAC CGC ACC TTC GTC CTC AAC 

TTC ATC AAG ATT CCC GTG GTC CCG CAC AAT GAG TGC AGC GAG 

. 25 GTC ATG AGC AAC ATG GTG TCT GAG AAC ATG CTG TGT GCG GGC 

ATC CTC.GGG GAC CGG CAG GAT GCC TGC GAG GGC GAC AGT GGG 

GGG CCC ATG GTC GCC TCC TTC CAC GGC ACC TGG TTC CTG GTG 

GGC CTG GTG AGC TGG GGT GAG GGC TGT GGG CTC CTT CAC AAC 

TAC GGC GTT TAC ACC AAA GTC AGC CGC TAC CTC GAC TGG ATC 

30 CAT GGG CAC ATC AGA GAC AAG GAA GCC CCC CAG AAG AGC TGG 
s~ 

GCA CCT TAG-3' 

1ifli1li1iIT1r 
( 1i 
'l "\ 
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5 

wherein 

A is deoxyadenyl, 

G is deoxyguanyl, 

c is deoxycytidyl, 

T is thymidyl, 

R is 5 1 -GCC CAC CAG GTG CTG CGG ATC CGC AAA CGT-3' 

or 5'-CAC CAG GTG CTG CGG ATC CGC AAA CGT~3' 

R 1 is 5'-ATG TGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA GCT CCT 

10 CTT GAC TCA GTG TTC TCC AGC AGC GAG CGT-3 1 

or 5'-ATG TGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA GCT CCT 

CTT GAC TCA GTG TTC TCC AGC AGC GAG CGT GCC-3 1 

M is O or 1, and 

15 N is o or 1, 

20 

25 

provided that when M is O, N is also O; and that when 

R is 5'-GCC CAC.CAG GTG CTG CGG ATC CGC AAA CGT-3 1 , 

R 1 is 

5'-ATG TGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA GCT CCT 

CTT GAC TCA GTG TTC TCC AGC AGC GAG CGT-3'; 

and that when 

R is 5'-CAC CAG GTG CTG CGG ATC CGC AAA CGT-3 1 , 

R1 is 

5 1 -ATG TGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA GCT CCT 

CTT GAC TCA GTG TTC TCC AGC AGC GAG CGT GCC-3'. 

The recombinant DNA vectors are prepared by 

ligating DNA sequences which together comprise 

30 (A) the coding strand 

(B) ~ eukaryotic transcriptional and translational 

activating DNA sequence; or 
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(C) a prokaryotic transcriptional and translational 

activating DNA sequence; and 

(D) a DNA sequence that provides for autonomous repli­

cation or chromosomal integration of said vector in 

5 a host cell. 
The invention further provides a method of 

producing a polypeptide with human protein c activity 

in.a eukaryotic host cell which comprises: 

A. transforming the eukaryotic host cell with 

10 a recombinant DNA vector prepared in accordance with 

alternative (B) of the above described process positioned 

in transcriptional and translational r~ading phase with 

the transcriptional and translational activating 

sequence, provided that when N is 1, the translationai 

15 activating sequence does not encode a translational 

start codon; and 
B. culturing the host cell transformed in step A 

under conditions suitable for gene expression. In one 

embodiment of the method the recombinant DNA vector 

20 comprises a selectable marker. 

The invention also provides a method of pro­

ducing a polypeptide with human protein C activity in a 

prokaryotic host cell which differs from the above 

described method only in the use of a vector prepared in 

25 accordance with alternative (C) in which N is O and M is 

O or 1 and which comprises a selectable marker. 

The vectors of the present invention encode 

human protein C, and the heretofore unknown amino acid 

sequence of nascent human protein C when M and N are 1. 

30 The amino acid sequence, numbered to facilitate further 

discussion, of nascent human protein c is: 
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5 10 15 
~~~~~~~~~~~~ALA~~~~ 

20 . 25 30 
5 SER GLY THR PRO ALA PRO LEU ASP SER VAL PHE SER SER SER GLU ARG 

35 40 45 
ALA HIS GLN VAL LEU ARG ILE ARG LYS ARG ALA ASN SER PHE LEU GLU 

10 50 55 60 
GLU LEU ARG HIS SER SER LEU GLU ARG GLU CYS ILE GLU GLU ILE CYS 

65 70 75 80 
ASP PHE GLU GLU ALA LYS GLU ILE PHE GLN ASN VAL ASP ASP ~ LEU 

15 
85 90 95 

ALA PHE TRP SER LYS HIS VAL ASP GLY ASP.GLN CYS LEU VAL LEU PRO 

100 105 110 
20 LEU GLU HIS PRO CYS ALA SER LEU CYS CYS GLY HIS GLY THR CYS ILE 

115 120 125 
ASP GLY ILE GLY SER PHE SER CYS ASP CYS ARG SER GLY TRP GLU GLY 

. 25 130 . 135 140 

30 

ARG PHE CYS GLN ARG GLU VAL SER PHE LEU ASN CYS SER LEU ASP ASN 

145 150 155 160 
GLY GLY CYS THR HIS TYR CYS LEU GLU GLU VAL GLY TRP ARG ARG CYS 

165 170 175 
SER CYS ALA PRO GLY TYR LYS LEU GLY ASP ASP LEU LEU GLN CYS HIS 
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180 185 190 
PRO ALA VAL LYS PHE PRO CYS GLY ARG PRO TRP LYS ARG MET GLU LYS 

5 195 200 205 

10 

LYS ARG SER HIS LEU LYS ARG ASP THR GLU ASP GLN GLU ASP GLN VAL 

210 215 220 
ASP PRO ARG LEU ILE ASP GLY L·YS MET THR ARG ARG GLY ASP SER PRO 

225 230 235 240 
TRP GLN VAL-VAL LEU LEU ASP SER LYS LYS LYS LEU ALA CYS GLY ALA 

245 250 255 
15 VAL LEU ILE HIS PRO SER TRP VAL LEU THR ALA ALA HIS CYS MET ASP 

260 265 270 
GLU SER LYS LYS LEU LEU VAL ARG LEU GLY GLU.TYR ASP LEU ARG ARG 

20 275 280 285 

25 

TRP GLU LYS TRP GLU LEU ASP LEU ASP ILE LYS GLU VAL PHE VAL HIS 

290 295 300 
PRO ASN TYR SER LYS SER THR THR ASP ASN ASP ILE ALA LEU LEU HIS 

305 310 315 320 
LEU ALA GLN PRO ALA THR LEU SER GLN THR ILE VAL PRO ILE CYS LEU 

325 330 335 
30 PRO ASP SER GLY LEU ALA GLU ARG GLU LEU ASN GLN ALA GLY GLN GLU 

340 345 350 
THR LEU VAL THR GLY TRP GLY TYR HIS SER SER ARG GLU LYS GLU ALA 
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355 360 365 
LYS ARG ASN ARG Tim PHE VAL LEU ASN PHE ILE LYS ILE PRO VAL VAL 

370 375 380 
5 PRO HIS ASN GLU CYS SER GLU VAL MET SER ASN MET VAL SER GLU ASN 

385 390 395 400 
MET LEU CYS ALA GLY ILE LEU GLY.ASP ARG GLN ASP ALA CYS GLU GLY 

10 405 . 410 415 
ASP SER GLY GLY PRO MET VAL ALA SER PHE HIS GLY Tim TRP PHE LEU 

420 425 430 
VAL GLY LEU VAL SER TRP GLY GLU GLY CYS GLY LEU LEU HIS ASN TYR 

15 
435 440 445 

GLY VAL TYR THR LYS VAL SER ARG TYR LEU ASP TRP ILE HIS GLY HIS 

450 455 460 
20 ILE ARG ASP LYS GLU ALA PRO GLN LYS SER TRP ALA PRO-COOR 

wherein 

25 

30 

35 

H2 N- is the amino-terminus, 

-COOH is the carboxy-terminus, 
ALA is Alanine, 

ARG is 

ASN is 

ASP is 
CYS is 

GLN is 
GLU is 
GLY is 

HIS is 
ILE is 
LEU is 
LYS is 

MET is 

PHE is 

PRO is 

Arginine, 

Asparagine, 

Aspartic acid, 
Cysteine, 

Glutamine, 
Glutamic Acid, 
Glycine, 

Histidine, 

Isoleucine, 
Leucine, 
Lysine, 

Methionine, 

Phenylalanine, 

Praline, 
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5 

SER is Serine, 
THR is Threonine, 
TRP is Tryptophan, 
TYR is Tyrosine, and 
VAL is Valine. 

The DNA compounds of the present invention are 
derived from tj>NA clones prepared from human liver mRNA 
that encodes human protein C activity. In constructing 

10 the cDNA clones, a 5' poly G sequence, a 3' poly c 
sequence, and both 5' and 3' PstI restriction enzyme 
recognition sequences were constructed at the ends of 
the protein C-encoding cDNA. Two of these cDNA clones 
were manipulated to construct a DNA molecule comprising· 

15 both the coding sequence ·of nascent human protein c and 
also portions of the DNA encoding the untranslated mRNA 
at the 5' and 3' ends of the coding region. This DNA 
molecule was inserted into the PstI site of plasmid 
pBR322 to construct plasmid pHC7. Plasmid pHC7 thus 

20 comprises both the coding sequence above, wherein M and 
N both.equal 1, and, again depicting only one strand of 
the molecule, also contains these additional sequences: 

5'-C ~GG GGG GGG GGG GGG GGG GGG CTG TCA TGG CGG CAG GAC 
P""'-J: 

GGC GAA CTT GCA GTA TCT CCA CGA CCC GCC CCT ACA G~CC· 
. t :t 

25 AGr GCC TCC AGA-3' 

and 

S'-CGA CCC TCC CTG CAG GGC TGG GCT TTT GCA TGG CAA TGG ATG GGA 
· • (i, 11 G GT C CC f> . 

CAT TAA AGG GAC ATG TAA CAA GCA CAC CCC CCC CCC CCC CCC CCC 

CCC CCC CCT GCAfG-3' 

r.AJ I 

,y,, 
• I~ 
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wherein A is deoxyadenyl, 
G is deoxyguanyl, 
c is deoxycytidyl, and 
T is thymidyl, 

5 at the S' and 3' ends, respectively, of the coding 
strand of the nascent human protein C coding sequence. 
Due to the complementary nature of DNA base-pairing, the 
sequence of one strand of a double-stranded DNA molecule 
is sufficient to determine the sequence of the opposing 

. 10 strand. Plasmid pHC7 can be conventionally isolated 
from E. coli K12 RR1/pHC7, a strain deposited with and 
made part of the permanent stock culture collection of 
the Northern Regional Research Laboratory (NRRL), 
Peoria, Illinois. A culture of E. coli Kl2 RR1/pHC7 can 

15 be obtained from the NRRL under the accession number 
NRRL B-15926. A restriction site and function map of 
plasmid pHC7 is presented in Figure 1 of the accompanying 
drawings. 

As stated above, a variety of recombinant DNA 
20 expression vectors comprising the protein C activity­

encoding DNA have been constructed. _The present vectors 
are of two types: those designed to transform eukary­
otic, especially mammalian, host cells; and those 
designed to transform E •. coli. The eukaryotic or 

25 mammalian vectors exemplified herein can also transform 
E. coli, but the eukaryotic promoter present on these 
plasmids for transcription of the protein c activity­
encoding DNA functions inefficiently in ~· coli. 

The present DNA compounds which encode nascent 
30 human protein c are especially preferred for the con-
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struction of vectors for transformation of, and ex­
pression of protein c activity in, mammalian and other 
eukaryotic host cells. Many mammalian host cells 
possess the necessary cellular machinery for the 

5 recognition_ and proper processing of the signal peptide 
present on the amino-terminus of nascent human protein c. 
Some mammalian host cells also provide the post-trans­
lational modifications, such.as glycosylation, y­

carboxylation, and P-hydroxylation, as are observed in 
10 human protein c·present in blood plasma. A wide variety 

of vectors exist for the transformation of eukaryotic 
host cells, and the specific vectors.exemplified below 
are in no way intended to limit the scope of the present 
invention. 

15 The pSV2-type vectors comprise segments of the 
SV40 genome that constitute a defined eukaryotic trans­
cription unit--promoter (ep), intervening sequence (IVS), 
and polyadenylation (pA) site. In the absence of SV40 
t-antigen, the plasmid pSV2-type vectors transform mamma-

20 lian and other eukaryotic host cells by integrating into 
· the host cell chromosomal DNA. A variety of plasmid 

pSV2-type vectors have been constructed such as plasmids 
pSV2-gpt, pSV2-neo, pSV2-dhfr, and pSV2-p-globin, in 
which the SV40 promoter drives transcription of an 

25 inserted gene. These vectors are available either from 
the American Type Culture Collection (ATCC) in Rock-
ville, Maryland or from the Northern Regional Research 
Laboratory (NRRL) in Peoria, Illinois. 

Plasmid pSV2-HPC8 is a vector of the present 
30 invention derived from plasmid pSV2-gpt (ATCC 37145), 

·-- -· -··-· -- ·- ··· ----- -
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.plasmid pHC7, and two synthetic linkers. The designation 
11 gpt11 refers to the E. coli xanthine-guanosine phosphoribosyl 
transferase gene present on plasmid pSV2-.gpt. Plasmid 
pSV2-HPC8 was constructed by first_preparing a HindIII-

5 ApaI restriction fragment, derived from plasmid pHC7 and 
comprising the amino-terminal half of the nascent 
protein C coding sequence and a synthetic linker; then 
preparing an ApaI-BglII restriction fragment, derived 
from plasmid pHC7 and comprising the carboxy-terminal 

10 half of the nascent protein c coding sequence ~d a 
synthetic linker; and then inserting the two restriction 
fragments into HindtII-BglII-cleaved plasmid pSV2-gpt. 
A more detailed description of the construction of 
plasmid pSV2-HPC8 is provided in Example ·2; a restric-

15 tion site and function map of the plasmid is presented 
in Figure 2 of the accompanying drawings. 

Plasmid pSV2-HPC8 was·used as a starting mate­
rial in the construction of plasmid pL133, along with 
plasmid pSV2-p-globin (NRRL B-15928). Two restriction 

20 fragments of plasmid pSV2-HPC8, an "'0.29 kb HindIII-SalI 
fragment and an "'1.15 kb SalI-BglII fragment, comprising 
the entire nascent protein c coding region were ligated 
into HindIII-BglII-cleaved plasmid pSV2-p-globin. The 
resulting plasmid, designated pL133, has entirely 

25 replaced the p-globin coding region with the nascent 
protein c·coding region. A more detailed description of 
the construction of plasmid pL133 is presented in 
Example 3; a restriction site and function map of the 
plasmid is presented in Figure 3 of the accompanying 

30 drawings. 

This Sheet Has Been Replaced 

I lllllll llllll llll Ill llll 
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Plasmid pL132 was constructed in a manner 
analogous to the construction of plasmid pL133, except 
that the plasmid pSV2-HPC8 HindIII-SalI and SalI-BglII 
restriction fragments were introdu_ced into plasmid 

5 pSV2-neo (ATCC 37149). "Neo" signifies the presence on 
the plasmid of a neomycin resistance-conferring gene, 
which also confers G4_18 resistance. This construction, 
described in Example 4, creates a polycistron, with both 
the nascent protein C and the G418 resistance-conferring 

10 coding sequences being transcribed as a polycistronic 
mRNA initiated by the same SV40 early promoter. Because 
G418 is toxic to most eukaryotic and other host cells, 

.. . 

plasmid pL132 transformants can be selected by screening 
for G418 resistance. A restriction site and function 

15 map of plasmid pL132 is presented in Figure 4 of the 
accompanying drawings. 

Plasmid pSV2-dhfr (ATCC 37146) comprises a 
murine dihyd~ofolate reductase (dhfr) gene under the 
control of the SV40 early promoter. Under the appropriate 

20 conditions, the dhfr gene is known to be amplified, or 
copied, in the host chro~osome. This amplification 
can involve DNA sequences closely contiguous with the 
dhfr gene. Plasmid pL141 is a vector of the present 
invention comprising both the dhfr gene and also the 

25 nascent protein c structural gene under the control of 
the SV40 early promoter. 

To construct plasmid pL141, a single BamHI 
site on plasmid pSV2-dhfr was converted to an XhoI site, 
yielding plasmid pSV2-dhfr-X. Two restriction fragments 

30 of plasmid pL133, an ~0.64 kb PvuII-BstEII fragment and -- . 



X-6737 -18-

an ~2.7 kb BstEII-EcoRI fragment, comprising the nascent 
protein c structural gene, were isolated and, after 
first converting the PvuII-BstEII fragment into an 
XhoI-BstEII fragment, ligated into EcoRI-XhoI-cleaved 

5 plasmid pSV2-dhfr-X. The resultant plasmid, designated 
pL141, is illustrated in Fiqure 5 of the accompanying 
drawings; the construction is also described in 
Example 5. 

Illustrative plasmids of the present invention 
10 which were constructed for expression of protein c 

activity in mammalian and other eukaryotic host cells 
also utilize promoters otjler than the SV40 early pro­
moter. The presen~ invention is in no way limited to 
the use of the particular eukaryotic promot~rs exempli-

15 fied herein. Other promoters, such as the SV40 late 
promoter or promoters from eukaryotic genes, such as, 
for example, the· estrogen-inducible chicken ovalbumin 
gene, the interferon genes, the glucocorticoid-inducible 
tyrosine aminotransferase gene, the thymidine kinase 

20 gene, and the major early and late adenovirus genes, 
can be readily isolated and modified for use on recom­
binant DNA expression vectors designed to produce 
protein c in eukaryotic host cells. Eukaryotic promoters 
can also be used in tandem to drive expression of 

25 protein c. Furthermore, a large number of retroviruses 
are known that infect a wide range of eukaryotic host cells. 
Long terminal repeats in the retrovirus DNA often encode 
promoter activity and can be used, in place of the SV40 
ea~ly promoter described above, to drive expression of 

30 human.protein c. 

------ -------------
-----
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_Plasmid pRSVcat (ATCC 37152) comprises portions 

of the long terminal repeat of the Rous Sarcoma virus 

(RSV), a virus knoWn to infect chicken and other host 

cells. The RSV long terminal repeat sequences can be 

5 isolated on an ~o.76 kb NdeI-HindIII restriction fragment 

of plasmid pRSVcat. When cloned into the ~5.1 kb NdeI­

HindIII fragment of plasmid pL133, the promoter in the 

RSV long terminal repeat (Gorman et al., 1·9s2, P.N.A.S. 

79:6777) replaces the SV40 early promoter and is positioned 

10 correctly to drive transcription and expression of the 

nascent human protein C structural gene. The resultant 

plasmid, designated pL142, is illus'trated in Figure 6 

of the accompanying drawings. The construction of plasmid 

pL142 is also described in Example 6. 

15 Another plasmid of the present invention 

utilizes the Rous Sarcoma virus long terminal repeat 

promoter to drive expression of protein C and contains 

the dhfr gene for purposes of selection and gene ampli­

fication. The plasmid, designated pL151, was con-

20 structed by ligat~ng the ~4.2 kb EcoRI-XhoI restriction 

fragment of plasmid pSV2-dhfr-X to the ~1.06 kb 

. BstEII-NdeI restriction fragment of plasmid pL142 and.to 

the ~2.74 kb BstEII-EcoRI restriction fragment of 

plasmid pL133. In order to accomplish the ligation and 

25 construction of plasmid pL151, the NdeI site of the 

pL142 restriction fragment used in the ligation was 

converted to an Xhol site by the addition of DNA 

linkers. The construction of plasmid pL151 is described 

in Example 9, below, and a restriction site and function 

30 map of the plasmid is presented_ in Figure 9 of the 

accompanying drawings. 

-·········-·---
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Plasmid pMSVi (NRRL B-15929) comprises the long 

terminal repeats of the Murine Sarcoma virus (MSV), a 

virus known to infect mouse and other host cells. 

Cloning the ~1.4 kb Bell restriction fragment of plasmid 

5 pSV2-HPC8 into the single BglII restriction enzyme recog­

nition sequence of plasmid pMSVi places the nascent 

protein C structural gene under the control of the MSV 

long terminal repeat promoter. The resulting plasmid, 

designated pMSV-HPC '· is illustrated in Figure 7 of the 

10 accompanying ~rawings. The construction of plasmid 

pMSV-HPC is also described in Ex~ple 7. 

~he mouse metallothionein (MMT) promoter has 

also been well characterized for use in eukaryotic host 

cells. The MMT promoter is present in the 15 kb plasmid 

15 pdBPV-MMTneo (ATCC 37224), which is the starting 

material for the construction of another plasmid of the 

present invention, designated pMMTaBPV-HPC. To con­

struct plasmid pMMTaBPV-HPC, plasmid pdBPV-MMTneo was 

first digested with BamHI and then religated to form 

20 plasmid pMMTaBPV. This BamHI deletion removes ~a kb of 

bovine papillomavirus (BPV) DNA. Plasmid pMMTaBPV was 

then digested with BglII, and the ~1.4 kb Bell restric­

tion fragment of plasmid pSV2-HPC8 was ligated into the 

BglII-digested plasmid. The resulting plasmid, 

25 designated pMMTaBPV-HPC, comprises the nascent protein C 

structural gene positioned for transcription and ex­

pression from the MMT promoter. Immediately adjacent to 

and downstream of "the nascent protein c structural gene 

in plasmid pMMTaBPV-HPC is the G418 resistance-conferring 

30 gene, which is controlled by the metallothionein pro­

moter and allows for selection of hosts transformed with 
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5 

plasmid pMMTABPV-HPC. The construction of plasmid 

pMMTABPV-HPC is described in.Example 8; a restriction 
site and function map of the plasmid is presented in 
Figure 8 ot the accompanying drawings. 

The.vectors describe~ above, excluding plasmid 

pHC7, can be transformed into and expressed in a variety 
of eukaryotic, especially mammalian, host cells. Because 
plasmids pSV2-HPC8, pL142, and pL133 possess no selectable 
marker with which to isolate and identify stable trans-

10 formants, these vectors are most useful for purposes of 
transient assay, as described in Example 12 below, or 
for purposes of cotransformation. All of the vectors, 
including plasmid pHC7, comprise sequences that allow 

for replication in ~· coli, as it is usually more efficient 
15 to prepare plasmid DNA in E. coli than in other host 

organisms. 
Expression of the nascent human protein C 

structural gene contained on the above-described vectors 
occurs in those host cells in which the particular 

20 promoter associated with the nascent human protein C 
structural gene functions. The SV40 early promoter, the 

Rous Sarcoma virus long terminal repeat promoter, the 
Murine Sarcoma virus long terminal repeat promoter, 
and the mouse metallothionein promoter function in a 

25 wide variety of host cells. Preferred host cells for 
plasmids pSV2-HPC8, pL133, pL132, pLlSl, pL141, pMSV-HPC, 
pMMTABPV-HPC and pL142 are listed in Table I, along with 

appropriate comments. 
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Table I 

Preferred Host Cells for Plasmids pSV2-HPC8, pL133, pL132, pLlSl, pL141, pMSV-HPC, pMMTtLBPV-HPC, and pL142. 

Host Cell Origin 

HepG-2 Human Liver Hepatoblastoma 

Aedes aegypti Mosquito Larvae 

CV-1 African Green Monkey Kidney 

LLC-MK2 original Rhesus Monkey Kidney 

LLC-MK2 derivative Rhesus Monkey Kidney 

3T3 

CHO-Kl 

Mouse Embryo Fibroblasts 

Chinese Hamster Ovary 

Antheraea eucalypti Moth ovarian tissue 

HeLa 

RPMI8226 

H4IIEC3 

Cl27I 

HS-Sultan 

Human Cervix Epitheloid 

Human Myeloma 

Rat Hepatoma 

Mouse Fibroblast 

Human Plasma Cell 
Plasmocytoma 

Source 

*ATCC II HB 8065 

ATCC fl CCL 125 

ATCC II CCL 70 

ATCC fl. CCL 7 . 

ATCC fl CCL 7 . 1 

ATCC fl CCL 92 

ATCC fl CCL 61 

ATCC fl CCL 80 

ATCC II CCL 2 

ATCC fl CCL 155 

ATCC II CRL 1600 

ATCC fl CRL 1616 

ATCC fl CRL 1484 

Comments 

U.S. Patent No. 4,393,133 describes 
the use·of this cell line. 

Grows faster than ATCC 
fl CCL 7 

Proline-requiring. Derivatives of 
CHO-Kl, such as the dhfr- deriv- · 
ative DXBll, can be generated from 
this host. 

IgG lambda-type light 
chain secreting 

Derivatives, such as 8-azaguanine­
resistant FAZA host cells, can be 
generated from this host. 

*American Type Culture Collection, 12301 Parklawn Drive, Rockville, Maryland 20852-1776 
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Preferred transformants of the present inven­

tion are: HepG-2/pL132, HepG-2/pMSV-HPC, HepG-2/pL141, 

HepG-2/pLlSl, HepG-2/pMMTABPV-HPC, H4IIEC3/pL141, 

H4IIEC3/pL132, H4IIEC3/pMMTABPV-HPC, H4IIEC3/pMSV-HPC, 

5 H4I IEC3/pL151, LLC-MK2/pL132, LLC-MK2/pMMTABPV-HPC., 

LLC-MK2/pL141, ·LLC-MK2/pL151, Cl27I/pMMTABPV-HPC, Cl27I/-. 

pMSV-HPC, Cl27I/pL151, 3T3/pMSV-HPC, 3T3/pMMTABPV-HPC, 

3T3/pL132, 3T3/pL141, 3T3/pL151, RPMI8226/pM~V-HPC, 

RPMI8226/pMMTABPV-HPC, RPMI8226/pL132, RPMI8226/pL141, 

10 RPMI8226/pL151, CHO-Kl/pMSV-HPC, CHO-Kl/pMMTABPV-HPC, · 

CHO-Kl/pL132, CHO-Kl/pLi41, CHO-Kl/pL151, CHO-Kl(dhfr-)/­

pMSV-HPC, CHO-Kl(dhfr-)/pMMTABPV-~C, CHO-Kl(dhfr-)/pL132, 

CHO-Kl(dhfr-)/pL141, and CHO-Kl(dhfr-)/pLlSl 

The present DNA co~pounds can also be ex-

15 pressed in prokaryotic host cells such as, for example; 

E. coli, Bacillus, and Streptomyces. Since prokaryotic 

host cells usually do not glycosylate, y-carboxylate, or 

~-hydroxylate mammalian proteins made from recombinant 

genes, a variety of novel human protein C derivatives 

·20 can be produced by expressing the present protein C 

activity-encoding DNA in prokaryotic host cells. The 

novel protein c derivatives expressed in prokaryotic 

host cells show varying degrees of protein C activity 

and can be used to study post-translational modification. 

25 These novel derivatives can also be used as 

antigen to stimulate protein c-specif ic antibody produc­

tion or can be used in protein C assays. Many assays 

use competitive antibody-binding to measure levels of a 

protein in a sample. Thus, radioactively (or other) 

30 labelled, pro~aryotic-produced, human protein c can be 

'.,.... .... 
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used as the "competing molecule" in an assay for protein 
c in blood plasma. Skilled artisans will readily 
understand that the ability to conduct such assays is 
essential during any in- or out-patient therapeutic 

5 course of treatment involving protein C and for diag­
nostic purposes in patients with coagulation problems. 

Furthermore, .the anticoagulant activity of 
human protein c can be separated from the prof ibrino­
lytic activity of human protein c by removing the y-car-

10 boxylated glutamic_acid residues from the protein. 
Activated human protein c contains several y-carboxylated 
glutamic .acid ( gla) residues clus_tered _near the am~no­
terminus of the light chain, and removal of these residues 
destroys the anticoagulant activity but not the profibrin-

15 olytic activity of the resulting 11 gla-less 11 protein C. 
The present invention provides for the production of 
gla-less protein C in two distinct ways: (1) by 
deleting the DNA encoding amino acid residues 1-83, the 
"gla-domain" of human protein c, of the nascent human 

20 protein c structural gene and expressing.the deleted DNA 
in eukaryotic (or prokaryotic) host cells; or (2) by 
expressing the nascent human protein c structural gene, 

.or a subfragment or derivative thereof, in E.coli or 
other suitable prokaryotic host cells which do not.y-car-

25 boxylate recombinant-produced human protein c. 
Before expressing the protein C activity­

encoding ONA compounds of the present invention in 
prokaryotic host cells, the eukaryotic signal peptide­
encoding DNA was removed. Theoretically, the first 33 

30 amino acid residues at the amino-terminus of nascent 

This Sheetl{, B ·- -.. ····- -
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human protein c· act as a signal peptide to direct secre­
tion of· protein C from the liver into the bloodstream. 
The present invention is not limited to the use of a 
particular eukaryotic signal peptide for expression of 

5 , protein C activity in eukaryotic host cells. As a 
general rule, prokaryotes do not efficiently process 
eukaryotic signal peptides; therefore, it would probably 
be somewhat inefficient to express the signal peptide-. . 

encoding portion of the nascent human protein c structural 
10 gene in prokaryotes. Although not specifically exemplified 

herein, the present invention also comprises the fusion 
of a prokaryotic signal peptide-encoding DNA to the 
protein c activity-encoding DNA of the present invention 
for expression and secretion of protein c activity in 

15 prokaryotes. 
As stated above, amino acid residues 1-33 of 

. . 
nascent human protein C may encode a "signal" for extra-
cellular secretion and are not present in active protein C. 
Residues 34-42 of nascent human protein C, which comprise 

20 the pro peptide of human protein c, are also removed 
during the processing and activation of the protein and are 
believed to be responsible for the correct folding and 
modification of the molecule. Residues 33-42 of nascent 
human protein c are encoded in the prokaryotic expression 

25 vector exemplified below, but the present invention also 
comprises ~e prokaryotic expression vector encoding 
residues 34-42, and not residue 33, of nascent human 
·protein c. 

However, the pre~ent invention is not limited 
30 to the expression of a particular protein c deriva-

..... 
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tive. The present DNA compounds are readily modified to 
delete that portion encoding amino acid residue~ 1-42 
or 1-83 of nascent human protein C for expression of 
the resulting derivative. Furthermor·e, the present com-

5 .pounds are easily manipulated to separate the DNA 
encoding the active human protein C light chain (amino 
acid residues 43-197) from the DNA encoding the active 
human·protein c heavy chain (amino acid residues 212-
461), for the construction of vectors that drive expres-

10 sion of either the light or heavy chain of active human 
protein c. In this manner, the two chains can be inde­
pendently .produced in suitable, whether eukaryoti~ or 
prokaryotic, host cells and then chemically recombined 
to synthesize active human protein c. 

15 In addition to the proteolytic processing 
described above involving amino acid residues 1-42, 198, 
and 199 of nascent human protein C, the activation of 
the protein c zymogen also involves th~ removal of amino 
acid residues 200-211. This processing occurs naturally 

20 in vivo and, more specifically, is believed to occur in 
the bloodstream. A variety of useful protein C deriva­
tives exist during activation, ·any of which could be 
encoded on a recombinant DNA expression vector. Such a 
vector would allow the recombinant production of an 

25 inactive form of human protein C that could be activated 
in the human circulatory system or in accordance with 
the procedure of Example 15. 

Separate production and subsequent chemical 
recombination of the light and heavy chains of human 

30 protein c can also be used to c~eate a variety of other 
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useful protein c derivatives. For instance, producing a 
_light chain molecule comprising either amino acid residues 
33-197, 34-197, or 43-197 of nascent human protein c and 
chemically recombining that light chain with a heavy chain 

5 molecule comprising either amino acid residues 200-461 or 
212-461 of nascent human protein c prod~ces a protein c 
derivative that would either be active or active upon 
cleavage of the.peptides comprising residues 33~42 or 
34-42 and 200-211, and such cleavage naturally occurs 

10 in the human circulatory system. 
Plasmid pCZ460 is a plasmid of the present 

invention designed to express protein C activity in E. 
coli. Plasmid pCZ460 was constructe4 from plasmid 
pCZlOl, plasmid pHC7, and a variety of DNA linker~. 

15 Plasmid pCZlOl is described by Schoner et al., (1984) 
Proc. Natl. Acad. Sci. USA 81 5403-5407. A restriction -- -- -- ---- . 

site and function map of pCZlOl is presented for con-
venience in Figure 10 of the accompanying drawings. 

Through a variety of manipulations, described 
20 in Example 10, a synthetic XbaI-NdeI linker was intro­

duced downstream from the ~ promoter in plasmid 
pcz101~ The resulting plasmid, designated pCZll, was 
further modified by the addition of another DNA linker 
encoding a methioninyl re~idue and amino acid residues 

25 33-39 of nascent human protein c (as numbered above). 
This plasmid, designated pCZ451, was then cut with 
BamHI, and then the "-l.2 kb BamHI fragment of plasmid 
pHC7, encoding amino acid residues 39-445, was inserted 
to yield plasmid pCZ455. Plasmid pCZ455 was further 

30 modified to remove an extra Ndel linker inadvertently 
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attached during an earlier construction step, yielding 

plasmid pCZ459. 

Plasmid pCZ459. comprises the !EE. promoter 

positioned for expression· of DNA encoding a methionyl 

residue and 
protein c. 
copy number 

amino acid residues 33-445 of nascent human 

In E. coli Kl2 RV308, at temperatures where 

control is lost (> ~25°C), plasmid pCZ459 

expresses a functional polypeptide of molecular weight 

of about 50 kilodalton~ which comprises a methionyl 

10 residue, amino acid residues 33-445 of nascent human 

protein C, and about 36 amino acid residues encoded by 

plasmid DNA initially isolated from the .E. coli .!EE. gene. 

A restriction site and function map of plasmid pCZ459 

15 
is presented in Figure 12 of the accompanying drawings. 

·. 

DNA encoding amino acid residues 446-461 of 

the carboxy-terminus of human protein C was introduced 

into plasmid pCZ459 to give plasmid pCZ460. The con­

struction of plasmid pCZ460 was. accomplished by first 

inserting the ~a.as kb PstI restriction fragment of 

20 plasmid pHC7, comprising the carboxy-terminus-encoding 

DNA, into plasmid pUCl 9 (commercially availabl_e from 

Pharmacia, Inc., 800 Centennial Dr., Piscataway, NJ 

OS854) to yield plasmid pUC19HC. Plasmid pUC19HC 

comprises an ~so bp BamHI restriction fragment from 

25 which the carboxy-terminus-encoding DNA of the protein c 
structural gene can be isolated. Plasmid pUC19HC was 

cleaved with BainHI, and the ~so bp BamHI fragment was 

isolated and inserted into plasmid pCZ459 to yield 

plasmid pCZ460. Plasmid pCZ460 encodes and drives ex-

30 pression of a polypeptide identical to nascent protein C, 

.......... ·-- ...... _ -
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except for the absence of amino acid residues 2-32. The 
construction of plasmids pUC19HC and pCZ460 is described 
in more detail in Example 11. 

Expression of human protein C activity in E. 
5 coli is in no way limited to the use of a particular 

promoter, since the choice of a specific promoter is not 
_critical to the operability of the present invention. 
Promoters which can be substituted for the previously 
exemplified lipoprotein promoter include, but are not 

10 limited to, the E. coli lactose (lac), the E. coli~, 
bacteriophage A PLOL, and bacteriophage A PRoR·promoters. 
In addit~on, _one ~r more promoters can be used in 
tandem, such_ as, for example, the~ and lac promoters, 
or hybrid promoters, such as the tac promoter, can be 

15 used to drive expression of the protein c structural 
gene. All of the aforementioned promoters have been 
prev.iously characterized, are well known in the art, 
and can be constructed either synthetically or from 
known plasmids. 

20 Plasmid pCZ460 replication is determined by a 
thermoinducible runaway replicon disclosed in Schaner 

·et al, (1984) Proc. Natl. Acad. Sci. USA 81 5403-5407. 
At temperatures below 30°C, especially 25°C, the 
replicon maintains a relatively low copy number of about 

25 10-15 copies per cell. When the temperature is raised 
to 37°C, copy number control is lost and plasmids con­
taining the replicon amplify to 1000-2000 copies per 
cell. Skilled artisans will understand that the present 
invention is not limited to the use of any particular 

30 runaway replicon or copy number mutant. Other inducible 

·~-~. -... 
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runaway or high copy number replicons can be obtained by 
appropriate selection or can be constructed. Such 
replicons can be used to construct expression vectors 
that are· also within the scope of the.present invention. 

The cloning of foreign genes, such as the 
human protein c derivative gene of the present invention, 
into vectors containing a runaway replicon results, upon 
in~uction and loss of copy number control, in a greatly 
increased rate of protein synthesis and the concomitant 

10 formation of. intracellular proteinaceous granules. The 
granules are highly homogeneous in their protein composi­
tion, with the desired protein product comprising at . 
least 50% and often exceeding 80% by dry weight of the 
granule. The present granules can be readily isolated 

15 from cell lysates and are stable to washing in low 
concentrations of urea or detergents. Washing removes 
proteins that bind non-spe_cifically to the granule. 

However, the present invention is not limited 
to the use of a runaway replicon~containing plasmid 

20 for expression of protein c activity in E. coli. · Many 
replicons, such as those· from.plasmids pBR322, pBR328, 
pACY:Cl84, and the like, are known in the art and are 
suitable for the construction of recombinant DNA cloning 
and expression vectors designed to drive ex!>ression of 

25 the protein c-encoding DNA compounds of the present 
invention. Neither is the present invention limited to 
the actual selectable markers present on the plasmids 
exemplified herein. A wide variety of selectable markers 
ex'ist, both for eukaryotiC and prokaryotic host Cells I 

30 that are suitable for use on a recombinant DNA cloning 
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10 

15 

or expression vector comprising a DNA compound {or 
sequence) of the present inv~ntion. 

Many modifications and variations of the 
present illustrative DNA sequences and plasmids are 
possible. For example, the degeneracy of the genetic 
code allows for the substitution of nucleotides through­
out polypeptide coding regions as well as for the sub­
stitution of the TAA or TGA translational stop signals 

Ill Ill 

ATT ACT 

for the TAG translational stop signal specifically 
I I I 

ACT 

exemplified. Such sequences can be deduced from the 
now-known amino acid or DNA sequence of human protein c 
and can be constructed by following conventional syn­
thetic procedures. Such synthetic methods can be car-

20 ried out in substantial accordance with the procedures 
of Itakura et·a1., 1977 Science 198:1056 and Crea et al., 
1978, Proc. Nat. Acad. Sci. USA 75:5765. Therefore, the 
present invention is in no way limited to the DNA 
sequences and plasmids specifically exemplified. 

25 The prokaryotic expression vectors and method 
of this invention can be applied to a wide range of host 
organisms, especially Gram-negative prokaryotic 
organisms such as Escherichia coli, E. coli K12, E. 
coli Kl2 RV308, E. coli Kl2 HBlOl, E. coli K12 C600, 

30 E. coli Kl2 RRl, E. coli Kl2 RR16Ml5, E. coli K12 MM294, 
and the like. Although all of the embodiments of the 
present inventi·on are useful I 
transformants are preferred. 
is E. coli Kl2 RV308/pCZ460. 

some of the vectors and 
A preferred transformant 
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Those skilled in the art will recognize that 
the expression vectors of this invention are used to 
transform either e~karyotic or prokaryotic host cells, 
such that a polypeptide with human protein c activity is 

5 expressed by the host cell. If the host cell is trans­
formed with a vector comprising a promoter that functions 
in the host cell and drives transcription of the nascent 
hliman protein c structural gene, and if the host cell 
possesses the cellular machinery with which to process 

10 the signal peptide, protein C activity can be isolated 
from the media.. Under other expression conditions, such 
as when plasmid pCZ460 is in ~· coli R~308, the protein C 
activity must be isolated from the host cell. 

As stated above, protein C produced by re-
15 combinant methodology will have a profound effect on 

the treatment of thrombotic disease. Persons who are 
homozygous or heterozygous for protein c deficiency 
suffer from severe thrombosis and are presently treated 
with clotting Factor IX concentrate, which contains 

20 protein c. For treatment of these human protein C-defi­
cient homozygotes, assuming ~3000 ml of blood plasma 
and some diffusi.on into the extravascular space, 
recombinant-produced protein c can be administered twice 
daily at levels ranging from 5 mg to 100 mg per dose, 

25 assuming the zymogen form of the enzyme is administered. 
Heterozygotes for protein C deficiency will need lower 
doses of protein c than homozygotes, ranging from 2.5 mg 
to 50 mg per dose of the zymogen form of the enzyme. 

Recombinant-produced protein c will also be 
30 useful in the prevention and treatment of a wide variety 
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of acquired- disease states involving intravascular 
coagulation, including deep vein thrombosis, pulmonary 
embolism, peripheral arterial thrombosis, emboli 
or~ginating from the heart or peripheral arteries, acute 

5 myocardial infarction, thrombotic strokes, arid dis-· 
seminated intravascular coagulation. Experimental and 
clinical data suggest that conventional anticoagulants, 
particularly warfarin, are useful in the treatment of 
invasive cancers and act to prevent or reduce the distant 

10 metastatic lesions of these malignancies. Recombinant­
produced protein C represents an attractive alternative 
to conventional anticoagulants in these clinical situa­
tions for the reasons detailed below. 

Deep vein thrombosis and pulmonary embolism 
15 can be treated with conventional anticoagulants, but a 

far more attractive clinical approach is to prevent the 
occurrence of thromboembolic complications in identified 
high risk patients, such as, for example, patients 
undergoing surgery, patients who are chronically 

20 bedridden, and patients with congestive heart failure. 

..... 
·-":· 

over 50% of surgical patients age 50 and over 20% of all 
surgical pati~nts in general suffer from deep vein thrombosis 
following surgery, and about 20% of all post-surgical cases 
of deep vein thrombosis are complicated by one or more 

25 pulmonary emboli. Presently, low doses of heparin (e.g. 
5,000 units every 8 hours) are administered both pre- and 
post-surgery to prevent deep vein thrombosis. Low-dose 
heparin occasionally causes·heavy bleeding during and 
after surgery. Since activated protein c is more selec-

30 tive than heparin, being active only when and where 
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thrombin is generated and fibrin thrombi are formed, 

protein C will be more effective and less likely to 

cause bleeding complications than heparin when used 

prophylactically for the prevention of deep vein throm~ 

5 basis. The dose of recombinant-produced protein C for 

prevention of deep vein thrombosis is in the range from 

1-10 mg/day, and administration of protein c should begin 

6 hours prior to surgery and continue until the patient 
becomes mobile. In established, objectively-documented, 

10 deep vein thrombosis and/or pulmonary embolism, ~e dose 

of activated protein c ranges from 1-10 mg as a loading 

dose followed by a continuous infusion in amounts rang~ng 

from 3-30 mg/day. Similar dosage schedules are applicable 

for the treatment of peripheral arterial thrombi. Because 

15 of the lower likelihood of bleeding complications from 
activated protein c infusions, activated protein C can 

replace heparin intra- and post-surgically in conjunction 

with thrombectomies or embolectomies, surgical procedures 

which are often necessary to save ischemic limbs from 

20 amputation in the setting of an acute arterial obstruction. 
Arterral emboli originating from the heart are 

frequent complications in diseases of the heart in­
volving heart valves, in patients with artifical heart 
valves, in acute myocardial infarction, and in certain 

25 types of heart arrhythmias. The treatment of these 

problems with conventional oral anticoagulants is not 
always entirely effective, and as always when oral 
anticoagulants are used, the risk of bleeding compli­
cations is substantial. Activated protein C admin-

30 istered long-term, in doses comparable to those for the 



X-6737 -35-

5 

treatment of established deep vein thrombin-pulmonary 
~mbolism, through continuous infusion using portable 
pump systems has substantial utility in the prevention 
of cardiogenic emboli. 

Similarly, emboli originating from thrombi in 
peripheral arteries, most notably the carotid arteries, 
are not treated or prevented satisfactorily with 
currently used regimens, which include drugs capable of 
suppressing platelet function, oral anticoagulants, 

10 or combinations thereof. As in the case of cardiogenic 
emboli, activated protein c administered long term in 
the same manner as outlined for cardiogenic emboli has 
major potentia~ in the prevention of emboli originating 
from c~rotid artery thrombi and resulting in embolic 

15 strokes. 

Recombinant protein c is also useful in the 
treatment of thrombotic strokes. Today, strokes are not 
usually treated with conventional anticoagulants. 
Treatment of strokes with either heparin or oral anti-

20 coagulants, although occasionally beneficial, carries a 
high risk for bleeding into the infarcted brain area, 
thereby aggravating the neurological deficit accompanying 
the stroke. Because of its low potential for causing 
bleeding complications and its selectivity, protein C 

25 can be given to stroke victims and is beneficial in 
preventing the local extension of the occluding arterial 
thrombus, thereby reducing the neurological deficit resulting 
from the stroke. The amount of active p~otein C administered 
will vary with each patient depending on the nature and 

30 severity of the stroke. 

----------- -- --
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Recombinant-produced activated protei_n C will 
be a useful treatment in acute myocardial infarction 
because of the ability of activated protein C to enhance 
in vivo fibrinolysis. Activated protein c can be given 

5 with tissue plasminogen activator during the acute 
phases of the myocardial infarction. After the occluding 
coronary thrombus is dissolved, activated protein C can 
be given for additional days or weeks to prevent coronary 
reocclusion. In acute myocardial infarction, the 

10 patient is given a loading dose of 1-10 mg of activated 
protein c at the time tissue plasmin~gen activator treat­
ment is initiated.followed by a continuou~ infusion of 
activated protein C in amounts ranging from 3-30 mg/day. 

Protein c zymogen or-activated protein C is 
15 useful in the treatment of disseminated intravascular 

coagulation. As mentioned above, the levels of protein C 
in disseminated intravascular coagulation.are severely 
reduced, probably through a mechanism which involves 
the widespread activation of the protein by thrombo-

20 modulin-thrombin and the subsequent catabolism or 
inactivation of the activated enzyme. Heparin and the 
oral anticoagulants have been given to patients with. 
disseminated intravascular coagulation in extensive 
clinical trials, but the ·results of these trials have 

25 been disappointing. Characteristically, patients with 
disseminated intravascular coagulation have widespread 
thrombi involving the microcirculation with concomitant 
and often severe bleeding problems, which result from 
"consumption" of essential clotting factors, which have 

30 been first activated and then inactivated during the 
formation of widespread microcirculatory fibrin thrombi. 

lii1iU1ii1mtr 
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In disseminated intravascular coagulation, protein C has 

a distinct advantage over conventional anticoagulants·. 

Because of its selectivity, protein c will not aggravate 

the bleeding problems associated with disseminated 

5 intravascular coagulation, as do heparin and the oral 

anticoagUlants, but retards or inhibits the formation of 

additional microvascular fibrin deposits. The protein c 
zymogen, rather than the activated serine protease, is 

the preparation of choice in disseminated intravascular 

10 coagulation; the substantial quantities of thrombomodulin­

thrombin present in the microcirculation of these 

patients ~il.l insure complete activation of the zymogen 

into the active serine protease. The doses required are 

comparable to those used in homozygous or heterozygous 

15 protein c deficiency, depending on the quantities of 

protein C present in the circulation at the time of the 

start of treatment. 
Evidence has been presented that conventional 

anticoagulant drugs, particularly warfarin, are useful 

20 in the treatment of invasive malignant tumors. Many 

tumor cells produce substances which trigger the acti­

vation of the coagulation system resulting in local 

fibrin deposits. These fibrin deposits function as 

"nests" in which cancer cells can divide to form 

25 metastatic lesions. In one clinical study, it was shown 

that patients receiving warfarin in addition to cancer 

chemotherapy for treatment of small cell carcinoma of 

the lung live longer and have less extensive metastatic 

lesion~ 1ihan patients receiving chemotherapy alone. 

30 However, the cancer chemotherapy utilized in this study 
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was less intensive than that considered optimal in 

clinical oncology today. The more intensive forms of 

cancer chemotherapy almost al~ays produce a sharp drop 

in the platelet count, and thrombocytopenia combined 

5 with warfarin therapy puts the patient in an unaccept­

ably high risk for serious bleeding complications. 

Activated protein c, being more selective than conven­

tional anticoagulants and having a far higher thera­

peutic index than either heparin or the oral anticoagu-

10 lants~ can be given relatively safely to the thrombo­

cytopenic patient, thus enabling the treatment of 

patients with invasive cancers with effective intensive 
• •• -- -4 

chemotherapy in combination with activated proteinc. 

Treatment of invasive cancers with activated protein C 

15 will follow a dosage-regimen comparable to that used in 

deep vein thrombosis~pulmonary embolism. 

The compounds of the present invention can 

be formulated according to known methods to prepare 

pharmaceutically useful compositions, whereby the human 

20 protein C product of the present invention is combined 

in admixture with a pharmaceutically acceptable carrier 

vehicle·. Sui table carrier vehicles and their formulation, 

inclusive of other human proteins, e.g., human serum 

albumin, are well known in the art. Such compositions 

25 will contain an effective amount of protein C together 

with a suitable amount of carrier vehicle in order to 

prepare pharmaceutically acceptable compositions suit­

able for effective administration to the host. The . 

protein c composition can be administered parenterally, 

30 or by other methods that ensure its delivery to the 

bloodstream in an effective form. 
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The following examples further.illustrate the 
invention disclosed herein. The examples describe the 
procedures for the construction of the present inven­
tion, and explanations of the procedures are provided 

5 where appropriate. 

Example 1 

Culture of E. coli Kl2 RR1/pHC7 and Isolation of Plasmid 
10 pHC7 

A. Culture of.E. coli K12. RR1/pHC7 

One liter of L-bro~ (10 g peptone, 10 g NaCl, 
15 and 5 g yeast extract) containing 15 µg/ml tetracycline 

was inoculated with a culture of E. coli RR1/pHC7 (NRRL 
B-15926) and incubated in an air-shaker at 3'7°C until 
the optical density (O.D.) at 590 nm was ~1 absorbance 
unit, at which time 150 mg of chloramphenicol were added 

20 to the culture. The incubation was continued for about 
16.hours; the chloramphenicol addition inhibits protein 
synthesis, and thus inhibits further cell division, but 
allows plasmid replication to continue. 

25 B. Isolation of Plasmid pHC7 

The culture prepared in Example lA was centri­
fuged in a Sorvall GSA rotor (DuPont Co., Instrument 
Products, Biomedical Division, Newtown, CN 06470) at 

30 6000 rpm for 5 minutes at 4°C. The resulting super-
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natant was discarded, and the cell pellet was washed in 
40 ml of TES buffer (10 mM Tris-HCl, pH=7.5; 10.mM NaCl; 
and 1 mM EDTA) and then repelleted. After discarding the 
supernatant again, the cell pellet was frozen in a dry 

5 ice-ethanol bath and then thawed. The thawed cell pellet 
was resuspended in 10 ml of a 25% sucrose/SO mM EDTA 
solution. After adding and mixing: 1 ml of a 5 mg/ml 
lysozyme solution; 3 ml of 0.25 M EDTA, pH=8.0; and 100 µl 
of 10 mg/ml :RNAs_e A, the solution was incubated on ice 

10 for 15 minutes. Three ml of lysing solution (prepared by 
mixing 3 ml 10% Triton-X 100; 75 ml 0.25 M EDTA, pH=8.0; 
15 ml .of 1 M Tris-~Cl, pH=8.0; a~d 7 m~ ?f water) were 
added to the lysozyme-treated cells, mixed, and the 
resulting solution incubated on ice for another 15 minutes. 

15 The lysed cells were frozen in a dry ice-ethanol bath and 
then thawed. 

The cellular debris was removed from the solu­
tion .by centrifugation at 25,000 rpm for 40 minutes in 
an SW27 rotor (Beckman 7360 ·N. Lincoln Ave., Lincolnwood, 

20 IL 60646). After adding 30.44 g of CsCl and ~1 ml of a 
5 mg/ml ethidium bromide s9lution, the solution volume 
was adjusted to 40 ml and decanted into a VtiSO ultra­
centrifuge tube (Beckman). After sealing the tube, the 
solution was ~entrifuged in a VtiSO rotor at 42,000 rpm 

25 for ~16 hours. The resulting plasmid band, visualized 
with ultraviolet light, was isolated and then placed in 
a ti75 tube and rotor (Beckman) and centrifuged at 55,000 
rpm for 16 hours. Any necessary volume adjustments were 
made using TES containing 0.761 g/ml CsCl. The.plasmid 

30 band was again isolated, the ethidium bromide extracted 
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with salt-saturated isopropanol, and diluted 1:3 with 
TES buffer. Two volumes of ethanol were then added to 
the solution, followed by incubation overnight at -20°c. 
The plasmid DNA was pelleted by ·centrifuging the solution 

5 in an SS34 rotor (Sorvall) for 15 minutes at 10,000 rpm. 
The "-l mg of plasmid pHC7 DNA obtained by this 

procedure was suspended in 1 ml of TE buffer (10 mM 

Tris-HCl, pH=8.0 and i" mM EDTA) and stored at -20°c. 
A restriction site and function map of plasmid pHC7 

·10 is presented in Figure 1 of the accompanying drawings. 

Example 2 

Construction of Plasmid pSV2-HPC8 
15 

A. Isolation of the "-l.25 kb Ban! Restriction Fragment 

of Plasmid pHC7 

Fifty µl of the plasmid pHC7 DNA prepared in 
20 Example 1 were mixed with 5 µ1 ("-SO Units) of restric­

tion enzyme Ban!, 10 µl of lOX Ban! reaction buffer 
(1.5 M NaCl; 60 mM Tris-HCl, pH=7.9; 60 mM MgC12; and 
1 mg/ml BSA), and 35 µl of H2 0 and incubated until the 
digestion was complete. The BanI-digested plasmid pHC7 

25 DNA was.then electrophoresed on a 3.5% polyacrylamide 
gel (29il, acrylamide:bis-acrylamide), until the "-l.25 kb 
Ban! restriction fragment was separated from the other 
digestion products. The DNA bands were visualized by 
first staining the gel with a dilute solution of 

30 ethidium bromide and then viewing the gel with ul-tra­
violet light. 
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The region of the gel containing the ~1.25 kb 

Ban! restriction fragment was cut from the g~l, placed 
in a test tube, and broken into small fragments. One ml 
of extraction buffer (500 mM NH4QAc, 10 mM MgOAc, 

5 1 mM ~TA, 1% SDS, and 10 mg/ml tRNA) was added to the 
tube containing the fragments, which was placed at 37°C 
overnight. Centrifugation was used to pellet the 
debris, and the supernatant was transferred to a new 
tube. The debris was washed once with 200 µl of ex-

10 traction buffer; the wash supernatant was combined with 
the first supernatant from the overnight extraction. 
After passing the supernatant through ~ pl~g of glass 
wool, two volumes of ethanol were added to and mixed with 
the supernatant. The resulting solution was placed in a 

15 dry ice-eth~ol bath for ~10 minutes, and then the DNA 
was pelleted by centrifugation. 

Approximately 8 µg of the ~1.2s kb Ban! 
restriction fragment were obtained by this procedure. 
The purified fragment was suspended in 10 µl of TE 

20 buffer and stored at -20°c. 

B. Construction of the HindIII-BclI-BanI Linker -- -- --

The DNA fragments used in the construction of 
25 the linker were synthesized either by using a Systec 

1450A DNA Synthesizer (Systec Inc., 3816 Chandler Drive, 
Minneapolis, MN) or an ABS 380A DNA Synthesizer {Applied 
Biosystems, Inc., 850 Lincoln Centre Drive, Foster City, 
CA 94404) . Many DNA synthesizing instruments are known 

30 in the art and can be used to make the fragments. In 

• ·I\ 
i.lj 



X-6737 -43-

~ddition, the fragments can also be conventionally 

prepared in substantial accordance with the procedures 

of Itakura et al., 1977, Science, 198:1056 and Crea et 

al., 1978, Proc. Nat. Acad. Sci. USA, 75:5765. 

5 Five hundred picomoles of each single s·trand 

of the linker were kinased in 20 µl of reaction buffer 

containing: 15 units ("-0.5 µl) T4 polynucleotide 

kinase, 2 µl lOX ligase buffer (300 mM Tris-HCl, pH=7.8; 

100 mM MgC12 ; 100 mM dithiothreitol; and 1 mg/ml BSA), 

10 10 µl _500 µM ATP, and 7.5 µl H2 0. The kinase reaction 

was incubated at 37°C for 30 minutes, and the reaction 

was terminated by incubat~on at 100°C for 10 minutes. 

In order to ensure complete kination, the reaction was 

chilled on ice, 2 µl of 0.2 M dithiothreitol, 2.5 µl of 

15 5 mM ATP, and 15 units of T4 polynucleotide kinase were 

added, mixed, and the reaction mix incubated another 30 

minutes at 37°C. The reaction was stopped by another 

10 minute incubation at 100°c and then chilled on ice. 

Although kinased separately, the two single 

20 strands of the.DNA linker were mixed together after the 

kinase reaction. In order to anneal the strands, the 

kinase reaction mixture was incubated at 100°C for 10 

minutes in a water bath containing "'150 .ml of water. 

After this incubation, the water bath was shut off and 

25 allowed to cool to room temperature, a process taking 

about 3 hours. The water bath, still containing the 

tube of kinased DNA, was then placed in a 4°C refrig­

erator overnight. This process annealed the single 

strands. The linker constructed had the following 

30 structure: 

, . ' _- r., 
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5 

10 

5 1 -AGCTTTGATCAG-3 1 

I I I I I I I I 
3 1 -AACTAGTCCACG-5 1 

The linker was stored at -20°C until use. 

C~ Construction of the "-l.23 kb !£!!dIII-~I Restric­
tion Fragment 

The "-8 µg of "-l.25 kb Ban! fragment isolated in 
Example 2A were added to and mixed with the "-SO µl of 
linker ("-500 picomoles) constructed in Example 2B, 1 µl 
T4 DNA ligase ·("-10 units), 10 ·µl lOX ligase buffer, 

15 10 µl 10 mM ATP, and 19 µl H2 0, and the resulting liga­
tion reaction was incubated at 4°C overnight. 

The ligation reaction was stopped by a 10.minute 
incubation at 65°C. The DNA was pelleted by adding NaOAc 
to 0.3 M final concentration and 2 ·volumes of ethanol, 

20 chilling in a dry ice-ethanol bath, and then centrifuging 
the solution. 

The DNA pellet was dissolved in 10 µl lOX Apa!. 
reaction buffer (60 mM NaCl; 60 mM Tris-HCl, pH=7.4; 

60 mM MgC12 ; and 60 mM 2-mercaptoethanol), 5 µl ("-SO 

25 units) restriction enzyme Apal, and 85 µl of H2 0, and 
the reaction was placed at 37°C for two hours. The 
reaction was then stopped and the DN~ pelleted as above. 
The DNA pellet was dissolved in 10 µl lOX HindIII reac­
tion buffer (500 mM NaCl; 500 mM Tris-HCl, pH=8.0; and 

30 100 mM Mgcl2 ), 5 µl ("-SO units) restriction enzyme 
HindIII, and 85 µl of H2 0, and the reaction was placed 

at 37°C for two hours. 

i i'"" 
' .J 
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After the HindIII digestion, the reaction 
mixture was loaded onto a 3.5% polyacrylamide gel, and 

. . 
the desired ~1.23 kb HindIII-ApaI restriction fragment 
was isolated in substantial accordance. with the teaching 

5 of Ex·ample 2A. Approximately 5 µg of the desired frag­
ment were obtained, suspended in 10 µi of TE buffer, and 
stored at -20°c. 

10 
D. Isolation of the ~o.sa kb PstI Restriction Fragment 

of Plasmid pHC7 

Fifty µl of the plasmid pHC7 DNA prepared in 
Example 1 were mixed with 5 µl <~so units) of restric­
tion enzyme Pstl, 10 µl of lOX PstI reaction buffer 

15 (1.0 M NaCl; 100 mM Tris-HCl, pH=7.5; 100 mM MgC12; and 
1 mg/ml BSA), and 35 µl of H2 0 and incubated at 37°C for 
two hours. The PstI~digested plasmid pHC7 DNA was then 
electrophoresed on a 3 •· 5% poly~crylamide gel, and the 
desired ~o.sa kb fragment was purified in substantial 

20 accordance with the procedure of Example 2A. Approxi­
mately 5 µg of the desired fragment were obtained, 
suspended in 10 µl of TE buffer, and stored at -20°C. 

25 

30 

E. Construction of the PstI-BclI-BglII Linker 

The following linker was constructed and 
prepared for ligation in substantial accordance with the 
procedure of Example 2B: 

5 1 -GTGATCAA-3 1 

11111111 
3'-ACGTCACTAGTTCTAG-5' 
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Construction of the ~0.19 kb ·~1-~11 Restriction 

Fragment 

The ~s µg of ~o.sa kb Pstl fragment isolated 

5 in Example 2D were added to and mixed with the ~so µl of 

linker (~500 picomoles) constructed in Example 2E, 1 µl 

T4 DNA ligase <~10 units), 10 µl lOX ligase buffer, 

10 µl 10 mM ATP, and 19 µl H2 0, and the resulting 

ligation reactiqn was incubated at 4°C overnight. 

10 The ligation reaction was stopped·by a 10 

minute incubation at 65°C. After precipitatiori of the 

ligated DNA, the DNA pellet was dissolved in 10 .µl 10~ 

Apal reaction buffer, 5 µl (~so units) restriction 

enzyme Apa!, and 85 µ1 of H2 0, and the reaction was 

15 placed at 37° for two hours. The reaction was then 

stopped and the DNA pelleted once again. The DNA pellet 

was dissolved in 10 µl lOX Bglll reaction buffer (1 M 

NaCl; 100 mM Tris-HCl, pH=7.4; 100 mM MgC12 ; and 100 mM 

2-mercaptoethanol), 5 µl (~50 units) restriction enzyme 

20 BglII, and 85 µl H2 0, and the reaction was placed at 

37°C for two hours. 

After the BglII digestion, .the reaction 

mixture was loaded onto a 3.5% polyacrylamide gel, and 

the desired ~o.19 kb ApaI-BglII restriction fragment was 

25 isolated in substantial accordance with the teaching of 

Example 2A. Approximately 1 µg of the desired fragment 

was obtained, suspend~d in 10 µl of TE buffer, and 

stored at -20°C. 

J-·~ ... 
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G. Isolation of HindIII-BglII-Digested Plasmid pSV2-gpt 

Approximately 10 µg"of plasmid pSV2-gpt DNA 

(ATCC 37145) were dissolved in 10 µl lOX HindIII 

5 reaction buffer, 5 µl c~so units) restriction enzyme 

HindIII, and 85 µl H2 0, and the reaction was placed at 

37°C for 2 hours. The reaction mixture was _then made 

0.25 M in NaOAc, and after adding two volumes of 

ethanol and chilling in a dry ice-ethanol bath, the · 

10 DNA was pelleted by centrifugation. 

The DNA pellet was dissolved in 10 µl lOX 

BglII buffer, 5 µl (~50 units) restriction enzyme BglII·, 

and 85 µl H2 0, and the reaction was placed at 37°C ·for. 

two hours. After the BglII digestion, the reaction 

15 mixture was loaded onto a 1% agarose gel, and the 

fragments were separated by electrophoresis. After 

visualizing the gel with ethidium bromide and ultra­

violet light, the band containing the desired ~5.1 kb 

H~ndIII-BglII· fragment was cut from the gel and placed 

20 in dialysis tubing, and electrophoresis was continued 

until the DNA was out of the agarose. The buffer 

containing the DNA from the dialysis tubing was 

extracted with phenol and CHC13 , and then the DNA was 

precipitated. The pellet was resuspended in 10 µl of TE 

25 buffer and constituted ~5 µg.of the desired ~s.1 kb 

HindIII-BglII restriction fragment of plasmid pSV2-gpt. 



X-6737 -48-

H. Ligation of Fragments to Construct. Plasmid pSV2-HPC8 

Two µl of the "-l.23 kb HindIII-ApaI restriction 
fragment prepared in Example 2C, 3 µl of the "-0.19 kb 

5 ApaI-BglII fragment prepared in Example 2F, and 2 µl of 
the "-5.1 kb HindIII-BglII 'fragment prepared in Example 2G 
were mixed together and then incubated with 10 µl lOX 
ligase buffer, 10 µl 10 mM ATP, 1 µl T4 DNA ligase ("-10 

·units), and 72 µl of H2 0 at 16°C overnight.. The ligated 
10 DNA constituted the desired plasmid pSV2-HPC8; a re­

striction site and function map of the plasmid is 
presented in Figure 2 of the . ac_companying drawings. 

15 

I. Construction of E. coli K12 RRl/pSV2-HPC8 

A 50 ml culture of E. coli Kl2 RRl (NRRL 
B-15210) in L-broth was grown to an O.D. at 590 nm of 
"-0.2. The culture was chilled on ice for ten minutes, 
and the cells were collected by centrifugation. The 

20 cell pellet was resuspended in 25 ml of cold 100 mM 
cac12. and incubated on ice for 25 minutes. The cells 
were once again pelleted by centrifugation, and the 
perlet was resuspended in 2.5 ml of cold 100 mM cac12 
and incubated on ice overnight. 

25 Two hundred µl of this cell suspension were 
mixed with the ligated DNA prepared in Example 2H and 
incubated on ice for 20 minutes. The mixture was then 
incubated at 42°C for 2 minutes, followed by a 10 minute 
incubation at room temperature. Three ml of L-broth 

30 were added to the.cell mixture, and then the cells were 
incubated in an air-shaker at 37°C for two hours. 
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Aliquots of the cell mixture were plated on 
L-agar (L-broth with 15 g/l agar) plates containing 
100 µg/ml ampicillin, and the plates were then incubated 
at 37°C. E. coli K12 RR1/pSV2-HPC~ transformants were 

5 verified by restriction enzyme analysis of their plasmid 
DNA. Plasmid DNA was obtained from the E. coli K12 
RRl/pSV2-HPC8 in substantial accordance with the teaching of 
Example 1, except that ampicillin, not tetracycline, was 

10 

15 

the antibiotic used for selection. 

Example 3 

Construction of Plasmid pL133 

A. Isolation of the "'0.29 kb HindIII-SalI Restriction 

Fragment of Plasmid pSV2-HPC8 

Fifty µg of plasmid pSV2-HPC8 were dissolved 
in 10 µl lOX HindIII reaction buffer, 5 µl ("'SO units) 

20 restriction enzyme Hind!!!, and 85 µl H2 0, and the 
reaction was incubated at 37°C for two hours. After the 
Hindlll digestion, the DNA was precipitated, and the DNA 
pellet was dissolved in 10 µl lOX Sall reaction buffer 
(1.5 M NaCl; 60 mM Tris-HCl, pH=1.9; 60 mM MqC12; 60 mM 

25 2-mercaptoethanol; and 1 mg/~l BSA), 5 µl ("'SO units) 
restriction enzyme Sall, and 85 µl of H2 0. The result--- . 
ing Sal! reaction mixture was incubated for 2 hours at 
37°C. 

This Sheet Has Been Replaced 

1111111111111111111111111 
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The HindIII-SalI-digested plasmid pSV2-HPC8 
was loaded onto a 3.5% polyacrylamide gel and electro­
phoresed until the desired ~o.29 kb HindIII-SalI 
restriction fragment was clearly separated from the 

5 other reaction products. The desired fragment was 
purified in substantial accordance with the teaching of 
Example 2A. The ~2 µg of fragment obtained were 
suspended in 10 µl of TE buffer and stored at -20°C. 

10 B. Isolati.on of the ~1.15 kb ~I-!!g!II Restriction 

Fragment of Plasmid pSV2-HPC8 

Fifty µg of plasmid pSV2-HPC8 were dissolved 
in 10 µl lOX BglII reaction buffer, 5 µl (50 units) 

15 restriction enzyme Bglll, and 85 µl H2 0, and the 
reaction was incubated at 37°C for two hours. After the 
BglII digestion, the DNA was precipitated, and the DNA 
pellet was dissolved in 10 µl lOX Sall reaction.buffer, 
5 µl restriction enzyme Sall, and 85 µl of H2 0. The 

20 resulting Sall reaction mixture was incubated for 2 
hours at 37°C. 

The Sall-BgllI-digested plasmid pSV2-HPC8 was 
loaded onto a 3.5% p~lyacrylamide gel and electro­
phoresed until the desired ~1.15 kb SalI-BglII restric-

25 tion fragment was clearly separated from the other reaction 
products. The desired fragment was purified in substantial 
accordance with the teaching of Example 2A. The ~s µg of 
fragment obtained were suspended in 10 µl of TE buffer 
and stored at -20°C. 

30 
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c. Isolation of the ~4.2 kb !!g!II-!!!!!dIII Restriction 

Fragment of Plasmid pSV2-P-globin 

The isolation of the desired ~4.2 kb 
5 BglII-HindIII restriction fragment of plasmid pSV2-

p-globin (NRRL B-15928) was accomplished in substantial 
accordance with the teaching .of Example 2G, with the 
exception that plasmid psv2-p-globin, rather than 
plasmid pSV2-gpt, was used. The ~5 µg of DNA obtained 

10 were suspended in 10 µl of TE buffer and stored at 
-20°c. 

D. Ligation of Fragments to Construct Plasmid pL133 

15 Two µl of the fragment obtained in Example 3A, 

2 µl of the fragment obtained in Example 3B, and 2 µl of 
the fragment obtained in Example 3C were mixed together 
and ligated in substantial accordance with the procedure 
of Example 2H. The ligated DNA constituted the desired 

20 plasmid pL133; a restriction site and function map of 
the plasmid is presented in Figure 3 of the accompanying 
drawings. 

25 

E. Construction of E. coli K12 RR1/pL133 

The desired E. coli K12 RR1/pL133 transform­
ants were constructed in substantial accordance with the 
teaching of Example 21, with the exception that plasmid 
pL133, rather than plasmid pSV2-HPC8, was used as the 

30 transforming DNA. Plasmid DNA was obtained from the E. 

.•·· ... . . . ·-
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5 

10 

. 
coli K12 RR1/pL133 transformants in substantial accord-

ance with the proced~re of Example 1, except that the 

antibiotic used in c·ulturing the cells was ampicillin, 

not tetracycline .. 

A. 

Example 4 

Construction of Plasmid pL132 

Isolation of the ~5.7 kb !!!!!dIII-~II Restriction 

Fragment of Plasmid pSV2-neo 

The isolation of the ~5.7 kb HindIII-BglII 

restriction fragment of plasmid pSV2-neo (ATCC 37149) 

15 ·was accomplished in substantial accordanqe with the 

teaching of Example 2G, with the exception that plasmid 

pSV2-neo, rather than plasmid pSV2-gpt, was used. The 

~s µg of DNA obtained were suspended in 10 µl of TE 

buffer and stored at -20°c. 

20 

B. Ligation of Fragments to Construct Plasmid pL132 

Two µl of the ~s.7 kb HindIII-BglII restriction 

fragment of plasmid pSV2-neo (prep~red in E~ample 4A), 

25 2 µl of the ~o.29 kb HindIII-SalI restriction fragment 

of plasmid pSV2-HPC8 prepared in· Example 3A, and. 2 µl of 

the ~1.15 kb Sall-Bglll restriction fragment of plasmid 

pSV2-HPC8 prepared in Example 3B were mixed together and 

ligated in ~ubstantial accordance with the procedure of 

30 Example 2H. The ligated DNA constituted the desired 
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5 

pla~mid pL132; a restriction site and function map of 
the plasmid is presented in Figure 4 of .the accompanying 

drawings. 

c. Construction of E. coli K12 RR1/pL132 

The desired E. coli K12 RR1/pL132 transform­
ants were constructed in substantial accordance with the 
teaching of Example 21, with the exception that plasmid 

10 pL132, rather than plasmid pSV2-HPC8, was· used as the 
transforming DNA. Plasmid DNA was obtained from the E. 

coli K1"2 RR1/p.L132 transformants in substantial accord­
ance with the proGedure of Example 1, except that the 
antibiotic used in culturing the cells was ampicillin, 

15 not tetracycline. 

20 

Example 5 

Construction of Plasmid pL141 

A. Construction of an ~I Recognition Sequence on 
Plasmid pSV2-dhfr to Yield Plasmid pSV2-dhfr-X 

Ten µg of plasmid pSV2-dhfr (isolated from 
25 E. coli K12 HB101/pSV2-dhfr, ATCC 37146) were mixed with 

10 µl lOX BamHI .salts, 2 µl ("-20 units·) restriction 
enzyme BamHI, and 88 µl of H2 0, and the resulting 
reaction was incubated at 37° for two hours. The 
reaction was terminated by phenol and chloroform extrac-

30 tions, after which the BamHI-digested.plasmid pSV2-dhfr 
DNA was precipitated and collected by centrifugation. 
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The DNA pellet was resuspended in·l µ~of 50 mM 

DTT, 4 µl of a solution 100 mM in each of the dNTPs, 

_l µl of the Klenow fragment of DNA polymerase I (~S units, 

. New England Biolabs), 34 µ1 of H2 0, and 5 µ1 of lOX Klenow 

5 buffer (400. mM KP04, pH=7 .S; 66 mM MgC12; and l·O mM 

2-mercaptoetha~ol) and incubated at 14°C for one hour. 

The reaction was stopped by the addition of 4 µl of 0.25 M 

EDTA and a subsequent phenol extraction. The DNA was 

precipitated from the reaction mix and pelleted by 

10 centrifugation. The ~10 µg of DNA obtained were dissolved 

in 20 µl of TE buffer. 

XhoI linkers (New England Biolabs, 32 Toz~r. 

Road, Bever.ly, MA 09195) of sequence: 

15 5 1 -CCTCGAGG-3 1 

11111111 
3'-GGAGCTCC-5' 

were kinased and prepared for ligation by the following 

20 procedure. Four µl of lirikers (~2 µg) were dissolved in 

20.15 µl of H2 0 and 5 µl of lOX kinase buffer (500 mM 

Tris-HCl, pH=7.6 and 100 mM Mgcl2 ), incubated at 90°C 

for two minutes, and then cooled to room temperatu~e. 

Five µl of ~-32P-ATP (~20 µCi), 2.5 µ1 of 1 M DTT, and 
25 5 µl of polynucleotide kinase c~10 units) were added to 

the mixture, which was then incubated at 37°C for 30 

minutes. Then, 3.35 µl of 0.01 mM ATP and 5 more µl of 

kinase were added, and the reaction was continued for 

anoth~r 30 min;utes at 37.°C. The reaction was then 

30 stored at -20°c. 

Six and eight-~enths µl (~3.4 µg) of the 

BamiiI-digested, K1enow-treated, ·plasmid pSV2-dhfr and 

111111[it~i1m1r 
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10 µl ("-0.4 µg) of the kinased Xhol linkers were mixed 

and incubated with 11.3 µl of water,. 3.5 µl lOX ligase 

buffer, 1.4 µl 10 mM ATP, and 2 µl T4 DNA ligase ("-10 

units,) at 16°C overnight. The reaction was stopped_by 

5 a 10 minute incubation at 65°C. 

Ten µl lOX Xhol reaction buffer (1.5 M NaCl; 

60 mM Tr~s-HCl, pH=7.9; 60 mM MgC12 ; 60 mM 2-mercapto­

ethanol; and 1 mg/ml BSA), 5 µl restriction enzyme XhoI 

("'100 units), and SO µl of H2 0 were added to the reac-

10 tion, which was then incubated at 37°C for four hours. 

The reaction was loaded onto a 1% agarose gel, and the 

desired fragment was isolated in . substantial accordanc.~ 

with the teaching of Example 2G. The "-2 µg of fragment 

obtained were suspended in 10 µl of TE buffer. 

15 The BamHI-digested plasmid pSV2-dhfr with XhoI 

linkers attached was then ligated and transformed into 

E. coli K12 RRl in substa~tial accordance with the 

teaching of Examples 2H and 21, with the exception that 

the transforming DNA was plasmid pSV2-dhfr-X. 

20 The resulting E. coli K12 RR1/pSV2-dhfr-X 

transformants were identified by their ampicillin­

resistant phenotype and by restriction enzyme analysis 

of their plasmid DNA. Plasmid pSV2-dhfr-X was isolated 

.from the transformants in substantial accordance with 

25 the procedure of Example 1, except that ampicillin was 

the antibiotic used during the culturing of the cells. 
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B. Isolation of the ~4.2 kb ~Rl-~I Restriction· 

Fragment of Plasmid pSV2-dhfr-X 

Fifty µg of· plasmid pSV2-dhfr-X w~re mixed 

5 with 10 µl lOX Xhol reaction buffer, 5 µl c~so units) 

restriction enzyme Xhol, and 85 µl of H2 0, and the 

resulting reaction was incubated at 37°C for two hours. 

After the reaction, the Xhol-digested plasmid pSV2-

dhfr-X DNA was precipitated and collected by centrifu-

10 gation. The DNA pellet was resp.spended in 10 µl· lOX 

EcoRI reaction buffer, 5 µl (~so units) restriction 

enzyme EcoRI, and 85 µl of H2 0, and the r_esulting reac­

tion was incubated at 37°C for two hours. After the 

EcoRI ~eaction, the Xhol-EcoRl-digested plasmid pSV2-

15 dhfr-X DNA was loaded onto a 1% agarose gel, and the 

desired ~4.2. kb EcoRl-XhoI restriction fragment was 

purified in substantial accordance with the procedure 

of Example 2G. The ~io µg of the fragment obtained 

were suspended in 20 µl of TE buffer and stored at 

20 20°c. 

25. 

c. Construction of the ~1-~II Restriction Fragment 

from the ~o.64 kb PvuII-BstEII Restriction Fragment 

of Plasmid pL133 

Fifty µg of plasmid pL133 were mixe~ with 

10 µl lOX PvuII reaction buffer (600 mM NaCl; 60 mM Tris-HCl, 

pH=7.5; 60 mM MgC1 2 ; 60 mM 2-mercaptoethanol; and 1 mg/ml 

BSA), 5 µl (~50 units) restriction enzyme PvuII, and 85 µl 

30 of H2 0, and the resulting reaction was incubated at 37°C 

. ..... . ...... -- ...... - --·· ----···-. .. ·--- -·--··· -- --·- ... 
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for two hours~ After the reaction, the PvuII-digested 

plasmid pL133 DNA was precipitated and collected by 

centrifugation. 

Approximately 5 µg of XhoI linker, the same 

5 as that used in Example SA, were kinased and ligated 

to the PvuII-digested plasmid pL133 DNA in substantial 

accordance with the teaching of Example SA. After the 

ligation reaction, the DNA was precipitated and col­

lected by centrifugation. 

10 The DNA pellet was resuspended in 20 µl lOX 

··r. • ··1,' . _, 

Xhol reaction buffer, 10 µl c~100 units) restriction 

enzyme XhoI, and 165 µl of H2 0, and the resulting reaction 

was incubated at 37°C for 4 hours. Then, 5µ1 (~SO units) 

of restriction enzyme BstEII were added to the reaction, 

15 which was then incubated at 60°C for 4 hours under mineral 

oil. The XhoI-BstEII-digested DNA was loaded onto a 3.5% 

polyacylamide gel, and the desired ~o.64 kb XhoI-BstEII 

restriction fragment was purified in substantial accordance 

with the teaching of Example 2A. Approximately 3 µg of the 

20 fragment were obtained, resuspended in 6 µl of TE 

buffer, and stored at -20°c.· 

25 

D. Isolation of the ~2.7 kb EcoRI-BstEII Restriction 

Fragment of Plasmid pL133 

Fifty µg of· plasmid pL133 were mixed with 

10 µl lOX BstEII reaction buffer, 5 µl (~so units) 

restriction enzyme BstEII, and 85 µl of H2 0, and the 

resulting reaction was incubated at 60°C for two hours 

30 under mineral oil. After the reaction, the BstEII-

.... ----···--·----·-­·-·· ... ·---· -·-· 
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digested plasmid pL!l.33 DNA was precipitated and collected 

by centrifugation. The DNA pellet was resuspended in 

10 µl lOX EcoRI reaction buffer, 5 µl (~so units) 

restriction enzyme EcoRI, and 85 µl of H2 0, and the 

5 resulting reaction was incubated at 37°C for two hours. 

After the EcoRI reaction, the BstEII-EcoRI-digested 

plasmid pLi33 DNA was loaded onto a 1% agarose gel, 

and the desired ~2.7 kb EcoRI-BstEII restriction 

fragment was purified in substantial accordance with 

10 the proceduLe of Example 2G. . The ~lo µg of the fragment 

obtained were suspended in 20 µl of TE buffer and stored 

at 20°C. 

·E. Ligation of Fragments to Construct Plasmid pL141 

15 and Transformation of E. coli K12 RRl 

Two µl of the ~4.2 kb EcoRI-XhoI restriction 

fragment of plasmid pSV2-dhfr-X prepared in Example SB, 

2 µl of the ~o.64 kb XhoI-BstEII restriction fragment 

20 constructed from plasmid pL133 in Example SC, and 2 µl 

of the ~2.7 kb ~coRI-BstEII restriction fragment of 

plasmid pL13.3 prepared in Example SD were mixed to­

gether, ligated, and the resulting plasmid pL141 DNA 

used to transform E. coli K12 RRl in substantial accord-

25 ance with the teaching of Examples 2H and 21. The de­

sired E. coli K12 RR1/pL141 transformants were identi­

fied by their ampicillin-resistant phenotype and by 

restriction enzyme a~alysis of their plasmid DNA. Plasmi4 

pL141 was isolated from the transformants in substantial 
., 

30 accordance with the procedure ·of Example 1, except that 

iiiiiffi~f 
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5 

ampicillin was the antibiotic used in culturing the 

cells. A restriction site and function map of plasmid 

pL141 is presented in Figure 5 of the accompanying 

drawings. 

Example 6 

Construction of Plasmid pL142 

10 A. Isolation of the ~o.76 kb NdeI-HindIII Restriction 

Fragment of Plasmid pRSVcat 

Fifty µg of plasmid pRSVcat {available from 

the ATCC in host E. coli HBlOl under accession number 

15 ATCC 37152) were mixed with 10 µ1 lOX HindIII reaction 

buffer, 5 µl {~50 units) restriction enzyme HindIII, 

and 85 µl of H2 0, and the resulting digest was incubated 

at 37°C for 2 hours. After the HindlII digestion, the 

DNA was precipitated and collected by centrifugation. 

20 The DNA pellet was dissolved in 10 µl lOX NdeI reaction 

buffer (1.5 M NaCl; 100 mM Tris-HCl~ pH=7.8; 70 mM 

Mgcl2 ; and 60 mM 2-mercaptoethanol), 10 µl {~30 units) 

restriction enzyme Ndel, and 85 µl of H2 0, and the 

resulting reaction was incubated at 37°C until the 

25 digestion was complete~ 

.: The HindIII-NdeI-digested plasmid pRSVcat DNA 

was loaded onto a 3.5% polyacrylamide gel, and the 

~o.76 kb NdeI-HindIII restriction fragment was isolated 

and pur~fied in substantial accordance with the teaching 

30 of Example 2A. Approximately 5 µg of the fragment were 
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obtained, suspended in 10 µl of TE buffer, and stored at 

-20°C. The fragment comprises the promoter activity of 

the long terminal repeat from Rous Sarcoma virus and 

functions a.s a promoter of DNA transcription in many 

5 eukaryotic cells. 

10 

B. Isolation of the ~5.1 kb NdeI-HindIII Restriction 

Fragment of Plasmid pL133 

The isolation was accomplished in substantial 

accordance with the teaching of E·xample 6A, except that 

plasmid pL133, instead of plasmid pRSVcat, was digested. 

Furthermore the fragment was isolated from a 1% agarose 

gel, in substantial accordance with the teaching of 

15 Example 2G, instead of.a 3.5% polyacrylamide gel. Ap­

proximately 5 µg of the desired fragment were obtained, 

suspended in 10 µl of TE buffer, and stored at -20°C. 

C. Ligation of Fragments to Construct Plasmid pL142 

20 and Transformation of E. coli K12 RRl 

Two µl of the ~o.76 kb NdeI-HindIII restric­

tion fragment of plasmid pRSVcat isolated in Example 6A 

were ligated to 1 µl of the ~s.1 kb NdeI-HindIII restric-

25 tion fragment of ·plasmid pL133 isolated in Example GB. 

The ligation was carried out in substantial accordance 

with the teaching of Example 2H. The ligated DNA, 

constituting the desired plasmid pL142, was used to 

transform E. coli K12 RRl in substantial accordance - --
30 with the teaching of Example 21. The E.·coli K12 

···--·-----··---
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RR1/pL142 transformants were identified by their 
ampicillin-resistant phenotype and by restriction 
enzyme analysis of their plasmid DNA. A restriction 
site and function map of plasmid pL142 is presented in 

5 Figure 6 of the accompanying drawings. Plasmid pL142 
was isolated from the transformants in substantial 
accordance with the teaching of Example 1, with the 
exception that ampicillin was the antibiotic used in 
culturing the cells. 

10 

15 

Example 7 

Construction of Plasmid pMSV-HPC 

Ten µg of plasmid pMSVi (NRRL B-15929) were 
dissolved in 10 µl lOX BglII.buffer, 2 µl (~20 units) 
restriction enzyme BglII, and 88 µl of H2 0, and the 
resulting reaction was incubated at 37°C for 2 hours. 
After extracting the BglII-digested plasmid pMSVi DNA 

I, 
1':-(i 

20 with both phenol and chloroform, the DNA was resuspended 
in 10 µl of H2 0. 

Two µl of-the BglII-digested plasmid pMSVi 
DNA were ~ixed with 2 µl of.the ~1.425 kb Bell restric­
tion fragment of plasmid pSV2-HPC8 prepared in Example 

.25 8C, below, and the two fragments were ligated and trans­
formed into E. coli K12 RRl in substantial accordance 
with the procedure of Examples 2H ~nd 21. 

The desired pMSV-HPC transformants were 
identified by restriction enzyme analysis of their 

30 plasmid DNA and by their ampicillin~resistant and 

----
This Sheet If. -.. . -·--·-. 
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tetracycline-resistant phenotype. A restriction site 
and function map of plasmid pMSV-HPC is presented ~n 
Figure 7 of the accompanying drawings. Due to the 
presence of the M_urine Sarcoma virus sequences on the 

5 plasmid, plasmid pMSV-HPC can be encapsidated to become 
a transmissible vector with trans-acting functions provided 
by a helper virus with a broad host range (e.g., amphotropic 
murine leukemia viruses) or by a cell line harboring such 
helper functions. This process greatly enhances the 

10 transformability.of the vector and widens the range of 
host cells wherein the vector can be expressed. 

Example 8 

15 Construction of Plasmid pMMT6BPV-HPC 

A. Construction of Intermediate Plasmid pMMTABPV 

About one µg of plasmid pdBPV-MMTneo (ATCC 
20 37224) was mixed with 10 µl lOX BamHI reaction buffer, 

5 µl (~so units) restriction enzyme BamHI, and 85 µl of 
H2 0, and the resulting reaction was incubated at 37°C 
for two hours. 

After a· five minute incubation at 65°C, the 
25 BamHI-digested plasmid pdBPV-MMTneo DNA was diluted to a 

concentration of about 0.1 µg/µl in ligase buffer and 
ligated with T4 DNA ligase, and the resulting plasmid 
pMMT6BPV DNA was used to transform E. coli K12 RRl in 
substantial accordance with the teaching of Examples 2H 

30 and 2I. The E. coli K12 RRl/pMMTABPV transformants were 
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identified by their ampicillin-resistant phenotype and 

by restriction enzyme analysis of their plasmid DNA. 

Plasmid pMMT6BPV DNA was isolated from the transformants 

in substantial accordance with the teaching of 

5 Example 1, except that ampicillin was the antibiotic 

used during culturing of the cells. 

B. Preparation of ~II-DigE7sted Plasmid pMMT6BPV . 

10 Ten µg of plasmid pMMT6BPV DNA were dissolved 

in 10 µl lOX BglII buffer, 5 µl f"-50 units) restriction 

enzyme BglII, and 85 µl of H2 0, and the resulting reac­

tion was incubated at 37°C for two hours. The reaction 
,• 

was then extracted once with phenol and once with chloro-

15 form, and the DNA was precipitated and collected by 

centrifugation. The "-10 µg of BglII-digested plasmid 

pMMT6BPV DNA obtained by this procedure were suspended· 

in 20 µl of TE buffer and stored at 20°C. 

20 C. Isolation of the "-l.425 kb Bell Restriction Fragment 

of Plasmid pSV2-HPC8 

1J 
; J ,f"\ . ., 

In order to digest DNA completely with restric­

tion enzyme Bell, the deoxyadenyl residue in the. recognition 

25 sequence must not be methylated. When preparing plasmid 

DNA in E. coli fo·r subsequent digestion with Bel I, it 
. . 

is necessary to use a strain deficient in adenine 

methylase, such as~· coli K12 GM48 (NRRL B-15725). 

E. coli K12 GM48 was prepared for transforma-

30 tiort and then transformed with plasmid pSV2-HPC8 in 
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substantial accordance with the procedure of Example 21. 

Plasmid pSV2-HPC8 DNA was isolated from the E. coli 

K12 GM48/pSV2-HPC8 transformants in substantia~ accord­

ance with the teaching of Example 1, except that 

5 ampicillin was the antibiotic used during culturing of 

the cells. 

Fifty µg of the plasmid pSV2-HPC8 DNA isolated 

from the E. coli Kl2 GM48/pSV2-HPC8 transformants were 

dissolved in 10 µl lOX Bell reaction buffer (750 mM KCl; 

10 60 mM Tris-HCl, pH=7.4; 100 mM MgC12 ; 10 mM dithiothreitol; 

and 1 mg/mL BSA), 5 µl (~50 units) restriction enzyme 

Bell, and 85 µl of H2 0, and the resulting reaction was 

incubated at 50°C for two hours. The Bell-digested 

plasmid pSV2-HPC8 DNA was loaded onto a 1% agarose· gel, 

15 and the desired ~1.425 kb Bell restriction fragment was 

isolated and purified in substantial accordance with 

the teaching of Example 2G. The ~5 µg of fragment ob­

tained were dissolved in 10 µl of TE buffer and stored 

at -20°c. 

20 

D. Ligation to Construct Plasmid pMMTaBPV-HPC and 

Transformation of E. coli K12 RRl 

Two µl of the Bglll-digested plasmid pMMTaBPV 

25 DNA prepared in Example SB and 2 µl of the ~1.425 kb 

Bell restriction fragment of plasmid pSV2-HPC8 isolated 

in Example SC were mixed together, ligated, and the 

resulting plasmid pMMTaBPV-HPC DNA used to transform 

E. coli K12 RRl in substantial accordance with the - --
30 procedure of Examples 2H and 21. The desired E. coli 
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K12 RRl/pMMTaBPV-HPC transformants were identified by 

their ampicillin-resistant phenotype and by restriction 

enzyme analy~is of their plasmid DNA. Plasmid pMMTaBPV­

HPC was isolated from the transformants in substantial 

5 accordance with the procedure of Example 1, except that 

amp.icillin was the antibiotic used during culturing. A 

restriction site and function map of plasmid pMMTaBPV-HPC 

is presented in Figure 8 .of the accompanying drawings. 

10 Example 9 

Construction of Plasmid pL151 

A. Construction of an "-l.06 kb BstEII-XhoI Restriction ---
15 Fragment Derived From Plasmid pL142. 

Fifty µg of plasmid pL142 DNA were dissolved 

in 10 µl lOX NdeI reactiqn buffer, 5 µl ("-50 units) 

restriction enzyme NdeI, and 85 µl of H2 0, and the 

20 resulting reaction was placed at 37°C for two hours. 

After the reaction, the DNA was precipitated and col­

lected by centrifugation. The DNA pellet was resus­

pended in Klenow buffer, and the NdeI-digested DNA was 

treated with Klenow enzyme in substantial accordance 

25 with the procedure of Example SA. After the Klenow 

reaction, the DNA was again precipitated and collected 

by centrifugation. 

XhoI linkers (5'-CCTCGAGG-3') were kinased, 

prepared for ligation, and ligated to the NdeI-digested, 

30 Klenow-treated plasmid pL142 DNA in substantial 
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accordance with the procedure of Example SA. A~ter 

heat-inactivating the ligation reaction, the DNA was 
precipitated and collected by centrifugation. 

The DNA pellet was dissolved in 20 µl lOX 
5 Xhol reaction buffer, 10 µl <~100 un1ts) restriction 

enzyme Xhol, and 170 µl of H2 0, and the resulting 
reaction was incubated at 37°c for two hours. Then, 
5 µl (~so units) restriction enzyme BstEII were 
added to the reaction, which was incubated at 60°C 

.. 

10 for four hours under mineral oil. After phenol 
extraction, the digested DNA was loaded onto an 
acrylamide gel and the ~1.06 kb BstEII-XhoI restric­
tion fragment was isolated and purified in substan­
tial accordance with the procedure of Example 2A. 

15 Approximately 5 µg of the desired fragment were 
obtained, suspended in 10 µl of TE buffer, and stored 
at -20°C. 

B. . Ligation and Final Construction of Plasmid pLlSl 

20 and ~· coli K12 RRl/pLlSl 

Two µl·o! the ~1.06 kb BstEII-Xhol restric­
tion fragment derived from ·plasmid pL142 and prepared in 
Example· 9A were ligated to 2 µl of the ~4.2 kb EcoRI-

25 Xhol restriction fragment of plasmid pSV2-dhfr-X pre­
pared in Example SB, and to 2 µl of the ~2.74 kb BstEII­
EcoRI restriction fragment of plasmid pL133 prepared 
in Example SD. The ligation reaction was carried out 
in substantial accordance with the procedure of Example 2H. 
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The ligated DNA constituted the desired plasmid 

pLlSl and was used to transform E. coli K12 RRl in sub­

stantial accordan~e with the procedure of Example 21. 

The desired E. coli K12 RR1/pL151 transformants were 

5 selected on ampicillin-containing media and identified 

by ·rest~iction enzyme analysis of their plasmid DNA. 

A restriction site and function map of plasmid pLlSl 

is presented in Figure 9 of the accompanying drawings. 

10 Example 10 

15 

Construction of Plasmid pCZll 

A. Construction of Intermediate Plasmid pCZll8 

Ten µg of plasmid pCZlOl were dissolved in 

10 µl lOX NdeI reaction buffer, ·10 µl (~20 units) 

restriction enzyme NdeI, and 80 µl of H2 0, and the 

resulting reaction was incubated at 37°C until the 

20 digestion was complete. The NdeI-digested plasmid 

pCZlOl DNA was precipitated and collected by centri­

fugation. The DNA pellet was dissolved in 10 µl lOX 

EcoRI reaction buffer, 2 µl (~20 units) restriction 

enzyme EcoRI, and 88 µl of H2 0, and the resulting 

25 reaction was incubated at 37°C for two hours. 

After again precipitating and collecting the 

.DNA, the NdeI-EcoRI-digested plasmid pCZlOl DNA was 

treated with Klenow enzyme in substantial accordance 

with the teaching of Example SA. The Klenow-treated 

30 DNA was diluted to a concentration of about 0.1 µg/µl 
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in ligase buffer and then self-ligated in substantial 

accordance with the teaching of Example 2H to form 

plasmid pCZ118. :DNA sequencing revealed that the Klenow 

enzyme was contaminated with nuclease, but, although 

· 5 some qegr?dation did occur, the !EE promoter was not 

noticeably affected. 

Competent E. coli K12 RV3Q8 cells were pre­

pared and then transformed with the plasmid pCZI18 DNA 

in substantial accordance with the teaching of Example 

10 2I, except that the cells were not incubated at tem­

peratures higher·than 25°C after the transforming DNA 

was added. Instead, the transforming DNA was mixed with 

the cells and incubated on ice for 30 minutes to one 

hour, and then the cells were collected by centri-

15 fugation. The cell pellet was resuspended in ~i ml of 

L-broth, and the suspension was incubated at 25°C for 

one hour before plating on selective plates. The E. 

coli Kl2 RV308/pCZ118 transformants were identified by 

their kanamycin-resistant phenotype and by restriction 

20 enzyme analysis of their plasmid.DNA. Plasmid pCZ118 

DNA was isolated from the transformants by culturing 

them at low temper~ture (~25°C) in TY broth with 

kanamycin until the O.D. at 600 nm was between 0.5 

and 1.0 and then incubating them ·at 37°C for four or 

25 more hours .. The cells were then collected and plasmid 

pCZ118 DNA isolated in substantial accordance with the 

procedure of Example lB. 
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B. Construction of Intermediate Plasmid pCZ141 

Ten µg of plasmid pCZllS DNA were dissolved 

in 10 µl lOX BamHI buffer, 2 µl (~20 units) restriction 

5 enzyme BamHI, and 88 µl of H2 0, and the resulting re­

action was placed at 37°C for 2 hours. The BamHI­

digested plasmid pCZllS DNA was precipitated and col­

lected by centrifugation. The DNA pellet was resus­

pended in Klenow buffer and treated with Klenow enzyme 

10 in substantial accordance with the teaching of Example 

SB. The BamHI-digested, Klenow-treated plasmid pCZ118 

DNA was ·then incubated at 65°C for five minutes. 

NdeI linkers (5'-CCATATGG-3' from New England 

Biolabs) were kinased, prepared for ligation, and 

15 ligated to the BamHI-digested; Klenow-treated plasmid 

pCZ118 DNA in substantial accordance with the teaching 

of Example SA. After the linkers were ligated, sodium 

acetate (NaOAc) was added to a final concentration of 

150 mM, along with 10 µl (~30 units) restriction enzyme 

20 NdeI, and the resulting reaction was incubated at 37°C 

until complete NdeI digestion was observed. The Ndel­

digested DNA was then loaded onto a 1% agarose gel, 

and the ~9.2 kb NdeI restriction fragment was isolated 

and purified in substantial accordance with the pro-

25 cedure of Example 2G. The ~5 µg of fragment obtained 

were suspended in 10 µl of TE buffer. 

Four µl of the above-prepared DNA were 

self-ligated, and the resulting plasmid pCZ141 DNA was 

transformed into E. coli K12 RV308 in substantial 

30 accordance with the teaching of Example 12A. The E. 
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coli K12 RV308/pCZ141 transformants were identified 
by their kanamycin-resistant phenotype and by restric­
tion enzyme analysis of their plasmid DNA. Plasmid 
pCZ141 DNA was isolated from the transformants in 

5 substantial accordance with the teaching of Example 
lOA. 

DNA sequencing of plasmid pCZ141 revealed 
that the BamHI overlaps were not 11 filled-in 11 as expected 
when treating with Klenow enzyme. Instead, the BamHI 

10 overlaps and. some adjoining sequences were removed from 
the plasmid pCZ118 DNA before the NdeI linkers were 
attached. This contaminating nuclease activity did 

15 

not affect, in any material way, the subsequent steps 
.in the construction of plasmid pCZ459. 

c. Construction of Intermediate Plasmid pCZlO 

Ten µg of plasmid pCZ141 were dissolved in 
·10 µl lOX XbaI reaction buffer (500 mM NaCl; 60 mM 

20 Tris-HCl, pH=7.9; 60 mM MgC1 2 ; and 1 mg/ml BSA), 5 µl 
{~50 units) restriction enzyme XbaI, and 85 µl of 
H2 0, and the resulting reaction was incubated at 37°C 
for two hours. The XbaI-digested plasmid pCZ141 DNA 
was precipitated and collected by centrifugation. 

25 The DNA pellet was resuspended in 10 µl lOX NdeI re­
action buffer, 10 µl {~30 units) restriction enzyme 
NdeI, and 80 µl of H2 0, and the resulting reaction was 
incubated· at 37°C until the digestion was complete. 

The NdeI-XbaI-digested plasmid pCZ141 DNA 
30 was loaded onto a 1% agarose gel and the ~a.6 kb re-
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5 

10 

striction fragment was isolated and purified in sub­
stantial accordance with the procedure of Example 2G. 
Approximately 5 µg of the fragment were obtained and 
suspended in 10 µl of TE ~uffer. 

A DNA linker of sequence: 

5'-CTAGAGGGTATTAATAATGTATCGATTTAAATAAGGAGGAATAACA-3' 
I I I I I II I I I I I II I I I I I I I I I I II I I I I I I I I I I I I I I I I 

3'-TCCCATAATTATTACATAGCTAAATTTATTCCTCCTTATTGTAT-5 1 

was synthesized, kinased, and prepared for ligation 
in substantial accordance with the teaching of Example 
2B~ The single-stranded DNA sequences located at both 

15 ends of the linker allow ligation with the ~a.6 kb 
NdeI-XbaI restriction fragment of plasmid pCZ141. · 

·The XbaI site of plasmid pCZ141 is located just down­
stream of the !.EE. promoter present on the plasmid. The 
linker depicted above is an adenyl- and thymidyl-rich 

20 sequence that encodes a strong ribosome-binding site 
for any structural gene inserted at the NdeI recognition 
sequence. 

Two µl of the ~a.6 kb XbaI-NdeI restriction 
fragment of plasmid pCZ141 and .100 picomoles of the 

25 above-described XbaI-NdeI Tinker were ligated, and the 
resulting plasmid pCZlO DNA was transformed into E. 
coli Kl2 RV308 in substantial accordance with the 
teaching of Example lOA. The E. coli Kl2 RV308/pCZ10 
transfo;rmants were identified by their kanamycin-

30 resistant phenotype and by restriction enzyme analysis 
of their plasmid DNA. Plasmid pCZlO was isolated from 
the transformants in substantial accordance with the 
procedure of Example lOA. A restriction site and 
function map of plasmid pCZlO is presented in Figure 11 

35 of the accompanying drawings. 
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D. Construction o.f Intermediate Plasmid pCZ114 

Ten µg of plasmid pCZlOl DNA were dissolved 

in 10 µl lOX XbaI reaction buffer, 2 µl (~20 units) 

5 restriction enzyme ~I, and 88 µl of H2 0, and the 

resulting digest was incubated at 37°C for 2 hours. 

The Xbaf-digested plasmid pCZlOl DNA was precipitated 

and collected by centrifugation. The DNA pellet was 

dissolved in 10 µl lOX BamHI reaction buffer, 2 µl <~20 

10 units) restriction enzyme BamHI, and 88 µl of H2 0, and 

the resulting reaction was incubated at 37°C for 2 

hours. The XbaI-BamHI-digested plasmid pCZlOl DNA was 

loaded onto a 1% agarose gel, and the ~io.2 kb, 

XbaI-BamHI restriction fragment was isolated and puri-

15 fied in substantial accordance with the procedure of 

Example 2G. Approximately 5 µg of the fragment were 

obtained, suspended in 10 µl of TE buffer, and stored at 

-20°c. 

Fifty µg of plasmid pCZlOl DNA were dissolved 

20 in 20 µl lOX BamHI reaction buffer, 5 µl (~50 units) 

restriction enzyme BamHI, 5 µl (~50 units) restriction 

enzyme HgiAI, and 170 µl of H2 0, and the resulting 

reaction was incubated at 37°C for 2 hours. The BamHI­

HgiAI-digested plasmid pCZlOl DNA was loaded onto a 

25 3.5% polyacrylamide gel, and the ~o.6 kb BamHI-HgiAI 

restriction fragment was isolated and purified in· 

substantial accordance with the procedure of Example 

2A. Approximately 5 µg-of the fragment were obtained, 

suspended in 10 µl of TE buffer, and stored at -20°C. 



X-6737 -73-

A DNA linker of sequence: 

5'-CTAGAGGGTATTAATA ATG TTC CCA TTG GAG GAT GAT TAA ATG TTC CCA GCC 
111111111111 Ill Ill Ill 1-11 Ill Ill Ill Ill Ill Ill Ill Ill 

5 3'-TCCCATAATTAT TAC AAG GGT AAC CTC CTA CTA ATT TAC AAG GGT CGG 

10 

ATG TCC TTG TCC GGC CTG TTT GCC AAC GCT GTGCT-3 1 

II I 111 111 111 111 111 111 111 111 111 I 
TAC AGG AAC AGG CCC GAC AAA CGG TTG CGA C-5' 

was constructed, kinased, and prepared for ligation 

in substantial accordance with the procedure of Example 

2B. The above DNA linker has single-stranded DNA 

15 extensions compatible with XbaI-HgiAI-cleaved DNA. 

Two µl of the ~io.2 kb XbaI-BamHI restriction 

fragment of plasmid pCZlOl, 2 µl of the ~o.6 kb BamHI­

HgiAI restriction fragment of plasmid pCZlOl, and 100 

picomoles of the above linker were ligated, and the 

20 resulting plasmid pCZ114 DNA was transformed into E. 

coli K12 RV308 in substantial accordance with the 

teaching of Example lOA. The E. coli K12 RV308/pCZ114 

transformants were identified by their kanamycin­

resistant phenotype and by restriction enzyme analysis 

25 of their plasmid DNA. Plasmid pCZ114 was isolated from 

the transformants in substantial accordance with the 

procedure of Example lOA. Plasmid pCZ114 has essen­

tially the same restriction site and function map as 

plasmid pCZl.01. 

30 

E. Construction of an ~o.9 kb.~I-~I Restriction 

Fragment From Plasmid pCZ114 

Fifty µg of plasmid pCZ114 DNA were dissolved 

35 in 10 ~l lOX SmaI reaction buffer (1·.5M NaCl; 60.mM 

.l..:ri 
• •J 
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Tris-HCl, pH=7.4; 60 mM MgC1 2 ; 100 mM 2-mercapto­

ethanol; and 1 mg/ml BSA), 5 µl {~so units restriction 

enzyme Smal, and 85 µl of H20, and·the resulting re­

action was incubated at 37°C for 2· hours. The reaction 

5 was terminated by phenol and CHC13 extractions, after 

which the Smal-digested plasmid pCZ114 DNA was collected 

by centrifugation. 

Ndel linkers {5'-CCATATGG-3', New England 

Biolabs) were kinased and ligated to the SmaI-digested 

10 plasmid pCZ114 DNA in substantial accordance with the 

procedure of Example lOB. After the ligation was 

terminated by phenol and CHC1 3 extractions, the DNA 

was precipitated and collected. The DNA pellet was 

dissolved in 10 µl lOX KpnI reaction buffer {60 mM 

15 NaCl; 60 mM Tris-HCl, pH=7.5; 60 mM MgCl2; 60 mM 2-

mercaptoethanol; and 1 mg/ml.BSA), 5 µl (~50 units) 

restriction enzyme KpnI, and 85 µl of H2 0, and the 

resulting reaction was incubated at 37·0 c for 2 hours. 

The reaction was terminated by heating at 65°C for 

20 10 minutes. After cooling to. room temperature, 20 µl 

of lOX NdeI reaction buffer, 15 µl (~45 units) re­

striction enzyme NdeI, and 65 µl of H2 .0 were added to 

the KpnI-digested DNA, and the resulting reaction was 

incubated at 37°C for several hours. 

25 The Ndel-Kpnl digested DNA was loaded onto a 

3.5% polyacrylamide gel, and the ~o.9 kb Ndel-Kpnl 

restriction fragment was isolated and purified in 

substantial accordance with the procedure of Example 

2A. Approximately 5 µg of the desired fragment were 

30 obtained, suspended in 10 µl, and stored at -20°C. 
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F. Final Construction of Plasmid pCZll 

Ten µg of plasmid pCZlO DNA were dissolved 
in 10 µl lOX KpnI reaction buffer, 5 µl (~50 units) 

5 restrict1on enzyme KpnI, and 85 µl of H2 0, and the 
resulting reaction was incubated at 37°C for 2 hours. 
The reaction was terminated by a 10 minute incubation 

at 65°C. The KpnI-digested DNA was then digested with 
NdeI by the add~tion of 20 µl lOX NdeI. reaction buffer, 

10 5 µl (~50 units) restriction e.nzyme NdeI, and 75 µl of 
H2 0, followed by a 2 hour incubation at 37°C. 

The KpnI-NdeI-digested plasmid pCZlO DNA was 
loaded onto a 1% agarose gel, and the ~7.9 kb NdeI­

·KpnI restriction fragment was purified in substantial 
15 accordance with the procedure of Example 2G. Approx­

imately 5 µg of the fragment were obtained and sus­

.pended in 10 µl of TE buffer. 
Two µl of the ~7.9 kb NdeI-KpnI restriction 

fragment of plasmid pCZlO and 2 µl of the ~o.9 kb 
20 NdeI-KpnI restriction fragment of plasmid pCZ114 were 

ligated, and the resulting plasmid pCZll DNA was trans­
formed into E. coli RV308 in substantial accordance 
with the procedure of Example 1.0A. The.E. coli K12 
RV308/pCZll transformants were identified by their 

25 kanamycin-resistant phenotype and by restriction enzyme· 
analysis of their plasmid DNA. Plasmid pCZll was 
isolated from the transformants in substantial accord­
ance with the procedure of Example lOA. 

-·------ -
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Plasmid pCZll was constructed to place a 

BamHI restriction enzyme recognition' site "downstream" 

from the !EE. promoter and synthetic ribosome-binding 

site present on plasmid pCZlO. This BamHI site allows 

5 insertion of a protein C activity-encoding DNA sequence 

into plasmid pCZll, placing it under the control of the 

lpp promoter. This construction is described in 

Example 11, below. 

10 

15 

20 

25 

30 

Example 11 

Construction of Plasmid pCZ460 and Expression of a 

Protein C Derivative In E. coli 

A. Construction of Intermediate Plasmid pCZ451 

Ten µg of plasmid pCZll were dissolved in 

10 µ 1 lOX Bamin reaction buffer, 5 µ 1 ("' 10 uni ts) 

restriction enzyme ~I, s·µl {"'10 units) restriction 

enzyme NdeI, and 80 µl of H2 0, and the resulting re­

action incubated at 37°C for 2 hours. The NdeI-BamHI­

digested plasmid pCZll DNA was loaded onto a 1% agarose 

gel, and the "'8.6 kb NdeI-BamHI restriction fragment 

was isolated and purified in. substantial accordance. 

with the procedure of Example 2G. Approximately 5 µg 

of the fragment were obtained and suspended in 10 µl 

of TE buf,fer. 

· A DNA linker of sequence: 

5'-TATGGCTCATCAGGTTCTGCG-3' 
1111111111111111111 

3'-ACCGAGTAGTCCAAGACGCCTAG-5' 

35 was constructed, kinased, and prepared for ligation in 

substantial accordance with the procedure of Example 2B. 
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The linker has single-stranded DNA extensions that allow 

ligation with the NdeI-BamHl-digested plasmid pCZll DNA 

prepared above. The linker was designed to encode a 

methionine codon and the codons for amino acid residues 

5 33-39·of nascent human protein C. The linker was 

designed to be adenyl- and thymidyl-rich, yet still 

encode the same amino acid sequence as in native human 

protein c. As stated previously herein, the putative 

~ignal peptide-encoding region of the nascent human 

10 protein c structural gene was not included in the 

expression plasmids de.signed for prokaryotic host c~lls. 

Two µl of the ~s.6 kb Ndel-BamHI restriction 

fragment" of plasmid pCZ_ll and 100 picomoles of the 

above linker were ligated, and the resulting plasmid 

15 pCZ451 DNA was used to transform E. coli K12 RV308 

in substantia~ accordance with the procedure of Example 

lOA. The E. coli K12 RV308/pCZ451 transformants were 

identified by their kanamycin-resistant phenotype and 

by restriction enzyme analysis of their plasmid DNA. 

20 Plasmid pCZ451 DNA was isolated from the transformants 

in substantial accordance with the teaching of Example 

lOA. 

Plasmid pCZ451 was p~rtially sequenced and 

found to have two NdeI sites in tandem where the NdeI 

25 linkers were attached during the construction of plasmid 

pCZll. Tandem NdeI sites were undesired and were 

removed as described in Example llC. 

, . ..., :·: c; 
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B. Construction of Intermediate Plasmid pCZ~SS 

Ten µg of plasmid pCZ451 were dissolved in 

10 µl lOX BamHI reaction buffer, 2 µl {"'20 units) 

5 res~riction·enzyme BamHI, and 88 µl of H2 0, and the. 

resulting reaction was incubated at 37°C for 2 hours. 
The reaction· was terminated by phenol and CHC1 3 extrac­
tions, after which the DNA wa.s precipi t:ated .a~d col"'."', 
lected by centrifugation. The "'10 µg of BamHI-digested 

10 plasmid pCZ451 DNA were dissolved in 20 µl of TE buffer 

and stored at -20°C. · 

Due to the presence of a DNA restriction­
modi fication system in E. coli K12 RV308 that is not 

present in E. coli K12 RRl, plasmid pHC7 DNA, as iso-
15 lated in Example 1, must be transformed into and iso­

lated from a host cell that modifies, but does not 
restrict, the plasmid DNA. In the present construction, 

such cycling is not necessary because the BamHI frag­

ment isolated from plasmid pHC7 is not restricted by 

20 the ~- coli K12 RV308 restriction system. In general, 
however, such cycling is necessary. E. coli K12 JA221 

{NRRL B-15211) is a suitable host for such cycling. 
Fifty µg of plasmid pHC7 DNA were dissolved 

in 10 µl lOX BamHI reaction buffer, 5 µl {"'50 units) 
25 restriction enzyme BamHI, and 85 µl of H2 0, and the 

resulting reaction was incubated at 37°C for two hours. 

The BamHI-digested plasmid pHC7 DNA was loaded onto a 

1% agarose gel, and the. "'1.2 kb BamHI restriction 

fragment was isolated and purified in substantial 

30 accordance with the teaching of Example 2G. Approxi-



X-6737 -79-

mately 5 µg of the fragment·were obtained, dissolved in 

10 µl of TE buffer, and stored at -20°C •. 

Two µl of the BamHI-digested plasmid pCZ451 

and 2 µl of the ~1.2 kb BamHI restriction fragment of 

5 plasmid pHC7 were ligated, and the resulting plasmid 

pCZ455 DNA was used to transform ~· coli Kl2 RV308 in 

substantial accordance with the procedure of Example 

lOA. The E. coli K12 RV308/pCZ455 transformants were 

identified by their kanamycin-resist~nt phenotype and 

10 by restriction enzyme analysis of their plasmid DNA. 

Plasmid pCZ455 was isolated from the transformants in 

substantial accordance with the teaching of Example 

lOA. 

The ~1.2 kb BamHI restriction fragment of 

15 plasmid pHC7 could ligate with the BamHI-digested 

-plasmid pCZ451 in either of two orientations. Only 

one of those orientations, designated plasmid pCZ455, 

correctly reconstructs the protein c-encoding DNA. 

Since the nucleotide sequence of protein C was avail-

20 able, restriction enzyme analysis readily identified 

the correct orientation. In plasmid pCZ455, the ~1.2 kb 

BamHI restriction fragment is oriented so that the BglII 

restriction enzyme recognition sequence located. in the 

~1.2 kb BamHI restriction fragment is.placed as close 

25 to the XbaI restriction enzyme recognition sequence 

located at the 3' end of the !EE_ promoter as possible. 
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c. Construction of Intermediate Plasmid pCZ459 

As described in Example llA, the presence of 

tandem NdeI restriction sites in plasmids pCZ451 and 

5 pCZ455 was undesired. The tandem sites were located 

between the .!EI?. promoter and the start triplet of the . 

protein C-encoding DNA and could have caused out-of­

frame ·reading of the mRNA.transcript of the protein C 

coding sequence. Consequently, fifty µg of plasmid 

10 pCZ455 were dissolved in 10 µl lOX KpnI reaction buffer, 
. . 

5 µl ("-SO ·units) restriction enzyme KpnI, and 85 µl of 

:,J '" 
: '"' 

H2o, and the ~esulting digest was incubated at 37°C for 

two hours. The Kpnl-digested plasmid pCZ455 DNA was then 

digested with NdeI by the addition of 20 µl lOX NdeI 

15 reaction buffer, 15 µl ("-45 units) restriction enzyme 

NdeI, and 65 µl of H2o, followed by incubation of the 

resulting reaction at 37°C until the NdeI digestion was 

complete . 

. The "-l.9 kb Ndel-KpnI restriction fragment was 

20 isolated from the reaction mix and purified in substan­

tial accordance with the procedure of Example 2G. 

Approximately 5 µg of the fragment were obtained and 

suspended in 10 µl of TE buffer. 

Two µl of the "-7.9 kb Nde~-KpnI restriction 

25 fragment of plasmid pCZ·lO prepared in Example lOF and 

2 µl of the "-l.9 kb NdeI-KpnI restriction fragment of 

plasmid pCZ455 were ligated, and the resulting plasmid 

pCZ459 DNA was transformed into E. coli RV308 in sub­

stantial accordance with the procedure of Example lOA. 

30 The E. coli K12 RV308/pCZ4S9· transformants were identi-
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fied by their kanamycin-resistant phenotype and by 
restriction enzyme analysis of their plasmid DNA • 

. Plasmid pCZ459 was isolated from the transformants in 
substantial accordance with the procedure of Example lOA. 

5 A restriction site and function map of plasmid pCZ459 
is presented in Figure 12 of the accompanying drawings. 

Plasmid pCZ459 comprises the .!EE promoter 
positioned for expression of DNA encoding a methionine 
codon followed by DNA encoding the codons for amino acid 

10 residues 33-445 of nascent human protein C, as numbered 
above. Thus, plasmid pCZ459 comprises almost all of the 
nascent protein c structural gene, lacking only that 
portion encoding amino acid residues 2-32 of the 
eukaryotic signal peptide and the last 16 amino acid 

15 residues at the carboxy-terminus of protein c. The DNA 
located at the 3' end of the protein c-encoding portion 
of plasmid pCZ459 originated from the lipoprotein gene 
of E. coli and is' transcribed along with the protein 
C-encoding DNA. 

20 The mRNA transcribed from the .!EE promoter of 
plasmid pCZ459 is translated into a polypeptide that 
has a methionyl residue at its amino terminus which is 
followed by amino acid residues 33-445 of nascent 
human protein C which are then followed by the amino 

25 · acid sequence (using the definitions provided above) : 

30 

!\.RG-LEU-SER-ASN-ASP-VAL-ASN-AW\-MET-ARG-SER-ASP-VAL-GLN­
ALA-ALA-LYS-ASP-ASP-ALA-ALA-ARG-ALA-ASN-GLN-ARG-LEU-ASP­
ASN-MET-ALA-THR-LYS-TYR-ARG-LYS-COOH, 
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which is encoded by the lipoprotein gene-derived DNA. 

This fused gene p~oduct has a calculated molecular 

weight of 50.5 kilodaltons (kd), and when~· coli K12 

RV308/pCZ459 transformants are cultured at 37°C, they 

5 produce granules comprising this product. 

The granules also c.omprise two distinct sub­

fragments of the fused gene product, of observed molecu­

lar weights of about 35 kd and 22 kd. .Theoretically, 

these subfragments are produced ·by cleavage of the fused 

10 gene product at the LYS-ARG sequence located between.the 

light and heavy chains of human protein c (amino acid 

residues 198 and 199 of nascent human protein c°), which 

yields polypeptides of calculated molecular weights of 

·31.7 kd and 18.8 kd. The fused gene product and both of 

15 the subfragments react with polyclonal antibody directed 

against native human protein c~ 

20 

D. Construction of Intermediate Plasmid pUC19HC and 

Isolation of Its ~so bp BamHI Restriction Fragment . --

Ten µg of plasmid pUC19 (commercially available 

from Pharmacia P-L Biochemicals, Inc., 800 Centennial 

Ave., Piscataway, N.J. 08854) were dissolved in 10 µl 

lOX P~tI reaction buffer, 2 µl (~20 units) restriction 

25 enzyme PstI, and 88 µl of H2 0, and the resulting re­

action was incubated at 37°C for 2 hours. The reaction 
. . 

was terminated by phenol and CHC1 3 extractions, after 

which the DNA was precipitated and collected by centri­

fugation. The PstI-digested, plasmid pUC19 D~A pellet 

30 was dissolved in 20 µl of TE and stored at -20°C. 
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. Two µl of the PstI-digested plasmid pUC19 

DNA were ligated to 1 µl of the "'0.88 kb Pstl restric­

tion fragment of plasmid pHC7 prepared in Example 2D, 

and the resulting plasmid pUC19HC DNA was used to 

5 transform E. coli.K12 RR1~M15 (NRRL B-15440) in sub­

stantial accordance with the procedure of Examples 2G 

~nd 2H. The transformed cells were plated on L-agar 

indicator plates containing 50 µg/ml ampicillin, 1 mM 

IPTG (isopropyl-P-D~thiogal-actoside), and 50 µg/ml xG 

10 (5-bromo-4-chloro-3-indolyl-P-D-galactoside); cells 

transformed with.plasmid pUC19 appeared blue on the 

indicator plates, whereas cells transformed with plasmid 

pUC19HC were white on the indicator plates. 

Since the "'0.88 kb PstI restriction fragment 

15 of plasmid pHC7 could insert.in either of two orienta­

tions, restriction enzyme analysis of the plasmid DNA 

was used to identify the E. coli K12 RR1AM15/pUC19HC 
• transformants. Plasmid pUC19HC was designated to be 

that orientation which placed the BamHI restriction 

20 site located "'60 bp from one of the PstI overlaps o~ 

the "'0.88 kb PstI restriction fragment closest to the 

BamHI restriction site of the plasmid pUC19-derived 

DNA. Plasmid pUC19HC was isolated from the trans- .. 

formants in substant1al accordance with the procedure 

25 of Example 1, except that ampicillin was the antibiotic 

used for selection, not tetracycline·. 

One hundred µg of plasmid pUC19HC DNA were 

dissolved in 10 µl lOX BamHI reaction buffer, 10 µl 

("'100 units) restriction enzyme BamHI, and 80 µl of 

30 H2 0, and the resulting reaction was incubated at 37°C 



X-6737 -84-

for two hours. The BamHI-digested plasmid pUC19HC DNA 

was loaded onto a 6.5% polyacrylamide gel, and the 
~so bp BamHI restriction fragment was purified in sub­
stantial accordance with the procedure of Example 2A. 

5 Approximately 1 µg of the fragment was obtained, sus­
pended in 5 µl of TE buffer, and stored at -20~C. 

10 

E. Preparation of ~!~Digested Plasmid pCZ459 and 
Final Construction:of Plasmid pCZ460 

Five µg of plasmid pCZ459 were dissolved 
in 2 µl lOX BamHI reaction buffer, 1 µl. (~s units) 
restriction enzyme BamHI, and 17 µl of H2 0, and the 
.resulting reaction was incubated for 5 minutes at 37°C. 

15 The reaction was terminated by phenol and CHC1 3 ex­
tractions; the reaction time· was brief in order to 
obtain ·a partial BamHI digestion. After precipitating 

and collecting the partia~ly BamHI-digested plasmid 
pCZ459, the DNA pellet was suspended in ligase buffer 

20 and ligated to 2 µl of the ~so bp BamHI restriction 
fragment of plasmid pUC19HC in substantial accordance 
with the teaching of Example 2H. 

The ligated DNA, constituting the desired 
plasmid pCZ460 DNA, was.used to transform E. coli Kl2 

25 RV308 in substantial accordance with the procedure of 
Example lOA. The E. coli K12 RV308/pCZ460 transformants 

were identified by their kanamycin-resistant phenotype 
and by restriction enzyme analysis of their plasmid DNA. 
Plasmid pCZ460 was obtained from the transformants in 

30 substantial accordance with the procedure of Example 

lOA. 

J.; ,,... .· ,.,, 
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The ~so bp fragment could insert in either of 
two possible orientations and in either of the two BamHI 
restriction enzyme recognition sites of plasmid pCZ459. 
Thus, a variety of plasmids were produced in the above-

s described ligation. Plasmid pCZ460 was the designation 
given to the plasmid resulting from the insertion of the 
~so bp BamHI restriction fragment in both the proper 
BamHI site and also the.orientation necessary to recon­
struct the protein c-encoding DNA sequence. Thus, in 

10 plasmid pCZ460, amino acid residues 33-461 of nascent 
human protein C are properly encoded on a contiguous DNA 
segment located in transcriptional reading phase with the 
!EE. promoter also present on the plasmid. Restriction 
enzyme analysis of plasmid pCZ460 revealed that more than 

15 one of the ~so bp BamHI restriction fragments were ligated 
into the partially BamHI-digested plasmid pCZ459 starting 
material. Because the correct protein c-encoding DNA 

I 

sequence was reconstructed properly, the additional 
fragments present on the plasmid neither interrupt nor 

20 extend protein c-encoding DNA sequences. 

E. coli K12 RV30S/pCZ460 (NRRL B-15927) trans­
formants produce granules comprising the protein C 
derivative encoded on plasmid pCZ460. The protein c 
derivative has an observed molecular weight of about 50 

25 kilodaltons, actually calculated from the DNA sequence 
to be about 4S.3 kd. The ~- coli K12 RV308/pCZ460 
transformants produce three distinct polypeptides of 
observed molecular weights of 50 kd, 22 kd, and 34 kd 
that cross-react with anti-human protein C polyclonal 

30 or monoclonal antibody. The 22 kd and 34 kd polypeptides 



X-6737 -86-

are believed to arise from cleavage of the SO kd protein C 

derivative at the lysine and arginine residues (correspond­

ing to residues 198 and 199 of the amino acid sequence 

given for nascent human protein C, above) that separate 

5 the light and heavy chains of active human protein c, 
which would yield polypeptides of calculated molecular 

weights of 29.5 kd and 18.8 kd. 

10 
Example 12 

Construction of HepG-2/pL133 Transformants 

Although the following procedure describes 

the construction of HepG-2/pL133 transformants, it is 

15 equally applicable for the construction of HepG2 trans­

formants of any of the other plasmids. of the present 

invention, such as plasmids pSV2-HPC8, pL132, pL151, 

pMSV~HPC, pL141, pL142, and pMMTdBPV-HPC. Furthermore, 

the procedure given is generally applicable to the cell 

20 lines listed as preferred cell lines in Table I of the 

present specification. Transformation procedures for 

eukaryotic host cells are well known in the art, i.e., 

Wigler et al., 1979, P.N.A.S. USA 76:1373 and Graham 

et al., 1973, Virology 52:456. 

25 

A. Preparation of the Cells 

A cultur~ of human hepatoblastoma cells, 

HepG-2 (ATCC # HB 8065) was passaged one to two days 

30 prior to the transformation, so as to provide 40-50% 
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5 

confluency on the day of the transformation. The media 
was changed two to three hours before the transforma­
tion. One 25 cm2 flask of cells is needed for each 
transformation. 

B. Preparation of the DNA 

Ten to twenty µg o·f plasmid pL133 DNA were 
·added to 62.5 µl of 2M CaC12 and 437.5 µl of H2 0. The 

10 0.5 ml of DNA were then added dropwise to 0.5 ml of 2X 
HeBS (10 g/L Hepes, pH= 7.5; 16 g/L NaCl; 0.74 g/L KCl; 
0. 2.5 g/L Na2 P04 ; and 2 g/L dextrose), forming a . milky 
precipitate. The mixture was allowed to stand for 10-20 
minutes at room temperature before.it was added to the 

15 · "cells. A longer incubation time may result in a coarser 
precipitate that does not transform well, but sometimes 
a longer incubation time may be necessary to form a 
precipitate. 

20 c. Transformation of the Cells 

The 1 ml DNA solution prepared in Example 
12B was added to a 25 cm2 flask of HepG-2 cells with 
gentle agitation and incubated at 37°C for 3-4 hours. 

25 Using care not to detach the cells, the cells were 
washed twice with serum-free growth media (Dulbecco's 
Modified Eagle Medium, Gibco). One ml of HeBS wi"t::h 
15% glycerol was added to the cells, which were then 
incubated at 37°C for two minutes. 

'-".""""' 

. ' 
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The "glycerol-shock" incubation was terminated 
by the addition of serum-free growth media, followed 
by two washes with serum-free growth media. Complete 
fresh growth media containing a serum-substitute (either 

5 bovine serum albumin or Ultroser-G, which is marketed by 
Reactiff I.B.F. Foe. Chim. (LKB), Pointet Girard, 92390 
Villeneuvela Garenne, France) and 12.5 µg/ml vitamin K1 
was then added, and the.cells were returned to a 37°C 
incubator. Fetal calf serum was not used in the media, 

10 because it contains bovine ··factors and proteases that 
interfere with protein c ass~ys. 

For transient asi:;_(;ly~, .~SUC:l.l:lY .... t.e~inated about 
96 hours post-transformation, sodium butyrate was added 
at 5 mM final concentration •. For transformations in-

15 volving a plasmid that comprised a selectable marker, 
such as the G418R or dhfr gene, when selection of stable 
transformants was desired, the sodium butyrate was not 
added, and the selective agent (e.g., 400 µg/ml G418) 
was added about two to four days post-transforma~ion. 

20 At this time complete media containing fetal calf serum 
is added, and cells are allowed to propagate in selec­
tion media for two to three weeks with a change of media 
every 5-7 days. Individual clones are then isolated for 
further an~lysis. 

25. 
D. Assay for Protein c 

HepG-2/pL133 transf ormants and HepG-2 mock­
transf ormed cells were assayed for protein c about 96 

30 hours after transformation. Mock-transformed cells 
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have been subjected to the transformation procedure 
but have not been exposed to transforming DNA. The 
assay-requires antibody directed against protein C, as 
·described below. Techniques for purification of 

5 protein C for subsequent use to prepare antibody against 
protein c are known in the art as are techniques for 
preparing polyclonal and monoclonal antibody. 

Goat anti-human protein C polyclonal antibody 
was incubated overnight in a 96-well tissue culture dish 

10 to bind the .antibody to the plastic. After washing the 
wells with buffer, media samples from HepG-2/pL133 
transformants and from mock-transformed HepG-2 cells 
were added to the wells. The media samples were taken 
96 hours post-transformation. After incubating the 

15 media samples in the wells for two hours at 37°C, the 
wells were rinsed with buffer, and mouse anti-human 
protein C monoclonal IgG was added to the wells and 
incubated overn~ght at 4°C. 

After rinsing out the unbound monoclonal anti-
20 body with buffer, peroxidase-conjugated, sheep anti­

mouse IgG was added to the wells and incubated at 37°C 
for 2 hours. After rinsing with buffer, a so.lution of 
ABTS (2,2'-azino-di-3-ethylbenzthiazoline-sul£onate) 
was added to the wells, and incubation in the dark at 

25· room temperature was continued, with optical density of 
the samples being measured at 405 nm every 30 minutes 
for 2 hours. 

In essence, the assay works by the protein C 
becoming bound to the_polyclonal antibody which i~ 

30 attached to the dish. The monoclonal antibody then 

/ 
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attaches to the protein C, and the peroxidase-conjugated, 
anti-mouse IgG becomes bound to the monoclonal antibody. 
The peroxidase reacts with ABTS in a time-dependent 
reaction to give a product tjlat strongly absorbs at 

5 405 nm. Simply stated, the more protein C in the sample, 
the higher the O.D. measurement at 405 nm. 

The HepG-2/pL133 transformants gave readings 
up to ten fold higher than those from.mock-transformed 
cells, indicating plasmid-driven ·expression of protein c 

10 in the HepG-2/pL133 transformants. Because HepG-2 cells 
comprise a chromosomal protein c structural gene, mRNA 
was isolated from the transformants to determine if 
plasmid-encoded, protein C message-was present. The 
transfo:tmants were shown to have ~5x more plasmid-

15 derived protein c mRNA than chromosomal-derived protein c 
mRNA. The readings correspond to about 100 ng to 300 ng 
of protein C per ml of conditioned media. 

Similar assays were conducted with CHO-Kl 
(dhfr-)/pL141 transformants, and about 1.8 µg of pro-

20 tein c were observed per ml of conditioned media. 
CHO-Kl(dhfr-) host cells, such as DXBll host cells, 
lack the wild-type dihydrofolate reductase gene found 
in CHO.:-K1 cells. Such .-dhfr - CHO-K1 host-_ cell·s can -be 
generated in accordance with well known procedures. --

25 The DXBll/pL141 transformants express more protein C, 
because more copies of the recombinant protein C gene 
are present in.DXB11/pL141 transformants than in 
HepG-2/pL133 transformants due to the amplification of 
the recombinant DNA. As stated above, this amplifica-

30 tion is well known in the art and is accomplished by 

This Sheet Has Been Replaced 
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exposing tJ:ie host.cells transformed with a plasmid com­
prising a wild-type dhfr gene to increasing amounts of 
methotrexate. This methotrexate-mediated amplification 
can be accomplished in a wide variety of host cells and 

5 is not limited to dhfr- cell lines. Protein C assays 
conducted with LLC-MK2/pL132 transformants showed about 
25 ng of protein, c per ml of conditioned media •. 

10 
Example 13 

Activation of Recombinant Human Protein c Zymogen 

This example applies to recombinant human 
protein c isolated from conditioned tissue.culture 

15 medium from mammalian cells expressing and secreting 
recombinant human protein c. Protein C contained in 
conditioned tissue culture medium can also be 
activated directly, without prior purification. 

The activation makes use of rabbit thrombo-
20 modulin complexed with bovine thrombin; the complex is 

immobilized on agarose beads. The agarose beads are 
sedimentable and are therefore readily removed from the 
activation mixture. The .. thrombomodulin-.thrombin may ·be 
immobilized to agarose beads in the .following manner. 

25 A monoclonal antibody with high binding affinity for 
rabbit thrombomodulin is covalently linked to cross­
linked agarose beads with 6-8 carbon atom arms (e.g., 
Affigel™ 102 or Affigel™ 202, Bio Rad, Richmond, 
California). The purified murine IgG monoclonal anti-

30 body, depending on the chemical structure of the arm of 
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the crosslinked agarose, can.be linked covalently via 
its free carboxyl or free amino groups using conven­
tional carbodiimide compounds for covalent linkage. For 
example, approximately 0.15 OD units of IgG protein may 

5 be covalently linked to the agarose gel matrix. Next, a 
highly purified rabbit thrombomodulin preparation is 
diluted to 0.15 OD units/ml with a buffer that is 0.02 M 
Tris-HCl, pH 7.4, and 0.15 Min NaCl. Then, one volume 
of packed agarose beads.with monoclonal anti-thrombomodulin 

10 antibody attached is mixed with one volume thrombomodulin 
anq the mixture incubated overnight with gentle mixing. 

The beads are then centrifuged, and the amount 
of thrombomodulin bound is estimated by determining the 
A280 of the supernatant, assuming an E1% (extinction 

15 coefficient) of 8.8 and a M (molecular weight) of 75 kd r 
for _the purified protein. Bovine thrombin purified to 
apparent homogeneity (specific activity: 2,000 NIH U/mg) 
is added in amounts slightly in excess of the amount 
calculated to be equimolar to the immobilized thrombo-

20 modulin. The beads are then incubated from 30 minutes 
to overnight at 4°C. Following this incubation, the 
beads are washed 6-10 times with the 0.02 M Tris-HCl, 
pH 7.4, and 0.15 M NaCl buffer, and the beads are then 
stored at 4°C in this buffer. 

25 One ml of the purified protein c solution or 
protein c-containing tissue culture media is added to 
50 microliters of packed beads and incubated on a rocker 
for 30 minutes at 37°C. The activation of the zymogen 
to the activated serine protease readily occurs in a 

30 variety of physiological pH and ionic strength buffers 
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usually containing one mg/ml bovine serum albumin 
(radioimmunoassay grade, Sigma, St. Louis, MO) •. The 
activation reaction requires calcium, and therefore, 
cacl2 is usually added to the activation mixture to a 

5 final concentration of 0.005-0.025 M. 
At the end of the incubation period, the beads 

are removed by centrifugation, and human antithrombin 
III, purified to apparent homogeneity, is added to 
quench any free thrombi·n which is still present. Twenty 

10 µl of purified antithrombin III (1 OD unit/ml) is added 
to each 500 microliters of activation mixture. After 15 
minutes incubation at room temperature, the activation 
mixture is then tested for activated protein C activity 
using the ·synthetic peptide paranitroanilide (pNA) 

15 substrate, H-D-Phe-Pip-Arg-pNA (S-22~8, Kabi-Vitrum, 
Stockholm, Sweden), or other tripeptide paranitro­
anilide substrates sensitive to· activated protein c. 

By this techniqu·e, activation and expression 
of activated protein c activity is possible with protein 

20 C, irrespective of whether the post-translational 
y-carboxylation modification has occurred. However, 
~e activation rate of "9la-less 11 .protein C is about 20% 
of the activation rate of the prC?tein which has under­
gone post translational modifications. If the expressed 

25 product does not contain y-carboxyglutamate residues, 
the activation incubation period is prolonged to the 
extent which takes this slower activation rate into 
account. 

Alternatively, activated protein c activit¥ 
30 can be measured in a clotting assay which utilizes 
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bovine clotting factor Xa, purified to apparent homo­
geneity, and.which measures the rate of inactivation of 
clotting factor Va, the obligatory, activated protein 
c-sensitive cofactor in the factor Xa mediated conver-

s. sion of prothrombin into thrombin. Conditioned media 
from HepG-2/pL133 transformants has been subje~ted to 
the activation procedure described above and, as 
demonstrated by the clotting as-says, has been shown to 
have ~2x to more activated protein c c~2so ng/ml) tha~ 

· 10. mock-transformed HepG-2 cells (~125 ng/ml). 
Protein C isolated from the medium of CHO-Kl­

( dhfr- }/pL141 transform~nts was activated in accordance 
with the procedure of this Example and tested in the 
clotting and amidolytic assays. The assays demonstrated 

15 that the protein C was active and indicated that the 
transformed CHO-Kl host cells possessed substantial 
y-carboxylase activity. Because many polypeptides, in­
cluding, but not limited to, vitamin K-dependent serine 
proteases, ~uch as protein C, require y-carboxylation 

20 for at least a portion of their biological activity, and 
because few cell lines, such as, for example, the HepG-2 
and H4IIEC3 cell lines, possess y-carboxylase activity, 
the expression of substantial y-carboxylase activity in 
CHO-Kl host.cells was unexpected. Therefore, the 

25 present invention also comprises a method for using 
CHO-Kl host cells, including the dhfr- derivatives 
thereof, to produce y-carboxylated polypeptides, espe­
cially the vitamin K-dependent serine proteases, such 
as human protein c. 

ii1li1m1r111~r 
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5 

Whether an amidolytic or clotting assay is 
utilized, calibration curves are typically established 
using highly purified activated protein c derived from 
human plasma as the standard. 

The immobilized thrombomodulin-thrombin 
preparation is reuseable; full activating activity is 
readily regained after repeated washing of the beads in 
the 0.02 M Tris-HCl, pH 7.4, and 0.15 M NaCl buffer. 

This technique is suitaple for the activation 
10 of large quantities of protein c in large volumes. 

If large volumes are to be activated, the beads are 
packed into a column ?f appropriate size for the amount 
of protein c to be activated, and the protein c solution 
is passed over the column at low flow rates (e.g. 6-10 

15 ml/h). 

ililiili~Ur 
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What is claimed is: 
1. A double-stranded deoxyribonucleic acid 

that encodes a polypeptide with human protein C activity, 
wherein the coding strand is: 

5 5 '-Rj-~-GCC AAC TCC TTC CTG GAG GAG CTC CGT CAC AGC 

AGC CTG GAG CGG GAG TGC ATA GAG GAG ATC TGT GAC TTC GAG 

GAG GCC AAG GAA ATT TTC CAA AAT GTG GAT GAC ACA CTG GCC 

TTC TGG TCC AAG CAC GTC GAC GGT GAC CAG TGC TTG GTC TTG 

CCC TTG GAG CAC CCG TGC GCC AGC ·cTG TGC TGC GGG·CAC GGC 

10 ACG TGC ATC GAC GGC ATC GGC .AGC TTC AGC TGC GAC TGC CGC 

AGC GGC TGG GAG GGC CGC TTC TGC CAG CGC GAG GTG AGC TTC 

CTC AAT TGC TCG CTG GAC AAC GGC GGc TGC ACG CAT TAC TGC 

CTA GAG GAG GTG GGC TGG CGG CGC TGT AGC TGT GCG CCT GGC 

TAC AAG CTG GGG GAC GAC CTC CTG CAG·TGT CAC CCC GCA GTG 

15 ·AAG TTC CCT TGT GGG AGG CCC TGG AAG CGG ATG GAG AAG AAG 

CGC AGT CAC CTG AAA CGA GAC ACA GAA GAC GAA GAA GAC CAA 

GTA GAT CCG CGG CTC ATT GAT GGG AAG ATG ACC AGG CGG GGA 

GAC AGC cc;c TGG CAG GTG GTC CTG CTG GAC TCA AAG AAG AAG 

CTG GCC TGC GGG GCA GTG CTC ATC CAC CCC TCC TGG GTG CTG 

20 ACA GCG GCC CAC TGC ATG GAT GAG.TCC AAG AAG CTC CTT GTC 

AGG CTT GGA GAG TAT GAC CTG CGG CGC TGG GAG AAG TGG GAG 

CTG GAC CTG GAC ATC AAG GAG GTC TTC GTC CAC CCC AAC .TAC 

AGC AAG AGC ACC ACC GAC AAT GAC ATC GCA CTG CTG CAC CTG 

GCC CAG CCC GCC ACC CTC TCG CAG ACC ATA GTG CCC ATC TGC 

25 CTC CCG GAC AGC GGC CTT GCA GAG CGC GAG CTC AAT CAG GCC 

GGC CAG GAG ACC CTC GTG ACG GGC TGG GGC TAC CAC AGC AGC 

CGA GAG AAG GAG GCC AAG AGA AAC CGC ACC TTC GTC CTC AAC 

TTC ATC AAG ATT CCC GTG GTC CCG CAC AAT GAG TGC AGC GAG 

GTC ATG AGC AAC ATG GTG TCT GAG AAC ATG CTG TGT GCG GGC 

30 ATC CTC GGG GAC CGG CAG GAT GCC TGC GAG GGC GAC AGT GGG 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \ti\ 
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5 

10 

15 

GGG CCC ATG GTC GCC TCC TTC CAC GGC ACC TGG TTC CTG GTG 

GGC CTG GTG AGC TGG GGT GAG GGC TGT GGG CTC CTT CAC AAC 
TAC GGC GTT TAC ACC AAA GTC AGC CGC TAC CTC GAC TGG ATC 
CAT GGG CAC ATC AGA GAC AAG GAA GCC CCC CAG AAG AGC TGG 
GCA CCT TAG-3' ··-···-··- .. ····--- - .. -·- --------··---

wherein 
This Sheet Has Been Replaced 

A is deoxyadenyl, 

1111111111111111111111111 G is deoxyguanyl, 

c is deoxycytidyl, 

T is thymidyl, 

R is 5'-GCC CAC CAG GTG CTG CGG ATC CGC AAA CGT-3' 
or 5'-CAC CAG GTG CTG CGG ATC CGC AAA CGT-3' 

R1 is 5'-ATG TGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA GCT CCT 

CTT GAC TCA GTG TTC TCC AGC AGC GAG CGT-3' 

or 5'-ATG TGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA GCT CCT 

.CTT GAC TCA GTG TTC TCC AGC AGC GAG CGT GCC-3' 
M is O or 1, and 

20 N is O or 1, 

25 

30 

provided that when M is 0, N is O and that when 

R is 5'-GCC CAC CAG GTG CTG CGG ATC CGC AAA CGT-3 1
, 

R1 is 

5'-ATG TGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA GCT CCT 

CTT GAC TCA GTG TTC TCC AGC AGC GAG CGT-3', 
and that when 

R is 5'-CAC CAG GTG CTG CGG ATC CGC AAA CGT-3', 

R 1 is 

5 1 -ATG TGG CAG CTC ACA AGC CTC CTG CTG TTC GTG 

GCC ACC TGG GGA ATT TCC GGC ACA CCA GCT CCT 

CTT GAC TCA GTG TTC TCC AGC AGC GAG CGT GCC-3'. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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2. A plasmid comprising the DNA of Claim 1. 

3. The plasmid of Claim 2 that is plasmid 
pHC7, pSV2-HCP8, pMSV-HPC, pL133, pL132, pL151, pL141, 
pL142, pMMTABPV-HPC, or pCZ460. 

5 4. A method of producing a polypeptide with 
human protein c activity in a eukaryotic host cell which 
comprises: 

A. transforming the eukaryotic host cell with a 
recombinant DNA vector comprising: 

10 i ). a DNA sequence that provide.s for auton-

ii) 

15 

iii) 

omous replication or chromosomal inte­
gration of said vector in said host cell; 
a promoter and translational activating 
sequence functional in said host cell; 

and 

a DNA compound of Claim 1 positioned in 
transcriptional and translational reading 
phase with said promoter and translational 
activating sequence, provided that when N 

20 is 1, said translational activating sequence 
does not encode a translational start 

codon; and 
B. culturing the ·host cell transformed in step A 

under conditions suitable for gene ·expression. 
25 5. The method of .Claim 4 wherein the host 

cell is a HepG-2, Aedes aegypti, CV-1, LLC-MK2 , 3T3, 
CHO-Kl, CHO-Kl (dhfr-), Anthraea eucal:ypti, HeLa, 

~ 

RPMI8226, H4IIEC3, Cl27I, or HS-Sultan cell. 
6. The method of Claim 5 wherein the trans-

30 formed host cell is a HepG-2, Aedes aegypti~ Cl27I, 

LLC-MK2 , 3T3, or H4IIEC3 cell transformed with plasmid 

pLI33, pSV2-HPC8, or pL142. 

111111111111111111111111111111 
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7. The method of Claim 4 -or 5 wherein the 
recombinant DNA vector further comprises a selectable 
marker that functions in said eukaryotic host cell. 

8. The method of Claim 7 wherein the trans-
5 formed cell is a HepG-2, Aedes aegypti, CV-1, LLC-MK2 , 

3T3, CHO-Kl, CHO-Kl (dhfr-), Anthraea eucalyPti, HeLa, 
JU'MI8226, H4IIEC3, Cl27I, or HS-Sultan cell transformed 
with plasmid pL132, pL151, pL141, pMSV-HPC, or pMMTaBPV­
HPC. 

10 9._ A eukaryotic host cell which is a HepG-2, 
Aedes aegyPti, CV-1, LLC-MK2 , 3T3., CHO-Kl, CHO-Kl ( dhfr - ) , 
Anthraea eucalypti, HeLa, RPMI8226, H4IIEC3, Cl27I, or 
HS-Sultan cell transformed with plasmid pS°V2-HCP8, pMSV­
HPC, pL133, pL132, pL151, pL141, pL142, or pMMTaBPV-HPC. 

15 10. A method of producing a polypeptide with 
human protein c activity in a prokaryotic host cell 
which comprises: 

A. transforming the prokaryotic host cell with 
a recombinant DNA vector, said vector comprising: 

20 i) a DNA sequence th~t provides for auton-

ii) 

25 iii) 

30 iv) 

omous replication or chromosomal inte­
gration of said vector ·.in said host cell; 
a promoter .and· translational activating 
sequence functional in said host cell; 
a DNA compound of Claim 1, wherein N is 
O and M is O or 1, positioned in tran­
scriptional and translational reading 
phase with said promoter and transla­
tional activating sequence; and 
a selectable marker; 

111111111111111111111111111111 
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B. culturing said prokaryotic host cell under 
condition~ suitable for gene expression. 

11. The method of Claim 10 wherein the pro-. 
karyotic host cell is Bacillus, Streptomyces, or E. coli. 

5 12. The method of Claim 11 wherein the host 
cell is E. coli Kl2. 

13. The method of Claim 12 wherein the host 
cell is E. coli K12 RV308, MM294, RRl, or RR1AM15. 

14. An E~ coli cell transformed with plasmid 
10 pCZ460. 

15. The cell of Claim 14 which is E. coli Kl2. 
16. The cell of Claim.15 which is E.coli Kl2 

.RV308, MM294, RRl,. or RR1AM15. 
17. ·A composition comprising a therapeutically 

15 effective amount of a polypeptide with human protein C 
activity produced by the method of any of Claims 4 to 8 
or 10 to 13 in admixture with a·· pharmaceutically accept­
able carrier. 

18. The composition o.f Claim 17 suitable for 
20 parenteral administration. 

19. A polypeptide with human protein c 
activity for use in the prevention or treatment of 
vascular disorders. 

20. The polypeptide of Claim 19 for use in 
25 the vascular disorders protein C deficiency, deep vein 

thrombosis, pulmonary embolism, peripheral arterial 
thrombosis, disseminateq intravascular coagulation, 
einboli originating from the heart or peripheral arteries, 
acute myocardial infarction, thrombotic strokes, or 

30 fibrin deposits associated with invasive cancers. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\\\I\ 
* t L M S 


