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The invention provides DNA sequences encoding mammalian lactoperoxidase enzymes and recombinant expression sys-

dlagnostlc applications in humans and in anmimals.
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RECOMBINANT PRODUCTION OF LACTOPEROXIDASE

Technical Field

The i1nvention relates to the cloning and expres-
sion of the gene encoding mammalian lactoperoxidase. The

DNAs encoding the bovine and human forms of this protein
have been recovered and sequenced.

Background Art
The presence in milk and i1in associated secretion

glands of an enzyme having peroxidase activity has been
known for decades. Carlstrom, A., Acta Chem Scand (1969)
23:185-202, summarized the state of knowledge at that time
concerning the heterogeneity of peroxidases in these
sources. It was established that the peroxidase activity
seemed to reside i1n a number of interconvertible protein
or glycoprotein fractions. Subsequent investigators, for
example Sievers, G., FEBS Letters (1981) 127:253-256,
described the bovine protein as a glycosylated, single-
chain protein having leucine at the N-terminus, and
determined the amino acid composition. The protein was
shown to contain variable levels of glycosylation and to
have a molecular weight of roughly 78 kd. The protein
contains a heme group (protoheme IV) at its active site.

Further studies of the heterogeneous forms of the bovine

protein were published by Paul, K.-G., et al., Immunol Ser

(1983) 27:15-29. Langbakk, B., et al., FEBS Lett (1984)
174:300-303, showed that lactoperoxidase was present 1in
human colostrum and disclosed a partial purification
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procedure for this enzyme. These authors reported that
the enzyme isolated from human colostrum had stability,
chromatographic and immunoreactive properties similar to
that of the lactoperoxidase isolated from bovine milk.
Lactoperoxidase is a highly useful protein, as
it has antimicrobial activity which permits 1ts use as a
fungicide, viricide, protozoacide and bacteriocide both 1in
products which need preservatives or therapeutically. In
addition, because of its peroxidase activity, it can be
used as a labeling and/or linking reagent in the conduct
of various diagnostic and analytical assays. The produc-
tion of this protein in recombinant form provides a reli-

able and reproducible source of this important protein.

Disclosure cof the Invention

The invention provides DNA sequences encoding
mammalian lactoperoxidase enzymes and recombinant expres-
sion systems for the production of the recombinant
lactoperoxidase proteins. The protein produced has wide
industrial, therapeutic, and diagnostic applications 1n
humans and 1n animals.

Thus, in one aspect, the invention is directed
to recombinant mammalian lactoperoxidase in substantially
pure form. In other aspects, the invention is directed to
isolated DNA sequences encoding these proteins, to expres-
sion systems capable of producing these proteins, and to
recombinant host cells transformed with these expression
systems, and to methods of production using these systems
and cells. In addition, the invention 1is directed to
pharmaceutical compositicns containing the recombinant
lactoperoxidase proteins of the invention as well as
formulations suitable for diagnostic and industrial use.
The invention 1is also directed to methods of preserving
organic compositions using lactoperoxidase and to methods

of treating various conditions susceptible to this enzyme.
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According to a first aspect of the invention, there Is provided an

expression system which, when contained in a recombinant host cell, expresses a
DNA sequence encoding a human or bovine lactoperoxidase, wherein said
expression system comprises (a) the DNA sequence of bovine lactoperoxidase

5  preproenzyme or human lactoperoxidase preproenzyme cDNA clone described
herein operably linked to (b) control sequences compatible with said host cell

whereby said DNA is expressed in said host cell.

According to a second aspect of the invention, there is provided a
recombinant host cell which contains the above-described expression system.

10 According to a third aspect of the invention, there is provided a
method to produce lactoperoxidase which method comprises culturing the
recombinant host cells described above under conditions suitable to effect the
expression of DNA encoding said lactoperoxidase and recovering the
lactoperoxidase produced.

15 According to a fourth aspect of the invention, there is provided a
DNA molecule comprising one of the nucleotide sequences described above In
isolated and purified form.

According to a fifth aspect of the invention, there is provided a DNA
molecule in isolated and purified form that is the sense or antisense strand of one

20 of the above-described DNA sequences.

According to a sixth aspect of the invention, there is provided a DNA

sequence encoding bovine lactoperoxidase.

According to a seventh aspect of the invention, there is provided a

DNA sequence encoding the carboxy terminus of human lactoperoxidase.
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Brief Description of the Drawings

Figure 1 shows the complete DNA sequence encoding bovine

lactoperoxidase preproenzyme and the deduced amino acid sequence.

Figure 2 shows a comparison of the amino acid sequences of a
number of mammalian peroxidases, wherein pTPO Is porcine thyroid peroxidase,
hTPO is human thyroid peroxidase, hEPO is human eosinophil peroxidase, hMPO
is human myeloperoxidase and bLLPO is bovine lactoperoxidase.

Figure 3 shows the sequence of a human cDNA cione.

Modes of Carrying Out the Invention

As used herein, “mammalian” lactoperoxidase refers to a protein
having peroxidase activity, as assayed by standard enzymological tests, and
which protein is present in the secretions of milk-secreting glands and in the
glands themselves. Such conventional tests for peroxidase activity are
commercially available and described in standard references such as Methods In
Ezymology. lilustrative of such proteins are the bovine protein having the amino
acid sequence shown in Figure 1 and the related human sequence. However, also
included are such proteins encoded by allelic variants of the DNA sequence there
shown, as well as those encoded by any other members of a gene family which

provides these milk-related proteins, and those of other mammalian species.

Also included in the group of lactoperoxidases of the invention are
modified forms of these mammalian lactoperoxidases which result from
noninterfering deletions, substitutions, or alterations of the amino acid sequence.

Also included are fragments of the amino acid sequence. Also included are
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fragments of these sequences which retain peroxidase activity.

By “purified” is meant that the lactoperoxidases of the invention are
free from association with proteins and other materials in the presence of which
they normally occur. As the claimed proteins are recombinantly produced, there

are no traces of such associated materials
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in the mammalian proteins typically purified from these
recombinant sources.

"Operably linked" refers to a juxtaposition
wherein the components are configured so as perform their
usual functions; thus, control sequences or promoters
operably linked to a coding sequence are capable of ef-
fecting the expression of the coding sequence.

"Control sequence" retfers to a DNA sequence or
sequences which are capable, when properly ligated to a
desired coding sequence, of effecting its expression in
hosts compatible with such sequence. These sequences
include at least promoters, both in procaryotic and
eucaryotic hosts, and, optionally, transcription termina-
tion signals. Additional sequences which may be required
or helpful in effecting expression may also be identified
and incorporated. As used herein, "control sequences”
refers to whatever DNA sequence may be required to effect
expression of the operably linked coding sequence 1in the
particular host used.

"Cells" or "cell cultures” or "host cells" are
often used interchangeably, as will be clear from the
context. These terms i1include the immediate subject cell,
and, of course, the progeny thereof. It 1is understood
that not all progeny are exactly identical to the parental‘
cell due to chance mutation or differences in environment,
but such altered progeny are included in these terms as
long as they retain the characteristics relevant to those
confirmed on an originally transformed cell. 1In the
present case, for example, the included progeny would be
those which retain an expression system capable of effect-
ing the production of the desired lactoperoxidase.

The DNA sequences encoding the 1llustrative
bovine and human lactoperoxidases of the invention were
obtained from cDNA libraries obtained from bovine and hu-
man milk glands. In the case of these illustrative
proteins, bovine lactoperoxidase (LPO) was purified from
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commercial preparations of lactoperoxidase, and internal
amino acid sequence information was obtained from CNBr
fragments of the purified material. Probes designed from
these determined sequences were used to screen a cDNA
library from bovine milk gland and three clones were
obtained which encoded the bovine LPO sequence shown in
Figure 1. The sequence contains 712 amino acids, includ-
ing the signal sequence and pro sequence. Two putative
signal peptidase cleavage sites (1 and 2) and two possible
alternative termini of the cleaved propeptide (A and B)
are 1ndicated on the figure. Thus the mature protein may
begin at the Asp at 101 or the Leu at 129.

Genomic DNA was also prepared from a bovine
library and the retrieved bLPO sequence used to perform
Southern blots on SDS gels of the genomic bank. The
results of these Southern blots indicated that multiple
genes may encode bovine lactoperoxidase proteins; however,
the multiple bands found may also be attributable to
related peroxidases.

The bovine clone was also used to screen a human
mammary tissue cDNA library, and a clone encoding the
carboxy-terminal 324 residues of human cDNA for LPO was
l1solated. The human sequence shown in Figure 3 was found
to be highly homologous to the bovine protein.

The illustrated bovine and human sequences
permit the retrieval of the corresponding LPO-encoding
genes from cDNA or genomic libraries prepared from other
mammalian species. As high homology is expected between
these species, stringent conditions can be used, thus
eliminating false positives. Examples of stringent condi-
tions include hybridization at 4 x SSC at 65°C followed by
one hour washing in 0.1 x SSC at GSOC, Oor hybridization 1in
50% formamide, 4 x SSC, at 42°C followed by washing in 0.1
x SSC at 65°C for an hour.

Thus, as the bovine sequence is available, a

CDNA or genomic DNA encoding lactoperoxidases present in

PCT/US90/06317
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other mammalian sources can also be recovered either from
genomic or cDNA banks using this sequence as a probe.
Hybridization under high stringency with the DNA of Figure
1 is peossible due to the homology of the lactoperoxidases
5 in mammals. In addition, lactoperoxidases may be re-
covered from cDNA libraries prepared from mammary glands
by hybridization under stringent conditions to DNA probes
which simply encode the amino acid sequence shown 1in
Figure 1l--i.e., may be degenerate, due to the redundancy
10 of the code, with the ¢DNA sequence there shown.

Included within the i1nvention are
lactoperoxidases from mammalian cells which are character-
ized by: 1) the combination of peroxidase activity with
encoding by a DNA sequence which hybridizes under

15 stringent conditions to the c¢cDNA encoding the bovine
lactoperoxidase exemplified in Figure 1 herein; or Z) the
combination of peroxidase activity, encoding by a DNA
which hybridizes under stringent conditions to a DNA which
encodes the 1llustrated bovine lactoperoxidase ot Figure

20 1, and origin of said DNA in the reverse transcripts of
mRNA from milk-secreting gland cells; or 3) proteins which
retain peroxidase activity and are at least 80%
homologous, and preferably 90% homologous, and most
preferably 95% homologous, to the proteins which are clas-

25 sified as lactoperoxidases by the foregoing definitions.

Utility and Administration
The lactoperoxidases of the i1nvention are use-

ful, in one aspect, as antimicrobial agents both 1in

30 therapeutic contexts and to preserve a variety of perish-
able goods. The lactoperoxidases of the i1nvention are
capable of killing fungi, viruses, protozoa and bacteria,
and are effective agents against infectious diseases as
well as disorders of the immune system such as malignan-

35 cies, autoimmune disease, and transplant rejections.

For therapeutic purposes, the lactoperoxidase ot
the invention 1s formulated according to standard

procedures for the formulation of proteinaceous active
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ingredients, a review of which is found in Remington'’s
Pharmaceutical Sciences, Mack Publishing Company, Easton,
Pennsylvania, latest edition. The therapeutic composi-
tions are administered, preferably, systemically, most
commonly by injection, either intravenously, intra-
muscularly, subcutaneously, or intraperitoneally.
Formulations for injection are generally aqueous solutions
Oor suspensions in physiologically compatible buffers such
as Hank’s solution or Ringer'’'s solution. 1In addition, the
protein may be formulated as a solid, for example, by
lyophilization, and then reconstituted in suitable liquid
for administration to the subject.

In addition, systemic administration may be
achieved by transdermal or transmucosal administration
using a membrane penetrant such as bile salts or fusidic
acids and their analogs. Suitable pharmaceutically ac-
ceptable nontoxic detergents may also be used. The
administration across membranes can be effected at vulner-
able locations, especially, such as through nasal sprays
Or suppositories.

Although it is more challenging to do so, the
proteins of the invention may also be administered orally
when properly formulated to protect them from digestion.

In addition, it has lately been possible to
administer proteins through in situ production thereof as

a result of expression of a gene transformed into the
subject. Thus, an alternate route of administration is
through gene therapy to obtain a transgenic subject.

In addition, the lactoperoxidases of the inven-
tion may be administered locally to counteract, for
example, localized infection or malignancy. Such local
administration may be topical in the form of ointments,
creams, salves, or gels, or may be by a transdermal patch
containing a limited amount of drug, or by local sub-

cutaneous 1njection.
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The dosage and route of administration are
highly dependent on the nature of the subject, the nature
of the conditions being treated, and the judgment of the
physician or veterinarian. However, suitable dosage
ranges for treatment of i1nfectious diseases are of the
order of 0.01-100 mg/kg/day.

In addition to use as therapeutic agents, the
proteins of the invention can be used to stabilize perish-
able goods such as toods, beverages, cosmetics, and the
like. For use 1n these applications, the protein can be
added to the material 1n an amount of 0.01-5%, typically.

Finally, the lactoperoxidases of the invention
may also be used as labeling reagents for immunoassays or
other specific binding assays. In these applications, the
enzyme 1s conjugated to a component of the test system
designed to 1dentify the analyte characteristic of, for
example, a disease condition. Applications in ELISA as-

says, for example, are analogous to the use of horseradish
peroxidase 1n these systems.

Retrieval of the Bovine Lactoperoxidase Gene

A cDNA library 1s prepared from milk gland cells
of bovine teats using standard procedures, as follows: A
preparation of mRNA 1s obtained from these cells using
standard extraction and 0ligo-dT chromatographic
techniques. The c¢DNA library is then prepared, for
example, using the lambda-gtl0/lambda-gtll vectors of
Huynh, V.T., et al., DNA Cloning Techniques: A Practical

Approach (IRL Press, Oxford, 1984). In the present work,
the commercially available lambda-ZAP-I1 vector from
Statagene, San Diegoe, CA, was employed using the
manutacturer’'s instructions.

This library 1s then screened with probes
designed to correspond to the sequence obtained trom
1solated bovine lactoperoxidase protein. The bovine

lactoperoxidase 1s purified from commercially available

PCT/US90/06317
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proteins using an HPLC column and recovering a single peak. The recovered
protein is then hydrolyzed using CNBr, and the fragments are sequenced. A set of
oligonucleotide probes is then designed on the basis of two sequences obtained in
the full-length protein.

The library from bovine teats was probed using the two kinased
oligomers, and three clones were recovered which hybridized to both. The
screening was done under standard, moderately stringent conditions. All three
retrieved clones contained portions of the open reading frame shown in Figure 1
encoding 712 amino acids, and one clone contained the complete sequence
shown in Figure 1. This clone was designated pIDNbLPO-1 and was deposited at
the American Type Culture Collection, Rockville, MD, on 2 November 1989 under
the conditions of the Budapest Treaty, ATCC accession no. 68162. The mature
protein begins at the aspartic acid residue shown in position 101. Since
lactoperoxidase Is a secreted protein, the upstream portions contain both a signal
and a pro-LPO sequence. A human clone, pIDNhLPO-3, with the sequence shown
iIn Figure 3, was also deposited 2 November 1989 at the ATCC under the
conditions of the Budapest Treaty and has ATCC accession no. 68163.

The resulting clone is then ligated into suitable expression systems
and transformed into host cells for production of the protein. The LPO can be
produced as an intracellular protein by removal of the DNA sequence encoding
the leader and pro sequence and inserting at ATG start codon upstream of the N-
terminal aspartic acid residue. Alternatively, the heterologous or homologous
signal sequences can be used to effect the secretion of the protein.

Construction of expression systems operable in a spectrum of host
cells is well within ordinary skill. The retrieved cDNA or synthetic or partially

synthetic DNA encoding the desired protein is ligated to control
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sequences appropriate to the intended host. The coding
sequence ligated to appropriate controls can be included
on a self-replicating vector, as 1is ordinarily the case
when yeast or procaryotic hosts are used, or may be
designed to integrate into the host cells’ chromosome, as
is often the case for mammalian cell hosts.

For procaryotic expression, sultable promoters
include the regulatable trp promoter, the regulatable lac
promoter, or the commercially available hybrid of these
systems, variously designated the trc or tac promoter.
Signal sequences operable in bacteria are available from
the penicillinase gene, which can also be used with 1ts
own promoter. Typical replicating vectors suitable ftor

transformation of E. coli, for example, include the pBR322

derived vectors and vectors related to the pUC series.
However, other bacterial hosts with suitable modifications
of the control systems in vectors can also be used,
including, for example, Bacillus subtillus various pseudo-
monads, and related host strains. However, expression 1n

E. colli is generally the most convenient.

Yeasts are also commonly used as eukaryotic
hosts, and a number of promoters, especially those which
are indigenous as promoters for synthesis of the glyco-
lytic enzymes, such as the 3-phosphoglycerate kinase (PGK)
promoter, the enolase promoter, or the promoter associated
with the Leu2 gene can be used. Signal sequences which
are operable in yeast include those derived from the
alpha-factor gene. Yeast vectors commonly include a
replication site, such as the two-micron replicon.

Suitable mammalian expression systems generally
comprise viral promoters such as the SV40, polyoma,
adenovirus, bovine papiloma virus (BPV), or avian sarcoma
virus promoters. However, also useful in mammalian
systems are indigenous promoters such as the regulatable
metallothionein promoter. Additional controls are gener-

ally desirable in mammalian systems including terminating
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sequences for transcription and various enhancers. Signal
sequences applicable to mammalian systems include those
associated with normally-secreted mammalian proteins such
as the various growth hormones and insulin.

In addition, although less convenient, plant
cells can also be used as hosts using appropriate controls
such as nopaline synthetase promoter. A commonly used
system for production of recombinant proteins includes the
bacculovirus/insect host system.

Additional features may be included in the
expression systems such as, for example, 1n mammalian
systems, amplification by cotransformation with an
amplifiable gene such as that encoding dihydrofolic
reductase (DHFR).

Depending on the nature of the expression system
chosen, the desired lactoperoxidase is recovered and puri-
fied from the recombinantly transformed host. The host
cell is cultured under conditions favorable for the

expression of the lactoperoxidase gene--e.g., 1n

prokaryotic systems, if expression is under control of the
trp promoter, diminished concentrations of tryptophan or
the presence of a tryptophan inhibitor, such as indole-
acetic acid; in mammalian systems where the lactoperoxi-
dase gene may be under control of the metallothionein
system, in the presence of metal ions capable of inducing
this promoter.

If the lactoperoxidase 1is produced as
intracellular protein, the cells are lysed, and the
lactoperoxidase separated from the cellular proteins. In
general, it 1s more convenient to produce the
lactoperoxidase as a secreted protein and to recover 1t
from the medium as the levels of contamlnating proteins

are lower.

Standard purification procedures are employed

such as ion exchange chromatography, affinity
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chromatography, differential centrifugation, ammonium

sulfate precipitation, gel filtration and the like.

Preparation of Antibodies
5 The purified recombinant lactoperoxidase of the

invention can be used to 1nduce the formation of antibod-

1es specifically immunoreactive with this protein. Anti-

bodies are raised using conventional immunization

protocols 1n suitable responsive hosts such as rabbits or
10 mice. The high titer polyclonal antiserum can then be

retrieved, or peripheral blood lymphocytes or spleen cells

immortalized using standard technigques to obtain immortal-

1zed cells capable of secreting monoclonal antibodies

immunoreactive with lactoperoxidase.
15
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CLAIMS

1. An expression system which, when contained In a
recombinant host cell, expresses a DNA sequence encoding a human or bovine
lactoperoxidase, wherein said expression system comprises (a) the DNA
sequence as shown in FIG. 1 or 3 operably linked to (b) control sequences

compatible with said host cell whereby said DNA is expressed in said host cell.

2. A recombinant host cell which contains the expression system

of claim 1.

3. A method to produce lactoperoxidase which method
comprises culturing the recombinant host cells of claim 2 under conditions

suitable to effect the expression of DNA encoding said lactoperoxidase and

recovering the lactoperoxidase produced.

4. A DNA molecule comprising the nucleotide sequence shown

in FIG. 1 or 3 in isolated and purified form.

5. A DNA molecule in isolated and purified form that is the sense

or antisense strand of the DNA sequence as shown in FIG. 1 or 3.

. The DNA molecule of claim 5 which is labeled.

I8 A DNA sequence encoding bovine lactoperoxidase, said DNA
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comprising a sequence as shown in Figure 1.

8. A DNA sequence encoding the carboxy terminus of human

lactoperoxidase, said DNA comprising a sequence as shown in Figure 3.



WO 91/06639

EcoRI-CA
27 CTG
54 AAA
81 ACT

108 AGG

1
135 CTC
5 Leu

162 GTG
14 Val

189 GAC
23 Asp

216 ACC
32 Thr

243 GTC
41 Val

270 CTG
50 Leu

297 ACC
59 Thr

324 CAA
68 Gln

351 GCA
77 Ala

378 CGC
86 Arg

405 TTA
95 Leu

432 CTG

104 Leu

459 GAC

113 Asp

486 GGC

122 Gly

513 AAA

131 Lys

540 ACC

140 Thr

567 AGG

149 Arg

594 AGG

GAA
AGA
AGG

CCC

CAC

CAA
Gln

ACC
Thr

ACA
Thr

ACC
Thr

AAG
Lys

GAT
AsSp

TTG
Leu

CAG
Gln

AAG
Lys

AAC
ASn

AAG
Lys

ACC
Thr

TTG
Leu

TGC
Cys

TGT
Cys

ATC
Ile

AGC
Ser

GCG

TCT
TTA

CCG

TCT

TCA

CTT
Leu

TTA
L.eu

ATT
Ile

ATC
Ile

ATC
ITle

TCC
Ser

AGC
sSer

CTC
Leu

GGC
Gly

GGG
Gly

AGG
AXg

AAC
Asnh

ACT
Thr

GGT
Gly

GAT
AsSp

ACG
Thr

CCC
Pro

CTG

_..SUBSTITUTE SHEET

= an 1 AL N P DM e A NAIRIEA | VA AT A e

TTC
ACT
GCT

GGC

ATA

CCA
Pro

TTC
Phe

GCA
Ala

TCT
Ser

CAG
Gln

CGG
Arg

TCT
Ser

TCA
Ser

CGG
Arg

CAG
Gln

CTG
Leu

GTC

val

GCA
Ala

GCC
Ala

GAA
Glu

GGA
Gly

GCA
Ala

GCG

CTT
CTT
CCT

TGC

GCG

GTC
vVal

GAG
Glu

CAG
Gln

GAT
Asp

GTC
val

ACC
Thr

GAG
Glu

GAG
Glu

ACC
Thr

GTG
val

AGG
Arg

ACA
Thr

CTC
Leu

CCG
Pro

AAC
Asn

GAC
Asp

CTG
Leu

CGC

1712

CTG
GAT

CCA

CAC

ATG
Met

TTT
Phe

GTT
Val

GCC
Ala

GCT
Ala

AAC
Asn

AGG
Arg

GCA
Ala

TAC
Tyr

CGC
Arg

TGG
Trp

CGG
Arg

GAC
AsSp

TCC
sSer

GTT
val

AGC
Ser

TGT
Cys

GGC
Gly

TGG

GGC
AGA
AGC

AGG

TGG
Trp

TTG
L.eu

GCA
Ala

GCC
Ala
"2

GTG
Val

AAG
Lys

CTG
Leu

CCC
Pro

TTC
Phe

ACG
Thr

GAG
Glu

GAC
Asg

CCT
Pro

TGG
Trp

CCT
Pro

CCT
Pro

AAT
Asn

GCC
Ala

CTG

2067334

TTT
CGG
AGA

AGG

GTC
vVal

GCT
Ala

GCA
Ala

AGC
ser

AGT
Ser

GCC
Ala

AAG
Lys

ACC
Thr

AAG
Lys

GCC
Ala

GAG
Glu

ACA
Thr

AGC
sSer

GAG
Glu

CTG
Ley

TAC
Tyr

AAC
Asn

GCC
Ala

CCG

TCT
TAT

GAA

CCA

TGT
Cys

TCC
Ser

TCT
Ser

ACC
Thr

AAG
Lys

TTC
Phe

ACG
Thr

ACC
Thr

CAC
His

ATT
Ile

TCC
Ser

ACC
Thr

CTG
Leu

GTG
Val

GTG
val

CGC
Arg

AGG
Arg

AAC
Asn

GCG

S et o 4 A s WALt AT S - !

26
53
80
107

134

161
13

188
22

215
31

242
40

269
49

296
58

323
67

350
76

377
85

404
94

431
103

458
112

485
121

512
130

539
139

566
148

593
157

620

PCT/US90/06317

FIG. 1-1




WO 91/06639
158 Arg
621 GAG
167 Glu
648 TTC
176 Phe
675 AAC
185 Asnh
702 GAG
194 Glu
729 CTG
203 Leu
756 AAC
212 Asn
783 GGT
221 Gly
810 TTC
230 Phe
837 AAC
239 Asn
864 GAG
248 Glu
891 TTC
257 Phe
918 CCC
266 Pro
945 ATG
275 Met
972 TGC
284 Cys
999 GCC
293 Ala

1026 TCC
302 Ser
1053 GGC
311 Gly
1080 CTC
320 Leu
1107 CTC
329 Leu
1134 GAC
338 Asp
1161 AAC
347 Asnh
1188 TTC

Ala

TAC
Tyr

GGC
Gly

GGC
Gly

GTA
val

GAC
Asp

AGG
Arg

CAG
Gln

GCC
Ala

GAG
Glu

TAC
Tyr

CCC
Pro

AAG
Lys

CCT
Pro

CCC
Pro

CGA
Arg

TTC
Phe

TCT
Ser

CGG
Arg

ATG
Met

CAC
His

AAC
Asn

ATC

L.eu

GAG
Glu

TGG
Trp

TTC
Phe

TCC
Ser

GAA
Glu

TCC
Ser

ATT
Ile

CCG
Pro

CAC
His
TGT
Cys

ATC
Tle

TTG
Leu

TTC
Phe

ACT
Thr

GAA
Glu

CTG
Leu

GAG
Glu

AAC
Asn

GCT
Ala

GGG
Gly

AAG
Lys

 SUBSTITUTE SHEET

cal Als ChiVES & LEVTIW AL bl C

Ala

GAC
Asp

ACG
Thr

CGC
Arg

AAC
Asn

GAG
Glu

CTG
Leu

GTG
val

GAA
Glu

TCT
Ser

ATC
Ile

ATG
Met

AAG
Lys

TTC
Phe

CCA
Pro

CAG
Gln

GAC
AsSp

CCC
Pro

CTC
Leu

GTC
val

CTG
Leu

AAG
Lys

ACC

Arg

GGG
Gly

CAG
Gln

GTC
val

Lys

GGT
Gly

CTC
Leu

GAC
Asp

ACG
Thr

Lys

CAG
Gln

TTC
Phe

ACT
Thr

CGA
Arg

CCT
Pro

ATC
Ile

GCC
Ala

AGT
Ser

AGC
Ser

AAC

Asn

GCC
Ala

CCG
Pro

ACC

Trp

CTC
Leu

AGG
Arg

CCG
Pro

ATT
Ile

GTT
val

TTC
Phe

CAC
His

GAA
Glu

ACC
Thr

GGA
Gly

CCG
Pro

CAA
Gln

GCC
Ala

TAC
Tyr

AAT
Asnh

AGC
Ser

CTG
Leu

AGC
Ser

CAA
Gln

TAC
Tyr

AGC
Ser

GCC

2 /12

Leu

GCC
Ala

AAG
Lys

CTG
L.eu

GTA
val

CTG
Leu

ATG
Met

GAC
Asp

CTG
Leu

CAG
Gln

GAC
ASp

Lys

GGG
Gly

GGG
Gly

CAG
Gln

GCT
Ala

TTA
Leu

GCC
Ala

CCG
Pro

GAA
Glu

CTG
Leu

CCC
Pro

CGC

2067334

Pro

CTG
Leu

ACG
Thr

GCC
Ala

GGC
Gly

GAC
Asp

CAG
Gln

CTG
Leu

GGG
Gly

TGT
Cys

AAC
Asn

AAT
AsSn

AAA
Lys

TTT
Phe

TCG
Ser

GTG
val

GTG
vVal

AGC
Ser

CTG
Leu

GCC
Ala

CCC
Pro

TGT
Cys

GTG

Ala

CCC
Pro

CGC
Arg

CGG
Arg

TAC
Tyr

CAA
Gln

TGG
Trp

GAC
Asp

AGC
Ser

GAG
Glu

TGC
Cys

GAT
Asp

TGC
Cys

GTC
Val

TTG
Leu

ACC
Thr

TAC
Tyr

CGT
Arg

GGC
Gly

TGG
Trp

TTT
Phe

GAG
Glu

CCC

S e BN - g+ RO TR Mg e 4 181

166

647
175

674
184

701
193

728
202

755
211

782
220

809
229

836
238

863
247

890
256

917
265

944
274

971
283

998
292

1025
301

1052
310

1079
319

1106
328

1133
337

1160
346

1187
355

1214

PCT/US90/06317

FIG. 1-2



WO 91/06639
356 Phe
1215 TGT
365 Cys
1242 TCA
374 Ser
1269 CAC
383 His
1296 CGG
392 Arg
1323 AAC
401 Asn
1350 TAC
410 Tyr
1377 GCC
419 Ala
1404 GAC
428 AsSp
1431 GAG
437 Glu
1458 CAA
446 Gl1n
1485 CGA
455 Arxrg
1512 TTC
464 Phe
1539 TCC
473 Ser
1566 TAC
482 Tyr
1593 CTC
491 Leu
1620 ACC
500 Thr
1647 ATT
509 Tle
1674 GCC
518 Ala
1701 GAT
527 Asp
1728 AAC
536 Asn
1755 ATC
545 Jle
1782 AAC

Ile

TTC
Phe

GAG
Glu

ACC
Thy

CTG
Leu

CCT
Pro

CAG
Gln

TTC
Phe

TAC
Tyr

ATG
Met

GGC
Gly

ATT
Ile

CGC
Arg

ACT
Thr

CAG
Gln

CCC
Pro

TGG
Trp

GAC
AsSp

AAG
Lys

Lys

AAG
Lys

CAC
His

TTA

Asn

CTG
Leu

CAG
Gln

CTC
Leu

GCC
Ala

CAC
His

GAA
Glu

ATA
Ile

CTA
Leu

CAG
Gln

TAT
Tyr

TCC
Ser

TTT
Phe

GTG
val

CCA
Pro

CTA
Leu

AGG
Arg

CCT
Pro

AAG
Lys

ATG
Met

CTT
Leu

GGC
Gly

CAG

Thr

GCG
Ala

ATT
Ile

CTT
Leu

AGA
Arg

TGG
Trp

GCC
Ala

CAG
Gln

CCC
Pro

AAG
Lys

AAT
Asn

AAT
Asn

GGC
Gly

TCC
Ser

TGG
Trp

CAC
His

ATA
Ile

CTG
Leu

TCC
Ser

GTG
val

TTC
Phe

TTT
Phe

CGT

Thr

GGA
Gly

CTG
Leu

CTC
Leu

GAA
Glu

AAT
AsSh

CGG
Arg

ATC
Ile

ATT
Ile

TGG
Trp

AAC
ASh

GTC
val

CAC
His

CGC
Arg

GGT
Gly

ACC
Thr

ATC
Ile

GTG
val

AAA
Lys

ACG
Thr

CAG
Gln

GAC
Asp

TGC

3712

Ala

GAT
Asp

CTG
Leu

CGG
Arg

CTA
Leu

GGA
Gly

AAA
Lys

ATC
Ile

GTG
val

ATC
Ile

TCT
Ser

TTC
Phe

ATG
Met

CTG
L.eu

CCG
Pro

CTC
Leu

AAA
Lys

CGG
Arg

CTG
Leu

AGT
Ser

CCC
Pro

CTG
Leu

CGA

Arg

TTT
Phe

GCC
Ala

GAG
Glu

AAG
Lys

GAG
Glu

ATC
Ile

ACC
Thr

CTA
Leu

CCG
Pro

GTG
val

ACC
Thr

GAG
Glu

GAT
Asp

GAA
Glu

TTC
Phe

GAC
Asp

GGT
Gly

ATG
Met

GAG
Glu

ACT
Thr

GCT
Ala

GAC

2067334

vVal

CGA
Arg

ACT
Thr

CAC
His

AAA
Lys

AAG
Lys

CTG
Leu

TTT
Phe

GGT
Gly

CCC
Pro

GAT
Asp

TTT
Phe

GTT
vVal

GAG
Glu

GCA
Ala

TTC
Phe

GGT
Gly

CTG
Leu

AAT
AsSn

CTG
Leu

CAC
His

GCT
Ala

CAT

Pro

GCC
Ala

GCC
Ala

AAC
Asn

CTC
Leu

CTC
Leu

GGA
Gly

AGG
Arg

AGT
Ser

TAC
Tyr

CCC
Pro

GCC
Ala

CCC
Pro

AAT
ASn

GAG
Glu

AAC
AsSn

GGA
Gly

CTG
Leu

CAG
Gln

CGC
Arg

AAG
Lys

ATC
Ile

GGG

364

1241
373

1268
382

1295
391

1322
400

1349
409

1376
418

1403
427

1430
436

1457
445

1484
454

1511
463

1538
472

1565
481

1592
490

1619
499

1646
508

1673
517

1700
526

1727

535

1754
544

1781
553

1808

PCT/US90/06317

FIG. 1-3

SUBSTITUTE SHEET

C it e A L el ¢ e A FOVEI 0 ek A i e

TP . 5 AL VI 1 -



WO 91/06639
554 Asn
1809 ATG
563 Met
1836 TTC
572 Phe
1863 CTG
581 Leu
1890 AAC
590 Asn
1917 GAT
599 Asp
1944 GAC
608 Asp
1971 CCC
617 Pro
1998 CCA
626 Pro
2025 CAA
635 Gln
2052 AGG
644 Arg
2079 TTC
653 Phe
2106 CAG
662 Gln
2133 TGT
671 Cys
2160 CCG
680 Pro
2187 TAC
689 Tyr
2214 ACC
698 Thr
2241 TGG
707 Trp
2268 GGA
2295 GTA
2322 TTT
2349 CTT
2376 CTT
2403 GCC
2430 CAA

Leu

CCT
Pro

TGT
Cys

AAG
Lys

AAG
Lys

CTC
Leu

ATC
Ile

ATG
Met

CTC
L.eu

TTC
Phe

TTC
Phe

ACT
Thr
Lys

GAC
Asp

CTG
Leu

CCA
Pro

GTT
val

GCC
Ala

CTC
GAG
CAA
CGG
CTG
CCC

GGC

Gln

GGG
Gly

GGC
Gly

GGG
Gly

ATA
Ile

TAT
Tyr

TGG
Trp

GTA
vVal

CTG
L.eu

CAG
Gln

TGG
Trp

GAG
Glu

GTG
val

AAC
AsSn

CAT
His

CAT
His

GAT
AsSp

TCC
Ser

CAC
CTC
GTA
GCT
TCC
CAA

AGC

Arg

TAC
TYyY

CTC
Leu

CTG
Leu

CTG
Leu

AAG
Lys

ATT
Ile

GAA
Glu

GCC
Ala

CAG
Gln

TGG
Trp

AAG
Lys

TCC
Ser

ACC
Thr

GCC
Ala

GAC
Asp

AAG
Lys

AGG
Arg

AGC

CCC

GAC
CCC
AGC
GCA

CGC

Cys

AAC
Asn

TCA
Ser

CAG
Gln

GCT
Ala

ACC
Thr

GGA
Gly

AGG
Arg

TGC
Cys

ATA
Ile

GAG
Glu

CAG
Gln

TTC
Phe

CAC
His

TTC
Phe

TTT
Phe

CTG
Leu

GAG
Glu

CTC
TTG

TCA
TAC
CGA
CAC

CTT

- S L AT RN S PR 1. e - L g Tt e etA . . Totamae sy

L /12

Arg

TCC
Ser

CAG
Gln

ACT
Thr

AAG
Lys

CCC
Pro

GGC
Gly

GGC
Gly

CTC
Leu

CGT
Arg

AAC
Asn

CGG
Arg

TCA
Ser

ATC
Ile

CAG
Gln

GTG
val

GAT
Asp

AAT
Asn

CCA

GCC
GTG

CCC
GTC
CTA

GCC

AsSp

TGG
Trp

CCC
Pro

GTG
Val

AAG
Lys

GAC
Asp

AAC
AsSn

CGG
Arg

CTA
Leu

GAT
AsSp

CCT
Pro

GAC
Asp

CGC
Arg

ACG
Thr

GCC
Ala

GAT
Asp

CTC
Leu

TAG

CAC

ACG

ACC
GCC
TCT
GCT

GCT

2067334

His

AGG

Arg

AAG
Lys

CTG
Leu

TTA
Leu

AAC
Asn

GCT
Ala

GTG
Val

GGG
Gly

GGG
Gly

GGG
Gly

TCT
Ser

CTC
Leu

AAG
Lys

AAC
Asn

TGC
Cys

TCA
Ser

GGG

TGT
ATG

TGG
CCA
CTG
CAA

CCA

Gly

GGC
Gly

ACA
Thr

AAG
Lys

ATG
Met

ATT
Ile

GAG
Glu

GGG
Gly

AGG
Arg

GAC
AsSp

GTC
vVal

CTA
Leu

ATC
Ile

GTC
Val

AAC
Asn

TCA
Ser

CCC
Pro

CCC

GCA
CCA
CCC
GGC
CAC
GCC

GCT

NN O 4 A S ] IS A B - 3t bl AT

562

1835
571

1862
580

1889
589

1916
598

1945
607

1970
616

1997
625

2024
634

2051
643

2078
652

2105
661

2132
670

2159
679

2186
688

2213
697

2240
706

2267
712

2294

2321
2348

2375
2402
2429

2456

PCT/US90/06317

FIG. 1-4

SUBSTITUTE SHEET



WO 91/06639

.....

2457
2484
2511
2538
2565
2592
2619
2646

2673

2700

(ECoORI

CTT
GTC
ACT
TCT
TTC

TGT
CCC
GAG
TGT

TTG

cloning linker)

CCC
TTC
TAC
TGC
CCC
GGC
CTT
CTT
GCC

GCA

ATT
GGA
ACC
TTG

CTT
GAA
GGC
CTG

CAC

GAA

CTC
CCA

AAA
GAC
CTA
CTT

GGG

AG-EcoRI

SUBSTITUTE SHEET

TCC
CCT

CAA
GAT
AGT

ACC

GAT
CAA

CCC

5/

CAC
CCT

AAT
GTC

CTT
TGT
TGT
CCT
CCA

12

ATC
TCT
GCC
ACC
GGC

ATC

GCT
GCG

2067334

CTC
GTC

TTC
CAT

TGA
TCT
CTT
TCC
TAG

TCC

TGA
CCT

GGC
CCT
CTT

TCC

MAE L A BRI L ALpA | e T ORS00 4 L D 000 U AV TS PR - o L v | Dy e G | e e VR b o T g A I T I H T S SN e Al Bm e = s e . .« . .

PCT/US90/06317

2483

50 FlG. 1-5

2537
2564

2591
2618
2645
2672
2699
2710



2067334 FCUSov0e3T

WO 91/06639

6/ 12

¢S1INJY HANAS-4343U-004 14—~

l—¢ Ol

912 11s4NAq1n933a 1490 1 N8 1dnHHONY L 160 Y 0419
szz l1sH3]ad4100.1 4480 1 INGRHHBTEN449NEANI 1S 0dUY
czz 1 8H9Had 4 14nd 44N 1 ONgHYn 14 1TH9MuEYS d 15 0434
622 10SAHAGAYNNINSNO | nHY UnFHn dd Td49NAT149d 0S 4IMHY Y YNS UG 0414
622 705 A0 AR YnyINSH | n0Y U FYn dd Td JONATIHd ]| d MY Y NSHY 0d1d
9 1 dSNIAPINT-dndy9---0gn3NS 1L 101SdaLNNI 1L LEYY- TN TSIINN~ -~~~ 0 0419

SSIINJU HANG0343LN9-NA0AL-~ AUNN4A4dHNISH A3 110 T10NHTAQ OdHY
QLNNAd9SHO40TAIITI9TIHNHUAQ 0d3Y
QLUdHOSOOLATNNNYAUBOISLINIT 0d1Y

Qd70010444INYEANIONELINII 0dld

6SIINJBI L [|[qdAANB -
6SHINJY HAANY -

1NdJAdd THAd
1HdJSdd 1HHd

SHNU 1 1ST1-03
S INB11S11-33

JSASTINNT0-Hd
0577470 -d3

88
06

|ULH1HINUHAIAIFN00LLdUISSTL

Ngldlud

J
ub UAFUSS TN IFLANIAINEdEBEI OdHY

H1HSAT44ANNO IIANXSNYAS | LL1SHE0Y | LASHY 0d19
_

| SHHINAHAAN
06 |HEHNN LY 1bY | SAOLANAHHAN TP H 1 308 INYLINHAdSBLALI 0d3Y
16 |HBYY I N9S1d NHOHLEAHHLAN THAS A INSSNHYI TN TT3N9H 0d LY
16 [UUHSH1HS1d 4w¥¢4zmm=hh= an114sHINTo08NAYUILAY9T10NHY 0dLd
61 N3471nSET4NdT0T3NMH 0419
12 354041871877198 8 TN 0dUY
12 33d08IN1181N98 T84T THU 0d3Y
b2 S1444483138UNTLNS N TBH 0d1Y
SERIRCEEERERENERIGE | (CEEDL] 041d

SUBSTITUTE SHEET

D e L

A s

fetd ol IR ol { LRl u*ﬁw ot LYY o oo b €y e G f Ky 4o ey Wy LA B B a s d S v d A e

AN it A AR A AN ey e de e e A RS G o B RIASE B e MLEAM



PCT/US90/06317

WO 91/06639

2067334

7712

3dd THNH3HTT1L 4d4094 14344

~1IN143-3AdSdAAN

A4 ldI8 143d I[dH-SHNL 1--TAdAAH N
1L 410987434 1{dH-SUNL1T1--TAdAaH N
4ddIE 1494941 39d 1 943 dHIJuHdUHd
qdiqUI6 143d4d44-4d19d3dHJU ddUdd

Y----15---0Add-
| LIN=-§-=-~- 94-
NYNN--N---~- 0d-
dNUL1STN9 4789009
dYYNSTNINTHIOHI

-}

982 | U901 XTIAdAN 1 d4JNA90 I[JA 3 ouymzmzmoth 4
€62 - QUONJ 1 HdANddlI X7 d00MIASLIINNI LNH4SHYYY 4
162 - QHONX 1 HdaNddI i d43dd10HALHAaN9Y L|4YnHHdS 1
262 | 1J81955d4E33 10 d4I4NONFILUOXAYO994UUNS LS ]
862 S L1HIHEISUNL 10l d434SHUNIFIL 10AaY9944HUNS LS L

0419
0474
0dUM
0d3Y
0d1Y
0d1d

0419
0dUY
043y
0d1Y
0d1d

0419
0dHY
0434
0d1Y

0d1d

SUBSTITUTE SHEET

Lo rade ddaeC s AL ® P EA s a2t . e

- AL AL e (YT

Sees dored sy law il v s A 45 W GAGS" | RN 03 o] B AL Ftry )] B e £ . o SE R S IO O e - FE Y LA A et PR A A Dy MM + p g St A et -



PCT/US90/06317

2067334

WO 91/06639

€-¢ HDid
TIANATINLAT9X 1134097192
TUASAINY uquomo.A@u
TAINYINLA09113404192
TA0NATINYS 106 INY40 9192

NSHSY 1819108413744 792
NdONEL1BUSIAUN1L3ITH]T19D

¢Z39dINHC
¢29 943AN ¢
629 9AH A 1c
L29H9d 1 e
SN RE
S+9H9d14S

| 0d19
| 0d'1Y
1 0dUY
1 0d3Y
| 0dlYy
| 0d1d

41353491
4134349140 04714
4NHdNdINdDl 0duYy
NHSNdUSHY 043y
ZJQmJQmIMm 0d1Y

0d 19

N
~
QO

0d1d

ANt
dd PING

H3Y |
441 [0t

43

d 3

28 ANFATHSN1SdN3AYHI 14 _ dd 1MX0H3sH9n | 04719
JUSSdNITHI 44 444 dd IHAOUHO49 1| 047y
4044017 Igmmm. - IERISEITTE ok 0dWY
U440 T UH9 A4 4HT 043y
HN1dH | LHH9 44 4HY doNA0044349 I 0d LY
L0S 44Ha 144N TdH | LHHO 44 4 d9nH09403do i 0d1d

SUBSTITUTE SHEET



206 7334 PCT/US90/06317

WO 91/06639

Q /12

y-2 DOI4 | £€6 THHJ 1YH

926 1)

mxmHomomzoamwomwoocmcmommho:mo:uoumqmmhoowhmm_mJPmupohmhzmo_:hmhqo¢uoo_44
rmmqommoomgoom:u4¢m¢¢o:ommzouomqmqmmmuooomomm:mqqmm¢o¢zh:mu::p:c4w¢4ou:4:

¢ld N3JHS
¢l NANS
61L  SHJ
Sl 19
mzwomOHohqommooqu>o:mum>:4:mmommmo::uoozm:mmmuouuooomuhm
b829Hd 131108494 TH49HYIS AN TINH094II31149903ndA4492HG9SddY 3

NI 4409041 00
4N3NMM44a9a4i 00
NInM44090413y
UXOQMM 4409044y
HYNIMN ANAoadIu
dNINM 48090410 Y

SaQd o
SaXd3
HOHAOUS
U404y

JHHAYC
344043

169 HdANNU
169 NdASNY
609 H4ASNS
969 HdA | Nb
31 344490
b1L 409N

0414
0dld

0d.1Y
0d1d

0d1Y
0d1d

0d 19
0414
OdUY
043y
041\
0dL1d

0d 19
0414
0dHY
0434
0d1Yy
0d1d

SUBSTITUTE SHEET

' I ENNT L L 1) A i | - e ML el O R - s A



2067334

WO 91/06639

PCT/US90/06317
10712

1 G GAG CAT AAC CGG CTG GCC AGA GAA 25
1 Glu His Asn Arg Leu Ala Arg Glu 8

26 CTA AAG AGA CTC AAC CCT CAG TGG GAT 52 FIG- 3-1
9 Leu Lys Arg Leu Asn Pro Gln Trp Asp 17
53 GGA GAG AAG CTC TAC CAG GAA GCC CGG 79
18 Gly Glu Lys Leu Tyr Gln Glu Ala Arg 26
80 AAA ATC CTG GGA GCC TTC ATG CAG ATT 106
27 Lys Ile Leu Gly Ala Phe Met Gln Ile 35
107 ATC ACC TTT AGG GAC TAC CTA CCC ATT 133
36 1Ile Thr Phe Arg Asp Tyr Leu Pro Ile 44
134 TTG CTA GGT GAC CAC ATG CAG AAG TGG 160
45 Leu Leu Gly Asp His Met Gln Lys Trp 53
161 ATA CCC CCA TAT CAA GGC TAC AGT GAA 187
54 1Ile Pro Pro Tyr Gln Gly Tyr Ser Glu 62
188 TCT GTG GAT CCC AGA ATT TCC AAT GTC 214
63 Ser Val Asp Pro Arg Ile Ser Asn Val 71
215 TTC ACC TTC GCC TTC CGC TTT GGC CAC 241
72 Phe Thr Phe Ala Phe Arg Phe Gly His 80
242 TTG GAG GTC CCC TCT AGT ATG TTC CGC 268
81 Leu Glu Val Pro Ser Ser Met Phe Arg 89
269 CTG GAT GAG AAT TAT CAG CCA TGG GGG 295
90 Leu Asp Glu Asn Tyr Gln Pro Trp Gly S8
296 CCA GAA CCA GAA CTC CCC CTC CAC Acc 322
99 Pro Glu Pro Glu Leu Pro Leu His Thr 107
323 CTC TTC TTC AAC ACT TGG AGG ATG GTC 349
108 Leu Phe Phe Asn Thr Trp Arg Met Val 116
350 AAA GAT GGT GGA ATT GAT CCT CTG GTG 376
117 Lys Asp Gly Gly Ile Asp Pro Leu Val 125
377 CGG GGC CTG CTG GCC AAG AAA TCC AAG 403
126 Arg Gly Leu Leu Ala Lys Lys Ser Lys 134
404 CTG ATG AAA CAG AAT AAA ATG ATG ACT 430
135 Leu Met Lys Gln Asn Lys Met Met Thr 143
431 GGA GAG CTG CGC AAC AAG CTT TTC CAG 457
144 Gly Glu Leu Arg Asn Lys Leu Phe Gln 152
458 CCA ACT CAC AGG ATC CAT GGC TTT GAC 484
153 Pro Thr His Arg Ile His Gly Phe Asp 161
485 CTG GCT GCC ATC AAC ACA CAG CGT TGC 511
162 Leu Ala Ala Ile Asn Thr Gln Arg Cys 170
512 CGG GAC CAT GGG CAA CCT GGG TAC AAT 538
171 Arg Asp His Gly Gln Pro Gly Tyr Asn 179
539 TCC TGG AGA GCC TTC TGT GAC CTC TCA 565
180 ©Ser Trp Arg Ala Phe Cys Asp Leu Ser 188
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1268 TGG CCC TTA ACC TTT ATC TTT CTT CCT 1294
1295 GTC CTC TCA CCT AGA TTG Taa Ger cce 1321 | @R 3-3

1322 TGG GCC AGG ACT TCA GCC TGC CTC CGA 1348
1349 GGG TCC CCT GTG GCA CCT AGC ATG GTG 1375
1376 CAC AGC ACA TTA GAA GTG CTC AAA 1399

-(additional sequences of non-LPO origin)

(EcoRI = cloning linker)
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