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The invention discloses the amino acid sequence of Acyl-Peptide Hydrolase. The invention relates to a DNA mole-
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ACYL~PEPTIDE HYDROLASE AND
METHODS OF PRODUCTION AND USE

CKGROUND O ON

Field of the Invention

The present invention is directed to the
production of Acyl-Peptide Hydrolase by recombinant
DNA technology. It is also directed to the use of
the enzy.z to catalyze hydrolysis of an acylated
peptide or protein, and the reaction between a
derivatized NZ%-acetyl amino acid donor and an
acceptor protein with a free a-NH, group.

Brief Description ~f the Background Art

Since the disccocvery of an acetyl group at the
amino-terminus of tobacco mosaic virus coat
protein, a number of N%-acetylated proteins have
been found in animals, plants, and their viruses,
and also in bacteria and fungi. N@®-acetylation is
therefore considered one of the typical modifica-
tions of proteins in living organisms. Moreover,
in some eukaryotic cells, it has been suggested
that more than 80% cof the intracellular soluble
proteins are N®-acetylated (Brown, J.L., J. Biol.
Chem. 254:1447-1449 (1979)).

The biological significance of N%-acetylation
of proteins is still an open question (see
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Tsunasawa et _al., Method Enzymol. 106:165-170
(1984)). It has been proposed that this post-
translational modification protects intracellular
proteins from proteolysis. However, this does not
hold true for all proteins. In the case of actin
from slime mold, proteolytic degradation becomes
slower when the protein is NZ%—acetylated. In
contrast, cat hemoglobin is degraded at the same
rate irrespective of N%—acetylation (Tsunasawa et
al., 1984).

Recent results from DNA sequencing have shown
that in structural genes for the secretory proteins
that are N@-acetylated, the codon for the acetyla-
ted amino~-terminal residue is directly preceded by
the initiation codon without the insertion of
additional codons for aminc acids (Tsunasawa et
al., 1984). Little effort has been made to
understand the relationship between N%-acetylation
and the transport of secretory proteins across
bioclogical membranes. To understand completely the
function of N%-acetylation, it will be important to
identify the N%-acetylated amino acids in proteins
and peptides on a microanalytical scale. For this
purpose, removal of the N%-acetyl group or the
N@—acetyl amino acid must be efficiently achieved.

Acyl-Peptide Hydrolase (APH) has been success-
fully used for the hydrolysis o¢f N%-acylated
peptides. One such enzyme, which was purified from
animal liver, can liberate the N%-acetyl amino acid
from rather short peptides derived from N®-acetyla-
ted proteins (Tsunasawa et _al., 1984). The
substrate specificity is broad for the amino
terminal residue. APH cleaves the N%-terminal
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acetylated or formylated amino acid from a blocked
peptide (Jones et al., BBRC 126:933 (1985)). This
enzyme catalyzes the hydrolysis of a diverse number
of peptides and displays different pH optima for
certain substrates in doing so. This enzyme may
also play a pivotal role in the processing of
polypeptide chains during biosynthesis. The
presence of the acetylated group has gone undetec-
ted on many proteins because in most cases the
blocking group of the nascent polypeptide chain
together with the first amino acid are removed
sometime during biosynthesis. APH has been
purified from rat 1liver (Tsunasawa et al., J.
Biochem. 77:89-102 (1975)); from bovine liver (Gade
et al., Biochim. Biophys. Acta 662:86=-93 (1981));
from porcine liver (Tsunasawa et al., J. Biochem.
93:1217-1220 (1983)); from rat brain (Marks et al.,
J. Neurochem. 41:201-208 (1983)):; and from human
erythrocytes (Jones et al., Biochem. and Biophys.
Res. Comm. 126:933-940 (1985)).

S R F _TH NVENTION

This invention is directed to a protein Acyl-
Peptide Hydrolase (APH), which comprises the amino
acid sequence of Figure 1. It is also directed to
the production of APH by recombinant DNA techral-
ogy, and to the utilization of APH in the hydro-
lysis or amino-acylation of peptides or proteins.

A recombinant DNA molecule coding for APH of
the present invention may be used to transform any
of a number of hosts, creating new sources and
unlimited supplies of APH. It is a purpose of this
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invention to provide new sources of substantially
pure APH which would be available in unlimited
supply.

Additionally, this invention encompasses the
use of the enzyme to catalyze the hydrolysis of an
NC@-acylated protein, or the reaction between an N@-
acetyl amino acid donor and an acceptor protein
with a free a-NH, group.

Therefore, additional purposes of this
invention are to provide a means of hydrolysis of
N-acylated proteins, and o¢f amino-acylating any
polypeptide or protein from an N%-acetyl amino acid
donor and an acceptor with a free a-NH; group, by
the use of APH.

ESCR ON OF IGURES

Figure 1 illustrates the amino acid segquence
of APH. The singly underscored portions and the
cross-hatched portion are those areas sequenced
both by Edman degradation of AFH typsin and
cyanogen bromide fragments, and by dideoxy-chain
termination seguencing of clone APH36.1 cDNA. The
asterisks indicate potential sites of glycosy-
lation. The hatched portion represents the active
site, which contains both a serine and a histidine.

Figure 2 indicates the APH peptide from which
the sequences for degenerate probes YS17.2 and
¥S20.1 originated.

Figure 3 illustrates the scheme for screening
a cDNA library with probes, in order to identify
and isolate the gene encoded for APH.
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Figure 4 illustrates the DNA sequence for the
phage DNA insert of the APH36.1 clone, excluding
the rat serum albumin sequence, plus additional 3'
untranslated sequence from rat liver clone APH36.1.

In Figures 1 and 4, the amino acids have been
designated by single letters of the alphabet such
that: A = Alanine, B = Aspartic Acid or Aspargine,
C = Cysteine, D = Aspartic Acid, E = Glutamic Acid,
F = Phenylalanine, G = Glycine, H = Histidine, I =
Isoleucine, K = Lysine, L = Leucine, M = Methion-
ine, N = Asparagine, P = Proline, Q = Glutamine, R
= Arginine, S = Serine, T = Threonine, V = Valine,
W = Tryptophan, Y = Tyrosine, 2 = Glutamine or
Glutamic Acid.

DETAIIED DISCUSSION OF THE INVENTION

Definitions

To aid in the understanding of the specifica-
tion and claims, including the scope to be given
such terms, the following definitions are provided.

Transcription. The process of producing mRNA
from a structural gene.

Translation. The process of producing a poly-
peptide from mRNA.

Expressjion. The process undergone by a
structural gene to produce a polypeptide. It is a
combination of transcription and translation.

Plasmid. A circular double-stranded DNA
molecule that is not a part of the main chromosome
of an organism containing genes that convey
resistance to specific antibiotics. When the
plasmid is placed within a unicellular organism,
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the characteristics of that organism may be changed
or transformed as a result of the DNA of the
plasmid. For example, a plasmid carrying the gene
for tetracycline resistance (TetR) transforms a
cell previously sensitive to tetracycline into one
which is resistant to it. A cell transformed by a
plasmid is called a "transformant."

Cloning Vehjcle. A plasmid, phage DNA or
other DNA sequences which are able to replicate in
a host cell. The cloning vehicle is characterized
by one or a small number of endonuclease recogni-
tion sites at which such DNA seguences may be cut
in a determinable fashion without loss of an
essential biolegical function cof the DNA, which may
contain a marker suitable for use in the identifi-
cation of transformed cells. Markers, for example,
are tetracycline resistance or ampicillin resis-
tance. A cloning vehicle is often called a vector.

Recombinant DNA Molecules or Hybrid DNA. A
molecule consisting of segments of DNA from
different genomes which have been joined end-to-end
outside of 1living cells and have the capacity to
infect some host cell and be maintained therein.

Operator. A DNA sequence capable of interact-
ing with the specific repressor, thereby control-
ling the transcription of adjacent gene(s).

Promoter. A DNA sequence in which RNA
polymerase binds and initiates transcription of an
adjacent gene(s).

Acyl-Peptide Hydrolase (APH). This term is
meant to include an acyl-peptide hydrolase(s) from
any species, which has the activity of releasing
the N%-terminal acylated amino acid from any
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protein or peptide in an jin_vivo or in vitro
system. The term acyl-peptide hydrolase is also
used in this invention to include any analogue,
homologue, mutant or derivative of a naturally
occurring acyl-peptide hydrolase, which cleaves the
N®-acetylated amino acid from the N%terminal
portion of a peptide or a protein. The term is
also meant to include fragments having less than
the naturally-occurring number of amino acids, such
as partial fragments of natural acyl-peptide
hydrolases which retain the activity of cleaving
the acylated amino acid from the N—-terminal end of
a protein or peptide. The term is also used to
include any product which comprises the sequence of
a naturally occurring acyl-peptide hydrolase or
analogue thereof, together with one or more
flanking amino acids, which show acyl-peptide
hydrolase activity. The term acyl-peptide hydro-
lase also includes synonyms such as acyl-amino acid

releasing factor, acyl-amino acid releasing enzyme,
acyl-amino peptide hydrolase and acetylaminoacyl-p-

nitroanilidase.
Substantially Pure Form. As used herein, the
i term ‘"“substantially pure" or T"substantially
( purified" is meant to describe the protein which is
substantially free of any compound normally
associated with the factor in its natural state.
The term is further meant to describe the factor
which 1is homogeneous by one or more purity or
homogeneity characteristics wused by those of
ordinary skill in the art. For example, a substan-
tially pure factor wili show constant and reproduc-
ible characteristics within standard experimental




Y

R BT e

U Thet

WO 89/01509

PCT/US88/02841

-8

deviations for parameters such as the following:
molecular weight, chromatographic techniques and
such other parameters. The term, however, is not
meant to exclude artificial or synthetic mixtures
of the factor with other compounds. The term is
also not meant to exclude the presence of minor
impurities which do not interfere with the biologi-
cal activity of the factor, and which may be
present, for example, due to incomplete purifica-
tion.

Products and_ Processes

The invention comprises an enzyme having the
amino acid sequence designated in Figure 1, the
genetic sequences coding for the enzyme, vehicles
containing the genetic sequence, hosts transformed
therewith, enzyme production by transformed host
expression, and utilization c¢f the enzyme in
hydrolysis or in amino-acylation of peptides or
proteins.

The molecular weight of rat liver APH, as
estimated by gel <filtration, is 290,000-320,000.
There appear to be four identical subunits, with
one active serine per subunit. The N%-terminus of
the APH is acylated. APH appears to be a serine
protease, with a charge relay system involving
serine, histidine and carboxyl groups. The
environment of the active site differs from other
proteases of the trypsin family, due to the
presence of histidine. Although APH displays broad
specificity for substrates, it cleaves Ac-Ala-,
Ac—Ser—, and Ac—Met— containing peptides (the most
common N— terminal residues) more effectively than
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other acylated dipeptides. APH has very low or no
activity toward Ac-Trp—, Ac—Asp—, Ac-Glu, Ac—-Arg—,
Ac-Phe, and Ac—Pro— containing peptides.

Acyl-Peptide Hydrolase (APH) should be distin-
guished from N®-aretyltransferase, which catalyzes
the reaction in which a protein accepts the acetyl
group from an acetyl-CoA (Tsunasawa et a}l., Methods
in Embrvology 106:165-170 (1984)). Acyl-Peptide
Hydrolase should also be distinguished from
Aminoacylase (Szajani; Acta PBiochim. et Biophvs.
Acad. Sci. Hung. 15:223-228 (1980)), also known as
a-N-Acylamino acid hydrolase (Gade et al. Biochim.
et Biophys. Acta 662:86-93 (1981)).

Although APH has been isolated and purified
from several sources, there has been no sequencing
to date of APH. The present invention discloses
that sequence (Figure 1).

The DNA sequence coding for APH may be derived
from a variety of sources. For example, mRNA
encoded for APH may be isolated from the tissues of
any species that produces APH, by using the
Northern blot method (Alwine et al., Method
Enzymol. 68:220-242 (1979)), and labeled oligo-
nucleotide probes. The mRNA may then be converted
to cDNA by technigues known to those skilled in the
art. The probes may be synthesized based on the
known amino acid sequence of APH peptides.

Alternately, degenerative DNA probes maybe
used to screen a DNA library of a species that
produces APH, thereby 1isolating a clone that
contains the DNA sequence encoding APH. The DNA
library is created by the fragmentation, using one
or more restriction endonucleases of the genomic
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DNA, followed by incorporation into vectors, and
use thereof to transform host cells, wh’ch are then
plated and screened.

The DNA probe may be labeled with a detectable
group. Such detectable group can be any material
having a detectable physical or chemical property.
Such materials have been well-developed in the
field of immunoassays and in general most any label
useful in such methods can be applied to the
present invention. Particularly useful are
enzymatically active groups, such as enzymes (see
Clin. Chem. 22:1243 (1976)), enzyme substrates (see
British Pat. Spec. 1,548,741), coenzymes (see U.S.
Pat. Nos. 4,230,797 and 4,238,565) and enzyme
inhibitors (see U.S. Pat. No. 4,134,792); fluores-
cers (see Clin. Chem. 25:353 (1979)): chromophores;
luminescers such as chemiluminescers and biolumi-
nescers (see Clin. Chem. 25:512 (1979)): specifi-
cally bindable ligands; proximal interacting pairs;
and radioisotopes such as 3H, 35s, 32p, 1251 ang
l4c, such labels and labeling pairs are detected
on the basis of their own physical properties
(e.g., fluorescers, chromophores and radioisotopes)
or their reactive or binding properties (e.g.,
enzymes, substrates, coenzymes and inhibitors).
For example, a cofactor-labeled probe can be
detected by adding the enzyme for which the label
is a cofactor and a substrate for the enzyme. For
example, one can use an enzyme which acts upon a
substrate to generate a product with a measurable
physical property. Examples of the latter include,
but are not limited to beta-galactosidase, alkaline
phosphatase and peroxidase.
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A DNA sequence encoding APH may be recombined
with vector DNA in accordance with conventional
techniques, including blunt-ended or stagger-ended
termini for ligation, restriction enzyme digestion
to provide appropriate termini, £illing in of
cohesive ends as appropriate, alkaline phosphatase
treatment to avoid undesirable Jjoining, and
ligation with appropriate ligases.

To express APH, transcriptional and transla-
tional signals recognized by an appropriate host
element are necessary. Eukaryotic hosts may be
mammalian cells capable of culture in__vitro,
particularly leukocytes, more particularly myeloma
cells or other transformed or oncogenic lympho-
cytes, e.g., EBV-transformed cells. Alternatively,
non-mammalian cells may be employed, such as
bacteria, fungi, e.g., yeast, filamentous fungi, or
the like.

Possible hosts for APH production are mam-
malian cells, grown in vitro in tissue culture or
in_vivo in animals. Mammalian cells may provide
post-translational modifications to APH molecules
including correct folding or glycosylation of the
correct sites. Mammalian cells which may be
useful as hosts include cells of fibroblast origin
such as BERO or CHO-Kl, or cells of 1lymphoid
origin, such as the hybridoma SP2/0-AGl4 or the
myeloma P3x63Sgh, and their derivatives. Usually
the APH construct will be part of a vector having a
replication system recognized by the host cell.

In a preferred embodiment, a prokaryotic cell
is transformed by a plasmid carrying the APH
encoded gene. Bacterial hosts of particular



i &

WO 89/01509

PCT/US88/02841

-12-

interest include E, ¢oli K12 strain 294 (ATCC
31446), E. coli X1776 (ATCC 31537), E. coli W31l0
(F~, lambda~, prototropic (ATCC 27325)), and other

enterobacteriacaes such as Salmonella typhimurium
or Serratja marcescens, and various Pseudomona

species. Under such conditions, the APH will not
be glycosylated. The prokaryotic host must be com-
patible with the replicon and control seguences in
the expression plasmid. A prokaryotic host with a
plasmid containing the cDNA encoded for APH has
been deposited on August 21, 1987 at the American
Type Culture Collection, Rockville, MD, USA, and
given accession number ATCC 67504.

In general, such vectors containing replicon
and control sequences which are derived from
species compatible with a host cell, are used in
connection with the host. The vector ordinarily
carries a replicon site, as well as specific genes
which are capable of providing phenotypic selection
in transformed cells. The expression of the APH
encoded DNA can also be placed under contrcl of
other regulatory sequences which may be homologous
to the organism in its untransformed state. For
example, lactose-dependent E£. coli chromosomal DNA
comprises a lactose or lac operon which mediates
lactose utilization by elaborating the enzyme g-
galactosidase. The lac control elements may be
obtained from bacteriophage lambda plac5, which is
intective for E._colji. The lac promoter-operator
system can be induced by IPTG.

Other promoter/operator systems or portions
thereof can be employed as well. For example,
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colicin E1, galactose, alkaline phosphatase,
tryptophan, xylose, tax, and the like can be used.

For a mammalian host, several possible vector
systems are available for expression. One class of
vectors utilize DNA elements which provide auto-
nomously replicating extra-chromosomal plasmids,
derived from animal viruses such as bovine papil-
loma virus, polyoma virus, adenovirus, or SB40
v.rus. A second class of vectors relies upon the
integration of the desired gene sequences into the
host chromosone. Cells which have stably inte-~
grated the introduced DNA into their chromosomes
may be selected by also introducing one or markers
which allow selection of host cells which contain
the expression vector. The marker may provide for
prototropy to an auxotrophic host, biocide resis-
tance, e.g., antibiotics, or heavy metals, such as
copper or the like. The selectable marker gene can
either be directly linked to the DNA sequences to
be expressed, or introduced into the same cell by
co-transformation. Additional elements may also be
needed for optimal synthesis of mRNA. These
elements may include splice signals, as well as
transcription promoters, enhancers, and termination
signals. The cDNA expression vectors incorporating
such elements include those described by Okayama,
H., Mol. Cel. Biol. 3:280 (1983), and others.

A wide variety of transcriptional and transla-
tional regulatory sequences may be employed,
depending on the nature of the host. The tran-
scriptional and translational signals may be
derived from viral sources, such as adenovirus,
bovine papilloma virus, simian virus, or the like,
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where the regulatory signals are associated with a
particular gene which has a high level of expres-
sion. Alternatively, promoters from mammalian
expression products, such as actin, collagen,
myosin, etc., may be employed. Transcriptional
initiation signals may also be selected which allow
for repression or activation, so that expression of
the genes may be modulated. Of interest are
regulatory signals which are temperature~sensitive
so that varying the temperature, expression can be
repressed or initiated, or are subject to chemical
regulation, e.g., metabolite.

Once the vector or DNA sequence containing the
constructs has been prepared for expression, the
DNA constructs may be introduced to an appropriate
host. Various techniques may be employed, such as
protoplast fusion, calcium phosphate precipitation,
electroporation or other conventional techniques.
After the fusion, the cells are grown in media and
screened for appropriate activities. Expression of
the gene(s) results in production of the APH.

The host cells for APH production may be
immortalized cells, primarily myeloma or lymphoma
cells., These cells may be grown in an appropriate
nutrient medium in culture flasks or injected into
a synergistic host, e.g., mouse or rat, or immuno-
deficient host or host site, e.g., nude mouse or
hamster pouch.

The APH of the invention may be isoclated and
purified in accordance with conventional condi-
tions, such as extraction, precipitation, ¢hromato-
graphy, affinity chromatography, electrophoresis,
or the like.
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Uses

APH, once produced and purified, can be used,
for example, in a pharmaceutical manufacturing
environment to hydrolyze an N -acylated peptide, or
to amino-acylate the N®-terminus of a peptide. The
former is carried out in an aqueous solution, and
makes refractory proteins susceptible to Edman
sequencing. The latter may be performed in a near
anhydrous environment, and is useful in reducing
degradation of proteins to be used therapeutically.
See the discussion following A. Klibinov, "“Uncon-
ventional Catalytic Properties of Conventional
Enzymes," in Basic Biology of New Developments in
Biotechnology, pp. 497-518 (A. Hollaender, ed.
1973), on the use of enzymes in biphaasic systems
for organic synthesis.

The near anhydrous environment will alter the
substrate specificity of APH, such that the amino-
acylation of peptides takes place. Substrate
specificity of an enzyme in crganic solvents may be
radically different from, and sometimes opposite
to, those in water (see Zaks et_al., J. Am. Chem.
Soc. 108:2767-2768 (1986)). It has been shown that
peptides can be synthesized by trypsin and a-
chymotrypsin in solvents miscible or immiscible
with water (see Pugniere et al., Proteins:
Structure, Function, and Genetics 1:134-138
(1986)). Porcine pancreatic, yeast, and mold
lipases have been shown to vigorously act as

catalysts in a number of nearly anhydrous solvents.
The activity of the lipases in the organic media
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depends on the pH of the aqueous solution from
which the lipase is recovered. The maximum lipase
activity in the organic solvent coincides with the
pH optimum of the enzymatic activity in water (see
Zaks et al., Proc. Nat'l Acad, Sci. USA 82:3192-
3196 (1985)). It has also been shown that a serine
carboxypeptidase, such as carboxypeptidase Y
derived from yeast, can synthesize a peptide from
the reaction of an amino acid ester or amide or
other substrate with an amino acid or other amine
component (U.S. Patent No. 4,339,534).

Enzymes such as APH can vigorously function as
catalysts in organic solvents, provided that some
basic rules are followed. These rules include:
(1) a proper choice of solvent (with hydrophobic
ones being the best if they do not strip the
essential layer of water from the enzyme molecule);
(2) the use of an enzyme recovered from an agueous
solution of the pH optimal for enzymatic activity;
and (3) elimination of diffusional limitations by
vigorous agitation and fine dispersion of the
enzyme powder in the organic solvent (see Zaks et
al., 1986).

The reactants in the APH-catalyzed condensa-
tion reaction are acceptor polypeptides, e.g.,
proteins with a free N%-terminal group, and a
substrate such as a benzyl alcohol derivative of an
acylated amino acid. Concentration of substrate
needs to be sufficient to drive the amino-acylation
reaction. The solvent chosen is a hydrophobic one
that does not strip the essential layer of water
molecules surrounding the enzyme. The APH,
antecedent to its placement in the solvent, is

PR -t U SRR S [
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recovered from an aqueous solution of the PpH
optimal for enzymatic activity. Dispersion of the
fine APH powder in the solvent, and vigorous
agitation is used to overcome diffusional limita-
tions (Zaks et al., J., Am. Chem. Soc, 108:2767-2768
(1986)). Additionally, the organic environment
will facilitate extraction of the APH due to enzyme
insolubility in organic media (2Zaks et al., Proc.
Nat'l Acad, Sci. USA §2:3192-31"" (1985)).

APH may be suspended in its fine hydrated
powder form, or may be immobilized on a carrier.
The stability of enzymes toward inactivating
agents, such as the monohydric alcohols is often
enhanced by immobilization. It has been shown that
trypsin and a-chymotrypsin, when immobilized on an
insoluble alumina-phosphocolamine complex, demon-
strate remarkable resistance toward organic
solvents, including water-miscible monchydric
alcohols (Pugniere et __al., 1986). APH may be
immobilized by methods known to those skilled in
the art, on beads and other carriers, which then
may be used in batches or columns.

Having now generally described this invention,
the same will be better understood by refererice to
specific examples, which are included herein for
purposes of illustration only, and are not intended
to be limiting unless otherwise specified.

EXAMPLES

Example 1--Extraction and Purification of APH
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Materials-~DEAE Sepharose CL-6B, FPLC columns (Mono
Q HR5/5, and Mono S HR5/5), Sephacryl S-300 super-
fine, Octyl-Sepharose, and Polybuffer 74 were from
Pharmacia. Spherogel CAA-HIC column (0.46 x 10 cm)
was from Beckman. Hydroxylapatite (Biogel HT) was
from Bio-Rad. Glycerol was from BRL. Reactigel 6X
was from Pierce. Amino acids (Ac—l—Ala) were from
Sigma. All other chemicals were reagent grade or
better.

Enzyme Purjfication--APH was purified from 300 g of
rat liver (male, CD strain) as described by
Tsunasawa et al., J. Biochem. (Tokyo) 77:89-102
(1975), except for the substitution of DEAE-
Sepharose CL-6B and Sephacryl S-300 for DEAE
cellulose and Sepharose 6B, respectively. The
column sizes and gradients were also changed. For
hydroxylapatite chromatography, the starting
gradient was 5 mM phosphate buffer instead of 20 mM
phosphate, and 10% glycerol was used in the
gradient. Four mg of purified enzyme were ob-
tained. During DEAE-Sepharose CL-6B chroma-
tography, an increase in total activity was
observed. In order to confirm the homogeneity of
the protein from the Sephacryl S-300, additional
chromatography was carried out: (i) ion-exchange
chromatography with Pharmacia FPLC system on Mono Q
and Mono S with various buffers at pH's between 5
and 8; (ii) hydrophobic interaction chromatography
on Octyl-Sepharose and Spherogel CAA-HIC; (iii)
chromatofocusing on Mono P with Polybuffer 74; and
(iv) affinity chromatography using Ac—L-Ala—
Sepharose, prepared from Reacti-Gel 6X (Pierce) ang
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acetyl-L-alanine. In no case was further separa-
tion or increased activity observed.
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Table I

Purification of Acylpeptide Hydrolase from Rat Liver

Specific
Activity Protein Activity Purifi-

Step (unit) (mg) (unit/mg) cation
1 Homogenate 194 44200 1.00
2 12000 x g 194 39400 1.12

Supernatant
3 Ammoni-im Sulfate 150 25400 1.35

(20-50%)
4 Heat Treatment 139 2520 11.5
5 DEAE-Sepharose 208 29.3 1630
6 Hydroxylapatite 148 5.90 5780
7 Sephacryl S-300 118 4.04 6090
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Example 2--Amino Acid Sequencing of Tryptic and
Cyanogen Bromide Fragments of APH and Construction
of Probes.

This procedure is illustrated in the left arm

of Figure 3.

Materials--APH was purified as in Example 1.
Purity was confirmed by SDS polyacrylamide gel
electrophoresis by the method of Laemmli, Nature
227:680-685 (1970).

Cyanogen bromide, guanidine-HCl, 2-mercapto-
ethanol, trifluorocacetic acid (TFA), were obtained
from Pierce. Acetonitrile (HPLC grade UV cut-off
188 nm) was from J.T. Baker. Trypsin treated with
N-tosyl-PheCh,;Cl1 was purchased from Worthington.
Bradform protein assay reagent and electrophoresis
reagents were obtained from Bio-Rad, except for
molecular weight markers and Tris, which were
purchased from Sigma. Zwittergent 3-14 was from
Calbiochem and [l4-C] iodoacetic acid (9.8 mCi/
mmol) was from New England Nuclear.

All other reagents were the purest grade that
was commercially available.

Reduction of pisulfide_ Bonds and Alkylation with
Jodoacetic Acid. The APH (3 nmeol) was denatured in
0.5 M Tris-HCl (pH 8.5) containing 7 M guanidine
HCl/2 mM EDTA, and reduced with 8~10 mM 2-mercapto-
ethanol under argon at a room temperature for 12 hr
er at 37°C for 3 hr. To the mixture (0.19 ml),
(14—C]) iodoacetic acid (2.6 pmol in 30 pl 0.5 M
Tris-HCl1 (pH 8.5)/7 M guanidine HCl/2 mM EDTA) was
added and the reaction was carried out for 1 hr at

WORBES PMTHE DT g g Sk - w0
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37°C in the dark. 2-Mercaptoethanol was then added
to a final concentration of 0.2 M. The protein was
desalted either by precipitating with four volumes
of acetone/methanol (3:1 v/v) or by dialysis
against 0.1 M acetic acid and lyophilized in a
Savant concentrator/evaporator.

Cyanogen Bromide Cleavage. The carboxymethylated

protein was dissolved in 70% formic acid (0.1-0.2
ml), to which 10-15 ul CNBr solution (100 mg/ml in
70% formic acid) was added. The mixture was
incubated at room temperature for 24 hr and vacuum
dried after the dilution with water. The CNBr-
cleaved peptide fragments were purified by rever-
sed-phase HPLC (RPLC) or further fragmented by
tryptic digestion.

Digestion with Trypsin. The CNBr peptides were
dissolved in 0.2 ml of 0.2 M ammonium bicarbonate
containing 0.2% 2wittergent 3—-14 and digested with
trypsin (50 pmol) treated with N-tosyl-PheCH,Cl for
20 hr at 37°C. The digest was vacuum dried and
dissolved in 6 M guanidine HCl1l in 0.1% TFA for RPLC
purification.

Purification of Peptide Fragments by Reversed-Phase
HPLC. The peptides were purified by RPLC on a
Beckman HPLC system 344, using a C, column (Vydac,
0.46 x 25 cm, 10 micron particle with 300 A° pore)
for CNBr fragments or a Phenyl column (Vydac, 0.46
X 25 cm, 5 micron particle with 300 A° pore) for
tryptic fragments. The crude peptide mixture was
applied to the column equilibrated with 0.1% TFA

TS D pe A e >
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and eluted with 0-80% 1linear gradient of aceto-
nitrile in 0.1% TFA in 160 min at a flow rate of 1
ml/min. The elution was monitored both by 214 nm
and 280 nm absorbence. Each peak was collected
manually, and, if necessary, further purified by
isocratic RPLC using the same column after being
dried and re-dissolved in 0.2 ml of 6 M guanidine
HC1-0.1% TFA. The optimum concentration of
acetonitrile for separating the peptides each
fraction was estimated from the elution pattern of
the first HPLC (see equation of Wong et al., Proc.
Nat'] Acad. Sci. USA 82:7711-7715 (1985)).

Amino Acid Analysis. The Acyl-Peptide Hydrolase
was dialyzed intensively against 0.1 M acetic acid,
lyophilized, and hydrolyzed at 110°C for 24 hr and
48 hr in 6 N HCl containing 0.1% phenol. The amino
acid composition was determined using a Beckman
6300 Amino Acid Analyzer (see Hirs, Method Enzymol.
i 11:197-199 (1967)).

Peptide Sequencing. Peptide sequence analyses were
carried out wusing an Applied Biosystems 470A
Protein Sequencer and an Applied Biosystems 120A
Pth Analyzer (see Hewick et al., J. Biol. Chem.
256:7900-7997 (1981)).

Construction of Probes. Two oligonucleotide
probes, Y¥S20.1 and YS17.2, were constructed from
the amino acid sequences of two peptides. See
Figure 2. The probes were synthesized with an
Applied Biosystems 380A DNA synthesizer by using
the silica-based solid-phase method (Matteucci et
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al., J. Am. Chem. Soc, 103:3185-3191 (1981)) and
the proton-activated nucleoside phosphoramidite
method (Beaucage et al., Tetrahedron lett. 22:1859-
i 1862 (1981)). The purified oligonucleotides were
isolated from the crude synthetic mixtures by PAGE
and were labeled with [ —32p] ATP to a specific
activity of 9 x 103. Y¥S17.2 and YS20.1 represent
pools of 128-fold degenerative oligonucleotides.
The ¥S17.2 and ¥S20.1 pools were 17 and 20 nucleo=
tides in 1length, respectively. The two probes

QERS D RN

overlap by 12 nucleotides, such that sequential use
of the probes to screen a DNA library would
effectively screen for a 25 nucleotide piece of APH
encoded DNA.

Example 3--Creation and Screening of the cDNA
Library and Sequencing APH Encoded cDNA.

NB M hwat

This procedure is illustrated in the right
pathway and lower portion of Figure 3.

1 Rat liver was quick-frozen in liquid N, and
4 thawed in quanidine isothiocyanate, and the RNA was
purified by centrifugation through CsCl (Chirgwin
et al., Biochem 18:5294-5299 (1979)). Poly (A)*RNA
was selected on oligo (dT)-cellulose (Aviv et al.,
Proc. Nat'l Acad. Sci. 69:1408-1412 (1972), and was
shown to be intact by blotting and hybridization to
an actin cDNA probe, pACT-1 (Spiegelman et al., J.
o | Biol. Chem. 258:10083-10089 (1983)).

The c¢DNA was synthesized from 10 pug of
poly(A)* RNA by the method of Okayama et al., Mol.
Cell. Biol., 2:161-170 (1982), as modified by Gubler
et __al., Gene 25:263-269 (1983). The c¢DNA was
ligated to EcoRI linkers after the ends of the cDNA

L

O CUEE RIS < AT < seen



- B

WO 8£/01509 PCT/US88/02841

-25=

were made blunt with T4 DNA polymerase and the
internal EcoRY sites were methylated. The cDNA was
then digested with excess EcoRI and chromatographed
on Sepharose CL—4B. cDNA of greater than 500 bp
was pooled and further fractionated on a 0.8%
avarose gel in Tris borate buffer. The CcDNA
migrat..ug at greater than 1 kb was collected with
NA—45 paper (Schleicher & Schuell). Ten ug of

dephosp: 'rylated 'gtll (see Young et al., Proc.
Nat'l acad. Sci. USA 80:1194-1198 (1983)) DNA was

ligated to 100 ug of the size selected c¢cDNA in 20
#l and packaged jin_v_tro (see Maniatis gt _al.,
Molecular Cloning: A _Laboratory Manual (Cold
Spring Harbor Laboratories, Cold Sprina Harbor, NY)
(1982)). E. coli strain Y1088 was infected with
recombinant phage, and the library was plated for
screening.

Initially, 450,000 clones were plated and
screened using ¥YS20.1. Of the 450,000, 27 duplica-
ting positive plagques were observed. Twelve of
these 27 were isolated and purified, and. then
rescreened using Y¥S17.2. Of the 12, only 1 plaque
was observed to be a true positive. This clone was
designated APH5.2. To confirm that the cDNA insert
in APH5.2 was actually encoded for APH, the region
of the oligo hybridization site was sequenced by
the dideoxynucleotide chain termination method (see
Sanger et al., J. Mol. Biol. 94:441-448 (1975)).
Translation of the sequence produced the identical
peptide sequence from which the oligonucleotide
probes were designed.

The cDNA insert in clone APHS5.2 was found to
be -1.3 kb by restriction enzyme analysis. To get
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an estimate of the length of the APH gene, the
"chromosome walking" method was used to obtain a
larger probe, which was then used to hybridize an
mRNA coding for APH on a Northern blot. Based on a
partial restriction map of APHS5.2, a 6§80 bp Kpn-
XmnI fragment was selected. Radiolabeled probes
were created by nick-translation and used to screen
rat tissue mRNA, prepared according to the Northern
blot procedure (Alwine et al., (1979)). The 660 bp
proke hybridized to a single mRNA -2.9 kb in size.

Because the 1.3 kb fragment of clone APH5.2
was considerably shorter than the 2.9 kb mRNA, the
660 bp fragment was used to rescreen the rat liver
cDNA library. Of the 1.1 million clones plated, 15
duplicating positive plagques were observed.
Thirteen of those clones were isolated, and the
phage DNA was isolated. The longest chain con-
tained a 2.5 kb cDNA insert and was designated
APH36.1.

The phage DNA of APH36.1 was purified and se-
quenced. The sequencing strategy included the sub-
cloning of endonuclease fragments of APH36.1 cDNA
insert into M13, deletion mutants generated by
Exonuclease III, or oligonucleotide sequencing
primers hybridized to specific sequence regions of
the cDNA.

The translated sequence of the 5' end of
APH36.1 cDNA, i.e., the first 40 amino acids, were
found to be identical to the amino acid sequence of
rat serum albumin. Therefore, APP36.1 was a
scrambled clone containing only 2.5 kb of APH coded
CDNA.
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Figure 1 illustrates the APH36.1 cDNA trans-
lated sequence without the rat serum albumin
sequence. The singly underscored and cross-hatched
sequences are those sequences obtained by sequenc-
ing the tryptic and cyanogen bromide fragments of
APH. The active site is designated by the cross-
hatched area, and each asterisk indicates a
possible site of glycosidic modification.

Since each APH subunit has a molecular weight
of 80,000, or approximately 700-755 amino acid
residues, and since the APH encoded sequence of
clone APH36.1 accounts for 2184 base pairs (i.e.,
728 amino acids), additional "chromosome walking"
was indicated to find the 5' end of the gene
encoded for APH. To that end, a commercially
available lambda-gtll rat liver cDNA library from
Clonetech (HRL1001) containing 6.8 x 105 indepen-
dent clones and an average insert size of 1.1 Kb,
was screened with radiolabeled probes created from
the Ban 2-Pst I fragment from the extreme 5' APH
coding seqﬁence of clone APH36.1. C(Clones contain-
ing the extended 5' sequence were isclated and the
phage DNA purified. Sequencing of the the phage
DNA is done by the dideoxy-chain termination method
(Sanger et al., 1975). The extreme 3' end of the
translated sequence is identified by the location
of the stop codon (marked by an asterisk).

The sequence of the missing 5' end of the
coding region for Acyl-Peptide Hydrolase is
determined by primer extension analysis of Acyl-
Peptide Hydrolase mRNA. A synthetic oligonucleo-
tide complementary to the 5'-most end of the coding
region of APH 36.1 is sued to prime the synthesis
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of a cDNA strand. The template in this reaction is
either total cellular poly At RNA or mRNA enriched
for Acyl-Peptide Hydrolase message by prior hybrid
selection. The cDNA strand synthesized in this
manner is directly sequenced by the chemical method
of Maxam and Gilbert (Maxam et al,, Proc. Natl.
Acad. Sci. USA 74:560-564 (1977)).

Although the foregoing refers to particular
preferred embodiments, it will be understood that
the present invention is not so limited. It will
occur to those ordinarily skilled in the art that
various modifications may be made to the disclosed
embodiments and that such modifications are
intended to be within the scope of the present
invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A recombinantly-produced Acyl-Peptide Hydrolase (APH)
in substantially pure form, comprising the amino acid
sequence depicted in Figure 1.

2. A recombinantly-produced Acyl-Peptide Hydrolase free of
native glycosylation.

3. A recombinant DNA molecule which contains a genetic
sequence coding for Acyl-Peptide Hydrolase.

4. The recombinant DNA molecule of claim 3, wherein said
genetic sequence codes for mammalian APH.

5. The recombinant DNA molecule of claim 4, wherein said
mammalian APH is rat APH.

6. The recombinant DNA molecule of any of claims 3 or 4,
wherein said genetic seqguence is in cDNA form.

7. The recombinant DNA molecule of any of claims 3-5
wherein said molecule is a vector.

8. The recombinant DNA molecule of claim 7, wherein said
vector is a plasmid.

9. A host transformed with the recombinant DNA molscule of

any of claims 3-5.

10. A host according to claim 9 which is a bacterium.
11. A host according to claim 9 which is a yeast.
12. A host according to claim 9 which is a mammalian cell.

13. A method of producing Acyl-Peptide Hydrolase which
comprises:
(a) providing the DNA molecule of any of claims 3, 4

or 5;
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(b) inserting said DNA molecule into a vector;
(c) transforming a host system with said vector;
(4) expressing said APH DNA sequence of said
recombinant DNA molecule in said host; and
(e) recovering the APH produced by said expression.
14. The APH produced by the method of claim 13.
15. A method of hydrolysing the N-terminal acyl amino acid

ssee
.

of an acylated polypeptide, which comprises contacting said

(XA 2]
e oo

polypeptide with the recombinantly-produced APH of any of

s oo claims 1 or 2.

%0 oeev s o
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16. A method of catalysing the reaction between a

derivatized N*-acetyl amino acid donor and a acceptor with a

free d-NH, which comprises contacting said donor with said

2:;' acceptor in the presence of the recombinantly-produced APH of
LS any of claims 1 or 2.
:"EE 17. The method of claim 16, when said catalysis is carried
é:"f out in a near anhydrous medium

18. The recombinantly-produced enzyme of any of claims 1,

2, or 14 in immobilized form.

Dated this 16th day of September, 1991.

THE GENERAL HOSPITAL CORPORATION
Patent Attorneys for the Applicant:

PETER MAXWELL & ASSOCIATES.
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ALYRGLSRQP SLSAACLGPE VTTQYGGLYR TVHTEWTQRD LERMENIRFC

RQYLVFHDGD SVVFAGPAGN SVETRGELLS RESPSGTMKA VLRKAGGTVS
i —

» ¥
GEEKQFLEVW EKNRKLKSFN LSALEKHGPV YEDDCFGCLS WSHSETHLLY
VAEKKRPKAE SFFQTKALDI SASDDEMARP KKPDQAIKGD QFVFYEDWGE
S t————— P tr—————————
[ X 3
TMVSKSIPVL CVLDIDSGNI SVLEGVPENV SPGQAFWAPG DTGVVEVGWW
HEPFRLGIRY CTNRRSALYY VDLSGGKCEL LSDGSLAICS PRLSPDQCRI

VYLQTPCLAP HHQCSQLCLY DWYTKVTSVV VDIVPRQLGE SFSGIYCSLL

PLGCWSADSQ RVVFDSAQRS RQDLFAVDTQ TGSITSLTAA GSAGSWKLLT

IDKDLMVAQF STPSLPPSLK VGFLPPPGKE QSVSWVSLEE AEPIPGIHWG

VRVLHPPPDQ ENVQYADLDF EAILLQPSNP PDKTQVPMVV MPHGGPHSSF

VTAWMLFPAM LCKMGFAVLL VNYRGSTGFG QDSILSLPGN VGHQDVKDVQ

FAVEQVLQEE HFDARRVALM GGSHGGFLSC HLIGQYPETY SACIARNPVI
OSSNy
NIASMMGSTD IPDWCMVETG FPYSNSCLPD LNVWEEMLDK SPIKYIPQVK

TPVLLMLGQE DRRVPFKQGM EYYRALKARN VPVRLLLYPK SNHALSEVEA

ESDSFMNAVL WLHTHLGS
——

FIG.1

-
R Tl latex <:,"“"'ET
Sdryt‘d? L Nw e e Ve w e

o . B R T % 2N TR o ld g e A st g mﬁ«*«?/;‘&;‘z T



R

awes <y

& At ey Dl

¥520.1

YS§i7.2

(Arg)-Val-Leu-His-Pro-Pro-Pro-Asp-Gin-Glu-Asn-Val-Gln-Tyr-Ala- Asp- Leu-Asp-Phe-Glu-Ala-1le-Leu-Leu-Gla
(CGT)-GTG-CTA-CAC-CCA-CCT-CCA-GAC-CAA-GAG-AAT-GTA-CAA-TAT-GCT-GAC-CTT-GAC-TTT-GAA-GCA-ATC-CTT-TTG-CAG

& FIG. 2

0] 784

60S10/68 OM

1$870/88SN/10d




X

‘WO 89/01509

3/10

PURIFIED RAT LIVER ACYIPEPTIDE
HYDROLASE

TRYPTIC AND CNBr FRAGMENTS

ANINO ACID SEQUENCE ANALYSIS

REDUNDANT OLIGONUCLEOTIDE
PROBE YS 20.1

PCT/US88/02341

RAT LIVER mRNA

A gt1l cDNA LIBRARY

|
PLATE 4.5:!05 CLONES

1

TRANSFER TO NITROCELLULOSE
FILTERS

HYBRIDIZE,
WASH AND
EXPOSE

12 CLONES PICKED OF 27
DUPLICATE SIGNALS OBSERVED

RESCREEN WITH OVERLAPPING
OLIGONUCLEOTIDE PROBE YS17.2

\

CLONE A APH5.2 HYBRIDIZED WITH

BOTH PROBES

'

NUCLEOTIDE SEQUENCE CONFIRMED
THE IDENTITY OF AAPHS.2

FIG.3
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TGTGCTGCTGAGTGAGCCCCAGGAGGCOGCAGCGCTGTACCGGGGCCTTACCCGCCAGCC

13 QD S S 180
ACACEACGACTCACTCREERTCCTCCRCCaTCOCEACATOOCCCCCOARTCEECEETCOE
VLLSEPQEAAALYRGLSRAQEP

TTCGCT GAGCCCCGCCTGCCTGGGTCCGGAGGTCACCACGCAGTATGGGGGCCTCTATCC

D8 B e e e et et T T 240
AAGCGACT CGCGGCGGACGCACCCAGGCCTCCAGTGGTGCGTCATACCCCCGGAGATAGC
S LSAACLGPEVTTQYOGGCGLYR

GACCGTGCACACTGAGTGGACTCAGAGGGACTTGGAGCGAATGGAGAACATCCGATTCTG

. 3 T O N P 300
CTOOCACGTCTGACTCACCTOAGTCTCCCTRAACCTCGCTTACCTCTTGTAGOCTAAGAC
TVHTEWTO QRODLTERMENTIRTEFSC

Ap———"

{ CCGCCAGTACCTAGTGTTTCATGACGGAGACTCGGTGGTGTTTGCCGGGCCTGCAGGCAA
, 301 —cememmmctecmccemamtocscecmcsdomcoccmcmbemmmccmaetermmmaaa- 360
GGCGGTCATGGATCACAAAGTACTGCCTCTGAGCCACCACAAACGGCCCGGACGTCCGTT
R QYLVFHDGDESVVYFAGTPA TGN

CAGTGTGGAAACCCGGGGGGAGCTGCTGAGCAGAGAGTCTCCTTCAGGCACCATGAAAGC

361 +-- cmmmmmemteme—————emm—a— 420
CTCACACCTTTOGECCCCCCTCRACGACTCOTCTCTCAGACGAACTCCGTERTACTTTCG
S VETRGETLLSRETGSPSGCTMEKA

MR -

TGTGCTTCGCAAGGCCGOAGGCACAGTCTCAGGAGAGGAAAAACAGTTCTTGGAGGTCTG

421 PR ———- -a-+ 480
ACACEAAGCETTCCOOCCTCCOTTCAGACTCETCTCCTTTITCTCAAGAACCTCCAGAC
VLRKAGGCTVYSGEEIKU QFULEVYVW

FIG. 4
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GGAGAAGAACCGGAAGCTCAAGAGTTTCAACCTGTCAGCGCTGGAGAAGCATGGGCCTGT
481 - --=¢ 540
CCTCTTCTTGGCCTTCGAGTTCTCAAAGTTGCACAGTCGCGACCTCTTCGTACCCGGACA
E K NRKLIKSFNLSALEIKU HGCEPYVY

CTATG‘GGATGACTGC'|lGGCTGCCTTTCCTGGTCACACTCAGAGACACACTTGTTGTA
541 Y- T ¢ecccmcman + 600

GATACTCCTACTGACGAAACCGACGGAAAGGACCAGTGTGAGTCTCTGTGTGAACAACAT
Y EDDCFGCLSWSHSETHLLY

TGTGGCGGAGAAGAAGCGTCCCAAGGCTGAGTCCTTCTTTCAhACCAAAGCCTTGGACAT
17 B ettt T e 660
ACACCGCCTCTTCTTCGCAGGGTTCCGACTCAGGAAQAAAGTCTCGTTTCGQAACCTGTA .
VAEKKRPIKAESTFFQTZKALTDTI

1 CAGTGCCAGCGATGATGAGATGGCCAGGCCGAAGAAGCCAGACCAGGCCATCAAGGGGGA

L B e e A S S SO 720
GTCACGOTCGCTACTACTCTACCGGTCCCGCTTCTTCGGTCTGGTCCGGTAGTTCCCCCT
S ASDDEMARPI K KPDA QATIKGHD

CCAGTTTGTATTTTATGAAGACTGGGGAGAAACGATGGTTTCCAAAAGCATCCCTGTGCT
721 ettt 780
GGTCAAACATAAAATACTTCTGACCCCTCTTTGCTACCAAAGGTTTTCGTAGGGACACGA
Q FVFYEDWGETMY S KSIZPVL

CTGCGTGCTAGATATCGACAGTGGCAACATCTCTGTGCTTGAGGGAGTCCCTGAAAATGT

1) QR L ——————— 840
CACGCACGATCTATAGCTGTCACCCTTGTAGAGACACGAACTCCCTCAGGGACTTTTACA
CVLDIDSGNTISVYLEGVPEHNV

FIG. 4A
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GTCACCTGGTCAGGCTTTTTGGGCCCCTGGAGACACGGGGGTGGTGT1TGTGGGCTGGTG
841 SR DS 900

CAGTCEACCAGTCCCAAAAACCCCOGOACCTCTETGCCCCCACCACAAACACCCOACCAC

SPCQAFWAPGDTGVYVFVGWUW

GCATGAACCCTTCAGGCTCGOCATCCGCTATTGCACCATCGCACATCAGCTCTGTACTA

73 o O S R 960
CCTACTTGGCAAGTCCGAGCCGTAGGCGATAACGTCCTTAGCCTCTACTCCACACATGAT
HEPFRLGIRYCTNRRSALYY

TGTGGACCTGAGCGGAGGGAAGTGTGMCTACTCTCGGATGGTTCC(TGGCCATCTGTTC

961 tomemmemeaponnan T 1020
ACACCT GGACTCGCCTCCCTTCACACTTGATGAGAGCCTACCAAGCGACCGCTAGACMG
YVDLSGGKT CELLSDGSLATICS

4 TCCTCGGCTCAGCCCAGACLAGTGTCGCATCGTCTACCTACAGTATCCATGTCTAGCCCC

1 L1 5 L O T P —— + 1080
AGCACCCOAGTCOEGTCTGOTCACAGECTAGCAGATCOATCTCATACCTACAGATCRCGE
PRLSPDQCRIVYLEREYPCLATFP

TCATCACCAATGCAGCCAGCTCTGCCTGTACGACTGGTACACCAAGGTCACCTCACTGGT

b 1e ) B S S SRR + 1140
AGTAGTGGTTACGTCGGTCGAGACGGACATGCTGACCATGTGGTTCCAGTGGAGTCACCA
HHQCSQLCLYDWYTKVYTSVY

GGT GGACATI’GTACCCCGGCAGCTGGGAGAGAGCTTCTCTGGAATCTACTG(IAGTCTI’ cT

1141 B -+ 1200
CCACCT GTMCATGGGGCCGTC GACCCT CT CTCGMGAGACCTTAGATGACGTCAGMGA
vVDIVPRQLGESTFSGTIYZ CSTLL

FIG.48B
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TCCTTTGGGATGCTGGTCAGCTGACAGCCAGAGAGTAGTCTTTGACTCTGCCCAGCGCAG .
1201 O 1260
AGIAMACCCTACGACCACTCOACTGTCERTCTCTCATCAGAAACTCACACEECTCCLLTC
PLGCWSADSU QRVYVYFDSAQRS

TCGGCAGGACCTGTTTGCTGTGGACACCCAGACGGGCAGCATCACCTCCCTGACAGCTGC

3 1320
AGCCGTCCTOCACAAACCACACCTGTGECTCTCCCCGTCGTACTCOAGRCACTETCRACE
RQDLFAVDTQTOGCSITSLTAHA

GGGGTCAGCAGGAAGCTGGAAGC.GCTTACAATTGACAAAGACCTTATGGTTGCCCAGTT

1321 L N S 1380
CCCCAGTCGTCCTTCOACCTTCCACGAATGTTAACTGTTTCTGEAATACCAACGECTCAA
C SAGCSWKLLTIDKGDLMVYMAMGO F

CTCCACACC CAGTITGCCCCCAAGCCTGAMGTTGGGTTCCTCCCTCCTCCTGGGAAGGA

1381 == tmmrcccmns tmmmmeanan 1440
GAGGTGTQGGTCMACGGGCGTTCGGACTTTCMCCCMGGACGGA(‘ AGG ACCCTTCCT
S TPSLPPSLKVGFULP?PPPGCKE

GCAGTCTGTGTCATGGGTGTCCCTGGAGGAGGCTGA*\CCTATTCCTGGCATCCACTGGGG
144] -- + teormcanes teommm—a temmvmaee— + 1500

CGTCAGACACAGTACCCACAGGGACCTCCTCCGACTTGGATAAGCACCGTAGGTGACCCC
Q SVSW¥YVSLEEAEPIPGTIHWG

CGTCCGTGTGCTACACCCACCTCCAGACCAAGAGAATGTACAATATGCTGACCTTGACTT

1501 et SN 1560
GCACCCACACGATCTCOGTCOAGGTCTERTTCTCTTACATGTTATACGACTGCAACTCAR
YRVLHPPPD QENVQYADLTDTF

FIG. 4C
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CAGTGCTTGTATAGCCCGGAACCCAGTGATCAACATTGCCTCCATGATGGGCTCCACTGA
enjencnvessccdaccneswee

GTCACGAAC&?ATCGGGCCTTGGGTCACTAGTTGTAACGGAGGTAFTACCCuAGGTGACT
SACIARNPYINTIASMNMKGCGSTD

CATCCCTGATTGGTGTATGGTGGAGACTGGCTTCCCTTATAGCAACAGCTGCLTCCCAGA

GTAGIGACTAACCACATACCACCTCTGACCOAAGGGARTATCGTTGTCCACGOAGGGTCT
IPOWCMYETGFPYSNSCLPD

TCTGAATGT TGGGAGGAGATGCTGGATAAGTCACCCATCAAATACATCCCTCAGGTAAA

mmACACAcccrccrmcm\ccrmcmcccmmmn AGGGAGTCCATTT
LNVWEEMLDKSPIKY TIPSV X

GACACCAGTGTTA»TGATuCTGGG’CAGGAGGACCGACGGGTACCCTTCAAGCA»GQTAT

memeoedeeocesreoadrassssannobdesanscssaad

CTGTGGTCACAATGACTACGACC”GGTCCTCCTGGCTGCCCATGGGAAOTTCGTCCCATA
TPVYLLMLGGEDRRVYPFKIQGCHM

GGPGTATTACCGTGCCCTCAAGCCCCGGAATGTGCCTGTCCGGCTCCTGCTGTACCCCAA

LT T 1 ¥ nhpoes

CCTCA*AAYGGCACGGGAGTTCCGGG’CTTACACCGACACGCCGAGGAGGACATGGGGTT
EYYRALKARNYPVRLLLYZPK

GAGCAACCACGCGCTGTCAGAGGTGGAGGCGGAGTCAGACAGCTTCATGAACGCTRTRCT

CTCCTTOGTCCCCACACTCTCCACCTCCOCCTCASTCTOTCORAGTACTTCCCACACCA
S NHALSEVEAEGSDSTEMNALWL

FIG.4D
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TGAAGCAATCCTTTTGCAGCCCAGCAATCCTCCAGATAAGACCCI“GTCCCCATGGTA T
codfeonccvcacncd)mrevccancawe
ACTTCGTTAGGAAAACGTCGGGTCGTTAGGAGGTCTATTCTGGGTCCAGGGGTACCATCA
EAILLQPSNPPDKTQVPMNMVY

CATGCC(CATGGGGGACCCCATTCGTCCTTCGTCACTGCCTGGATGCTbTTCCCAGCCAT

- Prcanvnnvnefroreaccvendcraenaaccead

GTACGGGGTACCCCCTGGGGTAAGCAGGAAGCAGTGACGGACCTACGACAAGGGTCGGTA
M PHGEGGPHSSFVTAWMLTFZPAMW

GCTCTGCAAGATGGGCTTTGCAGTacttctggtgaactatcgtggctccactggctttgg

brmm- e rmnceaamed

CGAGACGTTCTACCCGAAACGTCAtgaagaccacttgatagcaccgaggtgatcgaaacc
L CKMGFAVYLLVNYRGSTGT FSG C

ccoagacagcatcctttctctcccaggcaatgtgggccaccaggatgtgaaggatgtcca

mmawmr— mmeeccedonaocamsecsd

ggbtctgtcgtagoaaagagagggtccgtbacacccggtggtcctacacttcctacaggt
QD I LS LPGNV GHQDVKDUVDQ

9.ttOCAGTGOAGCAGGTACTCCAGGAGGAACACTTTGATGCAAGACGCGTGGCCCTTAT

caaaCGTCACCTCGTCCATGAGGTCCTCLTTGTGAAACTACGTTCTGCGCACCGGGAATA
F AVERQVYLQETZEHTFDARRUYALWM

GGGTGGTTCCCATGGTGGGTTCCTCTCCTGCLACCTGATTGGTCAATACCCGGAGACLTA

- o o o 2 an P > - oo - - T e e k- o

CCCA’CAAGOGTA’CACCCAAGGAGAGGACGP’GGACT&&CCAGTTATGGGCCTCTGGAT
G ¢ SHGEFLSCHLIGQY®PETY
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TTGGCTGCACACACACTTGGGCAGCTGAAGCCCTATGTTCTTCTTGAGCTGGGCAGCCCG

------------------------ 2340
AACCGA'GTGTGTGTGAACCCGTCGACTTCGGGATACAAGAAGAACTCGACCCGTCGGGC
WL HTHLGS « SPMFFLSWAAR
TCTTGCACTTTGCTCTTGGTAAGCTCCACGATCTGACCGAACAGCCAAACAGTCTCCTAG
* + + + . * 2400

AGAACGTGAAACGAGAACCATTCGAGGTCCTAGACTGGCTTGTCGGTTTGTCAGAGGATC
LALCSW e« APGSDRTAKU QSTPR

GCTGTGGACTCAGTGAATGGGCAGAGGACTAAGAACTATGTTATCATAATAAAGGAAGAC

- 42460
CGACACCTGAGTCACTTACCCGTCTCCTGATTCTTGATACAATAGTATTA CCTTCTG
LWTQe«MGCRGLRTMLS «s«RKT

ACAGAAAAAAAAAAAAAAAAAAAAAG
. * 2486
TCTCTTTTIT TR T A TTTATTTvivC
Q@ K K K K K K K
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