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Using polyclonal antibodies raised against human pancreatic procarboxypeptidases, a full-length cDNA coding for an A-
type proenzyme was isolated from a Agtll human pancreatic library. This cDNA contains standard 3’ and 5’ flanking
regions, a poly(A)* tail and a central region of 1260 nucleotides coding for a protein of 419 amino acids. On the basis of
sequence comparisons, the human protein was classified as a procarboxypeptidase A1 which is very similar to the
previously described Al forms from rat and bovine pancreatic glands. The presence of the amino acid sequences assumed
to be of importance for the zymogen inhibition by its activation segment, primarily on the basis of the recently reported
crystal structure of the B form, further supports the proposed classification.

INTRODUCTION

The fact that pancreatic procarboxypeptidases A and B are the
precursors of active enzymes with separate specificities has now
been clearly established [1]. Moreover, the existence of further
isomorphism within each of the zymogen forms has been
demonstrated at the sequence level in the case of only a few
species [2—4]. Three different native forms of human pancreatic
procarboxypeptidase A have been isolated by means of anion-
exchange h.p.l.c., and partly characterized by N-terminal ex-
tended sequence analysis [4]. The Al and A2 forms are mono-
meric procarboxypeptidases, whereas A3 is a non-covalent
association of procarboxypeptidase A and proproteinase E. In
view of the differences between their N-terminal sequences,
ability to hydrolyse synthetic peptide substrates, activation
processes and susceptibility to thermal denaturation, the enzymes
generated from the two corresponding monomeric zymogens Al
and A2 were actually assigned to separate subfamilies of carboxy-
peptidases A, the properties of the A2 form being midway
between those of the Al and B forms. However, the exact degree
of structural identity among the three A isoforms is still a point
which remains to be elucidated by further structural studies.

Nucleotide sequencing of the procarboxypeptidase cDNAs is
a convenient method for obtaining the complete amino acid
sequence of these rather high-molecular-mass pancreatic proteins
(over 400 residues), since for evolutionary reasons their native
forms are difficult to isolate. This approach has been successfully
applied by Rutter and co-workers [3,5] for characterizing pro-
carboxypeptidases Al and A2 from the rat pancreas and, on the
basis of enzymic and sequence data on the corresponding
enzymes, for classifying them in the appropriate protein sub-
families. The above-mentioned isomorphism in human and rat
procarboxypeptidases A is in contrast with the fact that, in
bovine pancreatic cDNA libraries, a single preprocarboxy-
peptidase A cDNA, which is more like the Al than the A2 type,
has been cloned and sequenced [6]. The primary structure of
bovine carboxypeptidase A isolated from autolysed pancreatic
tissue was described more than 20 years ago [7], and only two
forms sharing very similar sequences and enzymic properties

have been described in the case of this enzyme [8]. As regards the
other mammalian procarboxypeptidases, such as the extensively
studied porcine procarboxypeptidases A, no evidence has been
obtained so far that isomorphism of this kind occurs. All of the
biochemical and biophysical studies published on porcine pro-
carboxypeptidases A were carried out on the Al form [9,10],
including its preliminary three-dimensional crystal structure [11],
the topology of which is similar to that reported for the related
B form [12].

In this paper we describe the amino acid sequence of a human
pancreatic preprocarboxypeptidase A which is derived from a
full-length cDNA clone and can definitely be said to be a member
of the A1 subfamily. Along with evolutionary considerations, the
present data allowed us to identify more closely the structural
factors determining the active site of these zinc-containing
exopeptidases, as well as those responsible for proenzyme ac-
tivation and subsequent inhibition of the resulting enzyme by the
activation segment.

MATERIALS AND METHODS

Materials

Affinity-purified goat anti-rabbit IgG (H+ L)-horseradish
peroxidase conjugated human IgG was purchased from Bio-Rad
(Madrid, Spain). [«-3*S]dATP (> 37 TBq/mmol) was from
Amersham Corp. (Les Ullis, France). Restriction endonucleases,
Klenow fragment of Escherichia coli DNA polymerase and T4
DNA ligase were from Boehringer (Mannheim, Germany). The
human pancreatic cDNA library constructed in bacteriophage
Agtll was generously provided by M. E. Lowe (Washington
University, U.S.A.).

Preparation of antibodies

Anti-(human pancreatic procarboxypeptidase) sera were
obtained by immunizing rabbits (strain NZW) with 500 ug of
purified human procarboxypeptidases A and B, previously iso-
lated as described in [4]. The resulting IgGs were purified by
ammonium sulphate precipitation followed by chromatography
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Fig. 1. Restriction endonuclease map of human pancreatic preprocarboxypeptidase A1 cDNA used for sequencing

The position of each restriction site is indicated. The following 5 -3’ fragments (1-195, 149-423, 387-570, 546-816, 636-927, 892-1089,
1027-1230 and 1145-1380), and 3’ > 5’ fragments (1380-1101, 1145-892, 907-735, 798-547, 565-315, 333-156 and 195-1) were sequenced.

on a DEAE-Sepharose column equilibrated with 20 mm-
potassium phosphate buffer (pH 6.8).

Library screening

After the Agtll human pancreatic cDNA library had been
grown on a lawn of E. coli Y1090 R~ [Alac ul69 proA* Alon ara
D139 strA supF (Trp C22::Tnl0) (pMC9)], screening was per-
formed with antibodies directed against procarboxypeptidases
using the procedure described in [13]. Briefly, the plates were
incubated at 42 °C for 3.5 h, then lacZ-directed gene expression
was induced by placing an isopropylthiogalactoside-soaked nitro-
cellulose membrane over them. After an additional incubation at
37°C for 3.5h, the membrane was removed, rinsed, and any
still-unsaturated protein binding sites were blocked by further
incubation with BSA. The membrane was then incubated with
the primary antibody against human procarboxypeptidases A
and B, followed by a washing step and another incubation with
horseradish peroxidase-conjugated second antibody. After a final
wash, the colour development substrate (4-chloronaphthol) was
added. The positive clones were located and removed from the
original plates, and the recombinants were subsequently purified
by repeating the same screening procedure until all the clones
were positive.

Nucleotide sequence analysis

The Agt11 DNA recombinants were subcloned into the plasmid
pUC9. Nucleotide sequencing was performed by means of the
dideoxy chain-termination procedure [14] using an appropriate
kit from Pharmacia. The plasmid containing the preprocarboxy-
peptidase A1 cDNA insert was digested with various restriction
endonucleases, and the resulting cDNA fragments were sub-
cloned into M13mpl8. The strategy used for subcloning is
illustrated in Fig. 1. The nucleotide sequence was determined in
both orientations and across the limits of all cDNA pieces
analysed.

RESULTS AND DISCUSSION

The full-length preprocarboxypeptidase A cDNA isolated
from the human pancreatic library contains a 7-nucleotide 5'-
non-coding region, including the consensus sequence for
eukaryotic transcription initiation sites [15] (two C at positions
—1 and —4, and one A at position —3), followed by an open
reading frame of 1260 nucleotides coding for a protein of 419
amino acids (Fig. 2). A coding region 1260 nucleotides in length
was also found to exist in both the rat preprocarboxypeptidase
A1l cDNA [16] and the bovine preprocarboxypeptidase A cDNA
[6]. It is worth stressing here that, in contrast with most eukaryotic

messengers [17], the fourth nucleotide of the coding region is a
cytidine, as in bovine preprocarboxypeptidase A [6] and anionic
pretrypsinogen [18]. In the 3’-non-coding region, a 54-nucleotide
segment extending from the stop codon to the consensus poly-
adenylation site (AATAAA) was detected in both the human
and the bovine precursor cDNAs, while the poly(A)* tail is
located 36 nucleotides downstream in the former, compared with
16 nucleotides in the latter.

Table 1 shows that 12 amino acids out of 16 (75%) in the
signal peptide of human Al and bovine A preprocarboxy-
peptidases are the same. This degree of similarity increases to
85 9% in the activation region (80 amino acids out of 94) and to
819% in the carboxypeptidase region (250 amino acids out of
309). '

Comparisons between the amino acid sequences corresponding
to the regions which are thought to be functionally important in
procarboxypeptidases provided some clues as to the identity of
the human proenzyme studied here, as well as on the degree of
allowed variability of these regions in the polypeptide chain. This
comparison is presented in Fig. 3. Of particular interest is the
very high degree of identity existing around the residues involved
in enzyme—substrate interactions which are thought to be im-
portant for the enzyme specificity, such as Ser/Gly-253, Thr/Ser-
254 and Thr/Ala-268 between the Al and A2 forms [5], and
Ile/Asp-255 between the A and B forms [3,5,12]. The presence of
an Ile residue at position 255 in the amino acid sequence of the
human procarboxypeptidase studied here clearly indicates that
the pancreatic zymogen belongs to the A type and not to the B
type, in which an Asp residue is located at the same position. In
addition, the presence of Ser-253, Thr-254 and Thr-268 instead
of Gly, Ser and Ala at the corresponding positions is consistent
with the substrate specificity of the Al form, which is directed
towards smaller amino acids, rather than with that of the A2
form, which is directed towards bulkier amino acids [3]. The
enzymic experiments previously carried out with the corre-
sponding active enzyme [4] strengthened this hypothesis.

Sequence comparisons between the activation regions also
indicate that the human Al form actually resembles the rat Al
rather than the rat A2 form, and differs considerably from the B
form. The main features of the recently determined crystal
structure of porcine procarboxypeptidase B [12], as well as the
preliminary report on the crystal structure of porcine procarboxy-
peptidase A [11], were of great help in making these comparisons.
Thus Asp-A41 (where A denotes a residue in the activation
segment), a key residue in the inhibition of procarboxypeptidase
B by establishing a salt link with Arg-145 of the enzyme region
[12] and therefore blocking the anchorage of peptide substrates
to the bottom of the active site, is replaced by an apolar residue
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Human procarboxypeptidase Al

-110

GAGCAGC ATG OOG GGG TIG CIG GIG TIG AGr
Ma Ag Gy la Ll Vd lau  Ser
90
GAC TIT GIG GGG CAT CAG GIG CIC OGA ATC
Asp  Phe V.’d Gly His Gln Va Llw Ag Ie
-70
GIG AAG GAG CTG GAG GAC CIG GAG CAC CIG
Vada Lys G Llw Gu Asp Lla Gu  His Llm
-50
OCT GGC TOC CCC ATC GAC GIC OGA GIG CCC
Po  Gly S;o Pro De Asp Va Ag Va Pro
CIG GAG TOC CAC GGC ATC AGC TAT GAG ACC
lm Gu Se His Gly De Se Tyr G T
-10
GAG GAG CAG GAG CAG ATG TIC GCC TIC OGG
Gu Gu Gin Gu Gin Me Phe As Phe Ag
10
TAC GOC ACC TAC CAC ACC CIG GAG GAG ATC
Tyr Aa T Tyr His Tw Lw Gu Gu De
30
AAC OOG CAC CIT GIC AGC AAG ATC CAG ATT
Asn  Po His Lew Val  Ser Lys De Gin I
50
GIG CIG AAG TIC AGC ACG GGG GGC AGT AAG
Vad Lw Lys Phe Ser Thw Gly Gly Ser Lys
70
CAT TOC OGG GAG TGG GIC ACC CAG GOC AGT
Hs S Ag Gu Tp Va T Gih  Ala  Ser
90
GAC TAT GGG CAG GAT GCA GCT TIC ACC GCC
Asp Tyr Gly Gl Asp Al Al Phe Thr Al
110
ATC GIC ACC AAC CCT GAT GGC TIT GCC TIC
De Vb T Asn Pro Asp Gly Phe Al Phe
130
ACT GGG TOC CAC ACA GCA GGC TCC CIC TGT
Thre Arg Ser His Thr Ala Gly Se Lla Cys
150
GCT GGC TIT GGG TIG TOC GGA GOC AGC AGT
Aa Gly P Gly Lu Ser Gly Ala  Ser Ser
170
TIT GOC AAT TOC GAA GIG GAG GIC AAG TCC
Phe Ala Asmm Ser Gu Va Gu Va Lys Ser
190
ATC AAG GOC TIC ATC TOC ATC CAC AGC TAC
De Lys Ala Phe De  Ser De His  Ser Tyr
210
AAA  ACA GAA CCA GIC OCT GAC CAG GAT GAG
Lys Tw Gu Po Va Po Asp G Asp Gu
230
GC CIG GOC TCT CIC TAC GGG ACC AAG TIC
Ah Ll Aa Sr la Tyr Gy Th Lys Phe
250
CAA GOC AGT GGA AGC ACT ATT GAC TGG ACC
Gn Aa Sor Gly Ser Tw De Asp Tp Thr
270
TIC GAG CIC OOG GAC ACT GGG OGC TAT GGC
Phe %b lm Ag Ap Tw Gy Ag Tyr Gly
ACA GCC AAG GAG ACG TOG CIG GOG CIT CTG
Twe Aa Lys Gu Tw Tp Lo Ab o la
309
TAC TGA
Tyr

§

301
-100 94
GIC CTG TIG GGG GCT GIC TIT GOC AAG GAG
Vi Llw Lw Gy As Vad Phe Gy Lys Gu
-80

TCT GIA GOC GAT GAG GOC CAG GIA CAG AAG

Ser  Val : Asp Gu Aa Gin Vd Gin Lys

CAG CTG GAC TIC TGG OGG GGG OCT OOC CAC

in L A_z Pe Tp Ag Gly Pro Al His

TIC COC AGC ATC CAG GOG GIC AAG ATC TIT

Phe Pro S; De Gin As Va Lys De Phe

TG ATC GAG GAC GIG CAG TOG CIG CIG GAC

Met  De Gu Asp Vad Gin Ser lm Lum Asp
-1 1

TOC OOG GOG OGC TOC ACC GAC ACT TIT AAC

Ser ;' Ah Ag S Th Asp Thwe Phe A

TAT GAC TIC CIG GAC CIG CIG GIG GOG GAG

Tyr Asp Phe Ll Asp lw Lw Vd As G
40

GGC AAC ACC TAT GAA GGG OGT OCC AIT TAT

Gly Asn Tw Tyr Gu Gly Ag Po D Tyr
60

OGT CCA GOC ATC TGG ATC GAC AOG GGC ATC

Ag Pro A De Tp De Asp The Gly De
80

GGG GIC TGG TIT GCA AAG AAG ATC ACT CAA

Gly Val Tp Phe Ala Lys Lys I Twe Gin
100

ATT CTC GAC ACC TIG GAC ATC TIC CIG GAG
lw Asp Thr L Asp I Phe Llu G

120

ACG CAC AGC ACG AAT CGC ATG TGG OGC AAG

The His Se The Asm Ag Mea Tp Ag Ly

140

ATT GGC GIG GAC CCC AAC AGG AAC TGG GAC
Gly Va Asp Pro Asn Ag Asm Tip Asp

160

AAC CCC TGC TOG GAG ACT TAC CAC GGC AAG

Asn Po Cys Ser Gu Tw Tyr His Gl Lys

180

ATT GTA GAC TIT GIG AAG GAC CAT GGG AAC
Val Asp Phe Val Lys Asp His Gly As

200

TOC CAG CIC CIC ATG TAT CCC TAT GGC TAC

Sr Gin lw lw Ma Tyr Po Tyr Gy Tyr

220

CTIG GAT CAG CIT TOC AAG GCT GCT GIG ACA

Lw Asp Gin Lew Ser Lys Aa Aa Va T

240

AAC TAT GGC AGC ATC ATC AAG GCA ATT TAT

Asn Tyr Gly Ser De De Lys Aa De Ty

260

TAC AGC CAG GGC ATC AAG TAC TOC TIC ACC

Tw S Gin Gly Be Lys Tyr S Phe Thr

280

TIC CIG CIG CCA GCC TCC CAG ATC ATC OCC

Phe Lw Llew Po Als Ser Gin De De Pro

300

ACC ATC ATG GAG CAC ACC CIG AAT CAC CCC

The D Met Gu His Tw Law Asm His Po

GCTGACCCTTTGACACCCTTCTTGTOCTOCTCTCTGGOOOCATOCAGGCAACCAAATAAAGTTTGAGTGTACCAGGAACAGAATCCTG *

Fig. 2. Nucleotide sequence and derived amino acid sequence of human pancreatic preprocarboxypeptidase Al

The signal and activation regions extend from residues —110 to —95 and from residue —94 to —1, respectively. The polyadenylation signal

(AATAAA) is underlined.

Table 1. Amino acid identity between human and bovine prepro-
carboxypeptidases as deduced from the nucleotide sequences

The comparison was between the amino acid sequences of human
preprocarboxypeptidase A1l (this study) and bovine preprocarboxy-
peptidase A [6].

Charge  Net charge
Amino acid Number of Identity change*  difference
sequence residues (%) (number)  (number)
Signal peptide 16 75 1 1
Activation peptide 94 85 6 1
Active enzyme 309 81 18 2
Proenzyme 403 82 24 3
Preproenzyme 419 82 25 4

* Residues at the same position with distinct charges.

in both the rat and human Al forms. Other non-conservative
substitutions involve GIn-A45 and Lys-A47, two residues of
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procarboxypeptidase B containing side chains which are involved
in hydrogen bonding with carbonyls 249 and 245/247 of the
enzyme, thus keeping the Tyr-248 side chain in an ‘up’ position.
By contrast, the triad Asp-A36, Phe-A37 and Trp-A38, which is
assumed to be important for binding of the activation segment to
the enzyme region [11,12], is conserved in all procarboxypeptidase
A and B amino acid sequences described so far.

The conservation in the physico-chemical characteristics of the
residues located at the above-mentioned potentially important
positions in the amino acid sequence of rat, bovine and human
Al procarboxypeptidase strongly supports their proposed role in
the inhibition of these proenzymes. This is the case with the
hypothesis that mainly attributes to the presence of an acidic
residue in position 41 of the activation segment (Asp-A41) the
lack of activity of porcine procarboxypeptidase B towards small
peptide substrates, compared with the intrinsic activity exhibited
by porcine procarboxypeptidase A [11,12]. Previous enzymic
studies have indicated that similar activity differences also occur
with isolated human proenzymes [4].

On the other hand, it is worth mentioning that human
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Fig. 3. Comparison between the deduced amino acid sequence of human procarboxypeptidase Al and critical regions of other pancreatic

procarboxypeptidases

Identical sequences have been boxed for internal comparisons among the A1 forms only. (a) Activation regions showing the sequences which seem
to be essential for the inhibition of these zymogens during their proteolytic activation. Some residues of the enzyme region involved in the porcine
procarboxypeptidase B (PCPB) inhibition mechanism, as deduced from its crystal structure [12], are indicated at the top. The secondary structures
observed along the corresponding region of the same form are depicted at the bottom. The numbering of the porcine B proenzyme is that used.
(b) Sequences around the residues which may form the various active centre subsites (S’1, S1, S2, $3). (¢) C-Terminal region. * indicates significant
substitutions correlated with the A1/A2 divergence. ° Indicates significant substitutions correlated with the A/B divergence. The references for the
previously determined sequence data are as follows: PCPA cow [6], PCPAL rat [5], PCPA2 [3] and PCPB rat [5], (where PCP = procarboxy-

peptidase).

procarboxypeptidase A contains a connecting region between
the activation domain and the enzyme which is much more like
that of the bovine A and the rat Al forms than either the rat A2
or B forms (Fig. 3). The amino acid sequence differences in this
region known to be important for proteolytic activation of the
zymogen appear to be quite extensive among the B, A2 and Al
forms, although the two latter forms show a considerable internal
evolutionary preservation. The differences observed between the
amino acid sequences in this connecting region, and the cor-
responding effects on their local tertiary structure, probably
account for the great differences between the proteolytic ac-
tivation of the Al, A2 and B forms [4,19,20].

Finally, the C-terminal region of these proenzymes also
deserves a comment. On the basis of initial sequence deter-
mination data using chemical methods, 307 residues were as-
signed to bovine carboxypeptidase A [7]. Recently, two additional
residues were found to exist at the C-terminus of the enzyme by

analysis of the corresponding cDNA nucleotide sequence [6].
Since a similar length of sequence was obtained in the present
study in the case of human procarboxypeptidase Al (Fig. 3), the
C-terminal sequence of this proenzyme is clearly very similar to
that of the bovine A form and the rat Al form, and differs from
the rat A2 form and particularly the rat B form.

We are indebted to Mr. M. E. Lowe, Washington University, for
kindly supplying us with the human cDNA library. This study was partly
supported by Action Intégrée Franco-Espagnole 1990-70, by Accion
Integrada Hispano-Francesa 1990-219, and by CICYT grant B1088-
0456 (Ministerio de Educacion, Spain). LL.C., V.V. and R.P. are the
recipients of PFPI fellowships (Ministerio de Educacion, Spain).
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