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Abstract The complete amino acid sequence of penicillopepti- 
dase $3, a serine carboxypeptidase isolated from Penicillium 
janthinellum IBT 3991, has been determined. The enzyme con- 
sists of 481 amino acids arranged in a single polypeptide chain. 
Six glycosylation sites were established in positions 41,218, 256, 
326, 384 and 392. The molecule contains six cysteinyl residues 
among which disulfide bridges was established between Cys-71- 
Cys-333 and Cys-233-Cys-289. Carboxypeptidase $3 is homolo- 
gous to carboxypeptidase PEPF (or carboxypeptidase I) from 
Aspergillus niger (67% identical positions). It is proposed that 
these enzymes form a separate sub-family among the serine car- 
boxypeptidases. 
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1. Introduction 

The serine carboxypeptidases comprise a group of exopepti- 
dases which use the same catalytic mechanism as the serine 
endopeptidases. A large number of serine carboxypeptidases 
have now been characterized with respect to amino acid se- 
quence and they appear to belong to either of two sub-groups 
[1]: a single chain enzyme of approximately 420 amino acid 
residues (e.g. carboxypeptidase Y [2,3], carboxypeptidase S 1 [4] 
and carboxypeptidase M3 [5] or enzymes containing two chains 
with approximately 260 and 160 amino acid residues, respec- 
tively (e.g. carboxypeptidases M1 [6] and M2 [7] and car- 
boxypeptidase W2 [8]). These enzymes are synthesized as a 
single chain and then processed. 

The great interest in carboxypeptidases stems from their util- 
ity in peptide syntheses as well as in amino acid sequencing [1]. 
Recently a carboxypeptidase from Penicillium janthinellum, 
CPD-S3, has been purified and its enzymatic characteristics 
determined [9]. CPD-S3 favours substrates of L-configuration 
with basic amino acid residues in either P~ or PI'- The present 
paper describes the elucidation of the amino acid sequence of 
mature CPD-S3, localization of its glycosylation sites and disul- 
fide bridges. 

2. Experimental 

Penicillocarboxypeptidase $3 (CPD-S3) was isolated as previously 
described [9]. Amino acid sequencing was performed using an Applied 
Biosystems gas phase or pulsed liquid sequencer, models 470A and 
477A, respectively. Reduction and vinylpyridination, cleavage with cy- 
anogen bromide, hydroxylamine, EndoLysC protease (Boehringer), 
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GIu-C protease isolated from B. licheniformis [10], clostripain and 
Asp-N protease (Boehringer) were carried out as previously described 
[11]. Separation of peptides was performed by HPLC on a Vydac C18 
column using a linear gradient in acetonitril from 10 to 60% in 0.1% 
trifluoroacetic acid. 

3. Results and discussion 

CPD-S3 consists of a single polypeptide chain of 481 amino 
acid residues (Fig. 1). The complete sequence was obtained 
from N-terminal sequencing of the reduced and vinylpyridi- 
nated enzyme together with sequencing of peptides obtained by 
cleavage with cyanogen bromide, GIu-C protease, Lys-C pro- 
tease, Asp-N protease, clostripain, cyanogen bromide and hy- 
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Fig. 1. The amino acid sequence of carboxypeptidase $3 ~om Penicil- 
lium janthinellum obtained by N-terminal sequencing and sequencing 
of peptides obtained ~om cleavage with cyanogen bromide (CN), hy- 
droxylamine (HA), GluC protease ~om B. lichen~ormis (ES), LysC 
protease (KP), AspN protease (DP) and clostripain (CL). KP(U) un- 
specific cleavage by LysC protease. Diamonds denotes glycosylated 
Asn residues and * the three residues essential for catalysis. 
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Fig. 2. Comparison of carboxypeptidase CPD-S3, PEPF from A. niger [12], CPD-S1 from Penicilliumjanthinellum [10] and CPD-Y from yeast [2,3]. 
Identical residues are shown in bold letters. *denotes gaps. # shows the three essential amino acids. 

droxylamine. The peptides sequenced necessary to demonstrate 
the overlaps are underlined. All amino acids have been se- 
quenced at least twice. 

The molecular mass of the enzyme was calculated from the 
determined sequence to be 54.011 Da with respect to the pro- 
tein part of the molecule. However, the enzyme is a glycopro- 
tein with an estimated carbohydrate content of 32% [9]. This 
gives a mass of approximately 72,000 Da in reasonable agree- 
ment with the 62,000 Da determined by SDS-gel electrophore- 
sis [9]. 

The six glycosylation sites were indirectly determined to be 
at positions 41, 218, 256, 326, 384 and 392 (Fig. 1). These 
positions were always empty when sequenced, they are located 
two residues N-terminal to Ser or Thr and when compared to 
the homologous carboxypeptidase, PEPF, from Aspergillus 
niger [12] (Fig. 2), that sequence (translated from the corre- 
sponding nucleotide sequence) always has an Asn in the corre- 

sponding positions (and one additional site at position 179 (Fig. 
2)). 

CPD-S3 contains 6 Cys residues in positions 71, 191, 232, 
279, 289 and 332 (Fig. 1). In an attempt to determine the 
disulfide bonds, the native enzyme was digested with Glu-C 
protease and the resulting peptides separated by HPLC. It was 
found that the peptides Val-61 Glu-75/Cys-332 Glu-346 (Fig. 
1) eluted as one sharp peak as did the peptides His-228-Glu- 
250/Val-274-Glu-285 which strongly indicates that disulfide 
bonds are formed between Cys-71-Cys-333 and Cys-233-Cys- 
279. The postulated disulfide bond between Cys-71 and Cys- 
333 is equivalent to the corresponding established disulfide 
bond in CPD-Y. A third disulfide bond between Cys-191 and 
Cys-289 is a likely possibility although no verification has been 
obtained. 

Fig. 2 compares the amino acid sequences of four mature 
serine carboxypeptidases: CPD-S1 and CPD-S3 from Penicil- 
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lium janthinellum established by amino acid sequencing (this 
paper and [4]), CPD-Y from yeast by amino acid sequencing 
[2] and nucleotide sequencing [3] and PEPF from Aspergillus 
niger by nucleotide sequencing [12]. PEPF is believed to be the 
same enzyme as CPD-I characterized by Dal Degan et al. and 
for which the 19 N-terminal amino acid residues have been 
determined [13]. Within the 19 N-terminal amino acids of CPD- 
I and PEPF four differneces were noticed. Since these cannot 
be due to amino acid sequencing errors they probably reflect 
strain differences. 

PEPF and CPD-S3 are very closely related: 67% identical 
positions distributed throughout the sequences. When CPD-S3 
is compared to CPD-S1 and CPD-Y only 15% and 17% identity 
is observed. However, the identical amino acid is very unevenly 
distributed centering around the three amino acids essential for 
catalysis: Gly-160-Pro-169, Gly-380-Asp-384 and Ser-463- 
Pro-472 (Fig. 2) covering the Ser, Asp and His, respectively, of 
the catalytic triad. Furthermore, the segment Trp-64-Ser-74 is 
almost identical in all four enzymes. These observations indi- 
cate that all four enzymes have a common origin from which 
they have diverged. Although all of them, according to the 
present classification, belong to the sub-family characterized by 
a single polypeptide chain [1], CPD-S3 and PEPF (CPD-I) are 
much longer than e.g. CPD-Y (481 amino acid residues versus 
421) distributed as an extension of the N-terminal with 13 14 
residues and probably 2 extra internal loops as suggested in the 
comparison in Fig. 2. The three-dimensional structure is natu- 
rally necessary for this suggestion to be confirmed. We there- 

fore propose that CPD-S3 and PEPF (CPD-I) be classified as 
a separate sub-family. 
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