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Sequence  studies on the  protease  isoinhibitor I iso- 
lated  from  bovine  spleen  have revealed that it consists 
of two molecular variants which differ only  in  the 
presence of  an  additional  COOH-terminal  residue, as- 
paragine, in  the less abundant  form.  The  complete 
amino  acid  sequence shows that  they are composed  of 
65 or 66 residues  and  predicts M, of 7223 or 7338, 
respectively. The  sequences  correspond exactly to  the 
58-residue polypeptide  chain  of  spleen  isoinhibitor I1 
plus  NH2-  and  COOH-terminal extensions of  2  and 6 
or 6 amino  acid  residues, respectively. Moreover  the 
entire sequences are located within the 100-residue 
structure  deduced  from the mRNA  and  DNA sequences 
of  the  putative  precursor.  These  data  support  the  idea 
that the molecular variants of isoinhibitor I are either 
mature  proteins  with  distinct  functional roles, or in- 
termediates in the  multistage  processing of the  primary 
product of gene expression, which eventually leads to 
the  mature  protein, i.e. inhibitor 11. 

Analysis of eukaryotic genes and of the corresponding 
mRNA sequences on the one hand, and of the mature  protein 
product  on the other, has often shown that  the  latter is the 
result of post-translational proteolytic processing of the pri- 
mary product of expression. The NH,- and COOH-terminal 
extensions of these larger precursor molecules, whose struc- 
tures may  be deduced from the gene sequence, are thought to 
be responsible for transport across membranes or,  in general, 
for the final  targetting of the mature  protein (1-3).  However, 
direct proof of the occurrence of such precursors and infor- 
mation  about their  maturation  are difficult to obtain in uiuo. 

In  this paper we report the primary structure of a  serine 
protease  inhibitor  (inhibitor I) isolated from bovine spleen 
(4). Comparison of its sequence with that of the corresponding 
translation product predicted from the gene sequence (5) 
shows inhibitor  I is either a  mature  protein  with  a distinct 
functional role, or is an intermediate generated in the course 
of proteolytic processing of the primary gene product. The 
final  product of this process should be bovine spleen inhibitor 
11, another isoinhibitor already isolated and sequenced in our 
laboratory (6). 
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EXPERIMENTAL  PROCEDURES 

Materinls-Bovine spleen inhibitor I was isolated as previously 
described by affinity chromatography on immobilized trypsin, fol- 
lowed  by SP-Sephadex C-50 chromatography at  pH 6.5 (4). After this 
step, the fraction containing inhibitor I was further purified on a 
Mono S column in the Pharmacia  fast protein liquid chromatography 
system, as described (6), followed by high performance liquid chro- 
matography (HPLC)’ on a reverse-phase column under the conditions 
reported below for peptide purification. Staphylococcus aureus V8 
protease was from Miles; CNBr was  from Fluka. All other chemicals 
were  of analytical grade. 

Amino  Acid Sequence Determinatwn-0.8 mg  of HPLC-purified 
inhibitor I was  reduced and carboxymethylated as reported (6). 

50 nmol of carboxymethylated protein was treated with a few 
crystals of CNBr overnight at room temperature in 0.1 ml  of 70% 
formic acid and  then lyophilized. The resulting peptide mixture was 
purified by HPLC using a Beckman model 332 instrument, on a 
reverse-phase column (Brownlee, Aquapore RP-300,lO pm, 4.6 X 250 
mm) with a linear gradient of the following solvents: solvent A, 0.2% 
trifluoroacetic acid solvent B,  0.1% trifluoroacetic acid in acetoni- 
trile/isopropyl alcohol 4:l (v/v), at a flow rate of 1 ml/min. Elution 
of the peptides was monitored on a Beckman 165 spectrophotometer 
at 220 nm. 

A second aliquot of carboxymethylated protein (20 nmol) was 
digested with S. aureus protease at 37 “C for 3 h at  an enzyme/ 
substrate  ratio of  1:30. The peptide mixture was fractionated by 
HPLC as reported above. 

NHa-terminal residues of purified peptides were determined ac- 
cording to Gray (7). Amino acid analysis was carried out with an 
LKB 4400 instrument equipped with a Spectra-Physics System I 
Computing Integrator  after hydrolysis of samples in 6 N HCI at 
110 “C for 24  h. 

Sequence analysis was performed on an Applied Biosystems model 
470A gas-phase protein sequencer equipped with an Applied  Biosys- 
terns model  120A PTH Analyzer for the on-line detection of phenyl- 
thiohydantoins. Samples were  dissolved in 10% acetic acid and loaded 
onto trifluoroacetic acid-treated glass fiber filters coated with Poly- 
brene and prewashed according to the manufacturer’s instructions. 

RESULTS 

Gas-phase sequencing of carboxymethylated spleen inhibi- 
tor I gave the sequence to residue 41 (CM-protein,  Table I). 

The elution profile of the sample treated with CNBr is 
shown in Fig. 1. Amino acid analyses of the purified peptides 
are reported in  Table 11, as well as those of peptides obtained 
after digestion with S. aureus protease. Results of sequencing 
of peptides B1,  B2,  B3, and B4 are reported in  Table I; peptide 
B3a gave the same sequence as B3. Only peptide S3  in  the s. 
aureus digest was sequenced to provide the overlap of peptide 
B2 with B3  (Table I). 

Analytical data from peaks B3,  B3a, and B4  of the CNBr 

The abbreviations used are: HPLC, high performance liquid chro- 
matography; BPTI, bovine pancreatic  trypsin inhibitor. 
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TABLE I
Amino acid sequence data for bovine spleen inhibitor 1

digest clearly show the existence of two variants ofthe COOH
terminal fragment, one ending with Glu-63 and the other with
Asn-64, according to the numbering adopted for isoinhibitor
II, as reported in Fig. 2. The occurrence of peaks B3 and B3a,
with identical amino acid compositions and sequences, could
be explained On the basis of differences in the oxidation state
of methionine and/or carboxymethylcysteine residues. The
presence of these COOH-terminal peptides indicates the ex
istence of two different polypeptide chains in the sample
analyzed. The difference of 1 amino acid residue was not
detected in the original inhibitor I preparation, whereas var
iants of the small COOH-terminal fragment could be sepa
rated easily by HPLC. Their yields (see Table II) indicate a
predominance of the shorter version of the polypeptide chain.

The complete sequence reported in Fig. 2 shows that inhib
itor I is composed either of 65- or 66-amino acid residues,
corresponding to molecular weights of 7223 or 7338, respec
tively, and contains NH2 - and COOH-terminal extensions

a X, not identified; RY, repetitiveyield.
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DISCUSSION

Isoinhibitors from bovine tissues, in particular from bovine
spleen (4), belong to the BPTI (bovine pancreatic trypsin
inhibitor) family (8). The name BPTI was initially given to a
well-known protein of 58 amino acids with a tertiary structure
stabilized by three disulfide bonds, which inhibits a number
of serine proteases (9). Several studies revealed the presence
of four isoinhibitors (I-IV) in bovine spleen (4, 6, 10-12).
BPTI, itself, has been identified together with isoinhibitor
IV; the other three isoinhibitors, which are present in different
amounts in various bovine tissues, have structural and func
tional properties very similar to BPTI. They all have basic
isoelectric points, low molecular weights, and show inhibitory
activity toward trypsin, chymotrypsin, and kallikrein. BPTI
is found in mast cells (13), whereas the other three isoinhib
itors have been localized immunocytochemically in smooth
muscle cells of some bovine spleen blood vessels (12). Spleen
inhibitor II has been purified and sequenced: it has the same
number of amino acids as BPTI, but with seven substitutions.
These substitutions are such that the inhibitory activity and
the overall tertiary structure are not significantly affected.
Only a small decrease in the affinity constant for porcine
kallikrein was observed in comparison with BPTI (6).

Anderson and Kingston (14, 15) have shown that two
different but highly homologous genes are present in the
bovine genome, one encoding BPTI and the other spleen
inhibitor II. More recently, Creighton and Charles (5) were
able to characterize the two genes further, showing that they
are constructed of three exons and two introns. From the

with respect to inhibitor II, reported for comparison in the
same figure. The two sequences are aligned under the se
quence of the primary translation product deduced from the
sequence of the spleen inhibitor gene, as reported by Creigh
ton and Charles (5).
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FIG. 1. Reverse-phase high performance liquid chromatog
raphy of the CNBr digest of carboxymethylated protein. Flow
rate: 1.0 mJfmin. Column: Aquapore RP-300, 10 I'm, 4.6 X 250 mm.
Solvent systems: A, 0.2% trifluoroacetic acid; B, 0.1% trifluoroacetic
acid in acetonitrile/isopropyl alcohol 4:1 (v/v). --, absorbance at
220 nm. - - -, percent of solvent B in the gradient elution. The
numbers above the peaks refer to the peptidessubsequently found in
these peaks.
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TABLE I1 
Amino acid composition of fragments  obtained  after  digestion of carboxymethylated  inhibitor I (CM-protein)  with 

CNBr (B)  and S. aureus  protease (S) 
The  composition  from  sequence  analysis of each  peptide  is  indicated by the numbers  in  parentheses. 

Peptide residue  nos. CM-protein -2-18 B1  B2  B3  B3a  B4 s1 52 53 
19-52 53-63 53-63 53-64 -2-31 32-49 50-63 

CmCys 
ASP 
Thr 
Ser 
Glu 

GlY 
Pro 

Ala 
Val 
Met 
Ile 
Leu 
TY r 
Phe 
LYS 
Arg 
HselHsl 

NH2-terminal residue 
Total vield % 

5.3 (6) 
5.2 (5) 
2.7 (3) 
1.7 (2) 
5.0 (5) 
4.8 (5) 
6.7 (7) 
6.8 (7) 
1.0 (1) 
1.4 (2) 
1.8 (2) 
1.0 (1) 
3.4 (4) 
4.8 (5) 
4.7 (5) 
4.8 (5) 

Ala 

1.6 (2) 
0.9 (1) 
1.0 (1) 

2.0 (2) 
3.5 (4) 
1.2 (1) 
2.0 (2) 

0.9 (1) 
0.7 (1) 
0.8 (1) 
1.7 (2) 
0.7 (1) 
+ (1) 

Ala 
36 

2.5 (3) 
4.0 (4) 
0.9 (1) 
2.0 (2) 
2.0 (2) 

3.1 (3) 
3.8 (4) 
1.0 (1) 

0.9 (1) 

2.5 (3) 
3.6 (4) 
2.9 (3) 
1.8 (2) 
+ (1) 

Ile 
34 

0.8 (1) 

0.7 (1) 

1.1  (1) 
1.0 (1) 
3.0 (3) 
1.1 (1) 

1.0 (1) 

1.8 (2) 

Arg 
19 

0.6 (1) 

0.6 (1) 

0.7 (1) 
1.1 (1) 
3.1 (3) 
1.0 (1) 

1.0 (1) 

1.5 (2) 

'4% 
20 

0.6 (1) 
0.8 (1) 
0.8 (1) 

1.0 (1) 
1.0 (1) 
3.0 (3) 
1.1  (1) 

0.8 (1) 

1.7 (2) 

Arg 
11 

2.5 (3) 

0.8 (1) 

2.9 (3) 
3.7 (4) 
2.0 (2) 
3.9 (4) 

0.8 (1) 
0.9 (1) 
1.0 (1) 
2.7 (3) 
2.9 (3) 
3.0 (3) 
1.9 (2) 

2.0 (2) 

Ala 
32 

1.0 (1) 
1.9 (2) 
0.9 (1) 

1.0 (1) 

2.0 (2) 

0.9 (1) 

1.7 (2) 

1.8 (2) 

0.6 (1) 
1.7 (2) 
2.0 (2) 
0.8 (1) 

Thr 
41 

1.8 (2) 
1.0 (1) 
1.0 (1) 

1.0 (1) 
1.0 (1) 
2.9 (3) 
1.0 (1) 

0.7 (1) 
0.9 (1) 

1.6 (2) 

Asx 
35 

FIG. 2. The amino acid sequence 
of isoinhibitor I from bovine spleen 
is compared with the sequences of 
isoinhibitor I1 (6) and of the primary 
translation product inferred from 
the sequence of the corresponding 
gene (5).  The numbering refers to the 
sequence of isoinhibitor 11. The two var- 
iants found in the preparation of isoin- 
hibitor I differ in the presence (the less 
abundant variant) or the absence of a 
COOH-terminal  asparaginyl  residue; 
this further  site of processing  is  indi- 
cated by the vertical arrow. 

-30 
Gene-derived sequence Met-Lys-Met-Ser-Arg-Leu-Cys-Leu-Ser-lle-Ala-Leu-Leu-Val-teu-Leu-Gly-Thr-Leu-Ala-Ala- 
Inhibitor I 1  
Inhibitor I 

-20 

-10 - 1   + 1  10 
Ser-Thr-Pro-Gly-Cys-Asp-Thr-Ser-Asn-Gln-Ala-Lys-Ala-Gln-Arg-Pro-Asp-Phe-Cys-Leu-Glu-Pro-Pro-Tyr-Thr-Gly-Pro- 

Ala-Gln-Arg-Pro-Asp-Phe-Cys-Leu-Glu-Pro-Pro-Tyr-lhr-Gly-Pro- 
Arg-Pro-Asp-Phe-Cys-Leu-Glu-Pro-Pro-lyr-Thr-Gly-Pro- 

20 30 40 
Cys-Lys-Ala-Lys-Met-Ile-Arg-Tyr-Phe-Tyr-Asn-Ala-Lys-Ala-Gly-Phe-Cys-Glu-Thr-Phe-Val-Tyr-Gly-Gly-Cys-Lys-Ala- 
Cys-Lys-Ala-Lys-Met-Ile-Arg-Tyr-Phe-lyr-Asn-Ala-Lys-Ala-Gly-Phe-Cys-Glu-Thr-Phe-Val-Tyr-Gly-Gly-Cys-Lys-Ala- 
Cys-Lys-Ala-Lys-Met-Ile-Arg-Tyr-Phe-Tyr-Asn-Ala-Lys-Ala-Gly-Phe-Cys-Glu-Thr-Phe-Val-Tyr-Gly-Gly-Cys-Lys-Ala- 

50 60 
Lys-Ser-Asn-Asn-Phe-Arg-Ser-Ala-Glu-Asp-Cys-Met-Arg-Thr-Cys-Gly-Gly-Ala-Ile-Gly-Pro-Arg-Glu-Asn-Leu 

Lys-Ser-Asn-Asn-Phe-Arg-Ser-Ala-Glu-Asp-Cys-Met-Arg-Thr-Cys-Gly-Gly-Ala-Ile-Gly-Pro-Arg-Glu-Asn 
Lys-Ser-Asn-Asn-Phe-Arg-Ser-Ala-Glu-Asp-Cys-Met-Arg-Thr-Cys-Gly-Gly-Ala 

9 

virtually  identical sequence, these  authors suggested that  the 
two  genes arose by gene duplication  or by gene  conversion. In 
addition  they  demonstrated  that  the middle exons of both 
genes primarily encode the  mature  proteins, while the  other 
two  exons clearly indicate  that  the two proteins  are biosyn- 
thesized  as larger precursors, having 33 or 35 residues as  NHz- 
terminal  extensions  and 7 residues as COOH-terminal  exten- 
sions. The  question  remained  whether  isoinhibitors I and I11 
are  the  products of different genes or  originate  from  one of 
the two genes encoding isoinhibitor I1 or  BPTI  (isoinhibitor 
IV), respectively, through some kind of post-translational 
modification. The  present  studies  indicate  the following: (i) 
the  protein  has 65  residues, has  the  same sequence as spleen 
inhibitor I1 with  an  NHz-terminal  extension of two amino 
acids and a COOH-terminal  extension of five amino acids; 
(ii) a  small amount (20%) of a variant  containing  an  addi- 
tional  amino acid (Asn) at the  COOH-terminal  extension  is 
also present; (iii) the sequences of these  extensions  are  in 
agreement  with  that deduced from  the gene which  codes for 
isoinhibitor I1 (5). 

In conclusion,  sequence studies  on  both  variants of isoin- 
hibitor I  help unravel  the complex picture of multistage 
processing of the  primary  product of expression of the gene 
homologous to  that coding  for BPTI, processing  which  even- 

tually leads to  the  final  mature  protein  (isoinhibitor 11). It 
seems that  the long NHz-terminal sequence (33 or 35 amino 
acids) of the gene product  is  the  first  to be removed by limited 
proteolysis, while the  COOH-terminal  extension is necessary 
for the  final  targetting of the  protein, before the  last process- 
ing  step  takes place. This  hypothesis  can now be tested 
through in uitro processing studies of bovine spleen inhibitor 
I. Obviously the hypothesis is not  incompatible  with  the 
possibility that  inhibitor I is a mature expression product, 
which  displays in  certain bovine tissues  or subcellular  loca- 
tions a distinct  antiproteolytic function.  Additional interest 
in  this  system derives  from the  recent finding of minute 
amounts of BPTI-like  isoinhibitors  in  human  serum (16). 
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