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Bovine a,-antiplasmin (a.AP) has been purified and partially characterized. The amino acid composition is very similar (o that of human x.AP,

and the N-tenuinal (23 residues determined) and reactive sile loop sequences (42 residues determined) are highly homologous 1o those of the human

prsein. Compared with human a,AP, bovine a,AP has an 18-residue N-terminal extension, homologous with part of the pre-sequence of human
@ AP. A re-investigalion of the N-terminal sequence of [reshly prepared human a,AP reveals a new form extended by 12 residues.

Plasma protein; Proteinase inhibitor; Sequence analysis; @,-Antiplasmin

l. INTRODUCTION

The plasma protein, a,-antiplasmin (2.AP), is a mem-
ber of the serpin class of inhibitors [1-3]. Human &,AP
is a 70 kDa single-chain protein containing 14% carbo-
hydrate [4] and two disulfide bridges. Mature c,AP con-
sists of 452 residues [5), and pre-a,AP appears to con-
tain a 39 [5] or 37-residue [6] signal sequence. The reac-
tive site peptide bond (P,—P,’) cleaved during complex
formation with plasmin is Arg**-Met [5]. A secondary
site intevacting with plasmin(ogen) is located in the C-
terminal part of ¢,AP [7,8].

Bovine o, AP has not previously been characterized,
and commercial polyclonal anti(human a,AP) antibod-
ies do not react with bovine a,AP. As part of a study
of the components of the fibrinolytic system in bovine
milk we have isolated bovine &, AP from plasma. As a
first step in the characterization of bovine a,AP we
report here its partial N-terminal sequence and 42 resi-
dues of internal sequence, covering its reactive site.

2. MATERIALS AND METHODS

2.1, Materials
Porcine pancreatic clastase Lype IV and DCI were obtained from
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Sigma. Bovine chymotrypsin A was [rom Boehringer-Mannheim.
Staphylococcus aureus V8 prolease was from Worlhington. Tosyl-
phenylalanine chloromethylketone-treated trypsin was from Cooper
Biomedicals. Subtilisin was from Novo-Nordic. Urokinase from Ab-
bott (20,000 CTA U/mg) was used for activation of plasminogen,
Bovine blood was obtained from  local sluughter house and anticoag-
ulated with trisodium citrate, After separation of plasma by centrifu-
gation it was stored at ~20°C. The substrale H-p-Pro-L-Phe-L-Arg-p-
nitroanilide:2 HCI (§-2302) was from Kabi.

2.2, Preparation of lysine-Sephiarose and Ki1-3-Sepharose

Lysine-Sepharose was prepared according 10 [9]. Bovine plasmino-
gen was purified from plasma as described [10]. 3 g of plasminogen
dissolved in 800 ml 0.1 M NH,HCO, was digested with 1.5% w/w
claslase and the lragments separated essenlially according to [11].
K1-3 (858 A4, units) was coupled to 11 g of CNBr-activated Sepha-
rose according to the instructions from Pharmacia,

2,3, Purification of bovine and human @A P

As in [12] and [13], plasminogen-depleted plasma was fractionated
with (NH,),80,. The proteins precipitating between 0.8 and 2.7 M
were dissolved in 40 mM sodium phosphate, 2 mM EDTA, pH 7.4,
(buffer A) and dialyzed against 100 vols, of deionized waler to precip-
itate fibrinogen. After centrifugation, the supernatant from 300 mi of
plasma was made up to 40 mM in sodium phosphate, and 2 mM in
EDTA, pH 7.4, and treated with 40 ml K 1-3-Sepharose equilibrated
with buffer A, The K1-3-Sepharose was washed on a Blichner [unnel
and poured into a column. Loosely bound proteins were eluted with
buffer A containing 0.5 M NaCl, and o,AP was ¢luted by including
20 mM &-ACA in the buffer. The presence of a,AP in the column
fraclions was monitored by observing an approx. 70 kIDa band in
reducing SDS-PAGE. 10-ml fractions containing o,AP were applied
o a Superose 12 column (2.5 x 40 c¢n) equi'ibrated and eluted with
buffer A containing 0.5 M NaCl and 20 mM s-ACA. Contaminaling
immunoglobulins were removed by passing the a,AP preparation
through a 4 il protein A-Sepharose column equilibrated and eluted
with the same buffer. Human a,AP was purified by the same method
as for bovine a,AP except that a plusminogen—Sepharose column (60
mg plusminogen/ml Sephurose) was used instead of K1-3-Sepharose.

Published by Elsevier Science Publishers B. V.
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24, Assay of a,AP

Plasminogen (4.4 mg/ml in 0.1 M sodium phosphate, pH 7.3) was
activated by incubation with urokinase (0.8 CTA U/ug plasminogen)
for 2 h at room temperature. Fraclions from Superose 12 were dia-
lysed against bufler A and analvzed for @,AP activity by incubating
50 u! samples with 50 w2 plasmin (0.08 mg/ml in 0.1 M sodium phos-
phate, pH 7.3) for 30 min at 25°C. Afier the addition of 250 410.2 mM
$-2302 the change in absorbance at 405 nm was followed for 20 min.

2.5, Preparation of cleaved a,AP

Reactive site cleaved a,AP was prepared by incubation with plasmin
and subtilisin (E:8 = 111 and 1:2,000 w/v, respectively) for | min at
25°C. The enzyme was then inactivated by the addition of DCI. The
C-terminal peptide was separated by SDS-PAGE [14,15).

2.6, Amino acid analysis

Hydrolyses were done at 110°C in 6 M HCL1 % thioglycolic acid for
3, 16, 24 and 72 h. To determine the half-cysteine content, samples
were oxidized with 10 gl | M HCOOOH prior to hydrolysis, Free
amino acids were separated by HPLC cation exchange using a cH
gradient ranging from 3.10 to 10.10, as described [16).

2.7, SDS-PAGE
Protein purity and size estimation were performed in gels with linear
gradients of acrylamide (10-20%, 2.5% bis-acrylamide) [14].

2.8. N-Terminat sequence analysis

Proteins and fragments were transferred from the SDS-PAGE gels
lo ProBlott membranes using electrobloiting [17]. Edman degrada-
tions were done in an AB 477A sequenalor equipped with a 120A
on-ling HPLC. The Donblot reaction and conversion cycles were used.
Peptides were degraded on polybrene-coated glass-fillers using the
Normal-| cycles, Initial yields of N-terminal amino acids were 20-200
pmol.

2.9. Trupsin digestion

Bovine-a,AP (280 g} was dissolved in 200 @i 0.25 M Tris-HCI, |
mM EDTA, 6 M guanidine-HCl, pH 8.5, and reduced by the addition
of 10 1 2-mercaptoethunol diluted 1:10 in water and incubated at
room temperature for 2 h. Then jodoacetamide was added to 0.3 M.
After rezction for 2 h at room temperature the alkylated a.AP was
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Fig. 1. SDS-PAGE of bovine AP during purificaticn. Lane 1, size

markers, reduced. Lane 2, pool eluted from K1-3-Sepharose. Lane 3,

alter protein A-Sepharose chromatography. Lane 4, after Superose
12 gel chromatography. Lanes 24 are unreduced.
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desalted on a Nucleosil C-4 500-7 column (4 x 125 mm). The protein
was eluted with a gradient of 0.1% TFA and acetonitrile and dried in
a speed-vac centrifuge. The digestion was done in 0.2 M NH,HCO,
using 4% trypsin. After incubation for 5 h at 37°C the digest was
Iyophilized, dissolved in 0.1% TF A, and separated on a C-18 Nucleosil
100-5 column (4 x 250 mm). The elution was performed at 50°C with
a linear gradieni of acetonitrile from 4.5% to 76.5% in 0.1% TFA over
60 min at a flow rate of | mymin.

3. RESULTS AND DISCUSSION

3.1. Purification of bovine %,AP

The purification of bovine a,AP was based on affinity
chromatography on K1-3-Sepharose as in [12,13].
However, when working with bovine plasma, contami-
nating fibrinogen and immunoglobulin were present in
large amounts. To prevent saturation of the Ki-3-
Sepharose with fibrinogen, the major part of it was
precipitated by dialysis before absorption. The a.AP
pool from K1-3~Sepharose was still contaminated with
fibrinogen and immunoglobulin, but no tetranectin and
histidine-rich glycoprotein could be detected (Fig. 1).
However, in some preparations minor contaminants
were present. A 28 kDa pootein was identified as a
fragment of bovine apolipoprotein(a) by N-terminal se-
quence analysis (DDPQSSXDRVK) and a 60 kDa pro-
tein with the N-terminal sequence (FQRGQVLSAL-
PRTSR) might represent bovine plasma carboxypepti-

Tatle I
Amino acid cemposition of bovine and human «,-antiplasmin

Amino acid Bovine @,AP Human a,AP*
(mol %) (mol %)

Asx 10.1 7.7
Thrt 4.2 49
Ser* 7.3 7.7
Glx 13.2 13.7
Pro 8.5 8.2
Gly 53 5.8
Ala 7.3 6.4
Cys 1.0 0.9
Val® 4.6 6.2
Met 25 22
1le® 23 20
Leu 150 14.8
Tyr 1.4 0.9
Phe 558 6.2
His 24 2.7
Lys 5.0 42
Arg 4.3 4.2
Trp n.d. 1.3
GaleN - traces’
GleN® 3.1 1.3*

“Values exirapolated to 0 h.

bValues determined after 72 h of hydrolysis.

sCorrecied for a loss of 25% during 2 3 h hydrolysis period,
“Taken from the cDNA sequence [6).

*Data from [4].

n.d., not determined.
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FRPVSQMEPLDLQLHDGPAQEKL

nallwgllvlswsclggpcsvLepvsameplgrgltsgpNQEQVSPLTLLRLGN

MEPLGXQLTSGPNQ

NQEQVSPLTLLKL

Fig. 2. Comparison of the N-terminal sequences ol bovine and human 2,AP, Small letlers are used o indicale the pre-sequence in hu1:nan AP
[6]. Capita! letters indicate the mature sequence. X, nol identified. Human a,AP(1) and human a,AP(2), the two forms of .'z;A'P. are lound in approx.
equimolar amounts. 1dentical residues in bovine and human AP are shown by a pair of dots; residues different in bovine a,AP are shown in

dase B [18] (results not shown). The contaminating im-
munoglobulin was removed by passage through a pro-
tein A-Sepharose column. Residual fibrinogen was re-
moved by gel filtration on Superose 12 (Fig. 1). About
5 mg of bovine o, AP was obtained from 1 | of plasmin-
ogen depleted plasma.

The amino acid composition of bovine a,AP was
determined and compared with tite human &, AP (Table
I). The compositions of the two proteins agreed within
t 10% except for Asx, Val and Tyr which differed more
than 30%. Bovine 2,AP contained N-acetyl-glucosam-
ine, indicating the presence of N-linked carbohydrate as
in human a,AP. The S4Q defined in [19] gives a value
of about 12, indicating highly similar amino acid se-
quences, However, although bovine and human 2,AP
have similar amino acid compositions no cross-reaction
is found using polyclonal antibodies (Dako, Copen-
hagen) to the human protein (datasheet from Dako, and
unpublished).

bold.

3.2. N-Terminal sequence analysis of bovine 2,AP

The sequence of the first 23 residues of bovine a,AP
and its alignment with the sequence of human ¢,AP are
shown in Fig. 2. Relative to human o, AP, bovine a,AP
has an 18-residue extension which is clearly homolo-
gous to part of the presumed 39-residue pre-sequence of
human o,AP. Only one N-terminal sequence (NQEQ)
was reported earlier for human 2,AP [4]. However, se-
quence analysis of a fresh preparation of human 0,AP
revealed that, besides this sequence, another sequence
in approx. equimolar yield was present (Fig. 2). That
sequence included the last 12 residues of the prese-
quence of human @,AP. These findings are in line with
the recent observation that human pre-2,AP cDNA ex-
pressed in hamster kidney cells gives ris2 to active 2,AP
containing that 12-residue extension [20].

In contrast to the Ala~'*~Met site the Pro™'~Asn site
of human pre-a,AP fits poorly to the *-3 to —1 rule”
[21), and it might be questioned whether the latter se-

A B C
-""' ~ kDa kDa
-y -26 m——
ii _gg 2';.-—-”“ - 60
W\ — - 30
- ls pchone 1
o~ =4
™. 65 e = 6
-2-5
1 2 1 2 1 2

Fig. 3. SDS-PAGE of cleaved preparations of bovine et,AP, (A) lane 1, size markers; lane 2, cleaved bovine-2,AP prcparation._(_B) line 1, Plﬂsm_iﬂ'
bovine a;AP complexes, plasmin (different forms), cleaved @,AP and cleavage peptide: lane 2, size markers. (C) Lane | subtilisin cleuved bovine
&, AP and peptide; lane 2, size markers, Arrows indicale the C-terminal peptides resulting from cleavage.
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C=a,AP! MS-RMSLSSPIVNRP
C-apAP? MSLSSFIVNRP
C-ayAP? SLSSFIVNRP
52 LYVSSVRHQSALELSEAGVRAAAATSTA

T5E5P1 LVVSSVQHQSALE

T385P2 LSEAGVQAAAATSTANS-R

Bovine azAP LVVSBVQHQSALELSEAGVGAAAATSTAMS -RMSLSSFIVNRP
R N e R r A A R R R R R I S R T

LVVSGVGHQETLELSEVGVEARAATSIAMS-RMSLSSFSVNRP
15 1o &

Human azAP

P and P! sites 18 11 8 1ot

Fig. 4. Reactive site sequence of bovine a.AP, C-@.AP', C-¢t,AP?,
C-a,AP?, C-lerminal peptides from a,AP cleaved with an elastase-like
enzyme, plasmin and subtilisin, respectively. T52 and T58, see Fig. 5.
T3588P1 and T58SP2, peptides from S. atreues V8 proteinase digestion
of T58. Bovine and human a,AP are aligned according to [3] which
introduces a gap between P, and P, in a,AP. Identical residues in
bovine and human a.AP are shown by a pair of dols; residues difTerent
in bovine a,AP are shown in bold. The Pand P’ siles are numbered.

quence represents a site recognized by the processing
enzyme. One possible explanation is that processing in-
itially occurs at Ala™'*-~Met, and that the Pro™'-Asn
peptide bond is unstable and slowly cleaved by solvent.

The change of the Ala~'*~-Met and Pro™!-Asn sites in
human a,AP to GIn-Met and Pro-Ala, respectively, in
bovine a,AP, is compatible with that protein having a
single N-terminal extended by 18 residues when com-
pared with human a,AP.

3.3. Reactive site sequence

Unlike human o,AP [13] the preparation of bovine
a.AP did not convert to forms of smaller size upon
storage. Howevar, one preparation was inactive, due to
proteolysis in the reactive site loop as also szen with

v2
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other serpins [22,23]. Sequence analysis of a 10 kDa
peptide present in that preparation (Fig. 3) suggested
that it resulted from cleavage of bovine a,AP by an
elastase-like enzyme, that bovine o, AP had a similar
reactive site (Arg***~-Met), and that the 10 kDa peptide
originated from cleavage 3 residues upstream of this site
(Fig. 4). Sequence analysis of the 10 kDa peptide gener-
ated by incubation of bovine a,AP with bovine plasmin
confirmed that the reactive site of bovine a,AP was
identical to that of human a,AP. Sequence analysis of
the peptide generated by incubation of bovine a.AP
with subtilisin revealed that cleavage had occurred at
the P,” Met residue.

To obtain sequence information covering the N-ter-
minal part of the reactive site of bovine @,AP, tryptic
peptides were analyzed (Fig. 5). Since the sequence anal-
ysis had indicated high similarity of the reactive site
sequences of bovine and human &, AP the amino acid
composition of all HPLC fractions were determined. In
human a,AP the corresponding tryptic peptide would
be 37 residues long and contain 13% Ala residues. On
the basis of a high content of Ala residues two 31-
residue peptides, T52 and T58, were selected (Fig. 5).
Except for the lower content of methionine in T52 their
composition were identical. Sequence analysis of T52
(28 residues determined) revealed a strong similarity
with residues 373-414 of the reactive site loop of human
a,AP (Fig. 4). By determining the sequences of peptides
obtained from T58 by digestion with S. aureus V8 pro-
teinase (TS58SPI and 2, separation not shown) the com-
plete sequence of a 42 residue segment of bovine AP
containing its reactive site loop was established (Fig. 4).

Among serpins and other serine proteinase inhibitors
the reactive site sequences of orthologous proteins show

0.1 4

Absorbanre (229 nm)

TS2

58

[T~

T
25

Hetention time (min)

Fig. 5. HPLC chromatogram of tryptic peplides from bovine AP, T52 and T58 were used for sequence analysis. The two Met residues in T52
were probably oxidised to the sulfoxide form.
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the greatest variation [24,25]. However, it is evident
from the present work that for a,AP both the N-termi-
nal sequences and the reaclive site sequences of the
bovine and human proteins are strongly conserved.

A recent survey of serpin sequences [26] has pointed
out the presence in functionally active inhibitors of a
consensus sequence, Thr-Glu-Ala-Ala-Ala, correspond-
ing to the P ,-P,, sites. This sequence is believed to be
important for insertion of part of the reactive site loop
into the extended A-sheet [3,26], thereby chunging the
loop from being a substrate to an inhibitor of pro-
teinases. Of 20 proteins examined 3] only Cl-inhibitor,
corticosteroid binding globulin and human o,AP have
a Val-residue in P,,. With regard to P;;, heparin cofac-
tor I1 and angiotensinogen have a Gln residue in this
position; however, neither corticosteroid binding globu-
lin or angiotensinogen are active as inhibitors. Bovine
o.AP is a functionally active inhibitor, even though it
contains two changes in the S-residue consensus se-
quence (a Gln residue in P); and a Val residue in P,).
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