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ABSTRACT: Three drtferent serine protease Inhibitors were Isolated from camel plasma and purified to apparent
homogeneity. The purification was achieved using (NH.hSO. predplation, affinity chromatography on Blue Sephal"O$e,Ion-
exchange chromatography on DEAE-Sephadex A-50 at pH 8.0 and 6.5, gel filtration on Sephacryl S200 and
polyacrylamide gel electrophoresis (PAGE). Inhibitor I and II were found to Inhibit trypsin and chymotrypsln whiM! Inhlblor III
Inhibited trypsin only, with no detectable chymotrypsin Inhibition. Inhibitor I was found to be analogous to human a,-
protease inhibitor with relative molecular mass of 58,000, it inhibited trypsin and chymotrypsin at a 1:1 molar ratio. The
Inhibitor was resistant to heat for 30 minutes at S·C and retillned only 16.7% of Its activity at 70·C for 1OrTin~es, The
Inhibitor had a maximum Inhibitory activity at pH 8.0, however, no detectable Inhlbitlon was observed at pH 5.0 and 6.0.
This study Indicated that Inhibitor I exhibited similar properties to human ai-protease inhlbitor.

INTRODUCTION

Protease Inhlbitors are the third largest group
of functional proteins after the albumlns and the
immunoglobuli ns (1). MammaHanplasma contains
several of such inhibitors, like o.rmacroglobuDns,
a.1-protease Inhibitors, o.rantichyrnotrypsln,
antithrombin III, o.r8ntiplasmin etc. Protease
Inhibitors displaying both structural and func1lonal
relationship have been grouped into a super
family known as serpins (Serine Protease
Inhibitors), that are Inhibitors of proteases, wnich
have serine residue In the active site (2).

ul-protease inhibitor is a glycoprotein, which
accounts for approximately 80-90% of plasma
leukocyte elastase and trypsin Inhibitory capacity
of human plasma, hence It Is referred to as major
plasma serpln (3). Many of the protease Inhibitors
are involved In the regulation of a runber of
proteolytic events, such as coagulation pathway
(antithrombin III), fibrinolysis (ul-antiplasrnln) and
inflammation (o.l-protease inhibitor and 0.1-

antichymotrypsin). These inhibitors were initially
studied because of the pathological
consequences of their deficiencies, for example
o.l-protease inhibitor in emphysema and Hver
cirrhosis (4,5), o.l-antiplasmin In hemorrhagic
tendency (6) and antithrombin III In thrombosJs
(7).

'Correspondlng author

ul-protease inhibitors have been Isolated and
characterized from t-unan (8), rat (9, 10), mouse
(11), dog (12), rabbit (13), sheep (14), ostfch
(15), horse (16), monkey (17) and goat (18).
Despite these extensive studies there Is no
information available on o.l--pc-otease 1mb/tor
from camel plasma. In tlis study, we report fa the
first time, the puificatlon and some properties a
Ul--i>'o~ase irhbitor from camel plasma.

MATERIALS AND METHODS

Materials
Pancreatic bovine trypsin and chymotrypsin,

o.-benzoy!-arginine e1hy1ester (BAEE) and N-
acetfrL-tyroslne ethyl ester (ATEE) were
purchased from Sigma Chemical Company st.
Louis. Sodium dodecy1 sulphate-polyacrytamlde
gel electrophoresiS (50S-PAGE) molecular
weight markers, DEAE-Sephadex A-50 resin,
Sephacryl S200 high resolution and Blue
Sepharose Cl-6B were from Pharmada
Biotechnology AB Uppsala, Sweden. other
reagents used were of analytical grade.

Camel blood was conected in dtrated bottles
from a local abattoir and transported to the
laboratory on ice. Plasma was separated at 5000
rpm and stored in plastic container at -2O"C lXltil
needed.

Melhcds
Enzyme Assay: Unless otheNllse specif\ed,

protease-Inhibitory activitles were meast.rnd by
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the decrease In proteolytic adlvity after Incubating
with inhibitor for 5 minutes at 25"C. One unit of
Inhibitory activity was defined as being equivalent
to the loss of one unit of trypsin adlvity
(1J..11l10IelmJnat 25°C). Trypsin adlvity was
measured using BAEE as substrate by the
method of Schwertz and Takenaka (19). For a
typical experiment, 0.5~g of the enzyme was
Incubated with 0.5~g of the Inhibitor fradlons In a
1ml quartz cuvet for 5mlnutes at 25°C, the
residual actlvtty was then estimated at 253nm.
Chymotrypsin activity was measured using ATEE
as substrate by the method of Schwertz and
Takenaka (19). Fex-a typical experiment. 0.5~g of
the enzyme was incubated with 0.5~g of the
inhibitor fraction in a 1ml QUartz cuvet for
5mlnutes at 25"C, the residual activity was then
estimated at 237nm. MoJar Inhibitory capadty of
the inhibitor towards trypsin and chymotrypsin
was determined with BAEE and ATEE
respectively as substrates

Thermal stability
The inhibitor solution was heated at various

temperatures. Mer Initial Inactivation, allquots
were withdrawn at 10 minutes Intervals and
residual inhibitory activity against trypsin was
detennined.

Effect of pH
The effect of pH on the inhibitory activity was

checked in the pH range of 5.0 to 10.0. The
control experiment was carried out at 1hese pH
values. Buffers used fex-the assay 'Here O.05M
sodium acetate (pH 5.!>-6.0), O.OOMTris.+iCI (pH
7.0 and 8.0) and 0.05M GlycinelNaOH (pH 9.0
and 10.0).

Protein concentraUon
This was determined by the Warburg and

Christian method (20).

Polyacrylamde gel eJectrr::phoresis
This was carried out at pH 8.6 USingthe Tris-

glycine buffer system as described by Hames
(21). Polyacrylamide gel electrophoresis in the
presence of sodium dodecyl sulphate (SOS) and
2-mercaptoethanol was perfonned according to
the method of LaemmJi(22), using the Phannacia
phast electrophoresis system.

AnafyUcal isoelectric focusing
This was carried out using polyacrylamIde

gels (0.6 x 13cm) according to the LKB
instructions. The gels were stained for protein 'Nith
Coomassie &iUiant Blue.

Pu ritice Uon
All purification steps were perfmned at 4°C.

50ml of camel plasma was thawed and subjected
to 0-70% ammonium sulphate fractionation. The
precipitate obtained after centrifugation (10,000
rpm for 30mln) was solubilized In 0.05M Tr1sIHCl
pH 8.0 containing 0.1 M NaCI and dialyzed with
several changes with the same buffer. The
dialyzed material was appfJedat 10milhr to a Blue

Sepharose column (1.6 x 9.Ocm), equlHbratedwith
0.05M TrislHCI pH 8.0 containing 0.1M NaO. The
same buffer was used to wash the column. The
brake-through fractions (Flgtre 1) containing 0.,-,-
protease Inhibitor were pooled and concentrated
using Amlcon ultrafiltration lJl1itcontaIning PM 10
membrane. The concentrated material was
applied at 50mlihr to DEAE-Sephadex A-50
column (5.0 x 13cm) equiRbrated with 0.05M
TrisIHCl pH 8.0 contaIning 0.1M NaCt. The
unabsorbed proteins were washed off the column
with equifibration buffer and the bound ones were
eluted with a 1.0 litre salt gradient. 0.1M - O.7M

•NaCI in 0.05M Tris/HCI, pH 8.0. TLDes with
highest trypsirr-inhibitory activity (FJgu-e 2) were
pooled and concentrated by Ameen ultrafiltration
unit containing PM 10 membrane. The
concentrated material was dialyzed with 0.05M
sodium phosphate buffer, pH 6.5. The dialyzed
sample was applied at 50mlJhr to DEAE-
Sephadex A-50 column (5.0 x 13cm) equiUbrated
with O.05M sodium phosphate buffer, pH 6.5. The
column was washed with equiHbration buffer urrtil

.me absorbance at 2BOrYTl returned to baseline.
The bound proteins were eluted with a 1.Oitre salt
gradient, 0-0.7M NaCI in O.05M sodium
phosphate buffer, pH 6.5. Tubes containing the
highest trypsirr-inhibitory activity 'Here pooled and
concentrated by Amicon ultrafiltration lElIt
containing PM 10 membrane. The concentrated
sample was dialyzed with 0.05M TrislHCl, pH 8.0
containing 0.1M NaC\. The dialyzed material was
applied at 10mlihr to Sephacryl S200 high-
resolution column (1.6 x socm) equiulxated wI1h
0.05M TrisIHCl, pH 8.0 contaif"Ang 0.1 M NaCI.
The column was eluted with eqt.A~bratlon buffer
and tubes containing the highest trypsirr-Imlbltory
activity (Figure 3), fractions 'Here pooled and
concentrated using Amicon ultrafiltration lIit
containing PM 10 membrane. The sample
obtained was subjected to electrophoresis using
7% polyacrylamide slab gels under non
denaturing condition with Tris/glyclne buffer
system as described by Hames (21). After
electrophoresis, the slab gei was cut hortzontally
into O.5cm strips and the proteins were eluted by
diffusion into 0.05M TriSlt1Cl, pH 8.0 cootalnlng
0.1 M NaCI for 24 hr at 4°C. TlYee fractlons with
trypsirr-inhibitOl)' activity were \den1!fled and
named inhibitor I, 1/ and 1/1. Inhibitor I has the
highest activity and was subsequen1ly used for
characterization.

RESULTS AND DISCUSSION

A summary of the purification procedure of
camel plasma al-prolease Inhibitor Is shown In
Table1. Precipitation with (NH~nSO~ removed
most or the contaminating high molecular mass
proteins. The Blue Sepharose step removed the
contaminating albumin. Albumin, which has high
affinity to the resin, bound to the column while the
inhibitor was found in the break-through fraction.
Isolation of proteins from blood plasma or serufT1
is often complicated by the presence of albumin
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Figure 1:Affinity Chromatography on Blue-Sepharose CL-611
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Table 1. Summary of results for purification of camel plasma a..,-protease inhibitor

Step Total protein
(mg)

-/0
Yield

Specific Activity
(unlts/mg protein)

Total
untts

PurUlcatlon
fold

Plasma
(N~)2S04
Blue Sepharose CL-6B
DEAE-Sephadex A-SO (PH 8.0)
DEAE-Sephadex A-50(pH 6.5)
Sephacryl S200
PAGEl

2
3

1323.0
Il98.0
874.5
169.8
36.23

3.5
1.1
1.0
0.8

that has physical properties similar to many
proteins of biological Interest It also has the same
molecular mass behavtoc as a.,proteese in gel
exclusion chro·matography and its Ionic properties
mimic those of a.l-protease inhibitor (15). This
makes its removal at the earty stage of the
purification very important.

Homogeneity of the final preparation was
checked on SOS-PAGE In the presence of 2-
mercaptoethanol (Figure 4) and was found to be
homogenous with relative molecular mass of
58,000. Preparative PAGE fractionated the
second Iron-exchange fraction Into four
components, three of which were found to inhibit
trypsin. The fractions were named inhibitor I, /I
and Ill. Inhibitors I and II inhibited trypsin and
chymotrypsin while Inhibitor 11/ inhibited only
trypsin with no detectable chymotrypsin inhibition.
Our workers isolated in addition to a.l-protease
inhibitor, a second type of inhibitor that inhibited
trypsin only and not chymotrypsin from mouse
plasma (23). The Identity of inhibitor III Is currentty
under investigation.

Thermal stability of the inhibitor was checked
between 30 to 70oe. The inhibitor was resistant to
heat treatment from 30-50oe ta 30 minutes and
lost only 17% of its activity after 30 miMes
incubation at 600e but retained 16.7% of the
activity fa- 10 minutes at 700e (Figure 5). Proteins
are Inactivated in media at high temperature due
to partial unfolding of the molecule. The
mechanism for lncreasinq thermal stability of
proteins appears to be due to strengthening of the
hydrophobic interactions and dlsulphide bond in
the Interior of the protein molecule. It could be
possible that the stability observed with 0.1-

protease inhibitor is due to strengthening of the
hydrophobic interaction or of the disulphide bond.
The effect of pH on the inhibitory activity of the
inhibitor was studied between pH 5.0-10.0 (Figure
6). The inhibitor has maximum activity at pH 8.0
and no detectable activity was observed at pH 5.0
and 6.0. The inhibitor lost all its inhibitory capacity
at pH 10.0 in 5 minutes but retained 23 and 15%
of its activity for 1 and 2 minutes respectively. The
absence of any appreciable Inhibition at pH 10.0
may be due to the Instability of the enzyme-

0.052 68.8 1.0 100
0.051 61.1 1.0 89.0
0.07 61.2 1.3 89.0
1.06 178.0 20.4 261.6
1.22 44.2 23.5 64.2
10.62 37.2 204.2 54.0
3.46 3.8 66.5 5.5
3.12 3.12 60.0 4.5
·3.12 2.5 60.0 3.6

inhibitor complex at high pH or modification cj the
enzyme molecule.

Inhibitory ectivity
The molar InhibitC>rj capacity cj the IrHbltor

against bovine trypsin and d¥notrypsln Is shown
In Figure 7. This shewed that inhibition of trypSin
occurred at 1: 1 molar ratio. This is in ag-eement
with what was reported for a.l-protease Inhibitor
from other species (14). The molar IrHbI1!on ratio
of the Inhibitor with chymotrypsin dlffers with what
was observed by other workers (24). Tlis could
probably be due to the difference In the siostrate
used in the studies.

Polyacrylamide gel isoelectric focusing of
camel a.l-protease inhiMor in the pH range of 3-
10 and 4-6 revealed the following pattern:

pH range
3-10

pI
4.55
4.70
4.40
4.50
4.58

4-6

Thls pattem Is In remarkable agreement with
the pattern reported fcr human, rabbit and ostrich
a.l-protease inhibitor (13, 15) and Is a
charaderistic feature of a.l-protease Inhibitor. The
chemical background to this remarkable
electrophoretic microheterogeneity Is 5111 obscure
(8), but it has been attributed to variation In
terminal sialic acid content, oagosaccharlde
branches or Umited proteolysis ex a combination
of the above (3). Thfs notwithstanding, however,
the results presented in tns work indicate that
inhibitor 1 exhbited remarkably sJmllar properties
to human a.dxotease inhibitor.
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Figure 3: Gel Filtration on Sephacryl S20Q r.R
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Figure 4: SDS- polyacrylamide gel electrophoresis. -partern of camel plasma al-
protease inhibitor. Lane 1 standard molecular mass markers, lane 2 camel plasma,
lane 3 Blue Sepharose fraction, lane 4 second ion exchange (pH 8.0) fraction, lane 5
Sephacryl S200 fraction and lane 6'a i-protease inhibitor.
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Figure 5: Thermal stability of the
Inhibitor
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Figure 7A: Molar Inhibitory Capacity
against Trypsin

120 lz-'s 1CO;, __
:.;J --............
U
~ 80~

60 J
I
i40 ~
!

20 -.:

o ------------------~
o 0.2 0.4 06' 0.8 1.2

Inhibitor/Enzyme (mol/mol)

Figure 78: Molar Inhibitory Capacity
against chymotrypsin
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