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Abstract: Camel pancreatic kallikrein (CPK) has been isolated and purified by a simple reproducible

method including: complete delipidation of pancreas homogenate by solvent extraction, ammonium sulfate

fractionation, chromatography on DEAE-cellulose and gel filtration on Sephadex G-100, the purification

steps increased the enzyme activity about 149 folds. The homogeneity and purity of the enzyme was

confirmed by SDS-PAGE and the molecular weight of the purified enzyme was determined and found to

be 41 KDa. Optimum pH and temperature for hydrolysis of N –toluenesulfonyl-l-arginine methyl esterá  

(TAME) by the purified (CPK) were 8.5 and 37ºC, respectively. The effects of temperature, pH, stability

of the enzyme (thermostability and the effect of storage at different periods), incubation period, different

substrates and mineral ions on camel pancreatic kallikrein activity were studied. CPK was inhibited by

heavy metal ions such as Zn  Hg  Cd The camel pancreatic kallikrein was inhibited by potato2+, 2+, 2+. 

kallikrein  inhibitor (PKI-56) as well as diisopropylfluorophosphate(DFP). 
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INTRODUCTION

Tissue kallikrein, commonly existing in living

bodies as prokallikrein, belongs to a closely related

subfamily of trypsin – like glycoproteins that has been

found in pancreas, colon, kidney, urine and saliva, etc .

 .Up till now, kallikrein has been proven to have[1-2]

many biological functions, such as attenuating

myocardial infarction, inhibiting apoptosis, and renal

protection and repairing . The kallikreins, either[3 ,5]

directly or by enzymatic release of kallidin, are known

to exert many pharmacological effects, such as,

smooth muscle stimulation , vasodilation , increase in[6] [7] 

capillary permeability , migration of leukocytes ,[8] [9 ,10]

and stimulation of pain fibres Therefore, it has been

regarded  as  a potent medicine in clinical treatment.

Up till now, the extraction of kallikrein from human

urine is the most commonly used method. However,

the quantity of such a protein in urine is quite little.

Generally, only 17 mg protein could be obtained from

1000 L urine. Furthermore, the extraction procedure is

very complex, and the obtained protein might be

suspected to hepatitis and even AIDS virus . In[11]

addition, kallikrein extracted from pancreas of animals

is another source.

In our recent work kallikrein was extracted from

camel pancreas. Camels are of great interest since

nothing is known about the characterization of classical

pancreatic kallikrein in such animals, also due to their

unusual biochemical characterisitics, they differ from

other mammals in a number of biochemical and

physiological properties. For example, the inherent

capacity  to withstand water deprivation for long

periods  and to drink a large amount of water in a

short time has been known for some time. In view of

these unusual characteristics of camels, it is possible

that pancreatic  kallikrein may differ from usual

mammalian enzymes .[12]

MATERIALS AND METHODS

Materials: Enzyme source: Fresh camel pancreases

were obtained from the slaughterhouse directly after

animal sacrifice and kept at 0ºC.

Chemicals:  N - toluenesulfonyl-l-arginine methylá

ester (TAME) that was used as substrate in enzyme

assay was purchased from Sigma Chemical Co., St.

Louis, USA. Diethylaminoethyl cellulose (DEAE-

cellulose), (Preswollen, Micro-granular anion exchanger,

Whatman DE-53) and Sephadex G-100 were purchased

from  Pharmacia Fine Chemical Co. All other

chemicals were of analytical grade of highest purity

commercially available. 

Preparation of Dry Defatted Powder of Camel

Pancreas (Crude Powder): According to the method

described by Moriwaki and Schachter &Yoshio et

al., , frozen camel pancreas (1Kg. around 5 glands)[13 ,1 4 ]

was freed mechanically from fat and connective tissue

and was passed several times through a meat grinder

until a quite paste was obtained. This paste was mixed

with 1.5 L of ice-cold acetone (98%) and 20ml of 10%
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2CaCl   solution,  then  4  liters  of  acetone were

added during 1-2 hr.while stirring (0- 4ºC) and the

mixture was held for 16 hr. at 0  -4ºC, settled and /or

filtered.  The  wet filter cake (precipitate) was mixed

2 hr. with  excess amount of a cold mixture of

acetone: trichloroethylene with a ratio of 2:1

respectively while stirring at 0-4ºC.At the end, the

mixture was centrifuged at 5000 rpm (or filtered) and

the precipitate was dried in a desicator and kept in

refrigerator till used.

Purification of Kallikrein: All the purification steps

were carried out at 4ºC unless otherwise mentioned.

Extraction of Kallikrein from the Pancreatic Powder

and Protein Fractionation by Ammonium Sulphate:

The method for extraction of kallikrein from pancreatic

powder (crude powder) were investigated, based on

method  described  by  Martin  and Edgar & Yoshio

et al., . In this method twenty grams of crude[14 ,15]

powder were suspended in 200 ml of 0.01M Tris-HCL

2buffer, pH 7, containing 4mM CaCl  and were gently

stirred for 30 min. at 4ºC. Insoluble material was

removed by centrifugation and the supernatant was

brought to 20 -80% saturation by the addition of solid

ammonium sulfate (38.7 g/100ml) at 4ºC. The resulting

suspension was allowed to stand for 30 min. at 4ºC,

and then was centrifuged at 15 000 rpm for 15 min.

The precipitate which contains the kallikrein activity

was dissolved in 150 ml of 0.01M Tris-HCL buffer,

pH 7, and the kallikrein fraction was precipitated again

by the addition of ammonium sulfate to 20 -80%

saturation at 4ºC and centrifuged at 15 000 rpm for 15

min. The ppt. was dissolved in 100 ml of Tris-HCL

buffer pH 7 and was dialysed against three changes of

1L of this buffer at 4ºC. The solution was centrifuged

to remove insoluble material that appeared during

dialysis, lyophilized and the kallikrein activity was

determined.

K allikrein Assay (Esterolytic  Assay):  N -á  

toluenesulfonyl-l-arginine methyl ester (TAME) was

used as substrate, and the following method was

employed for determination of esterolytic activity of the

enzyme samples. According to Chiaki et al.,  with[16]

some modifications the assay have been done as

follwing: 0.1 ml of 0.12 M TAME aqueous solution,

1.5 ml of 0.01 M Tris-HCL buffer (pH 8.5) and 0.4 ml

of the sample solution were mixed and incubated at

37ºC for 1/2 hr. The reaction is stopped by addition of

2.0 ml of 7.5% TCA. After removal of the insoluble

precipitate by centrifugation, 2.0 ml of the supernatant

was added to 2.0 ml of alkaline hydroxylamine

solution. After standing at room temperature for 30

min, the ppt. removed by centrifugation, the filtrate

was added to 1.0 ml of 3M HCL and 2.0 ml of 10%

ferric chloride and the formed ferric complex was

determined colorimetrically at 540 nm. The amount of

the residual substrate was estimated from the standared

curve with TAME treated similarly but without

enzyme. Kallikrein activity is expressed in terms of

units: one unit is the amount of enzyme which

hydrolyzes 1u mol of substrate (TAME) per min. at

(37ºC) and pH 8.5 .[16]

Determination of Protein: Protein content of the

enzyme preparation was determined using bovine serum

albumin as standared according to the method of

Ohnistti and Barr  for quantitation of protein in[17]

samples.

Column Chromatography: The crude enzyme was

loaded on a column of DEAE-cellulose (DE-53),

(1.5x30 cm) pre-equilibrated with 0.01 M Tris-HCl

buffer, pH 7, containing 4 mM CaCl2.  Fractions of 5

ml were eluted with the same buffer at a flow rate of

50 ml/h. Fractions were collected and assayed for

enzyme activity and protein content, where as fractions

with highestspecific activity were pooled, dialyzed

against 0.01 M Tris-HCl buffer,pH 7 then lypholized

for further purification. The final step for purification

of kallikrein was performed by gel filtration on

Sephadex G-100 column (2.5 x35 cm) previously

equilibrated in 0.01 M Tris-HCl buffer, pH 8.5,

2containing 4 mM CaCl . Fractions containing kallikrein

activity were pooled , dialyzed  and lyophilized to

study of their biochemical properties. 

The molecular weight of the purified enzyme

kallikren were estimated according to the method of

Laemmli  Including molecular weight marker[18 ].

proteins.

Characterization of the Purified Camel Pancreatic

Kallikrein: Effect of temperature on the activity and

stability of kallikrein: The reaction mixture was

incubated at different temperatures range from 20 to

60º C to determine the optimum reaction temperature.

Thermostability of the purified enzyme was tested by

preheating small aliquots of the purified enzyme at

different temperatures (20 – 80º C) to study the effect

of temperature on the kallikrein stability. 

The purified enzyme was assayed for its activity

and stability at different values of 0.01 M Tris –HCl

(pH 4 – 10) then the activity of the enzyme was

determined

The stability of kallikrein: The purified kallikrein

(7.1 U) was stored for different times (1, 3, 10 days,

1 week, 4 and 5 months) at different temperatures (0,

4 and – 20ºC) to study the effect of storage  on the

kallikrein activity. 
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Effect of incubation period: The purified enzyme

( 9.44 u) was incubated with the substrate for different
time intervals ( 5,15,30,45 and 60 min ), then the

kallikrein activity was determined under the standared
assay conditions.

Substrate specificity  of camel pancreatic kallikrein
towards several substrates were determined. Small

amount of the purified kallikrein was added to different
substrates and assayed under standered conditions.

Effect of some activators and inhibitors on the
enzymatic activity.

Effect of minerals cations: Small aliquots of the
purified enzyme were preincubated with different

minerals (Mg, Cu, Mn, Hg, Zn, Cd, and Ca) of 1 mM
concentration for 10 min. and the activity was

determined.

RESULTS AND DISSUCTIONS
The present communication dealse with the

isolation and characterization of kallikrein from an
extract of partially autolyzed camel pancreas. The

purification of the enzyme was monitored by esterase
activity toward N P-toluenesulfonyl-l-arginine methylá_

ester (TAME). The representative activities of
kallikreins such as the vasodilator, kinin forming and

esterolytic activities were determined by various
methods  Chiaki et al.,  found that, the arginine[16] [16]

esters were good substrates for kallikreins. TAME have
been favourably used for esterolytic activity  .[16]

Purification of Camel Pancreatic Kallikrein: During

extraction of crude powder of kallikrein, it was found
that specific activity was 26 U/mg protein , where as

during protein fractionation ( 71.60 g) of solid
ammonium  sulfate, was added to the crude extract

(185 ml ) the specific activity increased to (79.6 U/mg)
over the first step ( crude powder ) and increase the

purity fold purification to 3.06 % Table (1). The
volume obtained from the previous step (5 ml) was

passed over a column of DEAE-cellulose, and
kallikrein activity was achieved in one peak (Fig.1),

that  eluted  with a specific activity of 453 U/mg
(Table 1). The fold purification increased to 17.4% and

64% yield. The kallikrein peak was obtained at 0.1-
0.125M NaCL (Fig. 1).Further purification of kallikrein

enzyme by gel filtration on Sephadex G-100 column
(Fig.2 ), increased the specific activity to 3873 U/mg

and the fold purification to 149% with 49% recovery,
Table (1). 

The previous studies by Honda et al.,  on[19]

kallikrein isolated from hog pancreas powder showed

that, enzyme was separated by successive column
c hro m a to g r a p h y  o n  C M -c e l lu lo f in e  and  p -

aminobenzamidine- Sepharose 4B. Kallikrein was
further purified by column chromatography on DEAE-

Sephadex.  The  activity yield of kallikrein was 49%.

Fig. 1: Elution profile of camel pancreatic kallikrein

from pancreatic powder on DEAE-celluose

coumn. 

Fig. 2: Gel filtration profile of camel pancreatic

kallikrein on Sephadex G-100 column. 

Also rat, porcine, human and guinea pig pancreatic

kallikreins were purified using various affinity

chromatographies with purification about 1600- 2000

fold, these affinity chromatographies were considered

to be effective for the purification of kallikreins  .[20 ,23]

The molecular weight of CPK was estimated by

Slab gel electrophoresis , the most widely applicable[18]

versatile method used for analysis and homogeneity, it

was carried out in the presence of sodium dodecyl-

sulfate (SDS) and â - mecaptoethanol for kallikrein

samples at different purification steps. Fig. (3)

indicated that the purified kallikrein was homogeneous

monomer (only single dence band appeared). The

molecular weight of the purified CPK was found to be

about 31.000 KDa  as shown and compared to the

molecular weight marker proteins, (Fig.3). In

comparison, the molecular weights of human, porcine

and bovine   pancreatic kallikrein were (40.000, 33.000

and  26.900  KDa) respectively  While molecular[24,26].
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Table 1: A typical purification steps of the cam el pancreatic kallikrein purification

Purification Total volume Total activity Total proteins Specific activity Fold Yield

Step (ml) (U) (mg) (U/mg) purification (%)

Crude extract 185 5600 215 26 1.0 100

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 2 4(NH ) SO precipitation (20-80%) 5 4891 61.45 79.6 3.06 87

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DEAE-Cellulose column chromatography 4 3630 8.01 453 17.4 64

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sephadex G-100 column chromatography 3.5 2750 0.71 3873 149 49

Fig. 3: Slab gel electrophoresis of the different

purification steps in the presence of SDS and

â-mercaptoethanol: 1- crude extract, 2-

a m m o nium  su lp ha te  fractio na tio n ,  3 -

DEAE-cellulose chromatography and 4-

Sephadex G-100 chromatography 

Fig. 4: The effect of temprature on the kallirein

activity. 

weight of the three dog pancreatic kallikreins and the

rat pancreatic kallikreins were estimated by Sephadex

G-100 gel filtration to be 27.000 -30.000 and 30.000

respectively  [15].

Fig. 5: The effect of temprature on the kallikrein

stability. 

Fig. 6: The effect of pH on the kallikrein stability. 

Characterization of the Purified Camel Pancreatic

Kallikrein:. The  optimum temperature was determined

 by  performing  the standard assay within 20-60º C.

The result was shown in Fig (4) and explained that the

optimum temperature for kallikrein activity was 37ºC,

and then began to decrease gradually with temperature

up  to  60º  C.  Thermo stability test was shown in

Fig (5) and revealed that the enzyme was stable at

37ºC, but the activity decreased to 94% at 40ºC, while

it decreased to 45% at 70ºC. At 80ºC, the enzyme was

completely inactivated. From these results, it was

evident that the enzyme was stable between 25- 40 and

the activity was gradually decreased above 40ºC.

Similarly, dog and bovine kallikreins lost 50-80% of

their activities at 80ºC,but at 45ºC retained 90% of

their activities .[15 ,27]

The dependence of kallikrein enzyme activity on

reaction mixture- pH was examined at 37ºC using

different pH buffers. 

Effect of  pH on the activity and stability of

kallikrein were examined. One ml of 0.01M Tris-HCL
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Table 2: Substrate specificity of the purified PCK.

Substrate Remaining kallikrein activity (%)

TAM E 100

BAEE 95

BAñNA 91

PKI-56 25

DFP 22

BAEE: N - benzoyl-l-arginine ethyl ester.á

BAñNA: N -benzoyl-DL-arginine- ñ- nitroanlideá

Table 3: Effect of m inerals on CPK activity.

M inerals Conc. of  minerals (mM ) Remaining activity (%)

Control 0 100

M g 1 982+

Ca 1 94.52+

Zn 1 152+

Cd 1 402+

M n 1 752+

Cu 1 622+

Hg 1 482+

Fig. 7: The effect of pH on the kallikrein activity. 

buffer with different pH values (4-10) was added to

1ml of kallikrein (1.8U/2.4 Mg proteins).After ten

minutes (at 4ºC),the mixture was assayed under

standard conditions. The results in Fig (6) showed that

the activity of kallikrein was 100% when the enzyme

was incubated with buffer before assay at pH (8-9) for

10 minutes, while at pH 10, the activity decreased to

90%. The optimum pH of the enzyme was found at pH

8.5. The optimum pH for camel pancreatic kallikrein

was pH 8.5 at which the activity was 100%. Fig (7).

Similarly, the optimum pH's of the dog and cat

pancreatic kallikrein were 9.2 and 9 repectively[15,28] .

The stability of kallikrein, no appreciable loss of

CPK activity was detected after 4 months of storage at

-20ºC, the activity was stable for one week at 0ºC

while at 4ºC it was stable for only 2 days. 

The relation between the activity of the purified

enzyme and the time of incubation with the substrate

is a direct relationship which indicates that the excess

products formed with increasing time of reaction, may

not interfere with the enzyme activity. This property

could be suitable for using the enzyme for a long time.

Fig. (8).           

Fig. 8: The effect of incubation period on the

kallikrein activity. 

Specificities of camel pancreatic kallikrein toward

several substerates are summarized in Table (2). 

It was found that, CPK was inhibited by potato

kallikrein inhibitor (PKI -56) as well as by

(DFP).Previously, it was reported that, PKI-56 were

very effective inhibitor of dog and cat pancreatic

kallikreins . [15]

The effect of some activators and inhibitors on

enzymatic activity was investigated. Some mineral

cations on CPK activity was presented in Table. (3). 

It was found that, CPK was inhibited by heavy

metal ions such as Zn , Hg and Cd were2+ 2+ 2+   

particularly effective. Also, Yashio[ ],reported that,

Zn showed a strong inhibitory effect on both dog and2 +

rat pancreatic kallikreins. Such an inhibitory effect of

Zn2+ may be of significance in the physiological

regulation of three kallikreins. 

Conclusion: From the previous mentioned results, it

was concluded that classical pancreatic kallikrein was

isolated and purified from camel pancreas by a simple

reproducible method with a molecular weight of 31

KDa. Camel pancreas represents a convenient and

relatively inexpensive source of glandular kallikrein.

Also, with the consideration of medicament safety of

kallikrein, it was found that, the isolation and

purification of  kallikrein is of great significance. 
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