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ABSTRACT: Leech saliva contains biologically active compounds that are mainly
proteins and peptides. In this study a modified and smooth extraction method of saliva
was used without leeches’ scarification. UV and Bradford Assay protein methods
showed that the saliva extract contains high concentrations of proteins. RP-HPLC
chromatogram revealed that more than 30 different peaks were observed in leech saliva
extract. Gel electrophoresis revealed the existence of proteins and peptides with different
molecular weights. The gel showed up to 25 different bands. Comparison of gel
electrophoresis data with protein database revealed the closeness of four molecular
weights to known proteins from Hirudinaria leech family. Other proteins detected by gel
electrophoresis may be related to completely new biologically active proteins and
peptides in the saliva extract or to a modification (isoforms) of the existing ones or
finally to a mixture of both.

ABSTRAK: Air liur pacat secara biologinya mengandungi sebahagian besar campuran
aktif protein dan peptida. Dalam kajian ini, kaedah pengestrakan air liur pacat yang telah
diubah suai digunakan tanpa perlu membunuh pacat. Kaedah protein Cerakin UV dan
Bradford menunjukkan air liur pacat yang diekstrak mengandungi konsentrasi protein
yang tinggi. Kromatogram RP-HPLC memperlihatkan lebih daripada 30 puncak berbeza
diperolehi semasa air liur pacat diekstrak. Gel elektroforesis memperlihatkan kewujudan
protein dan peptida dengan berat molekul yang berbeza. Gel menunjukkan hingga 25
jalur yang berbeza. Perbandingan data menggunakan gel elektroforesis seiring dengan
pangkalan data protein memperlihatkan persamaan empat berat molekul, dengan protein
yang yang dikenali daripada keluarga pacat Hirudinaria. Jenis protein lain yang dikesan
dengan menggunakan gel elektrofosis mungkin juga berkait secara biologinya dengan
protein dan peptida aktif yang baru, dalam ekstrak air liur atau pengubahsuaian
(beberapa jenis yang berbeza daripada protein yang sama) daripada yang sedia ada
ataupun gabungan kedua-duanya.
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1. INTRODUCTION

Leech saliva extracts have received much attention because the extensive uses in
many medical fields [1]. Leech saliva contains active compounds which act as strong
anticoagulants [1]. Those anticoagulants almost are proteins and peptides secreted by
leeches salivary glands while sucking the blood to prevent it from coagulation [2], and
furthermore to keep blood in the liquid statue during the period of storage to achieve
easier digestion [3], which may last up to six months [4]. Hirudin is the most known
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anticoagulant compound isolated from leech Hirudo medicinalis [5]. While other species
of leeches have been studied and number of proteins and peptides have been found in their
saliva extract [6-8].

In Malaysia there are many species of leeches belonging to the tropical leech
Hirudinaria manillensis family [9]. A little work has been undertaken to isolate,
characterize and subsequently test for active compounds in their saliva extract. The aim of
this study is to throw a light and open the door for wider studies on what Malaysian
leeches saliva extracts have to offer in term of active peptides and proteins in a much
needed medical fields like: oncology, diabetes and infectious diseases. To satisfy this goal,
state-of-the art tools of biomedical and analytical methods were used.

Proteomic techniques tools and proteins database searching are applied in this study
to have a better understanding of compounds with high molecular weight proteins
contained in the leech saliva extract.

2. MATERIALS AND METHODS

Leeches were collected from local suppliers around Pahang area, Bradford protein
assay reagents (Amresco), all gel electrophoresis reagents were purchased from Bio Rad,
peptide marker was purchased from Sigma Aldrich, HPLC grade acetonitrile was
purchased from Fisher scientific, HPLC grade water was from Merck.

2.1 Leech Saliva Extraction

Leeches were kept in plastic containers containing water at 23°C for the period of
experiment. Water was changed every three days. Leeches were starved for three weeks.
Saliva was obtained by a small variation of a method described in the literature [10].
Briefly, parafilm membrane (Laboratory film Chicago IL 60631) instead of baudruche
membrane was stretched across a funnel containing 0.001 M arginine in 0.15 M saline
solution. The solution was maintained at 37°C and leeches were allowed to suck the
solution through the membrane. The weight of leeches before and after sucking was
reported. Leeches were allowed to suck until satiation. Directly after leeches drop down
from the membrane, they were immobilized by putting them in plastic container
surrounded by ice for 5-10 min. This technique forces the leeches to vomit whatever they
have sucked. To complete the saliva collection, leeches were squeezed smoothly from the
posterior toward anterior (mouth) sucker.

All fluids that have been vomited were collected (bloody fluids were discarded) in
clean test tubes and centrifuged at 4°C for 10 minutes at 9000 rpm, and the supernatant
fluid was named leech crude saliva extract.

The following feeding solutions were tested: 0.001 M arginine, in 0.15 M saline; 0.001
M arginine, 5% sucrose, in 0.15 M saline; 0.001 M arginine, 5% mannitol in 0.15 M
saline; 0.001 M arginine, 5% sucrose in distilled water; 0.001 M arginine, 5% mannitol in
distilled water. Most of the mentioned solutions were rejected except 0.001 M arginine in
0.15 M saline which is used for the whole experiment.

2.2 Estimation of Protein Concentration in Leech Saliva Extract

Concentration of proteins and peptides in the saliva extract was estimated by using
UV absorption and Bradford proteins assay methods. The UV method was performed to
estimate proteins concentration at Ago maximum absorption [11].
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On the other hand, protein concentration was also estimated by using Bradford
protein assay method [12] in which bovine-serum albumin (BSA) is taken as a standard in
the calibration curve on Greiner 96 Flat Bottom Transparent Polystyrol [GRE96ft.pdfx] at
595 nm wavelength.

2.3 Gel Electrophoresis of Saliva Extract

One dimensional (1D) electrophoresis was carried out according to what have been
described by Laemmli [13] using 15% gel to detect proteins and peptides with molecular
weight ranging between 10-90 kDa. To detect small molecular weight of less than 40 kDa
the following methods were used: a none urea SDS-PAGE [14]; using 19% gel, and 16%
gel with tricine SDS-PAGE [15] .

Saliva extract proteins (about 15 pg) and a mixture of peptides marker of 1.02-26 kD
(Sigma) were applied using Mini Protein Tetra cell instrument (Bio Rad) and power
supplier. Gels (1mm thick) of 6x10 cm were used for all tests. Coomassie blue staining
was carried out according to standard protocol [16]. Gels were scanned using a Bio Rad
gel documentation system.

24 RP-HPLC of Saliva Extract

Fresh and lyophilized saliva extract were dissolved in HPLC water to an estimated
concentration of 100 ug/ml for fresh saliva and 1000 pg /ml for lyophilized saliva from
which 100 pl was taken and injected through an automatic injector connected to an
Agilent reversed phase C;g column (4.5x150 mmx5 pm ). Buffer A (0.1% TFA in water)
and buffer B (0.1 % TFA in acetonitrile) were used as mobile phases. A linear gradient of
5-90% buffer B over 40 min is used for the elution. The absorbance detection was fixed at
214 nm.

3. RESULTS
3.1 Leeches Feeding and Saliva Collection

After three weeks starvation leeches started sucking the phagostimulatory solution.
The solution was highly tolerated by leeches. Leeches saliva extract was collected by
putting them first in an ice container for 7 min. Leeches were brought close to parafilm
membrane (Fig. 1). To complete the extraction, leeches were squeezed smoothly from the
posterior toward the anterior (mouth) sucker. The saliva was collected from 140 leeches.
The body weight of these leeches ranges between 0.2 —7 grams. The volume of the sucked
solution by leeches ranges between 0.9-17 ml.

Fig. 1: Leech while sucking the solution through the membrane.

It was observed that some leeches give a bloody saliva extract. The reason was
probably due to the blood that still not completely digested in their gut (recently fed). This
bloody saliva extract was somehow related the leech body weight. Heavy body mass
leeches were more prone to give bloody saliva extracts than the lighter ones. It is
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interesting to observe that the period of starvation did not play an important role in the
amount of fluid sucked.

Table 1: Solutions used for leech feeding and their “compatibility”.

Solution No. of leeches Acceptance
Saline 0.15 M + arg 0 .001 M 5 100%
Saline 0.15 M + Arg 0.001 M + sucrose 5 % 5 80 %
Saline 0.15 M + Arg 0.001 M + mannitol 5 % 5 0
Mannitol 5% + Arg 0.001 M 5 0
Sucrose 5% + Arg 0.001 M 5 0

The best solution to feed leeches was saline 0.15 M + Arg 0.001 M, leeches still suck the solution
after adding sucrose but no more after adding mannitol which seems as inhibitor.

3.2 Concentration of Saliva Proteins

The UV absorbance at Ajgo that has been measured for different leech saliva extracts
ranges from 0.159 to 0.521 with a mean of 0.311 and SD= 0.118 (Table 2). The protein
concentration measured by Bradford method ranges from 39 to 105 pg/ml with a mean of
67.9182 pg/ml and SD=29.14 pg/ml (Table 3).

Table 2: Aygo for crude saliva extract.

No | Meeches | every loech | starvation | - 250nm
1 1 3 3 weeks 0.218
2 45 4 4 weeks 0.241
3 2 2.5 12 weeks 0.521
4 5 2.5 14 weeks 0.448
5 5 5 16 weeks 0.335
6 5 17.5 18 weeks 0.159

Table 3: Saliva protein concentration using Bradford method.

No Number of | Volume taken from Period of Concentration
leeches every leech (ml) starvation pg/ml
1 19 8.2 6 weeks 39.97
2 17 1.9 9 weeks 59.2
3 2 2.5 12 weeks 105.35
4 5 2.5 14 weeks 91.41
5 5 17.5 18 weeks 43.661

It has been observed that the proteins and peptides concentration in the saliva extract varies
according to the following:
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a) the concentration of proteins and peptides increases by increasing leech starvation. The
twelfth week is considered to be the maxima after that the concentration began to
decrease. The decrease in the concentration is believed to be related to the leech’s
exhaustion.

b) the amount of solution sucked by leeches affect the concentration, more solution
sucked results in less concentration (dilution factor).

3.3 Gel electrophoresis of Saliva Extract

Figures 2A and 2B show typical 1D-electrophoregrams of separation of high
molecular weight proteins and peptides isolated from saliva of local Malaysian leeches.
One-dimensional electrophoresis revealed the presence of more than 25 proteins and
peptides ranging from 3.7-80 kDa. These results are obtained side by side with a proteins
and peptides standard reference. The diagram shows some coincidence of known proteins
and peptides in related species (Table 4) and new bands (new compounds) which are not
studied before in Hirudinaria leech family (Table 5).

1 2 3
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14.2 - -——

6.5 6.5

3.496

Fig. 2A: Separation of protein components of the Fig. 2B : Separation of protein components
medicinal leech saliva by Tricine-SDS-PAGE 16%; of the medicinal leech saliva by SDS-PAGE
lane 1= molecular mass markers (in kDa); lanes 2- 15%: lane 2,3 = lyophilized saliva, lane 1=
3= diluted sample. peptide markers (in kDa).

Table 4: Isolated proteins from Hirudinaria manillensis.

Proteins isolated from

Observed molecular

Calculated molecular

Hirudinaria manillensis weight (Da) weight (Da)
Gelin [17] 8024-8200 8252
Bufrudine [18] 7000 7122
Hrulline P18 [19] 6600-6800 6616
Manillase [20] 58000 57173

Comparison of molecular masses of high molecular weight components of the Malaysian leech salivary
gland secretion revealed by gel electrophoresis with literature data of calculated and experimentally
detected molecular weights of proteins produced by the Hirudinaria manillensis leech.
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Table 5: Isolated proteins from other species of leech.

Proteins isolated from other Observed molecular | Calculated molecular
species of leeches weight (Da) weight (Da)
HMW bdellins group B3[21] 20000 20717
Calin [22] 65000 64950
Lefaxin [8] 30000 30216
Hyaluronidase [23] 28500 28713
Destabilase lysozyme [24] 12000 12694

3.4 RP-HPLC of Saliva Extract

The analytical chromatogram of the crude saliva extract showed the presence of more
than 30 peaks with good resolution. This result was the same for fresh and lyophilized
saliva extract (Fig. 3) and consistently reproducible with different batches taken at

different time interval.

Ysezm

Fig. 3: Sample analysis using RP-HPLC. Column: Agilent C18, buffer A is 0.1 % TFA in
water , buffer B is 0.1% TFA in acetonitrile, flow rate of 1 ml /min, gradient: 5% B over
5 min , 5-90% B over 40 min, wavelength 215nm. A= fresh saliva, B= lyophilized saliva.

4. DISCUSSION

In order to have a leech saliva extract with high proteins and peptides concentration
one need to starve leeches for a period of time [25]. The optimum period was found to be
between 3 weeks [25], and 16 weeks [26]. In our case three weeks starvation was the initial
time for leeches to start sucking the phagostimulatory solution, but with a low proteins and
peptides concentration as measured by UV and Bradford methods. A maximum

concentration was obtained after 12 weeks starvation period.
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Many methods to study saliva content of different leeches family have been
described. The majority of these methods are very invasive and consist of scarifying
leeches by grounding and mixing their heads [2, 18] or grounding and mixing the whole
body [25], or taking out salivary glands by surgery [27]. Other method that still need to
scarify the animal, consists of immersing a starved leech in 8% ethanol which will cause
the animal to regurgitate its saliva [28]. One of the very soft method that spares leeches life
and in the same time allows the collection of the desired saliva amount from leeches was
described [10]. After several attempts, we found that it is much easier to collect the saliva
by putting the leeches in ice bath inside a plastic test tube, the freezing temperature causes
the animal to regurgitate (vomit) the desired sucked solution and causes the immobilization
of its movement which in turn facilitate the squeezing in order to optimize the amount of
saliva obtained. Last and not least, the ice does not kill the animal and it is enough to put
him again in a warm water to regain all its activity and continue to leave normally for
undefined period of times.

Several phagostimulatory solutions were tested, for instance the best result is obtained
with 0.001 M arginine in 0.15 M sodium chloride solution. Other solutions were also
tested, we found that 5% of sucrose still gives a good result, but when mannitol is used
instead of sucrose, the solution is not accepted by leeches.

The gel electrophoresis reveals the existence more than 25 proteins and peptides in the
leech saliva extract. Some of these proteins were also isolated from Hirudinaria Manillensis
family as reported in literature. These include manillase [20], bufiridine [18], gelin [17],
and hirullin P18 [19].

Other proteins were found to be similar in molecular weight to proteins isolated from
other leech species but were not studied in Hirudinaria manillensis family. These include
calin [22], lefaxine [8], hyaluronidase [23], HMW bdilline group B-3[21], destabilase-
lysozyme [24].

The other proteins found in this study may be related to unknown biologically active
proteins or modification of known proteins or mixture of both. However the Malaysian
leech saliva extracts need more investigation to know its composition and its biological
activities.

5. CONCLUSION

Leech saliva extract was described using reversed phase HPLC and 1D gel
electrophoresis, and the full characterization of all active compounds is underway.
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