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A method is proposed for isolating the main components (melittin, apamin, and phospholipase A 2 from the 
venom of the bee Apis mellifera using HPLC, and the synthesis of two sorbents for fractionating these peptides 

is described. 

Bee venom is widely used as a medicament in various diseases. [1]. However, to create highly specific and effective 

agents it is desirable to use the components of the venom in a highly purified state. In view of this, researchers are faced with 

the task of developing the simplest, fastest, and cheapest methods of fractionating the venom [2]. 
It is known that the venom of the bee Apis mellifera is a complex mixture of proteins and peptides exhibiting the most 

diverse biological activities. A number of proteins and peptides have been studied in detail, and the primary structures of the 

phospholipase A 2, melittin, apamin, and the MCD peptide have been determined [2-11]. More recently, new methods have 

been developed for isolating the components of bee venom, since these components are of interest for pharmacology [1]. 

Purification of the majority of the components is complicated by high surface activity, low molecular mass, and the presence 

of a large amount of complex substances [3, 11-14]. All this is leading to the use of different and incompatible methods of 

isolation by different groups of researchers. 
Our aim was to improve the methods of fractionation, with a substantial increase in the yields of tlie components of 

the venom, and a decrease in the number of stages of the isolation process. 
According to the results of HPLC (Fig. 1), whole bee venom contains substances differing greatly in hydrophobic 

properties. In the first stage, therefore, we used reversed-phase adsorbents based on silica gel. To check these presuppositions, 

we carried out the separation of bee venom on the sorbent LiChroprep RP-8 in a stepwise gradient of isopropanol (Fig. 2). 
Five fractions were obtained which were characterized by the use of HPLC on a Nucleosil 100-5 C18 column. A 

disadvantage of this sorbent is that the low-molecular-mass colored substances of bee venom are irreversibly sorbed on the gel, 
which decreases the capacity and impairs the hydrodynamic properties of the column. This sorbent enables products to be 

obtained in a highly purified state, but a large amount of sorbent with a def'mite capacity stable in various buffer systems is 

necessary for semipreparative separation. For this purpose we used Polikhrom-1, but the capacity and hydrodynamic parameters 
of this gel proved to be inadequate for these purposes. We then synthesized a reversed-phase sorbent based on Silokhrom-80 

by the direct modification of the silanol groups with octadecyltrichlorosilane in acetone at 50°C for 18 h. 

The fractionation of the venom of the bee Apis mellifera with the aid of this sorbent gave fractions containing large 

amounts of impurities. In all probability, this was due to the fact that only 50% of the silanol groups had been modified by 
the octadecylsilane. The unmodified silanol groups also take part in separation, and it is this that was responsible for the 

nonspecific sorption of substances with a hydrophilic nature. 

After the performance of the reaction of silica gel with the octadecylsilane, the residual silanol groups were modified 
with methyltrichlorosilane. The resulting sorbent was used for semipreparative separation, and this enabled us to obtain highly 

purified components of the bee venom. 
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Fig. 1. High-performance liquid chromatography of the 

whole venom of the bee Apis meUifera on a column of 

250/8/4 Nucleosil 100-5 Czs. Buffer A: 0.1% CF3COOH; 

B: CH3CN. Rate of flow 60 ml/h; absorption at 226 um 

(280 urn); sensitivity 0.16 OU. Gradient, %B/rain: 5/0-5; 

60/35-40; 5/45. 
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Fig. 2. Hydrophobic chromatography of the venom of the 
bee Apis mellifera on a column (1.0 x 10 cm) of the sorbent 
LiChroprep RP-8. Buffers: A) 0.1% CF3COOH; B) 

isopropanol. Gradient - -  stepwise, %B: 10, 20, 35%. Rate 

of flow 60 ml/h, absorption at 280 nm; sensitivity 0.16 OU. 

The first stage of separation of the whole venom was conducted under the following conditions. A solution of 2.7 g 

of the bee venom in 0.1% TFAA was added to a column (2.5 x 30 cm) of the gel Silokhrom-80 C18 equilibrated with the same 

buffer. After centrifugation at 6000g for 15 min, the sample was deposited on the column. The unsorbed fraction was washed 

out with the same buffer. Elution was conducted in a stepwise gradient of isopropanol (Fig. 3). Five fractions were obtained. 

Hydrophilic components and an excess of melittin in a complex with some other components of the venom (determined by 

HPLC) were eluted in fractions 3 a and 3 b. Phospholipase A 2 and melittin, respectively, were eluted in fractions 3 c and 3 d. It 

must be mentioned that the concentrations of phospholipase A 2 and melittin in fractions 3 c and 3 d exceeded 95 % while Sigma 

commercial preparations have a purity of 85 %. Low-molecular-mass pigments were eluted in fraction 3 e. The yield of melittin 
was 1 g, making 38.0% of the initial bee venom. 

The second stage of separation made us of ion-exchange chromatography on the sorbent SP-Sephadex C-50. It was 

established in the course of preliminary investigations that this sorbent sorbs physiologically active components from bee venom 

irreversibly, which sharply lowers the final yield of product, and it has unsatisfactory hydrodynamic properties. We therefore 

then synthesized an ion-exchange sorbent from the hydrophilic support TSK HW 65f, which was modified by monochioroacetic 

acid in a strongly alkaline medium at 70"C for 0.5 h. The characteristics of the CM-TSK HW 65f gel synthesized are given 
in Table 1. 
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TABLE 1. Quantitative Characteristics of the Ion-Exchange Sorbent CM-TSK HW 

65f 

Sorbent I Sorbent I Monochloroacetic Capacity ] mg-/rn~ 
c~ncentration, taken, acid added, ion-exchange adsorption 

• g/ml - - ml  g/ml (for hemoglobin,) 
0.6 1.7 0.05 0.025 18 
0.6 1.7 0.1 0.051 2~ 
0.6 ! .7 0.2 0.11 35 
0.6 1.7 0.4 0.19 4I 
0.6 1.7 0.6 0.29 30 
0.6 ! .7 0.8 0.45 24 
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Fig. 3. Hydrophobic chromatography of Apis mellifera 
venom on a column (2.5 × 50 cm) with the sorbent 

Silokhrom-80 C18. Buffers: A) 0.1% CF3COOH; B) iso- 

propanol. Gradient - -  stepwise, %B: 10, 20, 35, 50%. Rate 

of flow 180 ml/h; absorption at 280 nm; sensitivity 1 OU. 
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Fig. 4. Ion-exchange chromatography of fraction 3 a + 3 b on 

a column (2.5 x 50 cm) with the sorbent CM-TSK HW-65. 

Buffer 0.1 M ammonium acetate, pH 4.2. Gradient of 1 M 

NaCI in the same buffer. Rate of flow 60 ml/h, absorption 
at 280 urn, sensitivity 1 . 00U.  

To isolate physiologically active substances from bee venom using ion-exchange chromatography on the sorbent CM- 

TSK HW-65f, combined fractions 3 a and 3 b were concentrated to minimum volume and deposited on a column (2.5 x 50 era) 

of the sorbent equilibrated with 0.1 M ammonium acetate buffer, pH 4.2. Elution was conducted in a linear gradient of 1.0 

M NaC1 in the buffer (Fig. 4). Six fractions were obtained and were characterized by HPLC. It was established that apamin 

was eluted in fraction 4d, the MCD peptide and phospholipase A 2 in 4e, and melittin with trace amounts of phospholipase A 2 
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in fraction 4f. The fractions were desalted on a column (1 x 10 cm) of the sorbent Silokhrom-80 Cjs in an isopropanol 
gradient. After lyophilization, the fractions were analyzed by HPLC. 

Thus, we have proposed a method for the complex isolation of the components of bee venom, which is shown in 
Scheme 1, and have synthesized two sorbents (Silokhrom ClS and CM-TSK HW 65f) for fractionating these peptides. 
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Scheme 1. Scheme of the complex isolation of the components of bee venom. 

EXPERIMENTAL 

Synthesis of  the  H y d r o p h o b i c  Sorbent  S f lokhrom-80  Cls. Silok_hrom-80 (200 g) was moistened with absolute acetone 
(200 ml), and 40 g of octadecyltrichlorosilane was added. The reaction mixture was incubated with constant stirring in a 
thermostat at 50°C for 18 h. It was then transferred to a Schott glass filter and was washed successively with acetone, 50% 
isopropanol, water, and acetone. To block the residual silanol groups, 80 g of methyltrichlorosilane was added. The reaction 
mixture was incubated at 50°C in a thermostat with constant stirring for 18 h. After being washed free from unbound 
methyltrichlorosilane, the sorbent was packed into a column and used for subsequent investigations. 

Synthesis of CM-TSK HW 65f [15]. A mixture of 100 ml of TSK HW 65f and a solution of 90 g of caustic potash 
in 200 ml of water was cooled, and a solution of 30 g of monochloroacetic acid in 40 ml of water was added in four portions 
to the resulting suspension. The reaction mixture was carefully stirred and was heated in an oil bath at 70°C for 20 rain. After 
cooling, the sorbent was washed with 10% acetic acid and with water, and then with ethyl alcohol (500-ml portions). The 

product obtained had a capacity of 0.6 meq/ml of sorbent. 
H y d r o p h o b i c  chromatography was conducted on a 2.5 × 30 cm column of the sorbent Silokhrom-80 CIS equilibrated 

with 0.1% TFAA. A solution of 2.7 g of the venom of the bee Apis mellifera in 50 ml of buffer was centrifuged at 6000g for 
15 rain, filtered through Millipore (0.4/~m), and deposited on the column at a rate of flow of 180 ml/h. Fractions were eluted 
in a stepwise gradient of isopropanol at concentrations of 10, 20, 35, and 50%. Fractions with a volume of 18 ml were 

collected in an Ultrorac II collector (LKB, Sweden). 
Ion-exchange  c h r o m a t o g r a p h y  was conducted on a 2.5 × 50 cm column of the sorbent CM-TSK HW-675f 

equilibrated with 0.1 M ammonium acetate buffer, pH 4.2. The first and second fractions obtained after hydrophobic 
chromatography were combined, concentrated to minimum volume, and deposited on the column at a rate of flow of 60 mI/h. 
Fractions were eluted in a linear gradient of 1.0 N NaC1 in the same buffer. Fractions with a volume of 18 ml were collected 
in an Ultrorac II collector (LKB, Sweden). 
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I)esalfing was achieved on a column (1 X 10 era) column of the sorbent Silokhrom-80 C18. The fractious obtained 
after ion-exchange chromatography were deposited on the column equilibrated with 0.1% TFAA at a rate of flow of 60 ml/h. 
After the column had been washed with the starting buffer, fractions were eluted with a stepwise gradient (10, 20, 35%) of 
isopropanol. 

ttPLC was conducted on a Du Pont 8800 chromatograph using a 250/8/4 Nucleosil 100-5 C18 column. Buffer A: 
0.1% CF3COOH; B: CH3CN. Rate of flow 60 ml/h; absorption at 226 nm; sensitivity 0.16 OU; gradient, %B/min: 5/0-5; 
60/35-40; 5/45. 
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