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IMMOBILIZATION OF SNAKE VENOM ON EPOXY-ACTIVATED SILOKHROMS 
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The production of immobilized phospholipase A 2 preparations by the covalent 
addition of the proteins of viper venom to Silokhroms containing epoxide 
groups is described. The dependence of the amount of protein bound to the 
support on its concentration and on the amount of epoxide groups in the 
sorbent has been investigated. The phospholipase activity of the prepara- 
tions obtained did not depend on the amount of immobilized enzyme but was 
determined by diffusional factors. 

Phospholipases A 2 (EC 3.1.1.4) - enzymes that catalyze the splitting out of the fatty 
acid from the second position of sn-glycero-3-phospholipids - are widely used in the chemi- 
cal modification of various types of synthetic and natural phospholipids and in the study 
of their structures. In a number of cases the immobilization of the enzyme on various sup- 
ports enables stable enzyme preparations for repeated use to be obtained. As a rule, the 
method of covalent attachment of proteins to the sorbents is used for the immobilization 
of lipolytic enzymes. Thus, the production of preparations of covalently bound phospholi- 
pases A 2 from cobra venom [1-3] and from the venom of the Far Eastern mamushi [4] and of 
cottonseed lipase [5] has been described. The inclusion of enzymes in polymers during 
their polymerization has been used to obtain preparations of C.cylindracea lipase [6] and 
of phospholipases A and D [7]. The properties of mitochondrial phospholipase A 2 bound ad- 
sorptively with an affinity phospholipid-containing sorbent have been studied [8]. 

The immobilization of lipolytic enzymes is accompanied by a considerable decrease in 
enzymatic activity. The choice of support and method of attachment ensuring the least in- 
activation of the protein molecule is the main task in the production of an immobilized 
enz~e. As supports for the attachment of phospholipases and lipases are used activated 
aga~e [i, 3] and porous glass [2], organosilicon sorbents [4], and a water soluble co- 
poly~e" of N-vinylpyrrolidone with glycide acrylate [5]. 

It ~ppeared desirable to investigate the possibility of using a readily available modi- 
fied s~'ica - Silokhrom - containing epoxide groups (epoxy-Silokhrom) for the covalent at- 
tachment of phospholipases. Sorbents with epoxy groups (epoxy-Sepharose, water-soluble 
polymers) have previously been used successfully in the immobilization of various types 
of proteins [5, 9, i0] and, in particular, in the production of heat-stable preparations 
of cottonseed lipase [5]. 

Snake venoms possess a high phospholipase activity. This permits the use of the whole 
venom and not the purified enzyme for obtaining immobilized phospholipase preparations with 
a good activity. In the present paper we describe a method of immobilizing viper venom. 

For the retention of the activity of the enzymes on their attachment to a support it 
is very important that the functional groupings present in the active center do not 
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Fig. i. Dependence of the amount of 
protein bound to the sorbent on the 
concentration of the venom in immobi- 
lization on epoxy-Silokhrom. Concen- 
tration of epoxide groups - 100 ~mole/ 
g of sorbent. 

participate in the process of covalent attachment. It is known from the literature that 
in the phospholipases A 2 of the Viperidea family, to which the viper belongs, the terminal 
amino groups do not participate in the processes of enzymatic catalysis [ii], and therefore 
we brought about the addition of the enzyme to the matrix by the alkylation of the amino 
groups of the protein with the epoxide groups of the matrix: 

P~ C~/~HZ + NH~-~pro- P~ Cs M-CH{NH~ protein 

The opening of the epoxide ring of the sorbent by the NH 2 groups of the protein com- 
ponents of the venom was carried out at pH 8.5 and room temperature for 20 h [9, i0]. At 
higher pH values and higher temperatures denaturation of the enzyme and the breakdown of 
the matrix are possible. 

The superfluous epoxide groups were then blocked with ethanolamine. The necessity 
for this stage is due to the fact that on cleavage by the enzyme preparation of phospho- 
lipids containing NH 2 groups (phosphatidylethin01amine, phosphatidylserine) their chemi- 
cal interaction with the matrix is possible. 

The viper venom was attached to epoxy-Silokhroms with different concentrations of 
epoxide groups. It can be seen from the figures given below that at the same concentrations 
of venom in the reaction mixture the amount of protein bound to the sorbent rose with an 
increase in the concentration of epoxy groupings in it (the concentration of the venom was 
8.3 mg/ml) : 

Concentration of epoxy groups, mg/g of sorb. 5 100 

Concentration of protein in the sorbent, mg/g of sorb. 6.9 12.8 

Activity ~ of the preparation, pg/min'g of sorb. 5.7 5.8 

Specific activity of the immobilized venom, 
vmole/min'rag of protein 0.83 0.45 

Retention of the specific activity, 7o 10.8 5.7 

The dependence of the binding of the proteins of the venom with the sorbent on its 
concentration was investigated. It can be seen from Fig. 1 that the greatest binding of 
the protein components with the sorbent was observed at a protein concentration of -25 mg/ml, 
and a further increase in the concentration did not lead to an enhancement of the binding 
Of the protein with the matrix. 

The phospholipase activities of all the samples of immobilized venom obtained were 
determined. The specific activities of the preparations were different and amounted to 
5.7 and 11.57. of the initial activity. The specific activities of the samples referred 
to 1 mg of protein on the sorbent decreased with an increase in the concentration of pro- 
tein on the sorbent, while the activities of the preparations referred to i g of sorbent 
scarcely changed. Below, we give the characteristics of the preparations of immobilized 
phospholipase A 2 (concentration of epoxide groups i00 ~mole/g of sorbent): 

*Phospholipase activity of the preparation referred to 1 g of sorbent with the immobilized 
venom. 
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Concentration of protein on the sorbent, mg/g of sorh. 12.5 16.2 21.8 

Activity of the preparation, ~mo!e/min.g of sorb. 11.2 9.2 10.3 

Specific activity of the immobilized venom, ~mole/ 
min'mg of protein 0.90 0.57 0.47 

Retention of specific activity, % 11.5 7.3 6.1 

The fact that the rate of the enzymatic process did not rise with an increase in the 
amount of phospholipase immobilized on the sorbent and was determined only by the amount 
of sorbent permits the assumption that the limited stage of the process is the mass trans- 
fer of the substrate from the solution to the surface of the sorbent. This finds its ref- 
lection in a rise of the specific activity of the enzyme preparation with a decrease in 
the amount of phospholipase immobilized on the sorbent. Apparently, an increase in the 
rate of mass transfer of the substrate from the solution to the surface of the sorbent and, 
consequently, in the activity of the preparation can be achieved by a modification of the 
surface layer of the support. 

Viper venom immobilized on epoxy-Silokhrom used for the preparative cleavage of phos- 
phatidylcholine isolated from eggs (400 mg of phospholipid cleaved completely by 300 mg 
of phospholipase preparation in 5 h) and also of synthetic l-O-hexadecyl-2-O-palmitoyl-rac- 
glycero-3"phosphocholine retained its activity for several months. 

EXPERIMENTAL 

The support used was a silica sorbent - epoxide Silokhrom (dpore = 250 ~, Ssp = 120 
m2/g) with different amounts of epoxy groups (50 and I00 ~mole/g) produced by Biolar 
(Olaine). The venom of the viper Echis multisguamatus was obtained from the Central Asian 
zonal zoocombine. The specific activity of the venom was 7.83 ~mole/min-mg. The phospho- 
lipase activities of the immobilized venom and of the dissolved venom were determined acido- 
metrically [12], using egg phosphatidylcholine as substrate. The amount of protein on the 
sorbent was determined spectrophotometrically from the amount of dye adsorbed by the immo- 
bilized protein [13]. 

Immobilization ofthe Venom on Epoxy-Silokhrom. A weighed amount of the venom was 
dissolved in 3 ml of 0.1M K phosphate buffer (pH 8.5), 200 mg of epoxy-Silokhrom was added 
and the suspension was shaken vigorously at room temperature for 20 h. Then the sorbent 
was washed on a filter with K phosphate buffer (i00 ml) and 1% CH3COOH (50 ml) until the 
unbound components had been eliminated completely,' and then with distilled water. The 
sorbent was treated with 3 ml of i M ethanolamine (pH 9), the suspension was shaken for 
4 h, and the sorbent was filtered off, washed with distilled water, and dried in the air. 

Cleavage of Ph0sphatidylcholine by the Preparation of In~nobilized Venom. Egg phos- 
phatidylcholine (400 mg) was dissolved in 6 ml of diethyl ether and the solution was 
shaken vigorously with 300 mg of the phosphorylase preparation in 15 ml of buffer (50 mM 
Tris Cl, pH 8, 25 mM CaCl2, 0.2 M NaCI, 1 mM EDTA) at room temperature for 5 h. The sor- 
bent wa.~ filtered off and was washed with 50 ml of the same buffer not containing CaCI 2. 
The lys~:ospholipid was extracted from the mother solution with 50% methanol in chloro- 
form. The solvent was distilled off in vacuum and the residue was ehromatographed on silica 
gel LM le~/160. The lysophosphatidylcholine was eluted with chloroform-methanol (1:4). 
This gave 180 mg of lysophosphatidylcholine. 

The cleavage of l-O-hexadecyl-2-O-palmitoyl-rac-glycero-3-phosphocholine by the prepa- 
ration of immobilized venom and the isolation of the lysophospholipid were performed simi- 
larly. 

SUMMARY 

Viper venom has been immobilized on epoxy-Silokhroms with the retention by the immo- 
bilized venom of 5.7-11.5% of its initial phospholipase activity. The enzyme preparations 
obtained have been used to cleave diacy~- and alkylacylphosphatidylcholines. 
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TRAIL PHFaOMONE OF Kalotermes flavicollis 

S. G. Klochkov and A. N. Pushin UDC 595.7 

The trail pheromone of the termite Kalotermes flavicollis Fabr. has been 
isolated with the aid of column, liquid, and gas chromatography. Four of 
its components have been identified by PMR and chromato-mass spectrometry: 
nonan-l-ol, decan-l-ol, undecan-l-ol, and dodecan-l-ol, which are present 
in the natural trail pheromone in a ratio of 1:2:4:4. This has been con- 
firmed by comparison with standard substances by means of gas chromatography 
and biotesting. 

Termites are serious pests of articles, materials, and structures [i]. Their chemi- 
cal signals have acquired exceptional diversity and regulate practically all aspects of 
their lives. Chemical signaling is considered as one of the conditions of the appearance 
of social behavior in termites [2], and it therefore appears desirable to use it in the 
development of effective methods for the fight against these harmful insects. The most 
promising in this respect are the trail pheromones. At the present time, the trail phero- 
mones of a number of species of termites have been isolated and identified [3]; however, 
the trail pheromones of termites living in the USSR are unknown. 

The trail pheromone from a population of the termite Kalotermes flavicollis Fabr. liv- 
ing in France has been isolated; it was identified as hex-cis-3-en-ol [4]. However, a num- 
ber of facts cast doubt on the correctness of this determination, at least in relation to 
a population of this species of termite living on the territory of the USSR. Hex-cis73-en-l-ol 
is awidely distributed substance characteristic of many plants and an attractant for many 
insects [5]. Furthermore, the hypothesis of the multicomponent nature of the pheromones 
of insects in general [6] and of termites in particular [3] is generally accepted. In view 
of the facts presented, we have carried out work on the isolation and identification of 
the trail pheromone of K. flavicollis. 

To isolate and identify the trail pheromone we prepared an extract from i0,000 pseudo- 
ergates of the K. flavicollis. After two-stage column chromatography of the extract a 
single active fraction was obtained which, as GLC analysis showed, consisted of several 
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