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Among the most important bioregulators o f  the 
functional state of the human and animal organ- 
ism are endogenous peptides [1-3]. Released into 
the blood, they enter organs and tissues, where 
they can regulate the psychoemotional state, the 
immune status, the pain threshold, and many 
other physiological processes. These natural biore- 
gulators are effective at low concentrations, and 
their effect is highly specific and selective. How- 
ever, the range and duration of their effect in the 
body are considerably limited by the action of 
proteolytic enzymes [8]. 

At present liposomes, microcapsules, minios- 
motic pumps, and other devices are being used to 
prolong the effect of peptides in the body [14]. A 
promising idea is that of creating a system of 
long-term additive, parallel synthesis of peptides in 
the body. This can be done by using harmless 
living microbes that can exist for a prolonged pe- 
riod of time in a macroorganism and produce the 
peptide in which the researcher is interested. Such 
microbes can include vaccine strains of bacteria 
obtained on the basis of pathogens having a pre- 
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dominantly intracellular development,  as these 
strains are known to be able to survive for a long 
time in the cells of a macroorganism, periodically 
secreting into the surrounding medium the prod- 
ucts of its metabolism [I0,11]. One such microbe 
is the vaccine strain of tularemic microbe, which 
quickly becomes adapted in the macroorganism and 
provides stable immunity to the pathogen [12]. The 
means of transmitting genetic information into 
cells of the tularemic microbe have been described, 
and the stability of its inheritance and expression 
in the recipient ceils has been assessed [4]. 

One of the most widely studied peptides from 
the point of view of its physiological effects is [3- 
endorphin. Its gene has now been cloned, and the 
physiological activity of the recombinant peptide 
has been shown to correspond to the activity of 
natural 13-endorphin [9]. In view of this, and since 
the methods of assessing the physiological proper- 
ties of this peptide have been thoroughly worked 
out, we chose [~-endorphin as the subject of our 
investigation. 

MATERIALS AND METHODS 

The biological activity of native and recombinant 
~-endorphin was assessed on CBA mice weighing 
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18-20 g. The physiological effect of the prepara- 
tions under  investigation was judged according to 
their ability to inhibit the mice 's  response to heat 
stimulation. The analgesic effect of the substances 
was assessed according to the time it took  mice 
placed on a hot, thermostatically controlled surface 
(57+0.5~ to respond to the heat by licking their 
front paws (the hot-plate test) [6]. We took a two- 
fold increase in the average t ime of response to 
the pain stimulation in the control animals as the 
quantitative index of inhibition [13]. Two series of 
independent experiments were carried out in which 
no fewer than 12 animals were used in each test 
group. As the positive control  we used pure ~-en- 
dorphin (Serva) in doses of 5, 8, and 10 mg/kg. 
As the negative control we used strain 15 of F. 
tularensis (supplied by the Research Institute of 
Applied Microbiology, Obolensk). The experimen- 
tal preparation was the strain of/7. tzdarensis 15E, 
which inheri ts  the [~-endorphin gene.  All the 
samples investigated were prepared in physiological 
solution, and 0.2 ml of this solution was injected 
into the lateral caudal vain of the animals. The 
number of cells in the samples was 102 colony- 
forming units (CFU). 

F. tularensis 15E, the producer  of ~-endor- 
phin, was obtained by t ransforming the initial 
strain with plasmid pSKFT5-End,  which inherits 
the [~-endorphin gene in the composit ion of  plas- 
mid pSKFT5 [5]. The 13-endorphin gene was pro- 
vided by O. I. Serpinskii and V. V. Kravchenko 
(of the Research Institute of Molecular Biology, 
Koltsovo, Novosibirsk Region). The expression of 
the gene in the cells of the tularemic microbe was 
controlled by a homologous promoter flanking the 
fragment of chromosomal  DNA of F. tularensis 
within the plasmid pSKFT5 [5]. The amount  of 
~-endorphin synthesized by the cells was deter- 
mined by the radioimmunoassay method with the 
aid of an INC kit of reagents (USA). The devel- 
opment  dynamics of the culture in the parenchy- 
matous organs was de te rmined  on the basis of 
homogenates formed from isolated liver and spleen 
according to a method described in the literature [7]. 

RESULTS 

Data on the effect of commercial  ~-endorphin on 
the pain threshold in CBA mice, obtained by the 
hot-plate test method, are given in Fig. 1. As can 
be seen, the animals' response to heat stimulation 
depended on the dose of the preparation adminis- 
tered. The effect of commercia l  ~-endorphin was 
of short duration, being observed only in the fLrst 
30 minutes after the preparat ion was injected. It 
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Fig. 1. Effect of [3-endorphin on the pain threshold. T: mean 
(for the two groups of animals used) time of response to pain 
stimulus before the introduction of [3 -- endorphin; T: mean (for 
the two groups) time of response  to the pain st imulus after 
the introduction of [3-endorphin:*) statistical index of inhibition 
according to published data [13]; t: test time, rain; t~= 14-----3, 
t2=11-----2, and ta=17•  sec. 

should be noted that the change in the pain thre- 
shold under  the influence of ~-endorpbin was ac- 
companied by pronounced muscular rigidity and 
catatonia. The data obtained are in accord with the 
results of investigations on the physiological effect 
of ~-endorphin [3], while the short duration of the 
effect matched other published data [8]. 

The strain of F. tularensis 15E was obtained 
during the transformation of cells of the vaccine 
strain o f  the  tularemic microbe  wi th  p lasmid  
pSKFT5-End,  into which the l~-endorphin gene 
was inserted at the EcoRI site directly next to the 
promoter of the tularemic microbe. The gene was 
mapped by us earlier on a fragment of chromo-  
somal DNA of t7. tularensis and is inheri ted by 
plasmid pSKFT5 [5]. The selection of clones in- 
heriting the ~-endorphin gene was made on the 
basis of resistance to tetracycline, since the tet 
gene of plasmid pSKFT5 was located immediately 
behind the [3-endorphin gene in the same reading 
frame. The processing of ~-endorphin was carried 
out with the aid of a TAG translation termina-  
tor, which separates the structural genes of [%en- 
dorphin and tetracycline resistance. The clones of 
Y. tularensis 15E inherited plasmid pSKFT5-End  
in a state in which it was integrated with the 
chromosome.  A comparison of the expression of 
the [~-endorphin gene in ceils of the strain F. 
tularensis 15E with that  of  the ini t ial  strain 
showed that the cells which inherited this gene 
produced the peptide, while in the ceils without 
the gene there was no 13-endorphin. The level of 
express ion  of  the pep t i de  in the cells o f  F. 



944 Bulletin of Experimental Biology and Medicine, N o- 8, 1993. BIOCHEMISTRY AND BIOPHYSICS 

. 

5- 

4- 

3" 

2" 

a 
3- 

2 

1 

i i t i J t 0 
1 2 3 4 5 6 

I I I I 1 l l 
0 1 2 3 4 5 6 

Fig. 2. Effect of strains of E. tularensis 15E (1) and I=. tularensis 15 (2} on the pain threshold of mice during development of 
the culture in the animal organism, t: test time, days; t1= 16• and t2= 12• sec; o) multiplication dynamics of the tularemic 
microbe in mouse liver, b) analgesic effect. Notation as for Pig. I. 

tularensis 15E, grown in a modified Scherer aque- 
ous medium up to a density of l0 g CFU/ml ,  was 
15 picomole/ l i ter  for the cells, and for the cul- 
ture med ium 20 picomole/li ter,  as determined by 
the standard method  [14]. 

Since the concentration of ~-endorphin in the 
culture m e d i u m  and that in the producer cells 
were of the same order of magnitude, we can as- 
sume that the peptide under  investigation is re- 
leased into the environment  in the process of  
cultivation of the strain in question. On this as- 
sumption we investigated the physiological activity 
of the recombinant  ~-endorphin by carrying out 
experiments in vivo. 

A comparison of the physiological effect of 
the tularemic microbe producing ~-endorphin with 
that of the initial strain is shown in Fig. 2. The 
physiological effect was determined in vivo in  CBA 
mice. 

As can be seen, intravenous injection of the 
strains Ied to changes in the pain threshold in the 
experimental animals in both cases (Fig. 2, curves 
I and 2). However, in the hot-plate test the an- 
algesic effect of  the cells of the strain that pro- 
duced [~-endorphin was of a longer duration and 
significantly exceeded the statistical index of inhi- 
bition as compared  with that of the initial strain. 
Besides the analgesic effect, the introduction of the 
strain that produced ~-endorphin brought about a 
state of general muscular rigidity and catatonia in 
the experimental animals, as in the case with pure 
~-endorphin. In the mice given the initial strain 
no analogous physiological reactions were observed. 

A comparison was made of the nature of the 
change in the pain threshold in the experimental 

animals as a function of t ime after the introduc- 
tion of the strain (Fig. 2, b, curve /) with the 
multiplication dynamics of the cells of the strain 
under investigation (Fig. 2, a) in the body. This 
comparison suggests that there is a correlation be- 
tween the number  of cells in the organism and 
the amount  of synthesized ~-endorphin,  since the 
maximum physiological effect coincided with the 
peak on the curve showing the content of cells in 
the body. The correlation between the multiplica- 
tion dynamics of the cells of  the initial strain and 
the observed analgesic effect of  this strain can be 
attributed to the peculiarities of the pathogenesis of 
the tularemic microbe. On the basis of the data 
presented above we may conclude that the use of 
the vaccine strain of the microbe as a source of 
additive synthesis of 13-endorphin produces an an- 
algesic effect that lasts longer than that of  corn- 
mercia/ [~-endorphin and leads to changes in the 
spectrum of stereotypic behavioral reactions in vivo 
that are typical for opiate peptides [3]. 

The proposed method of additive synthesis of 
biologically active substances can be improved by 
using other vaccine vector microorganisms with a 
higher level of expression and secretion of synthe- 
sized product and a low intrinsic pept idaseact iv-  
ity. Moreover, it is possible to aim the regulators 
directly at the target organs by choosing microbes 
with tropism for the required organs and tissues. 
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It is well known that lipid peroxidation (LPO), the 
process generally involving serum lipoproteins (LP), 
accompanies the development of a variety of patho- 
logical  processes ,  in  par t i cu la r  a theroscleros is  
[8,13]. The role of oxidative modifiers can be as- 
signed primarily to reactive oxygen forms such as 
H~Op, 0 :  2, OCI-, and OH; which are generated by 
activated neutrophils and monocyte-der ived mac- 
rophages [4]. Recent ly ,  it was shown that  hy- 
pochlori te  (OCI-) intensively oxidizes lipids and 
damages the serum LP proteins [1,6,7], thus be- 
ing a possible cause of the accumulation of modi- 
fied LP in the human  organism. 

In the present study we investigated the struc- 
tural alterations induced by sodium hypochlorite 
(NaOC1) in the surface proteolipid layer of  low- 
density LP (LDL) f rom human  blood. 

R e s e a r c h  I n s t i t u t e  of  P h y s i c o c h e m i c a l  M e d i c i n e ,  M o s c o w  
( P r e s e n t e d  b y  Yu.  M. L o p u k h i n ,  M e m b e r  o f  t h e  R u s s i a n  
A c a d e m y  of  M e d i c a l  S c i e n c e s }  
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Fig. I. M D A  c o n t e n t  ( o r d i n a t e ,  gM) a s  a f u n c t i o n  of  
c o n c e n t r a t i o n  of  NaOC1 af te r  i n c u b a t i o n  of LDL wi th  NaOC1 
at  37~ for  1 h.  The  i n c u b a t i o n  m e d i u m  c o n t a i n s  145 m M  
NaOC1,  10 m M  p h o s p h a t e  b u f f e r  sal ine,  p H  7.4. 

0007-4888/93/0008-0945512.50 ~1994 Plenum Publishing Corporation 


