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Po lysaccha r ides  f rom G r a m - n e g a t i v e  bac te r i a  and the i r  complexes  with lipids and prote ins  a r e  
known as  high mo lecu l a r  weight compounds s t imulat ing the defensive reac t ions  of the host during bac te r ia l  
and v i rus  infections,  including during the infectious complicat ions  of radia t ion s ickness .  The use  of poly-  
s aceha r ides  as an t i tumor  agents  in exper iments  on an imals  has  also been desc r ibed .  One of the mos t  ef-  
fect ive  p repa ra t ions  isolated f rom the Gram-nega t ive  bac t e r i a  is  prodigiosan,  obtained by E r m o l ' e v a  and 
c o - w o r k e r s ,  and widely used in var ious  b ranches  of chemotherapy  [4]. 

Po lysacchar ide  complexes  f rom G r a m - p o s i t i v e  bac t e r i a  have been invest igated less  thoroughly,  and 
p rac t i ca l ly  no a t tempt  has been made to study the po lysacchar ides  of the ac t inomyee tes .  The authors  of 
the few communica t ions  on this subject  have mainly  been concerned with es tabl ishing taxonomic re la t ion-  
ships between individual spec ies  of ae t inomyeetes  and with studying the c h e m i s t r y  of the cel l  wall  [2,6,7,9]. 

In the p resen t  invest igat ion,  the authors  studied the l ipopolysacchar ides  of ae t inomyce tes  producing 
antibiot ics  widely used in medic ine ,  and also Escher ieh ia  coli  No. 9637, the s t ra in  used as the source  of 
the enzyme n e c e s s a r y  for  producing 6-aminopenici l lanic  acid.  

E X P E R I M E N T A L  M E T H O D  

The m i c r o o r g a n i s m s  were  grown in f lasks  on shake r s  and in a f e r m e n t e r  in var ious  media ,  including. 
some  opt imal  for  the production of other biological ly act ive p repa ra t ions  (penici l l inamidase in the case  of 
E. coli and antibiotics in the case  of the ac t inomycetes) .  

The po lysacchar ide  complexes  were  isolated by ext ract ion with aqueous phenol and then purified by 
the methods of Tauber  and Russe l l  [13] and of Tsyganov and c o - w o r k e r s  [9] with slight modif ica t ions .  The 
second method was m o r e  suitable for  isolat ion of the ac t inomycete  p repa ra t ions ,  and it provided a r e l a t i ve -  
ly high yield of l ipopolysacchar ides .  

The following c h a r a c t e r i s t i c s  of the p repa ra t ions  were  determined:  the content of reducing substances  
(by the H a g e d o r n - J e n s e n  method [1]); the content of g lucosamine  (the method of Elson and Morgan [7]); the 
pro te in  content (by L o w r y ' s  method [10]); the total  content of nucleic acids ( spec t ropho tomet r i ca l ly  by 
Spi r in ' s  method [8]); the content of lipids (the lipid par t  of the complex was cha rac t e r i zed  by the content of 
fat ty acids ,  de te rmined  by the spec t rophotomet r ic  method of Snyder and Stephens, in T a u b e r ' s  new modi -  
f ication [11, 12]). 

The biological  c h a r a c t e r i s t i c s  of the p repara t ions  were  de te rmined  by the study of the i r  pro tec t ive  
action in expe r imen t s  on mice  (weight 16-18 g) with exper imenta l  sep t icemia  caused by pathogenic s t ra ins  
of E. coli and Staphylococcus aureus .  Each group consis ted of seven an imals  (the exper iment  was repeated  
th ree  t imes) .  The p repa ra t ions  isolated f rom E. coli No. 9637 were  also t es ted  in infectious compl ica t ions  
of radiat ion s i ckness .  I r rad ia t ion  was given on a type RUM-3 appara tus  (voltage 180 kV, cu r ren t  15 mA, 
skin-focus  dis tance 40 cm,  f i l t e r s  Cu 0.5 m m  and A1 1 ram,  dose ra te  25 R / r a in ,  total  dose  650 R / m o u s e ) .  

The p repa ra t ions  were  injected in physiological  sa l ines  (in doses  of 0.5 ml) intraperi toneally,  24 h be -  
fo re  infection. The s ta t i s t i ca l  s ignif icance of the r e su l t s  obtained was de te rmined  by Student 's  method.  
LDs0 was calculated by K ~ r b e r ' s  method.  

All-Union R es ea r ch  Insti tute of Antibiotics,  Minis t ry  of Health of the USSR, Moscow (Presented  by 
Active Member  of the Academy of Sciences of the USSR Z. V. E r m o l ' e v a ) .  Trans la ted  f rom Byulle ten '  
~kspe r imen ta l ' no i  Biologii i Meditisiny, Vol. 64, No. 9, pp. 75-78, September ,  1967. Original  a r t i c le  sub-  
mit red June 6, 1966. 

988 



Table  1. Chemical  C h a r a c t e r i s t i c s  of P r e p a r a t i o n s  
of L ipopo lysaccha r ides  f rom Ac t inomyce tes  (My- 
ce l ium on 5th-6th day  of fermenta t ion)  

Producer of polysaccharide 
L~ v$ 

in 
s 

% 

Act. streptomycini 
Act. kanamycini 
Act. oriel-ltalis 
Act. rimosus LS-T hybrid 
Act. rimosus 
Act. aureofaciens No 2201 
Act. aureofaciens o\~ 2201 
Act. aureofaciens N.~ 2201 
Act. aureofaciens 
Act. aureofaciens 

25,64 30,90 
24,50 24,00 
69,50 2,00 
41,10 13,37 
42,00 15,90 
54,10 13,95 
43,70 15,00 
54,30 13,85 
?2,80 12,60 
58,60 12,32 

4,70 
4,00 
1,19 
6,32 
5,84 
2,93 
2,12 
2,65 
0,60 
0,50 t 

5,10 
1,13 
9,50 
0,97 
0,72 
2,92 
3,60 
2,70 
1,54 
0,96 

Table  2. P ro t ec t ive  Action of P r e p a r a t i o n s  f rom 
Ac t inomyee tes  on Mice Infected with S. au reus  and 
E. col i  

Producer of polysaccharide 

Staph. aureus 

in % 

E. coli 

Act. orientalis 1~ 28,6 

100 
500 

14,3 
52 
86 
91 

28,6 
57,0 
71,5 

Act rimosus LS-T hybrid 10 14,3 

100 
500 

48 
52,5 
76,3 

19 
57,0 
86,0 
91,6 

Act. aureofaciens (TTs) 
1o o 

lOO 
500 

14,3 
62 
81 
81 

0 
14,3 
33,3 
86,0 

Act. aureofaciens ,N~ 2201 
(KhTTs) 

Act. aureofaciens 1',~ 2201 
(TTs) 

Act. kanamycini 

100 
500 

10 0 

100 
500 

1o o 

100 
50o 

9,5 14,3 
43 
67 
77 

33 
57 
81 

9,5 19 

14,3 

43,0 
47,5 

100,0 

38 
67,0 
86,0 

47,5 
52,5 
95,3 

EXPERIMENTAL RESULTS 

A lipopolysaccharide complex was isolated 
from E. coli No. 9637 by Tauber's method (the 
culture was grown in meat-peptone broth, pH 7.3, 
at 36 ~ for 6 h). Its chemical characteristics were: 
the complex contained 20% of reducing substances 
and 32% of fatty acids, but only 5.18% of protein 
and slight traces (1.82%) of nucleic acids. Accord- 
ing to data in the literature [3], the content of re- 
ducing sugars in prodigiosan is 30-40%, while the 
ant igens  f rom c e l l s  of Sa lmonel la  para typhi  t3 
contain f rom 23 to 40% of reducing suga r s  [5]. 

The p r e p a r a t i o n  had a p ro t ec t ive  act ion 
aga ins t  infect ions caused by E. co i l  and S. au reus :  
a f te r  in ject ion of 0.05/zg of the p r e p a r a t i o n  per  
mouse ,  the su rv iva l  r a t e  of the an ima l s  r eached  
70-8070, whe reas  a l l  the cont ro l  a n i m a l s  died; in 
doses  of 1-10/zg per  mouse  it enabled a l l  the an i -  
ma l s  to  su rv ive  the infect ion.  

The effect of the i so la ted  p r e p a r a t i o n  on the 
r a t e  of su rv iva l  of the i r r a d i a t e d  mice  was a lso  
studied.  The an ima l s  were  i r r a d i a t e d  vdth x - r a y s  
in a dose  of 650 R. Twenty- four  hours  before  i r -  
r ad ia t ion  the p r epa ra t i on  was in jec ted  into the 
m i c e  in a dose  of between 10 and 100 #g per  an i -  
ma l .  Each group cons i s ted  of 20 a n i m a l s .  By the 
16th day  a f t e r  i r r a d i a t i o n  the number  of surv iv ing  
a n i m a l s  in the expe r imen ta l  s e r i e s  r ece iv ing  a 
dose  of 10 #g per  an imal  was 70%, and in the s e r i e s  
r ece iv ing  100/~g it was 8070, c o m p a r e d  'with only 
2570 in the con t ro l s .  

The tox ic i ty  of the p r e p a r a t i o n  was d e t e r -  
mined in mice  by i n t r ape r i t onea l  and inf.ravenous 
in ject ion.  LDs0 (determined by K ~ r b e r ' s  method) 
by i n t r ape r i t onea l  in ject ion was 370 ~g per  mouse  
and by in t ravenous  inject ion 224 #g p e r  mouse .  

The chemica l  and b io log ica l  da ta  shown above 
thus d e m o n s t r a t e d  that the s t r a i n  of E. colt  (No. 
9637) used in the  expe r imen t s  conta ins  a b io log i -  
ca l ly  ac t ive  complex,  and that  a p r e p a r a t i o n  f rom 
a G r a m - n e g a t i v e  m i c r o o r g a n i s m  was ava i lab le  
for  d i r e c t  c om pa r i s on  of i ts  b io log i ca l  p r o p e r t i e s  
with the b io log ica l  p r o p e r t i e s  of the ac t inomyce te  
p r e p a r a t i o n s .  

Ten po lysaccha r ide  p r e p a r a t i o n s  were  i s o -  
la ted by Tsyganov ' s  method f rom ac t inomyce tes  
producing s t r ep tomyc in ,  kanamycin ,  vancomyein,  
c h l o r t e t r a c y c l i n e ,  oxy te t raeyc l ine ,  and t e t r a c y c l i n e .  

Data for  the compos i t ion  of the i so la ted  complexes  (the pe rcen t ages  of the main  g roups  of subs tances  p r e s -  
ent) a r e  given in Table  1. 

As  Table  1 shows, the  i so la ted  p r e p a r a t i o n s  p o s s e s s e d  a high content of p o l y s a c c h a r i d e  component 
(up to 70% of reducing suga r s ) .  The fa t ty  acid  content a lso  was high - f rom 12 to 30% (except the p r e p a r a -  
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t ion f rom Act inomyces  or ien ta l i s ) .  The prote in  content (1-6%) and the nucleic acid content (except the 
p repara t ion  f rom A. or iental is)  were  re la t ive ly  low. 

The c h a r a c t e r i s t i c s  of the pro tec t ive  p rope r t i e s  of some of the ac t inomycete  p repa ra t ions  a r e  given 
in Table 2. According to the data of Table  2, the p repa ra t ions  f rom the ac t inomyce tes  had a protec t ive  ac -  
t ion in higher concent ra t ions  than the p repara t ion  f rom E. coll .  The highest act ivi ty  was exhibited by the 
l ipopolysacchar ides  isolated f rom Act inomyces  aureofac iens .  

The l ipopolysaeehar ides  f rom the ac t inomycetes  p o s s e s s e d  low toxicity:  in t raper i tonea l  injection of 
p repa ra t ions  f r o m  A__: or ien ta l i s ,  A. aureofac iens ,  and A. r i m o s u s  in doses  of up to 7000 ~g pe r  mouse  into 
the an imals  did not cause  death.  After  intravenous inject ion of the p repa ra t ion  f rom A. aureofac iens  in a 
dose  of 6000 #g per  mouse ,a l l  the an imals  survived;  while if  the dose was 8000 ~g per  mouse ,  1 of  the 5 
an ima l s  died; and if 16,000 ~g per  mouse ,  4 of the 5 an imals  died. The p repa ra t ion  f r o m  A. or ienta l i s  did 
not cause  death  of the an imals  when injected in t ravenously  in a dose  of t6,000 #g per  mouse .  The inves t i -  
gated l ipopolysacchar ide  complexes  f r o m  the ac t inomyce tes  were  thus cha rac t e r i zed ,  f rom the p re l imina ry  
evidence,  by  e x t r e m e l y  low toxici ty.  

The r e su l t s  obtained indicate the des i rab i l i ty  of fu r ther  study of the po lysaechar ides  and of t he i r  
complexes  f r o m  var ious  spec ies  of ac t inomycetes .  
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