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The p resen t  paper  d e s c r i b e s  the isolation and genera l  cha rac te r i za t ion  of the exoglycans  (ex t race l -  
lu lar  po lysacehar ides)  f rom the m i c r o o r g a n i s m  Yers in ia  pseudotuberculostso As a p re l imina ry ,  we studied 
(in compar ison)  the total  monosacchar ide  composi t ion of the exoglycans  produced by a local s t ra in  12 of 
Y. pseudotubereulos is  IB subtype in dependence on the condit ions of growth of the bacter ia ,  the composi t ion 
of the cul ture medium,  and the shape of the colonies  (Table 1). The growth of the m i c r o o r g a n i s m s  in a 
medium with a high glucose content and a low amount of n i t rogen-conta ining raw m a t e r i a l  led to a 4.5-fold 
increase  in the yield of exoglycan, which agreed  with l i t e ra tu re  information [1]o 

The resu l t s  of a determinat ion of the monosacchar ide  composi t ion of the total  f rac t ions  of exoglycans  
f rom var ious  s t r a ins  of the m i c r o o r g a n i s m  invest igated by PC and GLC are  given in Table 2 in compar i son  
with the r e su l t s  for the exoglycans produced by the s tandard  s t r a ins  IA (strain 156) and IB (strain 159) of 
subtypes of the pseudotuberculos is  mic robe .  

The exoglycans  of the S - fo rm  of the s tandard and local  s t ra in  IB subtype had s im i l a r  qualitative c o m -  
posi t ions of the monosacchar ides  and differed only in the i r  rat io.  The IA subtype and the R form of the IB 
subtype differed f rom the s t r a ins  mentioned and also in the qualitative monosacchar ide  composi t ion of the 
exoglycans  produced, in pa r t i cu la r ,  the exoglycans of the IA subtype contain no mannose,  and the exoglycans  
of the R form contain no xylose and fucose. 

The crude exoglycan fract ion contained prote in  which could not be separa ted  by Sevag ' s  method (see 
Table i).  By fract ionation on hydroxylapat i te  we obtained an exoglycan p repa ra t ion  containing 16 % of p r o -  
tein. 

TABLE 1. Yields and T o t a l  Composit ions of the Exogtycans Produced 
by the Local Strain 12 of Y. pseudotuberculos is  

[Shape ~ [Yield (g)l ~ , Amount, % 
Type of [of the / Conditions of [per 100 ]monosac-lnro~ uueleic amino ash 

[eolo- acids strain [ales I growth :cromassrg or mr- Ileharides I-' [t°-'in sugars 

Strain IB Without inorganic salts 8,6 22 28 17 1,7 0,2 
12 [ S ]With inorganic salts 38,7 35 30 4,28 1.7 2,15 

4O 21 0,46 0,2 I R [With inor~anicsalts i 1,6 1,6 

TABLE 2. 
glycans Y .  pseudotuberculos is  

IStrainlpf the ] G~I. ,a;~ r,,,. 
strain I [czolonies I 

Monosacchar tde  Composi t ions of the Frac t ions  of the Exo- 
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+ + 

Xyl I~ Ara 
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Tro 

Fuc 

44- 
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* Gal) galactose;  Glc) glucose;  Man) mannose;  Xyl) xylose;  Ara) 
a rab inose ;  Fuc) fucose; GlcUA) glucuronic acid; GlcNH2) 
g lucosamine .  
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TABLE 3. Charac te r i s t i cs  of the Individual Fract ions  of Exoglycans 
Produced by the Local Strain 12 of Y. pseudotuberculosts  

Methodof 7rac- Yiek 
fraction- ~ion % [~lff(rho,. 
ation deg 

Ethanol i AB 

Acidified 
ethanol { At Bl 
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Fig. 1. Chromatography of the total polysacchar ide  fraction on Dowex 1 × 2 in the phos-  
phate form (phosphate buffer): 1-30) 0.05 M, pH 7.6; 30-40) 0.05 M, pH 7; 40-50) 0.05 M, 
pH 6.4; 50-60) 0.2 M, pH 6.4; 60-70) 0.5 M, pH 6.4; curve 1: elution curve  by the p h e n o l -  
sulfuric acid method; curve 2: elution curve by Lowry ' s  method. 

Fig. 2. Gel filtration of the exoglycans on Bio-Gels:  Fract ion A (I) and fraction B 1 (II): 
Biogel 1)-60, V 0 = 15 mh 1) elution curve according to the pheno l - su l fu r i c  acid method; 
2) elution curve according to Lowry ' s  method; Bio-Gel P-100, V 0 = 17 ml; 3) elution 
curve according to the pheno l - su l fu r i c  acid method. 

By the ion-exchange chromatography of the exoglycans on an anion-exchange res in  we isolated a f r a c -  
tion with [ale (H20) + 5 ° which contained no protein. However, its yield was only 20 % and a considerable 
amount of polysacchar ide was bound to the protein (Fig. 1). Apparently,  an ionic bond exists  between the 
protein and polysacchar ide components or  the isoelectr ic  points of these components are  fairly close.  There 
is no covalent bond between them, since on gel fi l tration on Bio-Gels  the maxima of the elution curves  for 
the protein and the polysacchar ide did not coincide. 1)olysaccharide fract ions containing no protein were 
obtained by enzyme treatment .  These fractions of the exoglycans were not homogeneous: They each con- 
tained several  polysacchar ides .  

The exoglycans produced by the S- form of s t ra in  12 were fractionated by ethanol and acidified solu-  
tions of it in o rde r  to obtain a serological ly  active fraction. In both cases  two water-soluble  f ract ions were 
obtained (Table 3). The polysaccharide fract ions A and B1, showing serological  activity (Table 4), were 
studied in more  detail. The resu l t s  of gel filtration on Bio-Gels  showed that the polysaccharide fraction A 
was heterogeneous and fraction B 1 homogeneous (Fig. 2). By prepara t ive  gel filtration on Bio-Gel 1)-100 
two fract ions differing in monosacchar ide composit ion were isolated from fraction A (Table 5). 

The resu l t s  of the chromatographic  elimination of protein f rom the polysaccharide fract ions A and B 1 
on DEAE-cel lulose  confirmed the heterogeneous nature of the exoglycans and the presence  in them of an 
acid fraction (Fig. 3, Table 6). About 6 % of uronic acids was found in the acid fraction by the deearboxyla-  
tion method. The antigenic nature of the polysaccharide fract ions A and B 1 was shown by obtaining anti-  
se ra  to these exoglycans which were also active in the indirect  hemagglutination reaction.  

In an investigation of the antigenic s t ructure  of the polysaccharide fract ions A and B1, and also of the 
f ragments  of A after  fractionation of DEAE-cel lulose and gel filtration on Bio-Gel 1)-100, the presence of a 
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T A B L E  4. A n a l y s e s  of  F r a c t i o n s  A and B t 

rlde frac- I"l i '  ~) • " tions c- llr'Ji]'O,,,O,, monosac4uromc nitro-s.lf.r ]phos-l~,h 
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gt --14,4 32 i 9,6 6,39 2,114 

T A B L E  5 

(Fig. 2) 1 %  I Oal Ok Man Xyl Ara 

Peakll 20 + + +  ; 4-++ +,++ -: 

E~o a b c 

/ N r . . . .  \ )  

Fig. 3. C h r o m a t o g r a p h y  of  the exog lycans  on D E A E -  
ce l lu lose :  a) e lut ion with wa te r ;  b) s tepwise  elut ion 
with phosphate  buffer ;  c) l i nea r  g rad ien t  of  0 .01-0 .03 
N NaOH; 1) f rac t ion  A; 2) f rac t ion  B 1. 

single p rec ip i ta t ion  line for f r ac t i ons  A and B i and the f r ac t ion  c o r r e s p o n d i n g  to peak I on B io -Ge l  P-100 
was  found by the p rec ip i t a t ion  method in a g a r  gel.  The r e s u l t s  o f  i m m u n o e l e c t r o p h o r e s i s  fo r  f rac t ion  A 
c o n f i r m e d  the homogene i ty  of  the ant igen A. 

On ind i rec t  hemagglu ta t ion  with speci f ic  a n t i s e r u m ,  the exoglycan  A was  found to have a low s e r o -  
logica l  ac t iv i ty  a s  c o m p a r e d  with the ac t iv i ty  of  the l i popo lysaccha r ide  f r o m  Y-- p seudo tube rcu los i s .  The 
s e ro log i ca l  ac t iv i ty  of  f rac t ion  B 1 was  fully c o m p a r a b l e  with that fo r  the l i popo lysaccha r ide .  

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

Par t i t i on  p a p e r  c h r o m a t o g r a p h y  (PC) was  p e r f o r m e d  on Sch le iche r  und Schiill F i l t r ak  No. 3 pape r  in 
the following solvent  s y s t e m s :  1) b u t a n - l - o l - w a t e r - a c e t i c  acid (4 : 5 : 1, uppe r  layer} and 2) b u t a n - l - o l -  
p y r i d i n e - w a t e r  (6 • 4 : 3). The m o n o s a c c h a r i d e s  were  r evea l ed  with anil ine hydrogen  phthalate and an a lka -  
line solut ion of  s i l ve r  n i t ra te .  

In o r d e r  to d e t e r m i n e  its m o n o s a c c h a r i d e  compos i t ion ,  the exoglycan  (10 nag) w a s  hyd ro lyzed  with 1 N 
sul fur ic  ac id  (1 ml) in the boil ing w a t e r  bath  for  4 h. The h y d r o l y z a t e s  w e r e  neu t ra l i zed  with b a r i u m  c a r -  
bonate,  de ionized  with A m b e r l i t e  IR-120 (H+), evapora ted ,  and c h r o m a t o g r a p h e d  on paper .  To isola te  the 
u ron ic  ac ids ,  a hyd ro lyza t e  of  the p o l y s a c c h a r i d e  (100 mg) was  depos i ted  on a co lumn conta in ing 20 ml  of  
Dowex 1 x 2 an ion-exchange  r e s in  (in the ace ta te  form}. 

The neu t ra l  m o n o s a c c h a r i d e s  w e r e  e luted with wa te r ,  and the acidic  m o n o s a c c h a r i d e  with a 2 M so lu -  
tion of ace t ic  acid.  A c rude  g lucuron ic  acid f rac t ion  wa s  obtained which was  pur i f ied  by p r e p a r a t i v e  PC. 

The amount  of  amino s u g a r s  was  d e t e r m i n e d  by h y d r o l y s i s  with 4 N hyd roch lo r i c  ac id  (1 ml of  ac id  
to 10 mg of  sample)  at 105 ° C for  3 h. The h y d r o c h l o r i c  acid was  d r iven  off in vacuum and c onc e n t r a t ed  
so lu t ions  of the h y d r o l y z a t e s  w e r e  de ionized  with Dowex-1 (HCO3") and w e r e  used  for  c h r o m a t o g r a p h y  and 
ana lys i s  by the method of Morgan  and Elson  [2]. The speci f ic  ro t a t ions  of 0 .25-0.5  % solut ions  of  the po ly -  
s a c c h a r i d e s  w e r e  m e a s u r e d  on a P e r k i n - E l m e r  M-141 p o l a r i m e t e r .  
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TABLE 6. Charac te r i s t i c s  of the Individual Frac t ions  of 
Exoglycan A Obtained by Fract ionat ion on DEAE-cel lulose  

Fraction Yield, I~I~(H o) I I I I % deg ' On[ 1 (ilc Man Xyi Ara Fuc t!A 

Acidic 50 ---lO • ITr  lTr 
Tro -, 4 

For  ge l  chromatography of aqueous solutions (1-2 ml) of the samples  of exoglycan (20-30 mg) we used 
columns (1.5 × 30 cm) of Bio-Gels  P-60,  P-100, and P-200 (Bio-Rad Labora tor ies ,  Richmond, Calif.) by a 
known method [3]. 

Gas - l i qu id  chromatography (GLC) was per formed on a Tsvet -6  chromatograph (Dzerzhinsk) with a 
f lame-ionizat ion detec tor  using U-shaped s ta in less -s tee l  columns (100 × 0.3 cm). The rate of flow of N 2 
was 33 ml /min ,  of H 2 33 ml /min ,  and of a ir  300 ml /min .  

The s tat ionary phase was H I E F F - 8 - B P  on Gas -Chrom Q (100-120 mesh). The g a s - l i q u i d  ch roma to -  
graphy of the monosacchar ides  (in the form of the acetates  of the aldononitriles) was per formed with the 
p rogramming  of the tempera ture  f rom 175 to 225 ° C (at the rate of 4 ° C/min).  

Analytical Methods. The total amount of monosacchar ide  was determined by the pheno l - su l fu r i c  acid 
method using glucose as the standard [4], the protein content by LowryTs method [5], the nucleic acids by 
Spirinrs method [6], the uronic acids by the decarboxylat ion method [7], and the ash by the combustion of 
samples  of exoglycan at 600°C to constant weight. 

Microorganisms.  Strain 12 of Y__. 2.seudotuberculosis of subtype LB was isolated in 1972 from the 
patient DSL. The standard s t ra ins  of subtypes IA (No. 156) and IB (No. 159) were kindly given to us by Prof. 
Mollaret  (Pasteur  Institute, Paris) .  Both the S- and R - f o r m s  of this mic roo rgan i sm were used. 

In the production of the S- form a liquid medium was used which contained 1% of nutrient peptone and 
inorganic salts  in the following percentages:  0.2 (NH4)2SO 4, 0.02 MnSO4"7H20, 0.001 CaC12, 0.15 KH2PO 4, 
0.65 NaH2PO o 0.00054 FeSO 4, and 5 glucose. The bacter ia  were grown at 20*(3 for 18 h. 

For  comparison,  in the production of the S- fo rm the same medium was used but without inorganic 
salts .  The R - f o r m  of the bacter ia  was grown on 2 % agar  in a simple synthetic medium (percentage c o m -  
position shown above) at 37 ° C for 2--3 days. 

Isolation of the Exoglycans.  The culture liquid (20 liters) obtained after  the separat ion of the m i c r o -  
bial mass  by centrifuging, was concentrated 20- to 25-fold. The unbound protein was eliminated by Sevagrs 
method [8] (2-3 times).  The total polysacchar ide fraction precipi tated with acetone (3 volumes) in the form 
of a viscous brown mass  was separated by the following methods. 

a) By reprecipi tat ion of this fraction with ethanol into A - a flocculent white precipitate - and B - a 
brown oily liquid soluble in 50 % aqueous ethanol. 

Frac t ions  A and B were separated by centrifuging at 3000 rpm for 15 rain. Fract ion A was washed 
with 50'7c aqueous ethanol. Aqueous solutions of A and B were t reated by SevagVs method to separate them 
from unbound protein (3 times),  dialyzed against changed distilled water,  and lyophilized (0.86 g of  fraction 
A and 0.24 g of fraction B). 

b) By precipi tat ing the total fraction with acidified ethanol (2.3 ml of concentrated HC1/0.5 l i ter  of 
ethanol) a white flocculent precipitate A 1 was obtained (yield of flocculent powder 0.6 g). F rom the ethanolic 
fil trate,  acetone precipitated a light brown flocculent precipitate B 1 (yield of lyophilized produce 3 g). 

Fractionation of the Exoglycans on Hydroxlyapatite.  A mixture of exoglycans (40 rag) containing 32% 
of protein was deposited on a column (1.3 × 13 cm) and fractionated at pH 6.8 by stepwise elution with phos-  
phate buffers of increas ing  ionic strength. The exoglycans isolated contained 16 % of protein. 

Ion-Exchange Chromatography of the Exoglycans. The mixture of exoglycans (45 rag) was deposited 
on a column (1 ×45 cm) of Dowex 1 × 2 anion-exchange res in  in the phosphate form. Stepwise elution with 
a simultaneous decrease  in the pH and an increase in the ionic strength of the buffer yielded a pro te in- f ree  
exoglycan fraction (11 mg). The exoglycan freed f rom protein (100 mg) was deposited on a column (1.8 x 
70 cm) of DEAE-cel lulose in the phosphate form and was fractionated by the method of Neukom et al. [9]. 
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Source of the Enzyme. Commerc ia l  pronase  (ex B. subtilis K o c h - L i g h t ,  England) was used for the 
enzyme t rea tment .  

Enzymatic  Trea tmen t  of the Exoglycan. The enzyme (20 rag) was added to the solution of the exogly-  
can (1 g) in 0.03 M phosphate buffer  (pH 7.4; 100 ml), the mixture  was kept at 37°C for 5 h, t rea ted  by 
Sevag's  method, concentra ted,  and precipi ta ted  with ethanol. The precipi ta te  was separated by centrifuging, 
dissolved in water ,  dialyzed, and lyophilized. Yield 400 mg. 

Serological  Methods.* 1. Standard immune se rum against s t rain 12 of Y. pseudotuberculosis  of sub- 
type IB was obtained by immunizing rabbits  by a known method [10]. 

2. The immunoelee t rophores i s  of the antigens was pe r fo rmed  in veronal  buffer  (pH S.4) in the p r e s -  
ence of specific an t i sera  [11]. The r e su l t s  were  obtained af te r  1-2 days. 

3. The hemagglutination react ion and precipi tat ion in an agar  gel were  pe r fo rmed  by published method 
[12] and [13], respect ive ly .  

SUMMARY 

1. From a culture medium of strain 12 of Yersinia pseudotuberculosis of subtype IB a mixture of 
exoglycans has been isolated which consists of acidic heteropolysaceharides bound ionically to a protein 
component. 

2. The yield and monosaccharide composition of the exoglycans produced depend on the conditions of 
growth and the form of the colonies. 

3. The exoglyeans of the local strain No. 12 and of a standard strain (No. 159) of Y__. pseudotubercu- 
losis, of subtype IB contain monosaccharides (galactose, glucose, mannose, xylose, arabinose, fucose, glu- 
curonic acid, glucosamine) and differ only by the ratio of the monosaccharide residues. 
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