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It has been established by electrophoresis  in polyacrylamide gel that the protein component of 
the lipopolysaceharide-protein complex of Yersinia pseudotuberculosis consists of two poly- 
peptides with molecular weights of 42,000-45,000 and 18,000-20,000. These polypeptides have 
been detected in the cell wall of Y. pseudotuberculosis as the main components. Protein f r ac -  
tions B-2 and B-3, differing with respect  to solubility in phenol, were isolated from the LPPC 
of Y. pseudotuberculosis by extraction with hot 45% phenol. These protein fractions had the 
same polypeptide composition, which is character is t ic  for membrane proteins. B-3 Included 
the LPS component and B-2 contained lipid A or  fragments of it as impurity. Fractions B-3 
and B-2 precipitated with antiserum to the LPPC. 

~'ne protein component of the lipopolysaccharide-proteln complex (LPPC) present  in the outer membrane 
of the Gram-negative bacteria is attracting the attention of many workers at the present  time. Possessing a 
relatively simple polypeptide composition, it makes an important contribution to the immunological properties 
of the LPPC [1] and is the bearer  of many functions character is t ic  of the outer membrane of bacteria [2, 3]. 
The study of the protein component is also connected directly with a determination of the nature of the bond in 
the LPPC between the lipopolysaccharide (LPS) and the protein [4, 5]. 

The present work was devoted to the isolation of the protein component of the LPPC from Yersinia pseu-  
dotuberculosis, a pseudotuberculosis microbe pathogenic for man and causing a fever In the Far East resembling 
scarlet ina,  and to a study of its polypeptide composition and propert ies .  

The LPPC from Y. psdt. was isolated by extraction with a bu tanol -wate r  two-phase system and was pur i -  
fied by gel filtration on Sepharose 2B [6]. 

It was established from the results of electrophoresis that the protein component of the LPPC consisted 
of two polypeptides (PP-II and PP-IV) with molecular weights of 42,000-45,000 and 18,000-20,000, respectively 
(Fig. la). To investigate whether these polypeptides were the main ones or  minor components among the p ro -  
teins of the outer membrane of Y. psdt. we isolated the cell walls of this microbe and determined their  poly- 
peptide composition. It was shown that the cell-wall fraction contained four main polypeptides (PP- I -PP- IV)  
with molecular weights of 60,000, 45,000-42,000, 35,000, and 20,000-18,000, respectively,  and several  minor 
components (Fig. lb). Thus, the proteIn component of the complex consisted of two out of the four main polypep- 
tides of the cell wall of Y. psdt. To isolate the proteIn component of the LPPC we used treatment with hot 45% 
phenol [7] (Scheme 1). 

As the resul t  of a single treatment of the LPPC from Y. psdt. we obtaIned protein fraction B-1 containIng 
about 20% of monosaccharides. In this process there  was a loss of about 30% of material  (Scheme 1) which is 
possibly due to the degrading action, of phenol on the LPS [8]. For further purification, the protein fraction B-1 
was repeatedly treated with phenol. This gave proteIn fractions B-2 and B-3 differing in their  solubilities in 
phenol: B-2 was Insoluble In phenol and B-3 was precipitated from a phenol phase with a 9.5-fold excess of 
ethanol. ProteIn fractions B-2 and B-3 were identical in their polypeptide composition: electrophoresis r e -  
vealed two zones stainIng for protein with the mobilities of PP-II  and PP-IV (Fig. 2a and b). Thus,both the 
polypeptides present  In the LPPC are  extracted by phenol. In their common amino acid composition, protein 
fractions B-2 and B-3 were typical membrane proteins: they were distInguished by a high content of acidic and 
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Fig.  1. Electrophoresis of  the L P P C  @) and of  the ce l l  
wal ls  of  Y._.u. p s e u d o t u b e r c u l o s i s  (staining of  line p ro t e in  
with C o o m a s s i e  Br i l l i an t  Blue) (b). The m a i n  p o l y p e p -  
t ides  of  the ce l l  wal l s  of  _Y. P.Seudotuberculosis  a r e :  
PP-1)  tool .  wt.  60,000; PP-I1)  molo wt. 42,000-45,000;  
PT- IH)  tool.  wt.  35,000; PP- IV)  tool.  wt.  18,000-20,000.  
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hyd rophob ic  amino  a c i d s ,  and a l s o  by the a b s e n c e  of c y s t e i n e  [9]. The amino  ac id  c ompos i t i ons  of  the  p ro t e in  
f r ac t i ons  B-2  and B-3 i so l a t ed  f r o m  the L P P C  of__Y, psd t .  a r e  as  fol lows (mole %): 

Amino acid Fraction B-2 Fraction B-3 

Lysine 5,8 5,9 
Histidine I, 5 I, 2 
Arginine 1.3 1,5 
Asi)artic acid 19.2 20.2 
Glhtamic acid 8,3 8.3 
Valine 5.2 5, 6 
Methionine 0.35 0.36 
Isolcucine 2,9 2,1 
Leucine 7,7 6,4 
T yrosine 4.2 4,4 
Phenylaiani ne 5, 3 5.9 
Threonine 5, 8 6, 4 
Serine 7,5 8.1 
Proline 5,2 2.9 
Glycine 10, 8 7,9 
Alanine 8,8 8,4 
Cysteine 0,0 0.0 
Glucosamine 0.3 7,2 
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Fig. 2. E lec t rophores i s  of the prote in  f rac t ions  B-2 and B-3:  a ,  c) prote in  f rac t ions  B-2 and 
B-3 (staining for  pro te in  with Coomass i e  Bri l l iant  Blue); d) pro te in  f rac t ion  B-2 (PAS-Schiff 
s taining fo r  ca rbohydra tes ) ;  b, c) pro te in  f rac t ions  B-2 and B-3 (staining fo r  lipid with Sudan 
/31ack t3). 

Fig. 3. Immtmodiffusion in aga r  aga ins t  a n t i s e r u m  to the LPPC:  1) an t i se rum;  2) LPPC; 3) 
B-l;" 4) B-2; 5) B-3; 6) LPS-3.  

The ca rbohydra t e  and l ipid composi t ions  of prote in  f rac t ions  B-2 and B-3 were  different .  Under the con -  
ditions of  e l ec t rophores i s ,  no ca rbohydra t e  component  was detected in f ract ion B-2,  while B-3,was found to c o n -  
tain a ca rbohydra t e  component  coinciding in mobi l i ty  with PP-IV (Fig. 2g). Analysis  o f  the monosaccha r ide  c o m -  
posit ion showed that  f rac t ion  B-3 contained: pa ra to se ,  fucose ,  mannose ,  g lucose ,  ga lac tose ,  a hep tose ,  and g lu -  
c o s a m i n e ,  i .e . ,  the whole se t  of monosaeeha r ide s  that  a r e  c h a r a c t e r i s t i c  for  LPPCs .  At the s a m e  t ime ,  only a 
v e r y  smal l  amount  of g lucosamine  was found in f rac t ion  B-2. 

It  was  shown by d l ec t rophores i s  that  both pro te in  f rac t ions  contained zones staining for  lipids, while in 
B-3  the re  was a zone coinciding in mobi l i ty  with PP-IV {Fig. 2b, d). f l -Hydroxybutyr ic  acid was detected by 
GLC in both f rac t ions ,  but in B-2  i t  was  p r e sen t  in only t r a c e  amounts .  

Thus,  f rac t ion  B-3 contained LPS and f rac t ion  B-2 p robab ly  included l ipid A o r  f r agmen t s  of it as  i m -  
pur i ty .  I t  may  be a s sumed  that  the d i f ferent  solubil i t ies  in phenol of f rac t ions  B-2 and B-3 a r e  due to the p r e s -  
ence of  the LPS component  in f rac t ion  B-3.  Examples  a r e  known in the l i t e r a tu r e  of the isolat ion of such c o m -  
plexes  of prote in  and LPS o r  f r agmen t s  of it. Thus ,  f r o m  the endotexin of E. coli by ex t rac t ion  with phenol 
Alaupovic [10] obtained "s imple  n and nconjugated" p ro te ins ,  and Morr i son  [11] obtained a prote in  assoc ia ted  
with a lipid. 

The isolat ion of the pro te in  f rac t ion  B-3 containing the LPS component  is evidence in favor  of the exis tence 
of f a i r ly  s t rong  bond between the LPS and the pro te in  in the LPPC ex t rac tab le  by butanol f r o m  Y. pseudotube r -  
cu los i s :  it is re ta ined  under  the conditions of  two s e v e r e  t r e a t m e n t s  with phenol and under  the conditions of 
e l ec t ropho re s i s  in the p r e s e n c e  of sodium dodecyl sulfate.  This is in h a r m o n y  with the r e su l t s  of Wu and Hit [12]. 

The pro te in  f rac t ions  B-2 and B-3 obtained w e r e  act ive  in the prec ip i ta t ion  reac t ion  with a n t i s e r u m  to the 
LPPC f r o m  Y. pseudotubercu los i s  (Fig. 3): B-2 gave  one precip i ta t ion  band while B-3,  l ike  the initial  L P P C ,  
f o rmed  two prec ip i ta t ion  l ines .  Since these  f rac t ions  d i f fered  f r o m  one another  by the p r e s e n c e  of the LPS c o m -  
ponent ,  i t  may  be a s s u m e d  that one of the prec ip i ta t ion  bands is connected with the LPC and the o the r  with the 
prote in .  However ,  addit ional  invest igat ions a r e  n e c e s s a r y  for  definit ive conclusions.  

EXPEBIMENTAL 

The pseudofubereulosis microbe Y. psdt. (1 B subtype, strain 2602) was grown and separated from the 
culture liquid by a method described previously [3]. 

Isolation of the Cell Walls. A I0 g0 Suspension of cells (250 ml) was broken down in a planetary mill at 
1000 rpm for I0 min (with an interval for cooling after 5 min). The mixture of cells and cell membranes was 
separated from the abrasive material (glass beads with a diameter of 150-200 ~m) by centrifuging at 2000 rpm 
for 5 min and it was then sonicated in a MSE-150 instrument for 30 sec. The resulting mixture was centrifuged, 
first at 5000 rpm for 7 rain and then at 5000 rpm for 13 min, to eliminate undisrupted cells. The cell walls were 
obtained by centrifuging at 20,000 g for i h. The precipitate was washed successively wif~h 1 M NaCI solution, 
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with physiological  solution th ree  t i m e s ,  and with wa te r  th ree  t imes ,  and was lyophil ized.  The pur i ty  of  the f r a c -  
tion of cel l  walls  was checked by e lec t ron  mic roscopy .  

Ext rac t ion  and Pur i f ica t ion  of the LPPC.  The mic rob ia l  m a s s  dr ied  with ace tone  (30 g) was ex t rac ted  
with the b u t a n o l - p h y s i o l o g i c a l  solution (1 :2 ,  v /v)  s y s t e m  and was f reed  f r o m  nuc lea r  acids  by gel  f i l t ra t ion  
on Sepharose  2B by a known method [6]. The pro te in  component  was obtained f r o m  240 m g  of  the lyophil ized 
LPPC (MS, 35.5%; p ro te in ,  30-9%; KDO, 2.4%). 

Isolat ion of the Pro te in  Component f r o m  the LPPC.  A__~. A solution of 100 mg of LPPC in 20 ml  of hot  
(65-68°C) wa te r  was t r ea t ed  with the s a m e  vo lume  of 90% phenol. Extract ion was c a r r i e d  out with s t i r r i ng  at  
65-68°C fo r  45 rain,  and then the reac t ion  mix tu r e  was cooled to 10°C and the aqueous and phenolic phases  we re  
s e p a r a t e d  by cent r i fuging a t  3000 rpm.  The aqueous phase  was used for  the isolat ion of the LPS. 

The phenol was e l iminated  f r o m  the phenolic phase  by exhaust ive  d ia lys is  aga ins t  d is t i l led  wa t e r ,  and the 
res idue  was lyophi l ized.  This gave  f rac t ion  B-1 with a y ie ld  of 33 nag. 

B. A solution of 33 mg  of B-1 in 6 ml  of hot  (65-68 °C) wa te r  was ex t rac ted  with phenol as  desc r ibed  in 
sect ion A for  30 rain. 

During the separa t ion  of the phases  (aqueous and phenolic) by centr i fuging,  a p rec ip i ta te  was obse rved  
to deposi t .  The phenolic phase  was again centr i fuged at  3000 r p m  for  20 rain, and the p rec ip i t a t e  was washed 
s e v e r a l  t imes  with ethanol and d r ied  in the a i r .  This gave f rac t ion  B-2 (protein, 72%; MS, not detected) .  Yield 
7.5 mg.  

The superna tan t  was t r ea t ed  with 9.5 vo lumes  of ethanol,  the mix tu re  was le f t  overnight  a t  - 1 0  °C, and the 
p rec ip i t a t e  that  had deposi ted was washed s e v e r a l  t imes  with ethanol and was dr ied  in the a i r .  This gave f r a c -  
tion B-3 (protein, 51.3%; MS, 19.7%). Yield 6.4 g. 

Analytical  Methods. Pro te in  was de t e rmined  by Lowry ' s  method [14]; in the c a s e  of insoluble pro te in  
f r ac t ions  the s a m p l e s  were  d i sso lved  in 0.1 N. NaOB. Monosacchar ides  were  de t e rmined  by the method of Du- 
bois et  al .  [ 15] and 2-ke to-3-deoxyoc ton ic  acid (KDO) as  de sc r ibed  p rev ious ly  [16]. 

To d e t e r m i n e  amino acid  compos i t ions ,  s amp le s  of prote in  f rac t ions  B-2 and B-3 (1 rag) w e r e  hydro lyzed  
with 6 N HC1 (1 ml) in sea led  tubes at 110 °C for  24 h. The hydro lysa te s  were  diluted with wa te r  and were  e x -  
t r a c t ed  th ree  t imes  with ch lo ro fo rm to e l imina te  fat ty  ac ids .  The ch lo ro fo rm ex t r ac t s  we re  washed with wa te r  
t h ree  t imes  to e l iminate  t r a c e s  of  amino acids .  The w a s h - w a t e r s  we re  combined with the hydro lysa t e  and were  
evapora ted  to d rynes s .  Amino acid ana lyses  we re  c a r r i e d  out on Bioeal 3201 and LKB ins t rumen t s .  

To d e t e r m i n e  fa t ty  acids  in the pro te in  f rac t ions  B-2 and B-3,  ch lo ro fo rm ex t r ac t s  of the hydro lysa t e s  of  
these  f rac t ions  w e r e  evapora ted  to d rynes s  and were  methyla ted  with an e therea l  solution of d iazomethane.  
The methyl  e s t e r s  of the fa t ty  acids  were  analyzed by GLC on a Pye -Unicam 104 ch romatograph  with a f l a m e -  
ionization de tec to r  (4.25% of QF-1  + 0.75~0 of SE-30 on Chromosorb  W, 100-200 mesh)  a t  175°C. 

The m o n o s a c c h a r i d e  composi t ion of f rac t ion  ]3-3 was de te rmined  by GLC of the ace ta tes  of the c o r r e -  
sponding polyols ,  using the above-men t ioned  s ta t ionary  phase  a t  175-215°C, 5 deg /min .  

E l ec t rophores i s  in po lyac ry l amide  gel (7.5 and 10%) in the p r e s e n c e  of sodium dodecyl sulfate  (NaDDS) 
was c a r r i e d  out in t r i s - b o r a t e  buf fe r ,  (pit 9.25; 0,1% NaDDS) a t  U = 120 V and I = 4 mA p e r  gel (column) for  
40 mill. Samples  of the pro te in  f rac t ions  were  d isso lved  in t r i s - b o r a t e  buffer  0 I t  9.25; t% of NaDDS) and heated 
in the boiling wa te r  bath for  10 rain. The ge ls  (columns) were  s ta ined with Coomass i e  Bri l l iant  Blue to indicate 
the pro te in  zones  [17], with the per iodic  a c i d - S c h i f f  reagent  to de tec t  the ca rbohydra t e  component  [17] #nd  with 
a sa tu ra ted  solution of Sudan Black B in 60% ethanol to indicate l ipids [18]. 

Immunological  Methods .  The immunological  p r o p e r t i e s  of B-2 and B-3 were  studied by double diffusion 
in a g a r  [19]. Af ter  double diffusion,  the p la tes  w e r e  washed with physiological  solution and then with wa te r  and 
they were  then dr ied  at  37°C and were  s ta ined with Coomass i e  Bri l l iant  Blue. In the immunological  r eac t ions  
we used rabbi t  a n t i s e r u m  to the LPPC obtained by a method desc r ibed  p rev ious ly  [20] .  

S U M M A B Y  

1. The pro te in  component  of the LPPC f r o m  Yers inia  pseudotubereu los i s  cons i s t s  of two components  with 
m o l e c u l a r  weights of 42,000-45,000 and 18,000-20,000. These  polypeptides have  been detected as  the main  
components  in the  cel l  wal l  of Y. psdt.  
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2. B e  protein fractions B-2 and B-3, differing in their solubilities in phenol, have been extracted from 
the LPPC of Y. pseudotuberculosis by extraction with ho~ 45% phenol. 

3. 2~ne identity of the polypeptide compositions o f  the two protein fractions have been shown. 

4. It has been established that B-3 contains an LPS and B-2 contains lipid A or fragments of it as im-  
purity. 

5. Fractions B-2 and B-3 precipitate with antiserum to the LPC of Y. pseudotuberculosis. 
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