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The behavior of bacter ia  of the genus Pro teus ,  differing in a number of features of patho- 
genicity was studied in a culture of chick embryonic  f ibroblasts .  The ability to produce 
lysis  of rabbi t ' s ,  sheep ' s ,  and human e ry th rocy tes  and the ability to produce hyaluronidase 
and proteolyt ic  enzymes  were f i r s t  studied for all the s t rains  selected. Ability to behave 
as in t raeel lular  paras i tes  was most  marked among the Proteus mirabi l is  group, which 
possessed  all the features  studied. The Proteus  vulgar is  group, with s imi la r  proper t ies ,  
exer ted  a cytopathogenic action without penetrat ing into the cell. Other bacteria  of the 
Proteus  genus, which did not possess  all the features  indicated, had no cytopathogenic 
action on the culture of chick embryonic  f ibroblasts .  

The role of bacter ia  of the genus Proteus  in human pyogenic infections is accepted by many author-  
ities [6, 7, 11]. However, no c r i te r ia  have yet  been establ ished which would enable the independent role 
of Proteus  in a pathological p rocess  to be co r rec t ly  assessed ,  and the pathogenesis of infection by the o r -  
ganisms of this group has not yet  been adequately studied. 

Investigations by other workers  [5, 9, 10] have demonstra ted the possibili ty of differentiation of patho- 
genic and nonpathogenic bacter ia  in human and animal tissue cul tures ,  and evidence of the ability of virulent  
bacter ia  to behave as in t racel lular  paras i t es  has also been obtained [2, 3, 13, 15-17]. 

Since there are few publications devoted to the behavior of bacter ia  of the genus Proteus in tissue 
culture [1, 11], it was decided to investigate the connection between the group of proper t ies  of these o rga-  
nisms which can be in terpre ted  as c r i t e r i a  of their pathogenicity (hemolysins, proteolytic enzymes,  hy-  
aluronid~se) and the cha rac te r  of interaction with a culture of chick embryonic  f ibroblasts .  

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

Altogether 28 s t ra ins  of Proteus  were studied. For  each strain,  the biochemical  species (P. m i r a -  
bills or P. vulgaris)  was determined on t h e b a s i s  of fermentat ion of sugars  and indole production f r o m p r o -  
tein, hemolytic activity was studied against  rabbi t ' s ,  sheep 's  and human e ry throcy tes  by Matus is ' s  method 
[6], and the production and degree of activity of proteolytic enzymes were studied by the method of Gubarev 
and Zastavnaya [4] and of hyaluronidase by Smirnova ' s  [8] modification of McLean 's  method. 

The cul tures were subdivided into three groups:  1) 10 s t ra ins  of P. mirabi l is  possess ing the whole 
ser ies  of proper t ies  studied; 2) 10 s t rains  of P. vulgar is  with the same proper t ies  in vi t ro;  3) a control 
group of 8 s t rains  of P. mirabi l is  and P. vulgar is  with none of the above-mentioned features .  

A p r ima r y  t rypsinized culture of chick embryonic  f ibroblasts  was obtained by the usual method and 
grown on cover  slips in tes t  tubes in medium without antibiotics. A 24-h culture of Proteus  in a dose of 
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Fig. 1. Control (uninfected culture of 
chick embryonic  f ibroblasts  (a) and a cul-  
ture 6 h af ter  infection with Proteus  of 
group 1 (b). Romanowsky-Gtemsa ,  350• 

Fig. 2 Fig. 3 

Fig. 2. Culture of chick embryonic  f ibroblasts  two days after  infection with Proteus of group 2. 
Romanowsky-Giemsa,  200 x. 

Fig. 3. Culture of chick embryonic  f ibroblasts  two days after  infection with Proteus of group 3. 
Romanowsky-  Gie msa,  350 • 

100,000 bacter ia l  cells was used for infection. At var ious  t imes af ter  infection (3, 6, and 12 h, 1, 2, and 
4 days) the specimens were washed, fixed, stained by the R o m a n o w s k y - G i e m s a  method, and photographed. 
Uninfected tissue cultures were studied simultaneously.  Altogether 434 tubes containing a culture of chick 
embryonic  f ibroblasts  were used in the exper iments .  
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E X P E R I M E N T A L  R E S U L T S  

The uninfected t issue cul tures  re ta ined  their  normal  cell  s t ruc ture  and the i r  abili ty to p ro l i fe ra te  
throughout the per iod  of obse rva t ion  (Fig. la ) .  

All the s t r a ins  of group 1 were  able to behave as in t race l lu la r  p a r a s i t e s  in the chick embryonic  f ib ro -  
b las t s .  Within 3 h a f t e r  infection, m i c r o o r g a n i s m s  had pene t ra ted  inside the cel ls  and s ta r t ed  to p ro l i f -  
e r a t e  there .  After  6 h, cytopathic changes  began to appea r  in the cel ls :  the cy toplasmic  p r o c e s s e s  were  
des t royed ,  the nuclei became round in shape,  and underwent pycnosis ,  bac te r i a l  cel ls  were  v is ib le  in the 
cy toplasm,  and their  m a r k e d  p o l y m o r p h i s m  with the p resence  of giant  f o r m s  demons t ra ted  that they were  
reproducing  (Fig. lb).  Death of the t i ssue cul ture was complete  a f te r  1-2 days. Remnants  of nuclei against  
the background of cy top lasm packed with bac t e r i a  could be seen  in the spec imens .  

Among the s t r a ins  of group 2 Pro teus  only two were  found to behave as in t race l lu la r  p a r a c y t e s ,  and 
their  behavior  in the t i ssue cul ture was s i m i l a r  to that of group 1. The remain ing  s t ra ins ,  although unable 
to ex i s t  in t raceUular ly ,  neve r the l e s s  had ef fec ts  on the chick embryonic  f ib rob las t s .  These s t ra ins  mod-  
ified the t issue cul ture ce l l s  f r o m  outside without penet ra t ing  into them, and at  l a t e r  per iods .  Toward the 
end of the per iod of observa t ion  they gave r i se  to a focal pathogenic effect ,  among a r e a s  of intact  t i ssue 
(Fig. 2). 

The s t r a ins  of group 3 of P ro teus  not only had no eytopathic act ion on the culture of chick embryon ic  
f ib rob las t s ,  but they themse lves  died on contact  with it. The cel ls  infected with these s t ra ins  were  e s s e n -  
t ially indist inguishable f r o m  uninfected t issue cul tures  throughout the per iod of observa t ion  (Fig. 3). 

Bac te r i a  of the genus P ro teus ,  like other  bac t e r i a  of the En te robac te r i aceae  family  [12, 14, 17] ,were  
thus shown to be capable of behaving as in t race l lu la r  pa racy te s  in chick embryon ic  f ibroblas t s .  This p rop-  
e r t y  was mos t  m a r k e d  in the case  of P. m i r ab i l i s ,  which p o s s e s s e s  hemolyt ic ,  hyaluronidase ,  and p ro t eo -  
lyt ic  p rope r t i e s .  The ability of P. vu lga r i s ,  with the same  p rope r t i e s ,  to propagate  in t race l lu la r ly  is l i m -  
ited, but these o r g a n i s m s  e x e r t  the i r  cytopathic action on the t issue culture f r o m  outside.  Strains of P r o -  
teus without this s e r i e s  of c h a r a c t e r i s t i c s  can be r ega rded  as nonpathogenic in the i r  action on t issue cul-  
t a r e s .  

The d i f fe rences  in the behavior  of the Pro teus  s t ra ins  with identical  p rope r t i e s  in v i t ro  suggests  that 
this s e r i e s  of f ea tu re s  of pathogenici ty  is not confined to the p rope r t i e s  which were  studied in this case ,  
and that abil i ty to behave as in t r ace l lu la r  p a r a s i t e s  is de te rmined  by unknown fac to r s  which, in the case 
of P. m i r ab i l i s ,  a re  as a rule encountered  in conjunction with the c h a r a c t e r i s t i c s  studied in these e x p e r i -  
ments .  In addition, the r e s u l t s  a re  evidence of the mult ipl ic i ty  of pathogenicity fac to r s  among bac t e r i a  
of the genus Pro teus .  
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