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Pa ras i t i za t ion  by Salmonella Wphosa in macrophage  cul tures  leads to an initial i nc rease  in act ivi ty 
of the l y sosoma l  enzymes  cathepsin C and acid phosphatase,  followed by a dec r ea se  in this act ivi ty  and by 
des t ruc t ion  of the l y s o s o m e s .  Activi ty of the cy toplasmic  enzymes  of the macrophages  (a l ies te rase ,  l ipase ,  
l ipoprote in  l ipase ,  aminopept idases ,  a lkal ine phosphatase)  is reduced in the ea r ly  per igds  a f t e r  infection 
of the cul ture .  

Recent  findings [1-3, 4, 6] suggest  that the typhoid c a r r i e r  s tate  is based on paras i t i za t ion  of cel ls  
of the re t iculo-endothel ia l  s y s t e m  by the infecting agent, which is assoc ia ted ,  among other fac tors ,  with a 
d is turbance  of ce l lu tar  immunity.  It is thus impor tan t  to de te rmine  the pr inc ip les  governing the re la t ions  
between the infecting agent  and cei ls  of the re t iculo-endothel ia l  sy s t em.  

The object  of the p resen t  invest igat ion was to study the act ivi ty  of some hydrolyt ic  enzymes  of m a c r o -  
phages during in t race l lu la r  pa ras i t i za t ion  by SaImonella typhosa.  

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

Ti s sue  cul tures  of mac rophages  f rom the bone m a r r o w  of guinea pigs were  used. A p r i m a r y  explant 
cul ture was infected with S. typhosa in doses  of 100-200 mil l ion c e l l s / m l  medium No. 199 with the addition 
of 20% inact ivated and absorbed  bovine s e r u m .  Per iod ic  s tudies were  made of the act ivi ty of the l y sosoma l  
enzymes  cathepsin C and acid phosphatase ,  and also of enzymes  connected with the endoplasmic  ret iculum: 
a l i e s t e r a s e ,  l ipase ,  l enc ine-aminopept idase ,  and a lanine-aminopept ides .  

E X P E R I M E N T A L  R E S U L T S  

In uninfected cul tures  of mae rophages  the act ivi ty of the lysosomal  enzymes  (acid hydrolases)  rose  
signif icantly with an i nc rea se  in the per iod of cultivation f rom 1 to 6 days (Fig. J), whereas  the act ivi ty 
of the neutraI  hydro lases  (nonlysosomal enzymes)  gradual ly  felt .  

Marked changes in enzyme activi ty of the maerophages  took place in cul tures  of cel ls  infected with 
S. typhosa (Fig. 2). On the f i r s t  day a f t e r  the beginning of contact with the infecting agent, a dec rea se  in 
act ivi ty of the neutral  hydro lases  d is t r ibuted  throughout the cytoplasm took place.  This concerned p a r t i -  
cular ly  the amino pept idases ,  which {in any event the i r  act ivi ty in macrophages  is low) complete ly  ceased 
to be detectable  in the infected cel ls .  On the other  hand, the Iy sosoma l  enzymes  (cathepsin C and acid 
phosphatase)  became  act ivated on the f i r s t  or  second day a f te r  infection in mos t  cei ls ,  and this was a c -  
companied by the appearance  of jnxtanuclear  foci of br ight ly  stained, and apparent ly  sl ightly en la rged  
l y s o s o m e s  agains t  the background.  The distr ibution of these par t i c les  was unchanged a t  this per iod of 
the exper iment .  
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Fig. I. Moderate activity of cathepsin C in unin- 
fected cells after cultivation for three days: 
enzyme distributed as poorly distinguishable 
granules (lysosomes) near the nucleus. Pearse's 
reac t ion ,  280• 

Fig. 2. Multiplication of S. typhosa in macrophages. 
Giemsa - Romanovsky, 280• 

In the later periods after infection, and in some 
ceils which contained a large number of bacteria as 

early as the first or second day of the experiment, 
a further decrease in intensity of the reactions for 
neutral hydrolases occurred throughout the cyto- 

plasm, and also of reactions for cathepsin C and acid 
phosphatase in the juxtanuclear focus. Meanwhile a 
distinctive picture was observed: the penetration of 
lysosomes, increased in number and size, beyond 
the boundaries  of the juxtanuclear  focus into the 
adjacent  cy toplasmic  zone. The br ight ly  s ta ined 
l y s o s o m e s  stood out c Iea r ly  against  the unstained 
background of the cytoplasm (Fig. 3). 

The number  of l y s o s o m e s  remain ing  within the 
juxtanuclear  focus was reduced,  but the i r  s ta ining 
p rope r t i e s  in reac t ions  for  acid hydro lases  were  
unchanged. 

When degenerat ion of the mae rophages  was f a r  
advanced, as shown by the fact  that  they were  packed 
with bac t e r i a l  cel ls ,  which was usual ly  obse rved  in 
the late per iods  a f te r  infection (4th-5th days) a 
further decrease in intensity of the reaction for acid 
hydrolases could be seen in the juxtanuclear zone, 
with the almost complete absence of reactions for 

aliesterase throughout the cytoplasm. A further 
migration of lysosomes, detected by their reactions 
for acid phosphatase and cathepsin C, could be ob- 
served. They had almost completely left the juxta- 
nuclear zone and were now in the middle and outer 
zones of the cell where vacuolation was taking place, 
and they had also penetrated into the vacuolated 
processes. It is interesting to note that the reaction 
for acid hydrolases in these parts of the ceil, and 
consequently the intensity of staining of the lysosomes, 
were not reduced. Neither aliesterase nor acid 
hydrolases could be found in the dying cells, which 
were predominant in the latest periods after infection 

(4th-7th day). Lysosomes with indistinct outlines, weakly stained by the reaction for eathepsin C, could be 
observed only in the outermost, vacuolated part of the cytoplasm and in the processes; it was as if the lyso- 
somes had melted. The reaction for acid phosphatase in such cells was negative, evidently because of the 
lower sensitivity of this reaction. Hence, at this period of the experiment, the final stage of activity of the 
lysosomes could be observed as phagocytosis of the bacteria was carried out by the cells: their transition 
into an outer zone of cytoplasm packed with bacteria and, evidently, the lysis of these organelles, discharg- 
ing their enzymes onto the phagoeytosed objects [9, 13]. Destruction of the lysosomes was probably caused 
by the endotoxin of S. typhosa, which is capable of dissolving the lysosome membranes [11]. It is interesting 
to note that a similar pattern of behavior of lysosomes has been observed by other workers, both during 
cultivation of uninfected macrophages and after introduction of various bacterial lipopolysaceharides and 
viruses into the medium [7, 8, 10, 12]. 

A similar sequence of enzyme changes was also observed in the cells after introduction of an anti- 
serum into the system or when the ceils used were taken from immune animals. The only differences ob- 
served were quantitative, an increase or decrease in the rate of changes in the lysosomes. In the presence 
of antiserum, for instance, presumably because of stimulation of phagocytic activity [5], in some cases the 
microorganisms accumulated more rapidly in the ceils, the activity of the neutral hydrolases fell sooner, 
and pictures of lysosome destruction and massive death of the cells appeared 2-3 days after infection. 
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Fig. 3. Macrophages infected with S. typhosa (period of cul t i -  
vation 3 days): penetrat ion of lysosomal  granules can be seen 
into outer ,  vacuolated par t  of cell (upper cell) and p rogress ive  
dec rease  in activity of lysosomal  enzymes with disappearance 
of pat tern  of lysosomes  (flower cell).  P e a r s e ' s  react ion for  
cathepsin C, 280• 

The picture  was different  when immune cells were  paras i t ized  by the microorgan isms .  Despite the 
fact  that phagocytosis  was just as intensive as in the control,  the activity of the lysosomal  enzymes p e r -  
s is ted r a the r  longer  than in infected macrophages  f rom nonimmune animals .  These di f ferences  did not 
apply to the endoplasmic enzymes (neutral hydrolases) ,  whose activity fell  just as rapidly as in the control .  
Frequent ly ,  against the background of marked  degenerat ion and vacuolation of the macrophages ,  accompanied 
by intensive multiplication of bac ter ia  in the cells and by complete absence of a reac t ion  for  neutral  hydro-  
l a ses ,  br ight ly stained (reactions for  acid hydrolases)  lysosomes could sti l l  be seen in the outermost  par t  
of the cytoplasm and in the cell p roces se s .  
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