
INTRAVITAL LUMINESCENCE-SEROLOGIC STUDY OF 

INTRACELLULAR PROCESSES DURING PHAGOCYTOSIS 

OF BRUCELLAS BY MACROPHAGES 

M. Ya. Korn and L. P, Shuvalov UDC 612.112.3:576,851.42 

The ingestion of a heterologous b r u c e l l a r  luminescen t  an t i s e rum by cul tures  of mac rophages  
f r o m  intact  and immune guinea pigs and its accumulat ion in the cy top lasmic  granules  (second-  
a r y  lysosomes)  and i ts  en t ry  into phagocytic  vacuoles  (phagosomes) were  studied.  The ac -  

c u m u l a t i o n  of an t i s e rum in the phagosomes  was judged f rom the appearance  of specif ic  
luminescence  of the phagocytosed b ruce l l a s .  Accumulat ion of luminescen t  an t igen -an t ibody  
complex  in the cy top lasmic  granules  also was inves t igated at var ious  t ime in te rva ls  a f te r  
phagocytosis  of b ruce l l as  t r ea ted  with b r u c e l l a r  luminescen t  s e r u m .  No difference was 
found between mac rophages  f r o m  intact  and immune animals  as r ega rd s  the c h a r a c t e r  of 
pinocytosis  of the luminescen t  s e r a .  Dif ferences  between macrophages  were  found in the ra te  
of passage  of the an t i s e r a  f r o m  the l y sosomes  into the phagosomes  and the ra te  of format ion  
of luminescen t  g ranules  a f t e r  phagocytes is  of b ruceUas  t r ea t ed  with luminescent  an t i s e rum.  
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Recent  invest igat ions [7, 9-11] have shown di f fe rences  between immune and n o r m a l  mac rophages .  
However ,  it is not fully c l e a r  whether  the d i f fe rences  depend on changes in the cei ls  t hemse lves  or  whether  
they a re  connected with cytophil ic and pinocytotic antibodies f rom the surrounding med ium.  The poss ibi l i ty  
of p inocytosis  of immunoglobulins  by mac rophages  and the i r  in t race l lu la r  in terac t ion  with phagocytosed 
antigens were  demons t ra t ed  by  Chakhava and Tsa t senkina  [6]. Gill and Cole [8], by in t ravi ta l  observa t ions  
of phagocytosis  of s t r ep tococc i  t r ea t ed  with luminescent  antibodies found that  the luminescent  complex  a c -  
cumuIa tes  in vacuoles  of the m a c r o p h a g e s .  By use of a technique of color  l uminescence -phase  con t r a s t  
mic ro f i lming  f rom the sc reen  of an e l ec t ron -op t i ca l  in tens i f ier  [1, 2], it was found that  a f ter  absorpt ion of 
m i c r o o r g a n i s m s  (STI anthrax vaccine) t r ea t ed  with luminescent  s e r u m  b y m a c r o p h a g e s ,  luminescen t  
g ranules  appear  in the cy top la sm of the m a c r o p h a g e s .  

TABLE 1. In t r ace l lu l a r  Reaction of 
Luminescen t  Bruce l l a r  Se rum with Phago-  
cy tosed  Spheroplas ts  (M • m) 

Group of 
guinea pigs 

Normal 
Immunized 
P 

No. of macrophages 

: ~ with cyto- luminescence 
I ~ ~ I plasmic Iof sphero- 

~ lasts 

84,1~3,6 ] 15,9~3,6 
60,3~4,8 [ 39,7-'-4,8 

~0,01 I <0,0 [ 

In the p re sen t  invest igat ion,  b r u c e l l a r  infection was 
used as the model  to s tudy the dynamics  of absorp t ion  of 
speci f ic  luminescent  immune  s e r a  by the macrophages  of 
intact  and immune animals  and a lso  the pa s sage  of pino-  
cytosed antibodies f rom pinocytotic vacuoles  into phago-  
somes  containing the phagocytosed antigen, and the fate 
of the luminescen t  an t i gen -an t i body  complex  a f t e r  phago-  
cytos is  of bruce l las  t r ea t ed  with luminescen t  s e r u m .  

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

Exper imen t s  were  c a r r i e d  out with cul tures  of 
per i tonea l  macrophages  obtained in the usual  manne r  f rom 
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Fig .  1. Pinocytos ls  of luminescen t  ant i -  
b r u c e l l a r  s e r u m  by mac rophage .  
Br ight ly  luminescen t  cy toplasmic  g r a n -  
u les .  Here  and in Fig.  2 : M L - 2  m i c r o -  
scope,  object ive 90 • (oil i m m e r s i o n ) ,  
ocular  hemal  3 •  

9 intact  and 8 immunized guinea pigs.  Immunizat ion was c a r -  
r ied out by a single dose of 2 billion bac t e r i a l  cel ls  o f  the 
vaccine s t r a i n  Bruce l l a  abortus BA 19. 

Per i tonea l  macrophages  a f te r  cul ture  for  3-5 days - 
were  incubated with rabbi t  an t ib ruce l la r  s e r u m  labeled with 
f luoresce in  isothiocyanate .  Fo r  this purpose ,  0.2 ml  of s e r u m  
in a dilution of 1 : 10 was added to tubes containing the ce l l s .  
After  incubation for  2 h at 37~ the macrophages  were  
washed with medium No. 199 to r emove  the excess  of ant i -  
s e r u m  and infected with spherop las t s  obtained f rom Br_._. 
abor tus ,  s t r a in  870, biotype 6, by the method of Os t rovskaya  
and Tolmacheva  [5] at the r a t e  of 10 bruce l las  pe r  cel l .  

Exper iments  also were  c a r r i e d  out in which a cul ture  
of macrophages  was incubated with spherop las t s  t r ea ted  with 
luminescent  an t i se rum.  Af ter  washing to r emove  the excess  

of an t i s e rum , antibodies bound with b ruce l l a r  antigen remained  on the su r f ace  of the bac t e r i a .  These cel ls  
could be r ega rded  as an ant igen-ant ibody complex  that  does not d i ssoc ia te  in the f i r s t  s tages  of in t race l lu la r  
digest ion [8]. 

Fig.  2. Change in c h a r a c t e r  of luminescence  of b r u c e l l a r  spherop las t s  
when phagocytosed by a macrophage  a f te r  p r e l i m i n a r y  pinocytosis  of 
luminescent  an t ib ruce l la r  s e r u m :  a) 30 min a f te r  phagocytos is .  N u m e r -  
ous br ight  cy top lasmic  granules  surrounding sphe rop l a s t s .  Weak 
luminescence  of spherop las t s ;  b) 2 h af ter  phagocytos is .  Reduction 
in number  of cy top lasmic  granules and inc rease  in luminescene  of 
s pheroplas  t s .  

TABLE 2. Dynamics of Behavior  of Bruce l l a r  Ant igen-Ant ibody  C o m -  
plex in Culture  of Pe r i tonea l  Macrophages of Immune and Intact  Guinea 
Pigs (0~ of mac rophages ,  M • m) 

Group of guinea pigs 

Normal 
Immunized 
P 

No. of 
animals 

Time of investigation 
lh 

Lc 

76,8• 
81,4~ 7,8 
>o,o5 

L c - Lg Lg 

23,2+9,3 0 
18,6• 
>0,05 

3h 

Lc  

69,4+4,6 
40,9• 

<0,05 

• Tiie of investigation 
Group of o~  s h ' . 24 h 

guinea pigs Lc-Lg Lg Lc I L c -  Lg �9 Lg 

1 Normal 9 29,3~4,4 1,3~1,3 22,8-----6,1 50,9+7,5 26,3-----4,3 
Immunized 54,2• 4,9• 6,8-----5,2 19,6-----7,4 73,6~11,6 
p <0,05 >0,05 >0,05 <0,01 <0,01 

Note: L c) luminescence  of complex;  L c - L g  ) luminescence  of  c o m -  
plex and granules ;  Lg) luminescence  of g ranu les .  

168 



The p repa ra t ions  were  studied in the ML-2 luminescence  m i c r o s c o p e  1, 3, and 24 h af ter  contact  of 
the cel ls  with the phagocytosed object .  Covers l ips  with the cel ls  underneath  were  placed on s l ides .  The 
cap i l l a ry  space  between the cove r s l i p  and the s l ide  was filled with medium No. 199 without s e r u m .  

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

After  incubation of the cul ture  of macrophages  with luminescen t  an t ib ruce l l a r  s e r u m  about 35% of 
the cel ls  contained pinocytosed pro te in  which, under  high power ,  appeared  as br ight  g reen  pinpoint granules  
in the pe r inuc l ea r  zone (Fig. 1). 

When pinocytosis  was a s s e s s e d  f r o m  the number  of act ive macrophages  and intensi ty  of luminescence  
of the granules  no di f ferences  were  found in the exper imen ta l  and control  g roups .  

On subsequent  incubation of macrophages  for  2 h with sphe rep la s t s ,  phagocytosis  and speci f ic  
luminescence  of the phagocytosed bac t e r i a l  ce l l s  were  obse rved  (Fig. 2a, b). Simultaneously with an in-  
c r e a s e  in the number  of luminescen t  spherop las t s  and in the intensi ty  of the i r  luminescence ,  the lumin-  
escence  of the cy top lasmic  granules  gradual ly  weakened.  This p rocess  took place m o r e  rapidly  in m a c r o -  
phages f r o m  immunized  animals  (Table 1). 

In the exper iments  of s e r i e s  II the in t r ace l lu la r  behavior  of the phagocytosed b r u c e l l a r  a n t i g e n -  
antibody complex  in macrophages  f r o m  n o r m a l  and immunized  animals  was s tudied.  

On incubation of a cell  cul ture  with sphe rop las t s  t r ea t ed  with luminescent  an t i s e rum the following 
findings were  obse rved .  Af ter  incubation for  1 h, the macrophages  contained main ly  only spherop las t s  
luminescent  at the per iphery ,  and only in a sma l l  pe rcen tage  of macrophages  were  cy top lasmic  granules  
found a lso .  After  3 h, the number  of cel ls  containing both luminescen t  bac t e r i a  and granules  inc reased ,  At 
the s a m e  t ime,  macrophages  with a s ha rp l y  reduced intensi ty  of luminescence  of phagocytosed bac t e r i a l  
ce l ls  and with br ight  luminescence  of the cy top lasmic  granules  was noted. By 24 h, the percen tage  of these 
mac rophages  had inc reased  cons ide rab ly .  This p roces s  took place pa r t i cu l a r ly  intens ively in a cul ture  of 
cel ls  f r o m  immunized  animals  (Table 2). 

The resu l t s  a re  c l e a r  evidence that  heterologous speci f ic  luminescent  an t i s e rum undergoes  act ive 
pinocytosis  by no rma l  and immune macrophages  ; immunizat ion has no effect  on the r a t e  of pinocytosis  o r  
on the c h a r a c t e r  of dis t r ibut ion of the ingested prote in ,  which accumulates  in the cy top lasm as granules  
cor responding  in s ize  and location to secondary  l y s o s o m e s ,  containing both luminescen t  pro te in  and 
enzymes .  The pas sage  of luminescen t  antibodies f r o m  these  l y s o s o m e s  into a phagosome containing 
phagocytosed antigen d i scovered  in this inves t igat ion and the d i f ferences  between macrophages  f r o m  intact  
and immune animals  a re  in te res t ing  f rom this point of view.  

The use  of luminescence  m i c r o s c o p y  and p h a s e - c o n t r a s t  m i c r o s c o p y  with i l lumination f r o m  the s ide 
showed that sphe rop las t s  adsorbed  on macrophages  a r e  not luminescent ;  this is evidence of the absence  of 
luminescen t  antibodies in the sur rounding  medium and on the su r f ace  of the mac rophages .  

A previous  invest igat ion showed [3] that  a luminescen t  complex  containing acr idine  orange,  poss ib ly  
a complex  of acr id ine  orange with RNA [4], also passes  f r o m  seconda ry  ly sosomes  into phagosomes .  This 
indicates that  the function of the l y sosomes  in the phagocytic cel l  is not l imi ted to the in t race l lu la r  d iges -  
tion of the phagocytosed antigen. 

Dif ferences  between macrophages  of intact  and immune animals  as r ega rds  the r a t e  of des t ruc t ion  
of phagocytosed sphe rop las t s  containing luminescen t  ant igen-ant ibody complex  on the i r  su r f ace  also were  
found, and luminescen t  granules  which, on the bas is  of the i r  morphology and a r r angemen t ,  c a r  be c l a s s ed  
as s econda ry  l y s o s o m e s ,  appeared  in the cy top la sm.  However ,  the mechan i sm of the p a s s a g e  of the 
luminescent  complex f rom l y s o s o m e s  into phagosomes  r equ i re s  fur ther  s tudy.  
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