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A method of quantitative determination of the activity of ant i lysosomal s e ra  based on their 
action on the red cytoplasmic granules (lysosomes) of albino mouse macrophages  f luoro-  
chromed intravital ly with acridine orange is proposed.  On contact between 4- to 5-day 
cul tures of macrophages  f luorochromed with acridine orange and ant i lysosomal se ra  in the 
presence  of complement  f rom macrophage cytoplasm the red  granules were shown to dis-  
appear and the morphology and luminescence of the nuclei are changed. Similar  changes 
are  observed if contact between macrophages  and ant isera  takes place before f luorochrom-  
ing with acridine orange.  Disappearance of the granules does not take place through con-  
tact between macrophages  with normal  rabbit  se rum in the presence  of complement  or  con- 
tact  with ant i lysosomal  s e ra  in the absence of complement .  The rat io between the numbers 
of normal  and changed cells depends on the dilution of the se ra  and can act as a quantita- 
tive cr i ter ion for assess ing  activity of the se rum.  

Data published in recent  yea r s  indicate that the charac te r i s t i c s  of the membranes  and enzyme s y s -  
tems of the macrophagal  lysosomes  may play an important  role in the natural  res is tance  of the body and in 
the initial s tages of antibody formatien [5, 6, 9, 10]. To study the role of lysosomes in these p rocesses ,  
ant isera  against whole lysosomes  and their  components are used. Activity of anti lysosomal se ra  is usual -  
ly determined by the use of various serological  reactions [1, 12, 15, 16], including l uminescence - se ro -  
logical tests  [13]. However, these methods of est imating the activity of anti lysosomal s e ra  are  indirect; 
they cannot be used to judge the cha rac te r  of action of these se ra  on the lysosomes of living cells,  nor  can 
they be used for the quantitative evaluation of that action. 

The action of ant i lysosomal  se rum is judged on the basis of the cytochemical  reaction for acid phos-  
phatase [16]. However, this method is complicated and is not quantitative. When the cytotoxic action of 
ant i lysosomal s e ra  is determined on polymorphs and other cells by phase-cont ras t  microscopy  [12, 16], 
besides lysosomes  other in t racel lular  s t ruc tures  are detected and the cytotoxic action may not depend only 
on ant i lysosomal  activity.  Determination of the activity of ant i lysosomal s e ra  by their  granulolytic action 
on isolated l iver  lysosomes  and polymorphs requires  a complex procedure  of isolation of the lysosomal  
fraction and biochemical  determination of the enzymes,  and it cannot shed light on the charac te r  of their  
action on the living cell  [12, 14]. 

The object of this investigation was to develop a technique which can be used to est imate the activity 
of ant i lysosomal  se ra  by their  action on the membrane  and function of lysosomes in the living cell.  

For  this purpose a culture of albino mouse peri toneal  macrophages ,  f luorochromed intravitally with 
acridine orange (AO), was used, fo runder  those conditions red cytoplasmic granules (RCG) which, as some 
authors have shown [2, 8], are lysosomes  can be observed in the cel ls .  
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Fig.  1. F luorochromed macrophages .  Left, not t reated with ant isera :  red cytoplasmic granules can 
be seen; right, t reated with ant imembrane serum;  red cytoplasmic granules absent. ML-2 luminesc-  
ence microscope ,  objective 90 • (MI), Homal 3 x .  

EXPERIMENTAL METHOD 

To obtain antisera, various subcellular fractions of spleen ceils from mice of the A strain were in- 
jected at weekly intervals intramuscularly into rabbits three times with Freund's complete adjuvant in the 
following mean quantities per injection: lysosomes I0 mg protein, lysosomal enzymes 20 Ing protein, lyso- 
somal membranes 30 mg protein, microsomes 25 mg protein, pH 5-enzymes 45 mg protein. Protein was 
determined by Lowry's method. The serum was obtained on the 10th day after the third injection of antigen 
and was heated to 56~ for 30 rain. 

Subcellular fractions were obtained from spleen cell homogenates by differential eentrifugation; lyso- 
somes by the method of Weissmann and Thomas [18] and pH 5-enzymes and microsomes as described pre- 
viously [7]. 

Per i toneal  macrophages  were obtained from unstimutated albino mice by washing out the peri toneal  
cavity with cold Hanks,s solution containing heparin (5 un i t s /m l ) .  The suspension of cells  (2 �9 106) in a 
volume of 2 ml was poured into tes t  tubes with covers l ips  and incubated for 1 h at 37~ to produce a t tach-  
ment of the cells,  after  which those remaining unattached to the glass  were washed off with medium No. 199 
containing 10% inactivated bovine se rum (BS). The culture was incubated in the same medium. 

The macrophages  were f luorochromed intravitally with AO by the method used by Korn and Gr igor ' eva  
[3, 4]: a solution of AO was added to the culture of macrophages  to a final concentration of 2 ~ g / m l  and the 
culture was then incubated for 30 rain at 37~ It was then washed twice with the same medium without AO 
and allowed to stand in that medium for 18 h at 37~ 

The cells were then t rea ted  with ant isera  and examined in the ML-2 luminescence microscope .  

In some experiments  the cul tures were f luorochromed ~oy the same method but without washing for 
18 h) af ter  t rea tment  with ant isera .  

A cul ture (3-4 days) of albino mouse peritoneal macrophages  (on coversl ips)  was incubated for a c e r -  
tain t ime (2-3 h at 37~ with various dilutions of ant i lysosomal se rum which had been heated to 56~ for 
30 rain with the addition of previously t i t rated guinea pig complement,  usually in a dilution of 1 : 10 (standard 
lyophilized complement) .  Incubation was ca r r i ed  out in medium No. 199 with 10% BS. The control  consisted 
of f luorochromed macrophages :  1) not t reated with ant isera,  but with the addition of complement,  2) with 
the addition of normal  rabbit  s e rum (NRS) and complement,  and 3) with the addition of ant iserum but without 
complement .  

After  incubation the macrophage cul tures on the covers l ips  were washed off three t imes  with medium 
No. 199 containing 10% BS. Theywere  placed with the cells  underneath on a slide, leaving a capi l lary  space 
filled with medium No. 199, and they were then examined in the ML-2 luminescence microscope .  
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Fig. 2. Number of macrophages  
without RCG as a function of dilu- 
tion of ant i lysosomal  se rum.  
Abscissa ,  dilutions of an t imem-  
brane serum; ordinate,  percent -  
age of macrophages  without RCG. 

TABLE 1. Percen tage  of Macro -  
phages Not Containing RCG after 
Contact with Different Dilutions 
of Ant i lysosomal  Antimembrane 
Serum 

Samples 

Con~ol: without antiserum, 
but with complement 

with NRS and complement 
with antiserum, without comple- 

ITlent 

Ceils 
wi thout  
RCG 

Experiment: dilutions of anti- 
membrane serum: 

1:16 
[ :32 
1:64 
1:128 

100 
100 
75 
35 

0 

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

Examination of the control  preparat ions under high power (ob- 
jective 90, ocular  7) of the luminescence microscope  revealed cells  
with typical morphology, with a dull green nucleus, br ighter  lumi-  
nescentnucleol i ,  andpalely luminescent green cytoplasm, filled with 
bright red cytosplasmic granules chiefly in the per inuclear  region 
(Fig. 1A). The chief distinguishing feature of cells incubated with 
ant iserum against lysosomal  membranes  in the presence  of comple-  
ment was absence of these RCG in their cytoplasm (Fig. 1B). Be-  
sides these changed cells,  normal  cells  indistinguishable f rom the 
control  could also be found in the prepara t ions .  These resul ts  were 
observed in preparat ions t reated with ant isera  both before and after 
f luorochroming.  The ratio between the numbers  of the two types of 
cells depended on the dilution of ant iserum (Table 1). Cells contain- 
ing RCG (red) and cells not containing RCG (green) could be counted 
under the low power of the microscope  (objective 10, ocular 7). 

It is best  to take the dilution at which the number  of cells with- 
out RCG was 5070 as the t i ter  of the se rum.  This dilution can be de-  
termined from the calibration curve (Fig. 2). 

Similar  resul ts  were obtained when the activity of ant isera  
against whole lysosomes and lysosomal  enzymes was determined.  
The changes in morphology and luminescence differed somewhat af ter  
t rea tment  with ant isera  against the other subcellular  fract ions,  viz., 
pH 5-enzymes and mic rosomes :  pink luminescence of the cytoplasm 
and sol i tary  yellow and green granules were observed.  The partial  
granulolytic action of these se ra  on the RCG could be the resul t  of 
their  containing antibodies against antigens common to lysosomes .  

The conclusion to be drawn f rom these resul ts  is probably that 
ant i lysosomal  s e ra  have a specific lyric action on the lysosomal  m e m -  
brane, which was observed only in the presence  of complement,  thus 
indicating the immunological cha rac te r  of the reaction [13, 14]. Mean- 
while this is additional proof of the lysosolnal  nature of the RC G in 
the maerophages .  Changes in the morphology and charac te r  of 

luminescence of the macrophagal  nuclei are  evidently secondary and take place through the influence of en- 
zymes l iberated by lysis  of the lysosomal  membranes .  

The arguments  contained in the paper by Weiss [17] on the possibil i ty of an indirect  action of ant i lyso-  
somal  se ra  are based on observat ions that these se ra  have no lyric action on lysosomes isolated f rom the 
cell .  However, the work of Trouet  [13], Tulkens et al. [14], and Quie [12] has shown that ant i lysosomal se ra  
possess  such a lytic action, The s tatement  that antibodies against endoplasmic ret iculum are active is also 
unconvincing in view of the d iscovery  [13] that the endoplasmic ret iculum and lysosomal  membrane  have 
common antigens. 

Perse l l in  [11] found a stabilizing action of anti lysosomal se ra  on the lysosomal  membrane  which he 
explains on the grounds that the se rum he obtained had antibodies only against membranes  and not against 
other components of the lysosomes .  However, these resul ts  were not confirmed by other invest igators  work-  
ing with highly specific se ra  against individual components of the lysosomes  [12, 13]. 

The evidence put forward by Trouet  [13] of the nonspecif ici ty of the stabilizing action of the anti lyso- 
somal serum found by pe r se l l i n  [11] can be accepted. One piece of evidence of this nonspecifici ty is that 
this action is independent of complement .  

The mechanism whereby ant i lysosomal se ra  penetrate into the living cell is not yet fully understood: 
do they penetrate by pinocytosis or is there a change in the permeabil i ty  of the cell membrane but without 
its undergoing lysis ,  under the influence of these se ra  ? Tulkens et al. [14] showed that antienzyme se ra  
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penet ra te  into ly sosomes  by pinocytosis ,  and they then inhibit the act ivi ty of the l y sosoma l  enzymes .  The 
data in that  paper  s eem m o r e  convincing than the r e su l t s  obtained by Weiss  [17], which he takes  as evidence 
of a change in the pe rmeab i l i ty  of the cell  m e m b r a n e .  Any such change would be m o r e  likely to be second-  
a ry ,  brought about by the enzymes  l ibera ted  f rom the l y s o s o m e s .  
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