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The ordinary way of determining phagocytic activity of leukocytes, by counting the number of microbial  
bodies in them under the microscope,  is very laborious, reflects  only the ability of phagocytes to h~gestbac- 
ter ia ,  does not give a sufficiently reliable idea of the ability of phagocytes to ingest bacteria,  and does 
not give a sufficiently reliable idea of the ability of the cells to kill the bacteria they have ingested. Attempts 
have been made to overcome these drawbacks by the use of radioactive isotopes. One suggested method is 
prel iminary tagging of the bacteria by growing them on medium containing isotope. After contact between 
these tagged bacteria and leukDcytes, the la t ter  a re  washed to remove uningested bacteria and the radioactivity 
contained in them is determined biochemically [4]. This method does away with the long and difficult counting 
procedure under the microscope and gives results  that do not depend on the skill of the investigator. To de- 
termine the digestive action of the phagocytes, incubation of blood cells af ter  ingestion of microorganisms in 
medium with 3H-thymidine followed by determination of the ability of the ingested microorganisms to synthe- 
size DNA, by l ight-microscopic autoradiography, has been suggested [5]. 

So that the digestive action of phagocytes could be compared with the fine s t ructure  of the phagocytic 
cell and of the microorganism, the wri ters  have attempted to study nucleic acid synthesis in ingested bacteria 
by the method of e lectron-microscopic autoradiography. Besides the DNA precursor  (~I-thymidine), which 
has already been used to study phagocytosis in the method of l ight-microscopic autoradiography, the RNA 
precursor  3H-uridine also was used. Incorporation of ~I-thymidine into the bacterial  cell  is, of course,  evi-  
dence that the cell is preparing to divide and preserves  its viability. However, absence of the label when this 
p recurso r  is used does not necessar i ly  mean loss of viability, for we know that a definite period must elapse 
between replication and division, during which DNA synthesis does not take place, in a perfectly normal bac- 
ter ia l  cell [3]. No data on interruptions in the process of RNA synthesis in living microbial  cells could be 
found in the l i terature,  and it was therefore  decided to use ~I-uridine as the precursor ,  for it is incorporated 
more  constantly into living cel ls .  

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

To obtain a leukocyte suspension 5 ml of donors '  blood was t rans fe r red  to a tes t  tube containing 1 ml of 
6% Tri lon B solution and 2 drops of a 10% solution of gelatin, and was incubated at 37~ for 1.5 h. The layer  
of plasma formed in the course of this thne in the upper part  of the tube was collected and mixed with an equal 
volume of a bacterial  suspension of Staphylococcus epidermidis strain No. 9198, containing 200,000 bacterial  
cells in I ml physiological saline~ The mLxture of leukocytes and bacteria was incubated for 30 rain and washed 
with warm isotonic solution twice with centrifagation for 5 rain at 1500 rpm to remove uningested bacteria.  
After  washing to remove the microorganisms,  3H-thymidine or  3tI-uridine was added to the leukocyte suspen- 
sion in a dose of 100 ~Ci/ml  and this was followed by fur ther  incubation for 30 rain at 37~C. At the end of 
incubation the leukocytes were washed to remove unincorporated p recursor  with cold physiological saline by 
centrifugation for 5 rain at 1500 rpm, and then fixed in 4% glutaraldehyde solution in cacodylate buffer. After  
postflxation in 1% osmium tetroxide the leukocyte suspension was dehydrated and embedded in epoxide resin 
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F~. I Fig. 2 

Fig. 1. Two sections (a and b) through the same polymorph with phagocytosed staphylo- 
cocci (incubation with 3H-uridine). Intensive lsbeling of bacterium in both sections illu- 
s trates reproducibility of results obtained by this method; 12,000 x. 

Fig, 2. DNA synthesis in staphylococci in interstitial fluid (a) and in leukocyte 0~). Un- 
labeled bacterial ceils lie alongside labeled in both types of localization; a) 20,000 • b) 
15,000• 

850 



Fig. 3. DNA synthesis  in staphylococci:  a) 
intensive labeling in ex t race l lu la r  bac te r ium 
and absence of label in phagocytosed bac ter ium,  
20,000 • b) different  s tates  of phagocytosed 
bac te r i a  in polymorph:  l) incorporat ion of 
~-I-uridine into bacter ium with p r e s e r v e d  
s t ruc tu re ,  2) uneven e lec t ron  density of cy to-  
plasm and absence of label in bac te r ia l  cell ,  
3) ma rked  lys is  of bac te r ia l  cel l  and absence 
of  label,  16,000 • 

by Spu r r ' s  method [6]. Semithin sect ions were  coated with "M" emulsion and exposed for  1 week. The block 
was t r i rnraed for  ul t ra thin sect ion cutting on the basis of the resu l t s  of  examinat ion of autoradiographs ob-  
tained with sernithin sec t ions .  E l ec t ron -mic roscop ic  autoradiographs  were  p repared  by the method descr ibed  
in [1, 2]. 

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

The method used yields sufficiently re l iab le  and reproducib le  resu l t s  (Fig. 1), but the gra ins  of meta l l i c  
s i l ve r  fo rmed  a re  compara t ive ly  la rge  (0.2-0.4 #m). This fact,  together  with sca t te r ing  of radioact ive  radiat ion,  
causes  the grains  to be located both immediate ly  above the radiat ing cel l  and also at a shor t  dis tance f rom 
it (Fig. 2a). In mos t  cases  the g r ea t e s t  value of this distance does not exceed the d iamete r  of the bac te r ia l  
cell ,  and labeled and unlabeled ce l l s  can be dif ferent ia ted with sufficient  a ssurance  even when these  cells  a re  
c lose  toge ther  (Fig. 2b). Nei ther  p r e c u r s o r  was incorpora ted  into the nuclei of the polymorphs,  in agreement  
with the view that nucleic acid synthesis  has ceased  in these  cel ls .  

Individual labeled s taphylococci  could be seen in e l ec t ron -mic roscop ic  autoradiographs obtained a f te r  
incubation with ~I- thymidine both between the leukocytes (Fig. 2a) and inside them (Fig. 2b). Unlabeled 
bac te r ia  also were  found between the leukocytes  and in the i r  cytoplasm.  No sufficiently re l iable  c r i t e r i a  that 
would enable absence of label  to be a t t r ibuted to a pause in DNA synthesis  o r  to death of the bac te r ium could 
be found. 

The bacter ic ida l  action of the leukocytes  was mani fes ted  in autographs ref lec t ing  incorporat ion of ~H- 
ur idine .  Intensive labeling could be seen  in bac te r ia  located between leukocytes ,  but no label in the phago- 
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cytosed microorganism (Fig. 3a). Staphylococci ingested by leukocytes were at different stages of digestion. 
Often both viable bacterial cells incorporating 3H-uridine and unlabeled, lysed cells could be seen in the same 
leukocyte (Fig. 3b). 

E lectron-autoradiographic investigation of phagocytosed bacteria with 3H-thymidine and aI-I-uridine thus 
enables the level of nucleic acid synthesis in the bacteria to be recorded, ultrastructural  changes developing 
during phagocytosis to be observed, and the digestive action of the leukocytes to be determined. 
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