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The e lec t rophoret ic  velocit ies (electrokinetic potentials) and the degree of hydration (hydro- 
philicity) of the surface of bac te r ia  and the intensity of their  ingestion by rabbit  blood phago- 
cytes were determined for 12 s t rains  of Escher ichia  c o i l  A close connection was found be -  
tween the degree of hydration of the bacter ia l  surface and the intensity of the i r  phagocytosis  
by leukocytes:  the higher the degree of hydration the more  active the phagocytosis .  No c o r -  
relation could be found between the e lectrophoret ic  mobility of the bac ter ia  and the intensity 
of their  phagocytosis .  

Many invest igators  have demonstra ted the role of phys ic .chemica l  mechanisms in the initial phases 
of phagocytosis  [4, 6-9, 11] but information in the l i tera ture  on this question is contradic tory  [2]. 

The object of this investigation was to make a quantitative study of corre la t ion  between the e l ec t ro -  
phoret ic  velocit ies (eleetrokinetic potentials) and the degree of surface hydration of bacter ia l  cells with 
their  susceptibil i ty to phagocytosis  by the polymorphs of the blood. Sensitive methods of colloid chemis t ry ,  
giving quantitative information on the size of the hydration layers  on the surface of bacter ia l  cells or  on the 
degree of hydrophilicity of their  surfaces  were used for the f i rs t  time in this investigation. 

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

Experiments  were ca r r i ed  out with 12 s t rains  of Escher ichia  coli in the s - fo rm .  The cells grown on 
meat-peptone agar  (20 h) were washed off with distilled water  and divided into two portions, one of which 
was washed three t imes with distilled water and the other with 00102 M (for the e lec t rophores is  experiments  
203• 10 "4 iM) ci t ra te-phosphate  buffer, pH 7.0. 

The e lectrophoret ic  velocit ies of the bacter ia  were determined with the apparatus of Pegak and 
Kostka [10]. 

The degree of hydration of the cell surfaces  was measured  in two ways: 1) by the method of de te r -  
mining the free water  in the dispers ion medium of the suspensions,  as developed by Dumanskii [3]. It is 
based on the fact that f ree  water,  unlike the water of the hydration membranes ,  is a solvent.  By adding a 
known quantity of sucrose  to the suspension and then measur ing  its concentrat ion with a sacchar imeter ,  the 
quantity of solvent water  in the dispers ion medium can easi ly be calculated. To reduce the entrance of the 
sugar  into the cells to a minimum, the cells  were saturated with the sugar  before the experiment,  for which 
purpose the sucrose  was added to the water  used to wash the bac ter ia  off the agar  ; 2) by the increase  in 
viscosi ty  of bacter ia l  suspensions on an increase  in their  concentrat ion f rom 4.15 to 14% dry weight~ This 
method is based on the well-known rule: the higher the degree of hydration of the part icles ,  the grea ter  the 
r i se  in v iscos i ty  of the suspension accompanying an increase in their  concentrat ion.  The viscosi ty  was 
judged from the time taken for a metal ball to drop in a cylinder filled with the bacter ia l  suspension.  Each 
value was calculated as the mean of 11 measurements .  
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Fig. 1, Correlat ion between intensity 
of phagocytosis  of E_._. coli cells by 
leukocytes and various indices r e -  
flecting degree of hydrophilicity of 
the bacter ia l  surface:  1) phagocytic 
number ;  2) increase  in time taken 
for ball to drop*; 3) content of free 
wate r ;  4 )con tac t  angles.  Abscissa,  
no. of cul ture ;  ordinate:  a) phago- 
cytic number,  b) increase  in t ime 
for  ball to drop (in sec), e) content 
of free water  (in percent),  d) con-  
tact  angles of drops (in dego). 

*The ball did not drop in 14% sus -  
pensions of E o coli nos,  10 and 12. 

The degree of hydrophilicity of the bacter ia l  surface was 
measured  by the method developed in colloid chemis t ry  by 
Rebinder [5]. It consis ts  of measur ing  the contact angles of 
drops of water  and buffer solution on the surface studied - in 
this case on dry films of bac te r ia .  Drops on films immersed  
in kerosine to remove hys te res i s  were photographed and their  
contact angles measured  on highly enlarged project ions of the 
photographic image s . The mean values of 11-12 m e a s u r e -  
ments of the angles were recorded .  Statistical analysis  showed 
high significance in all cases .  

The phagocytic number  (the number  of bac te r ia  per  poly-  
morph) was determined for  each culture f rom the blood of ten 
rabbits,  and the ar i thmetic  mean was then calculated.  This 
was neces sa ry  to smooth out the effect of individual differences.  

EXPERIMENTAL RESULTS 

No correlation was found between the intensity of phago- 
cytosis of the bacteria and their electrophoretie mobility and, 
consequently, their electrokinetic potentials. By contrast a 
strict correlation was observed between phagocytosis and the 
surface hydration of the bacteria. In Fig. 1 the cultures studied 
are a r ranged  in order  of increas ing susceptibil i ty to phago- 
cytosis  by leukocytes~ The increase  in the phagocytic number 
c lear ly  went parallel  with the increase in hydrophilici ty of the 
bacter ia l  surface .  Viscosi ty of the bacter ia l  suspensions was 
increased  with an increase  in their  concentrat ion from 4.15 to 
14%, the content of free water in the intercel lular  space of the 
suspensions was reduced, and the contact angles of the drops 
on dry bacter ia l  films were reduced,  The resul ts  of the ex-  
per iments  using water  and buffer solution as dispersion media 
were approximately the same,  so that only the fo rmer  are  shown 
in Fig~ 1. The coefficient of corre la t ion  between the phagocytic 

number  and indices such as the increase  in t ime for the ball to drop, the percentage of f ree  water,  and the 
size of the contact angles was 0,83+ 0~ -0.92• 0~ and -0~177 for determination of the degree of 
hydration in water ,  and 0.83~:0.13, -0 .84•  and -0o97• respectively,  when the exper iments  were 
ca r r i ed  out in buffer.  In a l l c a s e s  P <  0.05. Cultures in 14% suspensions of which the ball did not fall were 
excluded from calculations of the cor responding  coefficients of corre la t ion .  

The resul t s  descr ibed above show a well-defined cor re la t ion  between the degree of hydration (or hydro-  
philicity) and the susceptibil i ty of bac te r ia  to phagocytosiso The higher the degree of hydration the more  
readi ly  the cells are  ingested by polymorphs~ It was shown conclusively that this rule applies only if the 
phagocytic number  for  each s t ra in  is determined in the blood of several  (ten) rabbits,  and the mean value is 
then calculated.  Phagocytic numbers  obtained f rom the blood of each rabbit individually cor re la ted  much 
less  closely with the surface proper t ies ,  indicating the need for repetit ion of the exper iments .  

Without a se r ies  of additional experiments  it is impossible to say whether the increased hydration 
favors  phagoeytosis  di rect ly  or indirectly,  through select ive adsorption of cer ta in  blood proteins on the bac -  
t e r ia .  However, the fact that this cor re la t ion  exists provides a good basis  for  the fur ther  study of the phys i -  
cochemieal  mechanisms of the phagocytic response,  and the methods used are  c lear ly  suitable for this pu r -  
pose.  
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