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An important property of liquid suspensions of virus particles in body fluids, such as 
blood plasma, or in purified concentrates in buffer solutions is the state of dispersion 
or aggregation of the individual particles. Existing methods for estimation of the quan- 
titative aspects of this state are rather indirect. 

Sedimentation velocity analyses in the ultracentrifuge are capable, mainly, of 
yielding data on particle size in such suspensions. Information regarding the kind 
and degree of aggregation existing among the particles comes from the number and 
magnitude of secondary, more rapidly sedimenting, boundaries present. These are 
difficult to evaluate accurately x, and nothing can be done with suspensions containing 
much less than lO 12 virus particles per ml. 

Virus particle suspensions exhibit light scattering, analyses of which may yield 
a measure of the weight and number of the scattering units. Light-scattering analysis 
is a widely used tool in present-day polymer chemistry, and it has been applied to 
viruses chiefly by OSTER, whose many papers and review 2 provide complete coverage 
of this method. It has many advantages, prominent among which is the opportunity 
to observe suspensions continuously by procedures not interfering with the process 
under study. It  gives, however, a result, with aggregated materials, to which the con- 
tributions of the various particle clusters must be inferred and not accurately assigned. 

The electron microscope, as usually employed, produces pictures in which par- 
ticle aggregation is so much the product of the methods of preparation for the micro- 
scope that analysis could be expected to yield little useful information about the 
state of dispersion of the particles in the suspension from which they came. This is 
because preparation of the suspended material for electron micrography, in general, 
involves drying of the suspension on a suitable collodion or formvar surface, and 
during the process, forces of surface tension exert their potent influence upon the final 
arrangement of the particles. Other procedures 8 such as freeze-drying, spraying in 
microdrops, etc., would also be expected to exert a reorganizing effect on loosely 
formed aggregates in a particle suspension. 

Many of these difficulties in electron micrography can be avoided with a method 

* This work was supported by a research grant to Duke University from the National Cancer 
Institute of the National Institutes of Health, U.S. Public Health Service: by a grant from 
the American Cancer Society, on recommendation of the Committee on Growth; by a grant 
from the Damon Runyon Memorial Fund for Cancer Research, Inc.; and by the Dorothy Beard 
Research :Fund. 
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recent ly  developed for count ing virus part icles  4 ~;. This involves sed imenta t ion  of the  
par t ic les  from a measured volume of suspension onto an agar  surface. In this process 
the  part icles  come to rest  on the surface, and  the res idual  surface fluid and salt  pass 
into the agar. Bv this means the  violent  surface forces o rd inar i ly  ac t ing dur ing  dry ing  
and crys ta l l iza t ion  of sal t  are absent ,  and  the par t ic les  or aggregates  r emain  i~z silu 
for electron microscopic examinat ion .  The chance d i s t r ibu t ion  of part icles  sed imented  
from monodisperse  p repara t ions  and found on the agar  can be calculated,  and  the 
difference between this and  the d i s t r ibu t ion  (singles, pairs,  de.) found with ac tua l  
suspensions of virus is t aken  to be a measure of the  dispersion of t i le par t ic les  in the  
lat ter .  Such d a t a  call be obta ined  exper imen ta l ly  from suspensions of as few as lO s 
part icles  per ml. The exper iments  descr ibed in this repor t  were made  to test  the  va l id i ty  
of the s impli fying assumpt ions  involved in the  theory  and to demons t r a t e  the range 
of usefulness of the method  in the s tudy  of the  dispersion of virus par t ic les  in sus- 
t)ension. 

MATERIALS AND METHODS 

The virus  of av ian  myelob las t ic  leukosis ~ has been used in these demons t ra t ions .  
P a r t  of the  work has been done with  di lute  p lasma  from diseased chicks conta in ing 
large numbers  of these par t ic les  7 and  the remainder  with virus  sed imented  from such 
p lasmas  and resuspended in var ious  buffer solutions. The sed imenta t ions  were made  
in the angle centr i fuge head  holding small  (z.5-ml) lus teroid  tubes  in a field of 
I5,ooo × g for one hour  at  room tempera tu re .  No low speed runs were made  on the 
resuspended virus. Some of the  mate r ia l s  were sed imented  and resuspended a second 
t ime  under  the same condit ions.  

The vi rus  par t ic les  were depos i ted  on the agar  surface b y  sed imenta t ion  from 
su i tab le  di lut ions to the  p l a sma  or concent ra tes  in wedge-shaped (to minimize con- 
vect ion) u l t racent r i fuge  cells 4. A layer  of 2 % hardened  agar  on the flat  cell b o t t o m  
ac ted  as collector  for the  sed imen ted  virus. Af te r  centr i fugat ion,  these agar  pieces 
were removed  from the ro tor  cells, and  t r ea t ed  with  osmic acid vapor  to fix the  ad-  
her ing virus. Pseudorepl icas  were then made  from the  agar  surface wi th  collodion*. 
The virus  on the col lodion was shadowcas t  wi th  chromium,  and  r andom fields were 
pho tog raphed  in the  electron microscope a t  3,74 ° ;< magnif icat ion.  

Image  d iamete rs  were measured  on the resul t ing negat ives  wi th  a t rave l ing  mi-  
croscope. The to t a l  number  of virus  par t ic les  per  uni t  a rea  of the  pho tog raph  was 
recorded toge ther  wi th  the  number  of par t ic les  in the  same a rea  t ha t  were free, t h a t  
is, not  touching a n y  o ther  part icle .  Several  different  d i lu t ions  of a given sample,  
covering a range of 2o-fold, in add i t ion  to the ini t ia l  d i lu t ion of the  p lasma  or concen- 
t ra te ,  were somet imes  made  in order  to examine  the  effect of fur ther  di lut ion on 
aggregat ion.  

Virus samples  were tes ted  for effect of p H  on aggregat ion  by  sed iment ing  virus  
from p lasma  and resuspending i t  in the  desired buffer. Af te r  a p p r o p r i a t e  t ime,  dilu- 
t ions of the  samples  for aggregat ion  analysis  were made,  in the  cases of phospha te  and  

* For reasons not yet sufficiently well understood to warrant discussion, replicas of the agar 
surface do not always remove all the virus. This can be checked by removing a second collodion 
film from the same surface and observing the virus present. The data reported here were taken 
only from experiments in which second replication of the agar surface yielded an insignificant 
number of particles. 
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verona l  buffers, with the same buffer. His t id ine  buffers interfere with the  repl ica t ion  
technique  on the  agar ;  consequent ly ,  the  required di lut ions were made  for analysis  

with physiological  saline solution. 

THEORETICAL CONSIDERATIONS 

If a popu la t ion  of s imilar  par t ic les  of rad ius  r is sed imented  un i formly  on a p lane 
surface,  a cer ta in  fract ion,  [, of the  to ta l  number ,  N,  of the  par t ic les  on the area  A will 
be  found to be free from the rest  (i.e. the  d is tance  between the center  of the  par t ic le  
and  t ha t  of i ts neares t  neighbor  is greater  than  2r). In  this  p re l iminary  t r e a t m e n t  we 
shall  not  discuss the  condi t ion of the  remain ing  p a r t i c l e s - - h o w  many  are in pairs,  
t r ip le ts ,  etc. 

We can easi ly calcula te  / for a r a n d o m l y  d i s t r ibu ted  popula t ion  ; each par t ic le  has 
an equal  p robab i l i t y  of fall ing at  any  point  on A, so tha t  the  p robab i l i t y  of a given 
par t ic le  fall ing wi th in  2r of the  center  of another  given par t ic le  is 4:~r2/A. The prob-  
ab i l i t y  of i t s  not  fall ing wi thin  this d is tance  is I - - 4 ~ r 2 / A .  Thus the  p robab i l i ty ,  P,  
of not  f inding a n y  par t ic le  within the  d is tance  2r of our given one is 

P =  (l 4~r2/A)(X - ~ )  --+ (--4I~r2N/A) as N--~oo.  

The f rac t ion  of free par t ic les  amongs t  the to ta l  found on the area  is then  / = exp 
( - - 4 ~ r 2 h n ) ,  where h is the  height  of l iquid from which the part icles  were depos i ted  and 
n is the  number  of par t ic les  per  un i t -vo lume  of the  l iquid suspension*. 

I t  is convenien t  to express  this  resul t  in a logar i thmic  form:  

Log (1//) -- 4;zr~N/A 4.~r2hn. 

This is re la ted  to the  fract ion,  p of A covered b y  the particles.  

p - ~r2N/A so Log (1/f) -- 4P. 

We can ex tend  these considerat ions  to calculate  / when the original suspension has a 
cer ta in  s t a t e  of aggrega t ion :  Let  F1, F 2 . . .  F j . . .  be the fract ion of par t ic les  in the  
suspension which are single, in pairs,  t r ip le ts  and in clusters of i. Then •jFj  = I. 
Thus the  number  of clusters  of ]" par t ic les  is N F / ] ' .  If we can make  the s impl i fying 
assumpt ion  t ha t  a sed imented  cluster  of ] par t ic les  effectively occupies a c ircular  a rea  
of rad ius  rj, we can calcula te  the fract ion of single part icles  on the area  A. We shall  
wri te  r I = r. 

There  are  F 1 N  single par t ic les  from which our given part icle ,  to be free, mus t  
not  fall wi th in  a d is tance  2r 1 -= 2r, I / 2 F 2 N  pairs not  wi th in  a dis tance r l  - - r 2 ,  
I / 3 F a N  t r ip le ts  not  wi th in  a d is tance  r 1 + ra, etc. 

The p robab i l i t y  tha t  a given single par t ic le  remains  free is then 

exp [- -  :'r/A 2" (r 1 + rj)~l(iN/] ] as N -~4 oo. 
/ 

where the  summat ion  extends  over  all clusters.  Thus, finally, for a large enough N,  

P = exp--. 'r  [--X'(r I + rj)'zI~//]N/~-t. 
/ 

The to ta l  f ract ion free is then  / - -  F I P .  

" This is subject to a small correction under actual conditions of sedimentation from a sector- 
shaped cell. In our cell the number of particles falling on unit area of its bottom is o.93 hn. 
Re/erem:es p. 21:. 



I() 1). (i. SI t .XRP,  M. J .  B U I ' I < I N ( ; I f A M  V()I..  1~ ( I ( j 5 ( ) )  

Taking the logarithm of this equation we haw: 

] ~ o g ( I / / )  - -  L o g ( i / I V , )  -I- } ' X / . I  w h e r e  Y : .-r "" ( : t  " r i )Z l : i / ' i  
: i 

If  F 1 = I. F,,. == F a .. .  : o, we have the case of random distribution and 

Y :: 4.-rr e, t h e n  log  ( I / / )  : l m ' e N / . l  

as obtained above for this special case. 
To compare experimental results with the above calculations, the former may 

be plotted with log (I//) as a function of N/A. The intercept (extrapolated to NM =~ o) 
on the vertical axis gives log I/F 1, where ];i was the fraction of single particles in the 
original suspension. If  the assumptions made are valid, the plot should be a straight 
line whose slope is Y. The value of Y depends upon the "effective" radius of clusters, 
but  in the case of complete randomness (no clustering), Y = 4~r 2. 

The experiments described here have been designed to test the applicabili ty of 
the theoretical considerations to the s tudy  of virus suspensions under practical work- 
ing conditions. Some of the experiments were made with suspensions which, though 
known to contain particles of somewhat  variable size, have yielded single sedimenting 
boundaries in the ultracentrifuge and were consequently essentially free of aggregation. 
The experiments will show also the kind of information obtainable on subsequently 
aggregated samples of the same virus preparation. All da ta  consist of observed values 
o f / ,  the fraction of individual particles on the observed area. In  the description of 
results, use will be made of an index of dispersion D, which is the ratio of the fraction 
of free particles seen to the fraction predicted for an equally concentrated but  unag- 
gregated suspension. From the theory, this may  be seen to approach F~ as N M 
approaches zero. 

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

In  earlier studies s, calculations made from sedimentation velocity data  gave the value 
I44 m/, as the average diameter of the hydra ted  virus of myeloblastosis. For  the 
present purpose, it was necessary to measure the diameters of images of the particles 
sedimented on agar, fixed with OsO 4 vapor, and pictured in electron micrographs. In  
Fig. I there is shown the distribution of virus particle sizes derived from measure- 
ments of images of these fixed particles at 3,74 ° ;< electron magnification. The mean 
particle diameter was 126 m/,. Using this value, the graph of the predicted fraction, 
/, of free particles from an unaggregated suspension vs N/A (expressed as particles 
per 2" square micrograph) is shown in Fig. 2 for the range of particle concentrat ions 
covered in the following experiments. 

Electron micrographs have suggested that  the virus particles in some plasmas 
from diseased chicks are almost completely free of aggregation. Fig. 3 a shows virus in 
one such plasma. The results of studies on this plasma in four dilutions are shown in 
Fig. 4 plotted at loglo I//vs N,Gt, in the lower solid line. The dot ted line corresponds 
to loglo I / /v s  N/A for no aggregation, as predicted and shown in Fig. 2 for particles 
of the observed average diameter. Sedimentation of the virus after 24 hours storage 
of the plasma at o° -4°C and resuspension in physiological saline resulted in the in- 
creased aggregation (Fig. 3 b) shown in all three dilutions analyzed for the second line 
of the figure. Here the line was arbitrarily drawn parallel to the two below. A second 
sedimentation of the virus sample was carried out 24 hours later resulting in even 

l d e / e r e ~ c e s  p .  e ± .  
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Fig .  I. D i s t r i b u t i o n  of v i r u s  p a r t i c l e  s ize  as  
c a l c u l a t e d  f r o m  i m a g e  m e a s u r e m e n t s  (pe rpen -  
d i c u l a r  to  t h e  d i r e c t i o n  of s h a d o w )  on e l e c t r o n  

m i c r o g r a p h  p l a t e  t a k e n  a t  3.74 o < .  
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Fig.  2. R e l a t i o n s h i p  b e t w e e n  t h e  f r ac t i on  / of 
f ree  p a r t i c l e s  a n d  t h e  n u m b e r  of p a r t i c l e s  pe r  
u n i t  p i c t u r e  a r e a  c a l c u l a t e d  for  c o m p l e t e l y  

r a n d o m  d i s p e r s i o n .  D - 1.oo. 
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F ig .  3- E l e c t r o n  m i c r o g r a p h s  of t h e  v i r u s  of m y e l o -  
b l a s t i c  l e u k o s i s  o b t a i n e d  w i t h  c h r o m i u m - s h a d o w e d  
p s e u d o r e p l i c a s  f r o m  a g a r  s u r f a c e s  (18,ODD x )  (a) 
v i r u s  p a r t i c l e s  f r o m  p l a s m a ,  D = o .95;  (b) v i r u s  
p a r t i c l e s  s e d i m e n t e d  once  a n d  r e s u s p e n d e d ,  D --  
o .59;  a n d  (e) v i r u s  p a r t i c l e s  s e d i m e n t e d  once  a n d  

r e s u s p e n d e d ,  D = o.18. 
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Fig .  4. D i s p e r s i o n  of t he  p a r t i c l e s  of a v i a n  
m y e l o b l a s t i c  l e u k o s i s  v i r u s  in v a r i o u s  di-  
l u t i o n s  of p l a s m a  ( t r i ang les )  ; of t he  p a r t i c l e s  
s e d i m e n t e d  once  a n d  r e s u s p e n d e d  ( squa re s ) ;  
a n d  of t h e  p a r t i c l e s  s e d i m e n t e d  t w i c e  ;111(l 
r e s u s p e n d e d  (circles)• T h e  b r o k e n  l ine r ep re -  
s e n t s  t h e  d i s t r i b u t i o n  e x p e c t e d  for r a n -  
d o m l y  d i s p e r s e d  p a r t i c l e s  of t he  s a m e  size.  
(See F igs .  3 a, b a n d  c for  e l e c t r o n  mic ro -  
g r a p h s  f r o m w h i c h  t h e s e d a t a w e r e o b t a i u e d . )  
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fur ther  aggregat ion  (Fig. 3c). t lere,  again,  the degree of aggregat ion dctvrmim,d lv, ml 
the analyses  of widely differinlz (liluti(ms was cssentkf lh  the same (lri,v. 4. t~l~ lira.. 
also drawn parallel).  

These exper iments  provide vvidencv tha t  lhc virus particb,s tna.v oCcllr ill ~tl/ 
essent ial ly free, tmaggregated  s ta te  in the blood plasma. The\-(h 'scr ibc ~luantita- 
t ive lv  and p ic tor ia l ly  the progressive aggregat ion which occurs during r~t)eatc(1 
sedimenta t ion .  

Another  sample  of p lasma was divided into two equal parts ,  the par t ic les  were 
sedimented,  and the two pellets were resuspended in (a) t)hosphate buffer at  t)H 7.o. 
/~ - o.I  and  (b) veronal buffer p H  8.5,/x .... o.I .  The volume of resuspended virus was 
the same as tha t  of the p lasma from which it came. These two samples were kept  a t  
o '~ 4°C and  ana lyzed  at  x8 hours,  4 ° hours and  i i 2  hours by  di lu t ing I 500, I <ooo 
and I -5 ,ooo  and counting.  "Fable I sho\~s the values of the  dispersion coeiiicient and 
demons t ra tes  quan t i t a t i ve ly  the effects of the two buffers on the dispersion of the 
virus.  

TABLE 1 

I O M P A R A T I V E  S T A B I L I T X , "  O F  A V I A N  M Y E L O B L A S T I C  L E U K O S [ S  V I R U S  

1N T W O  B U F F I S R S  K E P T  A T  0 ° - - 4 ° 0  

The data are given in values of a dispersion coefficient, 1), which is the ratio of the number ot 
free particles seen divided by the number predicted for a monodisperse suspension of equal 

concentration. 

Phosphate buffer VeronaI buffer 
l~ :~ 0.~, p H  7.o I* -- o.x, p H  8.5 

Virus dilution 

18 hours 

4 ° hours 

[ I 2  h o u r s  

[ 5 0 0  I 1 0 0 0  I 5 0 0 0  I 3 0 0  I 1 0 0 0  I 5 0 0 0  

I . o i  0 . 0 3  

0 . 8 2  O . ~ O  0 . 2 2  O . 2 ( ~  

o.83 ppt. 

Another  p H  s tab i l i ty  s tudy  was made  with virus p repared  in the same way bu t  
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Fig. 5- Dispersion of av i an  mye lob las t i c  leukosis  
virus  in h i s t id ine  hydroch lo r ide  solution,  o. I M .  
Values of D were measured  at  t8 hours (closed 

circles) and  a t  66 hours  (open circlesL 

suspended in o.I  M hist idine hydro-  
chloride ad jus ted  to p H  values  ranging 
from 5.1 to 9.1, all wi th in  the  useful 
buffering range of this mater ia l .  The 
ini t ia l  s ta te  of the  sample  at  p H  7 was 
such tha t  D - o.63, this being a r a the r  
poorly dispersed suspension at  the 
s tar t .  

Fig. 5 shows the changes tha t  took 
place in the  samples  as demons t r a t ed  
by  the studies made  af ter  I8  and  66 
hours of s torage at  &' 4 ° C, respect ively.  
h this case it was necessary to make 
the di lut ions (to br ing  N/A into the 

count ing range) wi th  o.9°1o NaC1 solut ion because the  his t idine interferes with the 
repl icat ion process. 

Re/ere~ces p. 2L  
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D I S C U S S I O N  

I t  was the purpose of the present work to devise a procedure suitable for measurement 
of the state of dispersion or aggregation of virus particles in suspension and to estab- 
lish an index useful in the numerical expression of the result. The principal condition 
essential for such a procedure is dependent, basically, on a method for the direct 
determination of the relations between the individual particles and particle aggregates 
as they exist in suspension. This has been accomplished by sedimentation of the par- 
ticles, in appropriate concentrations, onto a smooth, flat surface from which they 
could be removed quantitat ively without change in the relations established as the 
particles settled on the surface. The surface employed was agar, which has the ability 
to absorb sinmltaneously both residual water and salt to prevent disarrangement of the 
particle pat tern by drying effects, and the vehicle for removing the particles was 
collodion which, on solidifying, maintairted the relative positions of the particles for 
subsequent electron micrographic examinations. Expeiiment showed that  the pat tern 
of the particles deposited from unaggregated preparations coincided with that  pre- 
dicted statistically and suggested that  the ratio of free particles observed to the 
number predicted for random dispersion could be employed as an index, D, of dis- 
persion in aggregated suspensions. 

The fact that  the data obtained with some of the plasmas examined (Fig. 4) 
agree so well in both slope and intercept with the values predicted for random dis- 
persion may be taken as evidence that, (I) the assumptions made in the derivation 
of P are valid; (2) the virus actually sedimented was very nearly monodisperse through- 
out the series of dilutions studied; and (3) no selective removal of virus from the agar 
by the pseudoreplica is evident. The analyses of aggregated material show that  the 
degree of aggregation found at the lowest dilutions is not changed when 2o × further 
dilution is made. The plots of log (I//) vs N/'A are approximately parallel for heavily 
aggregated material thus making possible the calculation of D from a single dilution 
anywhere in the statistically significant range. 

Precision attainable through repeated observations of the dispersion of a given 
sample can be judged from the data in the mid-pH range of the experiment of Fig. 5. 
Between pH 6.2 and 7.6, the values obtained in eight determinations of D ranged from 
0.52 to o.7I or ca. I6% about a mean value of o.62. No systematic variations are 
apparent among these points. 

That  the procedure is practically applicable under relatively simple conditions 
has been amply demonstrated in the experiments cited. Access to data obtained by 
this means is not only useful but critical in the interpretations of many kinds of ex- 
perimental findings. The problem of the state of dispersion of virus particles in suspen- 
sion is one of frequent recurrence in interpretations of the behavior or activity of the 
individilal entities in a total population. This is of particular importance in investiga- 
tions involving bioassay of virus activity based on titration. The factors determining 
host response to these agents and the patterns of response, with few exceptions, are as 
yet poorly understood. I t  is a frequent practice to ascribe unexpected or obscure aber- 
rations to the possibility of particle aggregation. This is the more important with the 
recent development of tissue culture methods for the detection of single foci of in- 
fection. 

Several years ago when the ultracentrifuge was the chief instrument supplying 

t~e/ere~zces p. 2±.  
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phy ~ica] data on the concemration and purity cf virus in pm ified suspensioPs, it \v',ts 
often seen that paltially purified materials exhibited single sedimenting boundarie~ 
while further purification resulted in multiple boundaries. This has been attributed 
to progl essive aggregation of the virus pai ticles. The procedure described here provides 
the means for direct analysis, as seen in Fig. 4, of the contribution of aggregation to 
the formation of multiple boundaties in specific experiments. In the present studies 
for example, the plasma (D == o.95), having ol~ly 5% aggregated particles, would 
doubtless show only a single boundary. First cycle material (D = o.59) would have 
to be concentrated almost 2 times in order to display the same sized primary boundary, 
and secondary boundaries due to pairs, triplets, etc. would be only 41 °; as large. The 
third cycle material (D o.I8) would not be recognizable in the sedimentation-velo- 
city study as a single substance because of overlapping boundaries of the various or- 
ders of aggregation. Nevertheless, the twice-sedimented virus has been washed free 
of most of the plasma, and is therefore several hundred times purer than the starting 
plasma on a nitrogen basis. Inasmuch as purification of animal viruses generally 
involves methods which may result in aggregation of the particles, some quantitative 
estimate of the degree of aggregation is essential to interpretation of data bearing 
on purity of the final product. It has been mentioned that the phenomenon of light 
scattering may be employed as a measure of aggregation. Methods based on this 
property have suffered from the lack of standardization which may be accomplished 
with the present method. 

Another very fruitful application of aggregation analysis is the study of the in- 
fluence of the composition of the suspending medium on dispersion. This is illustrated 
by the comparison of aggregation rates in two different buffers (Table I). It is clear that 
the virus is more stable in phosphate buffer at pH 7 than in veronal buffer at pH 8. 5 ; 
progressive decrease in D values occurred with the virus in veronal, while with phos- 
phate at pH 7, D remained constant for 72 hours after a small initial drop. Statement 
of these conditions in terms of D factors and time is clear and quantitative, affording 
a means of studying the kinetics of the aggregation reaction under various conditions. 

The more extensive experiments (Fig. 5) designed to show the stability of the 
virus suspension as a function of pH in histidine buffer showed a range of stability 
extending from pH 6.2 to 7.6. The degree of dispersion of this virus suspension at 
pH 7. i was initially such that D = o.6y Slight evidence of further aggregation might 
be deduced from the I8 hour points at pH 8.2, 8.6 and 9.L This effect is pronounced 
at 66 hours as shown by the dotted line. Although stability in this medium is greater 
than that shown at pH 8. 5 in Table I for veronal, it is clear that some instability exists 
above pH 7.6 in both media. 

At pH 5.I the interpretation is not clear. Although visible turbidity could be seen 
in this sample, it showed good dispersion when diluted for analysis. Had it been pos- 
sible to make the dilution with the same buffer, redispersion might not have occurred. 
This result does indicate that the type of aggregation induced at this acid reaction is 
substantially different from that at alkaline pH. All samples were diluted with the 
material for micrography. 

A potential field for exploration is the quantitative study of the precipitin reaction 
with specific immune serums. The procedure has the very great advantage in the need 
for exceedingly minute amounts of material and the means for quantitative estimation 
of the degree of reaction, which might be useful in work with serums of low precipitin 
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c o n t e n t .  A n  e x a m p l e  o f  r e s u l t s  o b t a i n e d  in  t h e  e l e c t r o n  m i c r o s c o p i c  s t u d y  of  t h e  

r e a c t i o n  b e t w e e n  t h e  m y e l o b l a s t i c  l e u k o s i s  v i r u s  a n d  i m m u n e  s e r u m  f r o m  t h e  c h i c k e n  

h a s  a l r e a d y  b e e n  d e s c r i b e d .  

S U M M A R Y  

:\ m e t h o d  is descr ibed whereby  in fo rmat ion  regard ing  the  degree of dispersion of a virus part icle  
suspens ion  m a y  be der ived f rom electron mic rographs  of the  vi rus  part icles.  I t  involves  sedi- 
m e n t a t i o n  of the  par t ic les  on an agar- rece iv ing surface and  s u b s e q u e n t  repl icat ion for electron 
microscopy .  The  p ic tures  cons t i t u t e  a two-d imens iona l  p a t t e r n  from which the  th ree -d imens iona l  
par t ic le  re la t ionsh ips  in the  l iquid suspens ion  can be derived by  coun t ing  t he  n u m b e r  of free 
and  of aggrega ted  par t ic les  in a g iven area. F r o m  a cons idera t ion  of the  p robab i l i ty  of chance  
superpos i t ion  of par t ic les  when  t h e y  are sed imented ,  a m e a s u r e  of d ispers ion "D" ,  is ob ta ined  
for aggrega ted  suspens ions  which ha s  been found  to be subs t an t i a l l y  i ndependen t  of the  n u m b e r  
of par t ic les  p r e sen t  in the  picture .  E x a m p l e s  are g iven  of how " D "  varies unde r  some condi t ions  
c o m m o n l y  exper ienced  in the  s t u d y  of purif ied v i rus  suspens ions .  

RI~SUMt2 

l .es a u t e u r s  d6cr ivent  une  m6thode  r ense i gnan t  sur  le degr6 tie dispersion d ' u n e  suspens ion  tie 
par t icu les  de v i rus  5. par t i r  de l ' e x a m e n  au microscope dleetronique des par t icu les  de virus.  Cet te  
m d t h o d e  uti l ise la s~d imen t a t i on  des par t icules  sur  une  sur face  rdceptrice d ' aga r  et l ' ob ten t ion  
ul t~r ieure de r~pliques des t i n i e s  g la microscopic  dlectronique.  Les images  cons t i t uen t  une  re- 
p r6sen t a t i on  g deux  d imens ions  5. pa r t i r  de laquelle les r appor t s  en t re  par t icu les  "t t rois  d imens ions  
dans  le l iquide de suspens ion  p e u v e n t  &tre d6termin~s  par  comp tage  du nombre  des par t icu les  
libres e t  des par t icu les  en  aggrdgats  dans  une  sur face  donn6e.  En t e n a n t  comp te  de la probabi l i td  
de la superpos i t ion  de par t ieu les  q u a n d  elles son t  sddiment~es ,  une  mesu re  de la d ispers ion " D "  
es t  ob t enue  pour  les suspens ions  d ' aggr6ga ts .  Cet te  va leur  est  p r a t i q u e m e n t  i nddpendan t e  du 
n o m b r e  de par t icu les  p rdsen tes  dans  l ' image.  Les  a u t e u r s  d o n n e n t  des exemples  de va r ia t ions  
tie " D "  dans  diverses  condi t ions  q u ' o n  rencon t re  commundi11ent  dans  l '~tude de suspens ions  de 
v i rus  purifi6s. 

Z U S A M M E N F A S S U N G  

Es wird eine Methode  beschr ieben,  welche es erm6gl icht ,  Auskf inf te  fiber den Dispers ionsgrad  
einer  V i ru spa r t i ke l au f sch l e rnmung  aus  E l e k t r o n e n m i k r o g r a p h i e n  der Viruspar t ike l  zu gewinnen.  
Die Methode  involv ier t  die Ab lage rung  der Par t ike l  au f  einer Agaroberflfiche und  die nachfo lgende  
Rep l ika t ion  ffir E l ek t ronenmikrograph ie .  Die Bilder zeigen eine zweidimensionale  Dis t r ibut ion ,  
aus  welcher  die d re id imens iona len  P a r t i ke l da t en  der flflssigen A u f s c h l e m m u n g  fes tgeste l l t  werden  
k6nnen ,  i ndem die freien u n d  aggregier ten  Par t ike l  au f  einer b e s t i m m t e n  Obertl/iche gez/thlt 
werden.  D u r c h  W a h r s c h e i n l i c h k e i t s b e r e c h n u n g e n  der zufglligen Superpos i t ion  w m  abgelager ten  
Par t ike ln  wird ein Mass " D "  der Dispers ion ffir aggregier te  A u f s c h l e m m u n g e n  e rha l t en ;  es wurde  
festgestel l t ,  dash dieses Mass  im W esen t l i chen  von  der Anzah l  der auf  dem Bilde anwesenden  
I ' a r t ike ln  u n a b h g n g i g  ist. Es  werden  Beispiele fiir die S c h w a n k u n g e n  von  " D "  u n t e r  be s t i nun ten ,  
be im S tud iun l  gereinigter  V i r u s a u f s c h l e m m u n g e n  v o r k o i n m e n d e n  Bed ingungen  angeff ihr t .  
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