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A particulate component has been demonstrated1, 2 in the plasma of chicks dis- 
eased with avian erythromyeloblastosis 3, and a close correlation has been found 4 
between the particles, counted by sedimentation and electron micrography, and the 
infectious properties of the plasmas. These plasmas possess, likewise, the capacity to 
dephosphorylate 5 adenosine triphosphate, an enzymic activity which, also, is related 
to the particlese, 7. From these results it has been judged that the particles constitute 
the etiological agent of the disease and that  enzymic activity is a property of the 
virus. Some information about the physical characters of the virus has been obtained 
from electron pictures2 and in studies involving sedimentation4, 7 of the agent in the 
ultracentrifuge and by electrophoresis 4,v. In the present work, further investigation 
has been made of other physical properties of the material. These have included an 
examination of the sedimenting behaviour of the virus in partly purified preparations 
and directly in plasma in which the agent reaches amounts sufficiently great for such 
studies. Determinations have been made, also, of the hydrated density of the virus by 
sedimentation from bovine serum albumin solution s and of dry density, through use 
of D209. The results of these studies and their correlation with findings previously re- 
ported are described in the present report. 

MATERIALS AND METHODS 

Sedimentat ion studies were made on virus directly in p lasma and on virus  concentra ted by 
ul t racentr i fugat ion of plasma.  Each  exper iment  of the present  work was  made on the p lasma  from 
a single bird. Blood was obtained from young  White  Leghorn chicks inoculated TM with  previous 
passage virus  at  3 days of age. The donors for the exper iments  were chosen for high p lasma  act ivi ty  
to dephosphoryla te  adenosine t r iphospha te  as determined by  the  micro screening tes t  n .  Bleeding 
was effected by  section of the saggital sinus, and the blood was  collected in chilled, pointed i s -ml  
ttlbes wi th  hepar in  as ant icoagulant .  The cells were sedimented at  2,000 × g for 15 minutes,  and 
the p lasma was pipet ted off and centrifuged again at  3,715 × g for 20 minutes.  

To obtain  concentra ted virus, plasma, generally not  more t han  3 ml volume from the small 
birds, was diluted wi th  0.85 % NaC1 solution to fill a 5-ml lusteroid tube,  and the virus was sedimented 

* This work was suppor ted  by  a Research Gran t  to Duke Univers i ty  from the American Cancer 
Society, on recommendat ion  of the Committee on Growth;  by  a g ran t  f rom the Nat ional  Cancer 
Ins t i tu te  of the Nat ional  Ins t i tu tes  of Health,  U.S. Public Heal th  Service; by  the Doro thy  Beard 
Research Fund ;  and by  a gift to Duke Univers i ty  f rom Lederle Laborator ies  Division, American 
Cyanamid Company.  
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by spinning at  about  17,ooo × g for 3 ° minutes. The supernatant  plasma was poured and drained off, 
after which the interior of the tube was wiped dry, except t ha t  par t  occupied by the pellet. The 
pellet was then taken up, by pipetting, with o.85 % NaC1 solution. 

In those experiments designed to determine wet and dry density of the virus, by methods 
previously described s,9, the plasma from one bird was divided equally between two 5-ml lusteroid 
tubes, and saline was added to fill the tubes. The virus was sedimented as described above, and 
o. 5 ml of 0.85 % NaC1 in HzO was placed on one pellet, and one ml of o.85 % NaC1 in D20 was placed 
on the other. :\fter resuspension of the virus in these volumes, a small amount  of the H20 sample 
was analyzed for determinat ion of sedimentat ion velocity (after addition of an equal volume of 
o.85 % NaC1 solution). The remainder was transferred to a dry-weighed glass tube, weighed, and 
an approximateIy equal volume of bovine serum albumin solution was pipetted in and weighed. 
The concentration of the albumin solution had been previously adjusted to produce a density in 
the mixture of about  1.o3. The actual density of each mixture was calculated from the volumes 
of virus suspension and albumin solution as weighed, not pipette& Sedimentation studies of this 
mixture and of the D~O sample completed the series of three measurements made on each single 
plasma. 

Sedimentation velocity measurements were made in a rotor of mean cell radius 6. 5 cm. The 
cell height was 12 mm in the radial direction. Fields of centrifugal acceleration ranging from 5,7oo × g 
to I6,7oo × g were used, depending upon the viscosity and density of the fluid through which the 
virus particles were sedimenting. The time of sedimentat ion and photography of the boundaries 
was about  2o minutes. All runs were made at room temperature  with careful ad jus tment  of previously 
cold samples to room (rotor) temperature  before starting. Boundary positions were observed and 
photographed on panchromatic  film by means of simple Schlieren bands, using a line-filament 
tungsten lamp without  light filters. 

The density of the bovine serum albumin solutions was measured with a 2 ml pyknometer,  
and viscosity measurements were made with an Ostwald-type viscometer of water t ime 129.2 seconds 
at  29.3 ° C. The plasma samples used for direct analysis of sedimenting boundaries were never of 
sufficient volume to fill the viscometer; consequently, viscosity and density data  were calculated 
from measurements made on diluted samples. 

RESULTS 

T h e  v i r u s  c o n t e n t  of a n  o c c a s i o n a l  p l a s m a  is g r e a t  e n o u g h  to  r e g i s t e r  a S c h l i e r e n  

b a n d  in  t h e  u l t r a c e n t r i f u g e  w i t h o u t  c o n c e n t r a t i o n  of  t h e  v i rus .  T h r e e  of  t h e s e  in-  

f r e q u e n t l y  o c c u r r i n g  p l a s m a s  we re  f o u n d  b y  t h e  m i c r o  e n z y m e  t e s t  p r e v i o u s l y  de -  

s c r i b e d  n .  One  of  t h e m ,  X 44, T a b l e  I, g a v e  s e d i m e n t i n g  b o u n d a r i e s  w h i c h ,  a l t h o u g h  n o t  

p r o m i n e n t  n o r  of  o p t i m u m  c o n t r a s t  for  p h o t o g r a p h y ,  were ,  n e v e r t h e l e s s ,  q u i t e  a d e q u a t e  

for  m e a s u r e m e n t  (Fig.  Ia )  e v e n  a f t e r  d i l u t i o n .  T h e  i n d i v i d u a l  p i c t u r e s  we re  t a k e n  a t  

3 m i n u t e  i n t e r v a l s  wh i l e  t h e  p l a s m a  w as  h e l d  in  a m e a n  c e n t r i f u g a l  f ie ld of 7,488 × g a t  

25.5 ° C. T h e  c a l c u l a t e d  v a l u e s  of  v i s c o s i t y  a n d  t h o s e  for  d e n s i t y  of  t h e  p l a s m a s ,  ob -  

t a i n e d  w i t h  d i l u t e d  s p e c i m e n s ,  a re  g i v e n  in  T a b l e  I. I n  o r d e r  to  e x t r a p o l a t e  f r o m  t h e  

v i s c o s i t y  d a t a  to  t h e  r e l a t i v e  v i s c o s i t y  of  u n d i l u t e d  p l a s m a ,  i t  was  a s s u m e d  t h a t  t h e  

v a r i a t i o n  in  v i s c o s i t y  w i t h  d i l u t i o n  of l e u k o t i c  p l a s m a  w o u l d  be  t h e  s a m e  as  t h a t  of  

n o r m a l  p l a s m a .  C a l c u l a t i o n s  of  t h e  s e d i m e n t a t i o n  r a t e s  of  t h e  v i r u s  in  t h e  v a r i o u s  

p l a s m a s ,  w h i c h  a re  s h o w n ,  also,  in  T a b l e  I, m a k e  use  of t h e  d a t a  o n  t h e  d e n s i t y  of  t h e  

v i r u s  d e t e r m i n e d  in  t h e  n e x t  e x p e r i m e n t .  

TABLE I 
S E D I M E N T A T I O N  R A T E S  O F  T H E  V I R U S  P A R T I C L E S  D E T E R M I N E D  D I R E C T L Y  

I N  D I F F E R E N T  P L A S M A S  O F  D I S E A S E D  C H I C K S  

Plasma diluti)*~ 
Plasma factor Plasma density Relative viscosity ~l s . xo  ~ 

× 77 None 1.o18 1.67 504 
× 1i 7 None 1.o15 1.5o 496 
7: 44 None I .o/8 1.7o 532 
× 44 1.642 I.O12 1.43 603 

Re/ere~ces p. ±7. 
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Density measurements were made by observing the rates of sedimentation of virus 
particles in 0.85% NaC1 solution in H20;  in 0.85% NaC1 solution in D~O" and in 0.85°./0 

Fig. I. (a) Schlieren d iagram of virus part icles sed iment ing  in dilute p lasma (see text)  ; (b) d iagram 
of part icles sediment ing in bovine se rum albumin solution;  and (c) d iagram of part icles  sediment ing  

in D=O solution. 

NaC1 solution in H~O containing bovine serum albumin. The studies in the HaO- and 
D~O-saline were made on 6 preparations of concentrated virus from different individual 
plasmas, and those with bovine serum albumin employed the virus from 5 of these 
plasmas. The type of boundary observed and the relative rates of sedimentation in 
H20 and D20 are illustrated in the diagrams of Figs. Ib  and IC. The virus particles were 
well dispersed in both media as shown by 
the uniformity of light scattered in the 
portion of the photographs below the 
sadimenting boundaries. The observed 
sedimentation rates, multiplied by the ab- 
solute viscosity of the suspending media, 
are shown plotted against the density of 
the media in Fig. 2, The line drawn by in- 
spection through the data obtained with 
H~O-saline and with bovine albumin in- 
dicates a limiting hydrated density of 
z.o59 for the virus. Similar t reatment  of 
the data for D~O-saline requires some 
estimate of the expected error in the den- 
sity calculated for the virus because of the 
nature of the intersection of the extended 
line with the zero axis and the variability 
of the observed data. A straight line, cal- 
culated by the method of least squares, 
extends to an intercept at zero sedimenta- 
tion rate at density 1.29 with a calculated 
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D E N S I T Y  O F  THE M E D I U M  

Fig. 2. Sed imenta t ion  ra tes  of virus part icles in 
bovine serum albumin solutions (squares) and 
in DiO solution (circles). Each  po in t  represents  
the  ra te  wi th  a different  virus prepara t ion .  The 
line th rough  the  circles was d rawn by  the  me thod  
of least  squares and t h a t  t h rough  the  squares  

was d rawn by  inspect ion.  
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standard deviation of the mean of + 0.030 or - -  0.025. The corresponding values of 
the reciprocal are 0.772 + o.o14 or - -  O.Ol 9. 

Calculations of sedimentation constants have been made from the data obtained 
with the 6 specimens of virus studied in H~O-saline solution with the usual viscosity 
and buoyancy corrections employing the value 0.772 for partial specific volume. The 
mean sedimentation constant so calculated is 693s. The latest electron micrographs give 
reason to believe that  these particles are essentially spherical in plasma and in physio- 
logical salt solutions, and from this and the above values it is possible to calculate a 
diameter of 144 m/~ for the hydrated particles. 

If the density values derived from the data of Fig. 2 are taken to be the true 
hydrated and dry densities of the virus particle, it is possible to make calculations of the 
water content of the particle. This procedure gives values of 80% water by volume or 
75% by weight. 

In previous work, mentioned above 4, studies were made to determine the length 
of time necessary for the removal by centrifugation at 169.1 R.P.S. of the particles, of 
enzymic activity and of the infectivity from plasma in the upper portion of a lucite 
rotor cell. Similar experiments have shown that  the particles of Dow latex 58o G, which 
have a sedimentation constant of I94OS, sediment from this same cell region in 68.8 
minutes at 73.7 R.P.S. Calculations utilizing the data obtained with the latex particles 
and with those observed earlier in the centrifugation of plasma and the present density 
value, 1.o59, gave sedimentation constants of 645s, 597s and 7oos for the particles, 
enzymic activity and infectivity, respectively. 

Electron micrographs made from virus pseudoreplicas from an agar surface S have 
shown the particles to be round, and shadowcast pictures show them to be somewhat 
flattened, even after osmic acid fixation 2. The diameters of these images vary from prepa- 
ration to preparation of the same virus sample, ranging from IOO to 12o mr*. Virus 
particles similarly prepared for micrographs, except without osmic acid fixation, appear 
excessively flattened but not substantially different in diameter. 

DISCUSSION 

The data obtained in the present work serve to confirm and to amplify the knowledge 
of the physical properties of the virus particles occurring in the plasma of birds with 
erythromyeloblastic leukosis. Occurrence of the particles in high concentration in some 
of the plasmas has afforded an unusual opportunity for observation of boundaries of 
virus particles sedimenting directly in the natural suspending medium without prior 
concentration. The sedimentation rates of the particles in different plasmas were fairly 
uniform, considering the lack of complete control of conditions, but they were somewhat 
less than those, average 693 s, observed with concentrated and purified virus. The reason 
for this is not apparent, though it may be surmised that unknown factors in undiluted 
plasma related to viscosity and osmotic effects may influence the outcome under the 
considerably different sets of experimental conditions. There seems no reason to doubt 
that  the boundaries observed under the various conditions are those of the same 
material. 

Of particular interest is the exceedingly low value, I.o59, of the hydrated density 
of the leukosis particles. It  has been evident from the beginning that these particles are 
vastly different in physical properties from other viruses studied, except the Newcastle 

Re/erences p. 17. 
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disease agent. The early electron micrographs of the particles" revealed a confusing 
pleomorphism varing from spherical bodies to fi lamentous and sperm-like shapes. 
Assuming tha t  the apparent  var ia t ion in particle size and shape was real, it was not  
possible to unders tand  the relat ively high degree of uni formi ty  of the sedimentat ion 
boundaries  of the concentra ted and par t ly  purified mater ia l  seen in the analyt ical  
ul tracentr i tuge.  I t  was soon suspected and  later  verified 2 tha t  the strong effects of high 
salt concentra t ion  at the t ime of drying of the particles on the collodion film for electron 
microscopy was responsible for the irregular shapes. The very low densi ty  provides one 
explanat ion  of the phenomenon.  A particle conta in ing 80% water is presumably  capable 
of appreciable changes in size and shape during these condit ions of desiccation. I t  might  
be predicted, also, tha t  the virus of Newcastle disease in chickens, which has a similar 
appearance in the electron microscope 2,12 may  be another  agent in this exceedingly 
low densi ty  range. Data  on the Newcastle disease virus from this 2 and  other laboratories la 
would suggest this conclusion. 

A vi ta l  problem in the s tudy  of the leukosis virus is the interrela t ionship of the 
particles, enzymat ic  ac t iv i ty  and infect ivi ty  occurring s imul taneously  and  proportion- 
ally in the plasmas of the diseased birds 4. I t  is of interest  tha t  the sedimenta t ion  con- 
s tant ,  693s, of the particles calculated from the sediment ing boundar ies  of the concen- 
t ra ted  materials  is close to the values, 645 s, 597 s and  7oos which were calculated with 
the present  data  together with those de te rmined  in other exper iments  4 by particle 
counts and  chemical and biological est imates for the sedimenta t ion  constants  of the 
particles, the enzymat ic  ac t iv i ty  and  the infectious uni t .  The present experiments  
serve to correlate the particles demonst ra ted  by  visible sediment ing  boundaries  with 
the particles and  activities previously identified by entirely different procedures. 

SUMMARY 

Studies have been made on the sedimentation properties and density of the virus of avian 
erythromyeloblastic leukosis. The virus occurs in some plasmas from diseased birds in concentrations 
permitting sedimentation studies of the particles directly in the plasma without prior concentration. 
Schlieren diagrams obtained by this means revealed well defined though somewhat diffuse sedimenting 
boundaries. The sedimentation rates observed under these not entirely controlled conditions varied 
from 496 to 6o 3s. Measurements on concentrated virus made under standard conditions give the 
average value of 693 s. The hydrated density of the virus determined by sedimentation in bovine 
serum albumin was I.o59, and that of the dry density found in analogous experiments with D~O 
was 1.29. Calculation of water content with these data give the values of 80% by volume or 75 % 
by weight. Particle diameter based on the sedimentation data was 144 m/* compared with ioo to 
12o m/~ found by electron micrography. 

R~SUM]~ 

Les auteurs ont 6tudid les propridtds de sddimentation et la densitd du virus de la leucosis 
drythromydloblastique aviaire. La concentration du virus dans le plasma de certains oiseaux atteints 
est suffisante pour permettre l'dtude directe sur le plasma de la sddimentation des particules sans 
concentration pr61iminaire. Des diagrammes de dispersion obtenus par ce moyen montrent des 
fronti~res de s6dimentation bien d6finies quoique 16g~rement diffuses. Les vitesses de s6dimentation 
dans ces conditions, qui ne sont pas toutes contrbl6es, varient entre 496 et 6o3 s. Les mesures 
effectu6es dans des conditions standard apr6s concentration donnent une valeur moyenne de 693 s. 
La densit~ du virus hydrat6, d6termin6e par s6dimentation dans la s~rumalbumine de boeuf, est 
de I.O59 et la densit6 5. l '6tat sec, d~termin~e par des essais analogues en pr6sence de DzO est de i .29. 
Ces donn6es correspondent 5. une teneur en eau de 8o % en volume ou de 75 % en poids. Le diam~tre 
des particules, d6duit des r6sultats de la s6dimentation, est de 144 m#. La microscopie 61ectronique 
indique un diam6tre de ioo 5. I2o m/~. 
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Z U S A M M E N F A S S U N G  

Es  w u r d e n  U n t e r s u c h u n g e n  der  Sed imen ta t i onse igenscha f t en  u n d  der Dichte  des Virus  der  
Gef l f ige l -Erythromyeloblas tenleuk~imie  durchgef t ihr t .  Das  Virus  k o m m t  im P l a s m a  ges to rbener  V6gel 
in K o n z e n t r a t i o n e n  vor,  die die S e d i m e n t a t i o n s u n t e r s u c h u n g e n  der  Tei lchen im P l a s m a  ohne  vor-  
herige K o n z e n t r a t i o n  er laubt .  U n t e r  diesen Umst~.nden e rha l t ene  Sch l i e rend iag ramme e rgaben  wohl  
definierte,  j edoch  e twas  diffuse Sed imen ta t iongrenzen .  Die u n t e r  diesen n ich t  v611ig kont ro l l i e rbaren  
B e d i n g u n g e n  e rha l t enen  Sed imen ta t i onsgeschwind igke i t en  var i ieren yon  496 his 603 s. Messungen  
des konzen t r i e r t en  Virus,  die u n t e r  S t a n d a r d b e d i n g u n g e n  durchgef i ih r t  wurden ,  e rgaben  e inen durch-  
schn i t t l i chen  W e f t  yon  693 s. Die d u t c h  S ed i men t a t i on  in R i n d e r s e r u m a l b u m i n  b e s t i m m t e ,  hydra t i -  
s ierte Dich te  des Virus  be t rug  1.059 und  die in ana logen  E x p e r i m e n t e n  mi t  D~O erha l t ene  " t r o c k e n e "  
Dich te  1.29. Die B e r e c h n u n g  des \~as se rgeha l t e s  m i t  diesen Da t en  ergab  W e r t e  von  8o V o l u m p r o z e n t  
oder  75 Gewichtsprozent .  Der  aus  den S e d i m e n t a t i o n s d a t e n  abgelei te te  Te i l chendu rchmesse r  be t rug  
144 m/~, w~tbrend du rch  E l e k t r o n e n p h o t o g r a p h i e  lOO-12o m/~ ge funden  wurde.  
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