
VOL. 11 (1953) BIOCHIMICA ET BIOPHYSICA ACTA 199 

T H E  D E T E R M I N A T I O N  OF S E D I M E N T A T I O N  CONSTANTS OF 

P R O T E I N S  AND V I R U S E S  W I T H  T H E  H E L P  OF T H E  

SPINCO P R E P A R A T I V E  U L T R A C E N T R I F U G E  

by 

A L F R E D  POLSON AND A N N E  M. L I N D E R  

S.A. Council/or Scientific and Industrial Research and Universily o/Cape Town Virus Research Unit, 
Department o/ Pathology, University o/ Cape 7"ow~ (South A/rica) 

The high speed angle centrifuge has become a valuable tool for the purification of 
viruses, and other high molecular biological materials. Little quantitative experimental 
work on the rate of sedimentation of giant protein molecules and viruses in the angle 
centrifuge has however been done. Usually the amount of centrifugation to remove a 
certain molecular species from solution has been determined empirically. The exact 
determination of sedimentation rate allows not only the calculation of particle size but  
also the more complete separation from contaminating substances than is possible by 
cruder methods of centrifugation. 

PICKLES 1 has already used the high speed angle centrifuge for the determination of 
approximate sedimentation constants. He has pointed out the importance of avoiding 
convection currents and the need to determine an exact sedimentation boundary. 

We have noticed that, when solutions of proteins of high molecular weights are 
centrifuged in the Spinco preparative ultracentrifuge, the sedimenting boundaries are 
not very sharp but that their positions in the centrifuge tubes can nevertheless be deter- 
mined with sufficient accuracy by direct measurement. We have utilized the instrument 
successfully for analytical studies not only of protein solutions but also viruses. 

THEORETICAL 

SVEDBERG AND PEDERSEN ~ have shown that  the sedimentation constant S can be 
calculated from the distance that a boundary migrates (x~. - -  x~) during the time interval 
(t 2 -  t~) in a centrifuge rotor which has an angular velocity of ra by means of the 
equation : 

2 (x2  - -  x l )  
s = (~) 

(x2 + xl) 0, 3 ( t 2 -  t,) 

If Xl is the horizontal distance of the initial boundary from the axis of rotation in the 
angle centrifuge and x~ that of the boundary after centrifugation, then xz = xj + H sin a, 
where H is the difference in the heights of the boundaries in the vertical centrifuge tube 
before and after centrifugation (uncorrected sedimentation distance) and ~ is the angle 
of inclination of the centrifuge tube to the vertical. When substituting H sin c~ for 

Re#rences p. 2o8. 



2 0 0  A. P O L S O N ,  A. M. L I N D E R  VOL.  U (1953) 

(X~- Xl) SVEDBERq AND PEDERSEN'S equation becomes applicable also to the calcu- 
lation of sedimentation constants from data obtained with the angle centrifuge. 

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

To test equation I solutions of whelk (Caminel!a sincta) haemocyanine were centri- 
fuged at different speeds for a constant period and the resultant change in level of the 
boundary in the centrifuge tube measured directly. Such measurements of the boundary 
displacements during centrifugation of the haemocynanine are possible on account of the 
distinct blue colour of the solutions. The average speed of centrifugation was determined 
by dividing the total number of revolutions of the rotor by the time of centrifugation in 
minutes. This takes into account the periods of acceleration, constant speed and deceler- 
ration. To minimize the acceleration period the centrifuge dial was set to a higher speed 
than was required until the speed of the rotor approached the required velocity when it 
was turned back to that speed. 

Sources o/ error 

I. Temperature. It  soon became apparent that if reliable sedimentation constants are 
to be computed the increase of temperature of the rotor during centrifugation had to be 
taken into consideration. When a pre-cooled rotor is spun in the centrifuge the tempera- 
ture of the rotor increases rapidly until an approximate equilibrium value is reached. 
This equilibrium value is dependent on the degree of vacuum in the centrifuge chamber 
as well as on the velocity of the rotor. In Table I and Fig. I are given equilibrium temper- 
atures obtained for different speeds of centrifugation. From this table the approximate 
rotor temperature for any velocity between IO,OOO and 34,ooo can be calculated. The 
rotor can therefore be cooled to the appropriate temperature before the start of centri- 
fugation. 

T A B L E  I 

EQUILIBRIUM TEMPERATURES FOR DIFFERENT ROTOR VELOCITIES 

r.p.m. Time in minutes Rotor temperatures °C 

IO,OOO 95 7 .0 

14,OOO 95 7"5 
20,000 95 8.0 
20 ,000 95 %0 
25~OOO IOO IO.O 
25 ,000  lOO I I .o 
3 t , o o o  IOO 12. 5 
34 ,000  lO2 12. 5 
34 ,0o0  lO2 12. 5 

The effect of heat convection currents on the sedimentation boundary has been 
discussed in detail by PICKLES 1 who has pointed out that unusually sharp sedimenting 
boundaries are formed when convection currents are set up during or after centrifugation. 
PICKLES has further pointed out that  with convection currents the material below the 
boundary does not show the usual gradation in concentration but is homogeneously 
distributed throughout the tube. With the precautions taken in the present experiments 
of pre-cooling the rotor to the centrifugation equilibrium temperature neither of these 
effects has been noticed when solutions of haemocyanine were centrifuged. 
Re[erences p. 208. 
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2. Distortion o/the "lusteroid" tubes during ccntri/ugation. During centrifugation the 
lusteroid tubes used in the centrifuge collapse on the side nearest the axis of rotation. 
This is especially noticeable when the tubes are half empty.  The consequence of this 
distortion is that  the meniscus level is pushed up higher in the tube. On slowing down of 
the centrifuge the tubes regain their original shape almost completely and the clear fluid 
above the sedimenting boundary is now spread over a larger area than during centri- 
fugation. The result of this distortion is that  the distance of sedimentation appears 
smaller and in consequence sedimentation constants computed from short distances of 
sedimentation will be considerably smaller than the true values. 

In an experiment to test out the magnitude of the error due to tube distortion, a 
solution of dye was subjected to centrifugation at io,ooo to 30,000 r.p.m, for 20 minutes. 

2~ 
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Fig. i .  Var ia t ion  of ro tor  equ i l ib r ium t e m p e r a t u r e  wi th  ro tor  velocity.  

From the level of the stain adhering to the walls of the centrifuge tube after centrifu- 
gation it could be calculated that  during centrifugation the horizontal distance of the 
meniscus from the axis of rotation was 5.35 cms instead of 5.2 cms, as would be the case 
with a rigid centrifuge tube. 

There are two methods whereby the error from tube distortion can be overcome: 
(i) By computing sedimentation constants from results of experiments in which 

the uncorrected sedimentation distance was at least 2 cms. This is borne out by the results 
of experiments with C. sincta haemocyanine recorded in Table II .  The results show that  
sedimentation constants calculated from boundary displacements of less than 1. 9 cm 
are too low. The values calculated from I. 9 cm or more agree very well with those 
obtained by SVEDBERG AND PEDERSEN 2 with haemocyanine of this type. 

(ii) By computing sedimentation constants not by direct calculation but by com- 
parison of the sedimentation of the substance under investigation with that  of a sub- 
stance with known sedimentation constant. 

I t  can readily be shown from SVEDBERG AND PEDERSEN'S formula as applied to sedi- 
mentation in the angle centrifuge that  

2 
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T A B L E  I I  

ULTRACENTRIFUGATION EXPERIMENTS AND COMPUTED SEDIMENTATION CONSTANTS 

OF CAMINELLA SINCTA tlAEMOCYANINE 

P r o t e i n  c o n c e n t r a t i o n  2.75 % .  x 1 = 5-35 d u r i n g  c e n t r i f u g a t i o n .  

Rotor equilibrium Time in 
r.p.m, temperature °C H in cms. *1/~/20 minutes $20 

IO,OOO 7 0. 5 1.42 lOO 86.6 
14,2oo 7.5 I.O 1. 4 lOO 85.0 
17,4oo 7.5 1. 9 1. 4 lOO 1ol .5 
20 ,00o  9.0 2.7 1.35 lO3 99.2 
22 ,40o IO.O 3.6 1.31 lO 4 98.1 
24 ,49o I I ,O  4.6 1.27 1o4 98.2 

A v e r a g e  of v a l u e s  in r a m : e  17,4oo to  24,490 = 99.2 

9/~7~ is t h e  r a t i o  of v i s c o s i t y  of t h e  m e d i u m  to  t h a t  of w a t e r  a t  20 ° C. 

where S t,  oJ I, t I and ~h/~o are the sedimentation constant, rotational velocity, t ime of 
centrifugation and viscosity ratio, respectively, for one substance and S 2, 0) 2, 12 and 
t/2/~/20 corresponding values of another. Thus for a given value of H ,  i .e . ,  the uncorrected 
sedimentation distance as measured on the centrifuge tube in a vertical position 
S ~o 2 t ~/~/20 is constant. If  therefore two particulate substances, one of known sediment- 
ation constant and the other unknown, are sedimented by centrifugation through a 
distance (/-/), the unknown sedimentation constant can be calculated from the relative 
speeds and time of centrifugation required. 

The advantage of this comparative method of calculation is that  many experimental 
errors including tha t  due to distortion of the tube are cancelled out. The usefulness of the 
method is illustrated by the results obtained with Jasus lalandi haemocyanine recorded 
in Table I I I .  The haemocyanine of this species has not been investigated by SVEDBERG 
but  the sedimentation constant of a related species the European lobster, Palinurus 
vulgaris, has been found to be 16.3 Svedberg units 2. Assuming this value also to be 
correct for the haemocyanine of the closely related species, Jasus lalandi, then the 
observed values for the sedimentation constant at 2o°C ($20) are too low. The explana- 
tion for this is that  calculations were made from total uncorrected sedimentation dis- 
tances (H) of less than 2.0 cms, when as already shown with C. sincta haemocyanine, tube 
distortion effects play an important  part.  

T A B L E  I I I  

ULTRACENTRIFUGATION OF JASUS LALANDI HAI~3MOCYANINE 

P r o t e i n  c o n c e n t r a l i o n  3 . 1 % .  x 1 = 5-35 eros.  a = 26 °. 

r.p.m. Rotor equilibrium Time in S 
temperature °C ~f~2o H im cms. minutes $2o 

2 0 , 0 0 0  8 1 .38  0 .35  lO 3 11 .o 5 14. 7 
2 5 , 0 0 0  lO.5  1 .28  o. 5 lO 4 lO.O 7 12. 3 
3 o , o o o  12 .o  1.23 0 .75  lO 5 9 . 8 6  12.1 
R5 ,ooo  12. 5 1.21 I.O lO6  9 . 5 6  11. 4 

A v e r a g e  = 12.6 

Re]erences p. 2 0 8 .  
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a: 2 

~5 

In Figs. 2 and 3 are given the sedimentation distances (H) of the two haemocyanines, 
C. sincta and J. lalandi, during centrifugation at different speeds for approximately con- 
stant time. From a comparison of the speeds required to give approximately equal 
sedimentation of the two haemocyanines and a knowledge of the $20 of C. sincta haemo- 
cyanine the S~o of J. lalandi haemocyanine could be calculated. The values obtained 
(Table IV) are in closer agreement with SVEDBERG's estimate for P. vulgaris haemocya- 
nine than those recorded in Table III. 

Fig. 2. Distance ( H ) w h i c h  the [ 
haemocyanine of Caminella sincta 

t sedimented in the centrifuge tube 
at different rotor  velocities and ~5 
approximate ly  cons tant  t ime 10. 5 

minutes.  

. . . . . . . .  f -  i r T 
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R.R I~ x1000 

TABLE IV 
S E D I M E N T A T I O N  O F  J A S U S  L A L A N D I  A N D  C A M I N E L L A  S I N C T A  H A E M O C Y A N I N E S  

C. sinta So 0 = ioo Svedberg units. Time of centrifugation t = too minutes.  

Fig. 3. Distance (H) which the 
haemocyanine  of Jasus  lalandi 
sedimented in the centrifuge 
tube at different rotor  velocities 
and approximate ly  cons tant  

time. 

Jasus lalandi Caminella sincta 

r.p.m. Time in Jasus ndi 
minutes *1]~2o T ° C H r.p.m, r] /~lio T °C 

20,000 lO 3 1.38 8.0 0.35 8,000 1.45 6.5 16.3 
25,000 io 4 1.28 lO. 5 0.50 io,ooo 1.43 7.0 17.11 
3o,oo0 lO5 1.23 12.o 0.7.5 I2, I5O 1.42 7.2 17.9 
35,ooo lO6 1.215 12. 5 I.O 13,8oo 1.41 7.4 16.9 

Average ~ 17.o5 
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U L T R A C E N T R I F U G A T I O N  OF V I R U S  S U S P E N S I O N S  

Because of the relatively sharp sedimenting boundaries obtained on centrifugation 
of the haemocyanines and the consequent accurate determination of molecular size it was 
decided to apply the same method to the study of viruses. As the amount of virus protein 
in most suspensions of viruses is very low it is impossible to observe directly any virus 
boundary. A reasonably accurate determination of the boundary position can however 
be made by testing the virus content of the fluid at different heights in the tube after 

I I I 
0 I 2 3 

centrifugation. An abrupt change in virus 
content of samples from adjacent levels 
will indicate the zone in which the virus 
boundary lies. The position of the sedi- 
menting boundary can conveniently be 
determined as the level at which the virus 
concentration is midway between the con- 
centrations of the virus in the layers above 
and below the zone of abrupt change (see 
Fig. 6). 

The sedimentation constant o/ lumpy skin 
disease virus 

This method of centrifugation was ap- 
plied to the virus of lumpy skin disease. 
This virus was adapted to the developing 

I I I I - I ,  4 s 6 z s chicken embryo (VAN DEN ENDE et al.,a, 4) 
Aoa and it has subsequently been passaged for 

F i g .  4. N e g .  l og  L D s 0  p l o t t e d  a g a i n s t  t h e  a v e r a g e  
d a y  of d e a t h  in  a t i t r a t i o n  of  t h e  v i r u s  of l u m p y  many generations in eggs. The virus is very 

skin disease, stable and sufficiently accurate titrations 
can be made by determining the average 

time taken to kill embryos after allantoic inoculation (GoLuI~). Table V and Fig. 4 
show the results of a typical titration of the virus content of a IO % chick embryo 
emulsion. 

TA 

THE AVERAGE DAY OF DEATH (A.D.D.) OF EGGS J 

E g g s  i n o c u l a t e d  a f t e r  9 d a y s  p r e  

Dilution 
Number  dying 

L 5  2 2. 5 3 3.5 4 4.5 

O r i g i n a l  F l u i d  × lO -2 
X lO -3  
X Io  -4 
X lO -5 
X IO - s  
X IO -?  

I 

u 

I 

m 

M 

I 2 - -  3 

- -  I I I 
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E X P E R I M E N T A L  

Before centrifugation a centrifuge tube is marked off 
with virus suspension to a level of 2 cms from the top of 
the tube. In the case of lumpy skin virus we invariably 
used a Io % emulsion in broth of chick embryos which had 
been infected with the virus 3 days previously. The tube 
is then placed in the centrifuge rotor which has been pre- 
cooled to the equilibrium temperature for the selected 
speed of centrifugation. The rotor is rapidly accelerated 
to the required speed, and the number of revolutions 
carefully noted. The average velocity of centrifugation is 
taken as the number of revolutions divided by the total 
time of centrifugation in minutes. 

After the centrifuge has stopped the tube which 
contains the virus suspension is removed carefully and 
immediately lowered into a glass beaker which contains 
water of the same temperature as that of the centrifuge 
rotor. Successive I em layers of fluid are then removed 
with an instrument designed to lower a fine pipette with 
its tip bent upwards into the centrifuge tube (Fig. 5). 
The virus content (LDso) of each layer is determined by 
the GOLUB method and the titres plotted against the 
average distance of each sample from the original menis- 
cus in the vertically held centrifuge tube. 

The results of several experiments recorded in Fig. 6 
show that the distance (H) of sedimentation of lumpy 
skin virus during centrifugation at 3o,ooo r.p.m, for lO 5 
minutes lies between 4.6 and 5.4 cms, with an average 
of 5.Ol cms. 

The sedimentation constants ($20) calculated from 
these values is 66. 4 (Table VI). The sedimentation con- 

in intervals of I cm and tilled 

F i g .  5 -  S a m p l i n g  d e v i c e  f o r  r e -  

m o v i n g  f l u i d  a t  d i f f e r e n t  l e v e l s  i n  

c e n t r i f u g e  t u b e .  

JANTOIC I N O C U L A T I O N  OF L U M P Y  S K I N  V I R U S  

: i o n .  L D ~ o  o f  O r i g i n a l  M a t e r i a l  6 . 0 8 .  

on (day) N u m b e r  surv iv ing  A . D . D .  
on  xoth day  

5.5 6 6. 5 7 7.5 8 8.5 9 9.5 

3 I . . . . . . .  o 4 - 9  

2 3 2 . . . . . .  o 5 . 5  

I - -  5 - -  4 - -  - -  - -  o 6 . 8  

I - -  3 - -  I 2 - -  - -  - -  2 - -  

- -  I - -  I - -  I - -  - -  I 5 - -  

- -  - -  I - -  2 . . . .  7 
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stant calculated by comparison with the rate of sedimentation of C. sincta haemo- 
cyanine is 72.4 (Table VII). The reason for this 
discrepancy is at present obscure. The value of 
66.4 Svedberg units is probably nearer to the 6 
correct value as it was obtained by the method of 
calculation which gave an exact value for C. sincta e 5 
haemocyanme. With a sedimentation constant for ~ 
lumpy skin ~virus of 66.4 and assuming a particle 
density of 1.33, the particle size can be calculated 3 

from the modified Stokes equation r 2 --  9 S ~/20 
2 ( d - -  e) 

to be 18. 9 m/x 

where r = radius of the particle, 
S = sedimentation constant in SVEDBERG 

units, 
~20 = viscosity of water at 2o°C, 

d = 1.33 the particle density, and 
0 = density of the dispersion medium. 

The particle diameter calculated from S~0 of 
72.4 is 19. 9 m~. 

T A B L E  V I  

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

Sin  (~ = 0 . 4 3 8 4  . x t  = 5 .35 c m s .  

Time in 
r.p.m. H T °C ~)/~2o minutes S~o 

/ 

3 o , o o o  4 .6  12.5 1.22 lO 5 62 .6  
3O, lOO 5.1 12.5 1.22 lO 5 67.  5 
30,  ° 0 o  4-95 12.5 1.22 lO6 65.  7 
3° ,  2 ° o  5-4 12. 5 1.22 lO5 69 .9  

T i I i 
, 2 ~ , ; '6 ~' or cm 

Distance 

Fig .  6. N e g .  log L D s 0  of  s a m p l e s  t a k e n  
a t  v a r i o u s  l eve l s  in  t h e  c e n t r i f u g e  

A v e r a g e  = 66 .4  t u b e s  in  d i f f e r e n t  e x p e r i m e n t s  con -  
d u c t e d  a t  a p p r o x i m a t e l y  c o n s t a n t  
r o t o r  v e l o c i t y  a n d  t i m e  of  c e n t r i f u -  

T A B L E  V I I  g a t i o n .  

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

S E D I M E N T A T I O N  D I S T A N C E S  O F  C A M I N E L L A  H A E M O C Y A N I N E  

Caminella haemocyanine L u m p y  Sk in  Virus 

Time in  Time in r.p.m. H T °C rl/~2o $20 r.p.m. H T °C tl/~ti o minutes minutes 

2 4 , 5 0 0  4 .6  I I 1 .27  lO 4 3 0 , 0 0 0  4 .6  12. 5 1.22 lO 5 68 .2  
2 5 , 5 0 0  5.1 I I  1 .27  lO 4 3 o , I o o  5.1 12. 5 1.22 lO 5 73.3  
2 5 , 2 5 0  4-95  i i  1 .27 lO 4 30, ° 0 0  4 .95  12.5 1.22 lO6 72.5  
2 6 : o 0 0  5 .4  I I  1 .27 lO 4 3° ,  2 ° °  5 .4  12. 5 1.22 lO 5 75.8  

A v e r a g e  = 72 .4  

R e # f e n c e s  p.  208.  
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CENTRIFUGATION IN A PROTEIN GRADIENT 

During exper iments  wi th  the haemocyanines  it was not iced tha t  a protein gradient  

formed in the centr ifuge tube during centr i fugat ion.  This gradient  ex tended  from the 

protein boundary  downwards.  This effect was t rea ted  theoret ica l ly  by PICKLESL PICKLES 

has also shown tha t  convect ion-free sed imenta t ion  can be obta ined when a protein or 

virus is centr i fuged in a sugar gradient .  As a densi ty  gradient  can also be formed in a 

haemocyanine  solution it  was decided to ul t racentr i fuge l umpy  skin virus in a solution 

of J .  lalandi haemocyanine  in this way to e l iminate  heat  convect ion currents  tha t  might  

occur. The sed imenta t ion  cons tant  of lumpy skin virus centr i fuged in a solution of 

haemocyanine  was 65.7S. We concluded therefore tha t  a densi ty  gradient  did not  signi- 

f icantly modify  any effect which covect ion currents  m a y  have  had in our previous 

exper iments .  

ULTRAFILTRATION RESULTS WITH LUMPY SKIN VIRUS 

In  their  original work on lumpy  skin virus VAN DEN ENDE et al. 4 found tha t  the 

virus passed a 53 m/x gradocol  filter, but  was re ta ined by a 25 m/z membrane .  In work by 

one of the authors  (A.P. unpublished) it was established tha t  the virus  can be filtered 

through a 38 mr* membrane  but  not  th rough a 32 mr*. Calculated by ELVORD'S method  

this would indicate  a part icle size for the virus of lumpy skin of 12.6-19 m/z which is in 

agreement  with our results obta ined  by ul t racentr i fugat ion.  
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SUMMARY 

Contrary to the views expressed by other workers that the angle centrifuge can only be used 
to determine approximate sedimentation constants of proteins and viruses (PICKLES1/ we have found 
that with the electrically driven Spinco angle centrifuge accurate values can be obtained. Thus the 
sedimentation constant of whelk haemocyanine as determined by this method approximates closely 
to the value found by SVEDBERG. Furthermore the particle size of lumpy skin virus as determined 
by ultracentri*ugation agrees with the value obtained by ultrafiltration. Such accurate measurement 
is possible only if factors such as temperature and time of centrifugation are carefully controlled 
and if the effect of distortion of the centrifuge tubes are taken into consideration. With the older 
types of angle centrifuges this was not possible as the rates of acceleration and deceleration were 
low. During these periods changes of temperature could take place and furthermore the total time 
of centrifugation could not be determined accurately. 

More accurate values for the sedimentation constants of viruses than those recorded in this 
paper can undoubtedly be obtained with the aid of the sampling technique described if a larger 
number of smaller samples are taken. This will necessitate the use of larger numbers of eggs than 
were available to us. This method of particle size determination has definite advantages over ELFORD'S 
capillary method (ELFORD AND GALLOWAYS). It can also be of great value to the electron-microscopist 
for whom an accurate knowledge of particle size is invaluable and who could use the same instrument 
for virus purification as well as particle size determination. 

Re/erences p. 203. 
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Rt~SUMt~ 

S u i v a n t  cer ta ins  a u t e u r s  (PICKLES 1) la cent r i fuge  ~ angle ne pe rme t  d 'ob ten i r  que  des valeurs  
a p p r o x i m a t i v e s  pour  les c o n s t a n t e s  de s6d imen ta t i on  de prot6ines  et de virus.  Cependan t ,  nous  avons  
cons ta t6  que l 'on p e u t  ob ten i r  des  va l eu r s  exac tes  ~ l 'a ide  de la cent r i fuge  ~ angle Spinco/~ c o m m a n d e  
61ectrique. E n  effet, la va l eu r  de la c o n s t a n t e  de s6d imen ta t ion  de l ' hdmocyan ine  de buccin  d6termin6e 
pa r  cet te  md thode  approche  de pr6s celle t r o u v f e  pa r  SVEDBERG. De plus.  la va leur  t rouvde pour  la 
grosseur  des  par t icu les  de v i rus  " l u m p y  sk in"  d6terminde pa r  u l t r acen t r i fuga t ion  es t  en accord avec 
la va leur  ob tenue  pa r  u l t raf i l t ra t ion.  De telles mesures  exac tes  ne p e u v e n t  se faire que si l 'on r6gle 
s o i g n e u s e m e n t  des fac teurs  tels  que  la t e m p 6 r a t u r e  et le dur6e de cen t r i fuga t ion  et  si Yon t ien t  
c o m p t e  de l 'effet  de dis tors ion des t ubes  /~ centr i fuger .  Ceci n 'd t a i t  pas  possible avec les t ypes  de 
cen t r i fuge  p!us  anciens,  les p6riodes d'acc616ration et  de d6c616ration 6 ran t  t rop  longues.  P e n d a n t  
ces p6riodes, des c h a u g e m e n t s  de t e m p 6 r a t u r e  p o u v a i e n t  avoir  lieu et  de plus,  la durde to ta le  de 
cen t r i fuga t ion  ne  p o u v a i t  t re  d6 te rminde  exac t emen t .  

L ' o n  pour ra i t  sans  dou te  obtenir ,  pou r  les c o n s t a n t e s  de s6d imen ta t ion  des virus,  des va leurs  
p lus  exac tes  que  celles rappor t6es  dans  ce m6moire ,  ~ l 'a ide de la t echn ique  d 'dchan t i l lonnage  ddcrite 
en  p r e n a n t  u n  n o m b r e  p lus  consid6rable  d '6chant i l lons  p lus  pet i ts .  II f aud ra  pour  cela un  nombre  
d '0eufs  p lus  g rand  que  celui don t  nous  disposions.  Cet te  m6 thode  de d6 te rminer  la grosseur  des  
par t icu les  pr6sente  des a v a n t a g e s  cer ta ins  pa r  r appo r t  "X la m6 thode  capillaire d'FLFORD (ELFORD 
ET (;ALLOWAYS). Elle pour ra i t  ~tre d ' u n e  g rande  va leur  en  microscopie 61ectronique off la conna issance  
exac te  de la grosseur  des par t icu les  es t  ines t imable  et  off le m 4 m e  i n s t r u m e n t  pour ra i t  6tre employ6 
pa r  purifier le v i rus  et  pour  en d6 te rminer  la grosseur.  

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

I m  Gegensa tz  zu der yon  anderen  Au t o ren  (PICKLES 1) ge'~usserten Ansicht ,  dass  die Winkel -  
zen t r i fuge  n u r  zur  ungef~ihren B e s t i m m u n g  der  S e d i m e n t a t i o n s k o n s t a n t e  yon  Pro te inen  und  Viren 
b e n u t z t  werden  kann ,  i anden  wir, dass  m i t  der e lektr isch ange t r i ebenen  Spinco-Winkelzent r i fuge  
genaue  W e r t e  e rha l t en  werden  k6nnen .  So ni iher t  sich die m i t  dieser Methode  b e s t i m m t e  Sedimen-  
t a t i o n s k o n s t a n t e  des  K i n k h o r n h X m o c y a n i n s  we i tgehend  d e m  yon  SVEDBERG g e f u n d e n e n  Wer t .  
Fe rne r  s t i m m t  die m i t  der  U l t r azen t r i fuge  b e s t i m m t e  Tei lchengr6sse  des " l u m p y  sk in"  Virus  n l i t  
d em du rch  Ul t ra f i l t ra t ion  e rha l t enen  W e r t  iiberein. Dera r t ig  genaue  Messungen  s ind n u r  nl6glich, 
wenn  die F a k t o r e n  wie T e m p e r a t u r  u n d  D a u e r  des  Zent r i fug ierens  sorgf~iltig kontrol l ier t  werden  
u n d  die T a t s a c h e  der  V e r f o r m u n g  der Zen t r i fugen r6h rchen  in B e t r a e h t  gezogen wird. Bei den ~ilteren 
T y p e n  der Winke lzen t r i fugen  war  dies n i ch t  m6glich,  da  die Anlauf-  und  Aus laufze i ten  zu gross  
waren.  W/ ih rend  dieser Zei t  k o n n t e n  Tempera tu r~ inde rungen  s t a t t f i nden  u n d  a u s s e r d e m  k o n n t e  die 
Gesamtze i t  des Zent r i fug ierens  n ich t  genau  b e s t i m m t  werden.  

Genauere  als die in dieser Arbe i t  be r i ch te ten  W er t e  fiir S e d i m e n t a t i o n s k o n s t a n t e n  yon Viren 
k 6 n n e n  zweifellos m i t  Hilfe der  beschr iebenen  P r o b e n m e t h o d e  e rha l t en  werden,  wenn  eine gr6ssere 
A n z a h l  kleinerer  P roben  gegeben ist.  Dies  wird die Ben i i t zung  einer gr6sseren  als uns  zur Verf i igung 
s t e h e n d e n  Anzah l  Eier  erfordern.  Diese Methode  der  B e s t i m m u n g  der  Tei lchengr6sse  h a t  b e s t i m m t e  
Vorteile gegeni iber  ELFORDS Kap i l l a rme t hode  (ELFORD UND GALLOWAY'). Ebenso  k a n n  sie ffir den 
ini t  den1 E l e k t r o n e n m i k r o s k o p  Arbe i t enden  yon  grossem W e r t  sein, da  fiir ihn  eine genaue  K e n n t n i s  
der Tei lchengr6sse  yon  u n s c h ~ t z b a r e m  W e r t  is t  u n d e r  das  gleiche I n s t r u m e n t  ebenso gu t  zur  Virus-  
r e in igung  wie zur  B e s t i m m u n g  der Tei lchengr6sse  b e n u t z e n  k6nn te .  
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