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The analytical ultracentrifuge t is usually employed either for study of sedimentation 
equilibrium or for measurement of sedimentation velocity of suspended materials. In 
this paper is described a third procedure which has given new information on some 
animal viruses, namely, direct measurement of the volumes of the pellets sedimented. 
Although measurement of the amount  of sedimented material accunmlated in the pellet 
after low speed centrifuging is common practice, studies of pellet volumes in the ultra- 
centrifuge during operation do not seem to have been made. Such studies are potentially 
capable of yielding information not only about the quanti ty of material sedimented, 
but,  if combined with other data, may give evidence of the degree of purity and nature 
of the material as well. If pure materials are used, some of their physical properties may 
be revealed, as indicated in the present palter, by pellet volume measurements at various 
rotor speeds and after various times of exposure to the centrifugal force. 

By the procedure to be described, the volume of sediment collected at the bot tom 
of a transparent ultracentrifuge cell is measured from photographs taken while the 
machine runs. The accumulation of deposit can be observed directly, and, if the pellet 
thus formed is compressed by further operation of the centrifuge or by increase in rotor 
speed, this too can be followed. The degree of accuracy to be expected from such 
measurements will be demonstrated in connection with an experiment showing some 
properties of purified swine influenza virus. 

THE ROTOR CELL 

In Fig. I there is shown the duralumin rotor from the air-driven vacuum type 
analytical ultracentrifuge used in this work. I ts  radius to the center of the cell holes 
is 6.5 cm. One hole contains the dummy cell or balance weight; the other is empty,  and 
lying near it in the photograph is the specially designed cell made of transparent lucite 
(methyl  methacrylate resin), the details of which are shown in Fig. 2. Through the body 
of the cell, a small hole is drilled and then finished with a ~ I  taper-pin reamer. The 
bo t tom is permanently closed by cementing on a small sliver of lucite with the solvent, 
ethylene dichloride. At the top, a stainless steel cover, shaped to give maximum height 
of hole, is held in place over a small piece of thin rubber gasket by two fillister head 

* This  i nves t i ga t i on  was  suppor t ed  by  a research g r a n t  from the  National Cancer Institute, 
U.S. Public Health Service; by a g r a n t  to Duke University f rom Lederle Laboratories, Inc., Pear l  River ,  
N. Y. ; and  by  the  Dorothy Beard Research F u ~ .  
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O-80 brass screws. This seals the hole which contains the suspension under  study. Two 
views are shown in Fig. 2. The one at the right is a view from an imaginary  cu t t ing  
plane indicated by  A-A in the center view. On the left end of the center view, and  in 

Fig. i. Duralumin rotor of the air-driven vacuum type ultracentrifuge. At the left is the dummy 
or balance cell in place, and opposite it is the lucite cell for pellet volume measurements. 

the left round  projection is shown the pair of "D"  shaped black bakelite pieces held on 
by  brass screws' ,  which act as masks l imiting a beam of parallel light passing endwise 
through the cell to a band  slightly narrower than the hole containing the suspension 

under  s tudy.  

Fig. 2. Lucite rotor cell showing "D" shaped masks at the left. At the center and right are side and 
cross-section views showing the tapered hole containing the suspension to be centrifuged. 

OPTICAL ARRANGEMENT AND PHOTOGRAPHIC PROCEDURE 

Light from a capillary mercury a rc '*  is used with all lenses, mirrors, etc., ar ranged 
according to the method of SVEDBERG ~ for light absorption photographs of sedimenting 

" Aluminum screws would probably be better at very high rotor speeds. 
"" Lamp type H 4 Westinghouse Elec. & Mfg. Co. 
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boundaries. No light filters are necessary. For highest photographic accuracy, fine grain 
film is desirable. At present, however, there is being employed the coarser but much 
faster Eastman Super Panchro Press type B film with which exposures of I to 5 seconds 
are sufficient to produce properly exposed films. Fig. 3 shows a series of pictures made 
of the pellet from a 20 mg/ml suspension of swine influenza virus as it is compressed 
gradually to constant volume in the rotor cell. Each picture is the result of a pair of 

Fig. 3. A typical series of pictures showing, from left to right, the. compression with time of a swine 
influenza virus pellet at constant rotor speed. Overlapping exposures aid in measuring pellet thickness. 

exposures of different duration taken so as to given a choice of three degrees of blackness 
from which to choose at the time of measurement. Light passes readily through the 
supernatant  fluid above and even more readily through the clear lucite below the pellet. 
The black band across each picture, decreasing in width from left to right, is formed by 
the pellet. Measurement of the width of this band on the negative with a travelling 
microscope gives pellet height. I t  will be seen that  whereas the top edge of the black 
band is exceedingly sharp the bot tom edge is not. In order to get greater accuracy with 
smaller pellets, use has sometimes been made of a point of reference other than the cell 
bot tom for measurements. This has been done by drilling a small hole in the balance 
weight (Fig. I). Through it passes a sharp point of light which draws a suitable reference 
line on the photographs. 

ILLUSTRATIVE EXPERIMENT 

In order to clarify certain details of procedure, the following experiment will be 
described. The cell was filled (0.075 ml) with an 18. 4 mg/ml suspension of purified swine 
influenza virus 2 in mammalian RINGER solution and the centrifuge brought to a constant 
speed of 7500 rpm. Virus in this concentration is turbid in suspension and is easy to see 
by watching the scanning image on the ground glass of the ultracentrifuge camera. 
When the supernatant fluid became clear, pictures like those of Fig. 3 were taken, 
yielding the pellet volumes plotted against t ime in the curve of the squares of Fig. 4. 
These volumes were obtained from measurement of the virus pellet pictures together 
with calibration pictures. Calibration of the cell-camera arrangement was made with 
weighed amounts of mercury in the range of pellet volumes under investigation. Each 
amount  was photographed at the various rotor speeds to be used in the experiment. 
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If the remaining space in the cell above the mercury is filled with water, the mercury 
interface shows up much more clearly in the picture than it does if no water is used. 

Pellet volumes at the 75oo-rpm-speed decreased rapidly at first then more slowly, 
seeming to at tain a minimum in a little, ow.'r six hours after all virus was sedimented. 
Another  cell full of the same virus suspension was then spun at .30 0oo rpm, and the 
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Fig .  4. T h e  v o l u m e  of  a p e l l e t  s e d i m e n t e d  f r o m  a s u s p e u s i o n  of  p u r i f i e d  s w i n e  i n f l u e n z a  v i ru s .  T i m e  
is m e a s u r e d  f r o m  T = o w h e u  v i s u a l  o b s e r v a t i o n  s h o w e d  n o  m o r e  v i r u s  in t h e  s u p e r n a t a n t  fluici. 
A t  t h e  t o p  ( s q u a r e s )  t h e  r o t o r  s p e e d  w a s  7 5 o o  r p m .  A t  t h e  b o t t o m  ( t r i a n g l e s )  is t h e  s a m e  a m o u n t  
o f  v i r u s  h e h l  a t  3 ° o o o  r p m  for  21/2 h o u r s  a f t e r  w h i c h  t h e  s p e e d  w a s  r e d u c e d  q u i c k l y  to  7 5  ° o  r p m .  

volumes obtained are shown in the decreasing part  of the curve of triangles in Fig. 4. 
The minimum pellet volume was reached in 2 ~ hours, after which the rotor speed was 
decreased quickly to 7500 rpm, the speed of the previous run. The increasing pellet 
volumes were recorded to a total of six hours, during which time the pellet volume 
approached asymptotic~,lly to within I ~.~o~, of the value at tained ill the upper curve. 
I t  is necessary, of course, to maintain constant  rotor speed for sew~ral hours for these 
runs, and, to do this, an electronic governor was built which varies the drive air pressure 
according to the needs of the machine and independently of variations in supply pressure. 

I ) ISCUSSION AND C O N C L U S I O N S  

From the curves of Fig. 4 and the photographs of Fig. 3, one would expect reliable 
volume measurements  ill the region of 0.004 ml to + I o,o. This is probably a conservative 
estimate, as many  repeat runs at this and lower pellet wfiumes have yielded results 
well inside this value. About  75 series have been run thus far. 

Some consequences of this experiment other than technical ones serve to illustrate 
the use of the method.  The virus forms a pellet which compresses, in a constant  centrifu- 
gal field, slowly with time, approaching a minimum value only after several hours at  
7500 rpm. At greater speed, 30oo0 rpm, the pellet volume approaches more quickly 
a lower value. This m a y  in itself suggest volume elasticity, but  elastic behaviour is 
definitely demonstra ted when, on reduction of the accelerating field, the pellet expands 
almost to its previous value. Fur ther  work is being done to s tudy this behaviour of the 
sedimented virus pellet in the light of independent data  on hydra ted  density of the 
virus particles. 
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S U M M A R Y  

The  ana ly t ica l  u l t r acen t r i fuge  is ord inar i ly  used to observe  s e d i m e n t a t i o n  equ i l ib r ium or to 
m e a s u r e  s e d i m e n t a t i o n  velocity.  This  pape r  descr ibes  i ts  use for m e a s u r i n g  the  v o l u m e  of s e d i m e n t e d  
mater ia l .  By m e a n s  of a t r a n s p a r e n t  plast ic  ro tor  cell th is  volume,  of the  order  of o.oo 4 ml, can  be 
measu red  to a b o u t  + x %.  W h e n  purified inf luenza v i rus  was s e d i m e n t e d  in th is  cell, t h e  pellet  
vo lume  was re la ted to ro tor  speed in an  elastic manne r .  The  n a t u r e  of the  a d j u s t m e n t  of  pellet  
vo lume  to ro tor  speed can be followed con t i nuous l y  by" pho tograph ic  means .  

RI~SUMI~. 

] . ' u l t r acen t r i fugeuse  a n a l y t i q u e  es t  employee  en g6n6ral pour  observer  l '6quil ibre de s6di- 
m e n t a t i o n  et  pour  mesu re r  la v i tesse  de sed imen ta t ion .  D a n s  ce m6moire  nous  d6cr ivons  son  emploi  
pour  la mesu re  du vo lume  du mat6r ie l  s~diment6 .  Si l 'on emploie  c o m m e  rotor, une  cellule p l a s t i que  
t r a n s p a r e n t e  l 'on p e u t  mesu re r  ce vo l ume  qui  est  de l 'ordre de o.oo 4 ml avec  une  pr6cision d ' e n v i r o n  

1%.  Si du v i rus  purifi6 de gr ippe est  s~diment6  d a n s  cet te  cellule le v o l u m e  du  d6p6t  es t  reli6 
la vi tesse  du ro tor  de faqon 61astique. L ' on  p e u t  su ivre  de faqon con t i nue  pa r  pho tog raph i c  l ' adap -  

t a t i on  du vo lume  du d6p6t  A la v i tesse  du rotor.  

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

Die ana ly t i s che  Ul t r azen t r i fuge  wird im Al lgemeinen  zur  B e o b a c h t u n g  des  Sed imen ta t i ons -  
g le icbgewichtes  und  zur  Messung  der  S ed i men t a t i onsgeschwind igke i t  ve rwende t .  Hier  wird ihre  
A n w e n d u n g  zur  Messung  des V o l u m e n s  der  s e d i m e n t i e r t e n  S u b s t a n z  beschr ieben.  U n t e r  V e r w e n d u n g  
einer  du rchs i ch t igen  p las t i sehen  ZeIle als Rotor  kann  dieses V o l u m e n  yon der  G r 6 s s e n o r d n u n g  
0.oo 4 ml  mi t  e iner  Genau i gke i t  yon  ungef~.hr i 1% gemessen  werden.  W u r d e  gere in ig ter  Grippe-  
Virus  in dieser ZeIle s e d i m e n t i e r t  so war  das  V o l u m e n  des Depo t s  e las t i sch  yon  der  Ro to rgeschwind ig -  
keit  abhAngig.  Die A n p a s s n n g  dieses V o l u m e n s  an  die Ro to rgeschwind igke i t  k a n n  kon t inu ie r l i ch  
durch  P h o t o g r a p h i e  verfolgt  werden.  
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