
Cont rac t  No. W-7405-eng-26 

BIOLOGY DIVISION 

0 RN L -36 56 
Special 

THE JOINT NATIONAL INSTITUTES OF HEALTH-ATOMIC ENERGY COMMISSION 

ZONAL CENTRIFUGE DEVELOPMENT PROGRAM 

SEMIANNUAL REPORT 

For Period July 1-December 31, 1963 

N. G. Anderson 

Program Coord ina to r  

AUGUST 1964 

NOTICE 

T h i s  document con ta ins  i n fo rma t ion  o f  a p re l im ina ry  na tu re  and  was  prepared 

p r imar i l y  for  in ternal  use. It i s  s u b j e c t  t o  r e v i s i o n  o r  co r rec t i on  and, therefore, 

does no t  represent  a f i n a l  report.  Quo ta t i ons  from o r  re ferences t o  t h i s  repor t  

mus t  no t  b e  made in open l i t e ra tu re  w i t h o u t  w r i t t e n  pe rm iss ion  from the i n d i -  

v i d u a l  authors. 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 

operated by 
UNION CARBIDE CORPORATION 

for the 
U. 5. ATOMIC ENERGY COMMISSION 



This  report, t he  third under the  Joint Nat iona l  
institutes of Health-Atomic Energy Commiss ion  
Zonal Centrifuge Development Program, d e s c r i b e s  
work on methods for s epa ra t ing  subce l lu la r  par- 
,,,-ies, including v i ruses ,  being carried out a t  t h e  
Biophysical Separations Laboratory of t h e  Oak 
Ridge Gaseous  Diffusion P lan t  and  a t  t h e  Biology 
Dlrision of t h e  Oak Ridge  National Laboratory.  

The  major effor ts  during th i s  period have  been  
d,rected toward t h e  development of in tegra ted  
centrifugal sys t ems  for i so la t ing  t race  quan t i t i e s  
of virus from t i s s u e s ,  p lasma,  and  cu l ture  f luids .  
[ t  h a s  been  found tha t  when the  sed imenta t ion  
rates of subce l lu la r  par t ic les  a r e  plotted a g a i n s t  
the particle banding dens i t i e s ,  a vacant  a r ea ,  or 
“window,” appears  in the  a rea  where most v i ruses  
would be plotted. To exploit  t h i s  “virus window,” 
it h a s  been  necessa ry  t o  deve lop  methods for 
separa t ing  masses of particulate material  f i rs t  on 
t h e  b a s i s  of sedimentation rate and  second  on t h e  
basis  of dens i ty ,  and t o  adapt  ana ly t ica l  methods 
!o t h e  descr ip t ion  of t h e  sepa ra t ions .  To t rans-  
la te  t h e s e  theore t ica l  poss ib i l i t i e s  into real i ty ,  
the B-IV zonal  centrifuge h a s  been developed ,  
together with methods for multiple-fraction iso- 
pycnic banding. T h e  resolution of t h e  sys t em h a s  
been studied us ing  a variety of biological m a -  
ter ia ls ,  and seve ra l  t ypes  of v i rus  pa r t i c l e s  h a v e  
been recovered in  a high s t a t e  of purity from 
t i s s u e  breis.  T h e  applicabili ty of th i s  s y s t e m  to 
t he  problem of sea rch ing  human tumors for virus- 

Summary 

l i ke  pa r t i c l e s  i s  now be ing  explored. Before t h i s  
can  b e  e f fec t ive ly  done, however,  a su rvey  of 
normal t i s s u e  components i so l a t ed  by t h e s e  s y s -  
t ems  i s  required. By u s e  of a simplified s y s t e m  
for par t ic le  i so la t ion ,  virus-like pa r t i c l e s  h a v e  
been  cons i s t en t ly  recovered from human leukemic  
plasma. 

I so la t ion  of v i rus  pa r t i c l e s  by continuous-flow 
centrifugation h a s  been examined both theore t ica l ly  
and  experimentally.  A rotor (B-V) c a p a b l e  of 
sed iment ing  pa r t i c l e s  a s  sma l l  a s  E c h o  28 h a s  
been  cons t ruc ted  and s u c c e s s f u l l y  t e s t ed .  S ince  
many v i ruses  a r e  inac t iva ted  by pelleting, t h e  
poss ib i l i ty  of dev i s ing  a high-speed cont inuous-  
flow cent r i fuge  i n  which t h e  v i rus  pa r t i c l e s  are 
sed imen ted  in to  a dens i ty  gradient h a s  a l s o  been 
examined. Two  s y s t e m s  (B-VI and  B-VII) des igned  
and  bui l t  dur ing  th i s  period showed  both the  
feas ib i l i ty  of t h i s  approach a n d  t h e  d i f f icu l t ies  
t o  b e  overcome. On the  bas i s  of t h i s  work, rotor 
B-VI11 h a s  been built  and  s u c c e s s f u l l y  t e s t ed .  

T h e  low-speed A-IX rotor h a s  undergone ex- 
t e n s i v e  t e s t s  with c e l l  f rac t ions  from plan t  and  
an imal  s o u r c e s ,  and  the  h igh-speed  C s e r i e s  
rotors h a v e  been gradually moved from t h e  l eve l  
of exper imenta l  t e s t  s y s t e m s  t o  t h a t  of b io logica l  
exper imenta t ion .  

T h e  program cont inues  to be  a n  in t e re s t ing  and  
a productive experiment in t h e  adapta t ion  of 
defense-or ien ted  technologies t o  b iomedica l  pur- 
poses .  
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I. Introduction 

The Oak Ridge ins ta l la t ion  of the  Atomic Energy 
Commission (AEC) w a s  originally organized to 

diff icul t  separa t ions .  T h e s e  included the  
, ,pdra t ion  of uranium i so topes  by two large- 
scale p rocesses ,  t he  separa t ion  of plutonium and 

f i ss ion  products,  and  the  i so la t ion  of nu-  
merous radioisotopes f r o m  contaminating sub-  
stances. It  h a s  been  of in te res t  t o  determine 
whether certain of t h e  s k i l l s ,  t echniques ,  fa- 
cil i t ies,  and individuals a s soc ia t ed  with t h e s e  
r \ ~ ; ~  programs could  b e  adapted  to t h e  so lu t ion  

diff icul t  separa t ion  problems encountered in 
biomedical research .  T h e  separa t ion  of sub- 
cellular organel les  and  v i ruses  presents  problems 
uhich  a re  comparable in difficulty with some of 
t h e  isotopic sepa ra t ions .  If smal l  virus par t ic les  
existing a t  l eve l s  a s  low a s ,  for example,  one  
particle per c e l l  a r e  t o  b e  i so la ted ,  i t  will  be  
necessary t o  ach ieve  purifications ranging from 
100 to 10' fold. T h e  cent r io le ,  a k e y  organel le  i n  
t h e  process of c e l l  d iv is ion ,  h a s  not been i so la ted  
from mammalian c e l l s  t o  d a t e  owing to  the  lack of 

~ high-capacity high-resolution separa t ion  sys t ems .  
1! is not unlikely that  o ther  cel l  components which 

, occupy only a sma l l  fraction of t he  c e l l  mass  re- 
{ main to  be  d iscovered .  

The common denominator of our present i n t e re s t s  
is the  virus particle.  Evidence  h a s  accumulated 
sugges t ing  that ion iz ing  radiation m a y  ac t iva t e  
latent oncogenic v i ruses  in animals.  T h e  mecha- 
nisms involved a r e  obscure .  However, virus in- 
fection is known to produce chromosome breakage  
in t i s sue  culture and  may conceivably c a u s e  the  
spec i f ic  chromosomal abnormalit ies observed  in ' human leukemic c e l l s .  T h e  cent ra l  experimental  
difficulty i s  tha t  t h e  definit ive experiments which 
are poss ib le  in an imals  cannot be  done in man. 
The  problem of whether human leukemia,  for ex- 
ample, may involve a virus re leased  by radiation 
i s  not amenable to a s imple  solution. 

The  direct  approach, tha t  of looking for t he  virus 
by physical means ,  brings t o  one  focus certain of 

t h e  in t e re s t s  ex i s t ing  in t h e  AEC,  the  National 
Cance r  Ins t i t u t e ,  and t h e  Biophys ica l  Separa t ions  
Laboratory a t  Oak Ridge. Spec i f ica l ly ,  the  develop- 
ment of v i rus- i so la t ion  techniques  i s  germane t o  
t h e  problems of t h e  c a u s e  of human cance r  gener- 
a l l y ,  t h e  relation of radiation t o  human neop las t i c  
d i s e a s e ,  e spec ia l ly  leukemia,  and  the  phys ica l  
problem of t h e  separa t ion  of par t ic les  in centrifugal 
or o ther  phys ica l  sys t ems .  F r o m  the  b iophys ica l  
viewpoint many virus pa r t i c l e s  are nearly idea l  t e s t  
ob jec t s  for the  study of separa t ion  methods.  
V i ruses  c a n  b e  de tec ted  over a n  extremely'  wide  
range  of concent ra t ions  by biological and phys ica l  
methods,  they e x i s t  in  a s i z e  range which f a l l s  
within the  s i z e  spectrum of subce l lu la r  par t ic les ,  
and they  are, in many ins t ances ,  both nearly 
sphe r i ca l  and  of uniform s i z e  and density.  Thus  
the  problem of i so l a t ing  t race  quant i t ies  of virus 
f r o m  c e l l s  and  t i s s u e s  i s  of in te res t  f r o m  many 
points of view. The  problems to be  so lved  are ,  
for t h e  most part ,  concerned with the  development 
of sepa ra t ion  methods having the  h ighes t  resolution 
that c a n  b e  obtained. Only a s  the  phys ica l ,  
colloid-chemical,  mathematical ,  metallurgical,  and 
engineer ing  problems involved a r e  so lved  c a n  t h e  
para l le l  b io logica l  problems be  a t tacked .  Ini t ia l ly ,  
therefore ,  t h i s  program must be concerned with the  
development of tools ,  their  perfection. and their  
ca l ibra t ion .  As t h i s  is accomplished, emphas i s  
c a n  b e  sh i f t ed  to  their  application t o  pertinent 
b io logica l  problems. 

It should  b e  emphasized that concentration on 
t h e  i so la t ion  of one  type  of subce l lu la r  par t ic le  - 
t he  v i rus  - d o e s  not diminish the  appl icabi l i ty  of 
the  s y s t e m s  developed  t o  t h e  i so la t ion  of o ther  
subce l lu l a r  par t ic les .  On t h e  contrary,  the  i so -  
lation of pa r t i c l e s  suspec ted  t o  be he te rogeneous  
in their  phys i ca l  properties c a n  bes t  be  done  a f t e r  
i t  h a s  b e e n  demonst ra ted  that  t he  polydispersity 
observed  i s  not due  to  low resolution of t h e  i so -  
la t ion  s y s t e m .  

J I 



II. Biomedical Applications of Zonal Centrifuges 

A. ISOLATION OF TRACE AMOUNTS OF VIRUS 
FROM TISSUES 

N .  G. Anderson C. L. Burger 
W. W. Harris 

We s h a l l  a d d r e s s  ou r se lves  first to t he  problems 
of whether,  in theory, t race  amounts of var ious  
types  of v i rus  par t ic les  can  b e  i so la ted  in a high 
s t a t e  of purity from t i s s u e s ;  second,  to the  various 
methods by which such  separa t ions  might b e  
accompl ished;  and third, to experimental  s t u d i e s  
with model sys tems.  

1 .  V i r u s e s  and S u b c e l l u l a r  Particles 

Init ially t h e  ques t ion  must be a sked :  Are most 
virus pa r t i c l e s  sufficiently different from t h e  
pa r t i c l e s  found in  broken cel l  suspens ions  to 
allow their  i so la t ion  by physical methods i n  a 
r easonab le  s t a t e  of purity? On purely theoretical  
grounds i t  is evident that par t ic les  having very 
different dens i t i e s  may have  the  same  sedimenta- 
tion coef f ic ien ts  in a given so lvent .  T h i s  follows 
f rom the  fact  that the  sedimentation rate  of a 
sphe re  i s  proportional t o  the product of t he  squa re  
of the par t ic le  radius and the  difference in dens i ty  
of the par t ic le  and the  solvent.  In the case of the  
uniform spher ica l  v i ruses ,  we wish to  i s o l a t e  
pa r t i c l e s  of one  radius and one  density.  Separa- 
tions based  on sedimentation rate a re  s e n s i t i v e  
to  both parameters,  while i sopycnic  sepa ra t ions  
depend, obviously,  on dens i ty  alone. To make  
sepa ra t ions  of maximal resolution, therefore,  i t  i s  
necessa ry  to  perform both a r a t e z o n a l  and an  
equilibrium, or i sopycnic ,  fractionation. The  
cho ice  of t h e  order of the  separa t ion  depends  on 
seve ra l  cons idera t ions .  Cel l  nuc le i ,  which may 
have  t h e  s a m e  equilibrium dens i ty  as certain vi- 

ru ses ,  a re  disrupted or ex t rac ted  by t h e  high s a l t  
concent ra t ions  employed in most equilibrium 
centrifugation procedures,  inc luding  those  u s i n g  
ces ium chloride. Such extracted nucleoprotein 
would not behave a s  do  nuc le i  in subsequen t  
rate-zonal separa t ions .  Other c e l l  components 
m a y  a l s o  be altered by s a l t  extraction. An addi- 
t ional d l sadvantage  is that  in equilibrium s t u d i e s  
with present ly  ava i lab le  s y s t e m s ,  suf f ic ien t  . 

centrifugal force to band so lub le  pro te ins  sharp ly  
in a relatively short  t i m e  i s  not genera l lyava i l -  
able.  Banded virus pa r t i c l e s  may therefore  not b e  
free of contamination by smaller pa r t i c l e s  which 
h a v e  not reached  their  i sopycnic  points.  Further,  
the  rate  separa t ions ,  which do  not involve  expen- 
s i v e  mater ia l s ,  but which do  require re la t ive ly  
la rge  volume gradients,  may be done  a t  a lower 
speed  than that usually required for i sopycn ic  
b andi n g. 

To maximize the par t ic le  radius dependence  of 
the  rate separa t ions ,  the d i f fe rence  in dens i ty  
between the particle of in te res t  and t h e  so lvent  ' 

shou ld  be  maximized, and the  sepa ra t ions  car r ied  
out at the  lowest density prac t icable .  T h i s  is 
evident from the  fact  that the  e f fec t  of rad ius  on 
sedimentation approaches  zero a s  t h e  term ( p  - 
) ) o ) ,  where p is the density of the  pa r t i c l e  and  
po, t he  dens i ty  of t he  so lvent ,  app roaches  ze ro  
(i.e.,  par t ic les  of any rad ius  may band a t  t he  s a m e  
dens i ty  leve l  if they have  the  same dens i ty) .  
T h e s e  cons idera t ions  sugges t  that  t h e  maximal 
separa t ion  for s cann ing  purposes  may b e  obtained 
by f i rs t  separa t ing  subce l lu l a r  pa r t i c l e s  on the  
b a s i s  of sedimentation rate in a zonal  cen t r i fuge  
and then subfractionating the f r ac t ions  obta ined  
on  the  b a s i s  of dens i ty  a lone .  Al te rna te  methods 
adapted  to  the  problem of i so l a t ing  s p e c i f i c  
pa r t i c l e s  will b e  d i s c u s s e d  in  subsequen t  reports. 
Of in t e re s t  here  i s  the  question: Will such  
sepa ra t ions  yield relatively pure v i ruses?  
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2. Virus Window 

K,.G,,,:inR t h e  a b o v e  ques t ion  more p rec i se ly :  
i I  ,,;! c e l l  c o n s t i t u e n t s ,  with t h e  excep t ion  of 

, ,rdscss, 
plot ted with t h e  sed imen ta t ion  rate 

,r. w;,trr at  20-C a l o n g  t h e  a b s c i s s a  and  band ing  
dt.nstr!. t h e  o r d n a t e ,  wil l  there b e  a v a c a n t  

“window,” in t h e  area where  mos t  
,,NSes fall? If  v i r u s e s  are theo re t i ca l ly  

by s u c h  a combinat ion of me thods ,  a t  

what  c o n c e n t r a t i o n  in a t i s s u e  can they  b e  de-  
t e c t e d  u s i n g  a v a i l a b l e  p h b s i c a l  de t ec t ion  me thods?  

D a t a  o n  t h e  sed imen ta t ion  rates and  d e n s i t i e s  
of v i r u s e s  and  va r ious  c e l l  componen t s  a r e  given 
i n  Fig. 11-A-I. T h e  i , a l u e s  for t h e  s e d i m e n t a t i o n  
c o e f f i c i e n t s  a r e  co r rec t ed  t o  wa te r  a t  M “ C .  In 
p r a c t i c e ,  s e p a r a t i o n s  dependen t  on d e n s i t y  a l o n e  
are m a d e  in s a l t  g rad ien t s .  T h e  i s o p y c n i c  po in t  
of a g iven  p a r t i c l e  i s  not t h e  s a m e  in  a l l  g r a d i e n t s ;  
i t  will d e p e n d  on t h e  d e g r e e  of hydrat ion of t h e  

.T3  

3 N d  =- 
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o f  ce l l  const i tuents.  

Sedtmentatlon Coefficients and Bandlng D e n s i t i e s  o f  C e l l  Components and Viruses.  Sources o f  

N o t e  that m o s t  v irus par t lc les  f o i l  I n  an area,  here  termed the “vtrus w i n d o w , ”  essenttol ly  free 



p a r t i c l e  i n  a given medium, t h v  permeabi l i ty  o f  t h e  
p a r t i c l e  to the  s o l u t e s  u s e d  to  nirike t h e  g r a d i e n t s ,  
and  t h e  ex ten t  of t h e  solute binding.  T h e  band ing  
d e n s i t i e s  g iven ,  unless o t h e r w i s e  s t a t e d ,  are for 
c e s i u m  ch lo r ide .  In o t h e r  g r a d i e n t s  t h e  v a l u e s  
may b e  numer i ca l ly  d i f f e ren t ,  but t he  o v e r a l l  
d i s t r ibu t ion  of viral  and c e l l  component  d e n s i t i e s  
wou ld  t end  t o  remain t h e  same. T h e  v a l u e s  for t h e  
Sed imen ta t ion  r a t e s  of p r o t e i n s  a r e  t h o s e  for ra t  
l i ve r  (Ander son  and Cann ing ,  1959) which d o  not 
d i f f e r  g rea t ly  from t h e  v a l u e s  for rat  brain,  k idney ,  
a n d  t e s t e s .  T h e  d e n s i t y  r a n g e s  for s o l u b l e  t i s s u e  
p r o t e i n s  h a v e  no t  b e e n  de te rmined  in C s C I ;  how- 
e v e r ,  t hey  probably d o  not  vary g rea t ly  from t h e  
v a l u e  of 1.295 reported for bov ine  serum albumin 
(BSA) a n d  for human hemoglobin (Cox a n d  Schu-  
maker ,  1961). V a l u e s  for t he  sed imen ta t ion  co- 
e f f i c i e n t s  of r ibosomes  and  po lysomes  a r e  for  
rabbi t  r e t i cu locy te s  (Gie re r ,  1963), and  t h e  
d e n s i t i e s  a r e  t h o s e  ex t r apo la t ed  from E s c h e r i c h i a  
coli r ibosome  d a t a  ( T i s s i e r e s  er al . ,  1959). I t  i s  
a s s u m e d  that  po lysome  d e n s i t i e s  would n o t  b e  
very different .  T h e  r ange  of sed imen ta t ion  coe f f i -  
c i e n t s  shown  for “mic rosomes”  is tha t  o b s e r v e d  
with rat  l i ve r  in t h e  zona l  ul t racentr i fuge,  a n d  t h e  
d e n s i t y  r ange  w a s  o b t a i n e d  by band ing  in C s C l  
f r a c t i o n s  s e p a r a t e d  in  t h e  zona l  u l t r acen t r i fuge .  
T h e  sed imen ta t ion  r a t e s  for mitochondria  a r e  cal- 
c u l a t e d  from t h e  d a t a  of d e  Duve ef a1. (1959) a n d  
of Thomson  and Klipfel  (1958). Nuclea r  s e d i m e n -  
t a t ion  c o e f f i c i e n t s  a r e  c a l c u l a t e d  v a l u e s  a s s u m i n g  
d i a m e t e r s  ranging from 6 to 12 { I  and  a n  a v e r a g e  
d e n s i t y  of 1.040 ( F a l z o n e  e l  al., 1962) in d i l u t e  
buffer.  T h e  C s C l  d e n s i t y  i s  e s t i m a t e d  on t h e  
a s s u m p t i o n  tha t  nuclei  con ta in  XI; protein a n d  
19% DNA ( H a l e  a n d  Kay ,  1956) and tha t  t h e  
i s o p y c n i c  d e n s i t i e s  would b e  t h e  sum of t h e  
d e n s i t y  of e a c h  component  t imes  the  p e r c e n t a g e  
p resen t .  In p rac t i ce ,  t h e  nuc leopro te in  would 
d i s s o c i a t e ,  a t  l e a s t  pa r t i a l ly ,  and  would p robab ly  
y i e ld  s e v e r a l  bands .  T h e  nuc lea r  i s o p y c n i c  
d e n s i t y  is therefore  a c a l c u l a t e d  va lue  given t o  
i n d i c a t e  a region where s e p a r a t i o n s  of n u c l e a r  
from nonnuc lea r  m a t e r i a l s  would b e  diff icul t .  
T h e  pos i t i on  of glycogen is t a k e n  from s t u d i e s  on 
t h e  d i s t r ibu r ion  of sed imen ta t ion  c o e f f i c i e n t s  of 
ma te r i a l  i s o l a t e d  from l iver  (hleyer and  Z a l t a ,  
1958; Bel l  rf  .-i/., 1948; P o l g l a s e ,  Brown, a n d  
Smith,  1952). T h e  band ing  dens i ty  in  CsCl i s  
t aken  from expe r imen ta l  s t u d i e s  ca r r i ed  o u t  i n  
t h i s  laboratory (Anderson,  unpub l i shed)  u s i n g  
g lycogen  i s o l a t e d  from rat  l iver.  T h e  v a l u e  i s  

s l i g h t l >  h ighe r  th.m t h d  p rev ious ly  r epor t ed  ([?ell 
al., 19-18; B r y c e  < a [  : I / . ,  19.58). Fer r i t i n  w ; , ~  

i s o l a t e d  from human l eukemic  s p l e e n  by zonal  
cen t r i fuga t ion  fol lowed by i s o p y c n i c  banding.  

Deoxyr ibonuc le i c  a c i d  (DNA), which would not 
o rd ina r i ly  b e  found f r e e  in homogena te s  of mamma. 
l i an  c e l l s ,  but  would b e  encoun te red  in  bac te r i a l  
h o m o g e n a t e s ,  a n d  might b e  found e x t r a c t e d  from 
v i r u s e s  du r ing  t h e  preparat ion of pa tho log ica l  
t i s s u e s ,  i s  a l s o  inc luded  in F ig .  11-A-1. T h e  
b a n d i n g  d e n s i t y  r ange  i s  taken from Schi ldkraut ,  
Marmur,  and  Doty (1962), and  the  r a n g e  of s e d i n e n -  
t a t ion  r a t e s  i n c l u d e s  tha t  of s i n g l e  DNA molecu le s  
from T2 p h a g e  (Her shey ,  Burgi ,  a n d  Ingraham, 
1962) a n d  a va r i e ty  of pub l i shed  v a l u e s .  Ribo- 
n u c l e i c  a c i d  (RNA) h a s  a d e n s i t y  i n  C s C l  a t  t he  
l i m i t s  of t h e  d e n s i t y  a v a i l a b l e  with t h i s  s a l t .  T h e  
d e n s i t y  of 2.0 o b s e r v e d  i n  ces ium fo rma te  (Davern 
a n d  M e s e l s o n ,  1960) h a s  the re fo re  b e e n  used .  
T h e  s e d i m e n t a t i o n  r a t e  range i s  t aken  from a 
number  of s o u r c e s  (Cheng ,  1962); (Cox a n d  A m s t e i n ,  
1963). T h e  a c c u r a t e  pos i t i on ing  of, c e l l  cornpo- 
n e n t s  from v a r i o u s  t i s s u e s  in t h e  sed imen ta t ion  
r a t e -band ing  d e n s i t y  (he rea f t e r  termed S-p) plot  
w i l l  r equ i r e  much add i t iona l  expe r imen ta l  work, 
and  s o m e  of the  v a l u e s  u s e d  h e r e  mus t  b e  t r ea t ed  
wi th  r e se rva t ion .  

D a t a  on  t h e  fol lowing v i r u s e s  a r e  t aken  from 
p u b l i s h e d  s t u d i e s :  adenov i rus  2 (Green ,  1962; 
Kohle r ,  1962): e q u i n e  abort ion v i r u s  (Darl ington 
and  R a n d a l l ,  1963); foot-and-mouth d i s e a s e  v i r u s  
( B r e e s e ,  T rau tman ,  and  Bachrach ,  1960; Trautrnan 
a n d  B a c h r a c h ,  pe r sona l  communicat ion);  mouse  
e n c e p h a l o m y o c a r d i t i s  v i rus  ( F a u l k n e r  t’r dl . ,  
1961; H a n s e n  a n d  SchBfer,  1962); N e w c s s t l e  
d i s e a s e  lzirus (Ro t t ,  R e d a ,  and  Scha fe r ,  1963; 
S t e n b a c k ,  19633; CiX 174 (S inshe imer ,  1959; 
Eigne r .  1962); po l io  \ . i rus  (Holland t’f : I / . ,  1960; 
Polson a n d  L e v i t t ,  1963); mouse  polyoma (Craw- 
ford a n d  Crawford ,  1963; Howatson and  Crawford,  
1963; Nayor ,  1961; Melnick, 1962; h‘inocour,  
1963); r eov i rus  3 (Gomatos and T a m m ,  1963); Rif t  
V a l l e y  f eve r  v i r u s  (Naude ,  Madsen ,  a n d  Polson, 
1954; P o l s o n  a n d  L e v i t t ,  1963); R o u s  sa rcoma  
(Crawford a n d  Crawford,  1961; E p s t e i n ,  1956, 
1958; E p s t e i n  a n d  Holt ,  1958); and  Shope  papi l loma 
\sirus ( B r e e d i s ,  Be rwick ,  and Ander son ,  1962; 
Crawiord  and Crawford,  19633. 

It  i s  e v i d e n t  from an  examina t ion  of Fig.  11-A-1 
t ha t  a ‘‘window” a p p e a r s  in t h e  S-p plot  which 
i n c l u d e s  a minimum amount of nonviral  ma te r i a l ,  
a n d  t h a t  a l a r g e  fract ion of known v i r u s e s  would 
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I n  t h o s e  i n s t a n c e s  where  a v i r u s  h a s  

~!,,, sL,,ne band ing  dens i ty  a s  a par t  of t h e  micro- 
,c,m'41 fr , ict lon,  i t  is ev iden t  t ha t  t h e  v i rus  c a n n o t  
sc, c o m p ~ e t e l q  sepa ra t ed  from c o n t a m i n a t i n g  mate-  
r i a l  by centr i fugal  procedures .  Chemica l  ( K o v a c s ,  
19t;z) o r  enzymat i c  d i s s e c t i o n  may then  b e  n e c e s -  

wry.. 
Since t h e  microsomal  p a r t i c l e s  h a v e  a 

wide range of sedimentat ion r a t e s ,  however ,  i t  
should be p o s s i b l e  to i s o l a t e  t h e  v i rus  from t h e  
, d ) o r i t q  of t h e  microsomal  mass .  The amoun t  of 

ret iculum p resen t  which g i v e s  r i s e  to 
m i c r O S ~ m e ~  v a r i e s  widely in different  c e l l s  a n d  
t l s s u e ~  but i s  low in many tumors and  in s o m e  

T h e s e  cons ide ra t ions  h a v e  prompted u s  to ex -  
plore me thods  for l a rge - sca l e  s e p a r a t i o n  of s u b -  
cellular c o n s t i t u e n t s  which would b e  a n a l o g o u s  

the s e p a r a t i o n s  shown d iag rammat i ca l ly  in 

used  for  v i rus  production. 

Flg. 11-A-I. 

3. Detection of Virus Par t ic les  

Infect ivi ty  in  a s u i t a b l e  t e s t  s y s t e m  wil l  remain 
the mos t  s e n s i t i v e  method for d e t e c t i n g  v i r u s  
?. ,r t icIes.  T h e  physical  me thods  for d e t e c t i n g  
: l r u s e s  i s o l a t e d  in a r easonab le  s t a t e  of puri ty  

a b s o r b a n c e  in t h e  u l t r av io l e t ,  l i gh t  
s ca t t e r ing ,  e l ec t ron  microscopy,  a n d  measu remen t  
of  f l u o r e s c e n c e  af ter  conjugat ion with f l u o r e s c e n t  
ant ibodies .  T h e  u s e f u l n e s s  of e a c h  of t h e s e  
x e t h o d s  d e p e n d s  on the concen t r a t ion  of v i r u s  
achieved.  By t h e  u s e  of n e g a t i v e  s t a i n i n g  t ech -  
niques,  par t ic le  coun t ing  me thods ,  o r  s e c t i o n i n g  
of  pe l l e t s ,  i t  appea r s  that  t h e  iden t i f i ca t ion  of 
V I N S  p a r t i c l e s  on a morphological  b a s i s  i s  feas- 
lb l e  a t  t he  leipel of o n e  p a r t i c l e  pe r  c e l l  if t h e  v i r u s  
I S  ob ta ined  in  a pure fo rm in t h e  s a m e  concen t r a -  
t ion in  which i t  ex i s t ed  i n  t h e  s o u r c e  t i s sue .  For 
example,  if l iver  con ta in ing  4 . 10' c e l l s , ' g  i s  
u sed ,  then t h e  final virus  concen t r a t ion  (4  
108/ml) would be at t h e  lower l imi t s  of d e t e c t i o n  
u s i n g  s p r a y  coun t ing  methods (Dourmashkin,  l 9 6 2 :  
B r e e s e  and  Trautman,  1960) but we l l  within t h e  
range of t h e  Sharp coun t ing  t echn ique  (Sharp a n d  
Beard,  1952; Sharp and Overman,  1958;  Smith and  
Benyesh-Melnick,  196 1). 

For d e t e c t i o n  of most v i r u s e s  by u l t r av io l e t  
a b s o r b a n c e  measu remen t s ,  somewha t  l a r g e r  
amounts  of v i rus  wi l l  b e  required.  T h e  number of 
op t i ca l  d e n s i t y  u n i t s  n e c e s s a r y  wil l  d e p e n d  on 
the  o p t i c a l  dens i ty  of t h e  gradient  i t s e l f ,  t h e  
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length of t h e  l ight  pa th ,  a n d  t h e  volume in which 
the v i rus  is recovered.  if t h e  lower l imit  i s  0.1 ab- 
s o r b a n c e  un i t ,  t hen  13 \ 10 ' '  p a r t i c l e s  of t h e  
s m a l l  foot-and-mouth d i s e a s e  v i rus  (Trau tman ,  
p e r s o n a l  communicat ion) ,  1.2 lo9 phys ica l  
p a r t i c l e s  of poxv i rus  ( Jok l ik ,  1962),  or 2.3 lo6 
v a c c i n i a  p a r t i c l e s  ( P l a n t e r o s e ,  N i sh imura ,  and  
Sa lzman ,  1962) would be required.  T h i s  l imit  
may be lowered  by t h e  u s e  of long l igh t  path c e l l s  
(Re imer ,  p e r s o n a l  communicat ion) ,  e l ec t ron ic  
me thods  for e x t e n d i n g  spec t ropho tomet r i c  . r anges ,  
o r  ref ined small-volume b a n d i n g  methods.  T h e  
c o n c l u s i o n  i s ,  however ,  t ha t  if sma l l  v i rus  p a r t i c l e s  
are t o  b e  d e t e c t e d  by u l t r av io l e t  a b s o r b a n c e ,  t he  
concen t r a t ion  p e r  un i t  vo lume  must  be 10 to  100 
t i m e s  h ighe r  t han  i s  found  in the  s t a r t i n g  t i s s u e ,  
a s s u m i n g  t h a t  on ly  o n e  v i r u s  p a r t i c l e  is found pe r  
c e l l .  F o r  very l a r g e  v i r u s e s ,  however ,  t he  d i r ec t  
a b s o r b a n c e  m e a s u r e m e n t s  wou ld  probably suff ice .  

L i g h t  s c a t t e r i n g  as  a me thod  of d e t e c t i n g  virus- 
s i z e d  p a r t i c l e s  i n  g r a d i e n t s  i s  c a p a b l e  of much 
g r e a t e r  s e n s i t i v i t y  than  abso rp t ion  measurements .  
A s  wil l  b e  shown  i n  s u b s e q u e n t  s e c t i o n s ,  t h i s  
method i s  s e n s i t i v e  be low t h e  l eve l  where  e l ec -  
tron m i c r o s c o p e  coun t ing  is ordinar i ly  done.  At 
t h e  arbi t rary lower  l imit  of i n t e r e s t  h e r e  (- 10' 
p a r t i c l e s i m l ) ,  l ight  s c a t t e r i n g  a p p e a r s  t o  b e  the  
gradient  monitor ing me thod  o f  cho ice .  

I t  is c o n c l u d e d  that  if m e t h o d s  c a n  be deve loped  
which wi l l  a l l o w  on ly  t h o s e  p a r t i c l e s  h a v i n g  a 
narrow range  of sizes a n d  d e n s i t i e s  c h a r a c t e r i s t i c  
of a g iven  v i r u s  t o  b e  i s o l a t e d ,  a n d  if t h e  f inal  
concen t r a t ion  i s  e q u a l  t o  o r  g rea t e r  than t h e  con-  
cen t r a t ion  in  t h e  t i s s u e  of or igin,  t hen  v i rus  par t i -  
c l e s  which e x i s t  at a l eve l  a s  low as  o n e  p a r t i c l e  
pe r  c e l l  c a n  b e  i s o l a t e d  a n d  desc r ibed .  S ince  t h e  
mass of a v i rus  v a r i e s  from approximately 
(Rubin,  1962) t o  lo-' of tha t  of a c e l l ,  t h e  purifi- 
c a t i o n  ( a s  d i s t i n g u i s h e d  from concen t r a t ion )  re- 
qu i r ed  i s  from a mill ion t o  10 mil l ion fold.  

4. Determination o f  Sedimentation Rates 

A compute r  program (report  ORNL-3502 and  
Chap .  XI\'  of t h i s  report)  i s  u s e d  t o  de t e rmine  t h e  
equ iva len t  s e d i m e n t a t i o n  r a t e s  (S*), in wa te r  a t  
2 0 - C ,  which s p h e r i c a l  p a r t i c l e s  which d o  not  be- 
h a v e  osmot i ca l ly  would h a v e  if found a t  var ious 
po in t s  in t h e  g rad ien t  a f t e r  a given period of 
centr i fugat ion.  T h e  basic e q u a t i o n  is a modifica- 
t ion of tha t  u s e d  by Martin a n d  Ames (1961). In a 
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zona l  cen t r i fuge  the  pos i t i on  of a g iven  p a r t i c l e  i s  
de t e rmined  in t h e  g rad ien t  s t r e a m  recove red  
from t h e  cen t r i fuge  at t he  end of the  run .  T h e  
term o’ f  u s e d  i n  t h e  c a l c u l a t i o n s  the re fo re  r e fe r s  to 
the  cen t r i fuga t ion  done  du r ing  a c c e l e r a t i o n ,  at 
s p e e d ,  and du r ing  dece le ra t ion .  An e l e c t r o n i c  
s y s t e m  i s  t he re fo re  used to c o m p u t e  1 ’dr  con-  
t i nuous ly  du r ing  the c o u r s e  of the  run. 

In e x p e r i m e n t s  d e s i g n e d  for s e a r c h i n g  t i s s u e  
b r e i s  for v i rus  p a r t i c l e s ,  i t  i s  d e s i r a b l e  to cen t r i -  
fuge  l o n g  enough  t o  s p r e a d  known v i rus  p a r t i c l e s  
be tween  t h e  s o l u b l e  protein z o n e  and t h e  mito- 
chondr i a l  zone. Ra t  l i v e r  mitochondria  t e n d  to  

band i sopycn ica l ly  in sucrose gradients a t  
densi ty  level of 1.203 g,’cm3 ( 4 4 . 5  w ‘w % SUCrOSe 
In p r a c t i c e ,  v i rus  pa r t i c l e s  are not a l lowed  1 

r each  t h i s  d e n s i t y  du r ing  rate-zonal  centr i fugat ior!  
By u s e  of t h e  B-IV compurer program, t h e  pos:  

t i o n s  which p a r t i c l e s  hav ing  a range of d e n s i t i e  
a n d  sed imen ta t ion  c o e f f i c i e n t s  would h a v e  a s  
func t ion  of equ iva len t  centr i fuge t ime  a t  M,OO 
rpm w e r e  ca l cu la t ed .  T h e s e  a r e  p lo t t ed  i n  F i t  
11-A-2. With t h e  gradient  u sed  for t h e s e  ca l cu l ;  
tions, a s u i t a b l e  sp read  i s  ob ta ined  in 1 h r  
20,000 rpm. T h i s  s p e e d  a n d  t ime h a v e  been  use 
for t h e  majorit) ,  of t h e  s t u d i e s  made to da t e .  
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t i e s  and Sedimentation C o e f f i c i e n t s  Would H a v e  Af ter  Centr i fugat ion at 20,000 rpm for T i m e s  Indicated (Run 208). 
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5. Rote-Zonol Separation 3 

b.r,,n, e J r ly  s t u d i e s  on t h e  u s e  of cen t r i fuga l  

I~ ) , cc  Stab i l i ze  d e n s i t y  g r a d i e n t s  a s  they  are 
into cen t r l fuge  t u b e s  in a s p i n n i n g  rotor 

+,br ight  and Anderson,  1958),  i t  b e c a m e  appa ren t  

,h;,r ope ra t ions  of s e t t i n g  up  t h e  g rad ien t ,  
, , lroduclng t h e  s a m p l e  l aye r ,  s e p a r a t i n g  t h e  vari-  
oos particles in a cen t r i fuga l  f i e l d ,  a n d  r ecove r ing  

f r a c t i o n s  might we l l  b e  accompl i shed  
I n  a sui table  ho l low c e n t r i f u g e  rotor during rofa- 

f h e  f i r s t  z o n a l  rotor b u i l t  i n  1955 (Anderson,  
195.5, 19j6)  confirmed t h i s  view.  F u r t h e r  work re- 
qui ted in  t h e  deve lopmen t  of t h e  B-11 rotor com- 
pieled I n  1960 (Anderson,  1962). Unfortunately,  
th i s  rotor w a s  des t ruc t ive ly  u n s t a b l e  in t h e  region 
<,f 31,000 rpm. T h e  s t e p s  n e c e s s a r y  t o  r edes ign  
!his sys t em for ope ra t ion  a t  40 ,000  rpm h a v e  R- 

<,,]led in the  deve lopmen t  of t h e  B-IV s y s t e m  
descr ibed in Chap.  VI Of  t h i s  report .  De ta i l ed  

for ope ra t ion  and  ca l ib ra t ion  a r e  pre- 
.;rnted in Chap.  XIII. S i n c e  i t  i s  now p o s s i b l e  to  
obtain highly purif ied a n d  c o n c e n t r a t e d  s u s p e n -  
sions of virus  p a r t i c l e s  from human a n d  an ima l  
t i s s u e s ,  i t  h a s  been  c o n s i d e r e d  o f  impor t ance  t o  
dcvelop methods for c o n t a i n i n g  as much of t h e  
. ~ p p a r a t u s  a s  p o s s i b l e  in Freon-t ight  g love  b o x e s  
( s e e  Chap. XI). In add i t ion ,  a l l  s o l u t i o n s  u s e d  
must  b e  s t e r i l e  and ,  as  fa r  as  p o s s i b l e ,  p a r t i c l e  
f ree  ( s e e  Chap. XI). T h e  g rad ien t  r ecove red  at the  
t.nd of t he  run i s  monitored for u l t r av io l e t  ab -  
so rbance  a s  i t  flows o u t  of t h e  cen t r i fuge .  I n  
addi t ion,  total  protein (de t e rmined  by an au tomated  
methodj,  refract ive index ,  a n d  p h y s i c a l  d e n s i t y  a r e  
dctermined on a l l  t h e  f r ac t ions  c o l l e c t e d .  

6. Isopycnic Banding 

T h e  f r ac t ions  ob ta ined  by rate-zonal  centr i fuga-  
t ion must now b e  banded  i s o p y c n i c a l l y  (Mese l son ,  
Stahl ,  and Vinograd, 1957) to de te rmine  whe the r  
pa r t i c l e s  halsing different  band ing  d e n s i t i e s  a r e  
present .  S ince  s o m e  v i r u s e s  are known to b e  
inact ivated by pe l l e t ing ,  i t  is not d e s i r a b l e  to  
centr i fuge pa r t i cu la t e  ma te r i a l  ou t  of t h e  s u c r o s e  
so lu t ions  and then r e s u s p e n d  i t  i n  C s C l  o r  o the r  
s a l t  so lu t ions  and  s u b s e q u e n t l y  cen t r i fuge  t h e  
C s C l  s u s p e n s i o n s  in swinging-bucket  rotors.  
Rather  i t  i s  important t o  band t h e  unpe l l e t ed  
pa r t i c l e s  a s  rapidly as p o s s i b l e  by a method which 
would al low a s  many as 24 s a m p l e s  t o  be run a t  

once .  I n  prei’ ious s t u d i e s  (ORNL-3.502) i t  was 
s h o w n  t h a t  t h e  s h e a r i n g  which o c c u r s  du r ing  the  
t r a n s i t i o n  from rotat ion t o  r e s t  i n  a l iquid dens i ty  
g r a d i e n t  in a n  ang le -head  rotor is sma l l  and  tha t  
s h a r p  b a n d i n g  of v i r u s e s  and  DNA cou ld  b e  ob- 
t a i n e d .  L a r g e r  p a r t i c l e s  tend to clump under  t h e s e  
c o n d i t i o n s  bu t  will  s t i l l  band. T o  g e n e r a t e  a 
l a r g e  number  of g rad ien t s  rapidly,  two me thods  
h a v e  b e e n  employed .  In t h e  f i rs t  t he  zona l  cen t r i -  
f u g e  f r a c t i o n s  (forty 40-ml tubes )  are t r ans fe r r ed  
t o  S p i n c o  30 rotor t u b e s  con ta in ing  6 to 9 g of dry 
CsC1.  Dur ing  a 14- to  16-hr centr i fugat ion a t  
24 ,000  rpm, t h e  CsCl  d i s s o l v e s  to form a s t e e p  
g rad ien t .  In  t h e  s e c o n d  method the  t u b e s  were  
ha l f  f i l l e d  with t h e  pa r t i c l e -con ta in ing  sucrose 
s o l u t i o n s ,  a n d  then 10 to  15 ml of s a t u r a t e d  C s C l  
w a s  run t o  t h e  bottom of t h e  c e n t r i f u g e t u b e  through 
a narrow p i e c e  of tubing. T h e  t u b e s  were  then  
comple t e ly  f i l l ed  with t h e  pa r t i c l e  s u s p e n s i o n .  
T h e  l a t t e r  me thod  r equ i r e s  more t ime but y i e l d s  
more  r ep roduc ib le  g rad ien t s .  T h e  d e t a i l s  of 
m e t h o d s  for p repa r ing  and s c a n n i n g  g rad ien t s  a r e  
d i s c u s s e d  in s u b s e q u e n t  s e c t i o n s .  

7. Virus-Isolation Studies 

T h e  amoun t  of ma te r i a l  in a t i s s u e  b re i  hav ing  
t h e  s a m e  s e d i m e n t a t i o n  p rope r t i e s  a s  a given v i rus  
or vi ru s - l i ke  p a r t i c l e  l i m i t s  t h e  purif icat ion which 
c a n  b e  a c h i e v e d  by rate-zonal  centr i fugat ion.  In 
t h e  p r e v i o u s  report  (ORNL-3502) t h e  r e s u l t s  of 
s t u d i e s  on ra t  s p l e e n  a n d  l i ve r  p repa ra t ions  w e r e  
p r e s e n t e d .  T h e s e  f ind ings  h a v e  now b e e n  ex -  
t e n d e d  to normal  and  leukemic mouse  s p l e e n ,  a n d  
t o  human  s p l e e n  from p a t i e n t s  with Hodgk in ’ s  
d i s e a s e .  

8. S-p p l o t s  with T issue  

T h e  deve lopmen t  of p a r t i c l e  s ea rch  me thods  h a s  
b e e n  g u i d e d  by a variety of expe r imen t s  (48 in a l l  
d u r i n g  t h i s  per iod with the  B-I1 and B- IVzona l  
c e n t r i f u g e  rotors)  u s i n g  animal  t i s s u e s  and v i r u s e s ,  
b a c t e r i o p h a g e ,  a n d  human au topsy  t i s s u e  s a m p l e s .  
T h e  r e s u l t s  confirm t h e  p r e s e n c e  of a “v i rus  
window”  s l i g h t l y  bec louded  by a sma l l  number of 
un iden t i f i ed  c e l l  pa r t i c l e s .  Many hundred e l ec t ron  
m i c r o g r a p h s  h a v e  been  taken of t h e  f r ac t ions  ob- 
t a ined .  P r e s e n t a t i o n  of t h e s e  i s  deferred unt i l  a l l  
t h e  n e c e s s a r y  con t ro l  expe r imen t s  h a v e  been d o n e  
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and  t h e  i n t e r p r e t a t i o n s  a n d  c o m p a r i s o n s  are corn- sp leen  are s h o a n  i n  Fig. l l - A - 3 .  A total of 37.8 1 

p le t e .  Although t h e  e n t i r e  s e a r c h  s y s t e m  h a s  b e e n  of t i s s u e  was homogenized in 151 g of  pi{ 7.: 
a s s e m b l e d  o n l y  very r ecen t ly ,  t h e  s t u d i e s  t o  d a t e  Phosphate-NaCI  buffer f o r  1 m l n  u s i n g  a Sorvril 
bea r  o u t  t h e  e a r l y  e x p e c t a t i o n s .  T h e  r e s u l t s  with motor-dr iven blade-homogenizer .  T h e  b re i  war 
o n e  c o m p l e t e  run u s i n g  a s a m p l e  of normal  human then  cen t r i fuged  in 250-ml s t e r i l e  c l o s e d  cups 
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zonal centr i fugat ion seporation, 

computer program p lo t  i s  shown in  center, and isopycnic seporat ions i n  C s C l  ore shown at the bottom. 

of sample described i n  text .  
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m. Preparat ion 

,lt 1.100 rpm i n  t he  In t e rna t iona l  PR-2. T h e  supe r -  
,:,,t:,!,l ,F;is removed and  cen t r i fuged  for 2 hr .it 
!;,ooo r p m  in the  Sp inco  30 rotor. T h e  p e l l e t s  

r e suspended  and  combined  in a to t a l  volume 
and  u s e d  a s  t h e  s a m p l e  in a rate-zonal  

run in t h e  B-I\' zona l  u l t r acen t r i fuge  
u s i n g  a ]-l i ter  g rad ien t  e x t e n d i n g  from 10 to 30°C 
~~, w) s u c r o s e  with a c u s h i o n  of 5 5 5  s u c r o s e  (see 
ope ra t ing  p rocedure  in Chap .  XIII). T h e  centr i -  
f u g e  w a s  run 1 hr  at 20,000 rpm a n d  unloaded a t  
jooo rpm. F r a c t i o n s  6 t o  30 were  banded  at 
24,000 rpm for 8 hr u s i n g  8 g of dry C s C l  per  

T h e  r e s u l t s  are s h o w n  in F i g .  11-A-3. 
It shou ld  be no ted  tha t  on ly  a s m a l l  port ion (0.1- 
0.2") of t h e  t o t a l  s a m p l e  p e r  f r ac t ion  c o l l e c t e d  i s  
found in t h e  v i rus  s e d i m e n t a t i o n  r a t e  range. T h e  
ma te r i a l  p r e s e n t  i n  t h e  lower  s h a r p  band in t h e  

s e p a r a t i o n s  w a s  p r e s e n t  in an amount 
too sma l l  to b e  iden t i f i ed  a s  ye t  by e l ec t ron  
microscopy.  Under  t h e s e  c o n d i t i o n s  ferri t in i s  
found in a very pu re  s t a t e  a t  the bottom of t h e  
C s C l  t u b e s ,  gene ra l ly  in f r a c t i o n s  6 t o  9. T h e s e  
r e s u l t s  m u s t  now b e  e x t e n d e d  u s i n g  normal t i s s u e s  
from a var ie ty  of s o u r c e s  combined  with biochemi- 
cal a n a l y s i s  t o  ident i fy  t h e  va r ious  f r ac t ions  
sepa ra t ed .  

2 1  

tube.  

9. Alternate Procedures 

T h e  method a s  d e s c r i b e d  h e r e  for s e a r c h i n g  
t i s s u e s  i s  u se fu l  for u p  to about  4 g of t i s s u e  
without  precentr i fugat ion.  By removing nuc le i  and  
mitochondria  by low-speed cen t r i fuga t ion  and 
subsequen t ly  s e d i m e n t i n g  v i rus  and  mic rosomes ,  
t h e  in i t i a l  vi NS concen t r a t ion  c a n  b e  i n c r e a s e d  
and  masses of t i s s u e  a s  l a r g e  as 50 to  100 g c a n  
b e  u s e d ,  d e p e n d i n g  on t h e  n a t u r e  of t h e  t i s s u e s  
and t h e  m a s s  of microsomal  ma te r i a l  p re sen t .  To 
p r o c e s s  l a rge r  a m o u n t s  of t i s s u e ,  s e v e r a l  o the r  
s y s t e m s  a r e  b e i n g  examined .  T h e o r e t i c a l  s t u d i e s  
on cont inuous-f low cen t r i fuga t ion  (Berman and  
Anderson,  i n  p repa ra t ion )  s u g g e s t  t ha t  s e r i a l  or 
c a s c a d e d  c e n t r i f u g e  s y s t e m s  c a n  be c o n s t r u c t e d  
which wil l  a l l ow t h e  mic roscop ic  e l e m e n t s  of 
t i s s u e  b r e i s  to b e  removed from mul t i l i t e r  b a t c h e s  
of  brei ,  with s u b s e q u e n t  s ed imen ta t ion  of t h e  
v i rus  in h ighe r - speed  cont inuous-f low rotors  s u c h  
a s  t h e  B-V recen t ly  d e s c r i b e d  (Barr inger ,  Ander- 
son, and  Nun ley ,  in p repa ra t ion ;  a l s o  Chap.  V, 
Sect.  A). 

I n  t h e  B-V rotor t h e  v i r u s  p a r t i c l e s  a r e  p e l l e t e d  
onto a v e r t i c a l  s u r f a c e  and mus t  b e  removed from 
t h e  rotor at r e s t .  Expe r imen t s  n o w  in p r o g r e s s  
d e m o n s t r a t e  t ha t  cont inuous-f low cen t r i fuga t ion  
c a n  b e  a r r anged  so tha t  t h e  f e e d  s t r eam f lows  
o v e r  a d e n s i t y  gradient .  P a r t i c l e s  s e t t l i n g  o u t  of 
t h e  s t r e a m  are  the re fo re  a l s o  banded a t  t h e i r  
i s o p y c n i c  p o s i t i o n .  T h e  g rad ien t  is recove red  
from t h e  rotor  du r ing  rotat ion.  T h e  B-VI11 rotor 
u s e d  to  d e m o n s t r a t e  t h i s  p r inc ip l e  y i e l d s  p e a k s  
with t h e  v i r u s e s  t h u s  far s tud ied .  T h e s e  are 
c o n c e n t r a t e d  in to  vo lumes  of 40 t o  100 ml. T h e  
v i rus  may b e  fur ther  r educed  in volume by b a n d i n g  
in  h igh - speed  ro to r s  s u c h  a s  t h e  expe r imen ta l  
C-I1 rotor  (141,000 rpm, 310 ,000  \ 6 with 110 ml of 
C s C l  s o l u t i o n  with an a v e r a g e  dens i ty  of 1.7). 
T h e  a p p l i c a t i o n  of t h e s e  a l t e r n a t e  s y s t e m s  t o  
t i s s u e s  wi l l  be  d e s c r i b e d  in s u b s e q u e n t  pape r s .  
To e x p l o r e  t h e  r e so lu t ion  of e a c h  S-p s e p a r a t i o n  
s y s t e m ,  a va r i e ty  of virus- induced tumors  a n d  
i n f e c t e d  t i s s u e s  mus t  b e  examined .  

B. A N A L Y T I C A L  STUDIES ON RIBOSOMES 
ISOLATED WITH T H E  B-IV ZONAL 

U L T R A C E N T R I F U G E  

E r i c  Schram W. D. F i s h e r  

Although much informatian is a v a i l a b l e  conce rn -  
i n g  t h e  role of r ibosomes  in  protein s y n t h e s i s ,  
l i t t l e  i s  known abou t  r ibosome  formation - e s p e -  
c i a l l y  a b o u t  t h e  s y n t h e s i s  of their  s t ruc tu ra l  
p ro t e ins .  T h e  e x p e r i m e n t s  reported h e r e  w e r e  
performed to gain some ins igh t  into t h e  s p e c i f i c i t y  
and  t h e  mechan i sm of s y n t h e s i s  of t h e s e  proteins .  

1. Separation of 305 and 50s Ribosomal Subunits 
by Zonal Centrifugation 

S i n c e  r i b o s o m e s  a r e  gene ra l ly  con tamina ted  with 
n a s c e n t  p r o t e i n s  or with cy top la smic  p ro te ins ,  t h e  
c h o i c e  of t h e  i so l a t ion  procedure i s  a c r u c i a l  s t e p  
in  t h e  s t u d y  of r ibosomal  proteins .  Moreover,  t h e  
q u a n t i t i e s  of ma te r i a l  n e e d e d  for s u c h  a s t u d y  c a n  
b e  o b t a i n e d  o n l y  with large-volume rotors .  F o r  
p repa ra t ive  s e p a r a t i o n ,  u s e  w a s  made  of t h e  B-I\' 
zona l  rotor d e s c r i b e d  in  Chap.  VI.  E s c h e r i c h i a  
coli w e r e  grown in t h e  p r e s e n c e  of 3is s u l f a t e  so 
tha t  t h e  p r o t e i n s  cou ld  b e  s e l e c t i v e l y  t r a c e d  by 
r ad ioac t iv i ty .  



T h e  p u r r i t  ribosomal subuni t<  itere obtdined b\ 
f i rs t  iso!dting r ibosomes w l t h  dn 5 t a l t ~ e  equdl t L )  
or higher  than 70 in a s u c r o s e  gradient  ( s e e  Fig. 
11-R-I), dnd bp rerunning t h i s  f ract ion in the  s a m e  
gradient af ter  d i r s o c i a t i o n  a t  IOU magnesium 
concentrat ion ( s e e  Fig. 11-B-2). T h e  optimum 
gradient  for the  separa t ion  of ribosomal s u b u n i t s  
ranged f r J m  13 to 20'; ( w  w) s u c r o s e .  T h e  buffers 
u sed  had  the  following composi t ions .  (1) for the  
homogenization of E. coli i n  t h e  French  pressure  
c e l l  and t h e ~ s o l a t i o n  of 70s par t ic les ,  lo-' I f  Trrs 
and l o - ?  \I M g Z t  (pH 7.4), ( 2 )  for the  d issoc ia t ion  
of the  70s part ic les  a d  the  i so la t ion  ot their sub- 
u n i t s ,  10- ' M sodium-potassium phosphate  and 

II magnesium a c e t a t e  (pH 7.4). 

Fig.  11-8-2. Zonal  Centr i fuge Pat tern  of D i s s o c i a t e d  

Ribosomes. 

The ribusumt. suspensions obtained b>. zona l  
u l  t racen t r i  fugat ion >Are re f i r s t  concen t rated by 
centr i fugat ion i n  a Spinco 30 rotor, and the  pro- 
t e i n s  were ex t rac ted  with hydrochloric acid.  T h e  
e f f ic iency  of t h e  s e p a r a t i o n s  achieved  is indicated 
by the  a b s e n c e  of r ibonuclease  i n  the  50s fraction. 
P r e v i o u s  s t u d i e s  i n d i c a t e  that  th i s  enzyme i s  
a s s o c i a t e d  v i t h  the  30s fraction. 

2. Separation of Ribosomol Proteins by Disk 
Electrophoresis 

In prev ious  s t u d i e s  s t a r c h  h a s  general ly  been  
used  for t h e  separa t ion  of ribosomal proteins  by 
e lec t rophores i s .  To i n c r e a s e  t h e  resolution of t h e  
s e p a r a t i o n s  and  to reduce  the  size of t h e  sample  
required, w e  have  used  polyacrylamide gel  c01- 
umns. As ant ic ipa ted  from the b a s i c  propert ies  of 
r ibosomal  protein,  t h e  b e s t  r e s u l t s  were obtained 
u s i n g  t h e  low-pH buffer sys t em previously used  in  
the  s e p a r a t i o n  of other  b a s i c  proteins  (Reis fe ld  
et al., 1962). Each  of the  pa t te rns  observed  in t h e  
30s and  50s s u b u n i t s  s h o w s  approximately a dozen  
p e a k s  which appear  cons is ten t ly ,  but  which differ 
for t h e  t w o  sizes of p a r t i c l e s  ( s e e  Figs. 11-B-3 to 
11-B-5). Minor d i f fe rences  were  observed  between 

J h C L A  j S l F i E D  
PHOTO 65674 

7 ~~ 

50s 

.* 
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Fig.  11-8-3. Disk-Electrophoresis  Pat terns of Ribo- 

somal P r o t e i n s  Extrocted from 305 and 50s Ribosomal 

Subunits o f  E .  coli. 
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p%,r , lc les .  NO d i f f e rences  w e r e  o b s e r v e d  be tween  
r lbusomes  from c u l t u r e s  a t  r e s t  a n d  t h o s e  f rom 

e s p o n e n t i a l l ~  growing cu l tu re s .  T h e  amino  a c i d  
analyses of  t h e s e  s a m p l e s  are i n c o m p l e t e  a t  t h i s  

wr i t ing .  
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Fig. 11.8-4. Absorbance Pat tern o f  Disk-Elect rophore-  

5,s ~ n a l y s i s  of 305 Ribosomal Proteins. 
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Fig. 11-8-5. Absorbance Pattern o f  Disk-Elect rophore-  

s is  Analys is  of Prote lns of 505 Ribosomal Subunits. 

3. Rod iooct i v i t y  Deter mi nations 

Although not appa ren t  from t h e  u l t r av io l e t  ab-  
s o r b a n c e  s c a n s  of t h e  p repa ra t ive  zonal  cen t r i fuge  
s e p a r a t i o n s  nor from the p a t t e r n s  ob ta ined  with t h e  
a n a l y t i c a l  u l t r acen t r i fuge ,  con tamina t ion  of t h e  
30s p a r t i c l e s  by t h e  o v e r l a p p i n g  s o l u b l e  protein 
peak c a n  be inferred from t h e  r ad ioac t iv i ty  c u r v e s  
(Fig. 11-56). Such con tamina t ion  occur red  on ly  
when t h e  p a r t i c l e s  h a d  not been  prepared f rom 

Fig. 11-8-6. Zonal  Centr i fuge Pottern o f  Dissoc iated 

Ribosomal Subunits Prepared D i rec t l y  from a D i f fe r -  

ent ia l  Centr i fugat ion P e l l e t  Without Pr ior  l so lo t i on  o f  

705 Subunits. 

Table 11-8-1. Specif ic Rod ioac t i v i t y  of the Ribosomal 

Subunits (rom E .  cor ,  Grown in the Presence of 3sS 

Before Chasing After Chasing 

113 42 Na t i ve  50s 

Der ived 

30s 

50s 

145 26.5 

95 17.4 

1. 19 2.45 Rat io  of nat ive 50s 

t o  der ived 50s 

Ra t io  of derived 1.53 1 .52  

30s to  der ived 50s 



prev ious ly  i s o l a t e d  70s p a r t i c l e s  and was en- 
coun te red  e v e n  when t h e  s t a r t i n g  ma te r i a l  w a s  a 
r ibosome  pe l l e t  prepared by d i f f e ren t i a l  cen t r i fuga -  
t ion.  T h e  impor t ance  and  t h e  n e c e s s i t y  of u s i n g  
zona l  cen t r i fuga t ion  for p r e p a r a t i v e  work are 
e v i d e n t  . 

It a p p e a r s  from T a b l e  11 -51  t h a t  t h e  s p e c i f i c  
r ad ioac t iv i ty  ( r ad ioac t iv i ty  v s  RNA con ten t )  of 
t h e  30s s u b u n i t s  i s  50% h i g h e r  than  tha t  of t h e  
50s. After c h a s i n g  with nonrad ioac t ive  su l fu r ,  
t h e  s a m e  rat io  i s  o b s e r v e d  b e t w e e n  t h e  s p e c i f i c  
r a d i o a c t i v i t i e s  of the  d e r i v e d  s u b u n i t s ,  but t he  
s p e c i f i c  r ad ioac t iv i ty  of the  na t i \ *e  50s mater ia l  
i s  n o w  found to b e  much h ighe r  t han  tha t  of t h e  
de r ived  o n e s .  T h e  r ad ioac t iv i ty ,  b e f o r e  and af ter  
c h a s i n g ,  of :he s e v e r a l  f r a c t i o n s  i so l a t ed  by d i s k  
e l e c t r o p h o r e s i s  is now b e i n g  s t u d i e d .  

4. Discussion 

Green and  H a l l  (196 1) haire  o b s e r v e d  d i f f e rences  
in t h e  phys io log ica l  ac t iv i t j .  a n d  RNA composi-  
t ion of n a t i v e  and de r ived  r ibosomal  subun i t s .  
Such d i f f e r e n c e s  do not a p p e a r  c l e a r l y  from the  
e l e c t r o p h o r e s i s  d a t a  in t h i s  s t u d y ,  but t h e  radio- 
d c t i v l t v  d a t a  would imply t h e  a b s e n c e  of an  
equi! ibr iun be tween  t h e  two t v p e s  of p a r t i c l e s  
( n a t i x e  a d  der ived) .  Moreover,  thc hlgher  
s p e c i i i c  a c r i v i t i e s  found i n  n a t i v e  50s a f t e r  chas -  
ing w m l d  s u g g e s t  that  t h e s e  p a r t i c l e s  a r e  ac tua l lv  
de r ived  from t h e  70s par t i c l e s .  T h e  higher  
s p e c i f i c  r ad ioac t iv i t i e s  found in t h e  30s a s  con- 
pared to tha t  of t h e  50s may b e  a s c r i b e d  to a 
h ighe r  protein c o n t e n t  if t h e  p ro te ins  from both 
t h e  30s dnd 50s are found to con ta in  the  s a m e  
p e r c e n t a g e  of c y s t i n e  and  methionine (Spahr.  
1962). T h i s  v i ew i s  fur ther  suppor t ed  by t h e  fact  
that  a lower  r a t io  of o p t i c a l  d e n s i t y  a t  260 mi: to 
o p t i c a l  d e n s i t y  a t  235 mp i s  c o n s i s t e n t l y  found for 
the  30s par t i c l e s .  Rad ioac t iv i ty  measu remen t s  
now b e i n g  m a d e  on t h e  p ro te ins  s e p a r a t e d  by 
d i s k  e l e c t r o p h o r e s i s  w i l l  a i d  in a n s w e r i n g  some  of 
t h e  q u e s t i o n s  r a i sed  abo\ 'e a n d  wil l  a l s o  i n d i c a t e  
whe the r  any  of t h e  p ro te ins  undergo a h ighe r  
t u rnove r  r a t e  t han  o the r s .  

C .  VIRUS-LIKE PARTICLES IN HUMAN 
LEUKEMIC PLASMA 

C. L. Burgtar 
W. It'. H a r r i s  T .  \V. Bar t l e t t  

N. G. Anderson 

R. hl. K n i s e l e y  

During t h i s  report  per iod,  a t o t a l  of 250 c o d e d  
p l a s m a  s a m p l e s  from human s u b j e c t s  h a v e  been  
p repa red  for examina t ion  by e l e c t r o n  microscopy.  
O f  t h e s e ,  40 to 50 were from non leukemic  indivi-  
d u a l s .  Microscopy d a t a  a r e  p re sen t ly  a v a i l a b l e  
o n  on ly  140 of t h e s e  s a m p l e s .  T h e  co r re l a t ion  of 
p a r t i c l e  morphology with d i a g n o s i s ,  t r ea tmen t ,  
a n d  o t h e r  p a r a m e t e r s  will b e  made  by compute r  
a n a l y s i s .  

1 .  Methods 

S a m p l e s  w e r e  prepared as d e s c r i b e d  (Burge r  
et si., 1964). However ,  b a n d i n g  of t h e  v i r u s  
p e l l e t  h a s  b e e n  exp lo red  by a number of t e c h n i q u e s  
u s i n g  g r e a t e r  vo lumes  o f  p l a s m a  per  pa t i en t  t o  
f a c i l i t a t e  e l e c t r o n  mic roscopy .  

After  t h e  r e s u s p e n d e d  p e l l e t s  are b a n d e d  in 
C s C I ,  pr iotographs are t aken  of t h e  b a n d i n g  t u b e s ,  
and f r ac t ions  a r e  t h e n  r ecove red  by pumping  t h e  
t u b e  c o n t e n t s  through a s t a i n l e s s  s t e e l  n e e d l e  and  
in to  a spec t ropho tomete r  modif ied with a wave-  
s h i f t i n g  mechan i sm to  a l t e r n a t e l y  read 260 mp and  
280 mi:. T h e  s a m p l e  then  p a s s e s  through a \Tatera 
r e f r ac tomete r  (model  34H), t h e  pump, and  f inal ly  
in to  a f r ac t ion  co l l ec t ion  tube.  T h e  f r ac t ions  a r e  
then p repa red  for  mic roscopy  a s  reported (Burge r  
t ' f  a!., 1964). 

T h e  g rad ien t  a n a l y z e r  ( d e s i g n e d  and  f a b r i c a t e d  
by 9 R G D P  Ins t rumen t  Development  Group)  u s e d  
for recover!' of banded  s a m p l e s  is shown  in  F i g .  
11-C-1. T h e  pump used  to withdraw t h e  f lu id  from 
t h e  t u b e s  i s  provided with a con t inuous - speed  
con t ro l  (front l e f t ,  below t a b l e  ho ld ing  f r ac t ion  
co l l ec to r )  wh ich  v a r i e s  rate of withdrawal  from 
0 to 3.7 ml/min,  when u s i n g  *,i6-in.-ID tubing.  
T h e  t o t a l  vo lume  of f lu id  within the  s y s t e m ,  from 
t ip  of s t a i n l e s s  s t e e l  n e e d l e  to end of tub ing  
a b o v e  c o l l e c t i o n  v e s s e l ,  is 0.5 ml. T h e  t u b e  
ho lde r ,  a n  e v a c u a t e d  double-wal led chamber  which 
i n s u l a t e s  t h e  tube  du r ing  pumpout ,  h a s  a l i gh t  
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b e l o w ,  pe rmi t t i ng  t ' i s u ; i l  obsictr\ ;I::c>n oi b a n d s  i n  
t h e  tube.  T h e  s c r e w  is remo\.ed f r o m  the  c a p  of 
t h e  Sp inco  30 rotor tube,  and  a p l a s t i c  adap te r  I S  

s c r e w e d  in to  t h e  opening.  T h e  rack ho ld ing  the  
t u b e  i s  t hen  r a i s e d ,  a f t e r  pos i t i on ing  t h e  n e e d l e  
o v e r  t h e  o p e n i n g  in  the  adap te r .  T h e  n e e d l e  i s  
t h u s  p o s i t i o n e d  at the  bottom of the  tube,  with 
minimum d i s t u r b a n c e  of t h e  gradient .  

T h e  r e f e r e n c e  c e l l  of the spec t ropho tomete r  
h a s  b e e n  modif ied by t h e  addi t ion of a va r i ab le  
s l i t  ad jus tmen t .  T h e  hous ing  above t h e  c e l l  
compartment  of t h e  D B  c o n t a i n s  the  refractometer  
f low c e l l ,  modif ied to r educe  t h e  volume and  h e n c e  
t h e  l a g  t i m e  of t h e  instrument .  T h e  refractometer  
h a s  b e e n  fur ther  a l t e r ed  by t h e  addi t ion of a f i n e  
ad jus tmen t  which pe rmi t s  t h e  operator  t o  s e t  t he  
ou tpu t  v o l t a g e  of t h e  un i l  between t h e  s e t t i n g s  re- 
qu i r ed  through u s e  of t h e  s c a l e  and ze ro  ad jus t -  
ment .  

T h e  f r ac t ion  c o l l e c t o r  provides  for e igh teen  15-ml 
c e n t r i f u g e  tubes .  An evenl-recording pen marks  
t h e  b a s e  of t h e  s t r i p  cha r t  e a c h  Time t h e  fract ion 
c o l l e c t o r  a d v a n c e s ,  e i t h e r  a u t o n a t i c h l l y  on a t imed 
b a s i s  or manuall!. by d e p r e s s i n g  a control  s w i t c h .  
A v i s u a l  record of abso rbancy  a: 360 and  280 mi,, 
r e f r ac t ive  index ,  a n d  tube  number is t h u s  ob ta ined  
for  e a c h  sample .  

T h e  tub ing  u s e d  throughout :he s y s t e m  mag' b e  
w a s h e d  with formalin between s a m p l e s ,  o r  new 
tub ing  may be inse r t ed .  T h e  DB and  refractometer  
c e l l s  are not a t  the m0mer.t expendab le ,  but 
d i s p o s a b l e  DB c e l l s  a r e  under  s : u d \ .  The iinpor- 
i an t  f e a i u r e  is tha: n o  "rr.4-or." or cross con-  
t amina t ion  be de tec red ,  and none nas  been ob- 
s e r v e d  a s  c h e c k e d  by comparlng leukemic a n d  
non le i ikemi r  s a m p l e s .  T h e  recorder is equ ipped  
with a 1-7-point print :vheel: two po in t s  record 
r e f r ac t ive  i n d e s  and the  o the r s  a l t e rna te  be tween  
260 a n d  280 mil. 

T h e  p a n e l s  above  t h e  DB contain the  hydrogen 
lamp power  supp ly .  ze ro  ad jus tmen t s  for both 
w a v e l e n g t h s ,  a n d  the  e l ec t ron ic  con t ro l s  for the  
refractometer .  A s e r i e s  of s w i t c h e s  inc lude  main 
power,  f r ac t ion  co l l ec to r  p o a e r ,  pump, a n d  
s a m p l e  l ight .  The. correlat ion between virus- l ike 
p a r t i c l e s  o b s e r v e d  in p l a sma  and t i s s u e s  of t h e  
s a m e  l e u k e m i c  ind iv idua l s  i s  under  inves t iga t ion ,  
and  r e s u l t s  wil l  b e  reported in  future communica-  
t i ons .  T h e  occur rence  of pa r t i c l e s  o the r  t han  the  
"R" a n d  "Q" t y p e  previously reported (Burge r  
et al., 1964) wi l l  a l s o  b e  desc r ibed .  

0. STUDIES ON THE A- IX  ROTOR 

R. E. C a n n i n g  

As e a c h  n e w  rotor s y s t e m  i s  d e v e l o p e d ,  i t s  per- 
fo rmance  i s  e s a m i n e d  u s l n g  test p a r t i c l e s  as  a 

p r e l u d e  to s t u d i e s  on t h e  s e p a r a t i o n  of more com- 
p l e x  b i o l o g i c a l  ma te r i a l s .  T h e  A-IX rotor  I S  

d e s i g n e d  for t h e  s e p a r a t i o n  of c e l l s  a n d  for 
s t u d i e s  on t h e  d i s t r ibu t ion  of d r u g s ,  c h e m i c a l  
c a r c i n o g e n s ,  a n d  enzymat i c  a c t i v i t i e s  a m o n g  c e l l  
f r a c t i o n s .  B e f o r e  t h i s  can  be done ,  however ,  
o p t i m a l  g r a d i e n t s  and  o p e r a t i n g  t e c h n i q u e s  mus t  
be d e v e l o p e d .  

T h e  pe r fo rmance  of the  A-IX rotor w a s  s t u d i e d  
u s i n g  bov ine  se rum albumin (BSA), r a t  red blood 
c e l l s  (RRBC),  and  ragweed pol len.  In a l l  cases a 
1-li ter g rad ien t  of 17  to  55°C s u c r o s e  ( p  r 1.0719 to 
1.2663) w a s  u s e d  with 55% s u c r o s e  as  a c u s h i o n  at 
t h e  cen t r i fuga l  e n d  of t h e  gradient .  For t h e  over- 
l a y ,  160 ml of p h o s p h a t e  buffer ( p H  7.5, p ( ion ic  
s t r e n g t h )  -. 0.11 w a s  u s e d .  

T h e  effects of movement of t h e  s a m p l e  z o n e  
in to  and o u t  of the  rotor and  of d i s t u r b a n c e s  
o c c u r r i n g  d u r i n g  a c c e l e r a t i o n  a n d  d e c e l e r a t i o n  
w e r e  s t u d i e d  u s i n g  BSA (10 m i  of 4% BSA in 8.5 
wiw "0 s u c r o s e )  as  t h e  sample .  T h e  s a m p l e  w a s  
i n t r o d u c e d  i n t o  the  rotor a t  I100 rpm, a f t e r  which 
t h e  rotor w a s  a c c e l e r a t e d  to  3000 rpm (3000 - g at 
R m a x )  for  1 5  min. T h e  rotor w a s  then  d e c e l e r a t e d  
:o 1100 rpm and  un loaded  in to  40-mi c e n t r i f u g e  
t u b e s  through a n  ul t ra \ - iolet  a b s o r b a n c e  monitor.  
T h e  a b s o r b a n c e  recorder  cha r t  is s h o w n  in  Fig.  
11-D-1. T h e  s m p ! e  zone  was c a l c u l a t e d  to be 

I) 5 85 3: iZ 25 30 
7 - s :  \ ' . Y ? i "  14c n' / - 'J9EI  

F i g .  II-D-1. Run Diogrom of Bov ine  Serum Albumin  

Ten  ml  of 4 5  BSA in 8.5% s u c r o s e ;  

L o a d i n g  ond un- 

Sconned at 260 m p  in  0 . 2 - c m  

(BSA)  in Rotor A. IX.  
4000 rpm (3000 i. 8 o t  R,,.), 15 min. 

loading d o n e  01 1100 rpm. 

l i ght  poth f low c e l l .  
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