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Summary 

T h i s  report descr ibes  work done under the 
Joint  National Inst i tutes  of Health-Atomic Energy 
Commission Zonal  Centrifuge Development Program 
on the  application t o  difficult b iophys ica l  separa-  
tion problems of techniques and instruments  de- 
veloped by the  AEC. The  objec t ive  of th i s  pro- 
gram i s  t o  develop separat ion s y s t e m s  which will 
a l low profiles of subcel lular  cons t i tuents  t o  be  
constructed which include the  maximum number of 
c e l l  organel les  and individual molecular s p e c i e s .  
Work on zonal  centrifuge s y s t e m s  des igned  to  
s e p a r a t e  par t ic les  ranging in s i z e  f rom whole 
c e l l s  t o  small  molecules  h a s  progressed with the 
development of severa l  new rotor s y s t e m s .  The  
B-IV rotor h a s  been shown t o  effect ively s e p a r a t e  
quantities of macroglobulin from rat  and  other  
animal  se ra ,  thereby extending the  usefu lness  of 
th i s  instrument down to 20s. By appl ica t ion  of the 
two-dimensional S-p separat ion s y s  tern previously 
descr ibed,  a c l e a r  spectrum of ra t  l iver  glycogen 
par t ic les  h a s  been obtained,  and t h e  molecular 
s t ructure  revealed by negative s t a i n i n g  is under 
invest igat ion.  Virus-like par t ic les  have been re- 
covered from a human breast  tumor with t h e  s a m e  
technique. Further s tud ies  on centr i fugal  fas t  
f reezing show that a high percentage of yeas t  
c e l l s  survive freezing, but that  t h e  le tha l  damage 
i s  done during warming, which must b e  done rap- 

idly if a high survival  ra te  i s  to b e  obtained.  
Theoret ical  s tud ies  on the  par t ic le  capac i ty  of 
gradients  in zonal  centr i fuges a re  being carr ied 
t o  t h e  point that  experimental s t u d i e s  may b e  de- 
s igned  to  examine anomalous sedimentat ion be- 
havior and band spreading. The low-speed A-IX 
rotor h a s  been redesigned and s t rengthened and is 
now designated A-XII. Scanning s y s t e m s  t h a t  
would make this  rotor a n  ana ly t ica l  centr i fuge 
have  been completed. Continuous-flow rotors in 
which the sedimenting par t ic les  a re  banded in a 
gradient during the continuous-flow process  (rotor 
B-VIII) have been built and successfu l ly  tes ted.  

A completely enclosed virus separat ion facility 
h a s  been designed for large-scale  virus separa-  
tion. In addition to centr i fuges,  new countercur- 
rent sys tems for liquid-liquid extract ions and  the 
flame ionization detector for nonvolat i le  s a m p l e s  
are under development. A prototype automated 
sys tem for carbohydrate ana lys i s  h a s  been com- 
pleted and tes ted with a variety of s u g a r c o n t a i n -  
ing samples .  K i t h  an experimental high-pressure 
capi l lary column nucleotide analyzer ,  it  h a s  been 
demonstrated that rapid a n a l y s i s  of very smal l  
samples  can  be performed with micro ion exchange 
b e a d s ,  warm columns, a high flow rate, and columns 
of very small  bore. 

i i i  
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T h i s  report i s  the  fourth prepared under the  Jo in t  
NIH-A EC Zona 1 Centrifuge Development Program. 
T h e  central  theme remains the exploration of tech- 
nologies  and s k i l l s ,  originally developed for AEC 
programs, for appl icat ion to  b a s i c  biomedical  

s c a l p e l s ,  the  possibi l i ty  of new inc is ive  e d g e s  
for research too ls  would appear  to just i fy  the  
effort. T h e  program i s  being carr ied out a t  three 
locations: the Biology Division laborator ies  (ORNL) 
a t  the  Y-12 s i t e ,  the Technical  Division of the 
Oak Ridge G a s e o u s  Diffusion Plant  (ORGDP), and 
in an area of the ORGDP power generat ing plant. 
One floor of a s e c t i o n  of th i s  plant h a s  been 
modified during t h i s  report period ta  house  t h e  
centrifuge s y s t e m s  descr ibed in  t h e s e  reports. 
T h e  zonal  centr i fuge program i s ,  therefore, a 
small ,  hopefully prophetic attempt a t  t h e  redirec- 
tion of part of a v a s t  ex is t ing  enterpr ise .  A 
photograph of the e lec t r ica l  power generat ing fa- 
c i l i t i e s  of t h e  Oak Ridge Gaseous  Diffusion Plan t  
which houses  the Joint NIH-AEC Zonal  Centr l fuge 
Development Program is Included a s  a f ront ispiece,  

The  development of zonal centr i fuges is by no 
means complete; however, t h i s  report marks a 
turning point in their  development. F i r s t ,  a pro- 
gram aimed a t  adapt ing the centrifuge s y s t e m s  
thus  far developed t o  the  large-scale isolat ion of 
virus par t ic les  and viral subuni ts  h a s  been under- 
taken in  col laborat ion with the Board for Vaccine 
Development of t h e  National Inst i tute  of Al le rg-  
and Infectious D i s e a s e s .  Second, drawings of 
t h e  B-IV, B-V, B-VIII, A-IX, and A-XI1 rotors and 
cores have  been  released to  industry through the 
AEC Division of Technica l  Information Extension 
a t  Oak Ridge. Specif icat ions and drawings of 
new developments will continue to  b e  released 
a s  rapidly a s  poss ib le .  Third, a seminar a t tended 
by 73 representat ives  f r o m  industry and f r o m  re- 
s e a r c h  laborator ies  a c r o s s  the countw w a s  held 

I problems. While swords  a r e  not e a s i l y  bea ten  into 

on April 30-May 1 ,  1964, under t h e  auspices  of 
t h e  ORNL Office of Industr ia l  Cooperation. P l a n s  
for a training course  in zonal  centr i fuge operation 
are under way and will b e  held in Oak Ridge, 
September 16-18, 1964. L a s t ,  arrangements have 
b e e n  made t o  publ ish s o m e  of t h e  resul ts  of th i s  
program a s  a supplement  to  t h e  Journal of the 
National  Cancer  Inst i tute .  As detailed resu l t s  
appear  in the open l i terature ,  t h e  necess i ty  for 
e x t e n s i v e  reports for limited distribution i s  min- 
imized. Future  reports in th i s  s e r i e s  will, there- 
fore ,  b e  in summary form. 

Since the problem of bringing zonal  centr i fuges 
i n t o  general u s e  h a s  been  at l e a s t  partially solved,  
the  direction of future e f f o r t s  must now b e  con- 
s idered .  If the p a s t  history of biophysical tools  
i s  indicat ive of t h e  future  his tory of new ones ,  
then we should aim a t  o n c e  for simp!ification of 
components  and operat ing technique.  With th i s  
in  mind, the B-X and B-XI rotors described i n  
th i s  report have  been developed.  T h e s e  eliminate 
t h e  high-speed upper bear ing,  and  s r i l l  allow 
operation at  s p e e d s  suff ic ient ly  high to separa te  
ribosomal s u b u n i t s .  hork on t h e  development of 
other  rotors designed for s p e c i f i c  purposes will 
cont inue,  together with s t u d i e s  on t h e  conrainment 
of both centr i fuges and anci l lary virological re- 
s e a r c h  systems.  For the  present ,  t h e  chief bio- 
logical  problem i s  t h e  ident i f icat ion of t h e  m a n y  
f ract ions which can now b e  i so la ted .  This  work 
will progress  slowly, a s  col laborat ive s tud ies  with 
interested invest igators  are  arranged. 

As i s  indicated by the  conten ts  of th i s  and pre- 
v ious  reports, severa l  t echniques  in addition to  
those concerned with centr i fugat ion are being 
explored. T h e s e  include: t h e  wire-fed flame 
ionizat ion analyzer, t h e  carbohydrate  analyzer, 
the  high-pressure nucleot ide analyzer ,  digi ta l  
chromatographic data  reduction, countercurrent 

1 
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d i s t n b u t i o n ,  u l t r , i t J ? t  i r t ’ c z i i ~ .  a’id nE‘K method? 
for achleb Ing electrophore*:c s e p a r a t l o n s .  U‘hile 
t h e s e  involve interextlng dqd i a l u a b l e  new sepa-  
ration and analyt ical  sys tems,  it may b e  a s k e d  
how t h e s e  relate  to t h e  problem of cancer  in man. 

As previously reported, methods for i s o l a t i n g  and 
identifying virus-like par t ic les  in plasma and i n  
t i s s u e  b r e i s  have  been developed and shown t o  
b e  effect ive.  T h e  problem of demonstrat ing that  
t h e s e  par t ic les  a r e  both infect ious and oncogenic  
i s  ou ts ide  the present  scope  of t h i s  program. T h e  
isolat ion of viral ant igens which have  been  shown 
t o  b e  present in many animal tumors, o f ten  in a 
nonparticulate form, offers an addi t ional  c h a l l e n g e  

to sep, j r , t t i i ,n  methods. I f  some human neoplasms 
are i l l ! imatel> shown to  b e  the  end result of virus 
infection, then the problem of preparing su i tab le  
vacc ines  m u s t  be considered.  Live-virus vacc ines  
w i l l  be extremely d i f f icu l t  t o  develop and,  indeed, 
may not b e  considered i n  view of the difficulty 
of demonstrating that  human oncogenicity h a s  
been eliminated. Killed virus  preparat ions may 
su f fe r  from the same hazard.  T h e  possibi l i ty  of 
isolat ing the effect ive an t igens  f rom virus-infected 
c e l l s  in a high s t a t e  of purity must ,  therefore, b e  
given close attention. T h i s  will involve bet ter  
protein fractionation methods,  together with im- 
proved analyt ical  s y s t e m s  for the subuni ts  of 
which the ant igens may be  composed. 
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I I .  Biomedical Applications of Zonal Centrifuges 
Developed Under This Program 

A. ISOLATlON AND PHYSICOCHEMICAL 
PROPERTIES OF RAT MACROGLOBULINS 

W. D. F i s h e r  R. E. Canning 

As experimental s t u d i e s  with the B-IV zonal  
ultracentrifuge have progressed,  par t ic les  of 
smaller  dimensions have been separated.  I n  ex- 
periments with ribosomal subuni ts ,  par t ic les  
having sedimentat ion coeff ic ients  as low as  30s 
were dis t inguished.  To  explore  the lower l imits  
of t h e  separa t ions  which might b e  achieved with 
t h i s  system, t h e  possibility of i so la t ing  plasma 
macroglobulins h a s  been examined. 

Of the var ious gamma globul ins  of plasma pos- 
s e s s i n g  ant igenic  activity, the so-called 7 s  gamma 
globulins have been extensively s tudied with 
respec t  t o  s t ructure  and biological  act ivi ty;  the 
19s gamma globulins are more difficult to  i s o l a t e  
i n  quantitk and have been less extensively stud- 
ied. ' Since good analyt ical  separa t ions  of 1 9 s  
ant ibodies  have been obtained i n  sucrose dens i ty  
gradients  with swinging bucket rotors, a n  attempt 
w a s  made to i so la te  rat macroglobulin in  the B-IV 
zonal centrifuge described by Anderson and co- 
w o r k e r ~ . ~  T h i s  paper reports the  isolat ion and 
physicochemical properties of a n  apparently homo- 
geneous  rat macroglobulin. 

Preparation of Serum and Zonal Centrifugation 

A globulin fraction from pooled rat  serum w a s  
obtained by two precipitations with 40% ammonium 

~~ ~ 

'R. R .  Porter, Brit. ,#fed. Bull. 19, 197 (1963). 

*G. M. Edelman, H. G. Kunkel, and E. C. Franklin, 

3N. G. Anderson et al . ,  Life  Sc i .  3, 667-71 (1964). 

1. Exptl. Med. 108, 105 (1958). 

su l fa te  followed by exhaust ive dialysis  against  
t a p  water. The resulting fraction w a s  n a d e  up in 
0.2 p Miller-Golder buffer  (pH = 7 . 5 )  to one-fifth 
t h e  original plasma volume. T h i s  msterial was  
then separated with a 1-liter sucrose gradient 
(10-15% in 0.2 ~1 Miller-Golder buffer) using 400 rnl 
of overlay. Centrifugation w a s  to 350,000 x l o 6  
(,,'r (approximately 6 hr a t  40,000 rpm). 

Sedimentation measurements were n a d e  with a 
Spinco model E analyt ical  ultracentrifuge with 
12-mm c e l l s .  

Electrophoretic and diffusion measurements were 
performed with a Spinco model H unit cs ing 11-ml 
c e l l s .  

Immunoelectrophoresis w a s  done a s  described by  
Grabar and Ril!ians.' 

Carbohydrate was measured by the anthrone 
method. 

T h e  separation of rat macroglobulin by the  B-IV 
rotor i s  shown i n  Fig.  11-A-1. T h e  star::ng sample 
represents  60 m l  of rat plasma: the yield was 
250 mg of macroglobulin. After conce2:ration by 
pressure  d ia lys i s  the  leading peak was ultra- 
centrifugally and immunoelectrophoretically homo- 
geneous (F igs .  11-A-2 and 11-A-3). The physical- 
chemical  properties of the material are l is ted in 
Table  I. The  carbohydrate content  of the macro- 
globulin i s  10%. Treatment with 0.1 M mercapto- 
e thanol  dissociated t h e  macroglobulin in:o subuni ts  
of approximately 8s. 

T h e  data  reported show that  t h e  B-I\' zonal cen- 
trifuge can b e  used to prepare a homogeneous rat 
macroglobulin in preparative quant i t ies .  This  ex- 
tends  the  demonstrated usefu lness  of the zona! 
centrifuge into the  s i z e  range of Sephadex separa- 
t ions.  In conjunction with protein chronatographic 

4P. Grabar and C. A. Williams, Biochin. Biophys. 
Acta  10, 193 (1953). 

I . -. 
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methods, zonal centrifugation should b e  a u s e f u l  
tool i n  s tudying the immunological re la t ionship 
of the  var ious antibodies i n  plasma,  e s p e c i a l l y  
the 20s ant ibodies ,  which by previous methods 
a re  the more difficult to isolate .  T h e  i so la t ion  
of other  macroglobulins (chicken,  mouse, and f i s h )  
by zonal  centrifugation i s  in progress. 
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Fig .  I l -A-2. U l t r a c e n t r i f u g e  P o t t e r n  for  R o t  Macro- 

g l o b u l i n  i n  0.2 p M i l l e r - C o l d e r  Bu f fe r  A f te r  20 M i n  a t  

Speed (59,780 RPM). 
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F ig .  11-A-1. Separat ion o f  R a t  M a c r o g l o b u l i n  in  8 - I V  
Zonal Cent r i fuge.  Upper curve, s u c r o s e  c o n c e n t r a t i o n ;  

l o w e r  curves ,  absorbancy (0.2-cm l i g h t  path).  
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Fig .  11-14-3. Immunoe lec t rophore t ic  Pat te rns  of (a )  

Macrog lobu l in  a n d  (b) R o t  Serum. In bo th  cases  rhe 

upper  trough conta ins  rabb i t -an t i -who le - ra t  serum ond 

t h e  bottom trough rabb i t -an t i - ro t  rnocroglcbul in.  

T a b l e  I. P h y s i c o c h e m i c a l  Proper t ies  of R a t  Macrog lobu l in  

Sedimentat ion constant ,  S z o , w  20.05 

Diffusion constant ,  D 2 0 , w  

Calcula ted  particle spec i f ic  volume, 

Molecular weight (s, D, 

2.22 x IO-' c m Z  'sec 

0.744 m l l g  

8 5 9.400 

Electrophoret ic  mobility a t  pH 6 . 2  phosphate  buffer, L: = 0.1 -4.22 x c m Z  v - i  

I soe lec t r ic  point pH 4.38 
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6 .  ISOLATION OF NATIVE GLYCOGEN 

N. G. Anderson W. u'. H a r r i s  
A .  A .  Barber 

T h e  subcel lular  components of t i s s u e s  may b e  
separa ted  to give a two-dimensional pattern by 
using rate  zonal centrifugation followed by i so-  
pycnic  zonal centrifugation a s  previously de- 
scribed.'  Experimentally, a number of bands  a r e  
observed with both normal and malignant t i s s u e s ,  
which must now b e  character ized in  much greater  
detai l .  In  t h i s  study we a r e  interested in the  band 
tentat ively identified a s  glycogen i n  or ient ing ex- 
periments. I n  previous s t u d i e s  it h a s  been shown 
that homogeneous virus par t ic les  sedimented a s  
narrow, d iscre te  zones  in  t h e  presence  of the  
components of a t i s sue  brei ,  sugges t ing  that  t h e  
wide zones observed with microsomes,  for exam- 
ple ,  a re  actual ly  due to  par t ic le  polydispersity. 
Glycogen is an excel lent  material for examining 
th i s  point, s i n c e  the ava i lab le  ev idence  s u g g e s t s  
that i t  e x i s t s  in t i s s u e s  in a wide range of s i z e s ,  
and, in addition, it h a s  not been observed t o  be- 
have  as an osmometer. 

While glycogen is the major energy and carbo- 
hydrate  reserve of many human t i s s u e s ,  a number 
of problems concerning both i t s  s t ructure  and 
mechanism of synthes is  remain to  b e  solved.  T h e  
majority of physical s tud ies  have  been  carried out 
on material isolated by ei ther  cold 5-10? aqueous 
trichloroacetic acid extract ion or b y  extraction with 
30? KOH at 100°C a s  descr ibed by Pfl i iger .6  With 
both methods the  glycogen is precipi ta ted f r o m  so- 
lution by ethanol. T h e  sedimentat ion coeff ic ients  
for material obtained by t h i s  procedure range from 
20s to 300s (refs. 7-12) with some material a s  
high a s  2000S.'3 In a l l  i n s t a n c e s  it i s  poly- 

 join^ NIH-AEC Zonal  Cenrrifuge Derrlopmenr Pro- 
gram Semiann. Repf.  Ju lb  I-Dec.  31. 1963 ,  ORNL-3656. 

'E. F.  W. Pfliiger, Das Clvcogen,  p. 530. Bonn, 1905. 

'W. J. Polglase.  D .  M .  Brown, and E. L.  S m i t h ,  J .  

*D. J. Bell er al.,  Biochern. J.  42. 405-8 (1948). 

9W. A. J. Bryce el a l . ,  J .  Chem. SOC. 711-15 (1958). 

'OW. A. J. Bryce el al . ,  1. Chem. SOC. 3845-51 (1958). 
1 1 ~ .  hiexer and J .  p. Zalta. Compr. Rend. 247, 3 5 7 -  

12A.  Calderbank el S I . ,  Biochern. J. 74, 223-29 

13S. A. Orrell, Jr. ,  and E. Buedlng, J. Am. Chem. SOC. 

Biol. Chem. 199, 105-12 (1952). 

59  (1958). 

(1960). 

EO, 3800 (1958). 

d! .perst.. I n  frcshi!. p r e v d r e d  l i v e r  homogendtes. 
LLzarc) \v  showed t h d t  gl!cogen behaves a s  a much 
larger pdrticle. with a sedimentation coefficient 
cl.iser to several  thousand for the  major portion 
of the  par t ic les .  Electron micrographs of 
g1:;cogen in t i s s u e  s e c t i o n s  bear out Lazarow's  
conclusions.  1 6 - - ? '  The  nat ive structure of gly- 
cogen cannot  be sat isfactor i ly  determined from 
s e c t i o n s ,  however, and i t  h a s  not been poss ib le  
to d e t e r m i n e  whether glycogen e x i s t s  a s  a beaded  
chain s t ructure ,  a s  a roset te ,  or a s  a tight c lus te r  
of subuni ts .  Electron microscopy of t h e  i so la ted  
par t ic les  us ing  negative s ta ining i s  therefore 
des i rab le  to e lucidate  t h e  tertiary structure of 
native glycogen. 

Preparation of Rat  Liver Breis 

Sprague-Dawley rats w e r e  stunned and exsan-  
guinated. and the liver f r o m  each w a s  rapidly 
rexoved and weighed i n  a tared beaker of cold 
8"- sucrose .  T h e  volume w a s  adjusted to give 
a 1 K  <w v )  b re i ,  and the liver was homogenized 
i n  a cold coaxial  hand homogenizer. After be ing  
strained through cheesec lo th ,  20 m l  of the coId 
bre: was  intioduced into a B-I\.' zona! centrifuge 
rotor operating a t  5'C and a t  a speed  of 3000 rpm. 
A 200-ml overlay of pH 7.5, 1.1 = 0.1 Miller-Colder 
buffer w a s  used to move the  sample layer free of 
the core. The rotor a 'as  ther. accelerated to 20,000 
rp- for 15 m i n .  A f r e r  deceleration to 5000 rpm. 
the rotor was  unloaded a s  previously descr ibed. '  
The ultraviolet absorbance diagram and the com- 
puter s' plot are  shown in Fig.  11-B-1. 
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The fractions between the sta:::ng layer and t h e  
mitochondrial l aye r  w e r e  then bb:.ded, us ing  CsCl  
in No. 30 rotor t u b e s .  A b a n l  a t  a dens i ty  o l  
approximately 1.62 was obser: e1 extending f r o m  
t u b e  7 pas t  t u b e  31. Material recovered from t h e s e  
bands  w a s  examined in the electron microscope,  
with phosphotungstate  being used as a n e g a t i v e  
s ta in .  T h e  resu l t s  are shown in Fig. 11-B-2. The 

sedimentation coef f ic :en ts  for the f rac t ions  shown 
are indicated I n  Flg. 11-B-1. If the hvdrodynamlc 
vo lume  of the par t ic les  is ca lcu la ted  f rom t h e  
densi ty  and sedimentation d a t a ,  a value for t h e  
rad ius  of the par t ic les  is obtained which is l e s s  
than one-half that observed i n  c u t s  12-31. T h i s  
i s  i n  agreement with t h e  ac tua l  observat ions,  
which indicate  that the  par t ic les  a re  not so l id  

ORNL-DWG 64-44845 

k.0 J 
0 6 42 rf3 24 30 36 4 2  

FRACTION NLiMBER 

Fig.  11.8-1. Rate Zonal Separation of Rot L i v e r  Bre i  i n  E-IV Zona l  Centrifuge. Deta i ls  described in  text. 
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42 
F i g .  11-6-2. Electron Microgrophs of Glycogen Isolated by Banding Fractions 9,  12, 14, 21, 27, and 31  i n  Fig.  

11-8-1 in  CsCI. 72,OOUx. 
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but are  composcd >.if an aggregate of subs t ruc tures  
held together i n  a popcorn-ball configuration. T h e  
f i n e  s t ructure  of these par t ic les  is now being in- 
tens1 cely s tudied.  

C. ISOLATION OF PARTICLES FROM 
HUMAN TUMORS 

N .  G. Anderson W. W. Harris  

During t h i s  report period t h e  u s e f u l n e s s  of t h e  
S - p  method for the isolat ion of virus- l ike par t ic les  
from human tumors h a s  been  examined by u s i n g  

a f e w  tissue samples .  Four human leukemic 
s p l e e n s  and two breast  tumors have  been s tudied.  
The  resu l t s  demonstrate that  (1) virus-like parti- 
cles can be  found in  human c a n c e r  t i s s u e ,  ( 7 )  com- 
parable  s tud ies  on normal t i s s u e  must b e  per- 
formed, and ( 3 )  a thorough a n a l y s i s  of all the 
bands  isolated is des i rab le  to provide reference 
points. An example of  the  la t te r  i s  the work on 
the  glycogen band presented  in  the previous 
sect ion.  
The most promising r e s u l t s  were obtained with 

a 49-g primary human b r e a s t  tumor frozen imrnedi- 
ately af ter  surgical  removal and  kept  a t  -6OOC 
until ready for use .  A 10% homogenate of the  
tumor w a s  prepared in 0.05 M pH 6.7 sodium 

~ R N L - O W G  6 4 - 4 ' 0 4 5  
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CUT N U M B E R  I40 ml  EACH) 

Fig. 1I.C-1. B-IV Z o n a l  Centrifuge Run Diagram for Human Breast Tumor. 
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Fig.  II-C.2. Virus-Like Par t ic les  Observed in Fract ion Obtained b y  Rare Zonal  Centrifugation and Isopycnic 

Banding  of Human Breast Tumor. Obtained in cut NO. 4 from run shown in Fig. 11-C-1. 80,OOUx. 
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c i t ra te .  The larger t i s s u e  fragments were removed 
by s low-speed centrifugation. af ter  which par t ic les  
ranging i n  s i z e  from mitochondria to  small  v i r u s e s  
were sedimented in the  Spinco No. 30 angle-head 
rotor for 30 min a t  24,000 rpm. T h e  p e l l e t s  were 
resuspended t o  a f inal  volume of 28 m l  and used  
as  the  s t a r t i n g  sample in  the  B-IV zonal  ultra- 
centr i fuge.  T h e  centr i fuge w a s  run unti l  Tu2 dr = 
1236 x 10'. T h e  recovered zonal  centr i fuge frac- 
t ions  were layered over  9 g of dry C s C l  in No. 30 
rotor tubes  and centrifuged overnight a t  24,000 
rpm. T h e  run diagram and computer plot a r e  shown 
i n  Fig.  11-C-1. 

Under t h e s e  condi t ions  the  virus-like par t ic les  
would not b e  spread  through m o r e  than a few tubes.  
C u t s  4-9 were examined in  the  electron micro- 
scope.  T h e  par t ic les  shown i n  F ig .  11-C-2 were 
banded from c u t  4, whose posi t ion is indicated in 
F ig .  11-(2-1. The p a r t i c l e s  averaged 125 p i n  
diameter, with a central  denser  portion having 
a diameter of approximately 100 p. T h e  s t r a n d s  
a l s o  s e e n  in  the  micrograph would occupy about 
20% of t h e  core  i f  they or iginated from th is  source.  
T h e  s imilar i ty  between t h e s e  par t ic les  and t h e  
par t ic les  which a re  a s s o c i a t e d  with mammarl. 
tumors i n  mice i s  of more than pass ing  interest .  

With t h e s e  and subsequent  s tud ies ,  t echniques  
for examining tumors for virus  par t ic les  have ad- 
vanced to t h e  point where a continuing search  
program may b e  considered.  

D. EFFECT OF THE WARMING RATE ON 
THE SURVIVAL OF YEAST CELLS 

FROZEN CENTRIFUGALLY 

J .  G. Green P e t e r  Mazur 

T h e  survival  of y e a s t  c e l l s  frozen a t  cool ing 
r a t e s  of 1°C/min or above  appears  to depend 
largely on whether o r  not i c e  forms within t h e  
c e l l s .  Low cool ing r a t e s  ( ~ l o , ' m i n )  favor high 
survivals  b e c a u s e  they c a u s e  t h e  c e l l s  to de- 
hydrate and,  as  a consequence ,  prevent intra- 
cel lular  crystal l izat ion.  With higher cooling rates  
(>5O0!min), t h e  c e l l s  do not have  sufficient t i m e  
to dehydrate, and so they f reeze  internally. 2 2 - 2 4  

H o w e i  er ,  anvther phenomenon appears  i n  rapidly 
cooled cells: their  s u m i v a l  becomes dependent 
on the rate  of warming and thawing, with rapid 
warming yielding the  higher s u n i v a l s . "  Crystal  
s i z e  is known to d e c r e a s e  with increasing cool ing 
ve loc i t ies ,  and it h a s  been hypothesized" that  
rapid cool ing  produces smaller c rys ta l s  within 
y e a s t  c e l l s  and tha t  t h e s e  small crystals ,  b e c a u s e  
of their  higher  sur face  free energy, grow to damag- 
i n g  s i z e  during slow warming but not during rapid 
warming. The  technique of centrifugal freezing 
descr ibed previously '  5 s 2  provides a means of 
t e s t i n g  t h i s  hypothesis ,  s l n c e  it permits repro- 
ducible ,  extremely rapid freezing of c e l l  suspen-  
sions. Therefore, i t  h a s  been  applied to determine 
t h e  e f f e c t s  of v a n e d  warming rates  on the subse- 
quent survival  of rapidly frozen unicellular y e a s t  
(Saccharomyces cerevis iae) .  

T h e  y e a s t  w a s  cultured in  liquid m e d i a , 2 2  i so-  
la ted by centrifugation, washed three times with 
s t e r i l e  d i s t i l l ed  water, and resuspended in  s te r i le  
water t o  a final concentration of about .2 10' 
cel ls /ml .  In previous experimentation, t h e  c e l l  
suspens ion  w a s  injected from a hypodermic needle  
into the  spinning rotor containing liquid nitrogen; 
however, in the  present  study, 4 ml of the  ce l l  
suspens ion  w a s  introduced into the  rotor as a n  
aerosol  from a g l a s s  atomizer designed to give 
r in imal  evaporation of water from the cells during 
del ivery and to  produce small droplets. T h e  
freezing of t h e  suspended c e l l s  was conducted 
in  a rotor spinning a t  3600 r p m  in an International 
PR-2 centr i fuge,  s i n c e  earlier unreported s tudies  
yielded b e s t  cel l  survival from this  treatment. 
The frozen suspens ion ,  s t i l l  i n  liquid nitrogen, 
w a s  transferred to a chilled, insulated cup to 
expedi te  t ransfer  to the  containers  u s e d  i n  warming. 

Two s e r i e s  of warming experiments were per- 
formed. I n  the first series. the frozen c e l l s  in a 
small amount of liquid nitrogen w e r e  poured into 
a beaker  containing 1 l i ter  of  0.08 M potassium 
phosphate  plating diluent a t  temperatures of 5 ,  
15, 25, 35, 45, and 55'C. To facilitate dispers ion 
of t h e  suspens ion  during warming, the solution 
w a s  s t i r red by a propeller agitator a t  a s p e e d  
which c a u s e d  sporadic  vortex breakup. 
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