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2~(x~-~1) ( y - y )  = 0 ,947 .1871+0,897-2134+. . .  
• . .  + 0,582 -1889 - 3,953.10417/5 

= 5,927. 
27 (x2 -~ )  (y--y) = 0,660-1871+0,435-2134+ . . .  

• . .  + 0,016-1889- 1,383.10417/5 
= - 69,114. 

Die e n t s p r e c h e n d e n  W e r t e  werden  e ingese tz t  

0,084209 a(c+z) +0,143281 (b-  az) = 1 bzw. 0; 
0 ,143281  a(c + z) + 0 , 2 8 5 3 6 7  (b -  az) = 0 bzw. 1 ; 

n a c h  AuflSsen der  2 S~tze yon  je 2 Gle ichungen erh~ilt m a n  
die inverse  Mat r ix  

81 ,5104  - 40,9259 ] 
- 40,9259 24,0529 ] " 

N a c h  (5) s ind d a n n  

a(c+ z) = 81,5104.5,927+ (-40,9259).(-69,114) = 3309; 
b--az = (-40,9259)5,927+24,0529(-69,114)=-1905. 

Ffir  die Be rechnung  der  S t anda rd feh l e r  s ind n a c h  (7) 

s a = [1871~ + . . .  + 1889-%10417~/5 - 3309.5,927 -(-1905) 
(-69,114)]/2 = 5,5 

und  naeh  (6) 

sa&+z) = [/~,51-f0~-" 5,5 = 21,2; 
s(b-az) = V 24,0529 • 5,5 = 11,5. 

Da  ~M = 0,0542 und  ~T ~ 0,415 sind,  ist  z = 1,15; 
c wurde  ffir die gegebene  Z~ihlanordnung zu 0,5 b e s t i m m t ,  
das  heisst ,  bei  gle ichen abso lu t en  AktivitS. ten wird  zwei- 
mal  soviel  La  u° wie Ba  ~*° gez~hlt.  

D u t c h  E inse t zen  dieser  \ ¥ e r t e  erh~ilt m a n  

a (0,5+1,15) = 3309 ~ 21,2 
a = A~I0 = 2005 4- 13 

u n d  
b - -  2005 . 1,15 = - 1905 4- 11,5 
b = A T 0  = 401 4- 12. 

Es  liegt somi t  fiir La  14° ein U n t e r s c h u s s  yon  r u n d  80% 
vor.  

I s t  2T ~ ~ t ,  so werden  

/~T/(~.r--~M) ~, 1 und exp (--)~M t) ~ I 

und  (2) ve re in fach t  sich zu 

y = a (1 + c) + ( b -  a) x~. (8) 

Es s ind hierbei  

y -  x~ 27 ( ~ -  ~ )  ( y -  y ) l~  (x 2 -  ~2) 2 
a = 1 + c , (9) 

b = a +  27(x2- ~ )  ( y -  ~ / Z ( x ~ -  x9 ~". (10) 

K a n n  die S t r ah lung  der  M u t t e r s u b s t a n z  mi t  HiKe ent-  
sp rechender  Fol ien v o l l k o m m e n  un te rd r f i ck t  werden ,  so 
dass c = 0 wird,  u n d  ist  AT >~ AM, so e rg ib t  sich itir (2) 
eine wei tere  Vere in fachung  zu 

y ~ a+(b--a)  x 2. (II) 

b be rechne t  sich nach  (10) und  a nach  

a = y -  ~2 27 (x~- ~2) (Y- y)/27(x~- ~)2. (12) 

Ffir die Dif ferenz  [b -- a[ in (8) u n d  (1]) b e r e c h n e t  sich 
der  S t a n d a r d f e h l e r  nach  

sb_, = | / [ z y 2 _  ( z y ) ~ / ,  - [z(~2- ~ )  (y- ~)]~l X ( ~ - ~ )  ~ I / ( n - z )  (13) 
V X ( ~ , - x ~ )  ~ 

Der  S t a n d a r d f e h l e r  yon  a und  d a m i t  auch  b ist  dadurch  
gegeben,  dass  m a n  ftir y in (9) u n d  (12) den  S tanda rd -  
fehler  be rechne t ,  der  gleich der  Wurze l  aus d e m  Ziihler im 
Wurze l ausd ruck  (13) ist. 

A. CATSCH 

Inst i tut  /iir Strahlenbiologie an der ReaMor-Station Karls- 
ruhe, 1 1. J u n i  1958. 

S u m m a r y  

A simple  a n d  t ime  saving  numer ica l  m e t h o d  is descr ibed 
p e r m i t t i n g  the  rap id  d e t e r m i n a t i o n  of m o t h e r  to  daugh te r  
ra t ios  in biological  spec imens  con ta in ing  radionucl ides .  

I n f o r m a t i o n s  - I n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

C O G I T A T I O N E S  

A n  H y p o t h e s i s  t o  E x p l a i n  t h e  R e l a t i o n  B e t w e e n  

t h e  S y n t h e s i s  a n d  R e l e a s e  o f  A n i m a l  V i r u s e s  f r o m  

I n f e c t e d  C e l l s  a n d  t h e  L i p i d  C o n t e n t  o f  t h e  

V i r u s e s  

Infec t ious  par t ic les  of an imal  vi ruses  are  re leased f rom 
the i r  h o s t  cells b y  one  of two  m e c h a n i s m s - - c o n t i n u o u s  
release of smal l  a m o u n t s  of v i rus  over  a tong per iod of t ime  
or t he  burs t - l ike  release of a large n u m b e r  of part icles .  The  
viruses re leased b y  the  con t inuous  process  are all sensi t ive  
to  e ther ,  whereas  those  re leased in a b u r s t  are r e s i s t an t  to  
e the r  and  o t h e r  lipid solvents .  The avai lable  re levan t  d a t a  
are  l is ted in t he  Table  for  v i ru len t  viruses.  

The  con t inuous  release process  has  been  m o s t  careful ly  
ana lyzed  for t h e  myxov i ruses .  T h e y  are  re leased f rom 
the i r  hos t  cells a few m i n u t e s  a f te r  t h e y  become  infect ious,  
a l though  t h e y  m a y  r ema in  on the  ex t e rna l  surface of t he  

cell for some t ime before being re leased in to  t he  su r round-  
ing m e d i u m  1. This  has  been  conf i rmed  b y  several  e lectron 
microscopic  s tudies  *. Similar  s tud ies  h a v e  b e e n  made  
w i t h  t he  equine  encepha l i t i s  viruses.  W e s t e r n  equine 
encephal i t i s  is con t inuous ly  re leased d i rec t ly  in to  the  
m e d i u m  w i t h o u t  r ema in ing  on the  cell surface% 

Herpes  s implex  is released b y  a con t inuous  process  4. 
A l though  th i s  has  no t  been  co r robora t ed  b y  electron 
mic roscopy  ~, t he  closely re la ted  Herpes  B virus  has  been 

1 H. J. F. CAIRNS, J. Immunol. 71, 38 (1953). - R. M. FRANKLIN, 
manuscript in preparation. - H. RUBIN, R. M. FRANKLIN, and M. 
BAL~:DA, Virology 3, 587 (1957). 

2 C. MORGAN, H. M. ROSE, and D. H. MOORE, J. exp. Med. 104, 
171 (1956). - G. HoTz and W. SCH~,FER, Z. Naturf. lob, 1 (1955). - 
F. B. BANG, Fed. Proe. 14, 619 (1955). 

3 H. RumN, M. BALUDA, and J. E. HOTCmN, J. exp. Med. 101, 
~05 (19~5). 

4 p. WILDY, Aust. J. exp. Biol. reed. Sci. 32, 605 (1954). - A. S. 
KAeLAN, Virology 4, 435 (1957). 

5 C. M. MORGAN, S. A, ELLISON, H. M. ROSE, and D. H. MOORE, 
J. exp. Med. 100, 195 (1954). 
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The release mechanism and lipid content of some typical virulent animal viruses. The + and -- in the table of kinetic studies and 
electron microscopic studies (EM) refer to confirmation or lack of confirmation of the proposed release mechanism. 

(A) 

(B) 

(c) 

I. Continuous release process 

Virus and Virus-group Kinetics EM 

Afyxoviruses 
I n f l u e n z a  
F o w l  p l ague  
N e w c a s t l e  d isease  

IV~L1 m p s  

Encephalitis 
W E E  
E E E  

Herpes 
H e r p e s  s i m p l e x  
H e r p e s  B 

+~ +~o 
+~ + n  
+ s  +a~. 

+~ 

+4 
+ 2~ 

+ i* 

__5 
+ ~  

Lipid content 

,-~ 23% xn 

N o t  i n v e s t i g a t e d  

, ~ 4 0 % 1 9  

N o t  i n v e s t i g a t e d  
N o t  i n v e s t i g a t e d  

Evidence that  lipid is an essential 
component  

E t h e r  sens i t ive  ~ 
E t h e r  sens i t ive  21 
E t h e r  sens i t ive  2. and  p h o s p h o l i p a s e  
sens i t ive  2a 
E t h e r  sens i t ive  ~g 

E t h e r  sens i t ive  ~* 

E t h e r  sens i t ive  ~9 
E t h e r  sens i t ive  ~9 

II. Burst-like release process* 

Virus and Virus-group 

(A) Poliomyelitis 

(B) Pox-group 
Vacc in ia  
Fowl  p o x  

Kinetics 

+ 2s 

EM 

+27 

Lipid Content  

N o n e  

5.7%20 

Evidence tha t  lipid is a non-essential 
component 

R e s i s t a n t  to b u t a n o l  and  o the r  l ipid 
so lven t s  e~ 

R e s i s t a n t  to e the r  29 

o b s e r v e d  a t  t h e  s u r f a c e  o f  i n f e c t e d  cel ls  w h e r e  t h e  p a r -  
t i c l e s  a r e  a p p a r e n t l y  c o m p l e t e d  2s. 

T h a t  po l io  v i r u s  is r e l e a s e d  b y  a b u r s t  h a s  b e e n  d i r e c t l y  
d e m o n s t r a t e d  b y  s t u d y i n g  t h e  r e l e a s e  k i n e t i c s  f r o m  in -  
d i v i d u a l  i n f e c t e d  cells*% 

T h e  p o x - v i r u s e s  s e e m  t o  b e  c o m p l e t e l y  s y n t h e s i z e d  w i t h -  
in  t h e  cell2L T h e  g r o w t h  k i n e t i c s  o f  v a c c i n i a  s u g g e s t  t h a t  
t h e r e  a r e  l a r g e  a m o u n t s  o f  i n t r a c e l l u l a r  v i r u s  p r e s e n t  
d u r i n g  t h e  m u l t i p l i c a t i o n  2s, b u t  c r i t i c a l  e x p e r i m e n t s  t o  
d i s t i n g u i s h  b e t w e e n  t r u e  i n t r a c e l l u l a r  v i r u s  a n d  v i r u s  a t  
t h e  cel l  s u r f a c e  a r e  s t i l l  l a c k i n g .  Al l  t h e  p o x - v i r u s e s  w h i c h  
h a v e  b e e n  t e s t e d ,  i n c l u d i n g  v a c c i n i a ,  a r e  r e s i s t a n t  t o  
e therS% e v e n  t h o u g h  v a c c i n i a  s e e m s  t o  c o n t a i n  a s m a l l  
a m o u n t  o f  l ip id .  T h i s  m a y  b e  l o c a t e d  i n t e r n a l l y  a n d  h e n c e  
p r o t e c t e d  f r o m  e t h e r  o r  t h e  l ip id  m a y  b e  a c o n t a m i n a t i o n ,  

I n  general i t  appears that the viruses which are sensit ive 
to ether contain l ip id  as an  essential component  and  only  
such viruses are released by the cont inuous release process. 

A n  i n t e r p r e t a t i o n  o f  t h e  a b o v e  o b s e r v a t i o n s  c a n  b e  
d e r i v e d  f r o m  s t u d i e s  o n  t h e  c o n t r i b u t i o n  o f  h o s t  ce l ls  t o  
f o w l  p l a g u e  v i r u s  c o m p o n e n t s  a°. P r e i n c u b a t i o n  o f  h o s t  
ce i l s  w i t h  p3~ l e a d s  t o  a n  i n c r e a s e  i n  t h e  s p e c i f i c  a c t i v i t y  

e H. J .  F. CAIRNS, J.  ImmunoL 71, 38 (1953). 
7 R. M. FRANKLIN, manuscr ipt  in preparation. 
s H .  RomN, R. M. FRANKLIN, and M. BALVDA, Virology 3, 587 

(1957). 
i} A. L~,VOFF, R.  DULBECCO, M. VOGT, and M. LwoFF, Virology t, 

128 (1955). - D. W. HowRs and J.  L. MELNICK, Virology 4, 97 (1957). 
lO C. MORGAN, H. M. ROSE, and D. H. MOORE, J .  exp. Med. 104, 

171 (1956). 

11 G. Hovz and W. SCIE~VER, Z. Naturf. lOb, 1 (1955). 
12 F. B. BANG, Fed. Proc. 14, 619 (1955). 
x3 F. B. BASS and A. ISAACS, The Nature o] Viruses, Ciba Founda- 

tion Syrup. (1957), p. 249. 
14 F. B. BANO and G. O. GEv, Johus Hopk. Hosp. Bull. 91, 427 

(195'2). 
15 C. M. MORGAN, S. A. ELLISON, H. M. ROSE, and D. H. MOORE, 

J. exp. Med. 100, 30l (1954). 
aa A. R. TAYLOR, J. biol. Chem. 153, 675 (1944). 
17 W. ZILLIG, W. SCHXFER, and S. ULLMANN, Z. Naturf.  lob, 199 

(1955). 
18 R. CUNHA, M. L. WEIL, D. BEARD, A. R. TAYLOR, D. G. SHARP, 

and J. W. BEARD, J .  Immunol.  as, 69 (1947). 
10 j .  W, BEARD, J, Immunol.  68, 49 (1948). 
20 C, L, HOAGLAND, Annu. Rev. Biochem. 12, 615 (1943). 
2t L. HOYLE, J. Hyg., Camb. 50, 229 (195'2). 
22 W. SCH)~FER and W. ZILLIG, Z. Naturf. 9b, 779 (1954). 
23 R. l~f. FRANKLIN', H. ROBIN, and C. A. DAvis, Virology 3, 96 

(1957). 
24 H. L. BAC~mACH and C. E. SCHWERDT, J .  Immunol .  aD, 551 

(1952}. 
~5 M. REISSlG and J. L.'MELmCK, J. exp. Mcd. lo l ,  341 (1955). 
~6 A. Lwovv, R. DULBECCO, M. VOG% and M. LWOEE, Virology 1, 

1~8 (1955). 
27 W. H. GAYLORD and J. L. MELNICK, J. exp. Med. 98, 157 (1953). 

- C. M. MORGAN, S. A. ELLISON, H. M. ROSE, and  D. H. MOORE, 
J. exp. Med. 100, 301 {1954). 

~s j .  R. OVERMAN and I. TAMM, Virology 3, 173 (1957). 
20 C. H. ANDREWES and D. M. HGRSTMANN, J. gen. Microbiol. 3, 

290 (19-t9). 
30 E. WECKEE, Z. Naturf.  lZb, 208 (1957). 

* Note added in proo[. The adenoviruses [Rowe et at., Amer.  
J .  Hyg. 6I, 197 (1955); H. S. GmSEERG, J. exp. bled. lO7, 133 
(I958)] as well as Theiler 's  mous  encephalitis (C. HRNRY and R, 
M. FRANKLIN, unpublished data)  also belong in group II.  
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of the phosphol ipid  f ract ion of the  virus  which is grown on 
these  cells w i thou t  a concomi t an t  increase in t h e  specific 
labell ing of t i le v i rus  r ibonncleic  acid. Similar  observa-  
t ions have  been m a d e  dur ing  the  p3, label l ing of New-  
cast le disease virus  31. This  suggests t h a t  the  virus l ipid is 
ob ta ined  f rom the  hos t  cells as in t ac t  l ipid mate r ia l  where-  
as the  virus  nucleic acid is newly  synthesized f rom smal ler  
components .  The  fact  t h a t  the  composi t ion  of the  phos-  
phol ip id  fract ion of  severa l  s t ra ins  of inf luenza  vi rus  is the  
same as t h a t  of the  normal  chor ioal lantoic  m e m b r a n e  ~2 
fur ther  suppor ts  this  idea. 

These  facts  lead to  t he  fol lowing hypothes i s :  viruses 
containing lipids as essential components are assembled 
]tom viral subunits or ]rom vegetative /orms at or near the 
cell sur/ace and are completed by obtaining a protective ex- 
ternal lipid coat/rom the lipid structures at the cell periphery 
as the particles pass to the external cell sur/ace. As a corol- 
l a ry  to this, viruses which do no t  conta in  essential  l ipid 
componen t s  do no t  form a close union  wi th  the  pe r iphe ry  
of  t he  cell bu t  are  comple ted  wi th in  t he  celI and  m a y  be 
released in large amoun t s  by  a burs t  process. 

I t  m a y  be t h a t  each type  of virus  which is released con- 
t inuous ly  receives an  equ iva l en t  ou te r  shell  of l ipid ma-  
ter ial  as it  is being comple ted .  I t  is s t r iking t h a t  this  
hypo the t i ca l  l ipid shell has the  same thickness  of 40 A for 
two  unre la ted  viruses,  fowl p lague and  equine  encepha-  
lifts, as e s t ima ted  assuming  an average  virus  dens i ty  of 
1.1 and an average  lipid dens i ty  of 0.9. 

Since cells infected wi th  t u m o r  viruses cont inue  to  di-  
vide,  one would  expec t  t h a t  these  viruses  are all  released 
by  a cont inuous  process and hence conta in  essential  l ipid 
components .  E x c e p t  for the  Rous  sarcoma virus,  l i t t le  is 
known  concerning t h e  g rowth  of t u m o r  viruses.  Infec t ious  
v i rus  par t ic les  are  con t inuous ly  released f rom Rous  sar-  
coma  cells in tissue cul ture  33 and this  virus  is e ther  
sens i t ive~ t  

Of t he  o the r  t u m o r  viruses which  h a v e  been  s tudied,  t he  
following are e ther  sensi t ive:  myxoma2% f ibroma 29, and 
the  agen t  of mouse  leukemia34; and the  fol lowing are 
e ther  res i s tan t :  Shope papillomaS% mouse  paro t id  t u m o r  
agen t  a~, and mouse  sa rcoma agen t  ~.  The  e ther  res i s tan t  
Shope p a p i l l o m a  virus,  ident i f ied b y  specific f luorescent  
ant ibodies ,  is located for the  mos t  p a r t  in t he  d i f ferent ia t -  
ing kera tohya l ine  layer  r a the r  t h a n  in the  ac t ive ly  mul t i -  
p ly ing tissueS% 

The  fact  t h a t  some t u m o r  viruses  are  e ther  res i s tan t  
suggests  t h a t  t h e y  m a y  behave  like lysogcnic phage,  
being released by  a rare burs t  event .  The  e ther  sens i t ive  
t u m o r  viruses m a y  all mu l t i p ly  like the  R o u x  sarcoma 
virus.  

A l though  this su rvey  is concerned wi th  an imal  viruses,  
i t  should be poin ted  ou t  t h a t  bacter ia l  viruses are released 
by  a bu r s t  mechan i sm and do no t  con ta in  lipids. P l a n t  
v i ruses  are also free of lipids b u t  the  release m e c h a n i s m  
is a h igh ly  specialized process, the  virus  passing f rom cell 
to cell  by  means  of p l a smodesmata  sT. 

~ICHARD ~{. FRANKLIN 

Max-Planck-Institut ]i~r Vim~sforschung, Ti~bingen, 
2& April  7958. 

8i R. 1~{. FRANKLIN and H. RonIN, unpublished data. 
az L. H. FROMMHAGEN, N. K. FREEMAN, and C. A. KNIGHT, Viro- 

logy 5, 173 (1958). 
3a H. RumN, Virology 1, 445 (1955); Ann. N. Y. Acad. Sci. 68, 

459 (1957). 
3~ L. GROSS, Acta haemat. 15, 273 (1956). - C. FRXEND, Ann. N. 

Y. Acad. Sci. 68, 522 (1957). 
35 L. GROSS, Acta haemat. 15, 273 (1956). 
as W. F. NoYES and R. C. MELLORS, J, exp. Med. 106, 555 (1957). 
3~ K. M. SMITH, Recent advances in the study o] plant viruses (J. A. 

Churchill Ltd., London 1951). 

Zusammen/assung 

Eine  H y p o t h e s e  t iber die Synthese  und die Fre ise tzung 
yon t i e rpa thogenen  Viren wird entwickel t .  Diejenigen 
Viren, die durch  einen kont inuier l ichen Prozess freigesetzt  
werden, werden  an der  Zel lperipherie  zu sammenge f i i g t  
Be im D u r c h t r i t t  durch  die Ze l lmembran  e rha l ten  sie eine 
Schutzhfine aus Lipiden,  die aus den in der  Ze l lmembran  
lokal is ier ten Lipiden der  %Virtszelle s t ammen .  Alle der- 
ar t igen Viren sind gegen A the r  empf indl ieh  nnd en tha l ten  
Lipide  als essentiellen Bestandte i l .  Diejenigen Viren, die 
s tossar t ig  f re igesetzt  werden,  werden  dagegen  ira Inne rn  
der  Zelle zusammengef i ig t  und en tha t t en  keine  essentielle 
L ip id -Komponen te .  Diese Hypo these  wird auch auf  die 
Tumor-Vi ren  angewandt .  
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Auf  Seite 239 ist  in Fo rme l  V I I I  das H - A t o m  an C-14 
**-stiindig zu formutieren.  


