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Progeny recovered from X-irradiated st Ki pP females mated to ri; + + compound-males and results of testerosses 

EXPERIENTIA 27/11 

Experiment Recovered fly Tested with Theoretically expected and actually recovered genotypes of progeny 
1 2 3 4 

A ri; Kipp + ;  + +  ri; + +  (46) + ;  Kip'(54) + ;  + +  (2) ri; K ip ,  (0) 
B ri; Kipp st; + +  ri; + +  (5) st; Kipp(5) st; + +  (0) r i ;Kipp(0)  
B st; + +  ri; + p, st; + pp(13) ri; + +  (10) ri; + pp(0) st; + +  (0) 
C st; + +  ri; + +  st; + +  (20) ri; + +  (22) - - 
C st; + +  ri; + +  st; + +  (34) ri; + +  (34) - - 

Figures in brackets refer to actually recovered genotypes of progeny. 

zygotes  are  l e t h a l  because  of  a n e u p l o i d y  ~. A few of f spr ing  
can  b e  o b t a i n e d  if n o n d i s j u n c t i o n a l  m a t e r n a l  p r o n u c l e i  
come  t o g e t h e r  w i t h  a n  a p p r o p r i a t e  W p e  of s p e r m  ~. I f  t h e  
s a m e  e x p e r i m e n t  is r epea t ed  w i th  X - r a y e d  females,  add i -  
t i o n a l  p r o g e n y  will  b e  ob t a ined .  Mos t  of t he  a d d i t i o n a l  
o f f spr ing  wil l  c o n t a i n  1 p a t e r n a l  c o m p o u n d  c h r o m o s o m e  
a n d  a n e w l y  i n d u c e d  c o m p o u n d  of m a t e r n a l  or ig in  ~. E x -  
cep t iona l ly ,  flies c a r r y i n g  2 newly  i nduced  m a t e r n a l  com-  
p o u n d s  c a n  be  r ecovered  5. 

I n  our  e x p e r i m e n t s ,  f emales  (2L *2R;  3L *3R) h o m o -  
zygons  for  t he  fo l lowing m a r k e r s  on  c h r o m o s o m e  3 were  
used :  sca r l e t  (st  3-44.0), K i n k e d  (Ki  3-47.6) a n d  p i n k  
p e a c h  (nP 3-48.0). Fo r  a de t a i l ed  desc r ip t i on  of t h e  gene t ic  
m a r k e r s  see LINDSLEY a n d  GRELL l. 

F i v e - d a y - o l d  v i rg in  females  were  i r r a d i a t e d  w i t h  400 I~ 
(50 keV X-rays ,  520 R/ ra in )  a n d  crossed to  C(3L)IRM, r i ;  
C(3R)RM,  + m a l e s  (C = c o m p o u n d ;  R M  = reve r sed  me-  
t a c e n t r i c ;  r i  = r ad ius  i n c o m p l e t n s  3-47.0). 2 flies w i t h  t h e  
p h e n o t y p e  r i ;  Ki  pP a n d  3 w i t h  s t ;  + + were recovered.  
All  5 p r o v e d  to  be fer t i le  in  crosses w i t h  c o m p o u n d - t h r e e -  
p a r t n e r s .  The  p r o g e n y  is l i s ted  in  t h e  Table .  

The  low f r e q u e n c y  of p r o g e n y  of t he  3rd a n d  4 t h  t y p e  
(co lumn 3 a n d  4 in  t he  Tab le ,  s o m e t i m e s  cal led p a r e n t -  
t y p e s  s) can  be  e x p l a i n e d  b y  t h e  segrega t ion  b e h a v i o u r  of 
c o m p o u n d  c h r o m o s o m e s  in t he  female  meiosis  6 as i t  is pre-  
d i c t ed  b y  t h e  d i s t r i b u t i v e  pa i r i ng  h y p o t h e s i s  ~. 

The  p r o g e n y  o b t a i n e d  shows t h a t  t he  m a r k e r  K i n k e d  is 
loca ted  on  t he  p a r e n t a l  C ( 3R) R M ch romosome ,  w h i c h  is 
h o m o z y g o u s  for  p i n k  peach .  The re fo re  t h e  c e n t r o m e r e  is 
s i t u a t e d  lef t  of t he  Kinked- locus .  HOLM et  al. 7 showed  evi-  
dence  for t h e  pos i t i on  of t he  c e n t r o m e r e  b e t w e e n  t h e  m a r -  
kers  eagle (eg 3-47.3) a n d  d e f o r m e d  (Dfd 3-47.5). 

T o d a y  two  h y p o t h e s e s  on  t h e  or ig in  of c o m p o u n d  chro-  
m o s o m e s  are  d iscussed:  I. Misd iv i s ion  of t h e  c e n t r o m e r e  5, s 
a n d  2. t w o - b r e a k - a b e r r a t i o n s  9,:°. T h e  d a t a  p r e s e n t e d  in 
t h i s  p a p e r  do  n o t  a l low us to  d i s t i ngu i sh  b e t w e e n  t h e s e  two  
possibi l i t ies .  

Zusammen/assung. H o m o z y g o t e  Drosophila-melanogas- 
ter- ~Veibchen, gene t i sch  m a r k i e r t  m i t  s ca r l e t  (st), K i n k e d  
(Ki) u n d  p i n k  p e a c h  (PP) w u r d e n  b e s t r a h l t ,  u m  C o m p o u n d -  
3 -Chromosomen  herzus te l l en .  E s  w u r d e n  ausschl iess l ich  
s t / s t -  a n d  PP Ki /K i ( ? )  P m C o m p o u n d c h r o m o s o m e n  gefun-  
den.  Dies zeigt,  dass  das  Z e n t r o m e r  l inks  de r  M a r k i e r u n g  
K i n k e d  liegt.  
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E n h a n c e d  S u r v i v a l  of  G e r m f r e e  Mice  after  Infec t ion  w i t h  Irrad ia ted  Scrap ie  B r a i n  

T h e  n a t u r e  of t h e  e t iological  a g e n t  of scrapie  is a n  enig-  
ma.  The  h i g h  re s i s t ance  to  i r r ad ia t ion ,  hea t ,  a n d  c h e m i c a l  
d i s i n f e c t a n t s  (e.g., fo rmal in )  d i s t i n g u i s h  t h e  a g e n t  of 
scrapie  f rom o t h e r  k n o w n  l iv ing  d i sease -p roduc ing  
a g e n t s : .  T h e  i r r a d i a t i o n  d a t a  h a s  b e e n  i n t e r p r e t e d  b y  
some  worke r s  to  i nd i ca t e  t h a t  t he  sc rap ie  a g e n t  is devo id  
of nuc le ic  acid*. 

A n  h y p o t h e s i s  to  ex p l a i n  t h e  a c t i v i t y  of t h e  e x t r e m e l y  
r e s i s t a n t  m a t e r i a l  p r e s e n t  in  t h e  b r a i n  h o m o g e n a t e  of 
sc rap ie  in fec ted  a n i m a l s  is t h a t  t h i s  m a t e r i a l  is a n  i n d u c e r  
of a l a t e n t  v i ru s  a l r e ad y  p r e s e n t  in  t h e  b r a i n  of u n i n o c u l a t -  
ed  an imal s ,  a n d  once  induced ,  t h e  v i ru s  m a k e s  more  in-  
duce r  subs t ance .  T r e a t m e n t  w i t h  fo rmMin  or h i g h  i r ra-  
d i a t i o n  levels  cou ld  well  be  inef fec t ive  in  i n a c t i v a t i n g  a 
p e p t i d e  i nduce r  for  e x a m p l e ;  ye t  t h e  scrap ie  a g e n t  i tse l f  

could  be  a nucleic  acid d i rec ted  r ep l i ca t ing  s y s t e m  con fo rm,  
ing to  t h e  c u r r e n t  dogma.  

A poss ib le  w a y  to  t e s t  t h e  a b o v e  h y p o t h e s i s  is b y  t h e  
use  of ge rmfree  an imals .  B y  v i r t u e  of t h e i r  caesa r i an  deli-  
v e r y  a n d  ge rmfree  m a i n t e n a n c e ,  such  a n i m a l s  h a r b o u r  
fewer  v i ruses  t h a n  do  t h e i r  c o n v e n t i o n a l  c o u n t e r p a r t s ,  
a l t h o u g h  i t  h a s  been  s h o w n  t h a t  ge rmfree  mice  c a r r y  t h e  
v i ru s  ot l a t e n t  l e u k e m i a  3. 
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Comparison of clinical appearance with degree of astrogliosis in germ- 
free and conventional mice 

Mice Clinical Astrogliosis 

Germf~e 1 - -  - -  
2 - -  + + +  
3 - -  + - -  
4 + - -  + 
5 + + 
6 + + +  + +  
7 + +  + + +  
8 + - -  + + +  
9 + + +  + +  

10 + + +  + + +  
11 + + +  + + +  

Conventional 1 + + +  + + +  
2 + + +  + +  
3 + + +  + + +  

- - ,  negligible; + - - ,  suspect; + ,  mild; + + ,  obvious; + + +,  severe. 
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yo 10 

1; ,; i0 iz h 
WeeKs afler inoculation 

Survival curves for the germfree and conventional groups of mice. 

I n  c u r r e n t  e x p e r i m e n t s ,  m o u s e - a d a p t e d  scrapie  m a t e r i a l  
o b t a i n e d  f rom t h e  A.R.C.  A n i m a l  Disease  I n s t i t u t e ,  
C o m p t o n ,  E n g l a n d ,  was  passed  once  t h r o u g h  t h e  mouse  
s t r a i n  CD1 used  in t h i s  s tudy .  A 1/1 o b r a i n  h o m o g e n a t e  of  
sc rap ie - in fec ted  CD1 mice  was tyoph i l i zed  a n d  i r r a d i a t e d  
a t  6 M  r a d  u s i n g  a l i n e a r  acce l e r a to r  a t  a level  of 8 Mev  in  
o rde r  to  k i l l  c o n t a m i n a t i n g  b a c t e r i a  a n d  vi ruses .  Th i s  level  
of i r r a d i a t i o n  h a s  b e e n  s h o w n  to  r educe  t h e  i n f e c t i v i t y  of 
m o u s e - a d a p t e d  sc rap ie  b y  a p p r o x i m a t e l y  one half*.  T h e  
i r r a d i a t e d  m a t e r i a l  was  t h e n  i n t r o d u c e d  i n to  a ge rmf ree  
p las t i c  i sola tor ,  r e c o n s t i t u t e d  w i t h  s ter i le  pyrogen- f ree  
d is t i l led  w a t e r  to  give x/10 d i lu t ion  of t h e  or ig ina l  m o u s e  
b ra in ,  a n d  0.05 m l  was  i n j ec t ed  i n t r a c e r e b r a l l y  i n to  25 
w e a n l i n g  ma le  ge rmfree  mice  l i gh t l y  a n e s t h e t i z e d  w i t h  
h a l o t h a n e .  The  r e m a i n i n g  m a t e r i a l  was  s imi la r ly  in j ec ted  
i n to  25 c o n v e n t i o n a l  mice  of t he  same  age, sex a n d  s t r a i n  
as  t h e  ge rmfree  g roup  (all mice  were o b t a i n e d  f rom t h e  

Char les  R i v e r  B r e e d i n g  Labora to r i e s ,  W i l m i n g t o n ,  Mass.,  
USA) ,  also h o u s e d  in  a p las t i c  isolator .  5 mice  of t h e  germ-  
free a n d  7 of t h e  c o n v e n t i o n a l  g roup  died  w i t h i n  3 weeks,  
p r e s u m a b l y  as a r e su l t  of t h e  i n t r a c e r e b r a l  in jec t ion ,  a n d  
were  e l i m i n a t e d  f rom t h e  expe r imen t .  

T h e  mice  were  obse rved  for a pe r iod  of severa l  m o n t h s ,  
t h e  s u r v i v o r s  killed, t h e i r  b r a i n s  r emoved ,  f ixed in 10% 
buf fe red  fo rma l in  a n d  s t a i n e d  b y  t he  Caja l  gold s u b l i m a t e  
m e t h o d .  A t  t he  t e r m i n a t i o n  of t h e  e x p e r i m e n t  t h e  ge rm-  
free  a n i m a l s  were  found  to  b e  b a c t e r i a  a n d  fungi  free b y  a 
ser ies  of  s t a n d a r d  t e s t s  5. 

T h e  s u r v i v a l  c u r v e s  for t h e  ge rmf ree  a n d  c o n v e n t i o n a l  
g roups  a re  s h o w n  in  t h e  F igure .  T h e  ge rmfree  g roup  sur-  
v i v e d  to  a m u c h  g r ea t e r  e x t e n t  (n/ig) t h a n  d id  t h e  con-  
v e n t i o n a l  mice  (3/ls) for  t h e  23 weeks  of e x p e r i m e n t  
( P  > 0.05). I n  add i t ion ,  a t  t e r m i n a t i o n  5 ge rmfree  mice" 
were  n o r m a l  in appea rance ,  whi le  t h e  r e m a i n i n g  6 showed  
v a r y i n g  degrees  of t he  h u n c h e d ,  poor  g r o o m e d  a p p e a r a n c e  
i n d i c a t i v e  of a d v a n c e d  scrapie  in  mice.  The  3 c o n v e n t i o n a l  
s u r v i v o r s  al l  showed  these  s y m p t o m  of a d v a n c e d  scrapie  
(Table) .  His to log ica l  ana lys i s  of t he  b r a i n s  of t he  su rv iv -  
ing a n i m a l s  revea led  cha rac t e r i s t i c  h y p e r t r o p h y  of 
a s t rog l i a  8. The  degree  of as t rogl ios is  in  genera l  pa ra l l e led  
t he  c l inical  a p p e a r a n c e  of t h e  an imals ,  i.e., t h e  g r ea t e r  
h u n c h e d  s t a n c e d  a n d  poor  g rooming ,  the  g r ea t e r  t he  de-  
gree of as trogl iosis ,  a l t h o u g h  the re  was a n  occas ional  in- 
s t ance  of d i spa r i ty ,  e.g., a n i m a l  G F  2. 

I n  s u m m a r y  we h a v e  found  a d i f ference  in t h e  r e sponse  
of ge rmfree  a n d  c o n v e n t i o n a l  mice  to  in fec t ion  b y  i r ra-  
d i a t e d  sc rap ie  ma te r i a l .  W h i l e  these  resu l t s  m u s t  be  re- 
g a r d e d  as  p r e l i m i n a r y ,  i t  would  a p p e a r  t h a t  m ic rob i a l  
agent (s )  c a n  i n t e n s i f y  the  disease  process  of scrapie .  

F u r t h e r  e x p e r i m e n t a t i o n  us ing  ge rmfree  a n i m a l s  is 
needed  to  de l i nea t e  t he  m i c r o b i a l  factor(s)  w h i c h  c a n  en-  
h a n c e  scrap ie  a n d  to  d e t e r m i n e  w h e t h e r  t h e y  h a v e  a di-  
r ec t  or  i nd i r ec t  effect .  I n  ou r  e x p e r i m e n t  6 M  t a d  was 
chosen  to  ' s te r i l i ze '  t h e  in fec ted  b r a i n  m a t e r i a ,  a n d  m a n y  
ge rmf ree  mice  deve loped  scrapie .  Th i s  m a y  m e a n  t h a t  
6 M  r a d  was  n o t  suf f ic ien t  to  kill  c o n t a m i n a t i n g  ' v i r u s '  
a n d  t h a t  h i g h e r  i r r a d i a t i o n  levels  m a y  be  necessary .  A n  
a l t e r n a t i v e  a p p r o a c h  m a y  be  to  use germfree  r a t s  in  w h i c h  
t h e  p re sence  of v i ruses  ha s  n o t  been  de tec ted .  T h e  de l inea-  
t i o n  of t h e  mic rob i a l  f ac to rs  i n v o l v e d  in t he  disease pro-  
cess of sc rap ie  m a y  lead to  the  e luc ida t ion  of t h e  a g e n t  
i tself .  

Zusammenfassung. Nachweis ,  dass  n a c h  I n j e k t i o n  m i t  
f l - b e s t r a h l t e m ,  S c r a p i e , - H i r n  ke imfre i  aufgezogene  Miiuse 
l~inger als n o r m a l e  f iber leben.  Das  A u s m a s s  de r  As t ro -  
gliose w a r  i m  a l l geme inen  de r  Schwere  de r  k l in i schen  
S y m p t o m e  p ropo r t i ona l .  Die Theor ie  wi rd  ges t i i tz t ,  dass  
das  h o c h g r a d i g  hi tze- ,  s t r ah lungs -  u n d  e n z y m b e s t l i n d i g e  
Ma te r i a l  ,~Scrapie~>-infizierter M~use die I n d u k t i o n  eines 
l a t e n t e n  Vi ruses  bewirk t .  
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