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Histone Acetylation in Scrapie-Affected Mouse Brain 

Scrapie  is a degenera t ive  cond i t ion  of the  cen t ra l  
ne rvous  s y s t e m  occurr ing  spon t aneous ly  in sheep  t h o u g h  
i t  ha s  in r ecen t  yea r s  been t r ans f e r r ed  expe r imen ta l l y  to  
smalI  r oden t s  z,~. The  m o s t  s t r ik ing  s t ruc tu ra l  change  
found  in  scrapie  is t h e  m a r k e d  h y p e r t r o p h y  of t h e  
a s t roey t e s  f i rs t  cons idered  as the  p r i m a r y  si te  of d a m a g e  
b y  FIELD 3 and  PATTISON 4. This  obse rva t i on  of t h e  occur-  
rence  of ' a c t i v a t e d '  cells sugges ted  t h a t  e x a m i n a t i o n  of 
fac tors  be l ieved to  cont ro l  c h r o m o s o m a l  func t ion  m i g h t  
p rov ide  add i t iona l  i n fo rma t ion  on  t h e  func t ion  of t h e  
elusive scrapie  agent .  ALLrREY e t  al. 5 showed  t h a t  
a ee ty l a t ed  h is tones ,  t h o u g h  still  s t rong ly  b o u n d  to  DNA,  
are on ly  poor  inh ib i to rs  of R N A  synthes is .  Fu r the r ,  
l y m p h o i d  cells a c t i va t ed  wi th  p h y t o h e m a g g l u t i n i n  were  
shown to  p roduce  an excess of a ce ty l a t ed  h i s tone  and  
t h a t  th is  process  p receded  the  fo rma t ion  of new R N A  
and  D N A  6, i t  t h e n  follows t h a t  a d i s t u rbance  in h i s tone  
ace ty la t ion  resul t ing  f rom the  ac t ion  of an agent ,  e.g. 
virus,  m a y  p roduce  specific cellular ac t iva t ion .  The p re sen t  
work  descr ibes  an  in vivo s t u d y  of h i s tone  aee ty la t ion  in 
t he  cent ra l  ne rvous  sy s t em of no rma l  and  scrapie  mice.  

Mater ia l s  and  methods. Mice. Scrapie  was  induced  in 
B S V S  mice b y  i.c. inocula t ion  of 0.05 ml  of a 1 in 10 
scrapie  mouse  b ra in  suspens ion  cen t r i fuged  a t  1500 g for 
10 min.  Clinical d iagnosis  was  m a d e  as descr ibed  by  
CHANDLER 7 a n d  a small  piece of m id -b ra in  was  t a k e n  for 
his tological  e x a m i n a t i o n  a t  sacrifice. 

Tracer  t echn iques .  Mice were  in jec ted  i.e. w i t h  2.5 /~C 
of sod ium ace ta te -2-C ~4 t ak ing  g rea t  care to  avoid  leak- 
back.  The  an imals  were  kil led b y  exsangu ina t i on  u n d e r  
anaes thes i a  a n d  t h e  bra ins  r e m o v e d  rap id ly  for ex t r ac t i on  
of h is tones .  R a d i o a c t i v i t y  was  measu red  in a P a c k a r d  
Tr ica rb  l iquid sc int i l la t ion c o u n t e r  using d ioxan  scint i l -  
l a tor  giving an  eff ic iency of 60% for  C 14. As all measure -  
meri ts  were  m a d e  u n d e r  s t r ic t ly  c o m p a r a b l e  cond i t ions  
no cor rec t ion  was  m a d e  for  quenching .  

E x t r a c t i o n  of h is tone.  Mouse bra ins  were  r emoved  
r ap id ly  and  cooled to  0°C. The bra ins  were  weighed,  
homogen ized  wi th  3 t imes  the i r  vo lume  of 15% (w/v) 
sucrose con ta in ing  2 m M  CaCI, and  the  resul t ing  suspen-  
s ion cen t r i fuged  a t  1600 g for 15 min  a t  4°C s. The final 

Table I. The effect of time on the incorporation of acetyl into brain 
histones in vivo 

Time (h) Specific activity (cpm/mg protein) 

2 230 :t: 20 (4) 
4 250 :t: 23 (4) 

19 290 ~ 27 (3) 

No. of animals in brackets. 

nuc leopro te in  pel le t  was  washed  wi th  cold 88% e thanol -  
0 .01N HC1 to  r emo v e  a c o m t a m i n a n t  6 and  the  w a s h e d  
s ed i men t  t h e n  e x t r a c t e d  twice wi th  0 .2N HC1 for  20 min  
to  ob ta in  t he  his tones .  E x t r a c t s  were  c o m b i n e d  and  his-  
t ones  p r ec ip i t a t ed  wi th  acetone,  w as h ed  wi th  ace tone ,  
e the r  and  f inal ly air dried.  No fu r t h e r  pur i f ica t ion  of t h e  
p r o d u c t  was  a t t e m p t e d  and  i t  was  t e r m e d  ' h i s tone '  al- 
t h o u g h  p r o b a b l y  c o n t a m i n a t e d  wi th  some non-specif ic  
basic  pro te ins .  

Analy t ica l  me thods .  P ro t e in  co n cen t r a t i o n  was  esti-  
m a t e d  in dup l ica te  using the  m e t h o d  of LOWRY et  al2.  

Results .  The t ime  course of ace t a t e  incorpora t ion  in to  
t he  h i s tone  f rac t ion  is shown in Table  I. The  reac t ion  is 
essent ia l ly  comple te  a f te r  2 h in d i s t inc t ion  f rom the  in- 
co rpora t ion  of lysine in to  bra in  h i s tones  (CASPARY, un- 
published). At  th is  s tage  over  95% of r ad ioac t iv i ty  was 
prec ip i tab le  w i th  t r ich loroacet ic  acid. 

The ace ty la t ion  of h i s tone  in bra in  was  s tud ied  in groups  
of 4 an imals  wi th  cont ro ls  m a t c h e d  for age and  sex. The  
Figure  shows the  appea rance  of s igni f icant ly  increased 
ace ty la t ion  ( >  2 S.D.) in the  h i s tone  f rac t ion  only  
3 m o n t h s  following the  inocula t ion  of scrapie  brain.  This  
increase is of t he  order  of 25% and  remains  c o n s t a n t  a f t e r  
i ts  f i rs t  appearance .  The mice  in the  3 -mo n t h  group  had  
ne i the r  clinical s y m p t o m s  nor  did h is to logy show more  
t h a n  mi n i ma l  as t rocytos is ,  as d i s t inc t  f rom the  an imal s  
in t he  la ter  groups.  

In  v iew of t he  possible  inf luence of pool  size on these  
f indings  an imals  were  in jec ted  wi th  label led ace t a t e  
d i lu ted  w i t h  up  to  5 t imes  t h e  a m o u n t  of unlabel led  
ace t a t e  a n d  the  incorpora t ion  in to  h i s tone  de t e rmined ,  
The  resul ts  showed  t h a t  ace t a t e  co n cen t r a t i o n  wi th in  th i s  
r ange  did no t  inf luence h i s tone  ace ty l a t ion  s igni f icant ly  
(Table II) .  
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The cffcct of time after challenge with scrapie on histone acetylation. 
Each point represents the mean of 4 experiments, standard deviation 
is indicated by the vertical lines. Period of incorporation with C 14 
acetate 2 h. Controls, open circles; scrapie, filled circles. 

Table II. The effect of acetate concentration on the incorporation of 
acetyl into brain historic in vivo 

Acetate (/*g) Specific activity (cpmlmg protein) s 

Normal Scrapie 

5 227 -{- 19 (4) 260 4- 20 (4) 
30 208 4- 21 (4) 249 4- 17 (4) 

• After 2 h incorporation with C 14 acetate. No. of animals in brackets. 
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Discussion. A c e t y l a t e d  h i s t one  in sc rap ie  m o u s e  b r a i n  
was inc reased  b y  a b o u t  25% a n d  th i s  a p p e a r e d  before  
onse t  of cl inical  disease.  Th i s  sugges ts  t h a t  a n  ear ly  effect  
of scrapie  in fec t ion  is a d i s t u r b a n c e  of t h e  a c e t y l a t i o n  
m e c h a n i s m .  I t  is be l i eved  t h a t  t h i s  s y s t e m  m a y  f o r m  p a r t  
of a sw i t ch ing  m e c h a n i s m  a c t i n g  on  t h e  r a t e  of R N A  
s y n t h e s i s  a n d  assoc ia ted  r eac t i ons ;  i t  h a s  also been  s h o w n  
t h a t  a c e t y l a t i o n  is n o t  a f fec ted  b y  p u r o m y c i n  w h i c h  in-  
h i b i t s  t h e  i n c o r p o r a t i o n  of a m i n o  acids  in to  h i s tones  a n d  
m u s t  b e  sub j ec t  to  a d i f f e ren t  con t ro l  m e c h a n i s m  s. Simi-  
l a r ly  a s t u d y  of a c e t y l a t i o n  in t o b a c c o  mosa ic  v i r u s  p r o t e i n  
d id  n o t  d e m o n s t r a t e  a n y  a c e t y l - a m i n o  acid i n t e r m e d i a t e s  1° 
sugges t i ng  t h a t  a c e t a t e  is n o t  a c t i v a t e d  a n d  t r a n s f e r r e d  
b y  R N A ' s  as  a re  t h e  a m i n o  acids.  I t  is be l ieved  t h a t  t h e  
p r e s e n t  s t u d y  h a s  d e m o n s t r a t e d  a n  in v i v o  b r e a k d o w n  ot 
t h e  con t r o l  m e c h a n i s m  a c t i n g  o n  nucle ic  acid a n d  p r o t e i n  
s y n t h e s i s  a n d  i t  is f u r t h e r  sugges ted  t h a t  t h i s  de fec t  m a y  
b e  con f ined  specif ical ly  to  t h e  a s t rocy tes .  H y p e r a c t i v i t y  
of t h e  a s t r o c y t e s  c o n s t i t u t e s  t h e  m a j o r  ce l lu lar  a b n o r m a l i t y  
in  sc rap ie  a n d  inc reased  a c e t y l h i s t o n e  f o r m a t i o n  as  well  
as  inc reased  D N A  s y n t h e s i s  n cou ld  be  logical ly a t t r i b u t e d  
t o  t h i s  g r o u p  of cells. T h e  h i g h  speci f ic i ty  of t h e  ace ty l -  
h i s t o n e  could  t h e n  ar ise  as  a r e sponse  to  a m o r e  genera l  
d i s t u r b a n c e  p r o d u c i n g  a h i s t o n e  c o m p l e x i n g  w i t h  a 
specif ic  R N A  a n d  o b t a i n i n g  i ts  ce l lu lar  speci f ic i ty  f rom 
t h e  ab i l i t y  of t h e  c o m b i n e d  R N A  to  d e t e c t  i t s  comple-  
m e n t a r y  o p e r a t o r  ~a. A s imi la r  effect  occurs  in  l y m p h o i d  
cells w h i c h  r e s p o n d  in t h i s  m a n n e r  to  p h y t o h e m a g g l u -  
t inin*.  Scrap ie  a g e n t  is pre , ;en t  in  h i g h  c o n c e n t r a t i o n  in 

l y m p h o i d  t i ssues  x~ a n d  f u r t h e r  i n v es t i g a t i o n s  are  in  pro-  
gress to  e x a m i n e  t h e  poss ib i l i ty  of cells in  these  o rgans  
be ing  a c t i v a t e d  w i t h o u t  showing  a n y  vis ible  a b n o r m a l i t y  14. 

Zusammen[assung. I m  G e h i r n  y o n  Miiusen m i t  T r a b e r -  
k r a n k h e i t  (Scrapie)  w a r  die A z e t y l i e r u n g  y o n  H i s t o n e n  
u m  2 5 %  e rh6h t .  Diese chemische  )knderung  e rsch ien  wei t -  
aus  f r i iher  als k l in i sche  S y m p t o m e  u n d  h is to log isch-  
pa tho log i s che  Ver i tnde rungen .  Die  B e z i e h u n g  v o n  Aze ty l -  
H i s t o n e n  zu D e o x y r i b o n u k l e i n s i i u r e n  u n d  ih re  Verh~ l t -  
nisse zur  A k t i v i e r u n g  y o n  spez i f i schen  N e rv en ze l l en  wer-  
d e n  ku rz  besp rochen .  
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Effect of B iguan ides  on the Resp irat ion  of T u m o u r  

T h e  b i g u a n i d e  de r iva t ives ,  of genera l  f o r m u l a  

NH NH 

N--C--NH--C--NH 2 
R2 j 

in w h i c h  R 1 a n d  R~ can  be  alkylic,  ari l ic or  cyc loa l ipha t i c  
groups,  h a v e  long  been  k n o w n  for severa l  p h a r m a c o l o g i c a l  
ac t iv i t i e s :  hypog lycemic ,  an t iv i r a l ,  a n t i m a l a r i a l ,  an t i -  
bac t e r i a l  a n d  a n t i t u m o u r a l .  W e  h a v e  s y n t h e t i z e d  a c e r t a i n  
n u m b e r  of b i g u a n i d e  d e r i v a t i v e s  a n d  we h a v e  car r ied  o u t  
a series of e x p e r i m e n t s  x-5 on  t h e i r  a n t i t u m o u r a l  p roper -  
ties. M a n y  d e r i v a t i v e s  were  ab le  to  i n h i b i t  in  vivo,  to  t h e  
e x t e n t  of 3 0 - 5 0 % ,  t h e  g r o w t h  of t he  E h r l i c h  asc i tes  
t u r n o u t  in  t h e  mouse .  

A n o t h e r  cha r ac t e r i s t i c  of these  c o m p o u n d s  is to  depress  
t h e  m i t o c h o n d r i a l  r e sp i r a t i on  a n d  t h e  i n c o r p o r a t i o n  of 
p h o s p h a t e  in  A D P ;  t h e s e  c o m p o u n d s  are  p r e s u m a b l y  ac t -  
ing  a t  t h e  leve l  of o x i d a t i v e  p h o s p h o r y l a t i o n  6,7. 

O u r  pu rpose  was  to  d e m o n s t r a t e  w h e t h e r  t h e r e  cou ld  
b e  a c o n n e c t i o n  b e t w e e n  t he  in v i t r o  effect  on  m i t o o h o n -  
d r i a  a n d  t h e  a n t i t u m o u r M  ac t iv i ty .  T h u s  some b i g u a n i d e  
d e r i v a t i v e s  wh ich  are  ac t ive  in v i v o  EN1,Nl -d ime thy lb i  - 
g u a n i d e  h y d r o c h l o r i d e  (DMB) ; N l - b e n z y l b i g u a n i d e  h y d r o -  
ch lo r ide  (BB) ;  N l - p r o p y l - b i g u a n i d e  h y d r o e h l o r i d e  (PB) ;  
N l - i s o p r o p y l - b i g u a n i d e  h y d r o c h l o r i d e  ( iPB) ;  N t - b u t y l  - 
b i g u a n i d e  h y d r o c h l o r i d e  ( B u B ) ;  N l - i s o b u t y l - b i g u a n i d e  
h y d r o c h t o r i d e  ( iBuB)]  were  t e s t e d  in v i t r o  on  t h e  resp i ra -  
t ion  of E h r l i c h  asc i tes  t u m o u r  cells. A n o t h e r  d e r i v a t i v e  
IN 1, N l - m e t h y l - p h e n y l - b i g u a n i d e  h y d r o c h l o r i d e  (MFB)]  
i n a c t i v e  in  v ivo  was  s imi la r ly  t e s t e d  in  v i t ro .  

Cells 

I n  o rde r  to  show ev idence  for  a se lec t ive  ac t ion  of these  
c o m p o u n d s  t o w a r d s  t h e  neop las t i c  cells, we t e s t e d  t h e i r  
ac t ion  in para l le l  on  h e p a t i c  cells. 

T h e  cel lular  o x y g e n  u p t a k e  was m e a s u r e d  b y  co n v en -  
t i ona l  m a n o m e t r i c  t echn iques ,  w i t h  or  w i t h o u t  a d d i t i o n  
of v a r i o u s  b iguan ides .  

T h e  t u m o u r  cells were  o b t a i n e d  f rom mice  w i t h  a n  8-day 
tu rnou t .  T h e  h e p a t i c  cells were o b t a i n e d  f rom r a t s  w h i c h  
h a d  b e e n  f a s t i ng  for 48 h in  t h e  fo l lowing w a y :  t h e  l ive r  
was  pe r fused  t h r o u g h  b o t h  t h e  lower  v e n a  c a v a  a n d  t h e  
a o r t a ;  t h e  per fus ion  l iquid  (NaC1 0 . 0 9 4 M ;  E D T A  
0 . 0 1 0 9 M ;  glucose 0 . 0 4 5 M  sod ium p h o s p h a t e s  buf fe r  
p H  = 7.4 0.01 M a t  37 °C) a n d  b lood  f lowed o u t  t h r o u g h  
t h e  excised p o r t a l  ve in .  T h e  cells, s e p a r a t e d  b y  p u s h i n g  
t h e  o r g a n  t h r o u g h  a t h i n  wire-gauze,  were  t h e n  s u s p e n d e d  
in  R i n g e r - p h o s p h a t e s  (pH 7.4). Fo r  each  vessel  we used  
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