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This t echn ique  was employed  to de t e rmine  cross- 
m e a s u r e m e n t s  of motor  neurons  in lumbar  spinal  cord 
segments  of the  albino ra t  4. U p o n  comple t ion  of the  s tudy,  
m e a s u r e m e n t s  were r epea ted  on 10% of the  cells (r - -  
0.92). Using an ocular micrometer ,  ano the r  10% of the  
cells were remeasured  (r = 0.88). Thus,  the  t echn ique  is 
b o t h  reliable (r = 0.92) and valid (r = 0.88) 5-7. 

Several  advan tages  exis t  wi th  th is  t echn ique :  1. A n y  
q u a n t i t y  of m e a s u r e m e n t s  can be made  in less t ime t h a n  
using an ocular mic romete r  or po la r -p lan imete r  for the  
same measu remen t s ;  2. t rac ing  a p ro jec ted  image is no t  
necessary ;  and 3. t he  mean  c ros s -measu remen t  can be 
used to  de t e rmine  the  cross-sect ional  area of t he  cell. 
D i sadvan tages  are minimal  in t h a t  : 1. a mean d iamete r  is 

calcula ted f rom 4-cross -measurements ;  and 2. two 
people  are somet imes  required depend ing  upon  the  
magni f ica t ion  of the  pro jec ted  image. 

Thus,  th is  t echn ique  allows the  inves t iga tor  to  make  
c rossmeasurements  of individual  cells quickly and  easily 
wi th  a h igh degree of accuracy  and  reliabili ty.  
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Summary. W i t h  the  B r d U  techn ique  here descr ibed,  Giemsa s ta ined me taphase s  w i th  e i ther  early or la te  rephca t lona l  
p a t t e r n s  can be ob ta ined  wi th in  1 day  af ter  cell harves t ing ,  showing a b e t t e r  resolut ion t h a n  aH- thymidine  au torad io-  
graphy.  

The de tec t ion  of ch romosomal  DNA synthes is  by  aH- 
t h y m i d i n e  labelling can be replaced by  the  use of its 
non- rad ioac t ive  analogue 5-bromodeoxyur id ine  (BrdU) 
which  leads to  di f ferent  coiling t,2 and fluorescence- 
s ta in ing in unifi larly and bifi larly subs t i t u t ed  DNA ~-5. 
Recen t ly  a modi f ica t ion  of the  l a t t e r  t echn ique  produc-  
ing p e r m a n e n t  p repa ra t ions  was developed 6-10. 

Here  we describe a simple and  less t ime-consuming  
techn ique  for the  de tec t ion  of ear ly  and late repl icat ional  
p a t t e r n s  of m a m m a l i a n  chromosomes  in Giemsa-s ta ined  
p repa ra t ions  by  combin ing  the BrdU technique  of 
LATT 3 wi th  the  s ta in ing  procedure  of KORt~NBERG and 
FREEDLENDER 7. 

Material and methods. Various normal  and abnormal  
h u m a n  cell lines and a p e r m a n e n t  line of Microtus agmstis 
were grown in Eagle ' s  MEM supp lemen ted  w i t h  20% and 
10% fetal  calf serum, respect ively .  Blood cul tures  were 
set  up according to the  m e t h o d  of ARAKAKI and SPARKES 11. 

In  one expe r imen ta l  series the  cells were cu l t iva ted  for 
m o s t  of the i r  S-phase in the  presence  of 100 v M  B r d U  
(Serva) and 0.4 [xM F d U  (to block endogenous  t h y m i d i n e  
synthesis) .  Similar resul ts  were ob ta ined  if 200 ~M B r d U  
wi thou t  F d U  was used. Thus,  t he  agent(s) were added  
17 h before ha rves t ing ;  12 h la ter  t he  med ium was re- 
moved ,  the  cul tures  were washed twice  wi th  a balanced 
sal t  solut ion and  then  re incuba ted  in normal  m e d i u m  
conta in ing  0.2 m M  TdR.  

In  ano the r  series 100 ~xM B r d U  and 0.4 ~M F d U  were 
admin i s t e red  only  for the  last  5 h. In  b o t h  protocols,  
Colcemid (Ciba) was p resen t  dur ing  the  last  2 h. The 
ceils were ha rves t ed  as usual, t r ea t ed  wi th  0.075 M KC1 
for 12 min  and f ixed in me thano l / ace t i c  acid (3:1). The 
f ixed ceils were d ropped  on cold, we t  slides and  air-dried.  

Af te r  s torage for a t  least  1 day  at  room tempera tu re ,  
t he  slides were incuba ted  at  88~ for abou t  20 min in 
1 M NaH2PO 4 which  was ad jus ted  wi th  solid N a O H  to 
p H  8. Longer  s torage of slides usual ly  requires  longer in- 
cuba t ion  t imes.  In  case of poor  ch romosome  morphology,  
older  slides should be used. Then  the  slides were  br ief ly 

r insed in disti l led wa te r  and  s ta ined wi th  2% Giemsa 
(Merck) d i lu ted  in phospha t e  buf fe r /aqua  dest  (1:9) for 
7 min.  

Results and discussion. W i t h  the  simple procedure  here 
described,  those  chromosomal  regions which have  in- 
corpora ted  BrdU dur ing  S-phase become only fa in t ly  

Fig. 1. X-chromosomes (left) and derived Y-chromosomes oI an 
established cell line of Microtus agrestis after C-banding (a,a') and 
after incorporation of BrdU at early (b,b') and late S-phase (c,e'~ 

Fig. 2. Human X-autosome translocation:tdic (X, 15) (p21; p12) 
with regularly late replicating X. After BrdU incorporation at early 
(a) or late (b) S-phase the dark or the faint bands correspond with the 
silver grain patterns of the 3H-TdR autoradiography (c). 
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s t a ined  w i t h  Giemsa.  This  can  be  c lear ly  d e m o n s t r a t e d  
in t he  E u r o p e a n  field vole Microtus agrestis, where  m o s t  
of t he  la te  rep l ica t ing  cons t i t u t i ve  h e t e r o c h r o m a t i n  is 
conf ined  t 0 t h e  large sex-chromosomes .  I f  B r d U  is p r e sen t  
a t  t he  beg inn ing  (end) of t he  S-phase,  these  he t e rochro -  
m a t i c  regions are d a r k l y  (faintly) s t a ined  (Figure 1). 

Similar ly ,  t he  I acu l t a t ive  h e t e r o c h r o m a t i c  X - c h r o m o -  
some in m a m m a l s  is d i s t ingu i shab le  f rom i ts  e u c h r o m a t i c  
homologue  which  can  be  especial ly  useful  for ana lys i s  of 
t he  i n a c t i v a t i o n  p a t t e r n s  of a b n o r m a l  X - c h r o m o s o m e s  
(Figure  2). General ly ,  a close co r re l a t ion  exis ts  be t ween  
t he  b a n d i n g  p a t t e r n s  of the  ch romosomes  a f te r  B r d U  
i n c o r p o r a t i o n  a t  ear ly  (late) S-phase  and  G - b a n d i n g  
(R-band ing) ,  wh ich  has  been  a l r eady  descr ibed  s,9,1~ 
Thus ,  th i s  B r d U  t e c h n i q u e  has  some clear  a d v a n -  
tages  over  t he  3H-TdR a u t o r a d i o g r a p h y :  i t  is cheaper ,  
qu icker  and  p rov ides  a b e t t e r  reso lu t ion  for e x a m i n i n g  
t he  t i m i n g  of c h r o m o s o m a l  D N A  repl ica t ion.  As in m o s t  
cell l ines t he  d u r a t i o n  of G 2 phase  is r a t h e r  un i form,  t he  
t ime  of B r d U  r e m o v a l  or app l i ca t ion  is fa i r ly  cons t an t ,  
i r r espec t ive ly  of a n y  differences  in gene ra t ion  t imes.  

F u r t h e r m o r e  t he  t e c h n i q u e  can  be  used ins tead  of G- 
b a n d i n g ,  r esu l t ing  in a h igher  yield of well  b a n d e d  
me taphases ,  as well  as in t he  a d d i t i o n a l  iden t i f i ca t ion  of 
b o t h  X - c h r o m o s o m e s  in the  female.  
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Summary. H e a v y  m e r o m y o s i n  sub f r agmen t -1  (HMM S-I) was  p r epa red  b y  p a p a i n  d iges t ion  of a r te r ia l  myos in  or 
a c t o m y o s i n  a n d  was pur i f ied  b y  aga r os e - A T P  a f f in i ty  c h r o m a t o g r a p h y .  Pro teo lys i s  of c rude  a r te r ia l  myos in  suspen-  
sions was preceded  b y  solubi l izat ion.  HMM-S-1  t h u s  o b t a i n e d  consis ted  m a i n l y  of a 90,000 d a l t o n  po lypep t ide  and  
ful ly r e t a ined  the  K +- and  Ca~+-ATPase of t he  p a r e n t  myosin .  I t s  a f f in i ty  to  aga ro se -ATP  was c o m p a r a b l e  to  t h a t  
of ske le ta l  musc le  HMM S-1. 

The  s t u d y  of a r te r ia l  and  o the r  s m o o t h  muscles  is faced 
w i t h  unso lved  p r e p a r a t i v e  p rob lems  o r ig ina t ing  f rom a 
pecul ia r  so lubi l i ty  b e h a v i o r  of i ts  a c t o m y o s i n  and  f rom 
diff icul t ies  in s epa ra t i on  of ac t in  f rom i ts  myos in  pre-  
pa ra t ion .  Since aga r os e - A T P  af f in i ty  c h r o m a t o g r a p h y  
t e c h n i q u e  p r o v e d  useful  for t he  pur i f i ca t ion  of ac t ive  
f r a g m e n t s  of myos in  f rom s t r i a t ed  muscles  3 we were 
t e m p t e d  to t r y  and  app ly  th i s  p rocedure  in order  to  pre-  
pa re  pure  and  well def ined h e a v y  m e r o m y o s i n  (HMM S-1) 
f rom ar te r ia l  muscle.  A p r e p a r a t i o n  of th i s  s u b f r a g m e n t  
has  a l r eady  been  r epo r t ed  b y  HURIAUX ~ who overd iges ted  
myos in  w i t h  t r yps in  i n s t ead  of papa in ,  w h i c h  p r o v e d  to  
be  so specific a n d  useful  for t he  p r e p a r a t i o n  skele ta l  
myos in  s 1 (c.f.~). 

Ar te r i a l  a c t o m y o s i n  was p r epa red  f rom pig caro t ides  
accord ing  to  RIJSSELK Crude a r te r ia l  myos in  was ob-  
t a i n e d  b y  cen t r i f uga t i on  of a so lu t ion  of ac tomyos in  
(10 mg/ml)  in 0.6 M KC1, 0.1 m M  d i t h i o t h r i e t o l  (DTT), 
50 m M  Tris p H  7.6 and  10 m M  M g - A T P  for 6-12 h a t  
100,000 g. Sepharose  adipic  h y d r a z i d e - A T P  (agarose- 
ATP)  was p repa red  as p rev ious ly  descr ibed  7. 

Two app roaches  to t he  p r e p a r a t i o n  of a r te r ia l  HMM 
S-1 were fol lowed:  
1. P a p a i n  d iges t ion  (10 min,  25~ of m y o s i n  (5 mg/ml)  
in  suspens ion  a t  low ionic s t r e n g t h  (30 m M  KC1, 10 m M  
imidazole  p H  7 and  0.1 m M  DTT) a n d  pur i f i ca t ion  of the  
ac t ive  f r a g m e n t  b y  a d s o r p t i o n  to Sepharose  adipic-  
h y d r a z i d e - A T P  af te r  r e m o v a l  of insoluble  p ro t e in  b y  
cen t r i f uga t i on  (100,000 g, 45 min) ; 2. P a p a i n  d iges t ion of 
a r t e r i a l  a c t o m y o s i n  solut ion,  s epa ra t i on  of ac t in  b y  cen- 
t r i f u g a t i o n  for 45 rain  a t  100,000 g, r em ova l  of salt ,  A T P  

a n d  insoluble  p ro t e in  b y  dialysis  plus  cen t r i fuga t ion  and  
app l i ca t ion  to  the  a f f in i ty  co lumn  (for deta i ls  see legend 
to t he  Figure) .  

I n  the  course of e x a m i n a t i o n  of t he  effect  on the  yield 
a n d  ac t iv i t ies  of HMM S-1 of increas ing  p a p a i n :  myosin  
rat ios ,  i t  was obse rved  t h a t  p a p a i n  a t  a tow level (papain  : 
myos in  1/8000 1/2000 w/w) solubil ized m o s t  of t he  
A T P a s e  a c t i v i t y  w i t h i n  10 rain  a t  25~ SDS gel electro- 
phores is  of t he  100,000 g s u p e r n a t a n t  a f te r  th i s  per iod re- 
vea led  t h a t  mos t  of t he  myos in  was in the  fo rm of t he  
i n t a c t  200,000 d a l t o n  h e a v y  cha ins  of myosin ,  i.e. t h a t  
so lubi l iza t ion  was n o t  due to  proteolysis .  This  unusua l  
b e h a v i o r  p r o m p t e d  us to a p p l y  p a p a i n  in excess (1/200) 
to  insure  comple te  d iges t ion of t h e  myosin .  The  same 
p a p a i n :  myos in  ra t io  was found  a d e q u a t e  also in the  
d iges t ion of ac tomyos in .  

The  F igure  descr ibes  t he  a f f in i ty  c h r o m a t o g r a p h y  s tep 
in t he  pur i f i ca t ion  of HMM S-1 der ived  f rom ac tomyos in .  

i On leave of absenee from the Weizmann Institut of Science, 
Rehovot (present address). 

2 The support of this work by an EMBO short time fellowship 
(to R. L.) and by the Deutsche Forschungsgemeinschaft (No. 
SFB 90, B 7) and the excellent technical assistance by M.TRoscH- 
KA and C. K6HLER are gratefully acknowledged. 

3 R. LAMED and A. OPLATKA, Biochemistry 13, 337 (1974). 
4 F. HURIAUX, FEBS Lett. 10, 194 (1970). 
s S. LowEr, H. SLAYTER, A. WEEDS ~Llld H. BAKER, J. molee. 

Biol. d2, 1 (1969). 
6 W. 13. RUSSELL, Eur. J. Biochem. 30, 459 (1973). 
7 R. LAMED, Y. LEVlN and A. OPLATKA, Biochim. biophys. Aeta 

305, 163 (1973). 


