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t he  k idney  was s t r ik ingly  increased (p <1 0.001) when  
compared  wi th  controls.  The h igh  c o n t e n t  of calcium in 
t he  k idney  of expe r imen ta l  r a t s  was s ignif icant ly  correlat-  
ed wi th  a h igh  concen t ra t ion  of calcium in the  spinal  cord 
(r = 0.5592, p < 0.05, Figure  1), while in the  cont ro l  
animals,  no correla t ion was no ted  be tween  the  calcium 
c o n t e n t  in spinal  cord and  kidney.  These resul ts  suggest  a 
Ca-Mg deficient  d i e t q n d u c e d  calc ium resorp t ion  f rom bone 
which  m a y  accoun t  for the  appearance  of calc ium deposi ts  
in the  spinal  cord as well as in the  kidney.  The reason for 
calc ium deposi t ion  in the  spinal  cord has no t  been  deter-  
mined  b u t  m a y  be re la ted to t he  Ca-Mg deficiency and/or  
o the r  metabol ic  consequence,  such as a secondary  hyper -  
pa ra thyro id i sm.  A secondary  h y p e r p a r a t h y r o i d i s m  is 
known  to  occur af ter  magnes ium def ic iencyL However ,  
we do no t  known  if there  is an accompany ing  var ia t ion  in 
calcium concen t ra t ion  of spinal  cord. In  the  gas t rocne-  
mius muscle,  the  calcium con t en t  was no t  s ignif icant ly  
d i f fe rent  in compar i son  wi th  the  controls.  

In  general,  magnes ium c o n t e n t  in all organs of the  
Ca-Mg deficient  ra t  was similar to con t en t  in the  controls  
despi te  a marked  fall in concen t ra t ion  of magnes ium in 
serum. The resul ts  ob ta ined  here  agree well wi th  f indings 
known  to occur in chronic magnes ium deficiency s. Soft  
t issues appear  to be capable  of ma in ta in ing  a cons t an t  
magnes ium con t en t  even wi th  a c o n c o m i t a n t  reduc t ion  in 
serum magnes ium.  

Of grea te r  concern in th is  s t u d y  were the  marked  
h is tochemica l  changes  in the  gas t rocnemius  muscle of the  
Ca-Mg deficient  rat .  In  the  Ca-Mg deficient  rat ,  the  gas- 
t rocnemius  muscle sect ion processed for acetylchol ines-  
terase  (ACHE) enzyme h is tochemica l  s t u d y  showed a 
s l ight  reduc t ion  in enzyme ac t iv i ty  and the  mo to r  end- 
p la te  appeared  swollen (Figure 2 b). In  the  contro l  gastro-  
chemius  muscle section,  the re  was an in tense  AChE 
ac t iv i ty  a t  t he  m o t o r  end-p la te  (Figure 2a). I t  is not  
inconceivable  t h a t  these a l te ra t ions  m a y  be a t t r i bu t ed  to 

a metabol ic  d i s tu rbance  of the  mo to r  neuron  due to  the  
calcium accumula t ion  in the  spinal cord. Our previous ly  
r epor ted  inves t iga t ion  4 d e m o n s t r a t e d  a decrease in 
succinic dehydrogenase  ac t iv i ty  of the  neurona l  peri-  
ka ryon  and  a sl ight  swelling of the  m o t o r  neuron  in the  
spinal  cord t issue of the  Ca-Mg def ic ient  rat .  

Succinic dehydrogenase  (SDH) reac t ion  in the  Ca-Mg 
deficient  g a s t ro cn emi u s  muscle showed a low enzyme 
act iv i ty ,  par t i cu la r ly  in the  sarco lemma and  subsarcolem-  
real region of Type  I fibres associat ing wi th  a d i s rup t ion  
of regular  SDH reac t ion  p a t t e r n  in f ibres (Figure 2d). 
Control  sect ions showed a s t r iking var ia t ion  in the  S D H  
react ion  of individual  f ibres;  One group (Type I), usual ly 
of smal l  d iameter ,  gave a s t rong reac t ion  and  the  o ther  
group (Type II) ,  usual ly of large d iameter ,  gave a con- 
s i s ten t ly  weaker  reac t ion  (Figure 2a). These f indings of 
a t r o p h y  of Type  II  f ibres and sl ight  h y p e r t r o p h y  of 
Type  I fibres, which  d e m o n s t r a t e d  in the  Ca-Mg def ic ient  
gas t rocnemius  muscle  (Figure 2d), are similar to the  
charac ter i s t ic  changes  in expe r imen ta l  dene rva t ion  of 
gas t rocnemius  muscleK As spinal  cord calcium co n t en t  
increased this  change  became more p rominen t .  

These chemical  and h is tochemica l  resul ts  suggest  t h a t  
calcium deposi ts  in the  spinal  cord m a y  be of some par t ic-  
ular re la t ionship  to the  mani fes ta t ion  of neurogenic  de- 
genera t ion  of muscle  in the  Ca-Mg deficient  rats.  
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Summary. Appl ica t ion  of sister ch roma t id  different ial  (SCD) procedure  on G 1, S and G~ p rema tu re ly  condensed  chro-  
mosomes  (PCC) of cells in t he  second and th i rd  cycle of ]3NA repl icat ion in med i u m conta ining BrdU reveals  different ia l  
s ta in ing pa t t e rn s  charac ter i s t ic  of the i r  respect ive  stages in the cell cycle. These f indings also suggest  a s t ruc tura l  simi- 
lar i ty  be tween  PCC and m e t a p h a s e  chromosomes.  

Recen t  deve lopment s  in cell biology have  offered some 
high resolut ion m e thods  for s tudies  of DNA and chromo-  
somal  replicationS, a and  de tec t ion  of s is ter  ch roma t id  
exchanges4-L LATTS first  d e m o n s t r a t e d  t h a t  f luorescent  
s ta in ing  wi th  t he  bisbenzimidazole dye Hoechs t  33258 was 
quenched  in a ch roma t id  if b o t h  s t rands  of its DNA had  
incorpora ted  5-bromodeoxyur id ine  {BrdU). W h e n  a cell 
has  gone th*ough 2 semiconserva t ive  D N A  repl icat ion 
per iods  in a m e d i u m  conta in ing  BrdU,  one c h r o m a t i d  
conta ins  BrdU in b o t h  D N A  s t rands  while its sister  
ch roma t id  has  B r d U  in only one of its D N A  s t rands .  This  
is ref lected in different ia l  f luorescence of the  sister  chro-  
ma t i d s  w i th  Hoechs t  33258, or di f ferent ia l  s ta in ing wi th  
Giemsa af ter  t r ea t ing  the  chromosomes  wi th  some mild 
pro te inases  ~ or buffers  a t  a h igh  t e m p e r a t u r e  4, s. 

W h e n  an in te rphase  cell is fused wi th  a mi to t ic  cell, 
t he  in t e rphase  chromosomes  are induced  to condense  

into discrete  uni ts ,  k n o w n  as p r e m a t u r e l y  condensed  
chromosomes  (PCC) 3-n. The PCC morpho logy  is charac-  
ter is t ic  of the  cell cycle phase  of t he  in te rphase  nucleus.  
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E a c h  G1-PCC cons i s t s  of a single c h r o m a t i d ,  whe re a s  
each  G2-PCC co n t a in s  2 s i s ter  c h r o m a t i d s .  T h e  S-PCC 
a p p e a r  to  be pulver ized ,  ye t  d e p e n d i n g  u p o n  t he  e x t e n t  of 
D N A  repl ica t ion ,  b o t h  G 1 a n d  G~ f r a g m e n t s  can  be ob- 
served.  C h r o m o s o m e  b a n d i n g  12,1a and  e lect ron micro-  
s copy  14,15 s tud ie s  on PCC revea led  less condensed  s t ruc -  
t u r e s  t h a n  t h e  m e t a p h a s e  c h r o m o s o m e s .  In  the  p r e s e n t  
s tud ies ,  we h a v e  c o m b i n e d  t he  s is ter  c h r o m a t i d  di f feren-  
t ia l  (SCD) p rocedure  w i th  the  p h e n o m e n o n  of PCC in 
order  to  obse rve  t h e  SCD p a t t e r n  on PCC t h r o u g h o u t  t h e  
cell cycle. 

B o t h  ma le  (Don) and  female  (CHO) Chinese  h a m s t e r  
cells were r o u t i n e l y  g rown  as m o n o l a y e r s  in McCoy ' s  5a 
m e d i u m  s u p p l e m e n t e d  w i th  16 -20% feta l  calf s e rum.  For  
t h e  PCC e x p e r i m e n t s ,  t he  i n t e r p h a s e  cells were i n c u b a t e d  

in t he  d a r k  in m e d i u m  c o n t a i n i n g  15 a g / m l  B r d U  for 
a b o u t  2 cell cycles (22 h). T h e s e  ceils were t r y p s i n i z e d  
a n d  m i x e d  w i t h  an  equa l  n u m b e r  of m i to t i c  C H O  cells 
wh ich  h a d  been  collected b y  select ive  d e t a c h m e n t  t ech -  
nique1% The  m i x t u r e  was  w a s h e d  twice  ill H a n k s '  ba l -  
anced  sa l t  so lu t ion  a nd  r e s u s p e n d e d  in 0.5 ml  p h o s p h a t e  
buf fe red  sal ine (PBS) c o n t a i n i n g  2000 h e m a g g l u t i n a t i n g  
un i t s  of U V - i n a c t i v a t e d  Senda i  v i rus .  The  fus ion  m i x -  
t u r e  was he ld  for 15 m i n  a t  4~ a nd  t h e n  i n c u b a t e d  for 
45 m i n  a t  37 ~ B y  th i s  t ime  t he  PCC were fo rmed  a n d  
t he  cells were f ixed in m e t h a n o l - a c e t i c  acid (3:1) for air  
dr ied p repa ra t i ons .  For  SCD s ta in ing ,  a modif ied  proce-  
dure  of the  K o r e n b e r g - F r e e d l e n d e r  m e t h o d  was  employed .  
C h r o m o s o m e s  were f i rs t  t r e a t e d  wi th  50% acetic acid a t  
37~ for 4 rain a nd  t he n  w i th  1.0 M p h o s p h a t e  buf fe r  

Fig. 1. SCD staining in metaphase chromosomes of a Don cell. 
Solid arrows indicate sites of sister chromatid exchanges. • 2000. 

Fig. 2. SCD staining of G2-PCC of a CHO cell. Solid arrows indicate 
sites of sister chromatid exchanges. ;< 2000. 

Fig. 3. SCD staining in S-PCC of a CHO cell in the relatively late 
phase of the 2rid replication period. Replicated fragments show G 2- 
PCC differential pattern. Hollow arrows indicate regions that were 
in DNA synthesis at the time of PCC induction. • 2000. 

Fig. 4. G1-PCC of a CHO cell. The G 1 phase is either in the 2rid or 
3rd cell cycle after BrdU addition (see text /artd shows both intra 
and inter chromosome differential staining. • 2000. 
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(pH 8.1) a t  89-91~ for 15 to  45 rain. The slides were  
r insed in wa te r  and s ta ined wi th  2% Giemsa in dist i l led 
wa te r  for 15 min.  

Metaphase  ch romosomes  of cells which had  comple ted  
2 repl icat ion cycles in B r d U  showed excel lent  d i f ferent ia l  
s ta in ing be tween  sister ch romat ids  (Figure 1). The G~- 
PCC cells which  had  f inished the  second D N A  synthes i s  
per iod showed SCD p a t t e r n s  similar to those  of the  me ta -  
phase  chromosomes  (Figure 2). The S-PCC (Figure 3) 
showed dif ferent ia l  s ta in ing be tween  sister  ch roma t id s  of 
the  repl ica ted  f r agmen t s  and 'pulver ized '  regions indicat -  
ing D N A  syn the t i c  ac t iv i ty  immedia te ly  before the  in- 
duc t ion  of PCC. The G~-PCC (Figure 4) showed 2 types  of 
s ta in ing pa t t e rns .  Some chromosomes  had  dif ferent ia l  
s ta in ing  along the i r  lengths  while o thers  did not .  The G~- 
PCC p a t t e r n  can be i n t e r p r e t e d , i n  the  following ways.  
The ceils of t he  cul tures  used were no t  synchron ized  and  
the re  is considerable  va r i a t ion  in genera t ion  t ime,  there-  
fore the  i n t r a - ch romosome  dif ferent ia l  s ta in ing seen in the  
cell in Figure 4 could be the  resul t  of s is ter  ch roma t id  
exchanges  in the  2 previous  generat ions.  Al te rna t ive ly ,  
the  cell m igh t  have  been  in the  S phase  of the  f i rs t  cycle 
a t  the  t ime  of B r d U  add i t ion  and  progressed to  the  G, 
phase  of the  3rd cell cycle a t  the  t ime  of PCC induct ion.  

�9 This  would resul t  in pa r t s  of the  G~ chromosome(s)  con- 
ta in ing  doubly  subs t i t u t ed  B r d U  regions. The inter-  
ch romosome  different ia l  suggests  r andom sister  ch roma t id  
segregat ion in t he  preceding  anaphase ,  

Al though  the  m e c h a n i s m  of SCD is still  unknown,  the re  
is some evidence t h a t  unif i lar ly and  bif i larly B r d U  sub- 
s t i t u t ed  ch romat ids  have  d i f ferent  packing  densi t ies  ob- 
servable  by  b o t h  phase  and  e lec t ron microscopy% Since 
we have  d e m o n s t r a t e d  t h a t  SCD can be induced in PCC 
m u c h  the  same way  as for mi to t ic  chromosomes ,  it  is 
p robable  t h a t  a s imilar  d en s i t y  difference,  as observed in 
e lectron micrographs ,  m a y  exist  among  such different ia l ly  
B r d U  incorpora ted  ch roma t id s  in PCC. This  suggests  an 
organiza t ional  s imi lar i ty  be tween  PCC and  m e t a p h a s e  
chromosomes .  

The combina t ion  of these  2 t echn iques  will now allow 
greater  precision in D N A  synthes is  ~ and chromosome 
abe r ra t ion  s tudies  ~s, ,9. 
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Local izat ion of Bovine  Pancreat ic  Polypept ide  ( B P P ) - L i k e  I m m u n o r e a c t i v i t y  in Rat Pancreat ic  
Monolayer  Culture 
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Summary.  Ant i s e rum to bovine pancrea t ic  po lypep t ide  (BPP) has been used for immunof luo rescen t  s ta in ing in the  
l ight  microscope.  W'ith th is  t echn ique  it is possible to de tec t  the  presence of specific cells in mono laye r  cul ture  f rom 
neona ta l  ra t  pancreas  which  conta in  B P P  or a closely re la ted  pept ide .  

Dur ing  the  isolat ion of chicken insulin, I~IMMEL et  al.~ 
found a po lypep t ide  conta in ing  36 amino acid residues 
in a s t ra igh t  chain  3 and  grouped  in a sequence d i s t inc t  
f rom t h a t  of insulin, glucagon, somatos ta t in ,  secret in  and 
gastr in.  This avian  pancrea t i c  po lypep t ide  (APP) has 
p ronounced  biological effects  ~ and  is a normal  c o n s t i t u a n t  
of c i rcula t ing p lasma  in chicken 5. I t  was therefore  pos tu-  
la ted t h a t  A P P  represen ts  a new pancrea t ic  h o r m o n e  4, 
p re sen t  in t he  c y t o p l a s m  of numerous  cells d i s semina ted  
in the  exocr ine  chicken pancreas  6. 

Recent ly ,  a m a m m a l i a n  c o u n t e r p a r t  of A P P  was 
isolated f rom the  bovine  pancreas  and  n a m e d  accordingly  
bovine  po lypep t ide  (BPP) 7. B P P  has a sequence of 16 
amino  acid residues in c o m m o n  wi th  A P P  and some 
similari t ies in biological act ion T, s. In  the  course of a 
sys t emat i c  immunoh i s tochemica l  s t u d y  of t he  endocr ine  
cell popu la t ion  of ra t  pancrea t i c  monolayer  cul ture,  We 
were able to iden t i fy  cells reac t ing  to  a n t i - B P P .  

Neona ta l  ra t  pancrea t i c  mono laye r  cul tures  were pre-  
pa red  as descr ibed elsewhere 9. Af ter  3 days  of cul ture,  
t issue was f ixed wi th  a soIution of 0,2% picric acid and  
2% p a r a f o r m a l d e h y d e  1~ in 320 m O s M  p h o s p h a t e  buffer  
(pH 7,4)1l dur ing  2 to  90 h. Af te r  f ixat ion,  the  cul tures  
were washed  in p h o s p h a t e  buffered  saline, quickly 
d e h y d r a t e d  t h r o u g h  increasing concen t ra t ions  of e thanol ,  
r e h y d r a t e d  and  processed for indi rec t  immunof luores -  
cence ~2. Cultures were exposed  to  r abb i t  a n t i - B P P  
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