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Table I. Axial growth of normal collagen fibrils at 30 ~ in phosphate 
buffer pH 7.0. I = 0.2, Co = 750 fxg/ml. 

Specific activity of labelled collagen N end C end 
(molecules/see) 

0.4 mCi/mg 1.73 =L 0.06 1.27 ~ 0.08 
0.2 mCi/mg 1.89 4- 0.08 1.11 ~: 0.06 

Errors represent standard deviations on measurements of about 
20 fibrils in each case. 

Table II. The energies of/~-'s emitted by 125I (taken from reference 4) 

Energy (keV) : 2.77 3.6 22.5 31.0 34.3 
Fraction of/~-'s 
with this energy 0.291 0.488 0.142 0.067 0.012 

The high proportion of electrons with low discrete energies is due 
to their atomic, rather than nuclear, origin. They are emitted in 
consequence of the electron capture and ),-emission processes by 
which the 12~I nucleus decays and are a mixture of internal conversion 
alld Auger electronsli 

of 540 A was o b t a i n ed  f rom 600 grains, a f te r  a cor rec t ion  
for th is  background  had  been  made.  

The theore t ica l  curve  in F igure  2 represen t s  the  p rob-  
abi l i ty  of a h i t  as a func t ion  of dis tance,  a ssuming  t h a t  
e lectrons pursue  a s t r a igh t  line p a t h  and  are no t  absorbed.  
I t  is der ived  f rom the  curve  of DONIACH and  PELC n for a 
po in t  source, by  numer ica l  in tegra t ion  over  a line source 
of f ibri l lar  d imens ions  in the  same geomet ry  as the  
exper iment .  The large difference be tween  the  h i s tog ram 
and  the  curve (whose areas are the  same) indica tes  t h a t  
the  a s sumpt ion  abou t  e lec t ron p a t h s  is no t  val id for 125I. 
This  is l ikely on theore t ica l  grounds.  Since mos t  of t h e  
decay  electrons of x25I have  a ve ry  low energy  (see 
Table  II),  these  will have  a range  in silver b romide  of less 
t h a n  a single L4 crys ta l  d i ame te r  ~2. Shielding of one 
c rys ta l  b y  an o t h e r  will therefore  be signif icant ,  resu l t ing  
in an enhanced  p robab i l i t y  of h i t s  d i rec t ly  over  t he  source 
and  an i m p r o v e m e n t  of resolut ion 1~. 

Our resul ts  conf i rm the  po ten t i a l  of 1~I for e lectron 
microscope  au to rad iog raphy  and  d e m o n s t r a t e  the  h igh  
resolut ion t h a t  can be achieved.  They  show t h a t  p rob lems  
ar izing f rom the  effects  of iod ina t ion  on p ro te in  behav iour  
can be min imized  by  a sui table  m e t h o d  of iodinat ion.  

Rdsumd. Le 125I poss~de un grand  po ten t i e l  pour  
l ' au to rad iograph ie  en microscope 61ectronique. It p e r m e t  
d ' a t t e i n d r e  la hau te  r6solution. Le h o mb re  des problgmes  
que posen t  ]es effets  de l ' iod ina t ion  sur le c o m p o r t e m e n t  
des prot4ines  peu t  6tre cons id4rab lement  r6dui t  p a r  une  
m6thode  appropri4e d ' iod ina t ion .  

OF GRAINS 

50 

DISTANCE FROM FIBRIL AXl$ 
IN ~NGSTRDMS 

Fig. 2. For explanation see text. 
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Different ia l  S ta in ing  of the  Sate l l i te  R e g i o n s  of H u m a n  A c r o c e n t r i c  C h r o m o s o m e s  

Cytogenet ic is ts  have  r epo r t ed  t h a t  all 10 acrocentr ic  
ch romosomes  of t he  D and  G groups in h u m a n s  p ro b ab l y  
bear  satel l i tes on the i r  shor t  a rms;  fu r thermore ,  all of 
these  could be expec ted  to func t ion  in t he  organiza t ion  of 
nucleoli  1,a. Certain of these  acrocentr ie  ch romosomes  
approach  each o ther  w i th  the i r  satel l i te  ends  more  of ten  
t h a n  would be r a n d o m l y  expec ted  3, 4. Cytogenet ie is ts  are 
p resen t ly  inves t iga t ing  th is  preferen t ia l  satel l i te  associa- 
t ion  as a possible cause of ch romosomal  non-d i s junc t ions  
and  t rans loca t ionsK However ,  these  inves t iga tors  are 
h a n d i c a p p e d  because these  regions do no t  usual ly s ta in  
and  riley have  to  a rb i t ra r i ly  define these associat ions.  
OHNO et al. 2 suggested t h a t  a t  m e t a p h a s e  the  satel l i te  
regions become very  shor t  and  s ta in  poor ly  because of t he  

def iciency of DNA. Therefore,  the re  was a need for a 
t echn ique  to  d i f ferent ia l ly  s ta in  these  i m p o r t a n t  satel l i te  
regions. 
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I t  was  r ecen t l y  f o u n d  t h a t  t he  sa te l l i t e  regions  of all  
10 D and  G group  c h r o m o s o m e s  could be  d i f f e ren t i a l ly  
s t a ined  w i t h  G i e m s a  a f t e r  e x t r a c t i o n  of b o t h  nucle ic  acids 
a n d  h i s t one  p ro t e in s  *. Us ing  a u t o r a d i o g r a p h i c  evidence,  
HENDERSON et  al. ~ h a v e  s h o w n  t h a t  a c t u a l  phys i ca l  
connec t ions  ex i s t  b e t w e e n  m a n y  of t he  assoc ia t ing  
ac rocen t r i c  ch romosomes .  I n  our  l abo ra to ry ,  we h a v e  
deve loped  a m u c h  easier  t e c h n i q u e  wh ich  d i f fe ren t ia l ly  
s t a ins  t h e  h u m a n  ac rocen t r i c  sa te l l i t e  regions  as well  as 
t he  phys ica l  connec t ives  of sa te l l i te  associat ions,  b y  
us ing  a mod i f i ca t i on  of a n  a m m o n i a c a l - s i l v e r  p rocedure  s -~ .  

Mater ia ls  and methods. This  procedure ,  wh ich  we call  
t h e  A S - S A T  t echn ique ,  requ i res  t he  use of 4 so lu t ions  

Fig. 1. 5fetaphase chromosome spread (from abnormal child) 
exhibiting 9 differentially stained satellites which appear as dark 
areas above the kinetoci~ore of the aerocentric chromosomes. Arrow 
points to D group chromosome which lacks a satellite staining region. 

for t h e  d i f fe ren t ia l  s t a in ing  of t h e  sa te l l i te  regions.  
1. A p r e t r e a t m e n t  so lu t ion  of 10% fo rmal in  wh ich  is 
neu t r a l i zed  w i t h  3.2 g of sod ium ace t a t e  c rys ta l s  
(CH~COONa-3H20) .  2. A p r e s t a i n i n g  a m m o n i a c a l - s i l v e r  
so lu t ion  (A-S  I) wh ich  is p r e p a r e d  b y  d isso lv ing  5 g of 
s i lver  n i t r a t e  in to  50 ml  of d is t i l led  water .  I m m e d i a t e l y  
40 ml  of t h i s  aqueous  s i lver  n i t r a t e  so lu t ion  are  added  to  
5 ml  of c o n c e n t r a t e d  a m m o n i u m  h y d r o x i d e  in a slow 
m a n n e r  w i t h  c o n s t a n t  s t i r r ing .  T h e n  t h e  r e m a i n i n g  10 ml  
of t h e  aqueous  10% s i lver  n i t r a t e  are  added  dropwise  to  
th i s  so lu t ion  un t i l  i t  reaches  i t s  f i r s t  p e r m a n e n t  f a in t  
t u r b i d i t y .  T h e  A - S  I so lu t ion  has  a p H  of 10-11.  3. A 
s t a in ing  so lu t ion  (A-S  II) w h i c h  is p r e p a r e d  b y  a d d i n g  8 g 
of s i lver  n i t r a t e  to  10 ml  of a ce t a t e  buffer ,  p H  3.6 (s tock 
buf fe r  p r e p a r e d  b y  a d d i n g  46.3 ml  of 0.2 21// ace t ic  acid 
a n d  3.7 ml  of 0.2 M sod ium aceta te) .  U p o n  t h e  d isso lv ing  
of t h e  s i lver  n i t r a t e  crystals ,  t h e  en t i r e  so lu t ion  is added  
to 15 m l  of c o n c e n t r a t e d  a m m o n i u m  hydrox ide .  Th i s  
so lu t ion  is colorless a n d  h a s  a p H  of a b o u t  12. 4. A 
deve lop ing  so lu t ion  of 3% formal in ,  neu t r a l i zed  w i t h  
sod ium ace t a t e  crysta ls .  

Microscope slides c o n t a i n i n g  a i r -dr ied  h u m a n  chromo-  
somes f rom l eukocy te  cu l tu re  13 are  i m m e r s e d  in to  a 
copl in  j a r  c o n t a i n i n g  10% n e u t r a l  fo rmal in .  Af te r  15 rain,  
t h e  slide is r e m o v e d  a n d  r insed  qu ick ly  in 3 chang ings  
of de ionized  w a t e r  a n d  p laced  in to  t h e  A - S  I p r e s t a i n i n g  
so lu t ion  for 15 sec. I t  is t h e n  removed ,  r insed,  a n d  p laced  
in to  a 0.07 N N a O H  so lu t ion  for 5 min .  I t  is t h e n  r insed  
t h o r o u g h l y  for 1 m i n  in de ionized  w a t e r  a n d  b l o t t e d  
dry.  E q u a l  a m o u n t s  ( a p p r o x i m a t e l y  3-4  drops)  of f i rs t  
3% fo rma l in  a n d  t h e n  A - S  I I  so lu t ion  are  p i p e t t e d  on to  
t h e  sl ide surface  a n d  covered  w i t h  a coverglass .  The  
progress  of t h e  s t a in ing  r eac t i on  can  be  fol lowed u n d e r  t he  
microscope,  f i rs t  us ing  p h a s e - c o n t r a s t  microscopy,  fol lowed 
b y  b r i g h t  field i l l u m i n a t i o n  as t h e  s t a in ing  i n t e n s i t y  
g r adua l l y  increases .  The  ch ro mo s o mes  are  usua l ly  
suf f ic ien t ly  s t a i n ed  w i t h i n  5 min .  I f  t h e  ch ro mo s o mes  are 
u n d e r s t a i n e d  a f t e r  5 min ,  t h e  coverglass  m a y  be  r insed  off 
u n d e r  r u n n i n g  t a p  water ,  t h e  sl ide b l o t t e d  dry,  a n d  re- 
s t a ined  w i t h  A - S  I I  a n d  3% formal in .  Af te r  t h e  p r o p e r  
d i f fe ren t i a l  s t a in ing  is reached,  t h e  coverglass  is r insed  
off a n d  t h e  slide is soaked  for  5 mil l  in  xylene,  and  
p e r m a n e n t l y  m o u n t e d  in  a su i t ab le  m o u n t i n g  med ium.  
The  a t t a c h m e n t  of t h e  s i lver  s t a in  to  t h e  sa te l l i t e  regions  
g rea t ly  d a r k e n s  these  areas  a n d  t h e y  are  m o s t  consp icuous  
w h e n  t h e  r e m a i n d e r  of t h e  c h r o m o s o m e s  a n d  c h r o m o s o m e  
a rms  are  l igh t  ye l low to  o range  in color. O v e r s t a in ing  
causes  a genera l  d a r k e n i n g  of t h e  c h r o m o s o m e s  a n d  t he  
d i f fe ren t i a l  s t a in ing  is lost.  

Results  and discussion. Figure  1 i l lu s t r a t e s  a m e t a p h a s e  
c h r o m o s o m e  c o m p l e m e n t  s t a ined  b y  us ing  t h e  A S - S A T  
techn ique .  These  m e t a p h a s e  c h r o m o s o m e s  were o b t a i n e d  
f rom an  a b n o r m a l  newborn ,  wh ich  d ied  w i t h i n  3 days  
a f t e r  b i r th .  Of 50 m e t a p h a s e  p la t e s  e x a m i n e d  f rom th i s  
in fan t ,  9 sa te l l i t ed  c h r o m o s o m e s  were ev i d en t  in  41 ceils, 
8 sa te l l i t ed  c h r o m o s o m e s  in 7 ceils, a n d  7 sa te l l i t ed  
c h r o m o s o m e s  in  3 cells. No cell e x a m i n e d  h a d  all  10 acro- 
cen t r i c  sa te l l i te  regions  s t a ined  a n d  t h e  u n s t a i n e d  

Fig. 2. 1V~etaphase chromosome spread (from abnormal child) 
exhibiting only 8 differentially stained satellites of which 4 are 
involved in D-G satellite associations. The physical connections 
between the D and G group associations are indicated by the arrow. 
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acrocentr ic ,  which  was de tec tab le  in mos t  cells, was ot tile 
D group. Figure 2 shows 8 sate l l i ted chromosomes  f rom 
the  same infant .  Two acrocentr ic  D-G satel l i te  associat ions 
can be seen clearly. 35 of the  50 me taphases  exami n ed  
con ta ined  such acrocentr ic  associations.  21 of these  were 
D - G  associat ions,  9 were D-D, and  5 were G-G. 

In  appa ren t l y  normal  individuals ,  the  n u m b e r  of 
acrocentr ic  chromosomes  which  exh ib i t ed  di f ferent ia l ly  
s ta ined  satell i tes var ied f rom person  to  person  bu t  each 
indiv idual  t ended  to have  a specific number .  For  example ,  
a normal  8-year-old male  cons i s ten t ly  had  10 satel l i ted 
acrocentr ics  as did his 10-year-old sister.  However ,  a 
normal  22-year-old male  had  only 5 such sate l l i ted 
chromosomes .  W h e t h e r  th is  va r ia t ion  is real  or represen ts  
var iab i l i ty  in the  t echn ique  is no t  p resen t ly  known.  How- 
ever, expe r imen t s  wi th  control  slides indica te  t h a t  the  
var ia t ion  is real. 

The ques t ion  arises as to  t he  precise cy tochemica l  
composi t ion  of the  satel l i te  s ta in ing  regions. Pas t  in- 
ves t iga tors  have  suggested t h a t  these  satel l i te  regions are 
nucleolar  organizers  1,2. HENDERSON et al: v, us ing auto-  
rad iographic  evidence,  ind ica ted  t h a t  the  a c r o c e n t r i c  
satel l i ted regions migh t  be r ibosomal  DNA. COMINGS 
et a1.14 suggested t h a t  these  regions con ta in  r ibosomal  
R N A  (which m a y  or m a y  no t  be associa ted wi th  hetero-  
chromat in) .  MATSUI and  SASAKI 6 disagreed wi th  these  
nucleic acid hypo theses  because the i r  own cy tochemica l  
s tudies  ind ica ted  t h a t  these  satel l i tes  are composed  of 
acidic prote ins .  We, too, have  ob ta ined  evidence t h a t  the  
acrocentr ic  satel l i te  regions are composed  of the  acid-insol-  
uble or acid proteins .  T r e a t m e n t  of t he  chromosomes  wi th  
b o t h  DNase  and  RNase  (Sigma : 100 ~g ml -a a t  37 ~ for 60 
min) did no t  e l iminate  the  satel l i te  s ta in ing  regions. W h e n  
the  pro teo ly t ic  enzyme,  Pronase,  was used (Cal. Biochem. : 
100 ~xg m1-1 at  37 ~ for 10 rain) the  satel l i te  regions were 
des t royed .  To de te rmine  the  na tu re  of these  pro te inaceous  
s ta in ing  regions, b o t h  acid and alkaline p r e t r e a t m e n t s  of 
chromosomes  were employed.  Acid t r e a t m e n t ,  using 
0.2 N H2SO 4 for 1-, 10-, and 20-min intervals ,  le t t  t he  
satel l i te  regions intact .  Alkal ine incuba t ion  in 0.1 N 
N a O H  at  room t e m p e r a t u r e  for 1 and  5 min  did no t  
vis ibly affect  these  satel l i te  regions whereas  longer 
t r e a t m e n t s  for 10 and 20 min  e l imina ted  t h e m  comple te ly  
in mos t  cells. In  some cells 2 satel l i te  regions still  r emained  
in tac t  and these  were cons i s ten t ly  located on acrocentr ics  
of the  D group. 

Because of the i r  insolubi l i ty  in acid and  slow solubi l i ty  
in di lute  alkali, t he  satel l i te  s ta in ing  regions seem to 

possess a p ro te in  f rac t ion  which  is essent ia l ly  acidic in 
na ture .  However ,  cau t ion  m u s t  be t aken  agains t  r ig idly  
in t e rp re t ing  these  regions as being exclusively acid 
p ro te in  because BENJAMIN et al. 15 descr ibed a chromo-  
somal  R N A  which  was bound  to his tone,  and  was 
r ibonuelease  insensi t ive.  

The role of acid pro te ins  in the  nucleus is still  obscure,  
even  t h o u g h  it has  been  shown t h a t  these  p ro te ins  
q u an t i t a t i v e l y  r ep resen t  the  ma jo r  cons t i tuen t  of the  
nucleus 1'. Several  au thors  have  s t a t ed  t h a t  some of these  
pro te ins  m a y  be pa r t s  of r ibosomes ~7-~~ or con ta in  
R N A  21-~. More recent ly ,  da t a  have  been ob ta ined  which  
suggest  t h a t  the  nonh i s tone  ch romosomal  (or acid) 
p ro te ins  m a y  be responsib le  for t he  regula t ion  of gene 
express ion 2~, par t i cu la r ly  t he  contro l  of t r ansc r ip t ion  in 
the  cell cycle 26, ~7 

The acid pro te ins  m a y  p lay  an i m p o r t a n t  role in t he  
size and  organiza t ion  of the  nucleolus.  Researchers  have  
found t h a t  t he  nucleolus conta ins  bo th  acid-soluble and  
acid-insoluble prote ins ,  which  range  f rom 40-90% of the  
nucleolar  mass  2s-s~. B u s c h  et  al. 3a found  the  nucleolar  
acid-insoluble pro te ins  to  be p resen t  in s igni f icant ly  
greater  concen t ra t ions  t h a n  the  acid-soluble  ones. I t  has  
also been no ted  t h a t  the  nucleoli  of cancer  p a t i en t s  are 
larger t h a n  those  of normal  adu l t s  3~-a6. Pe rh ap s  there  
m a y  be some re la t ionship  be tween  the  n u m b e r  and  size of 
acrocentr ic  satel l i te  s ta in ing  regions and the  size of the  
nucleolus. If so, acrocentr ic  satel l i te  s ta in ing  regions m a y  
be of much  impor tance ,  especial ly in compara t i ve  
s tudies  of the  re la t ive  s ta in ing proper t ies  of these  regions 
in normal  and abnorma l  pa t ien t s .  However ,  these  h y p o t h -  
eses require  a great  deal  of fu ture  research  ~7. 

Zusammen/assung. Es wird  eine neue Ammoniak -  
Si lber -Methode fiir das  F/~rben mensch l icher  Chromoso-  
men  in der  Metaphase  beschr ieben,  wodurch  die Sate t l i ten  
aller 10 akrozent r i schen  Chromosomen  zu un te r sche iden  
sind.  
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