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A compar ison  was made  be tween  the  results  ob ta ined  
wi th  the  C-BA m e thod  and  those  ob ta ined  wi th  the  ACT 
method .  The DflH levels were cons iderably  lower when  
assayed by  the  GBA m e t h o d  (Table). However ,  when  the  
adrenal  ex t r ac t  was di luted fu r ther  the  DflH levels as 
e s t ima ted  by  the  GBA me thod  remained  cons tant ,  
whereas  when  es t ima ted  by  the  ACT m e t h o d  the  level 
declined. This result  suggests  t h a t  in concen t ra t ed  
ex t rac t s  some unspecific b indings  interfere wi th  the  DflH 
assay by  the  ACT method .  

The low levels of Dri l l  in the  medul la  ob longa ta  and 
the  v i r tua l ly  unde tec tab le  levels in the  s t r i a tum as 
shown by  the  GBA me thod  are cons is ten t  w i th  the  
repor ted  enzyme ac t iv i ty  levels in these  regions of the  
brain  5. These resul ts  indica te  t h a t  the  GBA m e t h o d  is 
more  specific t h a n  the  ACT method .  

One of the  a t t r ac t ive  fea tures  of the  GBA assay is the  
re la t ive ease of opera t ion  as compared  to the  ACT method .  
Once prepared,  the  g lass-bound an t i body  can be s tored 
and  used for m a n y  assays, whereas  the  previous ly  des- 
cribed me thod  requires  t h a t  each tube  be coated wi th  

an t ibody  separately .  Ano the r  advan t age  is superior  
precision. Repl ica te  assays by  the  GBA m e t h o d  yield 
mean  values wi th  less t h a n  1% in the  s t anda rd  error, 
whereas  the  cor responding  value for the  ACT m e t h o d  is 
about  5%. 

The s impl ic i ty  of the  GBA m e t h o d  would render  i t  
appl icable  for rout ine  clinical assays of h u m a n  serum 
DflH. H u m a n  DflH ant ibodies  have  been covalen t ly  
bound  to diazot ized a ry lamine  glass and s tudies  on 
measu remen t s  of h u m a n  serum DflH are in progress  6. 

Rdsumd. Les auteurs  d6cr ivent  une m6thode  radio- 
immunologique  de dosage de la DflH ut i l i sant  un ant i -  
corps li6 de fagon covalente  ~ des billes de verre.  La tech-  
nique a 6t6 appliqu6e k la mesure  de la DflH darts les 
surr6nales et  diff6rentes r6gions du cerveau de bceuf. Les 
princ~paux avan tages  de cet te  m6thode  sont  sa re la t ive 
facilit6 d 'emploi ,  sa pr6cision et  sa hau te  sp6cificit6. 
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An A m m o n i a c a l - S i l v e r  Sta in  T e c h n i q u e  Speci f ic  
H u m a n  C h r o m o s o m e s  

Cytogenet ic is ts  are current Iy  using in si tu hybr id iza t ion  
of rad ioac t ive  complemen ta ry  R N A  fract ions  to h u m a n  
chromosomes  in an a t t e m p t  to  localize the  d i f ferent  
classes of D N A  in specific ch romosome regions. Paral lel  
efforts  are also being di rec ted  toward  the  deve lopmen t  of 
t echniques  which different ia l ly  s ta in  these  chromosome 
regions. The purpose  of this  paper  is to  describe a new 
procedure,  which we call the  Ammoniaca l -S i lve r  I I I  
t echn ique  (AS III) ,  t h a t  .selectively s ta ins  those  regions 
of h u m a n  chromosomes  in which  satel l i te  I I I  DNA has 
been  localized 1, 2. This me thod ,  which  is a modi f ica t ion  
of the  Ammoniaca l -S i lver  (A-S) t echn ique  a-7, conspi-  
cuously s ta ins  t he  secondary  cons t r ic t ion  region of 
h u m a n  chromosome 9 (Figures i and 2). In  addi t ion,  the  
cent romer ic  regions of the  acrocentr ic  D and G group 
chromosomes  will occasionally different ial ly  stain. W h e t h e r  
the  si lver b inds  chemical ly  to the  satel l i te  DNA I I I  
f rac t ion itself, or to  an associa ted h is tone  or non-h i s tone  
protein ,  is no t  p resen t ly  known.  

W h e n  h u m a n  D N A  is f r ac t iona ted  in isopycnic  CsC1 
gradients ,  it  consists  of a t  least  4 satel l i te  f ract ions 1, 2, 2, 2. 
The specific ch romosomal  locat ions of satel l i te  I and IV 
are no t  known.  However ,  in si tu hybr id iza t ion  s tudies  
have  shown t h a t  satel l i te  I I  D N A  is localized in the  
secondary  cons t r ic t ion  regions of human  chromosome 
pairs  1 and 16, and poss ibly  91~ More recent  rad ioac t ive  
labell ing expe r imen t s  have  shown t h a t  satel l i te  I I I  D N A  
is conspicuously  concen t ra t ed  on h u m a n  ch romosome  
pair  9 and to  a lesser ex t en t  near  the  cen t romeres  of all 
ch romosomes  of the  D and  G groups  n,~2. I t  is these  
satel l i te  I I I  ch romosomal  regions t h a t  the  AS I I I  
t echn ique  di f ferent ia l ly  stains.  

for  Sate l l i te  III D N A  R e g i o n s  on  

The AS I I I  s ta in  is p repa red  by  slowly dissolving 8 g 
of silver n i t ra te  into a solut ion of 10 cm 3 of dist i l led water  
and 10 cm 3 of concen t ra t ed  a m m o n i u m  hydroxide .  The 
resul t ing s ta in ing solut ion is colorless and has a p H  of 
12.0-12.5. The AS I I I  solut ion is f i l tered twice in to  a 
vial. 4 drops  of the  AS I I I  s ta in  are p i p e t t ed  onto  the  
surface of a microscope slide conta in ing  s t an d a rd  air- 
dr ied h u m a n  chromosome prepara t ions  f rom leucocyte  
cul ture 1~. 4 drops of 3% formal in  (neutral ized wi th  
sodium acetate)  are immed ia t e ly  added  to  develop the  
AS I I I  stain. The AS I I I  s ta in  and  formal in  are quickly 
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mixed  on the  slide surface wi th  a glass rod, and a cover- 
glass is added  over  the  s ta in ing  mix tu re  which  now has 
a p H  of 11.0-11.3. The s ta in ing reac t ion  can be fol lowed 
by  examina t ion  of the  slide wi th  phase  con t ras t  micros- 
copy first, followed by  br ight-f ie ld  i l luminat ion  as 
s ta in ing progresses.  The chromosomes  are usual ly  
suff icient ly s ta ined  wi th in  5 min.  If  the  chromosomes  are 
unde r s t a ined  af ter  5 min,  the  coverglass m a y  be washed  
off under  runn ing  dist i l led water ,  the  slide b lo t ted  dry, 
and res ta ined.  Af ter  the  p roper  di f ferent ia l  s ta in ing  is 
reached,  the  coverglass is r insed off and  the  slide is 
t aken  th rough  an alcohol d e h y d r a t i o n  series, soaked for 
5 min  in xylene,  and m o u n t e d  in a sui table m o u n t i n g  
medium.  To make  cer ta in  t h a t  the  si lver was indeed 
a t t ach ing  to chromosome pair  9 and no t  some o ther  
similar ch romosome of the  C-group, ch romosome spreads  
were first  d i f ferent ia l ly  s ta ined wi th  quinacrine,  photo-  
graphed,  des ta ined,  and res ta ined  using the  AS I I I  
me thod .  

The a t t a c h m e n t  of the  silver s ta in  to the  secondary  
cons t r ic t ion  region of ch romosome pair  9 is mos t  con- 
spicuous when  all o ther  chromosomes  of the  complemen t  
are only l ight ly  s ta ined (Figure 1). Overs ta in ing  causes 
all of the  chromosomes  to become general ly da rkened  
and  the  different ial  s ta in ing of ch romosome 9 is lost. 

BLACK and  SPEER a were the  f i rs t  to use ammoniaca l -  
silver as a nuclear  stain. E x p e r i m e n t s  indica ted  t h a t  
the i r  A-S techn ique  specifically s ta ined ac id-ex t rac tab le  
nuclear  p ro te in  (AENP)  whose physical  character is t ics  
cor responded  to t h a t  of a h i s tone  ~-5. I t  ye t  remains  to 
be es tabl ished w h e t h e r  the  A E N P  was h is tone  in to to  or 
in par t .  Formal in  p r e t r e a t m e n t  of chromosomes  was 
t h o u g h t  by  t h e m  to be an obl iga tory  s tep in the  A-S 
react ion as un t r ea t ed  chromosomes  did not  stain~-~. Our 
AS I I I  t echnique  differs no tab ly  f rom the  A-S reac t ion  
in the  omission of the  formal in  p r e t r e a t m e n t  s tep  and  in 
the  proporeions of a m m o n i u m  hydrox ide  to silver n i t ra te .  

Numerous  papers  have  been publ i shed  wi th in  the  last  
4 years  ut i l iz ing various techniques  to p roduce  dif- 
ferent ia l  band ing  p a t t e rn s  in h u m a n  chromosomes .  
E x c e p t  for the  techniques  involving fluorescence band-  
ing 14-17, all o ther  procedures  ls-~4 util ize Giemsa stain. 
Al though  we do not  ye t  comple te ly  u n d e r s t a n d  the  
factors  involved in the  AS I I I - c h r o m o s o m e  in teract ion,  
we believe t h a t  the  cy tochemica l  basis for the  different ia l  
s ta in ing m a y  be similar,  if no t  identical ,  to  t h a t  of the  
Giemsa-chromosome binding.  Our basis  for this  belief 
comes f rom 2 lines of evidence:  1. BOBROW et al. 25 
recent ly  s ta ined h u m a n  chromosomes  wi th  Giemsa at  
p H  11 and found t h a t  the  mos t  conspicuously  s ta ined  
chromosome region was the  secondary  cons t r ic t ion  
region of ch romosome 9. Thus, it  appears  t h a t  the i r  
Giemsa at  p H  11 s ta ins  satel l i te  I I I  D N A  regions. In  th is  
respect ,  the  p H  11 Giemsa seems to  in te rac t  wi th  the  
satel l i te  I I I  DNA frac t ion  in m u c h  the  same m a n n e r  as 
our AS I I I  react ion,  which  also s ta ins  a t  p H  11. 2. By 
va ry ing  the  p H  of the  AS I I I  solution,  we have  occasion- 
ally ob ta ined  chromosome bands  a p p a r e n t l y  ident ical  to  
the  G-bands  achieved wi th  the  Acetic Acid-Sal ine-  
Giemsa (ASG) techn ique  of STJMM~R et al. ~8. We feel t h a t  
band ings  factors  a p p a r e n t l y  co mmo n  to b o t h  Giemsa and 
ammoniacaI-s i lver  s ta in ing are control led to a large 
ex t en t  by  pH.  We are p resen t ly  working  to  s t andard ize  
band ing  p a t t e rn s  equiva len t  to the  G-bands  by  sh i f t ing  
the  p H  of the  AS I I I  solution.  

The cy togene t ic  significance of a s ta in  specific for 
ch romosome pair  9 is obvious in l ight  of recent  f indings.  
Using the  secondary  cons t r ic t ion  of ch romosome 9 as a 
marker ,  4 recent  papers  have  shown t h a t  per icent r ic  
inversion of ch romosome 9 is a co mmo n  h e t e r o m o r p h i s m  
of the  h u m a n  karyotype2~ ~s. BOBROW et al ~ k a r y o t y p e d  
an abnorma l  child and  found a per icent r ic  invers ion in 
one homologue of ch romosome pair  9. The child 's  clinically 
normal  fa ther  had  the  same abnorma l  chromosome.  A 
similar, if not  identical ,  ch romosomal  va r i an t  was 
repor ted  by  LUBS and RUDDLE29. I t  has  been  sugges ted  

Fig. 1. Human metaphase chromosomes stained by the AS III 
technique, showing differentially stained secondary constriction 
region of chromosome pair 9 (arrowed). 

Fig. 2. Three pairs of chromosome 9 showing: A) homologues 
homomorphic and B, C) homologues heteromorphic for secondary 
constriction regions. 
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tha t  chromosome 9 contains  a fragile poin t  where the  
centromeric  he te rochromat in  joins the  euchromat in  of 
the long arm 2s. Indeed,  cases involv ing  fragi l i ty  of the  
he terochromat ic  segment  of chromosome 9 have  been 
reportedS~ Obvious length var ia t ions  are often found 
in the  secondary constr ic t ion areas of chromosome 
9; 25, 2~,,s, s2,33. Apparen t ly  these he te romorphic  homo- 
iogues (Figure 2) segregate normal ly  in pedigrees and 
should provide valuable  da ta  in l inkage studies 2s. 
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We feel t ha t  the  AS I I I  technique  could become a 
useful procedure for cytogenet ic  laborator ies  in the  
clinical screening of chromosome 9 for possible anomalies.  
In  addit ion,  we hope tha t  t h e A S  I I I  react ion will prove 
useful to cytochemis ts  in thei r  quest  to discover the 
mechanisms involved  in differential  s taining of human  
chromosomes.  

Rdsumd. On d6crit  une nouvel le  technique pour  les 
te intures  de chromosomes humains.  La technique,  une 
modif icat ion de l ' a rgent -ammonica l ,  t e in t  s61ectivement 
la r6gion de constr ic t ion secondaire du chromosome paire 
9, et quelquefois  les r6gions centrom6riques  des chromo- 
somes acrocentr iques  des groupes D et  G. C'est  d ' u n  
int6r~t cytog6n6tique,  puisque les r6gions chromoso- 
miques sont  celles dans lesquelles la fract ion satell i te 
D N A  I I I a  6t6 d6couverte  par  des 6tudes d 'hybr id isa t ion  
in situ. 
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A Pressure  Device for Intracellular Injection 

An inject ion device has been developed in which hea t  is 
used to e levate  the  pressure in a mic rop ipe t te  so as to 
force its content  th rough the  t ip  and into the  impaled  
cell. This technique has the  advan tage  of pe rmi t t ing  the 
inject ion of both  ionic and non-ionic substances and the 
s imultaneous recording of the electrical ac t iv i ty  of the  
cell. Whereas  a single p ipe t te  suffices for both  inject ing 
and recording if the injected fluid is conducting,  a double 
microp ipe t te  can be prepared when non-ionic substances 
are to be injected.  

The heat ing  device (Figure 1) consists of a brass tube  
provided  wi th  a rod for f ixat ion to a micromanipula tor .  
The tube  accomodates  a hea t ing  f i lament  (C, Figure  1) 
supported by  a machine  screw t igh t ly  f i t t ing the upper  
ex t r emi ty  of the  tube. The  p repara t ive  steps for in ject ion 
are as follows1: a glass micropipe t te  (Corning 7740) 
par t ia l ly  filled wi th  the solution to be injected (G, Figure  
1) is a t tached  to one e x t r e m i t y  of a short  si lver pipe (F, 
Figure  1) while a piece of the  same glass tub ing  is used to 
connect  the  o ther  end of the  silver pipe to a drilled machi-  
ne screw. Solut ion for inject ion is then  added to the  pi- 
pe t te  so tha t  i t  comes into contac t  wi th  the  silver pipe 
and the  connect ing glass tube  is filled wi th  paraff in  oil 
(E, F igure  1) in order to insulate electr ical ly the  p ipe t te  
f rom the heat ing  device. The machine  screw bearing the 
mounted  p ipe t te  is then  t igh t ly  f i t ted  to the brass tube  
which was filled before wi th  an excess of alcohol (D, 
Figure  1). Dur ing the  assembly of the  pipet te ,  care must  
be taken  to avoid format ion  of air bubbles in any of the 
l iquids used to fill the  p ipe t te  and the  heat ing  device. 
The entire device is f ixed to the  micromanipula tor  and 
the silver pipe connected to a un i ty  gain e lec t rometer  

1 The moun t ing  of the different  e lements  of the micropipe t te  is 
carr ied out  w i th  a rapid  bounding  adhesive  (Cyanolit| This 
adhesive  ensures a leakproof  assembly  which can be dissolved in  
acetone and  allows the recuperat ion of the metal l ic  components  
(silver pipe, machine screw) for making new pipettes. 
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Fig. 1. Pressure device. A) wires connected to the DC current  source; 
B) 0-ring joint ;  C) hea t ing  f i lament  (Ni-Cr-Fe ~ 0.5 m m  5.7 Q/m) ;  
D) alcohol;  E) paraff in oil; F) s i lver  pipe;  G) p ipe t te ;  H) connect ion 
for recording. 


