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P R O  E X P E R I M E N T I S  

A R a d i o i m m u n o a s s a y  for D o p a m i n e - f l - H y d r o x y l a s e  U s i n g  a G l a s s - B o u n d  A n t i b o d y  

A solid r a d i o i m m u n o a s s a y  using, an t ibod ie s  t o - s h e e p  
ad rena l  dopamine - f l -hydroxy lase  (EC 1.14.17.1) (DflH) 
and  l~hI-labelled sheep ad rena l  DflH has  been  described1.  
The  p rocedure  has  been  modi f i ed  and  appl ied  to the  
assay  of h u m a n  s e r u m  Dr i l l  3. These  m e t h o d s  u t i l ized  t he  
a d s o r p t i o n  of t he  a n t i b o d y  to  po l y s t y r ene  t u b e s  as 
descr ibed b y  CATT a n d  TREGEAR a. I n  th i s  c o m m u n i c a t i o n  
we descr ibe a new sol id-phase  assay  for b o v i n e  D/~H uti l i -  
zing a n  a n t i b o d y  cova l en t ly  b o u n d  to  glass beads.  This  
assay  can  be  comple t ed  m u c h  fas te r  a n d  offers o the r  
a d v a n t a g e s  in c o m p a r i s o n  to  t he  a s say  r epo r t ed  previous-  
Iy. 

Pur i f i ed  bov ine  Drill, I~hI-DflH and  r a b b i t  an t i s e r a  to  
b o v i n e  Dr i l l  were p r e p a r e d  as descr ibed  p rev ious ly  1,4. 

Preparation o[ tissue/or assay. A 10% h o m o g e n a t e  of 
t he  t i ssue  in 50 m M  Tris buffer  (pH 6.8) c o n t a i n i n g  
0.1% T r i t o n  X-100 was cen t r i fuged  a t  10,000 g a t  0~ 
The  p ro t e ins  in  t he  s u p e r n a t a n t  f r ac t ion  were p r e c i p i t a t e d  
in 80% s a t u r a t e d  (NH~) 2 SO 4 so lu t ion  a t  0~ The  
p r ec ip i t a t e  was  col lected b y  cen t r i f uga t i on  a t  10,000 g 
a n d  dissolved in 0.15 M NaC1. 2 a l iquo ts  of t he  so lu t ion  
were s u b m i t t e d  to t he  r a d i o i m m u n o a s s a y .  

Preparation o] the glass-bound antibody. Control led-  
pore  a r y l a m i n e  glass (1100 ~ pore  d iamete r ,  1-4  # 
ave rage  d iamete r )  was  generous ly  suppl ied  b y  Corning  
Glass  Co., Corning,  New York,  A b o u t  370 m g  of t he  
a r y l a m i n e  glass was  t r e a t e d  w i t h  200 m g  of s o d i u m  
n i t r i t e  in  2 ml  of 2 N HC1 a t  0 ~ w i t h  s t i r r ing.  The  di- 
azot ized  glass was  washed  w i t h  water .  Ant i -D/~H se rum 
(0.5 ml) was a d j u s t e d  to  p H  8.5 w i t h  b o r a t e  buf fe r  a t  
0~ The  d iazot ized  glass was added  in smal l  po r t i ons  
w i t h  s t i r r ing,  and  t he  p H  was m a i n t a i n e d  b y  a d d i n g  0.1 
N NaOH.  The  s lu r ry  was washed  w i t h  w a t e r  a n d  b o r a t e  
buf fe r  b y  a l t e rna t e  cen t r i f uga t i on  a n d  decan t a t i on .  The  
f ina l  p r ec ip i t a t e  was suspended  in suff ic ient  0.01 M 
p h o s p h a t e  buf fe r  p H  7.5 to  p roduce  a mobi le  s lu r ry  on  
v igorous  mixing ,  and  s tored  a t  4 ~ 

Radioimmunoassay. The  buffer  used in these  exper i -  
m e n t s  was  p h o s p h a t e  buffer  (10 m M ,  p H  7.5) c o n t a i n i n g  
0.15 M NaC1 a n d  1% b o v i n e  s e r u m  a lbumin .  In  a t yp i ca l  
assay  a m i x t u r e  of s t a n d a r d  Dr i l l  or t h e  sample ,  t he  glass 
b o u n d  a n t i b o d y  (final d i l u t ion  of 1:32,000) and  40,000 
c p m  of ~25I-DflH was s h a k e n  v igorous ly  and  i n c u b a t e d  for 

16 h a t  room t e m p e r a t u r e .  The_mix tu re  was cen t r i fuged  
and  t he  sedi~n~nt was coun t ed  in a g a m m a  counter .  The  
Dr i l l  c o n c e n t r a t i o n  in t he  t i ssue  e x t r a c t  was ca lcu la ted  
b y  reference to t h e  s t a n d a r d  curve.  In  some s tudies  com- 
par i sons  were m a d e  w i t h  t h e  resul t s  o b t a i n e d  b y  a m e t h -  
od descr ibed p rev ious ly  in which  ti le D/3H a n t i b o d y  was 
coa ted  on po lys ty rene  t ubes  1. 

S t a n d a r d  curves  were cons t ruc t ed  b y  p l o t t i n g  t he  
pe r cen t  12hi-Drill b o u n d  as a f unc t i on  of Dfl H a d d e d  to t h e  
sys tem.  The  F igure  shows resul t s  o b t a i n e d  fol lowing 
para l le l  i ncuba t i ons  for 2 h a n d  16 h, respect ively .  I t  is 
ev iden t  t h a t  the  16 h i n c u b a t i o n  w i t h  t h e  glass b o u n d  
a n t i b o d y  (GBA) resu l ted  in a g rea te r  pe rcen t age  of 
b i n d i n g  a n d  in a g rea te r  r ange  of l i nea r i t y  t h a n  t h a t  
ob t a ined  fol lowing 2 h of i ncuba t ion .  

The  m e t h o d  was appl ied  to t he  assay  of DflH in t he  
b o v i n e  ad rena l  g land  and  in var ious  areas  of t he  bov ine  
b ra in .  A t t e m p t s  to  measu re  DflH levels in t he  b r a i n  
h o m o g e n a t e s  d i rec t ly  were unsuccessful ,  p r e s u m a b l y  
because  of t h e  presence  of in t e r fe r ing  subs tances .  The  
single s tep  of pur i f i ca t ion  b y  the  p rec ip i t a t ion  w i t h  (NH4)2 
SO 4 yields a p r e p a r a t i o n  which  was found  to  be  su i tab le  for 
m e a s u r e m e n t s  of Dr i l l  levels b y  t he  G B A  as well as b y  
t he  a n t i b o d y  coa ted  t u b e  (ACT) procedure .  

I t  is ev iden t  f rom the  d a t a  in t he  Tab le  t h a t  w i t h  t he  
G B A  m e t h o d  h igh  D/?H levels were found  in t he  ad r ena l  
g land  and  in var ious  regions of t he  CNS k n o w n  to  be  
enr iched  w i t h  no rep ineph r ine  cell bodies  and  n e r v e  
end ings  (i.e. locus ceruleus and  h y p o t h a l a m u s ) .  DflH 
levels in the  medu l l a  o b l o n g a t a  were m u c h  lower. Vir-  
t u a l l y  u n d e t e c t a b l e  levels were found  in t i le s t r i a t u m .  I n  
a n o t h e r  e x p e r i m e n t  10 ng  of pur i f ied  Dr i l l  was added  to 
each  t i ssue  e x t r a c t  a n d  the  DflH levels were e s t i m a t e d  b y  
t he  G B A  m e t h o d .  The  increase  in  DflH level  closely 
ref lec ted  t h e  a m o u n t  added.  

1 R. A. RUSH and L. B. GEFFEN, Circulation Res. 31, 444 (1972). 
2 R. P. EBSTEIN, D. H. PARK, L. S. FREEDMAN, S. M. LEVITZ, 

T. OHUCHI and M. GOLDSTErN, Life Sei. 13, 769 (1973). 
K. J. CATT and G. W. TREGEAR, Science J58, 1570 (1957). 

4 M. GOLDSTEIN, in Methods in Neurochemistry (Eds. N. MARKS and 
R. RODNIGHT; Plenum Press, New. York 1972), chapt. 13, p. 317. 
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Standard radioimmunoassay curve for bovine DflH Upper curve 
follows incubation for 16 h; lower curve follows incubation for 2 h. 

Immunoreactive-dopamine-~-bydroxylase levels in bovine adrenal 
medulla and in various regions of the bovine brain 

Tissue I R-DflH (~zg/g tissue) 

GBA~ ACT b 

Adrenal medulla 185.0 360.0 
Hypothalamus 0.56 1.46 
Locus eeruleus 0.46 0.92 
~edulla oblongata 0.17 0.80 
Striatum N.D. ~ 0.46 

Abbreviations used: GBA, glass bound antibody method; ACT, 
antibody coated tube method; N.D., not detectable (less than 
0.1 ~xg/g tissue). ~ The values represent averages of 3 assays -~ 0.5-1% 
SEM. b The values represent averages of 3 assays i 2-5% SEN. 
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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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