
tential in the prejunctional dendrite or a 
local active response in the dendrite of 
the impaled neuron. Too little is known 
about the electrophysiological character- 
istics of neocortical dendrites to resolve 
this issue. 

Our data provide both morphological 
and electrophysiological evidence for 
electrotonic coupling of superficial neu- 
rons in the neocortical slice. This form of 
intercellular communication may also be 
a feature of the neocortex in vivo (18), 
where it could be of great functional sig- 
nificance. It is intriguing that five of the 
dye-coupled aggregates were organized 
in vertically oriented columns, a struc- 
tural arrangement of importance in cur- 
rent concepts of the mechanisms of neo- 
cortical information processing (19). Un- 
der normal conditions, the activities of 
electrotonically coupled neurons might 
not necessarily be highly synchronized, 
since complex interplay between elec- 
trotonic and chemical forms of transmis- 
sion can result in a flexible repertoire of 
intercellular interactions (13, 20) On 
the other hand, in pathological condi- 
tions such as epilepsy, the presence of 
electrotonic connections might be an 
important factor in achieving the charac- 
teristic high degree of neuronal syn- 
chronization. 

MICHAEL J. GUTNICK 
DAVID A. PRINCE 

Department of Neurology, 
Stanford University School of Medicine, 
Stanford, California 94305 
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Identification of Tissue-Specific Nuclear Antigens 

Transferred to Nitrocellulose from Polyacrylamide Gels 

Abstract. Nonhistone protein antigens resolved by electrophoresis in sodium 
dodecyl sulfate were identij?ed immunochemically after being transferred to nitro- 
cellulose. Use of antiserum to dehistonized chromatin from Novikoff hepatoma re- 
vealed numerous protein antigens speciJic to the chromatin of Novikoffhepatoma in 
comparison to that of normal rat liver 

Nonhistone protein antigens specific 
for cell types, both normal and trans- 
formed, have been repeatedly detected 
with the use of antiserums to dehiston- 
ized chromatins from their respective 
sources (1-3). The presence of such spe- 
cific antigens is consistent with a role for 
some of the chromosomal proteins in cel- 
lular differentiation. Procedures for the 
identification, isolation, and character- 
ization of the proteins responsible for the 
immunological specificity are facilitated 
by combining the sensitivity and speci- 
ficity of immunochemistry with the reso- 
lution capability of protein electrophore- 
sis in polyacrylamide gels. Recently 
Towbin et al. (4) reported methods for 
transfer of proteins by electrophoresis 
from polyacrylamide gels to nitro- 
cellulose sheets. By combining this ap- 
proach with a peroxidase antiperoxidase 
(PAP) antigen localization technique (5) ,  
we can now rapidly visualize those non- 
histone proteins exhibiting antigenic ac- 
tivitv. 

The methods for preparation of 
chromatins (6) and antiserum to de- 
histonized chromatin (1) have been de- 
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scribed. The materials include Novikoff 
ascites hepatoma (transplanted in 150- to 
200-g male Sprague-Dawley rats) and 
normal rat liver (excised from healthy 
150- to 200-g male Sprague-Dawley rats). 
The sodium dodecyl sulfate-poly- 
acrylamide gel electrophoresis (SDS- 
PAGE) method (7) was used to separate 
chromatin proteins without extraction or 
enzymatic digestion of the DNA. 
Chromatin samples in deionized water 
and 0.1 mM phenylmethyl sulfonyl fluo- 
ride, at a concentration not exceeding 1 
mglml in DNA as determined by absorb- 
ance at 260 nm, were treated with a Soni- 
fier cell disruptor (model W185) at 70 W 
eight times for 10 seconds each time, 
with the samples being cooled on ice for 
20 seconds between sonications. The 
samples were mixed with 0.9 volume of a 
solution containing 0.139M tris-HC1 @H 
6.8), 4.44 percent SDS (Bio-Rad), 22.2 
percent glycerol, and Pyronine Y at 25 
pg/ml and with 0.1 volume of 2-mercap- 
toethanol; they were then subjected to 
sonication without cooling for 90 sec- 
onds and heating in boiling water for 2 
minutes. The samples were applied to 
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7.5 percent polyacrylamide slab gels 
(0.75 mm thick) and subjected to elec- 
trophoresis (Bio-Rad model 220) at a 
constant current of 5 mA per gel until the 
samples were through the stacking gel (3 
percent polyacrylamide, 1 cm long) and 
then at 10 mA per gel. 

M e r  their separation (Fig. lA), the 
proteins were transferred to nitro- 
cellulose sheets as described for SDS 
gels (4). As can be seen in the amido 
black-stained (8) nitrocellulose sheet in 
Fig. lB, the transferred proteins were 
representative of those in the poly- 
acrylamide gel seen in Fig. 1A. Although 
Towbin et al .  (4) had used peroxidase-, 
fluorescein-, or isotopically labeled sec- 
ond antibodies to detect antigens, we 
adapted the PAP method (5) to this pur- 
pose. The nitrocellulose sheets onto 
which the proteins had been transferred 
were saturated with protein by incubat- 
ing for 1 hour at 4WC in 10 mM phos- 
phate-buffered saline (PBS), pH 7.2, 
containing 3 percent bovine serum albu- 
min and 10 percent calf serum that had 
been heat-inactivated. The same buffer 
was used to make all antiserum dilutions. 
The protein-saturated sheets were in- 
cubated for 1 hour at room temperature 
with dilutions of rabbit antiserum to 
dehistonized chromatin from Novikoff 
hepatoma and then washed for a total of 
30 minutes with five successive 100-ml 
portions of PBS. The nitrocellulose 
sheets were next incubated for 30 min- 
utes with antiserum to rabbit immuno- 
globulin G (Janus Laboratories) diluted 
1: 40 and then washed as above. The fi- 
nal incubations were for 20 minutes in 
rabbit PAP (Miles Biochemicals) diluted 
1:200. After the sheets were again 
washed as above, antigenic bands were 
stained in 50 rnM tris-HCI b H  7.5),3,3'- 
diaminobenzidine (0.3 mglml), and 0.005 
percent hydrogen peroxide. 

The first two lanes of Fig. 1C show the 
localization of the antigenic protein 
bands in Novikoff hepatoma and in nor- 
mal rat liver chromatins with antiserum 
to dehistonized chromatin from Novikoff 
hepatoma; because the antiserum was to 
Novikoff hepatoma chromatin, all anti- 
genic activity in liver is necessarily a 
subset of that in Novikoff hepatoma. 
Even though many antigens appear to be 
common to both Novikoff and liver 
chromatins, a few bands, primarily those 
migrating with molecular weights of less 
than 94,000, are specific to Novikoff 
chromatin. 

The second two lanes of Fig. 1C show 
the localization of antigenic proteins 
when the above antiserum is adsorbed 
with chromatin from normal liver. Nu- 

2 JANUARY 1981 

Fig. 1. (A) Electrophoretic separation in SDS of (lane 1) proteins from Novikoff ascites hepa- 
toma chromatin (25 pg as DNA), (lane 2) proteins from normal rat liver chromatin (25 pg as 
DNA), and (lane 3) molecular weight standards (Bio-Rad) myosin (200,000), 8-galactosidase 
(1 16,500), phosphorylase B (94,000), bovine serum albumin (68,000), and ovalbumin (43,000). 
(B) Samples duplicating those in (A), after electrophoretic transfer from a polyacrylamide gel to 
a nitrocellulose sheet. The two heavily stained bands migrating near the dye front are HI his- 
tones. (C) Immunochemical localization reaction of electrophoretically separated and trans- 
ferred proteins from (lane 1) Novikoff ascites hepatoma chromatin (25 fig as DNA) with anti- 
serum to Novikoff dehistonized chromatin diluted 1 : 200, (lane 2) normairit liver chromatin (25 
u p  as DNA) with antiserum as in lane 1. (lane 3) Novikoff ascites hevatoma chromatin (25 UR as . - . . -  
DNA) with -antiserum as in lane 1 adsorbed with normal rat liver chromatin (200 d m 1  as DNA), 
and (lane 4) normal rat liver chromatin (25 pg as DNA) with antiserum as in lane 3. 

merous antigens show determinants that 
are specific to the proteins of Novikoff 
chromatin in comparison with the pro- 
teins of liver chromatin. However, an in- 
tense band in the Novikoff chromatin, 
migrating with an apparent molecular 
weight of about 80,000, does not localize 
after adsorption of the antiserum. This 
suggests either that the protein is com- 
mon to the two tissues but in greatly dif- 
fering quantities or that the antigenic de- 
terminant is present on another protein 
in the liver chromatin. Many bands (par- 
ticularly those migrating with apparent 
molecular weights between 100,000 and 
200,000) appeared to be antigenically 
common to both Novikoff and liver 
chromatins before adsorption (Fig. lC, 
lanes 1 and 2), but after being adsorbed 
with liver chromatin (Fig. lC, lanes 3 
and 4), they showed activities specific to 
Novikoff. This suggests that many com- 
mon nonhistone proteins (thus possess- 
ing potential determinants common to 
several tissues) may be differentially 
modified between tissues to produce an- 
tigenic determinants that are tissue-spe- 
cific. 

We have been able. to identify non- 
histone protein antigens separated by 
SDS-PAGE and to determine those that 
are specific for cell type by elactro- 
phoretically transfemng them to, and 

immunochemically localizing them on, 
nitrocellulose sheets. Although immuno- 
electrophoresis can be used to separate 
and identify many protein antigens, it 
cannot be used to identify antigens that 
form nonprecipitating complexes with 
antibodies. Since such complexes have 
often been observed with antiserums to 
nonhistone proteins (3), our methods for 
identifying antigens, including those that 
are nonprecipitating; are of great value. 

Because these methods allow direct 
correlation of antigenic activities to ap- 
parent protein molecular weights, infor- 
mation useful in the purification of anti- 
gens is immediately obtained. They also 
provide a rapid and sensitive means of 
monitoring the fractionation of numer- 
ous antigens simultaneously. Other elec- 
trophoretic techniques (such as isoelec- 
tric focusing and two-dimensional sepa- 
ration), when used with the transfer and 
localization methods, should contribute 
additional information on the properties 
and specificities of nonhistone protein 
antigens. 
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Pituitary Intermediate Lobe in Dog: Two Cell 
Types and High Bioactive Adrenocorticotropin Content 

Abstract. The pituitary intermediate lobe of most species is cytologically monoto- 
nous, but that of the dog is composed of two immunocytochemically distinct cell 
types. The predominant A cells are typical pars intermedia cells: they stain immuno- 
cytochemically for a-melanotropin and, more weakly, for adrenocorticotropin and P- 
lipotropin. The B cells are like the corticotrophs of the anterior lobe: they stain in- 
tensely for adrenocorticotropin and 0-lipotropin but not for a-melanotropin, The B 
cells may account for the high concentration of bioactive adrenocorticotropin mea- 
sured in the canine pars intermedia, and may explain why in dogs adenomas causing 
Cushing's disease through hypersecretion of adrenocorticotropin can arise from the 
intermediate as well as the anterior pituitary lobe. 

Recent studies have greatly clarified 
the biogenesis of adrenocorticotropin 
(ACTH). It is now evident that ACTH 
and P-lipotropin (P-LPH) are cleaved 
from a common precursor glycoprotein 
molecule (variously termed pro-ACTHI 
endorphin, pro-opiocortin, pro-cortico- 
melanotropin, and pro-corticolipotropin) 
( I ) .  In the corticotrophs of the hypo- 
physial pars distalis (PD) the pro- 
hormone is predominantly processed to 
authentic ACTH [ACTH(l-39)], 0-LPH, 
and variable amounts of y-LPH and P- 
endorphin (2). In the pars intermedia (PI) 
of species thus far studied (rat, cow, and 
pig), ACTH(1-39) is N-acetylated and 
then cleaved into an NH,-terminal tri- 

decapeptide that, upon subsequent C- 
amidation, yields a-melanotropin (a-  
MSH); concomitantly, ACTH(18-39) 
(corticotropin-like intermediate lobe 
peptide, CLIP) is formed from the 
COOH-terminal portion of ACTH(1-39). 
P-LPH is also further processed in the PI 
to ,&endorphin (the 3 1 COOH-terminal 
amino acids of P-LPH) and its metabo- 
lites (3). In the PI, therefore, ACTH and 
P-LPH appear to serve as intermediates 
in the biosynthetic pathway to a-MSH 
and 0-endorphin, respectively. Since bi- 
ological activity of ACTH, in a potency 
comparable to that of ACTH(1-39), min- 
imally requires the sequence ACTH(1- 
18), it is not surprising that little bioac- 

Table 1. Immunostaining of the dog hypophysis for ACTH and its biosynthetic congeners. 
Glands were fixed in Bouin's fluid, embedded in paraffin, and sectioned at 5 pm. Pituitary 
peptides were demonstrated with the unlabeled antibody-peroxidase-antiperoxidase technique 
(9). The antibody dilutions used were 1 : 9000 for antibody to ACTH, 1 : 3000 for antibody to 6-  
LPH, and 1 : 1000 for antibody to a-MSH. The 
antibodies were applied to the sections for 24 Cell type ACTH 6-LPH* LU-MSH 
hours at 4"C, and the sites of antigen-antibody 
interaction demonstrated with 3,3'-diamino- Pars distalis +++ +++ -- 
benzidine (30 mglml) in the presence of 0.05 corticotro~hs 
percent hydrogen peroxide as the chromogen. Pars h k ~ m e d i a  
In control experiments we substituted normal A cells + + ++ 
rabbit serum for the immune serums, and ab- B cells +++  +++ -- 
sorbed the antibodies with the appropriate 
antigens pglml) for 48 hours before apply- *We have confirmed, in all species studied, that cells 

staining for ACTH also stain for p-LPH (10). No 
ing them to the slides. Only staining abolished component of the dog hypophysis stained, at dilu- 
bv such incubation of the antibodv with the tions of 1 : 9000 and 1: 3000, with an antibody against 
a&gen was considered specific, ~h~ number human p-endorphin that stained the PI of rats and 

the PD corticotrophs of cats reliably, PD cortico- 
plus signs indicates the intensity trophs of rats and mice erratically, and those of hu- . . 

staining. man beings not at all. 
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tive ACTH has been found in the PI of 
rats (4, 5). Inability of the rat PI to main- 
tain the structure and function of the ad- 
renal cortex after removal of the PD also 
indicates that the PI does not secrete 
physiologically significant amounts of 
bioactive ACTH (6). 

It is of interest that Cushing's disease, 
that is, hypercortisolism due to exces- 
sive secretion of ACTH, can occur in 
dogs in association with tumors of the PI 
as well as the PD (7). Among 11 dogs 
with Cushing's disease associated with 
pituitary adenomas that we have thus far 
examined, eight had tumors of the PD 
and three of the PI. The fact that tumors 
secreting bioactive ACTH can arise from 
the canine PI suggested to us that the PI 
of this species may fundamentally differ 
from that of others such as the rat. We 
have therefore studied the canine PI (i) 
by immunocytochemistry (ICC) for 
ACTH and other derivatives of the pro- 
hormone molecule, (ii) by bioassay for 
ACTH, and (iii) by radioimmunoassay 
(RIA) for ACTH combined with phys- 
icochemical characterization of the reac- 
tive molecular species. 

The dog hypophyses used were from 
18 adult male and female German shep- 
herds and Labrador retrievers, five of 
which were studied by ICC. For ICC 
comparison pituitaries were obtained 
from five rats, five mice, four cats, six 
rhesus monkeys, and nine human beings 
who had died from nonendocrine dis- 
eases. The antibodies used were the fol- 
lowing. (i) Antibody to midportion 
ACTH (West) (supplied by the 
NIAMDD Hormone Distribution Pro- 
gram), which reacts with ACTH(1-39) 
and ACTH(l1-24) on an equimolar 
basis, but not with a-MSH, P-MSH, 
ACTH(1-lo), or ACTH(17-39). (ii) Anti- 
body to human P-LPH whose antigenic 
determinant resides in the NH,-termi- 
nal(1-36) sequence and which reacts 
with P-LPH and y-LPH on an equimolar 
basis (8); although this antibody shows 
only partial cross-reaction with dog 0-  
LPH, its cross-reactivity is sufficient for 
ICC. (iii) Antibody to a-MSH (supplied 
by H. Vaudry) that cross-reacts, when 
tested by RIA, less than 0.2 percent with 
human and porcine (p) ACTH(1-39), 
ACTH(1-lo), and ACTH(1-16)-NH,, 
and not at all with p-LPH or P-, y-, or a -  
endorphin (5). 

By ICC we found that in dogs, as in 
other species, the PD corticotrophs 
stained with the antibody to ACTH, and 
a very few of them stained with the anti- 
body to a-MSH. In the canine PI we 
found two distinct cell types (Table I): A 
cells, which comprised more than 90 per- 
cent of the cell population, and B cells, 
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