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ABSTRACT Antibodies directed against membrane components of dog pancreas rough endo- 
plasmic reticulum (A-RER) and rat liver Golgi apparatus (A-Golgi) (Louvard, D., H. Reggio, and 
G. Warren, 1982, J. Cell Biol. 92:92-107) have been applied to cultured rat prolactin (PRL) cells, 
either normal cells in primary cultures, or clonal GH3 cells. In normal PRL cells, the A-RER 
stained the membranes of the perinuclear cisternae as well as those of many parallel RER 
cisternae. The A-Golgi stained part of the Golgi membranes. In the stacks it stained the medial 
saccules and, with a decreasing intensity, the saccules of the trans side, as well as, in some 
cells, a linear cisterna in the center of the Golgi zone. It also stained the membrane of many 
small vesicles as well as that of lysosomelike structures in all cells. In contrast, it never stained 
the secretory granule membrane, except at the level of very few segregating granules on the 
trans face of the Golgi zone. In GH3 cells the A-RER stained the membrane of the perinuclear 
cisternae, as well as that of short discont inuous flat cisternae. The A-Golgi stained the same 
components of the Golgi zone as in normal PRL cells. In some cells of both types the A-Golgi 
also stained discontinuous patches on the plasma membrane and small vesicles fusing with 
the plasma membrane. 

Immunostaining of Golgi membranes revealed modif ications of membrane f low in relation 
to either acute st imulation of PRL release by thyrol iberin or inhib i t ion of basal secretion by 
monensin. 

The involvement of  the rough endoplasmic reticulum (RER) 
and the Golgi apparatus in the secretory pathway of prolactin 
(PRL) was originally proposed by Smith and Farquhar (17) on 
the basis of Palade's concept of the secretory process (13). This 
was first suggested by the ultrastructural organization of rat 
PRL cells in the lactating rat (17) and further supported by 
quantitative autoradiographic analysis of pulse-chase experi- 
ments performed on prolactin cells (5, 16, 19). Most recently, 
immunocytochemistry has permitted the detection of the secre- 
tory product within both membrane compartments in normal 
prolactin cells in primary culture (22), as well as in the tumoral 
prolactin cell line GHa (23, 24). In the latter cell type, electron 
microscopic studies have been used to follow the ultrastructural 
modifications resulting from stimulation of  hormonal release 

by a specific ligand, the hypothalamic tripeptide "TRH" (thy- 
rotropin-releasing hormone). Such modifications included an 
extension of the Golgi zone with a proliferation of smooth 
vesicles in the Golgi region and beneath the plasma membrane 
(8, 20). 

Data concerning the biochemistry of RER membranes and 
Golgi membranes are still lacking in PRL cells as well as in 
many other endocrine cells. Since specific antibodies directed 
against membrane components of dog pancreas RER and rat 
liver Golgi apparatus were very recently obtained by Louvard 
et al. (10), it was of great interest to apply these antibodies to 
rat prolactin cells. Such immunological tools would moreover 
permit one to follow modifications induced in the organization 
of  these compartments in relation to stimulation of  prolactin 
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secretion. 

MATERIALS AND METHODS 

Cell Cultures 

PRIMARY CULTURES: CeLLs were obtained by enzymatic dispersion of 
normal male Wistar rat (200-g weight) anterior pituitaries as previously described 
(22). For experiments, 4 × 105 ceils were plated per 35-mm plastic tissue culture 
dish (Falcon, Becton Dickinson, Grenoble, France) in 2 ml of culture medium 
composed as follows: Ham's FI0 solution supplemented with charcoal-dextran- 
treated (3) horse serum (10%) and fetal calf serum (2.5%), antibiotics, and 4 x 
10 -8 M 17 fl-estradioL Cultures were maintained at 37°C in 5% CO2 in air, and 
medium was renewed after 4 d and then after 2 d. Cultures were used after 7 d. 

OH3 CELLS: Experiments were performed with GHs/B6 ceils, a subelone of 
GH3 ceils (7). The ceUs are routinely grown in Ham's F 10 medium supplemented 
with 15% horse serum and 2.5% fetal calf serum. For experiments, 1 x 10 s ceils 
were plated per 35-ram culture dish in 2 ml of culture medium and were grown 
at 37°C in 5% CO2 in air for 6 d. Experiments were performed 20-24 h after the 
last medium change. 

Cell Treatment 
Cultures were rinsed with previously warmed F 10 solution and then incubated 

at 37 °C in a controlled atmosphere (5% CO2 in air) with I ml of F I 0 supplemented 
or not with 27 nM synthetic TRH (Calbiochem-Behring Corp., American Hoechst 
Corp., San Diego, CA) for 30 rain to 4 h (primary cultures) or for I h (GH3 ceils). 

Some dishes were preincubated for 15 rain in 1 ml of F l0  supplemented with l 
/~M monensin (sodium-salt, Calbiochem-Behring Corp.) and then incubated in I 
ml of FI0  supplemented with 1/~M monensin in the presence or absence of 27 
nM TRH. 

At the end of incubation periods, the medium was collected for radioimmu- 
noassay of PRL as previously described (24). Cells were rapidly rinsed with F10 
medium and fLxed in situ. 

Immunocytochemical Procedure 
Primary cultures were fixed in situ with 0.4% giutaraldehyde in 0.01 M 

phosphate-buffered saline (PBS) with 2 mM MgC12 and 0.08M NaC1, pH 7.4, 
according to Ohtsuki et al. (12) for 15 min at 4°C as previously described (22). 
GI-Ia cells were fixed in situ with a mixture of 2% formaldehyde, 0.05% glutaral- 
dehyde in Sorensen buffer for i h at 4°C as previously described (24). After 
washing in the same buffer, cells were permeabilized with 0.05% saponin (primary 
cultures) or with 0.03% saponin (Gila cells) in 0.01 M PBS at room temperature 
for 30 rain. The immunocytochemical staining was performed directly in the 
culture dishes as previously described (22, 24), using the indirect immunoperox- 
idase technique. Saponm (0.05% or 0.03%) was added to antisera and rinsing 
solutions. Cells were incubated in immlmoglobulin fractions purified from spe- 
cific immunsera raised in rabbits against Golgi and RER membranes (0.1 mR/m1 
and 0.2 mg/ml, respectively) for 1½ h at room temperature, washed in PBS for 
30 rain, and incubated with peroxidase-labeled sheep antibodies against rabbit 
immunoglobulins (Institut Pasteur, Pads) for l½ h at room temperature. After 
washing, cells were fLxed with 1% glutaraldehyde in 0.2 M cacodylate buffer, pH 
7.4, for 30 rain at 4°C and washed in the same buffer. After the peroxidase 

FIGURE 1 A normal prolactin cell in primary culture immunochemically stained with anti-RER antibodies. The anti-RER antibodies 
labeled parallel rows of linear f lattened cisternae (arrows) as well as the perinuclear cisterna (double arrows). The plasma 
membrane, the membrane of secretory granules, and the smooth saccules of the Golgi apparatus (G) were completely free of 
reaction product. The arrowhead indicates a possible transitional element between RER and Golgi saccules which is slightly 
stained. Bar, I #m. x 15,000. 
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visuaLization according to Graham and Karnovsky (9), ceils were postfLxed in 1% 
osmium tetroxide, dehydrated, and embedded in situ in Epon according to 
Brinkley et al. (2). Immunoreactive ceils were located under the light microscope 
and photographed. Sdeeted zones were cut with a warm punch and mounted on 
Araldite blocks, as previously described (15), and sectioned in a horizontal 
direction. Ultrathin sections were examined by electron microscopy without 
further staining. 

A n t i b o d i e s  to RER a n d  Golgi  C o m p l e x  

The preparation of antibodies to microsomai and Oolgi fractions was described 
in detail by Louvard et al. (10). The antibodies were obtained in rabbits 
immunized with purified membrane fractions of rough microsomes from dog 
pancreas or Golgl vesicles from rat liver. Unwanted antibodies raised to compo- 
nents other than those unique to either RER or the Golgi complex were removed 
by suitable absorption steps. The purified antibodies to Golgi membranes were 
found to be directed almost entirely against a single polypeptide with an apparent 
molecular weight of 135,000 and the purified antibodies to RER were directed 
against four polypeptides with molecular weights of 29,000, 58,000, 66,000, and 
91,000 (10). 

RESULTS 

I M M U N O C Y T O C H E M I C A L  V I S U A L I Z A T I O N  OF THE 

RER A N D  G O L G I  A P P A R A T U S  

P r i m a r y  Cu l t u res  

ANTIBODIES SPECIFIC FOR THE RER: At the l ight micro-  
scopic level, these an t ibodies  labeled numerous  l inear  structures 
present  in the  cytoplasm of  g landular  ceUs and  of  f ibroblasts  in 
p r imary  cultures. Moreover ,  the  per iphery  o f  the  nucleus was 
well de l ineated  by  the b rown  react ion product .  

At  the  electron microscopic level, prolac t in  cells, wi th  large 
and  po lymorphous  secretory granules,  were easy to identify in 
the  smal l  clusters o f  g landu la r  cells. T h e  a n t i - R E R  ant ibodies  
labeled paral lel  rows o f  linear, f la t tened cisternae as well as the 
per inuclear  cis ternae (Fig. l). R ibosomes  were not  s ta ined an d  
therefore  were difficult  to identify on  the outer  face of  the  
m e m b r a n e  o f  these cisternae. Nevertheless,  the dis t r ibut ion of  

the  s ta ined cisternae corresponds  very well to the organiza t ion  
o f  the  rough  endoplasmic  cis ternae as previously identif ied by 
conven t iona l  e lectron microscopy (17). It was difftcult  to de-  
t e rmine  on  which  face o f  the m e m b r a n e  the react ion product  
was located. Othe r  ceUular structures, part icular ly the p lasma 
m e m b r a n e ,  the  m e m b r a n e  o f  secretory granules,  and  the  stacks 
o f  the smooth  saccules of  the  Golgi  zone, were completely free 
o f  react ion p roduc t  (Fig. 1). 

ANTIBODIES SPECIFIC FOR THE GOLGI APPARATUS: 

Basal Conditions of PRL Secretion: At the light micro-  
scopic level, these ant ibodies  labeled numerous  small  spots 
scat tered in the cytoplasm of  the cells bu t  were more  a b u n d a n t  
in a large area near  the nucleus. The  label ing was more 
intensive in g landular  cells than  in f lat tened fibroblasts  (Fig. 
2). 

At  the electron microscopic level, the ant i -Golgi  ant ibodies  
clearly labeled smooth  m e m b r a n e s  of  the Golgi  zone in glan- 
dular  cells. In PRL  cells, most  but  not  all o f  the Golgi  saccules 
were labeled in stacks. In general,  the s ta ining intensi ty was 
m a x i m u m  on medial  saccules and  progressively decreased on  
the saccules of  the t rans side (Fig. 3). In  some cells, a few l inear  
cisternae were labeled in the core of  the Golgi  zone. In addi t ion,  
m a n y  but  not  all vesicles were s ta ined (Fig. 3). The  react ion 
product  appeared  to be a t tached to the inner  face of  the 
membrane ,  in these structures. A positive reaction was also 
observed on  per ipheral  as well as inner  m e m b r a n e s  of  lyso- 
somelike structures, and  within some mult ivesicular  bodies. In 
contrast ,  the  membranes  of  secretory granules  were never  
s ta ined except for m e m b r a n e s  o f  a very few segregating secre- 
tory granules  (Fig. 4). In some cells, discrete areas of  the p lasma 
m e m b r a n e  were under l ined  with react ion product  and  a small  
n u m b e r  o f  small  vesicles benea th  the p lasma m e m b r a n e  could 
be seen. 

The  rough endoplasmic  re t iculum including the nuclear  

FIGURE 2 A primary culture immu- 
nochemically stained with anti-Golgi 
antibodies. These antibodies labeled 
numerous small spots scattered in the 
cytoplasm of the cells but more 
abundant in a large area (arrow- 
heads) near the nucleus. The labeling 
was more intensive in glandular cells 
(arrows) than in f lattened fibroblasts 
(double arrows), x 600. 
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FiGure 3 A normal prolactin cell immunochemically stained with anti-Golgi antibodies. The anti-Golgi antibodies labeled the 
smooth membrane of most but not all of the saccules in the Golgi zone (G). The staining intensity was maximum on medial 
saccules (arrows) and progressively decreased on the saccules of the trans side. Some cisternae (double arrows) were labeled in 
the core of the Golgi zone as well as many but not all vesicles in this region (arrowheads). A positive reaction was also observed 
on peripheral as well as inner membranes of lysosomelike structures (/.). In contrast the membrane of secretory granules (sg) was 
not stained. The RER cisternae including the perinuclear cisterna were unlabeled. Bar, 1/~m. x 10,000. 

membrane was not labeled, nor were the mitochondria or the 
nuclear matrix. In control experiments using normal rabbit 
immunoglobulins, there was no labeling of any cellular struc- 
tures. 

Effects of TRH or Monens in :  The stimulation of PRL 
secretion by TRH or its inhibition by monensin have been 
assayed by PRL radioimmunoassay (data not shown). In some 
cells TRH treatment induced an extension of the Golgi zone 
within 1 h. The most striking effect consisted of an increased 
number of immunoreactive small vesicles in the Golgi zone, as 
well as in the cytoplasm and beneath the plasma membrane 
(Fig. 4). In these stimulated cells the plasma membrane was 
dotted with numerous patches of reaction product (Fig. 4). 
After monensin treatment the anti-Golgi antibodies labeled the 
membrane of large and dilated vacuoles (see Fig. 9 a). 
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GHa Cells 

ANTIBODIES SPECIFIC FOR THE r e r :  At the light micro- 
scopic level, these antibodies labeled some short elongated 
structures in the cytoplasm of GH3 cells as well as the nuclear 
periphery (Fig. 5 a). 

At the electron microscopic level, the anti-RER antibodies 
labeled short and discontinuous cisternae as well as the peri- 
nuclear cisteruae (Fig. 6). The distribution of these cisternae 
corresponds very well to the organization of the RER of GH3 
cells, as already described using conventional electron micros- 
copy (8). As in normal prolactin cells, the other cell structures 
were completely free of reaction product. There was no evident 
effect of TRH or monensin on the organization of the immu- 
nocytochemicaUy labeled RER cisternae of GH3 cells. 



FIGURE 4 A normal prolactin cell exposed to TRH for 2 h immunochemically stained with anti-Golgi antibodies as in Fig. 3. In this 
cell, which contained a low amount of secretory granules (sg), TRH treatment induced an extension of the Golgi zone and an 
increased number of immunoreactive small vesicles in this zone as well as in the cytoplasm and beneath the plasma membrane 
(arrowheads). Moreover, the plasma membrane was punctuated by numerous patches of reaction product. Bar, 1 /~m. X 16,000. 
Inset: At a higher magnification, on the trans face of this Golgi zone, the membrane of segregating secretory material (arrow) was 
slightly underlined with reaction product whereas the membrane of an adjacent segregating secretory granule (double arrow) was 
not stained. Bar, 1 ~tm. X 26,000. 

ANTIBODIES SPECIFIC FOR THE GOI_GI APPARATUS; 

Basal Cond i t ions  of  PRL Secretion: At  the l ight  micro-  
scopic level, these antibodies labeled, in OH3 cells as in normal 
prolactin cells, numerous small spots scattered in the cytoplasm, 

most abundantly near the nucleus (Fig. 5 b). 
At the electron microscopic level, the anti-Golgi antibodies 

labeled the Golgi zone of GHa ceils, which is apparently 
composed of several units, at least in thin sections (8). In any 
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FIGURE 5 GHa cells immunochemically stained with anti-RER antibodies (a) and with anti-Golgi antibodies (b). (a) The anti-RER 
antibodies labeled clearly some short elongated structures in the cytoplasm as well as the nuclear membrane (arrows). N, nucleus. 
X 1,200. (b) The anti-Golgi antibodies labeled numerous small spots scattered in the cytoplasm, but most abundantly in a large 
area (arrows) near the nucleus (N). x 1,200. 

Golgi unit the smooth membranes of most, but not all, Golgi 
saccules were labeled. The most intense staining was generally 
observed on the medial saccules, although this was less evident 
than in normal PRL cells. The trans and cis sides of the Golgi 
zone are difficult to define in GH3 cells. In addition, the 
membranes of many of the small vesicles in this region were 
also stained (Fig. 7). Reaction product was also found in the 
same structures as in normal prolactin cells, i.e., on the mem- 
branes of small vesicles beneath the plasma membrane, and on 
the membranes of  lysosomelike structures and of multivesicular 
bodies. In the two latter structures the reaction product was 
apparently localized on the inner face of the limiting membrane 
as well as on inner membrane whorls or vesicles. 

Effects o f  TRH or Monensin: As reported for primary 
cultures the effects of  TRH or monensin on PRL secretion 
have been controlled using PRL radioimmunoassay (25) (data 
not shown). Treatment with TRH induced modifications in the 
organization of the immunocytochemically labeled Golgi 
membranes. After I h, in many cells an extension of the Golgi 
zone was observed as previously seen by conventional electron 
microscopy (8). Concomitantly, the number of the immuno- 
reactive small vesicles dispersed in the cytoplasm increased, 
particularly beneath the plasma membrane (Fig. 8 a). More- 
over, some of these vesicles were observed fusing with the 
plasma membrane (Fig. 8 b). 

In monensin-treated cells, the anti-Golgi antibodies labeled 
the membrane of numerous and large dilated vacuoles as well 
as some undilated elongated structures in the disorganized 

Golgi region (Fig. 9 b). Beneath the plasma membrane, some 
immunoreactive small vesicles or larger vacuoles were ob- 
served. Moreover, monensin did not prevent the increase in 
number of small immunoreactive vesicles induced by TRH 
treatment in the Golgi region and beneath the plasma mem- 
brane. 

D I S C U S S I O N  

Antibodies directed against membrane components of dog 
pancreas RER and against those of rat liver Oolgi apparatus 
have been applied for the first time to rat endocrine cells that 
secrete P R L  We have shown that they label the membrane of 
RER and part of the Golgi membranes in both normal and 
tumoral PRL cells. Such findings are in agreement with pre- 
vious observations (10) indicating that the antibodies against 
RER label this structure in all cells tested, regardless of species, 
whereas the A-Golgi antibodies only label the Golgi zone in 
cells that originate from rodents. The labeling with each type 
of antibody is very specific as there is no evidence of overlap 
between the two membrane compartments that are stained. 
This specificity is the result of suitable absorption steps and 
has been shown to correspond to the recognition of distinct 
polypeptides (10). Therefore, the present findings provide di- 
rect evidence for a biochemical specificity of intracellular 
membranes in a secretory cell. The distribution of antigenic 
sites with respect to a membrane bilayer cannot be established 
using the immunoperoxidase technique described above and 
polyclonal antibodies. 
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FiGUre 6 A GHacell immunochemically stained with anti-RER antibodies. Theanti RERantibodieslabeledshortanddiscontinuous 
cisternae (arrows) as well as the perinuclear cisterna (double arrows). The plasma membrane and the membrane of the smooth 
saccules of the Golgi apparatus (G) were completely free of reaction product. Bar, 1 #m. x 12,000. 

Since normal PRL cells have often been proposed as a model 
for the transport and packaging of secretory proteins (4, 6), it 
is of interest to relate the present immunocytochemical findings 
to previous data obtained by other approaches on the same cell 
type. As concerns the RER, which displays very typical features 
in these cells, there is a complete agreement between pictures 
obtained by immunostaining of RER membranes, by conven- 
tional electron microscopy (14, 17), and by immunostaining of 
intracisternal PRL (22). All RER cisternae seemed to be visu- 
alized by the A-RER antibodies. The antigenic sites appeared 
to be localized preferentially on the inner face of the mem- 
branes. However, ribosomes were hard to identify because of 
the intensity of the peroxidase reaction. It was, therefore, 
difficult to determine precisely whether the transitional ele- 
ments between RER and Golgi zone were labeled or not. 
Labeling of such elements as illustrated in Fig. 1 was very rare. 

The Golgi zone of normal PRL cells has a typical appear- 
ance. As seen by conventional electron microscopy it is large, 

rounded, and limited by several stacks of saccules. In its core, 
small granules arising within the inner Golgi cisternae aggre- 
gate to form mature secretory granules (17). The presence of 
PRL has been immunocytochemically revealed within the sac- 
cules as well as in masses of condensing secretory material, 
depending on the method used (22). Moreover, acid phospha- 
tase activity has been cytochemically visualized within one or 
two of the transmost cisternae, as well as in an inner cisterna 
located a short distance from the trans face of the stacks which 
corresponds to the "GERL" as defined by Novikoff and No- 
vikoff (l 1). In that cisterna as well as in the innermost saccule, 
the enzyme reaction product was often found associated with 
masses of condensing secretory material (17, 22). Compared to 
these data, it is clear that the A-Golgi antibodies labeled only 
part of the Golgi membranes. This can be related to the origin 
of these antibodies, which have been raised against a light 
Golgi fraction of rat liver that is believed to consist largely of 
secretory vacuoles from the trans side (l, 6). In view of the 
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FIGURE 7 A GH3 cell immunochemically stained with anti-Golgi antibodies. The anti-Golgi antibodies labeled the smooth 
membrane of most, but not all, saccules of the Golgi zone (G). The most intense staining was observed on the medial saccules 
(arrows). Reaction product was also found on many of the small vesicles in this region and beneath the plasma membrane 
(arrowheads). The membrane of lysosomelike structures (L) was labeled as well as their inner membrane whorls. Bar, 1 ~tm. x 
13,500. 

well-recognized heterogeneity of Golgi membranes and of the 
big differences in organization between liver cells and anterior- 
pituitary cells, such a partial labeling is not surprising. Of great 
interest, however, is the fact that the A-Golgi antibodies labeled 
several components of the Golgi zone or its derivatives: medial 
saccules of the trans face; a few linear cisternae in the core of 
the Golgi zone (in some cells); many small vesicles and lyso- 
somes, which are particularly numerous in cultured PRL ceils. 
The typical topography of  the GERL cisternae was not well- 
preserved by our ftxation and permeabilization conditions but 
a slight labeling of  these membranes with A-Golgi antibodies 
cannot be excluded. The staining intensity, in this case, seemed 
much less than that of  median-saccule and lysosomal mem- 
branes. Further technical progress allowing simultaneous de- 
tection of both membrane antigens and acid phosphatase ac- 
tivity would be needed to clarify this point. All these immu- 
nocytochemical observations suggest that these membrane do- 

mains possess a major antigen (mol wt 135,000) in common. 
Further studies with monoclonal antibodies will permit more 
refined identification of these components. In addition and as 
already observed in NRK ceils (10), discrete areas of  the 
plasma membrane were also labeled with the A-Golgi anti- 
bodies and positive vesicles were sometimes seen fusing with 
the plasma membrane. This suggests that some of  the labeled 
vesicles may play a role in the transport of  material from the 
Golgi zone to the cell surface. 

In contrast, the A-Golgi antibodies did not label the secretory 
granule membrane. One cannot exclude the possibility that the 
fixative did not equally permeate all intracellular membranes. 
However, the presence of discrete positive membrane staining 
at the level of a very few segregating granules speaks in favor 
of a change in membrane composition at an early step in the 
packaging of secretory granules. 

When applied to GH3 cells, the two immunological probes 
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FIGURE 8 GH3 cells exposed to [RH for 1 h immunochemically stained with anti-Golgi antibodies as in Fig. 7. (a) TRH treatment 
induced an extension of the Golgi zone (G) and an increased number of immunoreactive small vesicles (arrowheads) dispersed 
in the cytoplasm and beneath the plasma membrane. Bar, 1 p.m. x 13,500. (b) Same material at a higher magnification. Some 
immunoreactive small vesicles (arrows) were observed fusing with the plasma membrane. The membrane of multivesicular bodies 
(MVB) was labeled as well as their inner vesicles. Bar, 1 p.m. x 36,000. 
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gave results consistent with those obtained by conventional 
electron microscopy (8) and by immunocytochemical visualiza- 
tion of  intracisternal PRL (24). Moreover, there is a good 
homology for the distribution of membrane components in 
both normal and tumor-derived prolactin cells. 

An important aspect of the usefulness of the immunological 
probes concerns their application to PRL cells undergoing 
alteration of their secretory activity. Under acute stimulation 
of PRL release by TRH, the A-Golgi antibodies revealed in 
both normal and tumor-derived PRL cells an extension of the 
Golgi zone with an increase in number of small vesicles dis- 
persed in the cytoplasm and beneath the plasma membrane. 
This is in favor of an increased membrane flow, which is 
consistent with previous studies using other approaches (8, 21). 
Morphometric studies would be needed to ascertain this con- 
clusion. An increased number of PRL-loaded small vesicles 
has also been previously observed in TRH-treated ceils (24). 
Whether the A-Golgi-labeled vesicles are also loaded with 
PRL remains to be demonstrated. 

The origin of monensin-induced vacuoles with respect to 
Golgi subcompartments remains a matter of speculation. This 
drug, which is known to perturb Golgi traffic (18), also affects 
PRL secretion in GH3 cells (25). Under these conditions the 
membrane compartment stained by A-RER antibodies was not 
affected, whereas A-Golgi antibodies labeled the membranes 
of the dilated vacuoles that accumulate in the perinuclear area 
as well as elongated cisternae (Fig. 9 b). After PRL immuno- 
staining, most of the monensin-induced vacuoles were labeled. 
On the contrary,, acid phosphatase activity was restricted to 
lysosomes, dense bodies, and to some discontinuous elongated 
cisternae undilated by monensin (25). In conclusion, the A- 
Golgi antibodies labeled both a monensin-sensitive and less- 
sensitive smooth membrane compartments. 

In conclusion, the antibodies directed against membrane 
components of the RER and of the Golgi zone appear to be 
useful tools in the analysis of membrane traffic in connection 
with the flow of secretory products in PRL cells. They provide 
new direct evidence for a sorting of membrane components in 
the Golgi zone: the 135-kdalton protein is directed to lysosomes 
and plasma membrane but not secretory granule membranes. 
It is known that the sorting of secretory material (PRL) and 
lysosomal hydrolases occurs at the same location (4, 6, 24). The 
present work suggests that more refined immunological tools 
will permit further analysis of the role of the Golgi zone in the 
secretory pathway. 

We acknowledge the technical assistance of E. Rosenbaum (culture 
techniques) and C. Pennarun (photomicrography). We thank David 
Meyer and Kathy Soderberg (EMBL, Heidelberg) for reading the 
manuscript and Annie Steiner who typed the manuscript. 

This work was supported by a grant (E.R. 89) from the Centre 
National de la Recherche Scientifique. 

Received for publication 8 October 1982, and in revised form 17 January 
1983. 

REFERENCES 

1. Bergeron, J. J. M. 1979. Golgi fractions from livers of control and ethanol-intoxicated rats. 
Biochim. Btophys. Acta. 555:493-503. 

2. Brinkley, B. R., P. Murphy, and L. C. Richardson. 1967. Procedure for embedding in situ 
selected ceils cultured in vitro. J. Celt BioL 35:279-283. 

3. Drouin, J., L. Lagace, and F. Labrie. 1976. Estradiol-induced increase of the LH respon- 
siveness to LH-releasing hormone (LH-RH) in rat anterior pituitary cells in culture. 
Endocrinology. 99:1477 1481. 

4. Farquhar, M. G. 198 I. Membrane recycling in secretory ceils: implications for traffic of  
product* and specialized membranes within the Golgi complex. In Basic Mechanisms of 
Cellular Secretion. Methods Cell BioL 23:399-427. 

5. Farquhar, M. G., J. J. Reid, and L. W. DanielL 1978. Intracellular transport and packaging 
of prolactin: a quantitative electron microscope autoradiographic study of mammotrophs 
dissociated from rat pituitaries. Endocrinology. 102:296-311. 

6. Farquhar, M. G., and G. Patade. 1981, The Golgi apparatus (complex) .-( 1954-1981 ) 
from artifact to center stage. J. Cell 8ioL 91(3~ Pt. 2):77s-103s. 

7. Gourdji, D. 1980. Characterization of  thyroliberin (TRH)-binding sites and coupling with 
prolactin and growth hormone secretion in rat pituitary cell lines. In Synthesis and release 
of adenohypophyseal hormones. M. Jutisz and K. W. McKerns, editors. Plenum Publish- 
ing Corp., New York. 463-493. 

8, Gourdji, D.. B. Kerdelhue, and A. Tixier-Vidal. 1972. Ultrastructure d'un clone de cellules 
hypophysaires secretant de ia prolactine (clone GHa). Modifications induites par 
l'hormone hypothalamique de liberation de l'hormone thyreotrope tTRF). C. R. Acad  
ScL 274tD):437-440. 

9. Graham, g.  C., and M. J. Karnovsky. 1966. The early stages of absorption of  injected 
horseradish peroxidase in the proximal tubules of mouse kidney: ultrastructural cytochem- 
istry by a new technique. J. Histochem. Cvtochem. 14:291-302. 

10. Louvard. D., H. Reggio, and G. Warren. 1982. Antibodies to the Golgi complex and the 
rough endoplasmic reticulum. £ Cell BioL 92:92-107. 

I 1. Novikoff, A. B., and P. M. Novikoff. 1977 Cytochemical studies on Golgi apparatus and 
Gerl. lfistochem. J. 9:525-535. 

12. Oht*uki, L. R. M. Manzi, G. E. Palade, and J. D. Jamieson. 1978. Entry of  macromolecular 
tracers into cells fixed with low concentrations of aldehydes. BioL Cell. 3 I:119-126. 

13. Palade, G. E. 1975. Intracellular aspects of the process of protein synthesis. Science ( Wash. 
DC) 189:347 358. 

14. Pasteels, J L. 1963. Recherches morphologiques et experimentates sur la secretion de 
prolactine. Arch. BioL 74:439-553. 

15. Picart, g., and A. Tixier-Vidat. 1974. Description d'une methode permettant la selection 
et l'etude ultrastructurale de plages cellulaires darts des monocouches heterogenes culfivees 
en flacons de plastique. J. Microsc. 20:80a. (Abstr.). 

16. Racadot, J ,  L. Olivier, E. Porcile, and B. Droz. 1965. Appareil de Golgi et origine des 
grains de secretion dans les cellules adenohypophysaires chez le rat: etude radioautogra- 
phique en microscopic electronique apres injection de leucine tritiee. C R. A c a d  Sci. 
261:2972-2975. 

17. Smith, R. E., and M. G. Farquhar. 1966. Lysosome function in the regulation of the 
secretory process in cells of  the anterior pituitary gland. J. Cell BioL 31:319-349. 

18. Tartakoff, A., and P. Vassali. 1978. Comparative studies of  intracellular transport of 
secretory proteins. J. Cell BioL 79:694-707. 

19. Tixier-VidaL A., and R. Picart. 1967. Etude quantitative par radioautographie au micro- 
scope electronique de i'utilisation de la DL-leucine-:~H par les cetlules de Fhypophyse du 
Canard en culture organotypique. J. Celt BioL 35:501-519. 

20. Tixier-Vidak A., D. Gourdji, and C. Tougard. 1975. A cell culture approach to the study 
of anterior pituitary cells. Int. Rev. CytoL 41:173 239. 

21. Tixier-Vidal, A., N. Brunet, and D. Gourdji. 1979. Plasma membrane modifications 
related to the action of TRH on rat prolactin cell lines. In Hormones and cell culture. 
Cold Spring Harbor Conf. Cell Proliferation. 6:807 825. 

22. Tougard, C., R. Picart, and A. Tixier-VidaL 1980. Electron-microscopic cytochemical 
studies on the secretory process in rat prolactin cells in primary culture. Am. Z Anat. 
158:471-490. 

23. Tougard, C., A. Morin, R. Picart, and A. Tixier-VidaL 1981. Role du reticulum endoptas- 
mique daas la secretion de prolactine. Ann. EndocrinoL 42:342 348. 

24. Tougard, C., R. Picart, and A. Tixier-Vidal. 1982. Immunocytochemical localization of  
prolactin in the endoplasmic reticulum of G H:, cells. Variations in response to thyroliberin. 
BioL C~'ll. 43:89 102. 

25. Tougard, C., R. Picart, A. Morin, and A. Tixier-Vidal. 1983. Effect of monensin on 
secretory pathway in GH3 prolactin cells. A cytochemical study. Z Histochem. Cytochem 
In press. 

FIGURE 9 Monensin-treated prolactin cells immunochemically stained with anti-Golgi antibodies. (a) In a normal prolactin cell 
exposed to monensin for I h the anti-Golgi antibodies labeled the membrane of many large and dilated vacuoles (arrows) induced 
by the treatment. Some of these vacuoles were unlabeled (double arrows). Bar, 1 pro. x 8,000. (b) In a GHa cell exposed to 
monensin for 1 h the anti-Golgi antibodies labeled the membrane of many large and dilated vacuoles (arrows) as well as some 
undilated elongated structures (double arrows) in the disorganized Golgi region. Bar, 1 p,m. x 8,000. 
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