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ABSTRACT

The method of secretory granule formation in the acinar cells of the rat exorbital
lacrimal gland was studied by electron microscope morphological and cytochemi-
cal techniques. Immature secretory granules at the inner face of the Golgi
apparatus were frequently attached to a narrow cisternal structure similar to
GERL as described in neurons by Novikoff et al. (Novikoff, P. M., A. B.
Novikoff, N. Quintana, and J.-J. Hauw. 1971. J. Cell Biol. 50:859-886). In
the lacrimal gland, GERL was located adjacent to the inner Golgi saccule, or
separated from it by a variable distance. Portions of GERL were often closely
paralleled by modified cisternae of rough endoplasmic reticulum (RER), which
lacked ribosomes on the surface adjacent to GERL. Diaminobenzidine reaction
product of the secretory enzyme peroxidase was localized in the cisternae of the
nuclear envelope, RER, peripheral Golgi vesicles, Golgi saccules, and immature
and mature secretory granules. GERL was usually free of peroxidase reaction
product or contained only a small amount. Thiamine pyrophosphatase reaction
product was present in two to four inner Golgi saccules; occasionally, the inner-
most saccule was dilated and fenestrated, and contained less reaction product
than the next adjacent saccule. Acid phosphatase (AcPase) reaction product was
present in GERL, immature granules, and, rarely, in the innermost saccule, but
not in the rest of the Golgi saccules. Thick sections of AcPase preparations viewed
at 100 kV revealed that GERL consisted of cisternal, and fenestrated or tubular
portions. The immature granules were attached to GERL by multiple connections
to the tubular portions. These results suggest that, in the rat exorbital lacrimal
gland, the Golgi saccules participate in the transport of secretory proteins, and
that GERL is involved in the formation of secretory granules.

Morphologic, radioautographic, and biochemical exportable proteins occurs within membrane-de-
studies of pancreatic exocrine cells (10, 30, 31, limited cytoplasmic compartments. After synthesis
32,73, 75, 76, 82), hepatocytes (1, 14, 21, 62), on attached ribosomes and transfer to the cisternal
salivary acinar cells (11, 23, 26), odontoblasts space of the rough endoplasmic reticulum (RER),
(83), and several other cell types have established the secretory proteins move through the RER to
that the intracellular transport and processing of smooth-surfaced transitional regions at the periph-
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ery of the Golgi apparatus. The proteins are then
transferred to the Golgi apparatus, presumably by
small vesicles, where they may undergo various
modifications (7, 44), before concentration and
packaging in secretory granules. The various steps
involved in the synthesis and transport of secretory
proteins have recently been reviewed by Palade
(69).

The methods proposed for the packaging of
secretory material into granules differ, however,
depending upon the cell type studied. In many
cells, the granules appear to form from the Golgi
saccules, either as a swelling of the innermost
saccule, or as dilations from the ends of two to
three saccules at the inner face. In some cells, such
as polymorphonuclear leukocytes (3) and pituitary
mammotrophs (77), the granules may form as an
aggregation of several smaller immature granules
derived from the Golgi saccules. Jamieson and
Palade (31) and Palade (69) have suggested that
in the exocrine pancreas of the guinea pig the
immature granules (condensing vacuoles) arise
from the fusion of transfer vesicles from the transi-
tional ER. However, Novikoff has recently sug-
gested (52, 53, 54, 59, 60, 63) that in some
secretory cells, including those of the exocrine
pancreas, secretory material is packaged into
granules by Golgi-endoplasmic reticulum-lyso-
somes (GERL), a Golgi-associated smooth mem-
brane system characterized by the presence of acid
phosphatase (AcPase) activity (65). Several other
investigators have also described GERL, or
GERL-like structures, in both exocrine (9, 23, 24,
25) and endocrine (16, 28, 38, 71, 72) cells, and
AcPase reaction product is frequently present in
forming or immature granules in a variety of secre-
tory cells (4, 36, 47, 55, 56, 67, 70, 77, 78).

In the present study, we have examined the
Golgi apparatus of the acinar secretory cells of the
rat exorbital lacrimal gland, by electron micro-
scope cytochemical methods, in order to deter-
mine the method of formation of secretory gran-
ules. Peroxidase, a secretory enzyme produced by
these cells (27, 42), was utilized as a marker of the
cellular compartments involved in the transport of
secretory proteins. Thiamine pyrophosphatase
(TPPase) activity served to mark the inner Golgi
saccules, and AcPase activity identified GERL
and structures arising from it. The results suggest
that in these cells the Golgi saccules are involved
in the transport of secretory proteins, and that the
secretory granules are formed from GERL.
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MATERIALS AND METHODS

Adult Sprague-Dawley rats, 240-550 g, of both sexes
were used. The animals were anesthetized with chloral
hydrate, 400 mg/kg, given intraperitoneally.

Fixation

For morphological and enzyme cytochemical studies
of the exorbital lacrimal glands, fixation was usually
achieved by vascular perfusion of room-temperature fix-
ative solution (23). In a few cases, the lacrimal glands
were fixed by immersion and mincing in the fixative. The
fixative used was modified from Karnovsky (33), and
contained 0.67-3.0% glutaraldehyde (Ladd Research
Industries, Burlington, Vt.) and 1.0-2.0% formaide-
hyde (Ladd Research; or from paraformaldehyde pow-
der, Fisher Scientific Co., Fair Lawn, N. J.) in 0.05-0.1
M sodium cacodylate buffer, pH 7.4. Total fixation time
was 1-3 h. After fixation, the tissues were trimmed into
small pieces and rinsed overnight in 0.1 M cacodylate
buffer, pH 7.4, with 7% sucrose at 4°C.

Cytochemical Procedures

For enzyme cytochemical studies, the tissues were
sectioned at 60-75 um with a Sorvall TC-2 tissue sec-
tioner, and rinsed several times in cacodylate-sucrose
buffer. For the demonstration of endogenous peroxidase
activity, the sections were incubated for 2-4 h at 37°C
and pH 7.0 in the following medium: 20 mg of 3,3'-
diaminobenzidine-tetra HCl (DAB, Sigma Chemical
Co., St. Louis, Mo.); 10 ml of 0.05 M sodium cacodylate
buffer, with 5% sucrose; and 0.2 ml of 1% H,0,. Con-
trols consisted of sections preincubated with 10 mM
KCN or 10 mM 3-amino-1,2,4-triazole followed by incu-
bation in medium with the same concentrations of these
inhibitors, or incubation in medium without H,O,.

TPPase and nucleoside diphosphatase (NDPase) ac-
tivity were demonstrated by incubation at pH 7.2 in the
Novikoff and Goldfischer medium (58) for 2 h at 37°C,
with thiamine pyrophosphate, uridine-5'-diphosphate or
inosine-5'-diphosphate (Sigma) as substrate. For demon-
stration of AcPase activity at pH 5.0, the sections were
incubated for 60 min at 37°C in the medium described by
Novikoff (48), with CMP (Sigma) as substrate. Incuba-
tion in the absence of substrate served as a control.

After incubation, the sections were rinsed several
times in cacodylate-sucrose buffer. In some cases, the
lead phosphate reaction product was converted to lead
sulfide by treating the sections with dilute ammonium
sulfide before postfixation.

Postfixation and Processing

Tissue blocks and incubated sections were postfixed
for 1-2 h in 1% Os0O, in Veronal-acetate buffer, pH 7.4,
rinsed in 0.05 M maleate buffer, pH 5.2, and treated
with 0.5% uranyl acetate in the same buffer for 1-2 h.
After a brief rinse in distilled water, the tissues were
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dehydrated in ethanol and embedded in Spurr's resin
(79). Thin sections were cut on a Porter-Blum MT-2
microtome (DuPont Instruments, Sorvall Operations,
Newtown, Conn.), stained with lead citrate and exam-
ined in an AEI EM 6-B, JEM 100-B, or JEM 100-C
electron microscope. Thick sections, 0.2-0.3 um, of
tissues incubated for AcPase activity were examined
without staining at 100 kV.

RESULTS

The acinar secretory cells of the rat exorbital lacri-
mal gland were relatively large compared to those
of other exocrine glands, averaging about 23-28
um from base to apex. The nucleus, usually oval
in shape, but occasionally with an irregular, deeply
indented border, was also quite large, up to 12-18
um in its greatest dimension. Binucleated cells
were frequently observed. Abundant quantities of
RER filled the basal cytoplasm, and a variable
number of membrane-bounded secretory gran-
ules, 0.4-1.5 um in diameter, were located in the
apical cytoplasm. In some cells, the secretory
granules were serous-like and of moderate elec-
tron density, while in other cells the granules were
mucous-like and of much lower density. However,
no differences were observed in the cytochemical
properties of the cells containing either type of
granule. These cytological characteristics are in
general agreement with previous morphological
(74) and cytochemical (17, 27) investigations of
the rat exorbital lacrimal gland.

Golgi Region
MORPHOLOGY

The large Golgi apparatus (Fig. 1) was located
in the perinuclear cytoplasm either apical or
slightly lateral to the nucleus, and appeared as
several discrete stacks of saccules, usually oriented
with their inner (mature or trans) face toward the
apex or the central region of the cell. At the outer
(forming of cis) face, ribosome-free portions of
transitional ER closely approached the Golgi ap-
paratus. Numerous small smooth-surfaced vesi-
cles, presumably derived as buds from the transi-
tional ER, were present between the transitional
ER and the Golgi apparatus. Each individual
Golgi stack consisted of five to seven saccules of
irregular width and variable length. The saccules
at the outer face (Figs. 1, 2, 7, 8, and 9) were
usually of greater width than those at the inner
face, and often appeared to be broken into several
short segments. The inner two or three Golgi
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saccules were generally narrower and more regu-
lar in outline, with only an occasional fenestration.
In some cases, however, the innermost saccule
was dilated, and heavily fenestrated or broken
into short segments (Figs. 1, 7, 8).

Several immature secretory granules (condens-
ing vacuoles; prosecretory granules) of variable
size were usually found in the inner Golgi region
(Figs. 1 and 2). They were frequently separated
from the inner Golgi saccule by groups of small
smooth vesicles and an occasional coated vesicle.
The immature granules were frequently observed
to be connected to a narrow cisterna of relatively
uniform width (~25 nm) (Figs. 1 and 2), which
was either adjacent to the inner Golgi saccule or
separated from it by a variable distance, with a
few intervening vesicles. Because of its morphol-
ogy, relationship to the Golgi apparatus, and cyto-
chemical properties (described below), we con-
sider this cisterna to be equivalent to GERL. The
membrane of GERL was usually more electron
dense than that of the Golgi saccules, and portions
of GERL appeared highly fenestrated, particu-
larly near its juncture with the immature granules
(Fig. 2). GERL often followed a curving path in
the inner Golgi region, and occasionally wrapped
around an immature granule (Fig. 9). GERL was
frequently paralleled by cisternae of RER (Figs. 3
and 5). These cisternae often appeared modified,
lacking ribosomes on the portion of their mem-
brane adjacent to GERL (25).

Occasionally, a dense body, which often had a
heterogeneous content of granular, membranous,
and lipid-like material, was found in the inner
Golgi region. These dense bodies resembled sec-
ondary lysosomes and residual bodies described in
other cells. However, these dense bodies were
most frequently found peripheral to the Golgi
apparatus or in the basal cytoplasm.

CYTOCHEMISTRY

PEROXIDASE: Incubation of sections of lacri-
mal glands in DAB medium resulted in dense
deposits of reaction product due to the activity of
endogenous peroxidase, a secretory enzyme of the
acinar cells. In the acinar cells (Fig. 3), reaction
product was localized to cisternae of the nuclear
envelope and RER, the transitional ER and vesi-
cles between it and the Golgi apparatus, the Golgi
saccules, immature, and mature secretory gran-
ules. The reaction product was most dense in the
cisternae of the nuclear envelope and RER, and

401



Ficure 1 Golgi region of an acinar secretory cell of the rat exorbital lacrimal gland. The Golgi apparatus
consists of stacks of 5-7 saccules (GS), numerous vesicles (V) between the transitional endoplasmic
reticulum (TER) and the outer face, and immature secretory granules (/G) of varying size. The inner
Golgi saccule (arrows) appears slightly dilated and fenestrated. Several short cisternae of RER and
occasional smooth-surfaced cisternae (SER) are found in the inner Golgi region. Several segments of a
membranous structure with a narrow cisternal space {(GERL) are located in the inner Golgi region, but
separated from the Golgi saccules by vesicles and immature granules. Nucleus (N); mitochondrion (M);
secretory granule (§G). x 21,600.

Ficure 2 Higher magnification of the inner Golgi region, showing two small immature granules (/G)
which are continuous with segments of GERL. Fenestrations in GERL are indicated by the arrowheads.
Several small vesicles separate the immature granules and GERL from the Golgi saccules (GS) X 58,300.

was least dense in the outer Golgi saccules. The  ously described, it was usually strongly reactive for
inner Golgi saccules usually contained denser de-  peroxidase (Fig. 6).

posits of reaction product than the outer saccule. GERL was usually free of reaction product
When the innermost saccule was dilated, as previ-  (Figs. 3, 4, and 5), even though it was continuous
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with immature granules that contained dense de-
posits. Occasionally, a small amount of reaction
product was present in GERL (Fig. 4), particu-
larly near its junction with a forming granule. The
modified RER cisternae that paralleled GERL
were intensely reactive for peroxidase (Figs. 3
and 5).

The deposition of peroxidase reaction product
was only slightly diminished in control sections
incubated in media containing amino-triazole or
KCN. Omission of H,O, from the medium com-
pletely prevented the reaction.

THIAMINE PYROPHOSPHATASE: After in-
cubation with TPPase as substrate, two to four
saccules at the inner face of the Golgi apparatus
contained dense deposits of reaction product
(Figs. 7-9). The most intense reaction usually
occurred in the innermost saccule, with decreasing
amounts of reaction product in saccules closer to
the outer face. When the innermost saccule was
dilated and/or fenestrated (Figs. 7 and 8), the
amount of reaction product present in it varied
from being the same or slightly less than that in the
next adjacent saccule (Fig. 7) to being only a very
light deposit (Fig. 8). GERL was consistently free
of reaction product (Figs. 7-9). Immature gran-
ules were usually unreactive but occasionally con-
tained a.small amount of reaction product. No
other intracellular organelle contained reaction
product.

Incubation with uridine diphosphate or inosine
diphosphate resulted in a distribution of reaction
product similar to that observed with TPPase. The
overall reaction of the Golgi saccules was slightly
les than with TPPase, but a more consistent reac-
tion was present in the immature granules. In
some preparations, with either of the three sub-
strates, reaction product was associated with the
basal and lateral plasma membranes, and occa-
sionally with the apical plasma membrane at the
acinar lumen. In the absence of substrate, the
acinar cells were free of deposits.

ACID PHOSPHATASE: Incubation for Ac-
Pase activity resulted in deposits of reaction prod-
uct in GERL, immature secretory granules, and
lysosomes (Figs. 10-15). The structure of GERL
and its relationships to the immature granules
were best visualized in thick (0.2-0.3 pm) sec-
tions viewed at 100 kV (Figs. 10-13). In low
magnification micrographs (Fig. 10}, the position
and large extent of GERL at the inner face of the
Golgi apparatus were clearly evident. When
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GERL was cut in cross section (Figs. 10, 11, and
13) it appeared as thin dense lines with numerous
dilations of variable size, which were small imma-
ture secretory granules filled with reaction prod-
uct. When GERL was more or less parallel to the
section plane (Figs. 10 and 12), it appeared as a
broader gray area, again with closely adjacent,
dense, and immature granules. At higher magnifi-
cation, GERL was observed to consist of two
discrete portions: a platelike cisternal portion
(Figs. 11-13), which often followed a curving path
through the inner Golgi region; and a portion
which was fenestrated or consisted of anastomos-
ing tubules (Figs. 11 and 12) to which the imma-
ture granules were attached through multiple con-
nections (Fig. 12). The tubular or fenestrated por-
tions and attached granules were continuous with
the peripheral region of the cisternal portion (Figs.
11 and 12). It has not yet been determined
whether separate cisternal portions are in continu-
ity through an interposed tubular portion or
whether each cisternal-tubular complex exists as a
separate unit.

Occasionally, GERL appeared to enclose a
round or oval profile of unstained, homogeneous
content (x in Fig. 10). This was interpreted as an
unreactive secretory granule, or a portion of the
modified RER which parallels GERL, sur-
rounded by a GERL cisterna.

Examination of thin sections of tissues incu-
bated for AcPase activity confirmed the presence
of reaction product in small immature granules
which were in continuity with GERL (Fig. 14).
Large immature granules were usually unreactive.
The Golgi saccules were also unreactive, except
occasionally for the innermost saccule (Fig. 15).

Reaction product was also present in variable
amounts along the basal and lateral cell mem-
branes, and in the acinar lumina. The cytoplasm
and nuclei frequently had a light sprinking of reac-
tion product, but this was assumed to be nonspe-
cific. No deposits were seen in sections incubated
without substrate.

DISCUSSION

The results of our structural and cytochemical
studies of the acinar secretory cells of the rat
exorbital lacrimal gland, summarized in Fig. 16,
indicate that GERL, a smooth-surfaced membra-
nous structure located in the inner Golgi region, is
intimately involved with the formation of secre-
tory granules. GERL can be identified by its unique
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FiGures 3-6 Figs. 3-6 illustrate the distribution of reaction product of the secretory enzyme, peroxi-
dase, in the Golgi region of lacrimal acinar cells incubated in DAB-H,0, medium at pH 7.0.

FiGURE 3 Peroxidase reaction product is present in the nuclear envelope (NE), the rough endoplasmic
reticulum (ER), vesicies (V) between the transitional ER and the Golgi apparatus, the Golgi saccules
(GS), immature (/G), and mature secretory granules (SG). A slight increase occurs in the density of the
reaction product in the Golgi saccules from the outer to the inner face. At the right center, a portion of
GERL (arrowheads) is seen which is free of reaction product. At the upper left, another portion of GERL
(arrowheads) contains only a small amount of reaction product at one end. Segments of modified RER
containing dense reaction product (arrows) closely parallel GERL. The cytoplasmic staining around the
mature granules is probably due to diffusion of enzyme. Mitochondria (M) are unreactive. x 35,700.

structural and cytochemical properties. It consists  cules, and is closely related to modified cisternae
of cisternal and fenestrated or tubular portions, is  of the RER. Immature secretory granules are in
frequently spatially separated from the Golgi sac- continuity with GERL through multiple tubular
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FIGURE 4 Peroxidase reaction product is present in Golgi saccules (GS), immature granules (/G), and
mature secretory granules (SG). Several segments of GERL are seen, some of which are free of reaction
product while others contain a variable amount. One portion of GERL (arrow) is continuous with a
forming granule. x 59,800.

FiGure 5 A small portion of the Golgi apparatus shows peroxidase reaction product in two of the
saccules (GS) and the immature granule (/G). GERL (arrows), in this case adjacent to the inner saccule, is
unreactive except for a small amount of reaction product near its juncture with the immature granule. A
cisterna of modified RER closely parallels GERL. x 78,000.

Ficure 6 The Golgi saccules (GS), a few vesicles (V) and an immature granule {(/G) contain peroxidase
reaction product. The innermost saccule (arrows), which is dilated and irregular, is strongly reactive. X

77,400.

connections. Reaction product of AcPase activity
is localized in GERL and the immature granules
forming from it, while TPPase reaction product is
restricted to the inner Golgi saccules. Secretory
proteins, as judged by the localization of peroxi-
dase reaction product, are only infrequently pres-
ent in GERL, despite its continuity with forming
granules.

GERL was originally described in neurons by
Holtzman et al. (29), Novikoff (49, 50, 51), and
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Novikoff et al. (65), where it is considered to be a
specialized portion of smooth ER, continuous
with the RER through smooth-surfaced tubules.
Dense body-type lysosomes appear to be formed
by the anastomosing tubular regions of GERL in
these cells. Similar structural and/or functional
properties have been described for GERL in hep-
atocytes (18, 43, 61, 64), epithelial cells of the vas
deferens (20), megakaryocyts (6), alveolar macro-
phages (45), and lutein cells (68). Although its
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Ficures 7-9 Figs. 7-9 illustrate the distribution of reaction product of TPPase activity in the Golgi
region of lacrimal acinar cells incubated for 2 h at pH 7.2.

FiGure 7 TPPase reaction product fills two of the inner saccules (IS), is spotty in the next adjacent
saccule, and is absent from the outer saccules (OS). The innermost saccule (arrows) contains a variable
amount of reaction product. To the left of center the innermost saccule is dilated, while to the right it
appears fenestrated. GERL (arrowheads), which lies adjacent to the innermost saccule, is unreactive. X

41,100.

FiGURe 8 A similar distribution of reaction product is seen in the Golgi saccules. The irregular innermost
saccule (arrows) contains only light deposits, and the narrow cisterna of GERL (arrowheads) is unreactive.

Inner saccules (IS); outer saccules (OS). x 78,800.

Ficure 9 Heavy deposits of TPPase reaction product are present in three inner saccules (15). A portion
of GERL (arrowheads), which wraps around the immature granule (/G), is free of deposits. x 51,500.

basic structural and cytochemical characteristics
are similar to those of GERL in neurons and other
cell types, GERL in lacrimal acinar cells differs
from the former in two important respects. First,
GERL in lacrimal cells appears to form secretory
granules, and has no obvious relationship to the
lysosomal system. Morphologically recognizable
secondary lysosomes are most frequently located
peripheral to the Golgi apparatus or in the basal
cytoplasm (cf. references 17 and 27). The coun-
terpart of the primary lysosome in these cells has
not yet been identified. In other cells, primary
lysosomes are believed to be AcPase-positive,
coated or smooth-surfaced vesicles located in the
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Golgi region (15, 20, 46, 57, 77). While similar
vesicular profiles are observed in lacrimal acinar
cells, it is possible that some of these may repre-
sent sections through the tubular portion of
GERL. Second, it is not clear whether GERL in
lacrimal acinar cells is in continuity with the ER;
while occasional micrographs have suggested such
connections, we have as yet been unable to verify
their existence. However, GERL does exhibit a
close topographical relationship with the ER,
being closely paralleled by modified RER cister-
nae. The significance of this association is un-
known.

GERL, or structures similar to GERL as we
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have described it in lacrimal acinar cells, has now
been observed in several different secretory cells,
including those of the adrenal medulla (28), ante-
rior pituitary (16, 71), supraoptic neurons (72),
thyroid follicular cells (60), a transplantable insuli-
noma (63), pancreatic S-cells (52, 53) and exo-
crine cells (25, 52, 53, 59) and both serous and
mucous salivary gland cells (9, 23, 24, 25). In
most of these cells, GERL was closely related to
forming secretory granules. Novikoff (52, 53) and
Novikoff et al. (54, 59, 60, 63) have recently
suggested that GERL of secretory cells functions
as a processing and packaging system for secretory
material. Proteins packaged by GERL could thus
conceivably by delivered directly from the ER to
secretory granules, by-passing the Golgi saccules.
However, the lack of a suitable marker for secre-
tory proteins in most of the cells previously studied
precludes determination of their localization in the
Golgi region.

We have taken advantage of the presence of the
secretory protein peroxidase (27, 42) in the lacri-
mal acinar cells, utilizing it as a marker of the
intracellular compartments containing secretory
protein(s) and thus those compartments which are
presumably involved in protein transport and proc-
essing. Although several studies have dealt with
peroxidase localization in exocrine cells (2, 8, 13,
26, 34, 53, 80), including developing (27) and
adult (17) rat exorbital lacrimal gland, the struc-
ture of the Golgi apparatus frequently was poorly
preserved, and/or there was little or no peroxidase
reaction product in the Golgi saccules. This has
led some investigators to suggest that the Golgi
saccules do not significantly contribute to the
transport or condensation of peroxidase (26, 27).
However, our results on peroxidase localization in
lacrimal acinar cells suggest that the Golgi saccules
in these cells do in fact participate in the transport
and, possibly, concentration of secretory proteins.
These cytochemical findings are similar to those
reported for the localization of peroxidase and
other enzymes in differentiating polymorphonu-
clear leukocytes, monocytes, and eosinophils (4,
5, 46, 66), the B apoprotein of plasma lipopro-
teins in hepatocytes (1), and exocrine secretory
proteins in the bovine pancreas (35), and provide
additional support for the general function of the
Golgi saccules in secretory protein transport.

The apparent involvement of GERL of lacrimal
acinar cells in secretory granule formation raises
the question of how the secretory proteins reach
the granules. Although kinetic evidence for se-
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quential transport of protein in these cells is cur-
rently unavailable, on the basis of our morphologi-
cal and cytochemical observations several possible
routes can be considered: (a) direct transfer from
the RER, through GERL. However, the presence
of peroxidase reaction product in the Golgi sac-
cules, and the lack of continuities between the ER
and GERL suggest that this route is of little signif-
icance, at least for peroxidase; (b) transfer from
the Golgi saccules to the forming granules through
undetected connections or via vesicular transport,
and reaction product in GERL is due to “‘back-
flow” of peroxidase from the granules; or (c)
passage from the Golgi saccules through GERL
and into the granules.

While (b) above cannot be ruled out at present,
our observations tend to support the (c) mecha-
nism. The lack of reaction product in GERL may
be due to an effective concentration of peroxidase
which is below the limit of detection in our cyto-
chemical preparations. This could result from a
rapid transport of peroxidase through GERL, or
from a cytochemical artifact, such as complexing
with other molecules, differential inhibition by the
fixative, or inability of the constituents of the
incubation medium to reach the enzyme. As an
alternative hypothesis, protein transfer may be
effected by conversion of the inner Golgi saccule
to GERL. Granule formation may be initiated by
the inner saccule, which then collapses, forcing its
contents into the granules while the remainder of
the saccule is converted to GERL. The dilatation
and fenestration of the innermost saccule may
represent a stage in conversion; furthermore, its
cytochemical properties, i.e., weak to moderate
deposits of AcPase and TPPase reaction product,
are intermediate between those of the rest of the
inner saccules and GERL. Additionally, since
TPPase and NDPase are presumably membrane-
bound, the occasional observation of reaction
product of these enzymes in immature granules
suggests that the granule membranes may initially
have been part of the inner Golgi saccules. Con-
version of the innermost saccule to GERL implies
a turnover, or movement of saccules through the
Golgi stack. This process has been suggested for a
number of cells (14, 39, 44, 75, 81, 83), and is an
essential part of membrane flow hypotheses re-
garding the conversion of intracellular membranes
from ER-like to plasma membrane-like (22, 40,
41). However, arguments against the conversion
of Golgi membranes to GERL have been pre-
sented by Novikoff et al. (65), and experimental
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data on the composition, synthesis, and turnover
of intracellular membranes of pancreatic exocrine
cells obtained by Meldolesi (37) have been inter-
preted as contrary to the concept of membrane
flow. The resolution of this problem obviously
requires considerable additional effort.

An essential consideration in assessing the sig-
nificance of the present results is whether or not

GERL, as it exists in the lacrimal acinar cells, is in
fact a separate and distinct entity. Obviously, it is
closely related to the Golgi apparatus, and might
simply be considered as the innermost saccule.
However, its structural and cytochemical charac-
teristics are substantially different from those of
the Golgi saccule per se. For example, it is fre-
quently separated from the stack of saccules, while

Ficures 10-15 Figs. 10-15 demonstrate the distribution of AcPase reaction product in the Golgi region
of acinar cells incubated for 1 h at pH 5.0 with CMP as substrate. Fig. 10-13 are unstained 0.2 um sections

observed at 100 kV.

FiGure 10 At low magnification, the large size of the Golgi apparatus and extensive nature of the
AcPase-positive elements of GERL can be seen. The thin dense profiles (arrowheads) are GERL cisternae
sectioned perpendicularly, while the broader less dense areas (arrows) are GERL cisternae which lie more
or less parallel to the section plane. The round to oval structures closely related to GERL are immature
secretory granules (/G). A few lysosomes (LY) containing reaction product are present at the bottom of
the micrograph. The two structures labeled x are interpreted as sections through cup-shaped portions of
GERL which enclose an unreactive granule or modified cisterna of RER. Nucleus (N). x 11,300,
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FiGure 11 Fenestrated (F) and tubular (T) portions of GERL containing dense reaction product are
continuous with cisternal portions (C). At the left, the cisternal portion curves to lie partially in the section
plane. The immature granule (/G) is closely related to a region of branching or anastomosing tubules. X
30,700.

FiGUuRe 12 Tubular portions (T) of GERL are located at the periphery of a cisternal portion (C), which
lies in the plane of the section. Immature granules (/G) appear continuous (arrowheads) with the
peripheral tubular portions. x 56,800.

Figure 13 Immature granules (IG) are clearly continuous (arrows) with GERL. The cisternal portion
(C) lies primarily perpendicular to the section plane. x 68,300.

Figure 14 The cisternal (C) portion of GERL is continuous with an immature granule (G) containing
moderate deposits of reaction product. x 55,800.

FIGURE 15 Reaction product is present in an immature granule (/G), the cisternal (C) portion of
GERL, and the innermost Golgi saccule (arrows). X 54,800.
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FiGure 16 Diagrammatic representation of the morphological and cytochemical features of the Golgi
apparatus and GERL of acinar cells of rat exorbital lacrimal gland. GERL is located in the inner Golgi
region and consists of cisternal and fenestrated or tubular portions. Forming secretory granules are
attached to the tubular portions of GERL. Secretory proteins, i.e., peroxidase (indicated by the stippling),
are present in the RER, Golgi saccules, and immature granules, but usually not in GERL. GERL and the
immature granules are reactive for AcPase, while the inner Golgi saccules are reactive for TPPase, and
NDPase activities. The outer saccules and vesicles between the RER and Golgi apparatus contain dense
deposits after osmium impregnation (our unpublished observations). Occasionally, the innermost Golgi
saccule is dilated and fenestrated, with cytochemical properties intermediate between those of the

remaining inner saccules and GERL.

separations between adjacent saccules have not
been observed. It lacks TPPase activity, which in
many cells is considered to be a cytochemical
marker of the inner Golgi saccules (12, 19, 56,
58). Further, if GERL was actually the innermost
saccule, one might reasonably expect it to contain
a greater concentration of peroxidase than the rest
of the Golgi saccules as it gives rise to the secre-
tory granules. Admittedly, GERL in the lacrimal
acinar cells does not fully meet the definition of
GERL as formulated from the studies of neurons
by Holtzman et al. (29), Novikoff (49, 50, 51),
and Novikoff et al. (65). However, because of the
diverse properties and functions of the various
cells in which GERL has been observed, differ-
ences in its function and relationships can reasona-
bly be expected. Therefore, we feel that GERL
should be recognized as a distinct entity in lacrimal
acinar cells.

In conclusion, cytochemical studies of the acinar
secretory cells of the rat exorbital lacrimal gland
indicate that GERL is intimately related to form-
ing secretory granules. The secretory enzyme, per-
oxidase, is apparently transported and may be
initially concentrated by the Golgi saccules; trans-
fer of peroxidase to the immature secretory gran-
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ules may involve conversion of the innermost
Golgi saccule to GERL. The immature granules
are in continuity with GERL through multiple
tubular connections, and are strongly reactive for
AcPase activity, a marker enzyme of GERL.
These results, therefore, suggest that at least one
function of GERL, and possibly the major func-
tion of it in exorbital lacrimal gland cells, is the
formation of secretory granules.

The authors gratefully acknowledge the excellent techni-
cal assistance of Mrs. Betty Ho. We also thank Mr,
William Burk and Mr. Steven Floyd for preparing the
photographs.

Portions of this work were presented at the 15th
Annual Meeting of the American Society for Cell Biol-
ogy, San Juan, Puerto Rico, November, 1975.

Received for publication 23 August 1976, and in revised
form 25 March 1977.

REFERENCES

1. ALEXANDER, C. A., R. L. HamiLtoN, and R. J.
HaveL. 1976. Subcellular localization of B apopro-
tein of plasma lipoproteins in rat liver. J. Cell Biol.
69:241-263.

2. ANDERSON, and Y.-H.

W. A., J. TRANTALIS,

Tue JournaL of CeLL BiorLocy : VoLuMme 74, 1977



10.

11.

12.

13.

14,

15.

Kang. 1975. Ultrastructural localization of endoge-
nous mammary gland peroxidase during lactogene-
sis in the rat. Results after tannic acid-formalde-
hyde-glutaraldehyde fixation. J. Histochem. Cyto-
chem. 23:295-302.

. BaintoN, D. F., and M. G. FarRQUHAR. 1966.

Origin of granules in polymorphonuclear leuko-
cytes. Two types derived from opposite faces of the
Golgi complex in developing granulocytes. J. Cell
Biol. 39:299-317.

. BamntoN, D. F., and M. G. FARQUHAR. 1968.

Differences in enzyme content of azurophil and
specific granules of polymorphonuclear leukocytes.
II. Cytochemistry and electron microscopy of bone
marrow cells. J. Cell Biol. 39:299-317.

. Bainton, D. F., and M. G. FarqQuuar. 1970.

Segregation and packaging of granule enzymes in
eosinophilic leukocytes. J. Cell Biol. 45:54-73.

. BENTFIELD, M. E., and D. F. Bainton. 1975.

Cytochemical localization of lysosomal enzymes in
rat megakaryocytes and platelets. J. Clin. Invest.
56:1635-1649.

. BErGg, N. B., and R. W. Young. 1971. Sulfate

metabolism in pancreatic acinar cells. J. Cell Biol.
50:469-483.

. Broom, G. D., B. CarLs60, A. DANIELSSON, S.

MarkLUND, and T. STIGBRAND. 1974. Peroxidase
and amylase activity of the guinea pig submandibu-
lar gland during the secretory cycle. An electron
histochemical and biochemical study. Histochemis-
try. 38:271-280.

. Bocart, B. 1. 1975. Secretory dynamics of the rat

submandibular gland. An ultrastructural and cyto-
chemical study of the isoproterenol-induced secre-
tory cycle. J. Ultrastruct. Res. 52:139-155.

CARro, L. G., and G. E. PaLADE. 1964. Protein
synthesis, storage, and discharge in the pancreatic
exocrine cell. An autoradiographic study. J. Cell
Biol. 30:473-495.

CastLE, J. D., J. D. Jamieson, and G. E. PaLADE.
1972. Radioautographic analysis of the secretory
process in the parotid acinar cell of the rabbit. J.
Cell Biol. 53:290-311.

CHEETHAM, R. D., D. J. Morrg, C. PANNEK, AND
D. S. FrienD. 1971. Isolation of the Golgi appara-
tus-rich fraction from rat liver. I'V. Thiamine pyro-
phosphatase. J. Cell Biol. 49:899-905.

CHURG, A., and W. A. ANDERSON. 1974. Induc-
tion of endometrial peroxidase synthesis and secre-
tion by estrogen and estrogen antagonist. J. Cell
Biol. 62:449-459.

CLAUDE, A. 1970. Growth and differentiation of
cytoplasmic membranes in the course of lipoprotein
granule synthesis in the hepatic cell. I. Elaboration
of elements of the Golgi complex. J. Cell Biol.
47:745-766.

ConnN, Z. A., and M. E. FEDORKO. 1969. The
formation and fate of lysosomes. In Lysosomes in

ArTHUR R. HAND AND CoONSTANCE OLIVER GERL in Lacrimal Secretory Cells

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Biology and Pathology. Vol. 1. J. T. Dingle and H.
B. Fell, editors. North-Holland Publishing Co.,
Amsterdam. 43-63 pp.

Dusors, P., and G. TacHoN. 1974. “GERL-com-
plex,” lysosomes et grains de secretion au cours de
la differenciation cellulaire dans une glande endo-
crine chez I'’homme: Pantehypophyse foetale.J. Mi-
crosc. (Paris). 19:253-264.

EssNER, E. 1971. Localization of endogenous per-
oxidase in rat exorbital lacrimal gland. J. Histo-
chem. Cytochem. 19:216-225.

EssNeR, E., and C. OLver. 1974. Lysosome for-
mation in hepatocytes of mice with Chediak-Higashi
syndrome. Lab. Invest. 30:596-607.

FarquHAr, M, G., J. J. M. BerGERroN, and G. E.
PaLaDE. 1974. Cytochemistry of Golgi fractions
prepared from rat liver. J. Cell Biol. 60:8-25.
Frienp, D. S., and M. G. FarquHAr. 1967. Func-
tions of coated vesicles during protein absorption in
the rat vas deferens. J. Cell Biol. 35:357-376.
GLaUMANN, H., and J. L. E. Ericsson. 1970.
Evidence for the participation of the Golgi appara-
tus in the intracellular transport of nascent albumin
in the liver cell. J. Cell Biol. 47:555-567.

GRovi, S. N., C. E. BRACKER, and D. J. MoORrE.
1968. Cytomembrane differentiation in the endo-
plasmic reticulum-Golgi apparatus-vesicle complex.
Science (Wash. D. C.). 161:171-173.

Hanp, A. R. 1971. Morphology and cytochemistry
of the Golgi apparatus of rat salivary gland acinar
cells. Am. J. Anat. 130:141-158.

Hanp, A. R., and C. OLver. 1976. Cytochemical
studies of GERL in mucous and serous secretory
cells of the rat sublingual gland. Abstract of the
Fifth International Congress of Histochemistry and
Cytochemistry, Bucharest, Romania.

Hanp, A. R., and C. OLver. 1977. Cytochemical
studies of GERL and its role in secretory granule
formation in exocrine cells. Histochem. J. 9. In
press.

HEerzoG, V., and F. MiLLER. 1970. Die Lokalisa-
tion endogener Peroxydase in der Glandula parotis
der Ratte. Z. Zellforsch. Mikrosk. Anat. 107:403-
420.

HERrz0G, V., and F. MILLER. 1972, The localization
of endogenous peroxidase in the lacrimal gland of
the rat during postnatal development. Electron mi-
croscope cytochemical and biochemical studies. J.
Cell Biol. 53:662-680.

HortzmaNn, E., and R. Dominmrz. 1968. Cyto-
chemical studies of lysosomes, Golgi apparatus and
endoplasmic reticulum in secretion and protein up-
take by adrenal medulla cells of the rat. J. Histo-
chem. Cytochem. 16:320-336.

HoLrzMmaN, E., A. B. Novikorr, and H. ViLLAv-
ERDE. 1967. Lysosomes and GERL in normal and
chromatolytic neurons of the rat ganglion nodosum.
J. Cell Biol. 33:419-435.

411



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

412

JamiesoN, J. D., and G. E. PAaLADE. 1967. Intra-
cellular transport of secretory proteins in the pan-
creatic exocrine cell. 1. Role of the peripheral ele-
ments of the Golgi complex. J. Cell Biol. 34:577-
596.

Jamieson, J. D., and G. E. PaLaDE. 1967. Intra-
cellular transport of secretory proteins in the pan-
creatic exocrine cell. II. Transport to condensing
vacuoles and zymogen granules. J. Cell Biol.
34:597-615.

JamiesoN, J. D., and G. E. PaLapE. 1968. Intra-
cellular transport of secretory proteins in the pan-
creatic exocrine cell. IV. Metabolic requirements. J.
Cell Biol. 39:589-603.

KarNovsky, M. J. 1965. A formaldehyde-glutaral-
dehyde fixative of high osmolality for use in electron
microscopy. J. Cell Biol. 27(2, Pt. 2): 137a.
(Abstr.).

Karaoka, K., Y. Nakai, and H. Fumra. 1974,
The fine structural localization of peroxidase activity
in digestive organs of rats and mice. Histochemistry .
38:5-18.

KRAEHENBUHL, J. P., and J. D. JaMieson. 1972,
Solid-phase conjugation of ferritin to Fab-fragments
of immunoglobulin G for use in antigen localization
on thin sections. Proc. Natl. Acad. Sci. U. §. A.
69:1771-1775.

Lazarus, S. S, and B. W. Vork. 1965. Ultrastruc-
ture and acid phosphate distribution in the pancreas
of rabbits. Arch. Pathol. 80:135-147.

MEeLpoLEsl, J. 1974. Membranes and membrane
surfaces. Dynamics of cytoplasmic membranes in
pancreatic acinar cells. Philos. Trans. R. Soc. Lond.
B. Biol. Sci. 268:39-53.

MikaMi, S. 1972. Fine structural localization of
thiamine pyrophosphatase and acid phosphatase in
the pars distalis of swine adenohypophysis. Proc.
Jpn. Acad. 48:121-126.

MoLLENHAUER, H. H., and W. G. WHALEY. 1963.
An observation on the functioning of the Golgi
apparatus. J. Cell Biol. 17:222-225.

Morrg, D. J., T. W. KeeNaN, and C. M. HuaNG.
1974. Membrane flow and differentiation: origin of
Golgi apparatus membranes from endoplasmic re-
ticulum. Adv. Cytopharmacol. 2:107-125.

Morrgé, D. J., H. H. MOLLENHAUER, and C. E.
Bracker. 1971. Origin and continuity of Golgi
apparatus. /n Origin and Continuity of Cell Organ-
elles. J. Reinert and H. Ursprung, editors. Springer-
Verlag, Berlin. 82-126.

MoRRISON, M., and P. Z. ALLEN. 1966. Lactoper-
oxidase: identification and isolation from Harderian
and lacrimal glands. Science (Wash. D. C.).
152:1626-1628.

NEHEMIAH, J., and A. B. Novikorr. 1974. Unu-
sual lysosomes in hamster hepatocytes. Exp. Mol.
Pathol. 21:398-423.

NEuTRA, M., and C. P. LesLoND. 1966. Synthesis

THE JournaL oF CELL BioLoGY - VoLUME 74, 1977

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

S5.

56.

57.

58.

59.

of the carbohydrate of mucus in the Golgi complex
as shown by electron microscope radioautography
of goblet cells from rats injected with glucose-H?. J.
Cell Biol. 30:119-136.

Nicnors, B. A. 1975. Phagocytosis and degrada-
tion of surfactant by alveolar macrophages. J. Cell
Biol. 67(2, Pt. 2):307a. (Abstr.).

NicHois, B. A., D. F. BaiNtoN, and M. G. Far-
QuHAR. 1971. Differentiation of monocytes. Ori-
gin, nature, and fate of their azurophil granules. J.
Cell Biol. 50:498-515.

Novikorr, A. B. 1962. Cytochemical staining
methods for enzyme activities: their application to
the rat parotid gland. Jewish Mem. Hosp. Bull.
7:70-93.

Novikorr, A. B. 1963. Lysosomes in the physiol-
ogy and pathology of cells: contributions of staining
methods. fn Ciba Foundation Symposium on Lyso~
somes. A. V. S. de Reuck and M. P. Cameron,
editors. Little, Brown, and Co., Boston. pp. 36-73.
Novixorr, A. B. 1964. GERL, its form and func-
tion in neurons of rat spinal ganglia. Biol. Bull.
(Woods Hole) 127:358.

Novikorf, A. B. 1967. Enzyme localization and
ultrastructure of neurons. /n The Neuron. H. Hy-
den, editor. Elsevier, Amsterdam. 255-318 pp.
NovikofF, A. B. 1973. Lysosomes: a personal ac-
count. In Lysosomes and Storage Diseases. H. G.
Hers and F. VanHoff, editors. Academic Press, Inc.
New York. 1-41 pp.

NovikoFr, A. B. 1976. Processing and packaging of
secretory material: cytochemical studies on Golgi
apparatus and GERL. Abstract of the Fifth Interna-
tional Congress of Histochemistry and Cytochemis-
try, Bucharest, Romania.

Novikorr, A. B. 1976. The endoplasmic reticulum:
a cytochemist’s view (a review). Proc. Natl. Acad.
Sci. U. §. A. 73:2781-2787.

Novikorr, A. B., M. E. BEarp, A. ALBaLa, B.
SHEID, N. QuiNTANA, and L. Biemrica. 1971,
Localization of endogenous peroxidases in animal
tissues. J. Microscopie. 12:381-404.

NovikorF, A. B., and E. EssNEr. 1962. Pathologi-
cal changes in cytoplasmic organelles. Fed. Proc.
21:1130-1142.

NovikofF, A. B., E. EssNER, S. GOLDFISCHER, and
M. Heus. 1962. Nucleosidediphosphatase activities
of cytomembranes. In The Interpretation of Ultra-
structure. R. J. C. Harris, editor. Academic Press,
Inc., London. 149-192 pp.

Novikofr, A. B., E. EssNER, and N. QUINTANA.
1964. Golgi apparatus and lysosomes. Fed. Proc.
23:1010-1022.

NovikoFF, A. B., and S. GOLDFISCHER. 1961. Nu-
cleoside diphosphatase activity in the Golgi appara-
tus and its usefulness for cytological studies. Proc.
Nat. Acad. Sci. U. S. A. 47:802-810.

Novikorr, A. B., M. Mori, N. QUINTANA, and A.



60.

61.

62,

63.

64.

6S.

66.

67.

68.

69.

70.

71.

Yam. 1976. Processing and packaging of secretory
materials in the exocrine pancreas. J. Histochem.
Cytachem. 24:612-613.

Novikorr, A. B., P. M. Novikorr, M. Ma, W.
SHIN, and N. QuinTaNa. 1974. Cytochemical stud-
ies of secretory and other granules associated with
the endoplasmic reticulum in rat thyroid epithelial
cells. Adv. Cytopharmacol. 2:349-368.

Novikorr, A. B., P. S. RoHEM, and N. Quin-
TANA. 1966. Changes in rat liver cells induced by
orotic acid feeding. Lab. Invesr. 15:27-49.
Novikorr, A. B., and W.-Y. SHIN. 1964. The
endoplasmic reticulum in the Golgi zone and its
relations to microbodies, Golgi apparatus and auto-
phagic vacuoles in rat liver cells. J. Micros.
(Paris). 3:187-206.

Novikorr, A. B., A. YaM, and P. M. NOVIKOFF.
1975. Cytochemical study of secretory process in
transplantable insulinoma of Syrian golden hamster.
Proc. Natl. Acad. Sci. U. S. A. 72:4501-4505.
Novikorr, P. M. 1976. GERL and lipid transfor-
mation in rat hepatocytes: a cytochemical study.
Abstract of the Fifth International Congress of
Histochemistry and Cytochemistry, Bucharest,
Romania.

Novikorr, P. M., A. B. Novikorr, N. QUINTANA,
and J.-J. Hauw. 1971. Golgi apparatus, GERL,
and lysosomes of neurons in rat dorsal root ganglia,
studied by thick section and thin section cytochemis-
try. J. Cell Biol. 50:859-886.

Ouiver, C., and E. EssNer. 1975. Formation of
anomalous lysosomes in monocytes, neutrophils,
and eosinophils from bone marrow of mice with
Chediak-Higashi syndrome. Lab. Invest. 32:17-
27.

OsINcHAK, J. 1964. Electron microscopic localiza-
tion of acid phosphatase and thiamine pyrophospha-
tase activity in hypothalamic neurosecretory cells in
the rat. J. Cell Biol. 21:35-47.

Paavora, L. G. 1975. Ultrastructure and cyto-
chemistry of guinea pig lutein cells during pregnancy
and the postpartum period. J. Cell Biol. 67(2, Pt.
2):321a (Abstr.).

PaLapk, G. 1975. Intracellular aspects of the proc-
ess of protein secretion. Science (Wash. D. C.).
189:347-358.

PasteeLs, J. J. 1969. Excretion de phosphatase
acide par les cellules mucipares de la branchie de
Mytilus edulis L. Etude au microscope electronique.
Z. Zellforsch. Mikrosk. Anat. 102:594-600.
PELLETIER, G., and A. B. Novikorr. 1972. Locali-

ARrTHUR R. HAND AND CoONSTANCE OuverR GERL in Lacrimal Secretory Cells

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82,

83.

zation of phosphatase activities in the rat anterior
pituitary gland. J. Histochem. Cytochem. 20:1-12.
Picarp, D., M. MICHEL-BECHET, A. M. ATHOUEL,
and S. Rua. 1972. Granules Neurosecretories, Ly-
sosomes et Complexe GRL dans le Noyau Supra-
Optique du Rat. Bipolarite des Complexes Gol-
giens. Exp. Brain Res. 14:331-353.

Reoman, C., P. Siekevirz, and G. E. PaLaDE.
1966. Synthesis and transfer of amylase in pigeon
pancreatic microsomes. J. Biol. Chem. 241:1150-
1158.

Scorr, B. L., and D. C. Pease. 1959. Electron
microscopy of the salivary and lacrimal glands of the
rat. Am. J. Anat. 104:115-161.

Sror, J. W., J. J. Geuzg, and C. Poort. 1974.
Synthesis and intracellular transport of proteins in
the exocrine pancreas of the frog (Rana esculenta).
I. An ultrastructural and autoradiographic study.
Cell Tiss. Res. 155:135-154.

Scor, J. W., J. J. Geuzg, and C. Poort. 1976.
Synthesis and intracellular transport of proteins in
the exocrine pancreas of the frog (Rana esculenta).
II. Anin vitro study of the transport process and the
influence of temperature. Cell Tiss. Res. 167:147-
165.

SmrtH, R. E., and M. G. FarQuUHAR. 1966. Lyso-
some function in the regulation of the secretory
process in cells of the anterior pituitary gland.J. Cell
Biol. 31:319-347.

SoseL, H. J., and E. ArviN. 1965. Localization of
acid phosphatase activity in rat pancreatic acinar
cells: a light and electron microscopic study. J. His-
tochem. Cytochem. 13:301-303.

Spurr, A. R. 1969. A low viscosity epoxy resin
embedding medium for electron microscopy. J. Ul-
trastruct. Res. 26:31-43.

StruM, J. M., and M. J. Karnovsky. 1970. Ultra-
structural localization of peroxidase in submaxillary
acinar cells. J. Ultrastruct. Res. 31:323-336.

Susi, F. R., C. P. LeBLoND, and Y. CLERMONT.
1971. Changes in the Golgi apparatus during sper-
miogenesis in the rat. Am. J. Anar. 130:251-268.
vaN HeynINGEN, H. E. 1964. Secretion of protein
by the acinar cells of the rat pancreas, as studied by
electron microscopic radioautography. Anat. Rec.
148:485-497.

WEINSTOCK, M., and C. P. LesLoND. 1974. Syn-
thesis, migration and release of precursor collagen
by odontoblasts as visualized by radioautography
after [*H]proline administration. J. Cell Biol.
60:92-127.

413



