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Abstract

The threefdirnensional structure of the Golgi apparatus was studied in goblet cells in
lectin-stair_led sections of the mouse descending éolon by using a confocal lase;
scanning microscope. In‘ the lower part of the crypt, the Golgi apparatus formed a
dome- or globe-like structure in the supranuclear region. The wall of the dome or the
globe had some holes, one of which uéually faced toward the nucleus and others toward
the apical cytoplasm. ~ Mucous granules seemed to be initially released into the
interior of the dome and transported toward the apical cytoplasm through the holes. In
the upper part of the crypt, on the other hand, the Gblgi apparatus formed a cup- or
funnel-like structure with a larger openihg toward the cell apex and a smaller opening
toward the nucleus. A large mass of mucous granules occupied the inside of the cup to
the apical cytoplasm. It is thought that the accumulation of mucous granules enlarges
holes at the ceiling of the dome to form a large opening, which makes the configuration

of the Golgi apparatus cup-shaped.



Introdngtion
Thé three-dimensional structuré-of the Golgi apparatus has been étudied_ by using
: conventiqnal and high voltage electron microscopes. In protein-secreting exocrine
cells, it has been generally considered that the Golgi apparamn is in the supranuclear
region: the convex Side of the stacks face}s towa;d the nucleus, and the concave side
toward a group of secretory granules (Beans 1968; Nocia and Ogawa 1984; Rambourg et
| al. 1987; Yamashina i995). We recently proposed a new three-dimensional model of
tne Gol'giiapparatus in ﬁe mouse Brunner’s gland cell, m which the Golgi apparatué isa
dome-like structure with its convex cis-side facing toward the cell apex and its concave
trans-side toward the nucleus.(Suzaki' anci Kataoka 1999).

| Concerning the Golgi apparatus nf a goblet cell, Neutra and Leblond (1966)
schematically drew a U-shaped Golgi appaiatus with the convex bottom facing the
nucleus and the inside of the U being occupied by mucous granules that continue to the
apinal cytopiasm. Attempts have been made to three-dhnensiondlly reconstruct the
Golgi apparatus of porgine tracheal goblet cells (Adler et al. 1982) and rabbit colonic
goblet cells (Radwan et al. 1990) by using electrnn microscopy. It was mentionéd in
the former report that several separate Golgi apparatuses‘\-vere present in the
suprnnuclcar region. More precise observation was carried out in the latter stndy; and
. changes in cell shapes as well as three-dimensional structures of the Golgi apparatus

were reported. However, three-dimensional reconstruction from electron micrographs -



is too time-consuming even with the aid of a high performance computer, and
examination has therefore been limited to only some units of the extensive Golgi
apparatus in a cell or the Golgi apparatus in a small number of cells.

Leétins make good ma;kers of the Golgi stacks and mucous granules in cells
actively secreting Q—glycésylated glycoproteiné, such as goblet cells and Brunner’s
gland cells (Roth 1984; Tsuyama et al. 1986; Ellingér and Pavelka 1988, 1992; Pavelka -
~ and Ellinger 1991; Suzaki ana Kataoka 1992). Lectins specific to « -N-
acetylgalactosamine (GglNAc), such as Glycine max agglutinin (SBA), Helix aspersa
agglutinin (HAA), Helix pomatia agglutinin ( HPA) and Maclura pomifera agglutinin
(MPA), usually bind to cis-stacks of the Golgi apparatus, whereas Iﬂgx_cumpa_e_us
agglutinin I (UEA I) specific to « -fucose, a terminal sugar residﬁe, binds to trans-stacks
and to mucous g?anules.l In addition, lectins specific to & -GalNAc biﬁd to‘ trans-stacks
and mucous granules in some cells that produce glyc;,éproteins with e -GalNAc as a
‘terminal sugar residue (Roth 1984; Tsuyama et al 1986; Pavelka and Ellinger 1991;
Suzaki and Kataoka 1992). The result; of our preliminary elgctron microscopic
cytochenli_su}" on gob‘le.t cells of the ICR mouse colon agreéd well with these previous
results. HAA conjugated with colloidal gold bound to cis-stacks of the Golgi
apparatus, and in addition, trans-stacks to mucous granules of a few goblet cells we?e
weakl}.r labeled.

- A confocal laser scanning microscope (CLSM) is a versatile tool fof stereoscopy.



With microscopic sections stained with suitable fluorochrome-labeled lectins, confocal
laser scanning microscopy can .provide three-dimensional iméges of the_Golgi apparatus.
Although electroﬁ miéroscépy can offer better resolution, the images obtained by usiﬁg
a CLSM give satisfactory fesolut‘ioﬁ_ for studying the overall configuration of the Golgi |
apparatus in a relatively large number of cells distributed in a relatively large area c‘>fA
tiSsue. In the preseﬁt study, we examined the three-dimensiox;al conﬁéluation of the
Golgi apparatus in goblet cells of the mouse descending colon by using a CLSM after

staining with several o -GalNAc-specific lectins and/or UEA 1.

Materials and methods
- Chemicals
The lectins used were HAA, MPA, SBA and UEA I.. FITC- or Texas r‘ed-labeled
lecﬁm were purchased from EY Laboratories (San Mateo, CA, USA). According to -
the manufac_:tprer, HAA binds to & -GalNAc and & -N-acetylglucosamine, MPA toa -
GalNAc, a -galactose and galactose( B 1,3)Ga1NAc, SBA to e -and B -GalNAc and
GalNAc( @ 1,3)ga1actosé, and UEA I to « -fucose and fucose( o 1,2)galéctose( B 1,4)N-
acetylglucosamine, respectiv'ely. | |

Haptenic sugars used for éontrols were GalNAc for HAA, MPA.and SBA, and

fucose for UEA 1.



Animals and preparétion of tissues

Adult ICR male miqe (2 months old), fed ad libitum, weré used for' thls s;cudy. All
procedures were performed in accordance with the Guidelines for Use of Laboratory
Animals of Hiroshima University School of Medicine. Under sédium peﬁtobarbital
anesthesia, they were perfused from the left ventricle of the heart with 4% formaldehyde
in 0.1 M phosphate buffer containing 2.5% sucrose (pH 7.2), and the descending colon °
was dissected into small pieces. The tissues were ﬁxed by immersion in thé same
fixative for 6 hr at 4°C and soaked in 0.1 M phosphate buffer (pH 7.2) overnight.
'They'Were dehydrated in 5 graded series of ethanol and embeddéd in paraffin.

Sections (Spmor 15z min ’;hiclmess) were cut and mounted on a gelatin-coated glass

slide. The sections were deparaffinized and hydrated for lectin histochemistry.

Lectin histochemistry
All incubations were performed at room témperature for lectin histochemistry. The
sections were @eated With 10 mM phosphafe—buﬂ’e;ed saline containing 0.5 mM CaCl2 .
(pH 7.2) (PBS) for 5 min and then with 1% bovine serum albumin in.PBS for 10 min,
followed by a brief wash with PBS.

The FITC- or Texas red—labeleci leéﬁns were diluted with PBS at a concentration of
0.5mg/mi. For single staining, the s€ctions were incubated with either FITC-labeled

‘HAA, FITC-labeled MPA, FITC-labeled SBA or FITC-labeled UEA I for '50 min. For



double stajning, tﬁe sections were incubated with Texas re;i-labeled HAA for 50 min,
washed with PBS, and subsequently incubated with 4FITC-labeled UEA-I for 50 mm
After washing in PBS, the sections were mounted with 50% glyéerine in PBS with anti-
| fading reagents. | |
For contr§ls of the lectin staining, each FITC- or Texas red-labeled le‘ctinAsolution
was incubafed with 0.2 M of the respective haptenic sugar for 15 min, aﬁd then this

solution was applied to control sections.

Microscopy and thr§e~dimensional reconstruction

The 5 1 m-thick sections were examined under a conventional epifluorescence
microscope, Nikon Optiphot XF-EF (Nikon, Tokyo, Japan), while 15 73 mathick sections
were examined under a CLSM, Carl Zeiss LSM-410 (Jena, Germany). In the latter
case, 20-27 optically sectioned serial images (0.5 u m-steps) were collected and were
reconstructed to obtain a whole configuration of the Golgi-apparatus.. In the gections
stained with a single lectin, the tbre&dimensioﬁal archifecture was examined using
either stereo-pairs or images colored ;lccording to depth. In the double-stained

sections, the three-dimensional images were examined using stereo-pairs.

Results




Observations by using a conventional fluorescence microscope
When we examined the colonic mucosa stained with FITC-labeled HAA, the Golgi
apparatus was seen in the supranuclear region of cells lining the mucosal surface and
crypts (Fig. 1A). Brightly fluorescent circular or cup;shaped profiles of the Golgi
apparatuses were seen in cells located in the lower and middle paﬁs ofthe crypt. In
addition, thé supranuclear to apical cytoplasm of a few cells ilad weak diffuse
ﬂuorescer;ce. The Goigi app#aMes of goblet cells fluoresced weakly in tile upper
~ part of the crypt and on the mucosal surface, and their pfoﬁles were cup-shaped with a
very large opening toward the cell apex. The. supranuclear region of columnar cells
showed faint fluorescence in the upper part of the crypt, and the fluorescence beéame.
brighter at the mucosal surfacg.
A similar result was obtained when FITC-labeled SBA or FITC-labeled MPA was

applied instead of FITC-labeled HAA.
o When a section was stained with. FITC-labeled UEA I, mucous granules of goblet
cells were seen (Fig. 1B). In the lower part of the crypt, the fluorescent granules
accumulated into two masses, a supranuclear mass aﬁd an apical mass.. On the other
hand, in goblet cells in the middle to upper part of the crypt, the granules accumulated
into a large mass occupying the supranuclear to the apical cytopls;lsm.

- None of the control sections showed fluorescence, and background stainh‘lg‘ was

* - virtually absent.



Observations by using a CLSM

The Golgi apparatuses stained with FITC-labeled HAA, MPA and SBA were similar in
shape; When the whole configuration of the Golgi apparatus was obtéined by
reconstructing 2‘0-27 optically sectione(i seriai irﬁages, the Golgi apparatus lovoked‘ like a
fluorescent dome (Fig. 2A) or a globe (F ig. 3A) in the supranuclear region in cglls
located -in the lower part of the crypt. The wall of the dome or globe ha& some hoies, |
one of which ﬁsually faced toward the ﬁuqleus. The .convex face of the dome or globe,.
w]_aich also had soﬁne holes, faced toward the cell apex. As cells reached the ﬁxiddle
level of the crypt, a hole at the top of the convex wall was eﬁlarged to form a large
opening toward the cell apex (Fig. 3B;. In the upper part of the crypt, thé qugi
-apparatus looked like a ﬁpnel or a cup with a smaller opening toward the nucleus and a
larger opening toward the cell apex (Fig. 2B, 3C). Some holes were also seen in the
lateral wall of tﬁe cup (Fig. 2B).

: By double staining with Texas red-labeled HAA and FITC-labeled UEA I, the Golgi
apparatuses were seen in red (Flg 4,5). | On the other hand, the color of mucous
granules varied from green to orange depending on the rélative intensities of staiﬁings
with FITC and Texas red (Fig. 4, 5). The fluorescence of both the supranuclear and
apical masses of granules exhibited the same color in an individual cell. Mucous
grdnules in cells located in ﬁe upper part of the crypt were always green (Fig. 5C).

When an image of the Golgi apparatus was reconstructed from a few optical



' sectiqns and examined from 1;he lateral-side of the éell, the Golgi apparatus appeared
dome-like and a mass of mucous granuies was enclosed in the interior space of the
dome above the nucleus (Fig. 4). Some mucous grénules were seen just passing -
through the inoles of the red-stained dome.

The whole configuration of the Golgi apparatus was obtained by reconstructing 20-
27 optically sectioned serial images of the doubly stained tissue (Fig. 5). Inthe cglls
located in the lower part of the crypt, tile Golgi apparatus appeared as a red cage
enclosing a mass of granules in the suprénpcléar region (Fig. 5A). The cage usually
had an opening toward the nucléus‘ and another toward the cell apex. . The latter was
enlarged as cells reached tﬁe middle part of the érypt (Fig. 5B). Almost all Golgi
apparatuses seen in the lower and middle parts of the crypt enclosed a UEA I-stained
mass of granules, and a Golgi apparatus without associating fluorescent granules was.
rarely seen.

In the upper part of the crypt, double staining with Texas red-labeled HAA and
FITC-labeled UEA Irevealed a mass of greén mucous granules filling the red cup ‘tc.) the

apical cytoplasm (Fig. 5C).

Discussion

Vacuolated-columnar and goblet cells are two main populations in the epithelium of the
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mouse descending colon (Chang an(i Lei)lond 1971). They are formed in thé lower
part of the crypt and migrate toward the mucosal surface. Vacuo!ated cells lose the
Imucous granulgs at the upper third level of the crypt to become columnar cells.

v.Althoug'h both vacuolated and goblet célls secrete Q-glycosylated glycoproteins,
UEA 1 binds to mucoug granules of only goblet cells in the descending colon of ICR
»mice '(Chen. et al. 1993). In iﬁe present study, almost all Golgi apparatuses associated
UEA I-positive mucous granules in the lower two-thircis of the crypt. Thus, we
consider that the Golgi apparatuses analyzed in the present study beiong‘ to goblet ;:ells
but not to vz;cuolated cells.

’_ In Q-glycosylate;l glycoi)roteins, sugar chains are linked to hydroxyl groﬁps of
serine or threonine residues of the.core protein by & -GalNAc (Neutra and Forstner
1987). It has generally been agreed that lectins specific to « -GalNAc bind to ¢is-
stacks of the Golgi apparatus in cells actively secfeting Q—glycosylatéd glycoproteins
(Roth 1984; Tsuyama et al 1986; Pavelka and Ellinger 1991; Suzaki and Kataoka 1992).
Our preliminary study also agreed with this in gdblet cells of the mouse descending
colon. Ellinger and Pavelka (1992), who studied lectin bihding of gc;blet cells in the
rét proximal and distal colon, reported that dilated cisterns of the rough endoplasmic |
reticulum along with cis-Golgi stacks bound lectins specific to & -GalNAc. The |
similar findings were also obtained in tﬁe rat proximal colon by Tsuyaﬁla et al. (1984).

In the mouse descending colon, however, such dilated cisterns have not been found by
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_ele.ctr(.m microscopic examination.

It has been well established that UEA 1, a lectin specific to a te@ﬂ sugér residue,

o ~fucose, binds to trans-stacks and mucous granules (Tsuyama et al. 1986; Ellinger and

Pavelka 1988, 1992; Pavelka and Ellinger 1991; Suzaki and Kataoka 1992).

From these facts, the two fluorescent structures analyzed in the present study are
copsidere& to be cis-stacks ;)f the Golgi apparatus, and trans-stacks to mucous granules, -
respectively, in goblet cells.

" The Golgi apparatus in goblet cells was reportéd to be U-or cup-shaped (Neutra and
Lebloﬁd _1 966). Radwa_n et al (1990) studied the ﬁee—dimemional organization of
goble;c cells in the rabbit sigmoid colon. | According to their rep'ort, goblet cells change
their shapes along the longitudinal axis of tﬁe crypf, and so is the Golgi api:ai‘atus; The
histology of the rabbit sigméid colon is different from those of the mouse deécending
colon, though. In the @ome descending colon, goblet cells are rather slender in the
lower part of the crypt, and they swell to become typical goblet-shaped with increasi;ig
mucous granules in the middle to upper part of the crypt (Chéng .and Leblond 1971,
Chen and Kataoka 1993). The present study has shown that Golgi apparatuses of
goblet cells look like a dome or globe with some holes in the lower part of the crypt and
change their configuration to cup-shaped with an increasing nuﬁnber of mucous granules
in the middle to upper part of the crypt.

The lower part of the crypt is a site of cell proliferation and differentiation in the
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mouse descending colon, and undiﬂ’erénﬁated and immature cells reside in this area
(Chang and Leblond 1971). However, éells having a large dome-like Golgi apparatus,
shown in the present study, are not conéiciered ixﬁmature but young goblet cell; :
engaging in activf; synthesis of Q-glycosylated glycoproteins, since the Golgi apparatus
is intensely labeled with the lectins specific to -GalNAc, the linkagg to the core
protein. Electron ‘microscopically, most goblet cells in the lower pért of the crypt
contain abundant profiles of the rough endoplasmic reticulum and a large Golgi
apparatus that is often seen dome-like.

The intensity- of staining with the FITC-labeled lectins s-peciﬁc‘to a -GalNAc was
- weakér in goblet cells located in the upper half of the crypt in the present study. This
suggests that the activity of O-glycosylated glycoprotein ‘synthesis decreased in these
cells. The upper opening of the Golgi cup seems td be further enlarged by
accumulation of mucous granules. It is also possiblé that the opening is artificially
enlarged by tissue préparation, since mucouns granules tend to sweil by hydratiqn during

tissue preparation. We consider that such artificial change does not alter the basic

architecture of the Golgi apparatus but influence the size of its holes as well as the sii_e '

of mucous granules.
In conclusion, the present study suggests that (1) the Golgi apparatus is
fundamentally a dome-like structure in the supranuclear region of the goblet cell, (2)

mucous granules are first released into the interior of the dome and then transported
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towa_rd the apical cytoplasm throuéh holes in the dome, and (3) the Golgi épparatus
changes its.conﬁguration to U- or cup-shaped with the accumulation of mucous
granules.

A dome~1ik§ configuration of the Golgi apparatus is not limited to goblet cells. A
similar dome-ﬁke Golgi épparatus hés been demonsﬁated in Brunner’s gland cells of
the mouse duodenum, in which the holes in the Golgi dome were much smaller,
probably because of the smé.ller size of secretory granules (Suzaki and Kataoka 1999).
We assume fhat the Golgi apparatus is basically dome-like in many types of protein-
secreting exocrine cells, in which holes of the Golgi dome may change ﬁeh size to give
different configulation of the app_a.ratus depending on different seqretory states of a cell
or on different types of cells. We briefly réported that this might be the case of surface
mucous cells, mucous neck cells and chi;:f cells in tﬁe gastric fundic ﬁucosa (Kataoka

et al. 1999).

Aéknowledgement
This study is supported in part by Grants-in-Aid 09670014 and 10670017 from the

Ministry of Education, Science.and Culture, Japan.

14



‘References
~Adler KB, Hérdwigk DH, Creﬁghead JE (1982) Porcine tracheal goblet cell
ultrastructure: a three-dimensional réconsu'uction. | Exp Luﬁg Res 3: 69-86
Beans HW, Kessel R ( 1.968) The Golgi apparaﬁls: structure and function. vInt Rev
Cyfol 23:209-276 | |
- Chang WWL, Leblond CP (1971) Renewal of the epithelium in the descending colon of
the mouse. | I. Presence of ﬁeé cell populaﬁons: vacuolated-'columnar, mucous and
argentaffin. Amer J Anat 131: 73-100
.Chen Z-J, Suzaki E, Morino-Kéhno E, Kataoka K(1993) A hist.ochemi;:al study on
glycoconjugates in epithélial cells in the distal colonic mucosa-of adult and |
- developing mice. Arch Histol Cytol 56: 161-108
Ellinger A, Pavelka M (1988) Localization of fucosyl residues in Céllular compartments
of rat duodenal absorptive enterocytes and goblet cells. Eur J Cell Biol 47: 62-71
ﬁllinger A, Pavelka M (1992) Subciomains of the rough endoplasmic reticulum in colon
goblet cells of the rat: lectin-cytochemical characterization. J Histochem
Cﬁochem 40: 919-930
Kataoka K, Suzaki E, Komura K, Jiang XY (1999) Three dimeﬁsiogai structure of the
Golgi apparatus in gaétrointestinal exocrine cells. - Italiaﬁ J Anat Embryol 104
. Suppln-1: 332

Neutra MR, Forstner JF (1987) Gastrointestinal mucus: synthesis, secretion and

15



function. In: Johnson LR (ed) Physiology of the Gastrointestinal Tract, 2nd ed.
Raven Press, New York, pp 975-i 009
Neutra M, Leblond CP ( 1-966) Synthesis of the carbohydrate of mucus in the Golgi -
1 complex as shown by electron microscope radioautography of goblet cells from rats
injected with glucose- H3. 7 Cell Biol 30:119-136
Noda T? Ogawa K (1984) Golgi apparatus is one continuous organelle in pancreatic
exocrine cell of mouse. Acta Histochem Cytochem 17: 435-451
Pavelka M, EilingerAA (1991) Cytochemical cﬁaracteﬂsﬁcs of the Golgi apparatus. J
Electron Microsc Tech 17:3 5-50
~ Radwan KA, Oliver MG, Specian RD (1990) Cytoarchitectuai reorganization of rabbit
colonic goblet cells duriﬁg baseline sec?etion. Amer J Anat 189.; 365-376
Rambourg A, Clermont Y, Hermo L, Segretain D (1987) Tridimensional architecture of
the Golgi apparafus and its conﬁponents in mucous cells of Brunner’s glands »of the
mousé. Amer J Anat 179: 95-107
Roth J (1984) Cytochemical localization of terminal N-.a;:etyl-D-galactosamine residues
~ in cellular compartments of intestinal goblet cells: implications for the topology of
Q-glycosylation. J Cell Biol 98:399-406
Suzaki E, Kaiaoka K (1992) Lectin cytochemistry in the gastroiﬁtestinal tract with
special ret_'erence to glycosylation.in the Golgi apparatus of Brunner’s gland cells. |

J Histochem Cytochem 40:379-385

16



Suzaki E, Katapka K (1999) Three-dimensionéll visﬁalizaﬁon of the Golgi apparatus:
Observation of Brunner’s gland cells by a confocal laser scanning microscope. [
Struct Biol 128: 131-138

Tsuyama S, Suganuma T, Thida K, Murata F (1986) Ultracytocheﬁ:isu'y of
glycosylation sites of rat colonic mucosa ceﬂs with labeled lectins. - Acta
Histochem Cytochem 19: 555-565

Yamashina S (1995) Dynatﬁic structure and function of Golgi apparatus in the salivary

acinar cells. J Electron Microsc 44: 124-134

17



Legends for Figures

Fig. 1 Conventional fluorescence micrographs of the mouse descending colon. (A)
After staining with FITC-labeled HAA, the Golgi apparatuses of the ceﬂs in the lower
hélf of the crypts are brightly fluorescent and have circular to cup-shaped profiles. The
whole cytoplasm of some 'ceils shows weak fluorescence (arrow). The fluorescence of
the Golgi apparatuses is rather weak in cells in ie upI;er part of the crypt and on the
mucosal surface. They ar;e large cup-shaped in goblet- cells and dot-like in columnar
cells. (B) Mucous granules of goblet cells are stained with FITC-labeled UEA L

They are separat;:d into two groi;ps, a supranuclear mass and an apical mass in a cell in
the lower part of the crypt (small arrows) .  As cells reacﬁ the middle level of the crypt,

the space separating the two masses become obscure (large arrow). Bar =20 u m

| Fig.2 The whole configuration of the qugi.apparatus was reconstructéd from 22 (A)
and 27 (B) optical seétions after staining with FITC-labeled SBA (A) and FITC-labeled
MPA (B), respectively. (A) In the lower part of the crypt, the Golgi apparatus is dome-
like with a large opening facing toward the nucleus (n), and there are some holes
(arrows) in the ceiling of the dome. (B) The lateral view of two Golgi apparatuses in
the upper part of the crypt.  They are cup-shaped with an opening toward the nucleus

(n) and another large opening toward the apical cytoplasm (a). @ Bar=5um
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Fig. 3A-C Stt;feo-pairs of Golgi apparatuses -reconstru'cted from 23 (A), 21 (B), and

24 (C) optical sections after the staining with FITC-labeled SBA A, FITC;labeled
HAA (B), and FITC-labeled HAA (C), respectively. Thé loﬁgitudiﬁal axis of the crypt |
roughly corresponds to the y-axis of these pictures. In th_e'lower part of the crypt, the
Gélgi apparétus looks like a globe with some holes (A). As celis reach the miadle
level, a hole in the- ceiling of the 'donie is enlarged (arroWs) B). In thé upper part of

tﬁc crypt, a cup-shaped Golgi apparatus has a small opening toward the nucleus
(arrowheads) and a large opening toward the apical cytoplésm (a) that is swollen by an

accumulation of mucous granules(C). nnucleus. Bar=10gm

Flg 4 A lateral view qf goblet cells was reconstructed from 7 optical sections in the
lower part of the crypt after staining with Texas red-labeled HAA and FITC-labeled
UEA L The Golgi apparatus is séen as a red dome over the nucleus (n). Mucous
émdes are either accumulated inside the domé, just passing through the wall of the

dome (arrow), or accumulated in the apical cytoplasm (a). Bar=2.5um

Fig. 5SA-C The pictures were reconstructed from 21 (A), 22 (B) and 25 (C) optical
sections after staining with Texas red-labeled HAA and FITC-labeled UEA L The
Golgi apparatus looks like a red cage in the lower part of the crypt (A) and at a level just

above it (B). The cage has an opening toward the nucleus (n) and another toward the
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apical cytoplasm (arrows). Although the coior of mucous granules varies from green
to orange, they exhibited almost the same color in a cell (arrowheads).  The Fig. 5C |
shows the upper part of two.longitudi_nally oriented crypts. "I"he cup-shaped Golgi
apparatus has a large opening toward the apical cytoplasni, which contains accumulated

mucous granules. Bar=10xm
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