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Intracellular topography of imrnunoreactlve gastrin dernonstrated using electron irnrnunocyto
chemistry
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Departments 01 Histochemistry and Medicine, Royal Pos/graduare Medical School, Hammersmith Hospital, Du
Cane Road, London W12 .0HS (England}, January 18,1983

Summary. Gastrin (G )-producing eells from the marnrnalian gastric antrurn have been investigated using
computer-assisted morphometry and a novel double colloidal gold-Iabeled-irnmunoglobulin electron irnrnuno
cytochernical procedure. Correlation analysis of 'human antral G-cells indica tes (p < 0.001) that a single
population of granules exists with srnall (160 nm) electron-dense and large (240 nm) electron-lucent forms
represeniing the extremes. Non-crossreacting region-specific antisera have been used to visualize G-17 and G
34 (progastrin) to the small electron-dense granules and G-17 lo the other interrnediate forms. From the result s
we propose a topographic segregation of imrnunoreactive gastrins within 2 apparently distinct granule sub
c1asses and suggest that this may represent the pathway of granule maturation,

lntroduction

Post-translational clea vage of precursor to smaller
molecular forms of bioactíve peptides has been estab
Iished in recent years I8,19.31 . The majority of endo
crine cell types exhibir a range of secretory granule
rnorphology'? which could reflect storage of different
molecular structures. One su eh examplc is the mam
malían antral G-cell which has been c1airned to
contain 2 main granule populations, l large electron
lucent and I small dense-cored9•13,32. The observed
variations in granule ratio has been suggested by
different groups to represent the functional state of
the secretory eycle s.13, the effect of fixation20.2 1

, the
co-exisience of 2 unrelated products16 or of 2 molecu
lar forms of gastrin13.36 within the same cell. Recent
advanees in electron imrnunocytochernistry particu
larly the introduction of region-specific antisera 17 and
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immunogold procedures5.8.28-30.37 have allowed the
ultrastructural topographic distribution of separa te
regions of peptide molecules to be visualized 26•33. In
this study we have combined newly developed elec
tron immunocytochemical procedures with cornputer
assisted morphometry in order to characteríze the
granule population in mammalían antral G-cells.

Materials and methods

Fresh antral mucosa was obtained from adult human
subjects (n = 6) at surgery, and from adult eats (n = 10)
following sodium pentobarbitone anesthesia CEu
thatal': 200 mg/ml, l ml/kg). The tissue was
processed for conventional electron rnicroscopy or for
electron immunocytochernisrry". Electron micro
graphs of cells fulfilling the criteria acknowledged for
the c1assification of G-cell granules7 were analyzed
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Characteristics of antisera used for electron immunocytochemistry
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Antiserurn Raised in Harten Im m U nocytochem, Optimal Absorption controls (nrnoles/rnl diluted antiserurn)"
specifici ly dilution G I - 34 G I - 15 G 17- 34 CCK-8 ACTH 1_ 3Y FMRF ·NH 2

655 Rabbit G 27 - 34 Carboxy term 1:4000 I 0.1 0.1 lO (-) 20(-)
687 Guinea-pig • G 17-34 Amino termo G-17 1:2000 20 (-) - 1 JO (-) -
819·· Guinea-pig G 1- 15 Amino termo G·34 1:5000 I ND ND
800 Rabbit G 1- 15 Amino term oG -34 1:4000 I

• Amount of peptide required to partially abolish irnmunostaining by diluted antiserum.-, N ot absorbed al 30 nmoles/ml ; \O ( - ), panially
absorbed at 10 nmoles/rnl but not fully absorbed al 30 nmoles/ml; ND. test not performed. ··Gly-Lys-gastrin (synthetic),

using an IBAS II computerized image analyser as
described elsewhere!", Granule size (diameter: nm,
intramembranal area: nm'), density (monochromatic
grey value : 0-255 grey levels, black to white) and
numerical frequency (granule number per cell field)
were measured for each type. Three-dimensional rep
resentations of the data obtained were displayed and
interpreted using statistical packages incorporating
correlation analysis and paired Student's t-test. A new
double immunogold staining techniq ue34, applied at
the ultrastructural level and based on a modification
of the colloidal gold-labeled immunoglobulin proce
dure5. 1O•31 was used in concert with non-crossreacting
region-specific antisera recognizing the amino- or
carboxy-terminal of gastrin-I? or the amino-terrninal
of gastrin-34, the characteristics of which are present
ed in the table . lt is importan t to note that the
antiserum raised to N-terminal gastrin (G)-17 (687)
does not significantly cross-react with G-34 in this
system, presurnably because the antigenic sequence is
masked by tertiary folding",

Briefly, ultrathin sections of non-osmicated tissue
mounted on nickel grids, were 'etched' with 10%
hydrogen peroxide, incubated with normal goat
serum (l :30 dilu tion) followed, for exarnple, by a
mixture of rabbit anti-gastrin-34 and guinea-pig anti
gastrin-17 diluted to optimal titres for 1 h a t room
temperature. The sections were rinsed with 0.05 M
Tris-buffered saline (pH 7.3) containing 0.2% bovine
serum albumin (Sigma Type V), before incubation
with a mixture of 40-nm gold-labeled goat anti-rabbit
IgG and 20-nm gold-Iabeled goat anti-guinea-pig
IgG. Homogeneous populations of 20- or 40-nm gold
particles (non-overlapping size ranges) were prepared
by the controlled chemical reduction of chloroauric
acid with sodium citrate and these particles were
adsorbed with goat gamma-globulins following well
documented procedures'i- s-"- 14,25 ,26 .33 .34,37. Absorption
controls with the respective antigens, antigenic frag
ments and homologous molecular species were carried
out as indicated in the tableoIn addition, immunogold
staining procedures employing 1 primary antiserum
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Figure 1. a Electron micrograph
of human antral Gvcell, secretory
granules arrowed. d, Electrón
dense (160 oro), e. electron-lucent
(240 nm). p. pale-cored interme
diate forms (200-220 nm) . Mag 
nification x 5980. Inset exhibits a
range of secretory granule types
from human antral G-eeIl . mag
nification x 44.000 . The human
dense-cored G-ceIl granules
closelv resemble those in the DI
cell tYpe22.24. b Ultrathin section
of cat antral Gvcell imrnuno
stained with ami-Cvterminal gas
trin serum. Anugeruc sites are
visualized by labehng with
20 nm gold-adsorbed immuno
globulins (arrowed) Magnifica
tion x 30.000 .
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alone, or a mixture of both primary antisera followed
by l gold-labeled antiserum were run simuItaneously
to check for reaction specificity. The sections were
counterstained with uranyl and lead saIts and viewed
with a Zeiss IOCR transmission electron microscope.

Results

Our electron microscope observations corrobora te
previous fmdings7, 32 thal the antral G -cells of cat and
man contain at least 2 morphologically distinct types
of secretory granules (large electron-lucent: 220-240
nm in man, 310- 330 nrn in cal: and small electron
dense: 150-170 nm in man, 220-240 nm io catjwith
a range of intermediate forms (pale-cored:
200-220 nm in man, 280-300 nm in cat) (fig.I, a) ,
the latter 2 forros of which were found lo be immuno
reactive to C-terminal gastrin antisera (fig . 1, b) . Large
electron-lucent granules were not immunostained us- .
ing C-Ierminally-direeted anti-gastrin. This finding is
in agreernent with a recent report by Hákanson and
co-workers!'. The occurrence of a single granule

. popu1ation in the antral G-cells of both species, with
electron-lucent and dense-cored representing the ex
treme forms was demonstrated by rnorphomelric ana
lysis of granule area correlated with granule density
(grey value) from calibrated electron micrographs
(fig.2, a) . The results indicated a continuous granule
popu1ation for each cell with profiles ranging from
small (160 nm D max) electr ón-dense LO large (240 nm
DmaJ electron-lucent with many interrnediate (pale
cored) forms, This was confírmed by correlation ana
lysis of the bivariate-normal data. The sample correla
tion coefficient (r) obtained was 0.39 (df= 78) indícat-
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ing a statistical degree of significance (p) at tbe
population level between paired area and density of
less than 0.001 (fig .2, b).
Applicatioo of the irnmunogold sta ining procedure
using antisera directed to the amino-terrninal of gas
trin-34 revealed aotigenic sites localized exclusively lo
the small electron-dense granules (fig.3, a) which
close1y resemble those of the Dj-cell type 22•24 found
throughout the gut and pancreas, and gastrin-I?-like
immunoreactivity visualized by the use of N- and C
terrninally-directed antisera aIso to the electron-dense
granules but predominantly to the pale-cored secreto
ry granules. Profiles of the large electron-lucent secre
tory granules were not significant1y immunostained.
Simultaneous ultrastructural localization of both im
munocytochemically identified gastrin terminals with
region-specific antisera using the double immunogold
staining procedure confirmed this paltern of distribu
tion and dernonstrated the co-existence of 2 separare
regions of the gastrin molecule in the dense-cored
secretory gran ules (fig. 3, b and e).

Discussion

For more than a decade the mechanisms of gastrin
storage and release from the mammalian gastric
antrum have been theorized upon 7,8,13,20.23.35. Forss-
mann and Orci'' proposed that bioactive gas trin
release was mediated by intracytoplasrnic molecular
dispersion, the electron-Iucenl vesic1es merely repre
senting 'ernpty' secretory organelles. Mortenson and
co-workers'" demonstrated that the duration and pH
of fixation largely deterrnined the morphological ap
pearance of the G-cell granule population. Biocherni-
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Figure 2. a Three-dirnensional representation of grey valué (GRV).
area (nm 2) and absolute frequency of secretory granules for the
human Gvcell depicted in figure L a. b Correlatíon analysis of
aboye data indicating a signiñcam corre1ation between grey value
and area al 99.95% confidence level,
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cal analysis has established that gastrin-17, the C
terminal heptadecapeptide of gastrin-34 is the pre
dominant molecular form in extracts of mammalian
antra, whereas much lower amounts of gastrin-34 are
extracted6•1I,27. AIlhough several groups hypothesized
on the proteolytic cleavage of gastrin-34 to gastrin-l ?
in individual gastrin cells and proposed that the
dense-cored secretory granules were probably imrna
ture, containing a precursor molecule which is subse
quentIy split to yield the active hormone13, 15, 20, 36, the
sub-cellular distribution of both molecular forms has
not been dernonstrated. Similar reports on the biosyn
thesis of other peptides24.33 have suggested to sorne
authors that Dj-type granules may contain precursor
molecules which are subsequently processed to active
forrns, therefore supporting the view that a common
undifferenriated endocrine granule type exists at least
in mammals, By morphometric analysis of antral G
cells we have characterized the secretory granules and
conc1ude that the dense-cored and electrori-lucent
granules represent extreme fonns of a single popula
tion. Electron imrnunocytochemistry using a double
immunogold labeling procedure in cornbination with
region-specific antisera dernonstrates topographic seg-

regation of gastrin-like immunoreactivities witb irn
munoreactive gastrin-34 apparently present only in
the dense-cored secretory granules. If proteolytic
c1eavage of gastrin-34 occurs in the dense-cored gran
ule it is conceivable that the N-terminal product may
be bound in the tissue such that the tertiary structure
is nol available lo the applied antibodies. Perhaps
more likely is the elution of immunoreactive N
terminal G I _15 during tissue processing. In either case
it is possible that post-translational c1eavage of a pro
forrn of gastrin (G-34) to the ,bioactive hormone-" is
reflected by the morphological change in secretory
granule structure from dense-cored to electron-Iucent.
Similarly, as gastrin-17 immunoreactive material was
not observed in the large electron-lucent granules this
may merely represent elution of the granule contents
during processing. Alternatively, the absence of gas
trin-like imrnunoreactive material within the electron
lucent granules may indicate that these molecules
have been released into the cytoplasrn , The absence of
immunostaining in the cytoplasm of the gastrin cells
would seern unsupportive of this, Ihe molecular dis
persion theory of gastrin release-" unless a smaller
molecular form of gastrin, unreactive lo the region-
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Figure 3. Electron micrographs
of ultrathin sections of human
antral Gvcell s fol1owing applica
tion of single (a) and double (b,
e) immunogold staining pro ce
dures. Antisera reactive ro N-ler
minal of G-34 are visualized us
ing 20-nm (a) or 4O·nm (b , e)
gold particles and those reactive
lO N-Ienninal of G-J7 are visu
alized using 20-nrn gold (b, c;
smalJ arrows) , Only the dense
cored secretory granules are im
munostained with 4O-nm gold.
whereas 20-nm gold partides
label each granule type. As non
osrnicated tissue has lo be used
for the electr ón immunocyto
cnernical loealisation of gastrin
immunoreactive material to dale
the mernbranes of the electron
lucent granules are indistinct. For
this reason ihe position of the
granule membrane has been indi
ca ted by arrowheads. Magnifica
tions : a x 65.000 : b x 53.600 :
e x 74.000 .
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specific antisera applied, co-exists in the secretory
granules as the ultimare bioactive molecule.
We have thus been able to dernonstrate a topographic
segregation of irnrnunoreactive ga strins within 2 ap
parently distinct granule sub-classes using a combina
tion of region-specific antisera with electron immuno
cytochemistry. Furthermore, computerized mor
phometry indicated that these 2 separate sub-classes
of secretory granules represent 2 extreme forms of a
unimodal granule population . Our investigations are
suggestive of a pathway of granule maturation and
thus possibly 01' intragranular gastrin biosynthesis.
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