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Intracellular topography of immunoreactive gastrin demonstrated using electron immunocyto- 
chemistry 
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Summary. Gastr in (G)-producing cells f rom the m a m m a l i a n  gastric an t rum have been investigated using 
computer-assisted m o r p h o m e t r y  and a novel double colloidal gold- labeled- immunoglobul in  electron immuno-  
cytochemical  procedure.  Correlat ion analysis o f  h u m a n  antral G-cells indicates (p < 0.001) that a single 
popula t ion o f  granules exists with small (160 nm) electron-dense and large (240 nm) electron-lucent forms 
representing the extremes. Non-crossreact ing region-specific antisera have been used to visualize G-17 and G- 
34 (progastrin) to the small electron-dense granules and G-17 to the other intermediate  forms. F r o m  the results 
we propose a topographic  segregation o f  immunoreac t ive  gastrins within 2 apparent ly  distinct granule sub- 
classes and suggest that  this m a y  represent the pa thway of  granule maturat ion.  

Introduction 

Post-translational cleavage of  precursor to smaller 
molecular  forms of  bioactive peptides has been estab- 
lished in recent years 1s,19,31. The majori ty o f  endo- 
crine cell types exhibit a range o f  secretory granule 
morpho logy  12 which could reflect storage o f  different 
molecular  structures. One such example is the m a m -  
mal ian  antral  G-cell which has been claimed to 
contain 2 main  granule populations,  1 large electron- 
lucent and 1 small dense-cored 9'13,32. The observed 
variations in granule ratio has been suggested by 
different groups to represent the functional state o f  
the secretory cycle 8,13, the effect o f  fixation 2~ the 
co-existence o f  2 unrelated products  16 or o f  2 molecu- 
lar forms of  gastrin 13,36 within the same cell. Recent  
advances in electron immunocytochemis t ry  particu- 
larly the introduct ion o f  region-specific antisera 17 and 

immunogold  procedures 5,8,28-3~ have allowed the 
ultrastructural topographic  distribution o f  separate 
regions o f  peptide molecules to be visualized 26,33. In 
this study we have combined  newly developed elec- 
tron immunocytochemica l  procedures with computer-  
assisted morphome t ry  in order  to characterize the 
granule popula t ion in m a m m a l i a n  antral G-cells. 

Materials and methods 

Fresh antral  mucosa  was obta ined f rom adult  h u m a n  
subjects ( n =  6) at surgery, and from adult  cats ( n=  10) 
following sodium pentobarbi tone  anesthesia ( 'Eu- 
thatal ' ;  200 mg/ml ,  1 ml/kg) .  The tissue was 
processed for conventional  electron microscopy or for 
electron immunocytochemis t ry  37. Electron micro- 
graphs o f  cells fulfilling the criteria acknowledged for 
the classification o f  G-cell granules 7 were analyzed 
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Characteristics of antisera used for electron immunocytochemistry 

Antiserum Raised in Hapten Immunocytochem. Optimal Absorption controls (nmoles/ml diluted antiserum) ~ 
specificity dilution G1_34 GI_15 G17_34 CCK-8 ACTHl_39 FMRF.NH2 

655 Rabbit G;zT- 34 Carboxy term 1:4000 1 0.1 0.1 10 ( - )  20 ( - )  
687 Guinea-pig GIT-34 Amino term. G-17 1:2000 20 ( - )  1 10 ( - )  - 
819 ~ Guinea-pig G I 15 Amino term. G-34 1:5000 1 1 - ND ND 
800 Rabbit G i - 15 Amino term. G-34 1 : 4000 1 1 - - 

~Amount of peptide required to partially abolish immunostaining by diluted antiserum. , Not absorbed at 30 nmoles/ml; 10 ( - ) ,  partially 
absorbed at 10 nmoles/ml but not fully absorbed at 30 nmoles/ml; ND, test not performed.~*Gly-Lys-gastrin (synthetic). 

using an  IBAS II  compu te r i z ed  image  ana lyser  as 
descr ibed  e lsewhere  14. G r a n u l e  size (d iameter :  nm,  
i n t r a m e m b r a n a l  a rea :  nm2), densi ty  (monoch roma t i c  
grey va lue :  0-255 grey  levels,  b lack  to white)  and  
numer i ca l  f requency  (g ranu le  n u m b e r  pe r  cell  f ield) 
were measu red  for each type.  Th ree -d imens iona l  rep-  
resenta t ions  o f  the da t a  ob t a ined  were d i sp layed  and  
in te rp re ted  using stat is t ical  packages  incorpora t ing  
cor re la t ion  analysis  and  p a i r e d  S tudent ' s  t-test. A new 
doub le  i m m u n o g o l d  s ta in ing technique  34, app l i ed  at  
the u l t ras t ruc tura l  level  and  based  on a modi f i ca t ion  
o f  the col lo idal  go ld - l abe l ed  i m m u n o g l o b u t i n  proce-  
dure  5,10,37 was used  in concer t  with non-crossreac t ing  
region-specif ic  an t i sera  recognizing the amino-  or  
ca rboxy- t e rmina l  o f  gastr in-17 or  the a m i n o - t e r m i n a l  
o f  gastrin-34,  the character is t ics  of  which are present-  
ed in the table .  I t  is i m p o r t a n t  to note  tha t  the 
an t i se rum raised to N - t e r m i n a l  gastr in (G)-17 (687) 
does not  s ignif icant ly  cross-react  with G-34 in this 
system, p r e s u m a b l y  because  the  an t igenic  sequence  is 
masked  by  ter t iary  fo ld ing  4. 

Briefly, u l t ra th in  sections o f  non -osmica t ed  tissue 
m o u n t e d  on nickel  grids, were  ' e t ched '  with 10% 
hydrogen  peroxide ,  i n c u b a t e d  with n o r m a l  goat  
serum (1:30 d i lu t ion)  fol lowed,  for example ,  by  a 
mix ture  o f  r abb i t  ant i -gas t r in-34 and  gu inea -p ig  ant i -  
gastr in-17 d i lu ted  to op t ima l  titres for 1 h at r oom 
tempera tu re .  The  sections were  r insed with 0.05 M 
Tr is -buf fered  sal ine (pH 7.3) con ta in ing  0.2% bovine  
se rum a l b u m i n  (S igma T y p e  V), be fo re  incuba t ion  
with a mix ture  o f  40-rim go ld - l abe led  goat  an t i - rabb i t  
I gG and  20-nm go ld - l abe led  goat  an t i -gu inea-p ig  
IgG.  H o m o g e n e o u s  popu la t ions  o f  20- or  40-nm gold 
par t ic les  ( non -ove r l app ing  size ranges)  were  p r e p a r e d  
by  the cont ro l led  chemica l  r educ t ion  o f  ch loroaur ic  
acid  with sod ium ci t rate  and  these par t ic les  were 
a d s o r b e d  with goat  g a m m a - g l o b u l i n s  fol lowing well  
d o c u m e n t e d  p rocedures  4'5'7' 14,25,26,33,34,37.  A b s o r p t i o n  

controls  with the respect ive  ant igens,  ant igenic  frag-  
ments  and  homologous  mo lecu l a r  species were car r ied  
out  as ind ica t ed  in the table.  In  add i t ion ,  i m m u n o g o l d  
s ta ining p rocedures  emp loy ing  1 p r i m a r y  an t i se rum 

Figure l. a Electron micrograph 
of human antral G-cell, secretory 
granules arrowed, d, Electron- 
dense (160 nm), 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-cell, mag- 
nification z 44,000. The human 
dense-cored G-cell granules 
closely resemble those in the Dt 
cell type 22,24. b Ultrathin section 
of cat antral G-cell immuno- 
stained with anti-C-terminal gas- 
trin serum. Antigenic sites are 
visualized by labeling with 
20 nm gold-adsorbed immuno- 
globulins (arrowed). Magnifica- 
tion • 30,000. 
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alone, or a mixture of both primary antisera followed 
by 1 gold-labeled antiserum were run simultaneously 
to check for reaction specificity. The sections were 
counterstained with uranyl and lead salts and viewed 
with a Zeiss 10CR transmission electron microscope. 

Results 

Our electron microscope observations corroborate 
previous findings 7,n that 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 nm in cat; and small electron- 
dense: 150-170 nm in man, 220-240 nm in cat) with 
a range of intermediate forms (pale-cored: 
200-220 nm in man, 280-300 nm in cat) (fig. 1, a), 
the latter 2 forms of which were found to be immuno- 
reactive to C-terminal gastrin antisera (fig. 1, b). Large 
electron-lucent granules were not immunostained us- 
ing C-terminally-directed anti-gastrin. This finding is 
in agreement with a recent report by H~ikanson and 
co-workers 13. The occurrence of a single granule 
population in the antral G-cells of both species, with 
electron-lucent and dense-cored representing the ex- 
treme forms was demonstrated by morphometric ana- 
lysis of granule area correlated with granule density 
(grey value) from calibrated electron micrographs 
(fig.2, a). The results indicated a continuous granule 
population for each cell with profiles ranging from 
small (160 nm Dmax) electron-dense to large (240 nm 
Dmax) electron-lucent with many intermediate (pale- 
cored) forms. This was confirmed by correlation ana- 
lysis of the bivariate-normal data. The sample correla- 
tion coefficient (r) obtained was 0.39 (df= 78) indicat- 

ing a statistical degree of significance (p) at the 
population level between paired area and density o f  
less than 0:001 (fig.2, b). 
Application of the immunogold staining procedure 
using antisera directed to the amino-terminal of gas- 
trin-34 revealed antigenic sites localized exclusively to 
the small electron-dense granules (fig.3, a) which 
closely resemble those of the DFcell type 22,24 found 
throughout the gut and pancreas, and gastrin-17-1ike 
immunoreactivity visualized by the use of N- and C- 
terminally-directed antisera also 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 significantly immunostained. 
Simultaneous ultrastructural localization of both im- 
munocytochemically identified gastrin terminals with 
region-specific antisera using the double immunogold 
staining procedure confirmed this pattern of distribu- 
tion and demonstrated the co-existence of 2 separate 
regions of the gastrin molecule in the dense-cored 
secretory granules (fig. 3, b and c). 

Discussion 

For more than a decade the mechanisms of gastrin 
storage and release from the mammalian gastric 
antrum have been theorized u p o n  7'8'13'20'23'35. Forss- 
mann and Orci 8 proposed that bioactive gastrin 
release was mediated by intracytoplasmic molecular 
dispersion, the electron-lucent vesicles merely repre- 
senting 'empty' secretory organelles. Mortenson and 
co-workers 21 demonstrated that the duration and pH 
of fixation largely determined the morphological ap- 
pearance of  the G-cell granule population. Biochemi- 
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Figure 2. a Three-dimensional representation of  grey value (GRV), 
area (nm 2) and absolute frequency of  secretory granules for the 
human G-cell depicted in figure 1, a. b Correlation analysis o f  
above data indicating a significant correlation between grey value 
and area at 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  mammal ian  
antra, whereas much lower amounts of  gastrin-34 are 
extracted 6,11,27. Although several groups hypothesized 
on the proteolytic cleavage of gastrin-34 to gastrin-17 
in individual gastrin cells and proposed that the 
dense-cored secretory granules were probably imma- 
ture, containing a precursor molecule which is subse- 
quently split to yield the active hormone 13,15,2~ the 
sub-cellular distribution of both molecular forms has 
not been demonstrated. Similar reports on the biosyn- 
thesis of  other peptides 24'33 have suggested to some 
authors that Dl-type granules may contain precursor 
molecules which are subsequently processed to active 
tbrms, therefore supporting the view that a common 
undifferentiated endocrine granule type exists at least 
in mammals.  By morphometr ic  analysis of  antral G- 
cells we have characterized the secretory granules and 
conclude that the dense-cored and electron-lucent 
granules represent extreme forms of  a single popula-  
tion. Electron immunocytochemistry using a double 
immunogold labeling procedure in combination with 
region-specific antisera demonstrates topographic seg- 
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regation of gastrin-like immunoreactivities with im- 
munoreactive gastrin-34 apparently present only in 
the dense-cored secretory granules. I f  proteolytic 
cleavage 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 not available to the applied antibodies. Perhaps 
more likely is the elution of imlnunoreactive N- 
terminal Gl-15 during tissue processing. In either case 
it is possible that post-translational cleavage of  a pro- 
form of gastrin (G-34) to the bioactive hormone 36 is 
reflected by the morphological change in secretory 
granule structure from dense-cored to electron-lucent. 
Similarly, as gastrin-17 immunoreact ive 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 immunoreactive material within the electron- 
lucent granules may indicate that these molecules 
have been released into the cytoplasm. The absence of  
immunostaining in the cytoplasm of the gastrin cells 
would seem unsupportive of  this, the molecular dis- 
persion theory of gastrin release 7,s unless a smaller 
molecular form of  gastrin, unreactive to the region- 

Figure 3. Electron micrographs 
of ultrathin sections of human 
antral G-cells following applica- 
tion of single (a) and double (b, 
c) immunogold staining proce- 
dures. Antisera reactive to N-ter- 
minal of G-34 are visualized us- 
ing 20-rim (a) or 40-rim (b, c) 
gold particles and those reactive 
to N-terminal of G-17 are visu- 
alized using 20-nm gold (b, c; 
small arrows). Only the dense- 
cored secretory granules are im- 
munostained with 40-nm gold, 
whereas 20-nm gold particles 
label each granule type. As non- 
osmicated tissue has to be used 
for the electron immunocyto- 
chemical localisation of gastrin 
immunoreactive material to date 
the membranes of the electron- 
lucent granules are indistinct. For 
this reason the position of the 
granule membrane has been indi- 
cated by arrowheads. Magnifica- 
tions: a • b x53,600; 
c • 74,000. 



Experientia 39 (1983), BirkhSuser Verlag, CH-4010 Basel/Switzerland 717 

spec i f ic  an t i s e ra  app l i ed ,  co-ex is t s  in  t he  sec re to ry  

g r a n u l e s  as the  u l t i m a t e  b i o a c t i v e  m o l e c u l e .  

W e  h a v e  thus  b e e n  a b l e  to d e m o n s t r a t e  a t o p o g r a p h i c  

s e g r e g a t i o n  o f  i m m u n o r e a c t i v e  gas t r ins  w i t h i n  2 ap-  

p a r e n t l y  d is t inc t  g r a n u l e  sub-c lasses  us ing  a c o m b i n a -  

t ion o f  r eg ion - spec i f i c  an t i s e r a  wi th  e l ec t ron  i m m u n o -  

cy tochemis t ry .  F u r t h e r m o r e ,  c o m p u t e r i z e d  m o r -  

p h o m e t r y  i n d i c a t e d  tha t  t hese  2 s e p a r a t e  sub-c lasses  

o f  sec re to ry  g r a n u l e s  r e p r e s e n t  2 e x t r e m e  fo rms  o f  a 
u n i m o d a l  g r a n u l e  p o p u l a t i o n .  O u r  i nves t i ga t i ons  a re  

sugges t ive  o f  a p a t h w a y  o f  g r a n u l e  m a t u r a t i o n  a n d  
thus  poss ib ly  o f  i n t r a g r a n u l a r  gas t r in  b iosynthes i s .  
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