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Fig. 5. a) Semithin (500 nm) section of ileal mucosa imrnunostained using highly speciñc antibodies lo glicentin,
showing an irnmunoreactive cell (arrow) , x 500
b) Electrón micrograph of a serialthin (60 nm) section showing the same ceJl (arrow). x 5,000
e) Details oC the secretory granules present in the gllcemin-imrnunoreactive cell (compare to Fig. 4e) . x ~O.OOO
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MOLECULAR FORMS OF GASTRIN AND OLUCAGO~

RRAQKFVQWLMNTKRNKNNIA­
HSQGTFI'SDYDKYLDSRRAQDFVQWLMNTKRNKNNIA
HSQGTFI'SDYSKYLDSRRAQDFVQWLMNTGlucagon

GflJgin
034 QLOPQOPHSLVADPSKKQOPWLEEEEEAYGWMDF
017 QOPWLEEEEEAYGWMDF

Glucagon
Gliccntin

\.

Hg. 6. GastriD 34 and Gastrin 17 share the whoJe of their common Cvterminal sequenee whereas glicentin has
botb an N·temúnal and a C-terminal extensíon to the glucagon molecule. TIte whole of the glicentin sequence
cannot be gíven as it has yet to be completely sequenced,
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Peptides In cells and nerues; electron immunocytochemlstry

Fig. 7. (a) Antral G cell, Note the numerous electron-lucent vesícles. x 12,000
(b) Intestinal gastrin DI type cell, Note connectlon with the lumen (arrow) . x 12,000
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Fig. 8. (a) Secretory granules in a tumour producing prcdominantly gastrin 17. x 30,000
(b) Secretory granules in a tumour producing predominantly gastrin 34. x 30.000
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enzymatic processes ínvolved in converting the
pro-hormone (glicectin) into the smaller more
active form (pancreatic glucagon) have taken
place prior to granule packaging.

The core of the glucagon granule had previously
been distinguishable frorn the outer haJo by its
distinct reactivity to the Grimelius silver impreg­
nation but the underlying difference in pep­
tide content of the two areas was not understood
(9).

24

Practioo Number
Fig. 9. Gelchromatography oí tissue extractsírom two gastrinomas. Patlent 1. 10% gastrin 34 and 90% gastrin
17(seeFig. Sa). Palient 2.90% gastrin 34 and 10% gastrin 17 (see Fíg, 8b). Column calibratían
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withpro-glucagon, the precursor hormone of pan­
creatic glucagon. Using electron immunocyto­
chemistry with the immunogold method and
antibodies to glicentin (pro-glucagon) and glu­
cagon, these two different molecular forms of the
peptíde have been localised to different areas of
the pancreatíc A celI granule (19). Glicentin is
present in the outer (halo) portion of the secretory
granules and glucagon, in the core (Fig. 10). This
may indicate that some of the post-transitíonal
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D) Functional classification ofp (pepttdergicl-type
au/onOmic neurosecretory granules

In 1970 Baumgarten and his co-workers
described autonomic nerves of a new class in the
gastrointestinal tract (1). The nerves were char­
acterised by the presence of ultrastructurally dis­
tinet neurosecretory granules, which were larger
and more electrón-dense than the vesicles assocí­
ated with the c1assical neurotransmitters, ace­
tycholine and noradrenalin,

Baumgarten termed these granules p-type
because of their resemblance to the peptidergic
neurosecretory granules of the posterior pituitary
which contained the peptides vasopressin and
oxytocin. At the time of their descriptlon Baurn­
garten had little suspicion of the ímmlnent dis­
coveryof a massive peptidergic component of the
autonomic nervous system which occurred from
1976onwards .

Baumgarten's description was followed by the
ultrastructural observations of Cook and Burn­
stock of significant differences between the newly

. recognised p-type nerves (7) . At Jeast 3 types
were then recognised, Our recent observations
using immunocytochemistry at the electrón
mlcroscopial level fully support Burnstock's c1aim
of a marked heterogeneity among the non-adre­
nergíc, non-chollnergic (p-type) components of
theautonomic nervous system. For example, sub­
stance P is an eleven amino acid peptide which
is known to be a powerful rcgulator of gastroin­
testinal functions, Using the immunogold 'on grid '
staining procedure we have been able to localise
substance P to a sub-population of p-type nerves
in the guinea pig colon (17). These substance
P-eontaining nerves are characterised by the pres­
ence ofround neurosecretory granules of medium
electrón density with a distinet halo bctween the
core and the limiting membrane, which were
c1assified by Cook and Burnstock as Type Sb (Fig.
11).

Preliminary observations seem to indicate that
vasoaetíve intestinal polypeptide (VIP) , a
twenty-eight amino acid brain and gut peptide,

is present in a different sub-population of p-type
nerves (18). These are characterised by a pre­
ponderance of small, agranular vesicles íntermin­
gled with large, dense round granules (Type 5c
of Cook and Burnstock), that are specifically
labelled by VIP antibodies using the peroxidase
anti-peroxidase procedure carried out on vibro­
tome sections before embedding.

Systernatic analysis of ultrathin sections immu­
nostained for substance P and VIP shows a sig­
nificant proportion of distinct p-type nerves which
rernain unstained by either substance P or VIP
antibodies (18) . These findings are in keeping
with the widely accepted view that there are many
peptides, other than VIP and substance P, in the
p-type nerves of the gut, e.g, enkephalin, TRH.
CCK, bombesin, neurotensin and somatostatin.

CONCLUSIONS

Early ultrastructural studies using conventional
methods revealed the existence in the gut of
numerous endocrine cell types characterised by
the presence of distinct secretory granules, sug­
gesting the production of a wide variety of active
peptides. Thus, electrón microscopists stirnulated
the successful search for peptide hormones and
their chemical characterísation, To date more
than 2S regulatory peptides have been identified.
Immunocytochemistry has become the 'obliga­
tory' tool for investigating their celJular localis­
ation. Advances in the techn íque, in particular
íts successful use at the electron mieroseopiallevel
have led to the more functional classiñcation of
the endocríne cells of the gut . Increasing emphasis
is placed on establishing the type of peptide pro­
duced rather than relying solely on the size and
shape of the intraceliular secretory granules.

Electron immunocytochemistry has, in addi­
tion, contríbuted to the recognition of new endo­
crine cell types previously included as part of a
poorly understood group of cells (e.g. intestinal
gastrin and motilin cells were previously grouped
together under the general term of DI cell).

Although in its infancy, the classification of the

I
rJg. 10.A-tCU granules from human páncreas lmmunostained using gold-labelled antibodies,
(a) Out glueagon (glicentin). TIte immunoreactivity is localised 10 the halo of the granules. x 60,000
(b) Pancreatic glucagon . The immunoreactivity is localised to the core or the granules. x 60,000
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Fig. 11. Nerve terminal in the myenteríc plexus of the guinea pig colon, showing substancc P-Iike immunoreaetivit
Antibodics were labelled with colloidal gold partieles of 20 nm diameter. Note the concentratíon oC the gold lab
over the granular secretory vesicles. x 35,000
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autonomic nerves of the gut, especially of the
p-type, into distinct groups is beginning to be a
possibility. Substance P-, in particular, and
VIP-containing terminals can now be distin­
~ frcom 1M res: ....f :k ;-~~~;-=,jc~·'

~'e1 .. tDCb fu\'e yer to be i~:r.:~. The f.:.~ ~ ~
.Iooh excudingJy promísíng. The availabíliry of
highly specific 'monoclonal' antibodies seems a
near reality and with it the opportunity for dif­
Ierent groups oí scientists to compare theír find­
ings,TIte use of antibodies Iabelled with colloidal
gold particles of different sizes will allow the
accurate demonstration of separate antigens
(peptides in cells and/or nerves) in a single tissue
section.

Quantification ofimmunocytochemicaJ staining
at the ultrastructural level is advancing at a rapid
pace. We shall soon be able to obtaín precise
information on the amount oí hormone release
from a cell as well as the amount stored. The
years to come promise exciting new vistas.
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