
Ribonucleic acid and protein metabolism in the gut

Part II Observations in the fixed secretory cells of the gut

EDITORIAL SYNOPSIS This paper reports the findings of an investigation of ribonucleic acid (R.N.A.)
and protein metabolism in the fixed secretory cells of the gut and correlates the results with
functional behaviour.

There are certain groups of epithelial cells associated
with the gut which are not being actively replaced
and lost and whose function is primarily secretion.
These include the parietal and chief cells of the body
of the stomach, Brunner's glands of the duodenum,
and the pancreas. We have called these the fixed
secretory cells of the gut.
The pancreas and the chief cells of the stomach

mainly secrete enzymes while the parietal cells and
Brunner's glands mainly secrete electrolytes. All
enzymes that have so far been isolated in pure form
have proved to be proteins. As the rate of multi-
plication of these cells is slow most of the R.N.A.
and protein formation will represent the activity of
enzyme formation.
To study this we have used techniques described

in the accompanying communication and the data
presented here are taken from the same series of
experiments. Ribonucleic acid metabolism has been
observed using tritium-labelled uridine (a com-
pound specifically incorporated into R.N.A.), and
protein metabolism with tritium-labelled methionine.
Methionine is an essential amino-acid which is
commonly present in proteins, though not invariably
so, and insulin is an interesting exception. Auto-
radiography has been utilized to follow the distribu-
tion and movement of the uridine and methionine.
The opportunity arose to study the islets of

Langerhans in the pancreas and although this is not
part of the fixed secretory apparatus the results are
included here.

RESULTS

The distribution and concentration of the labels
have been recorded from 0 to + + + + (see page
118). The results are mainly presented in tabular
form.

BODY OF STOMACH The surface epithelium of the
body of the stomach consists mainly of mucous
goblet cells; since this is actively replaced at a fast
rate it is not considered in this report.
The secretory glands of the body of the stomach

contain acid-secreting parietal cells and enzyme-
secreting chief cells. As the pattern seen in these two
cell types differs they will be considered separately.
The results are summarized in Table I.

Parietal cells Little R.N.A. is formed in these
cells. The uridine label is concentrated in the
nuclei at one hour after injection and migrates
wholly to the cytoplasm by 24 hours. Thereafter the
amount of R.N.A. is unaltered up to three days.

Similarly, little protein is formed and this stays
roughly unchanged in amount up to three days.

Chief cells More R.N.A. is formed in the chief
than in the parietal cells but this is moderate in
amount by comparison with the marked formation
of R.N.A. in, for example, pancreatic cells. At one
hour the label is present in both nuclei and cyto-
plasm but, by 24 hours, R.N.A. is present in the
cytoplasm only. This remains unchanged in amount
up to three days.

TABLE I
UPTAKE OF RADIOLABEL IN THE BODY OF THE STOMACH AFTER INJECTION OF 100 /SC. OF

TRITIUM-LABELLED URIDINE AND METHIONINE

Ribonucleic Acid

Chief Cells

Nuclei Cytoplasm

0

0

0

+

++

++

Parietal Cells

Nuclei Cytoplasm

0

0

0

+

+

+

Protein

Chief Cells Parietal Cells

Cytoplasm Cytoplasm

+

++

++

1- data not available.

0 = no labelling, + = light labelling, + + = moderate labelling, + + + = heavy labelling, + + + + - heaviest labelling seen

Time (hr.)

6
24
48
72
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Protein formation is very active in the
of the chief cells. The amount declines
24 hours but there is no further decrease a

BRUNNER S GLANDS OF DUODENUM Unf4
not all the specimens of duodenum taken
Brunner's glands but enough data are a
indicate the overall pattern. The result,
marized in Table II.

TABLE II
UPTAKE OF RADIOLABEL IN BRUNNER'S

AFTER INJECTION OF 100 gC. OF TRITIUM-
URIDINE AND METHIONINE

Time Ribonucleic Acid
(hr.)

Nuclei Cytoplasm

6
24
48
72

0

0

+

'-= data not available.

Little R.N.A. is formed, the label bei
both in the nuclei and cytoplasm at one
injection. At 24 hours the labelling is onl)
cytoplasm and is unchanged in distrit
amount at three days.

Little protein is formed, judging by
amount of the methionine label present al
and this remains unchanged up to two d

PANCREAS Parenchymal cells The pa
cells of the pancreas are arranged in acini .

cell in section appears wedge-shaped ther
peripheral part ofthe cell, which contains t
and a smaller part which fronts into tho
the acinus. The peripheral part of the cc

cytoplasm the basal area and the part towards the centre of the
a little at acinus the apical area. The results are summarized

it 48 hours. in Table III.
The appearances in the parenchymal cells are not

ortunately, homogeneous. Groups of acini showing marked
contained activity in R.N.A. or protein formation are inter-
vailable to spersed with other groups of acini showing much
s are sum- less. There is no apparent anatomical boundary

separating these functioning groups of acini.
Ribonucleic acid is formed in large amounts in the

nuclei of parenchymal cells (Fig. 1). By 24 hours it
has migrated to the cytoplasm in the basal area,

3LANDS and thereafter it stays unchanged in amount up to
LABELLED three days.

Protein metabolism is extremely active (Fig. 2).
Protein The methionine label shows a very heavy concen-

tration in the apical area of parenchymal cells at
Cytoplasm one hour. At six hours this has lessened a little in

+ amount but there is now more in the basal area of the
+ cells. By 24 hours all this protein has disappeared
+ and there is no label present and none returns up to
- three days. This loss is clearly due to pancreatic

secretion, for at one hour a small duct in the pancreas
was seen to contain a dense amount of the methionine
label within its lumen.

ing present Islet cells The formation of R.N.A. appears very
hour after active at one hour after injection with a heavy
present in concentration of the label over the nuclei (Fig. 1). By
ution and six hours this-has almost completely disappeared.

Protein metabolism utilizing methionine is scanty
the small and labelling has disappeared by 24 hours. After-

t one hour, ward the methionine label does not return.
lays.

DISCUSSION
arenchymal
and as each There are clearly two main patterns of R.N.A. and
'e is a large protein metabolism in these fixed secretory cells. The
the nucleus, pancreas and the chief cells of the stomach show
Lecavity of marked activity, which correlates well with their
A1l is called high enzyme production rate, while the parietal

TABLE III
UPTAKE OF RADIOLABEL IN PARENCHYMAL AND ISLET CELLS OF PANCREAS AFTER

INJECTION OF 100 {LC. OF TRITIUM-LABELLED URIDINE AND METHIONINE

Protein

Parenchymal Cells

Nuclei Cytoplasm

Basal Apical

+

0

0

0

+ ++
+

Islets

Nuclei Cvtoplasm

0

+ 0

0

0

Parenchymal Cells

Cytoplasm

Basal Apical

++

0

0

0

0

0

0

_= data not available.

Time (hr.) Ribonucleic Acid

6
24
48
72

Islets

Cytoplasm

+

0
0
0

126

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.3.2.125 on 1 June 1962. D

ow
nloaded from

 

http://gut.bmj.com/


FIG. 1. Section ofpancreas one hour after injection of 100 pc. of tritium-labelled uridine. Tissue to the left of centre is
part of an islet of Langerhans, and cells to the right of centre are parenchymal cells. x 620.

FIG. 2. Section ofpancreas one hour after injection of 100 ,uc. tritium-labelled methionine. x 620.
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cells and Brunner's glands show scant R.N.A. and
protein formation, a reflection of their preoccupation
with electrolyte, not enzyme, secretion.
The pancreas shows more activity in R.N.A. and

protein formation than almost anywhere else in the
gut. Ribonucleic acid is formed in large amounts
and, as this shows no sign of diminishing up to three
days, it can be concluded that the cytoplasm contains
vast amounts of ribonucleic acid. This correlates
with the markedly basophilic appearance of the
cytoplasm of the basal areas of pancreatic cells in
sections stained with haematoxylin and eosin.
Protein metabolism is not only massive in amount
but extremely swift in turnover, confirming the
high secretory rate of the pancreas. The pancreas
also shows variations in activity in R.N.A. and
protein formation between groups of acini. This
suggests phasic activity of functional units such as is
seen in other secretory organs.
The chief cells of the stomach show a slower rate

of R.N.A. formation than the pancreas. Protein is
formed in large amounts but the turnover is much
slower than in the pancreas. The stomach has
always been recognized as having a lesser enzyme-
secretory activity and the present findings support
this.
The islets of Langerhans are strictly outside this

topic but the results are of interest. Ribonucleic acid
is rapidly formed but, by complete contrast with the
parenchymal cells of the pancreas, rapidly dis-
appears and most of the new formed R.N.A. has
disappeared by six hours. This extremely short life

of R.N.A. is unique in the tissues we have examined.
Methionine is meagre in amount and transient in
appearance. This correlates extremely well with
the known structure of insulin from which
methionine is absent (Bell, Davidson, and Scar-
borough, 1959).

SUMMARY

Ribonucleic acid and protein metabolism in the
fixed secretory cells of the gastrointestinal tract has
been studied in mice using radioactive uridine and
methionine with autoradiography. Ribonucleic acid
and protein formation is marked in the chief cells of
the stomach and the parenchymal cells of the
pancreas. By contrast there is little formation of
either in the parietal cells of the stomach and
Brunner's glands of the duodenum. The islet cells
of the pancreas form and turn over R.N.A. quickly;
however, methionine utilization is minimal as might
be predicted from the structure of insulin.

Our thanks are due to Mr. R. Lack for technical assistance
and to Professor R. C. Curran for his encouragement.
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executing some of the figures in Part 1.
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