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autofluorescent cells was as in the differen-
tially involuted thymi of normal rats of the
same age. This indicated that the develop-
ment of these cells is not dependent on a
process starting with thymic involution. Sec-
ondly, rats aged 3 weeks were placed on a
fat-free diet until they reached 10 weeks.
Their considerably involuted thymi contained
as many autofluorescent cells as thymi of nor-
mal rats of the same age. This revealed the
endogenous origin of the lipids of their gran-
ules as well as the fact that the formation of
these cells is independent of thymic lympho-
cytopoiesis and lympholysis, both phenomena
having been considerably reduced by the in-
anition. Finally, rats aged 2 months were
cortisone-treated or the thymus was irradi-
ated. Thymic autofluorescent cells remained
at the cortico-medullary junction while, in
the cortex, macrophages were actively en-
gulfing degenerating lymphocytes. This dem-
onstrated that the thymic autofluorescent
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cells are not mobilizable macrophages.

The author thanks Mrs. M. Koekebakker for her
devoted technical help.
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The Separate Determination of Human Pepsin and Gastricsin.*
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The isolation and the study of 2 proteolytic
enzymes, pepsin and gastricsin, from human
gastric juice have been previously reported
from our laboratory(1,2). Separate determi-
nation of the 2 enzymes from a mixture has
been difficult because although the pH optima
of the two enzymes are different(2), their re-
spective proteolytic activities remain high
throughout the acidic pH range. Thus quan-
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titative analysis of pepsin and gastricsin sepa-
rately required a fractionating technic. Such
a method using a small ion-exchange col-
umn was developed(3). It allowed a quan-
titative measurement of the 2 enzymes in a
solution with only about 5% error. The pres-
ent communication describes a much less tedi-
ous method based on the discovery that the
synthetic dipeptide substrate, N-acetyl-L-
phenylalanyl-L-diiodotyrosine (APDT) is hy-
drolyzed by human pepsin but not by gastric-
sin. Baker previously reported that porcine
pepsin also hydrolyzed this substrate(4). In
the light of this finding, a method has been
devised which allows a simple measurement
of the 2 enzymes in a mixture. The principle
of the method is to determine the amount of
pepsin present using APDT as the substrate
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and then to measure the total proteolytic ac-
tivity on the conventional bovine hemoglobin
substrate. The quantity of the gastricsin can
then be simply calculated by the difference
between these activities.

Materials and methods. Human pepsin and
gastricsin were purified from human gastric
juice as previously described(1,2). APDT
was purchased from Cyclo Chemical Corp.
(lot S 1022 B). 3,5Diiodo-L-tyrosine dihy-
drate was obtained from Mann Research
Laboratories (lot 1040), and bovine hemo-
globin was obtained from Pentex Inc. (lot
28).

Stock solutions of human pepsin and gas-
tricsin containing 0.5 mg enzyme per ml were
prepared by dissolving the purified enzymes
in 0.01 N HCl. More exact concentrations of
the enzyme solutions were calculated from
the absorbance at 278 myu. The molar extinc-
tion coefficients used were 52,104 and 47,952
for human pepsin and gastricsin, respectively.
These values are based on molecular weights
of 33,400 for pepsin and 31,000 for gastric-
sin(5). Samples of gastric juice were obtained
from patients of the University Hospital, Uni-
versity of Oklahoma School of Medicine,
Oklahoma City. The gastric juice samples
which were collected before and after hista-
mine stimulation, were filtered and then dia-
lyzed against 0.01 N HCI in order to elimi-
nate dialyzable ninhydrin positive substances.

Determination of the hydrolysis of APDT
by pepsin. Solutions of known concentrations
of the enzymes were prepared by diluting the
stock enzyme solutions with 0.01 N HCI to
give solutions containing from 12 to 72 ug of
enzyme per ml. Gastric juice samples were pre-
pared by diluting 1 ml of gastric juice to 7.5
ml with 0.0l N HCIL. The reaction mixture
was composed of 0.75 ml of the enzyme solu-
tion or diluted gastric juice and 0.25 ml of
0.002 M APDT in 0.005 M NaOH. The mix-
ture was then incubated in a water bath at
37°C for one hour (or as otherwise stated).
Thereafter, 0.5 ml of acetate-cyanide buffer
was added followed by addition of 0.5 ml of
ninhydrin. The color developed according to
the method of Rosen(6) using 5 ml of 50%
isopropanol diluent and the absorbancy was
read at 570 mgu against water. All samples
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were run in duplicate. Duplicate blanks were
run by adding the substrate after the en-
zymes were inactivated by addition of the
acetate-cyanide buffer.

The amount of substrate hydrolyzed was
calculated from the ninhydrin molar extinc-
tion coefficient of diiodotyrosine (which was
found to be 20.3) and corrected for ninhydrin
positive substances detected in the blank.

Determination of total proteolytic activity
with hemoglobin. This determination is a
modification of that described by Anson and
Mirsky (7). The acidified hemoglobin sub-
strate was freshly prepared by addition of 7
ml of 0.3 N HCI to 20 ml of a 10% hemoglo-
bin solution. This solution was diluted with
water to 100 ml (final pH 3.1). Standard so-
lutions of the enzymes were prepared by di-
luting the stock enzyme solutions with water
so that the final concentration of gastricsin
was 4 to 30 pug per ml and that of pepsin was
10 to 60 ug per ml. Samples of gastric juice
were prepared by diluting 0.5 ml of gastric
juice with water to a volume of 5 ml. All
determinations were run in duplicate. To 0.5
ml of the enzyme solution or diluted gastric
juice was added 0.5 ml of 0.1 M sodium cit-
rate buffer (pH 3.1) and 5 ml of acidified he-
moglobin solution (pH 3.1). The reaction
mixture was then incubated for 10 minutes at
37°. (The hemoglobin solution and enzyme
solutions were warmed to 37° prior to their
mixing.) The reaction was stopped by addi-
tion of 10 ml of a 5% trichloroacetic acid
(TCA) solution. After filtering through
Whatman No. 50 filter paper, the optical den-
sity was measured at 280 my in an Hitachi
Perkin-Elmer Model 139 spectrophotometer.
A blank was run in which the TCA was added
prior to the enzyme. The value of A O. D.
280 my represents the difference of the ab-
sorbancy of the sample tube and that of the
blank.

Results. Hwydrolysis of APDT by human
pepsin.  Incubation of APDT with human
pepsin resulted in a linear increase of ninhy-
drin color with time, indicating hydrolysis of
APDT by human pepsin. The product of the
enzymic hydrolysis was analyzed on a Spinco
Model 120 B Amino Acid Analyzer using a
15-cm column which was eluted with 0.2 M
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FIG. 1. Hydrolysis of 0.5 wmole of APDT by
human pepsin and gastricsin at 37°C.

FIG. 2. Effect of human pepsin concentration on
hydrolysis of APDT during one hour of incubation
at 37°.
sodium citrate, pH 5.28. Only one ninhydrin
positive product was formed and it was eluted
from the column at the same position as au-
thentic diiodotyrosine. These results indi-
cated that the direct ninhydrin color deter-
mination measures the peptic hydrolysis of
APDT to form N-acetyl-L-phenylalanine and
diiodotyrosine and that other reactions, such
as transpeptidation, do not occur.

The rate of hydrolysis of APDT by several
concentrations of human pepsin under the ex-
perimental conditions described above was
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linear for 60 minutes (Fig. 1). Gastricsin,
under the same conditions, did not hydrolyze
APDT (Fig. 1).

The rate of hydrolysis of APDT of up to
0.21 pmoles per hour was found to be direct-
ly proportional to the amount of human pep-
sin present (Fig. 2).

An optical density of 0.6 at 570 mu corre-
sponds to the formation of 0.21 pmoles of
diiodotyrosine. Thus the amount of pepsin
can be determined directly from the standard
curve shown in Fig. 2.

Effect of presence of gastricsin and other
gastric contents on hydrolysis of APDT by
human pepsin, In order to use APDT as the
substrate for determination of pepsin, the ef-
fect of the presence of other gastric juice
components was investigated. It was found
that the hydrolysis of APDT by pepsin was
not affected by the presence of either gastric-
sin or human gastric juice. Fig. 3 shows that
when 36 pg of gastricsin were added to vary-
ing amounts of human pepsin ranging from 0
to 54 ug, the rate of hydrolysis of APDT was
essentially the same as that of human pepsin
alone. When 40 mg of lyophilized human
gastric juice were added, the slope of the line
remained the same. The elevation of the line
in this case was clearly due to the human
pepsin in lyophilized gastric juice.

Determination of human pepsin and gas-
tricsin in @ mixture. The total proteolytic ac-
tivity, pepsin plus gastricsin, can be deter-
mined by the hemoglobin method. The quan-
tity of human pepsin in a mixture can be de-
termined using APDT as the substrate since
it is not hydrolyzed by gastricsin. Thus the
difference between the total proteolytic activ-
ity using hemoglobin substrate and that using
the APDT substrate yields the activity of
gastricsin. Similarly one can construct stand-
ard curves to determine these enzymes in a
mixture.

Shown in Fig. 4, the rate of hydrolysis of
hemoglobin (A O. D. 280 mg) is linearly re-
lated to the amount of enzyme up to 15 ug
of gastricsin or 30 pg of pepsin. When both
enzymes were present in the sample the pro-
teolytic activity with hemoglobin as substrate
was found to be additive. The comparative
proteolytic activity of pepsin against hemo-



DETERMINATION oF HUuMAN DPEPSIN

globin and APDT is shown graphically in
Fig. 5.

 After the rate of hydrolysis of APDT (O.
D. 570 mu) and the rate of hydrolysis of he-
moglobin (A O. D. 280 my) had been deter-
mined for a given enzyme mixture, according
to the procedures described under Methods,
the quantities of pepsin and gastricsin in the
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FIG. 3. Hydrolysis of APDT by human pepsin
(0 to 54 ug per tube) in presence of 40 ug gastric
juice or 36 ug gastricsin,

FIG. 4. Effect of human pepsin or gastricsin con-
centration on hydrolysis of hemoglobin during 10
min incubation at 37°.
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FIG. 5. Plot of hydrolysis of hemoglobin (280
mu) and APDT (570 mu) by 6 different concentra-
tions of human pepsin.

sample were then calculated according to the
following equations:

ug Pepsin/ml gastric juice —
AO.D.570/hr X 10¥  AOQ.D. 570/hr X 10*%

Sp 570 - 0.0111
Total A O.D. 280/10 min X 20*
ug Gastriesin/ml —(Sp 280 X ug Pepsin)

gastric juice —

Se 280

Total A O.D. 280/10 min X 20*
—(0.015 X ug Pepsin)

0.050

Where: Sp 570 =A0.D. 570/hr/ug Pepsin — 0.0111
Sp 280 = A0.D. 280/10 min/ug Pepsin =
0.015
Sg 280 = A0.D. 280/10 min/ug Gastricsin
— 0.050

§ Dilution Factor.

These specific activity values are valid only
under the exact time, concentration, and vol-
ume conditions described before. Small vari-
ations of less than 10% in the specific activ-
ity value (Sp 570) were obtained with differ-
ent batches of APDT.

An alternative is the graphical determina-
tion as outlined in the following:
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TABLE I. Analysis of Pepsin and Gastriesin in
the Mixture of Reconstituted Enzymes.

Theoretical Found

Gastriesin Pepsin Gastriesin Pepsin
s Uug: N

0 50 0 48

10 40 10.5 41

20 30 21.0 29

30 20 31.3 21

40 10 38.8 10

50 0 47.5 0

(i) Convert O. D. 570 mp to pg of pepsin
using Fig. 2.

(ii) Convert O. D. 570 mu to A O. D. 280
contributed by pepsin using Fig. 5.

(iii) Subtract the result in (ii) from A O.
D. 280 mu determined from the hemoglobin
assay.

(iv) Convert the result in (iii) to pg of
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acetyl-L-phenylalanyl-L-diiodotyrosine ~ was
found to be hydrolyzed by pepsin but not at
all by gastricsin. This difference has made
possible the separate determination of pepsin
and gastricsin in a mixture. The proteolytic
activity of the mixture against APDT yielded
the amount of pepsin present. The proteolytic
activity of the mixture against bovine hemo-
globin yielded the total amount of pepsin and
gastricsin present. The amount of gastricsin
was then simply calculated from the differ-
ences in these activities. The accuracy of the
method was demonstrated using a reconsti-
tuted mixture of human pepsin and gastricsin.
The content of pepsin and gastricsin in the
native gastric juice was measured in 9 indi-
viduals both before and after histamine
stimulation. Histamine stimulated the secre-
tion of both pepsin and gastricsin.

TABLE II. The Contents of Pepsin and Gastriesin in the Gastrie Juice of Individuals Before
and After Histamine Stimulation.

Before stimulation

After stimulation

Gastriesin Pepsin Gastriesin Pepsin
Individuals pH* ng/ml gastrie juice pH* ug/ml gastrie juice
1 8.5 0 0 1.3 150 144
2 2.2 100 304 1.5 144 460
3 1.7 175 455 1.0 175 525
4 1.7 112 156 1.2 136 330
5 8.5 0 0 1.5 165 275
6 1.6 155 205 1.3 200 575
7 1.5 240 500 1.5 320 720
8 1.7 260 360 1.2 520 540
9 1.5 380 820 1.2 410 870

* The pH of the samples of gastric juice were taken immediately after collection, using a

pH meter.

gastricsin using Fig. 4, line for gastricsin.

Test of method on reconstituted mixture of
human pepsin and gastricsin. In order to test
this analytical method, determinations were
carried out on samples of known amounts of
pepsin and gastricsin, reconstituted from pu-
rified enzymes. The results are shown in Ta-
ble I, which indicates that the values found
are very near the theoretical values. In all
cases, the error was less than 5%.

Analysis of pepsin and gastricsin in human
gastric juice. The contents of pepsin and gas-
tricsin in the gastric juice from 9 individuals,
both before and after histamine stimulation,
were analyzed and are shown in Table II.

Summary. The synthetic substrate, N-

The authors are grateful to Dr. John Mills, Mr.
Gene May and Mr. Lee Poyer for helpful sugges-
tions in preparing this manuscript.
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