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The inhibitory action of egg white toward trypsin has been attributed in the main either to a specific enzyme inhibitor (1) or to
some of the egg proteins which combine rapidly with the proteinase
but are only slowly digested by it (2). The following experiments
indicate that trypsin is inhibited by small quantities of a substance
which may be extracted from eggs, that this substance is probably
a protein hydrolysis
product but not a true protein, and that it
acts by displacing the enterokinase
from its combination
with
the enzyme.
The possibility of another type of tryptic inhibition,
caused by the presence of difficultly
digestible proteins, is not
ruled out, but does not enter into this discussion.
In a recent paper Balls and Swenson (3) showed that the proteinase inhibitor of egg white was found in the thin or watery fraction
of the white, whereas the thick white was definitely proteolytic.
Since the thin white is formed during storage of the egg by the
proteolysis of the thick white (3), it is reasonable to assume that
the thick white contains the inhibitor in an inactive form, whereas
the thin white, on the contrary, contains it in an active form which
It has been
stops the unlimited breakdown
of the egg proteins.
found possible to separate the inhibitory substance from the main
bulk of the thin white by extracting the dried material with ammonia.
The antitryptic
power of a preparation
may be estimated,
though only very roughly, by a method which determines the quantit,y of inhibitor needed to depress the activity of a standard trypsin
to half its normal amount.
The inhibitor was added to a fixed
amount of practically inactive trypsin, and followed after 5 min* Food
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utes by the amount of enterokinase which the enzyme should normally receive for complete activation.
From Fig. 1, it appears
that the relation between inhibition and amount of inhibitor follows a smooth curve, so that if several points are determined with
different quantities of inhibitor, the quantity giving 50 per cent
Better methods
inhibition may be found by drawing the curve.
are doubtless available, but this served to guide us to a procedure
for concentrating
the inhibitory substance.
To insure a trypsin of constant quality, enough pig pancreas was
dried with acetone and ether to last throughout this series of experi2.
BY
(AMMONIA

MATERIAL

INHIBITION
OF TRYPSIN
CONCENTRATED
FROM

EXTRACTION

AND

MG.

FIQ.

PRECIPITATION

EGG

WHITE
WITH

ALCOHOL)

INHIBITOR

1

ments.
To prepare the enzyme a few gm. of the dried gland were
extracted with 10 times its weight of 75 per cent glycerol.
The
extract was diluted with an equal volume of water, and adsorbed
at neutral reaction three or four times with 0.1 its volume of alumina
C, suspension (4) (10 cc. = 0.50 gm. of A1203). The adsorption
removed small amounts of enterokinase and of the inhibitory substance, which may occur together with trypsin itself in pancreas,
as Kunitz and Northrop
(5) have stated.
Tryptic activity was
determined by the method of Willstatter
et al. (6), with casein as
a substrate.
The details are shown in Table I. The preparation
of the enterokinase has been described in a previous paper (3).
Method of Concentrating Inhibitor-The
thin white from several
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I
oj Tryptic

Inhibitor*
Amount
producing
50 per cent
inhibition

tested

ml.

Crude
thin white
Unheated
ammonia
extract
(neutralized)
Preparation
B after heating
Acetone-precipitated
material
from
Preparation
C
Alcohol-precipitatedmaterial
from acidified
Preparation
C
Preparation
E redissolved,
clarified
with
acetic
acid
Preparation
E redissolved,
adsorbed
(neutral) with CT, elution
by 0.04 N ammonia
neutralized,
precipitated
by acetone
Dialysate
from
solution
of Preparation
E
(collodion,
48 hrs.)

31.0
19.0
2.5
4.0
1.2
0.9
0.35

0.20
Volume

1mparation

of

producing
50 per cent
inhibition
cc.

A
B
c

Crude
thin white
Extract
with M/15
Phosphate
extract
dialyzed
7 days

NazHPOl
of Preparation

B heated,

0.25
0.5
0.4

Corresponding volume
of original
egg white
represented

cc.
0.25
0.40
0.32

* Various
amounts
of dissolved
inhibitor
were mixed
with
1.0 cc. of
trypsin
solution,
followed
in 5 minutes
by 1.0 cc. of enterokinase
(sufficient
for full activation
in the absence
of inhibitor).
Activation
time was 30
minutes
at 30”.
Then 3 cc. of M ammonium
chloride-ammonia
buffer
(pH =
9.1), 15 cc. of 6 per cent Hammarsten
casein
(dissolved
in 0.06 N NaOH),
and water up to 30 cc. were added.
Titration
of 10 cc. portions
of the mixture at once and after 20 minutes
at 30” measured
the -COOH
liberated
by the tryptic
digestion.
Titration
was made in hot alcohol,
by the method
of Willstatter
et al. (6), with 0.1 N KOH.
The inhibitory
power is expressed
as the weight
of dry substance
(or volume
of solution)
required
to reduce
the activity
of the trypsin
under the conditions
given from its uninhibited
value which was 1.2 cc. of 0.1 N KOH
(for the titrated
portion
of 10 cc.) to
0.6 cc. of 0.1 N KOH.
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eggs was dried with acetone and ether in the usual way, powdered,
and stirred with 10 times its weight of 0.04 M ammonia for an hour.
The alkaline liquid was poured off through a filter, and the insoluble matter washed with a little water.
The extract was neutralized
with M acetic acid, heated for 5 to 10 minutes at 75-SO”, cooled,
brought to pH 5.0 (approximately)
with M acetic acid, and the
precipitated
protein centrifuged
out. The inhibitory
substance
was then precipitated from the acid solution with 5 or 6 volumes
of 95 per cent alcohol, thoroughly washed with alcohol, then with
ether, and finally dried.
About 1 gm. of material is obtained from
20 gm. of dried thin white.
Properties

of Concentrated

Substance

The substitution of alkaline phosphate for ammonia and of acetone for alcohol, and the removal of salts by dialysis did not materially affect the resulting product, from which it follows that the
inhibitor is insoluble in acetone, ether, and alcohol, soluble in water,
moderately heat-stable (continued boiling destroys it) and not
dialyzable. While the inhibitor does not dialyze from impure
solutions, where it is probably held by adsorption, it does dialyze
slowly through collodion when present in purer form (Preparations
E and F).
In water, the purified product (Preparation E) formed a faintly
opalescent solution, which, after the addition of dilute acetic acid,
was completely clarified by centrifugation without material loss.
It gave positive biuret and Millon tests, but was negative to
Molisch’s test, Fehling’s solution, and sodium nitroprusside. With
alkaline lead solutions a considerable precipitate of lead sulfide
was formed on warming. A solution of 10 mg. per cc. gave no
visible precipitate with picric acid, trichloroacetic acid, tannic acid,
or mercuric chloride. With phosphotungstic acid a heavy precipitate formed. The same behavior occurred on adding 2 volumes
of saturated ammonium sulfate solution to the solution of inhibitor.
However, much of the inhibitory substance remained in the solution, which still precipitated sulfide when warmed with lead and
alkali.
The inhibitor is adsorbed by alumina C, at pH 5, and more
readily from neutral solutions. Elution with 0.04 N ammonia appears to be reasonably complete. If acetone (5 volumes) is added
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to the neutralized elution, the precipitate
contains about onefourth of the original inhibitor in still higher concentration.1
The inhibitory power of a solution decreases slowly on standing
in the cold. It is rapidly destroyed in hydrogen peroxide (0.01 N
and 0.1 N) but not in 0.01 N iodine or in dilute sodium fluoride.
Comparatively
inert toward N HzS04, it is completely destroyed
by N NaOH.
The following analyses were made with Preparation E of Table I.
Total N
3.254 mg. substance:
0.297 cc. Nz (Dumas)
27”, 770 mm.
= 10.55
4.121
“
“
: 0.380
“
“
“
27”, 771 “
= 10.65
Amino
N
100
mg. substance:
0.98
cc. Nz (VanSlyke)
24”, 764 mm. = 0.55
Total S*
8.610 mg. substance:
1.349 mg. BaS04
= 2.10
9.221
“
“
: 1.312
“
“
= 1.95
Titrations
in Alcohol
100 mg. substance
used 0.10 cc. 0.1 N HCl (brom-phenol
blue)
100 “
“
“
0.25 “ 0.1 “ KOH
(phenolphthalein)
Optical
Rotation
0.0290 gm. substance
per cc. in 0.25 M NHdOH;
20”; 5 cm. tube;
01~ =
-0.80”;
[ol]D = -55O.
* Our thanks
are expressed
to Professor
du Vigneaud
of George Washington University
for these analyses.

It is realized that the foregoing tests prove nothing definite
about the composition of the substance, because the material is
They nevertheless indinot crystalline and is evidently impure.
cate that the inhibitor is very probably neither a lipid nor a carbohydrate, but may possibly be an S-S-containing
peptide of intermediate molecular weight.
There is nothing which leads one to
believe that the antitryptic
agent of blood serum, which was identified by Jobling and Petersen (7) as unsaturated
fatty acids, is
related to the inhibitor prepared from egg white.
Summary

of Tests Showing

E$ect of Several Reagents on Tryptic
Inhibitor

The inhibitor used was precipitated by alcohol from the acidified
ammonia extract of dried, thin white.
After standing with the
1 The dialyzed
preparation
(Preparation
H) is the most powerful
we have
made so far.
It represented
an increase
of about 150 times over the original
thin white, and still gave the sulfide test with alkaline
lead solution.
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reagent, the treated inhibitor was mixed with 1 cc. of our standard
trypsin preparat)ion, then activated, and the activity of the trypsin
determined as usual in a volume of 30 cc., of which 10 cc. portions
were titrated with 0.1 N KOH. The titration results are given
below as a direct measure of tryptic activity.
Hydrogen Peroxide-10 mg. in 1 cc. of 0.01 N HZ02 for 30 minutes
depressedthe tryptic activity from 1.0 cc. to 0.6 cc. of 0.1 N KOH.
The samevolume of 0.01 N H,Oz alone had no effect on the trypsin,
while the same quantity of inhibitor, untreated, depressed the
activity from 1.0 cc. to 0.3 cc. A similar experiment with 0.05 N
HzOz showed that the HzOz alone was still without effect on the
trypsin, and the peroxide-treated inhibitor depressedthe activity
from 1.0 cc. only to 0.7 cc. Hydrogen peroxide evidently destroys
t,he inhibitory effect.
Iodine in KI Xolution-10 mg. of inhibitor per cc. of 0.005 N
iodine solution stood for 30 minutes, and showed no diminution of
inhibitory power. Normal tryptic activity, 1.0 cc. of 0.1 N KOH;
with added iodine solution only, 1.0 cc. of 0.1 N KOH; with iodinetreated inhibitor, 0.3 cc. of 0.1 N KOH; wit.h untreated inhibitor,
0.3 cc. of 0.1 N KOH.
Hydrogen XulJide-A solution of 10 mg. of inhibitor per cc.,
saturated wit,h H,S for 18 hours, was definitely acidified with acetic
acid, H&Sremoved in a vacuum, and the evaporated water restored.
No change in inhibitory power was observed. 10 mg. inhibited 1
cc. of trypsin from 1.3 to 0.3 cc. both before and after this treatment.
Acid and Alkali-10 mg. were dissolved per cc. i,n N NaOH and
in N H,SOd. Solutions stood 18 hours, then were neutralized. 20
mg. of alkali-treated inhibitor showed no inhibitory power whatever, while 20 mg. of acid-treated substance depressedtrypsin from
1.2 to 0.3 cc.; 20 mg. of untreated inhibitor, from 1.2 to 0.1 cc.
The substance resistsstrong acid very well, but its inhibitory effect
is destroyed by strong alkali.
Sodium Fluoride-10 mg. of inhibitor were dissolved per cc. of
water containing 1 mg. of NaF. After 30minutes, 10mg. depressed
tryptic activity from 1.0 to 0.4 cc.; untreated inhibitor, from 1.O to
0.3 cc.; sodium fluoride solution alone had no effect on trypsin.
Mode of Action of Inhibitor-The
inhibitor does not combine
with the active enzyme, thus preventing the accessof a digestible
substrate. This would constitute competitive inhibition, in which
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increasing amounts of inhibitor produce increasingly large effects.
It follows from Fig. 1 that the reverse is true in this case. The
inhibitor combines, therefore, either with the enterokinase or with
the inactive enzyme.
Delezenne and Pozerski (l), who long ago studied the inhibition
of trypsin by egg white, concluded that the inhibitor combines
with the kinase because additional amounts of kinase decreased
the inhibition.
This we have repeated and can corroborate (Table
II).
Furthermore
the reversal of inhibition by kinase is more
marked the less inhibitor is present.
On the other hand, we
found that additional amounts of inactive enzyme have also the
effect of removing the inhibition
(Table II).
The inhibition is
therefore a reversible reaction.
As Waldschmidt-Leitz
(8) has
shown that trypsin
and kinase combine in definite proportions
and that this reaction is to some extent reversible, our results and
those of Delezenne and Pozerski can be explained equally well by
assuming a combination of inhibitor either with inactive enzyme
(Equation 1) or with kinase (Equation 2).2 WillstSltter, Bamann,
and Rhodewald (9) also considered tryptic activity to depend upon
a balance between activator and inhibiting factors.
Combination
of inhibitor with kinase does not necessarily imply that active
trypsin
is trypsin-kinase.
Recently
Dyckerhof,
Miehler, and
Tadsen (10) have advanced the idea that inactive trypsin is inhibited trypsin and that activation consists in combination of inhibitor with kinase, thus liberating the active enzyme (Equation 3).
All three explanations are possible as long as the reaction is rcversible.
(1) Trypsin-kinase
(2) Trypsin-kinase
(3) Trypsin-inhibitor

+ inhibitor
+ inhibitor
+ kinase

~‘t trypsin-inhibitor
ti trypsin
(inactive)
z+ trypsin
(active)

+ kinase
+ kinase-inhibitor
+ kinase-inhibitor

2 In an attempt
to follow
this question
further,
we succeeded
in markedly
inhibiting
papain
with
the concentrate
from
egg white.
Enterokinase
added to inhibited
papain
did not reactivate
the enzyme,
but we found that
inhibited
trypsin
could be reactivated
by the addition
of papain
which was
itself practically
without
action
on the strongly
alkaline
casein solution
at
30”.
These results pointed
definitely
to a combination
of trypsin
or papain
Unfortunately,
with the inhibitor,
and not. of inhibitor
with enterokinase.

the results were obtained with one sample of papain only.
earnest
search, no other preparation
duced these effects in the slightest
regard
the question
as still open.

In spite of

of papain
has been found which
It is necessary,
therefore,
degree.
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TABLE

Reversal

of Inhibition

by Addition

Increasing amounts enterokinase
Inhibited trypsin
T-

Active
fXlZYII%?
(diluted)
cc.
2.5
2.5
2.5
2.5
2.5
2.5
2.5

-

nhibitor

Kinase

my.
0
0
5.0
5.0
5.0
5.0
5.0

0
0.4
0
0.1
0.4
1.0
2.5

cc.

I

of Either
on
Tryptic
activity
(0.1 N
KOH)
cc.
1.4
1.51
0.8
1.0
1.0
1.2
1.4

II
Enterokinase

OT Inactive

Trqpsin*

Increasing amounts inactive trypsin
inhibited trypsin

-

Active
t?INyIlle
Cdiluted)
cc.
0
0
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

[nhibitm
m?.
0
5
0
0
0
0
5
5
5
5
5
25.0
25.0
25.0
25.0
25.0

Inactive
C?nZyllE
(diluted)

on

Tryptio
activity
(0.1 N
KOH)

cc.

cc.

1.ot
l.Oi
0
0.5
1.0
2.5
0
0.1
0.5
1.0
2.5
0
0.1
0.5
1.0
2.5

0.3
0.2
1.4
1.3
1.4
1.4
0.8
1.1
1.1
1.1
1.4
0.7
0.7
0.7
0.9
1.3

* Values
of tryptic
activity
in Table
II were obtained
by digesting
5 cc.
of 6 per cent casein (dissolved
in 0.06 N NaOH),
plus 1 cc. of M ammoniaammonium
chloride
buffer,
pH 9.1, plus enzyme
and other
additions
to a
total volume
of approximately
10 cc.
The entire
solution
was titrated
in
The increase
after 20 minutes
at 30”
alcohol
with 0.1 N KOH
(alcoholic).
over an exactly
similar
mixture
titrated
at once shows the -COOH
formed
by proteolysis.
Active
trypsin
was prepared
by diluting
inactive
glycerol
extract
of pancreas
powder
with 4 volumes
of water,
then incubating
for 18
hours at 30”.
Prokinase
is thereby
reduced
to a minimum.
Inactive
trypsin was the same glycerol
extract
diluted
with 1 volume
of water and used at
once.
No activation
time was allowed
after addition
of inactive
trypsin
or
of kinase,
except in controls
where stated.
t Diluted
with HP0 to 4 cc. for 30 minutes
at 30”.
All other mixtures,
no
activation
time.
$30 minutes
(30”) after adding kinase.
All other mixtures,
no activation
time.

Theoretically
it should be possible to choose between these
explanations by applying the law of mass action to the three cases.
There are, however, technical difficulties to this, for the trypsin
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determinations
may not be accurate enough to distinguish
between the mathematical
expressions involved.
The probability
that new trypsin and new kinase are formed, especially during
activation, makes matters more complicated.
Behavior of Inactive Enzyme with Inhibitor-Much
less inhibitor
is required when it is added to the enzyme before, rather than after,
the kinase.
Total inhibition of the trypsin is easily obtained (Fig.
1). This is probably due to the fact that with most inactive
trypsins, activation consists of far more than the simple combination of enzyme and kinase.
Waldschmidt-Leitz
and Harteneck
(11) have shown that a prokinase may be present which on tryptic
digestion changes to enterokinase,
thus increasing the amount
of activator
beyond that intentionally
added. Furthermore,
Kunitz and Northrop
(5) have recently isolated a protrypsin,
a
protein which on tryptic
digestion produces the enzyme itself.
There is, therefore, good reason to suppose that during the activation of our trypsin additional amounts of both trypsin and activator are formed.
To produce practically
complete inhibition,
therefore, the amount of inhibitor, if added before activation,
needs only to be sufficient to inhibit whatever trypsin was originally
present.
Since the inhibition is reversible, there will always be a trace of
active trypsin left, so that the inhibitor can only slow down the
self-activation
of the trypsin.
Thus when inactive trypsin was
diluted and incubated for 24 hours, the same result, a slightly inhibited enzyme, was obtained whether the inhibitor
had been
added before the incubation or, in the same amount, afterwards
(Table III); yet no appreciable amount of this trypsin was activated when the fresh enzyme plus inhibitor was incubated, in the
the usual way, for half an hour.
This indicates that the action
of the inhibitor is the same on the active and inactive enzyme preparations, but that the progress of the activation is retarded.
The existence of the inhibitor in trypsin preparations themselves
can be shown by boiling the enzyme briefly, after which the preparations will often be found strongly inhibitory.
The effect of the inhibitor on inactive trypsin is not purelyinhibitory, however.
Usually
a disappearance
of carboxyl groups
already present in the digestion mixture occurs.
This is shown
by the negative titration value in Fig. 1, and is one of many in-
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stances of this effect which we have observed with the inhibitor
in all stages of purification.
Negative values for tryptic activity
were obtained either by
using very large quantities of inhibitor, or by adding inhibitor to
TABLE
Self-Activation

III

of Trypsin

with

Insuficient

Inhibitor*

Tryptic

activity

Enzyme
No

2.5 cc. freshly
diluted..
.
2.5 “ diluted
with
water,
then kept 24
hrs. at 30”. _. .
.. .
2.5 cc. diluted
with water
+ 0.1 mg. inhibitor,
then kept 24 hrs. at 30”.

(0.1 N KOH)
+0.1 mg.
inhibitor

Excess
kinase

kinase
cc.

cc.

0.2

2.3

cc.
0.1

1.5

1.7

1.3

1.2

1.5

* Tryptic
activity
was determined
as in Table
II.
Enzyme
used was
glycerol
extract
of pancreas;
0.50 cc. diluted
to 2.5 cc. with water.
Quantities given are per titration
portion
of 10 cc.
TABLE
Effect

of Inhibitor

IV

on Inactive
Tryptic

Ent,erokinase,

cc..

_. . . .

Inhibitor
(5 mg.)
added
freshly
diluted
extract.
Inhibitor
(5 mg.) added to
tract,
then diluted
to 2.5
No inhibitor..........................

_. _.

to 2.5 cc.
.. .
0.5 cc. excc.

Enzyme*
activity

after

entcrokinase

30 min.

at 30” with

(0.1 N KOH)

0

0.4

1.0

3.0

cc.

cc.

cc.

cc.

-0.3
+2.3

+0.1

$0.4

f0.2
-0.5
f0.3

* Tryptic
activity
in cc. of 0.1 N KOH,
determined
as in Table
Enzyme
used was freshly
prepared
glycerol
extract
of powdered
pancreas.

II.

the glycerol extract of pancreas before it was diluted with water
(Table IV).
These negative results prove nothing more than a disappearance
of -COOH
groups, but they may indicate some form of synthesis
similar to that reported by various workers
(12). We hope that
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by studying this protease inhibitor it may be possible to
the nature of the reaction in which the -COOH
disappears,
the enzymic effect is a reversal of tryptic demolition or is
separate ferment, and what r61e the protease inhibitor
activating this process.
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