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Effect of
Diisopropylfluorophosphate
on Sulfhydryl Proteases

Abstract.  Diisopropylfluorophosphate
inhibited all the sulfhydryl proteases
studied in our tests. This inhibition was
most pronounced at pH 6.0. By first block-
ing the sulfhydryl group with p-chloro-
mercuribenzoate, inhibition could be pre-
vented. Neither cysteine nor choline gave
appreciable reactivation of diisopropyl-
fluorophosphate-inhibited bromelain.

Although the organic phosphate nerve
gases are well established as specific in-
hibitors of certain esterases, trypsin and
chymotrypsin, activated plasmin and
phosphoglucomutase (1), no reports of
specific inhibition of the sulfhydryl en-
zymes have been made (2).

In a comparative study of plant prote-
ases we found that moderate concentra-
tions of diisopropylfluorophosphate in-
hibited many preparations of bromelain
(3), papain, and ficin. With commercial
bromelain, 4 x 10-¢M diisopropylfluoro-
phosphate inhibited 50 percent of the
protease activity within 2 hours at room
temperature. Some of our fractionated
bromelain preparations, on the other

hand, showed only slight inhibition at
high concentrations of reagent.

The effectiveness of diisopropylfluoro-
phosphate as an inhibitor depended not
only on the type of enzyme and the de-
gree of purity of the enzyme but also on
the pH of the solution (Fig. 1). Brome-
lain and papain, which presumably have
similar active sites, showed an entirely
different behavior at all pH values be-
low pH 5.0. On the other hand, Rho-
zyme P-11, a fungal protease which does
not require a free sulfhydryl group for
enzymatic activity, showed a pH-inhibi-
tion curve which was remarkably similar
to that of bromelain. These similarities
and differences may provide clues to the
nature of the active sites on these en-
zymes, or to the effect of unknown mate-
rials in these preparations which mediates
the action of diisopropylfluorophosphate
on sulfhydryl groups.

That the sulfhydryl group is the site
actually being affected is shown by an ex-
periment summarized in Table 1. Block-
ing the sulfhydryl group with p-chloro-
mercuribenzoate before exposing the en-
zyme to diisopropylfluorophosphate gave
complete protection against inhibition.
Another sulfhydryl blocking technique,
and one which may frequently occur
with enzyme preparations, is mild oxi-
dation. This also protected against diiso-
propylfluorophosphate.

Attempts to reactivate diisopropylflu-
orophosphate-inhibited bromelain with
cysteine, choline, or a combination of
the two reagents at either pH 5.0 or pH
7.0 have been only slightly successful.
Cysteine regenerated no more than 10
percent of the original activity.

Our finding that diisopropylfluoro-
phosphate, under the proper conditions,
will react with sulfhydryl enzymes now
makes this chemical a fairly general pro-
tein reagent. It will react directly with
the nitrogen of imidazole or the hydroxyl

Table 1. Effect of protecting the sulfhydryl group of a purified bromelain sample on
inactivation by diisopropylfluorophosphate (DFP).

Treatment

Enzyme in pH 7.0 buffer (no PCMB)

Enzyme in 25 percent isopropylalcohol (IPA)

Assayed without cysteine after dialysis

Assayed with 0.005M cysteine after dialysis
Enzyme in 25 percent IPA with 10°M DFP

Assayed without cysteine after dialysis

Assayed with 0.005M cysteine after dialysis

Enzyme in pH 7.0 buffer with PCMBTt
Enzyme in 25 percent isopropylalcohol
Assayed without cysteine after dialysis

Assayed with 0.005M cysteine after dialysis
Enzyme in 25 percent IPA with 10-°M DFP

Assayed without cysteine after dialysis

Assayed with 0.005M cysteine after dialysis

Milk-clotting Percentage
unit*/g of 4660
4660 100
4520 97
2620 56
4500 97
706 15

52 1
450 10
80 2

0 0
552 12
4900 - 105
0 0
486 10
4900 105

* Milk-clotting unit: 1 min to clot 5 ml of a 5-percent skim milk solution adjusted to pH 5.3 and incubated

at 37.5°C. } p-Chloromercuribenzoate.
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Fig. 1. Effect of pH on the inhibition of
bromelain (solid line), papain (dashed
line with crosses), and Rhozyme P-11
(dashed line with circles) by diisopropyl-
fluorophosphate. The enzymes were incu-
bated for 1 hour at 25°C in 1x10°M,
1x10*M, and 1x 10™*M diisopropylfluo-
rophosphate, respectively.

of tyrosine (4); it will react directly or
indirectly with amino (§) and sulfhy-
dryl groups; it will react indirectly with
the hydroxyl group of serine (I, 6).

R. M. HEINICKE

R. Mort

Hawaiian Pineapple Company,
Honolulu, Hawaii
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Influence of Adrenalectomy
and Hypophysectomy on
Cerebral Serotonin

Abstract. Changes in serous and ence-
phalic serotonin in hypophysectomized or
adrenalectomized rats have been observed.
Adrenalectomy produces a decrease of
serous serotonin and an increase of the
serotonin of hemispheres, base, and me-
dulla oblongata; with hypophysectomy,
serotonin is also reduced in serum and
increased only in the base and medulla
oblongata.

It is known that the cerebral serotonin
content can be varied by artificial means,
either by stimulating the formation of
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serotonin through administration of pre-
cursor drugs such as 5-hydroxytrypto-
phan (1), or by preventing its degreda-
tion, by means of iproniazid, which is an
excellent inhibitor of monoaminooxidasc
(2). It is also known that the adminis-
tration of suitable doses of reserpine
causes a reduction in the encephalic
serotonin and a considerable increase in
the urinary excretion of 5-hydroxyin-
doleacetic acid, the most important me-
tabolite of serotonin (3). Chlorproma-
zine, meprobamate, and benactizine, on
the other hand, have only slight or no
effect on urinary elimination of 5-hy-
droxyindoleacetic acid (4).

I have also considered another pow-
erful tranquilizer, hydroxyzine hydro-
chloride (Atarax), about which Zubiani
and I have published a complete clinical
study (5). At the present time I am
studying its influence on serotonin me-
tabolism in man (blood and cerebro-
spinal fluid) and in animals (blood and
brain).

This preliminary note reports the
modifications in encephalic and serous
serotonin that have been observed in
whole . rats after adrenalectomy and
hypophysectomy.

Sixty white rats, each weighing 200
to 250 g, were divided into three groups
of 20 each. The first group was left un-
treated and served as controls; the sec-
ond group underwent bilateral adrenal-
ectomy; and the third, hypophysectomy.
This was carried out by the transpha-
ryngeal route. The complete removal of
the hypophysis was later verified by au-
topsy. The animals were killed by de-
capitation 24 hours after the operation.
The brain, which was immediately re-
moved, was divided into four portions
consisting of the hemispheres, the base,
the medulla oblongata, and the cerebel-
lum. The brain portions were then sub-
jected to the following treatment: ex-
traction with 80-percent acetone and
filtration after 24 hours; replacement
of the acetone by a fresh batch of 80-
percent (5 volumes); further filtration
after a second 24 hours; combination
of the two filtrates and evaporation of
the acetone; making up to volume with
Tyrode’s solution containing atropine.
The serum was subjected to: extraction
with 2 volumes of 100-percent acetone;
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Table 1. Serotonin values, in micrograms per 100 g of tissue, found in various locations
in control, adrenalectomized, and hypophysectomized rats. The figures in parentheses are
the percentage difference from the values found for the control rats.

Location
No. Rats Serum ' S;Iﬁ:rle-s Base Ohkﬁf)il;;l?a Cerebellum
20 Controls 50 85 97 37 0
20 Adrenalec-
tomized 12 (-76) 195 (+129) 115 (+18) 140 (+278) 0
20 Hypophysec-
tomized 20 (- 60) 87 (+2) 154 (+58) 81 (+118) 0

filtration after 24 hours; and making up
to volume with Tyrode’s solution con-
taining atropine.

For quantitative assay of the sero-
tonin, I used rat uterus in estrus, ac-
cording to Erspamer’s technique (6).
The values of encephalic and serous
serotonin are expressed in micrograms
per 100 g of fresh tissue.

In the control rats, the encephalic
serotonin was found to be present in the
quantity of 85 ng for the hemispheres,
97 ug for the base, and 37 ug for the
medulla oblongata. Fifty micrograms
were found in the blood serum. No trace
of serotonin was found in the cerebel-
lum, and this result agrees with the pub-
lished literature. Adrenalectomized rats
gave the following values for serotonin
24 hours after operation: 195 pg for the
hemispheres, 115 pg for the base, 140
ug for the medulla oblongata, and 12 ng
for the serum. In the hypophysectom-
ized rats, 24 hours after operation, assay
of the serotonin revealed values of 87
ug for the hemispheres, 154 ng for the
base, 81 ug for the medulla oblongata,
and 20 pg for the serum. These results
are summarized in Table 1.

It is thus seen that adrenalectomy led
to marked changes in the cerebral sero-
tonin, which was constantly and signifi-
cantly increased in the hemispheres, base
and medulla oblongata, with increases
of 129, 18, and 278 percent respectively,
in comparison with the controls. Hypo-
physectomy caused a large increase in
serotonin only in the base (58 percent)
and the medulla oblongata (118 per-
cent). The concentration of serotonin

a2

in the hemispheres remained practically
unchanged. In both groups of animals
that underwent surgical treatment, the
highest increase was observed in the
medulla oblongata. Both hypophysect-
omy and adrenalectomy produced a large
reduction in the serous serotonin, which
fell by 60 percent in hypophysectomized
rats and 76 percent in adrenalectomized
animals.

I therefore feel that it is too early to
attempt to give an explanation of these
results. They do, however, point to the
importance of a study of the relation-
ships between serotonin and endocrine
glands (particularly the adrenals) on
one hand, and mental diseases (particu-
larly schizophrenia) on the other.

DomEenico De Maro
Istituti Psichiatrici Provinciali,
Milan, Italy
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