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ABSTRACT:

The paper is presenting preliminary data on some natu-
ral inhibitors of pepsin, trypsin = and chymotrypsin in
the protein extracts from Actinia aequina, Rapana tho-
masiana,Squalus acanthias,Odontogadus merlangus euxinugs

and Engraulis encrassicholus ponticus.

Within the frame of an extensive research program for
turning the biological resources of the Black Sea to the best ac-—
count, we have had in view, in this paper,to determine and inves-
tigate the natural inhibitors of pepsin, trypsin and chymotrypsin
in several invertebrate and fish species.

A great number of references to proteolytic enzym inhi-
bitors separated from different animal or vegetal sources are ci-
ted in the literature. Investigations concerning determination
and isolation of these bicactive principles also in invertebrates
were inltiated during the latest years. Consequently, trypsin and
chymotrypsin inhibitors were isolated and purified from Tgenig
pisgiformig (Q) end a chromoproteide - ovorubine - in the eggs of

the amphibisn snail Pomacesa canaliculata australig (1, 3 and 2)
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‘with anti-tryptic and anti-chymotryptic properties, resembling
the ovomucoid (4).

We have not found any data referring to such. may of
research with marine organisms in the avallable literature.

In this work, we are presenting some preliminary data
on the occurence activity of certain natural inhibitors of pro=-
tease provided by several invertebrate and fish species along the
Romanian coast of the Black Sea.

MATERIAL AND METHODS

The work was carried out with five species of organisms
which live in the Romanian coastal waters of the Black Sea:a coe~
lenterate -~ Actinia gequina, a gastropod - Rgpana thomasiang and

three fishes - Squalus acanthiass, Odontogadus merlangus euxinus

and Bngraulig encrasgsjicholug ponticug.Assays were done on organs,
tissues and total body.

The entire organisms and the organs and tissues sampled
from the above mentioned species were property waghed with runne
ing water, then with distilled water. After drying by tamponing
between filter papers, the biological material was thoroughly
weighed and macerated with a Potter homogenizer; the extraction
ratio was 1 g tissue for 1o ml distilled wabter. The resulted
‘homogenate was preserved for an hour at +4°C for completion of
protein extraction and thereafter was centrifuged at 4,000 x g
for 15 wminutes; the supernatant which resulted in this way was
considered as total protein extract.

The protein concentration,the activity of pepsin, tryp-
sin and chymotrypsin, as well as the activity of inhibition of
pepsin, trypsin and chymotrypsin, were determined in the total
protein extract (diluted as the case standed).

The activity of the protease inhibitors was measured as
percent of the standard enzym actlivity lost in the presence of
the inhibitors;therefore the same methods were used for determin-
ing both +he activity of pepsin, trypsir and chymotrypsin, and
their respective inhibitors. The inhibitorAsolution (in distilled
water) and pepsin, trypsin and chymotrypsin solutions (also in
distilled waber) were mixed together and let react by incubation’

-
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et 37°C in a thermostat for an hour; then the residual activity
of the enZym was determlned.

As the activity of the inhibitors is expressed in per-
cent of the lost enzymatic activity,it is necessary that standard
preparatlons of the respective enzyms should be used at each_
determination. '

In order to annihilate any source of error,three series
of determinations were carried out as follows:

= l.0 ml of total protein extract + 1.0 ml of distilled
water were incubated for am hour in a thermostat at 37°C, after
which the activity of the respective ‘enzym in the total protein
extract was determined; '

= l.0 ml of standard enzym solution+l.o ml of distilled
water were incubated for an hour in a thermostat at 37°C, after
which the standard enzym activity was determined;

- l.o ml of standard enzym solution + l.o ml of total
protein extract (the inhibitor solution) were incubated for an
hour in a thermostat at 37°C, after which the standard enzym
residual activity was determined.

By calculatlon, percentage of standard enzym inhibition
by the protein extract from the investigated organisms was found.

‘Determination of protein concentration in the extracts
from the investigated species was carried  out by the wethod
of LOWRY and collab. (5). '

Pepsin activity was determined by the ANSON method (2),
‘using hemoglobin at pH 2.0 as a substrate; trypsin and chymotryp-
sin activities were also determined by the ANSON method. (2),
using adulterated hemoglobin at pH 7.5 and 8.0, respeculvely. The
activity of these proteases was expressed in nmoles tyrosine/mg
protein/minute at 37°C.

, Pepsin, trypsin and chymotrypsin inhibition activities
were determined by the same method,except that standard solutions
of pepsin, trypsin and chymotrypsin were put to the work after
having been incubated with the inhibitor solution.

Pepsin and trypsin provided by the Merck firm and
chymotrypsin provided by the BDH were used as standard enzymns.
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Tgble 1

Evidencihg the activity of pepsin inhibition in Rapsng thomagisgna.
Distribution in organs and tissues

Protein Enzym/ nmoles tyr/ Inhi-
Oggigugr conc. Inhibitor 2§§?§§t gg, mg prot/min, bi-
mg/ml mg/mg v ins %70C t;on
4
3.43% 4/0.,69 = Frotein extract 0
Branchiae 5.80 Pepsin std.sol, 9,189 88,5
Pepsin std.sol,
incub.with extract 1.058
Salivary 12.22 4/2.44 = Protein extract 0
glands 1.64 Pepsin std.sol. 9,189 loo
Pepsin std.sol.
incub.with exgtract 0
8.89 4/1.78 = Protein extract O
Vitelline 2.25 Pepsin std.sol. 9,189 loo
gland Pepsgin std.sol.
incub.with extract ]
2.70 4/0.54 = Protein extract 3,950
Stomach 741 Pepsin std.sol. 9,189 1loo
Pepsin std.sol.
incub.with extract 0
lo.11 4/2.02 = Protein extract 0
Hepato- 1.98 Pepsin std.sol. 9,189 89.9
pancreas Pepsin std.sol.
incub.with extract 929
6,07 4/1.21 = Protein extract 2,635
Kidney 5e 31 Pepgin std.sol. 9,189 loo
Pepsin std.sol.
ineub.with extract 1,334
1.29 4/0:26 = Protein extract 6,625
Testis 15,38 Pepsin std.sol. 9,189 1loo
Pepsin std.sol
incub.with extract 663
2,09 4/0.42 = Protein extract 0 .
Mantle 9.52 Pepsin std.sol. 9,189 88.5
Pepsin std.sol.
incub.with ract 1.0%8
3,58 4/0.72 = Protein extract 0
Foot 5.56 Pepsin std.sol. 9,189 79.8
Pepsin std.sol.
incub,with extract 1,858
4,74 4/0.35 =  Protein extract 0]
Total 4421 Pepsin std.sol. 9,189 81.3

Pepsin std.scl.
incub.with extract 1,720
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RESULTS AND DISCUSSION

I. Peptic activity and pepsin inhibition activity in protein
extracts from Rgpana thomasiana, Squalus acanthiag, Odontoga-
dus merigngug euxinus and Engraul ncerassicholug ponticu

Both proteolytic activity at pH 2.0 and standard pepsin
inhibition activity were discerned in the total protein extracts
from all the species investigated.

While studying the distribution in organs and tissues
of the peptic and pepsin inhibition activities of the protein
extracts from Ragpang thomasiana, the following ‘were found out
(Table 1):

~ pH 2.0 proteolytic activity is null in branchiae,
salivary glands, vitelline gland, hepatopancreas, mantle, foot
and total body, while in stomach, kidney and testis it takes
values of 3,950; 2,635 and respectively, 6,625 nmoles tyrosine/mg
protein/minute, at 37°C.

~ Pepsin inhibition activity is very intense in all the
organs studied. Thus, values renging from 979.8% (foot) to 100%
(salivary glands, vitelline gland, stomach, kidney and testis)
are recorded, as standard pepsin inhibition percent; it is 8l.3%
in total body.

From the analysis of the same distribution in the pro-
tein extracts from Squalus acanthias, the following resulted
(Table 2):

' - The greatest pH 2.0 proteolytic activity appeared
in stomach (1,383 nmoles tyr./mg prot./min.) and the smallest,
in eggs (178 nmoles tyr./mg prot./min.) - at 379G,

-~ Standard pepsin inhibition percent varies from 30%,
in liver, to 92.5% in visceral liquid.

~ However, an effect of standard enzym activation
(152.8%) was found in the protein extracts from the shark eggs.

' Analysis of the data in Table 3 ghows an appreciable
pH 2.0 proteolytic activity in total body and viscera of Odonto-

gadug merlanegus euxinus (1,391 and respectively, 1,949 nmoles
. tyr./mg prot./min. at 37°C), while in Engraulis encrassicholus

ponticus, pH 2.0 proteolytic activity is null both in total bo-
4y and viscera.
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Tsable 2 :
Evidencing the activity of pepsin inhibition in Sguglus acgnthias.
Distribution in organs and tissues

Organ Protein Enzyw/ nmoles tyr/ Inhi- Acti-

J Y Dosage of .
or d Inhibitor . 5 rot n bit. vation
1 dgne ;onc = o activity in: ?;'%og /mi {% ‘a%
29,87 2/29.87 = Protein extract 178.0
Eggs 0-02 Pepsin std.sol. 9,547&5 bt 152.8

Pepsin std.sol.
incub.with extract 4.586.0

14.20 2/14.20 = Protein extract . 780,0 -
Liver .14 Pepsin std.sol. 9,547.5 30.0 -
Pepsin std.sol. ’
incub.with extract 7.540,0

21.50 2/21.50 = Protein extract 525:4
Pancreas 0.09 Pepsin std.sol: 9,547.5 39.7 -

Pepsgin std.sol.
incub.with extract 6,282;0

: 9.94 2/9.94% Protein extract 1,382.5
Stomach 0.20 Pepsin std.sol. 9,547.5 83.7 =
Pepsin std.sol. :
incub.with extract 2.94%,0

54,30 2/54.30 = Protein extract 196:2
Visceral 0.04 Pepsin Stdosolo 9,54705 92-5 o
liquid Pepgin std.sol.

incub.with extract 911,0

Table 3

Protein Enzym/ ‘ :  nmoles tyr/ Inhi- Acti-
Species conce. Inhib. 52?3%:;7O§.n' mg prot/min bit. vatim
_me/ml A 8 S 370C %

Odontogadus lo.o5 2/2.0l1 = Protein extract 1,391

(total body) - l.00 Pepsin std.sol. 6,383 - 134
Pepsin std.sol.
incub.with extract 8,830

QOdontogad 8.21 2/1.64 = Protein extract 1,949

(viscera) 1.22 Pepsin std.sol. 6,383 18 -
Pepsin std.sol.
incub.with extract 5,648

Engzrauli 13,17 2/2.63 = Protein extract 0

(total body) 0.76 Pepsin std.sol. 6,38% 20 =
Pepsin std.sol.
incub.with extract 5,114

Engraulis 10.82 2/2.16 = Protein extract ; 0

{viscera) 0.93 Pepsin std.sol. 6,383 loo -
Pepsin gstd.sole.
incub.with extract - O
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Standerd papsin inhibition percent takes low values
in viscera of Odontogadus merlangus euxinug (18%) and in total
body of Engraulis encrassicholus ponticus (20%) and a maximum
value = 100% inhibition- in viscera of Engraulis (full of roe and
milt).

134% standard pepsin activation was recorded in total
body of Odontogadus meriangus euxinug.

IT. Tryptic activity and trypsin inhibition activity in protein
extracts from Actinia aequina, ZRapans thomasiana, Squalug
centhiag, Odontogadus merlangus euxinug and Engrgulig en-

cragsicholug ponticus

A lower activity of trypsin inhibition was discerned
4n protein extracts from organs and tissues,as well as from total
body of Actini equina, Rapana thomasiana, Squalusg acanthias,

Odontogadus merlangus euxinus and Engrgulis encrassicholus
ponticus, this being even null in some cases. A slight tryptic
activity is present in other organs and tissues from the gpecies
ebove, except the small fishes, in which considerable enzymatic
activities were found.

In the settled experimental conditions, no tryptic
activity was discerned in the coelenterate Actinia aeguina.
The protein extract obtained from its total body gives 37.7%%
trypsin inhibition activity, at the ratio Enzym/Inhibitor of 2.47
(Table #).

Table 4
Evidencing the activity of trypsin inhibition in Actinia aequing
Enzyw/ nmoles tyr/ Inhi-
St Inhibitor Dosage of activity .0 ot/min, bition
in: > 3700 %
4,03 2/0481 = Protein extract 0
2.47 Trypsin std.sol. 25,386 377
Trypsin std.sol.
incub.with extract 15,820

At the same time, no tryptic activity was discerned in

Rapana thomasiana (Table 5).
Protein extracts obtained from kidney and testis of
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Table 5

Evidencing the activity of trypsin inhibition in Rapana thomasigna
Distribubion in organs and tissues

Inhi- Acti-

Organ Protein Enzym/ nmoles
or conce Inhib. DZE?%it gi. tyr/mg  bi~  va-
tissue mng/ml ng/mg a Y 18% prot/min tion tion
279C % %
3,43 2/0.69 = Protein extract 0
Branchiae 2.90 Trypsin std.sol. 3,937 - 139
Trypsin std.sol.
incub.with extract 5,482
12.22 2/2.44 = Protein extract 0
Salivary 0.82 Trypsin std.sol. 3,937 - 251
glands Trypsin std.sol.
incub.with extract 9,860
8.89 2/1.78 = Protein extract 0
Vitelline 1.12 Trypsin std.sol. 3,937 31 -
gland Trypsin std.sol.
incub.with extract 2,725
2.70 2/0.54 = Protein extract Y
Stomach %.70 Trypsin std.sol. 3,937 97 -
Trypsin std.sol.
incub.with extract 1lo
lo.11l 2/2.02 = Protein extract 0
Hepato=~ 0.99 Trypsin std.sol. 3,937 8 -
pancreas Trypsin std.sol.
incub.with extraect 5,624
6,07 2/1.21 = Protein extract 0
Kidney 1.6 Trypsin std.sol. 3,937 1loo -
Trypsin std.sol.
incub.with extract 0
1.29 2/0026 = Protein extract ¢}
Testis 7.69 Trypsin std.sol. 3,937 loo -
Prypsin std.sol.
incub.with extract 0
2.69 2/0:42 = Protein extract- 0
Mantle 4,76 Trypsin std.sol. 3,937 38 -
. Trypsin std.sol.
incube.with extract 2,447
3%.58 2/0:72 = Protein extract 0
Foot 2.78 Trypsin std.sol. 3,937 = 135
Trypsin Std.sol.
. incub.with extraect 5.%35
4,74 2/0:95 = Protein extract 0
Total 2.11 Trypsin std.sol. 3,937 9 -
body Trypsin std.sol.

incub.with extract 3,569
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Rapana thomasiana inhibit by 100% the standard trypsin, while
those obtained from vitelline gland, hepatopancreas, mantle and
total body prove a very low inhibitory  activity. The protein
extract from the stomach gives 97% standard trypsin inhibition.
On the contrary, a natural trypsin activating agent is present in
the branchiae and salivary glands, determining an increase in the
activity of the pure enzymatic preparation up to 139% and 251%,
respectively (Table 5).

In Squglus acanthiag, very weak tryptic activity was
discerned in eggs (45.4 nmoles tyr/mg prot./min), pancreas (390
nmoles tyr/mg prot./min), stomach (833.2 nmoles tyr/mg prot./min)
and viseera (191.7 nmoles tyr/mg prot./min). The tryptic activity
is null in the liver (Table 6).

) Tgble 6

Evidencing the activity of trypsin inhibition in Squalus acgnthias.
Distribution in orgaens and tissues

Organ  Protein Bnzym/ s==s==ssz=ssssssasssssszess

Dosage of nmoles tyr/ Inhi~

or conc, Inhibitor . mg prot/min bition
tissue ne im] m{:/m.f{ B.Ctivity in. 7>?OC r:,;
23.48 1/23.48 = Protein extract 45,4
Eggs 0,04 Trypsin std.sol. 32,340.0 60,7
Trypsin std.sol.
incub.with extract 12,766.0
6.54 1/ 6.54 = Protein extract 0
Liver 0,15 Trypsin std.sol. 32,340.0 loo
Trypsin std.sol.
incub.with extract 0
9.23 1/ 9.23 = Protein extract 290.,0
Pancreas 0.11 Trypsin std.sol. 32,340.0 86.1

Trypsin gtd.sol. ,
incub.with extract 4,894.0

9.45 1/ 9-4? = Protein extract . 833.2
[+]

Stomach o1 Trypsin std.sol. 32,340.0 1loo
Trypsin std.sol.
incub,with extract 0
11.13 1/11.13 = Protein extract 191.7
Viscera 0,09 Trypsin std.sol. 32,540.0 37.9

Trypsin std.sol.
incub.with extract 20,272.0

The natural trypsin inhibitor in the shark stomach and
liver presents a remarkable activity, but at Enzym/Inhibitor
ratios of only O0.15 and O0.1ll, respectively; the standard enzym
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inhibition is 100% in these «ivcumstances. On %he whole, the
percent of standard trypsin inhibition by thke natural inhibitor
in the shark viscera, at an Enzyw/Inhibitor ratio of 0.09, is
only 37.9% - much lower than the inhibition percent of the pepsin
by the natural inhibitor of this enzym, extracted from total body
of Rgpana thomagiana, specifically, 8l.3%, at an BEnzym/Inhibitor
ratio of 4.21 (Tables 1 and 6).

An intensive tryptic activity is found in Odontogadug
merlangus euxinus and Engraulis encrassicholus ponticus,specifi -
cally: in total body, 1,172 and respectively, 3,241 nmoles tyr/mg
prot./min at 37°C; and in viscera, 8,290 and respectively, 14,026
nmoles tyr/mg prot./min. at 37°C; this is comparable with the
enzymatic activity of Merck trypsin (Table 7).

Table 7
Evidencing the activity of trypsin inhibition in Odontogadug
merlanpgus euxinug and Engraulis encrassicholug ponticus

Provein Bnzym/

nmoles tyr/ In- Aeti-

. ' Mok Dosage of q
Species conc. Inhibit. Y . mg prot/min hib.vati-
me/ml  wme/me activity ins 5786 % on %
Odontomadus 10.05 2/2.01 = Protein extract 1,172 € =
(total body) 1.00 Trypsin std.sol. 1lo,007 - 134,.6

Trypsin std.sol.
incub.with extract 14.643

Odontogadus 8.21 2/1.64 = Protein extract 8,290 N
(vigcera) L.22 Trypsin std.sol. lo,007 22.7 =

Trypsin std.sol.
incub.with extract 16,023

Bnrraulis 13,17 2/2.63 = Protein extract 3,241

(total bvody) 0,76 Trypsin std.sol. 1lo,007 - 141.5
Trypsin std.sol.
incub.with extract 17.402

sneraulis 10.82 2/2.16 = Trypsin extract 14,026

(viscera) 0.93 Trypsin std.sol. 10,007 64,6 =
Trypsin std.sol.
incub.with extract 17,568

As concerning the trypsin natural inhibitor, this ig
present in the viscera of the two fish species; the inhibition

percents are 22.7% in Odontogadus merlangus euxinusg (EB/I ratio =
1.22) and 64.6% in Engraulig encrassicholus pomticug (E/I ratio =

0.92hIn contradistinection to Odontozadug,the viscera of Enegraulig
were full of roe and milt, which leades to the supposition that
the trypsin inhibitor is located in these formations.
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~ Testing the trypsin inhibltion activity in total body
in the two fishes,surprisingly, standard enzym activation effects
of 134.6% and respectively 141.5% were found (Table 7).

It results this way, by testing the presence of the
trypsin natural inhibitor in the above mentioned species, trypsin
inhibition activity was made evident in some protein extracts
obtained from organs and tissues or total body, but on the whole,
the inhibition process proved to be much inferior to that which is
induced by the pepsin natural inhibitor in the same organisms.

III. Chymotryptic activity and chymotrypsin jinhibition activity
in protein extracts from Act equina, Repana thomasiong,
Sgualus ascanthiag and E ulig encr icholug ponticus

Among all the species investigated, the highest pH 8.0
proteolytic activity was perceived in Actinia sequina, gpecifica~
11y, 18,887 nmoles tyr/mg prot./umin at 27°C ag compared to 38,595
nmoles tyr/mg prot./min,37°C, the value representing the activity
of a BDH chymotrypsin preparation. The protein extract from total
body inhibits standard chymotrypsin in proportion of 58.3% at an
Enzym/Inhibitor ratio of 2.47 (Table 8).

Table 8

Bvidencing the activity of chymotrypsin inhibition in
Actinig sequina

Protein Enzyw/ nmoles tyr/  Inhi-
conc. ‘Inhibitor ng 858t/min bi;iou
3% ;

Dosage of
activity in:

m{;z I]ll i
4,03 2/0.81L = Protein extract 18,887
2.4 Chymotrypsin std.sol. 28,595 5843
Chymotrypsin std.sol.
incub.with extract 34,971
In Rspapna thomasiana (Tsble 9), chymotryptic activity

was discerned only in hepatopancreas (645 nmoles tyr/mg prot/min.
at 37°C), kidney (895 nmoles tyr/mg prot./min. at 37°C) and total
body (1,975 nmoles tyr/mg prot./min. at 37°¢).

Investigating the activity aof inhibition of a pure
chymotrypsin preparation by protein extracts obtained from dif-
ferent organs and tissues, as well as from total body of Rapang
thomasiana, the following were found:
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Tgble 9
Bvidencing the activity of chymotrypsin inhibition in

Rapana thomasians. Distribution in organs and tissues
Organ  Protein Enzym/ . nmoles tyr/ In- Ac—
or conc. Inmhib. agg?gfg Qin' mg prot/min hib.tiv.
tissue wmg/ml mg/mg ¥ ini 370C %

4,97 2/0.99 = Protein extract 0
Branchiae 2.02 Chymotrypsin std.sol: 42,053 6.3 =
Chymotrypsin std.sol.
incub.with extract 39,386
22.67 2/4.5% =  Protein extract 0
Salivary O it Chymotrypsin std.sol. 42,053 0,1 =
glands Chymotrypsin std.sol.
incub.with extract 41,998
14.93 2/2.99 = Protein extract 0
Vitelline 0.67 Chymotrypsin std.sol. 42,053 = 109.9
gland Chymotrypsin std.sol.
incub.with extract 46,210
6.05 2/1.21 = Protein extract 0
Stomach 1.6 Chymotrypsin std.sol. 42,053 = 103,1
Chymotrypsin std.sol.
incub.with extract 4%, 341
13,98 2/2.80 = Protein extract 645
Hepato- 0.71 Chymotrypsin std.sol. 42,053 - lo2
Dancreas Chymotrypsin std.sol.
incub.with extract 43%,54%
7.62 2/1.52 = Protein extract 895 !
Kidney 1.32 Chymotrypsin stdisol. 42,053 = 109.5
Chymotrypsin stde.sol.
incub.with extract 464210
4e47  2/0.89 =  Protein extract - d 0 g
Testis 225 Chymotrypsin stdisol. 42,053 = 113.7
Chymotrypsin std.sol.
incub.with extract 47.811
5¢29  2/1l.06 = Protein extract - 0 y
Mantle 1.87 Chymotrypsin std.sol: 42,053 2.7 -
Chymotrypsin std.sol.
incub.with extract 40,9%1
6.80 2/1:36 =  Protein extract ° 0
Foot 1.47 Chymotrypsin std.sol. 42,053 = 105.1
Chymotrypsin std.sol.
incub.with extract
455 2/0.91 = Protein extract - © 1,975
Total 2,20 Chymotrypsin std.sol: 42,053 13,9 =
body Chymotrypsin std.sol, ’
incub.with extract 38,171
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- ‘A slight chymotrypsin inhibition activity was mads
evident in the branchiae .(6.3%), salivary glands (0.1%), mantle
'(2.7%) and total,body (13.9%) at Enzym/Inhibitor ratios of 2.02,
oei44, 1.87 and 2.20, respectively.

- A natural factor which activates chymotrypsin, making
the pure enzymatic preparation rise its activity to 102=113.7%,
is present in the vitelline gland,testis,hepatopancreas, stomach,
kidney and foot.

Table 1o
BEvidencing the activity of chymotrypsin inhibition in
Squalus acanthias. Distribution in organs and tissues

“pmoles tyr/ Inhi-
mg prot/min bit.

Organ Protein Enzym/ -~
or conce Inhibit. Dosage of

tissue mg/ml ng/mg activity in: 370C %
18.60 2/3%,72 = Protein extract 0 8.6
Eggs . 0.54 Chymotrypsin std.sol. 35,283

Chymotrypsin std.sol.
incub.with extract

7.66 2/1.53 = Protein extract 0
Liver 1,31 Chymotrypsin std.sol. 35,285 14.8
Chymotrypsin std.sol. ;
incub.with extract - 30,077
14.39 2/2.88 = Protein extract ‘ 0
Pgncreas 0.6 Chymotrypsin std.sol. 35,283 16.3
Chymotrypsin std.sol. '
incub.with extract 29,544
7036 2/1.47 = Protein extract - 2,550 2
Stomach 1.3%6 Chymotrypsin std.sol. 35,283 35,7
Chymotrypsin std.sol.
incub.with extract 25,239

Studying the organ - digtribution of the chymotryptic
activity and chymotrypsin inhibition action in the protein ex-
tracts obtained from Sgualusg acanthiag, it resulted as follows
(Table 1l0):

- The pH 8.0 proteolytic activity is null in eggs,liver
and pancreas; bubt a considerable chymotryptic activity was found
in the stomach, specifically, 2,550 nmoles tyr./mg prot. /min.,
37°C, as compared to 35,283 mmoles tyr./mg prot./min., 37°C. - the
activity of a pure enzymatic preparation (BDH chymotrypsin).
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-~ The inhibition percent of sbanderd chymotrypsine
varies from 8.6% (eggs) to 35.7% (stomach) for  Enzym/Inhibitor
ratios having values near to one another (from 0.54 to 1.36).

An intense pH 8.0 proteolytic activity was made evident
in the viscera full of roe and milt of Engraulis encrassicholus
ponticus, specifically, 18,804 nmoles tyr/mg prot./min., 37°C, as
well as a high inhibition percent (61%) of standard chymotrypsin
(Table 11).

Pable 11
Bvidencing the activity of chymotrypsin inhibition

in Engraulis encrassicholus ponticu

Protein Enz nmoles tyr/ Inhi-

nd Dosage of :
conc. Inhibitor ; Al ng prot./min bition
mg/ml ng/mg activity ins 370G %
8.58 2/1.72 = Protein extract 18,804
1.62 Chymotrypsin std.sol. 38,595 6l
Chymotrypsin std.sol.
incub. with extract 33,867

Detection of higher activity of inhibition of trypsin,
(Table 7) and chymotrypsin (Table 11) in the protein extracts ob—
tained from viscera as compared to the small inhibition percents
of these standard enzyms in the presence of the protein extracts
from total body of Bngraulis encrassicholus ponticus makes us pre-
sume that the inhibitors of both trypsin and chymotrypsin are lo-
cated in the roes and milt.

CONCLUSIORS

Our research work has brought some contributions to
detection of several natural inhibitors of proteolytic - €nZyms.
Comparative data obtained show that the inhibitory activity deve-
loped had a number of specific particularities depending on the
organism, and insgide it, on the organ and tissue. Detection and
knowledge of the degree of activity of these inhibitors may con—
stitute experimental premwises for their utilization in different
applicative scopes.

236



REFERENCES:

1.

2.

3e

S
6.

7

CHEESMAN D.,F,, 1958 ~ Ovorubin, a chromoprotein from the eges
of the gastropod mollusc Pomaces canaliculatsg. Pfocggg
Soc., 149 B: 571-587.

COIOWICK S.P.,, KAFLAN R.O., 1955 = Methods jin Enzymology, II,
Academic Press, New York: 3-169.

COMFORT A., 1947 -~ Lipochromes in the ovo of Pilg. Nature,

- 160: 133-334.

LINEWEAVER H., MURRAY C.W., 1947 -~ Identificabtion of the tryp-
sin inhibitor of the egg white with ovomucoid, J.Biol.
Chem., 171: 565-581. .

LOWRY O.H., ROSENBROUGH L.A., FARR R.J., RANDALL R.J., 1951
~ Protein in measurement with Folin reactiv. J,Biol.
Chem., 193: 265-275.

NEMETE J., JUHASZ S., BAINTNER K., 1979 = A trypsin and chymo-
trypsin inhibitor from Taenia pissiformig.Int.d.Paragi-~
Yol., 2, 6 515-522. :

NORDEN D.A., 1972 = The inhibition of - trypsin and some other
proteases by ovorubin, a protein from the eggs of Foma-

cea canaliculata. Comp.Biochem.Phygiol., 42 B: 569-~576.

237



