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SOME PROPERTIES 0F THE PEPStN NATURAL INHIBITOR
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ABSTR&CT:

A aatural iahibitor of pepsin, developing an intensive
aatipeptic aotivity, was separa-ted and purified fron thé
n&rins gastropode Ra ana thomasiana BrosBejthe value of
thé inhibition constant, Ici, ie only 0, 009 as/ml. îîiis
inhibi-tor is of pep-tidic nature, reactsalmos-t instan-t-
aneously with thé cnîgnae and causes an inhibition of
thé nonconpetitive type as related to -thé hemoglobia
used as a eaïstrate. Thé inhibition developed is a
fnnction of thé inhibitor concentration in .thé réaction
nedlna and does aot dépend on thé purity of thé pre-
parât ion used.

Within thé frame of wider research program with a

view to turning thé biological re sources of thé Black Sea to
botter accouat, during thé Isfcest years we hâve approached research

work concerning thé evidencing, isolation aad purification of soma
natural inhibitors of pepain, trypsin and chymotrypsin in several
species of inverfcebratea aad fish. Through .thé investiga-tioQa
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carried sut, some contribations . ère brought .to evidenci.ag seve-
rai natural' -inhibitora of proteolytic enzyna. Comparative data
were obtained mblch show that tto aaaifest ioliibitory activity
has'sone dxaracteristics dependiag on tîie gpecieB, and »lthin
this. on tfae organ or tissue of extraction (5. â)*

We hâve found only few data in thé availalîle literature
referring to anatural inhibitor of pepsin, isolated fron ̂ a
mirtu?e~'of pepsinogen asà actiTated pepainogen, which hae thé
property oî ' iahibiting thé peptic activity only »it^in tlie pH
range of 4. 0 to 6. 0 (D. We hâve no information about any sucfa
iavestigafcion in marine organissis.

We ose preseiïting in this paper soiae propsrties of tl»
pepsin natural inhibitor which was sepasated and purifieâ fron
thé marine gastropode Bg.pâsg^tho®ââïfââ Sp sss'

MAIERF&L AND MEPEQDS

Thé méat (total body) of thé gastropode £sE3Ë5â-ihOT^§1-
^SÊ GROSSE was thorougU-y washed with i.unningwater, ttenwith
^Istilled water. After having been dried by tamponiag between
filter paper sheets, thé -biological material ^as ^eighed exactly
anâ. tritujated by thé aid of a Potter hoEOgen^zer, thé ertractioii
ratio being l g tissue/lo ml «iistilled mter. Tbe resalted hooo-
genate was'preserved at +4°C for -m hour îos conip^ion of pEoteln

extraction, 'then was centrifuged at 4, ooo x g for 15 minutes; thé
supernatant thus obtained was considered ., s total protein^ertract.

Purification of thé pepsin natural inhibitor froa thé
total protein extraet was condacted following thé process de-
scribeâ. in -bhe romanian licence (5).

Thé antipeptJLc activity was expressed in percentage of
pepsin lost ia présence of thé inhiMtor. Thé inbibitor solution
(thé total protein extract àilluted as thé Case stood or thé
solution of "purtfied inhibitor) and thé pepsin solution Merck.
were mixeà aûd left to react by incubation in a thermostat at
57°G for an hour, thsn thé residual ac-bivity of pepsia was
aeterDiiued..

In oràer to exclude any source of error, two séries of
déterminations were carried out as followst
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l. o al of Merck pepsin solution + l. o ml of distilled
water were ic. cubateâ in a theriaos'bat at 57°C for an hous, after
which enzyme activity was deternio.ed;

- l. o ml of Merck pepsin solatioa + l. o ml of total

protein erbract (or purified inhibitor solution) were iacubated

in a thermostat at 57°C for an hour, after wfaich residual enzyme
activity was deternineâ..

Tlie percente of pepsin inliibitioa (antipeptic activity)
tey tîie raw or purified inhibitors are found out by calculatioa.

Détermination of proteia concentration in .fche total
protein ertract and thé purified ixihibitor solution was performed

toy thé method of LOWBT and collabs. (g) and thé burette method.
Thé pepsin aetivity was deternined by thé AJîSON nethod

(^), using hemogloMn at pH 2. 0 as a substrats alla. was erpressed
in nmoles tyrosine/ag proteia/minute at 57 G. Thé antipeptic acti-
vity was determined by thé sa.me aethod, with thé différence .bhat
thé work was done on thé solution of pepsin Merck, previously
incabated with thé inhibitor solution.

For deteminations of enzyaatic réaction kinetics, thé
inhibitor solution was introduced. âirectly into thé réaction
aixture, without having been previously incabated with pepsin
Merck solution.

BESULIS ATO DISCUSSION

Thé data obtained in a previous work (4) show that thé
antipeptic activity présents a number of peculiarities in thé
marine orgaaisms, depending on thé speoies, and. wi-bhin it, on thé
organ or tissue. Thus, among thé species uiider investi^tion,
aamely, thé coel ente rate Actinia aeauina. thé eastrouode RaTiana
tùomasiana and thé fishes SQualus acanfchias. Odonto dus merlan-
KUS eiixinua anâ. Êngraulis encrassicholus uonticus, fche stroagest
ioliibition activiïy was made évident in Bapaaa . fchomasian. a.

Sfcudying thé organ and tissue djLstribufcion of thé ant;i-

peptic activity in Rapana thomçisian^, an iafcensive activity of
pepsin inliibition was taaûe evidenfc in ail thé investigated organe

and tissues. Thas, thé standa-rd pepsin inhi'bition percen-fcage toofc
values varying from 79.8^ (foot)to 100% (salivary glands,vitelline
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gland, stomach. kidiiey and testis)» in total boày it waa 81.^ (à).
Incubatiog a constant

quantity (4ng/nl) of pep-
sin Merck for anhoarat
5?°C with varying quanti-
ties of raw iiittibitor

(protel-n coaceatratioa
o. 02-5.40 ng/al), pepsin
inhibition percentage ii&s

determiiied as a f onction
of thé Enzyme /lohibitor

- (E/I) ratio (S'ig.l). From
thé data (Pl.g.2), it is to
be notioed that ap to a
certain value of B/I, thé

Antipeptic activity^as a f une- inhibition percent rises

r^lL^^
after that, a graduai de-
crease. Thus, witMn . thé
E/I raage of 1. 18 - 5-28,
thé pepsin inhibition
percent rises froa 89.SS
to 10C%i it keeps constanfc
(loo$î) until B/I=2o, then
follows a gffadaal sloping
domi to 9. 8^> wïiich cor-
responds to E/I=2oo (that
is, o»o2 mg of cmparified
inhibitor inùi'bi'ts 4 ag
of pepsin Merck ïy 9. ®6)*

Thé pepsin inhibition

Fig

'<^y

^ûff  /J

. 1 - An-bipeptic activity as a f une

%
/oo

£ ^. mg

l
l

so

3 mgj

ç. 2 - Antipeptic activity as a funo-
tion-of* inhibitor concentration
in thé réaction mixture

capacity of -bhe effector
maintains tfeséLf at valaes

within 9o-loo% for inhiïitor concentrations between 5. ^0 aad o. 2o
mg/nl, then falling gradaally dom to 9. 8?6 for inhibitor concen-
trations conpriseà betweeno. 2o aad o. o2 mg/ml (Fig. 2). At excès-
Bively high couceatrationa of thé inhibitor in thé réaction nie-
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diua, a slight decrease in thé aatipeptic activity is observed,
probably due to thé intermolecular iûteractione ·hi. ch are esta-
blished between thé peptidic chains of thé effector; thas tùi.e
becones partially uaable to interact with thé enzyme.

Thé intensive pepain
inMbitioa capacity cf
thé pro tel n extracts froa

total body of Raoana was
made sfcill aore évident

in experinen-bs during
which thé quanfcity of in-
hibitor was kept constant} ^'^-»

/ss Vff foe £/!

Fig. 5 - Antipeptic activity as a fimc-
tipn. of thé ratio of enzyme/
inhibitor (E/I) incond. itions
of constaat inhibitor concen-
tration in thé réaction mixture

l part cf inhlbitor to a ratio

^ (protein conc.=o. l8mg/ml)
axid thé quantity of enzyme
varied between 2 and 4o

mg/ml (Fig. 5). Thus, from
S/I = 11. 11 to E/I= 55. 55
thé pepsin inhibition

percent ri ses gradaally
from 62. 4?î to 99;% and be-

giruiiag from a ratio

^4.. 44 parts of enzyme to

of 122. 22 parts of enzyme to l
part of inhibitor thé pepsin inhibitioo. percent recorded was 100%.
At higher values of thé £/I ratio - from 158. 9 to 222. 2 - pepsin
inhibition percent begins to decrease, at first gradually, then
abruptly. down to 52. 9?6, holding affcerwards at this level. In this

case too, a f ail in thé antipeptic activity is observed, as a
conséquence of thé excess of inhibitor in thé réaction mediaa.

Thé high pepsin inhibition capacity of thé protein
extracts from total body of Bapana thom&sisns is once more evi-

dently pointed out (Fig.4). Thas, an amoimt of only o. 18 mg of
protein in thé unpurified extract iahibits by 100% a quantity of
22 ag of Merck pepsin (thé residaal enzyma-tic activity. of thé
pepsin after preincu'bation with thé inhibitor being null).

Testing thé time action of thé purified natural intiibi-
toi upon pepsin by incubating thé staadard enzyme solution wifh
thé inhibitor solution for o, 5, lo .......... 60 minutes, 100%
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pepsia

î

bition was fouad in ail tu» vasianta of tlie expertaent,
which shows that thé

1 effector reaots al-
most instan'baneQûaly
with thé enzyae aaâ.
does not aeed any

ti.ne for conple'fciBg
thé inhilîl-tion re-

action. At thé sane

E^<y^> tiae, aa high pspein
inhibition capacity
ia fouad. in .bhe un-

purified prepara'fcloa
if taki.ng into ao-
eoont that one part

^ 'ff. /a.

3Û ^0

ïi/0 -s

P£PSM M£/{C/( (. /ff ff)

îig. 4 - Antipeptic activity a^a^funotio^o^ of Ptuifi9d . natîttraj_
enzyae'concentration ia thé réaction iohi-bitor içMbits ly

loo?5 2o îaS^r^f enzyme alaost instaataoously (Table 1)^
Drawing fflp thé Lineaweaver-Burk diagsam (1/v as a

fonction of 1/(S) for réaction lEi-netios of thé enzyme in thé
absence and in thé présence of thé aafeural inhibitor iaolated^and

RaDana^hOBâSi"

aaa. w® o'btaiaed
resul'bs indica-

ting an inihibi-
tion aC thé non-

coapetBdffe type
exerted. by thé
effeotor, which
allow deterini-

nation of thé
Michaelis con-

stants (lîy and
ïy) and inMbi-
tion ooiis'baat

 

00

4za?

soa

l^a

/oo ^'

7'
*^

/Où ^^
^

Fig.5 - Lineaweaver-Bark diagram f^-Jto k^et^^
of"'îeaotion / of, pepsin_ ,Me^SlE<-^in^ Jù8
absence" and-in'thé' présence ^^^^
?aI''~Ïnhibitor "extracted from EaPftna
thoma aaa
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Tine Eictioa of thé parified nalîar&l Inhibltor
fron lînffflffff thomafliana upon pepsi-n Merclc

Table l

Tins of preincubation Dosage of actiyity ini
of pepsin Merck aola-
tioh vi.th inhibitor

nut

o Pepsin Merck solution
Pepsin Merck solution'

s n ub. w Mtor

5 Pepsin Merck solution
Pepsin Merck solution

ncub. h ahib or

Pepsin Merck solutton
Pepsin Merck solu-bion
r ncub.witli bitor

15

25

5o

45

Pepsin Merck solution
Pepsia Merck solution

r ub. w th b o

Pepsin Merck solution
Pepsin Merck solution
r a . h b o

Pepsin Berck solution
Pepsin Merck solution
r. in.ca'b'with inhiMt

Pepsin Merck solution
Pepsin Merck solution

eu t

Pepsin Merck solution
Pepsin Merck solution
r n b nh b

Pepsia Merck solution
Pepsin Merck solution
preincub. witli inM'bitor

nmoles tyr/
mg proteinf
minute, 57°G

15,48o
0

15, o66
0

15,51o
0

15, 117
0

15, 7o5
0

15.75& -
0

15, 5oo
0

15.5^5

Inhi-
bition

%

loo

loo

loo

loo

loo

loo

loo

loo
15»6oo

0

Observations;
- iiihibitor concentration vas o. 2o mj
- Merck pepsin concen'bration was 4 mg/ali
- E/I ratio equaled 2o.

Ihe Michaelis constants were caloalated froa thé values

of - Visu and - Vky deterained by intersection of thé x axis by
thé straigh'b lines obtained ïxom thé graphie représentation of
thé experinental data in thé équation of Li.neaweaver-Burkî
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Thust ïu = Michaelis constant oif -bhe eazyaa'bio réaction in thé

absence of iaMïitor s 8. 55 ng/nlî
k* = Michaelis constant of tlie en.zynatic reaoti-on in thé

présence of inhibitor s l. o5 ng/nl*
Tîss inhibition aoashajxt w&s de'bermi. aed ïy thé équations

kM l+E3-
5-i

cli&racterizing thé Qoncoiapetitive iahi'bition, where i is thé
concentration of tnhi-bitor in thé réaction meâ.iaa (in tîiis ease

i s o. o625 ag/ml); it resalted that k^ as o. oo9 mg/ol.
Ihs value of thé inhibition coastan't (k^) expresses, as

i-b is known, -thé inverse of thé affinity of an enzyae tossod tlie

inhibitorî in other words, thé smaLler thé value of k^, thé
stronger -fche actioa of thé inhiMtor on that enzyme. Thé particu-

leiry small value of thé iiihibition coastant (k^ = o«oo9) aûd thé
fact that a conceatrafcion of oiily 62. 5 /ug of inhibi-tor in thé

réaction médium determiiies a decrease in thé ^ value with 87. 4^
points out once again a highly pronounceâ. capacity ofpepsin inhi-
bition by thé natural Lahibitor exbrac-bad froa Baïiana thomasiaaa*

Thé preliminary data concerning thé détermination of
thé chemical character of thé iEthibitor shows that this is of

peptidic nature, vith a short chain of aminoacida. among wùich thé
following are prévalent: lysine, serine, aspartic acid, glutsuaie
acid aixd phenylalaaine (5) .

CONOLUSIONS

Tlie natural iiihibitor of pepsin that was aeparated and
purified from Kauana fehomasiana is a peptide with thé followiag
characteristics:

- ifc develops an intensive actMty of pepsic inhi'taHion;
- is not in compétition with heaoglobin for linking

thé active catalytic sitas of thé enzyme thus exerting an in-
faibition of thé noncompetitive . type;

- reacts almosfc instantaneoasly with thé enzyme and
needs no time for completion of thé inhibitive réaction;

- thé inMbition developed is a fuactioa of concenfcra-
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t;ion of s.Bûiîiitor in thé reactioa aediaa and does aot dépend on

thé p-LUTity of thé préparation tised.
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