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FISH PROTEINS ENZYMATIC HYDROLYSIS KINETIC'S ANALYSIS
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Abstract

The enzymatic marble goby protein hydrolysis process experimental kinetic diagrams analysis is repre-
sented. The results can be used to assess the protease inhibition degree by reaction products.

Keywords. Michaelis constant, affinity, @'olasep L10, competitive inhibition.

AHAJIM3 KHHETUKU ITPOUECCA ®PEPMEHTATUBHOI'O I'MIPOJIN3A
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Annomauyusn

Ilpeocmasnen ananuz s3KCnepUMEHMATLHBIX KUHEMUYECKUe KPUBbIX (DEPMEHMAMUH020 2UOPOIU3d OeIKo8
oviuxa. [onyuennvle pesyivmamsi MO2ym Oblmb UCNONB308AHL, OJisL OYEHKU CIEeNneHb UHSUOUPOBAHUS
npomeasvl NPOOYKMAMU PEaKyull.

Knroueswie cnosa. Koncmanma Muxasnuca, cpoocmeo, Koponaza® L10, konkypenmuoeunzubuposanue.

This equation combines the initial stage process
Introduction. velocity (V), maximal reaction velocity y and

Protein digested (protein hidrolizates) food and substrate congentration [S], over the' Mi'chaelis con-
feed products characterized with better nitrogen asStant (Kn). This constant is strictly individual for
similation level than other protein products, due to €ach enzymatic process and characterizes the en-
short peptides and free amino acids high contentZyme/substrate affinity degree. The Michaelis con-
Technology of these products is based at multi _ste}nf[ value decreasing demonstrates their higher
component protein plant or animal origin raw mate- affinity [2]. _ o
rials hydrolysis by proteases catalyses. In industry, 1he Michaelis - Menten equation is based on the
for protein hidrolizates production, proteolytic plant classical kinetic scheme of the enzymatic reaction: E
origin enzyme drugCorolase® L10 and microbial S <@ES—E+S.
origin Protoryzin,Corolase® L7089 are mostly pre- In practical multicomponent enzyme - substrate
valent. Industrial enzymatic hydrolysis processes areSystem, differential Michaelis - Menten equations
complicated by complex colloid state and substrateform more accurately accepts the enzymatic process
composition. It is obvious, that during polycompo- Peculiarities:
nent dispersed protein substrates enzymatic hydroly- dz [S] B VZ [S]
sis individual enzymes inhibition by hydrolysis a dr Km+Z[S] (2)
products is possible [1]. Qualitative and quantitative
assessment of this process can be implemented by The K;, constant by physical essence is similar to
theoretical and experimental kinetic analysis by thethe Michaelis constant, but takes into account the
classic Michaelis - Menten equation (1): complex dissolved and suspended protein substrates

V, [S] (1) structure, enzymatic processes multistage and diver-

:|S| +K, sity flow [3].
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This equation integration with initial conditions Z[S] K*
. . 1 [0}

2[S] = 2[S],, T = O leads to the expression, which K =K', 1+T 1—K7m (7
determines the reaction products concentration in the i i

process duration dependence (2): From expression, describes the;kKalue analy-

Z[P] =V' 71-K'_In Z[S]o 3) sis, follows that due Ki value change for some ki-
m m Z[sj -Z[p]’ netic curves amount with [Sdifferent value, the
° slope of their linearized form in the Woker - Schmidt
whereX[P]-the total amount of the reaction prod- coordinates also will be changed [4].

ucts,t-process duration, K* the apparent Michaelis Decreasing Kvalue, and therefore the decreasing
constant, \{;, - apparent maximum speed of the proc- values inclination angle tangent, will show the more
essX[S], — initial protein - substrates amount. high products reaction affinity to the enzyme com-

This expression is in integrated form. It deter- pared with the original substrate.
mines the reaction evolutional time (kinetic curve), At least, in the case when the<kK';, inclination
for which the Michaelis — Menten equation is per- angle tangent can take negative values, which proba-
formed for a long period after the enzymatic reactionbly corresponds to the stage of the almost full com-
beginning. petitive substitution of the initial substrate by inter-
For process analysis in the practical purposes, thenediate reaction products.
integral Michaelis — Menten equation should be This assumption is probably realistic in case of
transformed to the linear form. The Woker - Schmidt prolonged proteolysis in composite protein systems
method is most useful for this purposes. In theseand presented theoretical approach to the kinetic
coordinates, the Michaelis — Menten equation inte-analysis can be used to predict the process trend, but

gral form of the equation takes the form (4): requires experimental verification.
>P 1 Z[S] Thus, this work tangent is to estimate the Micha-
—:V'm—K'm—ln—[g]—°[5] (4) elis - Menten integral form equation with Woker -
r r Z o _Z Schmidt linearization possibility for kinetic analysis

of the proteolysis in composite multicomponent sub-
strate system.

To accomplish this aim it is necessary to solve the
following tasks:

- to study the protein-raw materials chemical

At the multicomponent protein substrates enzy-
matic hydrolysis, particular interest attaches to the
enzyme competitive inhibition by reaction products.

In this case the reaction scheme is following:

E+SoSES SE +P composition accepted for accepted for further inves-
! . ' tigations;
El + Pl > El + Pl . .
- to form enzyme - substrate system with a differ-
E+P<—> ZEP . E.+F” ) ent [S], value on the basis of raw materials chemical
| 1 | I

composition obtained experimental data;

- to receive the adopted proteins model systems
enzymatic hydrolysis experimental kinetic curves;

- to calculate and to estimate the experimental ki-

netic curves, linearized in the Woker - Schmidt co-
K1+ z [S]o ordinates inclination angle tangent values changes.
z P — V' m ) K p Z [S]o
T

In i
LK (1 Kn IEER Material and methods | _
K K. In the research, as protein raw materials for sub-
' strate system formation was used Azov sea round
, ... goby (Gobius melanostomus) fillet. Hydrolysis reac-
Constant K characterizes the enzyme reversible 4, o \vere performed under vegetable origin prote-

binding process by reaction’s products in competi-o|ytiC enzyme drugCorolase® L10 produced by
tive inhibition process. One or another individual Enzymes GmbH (Germany).

enzyme E extrication is possible as a result EP g,y fish material chemical composition was es-
complexes natural decay and as a result of the NeéWmaeq by content of ash, moisture, general and non-
catalysiscycle. o protein nitrogen, lipids extracted by ethyl ether.

In this case, a new comprehensive kinetic con- Enzymatic process was assessed by the accumu-
stant K appears lation of non-protein nitrogenous substances.

Under these conditions, linearized integral Mi-
chaelis - Menten equation, acquires the following
interpretation (6):
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Determination of total nitrogen, moisture, lipids

was carried out by standard methods. Determination

of non-protein nitrogen (NPN)) by Kjeldahl method
(automatic analyzer VELP Scientifica) after high-
molecular proteins coagulation by trichloroacetic
acid with a final concentration - 5%.

Results and Discussion

Raw materials chemical composition study results
is presented in table 1.

Table 1- Raw materials chemical composition for
enzyme-substrate systems formation

=

SCIENTIFIC WORKS
VOLUME LX
,FOOD SCIENCE, ENGINEERING AND
TECHNOLOGIES - 2013
18-19 October 2013, Plovdiv

—O—The protein content in substrate - 33,2 mg/g
—A— The protein content in substrate - 64,8 mg/g

Fig.1 The enzymatic hydrolysis kinetic curves

Obtained experimental curves can be reliably ap-
proximated by cube polynoms. Their differentiation
determine that in the accepted time interval, the en-
zymatic reaction has damping process character by
NPN amount.

Woker - Schmidt coordinates kinetic curves lin-
earization results with the subsequent approximation
by the linear function, are presented in table 2.

Nitrogenous substances, Mois | Lip- | Ash
mg/100 g ture, | ids, | , % Table 2.- The Woker - Schmidt coordinates
Total Nonpro-| Pro- % % linearised kinetic curves approximating equations
nitro- tein tein The protein Approximation tge *
gen, nitroger, | nitro- substances equation
(TN) (NPN) | gen, concentration
(TN- in substrate,
NPN) mg/g
2750 160 2590 748 34 4p 64,80 0,0137x+0,0393 0,0137
54,27 0,0149x+0,0529 0,0149
The obtained data allowed to get in the form of 43,74 0,0163x+0,0631 0,0163
water dispersants enzyme - substrate systems from 33,20 0,0206x+0,0497 0,0206
minced Azov sea goby fillet with a range of the pro-
tein substrates concentrations 30 - 60 mg/g and the . Z[g]0 K'
concentration of the enz - *igg=K (1+J/(1—mj ()
yme dragrolase® L10 m K, K,

0,1 mg/g.

Hydrolysis reactions were performed at the tem-
perature 5@ for 120 minutes at constant paddling
with frequency 3 mif.

The experimental kinetic curves is presented on
the fig 1.
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4/////J
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(NPN *6,25), mg/g

The amount of hydrolyzed prot

0 LF

0 05 1 15

The enzymatic hydrolysis duration, hc

—C—The protein content in substrate - 33,2 mg/g
—a— The protein content in substrate - 64,8 mg/g

The presented results are displaying that the ki-
netic curves linearized in the Woker - Schmidt coor-
dinates inclination angle tangent value decreases due
to initial substrate concentration incrementing. This
indicates theCorolase® L10 drug individual en-
zymes competitive inhibition existence by reaction
products.

Obtained results can be used to predict the re-
quired hydrolysis depth.

Inactivation of the enzyme at a certain stage will
allow to receive hydrolyzate with definite molecular
mass peptides.

The obtained results also can be used to select the
substrate system characteristics, which provides en-
zyme minimal inhibition.

Conclusions:

1. From experimentally-theoretical result analysis
was determined that the Woker - Schmidt coordi-
nates can be applied f@orolase® L10 drug indi-
vidual enzymes reversible inhibition identification.

2. The obtained results can be set as the basis for
theoretical prediction of the various protein sub-
strates hydrolysis depth in feed and food fermented
products processing.
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3. Established the depth controlling possibil- [2] Yaiir A. Ocnoebsr Guoxumun [Teker]/ Vaiir A.,
ity of real industrial substrates enzymatic hy- Xeuwtep @., Cwur 3., Xunn P. Jleman W.// M.

. WnarenapctBo «Mup», 1981.1.1. 523c.
drolysis by enzyme drug entered amount. [3] Kopumm — Boxysu 3. OCHOBHI (pepMEHTATHBHOM

. kudetukn  [Tekcr]/ Kopuum — Bomysn  D./[M.:
Literature WznatensctBo «Mup», 1979. 272.
[1] Pymsnuesa I'.H. Hayunble U OpakTHYECKHE ACHEKTHI [4] Walker J.M. Enzyme Engineering. In: Molecular Biol-
UCIIONB30BaHMs (DEPMEHTATHMBHOIO KaTain3a B IHUILEBOM ogy and Biotechnology Texcr]/ Walker J.M. Gingold
npomsinuiennoctd / T.H. Pymsunesa, H.M. Jlynuenxo. E.B. //The Royal Society of Chemistry, Cambridge 1993.
Monorpagus.// M.: MT'VIIB, 2007. 10k. 467 p.
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