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Enzfmov6 hydrolfza proteinov

J,\ ROSLAV ZEM ANOVIE .'NNNAii;-STIIOVA-OAGMA R STOLFOVA

Sirhrn. Urobila sa enzyrnovi hydrolliza kazeinu, kukuriin€ho glut6nu, sojov6ho izo-
latLr. proternov srv6tk;,,zlr pritomnosti proteiniz trypsinu a Alcalase v pH-statc pri 50oC
a pIJ 8,0. Pri hydroij'zc kazeinu sa menil pomer uvolnen6ho tyrozinu k celkovSim uvolncnym
aminokyselindm v zrivisiosti od pH a dasu hydrollzy. Pri vvSiom pH 5tieperiie peptidovli'ch
viizicb prebrehalo prcdrrostne za vzniku peptidov a s niZSou tvorbou volnych aminokyselin.
Z r6z,nvch substratov sa najrrtchlejSie hydrolyzovali proteiny srvAtky. V r6znych hydrolyTi-
toch rnali dominantn6 zastirpenie histidin, tyrozin * lenylalanin a leucin.

Teoreticki Casf

Hoci proteinirzy patria medzi enzimy, ktore su vyr6ban6 v najvad5om merad-
le. v potravindrskom priemysle sa zatial pouZivajir iba m6lo.

Enzymov| hydrolyza r6znych proteinov pozostava z hydrolyzy urditich
peptidovych vdzieb, priiom vznikajri rdzne peptidy a voln6 aminokyseliny.
Tento proces sprev6dzaju zmeny fyzik6lnych, fyzik6lno-chemickych a inych
funkdnyich vlastnosti prislu5n6ho proteinu. Prejavuje sa to v zmene viskozity
roztoku, chuti. rozpustnosti a povrchovoaktivnych vlastnosti proteinu [5].

PrehLad vietkych aspektov enzfmovej hydrolyzy proteinov zrhnul Adler-
-Nissen [ ].

Najviac sa enzymov'A hydrolyza proteinov vyuZiva pri vyrobe mlieinych
produktov, pridom sa predovSetklirm hydrolyzuje kazein. Kazein nie je definova-
ny protein, najvziiSi podiel tvori ar,- B- a x-kazein. Tieto sa vyfrazne li5ia
primdrnou a sekund6rnou Strukturou [4]. Na zdklade tejto skutodnosti je
spr6vnejSie skrimat' enzfmovri hydrolfzu tychto definovanfch proteinov [2-5].
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V uvedenycir pracach sa pri enzymovej hydrolyze pouZili o.,- a B-kaz-ein a enzy-
rny produkovane kmeimi LuL'totsucillLts helt,etit'u.; a L. t'usei. ako aj chymozin,
trvpsin a plazmin. ;z-kazeiir sa pouZiva na Stic'penie viizby Phe 105--Met 106 [6].
$r,oje rrpodstatnenie nra aj skfmanie fhktoro'"' o.-,plyvriujucich hydrolyzukazei-
iru [7.9. l0]. glutenu [8]. proteinov repkoveho [9^ l0] a sojoveho [0] serlena.

\,'1'znarnnou zlo2kou enzymoveho hydrolyziru nie su len voLnc aminokyseli-
ny. aic al pepti(l) rozncj iel'kosti. Na delenie tj'chto peptidov sa vyuZiva IJPLC
[4. 5. ll.l2].7. hl'aCiska rnechaniznru hvdrc,lyzl niektore peptidy sri koncovymi
produkiarni reakcie. Svoj vi'znarn tu mi a.j str"rperr tbsforyl6cie proteinoi'. t.r*a

prei-.ariri'ire delenic peptidov z kazeinrivcho hydrolrzatu sa vyuZilo dvojstupno-
ve dcienic. prii'om po geiovei irltracii sa zaradila afinitnf chromatografia s imo-
'nilizol'ani;m kovoni I I 3].

Neprijeurnou strankou enzimove3 hydrolyzy ic vznik pcpridov horkej chuti
I tr. i7] NAzori na vei'k(-)sl irorkych ]reptidov su rozne- ale vSeobecne sa usudzu-
je. ie prriinou horkeichuti sir hydrotobne aminokyseliny'ako leucin. fenylalanin
lt proiin.

Novc mo2nosti pri realiziicii enzymovej hydrolyz,v- poskytuje niembrAnov6
technolcgia a memhrainove reaktorl,'. V priebehu reakcie su odstranuje vznikaju-
ci produkt a cell'proces nro2no realizovat ako kontinuAlny [5. l8]. Velkosf
molekuly produktu moZno regulovat velkostou porov v inembrane. V takomto
s1,st6me je stale t6 ist/r proteinAza aZ do jej inaktivacie. do zvy5uje jej vyuZitie.

Ciel'om pr6ce bolo hlbSie preskirmat parametre ovplyvnujuce enzymovu hyd-
rolyzu vybranych proteinov pri pouZiti preparatov proteindz trypsin a Alcalase.

Materidl a met6dy

Na enzymovu hydrolyzu sme pouZill zdroje proteinov uvedenr: v tab. l, ktore
boli v praikovej fbrme. eersn'y kukuridny gluten sme ziskali v Slovenskych
SkrobArnach v Bolerizi. Pri navaZovani substrAtov sme zohladnili skutodny
obsah proteinov. 1,,,, slirZi na vypoiitanie stupia hydrolyzy (DH) zo spotreby
roztoku NaOH. potrebn6ho na neutralizAciu odhydrolyzovanych karboxylo-
vy'ch skupin. Ako proteinfzy sme pouZili trypsin (Leiiva, Praha) a Alcalase
(Novo Industri. D6nsko).

Roztoky substratov sme pripravovali rozpu5tanim nav6iky v 5 l0 ml
0. lmol .l r NaOH vo vriacom vodnom kurpeli poias 5 minut. Potom sme po
zriedeni vodou upravili pH na hodnotu 8.0 a doplnili vodou na poZadovany
objem.

Postup pri hydrolyze 20 ml roztoku substratu. pH 8,0 sme v pH-state za

mieSania vytemperovali na 50oC a pridali 5 ml roztoku proteindz. V prisluSnych
iasovych intervaloch sme odoberali lml vzorky a pridali lml 0,1mol.l I
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Tabuika l. Obsah protcinev
Tablc L Protein content

v pouTitych substrAtoch
in used suhstrates

/,,,,, podct peptidovl?ch viizieb v proleine v mol . kg r: Number of peptide bonds in protcitr as

mol kg 1.

' Kjeldahlova metoda; Kjeldahl mcthod.
I Substrate. 2 Protcins. -l Cascin. .:l Soybean protcin isolatcd. 5 - Corn glutcn.
n Whcy proteins. 7 Origin. 8 Prepared b1' prccrpitation in acid medium. 9 Purina.
Beigium. l0 Prepared in a laboratory.

NaOH na zastavenie reakcie. Tento roztok sme pouZili na stanovenie stupia
h1'drolyzy DH. Na udrTovanie pH 8.0 r'pH-state sme pouZivali 0,lmol.l I

NaOH.
Na stanovenie stupia hydrolyzy sme pouZili 4 metody. DHo, sme poiitali

z celkovej spotreby roztoku NaOH v priebehu hydrolyzy []. Dl1p.p sme poiitali
/ mnoZstva neroz5tiepenych peptidovych vdzieb stanovenych biuretovou meto-
dou. DH,,, sme poditali z mnoZstva uvolneneho tyrozinu stanoveneho Folino-
rvm dinidlom. DH^K snle poiitali na zdklade stanoven6ho mnoZstva uvol'ne-
nych aminokyselin pomocou ninhydrinoveho dinidla [9]. Prislu5ny DH je
podiel stanovenej a povodnej hodnoty vyjadreny v 70.

Jednotlive voln6 aminokyseliny v hydrolyz6te boli stanoven6 automatickym
analyzAtorom aminokyselin AAA 339, vyrobca Mikrotechna, Praha.

Vfsledky a diskusia

Na hodnotenie enzymovej hydrolyzy l "/o roztoku kazeinu pri r6znom pH z.a

pritomnosti trypsinu sme pouzili zistene pomery mnoZstva uvolnen6ho tyrozinu
a mnoZstva uvoLnenych aminokyselin. Ziskan6 vysledky su v tab. 2. Vy55ie

zastupenie tyrozinu v aminokyselinAch po 5 minutach hydrolyzy kleslo na

hodnoty 0.40-0,47 po 30 minutach hydrolyzy. Najvy55i pomer tyrozinu k ami-
nokyselindm bol pri pH 8,5. Stupne hydrolyzy stanovenE po 30 mini.rtach
reakcie poskytli zaujimave informacie. MnoZstvo uvolnenych aminokyselin
klesalo so stupajucim pH. Boli odhydrolyzovan6 4/5 p6vodneho obsahu tyrozi-
nu v kazeine, dim sa v tomto smere hydrolyza bliZila k uplnemu vyderpaniu
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Substrirtl
/i,.,

[mol . kg r] Proteinr Povod

Kazcin'

Sojovy izolitr
Kukuriiny glut6n5

Proteiny srvrrtky6

8.2

7.8
9.1

ft.n

81.8

88.,1

42.0
40.2

pripraveny z,rAianim v kyslon.r
prostredit
Purina. Belgickoe
SkrobArnc. BolcrAz
laboratorne pripraven6"'



Tabulka 2. EnzymovA hydrolyza l% kazeinov6ho roztoku pri r6znom pH, trypsin
0,04mg.ml r. teplota 50oC

Table 2. Enzymic hydroll'sis ol l7o casein solution at various pH. trypsin 0.04mgml '. tempc-

eas hydrolli'zyr

DHo* DII1,, DHr"r DHrr|

10.0

13.6

t7;7

r 5.0 81.0

13.4 76.0

I 2.0 '79.1

0;72
0.80
0.57

0.57
0,63
0.50

0.42
0.58
0.51

0.41

0,52
0.47

0.40
0,42
4.47

12.3
tl 1

10q

calculated lrom ihe amount ol released amino acids.
DHr', - stupei h-vdrolyzy potitany z mnoistva uvolncn6ho tyr<-rzinu; Degree of hydrolysis

calculated fiom the amount ol reieased t_v-rosine.

DHp,p '-- stupei hydrollzy p<;ditanli z mnoZstva nr-'roz5tiepenych peptidovlch vdzieb; Degree ol
hydrolysis calculated from the amount ol'uncleaved peptide bonds.

DHua stupei hydrolyy'zy poiitany zo spotreby, 0.1mol .l-r NaOH; I)egree ol hydrolysis
calculated from the consumption of 0. I rnoll ' NaOH.

Tyr/AK pomer mnoistva uvolnendho tyrozinu k n-rnoZstvu uvolnenych aminokyselin: Ratio of
the released tyrosine amount to released amino acid amount.

I '- Hydrolysis time.

substr6tu. So stripajucim pH stiplo aj mnoZstvo roz5tiepenich peptidovych
vdzieb, do znamen6 zvy5enri tvorbu peptidov na tkor vzniku volnych aminok\'-
selin.

V priebehu enzimovej hydrolfzy r6znych proteinov za pritomnosti proteinaz
Alcalase a trypsinu sme stanovili uvolneny tyrozin, uvolnen6 aminokyseliny
a vypoditali stupne hydrolyzy. Vysledky su v tab. 3. Pri I 7o srv6tke s Alcalase
a I o/o gluttne s trypsinom sa tot6lne odhydrolyzoval tyrozin. V tlchto pripa-
doch boli aj najvy55ie hodnoty DHo*. Vo vdd5ine pripadov doSlo za 120 minur
takmer k zastaveniu reakcie hydrollfzy.

Analyzou volnfch aminokyselin v hydrolyzAte sme zistili ich vz6jomne zastu-
penie v %. Vfsledky sri v tab.4. V hydrolyzdtez2o/o kazeinu a l7o s6joveho
izol6tu p6sobenim trypsinu bolo viac ako 69 % histidinu a tyrozinu * fenylala-
ninu. Tyrozin a fenylalanin sa nedali samostatne vyhodnotit'. V hydrolyzdte
zkazeinu boli aj vy55ie obsahy lyzinu - ll,7 oh a argininv - l2,J %. V hydro-
lyzdte z 8 %o derstv6ho glutenu sme zistili pestrejSiu paletu aminokyselin, domi-
nujrice boli tyrozin * fenylalanin, leucin a arginin. Z 8% sojoveho izol|tu za
pritomnosti Alcalase ziskany hydrolyzdt obsahoval ako hlavn6 aminokyseliny'
histidin a leucin.
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rature 50 oC

DHo* - stupeli hydrolyzy poditanl'z mnoZstva uvolncnych arninokyselin: Degree of hydrolysis

7.5

8.0

8,5



:'ir!)nl pH, trypsin

'>: i,-lmgml l. tempe-

-- ,.,1.9 _t7:|
-i - !:'l:r'c- ol hy'drolYsis

- - :): .--.' ol hl drolysis

'. ,:.r:r'1,: Dc-gree of

-.'.' .ri h)'drolysis

-\\:alin: Ratro of

3-:.--. :ePtidovYch
*- . :".h lnrinokY-

l:.. r-.r.t'ili proteinez
r::.i:.i'minokyselinY
:: :i-.:ire s Alcalase

'- :.: \ :r e hto pripa-
: '. : . i.,-. 23 1 l0 minut

:.. - -. '. /;-lOmne ZaStU-

,-a.:.-,: loo sojoveho
: :'.:.'zlnu + fenYlala-
c':-.-::: \' hYdrolYzate

l.-oo.VhYdro-
- ::-.::'tLrkvselin, domi-
: j.--_r.r\€ho izolhttt za

r-:'' ne aminokYselinY

i.ri.ulka L Fnzinro'r:i h..drolj'za roznych protcinov, teplota 50oC. ptl 13.0. koncentrAcia enz!-
mu 0,5 rng. ml I

' .r hl,: 3. Er:zvmic hydroil:rs oi- cliilsrent proteins, temperaturc 5()oC. pFi 11.0. cnzyme conccn-
traiion 0.5mgml I

eas hydrolyzyi [min]
90 itO I -10 60

DH,,,

liazeinl
Glut6nj
Solor,f izolAt''
Proteinl'7 srviitky
Ciluten;
(ilutin ccrslvy5
Si-r.iovi izolat''

c1

t)

r00
t8
16

40

,q3

iil
I r)0

30

52.

I3
t3
t7

3

9

6

84

84

100

84

t00
36

62

49

l5 l5
l8
_{

5

Kazcinl
(ilut6nr
Giut6n'
(ilut6n derstvyj

Trypsin

74 n0

95 96 98

39 43 43

24 38 5'l

22

I
t5
I

15 l9
24 27 29

7 t0 t0
3912

'li , ., stupen hydrolyzy poditany z mnoZstvn uvolnen6ho tyrozinu; Dcgree of hydrolysis calcu-
lated liom the amount ol released tyrosine.-'ll,^ stupei hydrolyzy poiitany z mnoistva uvolnenych aminokysclin: Degree ol hydrolysis
calculated liorn the amount of released amino acids.

Substrate. 2 . Hydrolysis time, 3 - Casein. 4 Gluten. 5 Gluten lresh, 6'. Soybean
--.'tLin isolatcd. 7 Whcy protcins.

Tabulka 4. Zastirpenie aminokyselin v hydrolyzhtoch
Table 4. Distribution ol amino acids in hydrolysates

Aminokyselinar

\.p
\,rl
L;'u
Iic
Phe + Tyr
\l er

Lls
\rg
l{r:
Ostatn6l
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Aminokyseliny v hydrolyzhtoch: [%]

t.7
2.2 5.0 7.0 9.9
3.9 .. 2t .0 24.9

6.0 10.0

_33.8 46.6 28.0 10.7

3,0
I 1.7 3.0 8,0 t,2
12.'7 14.0

35.7 45.4 6.0 4l.6
7.0



Pokradovanie tab. 4
Continue table 4

tt 2ok kazeinovy roztok. trypsin 0,lmg.ml-r, ias hydrolyzy 30 minfit; 27o casein solution.
trypsin 0. I mg ml I 30 rninute hydrotysis time.

b l'1,; roztok sojov6ho izolAtu. trypsin 0.5mg.ml r, ias hydrolyzy 90 minit; l7o solution of
isolated soybearr protein. trypsin 0.5mgml r.90 minule hydrolysis time.

c 8 %o roztok ierstv6ho glut6nu, trypsin 0,5 mg. ml r. 
c:as hydrolyzy 120 min0t; 8 9i, lresh gluten

solution. trypsin 0.8mgml I. 120 minute hydrolvsis time.
d 870 roztok so_iol6ho izolitu. Alcalase 0,5mg.ml i. ias hydrollzy 120 minut;87o solution

ol isolated soybean protein, Alcalase 0.5 mg ml-', 120 minute hydrolysis time.
I - Amino acid, 2 - Amino acids in hydrolysates, 3 Others.
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OepmeHruuft rHAponH3 nporeunou

Pctrcvc

6ur raeraH QepveHrHufi rfi,rlporlr3 Ka3eHHa, Kyr(ypy3Horo r,:rroreHa. coeBoro BbrrereHtrs. npo-
:clrHoB cbrpoBaTKH B nplrcyrlcTBr{H npoTeilHa3 TpHncHHa rr Alcalase a pH-crarc npl,'r rr'\{ncpirr)pc
jtjtC u pH 8,0. IIpn rlrapoJr4te Ka3enHa MeHfl-tocb Btllr!roorHonreHrc rlr,r.lc,rcHlrolo llrp()]nn:.r

rl6utuM cBo6orHbrM aMnHoKr,rcJorilM B 3aBncr.r\rocru nn pH lr Bpr'\,rcHrr rH.tpo-rn3a. flpu nrrcrrrorr
tH paculen"'reHlre nenrlraHblx carlefi npoxoaH-ro nponMyr-ueqrBeHno il BolrntKrroB,rcr:x9 rrcln r-
toB H noHHXeHoM Bo3HHKHogeHuu cno6o,lHbrx nMuHoKlrc-ror. 14: pit3Hbr\ cl6crparon 6r,rcr1-rcc

:lt,tponu3npoBaxucb nporenHbl cblpoBarxl. B pa:Hsrr rHrpo-iH3arax rr\lcJri .1o!rnHHpvrorrt!-c
rDe.tcraBreHr,te rncrIAHH. Trlpo3HH * Qeurlra-raHuH x leiiqHs.

Enzymic hydrolysis of proteins

Summary

Enzymic hydrolysis of casein. corn gluten. isolated soybean protcins. whey protcins iras curricd
'-rt in the prescnce of trypsin and Alcalase in the pH-stat apparatus. at ptl 8.0 lnd 50oC. Durirrg
-:sein hydrolysis. the ratio free tyrosine: lree amino acids u,as depc'nderrt on pl-l ralue and hlclloiy-
-ri trme. At higher pH. peptide bonds were prelerentially clcaved giving risc to peptidc's lnd
.:multaneously, decrease in lree amino acid content was rccorded. Thc whcy proteins had thc highcst
:-:te of hydrolysis lrom the used proteins. Histidine, tyrosirre + phenylalaninc and lc.ucinc- ucrc thc
::cdominant amino acids in analysed hydrolysates.
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