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The preparation, properties and application of plastein in nutrition are reviewed
from the point of view of utilization of the underutilized proteins. The supple-
mentation of specific amino acids into the plastein during synthesis is also
discussed. Different enzymes are compared for the production of plasteins as
well as different protein sources. The advantages of plastein synthesis are seen
namely in the utilization of underutilized proteins including waste proteins,
corrections of the amino acids composition of food proteins and preparation
of proteinaceous material having special properties.
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INTRODUCTION

Plastein preparation is based on the old finding that protein hydrolysate of
high concentration becomes an opaque solution in the presence of gastric
juice and, after a time, is changed into the gel. This process was described
first by Danilewski at the end of the 19th century. The term “plastein* for
the product and “plastein reaction” for the process is used from the late
fourties. Before the detailed study of proteosynthesis, the plastein reaction
was thought to be the way of synthesis of the proteins in living organism.
However, findings in 1957 of amino acid-activating enzymes and aminoacyl-
RNA'’s gave a clue to the modern concept of peptide chain elongation in vivo,
and the study of plastein synthesis ceased. The interest in this field reappeared
later in seventies, when the plastein production was recognized as a possible
way to modified proteins, convenient for food products.

* The work was done as a part of the project supported by the National Agency for

Agricultural Research, Ministry of Agriculture of the Czech Republic (Project No.
EP 7310).
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The plastein reaction is characterized as a complex process, Wthl:l in-
volves the ill-defined mixture of peptides as a substrate (protenp hydrolys.ate)..
For this reason the description of the process must ne;essarlly b.e InOl(‘) or
less speculative. Known data indicate that in the plagtem synthegls thej corfz
densation and transpeptidation reactions take placej w1§h the rcsultm%’ mlx‘tmﬁ
of high-molecular plastein and a low-mol.ecg]ar fraction as aby-px\g(;igct.
the incorporation of foreign amino acids is ‘mvolved, the amino acids must
be supplied as esters to be more acces§1ble for tt'lc transpeptldatlon: N

The specificity of proteases in plastein synthesis was found at least in some
Casgigéstein synthesis is applicable for constructing the material \ylth new
more convenient composition (e.g. having extremely low. c‘ontem of pheny}-
alanine, preparing methionine enriched products, or obtalplng pr(?ducts ‘W]uh
better nutritional quality from blood or algal prgtems), with impr ov?d S0 u.-
bility or with removed unwanted components like bad flavor, color, bitter-
ness, fat etc.

The underutilized food proteins like blood, slaughter-hou$ waste, soy and
cereal proteins, whey proteins, and algal proteins can be improved by the
plastein synthesis. _ . b e gl 2

Flavoring agents can be obtained during the p1a§telx1 reaction as well as
carrying-out the reaction in the presence of saccharides.

PLASTEIN REACTION

The background of plastein synthesis, the plastein reactiop, was dlscussci
many times. The main question is whether a .covalent bond is formedb(.h‘lrlln,_,
the plastein synthesis, or whether only physical (probably hy.d.ropho .1cl) m
teractions take place. As early as in 1978 Ar.al anq ijlmakl m.w:
published theoretical study concerning the plastein reaction in Whl?l? th? nui
covalent binding is shown to take place under the appr'()prl‘atc conditions. Tia_\,
plastein reaction includes transesterification, transamidation and tran.spcpwl
dation reactions. In the peptidase reaction a peptide acts as a pucleopllll.c, 'U‘(
attacks an already formed peptidyl-enzyme intermediate. This 1'esult§ in !k(,?l.‘
mation of a product with newly born peptide bond. When the t.ermnzal L:i
boxyl group of a substrate reacts with an enzyme to form a p.epndyl—gnz‘yli,:
intermediate, its attack on another peptide gives rise to a hlgher-m.olecug\.‘x
peptide. This is recognized as a peptide—pept_lde condepsatlon react(lion.l -‘ni‘c
though the overall process is relatively x'ml‘gvorable in a thermo ync.l,i“”_
sense, several data accumulated up to now indicate thal.well-gontrolled lcgb(r
tion conditions would give condensation products of various lfmds, depends(llllz
on the properties of the substrate and the enzyme and, of course, on U
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conditions of the reaction. The pH and substrate concentration are the most
important factors. Terminal group analysis of the plastein prepared from zein
hydrolysate with pepsin indicated the condensation reaction taking place dur-
ing plastein formation as early as 1951 (Virtanen et al., 1951). Two
plastein-forming peptides were isolated from peptone, and their plastein re-
action was demonstrated in the presence of pepsin (Wieland et al., 1960).
Later model experiment with synthetic peptides (Tyr-Leu-Gly-Glu-Phe) leads
to polycondensation products (degree of polymerization 2, 3, 4, and 5) by
incubating this monomeric substrate with pepsin at pH 4 (Determ ann,
1965). The appearance of new peptide bonds was manifested by the formation
of a new peaks in gel permeation chromatograms using Sephadex G-25. Mo-
lecular weight determined by this way certified the synthesis of dimer to
pentamer of the source peptide. Yamashita et al. (1972) have observed
that 18O—exchange does occur when a protein hydrolysate whose every car-
boxyl group has been labeled awith '%0 is subjected to the plastein reaction
with o-chymotrypsin at pH 5.3. In the same time a decrease of the ninhydrin
response of the reaction system occurs in the initial process. After initial
decrease of ninhydrin response gradual increase take place indicating that
transpeptidation reaction is involved (Yamashita et al., 1974).

Gololobov et al. (1986), on the other hand, shows in wide range of
experimental conditions that the transpeptidation is the main reaction in-
volved in plastein synthesis. This finding was supported by the estimation of
the number-average molecular weights of the reaction mixture and by the
measurements of the quantity of trichloroacetic acid-precipitated fractions.
According these authors the plastein synthesis proceeds in two steps. In the
fast first step the transpeptidation occurs, in the second one a non-covalent
interaction of the polypeptides formed during the first step takes place. The
first step lasts a few minutes, the second a couple of hours. Scanning micro-
scope studies show that in plastein reaction the aggregation of peptides takes
place which resulted in the formation of sponge-like product.

The plastein reaction is always accompanied by the formation of a water-
insoluble product that causes turbidity of the reaction system. Water-insoluble
product accounts for approximately half the total amount of plastein (tri-
chloroacetic acid /TCA/ — insoluble product). The turbid solution is more-or-
less clarified with urea, guanidine hydrochloride, sodium dodecylsulfate, or
some alcohols. The turbid solution showed a high affinity for a hydrocarbon
(n-heptan). Compared with the substrate, the water insoluble product causing
turbidity was found to contain smaller amounts of hydrophilic and larger
amounts of hydrophobic amino acid residues. Based on these results A s o
et al. (1974) concluded that hydrophobic forces are a major factor in plastein
chain assembly.
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The same conclusion has drawn Lorenzen et al. (1996) in the charac-
terization study of pancreatic casein plastein. In the course of this reaction
hydrophobic peptides concentrate mainly in the aggregates (plasteins), whilst
hydrophilic peptides remain in solution (supernatant). These authors then
concluded, that plasteins have shown to be aggregation of short-chain pep-
tides and free amino acids, which is brought by non-covalent, hydrophobic
and ionogenic interactions. In the supernatants resulting from the plastein
reaction acaseinophosphopeptide sequences, in particular from o-s-casein,
were determined (Lorenzen et al.,, 1996). This finding is in accordance
with the older study of plastein synthesis with egg albumin as substrate, and
pepsin, chymotrypsin and papain as enzymes (Ed wards et al., 1991). In
this case the electrophoresis of plastein products in the presence of dodecyl
sulfate indicated that no high molecular weight, protein-like material was
produced by the plastein reaction. It is suggested that plastein reactions lead
to the formation of insoluble peptide aggregates, which are thought to be held
together by noncovalent bonds rather than by covalent peptide bonds.

Hofsten and Lalasidis (1976) have shown that the driving force of
the plastein reaction is the formation of precipitate and gel matrices in which
relatively small peptides are associated by means of a noncovalent bond.
Nevertheless, the presence of proteolytic enzymes catalyzes the reaction,
probably by the way of bringing the appropriate part of the peptide molecules
into contact (Hofsten, Lalasidis, 1976). No plastein is produced in
the absence of the enzyme (Harnett, Satterlee, 1990). NMR study
indicated no new peptide bond formation during plastein synthesis
(Stevenson et al., 1998).

Despite the prevailing data indicating the non-covalent interaction during
the plastein formation, some data exist showing true covalent bond formation
(Sang Joon Lee etal, 1992).

The conclusion can be drawn from existing data, that the main reaction in
plastein synthesis is the non-covalent hydrophobic interaction in which pro-
tease must be present to bring the appropriate part of peptides into contact.
Less important is ionic interaction taking place in the reaction catalyzed with
some proteases active against charged amino acids. Transpeptidation take
place in lower extent, but could have an importance in special cases.

Despite these facts, the plastein synthesis can serve as an efficient method fo
the protein modification as shown by the successful methionine introduction into
plastein in the presence of methionine ethyl ester (Guevara et al., 1991).

Nevertheless, the product of higher nutritive value can be obtained. th
unconventional protein sources can be used, the undesirable flavor can b
removed, and improved protein solubility can be reached using plastein syn-
thesis (Pallavicini et al, 1979).

e
C
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ENZYME AND PROCESS

The enzyme most frequently used for primary hydrolysis in the plastein
preparation 1s pepsin (see e.g. Kim et al., 1988b; Golobov et al., 1986;
Lo renyen, 1994). Papain is one of the enzymes most frequently used f01"
plastein synthesis from peptic digest of proteins (see e.g. Golobov etal
{986; Edwards, Shipe, 1978). Second most frequently used enzym.(;
for plastein synthesis is chymotrypsin (see e.g. Kim et al., 1988b: Fuji-
maki, 1970). Some data are summarized in Table 1. ’

: The other enzymes, beside that included in the table, are used as well, but
in lower extent. ’

. The protocol used for the process differs for different source proteins and
in lpwer extent, different enzymes. The kind of enzyme and the conditions7
do influence the yield of plastein and its properties (Edwards, Shi pe

1978.). Egg white albumin as 1% solution was hydrolyzed at pH 1.7 witl;
pepsin in the enzyme : substrate ratio as 1 : 100 under stirring. After appro-
priate deal of time the pH was adjusted to 7.0, and the mixture was held for
1 hour, followed with the decrease of pH to 5.0. The freeze dried product
was then used for plastein synthesis with the use of pepsin, chymotrypsin and

- The enzymes most frequently used for protein digestion and plastein synthesis

Enzyme used for References

Digestion plastein synthesis

Pepsin pepsin Edwards, Shipe (1978)

Pagisii papain Arai et al. (1974, 1975a); Edwards, Shipe
(1978); Golobov et al. (1982, 1986)

- _ Fujimaki et al. (1970); Edwards, Shipe

epsin chymotrypsin (1978); Dalaly, Brunner (1979); Golobov

et al. (1982, 1986); Kim et al. (1988b)

Pepsin pancreatin Krause et al. (1984); Lorenzen (1994)

) Bioprase 54
Pepsin (bacterial Fujimaki et al. (1973)
proteinase)

Pronase bromelain Hyung Joo Suh et al. (1992)

Rhozyme (fungal

preite ase) rhozyme Gabr et al. (1984)

Aspergillus satoi : .

ool e papain Kim et al. (1988a)

Chymotrypsin chymotrypsin Lozano et al. (1994)
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papain at substrate 40% at 37 °C and appropriate pH for 24 hours. The
maximum plastein yield was obtained after 18 hours in all the cases (Ed-
wards, Shipe, 1978). ' :

Animal blood was modified by the way of plastein preparation using ther-
mitase with the enrichment in glutamic acid and sucrose to ‘avoid the bl.lter
taste of the product. The plastein yield was 10 to 40% Qt the theoretical
amount. The plastein synthesis was done after decolorization of the blood
hydrolyzate (Krause et al., 1986). :

Similarly, faba bean protein was partially hydrolyzed .zmd resypthesued to
plastein with the production of emulsifying hydrophoblc plastein products,
depending on the enzyme used (Ludwig, Ludw ig, 1985). '

The plastein reaction has potential for recovery of proteins tl'qln uncon-
ventional resources. Fish silage, an easily prepared hydrolysate of flshlwastes
obtained by autolysis, was investigated as a raw material for ]?lz'lstcm‘ syn-
thesis. Plastein reactive fish silage was prepared by ensilation 91‘ fish viscera
at pH less than 2.5. Optimum plastein synthesis from fish silage occurred
between 65 and 70% degree of hydrolysis, which was slightly lower than the
max. degree of hydrolysis attainable. Pepsin, papain and chymotrypsin syn-
thesized plasteins from fish silage optimally at pH 5:0, 6-7 anq 8.0, resp.,
pepsin being the most productive enzyme. Plastein yield was hlghest when
trichloroacetic acid was used as a precipitant, but higher gross yields were
obtained with alcohol. Concentration of fish silage, by evaporatiog in an open
pan at 60 °C instead of the conventional freeze drying, did not aftecl.plastem
yield (Raghunath, McCurdy, 1991). High temperature Fogkmg con-
ditions for 60% hydrolysis of fish protein extracts were op‘txmlze‘d using
response surface methodology; moreover, partial hydrolysates _h‘om f_lsh were
used as a substrate for determining optimum plastein product formation. Fish
protein extracts were prepared from loach (Misgurnus anguillical{datus), cru-
cian carp (Carassius carassius), bastard halibut (Paralichthys olivaceus) and
jacopever (Sebastes inermis). 4 models were proposed with regard‘to (hf
effects of time, temperature and water/fish ratio on the amount of 0.3M
trichloroacetic acid soluble fractions. Model coefficient rangeq from P le&\
than 0.0001 for jacopever to P less than 0.043 for bastard halibut. Cooking
conditions for 60% hydrolysis were optimized at: a temperature of 140 °C,
except for crucian carp (136.7 °C); a cooking time of 10.98, 7.25, 9.85 and
9.38 hours for loach, crucian carp, bastard halibut and jacopever, respec-
tively; and a water/fish ratio of 1 : 1 for all fish except crucian carp (1.1 2 ).
When protein hydrolysates were used for plastein product syr}thesm. optmmfn
plastein reaction conditions were: pH 9.0 with chymolryps_m for loach zmd.
crucian carp hydrolysates; pH 9.0 with papain for bastard ha'llbut hy_drolysawi
and pH 11.0 with trypsin for jacopever hydrolysate. Plastein reactions could
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be carried out in water at a concentration of 20% (water/fish hydrolyzate)
(Keun Tai Lee etal., 1997).

Influence of different alkali halides (LiF, LiCl, LiBr, NaF, NaCl, NaBr,
KF, KCI and KBr) on a-chymotrypsin-catalyzed plastein synthesis was stud-
ied. Results showed an enhancing effect on the plastein synthesis by the
presence of salt, proportional to salt concentration, which was decreased
when the substrate concentration was increased. These ions can be classified
according to their activation power, which was in agreement with the inter-
pretation of the Hofmeister lyotropic series (Lozano, Combes, 1993).

The addition of hydroxylated compounds to the plastein reaction mixture
enhances the plastein yield. The increase of polyol concentration and the
number of hydroxylic groups per molecule increase the yield. The effect is
higher in the lower concentration of substrate. It was concluded that the
presence of additives in the reaction media, as a reducing agents, increases
the condensation pathway of alpha-chymotrypsin action on plastein synthesis
(Lozano, Combes, 1992).

There are two main processes: an enzymatic hydrolysis followed by sol-
vent extraction to remove the impurities, e.g. odorants and fat, from a crude
protein preparation; and an enzymatic synthesis of an acceptable protein-like
product (plastein). This represents an original attempt in the field of food
processing. Although some basic information was obtained from the experi-
ments with the well known proteases such as pepsin and chymotrypsin, it was
demonstrated that various microbial proteases could also be used to improve
the acceptability of the food (Fujimaki et al., 1971).

According to all the experimental data obtained, the plastein reaction re-
quires that three conditions are present: i) a low molecular weight peptidic
substrate; ii) a substrate concentration between 20 and 40% (w/v);
1ii) an optimum pH value for the ,synthetic* activity of the protease.

APPLICATION

The plastein reaction is an efficient way for debittering of protein hydro-
lyzate. Bitter taste is done by the presence of hydrophobic amino acids on
the non-terminal position. The problem is frequently solved by the way of
exo-protease application, but higher molecular weight peptides are usually
necessary for some food application. In such cases the most convenient way
of debittering is the plastein preparation (see e.g. Baldini et al., 1983).

Stevenson et al. (1998) utilize the protease-catalyzed plastein syn-
thesis as a technique for removing bitter peptides from protein hydrolyzate
using synthetic peptides of varying hydrophobicity. Alcalase 2.4 L (Subtilisin
Carlsberg), Neutrase 0.5 L (Bacillus subtilis proteinase; both from Novo
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Nordisk, Bagsvaerd, Denmark), Corolase PP (a pancreatic proteinase from
Rohm GmbH, Darmstadt, Germany) and papain were used for the conversion
of hydrophobic dipeptides into an insoluble precipitate by all 4 enzymes, but
differences in enzyme efficiency were observed. Oligomeric products up to
and including pentamers (decapeptides) were produced, and a decrease in
bitterness accompanied product formation. Peptide bond formation was moni-
tored by NMR and MS using 13C-labelled peptides. It is suggested that prod-
uct precipitation is a primary driving force for the condensation reaction, with
the precipitated products forming unreactive, plastein-like precipitates. Use
of hydrophilic dipeptides did not result in detectable condensation or precipi-
tation. Tt is concluded that this proteinase-based condensation reaction could
be used commercially to remove bitter peptides from protein hydrolysates.
The amino acid composition can be easily changed by the plastein syn-
thesis. Namely the content of methionine (see Arai etal, 1974, 1979), tryp-
tophan, lysine, threonine (Arai et al,, 1975a) or glutamic acid (Arai et al,
1975a, b) was increased by this way. A soybean acid-precipitated protein isolate
was dissolved in highly alkaline media and allowed to stand at room tem-
perature for appropriate of time. After them, the solution was acidified to pH
1.6 and pepsin was added. The mixture was incubated for longer time at
elevated temperature in the presence of L-methionine ethyl ester and L-cysteine.

Then, pH was readjusted to 5.3 and papain was added for the synthesis of

plastein. An odorless, tasteless and colorless plastein was obtained as a final
product This process is expected to be employed for the alteration of amino acid
composition and functionalization of cereal proteins (At ai etal., 1974).

Undesirable phenylalanine, on the other hand, can be removed by the
proper application of plastein reaction (Fujim aki, 1978).

The protein produced by the cultivation of yeast on alkanes can be utilized
by the way of hydrolysis, followed with the removal of remaining alkanes
and their derivatives and plastein synthesis (Fujimaki et al., 1970). Un-
desirable components are easily avoided with the application of plastein re-
action (Fujimaki et al, 1972). The algal and other plant proteins, as
a consequence, can be utilized by this way (see e.g. Baran iak, 1992).

Plastein prepared from proteins, namely in the presence of other com-
pounds (Ruttloff, 1982)), could serve as flavor potentiating factor (e.g.
Fujimaki etal, 1974). A pronase hydrolysate of food protein concentrate
was fractionated and a low mol. weight acid fraction with flavour-potentiat-
ing activity obtained. Oligopeptides isolated from this fraction contained high
molar ratios of glutamic acid residues. These peptides, when treated again
with pronase in the presence of other protein hydrolyzates (produced a more
effective flavor-potentiator without concommitant bitterness (2 : 1) (Fuj!i
maki etal., 1974).
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P"lastem reaction is used frequently also for the correction of the techno-
logical properties of proteins (from a number of works see eg Mozaffar
Haque, 19‘92; Sikorski, 1981). The proteins, one dispersible in wate}
(97% wiw of total casein) and other indispersible in water, were, for instance
syn.lhesizcd by treating casein hydrolysate with papain. Agﬂl‘egzltes were dis:
so.cmlcd.by sodium-dodecylsulphate, indicating non—covglem interactions
Oil holding capacity of both peptide preparations was significantly improveld.
compqred to casein or its hydrolysate. The dispersible peptide preparation
was h{ghly soluble at neutral pH and was more thermostable lﬁan casein
Enuvjlismn activity and stability of both preparations were decreased (Mo—.
zaffar, Haque, 1992).

Important were also the possibilities of utilizing the waste from food pro-

cessing for the preparation of valuable product — the plastein (R
nath, McCurdy, 1991). plastein (Raghu-

CONCLUSION

Th.e plastein reaction has become one of the main areas of research in food

protein hydrg]ysis due to the striking ability of this phenomenon to improve
the process in many senses. The plastein could be used for debittering of
protein hydrolyzate, but also for the improvement of the amino acid con? 0-
sition, technological properties and many others. ’
. Gel—likg products from a concentrated protein hydrolyzate is formed dur-
ing plastelp reaction. Some undesired components can be easily removed with
the extraction or selective precipitation. The remarkable advantage of plastein
reaction is also the possibility of the valorization of proteinacegus waste.

Thf.: further investigation and technological development are necessary for
the utilization of all the possibilities for plastein production and utilization.
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PROSKOVA, A. - KUCERA, J. (Vyzkumny idstav potravinafsky, Praha, Ceskd re-
publika):

Plasteiny — prehledna studie.

Scientia Agric. Bohem., 37, 2000: 299-311.

Priprava plasteinli spoCiva ve starém poznatku, Ze koncentrované roztoky hydro-
lyzatd bilkovin se Casem v piitomnosti protedz zakali, aZ se nakonec zméni v gel.
Tato skuteCnost byla zndmd a popsand jiZ na konci 19. stoleti. Pro vznikly gel se ujalo
oznaCeni plastein a pro proces plasteinova reakce.

Plasteinova reakce je charakterizovédna jako sloZity proces sestivajici z mnoha
dil¢ich procest, jako je transpeptidace a kondenzace, ale i nekovalentni hydrofobni
interakce a dalsi blize nedefinované procesy. Pfiprava plasteinu pak umoZiiuje vznik
novych produktd s vyhodnéjsimi vlastnostmi, neZ méla surovina (napf. velice nizky
obsah fenylalaninu, zvySeny obsah methioninu apod.). Tvorbou plasteinu mohou byt
také odstranény nékteré nepfiznivé vlastnosti vychozich bilkovinnych hydrolyzti
(hotka chut, neZddouci pfichutg, zabarveni a jiné). Naopak zlep3eni chuti a zavedeni
novych piichuti je mozné pfi vedeni plasteinové reakce ve specifickém prostiedi,
napf. v pfitomnosti sacharida.

Dlouhé spory byly vedeny o tom, vznikaji-li plasteinovou reakci nové kovalentni
vazby, nebo jedna-li se o Cisté fyzikalni interakce. Tento spor nebyl aZ dosud vyfesen.
Plasteinovd reakce byla modelové demonstrovéna na piikladu dvou peptida, kde
dochazelo prokazatelné k polykondenzaci za vzniku del§ich peptidii. Tyto modelové
studie byly pozdé&ji potvrzeny s pouZitim syntetickych peptidii. Stupei polymerace
v obou pfipadech byl aZ pét, s velkou variaci od dvou do p&ti. Také izotopové studic
ukazaly, Ze dochdzi k tvorb& novych peptidovych vazeb. Nepochybna je i tidast trans-
peptidace b&hem plasteinové reakce. VEtSinou se predpoklads, Ze plasteinové reakce
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probihd ve dvou stupnich. Prvni, velmi rychly stupeil je provazen vznikem novych
kovalentnich vazeb, zatimco druhy, pomaly stupeil vede ke vzniku fyzikalnich inter-
akci. Prvni stupefi trvd nékolik minut, druhy stupen n&kolik hodin. V obou stupnich
je diilezitd dcast protedz, které v prvnim stupni katalyzuji reakci svou peptiddzovou
aktivitou, ve druhém stupni se tcastni vazebna mista protedz, kterd uvadéji jednotlivé
hydrofobni aminokyseliny do optimalnich pozic.

Nejcastéji pouZivanymi protedzami jsou pepsin a chymotrypsin, Casto se viak
uplatiiuji i rostlinné (nejcastéji papain) a mikrobilni (hlavné subtilisin) proteazy.
Volba enzymu ma alespoii &aste¢n& vliv na kvalitu produktu, avSak hlavni vliv ma
druh pouZitého hydrolyzatu. Hydrolyzovat Ize i nékolik riznych bilkovin a jejich
miSenim upravovat aminokyselinové sloZeni produktu.

Plasteinovou reakci Ize tedy upravit vlastnosti bilkovin nebo pfipravit produkt se
zlepSenym aminokyselinovym sloZenim. Typickou aplikaci je ptiprava plasteinu se
zvySenym obsahem methioninu nebo lyzinu, plastein se zvy3enou §lehatelnosti, pri-
padné produkt neobsahujici fenylalanin. Priprava plasteinu je také vhodnou cestou
k vyuZiti a zhodnoceni odpadnich bilkovin.

potravindfské bilkoviny; rostlinné bilkoviny; Zivo&isné bilkoviny; plastein; enzymy;
protedzy; mikrobidlni proteazy, rostlinné proteazy; ZivoCi§né proteazy; priprava plas-
teinu; funkéni vlastnosti; fyzikalni vlastnosti; struktura
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