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SUMMARY

Potato tuber proteins represent exceptional protein source with valuable nutritional
value and functional properties. Patatin, the main storage protein of potato tuber, is very
promissing protein for future utilization in food or biotechnological applications. The proteins
presented in tubers of processing potato get during the starch processing into by-product
called potato fruit juice (PFJ). In the starch manufactures in the Czech Republic have today
been applied any systems for recovering of the valuable potato proteins from potato fruit juice.
Next, there is very few information about effect of cultivar and agro-ecological conditions on
patatin relative abundance in SDS-extractable protein of potato tubers which is the basic
information for future isolation and subsequent utilization of potato proteins produced in
starch manufactures.

The aims of the PhD thesis were 1) to understand the cultivar and agro-ecological
effect on accumulation of patatin proteins in tubers of processing and table potato cultivars; 2)
to analyse utilization of precipitation additives for isolation of potato proteins from PFJ in two
temperature regimes; 4) to analyse chemical composition and functional properties of isolated
potato proteins by ethanol and FeCl; precipitation and 5) to investigate thermal stability of
protein concentrates isolated by precipitation with ethanol.

The field trial was carried out on the site Ceské Bud&jovice during the years 2003-
2005. Evaluated were parameters of genotype variability of patatine relative abundance in
SDS extractable tuber protein and patatin content in potato tuber dry matter. From the
obtained results could be concluded that the effect of cultivar was higher than the effect of
growing year for both evaluated patatin characteristics. Patatin relative abundance ranged
from 7.16 (cv. Bionta) to 31.29 % (cv. Vaneda). Patatin content in tuber dry matter as well as
patatin relative abundance were significantly (P<0.001) higher for processing potato cultivars.
The results showed the importance of cultivar in regards to patatin content for future
exploitation of potato tuber proteins in food or other applications.

The second part of the PhD thesis was focused on the finding of alternatives for
isolation of potato proteins from PFJ. In some German and Dutch starch manufactures is the
protein recovery achieved through heat coagulation. This method leads to protein precipitates
that exhibit a poor solubility, which hampers potential food applications. The basic
requirements on isolated protein concentrate were its re-solubility, preserved of functional
properties and lower concentration of problematic compounds such as glycoalkaloids and

potassium. For isolation of potato proteins from potato fruit juice was evaluated the effect of



two mineral and two organic acids, four organic solvents (methanol, ethanol, 2-propanole and
acetone) and three inorganic metal salts in combination with temperature regimes 0°C and
22°C. For the subsequent analysis were selected precipitation additives ethanol and FeCls, that
gave the most promising results. However, ethanol usage for industrial isolation of potato
proteins is strongly limited by the temperature regime in contrast to FeCls which could be
used in a much wider range of temperature regimes without significant difference in protein
yield and re-solubility. On the other hand it is difficult to remove Fe’* ions from the Fe’'-
protein complexes.

The subsequent studies with these two precipitators (ethanol and FeCls) were focused
on optimization of their concentration in potato fruit juice and detection of important
qualitative parameters of the obtained protein isolates. The optimal concentration of ethanol in
potato fruit juice was 4 M resulting in precipitation of 69 % of total protein and 93 % of the
protein was re-soluble. Optimal concentration of FeCl; in potato fruit juice was 20 mM
resulting in precipitation of 86 % of total protein and 85 % of this isolate was re-soluble.
Including of two washing steps in precipitation process was able to lower the contents of
nutritiously problematic compounds, glycoalkaloids and potassium, in concentrates obtained
both, by ethanol and FeCls. Content of total glycoalkaloids in dry matter of ethanol and FeCl;
protein concentrates was in comparison with content in PFJ significantly lower (P < 0.05).
Protein isolates, both ethanol and FeCls, exhibited high nutritious value. The value of EAAI
(comparison with whole egg standard) was 81.7 % for ethanol protein concentrate and 82.7 %
for FeCl; protein concentrate. Patatin represented the nutritiously improving protein
component (EAAI 86.1 %). The lipid acyl hydrolase activity of patatin was not affected by
ethanol precipitation. Patatin purification was possible to realized using ethanol protein isolate
and the purified patatin exhibited antifungal activity against fungi species Fusarium
solani, 1036 and Alternaria solani,F-107.

Next, thermal stability and re-solubility of potato tuber proteins was evaluated for the
ethanol protein concentrate isolated. Patatin was evaluated as thermal sensitive - temperatures
above 30 °C caused its strong insolubility. Thermal stability of potato protease inhibitors
(region from 25 to 14 kDa) was higher, although the temperatures above 45 °C caused

denaturation and insolubility most of the protease inhibitors.
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V.ZAVER

1. Zastoupeni patatinovych bilkovin v hlizich konzumnich a primyslovych odriad
brambor

Hodnoty relativni abundance patatinovych bilkovin v SDS-extrahovatelnych
bilkovinach hliz brambor a obsah patatinovych bilkovin v susin¢ hliz brambor byly stanoveny
u souboru 20 konzumnich a 20 primyslovych odriid brambor v ramci tfilet¢ho polniho
pokusu. U obou analyzovanych parametr byl ziejmy ptevazujici vliv odridy, vliv ro¢niku
byl v tomto sméru vyrazné nizsi. Oba sledované parametry vyskytu patatinovych bilkovin se
pohybovaly v relativné Sirokém rozpéti - napf. relativni abundance patatinovych bilkovin byla
u prumyslovych odrid v rozsahu 15 az 31,3 %. Primyslové odridy méli vyssi schopnost
kumulace celkovych hlizovych bilkovin 1 bilkovin patatinového komplexu. Dale byla
nalezena slaba pozitivni korelace mezi obsahem Skrobu a obsahem patatinovych bilkovin. U
pramyslovych odrid byl nalezen trend vys$i kumulace celkovych bilkovin 1 bilkovin
patatinového komplexu s rostouci délkou vegetacni doby. U odriid konzumnich nebyl tento
vztah jednoznacény. Ze ziskanych vysledkd vyplyva, Ze pfi uvahach o budoucim vyuziti
hlizovych bilkovin, a zvlasté pak jejich patatinové frakce, bude rozhodujici roli hrat vybér
odrid. Pro zpracovani brambor ve Skrobarenském prumyslu bude pravdépodobné i nadale
rozhodujicim parametrem obsah a kvalita Skrobu, ale informace o schopnosti prumyslovych
odrid kumulovat ve vyss$i mife patatinové bilkoviny je vyznamné pro budouci vyuZziti tohoto

nutri¢né cenného zdroje.

2. Izolace hlizovych bilkovin z hlizové vody brambor

Pii hledani alternativy tepelné koagulace hlizovych bilkovin pfitomnych v hlizové
vod¢ brambor byl stanoven pozadavek vysoké vytéZnosti maximalné zpétné rozpustnych
bilkovin. Ze série testovanych sraZecich Cinidel (organické a anorganické kyseliny, organicka
rozpoustédla, soli kovl) byla sohledem na stanovené pozadavky vybrana jako
nejperspektivnéjsi Cinidla etanol a FeCls. Pouziti etanolu je pro pramyslové aplikace omezeno
nutnosti chlazeni reakéni smési. Pouziti tohoto ¢inidla pfi vyssi teploté vedlo k vyraznému
snizeni jak zpétné rozpustnosti izolovanych bilkovin, tak i1 celkové vytéznosti izolacniho

postupu.
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3. Optimalizace izola¢niho postupu a hodnoceni chemického sloZeni a funké¢nich
vlastnosti koncentrati hlizovych bilkovin

Ptedpoklad potravinatského vyuziti bilkovinnych izolath ziskanych z hlizové vody
brambor klade na tyto bilkovinné koncentraty pozadavky tykajici se nejen zpétné
rozpustnosti, ale i jejich nutriéni hodnoty a obsahu problematickych balastnich latek -
piredev§im vyznamny je obsah glykoalkaloidii a drasliku. V prvni fazi byl optimalizovan
pfimo na hlizové vodé ziskané ze Skrobarenského provozu postup izolace bilkovin s vyuzitim
etanolu a FeCl;. Optimalni koncentrace etanolu v hlizové vod¢ byla 4,0 M; optimalni
koncentrace FeCl; byla 20 mM v reakéni smési s PFJ. Zatazenim dvou promyvacich krokt
byl pritkazné snizen obsah glykoalkaloidl i obsah drasliku v susiné bilkovinnych koncentrati.
Vyznamné je zjiSténi vysoké nutricni hodnoty bilkovinnych koncentratl, jenz nebyla
ovlivnéna pouzitim srdzeciho Cinidla - EAAI etanolového bilkovinného koncentratu Cinila
81,7 %; EAAI FeCls izolatu byla 82,7 %. Jednozna¢né nutriéné zlepsujici frakci jsou
patatinové bilkoviny. Lipid acyl hydrolasova aktivita patatinu byla zachovana u etanolového
bilkovinného koncentratu. Patatin purifikovany z tohoto koncentratu vykazal slabsi inhibi¢ni
aktivitu vi¢i houbovym patatogentim Fusarium solani, 1036 a Alternaria solani, F 107.
4. Odolnost koncentratu hlizovych bilkovin vuci vy$Sim teplotam

V nasledujicich testech byl sledovan vliv zvySovani teploty na zachovéani zpétné
rozpustnosti bilkovinného koncentratu ziskané¢ho etanolovou izolaci, a to ptedev§im s hledem
na nutnost konzervace izolovanych bilkovin susenim. Bilkovinny koncentrat byl vystaven
pusobeni teplot v rozsahu od 25 °C to 70 °C. Patatinové bilkoviny byly vyhodnoceny jako
teplotné senzitivni, nebot’ jiz pii teplot¢ nad 30°C byla tato frakce silné nerozpustna.
Inhibitory proteas si zachovaly rozpustnost do teploty cca 45°C. Extrémni tepelna odolnost (i
pti teploté¢ 70°C) byla zaznamenana u bilkoviny s Mr 4,3 kDa - pravdépodobné se jedna
karboxypeptidasovy inhibitor. Vzhledem k nizké odolnosti hlizovych bilkovin k vysokym
teplotdim bude nutné pii konzervaci bilkovinnych koncentrath zvolit Setrny zplsob napf.

systém sprejového suseni.
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VI. SEZNAM POUZITYCH ZKRATEK A SYMBOLU
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ABSTRACT

The effects of two mineral and two organic acids, four organic solvents
(methanol, ethanol, 2-propano and acetone) and three inorganic metal salts in
combination with temperature regimes 0 and 22C on the yield and resolubility
of potato tuber proteins were studied. Using acids, the yield of precipitated
protein ranged from 22.3% (citric acid, OC) to 54.5% (acetic acid, 22C) of
total protein; however, the resolubility was generally very low. The precipita-
tion with organic solvents resulted in significantly higher yield as well as
resolubility (P < 0.05) when precipitated at low temperatures. The yield
ranged from 23.4% (ethanol, 22C) to 64.5% (2-propanol, 0C) of total protein.
The use of the salts resulted in precipitates with high resolubility regardless of
the temperature regimes. The yield of precipitated protein ranged from 25.8%
(ZnCl,, 0C) to 86.4% (FeCls, OC) of total protein.

PRACTICAL APPLICATIONS

The work studied the possibility of isolation of native potato proteins
from potato fruit juice (PFJ) resulting from starch manufacturing process.
Ethanol and FeCl; were evaluated as the most promising precipitators for the
recovery of potato tuber proteins from PFJ. However, ethanol usage for
industrial isolation of potato proteins is strongly limited by the temperature
regime in contrast to FeCls;, which could be used in a much wider range
of temperature regimes without significant difference in protein yield and
resolubility.

! Corresponding author. TEL: +420387772441; FAX: +420387772431; EMAIL: vhermanova@
centrum.cz
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INTRODUCTION

Potato tubers comprise about 2% (w/w) of nitrogen compounds on a fresh
basis, of which protein represents 35-75% (Bérta and Curn 2004). The easy
soluble protein fractions get into an aqueous by-product called potato fruit
juice (PFJ), which remains in potato starch processing plants. PFJ contains
2-5% of solids, of which crude protein represents about 35% (Knorr 1978;
Koningsveld Van er al. 2001). Potato proteins have been classified by Pots
et al. (1999) into three groups. Patatin (43 kDa) comprises 38% in PFJ, pro-
tease inhibitors (4.3-25.0 kDa) 50% and other proteins up to 12% (Pouvreau
et al. 2001). Properties and possibilities of usage of tuber proteins have been
discussed (Pots ef al. 1998a,b; Tonon et al. 2001). Potato protein is well
known particularly for its high digestibility and favorable amino acid compo-
sition (Kapoor et al. 1975; Barta and Curn 2004), being thus proper for human
nutrition.

PFJ has been traditionally used as a low-quality fertilizer, but new envi-
ronmental regulations and content of valuable nutrients are the reasons for
searching new possibilities of PFJ processing. Protein recovery from industrial
PFJ has recently been achieved by heat coagulation, which is an efficient
method, but the resulting product has unacceptable flavor and functionality
(Zwijnenberg et al. 2002). Several alternatives have been reported to recover
native protein from industrial PFJ. Lindner et al. (1981) used bentonite, but
removing the adsorbent was difficult. Using carboxymethylcellulose has been
successful in protein recovery; however, low binding pH has caused partial
denaturation (Gonzales et al. 1991). The use of membrane techniques (e.g.,
ultrafiltration) has given promising results in laboratory studies (Wojnowska
et al. 1981; Zwijnenberg et al. 2002); however, on a large scale, considerable
membrane fouling may occur and the protein concentrate contains glycoalca-
loids (Wojnowska et al. 1981). Expanded bed adsorption technique has been
used for the isolation of patatin; however, the technique is too expensive for
industrial application (Strackvern et al. 1999). Several methods of precipita-
tion at acidic pH or with precipitation additives have also been tested (Meister
and Thompson 1976; Knorr 1978, 1982; Koningsveld Van et al. 2001).

Koningsveld Van et al. (2001) tested the possibility of using various
additives such as acids, organic solvents and inorganic salts for potato protein
precipitation. The best results were obtained using ethanol at 0C. However, an
important complication of using organic solvents or other effective additives
could be the temperature regime of the precipitation, regarding the fact that
cooling of a large volume of industrial PFJ would be energy and financially
demanding. The effect of precipitation temperature in combination with an
additive on yield and resolubility of potato protein precipitated from PFJ has
not yet been studied.
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Regarding the above-mentioned information, our work aimed to study the
effects of two temperature regimes (0 and 22C) in combination with various
precipitation additives on the qualitative and quantitative parameters of the
precipitation process, namely, the yield of the precipitated protein, its resolu-
bility and sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) spectra composition. The group of additives used in this study follows
the work of Koningsveld Van et al. (2001) for possible comparison.

MATERIALS AND METHODS

Preparation of PFJ

Twenty tubers of average size were used for PFJ preparation. Potatoes
(processing cultivar Tomensa) were washed thoroughly and cut into large
pieces which were crushed up in a domestic juice extractor (AEG, Nurenberg,
Germany). Approximately 1,500 mL of PFJ was prepared from the used 20
tubers (2,400 g). A 2% (w/v) solution of NaHSO3 was added to the juice in the
amount of 50 mL/kg to prevent enzymatic browning. The resulting liquid was
centrifuged (15 min; 9,000 x g; 4C), and the supernatant was filtered through
a paper filter (KA 1, Fisher Scientific, Pittsburgh, PA). The clear filtrate is
known to be a good imitation of industrial PFJ (Koningsveld Van et al. 2001)
and is denoted henceforth as PFJ. Properties of PFJ were determined before
protein precipitation: pH 5.89; volume density, 1.013 kg/L; dry matter content,
5.65%; and nitrogen content, 4.17 mg/mL of PFJ. The volume density was
determined gravimetrically by weighing 30 mL of PFJ in four replications;
30 mL of PFJ was freeze-dried using freeze drier ALPHA 1-4 (Martin Christ,
Osterode am Harz, Germany) to the constant weight for gravimetrical deter-
mination of PFJ dry matter in four replicates. The obtained PFJ dry matter was
subsequently used for the determination of total N content by modified Dumas
method, using a nitrogen/protein analyzer Flash EA 1112 (ThermoQuest,
Milan, Italy). The average weight of the analyzed sample was 50 mg, and the
analysis of the nitrogen content was made in duplicate (Barta 2002).

Protein Precipitation

Protein precipitation was performed by the method of Koningsveld Van
et al. (2001), with a modification of additive concentration and temperature
regimes on the basis of the conclusions of Koningsveld Van et al. (2001,
2002), our own observations and known properties (particularly isoelectric
point [pl] and thermal stability) of main tuber proteins (Pouvreau et al. 2001;
Rydel et al. 2003; Pots et al. 1998a). The used additives and their concentra-
tions are given in Table 1.
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TABLE 1.
LIST OF ADDITIVES USED FOR POTATO FRUIT JUICE (PFJ) PROTEIN PRECIPITATION
AND CONCENTRATION OF USED SOLUTIONS AND AMOUNT OF ADDITIVE
ADDED TO PFJ

Additive Final concentration of Added to 8 mL of PFJ
additive (w/w) in PFJ

HCl 3.5% I M (up to final pH)

H,SO, 3.5% 0.5 M (up to final pH)
Acetic acid 3.5% Concn. acetic acid (up to final pH)
Citric acid 3.5% 25% (up to final pH)
Ethanol 20% 2-mL absolute ethanol
Methanol 20% 2-mL absolute methanol
Acetone 20% 2-mL absolute acetone
2-propanol 20% 2-mL absolute isopropanol
FeSO, 15 mM 1.42 mL of 100-mM solution
FeCl; 15 mM 1.42 mL of 100-mM solution
7ZnCl, 15 mM 1.42 mL of 100-mM solution
* Final pH.

The precipitation was performed in four replications and was initiated by
adjusting the pH of the stirred PFJ samples in 15-mL Fisher tubes to a final pH
of 5.0. The additives were added to 8 mL of acidified samples in 15-mL Fisher
tubes according to the instructions in Table 1. The precipitation for all additive
variants was performed for 1 h at two temperature regimes: on ice (0C) or at
room temperature (22C). Then, the samples were centrifuged (15 min; 4 or
22C; 3,600 x g) until clear supernatants were obtained. Precipitates formed
were washed twice by suspending in 5 mL of 0.1-M sodium acetate buffer
pH 5.0 that contained the equivalent amount of relevant additive for mainte-
nance of the precipitated state. When using acids, the samples were washed
with the same buffer with pH 3.5. After each washing step, the samples were
centrifuged (15 min; 4 or 22C; 3,600 X g). Then, the precipitates were freeze-
dried, and dry matter and nitrogen contents were determined.

Protein Resolubilization

Two samples of each variant in original tubes were used for determination
of the resolubilization of the precipitated protein. The precipitates were sus-
pended in 10 mL of 100-mM sodium phosphate buffer pH 7.0. When using
inorganic salts, the buffer contained 30-mM ethylenediamine tetraacetic acid
(EDTA). The precipitates were thoroughly shaken in the buffer by using a
vortex mixer (2,000 X g, 2 min) and incubated for 1 h at 30C. Then, the tubes
were centrifuged (15 min; 22C; 3,600 X g) and the supernatant was sampled
for determination of the resoluble protein composition with SDS-PAGE. The
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nonresoluble part of the precipitates was freeze-dried and analyzed for nitro-
gen content.

Protein Content Analysis

Nitrogen content was determined by the elemental analyzer FlashEA 1112
(ThermoQuest) in duplicate. Protein N of PFJ was determined as N recovered by
trichloroacetic acid (TCA) precipitation (Bollag et al. 1996). Average N content
in PFJ was 4.17 mg/mL; 63.7% was precipitated with TCA, and this N was
referred to as protein N. Protein content (N X 6.25) was 16.60 mg/mL. Protein
precipitated with additives was expressed as the proportion of the TCA-
precipitable nitrogen content in PFJ. The resoluble part of the precipitated
protein was calculated as the precipitated protein less nonresoluble protein.

SDS-PAGE

The resoluble part of the precipitates was determined for protein compo-
sition using SDS-PAGE, according to Laemmli (1970). Standard discontinual
conditions in polyacrylamide gel (focusing gel, 4%; separation gel, 10%) were
used for protein sample separation. Gel processing after protein detection with
Coomassie brilliant blue R-250 was performed by Hames and Rickwood
(1987). Quantification of protein regions by molecular weight was performed
from electrophoretic profiles by digital image analysis and by special software
BioProfil 1D++ — measuring of absorbance profiles and computation of indi-
vidual portions (Bioprofile software package, Vilbert-Lourmat, Marne-la-
Vallée, France).

Statistical Analysis

Data were analyzed using the statistical program Statistica 6.0 (StatSoft
Inc., Tulsa, OK). The file of data referring to precipitation yield and protein
resolubility was evaluated in the analysis of variance (ANOVA) (factorial
ANOVA method). Distribution of data file to the homogeneous groups was
carried out using Tukey’s honestly significant difference test (P < 0.05). Evalu-
ation of the effect of the observed factors (temperature and various precipitation
additives) was made by the relative variance component method (ANOVA
method, type I SS).

RESULTS AND DISCUSSION

Proteins are used in many food products as emulsifiers, emulsion stabiliz-
ers or foaming agents. Potato protein has high nutritional quality (Barta and
Curn 2004), and it thereby has a good potential for utilization in foods. The
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emulsifying and foaming properties of undenatured potato proteins have only
been studied in a limited extent (Wojnowska et al. 1981; Ralet and Guéguen
2000, 2001; Koningsveld Van et al. 2006). Emulsifying properties were
observed to be inferior to those of whey proteins (Jackman and Yada 1988) but
were superior to those of commercial soy isolate (Holm and Eriksen 1980) and
casein. Koningsveld Van et al. (2006) prepared emulsions using various potato
protein preparations. It was concluded that only trace amounts of patatin, the
lipolytic activity of which has been strongly underestimated, sufficed to release
considerable amounts of surfactants such as fatty acids and monoglycerides.
The foaming properties of potato protein obtained by ultrafiltration were shown
to be very good in a number of food systems, being at least comparable to those
of casein and egg albumin (Ralet and Guéguen 2001). According to the results
of Ralet and Guéguen (2001) and Koningsveld Van et al. (2001), especially the
patatin fraction showed to be a very promising foaming agent with high
foamability and foam stability. However, the basic circumstance for utilization
potato tuber protein’s foaming and emulsification properties is recovery of the
potato protein from industrial PFJ in native, soluble form with retaining
biological activities.

The used term solubility issues from the methodology of Koningsveld
Van et al. (2001). The presented solubility data were not really solubility,
because these should be expressed as amount per unit volume. The proportion
of total protein that became insoluble was used as an index of solubility. We
kept the resolubilization volume constant, regardless of the amount of precipi-
tate, and the resolubility was expressed as the proportion of total protein
originally present in PFJ. The precipitation and resolubility data indicated the
possibility of PFJ protein mixture isolation and differences in their solubility
depending on the precipitation additive and temperature regime.

Characteristics of PFJ

The wused PFJ (cultivar Tomensa) contained (mean *£ SD)
4.17 £ 0.09 mg nitrogen/mL. On average, 63.7% of this nitrogen could be
precipitated with TCA. The TCA-precipitated nitrogen was therefore assumed
to be of protein origin, which means an average protein (N X 6.25) concentra-
tion of 16.60 = 0.4 mg/mL PFJ. Nitrogen as well as protein contents were
slightly higher than those reported by Koningsveld Van et al. (2001); however,
the PFJ used in their work was prepared from the cultivar Elkana.

Precipitation Yield and Resolubility

Acids. Four acids issued from isoelectric points of the majority of PFJ
proteins, which range between pH 4.5 and 6.5, were used (Pots ef al. 1998a;
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Pouvreau 2004). Isolation of proteins from industrial PFJ by precipitation at
acidic pH was previously reported by Knorr (1982) and Koningsveld Van et al.
(2001).

Ascanbe seenin Fig. 1a, the amount of precipitated protein was higher for
all the additives at 22C than at OC. Statistically significant differences (P < 0.05)
between the temperature regimes were found for citric acid, H,SO4 and HCI. At
0C, the yield ranged from 22.3% (citric acid) to 53.1% of total protein (acetic
acid). At 22C, the minimum yield was achieved with H,SO, (41.5% of total
protein), the maximum with acetic acid (54.5% of total protein). Resolubility of
precipitates was in general low. Slightly higher resolubility was observed at the
processing temperature OC than at 22C; however, no statistically significant
differences were observed. Using acetic acid at 22C, the resulting precipitate
was quite insoluble. At22C, the highest resolubility was recorded for HCI1 (4.0%
of total protein). At 0C, the lowest resolubility was determined for acetic acid
precipitate (0.3% of total protein), while the maximum solubility was reached
with HCI (6.4% of total protein). Table 2 shows the percentage effect of the
studied factors (temperature and additive) on the precipitation yield and resolu-
bility. Temperature was the most significant factor for yield (44.5%), while
resolubility was affected first by the factor of additive (49.2%).

From the results, it may be concluded that using acids for PFJ protein
isolation would not be successful for industrial application. The yield was
higher at ambient temperature; however, the ambient temperature lowered the
resolubility, probably because of protein denaturation. The best resolubility
(6.44% of total protein) observed with HCI at OC was much lower than the
resolubility of 56% obtained by Knorr (1982) or the resolubility of 17%
obtained by Koningsveld Van et al. (2001). However, their experiments were
carried out at 22C. The differences in resolubility observed were likely due to
differences in the PFJ used.

Organic Solvents. The amount of precipitated and resoluble protein is
shown in Fig. 1b. The yield of precipitation was considerably higher at OC.
Except for acetone, the differences between temperature regimes were statis-
tically significant (P < 0.05). At 0C, the minimum yield was achieved with
acetone (25.06% of total protein), the maximum with 2-propanol (64.52% of
total protein). The respective yields at 22C ranged from 23.4% when using
ethanol to 28.0% of total protein when using methanol. The effect of tempera-
ture was demonstrated mainly on the resolubility of the precipitates obtained.
The statistically significant differences between the temperature regimes in
resolubility were observed with ethanol, methanol and 2-propanol. The re-
solubility at 22C ranged from 1.1% (acetone and 2-propanol) to 8.2% of total
protein (methanol). Resolubility was much higher when precipitated at OC. In
this regime, maximum resolubility was achieved by ethanol and methanol,
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FIG. 1. PROPORTIONS (%) OF RESOLUBLE AND NONRESOLUBLE PROTEIN AT pH 7.0
EXPRESSED AS PROPORTION OF PROTEIN PRECIPITATED BY TRICHLOROACETIC ACID
(TCA PROTEIN), PRECIPITATED BY TESTED ADDITIVES UNDER TEMPERATURES
0 AND 22C
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TABLE 2.
INFLUENCE OF STUDIED FACTORS (TEMPERATURE AND PRECIPITATION ADDITIVES)
ON THE YIELD AND RESOLUBILITY OF PRECIPITATED PROTEIN

Factors effect % Various acids Organic solvents Metal salts

Yield Resolubility  Yield Resolubility  Yield Resolubility

Temperature regime (1) 44.5 30.9 56.7 69.9 0.0 0.0
Precipitation additive (2)  36.3 49.2 16.5 44 98.2 96.8
Interaction 1 X 2 18.3 8.2 26.0 24.9 14 2.5
Error 0.9 11.6 0.8 0.8 0.4 0.6

Relative variance components; analysis of variance method.

both resulting in 49.8% of total protein. The minimum solubility was seen with
acetone precipitate (5.9% of total protein). From Table 2, it is evident that
temperature was the most important factor for both precipitate yield and
resolubility.

Organic solvents have been previously used at ambient temperature
without lowering pH of PFJ (Wilhelm and Kempf 1977), and also at OC with
lowering pH (Koningsveld Van et al. 2001). Wilhelm and Kempf (1977) found
2-propanol to be the most effective and acetone to be the least effective at 22C,
causing 25 and 21% of total protein precipitate, respectively. According to our
results, the yield resulting with 2-propanol (24.1%) approximately agreed with
the conclusions of Wilhelm and Kempf (1977). The solubility of precipitates
was very low when precipitated at 22C, which could be explained by the high
denaturation effect of organic solvents when used at ambient temperature.
According to Koningsveld Van et al. (2001), ethanol and 2-propanol seem to
be the most promising for industrial application, when used at 0C. When using
these additives, about 90% of total protein was reported to be precipitated and
about 80% of total protein was resoluble. Our conclusions indicate the same
trend, but both yield and resolubility were lower. In our study, the maximum
yield was achieved at OC by 2-propanol (64.5%), but resolubility was higher
when using ethanol, almost 50% of total protein.

Inorganic Salts. The amount of yielded protein (Fig. Ic) was higher
when using FeSO, and ZnCl, at 22C than at 0C; however, the differences
between temperature regimes were statistically significant only when using
ZnCl,. FeCls caused slightly higher yield at OC than at 22C; however, the
difference was not significant. At 22C, the lowest yield was when using FeSO4
(30.7%) and the highest when using FeCl; (80.6% of total protein). At 0C, the
highest yield was FeCl; (86.4% of total protein), and the lowest was ZnCl,
(25.8% of total protein). As regards resolubility, the more efficient temperature
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was 0C for FeCl; and FeSO,4, compared with 22C for ZnCl,. However, a
significant difference between the temperature variants was observed only in
resolubility of FeCl; precipitates (P < 0.05). The highest resolubility was
achieved when using FeCl; at 0C (79.3% of total protein). The least resoluble
precipitate was produced by FeSO, at 22C (18.5% of total protein). Table 2
confirms the above-mentioned results regarding the main effect of additives on
precipitation yield as well as on resolubility.

Metal ions have been used for protein precipitation for a long time. The
ions (Fe**, Zn®* and Fe?") are able to form stable complexes with specific
amino acids (Zachariou and Hearn 1996; Koningsveld Van efal. 2001).
These noncovalent bonds are easily broken at neutral pH, which could be the
reason for high solubility of metal salt precipitates. Alternatively, proteins
are able to form complexes with polyphenols (McDonald et al. 1996; Fried-
man 1997). The addition of salts may prevent the formation of complexes
between polyphenols and proteins (Koningsveld Van et al. 2001). As regards
our results with salts, the important finding was the minimum effect of tem-
perature on the protein yield as well as on resolubility. FeCl; was evaluated
as the most effective additive resulting in 79.3 and 69.2% of resoluble
protein at 0 and 22C, respectively. FeCl; was evaluated as the most effective
of metal salts also by Koningsveld Van ef al. (2001); however, the presented
results were not so optimistic — the yield was 46% and resolubility 41% of
total protein. The differences may be caused by differences in the PFJ
used.

Protein Compositions of the Resolubilized Protein Fractions

The presence of protein classes and changes in their composition depend-
ing on additive and temperature were studied in the resoluble part of precipi-
tates. Protein classes presented in PFJ have been classified into three groups
(Pots et al. 1999): patatin (43 kDa), comprising 38%; protease inhibitors (4.3—
25.0 kDa), making up about 50%; and other proteins up to 12% of total protein
in PFJ of cultivar Elkana (Pouvreau 2004). The composition of protein frac-
tions of PFJ is shown in Fig. 2. The PFJ used (cultivar Tomensa) comprised
38.0% of patatin (43 kDa) and 45.6% of the inhibitor proteases (0-25 kDa),
which is approximately in agreement with results reported by Pouvreau
(2004).

Acids. As can be seen in Fig. 2, when acetic acid was used, both on ice
as well as at 22C, no protein bands were detected, which corresponded with
the low yield of resoluble protein. In the case of other acids, an interesting
finding is a deficiency of the protease inhibitors in both temperature regimes.
The SDS-PAGE showed that using acids resulted mainly in the precipitation of
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FIG. 2. QUANTITATIVE YIELDS OF INDIVIDUAL POTATO PROTEIN CLASSES IN

RESOLUBLE PARTS OF PRECIPITATES OBTAINED VIA SODIUM DODECYL

SULPHATE-POLYACRYLAMIDE GEL ELECTROPHORESIS (a) AND THEIR ESTIMATION
BY SOFTWARE BIO-PROFIL 1D++ (VILBERT-LOURMAT, MARNE-LA-VALLEE,

FRANCE) (b).

resoluble patatin, while the group of protease inhibitors (0-25 kDa) was elimi-

nated during precipitation or remained nonresoluble. However, patatin bands

also seem to be very weak, especially when precipitated at 22C. These results

agree with those of Koningsveld Van et al. (2001), demonstrating that using
acids resulted mainly in precipitation of patatin, whose resolubility was higher

when obtained at pH 5.0 than at pH 3.0.

Organic Solvents. The effect of temperature on the resolubility of pre-
cipitates was marked also on the basis of SDS-PAGE protein spectra analysis.
When precipitated at OC, protein spectra were, with the exception of acetone,
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more similar to the original than when precipitated at 22C. At 22C, the
resolubility was minimal, which corresponded with SDS-PAGE protein
spectra analysis in terms of the protein composition varying significantly from
the original. The proportion of patatin and protease inhibitors with molecular
mass of 20-25 kDa was lower in favor of smaller-mass proteins (14-20 kDa).
The low protein yield and resolubility were likely caused by the denaturing
effect of organic solvents when used at ambient temperature, which is a
generally known fact (Fennema 1996; Harrison et al. 2003). At 0C, the res-
oluble protein comprised both patatin and protease inhibitors with the excep-
tion of those of weight 14-20 kDa, which is in agreement with the conclusions
of Koningsveld Van et al. (2001).

Inorganic Salts. Addition of metal salts at OC resulted in precipitation
of soluble protein comprising the whole protein spectrum with higher pro-
portion of patatin. An exception represented FeCl; that produced precipitate
where soluble was mainly patatin (43 kDa) and small proteins (<14 kDa).
Metal salts were the additives with minimum effect of the temperature on
protein bands spectra. Precipitation at 22C resulted in partial lowering of
patatin proportion (ZnCl, and FeSO,) and an increased proportion of
proteins with molecular weight 14-25 kDa. The precipitation with FeCls
was more stable at both temperatures and the protein spectra were very
similar.

Industrial Applicability of the Tested Additives for Protein Precipitation
from PFJ

Ethanol (at 0C) and FeCl; (in both temperature regimes) were evaluated
according to the obtained results as the most promising precipitation additives
for potato tuber protein isolation from PFJ. The positive result of ethanol at 0C
was in agreement with Koningsveld Van et al. (2001), although the positive
result of FeCl; was surprising. The significant advantage of FeCls is the
possibility of using it without the necessity of precipitation in the low tem-
perature regime. However, the temperature handicap in the case of ethanol
may be partly resolved by concentrating PFJ using membrane techniques, e.g.,
reverse osmosis or ultrafiltration (Wojnowska et al. 1981; Zwijnenberg et al.
2002). These techniques can reduce the large volume of PFJ and thus reduce
the expenses for cooling during the precipitation with ethanol. PFJ concentra-
tion has been used, e.g., in starch manufacture of Avebe (Foxhol, the Nether-
lands), before heat coagulation to improve the effectiveness of the coagulation
process. The practical application of ethanol or FeCl; would be mainly depen-
dent on the interest of food industries and the financial expensiveness of the
precipitation process.
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The contribution analysed effect of two protein precipitators, ethanol and FeCls, on yield, re-
solubility and qualitative properties of protein concentrates isolated from industrial potato
fruit juice (PFJ). Optimal concentration of ethanol in PFJ was 4 M resulting in yield of 69 %
of total protein, when using FeCls the optimal concentration was 20 mM resulting in yield of
86 % of total protein. Contents of total glycoalkaloids and potassium in dry matter of ethanol
and FeCl; protein concentrates were in comparison with content in dry matter of PFJ
significantly lower (P < 0.05). Protein concentrates, both precipitated by ethanol and FeCls,
exhibited high nutritious value. The value of EAAI (comparison with whole egg standard)
was 81.7 % for and 82.7 %, respectively. Patatin was determined as the nutritiously
improving protein component (EAAI 86.1 %). Lipid acyl hydrolase activity of patatin was not
affected by ethanol precipitation. Patatin purification was possible to realized using ethanol
protein isolate and the purified patatin exhibited weak antifungal activity against fungi species

Fusarium solani, 1036 and Alternaria solani, F-107.

Keyworlds: Potato (Solanum tuberosum L.); Potato tuber protein; Potato fruit juice; Potato

protein concentrate; Potato protein properties

INTRODUCTION

Potato tubers comprise about 2 % of nitrogen compounds on a fresh basis, of which proteins
represent 35-75 % (7). Potato fruit juice (PFJ) is aqueous by-product of the potato starch
industry in which are released most of the tuber proteins after grinding of potato tubers in a
rasping machine. PFJ contains 2-5 % of dry matter, of which crude protein represents

approximately 35 %. The crude protein is in PFJ represented by proteins (26 % of dry matter),





peptides, amino acids and amides (2, 3, 4). Patatin, the major potato tuber protein, comprises
30-40 % of the protein in PFJ, the protease inhibitors (4-25 kD) make up approximately 50 %
and the other proteins of higher molecular weight make up 10-20 % (4,5). In addition to easily
soluble fraction of proteinacious component, the PFJ contents carbohydrates, lipids, organic
acids, polyphenols, minerals, fibres and glycoalkaloids. These all components affecting the
isolation process as well as the functional properties and qualitative parameters of obtained
protein isolates.

The process of recovery of proteins from such a dilute aqueous system as PFJ is challenge in
terms of expenses. The most common system of proteins recovery from industrial PFJ is
through heat coagulation and acid precipitation, which however results in products with
unacceptable flavour and functionality (6, 7) and is usable only as feed-stuff (8). Potato
proteins recovered from PFJ in non-denaturing form under gentle isolation has satisfactory
solubility, significant foaming and emulsifying properties and the emzymatic activities of
potato tuber proteins are conserved (4, 3, 9). Furthermore, the proteins of potato tubers have
also high nutritious value (/, /0) and therefore, the protein concentrates can be an interesting
commodity potentially usable in food and feed industry as well as in biotechnological
applications. Several less or more successful alternatives have been found for recovering of
native potato proteins from industrial PFJ (3, 4, 17-15). Limiting factors each of the ‘native’
protein isolation method are the yield of isolation process, degree of isolated protein
denaturation (3), functional properties of yielded protein and its individual fractions (/6) and
also the content of accompanying elements that significantly cause the deterioration of the
protein qualitative parameters and potential for food application (9, 75). For example ion-
exchange on carboxymethyl cellulose has been reported to be successful in recovering potato
proteins from PFJ (/7) but since the binding takes place at low pH (1.5-4.0) the resulting
product can be expected to be at least partially denatured (/7). Ion exchange, using the
Expanded Bed Adsorption technique is well-suited method for recover of protein from PFJ
and even for selective isolation of patatin. This method makes it possible to remove anti-
nutritional factors and low molecular weight components (9, /7). However, the technique
used will be too expensive for industrial application (/8).

Precipitation of potato proteins from PFJ with using of low-molecular additives has been
previously described as very promising method for isolation of non-denatured potato proteins
from PFJ (4, 18). For exmaple using ethanol precipitation (temperature regime bellow 10 °C)
or precipitation with metal salts resulted in sufficient yield of re-soluble protein (3, 4). The

protein concentrates created by ethanol precipitation technique was evaluated from the point





of view of structure, solubility and foaming properties of the obtained protein isolates (79,
20). On the base of data presented in Koningsveld et al. (3) and Barta et al. (4) were selected
the most promising precipitation additives, ethanol and FeCls, that have potential for isolation
of maximal amount of native protein from industrial PFJ. The present article studies 1) the
effect of increasing concentration of precipitation additives ethanol and FeCl; on yield and re-
solubility of protein isolated from PFJ; 2) the chemical composition of protein isolates
obtained by ethanol and FeCls precipitation; 3) presence of the individual protein components
(especially patatin and protease inhibitors) in obtained protein isolates and functional
properties of the components and 4) functional properties individual protein fractions purified

from protein concentrate isolated from PFJ by ethanol precipitation.

MATERIALS AND METHODS

Preparation of protein precipitates and determination of their re-solubility

Potato fruit juice (PFJ) was provided from the potato starch manufacture (Lyckeby Amylex
a.s, Horazd’ovice, Czech Republic). PFJ was centrifuged (15 min, 9000g, 4°C) and filtered. 30
ml of PFJ were freeze-dried (freeze drier ALPHA 1-4, Martin Christ, DE) to constant weight
for gravimetrically determination of dry matter that was subsequently analysed for chemical
composition.

Potato protein precipitation with ethanol and FeCl;. Protein precipitation was performed by
modification of the method of Koningsveld (3). The precipitation was performed in four
replications and was initiated by adjusting the pH of PFJ samples in 50 ml Fisher tubes to a
final pH of 5.0. The additives, ethanol and FeCls, were added to 30 ml of acidified PFJ in
increasing amount from 1.5 to 18 ml of absolute ethanol and from 30 to 600 ul of 1M solution
of FeCls. The precipitation was performed for 1 hour on ice and subsequently the samples
were centrifuged (15 min; 4°C; 3600 g) and precipitates formed were washed twice by
suspending in 20 ml of 0.1M sodium-acetate buffer pH 5.0 containing the equivalent amount
of relevant additive. The precipitates were freeze-dried and the weight of dry matter and
nitrogen contents were determined.

Preparation of heat coagulates of potato proteins. Heat coagulate was prepared from
industrial PFJ by adjusting the pH of stirred PFJ samples in 50 ml Fisher tubes to a final pH
of 5.0. The tubes with acidified PFJ were heated (10 min.; 100°C) in water bath (ShakeTemp,
Julabo, Germany). Coagulated protein was washed twice by suspending in 20 ml dH,O,
subsequently freeze-dried and used for determination of re-solubility, chemical composition

and functional properties.





Determination of protein isolates re-solubility. Two samples each of the variants were used
for determination of the re-solubilization of the precipitated protein. Precipitates were
suspended in 20 ml of 100mM sodium phosphate buffer pH 7.0. When using FeCls, the buffer
contained 30 mM EDTA. The precipitates were thoroughly shaken in the buffer and incubated
for 1 hour at 30°C. After centrifugation was the supernatant sampled for determination of the
re-soluble protein composition with SDS-PAGE. The non-resoluble part of the precipitates
was freeze-dried and analyzed for nitrogen content. Nitrogen content was in duplicate
determined by the elemental analyser FLASH EA 1112 (ThermoQuest, Italy). Protein N of
PFJ was determined as N recovered by TCA precipitation (27). Protein precipitated with
additives is expressed as the proportion of the TCA precipitable nitrogen content in PFJ. The
re-soluble part of the precipitated protein was determined as the precipitated protein minus

non-resoluble protein.

Chemical composition of protein concentrates isolated from PFJ

Preparation of ethanol and FeCl; precipitates for determination of chemical composition. For
analyses of chemical composition were used the precipitates formed by using the optimilized
concentration of aboslute ethanol and 1M solution of FeCls in PFJ, using 26 % (v/v) and 2 %
(v/v), respectively. Precipitation process and treatment were the same as mentioned above.
Protein precipitates formed and subsequently washed were freeze-dried and dry matter was
analysed. Analysed was also dry matter of industrial PFJ and dry matter of heat coagulate.
Determination of nitrogen and protein content. Nitrogen content was determined in dry matter
of ethanol and FeCl; precipitates, heat coagulate and PFJ by using elemental analyser FLASH
EA 1112 (ThermoQuest, Italy). N content was determined in duplicate. Protein N was
calculated as nitrogen multiply by factor 6.25.

Determination of selected minerals. Mineral elements (P, K, Ca, Mg and Na) were determined
in dry matter of ethanol and FeCl; precipitates, heat coagulate and PFJ. Sulphur acid and
hydrogen peroxide microwave digestion was done for mentioned elements extraction. Atomic
absorption flame spectroscopy (Aurora Instruments Ltd, Vancouver, Canada) using air-
acetylene was used for detecting potassium, magnesium and calcium (22). The determination
of phosphorus was based on the colorimetric method of Chen et al. (23) in which a blue
colour was formed by the reaction of ortho-phosphate and the molybdate ion. Absorbance of
the phosphomolybdenum complex was then read at 660 nm by spectrophotometer BioMate 5
(ThermoElectron, Great Britain).

Determination of glycoalcaloids content in protein isolates. Contents of individual forms of





potato glycoalcaloids were determined in dry matter of ethanol and FeCl; precipitates, heat
coagulate and PFJ. Determination was performed using the HPLC-MS/MS method of
Hajslova et al. (24), realized by Institute of Chemical Technology, Department of Food
Chemistry and Analysis, Prague, Czech Republic. Shortly, the samples were extracted by
using CH3OH. The extract was filtrated and filled to the volume of 100 ml and analysed with
using HPLC-MS/MS. HPLC separation was carried out using the column Hypurity Aquastar
100x3 mm, 3 pum (Electron Corporation); the mobile phase was following A-H,O:CH3;CN
:CH30H: 0.1 M CH3COO'NH,4 : CH;COOH (22:8:4:2:1) and phase B - CH;CN. HPLC-MS
system consists of Agilent 1100 series (Agilent, USA) coupled with Finnigen LCQ Deca mass
spectrometric detector (Thermo Finnigen, USA) equipped with ESI (ElectroSpray ionization)
ionization source and ion trap mass analyser (tandem in time). Ionization of the HPLC
effluent components was carried out in the positive mode.

Determination of amino acids composition of protein isolates. Contents of individual amino
acids were evaluated in dry matter of ethanol and FeCl; precipitates, heat coagulate and PFJ.
Analysis of amino acids carried out by following the working manual of Dionex Corporation
(Product Manual of AminoPac PA1). Amino acids were determined after the hydrolysis of the
samples with 6 M HCI followed by separation of the amino acids by ion-exchange
chromatography (column AminoPac PA1, Dionex, Sunnyvale, CA, USA) on HPLC system
(DIoNEX DX-600, Sunnyvale, CA, USA) with pump P608, detector UVD 170U and using
post-column reaction with nynhydrin. For the analysis of methionine and cystine an initial
oxidation to methionine suphone and cysteic acid was carried out with a performic
acid/phenol mixture before hydrolysis. To evaluate the quality of isolated protein concentrates
amino acid scores (AAS) and essential amino acid indexes (EAAI) were used for EAAI
estimated. Amino acid composition of whole egg protein was used for EAAI estimation
(25, 26).

Relative abundance of protein components. The protein components were determined by
using SDS-PAGE technique (27). Analysed were ethanol and FeCls; precipitates, heat
coagulate and PFJ. The proteins were extracted from precipitates using 0.0625 M Tris-HCl
buffer, pH 6.8, with 2 % SDS and 5 % of ME (4 hours at 4°C). Protein separation was
performed by standard cooled dual vertical slab units SE 600 (Hoefer Scientific Instruments,
San Francisco, USA) with discontinuous gel system (28) and protein detection with
Coomassie Brilliant Blue R-250. Protein components were detected on electrophoretic
profiles by digital image analysis using software BioProfil 1D++ measuring the absorbance of

profiles and computation of individual protein's bands proportions (BioProfile software





package, Vilbert-Lourmat, France).

Functional properties of patatin isolated from ethanol precipitate

Purification of patatin proteins from ethanol protein precipitate. Patatin proteins were
purified according to the previously described procedure (29). Protein precipitate was
dissolved in 30 mM Tris HCI buffer (pH 7.2) and applied consecutively on anion exchange
column (chromatographic medium DEAE; Serva, Heidelberg, Germany) and affinity column
(chromatographic medium Con A; Pharmacia Biotech, Uppsala, Sweden). Fraction containing
patatin were pooled, desalinated on Sephadex G-25 gel filtration column. Fractions from each
purification step were also pooled and desalinated on Sephadex G-25 gel filtration column.
Proteins contents in obtained solutions were determined according to Wiechelman et al. (30)
using the BCA Assay Kit and following the instructions in the manual. The absorbance was
measured at the wave length 405 nm (BioMate 5, ThermoElectron, Great Britain).
Determination of patatin LAH activity. Lipid acyl hydrolase (LAH) activity was analysed in
extractable supernatant (Tris-HCI, pH 6.8) of freeze-dried PFJ, ethanol and FeCl; precipitates,
heat coagulate and purified patatin. 20 mg of dry matter were extracted with 2 ml of 10 mM
Tris-HCI buffer, pH 7.4. Three replicates from each sample were used for enzyme
determination. For assay of LAH, the substrate p-nitrophenyl butyrate in the presence of
50 % (v/v) acetone (10 mM solution) was used. Reaction solution containing 180 pl of
Tris-HCI buffer, pH 7.4, 10 pl of enzyme extract and 10 pl of substrate solution, was
incubated at 37°C for 10 min. The reaction was stopped by samples heating (100°C; 30 s.).
The absorbance was measured at the wave length 410 nm (BioMate 5, ThermoElectron, Great
Britain).

Antifungal activity of purified protein fractions. Antifungal activities were evaluated for the
ethanol protein precipitate and the protein fractions pooled in the process of patatin
purification on anion exchange chromatography and affinity chromatography - protein
fractions bound and non-bound on DEAE and ConA. The obtained fractions were desalinated
on Sephadex G-25 gel filtration column and after quantification of protein concentration
(BCA Assay Kit), were the fractions filter sterilized using 0.22-um filters (Millipore). The
antifungal activities of the purified potato protein fractions were determined using a radial
growth inhibition assay according to the method of Schlumbaum et al. (37). A mycelial plug
was placed in the center of a potato-dextrose-agar plate. Sterile paper discs were placed at the
two sides of the plate. 30 ul of the purified protein fractions was into the agar discs, and

buffer (25 mM Tris-HCI, pH 7.4) was used as a control. The plates were incubated in the dark





at 23°C for 72 hours. Antifungal activity was observed as a crescent-shaped zone of inhibition
at the mycelial front. Fungi species used for antifungal assay were obtained from Czech
Collection of Microorganisms (Masaryk University, Brno, Czech Republic).

Statistics. Data were analysed using the statistical programme Statistica 6.0 (StatSoft, 2001),
using analysis of variance (method Factorial ANOVA). Distribution of data file to the
homogeneous groups was done using the Tukey HSD test (P < 0.05).

RESULTS AND DISCUSSION

Proteins are used in many food products as basic nutritious component or as emulsifiers,
emulsion stabilisers or foaming agents. Potato tuber protein has high nutritional quality (/),
and also have been describe the emulsifying, foaming and enzymatic properties of
undenatured potato proteins usable in food, feed, cosmetic, pharmaceutical and other
industrial applications (/6, 20). Although, the basic circumstance for potato tuber proteins
utilisation is to recover the potato proteins from industrial PFJ in native, soluble form with
retaining optimal biological, nutritional and hygienic properties. Protein yield and re-
solubility indicate the suitability of isolation method. Data of glycoalcaloids content,
potassium and other components content, individual protein components content, amino acids
composition and value of LAH activity of protein isolates and purified patatin indicate the

suitability of protein precipitates for human consumption.

Yield and re-solubility of protein concentrates isolated from PFJ

Yield of potato protein precipitated from industrial PFJ with increasing ethanol concentration
ranged from 0.55 mg ml” (21.3 % of TCA-precipitated protein) to 2.02 mg ml™ (77.9 % of
TCA-precipitated protein). From the figure 1A is obvious that the lowest protein yield was
achieved using ethanol concentration of 1.0 M. Increasing of the precipitated protein yield is
not linearly dependent on used ethanol concentration. Maximal value of precipitated protein
was recorded by the ethanol concentration of 4.4 M. Increasing of ethanol concentration in
PFJ was performed stepwise - the lowest value was 1.0 M; the highest was 6.4 M. Increasing
of the ethanol concentration by value of 0.6 M caused increased of amount of precipitated
protein at average of 0.26 mg ml™. This relationship was valid to the ethanol concentration of
4.0 M. The increase of ethanol concentration on 4.4 M caused only minimal increase of
precipitated protein and than followed decrease. Re-solubility of protein precipitated with
using different concentration of ethanol ranged from 0.35 mg ml' (13.4 % of TCA-
precipitated protein) to 1.73 mg ml" (66.5 % of TCA-precipitated protein). The maximal





value of re-soluble protein was achieved using 4.4 M concentration of ethanol. The collision
of the curves of protein yield and re-solubility was in the point of 4.0 M concentration. This
concentration of ethanol in PFJ should be considered to be optimal for potato tuber protein
isolation from industrial PFJ using precipitation with ethanol. Organic solvents, including
ethanol, have been previously used for PFJ protein precipitation at ambient temperature
without lowering pH of PFJ (30), and also at 0°C with lowering pH (3). Koningsveld et al. (3)
found ethanol and isopropanol to be the most promising for industrial application. Ethanol
leads to much more precipitation and higher re-solubility than other precipitants. According to
Koningsveld et al. (3) the optimal concentration of ethanol is 4.9 M, yielding 83% of total
protein as re-soluble. Higher optimal value of ethanol concentration for maximal yield of re-
soluble protein could be explained by differences in PFJ. Koningsveld et al. (3) used
processing potato cultivar Elkana for preparation of PFJ, however we used ‘real” PFJ from
starch manufacture that represents cultivar mixture and the protein could be partially
denatured by the poduction process.

Figure 1B shows using of FeCl; for potato tuber protein isolation from industrial PFJ.
Amount of yielded protein ranged from 0.48 mg ml™” (18.6 % of TCA-precipitated protein) to
2.25 mg ml™ (83.9 % of TCA-precipitated protein). No maximal point was found for yield of
precipitated protein as well as for protein re-soluble. The re-solubility of protein precipitated
with FeCl; ranged from 0.41 mg ml™ (15.9 % of TCA-precipitated protein) to 1.92 mg ml™
(69.8 % of TCA-precipitated protein). FeCl; concentration of 20 mM 1is considered to be
optimal for protein isolation from PFJ, because it is improbable to precipitate more than
almost 85 % of protein from which is 85 % re-soluble. Using of metal ions for protein
precipitation has been previously described (3, 33). Our obtained results are in general
agreement with those of Koningsveld et al. (3). From the metal salts used by Koningsveld et
al. (3) only addition of FeCl; gave increasing protein precipitation and the increasing of
protein precipitation was also significantly dependent on increasing concentration of FeCls.
Maximal concentration of FeCl; used by Koningsveld et al. (3) was 16 mM by which was
achieved approximately 45 % of precipitated protein. Lower yield could be explained by
differences in PFJ used, while metal salts could form complexes with proteins as well as

polyphenols that could influence yield of precipitated proteins (34, 35).

Relative abundance of protein fractions presented in analysed precipitates
Relative abundances of individual protein fractions presented in total extractable protein of

PFJ and protein isolates obtained from industrial PFJ are shown in Table 1. The industrial PFJ





used is mixture of several cultivars and it is hard to discuss the relative abundance with other
authors because quantitative data on tuber protein composition of industrial PFJ and protein
concentrates obtained from industrial PFJ have not been published. Potato proteins present in
PFJ could be according to Pots (29) classified into three groups. With regards to this
classification patatin, the major potato protein comprises 38 % of the protein in PFJ prepared
from cultivar Elkana. The protease inhibitors make up about 50 % and other proteins up to
12 % of total protein in PFJ from cultivar Elkana (5). Proteins composition of industrial PFJ
used in our experiments approximately corresponded with those of Pouvreaue et al. (5). The
highest difference was in patatin content that created only 30.7 % of the proteins in PFJ.
Protein composition of heat coagulate differs significantly from ethanol and FeCl; precipitate
in patatin content. Patatin, that represents the nutritiously and functional most important
protein, is temperature sensitive (36) and heating of industrial PFJ caused total precipitation
of this protein, however the heat coagulate is almost absolutely insoluble including the patatin
fraction and because of the low solubility and general quality is applicable only in feed
industry.

Significantly lower percentage representation of patatin proteins in protein concentrates
obtained by using ethanol and FeCl; (25.6 and 20.3 %) is connected with higher
representation of protease inhibitors with molar mass less than 25 kDa. According to Pots et
al. (36), temperature above 28°C causes patatin unfolding and irreversible changes. On the
contrary protease inhibitors with low molar mass are more thermal stable, and for that reason
are minimal presented in heat coagulate. The remarkably heat stable potato protein is
carboxypeptidase inhibitor (4.3 kDa), the smallest protease inhibitor presented in potato,
which inhibiting activity decreased at pH 7.0 after treatment at 150°C (37). This protein is not
able to isolate from PFJ using heat coagulation, however in ethanol and FeCl; precipitates is
presented. The heat stability of carboxypeptidase inhibitor is obvious from the difference in
proportion of the protease inhibitors fraction of 14-0 kDa.

Proportion of protein fractions in protein concentrates obtained by using various precipitation
additives, presented by Koningsveld (/8) express only intensity of the protein bands obtained
via SDS-PAGE and could not be considered as really quantitative data. However, according
to these data, patatin proteins dominate in the protein isolates obtained by ethanol and FeCls.
Protein composition of heat coagulate obtained from PFJ has not been studied. Lekra et al. (9)
isolated potato proteins from PFJ using expanded bed adsorption chromatography suggested
that SDS-PAGE analysis demonstrated that the obtained protein isolates contained three

major fractions (patatin 40-42 kDa and protease inhibitors 20-23 kDa), and several minor





bands of higher molecular weight. Proportion of determined protein bands has not been

calculated in the publication of Lekra et al. (9).

Chemical composition and nutritious value of potato protein concentrates.

The freeze-dried PFJ and protein concentrates obtained by using heat coagulation and ethanol
and FeCl; precipitation were analysed for nitrogen, protein, glycoalcaloids and minerals
contents (Table 2 and Table 3). Dry matter of PFJ contained 7.27 % of N, although only
69.2 % (w/w) of this N was TCA-precipitable and could be considered protein N. Dry matter
of heat coagulate and ethanol protein concentrate contained 84.9 % and 82.4 % (w/w) of
protein, respectively. The processes of heat coagulate and protein precipitates production
included the washing steps that should remove the non-proteinaceous N compounds and
determination of nitrogen content by elemental analyser and multiplying by the factor of 6.25
should express the real content of protein. The surprisingly low concentration of protein
determined in FeCl; concentrate could be explained by creating of FeCls-protein complexes
which caused high concentration of FeCls ions (in average 43.9 mg Fe'".1g™" of dry matter,
data not shown). The calculated values of approximately 80 % (w/w) of total protein in dry
matter of isolated protein concentrates correspond with these of Lekra et al. (9) who
determined 83.1 % (w/w) of total protein in protein powder prepared from PFJ using
expanded bed adsorption chromatography.

Low quality of potato protein concentrates obtained from PFJ by pre-concentration of the
stream and subsequent heat coagulation of the protein is mainly connected with the low
functionality and salty, bitter taste of the produced protein that make it inapplicable as a food-
additive (7). Most of all are negatively perceived matters such as phenolic compounds that
rapidly oxidize to a brown pigment (9), glycoalkaloids that are toxic for human and animal
nutrition and can cause bitter taste of the final protein concentrate (7, 9, 38) and some of the
minerals, especially potassium, that are connected with the bitter and salt taste of the products
(9). Table 2 shows the effect of different way of protein concentrates production on content of
total glycoalkaloids and their individual forms. The adverse effect of glycoalkaloids for
human and animal is well known resulting in gastrointestinal disturbances and neurological
disorders (38). The two washing steps with 0.1M sodium-acetate buffer pH 5.0 included into
the protein precipitation process were able to significantly (P < 0.05) lower the amount of
total glycoalkaloids in protein concentrates obtained by ethanol and FeCl; when compare with
dry matter of industrial PFJ and heat coagulate (washed with destilled water). However, the
content of glycoalkaloids on approximately value of 1100 mg kg™ seem to be still to high for
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food application in particulary when compare with result of Lekra (9) who isolated potato
proteins from PFJ by using adsorption chromatography on large-scale expanded bed. Using
this method were removed most of all glycoalcaloid originally presented in PFJ. On the other
hand Lekra et al. (9) presented only data of a-solanin and a-chakonine contents and how
shows the Table 2, the amount of other forms of potato glycoalcaloids could be high and
should not be omitted.

Potassium represents other problematic component of PFJ and subsequently protein
concentrates that should be limiting for food usage of the potato protein concentrates causing
salty and off-flavor taste. Content of selected minerals is shown in Table 3. In contrast to
glycoalcaloids, the washinng steps included into the precipitation process were able to lower
the contet of potassium in a very satisfactory manner.

High nutritious value of potato protein that has been previously documented (/, /0) was
confirmed. The average protein nutritive value of albumine fraction of tuber proteins
presented in PFJ was 70.6 % (EAAI) which was considerably higher than those value
presented by Mitrus et al. (10) but comparable with those data presented by Eriksen (39). The
protein nutritive values of heat coagualate, ethanol protein concentrate and FeCls concentrate
were comparable and achieved 83.3, 81.7 and 82.7 % of whole egg standard, respectively.
The lowest nutritive value of PFJ was particularly given by high content of aspartic and
glutamic acids and their amindes. Excellent nutritious value of patain proteins (EAAI 86.1 %)
confirms the hypothesis that patatin represents the protein with role of nutritious enhancer,
which should be important for future exploitation of the potato protein concentrates or their

patatin fraction in food applications.

Functional properties of potato protein isolates

Patatin for its enzymatic, foaming and emulsifying properties (1, 9, 16, 19, 20) represents very
interesting and potentially easily utilizable protein fraction presented in PFJ. LAH activity of
this protein was used for detection of contingent changes in of patatin functional properties.
How can be seen from the data of Table 5, functionality of patatin proteins was examined
only in ethanol protein precipitate. The low functionality of heat coagulate was presumed and
the activity of 0.0108 pmol mg" min™ represent the LAH activity of the minimal rest of
patatin proteins that remained re-soluble. The same is for FeCls precipitation. Using this
precipitator the re-solubility of isolated protein is high and it could be concluded that the
precipitated protein should be in native form. However, the re-solubility of FeCls protein

concentrate is dependent on using chelating agent (here EDTA) while extraction of this
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concentrate by the enzymatic extraction with Tris-HCI buffer resulting in low re-solubility
and subsequently low activity of LAH. The LAH activity of purified patatin was lowest than
reported by Koningveld et al. (20) that could be explained by differences in PFJ used and
purification of the patatin directly from PFJ not from ethanol precipitate.

Antifungal activity of patatin proteins or isoforms of patatin was described by Sharma et al.
(40) and Tonodn et al. (47). Strong antifungal activity was also described for Kunitz type
inhibitors against fungi species Fusarium monniliforme (42). Using separation of re-soluble
part of ethanol protein concentrate on anion-exchange (DEAE) and affinity chromatographic
media were obtained fraction documanted on the Figure 2. From the group of fungi species
and genotypes were examined inhibition activities of purified fractions only against Fusarium
solani, 1036 and Alternaria solani, F 107. From the protein fractions used, exhibited
antifungal activity particularly purified patatin and total protein re-soluble from ethanol
protein concentrate. The antifungal activity of these fractions was not manifested by the real
inhibition zones as for A. solani, F 107 but the fungi reacted to the non-standard condition
with changes in colour and structure of the mycelium. These changes was examined in the

neighbourhood of the applied protein fractions.
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Table 1

Representation of protein components in protein concentrates isolated from potato fruit juice

Precipita¢ni ¢inidlo Patatin Protease inhibitors

39-43 kDa 25-21 kDa 20-15 kDa 14-0 kDa
PFJ 30.7 c 254 b 4.8 22.5 c
Heat coagulate 323 c 33.0 c 33 3.2 a
Ethnol percipitate 25.6 b 29.2 be 7.2 14.5 b
FeCl; precipitate 20.3 a 18.3 a 7.9 323 d

Means followed by the same letter are not significantly different (HSD test at 5% level).

Table 2

Glycoalcaloids content (mg kg') in dry matter of freeze-dried PFJ, heat coagulate and
precipitates obtained by using precipitation additives ethanol, FeCls

Type of PFJ Heat coagulate Ethanol precipitate FeCl; precipitate

glycoalcaloids
B,-solanin 3.85 4.66 3.71 4.28
a-solanin 559.13 413.52 341.51 291.30
Bi-chaconin 279.70 323.39 203.09 253.62
a-chaconin 777.12 493.89 311.59 407.55
y-chaconin / 3,35 / /
B,-chaconin 14.25 7.36 4.23 10.41
solaninidin 112.86 366.13 151.44 228.82
Glycoalcaloids 1746.91 1612.3 1015.57 1195.98
total' c ¢ a b

'Data represent the mean of 2 determinations with average analysis error of 2%. Total contents of glycoalcaloids
with different letters are significantly different (P < 0.05).

Table 3

Contents of nitrogen, crude protein and mineras in dry matter of PFJ, heat coagulate and
protein concentrates obtained by using precipitation with ethanol and FeCls

Components (% of dry matter)

Samples Nitrogen Protein ~ Calcium Magnesium Natrium Phosphorus Potassium
(N x 6.25)
PFJ 727 a 4547 a 011 a 074 b 01 a 108 c¢ 1211 c
Heat coagulate 1359 b 8491 b 012 a 012 a 004 a 039 a 1.64 ab
Ethanol precipitate 1326 b 8288 b 0.19 a 013 a 056 b 042 a 129 a
FeCl;precipitate  11.11 ab 6941 ab 0.13 a 010 a 071 b 091 b 1.80 b
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Table 4
Amino acid composition of PFJ and protein precipitates (grams of amino acids per 16 g of

nitrogen)
Amino acid PFJ Heat coagulate Ethanol FeCl; precipitate Purified
precipitate patatin
aspartic acid ' 24.19 15.63 15.36 15.51 14.32
threonin 3.39 4.57 4.47 4.42 5.56
serine 3.54 5.11 5.10 4.89 5.03
glutamic acid 11.65 9.77 9.76 9.93 10.97
proline 3.11 4.10 4.13 3.89 3.56
glycine 4.80 6.10 6.15 6.10 5.04
alanine 4.48 5.17 5.47 5.87 6.87
cysteine 1.04 1.21 1.25 1.30 0.89
valine 4.46 4.49 4.22 4.46 3.81
methione 1.08 1.35 1.33 1.24 1.02
isoleucine 3.06 3.41 3.14 3.32 3.04
leucine 5.24 6.36 6.22 6.48 7.80
tyrosine 2.26 2.83 2.73 2.69 3.21
phenylalanine 2.87 3.68 3.49 3.47 3.60
histidine 4.27 4.92 5.20 5.10 8.21
lysine 7.75 9.19 9.41 9.58 8.21
arginine 12.80 12.10 12.56 12.26 8.86
Total AA g/kg of 406.6 837.9 789.1 691.8 564.8
dry matter
Total EAA g/kg 174.0 417.6 487.3 343.6 292.7
of dry matter”
Average AAS’ 79.5 93.8 93.9 94.4 111.2
% AAS of limited 37.7 45.5 459 45.2 34.0
amino acid Cysteine Cysteine Cysteine Cysteine Cysteine
Methione Methione Methione Methione Methione
% EAAI 70.6 83.3 81.7 82.7 86.1

"Mean value (gram of amino acid per 16 g of N) of measurements for 3 replications. > Total content of essential
amino acids (g of amino acids per kg of dry matter): threonine, valine methionine, cysteine, isoleucine, leucine,
phenylalanine, tyrosine, lysine and histidine. *AAS and EAAI (%) calculated according to the method of Block
and Mitchell (1946) and Oser (1961); AAS and EAAI were computed from the whole egg standard.

Table 5
Patatin LAH activity of freeze-dried PFJ, heat coagulate, patatin purified from industrial PFJ
and precipitates obtained by using precipitation additives ethanol, FeCl;

Samples Specific protein activity Change in specific protein activity
(umol mg”' min™) X
PFJ 0.0334 a 1.00
Heat coagulate 0.0108 a 0.32
Ethanol precipitate 0.0703 a 2.10
FeCl; precipitate 0.0299 a 0.90
Purified patatin 0.4911 b 14.70
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Fig 1A: Effect of increasing ethanol concentration in PFJ on yield and re-solubility of
precipitated protein
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Fig 1B: Effect of increasing FeCls concentration in PFJ on yield and re-solubility of
precipitated protein
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patatin proteins L

39-43 kDa - - -

PLotease 1
4-25 kDa

A B C D E
Fig 2: SDS-PAGE of protein fraction obtained during patatin proteins purification on
anion exchange and affinity chromatographic media

A - re-soluble proteins of protein concentrate isolated from PFJ by ethanol precipitation applied on column
containing anion exchanger DEAE cellulose

B - protein components non captured on DEAE cellulose

C - protein components captured on DEAE cellulose and applied on column containing ligand Con A

D - protein components non capture on ConA

E - protein fraction captured on Con A - purified patatin
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Fig 3B: Antifunagal activity of potato protein fractions against Alternaria solani, F-107.

A - re-soluble proteins of protein concentrate isolated from PFJ by ethanol precipitation; B - protein components
non captured on DEAE cellulose (potato proteins with basic pl); C - control 25 mM Tris-HCl buffer, pH 7.4; D -
proteins non capture on ConA - acidic potato proteins without oligosaccharide chain; E - purified patatin proteins
captured on ConA; E-50 - purified patatin applied in higher amount of 40 pl.
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1. UVOD

Rostlinna produkce byla v uplynulém stoleti chapana piredevsim ve smyslu zvySovani
vynost. Timto smérem byl také sméfovan teoreticky i1 aplikovany vyzkum produkce rostlin,
jehoz rozvoj v druhé poloviné minulého stoleti se zaslouzil o vyrazné zvySovani vynosu
mnoha kulturnich plodin. Dosazen4d nadprodukce potravin a ekologicka problemati¢nost
intenzivni rostlinné vyroby vedou ve vyspélych zemich k ptehodnoceni dosavadnich postupii
a pozornost se presouvd k novym formdm rostlinné¢ produkce. Diskutované jsou principy
precizniho zeméd€lstvi, produkce v systémech organického zemédélstvi, vyuzivani genového
inzenyrstvi s realizaci novych ideotypli kulturnich plodin a zvySovani kvalitativnich
parametri produkce. V neposledni fadé¢ se méni i piistup v navazujicich technologiich
zpracovani rostlinné produkce a lze ocekavat vyznamny pokrok v oblastech recyklace,
uzavienych technologickych procesti a bezodpadovych vyrobnich technologii.

Z pohledu vyzivy je lidstvo zdvislé na piiblizn€ dvaceti intenzivné péstovanych
plodinach, mezi nimiz brambor hliznaty (Solanum tuberosum L.) zaujima produkéné Ctvrté
misto. V lidské vyzivé i ve zpracovatelském primyslu je vyznam bramborové hlizy spojen
zejména s obsahem Skrobu. Vyznam bilkovin byl pro jejich pomérné nizky obsah v Cerstvé
hmot¢ hliz opomijen, a to i pfesto, ze bilkoviny brambor patii nutricné mezi nejkvalitnéjsi
bilkoviny rostlinného piivodu a vzhledem k vysoké konzumaci brambor na obyvatele v Ceské
republice je jejich sumarni piijem vyznamny. Sir§imu vyuziti hlizovych bilkovin nahrava také
skutecnost, ze piiblizn€ 1-2 % svétové populace trpi nejriznéjSimi potryvinovymi alergiemi, u
nichz jsou jako nej€astéjsi zdroje uvadény bilkoviny obilovin, s6ji, vajec a ryb. Alergie vici
hlizovym bilkovindm brambor jsou velmi vzacné.

V neddvné dobé byla publikovédna ftada praci, které se zabyvaly charakterizaci
biochemickych vlastnosti hlizovych bilkovin brambor a zvlast¢ pak hlavnich zasobnich
bilkovin patatinu a inhibitor proteas. Na zékladé ziskanych informaci lze pfedpokladat, ze
vyznam hlizovych bilkovin brambor nemusi v budoucnu spocivat jen v oblasti vyzivy, nebot
disponuji celou fadou vlastnosti vyuzitelnych v potravinarském, kosmetickém ¢i
farmaceutickém prumyslu. Hlizové bilkoviny, ale pfedevsim jejich patatinova frakce, maji
schopnost tvorby velmi stabilnich pén a emulsi a byla u nich zjistén fada enzymovych aktivit
vyuzitelnych v biotechnologickych aplikacich. Vyuziti tohoto potencidlu je podminéno
ziskdnim izolath hlizovych bilkovin, ¢i jejich vyznamnych frakci v nativnim stavu se
zachovanim pfirozenych biologickych vlastnosti. Znalost biochemickych vlastnosti hlizovych
bilkovin umozni vytvotfeni Setrného zplsobu primyslové izolace hlizovych bilkovin se
zachovanim jejich vyuzitelnych biologickych vlastnosti pfi dosazeni maximalni rentability
izola¢niho procesu. Bilkoviny patatinového komplexu ptedstavuji z hlediska relativniho
zastoupeni, ale 1 z pohledu jejich nutri¢nich 1 funkénich vlastnosti nejvyznamnéjsi slozku
hlizovych bilkovin. Je nesporné, Ze tyto bilkoviny budou hrat klicovou roli pfi ziskani i
vyuziti izolati hlizovych bilkovin. Pfesto v této oblasti existuje celd fada nezodpovézenych
otazek, které se tykaji napt. skutecné fyziologické role téchto bilkovin, zmén jejich obsahu a
relativni abundance v zavislosti na zménach podminek prostiedi a genotypové (resp.
odridové) variability.





I1. CILE DISERTACNI PRACE

Cilem prace bylo rozSifeni znalosti o kvantitativnich a funkc¢nich vlastnostech

hlizovych bilkovin druhu Solanum tuberosum L., ptedevSim s ohledem na moznosti jejich
prumyslové izolace a nasledné vyuziti bilkovinnych koncentrati v riznych aplikacich.
Z celkového komplexu hlizovych bilkovin brambor, byla pozornost soustfedéna predevsim na
patatinové bilkoviny, které z hlediska kvantitativniho i1 funkéniho pfedstavuji nejvyznamné;jsi
frakci hlizovych bilkovin.

Dil¢i cile prace byly nasledujici:

>

>

Vypracovat literarni prehled pokryvajici danou problematiku.

Stanovit rozsah odridové variability (primyslové odrady versus konzumni odridy)
relativni abundance bilkovin patatinového komplexu v celkovém obsahu hlizovych
bilkovin a stanovit stabilitu jejich relativni abundance v klimatickych podminkach
ro¢nikového opakovani.

Stanovit rozsah odridové variability obsahu c¢istych bilkovin a posoudit vzijemné
korela¢ni vztahy obsahu patatinovych bilkovin a ostatnich vyznamnych ukazateli,
jakymi jsou napft. obsah dusikatych latek, ¢istych bilkovin, Skrobu, susiny apod.

Testovat moznost prumyslové izolace hlizovych bilkovin brambor a optimalizovat tento
postup s ohledem na dosazeni maximalni vytéznosti izolovanych bilkovin s vysokou
mirou zpétné rozpustnosti.

Analyzovat chemické slozeni bilkovinnych izolatd ziskanych zhlizové vody
optimalizovanymi postupy a stanovit rozsah zachovani funk¢nich vlastnosti izolovanych
bilkovin sohledem na potencidl vyuziti téchto koncentratl v potravinafstvi C¢i
biotechnologickych aplikacich.

Optimalizovat postup purifikace bilkovin patatinového komplexu .

Izolovat ze ziskanych bilkovinnych izolati vyznamné frakce (bilkoviny patatinového
komplexu, inhibitory proteas) a charakterizovat jejich enzymové aktivity a funkéni
(resp. antifungalni) vlastnosti.

Stanovit rozsah tepelné stability izolovanych hlizovych bilkovin pro potieby jejich
stabilizace (resp. konzervace) susenim.





III. LITERARNI PREHLED

1I1.1. VYZNAM DRUHU SOLANUM TUBEROSUM L.

I11.2.1. Klasifikace hlizovych bilkovin brambeor..............................

I11.2.2. Bilkoviny patatinového komplexu........................ociiiiiiiiii. ..

I1.2.2.1. Genova exprese patatinu. .. ......c.oevuevuiieitinineineeneeieneeeeene,

I11.2.2.2. Struktura patatinu..

I11.2.2.3. Enzymova aktivita patatinovych bilkovin........................ooa

II1.2.2.4. Isoformy bilkovin patatinového komplexu...............................l.

I11.2.3. Inhibitory proteas hliz brambor............................

I11.2.3.1. Dé¢leni inhibitord proteas hliz brambor dle POVREAU et al. (2001)......

111.2.3.2. Vyznamné skupiny hlizovych inhibitord proteas .........................
I11.2.4. Ostatni bilkoviny hliz brambor.................................

I11.2.5. Nutriéni hodnota hlizovych bilkovin brambor.................................

II1. 3. FAKTORY OVLIVNUJICI KVALITU A KVANTITU HLIZOVYCH BILKOVIN BRAMBOR

I11.3.1. Vliv genotypu ............

I11.3.2. Vliv podminek prostiedi, technologie péstovani a skladovani...............

111. 4. BIOCIDNI UCINKY HLIZOVYCH BILKOVIN BRAMBOR. ... ..teeeettiaaeeeeeeaaanns,

I11.4.1. Obecné principy vyznamu biocidnich latek v rostlinné fyziologii.........

I11.4.1.1. Biocidni t¢inky bilkovin a peptidl ............ccooviiiiiiiiiiiiiii,

I11.4.2. Biocidni u¢inky nejvyznamnéjSich hlizovych bilkovin .......................

I11.4.2.1. Biocidni G€¢inky bilkovin patatinového komplexu........................

I11.4.2.2. Biocidni G¢inky inhibitorii proteas a ostatnich bilkovin hliz brambor...

II1. 5. MOZNOSTI PRUMYSLOVE IZOLACE HLIZOVYCHBILKOVIN .....oovviiiiiiiieennnnnnnn.

I11.5.1. Produkce a sloZeni hlizové vody brambor.......................................

II1.5.1.1. Bilkoviny hlizové vody brambor....................oooiiiiiiiiin

I11.5.2. Izolace bilkovin z hlizové vody....................coiii

II1.5.2.1. Izolace hlizovych bilkovin v nedenaturovaném stavu.....................

I11.5.2.2. Izolace hlizovych bilkovin pomoci srazecich €inidel.....................

II1.5.3. Kvalitativni parametry koncentrati hlizovych bilkovin a moZnosti

jejich vyuziti........................
111.6. SEZNAM POUZITE LITERATURY

11

12
13
14
14
16
17
19
20

22
23
23
24
24
25
27

28
29
29
30
31
32
33
33
34
35

36
38

10





III.1. VYZNAM DRUHU SOLANUM TUBEROSUM L.

Druh Solanum tuberosum L. (brambor hliznaty) néalezi do rodu lilek (Solanum Tourn.)
a Celedi lilkovitych (Solanaceae Pers.). Druhové vlastnosti evropského bramboru (Solanum
tuberosum L. spp. europeum Buk. et Lechn.) prameni z vlastnosti jeho jihoamerickych
predkd, které vsSak byly c¢astecné pozménény dlouholetym S$lechténim a péstovanim
v evropskych  podminkach. Odridy evropského bramboru vznikly z dovezenych
jihoamerickych druhtt Solanum tuberosum L. a Solanum andigenum Juz. et Buk., jejich
kulturnich forem a odrd. Pozdé&ji pak pfti Slechténi brambor byly ke kiiZeni pouzity i nekteré
plané druhy. Ve vyslechténych odridach jsou tedy vrizném stupni a v rozdilnych
kombinacich zastoupeny biologické a hospodaiské vlastnosti jejich predk (RYBACEK ef al.,
1988).

Potravinafské vyuziti bramborovych hliz v Evropé zadalo nejdiive ve Spanélsku, tedy
v zemi kam byly brambory jiz v 16. stoleti dovezeny z Jizni Ameriky. Zapisy z klasterniho
Spitalu v Seville zr. 1573 svéd¢i o ndkupu brambor pro nemocné v okoli mésta, neobsahuji
vSak udaje o zptisobu péstovani. Polni plodinou se brambory pravdépodobné¢ staly v poloving
17. stoleti, a to nejdiive v Irsku. U nds se zacaly péstovat na polich od pocatku 18. stoleti,
nejdiive v okoli husté¢ obydlenych hornickych mést na Jachymovsku, Vlasimsku a
Ptibramsku. Vice nez pul stoleti byly vSak brambory pouze nouzovou potravinou, u které
nebylo mnoho zkuSenosti s péstovanim ani kuchynskou upravou. Po neurodach a
hladomorech v letech 1756-1763 doslo k jejich vétSsimu rozsifeni. Spotieba brambor rychle
stoupala a vroce 1850 byla dosazena rekordni spotifeba 170 kg na osobu (RYBACEK et al.
1988). Od tohoto vrcholu pak spotfeba na osobu rychle klesala a v souCasnosti dosahuje
pfiblizn& 70 kg na osobu (Z1ZKA 2006).

Tabulka 1: Spotieba brambor podle oblasti v roce 2005 (FAOSTAT 2007)

svétadil spotieba brambor
populace celkova spotieba (t) spotfeba na hlavu (kg)

Afrika 905 937 000 12 850 000 14.2
Asie/Oceanie 3 938 469 000 101 756 000 25.8
Evropa 739 276 000 71 087 000 96.2
Latinska Amerika 561 344 000 13 280 000 23.7
Severni Amerika 330 608 000 19 156 000 57.9
Svét 6 475 634 000 218 129 000 33.7

Hliza bramboru v podobé¢ riznych kuchyniskych tprav ¢i potravinaiského zpracovani
neodmyslitelné patii do jidelnicku vétSiny obyvatel Evropy a Ameriky, ale i ostatnich
svétadila (tabulka 1). V bohatsi ¢asti svéta, v zemich s vyspélym zemédé€lstvim (zejména v
Evropé a v Severni Americe) doslo za poslednich 15 let ke snizeni produkce brambor témét o
ctvrtinu, naopak v chudsi ,,hladovéjici® ¢asti svéta, stoupla produkce za stejné obdobi témér
dvojnasobné. Dle udaji organizace FAO (FAOSTAT 2007) je vsoucasné dob¢ druh
S. tuberosum s celosvétovou produkci 329 miliond t hliz (19,1 milioni ha plochy) ¢tvrtou
nejvyznamngéjs$i zemédelskou plodinou a zaostavéa pouze za produkei pSenice, ryze a kukufice.
Statistiky organizace FAO dale uvadéji, ze 52 % svétové produkce hliz brambor je vyuzivano
jako potravina v lidské vyzive, 34 % jako krmivo, 11 % produkce jsou sadbové hlizy a 3 %
jsou ur¢eny pro vyrobu Skrobu a lihu. V rozvinutych zemich je struktura produkce brambor
odli$na - napt. v CR je 75 % produkce brambor uréeno pro vyzivu lidi, 11 % pro zpracovani
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na $krob, 10 % je podil sadby a jen asi 4 % jsou pro vyzivu zvifat (ZIZKA 2006).
II1.2. CHARAKTERISTIKA HLIZOVYCH BILKOVIN BRAMBOR

Primérné chemické slozeni vyzralych hliz brambor je uvedeno v tabulce 2. Konkrétni
sloZeni je zavislé na mnoha faktorech, ¢imz lze vysvétlit velké rozpéti hodnot u sledovanych
obsahovych latek a odliSnosti mezi riznymi autory. Vzhledem k zaméteni prace se bude tato
kapitola blize zabyvat predevsim dusikatymi latkami a bilkovinami hliz brambor.

Tabulka 2: Primérné chemické slozeni bramborovych hliz (KOLBE & STEPHAN-BECKMANN
1997)

Obsah
Latka - slozka v % ptvodni hmoty rozpéti v % plvodni v % susiny

bramborové hlizy hmoty
Voda 76,3 63,2 - 86,9 -
Sugina 23,7 13,1 -36,8 -
Skrob 17,5 8,0-29,4 73,8
Celkovy cukr 0,5 stopy - 8,0 2,1
Hruba bilkovina 2,0 (N x 6,25) 0,7-4,6 8.4
Vléknina 0,7 0,2-3,5 1,68
Celkovy tuk 0,1 0,04 - 0,96 0,4
Celkovy popel 1,1 0,04 - 0,96 4.6
Vitamin C 15,000 mg .100 g - 63,3 mg.100 g
Thiamin (B,) 0,110 mg .100 g - 0,4 mg.100 g’
Riboflavin (B,) 0,051 mg .100 g - 0,2 mg.100 g’*

Brambory jsou obecné tazeny k plodinam s nizkym obsahem dusikatych latek a
bilkovin ve skliziovém produktu, ale zaujimaji vyznamné postaveni v hodnoceni celkové
produkce dusikatych latek na jednotku plochy (BARTA 2002). Vyjadieni obsahu dusikatych
latek je obvykle zalozeno na stanoveni obsahu dusiku a nasledném piepoctu piisluSnym
koeficientem (nejcastéji koeficientem 6,25) na obsah tzv. hrubych bilkovin. Obsah dusikatych
latek je vyjadfovan v Cerstvé hmoté hliz nebo v suSin€ hliz (BARTA 2002). Hodnota obsahu
dusikatych latek mize kolisat ve velmi Sirokém rozpéti od 1,6 az do 11,8 % v Cerstvé hmote
hliz (DEBRE & BRINDZA 1996). VétSina autort uvadi stfedni hodnotu obsahu dusikatych latek
v Cerstvé hmoté hliz cca 2 %, coz predstavuje piiblizné 10 % v susin¢ hliz (MiCA 1986;
DEBRE & BRINDZA 1996). Dusikaté latky hliz brambor jsou obvykle zjednodusené déleny na
dusikaté latky bilkovinné a nebilkovinné povahy. MARKAKIS (1975) uvadi pro jednotlivé
slozky dusikatych latek nasledujici relativni obsahy: 50 % ptedstavuji bilkoviny, 15 % volné
aminokyseliny, 23 % amidy a 12 % ostatni dusikaté latky (glykoalkaloidy solaniny a
chaconiny, sekundarni metabolity acetylcholin, adenin, kadaverin, guanin, hypoxanthin,
narkotin, trigonelin, xanthin aj.). Obdobné rozd¢€leni a zastoupeni nebilkovinnych dusikatych
latek uvadeji RYBACEK ef al. (1988).

Volné aminokyseliny (15 % zobsahu dusikatych latek) jsou v hlize zastoupeny
predev§im dvaceti béznymi aminokyselinami. Vedle téchto se vyskytuji v hlize i méné
obvyklé¢ aminokyseliny, jako je [-alanin. Vyznamnou slozkou =z hlediska celkového
metabolismu dusikatych latek jsou amidy glutamin a asparagin, které predstavuji rezervu
dusiku, ve které se v hlize akumuluje. K zminénym amidiim lze se stejnou funkci jesté doplnit
aminokyselinu arginin. Vyznamnou slozkou dusikatého komplexu tvoii dusi¢nany. Obsah
dusi¢nani v brambordch neni vysoky, ptfedstavuje zhruba 4 % celkového dusiku, je vSak
vyznamny svym dopadem (RYBACEK et al. 1988). Obsah dusi¢nanii je ovlivnén predevSim
prostiedim (z 85,2 %) a podstatné mén¢ odridou (z 5,4 %) (MiCA 1986).

V absolutnich hodnotach je uvadén obsah bilkovin okolo 15 g proteinu.kg™ Cerstvé
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hmoty hliz (LISINSKA & LESZCYNSKI 1989). Ptiblizn¢€ 50 % zastoupeni bilkovin v dusikatych
latkach je hodnota, na které se shoduje vétSina autorti (DEBRE & BRINDZA 1996; MicCA &
VOKAL 1997). Ptesto jsou pro obsah bilkovin uvadény i hodnoty kolisajici v §irSim rozpéti.
RYBACEK et al. (1988) uvadé¢ji, ze podil cisté bilkoviny se v celkovém obsahu dusikatych
latek pohybuje v rozmezi 1/3-1/2, ovSem je rovnéz uvadéno, ze podil bilkovin mtze kolisat i
v rozpéti od 34 do 70 % (L1 & SAYRE 1975; DEBRE & BRINDZA 1996; BARTA 2002).

Podobné jako vétSina ostatnich latek, ani dusikaté latky nejsou v hlize rozmistény
zcela rovnomérné. Dusikaté latky jsou lokalizovany ptedevsim v oblasti slupky a srdécka.
Podil bilkovinného dusiku je v oblasti slupky 35,5 % a obou amidu (asparagin a glutamin)
44,7 %, zatimco v oblasti vnitini duzniny jsou podily stejnych slozek v celkovém dusiku
28,2 % a 71,7 % (MiCA & VOKAL 1997).

I11.2.1. Klasifikace hlizovych bilkovin brambor

Bilkovina hliz brambor neni homogenni slozka a zptsob klasifikace jednotlivych casti
je nejednotny. Ve starS$i literatuie je uvadéna klasifikace hlizovych bilkovin podle
rozpustnosti na globulinovou, albuminovou, prolaminovou a glutelinovou frakci. RYBACEK et
al. (1988) uvadéji 70 % zastoupeni globulinové frakce v hlizovych bilkovinach a 30 %
zastoupeni albuminové frakce. Globulinova frakce je oznaCovéna také jako tuberin, zatimco
albuminové frakce jako tuberinin. Oznaceni tuberin pouZili poprvé OSBORNE & CAMPBELL v
roce 1896. Nazory na zastoupeni zminovanych frakci se mezi autory liSi - napi. LINDNER et
al. (1960) klasifikovali hlizovou bilkovinu na albuminy (50 %), globuliny (26 %) a zbytek
(22 %), ktery zahrnoval prolaminovou a glutelinovou frakci. SEIBLES (1979) zjistil podily
75 % pro albuminovou a 25 % pro globulinovou frakci.

V novégjsich publikacich jsou celkové bilkoviny hliz brambor klasifikovany pomoci
charakteristik vychazejicich z elektroforetickych analyz (SDS-PAGE, PAGE, SGE, IEF, 2D-
PAGE). Nejvyznamnéjsi z jmenovanych technik je metoda SDS-PAGE, pomoci které POTS
(1999) separoval hlizové bilkoviny a na zdkladé ziskanych spekter definoval tfi vyznamné,
nasledujici skupiny:

I) Patatin - vysoce homogenni skupina isoforem, skladajici se z glykoproteini o
velikosti kolem 43 kDa. Predpokldda se, ze funkce této skupiny bilkovin je
pfedevsim zéasobni, avSak je zndmo, Ze tyto bilkoviny vykazuji i rozsahlou
enzymovou aktivitu. Komplex patatinovych bilkovin pfedstavuje 20-40 % vSech
extrahovatelnych hlizovych bilkovin.

IT) Inhibitory proteas - predstavuji 20-30 % z extrahovatelnych bilkovin. Tato
skupina je dale d€lena do podtiid. Jednd se o podttidu I, ktera zahrnuje bilkoviny o
velikosti 8,1 kDa; podtiidu II s bilkovinami o velikosti 12,3 kDa (CLEVELAND et
al. 1987; SANCHEZ-SERRANO et al. 1986) a podtiidu III zahrnujici proteasové
inhibitory s variabilni velikosti od 22 do 25 kDa (RITONJA ef al. 1990, SUH et al.
1990). Podle nového systému déleni, ktery byl navrzen v praci POVREAU et al.
(2001) jsou inhibitory proteas hliz brambor déleny do sedmi tid.

III)  Ostatni bilkoviny - pfedstavuji 20-30 % z extrahovatelnych bilkovin hliz. Tato
skupina zahrnuje bilkoviny s vysokou molekulovou hmotnosti - jedna se naptiklad

o syntasu Skrobu, hlizovy lektin nebo fosforylasu s molekulovou hmotnosti
80 kDa.
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Autor tohoto rozdéleni hlizovych bilkovin uvadi, ze se jedna o prozatimni klasifikaci,
kterd je vSak pfi souCasné mife znalosti nejpfesnéjsi. Klasifikace mize byt pozménéna
vzhledem ke skuteCnosti, ze kvalitativni parametry fady hlizovych bilkovin nejsou zcela
znamy a lze ocekdvat, ze suplatnénim novych postupli identifikace bilkovin budou
charakterizovany nové hlizové bilkoviny. Tento ptedpoklad potvrdila i studie autorii
LEHESRANTA et al. (2006), jenz se zabyvala proteomickou analyzou hliz brambor v pribéhu
vyvoje hlizy (od tuberizace az po zralou hlizu). Proteomické profilovani hliz v riznych fazich
vyvoje s vyuzitim technik 2D-PAGE a ES-MS/MS vyustilo v detekci 800 typi bilkovin,
znichz 150 vykazovalo vyraznou odliSnost v abundanci v prubéhu vyvoje hlizy. V ptipadé
109 bilkovinnych bodid byla uspésné provedena identifikace. Vedle jiz diive popsanych
hlizovych bilkovin, jako jsou patatinové bilkoviny ¢i inhibitory Kunitzova typu, byly
byly u zralych hliz identifikovany dv€ zajimavé bilkoviny, PR-10 (pathogenesis-related
protein-10) a bilkovina indukovatelna tepelnym Sokem (angl. small heat shock protein).

I11.2.2. Bilkoviny patatinového komplexu

Patatin je trividlni oznaceni, kterym byla tato bilkovina nazvana jiz v roce 1980, kdy
byla skupina (rodina) patatinovych bilkovin poprvé izolovana pomoci iontovyménné a afinitni
chromatografie (RACUSEN & FOOTE 1980). Patatin je pravdépodobné totozny se skupinou
bilkovin, kterou izolovali KOSIER & DESBOROUGH (1981) frakcionizaci na HPLC a
pojmenovali ji tuberin. Pozdéji DESBOROUGH (1985) oznacil ndzev tuberin jako nespravny a
potvrdil identitu téchto bilkovin s patatinovymi. Je ovSem také uvadéno, ze izolace a ¢astecna
charakterizace patatitovych bilkovin probéhla jiz diive (GALLIARD 1971; DENNIS &
GALLIARD 1974).

Ve starSich publikacich byl patatinovy komplex predstavovan jako skupina
imunologicky identickych glykoproteid s molekulovou hmotnosti v rozsahu od 40 do 45 kDa
a prokazanou lipid acyl hydrolasovou aktivitou (DENNIS & GALLIARD 1974; LEE ef al. 1983).
Pozdéji bylo zjisténo, ze patatin je pravdépodobné ,in vivo™ syntetizovan jako ,,vetsi
prekurzor s molekulovou hmotnosti 43 kDa a nésledné je ,,upravovan odstépenim signalniho
peptidu, ktery je tvofen 23 aminokyselinami (MIGNERY et al. 1984). V nové¢jsich publikacich
je uvadéna molekulovd hmotnost téchto bilkovin v rozmezi 40-43 kDa (ROSAHL et al. 1986;
PoTs 1999). Hodnota isoelektrického bodu bilkovin patatinového komplexu se nachazi
v rozpéti pH 4,6 az 5,2 (POTS 1999). Patatin je zfejmé ptitomny ve vSech odridach brambor,
véetné piibuznych divokych diploidi ze skupiny ,,Andigena* a ,,Phureja* (LEE et al. 1983).

Bilkoviny patatinového komplexu zaujimaji 20-40 % rozpustnych bilkovin
bramborovych hliz, (MACRAE et al. 1998; POTsS 1999). V hlize je patatin lokalizovan
v centralnich vakuolach parenchymatickych bunék (SONNEWALD et al. 1989). Tento fakt
spolu s vysokym zastoupenim patatinu v hlize je diivodem, pro¢ jsou bilkoviny patatinového
komplexu povazovany za hlizové bilkoviny majici predevsim zasobni funkci (ROSAHL et al.
1986). Presto byla vzhledem ke specifické enzymové aktivité bilkovin patatinového komplexu
vyslovena hypotéza, zZe zadsobni funkce neni jedinou funkci této bilkoviny (SENDA et al. 1996;
TONON et al. 2001; PEYER et al. 2004; BARTA & CURN 2004).

I11.2.2.1. Genova exprese patatinu

Studiu gent kodujicich patatinové bilkoviny byla vénovéna rozsahla pozornost.
ROSAHL et al. (1986) izolovali a charakterizovali patatinovy gen sekvenovanim klonu cDNA
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a fragmentu o velikosti 5,3 kb (viz obr. 1). U obou byl nalezen otevieny cteci rimec (ORF)
1158 nukleotidti. V sekvenci je ORF naruSen Sesti introny. ORF koduje bilkovinu o velikosti
42 kDa (tato bilkovina je o 2,5 kDa vétsi nez posttranslacné upraveny patatin). Patatinovy gen
ma podle téchto autorti vSechny charakteristické sekvence bézn€ nalézané v eukaryotickych
genech. TATA box je nalézan 25 nukletidii proti sméru od mista transkripéniho pocatku a
sekvence CAAACT v pozici 60. V oblasti 3" konce je nalézdna konsensus sekvence
AATAAA 13-18 nukleotida pted poly(A) signalem.

CAAACTCAAAAT

CTATATATA

ATG TGA
735 389 337 454 88 794 816 375

s l— - i ¥

168 182 157 165 288 143 22

Obr. 1: Schématicky diagram patatinového genu. Gen je tvofen sedmi exony (Cerné
obdélnicky), Sesti introny (spojnice mezi obdélnicky) a regulatnimi oblastmi; délka
jednotlivych casti je uvedena v bp (ROSAHL ef al. 1986)

Patatin se za podminek kdy rostlina vytvaii hlizy vyskytuje ve vyznamném mnozstvi
jen v hlizach. V listech, stoncich a kofenech se patatin vyskytuje pouze ve stopovych
mnozstvich (MIGNERY et al. 1988). Z hlediska genové exprese tak existuji dvé tfidy gend,
které koduji patatinové bilkoviny a které se strukturné li§i pfitomnosti (tfida I), ¢i
nepiitomnosti (tfida II) sekvence o délce 22 bazi v oblasti 5° konce. Transkripty tiidy I
prevladaji v hlize, zatimco transkripty tfidy II jsou v hlizach pfitomny v 50-100 krat menSim
mnozstvi. V kotenech pievladaji transkripty tfidy II, ¢emuz odpovida i zjisténi PIKARD et al.
(1987) a Liu et al. (1991), kteti uvadéji, Ze multigenova rodina tiidy I je exprimovana pouze
v hliz4ch, zatimco multigenové rodina tfidy II je exprimovana v nizkych hladinach v celé
rostliné. Studie promotoru patatinového genu odhalily neménnou 100-bp oblast, kterd
obsahovala dvé opakujici se domény - oznacené jako A-box a B-box, které jsou zdsadni pro
expresy patatinovych gent tfidy I. Bylo zjisténo, Ze tyto domény maji schopnost vazat
bilkoviny jadra, u kterych se pfedpoklada funkce transkripénich faktorti (GRIERSON et al.
1994). Tyto na DNA vazajici se bilkoviny byly oznaceny jako ,storekeeper a jsou
pravdépodobné nejvyznamnéj$imi regulatory exprese patatinovych genli (ZOURELIDOU ef al.
2002).

Uvadéné multigenové tiidy citaji 50-70 gend a z 98 % jsou homogenni (TWELL &
Ooms 1988). TWELL & Ooms (1988) tvrdi, ze patatin je kodovan genovou rodinou
s odhadovanym poctem kopii 10 az 18 na haploidni genom, v zavislosti na odridé. Patatinové
geny jsou lokalizovany v jediném lokusu na chromosomu 8 (GANAL et al. 1991; STUPAR et al.
2006). Aktivita patatinovych genil se vyrazné zvysuje s pocatkem tuberizace (BACHEM et al.
2000). JEFFERSON et al. (1990) potvrdili u syntézy patatinu vysoky stupen hlizové specifity,
ale také moznost indukce jeho syntézy v jinych organech rostliny v souvislosti s vysokymi
koncentracemi sacharézy v zivnych mediich. Z téchto zjisténi vyplyva, Ze exprese
patatinovych gent je spojena se syntézou cukrl, avSak nejednd se o pfimy zpusob regulace
jejich exprese (GRIERSON ef al. 1994). STUPAR et al. (2006) zjistili, Ze vyrazny narust aktivity
genll zodpovédnych za expresi patatinovych bilkovin nastava v obdobi zacatku tuberizace a
casove se shoduje s nartistem acetylace histonu H4 lysinem. V pribéhu celého vyvoje hlizy se
nejCastéji vyskytovala skupina transkriptl patatinovych genii oznafena jako skupina A;
pritomnost této skupiny transkripti byla zjisténa i ve stolonu. Ostatni skupiny transkriptli se
vyskytovaly vyhradné v hlize.
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BANFALVI et al. (1994) porovnavali homologii patatinovych gend obou tfid druhu S.
tuberosum s patatinovymi geny druhu S. brevidens. Zjistili, ze geny patatinu u druhu S.
brevidens jsou z 94-100 % shodné s geny tfidy I druhu S. tuberosum, nicméné zptisob
regulace exprese téchto genl je podobny jako u geni tfidy II druhu S. tuberosum. Autofi se
domnivaji, ze tyto specifické hlizové bilkoviny mohou byt pfitomny i v druzich celedi
Solanaceae, které nevytvaieji hlizy, ale maji ziejmé rozdilné zpisoby regulace.

I11.2.2.2. Struktura patatinu

Patatin je v nativni formé& povazovan za dimer s pfibliznou molekulovou hmotnosti 80
kDa (RACUSEN & WELLER 1984) az 88 kDa (RACUSEN 1984). Aminokyselinova sekvence
monomeru patatinu je zaznamenana na obrazku 2 a ¢ita 362 aminokyselin (STIEKEMA et al.
1988). Pozitivné a negativné nabité fetézce jsou ndhodné rozlozeny po celé sekvenci.
Polypeptidovy fetézec obsahuje 17 zbytki tyrosinu a 2 zbytky tryptofanu, které jsou umistény
v tésné blizkosti (pozice 254 a 259) (Pots 1999). Glykosylace patatinu je uskute¢néna
prostiednictvim dvou asparaginovych zbytki, jejichz pozice je pravdépodobné zavisla na
poctu glykosylaci. SONNEWALD et al. (1989) nalezl u patatinu (odriidda Berlina) tfi moZna
glykosyla¢ni mista v pozicich 37., 67. a 181. aminokyseliny od N-konce fetézce, zatimco
STIEKEMA et al. (1988) uvadi dvé mozna glykosylacni mista, a to v pozici 92. a 301.
aminokyseliny od N-konce fetézce. Struktura mista pro navazani sacharidového fetézce je
Asn-X-Ser/Thr, kde X muze byt jakakoli aminokyselina s vyjimkou prolinu a asparaginu
(KATSUBE et al. 1998). Sacharidova ¢ast u patatinu predstavuje asi 4 % z celkové hmotnosti
makromolekuly (SONNEWALD et al. 1989; PoTs 1999). Struktura sacharidu je uvadéna
nasledujici: Mano[Mana6][Xylp2]Manf4GlcNacB4[Fuca3]GlcNAc. Hmotnost sacharidové
struktury je 1169 Da (SONNEWALD et al. 1989). Hmotnost patatinu bez glykosylace (odrtida
Bintje) je 39 745 Da (vypocitano z primarni struktury patatinu) (STIEKEMA ef al. 1988).

O strukturalnich vlastnostech patatinu jsou v literatuie omezené informace. Analyzy
provedené technikou far-UV CD odhalily, Ze na sekundarni urovni jsou u patatinu pfitomné
jak oblasti a-helikalni, tak i1 oblasti s B-fetézovou strukturou (LINDNER et al. 1980). Studie
zabyvajici se konformacnimi zménami izolovaného patatinu pfi nariistajici teploté a zméné
pH dokazaly, Ze patatin je vysoce strukturovanou molekulou. Strukturni integrita patatinu je
pfi snizeni pH zachovéna do hodnoty pH 6 a pfi zvySovani teploty do teploty 28°C (POTS
1999). V prostfedi s pH méné nez 5 je tercidrni struktura patatinu nevratné posSkozena
(KONINGSVELD ef al. 2001). Teplotni rozmezi pro ,,rozbalovani hlizovych bilkovin v rozmezi
55-75°C. Pomoci instrumentalnich analyz bylo zjiSténo, Ze nativni patatin ma cylindricky tvar
s prumérem 5 nm a délkou 9,8 nm (POTS 1999).
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Lys-Leu-Glu-Glu-Met-Val-Thr-Val-Leu-Ser-1le-Asp-Gly-Gly-Gly-lle-Lys-Gly-lle-1le-Pro-Ala-1le-1le- Leu

26 +
Glu-Phe-Leu-Glu-Gly-Gln-Leu-Gln-Glu-Val-Asp-Asn-Asn-Lys-Asp-Ala-Arg-Leu-Ala-Asp-Tyr-Phe-Asp-Val- [le
51 s
Gly-Gly-Thr-Ser-Thr-Gly-Gly-Leu-Leu-Thr-Ala-Met-lle-Thr-Thr-Pro-Asn-Glu-Asn-Asn-Arg-Pro-Phe-Ala- Ala-
76 *
Ala-Lys-Asp-lle-Val-Pro-Phe-Tyr-Phe-Glu-His-Gly-Pro-His-Ile-Phe-Asn-Tyr-Ser-Gly-Ser-Ile-Leu-Gly- Pro

101

Met-Tyr-Asp-Gly-Lys-Tyr-Leu-Leu-Gin-Val-Leu-Gin-Glu-Lys-Leu-Gly-Glu-Thr-Arg-Val-His-Gln-Ala-Leu- Thr
126

Glu-Val-Ala-1le-Ser-Ser-Phe-Asp-lle-Lys-Thr-Asn-Lys-Pro-Val-Ile-Phe-Thr-Lys-Ser-Asn-Leu-Ala-Lys- Ser

151

Pro-Glu-Leu-Asp-Ala-Lys-Met-Tyr-Asp-Ile-Cys-Tyr-Ser-Thr-Ala-Ala-Ala-Pro-1le-Tyr-Phe-Pro-Pro- His- His Phe-
176 +
Val-Thr-His-Thr-Ser-Asn-Gly-Ala-Arg-Tyr-Glu-Phe-Asn-Leu-Val-Asp-Gly-Ala-Val-Ala-Thr-Val-Gly- Asp- Pro
201

Ala-Leu-Leu-Ser-Leu-Ser-Val-Ala-Thr-Arg-Leu-Ala-Gln-Glu-Asp-Pro-Ala-Phe-Ser-Ser-Ile-Lys-Ser- Leu- Asp
226

Tyr-Lys-Gln-Met-Leu-Leu-Leu-Ser-Leu-Gly-Thr-Gly-Thr-Asn-Ser-Glu-Phe-Asp-Lys-Thr-Tyr-Thr-Ala- Glu- Glu
251

Ala-Ala-Lys-Trp-Gly-Pro-Leu-Arg-Trp-Met-Leu-Ala-Ile-Gln-Gln-Met-Thr-Asn-Ala-Ala-Ser-Ser-Tyr- Met- Thr
276

Asp-Tyr-Tyr-lle-Ser-Thr-Val-Phe-Gln-Ala-Arg-His-Ser-Gln-Asn-Asn-Tyr-Leu-Arg- Val-Gln-Glu-Asn- Ala- Leu
301

Aﬁn-(j]y-'l‘hr-'l‘hr-'l‘hr-GIu-Met-Asp-Asp-Ala-Scr-Glu-Ala-Asn-Mel-Glu-Leu-Lcu-VaI-Gln-Val-G]_v-Glu- Thr- Leu
326

Leu-Lys-Lys-Pro-Val-Ser-Lys-Asp-Ser-Pro-Glu-Thr-Tyr-Glu-Glu-Ala-Leu-Lys-Arg-Phe-Ala-Lys-Leu- Leu- Ser
351 362

Asp-Arg-Lys-Lys-Leu-Arg-Ala-Asn-Lys-Ala-Ser-His

+ glykosyla¢ni mista uvedend v praci SONNEWALD ef al. (1989)
* glykosylaéni mista uvedend v praci STIEKEMA et al. (1988)

Obr. 2: Primarni struktura isoformy patatinu exprimované v tabaku (upraveno podle
STIEKEMA et al.1988)

I11.2.2.3. Enzymova aktivita patatinovych bilkovin

Patatin je v hlizdch brambor povaZovan za hlavni zdsobni bilkovinu (ROSAHL et al.
1986). Nicméné sohledem na dosud zndmou enzymovu aktivitu, neni uloha zasobni
bilkoviny pravdépodobné jedina fyziologickd funkce patatinu (BARTA & CURN 2004).
Doposud znamé enzymové aktivity bilkovin patatinového komplexu jsou nasledujici:

1. Aktivita nespecifické lipid acyl hydrolasy (LAH aktivita; EC 3.1.1)

JiZ na zaCatku vyzkumu patatinu byla objevena u této bilkoviny aktivita nespecifické
lipid acyl hydrolasy (LAH), tedy esterasova aktivita, a to jak pro tvorbu voskovych esterti, tak
1 pro deacylace lipidii (DENNIS & GILLIARD 1974). U tohoto enzymu byla zjiSténa vysoka
aktivita vaci substratim jako jsou fosfolipidy, monoacylglyceroly a p-nitrofenylové estery
karboxylovych kyselin. Stfedni aktivita byla zjiSténa viici galaktolipidiim a zcela neaktivni se
patatin jevi vici di-acyl a tri-acyl glycerolim (ANDREWS et al. 1988). Znaéné rozdily v LAH
aktivité byly zjiStény u patatinu na genotypové (resp. odridové) trovni. Naptiklad pro LAH

17





aktivitu patatinu odridy Désirée je uvadéna az 100krat niz$i hodnota, nez hodnota LAH
aktivity zjisténé u patatinu izolovaného z odriidy Kennebec (RACUSEN 1986).

2. Aktivita cytosolové fosfolipasy A, a A; (PLA,; PLA aktivita; EC 3.1.1.4)

SENDA et al. (1996) dosli k nazoru, ze enzym s fosfolipasovou aktivitou (cytosolova
fosfolipasa A; PLA) purifikovany z hliz brambor, je ve skutecnosti patatin. Molekulova
hmotnost izolovaného enzymu byla piiblizn¢ 40 kDa, isoelektricky bod 4,75 a byla také
zjisténa vysokd homologie N-koncové sekvence polypeptidového fetézce. Z téchto divodi je
hlizovy enzym s fosfolipasovou aktivitou nadale povazovan za patatin. U patatinu byla
zjisténa jak aktivita fosfolipasy A; (PLA;), tak i aktivita fosfolipasy A, (PLA;). Aktivita
fosfolipasy A, je mnohem vyssi, a proto je patatin oznacovan za enzym s PLA, aktivitou.
Fosfolipasa A; je lipolyticky enzym, ktery katalyzuje hydrolyzu esterové vazby mastnych
kyselin v pozici sn-2 u diacylfosfolipidi. Vyrazna PLA, aktivita byla zaznamenana pfi pouziti
substratu fosfatidylcholinu s linolovou kyselinou navazanou v pozici sn-2. Niz$i aktivita
enzymu byla zaznamenana pii pouziti substratu fosfatidylcholinu s kyselinou palmitovou,
olejovou nebo arachidonovou, které byly navazané v pozici sn-2. Byla rovnéz zjisténa
zavislost aktivity PLA, na pH prostiedi. V rozsahu hodnot pH 7,5 az 9,0 byla zaznamenana
nejvyssi aktivita, zatimco pfi poklesu hodnoty pH pod 7,0 byla aktivita PLA; minimalni.
Tento vztah naznauje, ze PLA, aktivita patatinu je v rostliné regulovana jeho lokalizaci.
Patatin je neaktivni, pokud se naléza ve vakuolach rostlinnych bunék, kde ptevlada kyselé pH.
Pokud je transportovan do cytosolu, nebo je vlivem poskozeni bunck uvolnén z vakuol,
dostava se do prostiedi zasadit¢tho pH a stava se aktivnim. Dale bylo zjisténo, ze PLA;
aktivita patatinu je indukovana piitomnosti Ca®>" a piepoklada se, 7e na aktivaci PLA, aktivity
patatinu ma také podil protein kinasa (KAWAKITA et al. 1993).

3. Aktivita 3-1.2-xylosidasy (EC 3.2.1.37)

Enzym s aktivitou B-1,2-xylosidasy byl ziskdan zhliz brambor (odrida Ditta)
kombinaci chromatografickych technik. Charakterizaci biochemickych vlastnosti a N-
koncové sekvence polypeptidového fetézce bylo zjisténo, ze izolovany enzym je patatin.
Molekulova hmotnost izolované¢ho glykoproteinu byla 39-40 kDa, hodnota isoelektrického
bodu 5,1 a pH pro optimalni aktivitu B-1,2-xylosidasy bylo v rozsahu pH 4,0-4,5 pfi teploté
50°C. Izolovana p-1,2-xylosidasa ma schopnost uvoliiovat z N-glykani xylosidasové
molekuly vazané -1,2 vazbou na f-manosu. U izolovaného enzymu byla také zjiSténa vysoka
homologie N-koncové sekvence polypeptidového fetézce vicCi patatinovym bilkovinam.
Vyznam [-1,2-xylosidasy ziskané z hliz brambor spociva pfedev§im ve skuteCnosti, ze
vétsina dostupnych xylosidas vykazuje hydrolytickou aktivitu vici B-1,4 vazbam. Komeréné
dostupné B-1,2-xylosidasy (zdroj Xanthomonas sp., Pomocea canaliculata) nevykazuji
optimalni Cistotu nebo rozsah aktivity. Hlizy brambor mohou byt levnym zdrojem specifické
B-1,2-xylosidasy s optimalni Cistotou a rozsahem aktivity pro pfipadné komeréni pouziti pfi
studiu struktury N-glykanti a v fadé imunologickych studii. Podstata fyziologické funkce f-
1,2-xylosidasy v hlizach brambor je nezndma (PEYER et al. 2004).

4. Aktivita kyselé B-1,3-glukanasy (GLU-40; EC 3.2.1.39)

Kysela B-1,3-glukanasa byla izolovéna z hliz brambor (odrdda Huinkul) pomoci
iontovyménné a afinitni chromatografie. Identifikaci vlastnosti izolované B-1,3-glukanasy byl
tento enzym opét piifazen k bilkovinam patatinového komplexu. Molekulovd hmotnost
purifikovaného enzymu byla ptiblizné 40 kDa, hodnota isoelektrického bodu byla v rozmezi
4,0-4,5 a N-koncovd sekvence aminokyselin vykazovala vysoky stupen homogenity
s bilkovinami patatinového komplexu. Z tohoto diivodu byl izolovany enzym s [B-1,3-
glukanasovou aktivitou oznacen jako patatin (TONON ef al. 2001).
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I11.2.2.4. Isoformy bilkovin patatinového komplexu

Vzhledem k vysokému stupni homologie mezi genovymi rodinami kodujicimi
bilkoviny patatinového komplexu a identickou imunologickou odpovédi tohoto komplexu, je
patatin prezentovan jako jeden bilkovinny druh. Pfesto byla na odridové trovni zjisténa
znacnd nabojova heterogenita. Pii elektroforetické separaci tak muze byt v patatinové oblasti
zjistén rozdilny pocet pruhi, které reprezentuji jednotlivé isoformy (LEE et al. 1983). Existuje
az 15 imunologicky identickych glykoproteinovych isoforem s podobnou hodnotou
isoelektrického bodu a ptibliznou molekulovou hmotnosti monomeru 40 kDa (SONNEWALD et
al. 1989). Izolaci a charakterizaci isoforem patatinu (odriida Bintje) se ve své praci zabyval
PoTs 1999. Jednotlivé isoformy patatinového komplexu byly rozdéleny chromatografickou
separaci na kolon¢ s ionto-vyménnou naplni s vyuZzitim gradientového vymyvani (gradient
NaCl). Zaznam detekce separovanych patatinovych isoforem je uveden na obrazku 3. Ziskané
isoformy byly rozdéleny do &tyf skupin s oznaCenim A, B, C, D, pfi¢emZ isoforma A
zaujimala 62 %, isoforma B 26 % a isoforma C a D zaujimaly 5 % a 7 %. Biochemické
vlastnosti téchto isoforem jsou uvedeny v tabulce 3.
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Obr. 3: Elu¢ni profil isoforem patatinu ziskanych chromatografickou separaci na koloné
s ionto-vyménou naplni (Source-Q) pomoci gradientu NaCl (POTS 1999)

Pots (1999) wvyslovil domnénku, ze pfi¢inou existence téchto imunologicky
identickych isoforem patatinového komplexu je vzdjemna kombinace odliSné miry
glykosylace a bodové mutace v primarni struktute bilkoviny. Patatin mize obsahovat dvé az
tfi mozné glykosylace. Jak jiz bylo vySe uvedeno, hmotnost sacharidové ¢asti je 1169 Da
(SONNEWALD et al. 1989) a molekulova hmotnost patatinu bez sacharidového fetézce zjisténa
zjeho primarni struktury je 39 745 Da (STIEKEMA et al. 1988). Pokud se k této zékladni
hodnot¢ molekulové hmotnosti patatinu pfipoc¢ita hmotnost jednoho, dvou ¢i tii sacharidovych
fetézcl, celkova hmotnost glykoproteinu dosdhne hodnoty 40 914, 42 083 a 43 252 Da (POTS
1999), ¢imz se ziskavaji tfi hmotnostni isoformy.
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Tabulka 3: Charakteristika biochemickych vlastnosti A, B, D isoforem patatinu odridy
Bintje (POTS 1999)

patatin isoforma A isoforma B isoforma D
SDS-PAGE 43 kDa 43 kDa 43 kDa 43 kDa
IEF-PAGE 6 pruhd 2 pruhy 2 pruhy 2 pruhy
pH4,6-5,2 pH 5,0; 5,2 pH 4,6; 4,7 pH 4,7
Nativ PAGE 2 pruhy 1 pruh 1 pruh 1 pruh
(horni) (spodni) (spodni)
MALDI-TOF MS 40345 Da 40405 Da 40330 Da 40473 Da
41590 Da 41631 Da 41599 Da 41703 Da
LAH aktivita 3,72+0,14 3,66 + 0,08 3,55+0,12 3,80+ 0,14

" specifické aktivita uvedena v pmol . min™' . mg™” bilkoviny

Déle PoTs (1999) zjistil, ze sekvence 15 aminokyselin od N-konce patatinu je Thr,
Leu, Glu, Glu, Met, Val, Thr, Val, Leu, Ser, Ile, Asp, Gly, Gly, Gly. U patatinu, i u
izolovanych isoforem se ukazala mutace v prvni pozici (Thr/Lys) a ve tteti pozici (Glu/Gly),
¢imz jsou v kombinaci s moznymi variantami poctu glykosylaci vytvareny dalsi isoformy.
V ptipadé bodovych mutaci se jedna o mensi zmény ve vysledné hmotnosti bilkoviny. Zmény
v sekvenci aminokyselin se mohou projevit jak v nabojové heterogenité patatinovych bilkovin
(technika PAGE), v posunu hodnoty isoelektrického bodu (technika IEF), nebo ve zméné
enzymové aktivity (POTS 1999; SENDA et al. 1996).

I11.2.3. Inhibitory proteas hliz brambor

Rostlinné inhibitory proteas jsou charakterizovany jako bilkoviny majici schopnost
inhibovat proteolytické enzymy mikroorganismii, hmyzu, ale i ¢lovéka, zatimco rostlinné
proteasy inhibuji jen ziidka (SANCHEZ-SERRANO et al. 1986). VSeobecné jsou povazovany za
soucast obranného systému rostlin vii¢i napadeni patogeny ¢i hmyzem (JONGSMA 1995).

Relativni zastoupeni inhibitorii proteas v extrahovatelnych bilkovinach hliz brambor je
priblizn¢ 20 az 30 % (MELVILLE & RYAN 1972); v hlizové §tave (odrida Elkana) zaujimaji az
50 % vSech pfitomnych bilkovin (POVREAU 2004). Pokud je obsah inhibitorii vyjadien
v Cerstvé hmoté, pak v hlizdch brambor zaujimaji inhibitory proteas 0,75 % (WERNER &
WEMMER 1991). Vzhledem k vysokému zastoupeni inhibitorii proteas v hlize, jsou tyto
bilkoviny u brambor povazovany piedevsim za zasobni bilkoviny (POVREAU 2004), pfesto je
pravdépodobné, ze v hlize sehravaji podobné jako bilkoviny patatinového komplexu i jiné
fyziologické role.

Ptirozen¢ se vyskytujici inhibitory proteas jsou klasifikovany na zéklad¢ typu, popf.
typli proteas, které inhibuji. Nasledna klasifikace vychdzi z kompozice aktivniho mista
proteas, které inhibuji. Na zaklad¢ tohoto principu jsou inhibitory proteas oznacovany napf.
jako 1) serinové (serin ¢i histidin v aktivnim misté proteasy); 2) cysteinové (cystein
v aktivnim mist¢); 3) aspartatové (aspartatova skupina v aktivnim misté) 4) metalloproteasové
(s kovovym iontem v aktivnim mist¢) (JONGSMA 1995). Déleni inhibitorti do skupin mtize byt
dale komplikovano strukturou aktivniho mista ¢i homologii sekvenci - napft. se ve struktuie
mohou vyskytovat dvé odlisnd aktivni mista, a proto mohou byt inhibovany dvé odlisné
proteasy. Inhibitory proteas hliz brambor jsou déleny do tii (POTS 1999) nebo sedmi
(POVREAU et al. 2001) skupin. D¢leni inhibitorti proteas do sedmi skupin predstavuje novejsi
systém klasifikace, ktery je zalozen na jejich charakteristice podle molekulové hmotnosti,
stavby molekuly, hodnoty isoelektrického bodu a poctu sulfidickych mustki v molekule.
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I11.2.3.1. Déleni inhibitora proteas hliz brambor dle POVREAU et al. (2001)

1. Bramborovy inhibitor I (PI-1; Potato Inhibitor I): jedna se o serinovy inhibitor proteas,
ktery se skldda z péti podjednotek (pentamer) o velikosti 7,7-7,9 kDa. Ve $tdvé brambor
predstavuje tato skupina 4,5 % z celkovych bilkovin, 2 % trypsinové a 19 % chymotrypsinové
aktivity (odriida Elkana). Doposud bylo nalezeno 8 rtznych forem této tfidy inhibitori
brambor, jejichz hodnota isoelektrického bodu se pohybuje v rozmezi pH 5,1 az pH 7.,8.

2. Bramborovy inhibitor Il (PI-2; Potato Inhibitor II): jednéa se o serinovy inhibitor proteas
skladajici se ze dvou podjednotek (dimer) o velikosti 10,2 kDa. Podjednotky, které tvoii tento
inhibitor jsou vzajemné spojeny disulfidickymi mistky (LEE ef al. 1999). Ve §tavé brambor
je tato skupina zastoupena 7 isoformami, které piedstavuji 22 % z celkovych bilkovin a z
hlediska inhibi¢ni aktivity tvoii 82 % trypsinové a 50 % chymotrypsinové aktivity hlizovych
inhibitorii proteas (odriida Elkana). Hodnota isoelektrického bodu je v rozpéti 5,5-6,9.

3. Bramborovy cysteinovy inhibitor proteas (PCPI; Potato Cystein Protease Inhibitor): tato
ttida je v bramborové §taveé (odrida Elkana) tvofena nejméné 9 riznymi inhibitory, jez se 1isi
molekulovou hmotnosti (20,1-22,8 kDa) a hodnou pl v rozsahu pH 5,8 az 9,0. Tato skupina
predstavuje piiblizné 12 % celkovych bilkovin. Jedna se pfedev§im o inhibitory cysteinovych
proteas, jako je napf. papain, vykazuji ale 1 aktivitu vici trypsinu a chymotrypsinu.

4. Bramborovy aspartatovy inhibitor proteas (PAPI; Potato Aspartyl Protease Inhibitor): tato
skupina se skladd ze 6 riznych inhibitorti, které ptedstavuji v bramborové §taveé odrudy
Elkana pfiblizn€ 6 % z celkovych bilkovin. Molekulovd hmotnost je v rozmezi 19,9 az 22,0
kDa; isoelektricky bod je v rozmezi pH 6,2 az 8,7. Krom¢ inhibi¢ni aktivity vii¢i protease
cathepsinu D (MARES ef al. 1989), piedstavuje tato skupiny 1 9 % chymotrypsinové a 2 %
trypsinové inhibi¢ni aktivity PFJ.

5. Bramborové inhibitory proteas Kunitzova typu (PKPI; Potato Kunitz Protease Inhibitors):
tato skupina inhibitord zahrnuje dvé bilkoviny, které maji 20,2 kDa a ptedstavuji 4 %
z celkovych bilkovin bramborové §t'avy. Isoelektricky bod je od pH 8,0 do 9,0. Tato skupina
predstavuje 2 % z celkové chymotrypsinové a 3 % trypsinové aktivity bramborové §tavy.

6. Ostatni serinové inhibitory proteas (OSPI; Other Serine Protease Inhibitor): skupina
inhibitord proteas predstavovana dvémi zastupci, kteti dohromady ¢ini 1,5 % z celkovych
bilkovin bramborové stavy. Molekulovda hmotnost zastupci této skupiny je 21,0 kDa
(VALUEVA et al. 1997) a 21,8 kDa (SuUH ef al. 1990) a jejich isoelektricky bod je v rozpéti
hodnot pH od 7,5 do 8,8. Tato skupina inhibitorti ptedstavuje 2 % chymotrypsinové a 3 %
trypsinové aktivity bramborové §t'avy.

7. Bramborovy karboxypeptidasovy inhibitor proteas (PCI, Potato Carboxypeptidase
Inhibitor): tato skupina je zastoupena pouze jednou bilkovinou. Molekulova hmotnost
bilkoviny je 4,3 kDa a piedstavuje 1 % z celkovych bilkovin §tadvy brambor. Inhibitor je
aktivni vici karboxypeptidase A (OLIVIA et al. 1991). Specifickou vlastnosti bilkoviny PCI je
jeho pozoruhodnd teplotni odolnost — v prosttedi s pH 7 si karboxypeptidasovy inhibitor
zachovava své funkcni vlastnosti az do dosazeni teploty 150°C.
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I11.2.3.2. Vyznamné skupiny hlizovych inhibitori proteas

Jednim z nejznaméjSich inhibitorti proteas hliz brambor je inhibitor typu Kunitz o
velikosti 22 kDa, ktery je v hlizdch syntetizovan jako preprotein o velikosti o Mr = 27 kDa.
Shodnéd preproteinova forma (shodnd imunologickd odpovéd’) byla detekovana také
v nadzemnich c¢astech rostliny, a to v poranénych listech (lokdlni odpovéd’), ale 1
v neporanénych c¢astech poskozené rostliny (systemickd odpovéd’). S vyuzitim protilatek
ptipravenych proti ,,zral¢® formé (22 kDa) byly v hlizové bilkoviné detekovany bilkoviny
v rozmezi 22-24 kDa, zatimco v poranénych listech byly zaznamendny bilkoviny s vyssi
molekulovou hmotnosti (27-28 kDa). Z uvedeného vyplyva, Ze genova exprese rodiny
inhibitortt brambor o velikosti 22 kDa (typ Kunitz) je pod diferencovanou posttransla¢ni
kontrolou v zavislosti na misté¢ vyskytu (list, hliza). Toto zjiS§téni patrn¢€ potvrzuje rozdilné
funkce uvedenych bilkovin v listech a hlizach (SUH et al. 1999). Sekven¢ni analyzou cDNA
dvou odriid brambor (Provita, Saturna) bylo zjiSténo, Ze existuje minimalné 21 gent, které
kéduji syntézu tii skupin (A, B, C) inhibitord proteas Kunitzova typu v hlizdch brambor
s vysokou mirou odriidové variability ve smyslu struktury a funkénich vlastnosti (HEIBGES et
al. 2003).

Karboxypeptidasovy inhibitor proteas (PCI) izolovany z hliz brambor je inhibitor
unikatni svou strukturou, stabilitou i funkénimi vlastnostmi. PCI s velikosti 4,3 kDa je
nejmensi inhibitor proteas (38-39 aminokyselinovych zbytkil) pfitomny v hlizach brambor.
Karoboxypeptidasovy inhibitor se v hlizdch brambor vyskytuje ve tfech isoformach
s odliSnymi hodnotami isoelektrického bodu 4,6; 5,8 a 6,5. Tyto isoformy jsou oznacovany
PCI-I, PCI-II a PCI-III a vykazuji podobné hodnoty inhibi¢ni aktivity (RYAN et al. 1974).
Ptitomnost tii disulfidickych mustkl ve struktufe dava tomuto inhibitoru vyjimecnou stabilitu
a tepelnou odolnost. Funkéni vlastnosti si karboxypeptidasovy inhibitor zachovava i pfi
dosazeni teploty 150°C, pokud se nachazi v prosttedi s hodnotou pH 7. Pti upravé pH na nizsi
hodnotu (pH 3) dochazi ke ztraté funkénich vlastnosti prekrocenim teploty 110°C (POUVREAU
2004). Hlizovy inhibitor karboxypeptidasy je doposud jediny znamy inhibitor lidského
epiderméalniho rastového faktoru (EGF). EGF spolu se svym receptorem (EGFR) tvofi soucast
nekterych aspektll vyvoje naddoru, véetné riistu nadorovych bunék, vaskularizace, invazivnosti
a rustu metastaz. Podstata funkce inhibitoru je v tomto ptipad¢ ,,soupefeni® o vazebné misto
na EGFR. Pokud dojde k navazani karboxypeptidasového inhibitoru, je inhibovana jeho
aktivace a nasledna proliferace bunck, kterou EGFR indukuje. Pfi¢inou tohoto jevu je
pravdépodobné disulfidickd smycka, tzv. T-knot, ktera se kromé& karboxypeptidasového
inhibitoru vyskytuje rovnéZ v mnoha riznych faktorech ristu véetné EGF (SITJA-ARNAU et al.
2005). Antikarcinogeni u¢inky byly taktéz popsany u hlizovych inhibitort skupiny PI-1 a PI-
2, a to v souvislosti se schopnosti inhibovat UV zafenim indukovanou aktivaci bilkoviny
AP-1. Bilkovina AP-1 je transkripcni faktor zodpoveédny za aktivaci promotoru tumoru. Tato
inhibice je navic specifickd pouze pro pfenos signalu pro aktivaci AP-1, ktery byl indukovan
UV zéatenim (HUANG et al. 1997). Inhibitory skupiny PI-1 a PI-2 ptedstavuji ve §tavé brambor
dohromady pfiblizn¢ 15 % vSech bilkovin a lze je povazovat za hlavni skupiny hlizovych
inhibitort proteas.

Vyskyt inhibitorGi proteas v rostlinnych pletivech je obvykle spojovan s obrannym
mechanismem rostlin; nejcastéji v souvislosti s poranénim rostliny vlivem fytofagnich
organismi. Inhibitory proteas pifitomné v hlizdch brambor jsou fazeny spiSe k zadsobnim
bilkovindm, nebot’ jejich syntéza je v hlizach realizovana konstitutivné bez zjevné indukce
stresovymi faktory. DERBYSHIRE et al. (1976) stanovili pro klasifikaci zdsobnich bilkovin
hranici 5 % v obsahu celkovych bilkovin. Ve vztahu k této klasifikaéni hranici musi byt
inhibitory proteas pfitomné v hlizach brambor fazeny pfedevs§im k zasobnim bilkovinam. Je
nutné si ale také uvédomit, Zze inhibitory proteas hliz brambor jsou vysoce heterogenni a
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ncktefi zastupci této skupiny mohou spliiovat zafazeni k stresovym bilkovinam, nebot’ ne
vSechny tfidy a podtiidy této rozsahlé skupiny hlizovych bilkovin byly detailné popsany.

I11.2.4. Ostatni bilkoviny hliz brambor

K ostatnim bilkovindm hliz brambor jsou fazeny bilkoviny, které nelze na zakladé
podobnych vlastnosti a shodné¢ imunologické odpovédi prifadit k bilkovinam patatinového
komplexu ¢i se jednéd o bilkoviny, které nevykazuji schopnost inhibovat proteasy, a nelze je
fadit k inhibitorim proteas. Ostatni bilkoviny hliz brambor jsou zastoupeny ptedevSim
bilkovinami s vy$$i molekulovou hmotnosti (pfiblizn€ nad 45 kDa); k nejCastéji zminovanym
patii lektin a polyfenoloxidasy o velikosti 60 a 69 kDa, protein kinasa, enzymy s ucasti na
syntéze Skrobu a fosforylasové isoenzymy (KONINGSVELD 2001). Z uvedenych skupin
bilkovin je zpohledu mozného wvyuziti v genovém inZenyrstvi a biotechnologickych
aplikacich vyznamny bramborovy lektin, oznacovany také jako Solanum tuberosum
agglutinin (STA). Bramborovy lektin je chimerickd, na chitin se vazajici bilkovina skladajici
se zlektinové a glykoproteinové domény bohaté na hydroxyprolin (KIELISZEWSKI et al.
1994). Tyto dvé domény jsou vzajemné propojené¢ doménou, jenz ¢itd 60 aminokyselinovych
zbytkli. Hmotnost bramborového lektinu v nativnim stavu je 100 kDa, pfi¢emz hmotnost
sacharidické slozky ptedstavuje 50 % (w/w) (DAMME et al. 2004).

I11.2.5. Nutri¢ni hodnota hlizovych bilkovin brambor

Bilkoviny hliz brambor patfi mezi nutriéné¢ nejhodnotnéjsi bilkoviny rostlinného
ptivodu (NESTARES et al. 1993; BARTA & CURN 2004). Nutriéni hodnota bilkovin je uréovana
zejména aminokyselinovou skladbou. Pozornost je vénovana piedevsim obsahu esencidlnich
aminokyselin v bilkoving€, jejichz pfipadny nedostatek limituje pribéh proteosyntesy u
konzumenta. V tabulce 4 je uvedeno slozeni esencidlnich aminokyselin hlizovych bilkovin.
Tabulka byla doplnéna o hodnoty aminokyselinového skére AAS (pro vypocty byly pouZzity
pramérné hodnoty a jako standard aminokyselinové spektrum celovajecné bilkoviny), jenz
vyjadiuji pomér obsahu esencidlnich aminokyselin v hodnocené bilkoviné ku obsahu
esencialni bilkoviny v referen¢ni bilkovin€. Z uvedenych hodnot aminokyselinového skore je
mozné spocitat hodnotu indexu esencidlnich aminokyselin (EAAI), jenz vyjadiuje vztah
hodnocené bilkoviny ke standardu celkové, prostiednictvim geometrického priaméru
ziskaného z hodnot AAS jednotlivych aminokyselin (FRIEDMAN 1996). Zjistény index
esencidlnich aminokyselin doséhl 83,7 % standardu. MiCA & VOKAL (1997) uvadéji, ze EAAI
bramborovych bilkovin se pohybuje v rozmezi 61-78 %.

Jako limitujici jsou pro bilkoviny hliz brambor uvadény sirné aminokyseliny (zejména
methionin). Potencidlné je také limitujici isoleucin (RALET & GUEGUEN 1999). Znacny
vyznam ma u bramborovych bilkovin na rostlinné bilkoviny pomérné vysoky obsah lysinu.
Pro udrZeni dusikaté bilance dospé€lych lidi mé bramborové bilkovina dokonce vyssi nutriéni
hodnotu nez hovézi maso & maso tuiiaka (BARTA & CURN 2004). Pouze vajeéna bilkovina
pfevySuje nutricni kvalitu bramborovych bilkovin (MARKAKIS 1975). Studie bilkovinné
vyzivy malych déti nicméné potvrdila, Ze ve srovnani s kaseiny (hlavni bilkoviny mléka) maji
bramborové bilkoviny niZsi retenci dusiku (LOPEZ DE ROMANA et al. 1981).
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Tabulka 4: Slozeni esencialnich aminokyselin hlizovych bilkovin brambor (v g na 16 g N)
(RALET & GUEGUEN 1999)

AMK Primérna hodnota obsahu Standard - vaje¢na bilkovina AAS (%)
aminokyselin*
Isoleucin 5,1 6,3 81,0
Leucin 8,1 8,8 92,0
Lysin 7,0 7,0 943
Methionin+Cystein 6,6 5,8 483
Fenylalanin+Tyrosin 2,8 10,1 106,7
Threonin 10,8 5,1 92,2
Tryptofan 4,7 1,6 93,8
Valin 1,5 6,8 80,9
Histidin 5,5 2,4 79,2

*prumérna hodnota obsahu pfislusné aminokyseliny v hlizové bilkoviné brambor byla spoéitdna na zakladé
udaju ziskanych z publikaci autortt SCHUPHAN & WEINMANN (1960); JOSEPH et al. 1963; KAPOOR et al. (1975);
KNORR (1980); GELDER VAN (1981)

II1.3. FAKTORY OVLIVNUJICI KVALITU A KVANTITU HLIZOVYCH BILKOVIN
BRAMBOR

Obsah bilkovin v hlizach a jejich kvalita (nutricni hodnota, zastoupeni funkéné
vyznamnych frakci) podléha celé fad¢ faktort a vliva. Z literarnich pramena vyplyva, ze
uvadény faktory typu aplikace dusikatych hnojiv, rocnikové vlivy, stanovisté a charakter pidy
a zpusob péstovani. Rovnéz zédlezi na stupni zralosti hliz, jejich velikosti a hmotnosti,
zdravotnim stavu a pfipadné 1 na délce a zptisobu skladovani.

Kvalita bilkovin hliz brambor zavisi na relativnim zastoupeni hlavnich bilkovinnych
frakci, zejména patatinovych bilkovin a inhibitorG proteas. Kvalita bilkovin z pohledu
nutricniho je zavisld na stravitelnosti a aminokyselinové skladbé. V pfipadé¢ konzumace
brambor (¢1 koncentratii hlizovych bilkovin) bez tepelné Upravy je potiebné brat v ivahu i
obsah antinutri¢nich faktora bilkovinné povahy (inhibitory proteas, lektin aj.).

II1.3.1. Vliv genotypu

Odriadové rozdily obsahu bilkovin v sus$iné hliz brambor jsou uvadény v Sirokém
rozsahu od 3,5 % do 23 % (KALDY & MARKAKIS 1972; MIEDEMA et al. 1976; BARTA 2002).
Moznosti jak zvySovat obsah bilkovin je Slechténi, avSak Slechtitelé se timto cilem pfili§
nezabyvaji (DOMKAROVA 2001), pfestoZze zvySovani obsahu nutri¢né kvalitnich hlizovych
bilkovin v hlizach brambor mé pifinejmensim dva divody. V mnoha rozvojovych zemich je
obecny nedostatek bilkovin pro vyzivu lidi a v nékterych ztéchto zemi jsou brambory
dualezitou slozkou potravy. Druhym diivodem je vyuziti brambor pro zpracovani na Skrob, pii
kterém kromé& Skrobu vznikaji i vedlejSi produkty, zejména tzv. hlizova §tava s vysokym
zastoupenim hlizovych bilkovin. V nékterych zahrani¢nich zavodech (zejména Nizozemi)
jsou bilkoviny z hlizové vody izolovana a nabizeny jako krmivo pro hospodaiska a domaci
zvitata (KONINGSVELD 2001). Rentabilita izolace bilkovin z hlizové vody mimo jiného zavisi 1
na obsahu a kvalit¢ hlizovych bilkovin ve vstupni surovin€. Z tohoto divodu se napf.
v Nizozemi uvazuje o Slechténi primyslovych odriid pro zvyseni obsahu bilkovin v hlizach.
Genovymi zdroji pro tento ucel jsou pfedevsim plané druhy brambor (zejména druh Solanum
demissum), u nichz obsah bilkovin dosahuje 4 % (i vice) v Cerstvé hmoté€, avSak jejich vyuZiti

24





ve Slechtitelskych programech je dlouhodobé a obtizné (DESBOROUGH 1985).

O vyznamnych rozdilech v obsahu dusikatych latek a bilkovin u jednotlivych odrid
svédc¢i vysledky autor DEBRE & BRINDZA (1996). Ve Ctyfletém polnim experimentu bylo
hodnoceno 30 genotypti brambor (odridy, novoslechténi a mezidruhové hybridy). Uvedeny
soubor genotypt dosahoval rozpéti hodnot za sledované obdobi u dusikatych latek od 2,25 do
3,03 % a u bilkovin od 1,15 do 1,70 % v Cerstvé hmoté hliz. Analyzou rozptylu byl zjiStén
statisticky vyznamny vliv ro¢niku a odriidy na oba sledované znaky. MiCA (1986) uvadi podil
odridy na variabilit¢ obsahu bilkovinného dusiku 30 %. V polyfaktoridlnim pokusu z let
1998-2000 byl nalezen podil odriidy na celkové variabilité obsahu bilkovin 37,9 %. V ramci
tohoto pokusu kolisal obsah dusiku v susing hliz v rozsahu od 1,01 do 2,40 %; obsah bilkovin
kolisal v rozpéti od 1,84 do 5,85 %. Zastoupeni bilkovin v celkovych dusikatych latkach bylo
v rdmci zminéného pokusu stanoveno v rozsahu 20,7-64,7 % (BARTA 2002).

Analyza korelacnich vztaht mezi obsahem bilkovin v suSin¢ hliz brambor a
vybranymi ukazateli naznacuji, ze odrudy s vySsi produkei suSiny jsou schopny produkovat
také vice bilkovin. Prikazna korelace mezi obsahem bilkovin a susinou (r = 0,756) byla
nalezena v praci MIEDEMA et al. (1976). Autofi této prace nalezli také prikaznou zapornou
korelaci mezi ranosti a obsahem bilkovin v ¢erstvé hmot¢ hliz (r = -0,361).

Jak bylo jiZ vySe uvedena trendem u Skrobarenskych podnikii v nékterych zemich EU
je snaha zpracovavat ze vstupni suroviny nejen Skrob, ale i ostatni latky. Pfestoze v soucasné
dobé Zadny $krobarensky zavod v CR bilkoviny z hlizové vody neziskava, zadina se jiz o
tomto zptsobu vyuziti vedlejsich produkti uvazovat. Skrob za této situace ziistane hlavni a
rozhodujici latkou ziskavanou ze zpracovavanych brambor, ale vyznam bude mit i obsah
bilkovin v hlizdch a jejich vynos z jednotky plochy. Vyraznéj§i studie vlivu agro-
ekologickych faktorti na kvalitu a kvantitu hlizovych bilkovin u odrid urénych pro zpracovani
na Skrob s ohledem na mozné vyuziti i bilkovinné slozky nebyla doposud zpracovana. VéEtSina
starSich publikaci hodnotili obsah bilkovinné slozky u primyslovych brambor z pohledu
jejiho negativniho dopadu na obsah Skrobu v hlizdch. Z doposud zndmych vztaht Ize
piedpokladat, ze 1 pfi pé€stovani primyslovych brambor pro ucely sou¢asného vyuziti Skrobu i
bilkovin bude dtilezitou roli hrat zejména vybér vhodné odrady.

Kromé¢ obsahu bilkovin a jejich zastoupeni v celkovém obsahu dusikatych latek
ovliviiuje genotyp vyznamné také aminokyselinovou skladbu, coz méa zdsadni dopad na
nutriéni kvalitu hlizovych bilkovin. Kvalita hlizovych bilkovin a jejich vyuzitelnost je také
vyznamné¢ ovlivnéna zastoupenim hlavnich zasobnich bilkovin, patatinu a inhibitord proteas
v celkovém bilkovinném spektru. Informace o kvantifikaci patatinu a inhibitorii proteas
v bilkovinném spektru hliz brambor z pohledu variability odrid a ostatnich faktorti jsou
pomérné omezené. HANNAPEL (1991) hodnotil zastoupeni patatinu ve zralych hlizach ctyt
severoamerickych odrid vypéstovanych v Texasu (USA) v rozmezi 24-30 % z celkovych
hlizovych bilkovin, nicméné tato data nepostihovala efekt ro¢niku, nebot’ pochazela z
jednoletého experimentu a variabilitu ¢tyf odrid nelze povazovat za pfili§ vypovidajici.
Rozsahlejsi soubor 18 odrid byl hodnocen v praci BARTA (2002). Relativni abundance
patatinovych bilkovin byla u tohoto souboru stanovena v rozsahu 13,3-28,3 %.

I11.3.2. Vliv podminek prostiedi, technologie péstovani a skladovani

Za nejvyznamnéjsi agrotechnicky zasah, ktery vyznamnym zptsobem ovliviiuje obsah
1 kvalitu bilkovin resp. dusikatych latek v hlizach je povazovano hnojeni, a to zejména
hnojeni dusikem. Modelové byly hodnoceny vztahy mezi Zivinami dodanymi z hnojiv (N, P,
K) a obsahy jednotlivych latek v hlizdch brambor (na zéklad¢ dat ziskanych z nadobovych a
polnich experimentd) (KOLBE et al. 1990). Z vysledkt vyplyva, Ze aplikovana davka dusiku
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zvySuje obsah dusikatych latek, a to jak bilkovinné, tak i nebilkovinné povahy. Obsah
nebilkovinnych dusikatych latek se zvySuje v reakci na hnojeni dusikem vyraznéji, nez obsah
bilkovin. MiCA & VOKAL (1997) zjistili, ze vyssi davky dusiku zvysuji obsah
koagulovatelnych bilkovin a neovliviiuji aminokyselinové slozeni bramborovych bilkovin.
V préaci BARTA (2002), ve které byl hodnocen vliv hnojeni dusikem na kvalitativni parametry
konzumnich brambor, bylo zjisténo, Ze obsah bilkovin v suSin¢ hliz byl prikazné ovlivnén
hnojenim 1 stupnovanou davkou dusiku, ale podil na celkové variabilit¢ dat v ramci
experimentu byl v porovnani s ostatnimi faktory nizky (cca 3 %).

EPPENDORFER & EGGUM (1979) provadéli nadobové pokusy s rliznou vyzivou
bramborovych rostlin dusikem. Zjistili, Ze rostouci aplikace dusiku pii deficiencich P a K v
pudé zvysovala obsah dusiku v hlizach od 1,14 do 3,07 %; podily vétSiny aminokyselin v
celkovych dusikatych latkach klesaly, zatimco podily asparagové a glutamové kyseliny (a
jejich amidi) rostly. V pozd¢jsich pracich (EPPENDORFER & EGGUM 1994a, 1994b) viceméné
zvySovala také koncentrace vSech aminokyselin v susiné hliz. V rdmci aminokyselinového
spektra vSak klesaly podily esencidlnich aminokyselin a podily asparagové kyseliny a
asparginu rostly. Naopak z experimentd uvedenych v publikaci MILLARD (1986) vyplynulo,
7e rostouci davky aplikovaného dusiku (od 0 do 250 kg.ha™) zvy3uji obsah dusiku v hlizach,
ale nepotvrdil se ptfedpoklad zmén v proporciondlnim zastoupeni amidid a aminokyselin.
Obsahy nékterych esencialnich aminokyselin (valin, isoleucin, methionin) v hlizach byly na
nékterém stanovisti dokonce vyssi pii davce 250 kg N.ha' nez pii davce 0 kg N.ha'.
Zvysovanim vynosu dusikatych latek z jednotky plochy aplikaci vyssich davek dusiku tak
nebyla sniZovana nutri¢ni kvalita bilkovin.

Vlivy prosttedi a dalSich agrotechnickych zasahli jsou studovany podstatné méné nez
vliv odridy a hnojeni dusikem. LACHMAN et al. (2005) sledovali kromé vlivu odrady také
projev oblasti s rtiznou nadmotskou vyskou, vliv ro¢niku a vliv zpiisobu péstovani. Prestoze
bylo v této praci studovano jen pét odrad, byly mezi nimi zjistény prikazné rozdily v obsahu
bilkovin v susin¢ hliz. Zajimavé je zjiSténi, ze brambory z niz§ich oblasti obsahuji primérné
vice bilkovin v susin¢ a také, Ze vyssi obsah bilkovin byl nalezen u brambor vypéstovanych
v ekologickém péstitelském systému. HONEYCUTT (1998) sledoval vliv stfidani plodin a
omezeného hnojeni dusikem na vynos hrubych bilkovin hliz brambor. Zjistil, Ze charakter
piedplodiny a ji zanechany dusik miize vyznamné ovliviiovat vynos celkovych hrubych
dusikatych latek - predplodiny vojtéska a vikev umoznily zvySeni hektarového vynosu
hrubych bilkovin hliz o 50 kg.ha™, oproti op&tovnému p&stovani po bramborach. MITRUS e?
al. (2003) sledovali vliv vybranych agrotechnickych zasahti na obsah a slozeni dusikatych
latek (N x 6,25) v hlizach brambor. Krom¢ efektu odridy a hnojeni dusikem studovali také
efekt poctu prooravek a mezitaddkové vzdalenosti. Z vysledki této prace vyplyva, Ze zatimco
u niz§i davky hnojeni dusikem (60 kg N.ha™) dochazi s rostouci mezitadkovou vzdalenosti
k poklesu obsahu hrubych bilkovin v hlizach, vyssi davka (90 kg N.ha™) zptisobila s rostouci
mezifadkovou vzdalenosti zvySeni obsahu bilkovin v hlizach.

Ke zméndm v obsahu a zastoupeni dusikatych latek resp. bilkovin v hlizdch brambor
dochazi také v pribéhu skladovani (BRIERLEY et al. 1996; BRIERLEY ef al. 1997; KUMAR et al.
1999). Studiem metabolismu aminokyselin a dusikatych latek u skladovanych brambor pfi
dvou rozdilnych teplotach 5 a 10°C (relativni vlhkost 95 %) po dobu 33 tydnli se zabyvali
BRIERLEY et al. (1997). Bylo zjisténo, Ze amidy asparagin a glutamin tvoii vétSinu z obsahu
volnych aminokyselin. Po sklizni zaujimaly dohromady 34,5 % z volnych aminokyselin, ale
po 25 tydnech skladovani pifi 5°C tvorily jiz 64,9 % a pii skladovaci teplot¢ 10°C
pfedstavovaly dokonce 90,4 % volnych aminokyselin. Obsah rozpustnych bilkovin se
v prubéhu skladovani prikazné zvySoval, naproti tomu obsah hlavni zdsobni bilkoviny
patatinu klesal (piedev§im v obdobi po 17. tydnu). Na zacatku skladovani ptedstavoval
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patatin 28 % z obsahu rozpustnych bilkovin, stejné tak ve 13. tydnu skladovéni, ale ve 29.
tydnu zaujimal jiz jen 9 % zrozpustnych bilkovin. SniZovani obsahu patatinu v prib¢hu
dlouhodobého skladovani hliz (az 30 mésict) potvrdili ve své praci také KUMAR et al. (1999)
a PoTs (1999), kteii studovali narast proteolytickych aktivit v sadbovych hlizach navozené
jejich  starnutim. POTS (1999) sledoval také zmény obsahu patatinu 1 ostatnich
extrahovatelnych bilkovin hliz v pribehu skladovani po dobu 47 tydnl u tii odrid (Bintje,
Desirée, Elkana). Zmény nejvyznamnéjsich bilkovinnych slozek, patatinu a inhibitort proteas,
zavisely predevSim na odriidé. Zatimco odridy Bintje a Désirée vykazaly snizeni obsahu
extrahovatelnych bilkovin v pribéhu skladovani, tak u odrady Elkana se obsah bilkovin od
20. tydne vyznamné zvySoval. Obsah patatinu se v pribéhu skladovani sniZoval
proporciondlné s obsahem extrahovatelnych bilkovin. Tyto informace dokazuji funkci
patatinu jako zasobni hlizové bilkoviny.

I11. 4. B1OCIDNI UCINKY HLIiZOVYCH BILKOVIN BRAMBOR

I11.4.1. Obecné principy vyznamu biocidnich latek v rostlinné fyziologii

Patogenni mikroorganismy, ale i fytofdgni hmyz, had’atka a fada dalSich organismu
vyuzivaji rostliny jako pfirozeny zdroj zivin, a nuti tak rostliny vytvafet u¢inné systémy
obrany proti nim (SELITRENIKOFF 2001; VERONESE et al. 2003). Rostliny disponuji fadou
ucinnych pasivnich (kryci pletiva, vosky, kutikula, pevna bunéénd sténa) i aktivnich
(hypersenzitivni reakce, syntéza fytoncidii, fytoalexinil, specifickych stresovych bilkovin)
systémi obrany, jejichz ucelem je dosahnout resistentni odpovédi, tedy nepfipustit nebo
pfemoci vliv Skodlivého faktoru (VERONESE et al. 2003; PUNJA 2004). Odradové specificka
resistence je definovana na trovni genotypu resp. odriidy vuci specifické rase prislusného
druhu patogena. Tato resistence odpovida teorii gen proti genu (FLOR 1956) a je
determinovana ptitomnosti gent avirulence (4vr) na strané patogena a genu resistence (R) na
strané hostitele (VERONESE et al. 2003). Nespecificka resistence je pievladajici typ resistence,
ktera se projevuje u celého druhu rostliny vii¢i specifickému druhu patogena (HEATH 2000).
Zvlastnim typem resistence je tzv. indukovand resistence, jejiz navozeni je Casto vyuzivano
pii potiebé izolovat z rostlin latky, které disponuji biocidnimi uU¢inky a nejsou rostlinou
syntetizovany konstitutivné. Takovéto latky obvykle maji Siroké moZnosti vyuziti ve
farmaceutickém primyslu, v zemédé€lskych biotechnologiich ¢i potravinafstvi.

Indukovana resistence je definovdna jako aktivni resistence, jenz je indukovana
vhodnymi biotickymi ¢i abiotickymi faktory (OSBOURN 1996). Zjednodusené Ize
indukovanou resistenci popsat tak, Ze ¢ast rostliny (napf. list) je oSetfena stresovym faktorem,
coz generuje vznik primarniho signalu, jenz je pfenesen do celé rostliny. Primarni signal
spousti vznik naslednych signali vedouci k expresi pfislusnych genl. Pfenos signdlu od
aktivovanych receptori je mozny vice systémy. K vyznamnym patii fosfoinozitidovy systém,
pii kterém jsou hydrolyzou lipidl plazmatické membrany generovany dvé signalni slouceniny
(inozitol-1,4,5-trifosfat a diglycerol), které za tucasti iontd vapniku aktivuji proteinkinasy a
posléze i1 expresi PR genii (GLOSER & PRASIL 2003). Rychlym zplisobem pienosu signalu je
tvorba superoxidu a dalSich aktivnich forem kysliku, které navic pusobi toxicky na
mikroorganismy a podileji se na tvorbé ochrannych nekr6z (PUNJA 2004). Vysledkem
aktivace prislusnych geni je syntéza latek, které¢ jsou zahrnuty do vlastni obranné reakce a
maji silny biocidni u¢inek at’ jiz vici viriim, bakteriim, houbovym organismiim ¢i hmyzu.
K vyznamnym latkam patii PR bilkoviny (ang. pathogenesis-related proteins) a chemicky
jednodussich sloucenin s antibiotickym u¢inkem jako jsou flavanoidy, terpenoidy, fenolické
latky a alkaloidy. Zvlastni skupinou nizkomolekularnich obrannych latek jsou fytoalexiny,
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které se za normalnich okolnosti v buitkdch nevyskytuji. VétSina téchto sloucenin je lipofilni
povahy, coz jim usnadiluje pronikdni pies plazmatickou membranu patogent. Poskozeni
membranovych funkei patti také k ¢astym mechanismiim ptsobeni fytoalexinti (GLOSER &
PRASIL 2003).

I11.4.1.1. Biocidni uéinky bilkovin a peptidi

Jak bylo vySe uvedeno v priibéhu obrannych reakci jsou syntetizovany také tzv. PR
bilkoviny (resp. peptidy), které se pfimo podileji na obranné reakci rostliny a disponuji
vlastnostmi, které umoznuji zniceni, poSkozeni nebo zastaveni Sifeni organismu napadajiciho
rostlinu. Poprvé byla existence PR bilkovin popsana u rostlin tabdku napadenych mozaikou
tabaku (TMV). Bilkovinny extrakt z listii tabadku byl separovan na polyakrylamidovém gelu
pfi rizné mife hustoty gelu. V prib¢hu separace byly ve spektru objeveny Ctyfi nové
bilkovinné komponenty, které se u zdravych rostlin nevyskytovaly. Tti z téchto komponent
byly nésledn¢ oznaceny jako proteolytické produkty bilkoviny Rubisko, zatimco bilkovina
s oznaCenim I byla zcela novym typem bilkoviny (LOON VAN & KAMEN VAN 1970). Objeveni
bilkoviny, jejiz syntéza byla indukovéana v nasledku hypersensitivni reakce, byl impuls pro
rozsahly vyzkum PR bilkovin rostlin, ve smyslu mechanismi jejich indukce, genetické
variability, biochemickych vlastnosti a funkci v infikované rostliné (DATTA &
MUTHUKRISHNAN 1999). Oznaceni PR bilkovin se ustélilo v roce 1980, kdy bylo stanoveno,
ze jako PR bilkoviny mohou byt oznadovany pouze ty bilkoviny, jejichz syntéza byla
v hostitelské rostlin¢ indukovéna v reakci na patologickou nebo souvisejici situaci (ANTONIW
1980). Patologickou situaci jsou mysleny vSechny typy a stadia infekéniho procesu zahrnujici
také napadeni parazitickymi had’atky, fytofagnim hmyzem, herbivory a dokonce i neinfekéni
(abiotické) divody poskozeni rostlin (DATTA & MUTHUKRISHNAN 1999).

PR bilkoviny tvoii mimofadné pocetnou a rtiznorodou skupinu. V roce 1994 byla
rozporuplnd nomenklatura PR bilkovin sjednocena a bylo vytvoteno 11 skupin, do nichz byly
bilkoviny zafazeny dle sekvence aminokyselinovych zbytkd v polypeptidickém fetézci,
sérologickych vztahti a na zakladé enzymové a biologické aktivity (LOON VAN et al. 1994).
Vroce 1999 byla klasifikace upravena na 14 skupin (LOON VAN & STRIEN VAN 1999) a
pozdéji byly do systému piidany dalsi ti skupiny (LOON VAN 2006). Podrobnéjsi prehled je
uveden v tabulce 5. Vzhledem k enzymové aktivité¢ vétSiny PR bilkovin je ptedpokladan
jejich primy ucinek na patogenni organismus. Piimy ucinek byl prokdzan u skupiny PR-2,
PR-3, PR-4, PR-8 a PR-11, jejichz B-1,3-endoglukanasova, chitinasové a lysozymova aktivita
slouzi k poSkozeni bunécné stény hub a bakterii. Resistenci k poskozeni hmyzem zajistuji u
rostlin inhibitory proteas (PR-6), které¢ maji schopnost piimé inhibice travicich enzymu
(proteas) hmyzu. U nékterych zastupcii inhibitorti proteas byla zjiSténa i1 antifungdlni a
antibakterialni aktivita (LOON VAN et al. 1994). U skupiny PR-2 a PR-5 bilkovin byla zjisténa
antivirova aktivita. Syntéza PR bilkovin je tkanové specifickd a jejich pfitomnost je
lokalizovédna v apopalastu 1 ve vakuolarnim prostoru. PR bilkoviny tvofi vyznamnou skupinu
stresovych bilkovin a indukce jejich syntézy je obvykle dana stresovym faktorem, at’ jiz se
jedna o zvysSenou koncentraci etylenu (BREDERODE ef al. 1991), tvorbu nekroz, plasmolyzu,
nebo poranéni rostliny (VERONESE ef al. 2003).
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Tabulka 5: Rozdéleni doposud znamych PR bilkovin rostlin do 17 slupin dle prace LOON
VAN & STRIEN VAN 1999; LOON VAN 2006

Skupina Typicky zastupce skupiny Biochemické vlastnosti Rozsah molekulové
hmotnosti
PR-1 PR-1a tabaku Neznamé 15-17 kDa
PR-2 PR-2 tabaku B-1,3-glukanasa 30-41 kDa
PR-3 P a Q protein tabaku Chitinasa typu I, I, II1, IV, V, VI, VII 35-46 kDa
PR-4 R protein tabaku Chitinasa typu I, II 13-14 kDa
PR-5 S protein tabaku Proteiny podobné thaumatinu 16-26 kDa
PR-6 Tabakovy inhibitor I Inhibitory proteinas 8-22 kDa
PR-7 Pgo protein rajcete Endoproteinasa 69 kDa
PR-8 Chitinasa izolovana z okurky Chitinasa typu III 30-35 kDa
PR-9 Tabakova peroxidasa Peroxidasa 50-70 kDa
PR-10 Petrzelovy PR-1 protein Proteiny podobné ribonuklease 18-19 kDa
PR-11 Tabakova chitinasa tfidy V Chitinasa typu | 40 kDa
PR-12 Protein RS-AFP3 z fedkvicky Ptenos ionti (defensivy) 5kDa
PR-13 TH 12.1 z Arabidopsis spp. Thioniny 5-7 kDa
PR-14 LTP 4 z jeCmene Proteiny transféru lipida 9 kDa
PR-15 OxOa protein z jeCmene Oxalat oxidasa 22-25 kDa
PR-16 OxOLP z jeémene Protein podobny oxalat oxidase 100 kDa (hexametr)
PR-17 PRp27 z tabdku neznameé neznameé

Vedle téchto PR bilkovin s vyznamnymi biocidnimi u¢inky produkuji rostliny fadu
bilkovin, u kterych byla prokazéana at’ jiz antifungélni, antibakteridlni, antvirova, insekticidni
¢i nematocidni aktivita, a pfesto nelze tyto bilkoviny jednoznacné prifadit k PR bilkovindm.
Jedna se o bilkoviny, které jsou v rostlinnych tkanich syntetizovany konstitutivné bez zjevné
indukce stresovymi faktory a jsou vice fazeny k zasobnim nez obrannym bilkovindm, c¢i
v reakci na stresovy faktor dochéazi k syntéze jedné nebo vice isoforem takovéto bilkoviny
nebo ke zvySeni specifické enzymové aktivity (SHEWRY 2003; LOON VAN et al. 2006). Jako
ptiklad lze uvést bilkovinu ocatin, coz je hlavni zdsobni bilkovina hliz andské plodiny oca
(Oxalis tuberosum). U této bilkoviny, o velikosti 16 kDa, byly zjiStény antifungalni a
antibacterialni vlastnosti. V provedenych testech inhiboval ocatin rlst bakterii Pseudomonas
aureofacies, Serratia marcescens, Agrobacterium radiobacter a rtist hub Nectria
hematococcus, Fusarium oxysporum, Phytophtora cinnamomi, Rhizoctonia solani (FLORES et

al. 2002).

I11.4.2. Biocidni u¢inky nejvyznamnéjsich hlizovych bilkovin

Z hliz brambor bylo v minulosti izolovano jiz n¢kolik bilkovin/peptidi, u nichz byla
biocidni aktivita viici specifickému organismu prokézéana, nebo je tato aktivita ptredpokladana
vzhledem k specifické enzymové aktivité bilkoviny. V tomto sméru se nejednd pouze o PR
bilkoviny se stresovou indukci, ale také o konstitutivné syntetizované bilkoviny, které jsou
klasifikovany jako zasobni s dodatkem, Ze jejich presna fyziologicka funkce neni znama a
ptedpoklady o jejich ucasti v obrannych mechanismech rostlin jsou uvadény na urovni
hypotéz.

I11.4.2.1. Biocidni u¢inky bilkovin patatinového komplexu
Jak bylo jiz uvedeno, bilkoviny patatinového komplexu, které v hlizach brambor

predstavuji hlavni zasobni bilkovinu, disponuji fadou enzymovych aktivit, jejichz role ve
fyziologii hlizy resp. rostliny jsou neznamé. Doposud byly u izoforem patatinovych bilkovin
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popsany aktivity 1) nespecifické lipid acyl hydrolasy (LAH), tedy esterasova aktivita
(ANDREWS et al. 1988); 2) fosfolipasy A; (PLA;) a fosfolipasy A, (PLA;) (SENDA et
al.1996); 3) B-1,2-xylosidasy (PEYER et al. 2004); 4) kyselé B-1,3-glukanasy (TONON et al.
2001). Tyto specifické enzymové aktivity davaji patatinovym bilkovinam ptfedpoklad jejich
ucasti na obranném mechanismu rostliny (POTS 1999; TONON et al. 2001; PEYER et al. 2004).

Teorie tykajici se fyziologické role LAH aktivity patatinu v obranném systému hlizy
proti $kodlivym organismiim zahrnuje dvé mozné hypotézy, které uvadi POTs (1999). Podle
jedné zmoznych teorii dochdzi pii poskozeni bunky napadené rostliny k uvolnovani
mastnych kyselin prostfednictvim LAH aktivity patatinu. Uvolnéné mastné kyseliny jsou
nasledné oxidovany lipooxidasami, coz vede ke vzniku cytotoxickych oxidovanych mastnych
kyselin. LAH aktivita patatinu ma také za nasledek tvorbu ve vod¢ nerozpustnych vosk,
které zabranuji pronikani i naslednému rozsifeni patogena v rostliné. Druhou hypotézu o
ucasti patatinovych bilkovin na obranném systému rostliny uvadi STRICKLAND et al. (1995).
Podle této teorie pisobi LAH aktivita patatinu na invasivni organismy piimou inhibici,
pravdépodobné naruenim integrity bunéénych stén. Zadna z uvedenych teorii nebyla oviem
nikdy pifimo potvrzena. SkuteCnosti zlistavd, Ze rozdily v LAH aktivité¢ patatinu mezi
odriidami brambor jsou zna¢né, coz byl diivod vysloveni predpokladu o vztahu mezi Grovni
LAH aktivity a resistenci odridy. Podle tohoto pfedpokladu jsou odridy s nizkou urovni LAH
aktivity mén¢ odolné nez odriidy s vyssi arovni LAH aktivity patatinu (POTS 1999).

Fyziologickd funkce rostlinnych fosfolipas spoc¢ivda ve schopnosti odstépovat
z membranovych fosfolipidii nenasycené mastné kyseliny; v pfipad¢ ZivocisSnych bunék se
jedna o uvoliovani arachidonové kyseliny; u rostlinnych bun¢k se uvolnuje linolova kyselina
nebo linolenovéd kyselina. Uvolnéné mastné kyseliny ndsledné slouzi jako signalni latky
vedouci k expresi ,,obrannych® genii. Bylo naptiklad zjisténo, ze oxidativni produkty
nenasycenych mastnych kyselin indukuji akumulaci fytoalexini (BOSTOCK & STERMER
1989). Ucast PLA, na signalni transdukci vyvolavajici resistentni reakci v bramborovych
buiikach pii inokulaci inkompatibilni rasou houbového patogena Phytophtora infestans, nebo
pii kontaktu s elicitorem stén hyf tohoto patogena byla potvrzena v praci SENDA et al. (1998).
Inokulaci bramborovych hliz inkompatibilni rasou houbového patogena Phytophtora
infestans jsou také aktivovany lipooxygenasy vazané v cytoplazmatické membrané a rovnéz
intraceluldrni lipidperoxidasy. Obé¢ tyto skupiny enzymu se podileji na produkci rishitinu, tedy
vyznamného fytoalexinu brambor (DOKE & NISHIMURA 1988).

Rostlinné enzymy s B-1,3-glukanasovou aktivitou jsou fazeny mezi typické PR
bilkoviny (SELITRENNIKOF 2001) a jejich existence se predpokladd u vétSiny vysSich rostlin
(TONON et al. 2001). Stavebnim prvkem bunééné stény vétsiny hub jsou chitin a -1,3-glukan.
Chitinasy a B-1,3-glukanasy maji schopnost vazat se na bunécné stény hub a degradovat je, a
tim omezit az uplné inhibovat rist houbovych organisml. Antifungalni aktivita B-1,3-
glukanasy izolované zhliz brambor byla prokazana vG¢i druhu Phytophtora infestans.
Purifikovany enzym piimo inhiboval kliceni sporangii patogena P. infestans. Déle byla
zjisténa odlisna exprese B-1,3-glukanasy u resistentniho a nachylného genotypu brambor po
inokulaci kompatibilni rasou houby P. infestans. Po 14 hodinach od inokulace bylo zjisténé
mnozstvi B-1,3-glukanasy u resistentniho genotypu ¢tyfnasobné oproti nachylnému genotypu
(TONON et al. 2002). Schopnost purifikovaného patatinu inhibovat kli¢eni spor patogena P.
infestans bylo popsano také v praci SHARMA et al. (2004).

111.4.2.2. Biocidni u¢inky inhibitori proteas a ostatnich bilkovin hliz brambor

Inhibitory proteas jsou vSeobecné povazovany za vyznamnou soucast obranného
systému rostlin pii napadeni hmyzem nebo patogeny (JONGSMA 1995). Zatimco insekticidni
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ucinek inhibitort proteas je jednoduse vysvétlitelny jejich schopnosti inhibovat travici
enzymy hmyzich $ktidct, princip antimikrobidlniho plisobeni inhibitori proteas neni zcela
znam (SELITRENIKOFF 2001). Mozny princip antifungalniho pasobeni inhibitorti proteas je
naznacen v praci GVOZDEVA et al. (2006), kde byl studovan systém extracelularnich enzymu
patatogenni houby Rhizoctonia solani v relaci s ptfirozené se vyskytujicimi rostlinnymi
inhibitory téchto enzymi. Z pohledu pfimych ucinkti hlizovych inhibitorti proteas na rist a
vyvoj hmyzu, Ize uvést vysledky prace JOHNSON et al. (1989) - larvy druhu Manduca sexta
krmené transgennimi rostlinami tabdku, které obsahovaly bramborovy inhibitor 1 (PI-1),
vykazovaly ve srovnani s kontrolou prokazateln¢ zpomaleny vyvoj. Z vysledkl této prace
vyplyva, Ze za inhibici rlstu larev je zodpovédnéd predev§im trypsinova aktivita inhibitorQ
proteas, ktera je u bramborovych inhibitort tfidy PI-1 velmi silnd. Obdobnych zavéra bylo
dosazeno 1 v praci (SUTHERLAND et al. 2002). V tomto piipad¢ byl prokazan retardacni Gi€inek
inhibitortt proteas brambor tfidy II (PI-2) viéi druhu Teleogryllus commodus. ZvysSena
mortalita larev druhu Diabrotica undecimpunctata byla zaznamenana po pifidani hlizovych
hlizovych inhibitori proteas Kunitzova typu do diety larev (FABRICK et al. 2002). U
hlizovych inhibitori Kunitzova typu byla také pozorovana schopnosti inhibice rlstu
fytopatogeni houby Fusarium culmorum (SPERANSKAYA et al. 2006). S vyuzitim expresniho
systému Schizosaccharomyces pombe byly pfipraveny izolaty inhibitord Kunitzova typu
homologiich skupin A, B a C. U skupin A a B byla posléze detekovéana silna antifungalni
aktivita vaci druhu Fusarium monniliforme (HEIBGES et al. 2003).

K dal$im faktorim obraného mechanismu brambor patii peptidy snakin-1 a snakin-2
s Sirokou antibakteridlni a antifungalni aktivitou. Zatimco snakin-1 je exprimovan pouze
konstitutivné bez zjevné zavislosti na biotickych ¢i abiotickych faktorech; syntéza peptidu
snakin-2 je pravdépodobné konstitutivni i indukované povahy. V hlizach, listech a stoncich se
peptid snakin-2 objevuje v prubéhu celého vyvoje rostliny bez zjevné indukce. Pii oSetieni
rostliny abscisovou kyselinou ¢i kompatibilnim patogenem (napi. Ralstonia solanacearum)
dochdzi vmist¢ oSetfeni kintenzivni kumulaci peptidu snakin-2. Mechanismus
antimikrobialniho u¢inku obou peptida je neznamy (BERROCAL-LOBO et al. 2002).

Biologickd aktivita lektinu hliz brambor byla testovana na larvach blyskacka
tepkového (Meligethes aenus L.) spolu s dalSimi bilkovinami hliz bramboru - konkrétné se
jednalo o serinové a aspartdtové inhibitory proteas a o bilkoviny patatinového komplexu.
Ucelem této studie bylo nalézt latky, s jejichz vyuzitim by byla u fepky ozimé navozena
rezistence vu¢i zminovanému Skidci. Ostatni bilkoviny hliz brambor, které byly v testu
zatazeny, nedosahovaly urovné hlizového lektinu. Hlizové inhibitory proteas a patatin
neovlivnily vyrazn€¢ pocet piezivSich larev, ale 1 u téchto bilkovin byla zaznamenana
schopnost redukce riistu larev (AHMAN & MELANDER 2003).

II1. 5. MOZNOSTI PRUMYSLOVE IZOLACE HLiZOVYCH BiLKOVIN

Vysoké nutriéni hodnota hlizovych bilkovin a jejich specifické vlastnosti zcela jisté
zvySuji hodnotu hliz brambor jak pro kone¢ného konzumenta, tak i pro potravinaisky
pramysl. Hlizy brambor vSak obsahuji 1 jiné vyuzitelné latky a jsou nenahraditelnou
surovinou pro zpracovatelsky, zvlasté pak skrobarensky primysl, kde jsou cenény pro vysoky
obsah kvalitniho Skrobu. Vysoké zastoupeni bilkovin ve vstupni suroviné bylo pfi vyuziti
brambor na skrob vnimano spiSe negativné nebot’ bilkoviny piechéazeji do vedlejsich produkti
(ptedevSsim do tzv. hlizové vody) a zplisobuji problémy pii konecné likvidaci tohoto
odpadniho materialu.

Ceska republika obdrzela v ramci SOT (Spole¢na organizace trhu) v EU narodni
vyrobni kvétu ve vysi 33 660 t bramborového Skrobu (Z1ZKA 2006). Pii primérné vytéznosti
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160 az 180 kg Skrobu z jedné tuny brambor (SWINKELS 1990) je nutné pro naplnéni této kvoty
kazdoro¢né zpracovat 187 000 az 210 375 t brambor. V zavislosti na obsahu susiny brambor
je v priabéhu vyroby skrobu vyprodukovano z jedné tuny brambor ptiblizn¢ 650 az 750 litra
hlizové vody (angl. potato fiuite juice, PFJ), takze prostou kalkulaci miize v CR kazdoro¢né
vzniknout 121 az 158 tisic m’ tohoto vedlej§iho produktu. Obsah hlizovych bilkovin v hlizové
vods je velmi variabilni - uvadg&ji se hodnoty v rozsahu 8,5 az 22,2 g.I"" (KONINGSVELD 2001).
Budeme-li ptedpokladat promérny obsah 13,4 gl', pak Geské skrobarny vyprodukuji
kazdoroéng 1600 az 2 100 t hlizovych bilkovin bez jejich efektivniho vyuziti. V. CR je
produkce hlizové vody vyuzivana pouze jako dusikato-draselné organické hnojivo,
aplikované na pole v blizkosti Skrobdrenskych provozii. To mlze byt Casto problematické -
zatézovani stejnych pozemki, zavislost na pocasi, obtézovani okolniho prostiedi zdpachem a;.
Pohled ¢eského Skrobarenského primyslu na vyuziti hlizové vody se postupné méni a hlizova
voda zacCina byt chapana jako surovina s potencidlem produkce nutricné kvalitnich a
obchodovatelnych bilkovin.

II1.5.1. Produkce a sloZeni hlizové vody brambor
Izolace skrobu z brambor je zjednodusené zaloZena na rozstrouhani brambor, vypirani

a odlouceni Skrobu, jeho zahusténi a suseni. Z uvedeného schématu (obr. 4) je patrny vyrobni
krok, ve kterém vznika hlizova voda jako vedlejsi produkt vyroby bramborového Skrobu.
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Obr. 4: Schéma produkci bramborového skrobu a hlizové vody (KONINGSVELD 2001)

Obsah suSiny v hlizové vode¢ je v rozsahu 5 az 6 %; hodnota pH se pohybuje v kyselé
oblasti, obvykle mezi 5,6 az 6,0 (PLIEGER 1986; KONINGSVELD 2001). Prosttedi hlizové vody
je heterogenni a susina hlizové vody obsahuje celou fadu organickych i anorganickych latek.
SloZeni hlizové vody je uvedeno v tabulce 6. Nejvyznamnéjsi postaveni maji dusikaté latky
(bilkoviny, peptidy a volné aminokyseliny), jenz dohromady tvofi pfiblizné 40 % suSiny
hlizové vody. Volné aminokyseliny jsou zastoupeny zejména glutaminem, glutamovou
kyselinou, asparaginem a y-amino butanovou kyselinou. K vyznamnym dusikatym latkdm
hlizové vody patii také glykoalkaloidy, znichz jsou nejvice zastoupeny o-solanin a o-
chaconin. Cukry jsou zastoupeny redukujicimi cukry D-glukosou a D-fruktosou a
neredukujicim disacharidem sacharosou. Zastoupeni lipida je téméf zanedbatelné; tato slozka
je tvofena volnymi mastnymi kyselinami (30 %), tuky (30 %) a fosfolipidy (40 %) (LISINSKA
& LESzCzyNskI 1989). Z hlediska pripadné izolace hlizovych bilkovin je vyznamny obsah
fenolovych latek, které mohou ovlivnit vytéznost izolaéniho postupu. Kvalitu bilkovinného
izolatu ovliviiuje téz obsah drasliku, jenz ptfedstavuje az 11 % suSiny hlizové vody. Bilkoviny
tvoii prevdznou Cast suSiny hlizové vody. Jejich primérny obsah je piiblizné¢ 27 %
(KONINGSVELD 2001; ISI 1999; PLIEGER 1986). Jedna se o udaj priblizny, nebot’ koncentrace
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bilkovin v susin¢ hlizové vody kolisa v rozpéti ptiblizn€ od 17 % do 40 %.

Tabulka 6: Primérné sloZeni hlizové vody brambor (KONINGSVELD 2001; PLIEGER 1986)

Komponenta Koncentrace v PFJ (g/1) % susiny
(min - max)

Bilkoviny (N x 6.25) 13,4 (8,5-22,2) 26,8
Peptidy 2,2(1,5-3,1) 4.4
Aminokyseliny + amidy (N x 5.13) 4,8(3,3-17,8) 9,6
Ostatni N - obsahujici slozky 0,9 1,8
Cukry 7,9 (3,0 - 24,9) 15,8
Lipidy 1,1 2,2
Kyselina citronova 5,0(2,0-12,0) 10,0
Kyselina askorbova 0,3 (0,1 —0,6) 0,6
Ostatni organické kyseliny 1,3(0,7-54) 2,6
Kyselina chlorogenova 0,2 (0,1-0,5) 0,4
Kyselina kofeinova 0,07 (0,03 - 0,3) 0,1
Draslik 5,6(3,9-17,3) 11,2
Fosfor 0,5(0,2-0,.9) 1,0
Ostatni slozky 5,0 10,1

I11.5.1.1. Bilkoviny hlizové vody brambor

Zvlastnosti hlizovych bilkovin je skute¢nost, ze az 75 % tvofi albuminova frakce,
ktera diky své rozpustnosti snadno pfechazi do hlizové vody. Bilkoviny tvoii pfevaznou ¢ast
susiny hlizové vody (cca 27 % suSiny) (KONINGSVELD 2001; PLIEGER 1986) se zna¢nou
mirou kolisdni obsahu v pribéhu kampané. Obdobné jako bilkoviny hliz, lze rozdélit
bilkovinny komplex obsazeny v hlizové vodé¢ brambor do tfech skupin na bilkoviny
patatinového komplexu, inhibitory proteas a ostatni bilkoviny. Hlizova voda produkovana
Skrobarenskym pramyslem je obvykle odridova smés a lze ptredpokladat, ze zastoupeni
jednotlivych skupin bilkovin se méni v pritbéhu kampané v zavislosti na odriidach pouzitych
pro zpracovani.

V soucasné dobé neexistuji presna kvantitativni data vyjadifujici zastoupeni
bilkovinnych komponent v hlizové vodé s vyjimkou jednoodridovych (odriida Elkana) dat
uvedenych v praci POUVREAU et al. (2001). Bilkoviny patatinového komplexu (39-43 kDa)
zaujimaly v této hlizové vode 38 %, inhibitory proteas predstavovaly az 50 % a tzv. ostatni
bilkoviny zaujimaly v hlizové vodé¢ odridy Elkana 12 %. Z hlediska moZzné izolace bilkovin
z PFJ jsou nejvyznamnéjsi bilkoviny patatinového komplexu a inhibitory proteas, jenz
spole¢né tvoii prevladajici ¢ast bilkovin obsazenych v hlizové vod¢. Vlastnosti téchto dvou
skupin vyrazné ovliviluji proces izolace bilkovin, vytéznost izola¢niho postupu, moznost
stabilizace bilkovinného izolatu, ale i jeho kvalitativni a nutriéni vlastnosti a konkrétni
moznosti vyuziti v krmivafstvi, potravinafstvi a v biotechnologiich. Jedna se pfedev$im o
vlastnosti tykajici se hodnoty isoelektrického bodu, termostability, schopnosti tvorby vazeb
s nékterymi latkami, zastoupeni aminokyselin ¢i jejich enzymovych aktivit.

I11.5.2. Izolace bilkovin z hlizové vody

V Némecku a v Nizozemi je od sedmdesatych let minulého stoleti nakladani
s hlizovou vodou regulovano, coz pro vyrobce piedstavuje vysoké naklady na oSetfeni tohoto
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odpadu. Do popiedi se tak dostala snaha vyuzit organické latky, zejména bilkoviny, obsazené
v hlizové vodé¢. Jako nejefektivngjsi se pro izolaci bilkovin z hlizové vody jevila tepelna
koagulace injekci pary. Tento princip izolace bilkovin z hlizové vody je dnes vyuzivan ve
vétSiné velkych Skrobaren v Némecku a v Nizozemi (ZWIINENBERG et al. 2002). Zatizeni pro
izolaci bilkovin tepelnou koagulaci vyrabi spole¢nost Westfalia Separator AG. Postup
spo¢iva v predfazeném zakoncentrovani hlizové vody pomoci reverzni osmoézy (WIINHOLDS
& RANDLES 1998) a nasledné tpraveé reakce PFJ na hodnotu kolem pH 5. Poté nésleduje
injekce pary a koagulace bilkoviny, separace vysrazenych bilkovin a jejich konzervace
suSenim. Ziskany produkt je dale finaln€¢ upravovan a nabizen jako bilkovinné krmivo pro
domaci a hospodaiska zvitata (KONINGSVELD 2001; ZWIINENBERG et al. 2002; AVEBE 2006).
Postup izolace bilkovin z hlizové vody injektaci pary se vyznacuje ptredev§im vysokou
vytéznosti.

Vyuziti kombinace tepla a snizeni pH hlizové vody k vysrazeni hlizovych bilkovin je
doposud jedind primyslové vyuzivand metoda izolace hlizovych bilkovin. Tato metoda a jeji
nejriznéjsi modifikace vychazeji ze zakladnich biochemickych vlastnosti hlizovych bilkovin,
nebot’ vétSina hlizovych bilkovin je termolabilni a hodnota jejich isoelektrického bodu je
v oblasti kyselého pH (SEIBLES 1979). V rozsahu téchto hodnot pH vykazuji bilkoviny
nejvyssi citlivost k vysrdzeni. KONINGSVELD (2001) uvadi, Ze sraZeni bilkovin z hlizové vody
bez ptedchozi Upravy pH je mozné pozorovat jiz pii piekroceni 40°C. Pii zahtati hlizové vody
nad 60°C je vysrazeno piiblizn€ 50 % bilkovin a teplota 70°C zptsobuje kompletni vysraZeni
bilkovin pfitomnych v hlizové vodé, které vsak jsou z vice jak 90 % nerozpustné. Snizeni pH
na uroven hodnoty, pfi které jsou hlizové bilkoviny nejvice nachylné na vysrazeni, by mélo
umoznit pouziti niz§ich teplot pro vysrazeni vétSiny hlizovych bilkovin nez je uvedena teplota
70°C. Ta je z hlediska stability hlizovych bilkovin pfili§ vysoka a zplisobuje jejich denaturaci
a s tim souvisejici nerozpustnost. Tato teorie byla testovana v maloprovoznich podminkéch ve
Skrobarn¢ Karup Kartoffelmelfabrik (MIKKELSEN 2006) vramci feSeni projektu EU,
NewPotatoPro. Projekt fesil izolaci bilkovin z hlizové vody systémem kombinace teploty a
zmény pH s ohledem na ziskani kvalitniho bilkovinného koncentratu a soucasného snizeni
energetické naro¢nosti izola¢niho postupu. V rdmci projektu byla testovana dvoustupiiova
extrakce bilkovin z hlizové vody s moznosti recyklace pouzitého tepla, cozZ umoznilo snizeni
potieby energie o 60 %. V prvnim stupni extrakce mél byt ziskavan patatin (okyseleni PFJ
kyselinou sirovou na pH 3,5 a vysrazeni bilkovin pii teplot¢ 50°C) v nativni formé. V druhé
fazi byly zbylé bilkoviny izolovany v denaturované formé pfi teploté cca 80°C (MIKKELSEN
2006). Uvadéna inovace feSi sniZzeni potfeby energie, avSak izolovany patatin i1 ostatni
bilkoviny jsou minimalné¢ rozpustné, nebot tento postup izolace zpusobuje denaturaci
obdobn¢ jako pii pouziti pfimé injektaze pary v systému spole¢nosti Westfalia Separator AG.
Z hlediska krmivaiského uplatnéni téchto bilkovinnych izolath fesi tepelnd koagulace snizeni
aktivity inhibitora proteas, ale zarovenn jsou degradovany biologické aktivity ostatnich
bilkovin, zejména hlavni zasobni bilkoviny patatinu. Pozornost vyzkumu je tak zaméfena na
hledani alternativnich zpiisobli izolace bilkovin z hlizové vody s prioritnim pozadavkem na
zachovani jejich rozpustnosti a nativniho stavu.

I11.5.2.1. 1zolace hlizovych bilkovin v nedenaturovaném stavu

Spektrum doposud testovanych metod izolace hlizovych bilkovin v nedenaturovaném
stavu zahrnuje metody srazeci, chromatografické a filtrani. Jiz v sedmdesatych letech byl
testovan srazeci efekt iontlh kovli (KNORR et al. 1977) a srazeni hlizovych bilkovin pomoci
nizkého pH (MEISTER & THOMPSON 1976). V nedadvné dob¢ srovnaval efekty ¢inidel s nizkou
molekulovou hmotnosti KONINGSVELD et al. (2001). Jednalo se o testovani srazeciho efektu
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anorganickych a organickych kyselin (k. chlorovodikova, k. sirova, octova k., citronova k.),
organickych rozpoustédel (metanol, etanol, isopropanol, aceton) a iontd kovil (Zn>", Fe*",
Fe’"). Metody zalozené na vysrazeni hlizovych bilkovin se jevi jako velmi perspektivni pro
primyslové vyuziti. Z dalSich mozZnosti izolace hlizovych bilkovin z PFJ byl naptiklad
zkouSen bentonit za podminek pH 4,5. Metoda je vyuzitelna z pohledu odstranéni bilkovin
z hlizové vody. Hlavnim problémem metody je obtiznost zpétné desorbce zachycenych
bilkovin pro jejich dal$i vyuziti (LINDNER et al.1981). Pro izolaci hlizovych bilkovin byly
testovany 1 chromatografické metody. GONZALES et al. (1991) testovali ionto-vyménnou
chromatografii na carboxymethylcelulose (CMC). Pro nizké pH (1,5 az 4,0) potiebné
k vytvoteni vazby byly ziskané bilkoviny z velké ¢asti denaturované. Mezi chromatografické
metody lze zahrnout i postup priamyslové izolace patatinu pomoci tzv. ,,Bed Adsorption
Technique*. Primyslové vyuziti bohuzel opét nebylo ptili§ uspésné, a to predevsim z divodit
vysokych ndkladii (STRAEKVERN et al. 1999). V nedavné dobé byly hodnoceny funkéni
vlastnosti hlizovych bilkovin, které byly vysrazeny pfidavkem zminéného média CMC do
hlizové vody a bylo zjisténo, Ze toto medium stabilizuje emulze a pény vytvorené za ucasti
komplexu bilkovina-CMC (VIKELOUDA & KIOSSEOGLOU 2004). Dalsi moznosti je uplatnéni
membranové techniky ultrafiltrace, ale pifi této technice dochdzelo k zakoncentrovani
antinutriénich latek v bilkovinném izolatu a membrany se béhem testli Casto poSkozovaly
(WOJNOWSKA et al. 1981). Nov¢jsi prace se zabyvaji pouzitim kombinace ultrafiltrace a
diafiltrace (ZWIINENBERG et al. 2002). Z membranovych technik je nutné¢ také zminit
moznost vyuziti reversni osmozy, kterd se v soucasnosti pouziva k zakoncentrovani hlizové
vody pied injektaci pary a vysraZenim bilkovin. Pouziti reversni osmozy a zakoncentrovani
hlizové vody snizuje pracovni objem hlizové vody, a tim i energetickou narocnost celého
procesu. Obdobnym zpiisobem Ize vyuzit metodu reversni osmézy pii srdzeni hlizovych
bilkovin nékterym ze srdzecich cinidel pro sniZeni potfeby sraZeciho c¢inidla, zvySeni
vytéznosti izolacni technologie a zajisténi rentability celého postupu.

I11.5.2.2. 1zolace hlizovych bilkovin pomoci sraZecich ¢inidel

Izolace bilkovin z PFJ pomoci jejich vysrazeni je z pohledu primyslového vyuziti
perspektivni zpiisob, nebot v zavislosti na typu pouzitého srdzeciho cinidla Ize timto
zpisobem ziskat dostatecné mnozstvi nedenaturovanych bilkovin. Pro tento typ izolace
hlizovych bilkovin byly testovany organické i anorganické kyseliny (KNORR et al. 1977,
KONINGSVELD et al. 2001), jejichz G¢innost z hlediska vytéznosti izolovanych bilkovin byla
nejvyssi pii dosazeni hodnoty pH 3. KNORR (1982) ve své praci doporucil zejména citronovou
kyselinu, u které byl zaznamendn vysoky vytézek vysrdzenych bilkovin s vysokou mirou
rozpustnosti. Navazujici prace ovSem tento nazor nepotvrdily (KONINGSVELD 2001). U ¢tyt
testovanych kyselin (k. chlorovodikova, k. sirova, citronova k. a octova k.) bylo skute¢né
dosazeno nejvyssi vytéznosti izolovanych bilkovin pii hodnoté pH 3 (KONINGSVELD 2001),
ale denaturacni efekt pouzitych kyselin byl pfili§ vysoky a ziskané bilkovinné izolaty
vykazovaly velmi nizkou zpétnou rozpustnost. K vysrazeni bilkovin z hlizové vody je mozné
pouzit i srazeci Cinidla ze skupiny organickych rozpoustédel a soli kovii. Vysoka vytéznost
izolovanych bilkovin se zachovanim zpétné rozpustnosti byla zaznamenana pti pouziti FeCls,
ZnCl; a FeSO4. Vytéznost izola¢niho postupu a rozpustnost izolovanych bilkovin je vysoka,
zvlasté pak pii pouziti trojmocnych kovl, jakym je napt. FeCl; (KONINGSVELD 2001).
Technologicky nevyfeSenym problémem izolace hlizovych bilkovin pomoci dvojmocnych a
trojmocnych kovil je odstranéni téchto iont z vysledného bilkovinného koncentratu, coz
znehodnocuje jeho dalsi vyuziti.
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II1.5.3. Kvalitativni parametry koncentrati hlizovych bilkovin a moZnosti
jejich vyuziti

Kvalitativni parametry koncentrati hlizovych bilkovin jsou zcela jednoznaéné zavislé
na slozeni hlizové vody, jenzZ je pouzita jako vychozi materidl a na postupu primyslové
izolace bilkovin a nasledné konzervaci ziskaného bilkovinného koncentratu. Kvalitativni
parametry ziskanych koncentrati hlizovych bilkovin jsou determinovéany ptedevSim jejich
chemickym slozenim. Z nemnoha autort fesili tuto problematiku napt. LOKRA et al. (2007);
KONINGSVELD et al. (2006); VIKELOUDA & KIOSSEGLOU (2004); KONINGSVELD et al. (2002);
KONINGSVELD et al. (2001); PARTSIA & KIOSSEOGLOU (2001). Vyznamnymi vlastnostmi je
mira zpétné rozpustnosti ziskanych bilkovinnych koncentratti, obsah ¢istych bilkovin, jejich
nutricni hodnota a zachovani funkénich vlastnosti jednotlivych bilkovinnych komponent
(KONINGSVELD 2001). V ptipad¢ bilkovin patatinového komplexu se nejcastéji diskutuje o
enzymovych aktivitach a schopnosti tvorby pén a emulzi (LOKRA et al. 2007; KONINGSVELD
et al. 2006; VIKELOUDA & KIOSSEGLOU 2004); u frakce inhibitort proteas je mozné sledovat
zachovani inhibi¢ni aktivity vi¢i proteasam. Dulezitym kvalitativnim parametrem pro dalsi
vyuziti je zastoupeni balastnich latek. Z balastnich latek se sleduji obsahy nasledujicich latek -
zbytkovy Skrob, vlédknina, celkové glykoalkaloidy a polyfenolické latky - predevSim
chlorogenova kyselina, kterd ovliviiuje vysledné zbarveni bilkovinnych koncnentratt a za
ur¢itych podminek mize také ovlivnit vytézek izola¢niho postupu (LOKRA et al. 2007). Déle
jsou také sledovany obsahy mineralii, zvlasté pak obsah drasliku, ktery je v hlizové stave
obsazen ve vysokém mnozstvi a jeho vysoké zastoupeni v bilkovinném koncentratu zptisobuje
nahotklou chut a nemoznost vyuziti ziskanych bilkovin pro potravinarsky pramysl
(KONINGSVELD 2001).

Uspokojiva data tykajici se relativniho zastoupeni jednotlivych bilkovinnych frakei
v ziskanych koncentratech nejsou k dispozici. KONINGVELED (2001) pti hodnoceni zastoupeni
jednotlivych bilkovinnych pruht v SDS-PAGE profilu koncentrati ziskanych s vyuzitim
ruznych srazecich ¢inidel hodnotil pouze intenzitu zastoupeni bilkovinnych pruhti v oblasti
patatinovych bilkovin a v oblasti bilkovin s hmotnosti 5-25 kDa, kde pfevazuji inhibitory
proteas. Obdobné LOKRA et al. (2007) se omezuje pouze na konstatovani, ze v SDS-PAGE
profilu bilkovinného koncentratu ziskaného s vyuzitim chromatografické techniky ,,Expanded
Bed Adsorption®, byly nalezeny pruhy v oblasti patatinovych bilkovin (40-42 kDa) a v oblasti
inhibitorti proteas (20-23 kDa).

Letalni davka celkovych glykoalkaloidi je uvadéna pro &lovéka v rozmezi 3-6 mg.kg™
véhy téla; toxicka davka je 2-5 mg.kg” (ALT et al. 2005). Sledovani obsahu glykoalkaloidi je
rozhodujici hledisko pro piipadné potravinaiské vyuziti bilkovinnych koncentratd. Jako
problematické se z diivodu zakoncentrovani glykoalkaloidl jevi vyuziti membranové techniky
ultrafiltrace (WOINOWSKA et al. 1981). Pii pouziti této metody je mozné snizit obsah
glykoalkaloidt 1) provedenim diafiltrace nasledn€ po ultrafiltraci (ZWIINENBERG et al. 2002)
¢i 2) flokulaci ptidanim CaHPO, pied vlastni ultrafiltraci (EDENS ef al. 1997). KONINGSVELD
(2001) nesledoval obsah glykoalakoidii v koncentratech vzniklych srazenim bilkovin
z hlizové vody pii nizkém pH a za pomoci nizkomolekuldrnich sraZecich cinidel. Naopak
s vyuzitim techniky ,,Expanded Bed Adsorption” nebyly glykoalkaloidy ve wvzniklych
bilkovinnych koncentratech zaznamenany (pravdépodobné se jednalo o mnozstvi pod limitem
detekéni metody). Pro srovnani byl hodnocen bilkovinny koncentrat ziskavany primyslove, u
kterého celkovy obsah glykoalkaloidii dosahoval 257 mg.kg™ susiny (LOKRA ef al. 2007).

Casto diskutovanymi vlastnostmi nativnich bilkovinnych koncentratli je schopnost
tvorby pén a emulzi (RALET & GUEGUEN 2000; PARTSIA & KIOSSEOGLOU 2001;
KONINGSVELD et al. 2002). Péna je obecné definovana jako dvoufazovy systém, ve kterém
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odlisna plynnéa faze ve formé bublin je obklopena spojitou fazi (PHILIPS et al. 1990). Pény
jsou piitomny v fadé koloidnich systéml produkovanych potravinidiskym a kosmetickym
pramyslem a bilkoviny jsou ¢asto vyuzivany jako jejich stabiliza¢ni prvek. Pénivé schopnosti
nedenaturovanych hlizovych bilkovin a jejich jednotlivych slozek, zejména pak patatinovych
bilkovin a frakce o velikosti 15-25 kDa, byly v praci RALET & GUEGUEN (2000) porovnavany
s komer¢né dostupnym vajeCnym koncentratem (Ovomousse M), jenZ je povaZovan za
referencni vzorek s vynikajicimi pénivymi vlastnostmi (BANIEL et al. 1997). Nedenaturované
hlizové bilkoviny vykazuji dle vysledkl této studie primérné pénivé schopnosti. Frakce s
velikosti 15-25 kDa s hodnotou isoelektrického bodu v zasadité oblasti pH méla bez ohledu
na pH prostfedi a iontovou silu velmi nizké pénivé schopnosti. Naopak pénivé schopnosti
patatinové frakce byly vysoké a dosahovaly urovné vajeéného standardu a v nékolika
variantach pokusu (optimalni kombinace pH a iontové sily) byly pénivé schopnosti vajecného
standardu a stabilita produkované pény piekonany. Optimalni podminky pro tvorbu a stabilitu
pen s pouzitim frakce patatinovych bilkovin je v prostfedi s rozsahem pH 6 az 7 a zvySenou
iontovou silou (1% NaCl) (RALET & GUEGUEN 2000). Vyjimec¢na stabilita pén tvofend za
ucasti bilkovin patatinového komplexu (srovnatelna s vajeénym albuminem a vys§i nez u
bilkoviny B-kasein) byla potvrzena v praci PARTSIA & KIOSSEOGLOU (2001).

Vedle vyuziti patatinové frakce pro tvorbu a stabilizaci potravinaifskych pén, se
v potravinarskych ¢i jinych primyslovych aplikacich nabizi také vyuziti enzymové aktivity
patatinovych bilkovin. V tvahu ptipada vyuziti lipolytické aktivity (LAH aktivita) patatinu
pro tvorbu emulsi (KONINGSVELD ef al. 2006) a pro syntézu specidlnich monoacylglycerolt
(MACRAE et al. 1998). Nezanedbatelna je taktéz antioxidac¢ni aktivita patatinu - mezi
antioxida¢nimi latkami brambor je vyznamem fazen na druhé misto za askorbovou kyselinu
(AL-SAIKHAN et al. 1995). L1U et al. (2003) studovali antioxidativni aktivitu purifikovaného
modifikaci této bilkoviny vyvozuji zavér, ze zbytky cysteinu a tryptofanu v fetézci patatinu
pfispivaji k jeho antioxidativni aktivité proti volnym radikalim. LYNN et al. (2005) zjistili
vyznamny potencial hydrolyzatu hlizovych bilkovin na inhibici oxidace lipida ve vyrobcich
z vafeného hovéziho masa.

Potencidl antifungalni ¢i antibakteridlni aktivity hlizovych bilkovin a jejich
individudlnich frakci, zejména pak bilkovin patatinového komplexu a inhibitori proteas, je
také mozné vyuzit v potravinarském pramyslu ve formé ptirozeného konzervantu. Ke
konzervaci potravin je v soucasnosti pouzivana napf. bilkovina nisin. Nisin je bilkovina
s antimikrobidlnim u¢inkem produkovana kmeny bakterie Lactoccocus lactis (BREUKINK &
KRUUFF 1999). Podle tidaji z roku 2004 bylo v osmi evropskych zemich povoleno pouZzivani
bilkoviny nisin ke konzervaci potravin (THEIS & STAHL 2004).
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SUMMARY

Potato tuber proteins represent exceptional protein source with valuable nutritional
value and functional properties. Patatin, the main storage protein of potato tuber, is very
promissing protein for future utilization in food or biotechnological applications. The proteins
presented in tubers of processing potato get during the starch processing into by-product
called potato fruit juice (PFJ). In the starch manufactures in the Czech Republic have today
been applied any systems for recovering of the valuable potato proteins from potato fruit juice.
Next, there is very few information about effect of cultivar and agro-ecological conditions on
patatin relative abundance in SDS-extractable protein of potato tubers which is the basic
information for future isolation and subsequent utilization of potato proteins produced in
starch manufactures.

The aims of the PhD thesis were 1) to understand the cultivar and agro-ecological
effect on accumulation of patatin proteins in tubers of processing and table potato cultivars; 2)
to analyse utilization of precipitation additives for isolation of potato proteins from PFJ in two
temperature regimes; 4) to analyse chemical composition and functional properties of isolated
potato proteins by ethanol and FeCl; precipitation and 5) to investigate thermal stability of
protein concentrates isolated by precipitation with ethanol.

The field trial was carried out on the site Ceské Bud&jovice during the years 2003-
2005. Evaluated were parameters of genotype variability of patatine relative abundance in
SDS extractable tuber protein and patatin content in potato tuber dry matter. From the
obtained results could be concluded that the effect of cultivar was higher than the effect of
growing year for both evaluated patatin characteristics. Patatin relative abundance ranged
from 7.16 (cv. Bionta) to 31.29 % (cv. Vaneda). Patatin content in tuber dry matter as well as
patatin relative abundance were significantly (P<0.001) higher for processing potato cultivars.
The results showed the importance of cultivar in regards to patatin content for future
exploitation of potato tuber proteins in food or other applications.

The second part of the PhD thesis was focused on the finding of alternatives for
isolation of potato proteins from PFJ. In some German and Dutch starch manufactures is the
protein recovery achieved through heat coagulation. This method leads to protein precipitates
that exhibit a poor solubility, which hampers potential food applications. The basic
requirements on isolated protein concentrate were its re-solubility, preserved of functional
properties and lower concentration of problematic compounds such as glycoalkaloids and

potassium. For isolation of potato proteins from potato fruit juice was evaluated the effect of





two mineral and two organic acids, four organic solvents (methanol, ethanol, 2-propanole and
acetone) and three inorganic metal salts in combination with temperature regimes 0°C and
22°C. For the subsequent analysis were selected precipitation additives ethanol and FeCls, that
gave the most promising results. However, ethanol usage for industrial isolation of potato
proteins is strongly limited by the temperature regime in contrast to FeCls which could be
used in a much wider range of temperature regimes without significant difference in protein
yield and re-solubility. On the other hand it is difficult to remove Fe’* ions from the Fe’'-
protein complexes.

The subsequent studies with these two precipitators (ethanol and FeCls) were focused
on optimization of their concentration in potato fruit juice and detection of important
qualitative parameters of the obtained protein isolates. The optimal concentration of ethanol in
potato fruit juice was 4 M resulting in precipitation of 69 % of total protein and 93 % of the
protein was re-soluble. Optimal concentration of FeCl; in potato fruit juice was 20 mM
resulting in precipitation of 86 % of total protein and 85 % of this isolate was re-soluble.
Including of two washing steps in precipitation process was able to lower the contents of
nutritiously problematic compounds, glycoalkaloids and potassium, in concentrates obtained
both, by ethanol and FeCls. Content of total glycoalkaloids in dry matter of ethanol and FeCl;
protein concentrates was in comparison with content in PFJ significantly lower (P < 0.05).
Protein isolates, both ethanol and FeCls, exhibited high nutritious value. The value of EAAI
(comparison with whole egg standard) was 81.7 % for ethanol protein concentrate and 82.7 %
for FeCl; protein concentrate. Patatin represented the nutritiously improving protein
component (EAAI 86.1 %). The lipid acyl hydrolase activity of patatin was not affected by
ethanol precipitation. Patatin purification was possible to realized using ethanol protein isolate
and the purified patatin exhibited antifungal activity against fungi species Fusarium
solani, 1036 and Alternaria solani,F-107.

Next, thermal stability and re-solubility of potato tuber proteins was evaluated for the
ethanol protein concentrate isolated. Patatin was evaluated as thermal sensitive - temperatures
above 30 °C caused its strong insolubility. Thermal stability of potato protease inhibitors
(region from 25 to 14 kDa) was higher, although the temperatures above 45 °C caused

denaturation and insolubility most of the protease inhibitors.
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1. Uvod

Antifungélni proteiny jsou specifické stresové obran-
né proteiny, které maji schopnost omezovat az inhibovat
rust hub. U vyssich organismi jsou tyto proteiny pfiroze-
nou soucasti sekundarniho obranného systému — vrozené
imunity. Vyskyt téchto proteinti neni ovS§em omezen pouze
na vys$i organismy, ale obdobné proteiny byly nalezeny
i u hmyzu, rostlin a mikroorganisma'~.

Studium antifungalnich proteinti nabyva v poslednich
letech na vyznamu. Vzhledem k tomu, Ze tyto proteiny
jsou soucasti ptirozenych obrannych systému ¢loveéka, ale
i zivoCichl a rostlin, existuje moznost jejich vyuziti proti
houbovym patogentim. Zajem o antifungalni proteiny pro-
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jevily jak obory humanni a veterinarni mediciny, tak
i obory zemé&d&lské &i potravinatské'.

2. Reakce rostliny na patogenni organismy

Mezi rostlinami a fytopatogeny se vytvofily
v prubéhu koevoluce velmi spletité vzajemné vztahy.
U patogenil se vyvinuly systémy, pomoci kterych napadaji
rostliny; rostliny ziskaly schopnost se Gi¢inn¢ branit infekc-
nim agens. Prinik patogenti do bun¢k je ztizen fadou me-
chanickych bariér (kryci pletiva, vosky, kutikula, bunécna
sténa), avsak ani tyto struktury nejsou pro specializované
patogeny nepiekonatelnou piekazkou®. Z pohledu metabo-
lismu a genové exprese dochazi pti kontaktu buiiky s pato-
genem k fadé zmeén, jejichz cilem je omezit pisobeni in-
fekéniho organismu v rostling. Latka spoustéjici tuto obra-
nou reakci na bunééné trovni je tzv. elicitor™*, kterym
byva specificky metabolit identifikovatelny receptorem
hostitelské rostliny. VétSina obrannych reakci rostlin je
zavisla na aktivaci vhodnych gent. Elicitory obvykle neo-
vliviiuji genovou aktivitu pfimo, ale zprostiedkované€ po-
moci pienaSect signalu. Pfenos od aktivovanych receptort
k DNA je mozny vice systémy. Jedné se pfedevsim o fos-
foinositidovy systém, pii kterém jsou hydrolyzou lipidd
plasmatické membrany rostlinné bunky generovany dveé
signalni slouceniny (inositol-1,4,5-trisfosfat a diacylglyce-
rol), které za Ucasti iontd vapniku aktivuji proteinkinasy
a posléze i expresi genti’. Nasledna obranné reakce zahr-
nuje tvorbu nekroz (hypersenzitivni reakce), syntézu slou-
¢enin s antibiotickym G¢inkem (fytoncidit) a syntézu speci-
fickych stresovych proteint™. Hypersenzitivni reakce
patii mezi nejiginn&j§i obranné mechanismy®. V napadené
buiice béhem kratké doby naroste koncentrace vysoce
reaktivnich volnych radikalt a peroxidu vodiku, coz vede
k rychlé zkaze napadené buiiky®. Hypersenzitivni reakce je
pro okolni buiky casto spoustécim mechanismem pro
syntézu fytoncidi a stresovych proteinti PR (zkratka po-
chazi z anglického oznaceni ,,pathogenesis—related pro-
teins*), nebo-li proteinii souvisejicich s patogenezi®’. Mezi
fytocidy se fadi nejriiznéjsi flavonoidy, terpenoidy, feno-
lické latky a alkaloidy®*. Proteiny PR jsou definovany jako
stresové proteiny, jejichz syntéza je indukovana pfitom-
nosti specifického infek&niho organismu®***. PR proteiny
tvofi velmi pocetnou a riiznorodou skupinu. V soucasnosti
jsou rostlinné proteiny PR klasifikovany do 14 skupin®.

3. Klasifikace antifungalnich proteini rostlin

Antifungélni proteiny tvofi rozsdhlou a rtznorodou
skupinu. Do soucasnosti bylo izolovano nékolik set téchto
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proteind a Ize Fici, e nové jsou objevovany témét denn&”.
Velky pocet antifungalnich proteind, jejich rtiznorodost
i fakt, ze jsou stale objevovany nové, ztézuje jejich klasifi-
kaci. Antifungalni proteiny mohou byt klasifikovany na
zakladé struktury, enzymovych vlastnosti, podobnosti
s dfive popsanou skupinou proteinti, molekulové hmotnos-
ti, sérologickych vlastnosti*® nebo mechanismu a&inku'.
Prehlednou klasifikaci antifungalnich proteinti uvadéji ve
své praci Selitrennikoff (2001), nebo Theis a Stahl (2004).
Vétsina autord'™ se shoduje na rozdéleni nejvyznamng;j-
Sich antifungalnich proteind rostlin do péti skupin. Toto
¢lenéni odpovida péti zakladnim tfidam proteini PR (PR-1,
PR-2, PR-3, PR-4, PR-5), u nichz byla prokazana antifun-
galni aktivita. Kazdad ztéchto péti skupin je délena na
zakladé odlisného isoelektrického bodu na dalsi dvé pod-
tfidy. Kyselé antifungdlni proteiny se nachéazeji
v extracelularnim prostoru, zatimco bazické proteiny jsou
pritomny v bun&énych vakuolach®. Obdobné antifungélni
proteiny byly izolovany i z jinych nez rostlinnych zdroju.
Takové proteiny se oznacuji jako proteiny podobné rostlin-
nym PR proteintim, nebo-li PR-1/5-like proteiny'. K za-
kladnim péti skupindm rostlinnych antifungélnich proteini
jsou dnes fazeny dalsi skupiny — defensiny, thioniny, pro-
teiny podobné cyklofilinu (angl. ,,cyklophilin-like pro-
teins“, CLPs), proteiny inaktivujici ribosomy (angl.
,ribosome-inactivating proteins“, RIPs), proteiny pfenosu
lipidi (angl. ,lipid-transfer proteins“, LTPs) a inhibitory
proteas'*°. Z doposud znamych skupin antifungalnich
proteinti byl mechanismus u¢inku zcela popsan pouze u
skupiny PR-2 a PR-3 proteint’, které naruuji zakladni
stavebni struktury bunécné stény hub (viz obr 1). PR-2
proteiny (B-glukanasy) hydrolyzuji strukturu B-glukant,
PR-3 (chitinasy) naruSuji chitinové polymery bunécné
stény.

plasmaticka membrana

GPI - kotveny

protein mannoproteiny

B-1,6-glukan

chitin

B-1,3-glukan

Obr. 1. Schéma stavby bunééné stény hub (GPI - glykofosfati-
dylinositol); pievzato a upraveno z lit.>
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3.1. Proteiny PR-1

Proteiny PR-1 vykazuji podobnost viic¢i skupiné pro-
teind bohatych na cystein. Jedna se o vyznamnou skupinu
PR proteint, které se Casto vyuzivaji jako markery pro
studium indukované rezistence rostlin®. Jejich molekulové
hmotnost se pohybuje v rozmezi 15—17 kDa (cit.?). Protei-
ny PR-1 byly poprvé izolovany z tabidku (Nicotiana taba-
cum L.)’, pozdgji byly nalezeny u mnoha dalsich rostlin
(napt. Oryza sativa L., Triticum aestivum L., Arabidopsis
thaliana L.)*'*"". Antifungalni aktivita byla u t&chto proti-
entl prokazana proti fadé houbovych patogent — Uromyces
fabae, Phytophtora infestans, Erysiphe graminis Phytoph-
tora parasitica a Perenospora tabaci''. Stabilni struktura
vétSiny proteini PR-1, odolna proteasové degradaci, je
zajisténa piitomnosti Sesti cysteinovych zbytku, které za-
jistuji tvorbu sulfidickych mustkd®. Mechanismus G&inku
proteinti PR-1 neni zndm. Pfedpokladé se, ze mechanismus
antifungalni aktivity rostlinnych proteind PR-1 je obdobny
jako v piipadé proteinu oznadovaného helothermin®. Helo-
thermin je zivo€iSny antifungalni protein (PR-1-like pro-
tein), ktery u cilovych bun¢k interaguje s proteiny mem-
branovych kanalkd a inhibuje tak propousténi vapenatych
jontt, nasledkem &ehoz dochézi k lyzi bungk'>.

3.2. Proteiny PR-2 (B-glukanasy)

Spoleénym znakem proteini této skupiny je p-1,3-
-endoglukanasova aktivita. Vzhledem k enzymové aktivité
PR-2, spociva jejich mechanismus ucinku v hydrolyze
struktury f3-1,3-glukant pfitomnych v bun&nych sténach
hub. Postupné oslabovani bunécnych stén vede nasledné
k lyzi bun€k. V primarni struktufe B-glukanas je vzdy
pfitomna oblast dvou rezidui kyseliny glutamové. Tato
oblast je povazovana za aktivni misto, umoznujici navaza-
ni na strukturu B-glukanu a Stépeni B-glykosidickych va-
zeb'. Na zakladé analyzy aminokyselinové sekvence jsou
PR-2 proteiny d&leny do ti skupin®*'*. Prvni skupina
pfedstavuje bazické, intraceluldrni proteiny s velikosti
priblizné 33 kDa, druhd a tieti skupina zahrnuje kyselé
extracelularni proteiny o velikosti 36 kDa. Basické PR-2
proteiny jsou produkovany ve formé prekurzori, jejichz
enzymova aktivita je ddna posttranslaénimi apravami'’.
Bazické isoformy vykazuji 50 az 250 krat vyssi aktivitu
nez kyselé isoformy PR-2 proteinii'®. Antifungalni aktivita
byla zjisténa jiz na mikromolarni urovni (50 pg ml™") proti
celé fad¢ organismi — napt. Rhizoctonia solani, Candida
albicans nebo Aspergillus fumigatus®. Proteiny PR-2 byly
nalezeny u fady rostlin"™'®. Exprese proteinii PR-2 je
u rostlin tabaku indukovana jak pfitomnosti viru mozaiky
tabaku'®, tak i na zaklad& infekce inkompatibilnimi rasami
patogennich druhti Pseudomonas tabaci nebo Phytophtora
parasitica var. nicotianae". U rostlin bramboru (Solanum
tuberosum L.) byla zjisténa [B-1,3-glukanasova aktivita
u zasobniho proteinu hliz, patatinu'’. Nasledn& byla doka-
zana antifungalni aktivita tohoto proteinu vici patogenu
Phytophtora infestans".
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3.3. Proteiny PR-3 (chitinasy)

Jedna se o skupinu proteinit PR, které vykazuji endo-
chitinasovou aktivitu. Tato aktivita je u bazickych chitinas
pétkrat vy$si nez u kyselych'®. Hmotnost vétsiny proteinti
PR-3 se pohybuje v rozmezi 26—43 kDa. Rostlinné chitina-
sy jsou na zakladg struktury d&leny do &tyt skupin'. Chiti-
nasy I tfidy obsahuji N-termindlni doménu bohatou na
cystein, ktera se sklada ze 40 aminokyselin (aglutininova
doména obilného klicku), a heveinu podobnou doménu
(tzv.,.hevein-like* doménu), kterd ma schopnost vazby na
chitin. Proteiny PR-3 tfidy II jsou podobné chitinasam
prvni skupiny, ale postradaji N-terminalni doménu a jejich
hmotnost je 27-28 kDa. Ttida III nevykazuje podobnost
vuéi zadné ze skupin chitinas. Velikost je 28—30 kDa. Tri-
da IV je podobna proteinim prvni tfidy, ale proteiny jsou
z diivodu &tyinasobné delece prokazatelné mensi'?. Protei-
ny PR-3 byly izolovany z celé fady rostlin — tabaku, okur-
ky, fazolu, hrachu, obilovin, ale i z mnoha dalgich®*%%,
Antifungalni aktivitu vykazuji proti fadé houbovych or-
ganismi — Alternaria solani, A. radicina, Rhizoctonia
solani, Fusarium oxysporum, F. graminearum, Botrytis
cinerea®****. Mechanismus G&inku proteintt PR-3 je dan
jejich enzymovou aktivitou. Jednd se o endochitinasy,
které naruguji chitin pfitomny v bun&éné sténé hub®. An-
tifungdlni aktivita rostlinnych endochitinas je in vitro
synergisticky zvy3ovana piitomnosti proteinti PR-2 (cit.?).

3.4. Proteiny PR-4 (proteiny vazajici
se na chitin)

Jedna se o vyznamnou skupinu proteinti PR majicich
schopnost vazby na chitin bunécnych stén hub. Molekulo-
va hmotnost je od 3,1 do 20 kDa (cit."). Pro kyselé protei-
ny PR-4 je nejéastéji uvadéno 13-14,5 kDa (cit.”). Protei-
ny PR-4 vykazuji vysokou odolnost vii¢i extrémnimu pH
a degradaci proteasami’’. Skupina proteind PR-4 je na
zékladé struktury klasifikovana do dvou tfid'. Proteiny
PR-4 ttidy I maji N-termindlni doménu vézajici se na chi-
tin, ktera je podobni doméné pfitomné u heveinu®.
Z tohoto diivodu se tato tfida fadi do nadtfidy lektint vaza-
jicich se na chitin. Do této skupiny patii napf. proteiny
Win 1 a Win 2, které byly izolovany z brambor (Solanum
tuberosum L.)*. Proteiny PR-4 tiidy II na chitin se véazaji-
ci doménu neobsahuji. PR-4 proteiny byly opét izolovany
z celé fady rostlin'****. Spektrum houbovych organismi,
vici kterym vykazuji antifugalni aktivitu, je velmi Siroké —
napt. Trichoderma harzianum, Fusarium culomorum, F.
graminearum, Botrytis cinerea’. Mechanismus G&inku
proteintt PR-4 neni zcela objasnén. Proteiny PR-4 tiidy I
maji schopnost védzat se na B-chitin vznikajici bunécné
stény”’, a tim naru$ovat polaritu a riist bundk'*. Mechanis-
mus ucinku proteinti PR-4 tfidy II, které postradaji vazeb-
nou doménu, je nejasny-.
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3.5. Proteiny PR-5 (proteiny podobné
thaumatinu)

Tyto antifungdlni proteiny o velikosti 24-25 kDa
(cit.>****) vykazuji vysokou podobnost primarni struktury
s thaumatinem (angl. ,thaumatin-like protein®, TLPs).
Thaumatin je sladce chutnajici protein izolovany z jiho-
africké rostliny Thaumatococcus danielli Benth®. Proteiny
PR-5 byly nalezeny u celé fady rostlin — napt. Hordeum
vulgare L.* Zea mays L.*, Nicotiana tabacum L., ale
i mnoha dalSich. Pfitomnost 16 cysteinovych zbytku, které
tvoti 8 disulfidickych mustkl, poskytuje proteinim PR-5
vysokou stabilitu vic¢i zménam teploty, pH a degradaci
proteasami®. Struktura byla doposud determinovéana pou-
ze u thaumatinu (7. danielli)®’, zeamatinu (Zea mays)®
a PR-5d proteinu (. tabacum)*®. Mechanismus 0¢inku
téchto antifungalnich proteinii neni doposud znam. Rizna
pozorovani vice ¢i mén¢ objasnuji plisobeni proteini PR-5.
Nekteré proteiny PR-5 zpisobuji zmény v permeabilité
bunéénych membran — zeamatin zpisobuje rychlou lyzi
bunék houby Neurospora crassa, a to i pii 4° C (cit.*®).
U ostatnich proteinti PR-5 byla zjisténa -1,3-glukanasova
aktivita a schopnost véazat se na p-glukan bunéénych stén®.
Osmotin (zdroj N. tabacum) zpusobuje chaos pfi stavbé
bun&éné stény hub®®. Proteiny PR-5 jsou u&inné proti $iro-
kému spektru houbovych patogenil. Nejznaméjsim protei-
nem PR-5 je zeamatin, o jehoz vyuZiti se vdZné¢ uvazuje
i v lékafstvi, a to z diivodu jeho Gc¢innosti proti kvasinkam
Candida albicans a C. vaginitis™.

3.6. Defensiny a thioniny

Defensiny a thioniny jsou variabilni skupina malych
(5 kDa; 45—54 aminokyselinovych zbytki), proteini boha-
tych na cystein®™. Antimikrobialni aktivita rostlinnych
thioninQ je znama jiz od zacatku 40. let, kdy byly ziskany
pseniéné thioniny®'. Rostlinné defensiny byly poprvé zis-
kany zpSenice (Triticum aestivum L.). Vzhledem
k strukturalni podobnosti s thioniny byly zpoc¢atku defensi-
ny oznaceny jako y-thioniny a staly se podskupinou thioni-
nii*?. Pozd&ji byla skupina y-thioninii pfejmenovana na
rostlinné defensiny®. Rostlinné thioniny a defensiny byly
do soucasnosti izolovany z mnoha rostlin®***, Inhibi¢ni
aktivita byla prokazana proti fadé¢ houbovych patogend —
Botrytis cinerea, Alternaria brassicola, Fusarium culmo-
rum, F. oxysporum, F. solani, Candida albicans®. Stabilni
strukturu témto proteinim poskytuje pritomnost sulfidic-
kych miustki. Nejcastéji se jedna o Ctyfi az pét sulfidic-
kych mustkii®*. Thioniny jsou syntetizovany ve formé
vétsich prekurzort (15 kDa), které jsou uvnitf vlastnich
bun€k neaktivni. Odstépenim termindlni sekvence se sta-
vaji toxickymi®. Mechanismus G&inku této skupiny protei-
nt neni zcela zndm. Pfi oSetfeni houby N. crassa defensiny
Rs-AFP2 (Raphanus sativus L.) a DM-AMP1 (Dahlia
merckii L.) byla zjisténa schopnost vazby na specifické
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membranové receptory, nasledkem cehoz dochazelo
k ztratd iontd K a lyzi bungk™.

3.7. Proteiny podobné cyklofilinu

Tyto rostlinné antifungalni proteiny (nejcastéji
18 kDa)***" jsou strukturaln& podobné cyklofilinim (angl.
,.cyklophilin-like proteins®, CLPs), tedy proteiniim, které
predstavuji intracelularni receptory pro cyklosporin®*.
Poprvé byly tyto proteiny z rostlin izolovany v roce 1990,
kdy byla nalezena cDNA téchto proteint v rostlinach Ly-
copersicon esculentum Mill., Zea mays L., a Brassica na-
pus L. Zastupcem této skupiny jsou proteiny mungin
(Phaseolus mungo L.) a CLAP (Cicer arietinum L)Y
Proteiny CL jsou aktivni proti fadé houbovych patogenti —
R. solani, F. oxysporum, B. cinerea, Coprinus comatus.
Mechanismus u¢inku téchto proteintt nebyl dostatecné
objasnén, mungin in vitro inhibuje o-amylasu a vykazuje
B-glukosidasovou aktivitu®® .

3.8. Proteiny inaktivujici ribosomy

Proteiny inaktivujici ribosomy (angl. ,ribosome-
inactivating proteins“, RIPs) jsou N-glykosidasy, které
odbouravaji purin z rRNA, coz zplsobuje rozpad riboso-
mi a zastaveni syntézy proteinii (viz. obr. 2)". Jedna se
o skupinu proteinil, které se nachdzeji v podstaté u vSech
organismu. Rostlinné RIPs byly nalezeny napf. u druhi
Mirabilis expansa Ruiz & Pavon®, Pisum sativum L.,
Zea mays L., Ricinus communis L.>". Proteiny inaktivujici
ribosomy jsou rozdéleny do tfi skupin. Ttida I zahrnuje
jednotetézové N-glykosidasy s hmotnosti 11-30 kDa. Pro-
teiny tfidy II obsahuji dva fetézce, a to lektin (B fetézec),
ktery se vaze na buiiky a N-glykosidasu (A fetézec). Mole-
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Obr. 2. Pisobeni proteini inaktivujicich ribosomy; proteiny
inaktivujici ribosomy vykazuji fosfatasovou aktivitu narusujici
fosfodiesterové vazby a RNA N-glykosidasovou aktivitu, ktera
deadenyluje rRNA. Pievzato a upraveno z lit.!
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kulova hmotnost je piiblizng 60 kDa (cit.'?). Do této tfidy
patii napf. ricin, ebulin a nigrin. Proteiny tfidy III jsou
slozeny ze Ctyt fetézcel, které jsou organizovany jako dva
dimery shodné stypem tfidy II. Antifungélni aktivita
byla doposud popsana pouze u malého poctu zastupci
proteint RI (cit.?). Retézec B (lektin) se vaze na bunky
hub a vytvari v bunééné sténé kanalky, pomoci kterych
N-glykosidasovy fetézec A pronika do bunék, kde posko-
zuje ribosomy~. Neni zndmo, jakym zptisobem do bun&k
pronikaji proteiny tiidy I, které neobsahuji fetézec B
(cit.?). Kromg antifungalniho Gi¢inku vykazuji tyto proteiny
i silnou toxicitu vii&i zivo¢isnym buiikam™.

3.9. Proteiny pfenosu lipidu

Proteiny této skupiny (8-9 kDa) zajiSt'uji pfenos fos-
folipidi mezi membranami (angl. ,.lipid-transfer proteins®,
LTPs)>. Struktura téchto proteini je zcela specificka. Jsou
stabilizovany c¢tyfmi disulfidickymi miustky a vytvareji
centralni dutinu v podobé¢ jakéhosi tunelu. Tyto proteiny
jsou aktivni vici fad¢é bakterii a hub, ale mechanismus
uginku neni znam®'. Existuji hypotézy, které tvrdi, Ze tyto
proteiny maji schopnost zaclenit se do bunéné membrany
hub tak, ze centralni hydrofobni dutina vytvoii pory, které
umozni odliv intracelularnich ionti a v kone¢ném disled-
ku zpiasobi smrt butiky. Jaky je vztah mezi timto G¢inkem
a funkci prenosu lipidii neni jasné”.

3.10. Inhibitory proteas

Inhibitory proteas patii k nejCastéji se vyskytujicim
antifungalnim proteinim rostlin'. Cysteinové inhibitory
proteas byly izolovany z velkého poétu rostlin™>*** a vy-
tvareji Ctvrtou skupinu cystatind, tzv. fytocystatiny. Fyto-
cystatiny jsou jednoduché polypeptidy o velikosti 10 az
12 kDa (cit.%), které vykazuji antifungalni aktivitu vigi
fadé zastupci fytopatogenich hub — Claviceps, Hel-
minthosporium, Curvularia, Alternaria a Fusarium®®. Prin-
cip antifungalni aktivity inhibitorti proteas neni znam’.
Z hlediska ochrany rostlin je vyznamna i schopnost téchto
proteinti inhibovat travici enzymy hmyzich sktdct — pie-
devSim trypsin a a-amylasu. U inhibitord proteas byla
popsana bifunkcnost — inhibice travicich enzym i antifun-
galni aktivita. Nejpodrobnéji byla antifungalni aktivita
bifunkénich proteindt popsdna u proteinu zeamatinu (Z.
mays L.)*®. Inhibitory proteas, izolované napf. z jeémene
nebo pSenice, nebyly z hlediska antifungélni aktivity stu-
dovany.

3.11. Ostatni

Existuje cela fada rostlinnych antifungélnich proteint,
které nelze zaradit do zddné z vySe uvedenych skupin.
Snakin-1 byl izolovan z brambor (Solanum tuberosum L.),
ma velikost 6,9 kDa a je G¢inny jiz pii koncentraci 10 uM
(cit.”’). Antifungalni uéinky vykazuje i 30 kDa velky gly-
koprotein izolovany z rostliny Engelmannia pinnatifida
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Nutt.*®. Ani u jednoho z t&chto proteinti neni znAm mecha-
nismus ucinku.

4. Moznosti vyuziti antifungalnich proteini

Moznosti vyuzit antifungélni proteiny jako zajimavou
alternativu chemickych fungicidnich latek se zabyva mno-
ho obori. Podle daji' z roku 2004 bylo v osmi evrop-
skych zemich povoleno pouzivani nisinu ke konzervaci
potravin. Nisin je antimikrobialni protein produkovany
kmeny bakterie Lactococcus lactis®. Dalsi oblast vyuziti
antifungalnich proteini je farmacie. Ve fazi klinickych
testll se v soucasnosti nachazi zivo¢isny antifungalni pro-
tein heliomycin izolovany z organismu Heliothis virescen-
5% a uvazuje se o vyuziti kukufiéného proteinu zeamatinu
pii 1écbé kandidozy zptisobené kvasinkou Candida albi-
cans™*. U skupiny proteini inaktivujici ribosomy (RIPs)
byla zjisténa rozdilna toxicita vici nddorovym a normal-
nim bunkam clovéka. Existuje teoretickd moznost vyuziti
téchto proteinii jako selektivnich protindadorovych 1éka
a imunotoxini®*%,

Vzhledem k tomu, Ze rostliny vytvareji antifungalni
proteiny jako vlastni obranny systém, nabizi se vyuziti
téchto proteind pii ochrané zemédélskych plodin. Detekce
zmén v pritomnosti a mnozstvi specifickych PR proteind
(zejména PR-1 proteintl, B-glukanas, chitinas) se vyuZiva
pfi studiu indukované rezistence rostlin — proteiny PR se
v tomto pfipad¢ oznacuji jako tzv. ISR (,,induced systemic
resistance”) markery’. Moznosti zvysit rezistenci rostlin
expresi gent antifungalnich proteint v transgennich rostli-
nach se zabyva mnoho praci. Zvysené rezistenci bylo dosa-
zeno napf. u rostlin tabaku vici patogenu Alternaria alterna-
ta po vneseni tlp gent ryze®, vigi padli (Sphaerotheca pa-
nosa) u rostlin rizi po vneseni genu Ace-AMPI (syntéza
proteini podobnych thaumatinu)®, nebo u transgennich
linii pSenice vuci fytopatogenni houb& Fusarium grami-
nearum po vneseni genti kodujicich chitinasy, B-glukanasy
a TL proteiny®. ZvySovani rezistence rostlin vii¢i rostlin-
nym patogeniim s vyuzitim specifickych rostlinnych pro-
teind je v soucasnosti nejvyznamnéjsi oblasti vyuziti anti-
fungalnich proteint.

5. Zavér

Antifungélni proteiny rostlin jsou v soucasné dobé
fazeny do 11 tfid. Tyto specifické proteiny jsou vyznam-
nou soucasti obranného systému vsech rostlin. Antifungal-
ni vlastnosti téchto proteinli mohou byt v budoucnosti
vyznamnym nastrojem v boji proti patogennim organis-
mim v mnoha oborech. PfestoZe jsou nové rostlinné anti-
fungalni proteiny objevovany téméf denné, vime o téchto
vyjimeénych proteinech velmi malo. Budouci vyuziti anti-
fungalnich proteinii je podminéno znalosti jejich specific-
kych vlastnosti. Jedna se piedev$im o vyznamné vlastnosti
jako jsou selektivita, synergismus, imunologické vlastnos-
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ti, mozné kiizové reakce s receptory hostitele (Cloveka),
nebo vznik rezistence u cilového patogenu. U vétSiny anti-
fungalnich proteint je také nutné doplnit chybéjici infor-
mace 0 mechanismu ti¢inku jejich pisobeni.

Referat vznikl v ramci reSeni projektu GA CR
¢. 521/03/P036. Autori dékuji za financni podporu.
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This short review is focused on antifungal plant pro-
teins, their classification and characterization. There are 11
groups of the proteins: PR-1, PR-2, PR-3, PR-4, PR-5
proteins, defensins, thionins, CLPs, RIPs, LTPs, and prote-
ase inhibitors. The mechanisms of action of these proteins
are as different as their sources and include degradation of
fungal cell wall polymers, formation of membrane chan-
nels or damage of cellular ribosomes. The mode of action
of many proteins remains unknown. The range of fungi
that are inhibited by these proteins is very broad, including
pathogens of many plants. The genes encoding antifungal
proteins can be used to create transgenic plants with in-
creased fungal field resistance. Some antifungal proteins
(e.g. zeamatin) are tested for therapeutical use.
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table potatoes
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Abstract

Patatin relative abundance in SDS-extractable protein and patatin content in dry matter were
evaluated in tubers of forty processing and table potato cultivars usually cultivated in the
Czech Republic, Germany and the Netherlands. The patatin characteristics were evaluated
over three experimental years. Patatin relative abundance in processing cultivars achieved on
average a significantly higher value (P<0.001; Tukey HSD test) than patatin relative
abundance of table cultivars, resulting in average values of 25.80 % and 21.59 %,
respectively. High patatin relative abundance (over 30 % in extractable protein) was examined
only in the case of two cultivars: Vaneda (average 31.29 %) and Tomensa (average 31.24 %).
Patatin content in tuber dry matter was significantly higher for processing potato cultivars in
all three experimental years (P<0.001), attaining a mean of 1.28 % for processing cultivars
and 1.03 % for table cultivars. The direct effect of cultivar was higher (33.1 — 49.1 %) than
the effect of growing year (14.4 — 24.6 %) for both evaluated patatine characteristics.

Keywords: Solanum tuberoslum L., Potato tuber proteins, Patatin, Patatin relative abundance,

Patatin represents a group of immunological identical glycoprotein isoforms with molecular
mass =~ 40 — 43 kDa (native conformation is a dimer). The presence of molar mass differences
of individual isoforms is caused by a different number of glycosylation sites in combination
with mutations in the primary sequence of the patatin protein chain (POTs 1999). Patatin
genes are mainly expressed in tubers, with a significantly lower amount of transcripts in other
tissues (PRAT et al. 1990). It has been estimated that 10-18 copies of patatin genes are in each
monoploid (12 chromosomes) of the potato genome (TWELL & OOMS 1988).

Patatin appears to serve as a storage protein, but unlike most other plant storage proteins, it

has also enzymatic activity (MIGNERY et al. 1988). Nonspecific lipid acyl hydrolase (LAH)





activity for monoacylglycerols deacylation was first described (ANDREWS et al. 1988),
however later even more surprising enzymatic activities of patatin were discovered, such as
activity of phospholipase A2 (SENDA et al. 1996), B-1,3-glukanase (TONON et al. 2001) and
acyl transfrase (JIMENEZ et al. 2001). This finding has supported the concept that patatin is not
only a storage protein, but it could also be part of potato’s defence mechanism. Thus, a
number of studies dealt with the testing of the pesticide potential of patatin, as well as other
tuber proteins (STRICKLAND et al. 1995; TONON et al. 2001; AHMAN &MELANDER 2003).
However, the real physiological role of patatin in potato tubers has not been established yet
(PAIVA et al. 1983; POTS 1999; SHEWRY 2003; BARTA & CURN 2004).

Patatin relative abundance can vary considerably in tuber extractable protein, ranging from 20
to 40 % (RACUSEN & FOOTE 1980; ROSAHL et al. 1986). Patatin is considered to be present in
all genotypes of cultivated potato (LEE et al. 1983). Both, the total content of protein in potato
tubers as well as patatin relative abundance in extractable tuber protein is dependent on
several factors, such as cultivar (HANNAPEL 1991), degree of tuber development (HANNAPEL
1991), storage duration and influence of agro-ecological conditions (KUMAR et al. 1999; POTS
et al. 1999, LACHMAN et al. 2005).

Potatoes are important root-crops of the temperate zone (especially Europe and North
America) where this crop is cultivated in two utility groups: table potatoes (food exploitation)
and processing potatoes (starch production). Guarantee of product quality in both groups is
affected by the genetic potential of the cultivars, which is often considerably different for
table and processing potatoes. Table potato cultivars are characterised by a shorter growing
season, and properties corresponding with cooking type; the nutritionally-favourable tuber
protein represents a welcome component. On the other hand, the processing genotypes are
characterised by a longer growing season, and high starch concentration; the tuber protein is
considered to be an unwanted by-product of starch production than a valuable raw material
for further processing. However, because of the above mentioned nutritional and biochemical
potential of patatin (STRICKLAND ef al. 1995; TONON et al. 2001; AHMAN & MELANDER 2003,
MACRAE et al. 1998, RALET & GUEGUEN 2001; WANG & XIONG 2005), efforts exist to isolate
tuber proteins from potato fruit water in a way that will not damage the biological quality of
isolated tuber proteins (KONINGSVELD et al. 2001; STRAETKVERN et al. 1999).

The aims of the presented work were: 1) comparing patatin relative abundance in both utility
groups of potato cultivars, table cultivars versus processing cultivars, 2) evaluation of the
annual effect on cultivar patatin relative abundance stability, 3) evaluation of patatin content

in relation to pure and crude protein occurrence in tubers of table and processing potato





cultivars, and 4) determining correlations between patatin relative abundance and chosen
potato tuber characteristics.
2. Material and methods

2.1. Field growing of experimental material

Plants of 40 potato (Solanum tuberosum L.) cultivars were grown over three years (2003-
2005) at the Experimental Station of the University of South Bohemia in Ceské Budg&jovice,
Czech Republic (48° 59' N, 14° 28' E). Soil at the experimental station has the following
characteristics: sandy loam texture, pH 5.72, 0.17% N, 0.0117% P, 0.0103% K, 0.0101% Mg
and 1.93 % of organic carbon.

Two groups of cultivars, processing potatoes (PPCs) and table potatoes (TPCs), were tested
(Table 1). Seed tubers of propagation grade C1 were provided by the Central Institute for
Supervising and Testing in Agriculture in Brno.

Fifteen potato plants from each cultivar were grown in 4.5 m long rows (planting space 300 x
750 mm), with blocks of PPCs and TPCs place next to each other with a space of 1 m. The
total experimental area (10 x 15 m) was located inside of a protective potato plantation (cv.
Ditta).

Oats was always used as the foregoing crop, and manure (40tha™) was applied on the
experimental area after its harvest in August. NPK fertilization was used before planting,
consisting of 100 kg N ha (ammonium sulphate), 35 kg P ha™ (hypercorn), and 60 kg K ha™
(60 % potash salt). Planting was performed by hand, and the crop was cultivated 4x during a
season by ridging. Chemical protection against late blight (Phytophthora infestans) and
Colorado beetle (Leptinotarsa decemlinata) was applied. Potato tubers of each cultivar were
harvested from each plant independently as a replication.

2.2. Chemical analyses

2.2.1. Sample preparation and dry matter determination

Cultivar samples for chemical analyses consisted of 2 mm wide slices from ten whole-tubers
(each tuber for a sampling was taken from different plant). After sampling, the tuber slice
samples were immediately frozen at -80°C, later by freeze drying (-50°C, 0.040 mBar, 48
hours, Martin Christ, Germany), and finally were homogenized with a laboratory grinder to
dry potato meal. Evaluation of dry matter representation in tubers was performed
gravimetrically in two replications.

2.2.2. Crude protein and pure protein content determination

Crude protein content was determined as total nitrogen content in dry matter of potato tubers

multiplied by a factor of 6.25. Total nitrogen content was analyzed by a modified Dumas





method on a nitrogen (protein) analyzer Flash EA 1112 (ThermoQuest, Italy). Two 100mg
samples of dry potato meal were analyzed.

Pure protein from potato meal was extracted by using 0.0625 M Tris-HCI buffer, pH 6.8, with
2 % SDS (200 mg meal + 2 ml buffer) for 4 hours at 4°C. After extraction, the mixture was
centrifuged (10 000 g, 3 minutes) and the obtained supernatant was divided into two 250 pl
parts. The first part was used for net protein determination and the second part was analysed
by SDS-PAGE for patatin determination. The analysis of pure protein content was performed
from a prepared protein extract using the BCA protein assay kit (Pierce, USA). This method
is based on the reduction of Cu®" to Cu” by protein in an alkaline medium and selective
colorimetric detection of the cuprous cation (Cu’) by bicinchoninic acid. All steps were
performed according to manufacturer instructions. Colorimetric measurement was performed
using a spectrophotometer BioMate 5 (ThermoElectron, Great Britain) at wave length 562
nm.

2.2.3. SDS-PAGE and determination of patatin relative abundance (PRA) and patatin content

After centrifugation (10 000 g, 3 minutes), 10 pl of supernatant + 2.5 pl of loading buffer (5
ml 1.25 M Tris-HCI, pH 6.8, 2.3 g SDS, 10 ml glycerol, 5 mg Bromophenol Blue; to 500 pl
of this buffer to add 170 ul 2-sulphanylethanol) was used as a run sample for electrophoretic
analysis. SDS-PAGE of denatured proteins was performed using standard cooled dual vertical
slab units SE 600 (Hoefer Scientific Instruments, San Francisco, USA) under conditions of
the 0.025 M Tris, 0.192 M glycine, 0.1 % SDS (pH 8.3) buffer system. The discontinuous gel
system (HAMES & RICKWOOD 1987) was used in the following way: 4 % stacking gel (0.125
M Tris-HCI, pH 6.8) and 10 % separating gel (0.375 M Tris-HCI, pH 8.8). Proteins were
detected by staining the gels overnight in staining solution (1 g Coomassie Brilliant Blue R-
250 was dissolved in 500 ml methanol + 100 ml acetic acid + 400 ml distilled water), gel
processing after protein detection was performed based on HAMES & RICKWOOD (1987).
Determination of the relative abundance of patatin proteins, with a molecular weight range
from 39 — 44 kDa, was performed from electrophoretic profiles by digital image analysis and
the special software BioProfil, which measures absorbance profiles and computes individual
protein portions (VILBER & LOURMAT 1999). Patatin content in the dry matter of tubers was
calculated as the percentage of patatin (patatin relative abundance) from pure protein content.

2.3. Data processing

Statistical analyses were performed using factorial analysis of variance (as the basic
evaluation for a two-factorial experiment), or Tukey’s HSD test and correlation analysis. All

statistical analyses were conducted using Statistica, version 6 (StatSoft, Inc., 2001).





3. Results

Two groups of potato cultivars, processing potato cultivars (PPCs) and table potato cultivars
(TPCs), were analysed for evaluation of differences in patatin relative abundance in SDS-
extractable tuber protein (PRA) and patatin content in tuber dry matter. Twenty prominent
potato cultivars cultivated in Czech Republic, Germany and Netherlands were selected for
both cultivar utility groups. In total, forty selected potato cultivars were growing in field
conditions and analysed in period of three different seasons.

3.1. Patatin relative abundance

Patatin relative abundance in the processing potato cultivars achieved significantly higher
average values (P<0.001) than that of table potato cultivars, being 25.80 % and 21.59 %,
respectively (Tables 2 and 3). However, this does not apply uniformly to all three
experimental years. Significant between-group differences in patatin relative abundance were
found in 2004 (PPCs 28.00 % versus TPCs 23.04 %) as well as in 2005 (PPCs 24.26 % versus
TPCs 18.01 %). However, patatin relative abundance did not show any statistical significant
difference in 2003 (PPCs 25.18 % versus TPCs 23.72 %)).

The average patatin relative abundance in the PPCs ranged from 19.94 % (cultivar Kuras) to
31.29 % (cultivar Vaneda). The range of patatin relative abundance was wider in the case of
TPCs, from 7.16 % (cultivar Bionta) to 26.29 % (cultivar Filea). This wider range was
affected mostly by two table cultivars that stably showed low patatin relative abundance.
These cultivars were Adéla and Bionta with average patatin relative abundances of 10.77 %
and 7.16 %, respectively. The trend of significantly different patatin relative abundance in
these cultivars was greatest in 2005; patatine relative abundance in cultivar Adéla was only
3.01 %, and only 0.33 % in the case of cultivar Bionta. On the contrary, high patatin relative
abundance (>30 % of patatin in SDS-extractable tuber protein) was found only in the case of
the Vaneda (average 31.29 %) and Tomensa (average 31.24 %) cultivars.

3.2 Patatin content

The actual patatin amount in potato tubers is dependent not only on the patatin relative
abundance in SDS-extractable tuber protein, but also on the amount of total tuber protein in
dry matter. There was a considerable range of patatin in potato tuber dry matter for both
processing and table potato cultivars (Tables 4 and 5). Patatin content was significantly higher
for PPCs in all three experimental years (P<0.001). The average patatin content was 1.28 %
of dry matter for PPCs and 1.03 % of dry matter for TPCs. Patatin content in PPC tuber dry
matter ranged from a minimum value of 0.80 % (cultivar Kuras, year 2005) to a maximum

value of 2.19 % (cultivar Tomensa, year 2003). Patatin content in of TPC dry matter ranged





from a minimum value of 0.01 % (cultivar Bionta, year 2005) to 1.52 % (cultivar Marabel,
year 2004). The table cultivar Bionta showed the lowest patatin content in all three
experimental years. High patatin content (>2 % in tuber dry matter) was found only in
processing potato cultivars Tomensa (years 2003, 2005), Tegal (year 2003), Ornella (year
2004) and Javor (year 2004). Environmental conditions were the most suitable for the PPC
group in 2004, because 15 PPC cultivars reached their maximum patatin content in this year.
The best environmental conditions for high patatin content in TPC tuber dry matter were in
2003 and 2004, when maximum patatin content values in tuber dry matter were found in 8
and 11 cultivars, respectively. The patatin content in TPC cultivar Dali reached its maximum
value in 2005.

3.3. Year effect on cultivar stability in patatin relative abundance and patatin content
Effects of cultivar, year and their interaction on patatin relative abundance in SDS-extractable
tuber protein and patatin content in tuber dry matter was studied using two-way ANOVA in
connection with Variance Components (Variance Components and Mixed Model ANOVA,
Type I SS). The direct effects of cultivar, year and their interaction on patatin relative
abundance and patatin content in tuber dry matter can be seen in Table 6. In the case of both
evaluated characteristics, the direct effect of cultivar was greater (33.1 — 49.1 %) than the
effect of growing year (14.4 — 24.6 %). However, the interaction of year and cultivar was
important especially for PPCs, explaining 50.7 % of the total variability of patatin relative
abundance and 40.5 % of the variability of patatin content in tuber dry matter.

The annual variability of patatin relative abundance and patatin content should be connected
particularly with differences in temperature and rainfall during the experimental years and
their impact on the potato plants. Climate conditions in 2003 were most critical for potato
cultivating (Figure 1). The absence of rainfall, in combination with high temperatures in
August, negatively affected the production ability of the evaluated potato cultivars, especially
in PPCs. This relationship could be explained by the fact that most of the processing cultivars
had a longer growing season, with later tuber formation, than TPCs. PPC tubers are mostly
formed during July and August. Damage to the photosynthesis apparatus by high
temperatures and water deficit resulted in production of lower weight tubers, limiting the
creation of storage matter, including patatin. Apparently this was the reason why the
difference in patatin relative abundance between PPCs and TPCs was low and statistically
inconsistent in 2003 (Table 7). Climatic conditions in 2004 should be considered as the most
favourable for content matter accumulation, as demonstrated especially in the case of PPCs.

2005 could be characterised as opposite to 2003, because extraordinary rainfall occurred





during July and August, which caused an accrual of tuber weight (Table 7) and dilution of
tuber dry matter, including storage matter. Patatin relative abundance and patatin content were
lower in 2005 than in 2003 and 2004, especially in TPCs. The results (Tables 2-5)
demonstrated the different cultivar stability of patatin relative abundance, as well as patatin
content, in relationship to the variable environmental conditions of the experimental years.
3.4. Correlations between patatin relative abundance and selected parameters

Others parameters, such as average tuber weight, dry matter content, starch content, and crude
and pure protein content, were studied in addition to patatin relative abundance and patatin
content in tuber dry matter. Relationships of the selected parameters were evaluated on three
levels: data of all cultivars obtained over the whole three year long experimental period;
separate evaluations of the processing and table potato cultivars obtained over the whole
three year long experimental period; and separate evaluations of the data of both cultivars’
groups obtained in individual years.

A statistically significant positive correlation was found between pure tuber protein content
and patatin content on all three data levels, with the range of correlation coefficients being
from +0.45 (P<0.05) to +0.92 (P<0.001). Relationships between the studied factors were
closer in the case of the processing potato cultivars (r = 0.923, P<0.001; r = 0.878, P<0.001;
and r = 0.835, P<0.001 for 2003, 2004 and 2005, respectively) than for the table potato
cultivars (r = 0.400, P<0.05; r=0.616, P<0.001; and r = 0.579, P<0.001 for 2003, 2004 and
2005, respectively). Positive correlations were also found between patatin relative abundance
in SDS-extractable protein and patatin content in tuber dry matter, however a positive
correlation in all three experimental years was found only in processing potato cultivars (r =
0.665, P<0.001; r = 0.409, P<0.01 and r = 0.598, P<0.001 for 2003, 2004 and 2005,
respectively).

There were no significant correlations between starch content and patatin content in each
year, with the exception of 2005 when a negative correlation (r = -0.496, P<0.01) was found
between the above-mentioned parameters. However, when the three experimental years were
evaluated together, a small positive correlation was found between patatin relative abundance
and starch content (r = +0.329, P<0.001). When the three experimental years were evaluated
together, statistically significant correlations were found between patatin content and dry
matter content (r = +0.318, P<0.001), and also between patatin content and average potato

tubers weight (r = -0.298, P<0.001).





Discussion

Patatin is considered to be a main storage protein because of its high accumulation in the
potato tubers (RACUSEN & FOOTE 1980; ROSAHL et al. 1986). For this study, its relative
abundance in total extractable tuber protein was evaluated using electrophoretic separation
(SDS-PAGE method) of denatured tuber protein with subsequence processing of
electrophoretic records with the aid of BioProfil 1D++ (Vilbert Lourmat). Considering that
patatin consists of a family of about 43 kDa glycoproteins (RACUSEN 1983; PoTS 1999),
patatin protein bands were detected in the patatin area between 39-44 kDa on the obtained gel
after SDS-PAGE. The patatin area was recorded in the case of all 40 analyzed potato
cultivars, which confirmed the assumption about patatin existence in all cultivars of cultivated
potatoes (PRAT et al. 1990; RAJAPAKSE et al. 1991; JIMENEZ et al. 2001).

Patatin relative abundance in SDS-extractable protein ranged from 7.16 % to 31.29 % in the
evaluated potato cultivars. These are surprisingly lower values than what is usually presented
in the literature. According to most authors, patatin represents 20-40 % of all buffer-
extractable tuber proteins (RACUSEN & FOOTE 1980; PRAT ef al. 1990). The newest data
presented by POTS (1999) showed patatin relative abundance ranging from 30 % to 50 % in
all buffer-extractable tuber protein, with patatin content in tuber dry matter in the range of 1.0
% to 1.8 % . The differences in these patatin relative abundance data could be explained by
the low number of analyzed potato cultivars or genotype; for example, POTS (1999) used
three cultivars (Bintje, Desiree, Elkana) to evaluate patatin relative abundance in buffer-
extractable tuber protein. In addition to the effect of cultivar variability on patatin relative
abundance, the wide range and variation found in the literature could also be explained by
differences in tuber protein extraction methods used, different analytical methods of patatin
relative abundance detection, as well as by the dependence of tuber content matters on
environmental conditions.

Cultivar variability of patatin content should be given in connection with genotypic
differences in patatin gene copy numbers, which encode the patatin isomers and are
responsible for their expression. Patain is encoded by a gene family with ~10-18 copies of the
patatin genes per haploid genome (BANFALVI et al. 1994), which would mean about 40-72
patatin genes copies for a tetraploid. TWELL & OoMS (1988) noted 64-72 DNA copies in the
tetraploid genome of potato cv. Desiree.

There are important practical aspects to the finding of high patatin relative abundance and
high patatin content in dry matter of potato tubers of processing cultivars. Higher patatin

content in tubers of processing cultivars was probably connected with the considerable





genetic potential of these cultivars to accumulate content tuber matter such as starch and
proteins. This finding would confirm that patatin functions as a storage protein in potato
tubers, as well as the dependence of patatin relative abundance on genotype (POTS 1999).
Evaluation over the three experimental years also established the large effect of cultivar on
patatin relative abundance in SDS-extractable protein; for processing cultivars, genotype
explained 33.1 % of the variability in patatin relative abundance, while it was 48.2 % for table
potato cultivars.

Potato tuber proteins have generally high nutrition values. Using the EAAI (Essential amino-
acids index) format, tuber proteins have about 83 % of the value of whole egg protein. The
theoretical EAAI, counted according to the published amino-acids sequences of patatin
(BAUW et al. 2006), was about 92 % of the whole egg protein value. Therefore, patatin can be
considered as a nutrition- improving protein in the spectrum of total tuber protein, meaning
that the higher patatin content in processing cultivars than in table cultivars could be
perceived negatively. On the other hand, a higher content of nutritiously valuable patatin in
processing cultivars could also be perceived positively in terms of the possible tuber protein
recovery from the potato fruit juice, which remains as a by-product in starch manufacture.
Tuber protein recovery from this by-product has been made by heat coagulation, but the
possibility of tuber protein isolation from potato fruit juice by a method which is not
destructive to the native properties of tuber protein as well as patatin has recently been
published (KONINGSVELD et al. 2001). This would be of interest for obtaining protein or
patatin concentrate usable in food, feed or biotechnology industries.

In spite of the main cultivar effect on patatin content, influence of year was able to
significantly modify patatin content, thus confirming the presumption about the storage
function of patatin in tubers (POTS 1999). The used groups of cultivars (table and processing
potato cultivars) reacted differently to environmental conditions. Processing cultivars were
able to accumulate a high amount of patatin in the case that the year was favourable for the
maintenance of production abilities for the longest time possible. Favourable conditions mean
particularly sufficient rainfalls that prevent water stress. However, rainfall should not be
excessive, for the reason of tuber weight increases and the previously mentioned dilution
effect. Of the three experimental seasons, 2004 was the most favourable for the accumulation
of tuber pure protein and high patatin relative abundance. During this year 13 processing
cultivars from the 20 observed reached maximum patatin relative abundance. On the
contrary, table cultivars maintained patatin relative abundance on the average value of 23 %

during 2003 and 2004 in spite of their warmer character. July and August 2005 were very





rainy months, causing decreased patatin relative abundance, down to 18% in tubers of table
cultivars. This finding could be explained by the fact that most table cultivars accumulate
tuber storage matter quickly at the start of development, probably thanks to their early
maturing and whole physiological specificity. From this reason, the warm and dry growing
season of 2003 did not lead to decreased patatin relative abundance as much as in 2005,
which had excessive rainfall causing increasing tuber weight and dilution effect. Minimum
values of patatin relative abundance were achieved in the case of 15 table potato cultivars
from the 20 evaluated in 2005. However, discussion on this theme is difficult because the
influence of agro-ecological factors on patatin relative abundance, as well as patatin content
in potato tubers of table and processing potato cultivars, were not studied. On the other hand,
the dependence of patatin relative abundance and content on environmental conditions could
be indirectly determined by comparing them with published accounts of similar behaviour of
other storage matter of potato tubers and their dependence on environmental conditions
(DEBRE & BRINDZA 1996; LESZKOWIAT ef al. 1991).

The presented results showed the importance of cultivar type in regards to patatin content.
These also indicated that, in the case of future exploitation of potato tuber protein potential in
food or other applications, it will be necessary to choose optimal processing cultivars not only
according to the starch content, but also based on the pure protein content and especially the

main storage protein patatin.
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Table 1 List of evaluated processing and table potato cultivars

processing potato cultivars (PPCs) table potato cultivars (TPCs)
. country of earliness . country of earliness cooking

cultivar . . usage cultivar . .

origin (points*) origin (points*) type
Asterix NL SL (3) F Adéla Cz E(7) B
Delikat D E (7) F Adora NL VE (9) B-BC
Fresco NL VE (9) F Agria NL SE (5-4) B
Innovator NL SE (6) F Bionta A SL (2) BC
Javor Ccz SL (4) S Bolesta NL SE (5-4) C
Krumlov CzZ SL (3) S Cicero NL E () BC
Kuras NL SL (2) S Cinja D E (7) BA
Merkur A SL (2) S Colette D VE (8) BA
Morene NL SL (2-3) F Dali NL E (7) BA
Ornella (074 SL (3) S+F Filea D SE (6-7) BA
Pacov Cz SL (3) S+F Impala NL VE (8) B
Producent NL SL (2) S Karin Cz E(7) BA
Saturna NL Sl (4-5) S+F Laura D SE (5) B-BC
Sibu D SL (2) S Ditta A SE (5) AB
Tabor Ccz SL (3) S Marabel D E (7-8) BA-B
Tegal CzZ E(7) S+F Milva D SE (5-4) AB
Tomensa D E (6) S+F Rosara D VE (8) BA
Vaneda (074 E((7) S+F Rosella D SE (5-4) B
Vladan Cz SE (6) S+F Santé NL SE (6) B
Westamyl CZ SL (4) S Symfonia NL SL (4-5) BC

Notes: A — Austria, CZ — Czech Republic, D — Germany, NL — Netherlands; VE — very early, E — early, SE —
semi early, SL — semi late; *scale of earliness - 9 the earliest, 1 the latest; F — fried products, S — starch
production
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Table 2 Patatin relative abundance in total tuber protein of processing potato cultivars; years 2003-2005 (%).

cultivar 2003 2004 2005 2003 - 2005
Asterix 19.72 1 28.84 de 26.66 cd 25.07 e
Delikat 23.69 gh 29.86 cd 26.94 cd 26.83 ¢
Fresco 21.47 jk 28.86 de 24.61 ef 2498 e
Innovator 2435 fg 2645 f 23.79 fg 24.86 ¢
Javor 22.27 hij 28.56 de 12.65 k 21.16 ¢
Krumlov 22.25 hij 31.66 ab 26.07 de 26.66 ¢
Kuras 21.69 ijk 23.10 gh 15.03 j 19.94 h
Merkur 2731 e 26.07 f 25.84 de 26.41 cd
Morene 22.76 ghij 28.79 de 22.48 gh 24.68 e
Ornella 27.61 de 3295 a 28.29 ¢ 29.61 b
Pacov 20.08 ki 30.53 be 15.81 j 22.14 f
Producent 30.71 abc 33.09 A 24.65 ef 2949 b
Saturna 23.28 ghi 2233 H 21.02 hi 2221 f
Sibu 2545 f 26.74 F 2443 ef 25.54 de
Téabor 22.11 hij 2598 F 20.04 i 2271 f
Tegal 29.33 «cd 29.60 Cd 3024 a 29.73 ba
Tomensa 32.30 a 27.57 Ef 3385 a 3124 a
Vaneda 31.15 ab 31.19 Bc 31.51 3129 a
Vladan 2591 ef 23.52 Gh 24.63 ef 24.69 e
Westamyl 30.07 bc 2433 G 2598 de 26.79 ¢
mean 25.18 28.00 24.23 25.80

Within column values followed by the same letter are not significantly different at P < 0.05 (Tukey HSD test).

The letters are given in alphabetical order with decreasing level of a parameter.

Table 3 Patatin relative abundance in total tuber protein in table potato cultivars; years 2003-2005 (%).

cultivar 2003 2004 2005 2003 - 2005
Adéla 13.63 i 15.67 i 3.01 k 10.77 1
Adora 26.12 e 23.63 e 23.08 b 24.28 bed
Agria 28.28 bc 24.55 cde 21.27 cde 24.70 be
Bionta 8.28 j 12.87 j 0.33 1 7.16 m
Bolesta 29.18 ab 25.38 abcd 19.95 ef 2484 b
Cicero 28.13 bed 21.08 fg 22.36 bc 23.86 de
Cinja 27.21 cde 25.10 abcede 18.03 g 23.45 ef
Colette 26.48 de 24.39 de 21.31 cd 24.06 bcde
Dali 23.89 f 24.25 de 2336 b 23.83 de
Filea 30.21 a 26.00 abc 22.65 b 26.29 a
Impala 2581 e 25.06 bede 17.15 hg 22.67 f
Karin 2138 ¢ 25.57 abcd 6.56 j 17.84 k
Laura 23.10 f 26.66 a 16.24 h 22.00 g
Lenka 22.48 fg 25.37 abcd 12.43 i 20.09 i
Marabel 26.70 cde 24.45 cde 20.93 de 24.03 cde
Milva 2355 f 19.72 ¢ 2537 a 2288 f
Rosara 21.05 hg 21.87 20.53 def 21.15 h
Rosella 2312 f 25.18 abcde 2562 a 24.64 bc
Santé 19.59 h 17.49 h 20.51 def 19.20 j
Symfonia 26.28 e 26.62 ab 19.61 f 24.17 bede
Mean 23.72 23.04 18.01 21.59
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Within column values followed by the same letter are not significantly different at P < 0.05 (Tukey HSD test).

The letters are given in alphabetical order with decreasing level of a parameter.

Table 4 Patatin content in tuber dry matter (%) in processing potato cultivars during years 2003-2005.

cultivar 2003 2004 2005 2003 - 2005
Asterix 071 1 1.54 cd 1.17 efg 1.14 ihg
Delikat 1.21 def 1.67 be 1.25 cde 1.38 d
Fresco 0.96 hjk 1.15 efg L.11 fgh 1.07 ijk
Innovator 1.32 d 1.49 d 1.08 fghi 1.30 de
Javor 1.06 fgh 2.11 a 0.54 ki 1.24 ef
Krumlov 0.96 hjk 1.51 cd 1.19 efg 1.22 efg
Kuras 0.89 jk 1.04 fg 0.52 1 0.81 1
Merkur 1.25 de 1.18 ef 1.07 ghi 1.17 fgh
Morene 1.04 ghj 1.56 cd 1.02 hi 1.20 fg
Ornella 1.55 ¢ 2.06 a 1.34 cd 1.65 be
Pacov 0.87 k 1.54 cd 0.68 k 1.03 k
Producent 1.75 b 183 b 1.21 def 1.60 ¢
Saturna 1.13 efg 1.00 g 1.02 hi 1.05 jk
Sibu 1.13 efg 121 e 1.17 efg 1.17 fgh
Tabor 0.96 hjk 1.19 ef 0.98 hi 1.04 jk
Tegal 207 a 1.67 be 1.38 ¢ 1.71 b
Tomensa 219 a 1.73 b 218 a 203 a
Vaneda 1.50 ¢ 1.84 b 1.59 b 1.64 be
Vladan 1.15 efg 1.24 ¢ 095 i 1.11 hijj
Westamyl 132 d 1.19 ef 1.22 def 1.24 ef
Mean 1.25 1.49 1.13 1.29

Within column values followed by the same letter are not significantly different at P < 0.05 (Tukey HSD test).

The letters are given in alphabetical order with decreasing level of a parameter.

Table 5 Patatin content in tuber dry matter (%) in table potato cultivars during years 2003-2005.

cultivar 2003 2004 2005 2003 - 2005
Adéla 0.66 k 0.90 jk 0.12 k 0.56 j
Adora 1.43 abce 1.07 ghi 098 e 1.16 d
Agria 1.41 abed 1.15 efgh 0.86 fg 1.14 de
Bionta 041 1 0.50 1 0.01 1 031 k
Bolesta 1.37 abcde 1.50 ab 1.08 cd 1.32 ab
Cicero 1.34 bedef 0.88 k 098 e 1.07 fg
Cinja 1.21 fg 1.21 def 0.71 h 1.04 fg
Colette 1.28 def 1.08 ghi 1.09 ¢ 1.15 d
Dali 1.11 gh 1.02 hij 1.28 a 1.14 de
Filea 148 a 1.26 cde 1.10 ¢ 1.28 be
Impala 1.27 ef 1.10 fghi 0.87 fg 1.08 efg
Karin 1.02 hij 1.19 efg 0.33 j 0.85 i
Laura 1.09 gh 1.33 cd 0.87 fg 1.10 def
Lenka 0.94 i 1.16 efg 048 i 0.86 i1
Marabel 1.47 ab 1.52 a 1.15 be 1.38 a
Milva 1.30 cdef 0.87 k 1.24 ab 1.14 de
Rosara 091 j 1.00 ijk 0.83 fg 091 ih
Rosella 1.05 hi 1.09 fghi 0.92 ef 1.02 g
Santé 0.97 hij 1.00 ijk 082 ¢ 093 h
Symfonia 1.34 bedef 1.39 be 0.98 ed 1.24 ¢
Mean 1.15 1.11 0.84 1.03

Within column values followed by the same letter are not significantly different at P < 0.05 (Tukey HSD test).

The letters are given in alphabetical order with decreasing level of a parameter.
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Table 6 Summary of ANOVA and Variance Components (Mixed Model ANOVA) for patatin relative

abundance in total tuber protein and patatin content in tuber dry matter.

patatin content

cultivar patatin relative abundance
factor
group df MS* % TV*™ df MS* % TV
year (1) 2 154.25%* 15.6 2 1.3074** 18.3
PPCs cultivar (2) 19 64.02%* 33.1 19 0.5185%* 40.2
1x2 38 21.76%* 50.7 38 0.1313%** 40.5
Error 60 0.14 0.6 60 0.0014 0.9
year (1) 2 389.21** 22.8 2 1.1862** 24.6
TPCs cultivar (2) 19 139.50%* 48.2 19 0.3855%* 46.9
1x2 38 23.26%* 28.8 38 0.0642%* 27.7
Error 60 0.10 0.3 60 0.0009 0.8
year (1) 2 42177 14.4 2 2.0746%* 16.3
all cultivars cultivar (2) 39 126.4%* 49.1 39 0.5420%* 48.2
1x2 78 25.1%* 36.2 78 0.1060** 34.7
Error 120 0.1 0.3 120 0.0012%** 0.8

*MS - mean square, ™ % TV - percentage of total variability.

**Significant at P < 0.01.
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Table 7. Yearly means of patatin relative abundance and patatin content and selected tuber parameters in PPCs and TPCs.

. . . 1
cultivar patatin relative selected tuber parameters

year group abundance patatin content average tuber dry matter content starch content crude protein pure protein
weight content content
2003 PPCs 25.18 ab 125 b 74.85 ¢ 2434 b 16.25 bce 927 b 4.88 ab
TPCs 2372 b 1.15 b 86.10 bc 21.08 ¢ 13.30 d 1093 a 4.86 ab
2004 PPCs 28.00 a 149 a 7890 ¢ 26.56 a 20.03 a 894 b 528 a
TPCs 23.04 b 1.11 b 84.20 be 2134 ¢ 1541 ¢ 9.80 b 481 b
2005 PPCs 2423 b 1.13 b 101.20 ab 24.00 b 16.74 b 741 ¢ 4.60 b
TPCs 18.01 ¢ 0.84 ¢ 115.13 a 19.22 d 12.50 d 9.02 b 457 b

Different letters in a block mean significant difference at P < 0.05 (Tukey HSD test). The letters are given in alphabetical order with decreasing level of a parameter.

180 25

160 +

140 +
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2003-T = ¢ -2004-T —k—2005-T —@— normal-T

Figure 1. Rainfall (in mm) and mean temperatures (in °C) in Ceské Budg&jovice for 2003—2005.
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Abstract

The contribution deals with thermal stability and re-solubility of potato tuber proteins isolated by
ethanol precipitation from industrial potato fruit juice. The protein isolates was exposed to the
temperatures ranging from 25 °C to 70 °C. Patatin, the tuber protein with high nutritious value,
was detected by SDS-PAGE in region of 39-43 of kDa. Patatin was evaluated as thermal
sensitive - temperatures above 30 °C caused its strong insolubility. Potato protease inhibitors
were detected in region from 4.3 to 24 kDa. Thermal stability of potato protease inhibitors
(region from 25 to 14 kDa) was higher, although the temperatures above 45 °C caused
denaturation and insolubility most of the protease inhibitors. Extremely thermo-stable was potato
carboxypeptidase inhibitor with molecular weight of 4.3 kDa that remained soluble even when

using the highest temperatures.

Key words: potato proteins thermo-stability, potato fruit water, patatin, protease inhibitors.

The subject of food proteins, originating at plant, is dominated by the use and processing of soya
protein. However, other plant proteins are of topical interest, for example those derived from
other legume seeds or even from waste of plant processing (MARQUEZ et al 1998). Such a waste
by-product remaining after starch manufacture is potato fruit juice (PFJ), which is currently used
as animal feed or low-quality fertilizer. PFJ contains 2-5 % of solids, of which the protein
represents about 25 % (KNORR 1978, KONINGSVELD et al. 2001). Potato protein is well known
particularly for its high digestibility and favourable amino acid composition (KAPOOR et al. 1975,
BARTA & CURN 2004), being thus proper for human nutrition. The potato proteins present in PFJ

have been tentatively classified into three groups (POTS 1999). Patatin, the major potato tuber





protein, comprises 38 % of the protein in PFJ. The protease inhibitors make up from 45 to 50 %
and other proteins represent from 12 to 15 % of total protein in PFJ (POVREAU et al. 2001, BARTA
et al. 2007). Protein recovery from industrial PFJ is recently achieved by heat coagulation, which
is an efficient method but the resulting product has unacceptable flavour and functionality
(ZWINENBERG et al. 2002). Several alternatives have been reported to recover native protein
from industrial PFJ (LINDNER et al. 1981, GONZALES et al. 1991, KONINGSVELD et al. 2001,
ZWINENBERG et al. 2002, BARTA et al. 2007), however these methods have not been yet
incorporated to the process of industrial production of potato protein from waste PFJ, because of
reasons such as financial charges, high content of glycoalcaloids and potassium or partial
denaturation of isolated protein. The effect of heat treatment on potential food proteins need also
be known, because that treatment is often a necessary processing step in food manufacture (heat
drying, heat sterilization, concentrating of potato fruit juice prior protein precipitation). In
addition, heat treatment may prove to be unavoidable to diminish the activity of potato proteinase
inhibitors. The purpose of this study was to examine the effect of heat treatment on the re-
solubility of potato protein fractions isolated from acidified industrial potato fruit juice by using

ethanol precipitation.

MATERIALS AND METHODS

Potato fruit juice (PFJ) was provided from the potato starch manufacture (Lyckeby Amylex a.s,
Horazd’ovice, Czech Republic). PFJ was centrifuged (15 min, 3600 rpm, 4 °C) and the
supernatant was filtered. 30 ml of PFJ were freeze-dried with using freeze drier ALPHA 1-4
(Martin Christ, Osterode am Harz, SRN) to constant weight for gravimetrically determination of
PFJ dry matter in four replications. The obtained dry matter was subsequently used for total N
content determination by using modified Dumas method on nitrogen/protein analyzer FLASH EA
1112 (ThermoQuest, Italy). The average weight of analysed sample was 50 mg and the analysis
of nitrogen content was made in duplicate. Resulting PFJ characteristics are: pH 5.81; dry matter
content 5.55 % and content of N 3.76 mg ml™".

On the base of the previously presented results of KONINGVELD et al. (2001) and BARTA et al.
(2007) was potato protein precipitation performed by using absolute ethanol at 0 °C. The
precipitation was performed in 20 replications (variants of heat treatment plus their replications)

and was initiated by adjusting the pH of stirred PFJ samples in 50 ml Fisher tubes to a final pH of





5.0. 10 ml of undercooled absolute ethanol was added to 30 ml of acidified PFJ. The precipitation
was performed for 1 hour on ice. The samples were centrifuged (15 min; 4 °C; 3600 rpm) and
precipitates formed were washed twice by suspending in 5 ml of 0.1 M sodium-acetate bufter pH
5.0 containing the equivalent amount of ethanol. After each washing step, the samples were
centrifuged (15 min; 4 °C; 3600 rpm).

The washed protein concentrates in Fisher tubes were used for evaluation of effect of heat
treatment on potato proteins re-solubility. The heat treatment was performed in Binder incubator
and dryer (Binder Inc., New York, USA). The variants of used temperatures were following:
freeze-drying (control variant of native protein), 25 °C, 30 °C, 35 °C, 40 °C, 45 °C, 50 °C, 55 °C,
60 °C and 70 °C. Next, the remaining moisture in protein concentrates was freeze dried and the
re-solubility was evaluated by the following way. Two samples each of the variant in original
tubes were used for determination of the re-solubilization of the precipitated protein. The
precipitates were suspended in 20 ml of 100 mM sodium phosphate buffer pH 7.0. The
precipitates were thoroughly shaken in the buffer and incubated for 1 hour at 30 °C. The tubes
were centrifuged (15 min; 22 °C; 3600 rpm) and supernatant was sampled for determination of
the re-soluble protein composition with SDS-PAGE. The non-resoluble part of the precipitates
was freeze-dried and analyzed for nitrogen content as described above. Protein N of PFJ was
determined as N recovered by TCA precipitation (BOLLAG et al. 1996). Average N content in PFJ
was 3.76 mg ml™, 65.16 % was precipitated with TCA, this N is determined as protein N. Protein
content (N x 6,25) was 15.3 mg ml"'. The re-soluble part of the precipitated protein was
determined as the precipitated protein minus non-resoluble protein.

Constitutions of the re-soluble part of protein precipitates were performed by using SDS-PAGE
(LAEMMLI 1970). 100 pl of the collected re-soluble protein samples were mixed with 25 pul of
loading buffer (5 ml 1.25 M Tris-HCI, pH 6.8, 2.3 g SDS, 10 ml glycerol, 5 mg Bromophenol
Blue; to 500 pl of this buffer to add 170 pl 2-mercaptoethanol). Protein separation was performed
using standard cooled dual vertical slab units SE 600 (Hoefer Scientific Instruments, San
Francisco, USA). The discontinuous gel system (HAMES & RICKWOOD 1987) was used (4 %
stacking gel and 10 % separating gel. Gel processing after protein detection with Coomassie
Brilliant Blue R-250 was performed by HAMES & RICKWOOD (1987). Individual protein

components were detected on electrophoretic profiles by digital image analysis by using special





software BioProfil 1D++ - measuring of absorbance profiles and computation of individual

portions (BioProfile software package, Vilbert-Lourmat, Marne la Vallée, France).

RESULTS AND DISCUSSION

The basic properties necessary for usage of protein concentrates in food and feed industry
are the re-solubility of the precipitated and dried protein powder, suitable for use from the health
point of view and suitable nutritional and biological value. The re-solubility is value that could be
directly connected with degree of denaturation of studied protein isolates and this value could be
suitable for presentation of biological value (native properties) of the obtained potato protein
powder (BARTA et al. 2007). The used term solubility issues from the methodology of
KONINGSVELD et al. (2001). The presented solubility data were not really solubility, since these
should be expressed as amount per unit volume. The proportion of total protein that became
insoluble was used as an index of solubility. We kept the re-solubilisation volume constant and
the re-solubility was expressed as the proportion of total protein originally present in PFJ. The re-
solubility data indicated the differences in denaturation of the potato protein that was exposed to
different temperature regimes.

As can be seen from the data presented in Table 1, amount of totally precipitated protein
was approximately 15 mg from 1 ml of industrial PFJ. Amount of re-soluble protein was
naturally highest when using freeze-drying; when using the high temperatures (60 °C, 70 °C) for
protein treatment, the obtained protein powders were almost absolutely insoluble. The Figure 1
shows the relative abundance of re-soluble protein in total protein precipitated from potato fruit
juice. As can be seen, maximal temperature usable for potato protein treatment is 40 °C; using
temperatures above this point caused that almost 90 % of the total precipitated protein remained
insoluble. The obtained results indicated differences in precipitation and thermal stability of
protein components creating the total tuber protein of PFJ. Approximately 20% of the PFJ protein
seems to be very sensitive losing the native properties just before, during or immediately after the
precipitation process because this part of precipitated PFJ protein remained insoluble just after
using freeze drying. Freeze drying is generally used for biological products that have a high
sensitivity to heat and most protein fall into this category (HARRISON et al. 2003) and freeze

drying should not cause denaturation of treated protein. The remaining proteins precipitated from





PFJ are less or more thermal sensitive which could be explained by the high heterogeneity of the
PFJ proteins. When using the minimal temperature (25 °C) protein denaturation and following
insolubility of precipitated protein should be rather explained by partially degradation of the
potato protein by proteases that should be in this temperature inactivated only by protease
inhibitors. When using higher temperatures thermal stability of the protein components and their
isoforms differ expressively, how can be seen from the Figure 2. On this figure (above all re-
soluble potato protein after freeze-drying) are recognisable protein bands in two molecular mass
regions - the main bands in the region approximately from 39 to 43 kDa, and the minor bands that
should be found in the region approximately from 4.3 to 25 kDa. The potato proteins present in
PFJ have been tentatively classified into three groups (POTS 1999). No overall quantitative data
on the protein composition of potato varieties are available, except those from cultivar Elkana
(POUVREAU et al. 2001) and cultivar Tomensa (BARTA et al. 2007). Patatin, the major potato
tuber protein (39-43 kDa) comprises approximately 38 % of the protein; the protease inhibitors
(25-4.3 kDa) make up about 50 % and other proteins up to 12 % of total protein in PFJ
(POUVREAU et al. 2001, BARTA et al. 2007). Patatin represents the most important protein
component of tuber protein for its high nutritional quality (BARTA & CURN 2004), foaming and
emulsifying properties (RALET & GUEGEN 2001), specific enzymatic activity (ANDREWS et al.
1988, SENDA et al. 1996, JIMENEZ et al. 2001), or antifungal activity (TONON et al. 2002). In
contrast to patatin the protease inhibitors are a more heterogeneous group of tuber proteins. They
differ with respect to molecular mass, amino acids sequence and inhibitor activity (POVREAU et
al. 2001). The general characterization of protease inhibitors is that they are small, cystein-rich
and heat-resistant proteins of 3-23 kDa (excluding tandemly repeated inhibitors domains resulting
in inhibitors of 36-85 kDa). According to the Figure 2 and Table 2 is obvious the lower thermal
stability of patatin proteins. The fault point was detected in 30 °C and all the temperatures above
this point caused strong denaturation and insolubility of patatin proteins. This evaluation
confirms with data of POTS (1999) who established that patatin is thermally destabilized at
temperatures exceeding 28 °C, as was indicated by near-ultra violet circular dischroism. It was
shown that parts of the a-helical contribution unfold in the 45 to 55 °C region, whereas the (-
stranded parts unfold more gradually at temperatures from 50 to 90 °C. The observed unfolding
of the protein coincides with the inactivation of the patatin enzyme activity and with the

precipitation as occurs in the potato fruit upon heating. At high temperatures, patatin still contains





some helical and stranded structures. Upon cooling the protein refolds partly, it was observed that
mainly a-helical structures were formed. Thermal stability of potato tuber protease inhibitors has
been discussed previously by POUVREAU (2004) for protease inhibitors of the cultivar Elkana,
although there is no information about protease inhibitors thermo-stability in case of PFJ which
represent the specific cultivar mixture. Thermal unfolding and significant reduction of inhibition
activity of PSPI (Potato Serine Protease Inhibitors) and PCPI (Potato Cystein Protease
Inhibitors), which together represent 40 % of the total protein content of in potato juice, was
observed by POUVREAU (2004) when exceeded the point of 40 °C. These data entirely confirmed
with our data of thermal stability of PFJ potato protease inhibitors as can be seen from the Figure
2 and Table 2. The exception in thermal stability represents potato carboxypeptidase inhibitor
(PCI) that is only one protein that remains soluble also when using the high temperatures 60 and
70°C. PCI is the smallest protease inhibitors present in potato, with a molecular weight of 4.3
kDa and is known to be extremely stable upon heating (HUANG et al. 1981).

The results obtained during the experiments should be concluded that treatment (drying,
concentration, protease inhibitors inactivation) of potato proteins isolated from industrial PFJ
with temperatures higher than 40 °C caused intensive degradation most of the proteins presented

in proteins isolate obtained from industrial potato fruit juice.

CONCLUSIONS

(1) Patatin, the major storage tuber protein with high nutritious value, was detected in protein
isolates by SDS-PAGE in region of 39-43 kDa and was evaluated as thermal sensitive

because temperatures above 30 °C caused its strong insolubility.

(2) Potato protease inhibitors were detected in protein isolates in region from 4.3 to 24 kDa.
Thermal stability of potato protease inhibitors was higher, although the drying
temperatures above 45 °C caused denaturation and insolubility most of the protease

inhibitors.

(3) Extremely thermo-stable was potato carboxypeptidase inhibitor with molecular weight of

4.3 kDa that remained soluble even when using the high temperatures.
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Abstrakt

Tato prace se zabyva termalni stabilitou izolatd hlizovach proteinii ziskanych z primyslové
hlizové vody, ktera vznikd jako vedlejSi produkt pfi zpracovani brambor na Skrob. Patatin,
hlizovy protein s vysokou nutricni hodnotou, byl pomoci techniky SDS-PAGE detekovan
v oblasti 39-43 kDa. Patatin a byl vyhodnocen jako termolabilni protein, nebot’ pouZiti teplot nad
30°C zptsobilo jeho silnou nerozpustnost. Bramborové inhibitory proteas byly detekovany
v oblasti 4.3 az 24 kDa. Termalni stabilita inhibitorti byla vyS$$i nez patatinu, avSak teplota nad
45°C zpusobila denaturaci a nerozpustnost vétSiny inhibitorti proteas. Extrémni termostabilita
byla zjisténa u karboxypeptidasového inhibitoru s hmotnosti 4.3 kDa, jenz si zachoval zpétnou

rozpustnost i pii pouziti nejvyssich teplot (70 °C) pro oSetfeni proteinového izolatu.
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Table 1: Amount of protein (mg ml” of PEJ) remaining re-soluble or insoluble after treatment

with different temperature regimes

Temperature of protein Amount of protein (mg Amount of protein (mg
isolate tratment ml"' of PFJ) re-soluble ml" of PFJ) insoluble
Freeze-drying 10.1 e 5.2 a
25°C 7.9 de 7.5 ab
30°C 5.9 cd 9.4 be
35°C 52 be 10.2 cd
40 °C 3.8 abc 11.6 cde
45 °C 32 ab 12.1 de
50°C 2.7 a 12.7 de
55°C 33 ab 12.1 de
60 °C 2.3 a 13.1 e
70 °C 1.8 a 13.6 e

Levels followed by the same letter are not significantly different (HSD test at 5% level).

Table 2: Representation (%) of the main protein components remaining re-soluble after exposure

of the potato protein isolated from industrial PFJ to different temperature regimes

Representation of the main protein components in total protein (%)

Patatin proteins Protease Inhibitors Protease inhibitors

39 -43 kDa 25 - 14kDa 14 -4.3 kDa

Freeze-drying 39.3+0.82 43.5+£0.61 16.2 +£0.43
25°C 34.7+0.35 45.8+0.54 18.6 =0.87
30°C 32.0+1.17 45.6 £ 0.46 22.4+0.71
35°C 17.5+0.98 52.9+1.30 29.6 +0.32
40 °C 13.4+041 54.6 +£0.17 31.1+0.23
45 °C 12.6 +0.55 46.5+1.23 40.9 £0.96
50°C 13.9+0.62 43.2+1.32 41.3+047
55°C 12.0 £ 1.06 44.1+£2.16 43.8+£3.22
60 °C 4.6 £0.08 13.7+1.55 81.6+1.46
70 °C 0.0+ 0.00 0.0+ 0.00 100 + 0.00
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Figure 1: Increasing of relative amount of protein remaining insoluble after heat treatment of

protein concentrates under different temperatures regimes.
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Figure 2: SDS-PAGE spectra of tuber protein components isolated from industrial PFJ

remaining re-soluble after heat treatment under various temperature regimes.
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'Temperature regimes of protein isolates treatment ranging from freeze-drying (LYO) to 70°C.
Letter A indicates the region of patain proteins (39-43 kDa) in re-soluble part of tuber protein isolated from
industrial potato fruit juice; Letter B indicates extremely thermostable carboxypeptidase inhibitor with molecular

mass of 4.3 kDa.
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