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Abstract 

Pots, A.M. Physico-chemical properties and thermal aggregation of patatin, the major 
potato tuber protein 

Ph.D. thesis. Wageningen Agricultural University, Wageningen, The Netherlands, 1999 

Key words: Solarium tuberosum, potato tuber proteins, patatin, thermal structural 
stability, aggregation 

In potato tubers patatin is the most abundant protein, it is a 43 kDa glycoprotein with a lipid 
acyl hydrolase activity. Next, different classes of potato protease inhibitors are present. The 
content and biological activity of patatin and a fraction of potato protease inhibitors of 
molecular size 20-22 kDa were monitored as a function of storage time of whole potato 
tubers. It was observed that the amount of buffer-extractable protein decreased gradually 
during storage of whole potatoes of the cultivars Bintje and Desiree whereas, for Elkana, 
after an initial decrease it increased after approximately 25 weeks. 

Patatin can be divided into two mass isomers, that each can be divided into various isoforms 
with a slightly differing primary sequence (genetic variants). The isoforms appeared to be of 
highly homogenous character, therefore, patatin can be studied as a single protein species. 
Isolated patatin at room temperature is a highly structured molecule at both secondary and 
tertiary level as indicated by fluorescence, circular dichroism and Fourier transform infrared 
spectroscopy. Patatin unfolds partly upon heating or lowering the pH. At low pH, when the 
starting conformation is already irreversibly unfolded to a certain extent, only minor changes 
occur upon heating. The unfolding of patatin coincides with its precipitation in the potato 
fruit juice. The acid or heat precipitation of patatin when present in this juice may be 
enhanced by so far unknown components. 

The thermal aggregation of patatin was studied by dynamic lightscattering and 
chromatographic analysis of the proportions of non-aggregated and aggregated patatin as a 
function of incubation time and temperature. The aggregation of patatin requires the 
unfolding of the protein and can accurately be described quantitatively with a two-step 
model. The course of aggregation suggested a mechanism of slow coagulation, limited by 
both reaction and diffusion. 
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General introduction 

Chapter 1 

General introduction 

Potato (Solarium tuberosum L.) 

The potato plant is a species of the family Solanaceae. It has been cultivated for thousands of 
years in South America, mainly in the Andean mountain range before, it was introduced in 
Western Europe in the second half of the 16th century. It lasted about a century before potato 
tubers (potatoes) were first used as a foodstuff, mainly in Ireland. In the 18th century 
potatoes became popular in the rest of Western Europe (Zwartz, 1967). Nowadays, about 290 
million tons of potatoes are produced world wide annually (FAO, 1998). Potato ranks second 
to soy bean in the amount of protein produced per hectare and second to sugarcane in 
carbohydrate production (Johnson and Lay, 1974). 
Potato is a major crop in the Netherlands also. It contributes about 5% to the total value of 
the Dutch agricultural production. In 1997 about 8 million tons of potatoes were traded, 
having a value of approximately 900 million dollar ($). Some 2.8 million tons (35%) were 
used for the industrial starch production (CBS, 1998). Potatoes contain about 1.5% of protein 
on a fresh weight basis (Lisinska and Leszcynski, 1989), therefore, there is an annual 
production of 40 to 50 thousand tons of potato proteins. However, it can only be used in 
animal feed, due to its poor solubility and functionality after the currently applied industrial 
process (Knorr et ai, 1977). For this reason the contribution of the proteins to the total value 
of the industrially used potato is limited. From 100 kg potatoes some 16-18 kg of starch is 
obtained, having a value of about 7-8$. Currently, the value of protein derived from 100 kg 
of potatoes is about 0.5$, which results in a contribution of 8% to the value of the potato 
constituents. Typical prizes of food proteins are 1-2$ for soy isolates and 2.3-5.5$ for whey 
powder (Van der Meer, 1996). If potato proteins could be applied in human food, similar to 
for example soy isolates, the contribution of the proteins to the value of the tuber constituents 
may increase from 8% to 14-28% of the value of the starch. This obviously would increase 
the economical importance of potato proteins as compared to potato starch and may improve 
the economic viability of potato as an agricultural commodity crop. 

Potato tuber proteins 

Soluble potato tuber proteins can be classified into three groups: First, the major tuber 
protein patatin; second, a group constituted of protease inhibitors; and a third group 
containing all other proteins. The proportions of proteins present in each class are uncertain, 
since by far not all of the potato proteins have been quantified yet. 



Chapter 1 

Patatin 

Patatin was given its trivial name by Racusen and Foote (1980), but the isolation and partial 
characterization of the enzyme activity of the 45 kDa potato glycoprotein, as it was denoted, 
had been described in the early 70's already (Galliard, 1971; Dennis and Galliard, 1974; 
Galliard and Dennis, 1974). Patatin represents 40-60% of all buffer-extractable tuber proteins 
and consists of a family of 43 kDa glycoproteins with their isoelectric point between 4.8 and 
5.2 (Racusen and Foote, 1980; Park et al., 1983; Racusen 1983A). It is considered to be a 
storage protein because of its high accumulation in the tuber (Racusen and Foote, 1980; 
Rosahl et al., 1986), where it is localized mainly in the central vacuoles of the parenchyma 
cells (Sonnewald et al., 1989). 

Patatin has a lipid acyl hydrolase (LAH) activity for both lipid deacylation and wax ester 
formation (Galliard, 1971; Dennis and Galliard, 1974; Galliard and Dennis, 1974). It is 
active with phospholipids, monoacylglycerols and p-nitrophenyl esters, moderately active 
with galactolipids but is apparently inactive with di-acyl and tri-acyl glycerols (Andrews et 
al., 1988). Considerable variation in LAH-activity is observed among cultivars (Racusen, 
1985). The LAH-activity of the cultivar Desiree for example, is approximately by a factor 
100 lower than that of the cultivar Kennebec (Racusen, 1985). It has been suggested that this 
LAH-activity may play a role in the plant defense mechanism. The LAH-activity releases 
fatty acids upon damaging of the vacuole. These fatty acids are oxidized by lipoxygenases 
that are also present in the tuber (Racusen, 1983B). Cell injury then might lead to the 
production of cytotoxic, oxidized fatty acid reaction products and water-insoluble waxes that 
inhibit microbial invasion (Racusen, 1983B). Considering that cultivars can show 
considerable variation in LAH-activity (Racusen, 1985), those containing patatin with a high 
LAH-activity may be more resistant towards insect or pathogen attack than cultivars with a 
low LAH-activity. Despite the relevance of this hypothesis, that could lead to use of cultivars 
allowing a lower level of pesticides during production, in the literature no information was 
found on this subject. Another possible defense mode could be the direct inhibition of growth 
of invasive organisms by the LAH-activity of patatin, as claimed by Strickland et al. (1995). 
Patatin consists of proteins encoded by two multigene classes of 50-70 genes that are 98% 
homologous (Mignery et al, 1984; Pikaard et al., 1987; Twell and Ooms, 1988). The Class I 
genes are expressed exclusively in the tuber, in relatively high amounts; whereas Class II 
genes are expressed at a low level throughout the whole plant (Pikaard et al., 1987). In the 
tuber the mRNA's for patatin are by a factor of 100 more abundant than in other parts of the 
plant (Pikaard et al., 1987). The major source for the generation of diversity among the 
members of the classes would originate from rearrangements of the genes (Liu et al., 1991). 
The primary sequence of patatin (362 amino acids) shows neither extended hydrophilic nor 
hydrophobic amino acid sequences (Figure 1; Stiekema et al., 1988). The positive and 
negative charges of the side-chains are randomly distributed over the sequence. The protein 
contains 17 tyrosines and 2 tryptophans, the latter being positioned closely together in the 
primary sequence (residues 254 and 259). 
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Based on the high degree of homology between the gene families and the identical 
immunological responses (Park et al., 1983; Mignery et al., 1984), patatin was considered a 
single protein species. In the literature no physico-chemical description of isolated isoforms 
can be found. 
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Glu-Phe-Leu-Glu-Gly-Gln-Leu-Gln-Glu-Val-Asp-Asn-Asn-Lys-Asp-Ala-Arg-Leu-Ala-Asp-Tyr-Phe-Asp-Va!- He 
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Asp-Arg-Lys-Lys-Leu-Arg-Ala-Asn-Lys-Ala-Ser-His 

Figure 1 Primary structure of a patatin isoform expressed in tobacco (Stiekema et al., 1988). 

Patatin isolated from transgenic tobacco plants in which a single patatin gene of the cultivar 
Berolina was expressed, has three glycosylation sites at 37, 67 and 181 asparagine residues, 
two of which where found to be actually glycosylated (Sonnewald et al., 1989). The 
consensus sequence for N-linked glycosylation is Asn-X-Ser/Thr, where X may be any 
amino acid other then proline or asparagine (Katsube et al., 1998). At the sequence as 
presented by Stiekema et al. (1988) patatin has only two glycosylation sites, at the 92 and 
301 asparagine residues, respectively. 

A carbohydrate structure was suggested based on the structure generally observed in plants, 
as: Mana3[Mana6][Xyip2]ManP4GlcNacP4[Fuca3] GlcNAc (MW 1169 Da), assuming that 
the glycosylation in the tobacco is identical to that in potato (Sonnewald et al., 1989). The 
molar mass of a patatin isoform from the cultivar Bintje, without the carbohydrate 
contributions, is 39745 Da, as calculated from its primary sequence (Stiekema et al., 1988). 
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Adding the mass of one, two or three carbohydrate chains would increase the total mass to 40 
914, 42 083 and 43 252 Da. The apparent molar mass of patatin is 43 kDa determined using 
SDS-PAGE, whereas in media without SDS or urea it appears as a dimer with an apparent 
molar mass of about 80 000 Da (Racusen and Weller, 1984), a value which was also found 
with analytical ultracentrifugation under the same conditions (Racusen and Weller, 1984). 
These techniques are, however, not sufficiently accurate to determine the degree of 
glycosylation. 

Protease inhibitors 

Numerous papers describe the presence and importance of protease inhibitors (eg: Melville 
and Ryan, 1972; Bryant et al, 1976; Suh et al., 1990, 1991; Dao and Friedman, 1994; 
Jongsma et al., 1994). They inhibit proteolytic enzymes from a wide variety of micro
organisms and insects, as a part of the plants defense mechanism against environmental 
stress, pathogen or insect attack (Jongsma, 1995). Plant proteases are only rarely inhibited 
(Kaiser et al., 1974; Sanchez-Serrano et al., 1986). Potato protease inhibitors represent 20 to 
30% of all extractable tuber proteins. Generally, plant protease inhibitors are classified based 
on the composition of the active site of the protease they inhibit; for example, serine, 
cysteine, aspartic or metallo protease inhibitors are distinguished (Jongsma, 1995). Potato 
protease inhibitors, however, are not categorized this way, and they are currently divided into 
three subclasses: 

Subclass I: The Potato Protease Inhibitor I, a serine protease inhibitor that is constituted of an 
iso-inhibitor family. It represents 2% of the soluble proteins of the tubers and it accumulates 
in the central vacuoles (Graham et al., 1985; Cleveland et al., 1987). It consists of four 
subunits of 9-10 kDa each, which can agglomerate to a complex of 39000 +/- 2000 Da 
(Melville and Ryan, 1972; Richardson and Cossins, 1974). Based on their proportional 
presence, the subunits are divided into two major and two minor variants. The N and C-
termini of the proteins are highly homologous (>95%; Richardson and Cossins, 1974; 
Cleveland et al., 1987), although it should be noted that the sequence as presented by 
Richardson and Cossins (1974, from cultivar Ulster Prince) has an insert of 14 amino acids, 
starting at residue 60 of the sequence as observed by Cleveland and co-workers (1987, from 
cultivar Russet Burbank). 

Based on a residual solubility of over 90% after a heat-treatment of 10 min at 80°C at pH 
values of 3-9, the Protease Inhibitor I is denoted as heat stable (Melville and Ryan, 1972). 
Subclass II: The Potato Protease Inhibitor II represents 5% of the soluble proteins of the 
tubers (Cleveland et al., 1987). It is a serine protease inhibitor consisting of 154 amino acids 
with a molar mass of 12.3 kDa and it accumulates in the central vacuole (Graham et al., 
1985; Sanchez-Serrano et al., 1986; Cleveland et al., 1987). 

The genes encoding for the Potato Protease Inhibitor II can be subdivided in two groups. One 
gene codes for a developmentally controlled (not wound-inducible) tuber specific protein. 
Upon wounding of the tuber no extra mRNA for Inhibitor II was observed in the tuber. This 
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in contrast to the environmentally inducible (wound-inducible) second gene, that is found in 
the leaves (Sanchez-Serrano et al, 1986). 

Subclass III: In Subclass III are categorized all identified protease inhibitors that do not 
belong to the Subclasses I or II. It consists of numerous protease inhibitors present in the 
potato, such as a 22 kDa wound inducible protease inhibitor (Suh et al., 1991), a cathepsin D 
inhibitor of 20.4 kDa (Ritonja et al., 1990), and cysteine proteinase inhibitors of 25 000 and 
22 000 kDa (Brzin et al., 1988). 

Other proteins 

All identified potato proteins other than patatin and protease inhibitors belong to this class, 
each representing a minor fraction, but in total accounting for 20-30% of all protein. 
Examples are protein kinases, e.g. those that are part of the signaling cascades regulating 
responses to external stimuli (Man et al., 1997; Subramaniam et al., 1997). Another group in 
this class are the enzymes involved in starch synthesis; such as the major starch synthase (140 
kDa) or high-molar mass (ranging from 180 to 600 kDa) potato phosphorylase isoenzymes 
(Gerbrandy and Doorgeest, 1972; Shivaram, 1976; Marshall et al., 1996). Further examples 
of a subgroups are polyphenol oxidases, consisting of 60 and 69 kDa proteins (Partington and 
Bolwell, 1995) and a potato lectin of 65.5 kDa that is for 50 % (w/w) glycosylated (Allen et 
al., 1996). 

Potato proteins from the starch industry 

After industrial processing of potatoes to potato starch the potato proteins are present in the 
so called potato fruit juice. In Figure 2 the industrial production of potato starch and fruit 
juice is outlined. The potatoes are ground and the insoluble material, mainly starch and cell 
wall material, is removed by hydrocyclones. The remaining fluid is the potato fruit juice. 
This has a pH of approximately 5.6 and contains 2-5 % (w/w) dry matter, which constitute of 
about 35% protein and amino acids, 35% sugars, 20% minerals, 4% organic acids and 6% 
other compounds, such as phenolic compounds (Knorr et al., 1977; Knorr, 1980). The potato 
proteins are recovered by an acidic heat-treatment of the potato juice. This treatment results 
in irreversibly precipitated proteins, which have lost all functionality in terms of water 
holding or sensory properties (Knorr et al., 1977; Boruch et al., 1989). As a consequence, the 
proteins can only be used in low-value applications such as feed or fertilizer (De Noord, 
1975; Ahlden and Tragard, 1992). 

Undenatured potato proteins are claimed to exhibit promising functional properties, such as 
the capacity to form and stabilize emulsions and foams (Holm and Eriksen, 1980; Jackman 
and Yada, 1988). Furthermore, they have a high nutritional value, derived from amino acid 
analysis and bio-assays (Kapoor et al., 1975; Liedl et al., 1987). The nutritional value of 
potato protein in humans was shown to be comparable to that of whole egg. The lysine 
content of potato protein (7.5 %) is higher than that of most plant proteins, eg those of wheat 
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or beans. Therefore, it would be an excellent supplement for lysine-poor proteins in the 
human diet, such as cereal proteins in bread (Knorr, 1978). In addition, allergic reactions to 
potato proteins are uncommon (Castells et al., 1986; Quirce et al., 1989). This was 
confirmed by recent research (Zock et al., 1996, 1998), which has shown that the alleged 
allergic reactions of people working in the potato processing industry (Hollander et al., 1994; 
Dutkiewicz, 1994) were in fact due to exposure to microbial endotoxins. 

Potatoes 

Grinder 

Hydrocyclone 

Potato fruit juice 

Membrane concentration 

Steam injection 

low pH 

Deproteinated 

potato fruit juice 

Starch 

Cell walls 

Denatured potato 
proteins 

Figure 2 Simplified flow diagram for the production of potato starch and protein. 

For these reasons, potato proteins are a promising source of plant proteins for human 
consumption. Therefore, a considerable amount of work has been performed to obtain 
undenatured potato proteins from the potato fruit juice in industrial processes. This was tried 
with combinations of various precipitation conditions and' temperature regimes. The 
influence of weak and strong acids, such as acetic, citric, hydrochloric or sulfuric acid was 
examined. Furthermore, precipitation was induced with specific coagulants such as 
carboxymethylcellulose (CMC) or bentonite as well as salts as FeCl3 or A12(S04)3 (eg: Knorr 
et al., 1977; Knorr, 1977, 1980; Lindner et al., 1980, 1981; Shomer et al., 1982; Boruch et 
al., 1989; Gonzalez et al, 1991). With these methods a high efficiency of protein 
precipitation was obtained. Nevertheless, in all cases the precipitation was highly irreversible. 
Consequently, no industrial method for the production of a resoluble potato protein 
preparation has been developed and no potato protein product is available that can be applied 
in food products so far. 

The mechanism of the irreversible heat-precipitation in the potato juice is unknown. A reason 
for this could be the fact that this work generally not was performed on a well defined system 
of isolated proteins, but on protein mixtures. Moreover, it was done in a matrix containing 
unknown potato fruit juice components of non-protein origin. An indication for the relevance 
of these components for the behavior of the proteins is that a minimal protein solubility was 
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observed below pH 3 (Lindner et al, 1980; Ahlden and Tragardh, 1992), whereas the 
isoelectric pH of the potato proteins was observed to be between approximately 5 and 8 
(Ahlden and Tragardh, 1992). In the literature this discrepancy is not noted, therefore, no 
explanation is available. 
In this perspective, information on the structural stability of isolated potato protein may be of 
help in establishing a link between the observed irreversible precipitation in the potato fruit 
juice and possible heat-induced structural properties of the proteins. To that end, the 
conformational stability of the proteins should be established as a function of temperature 
and pH, in a well defined system with isolated protein. The literature contains only limited 
information on the structural properties of potato proteins on a molecular level. Lindner and 
co-workers (1980) recorded a far-ultra violet CD spectrum at ambient temperatures of a 
patatin-rich fraction and concluded qualitatively that the proteins present in this fraction have 
a significant amount of a-helical and p-stranded contributions. 

Structural properties and stability of proteins 

Protein structure 
The amino acid sequence of a protein (the primary structure) determines its secondary, 
tertiary and quaternary structure, i.e. the molecular conformation (Creighton, 1996). The 
secondary structure is the local conformation of the polypeptide backbone, and can generally 
been divided into 3 main structure types. The random coiled conformation may be considered 
as the natural unordered state of a polymer, whereas the a-helix and the P-strand present 
structured conformations. The a-helix has a helical shape where the stairway-like P-strand 
usually is incorporated into P-sheets, consisting of closely interacting P-strands (Creighton, 
1996). The tertiary structure is the overall topology of the folded polypeptide chain and the 
quaternary structure is the association of the separate polypeptide chains (Creighton, 1996). 
The conformation of a protein can only be obtained exactly by nuclear magnetic resonance 
(NMR) or X-ray scattering. These techniques, however, are both highly time consuming. 
Various alternative techniques, such as circular dichroism (CD), fluorescence and Fourier 
transform infrared spectroscopy (FT-IR), are applied widely to study structural properties 
and stability of proteins (eg: Brouilette et al, 1987; Yang et al, 1987; Cladera el al, 1992; 
De Wolf and Keller, 1996). Though less detailed information is presented as compared to 
NMR or X-ray analysis, spectral methods provide useful information on the secondary and 
tertiary structure of a protein, and the changes therein due to for example heat-treatment. 
They are the methods of choice to investigate changes in behavior of a protein under various 
solvent conditions, and to monitor structural transitions such as unfolding under a variety of 
conditions (Johnson, 1988; Pace et al, 1989; Schmid, 1989; Goormaghtigh et al, 1994; 
Greenfield, 1996; Vuilleumier et al, 1993; Woody and Dunker, 1996). 
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Heat-induced changes of proteins 

Structural stability and unfolding 

The stability of the protein structure is related to the small difference in free energy between 
the relatively small ensemble of folded conformations and the immense ensemble of 
unfolded alternatives. Physical forces that underlie this balance include the hydrophobic 
interactions, van der Waals forces, electrostatic interactions, hydrogen bonds, hydration of 
polar groups and covalent cross links. (Alber, 1990). Generally, the hydrophobic interaction 
is considered a major contributor, though the phenomenon is complex and there is some 
controversy (Creighton, 1990; Ben-Nairn, 1995). 

Generally, food products or its components are heat-treated in the industry, primarily for 
safety reasons and to achieve desired product properties, such as digestibility or specific 
sensory characteristics. Heating of proteins in an aqueous environment above their 
denaturation temperature results in unfolding, which can furthermore be induced by changing 
the solvent quality or by bringing the pH away from the isoelectric pH of the protein 
(Creighton, 1990). Unfolding of a protein, or denaturation, is characterized by a 
rearrangement of the polypeptide chain, resulting in a loss of the native conformation without 
the disruption of the peptide bond. This can result in the exposure of hydrophobic groups to 
the solvent (Tanford, 1961). Generally, unfolding is a reversible process (Creighton, 1990). It 
can become irreversible, however, when reactions occurring in the unfolded state obstruct 
refolding. This irreversible unfolding can for example be caused by association of the protein 
molecules (Boye et a/., 1997). 

Aggregation 
Clusters of molecules, also denoted aggregates or coagulates, associate through 
intermolecular interactions. The forces underlying these intermolecular interactions are 
basically the same as those involved in the intramolecular structure. By associating, the 
proteins can, for example, minimize the hydration of hydrophobic areas, or give rise to 
electrostatic atttractions. Generally, two main mechanisms of aggregation are distinguished 
(Lin et a/., 1989): Diffusion limited aggregation (DLA), with a relatively high proportion of 
permanent contacts upon collisions (Meakin, 1989) and chemically limited aggregation 
(CLA), which is characterized by a relatively low sticking probability (Rouw and de Kruif, 
1989). Computer models simulating these mechanisms have been developed and applied to 
validate the assumption concerning a specific type of coagulation (Meakin, 1989; Einarson 
and Berg, 1993; Elofsson etal., 1996; Kyriakidis etal., 1997). 

Aggregation of proteins can considerably affect the rheological properties of a food system 
(Boye et al., 1997; Oakenfull et a/., 1997). To be able to distinguish general pathways of 
aggregation mechanisms of (food)proteins fundamental knowledge on the physico-chemical 
properties of these proteins must be combined with a description of the aggregation 
mechanism. By this means the understanding of the structure-function relationships may be 
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enhanced. This provides a knowledge base for the control of aggregation, possibly leading to 
protein products that better meet the properties, required for application in a food system. 

Aim 

The goal of this work was, first, to extend the knowledge on the presence and characteristics 
of soluble potato tuber proteins. Next, the objective was to examine the thermal structural 
stability of isolated patatin and its thermal aggregation mechanism in a well defined system. 
The information on the structural stability may be of help to elucidate the mechanism of the 
irreversible precipitation as occurring in the industrial process. Furthermore, when combined 
with the mechanism of aggregation, it would allow us to relate its functional behavior to the 
structural properties of the protein. 

Outline 

Chapter 2 describes the effects of storage of whole potatoes of the cultivars Bintje, Desiree 
and Elkana on the proportion, molar masses and bio-activity of patatin and a protease 
inhibitor fraction using matrix-assisted laser desorption/ionisation time of flight mass 
spectrometry (MALDI TOF MS), capillary electrophoresis (CE) and enzyme (inhibition) 
assays. Bintje and Desiree are commonly used for human consumption in Europe while 
Elkana is the most frequently used cultivar for the industrial production of potato starch, and 
hence, the most important source of potato protein in the Netherlands. In Chapter 3 the 
isolation and physico-chemical characterization of three isoform pools of patatin isolated 
from Bintje is reported, to allow comparing of their properties with those of unfractionated 
patatin. The thermal structural stability of unfractionated patatin as a function of pH and 
ionic strength is presented in chapters 4 and 5, making use of various spectroscopic 
techniques. In chapter 6 a kinetic model is proposed that is based on quantitative 
chromatographic analysis of the amounts of aggregated and non-aggregated protein after 
heat-treatments. Chapter 7 presents a physical mechanism for the thermal aggregation of 
patatin in situ, based on results as obtained using dynamic light scattering. The structural 
properties of the protein as obtained in chapters 4 and 5 are linked to the aggregation data 
from the chapters 6 and 7. In chapter 8 a general discussion of the work is presented. 
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Chapter 2 

The effect of storage of whole potatoes of three cultivars on the patatin and 
protease inhibitor content; a study using capillary electrophoresis and 
MALDI-TOF mass spectrometry* 

Abstract 

The content and biological activity of patatin and the protease inhibitors of molecular size 
20-22 kDa present in whole potato tubers were investigated as a function of storage time. The 
amount of buffer-extractable protein decreased gradually during storage of whole potatoes of 
the cultivars Bintje and Desiree for 47 weeks whereas, for Elkana, it increased after 
approximately 25 weeks. 
The patatin proportion of the extractable protein did not decrease significantly during 
storage, whereas the proportion of PP20-22 protease inhibitors decreased. All cultivars 
contained several different patatin isoforms. Bintje and Desiree showed patatin populations 
with two masses, whereas for Elkana only one molar mass was found. Patatin isoforms of the 
three examined cultivars showed no significant differences in stability towards degradation as 
was concluded from capillary electrophoresis analysis. 
No inactivation of patatin or protease inhibitors by partial degradation of these proteins was 
observed using matrix assisted laser desorption/ionisation time of flight mass spectrometry 
(MALDI-TOF MS), whereas enzyme-activity assays suggested that the biological activity, 
especially the cultivar Bintje, decreased markedly at the break of dormancy. 

This chapter has been submitted as: 
The effect of storage of whole potatoes of three cultivars on the patatin and protease inhibitor content; a study 
using capillary electrophoresis and MALDI-TOF mass spectrometry 
Andre M. Pots, Harry Gruppen, Rob van Diepenbeek, Johannes J. van der Lee, Martinus A.J.S. van Boekel, 
Gen-it Wijngaards, Alphons G.J. Voragen 
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Chapter 2 

Introduction 

Potato {Solarium tuberosum) tubers contain about 15 g protein-Kg"1 on a fresh weight basis 
(Lisinska and Leszcynski, 1989). A tentative classification of potato proteins is as follows: 

I) Patatin, a highly homologous group of isoforms consisting of 43 kDa glycoproteins with a 
storage function and lipid acyl hydrolase (LAH) activity (Racusen and Foote, 1980; Racusen, 
1983 A). It represents 40-60% of all buffer-extractable potato proteins. 

II) Protease inhibitors (20-30%), divided into subclass I, containing an 8.1 kDa protein; 
subclass II with e.g. a 12.3 kDa protein (Cleveland et al, 1987; Sanchez-Serrano et al, 
1986) and a third subclass containing protease inhibitors of various molecular weights (22-25 
kDa)(Ritonjae/a/., 1990; Suh et al, 1990; Brzin et al., 1988). 

III) Other proteins (20-30%), like high-molecular weight proteins involved in starch 
synthesis such as an 80 kDa phosphorylase (Gerbrandy and Doorgeest, 1972). 

These proteins are a by-product of the potato starch industry, recovered by a combined acidic 
heat-treatment of the so-called potato fruit juice (Knorr et al, 1977; Boruch et al, 1989) and 
can only be used as low-value cattle-fodder. Potato protein has a high nutritional value 
(Kapoor et al, 1975; Knorr, 1978). Therefore, it is a promising source of plant proteins for 
human consumption. Investigations on the physico-chemical behaviour of patatin (Chapter 4) 
showed that the major drawback for food use, namely insolubility after the acidic heat-
treatment, was not necessarily related to the properties of the protein but to the isolation 
process. 

When potato protein isolates are to be used for food purposes, knowledge on the quantities, 
relative proportions and biochemical characteristics of their individual components becomes 
important. Another research objective is to know for how long potatoes can be stored with 
respect to the biochemical characteristics of the proteins. 

The amount of patatin present during growth and storage of whole potato tubers has been 
described (Racusen, 1983b), though biochemical characterisation of the protein is lacking. So 
far, no attention has been paid to the effect of prolonged storage of whole potatoes on their 
protease inhibitor content and specific activity, although numerous papers describe the 
presence and importance of these proteins (Melville and Ryan, 1971; Bryant et al, 1976; Suh 
et al, 1991; Dao and Friedman, 1994). They inhibit proteolytic enzymes from a wide variety 
of micro-organisms and insects whereas proteases from plants are only rarely inhibited. 
Therefore, they are not playing a role in the nitrogen balance of the plant during storage and 
sprouting. 

With regards to biochemical characterisation, (free zone) capillary electrophoresis (CE) and 
matrix-assisted laser desorption/ionisation time of flight mass spectrometry (MALDI-TOF 
MS) have become available as tools to analyse biopolymers (Bahr et al, 1994; Kaufmann, 
1995; Wehr et al, 1997). Therefore, CE can be of use for the analysis of potato protein, 
especially to study the patatin isoforms. MALDI-TOF MS can be used as an additional tool 
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to identify proteins. Furthermore, it allows the breakdown of proteins to be monitored as 
could occur during storage or sprouting of potatoes. 

In this study CE and MALDI-TOF MS were used to analyse the effect of prolonged storage 
on the amount and biological activity of patatin as well as of specific protease inhibitors in 
three potato cultivars. These were the cultivar Elkana, the most frequently used cultivar for 
the industrial production of potato starch and hence the most important source of potato 
protein in the Netherlands, and cultivars Bintje and Desiree that are commonly used for 
human consumption in Europe. 

Experimental procedures 

Extraction and fractionation 
Storage Mature potatoes (Solarium tuberosum) of the cultivars Bintje, Desiree and Elkana 
(1995 harvest) were stored without anti-sprouting treatments at 4°C in the dark at a relative 
humidity between 95 and 100%. 
Extraction and isolation At various time-intervals, spanning 47 weeks of storage, protein was 
extracted from 50 g of potatoes using a Tris/HCl buffer pH 8 as described in Chapter 4. The 
extract was applied to a DEAE sepharose anion exchange column and fractionated as 
described in Chapter 4. This yielded a non-bound and a NaCl-eluted fraction; the former was 
not studied further. Volumes of 5-10 ml (3-4 mg proteinml" ) of NaCl-eluted protein were 
applied to a Sephacryl S-100 HR gel filtration column as described previously (Chapter 4). 
Proteins were detected by absorbance at 280 nm and fractions (10 ml) were collected and 
pooled as appropriate. This resulted in 2 pools; one contained mainly patatin and the other 
contained proteins expressing protease inhibiting activity (Mw 20-22 kDa, denoted as PP20. 

22) The PP20-22 protein pool was studied to monitor the protease inhibitor content in potatoes 
as a function of storage time. Samples and extracts were stored at -20°C prior to further 
analysis. 
The patatin and PP20-22 content during the storage of whole potatoes was related to the 
amount of buffer-extractable protein. 

Analysis 
Dry matter and protein content The dry matter content of potatoes was determined using the 
weight difference between fresh and lyophilised potatoes which were subsequently dried for 
24 h at 105°C. The potato extracts were extensively dialysed at 4°C (Visking V20, Carl Roth 
GmbH + Co, Karlsruhe, Germany) against distilled water prior to the determination of the 
nitrogen content (N) using a Micro Kjeldahl assay (AOAC, 1980). All N in the extracts after 
dialysis was assumed to be of protein origin and the protein content was calculated as 
6.25*N. The protein contents of chromatographic fractions was determined using the 
Bradford assay (Bradford, 1976) taking BSA (Sigma A-7511) as reference. 
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Polyacrylamide gel electrophoresis (PAGE) Sodium dodecyl sulphate (SDS) PAGE was 
performed using Gradient 8-25 Phastgels with a Pharmacia PhastSystem according to the 
description of the manufacturer (Pharmacia Biotech, Uppsala, Sweden). 
Capillary zone electrophoresis (CE) was performed with a Beckman P/Ace System 5500 
equipped with a Diode Array Detector controlled by Cesight for Windows (Beckman 
Instruments, Fullerton, USA). Separation was obtained using a 50 um hydrophilic coated 
capillary of 57 cm (Celect pi50, Supelco, Bellefonte, USA). Pooled fractions after gel 
filtration were analysed without further sample treatment in a 150 mM sodium citrate buffer 
pH 3 containing 6 M urea and 0.05% (w/w) methylhydroxyethyl cellulose (MHEC El 11-
10248; Hoechst, Frankfurt am Main, Germany). The separating voltage was 20 kV, the 
temperature 30°C, detection was at 214 nm (data collection rate 1 Hz) and injections were 
carried out by pressure (injection time 5 s). Electropherograms were corrected for 
background by means of an electropherogram of a protein-free sample obtained under 
identical conditions. 

Optimisation experiments using other eluents such as sodium acetate or sodium phosphate 
buffers of several strengths under acidic conditions, with various concentrations of urea or 
MHEC and several temperatures, voltages and injection times as well as basic conditions 
with reversed polarity of the voltage did not improve the quality of the separation. 
Mass spectrometry MALDI-TOF MS analysis in the linear mode was performed using a 
Voyager DE RP instrument (Perseptive Biosystems, Framingham, USA). Pooled fractions 
obtained after gel filtration and dialysed (Visking V20, see above) against distilled water 
were diluted to 10, 1 and 0.1 umol proteinml' and analysed. To this end a mixture of 1 uJ 
sample and 9 u,l matrix solution was set to crystallise for 30 min at ambient temperature on 
gold plated welled plates. The matrix contained 10 rngml" 3,5-dimethoxy-4-
hydroxycinnamic acid (sinapinic acid, Sigma D-7927, St Louis, USA) in 0.6% (v/v) aqueous 
trifluoroacetic acid and acetonitrile in a 7:3 (by volume) mixture. External calibration under 
identical conditions on the same plate as that of the samples was performed according to the 
description of the manufacturer using insulin, thioredoxin and myoglobulin (Mw 5733, 
11673 and 16951 Da, respectively). 

Trypsin inhibitor activity Trypsin inhibitor activity of PP20-22 protein was measured in four
fold using the modified Kakade method (Smith et a/., 1980). 
Lipid acyl hydrolase (LAH) measurements Patatin solutions were diluted to a final 
concentration of 0.65 uM (0.28 rngml"1) in a 30 mM Tris/HCl buffer pH 8.2. In a microtiter 
plate well 200 u,l of a dilution was equilibrated at 30°C for 5 min prior to the addition of 50 
u.1 of a 5.26 uM p-nitrophenyl laurate solution in the same buffer (Racusen, 1985). After 
incubation at 30°C for 5 min the absorbance at 410 nm was measured. The measurement was 
performed four-fold and the LAH-activity was expressed as specific activity. 
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Results and discussion 

The aim of this study was to extend the knowledge on the presence and biochemical 

characteristics of individual classes of potato proteins during storage of whole potatoes. This 

is important for future food applications of potato proteins since it can facilitate processing 

required to inactivate anti-nutritional factors. 

It was suggested (Brierley et al., 1996; Racusen, 1983 A) that sprouting is correlated with the 

protein content of the tubers during storage. Protease activity during storage (Racusen, 

1983A) provides the plant with a pool of free amino acids as nitrogen source for sprout 

formation at the end of dormancy. 

Visual observation revealed that the potatoes had not sprouted up to 30 weeks of storage 

though they had lost firmness. From about 40 weeks of storage, the tubers of all cultivars 

started sprouting and they were heavily sprouted with a spongy texture at week 47. 

Thereafter rotting of the tubers occurred. 

Extractable protein 

The amount of extractable protein as a function of storage time related to the dry matter 

content for whole potatoes of Bintje, Desiree and Elkana is presented in Fig. 1. Routinely, the 

extraction procedure resulted in extraction of about 60% of all tuber nitrogen from Bintje and 

Desiree, whereas from Elkana approximately 55% could be extracted. Both Bintje and 

Desiree exhibited a gradual decrease of the amount of extractable protein from 0.03-0.035 g 

per g of dry weight of whole potato to 0.01-0.018 gg" over a period of 1 to 47 weeks. Up to 

about 20 weeks of storage, a similar behaviour was observed for the extractable protein 

content of Elkana. However, after 20 weeks the amount of extractable protein increased 

linearly to 0.04 gg"'. About 75% of the extracted nitrogen from Bintje and Desiree was 

nitrogen of protein origin, whereas for Elkana that value was about 60%. Extraction of 0.03-

0.035 g proteing" dry weight, from each cultivar, implied an extraction efficiency of 

approximately 50-60% of the proteins present in the tuber. This may suggest that the 

extraction efficiency is limited by the disruption of the tuber cells, since the protein-nitrogen 

is extracted approximately as efficient as the total of protein and non-protein nitrogen. The 

decrease of extractable protein content of the potatoes was in accordance with literature 

(Racusen, 1983A), and is reportedly due to metabolic activity. Results of other storage 

experiments with whole potatoes, not focused on protein components, confirm that potatoes 

exhibit metabolic activity during dormancy (Kolbe et al, 1994; Gichohi and Pritchard, 

1995). Sprouting, occurring from week 40 onward, did not result in an additional decrease of 

the amount of extractable protein of Bintje and Desiree. 

In contrast to the expected decrease, the amount of extractable protein from Elkana increased 

after week 25. The protein content of Elkana directly after harvest was higher than that of 
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Bintje and Desiree (results not shown), whereas at short storage times no higher protein 

extractability was observed (Fig 1). 

0.05 

0 10 20 30 40 50 

Storage time (week) 

Figure 1 Extractable protein, expressed as non-dialysable N*6.25 per g of dry weight of potato, as a function 
of storage time of whole potatoes of Bintje (•), Desiree (•) and Elkana (A). The error in the measurements is 
about 10%. 

Patatin and protease inhibitor containing fractions 

SDS-PAGE analysis revealed that the patatin fractions of each cultivar contained over 95% 

of a 43 kDa protein (patatin; Racusen and Foote, 1980). The PP20-22 protein pools consisted, 

depending on the cultivar, of one or two proteins in the 18-22 kDa region. Bintje showed a 

strong 20 kDa band and a weak 23 kDa band, while Desiree exhibited only a 23 kDa band 

and Elkana showed weak bands at 18 and 22 kDa. 

The proportion of patatin and PP20-22 m the extracted protein during storage of whole 

potatoes is presented in Fig. 2. The combined patatin and PP20-22 content made up 70 to 80% 

of all extracted protein maximally. The residual 20-30% of the proteins are removed in the 

DEAE-anion exchange chromatography step and were not studied further. The proportion of 

patatin and PP20-22 varied between 50-70% and 0-15%, respectively. No significant decrease 

in the proportion of patatin was observed as a function of storage time. The unexpectedly low 

patatin proportion of about 40% as observed for Desiree after 47 weeks (Fig. 2) was not 

interpreted as significant, since it was also seen that the proportion of patatin in Bintje at the 

same time had increased strangely. At these long storage times the proportions of patatin 

present in the tuber showed a strange, behaviour which could possibly be due to the sprouting 

of the potatoes. These results indicate that for the cultivars Bintje and Desiree the patatin 
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content decreased in time proportionally with all proteins, since the total amount of 

extractable protein decreased for these cultivars (Fig. 1). This is comparable to the behaviour 

observed for the cultivar Kennebec (Racusen, 1983 A). 
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Figure 2 Patatin (closed symbols) and PP20.22 proteins (open symbols) in Bintje (•), Desiree (•) and Elkana 
(A) during storage of whole potatoes expressed as proportion of the amount of extracted protein. The error in 
the measurements is about 15%. 

The proportion of PP20-22 w a s about 10% from 0 up to 16-18 weeks of storage, decreasing to 

0-5% after week 20 (Fig. 2). These proteins decreased more than proportionally with the 

decreasing amount of total extractable protein. Since the patatin proportion remained 

virtually constant, the contribution of proteins other than the ones examined here has become 

bigger. This could be due to a better extractability or a lower extent of degradation in the 

tuber of these unknown proteins. 

In order to further characterise patatin and PP20-22 proteins present in the potato tuber, the 

pooled fractions after gel filtration were subjected to MALDI-TOF MS and CE analysis. 

Typical MALDI-TOF spectra of patatin and PP20-22 protein are shown in Figures 3 A and 3B, 

respectively. Spectra from PP20-22 protein were generally of better quality than the patatin 

spectra (Fig. 3A,B). Results of MALDI-TOF MS analysis of patatin and PP20-22 a s a function 

of storage time are presented in Table 1. The spectrum obtained from Bintje patatin showed 

two peaks, at 40390 and 41690 Da. Furthermore, the corresponding double charged ions 

(Bahr el a/., 1994) can be seen at 20195 and 20845 Da. 
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Figure 3 MALDI-TOF mass spectra of Bintje, Desiree and Elkaiia patatin (A) and PP20-22 proteins (B). all 
obtained from proteins isolated from tubers after one week of storage. 
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Table 1 Molar masses of patatin isoforms and PP20-22 proteins isolated from whole potatoes of Bintje, Desiree 

and Elkana as a function of storage time 

Masses patatin isoforms (Da ± 0.1%) 

1 Week 15 weeks 47 weeks 

41790" Bintje 

Desiree 

Elkana 

40390 

41900 

40530 

41690 

429002 

40390 
i 

40520 

41680 40460 

-

40530 

Masses PP20-22 proteins (Da + 0.1%) 

1 Week 15 weeks 47 weeks 

Bintje 20180 20630 20980 201607 20220 20680 20990 

Desiree 20200 20670 21040 20190 20670 21070 20180 20700 21100 

Elkana 14580 14930 14590 14920 14600 14930 

1 no peaks could be obtained 

2 poor spectrum, error up to 0.5% 

The molecular weights obtained after 47 weeks of storage differed by approximately 70 and 

100 Da from the weights of week 1 and 15. This difference was not considered significant 

since the spectra obtained at 47 weeks were of poor quality. Elkana patatin exhibited one 

major peak at 40530 Da and two smaller shoulder peaks which could not be assigned. In this 

spectra the double charged ions are visible at 20265 Da. The spectra of Desiree patatin were 

of very poor quality, nevertheless an estimation of two masses was made at week one: 41900 

and 42900 Da. An unknown peak was observed at approximately 36 kDa. Despite sample 

preparation and conditions being identical to those for the other cultivars, no responses on 

MALDI-TOF MS were obtained after prolonged storage of Desiree tubers. Patatin from 

Desiree is apparently more difficult to ionise as compared to that from Bintje or Elkana. This 

difference in properties between patatin from Desiree and that from Bintje or Elkana 

coincides with its CE pattern deviating from those of Bintje and Elkana (Fig. 4, see further 

discussion below) as well as with its substrate specificity deviating from those of the cultivars 

Bintje, Elkana and Kennebec (Table 2; Racusen, 1985). 

MALDI-TOF MS analysis of the PP20-22 protein fraction showed that, in week 1 and 47, 

three molecular masses could be distinguished for Bintje and Desiree, whereas Elkana 

showed two masses at all times (Fig. 3B, Table 1). It is remarkable that the masses of the 

PP20-22 proteins of Elkana are clearly different from those of Bintje and Desiree. After 1 and 

47 weeks of storage the PP20-22 proteins isolated from Bintje showed three peaks around 

20180, 20630 and 20980 Da, respectively, from which the 20180 Da peak gave by far the 

highest response (Fig. 3B). Apart from the double charged ions at the half m/z ratios various 

other small peaks were observed. These minor components are not discussed further. After 

15 weeks of storage only one peak could be observed, at 20160 Da. This peak had shoulders 
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with similar masses as the samples obtained after 1 and 47 weeks, but these shoulder-peaks 
could not be assigned exactly. The accuracy of the MALDI-TOF MS data was 0.1% based on 
measurements using standard proteins (thioredoxin, myoglobulin, cytochrome C). Some of 
the potato proteins did not exhibit ms spectra of high quality, for unknown reasons. In those 
cases an error of 0.5% was assumed, based on the standard devation of repetitions. Desiree 
exhibited three peaks, having comparable masses to those obtained from Bintje. Elkana 
showed peaks of approximately 14580 and 14930 Da at all storage times. 
SDS-PAGE suggested a 43 kDa band for each patatin fraction, which is in reasonable 
accordance with the results obtained with MALDI-TOF MS. The SDS-PAGE results of the 
PP20-22 proteins, however, are not consistent with the molar masses as obtained with MALDI-
TOF MS. MALDI-TOF reveals, due to its better resolution, not only one peak more for 
Bintje and Desiree, but also a relatively large difference in molecular mass of Elkana PP20-22 
proteins as compared with SDS-PAGE (18 and 22 kDa on SDS-PAGE and 14.5 and 14.9 
kDa with MALDI-TOF). It is possible that the apparent molecular masses of the Elkana PP20. 
22 proteins as obtained with SDS-PAGE are overestimated. Generally, no differences of this 
size are observed between molecular masses determined with MALDI-TOF MS and SDS-
PAGE, nevertheless, in a few papers significant differences have been mentioned (Hedrich el 

al, 1993; Saito and Shimoda, 1997). 
In order to further analyse the different patatin isoforms, patatin samples were examined 
using free zone capillary electrophoresis (CE). In Fig. 4 electropherograms of patatin isolated 
from Bintje, Desiree and Elkana are shown. 
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Figure 4 Electropherograms of patatin (0.5-1 mg-mi"') isolated from Bintje, Desiree and Elkana after one 
week of storage. 

20 



The effect of storage of whole potatoes on their patatin and protease inhibitor content 

The patatin components of each cultivar had retention times between 27 and 32 min. The 

electropherogram of patatin isolated from Bintje showed three major and two minor 

components from 27.5 to 29.5 min. Desiree patatin showed a major and two minor peaks, 

after 28.5, 29 and 31 min, respectively. Patatin isolated from Elkana could be separated in six 

components. 
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Figure 5 Electropherograms of patatin isolated from Elkana as a function of storage time of whole potatoes. 

It is possible that the patatin isoforms exhibit differing stabilities towards enzymic 

degradation upon storage, similar to for example, genetic variants of milk proteins (Schmidt 

and van Markwijk, 1993). Therefore, the stability of patatin isoforms was studied. 

Electropherograms of patatin from Elkana as a function of storage time are presented in Fig. 

5. Six peaks were observed at all storage times. The peak at 31 min from the sample after 11 

weeks was relatively high, whereas the peak at 28.2 min seemed to decrease after longer 

storage times Overall, the electropherograms of Elkana patatin showed only a minor 

decrease of four of the six peaks present as a function of the storage time of whole potatoes. 

In addition, when looking at changes between peak area ratios of the different peaks within 

each cultivar as a function of storage time no significant differences could be observed. The 

electropherograms of Bintje and Desiree showed even smaller changes in peak area ratios as 

a function of storage time than Elkana (no further results shown). Therefore, it was 

concluded that no differences in the stability of patatin isoforms from the three examined 

cultivars occurred as a function of storage time. 

MALDI-TOF MS measurements revealed two masses with a difference between the proteins 

of about 1300 and 1000 Da for Bintje and Desiree, respectively. Patatin has three possible 

glycosylation sites, where the isoform examined by Sonnewald et al. (1989; cultivar 
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Berolina) showed 2 glycosylations. The difference observed with MALDI-TOF is of the 

order of the mass of one carbohydrate-chain as reported for Bintje (Sonnewald et al, 1989). 

It is possible that, in addition to mass differences caused by point mutations in the primary 

sequence (Stiekema et al, 1988), one population has two glycosylation sites, whereas the 

other is glycosylated at one or three positions (Park et al, 1983; Sonnewald et al, 1989). As 

CE analysis showed more than two peaks for both cultivars, at least one of the two mass 

populations isolated from Bintje will consist of isoforms. Since patatin of the cultivar Elkana 

showed one major mass as measured by MALDI-TOF MS (Table 1) and 5-6 peaks using CE 

(Fig. 4), it is possible that the majority of the patatin isoforms of Elkana has the same type 

and degree of glycosylation, whereas the point mutations cause the different peaks on CE 

(Fig. 4). 

Bioactivity of patatin and PP20-22 fractions 

Lipid acyl hydrolase-activity The LAH-activity of patatin (umol-min'-mg protein"1) and the 

trypsin inhibiting activity (mg trypsin inhibited-mg protein"1) of the PP20-22 proteins are 

presented in Table 2 and expressed as their specific activity. 

Table 2 Specific lipid acyl hydrolase (LAH) activity (nmol-min"' mg protein"1) of isolated patatin and trypsin 

inhibiting activity of PP20-22 proteins (mg trypsin inhibited-mg protein"1) from whole potatoes of Bintje, 

Desiree and Elkana as a function of storage time. 

LAH patatin specific activity 

(l̂ molmin" mg protein"1) 

1 week 15 weeks 47 weeks 

Bintje 8.4 + 0.8 10.2 + 1.0 0.1 ±0.05 

Desiree 0.7 ±0.1 0.4 ±0.1 0.1 ±0.03 

Elkana 5.4 ±0.8 4.8 ±0.7 7.2 ±1.1 

Trypsin inhibition specific activity 

(mg trypsin inhibited per mg protein) 

1 week 15 weeks 47 weeks 

Bintje 32.5 ±2.1 37.2 + 3.5 1.3 ±0.5 

Desiree 30.8 ± 2.9 24.6 ± 2.3 27.3 ± 1.6 

Elkana 21.1 ± 1.4 12.4 + 0.4 10.6 + 0.9 

Directly after harvest, patatin isolated from Bintje exhibited a specific activity about 1.5 

times higher than that of Elkana, whereas Desiree LAH activity was about 10 times lower. 

Differences of this order between cultivars have been reported before (Racusen, 1985). Upon 
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storage of whole potatoes the LAH-activity of Bintje patatin did not change significantly up 

to 15 weeks, whereas after 47 weeks, the LAH-activity had decreased dramatically. 

Gel filtration in combination with silver stained SDS-PAGE gels (results not shown for both 

cases) and MALDI-TOF MS analysis (Table 1) indicated that patatin was present at week 47. 

Apparently, the level of active patatin was low in Bintje after 47 weeks of storage when the 

tubers were heavily sprouted. Remarkably, the absence of LAH-activity at week 47, 

coincided with the lack of CE-detectable patatin peaks (results not shown). 

The LAH-activity of patatin isolated from Desiree showed a gradual decrease, from a 

specific activity of 0.7 to 0.1 umolmin" trig" protein. No other indications (Figs. 3, 5; Table 

1) for denaturation or inactivation could be found, which was similar for Bintje. The activity 

exhibited by Elkana patatin remained at approximately the same level as a function of storage 

time. 

Trypsin inhibitor activity As a function of storage time, the three cultivars showed different 

patterns. The specific trypsin inhibiting activity of PP20-22 protein isolated from Bintje 

showed a decrease to about 4% at week 47, a comparable behavior as was observed for the 

LAH-activity of patatin (Table 2). Bintje showed a markedly decreased activity after 47 

weeks of storage. Desiree did not show a significant decrease as a function of storage time. 

The trypsin inhibiting activity of Elkana PP20-22 proteins decreased by 40% after 15 weeks, 

whereas a further decrease was not observed. Cultivar-dependent differences in trypsin 

inhibiting activity were observed directly after harvesting (Table 2). No studies are reported 

comparing the trypsin inhibiting activity of proteins from various cultivars. 

Summarising, it was seen that, during storage of whole potatoes, a general decrease of the 

amount of extractable protein occurred. The proportion of patatin revealed no significant 

differences, whereas that of the PP20-22 proteins decreased gradually during the storage of 

whole potatoes. All cultivars contained several different patatin isoforms. Bintje and Desiree 

showed patatin populations with two masses, whereas for Elkana only one molecular mass 

was found. No inactivation of patatin or protease inhibitors by partial degradation of these 

proteins was observed, whereas activity assays suggested that the biological activity of 

especially the cultivar Bintje decreased markedly at the break of dormancy. 
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Chapter 3 

Isolation and characterization of patatin isoforms* 

Abstract 

Patatin has so far been considered a homogenous group of proteins. A comparison of the 

isoforms in terms of structural properties or stability has not been reported. A method to 

obtain various isoform fractions as well as a comparison of the physico-chemical properties 

of these pools is presented. Patatin could be separated in four isoform-pools, denoted A, B, 

C, and D, representing 62, 26, 5, and 7% of the total amount of patatin, respectively. These 

isoforms differed in surface charge, resulting in different behavior on anion exchange 

chromatography, iso electric focusing, native poly acrylamide gel - and capillary 

electrophoresis. All isoforms of the the patatin family contained proteins with two molecular 

masses, of approximately 40.3 and 41.6 kDa, respectively. This difference in molar mass 

(1300 Da) is of the size of order of one carbohydrate moiety. Despite the above given 

biochemical differences no variations in structural properties nor in thermal conformational 

stability could be observed using far ultraviolet circular dichroism, infrared - and 

fluorescence spectroscopy. 

* This chapter has been submitted as: 
Isolation and characterization of patatin isoforms 
Andre M. Pots, Harry Gruppen. Martin Hessing, Martinus A.J.S. van Boekel, Alphons G.J. Voragen 
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Introduction 

Patatin accounts for 40-50% of the soluble proteins (Racusen and Foote, 1980). When 
present in potato fruit juice patatin, like all other proteins, is prone to an irreversible heat 
precipitation. The mechanism leading to the irreversible precipitation in the applied industrial 
process is unknown. Knowledge on the structural properties and stability of patatin should 
help to establish the link between the observed precipitation and possible heat-induced 
structural changes. This could lead to the design of alternative processes of isolation, 
resulting in soluble potato protein that can be used in food or alternative applications. Patatin 
consists of a group of proteins encoded by two multigene families of which the Class I genes 
are expressed in relatively high amounts, exclusively in the tuber, Class II genes are 
expressed at a low level throughout the whole plant (Pikaard et al., 1987). Due to its high 
accumulation in the tuber patatin is considered as a storage protein (Racusen and Foote, 
1980; Rosahl et al., 1986). It has a lipid acyl hydrolase activity for both wax ester formation 
and lipid deacylation (Dennis and Galliard, 1974). It has been suggested that this activity 
may have a role in the plant defense mechanism (Racusen, 1983B). 

Based on the high degree of homology within the gene families and the identical 
immunological responses (Park et al., 1983; Mignery et al., 1984) patatin was considered as a 
group of single protein species. A few papers have been published covering the genes 
encoding patatin, which present also some information on the individual isoforms (Park et 
al., 1983; Twell and Ooms, 1988; Stiekema et al., 1988; Hofgen and Willmitzer, 1990), but a 
comparison in terms of structural properties or stability has not been reported. Furthermore, 
no papers describe the purification and subsequent characterization of patatin isoforms from 
the whole patatin family. 

This paper presents a method to obtain various isoform pools as well as a comparison of the 
biochemical and the physico-chemical properties of these isofo/m pools in relation to those 
of the patatin family. Our study adresses the question whether patatin can be studied as a 
whole, or that isolated isoforms need to be examined individually. 

Materials and Methods 

Purification of the patatin family 
The patatin family was isolated from the variety Bintje (Solanum tuberosum, harvest 1995) 
as described in Chapter 4 applying consecutively DEAE, concanavaline-A-Sepharose (con-
A) and gelfiltration chromatography,. 

Purification of patatin isoforms 
Patatin isoforms were isolated using the procedure applied for the patatin family, which was 
modified after the con-A affinity chromatography step (see Chapter 4). The patatin 
containing fraction which eluted from the con-A column (denoted Pool II, 216 mL, 1.1 mg 
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protein/mL in a 30 mM Tris-HCl buffer pH 8 containing 0.5 M NaCl and 2 mM sodium 

azide) was diluted to 800 mL with a 30 mM Tris-HCl buffer pH 8 containing 2 mM sodium 

azide. Next, the diluted Pool II was applied to a Source Q column (d x h: 6 x 10 cm; 

Pharmacia Biotech, Uppsala, Sweden), equilibrated and run at 60 mL/min at 20°C with the 

above described buffer using an Akta explorer 100 (Pharmacia Biotech, Uppsala, Sweden). 

All protein from Pool II bound to the column material and was eluted using a NaCl gradient 

in the buffer described above applying the following gradient: 0-560 mL: 0 M; 560-1960 

mL: 0.16 M; 1960-2240 mL: 0.16 to 0.18 M; 2240-3080 mL: 0.18 to 0.3 M; 3080-3500 mL: 

0.3 to 0.5 M; 3500-4200 mL: 1 M NaCl. Detection was at 280 nm arid fractions of 22 mL 

were collected. Appropriate fractions were combined in 4 pools, A-D. The fractions A, B and 

D were diluted to a NaCl concentration of 0.15 M using the equilibration buffer and re

applied to the column. Fraction C represented a very small proportion of the total protein and 

was neither purified nor characterized further. After re-chromatography fraction B was eluted 

as one peak with a NaCl gradient of 0.16 to 0.25 M in 1400 mL. Fraction D was re-eluted as 

two peaks with a NaCl gradient of 0.16 to 0.3 M in 1400 mL which were separately re

applied to the column and eluted, using the same NaCl-gradient as in the previous run, 

resulting in single peaks (Dl, D2) for each protein. Pool Dl was denoted as Pool D or 

isoform D from now on, since it was shown that pool D2 contained a 22 kDa protein 

(MALDI-TOF MS) and was not characterized further. This 22 kDa protein was removed by 

gel filtration chromatography in the standard isolation procedure for the patatin family 

(Chapter 4). The protein in Pool A was re-eluted as a single peak using a NaCl-gradient of 

0.16 to 0.3 M in 840 mL. 

Biochemical analysis 

Protein content was determined with the Bradford assay (Bradford, 1976) using bovine 

serum albumin (Sigma, A-4503) as a standard. 

SDS-PAGE and IEF were performed with a Pharmacia PhastSystem according to the 

instructions of the manufacturer using Gradient 8-25 and IEF 4.5-6 Phastgels, respectively. 

Gels were stained using Coomassie Brilliant Blue. 

Lipid acyl hydrolase activity of the patatin family and isoforms A, B and D were determined 

as described in Chapter 4 using/7-nitrophenyl laurate as a substrate. 

The N-terminal sequence of the first 15 amino acids of the protein was determined according 

to the Edman procedure using an Applied Biosystems Protein sequencing system. 

Matrix assisted laser desorption-ionisation-time of flight (MALDI-TOF MS) analysis was 

performed on a Vision 2000 instrument (Thermo Bioanalysis, Hemel Hampstead, UK). The 

matrix used was a 9:1 (v/v) mixture of 10 mg/mL 2,5 dihydroxybenzoic acid in 0.1% TFA 

and 10 mg/mL 2-methoxy 5-hydroxybenzoic acid in ethanol. Detection was performed of 1 

|al of a 10 nmol patatin/mL solution in 10 ul matrix solution in the linear mode. 

Capillary electrophoresis (CE) was performed of the patatin family and the isoforms A, B 

and D as described in Chapter 2 using a coated capillary (57 cm x 50 urn, Celect pl50, 
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Supelco, Bellefonte, USA) in a 150 mM sodium citrate buffer pH 3 containing 6 M urea and 
0.05 % methyl-hydroxyethyl cellulose (MHEC, El 11-10248; Hoechst, Frankfurt am Main, 
Germany). The injection time was 10 s. 

Reversed phase HPLC (Thermo Separation Products, Fremont, Ca, USA) was performed 
using a Hi-pore RP 3-18 column (2.4-250 mm; cat. no. 125-12551, Biorad, Hercules, Ca, 
USA). Protein was injected via a 200 ul loop and eluted at 0.8 mL/min using a acetonitril 
gradient in millipore water as obtained by mixing solvent A (90% v/v millipore water, 10% 
v/v acetonitril and 0.1% v/v trifluoro-acetic acid) and B (10% v/v millipore water, 90% v/v 
acetonitril and 0.07% v/v trifluoro-acetic acid) in the following linear gradient steps: 0-45 
min: 58 to 50% A; 45-50 min: 0 % A; 50-55 min: 58% A. Detection was at 220 and at 280 
nm. Samples containing protein were collected manually in fractions of approximately one 
mL and analyzed by MALDI-TOF MS. 

Structural analysis 
Far-ultra violet circular dichroism (far-UV CD) -, tryptophan fluorescence - and Fourier 
transform infrared (FT-IR) spectra were recorded in 30 mM sodium phosphate pH 8 
solutions containing the patatin family and isoforms A, B and D (about 0.1 mg/mL protein) 
at 20°C as described in Chapter 4. 

Results 

Fractionation into isoform pools 

In Figure 1 the elution profile of Pool II on a Source Q column is shown. It can be seen that 
Pool II is fractionated into four major pools, A-D. Fraction A was eluted as a very broad 
peak during isocratic elution with 0.16 M NaCl. Fraction B eluted from the column 0.16-0.18 
M NaCl. The fractions C and D (two major sub-peaks) eluted at 0.18 and 0.25 M of NaCl. 
The Pools A, B and D were subsequently re-applied to the column and eluted as single peaks 
(results not shown) A, B, Dl and D2, respectively. As stated before, Pool C represented a 
very small proportion of the total protein and was not studied further and pool D2 was not 
patatin. Pools A, B and Dl showed a 43 kDa band on SDS-PAGE and exhibited the lipid 
acyl hydrolase activity characteristic for patatin (Table 1; Galliard and Dennis, 1974; 
Racusen and Foote, 1980). Based on their contributions to the absorbance at 280 nm the 
composition of the patatin family was 62% of pool A, 26% of pool B, and 5% and 7% for the 
isoforms C and Dl, respectively. The pools A, B and Dl will be denoted from now on as 
isoform A, B and D, respectively. 

Isoelectric focusing (IEF) of the patatin family showed six bands ranging from pH 4.6 to 5.2, 
where the isoform A showed two bands, at pH 5.0 and 5.2, respectively (Table 1). Isoform B 
contained two bands (pH 4.6 and 4.7) and isoform D gave one band at pH 4.7. Native PAGE 
of the patatin family, containing all isoforms, revealed two bands, whereas the isoforms A, B 
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