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Potato serine protease inhibitor (PSPI) is the most abundant protease inhibitor group in potato tuber.
The investigated PSPI isoforms have a highly similar structure at both the secondary and the tertiary
level. From the results described, PSPI is classified as a â-II protein based on (1) the presence in
the near-UV spectra of sharp peaks, indicating a rigid and compact protein; (2) the sharp transition
from the native to the unfolded state upon heating (only 6 °C) monitored by a circular dichroism
signal at 222 nm; and (3) the similarity in secondary structure to soybean trypsin inhibitor, a known
â-II protein, as indicated by a similar far-UV CD spectrum and a similar amide I band in the IR spectrum.
The conformation of PSPI was shown also to be stable at ambient temperature in the pH range
4-7.5. Upon lowering the pH to 3.0, some minor changes in the protein core occur, as observed
from the increase of the intensity of the phenylalanine peak in the near-UV CD spectrum.
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INTRODUCTION

Protease inhibitors are abundant in tubers and plant seeds
(1). In higher plants, several gene families have been character-
ized, particularly those constituting the serine protease inhibitors
from the Leguminosae, Solanaceae, and Graminae (2).

Protease inhibitors in plants seem to be involved in various
processes (3). They have been shown to play a protectant role
against insect attack and virus infection (4). They have also
been proposed to be used as storage proteins in seeds, deduced
from the fact that the maximum level of protease inhibitors
coincides with the maximum level of proteolysis during
germination (5). They also are considered to participate in the
activity regulation of endogenous proteases (6).

In recent years, protease inhibitors have regained interest
because of their potential activity in preventing carcinogenesis
in a wide range of in vitro and in vivo systems (7). For example,
serine protease inhibitors have been reported to have inhibitory
effects on tumor cell growth (8,9). In addition, by increasing
the level of cholecystokinin via the inhibition of trypsin, serine
protease inhibitors may also be used to reduce food intake in
man (10).

In potato, a wide range of protease inhibitors is expressed.
Potato tubers contain approximately 1.5% of protein on a fresh

weight basis (11), of which, in cv. Elkana, protease inhibitors
represent up to 50% (12). Potato serine protease inhibitor (PSPI)
was first described by Valueva and co-workers (13) as a dimeric
serine protease inhibitor containing two active sites, one against
trypsin and one againstR-chymotrypsin/elastase. PSPI is the
most abundant group of protease inhibitors in potato tuber (cv.
Elkana) accounting for 44% of the total amount of protease
inhibitors (12). The PSPI group consists of a group of proteins
that is expressed as one polypeptide chain, which subsequently
undergoes post-translational processing, during which≈6 amino
acids are cleaved off (14). As a result, a dimeric protein of≈20.2
kDa is obtained with the two subunits held together by a
disulfide bridge. Seven different isoforms of PSPI, with iso-
electric pHs varying from 5.5 to 6.9, have been identified in
potato juice (cv. Elkana) (12).

Protease inhibitors are important tools of nature for regulating
the proteolytic activity of endogenous as well as exogenous
proteases. It is, therefore, of great interest to determine which
characteristic structural properties confer inhibitory activity to
these proteins. Until now, the 3-D structures of only a limited
amount of protease inhibitors have been determined (15). In
this study, we determine the structural characteristics of PSPI
using far- and near-UV circular dichroism and fluorescence and
FTIR spectroscopy. By comparing these structural characteristics
to those of more extensively studied protease inhibitors, we
attempt to classify PSPI in a (sub)structural class of proteins.
Proteins involved in defense mechanism, such as protease
inhibitors and lectins, are known to be heat stable (16-18).

* Corresponding author. Phone:+31 317 483209. Fax:+31 317
484893. E-mail: Fons.Voragen@wur.nl.

† Centre for Protein Technology TNO-WU.
‡ Wageningen University.

7704 J. Agric. Food Chem. 2004, 52, 7704−7710

10.1021/jf0493932 CCC: $27.50 © 2004 American Chemical Society
Published on Web 11/10/2004



Therefore, using the mentioned techniques as well as differential
scanning calorimetry, the conformational stability of PSPI upon
heating and at various pHs is studied.

MATERIALS AND METHODS

Preparation of PSPI Isoform Solutions..PSPI isoforms 6.1 and
6.5 were purified as described previously (12, 14) from potato juice
(cv. Elkana). After purification, PSPI 6.1 and 6.5 were dialyzed at 4
°C against buffers of various pH (3.0, 4.0, 5.0, 6.0, 7.0, and 7.5) all
having a calculated ionic strength of 15 mM. The buffers used were
18 mM sodium phosphate buffer (pH 3.0), 95 mM sodium acetate buffer
(pH 4.0), 24 mM sodium acetate buffer (pH 5.0), 20 mM piperazine
buffer (pH 6.0), 9 mM sodium phosphate buffer (pH 7.0), and 7 mM
sodium phosphate buffer (pH 7.5). These buffers are denoted buffer
pH 3, pH 4, pH 5, pH 6, pH 7, and pH 7.5, respectively. Subsequently,
the samples were frozen in small volumes at a concentration of 0.8
mg/mL and stored at-20 °C until use.

Soybean trypsin inhibitor (STI) was purchased from Fluka (art. no.:
93618). STI (1 mg/mL) was dissolved in 9 mM sodium phosphate
buffer (pH 7.0) and dialyzed against the same buffer overnight at 4
°C.

Spectroscopic Measurements.All samples were filtered through a
0.22 µm filter before spectroscopic measurements.

Far-Ultraviolet CD. Far-ultraviolet circular dichroism (far-UV CD)
spectra of 0.2 mg/mL of PSPI in buffer pH 3, pH 4, pH 5, pH 6, pH
7, and pH 7.5 were recorded on a Jasco J-715 spectropolarimeter (Jasco
Corp., Tokyo, Japan) at temperatures ranging from 20 to 85°C with
intervals of∼5 °C, using a heating rate of 30°C/h. The temperature in
the sample was measured using a thermocouple wire. Starting from 20
°C, the proteins were heated to the desired temperature and equilibrated
for 3 min at this temperature before the wavelength scans were recorded.
Quartz cells with an optical path length of 0.1 cm were used. The scan
range was 260-190 nm, the scan speed was 50 nm/min, the data
interval was 0.2 nm, the bandwidth was 1.0 nm, the sensitivity was 20
mdeg, and the response time was 0.125 s. Spectra were recorded in
10-fold and averaged. Spectra were corrected by subtracting the
spectrum of a protein free sample, obtained under identical conditions.
Noise reduction was applied using the Jasco software. The spectra were
analyzed from 240 to 190 nm to estimate the secondary structure content
of the protein, using a nonlinear regression procedure (19). Spectra
were fitted using the reference spectra of polylysine in theR-helix,
â-strand, and random coil conformation (20) and the spectrum ofâ-turn
structures, extracted from 24 proteins with known X-ray structure (21).
Changes in secondary structure of PSPI during heating were also
monitored by measuring the ellipticity at 222 nm.

Near-Ultraviolet CD. Near-ultraviolet circular dichroism (near-UV
CD) spectra of 0.8 mg/mL PSPI, in buffer pH 3, pH 4, pH 5, pH 6, pH
7, and pH 7.5, were recorded on a Jasco J-715 spectropolarimeter (Jasco
Corp., Tokyo, Japan) at various temperatures ranging from 20 to 85
°C, using a heating rate of 30°C/h. Starting from 20°C, the proteins
were heated to the desired temperature and equilibrated for 6 min at
this temperature before the wavelength scans were recorded. Spectra
were recorded 30-fold and averaged. Spectra were corrected by
subtracting the spectrum of a protein free sample, obtained under
identical conditions. A quartz cell with an optical path length of 1.0
cm was used. The scan interval was 250-350 nm, the scan speed was
100 nm/min, the data interval was 0.2 nm, the bandwidth was 1.0 nm,
the sensitivity was 20 mdeg, and the response time was 0.125 s.

Fluorescence Spectroscopy.Fluorescence spectra of 0.1 mg/mL
PSPI in buffer pH 3, pH 4, pH 5, pH 6, pH 7, and pH 7.5 were recorded
on a Perkin-Elmer Luminescence Spectrophotometer LS 50 B (Perkin-
Elmer Corp., Boston, MA) with a pulsed Xenon source. Excitation was
done at 295 nm, and the resulting emission spectrum was recorded
from 305 to 405 nm, using a scan speed of 100 nm/min. Both the
excitation and the emission slit were set at 3.5 nm. Spectra were
recorded 3-fold and averaged. Spectra were corrected by subtracting
the spectrum of a protein free sample, obtained under identical
conditions.

Fourier Transformed Infrared (FTIR) Spectroscopy. Attenuated
total reflection infrared (ATR-IR) spectra were recorded on a Biorad

FTS 6000 spectrometer equipped with a DTGS detector (Bio Rad
Laboratories Inc., Cambridge, MA). Typically, 50 mL of a 0.8 mg/mL
PSPI sample in 9 mM phosphate buffer (pH 7.0) were transferred onto
a germanium crystal (1× 8 cm) and dried under air to remove excess
water. Next, the crystal was placed in the light beam such that six total
reflections were obtained. Spectra were accumulated at ambient
temperature in the spectral region of 4000-800 cm-1 with a spectral
resolution of 0.5 cm-1 prior to zero-filling and Fourier transformation,
using a speed of 5 kHz and a filter of 1.2 kHz. Typically, 100 spectra
were accumulated and subsequently averaged. A spectrum representing
atmospheric water was subtracted from the sample spectra. All samples
were prepared and analyzed at least in duplicate. Spectra were
deconvoluted to analyze the underlying absorption bands usingK )
2.4 and a full width at half-height (fwhh) of 24 cm-1.

Differential Scanning Calorimetry. DSC measurements were
performed on a VP-DSC microcalorimeter (MicroCal Inc., Northamp-
ton, MA). Solutions containing 0.6 mg/mL PSPI in buffer pH 3, pH 4,
pH 5, pH 6, pH 7, and pH 7.5 were heated from 20 to 85°C with a
scan rate of 30°C/h.

RESULTS

Structural Properties. PSPI 6.1 and 6.5 are the two most
abundant isoforms of the PSPI group (12). To study possible
differences in conformation between the two isoforms of PSPI
at various pH values, far-UV CD, near-UV CD, and fluorescence
and ATR-IR spectra of both isoforms were recorded at 20°C.

As a typical example,Figure 1 shows far-UV CD spectra of
PSPI 6.1 and 6.5 at pH 3 and 7 at 20°C. All spectra show a
very similar pattern with a zero-crossing at about 217 nm, a
minimum at 197 nm, and a maximum at 228 nm. The large
similarity between the spectra indicates that the isoforms have
a highly similar secondary structure in the pH range from 3 to
7.5. An estimation of the secondary structure content of PSPI
isoforms, obtained by curve-fitting analysis, showed that PSPI
seems to consist not only of the familiarR-helix and/orâ-sheet
elements, as the spectra cannot be fitted with the normal
reference spectra. Especially the presence of the positive
maximum at 228 nm, which cannot be ascribed to any of the
known elements of secondary structure, impairs this curve fitting
analysis.

Near-UV CD spectra can be used for estimating interactions
of aromatic side chains with other groups such as side chain
amide and carboxylate groups and peptide main chain bonds
and therefore are applicable as a measure for the local tertiary
structure of a protein (22). As a typical example,Figure 2 shows
the near-UV CD spectra of PSPI 6.1 at pH 3 and 7. Similar
results were obtained at pH 3 and 7 for PSPI 6.5. The spectra

Figure 1. Far-UV CD spectra of PSPI 6.1 and 6.5 at pH 3.0 (solid line)
and at pH 7.0 (dashed line), at 20 °C.
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for both PSPI isoforms show extremes at 292, 285, and around
268 nm. The remarkable sharpness of the peaks at 285 and 292
nm indicates a compact rigid protein structure. The peak at 292
nm points to the presence of tryptophan residues, whereas the
peaks at 285 and 268 nm indicate the presence of tyrosyl and
phenylalanyl residues, respectively. These results are in ac-
cordance with the amino acid sequence of PSPI (14), which
shows the presence of three tryptophan, seven tyrosyl, and ten
phenylalanyl residues. No changes in the wavelength and the
intensity of the peaks could be observed between pH 4 and 7.5
for both PSPI 6.5 and 6.1 (data not shown), indicating the
absence of significant changes in the tertiary structure in this
pH range. At pH 3 (Figure 2), a higher absolute intensity at
268 nm can be observed for both isoforms when compared to
the spectra at higher pH values. This could indicate that the
protein core, where the phenylalanyl residues are most frequently
located, has become more compact.

Fluorescence spectroscopy provides information about the
polarity of the environment of tryptophan and tyrosine residues
(i.e., about the solvent accessibility of these residues). Fluores-
cence spectroscopy is, therefore, sensitive to local conforma-
tional changes at a tertiary level of folding (23). As typical
examples,Figure 3 shows the emission spectra at pH 3 and 7
for both PSPI isoforms. Within the pH range 4-7.5, the
emission spectra for both isoforms remained unchanged and
showed a maximum at 347 nm. This emission maximum

wavelength indicates that the tryptophan residues are in a
nonpolar environment. The form and intensity of the emission
spectra of both isoforms remained identical at pH 3, but the
emission maximum had shifted 4 nm to a lower wavelength as
compared to the spectra at pHg4. This indicates that at pH 3
the environment of at least one tryptophan residue present in
PSPI (14) has become even less polar than at pH 4 to 7.5 and
that it thus seems that the protein has become more compact.

Infrared spectroscopy is another method to investigate protein
secondary structure and is based on molecular vibration of
specific bonds, such as the CdO vibrations in the amide I band
(1600-1700 cm-1). Therefore, FTIR spectroscopycan give
information on the secondary structure (24).

Figure 4 shows the amide I band of the infrared spectra of
both PSPI isoforms and the Kunitz-type soybean trypsin
inhibitor (STI), of which the X-ray structure has revealed that
it contains approximately 2%R-helix, 38%â-sheet, 23%â-turn,
and 37% unordered structure (25, 26). The spectra indicate that
there is a high degree of similarity in secondary structure
between STI and the PSPI isoforms. Deconvolution of the ATR-
IR spectra revealed the presence of a major band at 1642 cm-1,
which indicates the presence of both unordered structure and
shortâ-sheets (27). Other deconvoluted bands at 1689 and 1624
cm-1 and at 1672 and 1662 cm-1 can be observed indicating
the presence ofâ-sheets and turns, respectively, (27). The
intensity of these bands shows that STI is somewhat richer in
â-sheet and especiallyâ-turns than PSPI.

Thermal Stability. Secondary Structure.As a typical ex-
ample, far-UV CD spectra of PSPI 6.5 at pH 4 at various
temperatures are shown inFigure 5. Similar results were
obtained at the other pH values studied, for both isoforms upon
heating. No changes in intensity occurred up to 55°C. With
increasing temperature above 55°C, the absolute intensities at
196 and at 228 nm decreased, and the intensities were inverted.
The spectral changes inFigure 5 occurred with a clear
isodichroic point at 208 nm. The existence of this point suggests
that this transition may proceed essentially as a two-state process
(28). The isodichroic point was present at all pHs and seemed
not to vary with pH (207.5-208.5 nm, data not shown).

Figure 6 shows the ellipticity of PSPI 6.1 (A) and PSPI 6.5
(B) at 222 nm as a function of temperature at pH 3-7. It can
be seen that the shape of the thermal unfolding curves is very
similar. At pH 5 and 6, the thermal unfolding curves showed
smaller transition amplitudes than at the other pH values. These
differences can be explained by the fact that at these pH values

Figure 2. Near UV CD spectra of PSPI 6.1 at pH 3.0 (gray) and pH 7.0
(black) at 20 °C.

Figure 3. Tryptophan fluorescence spectra of PSPI 6.1 and 6.5 at pH
3.0 (solid line) and at pH 7.0 (dashed line) at 20 °C.

Figure 4. Amide I band of the ATR-IR spectra of PSPI 6.1 (solid line),
PSPI 6.5 (dashed line), and STI (gray line) at pH 7.0 at 20 °C.
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aggregation and/or precipitation may have taken place, making
the estimation of the midpoint unreliable. Nevertheless, it can
be observed that at these pH values the changes in ellipticity at
222 nm occur at higher temperatures than at the other pH values.
It thus seems that PSPI 6.1 and 6.5 are more thermostably close
to their isoelectric pH than at other pH values. The ellipticity
at 222 nm for PSPI 6.1 at, for example, pH 4 showed changes
between 61.5 and 67.2°C with a midpoint at 64.2°C, whereas,
in the case of PSPI 6.5, the changes occurred between 65.3 and
71.1°C with a midpoint at 67.8°C. From these data, it can be
concluded that PSPI 6.5 is at all pH values more heat stable

than PSPI 6.1 and that the difference in transition midpoint
remains constant (3 and 3.5°C). It is remarkable that the
temperature range in which the changes in secondary structure
in PSPI take place is very narrow (only about 6°C), in the pH
range 3-7.5.

Tertiary Structure.In Figure 7, near-UV CD spectra of PSPI
6.1 at pH 4 at various temperatures are shown, as typical
examples. Increasing the temperature from 20 to 50°C did not
cause significant changes. Between 50 and 55°C, a clear
decrease of the peaks at 285 and 292 nm was observed. The
peak at 268 nm showed an increase in absolute intensity between
50 and 55°C, probably indicating that the core of the protein
had become more compact in this temperature range. Between
60 and 62°C, a decrease in the absolute intensity at 268 nm
was observed, while at 85°C all three peaks had disappeared.
These results imply that the surroundings of the tryptophan and
tyrosine residues are more heat sensitive than those of the
phenylalanyl residues. The tryptophan and tyrosine residues are
thus likely to be located more at the outside of the protein than
the phenylalanyl residues. It can be noticed that, although at
pH 3 (20°C) the near-UV CD spectrum of PSPI was different
from that at pHg4, PSPI unfolds at pH 3 in a similar way as
at pH 4. Therefore, no effect of pH on the thermal unfolding of
the tertiary structure of PSPI was observed in the pH range
3-7.5.

DSC is an additional way to study the thermal unfolding of
proteins (29). The DSC profiles of PSPI 6.1 and 6.5 showed
one symmetric peak at all pH values (Figure 8), except at pH
3 for PSPI 6.5 where an asymmetric peak was observed. The
variation in transition temperature with pH is shown inFigure
9. The endothermic peak of PSPI 6.5 is always smaller in
amplitude and broader than that of PSPI 6.1 (Figure 8). The
denaturation enthalpy of PSPI 6.5 is higher than that of PSPI
6.1 in the pH range of 3-5 but becomes smaller than that of
PSPI 6.1 at pHg7 (Figure 9). The calorimetric enthalpies of
unfolding of PSPI 6.1 and 6.5 vary between 360 and 300 kJ/
mol in the pH range 3-7.5. Similar to the data obtained from
far-UV CD experiments, the transition temperatures of both
PSPI 6.1 and 6.5 are highest around pH 6 and decrease when
deviating from this pH (Figure 9). The transition temperature
of PSPI 6.5 is always higher than that of PSPI 6.1 (Figure 9).
Transition temperatures for PSPI 6.1 vary between 62°C (pH
3) and 65°C (pH 6), whereas those for PSPI 6.5 vary between
64 °C (pH 3) and 69°C (pH 5 and 6). The differences in
transition temperatures as observed with CD and DSC at pH 3,

Figure 5. Far-UV CD spectra of PSPI 6.5 at pH 4.0 at various
temperatures.

Figure 6. Thermal unfolding of curves of PSPI 6.1 (A) and PSPI 6.5 (B)
at various pH values monitored by the CD signal at 222 nm.

Figure 7. Near-UV CD spectra of PSPI at pH 4.0 and at various
temperatures.
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5, and 6 can be explained by the fact that at these pH values
aggregation and/or precipitation may have taken place, making
the estimation of the midpoint, obtained from the CD thermal
unfolding curves, unreliable.

DISCUSSION

Effect of pH on the Thermal Stability of PSPI. Because
of the presence of a constant isodichroic point for both isoforms
at all pH values (Figure 4) and the similarity of the thermal

unfolding curves (Figure 5), it can be concluded that the PSPI
isoforms are almost identical and unfold via a highly similar
pathway.

PSPI, at ambient temperature, did not show any variations
in secondary structure in the pH range 3-7.5. At pH 3, in
comparison to pH 4-7.5, small changes in the tertiary structure
of PSPI did occur, which indicate that the core of the protein is
somewhat more compact at this pH. Therefore, the structure of
PSPI seems to be very stable against variation in pH. Further-
more, the calorimetric enthalpy (∆Hcal) of PSPI 6.1 and 6.5
varies only between 300 and 350 kJ/mol (approximately 15 J/g)
in the pH range 3-7.5. Experiments performed with a mixture
of potato protease inhibitors showed a similar calorimetric
enthalpy (approximately 19 J/g) (30). The thermodynamic
stability of globular proteins is usually significantly affected
by the pH (31). Bovine serum albumin showed similar variations
in transition temperature as PSPI in the pH range 3-7.5.
However, its∆Hcal varied from 155 to 850 kJ/mol in the same
pH range (32). Contrastingly, theR-amylase inhibitor tendimast
showed a constant∆Hcal in the pH range 3-7.5, whereas the
variation in its transition temperature was>15 °C (33). For
PSPI, this variation is only 4°C over the same pH range. The
results obtained and the comparison made previously clearly
show the high conformational stability of PSPI in a wide pH
range.

This high stability of PSPI isoforms in a broad pH range is
in agreement with data previously obtained for other Kunitz-
type inhibitors, such as STI (34), Schizolobium parahyba
chymotrypsin inhibitor (35),Erythrina caffra trypsin inhibitor
(36), and a chymotrypsin inhibitor from winged bean seeds (37).
It should also be noticed that these inhibitors, as well as PSPI
isoforms, all showed a sharp transition upon thermal unfolding
(34, 38, 39).

In contrast to those of the PSPI isoforms, DSC curves of other
Kunitz-type inhibitors showed only one endothermic asymmetric
peak at various pH (36, 40). More interestingly, a rescanning
of the heated samples after cooling revealed that the unfolding
was quantitatively reversible (36, 40) while less than 5% of
reversibility was observed for PSPI (data not shown). Therefore,
even though Kunitz-type inhibitors share approximately 20%
of their amino acid sequence, major differences exist in their
thermal unfolding behavior.

Assignment of PSPI as aâ-II Protein. The far-UV CD
spectra of PSPI isoforms are very unusual showing extremes at
197 and 228 nm. A minimum around 200 nm has been observed
in two different classes of proteins:â-II proteins and unstruc-
tured proteins (41). Theâ-II proteins are a subclass of the all-â
proteins (42), indicating that most of the amino acid residues
are predominantly involved inâ-sheets and/orâ-turns. Inâ-II
proteins, most amino acid residues are involved in irregular
â-sheets. Theâ-sheet does not have a plane extended structure
but is distorted.

The far-UV CD spectra ofâ-II proteins resemble those of
unfolded proteins in showing a minimum around 200 nm. The
â-II proteins have two features that are absent for unstructured
proteins. These two features can, therefore, be a tool to
distinguish them. First,â-II proteins show sharp peaks in the
near-UV region due to the compact structure of these proteins
(43), even though the far-UV CD spectra resemble those of
unordered protein. Second, the CD ellipticities, both in the far
and in the near-UV region, of these compact and rigid proteins
encompass a sharp transition upon thermal denaturation, whereas
those of an unordered form usually change linearly with
increasing temperature (43). PSPI shows, at ambient tempera-

Figure 8. DSC thermograms of PSPI 6.1 (solid lines) and PSPI 6.5
(dashed lines).

Figure 9. Transition temperatures from far UV CD (white) and DSC (black)
measurements for PSPI 6.1 (2) and PSPI 6.5 (b) and ∆Hcal for PSPI
6.1 ([) and PSPI 6.5 (9), as a function of pH.
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ture, a far-UV CD spectrum resembling that of unordered
proteins, with a minimum at 197 nm, and a near-UV CD
spectrum with sharp peaks. Furthermore, the CD thermal
unfolding curves show a sharp transition, suggesting that the
changes in secondary structure occurred in a small temperature
range (6°C) (44). These results strongly indicate that the PSPI
group is aâ-II protein.

Soybean trypsin inhibitor (STI) is a well-known example of
a â-II protein (45). Similar to PSPI, STI belongs to the Kunitz-
type of protease inhibitors. STI and PSPI have a number of
conserved amino acid residues in common (≈30% sequence
homology), and they have a similar molecular mass (≈ 20 kDa).
The far-UV CD spectrum of STI also shows a minimum at 200
nm, characteristic of theâ-II proteins. Moreover, the far-UV
CD spectrum of STI shows a maximum at 228 nm (43). STI
does not contain helical parts, and most of its amino acid
residues are involved in irregularâ-sheet parts (45). The high
similarity between the far-UV CD and ATR-IR spectra of PSPI
and those of STI (39) are additional indications that the PSPI
group belongs to theâ-II protein subclass.

The positive maximum at 220-230 nm in the far-UV CD
spectra of STI and PSPI has also been observed for many other
proteases inhibitors (46, 47), such as, for example, sporamin,
R-amylase/subtilisin inhibitor, both Kunitz-type inhibitors (48,
49), andErythrina trypsin inhibitor, a knownâ-II protein (50,
51). Therefore, it seems that the maximum at 220-230 nm in
the far-UV CD spectrum is a characteristic of protease inhibitors
of the â-II subclass.

Interestingly, many protease inhibitors of which the 3-D
structure is known (small or large molecular weight) belong to
the all-â protein class, of which theâ-II proteins are a subclass.
This may indicate that the presence ofâ-sheets is of importance
for the stability of these proteins and allows the presence of
stable loops at the outside of these proteins.

ABBREVIATIONS USED

PSPI, potato serine protease inhibitor; STI, soybean trypsin
inhibitor.
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