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Abstract

Roots of sprouted sweet potato (Ipomoea batatas [L.] Lam) were used as materials to purify
proteases which degraded trypsin inhibitors (TIs), the root storage proteins of sweet potato (SP).
The commercial pepstatin-agarose (crosslinked, 6%) was chosen as an affinity column for
purifications. The purified protease has a molecular mass of about 64 kDa on the
gelatin-SDS-PAGE gel and was inhibited by pepstatin but not by E-64 on the gelatin-SDS-PAGE
gel. Therefore it might belong to the aspartic type. Using trypsin inhibitor activity staining method
as a criterion for Tl degradations, we found that this aspartic type protease colud degrade purified
Tls in the presence or absence of 5 mM DTT and the hydrolysis was complete in the former
condition. The physiological role of aspartic type protease in the degradation of SPTIs was
discussed.
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Proteases play important roles in post-translational modification, protein turnover, activation and
inactivation of specific proteins, and nutrient supplementation (North, 1982). In plant tissues,
specific proteases involved in the mobilization of reserve proteins (Chrispeels and Boulter, 1975;
Wilson et al., 1986; Qi et al., 1992; Bottari et al., 1996; Senyuk et al., 1998; Davy et al., 2000),
developmental processes (Lin and Tsai, 1991; Lin and Chan, 1992; Lin and Tsai, 1994; Dominguez
and Cejudo, 1996; Voigt et al, 1997), and senescence (Hensel et al., 1993; Lohman et al., 1994;
Smart et al., 1995; Drake et al., 1996) have been studied intensively.

Proteinaceous protease inhibitors in plants may be important in regulating and controlling
endogenous proteases and in acting as protective agents against insect and/or microbial proteases
(Ryan, 1973, 1989). Sohonie and Bhandarker (1954) reported for the first time the presence of
trypsin inhibitors (TIs) in sweet potato (SP). Later, we indicated that TI activities in SP are
positively correlated with concentrations of water-soluble protein (Lin and Chen, 1980), and that a
large negative correlation exists between the natural logarithm of TI activities and cumulative



rainfall, which suggests that SPTI activities may vary in response to drought (Lin, 1989).
Polyamines, including cadaverine, spermidine and spermine, were bound covalently to SPTI which
might participate in regulating the growth and developmental processes of SP (Hou and Lin, 1997a).
SPTIs were also proved to have both dehydroascorbate reductase and monodehydroascorbate
reductase activities and might respond to environmental stresses (Hou and Lin, 1997b). We found
that Tls in SP roots accounted for about 60% of total water-soluble proteins and could be recognized
as storage proteins (Lin and Chen, 1980). Maeshima et al. (1985) identified the sporamin as the
major storage protein in SP root, which accounted for 80% of total proteins in root; however, a
dramatic decrease to 2% of original value was found during sprouting. Lin (1993) proposed that
sporamin should be one form of TlIs in SP, which was confirmed later by Yeh et al. (1997a).
However, there are few reports concerning the degradation of SP root storage protein during
sprouting. In this work we report the preliminary result showing that SP proteinaceous trypsin
inhibitors were degraded by an endogenous aspartic type protease.

Materials and Methods
Plant materials

Fresh roots of sweet potato (Ipomoea batatas L. Lam cv. Tainong 57) were purchased from a
local wholesaler. After cleaning with water, the roots were either immediately cut into strips for Tls
extraction according to the method of Hou and Lin (1997a) or placed in the thermostated (30°C)
growth chamber in dark and sprayed with water twice a day. After excising the etiolated sprouts
(about 5-7 cm), the roots of sprouted SP were also immediately cut into strips for protease
purifications.

SPTI purification

After washing and peeling, the SP roots were cut into strips for TI extraction and purification.
After extraction and centrifugation, the crude extracts were loaded directly onto a trypsin
Sepharose 4B affinity column. The adsorbed Tls were eluted by pH changes with 0.2 M KCI (pH
2.0) according to the methods of Hou and Lin (1997a,b). After dialysis against deionized water, the
purified Tls were concentrated with centricon 10 and then lyophilized for further use.

Isolation and purification of an aspartic type protease from roots of sprouted SP

The roots of sprouted SP were used as materials for isolation and purification of an aspartic
type protease. After excising the sprouts, the sprouted roots were immediately cut into strips and
extracted with four volumes (W/V) of 20 mM Tris-HCI buffer (pH 7.9) containing 200 mM NacCl,
10 mM EDTA and 1% ascorbate. After centrifugation twice at 14000 xg, the crude extracts were
loaded directly onto a commercial pepstatin-agarose (crosslinked, 6%, PIERCE, No0-20215, Illinois)
affinity column (1.0x10 cm). After washing with 20 mM Tris-HCI buffer (pH 7.9) containing 200
mM NaCl the bound proteases were eluted batchwise firstly with the same buffer containing 450
mM NaCl for 15 fractions and then eluted batchwise with 50 mM phosphate buffer (pH 11.5)
containing 500 mM NacCl for another 15 fractions. The flow rate was 32 ml/h and each fraction
contained 4.8 ml. The protease activity was determined as follows. Two hundred ul of each fraction
was mixed with 400 ul, 1% casein (pH 7.9) and 400 ul, 100 mM Tris buffer (pH 7.9) at 37 °C. The
reaction was performed for one hour and then 400 ul of 10 % trichloroacetic acid was added to stop
the reaction. The reaction mixture was then kept at 0 °C for one hour. After centrifugation at 12000
x@, the supernatants were collected and the absorbance at 280 nm was determined. One enzyme unit
was defined as the amounts of enzyme that increased absorbance 0.01 at 280 nm under the reaction
conditions. The active fractions were pooled and adjusted to pH 7.9, and then dialyzed against 20
mM Tris-HCI buffer (pH 7.9) for further use.

The hydrolysis of Tls by an aspartic type protease



Each 50 ul of purified protease (50 units) and SPTI (Img/ml) were mixed with 25 ul, 500 mM
Tris-HCI buffer (pH 7.9) with or without 5 mM DTT at room temperature overnight. Either E-64 (a
cysteine type protease inhibitor at a final concentration of 40 uM) or pepstatin A (an aspartic type
protease inhibitor at a final concentration of 40 uM) was added to compare the extent of SPTI
hydrolysis. After hydrolysis, each reaction solution was examined by SDS-PAGE.

Protease and TI activity stainings on SDS-PAGE gels

Four parts of samples were mixed with one part of sample buffer, namely 60 mM Tris-HCI
buffer (pH 6.8) containing 2 % SDS, 25 % glycerol and 0.1% bromophenol blue without
2-mercaptoethanol for aspartic type protease and TI activity stainings at 4 °C overnight. Coomassie
brilliant blue R-250 was used for protein staining (Neuhoff et al., 1985). Aspartic type protease
activity staining was carried out on a 12.5% SDS-PAGE gel co-polymerized with 0.1 % (W/V)
gelatin (Dominguez and Cejudo, 1996). After electrophoresis, gels were washed with 25%
isopropanol in 10 mM Tris-HCI buffer (pH 7.9) for 10 min twice to remove SDS (Hou and Lin,
1998). For protease activity staining, the gel was shaked in 100 mM Tris-HCI buffer (pH 7.9)
overnight and then stained with coomassie brilliant blue R-250. For SPTI activity staining, the gel
was stained according to the method of Hou and Lin (1998).

Results and Discussion

In SP, about 60 % of total water-soluble proteins were TlIs which were recognized as storage
proteins (Lin and Chen, 1980). Maeshima et al. (1985) pointed that the storage proteins of SP
reduced from 4.41 to 0.067 mg/g tissue after sprouting. Li and Oba (1985) also pointed that the
storage proteins of SP reduced from 3.22 to 0.18 mg/g tissue after one year storage at 10 to 12 °C.
So, it is clear that SPTIs serve as storage proteins to provide nitrogen sources during sprouting or
storage. Yeh et al. (1997b) reported that SPTI expressed in transgenic tobacco plants confer
resistance against Spodoptera litura. SPTIs can also function as protective agents against insects.
But so far there are few reports concerning the degradation of SP root storage protein during
sprouting. In this work we report for the preliminary results that SPTIs were degraded by an aspartic
type protease. In order to start the work, we used a trypsin-Sepharose 4B affinity column (Hou and
Lin, 1997a) to purified SPTIs from dormancy SP roots as substrates for purified aspartic type
protease.

Figure 1 showed the chromatogram of protease purification on a commercial pepstatin-agarose
column. After washing with 20 mM Tris-HCI buffer (pH 7.9) containing 200 mM NaCl (buffer 1)
the bound proteases were eluted batchwise firstly with the same buffer containing 450 mM NacCl
(buffer 2) for 15 fractions and then eluted batchwise with 50 mM phosphate buffer (pH 11.5)
containing 500 mM NacCl (buffer 3) for another 15 fractions. We found that most of the protease
activities were eluted by buffer 3. These buffer 3 fraction was pooled, adjusted to pH 7.9, and then
dialyzed against 20 mM Tris-HCI buffer (pH 7.9) for further use.

Figure 2(C) and Figure 3(C) showed the protease activity staining without or with 5 mM DTT,
respectively, on gelatin-SDS-PAGE gels. Lane 1, the mixtures of purified protease and SPTI; lane 2,
E-64 added to lane 1 mixture; lane 3, pepstatin added to lane 1 mixture; lane 4, both E-64 and
pepstatin were added to lane 1 mixture. A protease activity band (lane 1) with molecular mass of
about 64 kDa was found on the gelatin-SDS-PAGE gel without 5 mM DTT treatments (Figure 2C)
or with 5 mM DTT treatments (Figure 3C) but the latter had stronger protease activity band. The
same protease activity band remained when inhibitors of E-64 was present (lane 2); but disappeared
when inhibitor pepstatin was present (lane 3); treatment with both E-64 and pepstatin (lane 4) also
inhibited the protease activity. It suggested that the purified protease belongs to aspartic type which
is inhibited by pepstatin and could be activated by 5 mM DTT.

Figure 2(B) and Figure 3(B) showed the TI activity staining without or with 5 mM DTT,
respectively, on SDS-PAGE gels. Lane 1, the mixtures of both purified protease and SPTI; lane 2,
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E-64 added to lane 1 mixture; lane 3, pepstatin added to lane 1 mixture; lane 4, both E-64 and
pepstatin were added to lane 1 mixture. It was found that when the activity of aspartic type protease
was inhibited by pepstatin (see lanes 3 and 4 of Figures 2C and 3C) strong T1 activity appeared (see
lanes 3 and 4 of Figures 2B and 3B) comparing to the protein staining (see lanes 3 and 4 of Figures
2A and 3A). Meanwhile, when aspartic type protease kept full activity (lanes 1 and 2), TIs were
degraded to different extents depending on whether 5 mM DTT was present (Figure 3) or not
(Figure 2). Without 5 mM DTT treatments (Figure 2), the TI protein bands (lanes 1 and 2 of Figure
2A) and TI activity bands (lanes 1 and 2 of Figure 2B) were changed under full aspartic protease
activity in comparison with those of pepstatin treatments (lanes 3 and 4, Figures 2A and 2B). While,
with 5 mM DTT treatment (Figure 3), it was found that the TI activity was lost completely (lanes 1
and 2 of Figure 3B) which was accompanied by the loss of Tl protein bands (lanes 1 and 2, Figure
3A). Comparing to those of pepstatin treatment (lanes 3 and 4 of Figure 3A and 3B), it was found
that this aspartic type protease could degrade Tls with or without reduced state. This was the first
report that SPTI was degraded almost completely by an aspartic type protease under reducing
conditions.

Soybean TI lost its inhibitory activity after DTT treatments (Trumper et al., 1994) and
ovomucoid also lost its inhibitory activity when disulfide bonds were reduced (Matsuda et al., 1981).
However SPTI could retain its inhibitory activity under reducing conditions. Maeshima et al. (1985)
indicated that the storage proteins of SP reduced from 4.41 to 0.067 mg/g tissue after sprouting.
Figures 2 and 3 suggested that root storage proteins of sweet potato, TlIs or sporamins, could be
degraded during sprouting. Kobrehel et al. (1991,1992) showed that, TlIs of both Kunitz type and
Bowman-Birk type, could be reduced by NADP/thioredoxin system which could facilitate their
hydrolysis by proteases. Apart from the reported physiological functions of Tls, storage proteins of
SP roots (Maeshima et al., 1985; Yeh et al., 1997a,b; Hou and Lin, 1997a,b), this work provides
the first line of evidence that SPTIs or sporamins could be degrade completely by an aspartic type
protease purified from roots of sprouted SP. The detailed mechanisms deserve further investigations,
including the optimal pH hydrolysis, N-terminal amino acid sequences, substrate specificity etc.
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