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Sunflower cystatin Scb differs from other phytocystatins in that it is a highly basic protein
with a pi value of 9.6 and includes six additional amino acids (Arg^-Leu-Gln-Arg-Thr34,
Thr37) in the middle region as compared with other phytocystatins [Kouzuma et aL (1996)
J. Biochem. 119, 1106-1113]. We identified and sequenced a complete cDNA encoding the
Scb; the cDNA of Scb consists of 645 nucleotides and includes an open reading frame
encoding a polypeptide of 123 amino acids. On the basis of these findings, Scb appears to be
synthesized as a prepeptide consisting of a signal sequence of 22 amino acids and a mature
protein of 101 amino acids. A recombinant Scb (rScb) was produced by expression in
Escherichia coli and purified by gel filtration on Sephacryl S-200 followed by ion-exchange
column chromatography on a S-Sepharose column. rScb exhibited almost the same inhibi-
tory activity toward papain as the authentic Scb did, but its inhibition profile toward
cathepsins B, L, and H was slightly different. Scb mutant proteins, in which selected
N-terminal residues or the additional amino acids were deleted, were subsequently
constructed and characterized with respect to their inhibitory activities toward papain.
The result revealed that the additional sequence (Arg30-Leu-Gln-Arg-Thr34) in Scb is not
essential for papain-inhibitory activity, while the N-terminal amino acids (He1-Pro2) as
well as the N-terminal glycine residues Gly3 and/or Gly4 play an important role in
manifesting the inhibitory activity toward papain.
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Since oryzacystatin I, which is the best-characterized
cysteine proteinase inhibitor from plants, was isolated
from rice seeds (J), some sequence information on
cystatins of plant origin, the so-called phytocystatins, has
become available either by deduction from cDNA (2-6)
sequences or by direct protein sequencing (7). The follow-
ing structural properties are common to phytocystatins. (i)
Their molecular weights are 10-12 kDa, (ii) the disulfide
bond is absent, (iii) the proteins are either acidic or neutral,
and (iv) like animal cystatins, they share three conserva-
tive motifs: Gly in the vicinity of the N-terminal region,
Gln-Xaa-Val-Xaa-Gly in the middle of the molecule, and
Pro-Trp in the C-terminal region.

We previously isolated two distinct phytocystatins,
designated Sea and Scb, from sunflower seeds and char-
acterized their primary structures and inhibitory specifici-
ties (8). Both sunflower cystatins have structural features
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in common with phytocystatins, including a low molecular
weight, the absence of a cysteine residue, and strict conser-
vations of Q-X-V-X-G and PW residues. However, the
study also revealed that Scb differs from Sea as well as
from other phytocystatins in that it is a highly basic protein
with a pi value of 9.6 and that it has six additional amino
acids in the middle of the molecule. Furthermore, unlike
Sea, Scb has an N-terminal extension composed of 13
amino acids.

In the study reported here, in order to elucidate the roles
of the N-terminal and the additional Scb residues in its
inhibitory activity, we cloned a cDNA encoding Scb and
overproduced it in a functional form in Escfierichia coli
cells. Subsequently, several Scb mutants, in which N-ter-
minal amino acids or the additionl sequence were deleted,
were constructed and their inhibitory activities toward
papain were investigated.

MATERIALS AND METHODS

Materials—Sunflowers were grown on the experimental
farm of Kyushu University and developing sunflower seeds
were harvested at 10-day intervals after flowering. The
seeds were frozen in liquid nitrogen and stored at — 80*C
until used. The oligonucleotides used in this study were
purchased from Greiner Japan. A predigested -Igt l l /
.EcoRI vector kit and a Time Saver cDNA synthesis kit were
obtained from Pharmacia. A Gigapack™ II Plus phage
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packaging kit was purchased from Stratagene. Taq DNA
polymerase was obtained from Sawady Technology. A
random primer DNA labeling kit, DNA ligation kit, and
Takara Taq cycle sequencing kit were obtained from
Takara Shuzo and used as recommended by the supplier.
Restriction endonucleases and DNA modifying enzymes
were purchased from either Toyobo, MBI Fermentas, or
Gibco BRL. The plasmid vectors used in this work were as
follows: pUCl8 from MBI Fermentas, pGEM™-T vector
from Promega, and pET-22b expression vector from
Novagen. Nitorocellulose membranes were from Schlei-
cher & Schuell. [>-32P]dCTP was obtained from Amer-
sham. Papain was obtained from Sigma. All other chemi-
cals were of analytical grade for biochemical use.

Extraction of Total RNA and Construction of a cDNA
Library—Tots! RNA was extracted from the developing
sunflower seeds by the method of Manning (9). Poly(A)+

RNA was purified by utilizing Oligotex™-dT30 < Super)
(Takara Shuzo). Subsequently, a cDNA library was con-
structed with the cDNA synthesis kit and A gtl 1 as a cloning
vector according to the manufacture's protocol.

Preparation of a Scb Gene Fragment by PCR—The two
oligonucleotides with an EcoBl site were synthesized for
use as primers corresponding to the amino acid sequences
of Scb: 5'-GTNAARACNGAYACNGAATTCCARCA-3'
(VKTDTEIQQ at positions 11-19) and 5'-GARGTNGTN-
GTNGAATTCTGGAARCA-3' (EVWQSWKH at posi-
tions 79-87), where R represents A and G; Y, C and T; N,
A, C, G, and T. RT-PCR was performed with developing
sunflower seed cDNAs as a template on an automated
thermal cycler (Astec Program Temp. Control System
PC-700). The PCR products were purified on a gel, treated
with .EcoRI, and then subcloned into pUCl8, previously
digested with EcoBl. After confirmation of its sequence, the
fragment was used as a hybridization probe to screen the
cDNA library.

Screening and Nucleotide Sequencing—The developing
sunflower seed cDNA library was screened by plaque
hybridization using the PCR product labeled by the random
priming method, as described in Ref. 10. By the second and
third plaque hybridizations, positive clones were isolated
and phage DNAs were prepared from them. The cDNA
inserts were excised by EcoBl, subcloned into the plasmid
vector pUCl8, and sequenced with a DNA sequencer
DSQ-1000 (Shimadzu) using the Takara Taq cycle sequenc-
ing kit.

Expression of Scb in E. coli Cells—To obtain a cDNA
fragment encoding a mature Scb, PCR was performed using
the Scb cDNA as a template with the forward primer
5'-CATATGATTCCAGGAGGAAGAACTAAG-3' and re-
verse primer 5'-AATGGATCCTTACTTATCAACCGGT-
GCCGG-3'. The PCR products were ligated into the
pGEM™-T vector. After confirmation of the DNA se-
quence, the DNA fragment encoding the mature Scb was
excised by digestion with Ndel and BamYH, and ligated into
the expression vector pET-22b, previously digested with
the same enzymes. The resulting plasmid, pET-Scb, was
introduced into E. coli BL21(DE3) and recombinant pro-
tein was induced with 1 mM IPTG according to the sup-
plier's instruction.

SDS-Polyacrylamide Gel Electrophoresis and Immuno-
blotting—Overproduction of Scb in E. coli cells was ana-
lyzed by SDS-PAGE using 15% polyacrylamide gels (21)

and Western blotting (12). In the Western blotting anal-
ysis, the nitorocellulose filter was probed with polyclonal
anti-Scb antibodies, developed using goat anti-mouse IgG
conjugated with horseradish peroxidase, and the immune
complex was then visualized by addition of aperoxidase sub-
strate solution, 100 mM Tris-HCl, pH 7.5, containing 0.5
mg/ml 3,3'-diaminobenzidine tetrahydrochloride, 0.3%H2O2,
and 50 mM imidazole.

Purification of the Recombinant Scb (rScb)-E. coli
transformants harbouring the expression vector pET-Scb
were cultured in 1 liter of LB-broth with 50 //g/ml ampicil-
lin. After cultivation, cells were harvested by centrifuga-
tion and washed twice in 30 mM Tris-HCl buffer (pH 7.5)
containing 30 mM NaCl and resuspended in the same
buffer. Cells were sonicated on ice at a setting of 7 for 2-min
periods followed by 5 min for cooling for a total of 70 min.
The soluble and insoluble fractions were separated by
centrifugation at 12,000 X g for 15 min at 4'C.

The soluble fraction was salted out by saturation with
ammonium sulfate. The precipitate was recovered, dis-
solved in 30 mM Tris-HCl buffer (pH 7.5) containing 30
mM NaCl and 2 M urea, and dialyzed against the same
buffer. The protein solution was chromatographed on
Sephacryl S-200 (2.8x80 cm) equilibrated with the same
buffer. Each fraction was subjected to SDS-PAGE; the
fractions showing the same molecular mass as Scb were
collected and further purified on S-Sepharose (1.5 X15 cm)
equilibrated with 10 mM Na-phosphate buffer (pH7.2).
The proteins were eluted with a linear gradient of 0 to 0.5
M NaCl in the same buffer. The fractions showing papain
inhibitory activity were coDected and lyophilized. Proteins
were dissolved in 10 mM Na-phosphate buffer, pH 7.2, and
finally purified by RP-HPLC on a Wakosil 5C18 (300 A)
column (4.6X250 mm) with 0.1% TFA. The protein was
eluted with a linear gradient of 24 to 56% acetonitrile in
0.1% TFA.

The insoluble fraction was washed with 1 M sucrose
foUowed by 2% Triton X-100/10 mM EDTA. The inclusion
body thus obtained was dissolved in 30 mM Tris-HCl buffer
(pH 7.5) containing 30 mM NaCl and 7 M guanidine hydro-
chloride. The protein solution was dialyzed against 30 mM
Tris-HCl buffer (pH 7.5) containing 30 mM NaCl and 2 M
urea, and the protein solution was purified by the same
procedures as those used for the protein in the soluble
fraction. The molecular mass of the recombinant was
measured by MALDI-TOF mass spectrometer Voyager RP
(PerSeptive Biosystems). The N-terminal amino acid
sequence of the protein was analyzed by a gas phase
sequencer PSQ-1 (Shimadzu).

Proteinase Inhibition Assays—Papain, and cathepsins B,

TABLE I. Scb mutants and the sequences of their oligonu-
cleotide primers.
Mutant Oligonucleotide primer
rScb 5'-CATATGATTCCAGGAGGAAGAACTAAG-3'

M I P G G R T K
ZJ5 5'-CAGTGGACGAGTACAATAAGAAAACCGGCGCCGG-3'

S V D E Y N K K T G A G
N2 5'-CATATGGGAGGAAGAACTAAGGTCAAAAACGTC-3'

M G G R T K V K N V
N4 5'-CATATGAGAACTAAGGTCAAAAACGTCAAAACCG-3'

M R T K V K N V K T
N13 5'-CATATGGACACTGAGATTCAGCAACTCGG-3'

M D T E I Q Q L D
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L, and H inhibition assays were performed as described in
previous by Ref. 8. Concentrations of Scb and the mutant
proteins were determined by amino acid analysis.

Construction of Scb Mutants—Site-directed mutagene-
sis was performed by the unique site elimination method
developed by Deng and Nickoloff {13) using a Chameleon™
double-stranded site-directed mutagenesis kit (Strata-
gene). The N-terminal deletion mutants were constructed
by the PCR method with specific primers. The nomencla-
ture of the Scb mutants and the oligonucleotide primers
used for mutagenesis are shown in Table I. Mutations by
the unique site elimination method were introduced into
the amplified Scb cDNA fragment that had been subcloned
into the pGEM™-T vector. The N-terminal deletion
mutants constructed by the PCR method were subcloned
into the pGEM™-T vector. After mutagenesis, the Scb
cDNA fragments were sequenced to verify the presence of
the desired mutation. The mutant fragments were then
recovered and ligated to the expression vector pET-22b.
Expression and purification of all the mutants were done by
procedures identical to those described for rScb.

RESULTS

Cloning and Nucleotide Sequence of the Scb cDNA—
Developing sunflower seeds were harvested, mRNA was
extracted, and the corresponding cDNA was synthesized.
With the help of two degenerate primers as described in
"MATERIALS AND METHODS," one fragment (230 bp) was
reproducibly amplified by PCR (data not shown). This was
the expected size based on the positions of the primers in
the protein sequence. After confirmation of its nucleotide
sequence, this fragment was used to screen the Scb cDNA
clone. Screening of approximately 1X105 independent
recombinant clones from a Agtll cDNA library gave six
positive clones whose insert cDNA fragments were sub-
cloned into the pUCl8 vector and sequenced.

The nucleotide sequence of the cDNA clone containing
the largest insert (645 bp) and its deduced amino acid
sequence are shown in Fig. 1. The cDNA insert is composed
of a 129-bp 5' noncoding sequence, a 369-bp coding se-
quence for Scb, a stop codon (TAA), and a 144-bp 3'
noncoding sequence. Comparison of the deduced amino acid
sequence from the nucleotide sequence of Scb cDNA with
the protein sequence reported previously (8) revealed that

1 CCG TGT OCT CIT TAT CCA AAA ACC CGC ATC AAA TTC GGT GCC TCT TGT TTT CGC TIT TCA 60

61 ACA AGC TTC TTT CCC CTA TAC ATA TAC ACA CAC CCA CTT CAT CTT CAA TCA AAC AAA CCA 120

121 AAT TTC ACC ATG TCC TCC AAA CTC CCA ATA ACC TTC TTC ATC ATT TCG CTC TCC CTT TTC 180
-22 | Met Ser Ser Lys Leu Pro H e Thr Phe Phe lie lie Ser Leu Ser Leu phe -6

V
172 CTC GTG GCA ACC GOC ATT CCA GGA GGA AGA ACT AAG OTC AAA AAC OTC AAA ACC GAC ACT 240
-5 Leu Val Ala Thr Ala| lie Pro Gly Gly Arg Thr Lys Val Lys Asn Val Lys Thr Asp Thr 15

241 GAG ATT CAG CAA CTC GGA AGT TAC TCA GTG GAC GAG TAC AAT CGG TTA CAA CGG ACG AAG 300
16 Glu H e Gin Gin Leu Gly Ser Tyr Ser Val Asp Glu Tyr Asn Arg Leu Gin Arg Thr Lys 35

301 AAA ACC QGC GCC GGA GAT CTG AAA TTC TCG CAG GTG ATT GCG GCG GAG ACG CAG GTG GTG 360
36 Lys Thr Gly Ala Gly Asp Leu Lys Phe Ser Gin Val H e Ala Ala Glu Thr Gin Val Val 55

361 GCC GGA ACC AAA TAT TAC TTG AAG ATT GAA GCG ATT ACG AAG GGC GGT AAG ATG AAG GTG 420
56 Ala Gly Thr Lys Tyr Tyr Leu Lys H e Glu Ala H e Thr Lys Gly Gly Lys Met Lys Val 75

421 TTC GAT GCG GAA GTG GTG GTT CAG TCA TGG AAG CAT TCG AAG AAG TTG TTA GGG TTT AAA 480
76 Phe Asp Ala Glu Val Val Val Gin Ser Trp Lys His Ser Lys Lys Leu Leu Gly Phe Lys 95

481 CCG GCA CCG GTT GAT AAG TAA ATA TTA ATT TTG TGT TTT GTG TGT GTG TGT TGA GAT CTG 540
96 Pro Ala Pro val Asp Lys TER 101

541 TTT GGT TTA TGG TGT GGT AAC TCG GTT TTT TTT TAT GAA TAA TAT GTA AGG ATC TGT GGC 600

601 TGA TTA AAA AAA AAA AAA AAA AAA AAA AAA AAA AAA AAA AAA AAA 645

Fig. 1. Nucleotide and deduced amino acid sequence of Scb cDNA clone. The predicted amino acid sequence is shown below the nucletide
sequence. The arrowhead indicates the processing site of Scb. The signal peptide at the N-terminal is boxed.
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the deduced sequence has a putative signal sequence
consisting of 22 amino acid residues, and that the amino
acid sequence of the deduced mature protein is completely
identical with that determined by the protein sequencing.

Expression of Scb in E. coli Cells—The expression
plasmid pET-Scb was introduced into E. coli strain
BL21(DE3) and the expression of Scb was induced by
adding IPTG to the culture medium. Western blotting
analysis of the cell lysate of E. coli revealed a 14-kDa
protein band in the E. coli extracts induced with IPTG, but
not in the extracts without induction (data not shown).
Subsequently, the extract from E. coli expressing Scb was
prepared by sonication, and the soluble and insoluble
fractions were analysed by SDS-PAGE followed by West-
ern blotting. This analysis showed that the recombinant
Scb (rScb) occurred in both the cytoplasmic fraction and
inclusion bodies.

Purification of the Recombinant Scb (rScb)-ln prelimi-
nary experiments, when the E. coli lysate induced with
IPTG was put directly onto Sephacryl S-200, the rScb was
eluted at void volumes, suggesting that the rScb obtained in
the cytoplasmic fraction was oligomerized, possibly
through hydrophobic interaction. Thus, in the subsequent
experiments, the rScb in the soluble fraction was purified in
the presence of 2 M urea in the solution. The soluble
fraction was prepared after sonication of E. coli cells and
rScb was denatured in a buffer containing 2 M urea, as
described in "MATERIALS AND METHODS." The rScb was
purified by gel filtration on Sephacryl S-200 followed by
ion-exchange column chromatography on a S-Sepharose
column. The inhibitor fraction was finally purified by RP-
HPLC on a Wakosil 5Ci8 column (Fig. 2). The major peak
showed strong papain-inhibitory activity and had almost
the same molecular mass (11,219 Da) measured by a
MALDI-TOF mass spectrometer. The yield of rScb was
about 10 mg/liter of induced culture.

The rScb expressed in inclusion bodies was dissolved in
7 M guanidine hydrochloride and refolded by dialyzation
against a buffer containing 2 M urea. Purification of the

rScb from inclusion bodies was performed as described
under "MATERIALS AND METHODS," and the protein was
obtained to the same amount as that from the soluble
fraction.

Sequence analysis of the recombinant proteins isolated
from the soluble fraction and inclusion bodies gave identical
N-tenninal sequences: Met-Ile-Pro-Gly-, indicating that
both rScb proteins have an extra Met residue attached to
the N-terminus of Scb.

The inhibitory potency of the rScb isolated from both the
soluble fraction and inclusion bodies toward the cysteine
proteinases papain and cathepsins were examined. The
result showed that the rScb from both fractions inhibited
papain to almost the same extent as the authentic Scb,
suggesting that both rScb proteins are folded into an active
conformation. Thus, in further studies, the rScb isolated
from the soluble fraction were used as a wild-type Scb.
Subsequently, the inhibitory activity of rScb toward
cathepsins was examined. The rScb exhibited slightly
different inhibitory activity from the authentic Scb toward
cathepsins: it inhibited cathepsin B more strongly than the
authentic Scb did, while it showed weaker inhibitory
activity toward cathepsins L and H (Table II). It can be
postulated that the difference in inhibitory activities
toward cathepsins shown by rScb and Scb might be attribu-
table to the extra methionine residue at the N-terminus of
the rScb.

Construction and Characterization of Scb Mutants—To
investigate the structure-activity relationship of Scb, four
Scb mutant cDNAs were prepared by in vitro mutagenesis
and expressed in E. coli cells. The resulting mutant
proteins were purified from the cytoplasmic fraction by
procedures identical to those described for rScb. Figure 3
shows SDS-PAGE profiles of typical preparations of rScb
and its mutant proteins. Three deletion mutants, N2, N4,
and N13, in which the N-terminal was truncated by two,
four, and thirteen amino acids, respectively, were con-
structed to examine the significance of the N-terminal
residues in Scb for papain inhibitory activity. A fourth

0 15 30

Retention time frntn.)

Fig. 2. Reverse-phase HPLC of purified recombinant Scb. Pro-
teins obtained by S-Sepharose column chromatography were subjected
to RP-HPLC on a Wakosil 5C,, (300 A) column (4.6x250 mm) with
0.1% TFA at a flow rate of 1 ml/min. The proteins were eluted with
a linear gradient of 24 to 56% acetonitrile in 0.1% TFA.

TABLE II. Inhibitory activity of authentic and
Scbs toward cysteine proteinases.

Authentic Scb
Recombinant Scb

Papain
7.2
7.3

Residual
Cathepsin

35.5
26.2

recombinant

activity (%)
B L

40.
50.

3
7

H
3.4

37.3
Inhibitor/Papain = 1.0. Inhibitor/Cathepsin8=10.0.

25.6

14.3 —

Fig. 3. SDS-polyacrylamlde gel electrophoresis of purified
rScb and its mutant. Samples were applied as follows: rScb (lane 1),
N2 (lane 2), N4 (lane 3), N13 (lane 4), and 45 (lane 5). M indicates
the standard protein, which were bovine serum albumin (67.0 kDa),
ar-chymotrypsinogen (25.6 kDa), and lysozyme (14.3 kDa).
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Concentration of Inhibitor (nM)
Fig. 4. Inhibition ofpapaln by increasing amounts of rScb and
its mutant proteins. A fixed amount of papain was mixed with
increasing amounts of the inhibitors, and the residual enzyme
activities were assayed as described in Ref. 8. Symbols: rScb (•); /)5
(A); N2 (A); N4 (O); and N13 (•).

mutant was also constructed (zJ5) in which five of the six
amino acids in the additional sequence in Scb (Arg30-Leu-
Gln-Arg-Thr3'') was deleted to investigate its importance
for the inhibitory activity toward papain.

As shown in Fig. 4, the inhibitory activity of the mutant
N2 was significantly decreased as compared with that of
rScb, while N4 and N13 scarcely retained any inhibitory
activity toward papain. These results suggest that the
glycine residues (Gly3 and/or Gly4) and the preceding
residues (Ile'-Pro2), in the N-terminal region are very
important for papain inhibition. In contrast, the mutant
designated Ah, in which the additional sequence (Arg30-
Leu-Gln-Arg-Thr34) was deleted, retained full inhibitory
activity toward papain. This indicates that the characteris-
tic additional amino acid residues in Scb are not involved in
inhibitory activity toward papain.

DISCUSSION

We isolated a cDNA clone encoding the phytocystatin Scb
from sunflower seeds. The Scb cDNA comprises 645
nucleotides and the open reading frame encodes a polypep-
tide of 123 amino acids. This includes a possible signal
peptide composed of 22 amino acids which resembles a
classical signal sequence: it has charged residues very near
the N-terminus followed by a long stretch of hydrophobic
amino acids and ends with an amino acid possessing a small
side chain (14). Although the localization of Scb in cells is
still not known, this finding suggests that Scb may be
synthesized as a pre-Scb consisting of a signal sequence of
22 amino acid residues which must be proteolytically
processed at its functional site.

The cDNA encoding the mature Scb was expressed in E.
coli cells. rScb was detected in both the supernatant and the
inclusion bodies, and the rScb proteins obtained from both
fractions, each of which had an extra Met at the N-ter-
minus, could inhibit papain to the same extent as the
authentic Scb. This indicates that rScb could refold into a
conformation similar to that of the authentic Scb, and also
that the additional methionine in the N-terminus had no

effect on the papain-inhibitory activity of rScb. This result
is well consistent with the fact that there is no difference
between the circular dichroism spectra of the authentic Scb
and rScb (data not shown). On the other hand, the inhibi-
tory activities of rScb toward cathepsins from mice were
slightly different. rScb showed stronger inhibitory activity
toward cathepsin B, and weaker activity toward cathepsins
L and H than the authentic Scb did. Cathepsins B, L, and H
were reported to be inhibited by cystatin C to different
extents, and the K, values toward these cathepsins were
increased or decreased by mutagenesis of the N-terminal
region of cystatin C (28). It was suggested that the different
effects on cathepsins might be attributable to their ability
to recognize the N-terminal region of cystatin. Therefore, it
is likely that the different inhibitory activities toward
cathepsins shown by rScb compared to those of Scb might
be due to the extra methionine residue attached at the
N-terminus of rScb.

A crystallographic study of chicken cystatin suggested
that the proteinase binding site comprises three regions,
the N-terminal region around Gly8, the Gln-Leu-Val-Ser-
Gly sequence at residues 53-57, and the region around
Trp104 (15). This proposition was confirmed by a crystallo-
graphic study of a complex consisting of cystatin B and
papain, in which cystatin B interacts with papain to form a
wedge composed of three motifs corresponding to those
found in the structure of chicken cystatin (16). However, a
cystatin B derivative, in which 6 N-terminal amino acids
including the Gly residue were missing, was found to
exhibit inhibitory activity (17), indicating that the N-ter-
minal region is dispensable for inhibition. In contrast,
implication of the N-terminal region in the inhibitory
activity was reported for cystatin C (18-20) and chicken
cystatin (21). Furthermore, site-directed mutagenesis of
cystatin A demonstrated the significance of the Gly residue
at position 4 (22, 23). Meanwhile, Shibuya et al. found by
NMR spectroscopic analysis of cystatin A that the mutation
of the Gly* residue caused chemical shifts of the Gln-Val-
Val-Ala-Gly sequence, suggesting that the N-terminal
region might not be involved in direct interaction with
papain, but may rather play a role in maintaining the
conformation of the loop structure containing the Gln-Val-
Val-Ala-Gly sequence (24). On the basis of these observa-
tions, it has been proposed that cystatins can be divided into
two groups depending on the involvement of the N-terminal
region in inhibitory activity (24): one group, including
cystatin A, cystatin C, and chicken cystatin, has an
N-terminal region whose conformation plays an important
role in maintaining the first loop structure; the other group,
including cystatin B, does not require the N-terminal region
for inhibitory activity.

With regard to phytocystatins, Abe et al. constructed an
oryzacystatin I mutant in which the N-terminal 21 amino
acids were deleted and, instead, an extra 15 amino acids
encoded by a pUC 18 polylinker were added, and showed
that oryzacystatin I did not require the N-terminal region
for papain inhibition (25, 26). However, it was reported
that direct deletion of the N-terminal 21 amino acids in
oryzacystatin caused a significant loss of papain-inhibitory
activity (27). The present study showed that N-terminal
truncation of Scb drastically decreased its inhibitory
activity. In this regard, it is likely that Scb as well as
oryzacystatin I can be classified into the former of the two
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proposed groups; the N-terminal regions of both phytocys-
tatins may support the conformation of the first loop as an
intramolecular chaperone. By contrast, the other sunflower
phytocystatin, Sea, which lacks 13 N-terminal amino acids
as compared with Scb, would be classified into the latter
group, as it can inhibit papain effectively (8). Although the
functional implication of two types of cystatins is still not
known, it is of interest that sunflower contains both types of
phytocystatins in its seeds.

We thank Prof. Kenji Yamamoto and Dr. Tomoko Kadowaki, Faculty
of Dentistry, Kyushu University, for assaying the inhibitory activity
toward cathepsins B, L, and H.
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