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The complete amino acid sequence of ribonuclease (RNase MC) from the seeds of bitter gourd (Momordica charantia) has been determined. This

has been achieved by the sequence analysis of peptides derived by enzymatic digestion with trypsin. lysylendopeptidase. and chymotrypsin, as well

as by chemical cleavage with cyanogen bromide. The protein contains 191 amino acid residucs and has a calculated molecular mass of 21259 Da.

Comparison of this sequence with sequences of the fungal RNases, RNase T2, and RNase Rb, revealed that there are highly conserved residues

at positions 32-38 (TXHGLWP) and 81-92 (FWXHEWXKHGTC). Furthermore, the sequence of RNase MC was found to be homologous to
those of Nicotiana alata S-glycoproteins involved in self-incompatibility sharing 41% identical residues,
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1. INTRODUCTION

A large number of ribonucleasrs (RNase) with dif-
ferent specificities have been isolated {rom a variety of
organisms and were investigated extensively from both
structural and functional points of view. Particularly,
RNases with a lower molecular mass, such as RNase T1
and RNase A, are well understood in terms of a model
system of nucleic acid/protein interaction [1-3]. In ad-
dition, some RNases have becnme invaluable tools in
molecular biology research because of their restricted
substrate specificity.

Although a vast amount of information has been ac-
cumulated on microbial and mammalian RNases, very
few studies of the plant RNases have thus far been pur-
sued. Recently, it was found that S-glycoproteins in-
volved in self-incompatibility in Nicotiana alata are
related to RNase T2 from Aspergillus oryzae [4]. Subse-
quently, McClure et al. demonstrated that S-
glycoproteins in fact contain RNase activity [S] and that
the enzyme exhibited its activity in pollen to hydrolyze
rRNA, thereby arresting pollen tubule growth [6]. In
addition, Niirnberger et al. found that RNase was in-
duced upon phosphate starvation, and proposed that
RNase functions to scavenge exogenous phosphate [7].
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In the course of the studies on protein-synthesis in-
hibitory proteins, Watanabe et al. isolated a 19 kDa
protein with RNase activity from the seeds of sponge
gourd (Luffa cylindrica) [8], and also we isolated
RNase MC, with a similar molecular mass and isoelec-
tric point, in higher yield from the seeds of bitter gourd
(Momordica charantia). Irie et al. showed, using
dinucleoside monophosphates, that RNase MC has a
remarkably high specificity toward CpU, ApU, and
UpU (unpublished result). As an initial step toward
understanding the structure/function relationships of
RNases of plant origin, we have determined the primary
structure of RNase MC and compared its sequence with
those of other RNases.

2. MATERIALS AND METHODS

RNase MC was prepared from a low-pH extract of the seeds by gel-
filtration on Sephadex G-75 and CM-cellulose column
chromatography in 10 mM phosphate buffer, pH 6.5, followed by S-
Sepharose column chromatography in 10 mM phosphate buffer, pH
6.0. RNase MC was eluted at around 0.25 M of NaCl from a CM-
cellulose column with a linear gradient of NaCl. The protein, purified
further by S-Sepharose column chromatography, migrated as a single
component on SDS-PAGE (the details will be described elsewhere).

Succinylation and carboxymethylation of RNase MC were done by
the procedures of Habeeb et al. [9] and Crestifield et al. [10], respec-
tively.

Five mg of RNase MC was digested with 0.1 mg of trypsin in water
adjusted to pH 8.0 with 0.1% NH4OH at 37°C for 4 h. Tryptic diges-
tion of the N-succinylated S-CM-RNase MC was performed by the
same procedure. Five mg of RNase MC was digested with 0.1 mg of
lysylendopeptidase in 10 mM Tris-HCI buffer, pH 9.0, containing 4
M urea, at 35°C for 4 h, Digestion of S-CM-RNase MC with
chymoltrypsin was carried out by as described above for tryptic diges-
tion. 200 g of RNase MC was digested by carboxypeptidase Y in 50
mM phosphate buffer, pH 6.5, containing 0.5% SDS for § min at
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37°C using an enzyme/protein molar ratio of 1:50. CNBr cleavage of
RNase MC was done as described by Steers et al. {11].

The peptides derived from enzymatic digestions as well as CNBr
cleavage were separated by RP-HPLC on a C4 column of YMC-Gel
(4.6 x 250 mm) using an acetonitrile gradient in S mM phosphate buf-
fer, pH 6.0. In casc of a second chromatography run, peptides were
purified on YMC-Gel (4.6x150 mm) using 0.1% aqueous
trifluoroacetic acid as the solvent.

Amino acid analysis was performed, after hydrolysis for 24 h at
110°C with 5.7 N HCI containing 0.05% 2-mercaptoethanol, on a
Hitachi HPLC system (Type 655A). Sequence determination of the
isolated peptides was carried out by manual Edman degradation
employing the DABITC/PITC double-coupling procedure [12]. All
sequence reagents were of the highest purity available and the other
reagents were of analytical grade.

3. RESULTS AND DISCUSSION

3.1. Sequence derermination

RNase MC, purified as described in Materials and
Methods, was subjected to amino acid analysis and
sugar analysis. The amino acid composition derived
from protein hydrolysate was Aspis.2o, Thris.eo,
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Serys.a2, Gluje.cs, Proio.13, Glyisss, Alaizae Vals.s,
Meto.gs, ller.gs, Leuis.2s, Tyrz.o7, Pheis.zz, Lysio.os,
Hiss.0s, Argo.16, 1/2Cysg.30. The sugar analysis with
PAS-staining indicated the absence of carbohydrate
chains in RNase MC. The N-terminal sequence of
RNase MC up to position 9 was determined to be Phe-
Asp-Ser-Phe-Trp-Phe-Vail-GIn-Gin- by the DABITC/
PITC double-coupling method. Carboxypeptidase Y
digestion of RNase MC using 1:50 molar ratio of
enzyme/substrate released the following equivalents of
amino acids: Ile, 0.91; Phe 1.73. The complete amino
acid sequence of RNase MC was derived from analyscs
of peptides obtained by cleavages with trypsin, lysylen-
dopeptidases, chymotrypsin, and CNBr.

RNase MC was first digested with trypsin and the
resulting peptides were isolated by several runs of RP-
HPLC using a YMC-Gel C4 column. Twelve peptides
were obtained in pure form and subjected to sequence
analysis by manual Edman degradation using DABITC
as a coupling reagent. As summarized in Fig. 1, the
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Fig. 1. The amino acid sequence of RNase MC from the seeds of Momordica charantia. Try and STry indicate peptides derived from cleavage
with trypsin of the intact and N-succinylated RNase MC, respectively. Lys, Chy, and BrCN indicate peptides derived from cleavages with lysylen-

dopeptidase, chymotrypsin and CNBr of 5-CM-RNase MC, respectively. Sequence data on individual peptides are indicated as follows: (

)

sequenced by the DABITC/PITC method; (~ — —) not identified by sequencing.
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complete sequences of all peptides except T-3 were
determined. The alignment of tryptic peptides was then
obtained from amino acid sequences of selective arginyl
and lysyl cleavage products from RNase MC.

Tryptic digestion of the N-succinylated S-CM-RNase
MC yielded 7 peptides which were separated by RP-
HPLC. The amino acid sequences of these peptides
were determined as summarized in Fig. 1. In this
analysis, the C-terminus of RNase MC was deduced as
Phe-Ile-Phe on the basis of sequence data and amino
acid composition of peptide ST-7, together with the
result obtained from carboxypeptidase Y digestion of
the protein. S-CM-RNase MC was cleaved by lysylen-
dopeptidase and the resulting peptides were resolved by
RP-HPLC. Six peptides were obtained in pure form
and subjected to sequence analysis. Although sequence
information thus determined could overlap most of the
tryptic peptides, two parts of the middle regions (posi-
tions 50-58 and 130-133) and the C-terminal region
(position 164-191) were still not established. These gaps
were filled by sequencing the peptides obtained by
chymotryptic digestion and CNBr cleavage of the pro-
tein.

Chymotryptic digestion of the protein yielded sixteen
peptides which were separated by RP-HPLC and the
resulting peptides were sequenced. Sequence of peptides
C-4, C-5 and C-12 could establish the remainder of the
sequence, and those of peptides C-10, C-15 and C-16
could provide alignments T-7 to T-8, and ST-6 to ST-7.
For determination of the sequence of the C-terminal
region, 5 mg of the protein was cleaved with CNBr in
70% formic acid for 20 h. As predicted from the
presence of one methionine residue, two fragments
(CB-1 and CB-2) were obtained in yields of 70% and
75%, respectively. The C-terminal fragment CB-2 was
further digested with 20 zg of trypsin and the digest was
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separated by RP-HPLC. Sequence analysis of peptide
CB-T-9 could provide the overlap between peptides
C-15 and C-16. By the combination of all results, the
complete amino acid sequence of RNase MC was unam-
biguously determined as given in Fig. 1.

The protein consists of 191 amino acid residues and
the amino acid composition derived from the sequence
is Aspg, Asnyo, Thrys, Seris, Gluz, Gin,g, Proyy, Glyie,
Alays, Valg, Met, Ileg, Leu;s, Tyrs, Phe;s, Lysi1o0, Hiss,
Argo, Trps, 1/2Cysg. This is in agreement with the
result obtained from the amino acid analysis of the pro-
tein. The protein sequence thus determined includes no
potential Asn-linked glycosylation sites (Asn-Xaa-
Thr/Ser), which is consistent with the finding that
RNase MC is insensitive to PAS-staining. From the se-
quence, the molecular weight of the protein was
calculated to be 21259 Da.

3.2. Sequence comparison

Comparison of the amino acid sequence of RNase
MC with those of other RNases revealed that RNase
MC shows homology to RNase T2 from Aspergillus
oryzae [13] and to RNase Rh from Rhizopus niveus
[14], which are base non-specific RNases from fungi, as
shown in Fig. Z. Although the substrate specificity of
RNase MC is different from those of fungal RNases
and the level of sequence identity is relatively low, they
share two segments of conserved sequence, TXHG-
LWP and FWXHEWXKHGTC, at positions 32-38 and
81-92 in the sequence of RNase MC, respectively.
Recently, His-34 (His-53 in RNase T2) and His-89
(His-115) in RNase T2) were identified as the active site
residues in RNase T2 [4] and also Glu-85 (Glu-105 in
RNase Rh) in RNase Rh (M. Irie, personal communica-
tion). Interestingly, these three residues are conserved
in RNase MC, suggesting that they may be involved in
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Fig. 2. Comparison of the amino acic. suquet.cc of RNase MC with thase of RNase T2 and RNase Rh from Aspergillus oryzae [13] and Rhizopus
niveus [14], respectively. Identical residues are enclosed in boxes.
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Fig. 3. Comparison of the amino acid sequence of RNase MC with those of Nicotiana alata S-glycoproteins $2, S3, and S6 [15,16]. The residues
identical with RNase MC are boxed.

the catalytic mechanism and/or in the formation of the
active site in RNase MC.

Recently, McClure et al. found that Nicotiana alata
S-glycoproteins involved in self-incompatibility are
RNase [5]. Hence, the sequence of RNase MC was also
compared with those of the S-glycoproteins S2, S3 and
S6, as shown in Fig. 3. This comparison shows that the
sequence of RNase MC can be readily aligned with
those of S-glycoproteins by making some insertions and
deletions and that RNase MC is about equally
homologous to all S-glycoproteins, sharing 41% iden-
tical residues; this value is higher than those obtained by
comparison with fungal RNases. The putative active
sites around the His residues described above in RNase
MC are again highly conserved in all S-glycoproteins,
having 8 and 5 consecutive identical residues. In addi-
tion to the two conserved segments, there are also other
individual positions in the sequence which are com-
pletely conserved in all molecules, as shown in Fig. 3. In
particular, all 8 cysteine residues in RNase MC are
totally conserved in all S-glycoproteins, whereas 3 cys-
teine residues, Cys-23, Cys-169, and Cys-180, are
substituted in the sequences of the fungal RNases. This
finding would suggest that the RNase MC and S§-
glycoproteins share structural features and that they
have diverged from a common ancestral protein.
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