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Abstract

A cDNA coding a putative ribosome - inactivating protein (CF - RIP) from Cucumis figarei has been
cloned and sequenced. The entire cDNA contains an ORF encoding a protein of 286 amino acids which
shares conserved residues for ribosome- inactivating proteins (RIPs). CF- RIP shares 54.8-64.5%
identity with four RIPs from other cucurbits. RT-PCR analysis indicated that CF-RIP mRNA was

expressed in leaf and stem tissues of C. figarei.

Many plant species contain ribosome-inacti-
vating proteins (RIPs) (Barbieri and Stirpe, 1982),
which are interesting because of their potential
usage as therapeutic agents (McGrath et al., 1989;
Stirpe et al., 1992). RIPs cleave the N-glycosidic
bond at adenine 4324 of rat liver 28S tRNA to
inactivate the ribosomes, resulting in the inhibition
of protein synthesis (Endo et al., 1987; Taylor and
Irvin, 1990). RIPs also exhibit antiviral activity
against a wide range of plant viruses when applied
exogenously to inoculated leaves (Battelli and
Stirpe, 1995) and when expressed constitutively in
transgenic plants (Lodge et al., 1993; Hong et al,
1996; Wang et al., 1998). We have so far found that
Cucumis figarei, a wild African cucurbit, is highly
resistant to plant virus infection (Saiga ef al., 1998).
Therefore, we examined the possibility that C.
figarei contained an RIP homologue in the tissues
and obtained a ¢cDNA for it. The putative RIP from
C. figarei was designated CF-RIP.

To generate a RIP ¢cDNA fragment, two mixed
primers were designed for PCR on cDNA sequences
for two cucurbit RIPs: a -momorcharin (Ho ef al.,
1991) from Momordica charantia and a -tricho-
santhin (Chow et al, 1990) from Trichosanthes
kirilowii. The sense primer, S1 (5°-GCCRTA-
GAYGTAACNAAYGTNTAYATHATGGG-3),
was derived from the cDNA sequence of 256-287
for « - momorcharin and a -trichosanthin, and the
antisense primer, Al (5’-CCAACTRTTTTCY-
AAACTTATARTTGC-3), was derived from the
sequence of 619-645 for them. Total RNA was
isolated from 0.1 g of C. figarei leaves using Total
RNA Extraction Kit (Amersham Pharmacia Bio-

tech) and was reverse-transferred to first-strand
¢DNA with dT(15) primer. RNA isolated from M.
charantia was used as the control. Using their
cDNAs as the template, after preheating (94 °C, 4
min), 30 cycles of denaturation (94 °C, 30 sec),
annealing (57 °C, 1 min) and extension {72 °C , 30
sec) were carried out to amplify the partial cDNAs
by EX Taq polymerase (TAKARA) and GeneAmp®
PCR System 9700 (PE Applied Biosystems). The
products with an expected size of approximately
390 bp were amplified by PCR and were cloned
with TA Cloning Kit (Invitrogen). Their ¢cDNA
sequences were then determined using ABI PRISM
® BigDye™ Terminator Cycle Sequencing Ready
Reaction Kit (PE Applied Biosystems). The se-
guence of the fragment for M. charantia was iden-
tical to nearly half of the cDNA sequence for « -
momorcharin and that for C. figarei was highly
homologous to it.

Then, rapid amplification of cDNA ends (RACE)
was used to obtain a full length cDNA for CF-RIP.
To execute 5’RACE, three antisense primers were
designed for nested PCR based on sequence of the
PCR product from C. figarei. Firstly, total RNA
isolated from C. figarei leaves was reverse- trans-
ferred to first-strand cDNA with GSP1 (5-
GAAGCTTTTGGTAATTCCCAGAATATGG-3’),
and poly dCTP was sequentially extended onto 3’
end of its cDNA. Using that as the template, sec-
ondly, products were amplified by PCR with dG(15)
primer and GSP2 (5'-GGGAGTGTAATACTCTT-
TGTACCTTG-3’). Using its products as the tem-
plate, thirdly, product was successfully amplified by
PCR with dG (15) primer and GSP3 (5° - GCGTCG-
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Fig.1 Nucleotide and deduced amino acid sequence of ¢cDNA for Cucumis figarei ribosome-
inactivating protein (CF- RIP, accession number AB045560). Sense and antisense primers
used for PCR amplification are indicated by arrows.

GTCTCGTTGAAAAAGTAGGATG-3"). The
product cloned was sequenced, and the 5° end of the

CF-RIP cDNA was determined. To execute
3’RACE, total RNA isolated from C. figarei leaves
was reverse- transferred to first-strand ¢cDNA with

CFAdT (5°~-TTCTTGTAGTACTAGATGACACGG-
CAGCGACTAGTACTTTTTTTTTTTTTT -3°) as
the anchor primer. Using its cDNA as the template,

the full length cDNA was amplified by PCR with

CF1 (5°-GTATAGTATCCAAAGTGAAGGTG -

3’) and with CFA (5’ - GACACGGCAGCGACTAG-
TAC-3") as the adapter primer. The product was
cloned, and the entire sequence for the CF-RIP

¢DNA was determined.

The CF-RIP cDNA is composed of 1042 nucleo-
tides containing an open reading frame of 286
amino acid residues (Fig. 1). The amino acid se-
quence deduced from cDNA shows high similarity
to the four RIPs from cucurbit, e - luffin (Kataoka ez
al., 1992a) (64.5%), A -luffin (Kataoka et al,
1992b) {62.6%), a -momorcharin (59.4%) and « -
trichosanthin (54.8%). Since the deduced protein
sequence and the four cucurbit RIPs share many
conserved sites (Fig. 2), they are considered con-
specific proteins. No reported domains with bio-

logical activities were detected in the residues.

CF-RIP gene expression in C. figarei tissues was
verified by reverse transcription-polymerase chain
reaction (RT-PCR). Total RNAs isolated from 0.1
g of tissues using Total RNA Extraction Kit
(Amersham Pharmacia Biotech) were reverse-
transferred to the first-strand cDNAs with CFAdT.
Using the ¢cDNAs as the template, CF-RIP gene
was amplified by Ampli Taq Gold polymerase (PE
Applied Biosystems) with CF1 and CFA, after
preheating (94 °C, 10 min), 45 cycles of denaturation
(94 C, 30 sec), annealing (58 °C, 40 sec) and exten-
sion (72 °C, 30 sec). CF-RIP mRNA was detected in
leaf and stem tissues of C. figarei (Fig. 3). Although
mechanism of the tissue - specific expression of CF-
RIP mRNA remained unclear, it might be related to
Ahe protective role of RIPs to pathogens (Battelli
and Stirpe, 1995).

From these results we conclude that C. figarei
produces a putative RIP. CF- RIP may possibly be
one of the antiviral factors in C. figarei which we
have investigated (Saiga et al., 1998). Further stu-
dies are needed to recover native CF-RIP from the
plant and to analyze its N-glycosidase activity
(Endo et al., 1987; Stirpe et al., 1992). They will
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CF-RIP NEESVIMCLVIMSTFHGVPTAEGDVTEK[FSML € SNHIKRYES SMENEMENAGDIYNI 66
a-luffin KRR TV - - - -T[RAT-FVAASTVE - ADWRIFSIES€S SSTRYES KIMIGD L RKINMESNGTVYNIL 54
p-luffin NEGTFR-S--LTT-1 TAFFTVEGANRS[FSESIEADSIRYES ALBKEARESKEKVSNI| 56
a-momorcharin SE&GSVR-S--FRILATFLGGSTVKGDYS[JRESEADPRIYGMIKDFENIIMEFREKVYNI 57
o-trichosanthin gI[ELVE-S--LRILTLFLTTPAVEGDYSERESEATSSRYGVIRISNLKINMENERKL YD 57

CF-RIP PRRVPRI SIESRI(TMMOESE GNTHTMAVINALTAS1EA] VNGIRYERNETDRQLSKF 120
a-luffin T[HEL SSASEASEMTIEMTESIBDGKALIT VIS VARSI gniiey (| VN SIS RENESDRKLASQY 114
p-luffin PREL PRASIGA SORTIRMOI S DAK ANTMAT AR SIS {1 VNSRRI SNE SDRKLSQY 116
a-momorcharin PREL PRV SIEAGR(L IMHEFIDGKTHT VAVINATASIAT ADTIRY{ERIEPARELMSQY 117
a-trichosanthin PEERSELPESAARTHETEMADETHS VAT BEARNARUIIO(RAGDIRYIRENEASITERMAKY 117
CF-RIP 179

a-luffin
p-luffin
a-momorcharin
a-trichosanthin

AL YIS TR HIDSTARNAG

AL YIS TRY YIDSRSEPTIF
AL IYNT TRFHDSTARAALIF
AL BRENITTRFYRNANSEAS]:

gL
i i
AT SFHDSTARAGRFLT 175
LLL
LML 177

CF-RIP 239
a-luffin TSKNQV 233
p-luffin IPKNEVY 235
a-momorcharin 237
a~-trichosanthin 237
CF-RIP TINDKGILTEVTNESSL 286
a-luffin ITDDKGQRVEITNYTS 277
p-luffin TIDNKGQRVEIKDUNS N 278
a-momorcharin LYDNKGNRVQITNYTS SEMOIMABRTRNIAEGDNGDVSTTHGF--SSY-- 286
a-trichosanthin LINAQNQRVMITNEDA SEMAIREYRNNMAAMDD-DVPMTQSFGCGSYAT 289

Fig.2 Alignment of the deduced amino acid sequence for CF- RIP, a - luffin (Kataoka er al.,
1992a), B - luffin (Kataoka ef al., 1992b), o - momorcharin (Ho ef al, 1991) and a -
trichosanthin (Chow et al., 1990). The alignment was determined using Genetyx—-Mac
(Software Development). Identical residues are indicated by reversed letters.
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Fig.3 RT-PCR analysis of CF-RIP mRNA tran-
script expression in C. figarei on agarose gel
electrophoresis. Total RNAs from each tissue
were subjected to RT-PCR using primers CF1
and CFA. Lane 1, leaf; Lane 2, petiole; Lane 3,
stem; Lane 4, toot; Lane 5, total RNA (negative
control); Lane M, DNA 100 bp ladder; arrow,
amplified products with expected size.

contribute better understanding of the antiviral
mechanism of RIPs and facilitate development of
broad spectrum resistance to disease infection in
transgenic plants. Characterization of CF-RIP ex-
pressed in Escherichia coli is now in progress.
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