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Abstract

Ribosome-inactivating protein from barley seeds has been
crystallized using polyethylene glycol as precipitant. The
crystal belongs to the monoclinic space group C2, with
unit-cell parameters a=288.36, b=62.59, c=53.18A
and B = 108.62°. The asymmetric unit contains one mol-
ecule of ribosome-inactivating protein with a correspond-
ing crystal volume per protein mass (V,,) of 2.32 A>Da '
and a solvent content of 47% by volume. The crystal
diffracts to about 2.3 A with X-rays from a rotating-anode
source and is very stable in the X-ray beam. X-ray data
(nearly complete to 2.4 A Bragg spacing) have been col-
lected from a native crystal.

Introduction

Ribosome-inactivating proteins (RIP’s), widely distributed
in the plant kingdom (Stirpe & Barbieri, 1986; Gould &
Richardson, 1987), inhibit protein synthesis by damaging
the 60S subunit of the eukaryotic ribosome in a catalytic
manner (Endo, Tsurugi & Lambert, 1988). RIP’s are
usually classified into two groups: type I and type II. Type
I (or single-chain) RIP’s are unable to enter intact cells and
thus are only capable of intoxicating cell-free systems.
However, type II RIP’s, such as ricin and abrin, are highly
toxic to intact cells. This is due to the presence of a
B-chain, which binds to the cell-surface receptor contain-
ing terminal galactose residues, in addition to the catalytic
A-chain (Stirpe & Barbieri, 1986; Gould & Richardson,
1987). RIP’s have attracted considerable interest in
recent years because of their potential applications in the
development of immunotoxins, which can be selectively
targeted to a particular cell type, such as cancer cells
(Olsnes & Pihl, 1982; Vitetta & Uhr, 1985). Type I RIP’s
are thought to be better candidates than type II RIP’s for
constructing immunotoxins because they lack their own
cell recognition and binding ability. The toxicity of type I
RIP’s can be greatly enhanced by their coupling to a
cell-binding protein (such as antibody or lectin) or by
incorporating them into liposomes or erythrocyte ghosts
which can be fused to intact cells. Moreover, some type I
RIP’s have also been shown to have a potent activity
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against HIV-l-infected T-cells and macrophages: tri-
chosanthin (McGrath et al., 1989); Momordica anti-HIV
protein, MAP 30 (Lee-Huang et al., 1990); Trichosanthes
anti-HIV protein, TAP 29 (Lee-Huang, Huang et al,
1991); Gelonium anti-HIV protein, GAP 31; and Dianthus
anti-HIV proteins, DAP’s 30 and 32 (Lee-Huang, Kung et
al., 1991).

RIP from barley seeds, belonging to the type I category,
inactivates eukaryotic ribosomes via a mechanism identical
to that of ricin A-chain. That is, it hydrolyzes the N-
glycosidic bond at 4*** of 28S rRNA of the 60S ribosomal
subunit (Endo, Tsurugi & Ebert, 1988). Like many other
type I RUP’s, it is a basic protein with p/ of above 9.0
(Hejgaard & Bjern, 1985). Its amino-acid sequence has
been deduced from the cDNA sequence. The mature
polypeptide chain, consisting of 280 amino-acid residues,
has a molecular mass of 29976 Da (Leah, Tommerup,
Svendsen & Mundy, 1991).

Crystal structures of several RIP’s have been reported:
(i) type II ricin (Montfort et al., 1987; Rutenber et al.,
1991) and abrin (Liaw, Tahirov, Chu, Lu & Lin, 1993); (ii)
type I ricin 4-chain (Monzingo & Robertus, 1992; Mlsna,
Monzingo, Katzin, Ernst & Robertus, 1993; Weston,
Tucker, Thatcher & Pauptit, 1993), pokeweed antiviral
protein (Monzingo, Collins, Ernst, Irvin & Robertus,
1993), trichosanthin (Pan et al., 1986; Xia, Zhang, Zhang,
Wu & Dong, 1993; Xiong, Zhang, Xia & Wang, 1993; Ma,
Jin, Gong & Wang, 1993) and momorcharin (Ren, Wang,
Dong & Stuart, 1993). Folding patterns and active-site
structures of pokeweed antiviral protein, trichosanthin,
momorcharin and abrin A4-chain are similar to those of
ricin A-chain (Xia, Zhang, Zhang, Wu & Dong, 1993; Ben,
Yaoping, Shizhi, Shen, Xingqi & Yicheng, 1993; Liaw,
Tahirov, Chu, Lu & Lin, 1993). It has also been noticed
that the RIP’s, retroviral reverse transcriptases and RNase
H share common structural elements (Ready, Katzin &
Robertus, 1988). However, there are interesting sequence
differences among RIP’s. For example, the RIP from
barley seeds has a four-residue insertion at the end of the
key active-site helix of ricin A4-chain (Ready, Katzin &
Robertus, 1988). Therefore, it would be interesting to
compare the structure of the RIP from barley seeds with
other related structures. Crystallization of Mirabilis anti-
viral protein has been reported (Miyano et al., 1992). In
this paper crystallization and preliminary X-ray data of
RIP from barley seeds are reported.
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Table 1. Data collection statistics

Number of
Resolution unique Completeness Rinerge®
shell (A) reflections (%) (%)
29.0-10.0 161 92.6 S.1
10.0-6.00 551 98.7 39
6.00-4.00 1672 99.2 3.8
4.00-3.30 1822 99.5 4.7
3.30-2.90 1964 99.4 7.1
2.90-2.60 2264 96.3 9.9
2.60-2.40 1140 743 9.5
2.40-2.34 187 22.1 8.1
29.0-2.40 9870 90.7 53
29.0-2.34 10057 85.7 5.3

* Reerge = 2nidn; — I/ 20l , where (1) is the average inten-
sity of the i observations of reflection A.
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