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PRELIMINARY CRYSTALLOGRAPHIC REPORTS

Crystallization of a scRIP—Gelonin Isolated From
Plant Seeds Gelonium multiforum
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ABSTRACT  Single crystals of the protein
gelonin isolated from the seeds of Gelonium
multiforum have been grown at room temper-
ature by vapor diffusion method. The crystals
are monclinic witha=49.4 A, b=44.9 A, c=1374
A, and B = 98.3°. The space group is P2,, with
two molecules in the asymmetric unit which are
related by a noncrystallographic 2-fold axis
along ¢ =13° and ¢ =88°. The crystals diffract
X-rays to high resolution, making it possible to
obtain an accurate structure of this single chain
ribosome inactivating protein.
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Two types of ribosome-inactivating proteins
(RIPs) have been isolated in large quantities from
different parts of plants.’-? The type 1 RIPs (scRIPs),
e.g., trichosanthin, gelonin, Mirabilis antiviral pro-
tein, etc., are single chain polypeptides of molecular
weight around 26 kDa, and exhibit an alkaline p/ in
the range of pH 8 to pH 10.® The type 2 RIPs, e.g.,
ricin, modeccin, abrin, etc., consist of two polypep-
tide chains, A and B, linked together by disulfide
bridges. Proteins of both types inhibit protein syn-
thesis in eukaryotes by catalytically cleaving the
N-glycosidic bond of a specific adenine residue in
rRNA, thereby preventing binding of the elongation
factor (EF2) to the 60 S subunit of eukaryotic ribo-
somes.? The degree of inhibition is species and cell
type specific. The catalytic activity of type 2 RIPs is
associated with only their A-chain, and the B-chain
simply has lectin-like properties. Primary struc-
tures of a number of RIPs of both types have been
determined, and the sequence homology between
type 1 and type 2 RIPs is in the range of 15-30%."
The scRIPs are all found to be much more resistant
to a variety of physicochemical treatments such as
freeze-drying, protease treatment, change of pH,
etc., as compared to the A-chains of type 2 RIPs.®
Further, scRIPs are nontoxic to intact cells since
they lack cell surface receptor binding ability and
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hence cannot gain entry into cells on their own.?
Unlike type 2 RIPs, a large number of non-cross-
reacting scRIPs have been purified which can be
used in succession to escape immune response from
host cells to prolonged administration of RIPs.
Therefore, scRIPs can be more useful in cancer ther-
apy as “immunotoxins” that can be directed against
specific target cells through conjugation with suit-
able cell recognition molecules such as antibodies.
However, detailed three-dimensional structure is
needed to understand and fully exploit these prop-
erties of scRIPs. Interest in the structure of scRIPs
has been further enhanced by recent findings that
these proteins have selective toxicity against cells
infected with human immunodeficiency virus.® A 3
A electron density map of a-tricosanthin and crys-
tallization report on Mirabilis antiviral protein have
been published.”® We report here production and
preliminary X-ray analysis of gelonin crystals that
diffract X-rays to 1.8 A resolution.

Gelonin was isolated from Gelonium multiforum
seeds, purchased from United Chemicals and Allied
products, Calcutta, India. The extracted protein was
purified using ion-exchange CM-cellulose chroma-
tography, as described by Stirpe et al.® Typically 100
mg of pure Gelonin was obtained from 100 g seeds.
Its purity and activity were determined, respec-
tively, by SDS-PAGE and the extent to which it in-
hibited, in vitro, the incorporation of [**S]methio-
nine in protein synthesis using rabbit reticulocyte
lysate. The LDy, was found to be 13.68 ng/ml, which
is in agreement with that reported by Stirpe et al.®

Abbreviations used: RIP, ribosome inactivating protein;
scRIP, single chain ribosome inactivating protein; PEG, poly-
ethylene glycol.
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Fig. 1. Stereographic projection of the rotation function map calculated for k=180° using PROTEIN
program package. Diffraction data with d-spacings between 8 and 3.7 A were included in the calculation. The
map has been contoured at intervals of 25 starting from the average value. Poiar angles ¢ and ¢ have been

varied in steps of 5°.

From chemical modification studies of purified pro-
tein, few arginines have been found to be critical for
the function of gelonin.®® The purified protein was
extensively dialysed against 10 mM sodium phos-
phate buffer, pH 7.0, and was then stored frozen at
—70°C. Aliquots of this stock solution were thawed
and concentrated to 10 mg/ml for crystallization ex-
periments. Protein concentration was estimated
photometrically using an absorption coefficient of
E.5'” = 6.7. Initial conditions for crystallization
were determined by the sparce matrix method.*®
These conditions were then refined by systemati-
cally varying the pH, ionic strength, and precipitant
concentration.

Single crystals suitable for x-ray diffraction stud-
ies were obtained by vapor diffusion with PEG 3350
as the precipitant in hanging drops.!' On a sili-
conized cover slip 5 pl of protein at a concentration
of 10 mg/ml in 10 mM sodium phosphate buffer of
pH 7.0 was mixed with 5 pul of (23% PEG 3350) res-
ervoir solution B, which contained 0.1 M lithium
sulfate, 0.1 M ammonium sulfate, and 0.1 M Tris of
pH 8.5. The coverslip was then inverted and sealed
on a reservoir of 1.0 ml of solution B. Crystals ap-
peared within a week and grew to a size of
0.2%x0.1x0.2 mm?®. Bigger crystals could be grown
by the “sitting drop” method. The crystal data and
space group symmetry were obtained automatically
using Siemen’s area detector and the XDS software
package.'? These unit cell dimensions were input
while collecting high-resolution data on a RAXIS II

image plate system. The crystals belong to the mon-
oclinic space group P2; with the following unit cell
dimensions: a=49.4, b=44.9, c=1374 A, and B =
98.3°. The crystals are not isomorphous to crystals of
other scRIPs reported earlier,”® and diffract X-rays
to 1.8 A resolution. For a 30-kDa protein, the V
values are 4.98 or 2.49 A%/D, depending on whether
one or two molecules are present in the asymmetric
unit. The latter value is consistent with the range of
observed V., values for protein crystals,'® thus sug-
gesting that there are two protein molecules in the
asymmetric unit. A total of 105,785 reflections in
180 frames have been measured to 1.8 A resolution
using a RAXIS image plate system mounted on a
Rigaku RU300 X-ray generator. The measurements
were scaled and merged and the number of unique
reflections for which I/o(I) was >1.0 was 38,227. The
B, crge value was 7.6%.

Self-rotation function'* maps were calculated in
direct space using the software package PRO-
TEIN.'® Diffraction data with d-spacings between 8
and 3.7 A were included in Patterson map computa-
tion. Patterson vectors lying between spherical
shells of different combination of inner and outer
radii were chosen for various rotation function cal-
culations. Figure 1 shows a stereographic projection
of the self-rotation function map calculated for k =
180°. Patterson vectors of length between 15 and 30
A were used in this calculation. In addition to the
crystallographic peak at ¢ = 0° (the peak height
being 8.7 arbitrary units), there is only one other
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strong peak (of height 4.3 units) and ¢ = 13° and ¢
= 88°. The average value of the map is 1.7 units and
the standard deviation is 0.1. This peak was present
for all choices of Patterson vector lengths. Further,
there was no peak of such height, when rotation
function maps were calculated for k values of 60°,
90°, 72°, and 120°. It is, therefore, clear that the two
gelonin molecules in the asymmetric unit are re-
lated by a noncrystallographic 2-fold axis of symme-
try. Further analysis of data to solve the structure at
high resolution is currently under progress. High
resolution structure of gelonin is likely to help in the
selection and preparation of conjugates toxic to spe-
cific tumor cells or cells infected with HIV.
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