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ABSTRACT.-The extracts from various parrs (mostly seeds) of 56 different plants were 
examined for inhibition of protein synthesis by a rabbit reticulocyte lysate. Most extracts inhib- 
ited protein synthesis with an ID,, (concentration giving 50% inhibition) of 100 p g  extract 
protein per ml, or less. The extracts with high activity were partially purified by CM cellulose 
chromatography. Protein-containing fractions were separated which inhibited protein synthesis 
and resembled the ribosome-inactivating proteins from plants previously described. Thus, ribo- 
some-inactivating proteins appear to be virtually ubiquitous in plants. 

Ribosome-inactivating proteins (RIPs) (1) are proteins, so far identified only in 
plants, that inactivate eukaryotic ribosomes, acting on them in a less-than-equimolar 
ratio, i .e.,  in an apparently catalytic manner. Through a still unknown mechanism, 
they render the 60s ribosomal subunit incapable of binding the elongation factor 2, 
thus arresting protein synthesis. In previous papers ( 2 ,  3), approximately one-third of 
the seed-extracts from several plants examined inhibited protein synthesis, at a concen- 
tration of seed protein not higher than 100 pg/ml. This inhibitory activity could be 
accounted for by RIPs which were isolated from the extracts (4-1 1). 

With present experiments, we examined a number of extracts from plant materials, 
using in some cases a more refined purification procedure. This allowed us to detect the 
presence of much lower concentrations of RIPs, thus providing better information on 
the distribution of these proteins amongst plant species. The results showed that most 
extracts inhibited protein synthesis and that all those examined further contained pro- 
teins with properties very similar to those of known purified RIPs, thus supporting the 
notion that RIPs may be ubiquitous in the plant kingdom (3, 9, 11). It appeared also 
that a number of RIPS can be purified in large quantities. This may be very useful for the 
preparation of cytotoxic conjugates of RIPS with antibodies (“immunotoxins”) ot other 
suitable carriers, as practiced with gelonin (9, 12, 13) and with the pokeweed antiviral 
protein (14- 17). 

EXPERIMENTAL 

PLANT MATERIALS.-These were obtained from the sources indicated in Table 1. Seeds were stored 
at room temperature. Leaves, if not used fresh, were kept at -20”. Latices were diluted, immediately after 
collection, with 10 volumes of 0.14 M NaCl containing 5 mM sodium phosphate buffer, pH 7.2, and were 
stored at -20” until use. 

CHEMICALS.-Bovine serum albumin was obtained from Sigma Chemical Co., St Louis, MO, and 
was used as a standard for protein determination. Markers for molecular weight determinations were 
bovine serum albumin and chymotrypsinogen from Boehringer Mannheim GmbH, Mannheim, West 
Germany; ovaibumin from Pharmacia Fine Chemicals, Uppsala, Sweden; and reduced modeccin, prepared 
as described by St ipe  et al. (18). All other chemicals were obtained from the same sources as in previous 
work (3). 

PREPARATION OF EXTRACTS-kds, leaves, and roots were homogenized in a blender or with an 
Ultra-Turrax apparatus with enough phosphate-buffered saline described above (1.5 to 10 mug, depend- 
ing upon the material used) to obtain a reasonably liquid slurry. Extracts were left overnight at 4” on a mag- 
netic stirrer, and on the following morning were strained through cheesecloth and were centrifuged at 
28,000 g for 30 min. The supernatant was separated from the sediment and (when present) from a floating 
layer of fat and is referred to as “crude extract.” 

CHROMATOGRAPHY.-In all cases but Asparagus officinalis seeds, the procedure was as described 
previously (9). Crude extracts or diluted latices were dialyzed against 40 volumes of 5 mM sodium phos- 
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phate buffer, p H  6.5, with two changes, for at least 24 h at 4". Any precipitate formed during dialysis was 
removed by centrifugation, and the resulting clear supernatant was applied to a CM cellulose (CM 52) col- 
umn (20 cmX 1.6 cm), previously equilibrated with the same buffer. The column was washed with buffer 
until the A,,, of the effluent was below 0.1 and was then eluted with a 0-0.3 M linear NaCl gradient in the 
same buffer (total volume 500 rnl). In the case ofA. officinalis seeds, a 5 mM sodium phosphate buffer, pH 
6.0, was used in an otherwise identical procedure. The A,,, of the effluent was monitored and 2-ml frac- 
tions were collected, and those showing an absorbance were assayed for inhibition of protein synthesis. 

PROTEIN smTHEsIs.-Protein synthesis was determined with a rabbit reticulocyte lysate as de- 
scribed previously (IO). Reaction mixtures contained, in a final volume of 125 FI: 10 mM TrisiHCl buffer, 
p H  7.4, 100 mM ammonium acetate, 2 mM magnesium acetate, 1 mM ATP, 0.2 mM GTP, 15 mM 
phosphocreatine, 6 kg of creatine kinase, 0.05 mM amino acids (minus leucine), 0.19 FCi of L- 
['*Clleucine and 50 ~1 ofa lysate of rabbit reticulocytes. Incubation was at 27" for 5 min. The radioactivity 
incorporated into protein was determined on 25 F1-samples as described previously ( 10). 

OTHER DETERMINATIONS.-PrOtein was determined by the method of Lowry et a / .  (19) or spec- 
trophotometrically (20). 

SDS-polyacrylamide-gel electrophoresis was performed as described by Laemmli (2 1) with the follow- 
ing markers for molecular weights: bovine serum albumin (M, 68,000), ovalbumin (43 ,OOO), modeccin B- 
chain (35,000) and A-chain (28,000), and trypsin inhibitor (2 1,500). 

RESULTS AND DISCUSSION 

The effects on protein synthesis ofextracts from various parts (mostly seeds) from 56 
plant species belonging to 5 1 genera in 25 families are summarized in Table 1. Of 
these, 30 crude extracts inhibited protein synthesis with an ID,, (concentration giving 
50% inhibition) below 100 pg extract proteidml, 14 had an ID,, above 100 pg/ml, 
and 6 appeared inactive. Nineteen extracts, selected mainly on the basis ofhigh activity 
and availability of material, were chromatographed on CM 52 .  In all cases, including 
two extracts with low activity (Spinaria olwacea and Setaria italira seeds), at least one, 
but often more than one, active protein was separated and appeared as one (or more) dis- 
crete peak(s) (Figure 1). The inhibitory activity was destroyed by boiling the extracts 
for 20  min. 
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FIGURE 1. Representative chromatography of an extract. The dialyzed leaf-extract 
of Beta vulgaris was chromatographed on a column of CM-cellulose as 
described in the text. Fractions (2 ml) were eluted with a 0.03 M NaCl 
gradient (thin line) at 40 mUhr and theirti*,, was recorded (thick line). 
The inhibitory activity on protein synthesis (0- - -0) was assayed in the 
lysate system as described in the text with 10 ~1 of a suitable dilution of 
the fractions. Active fractions were pooled as indicated by the horizon- 
tal bars. 

On  SDS-polyacrylamide-gel electrophoresis, a protein band with mobility corre- 
sponding to M, 30,000, approximately, was present in all active peaks, in some cases 
together with other proteins (Figure 2) .  When peaks were electrophoretically homo- 
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geneous and highly concentrated, active proteins were purified and characterized 
further (22). 

1.- 

(a) 

FIGURE 2 

I -- -21.5 K 
~ - BPB 

(b) (c) (d) (e) 

Sodium dodecyl sulfatelpolyacrylarnidel 
gel electrophoresis. Electrophoresis was 
performed as described in the text. Migra- 
tion was from top to bottom, and the 
bromophenol blue front is indicated BPB. 
Beta vdgaris: (a) crude extract; (b) peak 
eluted at 0.085 M NaCI; (c) peak at 0.11 
M NaCI; (d) peak at 0.14 M NaCI; (e) peak 
at 0.18 M NaCI. 

These results demonstrate that extracts from most plants, including edible ones, 
inhibit protein synthesis by a lysate of rabbit reticulocytes. In all cases examined 
further, the inhibitory activity was due to proteins which for several properties (size, 
chromatographic behavior, inhibitory effect on protein synthesis) resembled the RIPs 
identified previously ( 1). Indeed, those proteins which were characterized further ap- 
peared to have all the properties of RIPs ( 2 2 ) .  The presence, in several cases, of more 
than one active protein is consistent with previous observations (6, 10) and may be due 
to the existence of isoforms of RIPs. 

RIPs appear to be present in many parts (seeds, leaves, roots, latices) of almost all 
plants examined. In some cases they, although present, may have not been detected be- 
cause the assay system was not sensitive enough, as it was suggested by Coleman and 
Roberts (1 1). Their concentrations vary from one plant to another and among different 
tissues of the same plant. Seed-extracts were usually more active than extracts from 
other parts of the same plant, although Convallaria mjalis was an exception. 

Present and previous investigations ( 2 ,  3 ,  11) are too limited to allow generalized 
conclusions on the distribution of RIPS amongst families and genera, although it seems 
that seeds from Caryophyllaceae, Cucurbitaceae, and Euphorbiaceae often contain high 
concentrations of RIPS. The fact that RIPs are virtually ubiquitous and often abundant 
in plants strongly suggests that they may have an important function. The hypotheses 
have been proposed that they may act as a defense against parasites or as regulators of 
protein synthesis (1 1). All RIPs examined so far have antiviral activity in plants (1). I t  
was suggested that the antiviral action of the pokeweed antiviral proteins is due to dam- 
age of ribosomes in virus-infected cells, an effect exerted only on ribosomes from other 



May-Jun 19851 Gasperi-Campani et al. : Ribosome-Inactivating Proteins 453 

plant species (23 ) .  This is consistent with the fact that RIPs exert an antiviral effect on 
heterologous plants only and rules out the possibility that protection against viral infec- 
tions can be a significant natural function of these proteins. The same inhibition of pro- 
tein synthesis was exerted by extracts from healthy and virus-infected leaves of Cheno- 
podium amuranticolm, thus indicating that RIPs are not induced by viral infections, by 
difference with the “interferon-like” antiviral factors found in virus-infected plants 
(24). 

RIPs also inhibit the multiplication of animal viruses (8, 25-27).  Since these pro- 
teins resist proteolytic digestion (9, 22) ,  the hypothesis was formulated that RIPs con- 
tained in vegetables eaten raw may contribute to the control ofviral infections in the in- 
testine of animals and man (22). 

The pokeweed antiviral protein is toxic to tobacco ( 2 8 )  and carrot (29) cells in cul- 
ture. This, and the fact that RIPs are present in saps, sometimes in high concentration 
(Hura crepitans, 22), led to the suggestion that they may be amongst the factors prevent- 
ing the establishment of heterografts ( 2 9 ) ,  if grafts were attempted on stocks, the sap of 
which contained RIPs toxic to the cells of the scions. It is noteworthy that the reasons 
for the failure of plant heterografts are unknown, although the possibility that stocks 
could produce substances toxic to the scion was suggested (30 ) .  Should these observa- 
tions be extended and substantiated further, an important role of RIPS may emerge in 
preventing the success of spontaneous grafts amongst plants, thus preserving the integ- 
rity of plant species. 
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