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Thionins are polypeptide toxins of about 5000 molecular weight, present in the endosperms of many 
Gramineae, which modify membrane permeability and inhibit macromolecular synthesis in cultured mam-
malian cells. Evidence is presented that they inhibit in vitro protein synthesis at micromolar concentrations in 
cell-free systems derived from wheat germ or from rabbit reticulocytes. Inhibition seems to occur by direct 
binding of mRNA by the toxin, as judged by the ability of thionins to medíate retention of RNA in 
nítrocelluiose filters and by the dependence of ínhibitory concentrations on the amount of exogenous RNA 
added to the wheat-germ translation system. Commercial preparations of wheat-germ have been found to 
include some endosperm contaminaron (up to 15%), which may result in at least partially Ínhibitory 
concentrations of the toxin in the cell-free extracts. 

Introduction 

The thionins are cystine-rich polypeptide toxins 
(4 -S-S-/45 amino acids) present in the endo
sperms of many Gramineae, including wheat [1-5]. 
They have more than half of their amino acid 
sequence in common with the cardiotoxic viscoto-
xins (3 -S-S-/46 amino acids), isolated from the 
mistletoes [6-7], and about 30% homology with 
the non-toxic crambin (3 -S-S-/46 amino acids), 
purified from Crambe abyssinica [8]. We have re-
cently shown that both thionins and viscotoxins 
modify membrane permeability in cultured mam-
malian cells, inducing leakiness to low-molecular-
weight compounds and ions [9]. It was also ob-
served that they inhibit in vivo macromolecular 

synthesis. Protein synthesis, which was more sensi-
tive than RNA or DNA synthesis, was inhibited at 
the same concentrations required to induce leakage, 
which suggested that the inhibition could be a 
consequence of the alteration of the ionic composi-
tion of the cytoplasm, although a more direct 
effect on specific steps of the process could not be 
excluded [9]. We report here that thionins inhibit 
in vitro protein synthesis both in the wheat germ 
and in the rabbit reticulocyte lysate systems, prob-
ably by direct binding of mRNA. We also show 
that commercial wheat-germ samples, which have 
variable amounts of contaminant endosperm, may 
have enough thionins to inhibit the in vitro system. 

Materials and Methods 

Thionins. Wheat thionins (purothionins) were 
obtained from Triticum aesíwum L cv. Aragón 03. 
Endosperm was extracted with petroleum ether 



and the extract was concentrated in vacuo. 
Thionins (a,, a2 and /?) were precipitated with 3 
vol. 1 M HC1 in ethanol and purified by prepara-
tive electrophoresis as previously described [9]. 

Monospecific antibodies and radial immunodiffu-
sion. Thionins were coupled to bovine serum al-
bumin and injected into rabbits essentially as de
scribed [10]. Serum was precipitated with 25% 
(NH4)2S04 and monospecific antibodies were ob-
tained by affinity chromatography according to 
Shapiro et al. [11]. Quantitation of thionins in 
wheat germ was carried out by radial immunodif-
fusion [12], using purified thionins as standards. 

Preparation of poly(A)+ RNA from barley endo-
sperm. Developing barley endosperm was extruded 
into liquid nitrogen at about 20 days after anthe-
sis. Polysomal RNA was prepared according to 
Larkins et al. [13] and poly(A)+ mRNA was ob-
tained by affinity chromatography on oligo(dT)-
cellulose (type 7, P-L Biochemicals) [14]. 

Wheat-germ translation system. Embryos from 
Triticum turgidum cv. Ledesma were obtained by 
hand-dissection and used to prepare S-23 fractions 
essentially as described by Roberts and Patterson 
[15], except that 2.5 volumes of buffer were used 
for the extraction step. Wheat germs from General 
Mills (U.S.A.), Niblack (U.S.A.), Marriages Ltd. 
(U.K., a gift from B.J. Miflin) and Fysis (Spain) 
were also used to obtain the corresponding S-23 
fractions in the same manner. Standard protein 
synthesis assays contained the following compo-
nents in 25 /u.1: 70 mM potassium acétate, 2.5 mM 
magnesium acétate, 100 /uM spermine, 20 mM 
Hepes (pH 7.6), 1 mM dithiothreitol, 1 mM ATP, 
30 ¡i M GTP, 10 mM creatine phosphate, 40 /xg/ml 
creatine kinase, 20 juM non-radioactive amino 
acids, 200 /iCi/ml of [35S]methionine (780 Ci/m-
mol, New England Nuclear), 10 jul of wheat em-
bryo S-23. Total RNA, or poly(A)+ RNA, and 
thionins were added as indicated in each case. 
Poly(U) was translated without spermine in 100 
mM potassium acétate and 9 mM magnesium 
acétate, using [3H]phenylalanine (15 Ci/mmol, 
New England Nuclear). Incubations were carried 
out at 28 °C and the radioactivity incorporated 
into protein was determined in 3-JLI1 aliquots. 

Reticulocyte lysate translation system. Reticulo-
cyte lysates from phenylhydrazine-treated rabbits 
were prepared essentially as described by Hunt 

and Jackson [16]. Standard protein synthesis as
says contained the following components in 30 jul: 
80 mM KC1, 0.3 mM MgCl2, 10 mM creatine 
phosphate, 1 jug (0.1 unit) of creatine kinase, 1.5 jul 
of a mixture of 19 non-radioactive amino acids at 
concentrations related to their frequency of occur-
rence in rabbit globin [16], 0.05 mM L-[l4C]leucine 
(144 mCi/mmol), 19 /¿l of reticulocyte lysate, 
thionins at the indicated concentrations, and, when 
present, 16 JU,M hemin. Incubation was at 30°C 
and the radioactivity incorporated into protein 
was determined in 3-jul aliquots. 

RNA binding assay. Assay samples (25 jul) con
tained 20 mM Hepes (pH 7.6) 100 mM KC1, 1 
mM magnesium acétate, 1 mM dithiothreitol, 
labelled RNA and thionins as indicated in the 
legends. After incubation for 5 min at 30°C, the 
reaction was stopped by dilution with 2 mi of cold 
wash buffer (20 mM Tris-HCl (pH 7.6), 100 mM 
KC1, 1 mM magnesium acétate, 1 mM dithioth
reitol) and the samples were filtered through 
nitrocellulose membranes (Millipore Hawpo 2500, 
0.45 jum pore size). The filters were washed twice 
with 3 mi of the above buffer, dried, and the 
retained radioactivity was measured. Foot and 
mouth disease virus poly(A)+ [32P]RNA was the 
gift of J. Ortin and E. Domingo and [3H]Met-
tRNA¡ was prepared according to Stanley [17], 
using crude tRNA from calf liver (Boehringer). 

Results 

Thionins were found to inhibit eukaryotic pro
tein synthesis. Both the mRNA-dependent wheat-
germ system and the rabbit reticulocyte lysate 
endogenous translation system were about equally 
inhibited by toxin concentrations in the /¿M range 
(Fig. 1A and B). 

Further inhibition tests with the wheat-germ 
system, using poly(A)+ RNA and total polysomal 
RNA from barley endosperm, as well as poly(U), 
indicated that toxin concentrations giving 50% in
hibition (ID50) increased with the exogenous RNA 
concentrations (Fig. 2), which suggested a direct 
binding of the RNA by the toxin. To test further 
this hypothesis, toxin-mediated retention of radio-
actively labelled RNA by nitrocellulose filters was 
investigated. Both poly(A)+ [32P]RNA from the 
foot and mouth disease virus and [3H]Met-tRNA¡ 



100 0 50 
TOXIN CONCENTRATION (/*g/ml) 

Fig. 1. Inhibition of eukaryotic cell-free protein synthesis by 
thionins. (A) Wheat-embryo system (T. turgidum, cv. Ledesma): 
assays are described in Materials and Methods; 20 Mg/ml of 
poly(A)+ RNA from barley endosperm were used in all tubes; 
thionin concentraron of 5 /xg/ml = 1 /¿M; 100% activity was 
31600 cpm/3 /xl over an endogenous activity of 2500 cpm/3 
/il, using [35S]methionine; 45 min incubation. (B) Rabbit re-
ticulocyte lysate: assays are described in Materials and Meth
ods; 100% activity was 21 174 cpm/3 \i\, which is the difference 
of [14C]leucine incorporated in the presence of hemin (29273 
cpm/3 /ul) and in its absence (8099 cpm/3 /il); 30 min incuba
tion. 
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Fig. 2. Dependence of the toxin concentration required for 50% 
inhibition of translation on the amount of RNA added to the 
wheat-embryo system (Ledesma wheat). Poly(A)+ RNA and 
total polysomal RNA were from barley endosperm. Conditions 
are described in Materials and Methods. 
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Fig. 3. Binding of labelled RNA by thionins. Foot and mouth 
disease virus poly(A)+ [32P]RNA (106 cpm//xg), 7300 cpm/ 
sample. [3H]Met-tRNA,, 27800 cpm/sample, 9.6 /xg/sample 
of total tRNA (about 0.045 /ig of labelled tRNA). Bovine 
serum albumin did not show any binding to both RNAs at the 
same concentrations as thionins. 

were retained by the filters in the presence of 
micromolar concentrations of the toxin (Fig. 3A 
and B). In the second case, the apparent efficiency 
of retention was lower than in the first because of 
the lower overall specific activity of the RNA in 
the sample, which included a high proportion of 
unlabelled tRNA species. The extent of binding of 
thionins to [3H]Met-tRNA¡, which was not in-
creased by GTP, was very similar to the GTP-de-
pendent binding of initiation factor eIF2 from 
rabbit reticulocytes to the same [H3]Met-tRNA¡ 
preparation (data not shown). The binding of 
thionin to this tRNA does not seem to be specific, 
as [3H]Phe-tRNA from yeast was also retained in 
the filter (data not shown). 

Commercial samples of wheat germ have varia
ble amounts of contaminating endosperm, espe-
cially if they have been obtained from non-vitre-
ous kernels, so it was considered of interest to 
determine their toxin contents, in view of their 
widespread use in preparing the mRNA-depen-
dent in vitro translation system. Quantitation was 
carried out by radial immunodiffusion (Table I). 
Thionin was not detected in hand-dissected em-
bryos and was present in different wheat endo-
sperms at concentrations in the 1000-2000 /¿g/g 
range. Concentrations in the wheat germs were 
70-160 jug/g, indicating a contamination by endo
sperm of up to 15% (Table I). Wheat-germ extracts 



TABLEI 

THIONIN CONTENTS AND TRANSLATIONAL 
FICIENCIES OF COMMERCIAL WHEAT GERMS 

EF-

Thionin contents were determined by radial immunodiffusion 
and translation efficiencies by comparison with hand-dissected 
embryos from Ledesma wheat (100% = 26000 cpm/3 ¡x\ above 
endogenous activity; the concentration of mRNA used (0.5 
fig/25 jal) was well below the saturation concentration (approx. 
2 fig/25 ,il)). 

Sample 

Wheat endosperms 
Ledesma embryo 
General Mills 
Niblack 
Marriage Ltd. 
Fysis 

Thionins 

(Mg/g) 

1000-2000 
0 

70 
80 

120 
160 

Protein synthesis 
(% of Ledesma) 

100 
138 
80 
65 

0 

were prepared from the same samples and their 
ability to medíate protein synthesis was compared 
(Table I). 

Discussion 

Proteins capable of inhibiting eukaryotic cell-
free translation have been found in seeds and 
other parts of many plant species [18]. The most 
thoroughly studied type of inhibitor is represented 
by toxins, such as ricin and abrin, that consist of 
an A (active) chain and a B (binding) chain, both 
of which are required for toxicity to intact mam-
malian cells, while the A chain alone is able to 
inhibit cell-free translation [19]. A more numerous 
group of inhibitors consists of single, A-chain-like 
non-toxic proteins [20,21]. A-chains act by cata-
lytic inactivation of ribosomes and are much more 
active on animal than on plant systems [19-23]. 
Tritin, a single-chain non-toxic inhibitor isolated 
from wheat seeds, is a basic protein of about 
30000 molecular weight which seems to be inac-
tive against the homologous cell-free system [23]. 
Other types of plant inhibitors that have been 
described include wheat-germ agglutinin (WGA), 
which seems to inhibit by reversibly binding to 
ribosomes through disulphide interchange [24], and 
an inhibitor from wheat germ (WGI) that 
phosphorylates initiation factor eIF2 [25]. 

Thionins differ from the above inhibitors in 
that they are single polypeptides which are active 
both against whole cells and against cell-free sys
tems. Inhibition of protein synthesis seems to oc-
cur by direct binding of mRNA to the toxin, as 
JUM concentrations of thionin mediate retention of 
RNA by nitrocellulose filters and inhibitory con
centrations depend on the amounts of exogenous 
RNA added. This mechanism is further supported 
by the fact that the toxin is inactivated by mod-
ification of its lysine amino groups [26]. 

The ID50 valúes of thionins against both 
eucariotic systems tested are of the same order as 
those described for WGA [24] and WGI [25]. The 
A-chains of ricin and Ricinus communis agglutinin 
show inhibitory activity against plant systems simi
lar to that of thionins, but are considerably more 
active (over 100-fold) against animal systems 
[19,20,22]. 

Thionins are quite abundant in cereal endo-
sperm, where they are synthesized as larger pre-
cursors which are processed in two steps and de-
posited in the endoplasmic reticulum (unpublished 
data). Their absence from the cytosol probably 
precludes their interference with in vivo protein 
synthesis. On the other hand, thionins re readily 
extractable from dry, mature endosperm by buffers 
with modérate salt concentrations, such as that 
used for in vitro translation. Thus, under the 
standard conditions used, toxin concentrations in 
the final translation mixture can be as high as 25 
jug/ml, well within the inhibitory concentration 
range. No strict correlation between thionin con
tení of different wheat-germ extracts and their 
ability to mediate protein synthesis was to be 
expected, because of the probable variation of 
other factors, but the wheat-germs with higher 
toxin content yielded the extracts with the lower 
translation efficiency. 

The physiological functions of thionins are as 
yet unknown, although they could have the role of 
protecting the starchy endosperm against infection 
during development and germination [9,23,27]. 
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