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Ribosome-inactivating proteins (RIPs) either single-chain (type 1) or two-chain (type 2)
are frequent in plants, often in multiple forms. They are RNA N-glycosidases, have antiviral,
antifungal and insecticidal activity. Their expression in plants is increased under stressful
conditions. They are investigated for practical applications in medicine and in agriculture.
In medicine, RIPs have been linked to, or fused with, appropriate antibodies or other
carriers to form “immunotoxins” or other conjugates specifically toxic to the cells target of
the carrier, with the aim of eliminating malignant or other undesired cells. In agriculture, it
has been observed that an enhanced expression of RIPs confers to plants an increased
resistance to viruses, fungi, insects, and also to drought and salinity.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Ribosome-inactivating proteins (RIPs) are a family of
proteins that have been identified and described in the last
forty years. Fairly soon several possible applications of
these proteins were envisaged, some of which appear close
to realization.

Ribosome-inactivating proteins have been found in
plants, mushrooms and bacteria, often in multiple forms
and have been classified as type 1, consisting of a single
chain with enzymatic activity, and type 2, consisting of an
A-chain similar to type 1 RIPs, linked to a B-chain with
properties of a lectin specific for sugars with the galactose
structure (reviews by Van Damme et al., 2001; Girbés et al.,
2004; Stirpe and Battelli, 2006; Puri et al., 2012). A type 3
RIP also has been described, consisting of a single chain
with an additional protein segment that must be removed
for the RIP to be active (Peumans et al., 2001). More type 1
than type 2 RIPs have been identified, and were detected in
. All rights reserved.
many plants, including several vegetables which are eaten
raw (Barbieri et al., 2006). The hypothesis that they could
be present in all plants should be dismissed, because a gene
for them was not found in the genome of Arabidopsis
thaliana. In many plants RIPs are found in several tissues
(e.g. saporin in Saponaria officinalis), in other plants in one
tissue only (e.g. ricin in the seeds of Ricinus communis).

The enzymatic activity of RIPs is an N-glycosidase (rRNA
N-glycosidase, EC 3.2.22), which removes a single adenine
from rRNA (A4324 from the 28S rRNA in the 60S subunit of
rat liver ribosomes), thus causing inhibition of protein
synthesis. RIPs also remove adenine from DNA and other
polynucleotides, although with variable efficiency, and
consequently the denomination of adenine polynucleotide
glycosylase was proposed for these proteins (Barbieri et al.,
2001). It has been reported that other enzymatic activities
are associated with some RIPs: chitinase (Shih et al., 1997),
superoxide dismutase (Li et al., 1997), DNase (Ruggiero
et al., 2007), lipase (Lombard et al., 2001); however, the
possibility that they result from contamination cannot be
excluded.

The B-chains of type 2 RIPs are lectins which bind to
galactosyl residues on the surface of animal cells, allowing
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the A-chains to enter the cytoplasm, where they damage
ribosomes with consequent cell death (review by Sandvig
and van Deurs, 2002). Thus some type 2 RIPs are potent
toxins, ricin the best known, whereas others are not toxic,
possibly due to differences in their entry into cells and
intracellular routing and resistance to proteolysis (Battelli
et al., 1997). Toxic type 2 RIPs have been used for homi-
cidal purposes (Knight, 1979), and there are fears that ricin
and related toxins could be used as biological weapons for
warfare or terrorism (Griffiths, 2011).

Type 1 RIPs are much less toxic, because lacking the
B-chain they do not bind to cells, in which they enter with
difficulty, however, they can be toxic if they are conjugated
to molecules capable of linking to cells.

Most RIPs have antiviral (Parikh and Tumer, 2004; Kaur
et al., 2011), antifungal (Ng, 2004; Theis and Stahl, 2004),
insecticidal (Carlini and Grossi-de-Sá, 2002) and abortifa-
cient properties (Ng et al., 1992), and seem to have a role in
plants under stressful conditions (see below). There have
been attempts to exploit these properties of RIPs in medi-
cine and in agriculture. Furthermore, several studies have
been performed with RIPs linked to, or fused with, vector
molecules capable of delivering them to target cells to be
eliminated. These conjugates are research tools, particu-
larly used in neurobiology research, (Wiley and Lappi,
2005), but are also studied for therapeutic uses (Fracasso
et al., 2010).

This article will be focused on examples of practical
applications of RIPs and their derivatives, which seem to be
close to practical use.

2. Possible applications

2.1. In medicine

In medicine, the uses of unmodified type 1 RIPs are
rather limited. Trichosanthin, a RIP from Trichosanthes
kirilowii, is used in the official Chinese medicine to induce
abortion and to treat hydatidiform moles (Ng et al., 1992).
The inhibitory effect of RIPs on HIV proliferation in
cells led to clinical trials on AIDS patients, unfortunately
without success (reviews by Parikh and Tumer, 2004;
Kaur et al., 2011).

Most research on the possible therapeutic use of RIPs
was, and still is, focused on the possibility of directing them
in a selective manner toward cells to be eliminated. This
can be achieved by linking them to molecules, especially
monoclonal antibodies, but also lectins, hormones, growth
factors, to form “immunotoxins” or other cell-binding
conjugates capable of specifically linking to unwanted
cells (review in Fracasso et al., 2010). Whole type 2 RIPs
cannot be used for this purpose, because their B chains
would bind unspecifically to all sorts of cells, which would
be killed. Thus separated A chains or type 1 RIPs were
attached to antibodies or other carriers, initially by chem-
ical linkages and subsequently by fusion technique, the
latter giving the advantage of a constant composition of the
resulting molecule.

Most studies were performed with the aim of elimi-
nating malignant cells and many good results were ob-
tained in vitro and in experimental animals (reviews by
Frankel et al., 2000; Fracasso et al., 2010). Remissions were
obtained also in some limited clinical trials (e.g. Falini et al.,
1992) in most cases with controllable short-lasting side
effects. Vascular leak syndrome and fatigue were particu-
larly important and frequent (review by Litvak-Greenfeld
and Benhar, 2012), and could be reduced by the use of
mutated RIPs (e.g. ricin, Smallshaw et al., 2003). However,
immunotoxins are foreign proteins and elicit an immuno-
logical response,which prevents repeated administration.
This is themain obstacle to the use of immunotoxins, which
could be circumvented in three ways.

The first approach is to reduce the immunogenicity of
immunotoxins with the use of human or humanized an-
tibodies and of RIPs modified by pegylation (e.g. Meng
et al., 2012) or by depletion of immunodominant epi-
topes (Lorberboum-Galski, 2011). An immunotoxin pre-
pared with a modified recombinant bouganin, a RIP from
Bougainvillea spectabilis (Cizeau et al., 2009), caused scarce
formation of antibodies when given to animals (Entwistle
et al., 2012) and patients (Cizeau et al., 2012). A limited
immune response was observed in patients receiving an
immunotoxin constructed with carbohydrate-free recom-
binant gelonin, a RIP from Geloniummultiforum (Borthakur
et al., 2013).

A second possibility is to administer immunotoxins in a
district “external” to the immune system: patients with
bladder cancer were treated with intravesical irrigation
with immunotoxins constructed with ricin (Zang et al.,
2000) or Pseudomonas exotoxin (Kowalski et al., 2012),
with results reportedly comparable to, if not better than,
those obtained with local chemotherapy.

Thirdly, immunotoxins can be efficiently used if a single
administration is sufficient to achieve the desired effect
before the immune reaction is mounted. Studies were
performed with RIP conjugates aimed to suppress some
forms of strong chronic pain through the permanent
removal of a small number of spinal neurons which
transmit chronic pain signals, without affecting the sensi-
tivity to acute pain. Good results were obtained in experi-
mental animals with saporin, a RIP from S. officinalis, linked
to the pain-processing peptide Substance P (Mantyh et al.,
1997).

In rats, a single administration of this conjugate is suf-
ficient to eliminate a small number of cells that transmit
chronic pain signals, causing a relief that appears to be
permanent, whilst normal acute pain is unaffected. Prom-
ising results were obtained also with the use of saporin
linked to the galactose-specific isolectin B4 from Bandeir-
aea simplicifolia, which eliminated chronic muscle pain in
the rat (Alvarez et al., 2012).

2.2. In agriculture

In agriculture, researchwas performed to exploit mainly
the antiviral, antifungal and insecticidal properties of RIPs.
DNA recombinant technology was applied in plants to
increase their resistance to various agents either by intro-
ducing a RIP gene derived from another plant or by
manipulating the levels of their endogenous RIP. A com-
plete review is beyond the aim of this present article, and
only representative examples will be given.
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An antiviral protein from Phytolacca americana (PAP)
was the first purified RIP (Obrig et al., 1973). Both type 1
and type 2 RIPs were studied as antiviral agents (reviews
by Wang and Tumer, 2000; Kaur et al., 2011). Improved
resistance to viruses was obtained in several cases, e.g. in
tobacco (Lodge et al., 1993) and bentgrass (Dai et al., 2003)
plants transfected with pokeweed antiviral protein (PAP),
and in tobacco plants transfected with the JIP60 RIP from
barley (Görschen et al., 1997). Non-toxic Type 2 RIPs were
also investigated, and antiviral protection was observed in
transgenic tobacco plants transfected with SNA-I0 from
Sambucus nigra (Chen et al., 2002), whereas a type 2 RIP
from Iris gave local, but not systemic protection against
various viruses (Vandenbussche et al., 2004). In some cases
the transfected plants appeared damaged if the expression
of the RIP genewas above a certain level, as it was observed
with PAP (Lodge et al., 1993; Dai et al., 2003) or with the
JIP60 RIP (Görschen et al., 1997).

Plants were transfected with RIP genes to increase their
resistance to fungi (reviews by Ng, 2004; Theis and Stahl,
2004). Transgenic tobacco plants transfected with a RIP
from barley (Logemann et al., 1992) or with the maize
ribosome-inactivating protein b-32 (Maddaloni et al.,
1997) acquired an increased resistance to Rhizoctonia
solani infection, in the latter case without damage to the
plants.

Ricin and saporin, were the first RIPs found to be toxic
when fed to insect larvae (Gatehouse et al., 1990), and
subsequently several investigations were performed to
ascertain whether transfection with RIP genes could pro-
tect plants from insect infestation. An increased resistance
to various insects was observed in plants transfected with
genes of RIPs, both type 1 and type 2, e.g. tobacco plants
transfected with maize RIP (Dowd et al., 2003, 2006) SNA-I0

or S. nigra agglutinin SNA-10 (Shahidi-Noghabi et al., 2009).
Also, resistance to insects was obtained in maize plants by
enhancing the expression of an endogenous RIP (Dowd
et al., 2012).

RIPs appeared, or their expression was enhanced, in
plants treated with jasmonate (Reinbothe et al., 1994) or
abscisic acid (Muller et al., 1997), and in plants exposed to
unfavorable conditions such as infection by microorgan-
isms (Wong et al., 1995), viruses (Girbés et al., 1996) or
fungi (Xu et al., 2007), or subjected to various abiotic
stresses: heat and osmotic stress (Stirpe et al., 1996),
salinity (Rippmann et al., 1997), mechanical injury (Song
et al., 2000; Tartarini et al., 2010).

More recently, new possible applications were sug-
gested when it was found that the expression of barley
Hva1 gene in transgenic mulberry displays enhanced
tolerance against drought, salinity and cold stress (Lal et al.,
2008; Checker et al., 2011). Also, it was found that the rice
genome includes 31 genes for RIPs expressed at various
levels in different parts of rice plants, and that the
expression of some of these RIPs was enhanced under
various stressful conditions, namely infections, cold and
salinity (Jiang et al., 2008). The same investigators inserted
the gene for one of these RIPs, designated OSRIP18, in an
ectopic position of DNA in the rice genome. Interestingly,
the resulting overexpression of this gene in young rice
plants rendered them resistant to drought and salinity
without any apparent damage to the plants (Jiang et al.,
2012). The mechanism through which this protection is
exerted is unknown. The authors suggested some possi-
bilities, such as a re-organization of protein metabolism
through RIP-induced inhibition of protein synthesis, or the
effect of one of the other enzymatic activities of RIPs which
have been reported, notably the reported superoxide dis-
mutase activity (Li et al., 1997), which could reduce the
damage caused by the accumulation of reactive oxygen
species occurring in some environmental stresses (Foyer
and Noctor, 2005).

Summing up from a practical point of view it seems that
enhancing the expression of RIPs in transfected plants
might render them more resistant to infections, in-
festations, and abiotic stress, with considerable economic
advantages if the results will be confirmed in the field. An
obstacle might be the damage to plants, which in some
cases was observed, and which may depend on the plant,
the RIP, the promoter used, the extent of RIP expression, all
factors that should be investigated.

3. Conclusions

As often occurs in science, new findings leave several
questions unanswered, and pose new ones. No precise
biological role has yet been assigned to RIPs, although it is
common belief that they should be important proteins and
give an evolutionary advantage to plants, to justify their
conservation. It has been suggested that RIPs could be
storage proteins, have a function in the defense of plants
against predators, fungi, and viruses (review by Girbés
et al., 2004) and be involved in the process of plant
senescence (Stirpe et al., 1996). On the basis of their results,
Jiang et al. (2012) suggested that RIPs might afford some
protection to plants under unfavorable situations. Sum-
ming up, it seems likely that RIPs play important roles in
the adaptation and defense of plants to pathogens and
environmental stress.

One could go forward, recalling that RIPs remove
adenine also from DNA and other polynucleotides (Barbieri
et al., 1997). A similar activity was detected in in vitro
cultured mammalian cells, which, like RIPs in stressed
plants, appeared higher in cells stressed by lack of serum or
by polio virus infection (Barbieri et al., 2001). If these re-
sults will be confirmed, one wonders whether the expres-
sion of this “RIP-like” activity could be artificially enhanced
in mammalian cells and possibly in animals, and what
would be the resulting effect.

Finally, research on RIPs was initiated for the sake
of knowledge: its developments seem to confirm that
“Fundamental research, sooner or later, leads to important
practical applications” (Krebs, 1981).

Ethical statements

Not applicable, there are no experiments.

Conflict of interest

No.



F. Stirpe / Toxicon 67 (2013) 12–16 15
References

Alvarez, P., Gear, R.W., Green, P.G., Levine, J.D., 2012. IB4-saporin attenu-
ates acute and eliminates chronic muscle pain in the rat. Exp. Neurol.
233, 859–865.

Barbieri, L., Valbonesi, P., Bonora, E., Gorini, P., Bolognesi, A., Stirpe, F.,
1997. Polynucleotide:adenosine glycosidase activity of ribosome-
inactivating proteins: effect on DNA, RNA and poly(A). Nucleic Acids
Res. 25, 518–522.

Barbieri, L., Valbonesi, P., Bondioli, M., Lugo Alvarez, M., Dal Monte, P.,
Landini, M.P., Stirpe, F., 2001. Adenine glycosylase activity in
mammalian tissues: an equivalent of ribosome-inactivating proteins.
FEBS Lett. 505, 196–197.

Barbieri, L., Polito, L., Bolognesi, A., Ciani, M., Pelosi, E., Farini, V., Jha, A.,
Sharma, N., Vivanco, J.M., Chambery, A., Parente, A., Stirpe, F., 2006.
Ribosome-inactivating proteins in edible plants and purification and
characterization of a new ribosome-inactivating protein from Cucur-
bita moschata. Biochim. Biophys. Acta 1760, 783–792.

Battelli, M.G., Citores, L., Buonamici, L., Ferreras, J.M., de Benito, F.M.,
Stirpe, F., Girbés, T., 1997. Toxicity and cytotoxicity of nigrin b, a two-
chain ribosome-inactivating protein from Sambucus nigra: a com-
parison with ricin. Arch. Toxicol. 71, 360–364.

Borthakur, G., Rosenblum, M., Talpaz, M., Daver, N., Ravandi, F., Faderl, S.,
Freireich, E., Kadia, T.M., Garcia-Manero, G., Kantarjian, H.M.,
Cortes, J., 2013. Phase 1 study of an anti-CD33 immunotoxin,
humanized monoclonal antibody M195 conjugated to recombinant
gelonin (HUM-195/rGEL), in patients with advanced myeloid malig-
nancies. Haematologica 98, 217–221.

Carlini, C.R., Grossi-de-Sá, M.F., 2002. Plant toxic proteins with insecti-
cidal properties. A review on their potentialities as bioinsecticides.
Toxicon 40, 1515–1539.

Checker, V.G., Chhibbar, A.K., Khurana, P., 2011. Stress-inducible expres-
sion of barley Hva1 gene in transgenic mulberry displays enhanced
tolerance against drought, salinity and cold stress. Transgenic Res. 21,
939–957.

Chen, Y., Peumans, W.J., Van Damme, E.J.M., 2002. The Sambucus nigra
type-2 ribosome-inactivating protein SNA-I’ exhibits in planta anti-
viral activity in transgenic tobacco. FEBS Lett. 516, 27–30.

Cizeau, J., Grenkow, D.M., Brown, J.G., Entwistle, J., Macdonald, G.C., 2009.
Engineering and biological characterization of VB6-845, an anti-
Epcam immunotoxin containing a T-cell epitope-depleted variant of
the plant toxin bouganin. J. Immunother. 32, 574–584.

Cizeau, J.P.A., Chooniedass, S., Premsukh, A., Entwistle, J., MacDonald, G.,
2012. DeBouganin: a De-Immunized Toxin Payload and its Applica-
tions in Oncology. In: 8th Fabisch-Symposium, 3rd Targeted Tumor
Therapies. Berlin.

Dai, W.D., Bonos, S., Guo, Z., Meyer, W.A., Day, P.R., Belanger, F.C., 2003.
Expression of pokeweed antiviral proteins in creeping bentgrass.
Plant Cell. Rep. 21, 497–502.

Dowd, P.F., Zuo, W.N., Gillikin, J.W., Johnson, E.T., Boston, R.S., 2003.
Enhanced resistance to Helicoverpa zea in tobacco expressing an
activated form of maize ribosome-inactivating protein. J. Agric. Food
Chem. 51, 3568–3574.

Dowd, P.F., Holmes, R.A., Pinkerton, T.S., Johnson, E.T., Lagrimini, L.M.,
Boston, R.S., 2006. Relative activity of a tobacco hybrid expressing
high levels of a tobacco anionic peroxidase and maize ribosome-
inactivating protein against Helicoverpa zea and Lasioderma serri-
corne. J. Agric. Food Chem. 54, 2629–2634.

Dowd, P.F., Johnson, E.T., Price, N.P., 2012. Enhanced pest resistance of
maize leaves expressing monocot crop plant-derived ribosome-inac-
tivating protein and agglutinin. J. Agric. Food Chem. 60, 10768–10775.

Entwistle, J., Brown, J.G., Chooniedass, S., Cizeau, J., Macdonald, G.C., 2012.
Preclinical evaluation of VB6-845: an anti-EpCAM immunotoxin with
reduced immunogenic potential. Cancer Biother. Radiopharm. 27,
582–592.

Falini, B.A., Bolognesi, A., Flenghi, L., Tazzari, P.L., Broe, M.K., Stein, H.,
Dürkop, H., Aversa, F., Corneli, P., Pizzolo, G., Barbabietola, G.,
Sabattini, E., Pileri, S., Martelli, M.F., Stirpe, F., 1992. Response of
refractory Hodgkin’s disease to monoclonal anti-CD30 immunotoxin.
Lancet 339, 1195–1196.

Foyer, C.H., Noctor, G., 2005. Redox homeostasis and antioxidant
signaling: a metabolic interface between stress perception and
physiological responses. Plant Cell 17, 1866–1875.

Fracasso, G., Stirpe, F., Colombatti, M., 2010. Ribosome-inactivating
protein-containing conjugates for therapeutic use. In: Lord, J.M.,
Hartley, M.R. (Eds.), Toxic Plant Proteins. Plant Cell Monographs,
vol. 18. Springer-Verlag, Berlin, Heidelberg, pp. 225–263.

Frankel, A.E., Kreitman, R.J., Sausville, E.A., 2000. Targeted toxins. Clin.
Cancer Res. 6, 326–334.
Gatehouse, A.M.R., Barbieri, L., Stirpe, F., Croy, R.R.D., 1990. Effects of
ribosome-inactivating proteins on insect development – differences
between Lepidoptera and Coleoptera. Entomol. Exp. Appl. 54, 43–51.

Girbés, T., de Torre, C., Iglesias, R., Ferreras, J.M., Méndez, E., 1996. RIP for
viruses. Nature 379, 777–778.

Girbés, T., Ferreras, J.M., Arias, F.J., Stirpe, F., 2004. Description, distribution,
activity and phylogenetic relationship of ribosome-inactivating pro-
teins in plants, fungi and bacteria. Mini Rev. Med. Chem. 4, 461–476.

Görschen, E., Dunaeva, M., Hause, B., Reeh, I., Wasternack, C., Parthier, B.,
1997. Expression of the ribosome-inactivating protein JIP60 from
barley in transgenic tobacco leads to an abnormal phenotype and
alterations on the level of translation. Planta 202, 470–478.

Griffiths, G.D., 2011. Understanding ricin from a defensive viewpoint.
Toxins 3, 1373–1392.

Jiang, S.Y., Bhalla, R., Ramamoorthy, R., Luan, H.F., Venkatesh, P.N., Cai, M.,
Ramachandran, S., 2012. Over-expression of OSRIP18 increases
drought and salt tolerance in transgenic rice plants. Transgenic Res.
21, 785–795.

Jiang, S.Y., Ramamoorthy, R., Bhalla, R., Luan, H.F., Venkatesh, P.N., Cai, M.,
Ramachandran, S., 2008. Genome-wide survey of the RIP domain
family in Oryza sativa and their expression profiles under various
abiotic and biotic stresses. Plant Mol. Biol. 67, 603–614.

Kaur, I., Gupta, R.C., Puri, M., 2011. Ribosome inactivating proteins from
plants inhibiting viruses. Virol. Sin 26, 357–365.

Knight, B., 1979. Ricin – a potent homicidal protein poison. Br. Med. J. 278,
350–351.

Kowalski, M., Guindon, J., Brazas, L., Moore, C., Entwistle, J., Cizeau, J.,
Jewet, M.A., Macdonald, G.C., 2012. A phase II study of oportuzumab
monatox: an immunotoxin therapy for patients with noninvasive
urothelial carcinoma in situ previously treated with bacillus Calm-
ette-Guérin. J. Urol. 188, 1712–1718.

Krebs, H., 1981. Otto Warburg, CELL Physiologist, Biochemist and Eccen-
tric. Clarendon Press, Oxford. p. 47.

Lal, S., Gulyani, V., Khurana, P., 2008. Overexpression of HVA1 gene from
barley generates tolerance to salinity and water stress in transgenic
mulberry (Morus indica). Transgenic Res. 17, 651–663.

Li, X.D., Chen, W.F., Liu, W.Y., Wang, G.H., 1997. Large-scale preparation of
two new ribosome-inactivating proteins – cinnamomin and cam-
phorin from the seeds of Cinnamomum camphora. Protein Expr. Purif.
10, 27–31.

Litvak-Greenfeld, D., Benhar, I., 2012. Risks and untoward toxicities of
antibody-based immunoconjugates. Adv. Drug Deliv. Rev. 64, 1782–
1799.

Lodge, J.K., Kaniewski, W.K., Tumer, N.E., 1993. Broad-spectrum virus
resistance in transgenic plants expressing pokeweed antiviral protein.
Proc. Natl. Acad. Sci. U. S. A. 90, 7089–7093.

Logemann, J., Jach, G., Tommerup, H., Mundy, J., Schell, J., 1992. Expression
of a barley ribosome-inactivating protein leads to increased fungal
protection in transgenic tobacco plants. Nat. Biotechnol. 10, 305–308.

Lombard, S., Helmy, M.E., Pieroni, G., 2001. Lipolytic activity of ricin from
Ricinus sanguineus and Ricinus communis on neutral lipids. Biochem. J.
358, 773–781.

Lorberboum-Galski, H., 2011. Human toxin-based recombinant immu-
notoxins/chimeric proteins as a drug delivery system for targeted
treatment of human diseases. Expert Opin. Drug Deliv. 8, 605–621.

Maddaloni, M., Forlani, F., Balmas, V., Donini, G., Stasse, L., Corazzo, L.,
Motto, M., 1997. Tolerance to the fungal pathogen Rhizoctonia solani
AG4 of transgenic tobacco expressing the maize ribosome-
inactivating protein b-32. Transgenic Res. 6, 393–401.

Mantyh, P.W., Rogers, S.D., Honore, P., Allen, B.J., Ghilardi, J.R., Li, J.,
Daughters, R.S., Lappi, D.A., Wiley, R.G., Simone, D.A., 1997. Inhibition
of hyperalgesia by ablation of lamina I spinal neurons expressing the
substance P receptor. Science 278, 275–279.

Meng, Y., Liu, S., Li, J., Meng, Y., Zhao, X., 2012. Preparation of an antitumor
and antivirus agent: chemical modification of a-MMC and MAP30
from Momordica charantia L. with covalent conjugation of poly-
ethylene glycol. Int. J. Nanomed. 7, 3133–3142.

Muller, M., Dues, G., Balconi, C., Salamini, F., Thompson, R.D., 1997.
Nitrogen and hormonal responsiveness of the 22 KDa alpha-zein and
b-32 genes in maize endosperm is displayed in the absence of the
transcriptional regulator Opaque-2. Plant J. 12, 281–291.

Ng, T.B., 2004. Antifungal proteins and peptides of leguminous and non-
leguminous origins. Peptides 25, 1215–1222.

Ng, T.B., Chan, W.Y., Yeung, H.W., 1992. Proteins with abortifacient, ribo-
some inactivating, immunomodulatory, antitumor and anti-AIDS
activities from Cucurbitaceae plants. Gen. Pharmacol. 23, 575–590.

Obrig, T., Irvin, J., Hardesty, B., 1973. The effect of an antiviral peptide on
the ribosomal reactions of the peptide elongation enzymes, EF-I and
EF-II. Arch. Biochem. Biophys. 155, 278–289.



F. Stirpe / Toxicon 67 (2013) 12–1616
Parikh, B.A., Tumer, N.E., 2004. Antiviral activity of ribosome inactivating
proteins in medicine. Mini Rev. Med.Chem. 4, 523–543.

Peumans, W.J., Hao, Q., Van Damme, E.J.M., 2001. Ribosome-inactivating
proteins from plants: more than RNA N-glycosidases? FASEB J. 15,
1493–1506.

Puri, M., Kaur, I., Perugini, M.A., Gupta, R.C., 2012. Ribosome-inactivating
proteins: current status and biomedical applications. Drug Discov.
Today 17, 774–783.

Reinbothe, S., Mollenhauer, B., Reinbothe, C., 1994. JIPs and RIPs: the
regulation of plant gene expression by jasmonate in response to
environmental cues and pathogens. Plant Cell 6, 1197–1209.

Rippmann, J.F., Michalowski, C.B., Nelson, D.E., Bohner, H.J., 1997. Induc-
tion of a ribosome-inactivating protein upon environmental stress.
Plant Mol. Biol. 35, 701–709.

Ruggiero, A., Chambery, A., Di Maro, A., Mastroianni, A., Parente, A.,
Berisio, R., 2007. Crystallization and preliminary X-ray diffraction
analysis of PD-L1, a highly glycosylated ribosome-inactivating protein
with DNase activity. Protein Pept. Lett. 14, 407–409.

Sandvig, K., van Deurs, B., 2002. Transport of protein toxins into cells:
pathways used by ricin, cholera toxin and Shiga toxin. FEBS Lett. 529,
49–53.

Shahidi-Noghabi, S., Van Damme, E.J., Smagghe, G., 2009. Expression of
Sambucus nigra agglutinin (SNA-I’) from elderberry bark in transgenic
tobacco plants results in enhanced resistance to different insect
species. Transgenic Res. 18, 249–259.

Shih, N., McDonald, K., Jackman, A., Girbés, T., Iglesias, R., 1997. Bifunc-
tional plant defence enzymes with chitinase and ribosome inacti-
vating activities from Trichosanthes kirilowii cell cultures. Plant Sci.
130, 145–150.

Smallshaw, J.E., Ghetie, V., Rizo, J., Fulmer, J.R., Trahan, L.L., Ghetie, M.A.,
Vitetta, E.S., 2003. Genetic engineering of an immunotoxin to
eliminate pulmonary vascular leak in mice. Nat. Biotechnol. 21,
387–391.

Song, S.-K., Choi, Y., Moon, Y.H., Kim, S.G., Choi, Y.D., Lee, J.S., 2000. Sys-
temic induction of a Phytolacca insularis antiviral protein gene by
mechanical wounding, jasmonic acid, and abscisic acid. Plant Mol.
Biol. 43, 439–450.

Stirpe, F., Battelli, M.G., 2006. Ribosome-inactivating proteins: progress
and problems. Cell. Mol. Life Sci. 63, 1850–1866.

Stirpe, F., Barbieri, L., Gorini, P., Valbonesi, P., Bolognesi, A., Polito, L., 1996.
Activities associated with the presence of ribosome-inactivating
proteins increase in senescent and stressed leaves. FEBS Lett. 382,
309–312.

Tartarini, A., Pittaluga, E., Marcozzi, G., Testone, G., Rodrigues-
Pousada, R.A., Giannino, D., Spanò, L., 2010. Differential expression of
saporin genes upon wounding, ABA treatment and leaf development.
Physiol. Plant 140, 141–152.

Theis, T., Stahl, U., 2004. Antifungal proteins: targets, mechanisms and
prospective applications. Cell. Mol. Life Sci. 61, 437–455.

Van Damme, E.J.M., Hao, Q., Barre, A., Vandenbussche, F., Desmyter, S.,
Rougé, P., Peumans, W.J., 2001. Ribosome-inactivating proteins: a
family of plant proteins that do more than inactivate ribosomes. Crit.
Rev. Plant Sci. 20, 395–465.

Vandenbussche, F., Peumans, W.J., Desmyter, S., Proost, P., Ciani, M., Van
Damme, E.J.M., 2004. The type-1 and type-2 ribosome-inactivating
proteins from Iris confer transgenic tobacco plants local but not
systemic protection against viruses. Planta 220, 211–221.

Wang, P., Tumer, N.E., 2000. Virus resistance mediated by ribosome
inactivating proteins. Adv. Virus Res. 55, 325–355.

Wiley, R.G., Lappi, D.A. (Eds.), 2005. Molecular Neurosurgery with
Targeted Toxins. Humana Press, Totowa, N.J.

Wong, R.N.S., Mak, N.K., Choi, W.T., Law, P.T.W., 1995. Increased accu-
mulation of trichosanthin in Trichosanthes kirilowii induced by
microorganisms. J. Exp. Bot. 46, 355–358.

Xu, J., Wang, H., Fan, J., 2007. Expression of a ribosome-inactivating pro-
tein gene in bitter melon is induced by Sphaerotheca fuliginea and
abiotic stimuli. Biotechnol. Lett. 29, 1605–1610.

Zang, Z., Xu,H., Yu, L., Yang,D., Xie, S., Shi, Y., Li, Z., Li, J.,Wang, J., Li,M., Guo, Y.,
Gu, F., 2000. Intravesical immunotoxin as adjuvant therapy to prevent
the recurrence of bladder cancer. Chin. Med. J. 113, 1002–1006.


	Ribosome-inactivating proteins: From toxins to useful proteins
	1. Introduction
	2. Possible applications
	2.1. In medicine
	2.2. In agriculture

	3. Conclusions
	Ethical statements
	Conflict of interest
	References


