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After more than 50 years of research, studies on the structure and biological activities of
ribosome-inactivating proteins (RIPs) continue to provide a field of great interest within the
scientific community, both for the health risks they pose and their applications in medicine
and biotechnology. This Special Issue of Toxins offers a sample of the main research topics
when studying these proteins. RIPs are ribosomal RNA N-glycosylases (EC 3.2.2.22), mainly
isolated from plants, some bacteria, and fungi, that specifically catalyze the hydrolysis of
the second N-glycosidic bond of the GAGA tetraloop located in the sarcin-ricin loop (SRL)
of the major ribosomal RNA. Because SRL is crucial for anchoring elongation factors in the
ribosome, the removal of adenine causes the irreversible inactivation of ribosomes, leading
to cell death. In addition, RIPs usually demonstrate other enzymatic activities, including,
most relevantly, their adenine polynucleotide glycosylase (APG) activity on all nucleic acid
types; that is, some RIPs can remove adenines from both ribosomal and non-ribosomal
RNA and DNA [1].

RIPs are structurally classified into two groups [1]: type 1 RIPs, consisting of a single
polypeptide chain of approximately 30 kDa with enzymatic activity, and type 2 RIPs, of
approximately 60 kDa, are formed by an enzymatically active A chain, similar to type 1
RIPs, which is linked through a disulfide bond to a B chain with lectin properties. With a
strong affinity for cell surface sugars, the B chain can facilitate toxin entry into cells, thus
conferring high toxicity to many type 2 RIPs in cells and animals.

This is the case of ricin and abrin: the first type 2 RIPs described [2]. In medicine,
these proteins are mainly used for constructing immunotoxins directed against tumor cells
but can also be used as chemical weapons. In this scenario, their most obvious use is in
aerosols, which would cause lethal damage to the lungs. Sapoznikov et al. described the
effects of abrin and ricin intoxication on the lungs following intranasal exposure in mice [3].
The results indicated that a lethal dose of abrin induced less pronounced damage to the
pulmonary stroma and reduced deterioration of intercellular junction molecules compared
to ricin, which could contribute to the higher level of protection achieved against abrin by
postexposure antibody-mediated treatment.

Although ricin and abrin are the best-known and most used type 2 RIPs, they are not
the most toxic. This distinction belongs to RIPs obtained from different species of the genus
Adenia, such as volkensin, modeccin, lanceolins, and stenodactylin [4]. These proteins dif-
ferentiate from ricin and abrin due to their unique aspect of being retrogradely transported
along peripheral nerves and the central nervous system, providing interesting applications
in neuroscience. Bortolotti et al. reported the purification of a new protein of this type
from the caudex of Adenia kirkii Engl. [5]. Kirkiin is a RIP characterized by high cytotoxicity
toward neuronal cell lines, making it a promising candidate for pharmacological purposes.

Type 2 RIPs obtained from species of the genus Sambucus are peculiarly hundreds of
thousands of times less toxic than ricin and abrin. In the case of elderberry (Sambucus nigra
L.), more than 20 RIPs and related lectins have been isolated and characterized from its
flowers, seeds, fruits, and bark, making it a unique species for studying proteins of this
type [6]. The work of Iglesias et al. has expanded our knowledge on the family of RIPs and
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RIP-related lectins produced by S. nigra; their purification and characterization of eight
new proteins found in the leaves include one type 2 RIP and two related lectins specific
for galactose, four type 2 RIPs with deficient sugar-binding domains, and one type 1 RIP.
Several of these proteins are homologous to others found elsewhere in the plant [7].

Type 2 RIPs from Sambucus lack toxicity, mainly attributed to a reduced affinity for
galactosides which could affect their cell binding, uptake, and the intracellular fate of RIPs.
Iglesias et al. compared the binding, endocytosis mechanisms, and intracellular pathway
followed by ebulin l (obtained from Sambucus ebulus L. leaves) with ricin [8]. The data
showed that ebulin l binds to cells less than ricin and how, after binding, ebulin l was
taken up by clathrin-dependent and clathrin-independent endocytosis into the endoso-
mal/lysosomal system but not to the Golgi apparatus; importantly, ebulin l did not require
clathrin or dynamin for intoxication.

Type 1 RIPs display lower toxicity, as they lack the lectin part and, therefore, cannot
bind to cells, as type 2 RIPs demonstrate. The structure of type 1 RIPs is similar to the
A-chain of type 2 RIPs, despite differences in the structure of various type 1 RIPs. While
RIPs from cucurbits are comparable to the A-chain of type 2 RIPs, RIPs of the pokeweed,
carnation, amaranth, and spurge families present greater differences [1]. Monocots, such
as those from maize or rice, present the most contrasting RIPs. RIPs from the pokeweed
(Phytolaccaceae), carnation (Caryophyllaceae), amaranth (Amaranthaceae), and spurge
(Euphorbiaceae) families have been subject to much interest because of their antiviral prop-
erties and usefulness for the construction of immunotoxins [9,10]. Four examples of these
type 1 RIPs are described in this Special Issue: the curcins from the euphorbiaceous Jatropha
curcas L. [11], the sodins from the amaranthaceous Salsola soda L. [12], the sapovaccarins
from the caryophyllaceous Vaccaria hispanica (Mill.) Rauschert (= Saponaria vaccaria L.) [13],
and the PD-Ls from the phytolaccaceaous Phytolacca dioica L. [14].

Qin et al. studied the reason behind the differing toxicity of curcin and curcin C on
the U20S osteosarcoma cell line [11] and found that curcin C cytotoxicity is higher because,
unlike curcin, it is endocytosed by clathrin-dependent endocytosis mediated by LRP1
(low-density lipoprotein receptor-related protein 1): an abundant receptor in this type
of cell.

Landi et al. isolated a new type 1 RIP from the seeds, edible leaves, and roots of Salsola
soda [12]. Sodins showed APG activity and induced apoptosis in Hela and COLO 320 cell
lines. Of note, sodin 5, from S. soda seeds, and quinoin, from Chenopodium quinoa Willd (an-
other amaranthaceous species) seeds showed potent antifungal activity against Penicillium
digitatum (Pers.) Sacc. [12], making them good candidates for obtaining transgenic plants
resistant to fungi.

Schlaak et al. isolated a new type 1 RIP from S. vaccaria seeds homologous to type
1 RIPs from other caryophyllaceous that, similar to dianthin 30 and saporin-S6, are used
for the construction of immunotoxins [13]. Compared to other type 1 RIPs, they exhibited
greater thermostability, suggesting that they would be optimal candidates for targeted
cancer therapy.

The exact biological role undertaken by RIPs remains unknown, though it has been
considered to mirror a plant defense mechanism against pathogens and predators [1].

Notably, RIPs demonstrate antiviral activity. Their antiviral properties have been
investigated for over four decades. However, the emergence of new viruses, giving rise to
infectious diseases, has caused interest in these proteins to increase due to the difficulty of
treating viral infections. On the other hand, a growing need to control crop diseases without
the use of environmentally harmful phytosanitary products has resulted, in this regard,
in proving RIPs to be promising tools for obtaining transgenic plants that are resistant to
viruses. Citores et al., in this Special Issue, review the research studies addressing this topic,
with special emphasis on the latest findings and mechanisms of action proposed [10].
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Bulgari et al., using the Phaseolus vulgaris-tobacco necrosis virus (TNV) pathosys-
tem, demonstrated that PD-L1 and PD-L4 possess strong antiviral activity [14]. Their
experiments suggest that this activity targets viral and ribosomal RNA, explaining the
near-complete abolition of infections when the virus and RIP enter the cells together.

The most promising applications of RIPs in experimental medicine, especially in cancer
therapy, relate to their use as immunotoxins [15], in which RIPs are linked to antibodies
that mediate their binding to and internalization by malignant cells. The main obstacles
to treatment with RIPs include their short plasma half-life, nonselective cytotoxicity, and
antigenicity. Lu et al. reviewed the strategies used to improve their pharmacological
properties and discussed prospects for future developments in the engineering of RIPs [16].

In conclusion, the studies collected in this Special Issue provide the reader with an
overview of the most current and interesting lines of research in the field of RIPs, including
their applications in medicine and agriculture. Further research on the biological activities
of RIPs will allow a greater understanding of their biological role, their more efficient use
in medicines, mainly for the treatment of cancer and viral diseases and in the fight against
crop diseases caused by viruses, fungi, and insects.

Acknowledgments: In addition to our sincere gratitude to the contributors of the various articles,
special thanks are also given to the peer reviewers for their rigorous evaluations of all submit-
ted manuscripts.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Di Maro, A.; Citores, L.; Russo, R.; Iglesias, R.; Ferreras, J.M. Sequence comparison and phylogenetic analysis by the Maximum

Likelihood method of ribosome-inactivating proteins from angiosperms. Plant Mol. Biol. 2014, 85, 575–588. [CrossRef] [PubMed]
2. Olsnes, S. The history of ricin, abrin and related toxins. Toxicon 2004, 44, 361–370. [CrossRef] [PubMed]
3. Sapoznikov, A.; Gal, Y.; Alcalay, R.; Evgy, Y.; Sabo, T.; Kronman, C.; Falach, R. Characterization of Lung Injury following Abrin

Pulmonary Intoxication in Mice: Comparison to Ricin Poisoning. Toxins 2022, 14, 614. [CrossRef]
4. Battelli, M.G.; Scicchitano, V.; Polito, L.; Farini, V.; Barbieri, L.; Bolognesi, A. Binding and intracellular routing of the plant-toxic

lectins, lanceolin and stenodactylin. Biochim. Biophys. Acta 2010, 1800, 1276–1282. [CrossRef] [PubMed]
5. Bortolotti, M.; Maiello, S.; Ferreras, J.M.; Iglesias, R.; Polito, L.; Bolognesi, A. Kirkiin: A New Toxic Type 2 Ribosome-Inactivating

Protein from the Caudex of Adenia kirkii. Toxins 2021, 13, 81. [CrossRef] [PubMed]
6. Ferreras, J.M.; Citores, L.; Iglesias, R.; Jimenez, P.; Girbes, T. Use of ribosome-inactivating proteins from Sambucus for the

construction of immunotoxins and conjugates for cancer therapy. Toxins 2011, 3, 420–441. [CrossRef] [PubMed]
7. Iglesias, R.; Russo, R.; Landi, N.; Valletta, M.; Chambery, A.; Di Maro, A.; Bolognesi, A.; Ferreras, J.M.; Citores, L. Structure and

Biological Properties of Ribosome-Inactivating Proteins and Lectins from Elder (Sambucus nigra L.) Leaves. Toxins 2022, 14, 611.
[CrossRef] [PubMed]

8. Iglesias, R.; Ferreras, J.M.; Llorente, A.; Citores, L. Ebulin l Is Internalized in Cells by Both Clathrin-Dependent and -Independent
Mechanisms and Does Not Require Clathrin or Dynamin for Intoxication. Toxins 2021, 13, 102. [CrossRef] [PubMed]

9. Polito, L.; Bortolotti, M.; Mercatelli, D.; Battelli, M.G.; Bolognesi, A. Saporin-S6: A useful tool in cancer therapy. Toxins 2013, 5,
1698–1722. [CrossRef] [PubMed]

10. Citores, L.; Iglesias, R.; Ferreras, J.M. Antiviral Activity of Ribosome-Inactivating Proteins. Toxins 2021, 13, 80. [CrossRef]
[PubMed]

11. Qin, S.; Wang, X.; Han, P.; Lai, Z.; Ren, Y.; Ma, R.; Cheng, C.; Wang, T.; Xu, Y. LRP1-Mediated Endocytosis May Be the Main
Reason for the Difference in Cytotoxicity of Curcin and Curcin C on U2OS Osteosarcoma Cells. Toxins 2022, 14, 771. [CrossRef]
[PubMed]

12. Landi, N.; Ragucci, S.; Citores, L.; Clemente, A.; Hussain, H.Z.F.; Iglesias, R.; Ferreras, J.M.; Di Maro, A. Isolation, Characterization
and Biological Action of Type-1 Ribosome-Inactivating Proteins from Tissues of Salsola soda L. Toxins 2022, 14, 566. [CrossRef]
[PubMed]

13. Schlaak, L.; Weise, C.; Kuropka, B.; Weng, A. Sapovaccarin-S1 and -S2, Two Type I RIP Isoforms from the Seeds of Saponaria
vaccaria L. Toxins 2022, 14, 449. [CrossRef] [PubMed]

14. Bulgari, D.; Landi, N.; Ragucci, S.; Faoro, F.; Di Maro, A. Antiviral Activity of PD-L1 and PD-L4, Type 1 Ribosome Inactivating
Proteins from Leaves of Phytolacca dioica L. in the Pathosystem Phaseolus vulgaris–Tobacco Necrosis Virus (TNV). Toxins 2020,
12, 524. [CrossRef]

http://doi.org/10.1007/s11103-014-0204-y
http://www.ncbi.nlm.nih.gov/pubmed/24880476
http://doi.org/10.1016/j.toxicon.2004.05.003
http://www.ncbi.nlm.nih.gov/pubmed/15302520
http://doi.org/10.3390/toxins14090614
http://doi.org/10.1016/j.bbagen.2010.09.006
http://www.ncbi.nlm.nih.gov/pubmed/20933061
http://doi.org/10.3390/toxins13020081
http://www.ncbi.nlm.nih.gov/pubmed/33499082
http://doi.org/10.3390/toxins3050420
http://www.ncbi.nlm.nih.gov/pubmed/22069717
http://doi.org/10.3390/toxins14090611
http://www.ncbi.nlm.nih.gov/pubmed/36136551
http://doi.org/10.3390/toxins13020102
http://www.ncbi.nlm.nih.gov/pubmed/33573355
http://doi.org/10.3390/toxins5101698
http://www.ncbi.nlm.nih.gov/pubmed/24105401
http://doi.org/10.3390/toxins13020080
http://www.ncbi.nlm.nih.gov/pubmed/33499086
http://doi.org/10.3390/toxins14110771
http://www.ncbi.nlm.nih.gov/pubmed/36356021
http://doi.org/10.3390/toxins14080566
http://www.ncbi.nlm.nih.gov/pubmed/36006228
http://doi.org/10.3390/toxins14070449
http://www.ncbi.nlm.nih.gov/pubmed/35878187
http://doi.org/10.3390/toxins12080524


Toxins 2023, 15, 35 4 of 4

15. Polito, L.; Djemil, A.; Bortolotti, M. Plant Toxin-Based Immunotoxins for Cancer Therapy: A Short Overview. Biomedicines 2016,
4, 12. [CrossRef] [PubMed]

16. Lu, J.Q.; Zhu, Z.N.; Zheng, Y.T.; Shaw, P.C. Engineering of Ribosome-inactivating Proteins for Improving Pharmacological
Properties. Toxins 2020, 12, 167. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/biomedicines4020012
http://www.ncbi.nlm.nih.gov/pubmed/28536379
http://doi.org/10.3390/toxins12030167

	References

