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elucidate ricin’s mode of action, isolation techniques, and impact on
translation, with objectives focused on understanding its structural
basis of toxicity and its potential medical applications alongside

biosecurity concerns. Methodology: A comprehensive analysis of

literature covers ricin's isolation from castor seeds, protein purification
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steps, and studies on its biochemical action. The A chain's depurination
of ribosomal RNA halts protein synthesis, while the B chain facilitates
cell entry, both necessary for ricin’s toxic effects. Conclusion: The

dual-chain structure of ricin allows a precise mechanism of action, making it an effective
cytotoxin with therapeutic promise in immunotoxins, yet a significant biosecurity risk due to
its accessibility and ease of extraction. Implications: The findings emphasize the need for
safety protocols to address the risks of ricin misuse, while encouraging further research into
ricin-based therapies. The study underscores the importance of balancing therapeutic

potential with rigorous countermeasures to mitigate public safety risks.

INTRODUCTION

The castor oil plant, Ricinus communis, also known as Palma(e) Christi or wonder tree, is a
perennial scrub belonging to the spurge family, Euphorbiaceae. It likely originated from
Africa and has a rich history of use dating back to ancient civilizations such as Egypt, Rome
and Greece. Nowadays, it grows wild in many tropical and subtropical regions and is

cultivated as an ornamental plant worldwide.™!
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Throughout history, various parts of the castor oil plant, including the seeds and oil, have
been utilized for diverse medical purposes. The oil, in particular, has been employed as a
laxative and for the treatment of infections and inflammation. Its versatility and efficacy in
traditional medicine have contributed to its continued use and cultivation across different
cultures and regions. ™! The journey of understanding ricin's structure and function has been
quite remarkable, starting from the early 1970s. At that time, researchers discovered that ricin
consists of two chains, labelled A and B, which are linked by a disulfide bond.™ This finding
laid the foundation for further exploration into ricin's molecular architecture. Concurrently,
scientists determined the complete primary sequence of both the A and B chains, providing
essential insights into their composition.™

A significant breakthrough came when the structure of the ricin holotoxin was resolved at a
resolution of 2.8 A.°! This pioneering work revealed that the ricin A chain is a globular
protein with three domains, all contributing to its active site. In contrast, the B chain, acting
as a lectin, folded into two domains, each capable of binding lactose within a shallow cleft.
Notably, the interface between the A and B chains exhibited hydrophobic contacts, with

proline and phenylalanine side chains playing crucial roles in this interaction.!”

Building upon this foundational knowledge, researchers refined the structure of ricin four
years later, achieving a resolution of 2.5 A. This advancement allowed for a more detailed
molecular description of both the holotoxin and its individual A and B chains. The ricin A
chain, comprising 267 amino acids, adopts a globular structure organized into eight a-helices
and eight B-strands. Similarly, the ricin B chain, consisting of 262 amino acids, features two
homologous domains, each containing a lactose binding site. The presence of several areas of

amino acid homology suggests a possible origin from gene duplication events.

Further investigations in 1995 unveiled another facet of ricin's interaction, as researchers
purified a complex of ricin A chain cross-linked to ribosomes. This discovery highlighted the
binding of ricin A chain with ribosomal proteins L9 and L10e, shedding light on potential
mechanisms of ricin toxicity.®! Overall, the progressive unraveling of ricin's structure and
interactions underscores the interdisciplinary efforts that have deepened our understanding of

this potent toxin.”

Ricin, derived from castor beans, is extremely toxic and easily extractable, posing a
significant threat for potential misuse in acts of bioterrorism or biological warfare. Its
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accessibility from widely available sources necessitates strict regulation and ongoing efforts
[10]

to develop detection methods and countermeasures to address the risk it presents.
Promising treatments for ricin poisoning, including passive immunization with neutralizing
antibodies and small-molecule compounds targeting ricin's intracellular trafficking, show
potential in pre-clinical studies.™ ™ Recent data indicates that small-molecule compounds
capable of interfering with or inhibiting ricin's intracellular trafficking may offer therapeutic
benefits against ricinosis.*¥ Combining antitoxin antibodies with immunomodulatory drugs
has also demonstrated improved outcomes, but further research and clinical trials are needed
for validation and development into clinically approved treatments.** Ricin toxic A chain
(RTA) has been utilized therapeutically by conjugating it with ligands that target disease-
causing cells, commonly employing cell-binding monoclonal antibodies (MADbs). These
ligand-toxin conjugates, also known as immunotoxins (ITs), have demonstrated efficacy in
clinical trials.™®! Our study aims to identify potential mode of action for ricin poisoning,
isolation and its impact on the translation process.
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History

The toxicity of castor seeds was first studied at Schmiedeberg's laboratory in Strasbourg
towards the end of the 1800s. It was possible to extract the toxic component of Ricinus using
water and precipitate it with alcohol; however, heating, treatment with strong acid or repeated
alcohol precipitation rendered the component non-toxic. Dixson postulated in 1887 that a
toxic body resembling albumen was the cause of Ricinus's toxicity.'”? The Medical Faculty
of Dorpat (now Tartu) found a partial purification of an exceedingly dangerous protein called
ricin from castor seed or press cake, which solved the problem. This discovery was
documented in Hermann Stillmark's PhD thesis, which he wrote under Prof. Rudolf Kobert's
guidance. It was thought that ricin toxicity was caused by the agglutinating action of ricin on

red blood cells until Stillmark observed that the agglutinin was distinct from the toxin.*®!

Isolation of ricin

The seeds of castor beans were properly cleansed, rinsed with water and then again with
distilled water. Oil is extracted from washed seeds by pressing them firmly. After drying, the
press cake was refluxed in 5% acetic acid with 1/10 (w/v) for 12 hours in order to extract
proteins. After filtering the extract, a rotary flash evaporator was used to remove the solvent
at 4045 °C under decreased pressure.!*®!

Castor bean seeds
l Oil elimination by pressing

Press cake

lProtein extraction in acetic acid
at pH 4 for over night with stirring

Supernatant

Protein precipitation by
ammonium sulphate solution 60%
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Crude protein liquid

Protein separation by ion exchange
using DEAE-sepharose system

Protein fraction

l Ricin purification by gel filtration

1sing sephadex G-100

Ricin

l Purification assessment by immunoblot
and MS/MS analyses

Purified ricin

Protein Precipitation: Ammonium sulfate was added at various concentrations (30%, 40%,
50%, 60%, and 70%) to an acetic acid extract solution in order to precipitate total protein.

Protein Separation: The crude protein obtained from the precipitation step was subjected to
ion exchange chromatography using DEAE-sepharose (Amersham Biosciences). The DEAE
was equilibrated with 0.05 M Tris-HCI buffer at pH 8.0 to prepare the DEAE gel. A 20 mL
crude protein solution was dissolved in 50 mL of DEAE gel and stirred for 15 minutes to
allow protein adsorption. The protein-bound gel was then loaded onto a glass column (1.5 cm
x 40 cm), washed with 100 mL of 0.05 M Tris-HCI buffer and allowed to stabilize for 30
minutes. Desorption was carried out using 0.05 M Tris-HCI buffer at pH 8.0, supplemented
with 0.05 M NaCl, at a flow rate of 0.2 mL/min. Protein fractions were collected in 2 mL

aliquots.

Protein Purification: Ricin was purified via gel filtration using Sephadex G-100 (Amersham
Biosciences). The gel was first activated in distilled water (1 g in 10 mL H,O) for 6 hours at
room temperature, loaded into a glass column (2.5 cm x 50 cm) and equilibrated with 0.002
M phosphate buffer at pH 7.2, with a protein solution-to-gel ratio of 1:6 (v/v). Protein

fractions were eluted at a flow rate of 0.2 mL/min and collected in 2 mL volumes.[?%%!
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Mode of toxic action

Type-Il ribosome-inactivating proteins (RIPs) represent a significant class of protein toxins,
typically comprised of A and B chains linked by an inter-chain disulfide bond. It has long
been established that isolated A and B chains of RIPs are not toxic on their own.[??l Recent
research has elucidated that the B-chain, with its lectin-like activity, plays a crucial role in
binding to galactose-containing receptors present on the surfaces of eukaryotic cells. This
binding is essential for facilitating the internalization of the A-chain via endocytosis.
Following endocytic uptake, translocation of the A-chain occurs through retrograde traffic,
involving passage through the trans-Golgi network and the endoplasmic reticulum.®! Indeed,
the A-chain of type-11 ribosome-inactivating proteins (RIPs) possesses N-glycosidase
activity, which catalyzes the irreversible depurination of adenine from the 28S ribosomal
RNA. This enzymatic activity results in the termination of protein synthesis within the
affected cells. When combined with the lectin-like activity of the B-chain, this synergism
enables the internalization of the A-chain into cells, leading to high cytotoxicity following
oral administration or inhalation.*

Mechanism of induced- apoptosis

Although ricin-mediated rRNA depurination event effectively inhibits protein synthesis, it
cannot be concluded that these mechanisms cause cell death on their own.[®?%#1 |t has been
shown that ricin can cause the production of inflammatory mediators, autophagy and
apoptosis.??°! These mechanisms have been investigated for more than 20 years and an
increasing amount of data suggests that they are important for the observed cell death.
Nevertheless, it is still unknown to what degree additional variables are necessary for the
activation of apoptosis and whether the suppression of protein synthesis is enough to cause it

in all cell types.*

It is believed that caspases, members of the Bcl-2 family™*? and stress-associated signaling
pathways are the primary mechanisms underlying ricin-dependent apoptosis.334*53¢ The
processes of ricin-induced cell death-promoting pathways are also linked to ricin's direct and
indirect effects on DNAP™ its ability to produce reactive oxygen species, and its ability to

trigger apoptosis in ricin B-chain.*®!

Ricin A-chain induced apoptosis
An N-glycosidase called ricin A-chain eliminates a conserved adenine from the a-sarcin-ricin

loop (SRL) of the rRNA found in the large ribosomal subunit at position 4324 in human cells
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and A3027 in yeast.2%%4142 This prevents certain elongation factors from attaching to the
ribosome and prevents the production of new proteins.[**! The structure of ribosomal RNA is
known to be influenced by the ricin A-chain. It modifies the GTPase activating centre (SRL)
of the ribosome's dynamic flexibility. The elongation cycle's transition between the pre and
post-translocational phases is disrupted by these conformational alterations.**! suggesting
that for the proper catalytic activity of ricin, the whole ribosome and particularly ribosomal
proteins are crucial.*® It has been shown that in eukaryotes, the ribosomal stalk shape
promotes ricin A-chain interaction with the big ribosomal subunit."*®4”} The three different
phosphoprotein types that make up the human ribosomal stalk structure are PO, P1 and P2.
They come together to form a pentameric protein complex, which is made up of two
heterodimers of the P1 and P2 proteins coupled to a single PO proteint*®*®! Recent research
has demonstrated that P1-P2 proteins serve as the main binding site for RTA, with the P1B-
P2A dimer playing a more crucial role.5%%!

Ricin B-chain induced apoptosis

Research conducted on U937 cells has shown that the interaction between membrane
glycoproteins and glycolipids and ricin B-chain may initiate signaling processes that result in
apoptosis. This lectin activity-dependent process was different from the ricin A-chain-
induced apoptosis signaling pathways. It has been shown that the characteristic apoptotic
nuclear morphological alterations and DNA fragmentation that were seen in ricin-treated
cells were caused by the carboxymethylated (CM-) ricin B-chain.’? In U937 cells, CM-ricin
B-chain was unable to prevent protein production. Therefore, at least in U937 cells, our
studies provide credence to the idea that ricin-induced apoptosis or at least some of the
apoptotic pathways are independent and unrelated to the inhibition of protein synthesis.
Results that were recently published additionally demonstrate that the A-chain is not the only
factor responsible for ricin-induced apoptosis.®®! Rats were given intact heterodimeric ricin
and ricin chains to investigate ricin-induced apoptosis in the liver, which is a significant
location of ricin uptake and cytotoxicity in vivo.®? It was shown that RTB induced the
expression of TNF-a, IL-6 and inducible nitric oxide synthase (iNOS), all of which are
implicated in the activation of JAK-STAT, NF-kB and protein tyrosine kinase.[*®

Toxic Action of Ricin on The Translational Process

Ricin holotoxin, comprising A and B subunits, lacks catalytic activity towards ribosomes;

while the A chain possesses ribosome-inactivating N-glycosidase activity, it's typically
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suppressed in the holotoxin form, with the B chain facilitating cell binding and
internalization.®™ When ricin A chain (RTA) is dissociated from ricin B chain (RTB), a
cluster of arginine residues positioned at the interface domain between RTA and RTB
becomes exposed to the solvent, providing an interaction platform for P-stalk proteins. This
interaction between RTA and the P-stalk proteins stimulates the toxin, enabling it to activate
its enzymatic activity by orienting the active site of RTA, opposite to the arginine interface,
toward the sarcin-ricin loop (SRL) of the ribosome.’”V RTA functions as an RNA N-
glycosidase, catalyzing the hydrolysis of the N-glycosidic bond between a specific adenine
residue on the sarcin-ricin loop (SRL) of ribosomal RNA and the sugar backbone.”® RTA
catalyzes the hydrolysis of the N-glycosidic bond between a specific adenine residue on the
sarcin-ricin loop (SRL) of ribosomal RNA and the sugar backbone. This specificity in rRNA
depurination is influenced by the conformation of the SRL loop structure, with the GAGA
sequence, featuring a prominent adenine base, recognized as a major element in this
process.”” During the catalysis of the sarcin-ricin loop (SRL) depurination process by ricin,
the conserved adenine located at the tip of the SRL is inserted between two tyrosine residues
(Tyr80 and Tyr123) within the catalytic center of ricin A chain (RTA). This positioning
facilitates m-stacking interactions between the adenine base and the aromatic rings of the
tyrosine residues, contributing to the catalytic activity of RTA in hydrolyzing the N-
glycosidic bond of the adenine residue.’®” In addition to the m-stacking interactions with
tyrosine residues, the adenine position during SRL depurination is stabilized by hydrogen
bonding with specific residues within RTA. These include Gly121, Val81, Glul77 and
Arg180, which contribute to the overall stability of the enzyme-substrate complex and
facilitate the catalytic activity of RTA in hydrolyzing the N-glycosidic bond of the adenine
residue.® Studies have demonstrated that two specific residues within RTA, Glul77 and
Argl80, play a critical role in the hydrolysis of N-glycosidic bonds by stabilizing the
transition state during the catalysis of the depurination reaction. These residues contribute to
the catalytic mechanism by facilitating interactions that stabilize the transition state, thereby
promoting the efficient cleavage of the N-glycosidic bond between the adenine base and the

sugar backbone of the ribosomal RNA.[?

In the 1970s, it was observed that ricin inhibits translation in mammalian cells®¥, a finding
that was later confirmed using in vitro experimental systems. This discovery highlighted
ricin's ability to disrupt protein synthesis, a key mechanism underlying its cytotoxic

effects. 641065
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CONCLUSION

Ricin, derived from the castor oil plant Ricinus communis, remains one of the most potent
naturally occurring toxins known. Its dual-chain structure, with the A chain acting as a
ribosome-inactivating protein and the B chain facilitating cell entry, underscores its highly
specialized toxic action. The elucidation of its molecular structure, particularly the A chain's
role in catalyzing the depurination of ribosomal RNA, has advanced our understanding of its
mechanism of action, which ultimately halts protein synthesis. Ricin-induced cell death
involves complex processes, including apoptosis and oxidative stress, making its
toxicological impact multifaceted. Furthermore, the historical development of therapeutic
interventions, including immunotoxins and small-molecule inhibitors, highlights the potential
for ricin’s application in medical settings, although its misuse in bioterrorism remains a
significant concern. Ongoing research into the intricate pathways of ricin-induced toxicity, its
interactions with ribosomal and other cellular components, and the development of effective
countermeasures will be critical in addressing the dual challenges of therapeutic potential and
public safety.
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