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(Ricinus communis) alongside another protein called the Ricinus
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communis agglutinin (RCA120). These two proteins are dangerous to
human health. Liquid Chromatography (LC) and mass spectrometric
(MS) assays are commonly used in the identification of ricin and in
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detecting the activity of ricin in samples with complex matrices. The
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methods make it possible to detect ricin from RCA120, which is less
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toxic. In this regard, the amino acid sequence of the ricin protein is
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determined by monitoring active ricin by MS. The research describes
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the

application

of

LC/MS-based

methods

in

the

detection,

differentiation, and quantification of ricin and RCA120 in laboratory
samples. Overall, the LC/MS-based assays were used to successfully identify the samples
with ricin or RCA120. In fact, mass spectrometry emerged as the most appropriate method
for differentiating between ricin and RCA120. The results of the research led to the
conclusion that LC/MS-based assays are efficient in detection, differentiation, and
quantifying of ricin and RCA120 in any complex matrix.
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1. INTRODUCTION
Ricin is a very toxic protein, which is obtained from the castor bean plant (Ricinus
communis). This plant grows naturally in tropical and subtropical regions. Castor beans are
easily accessible and thus, it is relatively easy to prepare ricin. This is the reason to argue that
the toxin is a likely bioterrorism agent.[1] For instance, the CDC identifies ricin to constitute
Category B agents, making it the only protein to fall among Schedule 1 chemicals.[2] As a
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protein, ricin is made up of A and B chain sub-units.[3] The B chain lectin is responsible for
binding receptors that contain galactose found on the surface of eukaryotic cells, thereby
triggering the endocytosis of ricin. On the other hand, the A chain initiates the deadenylase
activities responsible for triggering an irreversible depurination reaction of 28S rRNA to
terminate the synthesis of proteins within the cell. Thus, the wide availability of ricin should
raise concerns about possible deliberate contamination of food supplies.[4] While ingestion is
not the only form of intoxication, there needs to be a significant effort in determining a highly
sensitive methodology that can detect ricin in foods.
Exposure to ricin may occur either by ingestion or by inhalation of materials that contain
ricin. However, in a few rare occasions, poisoning occurred through injections of ricin.[4]
However, this is very unlikely considering that someone must be present to inject the victim
with the material containing ricin. In the event of an attack involving the use of ricin, it is
important that the toxin is detected and this may include the sampling of materials such as
soil and foodstuffs, particularly in cases where foods contamination is suspected.[5]
Considering the nature of this risk, there have been efforts in the past few years to come up
with appropriate methods for detecting the presence of ricin in a range of substrates. This
article examines the forensic toxicity of ricin, giving the methods attempted and the extent of
achievement. Successful diagnosis of exposure to ricin toxin is critical towards initiating
subsequent therapy.
2. MATERIALS AND METHODS
2.1 Safety
Given the toxic nature of ricin, all experiments involving the ricin or extracts from the castor
bean plant should occur in a biosafety cabinet.[6] However, after the digestion process, the
samples containing ricin are not considered toxic. This means that standard laboratory safety
practices must be considered when handling it.
2.2 Preparing the antibody-coated beads
The researcher purchased Biotinylated Anti-Ricinus Communis Agglutinin (RCA) antibodies
from Somatco in Jeddah. The biotinylated anti-lectins are used as intermediates to localize
lectin receptors.[7] They were bought in 5 mg lyophilized aliquots and later restored using
distilled water to 1 mg/mL. Additionally, the researcher bought MyOne T1 streptavidincoated beads from ThermoFisher. The preparation of the beads was done according to
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manufacturer’s instructions. The basic principle of using magnetic beads is that they have an
immobilized affinity to the isolated structure of the target compound.[7]
2.3 Recovering Ricin and RCA120
The researcher purchased 5 mg/mL purified solutions of ricin and RCA120 agglutinin from
Somatco. The matrix sample containing toxin and agglutinin was incubated for 30 min after
which the magnetic capture beads were used to recover the components. The researcher
removed the capture beads from the matrix after 1 hour and washed them using 1 mL of
0.05% PBST, 1 mL of 0.01% PBST, 0.5 mL of PBS, and distilled water consecutively.
2.4 Castor Bean Extraction
Castor beans with approximately the same weight were purchased from M.A.B.M. Trading
Est. To facilitate the extraction process, the researcher grinded the whole beans using a pestle
tissue grinder and put the mash in the sample matrix. The researcher let the mixture to
incubate for 18 h and later centrifuged it to settle large particles. The antibody-coated beads
were then used to extract 0.5 mL aliquot of the supernatant, which was analyzed using the
relevant methods.
2.5 Protein Digest
Protein digest process involved the use of RapiGest SF that enhances enzymatic digestion of
proteins within the solution. The researcher purchased Rapigest SF from Somatco in
quantities of 1 mg lyophilized aliquots. This was then converted to 0.1% using 100 mM
ammonium bicarbonate. The researcher carried out protein digest experiments by bufferexchanging magnetic beads containing ricin into the Rapigest SF solution.
2.6 Preparation of Peptide
The researcher chose ricin quantification peptides combining the A and B chains. This also
facilitated the distinguishing of ricin from RCA120. However, the researcher avoided
peptides that are glycosylated and those that contain cysteine, methionine, or tryptophan. The
selected peptides were then synthesized.
2.7 Liquid Chromatography
Liquid chromatography facilitates the separation of a sample matrix into its individual
components.[8] This separation is triggered by various interactions of the matrix sample in
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stationary and mobile phases. The researcher used an Agilent 1200 capillary pump to perform
the chromatographic separation. Honeywell Burdick and Jackson developed all the solvents.
2.8 Mass Spectrometric Quantification
Mass spectrometer quantification method selectively and sensitively detects and assigns a
signal to a particular chemical entity, even when the chemical is present in low
concentrations within the sample matrix.[1] The researcher used the LTQ module to perform
mass spectrometric quantification. The samples were put in the LTQ through electrospray
ionization in positive ion mode. The process recovered all the productions within a mass not
exceeding the low-mass cutoff during Collision-induced dissociation (CID).
2.9 Activity Assay
Despite the existence of several methods for detecting ricin protein, the majority of the assays
cannot distinguish between active and inactive ricin. The objective of the research was to
develop a sensitive and selective method with the potential of totally analyzing ricin. This
should take into consideration biological activities as well as structural components. The
LC/MS-based methods use three layers of selectivity to detect the presence of resin and
biological activities in the same sample matrix. The process involved the isolation of ricin
from the laboratory samples using antibody-coated beads. The immune-purified ricin was
then digested and analyzed through the LC/ MS methods to identify the toxin.
3. RESULTS
In the activity assay, the presence of ricin substrate was detected in the matrices that were
spiked with 15 pmol ricin. However, this was not the case with similar pure samples. The
LC/MS-based methods identified ricin peptides and further distinguished between ricin and
RCA120 less toxic homolog. The greatest challenge with the detection of ricin was
differentiating between the toxic and less toxic forms.[3] However, the fact that the LC/MSbased methods are able to discriminate these forms, the researcher made conclusions on the
risk factors associated with each sample, even though[9] argues that detecting one unique
peptide is enough to conclude that ricin is present in a mixture. According to.[3], including
four more peptides as confirmation ions do not make the identification ambiguous. The
additional four peptides help with distinguishing ricin from RCA120 and confirming the
presence of A and B chains. The quantification process considered four tryptic peptides, with
T7 peptide empirically yielding doubly charged ion and resulting in the best sensitivity. T10,
T11, and T18 peptides, which were also unique to ricin produced quantitative results that
www.wjpps.com
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were similar to T7. Using T7 as the quantification peptide saw the low limit of detection
(LOD) for ricin toxin digest be placed at 1 fmol protein.
3.1 Differentiating Ricin and RCA120
Ricin and the less toxic agglutinin protein RCA120 share more than 85% sequence
homology.[10] Also, there are no known antibodies with the potential of preferentially binding
to Ricin over RCA120.[9] While mass spectrometry method easily distinguishes the two
proteins based on their protein sequence, quantitative measurements that use LC/MS method
are limited to a few tryptic peptides. As mentioned earlier, T7 peptide from ricin
distinguishes ricin from RCA120 using amino acid sequence.[11] In the case of the LC/MS
experiment, the quantity of ricin obtained from the various matrices was constant at 7%,
regardless of the variances in the quantity of RCA120. This is an indication that that only
ricin was being quantified and that the quantity of RCA120 did not form part of the perceived
amount of protein.
3.2 Castor Bean Contamination
The experiment involved the evaluation of four sample matrices containing crushed castor
beans for ricin content after incubation using LC/MS method. Considering the weight of
beans used, castor beans are 1.5% toxic by weight.[12] The researcher, therefore, estimated the
maximum amount of ricin in the castor bean to be 10 mg, above the 1.5% range. This is
because the limit of ricin recovery for the LC/MS method is high at approximately 13 pmol/
mL.[4] However, to ensure that the quantity of ricin recovered fell within the established
range, the researcher split the tryptic samples into several dilute aliquots before the LC/MS
analysis. After the dilution, the matrices were taken through immune-purification, protein
digest, and using LC/MS, analysis processes. The researcher then evaluated the amount of
ricin recovered from sample matrix using the ricin T7, T10, T11, and T18 peptides. Even
though ricin was recovered from all the sample matrices with the castor bean extract, the
amount of ricin varied from the first to the last sample matrix. Because the same sample of
extracted ricin was used in all sample matrices, factors like pH level or matrix complexity
had minimal impact on ricin recovery. However[9], noted that during the incubation of castor
bean mash with the sample matrices the ricin may have denatured or bound to components
like lactose, thereby accounting for the varying amount of ricin.
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4. DISCUSSION
The majority of the methods used in forensic toxicology of ricin fall into three categories.[13]
The first category of methods uses immunogenic interactions to detect the presence of ricin.
An example of such methods is the enzyme-linked immune-sorbent assay. Another group of
methods exploits the enzymatic activity of ricin.[14] Finally, the last group of methods detect
castor bean DNA based on the assumption that they would contain ricin toxin as well, for
example, the polymerase chain reaction. The methods are generally fast with a low limit of
detection.[13] Besides, they do not require expensive instruments. However, none of the
methods in the three categories represents a comprehensive assay. Even though the
polymerase chain reaction is sensitive and quantitative, it indirectly tests for the presence of
the ricin toxin. On the other hand, enzymatic activity-dependent measurements can be
inefficient when the sample contains other toxic proteins.
Nearly all bioscience and biotechnology branches isolate, separate and purify proteins and
peptides, among other specific molecules. The science and technology of separation is,
therefore, a very important area that requires developments in bio-related research.[15] These
create the need for the new and advanced separation techniques with the capability of treating
dilute solutions that have minimal amounts of target proteins in the midst of large amounts of
accompanying compounds or particulate matter, are necessary. The fact that the research used
peptides corresponding to ricin and RCA120 in one analysis is advantageous over other ricin
detection methods. In this regard, the LC/MS method allows for ricin to be quantified
independently or alongside RCA120 depending on the quantification peptide selected.
4.1 Targeted LC/MS Approach
The reason behind using the LC/MS method was increasing the selectivity and sensitivity of
the peptide quantification process.[16] acknowledge the use of mass spectrometry in targeted
approaches for detecting particular peptides. The method involves using ion trap mass
spectrometers for monitoring transitions the peptides dissociate from parent peptide ions.
This makes the analysis of ricin peptides more precise compared to the methods described
by.[13] The LC/MS method achieved the quantification of ricin at a lower limit of detection
which would not have been possible with other methods. This finding is supported by the
research conducted by[11], where the method was used to analyze ricin spiked into complex
matrices. With a focus on A and B chain peptides that occur in ricin, the LC/MS method
achieved a 0.64 ng/mL low limit of detection.

www.wjpps.com

Vol 8, Issue 4, 2019.

75

Fakiha.

World Journal of Pharmacy and Pharmaceutical Sciences

4.2 Importance of Ricin Activity Measurements
Public health investigators should be in the best position to detect protein-based toxins to
enable them to react appropriately to potential natural contamination. Today, many different
analytical methods are available to facilitate this analysis.[17] However, mass spectrometric
techniques have proven to offer direct evidence regarding the structure of molecules by
determining the amino acid sequence, measuring the molecular mass, and identifying
possible modifications.[18] This may help determine whether protein toxins are behind certain
diseases. In this regard, the LC/MS method identities and quantifies protein toxin to
determine whether it is enzymatically active.[5] The enzymatic activities of ricin involve
depurination of adenosine capable of halting protein synthesis in the human body. Research
by[7] shows that mass spectrometry has the potential to monitor the enzymatic activity of
ricin’s A chain. However, ricin has other ribosome inactivating proteins like RCA120 that
present similar enzymatic activities to ricin. This makes s LC/MS an appropriate method
without necessarily requiring the supplementation of another method to address specificity.
Even though[19] find the potential of ricin to be denatured in food samples, the mass
spectrometry method can be used to monitor any decrease in mass of the RNA, therefore
facilitating the accurate identification of possible enzymatic activities within the A chain of
ricin. The LC/MS method remains to be the best for analyzing enzymatic activities of ricin as
long as the specificity limitations of the assay are elaborate.
5. CONCLUSION
This research explores the potential of LC/MS-based methods to detect the presence of ricin
in laboratory samples. The research sheds light on the selectivity and specificity for ricin by
immunoaffinity capturing of ricin proteins, their examination, and quantification. Analysis
using liquid chromatography and mass spectrometry comes with many advantages over other
methods. First, the methods offer a direct measurement of ricin. The method is also not
influenced by interfering proteins and highly sensitive and selective. Furthermore, the LC/MS
method achieves quantification with high precision regardless of the complexity of the
matrices. While the LTQ module can distinguish ricin from other proteins, the process of
immune-purification was used for maintaining a low detection limit and ensures the
availability of the second layer of specificity considering the fact that antibodies can
selectively enrich ricin within the matrices. Finally, the choice of tryptic peptides for the
forensic toxicity of ricin allows for independent quantification of ricin from RCA120. This
ensures that RCA120 proteins are not quantified.
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