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Abstract: Thiaminase (EC 2.5.1.2) is an enzyme that cleaves thiamine into its pyrimidine and thiazole moieties resulting
in thiamine deficiency in various organisms. It is classified into two main types: Thiaminase | and Thiaminase Il defined
by the nucleophile used in the mechanism by which the cleavage is accomplished. Thiaminase | employs a variety of
nucleophiles including, amines and sulfhydryl compounds while thiaminase Il exclusively uses water for hydrolysis of
thiamine. The crystal structure of thiaminase | reveals a deep cleft that accommodates thiamine and highlighting important
residues that assists in its breakdown. This process disrupts thiamine’s biological function leading to metabolic
disturbances. Physiochemically, thiaminase exhibits specific properties that influence its activity, such as optimal pH of 4-
8 and temperature ranges from 40-60cc. Thiaminase is naturally found in various organisms including certain plants,
bacteria and marine animals where it can act as an antinutrient. Consequently, thiaminase activity elicits life threatening
conditions such as beriberi and Wernicke-korsakoff syndrome due to thiamine depletion. Furthermore, this can lead to
significant neurological conditions, including ataxia and peripheral neuropathy. Interestingly, studies have suggested that
native thiaminase and Polyethylene glycol-modified (PEGylated) thiaminase | enzyme may have potential applications in
cancer therapy by impairing mitochrondrial respiration in cancer cells. This suggests that thiaminase may likely be a
potential source of novel cancer chemotherapeutic agent via the impairment of DNA synthesis and energy metabolism in
cancerous cells.
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INTRODUCTION necessary for '_[he metabolism of carbohydrates, fats and
proteins. It is also needed to ensure the proper
functioning of the central and peripheral nervous system
thus, its deficiency leads to mitochrondrial dysfunction,
lactate and pyruvate accumulation, and consequently in
neurodegenerative  diseases including Alzheimer’s
disease = which may manifest as Wernicke’s
encephalopathy or Wernicke-korsakoff syndrome. Its
deficiency can also lead in neuropathy leading to ataxia,
paralysis and confusion (Malgorzata et al., 2023). Once
thiamine molecule is cleaved, the body is unable to
restore it therefore, when significant amounts of
thiaminases are ingested, thiamine deficiency may
develop even when the concentration of dietary thiamine
are adequate (Craig et al., 2024). Consumption of fish
containing thiaminase has led to elevated mortality and
inadequacy in farmed animals and wild salmonine
populations around the world (Catherine et al., 2023).
Thiaminase was first described as the cause of high
mortal ataxic neuropathy in fur producing foxes eating

Thiaminase is an enzyme that when ingested
catalyzes the cleavage of Thiamine (Vitamin B1) into its
pyrimidine and thiazole moieties (Cheryl et al., 2013)
effectively destroying its vitamin properties and reducing
its availability in the body. Thiaminase has been
classified into two types: Thiaminase | and Thiaminase
Il respectively. Thiaminase | enzyme is present in plants
such as nardoo and bracken Fern and in marine animals
such as salmon, silver carp, anchovy, freshwater prawn
in certain bacteria and one eukaryote; Naegleria gruberi
(Tillit et al., 2005, Catherine et al., 2023, Katie et al.,
2023). Thiaminase Il enzyme is present in specific
bacteria and yeasts (Kiku, 1982). A major cause of
thiamine deficiency is an overreliance on diet items
containing the enzyme thiaminase leading in deadly
deficiency symptoms (Freya et al., 2023). Vitamin B1 is
a vitamin necessary for proper cell function. It is
important for energy production in the mitochrondria,
protein synthesis and plays a special role as coenzyme
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the raw internal organs of river fish like carp. It is also
known as the cause of cerebrocortical necrosis of cattle
that feed on thiaminase containing plants (Okonji et al.,
2012). When grazing animals such as sheep consume
ferns, they develop thiamine deficiency which results in
brain lesions and in the bending of the neck and in a
phenomenon known as Stargazing where the animal falls
to the ground with its feet in the air. In raising fisheries,
there has been lot of economical losses as a result of
thiaminase activity, example in yellowtail fed raw
anchovy as the sole feed for a certain period, as well as
in sea bream and rainbow trout (Okonji et al., 2012).
Studies have also shown that native thiaminase | and
Polyethylene glycol-modified (PEGylated) thiaminase |
enzyme can be targeted to cancer inhibition by acutely
down regulating cellular respiration making thiaminase
an enzyme of dual importance (Daily et al., 2011, Liu et
al., 2012).

Classification of Thiaminase

Thiaminases are generally classified into two
types defined by the nucleophile used in the mechanism
by which cleavage is accomplished. They include:
Thiaminase | and Thiaminase Il respectively.
Thiaminase | (EC 2.5.1.2): This thiaminase is produced
by certain bacteria such as Clostridium thiaminolyticum
and Bacillus thiaminolyticus  (Derrick, 2018).
Thiaminase 1 is also produced by certain plants such as
Ferns and Fishes such as Carp, Mackerel (Tillitt et al.,
2005, Catherine et al., 2023, Katie et al., 2023).

Thiaminase 1l (EC 3.5.99.2): This thiaminase is
produced by bacteria and yeasts. (Kiku,1982).

Mechanism of Action of Thiaminase

Thiaminase | catalyzes the breakdown of
thiamine into pyrimidine and thiazole components. It
uses various nucleophiles including aromatic and
heterocyclic amines (such as aniline) and sulthydryl
compounds (such as Cysteine) in nucleophilic
displacement reactions that target the methylene group of
the pyrimidine moiety (Cheryl et al., 2013). Meanwhile,
thiaminase 1l simply accelerates the hydrolysis of
thiamine. It uses water as the nucleophile to cleave
thiamine into 2-methyl-4-amino-5-
hydroxymethypyrimidine (HMP) and 4-methyl-5-(2-
hydroxyethyl) thiazole (Cheryl et al., 2013, Katie et al.,
2023).

Natural Occurrence of Thiaminase

Thiaminase 1 is found in specific specie of
microorganisms such as Bacillus thiaminolyticus,
Clostridium botulinum and Clostridium sporogenes
(Katie et al., 2023) as well as multicellular organisms
including ferns like nardoo fern, in marine animals such
as zebrafish, goldfish, alewife, anchioves, carp, salmon,
mackerel and freshwater prawn (Barry & Bruce 1977,
Tillitt et al., 2005, Catherine et al., 2023, Katie et al.,
2023). It can also found in plant tubers (Ehigie et al.,
2013a) and gut of grasshoppers (Ehigie et al., 2013b) as
well as in moths (Okonji et al., 2012). Thiaminase Il on
the otherhand is found in bacteria such as Bacillus
subtilis and in yeasts such as Trichosporon, Candida and
Oospora (Kiku, 1982).

Table 1: Natural occurrence of Thiaminase | & 11

Enzyme Classification | Source References
Thiaminase | Bacteria: Bacillus thiaminolyticus, clostridium botulinum, | Katie et al., 2023
clostridium sporogenes
Eukaryote: Naegleria gruberi Cheryl etal., 2013
Marine animals: E.g Zebrafish, goldfish, alewife, | Catherine etal., 2023, Tillitt et
anchioves, carp, salmon, mackerel, freshwater prawn etc al., 2005, Katie et al., 2023
Plants: Nardoo fern Barry & Bruce 1977
Plant Tubers Ehigie et al., 2013a
Gut of grasshopper Ehigie et al., 2013b
Thiaminase 11 Predominantly bacteria: Bacillus subtilis, Candida albican, | Kiku,1982
Trichosporon

Physiochemical Properties of Thiaminase
Physiochemically, thiaminase exhibits specific
properties that influence its activity such as its optimum
pH, its optimum temperature, its molecular weight, its
activators and inhibitors respectively. Because
thiaminase | and thiaminase Il are produced from
different organisms, its optimum pH, optimum
temperature as well as molecular weight varies. In
Anaphae venata (a specie of moth), thiaminase | was
found to have an optimum pH of 6.0 at an optimum
temperature of 60°c. In Nardoo fern, thiaminase I was
found to have an optimum pH of 8 to 9 at an optimum
temperature of 55°c. In Bacillus thiaminolyticus,

thiaminase | was found to have an optimum pH range of
5.8 to 6.8 at an optimum temperature of 37°c (Okonji et
al., 2012). Bacteria thiaminase Il was found to have an
optimum pH of 5.0 at an optimum temperature of 30°c
(AKiji et al., 1951). The molecular weight of bacterial
thiaminase | was found with ranges from 42,000 to
44,000 dalton,an estimated molecular weight range of
93,000 to 115,000 dalton was reported for nardoo fern
and a molecular weight of 106,000 dalton for seawater
fish. Bacterial thiaminase 11 (Bacillus subtilis) as well as
thiaminase | of plant and shellfish was found with
molecular weight range of 100,000 to 115,000 dalton
respectively (Okonji et al., 2012). As for the activators
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and inhibitors of both thiaminases; manganese(ii)ions,
iron(iii)ions, pyridoxine(as co-substrate), cysteine
accelerated the activity of thiaminase | while
copper(ii)ions; an irreversible inhibitor of thiaminase I,
application of heat, ascorbic acid, 4-amino-6-chloro-2-5-
dimethyl pyrimidine (4 ACDP);a suicide inhibitor of
thiaminase I inhibited the activity of thiaminase | (Megan

et al., 2013,Katie et al., 2023, Patricia et al., 2023). For
thiamnase 11, bacterial thiaminase was found to be very
active in the presence of nicotinic acid and nicotinamide.
Application of heat and presence of copper (ii) ions
inhibited activity of bacterial thiaminase 1l (Akiji et al.,
1951, Katie et al., 2023).

Table 2: Physiochemical properties of Thiaminase

S/IN | Thiaminase Optimum | Optimum | Inhibitors Activators References
TYPE pH temp (°C)

1 Thiaminase | 5.0-9.0 30-60 Copper (ii)ions, heat, | Pyridoxine, Okoniji et al.,2012,
ascorbic acid, 4-amino- | cysteine, Megan et al.,2013,
6-chloro-2-5-dimethyl manganese (i) | Katie et al.,2023,
pyrimidine (4 ACDP) ions, iron (iii) ions | Patricia et al.,2023

2 Thiaminase Il | 5.0 30 Heat, copper (ii)ions Nicotinic  acid, | Akiji et al., 1951,

nicotinamide Katie et al.,2023

Biochemical Target of Thiaminase

Thiamine or vitamin Bl is a water-soluble
vitamin that is readily degraded by thiaminase. Thiamine
is essential for carbohydrate metabolism, fatty acid
metabolism and energy production and also serves as a
cofactor for a number of enzymes involved in energy
production. Thiaminase activity reduces thiamine
availability making it unavailable for conversion to its
biologically active form; Thiamine pyrophosphate
(TPP). As a result, thiamine-dependent enzymes
involved in carbohydrate, fatty acid metabolism as well
as energy production are affected (Shibani et al., 2019).

Impacts of Thiaminase Activity on the Pentose
Phosphate Pathway

The pentose phosphate pathway is one of the
pathways that is crucially affected in times of thiamine
deficiency due to thiaminase activity. In the cytosol, the
coenzyme form of Thiamine; Thiamine pyrophosphate
(TPP) acts as a cofactor for Transketolase which is a key
enzyme of the non-oxidative branch of the pentose
phosphate pathway. This metabolic pathway generates
Nicotinamide  Adenine  Dinucleotide = Phosphate
(NADPH) and Ribose-5-phosphate (R5P). NADPH is a
key reducing agent in biosynthetic reactions and is a co-
substrate of biosynthetic enzymes (fatty acid synthesis)
and antioxidant enzymes such as the glutathione
peroxidase-reductase  system  and  thioredoxin
peroxidases among others. R5P is crucially involved in
the biosynthesis of DNA and RNA highlighting its role
in high proliferating tissues. Therefore, a deficiency of
thiamine due to thiaminase activity will reduce
transketolase activity leading in impairment of the
pentose phosphate pathway. This impairment leads in
reduced NADPH and R5P production from the Pentose
phosphate pathway (Shibani et al., 2019).

Effects of Thiaminase Activity on the Glycolytic
Pathway

In the mitochrondria, thiamine pyrophosphate
(TPP) is a cofactor for pyruvate dehydrogenase activity
that is responsible for the decarboxylation of pyruvate to

generate Acetyl-COA, which then enters the TCA cycle.
Low TPP due to thiaminase activity inhibits pyruvate
dehydrogenase activity thereby locking the system into
the oxidation of glucose to pyruvate preventing its final
conversion into Acetyl-COA. As a result, there is
increase in lactate production and decrease in cellular
ATP production from glucose metabolism (Shibani et
al., 2019)

Effects of Thiaminase Activity on the Tricarboxylic
Cycle

« -ketoglutarate dehydrogenase in the TCA
cycle is TPP (Thiamine pyrophosphate) dependent to
catalyze the formation of Succinyl-COA from o -
ketoglutarate in the TCA cycle and the consequent
production of reduced Nicotinamide Adenine
Dinucleotide (NADH). Low levels of TPP notably
decrease o -ketoglutarate dehydrogenase activity,
causing accumulation of o -ketoglutarate thereby
decreasing energy production (ATP) and causing the
accumulation of glutamate, hampering oxidative
metabolism (Shibani et al., 2019).

Effects of Thiaminase Activity and Amino Acid
Metabolism

Branched chain o« -keto dehydrogenase
(BCKDH) is an enzyme that requires Thiamine
pyrophosphate (TPP) as cofactor for the catabolism of
essential branched chain amino acids: Leucine, Valine,
Isoleucine as well as in the decarboxylation of branched
chain «-keto acids derived from these amino acids into
acyl-coA derivatives that enter the TCA cycle for energy
production. These amino acids are required for protein
synthesis, their carbon skeletons (except Leucine) can be
used as precursors for gluconeogenesis (Sperringer et al.,
2017). Thus, low TPP due to thiaminase activity will lead
in reduced Branched chain « -keto dehydrogenase
activity which will consequently result in buildup of
branched chain o«c-keto acids in the bloodstream. Since
branched chain amino acids are important for energy
production especially during fasting or intense exercise,
impaired BCKDH activity will hinder utilization of these
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amino acids for energy leading in reduced energy
availability for tissues especially the muscle and brain.

Implications of thiaminase Activity in Neurological
Disorders

The hippocampus which is the region of the
brain that is crucial for the formation and retrieval of
memory undergoes significant growth and neural
proliferation during development. Considering that cell
proliferation requires a large amount of ribose-5-
phosphate for biosynthesis of nucleotides, a decrease of
transketolase activity due to deficiency of thiamine
influenced by thiaminase activity impairs the PPP
leading in decrease in metabolism of ribose-5-phosphate
and NADPH, thereby inhibiting hippocampal
neurogenesis (Yanling et al., 2014) ultimately resulting
in memory impairment such as in Alzheimer’s disease
(Zhao et al., 2009).

Reduced transketolase activity due to
thiaminase activity impairs the PPP leading in reduced
NADPH production, since NADPH is vital for resistance
of oxidative stress, this decrease results in increased
oxidative stress (excessive ROS levels) as well decreased
fatty acid synthesis (including myelin). Reduced
formation of R5P due to this impairment will limit
biosynthesis of DNA and RNA which is crucial for cell
proliferation as well as development of new neurons
(Shibani et al., 2019). Excessive ROS levels can induce
cytotoxicity and promote DNA damage and apotosis.
Reduced R5P will also hinder development and
proliferation of new neurons consequently leading in
neuronal damage (Xin et al., 2024).

Thiamine-deficiency mediated inhibition of
PDH complex will lock the system into oxidation of
glucose to pyruvate, leading in increase in lactate and
decrease in cellular ATP production (Shibani et al.,
2019). In severe cases, metabolic deficits present as fatal
lactic acidosis, Leigh encephalopathy, to later onset of
neurological disease such as intermittent ataxia or
dystonia. Females tend to have a more uniform
presentation resembling nonprogressive cerebral palsy.
Neuroradiological abnormalities such as corpus
callosum agenesis are seen more frequently in girls, basal
ganglia and midbrain disturbances in boys (Linda, 2013).

Accumulation of o« -ketoglutarate due to
reduced « -ketoglutarate dehydrogenase activity as a
result of thiaminase activity will result in elevated levels
of glutamate. Since glutamate is the main excitatory
neurotransmitter in the central nervous system, excessive
levels of glutamate can lead to excitotoxicity in the
nervous system which can disrupt normal
neurotransmission and contribute to neuronal injury or
death (Fahimeh et al., 2023). Glutamate-mediated
excitotoxicity also leads to neurodegeneration and its
diseases such as Alzheimer’s disease and Huntington’s
disease (Jan & Pamela, 2015), neuroinflammation, blood
brain barrier permeability and cerebral vasodilation

(Fahimeh et al., 2023). High levels of glutamate will also
lead in sensitization of N-methyl-D-aspartic acid
(NMDA) receptors, since NMDA receptors have high
calcium conductivity, sensitization leads in increased
influx of extracellular calcium ions (Jan & Pamela,
2015). Calcium once in the cell communicates with a
number of systems and pathways including reactive
oxygen species (ROS). Therefore, increased levels of
calcium ions activate ROS-generating enzymes and
formation of free radicals consequently leading
mitochrondrial dysfunction (Agnes et al., 2015)

Buildup of branched chain « keto acids due to
impaired branched-chain o -keto acid dehydrogenase
(BCKADH) activity as a result of thaiminase activity
results in a disorder known as maple syrup urine disease
(MSUD) (Sperringer et al., 2017)

Maple syrup urine disease a rare, inherited
metabolic disorder caused by defects in branched-chain
x-keto acid dehydrogenase (BCKADH) activity which
results in elevations of branched-chain amino acids
(BCAAs) in plasma and o« keto acids in urine.
Presentation occurs in neonatal period with
developmental delay, maple syrup odor in the cerumen
and urine, and can lead to irreversible neurological
complications, including stereotypical movements,
metabolic decompensation, and death if left untreated
(Patrick et al., 2017).

Thiamine deficiency due to thiaminase activity
will also result in beriberi. Wet beriberi is accompanied
by edema, resulting in an abnormal cardiovascular
system, circulatory failure and heart attack. Dry beriberi
is associated with abnormal functioning of the nervous
system and the development of polyneuropathy and
Wernicke’s encephalopathy (Malgorzata et al., 2023).

Therapeutic Potentials of Thiaminase in Cancer
Treatment

Studies have shown that native thiaminase |
from Bacillus thiaminolyticus and linear chain
Polyethylene glycol-modified (PEGylated) thiaminase |
enzyme exhibits cytotoxicity activity in lymphoid
leukemia cell lines (Daily et al., 2011). In RS4 leukemia
cells, native thiaminase and 5k-PEGylated thiaminase |
showed significant anticancer cytotoxicity by acutely
down regulating cellular respiration (Liu et al., 2012).
Tumor cells require significant energy and substrates for
indefinite proliferation, and the pentose phosphate
pathway (PPP) particularly the thiamine-dependent
enzyme Transketolase (TKT) is crucial for this process
(Xin et al., 2024). TKT uses thiamine pyrophosphate
(TPP) as a cofactor to produce ribose-5-phosphate
(R5P); a precursor for nucleotide synthesis that supports
cancer cell proliferation and DNA repair (Anna et al.,
2015). Additionally, TKT mediates reversible reactions
in the PPP, helping to replenish NADPH and mitigate
oxidative stress (Sylwester et al., 2022). However,
thiaminase activity reduces TKT activity, impairing the
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PPP and decreasing R5P production, which suppresses
DNA and RNA synthesis and lowers cancer cell
proliferation (Seung et al., 2015, Shibani et al., 2019).
Furthermore, decreased TKT activity leads to increased
reactive oxygen species (ROS), which can induce cancer
cell death (Seung et al., 2015).

CONCLUSION

In conclusion, thiaminase is a significant

enzyme that plays a dual role in both health and disease.
Its capacity to degrade thiamine disrupts vital metabolic
pathways, leading to a range of neurological conditions
and metabolic disorders. Understanding the biochemical
properties and natural occurrences of thiaminase can
enhance our knowledge of its impact on human health,
particularly in relation to thiamine deficiency, which has
been linked to cognitive impairments and various
metabolic disorders.
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