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Abstract

L-Ornithine plays an important role in cell proliferation, collagen formation,
and other physiological functions. It is an excellent nutritional supplement
for bodybuilders and sportsmen. Because of its several functions in health
care, l-ornithine has a substantial global market; thus, a simple, efficient, and
energy-saving technique for producing l-ornithine is required. Currently,
several studies exploit arginase as an efficient catalyst for the sustainable
synthesis of L-ornithine. Arginase cleaves L-arginine to form L-ornithine and
urea and acts as a committed step in the urea cycle. It was also studied as an
arginine-reducing agent to treat arginase deficiency and to treat arginine
auxotrophic tumors. Many studies have been reported for the production of
L-ornithine by microbial arginases, but the isolation of arginase from low-
cost materials like plant biomass is still a field of study. This review focuses
on the production of arginase from potent microbial strains for the cost-
effective production of ornithine and the study of its therapeutic applications
and emphasizes the development of robust microbial strains with high
stability and productivity.

Keywords: L-ornithine, L-arginase, L-arginine, auxotrophic tumors, arginase
deficiency

Introduction

L-arginase (EC 3.5.3.1) is a ureohydrolase enzyme that converts L-arginine to ornithine
and urea. " It is a crucial enzyme in the urea cycle, which helps to remove ammonia as
urea. ! It was also studied as an arginine-reducing agent to treat arginase deficiency
and to treat arginine auxotrophic tumors. 3! Thus, arginase has two important
physiological functions: one is the detoxification of ammonia in the urea cycle, and the
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second is the production of L-ornithine, which acts as a precursor of polyamines and
L-prolines. * 5 These catalytic products perform various biological functions,
including polyamines involved in cell physiology, protein and nucleic acid synthesis,
regulation of ion channels, and protection from oxidative damage. ®' The prolines
function in wound healing and neuroprotection or regeneration. 7/ On the other hand,
L-ornithine is a widely used industrial nutraceutical that is widely used in the food,
pharmaceutical, and cosmetic industries. . L-ornithine is an intermediate
metabolite in the urea cycle, a crucial precursor for the biosynthesis of L-citrulline, L-
proline, and polyamines, and a non-essential amino acid that is essential for the
treatment of post-traumatic stress disorder, liver protection, and liver disease
treatment. It also strengthens the heart and helps in immune system maintenance. In
recent years, there has been a lot of focus on the affordable and effective synthesis of
ornithine because of its significance in activities that promote human health. Focused
on the enzymatic action of arginase on arginine and microbial fermentation, these two
processes are the main methods for producing ornithine.

Resources Metabolism Applications

Animal ‘ l l

Tissue \ Cancer Treatment for

treatment Argll‘llne
Microbes deficiency

HA. "Modification

-

Urea +L-Ornithine

Producing L-ornithine as nutraceutical Product
Fig.1:Arginase: uses in medicine and biotechnology:

Animal livers or microbiological sources can both be used to isolate arginine. A urea
cycle enzyme called arginase breaks down L-arginine to produce urea and L-ornithine.
Arginase has recently been employed extensively in medical applications to deplete
arginine as a therapeutic technique for arginine-dependent malignancies or as an
arginine-reducing drug in arginase-deficient patients. Arginase has also been shown to
be a good catalyst for the environmentally friendly production of L-ornithine, an
important component of nutraceuticals.
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Microbial sources of L-Arginase

Arginase is found in various organisms in nature and is well studied in bacteria, fungi,
[Table-1] lichens, plants, and higher mammals. The main function of arginase in
microorganisms is to maintain L-arginine homeostasis and is involved in the
regulation of many metabolic processes. ) Many microbial strains have potentially
produced enzymes, but the enzymes produced by several microbial strains may differ
in physiological, biochemical, catalytic, and immunological characterization, which
leads to continuous screening programmes to isolate the novel microbial strains that
might produce effective enzymes with little limitation in the usage sector. ™ L-

arginase is widely distributed and expressed in different organisms. "

Table-1: Microbial sources of arginase

Microbial source | Microbe Reference
Bacteria SulfolobusAcidofilus [14]
Pseudomonas sp. strain PV1 [15]
Zymomonasmobilis [16]
Bacillus subtilis 168 [17]
Bacillus anthracis [18]
Chlamydia pneumonia [19]
Cyanobacteria [20]
Helicobacter pylori [13]
Arthrobacter sp.KU]J 8602 [21]
Cyanobacterium synechocystissp.strain PCC 6803 | [22]
Bacillus brevis [23]
Streptomyces clavuligerus [24]
Rhodobacter [25]
Bacillus caldovelox [26]
AgrobacterimTi plasmid C58 [27]
Fungi Candida albicans [28]
Neurospora crassa [29]
Agaricusbisporus [30]
Trichoderma sp. [31]
Aspergillus nidulans [32]
Yeast Evernia prunastri and Xanthoriaparietina [33]
Schizosaccharomyces pombe strain 972 [34]
Sacchromyces cerevisiae ATCC- 9763 [35]
Actinomycetes | Actinomycetes KAR-73 [36]
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Relevance of Fungal enzymes over other microbial enzymes

Production of enzymes from microorganisms is faster, more cost-effective, scalable,
and easier to manipulate genetically. 7 Among microbial enzymes, the fungal
enzymes represent a vast range of industrially important enzymes 53 that are easy to
recover due to their extracellular nature. Fungal enzymes contribute more than 50% of
the total enzymes available on the market. 37 At the commercial level, a few species of
Aspergillus, Trichoderma, Rhizopus, and Penicillium genera fulfill the requirements for
enzyme production. The filamentous, thermophilic, psychrotrophic and white-rot

fungi have the capability of producing various enzymes at optimum reaction. 3%

Arginine and its biosynthesis

Arginine is a conditionally essential amino acid that has been identified as playing an
important role in a number of biological processes, including the normal function of
the cardiovascular and immune systems. Many studies have revealed that arginine is
necessary for cellular growth. “°! Arginine has been identified as the sole physiological
precursor for NO, a key performer in many cellular regulatory functions. ! Arginine is
also a precursor for two important amino acids, proline and glutamate. *! As arginine
is a conditionally essential amino acid, the body can synthesize it as per the
requirements of basal metabolic demands. In times of stress or rapid growth, like
infection, wound healing, or neonatal development, arginine demand increases and
availability becomes limited. 3 Inside microbial cells, arginine catalysis has two fates:
the arginine urea pathway and the arginine deiminase pathway, both producing

ornithine. 44
L- Arginine A\ - H:0
Fqu Arginase
ASL Urea
Arginosuccinate L- Ornithine
A OTC
/ Carbamoylphosphate
ASS 7 P,

Aspertate ATR L- Citrulline |
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Fig.2: Hepatic Urea Cycle. CPS(Carbamoyl Phosphatase Synthatase), ASS
(Arginosuccinate Synthatase), ASL(Arginosuccinate Lyase) OTC(ornithine
transcarbamoylase).

Arginine and Cancer

Arginine is essential for cell growth, and its deficiency leads to retardation of cell

45461 This antitumor

growth, arrest of the cell cycle, and apoptosis in cancer cell lines.
property of the enzyme makes it a potent treatment for cancer. As compared to
normal, healthy cells, cancerous cells require more energy and nutrients (amino acids)
for their rapid growth. Keeping this point in mind, two strategies can be employed to
stop their growth: targeting the cellular metabolism or manipulating the
microenvironment around them. “” Amino acid deprivation therapy is a well-
established therapy based on targeting the cellular metabolism. It is well studied for
asparaginase, methionase, glutaminase, and arginase enzymes. L-Arginine is involved
in various cellular processes like the urea cycle, polyamine synthesis, nitric oxide
formation, wound healing, and many more. In recent years, the demand for this amino
acid has increased as it is studied for cancer treatment. 14°!

Arginine decarboxylase (ADC; EC 4.1.1.19), Argininedeiminase (ADI; EC 3.5.3.6), and
Arginase (EC 3.5.3.1) arethe three major enzymes that deplete arginine .As compared
to these two enzymes, arginase act as a potential enzyme for efficienttreatment of

hepatocellular carcinoma , human prostate cancer cells 4o

[51]

pancreatic cancer

[54]

5°] Jeukemia ,glioblastoma 521 breast cancer 33" and non-Hodgkin’slymphoma.

ADI

Chloroquine, Cytarabin, Doxorubicin, Docetaxel,
Cisplatin, Bafilomycin, Dexamethasone, Pacilitaxel,
............................................... Gemcitabine, oxaliptalin

Arginase

Altered
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l | 'l
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A
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Fig.3: Arginine starvation on tumor cells:

Changes in the metabolic microenvironment of malignant cells cause cells to require
more nutrients (such as arginine, asparagines, methionine, and energy fuel) to fight
them considered likely candidates for treatment. The microenvironment is altered by
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ADEs, which increases the activity of activated TAMS (Tumor Activated
Macrophages), TRAIL (Tumor Necrosis Factor Related Apoptosis-inducing Ligand),
and generation of ROS (Reactive Oxygen Species), a marker for apoptosis.*! Fuel with
low energy like Adenosine triphosphate (ATP) and nitric oxide (NO) activate enzymes
such manganese superoxide dismutase, calreticulin, and glutathione peroxidase. They
also stimulate the mTOR (mammalian target of rapamycin) pathway, which causes ER
stress and, as a result, induces autophagic activity. At several checkpoints, long-term
therapy causes cell growth to halt.

Arginine Metabolism

Arginine is synthesized in the liver via the urea cycle as well as in the kidney. 5
Arginine is a vital metabolite that acts as a precursor of many bioactive molecules like
polyamines and proline via the ornithine decarboxylase (EC 4.1.117; ODC) and
ornithine aminotransferase (EC 2.6.1.13; OAT) enzymes, respectively. The majority of
tumor cells alters their metabolic cycles and requires additional amounts of
polyamine, which is basically derived from arginine. Rapid growth and proliferation of

cancer cells and their metastasis demand a high supply of arginine from external

sources, thereby making them auxotrophic for arginine. 5

Urea

N

ADI
AG: AT
G54 Polyamines
Cco,

NOS
NH i T
3 @ Guadinoacetate AT

NO \
Fig.4.Metabolic Fates of Arginine. -

Arginase converts L-arginine to L-ornithine and urea. The nitric oxide synthase also

AD

converts it to L-citrulline and NO (NOS). The operations of argininosuccinate
synthetase (ASS) and argininosuccinate lyase (ASL) can recycle L-citrulline back to L-
arginine (ASL). The enzymatic action of ornithine transcarbamylase can convert L-
ornithine to L-citrulline (OTC). L-ornithine can be utilized to produce polyamines by
ornithine decarboxylase (ODC). It can also be used to produce L-proline by ornithine
aminotransferase (OAT).
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Arginine biosensors

In the juice and wine industries, arginine detection is one of the most important steps
in quality control, as in wine productions; L-Arginine degrades into urea and ornithine
by the enzyme L-arginase. Some amount of this urea is absorbed by the yeast and
some amount is released into the medium of fermentation. In the whole process, the
excessive amount of arginine in grapes or other fruits, the Urea in the medium reacts

[

with ethanol to form ethyl carbamates, a potent carcinogen. 57 A potentiometric L-

arginine bi-enzyme biosensor has also been developed based on recombinant human

liver arginase-1. |5*!

Urea
[ Arginine ]

7 3>
Ornithine
Arginine + Ethanol
Deiminas Ammonia
e
M Fermentation Medium
[ Citrulline ] Arginase [ Ethyl carbamate ]

Fig.5:The bioprocess of ethyl carbamate synthesis from arginine during wine
fermentation.

To avoid this potential health hazard detection of arginine levels by arginine
biosensors has introduced. Arginine biosensors were developed by immobilizing two
enzymes arginase (EC 3.5.3.1) and urease (EC 3.5.1.5). These enzymes catalyzed the
hydrolysis of arginine to ammonium and bi-carbonate ions by two consecutive steps.

First Step
Arginase

v

L-arginine L-ornithine + Urea

+ H,O

Second step
Urease

v

Urea NH,” + HCO;

+ H,O
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Industrial applications of L-arginases
Production of L- ornithine.

L-ornithine is a non-protein amino acid formed by arginase and has enormous
applications in the food and pharmaceutical industries. It acts as a precursor for the
biosynthesis of polyamines. It helps in weight management; increases wound healing
properties and enhance immunity. There is a steady demand for L-ornithine in the
market for sports healthcare, nutrition supplements and drug treatment."’] Keeping
all these points, in recent years, the cost effective production of Ornithine has
attracted much of attention.” Many microbial fermentation techniques with
improved strains and recombinant arginase techniques are there to enhance the L-

6] Ornithine production by arginase is more

ornithine production at industrial level.
preferable over the other two methods, i.e., chemical and fermentative methods.
Arginase from Bacillus thuringiensis, Bacillus amyloliquefaciens, Bacillus
caldoveloxandSulfobacillus acidophilus are studied well for l-ornithine production. ©"
L-ornithine taken orally travels from the intestines to the portal vein, where it is
supplied to a variety of tissues, including the liver, kidney, and muscle.!”
Administration of L-ornithine has been shown to improve the ability of the liver to
detoxify ammonia liver.By improving the effectiveness of energy use and encouraging
ammonia excretion, l-ornithine exerts an antifatigue effect. (3! Due to the fact that L-
ornithine is a free amino acid and is not abundant in meat or fish, it is challenging to
consume enough of it through regular meals to support the ant fatigue impact.
Therefore, it is advised to take L-ornithine as a nutritional supplement in cases of
physical exhaustion. Ornithine is the most common nutraceutical to increase muscle
strength and cardiovascular activity. It also helps to reduce fatigue if taken orally
before exercise, as it increases energy consumption and excretes cellular ammonia

[64

efficiently. '® Ornithine supplementation also led to enhanced wound-breaking

strength and collagen deposition.It also finds applications in treating rheumatoid

arthritis !

%) as abiosensor to monitor levels of L-arginine in blood " and in fruit
juices. L-ornithine acts as a precursor of polyamines. Studies on animals showed that
polyamines are an important factor during intestinal maturation. Other research on
children and lactating mothers found that high polyamine concentrations in mother's
milk may protect children from food allergies until the age of five. 661 A study showed
that the utilization of a mixture of glucose and sucrose increases L-ornithine
production while improving L-arginine accumulation in C. glutamicum. During 72 h of
batch cultivation, 40.82 g/L of L-ornithine was produced using isometric glucose and
sucrose (1:1 weight ratio), which represents a 13.8% increase in the production titer
compared to using glucose as the sole carbon source. These findings confirmed that
glucose and sucrose co-utilization significantly promote L-ornithine accumulation,

which further indicates that the production of L-glutamate family chemicals could be
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improved by using glucose and sucrose as carbon sources. However, the yield of L-
ornithine obtained using sucrose as the sole carbon source was only 33.96 g/L, which
was lower than that produced by glucose alone or in combination with sucrose. 7
Medical applications of arginase

Application in cancer treatment

For HCC treatment, arginase has emerged as one of the most promising drugs, due to
the l-arginase auxotrophic nature of the hepatocellular carcinoma cell. ! Many cell
line studies have been conducted that show arginase as a highly specific and efficient
agent with no side effects in cancer treatment. ! Autophagy (programmed cell death)
induced by arginase leads to increased membrane potential, ROS, the Akt/mTOR
signaling pathway, Erki/2 activation, activation of tumor-associated macrophages, and
various pro-apoptotic factors. Due to these events, cancer cell death takes place. [7°!

Application in Alzheimer’s disease treatment

Damaged neurons are regenerated by the action of arginase, which acts as an agent for
the protein that is degraded after axon injury. It is useful in the treatment of

Alzheimer’s disease as it increases polyamine levels and repairs damaged axons.

Application in muscular performance improvement

L-arginine administration has been studied to promote an increase in blood perfusion
in the active muscle in humans. It increases the availability of substrates necessary for
improving muscular recovery and protein synthesis during and/or after exercise. It

[7],

also works to remove metabolites such as lactate and ammonia which are

responsible for muscle fatigue during intense physical exercise.
Application in reproductive health improvement

Supplements containing arginase play an important role in improving sperm count
and motility. Prostate function is also improved by the administration of arginase. (72]

Arginase assay

Quantitative and qualitative assays are both available for determining arginase activity
(Table II). Thin layer chromatography (TLC) is one of the most common types of assay
and is based on the use of the reagent ninhydrin, which produces an orange color
when combined with ornithine and has a specific retention factor (Rf). It is a
qualitative method, but it can also be used for quantitative analysis. 7 Another
quantitative and qualitative analysis is the spectrophotometric method, which is based
on forming a colored complex by recording absorbance at a specific wavelength. 7!
High-Performance Liquid Chromatography (HPLC) 7 and biosensors are used for
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quantitative analysis as they are more sensitive and reliable. 3¥ The urea detection

method is also there to determine its activity.

Table II: Comparison of different types of assay for arginase

Types of | Substr | Analy | Principle Major [Shortcomi | Referen
assay ate zed outcom [ngs ces
used produ es
cts
Spectophotom | Arginin | Urea Urea develop a | Specific [Volatile [73]
etric e colored towards [nature of
complex Urea the reagent
Low
sensitivity
Spectophotom | Arginin | Urea Very Dark [73]
etric e much conditions
specific [required to
towards [maintain
Urea reacts with | urea red
o- color
nitrosopropioph complex
enone reagent
to form
red color, which
showed
maximum
absorbance at
540 nm
Spectrophoto | Arginin | Ornith Specific [Hinder by
metric e ine Reaction towards [reaction [73]
between ornithin [conditions
ornithine e like pH as
and ninhydrin the
at a very low pH reaction is
pH specific
results in an
orange color
complex (read
at
515 nm). The
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of
orange complex

Amount

formed is
with
arginase activity

correlated

TLC Arginin | Ornith | ornithine hasa | Qualitat |Quantitati | [74]
e ine ive ve
analysis |determinat
isdone fion is not
possible
specific Rf value
visualized as an
orange
spot when
sprayed  with
ninhydrin
HPLC Arginin | Ornith | Reverse-phase | Both Expensive | [74]
e ine chromatograph | qualitati
y was ve and
quantita
tive
employed to | analysis
elute bounded | is done
ornithine
Potentiometri | Arginin [ Ammo | Biosensors Gives Expensive | [58]
c Biosensors e nia based on bi- | signal
enzyme system |over a
wide
range

arginase  and

urease  having
an ammonia
detecting
electrode giving

out the signal
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Relevance of Arginase over Arginine Deiminase (ADI)

ADI (arginine Deiminase) is mainly of bacterial origin, and due to this, its
administration leads to eliciting an immune response as it is recognized as a foreign
molecule. Another drawback is that the action of the ADI enzyme releases citrulline
and ammonia as by-products, which can be toxic and lead to hyper ammonia
(psychological problems). Arginase is universal in nature; it is also of human origin, so
there is no problem of immunogenicity. Its end product is also non-toxic. Pegylation
increases its efficacy and catalytic property and makes it a more valuable therapeutic
agent for the treatment of cancer.

Conclusion and Future Outlook

Arginase has been employed as an efficient catalyst for the ecologically friendly
synthesis of L-ornithine, a plentiful non-protein amino acid that has been widely used
as a dietary supplement and nutrition product in recent decades. L-ornithine is a non-
essential amino acid that has great therapeutic and commercial utility in the
treatment of complex liver illnesses. It is widely used as a food additive and a chemical
pharmaceutical intermediary. ¥ Massive demand has necessitated the immediate
expansion of production capacity. To lower costs, the microbial fermentation
technique has significant potential for L-ornithine production. As a result, effective
strategies for developing strains capable of producing abundant L-ornithine are
required. The present review sums up the enzyme arginase, its role inside the human
cell, its significance in cancer treatment, its wide applications, and its products. The
studies on arginase as a therapeutic enzyme and its various sources and the work done
on them are also mentioned in the article. Medical research on arginase and the
biological uses of L-ornithine has received attention. However, arginase still has
significant flaws as a protein that restricts the range of its potential applications. These
flaws include poor stability at physiological pH, antigen reactivity, ease of hydrolysis
by protease in vivo, and a brief half-life in vivo. A thorough understanding of the
sequence-structure-function relationship of arginase and optimization of the enzyme's
functional characteristics through computer simulation of molecular design,
combined with techniques like site-directed mutagenesis, directed evolution, and
enzymatic glycosyl transfer technology, may offer crucial application indicators for the
preparation of L-ornithine and the treatment of targeted tumor cells.
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