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Abstract

Amino acids, which are the building blocks of peptides and proteins, are indispensable
chemicals needed by the body for optimal metabolism and proper body functioning.
Classified as essential, nonessential and conditionally essential, amino acids play vital
roles in the body such as in protein synthesis and as precursors in the production of
secondary metabolism molecules. Amino acid oxygenases also play vital metabolic roles
such as in prevention of diseases; as a result, amino acids and their oxygenases isolated
from various organisms are potent candidates in treatment of diseases which include
cancers, inflammations, as well as antibacterial agents.
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1. Introduction

The use of amino acids in medicine today continues to be explored using clinical research and
applications. Amino acids play several roles in the body [1]; they are essential in the synthesis
of proteins and precursors in the formation of secondary metabolism molecules [2], and as a
result, amino acids are found in all parts of the body [1].

Amino acids are mainly found as r-enantiomers in all forms of life. However, significant
amounts of p-amino acids are produced by bacteria, which are the major producers of
p-amino acids [3]. In bacteria, p-amino acids are involved in the synthesis and cross-linking
of peptidoglycan [4].

In humans, amino acids participate in various physiological processes, such as skeletal mus-
cle function, atrophic conditions, sarcopenia, and cancer. They play key roles in cell signal-
ling, homeostasis, gene expression, synthesis of hormones, phosphorylation of proteins and
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also possess antioxidant abilities [2, 5]. Amino acids are also key precursors in the synthesis of
low molecular weight nitrogenous compounds, which have numerous biological importance.
The existence of amino acids and their metabolites, such as glutathione, polyamines, taurine, sero-
tonin and thyroid hormones, in physiological amounts is important for proper body functions [5].

Traditionally, amino acids were classified as essential and nonessential amino acids [5].
However, another class known as conditionally essential amino acids now exists. These clas-
sifications are based on whether the body is able to synthesise the amount that it needs for
metabolic maintenance [1]. Essential amino acids are those that cannot be synthesised or those
that are synthesised inadequately by the body relative to needs and hence must be obtained
from diets to meet physiological requirements. Amino acids which the body can synthesise
in sufficient amounts to meet the body’s maximum requirements are known as nonessential
amino acids. Conditionally essential amino acids are those which the body can synthesise in
adequate amounts, but under situations of higher utilisation rate, the body obtains them from
diets in order to meet optimal requirements [5].

Inadequate intake of amino acids from diets and below optimal synthesis by the body may
expose an individual to amino acid deficiency symptoms, such as weight loss, poor growth
and development. Because amino acids are not stored in the body for long periods of time
and in sufficient amount, meeting maximum daily requirements from diets and/or amino acid
supplements is necessary for healthy living [1].

The therapeutic use of amino acids presents a viable and important option for natural medi-
cine. Some of the most prominent areas of therapeutic applications of amino acids are for
treatment of brain metabolism and neurotransmission imbalances. Other areas in which
amino acids also find key applications are immune function, cardiovascular and gastroin-
testinal (GI) health [1], treatment of liver diseases, fatigue, skeletal muscle damage, cancer
prevention, burn, trauma and sepsis, maple urine disease and diabetes [6].

2. p-Amino acids

Bardaweel [2] investigated the antibacterial activities of some p-amino acids, which include
p-alanine, p-lysine, p-serine and p-proline (Figure 1), against Bacillus subtilis, Staphylococcus
aureus, Staphylococcus epidermidis, Escherichia coli, Pseudomonas aeruginosa and Xanthomonas
vesicatoria and reported that the amino acids exhibited relatively low inhibitory effectiveness
against the pathogens. However, p-lysine, followed by p-alanine, was more potent than the
other amino acids examined, even though their minimum inhibitory concentration (MIC) val-
ues were in the millimolar ranges.

A study by Hochbaum et al. [7] reported that p-amino acids were effective in preventing biofilm
(communities of cells held together by a self-produced extracellular matrix typically consisting of
protein, exopolysaccharide and often DNA) development in S. aureus, which is a leading cause
of hospital-acquired infections. The p-isomers that were found to be active in inhibiting biofilm
formation were p-phenylalanine (Figure 2a) and p-proline and p-tyrosine (Figure 2b). Mixture
of p-tyrosine, p-proline and p-phenylalanine was more effective in preventing biofilm formation
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Figure 1. Chemical structures of (a) p-alanine, (b) p-lysine, (c) p-serine and (d) p-proline.
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Figure 2. Chemical structures of (a) p-phenylalanine, (b) p-tyrosine, (c) p-tryptophan, (d) p-methionine and (e) p-leucine.
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than the mixture of p-tryptophan, p-methionine, n-leucine (Figure 2c-e) and p-tyrosine. Earlier,
the study by Kolodkin-Gal et al. [8] reported that p-tyrosine, p-leucine, p-tryptophan and p-methi-
onine were active in inhibiting biofilm formation by B. subtilis, whereas p-isomers of other amino
acids, such as p-phenylalanine, were inert in inhibiting biofilm formation.

The therapeutic potential of p-amino acid oxidase (DAAQO) inhibitors, a flavoenzyme that
degrades p-amino acids through the process of oxidative deamination, in schizophrenia
patients has also been studied [9]. DAAO catalyses the metabolism of p-serine, a known full
agonist at the allosteric glycine binding site of the N-methyl- p-aspartic acid (NMDA) (Figure 3)
receptor, which has been reported to improve negative and cognitive symptoms of schizophre-
nia [10]. As a result, several studies have focused on the design and development of selective
DAAO inhibitors, which when administered to schizophrenia patients have been shown to
increase the concentrations of p-serine in the blood and the brain [9].

Figure 3. Chemical structure of N-methyl-p-aspartic acid.

3. Branched-chain amino acids

Branched-chain amino acids (BCAAs) are essential amino acids required for synthesis of body
proteins. BCAAs play vital roles in regulation of protein synthesis and maintenance of gluta-
mate-glutamine levels in the body. BCAAs are oxidised during high-energy-demanding and
stressful conditions, and as a result, limit their accessibility in body tissues, which in the long run
upsets mechanisms controlling the synthesis of proteins and body glutamate-glutamine pool [6].

The use of BCAA supplements in treatment of diseases is a developing nutritional strategy
in disease management. Several studies have reported that when BCAA supplements are
administered, patients experience improvements in health, although there are some disease
conditions where BCA As showed no effects. However, increased levels of BCAAs in the body
have been observed to be involved in disease pathology [6].

The BCAAs—leucine, isoleucine (Figure 4) and valine—are metabolically very active. In the
peripheral tissues, they may be oxidised to produce energy or act as anticatabolic factors
(particularly leucine) by stimulating the synthesis and lowering the rate of degradation of
muscle protein [11]. They are three of nine essential amino acids that are not synthesised by
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Figure 4. Chemical structures of (a) isoleucine and (b) valine.

the human body and therefore must be obtained from diet. Approximately 35% of indispens-
able muscle proteins and 40% of total amino acids required by mammals are composed of
these BCAAs [6]. The three BCA As either together or with leucine alone can stimulate protein
synthesis and can also inhibit protein degradation depending on the context [12].

Although most of the amino acids are degraded in the liver, BCAAs are primarily broken
down in the extrahepatic tissues (muscle, adipose, kidney and brain). Catabolism of these
amino acids is initiated by transamination reaction with a-ketoglutarate to form glutamate
and branched-chain keto acids (BCKAs). Then, the glutamate is converted to glutamine by
the action of the glutamine synthetase enzyme [6]. Glutamine (Figure 5), which is derived
mainly from skeletal muscles [13], is one of the most abundant amino acids in the body [14]. It
is utilised readily by the liver, kidneys, GI tract and the immune system. Glutamine transports
nitrogen and carbon inside the organs and plays a vital role in proper immune system func-
tion and Gl integrity, as well as maintenance of overall amino-acid balance in the body [13, 14].

BCAAs have been considered as potential intervention for repair of damaged muscle tissues
and some studies have suggested that BCAA supplementation may improve the repair of
re-induced damaged muscle [15]. BCAAs, particularly leucine, have been reported to possess
anabolic potential. They stimulate the metabolic pathways that initiate protein synthesis [16]
and are involved in the control of protein breakdown (proteolysis) in impaired muscles [17].

The transamination product of BCAAs, a-ketoisocaproate (a-KIC) (Figure 6), is known to
prevent the enzymatic action of branched-chain a-keto dehydrogenase complex (BCKDH),
which increases the oxidation of BCAAs [18]. These anabolic potentials of BCAAs have led

Figure 5: Chemical structure of glutamine.
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Figure 6. Chemical structure of a-ketoisocaproate.

to suggestions that BCAA supplementation could stimulate repair of impaired muscles by
reducing oxidation of proteins, promoting the formation and development of muscle compo-
nents and improving muscle functioning ability [15].

In a study by Soomro et al. [11], BCAAs were reported to be effective in the management of
hepatic encephalopathy. While comparing the recovery and recurrence of hepatic encephalop-
athy of patients who were on BCAAs given initially intravenously and then orally with those
of group without BCAAs, the results showed that those on BCAAs showed early improve-
ments and recovery and subsequently on follow-up visits at 4 months. Improvements were
observed in ammonia levels which were initially raised, but however decreased subsequently
at 6 days and on 4 months of follow-up. In comparison to patients who did not receive BCAAs,
the albumin levels of patients administered with BCAAs also increased from initial reading
noticed at 4 months of follow-up.

BCAAs act as energy substrates, substrates for gluconeogenesis and modulators of muscle
protein metabolism. These properties make their use in amino acid-enriched solutions theo-
retically appropriate for the management of the metabolic alterations that occur in sepsis.
Forty-five percent branched-chain amino acid-enriched solutions have been suggested to
intensify synthesis of proteins in the liver [19] and proteins whose plasma levels are elevated
or reduced (acute-phase proteins) during severe illness [20]. Because acute-phase proteins
might play vital roles in a septic patient’s defence mechanisms against infections, the admin-
istration of solutions containing high amounts of BCAAs may increase the likelihood of quick
recovery and survival for such patients [19].

4. Amino acid oxidases

Amino acid oxidases (AAOs) are flavoenzymes that catalyse the oxidative deamination of
amino acids to a-keto acids with the generation of ammonia and hydrogen peroxide [21], as
shown in (Figure 7) [22]. Depending on the amino acid isomer used as a substrate, it is possible
to differentiate between L-amino acid oxidases and p-amino acid oxidases [23]. However, of
particular interest in AAOs are the L-amino acid oxidases (LAAQOs) because AAOs are highly
specific for L-amino acids, and generally hydrophobic amino acids (such as phenylalanine,



Therapeutic Uses of Amino Acids
http://dx.doi.org/10.5772/intechopen.68932

H 2\O>_<O 2
P|I FAD FADH | C|00H COOH
H N —C —COOH U H N—C —= H N—C +NH , +H O,
| LAOO \\ 2 \\
H NH 0
L-Amino acid o -Imino acid a -Keto acid

Figure 7. Mechanism of chemical reaction catalysed by r-amino acid oxidases (LAAOs) [22].

tryptophan, tyrosine and leucine) [24] are the best substrates [25]. These flavoenzymes are
found in diverse organisms, such as bacteria, fungi, algae, fish, snails as well as venoms of
snake families [26].

Several kinds of LAAQOs have been isolated and their crystal structure presented (Figure 8).
Most of the LAAOs isolated and characterised structurally to date are flavoproteins, which
exist as dimers. The subunits in the structures are joined by noncovalent bonds with flavin
mononucleotide (FMN) or flavin adenine dinucleotide (FAD) [27]. The venoms of many
snakes have characteristic yellow colour which has been attributed to the flavin component
in LAAOs isolated from the snakes. The flavins have also been reported to contribute to the
toxicity of such venoms because of the oxidative stress caused by H,O, production [26].

In a study by Joseph et al. [24], LAAOs isolated from snake venom induced platelet aggrega-
tion and cytotoxicity in various cancer cell lines. The enzyme also showed antibacterial activ-
ity by inhibiting the growth of Gram-positive (B. subtilis) and Gram-negative (E. coli) bacteria.
Snake venom LAAOs have also been reported to exhibit oedema-inducing, apoptotic-induc-
ing as well as anti-bacterial, anti-coagulant and anti-HIV effects [25].

In a study of the king cobra (Ophiophagus hannah) venom rL-amino acid oxidase, Lee et al.
[32] reported that the heat-stable enzyme exhibited very potent anti-proliferative activity
against human breast and lung tumorigenic cells, but not in their non-tumorigenic coun-
terparts. They further reported that after eight weeks of treatment of mice samples with
the isolated LAAOs, the enzyme markedly inhibited PC-3 tumours when compared to the
control group.

In another study of the heat stable rL-amino acid oxidase isolated from the king cobra
(O. hannah) venom, Phua et al. [33] reported that the LAAO showed antibacterial activity
against Gram-positive bacteria, such as B. subtilis, Bacillus cereus, S. aureus [including meth-
icillin-resistant S. aureus (MRSA)], and S. epidermidis. The LAAO also showed antibacterial
activity against gram-negative bacteria such as Salmonella enteridis, P. aeruginosa, Serratia
marcescens, Klebsiella pneumoniae, E. coli and Enterobacter cloacae. They further reported that
the snake venom showed the highest antibacterial activity against Staphylococcus spp. and
E. coli, even though the inhibition zones increased with increasing concentration of venom
in all cases.
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Figure 8. Crystal structures of LAAOs isolated from (a) the venom of Vipera ammodytes [28], (b) Proteus vulgaris [29], (c)
Rhodococcus opacus [30] and (d) Streptomyces sp. [31].

LAAQO:s isolated from the venom of Calloselasma rhodostoma were also reported by Costa et
al. [34] to induce acute inflammatory responses in vivo, with recruitment of neutrophils and
release of IL-6, IL-18, LTB4 and PGE2. An in vitro study showed IL-6 and IL-1§3 production
by peritoneal macrophages stimulated with LAAOs, which was dependent on the activation
of the Toll-like receptors TLR2 and TLR4. They also reported that LAAOs promoted apop-
tosis of HL-60 and HepG2 tumour cells mediated by the release of hydrogen peroxide and
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activation of immune cells, resulting in oxidative stress and production of IL-6 and IL-1f3 that
triggered a series of events, such as activation of caspase 8, 9 and 3, and the expression of the
pro-apoptotic gene BAX.

L-Lysine a-oxidase (LysOx) isolated from the extracellular growth medium of Trichoderma cf.
aureoviride was reported by Pokrovsky et al. [35] to have shown considerable cytotoxicity and
anti-tumour effects in vitro against a panel of murine and human tumour cell lines and in vivo
on murine tumours and on animals with human tumour xenografts (breast cancer SKBR3,
melanoma Bro, colon cancer HCT116 and ovarian adenocarcinoma SCOV3). L-Amino acid
oxidase isolated from Bothrops marajoensis has also been reported [36] to cause nephrotoxicity
in isolated perfused kidney and cytotoxicity in MDCK renal cells.

5. Conclusion

The therapeutic effects of amino acids and amino acid oxygenases present interesting pros-
pects for the use of these chemicals in management of diseases. The future potential of amino
acid-based therapeutics in treatment of diseases and the diverse effects of naturally occurring
amino acid oxygenase is far reaching.

Author details

Amraibure Odia'* and Oaikhena Zekeri Esezobor?
*Address all correspondence to: amraibureodia@yahoo.com
1 Department of Chemistry, Ambrose Alli University, Ekpoma, Nigeria

2 Faculty of Chemistry and Pharmacy, University of Regensburg, Regensburg, Germany

References

[1] Meletis CD, Barker JE. Therapeutic uses of amino acids. Alternative and Complementary
Therapies. 2005;11:24-28

[2] Moran-Palacio EF, Tortoledo-Ortiz O, Yaniez-Farias GA, Zamora-Alvarez LA, Stephens-
CamachoNA, Sonanez-Organis JG, Ochoa-Lopez LM, Rosas-RodriguezJA. Determination
of amino acids in medicinal plants from Southern Sonora, Mexico. Tropical Journal of
Pharmaceutical Research. 2014;13(4):601-606

[3] Bardaweel SK. p-Amino acids: Prospects for new therapeutic agents. Journal of Medical
and Bioengineering. 2014;3(3):195-198

[4] Vollmer W, Blanot D, de Pedro MA. Peptidoglycan structure and architecture. FEMS
Microbiological Reviews. 2008;32:149-167

"1



12 Amino Acid - New Insights and Roles in Plant and Animal

[5]
[6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Wu G. . Amino acids: Metabolism, functions, and nutrition. Amino Acids. 2009;37:1-17

Tamanna N, Mahmood N.. Emerging roles of branched-chain amino acid supplementa-
tion in human diseases. International Scholarly Research Notices. 2014;2014:1-8

Hochbaum AI, Kolodkin-Gal I, Foulston L, Kolter R, Aizenberg J, Losick R. Inhibitory
effects of p-amino acids on Staphylococcus aureus biofilm development. Journal of
Bacteriology. 2011;193(20):5616-5622

Kolodkin-Gal I, Romero D, Cao S, Clardy ], Kolter R, Losick R. p-Amino acids trigger
biofilm disassembly. Science. 2010;328(5978):627-629

Smith SM, Uslaner JM, Hutson PH. . The therapeutic potential of p-amino acid oxidase
(DAAOQ) inhibitors. The Open Medicinal Chemistry Journal. 2010;4:3-9

Ferraris DV, Tsukamoto T. Recent advances in the discovery of p-amino acid oxidase
inhibitors and their therapeutic utility in schizophrenia. Current Pharmaceutical Design.
2011;17(2):103-111

Soomro AA, Devrajani BR, Ghori RA, Lohana H, Qureshi GA. Role of branched chain
amino acids in the management of hepatic encephalopathy. World Journal of Medical
Sciences. 2008;3(2):60-64

Nair KS, Short KR. Hormonal and signalling role of branched-chain amino acids. The
Journal of Nutrition. 2005;135(6):15475-1552S

Kusumoto I. Industrial production of r-glutamine. The Journal of Nutrition. 2001;131:
25525-55

Kulkarni C, Kulkarni KS, Hamsa BR. L-Glutamic acid and glutamine: Exciting molecules
of clinical interest. The Indian Journal of Pharmacology. 2005;37(3):148-154

da Luz CR, Nicastro H, Zanchi NE, Chaves DFS, Lancha AH Jr. Potential therapeutic
effects of branched-chain amino acids supplementation on resistance exercise based
muscle damage in humans. Journal of the International Society of Sports Nutrition.
2011;8:23

Nicastro H, Artioli GG, Costa AS, Solis MY, da Luz CR, Blachier F, Lancha AH Jr. An
overview of the therapeutic effects of leucine supplementation on skeletal muscle under
atrophic conditions. Amino Acids. 2011;40(2):287-300

Zanchi NE, Nicastro H, Lancha AH Jr. Potential antiproteolytic effects of Leucine: obser-
vations of in vitro and in vivo studies. Nutrition & Metabolism. 2008;5:20

Hutson SM, Sweatt AJ, Lanoue KF. Branched-chain amino acid metabolism: Implications
for establishing safe intakes. The Journal of Nutrition. 2005;135(6 Suppl):15575-15645

Garcia-de-Lorenzo A, Ortiz-Leyba C, Planas M, Montejo JC, Nunez R, Ordonez FJ,
Aragon C, Jimenez FJ. Parenteral administration of different amounts of branch-chain
amino acids in septic patients: Clinical and metabolic aspects. Critical Care Medicine.
1997;25(3):418-424



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Therapeutic Uses of Amino Acids
http://dx.doi.org/10.5772/intechopen.68932

Abbas A, Lichtman A, Pillai S. Basic Immunology Functions and Disorders of the
Immune System. 4th ed. Philadelphia, PA: Saunders/Elsevier; 2012. p. 40

Kasai K, Ishikawa T, Nakamura, Miura T. Antibacterial properties of r-amino acid
oxidase: Mechanisms of action and perspectives for therapeutic applications. Applied
Microbiology and Biotechnology. 2015;99(19):7847-7857.

Izidoro LFM, Sobrinho JC, Mendes MM, Costa TR, Grabner AN, Rodrigues VM, da Silva
SL, Zanchi FB, Zuliani JP, Fernandes CFC, Calderon LA, Stabeli RG, Soares AM. Snake
venom L-amino acid oxidases: Trends in pharmacology and biochemistry. BioMed
Research International. 2014;2014:1-19

Campillo-Brocal JC, Lucas-Elio P, Sanchez-Amat A. Distribution in different organisms
of amino acid oxidases with FAD or a quinone as cofactor and their role as antimicrobial
proteins in marine bacteria. Marine Drugs. 2015;13:7403-7418

Joseph B, Rahan SS, Jeevitha MV, Ajisha SU. Pharmacological effects of snake venom
L-amino acid oxidases. International Journal of Research in Ayurveda and Pharmacy.
2011;2(1):114-120

Tan N, Fung S. Snake venom r-Amino acid oxidases and their potential biomedical
applications. Malaysian Journal of Biochemistry and Molecular Biology. 2008;16(1):1-10

Costa TR, Burin SM, Menaldo DL, de Castro FA, Sampaio SV. Snake venom r-amino acid
oxidases: An overview on their antitumor effects. Journal of Venomous Animals and
Toxins including Tropical Diseases. 2014;20:23

Kumar S, Nath A, Murti K, Sethi MK, Nadeem T, Das P. A novel biochemical and phar-
macological agent: L-amino acid oxidase with correlation to cancer management: An
overview. IOSR Journal of Pharmacy. 2014;4(10):33-38

Georgieva D, Murakami M, Perband M, Arnie R, Betzel C. The structure of a native
L-amino acid oxidase, the major component of the Vipera ammodytes ammodytes venomic,

reveals dynamic active site and quaternary structure stabilization by divalent ions.
Molecular Biosystems. 2011;7:379-384

JuY, Tong S, Gao Y, Zhao W, Liu Q, Gu Q, Xu ], Niu L, Teng M, Zhou H. Crystal struc-
ture of a membrane-bound r-amino acid deaminase from Proteus vulgaris. Journal of
Structural Biology. 2016;195(3):306-315

Faust A, Niefin K, Hummel W, Schomburg D. The structure of a bacterial L-amino acid
oxidase from Rhodococcus opacus gives new evidence for the hydride mechanism for
dehydrogenation. Journal of Molecular Biology. 2007;367:234-248

Arima J, Sasaki C, Sakaguchi C, Mizuno H, Tamura T, Kashima A, Kusakabe H, Sugio
S, Inagaki K. Structural characterization of rL-glutamate oxidase from Streptomyces sp.
X-119-6.The FEBS Journal. 2009;276(14):4318-4327

Lee ML, Fung S, Chung I, Pailoor ], Cheah SH, Tan N. King cobra (Ophiophagus han-
nah) venom L-amino acid oxidase induces apoptosis in PC-3 cells and suppresses PC-3

13



14 Amino Acid - New Insights and Roles in Plant and Animal

[33]

[34]

[35]

[36]

solid tumor growth in a tumor xenograft mouse model. International Journal of Medical
Sciences. 2014;11(6):593-601

Phua CS, Vejayan J, Ambu S, Ponnudurai G, Gorajana A. Purification and antibacte-
rial activities of an L-amino acid oxidase from king cobra (Ophiophagus hannah) venom.
Journal of Venomous Animals and Toxins Including Tropical Diseases.2012;18(2):198-207

Costa TR, Menaldo DL, Zoccal KF, Burin SM, Aissa AF, de Castro FA, Faccioli LH,
Antunes LMG, Sampaio SV. CR-LAAQ, an r-amino acid oxidase from Calloselasma rho-
dostoma venom, as a potential tool for developing novel immunotherapeutic strategies
against cancer. Scientific Reports. 2017;7:42673

Pokrovsky VS, Treshalina HM, Lukasheva EV, Sedakova LA, Medentzev AG,
Arinbasarova AY, Berezov TT. Enzymatic properties and anticancer activity of 1-lysine
a-oxidase from Trichoderma cf. aureoviride Rifai BKMF-4268D. Anti-Cancer Drugs. 2013;
24:846-851

Dantas RT, Jorge ARC, Jorge R]B, Pessoa RRP, de Menezes B, Lima DB, Torres AFC.
L-Amino acid oxidase from Bothrops marajoensis causes nephrotoxicity in isolated per-
fused kidney and cytotoxicity in MDCK renal cells. Toxicon (Elsevier). 2015;104:52-56



