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ABSTRACT 
 

Tyrosine ammonia lyase TAL (EC 4.3.1.23) is an enzyme required for transforming L – 

Tyrosine into p – Coumaric acid.  The objective of the experiment is to extract TAL from 

Plectranthus amboinicus and to increase its activity. This enzyme can also be used in the 

treatment of metabolic disorder Tyrosinemia II where abnormal accumulation of Tyrosine occurs 

in the body. Tyrosine aminotransferase is basically involved in the treatment of Tyrosinemia in 

humans. A large number of phenylpropanoids are generated from p-coumaric acid, which is a 

derivative of the primary metabolite, phenylalanine. The first two steps in the phenylpropanoid 

biosynthetic pathway are catalyzed by phenylalanine ammonia-lyase and cinnamate 4-

hydroxylase, and the coupling of these two enzymes forms a rate-limiting step in the pathway. 

For the generation of p-coumaric acid, the conversion from phenylalanine to p-coumaric acid 

that is catalyzed by two enzymes can be theoretically performed by a single enzyme, tyrosine 

ammonia-lyase (TAL) that catalyzes the conversion of tyrosine to p-coumaric acid in certain 

bacteria. But in the present study Tyrosine ammonia lyase isolated from Plectranthus 

amboinicus is analogous to TAT and works in the same manner. Extraction of enzyme was done 

by using organic solvent acetone. Active sites of the enzyme was found when studied using 

autodock and activity of the enzyme were enhanced using metal activators such as  ZnSO4, 

CuSO4.5H2O ,CaCl2 , FeCl3  ,NiSO4 ,  Pb(CH3CO2)2.3H2O. Since Plectranthus amboinicus plant 

extract bearing Tyrosine ammonia lyase enzyme could be an ideal therapeutic secondary 

metabolite to treat Tyrosimemia II disorders. 

 

Keywords-Tyrosine ammonia lyase (TAL), Tyrosinemia II, p-coumaric acid, Plectranthus 

amboinicus,Tyrosine aminotransferase, Autodock, Metal activators. 
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INTRODUCTION 

 

P. amboinicus belonging to the Lamiaceae family, is a perennial plant with a 3- to 10-years life 

span, and is distributed in Tropical Africa, Asia and Australia, is used as food, additive and 

fodder, and especially as medicine in treating a wide range of diseases (Lukhoba CW, et al 

2006). For chemical composition of P. amboinicus as an aqueous extract, the major components 

are _-3-carene, g-terpinene, camphor and carvacrol (Vera R. et al 1993). The leaf extract of P. 

amboinicus was externally used in the skin allergy in India (Harsha V.H. et al 2003). In Taiwan, 

P. amboinicus is used to treat inflammatory disease or swelling symptoms based on historical 

experiences (Chang L. et al 2005). 

 

Tyrosine is a non essential amino acid made from another amino acid phenylalanine. It is the 

building block for several important brain chemicals called neurotransmitters – epinephrine, 

norepinephrine, dopamine and  it  also helps to produce melanin ( responsible for hair and skin 

colour ). 

 

Tyrosinemia II (Oculocutaneoustyrosinemia or Richer Hanhart Syndrome) is an autosomal 

recessive rare disease associated with high serum tyrosine levels. It is caused by deficiency of 

tyrosine aminotransferase enzyme (Iskeli G, Bilque MD et al, 2011). Tyrosine 

amminotransferase is encoded by TAT gene. TAT is the first in the series of 5 enzymes that 

converts tyrosine into smaller molecules which are excreted by the kidney.Deficiency of TAT 

cannot break down Tyrosine which gets accumulated in the body and affects eye (excessive 

tearing, Photophobia, Pain, Redness), Seborrheic Dermatitis, mental retardation. The onset of 

this disease occurs in neonatal stage. Serum tyrosine increases due to TAT deficiency resulting 

in deposition of Tyrosine crystals in cornea and in corneal inflammation (aL – Hemidan Al, aLL 

– Hazzaa SA 1995).Treatment with a diet low in tyrosine and phenylalanine reversed the 

manifestations of the disease.  

 

Basically tyrosine is converted to 4 – Hydroxyphenylpyruvate by enzyme TAT. But in this 

paper, an analogous enzyme TAL is used extracted from Plectranthus amboinicus. Plectranthus 

amboinicus belonging to the family Lamiaceae is a fleshy perennial plant having branches 

consisting of short soft erect hairs and leaves with distinctive smells which are highly aromatic. 

It has wide range of uses in the fields of traditional medicine and food as a flavoring agent.   

 TAL catalyses non oxidative elimination of ammonia from L – Tyrosine yielding trans p - 

coumaric acid. TAL is a member of a family of ammonia lyase that deaminates the aromatic 

amino acids, L – His, L – Phe, L – Tyr (Gordon V. et al, 2006). 

 

  
 

                  L-tyrosine                                               4 hydroxyphenyl pyruvic acid       

(A) 
(A) Conversion of L-tyrosine to 4-hydroxyphenylpyruvic acid by TAT 
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                             +NH3  + H
+ 

 

            L-tyrosine                                                          p-coumaric acid 

(B) 

 
 

(B) Conversion of L-tyrosine to p-coumaric acid using TAL 

 

 

Enzyme assay is a method for determining the enzyme activity. Enzyme assay is carried out by 

reacting the enzyme with suitable substrate and then checking its activity in UV 

spectrophotometer. Enzyme activity is defined as the measure of the quantity of active enzyme 

present. 

 

Activity is calculated as:- 

Enzyme activity = Rate X Reaction time. The unit of enzyme activity is katal. 

 

Bradford protein assay is a spectroscopic analytical procedure which is used to measure the 

concentration of protein in a sample. In this method the binding of Coomassive Brilliant Blue G- 

250 to proteins is analysed (Bradford 1976). The dye is in doubly protonated red form in acidic 

condition but when bound to protein gets converted to a stable unprotonated blue form (Reisner 

et al. 1975). This blue protein –dye form is detected by using a spectrophotometer. 

 

Autodock is a suite of automated docking tool. (Morris G.M. et al 2009).The developer of 

autodock is Molecular Graphics Laboratory, The Scripps Research Institute. It is designed to 

predict how small molecules, such as substrate or drug candidates, bind to a receptor of known 

3D structure. They are graphical tools for setting up and running Autodock. Tyrosine ammonia 

lyase is a huge enzyme and therefore it becomes very difficult to read the entire molecule and 

perform the autodocking operations. Therefore in this paper structure of Phenylalanine ammonia 

lyase (PAL) IT6J (Calabrase J.C. et al) is used from PDB which is analogous to TAL (EC 

4.3.1.25) This PAL enzyme is extracted from Rhodosporidiumtoruloides. 

 

Some flavonoids are considered as beneficial compounds because they exhibit anticancer or 

antioxidant activity. In higher plants, flavonoids are secondary metabolites that are derived from 

phenylpropanoid biosynthetic pathway. The ectopic expression of the RsTAL gene in 

Arabidopsis enhanced the metabolic flux into the phenylpropanoid pathway and resulted in 

increased accumulation of flavonoids and phenylpropanoids (Fumio Matsuda et al 2010). 

 

Tyrosine ammonia lyase (TAL), a member of the aromatic amino acid lyase family, catalyzes the 

nonoxidative deamination of L-tyrosine to trans-pHCA. Tyrosine ammonia lyase derived from 

the oleaginous yeast Rhodotorula glutinis has been used to produce pHCA by introducing R. 

glutinis TAL into P. putida, E. coli, and S. cerevisiae.  
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In addition, R. glutinis TAL catalyzes the conversion of L-phenylalanine to trans-cinnamic acid. 

In this study, we utilized TAL derived from the photosynthetic bacterium Rhodobacter 

sphaeroides (RsTAL). Because RsTAL demonstrates high substrate specificity for tyrosine, 

selective production of pHCA is possible. The gene encoding RsTAL into S. lividans, and pHCA 

was produced from glucose or cellobiose using S. lividans/pURsTAL. The production of pHCA 

when cellobiose served as the carbon source was equal to that obtained with glucose as the 

carbon source; however, the amount of pHCA produced from cellulose was extremely low. In 

order to enhance pHCA productivity using cellulose as the carbon source, researchers 

constructed an EG- and RsTAL-expressing S. lividans strain, and were able to demonstrate for 

the first time effective production of pHCA directly from cellulose (Yoshifumi Kawai et al 

2013). 

 

MATERIALS AND METHODS 

Reagents: - Chilled acetone, chilled distilled water, Tris HCL, HCL (1 N), NaOH (0.1 N), L – 

Tyrosine, Bradford reagent, BSA, Salts – CaCl2, FeCl3, NiSO4, CuSo4.5H2O 

Instruments: - Chilled grinder, Cooling centrifuge, UV spectrophotometer, Computer, 

Incubator, Refrigerator, pH Meter. 

Other requirements: - Glass wares, Mortar & pestle, Centrifuge tubes, Muslin cloth, Fresh 

leaves of Plectranthus amboinicus. 

 

 

 
 

Figure : Plectranthus amboinicus plant 

 

Part 1 - Extraction of TAL from Plectranthus amboinicus 

Fresh leaves of Plectranthus amboinicus were collected and washed. It was air dried to remove 

water from its surface. Chilled distilled water and grinder were used to grind the leaves. The 

grinded leaves were filtered using Muslin cloth and the amount of filtrate was measured. This 

filtrate was mixed with equal volume of chilled acetone and kept undisturbed in a freezer for 

precipitation at -20
0
C. The upper layer was discarded and the precipitate thus obtained is protein. 

The precipitate was centrifuged at 5000 rpm for 7 minutes at 4
0
C and pellet was collected. The 

pellet was washed with acetone to remove the pigments. This mixture was poured in petriplate 

and kept for few days for the acetone to dry.  
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The acetone powder hence obtained was weighed. 1.04 gm of the powder was grinded with 10 

ml of 0.025 M Tris HCL (pH 8.2) in a mortar and pestle. The mixture was centrifuged at 5000 

rpm for 5 minutes. The supernatant obtained was the crude enzyme source which was used for 

further analysis.  

 

Part 2 – Enzyme Assay   

Reaction mixture was prepared using 0.8 ml of 0.1 M Tris HCL Buffer (pH 8.9), 0.2 ml of 

0.001M L – Tyrosine (substrate) and 1 ml of enzyme extract and incubated at 37
0
C for 30 

minutes. A control tube was prepared with 1 ml of distilled water instead of 1 ml of enzyme 

source. The reaction was terminated at the end of 30 minutes with the addition of 0.5 ml of 1 N 

HCL. L – Tyrosine is deaminated by TAL which hives p-Coumaric acid with release of ammonia 

that is measured quantitatively at 390 mm using UV visible spectrophotometer.  

 

 

Partial purification of enzyme by MnSO4: 

The crude enzyme was partially purified by incubating 10ml of enzyme extract with 1ml of 

manganese sulfate. The enzyme assay was conducted in a similar manner and the absorbance 

was read at 390nm. 

 

Principle: - Manganese sulphate serves as an excellent medium for the precipitation of 

unwanted biomolecules such as nucleic acids so that they do not interfere with the substrate. 

 

Part 3 – Protein Estimation by Bradford Method :- ( Bradford 1976) 

 Preparation of Bradford Reagent (Coomassie Brilliant Blue G-250) 

Coomassie brilliant blue G-250 (0.05gm) was dissolved in 25 ml of 95% ethanol. 50 ml of 85% 

phosphoric acid was added to it and the above mixture was diluted to 500 ml once the dye was 

completely dissolved. The mixture was filtered 2-3 times using Whatmann #1 filter paper just 

before use. 

 

Preparation of Stock solution Using BSA (Bovine Serum Albumin) 

Stock solution was prepared (1mg/ml) by dissolving 100 mg of BSA-FV in 100 ml of distilled 

water using a volumetric flask. 

 

Preparation of Working Standard and Protein Estimation 

10 ml of the stock solution was taken and diluted to 100ml with distilled water. This is the 

working standard with the concentration of 0.1mg/ml or 100 µg/ml. Different aliquots of 

working standard (0.1ml-1.0ml) was pipetted out into tubes and made upto 5ml using distilled 

water. 5 ml of Bradford reagent was added to all the tubes and the absorbance was read at 590 

nm. A standard graph depicting the protein standard versus absorbance at 590nm was prepared. 1 

ml of crude enzyme was taken as the unknown. 

 

Part -4 Molecular Docking 

The structure of the protein enzyme Phenylalanine ammonia lyase IT6J was downloaded from 

PDB and was saved in PDB format.  
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The protein was then opened in Autodock 1.1.1.4   and the polar hydrogen was added.The area 

for docking on the protein and its binding site was selected by using the grid option and the 

receptor protein was then saved in PDBQT format. The parameters of the grid box written and 

saved in a text document file. The ligand was drawn using chemsketch and saved in PDB format 

using Open Babble. The rotatable bonds of the ligand were detected using tortion tree and it was 

saved in PDBQT format. The interaction of the ligand and the receptor protein was then seen 

through pymol. The affinity of the ligand towards the protein receptor was found out using array 

of commands in command prompt. 

 
FIGURE 1                                                                 FIGURE 2 

 

FIG 1: STRUCTURE OF PROTEIN PHENYALANINE AMMONIA LYASE IT6J 

(Calabrese J.C.et al) 

 

FIG 2: STRUCTURE OF LIGAND CALCIUM CHLORIDE (LIGAND) 

 

Part 5 – Increase in Enzyme Activity Using Metal Ions  
 

Different metal ions with a concentration of 2µM (obtained by serial dilution=10
-3

) i.e. 0.2 ml 

was mixed with 2ml of the crude enzyme and was incubated for 10minutes at 37
◦
C. This was the 

enzyme source. The same procedure was then followed for enzyme assay using the above 

prepared enzyme source. The O.D. was read at 390nm. The readings were then compared with 

the standard enzyme assay results. 

 

RESULT 

Plectranthus amboinicus showed the presence of TAL. The concentration of TAL was found to 

be 3.5 µg with an enzyme activity of 0.025 katal. Autodock software was used to find out the 

binding sites of TAL. The affinity of various metal ions towards TAL was determined with 

CaCl2 depicting the highest affinity. Using invitro techniques, CaCl2 was confirmed as a potent 

activator of Tyrosine ammonia lyase. 

 

 

 

 

 



International Journal of Advanced Scientific and Technical Research                     Issue 4 volume 3, May-June 2014 

Available online on   http://www.rspublication.com/ijst/index.html                                                    ISSN 2249-9954 
 

R S. Publication, rspublicationhouse@gmail.com Page 751 
 

 
FIG 3: BINDING OF THE LIGAND WITH THE PROTEIN SHOWN IN PYMOL 

 
 

FIG 4: STANDARD GRAPH FOR PROTEIN ESTIMATION BY BRADFORD 

SHOWING CONCENTRATION OF PROTEIN vs. ABSORBANCE AT 590 nm 

 

 
INDEX 
1. Crude                                5. ZnSO4              
2. CuSO4.5H2O                     6. CaCl2 

3. FeCl3                                  7. NiSO4   

4. Pb (CH3CO2)2.3H2O 

FIG 5: BAR DIAGRAM DEPICTING THE ACTIVITY OF TAL WITH VARIOUS 

METAL IONS 
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Table 1: 

          MODE AFFINITY(Kcal/mol) DISTANCE FROM 

BEST MODE 

(rmsdl.b.) 

DISTANCE FROM 

BEST MODE 

(rmsdu.b.) 

1 -2.8 0.000 0.000 

2 -2.4 33.388 33.830 

3 -2.4 12.864 13.513 

4 -2.4 42.646 43.058 

5 -2.3 33.398 33.820 

6 -2.3 38.523 38.941 

7 -2.3 19.527 19.782 

8 -2.3 25.947 26.223 

9 -2.3 25.770 26.209 

 

DISCUSSION 
 

The phenylpropanoid pathway is an important branch of the plant secondary metabolism 

pathways that produces many essential secondary metabolites. In this pathway, secondary 

metabolic products, such as lignin, flavonoids and coumarins, play important roles in plant 

growth, development, mechanical support, and disease resistance. Nelumbo nucifera (Nelumbo, 

Nelumbonaceae) is a perennial aquatic plant with ornamental flowers of medicinal and 

phylogenetic importance. N. nucifera produces a series of important secondary metabolites, 

including alkaloids, flavonoids, steroids, triterpenoids, glycosides and polyphenols, three intact 

PAL genes in N. nucifera, NnPAL1, NnPAL2 and NnPAL3 are identified by genome-wide 

analysis. NnPAL1 is an ancient PAL member in angiosperms (Zhihua Wu et al 2014).  

 

Phenylalanine ammonia-lyase (PAL; E.C.4.3.1.5) is a key enzyme of the phenylpropanoid 

pathway in plant development, and it catalyses the deamination of phenylalanine to trans-

cinnamic acid, leading to the production of secondary metabolites. This enzyme has been 

identified in many organisms, ranging from prokaryotes to higher plants. Because Nelumbo 

nucifera is a basal dicot rich in many secondary metabolites, it is a suitable candidate for 

research on the phenylpropanoid pathway. (Zhihua Wu, et al 2014) 

 

P. amboinicus was studied for its efficacy on RA treatment employing a collagen-induced rat 

model, which is commonly used in the validation of anti-rheumatic drugs because it has various 

similarities to human RA (Homdahl R. et al 1990). Additionally, the levels of IgG and IgM 

against self-antigen collagen and production of inflammatory cytokines, TNF-a, IL-6 and IL-1b, 

from peritoneal exudates cells (PECs) were also determined.  

 

P. amboinicus might improve the therapeutic efficacy of NSAID or lessen the use of NSAID for 

combining with two different pharmacological action drugs. In addition, the active ingredients 

for treatment of RA should be identified and characterized. For safety, P. amboinicus is used as 

food additive and an unpublished data reported that acute phase toxicity was not observed in rats 

with one dosage of 5000 mg/kg. In one of the study, the feasibility of P. amboinicus in treating 

RA and P. amboinicus might be developed as a disease-modifying anti-rheumatic drug (Jia Ming 

Chang et al 2007).  
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Using the acetone extraction method, the enzyme TAL was found in the plant Plectranthus 

amboinicus. This plant has also shown the presence of phenylalanine ammonia lyase (PAL). The 

enzyme was analyzed spectrophotometrically at 390nm and the activity obtained was 0.025katal.  

 

Metal ions have the ability to increase or decrease the activity of an enzyme. Autodock software 

is used to find out which of the metal ions will bind to the enzyme specifically. In this paper, this 

software (Autodock1.1.1.4) shows that amongst all the metal ions used, CaCl2 has the highest 

affinity towards the protein. Further analyzing the results of Autodock in lab conditions, it is 

confirmed that CaCl2 bound to the enzyme shows the highest activity and is a potent activator. 

 

Plectranthus amboinicus has shown various therapeutic applications in the treatment of 

Rheumatoid arthritis (Jia-Ming Chang, et al 2007), Ehrlich Ascites Carcinoma (Eduardo M. 

Brandao, et al 2013) to name a few. Similarly TAL extracted from Plectranthus amboinicus can 

be effectively utilized for the treatment of the disorder Tyrosinemia II in the future. 

 

Tyrosinemia, type II (TYR II) is a condition that can affect the eyes, skin, and intellectual 

development. It is considered an amino acid condition because people with TYR II are unable to 

break down an amino acid, a small molecule that makes up proteins, known as tyrosine. 

Detecting TYR II early and beginning treatment can prevent some of the severe outcomes of the 

condition. 

 
Trichosporon cutaneum phenylalanine ammonia lyase was selected as a model to investigate the 

dual substrate activity of this family of enzymes. Sequencing of the PAL gene identified an 

extensive intron region at the N-terminus. Five amino acid residues differing from a prior report 

were identified.  

His-Gln motif was identified which appears to be a characteristic feature of PAL enzymes 

displaying dual substrate activity with tyrosine and phenylalanine. This is the first reported 

characterization of the TcPAL enzyme with regard to its temperature and pH optimum as well as 

metal dependence. 

The enzyme has a temperature optimum of 32°C and a pH optimum of 8–8.5 and shows no metal 

cofactor dependence. Michaelis-Menten kinetics (Phe,   mM) and positive allostery (Tyr,   mM, 

Hill coefficient) were observed. Anion exchange chromatography gave a purification fold of 50 

with 20% yield. The His-Gln motif (substrate selectivity switch region) indicates the enzyme’s 

ability to act on both substrates. (Andrea Goldson-Barnaby et al 2013) 

Tyrosinemia type II is caused by a deficiency of tyrosine aminotransferase leading to eye lesions, 

skin lesions and neurological complications. The aim of dietary management is to prevent the 

accumulation of phenylalanine and tyrosine by means of a low protein diet. The protein 

requirements are met by supplementing the diet with a tyrosine- and phenylalanine-free amino 

acid mixture.  

Since the development of screening methods for succinylacetone, with the ensuing application to 

newborn screening, many patients are being detected prior to clinical decompensation, thus 
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enabling initiation of treatment with nitisinone, which has become the medical therapy of choice 

after extensive, worldwide experience.( de Laet C et al 2013) 

Most patients with tyrosinemia who are not diagnosed at birth are so ill at the time of 

presentation that inpatient treatment is mandatory. 

Direct medical therapy is aimed at the acute hepatic decompensation and coagulopathy from the 

outset. Replenishment of depleted coagulation factors may be essential to prevent 

exsanguination. After stabilization, nitisinone should be started. 

Nutritional treatment should be designed to minimize the phenylalanine-tyrosine load to only 

essential requirements. In addition to dietary treatment, some advise the use of 2-(2-nitro-4-

trifluoromethylbenzoyl)-1,3-cyclohexanedione (NTBC), a highly potent inhibitor of the enzyme 

4-hydroxyphenylpyruvate dioxygenase. 

Increased tyrosine may indicate several metabolic states, including three variations of 

tyrosinemia, types I, II, and III, and a transient form, transientneonatal tyrosinemia (TNT)  

 

Corneal pseudodendritic deposits may be the initial manifestation in patients with tyrosinemia 

type II. Early diagnosis and intervention with diet control are crucial for preventing permanent 

visual and developmental deficits. Corneal deposits can be one of the parameters in monitoring 

the efficacy of diet control. (Tsai CP et al 2006). 

 

Two genes of Erwinia herbicola were needed for the growth of Escherichia Coli on tyrosine as 

the only source of nitrogen. The tutA gene encoding tyrosine phenol lyase was cloned in E. coli. 

The enzyme was secreted at levels that were high in the E. coli. The secretions took place in the 

presence of isoprophyl-beta-D-thiogalactopyranoside or lactose which acted as an inducer. The 

synthesis of L-dihydroxyphenylalamine was accomplished with catechol, pyruvate and ammonia 

by induced cells (Keith A.et al 1993). 

 

The relation between the activities of lignification enzymes and deposition of cell-wall 

components during progressive stages of development has not been demonstrated. In this 

research work, phenylalanine ammonia-lyase (PAL), tyrosine ammonia-lyase (TAL), and 

cinnamyl alcohol: NADPH dehydrogenase (CAD) activities were determined in maize (Zea 

maize L.) The degree of lignification increased as CAD activity increased; hemicellulose, 

cellulose, and lignin depositions correlated strongly with CAD activity rather than with PAL and 

TAL. CAD activity appears committed to lignification specifically, and to secondary cell-wall 

formation, in general, whereas PAL and TAL activities appear to have no direct regulatory role 

(D.R. Buxton et al 1993). 

 

Tyrosine ammonia-lyase (TAL) is a recently described member of the aromatic amino acid lyase 

family, which also includes phenylalanine (PAL) and histidine ammonia-lyases (HAL). TAL is 

highly selective for L-tyrosine, and synthesizes 4-coumaric acid as a protein cofactor or 

antibiotic precursor in microorganisms. the identity of the amino acid at the switch position can 

serve as a guide to predict substrate specificities of annotated aromatic amino acid lyases in 

genome sequences (Pyung Cheon Lee et al 2006). 
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A tyrosine ammonia-lyase (TAL) enzyme from the photosynthetic bacterium Rhodobacter 

sphaeroides (RsTAL) was identified, cloned and functionally expressed in Escherichia coli, 

where conversion of tyrosine to p-hydroxycinnamic acid (pHCA) was demonstrated. The RsTAL 

enzyme is implicated in production of pHCA, which serves as the cofactor for synthesis of the 

photoactive yellow protein (PYP) in photosynthetic bacteria. The wild type RsTAL enzyme, 

while accepting both tyrosine and phenylalanine as substrate, prefers tyrosine, but a 

serendipitous RsTAL mutant identified during PCR amplification of the RsTAL gene, 

demonstrates much higher preference for phenylalanine as substrate and deaminates it to 

produces cinnamic acid, in their studies illustrate that relatively minor changes in the primary 

structure of an ammonia-lyase enzyme can significantly affect its substrate specificity (Keith 

Cantera et al 2007). 

 

Tyrosine ammonia lyase (TAL) catalyzes the conversion of l-tyrosine to p-coumaric acid using a 

3,5-dihydro-5-methylidene-4H-imidazole-4-one (MIO) prosthetic group. Using a combination of 

site-directed mutagenesis, kinetic analysis, mass spectrometry, and fluorescence spectroscopy, 

the role of conserved active site residues are examined (Rebecca E et al 2008). 

 

Tyrosine ammonia lyase catalyzes the deamination of l-tyrosine to trans-coumaric acid. A novel 

tyrosine ammonia lyase-encoding gene, bagA, was cloned and sequenced from bagremycins-

producing strain Streptomyces sp. Tu 4128 whose protein product contains an Ala--Ser--Gly 

segment in the active site. The disruption of the bagA gene abolished trans-coumaric acid and 

bagremycins production. trans-coumaric acid restored the formation of bagremycin A in the 

mutant, but not bagremycin B. Thus, trans-coumaric acid is a precursor for biosynthesis of 

bagremycins and the bagA gene codes for tyrosine ammonia lyase to synthesize trans-coumaric 

acid. This is a novel bacterial tal gene reported in actinomycetes for the second time and for the 

first time in a Streptomyces sp (Siyi Liao et al 2012). 

 

In one of the study, the identified defense genes in flax in the early stages of germination induced 

in response to Fusarium. Genes of phenylopropanoid pathway are among the first to change 

Fusarium attack. Increase in antioxidant potential of flax plants results from the elevated level of 

phenylpropanoid compounds (MaAGorzata Bortniczuk et al 2012). 

 

Phenylalanine ammonia-lyase (PAL) catalyzes the first reaction in phenylpropanoid pathway 

leading to the production of phenolic compounds with a wide range of biological functions. The 

cDNA encoding PAL was isolated from Phyllostachys edulis by reverse transcription-

polymerase chain reaction (RT-PCR) and by 5 and 3 rapid amplification of cDNA ends, and was 

designated as PePAL. The PePAL had similar expression pattern and biochemical properties 

with PALs in other plants, which laid the basis for molecular engineering to improve the quality 

of bamboo products (Z. M. Gao et al 2012). 

 

Salvia miltiorrhiza Bunge is a well-known material of traditional Chinese medicine. Hydrophilic 

phenolic acids, such as rosmarinic acid and salvianolic acid B, are a group of pharmaceutically 

important compounds in S. miltiorrhiza. The biosynthesis of rosmarinic acid requires the 

coordination of the phenylpropanoid pathway and the tyrosine-derived pathway. Phenylalanine 

ammonia-lyase (PAL) is the first key enzyme of the phenylpropanoid pathway. Bioinformatic 

and phylogenetic analyses showed that SmPAL1 and SmPAL3 clustered in a sub-clade of dicot 
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PALs, whereas SmPAL2 fell into the other one, role of SmPAL gene family characterization in 

biosynthesis of bioactive compounds (Xuemin Hou et al 2013). 

 

CONCLUSION 

 

Young leaves of Plectranthus amboinicus contain a number of phytoconstituents, which are the 

key factors in the medicinal value of this plant.  

 

The millenarian use of Plectranthus amboinicus in folk medicine suggests that they represent an 

economic and safe alternative to treat various diseases. As the pharmacologists are looking 

forward to develop new drugs from natural sources, development of modern drugs from 

Plectranthus amboinicus can be intended for their better monetary and therapeutic utilization. 

 

Since early treatment with nitisinone and strict diet is essential careful long term monitoring and 

management is required. Prospective, controlled treatment studies are needed to develop 

evidence-based guidelines for the future management of HT1. Isolation of Tyrosine ammonia 

lyase from Plectranthus amboinicus plant extract for the treatment of Tyrosimemia II and 

molecular docking for potent activators could be beneficial therapeutically in future days to 

come. 
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