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EExxttrraaccttiioonn  ooff  PPhheennyyll  aallaanniinnee  aammmmoonniiaallyyaassee  ((PPAALL))ffrroomm  

FFiiccuussrreelliiggooss;;iittssaaccttiivvaattoorrssffrroomm  LLaannttaannaa  ccaammaarraaaanndd  ddiiffffeerreenntt  

mmeettaalliioonnss  ffoorr  tthhee  ttrreeaattmmeenntt  ooff  pphheennyyllkkeettoonnuurriiaa  

SSiimmrraann  JJaaiinn,,MMoonniiccaa  SSaammaall,,PPoooojjaaDDaassgguuppttaa,,  PPoooorrnniimmaaVVeennkkaatteesshh,,GGuurruupprraassaadd  RR,,  

DDuurrggaaFFeemmttoo  TTeecchhnnoollooggiieess  aanndd  RReesseeaarrcchh,,  

BBaannggaalloorree,,  KKaarrnnaattaakkaa,,  IInnddiiaa..  

 

 

Abstract 

 Phenylketonuria (PKU) is an inborn, autosomal recessive disorder. It is causes due to the 

deficiency of the enzyme phenylalanine hydroxylase[PAH;E.C.1.14.16.1]. PAH helps in 

conversion of phenylalanine to tyrosine, due to the deficiency of the enzyme,phenylalanine is not 

converted to tyrosine and instead is converted to phenylketones. Phenylalanine ammonia lyase 

[PAL; E.C.4.3.1.] is the enzyme found in plants which performs the similar function as PAH. 

PAL was extracted from ficusreligosa (peepal) and the main aim was to find an activator which 

would increase the activity of the enzyme, the activatorsfrom different metal ions and also 

extracted from Lantana camara.Compouns werecharacterized by GC-MC and docking studies 

were done with PAL and different activators by using autodock software. 

 

 

Introduction 

Phenylketonuria is a human inborn error of metabolism for which the major biochemical defect 

has been found out and is an autosomal recessive disorder
1
.It is caused due to deficiency of the 

enzyme called phenylalanine hydroxylase [PAH;E.C.1.14.16.1] which converts phenylalanineto 

tyrosine(Fig1).This enzyme is present in humans. Phenylalanine ammonia lyase(PAL; 

E.C.4.3.1)is an enzyme found in plants, which performs the similar function as PAH. The 

enzyme is known to catalyze biotransformation reaction which converts L-phenylalanine into 

trans-cinnamic acid and ammonia (Fig 2). 
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Fig1:Conversionof phenylalanine to tyrosine 
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Fig2:Conversion of L-phenylalanine into trans-cinnamic acid and ammonia 

Koukol and Conndiscovered the PAL enzyme in 1961
2
. PAL belongs to the family of ammonia 

lyase which cleaves carbon nitrogen bonds
3
. The enzyme has been found to play a catabolic role 

in micro-organisms
4
. It also plays an important role in phenyl propanoid pathway

5
. It is required 

for the synthesis of various polyphenol compounds like flavonoids, lignin and so on in 

plants
6
.The molecular mass of the enzyme is 270-330 kDa

7
. The enzyme has various clinical, 

biochemical and biotechnological applications. Apart from that, it has also been used in the 

generation of L-phenylalanine by reversing normal physiological reaction. Aspartame (L-

phenylalanyl-L-aspartylmethyl ester), a non-calorific sweetener is formed from L-

phenylalanine
8
.It has the natural ability to break down L-phenylalanine, and hence is effectively 

used in enzyme therapy
9
.The enzyme may find use in the treatment of a certain type of mouse 

neoplastic tumor.Phenylketonuria is also known as hyperphenylalaninemia. The concentration of 

phenylalanine increases in the blood as it does not get converted to tyrosine due to deficiency of 

the enzyme and results in the formation of Phenyl ketones such as phenyl pyruvate, phenyl 

lactate and phenyl acetate which are excreted in the urine
10

.When all the three phenyl ketones are 

present in the blood, it inhibits the synthesis of a neurotransmitter, serotonin; thus resulting in 

severe mental retardation. Patients suffering from PKU are also seen to have a very light skin 

pigmentation, unusual gait, stance and sitting posture. They even suffer from a frequency of 

epilepsy
11

.The adverse effects of phenylketonuria are seen to diminish after a certain period of 

time, if the level of phenylalanine in blood is maintained within normal limits for the first 5-10 

years of life. Urinary phenyl pyruvate can be detected using FeCl3, even though the screening 

test is not very reliable.The Peepal (Ficusreligosa) tree called “ashvattha” in Sanskrit is a very 

large tree with a light grey and smooth bark. The leaves are heart shaped and have a long 

tapering end. Peepal is a sacred with a long life.It has wide applications in the field of Ayurveda.. 

Its powder form is said to have healing power, as it has been used to treat wounds for years. The 

leaves have medicinal properties.The root bark is useful for treatment of stomatitis, clean ulcers 

and promotes granulation.  

Materials and methods 

 

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

Phenylalanine, Bradford reagent, BSA, Salts – CaCl2,ZnSO4,CuSO4 

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

Incubator, Refrigerator, pH Meter. 
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Other requirements: - Glass wares, Mortar & pestle, Centrifuge tubes, Muslin cloth, Fresh 

leaves of Ficus religosa 

 

Extraction of the enzyme (PAL) 

First, leaves of Ficusreligosawere collected and washed. They were wiped using tissue paper to 

remove the excess amount of water. 100g of these leaves were taken and ground using 350ml of 

chilled distilled water in a mortar and pestle. It was then filtered with the help of muslin cloth. 

The filtrate was measured and an equal amount of acetone was added to it. This was kept 

undisturbed at -20
◦
C overnight for precipitation. It was then centrifuged for 10 minutes at 

10000rpm. Acetone was added to the pellet to remove pigments. After drying completely, the 

amount of protein was measured. 1g of the powder was taken to which 20ml of 0.025M Tris-HCl 

(pH 8.2) was added and centrifuged for 10 min at 5000rpm. The supernatant obtained after 

centrifugation serves as the source of enzyme. 

Enzyme assay 

A reaction mixture using 0.8ml of 1M TrisHCl (pH-8.2), 0.2ml of 0.001M l-phenylalanine and 

1ml of enzyme source was prepared and incubated for 30 minutes at 37°C. 0.5ml of 1N HCl was 

added after incubation to arrest the reaction. PAL undergoes deamination producing trans-

cinnamic acid and liberating ammonia which is quantitatively, measured uv-spectrophotometer 

at 280nm. 

Estimation of proteins by Bradford method
11

 

Preparation of Bradford reagent 

0.05g of comassive brilliant blue G-250 was dissolved in30ml of 95% ethanol. 50ml of 85% 

phosphoric acid was added to this. When the dye was completely dissolved, the mixture was then 

diluted to 500ml with distilled water. Whatmann #1 filter paper was used to carry out filtration 

two to three times, just before use. 

Preparation of stock solution using BSA (Bovine Serum Albumin) 

50mg of BSA F-V was weighed and dissolved in 50ml of distilled water and this solution was 

made upto 100ml using a standard flask. 1ml of this solution equals 1mg of protein. This solution 

serves as stock solution. 

Preparation of working standard 

10ml of the stock was taken and further diluted to 100ml with distilled water using another 

standard flask. 1ml of this solution equals 100ug of protein. Hence, 0.1ml of this solution 

contained 10ug of protein. Standard solution ranging from 10ug to 100ug was prepared and the 

volumes made upto one tenth ml of the stock was taken and further diluted to 100ml using a 

standard flask. 
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Action of metal ions 

In addition to the chemicals added during enzyme assay, different metal ion solutions obtained 

by serial dilutions were added in different aliquots to 1ml of the enzyme sample separately and 

the OD was read at 280 nm. 

GC-MS analysis 

The GC-MS analysis of methanol extract ofLantana camara was done to know the compounds 

present in this plant. The column oven temperature of 60
o
C and injection temperature of 250

o
 C 

with split mode of injection was used to run the GC-MS. The pressure of 57.4kpa is applied to 

give the column flow of 1.00ml/min and linear velocity of 36.5 cm/Sec, with a purge flow of 

3.0ml/min and split ratio is 10.0. Different parameters ion source temperature, interface 

temperatures were set at 2000
0
C and 3000

o
C respectively with 2.00min solvent cut time. The 

mass spectra taken in the intervals of 0.50Sec, with scan range of 40- 600 m/z and scan speed of 

1250. The total time consumed is 34.00 min 

Molecular docking 

The structure of the enzyme phenylalanine ammonia lyase(PDB ID-1W27) was downloaded 

from PDB. Using chemsketchthe compound structure ofoctanoicacidwas drawn and converted to 

PDB by using openbabble (fig 3). The rotatable bonds of the ligand were analyzed. It was then 

saved in PDBQT format;the PAL protein was also converted to PDBQT formatand interaction 

between the receptor protein and ligand were analyzed by autodock software. 

 

Fig 3:Structure of octanoic acid 

Action of methanol extract of Lantana camara on PAL 

 In addition to the chemicals added during enzyme assay, different serial dilutions of extract of 

Lantana camara were added in different aliquots to 1ml of the enzyme sample separately and the 

OD was read at 280 nm 
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Results 

The presence of PAL from Ficusreligiosa was confirmed by assay and concentration of PAL was 

found; shown in table 1 

 

Action of metal ions 

The readings were recorded and compared with the crud enzyme assay. Zinc Sulphate showed 

highest activity among other metal ions snow in figure 4and considered as a potent activator of 

the enzyme 
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Fig 4: Effects of different metal ions on enzyme activity was presented as mean ± SD. 

Among this Znso4shows maximum activity 

GC-MS analysis 

The methanol extract of Lantana camara was subjected to GC-MS analysis and it shows 21 

different compounds. The complete details of GC-MS chromatogram was shown in figure 5. The 

list of 21compounds along with the Retention time and the area was shown in the table 2 

 

Fig 5:  GC-MS chromatogram showing peaks at different time intervals. 
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Table 2: List of compounds identified in methanol extract of Lantana camara during GC-

MS analysis 

Molecular docking analysis  

All 21 different compoundsextract of Lantanacamara was subjected to docking with PAL 

receptor.Among 21 different compounds; octanoic acid showed maximum affinity shown in 

figure 6 and values in table 3.  

 

Fig 6:The binding site of PAL with octanoic acid 
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Mode Affinity (kcal/mol) Distance from best 

mode (rmsd l.b) 

Distance from best 

mode (rmsd u.b.) 

1 -3.4 0.000 0.000 

2 -3.1 16.304 17.475 

3 -3.1 16.911 18.292 

4 -3.1 16.354 17.564 

5 -3.1 19.446 20.076 

6 -2.9 1.917 2.235 

7 -2.9 22.125 23.317 

8 -2.8 29.568 30.646 

9 -2.8 16.909 17.570 

Table 3:Represents the docking result of octanoicacid  to PAL. 

Analysis of Plantextract on PAL 

Lantanacamara extract added to the assay has shown increasing in the activity of pal as show in 

fig 7. 

 

Fig 7: The enzyme activity of control andLantana camaraextract presented as mean ±SD. 

Discussion 

Positive results for the presence of the enzyme phenylalanine ammonia lyase (PAL) extracted 

from the plant ficusreligosa wasconfirmedby spectrophotometric analysis. Adding of metal ions 

to the crude enzyme;it was found an increase in the activity with addition of zinc sulphate. Thus, 

we could infer that zinc sulphateand methanol extracts of Lantana camaraas a potent activators 

of the enzyme. 

Conclusion 

The treatment of phenylketonuria(PKU) is necessary to avoid death rate in newborns. The 

PALand its activators is one of the solutionsfor treating the PKU. This investigation successfully 



International Journal of Advanced Scientific and Technical Research                   Issue 4 volume 6, Nov. – Dec. 2014          

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

R S. Publication, rspublicationhouse@gmail.com Page 66 
 

screened the presence of PAL in Ficusreligos and potent PAL activator from 

theLantanacamaraextract and metal ions. As studies suggest, patients suffering from this 

disorder need to follow a strict diet. They are advised to consume diet which is devoid of 

phenylalanine
12
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