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Abstract 

The study including purification and characterization of alliinase (EC: 4.4.1.4, Cys sulfoxide lyase, alliin 

lyase) from Iraqi garlic. Enzyme extraction with sodium phosphate buffer, pH 6.5, the extract was 

precipitated by addition of an ammonium sulfate with saturation (30-70)%. Gel filtration chromatography 

was done to purification enzyme by ÄKTA Pure 25 apparatus using superdex 200 column, three peaks were 

obtained with a good enzyme activity and an enzyme purity were identified by the absence of denaturation 

substances for protein SDS. Characteristics of pure enzyme showed that optimum pH for an activity was 6 

and optimum pH for the stability was between 6-8, while optimum temperature for an activity and the 

stability were 35°C, 30-45°C respectively. Effect of ions Na, K, Mg+2, Fe+2, Zn+2, and Mn+2 was found 

stimulate enzymatic reaction while Ca+2, Ni+2, Cu+2 and Hg+2  inhibit the enzymatic reaction. Standard 

alliin used to determine a value of Km and Vmax and found to be 0.35M and 121.5 µmol/ml/min. 

respectively. The molecular weight of pure enzyme by electrophoresis technique with the presence of SDS 

was equal to 49 KDa. 
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Introduction 

Alliinase (EC: 4.4.1.4, Cys sulfoxide lyase, 

alliin lyase, C-S lyase) is a glycoprotein with 

ideal di molecules belongs to the wrapped type 

I from enzymes that dependent on coenzyme 

pyridoxal-5-phosphate (PLP) from family 

aminotransferase which plays the role of a 

catalyst in stimulating the transformation of 

the non protein amino acid (+) S-allyl-L-

cysteine sulphoxide to allicin (diallyl 

thiosulfinate), enzyme subunits consists of a 

series of 448 amino acid, there are 10 chains of 

amino acid cysteine (Cys) per monomer of the 

enzyme, eight of them in the form of four 

disulfide bridges, two forms are free thiol 

groups [1].  

The first who described alliinase in garlic was 

the scientists Stoll and Sebeck in 1947, which 

responsible for editing the flavor compounds in 

Allium genus, the effective garlic compounds 

were studied well by many researchers [2-4]. 

Alliinase was founding in many plants of 

Allium genus like garlic (Allium sativum), 

onions (Allium cepa) and leek (Allium porrum) 

and others, alliinase stimulates transformation 

alliin to allicin, pyruvate and ammonia as 

byproducts and allicin is considered most 

important sulfuric compound which due to the 

beneficial properties of garlic, and because the 

enzyme inhibiting in gastric acid and loses its 

effectiveness, at present time many of 

packaging operations for enzyme to protect it 

from these conditions in capsules or tablets or 

powder these forms are available commercially 

in the name of food garlic supplements or 

enzymatic supplements [5].  

The enzyme was isolated and purified from 

garlic by different researchers [6, 12]. Alliin is 

a non-protein amino acid derivative of the 

amino acid cysteine, owns four stereoisomers, 

however only one isomer found in garlic [13]. 

Alliin is a stable raw material and if cut or 

chop or smashing garlic cloves, the membrane 

rupture and turn alliin to allicin by enzyme 

alliinase, the process of turning into allicin 

compound very fast within seconds, studies 

have indicated the existence of alliin and 
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alliinase in compartments or separate parts in 

garlic [14]. Allicin treats many diseases, 

bacterial and viral infections such as acne, 

animal bites, arthritis, asthma, bedsores, blood 

pressure, cholesterol, anemia, colds, flu, cough, 

diabetes, diarrhea, arthritis, ear and eye 

inflammation, eczema, food poisoning, 

toothache and warts [15].  

The unique flavor and health-promoting 

properties in garlic is generally attributed to 

the rich content of sulfur-containing 

compounds such as alliin and γ-

glutamylcysteine and their derivatives, when 

smash or crush or cut up cloves of fresh garlic 

lead to the free enzyme alliinase from gaps and 

quickly convert alliin to allicin, which is a very 

unstable compound and turns immediately to a 

huge number of products containing sulfur and 

soluble in the oil including compounds diallyl 

disulfide (DADS), diallyl sulfide (DAS), diallyl 

trisulfide (DATS), diallyl tetrasulfide [16]. 

Such these studies on alliinase didn’t existent 

in Iraq or the Arab Homeland that led us to 

carry out this search for studying characters 

and kinetics of enzyme. 

Materials and Methods 

Materials 

Fresh Iraqi garlic was purchased from local 

markets in Basra, Iraq, then cleaning the 

plants, remove the outer parts, peels, washed 

with distilled water, and kept at the 

refrigerator temperature of 4°C in polyethylene 

bags until its use. 

Chemicals 

Alliin and allicin were bought from Santa Cruz 

Biotech. Co., USA, PLP from SDI, Samarra, 

Iraq, Protein Molecular Weight Marker from 

Bioneer Co., South Korea, and solvents from 

HAYMAN Co., UK and metal ions from BHD 

Co., England. 

Apparatuses 

Apparatus protein purification ÄKTA Pure 25, 

GE Healthcare Life Sciences Co., Sweden and 

Slab electrophoresis, Biocom. Direct Co., UK. 

Enzyme Extraction 

Peeled and chilled of garlic cloves (100 g) were 

crushed in a plastic mortar and leave for 30 

minutes, then added a buffer sodium 

phosphate 20 mM, pH 6.5 at a ratio 0f 1:2 (w/v) 

contains EDTA 5 mM, NaCl 5%, PLP 20 µM 

and glycerol 10% and also left for 30 minutes, 

then the mixture was filtered by layers of 

cheesecloth, followed by centrifugation at 

10000 rpm for 30 min. on temperature 4°C.  

Enzyme concentration by adding ammonium 

sulfate to the crude extract gradually with 

saturation ranged 30-70%, stirring 

continuously for 4 hours, then the precipitate 

was collected and dissolved in buffer consists of 

sucrose 15% (w/v) and NaCl 1% [17] and 

dialyzed for 24 h at 4°C, the product was 

lyophilized and kept for studying enzyme 

characterization later. 

Enzyme Assay  

Enzyme activity was estimated spectrally by 

measuring pyruvate concentration (Standard 

curves was prepared by using sodium 

pyruvate) according to the method of [18], the 

reaction mixture consists of 0.5 ml enzymatic 

extract, 0.5 ml standard alliin, 0.5 ml 2,4dinitr- 

phenylhydrazine (0.0125% of DNPH in 2N of 

HCl), then put in a water bath at 37°C for 15 

min. after the incubation period adding 2.5 ml 

of 0.6N NaOH, Pyruvate was measured using a 

UV-Vis spectrophotometer (Apel 303 UV, 

England) at 420 nm. The final concentration of 

pyruvate was measured as micromole/min. 

Protein Assay 

A concentration of protein was measured by 

using bovine serum albumin (BSA) as standard 

[19]. 

Gel Filtration 

The process of gel filtration was done by using 

ÄKTA Pure 25 apparatus with Superdex 200 

10/300 GL column (10 mm diameter, column 

size 23.562 ml, pressure 1.5 mpa, dimensions 

10 x 300 mm, flow rate of 0.5 ml/min) filled 

packaged with agarose and dextran and the 

column was calibrated with sodium phosphate 

buffer (5 liters) with pH 6.5. Injecting the 

concentrated sample (0.5ml) which was 

obtained from the precipitation of ammonium 

sulfate in the column gradually after filtered 

by Millipore filter 0.22 µm to get rid of the 

impurities and follow-up to the separated 

peaks along the wavelength of 280 nm through 

the diagram that appears on the computer 

screen, the recovered parts were collected as 2 

ml/ part by the fractions collector (type F9-R, 

ÄKTA Pure 25, GE Healthcare Life Sciences 

Co., Sweden).The injection was done more than 

once and peaks collected with a size of 45 ml, 

then measurement of enzymatic activity 

(unit/ml) and specific activity (unit/mg) to the 

separated peaks. 
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Electrophoresis 

The purification of an enzyme was estimated 

by using a polyacrylamide gel electrophoresis 

with an absence of the denaturation 

substances sodium dodecyl sulfate (SDS), 

either the molecular weight was assayed with 

a presence of SDS-PAGE in a polyacrylamide 

gel (10-12%) according to the method of [20] 

modified by [21]. Marker proteins (broadband 

from 6.5-116 kDa) were used to determine 

alliinase molecular weight by using β-

galactosidase, phosphorylase b, bovine serum 

albumin, ovalbumin, carbonic anhydrase, 

trypsin inhibitor, lysozyme, and aprotinin.      

Optimum pH for an Enzyme Activity and 

Stability 

The optimum pH for activity was calculated as 

enzymatic activity (unit/ml), while the 

optimum pH for stability was examined as 

remaining activity (%) using different buffer 

solutions with a concentration of 0.1M, by 

using acetate buffer of pH ranges between 3-5, 

phosphate buffer of pH ranges between 6-8, 

Tris-HCl buffer of pH ranges between 9-11.   

Optimum Temperature for an Enzyme 

Activity and Stability 

Enzyme activity (unit/ml) estimated for 

optimum temperatures ranged between (20-

80)°C, where the optimum temperature for 

stability was calculated as remaining 

activity(%) in the same ranges of temperatures.   

An Effectiveness of Mineral Salts on the 

Enzyme Activity 

Preparation of ionic solutions with two 

concentration(1,5 mM) including sodium 

chloride, potassium chloride, magnesium 

chloride, ferrous chloride, copper chloride, 

mercury chloride, calcium chloride, nickel 

chloride, manganese sulfate and zinc sulfate, 

1ml of the enzyme was incubated with these 

solutions for 30 min. at 35 °C. The enzyme 

activity was calculated as the remaining 

activity (%).Kinetics of Enzyme. Different 

concentrations of alliin were prepared (0.1-1%) 

to estimate Michaelis-Menten (Km) and 

maximum velocity (Vmax) for enzyme using 

Line weaver - Burk reciprocal plot, Hanes - 

Woolf plot, Woolf - Augustinsson - Hofstee plot, 

Eadie-Scat chard plot.    

Results and Discussion 

Enzyme Purification 

Showing Table 1 steps of  enzyme purification, 

observing there was a good specific enzyme 

activity127.058 (unit/mg protein) by using 

sodium phosphate buffer, where found that the 

addition of glycerol 10% maintained the 

stability of the enzyme completely, it was noted 

that the enzyme is kept its effectiveness at a 

temperature of 10 °C after a month, and 

adding sodium chloride to the crude extract 

prevent particles of extract from gathering and 

keep them in a high degree of homogeneity for 

a long time, while the addition of PLP 

stimulated the enzymatic reaction especially 

when the coenzyme in a high degree of purity 

[17-22].  

Ammonium sulfate (30-70%) was used 

extensively in precipitation processes for their 

availability, high solubility, and low cost 

compared with other organic solvents. Sulfates 

works on precipitation enzymes by equilibrium 

the charges on the protein surface and 

disrupting the surrounding water layer around 

it, so can pull the water molecules which 

reduces protein solubility and then precipitate 

it [23,24], the specific activity from this step 

was 165.517 (unit/mg protein). 

Table 1: Purification of an alliinase from the Iraqi garlic 

Recovery% Purification 
Total activity 

(unit) 

Specific activity 

(unit/mg) 

Activity 

(unit/ml) 

Protein 

(mg/ml) 
Steps of purification 

100 1 51840 127.058 172.8 1.36 Crude extract 

37.04 1.30 19200 165.517 192 1.16 
Precipitation of (NH4)2SO4 

(30-70)% 

13.48 2.01 6993 254.754 155.4 0.61 Gel filtration Superdex 200 

 

The results showed in Figure 1 explain the 

presence of three peaks of enzyme extracted 

by gel filtration technique (ÄKTA Pure 25, 

superdex 200), the second peak was giving a 

high enzymatic activity reached to 139.2 

(unit/ml), while the first and third peaks were 

giving low activity, so the second peak was 

chosen to making electrophoresis for enzyme. 

A presence of more than one peak for an 

enzyme activity may belong to the isomers of 

alliinase, the specific activity which obtained 

was 254.754 (unit/mg protein).Two separated 

peaks for the purified enzyme in the garlic 

was found by using gel filtration technology 

with Sephadex G-200 column [22], as well as 

[25] was able to obtain three peaks of the pure 
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enzyme using fast protein liquid 

chromatography (FPLC), while [9] purified 

alliinase by using a superdex 200 column in a 

chromatography of gel filtration and have got 

two peaks, the highest peak was attributed to 

alliinase which having little subunits or may 

refer to the complex forming between alliinase 

and lectin, while the high activity peak may 

be returning to the pure alliinase that having 

two subunits. The variety of results may 

attribute to the different devices used in the 

purification, type, a number of columns were 

used, temperature, pressure, and type of 

buffers. 

 

 
Figure 1: Chromatogram of gel filtration for alliinase enzyme by ÄKTA Pure 25 using Superdex 200 10/300 GL 

in the flow rate of 0.5 ml/min 

 

Electrophoresis 

Determined the purity of the enzyme by 

electrophoresis technique in the absence of 

denaturation materials of protein SDS (Figure 

2) explained the existence of 6 protein bands 

in the crude extracted in polyacrylamide gel 

and 3 protein bands in the saturated extract 

with ammonium sulfate (30-70%) after 

dialysis, while one band was found from gel 

filtration step. The appearing of one band 

indicates arrival the enzyme to an advanced 

stage of purification and can be considered as 

high purity enzyme, as necessary to get pure 

enzyme at a degree of homogeneity to can 

studying the truth properties of this 

enzyme[26].The molecular weight of alliinase 

determined by SDS-PAGE through drawing 

the inverse relationship between relative 

motion of standard proteins and logarithm the 

molecular weight of these proteins and by 

measuring the relative motion of alliinase in 

the gel, its molecular weight was found that 

equals 49 KDa , the studies show similar 

values for alliinase molecular weight in garlic, 

[27] found alliinase molecular weight was 42 

KDa and the molecular weight of enzyme in 

Chinese garlic equals 48±2 KDa [28], while 

determined the molecular weight of enzyme to 

be 53 KDa [6,9].Indicated both of [27] that the 

enzyme purification with more than technique 

produced three major peaks but it disappeared 

when they stained and only one band was 

existent by using electrophoresis technique, 

that evidenced to the presence of only one type 

of enzyme subunits in the garlic and existence 

of more than one band in the different 

techniques as a result of their interaction with 

the materials of the columns and the buffer 

solutions. 

 
Figure 2: Determination of alliinase purity and molecular weight by electrophoresis without SDS and SDS-

PAGE using (10 -12)% polyacrylamide gel, A: crude; B: dialysis extract; C: pure enzyme after gel filtration 

step; D: standard proteins marker (broadband)   
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                 Optimum PH 

   An enzyme activity increased gradually from 

acidic pH numbers until higher activity of 

the enzyme at optimum pH 6 with 159.84 

(unit/ml), and then decreased gradually in 

the alkaline pH numbers as shown in the 

Figure 3A, the result of optimum pH agrees 

with [29] and nearby to the results of 

[17,30,31]. The enzymes are often influenced 

by the effectiveness of the hydrogen-ion 

concentration in the interaction, so enzyme 

activity was determined by the limited 

extent of the acidity, which depends on the 

ionic strength, temperature, nature of the 

buffers, a concentration of stimulants and 

inhibitors and concentration of the enzyme 

and substrate [26]. 
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Figure 3A: Optimum pH for alliinase activity 
 

 
Figure 3B: Optimum pH for alliinase stability 

 

Either the optimum pH for enzyme stability 

was at a range between 6-8 and the enzyme 

kept with 95.13% of its activity at that values 

(Figure 3B) while the enzyme began to losing 

its activity at the extreme acidic and alkaline 

values of pH, this value was matching with the 

result of [6]. 

Optimum Temperature 

An alliinase activity reached to its maximum 

value when rising the temperatures gradually. 

The optimum temperature for an enzyme 

activity was at 35°C where the activity reached 

137.4 (unit/ml), then the activity reduction to 

54.6 (unit/ml) at a temperature of 80°C (Figure 

4A), the result deals with the results of 

optimum temperature for enzyme activity who 

reaches to it [11,29]. The reason for increasing 

speed of enzymatic reaction by rising 

temperature to a limited extent, lead to an 

increase in the kinetic energy for enzyme 

molecules and substrate, leading to increased 

clashes between them and thus increase the 

speed of interaction, but the height of 

temperature more than this limitation leads to 

quickly lower in enzymatic activity due to the 

impact of heat on the secondary and tertiary 

structure of enzyme, which leads to 

denaturation of enzyme and decreases the 

activity [26]. while observing from Figure 4B 

the optimum temperature for enzyme stability 

which ranges between (30-45)°C, the remaining 

activity ranged between 96.82%-97.85% which 

shows the stability of the enzyme within this 

range of temperatures, and then enzyme 

activity began to decline at high temperature 

where the remaining activity reached 23.82%  

at a temperature of 70°C. The enzyme was 

found stable at a temperature less than 50°C 

[32]. 
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Figure 4A: 

The optimum temperature for alliinase stability 

 
Figure 4B: The optimum temperature for alliinase activity 

         

The lowering activity by increasing 

temperature due to the sensitivity of enzymes 

towards the temperature which affects its 

stability that depends on several factors like 

sulfur linkage, pH, ionic strength, and a 

presence of coenzymes [33]. 

An Effectiveness of Mineral Salts 

The presence of salts changing the case of a 

reaction by stimulate or inhibition enzyme 

activity through changing the equilibrium state 

of reaction. An influence of different mineral 

salts were observing on alliinase activity, the 

most effective salts were magnesium chloride 

which showed an increasing of remaining 

activity to 105.02%, while the remaining 

activity with sodium and potassium chloride 

equal to 92.82% and 91.75% respectively, either 

when incubation iron chloride with alliinase 

led to slightly lowering in activity, the 

remaining activity reached to 88.94%, then 

gradually decrease enzyme activity with zinc 

and manganese sulphate which reached to 

72.74% and 68.38% respectively, but addition 

of nickel, calcium, copper and mercury salts 

inhibition enzyme activity in a range between 

(14.64-37.04)% . Explained [29] the addition of 

bivalent ions Zn+2,  Ni+2, Ca+2, Mg+2, Co+2, and 

Mn+2 didn’t effect on enzyme activity, while 

[34] was found the addition of Cu+2 and Hg+2 

inhibition the alliinase activity. 

Kinetics of the Enzyme 

A first whom calculated Michaelis-Menton 

constant (Km) and the maximum velocity (Vmax) 

of alliinase reaction in garlic was [35] using 

different types of substrate can the enzyme 

working on it, the speed of reaction increase 

depends on the increase of a substrate 

concentration until the speed become fixed and 

not increase even if a substrate concentration 

increasing because the enzyme was saturated 

of substrate and velocity of reaction be limited 

[26]. The values of Km and Vmax were calculated 

from four types of plots with using alliin as a 

substrate for the enzyme (Figure 5), the 

average of Km was 0.35M and Vmax 121.5 

µmol/ml/min. Michaelis-Menton constant 

estimated by [22] in the garlic using S-methyl-

L-cysteine sulfoxide, S-ethyl-L-cysteine 

sulfoxide, S-propyl-L-cysteine sulfoxide and S-

butyl-L-cysteine sulfoxide as substrates, as 
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well as many researchers, could assay the 

values of Km and Vmax in garlic, onion, leek and 

other plants or microorganisms, so there is no 

ideal value of this kinetics due to the 

differences in the substrate, pH, temperature 

and other conditions of experiments.  
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Figure 5: Plots of alliinase kinetics using alliin (0.1-1)% where (A) Line weaver - Burk reciprocal plot ; (B) 

Hanes - Woolf plot ; (C) Woolf-Augustinsson-Hofstee plot ; (D) Eadie – Scat chard plot 

     

Conclusion 

In this study, we found that Iraqi garlic was a 

good source for alliinase extraction and 

purification with a high enzymatic activity 

where there was not any research about garlic 

enzyme already in Iraq or Arab homeland. 

Alliinase has a very well stability at a good 

range of pH and temperature so it can be used 

in the pharmaceutical industries as a 

therapeutic enzyme in the future for its high 

activity, stability and high content of sulfur 

compounds. 

 

References 

1. Weiner L, Shin I, Shimon LJW, Miron T, 

Wilchek M, Mirelman D, Frolow F, Rabinkov A 

(2009) Thiol-disulfide organization in alliin lyase 

(alliinase) from garlic (Allium sativum). Protein 

Science, 18: 196-205. 

2. Miron T, Bercovici T, Rabinkov A, Wilchek M, 

Mirelman D (2004) [3H]Allicin: preparation and 

applications. Anal. Biochem., 331: 364-369. 

3. Jones MG, Hughes J, Tregova A, Milne J, 

Tomsett AB, Collin HA (2004) Biosynthesis of 

the flavor precursors of onion and garlic. J. Exp. 

Bot., 55: 1903-1918. 

4. Drugă B, Şuteu D, Roşca-Casian O, Părvu M, 

Dragoş N (2011) Two novel alliin lyase 

(alliinase) genes from twisted-leaf garlic (Allium 

obliquum) and mountain garlic (Allium 

senescens ssp. montanum). Not. Bot. Horti. 

Agrobo., 39(2): 293-298. 

5. Anifantaki E, Touloupakis E, Ghanotakis DF 

(2012) Alliinase immobilization in calcium 

alginate beads and layered double hydroxides 

matrices. J. Food Biochem., 36: 12-20. 

6. Krest I, Keusgen M (1999) Quality of herbal 

remedies from Allium sativum: Differences 

between alliinase from garlic powder and fresh 

garlic. Planta Medica., 65: 139-143. 

7. Krest I, Glodek J, Keusgen M (2000) Cysteine 

sulfoxides and alliinase activity of some Allium 

species. J. Agric. Food Chem., 48: 3753-3760. 

8. Jin YN, Choi YH, Yang CH (2001) Identification 

of an essential tryptophan residue in alliinase 

from garlic (Allium sativum) by chemical 

modification. Bull. Korean Chem. Soc., 22(1): 68-

76. 



Iman Hadi Al-Taai et. al.| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 05 (Suppl.) |437-444 
 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                               444     

                                                                                                                                                                                

9. Kuettner EB, Hilgenfeld R, Weiss MS (2002) 

Purification, characterization and crystallization 

of alliinase from garlic. Archives of  Biochemistry 

and Biophysics, 402: 192-200. 

10. Yan-hui G, Zhao J, Min D, Feng X (2008) Study 

on kinetic characteristics of alliinase. Agr. Sci. 

Technol., 9(1): 139-142. 

11. Hong C, Yao-zuo Y, Jian C (2009) Enzymatic 

properties and kinetic characteristics of 

homogeneous alliinase from garlic. Lishizhen 

Medicine and Materia Medica Research. 

12. Yu-hui Z, Jing W, Qiu-hui H, Zhi-hong X (2011) 

Optimization of enzymatic catalysis conditions of 

alliinase by response surface methodology. Food 

Science. 

13. Omar SH, Al-Wabel NA (2010) Organosulfur 

compounds and possible mechanism of garlic in 

cancer. Saudi Pharmaceutical Journal, 18: 51-

58. 

14. Touloupakis E, Ghanotakis DF (2010) Chapter 

9: Nutraceutical use of garlic sulfur‑ containing 

compounds. In Bio‑  Farms for Nutraceuticals: 

Functional Food and Safety Control by 

Biosensors, Landes Bioscience, and Springer 

Science + Business Media. 

15. Josling P (2010) Allicin, and vitamin C: Power, 

Performance, Proof. HRC. Publications. 

16. Tsai CW, Chen HW, Sheen LY, Lii CK (2012) 

Garlic: Health benefits and actions. Biomedicine, 

2: 17-29. 

17. Mallika T, Omer E, Lianfu Z (2014) Separation 

and purification of alliinase and alliin from 

garlic (Allium sativum). Journal of Academia 

and Industrial Research, 2(11): 599-605. 

18. Schwimmer S, Weston WJ (1961) Onion flavor, 

and odor: Enzymatic development of pyruvic 

acid in onion as a measure of pungency. 

Agricultural and Food Chemistry, 9(4): 301-304. 

19. Bradford MM (1976) A Rapid and sensitive 

method for the quantitation of microgram 

quantities of protein utilizing the principle of 

protein-dye binding. Analytical Biochemistry, 72: 

248-254. 

20. Laemmli UK (1970) Cleavage of structural 

proteins during the assembly of the head of 

bacteriophage T4. Nature Publishing Group, 

227: 680-685. 

 

 

 

 

 

 

 

21. Garfin DE (1990) Purification procedures 

electrophoretic methods. In Methods in 

Enzymology; Eds. Murray, E.D. & Dentscher, P. 

J.; Academic Press: New York, 182: 425-441.  

22. Mazelis M, Crews L (1968) Purification of the 

alliin lyase of garlic, ( Allium sativum L.). 

Biochem. J., 108: 725-730.  

23. White A, Handler P, Smith E (1973) Principles 

of biochemistry. Mc Graw-Hill Book company. 

Alba Kiston publication, New York. 

24. Englard EM, Seifter S (1990) Precipitation 

techniques. In Methods in Enzymology. National 

Science and Mathematical, 21(2): 199-208. 

25. Clark SA, Shaw ML, Every D, Lancaster JE 

(1998) Physical characterization of alliinase, the 

flavor generating enzyme in onions. Journal of 

Food Biochemistry, 22: 91-103. 

26. Segel IH (1976) Biochemical calculations. 2nd 

edition, John, and sons. Inc. New York. 

27. Nock LP, Mazelis M (1986) The C-S lyases of 

higher plants: preparation and properties of 

homogeneous alliin lyase from garlic (Allium 

sativum). Archives of Biochemistry and 

Biophysics, 249(1): 27-33.                                                           

28. Manabe T, Hasumi A, Sugiyama M, Yamazaki 

M, Saito K (1998) Alliinase [S-alk(en)yl-L-

cysteine sulfoxide lyase] from Allium tuberosum 

(Chinese chive) purification, localization, cDNA 

cloning and heterologous functional expression. 

Eur. J. Biochem., 257: 21-30. 

29. Landshuter  J, Lohmüller EM, Knobloch K 

(1994) Purification and characterization of C-S-

lyase from Ramson, the wild garlic, Allium 

ursinum. Planta Med., 60: 343-347. 

30. Xuguang Q, Zhen-hua Z, Xiao-chun Q (2004) 

Study on the purification and kinetic 

characteristics of alliinase. Food and 

Fermentation Industries.  

31. Zhe-ling Z, Ren-hua X, Tao X (2008) Purification 

of alliinase and determination of its enzymatic 

properties. Food Science.  

32. Wang LY, Guan RL, Ping G (2005) Purification 

and properties of alliinase from fresh garlic 

(Allium sativum). Chinese Bulletin of Botany.  

33. Whitaker J R (1972) Principles of Enzymology 

for the food sciences. Marcel Dekker; Inc., New 

York, 579. 

 

 

 

 

 

 

 



Iman Hadi Al-Taai et. al.| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 05 (Suppl.) |437-444 
 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                               445     

                                                                                                                                                                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

34. Chhabria S, Desai K (2016) Purification, and 

characterization of alliinase Produced by 

Cupriavidus necator and its application for 

generation of cytotoxic agent: Allicin. Saudi 

Journal of Biological Sciences. (Article in press). 

35. Stoll A, Seebeck E (1951) Chemical investigation 

of alliin, the specific principle of garlic. AdV.  

Enzymol., 11: 377-400.



Iman Hadi Al-Taai et. al.| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 05 (Suppl.) |437-444 
 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                  
             446                                                                                                                                                                                     



Iman Hadi Al-Taai et. al.| Journal of Global Pharma Technology | 2019| Vol. 11| Issue 05 (Suppl.) |437-444 
 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                  
             447                                                                                                                                                                                     

 


