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Oz: Peroksidazlar (PODs), bakteri, mantar, bitki ve hayvanlarda yaygin olarak bulunan, gida, ilag
endiistrisi ve klinik teshislerde 6nemli kullanim alanina sahip olan enzim gruplaridir. Peroksidaz
enzim sinifina dahil olan Laktoperoksidaz (LPO) enzimi ise memelilerde siit, tiikiiriikk ve gdzyasinda
bulunur. Tiyosiyanat ve hidrojen peroksitle beraber enfeksiyonlara karsi viicudun savunma
sistemlerinden birini olusturur. Flavonoid tiirevleri bitkilerde bol miktarda bulunur ve diyetin 6nemli
bir pargasini olusturur. Sentetik olarak iiretilen veya dogal olarak bulunan bu tiirevler, bircok
farmakolojik aktiviteye sahiptir. Bu c¢alismada laktoperoksidaz enzimi iizerine bazi flavonoid
tiirevlerinin (5,7-dihidroksi-2-(3-hidroksi-4-metoksifenil)-4H-kromen-4-on (a), 3,5,7-Trihidroksi-2-
(3,4,5-trihidroksifenil)-4H-kromen-4-on (b), 7-hidroksi-4'-nitroizoflavon (c), 6-Floroflavon (d), 7-
Hidroksi-3-(4-metoksifenil)-4H-kromen-4-on (e), 7-metoksi-2-fenil-4H-kromen-4-on (f)) etkisi
incelenmistir. ilk olarak Sefaroz-4B-L-tirozin-siilfanilamid afinite kromatografisi ile sigir siitiinden
LPO enzimi 65 kat ve %23 verim ile saflagtirtlmis ve bu enzim kullanilarak flavonoid tiirevleri ile
kinetik ¢aligmalar yapilmistir. 6 molekiiliin Ki degerlerinin 7.85 uM ile 0.023 uM arasinda degistigi
bulunmustur. 6-Floroflavon, 0.023 uM Ki degeri ile en etkili inhibitrdiir.

Anahtar Kelimeler — Laktoperoksidaz, flavonoid tiirevleri, inhibisyon.

Abstract: Peroxidases (PODs) are a group of enzymes that are commonly found in bacteria, fungi,
plants and animals and have important uses in the food, pharmaceutical industry and clinical
diagnostics. Lactoperoxidase (LPO) enzyme, which is included in peroxidase enzyme class, is found
milk, saliva and tears in mammals. With thiocyanate and hydrogen peroxide, it forms one of the
body's defense systems against infections. Flavonoid derivatives are abundant in plants and
constitute an important part of the diet. These derivatives, which are produced synthetically or
naturally, have many pharmacological activities. In this study, the effect of some flavonoid
derivatives  (5,7-Dihydroxy-2-(3-hydroxy-4-methoxyphenyl)-4H-chromen-4-one  (a),  3,5,7-
Trihydroxy-2-(3,4,5-trihydroxyphenyl)-4H-chromen-4-one (b), 7-Hydroxy-4'"-nitroisoflavone (c), 6-
Fluoroflavone (d), 7-Hydroxy-3-(4-methoxyphenyl)-4H-chromen-4-one (e), 7-Methoxy-2-phenyl-
4H-chromen-4-one (f)) on the lactoperoxidase enzyme was investigated. Firstly, by using Sepharose-
4B-L-tyrosine-sulfanilamide affinity chromatography, the LPO enzyme was purified 65 fold (with a
yield of 23%) from bovine milk and kinetic studies were carried out with flavonoid derivatives using
this enzyme. The Ki values of six molecules were found in ranging from 7.85 uM to 0.023 uM. 6-
Fluoroflavone was the most effective inhibitor with Ki value of 0.023 puM.
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INTRODUCTION

Peroxidases are heme containing enzyme groups that found in bacteria, fungi, plants and
animals [1]. LPO is a glycoprotein that is included in the peroxidase family and is found in
saliva, milk and tears. LPO catalyzes the oxidation of thiocyanate to cyanide in the presence
of hydrogen peroxide and shows antimicrobial effect [2]. The reactive products produced in
the LPO/SCN/H,0, system oxidize sulfhydryl groups (- SH) of proteins in the bacterial cell
membrane and inhibit the transport of nutrients, DNA and RNA synthesis and respiratory
chain [3].

Flavonoids are a class of plant-derived polyphenolic compounds used in human health,
pharmaceutical and industrial research [4, 5]. These compounds are predominantly found in
vegetables, fruits and teas. These derivatives are formed by binding different groups to the
two phenyl rings and a heterocyclic ring. There are more than 4000 types of flavonoid and are
divided into six main groups according to their chemical structure: Flavones, flavonols,
flavanols, flavanones, anthocyanidins and isoflavonoids [6, 7]. Flavonoids are an important
part of our diet, especially in Japan, daily intake is up to 68.2 mg. Quercetin, one of the most
known flavonoids, is abundant in apple and onion and contributes significantly to the daily
intake of flavonoids [8, 9].

Studies have shown that flavonoids have many pharmacological effects, including
antioxidant, anticancer and anti-inflammatory properties [10, 11]. These molecules have been
shown to inhibit many metabolic enzymes such as monooxygenase, glutathione S-transferase,
mitochondrial succinate-oxidase, nicotinamide adenine dinucleotide hydrate-oxidase, tyrosine
and serine-threonine protein kinase [12].

In this study, it was aimed to investigate the inhibition effect of flavonoid derivatives with
antioxidant activity on LPO enzyme. This study will define the interaction of these substances
with the lactoperoxidase enzyme. For this purpose, the bovine milk LPO enzyme was purified

and the inhibition effect of six flavonoid derivatives on the enzyme was investigated in detail.

MATERIAL AND METHOD

Chemicals and materials

The bovine milk used in the study was obtained from the local market. Amberlit CG-50-NH,4
*, CNBr-activated Sepharose 4B, L-tyrosine and sulphanilamide were purchased from Sigma-

Aldrich and 5,7-Dihydroxy-2-(3-hydroxy-4-methoxyphenyl)-4H-chromen-4-one,  3,5,7-
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Trihydroxy-2-(3,4,5-trihydroxyphenyl)-4H-chromen-4-one, 7-Hydroxy-4'-nitroisoflavone, 6-
Fluoroflavone, 7-Hydroxy-3-(4-methoxyphenyl)-4H-chromen-4-one, 7-Methoxy-2-phenyl-
4H-chromen-4-one were purchased from Fluorochem UK. All other chemicals used in this
study were analytical grade.

Determination of LPO Enzyme Activity

Lactoperoxidase enzyme activity was calculated by absorbance increase at 412 nm of the
coloured compound formed by the oxidation of the 2,2-azino-bis (3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS) chromogenic substrate in the presence of hydrogen peroxide (H.0;)
[13].

Purification of LPO Enzyme

For the purification of LPO enzyme, bovine milk was first centrifuged at 3000g for 10 min
and the milk fat was removed, then Amberlit CG-50-NH," was treated with fat-removed milk
and washed with the appropriate solution to obtain a homogenate which, amounts of proteins
were determined and enzyme activities were measured. The homogenate was applied to the
Sepharose 4B-L-tyrosine-sulphanamide affinity column which equilibrated with 10mM
phosphate buffer (pH 6.8). The affinity gel was washed with 25mM phosphate buffer (pH
6.8). The bovine LPO enzyme was eluted with same buffer (1 M NaCl/25, pH 6.8) [14].
Protein concentrations in the homogenates and purification steps were determined by the
modified Lowry method [15].

Inhibition studies

The inhibition effects of flavonoid derivatives on LPO enzyme purified from Sepharose 4b-L-
Tyrosine sulphanilamide affinity gel were investigated. Activity values for each derivative
were measured at constant substrate (ABTS) concentration and at five different inhibitor
concentrations. Then, activity %-inhibitor graphs were drawn and 1Cso values were calculated
from these graphs. Three different inhibitors and five different substrate concentrations were
used for determination of K; values. K; and the inhibition type were calculated from
Lineweaver—Burk graphics (1/V-1/[S])[16].

RESULTS AND DISCUSSION
Flavonoids are mostly phenolic compounds, abundant in fruits, vegetables and tea and are an
important part of the human diet. Synthetic or naturally occurring flavonoid derivatives have

many pharmacological activities. These are antitumor, anticonvulsant, vasorelaxant,
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analgesic, antioxidant and anti-inflammatory activities [17]. It is known that natural and
synthetic flavonoid derivatives are potent antioxidants as well as their regulatory effects on
metabolism.

The effects of flavonoid derivatives on enzymes have been studied by many researchers and
these studies are increasing day by day. In the literature, there are studies on the inhibitory
effects of these derivatives on ACE (Angiotensin Converting Enzyme), Monoamine oxidase,
lipase, acetylcholine esterase enzyme. Exemplarily, quercetin, quercetin-3-glucoside,
quercetin-3-galactoside, cyanidin-3-galactoside were studied on the ACE and ICsy values
were found to be 151 uM, 71 uM, 180 uM, 206 uM, respectively [18]. The effect of
flavonoid derivatives on MAO-A (Monoamine oxidase-A) and MAO-B enzymes was
investigated and it was observed that these derivatives showed an inhibition effect at uM level
[19]. Luteolin and chrysoeriol have a noncompetitive and mixed inhibition on lipase enzyme
with values of ICsp: 63 and 158 uM respectively [20]. In addition, synthetic flavonoid
derivatives have been identified as potential inhibitors of AChE (Acetylcholinesterase) [21].
In this study, the effect of commercially available flavonoid derivatives on bovine milk LPO
enzyme was investigated. First, the bovine milk LPO enzyme was purified using Sepharose
4B-L-tyrosine-sulphanilamide affinity gel. The results of purification are shown in Table 1.

Table 1. The Purification results of LPO enzyme from bovine milk.
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To determine the effect of flavonoid derivatives on purified LPO enzyme, detailed Kinetic
studies were performed and ICsp, Kj values and inhibition types were determined. The kinetics

results are shown in Table 2.

Table 2. 1Cs value, Kj constant and inhibition type of flavonoid derivatives for LPO enzyme
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When the molecules and inhibition values are examined, the most effective inhibitor is 6-
Fluoroflavone (d). The electronegative fluorine atom of the molecule d, increased the
interaction of the inhibitor with the LPO enzyme and caused a stronger inhibition (See
molecule d, K;i: 0.0233 uM). Table 2 shows that the inhibition effects of the molecules
increase with the effect of OH groups. When the number of OH groups increases, the
inhibition effect of the molecules is strengthened. Among the molecules containing the OH
group, the highest effect was observed in molecule b. (K;: 0.434 uM). This molecule contains
six OH groups. The weakest inhibition value is K;: 7.85 and molecule f. This is because
molecule f does not contain the OH group and the electronegative group. It was observed that
various groups that bind to flavon ring changed the inhibition effect to 350 fold.

In the literature, the inhibitory effect of nine different phenolic compounds on LPO enzyme
was investigated and the K; value of quarcetin was calculated as 5.99 uM. In the same study,
Kj values of caffeic acid, ellagic acid, ferulic acid and syringic acid ranged from 2.83 to 17.76
uM [22]. In our study with flavonoid derivatives, the inhibition values ranged between 0.023
and 7.85 uM. This indicates that these derivatives, other than the molecule f, are more

effective inhibitors.

CONCLUSIONS

Reducing the effect of LPO by the flavonoid derivatives, which is the most important part of
the LPO/SCN/H,0, system, has negative consequences. The defense mechanism against
bacteria is attenuated by the decrease in the activity of this enzyme. This makes especially
babies less resistant to bacterial infections. In this study, six flavonoid derivatives were
identified as the new reversible inhibitors of LPO enzyme and kinetic studies were performed.

Ki, I1Csp and inhibition types were determined for the first time.

REFERENCES

1. Galende, P.P,, et al., Purification and structural stability of white Spanish broom (Cytisus
multiflorus) peroxidase. 2015. 72: p. 718-723.

2. Thomas, E.J.P.i.c. and biology, Lactoperoxidase: structure and catalytic properties. 1991. 1: p.
123-142.

3. Naidu, A., Lactoperoxidase, in Natural food antimicrobial systems. 2000, CRC Press. p. 116-
145.

4, Koes, R., W. Verweij, and F.J.T.i.p.s. Quattrocchio, Flavonoids: a colorful model for the
regulation and evolution of biochemical pathways. 2005. 10(5): p. 236-242.

5. Li, R.-S., et al., Design, synthesis and evaluation of flavonoid derivatives as potential
multifunctional acetylcholinesterase inhibitors against Alzheimer’s disease. 2013. 23(9): p.
2636-2641.

6. Birt, D.F. and E. Jeffery, Flavonoids. Advances in Nutrition, 2013. 4(5): p. 576-577.



Vol. IV, Issue I, 2019 Determination of Some Flavonoid Derivatives Inhibitory Effect on Bovine Milk 21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lactoperoxidase Enzyme

Hoensch, H.P. and R.J.W.j.0.g.0. Oertel, Emerging role of bioflavonoids in gastroenterology:
Especially their effects on intestinal neoplasia. 2011. 3(5): p. 71.

Haenen, G.R. and A. Bast, [50] Nitric oxide radical scavenging of flavonoids, in Methods in
enzymology. 1999, Elsevier. p. 490-503.

Knekt, P., et al., Dietary flavonoids and the risk of lung cancer and other malignant
neoplasms. 1997. 146(3): p. 223-230.

Pandey, A.K., et al., Datamining clustering techniques in the prediction of heart disease using
attribute selection method. 2013. 14: p. 16-17.

Xu, J.-D., L.-W. Zhang, and Y.-F.J.C.C.L. Liu, Synthesis and antioxidant activities of flavonoids
derivatives, troxerutin and 3’, 4°, 7-triacetoxyethoxyquercetin. 2013. 24(3): p. 223-226.
Aslani, B.A. and S.J.L.s. Ghobadi, Studies on oxidants and antioxidants with a brief glance at
their relevance to the immune system. 2016. 146: p. 163-173.

Shindler, J.S., W.G.J.B. Bardsley, and B.R. Communications, Steady-state kinetics of
lactoperoxidase with ABTS as chromogen. 1975. 67(4): p. 1307-1312.

Atasever, A., et al., One-step purification of lactoperoxidase from bovine milk by affinity
chromatography. Food chemistry, 2013. 136(2): p. 864-870.

Markwell, M.A.K., et al., A modification of the Lowry procedure to simplify protein
determination in membrane and lipoprotein samples. Analytical biochemistry, 1978. 87(1): p.
206-210.

Lineweaver, H. and D. Burk, The determination of enzyme dissociation constants. Journal of
the American chemical society, 1934. 56(3): p. 658-666.

Shoaib, M., et al., In vitro enzyme inhibition potentials and antioxidant activity of synthetic
flavone derivatives. 2015. 2015.

Balasuriya, B.N., H.V.J.F.F.i.H. Rupasinghe, and Disease, Plant flavonoids as angiotensin
converting enzyme inhibitors in regulation of hypertension. 2011. 1(5): p. 172-188.

Jia, W.Z,, et al., Rapid synthesis of flavone-based monoamine oxidase (MAO) inhibitors
targeting two active sites using click chemistry. 2017. 89(1): p. 141-151.

Ramirez, G., et al., Chrysoeriol and other polyphenols from Tecoma stans with lipase
inhibitory activity. 2016. 185: p. 1-8.

Cruz, |, et al., Xanthone and flavone derivatives as dual agents with acetylcholinesterase
inhibition and antioxidant activity as potential anti-alzheimer agents. 2017. 2017.

Sarikaya, S.B.O., et al., Inhibition profile of a series of phenolic acids on bovine
lactoperoxidase enzyme. Journal of enzyme inhibition and medicinal chemistry, 2015. 30(3):
p. 479-483.



