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The Inhibitory Effect of Polyphenol Oxidase on Polyphenol-Induced
DNA Damage of Bacillus subtilis

An Keun Kim®*, Yoo Kyung Kim and Young-Sook Kang
College of Pharmacy, Sookmyung Women's University, Seoul 140-742, Korea

Abstract — Antimutagenic activity of the enzymatic browning reaction products (EBRPs) was investigated by using the
spore rec-assay with Bacillus subtilis strains H17 (rec™) and M45 {rec). The EBRPs tested were prepared from the reac-
tions of five different kinds of polyphenols with polyphenol oxidase isolated from the leaves Perilla frutescens. In the spore
rec-assay, most of the polyphenolic compounds tested showed positive, whereas only their tested compound showed neg-
ative respectively. In addition of polyphenol oxidase inhibitors such as cysteine, glutathione and ascorbic acid to the reaction
mixtures consisted with the polyphenol oxidase and polyphenols, the mutagenic effects were increased in the spore rec-
assay. These results show that the activity of polyphenol oxidase may play an important role in the reduction of mutagenicity

of polyphenols.
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Polyphenol oxidase(PPO):= copper® 3§t metalloprotein
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A8l AFR8F A]¢E2 sodium dodesylsulfate, gallic acid
(Junsei), bovine serum albumin, ¢-butylcatechol, tris(hydroxy-
3-methyl-2-
benzo-thiazolinone hydrazone, pyrocatechol, chlorogenic acid,

methyl)aminomethane, ammonium persulfate,
polyvinyl pyrrolidone(PVP), hydrocaffeic acid, 4-nitroquinoline-
N-oxide(Sigma), 4-methylcatechol(Aldrich), Nutrient Broth,
Bacto agar Beef Extract, Dextrose(Difco)o]i, AH&717]=
Ultracentrifuge(Beckman OptimaTM XL-100k), Dialysis sacks
(Sigma Diagnostics), pH Meter(Mettler Delta 340), Centrifuge
(Hanil Supra 21K), Freeze Dry System(Labconco), Labo
Autoclave(Sanyo), Vortex mixer: Thermolyne MaxiMix II,
MultiTemp III,  Spectrophotometer(Pharmacia  Biotech.),
Microcuvettes(Kartell), Waterbath(Buchi Laboratoriums-Technik
AG), Microcentrifuge(Hanil Micro-12),
(Superior; Germany), Plate(Becton Dickinson Labware)o] H,
7)E} AloF5-e At E(guaranteed reagent) X 15 AlokS At

g3t

Haemacytometer

Bao| FE&

70°Ce] BHE 579 wHl7)ol ¥l 10 mM ascorbic acid
9} 2% sodium chloride, 3% Triton X-114% £33 50 mM
phosphate buffer(pH 6.0)& 485 7}slo} wHI71olA 127t &
A T sk rx|sto] 872 AHoj£E ARGtk qdE
35°ColA) 1587 RS F 10,000% g% “g2elA ¢4 28t
o] AbF=9 #H3lo] 0|2 50 mM phosphate buffer(pH 6.0)= a}
2k Bl FAslo] E47 ARSI

CHHE M

hil g o] 32k hovine serum albuming EFFOE 314
trichloroacetic acid$} Folin-Ciocalteu A]9F-& AHE-sh& TCA-
Lowry ¥Y° 2 4319}

oim} ZHAEES WM Eo| A

& EAE 714 SolA A AHESRE 58 EY
| 3l8E(pyrogallol, 4-methylcatechol, pyrocatechol, ¢
butylcatechol, gallic acid)¥} 24r17F &< HAL545°CriIA 1E
SA)A ZEnkgelS Adgir}, o] wHg- g Whatman No. 2 o3}
2|2 oj3el B EAlule] do] 48A7F Bt BE TSI
A & EAAZE T, FANZE @S AAHES dimethyl
sulfoxide(DMSO)°ll £-3i8te] 3ol AHE-
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Spore rec-assay
Kada =29 W% o)5to Bacillus subtitis H17(Rect) 2
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M45(Rec) T 059 EAS 2ABIN o, ZA; FAoll ARgS
Hj%)= 24 Difco nutrient broth 16 g& 2= FFoll &
#5+1 Difco bacto agar 15 g2 718l autoclave FollA 714 &
e &, 50°C A= W4A712 o7 KCI 2 g, MgSO, -
7H,0 0.5 g, MnCl, 10.8 mg, FeSO, - TH,0 278 ug, Ca(NOy), -
4H,0 236 mg, glucose 1g2] stock solutions 7}ate] 117} &
A ek T sk wjA 9 ZA = 8g2| Difco nutrient
broth® ZFH5o &3] £33 § 15 g2 Difco bacto agar
Z 7}slo] autoclaveolr] 7} GalEtRAch 22 WA E 22
zA)8ko] 2818 broth agarZ} 50°C A E7HA] Wzh=d 22k
NS 1/ % 10ml 7F8] HI7 @ M45 48 zhzh A48 &
plate el 10 4 EFsle] HI7 2 M45 22 ¢ wiAE
waAZATh 13d 4 3 wjA Yol 24 6 mm, T
1mm¢ paper discE plate®d 3718 &1 AlE 95
15, 10 pi, 5w 718t o 37°CollAl 27417 WAL &
paper disc F91oll BAE ASAA ] 173 F45l0 M45
#F 2 sk iAol AFE ASAA Y HITRE 34 8 9
R LR AEAA 7] 210l Antste] Aol AHgd
ANE7t 2579 DNAY vlXe S35 st A= 34

ek,

XEM ¥ SAHIXE

RE AFANE HEEEEAAE B A el
2 Student's t-test® a1 p gl 0.05 TRk ) FAIFL.
2 folsirla st

PPOol| #sto] B A77} FH govt 1 e
153 AZW Gl el 2 dA QA e 1 ol
Z9] shhe g49) #5237 FA 9 oged ASE Alsdrt
weba] H 2o Triton X-114EF ©]-§3F temperature-induced
phase separation®. 24 #EA 247 FEEHo| o AlAE
latent form®) PPOE H-EAAPel= 5 thokdt AAel v
3 AP} AgE 1 Q. ojell £ AdelE PPOE &
3=t phosphate bufferel Triton X-114F 3% 7Fato] 35°C
ol 1587k WA|EHo =A Lol ulehr] Fol FejEls AN
g olgale] FAL SHRE A A FHslo] 1 dS I £
galo] iAo AMEIITH(Table D).

ombg o g PPO] 71AR AMEE 559 HlHE SekEnt
< 7¥st $-(Table M9} Z2)=E1 3§l PPOE 242} be
AA e Z2RPAE, T G40 A -E(enzymatic reaction
product)e] &7 DNAY vjx= PSS HEs & 23
(Table 1), 7187 AM¢9 552 Zeuls gEhs 71eh 4
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Table I - Extraction of the polyphenol oxidase from the leaves of Perilla frutescens

Purification procedure Enzyme activity (Units/m/)  Protein (mg/m/)  Specific activity (Units/mg) Purification (fold)
Crude enzyme 12,884 53 S 2431 1
Temperature-induced phase
separation (upper phase) 2,589 0.058 44,538 18
Table I - Results of the spore rec-assay on the polyphenol
Inhibition zone (mm) . .
Test compound " Difference Conclusion
H17(Rec™) M45(Rec)
4-Methylcatechol 2.0x0.2 6.4+0.2 4.4+0,5%* +
t-Butylcatechol 44+0.1 7.3+0.2 2.9+0.3*%* *
Pyrogallol 2.2+0.3 7.1+0.6 4.9+0.9*% +
Pyrocatechol 1.1+0.1 44x0.7 3.3+0.6* +
Gallic acid 0.53+0.06 1.0+0.1 0.47+0.10% +
Dimethyl sulfoxide® 0 0 0
Enzyme 0 0 0 -
4-Nitroquinoline-N-oxide 1+0.10 15+0.67 14+0.77%* ++

-, No inhibition zone; *, Length of inhibition zone is less than 5 mm; +, 5~10 mm of inhibition zone; ++, 10~15mm of inhibition

zone; +++, more than 15 mm of inhibition zone.

The data were expressed as means=S.D. for 3 experiments. Asterisks denote a significant difference compared with the control group®

(*p<0.05 and **p<0.01).

Table III — Results of the spore rec-assay on the enzymatic browning reaction product (EBRP)

Inhibition zone (mm)

Test compound Difference Conclusion
H17(Rec™) M45(Rec)

4 Methylcatechol EBRP 0 0 0 -

t-Butylcatechol EBRP 0 1+0.10 1+0.10%* +

Pyrogallol EBRP 0 0 0

Pyrocatechol EBRP 0 0 0 -

Gallic acid EBRP 0 0 0 -

Dimethy! sulfoxide® 0 0 0 -

Enzyme 0 0 0 -

4-Nitroquinoline-N-oxide 1+0.10 15+0.67 14+0,77%* ++

-, No inhibition zone; %, Length of inhibition zone is less than 5 mm; +, 5~10 mm of inhibition zone; ++, 10~15 mm of inhibition

zone; + + +, more than 15 mm of inhibition zone.

The data were expressed as means=+S.D. for 3 experiments. Aster

(**p<0.01).

S o= Bacillus subtitis H17 2 M45 d==<l| tisiiA] pyrogallol>
4-methylcatechol >pyrocatechol, #-butylcatechol>gallic acid
402 kg Yehdle] 12w DNAY| &45 FIoH
(Table 1), ©)& ZouE 3¢5 544 2HUEAES ¢+
butylcatechol @il kst FAo] Uehhs 71& Agsias A
B 248 Jehjoi(Table 1), PPOE sl el 7}
3lo) ZExo] FAHT DNA &4 427 dethe A
< o 5 ot ¢ YREARE YEAE gHd 4
nitroquinoline-N-oxideS AR§3I11, ke HES 83
3l=d] A143 dimethyl sulfoxide(DMSO)$} &AW @5
2ge ooluy] Y8 asE 2@ A7l F AFE A,
0| =2 Bacillus subtitis H17 D M45 #Fol thaliA] o9

isks denote a significant difference compared with the control group®
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Table IV - Effects of PPO Inhibitor on DNA Damage reduced by
PPO from Perilla frutescens Leaves

Concentration Inhibition zone (mm)

Inhibitor Difference
(mM) H17(Rect) M45(Rec)
1 0 1+0.10 1+0.10%*
Cysteine 0.5 0 0.5x0.05 0.5+0.05%**
0.25 0 0 0
10 0 1+0.02  1+0.02**
Glutathione 5 0 0.5+0.05 0.5+0.05**
2.5 0 0 0
0.05 0 1+0.10  1+0.09**
Ascorbic acid 0.025 0 0.5+0.08 0.5+0.08**
0.0125 0 0 0

Composition of the reaction mixtures are as follows substrate:
4-methylcatechol enzyme: polyphenol oxidase isolated from
Perilla frutescens Leaves enzyme inhibitors: cysteine, glutathione,
ascorbic acid.

The data were expressed as means=S.D. for 3 experiments.
Asterisks denote a significant difference compared with the
control group (**p<0.01).

E3 A AsiAe] g8 vE JEH 2R DNAY &3] F7t
g 2oz UeRdthTable V). o= Ajsialel H7tol ojate]
71491 Za)slE 33HEo] PPO wksled A4d%E o-quinone
Z 987} 3988 7P ascorbic acidel] 2151 thA] DNA &
2 = Zahls BAR S9EAY cysteinedlHt glutathione
=9 thiol 31353} o-quinone®] 2%+ WHEES 93] W&
l2kaL AlsEck. ZAEA AA7F DNA &4 224 f—@iOl i
= AS AEsp] Y8 ZeiE SRl o] #tEe) a4
o ANEQ AABAE FEE vtatAl WA 787}3}ﬁ
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EbsiTy

ool ABAdue ey ZovE E dEY WHT ol
A S35 PPOZY) vk AAESQ] 797t DNAC tigh
ML&QO] ‘7’\}0}7(1L R E.’tﬂ i dkgel oal) Ejdls =
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= PPO7} 238 98S vt B + gloh

HEA EAZ Q% DNAESA SlojA] Zejdls Alstas
(PPO)?] A ATS spore rec-assay AIE F3 AESII
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