4 o 3 8 A
Kor. J. Pharmacogn.
31(2) : 240 ~ 244 (2000)

SN 4 MME9| =Mof| cHet ot
Zek=*, O|X[2
sroitsin okersh

Effects of Browning Reaction Products on DNA Damage

An Keun Kim* and Ji Eun Lee
College of Pharmacy, Sookmyung Women's University, Seoul 140-742, Korea

Abstract — Antimutagenicity profiles of the enzymatic browning reaction products(EBRP) were
investigated. The rec-assay with Bacillus subtilis strains H17(rec*) and M45(rec”) was carried out
using their spores. The biological activities were evaluated for seven different enzymatic browning
reaction products, which resulted from the reactions of seven polyphenols with polyphenol oxidase
isolated from Ginkgo biloba leaves. In the spore rec” assay, most of the polyphenolic compounds
tested were positive, whereas their enzymatic browning reaction products were tested negative.
The mutagenicity of enzymic browning mixtures of the polyphenols and the enzymes obtained
from Ginkgo biloba leaves showed negative results in the mutagenicity test using Bacillus subtilis
strains H17(rec*) and M45(rec). In the case where polyphenol oxidase inhibitors were added in
the enzymatic reaction mixtures with polyphenols, the polyphenols showed mutagenic effect in the
spore rec assay. This suggests that the activity of polyphenol oxidase is decreased.
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Polyphenol oxidase(PPO)< monophenol®] o-di-
phenolZ hydroxylation®l+= ¥h8-2 v (cresolase, ty-
rosinase, monophenol monooxygenase [E.C. 1.14.
18.1.)& %t o} o-dihydroxyphenol®] o-quino-
ne® 2 A3lElE= A% E9) (catecholase, diphenol oxy-
gen oxidoreductase[E.C. 1.1032.)3R= &4o)c}? Po-
lyphenol oxidase= AlE2| crushing, aging 3ol A
Aol A =™ polyphenol B2 AslAdx=E zhi
7ol vep A Hr

®-2 polyphenol s}3HE°0] 733 Eddol9 o] 9l
= A9 E JEtOr) ©]E polyphenol 313HEC] &
229} ulhg3le] AAE quinonoid ¥R YHEL 73E
g AL 77 W2l AsAkel, wAH(cross-
linking), melanin B4 59 thYgh vhgo] ojx}¥ o
2 dolupd &4 ZHweEA S A% He
d] o]¢} 7] polyphenol Edo] ZAWH 3L
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olgido] FA3] AslHe Ao Ruso] Ik’ &
AolAE 722 polyphenol 32| wkg Zhd A
AEo] Zxg<9] DNA &4 rXe IS HES)
71§18l &8 e 2 RE] polyphenol oxidaseE
Z23le] FANOE 3}, polyphenol B2 A}
©)E polyphenol 331E0] polyphenol oxidaseoll <
3 G4uke A3 WA dHER, T3 polyphe-
nol 2 Y polyphenol oxidase®] ZAAINAE 3
716k 2 &9l DNASA wixle 93FE spore
rec-assayS £3l AEd Phe] AHE AJer=

Buslaz} i),
Tz 3 Y
A B - B Agd A8 2WUF(Ginkgo bi-

loba L) 912 A& IA XM AFHsk] -70°Cel
A BasgTE ARSIt

Alef R 717] — dFol ARSS A2k sodium do-
decylsulfate, gallic acid (Junsei), bovine serum albu-
min, ferf-butylcatechol, tristhydroxymethyl)aminome-
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thane, ammonium persulfate, 3-methyl-2-benzo-thi-
azolinone hydrazone, pyrocatechol, chlorogenic acid,
polyvinyl pyrrolidone (PVP), hydrocaffeic acid, 4-
nitroquinoline-N-oxide (Sigma), 4-methylcatechol (Al-
drich), Nutrient Broth, Bacto agar, Beef Extract,
Dextrose (Difco), AF&7171+= Ultracentrifuge (Beck-
man Optima™ XL-100K), Dialysis sacks (Sigma
Diagnostics), pH Meter (Mettler Delta 340), Cen-
trifuge (Hanil Supra 21K), Freeze Dry System (La-
bconco), Labo Autoclave (Sanyo), Vortex mixer:
Thermolyne MaxiMix I, MultiTemp III, Spectro-
photometer (Pharmacia Biotech.), Microcuvettes
(Kartell), Waterbath (Buchi Laboratoriums-Technik
AG), Microcentrifuge (Hanil Micro-12), Haemacy-
tometer (Superior, Germany), Plate (Becton Dic-
kinson Labware), 7]€} A|2FE2 A9 S (guaran-
teed reagent) ® 15 AJ2RS A3t

S40| FE - 29US A B =3} =k &
A71(&e] Yol: 10, 20, 40, 120, 1602)0) 235k
7} @AW Diane 599 W& $-83kd “cell
wall’(200X g), ‘plastid’(4,000X g), ‘mitochondria’(100,
000X g), soluble fraction® 2 H-2}E}3ct. WE5/3Ele]
23 20gE blenderd] ¥ 033M sorbitol, 2
mM EDTA, 1mM MgCl, 1mM PMSF(phenylm-
ethylsulfonyl fluoride), 1mM benzamidine HCI-&
kst WWAIZl 100 mM phosphate buffer(pH 7.3)
100 mLE 7kt 137F widflsidct. nifieh & 84
9] Az o743 T, 200X gollA 5E7F YA}
o AENe nZE B3 e 100mM phos-
phate buffer(pH 7.3) 20mLE 1 7}k ekalA] A
oF T, 200X golA 1087 v falEe)siich
200Xg, ‘cell wall’ fractiong ¥¢Hsle= AL 100
mM phosphate buffer(pH 7.3) 5mlLoll AAEHAF]
3, AL AE ozl Aeds) A Rasie] £
AHScheme 1-1).

‘Plastids’S E3Fasl= fraction W R3] T
9 9] AFHE 4,000X gl A 1557+ -5
At AAL 100mM phosphate buffer(pH 7.3)
20mLE o riste] 2 Aol 4,000 oA 15%
7+ T QARSI A A Qoi7 4F
A3 A B@stl FHL 100mM phosphate
buffer(H 7.3) 5 mLol] AFEA AL} miuto = wh
2 238 FAUE AENE 100,000X gl M7 5
<t AHEE St dolX “‘mitochondria’ fractionS
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Scheme 1-1. Subcellular fractionation of Ginkgo biloba
L. leaves-Cell wall fraction.

X3s5l= %42 100mM phosphate buffer(pH 7.3)
2mlel APEAZTE HFH R doj A5
soluble fractions 5% 52t < 20842 100 mM
phosphate buffer(pH 7.3)2 F413F & Ao AL
3151 vHScheme 1-2).

CHEE M2k - chiz o] 32 bovine serum al-
buming TFFE 07 3ol trichloroacetic acid®} Fo-
lin-Ciocalteu A19}-& AME-3l= TCA-Lowry HO=
2433t

S0y} ZHYHE2 WMEol XX - Scheme 1-19
A B33l polyphenol oxidase2] o] 7P &
B8 leaf ageZl 2094 == cell wall fractionS
axdoz sl 713 ol A AREIAE 7
%] polyphenol 3FHES(pyrogallol, 4-methylcate-
chol, pyrocatechol, tert-butylcatechol, chlorogenic
acid, gallic acid, hydrocaffeic acid)s} 24417 &<
HHLEMUCRNA WHAA ZHnkgdS ATk
of W3S No. 2 JAA R A3 & T
o] 4877+ Bt AT B £ 34X,
FAAZE ZHEES AAELS Dimethyl sulfoxide
(DMSO) -g3lisle] AP AR&-siaich

Spore recassay —Kada 52| #PE*% 2)sied
Bacillus subtilis H17(Rec™) 2 M45(Rec) F 45
o] A5 ZAFINLH, A FA AR wiRI=
£ Difco nutrient broth 16 g& ZH=%e| SHS
o} &3)3t3L Difco bacto agar 15g 7} auto-
clave 294 71838 ¥, 50°C AEZ WA 7|2
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Scheme 1-2. Subcellular fractionation of Ginkgo biloba
L. leaves-Plastid, Mitochondria, Soluble fraction.

o37]o] KCl 2g, MgSO, - 7H,0 0.5g MnCL 108
mg, FeSO, - TH,O 278 pg, Ca(NO,), - 4H,0 236 mg,
glucose 1g9] stock solutiong 7}8ld 117} =7
TEAT T2 A iR ZAl= 8g9 Difco
nutrient brothE 11e] SH<o] 43 443 5
15 g9} Difco bacto agar& 7}8to] autoclaveolA]
7tE-&3 3Rt e wiRE 28 2As] &3
broth agar’} 50°C HE7A WYzbsjH AL
1L 2 10mL 718 H17 2 M45 3RS zZH+ =
A F plate Ao 10mLA EFse] H17 2
M45 £z} 3k wiA& ZAFT 23kE 22} 3
A A Yol A4 6mm, FA 1mmo paper
discE plate ¥ I SHEIL Al £9L 15,
10l 5 718 ok 37°CollA 20417F wiekAIZ]
¥ paper disc T AHE AFHANY FAS
g3t M4sd EAF S wiR|o] AAE ALAR)
et H17a 24 3 iAo vepd ALAA] o)
7He] ZpolE Atsle gl AMgE A B 1xd
2] DNAY miXle &9850 qE Hxa EA8)
At

Aot % D

§a0] £5 —PPOY) Tt A7 90d oS o
A 2w Qo 2 e s A 93
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o BisiA & deiA A ged 2 ol T 3
e 840 323 FA9) e’y Aoz Algd
o}, mebA] FH2oll triton X-1148 ©|-83F tempera-
ture-induced phase separation® 23] phenold =3
3} chlorophylle] thgF A A& latent formel PPOZ
REAASE? 5 o ARG g a7t
A&H T gloir B AgoE 722 polyphenol 3
23 Bke-3 polyphenol oxidaseE &, B3]
k] YA BEE olgsdon 2399 kst
leaf age(10, 20, 40, 120, 160X)ZRE ‘cell wall
(200X g), ‘plastid’(4,000Xg), ‘mitochondria’(100,000
Xg), souble fraction®Z zkz} E2]3lHctl, & 4%
o A& FAde 7Y o] EA JUSE leaf
age7t 204A) == cell wall fractions 4o =Z
AR o] B4 FaF 7 AMEHE Qe
7%2] polyphenol 31E Zh7h WhGAIA AL FA
kg A Eo] ZzTFe DNAY PlXe SYFES
HESE Z3}, polyphenol 33HE ©Eo 2 w2
o} DNAd| tiF-7 &4E F991 o]5°| PPOY
28-S wol AdE EANRS- AAJE(enzymatic reac-
tion product)oll= ©l8ldt &35Ho] girhFig. 1).

7%9) polyphenol 31312 % Bacillus subtilis H
17 2 M45 75l tisiA 9E vebpd A2 pyro-
gallol ©]%132, T HZ 4-methylcatechol > pyrocate-
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Fig. 1. Results of the spore rec assay on the polyphe-
nol and enzymatic browning reaction products (EBRP).
(4-MC: 4-methylcatechol, t-BC: feri-butylcatechol, PG:
pyrogallol, PC: pyrocatechol, HCA: hydrocaffeic acid,
GA: gallic acid, CA: chlorogenic acid, DMSO: dimethyl
sulfoxide, 4NQO: 4-nitroquinoline-N-oxide).
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chol > fert-butylcatechol > chlorogenic acid > gallic
acid > hydrocaffeic acid 22 DNAol| &4 do
7181}, ©]E polyphenol 33HES] §43 ZWHERE
£ TE 242 vehllo] DNA £48 dovA] o
e AS 9 4 ik 53, ok dxEdEe
IRMEAZ 4R 4-nitroquinoline-N-oxideS AME-3H
Az}, Z79] DNAY H& &8 dogn, 24
HxEdEM s aave AES gsied AN
3t dimethyl sulfoxide(DMSO)$} &Awhe] @ 2+
S dotns] s Afs Ax, o8- Bacillus
subtilis H17 9 M45 5l thsfa o8 4=
AR gkt

2 Ao Yehd o8 A3eL A
A, D 2 BIINES AW Prunus salicing)'”
o BANHS AAEM gl ARIESE YA}
= 20" vol B2 polyphenol sHgHEo] iy &
Aol o] Sle Ao@ eRdov: og B4E
7k polyphenol 313HE0] 0|52 AFA7|E Fa9)
Wh&-3te] Z2AslEE Wojdde] FA3] AelEe A
07 Yz o7l HuES sleFE) ®
gk DNAY €48 427+ polyphenol 3H§HEo]
PPOZRs 849 2hgof 93 &sdle] gefxleA
Z sty 98l polyphenoldldE3 PPOEFHE)
PPO &4 AFE=2] cysteine, glutathione, ascor-
bic acid VS F=E WA HU)ske] DNASY
= AES A3 AsAle] FE TTHIFH2ER DNA
o} o) F7khe AL=E Hol o] AR
gl polyphenol oxidase®] 24 #3}& polyphenol
SIeHEo] PPO9| 2h8-g kx| 3t o) 73ty &
= ItH(Table I).

ool AHAAINERE recassay DA polyphe-

243

nol 358 9= QR ol SEF polyphenol
oxidaseste] ¥hg AAEQ) 797t DNAS tha 24
FHo] WolRle A2 4437 2 9kgo) 93l po-
lyphenol 31589 $Hgo] adhe 7 wiolglal &
4 2121 polyphenol 315HE9] o] F3Ee] HHg- A
AEQ ZWAAES] FEE geldk] 7RI o
£ oFEd IEe HAA Esigith 28 EE poly-
phenolBIFEE ¢l8k DNA &4 74 7le e
PPO7} 83 98 ) & F Ak EAF rec”

assay%ll Al = pyrogallol, hydroxyhydroquinone, 3,4-

dihydroxytoluene, chlorogenic acid®] ZHHWHE- A4
B2 25 DNA &% 53] ik
| g
3ol o # HE] polyphenol oxidaseE F&6H]
7%9] polyphenol B1EE3 HH3A]H Aol Fa
) ARk AN B i EddelddS AESH
7] 3t in vitro AE-E 8] 2] F71&

89 AKE FHESIHT}E. Spore rec assay AFHES
23] polyphenol #3E<2l pyrogallol, 4-methyl-
catechol, pyrocatechol, fert-butylcatechol, chlo-
rogenic acid, gallic acid, hydrocaffeic acid =
o2E hRE 2T DNAY) &42 doyH,
hA|Z2 o2 polyphenol F=7} Z718) wje} A5
AAEE 2XHE A4S 2T 23y polyphe-
nol 3gEE0] PPO2] 2H8-& wWopx ZHEA=R
W3k 9ol DNA 48 A9 4oy asith
PPOS &4 A& EA2 cysteine, glutathione,
ascorbic acid®d] TEE 7M7) ulgl DNA £
B F7bE e AR YETh

Table 1. Effects of PPO inhibitors on DNA damage reduced by PPO

Inhibitor

Inhibition Zone(mm)

Concentration{mM)

H17(Rec™)

Difference
M45(Rec”)

1
0.5
0.25

Cysteine

2

10
Glutathione 5

2.5

0.05
0.025
0.0125

Ascorbic acid

o olco oo O

0

N[O =N =
=N O NO =N

0

<

*Composition of the reaction mixtures are as follows: substrate: 4-methylcatechol enzyme: polyphenol oxidase isolated
from Ginkgo biloba leaves enzyme inhibitors: cysteine, glutathione, ascorbic acid.
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