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Abstract

The biological activities of twelve different kinds of enzymatic browning reaction products(EBRP),
which resulted from the reactants four kinds of polyphenols with polyphenol oxidase extracted from
Ligularia fischeri, pimpinella brachycarpa and Aster scaber of edible mountain herbs. All of twelve sam-
ples did not show any mutagenic effect in the spore rec-assay, Ames mutagenicity test and DNA

breaking test. However metal ions such as Cu®~

. Fe’",

and Ni** were increased the DNA breakage

in rec-assay. The EBRPs inhibited the mutagenicities induced by benzo(a)pyrene(B{a)P),3-amino-1, 4-
dimethyl-5H-pyrido-[ 4, 3-bJindole(Trp-P-1) and 2-aminofluorene(2-AF) in Salmonella/microsome assay
system with S-9 mix. In effects of EBRPs on the DNA repair system, the activity of EcoRI was highly
inhibited and that of T, DNA ligase was inactivated by addition of EBRPs. The results of transformation
ratio of plasmid pGA658 into E. coli HB 101 was significantly decreased by the reaction products
of S. brachycarpa polyphenoloxidase(PPO). When UV light was exposed to the mixture of DNA and
EBRP before the thanformation. the reaction products from L. fischert PPO with pyrogallol, catechol
and hydroxyhydroquinone stimulated transformation ratio.
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Rec-assay

Bacillus subtilis H17(rec™) 3 M45(rec™) 5 39
ZAAAYF} rec-assayr Kada 592] uhge] ojste] 4
gt F vle] A8 £ E2AEH A del 2
8 mm, F7 1.2mm2 paper disc& 28 £7 8 &
N 60 W 7lsted 37C R 204)7F whek’l & paper disc
Foll AR BEHAN Y AL A5l WolYA
9] =5 #AA st P22 4% 4-nitroquinoline-
1-0xide(4NQO) & A}-&-5}oic).

DNA FEt xig

DNAS| M52 Thomas S72) wpge] Féted 4
gsigon RE AYxAL ABOY ol oot 4
P steict.

SOHOIAY 9 Soigo| AHER

Ames®} plate & 7§23} preincubation *P10el
whe} Agstgl on) S.9¢] A& Garner 5] wgUve
o2t 2ASETh S99 ZA A4y fERATAE
phenobarbital#} 5,6-benzoflavoneg Ah-4-8tsic} Sl
°of A Ad 42 w222 ¢ B(a)P, 2-AF ¥

Hol AMad U §H2 58 633

Trp-P-1& 1pg/Wel F52 ZAste Ao ALl
o WeldEAS Hrteke 10puge 2 ok 59 mixs)
712 300 wath

B4 ZHUE MMED DNA HTIEA FcoRl §A
el A

pGA6582] H-2l+ pGA658-2 §-§3l= E. coliZ kana-
mycin(10 pyg/ml) 3} tetracyclin(3 pg/mi)-2 /% Luria
broth ¥} 2} 500 miell 4} X|57] B7] 72| 37T A i oFgh
F 4T ALE F£3s8l9ck

o] AEXzHE]e] pGA658¢] 2]+ Birnboimd}
Doly®} alkaline lysis whHU2-g o]-&3}sic). plasmid 4
W, Zaut-g AAE 3 (25 units) & Mrlsled B3 £
37Cel A 4587t 82 uhA| A W ¥ Z4) EDTAS
HF F5 0 mMe] HEF AYrjsled ukg-& AAA|7)2
o] uk-g-o¥o) 1/10 £ 2] loading 2388 Hr}3ld 09
% agarose gel/dol 4 60 voltage® 15417t A7|dEo g
Felstd Fejs patternd wl@ FESSIT)

B4 HPRES MMZD T, DNA ligase §4in}o)
2HA

Plasmid 100w, -5 80 wel k389 20w &
4Nl Sal 1 5W(10 units) & H7hstod 37CANA] 147
<t ¥-EA1Z1 %, phenol 29 (phenol : chloroform :
isoamyl alcohol=24 : 1) 2 23 %353 c}4] chloro-
form &4 (chloroform : isoamyl alcohol=24 : 1) 2 2
3 FFssdd.

o] &-ell 26 ¥-5}2] W2+E 95% ethanole H7}e}e]
—20Cel A 2087 FAIE= s AHELS W24 0%
ethanol® A X33 2F desiccatorol A HZs}sich A
AES 2% TE 938902 gssisdch o] Ausl
DNA & 20w, ZHAANE 30,015 ugs 0.03 ug),
10mM ATP 1y, DTT 1y, ligase $F38H 1we) &
8-l ligase 2 p/(400 units) & A7}l 10T 4 24
AlZE HEEAI ¥ 1% agarose gelidoll 4l A7) o3 $3}o]
ligationel] %t 8 WAME Hr AdAE vz P
shgict

B4 ZH MMED DNA £amte) 2|

¥ A4 pGAGS8-S 2N A A E-2] ) atol 4
UV lightell #}3}ed DNAo} 44 & ¥ E. coli HB 101
o transformationg 4A]8}ed T transformation fre-
quencyE ¥l HEHH F, 123579 A&5E 77
3W(0.06 ug) 9t DNA 6 W& &§ste] vt5m o of
% control& ZhHubg AAME YA FFHF- 3uE &
#gatich. UV light 2419 =1L 1.04 J/m?sec2 A 30
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B2t AR £ E coli HB 101¢) Mandel® Higa'*
el ¢]&te] transformation A|Fch F 479 &g
ol UV lights ZAgE § wiofs E. coli HB 101 A 25
50 W4 ¥ 8 el M 4087 WAE F 42T A
2871 Jbdsteich LBuRlel] 250 W4 g 37C9 3
2xoj 4] 14|17+ wiokgk & petni dishol| platingslsdch.
37CHl A 24417} wieksted colonyFE Aol controlg
100%8 7]&38t] o}& colony+E vl FAEsiich

Hot 9 1%

Rec-assay

1252 EBRPol| g} rec-assay Z#+= Table 13
oo A, F3 @ AE Giol 23 pyrogallol
EBRP9} F#H A Aol 27t catechol EBRPS] 79 <&t
DNA &4-& vhebliglavt 29 245 Al 8olMe el
L Q-SR] Gokeh FH, F50j2 o=
A5l afet ofgke] riEu} owiHem Zn' o] A
tE-Eo] 2| Fof diste] DNA &4 F2A|zi 0w 19
Foolese T8 oFt e AL ez et
ol¢} & Ad= Zn’to] Al E o4 DNAEAE FA
A7l Ae® Andch AdAF HYAs aadvks
A AE-9) rec-assay Aol A% pyrogallol, 3,4-dihydrox-
ytoluene, hydroxyhydroquinone t2]i. chlorogenic
acid Eazhiubg AA4E A4 1 AdEde axd
DNA &Abell= ofwjgh dakg vla2] Zslda™ 44
o] 22] o3&kl A% pyrogallols} 34-dihydroxytoluene 2|
Znkg A B2 Zn? 3 NP o) d7h2 DNAS] <4
oha odgkg mxE Zo® vyl

DNA FEisg

45579 Alg BF DNASE ub3 A7k 347072] 8
SRS A At 22 glodoy 1e] F3 9 g
EBRP= 25 <d%ke] ¢lsdcl &%, 43 EBRP DNA
dgtol]l lolA 871x] FHelge] dag HEZ ANy
= Fig. 13} e Cu?', Fe?" 3} Ni*" #7}A] DNA #
e FAXIE HeR epdrh 3 EBRPeE A

& EBRPel 4= pyrogallole|v} 3.4-dihydroxytoluene
EBRP®] 7% Cu'¢] F&3tollA oFgk DNAA o] <
A= qdck Fer'oll oajMe Fe' wEd wwcol ofs
AE A g A4E el ol 22 A
Zhiuks- o] &4t DNAS T84 248

F7RIA FE AR Abudrh

SO0 Y
FAR 1257 EBRPY= Salmonella typhimurium

Table 1. Mutagenic effects of enzymatic browning rea-
ction products(EBRP) in addition of various metal ions
by the spore rec-assay

Enzymatic browning reaction products(EBRP)*

Metal ions

1234 5 6 7 8 9 1011 12
None + + + — — ~ % - -t -
L - - =
Fe'"  # %+ - - EE T
Fe o e T
L T
M &+ & & £ — £ + - - = =
In" & -+ & & £ ot + £ *
Ne' ¢ -2~ &£ — & £ - * * =
Al L e -

a! 1. A scaber ppo*+pyrogallol, 2. L. fischeri ppo+pyro-
gallol, 3. S brachycarpa ppo+pyrogallol, 4. A scaber
ppo+ hydroxyhydroquinone, 5. L. fischeri ppo+ hydroxy-
hyvdroquinone, 6. S. brachycarpa ppo-+ hydroxyhydroqui-
none, 7. A. scaber ppo+ 3,4-dihydroxytoluene, 8. L. fischeri
ppo+ 3.4-dihydroxytoluene, 9. S. brachycarpa ppo+34-
dihydroxytoluene, 10. A. scaber ppo+catechol, 11. L. fis-
cheni ppo-+catechol, 12. S. brachycarpa ppo -+ catechol
*ppo | polyphenoloxidase

TA98 % TAL00 5 FFe diste] weldAde] e
Ao jepyten aigrEalel B(a)P&  ARE-ES
EBRPoll &b gtzeidoldld d@Z=t %3 EBRPS
4% Table 2¢l4 tebdl ulel o] 435572 EBRP=
TA9 = TAL00 ¥ FFol dhstel A|ggeel 7t
upe} 33k ol 24de Jeligdr}. 2mg #skA] TA98
3ol 2)3= pyrogallol EBRP] 7% 87.5%7v# <=3}
o o o TA100 T35l A% 4552 EBRP =+ 764
Goll A 89.7% 74 4% A AT vehH Ak AvE
EBRPS #$-% Algel ma} alels glovt F dFel
dste] g BN EHE el AELE 2
AMEMY AFSAbgol| 203 AAEE EHEC AT &
odmiolslyd A Wuk ohe} FEAweldy T2 ¥

1 =
BEY BHE oldshe FAE B AP

4ar 9 i3
WA el #HEAAdEQ melancidines B(a)P3 2
wherE Aol A1 FelAl A7 wlol]) EAR

#1# nitrosamineo] A4S s AdAlshE A=

sleb* FA, s o A3 aiel os
4% ke AANES melanin iz A
ol7] wjgoll el B AAFAE Yepll AR
e glel

TAY8 +Foll 4= hydroxyhydroquinone EBRP#] 7
2 3.2 91.1%, TA100F) A= 79.2% 7= A=)t
% EBRP9 7%+ #3} 3% EBRP ¥uhe vha
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Fig. 1. Effect of various metal ions on the DNA-brea-
king action of enzymatic browning reaction product
(EBRP) of Aster scaber

A : Pyrogallol EBRP

B! 34-dihydroxytoluene EBRP

C . Hydroxyhydroquinone EBRP

D : Catechol EBRP

okl 702 Jelytot TAIR FFol 414 3,4-dihydrox-
ytoluene EBRPelA] 77.9%, TA10059| 4+ pyrogallol
EBRPQ 7% 60%7}A] dA|&72 Jeldiglc}l. Table
32 wtelE-alel Trp-P-1 5pg H7bel Wiy 23] EBRP
#g4eA AxtzA EBRP 100w #7HX] TAS FFl
214} catechol EBRP$} pyrogallol EBRP ~12] 1 hyd-
roxyhydroquinone EBRP+= Z}z} 99%<} 98.8%<] 7}&t
A EFAE Jehy gl e TA100 FFo) 4= hydroxyh-
ydroquinone-EBRP®] 7% 93.4%, catechol-EBRP+ 92
% 12]3 pyrogallol-EBRP+ 90.5%9] 743t A £3-E
Jehdigich 38 EBRPE Trp-P-1o gt oA1¥A
ol = TA98 #3F || 4] pyrogallol-EBRP} hydroxyhyd-
roquinone-EBRP7} 27} 99.3%2} 98.6%2] 743+ A&
5 v}ehd Wk 3 4-dihydroxytoluene EBRP2} 7 9=
19.8%9] & AAMAFAE Jehfglch TAL0 w5l

Table 2. Antimutagenicity of the enzymatic browning
reaction products(EBRP) of edible mountain herbs on
Salmonella typhimurium TA98 and TA100 with S-9 mix
on the benzo(a)pyrene(B(a)P)

Inhibition{(%)
Enzyme EBRP? S —
TA98 TA100
Aster scaber  Pyrogallol 87.5 89.7
34-dihydroxytoluene  85.7 764
Catechol 81.4 848
Hydroxyhydro- 83.9 79.6
quinone
Spuriopimpinella Pyrogallol 89.5 78.1
brachycarpa  3A4-dihydroxytoluene  60.1 58.3
Catechol 70.7 55.2
Hyvdroxyhydro- 91.1 79.2
quinone
Ligularia Pvrogallol 816 60.0
fischer 3.4-dihydroxy- 77.9 589
toluene
Catechol 63.7 478
Hydroxyhydro- 421 543
quinone

a) Dose level of the EBRP in the system was 2.0 mg.

Table 3. Antimutagenicity of the enzymatic browning
reaction products(EBRP) of edible mountain herbs on
Salmonella typhimurium TA98 and TA100 with S-9
mix on the 3-amino-1,4-dimethy-5H-pyrido[ 4,3-bJindole
(Trp-P-1)

Inhibition(%)
Enzyme EBRP? -
TA98 TA100
Aster scaber ~ Pyrogallol 98.4 90.5
3,4-dihydroxytoluene  30.9 56.3
Catechol 99.0 92.0
Hydroxyhydro- 98.8 934
quinone
Spuriopimpinella Pyrogallol 99.3 90.1
brachycarpa  3,4-dihydroxytoluene  19.8 52.0
Catechol 75.7 66.2
Hydroxyhydro- 98.6 916
quinone
Ligularia Pyrogallol 99.3 919
fischeni 3.4-dihydroxytoluene  98.3 919
Catechol 99.3 91.7
Hydroxyhydro- 99.2 92.9
quinone

a) Dose level of the EBRP in the system was 100 p/.

s A%  hydroxyhydroquinone-EBRP$}  pyrogallol-
EBRP7} z+7} 91.6%%} 90.1%, catechol-EBRP#} 3,4-dih-
ydroxytoluene-EBRP] 7% 66.2%%9} 52%° 4 A
732 Jelyglcl. 22 EBRPY Trp-P-10 o’ 84
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Table 4. Antimutagenicity of the enzymatic browning
reaction products(EBRP) of edible mountain herbs on
Salmonella typhimurium TA98 and TA100 with S-9 mix
on the 2-aminofluorene(2-AF)

Inhibition( %)
Enzyme EBRP* —_—
TA98 TA100
Aster scaber  Pyrogallol 96.2 95.5
3,4-dihydroxytoluene  50.5 614
Catechol 98.1 88.3
Hydroxyhydro- 92.1 86.6
quinone
Spurioptmpinella Pyrogallol 99.0 87.0
brachycarpa  34-dihydroxytoluene  54.7 63.7
Catechol 358 311
Hydroxyhydro- 95.8 88.4
quinone
Ligularia Pyrogallol 98.0 88.9
fischeri 3,4-dihydroxytoluene  95.1 87.0
Catechol 98.0 90.0
Hydroxyhydro- 96.7 86.8
quinone

a) Dose level of the EBRP in the system was 100 w.

A Aol 4= TA9S ol 2)of 4 catechol, pyrogal-
lol, hydroxyhydroquinone ' 34-dihydroxytoluene
EBRP 2% 99% Hxe] dicts] 23t fAdAQAaxE
Vb2l 2 TA100 #F7o = 90% olde] x2

123456 7 8 91011121314

1

A FHe A A 22 d A6 2(1990)

A AE Hetdsic). Table 4+ 2-AFol| oi& &
AdAist2 A ¥4 EBRP 2 3% TA98 #FFell4+
catechol, pyrogallol, hydroxyhydroquinone-EBRP2] 7
$ 98.1%, 96.2% B 92.1%2 & AAEFHE Jehy
92 TAI00 ¢35l i3] A% pyrogallol-EBRP2] 73
95.5%, catechol-EBRP®] 73-¢- 88.3% hydroxyhydroqui-
none-EBRP+= 86.6%< A AME Jehigich s
EBRP] 2-AF<l tigt A d A E}oll A= 100 W H7}A)
pyrogallol#} hydroxyhydroquinone®] 7% 7z} 99%%}
95.8% 7ah o znir)f—é— el wh catechol-EBRP
At 35%2 B A &g vebliglch TA100 ¢l
ol 3] 4| % pyrogallols} hydroxyhydroquinone®) 7% 7t
+o87%%} 88492 AAMaHnE dehlgdch FH
EBRP2] (2-AF) | W3 A A3l Ax TAIS
Foll s M= 42F2] EBRP =5 95% o|4te] 748
ol Al & w5 viehglen] TAI00 oo tHal4l= cate-
chol-EBRP7} 90%, 12] 3 pyrogallol, hydroxyhydroqui-
none % 3,4-dihydroxytoluene EBRP+= 77} 88.9%, 86.8
o 87%9] 7a AA84E vehich

olef P Had os A= ALH ZAHWS
%JHQL,O_ 71" 9 Zaoﬂ ae} oii x}ol= 9lon}
g 33-2] EBRP+ B(a)P, Trp-P-1 % 2-AF8} & 7%t

wolglel 8438 27 A7l g dodek 2t
iAol ola) Woldl To] REE FAA ®

23 4 567 8 9 101121314

Fig. 2. Electrophoretic patterns of pGA658 cleaved with EcoRI in addition of enzymatic browning reaction product

(EBRP)

Reaction mixture : DNA 4 w/(0.5 pg), salt 1w, EcoRI 3 p/(2.5 units). enzymatic browning reaction product(EBRP) 3 w/
(0.03 pg) (A) and 0.06 ug(B). Reaction condition : 37C, 45 min Electrophoresis condition : 60 voltage, 1.5 hrs, 0.9%

agarose
1. pGA658
2. » +EcoRI
3. L. fischeri pyrogallol-EBRP
" catechol-EBRP
” 3,4-dihydroxytoluene-EBRP
" hydroxyhydroquinone-EBRP

4
5.
6.
7. S. brachycarpa pyrogallol-EBRP

8. ” hvdroxyhydroquinone-EBRP
9. " 3,4-dihydroxytoluene-EBRP
10. ” catechol-EBRP
11. A scaber pyrogallol-EBRP
12. " 3,4-dihydroxytoluene-EBRP
13. ” catechol-EBRP
14 " hvdroxyhydroquinone-EBRP
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Fig. 3. Electrophoretic patterns of pGA658 cleaved with T, ligase in addition of enzymatic browning reaction

product(EBRP)

Reaction mixture : DNA 20 /(2.5 pg), salt 1w, T, ligase 2 W(400 units), EBRP 0.015 ug(A) and 0.03 ug(B).
Reaction condition : 10C, 24 hrs. Electrophoresis condition : 60 voltage, 2 hrs

0. DNA Hind 1l digest
1. pGA658 Sall digest

2. " + ligase

3. ” + v +L. fischeri pyrogallol EBRP

4. " + v+ " catechol EBRP

5. ” + v+ " 3/4-dihdroxytotluene EBRP

6. " + 4+ " hydroxyhydroquinone EBRP

7. v + v +S. brachycarpa pyrogallol EBRP

8. " + o+ ” catechol EBRP

9. " + v+ " 3.4-dihydroxytoluene EBRP

10. " + o+ " hydroxyhydroquinone EBRP

11 " + »  +A. scaber pyrogallol EBRP

12. " + v+ »  catechol EBRP

13. ” + + " 3.4-dihydroxytoluene EBRP

14, " + + " hydroxyhydroquinone EBRP
Phe 2¢ AAloheA, i Hold BAL A W HoF: gtk ol A3kt AREL EwRl B4
59 MEYAe] A ztLo) Bale gedFl vt g Ashs AtEe AezA RAEAY Al sle
ow Y, AE gl wolU4 Bael ¥4s  DNAYYIS W wE S£ETHH DNA B A
F4E 432 5 Aok $ 7ol Buuke AT FHA AFE e

Tk

4K ZHHE MAMES| FcoRl HMO| CHEt s

Fig. 2= zZbwk-3 A4A4E 0.03pg(A) T 0.06 pg(B)
A7 AREE F7be wal EoRI9 84e e A
5 walch £3] 006 uge) HrPA|ol 12259 A&
ZFoll 4l ¥4 34-dihydroxytoluene EBRP2} %3 34-di-
hydroxytoluene EBRPE Aj#j3 =& ulg gAIEo]
EcoRl Adah8-& AAgE HoJFqr) o]e) e
X+ Ames testo]4] A3 EBRP9Y Em=2 130u]9}
260W1 2 EA43) F& FEZAM 2e ¥R AE EoRIFH
7+& endonuclease ¥Ao) M B & 4 gtk

AN ZHHYES M
A%

Fig. 3A+ Z2wiukg A4AE 001588 HAA Sallo g
35 DNAo )& ligase S0l o] <185 o)z
okek e} 003ug HrRAlele band olefifie
22 DNA fragmentBo] 715 ligaseol] )3 ligation

20| T, DNA ligase £Ad0j 0|%]=

AN ZoHE MME0| DNA &40 0|z g8
Table 5& plasmld pGA658°ﬂ A FA} i el
A3-3hs Al EF A0 Mel 3 E coli HB 101e]] trnsfo-
rmationA]%] ZA3tolct UV £AMS F32] 9431 EBRPE
2713 7% transformation ¥lE5E A8 ¥4
Yo 28 el 3 9l vbw UV &4 dle 39
pyrogallol, catechol ¥ hydroxyhydroquinone-EBRP¢}
229l progallol 2 catechol-EBRP7} 53] & +
& vehlz ok ole} 7 Azl DNAS 31
2ol 41 EBRPS] A 7}ol] chgh odef 742 goldt A5
AAsk gles 1 Akl dalMde W 4 5 o
o1} EBRPE¢] DNAE oju3l wyo 2 & B33 T
= Aoz Y=t E coliol dig DNAA G- HA4
ut ligaseo] ¥4L £ =F¢)ch transformation Hl%E
Hstell e EBRPE T#3 Axsh 2358 o
DNA2] A<l dish A&l golxly 72g 28"
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Table 5. The percentage of survival after transformation with or without UV irradiation
(relative to 100% as control)

Added EBRP No. (0.06 ug)®

1 2 3 4 5 6 7 8 9 10 11 12
No UV light 186 210 247 31 16” 10V 519 76 34 106 120 55
UV light 1359 1219 3739 56 3 99 79 23 30 2829 59 36

a) 1. A. scaber ppo*+pyrogallol, 2. L. fischeri ppo+ pyrogallol, 3. S. brachycarpa ppo+ pyrogallol, 4. A. scaber ppo+ hydrox-
yhydroquinone, 5. L. fischeri ppo+ hydroxyhydroquinone, 6. S. brachycarpa ppo+ hydroxyhydroquinone, 7. A. scaber ppo+
34-dihydroxytoluene, 8. L. fischeri ppo+ 3,4-dihydroxytoluene, 9. S. brachycarpa ppo+ 3,4-dihydroxytoluene, 10. A. scaber
ppo+catechol, 11. L. fischeri ppo+ catechol, 12. S. brachycarpa ppo+ catechol

*ppo . polyphenoloxidase

b) significant restriction of transformation(p<(0.05)

¢) significant DNA protection against UV damage(p<{0.05)

o} 2. Kim, Eun-Ho : Formation of mutagen by browning

reaction. Laboratory of Food chemistry, Department

(=3 of of Food Science and Technology, Facuity of Agricul-

ture, Ph. D. Thesis, Kyushu Unitversith, Japan.(1986)
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