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ABSTRACT  The action mechanism of the inhibitory effect of some natural products on the DNA strand
break and DNA damage was investigated in vitro and in vivo. In the E. coli chromesomal DNA strand
break experiment in vitro, three mushroom water extracts were effective on the DNA strand breaking by
daunorubicin. Phellinus linteus water extract inactivated daunorubicin, a DNA strand breaking agent, but
did not protect DNA from daunorubicin-induced DNA strand breaking. Agaricus blazei water extract
inhibited DNA strand breaking action of daunorubicin not only by daunorubicin inactivation, but also by
DNA protection from daunorubicin. An inhibitory effect of Ganoderma lucidum water extract on the DNA
strand break was based on the DNA protection rather than daunorubicin inactivation, In vivo mutagen
assay system (SOS-chromotest), among three mushroom water extracts Phellinus linteus water extract was
the most effective one on the inhibition of DNA damage by 4-NQO. The results suggest that all three
mushroom water extracts inhibit daunorubicin-induced DNA damage and ir vivo DNA damaging action
of 4-NQO by the reaction of mutagen inactivation or DNA protection from the mutagen.
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tivity = Vel i ch(Osaki ez al., 1994). Ganoderma lucidum
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water extracty& radical scavenger®4] ¥ A BA
(antihepatotoxic activity)e] & 22 ¥ H 9tHLin et
al., 1995). A ZA 52| o]2{ g 35f A8, WA G Fol
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DNA strand break 4 & ol] A}2-%] chromosomal DNA &
o= E. coli W3110:8- A4-3}4] 51, SOS-chromotestol] AFE-%]
= E. coli PQ37(sfiA=Mud(Ap lac)y& Hofnung, M.(Institut
Pasteur, France)® 2%E] Zojuiglr}. o-nitrophenyl-B-
galactoside(ONPG), daunorubicin, 4-nitroquinoline n-oxide
(4NQO), dimethylsulfoxide(DMSO)= Sigmar}l AJE-& ARS-
stk A A (Phellinus linteus)s} o}7 V2] F-2~(Agaricus
blazeiye 7HAAEFACIAE 44 T A3 3061
2], $200-850))| 4] Zoiuta, AR A (Ganoderma lucidum)
S A BEE A ES AHslT Al ge AR 10 g A%
g}od 400 mle] FFSE 1200CA 2R AE2 55
hdch A4 35E 400 ml& 333t £, rotary evaporator
2 ol43d 10mls ¥3A7ch 4NQO(4-nitroquinoline
n-oxide}:= 5 mg/mle] %2 DMSO(dimethylsulfoxide)el]
Fo] AL4-3}9it}h. Lamp mediats Bacto-trypton 10 g, NaCl
10 g, yeast extract 5 g2 1 liter®] FF5l Ho] A ¢F
100 mg®] ampicillin 7)1} et

DNA strand-break assay
E. coli W3110 strain-2- v} 9}3s}ed chromosomal DNAE ¥
2]3}9) 32, chromosomal DNA 0.16 pgei] daunorubicin, 41

EA 24 P. linteus extractFFM A F55), A. blazei ex-
tract(o} 712l FA 325 E) 283 G. lucidum extract(%3 A ¥
H 229 A2 DR, A $E9E 10 uE 5]
37°Col| A 2417 E4} uh-g-A| 7t} loading buffer 2 p1&- 23
1.0% agarose gelol4] 100V, 60 mA 2 3417k B4t 217|945
gk &, gel ethidium bromide(1.0 ig/ml TBE buffer)l| 4]
3087 A8, FFolA 1417 Sk 248kt gel
£ UV transilluminator 2 23}, Polaroid 667 film.2. 2. &
33k,

S0S-chromotest

SOS-chromotestE  Quillardet(Quillardet and Hofnung,
1985)¢] ¥y off w2t 10 ml2) Lamp medias]] E. coli PQ37&
A Z3}e] 37°C) A overnight culture 3F3t}. A2 Lamp
mediaol] E. coli PQ37< okt & 4% (A600nm) 0.5~0.
6ol 4] 4NQOS} AW 228, ople| T2 F2E, 44
WA 2252 7H2 Aglsiglt). o 30Ee} AG00 nmefl4]
A F% 2 2A)5)7, B-galactosidase assay & 4=3§ 3} o}
2% ¥ 7@

E. coli chromosomal DNA®] th3l WAl & 52 oJ3kS
Faksl7] ¢)3ke] daunorubicin®] DNA strand A whe]] &t
Al =259 28-S Agsigdc}. daunorubicind DNA
strand breaking agent2A] in vitroel|A] E. coli chromosomal
DNAZ Avhale] 7(Fig. 1, lane 2), Zeko] glA 2ZE(50
pg/assay)y ZH7+ daunorubicin} 42| g A3 A 5
£, oplelqa 358, A #289 THE da-
norubicin®] actiond &} 43453 tH(Fig. 1-A, B, C. lane 7). ¥
Al ZZFo| 98 DNA strand breaking <] #l|2F4-0] dau-
norubicin®] inactivationd] 7)QsHE A, e WA 5
2] DNA protection 75l Sl ZAUAE FUspr] Hst
of, T 7HA] L] HA FZERHHA 335 10 pg, 50
hglassay, o711 T 25, A F3E 20 g, 50 ug/
assayy& chromosomal DNA ¥+ daunorubicin®} 147} &
ot preincﬂbationfﬂ- 3 total reaction mixel] H7}, k&7 2
3}, AFsh A 32%E-3) chromosomal DNAE- preincubation
8191-& | (Fig. 1-A, lane 3, 4) X} AFHA F2E5 dau-
norubicin< preincubation3}]-&- v (Fig. 1-A, lane 5, 6) 4+3}
A 322E9] 52 (10 pg, 50 pefassay)el] &]EH 22 dau-
norubicinol] &) &+ DNA strand breako] & A2 g1t} o}7}e)
2 2222 chromosomal DNAS} preincubationd}gi& of
(Fig. 1-B, lane 3, 4)¢} o}7}e]F~ 3% &3} daunorubicin$
preincubation3}3-2 w (Fig. 1-B, lane 5, 6) o}712]|F4 55
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Fig. 1. Inhibitory effect of natural product extracts on the daunorubicin-induced DNA strand break. lane 1: control (E. coli chro-
mosomal DNA 0.16 pg), lane 2: daunorubicin 90 pM (A) P. linteus extract(PLE)-lane 3: (DNA + PLE 10 pg/assay preincubation
for 1 hr) + daunorubicin 90 uM, lane 4: (DNA + PLE 50 pg/assay preincubation for 1 hr)+ daunorubicin 90 puM, lane 5: (PLE 10
lg/assay + daunorubicin 90 pM preincubation for 1 hr) + DNA, lane 6: (PLE 50 pg/assay + daunorubicin 90 uM preincubation for
1 hr) + DNA, lane 7: DNA + PLE 50 pg/assay + daunorubicin 90 uM, lane 8: PLE 50 pg/assay. (B) A. blazei extract(ABE)-lane 3:
(DNA + ABE 20 pg/assay preincubation for 1hr) + daunorubicin 90 uM, lane 4: (DNA + ABE 50 pg/assay preincubation for 1 hr) +
daunorubicin 90 uM, lane 5: (ABE 20 pg/assay + daunorubicin 90 uM preincubation for 1 hr) + DNA, lane 6: (ABE 50 pg/assay +
daunorubicin 90 UM preincubation for 1 hr) + DNA, lane 7: DNA + ABE 50 pg/assay + daunorubicin 90 uM, lane 8: ABE 50 pg/
assay. (C) G. lucidum extract(GLE)- lane 3: (DNA + GLE 20 pg/assay preincubation for 1 hr) + daunorubicin 90 pM, lane 4: (DNA
+ GLE 50 pg/assay preincubation for 1 hr) + daunorubicin 90 uM, lane 5: (GLE 20 pg/assay + daunorubicin 90 uM preincubation
for 1hr) + DNA, lane 6: (GLE 50 pg/assay + daunorubicin 90 uM preincubation for 1 hr) + DNA, lane 7: DNA + GLE 50 pig/assay
+ daunorubicin 90 uM, lane 8: GLE 50 ng/assay.

E9) 55 (20 pg, 50 ug/assay)ell &4 2 2 daunorubicinol] =gl 2w, ANQO(2 pg/ml)el] 9}3F DNA damage 2 %8 52
213} DNA strand break &} A7} 5-AFs}A o] F Fr}. %37 %]+ SOS-response 4] lacZ gene expressiond B-galac-
Al 2&F& DNAS} preincubationsd}slS uj(Fig. 1-C, tosidase assay 2 34 3lgic}h F2H(20 pg/ml)e] WA =55
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ot} 9o AdAIZAM in vitrooll A daunorubicinel] £3}
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zhg-o. 7kt vjAl FEE2] DNA protetion ¥ dau-
norubicin inactivationo]] £|3}e] o] 2o|X|i= 7o & HWE
4= olch A Al 2252 Fig. 1-A9] lane 5, 6oll4] vieht
2= DNA strand break & A}2H8-0] lane 3, 480}k =H| Velyt
o B2 Ash AL 2 DNA strand breaking agent?l dau-
norubicing A 3A)7)1= Ao g 22H). oprle]F A
2252 Fig. 1-Bel|4] lane 5, 63} lane 3, 4¢] DNA damage
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In —vz{ro 32324 ¢d12) DNA strand breakel] =3 ¥ Fig. 2. Effect of natural product extracts on the [-galac-
Al FEE9 28-S in vivo AglA ] 43l tosidase synthesis as DNA damage-induced SOS-function in
mutagen assay system.2. & o] A% = SOS-chromotest-2- E. coli PQ37. (C-0): Control, (®-®): 4NQO 2 pg/ml, (-

i e .. <O): 4NQO 2 ug/ml+Ganoderma lucidum extract 20 pg/ml,
O]%—K}O:] é_]qgs]-oﬁl:]-_ °l system°ﬂ/ﬂ positive control 241 (A-0): ANQO 2 pg/ml+Agaricus blazei extract 20 Ug/ml,

ANQOE, 7525 E. coli PQ37(sfiA::Mud(Ap lac))e] AH&- (0-0): 4NQO 2 pg/ml+Phellinus linteus extract 20 pg/ml.
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& B-galactosidase7} 4ANQOTF 22} & 7 (100%)3} ») 23}
of A FEFoll 3} 64%, ol7fR] 2 FE-F ol o
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F7H )= BAIA :52-9] bt Al (Wang et al., 1997)5
o] antimutagenic activity & f-£8}= 7] 2 2 S2Fo}
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