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Abstract

In the course of searching for anticancer agents from 32 mushrooms, it was found that methanol extract of
Lycoperdon perlatum showed inhibitory effect on topoisomerase II-mediated DNA cleavage. This active
methanol extract was sequentially fractionated with hexane, chloroform, n-buthanol and water. Among the sol-
vent-fractionated extracts, 1 pg/mL hexane fraction of L. perlatum inhibited on topoisomerase II-mediated
DNA cleavage. The effect of hexane fraction of L. perlatum was dose- and reaction time-dependent. The hex-
ane fraction of L. perlatum was found to have inhibitory activity on relaxation assay of DNA topoisomerase 1.
The hexane fraction of cultured L. perlatum, however, had no inhibitory effect on either tvpe of to-

poisomerase.
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Topoisomerase 11 2 12] &A17] Aol AR5 F4 9
32 TopoGEN, Inc (Columbus, USA)el| 4], pBlue-
script SK-2- Stratagene (La Jolla, USA)oil 4], Potato Dex-
trose Agar+= Difco Laboratories (Detroit, USA)el| 4], 7L
9] x]ok2 Sigma Chemical Co. (St. Louis, USA)ol|A]
Tl AL}k,

A oetE 7| A0 M=
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0.2 ug pBluescript SKel| 10X HF2- 2F3=<¥(30 mM
Tris-HCl, pH 7.6, 3 mM APT, 15 mM 2-mercaptoetha-

nol, 8 mM MgCl,, 60 mM NaCl) 2 uLE 7}stw B4l
fﬂ]“/]-—‘?— A7) ~2] 79 20 mg/mL-&9) | pL, 2329
7% 2 mg/mL-&Y 1 uLE Z}7zb 97 human topoiso-
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= Al ieisksdnt. A4EdS 22 % gel loading dye
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bromide (0.5 pg/mL)y7} &8 1% ol7lz= AdA]
14171100 volt) S A 712358 & UVsloA] band
£ arsiodot.

Linear DNA marker2] =

pBluscript SK 20 pgoll EcoR 1 100 units 7}3+ %
37°Cell A 147} 3087} kg2 linear DNA marker
2 Al z3gch.

Topoisomerase | B4 2Ax| ZAF®
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(40 mM Tris-HCI, pH 8.0, 100 mM KCI, 0.5 mM di-
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units} E& 7hel F 49 E 20 uLE BHEQI & b
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Fig. 1. DNA clevage by human topoisomerase II in the
presence of inhibitors. Lane 1: no enzyme control, lane 2:
topoisomerase II, lane 3: linear DNA marker, lane 4: 50
UM etoposide, lane 5: 50 pM m-AMSA. The abbreviat-
ions oc and cc refer to open circular (nicked) and closed
circular forms of duplex DNA, respectively.

Z oge{x 9l g o{*d DNA intercalator:- topo-
isomerase2} A A Ao g 283 o] glo] topoisome-
rase catalytic siteoll Z%3}7+} DNA conformation-&
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Table 1 Effects of methanol extracts of 32 mushrooms and their fractions on topoisomerase II-mediated DNA cleavage

Mushrooms

Methanol extract” Hexane fraction Chloroform fraction Butanol fraction Ageous fraction

Agaricus brazei - R
Agaricus campitris -
Amanita abruputa - -
Amanita pseudophorphyrea -
Amanita spissacea - -
Amanita subjunquillea -
Bjerkandera adusta -
Boletopsis lucomeles - -
Boletus ballouii -
Calostoma japonocum -
Cerrena unicolor - -
Cortinarius vibratilis -
Cortinarius nigrosquamosus - -
Cortinarius psueosalor -
Daedalea dickinsii -
Flammuline velutipes -
Formitella fraxinea -
Gomphus floccosus -
Hericicum erinaceus - -
Laccaria amethystea -
Lactarius chrysorrheus - -
Lepista nuda - R
Lycoperdon perlatum + +
Macrotepiota procera -
Mycena haematopus -
Naeamtoloma fasciculare -
Odemallisjella radicata -
Pulveroboletus ravenellii - -
Rhodophyllus sinuatus -
Russula emetica
Suillus bovinus -
Tylopilus neofelleus - -

Y801% total methanol extract of mushrooms.
-: no inhibition, +: inhibition.
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Fig. 2 Inhibition of topoisomerase II-mediated DNA
cleavage by various mushroom extracts(l1 mg/mL) and
their fractions(100 pg/mL). Lane 1: no enzyme control,
lane 2: topoisomerase II, lane 3: linear DNA marker. A)
Methanol extract of mushroom. Lane 5: Amanita pseu-
dophorphyrea, lane 6. Mycena haematopus, lane 7: Lyco-
perdon perlatum, lane 8: Gomphus floccosus. B) Lane 5:
methanol extract of L. perlatum, lane 6-8: hexane, chloro-
form, butanol and aqeous fractions of L. perlatum, respec-
tively.

)43 519) ©.v] (Fig. 3) HF--4| 78 6030 52 o3 xbal 7
$-oll= A =l open circular DNA$} linear DNA2] oF
o] Z7}ste] band7t & u] AEA vhehuE AL o
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Fig. 3. Inhibition of topoisomerase II-mediated DNA
cleavage by hexane fraction of L. perlatum with in-
creasing concentration. Lane 1: no enzyme control, lane
2: topoisomerase II, lane 3: 50 uM etoposide, lane 4:
linear DNA marker, lane 5-10: increasing concentration of
L. perlatum (lanc 5: 0.01 pg/mL, lane 6: 0.1 ug/mL, lane
7: 1 pg/mL, lane 8: 10 pg/mL, lane 9: 100 pg/mL, lane
10: 1 mg/mL).
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Fig. 4. Reaction time-dependent inhibition of topoisome-
rase II-mediated DNA cleavage by hexane fraction of L.
perlatum. Reaction mixtures were incubated with 1 pg/mL
(A) or 100 ug/ml(B) hexane fraction of L. perlatum at
37°C for various time. Tht, duration of reaction was 30 min
in lanes 1-3 and 1, 5, 10, 20, 30, 60 min in lane 5-10,
respectively. Lane 1. no enzyme control, lane 2: topoiso-
merase 11, lane 3: 50 uM etoposide, lane 4: linear DNA
marker, lane 5-10: hexane fraction of L. perlatum.

TFAMA 2] human topoisomerase

= | gl o]zt AMbES
] Alul o | 2 7 H %'7*] Aiker 7hsA S ebAlshr] 4
afl A gALA S veksbo] slAlR-3]E-2] topoisomerase
I 3H4 ofa) of #-5 ZAls) Rtk SAAHEEE 500
pg/mL2] 5504 % topoisomerase I 438 4

Fig. 5. Effect of hexane fraction of cultured L. perlatum
on topoisomerase II-mediated DNA cleavage. Lane 1: no
enzyme control, lane 2: topoisomerase II, lane 3: 50 uM e-
toposide, lanc 4: lincar DNA marker, lane 5: 10 pg/mL
hexane fraction of L. perlarum, lane 6-8: increasing con-
centration of hexane fraction of cultured L. perlatum (lane
6. 10 pg/mL; lane 7. 100 pg/mL; lane 8, 500 yg/mL).
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Fig. 6. Effect of hexane fraction of L. perlatum on re-
laxation assay of topoisomerase I. Lane 1: no _enzyme
control, lane 2: topoisomerase 1. A) lane 3-5, 0.5, 5 and 50
UM camptothecin, respectively. B) Lane 3-5. 0.1, l and 10
pg/mL of hexane fraction of L. perlatum, respectively. C)
Lane 3-5, 1, 10 and 100 pg/mL of hexane fraction of cul-
tured L. perlatum, rcspectively.
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