
VOL.47 NO.7 THE JOURNAL OF ANTIBIOTICS

THE MNIOPETALS, NEW INHIBITORS OF REVERSE TRANSCRIPTASES
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Six novel enzyme inhibitors of RNA-directed DNA-polymerases of human immunodeficiency-,
avian myeloblastosis and murine leukemia viruses were isolated from fermentations of a Canadian
Mniopetalum species. They were named mniopetals A, B, C, D, E and F. Their structures were
elucidated by spectroscopic methods. The compounds, in addition to their inhibitory activities on
reverse transcriptases, exhibit antimicrobial and cytotoxic properties.
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The RNA-directed DNA-polymerases (reverse transcriptases (RT)) of the human immunodeficiency
viruses (HIV)-l and HIV-2 are among the prime targets for selective chemotherapy of AIDS. A world-wide
search for inhibitors derived either by chemical synthesis or from natural sources has revealed that a
variety of chemical classes of compoundsexhibit inhibitory activity against the RT1'2*. In our ongoing
search for new biologically active compounds from basidiomycetes several inhibitors of avian myeloblastosis
virus (AMV)-, moloney murine leukemia virus (MMuLV)-, as well as HIV-1- RT have been isolated
previously3 ~ 5).

In the following we describe the isolation and biological characterization of six new compounds, the
mniopetals A~ F, from fermentations of Mniopetalum sp. 87256. The elucidation of their structures will
be described in a separate paper6).

Materials and Methods

Mniopetalum sp. 87256
The producing strain was obtained from spore prints of fruiting bodies collected in Canada. The

specimen show all characteristic features of the genus7), the species however, could not be identified. Strain
87256 and voucher specimen are deposited in the culture collection of the LB Biotechnology of the

University of Kaiserslautern.
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For maintenance the fungus was grown in YMG-mediumcomposed of: yeast extract 0.4%, malt
extract 1%, glucose 0.4% and agar 1.5% for solid media. A well grown seed culture of Mniopetalum sp.
87256 (400ml) in YMG-mediumwas used to inoculate 20 liters of YMG-mediumin a Biolafitte C6
fermentation apparatus (temperature: 22°C, aeration: 2.5 liters/minute, stirrer speed: 120rpm). The
production of mniopetals was followed by estimating the inhibitory effect of 2.5//I of a crude ethyl
acetate-extract (concentrated 100 times as compared to the culture fluid) in the assay of AMVRT.

Isolation
During purification the mniopetals were detected using the assay for AMVRT. After 12 days of

fermentation, the culture fluid (17 liters) was separated from the mycelia, adsorbed to Mitsubishi Diaion
HP 21 resin and eluted with 2 liters methanol and 2 liters acetone. Evaporation of the organic phase yielded
a crude extract (2.6 g), which was applied to a column containing silica gel 60 (Merck, Darmstadt). Elution
of the column with cyclohexane-ethyl acetate (3 : 7, 1 : 1, and 1 : 9) resulted in three fractions (I, 710mg;
II, 170 mg; III, 450 mg). These were further purified by preparative HPLC (Merck LiChrosorb Diol, column
2.5 x 25 cm, elution with cyclohexane - ter/-butylmethyl ether) as shown in Fig. 2. Yields: Mniopetal A (1)
23.4mg, B (2) 19.3mg, C (3) 4.0mg, D (4) 2.7mg, E (5) 5.6mg and F (6) 5.2mg. During purification of
the mniopetals, l a, 1 5-dihydroxymarasmene (7) and 1 1 , 1 2-dihydroxydrimene (8), two compounds exhibiting
no activity towards HIV-1 and AMVRT, were also isolated. la,15-Dihydroxymarasmene had been
previously described from Marasmius oreades by Ayer et alS) and 1 1,12-dihydroxydrimene had been
synthesized by Hollinshead et al.9\

Biological Assays
Antimicrobial spectra and cytotoxic activities on L 1210 cells (ATCC CCL163) and HL 60 cells

(ATCCCCL240) were measured as described previously10). The effect of the mniopetals on BHK21 cells
(ATCC CCL 10) and HeLa S3 cells (ATCC CCL 2.2) was determined according to the method ofMirabelli
et fl/.11} with slight modifications12). HeLa cells were grown in Ham's F 12 medium, BHK21 cells in
G-MEMand HL 60 cells in RPMI-1640 supplemented with 10% fetal calf serum and 65 ^g/ml penicillin
G and 100 /xg/ml streptomycin sulphate in a humidified atmosphere containing 5% of CO2 at 37°C

Assay for.HIV-1 RT: With poly(A)-(dT)15 (tp 1) as template-primer the method of Kopp et al.13)
was modified: The reaction mixture (50 fil) contained 80 mMTris-HCl (pH 8.3), 10 mMdithiothreitol (DTT),
8 mMMgCl2, 30mM KC1, 200/ig/ml bovine serum albumin (BSA), 10fiM (2-14C)-dTTP (44cpm/pmol),
5^g/ml tp 1 and 20u/ml HIV-1 RT (United States Biochemical, Cleveland, U.S.A.). With a 1080 bp

LTR-template and a 18 mer complementary DNAprimer (tp 2) (kindly provided by S. Weiss14)) the HIV-1
reverse transcriptase assay contained: 80mMTris-HCl (pH 8.3), 10mMDTT, 8mMMgCl2, 30mMKC1,
200^g/ml BSA, 10^m each of dATP, dGTP, dCTP, (3H-)dTTP (4,400cpm/pmol) and 20u/ml HIV-1 RT
(United States Biochemical, Cleveland, U.S.A.). The LTR-template (2.8 /zm) and 18 mer primer (20 fiM)
were annealed at 66°C, slowly cooled to roomtemperature and added to the reaction mixture. The reaction
mixtures were incubated at 37°C for 60minutes, then l ml of cold 20% trichloroacetic acid containing
20 mMpyrophosphate was added and the acid insoluble fractions were collected on cellulose nitrate filters
presoaked with 20 mMpyrophosphate solution. These were washed three times with cold 5% TCAsolution
and the remaining radioactivity was measured in a liquid scintillation counter.

The assay for AMVRT was performed as described by Erkel et al.3A).
Assay for MMuLVRT: The method described by Erkel et al.3A) was modified: The reaction mixture

(50/A) contained 250mM Tris-HCl (pH 8.3), 30mM MgCl2, 200mM KC1, 50mM DTT, 100^g/ml BSA,
10 mM(2-14C)-dTTP (44 cpm/pmol), 5 ^g/ml tp 1 and 20 u/ml MMuLVreverse transcriptase (Boehringer,
Mannheim). The reaction mixture was incubated at 37°C for 60 minutes and the radioactivity of the acid
insoluble fractions was determined as described above.

Assay of RNA-directed RNA-polymerase of Vesicular stomatitis virus (VSV; ATCCVR 158, Indiana
strain): Roller"bottles containing con fluent monolayer cultures of BHK21 cells (ATTCCCCL 10) in
200 ml G-MEMmedium containing 10% fetal calf serum infected with 2 x 104 plaque forming units (PFU)
of VSVwere incubated in 125ml G-MEMmedium (2% fetal calf serum) at 37°C for 24hours at 2rpm.
The medium containing the released virions was clarified by centrifugation (10 minutes at 3,000 x g, 4°C).
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After addition of 3.75 m ammoniumacetate, 20%polyethylenglycol-8000, the supernatant was kept at 4°C
overnight. After removal of cell debris by centrifugation (120minutes at 25,000 x g), the virions were
pelleted from the supernatant by centrifugation in TMSD-buffer (50 mMTris-HCl (pH 8.0), 5 mMMgCl2,
100mM NaCl, 4mMDTT) through a sucrose-gradient (containing 0~40% sucrose in TMSD-buffer) at
20,000 x g for 90minutes. The virions were resuspended in TMSD-buffer containing 30% glycerol and

stored at -80°C.
Assay of RNA-directed RNA-polymerase in lysed VSV: The method reported by Talib et al.15) was

modified. The reaction mixture (100/d) contained: 50mMTris-HCl (pH 8.0), 100mM NaCl, 5mMMgCl2,
4mMDTT, 0.05% Triton X-100, 1 mMeach ofATP, GTP, CTP, 0.2^Ci (2-14C)-uridine (1,106cpm/pmol)
and 5 fi\ VSV-suspension (5 x 108 pfu). Incubation was carried out for 2 hours at 30°C and the radioactivity

in the acid insoluble fraction was determined as described above.
Test for mutagenicity: Mutagenicity was tested according the method of Ames et al.16). Mutants of

Salmonella typhimurium strain TA 98 and TA 100 were used in the "spot test" as described by Venitt et al. 1 7).
Test of hemolytic activity: 9 volumes of fresh bovine slaughter blood were mixed with 1 volume of

sodium citrate buffer (93mMsodium citrate, 140mMglucose, pH 7.4) and centrifugated at 1,000 x g for
10minutes. 20fi\ of this suspension (1.2 x 109 erythrocytes/ml) were added to 2ml phosphate buffered
saline (g/liter: 8.0 NaCl, 0.2 KC1, 1.44 Na2HPO4 x2H2O, 0.2 KH2PO4, pH 7.4) and incubated at 37°C
for 30 minutes with or without the substances. After centrifugation for 10 minutes at 1,000 x g the extinction
was measured at 452 and 577nm: Complete lysis (100%) was achieved by adding 50^1 of Brij 58 (5%).

Results and Discussion

Production of Mniopetals
A typical fermentation of Mniopetalum spec, is shown in Fig. 1. The production of the mniopetals
was measured by the inhibition of the AMVRT as described in the experimental section. The highest

content of the inhibitors was reached after 260 hours. Culture extracts that inhibited AMVRT also inhibit-
ed HIV-1 RT in the assay with template-primer 2. Fig. 2 shows the isolation of the mniopetals A~F from
the culture broth of a 20liters fermentation. Their structures (Fig. 3) were elucidated by spectroscopic
methods6). All compounds are substituted drimane-type sesquiterpenoids. It is interesting that the

mniopetals can also be isolated from the closely related Cyphellostereum laeve (FR.) Reid.

Fig. 1. Fermentation of Mniopetalum sp.
å¡ Mycelial dry weight [g/liter], A glucose [g/liter], V inhibition of AMVreverse transcriptase

(RT) with tp 1 [%], O inhibition of HIV-1 RT with tp 2 [%], CO2-production [vol%],
(^-consumption [vol%], oxygen saturation [vol%].
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Fig. 2. Isolation of mniopetals from the culture filtrate of Mniopetalum sp.

Fig. 3. Structures of mniopetals.

(1) mniopetal A, (2) mniopetal B, (3) mniopetal C, (4) mniopetal D, (5) mniopetal E, (6) mniopetal
F, (7) la, 1 5-dihydroxymarasmene, (8) 1 1 , 12-dihydroxydrimene.
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Table 1. Effects of mniopetals on the reverse transcriptases (RT) of HIV-1, AMVand MMuLV.
IC50 Gum)

Compound

Mniopetal A
Mniopetal B
Mniopetal C
Mniopetal D
Mniopetal E
Mniopetal F

AMV RT
tp l«

41

42

93

77

>338

> 320

MMuLV RT HIV-1 RT HIV-1 RT

tp la tp la tp 2b
4

1.7
7

6

59

30

>197

> 223

>238

> 223

>338

> 320

>197
91

190
54

140
30

poly(A)-(dT)1 5.

LTR-template + 1 8 mer primer.

Table 2. Effects of mniopetals on the RNA-directed
RNA-polymerase of VSV.

Compound

Mniopetal A
Mniopetal B
Mniopetal C
Mniopetal D
Mniopetal E
Mniopetal F

ic50 g*m)

59-62

51

50

47-49

>338

61-64

Table 4. Hemolytic activities of mniopetals. The con-
centrations causing 100% lysis of erythrocytes are
shown.

Compound

Mniopetal A
Mniopetal B
Mniopetal C
Mniopetal D
Mniopetal E
Mniopetal F

10
ll
95
ll

338

No hemolytic activity.
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Table 3. Cytotoxic activities of mniopetals towards
different mammalian cell lines.

IC50 OlM)

Compound Cell lines
L1210 HL60 BHK HeLaS3

98-197 49-98 >197a
56-ll ll-22 89

MniopetalC 119-238 12-24 24-48
MniopetalD 56-111 2-ll 89
Mniopetal E 338a 68 - 169 68

18 18-36 107-143 18-36

Growth inhibition.

Biological Properties
The effects ofmniopetals A, B, C, D, E and F

on the reverse transcriptases of HIV-1, AMVand
MMuLVare shown in Table 1. The mniopetals
inhibit the MMuLVRT most strongly while their

IC50 values towards AMVRT are much higher. It
is interesting that HIV-1 RT is inhibited only when the natural heteropolymeric template (tp 2) is used in
the assay. Preincubation of HIV-1 RT with the mniopetals for 10minutes at 37°C without substrates
resulted in a change of the IC50 for mniopetals B (70/jm), C (48 fiu), D (39/*m), E (198 /*m), and F (18 /mi).
A 10-fold increase in the concentration of template-primer 2 had no effect on the inhibition of HIV-1 RT.

In addition to the RNA-directed DNA-polymerase the mniopetals, with the exception of mniopetal
E, inhibit the RNA-directed RNA-polymerase of VSVat IC50 values of 50~64^m (Table 2).
As shown in Table 3 the mniopetals exhibit cytotoxic activities, the most sensitive cell line being

HL-60. This is at least partly due to a lytic action on the cytoplasmic at least partly due to a lytic action
on the cytoplasmic membranes as can be also inferred from the hemolytic activities (Table 4).

The antibacterial and antifungal activities of the mniopetals are quite weak with the exception of
Streptomyces sp. ATCC23836 (Table 5).
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Table 5. Antimicrobial activities of mniopetals in the serial dilution assay.

JULY 1994

MIC (um)
Organism

Bacteria
Acinetobacter calcoaceticus

Escherichia coli K12
Salmonella typhimurium TA 98

Arthrobacter citreus
Bacillus brevis
Bacillus subtilis
Corynebacterium insiduosum

Micrococcus luteus

Mycobacterium phlei
Streptomyces sp.
ATCC 23836

Fun gi
Nadson ia fulvescens
Nematosporacoryli
Saccharomyces cerevisiae S 288

Saccharomyces cerevisiae is 1

Fusarium oxysporum
Paecilomyces variotii

Penicillium notatum
Mucor miehei
Rhodotorula glutinis
Ustilago nuda

>

>

98
197
197

40
197
20
98

197
10
2

98
10

197
40
40
98

98
40
40

45 119
111 >238

22 48
111 119

223 1 19
ll 24
ll 24

>223 >238
ll 24

0.22 2.4

45
ll

>223
ll
ll

111
111
45
45
45

119
48

238
238

238
>238
>238
>238

238
>238

Ill
>223

223
111

>223
223

45
>223

223
1.1

Ill

45
111
45
ll

>223
>223

>223
111
223

>338
>338

338
338
169
169

>338
>338

169
169

357

>357

357

>357

>357

>357

357

>357

>357

71

>338 >357

>338 >357

>338 >357

338 18

>338 357

>338 >357

>338 >357

>338 >357

338 357
>338 357

In the test for mutagenicity according to Ameset al.16) and Venitt et al.ll) no induction of revertants
of S. typhimurium TA 98 and TA 100 could be observed with lOO^g of the mniopetals/disc.

Acknowledgments

The financial support of the DFGis gratefully acknowledged. Wethank A. Werle for expert technical assistance
and B. Steffan, Munchen for NMRmeasurements.

References

1) Mohan, P.: Problems andperspectives in the design ofanti-HIV-1 agents. Drug Devel. Research 29: 1 - 17, 1993
2) Johnston, M. & D. F. Hoth: Present status and future prospects for HIV therapies. Science 260: 1287 - 1293, 1993
3) Erkel, G.; T. Anke, R. Velten & W. Steglich: Podoscyphic acid, a new inhibitor of avian myeloblastosis virus
and moloney murine leukemia virus reverse transcriptase from a Podoscypha Species [1]. Z. Naturforsch. 46 C:

442-450, 1991

4) Erkel, G.; T. Anke, A. Gimenez & W. Steglich: Antibiotics from Basidiomycetes XLI. Clavicoronic acid, a
novel inhibitor of reverse transcriptases from Clavicorona pyxidata (PERS. EX FR.) DOTY.J. Antibiotics 45:

29-37,1992

5) Anke, T.; G. Erkel, G. Kocksch, A. Kuschel, A. Gimenez, R. Velten & W. Steglich: Inhibitoren der HIV-1
Reversen Transcriptase und Induktoren der Differenzierung menschlicher Zellinien aus Pilzen. In Wege zu neuen
Produkten und Verfahren der Biotechnologie. Eds., T. Anke & U. Onken, pp. 15 -25, Dechema-Monographien:
129, Frankfurt/Main, 1993

6) Velten, R.; D. Klostermeyer, B. Steffan, W. Steglich, A. Kuschel & T. Anke: The mniopetals, new inhibitors
of reverse transcriptases from a Mniopetalum species (basidiomycetes). II. Structure elucidation. J. Antibiotics
47(9): 1994, in press

7) Singer, R.: The Agaricales in Modern Taxonomy. Koeltz Scientific Books, Koenigstein, FRG, 1986
8) Ayer, W. A. & P. A. Craw: Metabolites of the fairy rind fungtis, Marasmius oreades. Part 2. Norsesquiterpenes,
further sesquiterpenes, and agrocybin. Can. J. Chem. 67: 1371 - 1380, 1989



VOL.47 NO.7 THE JOURNAL OF ANTIBIOTICS 739

9) Hollinshead, D. M.; S. C. Howell, S. V. Ley, M. Mahon & N. M. Ratcliffe: The diels-alder route to drimane
related sesquiterpenes; synthesis of cinnamolide, polygodial, isodrimeninol, drimenin and warbuganal. J. Chem.
Soc. Perkin Trans. 1: 1579- 1589, 1983

10) Leonhardt, K.; T. Anke, E. Hillen-Maske & W. Steglich: 6-Meihylpurin, 6-methyl-9-a-D-ribofuranosylpurine,
and 6-hydroxylmethyl-9-a-ribofuranosylpurine as antiviral metabolites of Collybia maculata (Basidiomycetes). Z.
Naturforsch. 42 c: 420-424, 1987

ll) Mirabelli, C. K.; H. Bartus, J. O. L. Bartus, R. Johnson, S. M. Mong, C. P. Sung & S. T. Crooke: Application
of a tissue culture microtiter test for the detection of cytotoxic agents from natural products. J. Antibiotics 38:

7.58-766, 1985

12) Kuschel, A.: Neue Inhibitoren Reverser Transcriptasen aus Basidiomyceten. Ph. D. Thesis, Univ. Kaiserslautern,
1993

13) Kopp, E. B.; J. J. Miglietta, A. G. Shrutkowski, C. K. Shih, P. M. Grob & M. T. Skoog: Steady state kinetics
and inhibition of HIV-1 reverse transcriptase by a non-nucleoside dipyridodiazepinone, BI-RG-587, using a
heteropolymeric template*. Nucleic Acids Res. 19: 3035 - 3039, 1991

14) Weiss, S.; B. Konig, H. J. Muller, H. Seidel & R. S. Goody: Synthetic human tRNALys3 and natural bovine
tRNALys3interact with HIV-1 reverse transcriptase and serve as specific primers for retroviral CDNAsynthesis.

Gene 111: 183-197, 1992

15) Talib, S. & A. K. Banerjee: Protamine -a potent inhibitor of vesicular stomatitis virus transcriptase in vitro.
Biochem. Biophys. Res. Commun. 98: 875-883, 1981

16) Ames, B. M.; J. McCann & E. Yamasaki: Methods for detecting carcinogens and mutagens with the Salmonella!
mammalian-microsome mutagenicity test. Mut. Res. 31: 347 -364, 1975

17) Venitt, S.; C. Crofton-Sleight & R. Forster: In Mutagenicity Testing: A practical approach. Eds. S. Venitt
& J. M. Perry, pp. 45-98, IRL Press, 1984


