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B asidiom ycete, C oprinus  sp., A ntibacterial A ntib iotic

Coprinol, a new  antibacterial cuparane, was isolated from ferm entations of a C oprinus sp. 
Its biological activities were investigated and its structure was elucidated by spectroscopic  
methods. The new  antibiotic exhibited activitiy against multidrug-resistant G ram -positive
bacteria in vitro. Two derivatives w ere synthesized  
ent com pound.

Introduction

Bacterial resistance to commonly used antib iot­
ics is considered a severe th reat to public health. 
Therefore, new chemical entities which can over­
come the w idespread resistance m echanisms are 
currently very much sought after. In our ongoing 
screening for new m etabolites from  higher fungi 
we detected that one of our Coprinus strains p ro ­
duced an antibacterial antibiotic with interesting 
activities against Gram -positive m ultiresistant 
strains including penicillin resistant pneum ococci 
(PRSP), methicillin and quinolone resistant staph­
ylococci (M RSA, Q R SA ), vancomycin resistant 
enterococci (V R EF) and vancomycin in term edi­
ate resistant staphylococci (VISA). The com pound 
had no activity against G ram -negative species.

Experimental

General

!H  N M R (500 M Hz) and 13C N M R  (125 M Hz) 
were recorded at room  tem perature with a B ruker 
ARX500 spectrom eter with an inverse multinu- 
clear 5 mm probehead equipped with a shielded 
gradient coil. The spectra were recorded in CDC13, 
or CDC13  containing 5% C D 3 OD, and the solvent 
signals for CHC13  and CDC13  (7.26 in the ]H  NM R 
spectrum  and 77.0 ppm  in the 13C N M R  spectrum ) 
were used as reference. COSY, H M Q C  and 
H M BC experim ents were recorded with gradient

and their activities com pared to the par-

enhancem ents using sine shaped gradient pulses. 
For the 2D heteronuclear correlation spectroscopy 
the refocusing delays were optim ised for 1/ Ch=145 
Hz and n/ CH=10 Hz. The raw data were trans­
form ed and the spectra were evaluated with the 
standard B ruker U X N M R software (rev. 941001). 
Mass spectra were recorded with a Jeol SX102 
spectrom eter, while the U V  and the IR  spectra 
were recorded with a Perkin E lm er "k 16 and a 
B ruker IFS 48 spectrom eter. The melting point 
(uncorrected) were determ ined with a R eichert 
microscope, and the optical ro tation m easured 
with a Perkin-Elm er 141 polarim eter at 22 °C.

Coprinus sp. strain 90160

Mycelial cultures of Coprinus sp. strain 90160 
were derived from tissue plugs of young fruit bod ­
ies. The wood-inhabiting species showed all char­
acteristics of the genus, the species however, could 
not be identified. The culture and voucher speci­
men of the fruiting bodies are deposited in the 
culture collection of LB Biotechnology, University 
of Kaiserslautern. For m aintenance on agar slants 
the fungus was grown on YM G  m edium  (g/1): 
Yeast extract 4, malt extract 10, glucose 4, pH  7.0.

Fermentation and isolation o f  coprinol ( la )

Ferm entations were carried out in 201 of 
M GPY medium com posed of (g/1): Yeast extract
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1, m altose 20, glucose 10, peptone 2, K H 2 P 0 4  0.5, 
M g S 0 4  x  H 20  1, FeCl3 0.01, Z n S 0 4 x  H 2 6  0.0018, 
CaCl2  x  H 20  0.074. in a Biolafitte C 6  ferm enter 
at 22 °C with an aeration rate of 2 1/min and agita­
tion (120 rpm). A  well grown culture of Coprinus 
sp. 90160 in the same m edium (250 ml) was used 
as inoculum. D uring ferm entation 100 ml samples 
were taken. The culture fluid was separated by 
filtration from the mycelia and the insoluble ingre­
dients and then extracted with 1 0 0  ml of ethyl ace­
tate. The residue obtained after evaporation of the 
organic solvent was taken up in 0.5 ml of m etha­
nol. 25 |.il of the concentrated solutions were as­
sayed for antibacterial activity in the agar plate- 
paper disc diffusion assay using Bacillus brevis as 
test organism. A fter 20 days of ferm entation the 
culture broth  (17 1) was separated from the myce­
lia and passed through a column (18 x  1 1  cm) con­
taining M itsubishi D iaion H P 21 adsorber resin. 
The column was washed with w ater and the com ­
pounds were eluted with 2,5 1 of methanol. The 
m ethanol eluate was concentrated and the crude 
product (4 g) was applied onto a silica gel column 
(M erck 60, 0 .063-0.2 mm; 12 x  5.5 cm). Elution 
with cyclohexane -  ethyl acetate 3:7 yielded 
602 mg of an enriched product containing la . Final 
purification was achieved by preparative H PLC on 
Nucleosil C18 [7 (j,m; column 250 x  25 mm; flow 
rate 5 ml/min]. E lution with water-m ethanol 35:65 
v/v yielded 92 mg of coprinol ( la ) .

Coprinol

Coprinol ( la )  was obtained as an yellowish oil, 
[a]D + 42° (c 1.0 in CHC13  : C H 3O H  19:1). UV 
(M eO H ), Amax (e): 288 nm (3,500). IR  (KBr): 
3425, 2925, 1735, 1570, 1455, 1415, 1260, 1190, 
1160, 1075, 1010 and 915 c m -1. lH  NM R (500 
M Hz, CDC13  : C D 3 O D  19:1): 6.442 and 6.436, s,
2-H and 5-H; 3.42, s, 10-H; 2.06, s, 15-H3; 2.02, d, 
78 a_8 b=11.9, 8 -Ha; 1.76, d, 78 a.8 b=11.9, 8 -Hb; 1.14, s,
14-H3; 0.84, s, 12-H3; 0.66, s, 13-H3. 13C NM R (125 
M Hz, CDC13  : C D 3O D  19:1): 147.7 C-4; 145.2 C- 
1; 129.0 C-6 ; 123.8 C-3; 117.3 C-2; 112.5 C-5; 103.2 
C-9; 83.7 C-10; 50.4 C - l l ;  44.3 C-7; 41.1 C-8 ; 23.7 
C-13; 18.0 C-12; 17.0 C-14; 15.5 C-15. EIM S (70 
eV), m /z (rel. int.): 264.1355 (100%, M +, C 1 5 H 2 0 O 4 

requires 264.1361), 246 (12% ), 231 (31% ), 218 
(28% ), 205 (38% ), 191 (79% ), 177 (24% ), 175 
(35% ), 164 (42% ), 151 (39%).

Acetylation o f  coprinol

The acetates lb  and lc  were prepared  by ace- 
tylating coprinol ( la )  according to the following 
procedure: 7.5 mg (0.028 mm ol) l a  was dissolved 
in 250 |il of pyridine (dried over 4A  m olecular 
sieves) and 8.9 (il (0.094) acetic anhydride was 
added. The solution was stirred at room  tem per­
ature under nitrogen atm osphere over night. E th a­
nol was added and the reaction m ixture was con­
centrated under reduced pressure. Flash 
chrom atography (heptane/ethyl acetate 4:1, silica 
gel) afforded 5.2 mg (56% ) of the diacetylated de­
rivative lb  and 4.4 mg (44% ) of the triacetylated 
derivative lc.

C om pound lb  was obtained as a colourless oil, 
[a]D + 16.2 (c 0.5 , CHC13). !H  N M R  (500 MHz, 
CDC13): 6.71, s; 6.89, s; 4.62, d, 7=1.8 Hz; 3.56, s; 
2.30, s; 2.24, d, 7= 12.1 Hz; 2.16, s; 2.10, s; 1.93, dd, 
7=12.1 Hz, 7=1.8 Hz; 1.56, s; 1.28, s; 0.99, s; 0.77, s. 
13C N M R (125 M Hz, CDC13): 171.9, 169.5, 149.5,
142.7, 129.9, 128.8, 119.3, 118.0, 103.8, 85.9, 50.2, 
44.5, 40.7, 24.1, 20.9, 20.8,19.6,17.2, 15.9. LREIM S 
{m/z) 348, 306, 264, 233, 191, 164, 85, 83.

Com pound lc  was obtained as a colourless oil, 
[a]D  + 2.1 (c 0.4 , CHC13). N M R  (500 MHz, 
CDC13): 6.71, s; 6 .6 8 , s; 5.15, d, 7=1.4 Hz; 2.30, m; 
2.29, s; 2.13, s; 2.09, s; 2.07, s; 1.28, s; 0.89, s; 0.80, 
s. 13C NM R (125 M Hz, CDC13): 169.5,169.2,167.8,
148.8, 142.9, 130.0, 129.0, 119.1, 117.9, 104.8, 83.5, 
49.7, 39.9, 24.2, 21.5, 20.8, 20.5, 20.0, 17.3, 15.9. 
LREIM S (m /z) 390, 348, 306, 271, 246, 233, 191, 
164, 83.

Biological tests

The assays for antim icrobial (A nke et al., 1989) 
and cytotoxic activities (Z apf et al., 1995) were car­
ried out as described previously, if no t m entioned 
otherwise in the text. For the determ ination  of cy­
totoxic activities L1210 (lymphocytic leukemia, 
mouse ATCC CCL219) and Colo 320 (hum an co­
lon adenocarcinom a D SM Z ACC 144) cells were 
used. L1210 and Colo 320 cells were grown in 
RPM I 1640 M edium  (Gibco) containing 10% of 
fetal calf serum, 1 0 0  ^ig/ml streptom ycin sulfate, 
and 65 [ig/ml penicillin G/ml. The com pounds to 
be tested were dissolved in m ethanol or ethanol 
and added to 200 |il of cell suspension (4 -5x10 4  

cells/ml) in a cavity of a 96 well m icrotiter plate. 
The cells were incubated at 37 °C in a humidified
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atm osphere containing 5% C 0 2. Cell growth and 
lysis were observed in a microscope at 24 hour in­
tervals for three days.

Results and Discussion

Coprinol ( la )  (see Fig. 1 for chemical struc­
tures) was detected in a screening of basidiomy- 
cetes for the production of new antibacterial an ti­
biotics. Its production and isolation is described 
in the experim ental section. High resolution MS 
experim ents suggested that its elem ental com posi­
tion is C 15H 2o0 4 , this was confirm ed by the *H 
and 13C N M R spectra and the structure of la  con­
sequently contains 6  unsaturations. 4 of these 
could be assigned to a benzene ring, and as the 
NM R data did not suggest the presence of any 
other unsaturated bonds la  must contain two ad­
ditional rings. The structure could be determ ined 
by 2D NM R, and especially the H M BC correla­
tions sum m arised in Fig. 2 proved decisive. A l­
though no correlation was observed betw een C -l
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Fig. 1. a: R — Rj - R , -  R 3 - H;

b: R  = A c, Rj = R 2  -  H , R 3 = OH;
c: R  = R 2 = A c, R 2  = R 3  = O H .

Fig. 2. Pertinent H M BC (left) and N O E SY  (right) corre­
lations observed with coprinol ( la ) .

and C-9, the suggested ether is the only possibility 
that fits the MS and NM R data. The relative ste­
reochem istry of coprinol ( la )  was suggested by the 
N O ESY  correlations indicated in Fig. 2. No 
attem pts were made to determ ine the absolute ste­
reochemistry.

The lagopodins are structurally related cupar­
ane sesquiterpenes isolated from  Coprinus lago- 
pus  (Bollinger 1965) and Coprinus cinereus (B u’- 
Lock and Darbyshire 1976; Bastian 1985), and 
lagopodin A (2a), lagopodin B (2b) and lagopodin 
C (2c) have all been reported  to possess an tibacte­
rial activity, However, they are different as they 
contain a benzoquinone m oiety that can be sus­
pected to be responsible for their biological activi­
ties. A lthough the molecular mechanism for the 
antibiotic activity of coprinol ( la )  is less evident, 
the fact that the acetylated derivatives lb  and l c  
are inactive suggests that the phenolic and/or hem- 
iacetal hydroxyl group plays an im portant role.

Coprinol ( la )  exhibits m oderate antibiotic activ­
ities against Gram-positive bacteria with minimal 
inhibitory activities (M ICs) of 2 0 -5 0  [ig/ml for Ba­
cillus brevis ATCC 9999 and Bacillus subtilis

Table I. M inimal inhibitory concentrations (jig/m l) o f coprinol la  and derivatives lb  and lc .

Strain Coprinol la

MIC [j-ig/ml] 
Com pound  

lb l c

Escherichia coli 2051271 > 1 0 0 > 1 0 0 > 1 0 0
P seudom onas  sp. 79661 > 1 0 0 > 1 0 0 > 1 0 0
H aem ophilus influenzae  Spain72 > 1 0 0 > 1 0 0 > 1 0 0
Streptococcus pneum on iae  Sa82503 6.25 > 1 0 0 25
Streptococcus pneum oniae  Sp6703-4 12.5 > 1 0 0 > 1 0 0
E nterococcus faecium  L40015 12.5 > 1 0 0 > 1 0 0
Staphylococcus aureus 48N 6-7 25 > 1 0 0 > 1 0 0
Staphylococcus aureus M U 506-7,8 12.5 > 1 0 0 > 1 0 0
Staphylococcus aureus 257017 25 > 1 0 0 > 1 0 0
Staphylococcus aureus L 0 3 6 12.5 > 1 0 0 > 1 0 0

1 = Ciprofloxazin resistant; 2 = ß-lactam ase producer; 3 = erythrom ycin resistant (M LS 8 ); 4 = penicillin resistant; 
5 = vancom ycin resistant (vanA ); 6  = m ethicillin resistant; 7 = quinolone resistant; 8  = vancom ycin interm ediate resis- 
itant.
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ATCC 6633. A  panel of recent clinical isolates and 
reference strains was tested in a 96 well microti- 
terp late m icrodilution assay in Isosensitest broth 
(or B rain-heart infusion broth supplem ented with 
10% bovine serum  in case of S. pneum oniae  and 
1% IsoVitaleX  plus 10 mg/1 hemin in case of H. 
influenzae) using an inoculum of 1 0 4  — 1 0 5  cells 
(Table I). No activity was found against Gram- 
negative strains and Candida albicans, but MIC 
values were obtained for Gram-positive multire- 
sistant strains including penicillin resistant pneu­
mococci (PRSP), methicillin and quinolone resis­
tant staphylococci (M RSA, Q R SA ), vancomycin 
resistant enterococci (V R EF) and vancomycin in­
term ediate resistant staphylococci (VISA) in the 
range of 6 .25-25 |ig/ml. In the plate diffusion as­
say no antifungal activities were detected against 
Penicillium notatum, Paecilomyces variotii, M ucor 
miehei, and Nematospora coryli at 100 (ig/disk.
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M oderate cytotoxic activities were observed start­
ing from 25 |ig/ml with LI 210 cells (mouse) and 
none up to 100 (.ig/ml for Colo 320 cells (hum an). 
For com pounds lb  and lc  with one exception (S. 
pneum oniae  Sa8250, lc ) no antibacterial activity 
could be detected up to 1 0 0  |ig/ml in the m icrodi­
lution assay. For lagopodin B M ICs of 20-100  (ig/ 
ml and 10 -2 0  |ig/ml against the same strains of B. 
brevis and B. subtilis were observed. In the plate 
diffusion assay lagopodin B exhibited antifungal 
activities against P. notatum, P. variotii, M. miehei, 
and N. coryli at 100 ^ig/disk (Bastian 1985).
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