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Introduction

The female fl owers of the hop plant (Humulus 
lupulus L.) are commonly used in the brewing in-
dustry (Stevens et al., 1997). They are a rich source 
of prenylfl avonoids with various chemical struc-
tures and different biological activities (Stevens and 
Page, 2004). One of the minor constituents of hops 
is 8-prenylnaringenin (1), the most potent phytoes-
trogen isolated to date (Milligan et al., 1999).

8-Prenylnaringenin is normally taken up with 
food, e.g. its content in beer is up to 240 mg/L 
(Tekel et al., 1999). Due to its strong estrogenic 
activity, this compound may be considered a more 
natural alternative to classical hormone replace-
ment therapy (HRT) (Rad et al., 2006). Because 
of many health-promoting properties of 8-pre-
nylnaringenin, including angiogenesis-inhibiting 
(Pepper et al., 2004), metastasis-inhibiting (Rong 
et al., 2001), and antiandrogenic (Zierau et al., 
2003) properties, and because of increasing com-
mercial applications of this compound, the study 
of the metabolism of 8-prenylnaringenin (1) and 
its new derivatives is very important.

Nikolic et al. (2004) described human liver mi-
crosomal metabolites of 1, where an oxidation oc-
curred in the prenyl group and in the fl avanone 
skeleton. Glucuronide and sulfate conjugates of 
1 were also identifi ed in this research (Nikolic 
et al., 2006). In mammals, the conjugation reac-
tions (glucuronidation, methylation, sulfation) are 
essential for the detoxifi cation process, in which 
toxic compounds are eliminated by increasing 
their hydrophilic character, thus facilitating their 
excretion from the body.

Microbial transformations allow the selec-
tive conversion of compounds into derivatives 
which are diffi cult to obtain in chemical synthe-
ses. Micro organisms are also used as predictive 
models for mammalian drug metabolism, so as 
to establish the metabolic fate of biologically ac-
tive compounds. Such processes provide suffi cient 
amounts of metabolites for structure elucida-
tion and pharmacological evaluation (Smith and 
Rosazza, 1974; Abourashed et al., 1999).

Microbial metabolism of 8-prenylnaringenin has 
been poorly documented so far (Tahara et al., 1997; 
Kim et al., 2008; Bartmańska et al., 2010, 2012). The 
main goal of the present work was to select fungi 
that can transform 8-prenylnaringenin, and to gen-
erate microbial metabolites of this phytoestrogen.

Material and Methods

General

The microorganisms used in this study were 
purchased from the Institute of Biology and 
Botany of Wrocław Medical University, Wrocław, 
Poland. Cultivation of fungi, isolation of xan-
thohumol from spent hops, chemical cyclization 
of xanthohumol into isoxanthohumol, reaction 
work-up, and product analysis were performed as 
described by Bartmańska et al. (2009). The experi-
ments on the biotransformation of 8-prenylnarin-
genin were conducted in a Sabouraud medium.

8-Prenylnaringenin (1)

8-Prenylnaringenin (1) was obtained by de-
methylation of isoxanthohumol as reported by 
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Anioł et al. (2008), The purifi cation of 1 was as 
described by Bartmańska et al. (2010).

1H NMR (acetone-d6, 600 MHz): δ = 12.14 (1H, 
s, 5-OH), 9.55 (1H, s, 7-OH), 8.60 (1H, s, 4’-OH), 
7.41 (2H, d, J = 8.4 Hz, H-2’,6’), 6.90 (2H, d, J = 
8.6 Hz, H-3’,5’), 6.04 (1H, s, H-6), 5.44 (1H, dd, J = 
12.7, 3.0 Hz, H-2), 5.19 (1H, t, J = 7.3 Hz, H-2”), 
3.22 (1H, d, J = 7.2 Hz, H-1”), 3.12 (1H, dd, J = 
17.0, 12.7 Hz, H-3ax), 2.75 (1H, dd, J = 17.0, 3.1 Hz, 
H-3eq), 1.61 (3H, s, H-4”), 1.60 (3H, s, H-5”). – 13C 
NMR (acetone-d6, 600 MHz): δ = 198.4 (C-4), 166.3 
(C-7), 164.0 (C-5), 162.0 (C-9), 159.6 (C-4’), 132.1 
(C-3”), 132.1 (C-1’), 129.8 (C-2’,6’), 124.8 (C-2”), 
117.1 (C-3’,5’), 109.3 (C-8), 104.1 (C-10), 97.4 (C-
6), 80.7 (C-2), 44.5 (C-3), 26.9 (C-5”), 23.3 (C-1”), 
18.9 (C-4”). – UV (MeOH): λmax = 290, 335 nm.

Biotransformation of 1

In the screening tests, a solution of 1 (5 mg) in 
methanol (1 mL) was added to each of 24 fungal 
cultures. After 7 d of incubation on a rotary shak-
er at 25 °C, in the dark, the pH was measured, 
and the metabolites and any remaining substrate 
were extracted. All experiments were performed 
in duplicate. A control sample consisted of the 
substrate 1 and sterile growth medium.

In the preparative-scale transformation, a solu-
tion of 1 (70 mg) in methanol (8 mL) was distrib-
uted equally into four fl asks with Syncephalastrum 
racemosum AM105 cultures (5-days culture). The 
reactions were carried out under the same condi-
tions as in the screening tests and continued until 
the substrate was consumed or no progress was 
observed (monitored by HPLC). After 12 d of 
bio transformation, at the end of the test, a neutral 
pH value was observed.

Reaction work-up and product analysis

In the screening experiments, media together 
with mycelia were extracted once with 15 mL of 
ethyl acetate, whereas in the preparative-scale 
transformation they were extracted three times 
with 20 mL of ethyl acetate. The solvent was evap-
orated, and the residue dissolved in methanol and 
analysed by thin-layer chromatography (TLC) and 
high-performance liquid chromato graphy (HPLC). 
TLC was carried out using silica gel 60, F254, 0.2 mm 
thick plastic plates (Merck, Darmstadt, Germany) 
with chloroform/methanol (6:1, v/v) as solvent. 
HPLC was performed on a Waters 2690 Alliance 

chromatograph (Milford, MA, USA) with a photo-
diode array detector Waters 996 (detection at 290 
and 370 nm) using an analytical HPLC column 
[Waters Spherisorb 5 μm ODS2 (4.6 x 250 mm)] 
at a fl ow rate of 1 mL/min. A linear solvent gra-
dient from 40 to 60% aqueous MeCN containing 
1% HCOOH over 40 min was used. The residues 
were separated by column chromatography (CC) 
on silica gel (0.05 – 0.2; Merck), using chloroform/
methanol (6:1, v/v) as eluent.

The NMR spectra (1H NMR, 13C NMR, DEPT 
135°, COSY, HMQC, HMBC) were recorded at 
600 MHz on a DRX 600 Bruker Avance instru-
ment (Karlsruhe, Germany) in acetone-d6. UV 
spectra (Cintra 303 spectrofotometer; GBC, 
Braeside, Australia) were recorded in methanol. 
A positive-ion HR-ESI-mass spectrum was taken 
on a Bruker micrOTOF-Q spectrometer.

8-Prenylnaringenin-7-sulfate (2): Yellow crystals. 
– 1H NMR (acetone-d6, 600 MHz): δ = 11.90 (1H, s, 
5-OH), 8.56 (1H, s, 4’-OH), 7.41 (2H, d, J = 8.6 Hz, 
H-2’,6’), 6.96 (1H, s, H-6), 6.90 (2H, d, J = 8.6 Hz, 
H-3’,5’), 5.45 (1H, dd, J = 12.8, 2.9 Hz, H-2), 5.15 
(1H, t, J = 7.3 Hz, H-2”), 3.24 (2H, d, J = 6.8 Hz, 
H-1”), 3.17 (1H, dd, J = 17.1, 12.9 Hz, H-3ax), 
2.77 (1H, dd, J = 17.0, 3.0 Hz, H-3eq), 1.58 (3H, s, 
H-4”), 1.58 (3H, s, H-5”). – 13C NMR (acetone-d6, 
600 MHz): δ = 199.43 (C-4), 162.82 (C-7), 162.30 
(C-5), 161.29 (C-9), 159.61 (C-4’), 132.00 (C-3”), 
129.84 (C-1’), 129.84 (C-2’,6’), 124.87  (C-2”), 117.12 
(C-3’,5’), 113.14 (C-8), 105.90  (C-10), 102.43 (C-6), 
80.71 (C-2), 44.69 (C-3), 26.94 (C-5”), 23.87 (C-
1”), 19.00 (C-4”). – HR-ESI-MS: m/z = 465.0606 
[M+2Na]+; calcd. for C20H19O8Na2S 465.0591. – UV 
(MeOH): λmax = 281, 346 nm (sh).

Acidic hydrolysis of 2

One mg of 2 dissolved in MeOH (2 mL) was 
mixed with 3% HCl (5 mL) and stirred at room 
temperature. Then MeOH was evaporated, and 
the aglycone extracted with ethyl acetate. The 
residue was analysed by TLC and HPLC by di-
rect comparison with the reference sample. When 
BaCl2 was added to the aqueous layer, a white 
precipitate was formed which proved the pres-
ence of BaSO4 (Mann et al., 1999; modifi ed).

Results and Discussion

Twenty four microorganisms were screened to 
evaluate their ability to transform the substrate 
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8-prenylnaringenin (1). Suitable controls were 
used to ensure that the metabolites were formed 
as a result of enzymatic activity rather than of 
non-metabolic transformation. Twenty two of the 
microorganisms proved capable of such a reaction. 
An overview is presented in Table I. Syncephalas-
trum racemosum AM105 was selected for the pre-
parative reaction due to its high transformation 
effi ciency, formation of a single product, and the 
nature of the metabolite – it was the most polar 
one compared to the biotransformation products 
of several other tested microorganisms.

Transformation of 8-prenylnaringenin (70 mg) 
by Syncephalastrum racemosum AM105 was 
continued for 12 days to give, after purifi cation, 
24.6 mg (35.1% yield) of product 2 as yellow crys-
tals (Fig. 1). The structure of the very polar and 
unstable compound 2 was identifi ed on the basis 
of spectroscopic methods.

A UV spectrum of 2 showed maximum absorp-
tion bands at 281 and 346 nm, similarly to those 
of the substrate 8-prenylnaringenin (1) (290 and 
335 nm, respectively), which indicated that the 
new compound was a fl avanone derivative.

1H NMR spectra of 2 showed two notable 
changes compared to 1. The 7-OH proton signal 
had disappeared and the H-6 proton signal was 
shifted downfi eld to δH 6.96 ppm (δH 6.04 ppm 
for 1). This suggested a conjugation reaction, but 
no additional signals were observed. The remain-
ing signals were similar to those of 8-prenyl-
naringenin (1). Comparison of the 13C NMR data 
of the metabolite 2 and the substrate 1 showed 
that while the C-7 signal was shifted upfi eld by 
3.48 ppm, the signals of C-8 and C-6 were shifted 
downfi eld by 3.84 and 5.03 ppm, respectively.

Compound 2 showed a pseudomolecular 
ion peak at m/z 465.0606 [M+2Na]+ (calcd. for 
C20H19O8Na2S, 465.0591) in the positive ion mode 
HR-ESI-mass spectrum, corresponding to the for-
mula C20H19O8S

–.

To confi rm the presence of a sulfate group, the 
product was hydrolyzed by treatment with acid 
to yield the aglycone, which was identifi ed as 
8-prenylnaringenin (1). The aqueous fraction was 
treated with BaCl2, resulting in a white precipi-
tate presumed to be BaSO4.

These spectral data allowed identifying me-
tabolite 2 as 8-prenylnaringenin-7-sulfate. The 

Table I. Screening for 8-prenylnaringenin-transforming 
fungi.

Microorganism Capability to 
transform 8-pre-
nylnaringenina

Acremoniella atra AM29 –
Armillariella mellea AM477 +
Aspergillus fumigatus UPF703 ++
Aspergillus niger UPF709 +++
Aspergillus niger UPF724 +++
Aspergillus sp. UPF14 ++
Fusarium culmorum AM196 ++
Fusarium avenaceum AM11 +++
Fusicoccum amygdali AM258 +++
Laetiporus sulphurens AM498 –
Laetiporus sulphurens AM524 +
Mortierella mutabilis AM404 ++
Papularia rosea AM17 ++
Penicillium notatum UPF725 ++
Penicillium vinaceum AM110 ++
Pezicula cinnamomea ARK15753 ++
Pholiota aurivella AM521 ++
Pleurotus eryngi UPF720 ++
Pleurotus ostreatus UPF721 ++
Pleurotus sajor-caju UPF722 ++
Prosthemium sp. AR52 ++
Rhizopus stolonifer UPF726 ++
Syncephalastrum racemosum AM105 ++
Trichothecium roseum UPF700 ++

a (+) capable; (–) incapable; (+++) less than 10% of the 
substrate in the extract (by HPLC, detection at 290 nm) 
and a few transformation products; (++) 10 – 80% of the 
substrate in the extract; (+) more than 80% of the re-
maining substrate; (–) no product(s) observed.

Fig. 1. Transformation of 8-prenylnaringenin (1) by Syncephalastrum racemosum AM105.
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spectroscopic data of product 2 were in agree-
ment with those reported for the Absidia coeru-
lea AM93 metabolite (Bartmańska et al., 2012) 
which we obtained in our previous transforma-
tion study. However, in that case the procedure 
was more complicated, requiring a two-step pro-
cess with the use of a buffer, and the yield was 
much lower. Now we obtained this product in the 
one-step process and in higher yield. Moreover, 
there is only a single literature report on this type 
of transformation.

Although sulfotransferases are widely distrib-
uted in both the plant and the animal kingdom, 
sulfation in microbial systems is rare and reports 
on this topic are limited. They include sulfation 
by Cunninghamella elegans (Cerniglia et al., 1982; 
Ibrahim, 2000), by Streptomyces fulvissimus (Ibra-
him and Abul-Hajj, 1989), by Mucor ramannianus 
and by Beauveria bassiana (Ibrahim et al., 2010).

Conclusions

In the present study we observed that almost 
all of the tested fungi are capable of transforming 
8-prenylnaringenin (1).

Transformation by Syncephalastrum racemo-
sum AM105 gave 8-prenylnaringenin-7-sulfate 

(2), which was isolated in a good yield (Fig. 1). To 

the best of our knowledge there is only one previ-

ous report of microbial sulfation of 8-prenylnar-

ingenin (1) (Bartmańska et al., 2012). However, in 

that case the reaction required the presence of a 

phosphate buffer, whereas the sulfation was cata-

lyzed by Syncephalastrum racemosum AM105 

cells suspended in the cultivation medium.

This study indicates that Syncephalastrum rac-
emosum AM105 can be useful in the prediction of 

the mammalian metabolism of prenylfl avonoids. 

The isolation and characterization of the meta-

bolites may help to predict their fate in mamma-

lian systems.
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