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A mixture of five saturated 5-n-alkylresorcinol homologues was isolated from vegetative
cells of the nitrogen-fixing soil bacterium Azotobacter chroococcum Az12. Their structures
were established by spectrometry (1H NMR, EI-MS, FAB-MS, FAB-MS/MS) and chromato-
graphy (GC, TLC) means.
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Introduction

5-n-Alkylresorcinols (ARs) are long-chain, odd-
numbered homologues of orcinol (1,3-dihydroxy-
5-methylbenzene) deriving from the polyketide
metabolic pathway (Kozubek and Tyman, 1999).
The existence of ARs has been demonstrated in
few bacterial genera including Mycobacterium spp.
(Bu’Lock and Hudson, 1969), Streptomyces spp.
(Tsuge et al., 1992), and Pseudomonas spp. (Kanda
et al., 1975). ARs have also been shown in Azoto-
bacter vinelandii, but their occurrence was attrib-
uted to metabolically altered cysts only (Batrakov
et al., 1977; Reusch and Sadoff, 1979; Su et al.,
1981). Further experiments (Kozubek et al., 1996)
reported the presence of ARs also in vegetative
cells of A. chroococcum, however, their real func-
tion remains unknown. In this study, we thor-
oughly describe the isolation and characterization
of ARs biosynthesised in vegetative cells of A.
chroococcum Az12.

Experimental

The bacterium A. chroococcum Az12 was iso-
lated from the organic layer of arable land col-
lected near Wroclaw, Poland, and identified by the
method of Thompson and Skerman (1979). The
batch culture (5.0 l) was grown on Burk’s nitro-
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gen-free medium with 1.0% glucose (Dalton and
Postage, 1968) for 5 d at 30∞ C. Afterwards, cells
were collected by centrifugation (3000 ¥ g, 10 min),
washed with 0.1 m MgSO4, freeze-dried and ex-
tracted with 20 ml of acetone for 3 ¥ 24 h at room
temperature. Supernatants were filtered and ex-
tracted three times with equal volumes of EtOAc.
The extracts were concentrated in vacuo, redis-
solved in 1 ml of 10% MeOH in CHCl3 and fil-
tered in order to remove undissolved material.
Next, the extracts were again concentrated, redis-
solved in 1 ml of pure MeOH and applied to flash
column chromatography on Sephadex LH-20
(φ 20 ¥ 410 mm). Elution was carried out with
MeOH and 2-ml fractions were collected. After
partial evaporation of the solvent, fractions were
examined on TLC Si60 plates. 5% vanillin dis-
solved in concentrated sulfuric acid was used as a
TLC spray reagent. Resorcinol-positive fractions
(No. 12Ð16) were analysed by 1H NMR
(300 MHz, Bruker AC300+; Bruker BioSpin Co.,
Billerica, MA, USA) in CDCl3 with TMS as an
internal standard. Further purification of those
fractions was carried out on preparative TLC Si60
plates (0.25 ¥ 250 ¥ 250 mm) using 15% EtOAc in
CHCl3 for chromatogram development. Spots on
the gel containing compounds of interest were
scraped off the plates and eluted with 30 ml of
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10% MeOH in CHCl3. The eluate was concen-
trated and chromatographed on a small silica gel
column with 5% EtOAc in CH2Cl2. The fraction
of pure ARs was collected and analyzed by low-
and high-resolution FAB-MS and FAB-MS/MS
(negative mode, JMS HX 110/110A tandem mass
spectrometer; JEOL, Tokyo, Japan) (Suzuki et al.,
1999). Ions that were produced by bombarding the
sample with 6 keV Xe atoms were accelerated
through a potential of 10 kV, and 3-nitrobenzyl al-
cohol (3-NBA) was used as a matrix. For GC/
EI-MS, ditrimethylsilyl-derivatives of ARs were
used (Zarnowski et al., 2000b). 1 µl of the derivat-
ized sample was injected into a HP 5890 Series
II gas chromatograph equipped with a DB-5MS
column (φ 0.25 mm ¥ 15 m, 0.25 µm film thickness;
Agilent Technologies, Palo Alto, CA, USA) and
connected to a HP 5973 mass selective detector.
Analysis was done at 70 eV and helium was used
as a carrier gas with a flow rate of 1 ml minÐ1.
Oven temperature was programmed as follows:
80 ∞C for 2 min, then 10 ∞C per min up to 200 ∞C,
5 ∞C minÐ1 to 260 ∞C, then 10 ∞C minÐ1 to 310 ∞C.
The sample injection temperature was 280 ∞C.
Standards of original ARs were previously iso-
lated from rye grains (Kozubek, 1985).

Results and Discussion

The extraction of vegetative cells (3.2 g dry
weight) of A. chroococcum Az12 as well as its
post-culture medium yielded 124 and 278 mg of
extracts, respectively. The AR-containing fraction
(4.8 mg) was purified from the cell extract by col-
umn chromatography on Sephadex LH-20 fol-
lowed by preparative TLC, whereas no ARs were
detected in the post-culture medium extract. Our
finding is in a good agreement with previously
published studies of ARs in A. vinelandii (Reusch
and Sadoff, 1979; Su et al., 1981), however remains
inconsistent with the report by Kozubek et al.
(1996), who demonstrated the presence of small
quantities of ARs also in supernatants. From a
physico-chemical point of view, secretion of cer-
tain amounts of ARs into the culture liquid me-
dium is possible due to their amphiphilic character
and, in fact, has been found in few microorganisms
(Zarnowski et al., 2000a; Zarnowski, Hendrich and
Pietr, unpublished). AR molecules exhibit an af-
finity to biological membranes, because their par-
tition coefficient in an octanol/water system is
more than 7.4 (Kozubek and Tyman, 1999). Appa-

rently, the previous report on ARs found in the
supernatant might be due to the contamination
with incompletely spun down bacterial cells. On
the other hand, the supernatant examined con-
tained some AR-like compounds that could be de-
tected on TLC plates. Those substances had Rf

values identical with authentic rye keto- and hy-
droxy-AR derivatives, but their isolation was be-
yond the scope of this work.

Further analysis of the AR fraction obtained in-
dicated that ARs consist of five homologues sub-
stituted exclusively with saturated carbon side-
chains. The gross structure of those compounds
has been elucidated using spectrometric tech-
niques. The 1H NMR spectrum recorded in CDCl3
revealed signals at δ 6.20 (2H, d, J = 2.0 Hz), 6.14
(1H, t, J = 2.0 Hz), 2.46 (2H, t, J = 7.6 Hz), 1.56
(2H, broad m), 1.25 (broad s), 0.88 (3H, t, J =
6.5 Hz) ppm, which are characteristic of AR mole-
cules (Suzuki et al., 1996). In addition, the detec-
tion of common two fragment peaks at m/z 267
and 268 in GC/EI-MS, specific for TMS deriva-
tives of ARs, confirmed the presence of 3,5-dihy-
droxy-alkylbenzene structures in the analysed
fraction characteristic for ARs. Indeed, the peak
at m/z 267 is due to the dihydroxytropylium ion
formed by direct �-fission, while the base peak at
m/z 268 is due to the McLafferty rearrangement
occurring via transition complex formation of a
hydrogen atom of the side chain. The 267/268-
abundance ion ratio of 1 to 4 or of 1 to 5 is in
agreement with the meta position of two hydroxyl
groups in the aromatic ring (Vincieri et al., 1981).
Subsequently, AR homologues were identified by
the detection of quasi-molecular ions in the nega-
tive FAB-MS and of molecular ions in GC/EI-MS
spectra (Table I). The latter technique allowed five
molecular ions with m/z from 464 through 492,
520, 548 to 576 to be distinguished, whereas FAB-
MS detected only four of them. Interestingly, there
was no difference in terms of long-chain AR
analysis, but some discrepancies were observed for
short-chain homologues, indicating thereby the
vast superiority of GC/EI-MS. Those ions found
correspond with a series of five AR homologues
substituted with C15:0, C17:0, C19:0, C21:0 and C23:0

side-chains and their retention times (in min) were
11.8, 13.3, 14.8, 16.5, 18.7 and 21.9, respectively.
The predominant AR identified was 1,3-dihy-
droxy-5-n-heneicosylbenzene (AR C21:0) (Fig. 1),
whereas homologues substituted with C19, C23, C17

and C15 alkyl side-chains were detected in minor
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Identification method
Homologue compositiona [%]

C15:0 C17:0 C19:0 C21:0 C23:0

GC/EI-MS t 0.9 18.8 73.4 6.6
FAB-MS n.d. t 8.8 83.6 6.2
FAB-MS/MS n.d. n.d. linear linear linear

Table I. 5-n-Alkylresorcinols in vegeta-
tive cells of A. chroococcum Az12.

a Standard error did not exceed 2%.
t = Trace (less than 0.05%).
n.d. = not detected.

HO

OH

Fig. 1. 1,3-Dihydroxy-5-n-heneicosylbenzene, the major
alkylresorcinol of A. chroococcum.

quantities (Table I). Afterwards, the exact molecu-
lar formulae were determined using high-resolu-
tion FAB-MS. In this case, three major homo-
logues with C19:0 (calcd. 375.3263, found 372.3263),
C21:0 (calcd. 403.3587, found 403.3576) and C23:0

(calcd. 431.3869, found 431.3889) side-chains were
detected. The final identification was achieved
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using negative FAB-MS/MS (Table I). The spectra
of AR C19:0, AR C21:0 and AR C23:0 revealed a
sequence of odd-mass series that was regularly
spaced by 14 amu after an initial loss of the methyl
group. Thus, the saturated carbon side-chains of
those compounds were confirmed to be linear
only. No unsaturated homologues of ARs were
found in A. chroococcum Az12.
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