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Abstract

The ability of three Streptomyces strains to degrade alkali-lignin, produced from the treatment of wheat straw
by the same organisms, was examined. Decolourisation and loss of alkali-lignin was only detected in cultures
supplemented with ammonium as an inorganic N source. The pH of cultures supplemented with inorganic N
reached lower pH than in those supplemented with yeast extract. From FT-IR spectra corresponding to the alkali-
lignin obtained from the same cultures, a degradation of carbohydrate component concomitant with a modification
in the aromatic moiety of lignin could be inferred. The results indicate that streptomycetes are suitable for use in
the treatment of alkali-lignin effluents from the biological treatment of wheat straw by the same organisms and
therefore support the role for these organisms in the development of clean technologies in pulp and paper industry.

Introduction

There currently exists great interest in developed
countries for the substitution, either totally or partially,
of chemical methods used in the paper-mill industries
by biological methods (Archibald et al. 1997; Viikari
et al. 1994). The reasons for this interest are two-fold;
firstly, biological methods may result in energy-cost
savings, and secondly, may result in a reduction in the
environmental impact of the paper and pulp industry
(Joyce et al. 1993; Messner & Srebotnik 1994). These
biological methods are based on the ability of different
groups of micro-organisms, or their enzymes to trans-
form lignocellulosic residues from different origins.
Wheat straw an other grass residues are considered a
good alternative to wood for pulp and paper industry
(Giovannozzi-Sermanni et al., 1994; Sabharwal et al.
1994; Guadalix et al. 1996). However, the brown col-
oured effluents produced during the pulping process
of these lignocellulosic materials also caused serious
damage to aquatic environments (Shimp & Owens
1993).

Streptomycetes represent one such group of or-
ganisms on the basis of their degradative ability on
lignocellulosic residues through the production of a
wide array of extracellular oxidative and hydrolytic
enzymes in different conditions (Trigo & Ball 1994;
Berrocal et al. 1997). Streptomycetes therefore, offer
considerable potential for use as a biological alternat-
ive in processes related with pulp and paper industry.

However, what is not yet clear, and a factor
preventing the development of this biotechnology is
whether the use of biological methods in pulp pro-
duction from these residues will also result in the
production of highly coloured effluents which have a
large environmental impact and which may be diffi-
cult to degrade. Again, streptomycetes can be seen
as potentially useful organisms as they are capable
not only of solubilising lignin – resulting in an acid-
precipitable polymeric lignin named APPL –, but also
of decolourising and degrading industrial paper-mill
effluents (Hernández et al. 1994). Previously, we have
reported the ability of streptomycetes to facilitate the
lignin extraction when an alkaline treatment was ap-
plied to the fermented wheat straw in comparison
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with uninoculated substrate (Hernández-Coronado et
al. 1997). Clearly, it would be an advantage if the same
organism could carry out delignification and degrada-
tion of the subsequent alkali-lignin. Here we report the
ability of Streptomyces to decolourise and degrade the
alkali-lignin produced during this pretreatment.

Materials and methods

Strains and growth conditions

Three Streptomyces strains (S. UAH 23, S. UAH
33 and S. UAH 52) were isolated in our laboratory
and selected for their ability to degrade lignocellu-
losic residues (Hernández-Coronado et al. 1997). S.
UAH 23 was previously classified as S. chattanoogen-
sis CECT 3336 (López-Fernandez et al. 1995) and
S. UAH 33 and S. UAH 52 were recently classified
through the analysis of whole cell fatty acids by gas
chromatography (Microbial ID, Inc.) as S. violaceus
CECT 3350 and S. cyaneus CECT 3351 respect-
ively. Spore suspensions were obtained by growing the
strains at 28 or 37 ◦C (depending on the strain) on
GAE agar (Hernández et al. 1994). The suspensions
were kept at −20 ◦C in 20% (wt/vol) glycerol. For the
experiments, stock cultures were inoculated onto the
same medium, and the spores were harvested with dis-
tilled water. Standard spore suspension (107 cfu ml−1)
were used as initial inocula in all assays.

Production of alkali-lignin

Alkali-lignin was extracted from wheat straw (10 g)
transformed by selected Streptomyces strains after 14
days incubation in solid-state conditions (Hernández-
Coronado et al. 1997). To obtain alkali-lignin, 40 ml of
NaOH (0.1 M) was added to transformed wheat straw
and steamed at 100 ◦C for 1 h, then filtered through
Whatman No. 54 filter paper and washed again with
400 ml NaOH at 80 ◦C.

Inocula and culture conditions

Cultures were grown in 100 ml flasks containing 20 ml
of 80% (vol/vol) alkali-lignin solution (correspond-
ing to 0.12 mg dry weight of alkali-lignin) contain-
ing mineral salt medium (Hernández-Coronado et al.
1997) supplemented with yeast extract (0.6% wt/vol)
or glycerol (1% wt/vol) and ammonium sulphate
(0.2% wt/vol). The alkali-lignin was extracted from
wheat straw transformed by each of the three selected

strains. A volume of the standard spore suspension
(200 µl) was used to inoculate the medium with
the corresponding alkali- lignin so that the organism
which was inoculated was the organism used for the
production of alkali-lignin in that flask. The initial pH
of each medium was adjusted to 7.0 using HCl (12 M).
Cultures were incubated for 7 days at 28 ◦C or 37 ◦C
as appropriate with shaking at 180 rpm. As a control,
uninoculated medium was used in all cases.

Cell growth

Cell growth was estimated by determining the dry
weight of the mycelia. Following separation of the
mycelia from the media by centrifugation at 3000 ×
g for 10 min, the mycelia were dried at 60 ◦C until
a constant dry weight was achieved. Cell growth was
expressed as mg dry weight per ml.

Measurement of colour loss and alkali-lignin content

Following removal of mycelia, the colour intensity
of culture supernatants was measured at 465 nm,
after adjusting the pH of the supernatant to 7.6 using
12 M HCl. The amount of colour present was determ-
ined spectrophotometrically and was related to the
absorbance of a Pt-Co standard solution at the same
wavelength (Hernández et al. 1994). The adsorption
of colour by the mycelia was estimated following the
addition of NaOH (1M) to the mycelial pellet. Then,
suspension was filtered through Whatman No. 1 filter
paper and colour content was estimated in the resultant
filtrate as described above.

Content of residual alkali-lignin

Untreated and decolourised supernatants were acidi-
fied with 12 M HCl to pH 1–2 and then centrifuged
at 12000 × g for 10 min. Residual alkali-lignin was
obtained after each precipitate had been washed with
deionized water and freeze-dried in a Christ Alpha 1–
4 freeze dryer with an LDC-1 M controller (B. Braun
Biotech). Alkali-lignin loss (%) in the supernatants de-
colourised by the strains was determined daily as dry
weight (estimating 100% as the alkali-lignin present in
the same volume of uninoculated medium).

IR spectroscopy

FT-IR spectra were carried out with alkali-lignin con-
trols and residual alkali-lignin obtained after five days
of incubation for strains S. chattanoogensis and S.
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cyaneus and after seven days of incubation for S. vi-
olaceus, from the medium containing glycerol and
ammonium sulphate. Samples of 3 mg were homo-
genised with KBr (297 mg) and the disks analysed
in a FT-IR Spectrum 2000 spectrophotometer (Perkin
Elmer). The spectra were recorded between 400 and
2000 cm−1.

Results and discussion

Decolourisation and removal of alkali-lignin during
growth of streptomycetes

The effects of the growth of each of the three strepto-
mycetes on the loss of colour and alkali-lignin loss is
shown in Figure 1. When incubated in medium con-
taining glycerol and ammonium sulphate (as C and N
source respectively), all three organisms were capable
of both decolourising and degrading the alkali-lignin
which originated from the same strain (Figure 1A).
In all cases greatest loss occurred during the expo-
nential phase of growth. The most significant loss
of colour (77% in 5 d) and alkali-lignin loss (90%
after 5 d) was detected in medium inoculated with
S. chattanoogensis (Figure 1A.I). In medium supple-
mented with yeast extract as the main C and N source
only a 20% colour loss was estimated during the ex-
ponential phase of growth of all three (Figure 1B).
This small decrease was probably attributable to the
adsorption of the lignin to the mycelia which was
estimated to account for approximately 20% of the
loss of alkali-lignin in cultures. These results are in
accordance with those obtained when an industrial al-
kaline paper-mill effluent was used (Hernández et al.
1994). In this study, we demonstrated that cultures
containing glycerol and ammonium sulphate resulted
in the highest decolourisation of the effluent. In con-
trast, cultures containing yeast extract resulted in low
decolourisation rates. It had previously been reported
that solubilisation of lignin occurred preferentially in
media supplemented with organic nitrogen, such as
yeast extract or amino acids (Iyo & Antai 1988). The
results from this study show that the degradation of
lignin was more effective in the presence of an in-
organic N source, perhaps indicating that preference
of inorganic or organic N sources is a variable trait
amongst streptomycetes. In fact, an increase in the
colour was observed in cultures supplemented with
yeast extract. This was attributable to the production
of a brown pigment by the three strains in this media,

Figure 1. Percentage of residual alkali-lignin (+) and colour loss
(�) in medium containing alkali-lignin and either glycerol and am-
monium sulphate (A) or yeast extract (B) during the growth (�
mg dry weight) of strains S. chattanoogensis (1), S. violaceus (II)
and S. cyaneus (III). The results represent the mean of 3 replicates
with standard errors within 5% of the mean value presented (100%
residual alkali-lignin corresponds to 6 mg l−1).

more remarkable in the case of S. chattanoogensis and
S. cyaneus.

Changes in pH during growth of streptomycetes

To investigate the possible explanation for these res-
ults the pH of the culture medium was monitored
during growth of three streptomycetes in media con-
taining alkali-lignin supplemented with either inor-
ganic (ammonium sulphate) or organic (yeast extract)
N sources (Figure 2). In media supplemented with the
inorganic nutrient, a decrease in the pH of the culture
medium of all three streptomycetes was observed (Fig-
ure 2A), reaching a pH of 5 after 3 days of incubation.
In media supplemented with yeast extract, un increase
in the pH was observed after 2 days growth, reach-
ing a pH of around 8.5 for all three strains examined
(Figure 2B).

To examine whether the loss of colour was merely
due to changes in the pH of the culture medium, the
effects of the pH of the medium on colour loss was
determined in uninoculated medium. No significant
loss in colour could be detected in media supplemen-
ted with either inorganic or organic nutrients, between
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Figure 2. pH values over the time in medium containing al-
kali-lignin and either glycerol and ammonium sulphate (A) or yeast
extract (B), during the growth of strains S. chattanoogensis (+), S.
violaceus (�) and S. cyaneus (�). The results represent the mean
of 3 replicates with standard errors within 5% of the mean value
presented.

a pH range of 5 to 9 (data not shown). At a pH
value of 4, a reduction in colour of approximately
20% was detected. At pH values below 3, precipit-
ation of alkali-lignin occurred. These results confirm
that the decolorization that occurred in media contain-
ing alkali-lignin and ammonium sulphate could not be
explained in terms of the acidification of the medium
but rather as a result of biological degradation of the
alkali-lignin. Moreover, previous observations have
demonstrated that mineralization of lignin in solid-
substrate fermentation preferentially occurred at lower
pH values than solubilisation (Pometto III & Crawford
1986).

Spectroscopic study

FT-IR spectra of the controls and residual alkali-
lignin corresponding to each strain are shown in
Figure 3. In this figure, residual alkali-lignin spec-
tra correspond to the day of incubation for which a
maximum decrease in the alkali-lignin content was
achieved by accordance with previous studies (Xiao-
An et al. 1989; Fidalgo et al. 1993). The spectra
obtained from alkali-lignin controls present a similar
profile corresponding to the most prominent bands
in these spectra to lignin (1510, 1460, 1420, and
1335 cm−1), carbohydrates (1045 and 1110 cm−1),
and carbonyl groups (1720 cm−1) (Figure 3.I, III and
V). From these spectra it is difficult to establish differ-
ences among the strains solubilising lignin from wheat
straw. This fact was attributed to the dramatic effect
of NaOH used for obtaining lignin from the trans-
formed substrate (Hernández-Coronado et al. 1997).
However, in the spectra corresponding to the resid-
ual alkali-lignin from each culture, a decrease in the
carbohydrates bands was clearly observed along with
minor modifications in lignin characteristic peaks.

Thus, the decrease in the intensity of the signal at
1045 cm−1 corresponded to a decrease in the xylan
content (Mansfield et al. 1997) in the spectra obtained
from residual alkali-lignin from strains S. chattanoo-
gensis (Figure 3.II) and S. cyaneus (Figure 3.IV). This
result can be attributed to the present of xylanases in
the culture media, an observation previously repor-
ted in the strain S. chattanoogensis (López-Fernández
et al. 1995). In the bands corresponding to lignin,
a significant decrease in the band intensity at 1420–
1400 cm−1 was observed in the spectra corresponding
to the strains S. chatianoogensis and S. cyaneus. This
decrease in band intensity may be due to aromatic
skeletal vibrations (Fidalgo et al. 1993). These results
can be explained on the basis of the wide pool of en-
zymes associated with lignocellulose degradation by
Streptomyces. Previous studies have demonstrated that
these microorganisms produce, under different condi-
tions, oxidative enzymes such as peroxidases (Rob et
al. 1997) and laccase-type phenol oxidases (Berrocal
et al. 1997) which could be involved in lignin degrad-
ation. In addition, hemicellulases (López-Fernandez
et al. 1995) and cinnamic acid esterases such as fer-
ulic acid esterases (García et al. 1998) have also been
described in streptomycetes and could in some way
contribute to the degradation observed in the main
components of alkali-lignin.

Conclusions

From this study, it could be concluded that strepto-
mycetes are not only able to decolourise and decrease
the alkali-lignin content of culture media containing
inorganic N source, but also to modify the lignin com-
ponent, mainly in the aromatic moiety. This work
demonstrates that lignin-carbohydrate complexes, sol-
ubilized from wheat straw by Streptomyces can be
further degraded as long as the metabolism of the ni-
trogen source of the culture media do not modify the
pH up to alkaline values. Related to this, selection of
appropriate nutrients (i.e., nitrogen source) may show
up the degradative action of these micro-organisms on
solubilised lignin from wheat straw.

Further, the observation that the same organism
can be used to transform wheat straw lignocellu-
lose and to treat the resulting alkali-lignin effluent,
supports the use of biological conversions of these
materials.
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Figure 3. FT-IR spectra corresponding to alkali-lignin controls (I,
III, and V) and residual alkali-lignin from cultures of S. chat-
tanoogensis and S. violaceus after 5 days of incubation (II and VI
respectively) and S. cyaneus after 7 days of incubation (TV).
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