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The degradation of lignin cannot only reduce the impact of lignin pollutants on the
environment, but it can also help to realize the efficient utilization of biomass resources.
Obtaining the efficient lignin-degrading strain is necessary for the application of lignin
biological degradation treatment. In this study, a novel lignin-degrading strain MO1-L2
was isolated from a forest park in eastern China. The sequencing results showed that the
MOI1-L2 strain was Burkholderia sp. H801. The kraft lignin degradation experiments
showed that the lignin degradation efficiency of M01-L2 reached 49.8 % on the sixth day
with the initial lignin concentration of 1 g L', This degradation process was carried out
in the medium with lignin as the only carbon source. The lignin degradation process by
MO1-L2 strain mainly depended on the action of Lac and MnP enzymes. The MnP activ-
ity was maintained at a high level and increased significantly in the first four days, and
the maximum value was 1544.4 U L. Lac enzyme activity increased significantly from
the third day to the sixth day, reaching 757.9 U L' on the sixth day. This study can pro-
vide a new method for bacterial degradation of lignin.
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Introduction

The complicated aromatic polymer lignin,
which widely exists in various higher plants (in-
cluding ferns, but not in liverworts and mosses), is
the most abundant renewable aromatic resources in
Earth’s biosphere'. Lignin is associated with cellu-
lose and hemicellulose, and can form a physical and
impenetrable seal in the plant cell. Lignin present in
the cell wall can give plant its structural support,
impermeability, and resistance against microbial
attack®. Lignin can be divided into three basic struc-
tures: hydroxyphenyl lignin from the polymeriza-
tion of p-hydroxyphenyl propane monomer, guaja-
cyl lignin from the polymerization of guaiacyl
propane monomers, and syringyl lignin polymer-
ized from syringyl propane monomers®*. These
three basic structures can be linked irregularly, thus
forming the extremely complex molecular structure
of lignin’®. The complicated aromatic polymer struc-
ture makes lignin hard to degrade®.

Although lignin degradation is difficult, its
degradation can bring the following beneficial ef-
fects. The degradation of lignin can improve the
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pretreatment effect of lignocellulosic biomass, and
help to realize the efficient transformation of bio-
mass to bioenergy and other industrial products’.
Meanwhile, lignin degradation, especially complete
biodegradation, can help solve the environmental
problems caused by lignin pollutant emission or in-
cineration®’. In addition, the lignin degradation can
produce aromatic industrial products with high add-
ed value. Lignin degradation can bring great eco-
nomic and ecological benefits.

The degradation methods of lignin encompass
chemical, physical, and biological processes. The
biodegradation method is environmentally friendly
and with low energy consumption. The most active
microbes with respect to lignin degradation identi-
fied to date are fungi, such as those belonging to the
white-rot families'®. In nature, phenol oxidases, in-
cluding lignin peroxidase (LiP), manganese peroxi-
dase (MnP), and laccase (Lac), are secreted by
white-rot fungi and are assumed to degrade lignin'!
initially. At present, fungi for lignin degradation
include Lenzites betulinus'?, Penicillium chrysoge-
num®, Cladosporium" and Phanerochaete chrysos-
porium®, among which Phanerochaete chrysospo-
rium has a strong ability to degrade lignin, and has
become a model strain for lignin degradation re-
search. However, these microorganisms often lack
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the traits required for industrial application, such as
high growth efficiency and strong environmental
adaptability'®. The bacteria grow fast and can toler-
ate a wide range of temperature, pH, and dissolved
oxygen concentration. Meanwhile, some research
has proved that the bacterial degradation of lignin
can produce high value-added metabolites, which
have changed the opinion that compared to the
chemical method, the biodegradation method can-
not yield chemicals with industrial application val-
ue'”. Kumar et al.'® reported that Pandoraea sp.
ISTKB can degrade lignin to ferulic acid. Bacillus
sp. can degrade lignin to produce a variety of prod-
ucts, including ferulic acid, cinnamic acid, vanillic
acid, and 3,4,5-trimethoxybenzaldehyde'. Bacterial
degradation of lignin has these obvious advantages,
but the lignin degradation efficiency of bacterial
degradation still needs to be improved, and the yield
of high value-added products is always low, which
limits the application potential of bacterial degrada-
tion of lignin®®. Therefore, further research is need-
ed to continuously explore more efficient lignin de-
grading bacterial resources and promote the
application of lignin degrading bacteria in different
lignin degradation systems.

In this study, an efficient lignin degradation
bacterium was screened from nature. At the same
time, the process of lignin degradation by the strain
was further studied. Firstly, the conditions of lignin
degradation by the strain were studied, and the key
factors affecting the degradation were determined.
Then, under the optimal degradation conditions, the
lignin degrading enzymes of the strain were ana-
lyzed to study the metabolism mechanism of lignin.
This study can provide a new method for the bacte-
rial degradation of lignin.

Materials and methods

Materials

All chemicals of analytical reagent grade were
purchased from Nanjing Reagent Factory (Nanjing,
China). The biochemical reagents were produced by
Beijing Biological Technology Factory (Beijing,
China). The Kraft lignin (KL, molecular weight of
approximately 10,000) used in these experiments
was purchased from Sigma Aldrich (St. Louis, MO,
USA). The isolated strains were stored in the tube
culture (solid activation culture medium) at 4 °C
(refrigerator). The soil samples for the isolation ex-
periments were collected from Xishan Forest Park
(Hangzhou, China). When sampling, the soil cov-
ered by dead branches and rotten bark in the forest
was chosen.

Culture media and microorganism culture

The composition of the activation medium was
as follows: tryptone 10 g L', yeast extract 5 g L,
and NaCl 10 g L. The solid activation medium
was prepared by adding 15 g L' agar to the activa-
tion culture medium. The composition of the en-
richment medium was as follows: lignin 1 g L,
(NH,),SO, 2 g L, K,HPO, 1 g L\, KH,PO, 1 g L,
CaCl, 0.1 gL', MgSO, 0.2 g L', FeSO, 0.05 g L'
and MnSO, 0.02 g L. The solid enrichment medi-
um was prepared by adding 15 g L' agar to the
enrichment medium. The composition of the aniline
blue decolorization medium was as follows: yeast
extract 10 g L, glucose 20 g L', aniline blue 0.1 g L™!
and agar 15 g L', All media were sterilized (121 °C,
30 min) before use.

Isolation of lignin degradation bacteria

Different soil samples were collected. An
amount of 5 g of soil was then added to the enrich-
ment medium, cultured at 30 °C, 120 rpm for 48 h.
The suspension was then inoculated into a new en-
richment medium. The microorganism was cultured
for another 48 h. If the color of the medium became
lighter, the suspension was inoculated into the new
medium, and continued to culture for 48 h. The en-
riched culture medium was diluted by sterile water
to obtain 103, 10 and 1075 dilutions, then the dilu-
tions were inoculated on the aniline blue decolor-
ization medium. The cultivation was carried out in a
biochemical incubator at 30 °C, and the change in
the colony color was observed. The colony with
transparent ring on the aniline blue decolorization
medium was inoculated and purified on the solid
enrichment medium (plate streaking) and cultured
in a biochemical incubator at 30 °C. The purified
single colony was inoculated to the aniline blue de-
colorization medium by an inoculating loop. The
diameter of the decolorizing circle was measured
with caliper and compared among the isolated mi-
croorganisms. The strains with larger diameter of
decolorizing circle were selected as the research
strains for lignin degradation experiment, and the
strain with the highest degradation efficiency was
selected as the follow-up experimental strain. The
genomic DNA of this strain was extracted by pre-
cipitation method®'. The automatic sequencing was
carried out by Beijing Sun Biotech Co., Ltd. The
16S rDNA sequence was checked in GenBank.

Lignin degradation process

The conditions of lignin degradation using
high-efficiency lignin degrading bacteria were opti-
mized on a shake-flask scale. Firstly, the isolated
strain stored in the refrigerator was cultured in the
activation medium at 32 °C and 120 rpm for 48 h to
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form the seed liquid. The liquid containing suspend-
ed cells was then transferred to enrichment medium
(100 mL) for lignin degradation experiments in a
250-mL flask. All the lignin degradation experi-
ments were carried on a shaking incubator with a
rotational radius of 10 cm. The control experiments
were set in the same operating mode without adding
microorganisms. Their results showed that lignin
concentration remained unchanged.

Culture temperature

The strain was inoculated with 5 % inoculation
amount in the enrichment medium with lignin con-
centration of 1 g L', shaking speed of 120 rpm, and
pH of 7. The strain was cultured at 25 °C, 30 °C, 35 °C,
and 40 °C, respectively for 7 days. The degradation
efficiency of lignin was measured regularly every
day to obtain the optimum culture temperature.

pH

The strain was inoculated with 5 % inoculation
amount in the enrichment medium with lignin con-
centration of 1 g L', shaking speed of 120 rpm, and
pH of 5, 6, 7, 8, and 9, respectively. The degrada-
tion experiments were carried out at optimum tem-
perature (obtained from the previous experiment)
for 7 days. The lignin degradation efficiency was
measured regularly every day to obtain the opti-
mum culture pH.

Inoculation amount

The strain was inoculated with different inocu-
lation amounts of 1 %, 5 %, 10 %, and 15 %, re-
spectively. The shaking speed was 120 rpm. The
degradation experiments were carried out at the op-
timum temperature and pH (obtained from the pre-
vious experiments) for 7 days. The degradation effi-
ciency of lignin was measured regularly every day
to obtain the optimum inoculation amount.

Shaking speed

The strain was inoculated with the optimum in-
oculation amount into the enrichment medium with
different shaking speeds of 80, 120, 160, and 200
rpm, respectively. The degradation experiments
were carried out at the optimum temperature, pH,
and inoculation amount (obtained from the previous
experiments) for 7 days. The degradation efficiency
of lignin was measured regularly every day to ob-
tain the optimum shaking speed.

Lignin concentration

The strain was inoculated with the optimum in-
oculation amount into the enrichment medium with
different lignin concentrations of 0.5, 1.0, 1.5, and

2.0 g L', respectively. The degradation experiments
were carried out at optimum temperature, shaking
speed, inoculation amount, and pH (obtained from
the previous experiments) for 7 days. The degrada-
tion efficiency of lignin was measured regularly ev-

ery day.
Lignin degradation enzyme

The lignin degradation experiment was carried
out under the aforementioned optimal conditions,
and the activity of lignin degradation enzyme was
detected. The culture medium sampled at different
times (days 1 to 7) was placed in the centrifuge
tubes, and then centrifuged (4024.8xg, 10 min;
Frontier™ 5000 Multi Pro, OHAUS, USA) to re-
move the cells. The activities of laccase, lignin per-
oxidase and manganese peroxidase were measured
in the supernatant. Laccase activity was determined
by monitoring the oxidation of 2,2'-azinobis(3-eth-
ylbenzthiazoline-6-sulfonate) at 420 nm*. The ac-
tivity of lignin peroxidase was determined by mon-
itoring the oxidation of 2 mM veratryl alcohol to
veratraldehyde at 310 nm?. The activity of manga-
nese peroxidase was determined by monitoring the
oxidation of 2,6-dimethoxyphenol to coerulignone
at 469 nm?*.

Analytical methods

The strain growth was determined by measur-
ing the OD600 of cultured samples® using a visible
spectrophotometer (DR3900, HACH, USA). The
lignin concentration was measured by an ultraviolet
spectrophotometer (UV-2700i, Shimadzu, Japan) at
280 nm?*. The lignin degradation efficiency was
calculated as follows:

Degradation efficiency of lignin (%) = (initial
lignin concentration — lignin concentration after treat-
ment) / initial lignin concentration.

Statistical methods

Three parallel samples were set and the aver-
age degradation efficiency was calculated as the fi-
nal value. One-way ANOVA with Tukey’s test was
used to detect the significant influencing factors
during lignin degradation process (P < 0.05).

Results and discussion

Isolation of lignin degradation bacteria

According to methods proposed in Section “Iso-
lation of lignin degradation bacteria”, six lignin degra-
ding bacteria were screened from ten samples, which
could decolor the aniline blue medium. Lignin de-
grading bacteria can degrade lignin by producing
laccase. Laccase is a kind of polyphenol oxidase.



434  W. Zhang and Z. Liu, Isolation and Performance Study of a Novel Lignin-degrading Strain, Chem. Biochem. Eng. Q., 35 (4) 431-438 (2021)

Table 1 — Measurement of discoloration circle diameter

Time |MO1-L1|{MO01-L2|M01-L3|MO01-L4|MO01-L5 MO01-L6
(day)| (em) | (em) | (em) | (em) | (em) | (cm)

1 0 0 0 0 0 0

1.82 1.67 1.55 1.60 1.87 1.46
1.96 1.94 1.84 1.70 1.95 1.50
2.43 2.37 2.10 2.00 2.16 1.76
2.47 2.93 2.83 2.18 2.75 1.95
251 3.45 3.34 2.65 2.88 2.00
2.53 3.53 3.41 2.75 2.95 2.14
2.54 3.53 3.42 2.77 3.00 2.14

0 N AN W AW N

With the breaking of aniline blue polyphenol bond,
aniline blue is degraded and blue color disappears.
After purification, the six strains were cultured. The
purified bacteria were then inoculated on aniline blue
medium again, and the diameters of the decolorizing
circle were measured regularly every day. The results
are shown in Table 1. The discoloring circle diameter
of M01-L2 was maximum, which represented the
highest enzyme production and the best lignin deg-
radation effect. Strain M01-L2 was chosen for further
experiments. The sequencing results showed that
the strain MO1-L2 was 99 % identical to Burkholde-
ria sp. H801 (Accession No. AB212238.1). The
phylogenetic tree is shown in Fig. 1. The isolated
lignin-degrading strain was a member of Burkholde-
ria genus.

AB212238.1:11-1447 Burkholderia sp.H801

MO1-L2

Degradation of lignin by strain MO1-L2

In the degradation experiments, according to
the reports of other literature'®?, the residual lignin
concentration was measured every day for 7 days to
calculate the degradation efficiency of lignin. In this
study, by changing the degradation conditions, the
optimum parameters of lignin degradation were ob-
tained, and the main factors affecting the degrada-
tion of lignin degradation bacteria were analyzed.

Effect of temperature on lignin degradation

To reduce the energy consumption of the deg-
radation process, the degradation experiments are
generally carried out at about room temperature. If
the lignin degradation efficiency of the microorgan-
ism at room temperature is higher, the microorgan-
ism has more potential in practical application. The
range of degradation temperature selected in this
study was from 20 °C to 40 °C, all of which were
near room temperature. The effect of temperature
on degradation process is shown in Fig. 2. The tem-
perature most suitable for microbial growth and or-
ganic matter degradation has always been consid-
ered to be 30 °C?. However, in this study, 35 °C
was better, and the degradation efficiency of lignin
on the sixth day reached 47.1 %. When the treat-
ment temperature was 40 °C, the degradation effi-
ciency of lignin decreased to some extent, which is
similar to that of the bacteria reported in the litera-
ture?s%,

GQ181032.1:16-1425 Burkholderia caledonica strain LNW12

GQ181033.1:8-1419 Burkholderia sediminicola strain LNW13

NR 044383.1:18-1452 Paraburkholderia sediminicola strain HU2-65W

LT221693.1:9-1445 Burkholderia sp. symbiont of Dicranocephalus albipes sample Kue322 OTU4 clone 7

CP022989.1:1463280-1464716 Paraburkholderia aromaticivorans strain BN5

AB741457 1:9-1443 Burkholderia phytofirmans strain:GMC590

CP001052.1:3927812-3929243 Paraburkholderia phytofirmans PsIN

0.0020 Fig. 1 — Phylogenetic tree of the strain
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Fig. 2 — Effect of temperature on lignin degradation (initial
lignin concentration = 1 g L', shaking speed = 120
rpm, pH = 7, inoculation amount = 5 %)

Effect of pH on lignin degradation

For the lignin degradation, pH is a key factor™®.
Under the optimum temperature, the influence of
the substrate pH value on lignin degradation was
investigated, as shown in Fig. 3. In the range of pH
7-8, the degradation efficiency of lignin was higher,
which is very close to that of other reported lignin
degradation bacteria, e.g., the optimal pH of Aneu-
rinibacillus aneurilyticus was 7.6!, and the optimal
pH of Comasonas sp. B-9 was 7°2. The adaptability
of the lignin degrading bacteria was better under
neutral conditions. Statistical analysis showed that
temperature had a significant effect on the lignin
degradation efficiency (P < 0.05). In addition, the
degradation of lignin was decreased under acid con-
ditions, because the pH which is suitable for bacte-
ria growth is often neutral®,

Effect of inoculation amount on lignin degradation

In this section, the effect of inoculation amount
on lignin degradation by strain MO1-L2 was also
analyzed. The inoculation amount ranged from 1 %
to 15 %, and the degradation efficiency was calcu-
lated every day. The results are shown in Fig. 4. The
degradation efficiency was the highest when the in-
oculation amount was 5 %. The growth of bacteria
is fast, so the effect of inoculation amount on lignin
degradation is relatively small. Inoculation amount
is never the most important factor’>. Under a certain
amount of inoculation, bacteria can grow and prop-
agate rapidly. However, when the inoculum amount
is too large, the lack of dissolved oxygen in the sys-
tem may finally affect the degradation process of
lignin. This also explains why the degradation effi-
ciency of lignin was significantly reduced when the
inoculation amount reached 15 %.

N w S [8)]
o o o o
1 1 L 1

Degradation efficiency (%)

il
o
1

0 T T T T T T T T T T
1 2 3 4 5 6 7
Time (day).
Fig. 3 — Effect of pH on lignin degradation (initial lignin
concentration = 1 g L™, shaking speed = 120 rpm,
temperature = 35 °C, inoculation amount = 5 %)
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Fig. 4 — Effect of inoculation amount on lignin degradation
(initial lignin concentration = 1 g L', shaking speed
= 120 rpm, temperature = 35 °C, pH = 7)
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Fig. 5 — Effect of shaking speed on lignin degradation (ini-
tial lignin concentration = 1 g L7, inoculation
amount = 5 %, temperature = 35 °C, pH = 7)
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Effect of shaking speed on lignin degradation

Aerobic bacteria need oxygen to participate in - >0
the degradation process, and the shaking speed is &
related to the concentration of oxygen in the solu- cc>>‘ 48
tion. Shaking is also conducive to mass transfer. In 2
this study, different shaking speeds were selected to 5 304
degrade lignin. The results (Fig. 5) showed that the 5
degradation efficiency of lignin had improved with § 20
the increase in shaking speed. However, the degra- g
dation efficiency of lignin was almost the same at 8 104
160 rpm and 200 rpm. To reduce energy consump-
tion, in the follow-up study, 160 rpm was selected B
as the shaking speed. T 2 3 4 5 & 7

Effect of initial lignin concentration on lignin Time (day)
degradation Fig. 6 — Effect of initial lignin concentration on lignin degra-

dation (shaking speed = 160 rpm, inoculation
Under the aforementioned optimal conditions, amount = 5 %, temperature = 35 °C, pH = 7)
the degradation of lignin degrading bacteria was an-

alyzed by changing the initial lignin concentration,

as shown in Fig. 6. The lignin degradation bacteria 16

in this study reached the optimal degradation effect

when the lignin concentration was 1 g L. In the 14

range of the lignin concentration studied, the lowest 12 —=—05
degradation effect was also up to 31 %. Moreover, s ——10
the degradation of lignin can be realized without S 10 :;g
adding other carbon sources, which is similar to o '
other bacteria reported in the literature®. It also og ¢

showed that the isolated lignin degrading bacteria

could be used in different lignin degradation sys- 0.6

tems. In addition, the biomass (OD600) under dif-

ferent lignin concentrations was tested, as shown in 0.4

Fig. 7. When the lignin concentration increased to 2 1 2 3 4 5 6 7

g L7, the biomass decreased significantly. If the Time (day)

concentration of lignin is too high, lignin can inhib- Fig. 7 — The biomass (OD600) under different lignin concen-

it the growth of microorganisms.

In summary, the Kraft lignin degradation ex-
periments showed that the lignin degradation effi-
ciency of MO1-L2 reached 49.8 % on the sixth day
with the initial lignin concentration of 1 g L™!. Com-
pared with other bacteria, the degradation efficiency
of lignin (0.5 g L") by bacteria Cupriavidus basi-
lensis B-8 was 38 % at day 7°%. The degradation
efficiency of lignin (0.4 g L") by Bacillus flexus
was 20 % at day 9%°. Compared with fungi, the deg-
radation efficiency of lignin (2.0 g L™") by Cladospo-
rium sp. Bio-1 was 35 % at day 10*. The degrada-
tion rate of lignin (0.5 %) by Phellinus sp was 36 %
at day 10%. Therefore, the bacteria isolated in this
research have a strong application prospect.

At the same time, the pH value of the system
had a greater impact on the degradation of lignin,
and the degradation effect of the bacteria was better
under neutral conditions. When the concentration of
lignin was high, the degradation efficiency of lignin
decreased. The reason was that the increase of lig-
nin concentration affected the growth of bacteria.

trations

Analysis of enzymes related to lignin
degradation

To study the degradation mechanism of lignin,
the lignin degradation experiment was carried out
under the aforementioned optimal conditions, and
the activity of lignin degradation enzyme was de-
tected at different times. The three main enzymes of
lignin degradation in microorganisms include LiP,
MnP and Lac. LiP and MnP oxidize the substrate by
two successive single electron oxidation steps®. LiP
degrades the non-phenol lignin units, while MnP
generates Mn*", which acts as a diffusion oxidant on
the phenol lignin or non-phenol lignin units through
lipid peroxidation®®. Laccase is a blue copper oxi-
dase that catalyzes the single electron oxidation of
phenols and other electron rich substrates®’.

The activity changes of these three enzymes in
the degradation process are shown in Fig. 8. MnP
activity remained at a high level and increased sig-
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Fig. 8 — The enzymes activity changes in the degradation
process

nificantly in the first four days, with a maximum of
15444 U L' on the fourth day. Then, from the
fourth day, the enzyme activity decreased to a cer-
tain extent, and on the seventh day of the reaction,
the enzyme activity decreased to 1012.3 U L. Lac
enzyme activity increased significantly from the
third day to the sixth day, and reached 757.9 U L!
on the sixth day. This was also related to the degra-
dation efficiency of lignin in our previous study,
which reached the maximum on the sixth day. At
the same time, these results also showed that MnP
and Lac worked together in the whole process of
lignin degradation, MnP enzyme started to work
first, then Lac enzyme gradually worked later. In
addition, LiP was not detected in the reaction pro-
cess, which was similar to other bacteria reported in
the literature®®. However, the existence of these two
enzymes makes the microorganism have a strong
degradation effect on lignin, especially soluble lig-
nin, so in the treatment of wastewater containing
lignin, this kind of bacteria can achieve good treat-
ment effect.

Conclusion

In this study, lignin degrading bacteria were
screened from the soil of the Xishan Forest Park
(Hangzhou, China). Strain M01-L2 was chosen for
further experiments. The sequencing results showed
MOI1-L2 was 99 % identical to Burkholderia sp.
H801 (Accession No. AB212238.1). The Kraft lig-
nin degradation experiments showed that the maxi-
mum lignin degradation efficiency of MOI1-L2
reached 49.8 % on the sixth day. The lignin degra-
dation efficiency of M01-L2 was higher than that of
many microorganisms reported in the references.
After studying the degradation characteristics of
strain MO1-L2, it was found that pH value of the

system had a significant impact on the degradation
of lignin, and the degradation effect of the bacteria
was better under neutral conditions. In addition, it
was found that the lignin degradation process main-
ly depended on the action of two enzymes, Lac and
MnP. However, to study the degradation mechanism
more thoroughly, the degradation products need to
be further analyzed in future research.
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