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Laccase Production by Pycnoporus sp. W-9 Using Rose
Dregs and Its Application for Phenol Degradation

Xiaohui Liang,*® Dongliang Hua,*"* Yuxiao Zhao,*® Hongyu Si,*** and Bing Wang®

Rose dregs were used for laccase production by the strain Pycnoporus
sp. W-9 under liquid fermentation, and the obtained laccase was used for
phenol degradation. The conditions for laccase production were
optimized by Box-Behnken design, and the phenol degradation
conditions using the crude laccase were optimized by central composite
design. The optimal conditions for laccase production by the strain W-9
were as follows: rose dregs (40 g/L), KCI (0.144 g/L), KH2POa4 (1 g/L),
K2HPO4 (0.699 g/L), NaCl (0.2 g/L), MgS0Oa4-7H20 (0.3 g/L), CuS0O4-5H20
(0.306 g/L), Tween 80 (0.2 g/L), and CaCOs (1 g/L), at a pH of 6.0,
incubated at 30 °C and 200 rpm for 7 d. The corresponding laccase yield
reached 17.4 U/mL, which was approximately 1.8 times the original
production. The optimal conditions for phenol removal by the crude
laccase were as follows: laccase (12.2 U/mL), 0.1 mol/L citric acid-
disodium hydrogen phosphate buffer (pH 3.5), phenol (100 1 g/mL), and
Triton X-100 (284 wu g/mL), incubated at 45 °C for 2 h. The
corresponding phenol degradation rate reached 86.6%. These results
should be useful for utilization of rose dregs and bioremediation of sail
and wastewater.
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INTRODUCTION

Laccase (EC 1.10.3.2) is a class of copper-containing enzymes that can catalyze
the oxidation of many substrates with oxygen. The oxidizable substrates include
polyphenols, methoxyphenols, aminophenols, and aromatic amines; the final product is
water (Rangelov and Nicell 2018). Laccase is widely distributed in plants,
microorganisms, and animals, and most laccase has been isolated from fungi such as
ascomycetes, deuteromycetes, and basidiomycetes (Du et al. 2018; Xu et al. 2019).
Phenol is a common pollutant from the wastewaters of coal mines, plastics, oil refining,
pulp mills, distilleries, pharmaceuticals, leather making, herbicides, and pesticides
(Sivasubramanian and Namasivayam 2015; Cordova Villegas et al. 2016). It causes
systemic diseases in humans and is one of the 129 water pollutants under priority control
by the U.S. Environmental Protection Agency (Huang et al. 2015). However, the amount
of phenol-containing wastewater is increasing with increasing industrial productivity,
causing harm to water and soil (Naidu et al. 2016; Dong et al. 2019). Degradation of
phenol by laccase from microorganisms is considered one of the cheapest and safer
approaches for remediation of phenol-containing soil and wastewater (Chandra et al.
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2011).

Rosa rugosa is a member of Rosaceae and has been used as a traditional herb and
food in China. The flowers of Rosa rugosa cv. ‘Plena’ have been used for production of
cakes, scented tea, sauce, wine, essential oil, and other items. Rose dregs (only composed
of petals and calyx) are the waste from rose essential oil production, and the production is
about 10000 t per year in China. As the main waste of the rose processing industry, rose
dregs can be utilized to reduce environmental pollution. There are many useful
ingredients in rose dregs, including polyphenols, protein, sugar, and cellulose. The
protein and cellulose could be used for foods or feed production; polyphenols could be
used for medicine or health food development, such as products for antioxidant and
diabetes treating (Liu et al. 2018). Polyphenols have been reported to be plentiful in rose
dregs (Chen et al. 2015; Huang et al. 2017). In a former investigation, it was found that
total polyphenols composed approximately 6% to 8% of the dry mass of rose dregs from
Rosa rugosa cv. ‘Plena’, and they could be used as the inducer for laccase production. In
this study, the rose dregs of Rosa rugosa cv. ‘Plena’ were first used for laccase
production with the strain Pycnoporus sp. W-9. The fermentation conditions were first
screened by a Plackett-Burman design, and the significant factors were further optimized
by response surface methodology. The crude laccase was used for phenol degradation,
and the removal rate was evaluated and optimized. The results should be useful for
bioremediation of soil and wastewater.

EXPERIMENTAL

Microorganism

The strain Pycnoporus sp. W-9 was isolated from rose dregs and maintained on a
potato dextrose agar (PDA) slant at 4 °C. It was transferred to PDA plates incubated at 30
°C for 3 d and then stored at 4 °C. Subculturing was performed every 3 months.

Culture Media and Cultivation

The rose dregs were dried at 80 °C, then smashed and screened; the powder (<
0.2 mm) was collected and used for laccase production. The basal medium for laccase
production by the strain Pycnoporus sp. W-9 was composed of rose dregs (40 g/L), KCI
(0.15 g/L), KH2PO4 (1 g/L), K2HPO4 (0.5 g/L), NaCl (0.2 g/L), MgS0O4-7H20 (0.3 g/L),
CuS04-5H20 (0.2 g/L), Tween 80 (0.2 g/L), and CaCOs (1 g/L). The pH value was
adjusted to 6.0. The seed medium was composed of glucose (20 g/L), peptone (5 g/L),
yeast extract (1 g/L), MgSOa4-7H.0 (0.5 g/L), KH2PO4 (1 g/L), KaHPO4 (0.5 g/L), and
FeSO4-7H.0 (0.01 g/L) at a pH of 6.0. The mediums used for laccase fermentation were
sterilized at 121°C for 20 min by a sterilizer. The mycelium on the 6-d-old PDA plate
was transferred to 50-mL / 250-mL Erlenmeyer flasks and incubated at 30 °C for 48 h.
Then, 2 mL of seed culture was added to 250-mL Erlenmeyer flasks containing 50 mL of
basal medium and incubated at 30 °C and 200 rpm for 7 d. The sample volumes of 2 mL
were taken from the culture media, followed by measurement of laccase activity of the
culture broth after centrifugation (10,000 g for 10 min at 4 °C), and the supernatant was
used for the laccase activity assay.

Laccase Activity Determination
Laccase activity was determined using 2,6-dimethoxyphenol (DMP) as the
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substrate (Litthauer et al. 2007). The reaction mixture (3 mL) consisted of 0.01 mol/L
DMP (0.5 mL) and 0.1 mol/L citric acid-disodium hydrogen phosphate buffer (pH 3.5)
(2.4 mL), followed by incubation at 45 °C for 5 min, and 0.1 mL of culture supernatant
was added. Oxidation of DMP was monitored by an increase in absorbance at 470 nm
(8470=49,600L/(mol-cm). One unit of laccase activity (U) was defined as the amount of
enzyme required to oxidize 1 umol of DMP per min.

Degradation of Phenol

The reaction mixture consisted of crude laccase with different activities (the
activities varying with the experimental design), 0.1 mol/L citric acid-disodium hydrogen
phosphate buffer (pH 3.5) (1000 mL), phenol (100 mg), and Triton X-100 (200 ug / mL)
incubated at 45 °C for 2 h. Then, the phenol concentration was assayed for the
degradation estimation. Samples for phenol concentration determination were centrifuged
at 10,000 g for 10 min, and the supernatant was passed through a 0.22-pm membrane
filter and analyzed by high-performance liquid chromatography (HPLC) as described by
Wang et al. (2019): H-class C18 column (250 X 4.6 mm; WATERS, American); 40/30
(v/v) methanol in water as mobile phase, flow rate 1 mL / min; detected at 270 nm;
column temperature 30 °C; sample volume 20 mL.

Experimental Design and Statistical Analysis

Design Expert (version 8.0, Stat-Ease, Inc., Minneapolis, MN, USA) was used for
the Box-Behnken design and central composite design and regression analysis and
ANOVA in this study.

Characteristics of the Rose Dregs

In this study, the total sugars and cellulose were determined by anthrone-sulfuric
acid colorimetry. Total phenols and total protein were determined by the Folin-Ciocalteu
method. Ash content was determined by combustion method, and C/N ratio was
determined by the potassium dichromate and Kjeldahl methods (Zhou et al. 2010; Lan et
al. 2013; Chen et al. 2015; Liu et al. 2019), respectively.

RESULTS AND DISCUSSION

Characteristics of the Rose Dregs

The composition of the rose dreg used in this study is listed in Table 1. The total
phenols were 7.9%, which was enough for laccase induction. The total sugar content was
21.9%, cellulose was 12.6%, and total protein was 16.2%. Thus, the nutrients of the rose
dregs were suitable for the growth of most microorganisms.

Table 1. Characteristics of the Rose Dregs

Total Sugars (%) | Cellulose (%) [otal Phenols (%] Total Protein (%) | Ash (%) | C/N Ratio
21.9 12.6 7.9 16.2 13.6 6.1

Optimization of Laccase Production
In the experiments, three factors (KCI (A), Ko2HPO4 (B), and CuSO4-5H,0 (C))
were selected and further optimized by Box-Behnken design (Table 2). From the
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experimental design and the results of the Box-Behnken design, the final estimated
response model equation was obtained (Eqg. 1),

Y =16.1 + 2.44A—0.23B + 1.24C + 0.28AB — 1.25AC —
0.38BC — 1.35A% — 1.43B% — 1.15C? (1)

where Y is the response factor (laccase production, U/mL), and A, B, and C represent the
three independent factors, KCI (g/L), K:HPOs (g/L), and CuSO4-5H.0 (g/L),
respectively.

The ANOVA results are shown in Table 3. In the table, the fit of the model was
checked by the coefficient of determination (R?), which was calculated as 0.96, indicating
that approximately 96% of the variability in the response could be explained by this
model. The statistical significance of the model equation was evaluated by the F-test for
ANOVA. The p-value was also very low (p < 0.01), indicating the significance of the
model. The lack-of-fit was insignificant at 5% level. The linear and quadratic items were
significant. Overall, the statistical results showed a good fit between the model and the
experimental data.

Table 2. Box-Behnken Design and Results for Laccase Production

Run No KCI (A) K2HPO4 (B) CuS04-5H:20 (C) | Laccase Yield (Y)
' (g/L) (g/L) (g/L) (U/mL)
1 1(0.15) 1(0.9) 0(0.3) 15.9
2 1(0.15) 0(0.7) -1(0.2) 16.6
3 1(0.15) -1(0.5) 0(0.3) 15.8
4 -1(0.05) 1(0.9) 0(0.3) 10.3
5 1(0.15) 0(0.7) 1(0.4) 15.3
6 0(0.1) -1(0.5) -1(0.2) 11.5
7 -1(0.05) 0(0.7) -1(0.2) 9.4
8 -1 (0.05) -1(0.5) 0(0.3) 11.3
9 0(0.1) 1(0.9) -1(0.2) 11.8
10 0(0.1) -1(0.5) 1(0.4) 16.0
11 -1(0.05) 0(0.7) 1(0.4) 13.1
12 0(0.1) 1(0.9) 1(0.4) 14.8
13 0(0.1) 0(0.7) 0(0.3) 16.1
14 0(0.1) 0(0.7) 0(0.3) 16.1
15 0(0.1) 0(0.7) 0(0.3) 16.1
The data in parentheses are the coded factor levels.
Table 3. ANOVA Results of the Regression Model
Sum of Degrees of Mean
Source Squares Fr%edom Square F-value p>F
Model 83.90 9 9.32 14.07 0.005
Error 3.31 5 0.66
Corrected Total 87.21 14

R? = 0.96; R?aqj = 0.89; coefficient of variation (CV) = 5.81%

The response surface curves (Fig. 1) were plotted to explain the theoretical
combination of KCI (A), KoHPO4 (B), and CuSO4-5H20 (C) vs. laccase yield (Y). The
optimal values of A, B, and C were 0.87, -0.0032, and 0.064, respectively. The
corresponding optimum concentrations were (rose dregs 40 g/L, KCI 0.144 g/L, KH2PO4
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1 g/L, KoHPO4 0.699 g/L, NaCl 0.2 g/L, MgSO4-7H20 (0.3 g/L), CuSO4-5H,0 0.306
g/L, Tween 80 0.2 g/L, and CaCOz3 1 g/L, pH 6.0, incubated at 30 °C, 200 rpm for 7 d).
The predicted maximum laccase production was 17.2 U/mL. To confirm the optimized
laccase production conditions, three additional experiments were performed, and the
mean value of laccase activity was 17.4 U/mL broth, which agreed well with the
predicted yield.
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Fig. 1. Response surfaces and contours of laccase production by the strain Pycnoporus sp. W-9

Table 4. Central Composite Design of Phenol Degradation by Laccase

Run No Laccase activity (D) Triton X-100 (E) Degradation Rate (2)

' (U/mL) (ug/mL) (%)
1 -1(5) -1(100) 67.4
2 1(15) -1(100) 70.8
3 -1(5) 1(300) 75.3
4 1(15) 1(300) 88.7
5 0(10) -1.414(58.6) 63.4
6 0(10) 1.414(341.4) 82.1
7 -1.414(7.9) 0(200) 69.7
8 1.414(17.1) 0(200) 72.6
9 0(10) 0(200) 83.6
10 0(10) 0(200) 83.6

Optimization of Phenol Degradation

Laccase activity (D) and Triton X-100 (E) concentration were optimized by
central composite design (Table 4). The ANOVA results are shown in Table 5. The
coefficient of determination (R?) of the model was 0.93, indicating that approximately
93% of the variability in the response could be explained by this model. The statistical
significance of the model equation was evaluated by the F-test for ANOVA. The p-value
was low (p < 0.05), indicating the significance of the model. Overall, the statistical results
showed a good fit between the model and the experimental data.
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Table 5. ANOVA Results of the Regression Model

Sum of Degrees of Mean
Source Squares Frgeedom Square F-value p>F
Model 578.61 5 115.72 10.03 0.022
Error 46.13 4 11.53
Corrected Total 624.74 9

R? = 0.93; R%g; = 0.83; CV = 4.48%

From the experimental design and the results of the central composite design, the
final estimated response model equation was obtained (Eq. 2),

Z=83.6+2.61D + 2.5DE — 5.33D? — 4.53E2 )

where Z is the degradation rate (%), and D and E represent the two independent factors,
laccase activity (U/mL) and Triton X-100 (ug/mL), respectively. The response surface
curves (Fig. 2) were plotted, and the optimal values of D and E were 0.44 and 0.84,
respectively, while the predicted maximum degradation rate was 86.9%. The
corresponding optimum concentrations were laccase 12.2 U/mL, pH 3.5, phenol 100
ug/mL, Triton X-100 284 ug/mL, incubated at 45 °C for 2 h, and the actual maximum
degradation rate of the phenol was 86.6%.

D

Fig. 2. Response surface and contour of phenol degradation by laccase

In this study, rose dregs were first used for laccase production by the strain
Pycnoporus sp. W-9, and laccase yield reached 17.4 U/mL, and maximum degradation
rate of the phenol was 86.6%, which provides a new way for the resource utilization of
rose dregs. However, the laccase yield and the degradation rate of phenol were relatively
lower than the reports at present. Zhao et al. (2018) expressed a kind of thermotolerant
laccase from Pycnoporus sanguineus in Trichoderma reesei and its application in the
degradation of bisphenol A, and it was found that the activity of laccase reached 17.7
IU/mL after 144 h fermentation. The degradation rate of bisphenol A reached 95%. Tian
et al. (2019) reported the purified laccase of the stain Pycnoporus sp. SYBC-L10 could
degrade tetracycline or oxytetracycline 100% within 5 min. Furthermore, laccase can also
decolorizes anthraquinone, azo, and triphenylmethane dyes, and the crude laccase was
effective in the decolorization of azo dye (RB220), with more than 90% of decolorization
in 24 h; and anthraquinone dye (RBBR), with 60% decolorization, triphenylmethane dye
(MG), with 68% decolorization, both in 72 h (Cardoso et al. 2018). In this work, the
conditions of laccase produced in a fermenter, and the degradation of other materials such
as antibiotics, dyes, pollutants should also be investigated in further study.
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CONCLUSIONS

1. Rose dregs were used as the unique carbon and nitrogen sources for laccase
production with the strain Pycnoporus sp. W-9, and optimal conditions were
obtained: the laccase yield reached 17.4 U/mL.

2. The obtained laccase was used for phenol degradation, and the optimal conditions for
phenol removal were obtained, and the corresponding phenol degradation rate
reached 86.6%.

3. The results of this work will provide a new way for the resource utilization of rose
dregs. Laccase produced by rose dregs can be used for pollutants degradation and
environmental protection.
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