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Summary

Laminaria japonica was extracted with ethanol, and tested for anti-
microbial activity against Clavibacter michiganensis subsp. michi-
ganensis (Cmm). This gram-positive bacterium is the agent of a
serious tomato disease called bacterial canker. On in vitro antimi-
crobial assays, L. japonica extracts showed intensive antimicrobial
activity to inhibit Cmm. Extracting parameters (time, temperature,
and solid/liquid ratio) were investigated and further optimized in-
tegratedly with Ly7(3'%) orthogonal array design (OAD). Our data
implied that the optimum extraction conditions were A;B;C;, that
were extracting time 12 h, extracting temperature 80 °C, and solid/
liquid ratio 1:30 (g:mL). Extracting temperature was the significant
factor affecting extracting condition. The minimum inhibitory con-
centration (MIC) and minimum bactericidal concentration (MBC)
of L. japonica extracts against Cmm were 2.5 mg/mL and 5 mg/
mL. Scanning electron microscopy (SEM) observation indicated L.
Japonica extracts caused considerable morphological alterations in
Cmm cells, such as protoplast leakage, cell membrane disruption,
cell clumped, and cell fragmented. Reactive oxygen species (ROS)
level determination and ATPase activity assay revealed that L. ja-
ponica extracts did cause significant accumulation in ROS and re-
duce the intracellular ATPase activity rapidly. Accordingly, these
results indicated that L. japonica extracts could open a new promi-
sing opportunity for this tomato disease control.
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Introduction

Because of causing great losses in yields, crop diseases infected
by bacterial pathogens are the major problem in world agriculture
(FRENKEL et al., 2016). Clavibacter michiganensis subsp. michi-
ganensis (Cmm) is a gram-positive bacterium. It can cause a serious
tomato disease called bacterial canker. In recent years, the incidence
of bacterial canker has increased, and Cmm is now present in the
world’s main tomato-production areas (YOGEV et al., 2009). Infection
of tomato by this pathogen leads to the whole plant infection with the
typical feature of “bird’s-eye spots” lesions, and the yield losses can
be severe (FLUGEL et al., 2012). Chemical control, such as copper
hydroxide, remains the main measure to inhibit Cmm (LALACCI
et al., 2016). However, chemical controls have two drawbacks: the
highly toxicity and residue in crops, and the adverse effects on en-
vironment and human health (CARDOSO et al., 2010). Therefore, it is
urgent to find alternative antimicrobial substances to control bacte-
rial canker of tomato disease.

Plants possess a range of secondary metabolites, which contribute to
resistance against a variety of pathogens (ASANO et al., 2013). More
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and more plant extracts, as substitutes for chemical control, are used
in plant disease treatment (MORALES-SOTO et al., 2015). Laminaria
Jjaponica is the economic-seaweed in China (LI et al., 2005). It has
been used as a source of traditional Chinese medicine to treat vari-
ous diseases, such as edema, encephalitis B, and tumor (GO et al.,
2010). It has been reported that L. japonica contains various bio-
active compounds for numerous biological activities including anti-
bacterial, anti-inflammatory, and anti-complement activities (CHOI
et al., 2012). As far as we know, there is no previous study on anti-
microbial activity of L. japonica extracts for inhibiting Cmm.
Therefore, this study aimed to primarily test the antimicrobial acti-
vity of L. japonica extracts against Cmm in vitro for the first time.
Furthermore, we evaluated the optimization of antimicrobial sub-
stance production by using orthogonal experimental design. Then
we tested the minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC). Finally, we investigated the
possible mechanism by scanning electron microscopy (SEM) obser-
vation, reactive oxygen species (ROS) level determination, and
ATPase activity analyses.

Materials and methods

Plant material

L. japonica was obtained from a local market in China. The sample
was finely ground down by a blender to provide a powder (sieved
130-200 mesh size), and was stored in an airtight container (AKTER
et al., 2016).

Bacterial strain and culture medium

Cmm ATCC 492 was obtained from China General Microbiological
Culture Collection Center. The strain was routinely grown at 28 °C
in the culture medium, which contained 20 g/L agar, 10 g/L peptone,
5 g/L yeast extracts, 5 g/L malt extracts, 5 g/L caseinate, 2 g/L beef
extracts, 2 g/L glycerol, 50 mg/L twain-80, and 1 g/L. MgSO47H,0.
The pH of the culture medium was 7.2.

Orthogonal array design (OAD)

The OAD experiments were performed according to HUANG et al.
(2009). Three parameters affecting antimicrobial substance extrac-
tion were investigated by L,;(3"%) orthogonal design as shown in
Tab. 1. They were A: extracting time (h), B: extracting tempera-
ture (°C), and C: solid/liquid ratio (g:mL). For each experiment, § g
sample powder and ethanol (corresponding volume) were packed
into a flask and extracted successively as described in Tab. 2. The
supernatants of each extraction (sterilized by filteration technique)
were evaporated, and each dried mass was individually dissolved in
dimethyl sulfoxide (DMSO) for giving concentration of 8mg/mL.
Then, each sample was stored at -4 °C until antimicrobial determina-
tion.
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Antimicrobial determination was performed by the agar-dilution
method (WANG et al., 2016). A hole (Icm diameter) was perforated
in the culture medium, and 150 pL sample was added in it. Because
DMSO does not have antimicrobial activity, it was used as the control
in our study (SMANIA et al., 1999). Then, the test plates were incu-
bated at 28+2 °C, and the inhibition zones of Cmm were measured
after 24 h. Each test was performed in six replications.

MIC and MBC assays

To test the MIC of L. japonica extracts against Cmm, micro-well
dilution method was carried out in a 96-well plate (CHEN et al., 2016).
L. japonica extracts (final concentration ranging from 20 mg/mL to
0.07 mg/mL) were prepared with sterile culture medium by two-fold
dilution (final volume of each test well was 200 pL) (SUN et al., 2016).
Then 10 pL of Cmm (10° CFU/mL) was added into each test well
(Bouaziz et al., 2016). The sterility controls were that the test wells
only contained culture medium. The positive controls were that the
test wells contained culture medium, Cmm, and streptomycin (final
concentration, 10 mg/mL) (AHILA et al., 2016; LALACCI et al., 2016).
The negative controls were that the test wells only contained cul-
ture medium and Cmm. Each test was performed in three replica-
tions. The 96-well plate was incubated at 28+2 °C for 24 h. After
incubation, we observed the turbidity of culture medium in the well.
The MIC was considered as the lowest concentration of L. japonica
extracts with no visible bacterial growth (RAFFAELLA et al., 2017).
To test the MBC of L. japonica extracts against Cmm, 50 uL sample
from each MIC test well was spread uniformly on the nutrient agar
surface (JALALI et al., 2016). Then all the samples were incubated
at 28+2 °C for 24 h. Each test was performed in three replications.
The MBC was considered as the lowest concentration of L. japonica
extracts that ceased the growth of Cmm (RAFFAELLA et al., 2017).

SEM

Logarithmic phase cells of Cmm (treated with L. japonica extracts at
0.03 mg/mL,0.04 mg/mL, and 0.05 mg/mL for 8 h respectively) were
washed and resuspended in phosphate buffer (pH 7.2) to 103 CFU/
mL. Cells without L. japonica extracts were used as the control. All
the samples were centrifuged at 10000 rpm for 5 min, and the cell
pellets were infiltrated into 2.5% glutaraldehyde at 4 °C overnight
(DEvretal., 2010). After rinsing, the pellets were post-fixed for 2 h in
1% OsO, solution. Then, the samples were dehydrated in an ethanol
series (ranging from 30% to 100%) for 20 min in each alcohol dilu-
tion. After critical point drying, the samples were subjected to gold
covering. The observation was performed under scanning electron
microscope (JSM-35C, JEOL, Japan).

Detection of ROS

Cmm cells (logarithmic phase) were treated with L. japonica ex-
tracts at 0.02 mg/mL, 0.03 mg/mL, and 0.04 mg/mL respectively.
Cells without L. japonica extracts were used as the control. After
incubating 8 h, all the samples were centrifuged and then washed
twice with phosphate buffer (pH 7.2). Cells were resuspended in
phosphate buffer containing 20 wmol/L 2,7-dichlorofluorescin di-
acetate (DCFH-DA). Then, each sample was shaken (in dark) at
28+2 °C for 20 min in order for the probes to enter Cmm cells (WANG
et al., 2015). Cells were collected by centrifugation at 3000 rpm for
5 min and washed three times with phosphate buffer to remove free
DCFH-DA. The data were evaluated by FACS Calibur flow cyto-
meter (Becton Dickinson, USA), at excitation wavelength of 488 nm
and emission wavelength of 535 nm.

Measurement of intracellular ATPase activity

The assay was performed by mixing Cmm (logarithmic phase) with
increasing amounts of L. japonica extracts (final concentrations were
0.02 mg/mL, 0.03 mg/mL, 0.04 mg/mL, and 0.05 mg/mL respective-
ly). Cells without L. japonica extracts were used as the control. After
incubating 8 h, each sample (8 mL) was centrifuged at 5000 rpm, and
then mixed in sodium chloride (1.0%). A total of ImL sample was
sonicated by a probe sonicator at 200 W for 20 min. The mode was
pulsing 2 s followed by 4 s stop. Subsequently, each suspension was
centrifuged (12000 rpm, 10 min, 4 °C). Then ATPase activity in the
supernatant was tested by a kit purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). Each test was performed
in seven replications.

Statistical analyses
One-way analysis of variance (ANOVA) was carried out to deter-
mine significant differences between the means (SPSS 17.0).

Results

Optimization of the extraction condition with OAD

According to OAD L,7(3"%), twenty-seven experimental trials were
performed to optimize the extracting time, extracting temperature
and solid/liquid ratio. Tab. 2 shows twenty-seven rows corresponding
to the number of tests with thirteen columns at three levels. The first
column is assigned to extracting time (A), the second column is as-
signed to extracting temperature (B), and the fifth column is assigned
to solid/liquid ratio (C). Meanwhile, column three and column four
are used to study the interactions of factors A and B. Column six and
column seven are used to study the interactions of factors A and C.
Column eight and column eleven are used to study the interactions
of factors B and C. From Tab. 2, we would see the results of anti-
microbial activity tested under the experimental conditions (ADNANI
et al., 2010). For example, in the first row of Tab. 2, levels of factors
A, B, and C are 1, 1, and 1. Thus the experiment, which was per-
formed firstly, was carried under extracting time 4 h, temperature
40 °C, and solid/liquid ratio 1:10 (g:mL), and the inhibition zone
of the first experiment was 10.17 mm. Fig. 1 indicated that the best
extracting time level was Aj;, the best extracting temperature was
B3, and the best solid/liquid ratio level was Cs. Therefore, the best
combination to obtain antimicrobial substance from L. japonica
was A;B;C;, that were extracting time 12 h, extracting temperature
80 °C, and solid/liquid ratio 1:30. The factors influencing extraction
were listed as follow: extracting temperature (B)>solid/liquid ratio
(C)>extracting time (A) according to the R value (Tab. 2).

Data analysis by ANOVA is much more scientific than the direct ob-
servation analysis (ADNANI et al., 2010). In Tab. 3, SS is defined as
the sum of deviation squares; df is defined as degree of freedom; and
MS is defined as mean square. F' shows the significance of factors’
or interactions’ influence on the results. The analysis (Tab. 3) showed
that extracting temperature (B) had significant effect on antimicro-
bial activity, while the other two factors and three interactions, i.e.

Tab. 1: Extracting parameters and levels for orthogonal array design

Levels Factors
Extracting Extracting Solid/liquid ratio
time (A) temperature (B) ©)
1 4h 40 °C 1:10 (g:mL)
2 8h 60 °C 1:20 (g:mL)
3 12h 80 °C 1:30 (g:mL)
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Tab. 2: Intuitive analysis of orthogonal array design

Test 1 2 3 4 5 6 7 8 9 10 11 12 13 Inhibition
zone (mm)*
A B AxB AxB C AxC AxC BxC BxC

1 1(4h) [140°0C)] 1 1 1(1:10) 1 1 1 1 1 1 1 1 10.17
2 1(4h) |1@0°C)| 1 1 2 (1:20) 2 2 2 2 2 2 2 2 1233
3 1(4h) |1(40°C) 1 1 3 (1:30) 3 3 3 3 3 3 3 3 13.08
4 1(4h) [260°C)| 2 2 1(1:10) 1 1 2 2 2 3 3 3 10.16
5 1(4h) |2(60°C)| 2 2 2 (1:20) 2 2 3 3 3 1 1 1 1432
6 1(4h) |2(60°C) 2 2 3 (1:30) 3 3 1 1 1 2 2 2 18.97
7 1(4h) [380°C)| 3 3 1(1:10) 1 1 3 3 3 2 2 2 10.00
8 1(4h) |3(80°C) 3 3 2 (1:20) 2 2 1 1 1 3 3 3 17.62
9 1(4h) |3(80°C) 3 3 3 (1:30) 3 3 2 2 2 1 1 1 21.75
10 | 2@®h) |1@0°C)| 2 3 1(1:10) 2 3 1 2 3 1 2 3 12.08
11 2(8h) [1(40°C) 2 3 2 (1:20) 3 1 2 3 1 2 3 1 12.00
12 2(8h) |1(40°C) 2 3 3 (1:30) 1 2 3 1 2 3 1 2 10.83
13 | 2@8h) |2(60°C)| 3 1 1(1:10) 2 3 2 3 1 3 1 2 11.89
14 2(8h) [2(60°C) 3 1 2 (1:20) 3 1 3 1 2 1 2 3 18.98
15 2(8h) |2(60°C) 3 1 3 (1:30) 1 2 1 2 3 2 3 1 18.38
16 2(8h) |3(80°C) 1 2 1(1:10) 2 3 3 1 2 2 3 1 18.58
17 2(8h) |3(80°C) 1 2 2 (1:20) 3 1 1 2 3 3 1 2 15.68
18 2(8h) |3(80°C) 1 2 3 (1:30) 1 2 2 3 1 1 2 3 16.15
19 |312h)|1@0°C)| 3 2 1(1:10) 3 2 1 3 2 1 3 2 10.00
20 3(12h) | 1 (40°C) 3 2 2 (1:20) 1 3 2 1 3 2 1 3 16.61
21 3(12h) |1(40°C) 3 2 3 (1:30) 2 1 3 2 1 3 2 1 14.83
22 3(12h) |2(60°C) 1 3 1(1:10) 3 2 2 1 3 3 2 1 1333
23 3(12h) |2 (60 °C) 1 3 2 (1:20) 1 3 3 2 1 1 3 2 10.00
24 3(12h) |2(60°C) 1 3 3 (1:30) 2 1 1 3 2 2 1 3 20.97
25 3(12h) |3(80°C) 2 1 1(1:10) 3 2 3 2 1 2 1 3 22.57
26 3(12h) |3 (80 °C) 2 1 2 (1:20) 1 3 1 3 2 3 2 1 27.33
27 3(12h) |3(80°C) 2 1 3 (1:30) 2 1 2 1 3 1 3 2 2292

Kl_,-b 14.27 12.44 13.20

Ks; 14.95 15.22 16.10 421,53
K 17.61 19.18 17.54

R 334 6.74 434

A represented extracting time (h), B represented extracting temperature (°C), and C represented solid/liquid ratio (g:mL).

¢ Each value was the mean of six replications.

> K;=(1/9) ¥ mean inhibition zone of Laminaria japonica extracts at factor j (j=A, B, C).

¢ R=max {K;}-min {Kj;}, j and i mean factor and level respectively.

extracting time (A), solid/liquid ratio (C), interaction of A and B,
interaction of B and C, and interaction of A and C were not identified
as significant factors or interactions.

MIC and MBC of L. japonica extracts against Cmm

The MIC test was determined by micro-well dilution method. As
shown in Tab. 4 and Fig. 2A, the samples were clear when concentra-
tion of L. japonica extracts ranged from 20 mg/mL to 2.5 mg/mL.
However, when concentration was less than 2.5 mg/mL, the samples
in test wells became turbid. Therefore, the MIC value of L. japo-

nica extracts against Cmm was 2.5 mg/mL. In MBC test (Tab. 4
and Fig. 2B), Cmm were completely killed when concentration of
L. japonica extracts ranged from 20 mg/mL to 5 mg/mL. However,
when concentration was less than 5 mg/mL, Cmm were increased
gradually. Therefore, the MBC value of L. japonica extracts against
Cmm was 5 mg/mL.

SEM image
In the absence of L. japonica extracts, Cmm cells were general-
ly intact, smooth, and separated from each other (Fig. 3A). After
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20+ Effect of L. japonica extracts on ROS production
As shown in Fig. 4, the fluorescence intensity was 10.15 in control
treatment (Fig. 4A), whereas it was 10.49 for 0.02 mg/mL treatment
E 18- group (Fig. 4B), 11.86 for 0.03 mg/mL treatment group (Fig. 4C),
é and 55.75 for 0.04 mg/mL treatment group (Fig. 4D), respectively.
© The results indicated that intracellular ROS level was increased after
g 161 treating with L. japonica extracts.
=
S
= 141 . . . .
= Effect of L. japonica extracts on ATPase activity
-g As shown in Fig. 5, there was no significant difference between con-
= 12 trol and treatment at 0.02 mg/mL. However, when concentration of
i L. japonica extracts increased to 0.03 mg/mL, 0.04 mg/mL, and

BIB

2 B3 1 2 3
Factor level

Fig. 1: Effect of parameters on extraction: A, extracting time: A;: 4 h, A,:
8 h, Az 12 h; B, extracting temperature: B;: 40 °C, B,: 60 °C, Bs:
80 °C; C, solid/liquid ratio (g:mL): C;: 1:10, C,: 1:20, C5: 1:30.

treating with L. japonica extracts at 0.03 mg/mL, cell shape was still
intact, while the protoplast outflowed from cell membrane (Fig. 3B,
1). The damaged cells treated with L. japonica extracts at 0.04 mg/
mL were significantly greater than 0.03 mg/mL treatment group.
Fig 3C showed that the cell surface appeared to be rough (Fig. 3C,
3), compared to control. Some damaged cells were to clump (Fig. 3C,
2), while others showed misshapen (Fig. 3C, 4). However, treated
cells exhibited fragment and were completely lysed (Fig. 3D, 5),
when concentration reached to 0.05 mg/mL.

Tab. 3: Results of one-way analysis of variance analysis

0.05 mg/mL. ATPase activities were all significantly (P<0.05) lower
than the control.

Discussion

With improved awareness of environmental conservation, chemical
control of crop disease has been banned in many countries. Plants
are frequently subjected to pathogens and pests. As defensiveness,
they synthesize secondary metabolites to protect themselves, such as
alkaloids, flavonoids, tannins, coumarins, glucosides, and terpenes
(PARK et al., 2016). Therefore, the secondary metabolites produced
by plants might be used as the control of crop disease.

Bacterial diseases are often resulting in great reductions in crop
yields (CHoI et al., 2014). Bacterial canker caused by Cmm is a
worldwide problem affecting tomato, and drastically reduces the
yields of tomato recently (TANCOS et al., 2013). It has been reported
that some plant extracts have antimicrobial activities against Cmm.

Source SS df MS F Significance®
A (Extracting time) 5641 2 2821 249

B (Extracting temperature) 206.54 2 103.27 9.07 wE

C (Solid/liquid ratio) 88.10 2 44 .05 387

AxB (Interaction of extracting time and extracting temperature) 75.75 4 18.94 1.66

AxC (Interaction of extracting time and solid/liquid ratio) 35.71 4 8.93 0.78

BxC (Interaction of extracting temperature and solid/liquid ratio) 36.39 4 9.09 0.80

Error 91.08 8 11.39

Total 589.98 26

2 Significant parameter, F; (2,8)=8.65, Fy 1 (4,8)=7.01.
b indicated more significant different.

Tab.4: Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of Laminaria japonica extracts against Clavibacter

michiganensis subsp. michiganensis (Cmm).

Test Clavibacter michiganensis subsp. michiganensis Efficacy | Result
(mg/mL)
Concentration of Laminaria japonica (mg/mL) SC PC NC
20 10 5 25 1.25 0.62 0.31 0.15 0.07
MIC test - - - - + ++ ++ +++ +++ - - +++ MIC 2.5
MBC test - - - + ++ +++ +++ +++ +++ - - +++ MBC 5

SC: sterility control (only culture medium); PC: positive control (culture medium, Cmm, and 10 mg/mL streptomycin); NP: negative control (culture medium
and Cmm);
- indicated no growth of Cmm; + indicated weak growth of Cmm; ++ indicated moderate growth of Cmm; +++ indicated extreme growth of Cmm.
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Fig.2: Photographs of the minimal inhibitory concentration (MIC) (A) and minimal bactericidal concentration (MBC) (B) tests against Clavibacter michi-
ganensis subsp. michiganensis (Cmm). In the photographs of MIC and MBC tests, concentrations of Laminaria japonica extracts (mg/mL) were
marked as the black numbers. SC: sterility control (only culture medium); PC: positive control (culture medium, Cmm, and 10 mg/mL streptomycin);
NP: negative control (culture medium and Cmm).

Fig. 3: Scanning electron microscopy of Clavibacter michiganensis subsp. michiganensis cells exposed to Laminaria japonica extracts. (A)-Untreated cells
(8600x); (B)-Cells after exposure to L. japonica extracts at 0.03 mg/mL (10000x); (C)-Cells after exposure to L. japonica extracts at 0.04 mg/mL
(7800x); (D)-Cells after exposure to L. japonica extracts at 0.05 mg/mL (8600x). Arrows indicated: 1, protoplast leakage; 2, clumped cells; 3, col-
lapsed surfaces; 4, misshapen cells; 5, cell fragmented.
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Fig.5: Effect of Laminaria japonica extracts on ATPase activity in Cla-

vibacter michiganensis subsp. michiganensis. Cells without L. ja-
ponica extracts were used as the control. The results represented the
means of tests (standard deviations for seven independent experi-
ments). Different letters indicated significant differences (P<0.05).

Allium sativum and Ficus carica extracts were demonstrated to
have antimicrobial activity for inhibiting Cmm (BALESTRA et al.,
2009). GOVINDAPPA et al. (2011) indicated that the water extracts of
Wedelia trilobata moderately inhibited the growth of Cmm. KOTAN
et al. (2013) reported that the hexane and acetone extracts of Satureja
hortensis had antimicrobial effects on Cmm. KOTAN et al. (2014) also
reported that the hexane, chloroform, and acetone extracts of Orig-
anum onites had antimicrobial effects on Cmm, but the methanol
extracts of O. onites did not show inhibitory activity. In this study,
L. japonica were extracted with ethanol, and tested for its antimi-
crobial activity against Cmm. The results showed that L. japonica
extracts were effective for inhibiting Cmm. As far as we know, this
is the first report on antimicrobial activity of L. japonica extracts for
inhibiting this epidemic tomato pathogen.

In this study, we performed a series of trials for antimicrobial sub-
stance extraction by OAD. OAD can provide an efficient method to
find an optimal combination of factor levels (MA et al., 2011). The
advantage of OAD is that the optimal combination can be achieved
with minimizing assay numbers and keeping the cost at a minimum
level. The results obtained from OAD experiments can be utilized
for larger scale of production (LIU et al., 2008). Results of OAD can
be treated by direct observation and ANOVA analysis. ANOVA is
a statistical technique, which is used for revealing the significance
of factor or interaction of factors on a particular response (SAHOO,
2009). The effects of different factors or interactions were evaluated
by calculating F value. We identified the importance of the factor or
interaction in extraction whenever the F value exceeded the critical
points F' (Fiica)- Tab. 3 showed that temperature was the significant
factor affecting antimicrobial substance extraction. Therefore, we
concluded that the extracting temperature played a critical role in
extraction of antimicrobial substance from L. japonica. Tab. 2 and
Fig. 1 revealed that the formula A;B;C; was used as optimal extrac-
ting condition to extract antimicrobial substances from L. japonica.
Compared with conventional extraction, this optimal extracting con-
dition is more efficient, and it can also meet industrial applications in
the future (L1 et al., 2010).

MIC was defined as the lowest concentration of L. japonica extracts
that could prevent Cmm from obvious growth. MBC was defined as
the lowest concentration of L. japonica extracts that could lead to kill
Cmm (RAFFAELLA et al., 2017). There are only a few reports about
MIC and MBC of plant extracts against Cmm. Against Cmm, TALIBI
et al. (2011) screened forty plants in Moroccan and reported that the
MIC values were in the range of 3.125 mg/mL-6.25 mg/mL, and the
MBC values were in the range of 6.25 mg/mL-25 mg/mL. KOTAN
et al. (2013) reported that the hexane and acetone extracts of S. hor-
tensis had the same MIC value of 80 mg/mL. KOTAN et al. (2014)
also reported that the MIC values of hexane, chloroform, and acetone
extracts from O. onites were in the range of 40 mg/mL-60 mg/mL.
In this study, we first determined the MIC and MBC values of L. ja-
ponica extracts against Cmm. The L. japonica extracts had the lower
MIC and MBC values (2.5 mg/ml and 5 mg/ml respectively) (Tab. 4
and Fig. 2) than those plant extracts studied by TALIBI et al. (2011),
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KotaN et al. (2013) and KOTAN et al. (2014). The results clearly dem-
onstrated that L. japonica extracts had a strong inhibitory effect on
Cmm, and should be an effective bacterial inhibitor against Cmm.
SEM is very useful for investigating the microstructure of bacteria
surface. Fig 3A showed a representative SEM image of Cmm. They
were all smooth and intact. It showed that Cmm cells were healthy
before treating with L. japonica extracts. However, after exposure
to L. japonica extracts, Cmm cells were more severely damaged
(Fig. 3B, C, and D). At the experimental concentration (0.03 mg/mL
and 0.04 mg/mL), the treated cells lost their cytoplasm. They were
deformed and clumped together (polysaccharides leaking from bac-
teria cells should cause adhesions), and deep wrinkles were also ob-
served in the cells (Fig. 3B and C). When the concentration reached
t0 0.05 mg/mL, Cmm cells became completely fragmented and lysed
(Fig. 3D). SEM observations indicated that antimicrobial substances
of L. japonica extracts might assist in penetration of cell membrane
and lead to cell death finally. It is speculated that the disruption and
dysfunction of Cmm cell membrane caused inhibition of proton mo-
tive force, inhibition of electron flux, and breakdown of active trans-
port imbalance (KHAN and AHMAD, 2011).

It was reported that ROS accumulation was one of the mechanisms
of several antifungal agents (XU et al., 2009). ROS have strong oxi-
dant activities and attack organism to cause oxidative damage (YE
et al., 2013). DCFH-DA is an oxidation-sensitive fluorescent probe.
In this study, it was used to detect the level of ROS generated in
Cmm cells. We observed that ROS production could be strongly
increased, when concentration of L. japonica extracts reached to
0.04 mg/mL (Fig. 4). It is speculated that antimicrobial substances
from L. japonica extracts accumulated and adhered to the surface
of Cmm cell membrane, which would lead to membrane permeabili-
ty changed, membrane structure destroyed, and ROS accumulation.
What’s more, ROS accumulation disrupted the bacterial cell mem-
brane more severely, causing the leakage of intercellular contents.
The plasma membrane ATPase plays a critical role in energy gene-
ration in bacteria (TURGIS et al., 2009). Results of Fig. 5 indicated
that antimicrobial substances from L. japonica extracts had an in-
hibitory effect on ATPase activity in Cmm, and the effect was dose-
dependent. The data therefore indicated that ATPase inhibition could
be one of the possible antimicrobial mechanisms of L. japonica
extracts. We speculated that the affection of L. japonica extracts
enhanced ROS accumulation in Cmm, resulting in cell membrane
disruption. Furthermore, cell membrane disruption would directly
inhibit the plasma membrane ATPase activity.

Conclusion

To the best of our knowledge, this study is the first report on the anti-
microbial activity of L. japonica extracts against Cmm. OAD results
revealed that the optimum extraction condition was A;B;Cs: extrac-
ting time 12 h, extracting temperature 80 °C, and solid/liquid ratio
1:30. ANOVA results indicated that the most significant parameter
was temperature, which affected the optimization of extraction. The
efficacy of L. japonica extracts against Cmm was also determined by
MIC and MBC tests. The MIC value was 2.5 mg/mL, and the MBC
value was 5 mg/mL. SEM images directly provided the information
that L. japonica extracts had drastic effects on Cmm. The results
of ROS and ATPase activity assays implied that ROS accumulation,
interfering with energy generation system, might lead to the death
of Cmm. These results indicated that L. japonica extracts could be a
safer alternative to chemical bactericide for inhibiting Cmm.
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