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Mitogen-activated protein kinase (MAPK) cascades in 
fungi are ubiquitously conserved signaling pathways 
that regulate stress responses, vegetative growth, patho-
genicity, and many other developmental processes. 
Previously, we reported that the AbSte7 gene, which 
encodes a mitogen-activated protein kinase kinase 
(MAPKK) in Alternaria brassicicola, plays a central role 
in pathogenicity against host cabbage plants. In this 
research, we further characterized the role of AbSte7 in 
the pathogenicity of this fungus using ΔAbSte7 mutants. 
Disruption of the AbSte7 gene of A. brassicicola reduced 
accumulation of metabolites toxic to the host plant in 
liquid culture media. The ΔAbSte7 mutants could not 
efficiently detoxify cruciferous phytoalexin brassinin, 
possibly due to reduced expression of the brassinin hy-
drolase gene involved in detoxifying brassinin. Disrup-
tion of the AbSte7 gene also severely impaired fungal 
detoxification of reactive oxygen species. AbSte7 gene 
disruption reduced the enzymatic activity of cell wall-
degrading enzymes, including cellulase, β-glucosidase, 
pectin methylesterase, polymethyl-galacturonase, and 
polygalacturonic acid transeliminase, during host plant 
infection. Altogether, the data strongly suggest the 
MAPKK gene AbSte7 plays a pivotal role in A. brassici-

cola during host infection by regulating multiple steps, 
and thus increasing pathogenicity and inhibiting host 
defenses. 
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Mitogen-activated protein kinase (MAPK) cascades are 
ubiquitous signaling modules in fungi that regulate cel-
lular responses to environmental changes (Pearson et al., 
2001). In the budding yeast Saccharomyces cerevisiae, five 
MAPK signal transduction pathways have been identified 
and extensively studied. These pathways regulate mating, 
filamentous growth, high osmolarity responses, mainte-
nance of cell wall integrity, and ascospore formation (Gustin 
et al., 1998; Widmann et al., 1999). Unlike S. cerevisiae 
and other fungi in Saccharomycetales, most filamentous 
fungi have only three major MAPK cascades, which are 
homologous to the yeast Fus3/Kss1, Slt2, and Hog1 path-
ways (Hamel et al., 2012; Román et al., 2007; Zhao et al., 
2007).

Among these three MAPK pathways, the yeast Fus3/
Kss1 homolog pathway has been the most extensively stud-
ied (Zhao et al., 2007). Many Fus3/Kss1 homologs charac-
terized in phytopathogenic fungi control a wide variety of 
developmental processes but have a remarkably conserved 
role in regulating fungal pathogenesis (Xu, 2000; Zhao et 
al., 2007). Despite the crucial roles these factors play in 
fungal pathogenesis, aspects of infection regulated by Fus3/
Kss1 homologs in phytopathogenic fungi are as diverse as 
the fungi themselves. For example, in Magnaporthe grisea 
(Xu et al., 1996), Pyrenophora teres (Ruiz-Roldan et al., 
2001), Bipolaris oryzae (Moriwaki et al., 2007), Fusarium 
graminearum (Jenczmionka et al., 2003), and Mycosphae-
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rella graminicola (Cousin et al., 2006), Fus3/Kss1 homo-
logs mutants are completely nonpathogenic on intact host 
plants, while in Cochliobolus heterostrophus (Lev et al., 
1999) and F. graminearum (Hou et al., 2002), these mu-
tants only have partial inhibition of pathogenicity. Fus3/
Kss1 homolog P. teres (Ruiz-Roldan et al., 2001) and M. 
graminicola mutants (Cousin et al., 2006) are also apatho-
genic on wounded host leaves. However, mutants of these 
homologs in A. alternate induce necrotic lesions indistin-
guishable from those produced by wild-type strains (Lin et 
al., 2010). These results suggest the Fus3/Kss1 homologs 
are involved in different infection steps in different fungi.

Alternaria brassicicola (Schwein.) Wiltshire is the caus-
ative agent of black spot disease in cruciferous vegetables. 
Although this disease has significantly reduced vegetable 
quantity and quality in many countries and become an im-
portant factor limiting cultivated Brassica species (Chen 
et al., 2005; Rop et al., 2009), the mechanisms of A. bras-
sicicola pathogenesis are still not fully understood (Cho, 
2015). 

Recently, AbSte7 (NCBI accession no. MH559277), 
which is the A. brassicicola equivalent to a MAPKK gene 
in the yeast Fus3 pathway, was cloned and functionally 
characterized in our laboratory. AbSte7 knockout mutants 
completely lost their ability to infect intact cabbage leaves 
(Xu et al., 2016), again demonstrating the conserved role 
of the Fus3 pathway regulating fungal pathogenesis. In this 
study, we analyzed the regulation of infection by AbSte7 
and increased our understanding of the mechanisms of 
pathogenesis of A. brassicicola.

Materials and Methods 

Strains, growth conditions, and DNA manipulation. 
The fungal species A. brassicicola abta14 was originally 
isolated from infected cabbage leaves (Brassica oleracea) 
in the providence of Shandong, China and was used as the 
wild-type (WT) strain in this study. Two ΔAbSte7 mutant 
(M1 and M2) and the ΔAbSte7 complement (C1) strains 
were generated in our lab as previously described (Xu et 
al., 2016). All strains were cultured on potato dextrose agar 
(PDA) at 25°C for growth and extraction of genomic DNA 
and RNA. All standard molecular techniques were per-
formed according to the protocols described by Sambrock 
and Russell (2001).

Preparation of crude broth extract (CBE) and phyto-
toxicity assay. All strains were incubated in glucose yeast 
extract agar (1% glucose, 0.5% yeast extract, and 1% agar) 
media at 25°C for 5 days, then 50 agar plugs 5 mm in di-

ameter were cut from these plates and transferred to 200 ml 
of 20% V8 juice broth in 500 ml Erlenmeyer flasks. After 
being cultivated for 14 days at 25°C in the dark, the cul-
tures were filtered using Whatman no. 1 filter paper (What-
man Co., England) to separate the broth from the mycelia. 
Crude broth extraction and phytotoxicity assays were 
conducted according to MacKinnon et al. (1999). The fil-
tered broth was extracted with ethyl acetate and dried over 
NaSO4 to acquire the CBE. Phytotoxicity assays were con-
ducted with a 5% methanol solution of CBE on detached 
cabbage leaves.

Brassinin detoxification and BHAb gene expression in 
WT and ΔAbSte7 mutants. A. brassicicola WT strain 
abta14 and ΔAbSte7 mutants were grown on PDA plates at 
25°C for 4 days. Brassinin detoxification by the strains was 
determined on PDA media supplemented with 0.1 and 0.2 
mM brassinin. For the control, DMSO (1% v/v final con-
centration) was added instead of brassinin. Mycelial plugs 
(5 mm in diameter) from 4-day-old PDA plates of the 
strains were placed on the center of each plate supplement-
ed with brassinin or DMSO. All the plates were incubated 
at 25°C and the colony diameters were measured at 6 days 
post-inoculation (dpi). All experiments were carried out in 
triplicate at least three times.

Expression of the brassinin hydrolase gene (BHAb, NCBI 
accession no. KC814178.1) was examined in the ΔAbSte7 
mutants and WT strain of A. brassicicola during plant 
infection using quantitative RT-PCR (qRT-PCR). The 
primer pair BHAb-f and –r (5’-CATCATGCACTGCTC-
GAACG-3’; 5’-GTGTTGCACGCTTTGGGTAG-3’) were 
designed using the Primer Premier 6.0 program (PREMIER 
Biosoft International, Palo Alto, CA, USA). The primer 
pair for the housekeeping gene Actin (NCBI accession no. 
JQ671669) were also prepared as Actin-f and -r (5’-ATT-
GAGCACGGTGTCGTT-3’; 5’-TGGTGGAGAAGGT-
GTAACCG-3’). For RNA extraction, A. brassicicola WT 
and ΔAbSte7 mutant strain mycelia were harvested from 
PDA plates cultured for 5 days at 25°C. Cabbage leaves 
were inoculated with the WT or mutant strain as described 
by Xu et al. (2016), then collected at 12, 24, 48, and 72 h 
after inoculation. Total RNA was extracted using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer's instructions. Reverse transcription was car-
ried out with the PrimeScript™ RT reagent kit with gDNA 
Eraser (Takara, Japan). The qRT-PCR reactions were per-
formed with SYBR® Premix Ex Taq™ II (Takara, Japan).

H2O2 detoxification by A. brassicicola ΔAbSte7. H2O2 
detoxification was determined by measuring the decrease 
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in absorbance at 240 nm with a UV-vis spectrophotometer 
(TU-1950, Persee, China) (Chen et al., 2012). Five myceli-
al plugs (5 mm in diameter) of the A. brassicicola WT and 
ΔAbSte7 mutants strains were picked from the periphery 
of mycelia on the PDA plates, transferred to 50-ml flasks 
containing 10 ml water and 30 mM H2O2, and incubated at 
25°C. For the control, a PDA agar plug lacking fungal hy-
phae was used to inoculate the flasks. The amount of H2O2 
in the solution was monitored spectrophotometrically over 
time. 

Enzymatic assays of cell wall-degrading enzymes. As-
says evaluating colony growth in major carbon sources 
were conducted for ΔAbSte7 mutants according to Cho 
et al. (2015). Mycelial growth of A. brassicicola WT and 
ΔAbSte7 mutant strains was assessed in minimal medium 
supplemented with 1% citrus pectin (cat# P9135-100g, 
Sigma-Aldrich, St. Louis, MO, USA), 1% xylan (cat# 
X823251, Shanghai Macklin Biochemical Co., China), or 
1% cellulose (cat# C804601, Shanghai Macklin Biochemi-
cal Co., China).

A series of cell wall-degrading enzymes (CWDEs), 
including polygalacturonase (PG), cellulase (Cx), 
β-glucosidase (β-G), polygalacturonic acid trans-eliminase 
(PGTE), pectin methyl-trans-eliminase (PMTE), and pec-
tin methylesterase (PME), was detected in hosts infected 
with the WT and ΔAbSte7 M1 mutant strains. At 12, 24, 
48, and 72 hpi, the infected leaves were harvested for crude 
enzyme extraction and CWDEs were measured according 
to Yang et al. (2012). All treatments were replicated three 
times. The data was analyzed using SPSS 22.0 software 
(SPSS Inc., Chicago, USA). Statistically significant differ-
ences between strains were determined by Student’s t-test 
(P < 0.05).

Results

CBE of ΔAbSte7 has reduced phytotoxicity. ΔAbSte7 
mutants could not produce fully developed conidia but the 
secreted toxins of A. brassicicola had not been evaluated 
for the phytotoxicity, therefore, we examined the phyto-
toxicity of the CBE by inoculating it to the detached cab-
bage leaves. As shown in Fig. 1A, 5% methanol control 
(MA) caused needle lesion only at the site of inoculation, 
suggesting that the methanol solvent had no effect on the 
lesion development. Typical chlorotic lesions appeared on 
leaves inoculated with CBEs from the A. brassicicola WT 
and the complementation strain, which expanded along the 
vascular system and reached diameters of 10.2 and 9.6 mm 
at 6 dpi, respectively (Fig. 1B). Inoculation of leaves with 

CBEs from the M1 and M2 strains also resulted in chloro-
sis at 3 dpi; however, the lesions expanded slowly, with di-
ameters of 2.6 and 2.3 mm at 6 dpi, respectively (Fig. 1B). 

ΔAbSte7 has a reduced ability to detoxify brassinin. 
Brassinin is an important phytoalexin in Brassica species 
and plays a significant role in the defense. To determine 
the deficient steps in the pathogenicity of ΔAbSte7, we 

Fig. 1. Phytotoxicity assays of crude broth extracts from differ-
ent strains. (A) Crude broth extracts from different Alternaria 
brassicicola strains were inoculated on detached cabbage leaves. 
WT: wild-type of A. brassicicola; M1 and M2: AbSte7 disruption 
mutants; C1: ∆AbSte7 complementation strain; MA: 5% metha-
nol control. (B) Lesion size following infection with different A. 
brassicicola strains was recorded at 5 days post-inoculation. Each 
column contains the mean ± standard error of three independent 
experiments with three replicates. The different letters in the col-
umn indicate significant differences as determined by Student’s t-
test (P < 0.05). 
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examined the ability of ΔAbSte7 to detoxify brassinin 
by comparing the colony growth rate on PDA and PDA 
supplemented with DMSO or brassinin. As shown in Table 
1, DMSO used as the solvent for brassinin, had no effect 
on mycelial growth of A. brassicicola WT and ΔAbSte7 
mutant strains as their colony diameters were similar on 
PDA with or without DMSO.

However, the abilities of the A. brassicicola WT and 
ΔAbSte7 mutant strains to detoxify brassinin were signifi-
cantly different. The WT strain grew normally on PDA 
containing 0.1 or 0.2 mM brassinin with the colony diame-
ter indistinguishable from that of WT strain grown on plain 
PDA. By contrast, the growth rates of the ΔAbSte7 M1 and 
M2 mutants were remarkably reduced in the presence of 

brassinin. When grown on 0.1 and 0.2 mM brassinin, the 
reductions in the colony diameters of M1 were 23 and 51% 
and M2 were 22 and 53%, respectively (Table 1). 

We also examined BHAb gene expression level in mu-
tants M1 and M2 during host-pathogen interactions. As 
shown in Fig. 2, BHAb was expressed during all stages 
of infection examined, but the expression levels in the 
ΔAbSte7 mutant and WT strains were quite different. Ex-
pression in the ΔAbSte7 M1 and M2 mutants was highest 
at 12 h post-inoculation (hpi), but was only approximately 
0.4-fold that of WT. As the infection increased the expres-
sion level in the ΔAbSte7 mutants decreased dramatically, 
where expression was only 0.012- and 0.016-folds, respec-
tively, that of WT at 72 hpi (Fig. 2).

Table 1. Effects of brassinin on the colony growth of ΔAbSte7 mutants and wild-type strains of Alternaria brassicicola on potato dex-
trose agar plates

Strains PDA PDA+DMSO 
(0.05%)

PDA+Brassinin (0.1 mM) PDA+Brassinin (0.2 mM)
Colony diameter  

(mm)
Growth inhibition 

rates (%)
Colony diameter  

(mm)
Growth inhibition 

rates (%)
WT 88 ± 3.2 86 ± 1.4 86 ± 4.3 - 84 ± 3.8 -
M1 68 ± 1.5 63 ± 3.1 52 ± 1.8 23% 33 ± 1.2 51%
M2 64 ± 2.7 66 ± 1.9 49 ± 2.5 22% 30 ± 2.2 53%
C1 85 ± 3.8 90 ± 3.5 86 ± 2.2 - 85 ± 2.4 -

WT: wild-type, M1 and M2: two ΔAbSte7 mutants, C1: ΔAbSte7 Complemented mutant.
Numbers represent mean ± standard error of three replicates.

Fig. 2. Relative expression levels of the BHAb gene in AbSte7 
disruption mutants M1 and M2 at different time points during in-
fection. The expression levels of BHAb in WT, M1, and M2 were 
compared to the expression levels of the gene encoding actin 
for normalization. Relative expression levels were calculated by 
dividing the expression levels of M1 or M2 by those of WT. The 
expression levels were calculated using the comparative ΔΔCt 
method. The data are displayed as mean ± standard error for three 
independent experiments. 

Fig. 3. Spectrophotometric analysis of H2O2 detoxification by A. 
brassicicola WT and ΔAbSte7 mutants. The absorbance at 240 
nm was measured for a 30 mM H2O2 solution following the addi-
tion of mycelia plugs of A. brassicicola WT or ΔAbSte7 mutants 
M1 and M2 or agar plugs lacking mycelia (control) and incubat-
ing for 75 min. The ΔAbSte7 mutants had a severely impaired 
ability to detoxify H2O2. The data are presented as mean ± stan-
dard error for three independent experiments. 
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Disruption of the MAPKK AbSte7 severely impairs 
detoxification of H2O2. H2O2 detoxification of different 
strains over time was evaluated spectrophotometrically at 
an absorbance of 240 nm, the AbSte7 disruption mutants 
M1 and M2 were found to be unable to detoxify H2O2 ef-
fectively. WT degraded 58.82% of the H2O2 after an incu-
bation of 75 minutes, while M1 and M2 degraded 32.92 
and 28.82% of the H2O2, respectively (Fig. 3), indicating 
that ROS detoxification was severely impaired in the 

ΔAbSte7 mutants. 

AbSte7 is involved in regulation of CWDE activity. The 
growth rates of the ΔAbSte7 mutant and WT strains were 
measured in minimal medium supplemented with diverse 
carbon sources to explore carbohydrate utilization and 
hydrolytic enzyme production. As shown in Fig. 4A and 
B, the addition of one of three carbohydrates, especially 
cellulose, to minimal media reduced the growth rates of the 
WT strain. The ΔAbSte7 mutants M1 and M2 grew more 
quickly on the minimum media (MM) supplemented with 
all three carbohydrates. Especially the colony diameters 
of M1 and M2 on MM plus with cellulose were 41.8 and 
40.7 mm, respectively, while those of WT were only 4.3 
mm (Fig. 4B). Furthermore, the aerial hyphae were more 
flourishing in minimal medium when supplemented with 
xylan and pectin. The growth rates of the complemented 
strain C1 in MM plates supplemented with all three carbo-
hydrates were similar with that of WT strain. These results 
suggested the activities of several hydrolytic enzymes were 
negatively regulated by AbSte7 during saprophytic growth 
under nutrient-poor conditions.

We then measured CWDE activity in the WT and 
ΔAbSte7 mutants during host plant infection. As shown in 
Figure 5A, Cx activity increased from 12 to 24 hpi and then 
decreased in the WT strain. Cx activity in the M1 and M2 
mutants declined progressively, but slightly, from 12 to 72 
hpi and was significantly lower than that of WT during the 
entirety of the assay period except at 12 hpi (Fig. 5A). The 
ΔAbSte7 mutants had lower β-G activity than WT for the 
entire assay period (Fig. 5B). The activity of β-G increased 
during early infection stages in WT by 48 hpi and in M1 by 
24 hpi then declined rapidly. 

PG activity in the WT and two ΔAbSte7 mutants 
gradually increased but did not significantly differ between 
the strains (Fig. 5C). PME activity in the WT and ΔAbSte7 
mutants increased over 72 hpi with significantly higher 
levels of activity in WT than the mutants (Fig. 5D). The 
PGTE activity of the WT strain increased dramatically 
from 12 to 24 hpi and the growth rate was steady, but low, 
from 24 to 72 hpi. For the ΔAbSte7 mutants M1 and M2, 
PGTE activity peaked at 48 hpi, then declined slightly to 
72 hpi (Fig. 5E). PMTE activity differed between the WT 
and ΔAbSte7 mutants. It increased constantly from 12 to 
72 hpi in WT. However, in the ΔAbSte7 mutants, PMTE 
activity increased from 12 to 24 hpi, but then remained ap-
proximately the same from 24 to 72 hpi (Fig. 5F). Both the 
PGTE and PMTE activities were higher in WT than the 
ΔAbSte7 mutants, at later infection stages with no differ-
ences observed at 12 hpi.

Fig. 4. (A) Carbohydrate utilization by A. brassicicola WT and 
ΔAbSte7 mutant strains. The ΔAbSte7 mutant M1 and M2 and 
WT strains were grown on minimal media supplemented with the 
carbon sources xylan, cellulose, and pectin at 25°C for 7 d. (B) 
The carbohydrate utilization and hydrolytic enzyme production in 
ΔAbSte7 and WT strains were determined by the growth rates in 
minimal medium supplemented with diverse carbon sources. The 
growth rates (D) were calculated as: D = D1-D2. D1 and D2 were 
the colony diameter measured at 7 days after incubation and the 
diameter of the agar block for inoculation (8 mm), respectively. 
Each column represents the mean ± SE of the three independent 
experiments with three replicates.
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Discussion 

The phytopathogenic Alternaria species usually produce 
host- and/or nonhost-specific toxins to damage plant tissues 
and facilitate colonization (Nishimura and Kohmoto, 1983; 
Thomma, 2003). However, the roles of A. brassicicola 
toxin (AB-toxin) on pathogenesis have not been complete-
ly characterized. AB-toxin, a host-specific protein toxin of 
A. brassicicola, is produced by germinating spores but not 
on culture media (Otani et al., 1998). AB-toxin is induced 
by recognition of host-derived oligosaccharides, but the en-
coding gene remains unknown and its specific function in 
pathogenesis remains unclear (Oka et al., 2005). Isolation 
of phytotoxic metabolites showed brassicicolin A is the 

most selective phytotoxic metabolite produced in the liquid 
cultures of A. brassicicola (Pedras et al., 2009; Pedras and 
Park, 2015). Comparison of phytotoxicity of CBEs from 
ΔAbSte7 mutant and WT strains indicates that disruption 
of the AbSte7 gene reduced phytotoxic metabolite accumu-
lation in culture media (Fig. 1). Because AB-toxin could 
not be produced in culture media, it was not responsible 
for the reduced phytotoxicity of the CBEs in the ΔAbSte7 
culture media. Instead, these results suggest that disruption 
of Abste7 reduces levels of toxic metabolites, such as the 
phytotoxic metabolite brassicicolin A, in culture media. 
This reduction may be responsible, at least in part, for the 
reduced virulence of the M1 and M2 mutants.

Brassinin is an important phytoalexin produced by cru-
cifers in response to the fungal attack and other forms of 

Fig. 5. Enzymatic activity of cellulase (Cx, A), β-glucosidase (B), polygalacturonase (PG, C), pectin methylesterase (PME, D), polyga-
lacturonic acid trans-eliminase (PGTE, E) and pectin methyl-trans-eliminase (PMTE, F) in infected cabbage leaves after inoculation with 
the A. brassicicola WT or ΔAbSte7 M1 mutant strains. Bars represent standard errors of the mean. Means with an asterisk (*) indicate a 
significant difference at P ≤ 0.05.
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stress (Pedras et al., 2010, 2012). Its antifungal activity 
is partly a result of its dithiocarbamate group, which has 
extensively been used in pesticides and fungicides (Pedras 
et al., 2012; Szolar, 2007). To overcome the phytoalexin, 
A. brassicicola produces brassinin hydrolase, which de-
toxifies brassinin into the intermediate metabolites N′-
indolylmethanamine and N′-acetyl-3-indolylmethanamine 
(Pedras et al., 2011). This detoxification by A. brassicicola 
is highly detrimental to the host plant because brassinin 
is not only a crucifer phytoalexin, but also a biosynthetic 
precursor for several plant defense metabolites. Therefore, 
detoxification of brassinin by A. brassicicola is important 
for its pathogenicity. In this study, disruption of AbSte7 
reduced brassinin detoxification by A. brassicicola. On 
PDA containing 0.1 or 0.2 M brassinin, the WT strain 
grew normally, but AbSte7 disruption mutants M1 and 
M2 significantly reduced the growth. BHAb, an induc-
ible enzyme produced by A. brassicicola, catalyzes the 
detoxification of brassinin converting to 3-indolylmetha-
namine (Pedras and Minic, 2012). The expression levels of 
the BHAb gene in the two ΔAbSte7 mutants were severely 
down-regulated compared with those in WT strain during 
host-pathogen interaction. These results indicate that Ab-
Fus3-MAPK pathway, together with AbSlt2- and AbHog1-
MAPK pathways (Joubert et al., 2011), was also involved 
in phytoalexin detoxification in A. brassicicola. The re-
duced phytoalexin detoxification capacity may be respon-
sible for the reduced virulence of the ΔAbSte7 mutants. 

ROS play a major role in pathogen-plant interactions. 
Microbial infection results in the rapid and transient pro-
duction of large amounts of ROS in hosts (Apel and Hirt, 
2004). Therefore, the pathogen must be able to overcome 
oxidative stress in order to survive and successfully colo-
nize the host. In the past few years, ROS detoxification 
has been demonstrated to be vital for the pathogenicity 
of many fungi (Lin et al., 2009, 2010, 2011; Molina and 
Kahmann, 2007; Yang and Chung, 2012). In A. alternata, 
signaling pathways involved in the response to oxidative 
stress are absolutely required for pathogenicity (Lin et al., 
2009, 2010, 2011; Yang and Chung, 2012). There has been 
limited information regarding the role of ROS detoxifica-
tion in the pathogenicity of A. brassicicola. When H2O2 de-
toxification by the ΔAbSte7 and WT strains was analyzed, 
the ΔAbSte7 M1 and M2 mutants degraded only 32.92 and 
28.82%, respectively, of H2O2 after a 75-min incubation 
compared to 58.82% by WT. The reduced ROS detoxifi-
cation may be responsible for the defects in pathogenicity 
displayed by the ΔAbSte7 mutants.

CWDEs play important roles in the pathogenesis of 
necrotrophic fungi (Van Kan, 2006). Generally, these 

necrotrophic fungi kill host cells directly or by inducing 
programmed cell death with toxins, and then decompose 
these cells using CWDEs to facilitate colonization and 
the release of carbohydrates for consumption (Choquer et 
al., 2007). The importance of CWDE genes in virulence 
has been demonstrated in many fungal species, including 
Botrytis cinerea, Fusarium oxysporum, and Cochliobolus 
carbonum. In B. cinerea, inactivation of xyn11A, a β-1, 
4-xylanase gene, reduced lesion outgrowth by more than 
70% (Brito et al., 2006). However, the role of CWDEs 
in the pathogenesis of A. brassicicola has not yet been 
determined. Due to functional redundancy, deletion of an 
individual gene encoding hydrolase results in little or no 
change in the pathogenicity of A. brassicicola (Cho, 2015). 
Therefore, we first analyzed carbohydrate utilization and 
then hydrolytic enzyme activity in the ΔAbSte7 mutant. As 
shown in Fig. 4, AbSte7 negatively regulated the activity 
of some hydrolytic enzymes during saprophytic growth 
under nutrient-poor conditions. When the activity of the 
CWDEs was measured in host tissues infected by the WT 
and ΔAbSte7 mutant strains, the ΔAbSte7 mutant was found 
to have less Cx, β-G, PME, PGTE, and PMTE activity than 
the WT during most infection stages, except PG, which had 
an activity similar to or higher than that of the WT (Fig. 5). 
Necrotrophic fungi usually produce toxins and CWDEs to 
kill host cells to acquire nutrients from dead tissues (Divon 
and Fluhr 2007). Therefore, the reduced CWDE activity 
may be responsible for the pathogenicity defect in ΔAbSte7. 
The relationship between the reduced CWDE activity and 
pathogenicity defect in ΔAbSte7 needs to be further ana-
lyzed in future work.

In summary, disruption of the AbSte7 gene of A. bras-
sicicola reduced the accumulation of toxic metabolites 
in culture media, detoxification of brassinin and H2O2, 
and the enzymatic activity of some CWDEs during host 
plant infection. Altogether, these data strongly suggest the 
MAPKK gene AbSte7 plays a pivotal role in host infection 
by A. brassicicola.
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