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The p38 mitogen-activated protein kinase (MAPK) is involved 
in various processes, including stress responses, development, 
and differentiation. However, little information on p38 MAPK 
in insects is available. In this study, a p38 MAPK gene, 
Accp38b, was isolated from Apis cerana cerana and charac-
terized. The quantitative real-time PCR (Q-PCR) analysis re-
vealed that Accp38b was induced by multiple stressors. 
Notably, the expression of Accp38b was relatively higher in 
the pupae phase than in other developmental phases. During 
the pupae phase, Accp38b expression was higher in the thorax 
than in the head and abdomen and higher in the fat body than 
in the muscle and midgut. Immunohistochemisty showed sig-
nificant positive staining of Accp38b in sections from the 
brain, eyes, fat body, and midgut of A. cerana cerana. These 
results suggest that Accp38b may play a crucial role in stress 
responses and have multiple aspects function during develop-
ment. [BMB reports 2012; 45(5): 293-298]

INTRODUCTION

Mitogen-activated protein kinases (MAPKs) are a family of ser-
ine/threonine protein kinases that regulate a number of cellular 
responses, including proliferation, differentiation, nervous sys-
tem development and immunity (1, 2). Generally, the MAPK 
family is composed of three major groups: the extracellular regu-
lated kinases (ERKs), the C-Jun N-terminal Kinases (JNKs) and the 
p38 MAPKs (3, 4). 
　As a member of a highly conserved subfamily of MAPKs, the 

p38 MAPK was originally identified as a 38-kDa protein that was 
rapidly activated by stressors (5). In mammals, the p38 MAPK 
subfamily consists of four isoforms (p38α, p38β, p38γ, and 
p38δ) based on the conserved Thr-Gly-Tyr (TGY) motif and high 
homology at the amino acid level (4, 6). Increasing evidence has 
indicated that p38 MAPK could be activated by various environ-
mental stressors, such as ultraviolet (UV) irradiation, oxidative 
stresses, heat or osmotic shock (7, 8). The activation of p38 
MAPK is performed via dual phosphorylation of both the ser-
ine/threonine and tyrosine residues in the conserved TGY motif 
by its upstream MAPK kinase (8). The activated p38 MAPK plays 
important roles in many biological processes, including pro-
liferation, differentiation, wound healing, inflammatory re-
sponses, and energy metabolism (8, 9).
　In Drosophila  melanogaster, the genome encodes three p38 
orthologs, which are D-p38a (CG5475), D-p38b (CG7393), and 
D-p38c (CG3338) (10). Similar to mammalian p38 MAPKs, 
D-p38 MAPKs are involved in the response to environmental 
stressors and immunity (11). D-p38b has been reported to be in-
volved in transforming growth factor beta (TGF-β) superfamily 
signal transduction in Drosophila  wing morphogenesis (12). 
Recently, D-p38b was reported to regulate intestinal stem cell 
(ISC) proliferation and differentiation in the midgut (2). Although 
they have high homology with mammalian p38 MAPKs, the 
roles of p38 MAPKs in insects have not been fully investigated 
and should be further determined.
　The Chinese honeybee, Apis cerana cerana, is an important 
indigenous species that plays a critical role in agricultural eco-
nomic development as a pollinator of flowering plants. As the 
environment deteriorates, an increasing number of A. cerana ce-
rana are disappearing. The p38 MAPKs play crucial roles in im-
munity and stress responses (11). However, to date, no in-
formation is available on the p38 MAPK from A. cerana cerana. 
In this study, we isolated and characterized a p38 MAPK isoform 
gene named Accp38b from A. cerana cerana. Our results sug-
gest that Accp38b may play an important role in stress responses 
and organism development.
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Fig. 1. Multiple amino acid alignments and phylogenetic analysis. (A) The alignment of the amino acid sequence of Accp38b with other 
p38 MAPKs is shown. Identical amino acids are shaded in black. The protein kinase subdomains are shown with numerals (I-XI) at the 
bottom of the sequences, and the activation loop (A-loop) is underlined. The putative ATP binding sites and lipid binding sites of p38 
MAPKs are denoted by (▼) and (#), respectively. The kinase interaction motif (KIM) docking sites are indicated by dots (●). The asterisks 
(*) over the sequences indicate the putative substrate binding sites. (B) A comparison of the phosphorylation motif between subdomains 
VII and VIII of p38, JNK and ERK is shown. The motifs are boxed, and the dual phosphorylation sites are marked with asterisks. (C) A 
phylogenetic tree was constructed from different species by the Neighbor-Joining method using MEGA 4.1 software. The numbers above or 
below the branches indicate the bootstrap values (＞50%) from 500 replicates. All of the gene messages from various species are listed in 
Supplementary Table 1.

RESULTS

Isolation and sequence analysis of Accp38b cDNA
The full-length cDNA sequence of Accp38b (GU321334) con-
sisted of 1465 nucleotides, containing a 1083-bp open reading 
frame (ORF), a 148-bp 5'-untranslated region (UTR) and a 
234-bp 3' UTR. Accp38b was predicted to encode a protein of 
360 amino acid residues with a putative molecular weight of 
41.34 kDa and an isoelectric point of 6.15. Multiple sequence 
alignments showed that Accp38b contains 11 conserved sub-
domains, a catalytic loop (activation-loop), and a phosphor-
ylation motif (TGY motif) (Fig. 1A). The TGY motif between sub-
domains VII and VIII is the typical feature of p38 MAPKs, which 
is different from the TPY motif in JNK family and TEY motif in 
ERK family (Fig. 1B). Additionally, kinase interaction motif (KIM) 
docking sites and putative substrate binding sites were predicted 
using a bioinformatics tool available on the NCBI server. 
Accp38b shares 99.72% sequence similarity with Amp38b from 
Apis mellifera, 91% with Nvp38 from Nasonia vitripennis, 83% 
with Bmp38 from Bombyx mori, and 76.63% and 76.36% with 
D-p38a and D-p38b from D. melanogaster, respectively. A phy-
logenetic analysis revealed that Accp38b is closely related to the 
p38 MAPKs from insects, such as N. vitripennis, B. mori and D. 
melanogaster (Fig. 1C).

Identification of the genomic structure of Accp38b
The length of Accp38b in the genome (GU321334) is 4,038 bp, 
including 10 exons separated by 9 introns (Supplementary Fig. 
1). The number of bases and the GC content (%) of each exon of 
Accp38b were similar to those of Amp38b, with the GC content 
(%) ranging from 26.32% to 44.23%. However, the number of 
bases and the GC content (%) of each intron of Accp38b were 
different from those of Amp38b (Supplementary Table 1). 
　To analyze the organization of the regulatory region of 
Accp38b, a 649-bp fragment (GU295943) upstream of the tran-
scription start site was isolated. Many cis-acting elements were 
predicted, such as the DNA replication-related element (DRE) 
and cAMP-responsive element (CRE) (Supplementary Fig. 2). The 
DRE is the binding site for the DRE binding factor (DREF), which 
plays an important role in the regulation of DNA replication, cell 
proliferation-related genes and the homeostasis of the adult 
midgut in D. melanogaster (13). The CRE is the binding site for 
the CRE binding protein (CREB), which regulates gene expression 
during cell differentiation, proliferation, and apoptosis (14, 15). 
In addition, binding sites for the CCAAT/enhancer binding pro-
tein (CEBP), glucocorticoid responsive and related element 
(GREF) and cell cycle homology regulatory factor (CHRF) were 
also found (Supplementary Fig. 2). These data suggest that 
Accp38b may have multiple functions related to cell growth and 
organism development.
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Fig. 2. Expression profile of Accp38b by quantitative real-time PCR. 
The relative expression of Accp38b at different developmental phases 
(A) and in different body regions (B) and tissues (C) is shown. Data 
are the means ± SE of three independent experiments. Different let-
ters above the columns indicate significant differences (P ＜ 0.01) 
according to Duncan’s multiple range tests. The relative expression 
of Accp38b under different stress conditions, such as UV (30 mj/cm2) 
(D), heat (43°C) (E), cold (4°C) (F), light (250 μmol/m2s) (G), H2O2

(2 mM) (H), imidacloprid (20 mg/l) (I), LPS (1 μg/ml) (J), and 
SB203580 (10 μM) (K), is shown. The expression levels were normal-
ized to that of untreated bees (0 h) or the dimethyl sulfoxide (DMSO) 
control (H). Data are the means ± SE of three independent
experiments. Significant differences determined by Duncan’s multiple 
range tests are indicated with two asterisks (**P ＜ 0.01, comparing 
the control and the highest level). 

Fig. 3. Immunocytochemical analysis for the tissue distribution of 
Accp38b. The expression of Accp38b is represented by positive 
staining in the brain (A), eye (B), fat body (C), and midgut (D). 
The arrows indicate the positive staining. Normal serum was used 
instead of the anti-Accp38b serum as the negative control. The ab-
breviations indicate the following: al, antennal lobe; mc, median 
calyx of the mushroom body; la, lamina; and re, retina. 

Differential expression of Accp38b at different developmen-
tal phases and tissues
To investigate the expression patterns of Accp38b at different de-
velopmental stages, Q-PCR was performed. As shown in Fig. 2A, 
the mRNA level of Accp38b in the pupae and adult was 13.09- 
and 3.94-fold higher than that in the larvae, respectively. The 
mRNA level in the thorax and abdomen was 2.61- and 1.73-fold 
higher than that in the head, respectively (Fig. 2B). Tissue-specif-
ic expression analysis indicated that the expression of Accp38b 
normalized to that in the midgut was highest in the fat body and 
muscle (Fig. 2C). These results suggest that Accp38b may have 
various functions in different developmental phases and tissues.

Expression patterns of Accp38b under environmental stres-
sors and effectors treatments
To detect the expression patterns of Accp38b under different en-
vironmental stress conditions, the adults were exposed to a ser-
ies of stressors. The expression of Accp38b was induced after 1 
h of UV light treatment and reached the highest level after 4 h of 
treatment (Fig. 2D). Under the heat condition, the expression of 
Accp38b was significantly increased after 2 h of treatment and 
then gradually decreased from 3 to 4 h (Fig. 2E). A similar ex-
pression pattern for Accp38b was found under the cold, strong 
light and H2O2 conditions (Fig. 2F-H). Honeybees are often pois-
oned by pesticides used in agricultural production. When the 
adults were treated with imidacloprid, the expression of 
Accp38b was increased at 1 h and reached the highest level at 2 
h (Fig. 2I). However, the expression was significantly decreased 
at 4 h when the expression level was even lower than that with-
out any stress, which suggested that the pesticide might have 
some depression effect on the expression of Accp38b. 
Consistent with previous studies, the transcription of Accp38b 
could be induced by LPS and inhibited by SB203580 (Fig. 2J, K). 
These results indicate that Accp38b may be involved in re-
sponses to stressors.

Immunohistochemical localization of Accp38b
To localize Accp38b, paraffin sections of head, eye, fat body and 
midgut from the pupae were stained with an anti-Accp38b 
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antibody. The results showed that Accp38b was expressed in the 
brain, especially in the esophagus and the periphery of the me-
dian calyx of the mushroom body (Fig. 3A). Notably, Accp38b 
was widely distributed in the photoreceptor cells in the retina 
and compound eye (Fig. 3B). Furthermore, significant positive 
staining was found in fat body sections, especially the surround-
ing fat particles, and in the midgut wall (Fig. 3C, D). These find-
ings imply that Accp38b may play important roles in the nerv-
ous, visual, and digestive systems and in metabolic regulation.

DISCUSSION

p38 MAPK plays important roles in many biological processes 
(8). However, research concerning p38 MAPKs has mainly fo-
cused on mammals, and there is little information on the role of 
p38 MAPKs in insects. In this study, we described the cloning, 
characterization and immunohistochemical localization of a 
novel member of the p38 MAPKs from A. cerana cerana. Q-PCR 
analysis revealed that Accp38b was induced by many cellular 
stressors, such as UV, heat, cold, and imidacloprid treatment 
(Fig. 2). Consistent with these results, the p38 MAPK in 
Drosophila  is activated by a variety of environmental stimuli, in-
cluding osmotic shock, heat, and UV irradiation (16, 17). These 
results suggest that the function of p38 MAPKs in insects is 
conserved. Recently, the p38 MAPK from Drosophila  was re-
ported to participate in the defense response against Cry toxins 
from Bacillus thuringiensis, pathogenic bacteria and fungi (10, 
18). This observation provides clues for the role of Accp38b in 
the defense response; however, it should be further explored.
　The expression analysis revealed that Accp38b had the high-
est expression in pupae (Fig. 2A). At the pupae stage, cells be-
come highly differentiated, and many organs tend to mature. 
Therefore, it is reasonable to deduce that Accp38b may be in-
volved in differentiation or development. Furthermore, Accp-
38b mRNA could be detected in the head, thorax and abdomen, 
and the highest relative expression of Accp38b was in the thorax 
(Fig. 2B). Because the primary locomotoriums are located in the 
thorax and Accp38b expression was also observed in muscle, 
we hypothesize that Accp38b is involved in the movement of A. 
cerana cerana. In insects, the energy for movement or other ac-
tivity is primarily stored in the adipose cells. Interestingly, there 
was relatively higher expression of Accp38b in the fat body (Fig. 
2C). Immunohistochemistry also showed significant staining of 
Accp38b in the fat body (Fig. 3C). Recently, it was reported that 
the p38 MAPK from Drosophila could activate activating tran-
scription factor (ATF)-2, which is a member of the ATF/CREB 
family of transcription factors that regulates fat metabolism (19). 
The expression of Accp38b could be detected in the abdomen, 
which contains abundant adipose tissue, and digestive organs, 
such as the midgut. As expected, the significant staining of 
Accp38b was observed in the section of midgut (Fig. 3D). In 
Drosophila , D‐p38b has been reported to play a crucial role in 
the balance between intestinal stem cell proliferation and differ-
entiation in the adult midgut (2). In the brain section, the sig-

nificant expression of Accp38b was observed in the esophagus 
and the periphery of the median calyx of the mushroom body by 
immunohistochemistry (Fig. 3A). Similarly, p38α and p38β, hu-
man orthologs of Accp38b, were abundantly expressed in brain 
tissues, and p38α plays an important role in the central nervous 
system (20, 21). Additionally, the expression analysis revealed 
that Accp38b was responsive to light (Fig. 2G), and there was 
marked positive staining of Accp38b in the photoreceptor cells 
of the retina and compound eye (Fig. 3B). Therefore, it is plau-
sible that Accp38b is involved in signal transduction in the visu-
al system. A similar observation has been reported for the rat p38 
MAPK, which functions in the developing visual system (22). To 
our knowledge, this data offers the first insight into the function 
of p38 MAPK in light-related signal transduction in the visual 
system. These results suggest that Accp38b may be involved in 
the nervous, visual, and digestive systems and in metabolic and 
developmental regulation.
　In the 5'-flanking region of Accp38b, several DREF binding 
sites were predicted (Supplementary Fig. 2). DREF play an im-
portant role in regulation of DNA replication and cell pro-
liferation-related genes by binding to the DRE of target genes 
(23). The DRE/DREF system is required for adult midgut homeo-
stasis (24). In Drosophila, D-p38b gene expression is regulated 
by DREF in the adult midgut (13). This result provides further 
support for a function of Accp38b in the midgut. In addition, oth-
er elements involved in the regulation of gene expression were 
also found, such as CEBP, CREF and PARF binding sites. These 
results further suggest the signal transduction function of 
Accp38b in multiple aspects.
　In conclusion, the characterization of Accp38b strongly sug-
gests that Accp38b may be involved in the nervous, visual, and 
digestive systems as well as in metabolic and developmental 
regulation. These results broaden our knowledge regarding the 
role of p38 MAPKs in insects.

MATERIALS AND METHODS

Insect materials and treatments
A. cerana cerana were bred at the experimental apiary of 
Shandong Agricultural University, Taian, China. Larvae, pupae 
and adult worker bees were identified by age. The worker bees 
were collected upon emergence from combs of outdoor hives. 
For the environmental stress analysis, the worker bees were div-
ided into groups of 40 individuals, which were kept at a constant 
temperature, and treated with UV (30 mj/cm2), heat (43oC), cold 
(4oC) and strong light (250 μmol/m2s) for the indicated times. For 
the H2O2 treatment, 30% H2O2 was delivered in 0.5 μl of dis-
tilled water to the thoracic notum of the worker bees at a final 
concentration of 2 mM. For the pesticide treatment, imidaclo-
prid was delivered in 0.5 μl of distilled water to the thoracic no-
tum of the worker bees at a final concentration of 20 mg/l. To an-
alyze the influence of p38 MAPK effectors on the expression of 
Accp38b, A pollen and sucrose solution containing LPS (1 
μg/ml) or SB203580 (10 μM) was fed to the adult workers. 
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Untreated larvae, pupae and adult workers were collected for 
gene expression analysis at different developmental periods. 
Five individual bees were used for each period. The treated ma-
terials were immediately frozen in liquid nitrogen and stored at 
−80°C for RNA extraction. 

RNA extraction, cDNA synthesis, and DNA isolation
The total RNA was extracted with the TRIzol reagent (Invitrogen, 
Carlsbad, CA) according to the manufacturer’s protocol. The to-
tal RNA was digested with RNase-free DNase-I (Promega, 
Madison, USA) and used for cDNA synthesis with the reverse 
transcriptase system (TransGen Biotech, Beijing, China). The ge-
nomic DNA was extracted from fifth instar larvae using the 
EasyPure Genomic DNA Extraction Kit (TransGen Biotech, 
Beijing, China) according to the manufacturer’s instructions. 

Isolation of the cDNA, genomic sequence and the 5′-flanking 
region of Accp38b
To determine the cDNA and the genomic DNA sequence of 
Accp38b, cloning procedures were performed as described pre-
viously (25). The 5'-flanking region of Accp38b was amplified 
according to the genomic sequence of A. mellifera. The primer 
sequences used were provided in Supplementary Table 3. The 
Matlnspector database (http://www.cbrc.jp/research/db/TFSEA 
RCH.html) was used to predict putative cis-acting element and 
transcription factor binding sites in the 5'-flanking region of 
Accp38b.

General bioinformation and phylogenetic analysis
The conserved domains in Accp38b were identified using a tool 
on the NCBI server (http://blast.ncbi.nlm.nih.gov/Blast. cgi). The 
theoretical isoelectric point and molecular weight were pre-
dicted with PeptideMass (http://us.expasy.org/tools/ peptide-
mass.html). Multiple alignment analysis of p38 MAPKs was con-
ducted using DNAman software, version 5.2.2 (Lynnon Biosoft 
Company, Quebec, Canada). The phylogenetic tree was con-
structed by the NJ (Neighbor-Joining) method using MEGA soft-
ware, version 4.1.

Protein expression, purification, and western blot analysis
The Accp38b coding region was ligated into the pET-30a (+) ex-
pression vector after digestion with the restriction endonu-
cleases KpnI and EcoRI. The recombinant plasmid pET-30a 
(+)-Accp38b was transformed into Escherichia coli strain BL21 
(DE3). The expression and purification of the fusion protein 
were performed as described previously (25). Western blot was 
performed according to the procedure of Tufail et al. (26) with 
minor modifications. Briefly, the purified protein was separated 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) (12%). Anti-Accp38b serum was used as the pri-
mary antibody at a dilution of 1：500 (v/v). Goat anti-rat im-
munoglobulin G (IgG) (Dingguo, Beijing, China) conjugated to 
horseradish peroxidase (HRP) was used as the secondary anti-
body (1：150). The HRP was visualized using a chemilumines-

cent HRP substrate. The anti-Accp38b replaced by phosphate 
buffered saline (PBS, pH 7.2) in the reaction was used as the neg-
ative control.

Preparation of antisera and immunohistochemistry
The purified Accp38b protein (100 μg/ml) mixed with an equal 
volume of Freund’s complete adjuvant was used to subcuta-
neously immunize white mice. The mice were boosted three 
times with 25 μg/ml of a mixture of purified protein and Freund’s 
incomplete adjuvant (1：1) at 1-week intervals. Three days after 
the last injection, blood was collected, and the serum was sepa-
rated by centrifugation at 3,000 rpm for 10 min and stored at 
−80°C. For immunohistochemistry, the head, abdomen and 
midgut tissues from the bees were separated and fixed in 4% 
paraformaldehyde. The fixed tissues were dehydrated with an 
ethanol gradient, cleared in xylene, and embedded in paraffin. 
The paraffin sections were dewaxed, blocked with 10% normal 
goat serum for 30 min and incubated with anti-Accp38b anti-
body (1：50) at 4oC overnight. Subsequently, the sections were 
washed in PBS, incubated with HRP-conjugated goat anti-rat 
IgG (1：150) at 37°C for 1 h, washed with PBS, and incubated 
with HRP-Streptavidin (Solarbio, Beijing, China) at a 1：200 di-
lution for 40 min. The color development was performed with 
3,3'-diaminobenzidine solution (DAB, 0.25 mg/ml). The materi-
al was counterstained with the Harris hematoxylin, dehydrated, 
mounted with neutral balsam and analyzed using a light micro-
scope (BX51, Olympus, Japan). The normal serum was used in-
stead of the anti-Accp38b serum as the negative control.

Quantitative real-time PCR
The cDNA synthesis was performed as described above. The 
Accp38b primer pairs Q1/Q2 and A. mellifera β-actin (XM623-
378) primer pairs β1/β2 were used for Q-PCR with the SYBRⓇ 
PrimeScriptTM RT-PCR Kit (TaKaRa, Dalian, China) in a CFX96TM 
Real-time System (Bio-Rad) with the following conditions: 95oC 
for 30 s, 40 amplification cycles (95oC for 10 s, 53oC for 20 s, and 
72oC for 20 s) and a melting cycle from 65oC to 95oC. The data 
was analyzed using the CFX Manager software, version 1.1, and 
significant differences were determined using the Statistical 
Analysis System (SAS) software, version 9.1. All reactions were 
performed with three technical replicates.
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