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Abstract 

Stress-activated MAPK (SAPK) pathways are systems used to regulate the stress adaptation 

of most fungi.  It has been shown that in Talaromyces marneffei (Penicillium marneffei), a 

pathogenic dimorphic fungus, the sakA gene is involved, not only in tolerance against 

oxidative and heat stresses, but also in playing a role in asexual development, yeast cell 

generation in vitro and survival inside macrophage cell lines. In this study, the role of the T. 

marneffei sakA gene on the nitrosative stress response, and the regulation of gene expression 

were investigated. The susceptibility of the sakA mutant to NaNO2 was investigated using 

drop dilution assay and the expression of genes of interest were determined by RT-PCR, 

comparing them to the wild type and complemented strains. The results demonstrated that the 

T. marneffei sakA gene played a role in the stress response to NaNO2, the expression of genes 

functioning in conidial development (brlA, abaA and wetA) and red pigment biosynthesis 

(pks3, rp1, rp2 and rp3). These findings suggest that T. marneffei sakA is broadly involved in 

a wide variety of cell activities, including stress response, cell morphogenesis, asexual 

development and pigmentation.  

 

Keywords: sakA, stress response, nitrosative stress, red pigment biosynthesis, asexual 

development 
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Introduction 

The mitogen-activated protein kinase (MAPK) pathways are the eukaryotic systems that 

transmit the specific signals in phosphorylation (Tanoue & Nishida, 2003).  The system is 

composed of three kinases, a MAPKKK or MEKK, a MAPKK or MEK and a MAP kinase 

protein (Román et al., 2007; Hohmann, 2002).  In fungi, the MAPK systems were firstly 

described in the yeast Saccharomyces cerevisiae (Zao et al., 2007).  Depending on their 

different transmission signals, the MAPK systems are divided into five pathways which 

regulate mating, invasive growth, cell wall integrity, ascospore formation and hyper-

osmoregulation (Zao et al., 2007).  

Stress-activated protein kinases (SAPKs) are the MAP kinase pathways which are 

responsible for transmitting environmental stress signals in eukaryotic cells (Kawasaki et al., 

2002; Smith et al., 2010).  The well-documented SAPK pathway for fungal stress adaptation 

is the high-osmolarity glycerol (Hog) MAPK pathway (Ma & Li, 2013).  In S. cerevisiae, 

Hog1 protein plays an instrumental role in the transmission of osmotic stress signals and the 

response to cell wall-interfering agents, UV, heavy metals, heat and oxidative stresses (Smith 

et al., 2010; Ma & Li, 2013; Costa & Moradas-Ferreira, 2001).  Under osmostress, Hog1 

phosphorylates Sko1 (Acr1), a bZIP-family transcriptional repressor that forms complex with 

SSn6 (Cyc8)-Tup1 corepressor complex at the promoter of several osmostress response genes 

(Ikner & Shiozaki, 2005).  Phosphorylation of Sko1 stimulates the switch of Sko1-Ssn6-Tup1 

repressor complex to activator complex (Proft & Struhl, 2002).  This complex recruits the 

SAGA histone acetylase and SWI/SNF nucleosome-remodeling complexes to induce stress 

response gene expression (Ikner & Shiozaki, 2005; Proft & Struhl, 2002).  

One of the signaling systems required for Hog1 activation is the Sln1 system (Hohmann, 

2002).  This two-component signaling system includes the membrane-bound histidine kinase 
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(Sln1), the histidine containing phosphotransfer protein (Ypd1) and the response regulator 

(Ssk1).  Under stress conditions, the Sln1 system activates the autophosphorylation of 

MAPKKK (Ssk2/Ssk22) in the Hog1 pathway.  The phosphate is sequentially transferred to 

MAPKK (Pbs2) and MAPK (Hog1) proteins, respectively (Hohmann, 2002; Chauhan et al., 

2006).  In fission yeast Schizosaccharomyces pombe, the Sty1/Spc1 (Hog1 homologue) 

pathway regulates the core environmental stress response (CESR) such as oxidative stress, 

heat shock, UV light, nutrient starvation and hyperosmolarity (Smith et al., 2010; Papadakis, 

2015).  The pathogenic fungus Candida albicans possesses the CaSln1 system and the Hog1 

MAPK pathway which regulate the response to heavy metal, osmotic and oxidative stresses, 

morphogenesis, cell wall biosynthesis chlamydospore formation and virulence (Román, 

2007; Chauhan et al., 2006; Alonso-Monge, 2003).  In some filamentous fungi, the 

homologues of the S. pombe Sty1 pathways and SakA/HogA proteins have been studied 

(Kawasaki et al., 2002; Aguirre et al., 2006; Du et al., 2006).  In Aspergillus fumigatus, the 

expression of dprA gene required for response to oxidative stress and phagocytic killing of 

conidia was regulated by the SakA MAPK (Wong Sak Hoi et al., 2011). In A. nidulans, the 

sakA gene is associated with sexual development, spore viability and response to oxidative 

and heat stress (Kawasaki et al., 2002; Ma & Li, 2013; Lara-Rojas et al., 2010).  

In the dimorphic pathogenic fungus, Talaromyces marneffei (or Penicillium marneffei), 

infection is probably occurred by inhalation of infectious spores into the host lung (Cooper & 

Vanittanakom, 2008).  It has been shown that T. marneffei conidia are able to bind and are 

phagocytosed by human monocyte-derived macrophages in the absence of opsonization 

(Rongrungruang and Levitz, 1999).  In an immunocompetent host, the conidia are cleared 

through the L-arginine-dependent nitric oxide (NO) pathway stimulated by T-cell derived 

IFN-γ (Cooper and Vanittanakom, 2008).  Nevertheless, in immunocompromised hosts, the 
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conidia can exist and grow in a yeast-like form inside macrophages using an as yet unknown 

mechanism.  Until now, the regulation of gene expression under stress conditions inside the 

host cell of this dimorphic fungus is still ambiguous.  Our previous study revealed that the 

stress-activated kinase (sakA) gene is not only implicated in conditions of oxidative and heat 

stress, but is also involved in asexual development, morphogenesis in vitro and survival 

inside macrophage cells (Nimmanee et al., 2015).  However, the role of sakA in the 

regulation of stress-response genes downstream the MAPK pathway have not been evaluated.  

This study compares the response to nitrosative stress agent and gene expressions of the sakA 

mutant with the wild type and the complemented strain.  We found that the sakA gene is 

functionally associated with nitrosative stress response and expressions of genes involved in 

red pigment production and asexual development. 

Materials and methods  

Fungal strains and culture conditions  

T. marneffei CBS 119456 (Pongpom et al., 2005) was grown on potato dextrose agar 

(PDA) (Difco) or malt extract agar (MEA) (OXOID) for seven days at 25°C.  The sakA 

mutant generated from this isolate (sakA accession number KF636749) was maintained on 

media containing 200 µg/ml of hygromycin (Nimmanee et al., 2015).  The sakA 

complemented strain was maintained on media containing 200 µg/ml hygromycin and 2 

µg/ml bleomycin (Sigma-Aldrich). For long-term storage, mycelia of given strains were 

suspended in 30% (w/v) sterile glycerol and frozen at -70°C.  Conidial suspension was 

prepared by scraping the colony surface with a moistened cotton swab and the fungal cells 

then being suspended in sterile distilled water.  Conidia were then isolated from the mycelia 

by filtration through sterile glass wool (Kammasook et al., 2007). 
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Gene expression analysis 

Gene expression under stress conditions 

Conidia were collected from cultures of the T. marneffei wild type, sakA mutant and 

complemented strains grown on malt extract agar (OXOID) at 25°C for ten days. For 

investigation under heat stress condition, conidia were inoculated into brain heart infusion 

(BHI) broth (OXOID) and incubated at 39°C for 1 hour (Kammasook et al., 2007). The broth 

was shaken consistently to ensure mixing of the contents. For the investigation of oxidative 

stress, conidia were inoculated into the BHI broth containing 1 mM hydrogen peroxide 

(H2O2). The broth was incubated at 25°C for 1 hour with shaking continuously (Kammasook 

et al., 2011).  As a control, conidia were incubated in BHI broth with shaking at 25°C for 1 

hour.  The RNA was extracted from the conidia using NucleoSpin®RNA II (MACHEREY-

NAGEL, Germany) and treated with rDNase according to the manufacturer’s instructions 

prior to RT-PCR analysis. A no cDNA synthesis control was performed to check the absence 

of DNA contamination.  cDNA was synthesized using a Thermo Scientific RevertAid First 

Strand cDNA Synthesis Kit (Fermentas).  The Beta-actin gene (act) was amplified using the 

primers Act1F and Act1R ([Dankai et al., 2015], Table1) and was used as a loading control.  

Specific primers, shown in Table 1, were used to determine the expression of T. marneffei 

hsp30, hsp70 and cpeA.  Relative expression levels were calculated from the ratio of band 

intensity between the gene of interest and the act control gene.  Three independent 

experiments were performed and an unpaired t-test 

(http://graphpad.com/quickcalcs/ttest1.cfm?Format=SD) was used for data analysis. 

Expressions of red pigment biosynthesis gene cluster and conidial developmental genes 

 by guest on D
ecem

ber 27, 2016
http://fem

sle.oxfordjournals.org/
D

ow
nloaded from

 

http://femsle.oxfordjournals.org/


7 

 

 Colonies were scraped from cultures of the T. marneffei wild type, sakA mutant and 

complementary strains grown on potato dextrose agar (OXOID) at 25°C for seven days. The 

RNA was isolated from the fungal cells and cDNA of each gene was synthesized.  Specific 

primers, shown in Table 1, were used to amplify the fragments of genes involved in red 

pigment biosynthesis (pks3, rp1, rp2, rp3, rp4) and conidial development (abaA, brlA, wetA).  

The Beta-actin gene (act) was used as a loading control.  Relative expression levels were 

calculated from the ratio of band intensity between the gene of interest and the act control 

gene.   

Nitrosative stress susceptibility of T. marneffei 

In the stress susceptibility studies of T. marneffei conidia, a drop dilution assay was 

performed (Nimmanee et al., 2015).  Conidia of T. marneffei wild type, sakA mutant and 

sakA complementary strains were prepared and the cell concentrations were counted using a 

hemocytometer.  To carry out the drop dilution assay, a series of ten-fold dilutions were 

derived from a starting solution of 1 × 10
7
 conidia/ml to give a range between the starting 

solution and 1× 10
3
 conidia/ml. These were spotted in aliquots of five microliters onto 

minimal medium (MM) plates (Jin et al., 2004) supplemented with sodium nitrite (NaNO2) 

and were then incubated at 25°C or 37°C for five days.  Three independent experiments were 

performed. 

Results 

The sakA gene is an essential component of the nitrosative stress response of T. 

marneffei. 

To determine whether the sakA gene plays a role in the nitrosative stress response, a drop 

dilution assay was performed using sodium nitrite (NaNO2) as a nitrosative stress agent.  At 

 by guest on D
ecem

ber 27, 2016
http://fem

sle.oxfordjournals.org/
D

ow
nloaded from

 

http://femsle.oxfordjournals.org/


8 

 

37ºC, the sub-lethal dose and lethal dose of the stressor were 4 mM and 6 mM, respectively 

(Fig. S1, Supporting Information). At 25ºC, the sub-lethal dose and lethal dose of the stressor 

were at 6 mM and 8 mM, respectively (Fig. S1, Supporting Information). In addition, growth 

of the sakA mutant on media containing NaNO2 was impaired compared to those of the wild 

type and the complemented strains at both 25ºC and 37ºC (Fig. 1). 

Deletion of the sakA gene increases the expression of heat stress but not oxidative stress 

response genes under stress conditions. 

The results from the drop dilution assay demonstrated that the T. marneffei sakA mutant was 

unable to survive at 39ºC at any concentration and was slightly more sensitive to H2O2 at 

both 25 and 37ºC when compared to the wild type and the complemented strains (Nimmanee 

et al., 2015).  In this study, the expressions of heat stress genes (hsp30, hsp70) in conidia of 

the sakA mutant were relatively increased after incubating at 39ºC for 1 hour (Fig. S2, 

Supporting Information). Nevertheless, incubation of conidia at 25ºC in the presence of 1 

mM H2O2 for 1 hour did not affect the expression of gene involved in oxidative stress (cpeA) 

(Fig. S2, Supporting Information).   

The sakA gene plays a role in the expression of genes in the red pigment biosynthesis 

gene cluster and conidial developmental genes. 

Lack of sakA resulted in high production of red pigment into the culture media when 

compared to the wild type and complemented strain (Fig. 2A).  However, the number of 

conidial production of the sakA mutant showed a significant decrease (Fig. 3A, [Nimmanee et 

al., 2015]).  To evaluate whether the sakA gene plays a role in the regulation of red pigment 

and conidial production, the expression of genes in red pigment biosynthesis and conidial 

development were determined by the relative RNA expression level.  The results 
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demonstrated that the expression levels of genes in the red pigment biosynthesis cluster (Woo 

et al., 2014), including polyketide synthase (pks3), transcriptional factor (rp1), fatty acid 

synthase β–subunit (rp2) and 3-oxoacyl-[acyl-carrier-protein] synthase (rp3) all showed an 

increase but oxidoreductase (rp4) did not (Fig. 2B).  In conidial development, the relative 

expression levels of three regulatory genes (brlA, abaA, wetA) were evaluated.  The 

expression levels of brlA gene in the wild type, sakA mutant and complemented strains were 

comparable, whereas the expression levels of abaA and wetA genes were significantly 

decreased in the sakA mutant (Fig. 3B).   

Discussion 

Fatal systemic mycosis caused by T. marneffei is endemic in tropical areas of Asia including 

Thailand, Vietnam, Hong Kong, Taiwan and northeastern India (Vanittanakom et al., 2006).  

The infection is opportunistic and commonly found in patients infected with human 

immunodeficiency virus (HIV). However, there is an increase in the number of cases in 

individuals without HIV infection (Plongla et al., 2011; Kawila et al., 2013; Lee et al., 2014).  

The dimorphic pathogenic fungus, T. marneffei, was identified since 1956 but the exact 

environmental reservoir, mode of transmission, virulence factors and pathogenesis of this 

organism are still obscure.  

Regulation of response to environmental stress is crucial to pathogenic fungi in order to 

enable them to adapt and survive inside the host environment for disease establishment 

(Chauhan et al., 2006; Seider et al., 2010).  The genome of T. marneffei encodes for seven 

putative histidine kinases, one putative phosphotransmitter and four putative response 

regulators (Boyce et al., 2011).  The DrkA and SlnA histidine kinases are associated with the 

in vivo growth of T. marneffei inside macrophage and DrkA is required for the induction of 

the HOG1/SakA MAPK pathway (Boyce et al., 2011).  Our previous study showed that the 
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sakA gene is involved in the oxidative stress response inside macrophage cell lines 

(Nimmanee et al., 2015).  In this study, response to environmental nitrosative stress (NaNO2) 

was found to require the presence of the sakA gene.  This indicates that the sakA gene is 

essential for both the oxidative and nitrosative stress response and may play a role in survival 

of T. marneffei inside host alveolar macrophages.  However, the relationship between the 

sakA gene and the expression of genes in the nitrosative stress response such as thioredoxin 

and flavohemoglobin should be further investigated.    

Hog1 regulates the environmental stress response in many pathogenic fungi.  The C. 

neoformans hog1 mutant is highly sensitive to UV, high temperature and osmotic and 

oxidative stress (Ma & Li, 2013).  In T. marneffei, the sakA gene does not only respond to 

oxidative stress but is also associated with survival of conidia at 39ºC (Nimmanee et al., 

2015).  In this study, deletion of the sakA gene increased the expression of the genes 

responsible for the heat stress (hsp30, hsp70). However, this increase response generated by 

the mutant does not enough to deal with the survival at 39ºC. For oxidative stress response 

gene (cpeA), the expression was not different among the sakA mutant, the wild type and the 

complemented strains under oxidative stress. In fission yeast, S. pombe, the Sty1 (Hog1 

homologue) pathway is triggered by a high level of oxidants.  The induction of the pathway 

results in the activation of genes involved in the antioxidant defense mechanism including 

catalase (ctt1), glutathione peroxidase (gpx1) and sulfiredoxin (srx1) (Vivancos et al., 2006).  

In the filamentous fungus, A. nidulans, SakA regulates the expression of the conidial specific 

catalase (catA) gene under conditions of oxidative stress (Lara-Rojas et al., 2010).  These 

findings suggested that under oxidative stress conditions, T. marneffei sakA may be involved 

in the regulation of the expression of specific genes other than cpeA gene or this pathway 

might act together with other pathways that regulate the response to oxidative stress.  

 by guest on D
ecem

ber 27, 2016
http://fem

sle.oxfordjournals.org/
D

ow
nloaded from

 

http://femsle.oxfordjournals.org/


11 

 

Conidiation is a continuous sequence from vegetative growth to asexual development.  In T. 

marneffei, conidiation occurs when the hyphal cells are exposed to an air interface and light 

at 25ºC (Mah & Yu, 2006).  A well-known asexual development program is demonstrated in 

A. nidulans.  The stalk arises from the foot cell as an aerial pseudohypha to produce the 

conidiophore; metulae sequentially bud from the stalk; phialides bud from the metulae and 

uninucleate conidia then budding occurs from the phialides (Boyce & Andrianopoulos, 

2013).  The phialide formation and conidiogenesis is regulated by a C2H2-type transcription 

factor (TF), BrlA.  BrlA controls the expression of conidiation-specific genes including abaA 

which encodes for ATTS-type TF which is required for phialide differentiation.  AbaA 

regulates the expression of the wetA gene involved in the pigmentation and integrity of 

conidia (Etxebeste et al., 2010).  In T. marneffei, the sakA deletion strain showed a decrease 

in the number of conidia production (Nimmanee et al., 2015).  In this study, deletion of sakA 

resulted in a decrease in relative gene expression of abaA and wetA but not brlA genes.  This 

indicated that the sakA gene might regulate the final stage of T. marneffei conidiogenesis.  It 

has been shown that deletion of the T. marneffei drkA histidine kinase showed the absence of 

mature conidiophore structure resulting in small numbers of conidia and revealed a decrease 

in brlA expression under conditions which induced asexual development (Boyce et al., 2011; 

Boyce & Andrianopoulos, 2013).  These findings give evidence of the role of drkA and sakA 

genes on the regulation of gene expression during the asexual development of T. marneffei. 

The production of diffusible red pigment by the mold form of T. marneffei is the most 

important characteristic used to identify this fungus (Woo et al., 2014).  The genes required 

for red pigment production are located in the red pigment biosynthesis gene cluster and 

include polyketide synthase (pks3), the transcriptional factor (rp1), fatty acid synthase β–

subunits (rp2), 3-oxoacyl-[acyl-carrier-protein] synthase (rp3) and oxidoreductase (rp4) 
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(Woo et al., 2014).  Deletion of the MAPK gene, sakA, demonstrated enhanced red pigment 

production (Nimmanee et al., 2015) and increased expression levels of pks3, rp1, rp2 and rp3 

genes. These results indicated that the sakA gene might play a role in both conidial 

development and the pigment production of T. marneffei. However, the red pigment produced 

by the complemented strain was not significantly different from the sakA mutant, even 

though the gene expressions were decreased. This suggested that the expression of the sakA 

gene in the complemented strain likely downregulated the red pigment gene expressions but 

inefficiently suppressed the red pigment production.  In the pathogenic plant fungus, 

Fusarium graminearum, the osmotic-stress activated protein kinase (FgOs) also controls 

secondary metabolism including red pigment aurofusarin and trichothecene production.  

Deletion of genes in the FgOs pathway results in markedly increased pigmentation and 

failure to produce trichothecene in aerial hyphae (Ochiai et al., 2007).  In addition, the 

transcript levels of genes in the aurofusarin biosynthetic pathway and trichothecene 

biosynthetic pathway are increased and decreased, respectively. 
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Table 

Table 1.  PCR primers used in this study. 

Gene Primer name Sequence 
Product size 

(bp) 
Reference 

Heat shock protein 
30 (hsp30) 

HSP30-RT1 5’ CAA ggA TgC TTA CCA TCT ggA 3’ 314 (Vanittanakom, et al., 2009) 

 HSP30-RT2 5’ ggC TAg ggA AgT TgA ATg AgC 3’  (Vanittanakom, et al., 2009) 

Heat shock protein 

70 (hsp70) 

PMH70-F2 5’ Cag TCT TCg ATg CTA AgC gT 3’ 617 (Kammasook et al., 2007) 

 H70-REV2 5’ CTT AgC ACg CTC ACA ggC AgT 3’  (Kammasook et al., 2007) 

Catalase-peroxidase 
(cpeA) 

CPE-1F 5’ TTA ACA TCC TCC gCC AAA AC 3’ 450 (Pongpom et al., 2005) 

 CPE-1R 5’ TCA TCC ACT TCC CAT gTg TC 3’  (Pongpom et al., 2005) 

β-acitin (act) Act1F 5’ TgA TgA ggC ACA gTC TAA gC 3’ 155 (Dankai et al., 2015) 

 Act1R 5’ CTT CTC TCT gTT ggA CTT gg 3’  (Dankai et al., 2015) 

pks3 LPW9874 5’ ggg gTA CCC CTT CTC TTT Cgg ATC TCT TC 3’ 585 (Woo et al., 2014) 

 LPW9875 5’ gAA gAT CTg CCT AAT gTC AAg CTT TTC g 3’  (Woo et al., 2014) 

rp1 LPW 18208 5’ ggg gTA CCC TgC Tgg CgA TAC CgA gTT C 3’ 365 (Woo et al., 2014) 

 LPW 18209 5’ gAA gAT CTg CAA ggC ATC AgC TCA ATg A3’   (Woo et al., 2014) 

rp2 LPW 17708 5’ ggg gTA CCC ATg ggC TAC TCg gTT Tgg A 3’ 384 (Woo et al., 2014) 

 LPW 17709 5’ gAA gAT CTg TTC gCC TTT ggA gTT CTg C 3 ’   (Woo et al., 2014) 

rp3 LPW 18212 5’ ggg gTA CCg Cag TAA TCg gTT ggg TTC g 3’ 359 (Woo et al., 2014) 

 LPW 18213 5’ gAA gAT CTC gCA Tgg AAC TgA Agg ATg A 3’  (Woo et al., 2014) 

rp4 LPW 18216 5’ ggg gTA CCA AAg TCA ATg ACC CTg CCg A 3’ 348 (Woo et al., 2014) 

 LPW 18217 5’ gAA gAT CTg TCA AAg ACC Tgg CTg gCA C 3’   (Woo et al., 2014) 

abaA abaA-F 5’ Tgg AgA CCT CCC AAC CCC TA  3’  176 (Suwunnakorn et al., 2014) 

 abaA-R 5’ gTg CTA CCg gAC gAT gTT gC 3’  (Suwunnakorn et al., 2014) 

brlA brlA-F 5’ TgC CgA gTg ggA CgA gTA AA 3’ 154 (Suwunnakorn et al., 2014) 

 brlA-R 5’ AgC gTg AAC ggg gCT TgT AT 3’  (Suwunnakorn et al., 2014) 

wetA wetA-F 5’ gTg CgT ATT CCg Agg gAA gg 3’ 122 (Suwunnakorn et al., 2014) 

 wetA-R 5’ AgC ACT gCg TCA CCT CTT gC 3’  (Suwunnakorn et al., 2014) 
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Legends to illustrations 

 

Fig. 1. Growth of T. marneffei wild type, sakA mutant (ΔsakA) and complemented (ΔsakA + 

sakA) strains on MM agar supplemented with 6 mM (B) and 4 mM (D) NaNO2, incubated for 

5 days. Five microliters of each cell dilution (5 x 10
4
 to 5 cells) were inoculated on each 

plate.  (A) and (C) represent MM control plates at 25ºC and 37ºC, respectively.  
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Fig. 2. (A) T. marneffei red pigment production on culture media.  Conidia isolated from T. 

marneffei wild type, sakA mutant (ΔsakA) and complemented (ΔsakA + sakA) strains (10
5
 

cells) were inoculated onto potato dextrose agar (PDA) and incubated at 25ºC for 7 days.  (B) 

RNA expression of genes in red pigment biosynthesis gene cluster (pks3, rp1, rp2, rp3, rp4). 

Colonies were scraped and total RNA was extracted. The β–actin gene (act) was used as a 

loading control.  Results were obtained from two-independent experiments.  
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Fig. 3. (A) Conidia production of T. marneffei wild type, sakA mutant (ΔsakA) and 

complemented (ΔsakA + sakA) strains on PDA 25ºC for 7 days, under microscope using slide 

culture technique.  The fungi were stained with lacto phenol cotton blue and scale bar 

represents five micrometers.  (B) Relative expression levels of conidial development genes 

(abaA, brlA, wetA) were calculated from the ratio of band intensity between the gene of 

interest and the β–actin gene used as a loading control.  Results were obtained from three-

independent experiments and the standard error bars of the mean bars are shown (**p < 0.01, 

*p < 0.08). 
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