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Plants can diminish the damage of environmental 
stress through increasing root growth, absorption of 
nutrients and water, reducing the activities of antioxi-
dant enzyme, and decreasing osmotic pressure in plant 
cells [Bray 1997, Huang et al. 2011]. For enhancing 
the capacity of anti-stress, an method of mycorrhizal 
inoculation can be applied [Auge 2001, 2004]. The 
symbiotic association will generated when arbuscular 
mycorrhizal fungi (AMF) are symbiotic with the roots 
of some higher plants [Gadkar et al. 2001]. Certain 
AMF strains can only be symbiotic with plants with 

specificity with certain was speculated [Roldan-Fajar-
do 1994]. In fact, different Funneliformis mosseae of 
AMF can induce various mycorrhizal dependencies in 
plants had been established [Fidelibus et al. 2000, 2001, 
Marulanda et al. 2003]. Some Funneliformis mosseae 
are more efficient for improving the water stress of cit-
rus plants regard to the promotion of root growth, e.g. 
G. geosporum, G. mosseae [Wu et al. 2007]. 

Some proteins produced in plants can make the tol-
erance of NaCl injury were recognized [Dhingra and 
Varghese 1985, Singh and Haseguwa 1987]. Chen and 
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ABSTRACT

Arbuscular mycorrhizal fungi (AMF) that can cause mutualism with higher plants. Some studies showed that 
the symbiosis of AMF will increase nutrients absorption, the capacity of anti-stress (e.g. drought, salt and 
disease) by melon (Cucumis melo L.). This study evaluated the roles of proteins on salt-tolerance mechanism 
after melon was symbiotic with AMF (Funneliformis mosseae). The melons were cultivated in the hydro-
ponic solution containing 0 M, 0.042 M or 0.084 M NaCl for inoculated AMF and non-AMF inoculated 
seedlings. Root apice of AMF seedling after treating with different NaCl concentrations that were chosen for 
the estimation of proteins. The results showed that 12 proteins were significantly different after treating with 
different sodium chlorite (NaCl) concentrations, with proteins that four upregulated and eight downregulated. 
The tolerance of NaCl stress by root of melon that was inoculated by AMF were attributable to cellular activi-
ties involved in carbohydrate metabolism, energy metabolism, production of organic acid, relief of salt injury, 
which may be critical for promotion of nutrients absorption, anti-stress. This study can offer an important clue 
to advanced genomic exploration for the inoculation of AMF on different plants.
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Lin [2010] showed that 5 proteins were significantly 
upregulated, however, 3 proteins were apparently in-
hibited in tomato root when treated with 0.5% NaCl 
concentration. They concluded that NaCl tolerance in 
tomato root could be characterized by some cell phys-
iological activities, which are important for tomato en-
during in the high salt environment. 

Melon (Cucumis melo L.) is one of commonly cul-
tivated crops in southern Taiwan. The symbiosis of 
plants with AMF can increase the absorption of nu-
trients (e.g. phosphate, potassium), the capacity of an-
ti-stress (e.g. drought, salt and disease) for melon were 
proved [Huang et al. 2012]. However, some mecha-
nism of symbiotic association between AMF and mel-
on was still not discovered. Sarabi [2017] showed that 
melon is a kind of salt-tolerance crop. It can endure the 
environment that containing 0.4% (0.068 M) NaCl in 
the solution [Shih and Huang 1993]. When the NaCl 
concentration in Hoagland hydroponic solution was 
increased up to about 0.084 M, it accompanied by an 
significant inhibition in some physiological functions 
in melon leaf and stem [Sarabi et al. 2017]. Ye et al. 
[2019] showed that the symbiosis of AMF on water-
melon will increase its growth, elemental uptake, an-
tioxidant and stress-response gene expressions under 
salinity-alkalinity stresses. This study was conducted 
to evaluate the roles of proteins playing in arbuscular 
mycorrhizal fungi Funneliformis mosseae with melon 
associations under different NaCl concentrations.

MATERIALS AND METHOD

Plant culture and mycorrhizal inoculation. The 
cultivar of melon (Cucumis melo L.) was Chiu-Hwa 
No. 2 which was purchased from “Knownyou Seed-
ling Cooperation”, Taichung, Taiwan. All experi-
mental seedlings were chosen uniformly. At first, the 
plants were cultivated in the cultivative medium (ver-
miculite) containing spores, roots and hyphae. The 
seedlings were plug cultivated, the volume of every 
plug was 50 cm3, and 2 g (100 AMF spores/g) of the 
AMF spore material was added. Non-AMF plants 
were non-symbiosis by AMF, and they were plug cul-
tivated, the volume of every plug was 50 cm3. 

The hydroponic cultivation of inoculated melon. 
10 AMF seedlings and 10 non-AMF seedlings was 
planted in the hydroponic solutions containing 0.0, 

0.42 and 0.84 M NaCl, respectively. And three rep-
licates of every treatment were proceeded. After  
2 weeks, 3 plants were used for the biometric anal-
ysis, and 3 plants were used for the proteomic anal-
ysis from every treatment. The colonization of AMF 
in roots and the characterstics of AMF and non-AMF 
seedlings were estimated, respectively. And the ar-
buscules and vesicles were observed by fluorescent 
microscopy after dyed by trypan blue. On the other 
hand, the roots of melon seedlings were cleaned with 
ultrasonic instruments to remove the attached soil, and 
then cultivated in the planting-pots (5 L) containing 
hydroponic solution 0%, 0.042 M (EC = 2.2)% or 
0.084 M (EC = 4.1) NaCl in the solution for AMF and 
non-AMF seedlings. Triplicate samples were prepared 
for this study. All melon seedling were cultivated in 
growth chamber that the conditions were set at 27°C in 
the day (14 h, 65% relative humidity [RH]) and 23°C 
at night (10 h, 85% RH), and the roots were aerated 
continuously. The ingredients of hydroponic solution 
was allocated according to Konishi et al. [1985] and 
replaced every 3 days. After 14 days, ten root apices 
of every seedling and three replicates grown in 0.0 M,  
0.042 M and 0.084 M NaCl were separately collect-
ed. Root apices of seedlings under different treatments 
were put in sonicater and shaked for 3 min to remove 
impurities which were adsorbed on the surface of 
roots. The root apices 1 cm were cut and preserved in 
eppendoff tube and waiting for analysis.

Estimation of arbuscular mycorrhizal colonization. 
After 14 days NaCl treatment, all experimental plants 
roots were carefully cut 1 cm fragments, the described 
method of Koske and Gemma [1989] was to estimate 
the colonization of AMF symbiotic association with 
the root of melon. AMF colonization (%) was calculat-
ed as the description by Graham and Syvertsen [1985].

The estimation of plant growth and dry weight. 
The height of experimental plant was estimated after 
14 days NaCl treatment, and then roots were cleaned 
with distilled water and their lengths were estimated 
in each treatment. Parts of the seedlings were 65°C 
dried 24 h, and then the dry weights of plants were 
determined, respectively. 

Protein extraction and labeling. The methods of 
protein extraction and labeling were refered to the 
method of Zhou et al. [2002]. Proteins from pineap-
ple root apices were extracted using extraction buffer 
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(2% Triton, 50 mmol L)1 Tris, pH 7.4) and harvested 
by trichloroacetic acid precipitation. For each precip-
itated sample, proteins were dissolved in a standard 
2-D electrophoresis (2-DE) rehydration buffer (8 mol 
L–1) urea, 2% 3-[(3-cholamidopropyl)dimethylam-
monio]-1-propanesulfonate hydrate (CHAPS), 0.5% 
immobilized pH gradient (IPG) buffer and 7 mmol 
L)1 dithiothreitol (DTT)). Each prepared 2-DE sample 
was subject to isoelectric focusing (IEF) using a 13 cm 
(the medium format 2-DE) IPG strip (pH 3–10, linear) 
in the IPGphor II system (GE Healthcare, Piscataway, 
NJ, USA) with a total of 10,000 voltage hours applied. 

Proceeding of two-dimensional electrophoresis 
(2-DE), gel staining and spot picking. Refered to the 
method of Gorg et al. [1998], the proteins were labeled 
and isoelectric focusing (IEF) was proceeded. And 
then SDS-PAGE was accomplished. At last, 2D Gel 
Image Analysis software was applied to interpreted 
the images of gels. As described by Lin et al. [2009], 
2-D gels were indicated using a VisPRO 5 stain kit. 
And then selected protein were excised at 1 mm in di-
ameter.

MS sample preparation, analysis and protein 
identification. The excised protein spots were made, 
analyzed and identified refering to the MS sample 
preparation protocol [Gharahdaghi et al. 1999]. 

RESULTS

Arbuscular mycorrhizal fungi colonization. The 
symbiotic situation of roots was well in this experi-
ment after melon inoculated with Funneliformis mos-
seae, about 72% AMF colonization levels of tested 
root segments were found in different treatments of 
NaCl concentrations, and there are no significantly 
differences. However, the AMF colonization are all  
0 M in that of non-AMF treatments (Tab. 1).

Plant growth and biomass production. In the non-
AMF treatments, plant heights, fresh weights and dry 
weights were significantly reduced in the treatments 
of 0.084 M NaCl than that of 0 M and 0.042 M. How-
ever, the above investigated traits of AMF seedlings 
were not affected in different NaCl treatments (Tab. 2).

Proteins expression in roots. After two-dimension-
al electrophoresis analysis, three representative maps 
for the treatment of 0, 0.042 M and 0.084 M NaCl 
are respectively shown in Fig. 1. (pH 3.0–10.0 range).  

pH 4.0–8.5 strips were chosen because proteins from 
root of melon are distributed in the isoelectric point (pI) 
range. Over three hundred protein spots were presented 
in the pH range of the gel map (Fig. 1) and more than 
sixty protein spots were expressed significantly.

After comparing with the spots in the gel maps no 
NaCl , 0.042 M and 0.084 M NaCl treatments, twelve 
spots of significantly expressed were chosen and ana-
lyzed. By interpreting, four protein spots in 0.084 M 
NaCl treatment were significantly abundant in the 
samples, but not express apparently in the treatment of 
no NaCl, we speculating that these different proteins 
expressed which were induced in higher concentration 
of NaCl. On the other hand, eight proteins were sig-
nificantly decreased in the treating concentration of 
0.084 M NaCl (Fig. 1–3). 

MASCOT searching engine was selected for the 
identities of twelve proteins. Principles of this search-
ing engine refered to the proteins that similar sequenc-
es in the NCBInr database. After identifying these pro-
teins, in addition to three proteins were hypothetical 
and four was not identified, five were thought as struc-
tural proteins (Tab. 3). By interpreting the function of 
these functional proteins, these proteins were involved 
in glycolysis pathway, production of energy and or-
ganic acids, decrease of protelytic activity and nega-
tive transcription factor, and then the root morphology 
were maintained. 

DISCUSSION

Melon is a kind of medium salt-tolerance crop. How-
ever, it could be well grown in the hydroponic solution 
containing up to 0.068M (0.4%) NaCl [Shih and Huang 
1993]. However, the plant growth was negatively af-
fected in the 0.5% NaCl concertration. It may be the 
negative effect by salt stress on seedlings. In fact, high 
soil salinity is one of the damages for plant cultivation 
[Hashem et al. 2014, 2016a]. An increasing rate of sa-
linity will result in some stresses in plants by hindering 
their physiological and biochemical procedures [Balliu 
et al. 2015, Hashem et al. 2016a], which obstucts the 
growth of many crops [Gamalero et al. 2010, Iqbal et al. 
2015]. On the other hand, the reactive oxygen species 
(ROS) will be induced and injury the function of nu-
cleic acids and the permeability of cell membrane was 
reduced [Alqarawi et al. 2014a, 2014b]. 



 

Fig. 1. Two upregulated and two downregulated significantly proteins on the 2-D proteins electrophoresis graphs of melon 

roots after the treatments of different NaCl concentration 



 

Fig. 2. Two upregulated and three downregulated significantly proteins on the 2-D proteins electrophoresis graphs of melon 

roots after the treatments of different NaCl concentration 



 

Fig. 3. Three downregulated significantly proteins on the 2-D proteins electrophoresis graphs of melon roots after the treat-

ments of different NaCl concentrations 
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Plant growth was promoted when arbuscular my-
corrhiza fungi (AMF) was symbiotic with many land 
plants [Tang et al. 2009, Mo et al. 2016]. Additional-
ly, it will improve tolerance of some abiotic stresses 
[Alqarawi et al. 2014a, Hashem et al. 2015].

Plant height, some root characteristics (length, dry 
weight) of AMF melon seedlings were not affected in 
different NaCl treatments (Tab. 2). Shekoofeh et al. 
[2012] showed the inoculation of arbuscular mycor-
rhiza fungi (AMF) Ocimum basilicum L. will improve 
some functions of plant including absorption of mineral 
elements and utilization efficiency of water in the envi-

ronment of high salinity stress. Comparing to controls, 
the leaf area, some nutrients absorption of tomato seed-
lings will be increasing when inoculating AMF [Balliu 
et al. 2015]. The growth of cucumber was enhanced by 
the symbiosis of AMF due to the promoted adsorption 
of some essential elements [Hashem et al. 2018].

The root plays an important mechanism in soil en-
vironmental stress that were identified [Delhaize and 
Ryan 1995, Kochian 1995, Rengel 1996]. Formerly, 
genomics and transcripts were used as technology for 
studying the characteristics of various plants, but they 
were not sufficient for studying the defensive capacity 

 Table 1. Root arbuscular mycorrhizal colonization, vesicules and arbuscules of melon seedlings symbiosis with  
Funneliformis mosseae (AMF) or non-symbiotic plants (non-AMF) under saline stress 

Treatment 
AMF colonization 

(%) 
Vesicles  

(no·cm–1) 
Arbuscular  
(no·cm–1) 

AMF + 0 M NaCl 72.5 ±1.9a 9.6 ±1.2a 13.3 ±1.7a 

AMF + 0.042 M NaCl 71.8 ±1.1a 7.9 ±1.3a 10.6 ±1.3a 

AMF + 0.084 M NaCl 72.1 ±1.3a 8.2 ±1.0a 11.0 ±1.2a 

Non-AMF + 0% NaCl 0 ±0b 0 ±0b 0 ±0b 

Non-AMF + 0.042 M NaCl 0 ±0b 0 ±0b 0 ±0b 

Non-AMF + 0.084 M NaCl 0 ±0b 0 ±0b 0 ±0b 

Values are means  ±SD 

 

 

Table 2. Aboveground plant height, root length, dry weight of melon seedlings symbiosis with Funneliformis mosseae 
(AMF) or non-symbiotic (non-AMF) plants under saline stress 

Treatment 
Plant height 

(cm) 
Root length  

(cm) 
Dry weight 

 (g) 

AMF + 0% NaCl 9.0 ±0.8a 22.5 ±0.9a 1.23 ±0.11a 

AMF + 0.042 M NaCl 8.6 ±0.9a 20.7 ±0.7b 1.19 ±0.14a 

AMF + 0.084 M NaCl 8.4 ±0.8a 21.2 ±0.8ab 1.18 ±0.15a 

Non-AMF + 0% NaCl 8.1 ±0.4a 19.1 ±0.6bc 1.01 ±0.05a 

Non-AMF + 0.042 M NaCl 7.4 ±0.6ab 16.8 ±0.5d 0.84 ±0.06b 

Non-AMF + 0.084 M NaCl 6.7 ±0.3b 14.9 ±0.5e 0.66 ±0.03c 

Values are means  ±SD 
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of some stress or providing favorable evidence to the 
effect of protein transformation and protein modifi-
cation [Brumbarova et al. 2008]. In this experiment, 
non-AMF melon seedlings were apparently damaged 
in the increasing NaCl concentration, hence, the fur-
ther study on the proteins variation of salt tolerance 
is meaningless. Differences among proteins in melon 
root apices symbiosis with arbuscular mycorrhizal 
fungi under varied NaCl concentration treatments are 
discussed below. 

Enhancement of pentose phosphate pathway.  
In the melon roots inoculated with arbuscular mycor-
rhizal fungi and 0.5% NaCl treatment, the endochiti-
nase MCHT-2 and orf774 were downregulated, their 
functions were more likely the process of sucrose 
synthesis, and causing the pathway for glycolysis was 
promoted [Selig et al. 1997] (Tab. 3). They support-
ed that the fructose metabolism was downregulated 
in melon root apices under 0.5% NaCl concentration, 
and then causing glycolysis process were upregulat-

 Table 3. LC/MS/MS identification of the differentially expressed proteins in melon roots 

Spot 
No.  Accession No. Protein description MOWS

E score 
Experimental 

Mr / pI 
Theoretical 

Mr / pI 
Protein 

expression in 

6 1 gi|224057715 
gi|255547734* 

predicted protein (Populus trichocarpa) 
PLE, putative (Ricinus communis) 46 31.01/7.36 66.66/5.91 

66.32/6.38 0% 

10 1 gi|53791748 hypothetical protein (Oryza sativa Japonica 
Group) 56 44.97/4.39 42.64/9.72 0.084 M 

14 1 
3 

gi|218198433 
gi|6911142 

hypothetical protein OsI_23479 (Oryza sativa 
Indica Group) 
putative glycine-rich RNA binding protein 1 
(Catharanthus roseus) 

205 
52 48.47/5.81 52.23/4.64 

14.27/8.71 0% 

18 1 gi|159472671 heat shock protein 70C (Chlamydomonas 
reinhardtii) 138 67.05/4.71 65.44/5.60 0% 

25 1 gi|384250526 malate dehydrogenase (Coccomyxa 
subellipsoidea C-169) 90 32.45/6.45 34.06/5.54 0% 

27 1 gi|195627118 rhomboid family protein (Zea mays) 48 110.86/3.58 43.58/6.05 0% 

33 1 gi|23496435 endochitinase MCHT-2 (Cucumis melo) 83 31.35/9.13 34.80/8.57 0% 

75 1 
4 

gi|302794672 
gi|384253773 

hypothetical protein SELMODRAFT_153081 
(Selaginella moellendorffii) 
ARM repeat-containing protein (Coccomyxa 
subellipsoidea C-169) 

69 
49 42.09/4.28 43.45/6.19 

100.35/5.17 0% 

129 1 
3 

gi|205830697 
gi|13486803 

RecName: Full = Unknown protein 18 
Epstein-Barr virus EBNA-1-like protein 
(Oryza sativa Japonica Group) 

76 
58 36.62/8.89 1.39/5.80 

40.27/11.08 0.084 M 

163 1 
2 

gi|205830697 
gi|54606795 

RecName: Full = Unknown protein 18 
orf774 (Beta vulgaris subsp. vulgaris) 

65 
52 44.72/4.20 1.39/5.80 

90.37/7.61 0.084 M 

175 1 
4 

gi|303285200 
gi|255070611 

predicted protein (Micromonas pusilla 
CCMP1545) glutathione s-transferase  
(Micromonas sp. RCC299) 

96 
41 39.15/3.99 31.71/7.64 

58.87/6.08 0.084 M 

649 1 gi|2832470 R2R3-MYB transcription factor (Arabidopsis 
thaliana) 53 17.34/4.00 5.26/10.88 0% 

*: Sameset protein 
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ed. Therefore the pentose phosphate pathway was 
enhanced. Step by step, the converting of glyceralde-
hyde-3-phosphate to pyruvate and to Acetyl CoA is 
promoted. Afterward, tricarboxylic acid (TCA) cycle 
is proceeded from the converting of acetyl CoA. There 
are some spots were identified as similar to MCHT-2 
and orf774. It may be the expression of post transla-
tional modifications by the same gene.

Resistance of oxidative injury and secretion of 
organic acids. The inhibition of root growth is the 
typical injury with environmental stress (e.g. soil with 
strongly acidity, high salt concentration). In the re-
sults, glutathione s-transferase in root apices of melon 
was upregulated in response to high NaCl concentra-
tion. The studies of Hayes and Mclellan [1999] iden-
tified that the upregulation of glutathione s-transferase 
was for the increasing resistance of oxidative injury, 
and then maintaining the cellular structure [Sheehan 
et al. 2001]. 

The secretion of organic acid is the first mecha-
nism for the stress-resistance of root apices, however, 
the important roles of proteins are now still unknown 
[Ling et al. 2002]. TCA cycle can produce energy in 
crops for NaCl-tolerance [Bansal et al. 2002], or pro-
vides organic acids for cations chelating cations for 
absorption in plant roots [Tiffin 1966, Lopez-Millan et 
al. 2000], and then causing the root protection. During 
TCA cycle process, the amount of organic acids will 
be accumulated abundantly. In our study, the malate 
dehydrogenase was downregulated in the treatment of 
0.5% NaCl. The same phenomenon was described in 
the experimental results of sugar beet [Lopez-Millan 
et al. 2000] and Arabidopsis [Thimm et al. 2001]. 

Decrease of protelytic activity. Kanaoka et al. 
[2005] proved that molecular properties of Rhomboid 
family proteins in plants, and they characterized the 
Rhomboid family proteins stored in the Golgi appa-
ratus of plant cells and play an important role in the 
specificity of substrate in the root of plants. Our results 
showed that the Rhomboid family proteins are down-
regulated when the concentration of NaCl was rise to 
0.5%, it may cause the decrease of protein proteolytic 
activity and then maintain the integrity of root cells. 
Except that, endochitinase MCHT-2 is downregulated 
by increasing salt concentration up to 0.5% NaCl. Al-
though the endochitinase influence generally the com-
position of hemicellulose and cellulose [Sánchez-Ro-

dríguez et al. 2012], and it is advancely proved to has 
the resistant function against fungus disease [Cletus et 
al. 2013]. However, this protein may be not involved 
with salt treatment, or be negatively correlated with 
the increase of salt concentration. 

Decrease of negative transcription factor. In com-
mon, GAs including ga1-3 (RGA) and GA-insensitive 
(GAI) can identify several signal transduction path-
way [Bethke and Jones 1998; Sun 2000]. However, 
some proteins of negative regulator were encoded by 
RGA and GAI (including ARM repeat-containg pro-
tein) which was shown in some articles [Silverstone et 
al. 1998, Pysh et al. 1999]. About these proteins, some 
functional activities appears to be influenced by the 
ARM repeat-containg protein. The downregulation of 
ARM repeat-containg protein in this study was bene-
ficial for the expression of some advantaging proteins, 
and made the salt tolerance of melon.

Unknown function of proteins. In addition to six 
main identified proteins which were involved in cul-
tured in high NaCl concentration, there are some un-
known function of proteins, for example, the orf774 in 
soybean [Gao 2014] and Espein-Barr virus EBNA-1- 
-like protein in virus [Ceccarelli et al. 2000], were both 
upregulated. R2R3-MYB transcription factor which 
may be involved with the functions of some biological 
activities in plants [Du et al. 2012], is downregulated. 
On the other hand, one hypothetical protein that was 
upregulated and two dowregulated proteins that were 
unknown which may be furtherly estimated for the 
physiological functions in the tolerance of NaCl. 

CONCLUSION

This result provides an information about the mel-
on roots inoculated AMF response to high NaCl con-
centration. Melon roots require more energy to pre-
vent injury and organic acids secreted for chelating Na 
in the environment containing high Na concentration. 
Thus, the enhancement of pentose phosphate pathway 
and TCA cycle are critical for melon roots providing 
more organic acids and ATP to adapt high salt concen-
tration. On the other hand, the promotion of alleviating 
redox damage play an important role for root morpho-
logical maintenance that is critical, too. These results 
can make us to understand the adaptation reasons of 
melon root inoculated AMF to NaCl-stress.
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