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CHANGES IN SOLUBLE PROTEIN PROFILE IN COTTON LEAVES
INDICATE RUBISCO DAMAGE AFTER TREATMENT WITH SUMI-ALPHA
INSECTICIDE
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The cotton plant suffers from many pests and due to its economic importance, the use of efficient but ecologically friendly
pesticides is highly desirable. The insecticide Sumi-Alpha with active compound Esfenvalerate is widely used for cotton
treatment in Uzbekistan. This insecticide is considered as moderately hazardous for different organisms of ecosystems,
while more collected data and relevant research is a necessity for judgement of their safety and/or potential risk. Therefore,
a comparative analysis of cotton leaves was performed to study the protein profile changes upon treatment with this
insecticide. Our data showed elevated accumulation of fructose bisphosphate aldolase and degradation of RuBisCo in the
treated tissue. Besides, a protein belonging to P-loop containing nucleoside triphosphate hydrolases superfamily exerted
lower accumulation. Our results indicate that the applied pyrethroid pesticide possibly can affect photosynthesis performance
and cause accumulation of simple saccharides which in turn might contribute to enhanced colonisation of sucking insects.
Further molecular research on Sumi-Alpha effects on cotton is necessary for its safer use in agricultural practice.
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Up to 26—29% of the cotton crop is estimated to be
lost by pests (Oerke 2004) and to save the crop, plants
are necessarily treated with agrochemicals against in-
sect-pests. Thus, a significant part of the production is
saved. In this manner carbamates, organophosphates,
pyrethroids are widely used (Zahid & Hamed 2003;
Carneiro et al. 2014). Comparing to other classes,
pyrethroid insecticides are often preferred because of

efficiency in low doses. However, their usage in some
regions, are linked with the resurgence of sucking
pests: aphid and mites, in hot seasons. In Uzbekistan,
pyrethroids were found to stimulate the development
of sucking pests. The pyrethroid efficiency ranged be-
tween 15—25% was observed for two weeks in treat-
ed plots, whereas aphids’ number naturally lowered
2-3 times in untreated fields (Asrorov et al. 2013).
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Aphids demonstrated high resistance to pyre-
throid insecticides: cypermethrin, a-cypermethrin,
zeta-cypermethrin, cyfluthrin, fenpropathrin, bifen-
thrin, and A-cyhalothrin which are efficiently used
against cotton bollworm (Amad et al. 2003). Pre-
venting sucking pests’ resurgence in cotton plants
after treatment with insecticide preparation makes it
necessary to study their effects on the level of pho-
tosynthesis and/or sugars in plants.

The effects of the same agrochemicals on photo-
synthesis-related processes differ in various plants.
Esfenvalerate, the active ingredient of Sumi-Alpha,
did not cause changes in chlorophyll a and b content
in radish (El-Daly 2006). But in cotton, treatment
with fenvalerate, deltamethrin, and cypermethrin
(all with esfenvalerate as the active ingredient) led
to higher accumulation of sugars (Ravindhran &
Xavier 1997). Moreover, a similar product Sumi-Al-
pha has been shown to cause accumulation of higher
quantities of essential amino acids, which also sup-
ports aphid resurgence (Asrorov et al. 2015).

In this work, chlorophyll fluorescence yield of
cotton plant was studied after treatment with Su-
mi-Alpha preparation in comparison with control,
qualitative and quantitative changes of soluble pro-
tein profiles were established by two-dimensional
electrophoresis (2DE) and further mass spectromet-
ric analysis with an intension to identify possible
changes around photosynthesis-related enzymes
upon treatment.

Cotton plants were treated with Sumi-Alpha once,
and on the 10" day of the treatment, the plant leaves

were taken for analysis. No visible morpho-phys-
iological differences comparing to mock-treated
controls were observed. To assess their physiolog-
ical status, we also measured the chlorophyll fluo-
rescence that is considered a good indicator of im-
paired photosynthetic electron transport chain under
stress on the same day of the treatment (Juneau et al.
2007). The Fv/Fm ratio of insecticide-treated plants
significantly increased (Figure 1).

Previous works with other pyrethroid compounds
(permethrin, cypermethrin, deltamethrin and fenval-
erate at maximal allowed doses) report no apprecia-
ble impact on fluorescence parameters (Rozsavolgyi
& Horvath 2008). Significant influences of phorate,
phoxim, and cypermetrin have been shown in Chi-
nese cabbage after 3 days of treatment (Gao et al.
2010). A minor, yet significantly positive effect of
Sumi-Alpha on photosynthesis quantum yield of
cotton plants is in agreement with the absence of
any sign of agrochemical toxicity

The changes in photosynthetic parameters are
likely reflected also at other levels such as gene
expression or protein accumulation. Therefore, the
cotton leaf proteome was analyzed to reveal a possi-
ble impact of the insecticide. In the protein profiles,
obtained, a total of 11 distinguishable protein spots
were identified. Changes in the protein expression
levels were studied by two-dimensional electropho-
resis following isoelectric focusing, carried at 20°C
for 18 hours. SDS PAAG gel was used for their sep-
aration, based on molecular mass. Further, different-
ly expressed proteins were extracted from the gel.
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Figure 1. Effects of Sumi-Alpha treatment on photosynthetic parameters

*Y axis mean values stand for Fo, Fp and relative quantum yield Fv/Fm values in control and insecticide-treated plants on the
10" day of the treatment. The dark grey column shows the control leaves, and the treated samples are indicated in dark pink

colour. Error bars indicate SEM value.
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Partial sequences of proteins were established by
subjecting to mass spectrometry analysis performed
in CHIP-Q-TOF LC-MS Agilent Technologies
6520B Series mass spectrometer. Obtained results
were proven by checking in NCBI (www.ncbi.nlm.
nih.gov), the Phytozome v.12 (http://phytozome.jgi.
doe.gov) and UniProt (www.uniprot.org) databases.
Among distinguishable spots, only 4 (2, 3, 4a and
4b spots) showed differential accumulation rates as
a consequence of insecticide treatment and/or re-
sulted in the formation of new spots (Figure 2).

The highly abundant 1 spot (Figure 2) revealed
full similarity to RuBisCo (EC 4.1.1.39) large sub-
unit (RbsL) (Table 1). The accumulation of RbsL
partial sequence (RbsLPS), found in the chloroplast
(Roy et al. 2010), was suppressed in treated plant
leaves (spot 2 in Figure 2). In contrast, the expres-
sion of fructose bisphosphate aldolase (EC 4.1.2.13)
was significantly higher in treated plant leaves (3
spots in Figure 2). The two additional spots with dif-
ferential accumulation after Sumi-Alpha treatment
include proteins/peptides corresponding to nucleo-
side triphosphate hydrolase with a sequence consist-
ed of ten amino acids.

Though the impact of Sumi-Alpha on cotton re-
garding increased attractiveness to sucking pests is
well known, the physiological or molecular stud-
ies on possible impacts on plants are still missing.
The present study revealed a significant impact of
the insecticide Sumi-Alpha on the RuBisCo large
subunit and/or its partial sequence, playing a cru-
cial role in carbon fixation. Plants encode one high-
ly conserved so-called green-type form I enzyme,

~ Control

consisting of eight ~52 kDa large subunits and eight
~15kDa small subunits (L,S,) (Andersson & Back-
lund 2008). The identified RbsL fragments (spot 1 in
Figure 2) correspond to the 53.3 kDa isoform con-
sisting of 480 amino acid residues (NCBI reference
YP_538943.1) and covers 32% of the whole protein
sequence (Table 1).

The smaller-size spot 2d (Figure 2) revealing
high sequence similarity to RuBisCo subunits (Ta-
ble 1) was considered as degradation products of
RbsL and/or RbsLPS. Degradation of RuBisCo large
and small subunits was reported in wheat plants as
a result of modelling pathways (Tétard-Jones et al.
2014). Elevated chlorophyll fluorescence in treated
cotton leaves does not correspond with the degrada-
tion of RuBisCo which possibly leads to decreased
CO, fixation rate. On the other hand, the high colour
intensity of RbsL (spot 1) in 2DE does not allow its
quantification that could fix its affection in the pro-
tein level.

In contrast to RuBisCo, the expression of fruc-
tose bisphosphate aldolase in treated cotton leaves
was significantly enhanced on the 10" day of the
treatment (3 spots in Figure 2). The identified pep-
tide fragments almost identical to enzyme isoforms
available in the Phytozome genome/proteome da-
tabase except for few amino acid residues out of
397: Gohir.A13G030500.1, Gohir.A13G030400.1,
Gohir.D13G028400.1, Gohir.D13G028500.1.

Earlier, expression of these fructose bisphosphate
aldolase isoforms identical to Gohir.A13G030500.1
and Gohir.D13G028500.1 was established as having
been obtained in the crystal (with the accession num-

Treated with Sumi-Alpha

Figure 2. Representative gels with the profiles of soluble proteins from cotton leaves, treated with water (control — A) and
Sumi-Alpha (B) (the 10" day of the treatment). Protein spots with remarkable differences between the two conditions were

subjected to MS/MS analysis.
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Table 1

Identified MS/MS fragments of RuBisCo in cotton leaves and their correspondence to protein sequences in NCBI database

RuBisCo large subunit (1 spot in Fig.1) / NCBI Reference Sequence: YP_538943.1

MSPQTETKASVGFKAGVKEYKLTYYTPEYE
KGRCYDIEPVPGEEDQYICYVAYPLDLFEEGSVTNMFTSIVGNVFEGFKAL
PTAYI KLNKYGRPLLGCTIKPKLGLSAKNYGRAVYECL,
NVNSQOPEMRWRDRFLFCAEAIFKSQAETGEIKGHYLNATAGTCEEMIKRAMCARELGVPIVMHDYLT

GGFTANTSLAHYC KNHGMHFRVLAKALRVMSGEDHINACTVAV/CKIEE
SRGIYFTQDWVSMPGVLPVASGGIHVWHMPALTEIFGDDSVLQFGG

GTLGHPWGNAPGAVANRVALEACVQARNEGRDLAREGNEIIREASKIWSPEEAAACEVAWK AIKFEFDA

VDKLDKVEK

RuBisCo large subunit partial sequence (2 spot in Fig.1) / GenBank: ADF87884.1 (NCBI)

TYYTPEYEVKDTDILAAF

PGEEDQYICYVAYPLDLFEEGSVTNMFTSIVGNVFGFKAL
BKLNKYGRPLLGCTIKPKLGLSAKNYGRAVYEC

RuBisCo large subunit partial sequence (2d spot in Fig.1) / GenBank: ADF87884.1 (NCBI)

TYYTPEYEVKDTDILAAF KGRCYDIEPV
PGEEDQYICYVAYPLDLFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRVPTAYI

BKLNKYGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMRWRDRFLFCAE

*N- and C-ends of the identified fragments are shown in bold, RuBisCo large subunit region fitting RuBisCo large subunit
partial sequence is underlined, identified MS/MS fragments are shown in dark grey background

bers of AOATUSK527 and AOATUSKR66 in Uni-
Prot database). The cytosol fructose bisphosphate
aldolase is a key enzyme in the glycolytic pathways
and can govern the accumulation of water-soluble
carbohydrates and synthesis of ATP (Konishi ef al.
2004). Promotion of CO, fixation has been demon-
strated in fructose bisphosphate aldolase overex-
pressed tobacco plants, however, this effect was not
linked with RuBisCo activity but with stimulated
fructose 1,6-bisphosphate regeneration, which in
turn promotes CO, fixation (Uematsu et al. 2012).
Nevertheless, increased accumulation of fructose
bisphosphate aldolase in cotton plants leading to
increased levels of reducing sugars might represent
a food niche- and explain attractiveness to sucking
pests (Slosser et al. 2004), which can be linked with
an elevated level of reducing sugars and other me-
tabolites in cotton plants, treated with Sumi-Alpha
(Asrorov 2013). On the other hand, a compensation
function of elevated fructose bisphosphate aldolase
as a key metabolic enzyme in energetic processes
should be considered as well.

Decreased levels of two proteins — 4a and 4b
were found resulted in the formation of five small
molecular peptides — 4d,, 4d,, 4d,, 4d,, and 4d, in

treated samples (Figure 2), and suggested as (possi-
bly negative) interference of Sumi-Alpha with plant
processes. The identified sequence, KVAKGK-
SPRK, in these protein spots, was earlier found in
model plant Arabidopsis, in a protein belonging to
P-loop containing nucleoside triphosphate hydrola-
ses superfamily (Theologis ef al. 2000). The enzyme
probably involved in DNA repair and cell cycle.
NCBI database reveals that nucleoside triphosphate
hydrolase (Gene ID 823899) was found to attenuate
oxidative stress and reactive oxygen species. How-
ever, conclusions on the link between agrochemi-
cal treatment and the accumulation of such protein
would be speculative only.

These obtained results indicate the changes in
the profile of soluble proteins of cotton leaves after
treatment with a pyrethroid insecticide, Sumi-Al-
pha, and serve as the basis for deeper analysis at
a molecular level.

The agrochemical Sumi-Alpha is widely used in
Uzbekistan as efficient means against Helicoverpa
armigera. However, the subsequent vulnerability of
treated plants to sucking insects appears as an un-
desirable side effect. Our research showed the deg-
radation of RuBisCo large subunit and/or its partial
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sequence after treatment with Sumi-Alpha. Slight
but significant elevation of photosynthetic yield and
also fructose bisphosphate aldolase might be linked
with the elevated quantity of sugars established in
our previous works. We conclude that these mecha-
nisms, in turn, can lead to the accumulation of sim-
ple sugars, observed previously, rendering the cot-
ton plants more attractive to sucking pests. Further
research is needed to clarify the detailed impact of
Sumi-Alpha on cotton fitness as well as defense po-
tential.
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