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ABSTRACT

Ribosomal protein L10a (RpL10a) is one of several ribosomal proteins which
has functions besides protein synthesis in the ribosome. Many reports recently revealed
the extra—ribosomal function of RpL10a, including a role in oogenesis,
spermatogenesis, ovarian development, organogenesis, and embryogenesis. In
Drosophila melanogaster, the overexpression of the shrimp RpL10a resulted in the loss
of red pigment in the eye center. This finding suggests that RpL10a also plays a role in
cell proliferation. In contrast, the lack of RpL10Ab (RpL10Ab™) in the germline of
fruit flies showed the disappearance of the follicle cells surrounding the egg chamber,
similar to the insulin receptor mutants (InR™"), indicating that RpL10a plays a role in
oogenesis. Normally, InR is the transmembrane receptor of the insulin signaling
pathway that plays a key role in cell development, cell division, metabolism regulation
especially the role in glucose homeostasis regulation. Therefore, RpL10a may be

involved in the step of regulation of InR to regulate cell development and metabolism.

To determine whether RpL10a is involved in regulating glucose homeostasis,
carbohydrate content was observed in the eyes of normal and overexpressed flies by
using an anthrone-sulfuric acid colorimetric assay. In this study, the function of shrimp
RpL10a involved in insulin receptor (InR) and carbohydrate metabolism were
investigated. In the eyes of RpL10a—overexpressed flies, the expression of InR was
extensively increased in mRNA level and protein level, determined by qPCR and
immunohistochemistry, respectively. Moreover, In the RpL10a—overexpressed eyes of

the mutant fly showed the highly phosphorylated insulin signaling mediators such as



viii

Akt and dFOXO, whereas the mutant flies showed the reduction of the glycogen. This
finding revealed that shrimp RpL10a affects cell proliferation and glycogenolysis
through the insulin signaling pathway. Besides, The interaction between RpL10a and
InR was performed both in silico and in vitro binding. The shrimp RpL10a protein and
the human InR protein were obtained as a silico binding model. The ClusPro software
indicated that RpL10a could interact with InR at the difference site on fibronectin type
[l (Fnlll) domain of insulin bound to InR. Then, to reduce the culture time and to
control the culture condition easily, the study of shrimp RpL10a function was
performed in CHO-S cell line. The in vitro study results, including pull-down assay
and immunofluorescence assay, confirmed the binding of the proteins. The binding of
the two proteins could stimulate the insulin signaling pathway by binding at the Fnlll
domain of InR and increased the carbohydrate utilization while the lipid metabolism
was unchanged. Also, the effect of RpL10a on glucose metabolism was investigated in
insulin resistance conditions. The CHO-S cells were induced to insulin resistance under
high glucose conditions before stimulating with RpL10a. After the healthy cells and
insulin-resistant cells (IRCs) were incubated with RpL10a, RpL10a could induce

glucose uptake by the IRCs better than healthy cells.

Moreover, RpL10a could induce the expression of hexokinase in glycolysis and
decreased the expression of glucose-6-phosphatase in gluconeogenesis. These findings
suggested that RpL10a could alleviate the insulin resistance by inducing the glucose
uptake into the cells, activating glycolysis, and suppressing glucose synthesis in IRCs
induced under high glucose conditions. From this important function, RpL10a may

have a function as an insulin-mimetic for insulin-resistant diabetes treatment.
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CHAPTER 1

INTRODUCTION

Ribosomal proteins are important in the step of ribosome biogenesis and protein
synthesis. Recently, many publications revealed that ribosomal proteins can perform
extra—ribosomal functions that influence cellular processes. For example, Ribosomal
Protein L22 (RpL22) controlled morphogenesis by regulating the pre-mRNA splicing
(Zhang et al., 2017), Ribosomal protein S19 (RpS19) mutation increased the grooming
behaviors in mice (Chen et al., 2016) and, Ribosomal protein L9 (RpL9) deficiency
inhibited the growth of colorectal carcinoma (Baik et al., 2016). In addition, many
ribosomal proteins have the extra-ribosomal functions associated with insulin
pathways. The ribosomal protein S6 kinase 1 (S6K1), relate to the insulin resistance
that induced by the nutrient overload, regulated the insulin receptor substrate 1 (IRS1)
(Tremblay et al., 2005; Um et al., 2004; Yoon, 2017). S6K1 deficiency induced mild
glucose intolerance and decreased the levels of circulating insulin (Pende et al., 2000).
Ribosomal protein S26 (RpS26) linked to many diabetes genes (Schadt et al., 2008) and
the high expression of RpS26 was found in the pancreas and islets of Langerhans.

Ribosomal protein L10a (RpL10a); a constitutive protein of the large subunit
ribosomes, has the extra-ribosomal functions in controlling organogenesis,
embryogenesis, cell proliferation (Balcer-Kubiczek et al., 1997; Fisicaro et al., 1995),
and ovarian maturation (Palasin et al., 2014; Wonglapsuwan et al., 2011, 2010). In
addition, the relationship between RpL10a and insulin receptor (InR) was reported in a
previous publication. Saetan et al. (2016) reported that both RpL10a and InR showed
up-regulation expression during ovarian maturation. RpL10Ab deficiency in
Drosophila egg chambers showed the peas without pods (Pwop) phenotype as well as
in InR mutation (Pritchett and McCall, 2012; Wonglapsuwan et al., 2011). Moreover,
a recent study indicated that the overexpression of shrimp RpL10a could activate the
Drosophila InR expression to stimulate cell proliferation (Chaichanit et al., 2018). All
the evidence suggests that RpL10a may have a special function in controlling InR

expression.



InR is the transmembrane receptor of the insulin signaling pathway that plays a
key role in controlling the glucose metabolism. The binding between InR and insulin
or other ligands initiate the signal transduction throughout the cell by
autophosphorylation to regulate the cellular process. Mutation of InR or abnormality of
the signal transduction results in insulin resistance, abnormal glucose metabolism, and
diabetes mellitus (Campbell, 2009). Thus, insulin replacement therapy has required for
the treatment of diabetic patients. Several publications have reported the use of
recombinant insulin, insulin analogs, and insulin-mimetic as the diabetic patient
treatment (Babu et al., 2020; Moura et al., 2020; Qiang et al., 2014; Xie et al., 2020).

Therefore, the effect of shrimp RpL10a overexpression involved in insulin
pathway was investigated in the eyes of RpL10a—overexpressed flies. The relationship
between shrimp RpL10a and InR was explained by studying the interaction between
RpL10a and InR both in silico and in vitro study and demonstrating the effects of the
protein—protein binding on the insulin pathway in CHO-S cell line to make it easier to
control the culture conditions. Moreover, shrimp RpL10a which acts as an insulin-
mimetic was also investigated by using insulin resistance CHO-S cells as a model.



CHAPTER 2

LITERATURE REVIEWS

1. Extra—ribosomal functions

Ribosomal proteins (PRs), the RNA-binding proteins, have the essential
function in ribosome biogenesis and protein synthesis (de la Cruz et al., 2015). The
defect of ribosome biogenesis are known as ribosomopathies, has been linked to many
clinical syndromes (Narla and Ebert, 2010). In Diamond-Blackfan anemia (DBA), the
mutations of RpS19 and RpS24 genes resulted in ribosome biogenesis disorder
(Choesmel et al., 2008, 2007; Flygare et al., 2007). The expression of several ribosomal
protein genes, including RpL29, RpL23, RpL22, RpL15, RpL6, RpS20, and RpS9 was
decreased in Schwachman-Diamond syndrome (SDS) (Rujkijyanont et al., 2009).
Moreover, loss of PRs in DBA and SDS models relate to the insulin signaling pathway.
Deficiency of Ribosomal protein in these models promoted activation of S6 kinase
phosphorylation leading to inhibition of the insulin pathway through insulin resistance
mechanism (Heijnen et al., 2014). Besides, many reports suggest that several ribosomal
proteins also present an additional extra-ribosomal function (Lu et al., 2015; Warner
and Mclntosh, 2009; Wool, 1996). RpS20 and RpL6 affect the RNA Polymerase I
transcription level in S. cerevisiae (Dieci et al., 2009; Hermann-Le Denmat et al., 1994).
Yeast ribosomal protein S3 (RpS3p) has an endonuclease activity that cleaves variously
damaged DNA (Jung et al., 2001; Seong et al., 2012), and knockdown of RpS3 resulted
in an early embryonic developmental arrest in mice (Peng et al., 2019). In addition, the
extra—ribosomal function of some RPs also involved in insulin resistance and insulin
signaling pathway. RpS26, which may play an extra—ribosomal function, is expressed
highly in the pancreas and islets of Langerhans, and involved in many genes in Type 1
diabetes mellitus (T1DM). (Schadt et al., 2008). S6K1, an insulin signaling mediator,
negatively regulates IRS1 (Zick, 2004). Studies in mice have shown that lacked S6K
caused mildly glucose intolerant and decreased the circulating insulin level (Pende et

al., 2000). Indicating that S6K1 may be associated with the insulin resistance induced



by nutrient overload condition (Patti and Kahn, 2004; Tremblay et al., 2005; Um et al.,
2004).

2. Ribosomal protein L10a (RpL10a)

RpL10a, which belonged to the L1P family of ribosomal proteins, is a
component protein of a large subunit of the ribosome. It is located in the cytoplasm.
RpL10a protein encoded by the rpl10a gene. This gene expression is downregulated in
the thymus by cyclosporin-A (CsA) which is an immunosuppressive drug. Previously,
this gene was referred as NEDD6 (neural precursor cell expressed, developmentally
downregulated 6) and it was then renamed as RpL10a. During development in mice
showed that the rpl10a gene expression is downregulated in neural precursor cells.
RpL10a is ubiquitously expressed in all tissues but It highly expression in the organs
of female, pancreas, kidney, muscle, and so on. RpL10a has the function of combining
60S and 40S ribosomes to form the 80S ribosomes (Turtoi et al., 2008). RpL10a
enhances the expression of Insulin-Like Growth Factor2 ( IGF2), Early Growth
Response 1 ( EGR1), and Pleiotrophin ( PTN) (Shi et al., 2017). Moreover, many
previous publications reported that RpL10a had been shown additional extra—ribosomal
functions. RpL10a may be related to the cell proliferation such as the roles in
organogenesis, embryogenesis, (Balcer-Kubiczek et al., 1997; Fisicaro et al., 1995),
spermatogenesis regulation, development control in zebrafish’s embryos (Palasin et al.,
2019), and maturation in shrimp’ s ovaries (Palasin et al., 2014; Wonglapsuwan et al.,
2011, 2010). Moreover, many pieces of evidence showed the relation between RpL10a
and InR. This relationship had been found during ovarian maturation in shrimp’s ovary,
which shows up-regulation of rpl10a and InR (Saetan et al., 2016). In the Drosophila’
s ovary, InR mutation resulting in disappearing of the somatic follicle cells in the egg
chambers. This phenotype is called “Pwop” (Pritchett and McCall, 2012), It is similar
to the deficiency of RpL10Ab (RpL10Ab”) in germline clone which lack of follicle
cells surrounding the egg chamber (Wonglapsuwan et al., 2011). Moreover, the
RpL10Ab™ flies could survive by using the shrimp (Fenneropenaeus merguiensis)
RpL10a protein to rescue the fruit flies. It indicated that Shrimp RpL10a has a
functional conservation with the RpL10Ab of Drosophila (Wonglapsuwan et al., 2011).



shrimp rpl10a gene comprised of 669 bp and encoded to 217 amino acids (Figure 1). It
has the Ribosomal L1 superfamily domain at amino acid residue 2-217 (NCBI
Conserved Domain Database (CDD)). This domain functions as a ribosomal protein
bound to rRNA and it functions as a translation repressor by binding to its own mRNA.
The RpL10a also has the nuclear localization signal and eight phosphorylation sites
including Ser2, Ser50, Ser86, Ser141, Thr9, Thr52, Thr139, and Tyr11. The molecular
weight and pl of this protein were 25.7 kDa and 10.06, respectively.

CGGACAAGGAGCACCATGTCGAGCAAGGTGACGAGGGACACCCTCTACGAG 51
1 M s KV TRD(®@ L E
TGCATCAACGGCGTGCTTCAGGGCGCCAAGGACAAGAAGCGCAACTTCCGC 102
13 ¢ I N G VL Q G A KD KZ KU RN F R
GAGACGGTCGAGCTCCAGATCGGCCTCAAGAACTATGACCCCCAAAAGGAT 153
30 E TV EL Q I G L KN YD P Q KD
AAGCGTTTCAGTGGCACAGTGAAGTTGAAGCACATCCCCAAGCCCAACATG 204
47 X R F § 6 MV K L K H I P K P N M
AAGATCTGTGTCCTTGGTGACCAGATGCACATTGATGAGGCTAAGGAGAAC 255
64 K I C V L G D Q M H I DEAZKE N
AACATTCCCTGCATGTCTGCCGATGACCTCAAGAAGCTGAACAAGGACAAG 306
81 N I P ¢c M A DD L K KL N K D K
AAGCTTGTCAAGAAGCTGGCAAAGAAGTATGATGCCTTCATTGCCTCTGAT 357
98 K L V K K L A K K Y D A F I A S D
GCCCTTATCAAGCAGATTCCCCGTCTGTTGGGCCCTGGTCTCAACAAGGTT 408
115 A L I K Q I P R L L G P G L N K V
GGCAAGTTCCCTACCATGTGCACTCACTCTGAGAAGTTGACAGACAAGTGC 459
132 6 K F P T M ¢c M B G E K L T D K C
AATGAGATCAAGGCCACCATCAAGTTCCAGATGAAGAAGGTGTTGTGCCTG 510
149 N E I K A T I K F Q M K K V L C L
TCTGTTGCCATTGGCCACGTTGAGATGGCTTCGGATGAACTAGTGCAGAAC 561
166 S V A I G H V EM A S D E L V Q N
GTTTACCTGGCCATGAACTTCTTGGTTTCGCTGTTGAAGAAGCATTGGCAG 612
183 V Y L A M N F L V S L L K K H W Q
AACGTGCGATCCCTGCATATTAAGTCTACCATGGGAAGGCCCCAACGCCTG 663
200 N V R S L H I K S T MG R P Q R L
TACTAG 669
217 Y *

Figure 1. The nucleotide sequence and amino acid sequences of the RpL10a. The
asterisk indicates the stop codon. Red letter with underline indicates the nuclear
localization signal. The circles indicate the phosphorylation sites including four sites of
serine (Ser/S) (blue), three sites of threonine (Thr/T) (green), and one site of tyrosine
residues (Tyr/Y) (yellow) (Wonglapsuwan et al., 2010).



Shrimp RpL10a has homologs in with other organisms, both vertebrates and
invertebrates (Figure 2) and all organisms have the PQKDKRF amino acid, a highly

conserved sequence.
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Figure 2. The alignment of the amino acid sequence of RpL10a (GenBank accession
number FJ623402) from F. merguiensis with other homologous RpL10a. The red
square indicates the nuclear localization signal (Wonglapsuwan et al., 2010).



3. Drosophila melanogaster

3.1. General biology of Drosophila melanogaster

The Drosophila melanogaster (fruit fly) is a popular model organism used to
study human diseases, such as human cancer (Mirzoyan et al., 2019). 60% of the
Drosophila genome homologous to the humans genome and shares approximately 75%
homologous to disease-causing genes of human, and the genome less redundancy than
in humans (Chien et al., 2002; Pandey and Nichols, 2011; Ugur et al., 2016; Yamamoto
et al., 2014). And other advantages indicate that D. melanogaster is a powerful genetic
tool such as small size, short life cycle, easy cultivation, a large number of offspring

per generation, low raising cost (Millburn et al., 2016; Sang, 2001).

3.2. The GAL4/UAS system in transgenic flies

The GAL4/UAS system is a developed method commonly used in Drosophila
to study the expression of an interesting gene (Brand and Perrimon, 1993). The system
of GAL4/UAS consists of two parts, including the GAL4 protein, derived from yeast,
which serves as a DNA binding transcription factor, and the upstream activation
sequence (UAS), an enhancer specific to the GAL4 protein. GAL4 is a yeast protein
not ordinarily express in Drosophila but expressed in transgenic GAL4 flies to drive
the transcription of the interesting gene, constructed by link with the UAS sequences
(Fischer et al., 1988). Therefore, this system is widely used to drive tissue-specific
expression of interesting genes in the fruit fly (Brand and Perrimon, 1993). The target
gene is constructed by inserting next to the UAS sequence and keep in a transgenic line,
which the target gene remains silent in the absence of its activator. The GAL4 with a
tissue-specific promoter is kept in another line in which activation protein is expressed
without target genes to activate. When the two transgenic lines are crossed together to
produce F1 flies, the GAL4 protein will bind to the UAS and activate the expression of
the tissue-specific gene which is set by the promoter (Figure 3). The phenotype of the
target tissue can then be observed in the progeny (Cho et al., 2014; Duffy, 2002; Fischer
etal., 1988; Kelly et al., 2017; Xu et al., 2017).



Parental generation

—UAS  GeneX |-

F, generation
Gald protem

//,‘: Protein X
—enhancer — Ug Gene X —

Figure 3. The GAL4/UAS system in transgenic flies (Kelly et al., 2017)

3.3. Ribosomal protein L10a in D. Melanogaster

In Drosophila, there are two RpL10a genes that reported in the FlyBase
database (https:/flybase.org/). RpL10Aa lacks an intron while another, RpL10Ab, has

an intron between exon. They indicated that RpL10Aa might be a consequence of
RpL10AD retrotransposition (Marygold et al., 2007). RpL10Aa has a limited expression
pattern in cells and less expressive than the RpL10Ab gene, whereas the RpL10Ab gene
plays a role in producing most of the RpL10a protein in most cells (Marygold et al.,
2007). Therefore, the RpL10ADb is an interesting gene in the study of RpL10a function
in Drosophila. The previous publication reported that RpL10Ab is an important gene
during oogenesis in Drosophila (Wonglapsuwan et al., 2011). The Drosophila
RpL10ADb gene is closely correlated with the shrimp RpL10a (Figure 4) by showing the
conserved function with the Drosophila RpL10Ab in the rescue experiment
(Wonglapsuwan et al., 2011). RpL10a from F. merguiensis shares 86% similarity with
Drosophila RpL10Ab (Figure 5).
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Figure 4. The phylogenetic tree of RpL10a from F. merguiensis and other organisms.
The phylogenetic tree was created based on the amino acid sequence comparisons that

are shown in Figure 2 (Wonglapsuwan et al., 2010).
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Figure 5. The amino acid sequence alignment of shrimp RpL10a and Drosophila
RpL10Ab.
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Some pieces of evidence indicated the correlation between RpL10a and InR. In
Drosophila, lack of RpL10Ab (RpL10Ab™) in germline showed a complete failure to
progress into mid-oogenesis and showed disappearance of the follicle cells surrounding
the Drosophila egg chamber but showed the normal nurse cells. This result is called a
Pwop phenotype, which is reminiscent of InR mutants (InR”") that the somatic follicle
cells disappeared in the egg chambers but the germline persisted (Pritchett and McCall,
2012). This phenotype is also found in the insulin-receptor substrate (IRS)-like chico
mutants (Drummond-Barbosa and Spradling, 2001). Many reports showed that insulin
also regulates the oogenesis in many organisms such as Drosophila, mosquito, and
shrimp (Brown et al., 2008; McCall, 2004; Sun et al., 2010; Wonglapsuwan et al.,
2011). In D. melanogaster, the overexpression of shrimp RpL10a under the GMR
promoter resulted in the abnormality of ommatidia in which a decreasing of the red
pigment in the eyes center (Wonglapsuwan et al., 2011) and RpL10a could control the
trehalose metabolism and stimulate cell proliferation in RpL10a—overexpressed flies by
inducing the expression of InR and Shc (Chaichanit et al., 2018). These evidence
revealed that RpL10a might have another extra—ribosomal function involved in cell

proliferation and metabolism regulation through the insulin pathway.

3.4. InR in RpL10a—-overexpressed eyes.

Overexpression of shrimp RpL10a under the eye-specific promoter, GMR, in
the Drosophila, resulted in increasing the roughness of ommatidia and losing a red
pigment in the center area of the eyes. whereas, the GMR-Gal4 control flies showed
normal red eyes (Wonglapsuwan et al., 2011). They were indicating that the excess of

RpL10a Affect the death of pigment cells in the eyes of Drosophila (Figure 6).
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Figure 6. The overexpression of shrimp RpL10a in the eyes of Drosophila. (a) Control
(GMR-GALA4/+) shows normal red eyes. (b) The RpL10a—overexpressed flies (GMR-
Gal4/+; UAS-RpL10a) show abnormal eyes with rough ommatidia and a loss of the red

color in the center of the eye (arrow) (Wonglapsuwan et al., 2011).

The excess of RpL10a causes disappearance of the eyes membranes (Figure 7)
(Chaichanit et al., 2018), as well as in the lack of RpL10Ab resulted in the membrane
organization in the follicle cells of fruit flies (Wonglapsuwan et al., 2011). These
characters were similar to DInr (Drosophila insulin-like receptor) overexpression in
Drosophila’s eye that showed a large ommatidial with unusual pattern (Brogiolo et al.,
2001).

4 20 uM

20 uM

Figure 7. The eyes membrane morphology of RpL10a—overexpressed flies. (a, b, d, and e)
the unstained ommatidia are represented in phase contrast, (c and f) the ommatidia were
stained with Drosophila E-cadherin (DCAD?2), an adherens junctions specific (red). (a-c)
the eyes of GMR-GALA4/+ flies. (d-f) the eyes of GMR-Gal4/+; UAS-RpL10a flies. The
arrows indicate the loss of the eyes membrane. The scale bars represent 20 wm (Chaichanit
etal., 2018).
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The excess of RpL10a also induces the expression of InR in both mRNA level
and protein level (Figure 8). This effect indicated a correlation between RpL10a and
InR. Generally, InR is a tyrosine kinase receptor that plays critical regulatory roles in
cell division, cell development and metabolism.

InR
C 1.60E+04

1.40E+04
1.20E+04
1.00E+04
8.00E+03
6.00E+03
4.00E+03
2.00E+03

0.00E+00 .

GMR-GAL4/+ GMR-GALA4/+;
UAS-RpL10a

Relative mRNA expression

50 pm
e

GMR-GAL4/+ GMR-GAL4/+; UAS-RpL10a

Figure 8. The excess of RpL10a increased the expression of InR gene and InR protein.
(a—b) The eyes of (a) GMR-GAL4/+ and (b) GMR Gal4/+; UAS-RpL10a were stained
with anti-insulin receptor (Red). The scale bars represent 50 um. (¢) The InR mRNA
expression level was measured by real-time PCR. Histogram shows the InR relative
MRNA expression which normalized by GAPDH gene. The asterisk indicated a
significant difference in each group. (p < 0.05) (Chaichanit et al., 2018).

4. Insulin signaling pathway

The insulin signaling pathway controls many biological processes such as cell
proliferation, glucose metabolism, and lipid metabolism. After the InR is activated by
interacting with the insulin or other specific ligands, the signal was generated by the
autophosphorylation mechanism (De Meyts, 2000; Ward and Lawrence, 2009).

The InR consists of two alpha subunits and two beta subunits which connected
together via a disulfide bond. the insulin bind to the alpha subunits located on the
outside of the membrane whereas the two beta subunits are the transmembrane proteins
that act as a signal transducer. (Belfiore et al., 2009; GOLDFINE, 1987; Seino and Bell,

1989). The InR structure consists of 8 domains including a leucine-rich repeat domain



13

(L1 domain), a cysteine-rich region (CR, domain), an additional leucine-rich repeat
domain (L2, domain), three fibronectin type 11l domains (Fnlll-1, Fnlll-2, and FnllI-
3), and two insert domains (IDa and IDP) that lie on the Fnlll-2 domain. The
downstream of the Fnlll-3 domain contains a transmembrane helix (TH), intracellular
juxtamembrane (JM) region, and the intracellular tyrosine kinase (TK) catalytic domain
that involved in the intracellular signaling (Smith et al., 2010) (Figure 9). The InR
consists of 2 ligand binding sites, which are site 1, consisting of L1 and aCT domains
and site 2, consisting of fibronectin type I11 1 (Fnlli1) and Fnlll12 domains (Ward and
Lawrence, 2009).
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Figure 9. The schematic (a) and the structure of insulin receptor (b).(Croll et al., 2016;
Menting et al., 2013)

Insulin binds to the alpha subunit of the InR and changes the beta subunit's
conformation for inducing the tyrosine kinase. The auto-phosphorylation of this beta
subunit leads phosphorylation of IRS. Then, the phosphorylated IRS activates
PI3K/Akt signaling pathway and MAPK Signaling Pathway (Figure 10) (Poloz and
Stambolic, 2015).
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Figure 10. The insulin signaling pathway (Poloz and Stambolic, 2015)

The PI3K/Akt Signaling is the pathway regulated by insulin mainly through the
PI3K (phosphoinositol 3 kinase) to control the metabolism. After activation of PI3K by
activated IRS1, the activated PI3K then activates phosphatidylinositol phosphorylation
to generate the 3, 4, 5-phosphatidylinositol-3, 4, 5-triphosphate (PIP3), Then the
activated PIP3 activates the Akt at serine/threonine-protein kinase. The phosphorylated
Akt can activate many substrates and act as a mediator of the insulin effect. For
example, Akt phosphorylates GSK3 (glycogen synthase kinase 3), involved in glycogen
synthesis regulation. GSK3, a serine/ threonine-protein kinase, inhibits glycogen
synthase when it was phosphorylated by AKT/PKB (Cohen and Frame, 2001). Akt
phosphorylates FoxO (forkhead box-containing protein, O subfamily) transcription
factors, to inhibit their translocation to the nucleus to stimulate the expression of
gluconeogenesis genes. (Accili and Arden, 2004; Taniguchi et al., 2006). Akt also
phosphorylates AS160, a glucose transporter 4(GLUT4) to translocate to the cell
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membrane to uptake glucose. And Akt also phosphorylates mTOR, a mammalian target
of rapamycin, to regulate the synthesis of protein and cell growth (Harris and Lawrence,
2003).

The MAPK Signaling Pathway is mainly controlling cell growth and protein
synthesis. This pathway is initiated when Grb2 (growth factor receptor-bound protein
2) binds to tyrosine-phosphorylated Shc (Sh2-containing collagen-related protein).
After Grb2 links to the mammalian nucleotide exchange factor mSQOS, this complex
then activates Ras. The activated Ras activates Raf and then Raf activates MAPK/Erk
kinase (MEK) to regulates transcription factors involved in cell proliferation, cancer
gene, and protein synthesis.

In insulin resistance, because the mutation of InR or abnomality of signal
transduction results in an abnormality of glucose metabolism and leads to type 2
diabetes mellitus (Keith Campbell, 2009). On the other hand, type 1 diabetes is caused
by autoimmune responses that destroy the beta cells resulting in abnormal insulin
production in the pancreas. (Bluestone et al., 2010). Thus, insulin replacement therapy
has required for the treatment of diabetic patients such as recombinant insulin, insulin

analogs, and insulin-mimetic (Babu et al., 2020; Moura et al., 2020; Qiang et al., 2014;
Xie et al., 2020). For example, a chaetochromin derivative 4548-G05 that has the

function as an insulin-mimetic, could activate InR and its downstream pathways by
binding to the InR on on different site of the insulin binding (Qiang et al., 2014). Several
alternative insulin analogs will be useful for the patient.
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5. Insulin resistance model

Type 2 diabetes, the major cause of death worldwide, is characterized by insulin
resistance. It occurs when the insulin-responsive tissues such as liver, adipose tissue,
and skeletal muscle are unable to respond to insulin properly (Chang et al., 2015).
Insulin resistance is closely correlated with over-nutrition and obesity and other factors
such as chronic inflammation and stress responses. (Johnson and Olefsky, 2013;
Olefsky and Glass, 2009). Since there are several pieces of research that aim to study
the mechanism of insulin resistance and try to find a new therapeutic drug for insulin
resistance. Thus, several animal models of insulin resistance have been developed to
facilitate opportunities to explore the impact of insulin resistance. There are multiple
important effects of insulin resistance, many approaches to developing insulin-
resistance cells. According to the previous study, the high-glucose (50 and 75 mM) was
used to induce insulin resistance in gingival fibroblasts cells (Buranasin et al., 2018).
High levels of insulin can cause insulin resistance (Shanik et al., 2008). High
glucose/insulin also induced cell to insulin resistance condition which was observed in
the 3T3-L1 adipocyte cells induced by the combination of 25 mM glucose and 5 nM
insulin for 24 h. (Ross et al., 2000). Oxidative stress is accepted as a factor in insulin
resistance development (Bloch-Damti and Bashan, 2005). The hepatocyte cell line
BRL-3A was induced to insulin resistance cells by using Glucose oxidase, an oxi-
reductase catalyzing the conversion of glucose to gluconolactone, which is further
converted to glucuronic acid and H20,. (Wang et al., 2012). A combination of TNF-a,
a proinflammatory cytokine, and hypoxia are able to induce insulin resistance in 3T3-
L1 adipocytes cells (Lo et al., 2013). (Chang et al., 2015). TNF-a can induce insulin
resistance in FL83B liver cells (Chang et al., 2014, 2011). In addition, there are many
other agents are also can cause insulin resistance, such as free fatty acids (Nguyen et
al., 2005; Samuel and Shulman, 2012), interleukin-1 (IL-1) (Jager et al., 2007), 1L-6
(Rotter et al., 2003), dexamethasone (Sakoda et al., 2000), growth hormone (Smith et
al., 1997), glucosamine (Nelson et al., 2000), hypoxia (Regazzetti et al., 2009), and so

on.
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OBJECTIVES

This research focused on the correlation between ribosomal protein L10a
(RpL10a) and insulin receptor (InR) and the extra—ribosomal function of RpL10a that
acts as insulin-mimetic in insulin resistance condition. The objectives of this research
are as follows:

1. To investigate the effect of excess RpL10a on the insulin pathway in

RpL10a—overexpressed flies.

2. To study the correlation between RpL10a and InR by in silico binding and
in vitro binding and investigate their binding effects on CHO-S cells' insulin
pathway.

3. To characterize extra—the ribosomal function of RpL10a that acts as insulin-

mimetic in both healthy and insulin-resistant conditions.
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CHAPTER 3

MATERIALS AND METHODS

. Materials

1. Plasmid vector

pPGEM®-T Easy Vector was purchased from Promega (Madison, WI, USA) and
pGEX-4T-1 Vector was purchased from GE Healthcare (Chicago, IL, USA).

2. Bacterial strains

Escherichia coli BL21 (DE3) and Top10 strain were provided from Chotigeat’s
lab.

3. Chemicals

Chemicals and solvents (analytical grade) were purchased from Amersham,
Biosciences; Fluka, Switzerland; Life Technologies, USA; Sigma, USA; PIERCE,
USA; Roche, Germany; BIO-RAD, USA; Clontech, USA.

4. Primers

The oligo primer for gPCR in Drosophila melanogaster and for cloning into
PGEX-4T-1 expression vector was synthesized from Sigma (Germany). The oligo
primer for qPCR in IRCs was synthesized from Wardmedic (Singapore), as shown in
Table 1.
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Table 1. Primer list

Primer name Primer sequences (5’— 3’)

CHOINR:F (gPCR) CGAGTCGTCCAGTGAATGCT

CHOINR:R (gQPCR) CACATTCCCCACCTCGTCAA

B-actin:F (qPCR) GACTCAACACGGGGAAAC

B-actin:R (QPCR) ATGAAGTGYGACGTGGACATC

DmShc:F (qPCR) TCACAGCGGAGGTGTGGTTCCA

DmShc:R (gPCR) CGTGTGCCCAGTGGTAGTTGAT
CHOINR-FnlII:F TTAGTCGACTGCACCTGTACCCCGGAGAG
CHOINR-FnlI:R CATGCGGCCGCTCAGACAGAAGGGTTAGTGGCATC
CHOHK1:F (QPCR) GGAGTGGATGGGACGCTCTA

CHOHK1:R (gPCR) CTTGCCACTGCCATCTTCAG

CHOG6pc3:F TCTTCTCAGGTGGCATCTCG
(qQPCR)
CHOG6pc3:R ACCTGGTGAGGGAAATGTGC
(qQPCR)

I1. Methods

Part I: The effect of RpL10a on Drosophila eyes

1. GMR-GAL4; UAS-RpL10a flies

RpL10a—overexpressed flies were provided from the previous publication
(Wonglapsuwan et al., 2011). Briefly, the GMR-GAL4 was used to overexpress the
RpL10a in the eye. First, the GMR-GAL4/+ flies were crossed to CyO; TM2/T (2; 3)
ap*®. Then, GMR-GAL4/CyO; +/TM2 was then crossed to the +/CyO; UAS-RpL10a.
The males and virgin females of GMR-GAL4/CyO; UAS-RpL10a/TM2 flies were mated
to produce the GMR-GALA4/+; UAS-RpL10a flies. The GMR-GALA4/+ flies were used

as a control group.
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2. Immunohistochemistry of Akt and dFOXO phosphorylation in the eyes of

RpL10a—overexpressed flies

The eyes of GMR-GAL4/+; UAS-RpL10a flies and control GMR-GAL4/+ flies
were dissected in phosphate-buffered saline (PBS) (137 mM NaCl, 2.7 mM KCI, 8 mM
Na2HPO4 and 1.46 mM KH2POg4, pH 7.4) and fixed in a fixative buffer (300 pl Graces
medium, 100 pl of 16% formaldehyde and 200 ul heptane) at room temperature for 20
min. The fixed ommatidia were then washed three times with PBST (PBS, 0.5% tween
20) before blocking in PBAF (PBS, 0.5% bovine serum albumin and 5% fetal calf
serum) for 1 h. To detect the phosphorylation level of the insulin signaling mediators
,Akt and dFOXO proteins, the ommatidia were incubated for 2 h at 4°C in primary
antibody, including 1:250 dilution of Rabbit polyclonal anti—p-Akt (CST,
Massachusetts, USA) and 1:250 dilution of anti-p-FOXO antibodies (CST,
Massachusetts, USA). Then, the ommatidia were washed 4 times with PBST before
blocking again with PBAF. After 1 h of blocking, the ommatidia were incubated with
1:500 dilution Goat anti-rabbit IgG conjugated with rhodamine (Santa Cruz, CA) for 1
h at room temperature. And then, the ommatidia were washed 4 times with PBST within
2 h before mounting in mounting media with DAPI to label the nuclei (Vector Labs,
Burlingame, CA). The signal of the phosphorylation level was observed on an Olympus
FV10i confocal microscope.

3. Semi-Quantitation of Akt and dFOXO phosphorylation in RpL10a—
overexpressed flies by western blot analysis

Two hundred of the eyes of GMR-GAL4/+; UAS-RpL10a and GMR-GAL4/+
were dissected in 50 ul lysis buffer (187.5 mM Tris-HCI, 6% W/V SDS, 1ImM EDTA
and 1mM PMSF). Then, the eyes sample was crushed to extract the proteins. The
protein solution was separated by centrifugation at 10,000 xg for 20 min under 4°C.
The concentration of the protein solution was quantified by Lowry's method before use.
Then, 80 ug proteins of the RpL10a overexpressed, and control GMR-GAL4/+ flies
were separated on 12% SDS PAGE gel and transferred to the nitrocellulose membranes

with current 2mA/cm? for 4 h. The transferred membranes were washed with Tris-
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Buffered Saline (TBS) (25 mM Tris-HCI, 2.5 mM KCI, and 140 mM NaCl) for 5 min
at room temperature before blocking in TBST (TBS and 0.1% Tween 20) with 5% W/V
of BSA for 2 h at room temperature. Then, the blocked membranes were then washed
3 times with TBST before probing with the primary antibody. the membranes were
incubated with 1:1,000 dilution of a rabbit polyclonal anti—p-Akt and rabbit polyclonal
anti-p-FOXO (CST, Massachusetts, USA) overnight under 4°C. After primary
antibody incubation, the membranes were then washed 3 times with TBST and followed
by incubating with 1:5,000 dilution of goat-anti-rabbit-alkaline phosphatase (Promega,
Wisconsin, USA) for 1 h at room temperature. After secondary antibody incubation,
the membranes were washed again 3 times with TBST and equilibrated with alkaline
phosphatase buffer (100 mM NaCl, 50 mM MgCl; and 100 mM Tris-HCI pH 9.5) for
5 min at room temperature. The color was then developed by the NBT-BCIP (Nitro
blue tetrazolium chloride/5-Bromo-4-chloro-3-indolyl phosphate, toluidine salt)
(Roche, Germany) alkaline phosphatase buffer. Until the positive band was detected,

then the reaction was stopped by 1% v/v acetic acid.

4. Shc expression in the eyes of RpL10a—overexpressed flies

4.1. RNA isolation

The eyes of GMR-GAL4/+; UAS-RpL10a flies and GMR-GAL4/+ flies were
dissected, and the total RNA of these eyes was isolated with TRIzol® Reagent (GIBCO
BRL, USA). First, the eyes were homogenized in the TRIzol® Reagent. Then,
chloroform was added to the homogenous and mixed well. The aqueous phase of the
eyes homogenous was separated by centrifugation at 12,000 xg for 15 min under 4°C
and transferred to the new tube. The isopropyl alcohol was added to the aqueous phase
tube to precipitate RNA and incubated at —80°C for 30 min before centrifugation at
12,000 xg for 10 min under 4°C. The RNA pellet was cleaned with 75% ethanol,
followed by centrifugation at 7,500 xg for 5 min under 4°C. Then, the RNA pellet was

dried before resuspension in RNase free water.
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4.2. cDNA synthesis

Two micrograms of RNA were synthesized to cDNA using AMV Reverse
Transcriptase (Promega, Wisconsin, USA). First, The RNA was incubated with random
primer at 70°C for 5 min before placing it on ice immediately for 5 min to denaturation
of RNA. Then, the other reagent was added to the denatured RNA tube, as shown in
Table 2. Then, the RNA and reverse transcription reagent mix in this tube was
synthesized to cDNA by incubating at 48°C for 2 h. The cDNA quality was checked by
detecting the beta-actin (B-actin) housekeeping gene with PCR.

Table 2. Composition of the cDNA synthesis reaction

Reagent volume per reaction (ul)
Random primer (100 ng/ul) 2.00

dNTP Mix (10mM) 1.25

Reverse Transcription 10x Buffer 1.25

AMV Reverse Transcriptase (10 unit/ul) 1.00

RNase free water To 125

Total volume 12.50

4.3. Amplification and purification of Shc gene for creating a standard

curve in real-time PCR

One hundred nanogram of cDNA template was amplified using Tag DNA
polymerase from Invitrogen, Life Technologies (USA) and a primer specific to Shc
(Table 1). The reagents and thermal cycling for amplifying are shown in Tables 3 and
4, respectively. Then, The PCR product was detected via 1.5% agarose gel
electrophoresis. After that, the PCR product was purified using NucleoSpin® Gel and
PCR Clean-up (Takara, USA). The target DNA fragment was cut from the agarose gel
and placed in 1.5 ml microcentrifuge tube. Then, 200 ul of Buffer NT1 was added into
the DNA fragment tube to solubilize the gel slice. DNA fragment tube was incubated

at 50°C for 5-10 min to dissolve the gel slice. After completely dissolve, the DNA
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solution was transferred to the NucleoSpin® Gel and PCR Clean-up Column that was
placed in the collection tube to bind the DNA fragment with the column. The DNA
fragment was separated from the solution by centrifugation at 11,000 xg (11,100 rpm)
for 30 sec. The washing step was performed 2 times by adding 700 pl of Buffer NT3 to
the column and spinning at 11,000 xg (11,100 rpm) for 30 sec to wash the membrane.
After that, the column was spun again to remove Buffer NT3 and dry the membrane
completely. The column was placed into the new microcentrifuge tube, and 20 pl
deionized water was added to the column. And finally, the column was incubated at

room temperature for 1 min and spun to elute DNA.

Table 3. Composition of PCR reaction

Reagent volume per reaction (ul)
cDNA template (100 ng/ul) 1.0

10x PCR buffer 2.5

25 mM MgCl; 2.5

DmShc:F primer (20 uM) 2.5

DmShc:R primer (20 uM) 2.5

10 mM dNTP Mix 1.0

Tag DNA polymerase (5 unit/ul) 1.0

Deionized water 12.0

Total volume 25.0
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Table 4. Thermal cycling of PCR

Cycles Temperature Time
1 94°C 5 min
94°C 30 sec
30 56°C 30 sec
72°C 30 sec
1 72°C 10 min

1 4°C 00

4.4. Real-Time PCR

Two hundred nanogram of cDNA was used as the template to determine the
expression level of Shc gene. The Real-Time PCR was performed using 2x FastStart
Universal SYBR Green Master (Rox) (Roch, Mannheim, Germany) in 12.5 ul of Real-
Time PCR reaction The cycle and fluorescence detection were performed by using the
Mx3000P® gPCR System (Stratagene, La Jolla, CA, USA) as shown in Table 5 and
Table 6. The primer specific to Shc gene, as shown in Table 1. The S-actin was used as
an internal standard. All samples were performed in triplicate. The 10-fold serial
dilutions of purified Shc gene in the range of 107 to 10° copies were prepared to create
the standard curve. The copy number of each dilution was calculated by using the
formula: a number of copies = [amount of DNA (ng) x 6.022 x 10%%]/ [length of DNA
(bp) x 1 x 10° x mass of DNA bp]. The ratio of Shc copy number to g-actin copy
number in each sample was computed, and these ratios were compared between GMR-
GAL4/+, and GMR-GAL4/+; UAS-RpL10a flies.
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25

Reagent

volume per reaction (ul)

2% FastStart Universal SYBR Green Master (Rox)
DmShc:F Primer (20puM)
DmShc:R Primer (20puM)

Deionized water

6.25

0.125 (Final Conc. 200 nM)
0.125 (Final Conc. 200 nM)
To 125

Total volume

12.50

Table 6. Thermal cycling of Real-Time PCR

Cycles Temperature Time
1 95°C 5 min
94°C 30 sec

40 59°C 30 sec
72°C 30 sec

5. Determination of carbohydrate content in RpL10a—overexpressed flies

The carbohydrate content was determined as described previously with

modification (Van Handel, 1985a).

5.1. Calibration

The sugar and glycogen content was calculated directly from the glucose

standard curve. The standard curve was prepared using 1 mg/ml in 25% ethanol of

glucose stock. The stock was diluted to a concentration of 12.5, 25, 50, 100, and 200

pg/ml. Each concentration of glucose was prepared in triplicates in a final volume of

0.2 ml. Then, the anthrone reagent (530 ml of anthrone reagent: 150 ml of DI water,

380 ml of concentrate H.SO4, and 750 mg of anthrone) was added into each standard

tube to a final volume of 5 ml. The colorimetric reaction was initiated by heating the

glucose-anthrone mixture tubes at 90-92°C for 17 min. The glucose-anthrone mixture
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tubes were then cooled, mixed, and measured the optical density at 625 nm. When the
optical density of the standard tube is higher than 1, it should be diluted with the
anthrone reagent, mixed, and measured the optical density at 625 nm until the standard
tube's optical density is lower than 1.

The trehalose standard curve was prepared for the determination of the trehalose
content in the flies. Similarly, the trehalose standard curve was prepared using 1 mg/ml
in 25% ethanol of trehalose. The trehalose stock was diluted to a concentration of 12.5,
25, 50, 100, and 200 pg/ml. Each concentration of trehalose was prepared in triplicates

in a final volume of 0.2 ml, and the colorimetric reaction was performed as above.

5.2. Determination of sugar

The GMR-GAL4/+; UAS-RpL10a flies and the control GMR-GAL4/+ flies were
aged for 2 days old before collecting to determine the sugar content. Ten flies were
placed in 200 pl of 2% sodium sulfate solution and crushed with a micro pestle, and 1
ml of methanol was added into the homogenous, then mixed well and spun at 12,000
xg for 1 min. The supernatant containing sugar was transferred to the glass tube. The
distilled water of 200 pl was added into the pellet tube and mixed well to collect the
residual sugar fraction. Then, 1 ml of methanol was added into the pellet tube. The
pellet tube was mixed well and spun at 12,000 xg for 1 min. Then, the second sugar
fraction was combined with the first sugar fraction tube and evaporated at 90-92°C to
1 ml volume. The sugar concentration was determined by transferring 0.2 ml of sugar
sample (20% of total sugar) to a new glass tube and by adding the anthrone reagent into
the sugar sample tube to a final volume of 5 ml. The sugar-anthrone mixture tubes were
mixed and heated at 92°C for 17 min. Then, the sugar-anthrone mixture tubes were
cooled, mixed, and measured the optical density at 625 nm. The sugar content could be
calculated directly from the standard curve of glucose. The experiment was performed

in triplicate.
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5.3. Determination of trehalose

First, The sugar was separated from ten flies, as described in method 5.2. After
evaporation, 0.2 ml of evaporated sugar sample was transferred to a new glass tube.
Treholose was determined so the other type of sugar in the sample should be destroyed.
0.05 ml of 1N HCI was added into the sugar sample tube and incubated at 90°C for 7
min to hydrolyze sucrose into glucose and fructose form but leaves trehalose intact. To
destroy the anthrone reactivity of glucose and fructose but leaves trehalose intact, 0.15
ml of 1N NaOH was added into the HCI hydrolyzed-sugar sample tube and incubated
at 90°C for 7 min. Then, the colorimetric reaction was performed as above.

5.4. Determination of glycogen

After transfer, the residual sugar fraction in the pellet tube, the pellet tube
containing glycogen, was dissolved in 1 ml of distilled water and mixed well. Then, 0.2
ml of glycogen solution was transferred to 3 new glass tubes, and the colorimetric

reaction was performed as above.

6. Determination of lipid content in RpL10a—overexpressed flies

Lipid content was examined as described previously (Van Handel, 1985b). Mix
sex and the virgin female of the GMR-GAL4/+; UAS-RpL10a flies and the control
GMR-GAL4/+ flies were aged for 2 days before use. Ten flies were placed in a
microcentrifuge tube containing 0.5 ml of Chloroform: methanol (1:1) solution. Then,
the sample was crushed with a micro pestle and mixed vigorously. Each group
performed in triplicates. The homogeneous solution was carefully transferred to a new
tube. This sample solution was evaporated at 92°C for 5-7 min. Then, 0.2 ml of sulfuric
acid was added to the sample and heated at 92°C for 10 min. After cooling, vanillin
reagent was added into the sample tube to a final volume of 5 ml, mixed, and determined
the optical density at 525 nm. The lipid content was calculated directly from the lipid

standard curve. The standard curve was created using 1 mg/ml of commercial vegetable
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oil in chloroform. The standard lipid assay was performed in three sets of 50, 100, 200,

and 400 ul of 1Img/ml of the vegetable oil with a final volume of 0.5 ml.

7. Statistical analysis

Three separate samples were used for all experiments. The statistical analysis
was performed on SPSS version 15.0 software (SPSS Inc., Chicago, IL, USA). The data
are presented as the mean £ SD. The results between groups were compared statistically
using the independent—samples t-test with a significance level of p < 0.05.
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Part 11: RpL10a and InR interaction and the effect after binding

1. Insilico binding

The sequence of RpL10a protein from F. merguiensis was downloaded from the
NCBI database with accession number ACU52718. The predicted 3D structure of

RpL10a protein was modeled on Swiss-Model server (https://swissmodel.expasy.org/)

and the three-dimensional structural accuracy of the predicted model was validated
through RAMPAGE server (http://mordred.bioc.cam.ac.uk/~rapper/rampage.php)

(Lovell et al., 2003) before docking. At the same time, 3D structure of human InR
protein was downloaded from the RCSB Protein Data Bank (PDB). Then, the three-
dimensional structure of RpL10a and InR were elucidated through the PyMol program.
The RpL10a protein was used as a ligand, and the human InR was used as a receptor.
The binding model with the largest cluster and lowest energy scores was selected. The
scores of the interaction, including balanced, electrostatic-favored, hydrophobic-
favored and van der Waals interactions, were determined by PIPER program on the

ClusPro 2.0 server (https://cluspro.bu.edu/login.php). Then, the selected binding model

was elucidated using the PyMol program. The insulin model was retrieved from the
PDB entry 3e7y produced from X-ray diffraction with a resolution of 1.6 A to compare
the pattern of binding to InR protein between RpL10a and insulin. The protein-protein
docking of insulin and InR was performed and elucidated through the PIPER program

and PyMol program, respectively.


https://swissmodel.expasy.org/
http://mordred.bioc.cam.ac.uk/~rapper/rampage.php
https://cluspro.bu.edu/login.php
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2. Invitro binding

2.1. Cloning and expression of the recombinant GST-InR-Fnlll (InR
binding site)

2.1.1. CHO’s RNA isolation and cDNA synthesis

Chinese hamster ovary (CHO-S) cells (Gibco, USA) were maintained in
Dulbecco's Modified Eagle Medium (DMEM) (Gibco, USA), supplemented with 10%
heat-inactivated fetal bovine serum (Gibco, USA) and 1% of antibiotic—antimycotic
(Gibco, USA) for 18 h at 37°C under 5% CO2. The cells were grown until 80%
confluence before harvesting to isolate total RNA. Total RNA was extracted using
TRIzol® as described in method 4.1 (in part I). Two micrograms of total RNA were
synthesized to cDNA by using AMV reverse transcriptase. Briefly, the RNA was
incubated with 200 ng random primer at 70°C for 5 min before placing it on ice
immediately for 5 min to denature the RNA. Then, the reverse transcription reaction
mix was added to the 12.5 pul denatured RNA tube, as shown in Table 2. After that, the
reverse transcription reaction mix synthesized cDNA by incubating at 48°C for 2 h. The
quality of cDNAs synthesis was checked by amplification p-actin cDNA before using
the cDNAs for amplification the target InR binding site.

2.1.2. Amplification and purification of the InR-Fnlll gene

The target binding site (InR Fnlll domain) was amplified from cDNA of CHO-
S cell and ligated into pPGEM®-T Easy cloning vector. One hundred ng of cDNA
template was amplified using Tag DNA polymerase and CHOInR-Fnll1l forward primer
carrying a Sall restriction site and CHOINR-Fnlll reverse primer with Notl restriction
site (Table 1). The reagents and thermal cycling for amplifying are shown in table 7
and 8, respectively. Then the PCR product was purified as described in method 4.3 (In
part I).
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Table 7. Composition of PCR reaction

Reagent volume per reaction (ul)
cDNA template (100 ng/ul) 1.0

10x PCR buffer 2.5

25 mM MgCl; 15

CHOInR-Fnlll:F primer (20 uM) 0.5

CHOInR-FnllI:R primer (20 uM) 0.5

10 mM dNTP Mix 0.5

Tag DNA polymerase (5 unit/ul) 0.25

Deionized water 18.25

Total volume 25.0

Table 8. Thermal cycling of PCR

Cycles Temperature Time
1 94°C 3 min
94°C 30 sec
35 55°C 30 sec
72°C 30 sec
1 72°C 5 min

1 4°C 00

2.1.3. Ligation of InR-Fnlll to the pGEM®-T Easy cloning vector

and and transformation

The purified InR-Fnlll gene was ligated to the pGEM®-T Easy vector. The
ligation reaction including 10 ng of InR-Fnlll gene, 30 ng of pGEM®-T Easy vector, 1
ul of 10x ligase Buffer, 2 unit of T4 DNA Ligase (Promega, Madison, USA), and
deionized water was added to the final of 10 pul. The ligation reaction was incubated

overnight at 4°C.
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After that, 5 ul of the ligation reaction was transformed into E. coli Top 10 F
competent cells. Briefly, a 100 pl volume of the competent cells were thawed on ice
before mixing with 5 ul of the ligation reaction. Then, the transformation mixture was
placed on ice for 30 min and incubated at 42°C for 90 sec and immediately place on ice
for 5 min. Then, 900 ul of LB broth was added to the transformed cells and stirred, 180
rpm at 37°C for 45 min. Finally, 200 ul of transformed culture was spread on an LB
plate containing 80 pg/ml of ampicillin and incubated at 37°C for 16-18 h. After that,
the single colonies of transformed cells were randomly collected and cultured into 1 ml
of LB broth containing 80 ug/ml ampicillin and cultured overnight at 37°C with shaking
at 180 rpm before detecting the pGEM-InR-FnlIl.

2.1.4. Detection of the pPGEM-InR-Fnlll from the positive clone

The bacterial culture of E. coli Top 10 F" in 1 ml of LB broth (from 2.1.3) was
extracted as described in a previous study (Birnboim and Doly, 1979). The bacterial
pellet was harvested by centrifugation at 12,000 xg for 5 min at room temperature.
Then, the pellet was collected and dissolved in 100 ul of Solution I (50mM Glucose,
25 mM Tris-HCI pH8.0, 10 mM EDTA, 1 pg/ml RNase A, stored at 4°C). The dissolved
pellet tubes were placed at room temperature before adding 200 ul of Solution 11 (0.2
N NaOH, 1% SDS) for bacterial lysis. The bacterial lysate was mixed and placed on
ice for 5 min. Then, 300 pl of Solution 111 (29.45% w/v of potassium acetate, 11.8%
v/v of glacial acetic acid) was added and incubated on ice for 30 min. The bacterial
lysate was precipitated by centrifugation at 12,000 xg for 15 min under 4°C and the
supernatant was carefully transferred to a new microcentrifuge tube. 1 ml of
isopropanol was added into the supernatant and incubated at —80°C for 10 min before
centrifugation at 12,000 xg for 15 min under 4°C to precipitate the plasmid DNA. The
plasmid DNA was washed with 70% ethanol and spun at 12,000 xg for 15 min under
4°C. Then, the supernatant was discarded, and the plasmid DNA pellet was dried for
20-30 min. Finally, plasmid DNA was suspended in 20 ul of deionized water and stored
at —20°C. The recombinant plasmid was separated on 1% agarose gel compared with
PGEM®-T Easy control plasmid. The recombinant plasmid, larger than the control

plasmid, which expected to contain pGEM-InR-Fnlll was selected to check the
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sequence. Besides, the recombinant plasmid, which is expected to contain pGEM-InR-
Fnlll was checked by digestion with Sall and Notl (Promega) restriction enzymes. The
30 ul reaction of Sall and Notl digestion consisted of 1ug of plasmid DNA, 3 ul of
Restriction Enzyme 10x Buffer D, 15 unit of each restriction enzyme, and deionized
water was added to the final of 30 ul. The digestion reaction was incubated overnight
at 37°C. Then, the digestion reaction was detected via 1.2% agarose electrophoresis.
The clone containing 2 sizes of the nucleotide fragment was then selected for

sequencing analysis.

2.1.5. Sub-cloning of the InR-Fnlll from the pGEM®-T Easy

cloning vector to the pGEX-4T-1 expression vector

The recombinant pGEM-InR-Fnlll and the pGEX-4T-1 expression vector were
digested using Sall and Notl restriction enzymes as described in method 2.1.4. The
digestion reaction was separated via 1.2% agarose electrophoresis. The digested pGEX-
4T-1 and digested InR-Fnlll were purified as described in method 4.3 (In part I). The
purified InR-Fnlll gene was ligated to the purified pGEX-4T-1 vector at the Sall and
Notl restriction site. The ligation reaction contained 2 ng of CHO InR-Fnlll gene, 8 ng
of pGEX-4T-1 vector, 1 pul of 10x ligase Buffer, 1 unit of T4 DNA Ligase (Promega,
Madison, USA), and deionized water was added to the final of 10 ul and the reaction
was incubated overnight at 4°C. Then, 5 ul of the ligation reaction was transformed to
E. coli BL21 (DE3) competent cells as described in method 2.1.3.

2.1.6. Expression and purification of GST-InR-Fnlll protein

A single colony of E. coli BL21 (DE3) containing the pGEX-InR-Fnlll plasmid
(from 2.1.5.) was inoculated into 1 ml of LB broth with 100 pg/ml of ampicillin and
cultured at 37°C overnight with shaking at 180 rpm. Then, 100 pul of the bacterial culture
was inoculated into 10 ml of LB broth with 100 pg/ml ampicillin and cultured at 37°C
with shaking at 180 rpm until the optical density (OD) 600 nm was reached 0.5-0.8.

The recombinant GST-InR-Fnlll protein expression was induced with 0.1 mM



34

isopropyl-1-thio-B-D-galactosidase (IPTG) to the bacterial culture and incubated at
37°C with shaking at 180 rpm for 4 h. After 4 h of induction, the cells were collected
by centrifugation at 7,700 xg for 10 min at 4°C and suspended in 0.5 ml of ice-cool
phosphate-buffered saline (PBS, 140 mM NacCl, 2.7 mM KCI, 10 mM NazHPOgs, 1.8
mM KH2POg4, pH 7.3). The cell suspension was sonicated on ice with a sonicator and
using a 200—-300 W microtip. The sonication condition was performed in 6 cycles of 10
sec sonicate and 10 sec cooling period. Then, the cell suspension was centrifuged at
12,000 xg for 10 min at 4°C and collected as a fraction of soluble protein. Then, the
soluble GST-InR-Fnlll protein was purified by incubating with Glutathione Sepharose®
4 Fast Flow (GE Healthcare) in 1.5 ml microcentrifuge tube overnight at 4°C. The
sample tube was spun at 500 x g for 5 min, and the unbound protein was discarded. The
sample tube was then washed five times by ice-cool PBS to eliminate the unbound
protein. Then, the GST-InR-Fnlll protein was eluted by elution buffer (50 mM Tris-
HCI, 10 mM reduced glutathione, pH 8.0). The purity of GST-InR-Fnlll protein was
finally checked via 12% SDS-PAGE.

2.1.7. Expression and purification of histidine tag-RpL10a (His-
RpL10a) protein

The recombinant His-RpL10a was obtained from the previous study
(Wonglapsuwan et al., 2010). An E. coli BL 21 (DE3) single colony including the pET-
RpL10a plasmid was inoculated in 30 ml of LB broth with 30 pg/ml of kanamycin and
cultured overnight at 37°C with shaking at 180 rpm. Then, the bacterial culture was
inoculated into 300 ml of LB broth with 30 pg/ml of kanamycin and incubated at 28°C
with shaking at 180 rpm until the OD at 600 nm reached 0.5-0.7. Then, the expression
of the recombinant His-RpL10a protein was induced by 1.0 mM IPTG and the cells
were cultured at 18°C with shaking at 120 rpm for 16-18 h. The bacterial pellet was
harvested by centrifugation at 4,000 xg for 20 min at 4°C, and the cell pellet was
suspended in 10 ml of lysis buffer (50 mM NaH2PO4, 300 mM NaCl, 10 mM Tris-HCI,
pH 8.0). Then, 1 mg/ml of lysozyme was added into the cell suspension and incubated

at room temperature for 30 min before sonication. The cell suspension was sonicated
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on ice using a sonicator with 200-300 W microtip. The sonication condition was
performed in 14 cycles of 10 sec sonicate and 20 sec cooling period within 7 min. The
supernatant was harvested by centrifugation at 10,000 xg for 20 min at 4°C and filtered
through a 0.2-um filter before applying to a His-Trap FF column (GE Healthcare Bio-
Sciences, Sweden), and purified using the AKTA prime chromatography system
following the manufacturer’s instructions (GE Healthcare Bio-Sciences). The purity of
the His-RpL10a protein was determined by 1.2% of SDS-PAGE. Finally, the purified
His-RpL10a protein was dialyzed against the dialysis buffer (350 mM NaCl, 50 mM
NaH2POa, pH 7.4) to eliminate imidazole.

2.1.8. Western blot analysis of the recombinant protein His-

RpL10a and GST-InR-Fnlll proteins

The purified His-RpL10a protein (from method 2.1.7) was confirmed by
western blot analysis. The 15 pg of purified HiS-RpL10a was separated on 12% SDS-
PAGE gel and transferred to a nitrocellulose membrane with current 2mA/cm? for 2 h.
The transferred membrane was washed with PBS for 5 min before blocking in PBST
(PBS and 0.1% Tween 20) with 5% W/V of skim milk for 4 h at room temperature. The
membrane was incubated with 1:3000 dilution of a mouse monoclonal 6X His tag®
antibody (Abcam, Cambridge, UK) for 2 h at room temperature after blocking. Then,
the membranes were cleaned three times with PBST and then incubated with a 1:5000
dilution of rabbit anti-mouse AP (Santa Cruz, CA) antibodies for 2 h at room
temperature. The membranes were then washed three times with PBST and equilibrated
with alkaline phosphatase buffer for 5 min at room temperature. The color was
developed by the NBT-BCIP in alkaline phosphatase buffer. Until the positive band

was detected, the reaction was stopped by 1% v/v acetic acid.

The purified GST-InR-Fnlll protein (from method 2.1.6) was also confirmed by
western blot as previously described above while it was detected with a goat polyclonal
GST antibody (GE Healthcare Bio-Sciences, Sweden) and rabbit anti-goat AP
(Invitrogen, Carlsbad, CA, USA) respectively.
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2.2. GST pull-down

The interaction between RpL10a and InR was performed by the GST pull-down
assay. The GST-InR-Fnlll protein of 10 pug in 200 ul of binding buffer (350 mM NacCl,
50 mM NaH2POg4, pH 7.4) was incubated with 20 pl of a 50% slurry of Glutathione
Sepharose 4 Fast Flow overnight at 4°C with shaking. The mixture of protein was spun
at 500 xg for 5 min, and the supernatant was discarded to remove the excess GST-InR-
Fnlll protein. The pellet of Glutathione Sepharose bead was then washed four times
with binding buffer to remove the unbound protein. Then, 10 ug of the recombinant
His-RpL10a protein in 200 pl of the binding buffer were added to the pre-incubated
GST-InR-Fnlll with Glutathione Sepharose 4 Fast Flow beads and then incubated at
4°C overnight with shaking. The mixture was spun at 500 xg for 5 min, the supernatant
was removed, and the mixture was washed four times with binding buffer. Then, SDS
sample loading dye of 20 ul was added into the protein-protein complex and boiled for
5 min before spinning 10 min at 13,000 xg to breakdown the Glutathione Sepharose
beads. Then, the protein-protein interaction complex solution was separated on a 12%
SDS-PAGE gel and transferred to the nitrocellulose membranes. The transferred
membranes were blocked with PBST containing 5% w/v BSA for 4 h before probing
with 1:3000 of A mouse monoclonal RpL10a antibody (Abcam, Cambridge, UK) and
a goat polyclonal GST antibody (GE Healthcare Bio-Sciences, Sweden) for 2 h to detect
RpL10a and GST-InR-Fnlll, respectively. The membranes were then cleaned three
times with PBST and incubated with a 1:5000 dilution of rabbit anti-mouse AP (Santa
Cruz, CA) and rabbit anti-goat AP (Invitrogen, Carlsbad, CA, USA) antibodies for 2 h.
Then, the membranes were washed with PBST, and the color was developed by the
NBT-BCIP in alkaline phosphatase buffer until the positive band was detected.The
reaction was stopped by 1% v/v acetic acid. GST incubated with His-RpL10a and GST-

InR-Fnlll was used as a control.
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2.3. Immunofluorescence assay

CHO-S cells were cultured on the glass coverslips in a 6-well plate which
contains the DMEM medium for 18 h at 37°C with 5% CO>. After 18 h of culture, the
medium was changed to the new DMEM with 3 pg/ml His-RpL10a, and cells were then
incubated at 37°C for 6 h with 5% COz. The incubated cells were then cleaned three
times with PBS before fixing with cool methanol for 5 min at room temperature and
then carefully washed three times with PBS before blocking the fixed cells with
blocking buffer (PBS containing 0.1% Triton X-100, 1% BSA, and 22.52 mg/mi
glycine) for 30 min and were then incubated with a 1:1000 dilution of rabbit polyclonal
anti-insulin R antibody (Santa Cruz, CA, USA) and mouse monoclonal anti-6X His
tag® antibody at room temperature for 3 h. Then, the primary antibody was discarded,
and the cells were cleaned three times with PBS. Cells were then incubated with 1:5000
dilution of goat anti-rabbit 1gG conjugated with rhodamine and goat anti-mouse 1gG
conjugated with FITC (Santa Cruz, CA, USA) in the dark for 1 h. After that, the cells
were then washed with PBS before staining with DAPI solution (Thermo Fisher
Scientific, MA, USA) and incubate for 5 min in the dark. Then the cells was washed
with PBS before mounting. The signal of RpL10a and InR protein were observed on an

Olympus BX51 microscope.

3. The effect of RpL10a and InR binding in CHO-S cells

3.1. RpL10a stimulation in CHO-S cells

CHO-S cells was maintained in DMEM supplemented with 10% heat-
inactivated fetal bovine serum and 1% antibiotic—antimycotic for 18 h at 37°C with 5%
CO.. The cells were grown until 80% confluence before seeding 4x10° cells into a 12-
well plate and incubating for 18 h at 37°C with 5% COx. The cells were changed to the
new DMEM containing 0.5 uM of His-RpL10a or 1 uM of insulin and incubate for 24

h. The cells incubated in new DMEM medium was used as a control.
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3.2. Determination of Akt phosphorylation level in RpL10a incubated cells

After incubation of the cells with His-RpL10a for 24 h (From 3.1), the incubated
cell was harvested for protein extraction. The cells was removed to the new
microcentrifuge tube and the remaining medium was separated by centrifugation at
12,000 xg for 1 min under 4°C. Then, the pellet cells were washed 3 times with PBS
before dissolving in 50 ul of lysis buffer. The cell solution was homogenized and
centrifuged at 10,000 xg for 10 min under 4°C, and then the supernatant contains
soluble protein was carefully transferred to the new tube. The protein solution was
determined the total protein concentration by Lowry’s method, as described in appendix
A. After that, 40 pg of proteins from each group were separated on 12% SDS PAGE
gel and transferred to thr membranes with the current of 2mA/cm? for 2 h. The
transferred membranes were blocked in TBST with 5% W/V of BSA at room
temperature for 2 h. Then, the blocked membranes were incubated with 1:1,000 dilution
of a rabbit polyclonal anti—p-Akt overnight under 4°C. The membranes were then
washed 3 times with TBST before incubating with 1:5,000 dilution of goat-anti-rabbit-
alkaline phosphatase at room temperature for 1 h. The membranes were then washed 3

times with TBST, and the color was developed as described in method 3 (in part I).

3.3. Glucose consumption determination

CHO-S cells were incubated as described in method 3.1, with various
concentrations of His-RpL10a, and 0.5 uM of insulin was used as a positive control.
During incubating the cells with His-RpL10a, the culture medium was collected every
hour from 6-12 h of His-RpL10a incubation time. The glucose levels in the culture
medium were calculated at the indicated time points by using the anthrone colorimetric
assay as described above (Van Handel, 1985a). The collected medium was centrifuged
at 13,000 rpm for 10 min to eliminate the remaining cells, and 2 pl of the medium were
carefully transferred to the glass tube containing 198 ul distilled water to dilute into
1:100 dilution. The diluted medium was then mixed with 1 ml anthrone reagent and
heated for 17 min at 90-92°C. Then, cool the sample tubes before measuring intensity

of the green color at OD 625 nm. The glucose content was calculated from the glucose
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standard curve. The standard glucose was prepared from 1 mg/ml glucose in 25%
ethanol. The glucose stock was diluted to 25, 50, 100, and 200 pug/ml and Two hundred
microliters of each standard glucose dilution were mixed with anthrone reagent and

analyzed as described above.

3.4. Glucose uptake assay

3.4.1. 2-DG6P standard solution preparation

The stock 2-DG6P standard solution was diluted to 0.1 mM (100 pmole/ul) by
adding 990 ul of Assay Buffer to 10 ul of 10mM the 2-DG6P solution. Then, 0.1 mM
2-DG6P solution was diluted to 0.01 mM working 2-DG6P solution by adding 450 pl
of Assay Buffer to 5 ul of DG6P solution before use. The working solution including 0
(blank), 20, 40, 60, 80, and 100 pmole/well of 2-DG6P standard were added to 96-well
plate, and the Assay Buffer was added into each standard well to the final volume of 50

ul. The standard was prepared in triplicate.

3.4.2. Sample preparation

CHO-S cells were grown as described in method 3.1 before seeding 3,000 cells
into each well of the 96-well plate. The seeded cells were grown overnight at 37°C with
5% COs.. Then, the cells were washed 2 times with PBS before starving in 100 pl of
serum-free medium overnight. After that, the starved cells were washed 3 times with
PBS before glucose starving for 40 min in 100 ul of Krebs-Ringer-Phosphate-HEPES
(KRPH) buffer (20 mM HEPES, 5 mM KH2PO4, 1 mM MgSOa, 1 mM CacCl;, 136 mM
NaCl, and 4.7 mM KCI, pH 7.4) containing 2% BSA. Then, the glucose starved cells
were stimulated for 20 min with 0.5 uM His-RpL10a and with or without 1 uM insulin.
After stimulation, the stimulated cells were mixed with 10 pl of 10 mM 2-DG and
incubated for 20 min. And then, the cells were washed 3 times with PBS before lysis
cells with 80 pl of Extraction Buffer by freeze/thaw in liquid nitrogen and then heat at

85°C for 40 min. Then the cells lysate was cooled on ice for 5 min before neutralizing
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cells with 10 ul of Neutralization Buffer. The neutralized cells were then spun at 13,000
xg to precipitate the insoluble substance, and 5 ul of soluble lysate was carefully
transferred to a 96-well plate. The transferred soluble lysate was diluted to 10-fold by
adding 45 pl of Assay Buffer to each well of soluble lysate. All samples were prepared

in triplicate.

3.4.3. Assay reaction

A Reaction Mix A (8 pl of Assay Buffer and 2 pl of Enzyme Mix) was added
into each well of sample and standrad and mixed by pipetting to generate the NADPH
in sample and standard well. The reaction was protected from light and incubated at
37°C for 1 h, Extraction Buffer of 90 ul was added into each well and sealed the well
plate before incubating at 90°C for 40 min to degrade the NADP. And the cells were
then cooled on ice for 5 min followed by adding 12 ul of Neutralization Buffer. After
that, the recycling reaction amplification was performed by adding 38 pl of Reaction
Mix B (20 ul of Glutathione Reductase, 16 pl of Substrate-DTNB, and 2 ul of Recycling
Mix) to each well, and the cells plate was mixed well by pipetting. Finally, the cell plate
was measured the absorbance by a microplate reader (Thermo Scientific, Waltham,
MA, USA) at 412 nm every 5 min until the absorbance value of 100 pmole standard
reaches OD. 1.5-2.0.

3.4.4. Calculation

The absorbance value of the blank (0 pmole of 2-DG6P standard tube) was used
as a background for this assay. The background value was subtracted from all
absorbance values of sample tubes and standard tubes. After background subtraction,
the subtracted value of standard generated a standard curve. Also the aborbance of
sample was substracted with the negative control, then corrected absorbance was
determined the amount of accumulated 2-DG6P from the standard curve. The obtained
amount of 2-DG6P is directly proportional to 2-DG.
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Part I111: The effect of RpL10a in insulin resistance cells

1. Insulin resistance cells induction

CHO-S cells were maintained 3.5 x 10° cells/well in DMEM medium (25 mM
glucose) supplemented with 10% heat-inactivated fetal bovine serum and 1%
antibiotic—antimycotic for 18 h at 37°C with 5% CO.. The IRCs were induced under
three induction conditions, including high glucose (50 mM), high insulin (100 nM), and
high glucose plus insulin (250 mM glucose and 100 nM insulin). Briefly, the seeded
cells were changed in fresh serum-free DMEM, which supplemented 25 mM glucose
(final glucose concentration 50 mM) for high glucose induction condition,
supplemented 100 nM insulin for high insulin induction condition, and supplemented
both 100 nM insulin and 25 mM additional glucose for high glucose plus insulin
induction condition. The cells in three induction conditions were cultured at 37°C with
5% CO for 24 h. During 24 h of induction, the level of insulin resistance was
determined by collecting the culture medium at 3 or 5 times point containing 0, 12, 24,

36, and 48 h of induction to measure the glucose consumption rate.

2. RpL10a stimulation in IRCs for glucose uptake

After 48 h of induction to the insulin resistance condition, The IRCs were
incubated with fresh serum-free DMEM which containing 1, 5 or 15 pg/ml of His-
RpL10a protein at 37°C with 5% CO> for 24 h. The IRCs incubated with 0.5 uM of
insulin were used as a control group. During stimulation, the medium was collected to
determine the glucose consumption rate. The medium was collected at 0, 12 and 24 h
of His-RpL10a stimulation. The glucose levels in the medium were then measured at
the indicated time points by using the anthrone colorimetric assay as described in the
method 3.3. While, the 24 h stimulated cells were used for real-time PCR, whereas the

untreated cells were used as a control.



42

3. qRT-PCR of glucose metabolism-related gene

The total RNA was isolated from IRCs and 1 ug/ml RpL10a-treated IRCs using
TRIzol® Reagent as described in method 4.1 (in part I). Two micrograms of total RNA
was reverse transcribed into cDNA by using AMV transcriptase as described in method
4.2 (in part I). Then, the Real-time PCR was performed in a 12.5 ul which containing
6.25 pl of 2x FastStart SYBR Green Master Mix (ABI, CA, USA), 300 nM of specific
primers, and 10 ng of cDNA template. All samples were analyzed in triplicate. The fold
change expressions of the glucose metabolism-related gene were calculated by using
the 2724€T method. The gene expression was normalized with B-actin gene. The primer
sequences for gRT-PCR are shown in the Table 1.
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CHAPTER 4

RESULTS AND DISCUSSION

Part I: The effect of RpL10a on Drosophila

1. RpL10a induced phosphorylation of Akt and dFOXO

The previous study in RpL10a—overexpressed flies revealed that RpL10a could
induce the expression of InR both in mMRNA and protein level (Figure 8) (Chaichanit et
al., 2018). In this study, the downstream pathway of insulin signaling pathway was
investigated in RpL10a—overexpressed flies. Usually, several insulin signaling
mediators were activated by phosphorylation after InR activation. To investigate the
excess RpL10a in RpL10a—overexpressed flies also induced the insulin signaling
mediators phosphorylation, the phosphorylation level of Akt and dFOXO proteins
which members of mediators in the insulin signaling pathway, were quantified. The
eyes cell membrane of RpL10a—overexpressed flies were dissected and detected with
phosphorylated-Akt and phosphorylated-FOXO antibodies to observe the
phosphorylation level. The results showed the increase of the phosphorylated Akt
(Figure 11b) and phosphorylated dFOXO (Figure 12b) in RpL10a—overexpressed flies
compared with GMR-GAL4/+ control flies (Figure 1la, 12a). Besides, the
phosphorylation level of Akt and dFOXO proteins in RpL10a—overexpressed flies were
also confirmed by western blot analysis. The western blot results showed a higher
phosphorylation level of Akt (Figure 11c) and dFOXO (Figure 12c) in RpL10a—
overexpressed flies than in control flies. These results suggest that RpL10a could

activate the expression of InR and its downstream pathway.



44

C <« p-Akt
—_ GAPDH

o o
N o oo N

© o o o
w

p-Akt/GAPDH
(arbitrary unit)

N

GMR-GAL4/+ GMR-GAL4/+; UAS-RpL10a

o o
o B

GMR-GAL4/+
GMR-GAL4/+;
UAS-RpL10a

Figure 11. The excess of RpL10a increased the phosphorylation of Akt. The eyes of
(a) Control GMR-GAL4/+ and (b) GMR-Gal4/+; UAS-RpL10a were stained with an
anti—p-FOXO antibody (Red). The scale bars represent 20 um. (¢) The phosphorylation
level of p-Akt was detected by western blot analysis and the histogram shows the p-Akt
level. The asterisk indicated a significant difference during each group. (p < 0.05).
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Figure 12. The excess of RpL10a increased the phosphorylation of dFOXO. The eyes
of (a) Control GMR-GAL4/+ and (b) GMR-Gal4/+; UAS-RpL10a were stained with an
anti—p-FOXO antibody (Red). The scale bars represent 20 um. (c¢) The phosphorylation
level of p-dFOXO was detected by western blot and the histogram shows the p-dFOXO
level. The asterisk indicated a significant difference during each group (p < 0.05).
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2. Overexpression of RpL10a changed the carbohydrate metabolism

The carbohydrate metabolism was compared between normal flies and the
RpL10a—overexpressed flies. The sugar, glycogen, and trehalose content showed a
significant decrease in RpL10a—overexpressed flies compared with the normal flies
(Figure 13). They were indicating that the total sugar and trehalose content was more
used by the RpL10a—overexpressed flies (Figure 13a, 13c). RpL10a might induce the
expression of InR then the receptor triggered the phosphorylation of insulin signaling
mediators such as Akt and dFOXO to control glucose transport into the cell. Also, the
phosphorylation of dFOXO promotes cell growth by using sugar to increase the cell
number in Drosophila (Jinger et al., 2003). This study indicated that RpL.10a induced
InR stimulated the phosphorylation of Akt, which led to the activation of the
phosphorylation of dFOXO by Akt, and this phosphorylated activation increased
carbohydrate utilization. This finding might be explained how RpL10a stimulated cell
proliferation in many previous reports (Fisicaro et al., 1995; Koga et al., 2003;
Wonglapsuwan et al., 2011). Moreover, the influence of RpL10a via the insulin
signaling pathway was observed not only in cell proliferation but also in glycogenesis.
Glycogenesis was suppressed in the RpLl1Oa-overexpressed flies through Akt
phosphorylation. This study showed that the p-Akt content was higher in the RpL10a—
overexpressed eyes than in the normal eyes, while the levels of glycogen were lower
than in the normal flies (Figure 13b). Therefore, RpL10a might induce the expression
of InR and then trigger the expression of PI3K (Phosphatidylinositol-4, 5-bisphosphate
3-kinase) to phosphorylated Akt, and control glycogenesis.



46

a b c
Sugar content Glycogen content Trehalose content
401 401 401
= 351 = 351 = 351
5 20- 530 | 5 30l L
g 30 g 30 -g
Z 257 * 2 251 Z 257
8 20- 8 20- 8 20- *
Ko} ieo) Ko}
o 151 o 15+ o 151
E (S * E
S 10- > 10- S 10-
3 3 3
: llm
0 T 0 T 0 T
s ¥8 3 8 s ¥8
< 33 2 33 < 33
= x 2 S x 2 = x 2
= = =
] o ) O 0 -} ] o D

Figure 13. The excess RpL10a altered the carbohydrate metabolism in RpL10a—
overexpressed flies. After hatching, the flies were aged for two days before
carbohydrate determination. (a) Sugar, (b) glycogen, and (c) trehalose content was

determined. Asterisk indicated a significant difference during each group (p < 0.05).

3. Lipid metabolism did not change in RpL10a—overexpressed flies

However, the level of lipid contents in RpL10a—overexpressed eyes was not
significantly different compared to the control groups, as showed in Figure 14.
Generally, lipid homeostasis needs many and more complex pathways, so the activation
of InR by RpL10a might not be enough to affect homeostasis. In this study, the lipid
metabolism was investigated in RpL10a—overexpressed flies. The flies of the normal
group and the RpL10a—overexpressed flies were collected to determine the lipid
content. The results showed no difference in lipid content between the two groups
(Figure 14a). Due to the lipid content difference in the female and male flies. Therefore,
the virgin female flies were used for lipid determination again to confirm the result. The
virgin female flies were separated and raised until two days old before lipid
determination. The graph also showed no difference in female lipid content between
the two groups (Figure 14b).
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Figure 14. The effect of RpL10a may unchanged the total lipid content in normal flies
and the RpL10a—overexpressed flies. The lipid of (a) mixed-sex flies and (b) virgin
female flies was determined. The asterisk indicated a significant difference during each
group (p <0.05).

4. RpL10a altered the expression of the Shc gene

The previous publication demonstrated that RpL10a could stimulate cell
proliferation. In this study, the effect of RpL10a on cell proliferation via the Ras
pathway was investigated. Proliferation through the Ras pathway was observed by
investigating Shc expression. The mRNA expression of Shc, a mediator of this pathway,
was determined in the RpL10a—overexpressed eyes by real-time PCR with a primer
specific to the Shc gene. The RpL10a—overexpressed flies showed significantly higher
Shc mRNA expression than the normal flies (Figure 15). The high level of Shc in
RpL10a—overexpressed eyes indicated that RpL10a affects cell proliferation via the
insulin signaling pathway. This result could explain the role of RpL10a in cell
proliferation in the processes of organogenesis, embryogenesis, and ovarian maturation
(Balcer-Kubiczek et al., 1997; Wonglapsuwan et al., 2010).
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Figure 15. The excess RpL10a induced mRNA expression of Shc. The mRNA
expression of the Shc gene was detected by real-time PCR. The relative mRNA
expression level of the Shc gene normalized with the g-actin gene. The asterisk

indicated a significant difference between each group (p < 0.05).
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Part 11: RpL10a and InR interaction and the effect after binding

1. The Insilico binding

1.1. The structure of shrimp RpL10a protein

217 amino acid of RpL10a protein was built into a 3D structure through the
SWISS-MODEL database. After modeling, the 43 templates were filtered and found
matching with the target sequence. Then, 15 first models with the highest Global Model
Quality Estimation (GMQE) scores were selected, as shown in table 9. GMQE is an
assessment of the accuracy of the model built by that alignment, template, and target
coverage (Waterhouse et al., 2018). GMQE scores are displayed as numbers between 0

and 1. Higher numbers indicate higher reliability.
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Table 9. The top of 15 protein models with the highest Global Model Quality

Estimation (GMQE) scores

id Template  GMQE QMEAN
02 60z3.76.A  0.82 -1.94 oY
13 4v8m.35.A 0.77 440 ©)
03 hcq.77.A  0.77 —5.54 )
01 4v6w.36.A 0.78 -6.05 )
14 4v7e37.A 074 ~750 Q)
05 3j7r43.A 075 752 )
10 4v7e37.A 076 755 )
04 5t2c.38.A  0.74 772 Y
11 5it7.42.A  0.76 -779
15 4v3p.30.A  0.74 -7.68 )
09 4v3p.30.A  0.76 792 Q
07 6ip5.43.A  0.74 841 Q)
12 6uz7.42.A  0.75 -854 Q)
06 6ek0.43.A  0.74 -9.04 Q)
08 5lks.43.A  0.74 929 Q)

In table 9 shows the QMEAN Z-score of each model. QMEAN Z-score provides

an estimate of the "degree of nativeness" of the structural features observed in the model

on a global (Benkert et al., 2011). The scores around zero indicate good agreement

between the model structure and experimental structures of similar size. This is also

highlighted by the "thumbs-up" symbol next to the score. In contrast, the scores of —4.0

or below with a "thumbs-down" symbol indicate the models with low quality. In this


https://swissmodel.expasy.org/templates/6gz3.76
https://swissmodel.expasy.org/templates/4v8m.35
https://swissmodel.expasy.org/templates/6hcq.77
https://swissmodel.expasy.org/templates/4v6w.36
https://swissmodel.expasy.org/templates/4v7e.37
https://swissmodel.expasy.org/templates/3j7r.43
https://swissmodel.expasy.org/templates/4v7e.37
https://swissmodel.expasy.org/templates/5t2c.38
https://swissmodel.expasy.org/templates/5it7.42
https://swissmodel.expasy.org/templates/4v3p.30
https://swissmodel.expasy.org/templates/4v3p.30
https://swissmodel.expasy.org/templates/6ip5.43
https://swissmodel.expasy.org/templates/6uz7.42
https://swissmodel.expasy.org/templates/6ek0.43
https://swissmodel.expasy.org/templates/5lks.43
https://swissmodel.expasy.org/interactive/WYcAAF/models/02
https://swissmodel.expasy.org/interactive/WYcAAF/models/13
https://swissmodel.expasy.org/interactive/WYcAAF/models/03
https://swissmodel.expasy.org/interactive/WYcAAF/models/01
https://swissmodel.expasy.org/interactive/WYcAAF/models/14
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study, the protein model ID 02, which has the best QMEAN Z-score, was selected. 3D
structure of RpL10a protein model 02 was modeled base on the template ID 69z3.76.A
with 71.43% identity (Figure 16).

Model #02 File Built with Oligo-State Ligands GMQE QMEAN
{’%;?é: PDB ProMod3 3.0.0 monomer None 0.82 -1.94
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omean T T T M 194
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The template contained no ligands.

Target KVLCLSVAIGHVEMASDELVQONVYLAMNFLVSLLKKHWONVRSLHIKSTMGRPQRLY
6gz3.76.A KVLCLAVAVGHVKMTDDELVYNIHLAVNFLVSLLKKNWQNVRALYIKSTMGKPQRLY

Target MSSKVTRDTLYECINGVLQGAKDKKRNFRETVELQIGLKNYDPQKDKRFSGTVKLKHIPKPNMKICVLGDOQMHIDEAKEN
69z3.76.A MSSKVSRDTLYEAVREVLHGNQRKRRKFLETVELQISLKNYDPQKDKRFSGTVRLKSTPRPKFSVCVLGDQQHCDEAKAV

Target NIPCMSADDLKKLNKDKKLVKKLAKKYDAFIASDALIKQIPRLLGPGLNKVGKFPTMCTHSEKLTDKCNEIKATIKEFQMK
69z3.76.A DIPHMDIEALKKLNKNKKLVKKLAKKYDAFLASESLIKQIPRILGPGLNKAGKFPSLLTHNENMVAKVDEVKSTIKFQMK

Figure 16. The Swiss-Model report of the RpL10a protein model 02 with the highest
of GMQE score and the best QMEAN Z-score

The stereochemical quality of the selected model was evaluated. The

Ramachandran plot showed dihedral angles v (Psi) and ¢ (Phi) of amino acid residues
in a structure of RpL10a protein model 02 (Figure 17). The plot showed 203 (94.4%)
of amino acid residues presented in the favorable region (dark green area), 11 (5.1%)

of amino acid residues presented in the allowed region (green area). The residues



52

located in the allowed region were shown in Table 10. And only one (0.5%) of

methionine residue 159 presented in the outlier region (light green area).
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Figure 17. Ramachandran plot represents the dihedral angles of 217 amino acid

residues of RpL10a protein model 02. The plot consists of the favorable region (dark

green area), the allowed region (green area), and the outlier region (light green area).
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Table 10. The list of the amino acid residue of RpL10a protein model 02 presented in

allowed and outlier regions

Residue

(Psi(W), Phi(d))

Region

A 22:LYS

A 23: ASP

A

> >» » » » » »>» > >

40:
45:
57:
61:
70:
127:
145:
197:
203:
159:

ASN
LYS
HIS
PRO
ASP
GLY
THR
HIS
SER
MET

(71.63, —32.67)
(-137.47, -33.78)
(72.60, 36.60)
(-104.17, ~73.03)
(-88.83, —64.61)
(~105.56, 158.51)
(-153.42, 83.17)
(~84.05, ~72.58)
(-50.80, —67.91)
(-176.67, ~172.68)
(~165.57, 102.68)
(~74.29, ~91.55)

in Allowed region
in Allowed region
in Allowed region
in Allowed region
in Allowed region
in Allowed region
in Allowed region
in Allowed region
in Allowed region
in Allowed region
in Allowed region

in Outlier region

Number of residues in favored region

Number of residues in allowed region

Number of residues in the outlier region

(~98.0% expected)
(~2.0% expected)

- 203 (94.4%)
: 11(5.1%)
1(0.5%)

The 3D structure of the human InR protein was downloaded from PDB. The

human InR ID is 3LOH from X-ray diffraction with a resolution of 3.8 A. The structure

of RpL10a and InR were elucidated through the PyMol program (Figure 18).
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Figure 18. The 3D structure of shrimp Ribosomal protein L10a (RpL10a) and human
insulin receptor (InR) were elucidated using the PyMol program. The 3D structure of
RpL10a was presented in (a) surface form and (b) cartoon form. And the 3D structure
of InR was presented in (c) surface form and (d) cartoon form.

1.2. The binding of RpL10a and InR from the PIPER program on
ClusPro 2.0 server (In silico)

The interaction of RpL10a and InR was elucidated to study the mechanism by
which RpL10a affects the insulin signaling pathway. First, the ClusPro server was used
to predict the interaction between these two proteins, taking advantage offered by in
silico experiments to ascertain the position of the interaction. The protein—protein
docking of RpL10a and InR was performed through ClusPro 2.0. The software
predicted that RpL10a could bind to InR with high scores (Figure 19a). The lowest

energies of balanced, electrostatic-favored, hydrophobic-favored, and van der Waals
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interactions were —958.1, —1010.7, —1174.8, and —361.3, respectively. Their binding
may permit RpL10a to initiate insulin activity. Moreover, the binding site of RpL10a
on InR was also observed. The site in which RpL10a bound to InR was different from
the binding site of insulin on InR (Figure 19b).

RpL10a-InR b Insulin-InR

Figure 19. The the binding site of Ribosomal protein L10a (RpL10a) and the insulin
receptor (InR) was different from the binding site of insulin on InR. The interaction was
predicted through the PIPER program on the ClusPro 2.0 server. (a) The binding of InR
(green) with RpL10a protein (pink). (b) The 3D structure of InR protein (green) is

bound to insulin (orange).

RpL10a interacts with human InR at a part of the Fnlll domain, which is located
on residues 635-640 (GIn635, Asp638, Ser639, and Glu640 residues) and 697-702
(Glu697, Phe701, and Arg702 residues) of InR (Figure 20a-b).
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Figure 20. The interaction of Ribosomal protein L10a (RpL10a) and the insulin
receptor (InR). The interaction was predicted through the PIPER program on the
ClusPro 2.0 server. (a) The binding site between InR (green) and RpL10a (pink) at
residues 635-640 of InR (GIn635, Asp638, Ser639, and Glu640). (b) and residues 697—
702 of InR (Glu697, Phe701, and Arg702).
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Whereas insulin binds to the InR at residues 704-710 (Thr704, Asp707, and
His710) with the lowest energies of balanced, electrostatic-favored, hydrophobic-
favored and van der Waals interactions were —1079.5, —1045.2, —1481.3, and —192.8,
respectively (Figure 21). This insulin—InR binding result was similar to the previous
study that reported the InR bound to the Ins at His710 and His714 residues in the
binding region of the high-affinity site 2 (Menting et al., 2013). Normally, the binding
sites of InR a-subunit bound to the insulin consist of two sites, including a low-affinity
sitel located on L1 and CR domain and a high-affinity site2 on L2 and Fnll12 domain
(De Meyts, 2008; Ward and Lawrence, 2009). The previous study reported some
molecules activated the InR by interacting at the insulin—InR binding site (Li et al.,
2005), while some insulin-mimetic molecules activated the InR by binding at other InR
binding sites (Qiang et al., 2014). In addition, the activation of the InR and lowering
blood glucose levels not only via o subunit but also via InR B-subunit such as a non-
peptidyl fungal metabolite L-783,281 (Zhang et al., 1999) and LK16998 (Manchem et
al., 2001). Therefore, the in silico binding suggests that RpL10a could bind to the InR
on the region different from the InS binding site.

Insulin-InR

Figure 21. The interaction of of InR protein (green) is bound to insulin (orange). The
binding site between InR (green) and insulin (orange) at residues 704—710 (Thr704,
Asp707, and His710).
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Moreover, most of the amino acid residues of shrimp RpL10a that bound to InR
were located on the RpL10a conserve domain (Figure 22). RpL10a amino acid residues
51-56 and 184-188 (Gly51, Thr52, Lys54, Lys56, Tyrl84, and Asnl188) bound to
residues 635-640 of InR and RpL10a amino acid residues 2 and 212-217 (Ser2,
Arg212, Arg215, and Tyr217) bound to residues 697-702 of InR.

ﬁ 51-56 184-188 21[:]17

* ok ok * ¥ * k

Ser2 Gly51 Tyrl84 Arg212
Thr52 AsnlB8 Arg215
Lys54 Tyr2l7

Lys56

Figure 22. The diagram of shrimp Ribosomal protein L10a (RpL10a) protein sequence
conserved domain. The black bar and the gray bar indicate the highly conserve domain
and conserve domain, respectively. The binding site of RpL10a bound to InR showed
in the square. The red square indicated the position of RpL10a amino acid bound to
residues 635-640 of InR. The blue square indicated the position of RpL10a amino acid
bound to residues 697—-702 of InR. Red and blue asterisk indicated the RpL10a amino
acid that bound to InR. The diagram was created base on the amino acid sequence

alignment shown in Figure 2.
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2. The in vitro binding

2.1. The nucleotide sequence of InR Fnlll domain (InR-Fnlll)

The GST pull-down assay was performed to confirm whether RpL10a could
interact with InR (in vitro). First, the Fnlll domain containing residues 635-640 and
697-702 of InR was amplified from CHO-S cells cDNA with a specific primer
containing Sall and Notl restriction site (Figure 23a). The InR-Fnlll fragment consisted
of 442 bp (Figure 23b) was ligated into pPGEM®-T Easy vector and checked the clone
by restriction enzyme digestion. The selected clone showed the InR-Fnlll insert
fragment (Figure 23c). Then, the InR-Fnlll fragment was subcloned from pGEM-InR-
Fnlll plasmid into pGEX-4T-1 expression vector (Figure 23d), and the selected clones
were then checked by sequencing, and the sequence result showed 100% identity

compared with the template (Figure 23e).
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Figure 23. The sequence of the insulin receptor (InR) target cloning site was derived
from CHO-S cells cDNA. (a) The PCR fragment was amplified from the Fnlll domain
of InR and (b) separated on gel electrophoresis. The size of the InR-Fnlll fragment was
442 bp. The recombinant pGEM-InR-Fnlll was constructed and (c) determined by
restriction enzyme digestion. (d) The diagram of InR-Fnlll ligated into pGEX-4T1
vector at Sall and Notl restriction site. (e) The sequence of InR-Fnlll fragment
displayed 100% homology compared with CHO-S cells InR template.



61

2.2. Amino acid analysis of InR-Fnlll protein

The nucleotide sequence of the InR-Fnlll gene was translated into 141 amino
acid residues with a predicted molecular mass of 16.20 kDa and pl 4.72. From the in
silico binding result indicated that the RpL10a-binding site was located at residues 635—
640 and 697—702 of the InR-Fnlll protein. In comparison, the insulin binding site was
located at residues 704-710 of the InR-Fnlll protein (Figure 24a). The InR-Fnllil
protein clone shares 100% similarity with InR of C. griseus and 98.8% similarity with
InR of H. sapiens (Figure 24b). Although this comparison showed some amino acid
differences between Chinese hamsters and humans, the amino acid sequence at the
binding site shares 100% identical (Figure 24b).
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Figure 24. The amino acid sequence of InR-Fnlll, (a) A diagram of the ribosomal
protein L10a (RpL10a) and insulin binding sites in the insulin receptor (InR) domain.
The RpL10a and insulin binding sites are located at a different area of the InR FnlllI
domain. (b) The protein sequence alignment among the InR target cloning site of C.
griseus, full-length InR of C. griseus, and full-length InR of H. sapiens. Red squares
indicate the amino acid sequence at the RpL10a binding site. The RpL10a and insulin
binding sites of the InR target cloning site of C. griseus displayed 100% homology
compared with full-length InR of C. griseus.
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2.3. Expression, Purification, and Confirmation of the GST-InR-FnlllI

protein

The Fnlll domain of InR was cloned and expressed in a pGEX-4T1 expression
vector. The cell lysate was analyzed via SDS-PAGE (Figure 25a). The molecular mass
of the recombinant GST-InR-Fnlll protein is around 44 kDa which is close to the sum
of the in silico predicted InR-Fnlll molecular weight (16.2 kDa) and GST-tag molecular
mass (28 kDa). The GST and GST-InR-Fnlll proteins were purified with affinity
purification and checked the purification quality via SDS-PAGE (Figure 25b—c). The
expressed GST, and GST-InR-Fnlll proteins were confirmed by Western blotting
probing with anti-GST antibody (Figure 25d). The Western blotting result showed the
expressed GST and GST-InR-Fnlll with a molecular mass around 28 and 44 kDa,

respectively.
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Figure 25. Expression and purification of the GST-InR-Fnlll. (a) Coomassie blue
staining of GST and GST-InR-Fnlll protein expression. Lane 1-2: the extracted protein
from bacterial clone 1 and clone 2 containing GST protein. Lane 3—4: the extracted
protein from bacterial clone 1 and clone 2 containing GST-InR-Fnlll protein. (b—)
Coomassie blue staining of purified GST and GST-InR-Fnlll protein after affinity
purification. (d) Western blot analysis confirmed the identity of the proteins by probing
with the anti-GST antibody. The molecular mass of GST and GST-InR-Fnlll showed
around 28 and 44 kDa, respectively.
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2.4. Expression, Purification, and Confirmation of the His-RpL10a

protein

The PpET-28a (+) expression vector harboring RpL10 was cloned
(Wonglapsuwan et al., 2010). His-RpL10a was expressed by induction with IPTG, and
the lysate cell was separated through SDS-PAGE (Figure 26a). The molecular mass of
the His-RpL10a protein is 29.2 kDa, which consists of the RpL10a (25.7 kDa) and His
protein (3.5 kDa). The lysate was purified and examined the purity via SDS-PAGE
(Figure 26b) and then was confirmed by western blot analysis probing with anti-His
antibody (Figure 26c¢). The western blot result showed the His-RpL10a band with a

molecular mass around 30 kDa
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Figure 26. Expression and purification of the His-RpL10a, (a) Coomassie blue staining
of His-RpL10a protein expression. Lane 1: non-induced pellet, lane 2: non-induced
supernatant, lane 3: induced pellet, and lane 4: induced supernatant. (b) Coomassie blue
staining of purified His-RpL10a protein after affinity purification. (c) Western blot
analysis confirmed the identity of the proteins by probing with the anti-His antibody.

The molecular mass of His-RpL10a showed around 30 kDa.
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2.5. The binding of the GST-InR-Fnlll and the His-RpL10a by GST

pull-down (In vitro)

The interaction of the InR and the RpL10a was performed by GST pull-down
assay. GST-InR-Fnlll bound with His-RpL10a (Figure 27). Whereas the band of His-
RpL10a was not found in the GST panel, indicating that there are no false-positive

reaction between the His-RpL10a and the GST.
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Figure 27. The interaction between His-RpL10a (prey) and GST-InR-Fnlll (bait). Lane
1: the reaction mixture of GST incubated with His-RpL10a, lane 2: the reaction mixture
of GST-InR-Fnlll, lane3: the reaction mixture of the GST-INR-Fnlll incubated with the
His-RpL10a, and lane 4: the His-RpL10a was used as a control. All reactions were
pulled down with Glutathione Sepharose beads and examined with Western blotting

probing with anti-His and anti-GST antibodies.
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2.6. The binding of GST-InR-Fnlll and His-RpL10a by immunofluores-

cense (In vitro)

The results gained from both the ClusPro program and the pull-down assay
indicated that RpL10a could bind to InR at the Fnlll domain position. In addition, the
interaction of the InR and the RpL10a protein was also confirmed using an
immunohistochemistry assay. CHO-S cells were incubated with His-RpL10a, and then
the interaction between CHO InR and His-RpL10a protein was detected with anti-His
and anti-InR antibodies (Figure 28). The fluorescence signal indicated the CHO InR
expressed in the cellular membrane of the cells (red color), whereas His-RpL10a was
located throughout the cells (green color), indicating that RpL10a could bind to the InR
(merge color). In the control group, in which no antibody was used, a null fluorescence

signal was observed (right panel).
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Figure 28. The interaction between insulin receptor (InR) and ribosomal protein L10a
(RpL10a) was confirmed by using the immunofluorescence assay. Chinese hamster
ovary (CHO-S) cells were incubated with 3 pg/ml of His-RpL10a and incubated with
anti-His and anti-InR antibodies. CHO InR protein was stained with rhodamine (Red
color) and the additional His-RpL10a was stained with FITC (green color). The nuclei
were stained with DAPI (blue) and the Merge image indicated the interaction of His-
RpL10a and CHO InR (arrowheads). Right panels present the immunofluorescence
signal in the control group, in which no primary antibody was incubated. The scale bar
is 20 um.
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3. The effect after RpL10a and InR binding

3.1. RpL10a and InR binding induce phosphorylation of Akt

Normally, the phosphorylation cascade in the insulin signaling pathway was
initiated after the binding of the InR and ligand. In this study, The RpL10a treated cells
were collected after 24 h of RpL10a incubation to determine the phosphorylation level
of Akt by western blot analysis with anti—p-Akt antibody. The graph showed the
binding of RpL10a and InR could induce the phosphorylation of Akt compared with
the control group (Figure 29).
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Figure 29. The binding of RpL10a and InR induced Akt phosphorylation in RpL10a
treated cells. The protein expression of p-Akt was examined by western blot analysis.
The histogram shows the p-Akt level. The asterisk indicated a significant difference

during each group. (p < 0.05).

3.2. The effect of RpL10a and InR binding on sugar consumption

To investigate whether the carbohydrate metabolism was changed after binding
of RpL10a and InR, the sugar consumption in CHO-S cells was also detected after
incubating with RpL10a. CHO-S cells were incubated in various concentrations of

RpL10a for 24 h, and the culture medium was collected at the indicated time point to
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quantify the remaining sugar. The result showed that the medium sugar content in all
groups of RpL10a treated cells tended to decrease especially in 1uM RpL10a treated
cells (Figure 30). Whereas the sugar content in the medium and in the dialysis treated
cells remain unchanged.

Sugar consumption

Control media - Dialysis
‘€ 1204 € 120 109
= 102 101 = 102_
= 801 = 80
% 60 a"C—'? 60
S 40 S 40
c 201 g 20
g 0 T T T T T T T UD) 0 T T T T T T T
* 6 7 8 9 1011 12 6 7 8 9 101112
Time(h) Time(h)
. 0.1 pM His-RpL10a . 0.5 pM His-RpL10a
E 1207, Al £ 120-
3 1001 /N et 10 D 100{ ¥o—o—
3. =1
< 80 V4 < 80 N\ d 20
2 60 2 601
[y C
S 401 S 401
c 201 g 204
g olV—\ g ol
« 6 7 8 9 1011 12 o 6 7 8 9 1011 12
Time(h) Time(h)
. 1 pM His-RpL10a _ 0.5 uM Insulin
E 120' 108 E 120'
> 100 w“*\0\0\0\ 3 1004 Lo
3 30 3
:g 80+ 78 \ :g 80 V_C\Zg¢22
2 60 L 601
C C
S 40 S 401
g 201 g 20+
3 T T i eonn 8 "t sson:
6 7 8 9 101112 6 7 8 9 101112

Time(h) Time(h)

Figure 30. The binding of RpL10a and InR altered sugar metabolism in RpL10a treated
cells. The sugar content was determined from the medium of cells incubated with 0
(Negative control), 0.1, 0.5, 1 uM RpL10a. Cells incubated with 0.5 pM insulin was
used as a positive control, the medium was used as a control medium, and dialysis was
used as a negative control.
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3.3. RpL10a induces glucose uptake by CHO-S cells

To confirm that the RpL10a reduced the sugar in the culture medium by
uptaking into the cells. The cells were starved before incubated with RpL10a. The
RpL10a treated cells were then stimulated with 2-DG. After 2-DG uptaking by the cells,
the content of 2-DG accumulated in the cells was detected. The result indicated that
RpL10a could induce glucose uptake by the cells compared with the control group
(Figure 31).
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Figure 31. RpL10a induced glucose uptake in CHO-S cells. The glucose uptake was
detected by a glucose uptake colorimetric assay kit. The histogram shows the level of
2DG6P accumulation in the cell. The cells incubated with only 2-DG was used as a
negative control. The cells incubated with insulin, and 2-DG was used as a positive
control. The asterisk indicated a significant difference during each group (p < 0.05).

These RpL10a and InR binding results and the effects that occurred after their
binding suggest that the interaction can stimulate the insulin signaling pathway and then
altered the carbohydrate metabolism. This stimulation of the signaling pathway could
be the extra—ribosomal function of RpL10a. RpL10a bound to InR at a different site

from insulin, so it may in the future be useful in treating insulin resistance in people

with diabetes.
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Part I111: The effect of RpL10a in insulin resistance cells

1. Insulin resistance cells (IRCs) induction

To investigate whether RpL10a induces glucose uptake in IRCs. CHO-S cells
were firstly induced to be the insulin resistance cells. Cells were induced in three
induction conditions. After 24 h of induction, the result indicated that all induction
conditions could reduce the glucose uptake by cells compared with the healthy cells
group, which showing an insulin resistance condition (Figure 32). Besides, in 50 mM
glucose induction condition reduced the glucose uptake level by CHO-S cells more than
other conditions (Figure 32). At the same time, the cell numbers of each group were not
different (Figure 33). Therefore the condition which induced cells with 50 mM glucose

is suitable to induce IRCs.
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Figure 32. Induction of the Insulin resistance in Chinese hamster ovary (CHO-S) cells.
Insulin resistance cells were induced under three induction conditions, including high
(50 mM) glucose, high (100 nM) insulin, and both high glucose and high insulin. The
rate of glucose utilization by CHO-S cells was detected after 12 and 24 h of induction.
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Figure 33. The cells density after 24 h of each induction condition. The scale bar is 50
pm. The histogram represents the density of cells after 24 h of induction. The number
of cells in each induction condition was quantified using multi-point Tool in ImageJ
software. The statistical data were analyzed using One-Way ANOVA with post-hoc
Tukey HSD Test (P < 0.05).
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The selected induction condition was confirmed by extending the induction to
48 h. The result showed that the culture medium's glucose content was reduced to
approximately 70% of control levels (Figure 34). Thus, insulin resistance cells induced

by 50 mM glucose for 48 h was used for the next experiment.
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Figure 34. The Induction of Insulin resistance in Chinese hamster ovary (CHO-S) cells
with 50 mM glucose for 48 h. The rate of glucose utilization by high glucose-induced

insulin resistant cells (IRCs) compared with the healthy cells. The control medium was

used as a control.

2. Effect of RpL10a on glucose consumption in IRCs

The healthy cells and IRCs were stimulated with three concentrations of His-
RpL10a. The glucose level in the culture medium was evaluated after 24 h of
stimulation. Both healthy cells and IRCs showed His-RpL10a stimulated cells
increased the glucose uptake compared with the unstimulated cells (Figure 35a—b). The
result showed 1 pg/ml of His-RpL10a was sufficient to induce glucose uptake by IRCs
compared with the unstimulated IRCs after 12 and 24 h of stimulation (Figure 35b). In
comparison, the healthy cells were stimulated with >5 pg/ml His-RpL10a to induce
glucose uptake (Figure 35a). This result suggests that RpL10a induced glucose uptake
by IRC better than healthy cells. However, the excess glucose also can cause the

insulin-independent glucose uptake via the glucose transporter 1 (GLUT1) (Ebeling et
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al., 1998) under high glucose conditions. Besides, insulin also activate the expression
of insulin-like growth factor 1 receptor (IGF1R) and then promote cell proliferation,
although this activation is less extent than the insulin-like growth factor 1 (IGF-1)
(Boucher et al., 2010). As well as RpL10a that could induce cell proliferation by
activating the InR and Shc expression. (Chaichanit et al., 2018; Wonglapsuwan et al.,

2010). These evidence suggested that the proliferation of cells also affects glucose

utilization.
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Figure 35. His-RpL10a increase the glucose uptake by healthy cells and insulin
resistant cells (IRCs). The healthy cells and IRCs were incubated with various
concentrations of His-RpL10a protein. The glucose utilization rates in (a) healthy cells
and (b) IRCs were measured during His-RpL10a stimulation compared with the glucose
utilization rates in untreated cells. The cells incubated with 0.5 uM insulin served as a
control. The statistical data were analyzed using an independent-samples t-test. The

asterisks indicate a significant differences compared with untreated cells (P < 0.05).
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3. Effect of RpL10a on glucose metabolism-related gene expression in IRCs

Besides, the interesting genes involved in carbohydrate metabolism were
evaluated, including hexokinase, the rate-limiting enzyme in glycolysis (Beutler, 1972;
Robey and Hay, 2006) and glucose 6-phosphatase, last step enzymes play a role in
glucose synthesis in the gluconeogenesis pathway (Nordlie, 1985). The expression of
glycolysis and gluconeogenesis genes was changed after RpL10a treatment. The gPCR
result showed the expression of the hexokinase 1 (Hk1) gene, which plays a role in
converting glucose to glucose-6-phosphate (G6K) in the glycolysis pathway up-
regulated. On the other hand, Glucose-6-phosphatase 3 (G6pc3) gene encoding glucose
6-phosphatase enzyme, which is the key enzyme in gluconeogenesis, was down-
regulated (Figure 36). This result reveals that RpL10a alters the expression of these

genes to increase the glycolysis and decrease the gluconeogenesis.
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1.21 B RplL10a treated IRCs

1.01
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Fold change expression

Hk1 G6pc3

Figure 36. RpL10a changes the glucose metabolism-related genes expression. The fold
changes expression of Hk1 and G6pc3 in IRCs incubated with 1 pg/ml His-RpL10a was
compared with their levels in untreated cells. The gene expression was normalised with
the B-actin gene. The statistical significance were analyzed using an independent-

samples t-test. The asterisks indicate significant differences (P < 0.05).
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All these findings revael that RpL10a could induce the cells to increase the
glucose uptake level. And the glucose was then converted to G6P, which is the
intermediate product in the glycolysis pathway. Therefore we suggest that the binding
between RpL10a and InR can stimulate the insulin signaling pathway along with the
glucose metabolism. However, the RpL10a should be tried in diabetic animals to

confirm a potential application as an insulin-mimetic in the future.
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CHAPTER 5

CONCLUSIONS

1. The excess of RpL10a induce insulin signaling pathway in RpL10a-

overexpressed flies

The overexpression of RpL10a in the eyes of RpL10a—overexpressed flies
(GMR-GAL4; UAS-RpL10a) induced the expression of InR in both mRNA and protein
level and increased the phosphorylation level of some insulin signaling mediator,
including Akt and dFOXO. This effect increased carbohydrate utilization and
suppressed glycogenesis. RpL10a also induced the expression of the Shc gene involved
in cell proliferation. This evidence indicating that RpL10a has a role in controlling the
metabolism and cell proliferation via insulin signaling pathway which is supported by
the eyes morphology of RpL10a—overexpressed flies showed the death of red pigment

cells in the center of the eyes.

2. RpL10a could bind to the InR at a different binding site than insulin

The in silico binding result showed that the shrimp RpL10a protein could
interact with the human InR protein at the Fnlll domain of InR and the RpL10a-InR
binding site located on the regions different from the insulin—InR binding site. RpL10a
interacted with InR at amino acid residues 635-640 and 697—702 of the InR. While InR
bound to the InR at residues 704—710. The binding of InR Fnlll domain and RpL10a
was confirmed by GST pull-down and the immunofluorescence result showed the His-
RpL10a binding at the site where the InR exists. The RpL10a—InR binding at a different

site from insulin may help treat insulin resistance people in the future.
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3. The RpL10a induce the glucose uptake in CHO-S cells after binding with InR

After incubating CHO-S cells with His-RpL10a (1 puM for 24 h). The His-
RpL10a bound to CHO InR and induced the phosphorylation of Akt. This binding effect
also increased the glucose utilization by cells after incubating with His-RpL10a (0.1-1
MM). The glucose uptake assay suggested that the cells' induction to use glucose by
RpL10a occurred by inducing the uptake of glucose by the cells.

4. RpL10a could alleviate the insulin resistance by stimulating the glucose

uptake into the cells

A minimum dose of His-RpL10a (1 pg/ml) was sufficient to induce glucose
uptake by IRCs, the cells induced under high glucose (50 mM) condition. This dose of
His-RpL10a could not induce the glucose uptake by healthy cells, but the cells require
> 5 ng/ml of His-RpL10a to induce glucose uptake. The result indicated that RpL10a
induced glucose uptake in IRCs better than in healthy cells. Moreover, RpL10a also
increased glycolysis by inducing the expression of Hk and suppressed the glucose
synthesis in the cells by suppressing the G6pc expression. This result revealed that
RpL10a could alleviate insulin resistance by stimulating glucose utilization and

suppressing glucose synthesis.
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Future works

1. The extra-ribosomal function of RpL10a that acts as insulin-mimetic should be
investigated in diabetes animal model (in vivo)

2. Investigate the effect of RpL10a on the expression profile of other insulin signaling
mediators involved in carbohydrate metabolism and cell proliferation.

3. Study the effect of RpL10a on glucose transportation.
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APPENDIX A

1. Protein measurement with Lowry’s method (Lowry et al., 1951)

Bovine serum albumin (BSA) was used as a protein standard for protein
measurement. The stock BSA solution (100 mg/ml) was diluted to 1 mg/ml. The
working standard BSA was prepared to a concentration of 6.25, 12.5, 25, 50, 100, and
200 pg/ml. Each concentration of BSA was made in duplicates with a final volume of
1 ml. The protein sample was diluted to a range of 1: 100-1: 1,000 in a final volume of
1 ml. The standard and sample solution were mixed with 1 ml of reagent A and stored
at room temperature for 10 min. Then, 0.5 ml of reagent B was added and mixed rapidly
before placing again at room temperature for 30 min. After 30 min, the standard and
sample were read the protein content by determining the optical density at 750 nm. The

concentration of protein sample was calculated from a standard curve of BSA.

2. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli, 1970)

To Make the SDS-PAGE gel, the cleaned and dried glass plates, combs, clamp,
and silicone spacer were prepared before assembling the gel cassette. Then, the
separating gel with a 12% acrylamide was prepared in 5 ml, swirled, and quickly poured
into the gel cassette between the glass plates and fill up to about 0.7 cm below the
bottom of the comb position. A small layer of water was laid to the top of the gel prior
to polymerization to straighten the level of the gel. The Separating gel was stored at
room temperature for 30 min to form polymerization. This can be observed by a line
between the water and stacking gel. Then, the water layer was completely poured off
from the gel cassette before adding 3 ml of prepared stacking gel with a 5% acrylamide

and putting the comb.
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Solution Separating Gel (5 ml) Stacking Gel (3 ml)
Water 1.7 2.1
30% Acrylamide mix? 2.0 0.5

1.5 M Tris (pH 8.8) 1.3 -

1.0 M Tris (pH 6.8) - 0.38
10% SDSP 0.05 0.03
10% APS® 0.05 0.03
TEMEDA 0.002 0.003

430% Acrylamide = acrylamide: N, N’-Methylenebisacrylamide, 29:1

bSDS = sodium dodecyl sulfate

°APS = ammonium persulfate

dTEMED = N,N,N’,N’ — tetramethylethyleneddiamine

After 30 min of polymerization, the gel cassette was removed from the casting

stand and washed with running buffer before placing it in the electrophoresis tank. The

running buffer was filled into the tank between the gel cassettes to fill the wells of the

gel and filled in the region outside of the gel cassettes. The protein sample determined

by Lowry’s method was mixed with SDS gel loading buffer and boiled for 5 min before

loading onto the prepared gel. The electrophoresis was carried out in the descending
direction with Tris-glycine buffer (25 mM Tris-HCI, pH 6.8, 192 mM glycine and 0.1%

(w/v) SDS) using a constant 100 V for 150 min or until the tracking dye reached the

edge of the gel. The protein patterns were visualized by Coomassie blue staining.
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3. Preparation of E. coli competent cells

A single colony of E .coli was inoculated into 10 ml of LB broth containing 10
pag/ml of tetracycline and incubated at 37°C overnight with 180 rpm. This culture, then,
was inoculated in 90 ml of fresh LB medium (1:100 dilutions) and incubated at 37°C
until the ODsgo reached 0.3-0.5. After that, the culture was placed on ice for 10 min.
The cell pellet was harvested by centrifugation at 4,000 rpm for 10 min at 4°C and
washed with 30 ml of cold 50 mM MgClz, 10 mM Tris-HCI, pH 8.0, and then incubated
on ice for 30 min to establish competency. The cell suspension was centrifuged at 4,000
rpm for 10 min at 4°C. The pellets were suspended in 4 ml of cold 50 mM MgCl>, 10
mM Tris-HCI, pH 8.0. A volume of 0.85 ml of glycerol was added into the 1.5 ml of
cell suspension to give a 15% (w/v) final concentration. 200 ul aliquots of the cell

suspension were dispensed per tube and stored at —80°C.

4. Agarose gel electrophoresis

For the gel, a 1.2% (w/v) of agarose gel in 0.5x TAE buffer (20 mM Tris-acetate,
0.5 mM EDTA) was melted and poured on a plastic tray, a comb was placed in the gel.
After the agarose gel was completely set, the comb was carefully removed and the gel
was installed on the electrophoresis tank containing 0.5x TAE buffer. The DNA or
RNA samples were mixed with gel-loading dye and slowly loaded into the well of the
gel. The electrophoresis was carried out at a constant 100 V for 15-30 min depending
on the size and type of sample. Then, the gel was stained with 2.5 pg/ml of ethidium
bromide solution for 5 min and destained with water for 15 min. After that the DNA or
RNA patterns was observed with UVITEC Cambridge Gel Documentation System
(BIO-RAD, USA).
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APPENDIX B

1. Chemical stock solution and buffer

0.5 M EDTA (pH 8.0)
EDTA 93.06 g

Dissolve EDTA in 350 ml of distilled water. Adjust the pH to 8.0 with HCI.
Adjust the volume of the solution to 500 ml with distilled water and sterilize by

autoclaving.

100 mM PMSF
PMSF 0.174 g

Dissolve PMSF in 10 ml of isopropanol. Sterilize by filtration and store at
—20°C.

2 M NaCl
NaCl 58.44 g

Dissolve NaCl in 400 ml of distilled water and adjust the volume to 500 ml
with distilled water. Sterilize by autoclaving and store the solution at room

temperature.

2 M Tris-HCI (pH 9.5)
Tris-HCI 121.14 g

Dissolve 121.1 g of Tris base in 400 ml of distilled water. Adjust the pH to
9.5 with HCI. Adjust the volume of the solution to 500 ml with distilled water and
sterilize by autoclaving.
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10% (w/v) SDS
SDS 50 g

Dissolve SDS in 400 ml of distilled water and adjust the volume to 500 ml

with distilled water. Store at room temperature. Sterilization is not necessary.

1 N NaOH
NaOH 209

Dissolve NaOH in 400 ml of distilled water and adjust the volume to 500

ml with distilled water. Sterilize by autoclaving and store at room temperature.

IN HCI
Concentrated HCI (36-38% w/v) 7.3 ml

Slowly pour Concentrated HCI into 160 ml of distilled water and adjust the
volume to 200 ml with distilled water. Store at room temperature.

100 mg/ml Bovine serum albumin (BSA)
BSA 19

Dissolve BSA in 8 ml of distilled water and adjust the volume to 10 ml with

distilled water. Store at —20°C. Sterilization is not necessary.

DEPC-treated water

DEPC (Sigma) 0.5 ml
Distilled water 500 ml
Leave solution at room temperature for overnight and sterilize by

autoclaving.
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RNase A (10 mg/ml)

RNase A 10 mg
Dissolve and bring up to 1 ml with sterile distilled water. Boil in water for

5 min and store at -20°C.

Medium for Drosophila melanogaster

Cornmeal, Molasses and Yeast Medium (Bloomington Drosophila Stock
Center)

Water 266 ml
Yeast 33 ¢
Yellow cornmeal 16.3 ¢
Agar 16 ¢
Molasses 20 ml
10% p-Hydroxy-benzoic acid methyl ester in 95% ethanol 3.8ml

Dissolve the agar into 80% of the water before boiling until agar are
completely dissolved. And dissolve the yeast in the remaining water (or save a bit
for rinsing) at the same time, then mix with the cornmeal. Add the
yeast/cornmeal/water mix into the boiled agar, stir, and add the molasses into the
the yeast/cornmeal/agar/water mix. Use the remaining water to rinse the dregs into
the cooking pot and then simmer for 5 to 10 minutes. Cool the medium for 5 minutes
or more and carefully add p-Hydroxy-benzoic acid methyl ester into the medium.

Then, pour the food into the culture tube.
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3. Solution for ommatidia dissection and immuno staining

Phosphate-buffered saline (PBS, pH 7.4)

NaCl 8 ¢
KClI 0.2 g
NazHPO, 1.14 g
KH2PO4 022 g

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 7.4
with HCI. Adjust the volume to 1000 ml with distilled water. Sterilize the buffer by

autoclaving and store at room temperature.

Fixative buffer

Graces medium 300 ul
16% Formaldehyde 100 pl
Heptane 200 pl

Washing buffer (PBST)

PBS 1000 ml
Tween 20 50

Mix the solution well and store at 4°C.

Blocking buffer (PBAF)

PBS 100 ml
Bovine serum albumin 05 ¢
Fetal calf serum 59

Mix the solution well and store at 4°C.
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4. Lysis buffer for fly eyes

Tris-HCI 023 ¢
SDS 06 ¢
0.5 M EDTA 0.02 mi
100 mM PMSF 0.1ml

Dissolve the ingredients in 8 ml of distilled water and adjust the volume to

10 ml with distilled water. Sterilize the buffer by filtration and store at 4°C.

5. Solution for Lowry’s method

Copper tartrate carbonate solution (CTC solution)

NaCO3 209
CuS04.5H0 1lg
Na-tatrate 24

Dissolve the ingredients in 800 ml of distilled water. Adjust the volume of

the solution to 1000 ml with distilled water. Sterilization is not necessary.

Reagent A (CTC solution: 5% SDS: 0.8 N NaOH =1: 2: 1 in volume)

CTC solution 10 ml
10% SDS 10 ml
1 N NaOH 8 ml

Mix the solutions and adjust the volume of the solution to 40 ml with
distilled water and store at 4°C. Sterilization is not necessary.

Reagent B (2 N Folin-Ciocalteu phenol: H20 = 1:5)

2 N Folin-Ciocalteu phenol 10 ml
H20 50 ml

Mix the solutions and store at 4°C. Sterilization is not necessary.
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6. Solution for SDS-PAGE

30% Acrylamide solution
Acrylamide 299
N, N'-Methylenebisacrylamide 1g

Dissolved acrylamide in 80 ml of distilled water and N, N' Methylene-
bisacrylamide. Add distilled water to 100 ml.

1.5 M Tris-HCI (pH 8.8)
Tris-HCI 90.83 g

Dissolve Tris base in 400 ml of distilled water. Adjust the pH to 8.8 with
concentrated HCI. Adjust the volume of the solution to 500 ml with distilled water

and sterilize by autoclaving.

1 M Tris-HCI (pH 6.8)
Tris-HCI 60.6 g

Dissolve Tris base in 400 ml of distilled water. Adjust the pH to 6.8 with
concentrated HCI. Adjust the volume of the solution to 500 ml with distilled water

and sterilize by autoclaving.

10% Ammonium persulphate solution (APS)

APS 01lg
H.0 1ml

Mix APS in 1 ml of distilled water and Store at 4°C. Sterilization is not

necessary.
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10X Running buffer

Tris base 309
Glycine 144 g
SDS 10¢

Dissolve in 800 ml of distilled water and adjust the volume of the solution
to 1000 ml with distilled water. The pH of the buffer should be 8.3 and no pH

adjustment is required. Store at room temperature and dilute to 1X before use.

SDS gel-loading buffer (2X)

1 M Tris-HCI (pH 6.8) 1ml
10% SDS 4 mi
Glycerol 2mi
B-mercaptoethanol 0.14 ml
Bromophenol blue 0.02g

Adjust the volume of the solution to 10 ml with distilled water and store
at 4°C.

SDS gel-loading buffer (4X)

1 M Tris-HCI (pH 6.8) 2ml
SDS 0.8¢
Glycerol 4 ml
-mercaptoethanol 0.28 ml
Bromophenol blue 0.04 ¢

Adjust the volume of the solution to 10 ml with distilled water and store
at 4°C.
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7. Solution for SDS-PAGE gel staining

Coomassie Brilliant Blue staining solution

Coomassie Brilliant Blue R 1lg
Methanol 212.5 ml
Acetic acid 37.5ml
Distilled water 250 ml

Mix the ingredients. Store at room temperature and protect from light.

Destaining |

Methanol 500 ml
Acetic acid 75 ml
Distilled water 425 ml

Mix the ingredients and store at room temperature.

Destaining 11

Methanol 50 ml
Acetic acid 75 ml
Distilled water 875 ml

Mix the ingredients and store at room temperature.

8. Solution for Western blot analysis

Transfer buffer

Tris-HCI 0.605 ¢
Glycine 2.88 ¢
Methanol 40 ml

Dissolve Tris-HCI and Glycine in 100 ml of distilled water. Add methanol
and adjust the volume to 200 ml with distilled water.



107

Tris-Buffered Saline (TBS, pH 7.5) for p-Akt and p-FOXO

Tris-HCI 3.029 ¢
KCI 0.186 ¢
Nacl 8.182 g

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 7.4
with HCI. Adjust the volume to 1000 ml with distilled water. Sterilize the buffer by
autoclaving and store at 4°C.

Washing buffer (TBST) for p-Akt and p-FOXO

TBS 999 ml
Tween 20 1 ml

Mix the solution well and store at 4°C.

Blocking buffer for p-Akt and p-dFOXO

TBST 20 ml
BSA 1 g

Mix the solution before using.

Blocking buffer for recombinant protein

PBS pH 7.4 20 ml
Tween 20 0.02 ml
Skim milk 19

Mix the solution before using.
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Detection buffer (Alkaline phosphatase buffer)

2 M NaCl 500 ul
2 M Tris-HCI pH 9.5 500 ul
MgCl> 0.238 ¢

Mix the ingredients in 40 ml of distilled water and adjust the volume to 50

ml with distilled water.

Stop solution
Glacial acetic acid 1 ml

Mix glacial acetic acid in 99 ml of distilled water to adjust the concentration
to 1% viv

. Solution for agarose gel electrophoresis

50X TAE, Electrophoresis buffer

Tris-base 242 g
Glacial acetic acid 57.1ml
0.5M EDTA, pH 8.0 100 ml

Dissolve the ingredients in distilled water and bring up to volume 1000 ml.

Working solution in the gel and the buffer is 0.5X.

6X DNA loading dye

Glycerol 3mi
0.5 M EDTA 1.2ml
Bromophenol blue 25 mg

Mix the ingredients in 10 ml of distilled water and store at 4°C.
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Ethidium bromide (10 mg/ml)

Ethidium bromide 1g
Distilled water 100 ml
Stir on a magnetic stirrer for several hours to ensure that the dye has
dissolved. Wrap the container in aluminum foil or transfer the solution to a dark
bottle and store at room temperature.

Solution for carbohydrate determination

Glucose stock 1mg/ml

Glucose 20 mg
25% Ethanol 20 ml

Mix the ingredients in 20 ml of 25% Ethanol and store at 4°C.

Trehalose stock 1mg/ml

Glucose 20 mg
25% Ethanol 20 ml

Mix the ingredients in 20 ml of 25% Ethanol and store at 4°C.

0.2% sodium sulfate (Na2SOa4) solution

Na2SO4 20 mg
Distilled water 10 ml
Mix the ingredients in 10 ml of distilled water and store at room

temperature.
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Anthrone reagent

Concentrated H2SO4 380 ml
Anthrone 750 mg
Distilled water 150 ml

Carfully pour 380 ml of concentrated H.SO4 in 150 ml of cool distilled
water. Dissolve 750 mg anthrone in this diluted sulfuric acid. Store at 4°C in dark.

. Solution for lipid determination

Chloroform : Methanol 1:1
Chloroform 20 ml
Methanol 20 ml

Mix the solution and store at 4°C.

Lipid stock 1 mg/ml

Commercial vegetable oil (e.g., soy bean oil) 20 mg
Chloroform 20 ml

Mix the solution and store at 4°C.

Vanillin-phosphoric acid reagent

Vanillin 600 mg
Distilled water 100 ml
85% phosphoric acid (HzPOa) 400 ml

Dissolve 600 mg of vanillin in 100 ml hot water. Add 400 ml 85%
phosphoric acid into diluted vanillin and store at 4°C in dark. The reagent is stable
for several months, but should be discarded when it darkens.
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12. Media and antibiotics for bacterial

Ampicillin (50 mg/ml)
Ampicillin 50 mg

Dissolve in 1 ml of sterile distilled water. Store at —20°C.

Kanamycin (30 mg/ml)
Kanamycin 30 mg

Dissolve in 1 ml of sterile distilled water. Store at —20°C.

LB (Luria-Bertani) broth

Tryptone 10g
Yeast extract 5¢
NaCl 59

Adjust the volume of the solution to 1000 ml with distilled water and

sterilize by autoclaving for 20 min at 15 psi. Store at 4°C.

LB broth (supplement with 80 pug/ml ampicillin)

Sterilized LB broth 100 ml
50 mg/ml Ampicillin stock 160 ul
Mix the ingredients well and store at 4°C.



112

LB agar (supplement with 80 pg/ml ampicillin)

Tryptone 29
Yeast extract 19
NaCl 1lg
Agar 39
50 mg/ml Ampicillin stock 320 wl

Adjust the volume of the solution to 200 ml with distilled water and sterilize
by autoclaving for 20 min at 15 psi. Add 320 ul of ampicillin (50 mg/ml) into warm
medium (50°C). The medium was poured into glass plate.

LB broth (supplement with 100 pg/ml ampicillin)

Sterilized LB broth 100 ml
50 mg/ml Ampicillin stock 200 ul
Mix the ingredients well and store at 4°C.

LB agar (supplement with 100 pg/ml ampicillin)

Tryptone 29
Yeast extract 1g
NaCl 1lg
Agar 39
50 mg/ml Ampicillin stock 400 pl

Adjust the volume of the solution to 200 ml with distilled water and sterilize
by autoclaving for 20 min at 15 psi. Add 400 pl of ampicillin (50 mg/ml) into warm

medium (50°C). The medium was poured into glass plate.

LB broth (supplement with 30 pg/ml kanamycin)
Sterilized LB broth 1000 ml
30 mg/ml Kanamycin stock 1mil

Mix the ingredients well and store at 4°C.
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LB agar (supplement with 30 pg/ml kanamycin)

Tryptone 24
Yeast extract 19
NaCl 1g
Agar 309
30 mg/ml Kanamycin stock 200 ul

Adjust the volume of the solution to 200 ml with distilled water and sterilize
by autoclaving for 20 min at 15 psi. Add 200 pl of kanamycin (30 mg/ml) into warm

medium (50°C). The medium was poured into glass plate.

Solution for plasmid DNA extraction

Solution |

Glucose 099¢g
Tris-HCI 03¢
EDTA 0.372¢g

Dissolve the ingredients in 80 ml of distilled water. Add distilled water to

100 ml. Sterilize the buffer by autoclaving and store at 4°C.

Solution 11

1 N NaOH 20 ml
10% SDS 10 ml
Distilled water 70 ml

Prepare the solution before use.

Solution 111
Potassium acetate 29.44 g
Glacial acetic acid 11.8 ml

Dissolve potassium acetate in 88.5 ml of distilled water and sterilize the

buffer by autoclaving. Add glacial acetic acid and store at room temperature.
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14. Solution for protein expression

1 M IPTG stock
IPTG 2.38¢

Dissolve in 10 ml with distilled water and sterilize by filtration.

PBS (pH 7.3) for GST-InR-Fnlll

NaCl 1.64¢
KCI 0.04¢g
NaHPO4 0.28¢
KH2PO4 0.049¢

Dissolve the ingredients in 150 ml of distilled water. Adjust the pH to 7.3
with HCI. Adjust the volume to 200 ml with distilled water. Sterilize the buffer by
autoclaving and store at 4°C.

Lysis buffer (pH 8.0) for His-RpL10a

NazH2P04.2H,0 789
NaCl 1754 g
Imidazole 0.68 ¢

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 8.0
by adding 1 M NaOH. Adjust the volume of the solution to 1000 ml with distilled
water. Sterilize by autoclaving and store at 4°C.

30 mg/ml Lysozyme stock
Lysozyme 03¢
Distilled water 70 ml

Mix the ingredients well and store at —20°C.
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15. Solution for protein purification

Binding buffer (pH 8.0) for His-RpL10a

Na2H2P0O4.2H20 7849
NaCl 1754 g
Imidazole 0.68¢g

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 8.0
by adding 1 M NaOH. Adjust the volume of the solution to 1000 ml with distilled
water. Sterilize by autoclaving and store at 4°C.

Washing buffer (pH 8.0) for His-RpL10a

NazH2P04.2H,0 789
NaCl 1754 g
Imidazole 2.72 ¢
[B-mercaptoethanol 0.7 ml

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 8.0
by adding 1 M NaOH. Adjust the volume of the solution to 1000 ml with distilled

water. Sterilize by autoclaving and store at 4°C.

Elution buffer (pH 8.0) for His-RpL10a

NazH2P0O4.2H.0 7849
NaCl 1759
Imidazole 349

Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 8.0
by adding 1 M NaOH. Adjust the volume of the solution to 1000 ml with distilled
water. Sterilize by autoclaving and store at 4°C.
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Dialysis buffer (pH 7.4) for His-RpL10a

NaCl 17.54 g

NaxH2P0O4.2H20 7849
Dissolve the ingredients in 800 ml of distilled water. Adjust the pH to 7.4

by adding 1 M NaOH. Adjust the volume of solution to 1000 ml. Sterilize by

autoclaving and store at 4°C.

Elution buffer (pH 8.0) for GST-InR-Fnll|

Tris-HCI 0.606 g
Reduced glutathione 0.307 g

Dissolve the ingredients in 80 ml of distilled water. Adjust the pH to 8.0 by
adding 1 N HCI. Adjust the volume of the solution to 100 ml with distilled water.

Sterilize by filtration and store at 4°C.

Solution for immunofluorescence assay

Blocking buffer

PBS pH 7.4 100 ml
Triton X-100 0.1 ml
BSA 1g
Glycine 2.252 g

Dissolve the ingredients in 80 ml of PBS pH 7.4. Adjust the volume of the solution
to 100 ml with PBS pH 7.4. Sterilize by filtration and store at 4°C.
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Table 12. Code of amino acids
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Amino acid Three-letter code One-letter code
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Aspsragine or Aspartic acid Asx B
Cysteine Cys C
Glutamine GIn Q
Glutamic acid Glu E
Glutamine or Glutamic acid Glx Z
Glycine Gly G
Histidine His H
Isoleucine Lle I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Threonine Thr T
Serine Ser S
Tryptophan Try w
Tyrosine Tyr Y
Valine Val \Y
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