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SUMMARY

Protein phosphorylation plays an important role in many cellular signalings which are relating to many

diseases. Therefore, a variety of biochemical techniques has been developed to study protein phosphorylation
in cells. Protein phosphorylation has traditionally been detected by radioisotope phosphate labeling of proteins
with radioactive ATP. Phosphorylation site-specific antibodies are now available for the analysis of
phosphorylation status at target sites. However, these antibodies cannot be used to detect unidentified
phosphorylation sites. Recently, the Phos-tag technology has been developed to overcome the disadvantages
and limitations of these methods. Phos-tag and its derivatives conjugated to biotin, acrylamide, or agarose, and
can capture phosphate monoester dianions bound to serine, threonine, and tyrosine residues, in an amino acid
sequence-independent manner. The grouping of the Phos-tag will alter the mobility of protein on the gel
depending on the amount of serine, threonine or tyrosine which are phosphorylated. Here, we describe the
method to detect the phosphorylation of Pop2 protein, one of the exonucleases in the Ccr4-Not complex
regulating the shortening of poly(A) tail of mRNAs using phosphate affinity Phos-tag SDS-PAGE. We
observed clear electrophoretic 04 shift bands of Pop2-3XFlag under unstressed conditions. This is the first
study which observes Pop2 phosphorylation in normal culture conditions. This study showed the convenience
and advantages of Phos-tag SDS-PAGE for research on molecular mechanisms regulating the function of
protein.
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INTRODUCTION

Phosphorylation is one of important post-
translational modifications that regulate protein
functions, locations and interactions in eukaryotes
(Hunter, 1995; Hunter 2000). This process is
catalyzed by protein kinases and is the process of
attaching phosphate groups to serine (Ser), threonine
(Thr) or tyrosine (Tyr) on proteins (Takahiro et al.,
2016). Phosphorylation is involved in controlling
many cellular activities such as apoptosis, gene
expression regulation, cell cycle and energy
metabolism. Abnormal phosphorylation may be the
cause of diseases such as cancer or
neurodegeneration (Newman et al, 2014). The
development of methods to verify protein
phosphorylation is an important approach for

analyzing biological and pathological processes (Eiji
Kinoshita et al., 2006).

There are different analytical methods to check
protein phosphorylation, such as radioisotope
([y32P] -ATP), hybridization with specific
antibodies, microarray and mass spectrometry
(Newman et al, 2014). Each method has its own
advantages and limitations. The method of
radioisotope is limited by the number of samples,
safety, waste handling obstacles and it is not suitable
for in vivo analysis. Using antibodies is currently
popular but it can only be used when it is known
about the location and sequence of phosphorylated
amino acids. Other methods such as microarray or
mass spectra require high equipment, materials and
procedures. Recently, the Phos-tag technique has
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been developed to improve the limitations of the
above-mentioned methods. Phos-tags and its
derivatives are combined with biotin. The Phos-tag
has a hole in two metal ions suitable for mounting
the phosphomonoester dianion root (Asunori et al.,
2015). Therefore, Phos-tag technique can detect
monoester dianion phosphate group which associated
with serine, threonine and tyrosine residues in a
manner independent on amino acid sequence. In
principle, an acrylamide-pendant Mn**-Phos-tag is
used as a novel additive in a separating gel for
normal SDS-PAGE. In a separating gel containing
co-polymerized Phos-tag, the degrees of migration
of phosphoproteins are less than those of their
nonphosphorylated counterparts because the tag
molecules trap phosphoproteins reversibly during
electrophoresis. On the basis of this principle, a
novel type of gel electrophoresis has recently been
established, an’-Phos-tag SDS-PAGE, for the
separation of phosphoproteins from their
corresponding nonphosphorylated analogs (Eiji
Kinoshita et al., 2006). The advantages of this
approach compared to other methods is: (1)
simultaneously detecting multiple phosphorylated
forms, (2) safe and low cost, (3) very simple method
and not requiring many techniques or equipment.

Here, we describe an approach to detect the
phosphorylation of Pop2 protein, a subunit of the
Ccr4-Not complex, involved in regulating the
expression of many genes in the cell. A previous
study showed that Pop2 was phosphorylated when
cells were starved (A. Sakai et al, 1995). However,
using the Phos-tag TM technique, we discovered that
Pop2 is phosphorylated in multiple forms even in
normal culture conditions. At the same time, we also
optimized the process to clearly observe Pop2
phosphorylation. Using this procedure, we found that
Pop2 is highly phosphorylated under normal culture
conditions, this phosphorylation may play an
important role in Pop2 function in cell.

MATERIALS AND METHODS
Strains, plasmids, media and general methods

Escherichia coli DH5a was used in DNA and
plasmids manipulation. Saccharomyces cerevisiae
10B [MATA ade2 bpl canl leu2 his3 ura3 GAL psi
+ HOp-ADE2-HO 3 'UTR] was used for protein
expression. Plasmid pFA6a-kanMX6 [kanMX6] was
used to take 3XFLAG fragment, plasmid YCplac33
[URA3, CEN-ARS] was used to express protein in
yeast. The media used in the study include: LB (10
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g/L trypton, 5 g/L yeast extract, 5 g/L NaCl), LB-
Amp (LB medium supplemented with ampiciline 50
pg/mL), YPD (10 g/L yeast extract, 20 g/L peptone,
0,2% glucose), SC (6.7 g/L Bacto-yeast nitrogen
base w/o amino acids, 20 g/L glucose, 2 g/L Dropout
mix). Basic methods in cell culture are performed as
described in "In yeast genetics Methods" (Adam et
al., 1997).

Construction of YCplac33/POP2-3XFLAG

PCR with L1/L2 specific primers to amplify POP2
gene from S. cerevisiae 10B strain. The 3XFLAG
tag was taken from the plasmid pFA6a-kanMX6
with the L2/L3 primers. Plasmid YCplac33-Pop2-
3XFLAG is constructed using the In-Fusion® HD
Cloning Plus kit (Takara, Japan). The product of the
fusion reaction was transformed into E. coli DH5a
cell. Transformation mixture was spread on LB-
Amp, incubated 37°C, for 16-18 hours. E. coli DH5a
cell carrying recombinant plasmids grew on LB-
Amp and formed white colonies. Recombinant
plasmids was isolated and checked by PCR and
sequencing.

Plasmid Ycplac33 and YCplac33-POP2-
3XFLAG are independently transformed into S.
cerevisiae 10B cells. Transformation mixture is
spread on SC-URA medium, incubated at 30°C, for
2-5 days. The transformants were collected and
checked by PCR method and named as S. cerevisiae
10B/YCplac33 and_10B/ YCplac33-POP2-3XFLAG
strains.

SDS-PAGE and Western blotting analysis

10B/YCplac33-POP2-3XFLAG strain was pre-
cultured and transferred into 10 mL of SC-URA
medium, 250 rpm at 30°C (ODgqo ~ 0.2). Cells grown
to exponential phase were subjected to a mild alkali
treatment-based  protein  extraction = method
(Kushnirov VV et al., 2000). Samples were loaded
onto SDS-PAGE gel. Phos-tagTM (Wako, USA)
was added in mix of SDS-PAGE gel when analyzing
protein phosphorylation. The final concentration of
Phos-tagTM was 5 mmol/L. SDS-PAGE gel was
then electroblotted onto Immobilon polyvinylidene
difluoridemembranes (MerckMillipore, USA). Blots
were blocked for 1 h at room temperature with TBS-
M buffer containing 20 mM Tris-HCI (pH 7.5), 150
mM NaCl, and 5% non-fat dry milk, and then
incubated with 1:1,000-diluted primary antibodies in
TBS-M buffer overnight at 4°C. After three final
washes with TBS buffer containing 20 mM Tris-HCI
(pH 7.5) and 150 mM NaCl, blots were incubated
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with secondary antibodies, and were developed using
enhanced chemiluminescence detection kits (Merck
Millipore, USA). Signal intensities were quantified
by Image Studio software (LI-COR).

RESULTS AND DISCUSSION
The expression of Pop2-3XFlag protein

Transformants 10B/ YCplac33-POP2-3XFLAG
were grown to exponential phase and then subjected
to a mild alkali treatment-based protein extraction
method and analyzed by SDS-PAGE and Western
blotting. Blots was analyzed by anti-Flag antibody.
As shown in Figure 1, we observed a band in sample
of cell extracts of 10B/YCplac33-POP2-3XFLAG
appropriated for the molecular weight of Pop2-
3Xflag ( ~ 52 KDa). There are no bands observed in
sample of 10B cell carying YCplac33

(10B/YCplac33). Plasmids and strains used for
expression of Pop2-3XFlag were shown in Table 1.
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Figure 1. The expression of Pop2-3Xflag. Wild-type cells
harboring YCplac33 (Empty), YCplac33-POP2-3XFLAG
(POP2-3XFLAG) were grown at 30°C until exponential
phase. Extracts prepared from each strain were run on
conventional gels, then immunoblotted with anti-Flag
antibody.

Table 1. List of plasmids and strains constructed and used in this study.

List of trains

Strains Genotype Source or reference
MATa ade?2 trp1 cant leu2 his3 ura3 GAL psi+ HOp-ADE2-HO
10B 3'UTR Hata et al., 1998
MATa/MATa ade2/ade?2 trp1/trp1 cant1/cant leu2/leu2 his3/his3
10B/YCplac33 ura3/ura3 YCplac33 This study
10B/Ycplac33-POP2- MATa/MATa ade2/ade?2 trp1/trp1 cant1/cant leu2/leu2 his3/his3
3XFLAG ura3/ura3 YCplac33-POP2-3XFLAG This study
List of plasmids
Name Relevant markers Source or reference
YCplac33 URA3, CEN-ARS Gietz et al., 1988

YCplac33-POP2-3XFLAG

pFA6a-kanMX6 kanMX6

URAS3, CEN-ARS, POP2FLAG

This study

Longtine et al., 1998

Analysis of Pop2 phosphorylation using Phos-
tagTM SDS-PAGE

Understanding the post-translational
modification plays an important approach in the
functional analysis of a protein. There have been
only a few studies of post-translational regulation of
the Ccr4/Not complex. Pop2, a subunit of Ccr4/Not
complex was reported that is phosphorylated by
protein kinase Yakl under starved condition, the
phosphorylation was not observed under normal
growth conditions (Sakai et al., 1992). We examined
the patterns of Pop2 protein using Phos-tagTM SDS-

PAGE under normal growth condition. We observed
multiple shifted bands Pop2-3XFlag (Figure 3).
These shifted bands are probably corresponding to
the phosphorylated forms of Pop2-3XFlag protein
which was not able to observed in previous study by
another method (Sakai et al., 1992). Basing on the
result of this method, we have analyzed the
characteristic and physiological roles of those
phosphorylation forms of Pop2. Our results
suggested that Pop2 is phosphorylated at S39 in a
Pho85-dependent manner upon glucose availability.
Moreover, this post-transcriptional modification of
Pop2 specifically contributes to the glucose
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repression of the stress response genes, HSP/2 and
HSP26 (Lien et al., 2019). Methods for determining
the phosphorylation status of proteins are very
important with respect to the evaluation of diverse
biological and pathological processes. Therefore, this
study has shown the evidence for the advantages of
Phos-tagTM SDS-PAGE for that aspect.
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Figure 3. The migration of Pop2-3Xflag in Phos-tagTM
SDS-PAGE. Wild-type cells harboring YCplac33 (Empty),
YCplac33-POP2FLAG (POP2-3XFLAG) were grown at
30°C until exponential phase. Extracts prepared from each
strain were run on Phos-tagTM and conventional gels, then
immunoblotted with anti-Flag antibody. Migrated Pop2Flag
is indicated with arrows and numbers according to the
positions.

In this report, we have introduced the method
which is the application of polyacrylamide-bound
Mn*"-Phos-tag to SDS-PAGE for the separation of
phosphorylated proteins in the gel. By means of the
subsequent general method of Western Blotting,
phosphorylated Pop2 can be visualized as a slower
migration band compared with a corresponding
dephosphorylated protein. This method revealed the
existence of the isotypes of a multiphosphorylated
protein as different migration bands as well as the
time course ratio of phosphorylated and
dephosphorylated proteins in an SDS-PAGE gel.
This method requires a general minislab PAGE
system and an additive, acrylamide-pendant Mn®'-
Phos-tag ~ without any special apparatuses,
radioisotopes, or fluorescent probes. In addition, this
method could be used as preceding general method
for a lot of methods for further analysis protein
activities such as gel staining, Western blotting, mass
spectrometry.

The phosphorylation status of a particular
protein is determined by the regulation of the

opposing activities of protein kinase and phosphatase.

Perturbations in the equilibrium fundamentally affect
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the numbers of cellular events and are also involved
in many diseases. Therefore, the development of a
more specific and efficient method to detect protein
phosphorylation has attracted great interest toward
phosphoproteome studies in the biological and
medical fields. Phostag SDS-PAGE have recently
been used in many studies to uncover the
physiological activities of kinases (Yasunori
Sugiyama et al, 2015). We believe that
phosphoproteomics would progress greatly by
combining the Phos-tag technology and existing
methods using high quality antibodies (Kaufmann et
al, 2001) and convenient mass spectrometers
(Nakanishi et al., 2005, Takeda et al., 2003).

CONCLUSION

In summary, we describe here a modification of
the technique of Phos-tag SDS-PAGE that allows the
separation of multiple phosphorylated forms of
Pop2, enabling identification of the number of
phosphorylated sites and the overall phosphorylation
stoichiometry under defined conditions. Further
experiments also need to be done to determine the
protein kinase that catalyzes the phosphorylation of
Pop2 and the phosphorylated amino acid sites. When
used in conjunction with Western blotting using
well-characterized phospho specific antibodies, this
approach can yield important information regarding
sequential and hierarchical phosphorylation events in
the regulation of Pop2 function. Here we showed the
superiority of Phos-tag SDS-PAGE in analysis of
protein physiological activities.
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PHAT HIEN SU PHOSPHORYL HOA CUA PROTEIN SU DUNG PHOS-TAG SDS-PAGE

Poan Minh Thu', Nguyén Thi Minh Viét’, Pham Thi Kim Lién'

lVi_én Nghién cuu va Pao tao Viét — Anh, Dai hoc Da Nﬁng

’Pai hoc Tsukuba, Nhdt Ban

TOM TAT

Sy phosphoryl hoa déng vai trd quan trong déi voi viéc kiém soat nhidu con dudng truyén tin hiéu trong té
bao. Su rdi loan ciia qué trinh phosphoryl hoa protein 1a nguyén nhin ctia nhidu bénh li. Do vy, rit nhiéu
phuong phéap dugc phét trién dé kidm tra sy phosphoryl hoa cua protein trong té bao. Su phosphoryl hoa cua
protein truéc day duoc phat hién bang cach sir dung danh diu ddng vi phong xa gbc phosphate. Nhiéu nghién
ctru str dung khang thé dic hiéu cho gdc amino acid dugc phosphoryl hoa. Tuy nhién cac khang thé nay chi
dugc sir dung khi dd xac dinh gdc amino acid dugc phosphoryl hoa va trinh tw amino acid ¢6 vi tri phosphoryl
hoa. Gan day, ki thuat Phos-tag dugc phat trién, c6 nhitng wu diém vuot bac va khic phyc duoc nhimg han ché
clia phwong phéap sir dung khéng thé va dong vi phéng xa. Phos-tag va nhiing din xuét ciia no dwoc gin vai
biotin, acrylamide hay agarose dé c6 thé bét nhom phosphate monoester & serine, threonine va tyrosine ma
khong phu thudc vao trinh tu amino acid. Viéc gén nhom Phos-tag s& lam thay déi su phén tach cua protein
trén gel tuy thuc vao sd luong serine, threonine hay tyrosine dugc phosphoryl hoa. O day chiing t6i mo ta ky
thuft Phos-tag, quy trinh dé phat hién sy phosphoryl héa cua protein Pop2, la protein tham gia didu hoa qua
trinh lam ngan dudi poly(A) cua mRNA. Day 1a nghién ctru déu tién quan sat dugc su phosphoryl hod cua
Pop2 ¢ diéu kién nudi cdy binh thuong. Két qua nay chimg minh cho sy tién loi va nhiing uu diém ctia Phos-
tag SDS PAGE trong phan tich hoat tinh sinh li ciia protein trong té bao.

Tir khoa: phosphoryl hoa protein, Phos-tag, lai Western, phosphate monoester, serine
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