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Abstract

AMMECR] is a critical gene in the pathogenesis of AMME syndrome. But,
little is known about how AMMECRI is regulated. Here, we showed that
many human cell lines expressed AMMECRI. With Phos-tag SDS PAGE
analysis, we demonstrated that AMMECRI1 was constitutively phosphorylated
at Ser16. AMMECRI1 was localized in the nucleus. Mutation of Ser16 to ala-
nine did not affect its nuclear localization. The homologs of AMMECRI,
PAC688.03c and MTHS857, were also nuclear proteins, but they were not
phosphorylated when tested in HeLa cells. Therefore, AMMECRI and its
homologs might have atypical nuclear localization sequences.
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1. Introduction

AMME (Alport syndrome, Mental retardation, Midface hypoplasia, and Ellipto-
sis) syndrome is a pathogenic condition that is caused by a deletion of a frag-
ment of X chromosome [1] [2]. AMMECR1 (AMME chromosomal region gene
1) is one of the genes in this region. Andreoletti et a/ (2017) reported that a sin-
gle missense mutation in AMMECR] (c.G530A; p.G177D) alone causes a phe-
notype of midface hypoplasia, speech and language delay and elliptocytosis [3].
A loss-of-function of the X-linked AMMECRI in five individuals is associated
with growth, bone, and heart alterations [4]. The mutation (C502T) in the pro-
band results in a substitution of an Arginine to a termination codon, which
causes alternative splicing of AMMECRI mRNA that “skips” exon 2 to lead to
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an in-frame deletion responsible for the elliptocytosis with or without anemia,
midface hypoplasia, proportionate short stature and hearing loss [5]. Thus,
AMMECR] is an important gene in the pathogenesis of AMME.

However, the biological function of AMMECRI is unknown [6]. AMMECRI1
has not been studied in cultured cell yet. Here, we found that AMMECR]I is
ubiquitously expressed in many human cell lines. AMMERCI is a nuclear pro-
tein and constitutively phosphorylated at Ser16, but phosphorylation of Ser16 is

not required for its nuclear localization.

2. Materials and Methods
2.1. Reagents

A-Phosphatase (APPase) was purchased from New England Biolabs. Phos-tag™
AAL-107 was from Wako Pure Chemical Industries, Ltd. The following antibo-
dies were purchased: anti-FLAG monoclonal antibody affinity gel M2 from Sig-
ma; anti-flag monoclonal antibodies from ABclonal Biotechnology, horseradish
peroxidase-labeled goat anti-mouse or anti-rabbit IgG secondary Ab from

Pierce.

2.2. DNA Constructs

AMMECR] (S) cDNA was from Han Lab cDNA library. SPA(688.03 ¢ gene was
cloned from S. pombe. MTH857 gene was synthesized. AMMECR] mutations
were introduced by site-directed mutagenesis using the QuickChange Kit from
Stratagene (La Jolla, CA). All plasmids were verified by automated sequence

analysis.

2.3. Cell Culture and Transfection

All cells were cultured in Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal calf serum (Hyclone) and 100 pg/ml penicillin and streptomycin
at 37°C in a humidified incubator with 5% CO,. Cells were transiently trans-
fected with 2 pg (total) of plasmids using Lipofectamine 2000 transfection rea-

gent (Invitrogen) and PEI (Invitrogen) for HEK293T and HeLa, respectively.

2.4. Measurement of mRNA Expression

For 3’ Race, total RNA was isolated using Trizol reagent (Invitrogen) and con-
verted into cDNA with RT primer
(5’-ccagtgagcagagtgacgaggactcgagctcaagctcaggaataatggt tgtatg-3"). A nested PCR
was performed with the resultant cDNA by using L2/Q1 as first round primer
pair (L2:5’-tcttcctcaccctecteate-3’/Q1:5’-ccagtg agcagagtgacg-3’), L3/Q2
(L3:5-gattcaccaacgagccctat-3’/Q2:5’-cgaggactcgagctcaag ct-3’) and L4/Q2 (L4:
5’-gcaccgccacctacctac-3’) as second round primer pairs, respectively. L2 - L4 are
located on the AMMECR]1 gene, whereas Q1 and Q2 are on the anchor se-
quence of RT primer. The PCR fragments were cloned into the pBKS (+) vec-

tor. Their sequences were verified by automated sequencing analysis.
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2.5. Immunoprecipitation and Western Blotting

Cells were lysed in lysis buffer with 1% Triton X-100, protease inhibitors, and
incubated with anti-flag M2 beads and gently shaken for 4 h at 4°C. The beads
were washed three times with the lysis buffer. The precipitates and total cell ly-
sates were resolved on Phos-tag SDS PAGE or conventional SDS PAGE, trans-
ferred to PVDF membranes, and then immunoblotted with primary Abs an-
ti-flag and the secondary Ab conjugated with horseradish peroxidase. The pres-
ence of a protein band was visualized using enhanced chemiluminescence (ECL)
detection reagents. Phos-tag SDS-PAGE gel was prepared according to the man-

ufacturer’s protocol.

2.6. APPase Dephosphorylation

The 50 pL reaction mixture was supplemented with 200 - 400 units of APPase
and the reaction was allowed to proceed for 30 min at 30°C according to manu-

facturer’s instructions.

3. Results and Discussion
3.1. Transcriptional Analysis of AMMECR1 in Cell Lines
AMMECR]I is mainly transcribed in two isoforms, as illustrated in Figure 1(A)

[2]. The long isoform is 1002 bp long (called AMMECR]), whereas the shorter
form is 891 bp (not containing the conservative coding region for LRGCIG,
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Figure 1. Expression of AMMECR] gene in different cell lines. The presence of
AMMECRI transcripts in a variety of cell lines was ascertained by nested PCR. The frag-
ment sizes with the primer pair L3/Q2 was 568 bp for AMMECRI, 457 bp for AMMECR1
(8), whereas that with the primer pair L4/Q2 was 271 bp for both. The positions of size

markers were indicated.
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called AMMECR] (S) thereafter). To explore the expression pattern of these two
isoforms in human cell lines including HEK293T, MCF7, A549, H1299, HeLa
and HepG2, we designed a series of nested PCR forward primers from the
AMMECR] coding region. cDNAs were isolated from HEK293T cells which
were transfected with pcDNA-AMMECRI (S) and used as positive control. With
second round nested PCR primer pairs L3/Q2 or L4/Q2 (Figure 1(A)), a clear
single band was observed. When the primer pair L4/Q2 was used, all the cell
lines showed the same size of amplification fragments as AMMECR1 (S); how-
ever, when L3/Q2 primer pair was used, all cells showed a longer fragment than
AMMECRL (S), equivalent to AMMECR! (Figure 1(B)). These results indicate
that all of these cells expressed the long isoform of AMMECR]. So we will select
AMMECR]I isoform mainly for study in this paper.

Although AMMECRI was expressed in many cell lines and generally widely
distributed in tissue, but the mouse trophoblast stem cell K4GFP do not express
AMMECR] [7]. On the other hand, the high expression of AMMECRI1 (S) will
lead to the disease [5].

3.2. AMMECRU1 Is Nuclear Protein

Protein nuclear localization is generally related to its biological function [8] [9].
Although there is no special verification signal sequence in AMMECRI, but it
still is nucleoprotein [2] [3] [4]. Our result showed also that AMMECRI,
AMMECRI (S) were both localized in the nucleus (Figure 2).

3.3. Phosphorylation of AMMECR1 at Serine 16

The phosphorylation of protein is a ubiquitous and extensively studied
post-translational modification, which can control its subcellular localization, its
interaction with other molecules and thus its function [10]. We try to investigate
the phosphorylation of AMMECRI. Bioinformatics information shows that
there are six phosphorylation sites of Protein kinase C (PKC) in AMMECRI.
With Phos-tag SDS PAGE analysis, the migration speed of phosphorylated pro-
teins decreases and they can be separated from the non-phosphorylated forms.
Using this technique, we showed that AMMECRI was indeed phosphorylated,

GFP-AMMECR1 GFP-AMMECR1(S)

Figure 2. The nuclear location of AMMECRI isoforms in HeLa cells. HeLa Cells were
transiently transfected with 2 pg of plasmid DNA pcDNA3-GFP-AMMECR1, AMMECRI1
(S), respectively. After 24 h, the cells were examined under fluorescent microscope. Each
scale bar represents 10 um.

DOI: 10.4236/jbm.2019.711013

149 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2019.711013

C.F.Caietal.

and it got dephosphorylated by APPase. However, its phosphorylation did not
require the stimulation of PKC activator, TPA (Figure 3(A)).

Compared with other AMMECR1 homologs, human AMMECRI has a
unique N-terminal amino acid sequence (1-123) [2]. As the putative phosphory-
lation sites (S121, T150, T163, S249, T291 and S299) by PKC are located at
C-terminal AMMECRI1, we then examined whether the N- or C-terminus of
AMMECRI1 was phosphorylated. We found that AMMECRI (1-123), but not
AMMECRI (124-333) was phosphorylated (Figure 3(B)), which is consistent with
why the PKC activator cannot stimulate the phosphorylation of AMMECRI.
Phosphoproteomic screening showed that there are six putative phosphorylation
sites in AMMECRI (S15, S16, S19, S21, S29 and S34) [11] [12] [13] [14]. We then
mutated each of them to alanine, and transfected the mutants into HEK293T
cells, respectively. The results showed that only the S16A mutation eliminated
the phosphorylation of AMMECRI (Figure 3(C)).
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Figure 3. Phos-tag-based mobility shift detection of the phosphorylation of AMMECRI.
HEK HEK293T cells were transfected with pcDNA3-flag: (A) AMMECRI treated with or
without TPA or DMSO; (B) AMMECRI (1-123), AMMECRI (124-333); (C) AMMECRI,
AMMECR1 (S15A), AMMECR1 (S16A), AMMECRI (S19A), AMMECRI (S21A),
AMMECRI1 (S29A), AMMECRI1 (S34A). The cells were harvested 24 h after transfection.
Cell lysates were subjected to immunoprecipitation with anti-flag antibodies. The preci-
pitates, treated with or without APPase, were separated with acrylamide pendant Phos-tag

SDS-PAGE or conventional SDS PAGE, and analyzed by Western blotting with anti-flag
antibodies as indicated.
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3.4. The Nuclear Localization of AMMECR1 Was Independent of
Phosphorylation of AMMECR1

Then, we want to know whether the nuclear localization of AMMECRI was re-
gulated by its phosphorylation. As shown in Figure 4(A), AMMECRI (S16A)
displayed nuclear localization, thus the phosphorylation of S16 was not required
for AMMECRI subcellular localization.

As mentioned before, AMMECRI has a unique N-terminus, S16 lies in this
region. AMMECRI (124-333) is well conserved throughout the course of evolu-
tion from human and yeast to various microorganisms. We found that
AMMECRI (124-333) displayed nuclear localization (Figure 4(B)). AMMECRI1
orthologue SPAC688.03¢c (S. pombe) and MTHS857 (Methanobacterium ther-
moautotrophicum) are highly homologous to AMMECRI1 (124-333). Like
AMMECRI (124-333), both SPAC688.03¢c and MTHS857 were also localized in
the nucleus when expressed in HeLa cells (Figure 5(A)) and not phosphorylated
(Figure 5(B)). Therefore, the phosphorylation was not essential to the nuclear
localization of AMMECRI1 homologues from different species. MTH857 is a
prokaryotic archaeal protein but localized in the nucleus when expressed in

A B

AMMECR1(S16A)  GFP-AMMECR1 (124-333)

Figure 4. The nuclear location of AMMECRI in HeLa cells. HeLa Cells were transiently
transfected with 2 pg of plasmid DNA pcDNA3-GFP: (A) AMMECRI (S16A); (B)
AMMECRI (124-333), respectively. After 24 h, the cells were examined under fluorescent
microscope. Each scale bar represents 10 pm.
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Figure 5. The nuclear location of MTH857 and SPAC688.03¢ in HeLa cells. (A) HeLa
Cells were transiently transfected with 2 ug of plasmid DNA pcDNA3-GFP-MTH857 or
SPAC688.03c, respectively. After 24 h, the cells were examined under fluorescent micro-
scope. Each scale bar represents 10 um; (B) HEK293T Cells in 6-cm plate were transiently
transfected with 2 pg of plasmid DNA pcDNA3-flag-MTH857, pcDNA3-flag-SPAC688.03¢
respectively. The cells were harvested 24 h after transfection. The cell lysates were sub-
jected to immunoprecipitation with anti-flag antibodies. The precipitates, treated with or
without APPase, were separated with acrylamide pendant Phos-tag SDS-PAGE or con-
ventional SDS PAGE, and analyzed by Western blotting with anti-flag antibodies as indi-
cated.
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eukaryotic cells, so it is possible that AMMECRI family proteins might have
strong nuclear localization capability and can diffuse through the nuclear pore
complexes due to its smaller molecular weight (~35.5 kDa) [13].

In summary, we found that many human cell lines expressed AMMECRI.
AMMECRI1 was phosphorylated only at S16 constitutively. AMMECR1 has no
special nuclear localization signal but was a nuclear localization protein. SI6A
mutation did not affect its nuclear localization.

There is no doubt that the functional study of AMMECRI requires a lot of
hard and basic experimental work. Only in this way can the biological function
of AMMECRI be gradually revealed, which may be helpful for the detection of

certain diseases in human.
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