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PPP2R2A binds and dephosphorylates GFPT2 in breast
cancer cells

Xiaorong Li, Jin Zhang, and Duan Ma

School of Basic Medical Sciences, Fudan University, Shanghai 200012, China

Abstract: PPP2R2A isone of the regulatory subunits of the PP2A phosphatase complexes, and previous studies showed that
its upregulation promotes cancer cell survival and growth. In this research, we used the tandem affinity purification and the
HPLC-Chip-ESI/MS/MS mass spectrometry to screen the PPP2R2A-binding proteins and the results indicated that the
GFPT-1/-2 were the potential partners of PPP2R2A. We further validated the interaction between PPP2R2A and GFPT-1/-2
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through GST Pull-down, co-immunoprecipitation and immunofluorescence assays. And we found that knockdown of PPP2R2A
by lentivirussmediated shRNA enhanced the phosphorylation of GFPT2, whereas the phosphorylation of GFPT1 had no
significant change. GFPT2 is a rate-limiting enzyme in the hexosamine pathway. Our results showed that the knockdown of
PPP2R2A promoted the total cellular O-GIcNAcylation in MDA-MB-231 breast cancer cells. These results suggest that PPP2R2A
interacts with GFPT1/2, and |leads to the phosphorylation of GFPT2, which can regul ate the cellular O-GIcNAcylation.

Keywords: PPP2R2A, GFPT1, GFPT2, O-GlcNAcylation
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Tablel Primer namesand sequences

Primer name Primer sequence (5'-3")
HIS8-SBP-F GATCCCATCATCACCATCACCATCACCATGCCTCGAGCTCGC
HIS8-SBP-R GGCCGCGAGCTCGAGGCATGGTGATGGTGATGGTGATGATGG
PPP2R2A-F GTGCTCGAGGGCAGGAGCTGGAGGAGGGAATGA
PPP2R2A-R GGGGCGGCCGCGGCACACTGTCAAACACTGG
GFPT1-F CTGCTCGAGGACCAACATCATGTGCGGTATATTTG
GFPT1-R CACGCGGCCGCAAAAGGCTTTCAGGAGGCAATAG
GFPT2-F CTGCTCGAGCATGTGCGGAATCTTTGCCTAC
GFPT2-R CACGCGGCCGCATCTTGGCAGTTGGTTCAGG
1.2.2 2ug 2000 r/min
HEK?293T 1min(4°C) 2 ug
4 4h(37°C) 2000r/min 1 min
Rec : VsVg : GAG . TAT . =1:1: HPLC- Chip-ESI/MS/MS
1:1:4 Lipofectamine 24 h
2000 r/min
2.5 ng/mL 1.2.4
(Polybrene) 48 h 0.1%
72h 12 HA-PPP2R2A  PCDH-hyg-FLAG-
48 h GFPT1/2
1.2.3 HPL C-Chip-ESI/MS/MS Lipofectamine@ 2000 6 h
24 h 4%
SBP-HIS-FLAG-PPP2R2A 10 min  PBST (0.2% Triton X-100)
MDA-MB-231 15 mL 3 5 min/ 3% BSA 1h
( 1% Triton X-100 1 mol/L ) HA FLAG
20 min (1 : 100) 4C PBST (0.2% Triton
(Streptavidin) X-100) 3 5 min/ Dylight 488
Streptavidin 4°C 1gG Dylight 594
( 0.1% Triton X-100 1 mol/L ) IgG (1:10)
5 3min 1mL 1h PBST (0.2% Triton X-100) 3
400 pL ( 5min/  DAPI 5 min
EDTA/EGTA 2 mmol/L biotin 20 mmol/L
) 4°C 4h Ni 1.2.5 GST Pull-down
40 uL PBS Ni PCDH-hyg-FLAG-GFPT1  mGST-HIS-PPP2R2A
4°C 2h 0.05 mmol/L Lipofectamine®
NH4HCO; (pH 8.0) 4 C 5 min 2000 24h
2 10 mmol/L  NH4HCO;3 2 50 uL input
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3 30 puL
AlG 4 C 1h 500xg
2min FLAG (2 ng)
4°C 1lh 30 uL ProteinA/IG 4 °C
500xg 2min
3
50uL  SDS 95-100 C 5min
12 000 r/min 5min Western blotting
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Fig. 1 Detection of the expression of PPP2R2A in the
stable MDA-MB-231 cells of SBP-HIS-FLAG-PPP2R2A
by using Western blotting.

a-GAPDH

* 2 HBEEMZEBEA HPLC-Chip-ESI/MSIMS 458
B~ GFPT1/2 £ PPP2R2A BEMEEER

Table 2 The results of tandem affinity and HPLC-
Chip-ESI/MS/IMS identified the GFPT1/2 as the
potential partner of PPP2R2A

Number Gene name Peptide hit number
1 PPP2R2A 333
2 PPP2R1A 214
3 PPP2CA 157
4 GFPT1 7
5 GFPT2 10
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Fig. 2 The interaction between PPP2R2A and GFPT1/2 was further validated. (A, B) GST Pull-down of PPP2R2A
with Flag-GFPT1/2. HEK-293T cells were co-transfected with plasmids expressing GST-tagged PPP2R2A (or empty
vector) and Flag-tagged GFPT-1/-2. PPP2R2A was precipitated with GST Pull-down, and the pull-down products were
analyzed by anti-Flag immunoblotting. (C) Co-immunoprecipitation (IP) of PPP2R2A with Flag-tagged GFPT1/2.
PPP2R2A was immunoprecipitated with an anti-Flag antibody, and co-immunoprecipitated PPP2R2A was analyzed by
anti-GST immunobl otting.

2.3 PPP2R2A EHS5 GFPT1I2 EBEHARA

HEAL
HEK 293 HA-PPP2R2A
FLAG-GFPT1/2 FLAG
HA SA. Merge DAPI HA-PPP2R2A FLAG-GFPTI
B PPP2R2A  GFPT1/2

2.4 PPP2R2A M1 GFPT2 KIREER L7k 7

PKA GFPT1/2
PPP2R2A GFPT1/2 Merge DAPI  HA-PPP2R2A FLAG-GFPT2
shRNA
PPP2R2A HEK 293T Western @3 PPP2R2A 5 GFPT 1/2 7E 4R AR th 2 & (L RO 50 35
blotting shRNA PPP2R2A KIEER
MGST-GEPT1/2 Fig. 3 Colocalization of PPP2R2A and GI_:PT1/2.|n
cytoplasm. (A, B) GFPT1/2 was co-localized with
GST-pull down GST-GFPTU2  ppp2R2A in the cytoplasm. The HEK293 cells were
Anti-GST-WB PPP2R2A co-transfected with plasmids expressing FLAG-GFPT1/2
and HA-PPP2R2A, and after 24 h, cells were fixed and
GST-GFPT1 stained with anti-HA (green) and anti-FLAG (red)
GST-GFPT2 PKA antibody. And the DAPI were used for nuclear staining.
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Fig. 4 Knockdown of PPP2R2A enhanced phosphorylation of GFPT2. (A, B) Knockdown of PPP2R2A by
lentivirus-mediated shRNA enhanced the phosphorylation of GFPT2, while the phosphorylation of GFPT1 had no
significant change In HEK 293T. The plasmid of GST-GFPT1 or GFPT2 was further transfected into the normal and
PPP2R2A-knockdown cells. GST Pull-down was used to precipitated the GFPT1 or GFPT2, and the phosphorylation
was detected by the anti-PKA substrate immunoblotting. (C) In MDA-MB-231, knockdown of PPP2R2A enhanced the
phosphorylation of GFPT2. MDA-MB-231 cells stably expressing FLAG-GFPT2 were established by infection with
lentiviral particles. FLAG-GFPT2 was immunoprecipitated with an anti-FLAG antibody, and phosphorylation of GFPT2

was analyzed by the anti-PKA substrate immunoblotting.
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Fig. 5 Cellular O-GIcNAcylation was elevated when PPP2R2A FLAG-HIS
PPP2R2A was knocked down in MDA-MB-231 cells.
The PPP2R2A were knocked down by using the PPP2R2A 4C PPPZR2A
lentivirus-mediated  shRNA, and the cellular MDA-MB-231
O-GIcNAcylation was analyzed by anti-CTD110.6 GFPT2
immunoblotting.
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