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Appendix Figure S1. Strategy for CRISPR-CAS9-mediated PTEN gene editing in Hela cells. 

(a) Sequence analysis revealed a 21bp deletion in PTEN exon1 that leads to the appearance of a TAG 

stop codon (highlighted in red) immediately downstream of the AUU594 initiation codon of PTENβ. 

The initiation codon of PTENβ is highlighted in a red box. 

(b) Sequence analysis revealed a C>T mutation in PTEN exon1 that leads to the appearance of a TAG 

stop codon (highlighted in red) at 48 bp upstream of the AUG1032 initiation codon of canonical PTEN. 

The initiation codon of canonical PTEN is highlighted in a red box. 

(c) Sequence analysis revealed a frameshift that leads to the appearance of a TAG stop codon 

(highlighted in red) downstream of the AUG1032 initiation codon of canonical PTEN. The initiation 

codon of canonical PTEN is highlighted in a red box. 

 

Appendix Figure S2. The immunoblots of exogenously expressed PTEN isoforms. 

The plasmid used in Fig 2A lane 3 was introduced into Hela PTEN-/- cells. The transfected cells and 

Hela WT cells were harvested and the lysates were immunoblotted with a PTEN monoclonal antibody 

(Cell Signaling Technology, 138G6). GAPDH was used as a control. The white arrows indicate the 

protein bands of endogenous or exogenously expressed PTENε while the numbers in red demonstrate 

the relative grayscale of the corresponding protein. 

 

Appendix Figure S3. The PTENε initiation site CUG816 is evolutionarily conserved. 

Clustal-W alignment of the proximal sequence of Human PTENε initiation start site CUG816 with the 



corresponding genomic sequence from Mus musculus, Minke Whale, Pan paniscus obtained from the 

Genebank. The conserved sequences are highlighted in yellow. The start site CUG816 in the N-terminal 

extended domain of PTENε is highlighted in the red box. 

 

Appendix Figure S4. Validation of the subcellular localization of PTENε in the cell plasma 

membrane. 

(a) Validation of single isoform expression of different C-GFP tagged PTEN variants shown in Fig 5A 

by immunoblotting. C-terminal GFP tagged PTEN, PTENα, PTENβ, and PTENε as indicated in Fig 

5A were separately introduced into Hela PTEN-/- cells followed by immunoblotting with GFP (MBL) 

antibody. GAPDH was used as a control. 

(b) Differing sets of PTEN and PTENε constructs. A TAG triplet was inserted in the C-terminus of 

PTEN and PTENε sequences in constructs indicated in Fig 5A to abolish the expression of the GFP 

tag. 

(c) Subcellular localization of exogenous PTENε without any tag. Constructs in (b) were introduced 

into Hela PTEN-/- cells respectively. Twenty-four hours after transfection, cells were sequentially 

stained with anti-β-catenin, anti-PTEN monoclonal antibody (Cell Signaling Technology, 138G6), and 

DAPI, followed by imaging with confocal microscopy. The scale bars represent 8 μm. 

 

Appendix Figure S5. Validation of the subcellular colocalization of PTENε with down-stream 

targets. 

Colocalization of exogenous PTENε-GFP with FLAG-CDC42 or FLAG-ACTR2. Plasmids indicated 



above were co-transfected into Hela PTEN-/- cells. Cells were stained with DAPI and a FLAG antibody 

(F3165), followed by imaging with confocal microscopy. The scale bars represent 5 μm. 

 

Appendix Figure S6. PTENε, like canonical PTEN, acts as an antagonist of the PI3K pathway. 

(a) C-terminal GFP tagged PTEN, PTENα, PTENβ, or PTENε was separately introduced into Hela 

PTEN-/- cells followed by immunoblotting with p-AKT(Ser473), AKT, GAPDH or GFP antibody. 

(b) C-terminal HA-tagged wild type PTENε, PTENε with lipid phosphatase activity abolished (G201E, 

analogous to PTEN (G129E)), PTENε with protein phosphatase activity abolished (Y210L, analogous 

to PTEN (Y138L)) and PTENε with both lipid and protein phosphatase activity abolished (C196S, 

analogous to PTEN (C124S)) were introduced separately into Hela PTEN-/- cells, followed by 

immunoblotting with p-AKT (Ser473), AKT, GAPDH or HA antibody respectively.  

 

Appendix Figure S7. Frequency of colony formation in Hela PTEN-/- cells and H4 human 

neuroglioma cells stably expressing PTENε or PTENε mutants. 

(a) Hela PTEN-/- cells were infected with lentivirus expressing C-terminal HA-tagged PTENε or 

PTENε Y210L respectively and analyzed by western blot with a monoclonal PTEN antibody (Cell 

Signaling Technology, 138G6). GAPDH was used as a control. 

(b) H4 human neuroglioma cells were infected with lentivirus expressing C-terminal HA-tagged 

PTENε or PTENε Y210L separately and analyzed by immunoblotting with a monoclonal PTEN 

antibody (Cell Signaling Technology, 138G6). GAPDH was used as a control. 

(c) Colony formation assay was performed in Hela PTEN-/- cells stably expressing PTENε or PTENε 



Y210L mutant. The number of colonies was counted by ImageJ software. Three representative fields 

of cells in each group were captured and calculated. Data are presented as the mean ± SD based on 

three independent experiments with at least three replicates and were analyzed with the unpaired t-

test. 

(d) Colony formation assay was performed in PTEN null H4 human neuroglioma cells stably 

expressing PTENε or PTENε Y210L mutant. Cells of each group (CTR, PTENε or PTENε Y210L) 

were seeded onto three wells of a 6 well plate, and three independent experiments were performed. 

Image J software was used to automatedly calculate the colony number of each well, and the mean 

value of cell colonies of each group in every independent experiment was used as input and analyzed 

by the two-tail unpaired t-test (Prism GraphPad software v8.0). Data are presented as the mean ± SD.  

 

Appendix Figure S8. Strategy for adenine-base-editing-mediated depletion of endogenous 

PTENε and detection of potential off-targets in Hela cells. 

(a) Sequence analysis revealed a heterozygous T>C mutation in PTENε alternative initiation site 

CTG816 that leads to the partial depletion of endogenous PTENε in Hela cells. The start site CUG816 in 

the N-terminal extended domain of PTENε is highlighted in the red box. 

(b) Detection of potential off-targets in Hela PTENε+/- cells. The corresponding region of potential off-

targets that may be misrecognized by ABE7.10 due to sgRNA mismatching was amplified through 

PCR and then sequenced. The results of sequencing were aligned with the correct genome sequences 

of relative genes by using Vector NTI software. The misrecognized region in the corresponding gene 

is highlighted in the red box. 

 



Appendix Figure S9. A schematic representation of the PTEN family members. 

A schematic representation of the PTEN family members. The proteins labeled with the question mark 

“?” stand for unidentified isoforms of PTEN that remain to be further verified. 

 

Appendix Figure S10. Sequences supplemented in the UniProt database. 

(a, b) The N-terminal extended PTEN sequence supplemented in the UniProt Human database (a) or 

the UniProt Mouse database (b) for a raw file searching by Proteome Discoverer. The most proximal 

N-terminal amino acids of PTENα, PTENβ, and PTENε are highlighted in blue, red, and green 

respectively. 
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Appendix Figure S1. Strategy for CRISPR-CAS9-mediated PTEN gene editing in Hela cells. 

 

 

 

 



Appendix Figure S2. The immunoblots of exogenously expressed PTEN isoforms. 

 

 

Appendix Figure S3. The PTENε initiation site CUG816 is evolutionarily conserved. 

 

 

 
 
 
 
 

 

 

 

 

 

 

 



Appendix Figure S4. Validation of the subcellular localization of PTENε in the cell plasma 

membrane.  
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Appendix Figure S5. Validation of the subcellular colocalization of PTENε with down-stream 

targets.  

 
 

 

Appendix Figure S6. PTENε, like canonical PTEN, acts as an antagonist of the PI3K pathway. 

 

 

 
  



Appendix Figure S7. Frequency of colony formation in Hela PTEN-/- cells and H4 human 

neuroglioma cells stably expressing PTENε or PTENε mutants. 
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Appendix Figure S8. Strategy for adenine-base-editing-mediated depletion of endogenous 

PTENε and detection of potential off-targets in Hela cells. 
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Appendix Figure S9. A schematic representation of the PTEN family members. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix Figure S10. Sequences supplemented in the UniProt database. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Appendix Tables 

Appendix Table S1. A list of antibodies used in this study 

Species Antigen 
Clone
# 

Company 
(Cat#) 

Dilution ratio 
 
Citation 

Immuno- 
blotting 

Immuno- 
precipitatio
n 

Immuno- 
fluorescenc
e 

 

Mouse 

monoclonal 
PTEN A2B1 

Santa Cruz 

(sc-7974) 
1:1000   1:200 

(Zhang et al, 

2016) 

Rabbit 

monoclonal 
PTEN 138G6 

Cell Signaling 

(#9559) 
1:1000     

(Wan & 

Helman, 2003) 

Rabbit 

polyclonal 
AKT   

Cell Signaling 

(#9272) 
1:1000     

(Franke et al, 

1997) 

Rabbit 

polyclonal 

AKT Phospho 

(S473) 
  

Cell Signaling 

(#9271) 
1:1000     

(Franke et al., 

1997) 

Rabbit 

polyclonal 
β-actin   

MBL 

(pm053) 
1:5000     

(Wang et al, 

2015) 

Mouse 

monoclonal 
GAPDH 1C4 

Sungene Biotech 

(KM9002) 
1:5000     N/A 

Mouse 

monoclonal 
FLAG M2 

Sigma-Aldrich 

(F3165) 
1:5000 1:500 1:300 (Gu et al, 2016) 

Mouse 

monoclonal 
β-tubulin 3G7 

Sungene Biotech 

(KM9003) 
1:5000     N/A 

Mouse 

polyclonal 
PTENα   Homemade   1:500   

(Liang et al, 

2014) 

Rabbit 

polyclonal 
eIF2A  

Proteintech 

(11233-1-AP) 
1:1000   

(Kim et al, 

2011) 



Rabbit 

polyclonal 
eIF5  

Abcam 

(ab153730) 
1:2000   N/A 

Rabbit 

polyclonal 
E-cadherin  

Proteintech 

(20874-1-AP) 
1:3000   

(Zhu et al, 

2012) 

Rabbit 

polyclonal 
β-catenin  

Cell Signaling 

(#9562) 
  1:200 

(Adorno et al, 

2018) 

Mouse 

monoclonal 
FSCN1 

OTI3D

2 

ORIGENE 

(TA807295) 
1:500   N/A 

Rabbit 

polyclonal 
CDC42  

Cell Signaling 

(#2462) 
1:1000   

(Corona et al, 

2018) 

Rabbit 

polyclonal 
VASP  

Abcam 

(ab205952) 
1:1000   

(Zhan et al, 

2018) 

Rabbit 

polyclonal 
ACTR2  

Sigma-Aldrich 

(A1232) 
1:1000   

(Ilatovskaya et 

al, 2013) 

Rabbit 

polyclonal 

ACTR2 

Phospho 

(T237/T238) 

 
Abcam 

(ab119766) 
1:1000   

(Miller et al, 

2018) 

Rabbit 

polyclonal 

VASP 

Phospho 

(S157) 

 
Cell Signaling 

(#3111) 
1:1000   

(Srihirun et al, 

2018) 

Rabbit 

polyclonal 

VASP 

Phospho 

(S239) 

 
Cell Signaling 

(#3114) 
1:1000   

(Ruppert et al, 

2018) 

Rabbit 

polyclonal 

VASP 

Phospho 

(T278) 

 
Sigma-Aldrich 

(SAB4200521) 
1:1000   

(Lawrence & 

Pryzwansky, 

2001) 



Mouse 

monoclonal 
ACTR2 E-12 

Santa Cruz 

(sc-166103) 
  1:100 

(Zhao et al, 

2020) 

Mouse  

monoclonal 
CDC42 B-8 

Santa Cruz 

(sc-8401) 
  1:100 

(Oprea et al, 

2015) 

Rabbit  

monoclonal 
VASP 9A2 

Cell Signaling 

Technology 

(#3132) 

  1:200 
(Cho et al, 2016) 

Mouse  

monoclonal 
FSCN1 55K-2 

Santa Cruz 

(sc-21743) 
  1:50 

(Megiorni et al, 

2005) 

Mouse  

monoclonal 
His 

OTI2B

5 

ZSGB-BIO(TA-

02) 
1:1000   NA 

 

Appendix Table S2. Primers for constructing plasmids 

Vector Forward primer (5’-3’) Backward primer (5’-3’) 

PTEN-GFP 
CCGGAATTGCCACCATGCATGACAGC
CATCATCAAAGAG 

CGCGGATCCGCGACTTTTGTAATTTGTG
TATGC 

PTENα-GFP 
CCGGAATTGCCACCATGCCTGGAGCG
GGGGGGAGAAG 

CGCGGATCCGCGACTTTTGTAATTTGTG
TATGC 

PTENβ-GFP 
CCGGAATTGCCACCATGCATTTCCAG
GGCTGGGAACG 

CGCGGATCCGCGACTTTTGTAATTTGTG
TATGC 

PTENε-GFP 
CCGGAATTGCCACCATGGCTGCTGAG
GAGAAGCAGG 

CGCGGATCCGCGACTTTTGTAATTTGTG
TATGC 

PTEN-S-tag 
CCGGAATTGCCACCATGCATGACAGC
CATCATCAAAGAG 

CGCGGATCCGACTTTTGTAATTTGTGTA
TGC 

PTENα-S-tag 
CCGGAATTGCCACCATGCCTGGAGCG
GGGGGGAGAAG 

CGCGGATCCGACTTTTGTAATTTGTGTA
TGC 

PTENβ-S-tag 
CCGGAATTGCCACCATGCATTTCCAG
GGCTGGGAACG 

CGCGGATCCGACTTTTGTAATTTGTGTA
TGC 

PTENε-S-Tag 
CCGGAATTGCCACCATGGCTGCTGAG
GAGAAGCAGG 

CGCGGATCCGACTTTTGTAATTTGTGTA
TGC 

PTENα-His 
CCGGAATTCCTGGAGCGGGGGGGAG
AAG 

CGCGGATCCGACTTTTGTAATTTGTGTA
TGC 



FLAG-FSCN1 
GATAAGAGCCCGGGCGGATCCACCGC
CAACGGCACAGCCG 

GATAAGCTTGATATCGAATTCCTAGTA
CTCCCAGAGCGAG 

FLAG-CDC42 
GATAAGAGCCCGGGCGGATCCCAGA
CAATTAAGTGTGTTG 

GATAAGCTTGATATCGAATTCTCATAG
CAGCACACACCTG 

FLAG-VASP 
GATAAGAGCCCGGGCGGATCCAGCG
AGACGGTCATCTGTTC 

GATAAGCTTGATATCGAATTCTCAGGG
AGAACCCCGCTTC 

FLAG-ACTR2 
GATAAGAGCCCGGGCGGATCCGACA
GCCAGGGCAGGAAGG 

GATAAGCTTGATATCGAATTCTTATCG
AACAGTCACACCAAG 

 

Appendix Table S3. Primers for mutagenesis 

Vector Forward primer (5’-3’) Backward primer (5’-3’) 

PTENα CTG513>CTC 
CGGCACCTCCCGCTCCTCGAGC
GGGGGGGAGAAG 

CTTCTCCCCCCCGCTCGAGGAGC
GGGAGGTGCCG 

PTENα ATT594>CTC 
GAGTCGCCTGTCACCCTCTCCA
GGGCTGGGAAC 

GTTCCCAGCCCTGGAGAGGGTGA
CAGGCGACTC 

PTENα ATG1032>ATA 
CACAGGCTCCCAGACATAACAG
CCATCATCAAAG 

CTTTGATGATGGCTGTTATGTCTG
GGAGCCTGTG 

PTENα TCT783>TAG 
GAGGATTATTCGTCTTAGCCCC
ATTCCGCTGCC 

GGCAGCGGAATGGGGCTAAGAC
GAATAATCCTC 

PTENα AGA942>TAG 
GCTACCGCCAAGTCCTAGGCCA
TTTCCATCCTG 

CAGGATGGAAATGGCCTAGGACT
TGGCGGTAGC 

PTENα AGG810>CTC 
GCTGCCGCCGCTGCCCTCCCTCT
GGCTGCTGAG 

CTCAGCAGCCAGAGGGAGGGCA
GCGGCGGCAGC 

PTENα CTG816>CTC 
GCCGCTGCCAGGCCTCTCGCTG
CTGAGGAGAAG 

CTTCTCCTCAGCAGCGAGAGGCC
TGGCAGCGGC 

PTENα AAG831>CTC 
CTGGCTGCTGAGGAGCTCCAGG
CCCAGTCGCTG 

CAGCGACTGGGCCTGGAGCTCCT
CAGCAGCCAG 

PTENα CTG846>CTC 
AAGCAGGCCCAGTCGCTCCAAC
CATCCAGCAGC 

GCTGCTGGATGGTTGGAGCGACT
GGGCCTGCTT 

PTENα CTG936>CTC 
GCATCAGCTACCGCCCTCTCCA
GAGCCATTTCC 

GGAAATGGCTCTGGAGAGGGCGG
TAGCTGATGC 

PTENε CTG816 
downstream palindrome 
disruption 

ACAAGCCCAGTCGCTACAACCA
TCCAGCAGCCGCCGCAGC 

GTTGTAGCGACTGGGCTTGTTTCT
CCTCAGCAGCCAGAGG 

PTENε 28AA-34AA delete 
GCGGTCCAGGGGGCATCAGCTA
CCGCC 

TGATGCCCCCTGGACCGCAGCCG
GGTAATG 

PTENε 38AA-50AA delete 
GGGGCATCAAAGCCCCGCCACC
AGCAGC 

GCGGGGCTTTGATGCCCCTCGCT
CTGCC 



PTENε 57AA-66AA delete 
CACCAGCAGAGCCACAGGCTCC
CAGACATG 

CCTGTGGCTCTGCTGGTGGCGGG
GCTTC 

PTENε 69AA-81AA delete 
TTCAGCCACAGCAGAAACAAAA
GGAGATATC 

GTTTCTGCTGTGGCTGAAGAAAA
AGGAG 

PTENε Y210L 
GTAATGATATGTGCATTATTATT
ACATCGGGGC 

GCCCCGATGTAATAATAATGCAC
ATATCATTAC 

 
 

Appendix Table S4. Primers for real-time PCR 

Targets Forward primer (5’-3’) Backward primer (5’-3’) 

PTEN(Human) ATTGCAGAGTTGCACAATATCC AATAATACACATAGCGCCTCTG 

eIF2A(Human) GCAAGTTGATGACCAGAAATC GCAATATCAGAAGTGATAAGG 

eIF5(Human) TCAGCTTATCTCCAAGATTCCA AATACACCACCTCAATGTTCTC 

ACTB(Human) ACAATGAGCTGCGTGTGGCTC CTGGGGTGTTGAAGGTCTCAAAC 
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