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AKT signal pathway by inhibiting HSPAS membrane translocation
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A HUMAN ATGAGGACCCTGTGGA TGTCGCGGCTC CAGGCC GGCTGCGCCGAGE T ’GCCTGCT 120
Chimpanzee ATGAGGACCCIETGGATGACGCIGIGCGCGCTGICGLGECTIGIGECCCEGEECCCAGELT GECTGCGCCGRAGECCERECECTGCTETCCCGGCCGEEACCCCGCCTGCTICGCCCGEGEC 120

Dog P TGIGEATGECECTGTRCECECT IC AGCCTGGCCGRCT TGCT 'GCCTGCT 120
Cattle ATGAGGACGCTGTGEATGECGCTGTGCGTECTGECGCGGCT GTGECCCGEEECCCTGECC GECTGCECGEACGCAGGECECTECTGCCCCGECCGEGACCCCGCCTGCTTCGCCAGCEGE 120
Mouse ATGARGACCCTGTGEATGETGCTGTGCGCTCTGGCGCGGCTGTGECCCEGEECCCTGET TGTGCA TGCTGTCCT TGCTTCGCCCBCEEC 120
Rat A IGIGEATGEIGCIGTECR0TCT TGECT 6GCTGOGCAGAGGCEEGCCGCTECTETCCTGETCGEEACCCAGCCTGCTTCECCCETEEC 120
BERE KR RRARRREER  RRAEERER KRB RASE RAFRREFE AE K3 EAE RRARE AR RA KR RE RAARRAAS BA RS KRAREE K ARRAARR R¥R ¥ AN%
HUMAN TGEAGGCTCGACAGEETCTACGEGACETETTTCTGCEACCANGCCTETCACT TCACCGGGBACTGCTGCTTICGACT: GCTT TGE 240
Chimpanzee TGGAGGCT TA TTTCTGCGACCAAGCCTGICRCCT TGCIGCTICGACTACGACAGEECGTECCCAGCTCRCCCETECTTC TGE 240
Dog TGGAGGTTGGACAGGGTGTAS ACGTGCTACTGCGACCAAGCCTE GCA GCTGCTTCGACTACGCC: TGCATC IGG 240
Cattle TGGAGGCAGGACCGEETCTACGGGACGTGCTTCTGCEGACCAMGCCTGCCGCCT TGCTGCTICGACTATGCCAGGGCGT AGCTCGCCCGTGCATCGTIGGGEAGTGE 240
Mouse TGGAGGCTGGACAGGETCTATGEAACATGCTTCTGTGACCARGCCTGCCGT CTCACCGEGGACTGCTGCTT CTAC TGCTTT TGG 240
Rat TGEAGACTCGACAGACTCTATGEAACTTGCTTCTGCEATCARGCCTGCCRTCT TGCTICGACTATGACA TECTTIC 168 240
BERAE RAEA A KE AR RE K KR B A4S 23 RRRRAAEE Kh  Add AkEARAARE & aaxk Bak A AR Rk ks AEE
HUMAN ECCCCT TGTGCAGACCAGTGCAAGCCTACAACES TCGETGCA AGCCTCAGAACGEEGE CCTGCCCACCE TGEC 360
Chimpanzee »G\_CCCTGGA‘;TEGTTGTEC&GACC%TGCRAGCCIAWL TGTGCGGRGE TCGGTGCAGCAGGAGCCTCAGRRCGGLGE ACCCTGCCCAC CIGEC 360
Dog (BCCCCTGRAGCH : AGGCCGECEECCCTCRT GC TGCCORCC 360
Cattle (ECCCCTGEAGCGETIGT uAEC TETCGECCCATGECECGEGT T¢ TGCCE 360
Mouse ETCCCTGEAGTGECTGOGCAGETCAGT GCCAGCCCACCACECETGTECGCAGGCETTCAGTGCETCAGGARCCACTARR CCTGCCCAC TGGC 360
Rat ETCCCTGGAGTGGCT GCCCACCATGCGIGT TTCGGTCCAT ACTGART T \CCC GGC 360
O bhaer was % B REARE AkkEh A AR A kRRRE AR R AR KA B & REASEALE  ARkbadd RekRAsAE ke
HUMAN TGCCIGGAGTACTCCACCCCGCAGGECCAGGACTGCGGGCACACCTATGTTCCTGCCTTT ATAACTACCTCTGCATTCAR ACGACARGCTACGTCTCCACACTGGICT 480
Chi TGCCTGGAGTACTCCACCCCGCAGGECCAGGACT TATGTTCCTGCCTIT ATARCTACCTCTGCATTCA TACGTCICCACACTGGICT 480
Dog TGCCTGGACTACTCGACGCCGCGGEECCAGEACTGCGGGCGCGCCTTCETCCCTGCCT I TATAACTACCTCTIGCATTCAR ARGACARGCCGCCTCTCCACAGTIGGICT 480
Cattle TGCCIGGAGTACGCEACH A TGCE ATGCCTTCETCCCTECCTIT ATAACTACCTCTGCGTTCA CTGGACC 480
Mouse TGCCTGGAGTACTCGICA I TCCTTTGTTCCTGCCTICATAACTAGCTCTIGICTTCARCARGRRAGAGRAATARTACRRGCAGTATCTCCACAGIGGTCT 480
Rat IGCCTuGAGTAﬂCCTCGICACMGGCCAGGMTGCGGGCACTCCTTT"TTC’TuCCTTCATMCTABCTCIGC"ITCMCMGAAGAGGMAGIM‘AMGIMGCACAGIGGCC{ 480
BaRARARE RRh A R bk ke AR RRARERE kAR Ak RRRARERS ARAREEE RRARE  RRARRRAAE A R ok b REE h wakan bh
HOMAN ACACACACAGAGGATGCIGGATACTGTATGGAGT TTARGACAGAGTCCTTEACTCCTCACTGTGCICIGGARRACTGGCCCTIGACTAGATGGATGCAGTATCTC TACACG 600
Ch ACRCACACAGAGGATGCTGGATACTGTATGGAGTTT CCTT ICCT A\.]'GTECHTWCGECC"TTuACT}\GJ\TEGI\TuCRGTATC'l'CCGJ\ERGGGATRCACG 600
Dog ACAGACK TGCCGGATATTGTAT TTCANGACAGAGTCATTGACTCATCACTGTGCICTGGARARTCGCCCTCIGACTCGATGGATGCAGTATCTC CA 600
Cattle ACRAGCRCAGRGGATGCTGGATACT GTATGEAGT TCARGACAGAGT CACTGACT CACCACTGTGCCCTGGARRRTCGCCCCCIGAL ATGGATGCRGTAICT TACACA €00
Mouse ACARCACACTARGEATGCTGGATACTGTAIGEAGT ICARGACAGAGTCCCTGACTCCTCACTGTGCTCIGGTCARCAGT IGRCTCGRIGGRTGCRGTAICTC TACACA 600
Rat ACACATACTGAGGATGCTGGATACTGTATGGAGTTCARGRCTGAATCCTIGACTGCCCACTGTECTCTGEACAGCCETCCGLT ICGEIGEEATGCAGTACCTCC TACACA €00
BaE KR RRRREES ERERE SESARRSRSAS SASRE B8 As  ARREE  REAREERE  REE % % A8 dERE B ARERRERAEAA FRERE REEAE RRER
HUMAN GIGTGIGTGGATTGTCAGCCTCCAGCTATGAACTCTGTGAGCCTTCGTTGT TCTGGAGAT GECCTGGACTCCGRTGGARAT CAGACTCTCCATTGGCARGCARTTGETARTCCICGGIGT 720
Chimpanzee GIGTGIGIGEATIGICAGCCICCAGCTATGAACTCIGTGAGCCTTCATTGITCTGGAGAT GGCCTGGACTCCGATGGARATCAGACTCTCCATTGGCARGCAATTGGTARTCCTICGATGT 720
Dog GIGTGCETTGATTGTCAACGCCCAGCTATGARTTCTGTGAGCCTTCGCTGT TCTGGAGAT GECCTGGACT CTGRTGGARAT CARRCTCTCCRATTGGCARGCARTTGGCARTCCICGGIGT 720
Cattle GIGTGIGTGEACTETCAGCCTCCAGCTATGARCTCTGTGRAGCCTICETTGTICTGGCGAT GECTTEEACT CTGRCGERART CAGRCCCTCCATTGECARGCARTTGECARTCCICGRTGT 720
Mouse GIGTGIGTAGACTGTCAGCCACCAGCTATGAACTCTGTGAGCCTACGTTGT TCTGGAGAT GETCTGGACT CTGATGGAAAT CAGACTCTTCGCTGECAAGCCATTGGCARTCCTCGATGT 720
Rat GIGTGIGIGGACTGCCAGCCTCCAGCTATGAACTCCGTGRAGCCTGCGCTGCTICTIGGAGAT GGTCTGGACT CTGRTGGARAT CAGACT CTTCGCTGGCARGCCATCGGGARTCCICGATGE 720
BARER KR KR A AR B RRAREREERRE AR RARRERAR A K RARSA REAEE  ARRRARS AR BRRREARE AE BR A AARERERA AN AE RAREAEEE 4¥
HUMAN CAAGGAACTTGGAARRRAGTTCEC ITCTTGTCCAGCTGTTCACAGT TTTATTTTTATATAG 795
Chi CRAGGAACT AAARAGTTCGGCGAGTAGACCAGTCTICIIGICCAGCTGTICACAGT TTTATTTTTATATAG 795
Dog CAAGGAACTTGGAAARRAGT TCGGCGEGTAGATCAGTGTTCTIGTCCAGCTGTTCACAGT TTTATTTTTATATAG 795
Cattle CRAGGAACTTGGAARRRAGT TCGGCGEGTAGAACAGTGTTCTTGTCCAGCTGITCACAGT TTCATTTTITATATAG 795
Mouse G CCT TAGAACK TCATGTCCAEG TTCATTTTTATATAG 795
Rat CRAGERACC "GTCGL AGCAGTGCTCATGTCCAGATGTGCACCGATTCATTTTTATATAG 735
AE RRRRR RRREERKEREE AR AR £ ARE AERRK KR BARKRAR BAR RS B A RRSERAERRRER
B
CLUSTAL 2.1 multiple seguence alignment
HUMRN MRTLWMALCALSRLWPGAQAGCAEAGRCCPGRDPACFARGWRLDRVYGICFCDQACRFTG DCCFDYDRACPARPCFVGEWSPWSGCAD
Chi MRTLWMILCALSRLWPGAQAGCAEAGRCCPGRDPACFARGWRLDRVYGICFCDQACRLIGDCCFDYDRACPARPCFVGENSPWSGCAD
Mouse MEKTLWMVLCALARLWPGALAGC a.Em.PC PGRDPACFARGWRLDRVYGICFCDQACRLIGDCCFDYDRACPARPCEVGEWSPWSGCAG
Rat MRTLWMVLCALARLWPGALAGCAEAGRCCPGRDPACFARGWRLDRVYGTCFCDQACRLIGDCCFDYDRACPARPCFVGEWSPWSGCAG
Dog NRILW.VA.LCALART_'NFGSLAGCADAGRCC PGRDAACSARGWRLDRVYGICYCDQRCRRIGDCCFDYARACPARPCIVGEWSPWSGCGD
Cattle MRTLWMALCVLARLWEGALAGCADAGRCCPGRDPACFASGWRQDRVYGICFCDQACRLIGDCCFDYARACPARPCIVGERSEWSGCA!
Kokaka Ak KaikkEAk: RERRiAARARREAR KR K ARAK AAAERRA AR KARARERE RRANARAE ARRRRRREAE
HUMAN QCKETTRVRRRSVOQE PQNGGAFCEPLEERAGCLEY ST PQGQDCGHT YVEAF I TTSAFNKERTRQAT SEHWSTHTEDAGYCMEFKTES
Chimpanzee QCKFTTRVRRRSVQQEPQNGGAPCPFLEERAGCLEY ST PQGQDCGHT YVPAFITTSAFNKERTRQAT SPHWSTHTEDAGYCMEFKTES
Mouse QCQPTTRVRRRSVRQEPLNGGAPCEPLEERAGCLEY SS5QSQDCGHSFVPAFITSSVENKKRI IQAVS PQWSTHTKDAGYCMEFKTES
Rat QCQETMRVRRRSVHQE PLNGGAPCPPLEERAGCLEYSS5QGQDCGHSFVEPAFI TSSAFNKKRTVQAVS FQWPTHTEDAGYCMEFKTES
Dog QCREAALVRRRFVQQE PRNGGAPCPFLEERAGCLDYST PRGQDCGRAFVEAFI TTSAFNKERTRQAASPQWSTDTEDAGYCMEFKTES
Cattle QCRPTARVRRRAVQQEPQNGGEPCPALEERAGCLEYAT PQ"EDG:HFLFJPAFITTSA"IWRIROAAS F‘i'ﬂ'fTSTEDAsY"EFE’TES
Bhoks  mkkk hakkk Rkk Rkkk REARAkhkskar 1 shhkosorAkkkhhsh dAkak Rk Akoh kR kkkkkkkhaasd
HIMAN LTPHCALENWPLTRWMQYLREGYTVCVDCQPPAMNSVSLRCSGDELDSDENQTLEWQAIGNPRCQGTWKKVRRVDQCSCPAVHESFIFI 264
Chimpanzee LTPHCALENRPLTRWMQYLREGYTVCVDCQPPAMNSVSLECSGDGLDSDENQTLEWQAT GNPRC QG TWKKVRRVDQCSCPAVHSFIFT 264
Mouse LTPHCALVNSPLTRWMQYLREGYTVCVDCQPPAMNSVSLRCSGDGLDSDGNQTLRWQAT GNPRCQGTWEKVRRVEQCSCPDVHRFIFT 264
Rat LTAHCALDSRPLTRWMQYLREGYTVCVDCQPPAMNSVSLRCSGDGLDSDGNQTLRWQAT GNPRCQGTWKKVRRAEQCSCPDVHRFIFT 264
Dog LTHHCALENRPLTRWMQYLREGYTVCVDCQRPAMNSVSLRCSGDGLDSDENQTLEWQAIGNPRC QGTWEKVRRVDQCSCPAVESFIFI 264
Cattle LTHHCALENRPLTRWMQYLREGYTVCVDCQPPAMNSVSLRCSGDELDSDENQTLHWQATGNPRC QETWEKVRRVEQCSCPAVESFIFI 264
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Fig. S1. Sequence alignment of SBSPON orthologs and encoded proteins from human,
chimpanzee, dog, cattle, mouse and rat.

(A, B) Sequence alignment of SBSPON orthologs and encoded proteins from human,
chimpanzee, dog, cattle, mouse and rat. The gene and protein sequence alignments
were initially performed with LaserGene and ClustalW, respectively, and were then
manually modified. The conserved (100%) residues are labeled with a star below the

residues.
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Fig. S2. The profiles and effects of SBSPON on different tissues and cells.

(A) SBSPON mRNA was widely expressed in majority of the normal human tissues



assessed.

(B)Western blot analysis was performed to assess the expression of SBSPON in
human tumor cell lines.

(C) The influence of SBSPON on the cell cycle was analyzed using flow cytometry.
(D) The impact of SBSPON on the apoptosis was evaluated using flow cytometry.

(E) The expression levels of P21 and P27 were assessed using western blot analysis.

B-Tubulin was utilized as a loading control.
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Fig. S3. The effects of SBSPON overexpression on the proliferation and migration
were accessed in SW780 cells.

(A) SBSPON expression was determined by western blot analyses following
transduction using lentiviral construct. B-Tubulin was utilized as a loading control.
(B) The effect of SBSPON on the proliferation of bladder cancer cells was evaluated
using CCK-8 assays.

(C) The impact of SBSPON on the cell migration was accessed by transwell assays.

**P <0.01, ***P < 0.001.
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Fig. S4. The phenotypic differences of Sbspon knockout mice and their wild-type
counterparts. Sbspon”- male mice exhibited increased grip strength, higher alanine

aminotransferase level, and lower total bilirubin level comparison to wild-type mice.

*P <0.05, **P <0.01.



Fig. S5. Hydrogen bonding interactions between SBSPON (cyan) and HSPAS

(green)(Detail).
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Fig. S6. The expression levels of SBSPON and HSPAS proteins in bladder cancer
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cells were assessed under different treatment conditions.

(A) Western blot analysis was performed to assess the expression of HSPAS after TM

treatment.

(B) 5637 cells were treated with CHX, and the SBSPON and HSPAS protein level

was assessed by western blot analysis.

(C) Western blot analysis was performed to assess the levels of HSPAS in the

SBSPON-overexpressing cells. B-Tubulin was utilized as a loading control.
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Fig. S7. The functional of SBSPON-overexpression and SBSPON/HSPAS-
overexpression cells.

(A) The wviability and the apoptosis rate of SBSPON-overexpression and
SBSPON/HSPAS-overexpression cells following exposure to DDP or TM.

(B) TUNEL staining was carried out to analyze SBSPON-overexpression and
SBSPON/HSPAS-overexpression cells apoptosis.

(C) Western blot analysis was performed to examine the expression of HSPAS, PERK,
CHOP and ATF4 in the SBSPON-overexpression cells following exposure to DDP

and TM. B-Tubulin was utilized as a loading control.



Table S1 A list of potential SBSPON-interacting protein candidates based on

immunoprecipitation assays and mass spectrometry analysis

Number of Mol.weight
Name PepCount  UniquePepCount

proteins [kDa]
HSPAS 13 12 1 72332
JuP 2 8 5 81.744
XRCCS 13 13 3 82.704
DNAJC10 20 20 6 91.079
DSCI 5 5 2 93.834
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