
Cell Reports 

Supplemental Information 

Human C6orf211 Encodes Armt1, a Protein 

Carboxyl Methyltransferase that Targets PCNA 

and Is Linked to the DNA Damage Response 

J. Jefferson P. Perry, Gregory D. Ballard, Alexandra E. Albert, Lacey E. Dobrolecki, 

Linda H. Malkas, and Derek J. Hoelz 



Figure S1 (related to Figure 1). Structure-based sequence alignment of human C6orf211 (Uniprot code: Q9H993) with DUF89 
homolog 3PT1.pdb, and S. cerevisiae protein YMR027W (Uniprot code: Q04371). Conserved residues highlighted in red, stars 
indicate conserved active site acidic residues. I-Tasser predicted secondary structure shown for C6orf211 together with 3PT1.pdb 
secondary structure, as assigned by DSSP, green H indicates helix, blue E indicates strand and L is loop/coil. Conserved 
secondary structure elements in common with the core SAM-MT fold are labeled.  

C6orf211    2AVVPASLSGQDVGSFAYLTIKDRIPQILTKVIDTLHRHKSEFFEKHGEEGVEAEKKAISLLSKLRNELQTDKPFIPLVEKFV----DTDIWNQYLEYQQSLLNESDGKSRWFYSPWLLVECYMYRRIHEAI 
3PT1.pdb    1MTIPGRFMTIDKGTFGEYTASTRWPIIIQNAIDDLSKHQETE--KSNGTKFEQGEVIKKELKEFRQEIIDRVPLRPFTEEEIKIANVPLSFNEYLKK--------HPEVNWGAVEWLFSEVYLYRRVNVLF 
C6orf211  ss LLLLLLLLLLLLLLHHHHHLLLHHHHHHHHHHHHHHHHHHHLLLLLLLHHHHHHHHHHHHHHHHHHHHHLLLLLLLLLLLLL----LLLHHHHHHHLLLLLLLLLLLLLLLLLLLHHHHHHHHHHHHHHHH 
3PT1.pdb  ss LLLLLLLLLLLLLLHHHHHHHLHHHHHHHHHHHHHHHHHLLL--LLLLHHHHHHHHHHHHHHHHHHHHHHLLLLLLLLHHHHHHLLLLLHHHHHHHH--------LLLLLLLLLLHHHHHHHHHHHHHHHH 
 
 
C6orf211  129IQSPPIDYFDVFKESKEQNFYGSQESIIALCTHLQQLIRTIEDL--DENQLKDEFFKLLQISLWGNKCDLSLSGGESS--SQNTNVLNSLEDLKPFILLNDMEHLWSLLSNCKKTREKASATRVYIVLDNS 
3PT1.pdb  122QRQCEWAKFDIFNRLKQSTFESSFYGVVELALRYENLLPQLREMKQNDDILKVLFKEFIEISLWGNATDLSLLTNATLEDIKSIQGAKARAASESKIVVNDTEKAWEVLTKARADA-NSREIRVDFVLDNS 
C6orf211  ss HHLHHHLLLLLLHHHHHHHHHHLHHHHHHHHHHHHHHHHHHHLL--LHHHHHHHHHHHHHHHHLLLLLLHHHHHLLLL--LLLHHHHHHHHHHHHHEEEELHHHHHHHHHHHHHLLLLLLLLEEEEELLLL 
3PT1.pdb  ss HHLLLLLLLLLLHHHHHHHHHLLHHHHHHHHHHHHHHHHHHHHHHHLLHHHHHHHHHHHHHHHHHHHLLHHHHLLLLHHHHHLHHHHHHHHHHHLLEEEELHHHHHHHHHHHHHLL-LLLLLEEEEELLLL 
 
 
C6orf211  256GFELVTDLILADFLLSSELATEVHFYGKTIPWFVSDTTIHDFNWLIEQVKHSNHK----------WMSKCGADW-EEYIKMGKWVYHNHIFWTLPHEYCAMPQVA-----PDLYAELQKAHLILFKGDLNY 
3PT1.pdb  257GFELYADLXLAAFLLQSGLATKCIFHAKDIPYMVSDVMLKDFDILVHDLRDREFFPSGEPSTKESRALDLFAGEMEKFVSSGKIEFREDSFWTTELDYWNLDANETKYHGSILHKDLQKSNLVIFKGDLNY 
C6orf211  ss LHHHHHHHHHHHHHHHHLLLLEEEEEELLLLLLLLLLLHHHHHHHHHHHHLLLLL----------LLHHHHHHL-LHHHHLLLLEEEELHHHHLLLLHHHLLLLL-----HHHHHHHHLLLEEELLLHHHH 
3PT1.pdb  ss LHHHHHHHHHHHHHHHHLLLLEEEEEELLLLLLLLLLLHHHHHHHHHHHHLLLLLLLLLLLLHHHHHHHHHHHHHHHHHHHLLEEEEELHHHHLLLLHHHLLLLLLLLLHHHHHHHHLLLLEEEEEHHHHH 
 
 
C6orf211  371RKLTGDRKWEFSVPFHQALNGFHPA-PLCTI-RTLKAEIQVGLQPGQGEQLLAS--------EPSWWTTGKYGIFQYDGPL 
3PT1.pdb  388RKLTGDRKWPRTTKWETAIGPLATNGITSLSLRTCKADVQVALPEGLDAKLSQEWEKENPGRGSWWCCSGKWAVICFCSGI 
C6orf211  ss HHHHLLLLLLLLLLLLLLLLLLLLL-LLLLL-LLLLLLLLLLLLLLHHHHHLLL--------LHHHHHHLLLEEELLLLLL 
3PT1.pdb  ss HHHHLLLLLLLLLLHHHHLHHHHLLLLLEEEEEELLLLLLLLLLLLHHHHHHHHHHLLLLLLHHHHHHLLLLEEEEEELLL 
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C6orf211     1-----------MAVVPAS--LSGQ-----------DVGSFAYLTIKDRIPQILTKVIDTLHRHKSEFFEKHGEEGVEAEKKAISLLSKLRNELQT-DKPFIPLVEKFV----DTDIWNQYLEYQQSLLNESDGKSRWFY-- 
3PT1.pdb     1------------MTIPGR--FMTI-----------DKGTFGEYTASTRWPIIIQNAIDDLSKHQETE--KSNGTKFEQGEVIKKELKEFRQEIID-RVPLRPFTEEEIkianVPLSFNEYLKK--------HPEVNWGA-- 
1XFI.pdb     6emvpfpqlpmpiENNYractIPYRfpsddpkkatpNEIS-WINVFANSIPSFKKRAESDIT-----------------VPDAPARAEKFAERYAGiLEDL----------------------------kkdPESHG-gP-- 
2G8L.pdb     2-----------------K--VQY----------------ECLTCMANQCQRIVEMATQ-----------------------DMDIRRRAMILAAK-LLA------------------------------------KEYNen 
2FFJ.pdb     7----------------------------------------CPSCLLGRVYYEAKLVT-----------------------ddEDLISQCVDESLK----------------------------------------ILAE-- 
C6orf211 ss   -----------LLLLLLL--LLLL-----------LLLHHHHHHHHHHHHHHHHHHHLLLLLLLHHHHHHHHHHHHHHHHHHHHHLL-LLLLLLLLLLLL----LLHHHHHHHLLLLLLLLLLLLLLLLL--LLLLLLLLL 
3PT1.pdb ss   -----------lLLLLLL--LLLL-----------LLLLHHHHHHHLHHHHHHHHHHHHHHHHHLLL--LLLLHHHHHHHHHHHHHHHHHHHHHH-LLLLLLLLHHHHhhllLLLHHHHHHHH--------LLLLLLLL-- 
1XFI.pdb ss   llllllllllllLLLLllllLLLLllllllllllhHHHH-HHHHHHLLHHHHHHHHHLLLL-----------------LLLHHHHHHHHHHHHHHhHHHH----------------------------hhlLLHHH-lL— 
2G8L.pdb ss   -----------------L--LLL----------------LHHHHHHHHHHHHHHHHLL-----------------------LHHHHHHHHHHHHH-HHH------------------------------------HHLLll 
2FFJ.pdb ss   ----------------------------------------LHHHHHHHHHHHHHHHL-----------------------llHHHHHHHHHHHHH----------------------------------------HHHH-- 
 
C6orf211    111SPWLLVECYMYRRIHEAIIQSPPIDYFDVFKESKEQNFYGSQESIIALCTHLQQLIRTIEDL--DENQLKDEFFKLLQISLWGNK---C-----------DLSLSGGESS--SQNTNVLNSLEDLKPF-ILLNDMEHLWSL 
3PT1.pdb    104VEWLFSEVYLYRRVNVLFQRQCEWAKFDIFNRLKQSTFESSFYGVVELALRYENLLPQLREMkqNDDILKVLFKEFIEISLWGNA---T-----------DLSLLTNATLedIKSIQGAKARAASESK-IVVNDTEKAWEV 
1XF1.pdb     98PDGILLCRLREQVLRELG-------fRDIFKKVKDEENAKAISLFPQVVSLSDAI-----------EDDGKRLENLVRGIFAGNIfmsF-----------LASC------------------qNLVPRpWVIDDLENFQAK 
2G8L.pdb     48AIPAIAGSLIFLELYKFLG------nDDPFIEYKLKSEEMARKVADIIKRKLK-----------------lDFELAVKLAIIGNV---IdfsvgfspedlEEEVE---------------KMLKDK---LYIDDSKELFEE 
2FFJ.pdb     48NINAHLATRIHRRVYEILG------vEDPYAEVKARANEVARQVLPLAKEIVEGS--------------dDPFKTAVIVSIVGNN---F----hkvveeeFRDFLK-------------RKVQEG----LKINDTERIKEL 
C6orf211 ss    LLHHHHHHHHHHHHHHHHHHLHHHLLLLLLHHHHHHHHHHLHHHHHHHHHHHHHHHHHHHLL--LHHHHHHHHHHHHHHHHLLLL---L-----------HHHHHLLLLL--LLHHHHHHHHHHHHHE-EEELHHHHHHHH 
3PT1.pdb ss    LLHHHHHHHHHHHHHHHHHHLLLLLLLLLLHHHHHHHHHLLHHHHHHHHHHHHHHHHHHHHHhhLLHHHHHHHHHHHHHHHHHHH---L-----------LHHHHLLLLHhhHHLHHHHHHHHHHHLL-EEEELHHHHHHH 
1XFI.pdb ss    LLHHHHHHHHHHHHHHLL-------lLLLLHHHHHHHHHHHHHHHHHHHHHHHLL-----------LLHHHHHHHHHHHHHHHHHlllH-----------HHHL------------------lLLLLLlLLEELHHHHHHH 
2G8L.pdb ss    LLHHHHHHHHHHHHHHHHL------lLLLLHHHHHHHHHHHHHHHHHHHHHLL-----------------lLHHHHHHHHHHHLL---LlhhhlllhhhhHHHHH---------------HHLLLL---LLEELHHHHHHH 
2FFJ.pdb ss    LLLHHHHHHHHHHHHHHHL------lLLLLHHHHHHHHHHHHHHHHHHHHHHHHL--------------lLHHHHHHHHHHHLLL---L----llllhhhHHHHHH-------------HHHHHL----LLEELHHHHHHH 
 
C6orf211    232LSNCKKTREKASATRVYIVLDNSGFELV-TDLILADFLLSSELATEVHFYGKTIPWFVSDTTIHDFNWLIEQVKHSNHK----------WMSKCGADW-E---EYIKMGKWVYHNHIFWT--LP-HEYCAMPQVA-----P 
3PT1.pdb    235LTKARADA-NSREIRVDFVLDNSGFELY-ADLMLAAFLLQSGLATKCIFHAKDIPYMVSDVMLKDFDILVHDLRDREFFpsgepstkesRALDLFAGEmE---KFVSSGKIEFREDSFWT--TE-LDYWNLDANEtkyhgS 
1XFI.pdb    207WINKS-------wKKAVIFVDNSGADIIlGILPFARELLRRG--AQVVLAANELPSI-NDITCTELTEILSQLK------------------ngqLLG-V---DT---SKLLIANS-GND--LpvIDLSRV--------sQ 
2G8L.pdb    145VKRA---------ENILYITDNV-GEHY-FDAILIEKIREI-SNAEVYIAGKEGPII-NDATVEDLKRAG------------------------------------leKLGKVIST-GTR--IvgvPLKL--------vsR 
2FFJ.pdb    151S-----------sGKVVYLTDNAG-EIF-FDTLLXKEIKR--RCEKLTAVVRGRPII-SDATIEDARLAR-----------------------------------vdkiaDELLTNGKGAigII-XD----------elpD 
C6orf211 ss    HHHHHHLLLLLLLLEEEEELLLLLHHHH-HHHHHHHHHHHHLLLLEEEEEELLLLLLLLLLLHHHHHHHHHHHHLLLLL----------LLHHHHHHL-L---HHHHLLLLEEEELHHHH--LL-LLHHHLLLLL-----H 
3PT1.pdb ss    HHHHHHLL-LLLLLEEEEELLLLLHHHH-HHHHHHHHHHHHLLLLEEEEEELLLLLLLLLLLHHHHHHHHHHHHLLLLLlllllllhhhHHHHHHHHHhH---HHHHHLLEEEEELHHHH--LL-LLHHHLLLLLllllhH 
1XFI.pdb ss    HLLLL-------lLEEEEELLLLLHHHHhLHHHHHHHHHHLL--LEEEEEELLLLLL-LLLLHHHHHHHHHHHL------------------lleELL-E---EL---LLEEEEEL-LLL--LllLLLLLL--------lH 
2G8L.pdb ss    HHHL---------LEEEEELLLL-LHHH-HHHHHHHHHHHH-LLLEEEEEELLLLLL-LLLLHHHHHHLL------------------------------------hhHLLEEEEL-LLL--LlllLLLL--------llH 
2FFJ.pdb ss    L-----------lLEEEEELLLLL-HHH-HHHHHHHHHHL--LLLEEEEEELLLLLL-LLLLHHHHHHLL-----------------------------------hhhhlLEEEELLLLLllLL-HH----------hllH 
 
C6orf211    351DLYAELQKAHLILFKGDLNY-RKLTGDRKWEFSVPFHQALNGFHPA-PLC-TI-RT-LK-AEI---QVGLQPGQGEQLLAS--------EPSWWTT-----GKYGIFQYDG---PL 
3PT1.pdb    300ILHKDLQKSNLVIFKGDLNY-RKLTGDRKWPRTTKWETAIGPLATNgITS-LSlRT-CK-ADV---QVALPEGLDAKLSQEwekenpgrGSWWCCS-----GKWAVICFCS---GI 
1XFI.pdb    304ELAYLSSDADLVIVEGMGRGiETNL-------------YAQF---K-CDSlKI-GM-VK-H------------------------------LEVAEflggrLYDCVFKFNE---V- 
2G8L.pdb    226EFMEAFNKADVIIAKGQGNF-ETLS--------------EIND----SRI-FF-LLkAK-CPAvarELKV------------------------------pKGALVCMRNKfkl-- 
2FFJ.pdb    230ETRKALEEADLIVAKGXANY-ECLS--------------DGSL----KPI-AF-LLtAK-CEPvarDIGV------------------------------nVGDXVAKVVE----- 
C6orf211 ss    HHHHHHHLLLEEELLLHHHH-HHHHLLLLLLLLLLLLLLLLLLLLL-LLL-LL-LL-LL-LLL---LLLLLLLHHHHHLLL--------LHHHHHH-----LLLEEELLLL---LL 
3PT1.pdb ss    HHHHHHLLLLEEEEEHHHHH-HHHHLLLLLLLLLLHHHHLHHHHLLlLLE-EEeEE-LL-LLL---LLLLLLLHHHHHHHHhhllllllHHHHHHL-----LLLEEEEEEL---LL  
1XFI.pdb ss    HHHHHHLLLLEEEEELHHHHlLLLL-------------LLLL---L-LEEeEE-EE-LL-L------------------------------HHHHHhhlllLLLEEEEEEL---L- 
2G8L.pdb ss    HHHHHHHHLLEEEEEHHHHH-HHHL--------------LLLL----LLE-EE-EEeLL-LHHhhhHHLL------------------------------lLLLEEEEELLlll-- 
2FFJ.pdb ss    HHHHHHHHLLEEEEEHHHHH-HHHL--------------LLLL----LLE-EE-EEeLL-LHHhhhHHLL------------------------------lLLLEEEEEEL----- 
 

* * 

Figure S2 (related to Figure 2). Structure-based sequence alignment of human C6orf211 with known DUF89 structures, 3PT1.pdb, S. 
cerevisiae protein YMR027W (Uniprot code: Q04371); 1XFI.pdb (and 2Q40.pdb), A. thaliana gene product At2g17340 (Uniprot code: 
Q949P3); 2G8L.pdb, P. horikoshii protein ph1575 (Uniprot code: O59272); 2FFJ.pdb, A. fulgidus protein AF1104 (Uniprot code: 
O29161). Conserved residues highlighted in red, well-conserved in cyan, stars indicate conserved active site acidic residues, 
Uppercase indicates structurally equivalent positions, lowercase indicates insertions. I-Tasser predicted secondary structure are 
shown for C6orf211 together with the DUF89 secondary structures, as defined by DSSP. Green H indicates helix, blue E indicates 
strand and L is loop/coil. The conserved secondary structure elements in common with the core SAM-MT fold are labeled.  
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C6orf211   1MAVVPASLSGQDVGSFAYLTIKDRIPQILTKVIDTLHRHKSEFFEKHGEEGVEAEKKAISLLSKLRNELQTDKPFIPLVEKF----VDTDIWNQYLEYQ------------
QSLLNESDG                
PANK4    401---------RARSGTFDLLEMDR----------------------------LERPLVDLPLL-------LDPPSYVPDTVDLTDDALARKYWLTCFEEALDGVVKRAVASQPDSVDAAER   
   
C6orf211 105KSRWFYSPWLLV-----ECYMYRRIHEAIIQSP------PIDYFDVFKESKEQNFYGSQESIIALCTHLQQLIRTIEDLDENQLKDEFFKLL------QISLWGNKCDLSLSGGESSSQN 
PANK4    477AEKFRQKYWNKLQTLRQQPFAYGTLTVRSLLDTREHCLNEFNFPDPYSKVKQR-----ENGVALRC--FPGVVRSLDALG---WEERQLALVKGLLAGNVFDWGAKAVSAV---------   
    
C6orf211 208TNVLNSLEDLKPFILLNDM-----EHLWSLLSNC--KKTREKASATRVYIVLDNSGFELVTDLILADFLLSSELATEVHFYGKTIPWF-VSDTTIHDFNWLIEQVKHSNHKWMSKCGADW 
PANK4    578-------LESDPYFGFEEAKRKLQERPWLVDSYSEWLQRLKGPPHKCALIFADNSGIDIILGV----FPFVREL----LLRGTEVILACNSGPAL-------NDVTHSESLIV-------    
   
C6orf211 320EEYIKMGKWVYHNHIFWTLPHEYCAMPQVAPDLYAELQKAHLILFKGDLNY------------RKLTGDRKWEFSVP---FHQALNGFHPAPLCTIRTLKAEIQVGLQPGQGEQLLASEP 
PANK4    668-------------------AER---IAGMDPVVHSALQEERLLLVQTGSSSPCLDLSRLDKGLAALVRERGADLVVIEGMGRAVHTNYHAALRCESLK----------------LAVIKN   
   
C6orf211 425SWWTTGKY------GIFQYDGPL-   
PANK4     751A-WLAERLGGRLFSVIFKYEVPAE   

* * 

C6orf211 138FKESKEQNFYGSQESIIALCTHLQQLIRTIEDLDENQLKDEFFKLLQISLWGNKCDLSLSGGESSSQNTNVLNSLEDLKPFILLNDMEHLWSLLSNCKKTREKASATRVYIVLDNSGFELVTD-LILADFLL 
2H00.pdb  41VSLNFKDPEAVRALTCTLLREDFG----LSIDIPLERLIPTVPLRLN--------------------------------------YIHWVEDLIGH--QDSDKSTLRRGIDIG---TGASCIYPLLGATLNG 
C6orf211 ss LHHHHHHHHHHLHHHHHHHHHHHHHHHHHHHLLLHHHHHHHHHHHHHHHHLLLLLLHHHHHLLLLLLLHHHHHHHHHHHHHEEEELHHHHHHHHHHHHHLLLLLLLLEEEEELLLLLHHHHHH-HHHHHHHH 
2H00.pdb ss LLLLLLLHHHHHHHHHHHHHHHHL----LLLLLLLLLLLLLHHHHHH--------------------------------------HHHHHHHHHLL--LLHHHLLLLEEEEEL---LLLLLHHHHHHHHHHL 
 
C6orf211 271SSELATEVHFYGKTIPWFVSDTTIHDFNWLIEQVKHSNHKWMSKCGADWEEYIKMGKWVYHNHIFWTLPHEYCAMPQVAPDLYAEL--QKAHLILFKGDL---------------NYRKLTGDRKWEFSVPF 
2H00.pdb 127-----WYFLATEVDD------MCFNYAKKN----------------VEQNNLS--DLIKVVKVPQKT----------LLMDALKEESEIIYDFCMCNPPFFGITEIMAEGGELEFVKRIIH----------- 
C6orf211 ss LLLLLLEEEEEELLLLLLLLLLHHHHHHHHHHHHHLLLLLLLHHHHHHLLHHHHLLLLEEEELHHHHLLLLHHHLLLLLHHHHHHH--HLLLEEELLLHH---------------HHHHHHLLLLLLLLLLL 
2H00.pdb ss -----LEEEEEELLH------HHHHHHHHH----------------HHHLLLL--LLEEEEELLLLL----------LLLLLLLLLLLLLLLEEEELLLLLLLLLLHHHHLHHHHHHHHHH----------- 
 
 
C6orf211 338HQALNGFHPAPL-CTIRTLKAEI--QVGLQPGQGEQLLASEPSWWTTGKYGIFQYDGPL- 
2H00.pdb 234--DSLQLKKRLRWYSCMLGKKCSLAPLKEELRIQGVPKVTYTEFCGGRTMRWALAWSFYD 
C6orf211 ss LLLLLLLLLLLL-LLLLLLLLLL--LLLLLLLHHHHHLLLLHHHHHHLLLEEELLLLLLL 
2H00.pdb ss --HHHHHHHHLLLEEEEELLLLLHHHHHHHHHHLLLLEEEEEEEEELLEEEEEEEEELLL 
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Figure S3 (related to Figure 3).  (A) Structure-based sequence alignment of human C6orf211 with the human 
methyltransferase 10 domain containing protein (PDB code: 2H00.pdb; Uniprot code: Q86W50). Conserved residues are 
highlighted in red, stars indicate predicted C6orf211 active site acidic residues. I-Tasser predicted secondary structure 
shown for C6orf211 together with 2H00.pdb secondary structure as defined by DSSP, green H indicates helix, blue E 
indicates strand and L is loop/coil. The conserved secondary structure elements in common with the core SAM-MT fold are 
labeled. (B) Sequence alignment of C6orf211, residues 1-441 with DUF89 sequence from human PANK4, residues 401-
773 (Uniprot code: Q9NVE7). Conserved residues are highlighted in red, well conserved in cyan. Predicted conserved 
active site site acidic residues of C6orf211 highlighted by stars. 
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Figure S4 (related to Figure 5). (A) MCF7 and SK-Br-3 cells were infected with lentiviral particles expressing shRNA and 
TurboGFP from a bicistronic promoter, and stable clones selected with puromycin. Expression of TurboGFP was confirmed by 
microscopy. (B) Armt1 expression levels were determined by Q-PCR. Average mRNA expression levels were normalized to non-
targeting controls and are presented ± SD. MCF7 and SK-Br-3 cells were infected with lentiviral particles and clones stably 
expressing two alternative shRNA constructs (shArmt1.2, or shArmt1.3) were selected. SK-Br-3 cells (C) and MCF7 cells (D) 
expressing  either control or Armt1 knockdown shRNA were exposed to increasing doses of UV radiation and survival assessed 
by clonogenic assays. Average colony numbers were normalized to the non-irradiated controls and are presented ± SEM.  
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