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Supplementary Figure 1. 
Growth of S. cerevisiae (CRY strain) in control conditions  
(blue curve) and in presense of manganese (orange curve). 
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Supplementary Figure 2. Sequence alignment of the selected CYSTM family members 
 
YBR056W-A  MRHQYYQPQPMYYQPQPQPIYIQQGPPPPRNDCCCCCNCGDCCSAIANVLCCLCLIDLCCSCAGGM  
YDR034W-B  MRHH----QNMHYAPQQQPVYVQQ--PPPRRESGGCCRT--CC----HFLCCLCLINLCCDVF---   
           ***:    * *:* ** **:*:**  ****.:.  **.   **    :.*******:***. 
 
                                            |GD 
                                              |SAIA 
QPQPIYIQQGPPPP-----------RN-------DCCCCC--NCCCN-VLCCLCLIDLCC  [YBR056W-A_Scer] 
QQQPVYVQQPPP-------------RR-------ESGGCC--RTCCH-FLCCLCLINLCC  [YDR034W-B] 
------------------------------------------------------------------------------------------ 
HQQPVYVQQQPPQ------------RG--------NEGCL--AACLA-ALCICCTMDMLF  [YBR016W_Scer] 
PQQPIYVQQQP--------------ASS------GNEDCL--AGCLA-GLCLCCTLDMLF  [YDL012C_Scer] 
QQQPVYVQQGQP-------------KE---------ESCL--DSCLK-CLCCCFLLELVC  [YDR210W_Scer] 
QQQPIYVQQPAQS------------RN--------NSDCL--TACLA-GMCLCCTLDMLF  [KLLA0C04446g_Klac] 
PQQPVYVQQAPP-------------RQ--------DSGCC--GTCCK-ALMCCCLFELCC  [KLLA0F18766g_Klac] 
PQQPIYVQQPA--------------QAP-----SKNDSCL--VACLG-GMCLCYTLDMLF  [AGOS_AER212W_Agos] 
GQQPIYVQQQPPQ------------RG--------NDDCM--TACLA-ALCICCTLDLL   [CAGL0I04510g_Cgla] 
QQQPIYVQQAPPQ------------NG--------NEDCL--MACLA-AMCICLTLDLLI  [CAGL0K01903g_Cgla] 
PKTTVYVVEDQ--------------RRD----DSAQTTCL--TACWT-ALCCCCLWDMLT  [LOC100026106_Mdom] 
AQQPMYVQQPQ--------------ASD-----PGGDLCC--GLLTG-LACCCCL-DAMF  [uvi15_Spom] 
PQQPMYVQQPPP-------------QND------GSDMCC--GLMTG-LACCCCL-DACL  [SJAG_02333_Sjap] 
QQQPMYVQQQP--------------RSG------GNDSCL--MGCLA-ALCVCCTLDMLF  [CD36_53680_Cdub] 
QQQPMYVQQQP--------------RSG------GNDSCL--MGCLA-ALCVCCTLDMLF  [CaO19.10727_Calb] 
PPQPVYVQQQ---------------QPQ-----GGNNDCC-CGLCAG-LACCLCL-DCLF  [YALI0D18722g_Ylip] 
QPQTVYVQQPPE-------------KSG----GMASGGCM---ACLA-GMCLCCCAEGFL  [LACBIDRAFT_294804_Lbic] 
GPQTVYVQEQ---------------KGS--GSGAASGGCM---ACLA-ALCVCCCAEEIC  [dag8_Abis] 
PKTTVYVVEDQ--------------RRD----ELGPSTCL--TACWT-ALCCCCLWDMLT  [LOC462111_Ptro] 
PKTTVYVVEDQ--------------RRD----ELGPSTCL--TACWT-ALCCCCLWDMLT  [C5orf32_Hsap] 
PKTTVYVIERE--------------RKM----DSGCQAVL--AACWA-ALCCCCLLDNLN  [ORF1-FL49_Hsap] 
PKTTVYVVEDQ--------------RRD----DLGPSTCL--TACWT-ALCCCCLWDMLT  [LOC682888_Rnor] 
PKTTVYVVEDQ--------------RRD----DLGPSTCL--TACWT-ALCCCCLWDMLT  [0610010O12Rik_Mmus] 
PKNTVYVVEER--------------RRD----DTGESACL--TACWT-ALCCCCLWDMLT  [LOC100228669_Tgut] 
PKNTVYVVEER--------------RND----TSGDGACL--TACWT-ALCCCCLWDMLT  [MGC130851_Xlae] 
PKNTVYVVEER--------------RND----TSGESACL--TACWT-ALCCCCLWDMLT  [LOC549193_XSi] 
PTNTVLVVEQN--------------RRD-HHHHSGEKACL--ATCWT-ALCFCCLCDMCF  [C5orf32_Drer] 
PKTTVYVVEDQ--------------RRD----DLGTSTCL--TACWT-ALCCCCLWDMLT  [C7H5orf32_Btau] 
PKTTVYILERER-------------KTN---TDAGCQAVL--AACWA-ALCCCCLLDSLD  [rCG_49325_Rnor] 
PTNTVYVVEQG--------------RRD---DQSGEQACL--ATCWA-ALCCCCLCDMLT  [zgc:165573_Drer] 
PTNTVLVVEQN--------------RRD-HHHHSGEKACL--ATCWT-ALCFCCLCDMCF  [LOC792922_Drer] 
PNTVVYVQDNSAS------------RRQ----KDDDDACC--MMALC-AVCLCCLLSD--  [LOC576215_Spur] 
KAPNVVVVEERHK------------KRD------ETADCFL-IGCCT-ALLCCWLLD---  [LOC100178013_Cint] 
QPQTVYVEQ----------------NN------GPSEADV--ACCLA-LTACCVLEDGCV  [GH22766_Dgrim] 
IAQPVYVHDT---------------RA--------EEACCAGACCMA-LFCCCAMNS---  [F49D11.7_Cael] 
QQQPIYVVQQQPQPT----------RDS----DGCCEACI--ACCAC-CQCCVSCCSLFT  [CBG04664_Cbri] 
GQQPIYVVQQQPQQN----------RDP----DGCCESCI--ACCVC-CQCCVSCCSLFT  [F14D7.11_Cael] 
PPQQVYVHQK---------------KAD-----TTAEDCALGALCMA-CLCCCLMSD---  [LOC100214274_Hmag] 
HNGQYYYAQPQQQPGQPQHAQHH--HGD--ATKGSGGFCA-GLFTAL-AVCCCC—DIIF   [MONBRDRAFT_22769_Mbre] 
YPQQGYVQQNQQQTG----------RPQ--QQNNNGESFLAGMAACC-AICCLC—DLMT   [MONBRDRAFT_25954_Mbre] 
YAQPVYIQGPGPSGPSHHYNQ----HHG-HHSDDSAKWCC-GLGALA-ALCCCCLMLD--  [CHLREDRAFT_193002_Chlre] 
HEPGVQVVEVREN------------KGN--KQEAAATGCL-AGICAC-LTCCCVL-DACF  [LOC100209133_Hmag] 
PPQTVIINSGPA-------------QSPSAADAAGSAACC--AWCAS-MLACCALGQACG  [PMAR023682_Pmar] 
PQQQGYYAND---------------RGN--SGGGAGGICA--GIMAA-MACCCCL-DILF  [Pc16g12700_Pchr] 
QQQQGYYPED---------------RGG----SSGGGICA--GIMAA-LACCCCL-DILF  [NFIA_011270_Nfis] 
PPQQGYYAEEQ--------------RGG----GGGSGICA--GLLAG-LACCCCL-DILF  [AN0754.2_Anid] 
PPPQNYDHCHHDHHHY---------QDS----DSGCFSFI--RGCLA-ALCCCCLLEECC  [F13K23.6_Atha] 
APPPQYAESSGPV------------KTQ----QRGDKGFV--EGCLA-ALCCCWLCETCF  [ABK22401.1_Psit] 
APPPQYAESSGPV------------KTQ----QRGDKGFV--EGCLA-ALCCCWLCETCF  [ABK22787.1_Psit] 
GYPPPYAQAAAQ-------------QQQ------SGPSFM--EGCLA-ALCCCCLLDACF  [CAA71756.1_Ssta] 
MAAGGYPPPPQQDS-----------KG-------GNDGFL--KGCLA-ALCCCCMLDMCF  [ACF81459.1_Zmay] 
GYPPPYAQPPPPQ------------QQQ---HHSSGPSFM--EGCLA-ALCCCCLLEACF  [OsJ_11366_Osat] 
GYQQGYGQQPYGQQQ----------RGS------SSEGFL--GACLG-ALACCCCLDLLF  [SS1G_03103_Sscl] 
YPPQGYPPQGYAQQPP---------RK--------ETGFL--EGCLA-ALCCCCLLDACF  [RCOM_0581020_Rcom] 
YYQDYFYPPPPPPPPQDN-------RQD----DSGCSSFL--KGCLA-ALCCCCLMEECF  [RCOM_1437800_Rcom] 
PPPPVGVPPQYYPPPPPPPPPPPPPRK---------VGFL--EGLLA-ALCCCCLVDECC  [AT4G33660_Atha] 
PPQDMSYYEHCQ-------------KRH------EEKGCL--YACIFTALCCFCCYETCE  [DcCDT1_Dcil] 
AQQDMSYYDHCT-------------KRH------EEKGCL--YACIFTALCCFCCYETCE  [OsCDT1_Osat] 
PPPQGYYPHDDQ-------------RGN----GGGGGGLM--TGLLAGLACCCCL-DCLF  [FG05064.1_Gzea] 
YPPQGYQQPPPPQQYQQEQ------RGG------RDHGCL--GACLA-TLCCCFLCEESC  [PMAA_001510] 
PPPGQYAPQPQMGYPQQQPAPQQE-KK--------SHGCL--GACLA-TLCCCFLCEESC  [AO090012000297_Aory] 
PPQQGYYPPQGPMQYQQQAPPT---KSS------GGGGCL--KGCLA-AMCCCFLCEEGC  [PODANSg5978_Pans] 
PPQQGYYQQGPPPQQMQYEQQPPP-KSS-----GGGGGCL--GACFA-ALCCCCVMEEGC  [BC1G_02962_Bfuc] 
YPQQGYYQGPPVMGPPQGYQ-----RRR-------EGGFL--KGCLA-ALCCCCLVDECC  [PHYPADRAFT_166241] 
YPPPQYSQAPQQ-------------KQ--------NAGML--EGCLA-ALCCCCLLDACF  [AT5G67600_Atha] 
PPPPHYGQAPPKN------------KKD----KKDSGGFM--EGCLA-MLCCCVLLEACF  [At3g49840_Atha] 
PQTVQPPHEGQS-------------KG--------SGGFL--RGCLA-AMCCCCVLDCVF  [AT1G56060_Atha] 
PTRDAVVGDPPAAAVETNS------KGV---NPEAIMSCF--STCME-CIFCCGVCSSLC  [PCC1_Atha] 
SVAQGKVET----------------KSK-------GDGFF--KGCLA-AMCCCCALDICF  [AT1G05340_Atha] 
HATVATVET----------------KSK-------GDGFL--KGCLA-AMCCCCVLDACF  [AT2G32210_Atha] 

 
Initial alignment taken from T. M. Venancio and L. Aravind, Bioinformatics, 2010, 26, 149–52.;  
alignment of YBR056W-A and YDR034W-B performed with ClustalW2. Separate conservative blocks of the total 
alignment are shown in different colors for clarity. 
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Panels: BGL2 (left) and YBR056W-A (middle) relative fluorescence curves. 
(right) Log2 relative expression of YBR056W-A normalized to the reference gene BGL2. 

The relative expression levels were calculated using the comparative delta Cp (second 
derivative maximum) method (2−ΔΔCp). Relative expression level of YBR056W-A in control 
sample is taken as 1. 

The fragments of the BGL2 (104 nt) and YBR056W-A (91 nt) were amplified using SYBR 
Green qPCR mix (qPCRmix-HS SYBR+LowROX, Evrogen) and specific primers (see 
below). qPCR reactions were  performed in four replicates according following PCR cycle: 
95 °C for 2 min; 95 °C for 15 s and 60 °C for 1 min for 50 cycles; 72 °C for 1 min. ROX was 
used as a passive reference dye. The No Template Control (NTC) reaction generated no 
measurable fluorescence. A dissociation curve was used to verify that the majority of 
fluorescence detected could be attributed to the labeling of specific PCR products, and to 
verify the absence of primer dimers and sample contamination.

Primers for qPCR amplification were designedusing Primer-blast and OligoAnalyzertool (IDT). 

Gene
Amplicon 

length
Primer sequences

YGR282C
(BGL2)

104
Forward_BGL2   
Reverse_BGL2   

TTTCACAGCCTCCCAAGTTTC
ATTCGGTTTCATAGTCGGAAGTG

YBR056W-A 91
Forward_YBR056W
Reverse_YBR056W

ATTATCAACCACAACCGCAAC
AATCGCCACAGTTACAACAAC

Supplementary Figure 3.
qPCR verifiation of YBR056W-A differential gene expression 
in control and manganese-adapted cells .
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Supplementary Figure 4. 
The growth curves and cell count es�imates
of di�ferent S. cerevisiae strains grown in 
YPD medium and in YPD+2.5mM MnSO4
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Supplementary Figure 5. 
Spot test of BY4743 and mutant strains grown on YPD with
and without manganese excess.
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