
Supplementary Material 
Figure S1: Alignment of known anthocyanin malonyltransferases. From top to bottom: 
Glandularia × hybrida Vh3Mat1 (AAS77402.1), Lamium purpureum Lp3Mat (AAS77404.1), 
Nicotiana tabacum NtMat1 (BAD93691.1), Salvia splendens Ss5Mat (AAL50566.1), Dahlia 
pinnata Dv3Mat (Q8GSN8.1), Pericallis cruenta Sc3Mat (AAO38058.1), Perilla frutescens 
Pf5Mat (AAL50565.1), Chrysanthemum × morifolium Dm3Mat1 (AAQ63615.1), 
Chrysanthemum × morifolium Dm3Mat2 (AAQ63616.1), Chrysanthemum × morifolium 
Dm3Mat3 (BAF50706.1), Oryza sativa OsMat1 (NP_001046855.1), Zea mays ZmAat1 
(NP_001148286.2). Motifs 1 to 3 are indicated above their respective amino acids. 
Figure S2: Purification of Recombinant Aat1. 1) Uninduced culture, 2) resuspended culture 
before sonication, 3) soluble protein fraction after sonication, 4) flow-through of the Ni-NTA 
column, 5) purified Aat1 with an arrow indicating the protein band. 
Figure S3: Michaelis-Menten Plots. Dots indicate measured velocity over initial substrate 
concentration. Velocity was determined as micromoles of product formed over time. Red lines 
represent the fitted model as determined by the Michael-Menten equation modified by K. A. 
Johnson (2019) [1]. 
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gb|AAS77402.1|     1 ------MATTTRKV----------TVRERCGI---APPADAGEAVEQRLPITYFDTIWLYFHPIQRLLFYQYPCSKTHFVEHLVPNLKKSLKQTLRHYRPLAGKLIRPV---DSG---MP 
gb|AAS77404.1|     1 ------MNNSAKKV----------NVLEHSGVAPAAAA---DEVAEQRLPLTYFDVLWLYFHPIKRLLFYQHPCSATHFLQTIIPNLKNSLSQTLRRYPPLAGHLF-YPLDSGF-----P 
dbj|BAD93691.1|    1 ------MAS----------------VIEQCQV---VP--SPGSATELTLPLTYFDHVWLAFHRMRRILFYKLPISRPDFVQTIIPTLKDSLSLTLKYYLPLAGNVACPQDWSGY-----P 
gb|AAL50566.1|     1 ------MTTTT--------------TILETCH---IPP--PPAANDLSIPLSFFDIKWLHYHPVRRLLFYHHPSSKSQFLHTIVPHLKQSLSLALTHYLPVAGNLLYPS-NTEK----FP 
sp|Q8GSN8.1|       1 ------MDNIP-NL----------TILEHSRI---SPP--PSTIGHRSLPLTFFDIAWLLFPPVHHLYFYHFPYSKSHFTETVIPNLKHSLSITLQHYFPFVGKLIVYPNPHDS--TRKP 
gb|AAO38058.1|     1 ------MDSIP-CL----------NILEHARI---SAP--SGTIGHRSLSLTFFDITWLLFPPVHHLFFYDFPHSKSHFMDTIVPRLKQSLSVTLQHFFPFASNLIVFPNTDGSGFNKKP 
gb|AAL50565.1|     1 ------MT--T--------------TLLETCR---ILP--PPT-DEVSIPLSFFDMKWLHFHPLRRLLFYDHPCSKPQFLDAIVPHLKQSLSLTLKHYLPVAGNLLYPSSNTDQ----KP 
gb|AAQ63615.1|     1 ------MASNS-IV----------TILEQSRI---SSP--PGTIGERSLPLTFFDIGWVPFPPVHHVFFYRFPHSKSHFLETVVPNLKHSLSLALQHFFPFASNLYVSPNADDFGVIRKP 
gb|AAQ63616.1|     1 ------MASNP-IV----------TILEHSRI---SSP--PGTIGERSLPLTFFDITWLAFPPVHHVFFYAFQHSKSHFLETVVPNLKHSLSLTLQHFFPFAGNLFVFPNADDYGVIRKP 
dbj|BAF50706.1|    1 ------MASLP-IL----------TVLEQSQV---SPP--PDTLGDKSLQLTFFDFFWLRSPPINNLFFYELPITRSQFTETVVPNIKHSLSITLKHFYPFVGKLVVYPAP-----TKKP 
ref|NP_00104685    1 MAPATQMAAPPPRA-----RGGSFRVLRTARVAP-SSPDGVPMLVERAVPLTFLDAIWLPTPPVDRVFFYRLG-ADDDGVDAVLSRLADSLSRALHVVYPLAGRLRLTPGKTNR-----Y 
ref|NP_00114828    1 MAAATATATATEAAGHHQEQQQRFRVVDTALVAP-AAA---PALPPRSIPLTFFDVKWLHLPPVERVLLYRL--SPDADVPAILSGLRTSLSQALRAFYPMAGHVRMPATNNRR-----H 
 
                                                                                                            MOTIF1 
gb|AAS77402.1|    96 ELRYSPGDSVSVTFAET-NGDFDFNHL----TGNHVRDSDEFYSFAPDLPEPVTEPDPGFTVVPLFAIQVTLFPEV--GICMGFTNHHAVGDASSIVGFIKSWSSVAKSG-GDEILAQKN 
gb|AAS77404.1|    96 ELRYLPGDSVTVTFAES-TEAFDFNYL----TGDQARVADEFHHFVPDLPQHKIDSDSGFRIIPLLAIQVTLFPET--GISVGFTNNHVAGDASSIVGFIKAWSSSSKLG----HFAENL 
dbj|BAD93691.1|   89 ELRYVTGNSVSVIFSES-DMDF--NYL----IGYHPRNTKDFYHFVPQLAEPKDAP--GVQLAPVLAIQVTLFPNH--GISIGFTNHHVAGDGATIVKFVRAWALLNKFG-GDEQFLANE 
gb|AAL50566.1|    91 QLRYAAGDSVPVTIAES-NSDFE--SL----TGNHTRDADQFYDLLPPIPPIEEES--DWKLINIFAVQITLFPGE--GICIGFSNHHCLGDARSIVGFISAWGEINGIG-GYEGFLSNH 
sp|Q8GSN8.1|      97 EIRHVEGDSVALTFAET-TLDF--NDL----SANHPRKCENFYPLVPPLGNAVKES--DYVTLPVFSVQVTYFPNS--GISIGLTNHHSLSDANTRFGFLKAWASVCETG-EDQPFLKNG 
gb|AAO38058.1|    99 EIKHVEGDSVVVTFAEC-CLDF--NNL----TGNHPRKCENFYPLVPSLGNAIKLC--DCVTVPLFSLQVTFFPGS--GISLGMTNHHSLGDASTRFNFLKGWTSIIQSG-VDRSFLTKG 
gb|AAL50565.1|    89 RLRCVAGDSVPLTIAES-TTDFD--ML----TGNHARDADQFYDFVAPMPPIAEEF--ECKIVPVFSLQVTLFPGR--GICIGLSNHHCLGDARSVVGFVLAWASINKFG-GDEEFLSEN 
gb|AAQ63615.1|    99 EIRHVEGDYVALTFAEC-SLDF--NDL----TGNHPRKCENFYPLVPPLGNVVKMA--DCVTIPLFSVQVTYFRDS--GISIGMTNHHSLGDASTRLGFLKVWTSIAKSG-GDQSLLMNG 
gb|AAQ63616.1|    99 EIRHVEGDYVALTFAECPTLDF--NDL----TGNHPRECENFHPLVPPLGDLVKMY--DYVTIPLLSVQVTYFKDS--GISIGMTNHHTVADASTRLGFLKAWTSIAKSG-RDQSFVMNG 
dbj|BAF50706.1|   94 EICYVEGDSVAVTFAEC-NLDL--NELTGNHPRNCDK----FYDLVPILGESTRLS--DCIKIPLFSVQVTLFPNQ--GIAIGITNHHCLGDASTRFCFLKAWTSIARSGNNDESFLANG 
ref|NP_00104685  109 ELFYQPGDAVAFTFAEH-DDGVGVDEL--AADD--PREVAKIAPLVPELPDGGAVL----------AVQATVLPPARRGLALGVTVHHAACDGSSSTHFLHTWAAACA------GAAVLP 
ref|NP_00114828  110 ELCYRPGDAVPFTTAEY-NVDID--HLI--ADDSVPVQVAQLAPLAPHLPKGRAVL----------AVQATLLLGRR-GLAVGVTVHHTTCDGAGSTHFLHTWAAAAAARADEHGHLVIP 
                                                                                                            	⎺⎺⎺⎺⎺⎺	
gb|AAS77402.1|   208 S----LPFYDRSVIKDPSGRADIL-WNQMRTF------QIGSDHSNFPTN--RFRATFILRKHEIQHLKNLVAEKKPGLSHL-----SSFTVTTSYVWSCLAKASAESGEEVDET-EPEY 
gb|AAS77404.1|   205 DR----PLYDRSVIKDPSGKRANIFWNQMRAQ-------IWPTRSNPPSN--RVRKTFVLQSKDIKTLKDLVLAREANFSYL-----SSFTVTIAHVWACLAKSSAEAGEEVEDA-EPEY 
dbj|BAD93691.1|  197 F----IPFYDRSVIK-DPNGVGMSIWNEMKKY------KHMMKMSDVVTPPDKVRGTFIITRHDIGKLKNLVLTRRPKLTHV-----TSFTVTCAYVWTCIIKSEAATGEEIDEN-GMEF 
gb|AAL50566.1|   199 SDSLSLPIFDRSFIN-DPNKIDAIFWKVLRNI-------PLKTASFPLPT-NRVRSTFLLRRSDIEKLKTAT---KS---PA-----SSFVAAAAFVWSCMVKS----GDKSDEN-APEL 
sp|Q8GSN8.1|     205 S----PPVFDRVVVN-PQLYENRLNQTRLGTF--------YQAPSLVGSSSDRVRATFVLARTHISGLKKQVLTQLPMLEYT-----SSFTVTCGYIWSCIVKSLVNMGEKKGED-ELEQ 
gb|AAO38058.1|   207 S----PPVFDRLINI-PHLDENKLRHTRLESF--------YKPSSLVGPT-DKVRSTFVLTRTNINLLKKKVLTQVPNLEYM-----SSFTVTCGYIWSCIAKSLVKIGERKGED-ELEQ 
gb|AAL50565.1|   197 GESL--PIFDRSLIK-DPLEIDTIFWKVLRNI-------PLKPSSFPLPT-NRVRATFVLSQSDIKRLKHLA---NNNLVQP-----SSFVVAAAYIWSCMVKS----GDGGEAN-APEL 
gb|AAQ63615.1|   207 S----LPVLDRLIDV-PKLDEYRLRHTSLETF--------YQPPSLVGPT-KKVRATFILSRTNINQLKKRVLTQIPTLEYI-----SSFTVTCGYIWSCIAKSLVKMGEKKGED-ELEQ 
gb|AAQ63616.1|   208 S----PPVLDRLIDI-PKLDEFRLRHTSLETL--------YQPRSLVGPT-KKVRATFILSRTNINQLKKRVLTQIPTLEYI-----SSFTVTCGYIWSCIAKSLVKMGEKKGED-ELEQ 
dbj|BAF50706.1|  203 T----RPLYDRIIKY-PMLDEAYLKRAKVESFNEDYVTQSLAGPSDKLRA-TFILTRAVINQLKDRVLA-----QLPTLEYV-----SSFTVACAYIWSCIAKSR--------ND-KLQL 
ref|NP_00104685  208 K----PPVIDRTFIREREDLYDY-------MVSRTEESDKFRSP-DVADS--KLLATFTLSGEILQSIKDRVAGVAARRGKSPPPRCTSVVATFAIVWQCHIRAALGDVEADNKHHGRAH 
ref|NP_00114828  214 P----PPVIDRELIPDPRGLYDVYLRSMPPMVSQDDFEFVLGKPQDPGED--KALATFTLSQQLLQSIKSAVAHEAARRGMVTPPRCSSILATYGFIWSCYCRARGAAAAAA----ERSY 
 
                                        MOTIF2                                                                                                                                                                                                                   MOTIF3 
gb|AAS77402.1|   309 FGFAVDARHRMDPPA-PAAYFGNCLAFVVVETTHGVLKG---EDGFFTGVELVSEIISKKVNN-KNELLRDAHEWVVKYG-PIVGKRLVGVAGSPKFDLYDTDFGWGNPNKYESVSIDND 
gb|AAS77404.1|   306 FGVAVDARSRLDPTV-PATYFGNCITLAAAESRRGEMKG---KDGFFVAAELIGDVMSKKVNK-KGELMRDADELLVKYA-PLFSKRFYGVSGSPKFDLYDTDFGWGNPNKFEALSIDEE 
dbj|BAD93691.1|  300 FGCAADCRAQFNPPL-PPSYFGNALVGYVARTRQVDLAG---KEGFTIAVELIGEAIRKRMKD-EEWILSGS--WFKEYD-KVDAKRSLSVAGSPKLDLYAADFGWGRPEKLEFVSIDND 
gb|AAL50566.1|   294 FIIPADARGRVDPPI-PENYFGNCIVSSVAQVERGKLAA---EDGFAVAAEAIGGEIEGKLKN-RDEILRGAENWMSDIF-KCFGMSVLGVSGSPKFDLLKADFGWGKARKLEVLSIDGE 
sp|Q8GSN8.1|     306 FIVSVGCRSRLDPPL-PENYFGNCSAPCIVTIKNGVLKG---ENGFVMAAKLIGEGISKMVNK-KGGILEYADRWYDGFK---IPARKMGISGTPKLNFYDIDFGWGKAMKYEVVSIDYS 
gb|AAO38058.1|   307 FIITIDCRSRLDPPI-PTAYFGNCGAPCVPTLKNVVLTS---ENGYALGAKVIGESICKMIYN-KDGILKDAARWHEPFM---IPARKIGVAGTPKLNLYDFDFGWGKPIKYETVSIDYN 
gb|AAL50565.1|   293 FVIPADARGRTNPPV-PANYFGNCIVGGVVKVEHEKMAG---NEGFVIAAEAIAGEIKNKMND-KEEILKGAENWLSEIW-KCMGMSVLGISGSPKFDLSNADFGWGKARKLEVVSIDGE 
gb|AAQ63615.1|   307 FICTADCRSRMDPPI-PSTYFGNCGAPCVTTIKNVVLSS---ENGFVFAAKLIGEAINKMVKN-KEGILKDAERWHDAFK---IPARKIGVAGTPKLNFYDIDFGWGKPQKNETISIDYN 
gb|AAQ63616.1|   308 FIISVDCRSRMNPPI-PSTYLGNCGAPCITTIKNVVLSS---ENGFVFTAKLISEAINKMVKN-KEGILKDAERWHEGFK---IPARKIGVAGTPKLNFYDIDFGWGKPQKYEAISIDYK 
dbj|BAF50706.1|  298 FGFPIDRRARMKPPI-PTAYFGNCVGGCAAIAKTNLLIG---KEGFITAAKLIGENLHKTLTDYKDGVLKDDMESFNDLVSEGMPTTMTWVSGTPKLRFYDMDFGWGKPKKLETVSIDHN 
ref|NP_00104685  314 FIFPTDHRARMEPRV-PDKYLGNCVGPCFASAPKEEIAAADAEDGLYTTCAAIAAAVDEGTRYDPDY-WKRCMEHVGGMS--ASDGPPLAVAGSPRFRVYDVDFGFGRPAKVDVVSVAKT 
ref|NP_00114828  324 FLFSVDQRSRLKPAAVPEKYLGNCCCPAIARARADEVSAG-GIAGLFAACAAVAAALEEEVREGAQERWDTCVARVKEAA----AKGMLSVAGSPRFRVYDLDFGFGRPEKVDMVSVAKT 
                                        ⎺⎺⎺⎺⎺⎺                                                                                                                                                                                                                   ⎺⎺⎺⎺⎺⎺ 
gb|AAS77402.1|   423 G-SM--SLCKSREFESGLEIGMSLP--KKKMEAFVDAFR------HGLKI------------------- 
gb|AAS77404.1|   420 SYSI--SLCKSREFEGGLEIGVSFP--ERKMDAFQAVFYDRL----GIQT------------------- 
dbj|BAD93691.1|  412 D-GISMSLSKSKDSDGDLEIGLSLS--KTRMNAFAAMFT------HGISFL------------------ 
gb|AAL50566.1|   408 NHSM--SLCSSSDFNGGLEVGLSLP--RERMAAFEEVFRASIMAASGPARRSPALVEPL---------- 
sp|Q8GSN8.1|     418 A-SV--SLSACKESAQDFEIGVCFP--SMQMEAFGKIFN------DGLESAIAS--------------- 
gb|AAO38058.1|   419 T-SI--SINASKTSAQDLEIGLSLP--SMQMEAFSSIFD------EGLESQVSL--------------- 
gb|AAL50565.1|   407 KYTM--SLCNS---DCGLEVGLSLP--GERMEAFAAIF------ADGLAKLDSS--------------- 
gb|AAQ63615.1|   419 G-SV--AINASKESTQDFEIGLCFS--NMQMEAFADIFN------HGLESEI----------------- 
gb|AAQ63616.1|   420 G-SV--AINASKESTQDFEIGLCFP--NMQMKAFADIFN------HGFESEV----------------- 
dbj|BAF50706.1|  414 G-AI--SINSCKESNEDLEIGVCIS--ATQMEDFVHIFD------DGLKAYL----------------- 
ref|NP_00104685  430 G-AI--SVAEGR--RGGIEVGVGLP--PERMERFRRCFAD---AVAWLSSPSRPVTRDMDRSAPGHSPA 
ref|NP_00114828  439 G-AI--SVADARVGGGGVEVGISLPVASGDMDRFRQSVAD---GMEWLRLL------------------ 

 



Figure S2: Purification of Recombinant Aat1. 1) Uninduced culture, 2) resuspended culture 
before sonication, 3) soluble protein fraction after sonication, 4) flow-through of the Ni-NTA 
column, 5) purified Aat1 with an arrow indicating the protein band. 

 
  



Figure S3: Michaelis-Menten Plots. Dots indicate measured velocity over initial substrate 
concentration. Velocity was determined as micromoles of product formed over time. Red lines 
represent the fitted model as determined by the Michael-Menten equation modified by K.A. 
Johnson [1]. 

 
 
 
  



References: 
1. Johnson, K.A. New Standards for Collecting and Fitting Steady State Kinetic Data. Beilstein J. 

Org. Chem. 2019, 15, 16–29, doi:10.3762/bjoc.15.2. 
 


