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SUPPLEMENTARY INFORMATION
Supplementary Tables

Table S1. Amino acid sequence identity (in %) between the protein products of beslI operon of K. xylinus E25 and respective
proteins of other Komagataeibacter type strains as well as homologs from bacteria that do not belong to Acetobacteraceae
family (species representative sequences).

Strain name BesX BesY BesZ
K. swingsii LMG 221257 100 98 97
K. intermedius TF2T 96 89 -
K. xylinus LMG 15157 95 82 60
K. diospyri MSKU9T 94 88 -
K. sucrofermentans LMG 187887 95 82 61
K. nataicola LMG 15367 95 81 62
K. europaeus LMG 18890 T 90 95 91
K. pomaceti T5K1T 89 74 61
K. cocois WETT 89 74 61
K. maltaceti LMG 1592 T 87 74 62
K. xylilnus CGCMCC 2955 88 79 -
K. rhaeticus LMG 22126 T 87 79 -
K. saccharivorans LMG 1582 T 84 67 57
K. hansenii ATCC 53582 77 67 -
Ga. entanii LTH 45607 75 68 -
Polynucleobacter aenigmaticus hydrolase 46 - -
Castellaniella defragrans hydrolase 42 - -
Pseudomonas alcaligenes hydrolase 43 - -
Enterobacter lignolyticus acyltransferase - 52 -
Rhizobium sullae acyltransferase - 36 -
Pseudomonas fluorescens acyltransferase - 36 -
Caenorhabditis elegans acyltransferase - 30 -
Bermanella marisrubri arylesterase - - 26
Desulfobacter hydrogenophilus arylesterase - - 30
Escherichia coli thioesterase - - 25

T Type strain



Table S2. Primer sequences used for PCR. Upper case letters represent the part of the sequence complementary to a gene, italic
font was used to highlight restriction sites.

Primer Sequence

besX_fw 5’-atatccatggCGATGAATGCCCTTCTTGCAGG-3’
besX_rv 5’-atatctcgagACCACGTCAGGATAGGCTTATTGC-3’
besY_fw 5’-atatatcaatggCGATGCTGCAACTTACCCCCTTC-3’
besY_rv 5’-atatctcgagGGtTTAATGGACACGAGACACATGGG-3’
besZ_fw 5’-atatatcaatggCGATGCCGGGACGCCTG-3’

besZ_rv 5’-atatctcgagTTATTTACTGAACAGGGTCCCGATAC-3’
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Figure S1. Cellulose synthase clusters in K. xylinus E25 and other Komagataeibacter species. a). operons besl, besll and besIIT
of K. xylinus E25; b). Alignment of operon bcsil in K. rhaeticus LMG 22126, K. xylinus CGMCC 2955, K. medellinensis

NBRC 3288 with upstream cluster of genes associated with extracellular matrix formation (kpsC, kpsS, rfaB); c). Alignment
of besll operon fused with bes! in the strains of K. saccharivorans.
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Figure S2. Changes in expression of the besAl gene and the besI operon based on published transcriptomic data for K. xylinus
E25 (Ryngajtto et al., 2019). Genes are coloured according to logz fold change in expression between SH and SH+EtOH

cultures. Stars denote statistically significant changes (called by DESeq2; adjusted p-value < 0.05). Thin black bars denote
standard error.
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Figure S3. Sequence alignment of BesX from K. xylinus E25 (Kxy) and SGNH hydrolases (hydr) from K. nataicola (Kna), K.
europaeus (Keu), K. medellinensis (Kme), K. rhaeticus (Krh), K. saccharivorans (Ksa), Polynucleobacter aenigmaticus (Pae),
Castellaniella defragrans (Cde), and Pseudomonas alcaligenes (Pal). Sequences were aligned using ClustalQ
(https://www.ebi.ac.uk/Tools/msa/clustalo) and presented using Jalview (http://www.jalview.org). Intensity of the gray color
gradient reflects sequence identities and similarities. Numbering above the alignment is according to K. xylinus BesX. The
SGNH hydrolase domain is marked with a green line. The residues of the catalytic triad are presented in red boxes.
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196 TLEGQHVVH IGAVRVGGE IDTLSWGEENGAGGFVLPAGLKVAADGEEFG
196 TPGHHVVH IGAVRVGGE IDTLSWGEENGACCFVLPEG LKVAADGEFFGTTCTYASSNSGNAAVPMPVLLGOAGSGREFKAF IGSYTLDGFVHVADTRS2D L
181 TPGOHVVH IGAVOVAGQOETLSWGENNGPEGFVLPOGVKVAGNGEFFGTTGTYASSNSG YAAFPVPVMLG - -GGGHEFKVFTGSYTFDGEVHEVADPRS2DQ
183 TPGHHVVH IGAVQVSGOETLSWGENNGPEGFVL2C TLRVPANSEFFGTTGTYASSNSGYSAFPVPLM LG QKGQEFKVFMGSYTLDGFVHVADMRS2DQ
180 TEGRHVVH IGEVR IAGNETLSWGEENGPGGFV IPAGVKVPANDEFFGSVETYASSNSGYARAYPVPVLLGSAGRGRTERVEFGSYSLDGETH IGDAASRPDR

Signal peptide
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1MPGRLHGP ITFREQHCMKTRRQLAAFLAA IAAPS --LVAWAQAAEZCGPVGGD --TVC IPAPDHAGAGLDRAPRRDDDSRRGYGVEGDLWQASGRARRAVSV
1MPGRQHGP ITFREQHDMKTRRQVAVFLAAMTAPS LLAQARQAAGEGLAGGD TVC IPAPDEAGGGLDRAPRRDDDSRRGYGAGDLWQASGRVRRAVSEV
3= MKTCTKLLACMTVLAVGN --GVSLAMARQCPPVDHD -GETCVPARDGASEGLNRPPGHNDDARHGYAAGDLNQAGGHARRAVSEV
METRGRVLAC ITAMAVGS --LPALGMAAQCPPDDHKGGETC IPANSAVDQGLNRFPEGTDDDVSRGEYAFGDLNQAGGRVRRAT SV
MKKK - --SFCLAVLTLG ITGHALPGHAASCADA -PCGSGVE IPAPDSRSGGMORABGQYDDSTKGYATGD INQAGGQ VRQARASY
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97 APGDARWENVAV -RLPGDAFGSHTVFAGGPMRLVSGYAGPALD IETVSAGOTVTTTLA IGGDGRLDSAALCRALSARDPGTFANVVRVYDOSGHGNHLARA
97 APGDARWENVAV -RLPGDAFCGSHTVFAGGPMRLVSGYAGPALD IETVSAGQMV ITTLA IGGDERLDTVALCRALSARDPGTFANVVRVYDQSGHGNH ITA
82 APGAARWEGEQT -TYPADSFGRHT IFAGGPTRMVSGYSGPAVD IETVVGGCQVTATLYV IHPPETLDTDTLHRALSTRDGGTFATVTRVYDQ SGHGNH ITA
83 TPGGAQWAAVSTSNAPADTFGAHAVEFAGGPTRMVSSYSGPAVD IETTAGGQ TVATTL I IRPDGTLDTETLHRVLARRDAGTFATVTRVYDO TGHGNHLVA
81 TAGSARWEPMVV -ARPADALAGHVVEAGGAVOMVSGYVEGPAVDVETVQGGERRYVVTTLAILPGGMLDOD TERTRLUAGRDAGTFATVLRVYDQ SGHGHHLLA

Lectin-like domain
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296 RTIDMVVTSSPAATGVAASPGGYTLOAGNARATLPGM LPGGTLSGGY IGYNADGGPWFVOGRNTGOW TG IV IADEAPAAAETQAFAASAAVAGDYMPOQLRE
296 RTDPLV ITSSPAATGVAAGPGEYTLQAGNAEVTLPGMLFGGTLSGSY IGYNADGGPHNFVOGRNTGOWN TG IV IADEAPTTAQTQDFAASAAAAGDYMPOQLRE
279 RTNLVMTNSPAAFGVNATPTGYTLESGNARVQHPGMLSNDALTGGY IGYNADGGEWNFVOGRNTGOW TG IV IADETATPGEVANFQASAAVLGNYMBQ LRN
281 RTDL IISNDPAAFG ISATPNGYRLENGNNEAMLGGALPASSFSGGY IGYNADGGSWFEQGRNTGQW TG IV IADQODATAEQEQDFEAAAAVAGDHMPQLRD
280 RTDLV ITNAPAAFDVYATPAGYGLHSGNAAASLSGSVAAGGLAGGEYVEFNMDGGPHESOGRNTGQW SG LV IADEAPDPAQRRLEEAAAAAAGNYMBPQLRP
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Figure S4. Sequence alignment of BesZ from K. xylinus E25 (Kxy) and SGNH hydrolases (hydr) from K. europaeus (Keu),
K. medellinensis (Kme), K. nataicola (Kna), K. saccharivorans (Ksa), arylesterases (ares) from Bermanella marisrubri (Bma),
Desulfobacter hydrogenophilus (Dhy), and thioesterase (thes) from Escherichia coli (Eco). Sequences were aligned using
ClustalQ (https://www.ebi.ac.uk/Tools/msa/clustalo) and presented using Jalview (http://www.jalview.org). Intensity of the
gray color gradient reflects sequence identities and similarities. Numbering above the alignment is according to K. xylinus
BesZ. Signal peptide, lectin-like domain and SGNH hydrolase domain are marked with a purple, blue and green line,
respectively. The residues of the catalytic triad are presented in red boxes, whereas the residues of the oxyanion hole are in
orange boxes.
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Kxy_BscY 1 MTLQ LT --FFQPAPSRURT TLE -ND RBIID 33
Keu_actr 1 MLQLT -==F IQPAPSRURT ILE -ND EY:153:3 33
Kna_actr 1 MLHCN --EPAPTTSRWRE ILE -KD RBIID 5
Krh actr 1 MLQVN --DA -APASRWRDMFG -KD RD ID 3z
Ksa_actr 1 M I2SQ --AVNAAHNTWRR ILQ -NE 33

Kme_actr
Eli_actr 1 10
Rsu_actr 1 100
Ptl actr 1 14
Cel_actr 1 2
Acyltransferase domain
40 50 70 80 90 100 ! 120
Kxy_BscY 3 LRGLA IALWVLEHAGW - LKG YFMGRSA LMQEP QPVREVCRRLYRLLPALLCM IAA ISAGMLWWVLQSDRAD IA INGA 123
Keu_actr 34 LRGLA TALMVLFHAGW - -LQOG YIFMGRSA ---LMQHP ----Ml-QP VREIVC LYRLLFALLCM IAA ISAGMLWWVLQSDRAD TALNGA 123
Kna_actr 34 L LA TALVMVLFHAGW --LOG YFMGRSA ---LMQHEP ----B-QPLREVC LYRLLPALVCM IGLVSAGMLWWVLQSDRAD IA INGA 122
Krh_actr 33 L LAVALVVLE GW - -LKG YFMGRSA ---LMQHP ----B-QPMREVC LYRLLPALLCM IALVSACMLWWVLQSDORAD IADNGA 122
Ksa_actr 34 LRELAVLS¥M LEHAGYH YF IGHSA LVTQP OPMRE ICRRLYRLLEPALLCM IAA ISAGMLWWVLQOSDRAD IA INGA 123
Kme_actr
Eli_actr 11 LRGLAVLL AGW - -V SG YYMSQTA ---LMSAS ----F -SPWTE ITRRLCRLLEALLFMVALVCAAMLAWLLPRDRAD TAQNGM 100
Rsu_actr 101 LRALSVLL G IQAVAG 3 YFMA IM ILRDLANER ----B -5 IIDBYV IRR ILEALFVMMAVVSALA INLEMPODLVYFARSAR 195
Pfl_actr L FGL -GVPG FLITEV IRCAIEQNR----BE-SFVDEYSRRLRRLHPAL IATVALSLGAGF ILMDPASL IELAKSSV 108
Cel_actr v FLEDVFPN FLMCMLLRKSS ISASYXSNEOF IVARYHRRLKR ILBILYLLV IMSSS IFLFWAM I2DTALLTNLRSGE 109
130 1.(‘ 1I60 1I70 1'80 19¢ 200 2;'.0
Kxy_Bscy 124 YALVYLSN I4ASGHYV GQAVA-YBF AIIF MALLLPLTHHRRL VLSAIFTASAAYCALAWYRGDSQAYYN IFDRLHQFS 219
Keu_actr 124 YALVYLSN IWASG UV GQA IA-YPF AIIFVMALLLPLTHHRRL VLSAIFTASAAYCAYAWYKGDSQAYYN IFDRLHQFES 219
Kna_actr 124 YALVYLSN IWASGHV GQS IA YPF TIIFLMALLLPLTXHRKL IFTVS|LAYCAWSYVEGDTQAY¥N IFDRLWOFS 219
Krh_actr 123 YALVYLSN IWASGHV 6Qs IA -YBF AIIFLMALLLPLTRHRRL - ICVAS|FAFC ISCD IRGDTQAY¥N IFARLWOFS 218
Ksa_actr 124 YALVYLSN THASGHV GQS TA -YPF TVILAVALAVRLAPTLRHM - T*VLE[LGYDPLYSHTTEGDTQG Y¥N TLORLH|FFS 219
Kme_actx 1MAPMRNYTCPTSGHY GQS 1A -YBF ILFLMALLLPLTKHRKL - IZAVvEAAYCGLSYSKGDTQAYYN IFDRLHQFS 96
Eli actr 101 AGQSLA -YBF LLILLLGMAR----QGWL - -CLIGA-GSLLASQAGWGMGYYGLTIDRLHOFEA 188
Resu_actxr 196 DLAANT -KB|L LIIFP Z-GLM ITYRMXKNA IVP ILA IIAVASLAASQLMVQQDQTKAFYLL?? 293
Ffl_actr 109 DAAANT -QBL AVWPVV ICFLVK IPSTSR-LVALSALT ILS[LVASQAMLSVNASAAYMMMP T 206
Cel_actr 110 KAL IF ISNRMATLEEDYEARLSYATD IET e ivBlL rirTLPQKCH TLCFT ILGLFBFMYSK --LFCTETEAFNS vEARvIOEA 18 207
":ZC %30 %40 2.50 260 2"1‘0 2I80 ZIBS
Kxy_BscY 220 TM IR VFPRLRLSRGVANLVYAAAL -----------~ AV IVGSGLFYPLSFACBSYMTVEBCVAVAR LEDTKVGOWC ---LVELSPL 304
Keu_actx 220 TM IRMLPRLRLSRGMANLVYAAAL -AV IVGSGLTY¥PLRFACPSYMTVFRCVAVAYV LEDTKMGOWC - - -LVBLSPL 304
Kna actr 220 TM I8 ICPRPRLSPVVANIIYAAAL -TV IVGAGLTYTLOFACPSYMT IFBCLAVAT LPETHVERLC ---LVP ISPL v 304
Krh_actr 219 TM IRM FPRPRLSAVAANT THAGAV - - - ———-=-=--~ GV IVGAALTYTLRFACPSSMAVFRCVAVAR LPQTQAGRLC ---LVPLSPL v 303
Ksa_actr 220 AM IX ILBRPQPGRAVSN IVCG VA L CALLVGVMEENTLOYACBSYM LVVBCLAVMA CPQHDVARMA ---LVPLSPEL v 304
97 TM IR IFPRPOFSKVVAN IIYAAAL -AV IVGSGLFY¥TLOFACPSYMMVEFBCGVAVAYV LPETE IGRLC ---LVE ISPL v 181
189G A IAYLPARQLARVEPSSLLYARAV - -AAIVACGFLYTNANASPSLWS IVBCLAAALTILLRESPTOR -V - - -LNTLSPV L 21
Rsu_actr 294 ALIGA -HRPLVRPALAE TIPCLGT ~ -AGLLACAFLMSDATAFBGLAALLBEOLSVAARMIAFGOOSK ITKVLLGNAPKKFE YV I 380
P£l_actr 207 GMILAFVFQQRLKPALEALTYVMGL — = - === ===-~~ ALVFGAAF ILCSSSFEFRGLRALLBEOMGARACHYAGRAK IAA -VLTTRKE ITY L v 293
Cel_actr 208 IIAN IVSETKLW SDDYNQ IEG SKNAM IMKKVMXNCCLVLM 1vvL tMp 1kLeacr 1a7LfT tvre Ll -WisoNbE -———1LsvRVLTY I L 302
310 320 330 340 350 360 370 380
Kxy_BscY 305 WPG IVVANY¥LLFFQVR -G AMMAGVLALVMVVSLLSYVEVERTGLDYED ---RAS I--AARNRGAGLLVGGCLLLAAVLAC ISHVS
Keu_actr 305 MPG TMVANYLLFFQVH -GAVMAGVLATLVMVVSLISYVFVERTGLDY®D ---RVS T--AARNRGAG LLVGGCTLLLAA TMAY TSHVS
Kna_actr 305 WEBG IVVANYLEEFQVH -G LMMAAVLG IVLV ISVLSYVEVERTGLDYED ---RVAYV --CARNRGAALL IGTCM [LAA ILFY ISYVS
Krh_actr 304 WEG IVVANYLLFFOVH -G LVMAAVLG IVLVVSLFSYLLVERTGLNYED - - -RVVP - -AVRNRGAALLVGSCMVLAMVELFYVSRVS
Ksa_actr 305 A IMVANMLLCFQVH -GMVMGGVLLAALVASLLSYVEVERVFLDYEG ---RLTP - -TARNYGALALVGACGSLAM ILFY ISSVS 386
Kme_actr 182 WPG IVVASY¥LLSFQVQ -GLTMAAVLG IVLV ISLLSYLFVERTGLDYED ---RVTP - -AVRNRGAA ILVGGCM TLAA ILFY ISTVS 263
Eli actr 273 TIMGATMLF ERQ IT -GLSMVLALLVSLLMGV ISIWAF IBIKRLSAVR - - - - --— L--TAMNLEVA —————=--—-— AALYG I8 IW - - - = ————————— 336
Rsu_actr 381 IVUMFLP¥? TSAASE -GAAVAL IFTLSLFLGW ISWREVEEFFRFGALA CRRPOQPAFVALA GVASLVSVNVLY - IRENGL --2QRLKDEAARLYA -A 473
PFl_actr 294 WRILLMF YKMYVFRELN -TOEXLALLSLS IVMGAVLYHNSVER IFMGKYS -FRKPVV ~-YGALAASVAVTAAG - -ALSVI-OTGGWVNRVDAK ---YLS -F - - 381
Cel_actr 303 IYAYWKLVLSAGSTMNFQLLL IFL I1sv¥L8v 1Blr e FrBrkxyUrr 2D - - -Ro ITK IC IFLFLTNV ILLEY?RVED IMTAPGFGSRLDGLDENTYMSYEK 399

Figure S5. Sequence alignment of BesY from K. xylinus E25 (Kxy) and acyltransferases (actr) from K. europaeus (Keu), K.
nataicola (Kna), K. rhaeticus (Krh), K. saccharivorans (Ksa), K. medellinensis (Kme), Enterobacter lignolyticus (Eli),
Rhizobium sullae (Rsu), Pseudomonas fluorescens (Pfl), and Caenorhabditis elegans (Cel). Sequences were aligned using
ClustalQ (https://www.ebi.ac.uk/Tools/msa/clustalo) and presented using Jalview (http://www jalview.org). Intensity of the
gray color gradient reflects sequence identities and similarities. Numbering above the alignment is according to K. xylinus
BcesY. Acyltransferase domain is marked with a purple line.
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Figure S6. Prediction of signal peptide in the sequence of BesZ from K. xylinus E25 by SignalP 6.0.
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Figure S7. Prediction of signal peptide in the sequence of BesX from K. xylinus E25 by SignalP 6.0.
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Figure S8. The predicted secondary structure elements of BesY, the analysis was performed using PRED-TMBB2.



