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Supplementary Methods

Homology model preparation

For the reconstructed ancestral sequence for node 72, 3D structures were initially prepared using homology modelling. In searching for the suitable templates, several criteria were imposed, i.e., high sequence identity (>= 50%) and query sequence coverage (>= 90%), as determined by BLAST and HHBlits (Altschul et al., 1997; Remmert et al., 2011), as well as the oligomerization state of a monomer and belonging to the GH1 family in the CAZY database. The following PDB structures fulfilled the criteria, and were used to create homology models with SWISS-MODEL (Arnold et al., 2006; Benkert et al., 2011; Biasini et al., 2014): family 1 -glucosidase from Thermotoga maritima (1W3J), -glucosidase A from Clostridium cellulovorans (3AHX), engineered -glucosidase from soil metagenome (3CMJ), GH1 -glucosidase Td2F2 (3WH5), and -glucosidase 1A from Thermotoga neapolitana (5IDI). The quality of the five homology models was assessed using the Swiss-Model provided scores and the structural parameters estimated with MolProbity (Williams et al., 2018), and the models from 1W3J, 3CMJ, and 5IDI templates were selected for the further work. While the protein core (the ()8 barrel) was generally modelled very well, major differences could be observed between the homology models in the region of the catalytic loops.
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Supplementary Tables

Table S1. Sequence identity of the ancestral glycosidase with the modern glycosidases in the set used as starting point for ancestral sequence reconstruction. The sequence identity values with the ancestral protein span the 0.26-0.59 range.

	Ancestral
	1,000

	Euk-XP_002676353.1.Naegleria.gruberi.NEG-M.Oth
	0,483

	Euk-OLQ05614.1.Symbiodinium.microadriaticum.SAR
	0,463

	Euk-OCF22674.1.Kwoniella.bestiolae.CBS.10118.Fg
	0,439

	Euk-KXS17974.1.Gonapodya.prolifera.JEL478.Fg.435
	0,366

	Euk-KOO32978.1.Chrysochromulina.CCMP291.Oth.458
	0,431

	Euk-KNC76787.1.Sphaeroforma.arctica.JP610.Met.475
	0,389

	Euk-GAX29444.1.Fistulifera.solaris.SAR.446
	0,519

	Euk-GAX16517.1.Fistulifera.solaris.SAR.450
	0,500

	Euk-ETP15771.1.Phytophthora.parasitica.CJ01A1.SAR
	0,364

	Euk-ETP11111.1.Phytophthora.parasitica.CJ01A1.SAR
	0,516

	Euk-ETP02644.1.Phytophthora.parasitica.CJ01A1.SAR
	0,366

	Euk-EOD40853.1.Emiliania.huxleyi.CCMP1516.Oth.401
	0,249

	Euk-EOD13795.1.Emiliania.huxleyi.CCMP1516.Oth.457
	0,432

	Euk-EIE19776.1.Coccomyxa.subellipsoidea.C-169.Arpl
	0,271

	Euk-CHR-CAC34952.1.Piromyces.E2.Fg.463
	0,393

	Euk-CHR-CAC08178.1.Homo.sapiens.Met.452
	0,419

	Euk-CHR-BAO04178.1.Delphinium.grandiflorum.Arpl
	0,418

	Euk-CHR-BAE87009.1.Phanerochaete.chrysosporium.Fg
	0,464

	Euk-CHR-BAE63197.1.Aspergillus.oryzae.RIB40.Fg.460
	0,440

	Euk-CHR-AGS32242.1.Coptotermes.gestroi.Met.460
	0,424

	Euk-CHR-AAP13852.1.Bombyx.mori.Met.462
	0,398

	Euk-CHR-AAL92115.1.Glycine.max.Arpl.456
	0,377

	Euk-CHR-AAL37719.1.Solanum.lycopersicum.Arpl.461
	0,435

	Euk-CHR-AAL25999.1.Brevicoryne.brassicae.Met.453
	0,419

	Euk-CHR-AAK62412.1.Arabidopsis.thaliana.Arpl.465
	0,404

	Euk-CHR-AAK32833.1.Arabidopsis.thaliana.Arpl.462
	0,392

	Euk-CBJ30694.1.Ectocarpus.siliculosus.SAR.450
	0,489

	Euk-AAG46031.1.Leishmania.infantum.Exc.456
	0,371

	CPR-OYX53756.1.Sacchari.32-50-13.Oth.420
	0,303

	CPR-OHA99561.1.Zambryski.R-O2_12_FULL_43_12b.Pc
	0,345

	CPR-OHA32072.1.Taylor.R-O2_01_FULL_45_15b.Pc
	0,340

	CPR-OHA13338.1.Taga.R-O2_01_FULL_39_11.Pc.405
	0,317

	CPR-OHA09246.1.Sung.R-O2_01_FULL_59_16.Pc.399
	0,311

	CPR-OGZ46118.1.Ryan.R-O2_01_FULL_48_27.Pc.416
	0,330

	CPR-OGZ07021.1.Lloyd.R-O2_02_FULL_50_13.Pc.385
	0,328

	CPR-OGZ06701.1.Lloyd.R-O2_02_FULL_50_11.Pc.387
	0,332

	CPR-OGZ02593.1.Lipton.R-O2_01_FULL_53_13.Pc.396
	0,315

	CPR-OGY99744.1.Lipton.R-O2_01_FULL_52_25.Pc.404
	0,320

	CPR-OGY99381.1.Lipton.R-O2_01_FULL_52_25.Pc.410
	0,305

	CPR-OGY71081.1.Jackson.R-O2_01_FULL_44_13.Pc.395
	0,300

	CPR-OGY40781.1.Brenner.RIFOXYD1_FULL_41_16.Pc.389
	0,312

	CPR-OGM99997.1.Yanofsky.R-O2_01_FULL_41_53.Pc.416
	0,322

	CPR-OGM98994.1.Yanofsky.R-O2_01_FULL_41_26.Pc.386
	0,314

	CPR-OGM90535.1.Wolfe.R-O2_01_FULL_38_11.Pc.412
	0,336

	CPR-OGM00912.1.Uhr.RIFOXYC2_FULL_47_19.Pc.406
	0,334

	CPR-OGL39085.1.Sacchari.R-O2_02_FULL_46_7.Oth
	0,311

	CPR-OGL30033.1.Sacchari.R-O2_02_FULL_47_12.Oth
	0,308

	CPR-OGK55604.1.Roizman.R-O2_01_FULL_45_11.Mc
	0,325

	CPR-OGJ70814.1.Peri.R-O2_12_FULL_53_10.Oth.390
	0,318

	CPR-OGG92310.1.Kuenen.R-O2_12_FULL_42_13.Pc.406
	0,316

	CPR-OGG87996.1.Kaiser.RIFOXYD1_FULL_42_15.Pc.382
	0,312

	CPR-OGG55752.1.Kaiser.R-O2_01_FULL_55_37.Pc.387
	0,317

	CPR-OGG06799.1.Gottesman.R-O2_01_FULL_42_12.Mc.399
	0,326

	CPR-OGF90942.1.Giovannoni.R-O2_02_FULL_45_14.Pc
	0,351

	CPR-OGE98567.1.Doudna.R-O2_12_FULL_42_9.Pc.394
	0,348

	CPR-OGE83632.1.Doudna.R-O2_02_FULL_43_13b.Pc.393
	0,322

	CPR-OGE24950.1.Davies.R-O2_02_FULL_39_12.Mc.398
	0,316

	CPR-OGE15085.1.Davies.GWA1_38_6.Mc.403
	0,336

	CPR-KUK76511.1.WS6.34_10.Oth.396
	0,338

	CPR-KKS47395.1.Giovannoni.GW2011_GWF2_42_19.Pc.397
	0,351

	CPR-KKS25793.1.Jorgensen.GW2011_GWF2_41_8.Pc.408
	0,332

	CPR-KKQ84990.1.Woese.GW2011_GWB1_38_8.Mc.399
	0,347

	CPR-KKQ36955.1.Woese.GW2011_GWA1_37_7.Mc.396
	0,353

	CPR-KKQ29214.1.Nomura.GW2011_GWA1_37_20.Pc.379
	0,365

	CPR-KKQ12362.1.Moran.GW2011_GWF1_36_78.Pc.403
	0,333

	Bac-WP_081838630.1.Thermogem.carboxidivorans.Clf
	0,511

	Bac-WP_053225736.1.Solirubrobacter.soli.Ac.440
	0,483

	Bac-WP_033274371.1.Actinospica.acidiphila.Ac.393
	0,313

	Bac-WP_028863797.1.Psychromonas.aquimarina.gP.448
	0,415

	Bac-WP_026735568.1.Fischerella.PCC.9605.Cy.448
	0,467

	Bac-WP_026389483.1.Acholeplasma.multilocale.Tn.438
	0,336

	Bac-WP_016873414.1.Chlorogloeopsis.fritschii.Cy
	0,470

	Bac-WP_010471747.1.Acaryochloris.CCMEE.5410.Cy.441
	0,488

	Bac-SEK57728.1.Rhodococcus.maanshanensis.Ac.387
	0,300

	Bac-OUQ12786.1.Massiliomicrobiota.An142.Fm.454
	0,449

	Bac-OUQ09514.1.Massiliomicrobiota.An142.Fm.466
	0,340

	Bac-OIO58018.1.CG1_02_48_14.Mn.415
	0,349

	Bac-OGS21660.1.RIFOXYA2_FULL_39_19.El.449
	0,500

	Bac-OGF51021.1.RIFOXYA2_FULL_40_8.Frs.449
	0,457

	Bac-OAA30738.1.Kosmotoga.arenicorallina.S304.Tg
	0,300

	Bac-KPM53585.1.Frankia.R43.Ac.388
	0,322

	Bac-KIX85561.1.JCVI.TM6SC1.Dp.402
	0,294

	Bac-GAT31492.1.Terrimicrobium.sacchariphilum.V.449
	0,503

	Bac-EGF89970.1.Asticcacaulis.biprosthecum.C19.aP
	0,293

	Bac-EFH82146.1.Ktedonobacter.racemifer.Clf
	0,503

	Bac-CRX38655.1.Estrella.lausannensis.Chl.421
	0,269

	Bac-CRH90323.1.Chlamydia.trachomatis.Chl.449
	0,401

	Bac-CHR-CAC47470.1.Sinorhizobium.meliloti.1021.aP
	0,483

	Bac-CHR-BAC96154.1.Vibrio.vulnificus.YJ016.gP.445
	0,481

	Bac-CHR-BAB37196.1.Escherichia.coli.Sakai.gP.464
	0,366

	Bac-CHR-BAB36995.1.Escherichia.coli.Sakai.gP.462
	0,346

	Bac-CHR-AIY95585.1.Bacillus.subtilis.Fm
	0,353

	Bac-CHR-AIY95329.1.Bacillus.subtilis.Fm
	0,365

	Bac-CHR-AIY91871.1.Bacillus.subtilis.Fm
	0,437

	Bac-CHR-AIY91623.1.Bacillus.subtilis.Fm
	0,473

	Bac-CHR-AGA60135.1.Microbacterium.Gsoil167.Ac.398
	0,288

	Bac-CHR-AEI42200.1.Paenibacillus.mucilaginosus.Fm
	0,296

	Bac-CHR-ADD27066.1.Meiothermus.ruber.DSM.1279.DT
	0,524

	Bac-CHR-ADD01617.1.Thermoanaerobacter.italicus.Fm
	0,453

	Bac-CHR-ACV58907.1.Alicyclobaci.acidocaldarius.Fm
	0,551

	Bac-CHR-ACO44852.1.Deinococcus.deserti.VCD115.DT
	0,497

	Bac-CHR-ACM06095.1.Thermomicrobium.roseum.Clf
	0,521

	Bac-CHR-ACL70277.1.Halothermothrix.orenii.H.168.Fm
	0,557

	Bac-CHR-ACI19973.1.Dictyoglomus.thermophilum.Dg
	0,581

	Bac-CHR-ABU56651.1.Roseiflexus.castenholzii.Clf
	0,541

	Bac-CHR-ABR73190.1.Marinomonas.MWYL1.gP.444
	0,449

	Bac-CHR-ABJ60960.1.Lactobacillus.gasseri.Fm
	0,340

	Bac-CHR-ABJ59900.1.Lactobacillus.gasseri.Fm
	0,494

	Bac-CHR-ABJ59596.1.Lactobacillus.gasseri.Fm
	0,362

	Bac-CHR-ABD82858.1.Saccharophagus.degradans.gP
	0,497

	Bac-CHR-ABD80656.1.Saccharophagus.degradans.gP
	0,443

	Bac-CHR-AAN58797.1.Streptococcus.mutans.UA159.Fm
	0,346

	Bac-CHR-AAK78365.1.Clostridium.acetobutylicum.Fm
	0,509

	Bac-CHR-AAG59862.1.Sphingomonas.paucimobilis.aP
	0,261

	Bac-CHR-AAB49339.1.Fusobacterium.mortiferum.Fs.442
	0,525

	Bac-CHR-AAA24815.1.Dickeya.chrysanthemi.gP.456
	0,365

	Bac-CCB88561.1.Simkania.negevensis.Z.Chl.422
	0,270

	Bac-CAB95278.1.Streptomyces.coelicolor.A3_2.Ac.444
	0,526

	Bac-BAY28878.1.Nostoc.carneum.NIES-2107.Cy.452
	0,471

	Bac-BAM04503.1.Phycisphaera.mikurensis.Pl
	0,464

	Bac-BAL98072.1.Caldilinea.aerophila.DSM.14535.Clf
	0,522

	Bac-APF18099.1.Caldithrix.abyssi.DSM.13497.Cld.414
	0,313

	Bac-AFG36462.1.Spirochaeta.africana.DSM.8902.Sp
	0,331

	Bac-AEP25088.1.Thermotoga.maritima.MSB8.Tg.443
	0,593

	Bac-ADD01635.1.Thermoanaerobacter.italicus.Ab9.Fm
	0,578

	Bac-ADB52696.1.Conexibacter.woesei.DSM.14684.Ac
	0,496

	Bac-ACZ10042.1.Sebaldella.termitidis.ATCC.33386.Fs
	0,390

	Bac-ACZ09962.1.Sebaldella.termitidis.ATCC.33386.Fs
	0,399

	Bac-ACL69240.1.Halothermothrix.orenii.H.168.Fm.417
	0,339

	Bac-ACI21065.1.Thermodesulfovib.yellowstonii.Nsr
	0,336

	Bac-ABJ83756.1.Solibacter.usitatus.Ellin6076.Ad
	0,305

	Bac-ABG04991.1.Rubrobacter.xylanophilus.Ac
	0,524

	Bac-AAK79373.1.Clostridium.acetobutylicum.Fm
	0,359

	Arc-SMD30897.1.Picrophilus.oshimae.Ery-Thp
	0,256

	Arc-Seed-BAA29440.1.Pyrococcus.horikoshii.Ery-Thc
	0,377

	Arc-OYT35865.1.Archaeoglobales.ex4484_92.Ery-Ach
	0,334

	Arc-OWP55065.1.Cuniculiplasma.C_DKE.Ery-Thp.470
	0,263

	Arc-KYH41278.1.Bathyarchaeota.B26-2.Ery-Unc.477
	0,278

	Arc-KJE49247.1.Acidiplasma.MBA-1.Ery-Thp.464
	0,237

	Arc-CHR-ADL19795.1.Acidilo.saccharovorans.TK-Thp
	0,311

	Arc-CHR-ABW01492.1.Caldivir.maquilingensis.TK-Thp
	0,295

	Arc-CHR-AAL81332.1.Pyrococcus.furiosus.Ery-Thc
	0,294

	Arc-CHR-AAL80566.1.Pyrococcus.furiosus.Ery-Thc
	0,392

	Arc-CHR-AAL80197.1.Pyrococcus.furiosus.Ery-Thc
	0,275

	Arc-CHR-AAK43121.1.Sulfolobus.solfataricus.TK-Thp
	0,290

	Arc-CHR-AAD43138.1.Thermosphaera.aggregans.TK-Thp
	0,272

	Arc-BAB59827.1.Thermoplasma.volcanium.GSS1.Ery-Thp
	0,265

	Arc-AJB42198.1.Thermofilum.carboxyditrophus.TK-Thp
	0,285

	Arc-AJB41496.1.Thermofilum.carboxyditrophus.TK-Thp
	0,277

	Arc-AIF16120.1.marine.thaumarchaeote.TK-Thm
	0,345
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Table S2. Literature values of the optimum activity temperatures and host living temperatures for modern family 1 glycosidases. The relevant references are appended at the end of the table. See Methods in the main text for details on the performed literature search. Organismal living temperature is defined as the optimum growth temperature. For some organisms, optimum intervals or lving temperature intervals are reported in the literature. Likewise, for some enzymes an interval of optimum activity temperature is provided in the literature. Organisms are classified as hyperthermophiles, extreme thermophiles, thermophiles, mesophiles and psycrophiles according to the descriptions reported in the literature. No classification is reported when such a description is not specifically provided in the literature, although most of the non-classified organisms are obviously mesophiles.


	


Domain of life
	


Enzyme description
	



Species
	
Organismal living temperature (ºC)
	
Enzyme optimum temperature (ºC)
	


Association state 
	


Association state determination
	

Classification by growth temperature
	


Relevant
references

	Archaea
	β-glycosidase
(Tkβgly)

	Thermococcus kodakarensis KOD1
	85
	100
	Dimer
	Native PAGE
	Hyperthermophile
	(Hwa et al., 2014)(Hwa et al., 2015)
(Ezaki et al., 1999)
(Atomi et al., 2004)

	Archaea
	β-mannosidase
	Pyrococcus furiosus
	100
	105
	Tetramer
	Treatment with a cross-linker (dimethyl
suberimidate)
	Hyperthermophile
	(Bauer et al., 1996)
(Fiala and Stetter, 1986)
(Robb et al., 2001)

	Archaea
	β-glucosidase 
	Pyrococcus furiosus
	100
	102 - 105
	Tetramer
	Native PAGE
	Hyperthermophile
	(Kengen et al., 1993)
(Fiala and Stetter, 1986)
(Robb et al., 2001)

	Archaea
	β-glycosidase
(rSSG)
	Sulfolobus shibatae
	81
	95
	Tetramer

	Gel filtration chromatography
	Hyperthermophile
	(Park et al., 2007)
(Huber and Stetter, 2015)

	Archaea
	β-glucosidase 
(Tpa-glu)
	Thermococcus pacificus P-4
	80 - 88
	75
	Not reported
	
	Hyperthermophile
	(Kim et al., 2015)
(Kobayashi, 2015)

	Archaea
	β-galactosidase
		Pyrococcus
    woesei

	



	100 - 103

	90 - 93
	Not reported

	
	Hyperthermophile
	(Da̧browski et al., 1998)
(Da̧browski et al., 2000)
(Stetter and Huber, 2015)

	Archaea
	β‐glycosidase  (BGPh) 
	Pyrococcus horikoshii
	98
	Over 100
	Not reported
	
	Hyperthermophile

	(Matsui et al., 2000)
(Stetter and Huber, 2015)

	Archaea
	β-galactosidase (LacS) 
	Sulfolobus solfataricus P2
	85
	90
	Not reported
	
	Hyperthermophile

	(Wu et al., 2013)
(Huber and Stetter, 2015a)
(Aguilar et al., 1997)

	Archaea
	β -glycosidase 
	Acidilobus saccharovorans 345-15T
	80 - 85
	93
	Not reported
	
	Hyperthermophilic
	(Gumerov et al., 2015)
(Prokofeva et al., 2009)

	Archaea
	Glycosidehydrolase (CMbg0408) 
	Caldivirga maquilingensis IC-167
	85
	110
	Not reported
	
	Hyperthermophile
	(Letsididi et al., 2017)
(Itoh et al., 2015)

	Bacteria
	β-glucosidase (BglB) 
	Microbispora
bispora NRRL 15568
	50 - 65
	60
	Monomer
	Native PAGE and zymogram
	Thermophile
	(Wright et al., 1992)
(Kim, 2015)

	Bacteria
	β-D-glucosidase A (BglA) 
	Bacillus sp. GL1
	25 - 40
	45
	Monomer
	Native PAGE
	Mesophile
	(Hashimoto et al., 1998)
(Logan and Vos, 2015)

	Bacteria
	Phospho-β-glucosidase 
	Fusobacterium mortiferum
	35 - 37
	35 - 40
	Monomer
	Gel filtration chromatography
	Mesophile
	(Thompson et al., 1997)
(Olsen, 2014)

	Bacteria
	β-glucosidase (BglU) 
	Micrococcus antarcticus
	16.8
	25
	Monomer
	Gel filtration chromatography, native PAGE and zymogram
	Psychrophile
	(Fan et al., 2011)
(Busse, 2015)
(Liu et al., 2000)

	Bacteria
	β-D-glucosidase 
	Paenibacillus sp. strain HC1
	28 - 40
	37
	Monomer
	Gel filtration chromatography
	
	(Harada et al., 2005)
(Fergus G. Priest, 2015)

	Bacteria
	β-glucosidase (bgl3) 
	Streptomyces sp. QM-B814 
	25 - 35
	50
	Monomer
	Gel filtration chromatography
	Mesophile
	(Perez‐Pons et al., 1994)
(Kämpfer, 2015)

	Bacteria
	β-glycosidase (Ttbgly)
	Thermus thermophilus
 HB 27
	70
	88
	Monomer
	Gel filtration chromatography
	Extreme thermophile
	(Dion et al., 1999)
(da Costa et al., 2015)
(Henne et al., 2004)

	Bacteria
	β-glycosidase (KNOUC202βgly)
	Thermus thermophilus KNOUC202
	70
	90
	Monomer
	Native PAGE and zymogram
	Extreme thermophile
	(Nam et al., 2010)
(da Costa et al., 2015)
(Henne et al., 2004)

	Bacteria
	β-glycosidase (TtβGly)
	Thermus thermophilus HJ6
	70
	90
	Monomer
	Gel filtration chromatography
	Extreme thermophile
	(Gu et al., 2009)
(da Costa et al., 2015)
(Henne et al., 2004)

	Bacteria
	β-Glycosidase (SdBgl1B)
	Saccharophagus degradans strain 2–40
	30
	50
	Monomer
	DLS and  SAXS measurements
Gel filtration chromatography (this work)
	
	(Brognaro et al., 2016)
(Ekborg et al., 2005)

	Bacteria
	β-glycosidase 
	Thermus nonproteolyticus HG102
	65
	90
	Monomer
	Gel filtration chromatography
	Thermophile
	(Xiangyuan et al., 2001)
(Wang et al., 2003)

	Bacteria
	β-glycosidases (bglA) 
	Thermus 
sp. IB-21
	70 - 75
	70
	Monomer
	Native PAGE and zymogram
	Extreme thermophile
	(Kang et al., 2005)
(Kristjansson et al., 1986)

	Bacteria
	β-glycosidases (bglB) 
	Thermus 
sp. IB-21
	70 - 75
	80
	Monomer
	Native PAGE and zymogram
	Extreme 
thermophile
	(Kang et al., 2005)
(Kristjansson et al., 1986)

	Bacteria
	β-glycosidase (Tat β-gly)
	Thermus flavus   AT-62
	70
	80 - 90
	Monomer
	Native PAGE
	Extreme 
thermophile
	(Sang et al., 2005)
(SAIKI et al., 1972)

	Bacteria
	β-glucan glucohydrolase (GghA) 
	Thermotoga neapolitana
	80
	95
	Monomer
	Gel filtration chromatography
	Hyperthermophile
	(Yernool et al., 2000)
(Nesbø et al., 2015)

	Bacteria
	β-glycosidase (tfi β-gly)
	Thermus
filiformis 
Wai33 A1
	70
	80 - 90
	Monomer
	Native PAGE and zymogram
	Thermophile
	(Kang et al., 2004)
(da Costa et al., 2015)
(Mandelli et al., 2017)

	Bacteria
	β-glucosidase (HoBGLA)
	Halothermothrix orenii
	60
	65 -70
	Monomer

	Gel filtration chromatography (this work)
	Thermophile
	(Hassan et al., 2015)
(Cayol et al., 2015)

	Bacteria
	β-1,4 glucosidase (HtBgl)
	Hungateiclostridium thermocellum

	50 - 68
	65
	Monomer
	SAXS analysis
	Thermophile
	(Sharma et al., 2019)
(Akinosho et al., 2014)


	Bacteria
	β-glucosidase
	Sinorhizobium meliloti
	25 - 30
	45
	Monomer
	Gel filtration chromatography, native PAGE and zymogram
	Mesophile
	(Kim et al., 2010)
(Kuykendall et al., 2015)
(Galardini et al., 2013)


	Bacteria
	Glycoside hydrolase (CoGH1A)
	Caldicellulosiruptor owensensis
	75
	75 - 85
	Monomer and trimer 
	Gel filtration chromatography
	Extreme
 thermophile
	(Peng et al., 2016)
(Huang et al., 1998)

	Bacteria
	β-glucan glucohydrolase (BglA) 
	Clostridium cellulovorans
	37
	50
	Dimer
	Native PAGE and zymogram
	Mesophile
	(Kosugi et al., 2006)
(Rainey et al., 2015)
(Tamaru et al., 2011)

	Bacteria
	β-glucosidase (DtGH) 
	Dictyoglomus thermophilum
	73
	90
	Dimer
	Gel filtration chromatography
	Extreme thermophile
	(Zou et al., 2012)
(Patel, 2015)
(Ding et al., 2000)

	Bacteria
	β-glucosidase (Tm-BglA)
	Thermatoga maritima
	80
	90
	Dimer 

	Gel filtration chromatography (this work)
	Hyperthermophile
	(Song et al., 2011)(Xue et al., 2015)
(Nesbø et al., 2015)

	Bacteria
	β-glucosidase
	Caldicellulosiruptor saccharolyticus
	70
	70
	Dimer
	Gel filtration chromatography
	Thermophilic
	(Hong et al., 2009)



	Bacteria
	β-galactosidase from (CcGH1)
	Clostridium cellulolyticum 
H10
	32 - 35
	60
	Dimer and tetramer
	Native PAGE and zymogram
	Mesophile
	(Liu et al., 2010)
(Rainey et al., 2015)
(Petitdemange et al., 1984)

	Bacteria
	β-glucosidase (reBglM1)
	Marinomonas MWYL1 
	20-40
	40
	Trimer

	Gel filtration chromatography (this work)
	
	(Zhao et al., 2012)(John G. Holt et al., 1994)

	Bacteria
	β-glucosidase  (DturβGlu)
	Dictyoglomus turgidum
	72
	80
	Tetramer
	Gel filtration chromatography
	Hyperthermophile
	(Fusco et al., 2018)
(Patel, 2015)
(Fusco et al., 2018)

	Bacteria
	β-glucosidase (EaBglA)
	Exiguobacterium antarcticum B7
	-6 - 40
	30

	Tetramer

	Gel filtration chromatography
	Psychrophilic

	(Zanphorlin et al., 2016)
(Vishnivetskaya et al., 2007)
(Yoo et al., 2019)

	Bacteria
	β-glucosidase
	Sphingopyxis alaskensis
	≈ 37
	50
	Tetramer
	Gel filtration chromatography
	
	(Shin and Oh, 2014)
(Yabuuchi and Kosako, 2015)

	Bacteria
	β-glycosidase (Aaβ-gly)
	Alicyclobacillus acidocaldarius
	60 - 65
	85
	Octamer
	Gel filtration chromatography
	Thermophile
	(Lauro et al., 2006)
(Darland and Brock, 1971)

	Bacteria
	β -glucosidase (CglT) 
	Thermoanaerobacter
brockii
	65 - 70
	75
	Not reported
	
	Thermophile
	(Breves et al., 1997)
(Onyenwoke and Wiegel, 2015a)

	Bacteria
	β-Glycoside Hydrolases  (CfBgl1) 
	Cellulomonas fimi
	≈30
	40
	Not reported
	
	Mesophile
	(Gao and Wakarchuk, 2014)
(Stackebrandt and Schumann, 2015)
(Clarke et al., 1996)

	Bacteria
	β-glucosidase from (FiBgl1A)
	Fervidobacterium islandicum
	65
	90
	Not reported
	
	Extreme thermophile
	(Jabbour et al., 2012)
(Huber and Stetter, 2015b)
(Huber et al., 1990)

	Bacteria
	β -glucosidase (Bgl1) 
	Sphingomonas paucimobilis
	25 - 30
	50
	Not reported
	
	Mesophile
	(Marques et al., 2003)
(Yabuuchi and Kosako, 2015)
(Balkwill D.L., J.K. Fredrickson, 2006)

	Bacteria
	β-glucosidase (bglSp) 
	Sphingomonas
 sp. 2F2
	25 - 30
	37
	Not reported
	
	Mesophile
	(Wang et al., 2011)
(Yabuuchi and Kosako, 2015)
(Balkwill D.L., J.K. Fredrickson, 2006)

	Bacteria
	β-glucosidase (bglX) 
	Lactococcus sp. FSJ4
	28 - 30
	40
	Not reported
	
	Mesophile
	(Fang et al., 2014)
(Teuber, 2015)

	Bacteria
	β-glucosidase from (BglPm)
	Paenibacillus
mucilaginosus
KCTC 3870T
	28 - 40
	45
	Not reported
	
	
	(Cui et al., 2014)
(Fergus G. Priest, 2015)

	Bacteria
	β-glucosidase (AsBG1) 
	Alicyclobacillus 
sp. A4
	60
	55
	Not reported
	
	Thermophile
	(Cao et al., 2018)
(Bai et al., 2010)
(Gordon, 2017)

	Bacteria
	β-glucosidase (Te-BglA)
	Thermoanaerobacter ethanolicus 
JW200
	69
	80
	Not reported
	
	Extreme thermophile
	(Song et al., 2011)
(Onyenwoke and Wiegel, 2015a)
(Wiegel and Ljungdahl, 1981)

	Bacteria
	β-glucosidase (Bglp) 
	Anoxybacillus flavithermus subsp. yunnanensis E13T
	60
	60
	Not reported
	
	Thermophile
	(Liu et al., 2017)
(Pikuta, 2015)

	Bacteria
	β-Glucosidase (Bgl) 
	Bacillus circulans subsp. Alkalophilus
	30 - 37
	50 - 55
	Not reported
	
	Mesophile
	(Paavilainen et al., 1993)
(Logan and Vos, 2015)

	Bacteria
	β-glucosidase (Bhbgl) 
	Bacillus halodurans 
C-125
	15-55
	50
	Not reported
	
	Mesophile
	(Xu et al., 2011)
(Logan and Vos, 2015)
(Lee et al., 2005)

	Bacteria
	β-glucosidase (bgl) 
	Thermoanaerobacterium thermosaccharolyticum DSM 571
	55 - 62
	70
	Not reported
	
	Thermophile
	(Pei et al., 2012)
(Onyenwoke and Wiegel, 2015b)

	Bacteria
	β-glucosidase (BglC) 
	Thermobifida fusca
	35 - 53
	50
	Not reported
	
	Thermophile
	(Spiridonov and Wilson, 2001)
(Trujillo and Goodfellow, 2015)

	Bacteria
	β-1,4-glucosidase  (BglA) 
	Thermotoga petrophila RKU-1
	80
	80 - 90
	Not reported
	
	Hyperthermophile
	(Haq et al., 2012)
(Nesbø et al., 2015)

	Bacteria
	β-glucosidase (DT-Bgl) 
	Anoxybacillus 
sp. DT3-1
	55
	70
	Not reported
	
	Thermophile
	(Chan et al., 2016)
(Chai et al., 2012)

	Bacteria
	β-glucosidase (BGL) 
	Thermoanaerobacterium aotearoense P8G3#4
	60 - 63
	60
	Not reported
	
	Thermophile
	(Yang et al., 2015)
(Onyenwoke and Wiegel, 2015b)

	Bacteria
	β-glucosidase (Tt-bgl)
	Thermotoga thermarum 
DSM 5069T
	70
	90
	Not reported
	
	Hyperthermophile
	(Zhao et al., 2013a)
(Windberger et al., 1989)

	Bacteria
	β-glucosidase (BglA) 
	Exiguobacterium sp. DAU5
	27 - 30
	45
	Not reported
	
	
	(Chang et al., 2011)
(Chang et al., 2013)

	Bacteria
	β-glucosidase (bglH)
	Bacillus licheniformis
	49
	50
	Not reported
	
	Mesophile
	(Zahoor et al., 2011)
(Lavermicocca et al., 2016)

	Bacteria
	β-Glucosidase (SC1059)
	Streptomyces Coelicolor A3 (2)
	25 - 35
	35
	Not reported
	
	Mesophile
	(Gu et al., 2013)
(Kämpfer, 2015)
(Ge et al., 2010)

	Bacteria
	β-glucosidase (SC7558) 
	Streptomyces Coelicolor A3 (2)
	25 - 35
	35
	Not reported
	
	Mesophile
	(Gu et al., 2013)
(Kämpfer, 2015)
(Ge et al., 2010)

	Bacteria
	6-phospho-β-glucosidase (Asb) 
	Pectobacterium carotovorum subsp. carotovorum LY34
	27 - 30
	40
	Not reported
	
	
	(An et al., 2005)
(Hauben et al., 2015)

	Bacteria
	β-glucosidase (CasB) 
	Pectobacterium carotovorum subsp. carotovorum LY34
	27 - 30
	40
	Not reported
	
	
	(Kim et al., 2013)
(Hauben et al., 2015)

	Bacteria
	β-glucosidase (BglY) 
	Pectobacterium carotovorum subsp. carotovorum LY34
	27 - 30
	40
	Not reported
	
	
	(An et al., 2012)
(Hauben et al., 2015)

	Bacteria
	β-glucosidase (celG) 
	Pectobacterium carotovorum subsp. carotovorum LY34
	27 - 30
	40
	Not reported
	
	
	(Hong et al., 2007)
(Hauben et al., 2015)

	Bacteria
	6-phospho-β-glucosidase (Ascb) 
	Pectobacterium carotovorum subsp. carotovorum LY34
	27 - 30
	40
	Not reported
	
	
	(An et al., 2005)
(Hauben et al., 2015)

	Bacteria
	β-glucosidase (AcBg)
	Acidothermus cellulolyticus 11B
	55
	70
	Not reported
	
	Thermophile
	(Li et al., 2018)
(Barabote et al., 2009)


	Bacteria
	β-glucosidase (H0HC94)
	Agrobacterium tumefaciens 5A
	25 -28
	52

	Not reported
	
	Mesophile
	(Goswami et al., 2016)
(Goswami et al., 2017)
(Young et al., 2015)

	Bacteria
	β-glucosidase (BglZ)
	Bacillus amyloliquefaciens ABBD
	30 - 40
	25
	Not reported
	
	Mesophile
	(Kurniasih et al., 2014)
(Priest et al., 1987)
(Logan and Vos, 2015)

	Bacteria
	β-glucosidases  (BglC)
	Bacillus sp. SJ-10
	30 - 40
	40
	Not reported
	
	Mesophile
	(Lee et al., 2015)
(Jang et al., 2018)
(Logan and Vos, 2015)

	Bacteria
	β-glucosidase (BglB)
	Bacillus subtilis RA10
	28 - 30

	50
	Not reported
	
	Mesophile

	(Tiwari et al., 2017)
(Logan and Vos, 2015)

	Bacteria
	β-glucosidase (CbBgl1A)
	Caldicellulosiruptor bescii
	72 - 75
	85
	Not reported

	
	Extreme thermophilic
	(Bai et al., 2013)
(Yang et al., 2010)

	Bacteria
	β-galactosidase (GkGal1A)
	Geobacillus kaustophilus HTA426
	60
	70
	Not reported
	
	Thermophile
	(Shanshan et al., 2014)
(Takami et al., 2004)


	Bacteria
	6-phospho-β-galactosidase (LacG)
	Lactobacillus casei strain BL23
	30 - 40
	41
	Not reported
	
	Mesophile
	(Bidart et al., 2018)
(Hammes and Hertel, 2015)

	Bacteria
	Phospho-β-galactosidase (LacG1)
	Lactobacillus gasseri
	30 - 40
	40
	Not reported
	
	Mesophile
	(Honda et al., 2012)
(Hammes and Hertel, 2015)

	Bacteria
	Phospho-β-galactosidase (rLacG2)
	Lactobacillus gasseri
	30 - 40
	50
	Not reported
	
	Mesophile
	(Honda et al., 2012)
(Hammes and Hertel, 2015)

	Bacteria
	Phospho-β-glucosidase (CelD)
	Oenococcus oeni

	22
	40
	Not reported
	
	
	(Capaldo et al., 2011)
(Dicks and Holzapfel, 2015)

	Bacteria
	β-glucosidase (bglsG)
	Streptomyces griseus subsp. griseus
	25 - 35
	69
	Not reported
	
	Mesophile
	(Kumar et al., 2017)
(Kämpfer et al., 2014)
(Lacey, 1978)

	Eukaryota
	Β-glucosidase (hCBG) 
	Homo sapiens
	37
	50
	Monomer
	Native PAGE and gel filtration chromatography
	Mesophile
	(Daniels et al., 1981)
(Berrin et al., 2002)
(Victor E. Del Bene., 1990)
(De Farias and Bonato, 2002)

	Eukaryota
	β-glucosidase (MbmgBG1) 
	Macrotermes barneyi
	20 - 28
	50
	Monomer
	Native PAGE and zymogram
	
	(Wu et al., 2012)
(Wang Z. Y. et al., 2009)

	Eukaryota
	Β-glucosidase (bgl4) 
	Humicola grisea var. thermoidea IF09854
	38 - 46
	55
	Monomer
	Gel filtration chromatography
	Thermophile
	(Takashima et al., 1996)
(Takashima et al., 1999)
(Madan and Thind, 1998)

	Eukaryota
	β-glucosidase from (rThBgl)
	Trichoderma harzianum
	28 - 32
	40
	Monomer
	Gel filtration chromatography
	Mesophile
	(Santos et al., 2016)
(Radhakrishna et al., 1988)

	Eukaryota
	β-glucosidase
	Aspergillus oryzae
	30
	50
	Monomer
	Gel filtration chromatography
	
	(Riou et al., 1998)
(Sakurai et al. 2014)

	Eukaryota
	β-glucosidase (OsTAGG1)
	Oryza sativa Japonica Group
	25 - 30
	50
	Monomer
	Gel filtration chromatography
	
	(Wakuta et al. 2010)
(Fageria et al., 2011)

	Eukaryota
	β-glucosidase (Os3BGlu6)
	Rice (Oryza sativa)
	25 - 30
	40 – 55
	Monomer
	Crystal structure 
	Mesophile
	(Seshadri et al., 2009)
(Fageria et al., 2011)
(Banerjee et al., 2019)

	Eukaryota
	β-glucosidase (BGQ60) 
	Seeds of barley (Hordeum vulgare L.)
	18
	60
	Monomer
	Gel filtration chromatography
	
	(Leah et al., 1995)
(Fageria et al., 2011)

	Eukaryota
	β-glucosidase (Os3bglu7)
	Oryza sativa Japonica Group
	25 - 30
	30
	Monomer
	Gel filtration chromatography
	
	(Opassiri et al., 2013) (Kuntothom et al. 2009)
(Fageria et al., 2011)

	Eukaryota
	β-glucosidase
	Aspergillus niger
	30 - 35
	50
	Dimer
	Gel filtration chromatography
	
	(Watanabe et al., 1992)
(Alborch et al. 2011)

	Eukaryota
	β-thioglucoside hydrolase (TGG1) 
	Arabidopsis thaliana
	23 - 25
	50
	Dimer
	Gel filtration chromatography
	Mesophile
	(Zhou et al., 2012)
(Rivero-Lepinckas et al., 2006)
(Banerjee et al., 2019)

	Eukaryota
	β-thioglucoside hydrolase (TGG2) 
	Arabidopsis thaliana
	23 - 25
	50
	Dimer
	Gel filtration chromatography
	Mesophile
	(Zhou et al., 2012)
(Rivero-Lepinckas et al., 2006)
(Banerjee et al., 2019)

	Eukaryota
	β-galactosidase-like enzyme (BglA) 
	Sporobolomyces singularis
	25
	45
	Dimer
	Gel filtration chromatography
	
	(Ishikawa et al., 2005)
(Hamamoto et al., 2011)

	Eukaryota
	 β-glucosidase (Glu1)
	Maize (Zea mays L.)
	21 - 27
	50
	Dimer
	Cation exchange chromatography, crystallographic data and gel filtration chromatography
	
	 (Esen, 1992)(Chang et al., 2013)(Czjzek et al., 2001)(Greaves, 1996)


	Eukaryota
	β-glucosidase
	Candida wickerhamii
	30
	35
	Dimer
	Gel filtration chromatography
	
	(Skory and Freer, 1994) (Freer, 1985)
(Kilian et al., 1983)

	Eukaryota
	Isoflavone conjugate-specific β-glucosidase (GmICHG)
	Glycine max
	20 - 30
	30
	Dimer
	Gel filtration chromatography
	
	(Hsieh and Graham, 2001)
(Hofstra, 1972) (Hesketh et al. 1973)

	Eukaryota
	β-galactosidase/β-glucosidase
	Hamamotoa singularis ATCC 24193
	25
	45
	Dimer
	Gel filtration chromatography
	
	(Ishikawa et al. 2005)
(Rodrigues de Miranda, 1984)

	Eukaryota
	β-glucosidase
	Malus domestica
	21 - 26
	70
	Dimer
	Gel filtration chromatography
	
	(Yu et al. 2007)
(Calderon-Zavala et al. 2004)

	Eukaryota
	β-glucosidase (ICHG) 
	Cyamopsis tetragonoloba (guar)
	25 - 35
	37
	Trimer
	Gel filtration chromatography
	
	(Asati and Sharma, 2019)
(Gresta et al., 2018)

	Eukaryota
	β -glucosidase gene (bgl2) 
	Trichoderma reesei
	25 - 30
	40
	Tetramer
	Gel filtration chromatography
	Mesophile
	(Takashima et al., 1996)
(Takashima et al., 1999)
(Singh et al., 2014)
(Adav et al., 2012)

	Eukaryota
	Isoflavonoid 7-O-β-apiosyl-β-glucose β-glycosidase
	Dalbergia nigrescens KURZ
	30.5
	65
	Tetramer
	Gel filtration chromatography
	
	(Chuankhayan et al., 2005)
(Ferraz-Grande and Takaki, 2001)

	Eukaryota
	β-1,4-glucosidase (BGL) 
	Fusarium oxysporum
	25
	60
	Pentamer
	Gel filtration chromatography
	Mesophile
	(Zhao et al., 2013b)
(Hibar et al., 2006)
(Liu et al., 2006)

	Eukaryota
	β-glucosidase
	Secale cereale
	20
	25-30
	Hexamer
	Gel filtration chromatography
	
	(Sue et al. 2000) (Sue et al. 2006)
(White et al. 1991)

	Eukaryota
	β-glucosidase 
(NfBGL595)
	Neosartorya fischeri NRRL181
	26 - 45
	40
	Octamer
	Gel filtration chromatography
	Thermophile
	(Ramachandran et al., 2012)
(Nielsen et al., 1988)
(Järv et al., 2004)

	Eukaryota
	β-glucosidase
	Aspergillus fischeri
	37
	40
	Octamer
	Gel filtration chromatography
	
	(Ramachandran et al. 2012)
(Lamoth, 2016)

	Eukaryota
	Strictosidine β-glucosidase
	Catharanthus roseus
	20 - 27
	30
	Multimeric
	Native PAGE
	
	(Geerlings et al., 2000) (Hemscheidt and Zenk, 1980)
(Pandey, 2017)

	Eukaryota
	Myrosinase (TGG4)
	Arabidopsis thaliana

	23 - 25
	70
	Not reported
	
	Mesophile
	(Andersson et al., 2009)
(Rivero-Lepinckas et al., 2006)
(Banerjee et al., 2019)

	Eukaryota
	Myrosinase (TGG5)
	Arabidopsis thaliana

	23 - 25
	60
	Not reported
	
	Mesophile
	(Andersson et al., 2009)
(Rivero-Lepinckas et al., 2006)
(Banerjee et al., 2019)

	Eukaryota
	 β-glucosidase  (Cel1B)
	Trichoderma reesei
	25 - 30
	40
	Not reported

	
	Mesophile
	(Guo et al., 2016)
(Singh et al., 2014)
(Adav et al., 2012)

	Eukaryota
	β -glucosidase (CgBG1) 
	Coptotermes gestroi
	33.6 - 38.6
	56
	Not reported
	
	
	(Franco Cairo et al., 2013)
(Cao and Su, 2016)

	Eukaryota
	β-glucosidase
	Bombyx mori
	23 - 28
	35
	Not reported
	
	
	(Byeon et al., 2005)
(Rahmathulla, 2012)

	Eukaryota
	β-primeverosidase
	Camellia sinensis
	20
	45
	Not reported
	
	
	(Ijima et al., 1998)
(Lu et al., 2019)

	Eukaryota
	Ipecoside β-glucosidase
	Carapichea ipecacuanha
	23 - 25
	55 - 60
	Not reported
	
	
	(Nomura et al., 2008)
(Trujillo et al. 2017)

	Eukaryota
	Myrosinase (TGG1)
	Carica papaya
	22 - 26
	40
	Not reported
	
	
	(Nong et al. 2010)
(Allan and Jager, 1978)

	Eukaryota
	Myrosinase (TGG2)
	Carica papaya
	22 - 26
	40
	Not reported
	
	
	(Wang et al., 2009)
(Allan and Jager, 1978)

	Eukaryota
	β-glucosidase
	Coptotermes formosanus
	30.2 - 35.7
	42 - 54
	Not reported
	
	
	(Zhang et al. 2010)
(Cao and Su, 2016)

	Eukaryota
	Acyl-glucose-dependent anthocyanin β-glucosyltransferase (DgAA7BG-GT1)
	Delphinium grandiflorum
	15 - 25
	35
	Not reported
	
	
	(Nishizaki et al. 2013)
(Sasaki et al.)

	Eukaryota
	Acyl-glucose-dependent anthocyanin β-glucosyltransferase (DgAA7BG-GT2)
	Delphinium grandiflorum
	15 - 25
	35
	Not reported
	
	
	(Nishizaki et al. 2013)
(Sasaki et al. 2007)

	Eukaryota
	Acyl-glucose–dependent anthocyanin 5(7)-O-glucosyltransferase  (Dg AA7GT) 
	Delphinium grandiflorum
	15 - 25
	40
	Not reported
	
	
	(Matsuba et al., 2010)
(Sasaki et al.,2007)

	Eukaryota
	Rutinase
	Fagopyrum tataricum
	30
	50
	Not reported
	
	
	(Jia et al., 2019)
(Xoxiong et al. 2011)

	Eukaryota
	β-mannosidase / β-glucosidase (HvBII)
	Hordeum vulgare subsp. vulgare
	18
	30
	Not reported
	
	
	(Kuntothom et al. 2009)
(Fageria et al., 2011)

	Eukaryota
	β-glucosidase (Os3bglu8)
	Oryza sativa Japonica Group
	25 - 30
	30
	Not reported
	
	
	(Kuntothom et al. 2009)
(Fageria et al., 2011)

	Eukaryota
	β-glucosidase (Os7bglu26)
	Oryza sativa Japonica Group
	25 - 30
	40
	Not reported
	
	
	(Kuntothom et al. 2009)
(Fageria et al., 2011)

	Eukaryota
	β-glucosidase
	Phialophora sp. G5 / CGMCC 3328
	27 - 30
	50
	Not reported
	
	
	(Li et al. 2013)
(Li et al. 2017)

	Eukaryota
	Myrosinase
	Raphanus sativus
	23
	37
	Not reported
	
	
	(Jwanny et al. 1995)
(Nieuwhof, 1976)

	Eukaryota
	β-glucosidase (Llbglu1) 
	Leucaena leucocephala (subabul)
	25 - 30
	45
	Not reported
	
	
	(Shaik et al., 2013)
(Shelton and Brewbaker, 1994)

	Eukaryota
	Acyl-glucose–dependent anthocyanin 5(7)-O-glucosyltransferase  (Dc AA5GT) 
	Dianthus caryophyllus
	10 -15
	35 – 40
	Not reported
	
	
	(Matsuba et al., 2010)
(Wan et al., 2015)

	Eukaryota
	β -mannosidase 
	Lycopersicon esculentum Mill
	18 - 28
	40
	Not reported
	
	
	(Mo and Bewley, 2002)
(Saeed et al., 2007)
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Table S3. Catalytic parameters for modern and ancestral glycosidases determined from the fits of the Michaelis-Menten equation to the rate versus substrate concentration profiles of Figure 5. The errors are standard deviations derived from the fits. All values correspond to 25 ºC and pH 7 (HEPES buffer 50 mM).

	
	4-nitrophenyl β-D-
glucopyranoside
	4-nitrophenyl β-D-galactopyranoside

	
	kcat (s-1)
	KM (mM)
	kcat/KM 
(s-1 mM-1)
	kcat (s-1)
	KM (mM)
	kcat/KM 
(s-1 mM-1)

	Ancestral
	0.101 ± 0.005
	2.7 ± 0.3
	0.038 ± 0.003
	0.07 ± 0.01
	11.4 ± 3
	0.0062 ±0.0006

	Ancestral with bound heme
	0.339 ± 0.001
	9.11 ± 0.06
	0.037 ± 0.001
	0.210 ±0.008
	15.1 ± 0.8
	0.0139 ± 0.0003

	Halothermothrix orenii
	13.0 ± 0.5
	0.37 ± 0.08
	35 ± 6
	52 ± 5
	11 ± 2
	4.9 ± 0.3

	Thermotoga maritima
	18.1 ± 0.5
	0.27 ± 0.03
	68 ± 8
	28.6 ± 0.5
	5.7 ± 0.2
	5.0 ± 0.1

	Marinomonas sp. (strain MWYL1) 
	21.9 ± 0.5
	0.19 ± 0.02
	114 ± 12
	31 ± 7
	14 ± 5
	2.1 ± 0.3

	Saccharophagus degradans (strain 2-40T)
	27.6 ± 0.8
	0.41 ± 0.06
	66 ± 8
	12 ± 1
	28 ± 4
	0.43 ± 0.01





Table S4. Amino acid residues at critical active site positions in modern and ancestral glycosidases. The catalytic carboxylic acids, as well as the positions involved in the binding of the glycone and aglycone moieties of the substrate (Marana et al., 2016) are shown. Residues at those positions in the ancestral glycosidase and the modern glycosidase from Halothermothrix orenii are given. The last column provides the residue statistics for the set of modern glycosidases used as starting point for ancestral sequence reconstruction. Glycosidases are known to be somewhat specific for the glycone moiety of the substrate and much less specific for the aglycone moiety, which is reflected in a lower residue conservation at the protein residues involved in aglycone binding. See Figure S6 for a graphical illustration.



	
	

Ancestral glycosidase
	Modern glycosidase from Halothermothrix orenii
	Sequence statistics in the set of modern glycosidases used as a starting point for ancestral sequence reconstruction. The residue present in the ancestral protein is highlighted in bold

	
Catalytic residues
	E171
	E166
	E 98%  Q 0.7%  R 0.7%  S 0.7%

	
	E358
	E354
	E 100%

	
Residues involved in binding the glycone part of the substrate
	Q25
	Q20
	Q 98.7%  H 0.7%  P 0.7%

	
	H126
	H121
	H 97.3%  W 1.3%  D 0.7%  N 0.7%

	
	N170
	N165
	N 99.3%  C 0.7%

	
	W404
	W401
	W 98.7%  M 0.7%  R 0.7%

	
	E411
	E408
	E 84.7%  S 14.7%  R 0.7%

	
	W412
	W409
	W 86.7%  A 5.3%  F 2.7%  L 1.3%  T 1.3%  I 0.7%  M 0.7%  S 0.7%  V 0.7%

	








Residues involved in binding the aglycone part of the substrate
	W40
	W35
	W 85.3%  S 2.7%  V 2.7%  A 2.0%  I 2.0%  F 1.3%  L 1.3%  M 1.3%  C 0.7%  T 0.7%

	
	F43
	F38
	F 36%  W 36%  Y 6.7%  L 5.3%  A 4.7%  M 2.7%  E 1.3%  G 1.3%  K 1.3%  Q 1.3%  V 1.3%  I 0.7%  S 0.7%  T 0.7%

	
	W127
	W122
	W 50.7%  F 39.3%  Y 7.3%  G 0.7%  H 0.7%  L 0.7%  S 0.7%

	
	F175
	V170
	Y 21.3%  V 18.0%  F 17.3%  S 12.0%  P 6.0%  I 4.7%  A 4.0%  M 3.3%  L 2.7%  Q 2.7%  T 2.7%  Q 2.7%  T 2.7%  W 2.7%  N 2%  C 0.7%

	
	L178
	E173
	L 30.7%  M 10.0%  G 8.0%  N 8.0%  A 6.7%  Q 6.7%  H 4.7%  F 4.0%  E 3.3%  C 2.7%  K 2.7%  S 2.7%  Y 2.0%  D 1.3%  P 1.3%  R 1.3%  T 1.3%  V 1.3%  W 0.7%

	
	H185
	H180
	H 26.7%  W 21.3%  F 20.7%  L 5.3%  Y 4.0%  K 3.3%  M 2.7%  S 2.7%  G 2.0%  I 2.0%  Q 2.0%  R 2.0%  A 1.3%  D 1.3%  V 1.3%  E 0.7%  N 0.7%

	
	N227
	N222
	N 48.7%  A 16.0%  H 8.0%  S 6.0%  D 4.7%  L 3.3%  I 2.0%  Q 2.0%  T 2.0%  V 2.0%  F 1.3%  Y 1.3%  C 0.7%  E 0.7%  G 0.7%  R 0.7%

	
	W332
	W327
	W 86%  Y 6.7%  E 1.3%  L 1.3%  F 0.7%  G 0.7%  H 0.7%  I 0.7%  R 0.7%  S 0.7%  V 0.7%

	
	A413
	A410
	A 40.7%  S 8.0%  E 6.7%  L 6.7%  T 6.7%  D 5.3%  G 5.3%  H 4.0%  I 3.3%  N 3.3%  R 2.0%  V 2.0%  F 1.3%  P 1.3%  Q 1.3%  C 0.7%  K 0.7%  M 0.7%

	
	F420
	F417
	F 80.0%  Y 18.0%  L 1.3%  R 0.7%











Table S5. Atomic surface area values for heme bound to the ancestral glycosidase and the bound heme upon mutating to alanine in silico residues that block its access to the active sate (Pro172, Asn173, Ile224, Leu226, Asn227 and Pro 272). As reference, the values for free heme are given in the last column.

	
Atom
	
Ancestral
	Ancestral with mutations to alanine
	
Free heme

	NB
	0
	4.9
	4.9

	ND
	0
	1.9
	4.8

	C1
	0
	4.2
	6.6

	C1
	0
	3.7
	6.3

	C1
	0
	3.8
	6.5

	C1
	0
	3.2
	6.7

	C2
	0
	2.8
	3

	C2
	0.1
	2.6
	5.5

	C2
	0
	2.6
	6

	C2
	0
	1.7
	4.7

	C3
	0
	2.7
	4.8

	C3
	0
	0
	4.5

	C3
	0
	2.6
	5.5

	C3
	0
	0.2
	3.2

	C4
	0
	3.3
	6.5

	C4
	0
	2.9
	6.4

	C4
	0
	5.9
	6.6

	C4
	0
	2.5
	6

	CA
	0
	20.6
	20.6

	CA
	0
	2.6
	24.5

	CA
	5.6
	12.8
	25.2

	CA
	0.1
	0.1
	16.8

	CB
	0.1
	4.8
	20.4

	CB
	0.2
	0.2
	58.6

	CB
	10.7
	20.9
	58.5

	CB
	0
	17
	20.6

	CG
	0
	2.1
	7.8

	CG
	0
	5.5
	8.2

	CH
	0
	3.9
	8.4

	CH
	0
	11.3
	15.1

	CH
	0
	5.7
	12

	CH
	0.4
	6.2
	13.6

	CM
	0
	37.3
	54.6

	CM
	0
	2.6
	54

	CM
	0
	4
	52.4

	CM
	2.5
	3.1
	52.8

	NA
	0
	4.2
	5.1

	NC
	0
	4.4
	5.7

	O1
	10.8
	39.9
	52.1

	O1
	4.8
	21
	43.8

	O2
	4.6
	15.7
	37.3

	O2
	3.1
	16.9
	50

	FE
	0
	5.2
	5.2











Table S6. Data collection and refinement statistics (values in parentheses are for highest-resolution shell).

	Protein
	ancestral
	ancestral-heme

	PDB ID
	6Z1H
	6Z1M

	Space group
	P 21
	P 21

	Unit cell
	a, b, c (Å)
	 ()
	
52.26 80.67 97.81
100.06
	
58.93 89.49 141.12
94.211

	ASU
	2
	3

	Resolution (Å) *
	43.38 - 2.5 (2.59 - 2.5)
	52.87 - 2.45 (2.54 - 2.45)

	Rmerge (%)*
	8.90 (105.30)
	80.96 (80.85)

	I/I *
	10.9 (1.7)
	10.15 (1.44)

	Completeness (%)*
	99.92 (99.93)
	99.02 (99.57)

	Unique reflections*
	27829 (2775)
	53447 (5335)

	Multiplicity
	7.4 (7.5)
	3.2 (3.2)

	Wilson B-factor
	59.93
	50.34

	CC(1/2) *
	0.999 (0.707)
	0.997 (0.718)

	Refinement
	
	

	Rwork/Rfree (%)
	19.59 / 24.10
	17.55 / 22.09

	No. atoms
	6601
	11026

		Protein
	6546
	10676

		Ligands
	21
	194

		Solvent
	34
	156

	B-factor (Å2)
	76.63
	62.81

	R.m.s deviations
	
	

		Bond lengths (Å)
	0.003
	0.005

		Bond angles (0)
	0.65
	0.73

	Ramachandran (%)
	
	

		Favored
	96.09
	96.14

		Outliers
	0.13
	0


*Statistics for the highest-resolution shell are shown in parentheses.
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Figure S1. Bayesian analysis of family 1 glycosidases (GH1) protein sequences with sequence annotations. The annotation includes the accession number, the taxonomical information (domain name, phylum name and species name) and the sequence length. Three black dots indicate three ASR nodes (N72, N73 and N125). Scale bar represents 0.5 amino acid replacements per site per unit evolutionary time. Abbreviations: Ac = Actinobacteria; aP = -Proteobacteria; Arc = Archaea; Arpl = Archaeplastida; Asg = Asgard group; Bac = Bacteria; Bc = Bacteroidetes; bP = -Proteobacteria; Chl = Chlamydiae; Cld = Calditrichaeota (Caldithrix); Clf = Cloroflexi; CPR = Candidate Phyla Radiation; Cy = Cyanobacteria; Euk = Eukaryotes; Ex = Excavates; Fg = Fungi; Fm = Firmicutes; Frs = Fraserbacteria; Dg = Dictyoglomi; dP = -Proteobacteria; Dp = Dependentiae (TM6); DPN = DPANN group; DT = Deinococcus-Thermus; Ery = Euryarchaeota; Fs = Fusobacteria; gP = -Proteobacteria; Hc = Hacrobia; Mc = Microgenomates; Met = Metazoa; Mn = Marinimicrobia; Nsr = Nitrospirae; Pc = Parcubacteria; Pl = Planctomycetes; V = Verrucomicrobia; SAR = SAR group; Sp = Spirochaetes; Tg = Thermotogae; TK = TACK group; Tn = Tenericutes.
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Figure S2. Estimation of the location of thermolysin cleavage sites from mass spectrometry and peptide-mapping fingerprinting. Potential thermolysin restriction sites are shown by vertical purple lines. Four thermolysin fragments were studied (a, b, c, and d: see left for color code). Fragment masses were determined by MALDI and their sequences were investigated using peptide mapping finger-printing and MALDI-TOF/TOF. Sequences for several sub-fragments (shown) could be thus determined and the length of the original fragments could be assessed. Fragments a and b extend approximately from the amino terminus to the dark and light blue arrows in the upper panel. Fragments c and d extend approximately from the dark and light green arrows in the lower panel to the carboxyl terminus. Comparison with the restriction sites allows a determination of the plausible thermolysin cleavage sites, as shown in Figure 2C of the main text. 
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Figure S3. Assessment of association state of modern and ancestral glycosidases through gel filtration chromatography (HiLoad 16/600 Superdex 200 pg GE Healthcare). The molecular mass (MW) was estimated by the calibration curve of elution volume vs. log (MW). The protein markers used were: bovine serum albumin (monomer: 66 kDa, dimer: 132 kDa), deoxyribonuclease I from bovine pancreas (30.1 kDa) and lysozyme (14.3 kDa). The ancestral glycosidase and the modern glycosidases from Saccarophagus degradans and Halothermothrix orenii are monomers. The modern glycosidases from Thermotoga maritima is a dimer and the modern glycosidase from Marinomonas sp. MWTL1 is a trimer.
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Figure S4. Determination of the optimum temperature for the modern glycosidase from Halothermothrix orenii using two different substrates 4-nitrophenyl--D-glucopyranoside (red) and 4-nitrophenyl--D-galactopyranoside (blue). The lower panel shows a differential scanning calorimetry profile for the enzyme under the same buffer conditions. Clearly, the activity drop observed at high temperature (upper panel) corresponds to the denaturation of the protein, as seen in the lower panel.
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Figure S5. Michaelis plots for ancestral and modern glycosidases. Data is provided for glucopyranoside and galactopyranoside substrates. The continuous lines are the best fits of the Michaelis-Menten equation. The catalytic parameters derived from these fits are provided in Table S3 and Figure 4 of the main text. Note that y-axis range is the same in the plots for the ancestral protein without and with bound heme, to make visually clear that heme binding enhances catalysis by several-fold. Note also that the studied modern glycosidases bind the glucopyranoside substrate more tightly than the galactopyranoside substrates. This preference is commonly observed for family 1 glycosidases (Withers, 2012).
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Figure S6. Statistics of residue occupancy at critical active site positions in the set of modern glycosidases used as starting point for ancestral sequence reconstruction (see also Table S4). The graphics shown refer to the catalytic carboxylic acids (upper), the positions involved in the binding of the glycone moiety of the substrate (middle) and the positions involved in the binding of the aglycone moiety of the substrate (lower). The sequences of the ancestral glycosidase and the modern glycosidase from Halothermothrix orenii are also given. Glycosidases are known to be somewhat specific for the glycone moiety of the substrate and much less specific for the aglycone moiety, which is reflected in lower residue conservation at the protein residues involved in aglycone binding.
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Figure S7. (A) Structure of the ancestral glycosidase showing the bound heme group into the well-defined |2Fo-Fc| electron density map contoured at 1 . The four amino acids involved in hydrogen bonds (See Figure 6A) are shown as sticks. B) Blow-up showing all residue participating in binding the heme group . 
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Figure S8. Atom numbering of the atoms considered in the bonded model between the Fe and the heme and Tyr264.
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Figure S9. The root mean square deviations (RMSD, Å) of all backbone atoms of the (A) ancestral glycosidase without heme bound, (B) ancestral glycosidase with heme bound and (C) modern glycosidase from Halothermothrix orenii over ten individual 500 ns MD simulations per system (i.e. 5 s cumulative simulation time per system). The average RMSD per system is denoted by solid blue lines, and the standard deviations per point over all trajectories are illustrated by the shaded area on each plot.
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