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Table S1. Oligonucleotides used in this study

Primer 5'-3'sequence Use
7His.bga F cggcccaacggttgattgcatatgcaccaccaccaccacca | Inserting bga gene and 6His
ccacATGCGTCTCGGAGTCTGTTAC
7His.bga R ggtcgactctagaactagtggatcCTACGTCTGAG
CGATTCTC
CCACCACCATATGATGATG
pTA693.F GTTCGAACCGCCCTTTCC Sequencing of bga gene
pTAG693.R ATGACCATGATTACGCCAAG
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Table 2: Biochemical properties of crystalized B-galactosidases from GH42 family.

PDB ID Organism Type Temperature range, | pH range, Salt range,
optima (°C) optima optima (M)

Uhla_bga | Halorubrum Polyextremo | 4-70, 50 6.0-8.0,6.5 | 0.5-45,4

(current lacusprofundi philes

work)

2I1TKWG | Thermus Thermophile | 40-90, 70 5.0-9.0,6.5 -
thermophilus A4

“SI5E9A | Rahnella sp. R3 Psychrophile | 4-45, 35 5.5-8.0, 6.5 -

el4Uzs Bifidobacterium Mesophile 20-55, 40 4.0-8.0, 6.0 -
bifidum S17

M3TTS Bacillus circulans | Mesophile 10-70, 55 4.5-10, 6.5 -
sp. alkalophilus

BA40I1F Geobacillus Thermophile | 30-80, 60 4.5-10, 6.0 -
stearothermophilus

[10I4UNI Bifidobacterium Mesophile 30-70, 37 4.0-10, 6.5 -
animalis subsp.
lactis BI-04

5XB7 | Bifidobacterium Mesophile 37 6.5 -
species

126Y2K | Marinomonas efl Psychrophile | 55 6.0 0-2.4

Salt range optima of B-galactosidases other than hla_bga and 6'Y2K are not available.




76  Table S3. p-galactosidase sequence identity matrix using Clustal Omega (Family 42)
7

hla_bga | IKWG | 6Y2K | 4UNI | 4UZS | 3TTS | 40IF | 5E9A | 5XB7 | 5VYM
hla_bga 100 46 41 29 29 29 29 28 26 24
1IKWG 46 100 55 29 31 31 29 33 26 21
6Y2K 41 55 100 27 27 29 27 29 27 20
4UNI 29 29 27 100 62 33 30 30 24 30
4UZS 2 31 27 62 100 35 32 33 22 37
3TTS 29 31 29 33 35 100 40 46 24 27
401F 29 29 27 30 32 40 100 49 23 25
SE9A 28 33 29 30 33 46 49 100 24 28
5XB7 26 26 27 24 22 24 23 24 100 23
SVYM 24 21 20 30 37 27 25 28 23 100

78  Halorubrum lacusprofundi, hla_bga; Bacillus circulans sp. Alkalophilus, 3TTS; Bifidobacterium animalis
79  subsp. lactis BI-04, 4UNI; Bifidobacterium bifidum S17, 4UZS; Bifidobacterium adolescentis, 5VYM,;
80 Bifidobacterium species, 5XB7; Marinomonas efl, 6Y2K; Rahnella sp. R3, 5E9A; Thermus thermophilus
81 A4, 1IKWG; Geobacillus stearothermophilus, 40IF.

82
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Table S4. Structural homologs (DALI) of B-galactosidase from Halorubrum lacusprofundi

# PDB ID | Organism Type Z-score Rmsd (A% | Identity (%0)

1 1KWK-A | Thermus thermophilus A4 Thermophile 47.1 15 46

2 1KWG-A | Thermus thermophilus A4 Thermophile 46.4 1.6 46

3 6Y2K-A | Marinomonas EF1 Thermophile 46.4 15 41

4 5E9A-A | Rahnella sp. R3 Psychrophile 41.3 1.8 28

5 4UCF-A | Bifidobacterium bifidum S17 | Mesophile 40.6 2.2 29

6 4UZS-A | Bifidobacterium bifidum S17 | Mesophile 40.3 2.3 29

7 3TTS-D | Bacillus circulans sp. Mesophile 40.0 19 29
alkalophilus

8 3TTY-E | Bacillus circulans sp. Mesophile 39.9 1.9 29
alkalophilus

9 40IF-B Geobacillus Thermophile 39.1 2.0 29
stearothermophilus

10 | 4UOz-C | Bifidobacterium animalis Mesophile 38.6 2.2 29

subsp. lactis BI-04




101

Table S5. Trends for halo-, psychro-, and thermoadaption compared to mesophilic proteins

102
hla_bga Halophilic! Psychrophile? | Thermophilic®
pl decreased decreased Decreased slightly
decreased
Grand average hydrophobicity increased increased Increased increased
Aliphatic amino acids (%) decreased slightly slightly increased
increased decreased
| Positively charged amino acids, R, K slightly slightly Decreased increased
L and H (%) increased increased
f_cﬁ Negatively charged amino acids, D increased increased Decreased increased
g and E (%)
©| Small amino acids, G and A (%) increased increased Decreased decreased
2| Hydrophobic residues, F, I, L, V, M decreased slightly Increased increased
3l (%) decreased
9| Polar residues (%) decreased decreased Increased decreased
Non-polar residues (%) decreased decreased Decreased slightly
increased
Aspartic acids (%) decreased decreased Decreased increased
Glutamic acids (%) increased increased slightly increased
increased
Aromatic residues (%) increased decreased slightly increased
increased
Proline amino acids (%) increased decreased Decreased decreased
Arginine amino acids (%) increased increased slightly increased
increased
Positive residues among total number | decreased decreased slightly increased
of surface residues (%) increased
Negative residues among total increased increased Increased increased
‘| number of surface residues (%)
2! Polar residues among total number of | decreased decreased Increased decreased
S| surface residues (%)
®| Non-polar residues among total decreased decreased Decreased decreased
S| number of surface residues (%)
g Aromatic residues among total decreased decreased slightly increased
2| number of surface residues (%) increased
| Amino acids that form helices (%) decreased increased increased increased
Amino acids that form strands (%) decreased decreased decreased increased
Amino acids with bulky hydrophobic | decreased decreased increased increased
side chains (F, I, L) in the protein
surface (%)
Hydrogen bonds (intra and inter) increased decreased increased decreased
Salt bridges increased decreased decreased decreased
103  The thermophilic, psychrophilic, halophilic and mesophilic enzymes of varying length were used for the
104  analysis which was reflected in the lower hydrogen bonds and salt bridges compared to hla_bga
105  [13][14][15].
106
107
108




109  Table S6. Differences in residue RMSF values (ARMSF) between 47 and 10 °C for eight functionally
110  relevant residues.

111
ARMSF (A) between 47 and 10 °C
Residue? | Hla_bga | Mesophile (3TTS) | Thermophile (LIKWG)
R102 0.216 0.232 0.127
N140 0.052 0.121 0.053
El41 0.074 0.091 0.037
Y266 0.059 0.276 0.047
E312 0.036 0.196 0.074
W320 0.261 0.556° 0.436
E360 0.396 0.367 0.187
H363 0.222 0.484 0.221
average 0.164 0.290 0.148

112 2 Numbering from hla_bga, ® Values above the threshold for significance (0.5 A) indicated by Dong et al.
113 2018 for a similar temperature rise (15 to 42 °C) are in bold.

114
115
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Figure S1. Shuttle vector for the expression of bga in Haloferax volcanii. The Ndel and BamHI
restriction sites were used to introduce the bga gene.

Control B-galactosidase transformants

Figure S2. X-gal hydrolysis. When the [3-galactosidase gene is in a gene fusion with the pTA693 vector
in Haloferax volcanii, X-gal is hydrolyzed indicating the bga protein is produced.
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MRL GVCYFPE HWPSEEWERD VAAMADAGLE
YVRMAEFSWG VLEPERGTFD FEWLDEA EL

| GODHGMQAVL CTPTATPPKW LVDERPS RQ
EDPDGTVREH GSRRHYCFNS DAYREETAR
VERVTERYAD SPHVAGWQTD NEFGCHETVR
CYCDDCADAF RTWLADRYGD | DRLNEAWGN
AFWSQQYGSF DH DPPGPTP AEHHPSRLLA
YARFSSDSVV EYNRLHADLI READPDWFVT
HNFMGRFPTL NAYDVSEDLD RVAWDSYPTG
FVODRYDGEA SPDQLRAGDP DQVGMDHDO Y
RSALDRPFW MEQQPGDVNW PPHCPQPGEG
AMRL WAHHAA AHGADAVLYF RWRRCLEGQE
QYHAGLRKAD GSPDRGYADA AHTSEEFATL
DGASHVDAPV AVVFDYDSL W ALNAQPHAPD
FDY WAL QEAF YGAVRGRGVQ VDVVPPSADL
SGYAAVVAPA LHLVTEDLAD RLTDY AGGG
EVLFGPRT GV KDAENKLRPM SQPGPLTDLV
GATVDQHESL PRRLETTVRR VGDPTDDSEE

Figure S3. (A) Coomassie (left) and (B) InVision His-tag In-gel stained (right) SDS-PAGE of purified p-
galactosidase. The dominant band of B-galactosidase is visible at ~100 kDa. The protein was purified by
IMAC at high salt concentrations (2 M NaCl) including 10 % (v/v) glycerol. (B) Tryptic digest and LC-
MS/MS analysis of B-galactosidase. Sequence coverage: 70 %, matched peptides shown in bold.
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Figure S4. MALDI-TOF analysis of purified -galactosidase: -galactosidase shows two major peaks
around 78.55 kDa (calculated size: 79147 including 7His) and 39.176 kDa (dimer).
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Figure S5. Measured melting temperatures at different salt concentrations
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Figure S6. Structural assessment of the hla_bga homology model produced by SwissModeller [16]. (A)
Local quality estimates are shown for each amino acid position of the monomer chain A. The overall global
score of the homology model is 0.73 £ 0.05, global score ranges between 0 to 1 method used was
QMEAND:Ssco [16]. (B) Local quality scores shown on the structure model, red color indicates poor score
and blue color indicates good score. Pictures were derived from the server. (C) Modelled hla_bga, the
modelled loop regions not visible in the electron density are shown in magenta color.
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Hla bga
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Hla bga
1KWG
40783
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4UNI
5XB7
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6Y2K

Hla bga
1KWG
4U7ZS
3TTS
4UNI
5XB7
401F
S5E9A
6Y2K

MRLGVCYFPEHWPSE--EWERDVAAMADAGLEYVRMAEFSWGVLEPERGT
M-LGVCYYPEHWPKE--RWKEDARRMREAGLSHVRIGEFAWALLEPEPGR
LWYGGDYNPDOQWPE--EVWDDDIRLMKKAGVNLVSVGIFSWAKIEPEEGK
IWYGGDYNPEQWDK--ATMEEDMRMEFNLAGIDVATVNVESWAKIQRDEVS
IWFGADYNPDOQWPE--DVQODEDIRLMKQAGVNIVSLATIFSWANIETSDGN
ILFGAAYYDEYIPRDLDRIDTDMEMMTRAGINVIRIGESTWSTCEPQPGH
ILHGGDYNPDQWLDRPDILQADLELMKLSHTNTFTVGVFAWSALEPEEGV
LLHGADYNPEQWLDHPDVLVRDVEMMKEARCNVMSVGIFSWSALEPEEGR
MKLGVCYYPEHWPKS--RWVEDAQHMRRIGIQYVRVGEFSWSTIEPTPGE

* * . * . . .k

FDFEWLDEAIELIGDHGMQAVLCTPTATPPKWLVDERPSIRQEDPDGTVR
LEWGWLDEAIATLAAEGLKVVLGTPTATPPKWLVDRYPEILPVDREGRRR
YDEFDWLDRAIDKLGKAGIAVDLASATASPPMWLTQAHPEVLWKDERGDTV
YDFTWLDDIIERLTKENIYLCLATSTGAHPAWMAKKYPDVLRVDYEGRKR
FEFDWLDRVIDKLYKAGIAVDLASATASPPMWLTSAHPEVLRRDEQGHVI
FDWTHIDRALDAATNAGINVIVGTPTYAVPTWLVAMYPDVLATTPAGEP-
YRFEWLDKVEDDIYRIGGRVILATPSGARPAWLSQKYPEVLRVNAARVRQ
YTEDWMDQVLNRLHENGISVFLATPSGARPAWMSQKYPQVLRVGRDRVPA
LHWEWLDESLDILHSQGLKVILGTPTATPPKWLVDRHPSMLAKDEAGRVR

.k . . * k. * .

EHGSRRHYCEFNSDAYREETARIVERVTERYADSPHVAGWQTDNEEFGCHET
REGGRRHYCEFSSPVYREEARRIVTLLAERYGGLEAVAGFQTDNEYGCHDT
WPGAREHWRPTSPVFREYALNLCRRMAEHYKGNPYVVAWHVSNEYGCHNR
KFGGRHNSCPNSPTYRKYAKILAGKLAERYKDHPQIVMWHVSNEYGGY - -
WPGARQOHWRPTSPTFRTYALRLCREMAEHYKDNPAIVSWHVGNEYGCHNY
HYGAROIMNIVNPAYRLYGERVIRSLISHVAQQPCVIGYQVDNETKYYDS
LHGGRHNHCEFTSSVYREKTQHINRLLAERYGDHPALLMWHVSNEY GGE - -
LHGGRHNHCMSSPVYREKVQLMNGQLAKRYAHHPAVIGWHISENEY GGE - -

GFGSRRHYTFASLEYREECRRMVTMMAERYGHHPAVASWQTDNEYGCHDT
* ok . . . . . ..

VRCYCDDCADAFRTWLADRY-G-DIDRLNEAWGNAFWSQQYGSFDEIDPP
VRCYCPRCQEAFRGWLEARY-G-TIEALNEAWGTAFWSQRYRSFAEVELP
-FDYSDDAMRAFQKWCKKRY-K-TIDAVNEAWGTAFWAQHMNDEFSEIIPP
-—-CYCDNCEKQFRVWLKERY-G-TLEALNKAWNTSFWSHTFYDWDEIVAP
-FDYSDDAVQAFREWCRDRY-G-TIDKVNAAWGTNFWSQRLNSFEEILPP
V---SHDMQVMFIKQLRHEFKN-DLEALNEAYGLDYWSNRINAWEDF--P
—-—-CHCNLCQEAFREWLKKKY-NHDLDALNAAWWTSEFWSHTYTDWSQIESP
—-—-CHCDTCQGQFRDWLKARY-V-TLDALNKAWWSTEFWSHTYTDWSQLESP
VLSYAEADLAAFRLWLAEKY-G-TVEALNKAWGNVFWSMDYRSFDEIELP

* . HEEE R Do *
GPTPAEH-—-———- HPSRLLAYARFSSDSVVEYNRLHADLIREADP-DWEV
HLTVAEP-——-——- NPSHLLDYYRFASDQVRAFNRLQVEILRAHAP-GKEFV

RYIGD-GN--F-MNPGKLLDYKRFSSDALKELYIAERDVLESITP-GLPL
NALSEEWSGNRTNFQGISLDYRRFQSDSLLECEFKMERDELKRWTP-DIPV
RYVGGEGN--F-TNPGRLLDFKHFCSDALKEFFCAERDVLSEVTP-NIPL

DLTGS-I------ NESLRARFDREFRRDQVAEYLAWQASIIREYMRDDQFT
SPIGEHT------ IHGLNLDWKREVTDQTISFFENEIVPLRELTP-HIPI
SPOGENG—-—-——-—-— VHGLNLDWRRENTDQVTRFCSEEIRPLKAENP-ALPA

NLTVTEA-—-—-—-—-— NPSHRLDFQRCCSDQVVAFNKLQVDILREHSA-GRDL

* . :
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Hla bga
1KWG
40275
3TTS
4UNI
5XB7
401IF
S5E9A
6Y2K

Hla bga
1KWG
4UZS
3TTS
4UNI
5XB7
401IF
S5E9A
6Y2K

Hla bga
1KWG
4075
3TTS
4UNI
5XB7
401F
5E9A
6Y2K

Hla bga
1KWG
40783
3TTS
4UNI
5XB7
401F
SE9A
6Y2K

THNFM--—--——-- GR-—-——-—-- FPTLNAYDVSEDLDRVAWDSMPTGEVQDR
THNFM--—--——-- GF-—-—---- FTDLDAFALAQDLDFASWDSMPLGEFTDLM
TTNFM-=—=———— VSA----GGSMLDYDDWGAEVDEFVSNDHMFTPGEA-—
TTNLM-===———— GF------ YPELDYFKWAKEMDVVSWDNMPSMDTP-—
TTNFM-—-—=-———- VSA----SONTLDYDDWAHEVDEFVSNDHMETPGSW—-—
THNFDYEWRGHSYGL---—--- QPAVDHFRAARALDICGVDIMHPSEDA--
TTNFM-—-—=-———- ADTHDLIPFQGLDYSKFAKHLDVISWDAMPAWHNDWE
TTNFM-===———— EY-————- FNDYDYWKLAGVLDEFISWDSEMPMWHTRQD
VHNYM-=-—=———-— GF------ FTAFDHHKVGQDLDVASWDS PLGSLDKE

* .k * K

PL-PPEEKLRYARTGHPDVAAFHHDLYRGVGRG-REFWVMEBOQ-PGPVN
——————————————— HFDEVAYAASLMDGISRKEPWEFQOMEHS-TSAVN|
———————————————— FSFTAMAHNLMRGLKSGQPFMLMEOT-PGVQN|
——————————————— HIDELAYSASLVDGISRKKPWEFLMEOS-TSAVN]
—————————————— LTGKEIAFGGDMARSAGGG-NYLVLETQAQGQHG
ST-——===————- ADLAMKVGFINDLYRSLKQQ-PFLLMEBCT-PSLVN
PDI-——————————— GLAAYTAMYHDLMRTLKQGKPEFVLMEST-PSEFTN|
PLYTEDEKHTYLRVGHPDAGAFHHDLYRGCGNG-RLWIMBOOQ-PGPVN,

PO o WO o™

YDGEASPDQLRAGDPDQVGMDHDIYRSALDRPFWV§|QQPGDVN

PHNPSPAPGMVRLWTWEALAHGAEVVSYFRWRQAPFAQBOMBAGLHRPDS
PINYRAEPGSVVRDSLAQVAMGADAICYFQWROSKAGABKWESSMVPHAG
PYNSAKRPGVMRLWSYQAVAHGADTVMFFQLRRSVGACEBKYBGAVIEHVG
EINPRKEPGELIRDSMLHLAMGADAICYFQWRQSRSGABKEFESAMLPLAG
Pp-———- YPGOQLRLOAYSHLASGADGIMYWHWHSTIHNSFETYWRGLLSHDF
KVNKAKRPGMHFLSSMOMIAHGSDSILYFQWRKSRGSFEKEFEGAVVDHDN
PTSKLKKPGMHILSSLQAVAHGADSVQYFOWRKSRGSCEKFEGAVVDHVG

PHCPQPGEGAMRLWAHHAAAHGADAVLYFRWRRCLEGOBOYBAGLRKADG
PHNPTPADGAVRLWTWEAFSHGAELVSYFRWRQAPFGQ OMBAGLLRPDA

* : R
S-PDRGYADAAHTSEEFATLD---——-—-———— GASHVDAPVAVVFDYDSLW
A-PDQGFFEAKRVAEELAALA-—-=—=——————— LPPVAQAPVALVEFDYEAAW
E-DSQIFRDVCELGADLGRLSDE-——-- GLMGTKTVKSKVAVVEDYESQW
HEHTRVFRECAELGKELQQLGDT —==——- ILD-ARSEAKVAVMYDWENRW
E-HSQIYRDVCALGADLDTLSDA----— GILRSKLSKARVAIVQDIQSEW
E-SNPTYEEAGRFGREIGDPR-—-——- IGDTLSHLSKRNAVAILASNESLT
RTDSRVFQEVAEVGKALKKMSGI ———=--—-— VG-TNRPAEVAILYDWENNW
HIDTRVGREVAELGSILSALAPV-—-—=—=—- AG-SRVEAKVAIIFDWESRW

Q- EAEAAKEATLVAQEVKVLAESIGLDADELMSLPSAGKVALMFDYDACW
*k

ALN----A--QPHAPDFDYWALQEAFYGAVRGRGVQVDVVPPSAD---LS
IYE----V--QPQOGAEWSYLGLVYLFYSALRRLGLDVDVVPPGAS---LR
ATE----YTANPTQ-QVDHWTEPLDWFRALADNGITADVVPVRSD---WD
ALE----LSSGPSI-ALNYVNEVHKYYDALYKONIQTDMISVEED---LS
ATE----HTATPTQ-HIREWTEPLDWFAAFANRGVTADVTPIHAQ---WD
ALSWFHIETGFPMGGTLTYNDVLRSIYDALFELNVEVDFLPADASADQLA
ALN----DAQGFAAETKRYPQTLVQHYRPFWERDIPVDVITKEHD---FS
AMD----DAMGPRNAGLHYENTVADHYRALWAQGIAVDVINADCD---LQ

SLD----I--QPQSRAYRYFFWCYRMYEAMRELGLSVDIVPSNAP---LD

*
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4UZS
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4UNI
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S5E9A
6Y2K

Hla bga
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SE9A
6Y2K

Hla bga
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S5E9A
6Y2K

GYAAVVAPALHLVTEDLADRLTDYIAGGGEVLEFGPRTGVKDAENKLRPMS
GYAFAVVPSLPIVREEALEAFREA---EGPVLFGPRSGSKTETFQIPKEL
SYETAVLPCVYLLSEETSRRVREEVANGGKLEVTYYTGLSDENDHIWLGG
KYKVVIAPVMYMVKPGFAERVERFVAQGGTEVTTFFSGIVNENDLVTLGG
TYDAVVIPCVYLEFSEEMAERLRTEFVRNGGKAEFVTYYSALADEHDRLHTEG
GYSLVIAPALYTTDQQTIDRLARYVKNGGHLLATMRSEFVADENVKVWHDK
RYKLLIAPMLYLVSEETIARLKEFVANGGTLVMTYISGIVDEHDLAYLGG
GYDLVIAPMLYMVREGVGERISAFVQAGGREFVATYWSGIVNETDLCFLNG
MYELLVLPAQAHITPELONRLNSY---QGVLLAGPRTGSKTETYQIPENL

* . K * .

QPGPLTDLVGATVDQHES-L---PRRLE--TTVRRVGDPTDDSEEIAAPP

PPGPLOALLPLKVVRVES-L---PPGLL--EVAEGA--—-—-—--—-———- LGR
YPGSIRDVVGVRVEEFAP-MGNDMPGAL--DHLDLD---=-—-—==-—-—--—-— NG
YPGELRNVMGIWAEEIDA-L---LPGHQ--NEIVLRQ----DWGGLR-GS
WPGLIGDVVGVRIEEHCP-LGTLFPGML--DHLDVS-—-=-—-—=—-—-—=—-——— NG
APHHLVDIFGMTYNQFTRPM---GVSLKCPDTLADL--———--—-———-— AGA
WHODLREMFGMEPIETDT-L---YPRDR--NSVHYRG---—---—-—-——- RS
FPGPLRPVLGIWAEEIDS-L---TDEQH--NSVAGVE---GNALGLS-GP

APGPLASLLPLTVERVDA-L---PEHTQ--PAVSGR-—-—-—=-—-——-——- WGA

VSFRTWAEWLD--PDAAEPQYAYDVDGP--ADGRPAVVTNTVGDGQVTYC
FPLGLWREWVE--APLKPL-LTF-----—-- ODGKGA----LYREGRYLYL
TVAHDFADVITSTADTSTVLASYKAERWTGMNEVPAIVANGYGDGRTVYV
YSCGILCDVIH--AETAEVLAEYGADYY---KGTPVLTRNKFGNGQSYYV
TVVHDLADVIDAIADDTTVLATFEADPATGMDGRAAITVHPYHEGGVAYI
-SANDFIEMLSP-APETHVLAWYDHYA---WDSYAAITRHAFGSGDAQWV
YELKDYATVIK--IHAATVEGVYEDDEFY---ADTPAVTSNQYGKGQAYYT
YRASQLCEVIH--LEGAAALATYGDDFY---AGNPAVTVNLYGKGQAYYV

GKLKHWHEQIK--TELPCL-LKD--=-—-—--- DGGNPV----LMGEGRHYYL
. *

GVWPESDLADALASDLLDRAGVRYAERL--PDGVRIGY--R---GGRTWV
AAWPSPELAGRLLSALAAEAGLKVL-SL--PEGLRLRR--R---GTWVFA
GCRLGRQGLAKSLPAMLGSMGLSDLAG--DGRVLRVERADAAAASHFEFV
ASSPDADFLQGLIANLCEEQGVKPLL--NTPDGVEVAER-VKNGTSYLEFV
AGKLGRDGISQSLPEICAALGFELDADPRAGDVLRVVREQ-EDGAIFEFL
GTQLOADAWRTVLAEALSNAGVHTP-GMELAGTVCVRSGTNTAGDTVTYL
GGRLEDQFHRDFYQELMEKLDLRPVLEFVKHEKGVSVQAR-QAPECDYVFEI
ASRNDQOQFHADFFTALAKEMKLPRAINTPLPEGVTAARR-TDGESEFIFL
GSCIDNTLLKASLAKLSEVAGLSTY-YL--PKGVRVRE--R---GNVIFA

FNYGPEAVEAPA-———————-—=————————— SE-GA--RFLLG------
FNRTHEPVTVDV-—=——=—==—=————————— EG-EA-IAASLAH-----
MNHNAEEMTFDA——————=-——-————————— GASRQR-DLLTGK-----
FNRTRNTVTADR-————=—=-—=————————— PA-GDMLICSLAT-----
LNYSGSPITFRA-————-—=-—=————————— PA-SG--TFLLGHPTDDG
MNFTEEKQAVVI,————=—=-———————————— EE-KVK-DLFTGE--—-—
ONYNADNQTVAL-=--—=—==—=—————————— PQ-DYQ-DIVHGG-----
FNYSSNTVVFEP-————-—=-———————————— Q-NA--ELVIG------

*

14



329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347

348
349

Hla bga = -————m————————- GIVVGPYGVAVIEGDCVD
1Kwé¢ mmmmmmmm—————= SRRVGPYDLAVW--E---
40zs  —m===—- VDDGRATIDPTGVVVLR----R
3rrs 0 m===——= TISGOATIPARGVMILER---A
4UyNr 0 === DSTDKVTLEPNGVLAF--—--- R
5XB7 EQAVTAETPVTVGDAVTLPRWGVDIIVGRQPT
40IF == EIVGEIMLDKYEVRVVEKR--R
5% === =——- NLPRKLTLPAFGCQILTR---K
6Y2K  m==———

——————— SMCLGAADVAIWKKQ---

Figure S7. Sequence alignment obtained with T-Coffee [17]. The red blocks represent the p-galactose
binding site, predicted flexible loops of hla_bga (532-543 and 657-672) are highlighted in yellow shade.
Halorubrum lacusprofundi, hla; Thermus thermophilus A4, 1IKWG; Bifidobacterium bifidum S17, 4UZS;
Bacillus circulans sp. Alkalophilus, 3TTS; Bifidobacterium animalis subsp. lactis BI-04, 4UNI;
Bifidobacterium species 5XB7; Geobacillus stearothermophilus, 4OIF; Rahnella sp. R3, 5E9A;

Marinomonas efl, 6Y2K
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Figure S8. p-D-galactose binding pocket. The binding pocket of hla_bga based on conserved catalytic
motif of various B-Gal structures. The amino acids residues of hla_bga, p-Gal-tA4 (1KWK) and B-D-
galactose are red, green and magenta respectively. IKWK and 1KWG are B-Gal-tA4 with B-D-galactose
ligand and without B-D-galactose ligand, respectively.
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361  Figure S9. Ratio of amino acids in hla_bga and its structural homologs. Halorubrum lacusprofundi,
362  hla_bga; bga-mesophile (3TTS, 4UZS, 4UNI, 5XB7); bga-psychrophile (5E9A, 6Y2K); bga-thermophile
363  (1KWG, 40IF).
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365
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374

Figure S10. Superimposed B-Galactosidase monomers: 1 and 2 represent the flexible loop regions 532-
543 and 657-672, respectively, of the modeled bga_hla. Halorubrum lacusprofundi, hla (red); Thermus
thermophilus A4, 1IKWG (green); Bacillus circulans sp. Alkalophilus, 3TTS (yellow); Bifidobacterium
animalis subsp. lactis BI-04, 4UNI (orange); Bifidobacterium bifidum S17, 4UZS (pink); Marinomonas
efl, 6Y2K (wheat); Rahnella sp. R3, 5E9A (grey); Geobacillus stearothermophilus, 40IF (cyan);
Bifidobacterium species 5XB7 (blue).
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380  Figure S11. Ratio of amino acids on the solvent-exposed surface in hla_bga and its structural homologs.
381  Halorubrum lacusprofundi, hla_bga; bga-mesophile (3TTS, 4UZS, 4UNI, 5XB7); bga-psychrophile
382  (5E9A, 6Y2K); bga-thermophile (1IKWG, 40IF).
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386

387  Figure S12. Backbone RMSD plots over time for the three independent simulations of the three
388  investigated systems at the four explored temperatures (10, 27, 47 and 72 °C).

389

20



4.0 y =0.0124x - 0.8105 y = 0.0138x + 2.2552

R? =0.975 R?=0.984
3.5
—~ 3.0
<
825 ® Hla_bga
=
2.0 ® Hla_bga trimer
1.5
1.0
0 20 40 60 80

Temperature (°C)
390

391  Figure S13. Effect of temperature on the hla_bga monomer and trimer backbone RMSD. Values are
392  averaged on the last 20 ns of the simulations for each system. Corresponding trendlines are shown with
393 relative correlation coefficients (R2) and equations.
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397  Figure S14. RMSF values averaged over the last 20 ns of the three simulations ran for each investigated
398  systemat 10, 27, 47 and 72 °C. Hla_bga loops 532-543 and 657-672 are highlighted by a blueish shadow.
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