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Supplementary file 1. Using SSV by the web application

We developed a  user-friendly web implementation of  SSV at
<http://bioinfo.dcc.ufmg.br/ssv>. To perform SSV calculations, access the website using a
browser (we recommend Google Chrome), click on “Run online” or in the “Run now!”
Button.

S8V (Structural Signature Variation ) is a method to propose mutations for enzymes used in industrial
applications. SSV uses structural signatures to detect patterns, which can improve the activity of enzymes. A real
and important application for SSV is the second-generation biofuel production.

The “Run online” panel requires some information to execute:

e Project name: define a name for your project. You can use any name (the system
will create a unique ID for each project);

e E-mail: declare your e-mail (optional);

e Mutation evaluated: insert the point mutation or multiple mutations evaluated
(optional);

e Wild PDB: input the wild PDB file;

e Mutant PDB: input the mutant PDB file;

e Templates database: input a set of proteins that it will be used as templates (in a zip

file).

Int. . Mol. Sci. 2019, 20, 33; doi: 10.3390/ijms20020333 www.mdpi.com/journal/ijms
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Run online

[ Prjocrame:

ivo  Nenhum arquivo selecionado
Define a name for your project (required) Escolher:arquivo, "

[ E-mait: Escolher arquivo  Nenhum arquivo selecionado
Receive the results in your e-mail (optional) Please, send only one chain.

Escolher arquivo  Nenhum arquivo selecionado
E.g. E96K (optional)

® Download sample dataset

There is available a sample database with 27 mutations evaluated in the paper and the 23
proteins of Betagdb (the templates for the case study). Users can download the database and
perform analysis using SSV online. There is also a table with expected values and the values
calculated.

File (Wild) File (Mutant) Mutation AAGTS expected
wi.pdb m1.pdb H228T AAGTS < 0
w2.pdb m2.pdb V174C/A404V/L441F AAGTS <0
w3.pdb m3.pdb H184F AAGTS <0
w4.pdb m4.pdb P172L AAGTS <0
w5.pdb m5.pdb P172L/F250A AAGTS <0
w6.pdb m6.pdb L167W AAGTS < 0
w7.pdb m7.pdb L167W/P172L AAGTS <0
w8.pdb m8.pdb L167W/P172L/P338F AAGTS <0
w9.pdb m9.pdb viesy AAGTS >0
w10.pdb m10.pdb F2258 AAGTS >0
wi1.pdb m11.pdb Y308F AAGTS >0
wi2.pdb m12.pdb Y308A AAGTS >0
wi13.pdb m13.pdb 1207v AAGTS <0
w14.pdb m14.pdb N218H AAGTS <0
w15.pdb m15.pdb N273V AAGTS >0

w16.pdb m16.pdb F252I AAGTS >0

Running an example (H228T)

Now, we will show how to run the first example of the sample database. The mutation
H228T, where detected for a non-tolerant B-glucosidase and improved its glucose tolerance.
For this reason, we expected a AASSV negative.

Download the dataset:
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< C | ® Né&o seguro | bioinfo.dcc.ufmg.br/ssv/#run P

Download sample dataset

File (Wild) File (Mutant) Mutation AAGTS expected

wi.pdb m1.pdb H228T AAGTS <0
w2.pdb m2.pdb V174C/A404V/L441F AAGTS <0
w3.pdb m3.pdb H184F AAGTS <0
w4.pdb mé4.pdb P172L AAGTS <0
w5.pdb m5.pdb P172L/F250A AAGTS <0
w6.pdb mé.pdb L167W AAGTS <0
w7.pdb m7.pdb L167W/P172L AAGTS <0
w8.pdb m8.pdb L167W/P172L/P338F AAGTS <0
w9.pdb m3.pdb Vv168Y AAGTS >0
w10.pdb m10.pdb F225S8 AAGTS >0
w11.pdb m11.pdb Y308F AAGTS >0
w12.pdb m12.pdb Y308A AAGTS >0
w13.pdb m13.pdb 1207V AAGTS <0
w14.pdb m14.pdb N218H AAGTS <0
w15.pdb m15.pdb N273V AAGTS >0

I dataset.zip S

Extract the files:

B dataset
= g Emo| % = e Olbkoa
Nova Pasta Caminho Visualizar Agdo  Organizar Obter Informagdes Buscar
Nome ~  Data de Modificagdo Tamanho Tipo
ml.pdb 8 de ago de 2016 16:01 16 KB  Docum...t 2.app
m2.pdb 8 de ago de 2016 16:01 17 KB Docum...t 2.app
m3.pdb 8 de ago de 2016 16:02 17KB  Docum...t 2.app
m4.pdb 8 de ago de 2016 16:01 17 KB Docum...t 2.app
m5.pdb 8 de ago de 2016 16:01 17KB  Docum...t 2.app
| m6.pdb 8 de ago de 2016 16:01 18 KB Docum...t 2.app
1 m7.pdb 8 de ago de 2016 16:01 18 KB  Docum...t 2.app
1 m8.pdb 8 de ago de 2016 16:02 18 KB  Docum...t 2.app
i m9.pdb 8 de ago de 2016 16:01 18 KB  Docum..t 2.app
m10.pdb 8 de ago de 2016 16:01 17 KB Docum...t 2.app
m11.pdb 8 de ago de 2016 16:01 17KB  Docum...t 2.app
m12.pdb 8 de ago de 2016 16:01 17 KB Docum...t 2.app
m3.pdb 8 de ago de 2016 16:01 17KB  Docum...t 2.app
m14.pdb 8 de ago de 2016 16:02 17 KB Docum...t 2.app
m15.pdb 8 de ago de 2016 16:01 17KB  Docum..t 2.app
m16.pdb 8 de ago de 2016 16:01 18 KB Docum...t 2.app
m17.pdb 8 de ago de 2016 16:01 18 KB  Docum...t 2.app
m18.pdb 8 de ago de 2016 16:01 18 KB Docum...t 2.app
m19.pdb 8 de ago de 2016 16:01 18 KB  Docum...t 2.app
m20.pdb 8 de ago de 2016 16:01 18 KB Docum...t 2.app
m21.pdb 8 de ago de 2016 16:01 18 KB  Docum...t 2.app
m22.pdb 8 de ago de 2016 16:01 18 KB Docum...t 2.app
m23.pdb 8 de ago de 2016 16:02 18 KB  Docum...t 2.app
m24.pdb 8 de ago de 2016 16:01 18 KB Docum...t 2.app
m25.pdb 8 de ago de 2016 16:01 17KB  Docum..t 2.app
m26.pdb 8 de ago de 2016 16:02 17 KB Docum...t 2.app
m27.pdb 8 de ago de 2016 16:01 18 KB  Docum...t 2.app
b templates.zip Ontem 16:00 93KB ZIP
wl.pdb 8 de ago de 2016 16:02 17KB  Docum...t 2.app
{ w2.pdb 8 de ago de 2016 16:02 17 KB Docum...t 2.app
1 w3.pdb 8 de ago de 2016 16:02 17KB  Docum...t 2.app
wd.pdb 8 de ago de 2016 16:01 18 KB Docum...t 2.app

Run SSV using wl.pdb (wild), m1.pdb (mutant), and templates.zip (23 templates):
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gy
R I - Nenhum arquivo selecionado
[ Projoct name: |
Bgl1B_H228T Escolher arquivo  W1.pdb
3 Escolher arquivo M 1.pdb
diego@dcc.ufmg.br —lhltll-ll—u.-d“n
[ Mutations evalusted: | [ Templates database (required; ZIP format): |

Escolher arquivo | témplates.zip
H228T

® Download sample dataset

©2018 SSV by LES | Created by

After submitting the data, SSV online will process your requisition. A unique ID will be
created for your project. When the process finishes, you can click on the link.

Your project was created. You can access it at the link: SSV48B6462

While SSV runs your project, you will receive this message:

Your project is processing. Try again later. You can access it at the link: SSVOCSCCEC

©2018 SSV by LES | Created by

In the end, you will be redirected to the individual page of the project. This page is identified
by the unique ID, described under the project name (in the green section).
Below the green section, there are three important sectors:

1. The results of the AASSV calculation;
2. Wild visualization;

3. Mutant visualization.
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wild Mutant
AASSV score: B -
-186.18326614274 \ = N -
Classification: Beneficial o \ 7 \ >
ASSVwt: 477.83888498112 \ - V \ ~
ASSVmt: 291.65561883838 i \ R o \ -
' \ ' \
S — /

In the main panel, it is shown:
o AASSV score;

e (lassification;
o ASSVwg
e ASSVm
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Table S1. Origin of B-glucosidases from Betagdb used as templates in SSV method.

#  Organism UniProt ID PDB ID Family Ki I1CS0 Source

1 Bacillus subtilis 13QIG4 ND* GH1 1,900 ND* (Chamoli et al., 2016)

2 Uncultured bacterium D5KX75 ND* GH1 ND* 1,000 (Y. Yang et al., 2015)
(Metagenome China South Sea)

3 Uncultured bacterium  AOAOF7KK ND* GH1 ND* 3,500 (Cao et al., 2015)
(Metagenome Turpan B7
Depression)

4 Exiguobacterium antarcticum B7 KO0A8J9 5DT5 GH1 ND* 1,000 (Crespim et al., 2016)

5 Uncultured bacterium  HV348683. ND* GH1 ND* > 750 (Uchiyama et al., 2015)
(Metagenome Kusaya gravy) 1

6 Thermoanaerobacterium AOAOH4N ND* GH1 800 ND* (F. Yang et al., 2015)
aotearoense XHS

7 Talaromyces Sfuniculosus K4KB38 ND* GH3 ND* 400 (Ramani et al., 2015)
(Penicillium funiculosum)

8 Humicola grisea var. thermoidea 093784 4MDO GH1 ND* > 450 (de Giuseppe et al.,

2014); (Benoliel et al.,
2010)

9 Uncultured bacterium K414U1 ND* GH1 ND* >300 (Luetal., 2013)
(Metagenome soil)

10 Thermoanaerobacterium DI9TRS57 ND* GH1 600 ND* (Peiet al., 2012)
thermosaccharolyticum

11 Fervidobacterium islandicum G8YZD7 ND* GHI1 211 ND* (Jabbour et al., 2012)

12 Mucor circinelloides ND* ND* GH3 ND* > 140 (Huang et al., 2014)

13 Hypocrea jecorina (Trichoderma 093785 ND* GH1 ND* 650 (Guo et al., 2016)
reesei)

14 Thermotoga naphthophila D2C6W2 ND* GHI 1200 ND* (Akram et al., 2016)

15 Caldicellulosiruptor bescii BIMNRI1 ND* GH1 113.8 ND* (Baiet al.,2013)
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16 Neurospora crassa U9WEBS
17 Pyrococcus furiosus E7FHY4
18  Thermotoga petrophila ASIL97
19 Acidilobus saccharovorans D9PZ08

20  Uncultured

bacterium WEW3B8

(Metagenome hydrothermal

spring)
21 Neotermes koshunensis Q8TOW7
22 Thermoanaerobacter brockii Q60026
23 Nasutitermes takasagoensis DOVYR9

ND*

3APG

ND*

4HA3

ND*

3AHZ

ND*

ND*

GHI

GHI

GH1

GH1

GHI

GHI

GH1

GH1

ND*

207

1100

500

150

ND*

200

ND*

950

ND*

ND*

ND*

ND*

> 1000

ND*

> 600

(Meleiro et al., 2015)

(Cota et al., 2015)

(Cotaet al., 2015)

(Gumerov et al., 2015)

(Schroder et al., 2014)

(Uchima et al., 2011);

(de Giuseppe et al.,

2014)

(Breves et al., 1997)

(Uchima et al., 2012)

Source: http://bioinfo.dcc.ufmg.br/betagdb

*ND: not determined.

Table S2. AASSYV values for Bgl1B’s mutations.

Mutation represents the residue inserted. Template for the wild type was Thermoanaerobacter brockii.

Mutations classified by SSV presented AASSV lower than zero. We used Clustal Omega to detect residues
100% conserved. They are H125, N169, E170, Y298, E353, and W399. We removed 9 mutations (Y298: 6;
E353: 1; and W399: 2). We evaluated residues allowed for the position using SIFT. Only 19 mutations were

classified. Then we removed four mutations considered highly destabilizing by mCSM. A total of 15 mutations

were proposed for Bgl1B.
Mutation AASSV Mutant’s template Mutations classified by
SSv CLUSTAL SIFT mCSM

ALA228 -270.08 Caldicellulosiruptor bescii X X X X
CYS228 -219.89 Caldicellulosiruptor bescii X X X X
THR228 -186.18 Caldicellulosiruptor bescii X X X X
GLY228 -185.37 Caldicellulosiruptor bescii X X X

ALA297 -166.47 Caldicellulosiruptor bescii X X

THR172 -158.78 Thermoanaerobacterium thermosaccharolyticum X X

SER228 -150.62 Caldicellulosiruptor bescii X X X

CYS297 -149.21 Caldicellulosiruptor bescii X X

THR297 -146.10 Caldicellulosiruptor bescii X X
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ASN172

ASN297

SER297

GLN172

CYS172

VAL228

LEU415

GLY297

ILE415

GLY172

SER172

ALA172

HIS298

PHE399

LEU184

HIS297

PRO228

LYS172

VAL415

ILE184

GLN297

HIS415

MET415

PRO297

SER415

VAL172

PRO172

ASP172

TYR399

MET172

CYS415

MET297

PROA415

VAL297

ASP415

THR415

-133.18

-129.86

-124.83

-122.81

-122.79

-121.53

-119.77

-118.16

-112.61

-110.12

-110.05

-100.41

-100.34

-92.67

-80.10

-79.86

-76.56

-75.20

-74.93

-74.34

-68.63

-67.62

-67.20

-62.03

-61.96

-60.38

-57.35

-53.10

-52.16

-51.94

-51.51

-51.22

-51.04

-48.08

-47.73

-44.78

Thermoanaerobacterium thermosaccharolyticum
Thermoanaerobacterium thermosaccharolyticum
Caldicellulosiruptor bescii
Thermoanaerobacterium thermosaccharolyticum
Thermoanaerobacterium thermosaccharolyticum
Caldicellulosiruptor bescii

Fervidobacterium islandicum
Caldicellulosiruptor bescii

Fervidobacterium islandicum
Thermoanaerobacterium aotearoense
Thermoanaerobacterium thermosaccharolyticum
Thermoanaerobacterium aotearoense
Thermoanaerobacter brockii

Metagenome China South Sea

Fervidobacterium islandicum
Thermoanaerobacter brockii
Caldicellulosiruptor bescii
Thermoanaerobacterium thermosaccharolyticum
Fervidobacterium islandicum

Fervidobacterium islandicum
Thermoanaerobacterium thermosaccharolyticum
Thermoanaerobacter brockii

Fervidobacterium islandicum
Caldicellulosiruptor bescii

Metagenome China South Sea
Thermoanaerobacterium thermosaccharolyticum
Thermoanaerobacterium thermosaccharolyticum
Thermoanaerobacterium thermosaccharolyticum
Metagenome China South Sea
Thermoanaerobacterium thermosaccharolyticum
Metagenome China South Sea
Caldicellulosiruptor bescii

Fervidobacterium islandicum
Caldicellulosiruptor bescii

Metagenome China South Sea

Metagenome China South Sea
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MET228 -44.19 Caldicellulosiruptor bescii X
GLU172 -42.44 Thermoanaerobacterium thermosaccharolyticum
GLY415 -40.79 Metagenome China South Sea
TYR126 -40.40 Thermoanaerobacterium thermosaccharolyticum
THR298 -40.27 Caldicellulosiruptor bescii
GLY173 -39.82 Thermotoga naphthophila
ALA184 -36.31 Caldicellulosiruptor bescii
LYS297 -35.97 Caldicellulosiruptor bescii
ALA415 -32.52 Metagenome China South Sea
ASP406 -31.51 Thermoanaerobacter brockii
PHE407 -31.44 Metagenome China South Sea
GLN228 -30.10 Caldicellulosiruptor bescii X
VALI184 -28.59 Fervidobacterium islandicum
LYS227 -25.50 Thermoanaerobacter brockii
GLY184 -22.77 Caldicellulosiruptor bescii
PRO184 -18.33 Caldicellulosiruptor bescii
SER246 -17.29 Thermoanaerobacter brockii X
SER299 -17.18 Thermoanaerobacter brockii X
ASP353 -16.60 Thermoanaerobacter brockii
THR184 -15.82 Thermoanaerobacterium thermosaccharolyticum
LEU298 -15.68 Metagenome Turpan Depression
LYS415 -14.08 Fervidobacterium islandicum
ASN228 -13.91 Caldicellulosiruptor bescii X
MET184 -13.13 Fervidobacterium islandicum
ILE298 -13.08 Metagenome Turpan Depression
GLN415 -11.25 Thermoanaerobacterium thermosaccharolyticum
ASN298 -10.71 Caldicellulosiruptor bescii
ASP297 -9.86 Caldicellulosiruptor bescii
ASN415 -9.46 Metagenome China South Sea
VALI177 -8.65 Thermoanaerobacter brockii
GLU415 -7.64 Fervidobacterium islandicum
CYS184 -7.40 Metagenome China South Sea
PRO177 -6.97 Thermoanaerobacter brockii
MET227 -5.29 Thermoanaerobacter brockii X
ILE172 -4.40 Thermoanaerobacterium thermosaccharolyticum X
SER298 -3.64 Caldicellulosiruptor bescii
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THR246 -2.44 Thermoanaerobacter brockii X X X
GLN227 -1.88 Thermoanaerobacter brockii X X
CYS299 -1.63 Thermoanaerobacter brockii X X
ILE177 -1.21 Thermoanaerobacter brockii X X
SER184 -0.70 Metagenome China South Sea X X
GLU297 0.30 Caldicellulosiruptor bescii
GLY169 0.52 Exiguobacterium antarcticum B7
PHE297 0.82 Thermoanaerobacter brockii
CYS246 0.91 Thermoanaerobacter brockii
ARG227 1.29 Thermoanaerobacter brockii
THR301 2.29 Thermoanaerobacter brockii
ALA246 2.62 Thermoanaerobacter brockii
SER169 3.50 Exiguobacterium antarcticum B7
ASP170 3.78 Thermoanaerobacter brockii
LEU227 4.12 Thermoanaerobacter brockii
GLY299 4.23 Thermoanaerobacter brockii
LEU172 4.28 Thermoanaerobacterium thermosaccharolyticum
HIS399 4.57 Metagenome China South Sea
ILE125 5.63 Fervidobacterium islandicum
THR169 5.70 Thermoanaerobacter brockii
SER301 7.58 Thermoanaerobacter brockii
LYS184 7.76 Fervidobacterium islandicum
ALA298 10.63 Caldicellulosiruptor bescii
PRO227 11.20 Thermoanaerobacter brockii
ALA299 11.44 Thermoanaerobacter brockii
ALA169 12.69 Exiguobacterium antarcticum B7
CYS298 12.72 Caldicellulosiruptor bescii
HIS172 14.35 Thermoanaerobacter brockii
GLU227 16.14 Thermoanaerobacter brockii
THR296 16.34 Thermoanaerobacter brockii
THR226 17.10 Thermoanaerobacter brockii
PHE298 17.29 Thermoanaerobacter brockii
GLN246 18.74 Thermoanaerobacter brockii
GLU246 19.16 Thermoanaerobacter brockii
ALA173 19.43 Thermotoga naphthophila
PHEI126 19.86 Caldicellulosiruptor bescii
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HIS126

CYS227

MET177

ASP228

ARG297

MET125

ASP184

ASP246

LEU297

LYS406

ASN246

ILE227

GLN301

LEU228

PRO246

ALA406

CYS301

ALA227

TYRA415

TYR407

LYS228

ASP301

ILE228

LEU125

ALA125

ILE297

GLY406

VAL246

GLY125

LYS301

CYS406

PRO298

ASN184

SER296

GLN184

LYS125

20.49

22.67

23.11

23.95

25.81

26.91

27.94

29.15

29.25

29.66

29.69

30.17

30.77

32.34

32.82

35.02

35.20

35.51

36.43

37.26

37.89

37.96

38.82

40.27

41.28

41.34

42.61

42.65

42.75

43.87

44.25

45.80

46.47

48.70

49.02

51.09

Caldicellulosiruptor bescii
Thermoanaerobacter brockii
Thermoanaerobacter brockii

Caldicellulosiruptor bescii

Thermoanaerobacterium thermosaccharolyticum

Fervidobacterium islandicum
Metagenome China South Sea
Thermoanaerobacter brockii
Caldicellulosiruptor bescii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Metagenome Turpan Depression
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Metagenome China South Sea
Caldicellulosiruptor bescii
Thermoanaerobacter brockii
Caldicellulosiruptor bescii
Fervidobacterium islandicum
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Thermotoga naphthophila
Thermoanaerobacter brockii
Caldicellulosiruptor bescii
Thermoanaerobacter brockii
Thermoanaerobacter brockii

Metagenome Turpan Depression

Thermoanaerobacterium thermosaccharolyticum

Thermoanaerobacter brockii

Thermoanaerobacterium thermosaccharolyticum

Fervidobacterium islandicum
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ALA301

GLY301

ASN299

GLU301

SER226

CYS169

GLN298

PRO125

GLY298

VAL298

VALI125

CYS125

GLN299

ARG172

ASN227

HIS407

LYS177

THR227

GLY227

VAL301

ASP227

ALA177

MET301

ALA296

ARG301

ALA226

TYR172

MET246

ALA353

ASP299

GLY296

ILE246

CYS296

GLY226

GLY353

ARG415

51.14

52.23

54.45

55.26

57.79

58.57

59.65

63.05

63.90

64.25

66.21

66.58

68.93

69.21

69.92

70.31

73.09

74.83

76.31

76.58

77.35

77.54

77.60

77.73

79.47

79.56

81.63

82.13

87.69

88.94

88.99

91.59

91.60

93.23

95.51

97.16

Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Exiguobacterium antarcticum B7
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Metagenome Turpan Depression
Fervidobacterium islandicum
Caldicellulosiruptor bescii

Thermoanaerobacter brockii

Thermoanaerobacterium thermosaccharolyticum

Thermoanaerobacter brockii
Fervidobacterium islandicum
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Metagenome China South Sea
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Metagenome China South Sea
Thermoanaerobacter brockii
Exiguobacterium antarcticum B7
Thermoanaerobacter brockii
Exiguobacterium antarcticum B7
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermotoga naphthophila
Thermoanaerobacter brockii
Exiguobacterium antarcticum B7
Thermoanaerobacter brockii
Exiguobacterium antarcticum B7
Thermotoga naphthophila

Thermotoga naphthophila

Thermoanaerobacterium thermosaccharolyticum
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GLU184

ILE301

SER173

CYS226

SER406

PHE184

PRO301

THR173

THR125

SER125

LEU301

CYS177

LEU246

GLU299

SER227

MET298

LYS246

GLN125

GLU125

PHE125

MET299

GLN406

ASN125

VAL299

VALA406

PRO299

GLU228

ILE299

LEU299

GLN353

LYS298

PRO169

TYR184

GLN296

PROA406

ASP125

98.79

98.85

99.17

99.46

99.63

100.37

100.79

101.09

102.72

103.12

103.32

103.64

103.96

104.40

105.56

106.41

106.63

107.01

107.06

112.75

113.06

114.60

115.07

116.10

116.20

116.82

118.99

119.86

121.06

121.19

123.40

123.47

124.56

125.75

128.29

130.71

Fervidobacterium islandicum
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Exiguobacterium antarcticum B7
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Metagenome China South Sea
Metagenome China South Sea
Thermoanaerobacter brockii
Metagenome China South Sea
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Metagenome China South Sea
Metagenome Turpan Depression
Thermoanaerobacter brockii
Fervidobacterium islandicum
Fervidobacterium islandicum
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Metagenome China South Sea
Fervidobacterium islandicum
Thermoanaerobacter brockii
Fervidobacterium islandicum
Caldicellulosiruptor bescii
Fervidobacterium islandicum
Fervidobacterium islandicum
Thermoanaerobacter brockii
Caldicellulosiruptor bescii
Exiguobacterium antarcticum B7
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii

Metagenome China South Sea
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THR406

ARG228

THR177

ASP298

LYS299

PRO173

GLY177

VALI173

GLN177

CYS353

LYS296

GLU177

ALA170

LYS226

MET406

TYRI125

GLN169

ASP177

VALI169

GLN170

ARG246

ASN177

GLU298

SER177

PRO296

LYS169

PRO226

VAL296

VAL226

GLN226

PHE228

ASN406

THR353

SER353

TRP125

ARG299

133.01

135.05

135.39

135.96

142.59

143.95

149.61

154.00

160.01

161.61

165.52

169.66

170.13

170.17

171.05

172.72

177.88

179.85

183.96

184.48

185.45

187.18

192.83

195.24

195.63

196.08

198.56

199.05

203.28

207.02

207.89

207.97

208.61

212.35

213.51

213.89

Thermoanaerobacter brockii
Neotermes koshunensis
Metagenome China South Sea
Caldicellulosiruptor bescii
Thermoanaerobacter brockii
Fervidobacterium islandicum
Metagenome China South Sea
Fervidobacterium islandicum
Metagenome China South Sea
Thermoanaerobacter brockii
Fervidobacterium islandicum
Thermoanaerobacter brockii
Thermotoga naphthophila
Fervidobacterium islandicum
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Metagenome China South Sea
Fervidobacterium islandicum
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Metagenome China South Sea
Metagenome Turpan Depression
Metagenome China South Sea
Fervidobacterium islandicum
Fervidobacterium islandicum
Fervidobacterium islandicum
Fervidobacterium islandicum
Fervidobacterium islandicum
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermoanaerobacter brockii
Thermotoga naphthophila
Trichoderma reesei

Thermoanaerobacter brockii
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LEU406

ARG184

ARG296

MET173

GLY170

TRP298

ILE169

MET296

TRP184

TRP415

ILE406

CYS170

MET169

HIS246

VAL353

PRO353

LEU169

LEU296

ASP169

ASP296

ASP173

MET226

PHE177

ILE173

TYR177

GLY126

PRO170

TRP246

ASP226

ILE296

MET353

ALAI126

HIS177

LEU173

ILE226

TYR228

214.16

214.40

219.42

221.35

224.39

226.34

228.03

229.39

229.41

231.09

234.39

234.73

235.71

238.43

241.57

243.48

245.93

247.88

248.04

249.37

251.62

252.15

252.71

261.97

268.32

269.84

270.55

272.41

272.45

273.62

277.15

279.33

280.17

280.89

282.35

283.30

Fervidobacterium islandicum
Thermoanaerobacterium thermosaccharolyticum
Fervidobacterium islandicum
Fervidobacterium islandicum
Thermotoga naphthophila
Neurospora crassa
Fervidobacterium islandicum
Fervidobacterium islandicum
Trichoderma reesei

Trichoderma reesei
Fervidobacterium islandicum
Thermotoga naphthophila
Fervidobacterium islandicum
Thermoanaerobacter brockii
Thermotoga naphthophila
Thermotoga naphthophila
Fervidobacterium islandicum
Fervidobacterium islandicum
Exiguobacterium antarcticum B7
Exiguobacterium antarcticum B7
Thermoanaerobacter brockii
Fervidobacterium islandicum
Trichoderma reesei
Fervidobacterium islandicum
Trichoderma reesei

Metagenome hydrothermal spring
Thermotoga naphthophila
Trichoderma reesei
Exiguobacterium antarcticum B7
Fervidobacterium islandicum
Thermotoga naphthophila
Metagenome hydrothermal spring
Trichoderma reesei
Fervidobacterium islandicum
Fervidobacterium islandicum

Thermoanaerobacter brockii
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MET126

ASN173

LEU226

LEU353

HIS299

SER126

TRP299

ILE353

ASN353

THR170

TRP227

GLN173

TRP177

PRO126

TYR299

VALI170

ALA399

PHE299

TRP297

VALI126

ILE126

THR126

CYS126

GLU296

LEU399

TRP172

SER170

ILE399

PRO399

CYS399

ARG226

LYS173

LEUI126

TRP301

GLY399

THR399

286.09

286.89

289.21

291.07

291.91

292.73

293.73

295.19

295.30

295.46

301.08

302.45

303.93

304.61

307.00

308.02

308.98

309.34

309.59

309.62

313.06

313.55

315.42

315.79

316.31

316.52

317.40

319.56

321.99

322.50

323.19

323.41

323.88

325.10

32533

326.94

Metagenome soil
Thermoanaerobacter brockii
Fervidobacterium islandicum
Fervidobacterium islandicum
Neurospora crassa
Metagenome hydrothermal spring
Neurospora crassa
Fervidobacterium islandicum
Thermoanaerobacter brockii
Thermotoga naphthophila
Trichoderma reesei
Thermoanaerobacter brockii
Trichoderma reesei
Metagenome soil

Neurospora crassa

Thermotoga naphthophila
Caldicellulosiruptor bescii
Trichoderma reesei
Thermoanaerobacter brockii
Metagenome soil

Metagenome soil

Metagenome hydrothermal spring
Metagenome hydrothermal spring
Thermoanaerobacter brockii
Metagenome Turpan Depression
Neurospora crassa

Thermotoga naphthophila
Metagenome Turpan Depression
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Fervidobacterium islandicum
Fervidobacterium islandicum
Metagenome soil

Trichoderma reesei
Caldicellulosiruptor bescii

Caldicellulosiruptor bescii
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TRP228

VAL399

SER399

ASN399

PHE246

ILE170

ARG177

ASP399

LYS353

TYR246

PHE301

ARG298

MET399

ASN126

GLU173

HIS173

GLU226

TYR301

HIS301

PHE227

GLU169

GLN399

TYR227

ARG125

GLU399

LEU170

MET170

ASP126

HIS227

PHE173

ARG126

LYS399

ASN170

GLUI126

GLN126

LYS126

328.97

336.64

340.59

342.40

346.48

346.51

346.99

349.59

351.24

351.72

352.19

353.80

356.19

358.32

359.91

361.75

362.39

363.13

363.61

365.26

366.43

368.18

368.98

369.09

373.98

383.52

387.60

390.42

391.97

392.31

396.76

403.12

431.86

432.50

433.21

437.83

Trichoderma reesei
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Neurospora crassa
Fervidobacterium islandicum
Thermoanaerobacter brockii
Caldicellulosiruptor bescii
Thermoanaerobacter brockii
Trichoderma reesei

Neurospora crassa
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Metagenome hydrothermal spring
Thermoanaerobacter brockii
Trichoderma reesei
Fervidobacterium islandicum
Neurospora crassa

Neurospora crassa

Trichoderma reesei
Thermoanaerobacter brockii
Caldicellulosiruptor bescii
Trichoderma reesei
Fervidobacterium islandicum
Caldicellulosiruptor bescii
Fervidobacterium islandicum
Thermotoga naphthophila
Metagenome hydrothermal spring
Neurospora crassa

Trichoderma reesei

Metagenome hydrothermal spring
Caldicellulosiruptor bescii
Metagenome China South Sea
Metagenome Kusaya gravy
Metagenome hydrothermal spring

Metagenome soil
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PHE406

HIS169

LYS170

ARG169

HIS406

TYR406

TYR169

ILE407

LEU407

HIS226

PHE169

ARG399

ALA407

GLY407

VALA407

CYS407

PROA407

ARG170

MET407

HIS296

THR407

TYR296

TYR173

SER407

ASP407

GLU407

PHE226

LYS407

GLN407

HIS353

TYR226

ASN407

ARG406

PHE296

PHE353

ARG173

456.69

459.45

469.44

475.45

475.93

490.88

543.94

549.17

551.85

554.71

555.82

573.57

575.78

588.38

588.81

589.47

595.08

600.83

600.97

610.08

612.95

613.25

614.06

617.69

620.36

637.99

641.36

657.60

662.02

664.86

666.21

671.47

673.57

681.61

698.31

717.22

Neurospora crassa

Humicola grisea var thermoidea
Thermoanaerobacter brockii
Fervidobacterium islandicum
Neurospora crassa

Neurospora crassa

Trichoderma reesei
Metagenome Turpan Depression
Metagenome Turpan Depression
Humicola grisea var thermoidea
Humicola grisea var thermoidea
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Metagenome Turpan Depression
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Thermoanaerobacterium thermosaccharolyticum
Metagenome Turpan Depression
Trichoderma reesei
Caldicellulosiruptor bescii
Trichoderma reesei
Trichoderma reesei
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Metagenome Turpan Depression
Humicola grisea var thermoidea
Caldicellulosiruptor bescii
Caldicellulosiruptor bescii
Trichoderma reesei
Trichoderma reesei
Caldicellulosiruptor bescii
Thermoanaerobacterium thermosaccharolyticum
Trichoderma reesei
Trichoderma reesei

Fervidobacterium islandicum
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ARG353

TYR353

ARG407

HIS170

PHE170

TRP173

TYR170

TRP169

TRP226

TRP406

TRP353

TRP296

TRP170

717.90
820.30
872.82
894.57
1,023.87
1,052.78
1,112.36
1,129.74
1,148.79
1,221.38
1,244.88
127251

1,739.57

Thermoanaerobacterium thermosaccharolyticum
Trichoderma reesei
Fervidobacterium islandicum
Trichoderma reesei
Trichoderma reesei
Trichoderma reesei
Trichoderma reesei

Humicola grisea var thermoidea
Trichoderma reesei
Trichoderma reesei
Trichoderma reesei
Trichoderma reesei

Trichoderma reesei

Table S3. Mutations allowed for Bgl1B according to SIFT results.

Residues H125, N169, E170, Y298, E353, and W399 were not evaluated.

Residue Mutations allowed

W126 w

F172 ivlYEW

C173 C

L177 L

H184 H

N226 targeskdQN

V227 yrqcfpskemTLAIV
H228 wCmpiqdgrHeknvflayST
G246 mcfhyilnpVrqdtkeGSA
N296 N

Y297 Y

T299 aST

N301 mcfyihlvprqktegdsAN
E406 E

W407 W

F415 F
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Table S4. mCSM result for Bgl1B.

# PDB File Chain Wild Residue Residue Position Mutant Residue RSA (%) Predicted AAG Outcome
1 bgllB.pdb A H 228 A 19.1 -1.918 Destabilizing
2 bgllB.pdb A H 228 C 19.1 -0.932 Destabilizing
3 bgllB.pdb A H 228 T 19.1 -1.728 Destabilizing
4 bgllB.pdb A H 228 G 19.1 -2.307 Highly Destabilizing
S bgllB.pdb A H 228 S 19.1 -2.028 Highly Destabilizing
6 bgllB.pdb A H 228 \ 19.1 -1.13 Destabilizing
7 bgllB.pdb A H 228 P 19.1 -1.13 Destabilizing
8 bgllB.pdb A B 172 K 11.6 -1.612 Destabilizing
9 bgliB.pdb A F 172 \% 11.6 -1.077 Destabilizing
10 bgllB.pdb A H 228 M 19.1 -0.841 Destabilizing
11 bgllB.pdb A H 228 Q 19.1 -1.568 Destabilizing
12 bgllB.pdb A v 227 K 8.7 -2.049 Highly Destabilizing
13 bgllB.pdb A G 246 S 4.9 -1.662 Destabilizing
14 bgllB.pdb A T 299 S 43 -1.707 Destabilizing
15 bgllB.pdb A H 228 N 19.1 -1.951 Destabilizing
16 bgllB.pdb A \ 227 M 8.7 -0.782 Destabilizing
17 bgllB.pdb A B 172 I 11.6 -0.619 Destabilizing
18 bgllB.pdb A G 246 T 4.9 -1.433 Destabilizing
19 bgllB.pdb A A% 227 Q 8.7 -2.329 Highly Destabilizing
Table SS. Case study 3.

[Mutation

‘G39A . Beneficial http://bioinfo.dcc.ufmg //project/id/SSV273B233

1189A 4 |Not beneficial 4 http://bioinfo.dcc.ufmg sv/project/id/SSVE6997DF ‘
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Figure S1. Residues collected from 1TCA for the case study 3.

Residues at 6.5 A from the ligand docked at 1TCA (blue); in yellow the catalytic serine (S105); in orange the
ligand N-benzyl-2-chloroacetamide; in green the acid/base catalytic (H224), the oxyanion 1% term (Q106) and
2" term (T40). Image generated by PyMOL software (http:/pymol.org).

wild//QA/
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