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I. DATASET

A. Datasets

Proteins with known melting temperature (7},,) were obtained from the ProTherm database [1]. We selected all
wild-type proteins for which the following thermodynamic data and experimental conditions were reported: T, > 0
°C; 6.5 < pH < 7.5 and no denaturants. Experimentally determined structures were collected from the PDB (Berman
et al. 2) and filtered according to method (x-ray diffraction), resolution (below 34) and percentage of missing residues
(5% compared to the Uniprot (Pundir et al. 3) sequence). Proteins for which experimentally determined structures
were only available in a bound state, i.e. in complex with either a ligand or a ion, were excluded. Proteins were
filtered using the CD-HIT software (Huang et al. 4) to remove proteins with chain sequence identity > 40% to each
other. The final dataset, hereinafter referred to as the T, dataset, consisted of 86 proteins. Consistently with previous
reported dataset, thermostable proteins (T, > 70°C') represent about a third of the overall dataset (Karshikoff and
Ladenstein 5, Parthasarathy and Murthy 6, Kannan and Vishveshwara 7). In order to have a dataset as balanced
as possible, we also manually collected a second, independent dataset consisting of proteins from hyperthermophilic
organisms with optimal growth at T > 90 °C and pH between 6.5 and 7.5. Experimentally determined structures
were collected and filtered according to same criteria described above for the T}, dataset, leading to a total of 13
protein structures. This second dataset is referred to as the Thyper dataset. The union of the two dataset, referred as
the Toynore dataset, accounts of 99 proteins

B. Clustering analysis

We clustered the T descriptors using the Euclidean distance and the Ward method as linkage function (Ward 8)
via the hclust function of the Stats package of R (Thaka and Gentleman 9). To better compare the different T score
between them we normalize the data dividing each T score for the maximum of the absolute values. Finally, using
the R package ”clValid” (Brock et al. 10), we performed an internal validation for the hierarchical cluster considering
both the Connectivity, Dunn and Silhouette parameters.
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[ [PDB[Tm [C°][Type]|

1[1a3y| 69.1 M
2 | lako 42.6 M

3 1b8e | 78.0 T

4 1bd8| 51.9 M

5[1bk7| 644 | M

6 | 1bni | 54.0 M

7| 1bpi| 1040 | T 51] 1rtb | 61.3 |M
8| 1btl | 56.4 M |l[[52]1sfp [ 786 [T
9| 1lcog| 675 M {53 1spp| 60.1 |M
10| 1c90 | 76.9 T 54| 1stn | 52.7 [M
11| 1cec | 70.4 T 55| 1tca | 57.7 [M
12| Ichk | 52.2 M ||[I56]1tpe| 1.4 |M
13| 1em2| 63.4 M 57|1udv|157.5] T
14|1cm7| 34.0 M 58| 1v6h [112.7| T
15|1cmb| 54.0 M 59|1ydy| 88.3 |T
16| lesp | 52.8 | M ||[T60| 1ypr| 67.9 [M
17| lczd | 52.3 M 61]1zdr | 66.2 |[M
18] 1div | 77.6 T 62| 2cro | 56.0 |M
19| lekg | 58.2 M |[[63]2dri | 57.5 |M
20| Tewd | 53.8 M ||[l64[2gdl| 785 | T
21| 1fsf 66.9 M 65| 2izp | 83.7 | T
22| 1fvk 76.8 T 66]2lzm| 62.2 |M
23|1gtm| 1144 | T 67|2prd | 86.0 | T
24| 1gwy| 67.0 M 68| 2sil | 57.0 (M
25|1h7m| 93.5 T 69]2y3z| 87.0 | T
26| 1h09 | 51.4 | M |I[I70] 2zta | 77.9 | T
27| 1hix | 66.7 | M |[|[T71[3chy | 57.8 |M
28| 1hk0| 80.0 T 72[3d2al 63.4 [M
29| 1idn | 90.3 T 73[3dfq | 61.2 [M
30| 1ino | 58.0 M [|[[74 3enj | 47.8 |[M
311 1j2v | 1485 | T 75| 3ssi | 82.2 | T
32| 1j4s | 66.0 M ||[[76[4ake | 51.8 |M
33| 1jji | 99.0 T 774blm| 67.0 [M
34| ljyd | 68.9 M 78]4g03 ] 66.4 |[M
35| 1ked | 54.6 M 79| 4ger [ 70.4 [T
36| llnw | 55.6 M 80| 4lyz | 80.0 [T
37| Imjc | 59.0 M 81[4n9h] 66.4 [M
38| Imsi| 46.6 M [|[[8215Mm6 | 63.7 |M
40| lonc| 885 | T |Mg4T2x0b] 67.2 [M
L] dorc | 570 | M |\figssivd 841 (T
42| 1pii | 510 | M |iggrsngy100.2| T
43| 1poh | 63.4 M

44| Iqhe| 56.0 M

45| 1r56 | 68.9 M

46| 1rg8 | 39.8 M

47| 1rgg | 49.0 M

48| Irhg | 60.9 M

49 Irnl | 489 M

50| lrop | 68.7 M

TABLE I: Table of the 86 proteins of the T,, dataset, collected from ProTherm database.
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H Name [ Organism [ PDB [ Ref. H

Formylmethanofuran Methanopyrus kandleri | 1ftr 11

pyrrolidone carboxyl peptidase Pyrococcus furiosus liof 12

L7Ae sRNP core protein Pyrococcus abyssi 1pxw 13

malate dehydrogenase Aeropyrum pernix 2d4a 14
D-Tyr-tRNA(Tyr) deacylase Aquifex aeolicus 2dbo | To Be Published
hypothetical protein (Aq-1549) Aquifex aeolicus 2e8f | To Be Published
3-oxoacyl-[acyl-carrier-protein] synthase I11 Aquifex aeolicus 2ebd | To Be Published
aq-1716 Aquifex aeolicus 2p68 | To Be Published
3-dehydroquinate dehydratase Aquifex aeolicus 2ysw | To Be Published

splicing endonuclease Pyrobaculum aerophilum | 2zyz 15
archaeal asparagine synthetase A Pyrococcus abyssi 3p8t 16
Casb Pyrococcus furiosus 3ufc 17

tRNA methyltransferase Trmb5a Pyrococcus abyssi 5hjj 18

TABLE II: Table of Hyperthermophiles proteins manually collected on the PDB bank [19].



