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Table 1 43 pairs of piezophilic and non-piezophilic proteins
0S Piezo N-piezo Organism ID/% OS Piezo N-piezo Organism 1D/ %
Geobacillus kaustophilus Pyrococcus abyssi
2EBB:A  1USM:A  Thermus Thermophilus 29 1KK1:A 2YWE:A Aquifex aeolicus 29
2EEY:A  2IIH:A thermus theromophilus HB8 52 IMKH:A 2E8G:A Pyrococcus horikoshii 36
2EGO: A 1V3W.A  Pyrococcus horikoshii OT3 44 1XTY: A 1WN2:A Pyrococcus horikoshii OT3 48
2EGU:A  27SJ:A Aquifex aeolicus VF5 27 1YRB:A 1J8M:F Acidianus ambivalens 26
2EMQ:B  1PVM:B  Thermoplasma acidophilum 26 2AUS:A  2G5C:A Aquifex aeolicus 23
2P20:D  3FS8:B ;Zi;”j}‘:‘;ﬁ;f;jﬁg‘liz:lm 53 2BFW:A 27ZBW:A  Thermus thermophilus 26
2PCS:A  2NS9:A  Aeropyrum pernix K1 23 2JJQ:A IWXX: A Thermus thermophilus 28
2Q0YH:D 1L6R:A  Thermoplasma acidophilum 0175 21 2V7F.: A 2QAI:A Pyrococcus furiosus 50
2YRLI:A  1IMIH:A  Aquifex aeolicus 38 3BK7:A  10XX:K Sulfolobus solfataricus 31
2YWI:A  2CVB:A  thermus theromophilus HB8 50 1S3M: A 2FE1:A Pyrobaculum aerophilum 83
2701 :A 27Z1E: A Thermococcus kodakaraensis KOD1 23 2B98: A INQU:A Aquifex aeolicus 34
Methanocaldococcus jannaschii Methanocaldococcus jannaschii
1A79:A 2CV8:A Sulfolobus tokodaii 41 2EIF: A 1UEB: A Thermus thermophilus HB8 31
IDUS: A 1I3T:A %ﬁiﬁ;“a”gﬁ;’:‘}i’iﬁter 33 2EJ9.A  2DXU:A  Pyrococcus horikoshii 35
1FOA: A 1EJ2:A M. thermautotrophicus 57 2H6R:A  1VC4:A Thermus thermophilus 22
1G8S:A 1G8A:A  Pyrococcus horikoshit 55 2P5D:A 2HD9: A Pyrococcus horikoshit OT3 59
1JIU:A 1H3F A Thermus thermophilus 27 2PKP: A 1V7L.A Pyrococcus horikoshii 44
1J97:A 1WR8:A  Pyrococcus horikoshii 43 2R7K:A  2R85:A Pyrococcus furiosus 49
1JEO:A  2DOI.A Pyrococcus horikoshii OT3 31 2VAP.A  2R75 Aquifex aeolicus 45
IMJH:A  2708:A Thermus thermophilus HB8 31 3CPQ:A  2FC3:A Aeropyrum pernix L7 Ae 27
INH9:A 2BKY:A  Sulfolobus solfataricus 59 3D71:A 2CWQ: A Thermus thermophilus HB8 30
IPKH:A  1J08:A  Pyrococcus horikoshii 30 3DM3:A  3CBN:A %ﬁiﬂ;";ﬁfﬁi::;‘um 30
0S: Organism, Piezo: piezophilic, N — piezo; none piezophilic, 1D, identity 3F9T.A  2EH6:A Aquifex aeolicus VF5 21
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W 2 fiw , 7608 e AEERS 8 A 4+ ] X
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2.6% F1 1. 17% ; Trp £ g < FN-IERE 28 1 a) DX 35k
(S35 85 B 43 R 1. 08% F1 1. 85% ; 1le il Met 43
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Table 2 Difference of amino acids and amino acid groups in

piezophilic and non-piezophilic proteins

Residue structure state

aa

Internal Intermediate External
Ala (A) 10.0055 10.6898 10.3027
Cys (C) 10.0085 10.2108 10.0353
Asp (D) 10.6918 10.6993 10.0174
Glu (E) 10.8484 10.2676 10.1071
Phe (F) 10.8452 10.2545 10.9985
Gly (G) 10.3269 10.3166 10.5765
His (H) 10.2358 10.7983 1 0.0692
Tle (1) 10.0144 10.0283 10. 6400
Lys (K) 10. 3454 10. 8081 10.0033
Leu (L) 10.8818 10.1767 10.4769
Met (M) 10. 4866 10.0262 10.5050
Asn (N) 10.6972 10.4538 10.0343
Pro (P) 10.8992 10.9087 10.0110
Gln (Q) 10.5227 10.3653 10.5798
Arg (R) 10.3185 10.7559 10.0013
Ser (S) 10.2893 10.9699 10.8550
Thr (T) 10.9070 10.2030 10.6126
Val (V) 10.1312 10.8471 10.5565
Trp (W) 10.4891 10.0349 10.2886
Tyr (Y) 10.3106 10.5356 10.2247
Charged 10.7068 1 0. 8464 10.9840
Aliphatic 10. 3445 10.5415 10.8571
Aromatic 10. 6866 10.5337 10.6737
Polar 10.7617 10.7991 10. 1666
Neutral 1 0.0689 10.3471 10.0393
Hydrophobic 10.1074 10.5220 10.3661
Positive charged 10.7189 10.9312 10.9672
Negative charged 10.8345 10.6418 10.9911
Tiny 1 0. 1267 10.3310 10.4732
Small 10.1126 10.0722 10. 4445
Large 10.9360 10.4112 10.0382
Sulfur 10.0393 10.0091 10.1592
Amide 10.5144 10.2191 10. 1111
Barophilic 10.1376 10.4373 10.2781
M barophilic 10.1318 10.2620 10.0529
N barophilic 10. 0025 10.0656 10.0099

p values were obtained from i-test, with the significant results marked
with bold font; the arrows indicate the direction of change, T indicate
more in piezophilic proteins.
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Protein  piezophilicity : Solvent  accessibility-based
difference of amino acid in adaptation of proteins to high
hydrostatic pressure

Guangya Zhang, Hongchun Li, Jiagiang Gao, Baishan Fang ~

( Department of Bioengineering and Biotechnology, Huaqiao University, Xiamen 361021 ,China)

Abstract ;[ Objective ] To investigate the structural distribution responsible for protein piezophilicity is important for
understanding the stability of piezophilic protein and would help to develop a practical strategy for designing piezophilic
proteins. [ Methods ] We introduced a systematic comparative analysis of 43 pairs of piezophilic and non-piezophilic
proteins. Three kinds of residue structural states such as external, intermediate and internal were considered for analyzing
the structural patterns of single amino acids and amino acids in different groups. [ Results] The statistical tests revealed
that higher frequency in external state of Cys, Asp, Asn and Lys at the expense of Pro and Arg, higher frequency in
intermediate state of Ile and Met at the expense of Trp, higher frequency in internal state of Cys and Ile at the expense of
Ala, higher frequency in external and internal state of non-barophilic amino acids groups, lower frequency in external state
of neutral and large amino acids groups could be critical factors related with protein piezophilicity. [ Conclusion] The
external state was the domain that had the most differences between piezophilic and non-piezophilic proteins, and it should
be a hot spot for designing and engineering new piezophilic proteins. At the same time, the pressure asymmetry index
should be revised based on more datasets.

Keywords: Piezophilic microbes; structure analysis; systematical analysis; solvent accessibility; piezophilic adaptation
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