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Abstract: In order to understand the relationship between the thermostability of tyrosine phenol lyase (TPL) and its sequence, and to
provide a reference for mutating the tyrosine phenol lyase to produce thermotolerant tyrosine phenol lyase, bioinformatics was used to analyze
the thermostable tyrosine phenollyases, StTPL derived from Symbiobacterium toebii, FnTPL derived from Fusobacterium nucleatum, and
mesophilic CfTPL derived from Citrobacter freundii. These lyases were compared in terms of phylogenetic tree, primary structure, secondary
structure and tertiary structure. With the increase of the proline content in the primary structure of TPL, the optimal reaction temperature
increased. The proline contents of StTPL, FnTPL and CfTPL were 5.02%, 3.70% and 2.85%, respectively. There were more f-sheets and turns
in the secondary structure, which were 25.51%, 25.00%, and 23.91%, respectively. These characteristics were in line with the difference between
thermostable enzymes and mesophilic enzymes reported in the literature. The comparison of the three-dimensional structures of StTPL, FnTPL
and CfTPL revealed that the 310-313 residue region, residue 13, and 82-88 residue region had a poor superposition effect. The mutation of the
313 residue was conducive to the thermalstability of CfTPL. The mutation ofAlal3, Glu83 and Thr407 residue was conducive to the
thermalstability of StTPL. It is speculated that the above residue regions are related to thermalstability, which is also in line with the findings
reported in the literature. In addition, the relevant bioinformatics analysis provides a preliminary reference for further understanding the
hyperstability mechanism of hyperstable enzymes and screening and transforming new hyperstable enzymes.
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P31013|tyrosine phenol-lyase[EC 4.1.99.2|Citrobacter freundii|Swiss-Prot
46

6 P31012]tyrosine phenol-lyase[EC 4.1.99.2|Citrobacter fintermedius|Swiss-Prot

89| 'P31011|tyrosine phenol-lyase[EC 4.1.99.2|Entrobacter agglomerans|Swiss-Prot

E6SFGS5|tyrosine phenol-lyase|EC 4.1.99.2|Intrasporangium calvum
86 (strain ATCC 23552 / DSM 43043 / JCM 3097 / NBRC 12989 / 7 KIP)|Swiss-Prot

Q9CMKO|tyrosine phenol-lyase|EC 4.1.99.2|Pasteurella multocida (strain Pm70)|Swiss-Prot

6 Q08501 |tyrosine phenol-lyase[EC 4.1.99.2|Symbiobacterium sp. (strain SC-1)|Swiss-Prot

Q08897|tyrosine phenol-lyase|EC 4.1.99.2|Symbiobacterium thermophilum
(strain T / TAM 14863)|Swiss-Prot

B2J908|tyrosine phenol-lyase|EC 4.1.99.2|Nostoc punctiforme
(strain ATCC 29133 / PCC 73102)|Swiss-Prot

Q897C2|tyrosine phenol-lyase|EC 4.1.99.2|Clostridium tetani
(strain Massachusetts / E88)|Swiss-Prot

90| — D9R201]tyrosine phenol-lyase|EC 4.1.99.2|Clostridium saccharolyticum
(strain ATCC 35040 / DSM 2544 / NRCC 2533 / WM1)|Swiss-Prot
30
b Q8RHM6|tyrosine phenol-lyase|EC 4.1.99.2|Fusobacterium nucleatum subsp.nucleatum
5 (strain ATCC 25586 / CIP 101130/ JCM 8532 / LMG 13131)|Swiss-Prot

1 TPL #HEREERE
Fig.1 TPL evolutionary tree result graph
% 1 StTPL. FnTPL A CfTPL EEBRLARK
Table 1 Amino acid composition of StTPL, FnTPL and CfTPL
ZJREL  SITPL 4%  StTPL 49 Mol% FnTPL k% FnTPL #) Mol% CfTPL % CfTPL #) Mol%

Ala 41 8.95 35 7.61 41 8.99
Arg 38 8.30 25 5.43 26 5.70
Asn 13 2.84 16 3.48 18 395
Asp 27 5.90 24 522 25 5.48
Cys 3 0.66 7 1.52 6 1.32
Gln 19 4.15 15 3.26 17 3.73
Glu 34 7.42 41 891 36 7.89
Gly 36 7.86 38 8.27 37 8.11
His 13 2.83 13 2.83 14 3.07
Ile 34 7.42 35 7.61 29 6.36
Leu 30 6.55 30 6.52 32 7.02
Lys 18 393 37 8.04 27 5.92
Met 19 4.14 15 3.26 20 4.39
Phe 18 393 22 4.78 21 4.61
Pro 23 5.02 17 3.70 13 2.85
Ser 13 2.83 12 2.61 18 3.95
Thr 19 4.15 21 4.57 20 4.39
Trp 5 1.09 1 0.22 1 0.22
Tyr 22 4.80 22 4.78 23 5.04
Val 33 721 34 7.39 32 7.02
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Fig.2 Hydrophobicity analysis and polarity distribution
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MUSCLE (3.8) multiple sequence alignment
TPL | Symbiobacterium_toebii -—-NQRPVAEPYEIKAVEPIRNTTREYR NTFLLRSEDVYIDLLTDSGTNAN
TPL | Citrobacter_freundii -~~~ MNYP-AEPFRIKSVETVSHIPROERLEEMQEAGYNTFLLNSEDIY IDLLTDSGTNAN
Fn-TPL | Fusobacteriu_nucleatum — NEFEDTP-A8PFRIKSYETVENLDEAAREEYIKEAGYNTFLINSEDYY IDLLTOSGTHAN
I T I T TS
TPL | Symbiobacterium_toebii ROWGALNNG IYGFEYVYPTHOGR LISRILIKPGDY
TPL | Citrobacter_freundii SDEQWAGMMNGDEAY AG SENF YHLERT VOELFGFEHI VPTHOGRGAENLLSQLAIKPGQY
Fn-TPL | Fusobacterium-nuleatum  SUEOVGGLUOGDEATAGERNFFHLEETVELTFGFEHIVPTHOGRGALNILEOL ATEPGOY
Bk DR RRRERRED kD RE DR ED DRk D DeRRbRRROEE DD R, Rk
TPL | Symbiobacterium_toebii IPGNNYFTTTRTHOELQGGTFY AHDPQANHPFKGNV]
TPL | Citrobacter_freundii VAGNNYFTTTRYHQEE \HDAGLNT AFK
Fn-TPL | Fusobacterium-nuleatum  VPGIITFTTTRYHOERNGGIFE AHDATLNVPFKGDIDLNKLQKLIDEVGAENI A
Foo kR bk
TPL | Symbiobacterium_toebii IAYFIK
TPL | Citrobacter_freundii IAYFI
Fn-TPL | Fusobacterium-nuleatum IATFI T
BT T T
TPL | Symbiobacterium_toebii VREILKENMSYFDGCTHSGKKDCLYNIGGFLAMNEEY ILOKAREQVVIFEGHPTYGGLAG
TPL | Citrobacter_freundii IAETVHENF SYADGCTHSGKEDCLVNIGGFLCHNDDEMF SSAKELVVVYEGHP
Fn-TPL | Fusobacterium-nuleatum ~ [E8IVERIFSTADGCTIHSGRELCLYNIGEFLOMNDEDLEL A4
TR T R S r s
TPL | Symbiobacterium_toebii RONEATAQGIYENVDDDYIAHRIHQVRYLGEQLLEAGIPIVQPIGGHAVFLDARAFLPHI
TPL | Citrobacter_freundii ROMEANA P HL
Fn-TPL | Fusobacterium-nuleatum MEANA 2l IL( LEEAGVPILEPVGGHAVFLDARRFCPHI
D T T T TrT T ———
TPL | Symbiobacterium_toebii PODQFPAQALAAALYVDSGVRANERGI VSAGRNPOTGEHNYPKLELVRLTIPRRVYTDRH
TPL | Citrobacter_freundii TODEFPAQOSLAASIYVETGVRSHERGI I SAGRNNVTGEHHRPELETVRLTIP
Fn-TPL | Fusobacterium-nuleatum  Fo VECGVRTHERGI I SAGRDVKTGENHKPELETVRVTIP
R R D R L R SRR R T R bR b bR
TPL | Symbiobacterium_toebii iy LYKERDTIRGLRMVYEPPTLRFFTARFEPIS
TPL | Citrobacter_freundii MDVVADGIIKLYQHKED IRGLKF IYEPKQLRFFTARFDYI-
Fn-TPL | Fusobacterium-nuleatum ~ W0VVARGTTELYEHE PLEFVYEPKQLRFFTARFGI
T RN
6 StTPL, FnTPLCFTPL )% FFFILLTLERE
Fig.6 Result of multi comparison between StTPL, FnTPL and CfTPL
a b Cross-structure statistics.
Sequence Identety
RMSD
structure: 1 2 3
1 StTPL.PDB:A,B,C,D 0631  0.662 structure: ! 3
2 CfTPLpdb:ABCD 0631 0813 1 StTPL.PDB:A,B,C,.D 0.068 0.062
3 FnTPL.pdb:A,B,CD 0.662 0.813 2 CITPLpdb:ABCD 0668 0041
3 FnTPL.pdb:A,B,C.D 0.062 0.041
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7 StTPL, FnTPL 0 CfTPL BYFFFIELSTLERANLEMILLST RUSD £55R
Fig.7 Sequence alignment results and structure alignment RMSD results of StTPL, FnTPL and CfTPL
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CfTPL StTPL FnTPL
[ 8 CfTPL. StTPL F0 FnTPL AYZRELX 1 310-313 Z5FIXF L&
Fig.8 Residue region of 310-313 CfTPL, FnTPL and StTPL

structure comparison chart

a
B GEEE - B
SoAsH s e s awsi
S e o
sllan] [ Cancia] 1 5[Cavanie ]
sllkavis]  [s] kel 1[5 Chwin]

CfTPL StTPL FnTPL

on

CfTPL StTPL FnTPL
& 9 a: CFTPL, StTPL F FnTPL A5 5 13 £5#xFELEl; b: CFTPL,
StTPL F FnTPL FY5%E 83 X IsE5HaxTELE
Fig.9 a: Residue 13 of CfTPL, FnTPL and StTPL structure
comparison chart; b: The area around residue 83 of CfTPL,
StTPL and FnTPL structure comparison chart
MM Rha ZH7, STPL 1 Alal3. Glu83
F1 Thr407 287354 Vall3. Lys83. Alad07 J5#aEtt:

. WK 9 FroRHZRIE T X BRI, 5
StTPL [#] Alal3 AR )5 %/ CETPL H1f) Serl2 Al
FnTPL Wi Serl5, fEZ5H FIFARIRIGES: M
StTPL (1) Glu83 P iy X 8% %: 83~89, L CfTPL
(P55 82~88. FnTPL [1J5kHE 85~91 AHXTA, TIXH
Ay ZE SRR, G0 10 Bz, 5 StTPL f5%3E 407
SFRif) CETPL 5% 3 406 Al FnTPL #&JE 409 AR 1T
&, HBHEXIREEE & 1R %, StTPL ) Thrd07
KA Alad07 JaFddae s, WX CfTPL A
FnTPL 7€ mi RARSE s e v, T DUEFRIX A XI5
L RGHEAT RAE SR

110 CfTPL. StTPL FI FnTPL HY3%EE 407 MHEX L5107 LLE
Fig.10 The area around residue 407 of CfTPL, StTPL and

FnTPL structure comparison chart

P A TR AR RGIE Y iR NS StTPL. FoTPL A
HiE A CETPL HEAT X, 458 7~ CITPL WA StTPL
FGRAREE, 5 PnTPL SEGRARKIL, =&KXW
SBARMEX . BiAKIX SR . N — I LT R H,
BEA S RN, ER S B, Bod R R
F£5 45 °CH) CITPL TR & &N 2.85%, Hod [
IR 60 °CI) FnTPL FZR &8N 3.70%, HuER
NI FE 9 80 °CHY StTPL iz lR & &9 5.02%, T2
FRTEER AR A R e P R RPRIER, 508
TRIE R SRR & o N REEHI LR, 5 CITPL AHLL,
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FnTPL 1 StTPL H4SHEE5H F 4 Lhisi, p-4r S i
AME G, 5908 23.91%. 25.00%F1 25.51%,
TN B-47 B A% Fy —REEITEER AR MR S Aa e
P EEEH . DL SR REEN LT #4 8§ StTPL.

FnTPL iR CfTPL 7674 25 SEdvae
YA, =4 TPL AR Inbbxt 4 R EoR,

310-313 FRIEX I, FREE 13, 82-88 FRIELIX I B IR
7, 313 FRILTRABHF|T CFTPL $Em#vdase it, StTPL
) Alal3. Glu83 RAZHF|T StTPL KAZ, HEMILA
B XIS R MEAR DG, RS O SCRRARIE 1)
5. AP StTPL H1 () Thrd07 X #via e Mt ook,
#RAF CITPL 8¢ FnTPL DMEFA IR ENE, FILIHE

AR 407 FRHEERPE IR 7 5882
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