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Thermostable protein with denaturation temperature (Td) of 150 oC will be
produced by substitution of ionic residues considering of flexibility in the
water

Yoshinori, Matsuura

3,200,000
150 (Td) CutAl
CutAl (Td =113.2 )
Td 142.2
(MD: Molecular Dynamics)
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150
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The goal was to see if one can achieve the same stability as for a CutAl
from hyperthermophile Pyrococcus horikoshii that has the denaturation temperature (Td) near 150 oC.
The hydrophobic mutant of EcCutAl (EcOVV) with Td of 113.2 oC was used as a template for mutations.
The highest stability of multiple mutants was a mutant substituted by 9 charged residues that had Td

of 142.2 oC. To evaluate the energy of ion-ion interactions of mutant proteins, we used the
structural ensemble obtained by molecular dynamics (MD) simulation at 300K. The Td of ionic mutants
linearly increases with the increments of the computed energy of ion-ion interactions for ionic
mutant proteins even up to the temperatures near 140 oC, suggesting that ion-ion interactions
cumulatively contribute to the stabilization of a protein at high temperatures.
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CutA1(EcCutAl: T&=90°C) PhCutAl: T#=150°C
(MD)
Ty 26°C
EcCutAl EcOVV: EcCutAl C16A/C39A/C79A/S1IVIEBLY  Tg=115°C
PhCutA1(Tq=150°C) Ty
DSC Differential Scanning Calorimeter: )
AH Ty
Ty FoldX, SPMP
CutA
EcOVV EcOSH(EcCutAl
C16A/C39A/CT79A) (PDB ID: 4Y65) N
S11V/E61V EcOVV
MD
MD GROMACS
300K, 40 nano-sec MD FoldX
D
83
(ATg>+05°C) 37 (ATg<-0.5°C) 31
(-0.5°C<ATg<+0.5°C) 15 (Table 1A)
EcOVV
(pl) 4.98
EcOVV (Table 1B) EcOVV
Q87K/T88R T4 +9.2°C EcOVV H72K/Q87K/T88R +14.3°C EcOVV H72K/S82K/Q87K
/T88R +18.3°C EcOVV A39D/SA8K/H72K/S82K/Q87K/T88R
(EcOVV_6) Ta =136.8°C(+23.6°C) EcOVV6 3

EcOVV_9(EcOVV_Q25R/A39D/SA8K/H72K/S82K/Q87K/T88R/T101E/N108E) Ty
142.2°C EcOVV Ta  29.0°C 52.3°C
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2.2+40.2A
A Glu9o

Ce

Mutants T Q) |aTi(0) Mutants T Q) |aTyC0) Mutants T (0 |aTi(0) Mutants Ta (0 ATq (°C)
Ecow 72K | 118.4 [+ (04 | 52 EcOWAL00R [1142 [#[01 | 10 ECOWABE [1123 [#[02 | -09 Ecowv Template 1132 |+ 02 00
ECOWES?R | 1181 [+]03 | 49 Ecow D26k | 1142 [£]01 | 10 ECOWAZ0E | 1123 [ [01 | -0.9 Ec OV A39DISABK 1183 |+ 07 51
EcOWHT2R | 1180 [+]02 | 48 EcOWQ25R | 1142 [£]01 | 10 ECOWQME | 1122 [ [02 | -10 Ecowv Q87K/T88R 1224 || 06 9.2
EcOWESTK | 1176 [+]00 | 44 EcOWS110K | 1142 [£]02 | 10 EcOWS4BK | 1122 [ [09 | -10 EcOWV Q87K/T88R/S110R 1208 |+] 04 7.6
EcoW TBSR | 1176 [+]06 | 44 EcOWABR |1141 [£]02 | 09 EcOWSTK | 1121 [#[01 | -11 EcOWV Q87K/T88R/S82K 1260 |+| 08 128
Ecowsiior |17 |:]0a | a1 Ecowosek | 1140 | |00 | 08 Ecowsasr | 1121 |+ |01 | -1 Ecovv Q87K/T88R/H72K 1275 |#| 05 14.3
Ecowsser | 117.1 [+[05 | 39 EcowAsK [ 1140 [+[02 | 08 EcOWQ2sE [1120 [ (01| -12 EcOVV Q87KIT88R/H72K/S82K 1315 |+| 06 18.3
Ecow Qs7R | 117.1 [+[02 | 39 Ecowsiosk [113.0 [+f01 | o7 EcOWS7IE [1118 [ (01| -14 EcOow_6 1368 |+| 09 23.6
Ecowssk | 1169 [+[05 | a7 Ecowazk [1139 [+[oo | o7 ECOWQSSE | 1116 [+[01 | -16 EcOVV_6 E34R 1338 |£| 00 20.6
EcOW Q87K | 1168 [ +[05 | 36 EcOWA20K 1137 [+[01 | o5 ECOWV70E | 1115 [+ [00 | -17 EcOVV_6 S110R 1353 |[+| 0.0 221
EcOVV T88K | 116.1 [+[02 [ 29 ECOVVAIOR | 1136 [+[02 | 04 ECOVA7SE | 1105 [+ [03 [ 27 EcOVV_6 E57R 136.8 + 0.1 23.6
EcOVV N108K [116.0 | £[02 | 28 EcOWA20R [1136 |£[01 | 04 ECOWV70R |109.5 |+ |08 | 3.7 EcOVV_6 T101E 1393 || 03 26.1
ECOVV S7IR | 1160 [+[01 [ 28 ECOVVT10IR | 1135 [+[01 | 03 ECOVA33D |1095 [+ |01 [ 37 EcOVV_6 Q25R/T101E 140.3 + 0.1 27.1
ccow ek | 1160 | 2|01 | 28 oAk |14 2oz | o2 EeowAeE |1092 | 2|02 | 40 EcOVWW_6 Q25R/TI01E/N1OSE (ECOW 9) | 1422 |%| 0.2 29.0
Ecow s105R | 1157 |+|02 | 25 ECOWESSR [ 1131 |+[01 | 01 ECOWKBIR [109.1 [#[01 | -4.1
ecows7ik |1157 [+]03 | 25 ecowle  |us1|sfo1| 01 EcOWQ73E [ 1088 |+ |03 | 44
EcOWER |1157 [£]01 | 25 EcOW Y60E | 1131 | £[00 | 01 ECOWA39K | 1087 [ (0.0 | -45
Ecow HosD | 1156 [+]00 | 24 ECOWALOE | 1130 | £[06 | 02 ECOWQ73K | 1081 [%[01 | 51
ECOVW NIOSR | 1155 [+]01 | 23 EcOW AR |1129 |£[00 | 03 ECOWTOTK | 107.7 [+ [0.0 | 55
Ecow T4k | 1153 [£]02 | 21 EcOWTO7E |1129 |+[00 | 03 EcOWT6D | 1075 [ [02 | 5.7
EcoVV N10BE | 1153 [+[01 | 21 EcowTeok [ 1128 |+[00 | 04 EcOWAR (1070 |2 |01 | -62
EcOWA75R | 1153 [+[01 | 21 EcoWAlOK [1127 [+[01 | 05 EcOWGASK [1063 [+ (0.4 | -69
Ecow Qesk | 1152 |£]00 [ 20 EcowEsOK [ 1127 [+[00 | 05 EcowsasD [1054 [ (02 | 7.8
ecowwsk | 1150 [+[02 | 18 ecowQrar [1127 [:[00 | 05 EcowAeD [1054 |+ |05 | 78
EcoWWs2R | 1149 [£]03 | 17 EcOWL2R  |1125 |£[02 | 07 ECOWH72E | 1024 [+ [00 | -108
EcOW SI05E | 1144 [ £]02 | 12 ECOWALO9E | 1124 |+[02 | 08 ECOWQB3K | 1022 [+ |05 | -11.0
EcOW QS8R | 1144 [ +]04 | 12 EcOWS6R |1123 |£[01 | 09 ECOWH?2D | 963 |#[02 | -169
EcOW TI01E | 1144 [£]03 | 12 EcOWHEIK | 1123 |£[01 | 09

B

3.5+1.2 A
58+1.8 A

(Fig. 1c)
C
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Table2 EcOVV

S5
2E 40
Total energy of © 2
Mutants jon-ion interaction | Difference | AT 4 (°C) 2 :‘L-; 2390
(KJ/mol of trimer) 'é 5
=35 0
EcOVV template 62.7]+] 96 0.0 0.0 2 E ' ' '
EcOvV_Q25R 859 || 214 | 232 1.0 = - S48k §Q87K’TBSR
EcOVV_E34R <722 +]12.8 -9.6 25 =2
EcOVV_A39D 53.0[+[10.2 9.7 7.8 %2 40 4 J
EcOVV_S48K -82.0 | +| 25.1 -19.3 -1.0 $2 lao5R A39D/S48K ™\ EcOVV_6_E34R
EcOVvV_E57K -73.0 | +] 10.3 -10.3 4.4 00 EcOVV_9
EcOVV_E57R -689 | +| 95 -6.2 4.9 S ;
EcOVV_H72K 722 | +] 165 95 5.2 -g 3 _god i
EcOVV_S82K 652 [+[111| -26 3.7 e "'é EcOVV_6_S110R
EcovVv_Q87K <727 || 85 -10.1 3.6 o g |
EcOVV_T88R 901 [ +[142 | -274 4.4 L3 ECOWV 6
EcOVV_T101E 577 | +]16.1 5.0 1.2 [a)] g 2120 B
ECOVV_N108E 649 |+[126| 22 2.1 ! j ' ' '
ECOVV_S110R 747|200 | -12.0 4.1 =10 0 10 20 30
EcOVV_A39D/S48K -936 | | 12.7 -30.9 5.1 AT (OC)
EcOVV_Q87K/T88R -839|+| 82 -21.2 9.2 d
EcovVv_6 -153.8 | ] 12.9 -91.1 236
EcOVV_6_E34R -126.9 | +]11.2 -64.2 20.6 1
EcOVV_6_E57R -146.0|+] 130 | -833 236 Fig. 2 EcOVV (ATq)
EcOvV_6_S110R -149.1 | +| 99 -86.4 221
Ecovv_9 -1415 | +| 17.9 -78.8 29.0
4) 6
EcOvVV EcOVV_6 ATy 23.6°C 17
99.1 kJ/mol/trimer EcOVV_6 6
( ) (Table3) EcOVV_A39D
EcOVV _A39D/s48K
Asp39-Lys48
EcOVV_6 (Table 3A,B) H72K
C (Arg112) EcOVV_6
(Table 3C) S82K, Q87K, T88R
EcOVV_6 (Table 3D - F)
Table3 EcOVV (KJmol)
(A) Asp39 (B)LysA8
mutants mutants
EcOVV_A39D/S48K ECOW_6 EcOW_9 EcOVV_A39D/S48K EcOW_6 EcOW_9
pairs energy| _pairs energy| pairs energy pairs energy| pairs energy| pairs energy
Asp39 | LYS48 inter -14.4| LYS48 inter -13.5| LYS48 inter -13.3 Lys48 | GLU21 inter 0.0 GLU21 inter 0.0
GLU53 inter 03| GLUS3 inter 04| GLU53 inter 05 ARG25 inter 0.5
LYS55 inter -0.2| LYS55 inter -0.3| LYS55 inter -05 LYS35 inter 0.0
GLU57 inter 12| GLUS7 inter 16| GLU57 inter 15 ASP39 inter -14.4| ASP39 inter -13.5| ASP39 inter -13.3
GLU59 inter 26| GLU59 inter 3.0| GLU59 inter 2.6 LYS67 inter 54| LYS67 inter 3.8| LYS67 inter 3.6
LYS81 inter -0.2| LYS81 inter -0.3| LYS81 inter -0.4 ASP100 inter ~ -0.9 | ASP100 inter  -0.9| ASP100 inter  -1.0
HIS84 inter 00| HIS84 inter -0.1 GLU101 inter 0.0
LYS87 inter -0.5| LYS87 inter -0.4 ASP102 inter  -0.6| ASP102 inter  -0.5| ASP102 inter  -0.6
ARGS8 inter -5.4| ARG8S inter -2.5 GLU108 inter 0.0
GLU90 inter 157 | GLU90 inter 17.8| GLU90 inter 14.6 ARG112 inter 0.0
Inter-sum 5.0 2.7 2.0 Inter-sum -10.4 -11.1 -108
GLU21 intra 0.0 GLU21 intra 0.0 ASP20 intra  -0.4| ASP20 intra -0.6| ASP20 intra -0.6
ARG25 intra -0.8 GLU21 intra  -0.1| GLU21 intra -0.2| GLU21 intra -0.2
ASP26 intra 0.0 ASP26 inra 0.0
LYS35 intra -0.1| LYS35 intra -0.1| LYS35 intra -0.2 GLU53 intra  -0.2| GLU53 intra -0.1| GLU5S3 intra -0.2
LYS67 intra -22.7| LYS67 intra -22.1| LYS67 intra -20.9 LYS55 intra 02| LYS55 intra 02| LYS55 intra 0.5
HIS72 inra -01| LYS72 inra 00| LYS72 intta 0.0 GLUS7 inra -1.0| GLUS7 inta -1.3| GLU57 intra -1.4
GLU90 inra 0.1 GLU59 intra -69| GLUS9 intra -10.1| GLUS9 intra -7.8
HIS98 intra 0.0 LYS81 intra 0.2| LYS81 intra 0.3| LYS81 intra 0.3
ASP100 intra 1.2 | ASP100 intra 16| ASP100 intra 1.7 HIS84 inra 00| HIS84 intra 0.2
GLU10L intra 0.0 LYS87 inra 06| LYS87 intra 05
ASP102 intra 0.7 | ASP102 intra  0.8| ASP102 intra 1.0 ARGS88 intra 29| ARG88 inra 21
GLU108 intra 0.6 GLU90 intra  -19.5| GLU90 intra -19.9| GLU90 intra -20.7
ARG112 inra 00| ARG112 inra  -0.1| ARG112 inra 0.0 Intra-sum -27.6 -28.1 -27.3
Intra-sum -208 -20.0 -18.7 Total sum -38.0 -39.2 -38.2
Total sum -15.8 -17.3 -16.7




(C) Lys72 (D)Lys82
mutants mutants
EcOW_H72K ECOW._6 EcOW_9 EcOWW_S82K ECOW._6 EcOW._9
pairs energy| pairs energy| pairs energy pairs energy| pairs energy| pairs energy
Lys72 | N-terminal inter 0.1 | N-terminal inter 0.3 [ N-terminal inter 0.0 Lys82 | N-terminal inter 0.4 | N-terminal inter 0.9 | N-terminal inter 0.7
ASP3  inter -0.2| ASP3 inter -0.2| ASP3 inter -0.2 ASP3  inter 00| ASP3 inter -0.1
GLU4  inter -0.3| GLU4 inter -0.2| GLU4 inter -1.0 GLU4 inter -0.2 GLU4  inter -0.4
LYS5  inter 0.0 LYS5 inter 00| LYS5 inter 0.2 LYS5 inter 0.0
GLU53 inter  -0.7| GLU53 inter  -0.7| GLU53 inter -0.6 HIS98 inter 00| HIS98 inter 0.0
Inter-sum -1.0 -0.7 -1.6 ASP100 inter -0.8| ASP100 inter -0.8| ASP100 inter -0.8
LYS30 intra 0.0| LYS30 intra 0.0| LYS30 intra 0.0 GLU101 inter -0.4
GLU34 intra -1.5| GLU34 inta -17| GLU34 intra -2.0 ASP102 inter -0.4| ASP102 inter  -0.4| ASP102 inter -0.4
LYS35 intra 13| LYS35 intra 15| LYS35 intra 17 Inter-sum -1.0 -04 -1.2
ASP39 intra 00| ASP39 intra 0.0 ASP26 intra  -0.2| ASP26 intra -0.1| ASP26 intra -0.1
GLU78 intra  -0.8| GLU78 intra -0.8| GLU78 intra -0.7 LYS30 intra 11| LYS30 intra 0.6| LYS30 intra 0.6
Lysg2 intra 02| LYS82 intra 0.2 GLU34 inra  -1.8| GLU34 intra -20| GLU34 inra -19
HIS83 intra 0.1| HIS83 intra 0.0| HIS83 intra 0.0 LYS35 intra 00| LYS35 intra 00| LYS35 intra 0.0
GLU108 intra  -0.8 HIS72  inra 00| LYS72 inra 02| LYS72 inra 0.2
C-terminal intra  -12.5 | C-terminal intra  -16.2 | C-terminal intra -14.5 GLU78 intra 68| GLU78 intra -6.1| GLU78 intra -84
Intra-sum -134 -16.9 -16.1 Lyssl inra 10| LYS81 inra 12| LYS81 inra 1.1
Total sum -14.3 -17.6 7.7 HIS83 inta  0.8| HIS83 intra 0.6 HIS83 inta 0.2
HIS84 intra 00| HIS84 intra 0.0
LYS87 intra 01| LYS87 intra 05
ARG88 intra 03| ARG88 intra 0.6
GLU90 intra 0.0
C-terminal _intra 0.0| C-terminal intra  -0.1| C-terminal intra 0.0
Intra-sum 5.8 5.2 7.2
Total sum -6.8 -5.6 -8.4
(E) Lys87 (F) Argss
mutants mitants
EcOW_Q87K EcOW_6 EcOW_9 EcOW_T88R EcOW_6 EcOow_9
pairs energy|  pairs energy|  pairs energy pairs energy| pairs energy| pairs energy
Lys87 | N-terminal inter 0.1 | N-terminal inter 0.0 | N-terminal inter 0.1 Arg88 |N-terminal inter 0.2 [ N-terminal inter 0.1 | N-terminal inter 0.3
ARG25 inter 0.0 ASP3 inter 0.0
LYS35 inter 00| LYS35 inter 0.0 GLU4  inter  -0.2
ASP39 inter -05| ASP39 inter -0.4 LYSS inter 0.0
LYS67 inter 01| LYS67 inter 0.0| LYS67 inter 0.0 LYS35 inter 02| LYS35 inter 0.1| LYS35 inter 0.1
ASP100 inter -0.7| ASP100 inter -0.9| ASP100 inter -0.8 ASP39 inter -5.4| ASP39 inter -2.5
GLU101 inter 02 LYS67 inter 09| LYS67 inter 13| LYS67 inter 0.7
ASP102 inter -14| ASP102 inter -23| ASP102 inter -14 HIS98 —inter 0.0
ARG112 inter 00| ARG112 inter  0.0| ARGLI2 inter 0.0 ASP100 inter 5.0 ASP100 inter -5.4 | ASP100 inter -7.8
Inter-sum -1.9 -35 -2.6 GLU10L inter  -1.9
ASP20 intra 43| ASP20 intra 04| ASP20 intra 15 ASP102 inter -16.0 | ASP102 inter -13.8 | ASP102 !nter -13.0
GLU21 inra  -04| GLU21 intra -01| GLU21 intra  -02 ) ) GLU108 inter -0.8
ASP26  intra 05| ASP26 intra 01| ASP26 intra 02 ARGl.lz inter 0.5 ARGl?.Z inter 1.0 ARG112 inter 0.7
LYS30 inra 02| LYS30 inra 00| LYS30 inra 0.2 Ceterminal inter 0.0 | C-terminal inter 0.0
GLU34 inra 00| GLU4 intra 00| GLU34 intra -0.1 nter-sum_-19.2 22l 244
LYsag intra 06| LYS48 intra 05 ASP20 intra 0.0 ASP20 intra -0.1| ASP20 intra -0.2
GLUS3 intra 03| GLUS3 intra -03| GLUS3 intra -03 ASP26 inira 0.0\ ASP26 intra 0.1
. . . LYS30 intra 0.1| LYS30 intra 0.2
LYS55 intra 04| LYS55 intra 06| LYS55 !ntra 0.5 GLU34 intra -0.1
GLU57 !nlra -1.5| GLU57 !mra -1.7| GLU57 !mra -1.2 Lys4s intra 29| Lvsas intra 21
CLUSS intra  -35| GLUSY it  -34| GLUSO inta  -2.3 GLUS3 intra -2.3| GLUS3 inra -19| GLUS3 intra -1.3
GLU78 intra 0.1\ GLU78 it -0.1) GLU78 intra 0.3 LYS55 intra 09| LYSS5 inra 09| LYSS5 intra 0.9
LYS8l inta 06| LYS8L inta 07| LYS8L intra 08 GLU57 intra -2.0| GLUS57 intra -1.8| GLU57 intra -1.0
) LYSB2 a0} LYS82 inra 04 GLUSO intra -2.7| GLUS9 intra -2.6| GLUSO intra -1.7
HIS83 intra 00 HIS83 intra 0.0 GLU78 inra -0.2| GLU78 intra -0.2| GLU78 intra -0.9
HIS84 it 0.0) HSB4 infra 00 LYS81 intra 25| LS8L inra 25| LYS8L intra 3.8
ARGES intra 31| ARGES inra 2.9 Lyss2 inta 03| LYS82 intra 0.6
GLU90 intra  -0.7| GLU90 intra -0.7| GLU90 intra -0.8 HIS83 intra 0.0 HIS83 intra 0.0
Intra-sum -10.1 -1.6 -1.7 HIS84 intra 0.1
Total sum -12.0 5.1 43 LYS87 inta 31| LYS87 inra 2.9
GLU90 intra  -3.6 | GLU90 intra -5.1| GLU90 intra -4.9
Intra-sum -7.5 -1.8 0.2
Total sum -26.7 -23.9 -24.2
(G) Arg25 (H) Glu101 (1) Glu108
mutants mutants mutants
EcOW_T101E EcOW_9 EcOW_Q25R EcOW_9 EcOW_N108E EcOW_9
pairs energy| pairs energy pairs energy|  pairs energy pairs energy| pairs energy
Glu101 LYS48 inter 0.0 Arg25 ASP20 inter 0.0 Glu108 ASP3 inter 0.0
GLUS3  inter 0.0 GLU21 inter  -0.2| GLU21 inter -0.2 GLU4  inter 04| GLU4 inter 05
GLU78 inter 26| GLU78 inter 24 LYS48  inter 0.5 LYS5 inter -0.2| LYS5 inter -0.4
Lysg8l inter -23| LYS8L inter -3.6 LYS55 inter 03| LYS55 inter 0.2 LYS48  inter 0.0
LYS82 inter -0.4 GLU57 inter -2.6| GLU57 inter -1.9 GLUS3  inter 0.8| GLU53 inter 05
LYS87 inter -0.1 GLU59 inter  -1.5| GLU59 inter -1.4 Lysgl inter -0.1| LYS81 inter -0.2
ARG88 inter  -1.9 LYS87 inter 0.0 ARG88 inter -0.8
GLU90 _inter 0.0| GLU90 inter 0.2 GLU90 inter -0.6| GLU90 inter -0.2 GLU90 inter 0.0 GLU90 inter 0.0
Inter-sum 0.3 -3.4 Inter-sum -4.6 -3.1 HIS98 inter 0.0
N-terminal intra -11.2 | N-terminal intra ~ -6.1 ASP20 intra  -26| ASP20 intra -2.8 Inter-sum 1.0 -0.3
ASP3  intra 21| ASP3 intra 38 GLU21 intra -52| GLU21 intra -5.6 N-terminal intra  -0.1 | N-terminal intra  -4.6
GLU4  intra 11| GLU4 intra 2.7 ASP26 intra  -52| ASP26 intra -47 ASP3 intra 02| ASP3 intra 0.6
LYS5 intra -0.2| LYS5 intra -05 LYS30 intra 0.7| LYS30 intra 0.7 GLU4  intra 02| GLU4 intra 0.2
ASP39 intra 0.0 GLU34 intra -0.1| GLU34 intra -0.1 LYS5 intra -0.1 LYS5 intra 0.0
LYS67 intra 0.0| LYS67 intra 0.0 LYS35 intra 0.0 GLU34 intra 0.0
HIS98 inra  -0.5 ASP39 intra  -0.8 LYS35 intra 04| LYS35 intra -0.4
ASP100 intra 55| ASP100 intra 6.3 GLU59 intra 0.0 ASP39 intra 0.6
ASP102 intra 44| ASP102 intra 53 LYS67 intra 02| LYS67 intra 0.2 LYS67 intra -0.1| LYS67 intra -0.2
GLU108 intra 2.5 HIS83  intra 0.1 HIS72 intra  -05| LYS72 intra -0.8
ARG112 intra -0.3| ARG112 intra -0.4 GLU90 intra 0.0| GLU90 intra 0.0 GLU78 intra 0.0
C-terminal intra 0.1 Intra-sum -121 -13.0 HIS98 intra 0.0 HIS98 intra -0.1
Intra-sum 15 13.3 Total sum -16.6 -16.1 ASP100 intra 0.9| ASP100 intra 1.4
Total sum 1.7 9.9 GLU101 intra 25
ASP102 intra 1.3| ASP102 intra 15
ARG112 intra -24| ARG112 intra -39
C-terminal _intra 0.8 |C-terminal _intra 0.1
Intra-sum -0.1 -3.2
Total sum 0.9 -35




(5) EcOVV_6

EcOVV_6 E34R(+2.5°C), ESTR (+4.9°C),
S110R(+4.1°C) Ty EcOVV_6
E57R(+23.6°C) Ty EcOVV_6 E34R(+20.6°C) EcOVV_6 SI10R(+22.1°C)
EcOVV_6

Q25R, T101E, N108K 3 EcOVV_6 EcOVV_9 EcOVV_6
Ta 5.4°C EcOVV_9 EcOVV_6 6
EcOVV_6 (Table 3)
Arg25 EcOVV_9
Glu101 EcOVV_9
101 o-Helix3 N
Helix dipole moment Glu108
EcOVV_9 108 o-Helix 3
N108K, N108R (N108E,
N108K, N108R ATy +2.1, +2.8, +2.3°C)
Asn Glu, Arg, Lys Helix propensity
2
CutAl
(Ta)150°C
+5°C
Ta 52.3°C
MD
Helix Dipole 2 propensity
2
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