Brenda Miner
Annotations for ['1aja’, "lew2’] (3.1.3.1)

October 4, 2005

1 Downloads

1.1 Structure-files
e laja.pdb from http://projects.villa-bosch.de/dbase/pdba/mmol/laja.pdb.gz
e lew2.pdb from http://projects.villa-bosch.de/dbase/pdba/mmol/lew2.pdb.gz

1.2 Engineering

Name Organism Impact
D101S | Escherichia coli | [activity’]

Commentary: weaker phosphate binding can be attributed to the in-
creased flexibility of the Argl66 side chain, faster phosphate release is
responsible for the 35fold higher activity

Name Organism Impact
D153G | Escherichia coli | [’kinetics’, ’activity’]

Commentary: the mutant has 5fold higher catalytic activity but no change
in Km at pH 8.0 in 50 mM Tris-HCl. The mutation also affects Mg2+
binding, resulting in an enzyme with lower metal affinity. The mutation
also affects the position of the water ligands of Mg2+ and the loop GIln152-
Thr155 is shifted by 0.3 A away from the active site. The weaker Mg2+
binding of the mutant compared with the wild type is caused by an altered
coordination sphere in the proximity of the Mg2+ ion and also by the loss
of an electrostatic interaction, Mg2+/COO-Aspl53, in the mutant

Name Organism Impact
D153G | Escherichia coli | ["activity’]

Commentary: weaker phosphate binding can be attributed to the in-
creased flexibility of the Argl66 side chain, faster phosphate release is
responsible for the 5fold higher activity, reduced magnesium affinity, max-
imal activity is only achieved with the addition of exogenous magnesium

Name Organism Impact
D153H | Escherichia coli | ["activity’]

Commentary: reduced magnesium affinity, maximual activity is only achieved
with the addition of exogenous magnesium




Name
D153H/K328A

Commentary: reduced magnesium affinity, maximal activity is only achieved
with the addition of exogenous magnesium

Organism
Escherichia coli

Impact
[activity’]

Name
D369A

Commentary: mutant enzyme shows reduced turnover rates and increased
Km-value

Impact
[’kinetics’]

Organism
Escherichia coli

Name
D369N

Commentary: mutant enzyme shows reduced turnover rates and increased
Km-value. The reaction mechanism of the mutant enzyme involves only
1 metal with the possible assistance of a His side chain

Impact
['kinetics’, 'mechanism’]

Organism
Escherichia coli

Name
D369N

Organism
Escherichia coli

Impact
["activity’]

Commentary: site-directed

Name

D434E

Organism
Escherichia coli

Impact

[’kinetics’, activity’]

Commentary: site-directed
and Km compared to the wild-type enzyme

Name
E322K

Organism
Escherichia coli

Impact
[activity’]

Commentary: site-directed mutagenesis,

Name
E341K

Organism
Escherichia coli

Impact
[activity’]

Commentary: site-directed mutagenesis,

Name
H412Y

Organism
Escherichia coli

Impact
[activity’]

Commentary: site-directed mutagenesis, highly reduced activity

Name
K328A

Organism
Escherichia coli

Impact
['notclassified’]

Commentary: lower phosphate affinity, alteration in the rate-limiting step

Name
K328C

Organism
Escherichia coli

Impact
['notclassified’]

Commentary: lower phosphate affinity, alteration in the rate-limiting step

Name
K328H

Organism
Escherichia coli

Impact
['notclassified’]

Commentary: lower phosphate affinity, alteration in the rate-limiting step

mutagenesis, highly reduced activity

mutagenesis, reduced activity, increased kcat

highly reduced activity

highly reduced activity



Name
R166A

Commentary: mutation changes the inhibition mechanism of the mutant
enzyme to a more complex mixed-type inhibition with decreased affinities
for L-Leu and L-Phe

Organism
Homo sapiens

Impact
['mechanism’]

Name
R166A

Commentary: mutation has very little effect on turnover number, in pres-
ence of phosphate acceptor the substrate binding decreases over 50fold,
phosphate inhibition is reduced 50fold

Impact
['notclassified’]

Organism
Escherichia coli

Name
R166Q

Commentary: mutation has very little effect on turnover number, in pres-
ence of phosphate acceptor the substrate binding decreases over 50fold

Organism
Escherichia coli

Impact
['notclassified’]

Name
R166S

Commentary: mutation has very little effect on turnover number, in pres-
ence of phosphate acceptor the substrate binding decreases over 50fold,
phosphate inhibition is reduced 50fold

Organism
Escherichia coli

Impact
['notclassified’]

Name
S102A

Commentary: activity is significantly less than that of the wild-type en-
zyme, but 100000-10000000fold greater than the non-enzymatic reaction,1000-
10000fold reduction in the turnover number

Impact
[activity’]

Organism
Escherichia coli

Name
S102C

Commentary: activity is significantly less than that of the wild-type en-
zyme, but 100000-10000000fold greater than the non-enzymatic reaction,
100fold reduction in turnover number

Organism
Escherichia coli

Impact
[activity’]

Name
S102G

Commentary: activity is significantly less than that of the wild-type en-
zyme, but 100000-10000000fold greater than the non-enzymatic reaction,
1000-10000fold reduction in the turnover number

Impact
[activity’]

Organism
Escherichia coli

Name
S102L

Commentary: activity is significantly less than that of the wild-type en-
zyme, but 100000-10000000fold greater than the non-enzymatic reaction,
1000-10000fold reduction in the turnover number

Organism
Escherichia coli

Impact
[activity’]

Name
S105L

Organism
Escherichia coli

Impact
[activity’]

Commentary: site-directed mutagenesis, reduced activity
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Name Organism Impact
T155M | Escherichia coli | [activity’]

Commentary: site-directed mutagenesis, highly reduced activity

Name Organism Impact
T59A | Escherichia coli | [activity’]

Commentary: site-directed mutagenesis, exists as a dimer, shows catalytic
activity and metal content similar to the wild-type enzyme

Name Organism Impact
T59R | Escherichia coli | ["activity’]

Commentary: site-directed mutagenesis, exists as a monomer, shows 10000fold

reduced activity compared to the wild-type, highly reduced metal content,
highly reduced thermal stability

2 Alignment of Escherichia coli’s Mutations

align to reference sequence:
Compare sequences of length 1 and 471

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSGTHEQSDEESNGYSM

KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVT

GCPNAAHDQKDISAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPT

KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVLQYGR

LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKES

MVAGD
EGIQ
CTVAP
AQAQER

>TASPG

YCKRSTVHAVLAAPTADQLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGNYTK

VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNRAATI

ESDGMGDGILLIINKAPKDsSLSDRLARQDGTLRRAGGPATIDGQAARNELVPN
T

TRAKTVPTFLLPLLALAITSQKM

VEP

minimal editing distance: 30 Alignment: -8

2.1 Align To Sequence In laja.pdb
Compare sequences of length 471 and 450

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSERARXXXX SMVMVAG
KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQS@BIEESNESMVMVAG

KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVTEGIQ
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVTEGIQ
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GCPNAXXXXXXSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP
GCPNARDQKDBAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP

KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVEAYER
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVI(AYER
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKE
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKE
YCKRSTVHAVLAAPTELEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN
YCKRSTVHAVLAAPDOLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN
VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAY

VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAY

TASPG
TASPG
TK

TK
RAATI
RAATI

ESDGMGDGILLIINKAPKDSLSDRLAAIDGTLRRAGGPATIDGQAARNELVPMEP
ESDGMGDGILLIINKAPKDSLSDRLAAIDGTLRRAGGPATIDGQAARNELVPMEP

T

TRAKTVPTFLLPLLALAITSQKM

Matches with 94 T59A : 51T — 30 T
T59R : 51 T— 30T
Compare sequences of length 471 and 450

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSERARXXXX SMVMVAG
KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQS@BIEESNESMVMVAG
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVT
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVT
GCPNAXXXXXSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTC]
GCPNAHDQKDSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTC]
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVEAYER
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVIBAYER
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKES
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKES
YCKRSTVHAVLAAPTIRLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN

YCKRSTVHAVLAAPDRLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN

VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYN
VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYN
ESDGMGDGILLIINKAPKDSLSDRLAAIDGTLRRAGGPATIDGQAARNELVPN
ESDGMGDGILLIINKAPKDSLSDRLAAIDGTLRRAGGPATIDGQAARNELVPN
T

TRAKTVPTFLLPLLALAITSQKM

D
D
EGIQ
EGIQ
VAP
VAP
A
A
STASPG
STASPG
YTK

Y TK
RAATI
RAATI
EP
EP

Matches with 93 T59A : 51T — 30T
T59R : 51 T— 30T

2.2 Align To Sequence In lew2.pdb
Compare sequences of length 471 and 480

PPALDCATYPECAAFAMVHAIF-- TQEQVGHVLHAQP(RAFVAVDE-- GAHTEED
K-- LG------ L- AAK- MI'Y-- FLDTQDTLGVWNAAHPGYA-- AIRLQSGTH- EQ-
LPVASQQRY¥PS- GSESETVDPRAGDKVYGPGBIGYLLVTY-- AKRDRAK®ALGF
---- SDE-- E- SNGY- SM-VMV-AGDK ----- N-- LAQILGPAKTD---- PAV--
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| SSGRLPYGGFSMNSHDAT\LSLTD-E---- ESTLQGAREI A- D- DFMITETLAR
[0 Y- N— HAHDATW LTNGEKKAFE-- L-- ARQVAEDLDV-- TEGIQG
Y-- ARSEHHGHDI RGSEVFLFFGRPNRSLLRLAAETVEM.SPDLTSD- RH------
CPNAA-- HDQKOI SAGEVQLFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT]
----- | E-- Y-- Ke---—-  MDGPEFLGMLH----—- TVSPDLSAQMLETRNW-
VAPKD NGHTAKPGLWRVINGDAFLGLLPKQQNAEVSN- LSAADS----- VLQ
Y- RAGQRKALVWEQWLNK@LRTG®SYDDPEPDP-TGMRMYKRGGGL VDDMN
YGRA Q- AQ-ER-LTKG----- QW----- EGATATEA-FT- KAGGGIVDARAN
SILQ TAl DQG- EQRASAPVD--- ADS-- YWNRNVT- HAY TGAPSAHQVRTTTV
L- LQET- | SGKGGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV
VGVSKGAKKARNWSI VENGRTNCQNFRAAAS G- TQFN&VGCLYATATAGS
NGTALGAAKA- NELI ----- TPHDKEHIDVGEAGNYT----  KVGTSWATASAAS
DPVHKDVNYTKS- LAVYPFRDMAP--- | EPGLKDKKQ-GKLI- RAATVTSVGMGD
DTVY- DPKGTKKNLA- YHTYQGTIPLADI -- G- KFFGGAEAYNRAATE SDGMGD
G LFIl LNKA-------- A- TQAPQ KKAAGLAE---  AAERNNFIPNEEE----

G LLII - NKAPKDSLSDRBATQDGT.RRAGGPATIDGQAA- RNELVPVEPTRAKT

VPTFLLPLLALAI TSQKM

Matches with 42 T59A :51 T +— 31T
T59R : 51 T — 31T
Compare sequences of length 471 and 480

PPALDCATYPECAAFAMWHAIF-- TQEQ\GHVLHAQPGRAFVAVDE-- GAHTEED
K-- LG----- L- AAK- MTY-- FLDTQDTLGVWNAAHPGYA-- AIRLQSGTH- EQ-
LPVASQQR¥PS- GSESETVDPRAGDK VYGPBIGYLLVTY-- AKRDRAK@®ALGF
----  SDE-- E- SNGY- SM-VMV-AGDK----- N- LAQTLGPAKTD---  PAV--
| SSGRLPYGGFSMNSHDAT\LSLTD-E---- ESTLQGAREI A- D- DFMITETLAR
o Y- Nm— HAHDATW LTNGEKKAFE-- L-- ARQVAEDLDV-- TEGIQG
Y-- ARSEHHGHDI RGSE\FLFFGRPNRSLLRLAAETVEM. SPDLTSD- RH------
CPNAA-- HDQKOI SAGEVQLFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT]
----- | E-- Y-- Ke----—-  MDGPEFLGMLH----—- TVSPDLSAQMLETRNW-
VAPKD NGHTAKPGLWRVINGDAFLGLLPKQQNAEVSN- LSAADS----- VLQ
Y- RAGQRKALVWVEQWLNK@LRTG®SYDDPEPDP-TGMRMYKRGGGL VDDMN
YGRA Q- AQ-ER-LTKG----- QW----- EGATATEA-FT- KAGGGIVDARAN
SILQ TAl DQG- EQRASAPVD--- ADS-- YWNRNVT- HAY TGAPSAHQVRTTTV
L- LQET- | SGKGGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV
VGVSKGAKKARNWSI VENGRTNCQNFRAAAS G- TQFN&VGCLYATATAGS
NGTALGAAKA-- NELI ----- TPHDKEHIDVGEAGNYT----  KVGTSWATASAAS
DPVHKDVNYTKS- LAVYPFRDMAP--- | EPGLKDKKQ-GKLI- RAATVTSVGMGD
DTVY- DPKGTKKNLA- YHTYQGTIPLADI -- G- KFFGGAEAYNRAATE SDGMGD
G LFIl LNKA------- A- TQAPQ KKAAGLAE---  AAERNNFIPNEEE----

G LLII - NKAPKDSLSDRBATQDGT.RRAGGPATIDGQAA- RNELVPVEPTRAKT

VPTFLLPLLALAI TSQKM

Matches with 42 T59A : 51T — 31T
T59R : 51 T— 31T
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3 Alignment of Escherichia coli’s Mutations

align to reference sequence:
Compare sequences of length 1 and 471

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSGTHEQSDEESNGYSM

MVAGD

KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVTEGIQ

GCPNAAHDQKDISAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP

KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVLQYGRAQAQER

LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG

YCKRSTVHAVLAAPTADQLEATSVNGTALGAAKAMELDKEHHIDVGLAGNYTK

VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNRAATI

ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELYV

TRAKTVPTFLLPLLALAITSQKM

PMEP

minimal editing distance: 30 Alignment: -4

3.1 Align To Sequence In laja.pdb
Compare sequences of length 471 and 450

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSERARXXXX SMVMVAG
KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQS@BHIEESNESMVMVAG
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVT
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVT
GCPNAXXXXXXSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTC]
GCPNARADQKDBAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTC]
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVEAYER
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVI(AYER
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKES
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKES
YCKRSTVHAVLAAPTILEATSVNGTALGAAKAMELITPKBEHIDVGLAGNYTK
YCKRSTVHAVLAAPDRLEATSVNGTALGAAKAMELITPKEHIDVGLAGNYTH

D
D
EGIQ
EGIQ
VAP
VAP
A
A
STASPG
STASPG

VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNRAATI
VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNRAATI

ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELYV
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELV
T

TRAKTVPTFLLPLLALAITSQKM

PMEP
PMEP

Matches with 94 D153G : 149 D — 128 D
Compare sequences of length 471 and 450
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KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSERARXXXX SMVMVAGD
KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQS@BIEESNGSMVMVAGD

KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVTEGIQ
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVTEGIQ
GCPNAXXXXXSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP
GCPNAHDQKDSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP

KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVERYGRA
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVIRYERA

LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG

YCKRSTVHAVLAAPTILEATSVNGTALGAAKAMELITPKBEHIDVGLAGNYTHK
YCKRSTVHAVLAAPTDRLEATSVNGTALGAAKAMELITPKEHIDVGLAGNYTK
VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYN
VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYN

RAATI
RAATI

ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP

T
TRAKTVPTFLLPLLALAITSQKM

Matches with 93 D153G : 149 D — 128 D

3.2 Align To Sequence In lew2.pdb
Compare sequences of length 471 and 480

PPALDCATYPECAAFAMVHAIF-- TQEQVGHVLHAQP(RAFVAVDE-- GAHTEED
K-- LG------ L- AAK- MI'Y-- FLDTQDTLGVWNAAHPGYA-- AIRLQSGTH- EQ-
LPVASQQRY¥PS- GSESETVDPRAGDKVYGPGBIGYLLVTY-- AKRDRAK®ALGF
---- SDE-- E- SNGY- SM-VMV-AGDK ----- N-- LAQILGPAKTD---- PAV--

| SSGRLPYGGFSMNSGHDATVY.SLTD-E---- ESTLQ®&REI A- D- DFMITETLAR
| QSA---------- HAHDATW LTNGEKKAFE-- L-- ARQVAEDLDV-- TEGIQG
Y-- ARSEHHGHDI RGGEWFLFFGRPNRSLLRLAAETMEM.SPDLTSD- RH------
CPNAA-- HDQKOI SAGEVQLFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT]
----- | E-- Y-- K---mmo- MDGPEFLGMLH------  TVSPOLSAQMLETRNW-
VAPKD NGHTAKPGLWRVIINGDAFLGLLPKQQNAEVSN- LSAADS----- VLQ
Y- RAGQRKALVEQM_NK@DLRTG®SYDDPEPDP-TGMRMYKRGGGLVDDMN
YRA Q- AQ-ER-LTKG----- QW----- EGATAEA-FT- KAGGGIVDARAN
SILQ TAI DQG- EQRASAPVD--- ADS-- YWNRNVT- HAY TGAPSAHQVRTT TV
L- LQET- | SGKEGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV
VGVSKGAKKARNWSI VENGRTNCONFRAAAG- G- TQFN&VGCLYATATAGS
NGTALGAAKA-- MELI ----- TPHDKEHIDVG-LAGNYT----  KVGE SVWATASAAS
DPVHKDVNYTKS- LAVYPFRDMAP--- | EPGLKDKKQ-GKLI- RAATVTSVGMGDO
DTVY- DPKGTKKNLA- YHTYQGTIPLAD! -- G KFFGGAEAYNRAATE SDGMGDO
G LFl LNKA-------- A- TQAPQ. KKAAGLAE---- AAERNNFIPNEEE----
G LLII - NKAPKDSLSDRRATQDG T RRAGGPATIDGQAA- RNELVPMVEPTRAKT

VPTFLLPLLALAI TSQKM




59

117

175

233

291

349

407

523

581

59

175

233

291

Matches with 42 D153G : 149 D — 121 C
Compare sequences of length 471 and 480

PPALDCATYPE CAAFAMHAIF-- TQEQ\GHVLHAQPCRAFVAVDE-- GAHTEED
K-- LGe-m- L- AAK- MTY-- FLDTQDTLGWNAAHPGYA-- AIRLQSGTH EQ-
LPVASQQR¥EPS- GSESETVDPRAGDK VYGPBIGYLLVTY-- AKRDRAKGALGF
- SDE-- E- SNGY- SM-VMV-AGDK----- N-- LAQILGPAKTD--- PAV--

| SSGRLPYGGFSANSHDAT\.SLTD-E--- ESTLQGAREI A- D- DFMITETLAR
o <Y — HAHDATW LTNGEKKAFE-- L-- ARQ\AEDLDV-- TEGIQG
Y-- ARSEHHGHDI RGSEWFLFFGRPNRSLLRLAAETMEM.SPDLTSD- RH------
CPNAA-- HDQKDI SAGEVQLFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT
----- | E-- Y-- K-  NDGPEFLGMLH--—- TVSPDLSAQMLETRNW-
VAPKD NGHYTAKPGLWRVINGDAFLGLLPKQQNAEVSN- LSAADS----- VLQ
Y- RAGQRKALWEQVLNK@LRTG&SYDDPEPDP-TGMRMYKRGGGL VDIDMN
YGRA Q- AQ-ER-LTKG---- QN---- EGATATEA- FT- KAGGGIVDARAN
SILQ TAI DQG- EQRASAPVD--- ADS-- YWNRNVT- HAY TGAPSAHQVRTTTV
L- LOET- | SGKGGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV
VGVSKGAKARNWSI VENGRTNCQONFRAAAB- G- TQFN&VGCLYATATAGS
NGTALGAAKA-- MELI ----- TPHDKEHIDVG-LAGNYT-—--  KVGISWATASAAS
DPVHKDVNYTKS- LAVYPFRDMAP--- | EPGLKDKKQ-GKLI- RAATVTSVGMGD
DTVY- DPKGTKKNLA- YHTYQGIPLADI -- G- KFFGGAEAYNRAATE SDGMGD
G LFIl LNKA---mm-- A- TQAPQ KKAAGLAE----  AAERNNFIPNEEE----

G LLII - NKAPKDSLSDRBATQDG T RRAGGPATIDGQAA- RNELVPVEPTRAKT

VPTFLLPLLALAI TSQKM

Matches with 42 D153G : 149 D — 121 C

4 Alignment of Escherichia coli’s Mutations

align to reference sequence:
Compare sequences of length 228 and 471

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSGTHEQSDEESNGYSM

KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVT

GCPNAAHOMPISAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCT

KDINGHYTAKPGLWRVPMNGDAFLGLLPKQONAETVSNLSAADSVLQYGR
DPPPVPVVPVVIVVVVVVVVVVVVVVVVVVVVVVVVVVIVVVIVIIY

LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKES
PPV VVIVIIVNVNPP0P??

ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELYV

MVAGD
EGIQ
VAP
AQAQER
STASPG
YTK

ATI

PMEP
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TRAKTVPTFLLPLLALAITSQKM

minimal editing distance: 300 Alignment: 21

4.1 Align To Sequence In laja.pdb
Compare sequences of length 471 and 450

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSEKARXXXX SMVMVAGD
KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQS@BIEESNESMVMVAGD
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVTEGIQ
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVTEGIQ
GCPNAXXXXXXSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP
GCPNAAD®DI SAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVERYGRA
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVIBYGERA
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG
YCKRSTVHAVLAAPTAGLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGNYTK
YCKESTVHAVLAAPTARLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGNYTK
VGTSWATASAATSVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNRAATI
VGTSWATASAATSVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNRAATI
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP
T

TRAKTVPTFLLPLLALAITSQKM

Matches with 94 D101S : 122 D + 101 D
D153G : 174 D — 153 G
D153H : 174 D — 153 G
D153H/K328A : 174 D — 153 G
K328A : 349 K — 328 X
K328C : 349 K — 328 X
K328H : 349 K — 328 X
R166A : 187 R — 166 R
R166Q : 187 R — 166 R
R166S : 187 R — 166 R
S102A :123 S+ 102 S
S102C : 123 S +— 102 S
S102G : 123 S — 102 S
S102L : 123 S — 102 S
Compare sequences of length 471 and 450

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSERARXXXX SMVMVAG
KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQS@BIEESNESMVMVAG
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVTEGIQ
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVAEDLDVTEGIQ
GCPNAXXXXXXSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP

10



175

233

291

349

465

59

117

175

233

349

407

GCPNAHD®DI SAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP

KDINGHYTAKPGLWRVPMNGDAFLGLLPKQOQNAETVSNLSAADSVERYER
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVI(BYER
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKE
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKE
YCKRESTVHAVLAAPTAQLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN
YCKRESTVHAVLAAPTAQLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN
VGTSWATASAASVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNR
VGTSWATASAASVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNR

TASPG
TASPG
TK
TK
ATI
ATI

ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP

T
TRAKTVPTFLLPLLALAITSQKM

Matches with 93 D101S : 122 D — 101 D

D153G : 174 D — 153 G

D153H : 174 D — 153 G
D153H/K328A : 174 D — 153 G
K328A : 349 K — 328 X

K328C : 349 K — 328 X

K328H : 349 K — 328 X

R166A : 187 R — 166 R

R166Q : 187 R — 166 R

R166S : 187 R — 166 R

S102A :123S+— 102 S

S102C : 123 S+ 102 S

S102G : 123 S — 102 S

S102L : 123 S — 102 S

4.2 Align To Sequence In lew2.pdb
Compare sequences of length 471 and 480

PPALDCATYPECAAFAMVHAIF-- TQEQVGHVLHAQPCRAFVAVDE-- GAHTEED
K-- LG------ L- AAK- MI'Y-- FLDTQDTLGWNAAHPGYA-- AIRLQSGTH- EQ-
LPVASQQR¥EPS- GSESETVDPRAGDKVYGPGIGYLLVTY-- AKRDRAK®ALGF
---- SDE-- E- SNGY- SM-VMV-AGDK ----- N-- LAQILGPAKTD---- PAV--

| SSGRLPYGGFSMNSHDATVY.SLTD-E---- ESTLQ®REI A- D- DFMITETLAR
| QSA---------- HAHDATW LTNGEKKAFRE-- L-- ARQVAEDLDV-- TEGIQG
Y-- ARSEHHGIDI RGGEWFLFFGRPNRSLLRLAAETMEM.SPDLTSD- RH------
CPMA-- HDKDI SAGEMALFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT]
————— | E-- Y-- K---mme- MDGPEFLGMLH------  TVSPOLSAQMLETRNW-
VAPKD NGHTAKPGLWRVIINGDAFLGLLPKQQNAEVSN- LSAADS----- VLQ
Y- RAGQRKALVEQVLNKALRTG@SYDDPEPDP-TGMRMYKRGGGLVDDMN
YRA Q- AQ-ER-LTKG----- QW----- EGATAEA-FT- KAGGGIVDARAN
SILQ TAI DQG- EQRASAPVD--- ADS-- YWNRNVT- HAY TGAPSAHQVRTT TV
L- LQET- | SGKEGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV
VGVSKGAKKARNWSI VENGRTNCOQNFRAAAS G- TQFN&VGCLYATATAGS

NGTALGAAKA-- MELI ----- TPHDKEHIDVGLACGNYT---- KVGE SVATASAAS

11



465

523
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117

175

233

291

349

407

465

581

DPVHKDVNYTKS- LAVYPFRDMAP--- | EPALKDKKQ-GKLI- RAATVTSVGMGE
DTVY- DPKGTKKNLA- YHTYQGTIPLADI -- G KFFGGAEAYNRAATE SDGMGD
G LFII LNKA-------- A- TQAPQ.KKAAGLAE---- AAERNNFIPNEEE----

G LLII - NKAPKDSLSDRRATQDG T RRAGGPATIDGQAA- RNELVPMEPTRAKT

VPTFLLPLLALAI TSQKM

Matches with 42 D101S : 122D — 91 D
D153G : 174 D — 153 H
D153H : 174 D — 153 H
D153H/K328A : 174 D — 153 H
K328A : 349 K — 317 H
K328C : 349 K — 317 H
K328H : 349 K — 317 H
R166A : 187 R — 166 R
R166Q : 187 R — 166 R
R166S : 187 R — 166 R
S102A :123S+— 92 S
S102C :123S+— 92 S
S102G : 123 S +— 92 S
S102L : 123 S — 92 S
Compare sequences of length 471 and 480

PPALDCATYPECAAFAMVHAIF-- TQEQVGHVLHAQPCRAFVAVDE-- GAHTEED
K-- LG------ L- AAK- MI'Y-- FLDTQDTLGWNAAHPGYA-- AIRLQSGTH- EQ-
LPVASQQR¥EPS- GSESETVDPRAGDKVYGPGIGYLLVTY-- AKRDRAK®ALGF
----  SDE-- E- SNGY- SM-VMV-AGDK ----- N-- LAQTLGPAKTD---- PAV--

| SSGRLPYGGFSMNSHDATV.SLTD-E---- ESTLQG®REI A- D- DFMITETLAR
| QSA---------- HAHDATW LTNGEKKAFRE-- L-- ARQVAEDLDV-- TEGIQG
Y-- ARSEHHGIDI RGGEWFLFFGRPNRSLLRLAAETMEM.SPDLTSD- RH------
CPMNA-- HDQKDI SAGEMALFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT]
————— | E-- Y-- K---mm-- MDGPEFLGMLH------  TVSPOLSAQMLETRNW-
VAPKD NGHTAKPGLWRVIINGDAFLGLLPKQQNAEVSN- LSAADS----- VLQ
Y- RAGQRKALVEQVLNKGLRTG@SYDDPEPDP-TGMRMYKRGGGLVDDMN
YCRA Q- AQ-ER-LTKG----- QW----- EGATAEA-FT- KAGGGIVDARAN
SILQ TAI DQG- EQRASAPVD--- ADS-- YWNRNVT- HAY TGAPSAHQVRTT TV
L- LQET- | SGKEGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV
VGVSKGAKKARNWS VENGRTNCQNFRAAAS G- TOFNE&VGCLYATATAGS
NGTALGAAKA-- MELI ----- TPHDKEHIDVGLAGNYT----  KVGISWATASAAS
DPVHKDVNYTKS- LAVYPFRDMAP--- | EPALKDKKQ-GKLI- RAATVTSVGMGDE
DTVY-DPKGIKKNLA- YHTYQGTIPLADI -- G KFFGGAEAYNRAATE SDGMGE
G LFII LNKA-------- A- TQAAPQ. KKAAGLAE---- AAERNNFIPNEEE----
G LLII - NKAPKDSLSDRRAT(DG T RRAGGPATIDGQAA- RNELVPMVEPTRAKT

VPTFLLPLLALAI TSQKM

Matches with 42 D101S : 122D — 91 D
D153G : 174 D — 153 H
D153H : 174 D — 153 H
D153H/K328A : 174D — 153 H

12



59

117

175

233

291

349

465

59

117

175

K328A : 349 K > 317 H
K328C : 349 K — 317 H
K328H : 349 K s 317 H
R166A : 187 R — 166 R
R166Q : 187 R s 166 R
R166S : 187 R — 166 R
S102A :123S — 92 S
$102C : 123 S — 92 S
S102G : 123 S+ 92 S
S102L : 123 S+ 92 S

5 Alignment of Escherichia coli’s Mutations

align to reference sequence:
Compare sequences of length 1 and 471

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSGTHEQSDEESNGYSM

KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELAR@UBE TEGIQ

YCKRSTVHAVLAAPTADQLEATSVNGTALGAAKAMELITPHDKEHIDVGLAG

VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYN

ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELV

TRAKTVPTFLLPLLALAITSQKM

minimal editing distance: 30 Alignment: -2

5.1 Align To Sequence In laja.pdb
Compare sequences of length 471 and 450

MVAGD

GCPNAAHDQKDISAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVLQYGRAQAQER

LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG

NYTK

RAATI

PMEP

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSERARXXXX SMVMVAG
KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQS@BHIEESNGSMVMVAG
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVBFDEGIQ
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQYBEDEGIQ

KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVEAYER
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVI(BYER

13

GCPNAXXXXXXSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP
GCPNARDQKDBAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP



233

407

465

59

175

291

407

465

59

117

175

LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKE
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKE

TASPG
TASPG

YCKRSTVHAVLAAPTIRLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGNYTK
YCKRSTVHAVLAAPDRLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGNYTK

VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAY
VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAY

RAATI
RAATI

ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP

T
TRAKTVPTFLLPLLALAITSQKM

Matches with 94 D369A : 367 D — 346 D
D369N : 367 D — 346 D
Compare sequences of length 471 and 450

KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQSERARXXXX SMVMVAG
KLGLAAKMTYFLDTQDTLGVVNAAHPGYAAIRLQS@BIEESNGSMVMVAG
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQYBEDEGIQ
KTNLAQTLGPAKTDPAVIQSAHAHDATVIVLTNGEKKAFELARQVYBEDEGIQ

VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYN
VGTSWATASAASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYN

T
TRAKTVPTFLLPLLALAITSQKM

Matches with 93 D369A : 367 D — 346 D
D369N : 367D — 346 D

5.2 Align To Sequence In lew2.pdb
Compare sequences of length 471 and 480

PPALDCATYPECAAFAMVHAIF-- TQEQVGHVLHAQP(RAFVAVDE-- GAHTEED
K-- LG------ L- AAK- MT'Y-- FLDTQDTLGVWNAAHPGYA-- AIRLQSGTH- EQ-
LPVASQQR¥EPS- GSESETVDPRAGDKVYGPGIGYLLVTY-- AKRDRAK®ALGF
----  SDE-- E- SNGY- SM-VMV-AGDK ----- N-- LAQTLGPAKTD---- PAV--

| SSGRLPYGGFSMNGHDATVY.SLTD-E---- ESTLQ®REI A- D- DFMITETLAR
| QBA---------- HAHDATW LTNGEKKARE-- L-- ARQVAEDLDV-- TEGIQG
Y-- ARSEHHGHDI RGSEVFLFFGRPNRSLLRLAAETMEM.SPDLTSD- RH------
CPMNA-- HDQKOI SAGEMALFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT]

14

OO

GCPNAXXXXXXSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP
GCPNAHDQKDSAGEVQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVERYGRA
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVIRYERA
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG
YCKRSTVHAVLAAPTILEATSVNGTALGAAKAMELITPHDKEHIDVGLAGNYTK

YCKRSTVHAVLAAPTDRLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGNYTK

RAATI
RAATI

ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP



233

407

465

523

581

59

117

175

349

407

465

581

————— | E-- Y-- K---mm-- MDGPEFLGMLH------  TVSPOLSAQMLETRNW-
VAPKD NGHTAKPGLWRVIMNGDAFLGLLPKQQNAEVSN-LSAADS----- VLQ
Y- RAGQRKALVEQM_NK@DLRTG®SYDDPEPDP-TGMRMYKRGGGLVDDMN
YCRA Q- AQ-ER-LTKG----- QW----- EGATAEA-FT- KAGGGIVDARAN
SILQ TAI DQG- EQRASAPVD--- ADS-- YWNRNVT- HAY TGAPSAHQVRTT TV
L- LQET- | SGKEGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV
VGVSKGAKKARNWS VENGRTNCONFRAAAS G- TQFN&VGCLYATATAGS
NGTALGAAKA-- MELI ----- TPHDKEHIDVGLACGNYT---- KVGISWATASAAS
DPVHKDVNYTKS- LAVYPFRDMAP--- | EPGLKDKKQ-GKLI- RAATVTSVGMGDO
DTVY- DPKGTKKNLA- YHTYQGTIPLADI -- G KFFGGAEAYNRAATE SDGMGDO
G LFII LNKA-------- A- TQAAPQ. KKAAGLAE---- AAERNNFIPNEEE----

G LLII - NKAPKDSLSDRBAT(DG T RRAGGPATIDGQAA- RNELVPMVEPTRAKT

VPTFLLPLLALAI TSQKM

Matches with 42 D369A : 367 D — 336 D
D369N : 367 D — 336 D
Compare sequences of length 471 and 480

PPALDCATYPECAAFAMVHAIF-- TQEQVGHVLHAQPCRAFVAVDE-- GAHTEED
K-- LG------ L- AAK- MTY-- FLDTQDTLGWNAAHPGYA-- AIRLQSGTH- EQ-
LPVASQQR¥EPS- GSESETVDPRAGDKVYGPGIGYLLVTY-- AKRDRAK®ALGF
----  SDE-- E- SNGY- SM-VMV-AGDK ----- N-- LAQILGPAKTD---- PAV--

| SSGRLPYGGFSHNSHDATV.SLTD-E---- ESTLQ®REI A- D- DFMITETLAR
| QSA---------- HAHDATW LTNGEKKAFE-- L-- ARQVAEDLDV-- TEGIQG
Y-- ARSEHHGHDI RGGEWLFFGRPNRSLLRLAAETMEM.SPDLTSD- RH------
CPMNA-- HDQKOI SAGEMALFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT]
————— | E-- Y-- K---mm-- MDGPEFLGMLH------  TVSPOLSAQMLETRNW-
VAPKD NGHTAKPGLWRVIMNGDAFLGLLPKQQNAEVSN-LSAADS----- VLQ
Y- RAGQRKALVEQM.NK@DLRTG@SYDDPEPDP-TGMRMXRGGGL VDDMN
YCRA Q- AQ-ER-LTKG----- QW----- EGATAEA-FT- KAGGGIVDARAN
SILQ TAI DQG- EQRASAPVD--- ADS-- YWNRNVT- HAY TGAPSAHQVRTT TV
L- LQET- | SGKEGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV
VGVSKGAKKARNWS VENGRTNCONFRAAAS G- TOQFN&VGCLYATATAGS
NGTALGAAKA-- MELI ----- TPHDKEHIDVGLAGNYT----  KVGISWATASAAS
DPVHKDVNYTKS- LAVYPFRDMAP--- | EPGLKDKKQ-GKLI- RAATVTSVGMGD
DTVY- DPKGTKKNLA- YHTYQGTIPLADI -- G KFFGGAEAYNRAATE SDGMGDO
G LFII LNKA-------- A- TQAAPQ. KKAAGLAE---- AAERNNFIPNEEE----
G LLII - NKAPKDSLSDRBAT(DG T RRAGGPATIDGQAA- RNELVPMEPTRAKT

VPTFLLPLLALAI TSQKM

Matches with 42 D369A : 367 D — 336 D
D369N : 367 D — 336 D

6 Alignment of Escherichia coli’s Mutations

align to reference sequence:
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59
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349

407

465

Compare sequences of length 330 and 471

KLGLAAKMTYFLDTRQILGVVNAAHPGYAAIRLQSEBEQSDEESNGYSMVMVA

KTNLAQTLGPAKTDPAVIQSAHBATVIVLTNGEKKAFELARQVAEDLDEGIQ
PPPPPVVIVVVIVVVIIVIVDD DRRVVVPDVVP0??0?77?7777°277277?  ER??

GD

GCPNAAHDQKDISASQLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTNAP

KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVLQYGRAQAQER

QP00 7?7?77?7??7??7??7??7??7??7?7?7??7?7?7??7?7?7?7?7?7?77

LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKES
Yok bbb bbb bbbl bbb bbbl bl bl ittty

ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELYV

TRAKTVPTFLLPLLALAITSQKM

5TASPG

YTK

AATI

PMEP

minimal editing distance: 300 Alignment: 21

6.1 Align To Sequence In laja.pdb
Compare sequences of length 471 and 450

KLGLAAKMTYFLDTQILGVVNAAHPGYAAIRLQSGHEKXXXXXXX SMVMVAG
KLGLAAKMTYFLDTQILGVVNAAHPGYAAIRLQSGEESDEESNGESMVMVAG
KTNLAQTLGPAKTDPAVIQSAHANDVIVLTNGEKKAFELARQVAEDLDVGE)
KTNLAQTLGPAKTDPAVIQSAHANDVIVLTNGEKKAFELARQVAEDLDVGE)
GCPNAXXXXXXSAGE/QLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCT
GCPNAADQKDBAGE/QLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCT
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVEAYER
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVIRAYER
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKES
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKES
YCKRSTVHAVLAARNGQLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN
YCKRSTVHAVLAARRDQLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN
VGTSWATASASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNR
VGTSWATASASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNR
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELYV
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELYV
T

TRAKTVPTFLLPLLALAITSQKM

OO

VAP
VAP
A
A
5TASPG
5TASPG
YTK

YTK
AATI
AATI
PMEP
PMEP

Matches with 94 D369N : 390 D — 369 D
D434E : 455D +— 434 D
E322K : 343 E — 322 E
E341K : 362 E — 341 E
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233

291

349

465

59

175

233

291

H412Y : 433 H+— 412 H

S105L : 126 S — 105 S

T155M : 176 T — 155 T

Compare sequences of length 471 and 450

KLGLAAKMTYFLDTQLGVVNAAHPGYAAIRLQSGHEKXXXXXXX SMVMVAG
KLGLAAKMTYFLDTQILGVVNAAHPGYAAIRLQSGERSDEESNESMVMVAG
KTNLAQTLGPAKTDPAVIQSAHANDVIVLTNGEKKAFELARQVAEDLDVGE)
KTNLAQTLGPAKTDPAVIQSAHANDVIVLTNGEKKAFELARQVAEDLDVGE)

U0

GCPNXXXXXXSAGE/ QLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTNVAP
GCPNAHDQKDSAGE/ QLFFGKENKSLLEIAKDTMQALTPVSDNRQPNPTCTVAP

KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVEAYER
KDINGHYTAKPGLWRVPMNGDAFLGLLPKQQNAETVSNLSAADSVI(BYER

A
A

LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG
LTKGQWEGATATEAFTKAGGGLTVDARANLLQETISGKGGKELANGPCKESTASPG

YCKRSTVHAVLAARNGQLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN
YCKRSTVHAVLAARRDQLEATSVNGTALGAAKAMELITPHDKEHIDVGLAGN

Y TK
YTK

VGTSWATASASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNRAATI
VGTSWATASASDTVYDPKGTKKNLAYHTYQGTLPLADIGKFFGGAGEAYNRAATI
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP
ESDGMGDGILLIINKAPKDSLSDRLAATQDGTLRRAGGPATIDGQAARNELVPMEP

T
TRAKTVPTFLLPLLALAITSQKM

Matches with 93 D369N : 390 D — 369 D
D434E : 455D — 434 D
E322K : 343 E — 322 E
E341K : 362 E — 341 E
H412Y : 433 H— 412 H
S105L : 126 S — 105 S
T155M : 176 T — 155 T

6.2 Align To Sequence In lew2.pdb
Compare sequences of length 471 and 480

PPALDCATYPECAAFAMVHAIF-- TQEQVGHVLHAQPCRAFVAVDE-- GAHTEED
K-- LG------ L- AAK- MI'Y-- FLDTQD LGWNAAHPGYA-- AIRLQSGTH- EQ-
LPVASQQR¥EPS- GSESETVDPRAGDKVYGPGIGYLLVTY-- AKRDRAK®ALGF
----  SDE-- E- SNGY- SM-VMV-AGDK ----- N- LAQILGPAKTD---- PAV--

| SSGRLPYGGFSMNSHDATW.SLTD-E---- ESTLQG®REI A- D- DFMITETLAR
| QSA---------- HAHDATMYV LTNGEKKAFRE-- L-- ARQVAEDLDV-- TEGIQG
Y-- ARSEHHGHDI RGGEVFLFFGRPNRSLLRLAAETMEM.SPDLTSD- RH------
CPMA-- HDQKOI SAGEVQLFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT]
————— | E-- Y-- K---mmo- MDGPEFLGMLH------  TVSPOLSAQMLETRNW-
VAPKD NGHTAKPGLWRVIINGDAFLGLLPKQQNAEVSN- LSAADS----- VLQ
Y- RAGQRKALVEQVLNKALRTG@SYDDPEPDP-TGMRMYKRGGGLVDDMN
YCRA Q- AQ-ER-LTKG----- QW----- EGATAEA-FT- KAGGGIVDARAN

SILQ TAI DQG- EQRASAPVD--- ADS-- YWNRNVT- HAYTGAPSAHQVRTT TV
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L- LQET- | SGKEGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV

VGVSKGAKKARNWS VENGRTNCQNFRAAAS G- TOFN®&VGCLYATATAGS

NGTALGAAKA-- MELI ----- TPHDKEHIDVGLACGNYT---- KVGISWATASAAS

DPVHKDVNYTKS- LAVYPFRDMAP--- | EPGLKDKKQ-GKLI- RAATVTSVGMGDO
DTVY- DPKGTKKNLA- YHTYQGTIPLADI -- G KFFGGAEAYNRAATE SDGMGDO
G LFII LNKA-------- A- TQAAPQ. KKAAGLAE---- AAERNNFIPNEEE----

G LLII - NKAPKDSLSDRRAT(DG T RRAGGPATIDGQAA- RNELVPMVEPTRAKT

VPTFLLPLLALAI TSQKM

Matches with 42 D369N : 390 D — 357 D

D434E : 455 D — 454 E

E322K : 343 E — 311 E

E341K : 362 E — 330 E

H412Y :433 H+— 432 H

S105L : 126 S — 95T

T155M : 176 T — 155 S

Compare sequences of length 471 and 480

PPALDCATYPECAAFAMVHAIF-- TQEQVGHVLHAQP(RAFVAVDE-- GAHTEED
K-- LG------ L- AAK- MI'Y-- FLDTQD LGVWNAAHPGYA-- AIRLQSGTH- EQ-
LPVASQQRY¥PS- GSESETVDPRAGDKVYGPGBIGYLLVTY-- AKRDRAK®ALGF
---- SDE-- E- SNGY- SM-VMV-AGDK ----- N-- LAQILGPAKTD---- PAV--

| SSGRLPYGGFSMNGHDATWLSLTD-E---- ESTLQG®REI A- D- DFMITETLAR
| QSA---------- HAHDATMYV LTNGEKKARE-- L-- ARQVAEDLDV-- TEGIQG
Y-- ARSEHHGHDI RGGEVFLFFGRPNRSLLRLAAETMEM.SPDLTSD- RH------
CPMA-- HDQKOI SAGEVQLFFGKENKSLLEI AKDTMQALTPV-- SDNRQPNPTCT]
----- | E-- Y-- K---mm-- MDGPEFLGMLH------  TVSPOLSAQMLETRNW-
VAPKD NGHTAKPGLWRVIINGDAFLGLLPKQQNAEVSN- LSAADS----- VLQ
Y- RAGQRKALVEQM_NK@DLRTG®SYDDPEPDP-TGMRMYKRGGGLVDDMN
YRA Q- AQ-ER-LTKG----- QW----- EGATATEA-FT- KAGGGIVDARAN
SILQ TAI DQG- EQRASAPVD--- ADS-- YWNRNVT- HAYTGAPSAHQVRTT TV
L- LQET- | SGKSGKEL- ANGPCKESTA- SPGYCKRS- TVHAVLAAPTADQLEATSV
VGVSKGAKKARNWSI VENGRTNCONFRAAAS G- TQFN&VGLYATATAGS
NGTALGAAKA-- MELI ----- TPHDKEHIDVGLACGNYT---- KVGE SVATASAAS
DPVHKDVNYTKS- LAVYPFRDMAP--- | EPGLKDKKQ-GKLI- RAATVTSVGMGDO
DTVY- DPKGTKKNLA- YHTYQGTIPLAD! -- G KFFGGAEAYNRAATE SDGMGDO
G LFII LNKA-------- A- TQAPQ KKAAGLAE---- AAERNNFIPNEEE----

G LLII - NKAPKDSLSDRRATQDG T RRAGGPATIDGQAA- RNELVPMVEPTRAKT

VPTFLLPLLALAI TSQKM

Matches with 42 D369N : 390 D — 357 D
D434E : 455 D — 454 E
E322K : 343 E — 311 E
E341K : 362 E — 330 E
H412Y :433 H+— 432 H
S105L : 126 S— 95T
T155M : 176 T — 155 S
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7 Alignment of Homo sapiens’s Mutations

align to reference sequence:
Compare sequences of length 1 and 535

PATATELLLLTGALLPLLAPVVSRGPHAADTTGAPPALDCATYPELCAAFAM

VHAI

FTQEQVGHVLHAQPGRAFVAVDEGAHTEEDLPVASQQRYEPSGSESETVOPRAGDK

LVYGPGNGYLLVTYAKRDRAKGPALGFISSGRLPYGGFSFVHSHDATVLSLTDEES

TLQGAREIADDFMITETLARYARSEHHGHDIRGGEVFLFFGRPNRSLLRLAA

ETME

MLSPDLTSDRHIEYKMDGPEFLGMLHTVSPDLSAQMLETRNWVYRAGQRKALWEQV

LNKGDLRTGGQSYDDPYEPDPTGMRFMYKRGGGLIVDIDMNSILQTAIDQC

SAPVDADSYWNRNVTHAYTGAPSAHQVRTTTVVGVSKEMKWKBIVENGRTTN

=S

GEQRA

CONFRAAASLGITQFNGKVGCLYATATAGSDPVHKDVNYTKSLAVYPFRDMALPIE

PGLKDKKQGKLIRAATVTSVGMGDGLFIILNKAATQAPQLKKAAGLAEAAER

PNEEEVPIIGLSLQLRLGLLLLLLLMCPGLM

NWFD

minimal editing distance: 30 Alignment: -10

7.1 Align To Sequence In laja.pdb

Compare sequences of length 535 and 450

K----- L---- G L--- A AKMIYF----  LD-- TQDTLGVVM--- A-

PATATH.LLLT GALLPLLAPVVSRGPHRADTTGAPPADCATYPH.CAAFRAMV A

------- H----  PGrA-- AIRLQSGIH EXXXXXXXX--Y-- SMVM--- V---  AG
FTQEQVEVLHAPGRAFVAVDE-- GAHTEEDLPVASQQREPSGSESEVDPRAG
DKT----- N- LAQTLGPAKTD---- PAV-- | (GA---------- HAHDATW LT
DKLVYGPGIGYLLVTY-- AKRDRAK®ALGH SSGRLPYGGFSRNGHDAT\LSLT
NGEKKARE-- L-- ARQVAEDLDV-- TEGIQGCPMAXXXXXXSAG EVQLFFGKE
D-E---- ESTLQ®REI A- D- DFMITETLARY-- ARSEHHGHDIRCEVWFLFFGRP
NKSLLEI AKDTMQALTPV-- SDNRQPNPTCTVAPKINGH TAKPGLWRVINGDA

NRSLLRLAAETMEM.SPDLTSD RH----------- | E- Y-r Keeeomes MDGPE
FLGLLPKQQNAEVSN- LSAADS----- VLQY-- G R- A~ EAQER--- L- TKGQ
FLGMLH------ TVSPDLSAQMLETRNW- YRAGQRKALWE- QVLNKGIRRTGGQ

W----- EGATATEA-FT- KAGGGIVDARANL- LQET- | SGKGGKEL- ANGPCKES
SYDDP¥PDP-TGMRMYXRGGGLVDODMNSI LQ- TAl DQG- EQRASAPVD--

TA- SPGYCKRSTV- HAVLAAPTAGQLEATSVNGTALGAAKA-- MELI ----- TPHD
- ADS-- YWNRN- VTHAY TGAPSAHQVRTT TVWWGVSKGAKKARNWSI VENGRTNC
KEHIDVG-LAGNYT----  KVG SVATASAASDIVY- DPKGTKKNLA- YHTYQGTP
QNFRAAAE- G- TOQFN®&VCGCLYATATAGSDPVHKDVNYTKS- LAVYPFRDMAP
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LAD -- G KFFGGAEAYNRAATE SDGMGDIA_LII - NKA--- PKD3.SDRIAA
--- | EPGLKDKKQ-GKLI- RAATVTSVGMGDA FII LNKAATQAQ-- LKK-- AA
TQBGTLRRAGG----- PAT---- | DG-- QAARNELVP---- MEPT--

--- G LAEAAERNWHBENEEEVR | GLSLQL- RLGLLLLLLL MCPGLM

Matches with 40 R166A : 156 R +— 0 -
Compare sequences of length 535 and 450

K----- L---- G L--- A AKMIYF----  LD-- TQDTLGVVM--- A-

PATATH.LLLT GALLPLLAPVVSRGPHRADTTGAPPADCATYPH.CAAFRAMV A

------- H----  PGrA-- AIRLQSGIH EXXXXXXXX--Y-- SMVM--- V---  AG
FTQEQVE&VLHAPGRAFVAVDE-- GAHTEEDLPVASQQREPSGSESEVDPRAG
DKT----- N-- LAQILGPAKTD---- PAV-- | QSA------—---- HAHDATW LT
DKLVYGPGIGYLLVTY-- AKRDRAK®ALGH SSGRLPYGGFSANGHDAT\LSLT
NGEKKARE-- L-- ARQVAEDLDV-- TEGIQGCPMXXXXXXXSAG EVQLFFGKE
D-E---- ESTLQ®REI A- D- DFMITETLARY-- ARSEHHGHDIRCEVWFLFFGRP
NKSLLEI AKDTMQALTPV-- SDNRQPNPTCTVAPKINGH TAKPGLWRVINGDA

NRSLLRLAAETMEM.SPDLTSD RH----------- | E- Y-r Keeeomes MDGPE
FLGLLPKQQNAEVSN- LSAADS----- VLQY-- G R- A~ EAQER--- L- TKGQ
FLGMLH------ TVSPDLSAQMLETRNW- YRAGQRKALWE- QVLNKGIRRTGGQ

W----- EGATAEA-FT- KAGGGIVDARANL- LQET- | SGKGGKEL- ANGPCKES
SYDDP¥PDP-TGMRMYXRGGGLVDODMNSI LQ- TAl DQG-- EQRASAPVD--
TA- SPGYCKRSTV- HAVLAAPTAGQLEATSVNGTALGAAKA-- MELI ----- TPHD
- ADS-- YWNRN- VTHAY TGAPSAHQVRTT TVWGVSKGAKKARNWSI VENGRTNC
KEHIDVG-LAGNYT---- KV SVATASAASDTVY- DPKG KKNLA- YHTYQGTP
QNFRAAAE- G- TOFN®&VGLYATATAGSDPVHKDVNYTKS- LAVYPFRDMAP
LAD -- G KFFGGAEAYNRAATE SDGMGDIA-LII - NKA--- PKD3.SDRIAA
--- | EPGLKDKKQ-GKLI- RAATVTSVGMGD@A FII LNKAATQAPQ-- LKK-- AA
TQBGTLRRAGG----- PAT---- | DG-- QAARNELVP---- MEPT--

--- G LAEAAERNWHENEEEVR| GLSLQL- RLGLLLLLLL MCPGLM

Matches with 40 R166A : 156 R — O -

7.2 Align To Sequence In lew2.pdb
Compare sequences of length 535 and 480

P--ememeeeeeee P-- A-m-memeeeeeeeee- LDCATYPELCAAFAMVHAI
PATATELLLLTGALLPLLAPVVSRGPHAADTTGAPH2CATYPELCAAFAMVHAI
FTQEQVGHVLHAQPGRAFVAVDEGAHTEEDLPVASQQRYEPSGSESETVDOPRAGDK
FTQEQVGHVLHAQPGRAFVAVDEGAHTEEDLPVASQQRYEPSGSESETVDOPRAGDK
LVYGPGNGYLLVTYAKRDRAKGPALGFISSGRLPYGGFSFVHSHDATVLSLTDEES
LVYGPGNGYLLVTYAKRDRAKGPALGFISSGRLPYGGFSFVHSHDATVLSLTDEES
TLQGAREIADDFMITETLARYARSEHHGHDIRGGEVFLFFGRPNRSLLRLAAETME
TLQGAREIADDFMITETLARYARSEHHGHDIRGGEVFLFFGRPNRSLLRLAAETME
MLSPDLTSDRHIEYKMDGPEFLGMLHTVSPDLSAQMLETRNWVYRAGQRKALWEQV
MLSPDLTSDRHIEYKMDGPEFLGMLHTVSPDLSAQMLETRNWVYRAGQRKALWEQV
LNKGDLRTGGQSYDDPYEPDPTGMRFMYKRGGGLIVDIDMNSILQTAIDQCGEQRA
LNKGDLRTGGQSYDDPYEPDPTGMRFMYKRGGGLIVDIDMNSILQTAIDQCGEQRA
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SAPVDADSYWNRNVTHAYTGAPSAHQVRTTTVVGVSKGMKARENGRTT
SAPVDADSYWNRNVTHAYTGAPSAHQVRTTTVVGVSKGRMKKARENGRTT

CQONFRAAASLGITQFNGKVGCLYATATAGSDPVHKDVNYTKSLAVYPFRDMALPIE
CQONFRAAASLGITQFNGKVGCLYATATAGSDPVHKDVNYTKSLAVYPFRDMALPIE
PGLKDKKQGKLIRAATVTSVGMGDGLFIILNKAATQAPQLKKAAGLAEAAERNWFD
PGLKDKKQGKLIRAATVTSVGMGDGLFIILNKAATQAPQLKKAAGLAEAAERNWFD

PNEEEVPII
PNEEEVPIIGLSLQLRLGLLLLLLLMCPGLM

Matches with 94 R166A : 156 R — 135 R
Compare sequences of length 535 and 480

S = N — LDCATYPELCAAFAMVHA
PATATELLLLTGALLPLLAPVVSRGPHAADTTGAPERCATYPELCAAFAMVHA
FTQEQVGHVLHAQPGRAFVAVDEGAHTEEDLPVASQQRYEPSGSESETVD
FTQEQVGHVLHAQPGRAFVAVDEGAHTEEDLPVASQQRYEPSGSESETVD

CONFRAAASLGITQFNGKVGCLYATATAGSDPVHKDVNYTKSLAVYPFRDM
CONFRAAASLGITQFNGKVGCLYATATAGSDPVHKDVNYTKSLAVYPFRDM

PNEEEVPII
PNEEEVPIIGLSLQLRLGLLLLLLLMCPGLM

Matches with 94 R166A : 156 R — 135 R
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I
I
PRAGDK
PRAGDK

LVYGPGNGYLLVTYAKRDRAKGPALGFISSGRLPYGGFSFVHSHDATVLSLTDEES
LVYGPGNGYLLVTYAKRDRAKGPALGFISSGRLPYGGFSFVHSHDATVLSLTDEES
TLQGAREIADDFMITETLARYARSEHHGHDIRGGEVFLFFGRPNRSLLRLAAETME
TLQGAREIADDFMITETLARYARSEHHGHDIRGGEVFLFFGRPNRSLLRLAAETME
MLSPDLTSDRHIEYKMDGPEFLGMLHTVSPDLSAQMLETRNWVYRAGQRKALWEQV
MLSPDLTSDRHIEYKMDGPEFLGMLHTVSPDLSAQMLETRNWVYRAGQRKALWEQV
LNKGDLRTGGQSYDDPYEPDPTGMRFMYKRGGGLIVDIDMNSILQTAIDQCGEQRA
LNKGDLRTGGQSYDDPYEPDPTGMRFMYKRGGGLIVDIDMNSILQTAIDQCGEQRA
SAPVDADSYWNRNVTHAYTGAPSAHQVRTTTVVGVSKGMKARENGRTTN
SAPVDADSYWNRNVTHAYTGAPSAHQVRTTTVVGVSKGMWKARENGRTTN

ALPIE
ALPIE

PGLKDKKQGKLIRAATVTSVGMGDGLFIILNKAATQAPQLKKAAGLAEAAERNWFD
PGLKDKKQGKLIRAATVTSVGMGDGLFIILNKAATQAPQLKKAAGLAEAAERNWEFD



