Brenda Miner
Annotations for ['1f4l’, "Tmkh’] (6.1.1.10)

October 4, 2005

1 Downloads

1.1 Structure-files
e 1f4l.pdb from http://projects.villa-bosch.de/dbase/pdba/mmol /1f4l.pdb.gz

e 1mkh.pdb from http://projects.villa-bosch.de/dbase/pdba/mmol/1mkh.pdb.gz

1.2 Engineering

. Name Organism Impact
A355C | Saccharomyces cerevisiae | ['activity’]
Commentary: site-directed mutagenesis, 115

. Name Organism Impact
C337A/C340A | Saccharomyces cerevisiae | ['notclassified’]
Commentary: site-directed mutagenesis, inactive

. Name Organism Impact
C350A | Saccharomyces cerevisiae | ['activity’]
Commentary: site-directed mutagenesis, 1.5

. Name Organism Impact
C350A/C353A | Saccharomyces cerevisiae | ['notclassified’]
Commentary: site-directed mutagenesis, inactive

. Name Organism Impact
C353A | Saccharomyces cerevisiae | ['notclassified’]

Commentary: site-directed mutagenesis, catalytically inactive, no in vivo

complementation of a deficient yeast strain

Name
C367A

Organism
Saccharomyces cerevisiae

Impact
['notclassified’]

Commentary: site-directed mutagenesis, catalytically inactive, no in vivo
complementation of a deficient yeast strain, mutant shows a second zinc-
binding knuckle structure



Name Organism Impact
D348G | Saccharomyces cerevisiae | [‘activity’]

Commentary: site-directed mutagenesis, 4.7

Name Organism Impact
D370A | Saccharomyces cerevisiae | ['activity’]

Commentary: site-directed mutagenesis, 8.7

Name Organism Impact
D666A | Escherichia coli | ["activity’]

Commentary: activity is similar to the wild-type enzyme

Name Organism Impact
G23A | Escherichia coli | ['notclassified’]

Commentary: mutant enzymes: L22A variant, G23A variant, G23P vari-
ant, H21N variant, H21Q variant, H24N variant, and H24Q variant, with
reduced catalytic efficience and lowered maximal rate

Name Organism Impact
G23P | Escherichia coli | ['notclassified’]

Commentary: mutant enzymes: L22A variant, G23A variant, G23P vari-
ant, H21N variant, H21Q variant, H24N variant, and H24Q variant, with
reduced catalytic efficience and lowered maximal rate

Name Organism Impact
G347R | Saccharomyces cerevisiae | ['notclassified’]

Commentary: site-directed mutagenesis, catalytically inactive, no in vivo
complementation of a deficient yeast strain

Name Organism Impact
H21IN | Escherichia coli | ['notclassified’]

Commentary: mutant enzymes: L22A variant, G23A variant, G23P vari-
ant, H21N variant, H21Q variant, H24N variant, and H24Q variant, with
reduced catalytic efficience and lowered maximal rate

Name Organism Impact
H21Q | Escherichia coli | ['notclassified’]

Commentary: mutant enzymes: L22A variant, G23A variant, G23P vari-
ant, H21N variant, H21Q variant, H24N variant, and H24Q variant, with
reduced catalytic efficience and lowered maximal rate

Name Organism Impact
H24N | Escherichia coli | ['notclassified’]

Commentary: mutant enzymes: L22A variant, G23A variant, G23P vari-
ant, H21N variant, H21Q variant, H24N variant, and H24Q variant, with
reduced catalytic efficience and lowered maximal rate

Name Organism Impact
H24Q | Escherichia coli | ['notclassified’]




Commentary: mutant enzymes: L22A variant, G23A variant, G23P vari-
ant, H21N variant, H21Q variant, H24N variant, and H24Q variant, with
reduced catalytic efficience and lowered maximal rate

Name Organism Impact
I363N | Saccharomyces cerevisiae | ['activity’]

Commentary: site-directed mutagenesis, 84

Name Organism Impact
K335Q | Escherichia coli | ['activity’]

Commentary: mutants produced by site-directed mutagenesis, Lys335-
Gln substitution results in a complete loss of activity, similar loss of ac-
tivity is observed when Lys335 is changed into alanine, glutamic acid, or
arginine

Name Organism Impact
K860A | Homo sapiens | [activity’]

Commentary: site-directed mutagenesis, reduced activity

Name Organism Impact
K863A | Homo sapiens | [activity’]

Commentary: site-directed mutagenesis, reduced activity

Name Organism Impact
K866A | Homo sapiens | [activity’]

Commentary: site-directed mutagenesis, reduced activity

Name Organism Impact
K880A | Homo sapiens | ['mechanism’]

Commentary: site-directed mutagenesis, altered kinetics

Name Organism Impact
L22A | Escherichia coli | ['notclassified’]

Commentary: mutant enzymes: L22A variant, G23A variant, G23P vari-
ant, H21N variant, H21Q variant, H24N variant, and H24Q variant, with
reduced catalytic efficience and lowered maximal rate

Name Organism Impact
more | Saccharomyces cerevisiae | ['notclassified’]

Commentary: a strain carrying the MES1 structure gene on a high copy
number plasmid, pFL1

Name Organism Impact
more | Escherichia coli | [’kinetics’]

Commentary: mutant strains with an increased Km for methionine

Name Organism Impact
more | Bacillus stearothermophilus | ["activity’]

Commentary: construction of a truncated enzyme form with 25
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Name Organism Impact
more | Saccharomyces cerevisiae | ['notclassified’]

Commentary: construction of an inactive strain by gene disruption

Name Organism Impact
more | Escherichia coli | ['notclassified’]

Commentary: construction of C-terminal truncated mutant, removal of
betal0 strand and insertion of a stop codon at position 666, M665

Name Organism Impact
P338I | Saccharomyces cerevisiae | [activity’]

Commentary: site-directed mutagenesis, 74

Name Organism Impact
R857A | Homo sapiens | ["activity’]

Commentary: site-directed mutagenesis, reduced activity

Name Organism Impact
T10M | Escherichia coli | [activity’]

Commentary: natural mutant, 5

Name Organism Impact
Y15A | Escherichia coli | [activity’]

Commentary: natural mutant, very low residual activity, complementa-
tion of an enzyme-deficient Escherichia coli strain

Name Organism Impact
Y94H | Escherichia coli | ['notclassified’]

Commentary: natural mutant, unstable, no complementation of an enzyme-
deficient Escherichia coli strain

2 Alignment of Saccharomyces cerevisiae’s Mu-
tations

align to reference sequence:
Compare sequences of length 349 and 750

VQQGGYKARWEDIKKEDIRQFLYEAKNINHGELIALHFRDDIKLAPANLMKNIKEG

IEPMYPTISSVAYIINLGVAVVADSKEPSQSFLTNDLKNEQLFQNGRASLSMAIE

LGRREHGLEMEKVYNSLIENIDKVLGDYNSVKKPDFKPVVGNYKANVFKILRNVFN

GLNALLESNNRAVFDDWSFHSDSSEPRVSALYYRWVSPSIGSDQANNGFVGVGRSK

SFKGNEYQLYETTNLHHLMTWNEETGLQSGPFVVTHFPVNDKGMFQYLSVHEPNNW

WQKWEKTYNSTISVYGITADFWVYLVKDKYKELPVPTGWVLDRTICRPKLGPKLWS
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QTITKSNKSWNGEESAKEVWESIQSELKDLSLFIHDSYKPEPEKORPN LEF

D??C??7?1 ??2?

PDLLAGCKDCQDRADDYHCRCEGEVYRDALYSNHVPCYLQKMSQEELYGNSNLK

TFIHQAIETQKDTTTRGFYDFGIQFWKYVDSHIKHYKDCLORPTVGEELAKTETAT
DDV

GYEDTGCIFLANYNRGKCYRAFIDASLVSGIINGLHPVNNVYPLASTILINRENPK
bbb e e i e

PLIESDKPKVTLDAQIKVAGINKFSSSDRPVHKKALAVANHVKSPLEPFKSHVLSS
bbb b b b b e e b e e e el i )

NLAYVNAFLILDTTTLPEKLEVLYNEIAKNTLVEVHQQPLEKHYLLNQLSALARK

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

KDSTQGEFDDMVYRLIANADFLLFPEKTNRLEMAANDNDVEPKLNKSAYEL
PP 2227222222222272222227272727222222272777

QY

ALAIK

minimal editing distance: 4045 Alignment: -22

2.1 Align To Sequence In 1f4l.pdb
Compare sequences of length 750 and 549

[— KSA-- EVLA- EVQRNDIRNYL-- AKFPNVKHG.LPQQ GDWIETNLFAE
VQQGG ARVEDIKKE---- DIRQFLYEAKNIN-- HGEL--- | A LH-- F--
ARETLKPLVPK- LYTMLVRFLNI-- G-- MSC-1 AQLDADR--- GEQKAVWW/----

- RDDIK- LAPANL-- MK-—-- NI KEGEP MYPTI ISSVAYIINL GV-- AVVADSKE
PAQE--- DVYRVA-LD--- A- LAM IE -- RVAKGFERSEWAEG-4 VEAADTFT
PSQSFLTNDLK- NEQLFQNGRSLSMAIE LGRREHGLEM-EKVYNSIL - ENI D---
KYLQFDALESALVG-- DFRKNIF GANRSALNWK--- NMD---  A---- NVRQVFD
KVLG-DYN-S-- VKKPDF KPVVG- NYKA- NVEKILR NVENGLMLLESNNRAVFD
ELNLDIDDI-- RSSLKATYYYRL- SDADFHNLWG- AKI- FTG- RSKSVKAGN/
DWSFHBSSEFRVS-- ALYY- RV\BPSIG----- SDQANNGVGOVGRSKF K- GNE
TV- YGHVENSPKRINSGE-- LMA-PWFLS- HFYVI DKG FHYL--- EATSDK-KW
YQLYETTNLHHLMTWE- ETGLQS®- FVVTHFPVNDKG/FQYLSVHEPNNWWWKV
YEDFSVSDGRDCINKF- SGM GIPADLWV¥----  YKG-PANPIEF GFYPADFRS

B CA— KTY- NSTI SV- YGI TADFWVY.VKDKYKELPV- PT-- GWVL-DRTI
DWQIGSERNEQM-- K- NAVQ-- EQLAGSRTMAQLNESF- SPL- DFF- F- HESDRM
CRPH.GDKLWBQTIT KSNKSWNEESAKEV-W---  ESIQ SELKDLSLFI HDSYKP
VPTAGSVVS-- PEILE TPSYTAGG/ECNDGY (DPSKCKPO GKVFRLPLEFMGKE
EPSADDL-- KCRPNILE FPDLLAG@&DCQDGRADDYHCKPEGEVYRDAL YSNH\P
DYLQ - SITR-- N-- Kl FGN--- E- KL-— RS-Y-- | LE-— (S—
CYLQKMBQEELYGISNLKTFIHQAI ETQKDTTTRGFYDFG QFWKYVSHIKHYKD
-LQRN--- EESH-TSH--- YNDYS-I--- NF-- G- AF- DTQHEGMEGI MQE-
CLQRPTV@EELAKTETATGYEDTGG FLANYNRGKCYR\FI DASLV-S-- GIINGL
Y - S TI GLQQA-- K- LM === P-- TGHADD-- AC| == F--remee-
HPVNNVYPLAS! - LINRENPKPL- | ESDKPKVTLDAQIKVAG NKESSSDRPVHK
------ N Voo E----  HGRMRQ-YRVWWVBQ-| H-----=  E- LM-=-----
KALAVANHVKSPLEPFKSHVLSSNLAY- VN-- AFLI LDTTTLPEKLEVLYNEIAKN
----- N [RSS & [N — [cHm— NAY----  P-ee-
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TLVEVHQQR EKHYLLNQLSALAFQYKDSTGEFDDMVYRLINADFLLFPEKTNR
L= ACT--- Ve LI Keoemoeeen (SN S— -
LENMAANDNIVEPKLNKSAYELALAIKLNNALQLHAPHKKSKDFSILBE

Matches with 36 A355C : 333 G — 143 G
C337A/C340A : 315 K — 0 -
C350A :328 D — 138D
C350A/C353A : 328D — 138D
C353A :331 Ve~ 141V
C367A :345 G — 155 G
D348G : 326 L — 136 L
D370A : 348 C — 158 C
G347TR :325Y — 135 F
I363N : 341 D — 151 P
L22A :0S—0-

P338I: 316 Q — 126 Q

2.2 Align To Sequence In 1mkh.pdb
Compare sequences of length 750 and 108

VQQGGYKAWEDKKEDIRQFLYERKNINHGELIALHFRDDI KLAPANLMNKNIKEG
D-- P M--
IEPMYPTIISSVAYIINLGVAVVA DSKEPSQSFLTNDLKNEQLFQNGRASISE
L L A- V- RE---
LGRREHGEMEKVYNSLIENIDKVLGDYNSVKKPDFKPVVGANKEKIL RNVFN
(CNM— 5] p WS— . S— . N—
GLNALLESNNRAVBDVSFHSDSSEPRWBYYRWVSPSIGSDRINGFVGVGRSK
-------- Y ¢ N 0] ¢ e—— GX-- LKK-- P---
SFKGNEYRYETTN.HHIMM'WNEETLQS®FVVTHFPVNDEMFQY. SVHEPNNW
S U V— NS VAR VAU (VAR VA - S—
WQKBKTYNSTISVYGIT ADFWYLVKDKYKELRPTGWLDRTICRPKLGDKLWS
N (IS — [S— E-
QTITKSNKSWNGEESAKEVWESIQS®L SLFIHDSYKFEPSADDLKCRPNIEF
[SE— N S L- G-
PDLLAG®&DCQDGRAIDYHKPCEGEVYRDAL YSNHVPCYQKMSQEEYGNSNLK
----- A (V2— Iy =S VAY S
TFIHQAIETQKDTTTRGFYDFGIQFWKDSHIKHYKDCQRPTVGEELAKTETAT
S ¢ S U — [N/ S— (VAR 2 [— K
GYEDTGCIF LANYNRGKCYRABASLVSGIINGLHPVNNVYPLASTILINRENPK
----- D A N P- HDK---  Vemeoeee Ermemeees
PLIES DKPKVTLIAQIKVAGINKFSSSDRVHKKALAVANHVKSPEPFKSHVLSS
| - K
NLAYVNAFL LDTTTLPEKLEVLYNEAKNTLVEVHQQPLEKHYLLNQLSALAFQY
----- G- V-RL- D L-= Ke==  AF-D-DF-- KV-r-  YM--mom
KDST@EFDDNYRLIANADFLLFPEKTNRLEMANDNDVEPKLNKSAYELALAIK

LNNALQLHAPHKKSKDFSILE
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Matches with 20 A355C : 333 G — O -
C337A/C340A : 315 K — 49 K
C350A :328 D — 0 -

C350A/C353A :328D — 0 -

C353A :331V+—0-

C367A :345 G — 0 -

D348G : 326 L — O -

D370A :348 C— 0 -

G347R :325Y — 0 -

I363N : 341 D — O -

L22A :0S— 0 -

P338I:316 Q — 0 -

Compare sequences of length 750 and 108

-------- = V2 SU— /NS e —— KVE-----  Ke-ee-
VQQGGYKAWVEDKKEDIRQFLYRKNINHGELIALHFRDDI KLAPANLMKNIKEG
D-- P M--
IEPMYPTIISSVAYIINLGVAVVA DSKEPSQSFLTNDLKNEQLFQNGRASESE
L L A-V---  RE---
LGRREHGEMEKVYNSLIENIDKVLGDYNSVKKPDFKPVVGANWEKIL RNVEN
(CHN— (0] o S— . —— . N—
GLNALLESNNRAVBDNSFHSDSSEPR¥BYYRWVSPSIGSDENNGFVGVGRSK
-------- (S R Y € N o ]S {¢ — GX--- LKK-- P---
SFKGNEYQYETTN.HHIMIWNEE®.QS®FVVTHFPVNDBVIFQY.SVHEPNNW
S = T \—— NS VAR VAN (VARSI VA - S—
WQKBKTYNSTISVYGIT ADFWYLVKDKYKELRPTGWLDRTICRPKLGDKLWS

N (I R— [SA— E-
QTITKSNKSWNGEESAKEVWESIQSEL SLFIHDSYKFEPSADDLKCRPNIEF
P------ S R = Kemms L- G-
PDLLAG®&DCOQOGRADYHXKPCEGEVYRDAL YSNHVPCYKMSQEEYGNSNLK
----- A (V2— LTR- V- E--eememv

=== D- G- L--memmeeeee- D--- VK-------- V-- VY- L--mmmmmee- K
GYBOTGCIF LANYNRGKCYRABASLVSGIINGLHPVNNYPLASTILINRENPK
----- D A N P- HDK---  V-------- E---------
PLIES DKPKVTLDAQIKVAGINKFSSSDRVHKKALAVANHVKSPEPFKSHVLSS
I I -K
NLAYVNAFL LDTTTLPEKLEVLYNEAKNTLVEVHQQPLEKHYLLNQLSALAFQY
————— G---- V-RL--- D L-- K-----  AF-D DF-- KV---- YM------
KDST@EFDDMYRLIANADFLLFPEKTNRLEMANDNDVERKLNKSAYELALAIK

LNNALQLHAPHKKSKDFSILE.E

Matches with 20 A355C : 333 G +— 0 -
C337A/C340A : 315 K — 49 K
C350A :328 D —~ O -
C350A/C353A : 328D > 0 -
C353A :331 V=0 -
C367A :345 G — 0 -
D348G : 326 L — O -
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D370A : 348 C — 0 -
G347TR :325Y — 0 -
I363N : 341 D v 0 -
L22A :0S 0 -

P3381:316 Q — 0 -

3 Alignment of Saccharomyces cerevisiae’s Mu-

tations

align to reference sequence:

Compare sequences of length 1 and 750

VQQGGYKARWEDIKKEDIRQFLYEAKNINHGELIALHFRDDIKLAPANLMKNIKEG

IEPMYPTISSVAYIINLGVAVVADSKEPSQSFLTNDLKNEQLFQNGRASLSMA

LGRREHGLEMEKVYNSLIENIDKVLGDYNSVKKPDFKPVVGNYKANVFKILRNVFEN

GLNALLESNNRAVFDDWSFHSDSSEPRVSALYYRWVSPSIGSDQANNGFVGVGRSK

SFKGNEYQLYETTNLHHLMTWNEETGLQSGPFVVTHFPVNDKGMFQYLSVHEPNNW

WQKWEKTYNSTISVYGITADFWVYLVKDKYKELPVPTGWVLDRTICRPKLGPKLWS

QTITKSNKSWNGEESAKEVWESIQSELKDLSLFIHDSYKPEPSADDLKCRPNILEF

PDLLAGCKDCQDGRADDYHCKPCEGEVYRDALYSNHVPCYLQKMSQEELYGNSNLK

TFIHQAIETQKDTTTRGFYDFGIQFWKYVDSHIKHYKDCLQRPTVGEELAKTETAT

GYEDTGCIFLANYNRGKCYRAFIDASLVSGIINGLHPVYNNVYPLASTILINRENPK

PLIESDKPKVTLDAQIKVAGINKFSSSDRPVHKKALAVANHVKSPLEPFKSHVLSS

NLAYVNAFLILDTTTLPEKLEVLYNEIAKNTLVEVHQQPLEKHYLLNQLSALARQY

KDSTQGEFDDMVYRLIANADFLLFPEKTNRLEMAANDNDVEPKLNKSAMELA
L

LNNALQLHAPHKKSKDFSILFS

minimal editing distance: 30 Alignment: 3

3.1 Align To Sequence In 1f4l.pdb
Compare sequences of length 750 and 549

E----- KSA-- EVLA-EVQRMIRNYL-- AKFPNVKHGA.LPQQ GDWIETNLFAE
VQQGG ARVEDIKKE---- DIRQARYEAKNIN-- H&L--- | A-- LH--- F--
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ARETLKPLVPK- LYTMLVRFLNI-- G-- MSC-| AQLDADR--- GEQKAVWW----

- RDDIK- LAPANL-- MK---- NIKEGIEP MYPTI ISSVAYIINL GV-- AVVADSKE
PAQE--- DVYRVA-LD--- A-LAM IE -- RVAKGFERSEWAEG-4 VEAADTFT
PSQSFLTNDLK- NEQ.FQNGRSLSMAIE LGRREHELEM-EKVYNSIL - ENI D---
KYLQFDALESALVG-- DFRKNIF GANRSALNWK--- NMD--- A--- NVRQVFD
KVLG-DYN-S-- VKKPDF- KPV\G- NYKA- NVFKILR NVFNGLMLLESNNRAVFD
ELNLDIDDI-- RSSLKATYYYRL- SDADFHNLWS- AKI- FTG- RSKSVKAGN/
DWSFHBSSEFRVS-- ALYY- RV\BPSIG----- SDQANNGVGVERSKSFK- GNE
TV- YGHVENSPKRISGE-- LMA-PWFLS- HFYVI DKG FHYL--- EATSDK-KW
YQLYETTNLHHLMTWE- ETGLQS®- FVVTHFPVNDKG/FQYLSVHEPNNWWV
YEDFSVSDGRDCLNKF- SGMGIPADLWV¥----  YKG-PANPIEF GFYPADFSI

B SR KTY- NSTI SV- YGI TADFWVY.VKDKYKELPV- PT-- GVVL-DRT]
DWQIGSERNEQM-- K- NAVQ-- EQLAGSRTMAQLNESF- SPL- DFF- F- HESDRM
CRPH.GDKLWBQTIT KSNKSWNEESAKEV-W---  ESIQ SELKDLSLFI HDSYKP
VPTAGSVVE-- PEILE TPSYTAGGO/ECNDGY DPSKCKPO GKVFRLPLFMGKP
EPSADDL-- KCRPNILE FPDLLAG®&DCQDGRADDYHCKPEGEVYRDAL Y SNHWP
DYLQ- SITR-- N-- Kl FGN--- E-- KL--- RS-Y--- | LE---- Sa—
CYLQKMBQEELYGISNLKTFIHQAI ETQKDTTTRGFYDFG QFWKYVBHIKHYKD
-LQRN--- EESH-TSH-- YNDYS-I --- NF-- G- AF- DTQHEGMESI MQE-
CLQRPTV@EELAKTETATGYEDTGG FLANYNRGKCYR\FI DASLV-S-- GIINGL
B = S— TI GLQQA--- K- LM - P-- TGHADD-- ACl - F----men-
HPVNNVYPLAS! - LINRENPKPL- | ESDKPKVTLDAQIKVAG NKFSSSDRPVHK
------ N V== E----  HGRMRQ-YRVWVBQ-| H-----  E- LM--meome-
KALAVANHVKSPLEPFKSHVLSSNLAY- VN-- AFLI LDTTTLPEKLEVLYNEIAKN
----- HG-- L-- Hl----  Seeeeeeee [cH— NAY----  P--ee-
TLVEVHQQR EKHYLLNQLSALAFQYKDSTGEFDDMVYRLIAADFLLFPEKTNR
L-- ACT--- V- LI Ke=-mv SN S C—
LEMAANDNIVEPKLNKSAYELAAI KLNNALQLHAPHKKSKDFSILFS

Matches with 36 L22A :25L — 0 -

3.2 Align To Sequence In 1mkh.pdb
Compare sequences of length 750 and 108

-------- S VA S—— T \V/ S -
VQQGGYKAWEDKKEDIRQFLYEKNINHGELIALHFRDDIKLAPANLMKNIKEG
D- P M-
IEPMYPTIISSVAYIINLGVAVVA DSKEPSQSFLTNDLKNEQLFQNGRASESE
L L A- V- RE--
LGRREHGEMEKVYNSLIENIDKVLGDYNSVKKPDFKPVVGANKEKIL RNVFN
(CH— o) p WS— S . —
GLNALLESNNRAVBDVSFHSDSSEPRWBYYRWVSPSIGSDRINGFVGVGRSK
-------- S R Y Y ¢ N o [ S— @X--- LKK-- P---
SFKGNEYRQYETTN.HHIMI'WNEEGLQS®FVVTHFPVNDBMFQY SVHEPNNW
S I N — NS VAR VA LYY A S —
WQKBKTYNSTISVYGIT ADFWYLVKDKYKELRPTGWLDRTICRPKLGDKLWS
N (I — [S— E-
QTITKSNKSWNGEESAKEVWESIQS®L SLFIHDSYKPEPSADDLKCRPNIEF
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P KY S —— - L- G-
PDLLAG&DCQDGRADMBIGKPCEGEVYRDALYSNHVPCYMBQEEYGNSNLK
----- A (V2— LTR- V- E-memeev

=== D-G-- L--memmemeeee- D--- VK-------- V-- VY- L--mmmmmee- K
GYBOTGCIF LANYNRGKCYRABASLVSGIINGLHPVNNYPLASTILINRENPK
————— D A N P- HDK---  V-------- E----eee-
PLIES DKPKVTLDAQIKVAGINKFSSSDRVHKKALAVANHVKSPEPFKSHVLSS
I I -K
NLAYVNAFL LDTTTLPEKLEVLYNEAKNTLVEVHQQPLEKHYLLNQLSALAF(
————— G---- V-RL-- D L-- K----  AF-D DF-- KV---- YM-- - ---
KDSTM@EFDDMYRLIANADFLLFPEKTNRLEMANDNDVEPKLNKSAYELALAIK

LNNALQLHAPHKKSKDFSILFS

Matches with 20 L22A : 25 L +— 0 -
Compare sequences of length 750 and 108

VQQGGYKAWEDKKEDIRQFLYRKNINHGELIALHFRDDI KLAPANLMKNIKEG
D-- P M--
IEPMYPTIISSVAYIINLGVAVVA DSKEPSQSFLTNDLKNEQLFQNGRASISE
L L A- V- RE---
LGRREHGEMEKVYNSLIENIDKVLGDYNSVKKPDFKPVVGANKEKIL RNVFN
(CHNM— 5] p W— . —— . N—
GLNALLESNNRAVBDWSFHSDSSEPRWEYYRWVSPSIGSDNNGFVGVGRS
-------- I N 0] ¢ —— GX-- LKK-- P---
SFKGNEYRYETTN.HHIMM'WNEET®LQS®FVVTHFPVNDBMFQY.SVHEPNNW
S U V— NS VAR VAU (VAR VA - S
WQKBKTYNSTISVYGIT ADFWYLVKDKYKELRPTGWLDRTICRPKLGDKLWS

N (I — [S— E-
QTITKSNKSWNGEESAKEVWESIQS®L SLFIHDSYKFEPSADDLKCRPNIEF
P KY 2 S — - L- G-
PDLLAG&DCQDGRADBIGKPCEGEVYRDALYSNHVPCYMBQEEYGNSNLK
----- A (V2— [y =S VAY —S—

S W S [ —— (WY S— VARV, YA —— K
GYETGCIF LANYNRGKCYRABASLVSGIINGLHPVNNVYPLASTILINRENPK
----- D A N SRR 5 GV A S —
PLIES DKPKVTLDAQIKVAGINKFSSSDRVHKKALAVANHVKSPEPFKSHVLSS
| - K

NLAYVNAFL LDTTTLPEKLEVLYNEAKNTLVEVHQQPLEKHYLLNQLSALAFQY

----- G- V-RlL-—- D L= K== AF-D DF-- KV---  YM-- - -
KDST@EFDDNYRLIANADFLLFPEKTNRLEMANDNDVEPKLNKSAYELALAIK

LNNALQLHAPHKKSKDFSILFS

Matches with 20 L22A : 25 L — 0 -

10
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4 Alignment of Bacillus stearothermophilus’s Mu-
tations

align to reference sequence:
Compare sequences of length 1 and 649

KIKTGNPVHQDVTALSFGGGSGGALIMGESWEGRLKAPKLNAVCIVKKGILEEPKY

FEAIGSIVQRKEGGLDLQLKLLKDANKMREPQVVEAVRLDVKAFDDISIEEARAAQ

KEEKAAEAPKGGQMHAKIYEVEVGIDLRPFLPEGKQVNTGEPILGFDYLSDWEKLS

RDSIGLQTFIREPTRTLFPQLLVATYRLSEALHAMVSALEERKSEEKALVWPQTED

IYKNTRGILQWVASLAVSFEMREMAEEYQRVVERATESLDRDFPTKPGRYPPIAGG

FYKEIMAVTRHLLNGLDNALDYNIREIFGEPTFVGDSGFPVERLLYYRLADLGYRD

IIMVPDVVNGKSKSMKGDKMLLWGHGFVKKPLPLGLAMLMIPWYITHFRVIEKGVL

HVDAPWYKRFKEDNDTGYGLATIYNALADIWVYIVHKPDGPVKIGWDFTTR$SVALD

ELGPKIFNNIMENKRSEPQIFDPNEEYYQLLRDVYKSMRFFYSEEKVKEVPRGCDP

CNGDVLQRETYFSECPTCYWGEYEGLYIDGQEVLRAFIKEVIKKHREQTTRIFDDY

SIDLKRWLEQIGAVIDDVYQQPTVGKEQAKRQIKQGHEDTGTLYMVDYGRLRKYRA

MADGAVTTYAhGIEKDSPYYIPTTLYFTKKEM

minimal editing distance: 30 Alignment: -4

4.1 Align To Sequence In 1f4l.pdb
Compare sequences of length 649 and 549

o S-mmneem A--—- EV---- L- Ao E----

KI KTGNPVHQDVTAEFGGGSGEIMGESWEGRKAPKLNAVCIVKKGILEEPKY
------- VQRM---- DIRNYL--- A- KF-- PNV K:

FEAIGSI VORKEGGDLQLKLLKDANKMREPQVVEAVRLDYAFDDISIEEARAAQ
-------------- H--eee- G- L--- LPQ-- Q--- |-G D-- W-LE
KEEKAAEAPKGGRMKIYEVEVGED LRPALPEGKQVNTGEP LG-DYLSDAEKLS
TN--- L-- FA-EA-RETLKP- L- VPKLYTMLVRHA.NIGM SCI AQLDALRG-EQKA
RDSIGALQTFIR EPTR- TLFPQLLVAT- YR-LSEALHA-MWS-- A- LEE- RKSEEKA
VWWRQ EDVYRNA--- LD-- A- LAMIERVAKG-E- RSEWAEGI-- V- EAA---- D
LVWP QTED YKNTRGILQW¥SLA---- VS-- FEMR- EMAEEY QR/VERATESLD
T- F- TK--- YLQPDALESALVGDFRKNI FGAN- RSALNVVKNVI DANVRQW-DELN
ROFPTKPGRY/P- Pl AG----- G FYKElI M-AVTRHLLNGLENALDYNI REI FGEPT

LDI DDI---- RSSLKATYYYRLSDADFHNLWTSAKFT----- GRSKSMKGNVTV

11
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FVA@AOSGFPVIRL- L--- YY- RL-- AD-- LGYRDI MVPDVVEKSKSMK GDKML
Y- GHWFLNSPKRFNS&E-- LMAPWLSHFYVI DKAF HYLEATSDKRVEDFSVSD
LWGHEFVKKPLPL-- GLAMLM PWIT HFRVI EKGYLHVD-AP----  WYXRF----
GRK- DCLNKFSGWG-- | P- A-- DLWVY¥Y-KGPANP-- | EFG- FYPADRS--

-- KED-- NDT-G YQAATI YNALADI WWWHK- PDGPVKI -- GWIBFTT-- RSVAL
DWQOQGSE- FWEQKNAV@E- QLAGSRTWAQLMESFSR - DFFFHESDRMVPTAG
DE-- LGPKI FNNIMENKREPQFDPNEEY YQL------ LRDVYK-- SMRFFY---
SV-- VSKPEILET PSYTAGG/ECN DGYQDP--- SKCKPCTGKVFRDPLF®KEPD
SEEKV- K- EV--- PR--- GMPCNEDVLORETYFSEC- P- TCYW------- G E-
Y-- LQS TRNKIFGNEKLRSY! LESLQ-- RNEESHITSHYNDYSINFGABTQH-- E
YEQY-I D----- GREVLRAFI KEVIKKHR- EQT-TRIFDDYSI ----- DLKRWIE
SME>-- | M--- QEPTI GLQQAKLM PTGHADDACIFNVEHGRVRQY RVW\D- AQI
Q-- GAVI DDVYQQPTVEKEQAKRQ KQGHEDTGTLYWDYGR.RKYRAMMGAVT
HELMHQA.HI -- SGNA/- PLACTVLI-- KKAXXX-

TYA-HQ HLKDSPY-YI PT-- T- LYFTKKEM---

Matches with 38 L22A : 18 L —~ 201

4.2 Align To Sequence In 1mkh.pdb
Compare sequences of length 649 and 108

2V S— NS CH— LKV- E------ (0 Y I— (-
KI KTGNPVHQD\AL SFGGGSGGAMGESWEGRKAPKLNAVCIVKKGILEEPKY
- A V-REG- D DA I I —

FEAIGSI VQRKEGGLDLQLKLLKDANKMREPQV\AS/R.DVKAFDDISIEEARAAQ
------------- /Y ¢ S—— Q5-- G- | - GX-- LK-- K-
KEEKAAEAPKGG®AKIYEVEVGIDLRPFLPEGKQVNTGEP! LGFDYLSDWELS
------------ (=S E- LNA- Vermemmemmens VA
RDSIGLQTFIREPTRTLFPQLLVATYRLEALHAM/SALEERKSEEKAVYWPQTEL
----------- V2V A — Y-R
IYKNTRGILQWASLAVSFEMREMARERVVERATESLDRDFPTKPGRYPPIAC
------------- VI = C— 4 C—
FYKEIMAVTRHLINGLDNA DYNIREIFG EPTFVGDSGFPVERINMYRLADLGYRD
---------- L S T W VA R —— T-- R\ E----
IIMVPDVVNGKSKSMKG DKM \WGHGR/KKPLPLGLAMLMIPWYTHFRM EKGVL
S » S [CHy I— DS V A V-e-
HVDAPWYKRFKEDNBYGLATIYNALADIWVYIVHKPDGRKIGWDFTTRSALD
2 f— S —— DA
ELGPKIFNNIMENKRSEPQIFDPNEY QL LRDVKSMRFFY SEEKVKEVPROR
B =T — [ — K- Verees (SR [
CNGDVLQRETYFSHTCYWGEYEGLYGQEVLRAFKEVIKKHREQTTR FDDY
Y [ S— [CHAVARNE—— =Y L--- D L-K- A
SI DLKRWLEQGAVIDDVYQQPTVGKEQRRQIKQGHEDTGTYM\DYGR.RKYRA
(= S N S F- KVYM

MADGAVTTYAHGI IHKDS PYYIPTTLYFTKKEM

5G

Matches with 23 L22A : 18 L — 0 -
Compare sequences of length 649 and 108

12
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2V S— N cH— LKV- E------ (/=Y I— (-

KI KTGNPVHQD\AL SFGGGSGGAMGESWEGRKAPKLNAVCIVKKGILEEPKY
~ A V-REG- D DA I [ —

FEAIGS| VQRKEGGLDLQLKLLKDANKMREPQV\AYR.DVKAFDDISIEEARAAQ
------------- /Y ¢ S— Q- G- | - GX-- LK-- K-
KEEKAAEAPKGG®AKIYEVEVGIDLRPFLPEGKQVNTGEP! LGFDYLSDWELS
------------ =X A1 V.S VA—— V2
RDSIGLQTFIREPTRTLFPQLLVATYRLEALHAM/SALEERKSEEKAYWPQTEL
----------- (VAR VA Y-R
IYKNTRGILQWASLAVSFEMREMABERVVERATESLDRDFPTKPGRYPPIAGG
------------- VN S P A = C— 4 C—
FYKEIMAVTRHLINGLDNA DYNIREIFG EPTFVGDSGFPVERINYRLADLGYRD
---------- L | T N VA R — T-- R\ E----
IIMVPDVVNGSKSMKG DKM WGHGF/KKALPLGLAMLMIPWYTHFRM EKGVL
S » W—— [CHy I— DY V A — V-e-
HVDAPWYKRFKEDNBYGLATIYNALADIWVY IVHKPDGR/KIGWDFTTRSALD
2 f— S —— DA
ELGPKIFNNIMENKRSEPQIFDPNEY QLLRDVKSMRFFYSEEKVKEVPROR
B VI S E— [p S K- Vereev (S
CNGDVLQRETYFSHTCYWGEYEGLYGQEVLRAFKEVIKKHREQTTR FDDY
Y [ S— [CHAVARNE— S YS— L--- D L-K- A
SI DLKRWLEQGAVIDDVYQQPTVGKEQRRQIKQGHEDTGTYM\DYGR.RKYRA
= S R » F- KVYM
MADGAVTTYAHGIHKDSPYYIPTTLYFTKKEM

Matches with 23 L22A : 18 L — 0 -

5 Alignment of Escherichia coli’s Mutations

align to reference sequence:
Compare sequences of length 85 and 676

KVQHGPKAGADPSLLFIDKGGPGAAMVMGESIGFRMKRPALNAVMITHRGILAQPD

PYASRIGSFVNRKEGGLDLTLRLLKDSGEVFEANEILAVRLDVKAFDDFTITEQIP

DDALPGTVPAAAAKVEEKSAEVLAEVQRMDIRNYLAKFPNVKHGLLPQQIGDWTLE

TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEDVYR

NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKNIFGA

NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWTSAKI

FTGRSKSMKAGNVTVYGHVFLNSPKRFENSGELMAPWFLSHFYVIDKGIFHYLEATS

DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPADRSIDW

13
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QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTA

EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITR

NEKLRSYILESLOQRNEESHTSNDYSINFGAFDTQHEQSMEGIMQEPTIGLQ(Q

LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMHGLHY&ENATVLIKK
DPPPDPPVPPIVVVIVVVIVVPVPPP?2?2?2?2?2?2272?22777 Y2222 T----

GSVVSKP
NKIFG

DAK

minimal editing distance: 30 Alignment: -1

5.1 Align To Sequence In 1f4l.pdb
Compare sequences of length 676 and 549

E K
KVQHGPKAGADPSLLFIDKGGPGAAI\/EEN’@:RWRPALNAVMITHRGILAQP[
-—- A-E—- V-L--- A--—--- E---
PYASRIGSFVNRKEGGLDLTLRLLKDSGE\#FI‘HEILA VRLDVKAFDDFTITEQIP
V- QRMDIRNYLAKFPNVKHGLLPQQIGDW1
DDALPGYPAAAAKVEEKSAEVLAEYRMDIRNYLAKFPNVKHGLLPQQIGDW
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEH
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQH
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKN
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKN
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWT
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWT
FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHY
FTGRSKSMKAGNVTVYGHVFLNSPKRFENSGELMAPWFLSHFYVIDKGIFHY

LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMHGLHISGANSW/LIKK
LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMHGLHISGASWLIKK
AXXX-
AVQT-

Matches with 88 T10M : 9T — 10 T
Y15A :14 Y~ 15Y
Y94H : 93 Y —~ 94 Y

14

D

ILE
[LE
rDVYR
rDVYR
\IFGA
\IFGA
S5AKI
SAKI
LEATS
LEATS

DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPADRSIDW
DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPADRSIDW
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTAGSVVSKP
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTAGSVVSKP
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITRNKIFG
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITRNKIFG
NEKLRSYILESLQRNEESHTSHDYSINFGAFDTQHEQSMEGIMQEPTIGLQQAK
NEKLRSYILESLQRNEESHTSHDYSINFGAFDTQHEQSMEGIMQEPTIGLQQAK
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5.2 Align To Sequence In 1mkh.pdb
Compare sequences of length 676 and 108

RV----  KAG---  L-s-  Kemeeoes (VAR S (o Y I— LA--
KVQHGRAGADPS.LFID KGGPGAAYMMESIGFRMKRPALNAVMITHRGLAQPD
--------- (VAN =3 =c S » VS VS| O W [P —
PYASRIGSF/NRKEGGLDLTLRLLKDSGEVFRNEIL AVR.DVKAFDDFTITEQIP
SN c o Sem— (S Com— | GX-L- Kes Keeos PE-eme L-
DDA PGTVPAAAAKVEESAEVLAEVQRMIRNYLAKFPN\KHGLLPQQIGDWIE
S\ N— VA— V. VAV YR
TNLFAEARETLKPIVPKLYTMIVRFLNIGMSCIAQLDADRGEQKMVPAQEDKR
N-L-- L E E (I o
NALDALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
4 o — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKAT RLSDADFHNLWT&A
----- [ S— Loeoees Ge= Aceees Veeew L= TR
FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
(VAR ] YN BN P — D- V- KWV Y.
DKKWEDFSVSDERKDE NKFSGMYGIPBLVWY FYKGPANPIEFGPADRSIDW
S R— (o) \ — P-eev H- DK- Vemmemenee
QQ GSEFWEQWAVQEQLAGSRTWAQLMESEBFFFHESDRMWPTAGSVVSKR
[ ——— - G V-R- Le-m- D- Lo K---
El LETPSYTAGCVECNDGYQIXEKPC TKVFRDPLFMGKEBYLQSITRNKIFG
B AFD
NEKLRSYILESLQRNEESHT MDY SINFRAFDTQHEQSMEGIMQEPTIGLQQAK
-------- D--  FKV Y e
LMIPTGHADDACIFNVEHGRMRIRVWVDAQIHEYHGLHISGNAPLACTVLIKK

AVQT

Matches with 22 TIOM : 9T — O -
Y15A :14Y — 0 -
Y94H : 93 Y — 0 -
Compare sequences of length 676 and 108

RV-- KAG---  Lew-  Kemeeoes (VAR S (/=Y I— LA---
KVQHGRAGADPS LFID KGGPGAAYMMESIGFRMKRPALNAVMITHRGLAQPD
--------- V-R EG- Dmees Do Acem Ace Loomeomeemeee
PYASRIGSF/NRKEGGLDLTLRLLKDSGEVFRNEIL AVR.DVKAFDDFTITEQIP
BNV c o Je— Sl R— | GX-L- Ke-s Keeom PE-ecee- L-
DDA PGTVPAAAAKVEESAEVLAEVQRMIRNYLAKFPN\KHGLLPQQIGDWIE
B N N— V— V VAV YR
TNLFAEARETLKPIVPKLY TMIVRFLNIGMSCIAQLDADRGEQW#WPAQEDKR
N-L-- L E E (SN -
NALDALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
4 S — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATRLSDADFHNLWT&A
----- [ S— (USRI
FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
(VAR =1 » W S R — D- V- KWV Y.
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DKKWEDFSVSIERKDTNKFSGMYGIPBLW/YFYKGPANPIEFGFPADRSIDW
S —— (0| | E—— S H- DK- Vememoenens

QQ GSEFWEQWAVQEQLAGSRTWAQLMESEBFFFHESDRWPTAGSVVSKR
= E———— - G V-R- Lo DYy f— K---

El LETPSYTAGCVECNDGYQIEKPCTKVFRDALFMGKEBRYLQSITRNKIFG
— AFD

NEKLRSYILESLQRNEESHT¥MDYSINFAFDTQHEQSMEGIMQEPTIGLQQAK

-------- D---  FKV. Y Moceooee e e
LMIPTGHADACIFNVEHGRMRERVWVDAQIHENMHGLHISGNAPLACTVLIKK

AVQT

Matches with 22 T1IOM : 9T — O -
Y15A :14 Y~ 0-
Y94H :93Y — 0 -

6 Alignment of Escherichia coli’s Mutations

align to reference sequence:
Compare sequences of length 645 and 676

KVQHGPKAM@RSLLFIDKGGPGAAMVMGESIGFRMKRPALNAVMITHRGILA

PYASRIGSFVNRKEGGLDLTLRLLKDSGEVFEANEILAVRLDVKAFDDFTITE
b e e e

DDALPGTVPAAAAKVEEKSAEVLAEVQRMDIRNYLAKFPNVKHGLLPQQIGI
bbb b b P b e e b e e e i 1)

TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQE
DPPPVVVVPVVIVVVVIVVVVVVVIVVVVVVVVVVVVVIVVVIVNIIPMTY

NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKN
DDV VIVVIVIVIIVIDP0P?0?

NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWT
DPPVVPVVVVVIVVVVVVVVIVVVIVVVVVVVVVVVVVIVVVVVVIVIIIMTY

FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHY|
bbb e e

DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPAI
bbb e i e

QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTA
PDPPVPVVVVVVVVVVVVVVIVVVVVVVVVVVVVVVVVVVVVVVVIVIPIMTY

EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITR
bbb e i i

NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGL
bbb b b P b e e e e e k)

QPD
QIP
DWTLE
“DVYR
IIFGA
SAKI
LEATS
DRSIDW
GSVVSKP

NKIFG

QQAK

minimal editing distance: 30 Alignment: -1
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6.1 Align To Sequence In 1f4l.pdb
Compare sequences of length 676 and 549

---------- I E K
KVQHGPKACﬂ?SLLFIDKGGPGAAMVNZ[SIGFRM(RPALNAVMITHRGILAQPD
A-E-— VLo Acoeee- E---
PYASRIGSFVNRKEGGLDLTLRLLKDSGEVREILA VRL DVKAFDDFTITEQIP
V. QRMDIRNYLAKFPNVKHGLLPQQIGDWTLE
DDALPGVPAAAAKVEEKSAEVLABRMDIRNYLAKFPNVKHGLLPQQIGDWTLE
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEDVYR
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEDVYR
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKNIFGA
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKNIFGA
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWTSAKI
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWTSAKI
FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHYLEATS
FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHYLEATS
DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPADRSIDW
DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPADRSIDW
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTAGSVVSKP
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTAGSVVSKP
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITRNKIFG
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITRNKIFG
NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGLQQAK
NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGLQQAK
LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMIBGNAYPLACTVLIKK
LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMIBGNAYPLACTVLIKK
AXXX-
AVQT-

Matches with 88 D666A : 665D — 0 -
L22A : 21 L~ 22 L

6.2 Align To Sequence In 1mkh.pdb
Compare sequences of length 676 and 108

RV--- KAG = - Leer Keoeoees Ve- Eeeees KDPML --------- LA---
KVQHGRAGADPSLLFID KGGPGAAYMGESIGFRMKRPALNAVMITHRGLAQPD
--------- V2 = Tc U » WS GO S V[ —
PYASRIGSA/NRKEGGLDLTLRLLKDSGEVFBNEIL AVR.DVKAFDDFTITEQIP
SNV c o S— Slca— | GX-L- K== Keeos PE-em- L-
DDA PGTVPAAAAKVEESAEVLAEVQRMIRNY.AKFPN\KHGLLPQQIGDWITE
S Sy N— V2— vV VAV YR
TNLFAEARETLKPIVPKLYTMIVRFLNIGMSCIAQLDADRGEQKMWPAQEDKR
N-L-- L E E SE— -
NALDALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
4 A — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATRLSDADFHNLWTSA
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----- [ S— Lewcre G- Aeeeeeee Veeew L= TR
FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
Y SN ¢ I R — D- V- KWV Y.
DKKWEDFSVSIERKDE.NKFSGMYGIPBLW/YFYKGPANPIEFGPADRSIDW
S —— (0| | ES—— S S ") VAS——

QQ GSEFWEQWAVQEQLAGSRTWAQLMESBEBFFFHE SDRWPTAGSVVSKP
= S - (VA - Sy p— DSy — K---
El LETPSYTAGCVECNDGYQIXEKPC TKVFRDPLFMGKEBYLQSITRNKIFG
AFD
NEKLRSYILESLQRNEESHTSHYNDY SINMEDTQHEQSMEGIMQEPTIGLQQAK
-------- D--  FKV. Y Y
LMIPTGHADACIFNVEHGRMRRVWVDAQIHEVHA HISGNAYPLACTVLIKK

AVQT

Matches with 22 D666A : 665 D — 0 -
L22A : 21 L —0-
Compare sequences of length 676 and 108

RV-- KAG - - Lew-  Kemeeoes Ve Ermeeee (0 = I— LA---
KVQHGRAGADPSLLFID KGGPGAAYMMESIGFRMKRPALNAVMITHRGLAQPD
--------- V-R EG- D-ees Do Acm Ace Loomeomeemeee
PYASRIGSE/NRKEGGLDLTLRLLKDSGEVFRNEIL AVR.DVKAFDDFTITEQIP
SNV c'o J——— SlcH— | GX-L- Kes Keeos PE-eme L-
DDA PGTVPAAAAKVEESAEVLAEVQRMIRNYLAKFPN\KHGLLPQQIGDWIE
B N N— V— V VAV YR
TNLFAEARETLKPIVPKLYTMIVRFLNIGMSCIAQLDADRGEQWMVPAQEDKR
NL-- L E E (SIS -
NALDALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
V4 A — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATRLSDADFHNLWTSA
----- [ S— (S S V AU I
FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
(VAR 1 » W S — D- V- KWV Y
DKKWEDFSVSDBERKDE.NKFSGMYGIPBLWYFYKGPANPIEFGFPADRSIDW
S TR— ()Y \ — [SX— H- DK- Vermrmmenee
QQ GSEFWEQWAVQEQLAGSRTWAQLMESEBFFFHESDRMWPTAGSVVSKR
[ E—— & G V-R- L-m- Y J— K---
El LETPSYTAGCVECNDGYQBPKPCTKVFRDPLFMGKEBYLQSITRNKIFG
AFD

-------- D-- FKV. Y Y —
LMIPTGHADDACIFNVEHGRMRIRVWVDAQIHEYHA HISGNAYPLACTVLIKK

AVQT

Matches with 22 D666A : 665 D — 0 -
L22A : 21 L — 0 -

18
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7 Alignment of Escherichia coli’s Mutations

align to reference sequence:
Compare sequences of length 1 and 676

KVQHGPKAGADPSLLFIDKGGPGAAMVMGESIGFRMKRPALNAVMITHRGILAQPD

PYASRIGSFVNRKEGGLDLTLRLLKDSGEVFEANEILAVRLDVKAFDDFTITERIP

DDALPGTVPAAAAKVEEKSAEVLAEVQRMDIRNYLAKFPNVKHGLLPQQIGDWTLE

TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEDVYR

NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKNIFGA

NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWTSAKI

FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHYLEATS

DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPADRSIDW

QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTAGSVVSKP

EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITRNKIFG

NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGLQQAK

LMIPTGHADDACIFNVEHGRMRQYRVWVDANMHHLHISGNAYPLACTVLIKK

AVQT

minimal editing distance: 30 Alignment: 3

7.1 Align To Sequence In 1f4l.pdb
Compare sequences of length 676 and 549

E K:
KVQHGPKAGADPSLLFIDKGGPGAAI\/EEN’[GFRM(RPALNAVMITHRGILAQP
--- A-E—- V-L--- A--—-- E---
PYASRIGSFVNRKEGG LDLTLRLLKDSGEMMEILA VRLDVKAFDDFTITEQIP

\% QRMDIRNYLAKFPNVKHGLLPQQIGDWTLE
DDALPGYPAAAAKVEEKSAEVLAEYRMDIRNYLAKFPNVKHGLLPQQIGDWTLE
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEDVYR
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEDVYR
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKNIFGA
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKNIFGA
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWTSAKI

NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWTSAKI

19
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FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHYLEATS
FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHYLEATS
DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPADRSIDW
DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPADRSIDW
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTAGSVVSKP
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTAGSVVSKP
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITRNKIFG
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITRNKIFG
NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGLQQAK
NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGLQQAK
LMIPTGHADDACIFNVEHGRMRQYRVWVDAQWHEEL HISGNAYPLACTVLIK
LMIPTGHADDACIFNVEHGRMRQYRVWVDAQWHEEL HISGNAYPLACTVLIK

AXXX-

AVQT-

Matches with 88 L22A :25L — 26 L

7.2 Align To Sequence In 1mkh.pdb
Compare sequences of length 676 and 108

RV--- KAG--- Lew-  Keoeeoes (V2R S (0 = I— LA---
KVQHGRAGADPS LFID KGGPGAAYMMESIGFRMKRPALNAVMITHRGLAQPD
--------- (VAN =3 c T VS | VS - W [ ——
PYASRIGSF/NRKEGGLDLTLRLLKDSGEVFRNEIL AVR.DVKAFDDFTITEQIP
SNV c'o Je—— SlcH— | GX-L- Kes Keeos PE-eme- L-
DDA PGTVPAAAAKVEESAEVLAEVQRMIRNYLAKFPN\KHGLLPQQIGDWIE
B N N— V— V VAV YR
TNLFAEARETLKPIVPKLY TMIVRFLNIGMSCIAQLDADRGEQWMVPAQEDKR
NL-- L E E (SIS Koemmv
NALDALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
4 A — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYRLSDADFHNLWTSA
----- [ S— Loweoeee Gee= Armeeees Vereeeee L= TR
FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
(VAR 1 W S R — D- V- KWV Y
DKKWEDFSVSDERKDE NKFSGMYGIPBLWWY FYKGPANPIEFGFPADRSIDW
S TR— () \ — [SX— H- DK- Vemmrmmenee
QQ GSEFWEQWAVQEQLAGSRTWAQLMESEBFFFHESDRMWPTAGSVVSKR
[ E—— & G V-R- L-m- Y J— K---
El LETPSYTAGCVECNDGYQIPKPCTKVFRDPLFMGKEBYLQSITRNKIFG
AFD
NEKLRSYILESLQRNEESHTSHYNDY SINKEDTQHEQSMEGIMQEPTIGLQQAK
-------- D--  FKV Y. Y P ——
LMIPTGHADDACIFNVEHGRMRRVWYVDAQIHEVHGLHISGNAYPLACTVLIKK

AVQT

20
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Matches with 22 L22A : 25 L — 0 -
Compare sequences of length 676 and 108

RV--- KAG---  Lew-  Kemeeoes (VAR S (o Y I— LA--
KVQHGRAGADPS.LFID KGGPGAAYMMESIGFRMKRPALNAVMITHRGLAQPD
--------- (VAN =3 =c S » VS VS| O W [P —
PYASRIGSF/NRKEGGLDLTLRLLKDSGEVFRNEIL AVR.DVKAFDDFTITEQIP
SN c o Jem— (S om— | GX-L- Ker Keeon PE-eome- L-
DDA PGTVPAAAAKVEESAEVLAEVQRMIRNYLAKFPN\KHGLLPQQIGDWIE
S\ N— VA— V. VAV YR
TNLFAEARETLKPIVPKLY TMIVRFLNIGMSCIAQLDADRGE QW#WPAQEDKR
N-L-- L E E (I o
NAL DALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
4 o — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYRLSDADFHNLWT&A
----- [ S— Loeees Ge= Aceeos Veeeew L= TR
FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
VA ] YN B P — D- V- KWV Y.
DKKWEDFSVSDERKDE NKFSGMYGIPBLVWY FYKGPANPIEFGPADRSIDW
S R— (o) \ — (X H- DK- Vemmemmeeee
QQ GSEFWEQWAVQEQLAGSRTWAQLMESEBFFFHESDRMWPTAGSVVSKR
[ —— - G V-R- Lemm- D- Lo K---
El LETPSYTAGCVECNDGYQIXEKPC TKVFRDPLFMGKEBYLQSITRNKIFG
AFD
NEKLRSYILESLQRNEESHTSHYNDY SINKFEDTQHEQSMEGIMQEPTIGLQQAK
-------- D--  FKV Y Y S ——
LMIPTGHADACIFNVEHGRMRRVWYDAQIHEVHGLHISGNAYPLACTVLIKK

AVQT

Matches with 22 L22A :25 L — 0 -

8 Alignment of Escherichia coli’s Mutations

align to reference sequence:
Compare sequences of length 4 and 676

PYASRIGSFVNRKEGGLDLTLRLLKDSGEVFEANEILAVRLDVKAFDDFTITE

21

KVQHGPKAGADPSLLFIDKGGPGAAMVMGESIGFRMKRPALNAVMITHRGILAQPD

DDALPGTVPAAAAKVEEKSAEVLAEVQRMDIRNYLAKFPNVKHGLLPQQIGDWTLE
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEDVYR
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKNIFGA

NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWTSAKI
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FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHY|

DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPAI

QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTA

EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITR

NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGL

LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHBEIMSGNAYPLACTVLIKK

AVQT

LEATS
DRSIDW
GSVVSKP

NKIFG

QQAK

minimal editing distance: 30 Alignment: -1

8.1 Align To Sequence In 1f4l.pdb
Compare sequences of length 676 and 549

E K
KVQHGPKAGADPSLLFIDKGGPGAAI\/E&V[GFRM(RPALNAVMITHRGILAQP[
N VA [ N— E---
PYASRIGSFVNRKEGGLDLTLRLLKDSGEVREILA VRL DVKAFDDFTITEQIP
Y QRMDIRNYLAKFPNVKHGLLPQQIGDW]
DDALPGVPAAAAKVEEKSAEVLABRIRMDIRNYLAKFPNVKHGLLPQQIGDW]
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQE
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQE
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKN
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKN
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWT
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWT
FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHY
FTGRSKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHY
DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPAI
DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPAIL
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTA
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTA
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITR
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITR
NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGL
NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGL
LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMSGNAYPLACTVLIKK
LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMSGNAYPLACTVLIKK
AXXX-
AVQT-

[LE

[LE
rDVYR
rDVYR
NIFGA
NIFGA
SAKI
S5AKI
LEATS
LEATS
DRSIDW
DRSIDW
GSVVSKP
GSVVSKP
NKIFG
NKIFG

QQAK
QQAK

22
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Matches with 88 G23A :22 G — 23 G
G23P :22G — 23 G
H21IN :20H—~ 21 H
H21Q:20H— 21 H
H24N : 23 H — 24 H
H24Q : 23 H— 24 H
L22A :21 L — 22L

8.2 Align To Sequence In 1mkh.pdb
Compare sequences of length 676 and 108

RV---  KAG--- Lew-  Kemeeoes (V2R S (0 = I— LA--
KVQHGRAGADPS LFID KGGPGAAWMMESIGFRMKRPALNAVMITHRGLAQPD
--------- (VAN =3 c TN VA VS - W [P ——
PYASRIGSR/NRKEGGLDLTLRLLKDSGEVFRNEIL AVR_DVKAFDDFTITEQIP
SN c'o J— (S CH— | GX-L- Kes Keeoe PE-eee- L-
DDA PGTVPAAAAKVEESAEVLAEVQRMIRNYLAKFPN\KHGLLPQQIGDWIE
B N N— V— V VAV YR
TNLFAEARETLKPIVPKLY TMIVRFLNIGMSCIAQLDADRGEQWMVPAQEDKR
N-L-- L E E (SN Koemmv
NALDALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
4 A — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYRLSDADFHNLWT&A
----- [ S— Loweoees Ge= Armeeees Vereeeee L= TR
FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
(VASSER = o YN B — D- V- KWV Y.
DKKWEDFSVSDERKDE NKFSGMYGIPBLVWY FYKGPANPIEFGPADRSIDW
S TR— () \ — [SX— (ST /G VA—

QQ GSEFWEQWAVQEQLAGSRTWAQLMESEBFFFHESDRMWPTAGSVVSKR
[ E——— Koemev G V-R- L-m- D- Lo K---

El LETPSYTAGCVECNDGYQIEKPCTKVFRDPLFMGKEBYLQSITRNKIFG
AFD
NEKLRSYILESLQRNEESHTSHYNDY SINKEDTQHEQSMEGIMQEPTIGLQQ/
-------- D--  FKV Y. 1 ——
LMIPTGHADDACIFNVEHGRMRRVWVDAQIHBUHELHISGNAYPLACTVLIKK

AVQT

Matches with 22 G23A :22G — 0 -
G23P :22G +— 0 -
H2IN:20H — 0 -
H21Q :20H ~ 0 -
H24N : 23 H+— 0 -
H24Q : 23 H— 0 -
L22A : 21 L — 0 -
Compare sequences of length 676 and 108

RV---  KAG-- Lo Keoeoees (V2R S KDPML -------—- LA---
KVQHGRAGADPS. LFID KGGPGAAYMESIGFRMKRPALNAVMITHRGLAQPD

23
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--------- V-R EG- Ders Do Acm Ace Lemeemeemeee
PYASRIGSR/NRKEGGLDLTLRLLKDSGEVFRNEIL AVR.DVKAFDDFTITEQIP
SRRV c o Jem— Sl R— | GX-L- Kes Keeon PE-eome- L-
DDA PGTVPAAAAKVEERAEVLAEVQRMIRNYLAKFPN\KHGLLPQQIGDWIE
S\ N— V— V VAV YR
TNLFAEARETLKPIVPKLY TMIVRFLNIGMSCIAQLDADRGEQWMWVPAQEDKR
NL-- L E E (I -
NAL DALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
4 o — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYRLSDADFHNLWT&A
----- [ S— Loeoees Ge= Areees Ve L= TR
FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
(VAR - VNN B [ — D- V- KVV Y.
DKKWEDFSVSDIERKDE.NKFSGMYGIPBLW/YFYKGPANPIEFGPADRSIDW
S R— (o)) \ E— [SE— H- DK- Vemmrmmeee
QQ GSEFWEQWAVQEQLAGSRTWAQLMESEBFFFHESDRMWPTAGSVVSKR
= [ - G V-R- Lom- Y J— K---
El LETPSYTAGCVECNDGYQIXPKPCTKVFRDPLFMGKEBYLQSITRNKIFG
AFD
NEKLRSYILESLQRNEESHTSHYNDY SINKEDTQHEQSMEGIMQEPTIGLQQ!
-------- D--  FKV Y. e
LMIPTGHADACIFNVEHGRMRIRVWVDAQIHBUHELHISGNAYPLACTVLIKK

AVQT

Matches with 22 G23A :22G — O -
G23P :22G — 0 -
H2IN :20H — 0 -
H21Q :20H +— 0 -
H24N : 23 H+— 0 -
H24Q : 23 H — 0 -
L22A : 21 L +— 0-

9 Alignment of Escherichia coli’s Mutations

align to reference sequence:
Compare sequences of length 1 and 676

KVQHGPKAGADPSLLFIDKGGPGAAMVMGESIGFRMKRPALNAVMITHRGILAQPD

PYASRIGSFVNRKEGGLDLTLRLLKDSGEVFEANEILAVRLDVKAFDDFTITE

IP

DDALPGTVPAAAAKVEEKSAEVLAEVQRMDIRNYLAKFPNVKHGLLPQQIGDWTLE

TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEDVYR

NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKNIFGA

24
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NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWT

SAKI

FTGRKSMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHYLEATS

----- K
DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPAI

QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTA

EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITR

NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGL

LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMHGLHISGNAYPLACT

AVQT

DRSIDW
GSVVSKP
NKIFG

QQAK

VLIKK

minimal editing distance: 30 Alignment: -1

9.1 Align To Sequence In 1f4l.pdb
Compare sequences of length 676 and 549

E K
KVQHGPKAGADPSLLFIDKGGPGAAI\/E&&’[(—H:RM(RPALNAVMITHRGILAQP[
-—- A-E- V-L--- A--—--- E---
PYASRIGSFVNRKEGG LDLTLRLLKDSGEMRYEILA VRLDVKAFDDFTITEQIP
V- QRMDIRNYLAKFPNVKHGLLPQQIGDWT
DDALPGVYPAAAAKVEEKSAEVLAEYRMDIRNYLAKFPNVKHGLLPQQIGDW
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQE
TNLFAEARETLKPLVPKLYTMLVRFLNIGMSCIAQLDADRGEQKAVVWPAQEH
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKN
NALDALAMIERVAKGFERSEWAEGIVEAADTFTKYLQPDALESALVGDFRKN
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWT
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATYYYRLSDADFHNLWT

D

[LE
[LE
rDVYR
rDVYR
NIFGA
\IFGA
S5AKI
SAKI

FTGRSISMKAGNVTVYGHVFLNSPKRFNSGELMAPWFLSHFYVIDKGIFHYLEATS
FTGRSISMKAGNVTVYGHVFLNSPKRFENSGELMAPWFLSHFYVIDKGIFHYLEATS

DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPAIL
DKKWYEDFSVSDGRKDCLNKFSGMYGIPADLWVYFYKGPANPIEFGFYPAIL
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTA
QQLGSEFWEQMKNAVQEQLAGSRTWAQLMESFSPLDFFFHESDRMVPTA
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITR
EILETPSYTAGCVECNDGYQDPSKCKPCTGKVFRDPLFMGKEPDYLQSITR
NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGL
NEKLRSYILESLQRNEESHTSHYNDYSINFGAFDTQHEQSMEGIMQEPTIGL
LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMHGLHISGNAYPLACT
LMIPTGHADDACIFNVEHGRMRQYRVWVDAQIHELMHGLHISGNAYPLACT
AXXX-

AVQT-

DRSIDW
DRSIDW
GSVVSKP
GSVVSKP
NKIFG
NKIFG

QQAK

QQAK
VLIKK

VLIKK

25
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Matches with 88 K335Q : 334 K — 335 K

9.2 Align To Sequence In 1mkh.pdb
Compare sequences of length 676 and 108

RV----  KAG--- Lew- Kemeeoes (VA S (o Y I— LA--
KVQHGRAGADPS.LFID KGGPGAAYMGESIGFRMKRPALNAVMITHRGLAQPD
--------- (VAN =3 =c N » VSN VO - W [P ——
PYASRIGSR/NRKEGGLDLTLRLLKDSGEVFRNEIL AVR.DVKAFDDFTITEQIP
SNV c o J— (S CHm— | GX-L- Kes Keeoe PE-eme- L-
DDA PGTVPAAAAKVEESAEVLAEVQRMIRNYLAKFPN\KHGLLPQQIGDWIE
S iy N—— VA— V. VAV YR
TNLFAEARETLKPIVPKLY TMIVRFLNIGMSCIAQLDADRGEQWMVPAQEDKR
N-L-- L E E (I -
NALDALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
4 A — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKATY RLSDADFHNLWT&A
----- O —— Loweoees Ge= Armeeees Vereeeeee L= TR
FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
(VA YN SN — D- V- KWV Y.
DKKWEDFSVSDERKDE NKFSGMYGIPBLVWY FYKGPANPIEFGPADRSIDW
S — (o) \ [ — P--e- H- DK- Vemmemeeev
QQ GSEFWEQWAVQEQLAGSRTWAQLMESEBFFFHESDRWPTAGSVVSKR
[ E——— Ko-mev G V-R- L-m- D- Lo K---
El LETPSYTAGCVECNDGYQIEKPCTKVFRDPLFMGKEBYLQSITRNKIFG
AFD

-------- D--  FKV. Y Y
LMIPTGHADACIFNVEHGRMR@®RVWYDAQIHEVHGLHISGNAYPLACTVLIKK

AVQT

Matches with 22 K335Q : 334 K — 49 K
Compare sequences of length 676 and 108

RV-=- KAG-- Lo Keeooees (VAR S (0 o I— LA---
KVQHGRAGADPS LFID KGGPGAAYMESIGFRMKRPALNAVMITHRGLAQPD
--------- (VAN =X =T SN U N S —
PYASRIGSF/NRKEGGLDLTLRLLKDSGEVFRNEIL AVR.DVKAFDDFTITEQIP
S ¢ o S— Slc— | GX-L- K== Keeos PE--ee- L-
DDA PGTVPAAAAKVEESAEVLAEVQRMIRNYLAKFPN\KHGLLPQQIGDWIE
B S N— (V2— V VAV YR
TNLFAEARETLKPIVPKLYTMIVRFLNIGMSCIAQLDADRGEQKWVPAQEDXR
N-L- L E E I -
NAL DALAMIERVAKGERSEWAEGIVEAADTFTKYPQALESALVGDFRNIFGA
(V4 A — K-
NRSALNVVKNVIDANVRQVFDELNLDIDDIRSSLKAYRLSDADFHNLWTSA
----- [ — Lowoeos Gew Aveeeee Ve L= TR

26

NEKLRSYILESLOQRNEESHTSHYNDY SINGDTQHEQSMEGIMQEPTIGLQQAK
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FTGRKSMKAGNVTVYGHVRSPKRFNSELMAPWFLSHFVIDKGIFHY LEATS
Y i W S [P — D- V--- KWV Y
DKKWEDFSVSDERKDE NKFSGMYGIPBLWWY FYKGPANPIEFGFPADRSIDW
S [P— () — [SX— SIS VA——

QQ GSEFWEQWAVQEQLAGSRTWAQLMESEBFFFHESDRMWPTAGSVVSKR
] [ ————— - G V-R- L [y p— K---

El LETPSYTAGCVECNDGYQICKPCTKVFRDPLFMGKEBYLQSITRNKIFG
AFD
NEKLRSYILESLQRNEESHTSHYNDY SINKFEDTQHEQSMEGIMQEPTIGLQQAK
-------- D---  FKV. Y [ ——
LMIPTGHADACIFNVEHGRMRERVWVDAQIHEVHGLHISGNAYPLACTVLIKK

AVQT

Matches with 22 K335Q : 334 K — 49 K

10 Alignment of Homo sapiens’s Mutations

align to reference sequence:
Compare sequences of length 24 and 900

KKKKGKPAEPPKGEAVALKMOLLKAVEAAVEKDAKQALe RVINGQKTVEDM

AQIQQPKATTVTEVVAPKPSTKAQGGGFRQRLSEIQDNELKQFLPSVTGIQHGAPL

TCLENTLLISCAPPPLQLQAQITASVTPMYPQLMVSLLAAINVALGTVTGARQRDA

ESGKIRKWPENVQIYQNGHRSITLISRLADRIRVKELLQHYHQLELTVHALLRQDD

PTLVMEPVYGGFFKSVFMGARNIFNGLNNLLESNNKLLLDTWSFASDQGEPRRIYLL

YFRWIDAPIGTDQAMDGFVGVGRSKSFKGDEYNLYETAILHSVLTYNDEAGLASCP

FVLSHFPVNDKAMFQYLDVQEPNKWWREWQDTYNATISLYGITADFWVYFVKDEFG

ELPVPTGWKLDRTICRPKLGDRLWSRTIFQANPTWDSGPLTRGLWEELRKELKPLD

LFLHQSSQVVPCSRCVKCQPKKLEVANILKGCKDCQDGRAEEYGCFPCVGEVFRDA

LFRACHECRLQEVTDQLVFGRKLLQQFIDQTIKTQQPTTTRGFIDFSINFWRYIDA

HIIHYKDCIEQPTLGEELAKTETATGYEDTGCLYLTNWQRLRSYRAFVDASLYCGI

INGLHPVNNVYPLASTILVNREGAVPLVPNQQPRLPPLSELGKEWATVAMAIEEES

LTALEEEEPENTVARGEAPSPQPQKQLYPRLALVGQQKLVTEAARQCPEQTSLTQF

WSHLASLEEPLYAPDQLLPYLAGWLVIDALSETEGALFPCNQRSLSHDIHTLARRYV
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SGLVDEGKKGQVVLYYLAASLAPQLETAEWELWQNTLDDQEWGSLLFFYRCIASTS

FLYNGSDLQLVPVKPRTLFPVVCDEPGVTSILVEARGRARGAAALVPLCGP

FLRM

minimal editing distance: 30 Alignment: -1

10.1 Align To Sequence In 1f4l.pdb
Compare sequences of length 900 and 549

EKS----  AE------ V-L-- == A-E- VQRVDI RNYLAKFPNVKHGL-----
KKKKGKREPPKGEAAL QKKLDLLKAVEAAVENKDAKQ-- AKLERVIN GQKTVED
- LPQ- QGDWILETNLFAE----- . — R--- ET--- LKP-L-- Vereree

M.AQ QQPKATVTEVVAPKPSTKAQGGGRQRLEIQDNELKQAPSVTGIQHGA
PKLYTMLVRF-- LNl GNA A QLDADRGEX- AVWMPA-- QEDVYRNALD--
P-L- TCL-- FNTLLI -- SG APPPLQLQA--- QT ASVTPMYRLMVSLLAAINV
AL~ AMIERVAK- GFERSEWAE------- G- | VEA-—-- ADTFT-KYL- QPD
ALGTVT@RQ-RDAESGKI RK- WPENVQIYQNEHRS TLISRL ADRIRVKELLQHY
A-LES--- AL------ (VA GDFRKNI F- GANRSALNVVKNVIDANVRQVFD
HQELTVHALLRQDDPTVMEPVGGFFKSVFMGA RNIF NGL- N~ NLL----
ELN- LDIDDIRS-- SLKATY-- Y-- Y- RLSDADFHNLWS- AKI- FTG- RSKSM
ESNNKLLL DTW-SFASDQGEPRYLL YFRWIDAPIG--- TDQAMDGVGVERSKF
KAG-- NVTWGHVENSPKRINSGE-- LMA-- PWF- LSHFYVI DKGIFHYL-— E
K- GDENL-- YETAILHSVLTYND- EAQ - ASCP- FVLSHFPVNDKAMFQYLDVE
ATSIKKWYEDFSVGRKDCNKF- SGMGIPADLWVYFK--- G- PANPIEF GF
PN-- KWAREWQ--- DTY---- NATI SL- YGITADFWVYNKDEFGELPV- PT-- GW
YPADRSI DWQIG--- SE-- FWEMKNAVQEQLGSRT--- WAQM-ESFSPLDF
KL- DRTI CRPK.GDRLVERTI F-- QA- NPTWDS--GPLTRGIVEEL RKELK- PLDL
FFHESDRMWPTAGSV- VSK-- PEI LETPSYTAGO/ECNDGY QDPSKKPCTGKVFR
FLHQSSQWPC-- SROV- KCQPKKLEVANILK GAKDCQD@RAEEY GFPCOVGEVFR
DPLFMGKEP------ DYL ------- (oS3 [P, — RNK - FG-NEKLRS
DALFRACHECRLQEVDQLVFGRKLIQQA DQIKTQQPTTTRGH DFSI NFW-RY
------- Y- |- L-ESLQRNE-—--- ESH--— T S

IDAHIIH YKDQ EQPTLGEELAKTETATGYEDTGCLYTNWQRLRYRAFVDASLV
------- HY-ND-Y--- S-1-- NF- GAFDT--- QHEQ—--- SME-G-—-—- M
CGIINGLHPVNNWPLASTI LVNREGA/PLVPNQ-- QPRLPPLS- ELGKEWATVM
o ) S— P Tl G- Q Qoee- JN— KLMl------ P--
Al EEESLTALEEEPENTVARGEAPSRPQKQLYPRIALVGQ®LVTEAARQBEQ
TG H AD D AC-- | FNV-EH-G RM
TSLTQFWSBLASLEEPLYAMQLLPYLAGWLYDALSETEGALFPCN@SLSHDIH
R o) 20, VAY/» S— yN— QH-- E- LMH--mmmm- G LH--
TLAR- RVSGLVDEGKKGQVVLYWASLARQLETAEWE WQNTLDDQBSLLFF
- | - SGNA-Y---m-- SI— LA-- CT-- VL- | KK- AXXX~nmmrmmnmn

YRQ ASTSFLYNGSDLQLRVKPRTFPVMCDEPG/TS| LVEARGRARGAAALVP

CGPVGDSVFLRM
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929

Matches with 35 K860A : 859 K — 528 K
K863A : 862 K — 533 R
K866A : 865 K — 536 M
K880A : 879K — 0 -
R857A : 856 R — 525 N

10.2 Align To Sequence In 1mkh.pdb
Compare sequences of length 900 and 108

= S (VA Sp— . N— U ¢ S— L
KKKKGKPAEPPKGEALQKKLDLLKAVEAAVEKDAKQAKLERVIN GQKTVEDM
------ A | S — D P
AQIQQKATTVTEVVARKPSTKAQGGGFRQRLSEIELKQFIPSVTGIQHGAPL
M- L= L- A Veroooeee R----
TCLFNTLLISCAPPPLQLQAQITASVTRYPQ MVS LAAIN VALGTVTGRQRDA
E- GDD S —— ALL----
ESGKIRKWPENVQIYQNGHRSITLISRADRIRVKELLQHYHQLELT\ALLRQDD
SR V¢ o MK S ¢ W [N ¢ YO 1) GO S— SI—
PTLVNVEPVYGGFFKSVFMGARN FNGLNNLLESNNKLLLDTWSFASDQGRIYLL
[ I— VI N—
YFRWIDAPIGTDQAMDGFVGVGRSKSHRGDYETAILHSVLTYNDEAGLASCP
- Veeees (V2— V. V) —
FVLSHFPYNDKAMFQYL\BREPNKWWREWQDTYNATISLYGITADFWKDEFG
----------- =S ——— Ne-w---= Le== L- EE---  P--
ELPVPTGWKLRYTICRPKLGDRLWSRTIFQMPTWDSGETRG WEELRKELKPLD
---------------- KYY-KKL G A \Y;
LFLHQSSQVVPCSREZQRKKLEVANILKGCKDCQDGREEYGCFPUGEVFRDA
LTR V.
LFRACHECRLQETDQLVFGRKLLQQFIDQTIKTQQPTTTRGFIDFSINFWRYIL
E (5N ) IN——— D-- VK-
HIIHYKDCI EQPTLGEELAKTETATGYEGCLYLTNWQRLRSYRABNSLVCGI
------ V-- VY- L (01 N—
INGLHPVNNVYPLASTILVNREGAVPLVPNQQPRLPPLSEKEMWATVAMAIEEES
N PHD--- K V. E
LTALEEEEPENTVARGERSPQP®QLYPRLANGQQKLVEAARQCPEQTSLTQ

WSHLASLEEPLYAPDQLLPYLAGWDALSETEGALFPCNQRSLSHBTLARRYV

------- K-G V. Re--m-
SGLVDEGKGQWLYYLAASLAPQLETAEWELWQNTLDDQEWGSIREIRETS
-L-- DL--- KA-- F-- D DFK

FLYNG®LQLVPKPRTLFPVVMEPGVTSILVEARGRARGAAALVPLCGP$S
VY-- M
VFLRM

DA

Matches with 17 K860A : 859 K — 0 -
K863A : 862 K — O -
K866A : 865 K — 0 -
K880A : 879 K — 0 -
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R857A : 856 R — O -
Compare sequences of length 900 and 108

= S—— (VA Sp— . N— U S— L
KKKKGKPAEPPKGEALQKKLDLLKAVEAAVEKDAKQAKLERVIN GQKTVEDM
------ S VA S " S —— D P
AQIQQKATTVTEVVARKPSTKAQGGGFRQRLSEMELKQFIPSVTGIQHGAPL
M- L= L- A Veroooeee R----
TCLFNTLLISCAPPPLQLQAQITASVTRYPQ MVS LAAIN VALGTVTGRQRDA
E- GDD S —— ALL----
ESGKIRKWPENVQIYQNGHRSITLISRADRIRVKELLQHYHQLELT\ALLRQDD
s M- GQ-- S G- |- GXe- LKeom Keeomemoeees SI—
PTLVMVEPVYGGFFKSVFMEARN FNGLNNLLESNNKLLLDTWSFASDQGRIYLL
S I— VI N—
YFRWIDAPIGTDQAMDGFVGVGRSKSHRGDYETAILHSVLTYNDEAGLASCP
- Veoees (V2— Y V) —
FVLSHFPYNDKAMFQYLBDEPNKWWREWQDTYNATISLYGITADFNVKDEFG
----------- =S ——— Ne-----= Le== L-EE---  P--
ELPVPTGWKLRYTICRPKLGDRLWSRTIFQMPTWDSGETRG. WEELRKELKPLD
---------------- KYY-KKL G A \Y;
LFLHQSSQVVPCSREBZQRKKLEVANILKGCKDCQDGREEYGCFPUGEVFRDA
LTR V.
LFRACHECRLQETDQLVFGRKLLQQFIDQTIKTQQPTTTRGFIDFSINFWRYIL
E (5N ) I—— D-- VK-
HIIHYKDCI EQPTLGEELAKTETATGYHEGCLYLTNWQRLRSYRABENSLVCGI
------ V-- VY- L (01—
INGLHPVNNVYPLASTILVNREGAVPLVPNQQPRLPPLSEKEMWATVAMAIEEES
N PHD--- K V E
LTALEEEEPENTVARGERSPQP®QLYPRLANVGQQKLVEAARQCPEQTSLTQ

WSHLASLEEPLYAPDQLLPYLAGWDMLSETEGALFPCNQRSLSHAETLARRY

------- K-G V. SY—
SGLVDEBKGQWLYYLAASLAPQLETAEWELWQNTLDDQEWGSIRGIRBTS
-L-- DL-- KA-- F-- D DFK

FLYNG®LQLVPKPRTLFPVVMEPGVTSILVEARGRARGAAALVPLCGP$S
VY-- M
VFLRM

DA

Matches with 17 K860A : 859 K — 0 -
K863A : 862 K +— 0 -
K866A : 865 K — 0 -
K880A : 879 K — 0 -
R857A : 856 R +— O -
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