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Supporting Information: N-ethylmaleimide reductases (NemA) sequence analysis and primer design

E.coli BL21(DE3)

LOCUS
DEFINITION

ACCESSION
VERSION
DBLINK

DBSOURCE

KEYWORDS

SOURCE
ORGANISM

REFERENCE
AUTHORS

Park,H.S.,

TITLE
BL21 (DE3)
JOURNAL
PUBMED
REFERENCE
CONSRTM
TITLE
JOURNAL

COMMENT

FEATURES
source

Protein

Region

linear CON 27-AUG-2013
FMN-linked [Escherichia coli

YP 003054249 365 aa
N-ethylmaleimide reductase,
BL21 (DE3)].

YP 003054249

YP 003054249.1
Project: 161947
BioProject: PRJNA161947

REFSEQ: accession NC 012971.2

RefSeq.

Escherichia coli BL21 (DE3)

Escherichia coli BL21 (DE3)

Bacteria; Proteobacteria; Gammaproteobacteria;
Enterobacteriaceae; Escherichia.

1 (residues 1 to 365)
Barbe,V., Lee,C.H.,
Lee,S.W.,

GI:254288501

Enterobacteriales;

Jeong, H.,
Couloux,A.,

Vallenet,D.,
Yoon,S.H., Cattolico, L.,

Yu,D.S., Choi,S.H.,
Hur,C.G.,

Segurens,B., Kim,S.C., Oh,T.K.,
Daegelen,P. and Kim,J.F.
Genome sequences of Escherichia coli B strains REL606 and

Lenski,R.E., Studier,F.W.,

J. Mol. Biol. 394
19786035
2 (residues 1 to 365)

NCBI Genome Project

(4), 644-652 (2009)

Direct Submission

Submitted (11-APR-2012) National Center for Biotechnology
Information, NIH, Bethesda, MD 20894, USA

Republic of Korea
PROVISIONAL REFSEQ:
NCBI review.
Method:

This record has not yet been subject to final
The reference sequence is identical to ACT43478.
conceptual translation.
Location/Qualifiers

1..365

/organism="Escherichia coli BL21 (DE3)"
/strain="BL21 (DE3)"

/db xref="taxon:469008"

1..365

/product="N-ethylmaleimide reductase,
/EC_number="1.-.-.-"
/calculated mol wt=39371

1..365

/region name="NemA"
/note="NADH:flavin oxidoreductases,
family

FMN-linked"

Old Yellow Enzyme

[Energy production and conversion]; COGl1902"


http://www.ncbi.nlm.nih.gov/bioproject/161947
http://www.ncbi.nlm.nih.gov/bioproject/PRJNA161947
http://www.ncbi.nlm.nih.gov/nuccore/387825439
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=469008
http://www.ncbi.nlm.nih.gov/pubmed/19786035
http://www.ncbi.nlm.nih.gov/RefSeq/
http://www.ncbi.nlm.nih.gov/protein/ACT43478
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=469008
http://www.ncbi.nlm.nih.gov/protein/254288501?from=1&to=365&sat=27&sat_key=283032855
http://www.expasy.org/enzyme/1.-.-.-
http://www.ncbi.nlm.nih.gov/protein/254288501?from=1&to=365&sat=27&sat_key=283032855

Region

Site

Site

Site

Site

CDS

CONTIG
ORIGIN

//

61
121
181
241
301
361

/db xref="CDD:224814"

5..345

/region name="OYE like FMN"

/note="01d yellow enzyme

(OYE) -1like FMN binding domain.

OYE was the first flavin-dependent enzyme identified,

however its true physiological role remains elusive to
this day. Each monomer of OYE contains FMN as a

non-covalently bound cofactor,

cd02933"

/db xref="CDD:239243"
order (25,27,59,101,234,302,322,324..326)
/site type="other"

/note="FMN binding site

/db xref="CDD:239243"
order (25,27,59,101,103,110,182,185,187,234,241,302,322,

324..325)

/site type="active"

/db xref="CDD:239243"
order (27,103,182,185,187,325)
/site type="other"

/note="substrate binding site

/db_xref="CDD:239243"

187

/site type="active"

/note="catalytic residue

/db_xref="CDD:239243"

1..365

[chemical binding]"

[active]"

/coded by="NC 012971.2:1671855..1672952"
/note="similar to bl650"
/transl table=11

join (WP 000093587.1:1..365)

msseklyspl
gisagakgya
vapsalsagt
lhsahgyllh
fantdngpne
agaytvekae
dyptl

kvgaitaanr
gapgihspeq
rtslrdengg
gflspssnhr
eadalylieq
tligkglida

ifmapltrlr
iaawkkitag
airvetsmpr
tdgyggsven
lgkrgiaylh
vafgrdwian

siepgdiptp
vhaenghmav
aleleeipgi
rarlvlevvd
msepdwagge
pdlvarlgrk

lmaeyyrqgra
glwhtgrish
vndfrgaian
agieewgadr
pytdafrekv
adlnpgraes

uses NADPH as a...;

[chemical binding]"

sagliiseat
aslgpgggap
areagfdlve
igirvspigt
rarfhgpiig
fygggaegyt


http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=224814
http://www.ncbi.nlm.nih.gov/protein/254288501?from=5&to=345&sat=27&sat_key=283032855
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=239243
http://www.ncbi.nlm.nih.gov/protein/254288501?itemid=10&sat=27&sat_key=283032855
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=239243
http://www.ncbi.nlm.nih.gov/protein/254288501?itemid=8&sat=27&sat_key=283032855
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=239243
http://www.ncbi.nlm.nih.gov/protein/254288501?itemid=9&sat=27&sat_key=283032855
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=239243
http://www.ncbi.nlm.nih.gov/protein/254288501?from=187&to=187&sat=27&sat_key=283032855
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=239243
http://www.ncbi.nlm.nih.gov/nuccore/387825439?from=1671855&to=1672952&sat=27&sat_key=283032855
http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=c#SG11
http://www.ncbi.nlm.nih.gov/protein/446015732

P.putida KT2440

gene

CDS

165

..1262

/gene="nemA"
/locus_ tag="PP 3173"
/db xref="GeneID:1046823"

165..1262

/gene="nemA"
/locus_tag="PP 3173"

/note="FMN-

linked;

catalyzes the formation

N-ethylsuccinimide from N-ethylmaleimide"

/codon_start=1

/transl table=11
/product="N-ethylmaleimide reductase"
/protein id="NP 745317.1"

/db_xref="GI:26989892"

/db_xref="GeneID:1046823"

/translation="MKLLQPLQIGPLTLPNRVFMAPLTRLRSLEPGDVPTALMAEYYR

ORASAGLIITEATQISFQAKGYSGSPGIHSAEQIAAWKHINEGIHAEGGHSAVQVWHT

GRVSHTSLQPGGKAPVAPSALPADARTTLRDAQGNLTRVETSAPRALSEAETIAGIVAD

FGOAAINACEAGEFDFIELHAAHGYLLHQFLTPSANQREDRYGGSVENRARIVLEAVDA

ATIANWSADRVGIRVFPLGGEFNGVDNGEDQEAAGLYLIRELAKRNLAYLHLSEPDWAGG

KPLRDEFRQAIRAAYPGVIIAAGAYTAEKGEDLIGRGLIDAVAFGRAYIANPDLVERL
RLOAPLNEHRAKEFDYANGPEGYTDYPEFLKQA"

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141

gggcatgcgt
cgcagctgac
cccggtatcecg
cgctgcaaat
tgcgcagcect
gtgccagtgc
attcgggctc
aaggcatcca
cgcatacctc
atgcacgcac
cccgggcegcet
tcaatgcctg
tgcaccagtt
aaaaccgtgc
accgggtcgg
accaggaggc
tgcacctgtc
ccattcgcgce
gcgaagacct
ccaaccctga

ccacgtcggg
gcattgggga
tgcgcaccat
cggcccactce
ggagccgggt
tggcctgatc
gcccggecatt
tgccgagggce
cctgcaacct
caccctgcegt
cagcgaagcg
tgaagccggce
cctcaccccce
gcgcattgtg
tattcgcgtg
cgccggcectg
cgagccggac
cgcctacccc
catcgggcgg
cctggtggag

cttcaatgac
gccctgagcece
tggttttcca
accctgccca
gatgtaccca
atcactgaag
cacagcgccg
ggccacagcg
ggcggcaagg
gacgcgcaag
gagatcgctg
ttcgacttca
agtgccaacc
ctggaggcgg
ttccegttgg
tacctgatcc
tgggccggtyg
ggggtgatca
ggtttgatcg
cgtctgcggce

gtcgcgcatt
gggctcccgg
cctctggagce
accgcgtatt
ccgcgctgat
ccacacaaat
aacagatcgc
ccgtgcaggt
cacccgtggce
gcaacctgac
gcatcgtcgc
tcgagttgca
agcgcgaaga
tggatgcggce
gtggtttcaa
gcgaactggc
gcaagccact
tcgcggecgg
atgccgtggce
tgcaagcgcc

atgtgagtgg
tcceceecttt
tgcaatgaaa
catggccccce
ggccgagtac
ctccttccag
tgcctggaag
gtggcacacc
ccctteggcea
acgcgtggaa
cgactttggc
cgccgceccac
ccgctacggce
cattgccaac
tggtgtggac
caagcgcaac
gcgtgacgag
tgcctatacc
gttcgggcgce
gctgaatgag

of

gcggctggcea
ccccaatcac
ctcttgcaac
ctcacccgcece
taccgtcagce
gccaagggct
cacatcaacg
gggcgtgtgt
ctgccggcag
acctccgceccc
caggccgcga
ggttacctgc
ggcagcgttyg
tggagcgccg
aatggcgaag
ctcgcctacc
ttccgccagg
gccgagaaag
gcctacattg
caccgggcga


http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1046823
http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=c#SG11
http://www.ncbi.nlm.nih.gov/protein/26989892
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=1046823

1201
1261
1321
1381

agttcgatta
gatgcaaaaa
tgcgcgtaag
cctctacaca

cgccaatggg
cgggcgctcet
cgcaacccgc
cccggcaagg

cctgaagggt
tgcaggcgcc
ttggttgtgg
ggaagtgtta

atacggatta
cgttttttgt
tggccaagtg
gccggaggca

tccgttecctg aagcaggett
gtgcgccagg catggcgcgt
ggtgacttgg aggtgaaagt
agggtgtc



Bacillus thuringiensis Bt407

375 aa

LOCUS

2013
DEFINITION
ACCESSION
VERSION
DBLINK

KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLE
JOURNAL

REFERENCE
CONSRTM
TITLE

JOURNAL

REFERENCE
AUTHORS

TITLE
JOURNAL

COMMENT

Ecology

FEATURES
source

NC 018877 1466 bp DNA linear CON 11-JUN-

Bacillus thuringiensis Bt407 chromosome, complete genome.
NC 018877 REGION: complement (3630445..3631910)
NC 018877.1 GI:409187965

Project: 177931
BioProject: PRJNA177931
RefSeq.

Bacillus thuringiensis Bt407
Bacillus thuringiensis Bt407
Bacilli;

Bacteria; Firmicutes; Bacillales; Bacillaceae; Bacillus;
Bacillus cereus group.

1 (bases 1 to 1466)
Sheppard,A.E., Poehlein,A.,

Schulenburg, H.

Liesegang,H., Rosenstiel,P. and

The complete genome sequence of Bacillus thuringiensis strain 407
Cry-

Unpublished

2 (bases 1 to 1466)

NCBI Genome Project

Direct Submission

Submitted (03-NOV-2012) National Center for Biotechnology
Information, NIH, Bethesda, MD 20894, USA

3 (bases 1 to 1466)
Sheppard,A.E., Poehlein,A.,
Schulenburg, H.

Liesegang,H., Rosenstiel,P. and

Direct Submission

Submitted (09-0CT-2012) Department of Genomic and Applied
Microbiology, Goettingen Genomics Laboratory,
Georg-August-University-Goettingen, Grisebachstr. 8, Goettingen,

Lower Saxony 37079,
PROVISIONAL REFSEQ:
NCBI review.

Germany

This record has not yet been subject to final
The reference sequence is identical to CP003889.
Source DNA available from Hinrich Schulenburg, Evolutionary

Genetics Zoological Institute, CAU Kiel, Am Botanischen Garten 1-

24118 Kiel, Germany.

##Assembly-Data-START##

Assembly Method

Sequencing Technology

##Assembly-Data-END##

COMPLETENESS: full length.
Location/Qualifiers
1..1466

v2.6
Sanger dideoxy sequencing;

Newbler v.
454


http://www.ncbi.nlm.nih.gov/nuccore/NC_018877
http://www.ncbi.nlm.nih.gov/bioproject/177931
http://www.ncbi.nlm.nih.gov/bioproject/PRJNA177931
http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=527021
http://www.ncbi.nlm.nih.gov/RefSeq/
http://www.ncbi.nlm.nih.gov/nuccore/CP003889

/organism="Bacillus thuringiensis Bt407"
/mol type="genomic DNA"
/db xref="taxon:527021"

gene 169..1296
/gene="nemA"
/locus_tag="BTB c37240"
/db_xref="GeneID:13850794"

CDS 169..1296
/gene="nemA"
/locus_tag="BTB c37240"
/EC_number="1.-.-.-"
/codon_start=1
/transl table=11
/product="N-ethylmaleimide reductase NemA"
/protein id="YP 006928343.1"
/db _xref="GI:410675972"
/db_xref="GeneID:13850794"

/translation="MTSSSNKAASIYEGTNVNAGGFFENVEETKLFDPIQIGAWSLRN
RIAMAPMTRCFADNETGVVGADVVEYYRKRAADGIGLIITEGIVISPRAKGNPGVPGI
YTQEQIDSWKPVTEAVHKEGGTIIAQIWHVGRMSHHEIIGGOMPQAPSATAAEGNVPR
FRKPFDTPEAMTLEEIQEVIGQYAQAAKNAIEAGEDGVEIHGAHGYLIDQFTYEFANK
RTDKYGGNLKQRLTFMKEVTAAVIEAVGANKTLLRFSAFKGDNPTYMWENPEFAIETFE

INMFTEVGLTMIHPSTMNYTQEIADGKNFHQLVRKYWDGTIVGVGNLNPKEAEEALQE
GTIDVAAFGRPLIANPDFVHRIKHAESLVEYDAKEHLATLV"
gene <1364..1466
/locus_tag="BTB c37230"
/db xref="GeneID:13850793"
CDS <1364..1466
/locus_tag="BTB c37230"
/codon_start=1
/transl table=11
/product="ferredoxin-dependent glutamate synthase"
/protein id="YP 006928342.1"
/db xref="GI:410675971"
/db xref="GeneID:13850793"

/translation="MSETLLVIISILLFLMLLLIVFFIITFFIKKRTHHSILKLHPYL

GRMRYLLEKIGPEFRQYWEFDHDTDGKPEFSRYDFQSVMFLAKYRSEILGFGSKRDFEAS

GYYIANTLFPILTEELSVNLTQEREGKKYVIHKEGLFSRREKLTADTTNLWLYEEDDA

ITIVGENRKYPWKLHGMFGASATSYGAIGENYILASGLGAKMAGGSWINTGEGGVIPEH

LHTGANIVAQIGPGLFGYRDEDGNFSMGKFMEKVKESNIRAFELKFGQGAKIRGGHLE


http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=527021
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=13850794
http://www.expasy.org/enzyme/1.-.-.-
http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=c#SG11
http://www.ncbi.nlm.nih.gov/protein/410675972
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=13850794
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=13850793
http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=c#SG11
http://www.ncbi.nlm.nih.gov/protein/410675971
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Retrieve&dopt=full_report&list_uids=13850793

GOKVNEKIAFVRNVRKGETINSPNRESFLKNAADTLYFIQQLOESGGKPVGMKIVIGQ

QKPLEDLIKTMKELNIYPDFITIDGSEGGSGATYKSMADCMGLPLIPALLTFIDTANH

YGVRNKFKVFASGKLITPDKVAIALAIGADAVSSARGFMMASGCIMALQCNSGQCPSG

VATTNPHYQKALDPYEKKWRVMNYIISMRYSLESLAAAAGVKSPRHLTREHIVFKDEV
GRVVPLSELFPTSK"

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
//

tatggtcaac
ttattttttt
aaagtaagta
agtaataaag
aacgttgaag
cgtatagcga
gcggatgtag
gaaggaattg
caagaacaaa
attattgctc
atgccacaag
tttgatacgc
caagctgcga
ggatatttaa
ggtaatttaa
gttggagcta
atgtgggaaa
ttaacgatga
tttcatcaac
ccgaaagagg
ccgttaattg
tatgacgcga
tagtgttctc
cgttattatt
attttttata

aaaaaaggtt
gatattcgaa
tgatgcgatt
cagcgagtat
aaacaaagtt
tggcaccgat
tggagtacta
tcattagtcc
tcgattcttg
aaatatggca
caccgtcggce
cagaagcaat
aaaatgcgat
tcgatcaatt
aacaaaggtt
ataaaacact
accctgagtt
tccatcctte
tagtaagaaa
ccgaagaagc
ctaatccaga
aagagcatct
cttttattat
agtatattac
aaaaaacgaa

tccttctaag
ttttttattg
atagtaagat
ttatgaagga
gtttgatcca
gacaagatgc
cagaaaacgt
gagagcaaaa
gaaacctgtt
tgttgggcgt
tatcgctgca
gacgttagaa
cgaagctgga
tacgtatgag
aacgtttatg
tcttecgttte
tgcaattgaa
aacgatgaat
atattgggat
gttgcaagaa
ctttgttcat
tgctacgtta
ggaatttcat
tatttttaat
cacatc

gaaacctttt
taaagtcgta
tttttagggg
acaaatgtaa
attcaaattg
tttgcagata
gctgcggatg
ggaaacccag
acagaggcag
atgagtcatc
gagggaaatg
gaaatacaag
tttgatggag
tttgcgaata
aaagaagtaa
tctgctttca
acgttcataa
tatacccaag
ggtacgattg
ggaacgattg
cgaattaaac
gtatgaataa

agggggaagce
gttgctttta

ttaatattat
aaaattgacg
gaagaaaaat
atgctggggg
gagcttggtc
atgaaactgg
gaattggact
gagtaccagg
tacataaaga
atgaaataat
ttccacgcett
aagtgatcgg
tagaaattca
agcgaacaga
cggcggctgt
aaggtgataa
atatgtttac
agattgctga
ttggggttgg
atgtagcggc
acgctgaaag
agataaaagg
gggatgagtg
atcgtctttt

ttatagtatt
ttactatcta
gacaagttca
attttttgaa
tcttcgtaat
agtagttggt
aattattaca
tatttataca
aggcgggacg
tggtggtcaa
tcgtaaaccg
tcaatacgca
cggtgcacac
taaatatggc
aatagaagct
tcctacttat
agaggttgga
cggaaagaat
taatttaaat
attcggaaga
tttagttgaa
agaacacatc
aaacgctact
ttatcattac



CLUSTAL 2.1 multiple sequence alignment

BL21
KT2440

BL21
KT2440

BL21
KT2440

BL21
KT2440

BL21
KT2440

BL21
KT2440

BL21
KT2440

MSSEKLYSPLKVGAITAANRIFMAPLTRLRSIEPGDIPTPLMAEYYRQRASAGLIISEAT
—-—-MKLLOQPLOQIGPLTLPNRVEFMAPLTRLRSLEPGDVPTALMAEYYRQRASAGLIITEAT

* % kKo ok oKk hkehkhkhkkhkhhkhkhkkhkohkhhkhkohkkhk hhkhkhkhkhhkhkhkhkhhkkhkrkhk o kkx

QISAQAKGYAGAPGIHSPEQIAAWKKITAGVHAENGHMAVQLWHTGRISHASLQPGGQAP
QISFQAKGYSGSPGIHSAEQIAAWKHINEGIHAEGGHSAVQVWHTGRVSHTSLQPGGKAP

kkk kkkkkoekoekkkirk khkhkkkkk ok kekkk kk kA kekkhkhkoekk o kkAhkk o kK

VAPSALSAGTRTSLRDENGQAIRVETSMPRALELEEIPGIVNDFRQAIANAREAGEFDLVE
VAPSALPADARTTLRDAQGNLTRVETSAPRALSEAEIAGIVADFGQAAINACEAGEDFEIE

*kkkkkKk K ek ke Kk K ok . kkhkkhkk KkhkkKk Kk kkKk Kk kK Kk Ak KkKkKk e ok

LHSAHGYLLHQFLSPSSNHRTDQYGGSVENRARLVLEVVDAGIEEWGADRIGIRVSPIGT
LHAAHGYLLHQFLTPSANQREDRYGGSVENRARIVLEAVDAAIANWSADRVGIRVEPLGG

KK ek khAkhkAkhkkhhkhAkekhkkhkekhkekhk Xokhkhkkhkhkhkkhkhkkhkhkekkhk **kk % ek kkhkkekkkhkKk koK

FONTDNGPNEEADALYLIEQLGKRGIAYLHMSEPDWAGGEPYTDAFREKVRARFHGPIIG
FNGVDNGEDQEAAGLYLIRELAKRNLAYLHLSEPDWAGGKPLRDEFRQATIRAAYPGVIIA

* . * Kk Kk . o kK * Kk Kk Kk « ok kK ekhkkhk Kk e khkkhk kA AKXk ok Kk kK . .k k . *x kK

AGAYTVEKAETLIGKGLIDAVAFGRDWIANPDLVARLOQRKADLNPQRAESEFYGGGAEGYT
AGAYTAEKGEDLIGRGLIDAVAFGRAYIANPDLVERLRLOAPLNEHRAKFDYANGPEGYT

kkhkkkk Kk kK KkkhkkoekhkkkAkAkkAAkkhK e kkKkAhk kKA Kk Kk « ok kK o kK . * * kK kK

DYPTL--- 365
DYPFLKQA 365

* Kk Kk K

CLUSTAL 2.1 multiple sequence alignment

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21

————————————————————————— MSSEKLYSPLKVGAITAANRIFMAPLTRLRSIEPG
———————————————————————————— MKLLQPLOQIGPLTLPNRVEFMAPLTRLRSLEPG
MTSSSNKAASIYEGTNVNAGGFFENVEETKLFDPIQIGAWSLRNRIAMAPMTRCFADNET

* * Koo ook . Kk . KAk Kk e kK

DIPTPLMAEYYRQRASA--GLIISEATQISAQAKGYAGAPGIHSPEQIAAWKKITAGVHA
DVPTALMAEYYRQRASA--GLIITEATQISFQAKGYSGSPGIHSAEQIAAWKHINEGIHA
GVVGADVVEYYRKRAADGIGLIITEGIVISPRAKGNPGVPGIYTQEQIDSWKPVTEAVHK

LKAk e kk . KKKk Kk Kk ekkk ok kX k.. kXK okx . .k

ENGHMAVQLWHTGRISHASLQPGGQAPVAPSALSAGTRTSLRDENGQAIRVETSMPRALE

EGGHSAVQVWHTGRVSHTSLQPGGKAPVAPSALPADARTTLRDAQGNLTRVETSAPRALS
EGGTIIAQIWHVGRMSHHEII-GGOMPQAPSATIAAEGNVPR-—————— FRKPFDTPEAMT

* ok ke kk Kk e kk . * Kk . * kk kK . * * K Kk .

LEEIPGIVNDFRQAIANAREAGFDLVELHSAHGYLLHQFLSPSSNHRTDQYGGSVENRAR
EAEIAGIVADFGQAAINACEAGFDFIELHAAHGYLLHQFLTPSANQREDRYGGSVENRAR
LEEIQEVIGQYAQAAKNAIEAGFDGVEIHGAHGYLIDQFTYEFANKRTDKYGGNLKQRLT

* * .. .. * * *k Kkkkk*k ek ek Ak AkKkKk . * % ek ok ke kk ok o e ek

LVLEVVDAGIEEWGADRIGIRVSPIGTFONTDNGPNEEADALYLIEQLGKRGIAYLHMSE
IVLEAVDAATIANWSADRVGIRVEFPLGGEFNGVDNGEDQEAAGLYLIRELAKRNLAYLHLSE
FMKEVTAAVIEAVGANKTLLRFSAFKGDNPTYMWENPEFAIETFINMFTEVGLTMIHPST

* *  * K e . .- % . . * .- % . . .. * *

PDWAGGEPYTDAFREKVRARFHGPIIGAGAYTVEKAETLIGKGLIDAVAFGRDWIANPDL

60
57

120
117

180
177

240
237

300
297

360
357

35
32
60

93
90
120

153
150
172

213
210
232

273
270
292

333



KT2440 PDWAGGKPLRDEFRQAIRAAYPGVIIAAGAYTAEKGEDLIGRGLIDAVAFGRAYIANPDL 330

Bacillus MNYTQEIADGKNFHQLVRKYWDGTIVGVGNLNPKEAEEALQEGTIDVAAFGRPLIANPDE 352
... *:: :* . * *:-'* . ::'* H '* **-'**** *****:

BL21 VARLQRKADLNPQRAESFYGGGAEGYTDYPTL--- 365

KT2440 VERLRLQAPLNEHRAKFDYANGPEGYTDYPFLKQA 365

Bacillus VHRIKHAESLVEYDAKEHLATLV-—-—-—-———-————— 375

* ke e * * .

CLUSTAL 2.1 multiple sequence alignment

BL21 e ATGT-----——————————- 4
KT2440 GGGCATGCGTCCACGTCGGGCTTCAATGACGTCGCGCATTATGTGAGTGGGCGGCTGGCA 60
Bacillus ——-—--——————- ATGACAAGTTCAAGTAATAAAGCAGCGAGTATTTATGAAGGA-————- 42
* %
BL21 ~=CATCTG-AAAAACTGTA=—=========——=—==——— o~ TTCCCCA---= 27
KT2440 CGCAGCTG-ACGCATTGGGGAGCCCTGAGCCGGGCTCCCGGTCCCCCCTTTCCCCAATCA 119
Bacillus ~ACAAATGTAAATGCTGGGGGA === ============———————————— TTTTTTGAARAA 74
* K * Kk Kk * K * K
BL21 e
KT2440 CCCCGGTATCGTGCGCACCATTGGTTTTCCACCTCTGGAGCTGCAATGAAACTCTTGCAA 179
Bacillus COTTGAA—— === ===~ mmmm— GAAACAAAGTTGTTTGAT 99
BL21 ---CTGAAAGTGGG--CGCGATCACGGCGGCAAACCGTATTTTTATGGCACCGCTGACGC 82
KT2440 CCGCTGCARATCGG--CCCACTCACCCTGCCCAACCGCGTATTCATGGCCCCCCTCACCC 237
Bacillus CCAATTCAAATTGGAGCTTGGTCTCTTCG--TAATCGTATAGCGATGGCACCGATGACAA 157
* * Kk kK Kk * *x Kk K * * Kk kK * Xk kK Kk k%K * k%
BL21 G----TCTGCGCAGTATTGAACCGGGTGACATTCCTACCCCGTTGATGGCGGAATACTAT 138
KT2440 G----CCTGCGCAGCCTGGAGCCGGGTGATGTACCCACCGCGCTGATGGCCGAGTACTAC 293
Bacillus GATGCTTTGCAGATAATGAAACTGGA-———-GTAGTTGGTGCGGATGTAGTGGAGTACTAC 213
* * K Kk * * * ok k% * * K * ok Kk Kk Kk Kk kK
BL21 CGCCAACGTGCCA--———- GTGCCGGTTTGATTATTAGTGAAGCCACGCAAATTTCTGCC 192
KT2440 CGTCAGCGTGCCA---——- GTGCTGGCCTGATCATCACTGAAGCCACACAAATCTCCTTC 347
Bacillus AGAAAACGTGCTGCGGATGGAATTGGACTAATTATTACAGAAGGAATTGTCATTAGTCCG 273
* * kkk kK * * % * kk kk K * Kk k k * * Kk
BL21 CAGGCAAAAGGATATGCAGGTGCGCCTGGCATCCATAGTCCGGAGCARATTGCCGCATGG 252
KT2440 CAGGCCAAGGGCTATTCGGGCTCGCCCGGCATTCACAGCGCCGAACAGATCGCTGCCTGG 407
Bacillus AGAGCAAAAGGAAACCCAGGAGTACCAGGTATTTATACACAAGAACAAATCGATTCTTGG 333
* Kk kK Kk * * Kk x *k Kk K%k * ok *k kK Kk Kk * kKK
BL21 AAAAAAATCACCGCTGGCGTTCATGCTGAAAATGGTCATATGGCCGTGCAGCTGTGGCAC 312
KT2440 AAGCACATCAACGAAGGCATCCATGCCGAGGGCGGCCACAGCGCCGTGCAGGTGTGGCAC 467
Bacillus AAACCTGTTACAGAGGCAGTACATAAAGAAGGCGGGACGATTATTGCTCAAATATGGCAT 393
* * * ok * * * Kk kk * Kk * Kk * * * % * kkk kK
BL21 ACCGGACGCATTTCTCACGCCAGCCTGCAAC--CTGGCGGTCAGGCACCGGTAGCGCCTT 370
KT2440 ACCGGGCGTGTGTCGCATACCTCCCTGCAAC--CTGGCGGCAAGGCACCCGTGGCCCCTT 525
Bacillus GTTGGGCGTATGAGTCAT-—--— CATGAAATAATTGGTGGTCAAATGCCACAAGCACCGT 448
* Kk kK * * * *x kK k%K * Kk Kk Kk * * K * Kk Kk Kk
BL21 CAGCACTTAGCGCGG--GAACACGTACTTC-TCTGCGCGATGAAAATGGTCAGGCGATCC 427
KT2440 CGGCACTGCCGGCAG--ATGCACGCACCAC-CCTGCGTGACGCGCAAGGCAACCTGACAC 582

Bacillus CGGCTATCGCTGCAGAGGGAAATGTTCCACGCTTTCGTAA-——————— ACCGTTTGATAC 500
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KT2440
Bacillus

BL21
KT2440
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BL21
KT2440
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BL21
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Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21
KT2440
Bacillus

BL21

GTGTTGAAACATCCATGCCGCGTGCGCTTGAACTGGAAGAGATTCCAGGTATCGTCAATG
GCGTGGAAACCTCCGCCCCCCGGGCGCTCAGCGAAGCGGAGATCGCTGGCATCGTCGCCG

GC-CAGAAGCA---ATG—————— ACGTT-—-———— AGAAGAAATACAAGAAGTGATCGGTC
* *ok Kk x *k K * kx Kk * * kx

ATTTCCGTCAGGCCATTGCTAACGCGCGTGAAGCCGGTTTTGATCTGGTAGAGCTCCACT
ACTTTGGCCAGGCCGCGATCAATGCCTGTGAAGCCGGCTTCGACTTCATCGAGTTGCACG
AATACGCACAAGCTGCGAAAAATGCGATCGAAGCTGGATTTGATGGAGTAGAAATTCACG

* K * Kk kK * Kk kK kkhkkkk KAk Kk kK R * kKK

CTGCTCACGGTTATTTGCTGCATCAGTTCCTTTCTCCTTCTTCAAACCATCGTACCGATC
CCGCCCACGGTTACCTGCTGCACCAGTTCCTCACCCCCAGTGCCAACCAGCGCGAAGACC
GTGCACACGGATATTTAATCGATCAATTTACGTATGAGTTTGCGAATAAGCGAACAGATA

Kk kkkkk kK * * *x kK kK *x ok k% * Kk x * K

AGTACGGCGGCAGCGTGGAA-AATCGCGCACGTTTGGTACTGGAAGTGGTCGATGCCGGG
GCTACGGCGGCAGCGTTGAA-AACCGTGCGCGCATTGTGCTGGAGGCGGTGGATGCGGCC

AATATGGCGGTAATTTAAAACAAAGGTTAACGTTT-ATGAAAGAAGTAACGGCGGCTGTA
kok kokkkk K ko kk kok K *k ok ok *k K K, okk K

ATTGAAG--AATGGGGTGCCGATCGCATTGGCATTCGCGTTTCGCCAATCGGTACTTTCC
ATTGCCA--ACTGGAGCGCCGACCGGGTCGGTATTCGCGTGTTCCCGTTGGGTGGTTTCA

ATAGAAGCTGTTGGA--GCTAATAAAAC--ACTTCTTCGTTTCTC---———- TGCTTTCA
* Kk Kk * K Kk * K * * * Kk Kk K * * * Kk kK
AGAACACAGATAA--CGGCCCGAATGAAG--AAGCCGATGCACTGTATCTGA----TTGA

ATGGTGTGGACAA--TGGCGAAGACCAGG--AGGCCGCCGGCCTGTACCTGA----TCCG
AAGGT---GATAATCCTACTTATATGTGGGAAAACCCTGAGTTTGCAATTGAAACGTTCA

* *k kK * * * ok Kk *k ok KKK *
ACAACTGGGTAAACGCGGCATTGCTTATC———--- TGCATATGTCAGAACCAGATTGGGCG
CGAACTGGCCAAGCGCAACCTCGCCTACC————— TGCACCTGTCCGAGCCGGACTGGGCC
TAAA-TATGTTTACAGAGGTTGGATTAACGATGATCCATCCTTCAACGATGAATTATACC
* Kk Kk * * K * Kk K * k% * K * K *

GGGGGTGAACCGTATAC-TGATGCGTTC-CGCGAAAAAGTACGCGCCCGTTTCCACGGTC
GGTGGCAAGCCAC-TGCGTGACGAGTTC-CGCCAGGCCATTCGCGCCGCCTACCCCGGGG
CAAG--AGATTGCTGACGGAAAGAATTTTCATCAACTAGTAAGAAAATATTGGGATGGTA

* * * K * K * * * * * * K

CGATTATCGGCGCAGGTGCATACACAGTAGAAAAAG-CTGAAACGCTGATCGGCAAAGGG
TGATCATCGCGGCCGGTGCCTATACCGCCGAGAAAG-GCGAAGACCTCATCGGGCGGGGT

CGATTGTTGGGGTTGGTA-ATTTAAATCCGAAAGAGGCCGAAGAAGCGTTGCAAGAAGGA
*kk ok K K kxx * ok *k kK * ok * * %

TTAATTGATGCGGTGGCATTTGGTCGTGACTGGATTGCGAACCCGGATCTGGTCGCCCGC
TTGATCGATGCCGTGGCGTTCGGGCGCGCCTACATTGCCAACCCTGACCTGGTGGAGCGT
ACGATTGATGTAGCGGCATTCGGAAGACCGTTAATTGCTAATCCAGACTTTGTTCATCG—

* Kk Kk kK *x kkk kK k% * * *kkhkkkk kk Kk kK * kK * K
TTGCAGC———=====—————————————————— GCAAAGCT-------—————-- GATCT
CTGCGGCTGCAAGCGCCGCTGAATGAGCACCGGGCGAAGTTCGATTACGCCAATGGGCCT
————————————————————————————————————— AATT-——————————————————

* *
TAA-————————— - CCCACAGCGTGC---——- CGAAA-———-- GTTTCTAC
GAAGGGTATACGGATTATCCGTTCCTGAAGCAGGCTTGATGCAAAAACGGGCGCTCTTGC
——————————————————————————— ARACACGC------TGAAA----—-GTTT----
* ok * K * Kk x * ok
GG-———————m—— e ———m o TGGCG--—--GCGCGGAAG-——=----——=-~

487
642
544

547
702
604

607
762
664

666
821
723

724
879
772

776
931
829

831
986
888

889
1044
946

948
1103
1005

1008
1163
1064

1028
1223
1068

1056
1283
1085

10



KT2440

AGGCGCCCGTTTTTTGTGTGCGCCAGGCATGGCGCGTTGCGCGTAAGCGCAACCCGCTTG 1343

Bacillus AG————m—mm—mmm e TTGAATATGACGCGAAAG-———=—-————-—~ 1105
* *  *x *kkk Kkk*k
BL21 GCTATA—===CCGATT—=—==—=—= === === ———————— e~ ACCCGAC---—-—~ 1091
KT2440 GTTGTGGTGGCCAAGTGGGTGACTTGGAGGTGAAAGTCCTCTACACACCCGGCAAGGGGA 1403
Bacillus  ———=————————— AGC— == === m—m——mmm e ATCTTGCTA-—-—- 1117
* * ok *
BL21 -—=GTT-----—-- GTAA--—=-—-~ 1098
KT2440 AGTGTTAGCCGGAGGCAAGGGTGTC 1428
Bacillus -—CGTTA------- GTATGA----~ 1128
* Kk kx * K
PRIMERS:
1) nemA_gen (F)
ATGGCACCGCTGACCC
2) nemA_gen (R)
AGGTCNGGTTNGCAAT

3) nemA_BL21 (F)

TCATCTGAAAAACTGTATTCCCC

4) nemA_BL21 (R)

AACGTCGGGTAATCGGTATAG
5) nemA_BL21 _int (F)
CACCGCTGGCGTTCATGCT

6) nemA_BL21_int (R)
GCATCGGCTTCTTCATTCG
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