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Glycopeptide sulfation evades resistance.
Kalan L, Perry J, Koteva K, Thaker M, Wright G.

M. G. DeGroote Institute for Infectious Disease Research, Department of Biochemistry and Biomedical Sciences, DeGroote School of Medicine, McMaster University, Hamilton,
Ontario, Canada.

Abstract
The incidence of antibiotic resistance among pathogenic microorganisms is increasing at an alarming rate. Resistance against front-line therapeutics
such as the glycopeptide antibiotic vancomycin has emerged and has spread to highly virulent pathogens, including Staphylococcus aureus.
Glycopeptide antibiotics are natural products from the Actinomycetes that have a characteristic heptapeptide core. The chemical diversity of the class
is achieved through glycosylation, halogenation, methylation, and acylation of the core, modifications that are implicated in improved solubility,
stability, or activity of the molecule. Sulfation is yet another modification observed infrequently in glycopeptides, but its role is not known. Although
glycopeptide sulfotransferases are found in the environmental metagenome and must therefore serve an evolutionary purpose, all previous studies
have reported decreased antibiotic activity with sulfation. We report that sulfation of glycopeptides has little effect on the compound's ability to bind its
target, the d-Ala-d-Ala peptidoglycan precursors of the bacterial cell wall. However, sulfation does impact glycopeptide dimerization, and importantly,
sulfated glycopeptides are significantly less potent inducers of the resistance gene cluster vanHAX in actinomycetes. Our results begin to unravel the
mystery of the biological role of glycopeptide sulfation and offer a potential new strategy for the development of new antibiotics that avoid resistance.
PMID: 23104813 [PubMed -

PMCID: PMC3536

indexed for MEDLINE] [Available on 2013/7/1]
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1: Kalan L, Perry ], Koteva K, Thaker M, Wright G. Glycopeptide
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doi: 10.1128/]B.01617-12. Epub 2012 Oct 26. PubMed PMID:
23104813; PubMed Central PMCID: PMC3536170.
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Glycopeptide sulfation evades resistance. Save items <
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M. G. DeGroote Institute for Infectious Disease Research, Department of Biochemistry and Biomedical Sciences, DeGroote School of Medicine, McMaster University, Hamilton,

Ontaric, Canada.

Abstract Related citations in PubMed &

The incidence of antibiotic resistance among pathogenic microorganisms is increasing at an alarming rate. Resistance against front-line therapeutics
such as the glycopeptide antibiotic vancomycin has emerged and has spread to highly virulent pathogens, including Staphylococcus aureus.
Glycopeptide antibiotics are natural products from the Actinomycetes that have a characteristic heptapeptide core. The chemical diversity of the class
is achieved through glycosylation, halogenation, methylation, and acylation of the core, modifications that are implicated in improved solubility,
stability, or activity of the molecule. Sulfation is yet another modification observed infrequently in glycopeptides, but its role is not known. Although
glycopeptide sulfotransferases are found in the environmental metagenome and must therefore serve an evolutionary purpose, all previous studies
have reported decreased antibiotic activity with sulfation. We report that sulfation of glycopeptides has little effect on the compound’s ability to bind its
target, the d-Ala-d-Ala peptidoglycan precursors of the bacterial cell wall. However, sulfation does impact glycopeptide dimerization, and importantly,
sulfated glycopeptides are significantly less potent inducers of the resistance gene cluster vanHAX in actinomycetes. Our results begin to unravel the
mystery of the biological role of glycopeptide sulfation and offer a potential new strategy for the development of new antibiotics that avoid resistance.
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0 Lia 6a3a € yacTnHO MiXkHapoaHoro KoHcopuiymy INSDC
(International Nucleotide Sequence Databases
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European Nucleotide Archive (ENA) i DNA Data Base of
Japan (DDBJ).

0 GenBank — nigpo3ain NCBI.
www.ncbi.nlm.nih.gov/genbank

0 T.3B. nepBMHHA, ab0 apxiBHa, 0a3a AaHNX — METOIO0 €
30epexXeHHS HYKNeoTUAHUX nocrigoBHocTewu (i NpoaykKTiB
IXHbOI KOHLUeNnTyanbHOI TpaHcnsayil), Wo noaarnTbCcs
(AenoHyrTbCSA) AocniAHMKaAMM 3 YCbOro CBIiTY. 3MIiCT
nopgaHol iHpopmauii 3arasioMm He nepeBipPAETLCA — e
BignNoBiAanbHICTb aBTOpIB AeNOHYBaHHSA

d GenBank, ENA i DDBJ woaneHHO oOMiHIOOTHLCH
iHpopmaui€ero, i 3MICT IXHIX 6a3 iAGHTUYHUN
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GenBank Overview
GenBank Resources

What is GenBank? GenBank Home
GenBank @ is the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (Nucleic Acids Submission Types

Research, 2013 Jan:41(D1):D36-42). GenBank is part of the International Nucleotide Sequence Database Collaboration , which comprises
the DNA DataBank of Japan (DDBJ), the European Molecular Biology Laboratory (EMBL), and GenBank at NCBI. These three organizations
exchange data on a daily basis. Search GenBank

Submission Tools

The complete release notes for the current version of GenBank are available on the NCBI ftp site. A new release is made every two months. Update GenBank Records
GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from each release.

An example of a GenBank record may be viewed for a Saccharomyces cerevisiae gene.

Access to GenBank
There are several ways to search and retrieve data from GenBank.

e Search GenBank for sequence identifiers and annotations with Entrez Nucleotide , which is divided into three divisions:
CoreNucleotide (the main collection), dbEST (Expressed Sequence Tags), and dbGSS (Genome Survey Sequences).

« Search and align GenBank sequences to a query sequence using BLAST (Basic Local Alignment Search Tool). BLAST searches
CoreNucleotide, dbEST, and dbGSS independently; see BLAST info for more information about the numerous BLAST databases.

 Search, link, and download sequences programatically using NCBI e-utilities .

GenBank Data Usage

The GenBank database is designed to provide and encourage access within the scientific community to the most up to date and
comprehensive DNA sequence information. Therefore, NCBI places no restrictions on the use or distribution of the GenBank data. However,
some submitters may claim patent, copyright, or other intellectual property rights in all or a portion of the data they have submitted. NCBI is
not in a position to assess the validity of such claims, and therefore cannot provide comment or unrestricted permission concerning the
use, copying, or distribution of the information contained in GenBank.

AHOTOBaHI (pparmMmeHTU reHOMiB; aHOTOBaHi reHOMU; HeaHOTOBaHi (hparMeHTH i
reHoOMu; YepHeTku (gpacgp T reHOMiB), MeTareHOMHi AaHi....
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TTAAGAAGCAATAGGTGTCCATAGTTCACCTAATTTATAGTCCCACT
CTTTTGGTTTAATGGGAATGCGCCCCGCATTGGGGGTAAAGGTCATT
TCACTAAACAGTAGTGTGGTTTCTGACATTAAAAAATCGACCCGACA
ATAGGCAAAACCGTTAGCTAATTTGTTGGCTAATGTGAGCATATTGT
CAAATTGTAGCGGTTTTTCAATATATTCTGGGGTATTGGGATCTTCT
AAAGTAAAAGGCTGTAATTGCCATTGTGTATCATAAACATTGATA
Pagok aHoTauil MOXe 3aMMaTH KinbKa psagkiB, MicTUTU npobinn
>WemR
MKKLKKYLTRKKKENYIIFSIYYFIKVTSSIFISDSLYRKYIFKRKY
KLNLKKPTSFNEKIHYRILNDHNPIYTKLADKLLVRDYVREKIGEKY
LIKLINHYNTPSEINEFNTLPKSEFVLKCNHDVGSVMI INDKSKINEKA
IKKKLKIALKNNIYYONREWHYKNIKPKIICEELINIFPHNKKNYPE
DYKIHCEFNGIPRYIELOQFSRFSHDRRINIYDENWNLOQPFLMGYKNTN
ESIEKPKKLOEIYNISKTLSADEDYCRVDEYITP
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KoopAuHaTU y reHoMmi (y n.H.)

Locus name
\ 4 l

_ Gene identification (gi) — yHikanbHUM HOMep, LLO NPUCBOKETHLCS
KOXHiN nocnigoBHOCTI npu nogaHHi y GenBank. lNMicna aoBokpanku —

AHoTauia —

\/

>g1|197283915:3424858-3425733|PMI3114| Proteus
mirabilis HI4320 chromosome, complete genome

TTAAGAAGCAATAGGTGTCCATAGTTCACCTAATTTATAGTCCCAC
TCTTTTGGTTTAATGGGAATGCGCCCCGCATTGGGGGTAAAGGTCA
TTTCACTAAACAGTAGTGTGGTTTCTGACATTAAAAAATCGACCCG
ACAATAGGCAAAACCGTTAGCTAATTTGTTGGCTAATGTGAGCATA
TTGTCAAATTGTAGCGGTTTTTCAATATATTCTGGGGTATTGGGAT
CTTCTAAAGTAAAAGGCTGTAATTGCCATTGTGTATCATAAACATT

GATA
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Results: 5

Streptomyces clavuligerus ATCC 27064 plasmid pSCL4. whole genome shotgun sequence
1. 1,796,500 bp linear DNA

n: NZ_CM000914.1

294816545

Streptomyces clavuligerus ATCC 27064 supercont1.74 genomic scaffold, whole genome shotgun sequence
2. 30,051 bp linear DNA

n: NZ_D 06

Streptomyces clavuligerus ATCC 27064 plasmid pSCL4, whole genome shotgun sequence

3. 1,796,500 bp linear DNA
AC n: CM000914.1
FASTA  Grap

| Streptomyces ghanaensis putative transmembrane protein and putative transcriptional regulator genes. complete cds: moe gene
5. cluster 1 complete sequence: putative TetR family requlator, putative hydrolase. hypothetical protein. and putative dehydrogenase

genes, complete cds

35.000 bp linear DNA
Accession' NDOARRAA4 1 GI 116247579
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Filter your results:
All (5)
Bacteria (5)
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mRNA (0)
RefSeq (2

lManage Filters
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Analyze these sequences

Run BLAST
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HEADER

LOCUS
DEFINITION

VERSION

KEYWORDS

SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLE

JOURNAL
PUBMED
REFERENCE
AUTHORS
TITLE
JOURNAL

GenBank

DQSEES94 35000 bp DNA& linear BCT 04-APR-2007
Streptomyces ghanaensis putative transmembrane protein and putative
transcriptional regulator genes, complete cds; moe gene cluster 1,
complete sequence; putative TetR family regulator, putative
hydrolase, hypothetical protein, and putative dehydrogenase genes,

DQS88994
DQ988994.1 (GI:116247579

Streptomyces ghanaensis ATCC 14672

Streptomyces ghanaensis ATCC 14672

Bacteria; Actincbacteria; Actinobacteridae; Actinomycetales;
Streptomycineae; Streptomycetaceae; Streptomyces.

1 (bases 1 to 35000)

Ostash,B., Saghatelian,ZA. and Walker,S.

A streamlined metabolic pathway for the biosynthesis of moenomycin
z

Chem. Biol. 14 (3), 257-267 (2007)

17379141

2 (bases 1 to 35000)

Ostash,B.0. and Walker,S.

Direct Submission

Submitted (08-SEP-2006) Microbkiology and Molecular Genetics,
Harvard Medical School, 200 Longwood Ave., Boston, MA 02115, USA




FEATURES

FEATURES
source

GenBank

Location/Qualifiers

1..35000

/organism="Streptomyces ghanaensis ATCC 14672"
/mol type="genomic DNA"

/strain="ATCC1l4672"

/db_xref="ATCC:14672"

/db_xref="taxon:566461"

complement (79..1614)

/note="ORF&"

/codon_start=1

/transl table=11

/product="putative transmembrane protein"

/protein id="2BJ90150.1"

/db xref="GI:116247580"
/translation="MKTAVIDIETYGVEQIPDEDRTARPLDLFRLAFGGANTFATCVL
GTFPILFGLSFWQGLAATLLGLVAGALLLAPMALFGPTNGTSNSVSSSAHLGVHGRVV
GSFLALLTAIAFFSISVWSSGDALVGGAHRLLGVPESTVIYALAYAVFAGLVLVVCIY
GFRFMLLVNKIAVVAASALFVLGAFAFAGDFDPGYAGTFASTADPLFWPSFIGSALIV
LSNPVSFGAFLGDWSRYIPAATPRRRVMGAAFLAQIATLLPFVFGLATASIIATRAGA
YLDPDAPNYVGGLLAIAPGWYFLPLCLIALIGGLSTGTTALYGTGLDFCSVFTRFSRV
QATIFIGVLSIVFIFAGRFWLNLTQSISTFATLIITCTAPWMVVMILGYVIRRGWYDP
EALQVFNQRRTGGRYWFAHGWNWRGLATWLVSAAVALLFTNLPGQFVGPLGDLADGMD
VSLPVGLALAAVLYLVLLTLFPEPRGVYGPDGPRFVRTSDAEVLPISGGPREAPAQPA
vwG"
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FEATURES
gene 13627..15168
/gene="moeHS5"
CDS 13627..15168

/gene="moeH5"

/note="putative amidotransferase subunit 2"

/codon start=l

/transl table=11

/product="MoeH5"

/protein_id="ABJ90159.l"

/db xXref="GI:116247589"
/trgnslation="MTVRRPAASAPRVLLTAGPDGVRVEGDGEARLGHPLTGDHLDPG
PPRAEGVFAGWRWDGERLVARNDRYGVCPLFYRAGGGSLALSPDPLALLPEDGPVELDH
DALAVFLRTGFFLAEDTAFAQVRALPPAATLTWDTGGLRLRSDGPPRPGAALMTEAQR
VDGEFVDLFRASVARRLPGEPYDLPLSGGRDSRHILLELCRRGAPPRRCVSGAKFPPDP
GADARVAAAILAGRLGLPHTVVPRPRSQFRAELAATLPAQGMTTLDGAWTQPVLAHLRRH
SRISYDGLGGGELVQNPSVEFIRANPYDPADLPGLADRLLAASRTGPHVEHLLSPRTN
ALWSROAARRRLVTELARHADSASPLSSFFFWNRTRRSISAAPFALGDGRVLTHTPYL
DHALFDHLASVPHRFLVDGTFHDRALHRAFPEHADLGFASSVPQRHGPVLVAHRLAYL
LRFLAHATVVEPGWWRGPDRFLQRLLAAGRGPGAPQRVSRLOPLALYLLQLEDLAVRR
ARRRE"
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1
61
121
181

cgcgccccte
tccgceccggec
gccgectgatce
gtacaccccg

34441
34501
34561
34621
34681
34741
34801
34861
34921
34981

tacggccgtyg
gcgccgggea
gccgtcgacyg
cgggttggcg
cgcctcecgtg
gctcttcagg
ggcggccttg
ggtttcgttg
cccggtgeac
ctcagcggcce

GenBank

cggaggctgt
gggtcgggtc
ggcaggacct
cgcggctccg

gcgaattggt
agggcgacca
gggtcgacta
tgcacggcct
aggtacagct
tccacctcegt
cggacggctt
tccttgatca

tgcgggggga
caccgcgtag

ccggaagggce
agccgacgac
cggcgtccga
ggaacagggt

ggcgggccgag
gggtgcagaa
tccagaccgg
cctcgecccac
ccgccttgeg
gttcggcgag
cctccacgtc
tgcctccatg
atcggcatga

gcggcacggg
ggccggetgt
ggtccgcacg
gagcaggacqg

ggcgaaggtc
accggtgtct
cgcctcgecce
cacgaccgag
gtcggcgtceg
ccggcgccag
gacggcgtgce
agaccacgcc
atatggggtg

tgggggcaogyg
gcgggcgcect
aagcggggac
aggtagagca

caggaggcgt
ccgtgcacga
cgaaccgcct
ccgggcagca
gtcacgaggt
cgcggcatga
cggtcgagaa
cggccgacgt
ccggaccacg

tcggccgggt
cccgcgggcece

cgtccggecce
ccgccgccag

acaggactcc
actgccgggt
cgtacgacgt
gggcggtgag
cgtgcgggcce
tctcctgege
actcttcgat
tccccaccgt

ggcgggtggyg
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FEATURES
gene 13627..15168
/gene="moeHS5"
CDS 13627..15168

/gene="moeH5"

/note="putative amidotransferase subunit 2"

/codon start=l

/transl table=11

/product="MoeH5"

/protein_id="ABJ90159.l"

/db xXref="GI:116247589"
/trgnslation="MTVRRPAASAPRVLLTAGPDGVRVEGDGEARLGHPLTGDHLDPG
PPRAEGVFAGWRWDGERLVARNDRYGVCPLFYRAGGGSLALSPDPLALLPEDGPVELDH
DALAVFLRTGFFLAEDTAFAQVRALPPAATLTWDTGGLRLRSDGPPRPGAALMTEAQR
VDGEFVDLFRASVARRLPGEPYDLPLSGGRDSRHILLELCRRGAPPRRCVSGAKFPPDP
GADARVAAAILAGRLGLPHTVVPRPRSQFRAELAATLPAQGMTTLDGAWTQPVLAHLRRH
SRISYDGLGGGELVQNPSVEFIRANPYDPADLPGLADRLLAASRTGPHVEHLLSPRTN
ALWSROAARRRLVTELARHADSASPLSSFFFWNRTRRSISAAPFALGDGRVLTHTPYL
DHALFDHLASVPHRFLVDGTFHDRALHRAFPEHADLGFASSVPQRHGPVLVAHRLAYL
LRFLAHATVVEPGWWRGPDRFLQRLLAAGRGPGAPQRVSRLOPLALYLLQLEDLAVRR
ARRRE"
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www.ncbi.nlm.nih.gov/nuccore/DQIE8994 .1 [3 - naked yoga movement e A

nyces ghanaensis putative trans..
13081 gggcccggac cggccacggg tgatcatCtt ctccaaccgc ggcggggaca cctaccccga 7
13141 gctggtgcgg cgcctcgeccg accgccaccc cggcatcgac ctcgtcttcg tcggctacgg
13201 cgacccggag ctcgcccgcc gcaccgectgc ggtcgggcgg ccccactggc ggttccacag
13261 cgtcctcggc cagagcgagt acttcgacta catccggcgt gocctcccggt ccaggtacgg
13321 gctcctcgtc tcgaaggcecgg ggcccaacac caccctggag gcecggcocctact tcggcatacce
13381 ggtcctgatg ctcgagtcgg ggctgcccat ggagcecggtgg gtgccgggac tgatccacga
13441 ggaggggctg ggccacgcct gcgccacccc cgaggagctg ttccgcacgg cggacgactg
13501 gctgacccgc ccgtcggtga tcgaggtgca caagaaggcc gcecggtctcct tcgccgcttce
13561 cgtactggac caggacgcgg tgacggccag gatcaaggcc gccctccagc ccctgcectgga

/product="MceH5:—
14461 /protein_id=" ABJ
IEXFEMCcgggccaacc cctacgaccc cgcggacctg cccggcctgg cggaccggtt goctggceccgeg /db xref="GI:116247589"

14581 /translation="MIVRRPAASAPRVLLTAGPDGVRVEGDGEARLGHPLTGDHLDPG
14641 PPAEGVFAGWRWDGERLVARNDRYGVCPLFYRAGGGSLALSPDPLALLPEDGEVELDH
14701 ggctccgtt DALAVFLRTGFFLAEDTAFAQVRALPPAATLTWDIGGLRLRSDGPPRPGAAAMTERQA

B tga cogtcogeog cooggoogey toogotCone Goptocteet gaccgeggu
13681

13741

13801

13861

13921

13981

14041

14101 TR

14161 P

19221 e
15281 el

14341 s

18401 -

14761 VDGFVDLFRASVARRLPGEPYDLPLSGGRDSRHILLELCRRGAPPRRCVSGAKFPEDP
14821 GADARVARRLAGRLGLPHTVVPRPRSQFRAELAALPAQGMTTLDGAWTQPVLAHLRRH
14881 SRISYDGLGGGELVQNPSVEFIRANPYDPADLPGLADRLLAASRTGPHVEHLLSPRTN
14941 ALWSRQAARRRLVIELARHADSASPLSSFFFWNRTRRSISAAPFALGDGRVLIHTPYL
15001 DHALFDHLASVPHRFLVDGIFHDRALHRAFPEHADLGFASSVPQRHGEVLVAHRLAYL
15061 LRFLAHATVVEPGWWRGPDRFLQRLLAAGRGPGAPQRVSRLQPLALYLLQLEDLAVRR
EEIE S cCocagttag aggacctege cgtccgaagg geccgecgec ggccgtagi bR il ARRRE"
gccgcagacc cccacttcac gagacatcag ccgcagggec cagaaggagc acatcgceatg

15181
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complete sequence; putative TetR family regulator, putative
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Streptomyces ghanaensis putative transmembrane protein and putative
transcriptional regulator genes, complete cds; moe gene cluster 1, complete
sequence; putative TetR family regulator, putative hydrolase, hypothetical protein,
and putative dehydrogenase genes, complete cds

GenBank: DQ988994 1
GenBank Graphics

>gb|DQ9E8E994.1]|:13627-15168 Streptomyces ghanaensis putative transmembrane
protein and putative transcriptional regulator genes, complete cds; moe gene
cluster 1, complete sequence; putative TetR family regulator, putative
hydrolase, hypothetical protein, and putative dehydrogenase genes, complete cds
ATGACGGTICCGCCGCCCGGCCGCGTCCGCCCCCCGCGTICCTICCTGACCGCGGGCCCCGACGGGGTGCGCG
TGGAGGGCGACGGGGAGGCGCGCCTCGGGECACCCCCTCACCGGTGACCACCTGGACCCGGGECCCGCCGGE
CGRAGGCGICTITCGCCGGGTGGAGGTGGGACGGCGAGCGCCTGGTGGCCCGCAACGACCGCTACGGCGTC
TGCCCCCTCTTICTACCGGGCCGGCGGCGGCTCACTCGCGCTCTCCCCCGACCCGCTCGCCCTGCTGCCGE
AGGACGGGCCCGTCGAGCTGGACCACGACGCGCTCGCCGICTTICCTGCGGACGGGGTTICTICCTICGCCGA
GGRACACGGCCTTCGCACAGGTCCGCGCACTGCCCCCGGCGGCCACGCTCACCTGGGRACACCGGCGGGETE
CGGCTGCGGTCCGACGGGCCGCCGCGCCCCGGGGCCGCCGCGATGACCGAGGCGCAGGCGGTCGACGGET
TCGTCGACCTIGITCCGCGCCTICGGTIGGCCCGCCGGCTGCCCGGCGRAACCGTACGACCTGCCGCTCAGCGG
CGGCCGGGACTCGCGGCACATCCTGCTCGAGCTGTGCCGCCGCGGCGCACCGCCGCGGCGGTGCGTICAGC
GGCGCCAAGTTCCCTCCCGACCCGGGGGCCGACGCGCGCEGTGGCGGCCGCCCTIGGCGGGECCGEGGCTCGETC
TGCCGCACACGGTGGTGCCGCGCCCCCGTTCGCAGTTCCGCGCGGAGCTCGCCGCCCTGCCGGCCCAGGG
CATGACCACCCTGGACGGCGCGTGGACCCAGCCGGTCCTGGCCCACCTGCGCCGCCACAGCCGCATCTICE
TACGACGGTICICGGCGGECGGGGAGCTCCTCCAGRACCCGAGCGTIGGAGTTCATCCGGGCCRARACCCCTACG
ACCCCGCGGACCTGCCCGGCCTGGCGGACCGGTTGCTGGCCGCGAGCCGGACCGGCCCCCACGTGGAGCA
CCTGCTGAGCCCCCGGACGRAACGCCCTGIGGAGCAGGCAGGCGGCGCGGCGGCGCCTCGTCACCGAGCTE
GCCCGGCACGCCGACAGCGCCAGCCCGCTCAGTITCCTTICTICTICTGGAACCGGACCCGGCGCTCCATCT
CCGCGGCTCCGTITCGCCCTIGGGGGACGGACGGGTCCTGACGCACACCCCCTACCTCGACCACGCCCTICTT
CGACCACCTICGCCTCGGTIGCCGCACCGCTTICCTGGTCGACGGGACGTTCCACGACCGGGCGCTGCACCGE
GCCTTCCCCGAGCACGCGGACCTGGGGTTICGCCTCGTCGGTGCCCCAGCGGCACGGACCCGTIGCIGGTICE
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>gb|DQ9E8E994.1]|:13627-15168 Streptomyces ghanaensis putative transmembrane
protein and putative transcriptional regulator genes, complete cds; moe gene
cluster 1, complete sequence; putative TetR family regulator, putative
hydrolase, hypothetical protein, and putative dehydrogenase genes, complete cds
ATGACGGTICCGCCGCCCGGCCGCGTCCGCCCCCCGCGTICCTICCTGACCGCGGGCCCCGACGGGGTGCGCG
TGGAGGGCGACGGGGAGGCGCGCCTCGGGECACCCCCTCACCGGTGACCACCTGGACCCGGGECCCGCCGGE
CGRAGGCGICTITCGCCGGGTGGAGGTGGGACGGCGAGCGCCTGGTGGCCCGCAACGACCGCTACGGCGTC
TGCCCCCTCTTICTACCGGGCCGGCGGCGGCTCACTCGCGCTCTCCCCCGACCCGCTCGCCCTGCTGCCGE
AGGACGGGCCCGTCGAGCTGGACCACGACGCGCTCGCCGICTTICCTGCGGACGGGGTTICTICCTICGCCGA
GGRACACGGCCTTCGCACAGGTCCGCGCACTGCCCCCGGCGGCCACGCTCACCTGGGRACACCGGCGGGETE
CGGCTGCGGTCCGACGGGCCGCCGCGCCCCGGGGCCGCCGCGATGACCGAGGCGCAGGCGGTCGACGGET
TCGTCGACCTIGITCCGCGCCTICGGTIGGCCCGCCGGCTGCCCGGCGRAACCGTACGACCTGCCGCTCAGCGG
CGGCCGGGACTCGCGGCACATCCTGCTCGAGCTGTGCCGCCGCGGCGCACCGCCGCGGCGGTGCGTICAGC
GGCGCCAAGTTCCCTCCCGACCCGGGGGCCGACGCGCGCEGTGGCGGCCGCCCTIGGCGGGECCGEGGCTCGETC
TGCCGCACACGGTGGTGCCGCGCCCCCGTTCGCAGTTCCGCGCGGAGCTCGCCGCCCTGCCGGCCCAGGG
CATGACCACCCTGGACGGCGCGTGGACCCAGCCGGTCCTGGCCCACCTGCGCCGCCACAGCCGCATCTICE
TACGACGGTICICGGCGGECGGGGAGCTCCTCCAGRACCCGAGCGTIGGAGTTCATCCGGGCCRARACCCCTACG
ACCCCGCGGACCTGCCCGGCCTGGCGGACCGGTTGCTGGCCGCGAGCCGGACCGGCCCCCACGTGGAGCA
CCTGCTGAGCCCCCGGACGRAACGCCCTGIGGAGCAGGCAGGCGGCGCGGCGGCGCCTCGTCACCGAGCTE
GCCCGGCACGCCGACAGCGCCAGCCCGCTCAGTITCCTTICTICTICTGGAACCGGACCCGGCGCTCCATCT
CCGCGGCTCCGTITCGCCCTIGGGGGACGGACGGGTCCTGACGCACACCCCCTACCTCGACCACGCCCTICTT
CGACCACCTICGCCTCGGTIGCCGCACCGCTTICCTGGTCGACGGGACGTTCCACGACCGGGCGCTGCACCGE
GCCTTCCCCGAGCACGCGGACCTGGGGTTICGCCTCGTCGGTGCCCCAGCGGCACGGACCCGTIGCIGGTICE
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GenBank Overview

GenBank Resources

What is GenBank?

GenBank @ is the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (Nucleic Acids
Research. 2013 Jan:41(D1):D36-42). GenBank is part of the International Nucleotide Sequence Database Collaboration , which compRges
the DNA DataBank of Japan (DDBJ), the European Molecular Biology Laboratory (EMBL), and GenBank at NCBI. These three organizatio
exchange data on a daily basis.

Submission Types
Submission Tools

Search GenBank

The complete release notes for the current version of GenBank are available on the NCBI ftp site. A new release is made every two months. Update GenBank Records
GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from each release.

An example of a GenBank record may be viewed for a Saccharomyces cerevisiae gene.

Access to GenBank
There are several ways to search and retrieve data from GenBank.

e Search GenBank for sequence identifiers and annotations with Entrez Nucleotide , which is divided into three divisions:
CoreNucleotide (the main collection), dbEST (Expressed Sequence Tags), and dbGSS (Genome Survey Sequences).

« Search and align GenBank sequences to a query sequence using BLAST (Basic Local Alignment Search Tool). BLAST searches
CoreNucleotide, dbEST, and dbGSS independently; see BLAST info for more information about the numerous BLAST databases.

 Search, link, and download sequences programatically using NCBI e-utilities .

GenBank Data Usage

The GenBank database is designed to provide and encourage access within the scientific community to the most up to date and
comprehensive DNA sequence information. Therefore, NCBI places no restrictions on the use or distribution of the GenBank data. However,
some submitters may claim patent, copyright, or other intellectual property rights in all or a portion of the data they have submitted. NCBI is
not in a position to assess the validity of such claims, and therefore cannot provide comment or unrestricted permission concerning the
use, copying, or distribution of the information contained in GenBank.
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0 HykneotugHi nocnigoBHOCTI — y 6a3y, W0 BXOAUTDb
INSDC - GenBank, ENA, DDBJ

Q binkoBi — SWISSPROT

0 GenBank mae pi3Hi 3Hapapaa onsa oenoHyBaHHA:

Banklt — pna nogaHHA BiAHOCHO KOPOTKUX | MPOCTUX
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Ta iHWI (TYyT He po3rnNaAparTbhCs)

0 MNMopaHHA reHOMIB — OKpeMma icTopifa (amB. aani)

0 Mpu nogaHHi HYKNeoTUAHNX NOCNIAOBHOCTEN NOTPIOHO
3HaTU MiHiMyM iHdpopMauil Npo Hel, 30Kpema
rokanisauiro B Hin (KoopaunHatu) orf

Q Y pe3ynbraTi NogaHHA NOCNiAOBHOCTI MPUCBOKETbLCSA
Homep pgoctyny B GenBank
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MiHiMyMm iHcpopmauil Npo nocniaoBHICTb

- Poamip (y n.H.)

- Jlokanisauia orf (AKwWwo €)

- NMoxopxeHHs1 NoCcNifOBHOCTI (LLO CeKBeHyBanm —
XpoMocoMa, nnasmiga ToLo; 3 AKOro opraHiamy)

1 167

CTAAAGGGAACAAAAGCTGGAGCTCCACCGCGGTGGCGGCCGCTCTAGAACTAGTGGATCCGCAGGAAGCGAGAGCCCCCGGGCCTCCTATCCTGGGCGGGCGCGAA
CGGCTTCGGCCCGACGCGAACGACCGTAGGGGCAAAGGCCATCGGGGGATCGGTTCAGCATGGGCAAGGGCAAGGACAGCCAGGGGTACCCGGCGATGGAGGGCATA
CGGCCGCTCGTGACCGGTGACCCGGCGCGGATCGGGCCCTATCGGCTACTGGGACGGCTCGGTGCGGGCGGGATGGGCCGGGTGTACCTGGCCCGTTCGGCGGGCGG
GCGCACCGTCGCCGTGAAGGTGGTGCACGAGGAGCACATCGCGAACGGGGAGTTCCGGGCCCGCTTCCGTCGGGAGATCGAGGCCGCCCGCCGCGTCGGCGGGCGGT
ACACCGCTCCCGTGCTCGACGCCGACGCCGACGCCGAACGGCCCTGGGTGGCCACCGGCTACGTCCCCGGCCCCTCCCTCGAACAGGCCGTACGGGAGCACGGGCCG
CTGCCCGCCGCCTCGGTCAACGCCCTGGCCGAGGGGCTGTTGAGGGCCCTGCGCGGCATTCACGCCGCCGGGATCGTCCACCGGGACCTCAAGCCGTCCAACGTCCT
GCTCACCGTCGACGGCCCCCGCGTCATCGACTTCGGCATCGCCCGCGCGCTCCAGGTCTCCGTGGAGTCCCTGCTGACCAGTACGGGCATGGTCATCGGCTCTCCCG
GGTTCATGGCGCCCGAGCAGATCCTCGGCGAGGAGACCGGAGCGGGGGCGGACGTCTTCTCCCTCGGCTGTGTCCTGATGTACGCGGCCACGGGGCGGCTGCCGTTC
GGCGCCGGTGCGAGCAACCAGCACGCGGTGATGTTCCGGATCGTCCAGTCCCCGCCGGACCTCGACGCGGTGGAGGACGCCTCCCTGCGCGAGCTGATCGAACGCTG
CCTGACCAAAGCCGCCGCCGAACGCCCGGGAGTGGACGAGCTGGTGGGGTGCCTGGCGCCTGACCGGTCCTCGGACGCCTTGCGTGGTGCCTGGCTGCCGCCGGTGC
TCCTGGCCCGGCTGGCGCAGCAGTCGGCGCTGCTGCTCGACGCGGATGTTCCGGAGACCTCGGACGTACCGGCGCCTGTGCGGGCGGGGGGCGCCGAGGAGCCTGCT
TCTTCGGTTGTTCCTGAGGCTCCCGTTGTTCCTGAGGCTCCCGTGCCCGAGCCGCGTGACCTCGGTACGGTCGATCTGAGGCCGGCACCGGCGAAGGACGACGAGGC
GGGCAGCCTGTCACCGGACCCGGCCCCGGACCCGGACCCGGACTCTTCCCCGGCATCGGCATCGGCATCGGGCCCGGCCCCGGCCTTGTCCCCTGGTCCCGGAGGGG
GCTGGTGCCCGCCGGTGGCGGGCGGACCGGCCAGGGAAGTGGGCGTAGGCGCTCGTGCGTGGGTCGTCGCGGCAGTCGTCGTCGCCGTGCTGGCTGCCGGGGGCACC
ACCGCCTTCCTCAACCGCGGCCCGGGTGGCGCCGACCCCGGGGGCGGAGAGGCTGCCGCGCCGCCCGCCGCCAGTGACGGACCGTCCGGCGCCCCGTCCTCCCCGGC
CGGGGAGGACGACTCCAAGGGCAGCGAGAAGGACAAGGGCAAGGACAAGGACAACGGCAAGGAAGACGGGAAGGACAAGGAAGGTACAGAAGAGGAGCAGGGCGGAG
AGGACGGCGGCGACTCCGGCGGCGGGCAGAGCGACGGGGCCGGTTCCGGCGAGGGCGCGTCCTCGGGCGGAGGCGAGGGGGCCGGAGCTTCCGGCGGAGGCGGCACA
CAGGACGGGTCCGGCTCGTCCGGTTCGGGGGGCTCCGGCGGTGCCGCGAAGCCGCCCGCCCAGGACCCCGCCCCGGACGGCCGGGTGCCGCAGCAGTTCGTCGGGAC
CTGGTCCATCGCGTCCCAGTACGACGCCCTCCAGCCGCACACCGTGGTCATCCGGCGGGTGTCGCCCGGGCAGTCGGCGGTGACCCTCATCGCCGACGTCCAGGGGT
CGGGGCACTGCGAGTACACGGCGAAGCTCAGCTCCGTGGCGGACGGCGGGAACCGGATCAACGTCGGTACCGCCGTGGTGGACAAGGCCCGTTCCGGCGGGGTGTGC
CGCGACACCGACCCCTCGTTCTTCACCGTCGCCGGCTCCGGCATCCTGCACGACGTCGGGCCCGCCCACGGCAGCGGCTATCGCTACAACCGCGCCIGAGCGGGCCC
GTCACTCCGGAATCGACGGTCCGGAACCGGCCGACGTCCGACGCCCG 2 2 3 9

2294
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