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KEGG: Kyoto Encyclopedia of Genes and Genomes
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Antibiotic Resistance Threats in the United States (CDC, 2013)

A. Urgent threats

Al.
A2,
A3.

Clostridium difficile
Carbapenem-resistant Enterobacteriaceae (CRE)
Drug-resistant Neisseria gonorrhoeae

B. Serious threats

B1.
B2.
B3.
B4.
BS.
B6.
B7.
B8.

BO.

B10. Methicillin-resistant Staphylococcus aureus (MRSA)

Multidrug-resistant Acinetobacter
Drug-resistant Campylobacter
Fluconazole-resistant Candida (a fungus)
Extended spectrum beta-lactamase producing Enterobacteriaceae (ESBLS)
Vancomycin-resistant Enterococcus (VRE)
Multidrug-resistant Pseudomonas aeruginosa
Drug-resistant non-typhoidal Salmonella
Drug-resistant Salmonella enterica serovar Typhi
Drug-resistant Shigella

B11. Drug-resistant Streptococcus pneumoniae _ mm.,,.m,'ﬁ,fﬁsm mnmrs
B12. Drug-resistant tuberculosis A3 b '

C. Concerning threats
C1. Vancomycin-resistant Staphylococcus aureus (VRSA)
C2. Erythromycin-resistant group A Streptococcus
C3. Clindamycin-resistant group B Streptococcus




Mechanisms of Bacterial Resistance to Antibiotics

Mechanism

KEGG Module Examples

Target substitution M00625 Methicillin resistance
MO00651 Vancomycin resistance, D-Ala-D-Lac type
Altered target Altered target _ MO00652 Vancomypin resistar)ce, D-Ala-D-Ser type
site Tartget protection MO0729 Fluoroqum_olone resistance, Qnr
MO00722 CAMP resistance, PmrC
Cell surface alteration MO00725 CAMP resistance, ditABCD operon
M00726 CAMP resistance, MprF
Enzvmatic Hydrolysis MO00627 beta-Lactam resistance, Bla system
ina c§[/iv ation M00628 beta—Lactqm resistance, AmpC system
or modification M00744 CAMP re5|s_tance_, PgtE
Group transfer MO0760 Erythromycin resistance, MphA
Decreased : : MOO0745 Imipenem resistance, repression of porin OprD
penetration Repression of porin MO00746 Multidrug resistance, repression of porin OmpF

RND efflux system

Increased efflux

MO00718
MO00639
MO00645
MO00646
MO00647
MO00645
MO00646
MO00647

Multidrug resistance, efflux pump MexAB-OprM
Multidrug resistance, efflux pump MexCD-OprJ
Multidrug resistance, efflux pump SmeABC

Multidrug resistance, efflux pump AcrAD-TolC
Multidrug resistance, efflux pump AcrAB-TolC/SmeDEF
Multidrug resistance, efflux pump SmeABC

Multidrug resistance, efflux pump AcrAD-TolC
Multidrug resistance, efflux pump AcrAB-TolC/SmeDEF

non-RND efflux system MOO0737 Bac!trac!n res!stance, VraDE transporter

(ABC family) MOOQ738 Bacitracin resistance, BceAB transporter
MO0708 Multidrug resistance, PatAB transporter

(MES family) MOO0704 Tetracycline resistance, efflux pump Tet38
MO0701 Multidrug resistance, efflux pump EmrAB

(MATE family) MOO0705 Multidrug resistance, efflux pump MepA

Imorovement of MO00743 Aminoglycoside resistance, HtpX

Others P MO00727 CAMP resistance, AmiA and AmiC

membrane integrity

MOO0754

Nisin resistance, LiaH
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Drug groups of beta-lactam antibiotics

Class

Drug

Remark

pu
O/

DGO1710

O
DE01713

oo

Penam (DG01480)

Ampicillin (DGD0517), Pivampicillin (DG00518), Carbenicillin (DG00519), Amexicillin (DG00520), Carindacillin
(DG00521), Bacampicillin (DG00522), Epicillin (D04020), Pivmecillinam (DG00523), Azlocillin (DG00524), Mezlocillin
(DG00525), Amdinocillin (DO2888), Piperacillin (DG0OD526), Ticarcillin (DG00527), Metampicillin (DG00528),
Talampicillin {DG00529), Sulbenicillin {DGO0530), Temocillin (DG00531), Hetacillin (DGO0532), Aspoxicillin (DG00533)

Extended spectrum
(DG01780)

Benzylpenicillin (DGO0534), Phenoxymethylpenicillin (DGO0535), Propicillin (DGO0536), Azidocillin {(DGO0D537),

beta-Lactamase sensitive

Pheneticillin {DGO0538), Penamecillin (D05406), Clometocillin (DG00539) (DGO1778)
Dicloxacillin (DG00540), Cloxacillin {DGO0541), Meticillin (D02196), Oxacillin (DG0O542), Flucloxacillin (DGD0543), beta-Lactamase resistant
Nafcillin (DGD0544) (DGO1779)

Sulbactam (DG00545), Tazobactam (DG00546), Sultamicillin (DG00547)

beta-Lactamase inhibitor
(DG01479)

Carfecillin (DG00443), Lenampicillin (DG01432), Tobicillin {(D01214), Ciclacillin (D01334), Apalcillin (DD2415),
Fumexicillin (D04270), Levopropylcillin (D04719), Penamecillin (D0O5406), Pirbenicillin (D05494), Piridicillin (D05496),
Sarmoxicillin (DO5805), Sarpicillin {DO5806), Suncillin (D05974), Thiphencillin (D06113)

Penem (DG01486)

Faropenem (DGO0594), Sulopenem (DG01213)

Meropenem (DG00591), Ertapenem (DG00592), Doripenem (DG0O0593), Biapenem (D01057), Imipenem (DG01212),

Cerbapenem Panipenem (D01048), Lenapenem (D01058), Tomopenem {D09022), Tebipenem (D09598), Razupenem (DDI658),
(DG01458) .
Ritipenem (D09849)
Clavam . ) beta-Lactamase inhibitor
(DG01487) Clavulanic acid (DG01261) (DG01479)
Cefalexin {DGO0548), Cefaloridine {D01075), Cefalotin (DG005489), Cefazolin (DG00550), Cefadroxil (DGO0551), First-generation
Cefazedone (D07237), Cefatrizine (DGO0552), Cefapirin (DG00553), Cefradine (D0O0D264), Cefacetrile (DGO0554), (DGD??N}
Cefroxadine (DGO0555), Ceftezole (DGO0556)
Cefoxitin (DGO0557), Cefuroxime (DGO0558), Cefamandole (DGO0559), Cefaclor (DGO0560), Cefotetan (DGO0561), Second-generation
Cefonicid (DG00562), Cefotiam {DGO0563), Cefmetazole (DGO0565), Cefprozil (DGO0566), Ceforanide (D0O0259), (DGDI??S}
Cefminox (DG00567), Cefbuperazone (DGO0O568)
Cefotaxime (DGO0570), Ceftazidime (DGO0571), Cefsulodin {(DGO0572), Ceftriaxone (DGD0573), Cefmenoxime
Cephem (DGO0574), Ceftizoxime (DG0O0576), Cefixime (DGO0577), Cefodizime (DGO0O578), Cefetamet (DG00579), Cefpiramide |Third-generation
(DGO01488) (DGO0580), Cefoperazone (DGO0581), Cefpodoxime (DGO0D582), Ceftibuten (DGDO583), Cefdinir (D0O0917), Cefditoren ((DGO1776)
/EO (DG00584), Cefcapene (DG00585)
. . Fourth-generation
O/ N Cefepime (DGD0586), Cefpirome (DG0O0587), Cefozopran (DGOOSEE) (DG01777)
D017 4 Cefaloglycin {DG01205), Cefoselis (DG01206), Cefpimizole (DG0O1207), Cefteram (DG01208), Ceftobiprole (DG01209),
Ceftolozane (DG01210), Cefuzonam (DG01211), Cefquinome (DG01433), Ceftiofur (DG01434), Cefluprenam
(D01054), Cefovecin (D01681), Cefmatilen (D0D1961), Cefaparole (D03421), Cefazaflur (D03422), Cefetecol (D0D3425),
Cefazedone (D07237), Cefalonium (D07634), Ceftaroline (DOBEB4)
Second-generation
Flomoxef (DGO0569
Oxacephem ( ) (DGO1775)
(DG01459) Third-generation
Latamoxef (DGO0O575) (DG01776)
Carbacephem Second-generation
(DGO1711) Loracarbef (DG0D0554) (DGO1775)
N
Q \’:‘N .0 |Monobactam I
O/ O’,Sfo (DG01454) Aztreonam (DGO0589), Carumonam (DGE00590), Oximonam (DG01263)

Di301454




Antimicrobial resistance gene variants
Represented by tight KO’s

Gene Class KO Name Level Drug group (incomplete)
K18698 beta-lactamase class A TEM B1,B4,B6
K18699 beta-lactamase class A SHV B4 .
K18767 beta-lactamase class A CTX-M B4 f;:fgffg;f’ﬁfg::}Taif;’r:aé%sggm 9
2b K18796 beta-lactamase class A LAP
K18797 beta-lactamase class A PER Bl
K19097 beta-lactamase class A VEB B1,B4
A K19317 beta-lactamase class A BEL
K18768 beta-lactamase class A KPC A2,B6 Carbapenem (DG01458)
2f K18970 beta-lactamase class A GES B4
K19316 beta-lactamase class A IMI/SME
K18795 beta-lactamase class A CARB-1 B4 Carbenicillin {DGO0519)
2c K19218 beta-lactamase class A CARB-5 Carbenicillin {DG00519), Fourth-generation cephalosporin (DGO1777)
K19217 beta-lactamase class A CARB-17
K18790 beta-lactamase class D OXA-1 Ba
K18791 beta-lactamase class D OXA-2
beta-lactamase K19098 beta-lactamase class D OXA-9
K18792 beta-lactamase class D OXA-10 Bl,B6
[EC3526] K19213 beta-lactamase class D OXA-12
K18793 beta-lactamase class D OXA-23 Bl Carbapenem (DG01458)
?ﬁ%"‘ammase K18971 beta-lactamase class D OXA-24 Bl  Carbapenem (DGO1458)
D 2d K19209 beta-lactamase class D OXA-42
K18976 beta-lactamase class D OXA-48 A2 Carbapenem (DG01458)
K18973 beta-lactamase class D OXA-50 B&
K18794 beta-lactamase class D OXA-51 Bl Carbapenem (DG01458)
K18972 beta-lactamase class D OXA-58 Bl Carbapenem (DG01458)
K19210 beta-lactamase class D OXA-61
K19211 beta-lactamase class D OXA-62 Carbapenem (DG01458)
K19212 beta-lactamase class D OXA-63
K19095 beta-lactamase class C CMY-1 B4
K19096 beta-lactamase class C CMY-2 Ba
c1 K19100 beta-lactamase class C DHA B4

K19101 beta-lactamase class C FOX
K19214 beta-lactamase class C ACC
K19215 beta-lactamase class C ACT/MIR
K18782 metallo-beta-lactamase class B IMP B&
K18781 metallo-beta-lactamase class B VIM B&
B 3 K18780 metallo-beta-lactamase class B NDM B1,B4 Carbapenem (DG01458)
K19099 metallo-beta-lactamase class B GIM Ba br08451
K19216 metallo-beta-lactamase class B IND


http://www.kegg.jp/kegg/disease/br08451.html

Antimicrobial resistance gene variants
Sequence data collection as part of KEGG GENES Addendum
beta-Lactamase genes

FASTA sequence for: Class A Class D Class C Class B
Phylogenetic tree for: Class A Class D Class C Class B

Class Al (excluding TEM and SHV) br08453
Gene PubMed GenBank KEGG Length KO Comment
TEM-1 358200 101749 ag:455370 286 K1B698
TEM-2 1650734 X54606 ag:21998651 2B6 K18698
TEM-3 3316146 X64523 ag:43798 286 K1B698
TEM-4 25691645 LK391770 ag:762209863 2B6 K18698
TEM-6& 1665171 ¥57972 ag:41817 286 K1B698
TEM-8 1416873 X65252 ag:296952 2B6 K18698
TEM-10 9989337 AF093512 ag:3B851588 286 K1B698
TEM-11 15857942 AYBT74537 ag:58200709 2B6 K18698
TEM-12 1329636 MEB143 ag:149169 286 K1B698
TEM-13 2073111 ag:2073111-1 2B6 K18698 Sequence is derived from TEM-1 according to Table 3.
TEM-15 18245789 AMB49805 ag:161016657 286 K1B698
TEM-16 1416873 X65254 ag: 296956 2B6 K18698
TEM-17 10681352 Y14574 ag:6273434 286 K1B698
TEM-18 2073111 ag:2073111-2 2B6 K18698 Sequence is derived from TEM-1 according to Table 3.
TEM-19 2073111 ag:2073111-3 286 K1B8698 Sequence is derived from TEM-1 according to Table 3.
TEM-20 10103213 Y17581 ag:3282024 2B6 K18698
TEM-21 ?g?g;ﬂa AF052748 ag:2970695 2B6 K18698
TEM-22 10103213 Y17583 ag:3282028 2B6 K18698
TEM-24 1416873 X65253 ag:296954 286 K1B8698
TEM-25 7840586 ag:7840586-1 286 K18698 Sequence is derived from TEM-1 according to Table 1.
TEM-26 1416892 ag:1416892-1 286 K1B8698 Sequence is derived from TEM-1 according to Table 3.
TEM-27 7726515 ag:7/726515-1 286 K18698 Sequence is derived from TEM-1 as described in the abstract.
TEM-28 8787920 37195 ag:1045659 286 K1B8698
TEM-29 10103213 Y 17584 ag:3281932 2B6 K18698
TEM-30 2300’ |w437107  |ag:25900617 286 K18698
TEM-31 ggg;;;% ag:B067742-1 2B6 K18698 Sequence is derived from TEM-1 as described in the abstract.
TEM-32 B257123 ag:B257123-1 2B6 K18698 Sequence is derived from TEM-1 as described in the abstract.
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Carbapenem-resistant proteobacteria

Grp Genus Species K18768|K18793|K18971 K18976|K18794|K18972|K19211|K18780
B.Gam|Escherichia |Escherichia coli
B.Gam|Enterobacter |[Enterobacter cloacae
B.Gam ) Klebsiella pneumoniae
B.Gam Klebsiella Klebsiella oxytoca
B.Gam|Citrobacter |Citrobacter freundii
B.Gam Pantoea Pantoea sp. PSNIH1
B.Gam Pantoea sp. PSNIHZ2
B.Gam Providencia Providencia stuartii
B.Gam Providencia rettgeri
B.Gam | Raoultella Raoultella planticola
B.Gam|Pseudomonas|Fseudomonas aeruginosa
B.Gam Acinetobacter oleivorans
B.Gam Acinetobacter baumannii
B.Gam Acinetobacter calcoaceticus
B.Gam| Acinetobacter pittii
B.Gam Acinetobacter Acinetobacter bereziniae
B.Gam Acinetobacter junii
B.Gam Acinetobacter Iwoffii
B.Gam Acinetobacter sp, M131
B.Gam Shewanella oneidensis
B.Gam Shewanella Shewanella sp. MR-4
B.Gam Shewanella sp. MR-7
B.Gam Shewanella sp. ANA-3
B.Bet Pandoraea Pandorasa pnomenusa
B.Bet Pandoraea sp. RB-44

A2. Carbapenem-resistant Enterobacteriaceae (CRE)
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http://www.kegg.jp/kegg/disease/pathogen_checker.html
http://www.kegg.jp/medicus-bin/select_drug?lang=en
http://www.kegg.jp/blastkoala/
http://www.kegg.jp/medicus-bin/select_drug?lang=en

. Y
@ BlastKOALA New service by KEGG for

T ? § | K[cc genome annotation

| Query Data Input

P

BlastkOALA GhostKOALA Annotate Sequence Pathogen Checker

Kbc KEGG Pathogen - Pathogen Checker

Cancer Cancer Mapping Pathogen Pathogen Checker

Pathogen Checker

Pathogen Checker is a new tool under development in KEGG for checking if any drug resistance genes ar
gene sets are present in the pathogen genome.

The following interface is a very preliminary version, which examines only a limited set of KEGG signatures
for beta-lactamases. Upload amino acid sequences of protein-coding genes in FASTA format.

Enter FASTA sequences:

Example:
Upload oxa_sequence.txt

Or upload file: 77 LEEBIF 77 ILEER
Database to be searched: '+ beta-lactamases only

Exec Clear

http://lwww.kegg.jp/kegg/disease/pathogen_checker.html
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KEGG/GenomeNet Feedback Form
Jj
4

Please use the form below to send your question or comment to KEGG and GenomeNet. Please enter
information in all fields. (Japanese characters accepted)

Name: Email address:

(a copy will be sent to you as well)
Affiliation:

Category:

(_KEGG (all databases) KO 0)%& 18,820
(JKEGG tools (BlastKOALA, KEGG Mapper, KEGG API, etc.) PubMed 75§56:E,0) 14,193 (75%)

(_GenomeNet tools (BLAST/FASTA, MOTIF, CLUSTALW, KAAS, SIMCOMP, etc.)

( Copyright permission [ KEGG license (_Other \ EE;IJ U )7%%6 :FJO) 8,017 (43%)

[+ Gene function annotation

As of July 6, 2015

Gene name: RERMICHEONTERF-F2V/\VED
KeoG 10 HeElEHRiRHEzHSMLOL TS

PubMed ID:

\Comment: Y,




