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AlEdandar Haward
Fleming Florey

Hobenesckaa npemusa no déusmonornmn n megmumHe 1945 r.
«...3a OTKPbITUE NEHUUUNNNNHA U ero uenebHoro Bo3aencTams
NPW Pa3/INYHbIX MHOEKLUMOHHbIX BoNe3HAX.»



1941 r. — neHUUMNANHbI (BeH3MNNEeHNLUNNUH)
1948 r. — uedanocnopmHbl

CepeaunHa 1980-x rr. — KapbaneHembl U MOHODAKTaMbl

Okono 2/3 Bcex HazHaYeHUM aHTUOMOTUKOB NPUXOAMTCA Ha 3-NaKTaMbl
(naHHble NnpoekTa ARPAC —Antibiotic Resistance Prevention and Control)
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CxemaTtnyHoe M306pa>|<eHme nenTnaornmKkaHa



[NonuncaxapvaHas ocHoBa NenTuAornMKkaHa
CH,OH

] MyDeuH
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AMWHOKUCIIOTHBIXA COCTaB NeHTanenTnaoB nenTuaorinkaHa

@D

1 L-Ala, Gly, L-Ser

I

2 D-Glu , D-GIn ,Tpeo-3-rugpoKcurnyTaMmMHoBas KucnoTta
Mezo-Azpm, L-Lys, L-Orn, D-Lys, LL-Azpm, amuanposaHHas Me30-Azpm
Me30-NaHTUOHKWH, L-romocepuH, L-Ala, L-Glu, L-5-ruapokcunmsanH
D-Ala

- A

p-Ala, D-Lac, D-Ser

W.Vollmer. Pepetidoglycan. — Mol.Med.Microbiol., 2015, v.1, p.105-124.



Buabl nenTuaHbIX CBA3en Mexay Lensimy nonncaxapuaos
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P. Schumann. Pepetidoglycan structure. — Meth.Microbiol., 2011, v.38, p.101-129.



Cxema pepMeHTaTUBHOIO rmaponmaa nenTugHom CBA3n
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MexaHM3M CMHTe3a NenTUaor/InkaHa nog, AenNcTBmem
TpaHcnenTtnaas (TPase)
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MexaHu3m HeobpaTMMOU MHAKTMBALUMKM TPaHCNeNTnAa3
B-nakTamHbIMK aHTMOMOTUKamK. Obpasytowmnca aumnpepmeHT
He noaBepraeTca rmapoamnsy.



EeTa-nakram, aHTHOMOTHE

s ro T

COOH

CepWHoBan CepHHOEAR
GeTa-nakraraza BeTa-nakTamaza Bera-nakTamaza

MexaHusm rugponunsa B-nakrtamHbIX aHTUOMOTUKOB CEPUHOBLIMM
B-nakTamaszamu

EC 3.5.2.6 — neHnymnnanHaszsa
EC 3.5.2.8 - yuedanocnopmHasa



Knaccnoumkaumsa B-nakramas (Bcero 4 knacca, 16 rpynn, 6onee 2000 pepmeHTOB,
http://www.lahey.org/Studies/template.asp/)

Moneky- OCHOBHbIE
g MwukpoopraHnambl — JTlokanunsauwms [MpegnoyTuTeneHble
[pynna| nspHbIN npencTasu-
«Xo3seBa» reHa cybeTpartbl
Knacc Tenu
(pamoTpuuaTenbHble
P prtl XpPOMOCOMbI, |uedranocnopuHbl I—IlI AmpC,
bakTepun (B OCHOBHOM, . y
1 C N peako NOKOMNMEHUN; B MEHbLLEWN ACT-1
CEMENCTBO
. nnasmuabl cTeneHn NeHNLUNInHbI CMY-2
Enterobacteriaceae)
uedganocnopuHsl I—III
XPOMOCOMB!, o
1e c E. cloacae DEAKO NOKOMeHun, GC1
P. aeruginosa NnpPenMyLLeCTBEHHO CMY-37
nnasmmabl
uedrasnagnm
pamnonoxuTencHble NPUPOAHbIE U
2a A baktepun Staphylococcus |nnasmuapl NONyCUHTETUYECKME PC1
spp. n Bacillus spp. NEeHUUUNINNHBLI
NEHULUMNINHBI, BKIOYas
aMNULUMITIVH,
pamoTpuuatensHble
nnasmuasbl, aMOKCULUITIINH, TEM-1
bakTepun (B OCHOBHOM,
2b A - penko TUKaPLUUNIIVH, TEM-2
CeMEMCTBO XpOMOCOMbI  |LedranocnopuHbi | SHV-1
Enterobacteriaceae)
NMOKONMEHUA U
LedonepasoH
uedanocnopuHsl -1V
[(pamoTpuuaTenbHblie NOKONEHUN U
62KTepl/?M IE"B OCHOBHOM rnasmnael, MOHObBaKTambl Hapsay ¢ TEM-3
2be A CEMENCTBO | |peaxo PaHHUMK ’ SHV-2
XPOMOCOMBb CTX-M-15

Enterobacteriaceae)

uedhanocnopmvHamm u
NeHUUUNIIMHaMK
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CTpYKTYpa 6—aMMUHONEHULUMNANAHOBOMN KMCNOoTbl (R = H)



[MpnpogHble NEHULUANNHDI

beH3nnneHNUMNANH
O (neHnunnnmnH G)
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(neHnumnnnnu V)



N30KcaszonneHUnumAnuHbl (OKCauUIINH,

KNIOKCAUUNAUH, GNYKNOKCAUUNNNH, METULUI/IVH, o)
HAaPUUNINH, ANKNOKCALUUATINH). CH,
—I
Y3KO BblparKeHHasa aHTUCTaPUNOKOKKOBAA \
O

aKTUBHOCTb. B oTHOWeEHUU apyrmx baktepum N—

dKTUBHOCTU HE NMPOABIAKOT
OKCauunnInH

NH,

AMMWHONEHULUUANUHDBI (aMOULUANNH,

aMOKCULUUANNH, TaNaMONLUUANUH, BaKaMNULUUAINH,

NMUBaMNUUUNANH). [peBOCXoaAAT NPUPOAHbIN O
aHTUOMOTUK NO AaKTUBHOCTU N KNCNOTOCTOMKOCTU. He

B/IMAIOT Ha CUHETHOWHYI0 Nanouyky (P.aeruginosa). amnmnLAnInH



HO O

KapboKkcnneHnuunnumHol
(KapbeHUUUNNUH, TPUKAPLUUIAWH,

KapdeunnnmH, KapuHAAUUNINH) 0
KapbeHnunnanH

/\\ H O
1 ypeuaoneHUUUANUHDI (3a3N0LUNNUH, HN\/N ,L
ME3NoUMNNTUM, NUNEePaUNNINH) OTHOCAT / Y
K npenapaTam pacllMpeHHOoro cneKkTpa O O
NEencTBUSA, a TOM YMCNe aKTUBHbIM NPOTUB
CMHErHOMHOW NAN0YKMW.

a3NoUMNNNH

AMuamHoneHNMUMAANHbI (aMIAUHOLMUNNIUH,
NMMBaAaMANHOUUNNNH, BaKaMAUHOLUMUNIUH,
aunMaouUnNanH). Y3Kaa akTUBHOCTb MO OTHOLLEHUIO K N\/

rpam-oTpuLaTeNIbHbIM BaKTEPUAM.
NMMBAaMUANHOLMANUH



LledpanocnopuHbl
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CTpyKTypa 7-amnHouedanocnopaHosomn kucnotol (R, R, = H)



LledpanocnopuHbl nepBoro nokoseHua (LedbanotuH, uepanopuamH,
uedaneKkcuH, uepanornmumnH, uedpasonunH, uepanpuH v ap.).
[1eMOHCTPUPYIOT BbICOKYIO aHTMOaKTEPMaIbHYHO aKTUBHOCTb MO OTHOLLEHUIO
K E.coli v Klebsiella pneumonia. HeaktuHbl npotne Pseudomonas.

LlepanocnopurHbl BTOPOro noKoneHma (Ledpypokcmm, LePoKCUTHUH,
uedaknop, uebaapokcun, uebamaHaon n ap.). bonee akTMBHbLI MO
OTHOLLEHUIO K Frpam-oTpuuaTenbHbliM BaKkTepmam, BKaoYaa Proteus spp. v
Enterobacter spp.

LlepanocnopuHbl TpeTbero noKoneHunsa (MmunHouedanocnopuHbl —
uedoTakcum, uedtazngmm, uedponepasoH, LePpTU3oKCMM, LLeCyN0aNH,
uedpTpmnakcoH u ap.). NMosblleHHaA aHTUBaKTepUabHYIO aKTUBHOCTb
MO OTHOLLUEHUIO K LULMPOKOMY Kpyry MUKpPObOOB.

LledanocnopuHbl yerBepToro (uedunum, uedpmnpom) n NAToro
(uedTobUNpon, uedtapounH, uedToN03aH) NOKoNeHUM - BBeaeHue B C(3)
NoNOXeHne UMUHoLUEdaNO0CNOPMHOB reTEPOLUKANYECKUX 3aMeCTUTENEN C
4eTBEPTUYHbIM aMMOHMMUHbIM a30TOM, YTO NMPMBENO K elle bonbluemy
yBEeNNYEHNIO BUONOTMYECKOM aKTUBHOCTU coeaNHEHUN, 0COOEeHHO B
OTHOLLUEHUU FPaM-OTpULLaTeNbHbIX BaKkTepun.
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CTpyKTypHOe A4p0 aHTUbaKTepmnasibHO
aKTUBHbIX NPOU3BOAHbIX KapbaneHema
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B-/TakTamasbl pacwmpeHHoro cnektpa — bJ/1PC

Knacc A, noarpynna 2be, TEM-tun. TEM-1 — 288 ao
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[onoxeHna mytaumm y 3-naktramas TEM-tuna (6onee 200 BapmaHToB, oT 1
N0 7 eAMHNYHbIX 3aMEH, HyMepaLKna aMUHOKUCAOT NO aMUHOKUC/IOTHOM

nocnegosatenoHoctn TEM-1 3-naktama3sbl). 3a BJ/IPC oTBevatoT myTaumm B
nonoxenunax 104, 164, 238, 240.

V.Grigorenko, M.Rubtsova, |.Andreeva, D.Shcherbinin, A.Veselovsky, O.Serova,
M.Ulyashova, l.Ishtubaev, A.Egorov. Mutual influence of secondary and key
drug-resistance mutations on catalytic properties and thermal stability of TEM-type
B-lactamases. — FEBS Open Bio, 2018, v.8, p.117-129.



HeobpaTumble MHaKTMBaTOPbI B-nakTamas
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NHrmMbuTtopo3almileHHble NeEHULUANINHDI - Bonee NoNoBUHbI
Ha3HayYeHW Bcex NeHULUUAINHOB B eBPOMNEMNCKNX roCnuUTansax



45

NMHrnbutopopesmncteHTHble (UP) 3-naktamasbl
Knacc A, nogrpynna 2be, TEM-tun. TEM-1 — 288 ao
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[MonoxeHua mytaumn y B-naktamas TEM-tmuna (6onee 170 BapunaHTos, oT 1
N0 7 e AMHUYHbIX 3aMeH, HYMepaLuua aMUHOKUCAOT MO aMUHOKUC/IOTHOM
nocnegosatenoHoctn TEM-1 [B-naktamasebl). 3a P oTBevatoT myTaumm B
nonoxeHumax 69, 130, 244, 275, 276.

V.Grigorenko, M.Rubtsova, |.Andreeva, D.Shcherbinin, A.Veselovsky, O.Serova,
M.Ulyashova, l.Ishtubaev, A.Egorov. Mutual influence of secondary and key
drug-resistance mutations on catalytic properties and thermal stability of TEM-type
B-lactamases. — FEBS Open Bio, 2018, v.8, p.117-129.



OHK-mukpouunnoi

AHK-mukpoyun
HOCUTenb C UMMOOMIIU3OBAHHbLIMM
OJINTOHYKINneoTnagHbIMN 30HAAMU
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BuideneHue Amnnuoukayusi lNubpudusayus Ha P £;JT::1L;Z‘706
7 2eHa C eKJIloHeHuUeM HK-mukpo4une
6akmepuarsnbHoOU A P a2ubpudusauuu

AHK u3 obpa3ua Memku



CTpykTypHbiu anemMeHT JHK-Mukpouumna

OnuroHykneotua,

MeYeHHbI BUMOTUHOM
MMmMmobunamnsoBaHHbIN \
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CrpentasmauH
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Habop onnroHykn1eoTuaHbIX 30H408B

CGC CTT GAG AGT TGG GAA CCG

O Tpynn-cneuuduryecknin KOHTponb ana TEM

@ KoHTponb ummobunmsauum

Onpepenenue OHIN reHos TEM B-nakramas Ha
KOIIOpMMETpW-IECKMX AHK-mukpounnax
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CGC CTT GAG CGT TGG GAA CCG

CGC CTT GAG TGT TGG GAA CCG

CGC CTT GAG GGT TGG GAA CCG



Mukpoumnn cogeput 74 oNUTOHYKNEOTUAHDbIX 30HA0B ANA uaeHTUPUKaLum reHoB
TEM, SHV u CTX-M B-naktamas n 25 mytayumm B HuUX

MoanoxkKa: HanoH, 0,45 mKm

Pasmep uuna: 8 mm x 14 mm

Ovametp Toukn: ~ 400 um

Konunuecrso Touek: 246
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. KoHTpo/ib uMmobunmnsaumm
. MonoXUTENbHbIM KOHTPONb TMBPUAN3ALLUN
. OTpuLaTENbHBIM KOHTPOb TMBPUAMU3ALUN

(" 3oHAbI Ana naeHTUdMKaUmMm Tna B-naktamasb

3oHApbl Ans onpeaeneHunsa mytauuin B blaTEM

i 3oHAbl Ana onpeaeneHna mytaumuii B blaSHV

) 3oHAp! Ans onpeaeneHua mytaumm B blaCTX-M



Anpob6auua HK-mukpoumna Ha KNMMHUYECKUX LLITaMMaXxX
Enterobacteriaceae (n = 100)

(M.M.¥nsawoBa — gucc.kang.xum.Hayk, Mockea, 2011)

B/ZIPC- (n =10): B/Z1IPC+ (n = 90):
HE OBHAPY}KEHO 20 % SHV-5-like @ 0.9%
CTX-M-1-like S 10.0%
TEM-1-like 20% CTX-M-2-like |8 0.9%
CTX-M-9-like S 3.6%
SHV-1-like 10 % TEM-1-like + SHV-2-like 3 0.9%
. TEM-1-like + SHV-5-like STID 5.5%
TEM-1-like + SHV-1-like 50 %

TEM-1-like + CTX-M-1-like S 32.7%
TEM-1-like + CTX-M-9-like =00 2.7%
SHV-1-like + SHV-5-like S 4.5%
SHV-1-like + CTX-M-1-like S0 2.7%
TEM-1-like + SHV-1-like + SHV-2-like &) (.99
TEM-1-like + SHV-1-like + SHV-5-like [f9 0.9%
TEM-1-like + SHV-1-like + CTX-M-1-like ST 6.4%
TEM-1-like + SHV-1-like + CTX-M-9-like (S0 2 7%

SHV-2-like + CTX-M-1-like |@ 0.9% ™\
SHV-5-like + CTX-M-9-like QNI 2.7%
TEM-1-like + SHV-2-like + CTX-M-1-like @B 1.8%
TEM-1-like + SHV-2-like + CTX-M-2-like g 1.8%
TEM-1-like + SHV-5-like + CTX-M-1-like EEEED 4.5%
TEM-1-like + SHV-5-like + CTX-M-9-like @ 0.9%
SHV-1-like + SHV-2-like + CTX-M-1-like @ 0.9% >_.24,6% wrTammos
SHV-1-like + SHV-5-like + CTX-M-1-like @B 1.8% npoayumposanu 2 bJ/IPC
SHV-1-like + SHV-5-like + CTX-M-9-like @ 0.9%
TEM-1-like + SHV-1-like + SHV-2-like + CTX-M-1-like ‘gl 1.8%
TEM-1-like + SHV-1-like + SHV-2-like + CTX-M-9-like @ 0.9%
TEM-1-like + SHV-1-like + SHV-5-like + CTX-M-1-like GENEED 4.5%
TEM-1-like + SHV-1-like + SHV-5-like + CTX-M-2-like @ 0.9% _




Anpob6auua HK-mukpouuna Ha KnuHUYecKux wtammax P.aeruginosa,
A.baumannii w Enterobacteriaceae (n = 68)

(KO.WU.MNobonenosa — gucc.kang.xmm.Hayk, Mocksa, 2017)

YyBcTBUTENbHbIE K KapbaneHemam
n uedpanocnopmHam 3-4 nokoneHunA

(n=19)
i’ Noarpynna VIM-2
He oGHapyxeHo _ 14 et NDM

TEM-1 2

SHV-1 3 Noarpynnbi OXA-23 + OXA-51
Mogrpynnbl OXA-40 + OXA-51
Mogrpynnbl OXA-58 + OXA-51

Moarpynna CTX-M-1

Mogrpynna CTX-M-9

TEM-1-like + SHV-5-like

TEM-1-like + nogrpynna CTX-M-1

TEM-1-like + nogrpynna CTX-M-9

SHV-1-like + nogrpynna CTX-M-1

TEM-1-like + SHV-1-like + noagrpynna CTX-M-1

SHV-5-like + noarpynna CTX-M-9

TEM-1-like + SHV-5-like + nogrpynna CTX-M-1

TEM-1-like + SHV-5-like + nogrpynna CTX-M-9

SHV-1-like + SHV-5-like + nogrpynna CTX-M-9

TEM-1-like + SHV-1-like + SHV-5-like + noarpynna CTX-M-1
TEM-1-like + SHV-1-like + SHV-5-like + nogrpynna CTX-M-9

YcroumBble K KapbaneHemam (n=22)
nnu uedanocnoprHam 3-4 nokoneHna (n=27)

(2n=49)
1

B 12 obpasuax MaeHTMOULUMPOBaH reH

1 kapb6aneHema3sbl

B 10 o6pasuax
5 FMAEHTUGUUMPOBAHDI FeHbl
4 2X KapbaneHemas
O4HOBPEMEHHO

—

8
B 19 o6pazuax

MAEHTUULMPOBAHbI FEeHbI
1 B/1PC g

3

B 8 o6pasuiax
—  NOEHTUPHULLMPOBAHBI FeHbl

2x BJ1PC onHoBpemeHHO




DxcnpeccupyeMbie TeHbl B-1akrtamas K. pneumoniae mrtamm1 781
IpHY BhIpAIMBaHUM HA Pa3IMYHBIX aHTHOMOTHKAX

180

160 -

BN TEM
140 1 CTX-M

I SHV
120 [——1 NDM

100

60 -
40
20 I

0 =

bes antuOnoruka Iledrazuaum  MeporeHeM

dKTUBHOCTb, YCJ1.e.

Jlannbie 1r00e3H0 npeaoctaBieHsl M. FO.Pyonosoi, Xumuueckuit pakynsrer MI'Y



B Endemic spread of KPC producers
= Sporadic spread of KPC producers
] KPC recorded

| Not recorded

Lee C.R., Lee J.H., Park K.S., Kim Y.B., Jeong B.C., Lee S.H. Global Dissemination of
Carbapenemase-Producing Klebsiella pneumoniae: Epidemiology, Genetic Context,
Treatment Options, and Detection Methods. - Front Microbiol. —2016. — V. 7. — P. 895



N3y4yeHune B-naktamasHoro npouns wtammoB Enterobacteriaceae gomallHUX
XMBOTHbIX (cobakm (n=315) n kowkn (N=74)) nokasarno, 4To HGonee 4em B

85% cny4yaes coctaB BJIPC wtamMmoB Yy XXMBOTHbIX coBrnagaet ¢ coctasom bBJIPC
LUTAMMOB MX XO35EB.

J.S.Hong, W.Song, H.-M.Park, J.-Y.Oh, S.Shin, S.H.Jeong. Clonal spread of extended-
spectrum cephalosporine-resistant Enterobacteriaceae between companion animals
and humans in South Korea. — Front. Microbiol., 2019, v.10: 1371.
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