Abstract

B-lactamases are enzymes that destroy R-lactam antibiotics,
hence contributing to drug resistance in bacteria. In Escherichia
coli mutations in some key positions abolish the enzyme activity
[Fimberg et al., 2014]. We analyzed whether such harmful
mutations could be rescued by additional mutations, a process
known as epistasis [Jacquier et al., 2013]. We also compared [3-
lactamases of E. coli and bacteria from other phyla, specifically
looking for amino acid substitutions in functionally conserved
positions.

While we have found no direct evidence for epistasis, in some
species we have observed proteins with substitutions in positions,
where mutations in the E. coli proteins abolish the function.
Hence, sequence and sfructure context seem to influence the
effect of mutations.

INnfroduction

B-AQKTAMQ3bl — 3TO JOEPMEHTHI, MO3BOAJIOLLUME OAKTEPUIM
MNPOTMBOCTOATb  AEUCTBMIO  P-AQKTOMHbBIX  OHTMOMOTMKOB.  PB-
AQKTOMA3bl LLUMPOKO PACMPOCTPAHEHbI Y OAKTEPUMM  PA3HbIX
DOMAYMOB. M3 akcnepumeHTta [Firnberg et al., 2014] mbl 3HOEM,
4TO CYLLLECTBYIOT KAIOYEBbIE MO3UNLUMM, MYTALUMM B KOTOPbIX
HOPYLLUAIOT OKTMBHOCTbL doepMeHTa Yy E. coli. N3BeCcTHO Takxke
[Jacquier et al., 2013], 4TO Yy HEKOTOPbLIX MYTOHTOB BCTPEYOAETCH
AMNUCTA3 — 9BAEHUE, MPUM KOTOPOM BTOPAI MYTALMA MACKMPYET

AEVNCTBME TNMEPBOM, TAK YTO AKIMBHOCTb DEPMEHTA HE
HOPYLLUQOETCH.
Mbl  MCCAEAOBOAM TPUPOAHBIE P-AQKTOMA3bI M3 APYTUX

DHTEPODAKTEPUMM, A TAKXKE M3 APYIMX OUMAYMOB OAKTEPUM C
LLEABIO OHAAM3A 30MEH B PYHKLMOHOAABHO BOXKHbIX MO3MLUMAX U
MOMCKA COObITMK INMCTA3A.

Materials and Methods

1) AA9 QHOAM3A ObIAM  B34Thl
NPpeACTaOBUTEAEM UAYMOB Proteobacteria, Actinobacteria, Spirochaetes,
Bacteroidetes, Deinococcus-Thermus (206 MOCAEAOBATEABHOCTEN).

OMUMHOKMCAOTHBIE MOCAEAOBATEABHOCTM  P-AQKTAMO3
Firmicutes,

Material for analysis: protein sequences of p-lactamases from Proteobacteriq,
Actinobacteria, Spirochaetes, Firmicutes, Bacteroidetes, Deinococcus-Thermus phyla (206
sequences).

2) BbIDABHMBAHMA P-AQKTAMA3 ObIAM MOCTPOEHBI MPOrPAMMOM MusCle.
Alignment was built with program Muscle.

3) Petunkyaorpamma 38 LWTAOMMOB 2dHTepobaktepmm (Fig. 2) ObIAQ MOCTPOEHA MO

JOUAOTEHETMHECKMM AEPEBBAM (aATOpPUTM Neighbor-Joining):

- AAS OMMHOKMUCAOTHbBIX MOCAEAOBATEABHOCTEM R-AQKTAMA3

- AAY BMAOB (MOCTPOEHO MO NMOCAEAOBATEABHOCTAM reHoB 0eAkoB EF-G, EF-TUA, dbakTtopa
MHULMAUMK TRAHCAIUMK 3, B-CyObeamHMLLbl PHK-MoAMMEPA3bl, PUDOOCOMAABHbBIX OEAKOB L2,
L3, L4, L6, S2, S4, S5

Reticulogram showing horitzontal gene transter of PB-lactamases in 38 enterobacterial
strains (Fig. 2) was constructed using two phylogenetic trees (algorithm: Neighbor-Joining):
- free of B-lactamase protein sequences

- tree of species built on gene sequences of proteins EF-G, EF-TUA, translation initiation
factor 3, RNA-polimerase B-subunit, ribosomal proteins L2, L3, L4, L6, S2, S4, S5

4) PUAOTEHETUHECKOE AEPEBO BMAOB ObIAO MOCTPOEHO AATOPUTMOM MAKCUMOABHOTO
MPOABAOMOAODOUI AAS AMUMHOKMCAOTHBIX MOCAEAOBATEABHOCTEM B-AAKTAMA3 (Fig. 3).

Algorithm for phylogenetic tree (Fig. 3): Maximum Likelihood

5) TPOCTPAHCTBEHHbIE CTPYKTYPbl OEAKOB AHAAM3IMPOBAAMCH C MOMOLLBIO MPOrPAMMBI
Jmol (Fig. 1).

Structural analysis: Jmol (Fig. 1)
6) AA9 MOMCKQA 3MMCTA3A MCMOAb30OBAACH NAkeT R RMRCM.

Epistasis search: R package RMRCM

Conclusions

1) TOPU3OHTAOAbHbLIM MEPEHOC FEHA R-AAKTAMA3bI LLIMPOKO
PACMPOCTPAHEH  ACKE 30  NPEAEAOMM  CPUAYMAO
Proteobacteria.

2) BapmabeAbHOCTb B HEKOTOPbLIX KAKOYEBbBIX MO3MLMAX
DEPMEHTA Y  TMNPEACTOBUTEAEM  APYIMX  OUMAYMOB
CBUAETEABCTBYET O OOABLLIOM BAMAHMM KOHTEKCTA CTPYKTYPbI
M MOCAEAOBATEABHOCTM HAO 3AADEKT MYTALMM.

3) HecmoTtpsa HO BAPUMABEABHOCTb B HEKOTOPLIX MO3MLLMAX,
NPOMMEPOB AMMUCTA3A HE HODAIOAQETCA.

Results

Enterobacteria

MYTALLMOHHBIN CNEKTP P-AaKTAMAO3
Mutational spectrum of B-lactamases

Aapbs NMpockypsakoBa, Aapbsi Hukoraesa, Cocpbs apyLUsHLL

Other phyla

Variable positions

- Active site

are shown with sticks.

PDB ID: 2B5R (E. coli)

I Conserved positions

Active site and the key positions

Fig. 1A

BOABLLIMHCTBO KAKOYEBLIX MO3MUMKM (CUMHUM) PACTNOAOXKEHDLI B
KOHCEPBATMBHLIX  YY4ACTKAX  CTPYKTypbl  (cepbin). OAHOKO
HEKOTOPbIE MO3ULMM BCTPEYATCA B BAPMADEAbHbIX YYACTKOX
[>KeATbINn), HO MYTALLUNU TAOM MPOMCXOAAT BHYTOM
OYHKLUMOHAABHbBIX KAQCCOB AMWMHOKMCAOT M, BUAMMO, HE

HOPYLUAIOT OKTMBHOCTb B-AQKTAOMAS.

Most key positions (blue) are located in conserved regions
(light grey), but some of them are located in regions variable
among enterobacteria (yellow). In the latter case, changed
amino acids retain their physical and chemical properties such
as size, charge and hydrophobicity, hence they would nof
damage the enzyme activity.
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Fig. 1B

BOABLLIMHCTBO  KAIOYEBbLIX  MO3ULMM  HE
AOMYCKQIOT 30MEH AQXKE Y APYIMX COMAYMOB

(CHHUM). Ho BOAM3M QOKIMBHOTO LEHTPA
(KPQCHbIM) €eCTb MOo3MuUMKM, B KOTOPbLIX YACTO
MPOUCXOAIT 30MEHDI [(>KEATbIN), 4TO

CBMAETEALCTBYET O BAMSIHMM KOHTEKCTA HA
MNPOABAEHME MYTALIMM.

Most key positions are conserved even in
other phyla (blue). However, some of the key
positions near active site are variable in other
phyla (yellow), indicating a context influence

on the effect of mutations.

Fig. 2. Petukyaorpamma. Cpean
SHTEPODAKTEPUM NPUCYTCTBYIOT
MHOXECTBEHHbIE FOPU3OHTAOAbHbIE
NepeHOCHl TreHA P-AQKTAMA3bI (KPACHbIE
NYHKTUPHbIE CTPEAKM).

Reticulogram. Horizontal gene
transfer (HGT) of p-lactamase genes is

highly frequent in enterobacteria (red
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Laboratory of Bacterial and Functional Genomics

CBMAETEABCTBYET O HAAUYMUM TOPMIOHTAAbHbIX
NEPEHOCOB M MEXAY OUAYMAMM.

Inconsistency of the p-lactamase tree and
the bacterial phylogeny demonstrates that
long-distance HGT between phyla is quite
common.

Fig.3B pmmep ropm3oOHTAAbHbBIX MEPEHOCOB
MEXAY MPEACTABUTEAIMM PA3HBIX OUAYMOB.
An example of HGT between different

phyla.




