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clavulanic acid) and beta-lactamases of TEM family (TEM-1,32,37,39). For each studied system, substrate initially
was positioned in enzyme active site followed by nanoseconds long molecular dynamics simulations. In course
of dynamics, substrate and surrounding protein residues adopted an equilibrium conformation which can be
considered as dominant binding mode. Studied complexes remained intact in course of trajectory that let us to
calculate the mean interaction energy, which statistically differ from each pair of complexes.

Comparison the interaction energies of enzyme with five sulbactam molecules lead us to following observations.
The heavy substrates, i.e. with long substitutes in corresponding positions of beta-lactam and/or 5/6-members ring,
demonstrated the intense enzyme binding comparing to light substrates. Our results demonstate that beta-lactam
inhibitors (sulbactam, tazobactam and clavulanic acid) bind inhibitory resistant beta-lactamases (TEM-32,37,39)
with higher affinities comparing to TEM-1 enzyme.

Visual trajectories analysis allowed us to point out the principal protein residues participating in substrates
binding and forces which stabilize complexes structure. Analysis of CENTA/TEM-1 complex in comparison with
cephalotin/TEM-1 one let us to explain the difference in Michaelis constants of these complexes, observed in vivo
in our laboratory.
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BbICOKOKOHCEPBATUBHbIE 9JIEMEHTbI B MUTOXOHPUAX NHOY30PUN
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Jlio6eukuin B.A., Py6aHoB J1.U., Fop6yHoe K.10., 3eepkoB O.A., CenueepcTtor A.B.
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Ha ocHOBe opurnHanbHOro NpPUHLMNNaNbLHO HOBOMO anropMTMa onpeaeneHns BbICOKOKOHCEPBATUBHbIX 3/1EMEH-
TOB Mbl UCCnefoBann MMTOXOHAPUANbHbIE FEHOMbI B BECbMa [anEKUX TaKCOHOMUYECKUX rpynnax; B goknage
6y}J,)’T npeacrtaB/ieHbl, B HaCTHOCTU, pe3ynbTaTbl NO VIHd)y30pVIF|M M oAHOAO0J/IbHbIM PACTEHUAM.

KnioueBble cnoBa: BbICOKOKOHCEPBATUBHbIE 31IEMEHTbI; MUTOXOHAPUN; VIHdJy30pVIVI; OoAHOAOJIbHbIE paCTeHUA.

TpagVUMOHHO N3yYeHUe 3BOMIOLUN BUAOB B 3HAYUTENBHON Mepe OnMpasniocb Ha CPpaBHUTENbHbIV aHanu3a re-
HOMHbIX obnacTen, kogupyrowwmx pPHK 1 6enku, He cunTasn elwé 6onee TpPaANLMOHHOIO aHann3a MopdonormMyeckux
Np13HaKoB. No3e K 3TOMy NPUCOELAMHUICS aHaNN3 PErynaTOpHbIX 3/IEMEHTOB U FTEHOMHOW CTPYKTYPbl B LIE/IOM.
HepaBHO MeToabl WUIOrEHETUYECKOrO aHanm3a paclMpUINCh 3a CYET OnpefeNieHns yNbTPakoHCEePBaTUBHbIX
(YK3) u BbICOKOKOHCEpPBaTUBHbIX 3nieMeHToB (BK3). Mogenu BKS BCTpeTUnM 3HaUUTENbHbIE airOPUTMUYECKUE
TPYAHOCTU, KOTOPble BHayasie NpuMBeNnu K 6UONIOrMYecKn Mano 060CHOBaHHbIM OrpaHUYEHNAM B MOAENSIX, JaXe
L1151 OTHOCMTENbHO NPOCTOit 3agaun onpeaeneHnsa YKI. B [1] aTu orpaHunyeHus 6b1av MPeoosieHbl 3a CHET HOBOMO
6bICTPOro, apPeKTMBHOrO U MaTeMaTUYeCKM 060CHOBAHHOMO anropuTma. CpaBHEHUE pasfiMyHbIX MeTOZOB Guo-
rEHETMYECKOro aHanm3a NpUBEsIo Hac K HEOXXMAAHHOMY pesynbTaTy: Mo KpaHeln Mepe ANA HEKOTOPbIX OpraHesns
“ TaKCOHOB, CTPYKTYpa BKJ, KaK 1 CTpyKTypa reHoma B LieSIOM, PacCMOTpeHHas B [2], y)xe gocTaTouHa ans agek-
BaTHOr0 OMMCaHWsA 3BOMIOLMK, XOTA 3TU CTPYKTYPbl COAEPXKaT OTHOCUTENIbHO Mano UHGopmMaLmmn o reHome. Mbl
TaKxxe ncrnonb3oBanu BK3 gnsa onpeseneHnsi iIpoOMOTOPOB U PErYNSATOPHbBIX 3/IEMEHTOB FEHOMA, YTO TaKXKe BaXKHO
[NA ONncaHus 3BOJTIOLMOHHBIX CLieHapyeB. B foknaze Mbl CpaBHUM MOZENN MUTOXOHAPUAIbHOW 3BOJTHOLMM, OMK-
patoLmecs Ha BeCbMa pasfinyHble ONUcaHna reHoma, Apyr ¢ APYromM v ¢ MHpopMaumein 06 3BONHOLUN COOTBET-
CTBYHOLUMX BUAOB. MonHble cNUcKu HangeHHbix BK3 ansa nHdy3opuii 1 ofHOAONbHbIX PACTEHUI MOXKHO HalnTH Ha
cTpanuue http://labé.iitp.ru/-/hce16.

B kauyecTBe npumepa ynomsiHeM MpeAckasaHHblil B xoge novcka BK3 npomoTtop y Phoenix dactylifera. OH
ponyckaeT aBa BapvaHTa: CATAAGALA n gATAAGAaA; CTpoYHble BYKBbI YKa3blBatOT Ha OTKJIOHEHWE OT 3Kchepu-
MeHTasnbHoro npomMotopa y ropoxa CRTAAGAGA. 3TOT NpoMoTOp pacrnonoxeH nocrne reHa PHK-nonvmepasbl Ha
KOMIM/IEMEHTAPHOM LIEMW U MOXKET PEerynMpoBaTh SKCMPECCUIO 3TOMO reHa, MHULUUPYSt TPAHCKPUMUUKO B @aHTUCMbIC-
NTOBOM HanpaBfieHMn. Bo3aMOXHbI ABa MexaHu3Ma perynauun: npepbiBaHue TPaHCKPUMNLNUM 13-3a CTONIKHOBEHMN
PHK-nonnmepas o 3aBepLueHnst TpaHCKPUNLMK reHa, kogupytowero PHK-nonvnmepasy, unm obpasoBaHue aynek-
ca U3 AByX KoMmieMeHTapHblx PHK, npenaTcTByrOWMX TpaHCAAUMK. AHanormyHas KapTuHa 6blna onucaHa npu
MOZEMPOBaHUM TPAHCKPUMLMK B MacTMAaX pacTeHUil ¥ MUTOXOHAPUSAX XOPAOBbIX XXUBOTHbIX B [3, 4].
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On the basis of a novel algorithm of highly conserved elements detection we explored mitochondrial genomes in
quite distant taxonomic groups, two of which, ciliates and monocots, were chosen for the presentation.

Key words: highly conserved elements; mitochondria; ciliates; monocots.

Traditionally, studies of species evolution largely relied on the comparative analysis of genomic regions coding
for rRNAs and proteins apart from the analysis of morphological characters. Later, analyses made use of regulatory
elements and the structure of the genome as a whole. More recently, phylogenetic analyses are incorporating
ultraconserved elements (UCEs) and highly conserved elements (HCEs). Models of HCE initially faced considerable
algorithmic challenges, which gave rise to (often unnatural) constraints in these models even for a conceptually
simple task such as the identification of UCEs. In [1] these constraints are being addressed with a fast efficient
and mathematically verified solution with no constraints on the underlying model. This approach have led us to an
unexpected result: at least for some organelles and taxa, the HCE structure (as well as the general genome structure
discussed in [2]), despite itself containing relatively little information, still adequately resolves the evolution.
We also used the HCEs identification in searching for promoters and regulatory elements that characterize the
functional evolution of the genome. In the presentation, we will compare the mitochondrial evolution inferred using
substantially different structures mentioned above as well as their genomic structures, with each other and with
evolution of the corresponding species. The full lists of the discovered HCEs can be found at http://labé.iitp.ru/-/
hce1é6.

Let us consider an example of a potential promoter in the mitochondrion of Phoenix dactylifera. It allows two
variants: CATAAGAtA and gATAAGAaA. Here, lowercase letters indicate deviations from the experimentally shown
promoter sequence CRTAAGAGA in Pisum. Itis located downstream of tRNA polymerase gene on the complementary
strand and presumably regulates the gene expression by initiating of transcription in the antisense direction. The
regulation may involve two different mechanisms: transcription termination due to RNA polymerases collision
before completion of the RNA polymerase gene transcription, or formation of a duplex from two complementary
RNA changes, which prevents the translation. The same pattern in plant plastids and chordates mitochondria is
described in connection with modeling transcription in [3, 4].
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