Perynauua reHoB metabonuima TmamMuHa
nocpeacrtsomMm PHK-=nepekniovyateneu

Abstract

Riboswitches are RNA regulatory elements capable of
direct binding by small ligands. TPP riboswitches are the most
widespread riboswitch family in bacteria. Previous studies that
Identified the exact regulatory mechanism of the TPP riboswitches
was limited to genomes. Here we analyzed and charactirized the
mechanism of TPP-riboswitch-mediated regulation in 77
representatives of eight bacterial phyla not studied before. We
demonstrated that the mode of regulation depends on the
taxonomic group, rather than on the function of the regulated gene.
Representatives of two rarely observed types of riboswitch-
mediated regulation have been found:

« A structure with a regulatory hairpin which is both a sequester
and a terminator in genes thiB and thiP from Deinococcus
geothermalis and genes thiB, Deide_ 15841, Deide 15870, thiP,
thiQ2, DR1733 and thiN in Deinococcus deserti.

- Structures without a regulatory hairpin, located near the Shine-
Dalgarno sequence or the start-codon and sometimes containing
them which regulate translation. They should influence translation
Initiation immediately, being (partially) unfolded in the absence of
TPP, and releasing the initiation site.

BBegeHue

TnammHoBbln  PHK-nepekniovatens  cnocobeH
perynmpoBaTb CUHTE3 rEeHOB Ha YPOBHE Kak TpaHCKpunumnu
(puc 1,A), Tak u TpaHcnaumm (puc 1, B). B obounx cny4vasix
perynauns npoucxogmT 3a  cyeT  obpasoBaHud
anbTepHaTUBHON BTOPUYHOW CTPYKTYypbl B 5° UTR reHos,
y4YacTBYHOLMX B MPON3BOACTBE TMUAMMUHA.

[Tpn n30bITKE TUAMUHA B KIETKE OH CBSA3bIBAETCH C
PHK-nepekntoyatenem n crabunusnpyeTr ero CTpyKTypbl,
4yTO npuBoaAnT K  obpasoBaHUD  TEPMMHATOPOB
TAHCKpMNUUX 1K WINUNEK, 3akpbiBatoLwwmnx obnacte LWanH-
[lanbrapHo w©n cTapT-kogoH. A criegoBaTeribHO  HU
TPaHCKPUNUMN HU TpaHcnAaumsa 6onee He BO3MOXHHbI.

Ecnn e TmamumHa HexBaTaeT, To 5 UTR
CBOpayMBaeTCd B [OpPYyryro BTOPUYHYK CTPYKTYpbl He
NPEenATCBYIOLLYO CUHTE3Y reHOB.

A +TPP

THI alamant

Puc.1 MexaHunam pab6otbl TnammHosoro PHK-
nepeknyartens. A. perynauma TpaHCKpunuum;

B, perynauma TpaHcnauum *

Fig.1 The mechanism of TPP-riboswitch action.

A. Regulation of transcription. B. Regulation of translation

Pe3yneTtaTthl

Hamu 6binn ycTaHOBMIEHblI MEXaHM3Mbl PErynsiunum reHos
TnamMmuHa gnsa 7/7-mn npegcrasutenen n3 8-mMmm TakCOHOB.
‘bbin 0BGHapyXxeH Tun perynsuum, npu KOTOPOM B MNPUCYTCTBUM
TMaMunHa oOpasyeTcsa wWnunbka, saBnaoWascs OAHOBPEMEHHO
CEKBECTOPOM N TEPMUHATOPOM.
‘B HEKOTOpPbIX TakcoHax bakTepun npeanoyYTuTeneH
onpedeneHHbin Tun perynauun, OAHaKo Tun perynauum He
3aBUCUT OT reHa B LIernom,
*Perynaumna TpaHcnauum BCTpedaeTcs BO BCEX OopraHmamax, B TO
BpPeMS KaK perynsaums TPaHCKPUMNUUM BCTPEeYaeTCsa pexe U TONbKO
HapaBHe NN OQHOBPEMEHHO C perynaunen TpaHcnauuu.

Taxkcon Coxkpamenne | Tpanckpunuus | Tpancasmus
Chlorobiales v
Chloroflexi v
Cyanobacteria
Thermotogales
Bacteroidaceae
Mycobacteriaceae

Corynebacteriaceae
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Tabn.1 CnocoObl perynsiuMmM reHoB TMaMMHa B pPasfIUYHbIX
rpynnax MMKpoOopraHu3moB

Tablel. Mode of regulation of thiamine metabolism genes in
various bacterial phyla
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Puc.2 lNytb 6MOCUHTE3a TMAMMHA C Y4E€TOM ero TpaHcnopTa u
uHTtepmeauaToB. OpaHxeBbiM OykBaMu (B COOTBETCTBMWN C COKPaLLEHNAMMN
B Tabnuue 1) nokasaHbl TAaKCOHbI, B KOTOPbIX €CTb perynauma. 3arfiaBHble
ByKBbI -- perynaumsa TpaHcnsuum, CTPoYHble — TpaHcKpmnumn. CUHUM
nokKasaH TpaHCnopT UHTEPMEANATOB.

Fig.2 Thiamone-biosynthesis and transport pathway. Taxa with
riboswitch-regulated genes are shown in orange using abbreviations given
In Table 1. Capital letters indicate regulation of translation. Small letters
indicate regulation of transcription. Transport of intermediates is shown in
blue.

M. MonpgoBaH, C.[leTpoBa.

Ha puc.1l nokasaHbl ABa 00OLWKNX MexaHM3Ma: perynsuusa

TaHckpunumm (puc. 1,A) n Tpancnauum (puc. 1,B BbipaBHUBaAHUA
Tpex nocriegHnx rnocrieaoBaTeribHOCTEN), OOHAKO €CTb U
apyrue nogTunol.
Hanpumep: cam nepekntoyartesnb 3akpbiBaeT cobon nocrnenosa-
TenbHocTb LWWanHa-LanbrapHo (Ha puc. 3,A). Takxe LWNUbKa MOXET
SIBNATBCA U CEKBECTOPOM N TEPMUHATOPOM OOHOBPEMEHHO (puc. 3,B
nepBble ABE MNOCeaoBaTENIbHOCTH).
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Puc.3 CtpykTypHbix BbipaBHUBaHUA 5’UTR A . ansa reHa thiO B Mycobacteria, B . reHa
thi4 B Thermotogae, C. reHa thiB B Deinococcus-Thermus.

Fig.3 Structural allignment of 5’UTRs, A . mycobacterial thiO gene, the TPP riboswitch
directily covers the Shine-Dalgarno sequence, B . Gene thi4 fromThermotoga. Hairpin
(marked in yellow) acts as a dual sequestor / terminator . Three remaining sequences
contain standard sequestor hairpins. C . gene thiB from Deinococcus-Thermus. The
hairpin is a terminator of transcription .

[1aHHble N1 MeToAbl

- [laHHble O reHax nog perynsuuen TnammHosoro PHK-
nepeknodaTens obinn B3AThLI C pecypca RegPrecise.
‘[NocnepoBatenbHocTN 5’UTR 3TMX reHoB ObINn Bbipe3aHhbl
Ha cepBepe MicrobesOnline.

‘BblpaBHMBaHWEe nocregoBaTefibHOCTEU NPOU3BOANNOCH C
nomoLlbto nporpammel Clustal.

*CTpYKTYpHbIN aHann3 5 UTR npoBoanncsa Bpy4Hyo npum
nomoulbto nporpamm Mfold n ViennaRNA.

-[1na npenckasaHusa TepMnMHaATOPOB UCMOSIb30Banm
nporpammbl ARNold n GesTer
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