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Figure 1. Transcriptional
attenuation of the trp operon

Leaders are not useless

Jingepbl KOHCepBaTUBHLI U NOJIE3HbI

Aleksei Shevkoplias, Zoe Chervoniseva

The tryptophan operon in some Bacteria is
regulated by  franscriptional attenuation.
Upstream of the frp operon the so-called trp
leader peptide is encoded. It contains
tryptophan, so at sufficient concentrations of
trytophan the ribosome proceeds fast on the
leader mRNA and reaches the sequence of the
anti-terminator stem, so the anfi-terminator stem
does not fold and consequently the terminator
hairpin forms causing termination of transcription.
On the other hand, at low tryptophan
concentration, the ribosome stops and does not
prevent the anti-terminator hairpin from forming.
Textbooks say that the leader peptide does not
have any additional function and is destroyed
immediately. However, colleagues from the Justus
Liebug University have obtained preliminary data
that at least in one bacterium

(Sinorhizobium meliloti) it interacts with a sRNA.
We have analyzed ftrpl peptides of other
Alohaproteobacteria to predict whether they
may have a similar function.

ToUMNTOdOAHOBbLIM OMEPOH Y HEKOTOPbLIX OAKTEPUN PETYAMPYETCH TPAHCKPUMLUMOHHOM ATTEHIOAUMEN, B
XOAE KOTOPOM OBOpa3yetrcd TAK HA3bIBOEMbIM TPUMATOJOAHOBLIM AMAEPHBLIM MENTMA. B y4eOHMKOX
HAMUCQAHO, YTO OH PA3AATAETCH CPA3Y Xe NMOCAE TPAHCAILUMM, OAHAKO HALLM KOAAETU M3 YHMBEPCUTETA
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Sinorhizobium meliloti oH

AMAEPHbIE nenTUAbI APYINX

AAbADANPOTEODAKTEPMM, YTOObI MOHATh, MOTYT AWM OHU MMETb CXOAHbBIE AOMOAHUTEABHbBIE JOYHKLMM.

Results

The trpl peptides form clusters by similarity, which are associated

with the systematic position
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Figure 2. Dendrogram based on
the trpL similarity. Only peptides
with two typtophans in a row
are considered.
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Materials and Methods

What we have done;
YTO Mbl CAEAQAMU;

.

Genomes of the Alphaproteobacteria were

selected from the database.
13 ©6A3bl AQHHbIX OblAM OTOOPAHbBI FTEHOMB
AAbCOANPOTEODOAKTEPUMN.

Genomes with annotated operons were

selected.
Py B MNPOoeEKTE MCMNOAB3OBAAMCDH TEHOMbI C
CIHHOTI/IpOBCIHHbI/v\l/I OI'IepOHCI/v\l/I.

Operons containing genes with tryptophan
synthesis-related keywords were selected.
BbIAU Bbl6pGHbI ornepoHbl, HA3BAHMA TEHOB KOTOPbIX
COAEPXKAT CAOBQA, CBA3AHHbIE C CHUHTE3OM
TPMNTOdOAHQ.

300 bp upstream sequences were
collected and translated into possible
peptides.

BbIAM BbIMMCAHBbI MENTUADI, BEPOATHO
3aKOAMPOBAHHbBIE B 300 HYKAEOTMAOX AO HOYAAC
ONEPOHOB.

Peptides with at least one tryptophan and
e Then with atleast two tryptophans in a row
were aligned with each other using the

Smith-Waterman algorithm.

CHQOYAAQ MENTUAbBI C XOTH Obl OAHMM
TPUNTOOAHOM, O 3A0TEM TOABKO MEMTUAbBI C ABYMSA
TPUNTOCDAHAMM MOAPIA OblAM BbIDABHEHLI APYT C
APYFOM C MOMOLLIbIO AATOPUTMAO CMUTO-
BarepmaHa.

Relying on the pairwise alignment scores,
dendrograms were built using the R
packages cluster, factoextra, magritir,
ggplot2, colorspace, dendextend.
OnNMPabaCb HA O4KM MOMAPHbIX BbIPABHUBAHMM, Mbl

NOCTPOUAM AEHAPOTPAMMbI, MCMOABL3YS R.

We have not used the most recent genome

database.
McnoAbzyemom Basze AOHHbIX HECKOABKO AET. HEAQBHO
CEKBEHMPOBAHHBLIE TEHOMbI HE ObIAM MPOAHAAMIMNPOOBAHDI.

ILikely, not all operons are annotated.
HaBepHIKAQ HE BCE OMePOHbl AHHOTUPOBAHDI.

Operons of the tryptophan metabolism also

contain some of these keywords.
HekoTtopble OnepoHbl, CBI3OHHbIE C METAOOAUIMOM
TPUNTOdOAHA, TOXKE MOMAAM B BbIOOPKY.

What we have not considered:
YTO MbI (NOKQA) HE YYAM:

If several starts were possible in one frame, only

the distal one was considered.
EcAM B PAMKE CHUTbIBAHMA 6b|/\l/l BO3IMO>XKXHbl HECKOABKO
CTCIpT—KO.A.OHOB, TO yquTbIBC]/\CSI TOABKO I'IepBbIl;I M3 HHNX.

Scores and penalties were not rationally
designed for short peptides.

OYKM M LUTPAAObI HE ObIAM PALIMOHAABHO OMPEAEAEHbI AAS
KOPOTKMX NEMTUAOB.

Our method of identifying possible
attenuators is not well-defined and therefore
probably is not exact.

HaLL METOA BbIOOPA ATTEHIOATOPOB HETOYEH.

A script predicting candidate hairpins was
written. Then the candidate attenuators
were selected manually from all predicted
hairpins. The website
hitp://www.e-rna.org/r-chie was used to
visualize them.

C NOMOLLLbIO CKPUNTA ObIAM MPEACKA3AHD
BO3MO>KHbIE LLUMMABbKKM, 3ATEM N3 HUX OTO6pCI/\l/1

BO3MOXXHbIE ATTEHIOATOPbI, KOTOPbIE
BMU3YOAM3MPOBAAM HA BbILLIEYKA3AHHOM CAMTE.

A number of scripts were written ad hoc in
Python. Some figures were processed in
Inkscape. The poster is done in
OpenOffice Impress

36 trp attenuators with possibly functional leader peptides were predicted (with
different degrees of probability)

Besides tryptophan, positively charged amino

acids (mainly arginine) are conserved within

the clusters
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GIGCATGACCGCGAAGCCGCCEAGCTCGCCTCEGRCAGGGCRACG
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Figure 3. Alignment of
the probable trpl
peptides in the clusters

Fig. 2)

Azospirillum sp. B510

GAGTTTTTCAGARAGCACCTGGGCTAATCGCTATTCCCGGETCGCEGGGGCACCCTTGACGCCGTCCCCGCGCCATGETGAGTATCCECCCCATGAGCACCGCCRTCCGCCCAGCCCETCTTTRG

MVISLLLLSRHAHPVSNGRARRRRY (7~ [[ (7 \

TGGCGCACCTCCTAAAGACGTGECCCETGCCATTTCATTTCTCARARTCGTCE

-

AAGGTCCCCACGCAGTRCELCEECCTGATCRTTTRTCCTCIGTGRCGTTTCCTCGGCAAGTTTCGTAAGAGGACGAC

mThe terminator hairpin

””””” CTCTGGACGGAGCTTCACAGGA

www.e-rna.org

Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170

\AGGCGCTTGACAG

CCGGCCTGCCTCTGTGTTGCGGTTGCATCCATGAACATCTCCTTGCTCCTCCTGTCGCGGCATTGGTGGTGGCCCGTCTCCARCGGGCCGECCCGECEACGCGCGTGAGCGTGGATTGAGRAGACAAGGGCCGCCCGGT!

Sinorhizobium meliloti BL225C

MANTONTSTIHARX

GCATCCGGAGCGGCCCTTTTTCCTGACCCGACCAGC

CACCGCCGCCA >

GGGTCGTCCAGCGGARGAACGGACAGGCAGGCGGAAGCACCGGGTGGCGTCACAGACARGACGCCTGARCCGGE

m The terminator hairpin

;""":';{;"*7/\/\\_

CGGAGCGAGACGA »

AAAGTCTCGTTGACGCAACGCTTCTGATCATTCAGC,

www.e-rna.org

Leader peptides do not necessarily have two
tryptophans in a row

JlabopaTopusa cpaBHUTENTIbHOU U (PYHKLMOHANIbHON FreHOMUKH
Laboratory of Comparative and Functional Genomics
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Figure 4. Sequence of a possible trpl peptide from
several Acetobacter pasteurianus strains. Consider
the «WLWy subsequence

On the dendrogram for the peptides with at least
one fryptophan most of the peptides with two
consequtive fryptophans (except those which are
3 aa long) form a cluster (yellow) with the above-
mentioned Acetobacter pasteurianus peptides.

Height

o

Figure 5. Dendrogram based
on the similarity of candidate
trp leaders with at least one
tryptophan

0

AAGTTCCGACGGTCTAAAGGCGLCTCGTGTTAGCCGCCTTTTCTCACTCTCTTCCTCTITTTTCCCGCTTGCGLGCCATCGLAAGLCGCGCTAACACTTCCGLCCA

TGGCAAACACGCAGRAACATTTCGATCTGETGLTGLLCTCEUTGALGLGLCUTTGACCAGTCATGCGTGATTGAGAG

ATGGAGCCLCCCOGAGATTTCOAGGLGGCTTITTTCGTATTCGGGCCGUGTGLARAGACCGGLCTTTTA

Figure 6. Typical for the clusters (see Fig. 2) regions of 300 bp upstream of the tryptophan operon. Possible

attenuation hairpins and leader peptides are shown.

Conclusions

In  some species of the Rhizobiales order
(Alohaproteobacteria), trpL peptides tend to have
positively charged amino acids in particular
positions. We know that even one arginine residue
can make a peptide bind to small RNA (Mikolqj
Olejniczak, personal communication). So our
prediction is that the ftrpL peptide has its own
function in at least some Rhizobiales species. That
iInspires for further research.

[TOAYYEHHbIE PE3YALTATHI MO3BOAAOT HOM MPEAMOAOXKMUTD,
4TO MO KPAMHEUN MEPE B HEKOTOPLIX OAKTEPUIAX AMAEPHbBIN

ONEPOHA
210

MMEET
BAOXHOBAAET HA

NenTUA TOUNTOAOAHOBOTO
COMOCTOATEAbHbIE  AOYHKLLMM.
AOAbHENLLIME MCCAEAOBAHUS.
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