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Ribosome function
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Fig 1.Molecular Expressions Cell Biology: Ribosomes [Internet]. Micro.magnet.fsu.edu. 2018 [cited 7
March 2018]. Available from: https://micro.magnet.fsu.edu/cells/ribosomes/ribosomes.html

Protein biosynthesis
Universally conserved
Located: cytoplasma or
endoplasmic reticulum
Ligands: mRNA and tRNA




Prokaryote vs. Eukaryote

Figure © 2004 by Griffiths et al. ; text © 2010 by Steven M. Carr
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Large subunit 50S
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Philogeny

Thermus thermophilus

Animals Fungi Gram-positives
Slime moulds Chismydiae
Plants Green nonsulfur bacteria

Algae Actinobacteria
Planctomycetes

Spirochaetes

Protozoa

Fusobacteria

Cyanobacteria
(blue-green algae)
Thermophilic
sulfate-reducers

Acidobacteria

Crenarchaeota . T )
Nanoarchaeota ~
Euryarchaeota

Proteobacteria

Ciccarelli FD; et al. (2006). "Toward automatic reconstruction of
a highly resolved tree of life". Science. 311 (5765): 1283-7.

Aquifex
(o 2om bt Dl

Escherichia coli

16S RIBOSOMAL DNA SEQUENCE ANALYSIS Abdulrahman Mohammed School of Public Health & Zoonoses
GADVASU




Homologous proteins

TABLE 1 concordance between the universally conserved ribosomal proteins from the three kingdoms of Iife.

Small Subunit Large Subunit
Bacteria: Archaea Low Eukarya: High Eukarya: Bacteria: Archaea Low Eukarya: High Eukarya:
E. coli* H. ma* Yeast* Rat* E. coli* H. ma* Yeast Rat*
S2 S2 SO Sa L1 L1 L1 L10a
S3 S3 S3 S3 | L2 L2 L2 L8 |
S4 S4 S9 S9 L3 L3 L3 L3
S5 S5 S4 S2 L4 L4 L4 L4
| 57 S7 S5 S5 | L5 L5 L11 L11
S8 S8 S22 S15a L6 L6 L9 L9
S9 S9 S9 S16 L10 L10 PO(A0) PO
S10 S10 S20 S20 L11 L11 L12 L12
[S11 S11 S14 514 | L12 L12 P1/P2 P1/P2
S12 S12 528 S23 L13 L13 L16 L13a
S13 S13 S18 S18 L14 L14 L23 L23
S14 S14 S29 S29 L15 L15 L28 L27a
515 515 S13 S13 L16 L10e L10 L10
S17 S17 S18 S11 L18 L18 L5 LS
S19 S19 S15 S15 L22 L22 L17 L17
L23 L23 L25 L23a
L24 L24 L26 L26
L29 L29 L35 L35
L30 L30 L7 L7

*E. coli, Escherichia coli; H. ma. = Haloarcula marismortui; Sc. cer. = Saccharomyces cerivisiae; Rat = Rattus norvegicus.
Table1. Wilson D, Nierhaus K. Ribosomal Proteins in the Spotlight. Critical Reviews in Biochemistry and Molecular Biology. 2005,;40(5):243-267
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Classification

CATH SCOP
Class Mainly Beta Class All beta proteins
Architecture Beta barrel Fold SH3-like barrel
OB Fold

(Dihydrolipoamide : :
Topology . Translation proteins

Acetyltransferase, Superfamily SH3-like domain

E2P)

Homologous Nucleic acid-binding Family Ribosomal protein L2
Superfamily proteins Protein Ribosomal protein L2




Biological importance

Required for the association of 30S and 50S
ribosome subunits

Involved in tRNA binding to both A and P sites.
Involvement in catalysis of peptide synthesis.

AN N0

N-terminal

VAVERY, VARV,



L2-23S rRNA interactions




Sequence conservation

Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deinococcus
Thermophilus
ECOLI

Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deinococcus
Thermophilus
ECOLI

Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deinococcus
Thermophilus
ECOLI

----------------------------- MGRVIRGQRKGAGSVFRAHVKHRK - - GAAR -
----------------------------- MGRVIRGQRKGAGSVFRAHVKHRK - - GAAR -
----------------------------- MGRVIRGQRKGAGSVFKAHVKHRK - - GAAK -
----------------------------- MGRVIRGQRKGAGSVFKAHVKHRK - - GAAK -
----------------------------- MGRVIRAQRKGAGSVFKAHVKKRK - - GAAK -
----------------------------- MGRVIRNQRKGAGSIFTSHTRLRQ- - GAAK -
MAVKKYRPYTPSRRQMTTADFSGLTKKRPEKALTEALPKTGGRNNRGRITSRFIGGGHKR
MAVKKFKPYTPSRRFMTVADFSEITKTEPEKSLVKPLKKTGGRNNQGRITVRFRGGGHKR
MAVVKCKPTSPGRRHVVKVVNPELHKGKPFAPLLEKNSKSGGRNNNGRITTRHIGGGHKQ

1 LN I -
- AE-RHGYIKGIVKDII
- AE-RHGYIKGIVKDII
- AE-RNGYIKGIVKDII
- AE-RHGYIKGIVKDII
AE-RSGYIRGVVKDII
AE-RHGYIRGIVKQIV

JAPLAVVHFRDPYRYKIRKELFIAPEGMH
APLAKVVFRDPYKYRLREEIFIANEGVH

& KRRDKSGVNAKVAAIE Y ARIALLHYAD----- GEKRYILAPEGLT
L KRWDKVGIPAKVAAIE Y ARIALLHYVD----- GEKRYIIAPDGLQ
A KR-NKDGIPAVVERL {RISANIALVLYKD---- - GERRYILAPKGL
FaR, ST AR e ii b AR pedenskiss o &
FVYCGKKAQLN LPVGTMP IVCCLEEKPGDRGKL YATVISHNPETKKT
FVYCGKKAQLN LPVGTMPHQT IVCCLEEKPGDRGKL YATVISHNPETKKT
FVYCGKKAQLN LPVGT IVCCVEEKPGDRGKL YATVISHNPETKKT
FIYCGKKAQLN LPVGT IVCCLEEKPGDRGKL YATVISHNPETKKS
FVYCGRKATLQ MPLSQMPHQTIICNLEEKTGDRGRL YATVIAHNQDTKKT
FIYAGKKASLN LPLGSPHQTIVSNVEEKPGDRGAL YVIIIGHNPDENKT
TVNAGPEAEPK LPLRFYPMGAVVHALELVPGKGAQL SVQVQGK- -ESDYV
QVVAGPDAPIQ LPLRFIPMGTVVHAVELEPKKGAKL SAQIQGR--EGDYV
QIQSGVDAAIK LPMRNIIPMGS TVHNVEMKPGKGGQL YVQIVAR--DGAYV
. * * . k. . % . . % . . .

* % KhkKkoe ok
.. . S




Structural conservation

1AVKKFKPYTP SRRFMTVADF SEIT. EPE KSLVKPLKKT GGRNNQGRIT

SOVRFRGGGHKR LYRI IDFKRW [DKVGIPAKVA AIEYDPHR!A RIALLHYVDG
99

db 100 EKRY 1 IAPDG LQVGQQVVAG PDAPIQVGNA LPLRFIPVGT VVHAVELEPK

151 161 171 181 191

Mancaniatinn = I . . I - . I N S - I B

1 1 21 31 41
1AVKKFKPYTP SRRFMTVADF SEITKTEPEK SLVKPLKKT.
1 G

1 121

76[AKVAATEYDP WRFARTALLCH Y|VD]. ... .. G EKRYI !FD! EUV!!UVV!!
42|/G | VKQIVHDS REAPLAKVY DPYKYRL REEIFIANEG VHTGQFIYAG

151 1 171 181 191

120PD!F|UU!HK !!!HFI!V!' VUHKU![E!R KGKK!!!!K! |5KU|U!HE.
91|KKASLNVGNV LPLGSVPEGT |IVSNVEEKPG DRGALARASG NYVI I IGHN|P

201 211 221 231 241




L2-23S rRNA interactions
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Sequence conservation

----------------------------- MGRVIRGQRKGAGSVFRAHVKHRK - - GAAR -
----------------------------- MGRVIRGQRKGAGSVFRAHVKHRK - - GAAR -
----------------------------- MGRVIRGQRKGAGSVFKAHVKHRK - - GAAK -
----------------------------- MGRVIRGQRKGAGSVFKAHVKHRK - - GAAK -
----------------------------- MGRVIRAQRKGAGSVFKAHVKKRK - - GAAK -
----------------------------- MGRVIRNQRKGAGSIFTSHTRLRQ- - GAAK -
MAVKKYRPYTPSRRQMTTADFSGLTKKRPEKALTEALPKTGGRNNRGRITSRFIGGGHKR
MAVKKFKPYTPSRRFMTVADFSEITKTEPEKSLVKPLKKTGGRNNQGRITVRFRGGGHKR
MAVVKCKPTSPGRRHVVKVVNPELHKGKPFAPLLEKNSKSGGRNNNGRITTRHIGGGHKQ
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Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deinococcus
Thermophilus
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Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deinococcus
Thermophilus
ECOLI

Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deilnococcus
Thermophilus
ECOLI

11

* *
.

1 "

* *
.

!

- AE-RHGYIKGIVKDIIH APLAKVVFRDPYRFKKRTELTMAEGIH
- AE-RHGYIKGIVKDIIH APLAKVVFRDPYRFKKRTELFIAAEGIH
- AE-RNGYIKGIVKDIIH APLAKVAFRDPYRFKKRTEL FVAAEGIH
- AE-RHGYIKGIVKDIIH APLAKVMFRDPYRFKKRTELFIAAEGIH
- AE-RSGYIRGVVKDIIH APLAVVHFRDPYRYKIRKEL} IAPEGMH
- AE-RHGYIRGIVKQIVH APLAKVVFRDPYKYRLREEI|FIANEGVH
L KRRDKSGVNAKVAAIE ARIALLHYAD----- GEKRY[LAPEGLT
L KRWDKVGIPAKVAAIE ARIALLHYVD----- GEKRY[LIAPDGLQ
A KR-NKDGIPAVVERLE ANIALVLYKD----- GERRY[LAPKGLK
LRI s O T R TR A O S Oy | el LA
FVYCGKKAQLNT[GNVLPVGTMPHRGI TvecLEEKPGDRGKLARRSENYATVISHNPETKKT
FVYCGKKAQLNI] LPVGT IVCCLEEKPGDRGKL SEGNYATVISHNPETKKT
FVYCGKKAQLNIGNVLPVGT IVCCVEEKPGDRGKLARRSGNYATVISHNPETKKT
FIYCGKKAQLNI] LPVGT IVCCLEEKPGDRGKL SGNYATVISHNPETKKS
FVYCGRKATLQI|GNVMPLSQ IICNLEEKTGDRGRLARIFSGNYATVIAHNQDTKKT
FIYAGKKASLN LPLGS IVSNVEEKPGDRGALARRSGNYVIIIGHNPDENKT
TVNAGPEAEPK LPLRFWMGRVVHALELVPGKGAQL SVQVQGK--ESDYV
QVVAGPDAPIQ LPLRFIPMGITVVHAVELEPKKGAKL SAQIQGR--EGDYV
QIQSGVDAAIK LPMRNIPMGE TVHNVEMKPGKGGQL YVQIVAR- -DGAYV
- * * . . .k . . .

O Fay 2
. el

ok ko
. .
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Structural conservation

Q1 ol r ol vi
VRFRGGGHKR LYRIIDFKRW [DKVGIPAKVA AIEYDPNRSA RIALLHYVDG
101 111 121 131 141

EKRYQJ1 APDG LQVGQQVVAG PDAPIQVGNA LPLRFIPVGT VVHAVELEPK
—J
151 161 171 181 191

RO AR TYVa AR AU CRLROC EMMRVEADCR ATL CEVENAE

KGAKLARAAG TSAQIQGREG DYVILRLPSG ELRKVHGECY ATVGAVGNAD

51 61 71 91

181 191

1NPU!P|UU!HK !!!HF|!V!| VUHKU!EE!K KGKK!!!!K! |5KU|U!RE.
9KKASLNVGNV LPLGSVPEGT IVSNVEEKPG DRGALARASG NYVI | IGHN|P

s ~aa P ~na ~aa




L2-23S rRNA interactions




Sequence conservation
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----------------------------- MGRVIRGQRKGAGSVFRAHVKHRK - - GAAR -
----------------------------- MGRVIRGQRKGAGSVFRAHVKHRK - - GAAR -
----------------------------- MGRVIRGQRKGAGSVFKAHVKHRK - - GAAK -
----------------------------- MGRVIRGQRKGAGSVFKAHVKHRK - - GAAK -
----------------------------- MGRVIRAQRKGAGSVFKAHVKKRK - - GAAK -
----------------------------- MGRVIRNQRKGAGSIFTSHTRLRQ- - GAAK -
MAVKKYRPYTPSRRQMTTADFSGLTKKRPEKALTEALPKTGGRNNRGRITSRFIGGGHKR
MAVKKFKPYTPSRRFMTVADFSEITKTEPEKSLVKPLKKTGGRNNQGRITVRFRGGGHKR
MAVVKCKPTSPGRRHVVKVVNPELHKGKPFAPLLEKNSKSGGRNNNGRITTRHIGGGHKQ

11 ] 1 I -

- AE-RHGYIKGIVKDII APLAKVVFRDPYRFKKRTELFIAAEGIH

- AE-RHGYIKGIVKDII

- AE-RNGYIKGIVKDII APLAKVAFRDPYRFKKRTELFVAAEGIH

- AE-RHGYIKGIVKDII APLAKVMFRDPYRFKKRTELFIAAEGIH
APLAVVHFRDPYRYKIRKELFIAPEGMH

APLAKVVFRDPYKYRLREEIFIANEGVH

APLAKVVFRDPYRFKKRTELFIAAEGIH
AE-RSGYIRGVVKDII

AE-RHGYIRGIVKQIV

L KRRDKSGVNAKVAAIE ARIALLHYAD----- GEKRYILAPEGLT
L5 KRWDKVGIPAKVAAIE ARIALLHYVD----- GEKRYIIAPDGLQ
A KR-NKDGIPAVVERLE ANIALVLYKD----- GERRYILAPKGL
R s FE ol ki, SRS Bk FECR A S
FVYCGKKAQLN IVCCLEEKPGDRGKL YATVISHNPETKKT
FVYCGKKAQLN IVCCLEEKPGDRGKL. YATVISHNPETKKT
FVYCGKKAQLN IVCCVEEKPGDRGKL YATVISHNPETKKT
FIYCGKKAQLN IVCCLEEKPGDRGKL. YATVISHNPETKKS
FVYCGRKATLQ IICNLEEKTGDRGRL. YATVIAHNQDTKKT
FIYAGKKASLN IVSNVEEKPGDRGAL YVIIIGHNPDENKT
TVNAGPEAEPK AVVHALELVPGKGAQL SVQVQGK- -ESDYV
QVVAGPDAPIQ VVHAVELEPKKGAKL SAQIQGR--EGDYV
QIQSGVDAAIK TVHNVEMKPGKGGQL YVQIVAR- -DGAYV
- * * . * * * - - .

*%k .
.




Structural conservation

101 m 121 131 141

SSEHH!IE!!KE !KK!DHIGS! VB!F'KP!H !!M!N'!U!S UHNU!MK!G
b 100 EKRYI| IAPDG LQVGQQVVAG PDAPIQVGNA LPLRFIPVGT VVHAVELEPK

151 161 17 181 191

149#@5%%—%%%—%%
B150KGAKLARMAG TSAQIQGREG DYVILRLPSG ELRKVHGECY ATVGAVGNAD
199

pdb 200(H KN | VLGKAG RSRWLGRRPH VRGAAMNP|. 'V DHPHAHGEGR AP HoRE. P

Conservation H NN = | Il .

151 161 171 181 191

120PD!P|UU!HK E!!HFl!V!I V!HKU!EE!K KGKK!!E!F! |5FU|G!HE.
91|KKASLNVGNV LPLGSVPEGT |IVSNVEEKPG DRGALARASG NYVI | IGHN|P
141@ENKTRVRLP SGAKKVISSD ARGVIGVIAG GGRVDKPI KAGRAFHK.
216 . . . .[RRPHVR GAAMNPVDHP HGGGEGRIAFR GRPPASP. .. .....
190 LKRN|SWPKTR GVAMNPVDHP HGGGNH OHI GKAS TIS RGAVS




Sequence conservation in bacteria

CLUSTAL 2.1 multiple sequence alignment

Thermophilus -AVKKFKPYTPSRRFMTVADFSEITK--------------- TEPEKSLVKPLKKTGGRN-
Deinococcus --VKKYRPYTPSRRQMTTADFSGLTK--------------- KRPEKALTEALPKTGGRN-
Aquifex MGVRKLKPVTNGTRHAVLYDFEEIEKLVRKGKEWVLLKKNQVEPEKSLLKWWHRAKGRSR
Ecoli -AVVKCKPTSPGRRHVVKVVNPELHK----~----------- GKPFAPLLEKNSKSGGRN-
Salmonella MAVVKCKPTSPGRRHVVKVVNPELHK--------------- GKPFAPLVEKNSKSGGRN-
Haemophilus MAIVKCKPTSAGRRHVVKIVNPELHK--------------- GKPYAPLLDTKSKTGGRN-
T * . % * * e k%

.

Thermophilus NQGRITVRFRGGGHKRLYRIIDFKRWDKVGIPAKVAAIEYDPNRSARIALLHYVDGEKRY
Deinococcus NRGRITSRFIGGGHKRLYRIIDFKRRDKSGVNAKVAAIEYDPNRSARIALLHYADGEKRY
Aquifex QRGNITARHRGGGHKKLYRIIDFKR-DKSLVPAKVVSIEYDPRRSARICLLHYADGEKRY

Ecoli NNGRITTRHIGGGHKQAYRIVDFKR-NKDGIPAVVERLEYDPNRSANIALVLYKDGERRY
Salmonella NNGRITTRHIGGGHKQAYRIVDFKR-NKDGIPAVVERLEYDPNRSANIALVLYKDGERRY
Haemophilus NYGRITTRHIGGGHKQHYRLIDFKR-NKLDIPAVVERLEYDPNRSANIALVLYKDGERRY

* k% * Fhkkke Kkoe okkhkk % vl e skkkk [khkk ¥ ke * Khkk k¥
. . . .. . . . 28 Vel .

Thermophilus PDGLQVGQQVV-------- AG-PDAPIQVGNALPLRFIPVGTVVHAVELEPKKGAKL
Deinococcus PEGLTVGATVN-------- AG-PEAEPKLGNALPLRFVPVGAVVHALELVPGKGAQL
Aquifex | IWPEGLKVGDTVMSISWEDAEAGKPLPEIKPGNAMPLKYIPEGTIVHNIEFIPGKGGQI
Ecoli PKGLKAGDQIQ-------- SG-VDAAIKPGNTLPMRNIPVGSTVHNVEMKPGKGGQL
Salmonella PKGLKAGDQIQ-------- SG-VDAAIKAGNTLPMRNIPVGSTVHNVEMKPGKGGQL
Haemophilus |LAPKGLSVGDQIQ-------- AG INSPIKVGNSLPMRNIPVGSTVHNVELKPGKGGQI

of ¥ k% * . v KXo okee ok %o *k ke % ** ..
. . . . . . a3 ..

Arg 88

Lys 102

Bacterial and eukaryotic
conservation

Discordance in E.coli —
two groups in bacteria
(Lys and lle)



Sequence conservation in bacteria

Thermophilus
Deinococcus
Aquifex
Ecoli
Salmonella
Haemophilus

Thermophilus
Deinococcus
Aquifex
Ecoli
Salmonella
Haemophilus

Thermophilus
Deinococcus
Aquifex
Ecoli
Salmonella
Haemophilus

GTSAQIQGREG--DYVILRLPSGELRKVHGECYATVGAVGNADHKNIVLGKAGRSR
AGTSVQVQGKES - -DYVIVRLPSGELRRVHSECYATIGAVGNAEHKNIVLGKAGRSR
GTWAQVLGRSTRKGYVLVRMPSGEVRMIHERCMATVGRVGLAEHELVKLGKAGRAR
AGTYVQIVARDG--AYVTLRLRSGEMRKVEADCRATLGEVGNAEHMLRVLGKAGAAR
AGTYVQIVARDG- -AYVTLRLRSGEMRKVEADCRATLGEVGNAEHMLRVLGKAGAAR
AGAYVQIIAREG--NYVTLRLRSGEMRKVLAECVATIGEVGNSEHMLRVLGKAGANR

kkes %o i *¥k ke Kkkak o * kkoek kk o+ ek *kk kK *

WLGRRPHVRGAAMNPVDHPHGGGEGRAPRGRPPASPWGWQTKGLKTRKRRKPSSRFIIAR
WLGRKPHQRGSAMNPVDHPHGGGEGRTGAGRVPVTPWGKPTKGLKTRRKRKTSDRFIVT -
WLGWRPHTRGTAMNPVDHPHGGGEGRT -RGKHPESPWGWKTKGYKTRRGKKYSDQFIVTR
WRGVRPTVRGTAMNPVDHPHGGGEGRN - FGKHPVTPWGVQTKGKKTRSNKR - TDKFIVRR
WRGVRPTVRGTAMNPVDHPHGGGEGRN - FGKHPVTPWGVQTKGKKTRSNKR - TDKFIVRR
WRGIRPTVRGTAMNPVDHPHGGGEGRN- FGKHPVTPWGVQTKGKKTRHNKR - TDKYIVRR

* k ok Tk dkkkhkkhkkkhkkhk ko Kk skkk *kk kkx 2o .tk

RDGRPL
RS5===<
RSK- - -
RGK- - -

Arg 157

Bacterial and eukaryotic
conservation



Sequence conservation

Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deilnococcus
Thermophilus
ECOLI

Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deinococcus
Thermophilus
ECOLI

Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deinococcus
Thermophilus
ECOLI

----------------------------- MGRVIRGQRKGAGSVFRAHVKHRK - - GAAR -
----------------------------- MGRVIRGQRKGAGSVFRAHVKHRK - - GAAR -
----------------------------- MGRVIRGQRKGAGSVFKAHVKHRK - - GAAK -
----------------------------- MGRVIRGQRKGAGSVFKAHVKHRK - - GAAK -
----------------------------- MGRVIRAQRKGAGSVFKAHVKKRK - - GAAK -
----------------------------- MGRVIRNQRKGAGSIFTSHTRLRQ- - GAAK -
MAVKKYRPYTPSRRQMTTADFSGLTKKRPEKALTEALPKTGGRNNRGRITSRFIGGGHKR
MAVKKFKPYTPSRRFMTVADFSEITKTEPEKSLVKPLKKTGGRNNQGRITVRFRGGGHKR

MAVVKCKPTSPGRRHVVKVVNPELHKGKPFAPLLEKNSKSGGRNNNGRITTRHIGGGHKQ

2

- AE-RHGYIKGIVKDII
- AE-RHGYIKGIVKDII
- AE-RNGYIKGIVKDII
- AE-RHGYIKGIVKDII
AE-RSGYIRGVVKDII
AE-RHGYIRGIVKQIV
KRRDKSGVNAKVAAIE
KRWDKVGIPAKVAAIE
KR-NKDGIPAVVERLE

RS :() *

FVYCGKKAQLN LPVGT
FVYCGKKAQLN LPVGTM

il

FVYCGKKAQLN LPVGT
FIYCGKKAQLN LPVGT
FVYCGRKATLQ MPLSQMPE
FIYAGKKASLN LPLGSVPH
TVNAGPEAEPK LPLRFPM
QVVAGPDAPIQ LPLRFIPM
QIQSGVDAAIK LPMRNI|PM
- * * - .

*%
. .

* . ok k.
[ Fhade . .

* * *
. .

1 "l )
APLAKVVFRDPYRFKKRTELFIAAEGIH
APLAKVVFRDPYRFKKRTELFIAAEGIH
APLAKVAFRDPYRFKKRTELFVAAEGIH
APLAKVMFRDPYRFKKRTELFIAAEGIH
APLAVVHFRDPYRYKIRKELFIAPEGMH
APLAKVVFRDPYKYRLREEIFIANEGVH

ARIALLHYAD----- GEKRYILAPEGLT

ARIALLHYVD----- GEKRYIIAPDGLQ

ANIALVLYKD----- GERRYILAPKGL

B i e (R (R % (): o*

IVCCLEEKPGDRGKL YATVISHNPETKKT
IVCCLEEKPGDRGKL YATVISHNPETKKT
IVCCVEEKPGDRGKL YATVISHNPETKKT
IVCCLEEKPGDRGKL YATVISHNPETKKS
IICNLEEKTGDRGRL YATVIAHNQDTKKT
IVSNVEEKPGDRGAL YVIIIGHNPDENKT
VVHALELVPGKGAQL SVQVQGK- -ESDYV

VVHAVELEPKKGAKL
TVHNVEMKPGKGGQL
. %

*hk e ok
. S P

SAQIQGR- - EGDYV
YVQIVAR- -DGAYV

RNA binding domain
Complete conservation
23s RNA binding sites

Determinant residues for the OB fold




Sequence conservation

Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deilnococcus
Thermophilus
ECOLI

Homo

Mus

Xenopus

Danio
Drosophila
Saccharomyces
Deinococcus
Thermophilus
ECOLI

RVK P SKKVISSANRAV AGGGRIDKPILKAGRAYHKYKAKRNCWPRVRGVAMNP
RVK i GISKKVISSANRAVVIGVVAGGGRIDKPILKAGRAYHKYKAKRNCWPRVRGVAMNP
RVK i GSKKVISSANRAI VAGGGRIDKPILKAGRAYHKYKAKRNCWPRVRGVAMNP
RVK i GISKKVISSANRAV AGGGRIDKPILKAGRAYHKYKAKRNCWPRVRGVAMNP
RVK P CGAKKVVPSANRAMVIGLVAGGGRIDKPILKAGRAYHKYKVKRNSWPKVRGVAMNP
RVR P GAKKVISSDARGVIIGVIAGGGRVDKPLLKAGRAFHKYRLKRNSWPKTRGVAMNP
IVR i LRRVHSECYATIIGAVGNAEHKNIVLGKAGRS - -RWLGRK - - -PHQRGSAMNP
ILR PPy LRKVHGECYAT VGNADHKNIVLGKAGRS - -RWLGRR - - -PHVRGAAMNP
TLRLRISG MRKVEADCRAT VGNAEHM VLGKAGAA--RWRGVR---PTVRGTAMNP

:-* * % . e . . o kkk . . * *% kkkx

FGGG-NHQHIGKPSTIRRDAPAGRKVGLIAARRTGRLRGTKTVQEKEN
FGGG-NHQHIGKPSTIRRDAPAGRKVGLIAARRTGRLRGTKTVQEKEN
FGGG-NHQHIGKPSTIRRDAPAGRKVGLIAARRTGRLRGTKTVQEKEN
FGGG-NHQHIGKPSTIRRDAPAGRKVGLIAARRTGRLRGTKTVQDKEN
HGGG-NHQHIGKASTVKRGTSAGRKVGLIAARRTGRIRGGKGDSKDK -
HGGG-NHQHIGKASTISRGAVSGQKAGLIAARRTGLLRGSQKTQD- - -
HGGGEGRTGAGRVPVTPWGKPTKGLKTRRKRKTSDRFIVTRRK- - - - -
HGGGEGRAPRGRPPASPWGWQTKGLKTRKRRKPSSRFIIARRKK- - - -
HGGGEGRN - FGKHPVTPHGVQTKGKKTRSNKR TDKFIVRRRSK----

skk Fkk . * .

x-<<<<<<<<<

RNA binding domain
Complete conservation
His 229 important for

peptidyl-transferase
activity




Structural conservation

Bacteria/Bacteria

T. thermophilus

E. coli @

RMSD = 1,553
Q-score = 0,737
% id. = 55,72%

Bacteria/Eukaryote

T. thermophilus
S.cerevisiae

RMSD = 1,722
Q-score = 0,392
% id. = 25,79%




S11/514




Classification

CATH

Class

Alpha Beta

Architecture

2-Layer Sandwich

Nucleotidyltransferase;
Topology domain 5
Homologous Ribosomal protein S11
Superfamily

SCOP
Class Alpha ant_j beta
protein
Fold Rlbonuclea_se H-like
motif
Translational
Superfamily machinery
components
Famil Ribosomal protein
y L18 and S11
Protein Ribosomal protein

S11




Biological importance

Selection of the correct tRNA
Interacts with 16S rRNA:
o Generate the platform of 30S
o Forms a bridge with the 50S ribosomal
subunit

e

C-terminal

N-terminal




S11-16S rRNA interactions




Sequence conservation

ICLUSTAL 2.1 multiple sequence alignment

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

R ——
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
-------------- MSNVVQARDNSQVFGVARIYASFNDTFVHVTDLSGKETIARVTGGM
-------- MAK-PTKGKAPRRSRRNISAGRAYVHASYNNTIVTITDLDGNSVAWSSGGTI
-------- MAKKPSK - - - -KKVKRQVASGRAYIHASYNNTIVTITDPDGNPITWSSGGVI
-------- MAKAPIR--ARKRVRKQVSDGVAHIHASFNNTIVTITDRQGNALGNATAGGS

s KKk akek okk

:

KVKADRDESSPYAAMLAAQDVAQ-RCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAQ-RCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAQ-RCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVK DESSPYAAMLAAQDVAQ-KCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAA-KCKEVGITAVHVKIRATGGTRTKTPGPGGQAALRAL

GYK -KGTPYAAQLAAADAVKKAQTSFGMAAVDVIVRGSG-------- SGREQAIRAI
GYKQSR - KGTPYAAQLAALDAAKKAMA-YGMQSVDVIVRGTG-------- AGREQAIRAL
GFRQSR -KSTPFAAQVAAERCAD -AVKEYGIKNLEVMVKGPG- - ----- - PGRESTIRAL
: o n X e kX . ‘L el ek PRSI

_

ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGLRIGRIEDVTPVPSDSTRKKGGRRGRRL
QASGIEVRSIMDDSPVPHNGCRPKKKFRA- - -
QASGLQVKSIVDDTPVPHNGCRPKKKFRKAS -
NAAGFRITNITDVTPIPHNGCRPPKKRRV- - -

. k. - ® Kk skek » x *
PRI Chadd .



Structural conservation

1 11 21 31 41

— —

a A
KRQVASGRAY IHASYNNTIV TITDPDGNPI TWSSGGVIGY KG KGTPYA
51 61 71 81 91

A A a A

AQLAALDAAK KAMAYGMQSV DVIVRGTGAG REQAIRALQA SGLQVKSIVD
101 111 121

3 RRV. .. % g
DTPVPHNGCR PKKK|...FRK AS

1 11 21 31 41

> 1 KRQV . I%!FMH’E‘VH‘N‘!—M'D‘!‘N . av K. [dskka
1....SQVFGVY ARIYASFNDT FVHVTDLSGK ET1ARVTGGM K| |VKAIDlRbES
51 61 71 81 91

Il !!!G!!![ BA!KI!KW‘KIE WIOS!D!IU'IG ........ a
SPYAAMLAAQ DVAAKCKEVG ITAVHVKIRAl TGGTRTKTIPG PGGQAALRAL

131

101 111 121
3 o FRKAS . .
ARSGLRIGRI EDVTPVPSDS TRKKG|GRRGR RL




S11-16S rRNA interactions




Sequence conservation

ICLUSTAL 2.1 multiple sequence alignment

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

 ———
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
-------------- MSNVVQARDNSQVFGVARIYASFNDTFVHVTDLSGKETIARVTGGM
-------- MAK-PTKGKAPRRSRRNISAGRAYVHASYNNTIVTITDLDGNSVAWSSGGTI
-------- MAKKPSK - - - -KKVKRQVASGRAYIHASYNNTIVTITDPDGNPITWSSGGVI
-------- MAKAPIR--ARKRVRKQVSDGVAHIHASFNNTIVTITDRQGNALGNATAGGS

* -***** ** * .
. . Onec)

.

KVKADR SPYAAMLAAQDVAQ-RCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADR SPYAAMLAAQDVAQ-RCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADR SPYAAMLAAQDVAQ-RCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADR SPYAAMLAAQDVAQ-KCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADR SPYAAMLAAQDVAA-KCKEVGITAVHVKIRATGGTRTKTPGPGGQAALRAL

GYKGSK TPYAAQLAAADAVKKAQTSFGMAAVDVIVRGSG-------~ SGREQAIRAI
GYKGSR TPYAAQLAALDAAKKAMA-YGMQSVDVIVRGTG-----~-~~ AGREQAIRAL
GFRGSR TPFAAQVAAERCAD AVKEYGIKNLEVMVKGPG -------- PGRESTIRAL

. Tos L tkakk k% . T : sk,
e ————

ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGLRIGRIEDVTPVPSDSTRKKGGRRGRRL
QASGIEVRSIMDDSPVPHNGCRPKKKFRA- - -
QASGLQVKSIVDDTPVPHNGCRPKKKFRKAS -
NAAGFRITNITDVTPIPHNGCRPPKKRRV- - -

.*.**‘**o* *

... ..



Structural conservation

1 11 21 31 41

A A
KRQVASGRAY IHASYNNTIV TITDPDGNPI TWSSGGVIGY KGSR T PY A
51 61 71 81 91

AQLAALDAAK KAMAYGMQSV DVIVRGTGAG REQAIRALQA SGLQVKSIVD
101 111 121

3 RRV. .. ..
DTPVPHNGCR PKKK|...FRK AS

1 11 21 31 41

1KRQV..F3£R !7|H!!7HN| l!lllBPDgN : G .[GS
EITI ARVTGGM K|.|VK

1....8SQVFGVY ARIYASFNDT FVHVTDLSGK ADR
51 61 71 81 91

TGGTRTKTIPG PGGQAALRAL

G

lm =]

SPYAAMLAAQ DVAAKCKEVG ITAVHVKIRA| TGGTRTKT

131

101 111 121
3 o FRKAS . .
ARSGLRIGRI EDVTPVPSDS TRKKGIGRRGR| . .... RL




S11-16S rRNA interactions




Sequence conservation

ICLUSTAL 2.1 multiple sequence alignment

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

— > >
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
-------------- MSNVVQARDNSQVFGVARIYASFNDTFVHVTDLSGKETIARVTGGM
-------- MAK-PTKGKAPRRSRRNISAGRAYVHASYNNTIVTITDLDGNSVAWSSGGTI
-------- MAKKPSK - - - -KKVKRQVASGRAYIHASYNNTIVTITDPDGNPITWSSGGVI
-------- MAKAPIR--ARKRVRKQVSDGVAHIHASFNNTIVTITDRQGNALGHATAGGS

* -***** ** * .
e & Dnach

.

KVKADRDESSPYAAMLAAQDVAQ-RCKELGITALHIK TGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAQ-RCKELGITALHIK TGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAQ-RCKELGITALHIK TGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAQ-KCKELGITALHIK TGGNRTKTPGPGAQSALRAL

KVKADRDESSPYAAMLAAQDVAA-KCKEVGITAVHVKIRATGGTRTKTPGPGGQAALRAL

GYKGSK-KGTPYAAQLAAADAVKKAQTSFGMAAVDVI SG==m~m=e SGREQAIRAI
GYKGSR-KGTPYAAQLAALDAAKKAMA-YGMQSVDVI TGr == =wnws AGREQAIRAL
GFRGSR KSTPFAAQVAAERCAD AVKEYGIKNLEVM PG=i~=~=im=ia PGRESTIRAL

. *** ** .. * . **
. “een .

e ————
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGMKIGRIEDVTPIPSDSTRRKGGRRGRRL
ARSGLRIGRIEDVTPVPSDSTRKKGGRRGRRL
QASGIEVRSIMDDSPVPHNGCRPKKKFRA- - -
QASGLQVKSIVDDTPVPHNGCRPKKKFRKAS -
NAAGFRITNITDVTPIPHNGCRPPKKRRV- - -

.*-**-**o* *

.. ..



Structural conservation

1 11 21 31 41

1HKEUSD!V!H |H!!FHH|IU I||!RG!HF[ GHKIF!GS!F R!!!!S'!F!
1IKRQVASGRAY IHASYNNTIV TITDPDGNPI TWSSGGVIGY KGSRKGTPYA

51 61 71 81 91
AQLAALDAAK KAMAYGMQSV DVI TGAG REOAIRALQA SGLOVKSIVD
101 111 121
3 RRV... ..
DTPVPHNGCR PKKK|...FRK AS
11 21 31 41
- vV T|G JGSRKG
SQVFGV ARIYASFNDT FVHVTDLSGK| ETIARVTGGM K|.|VKIADRDES
51 61 71 81 91

........ A
SPYAAMLAAQ DVAAKCKEVG ITAVHVKJRE TGGTRTKTIPG PGGQAALRAL

131

101 111 121
a I FRKAS . .
ARSGLRIGR|! EDVTPVPSDS TRKKGIGRRGRl ..... RL




S11-16S rRNA interactions




Sequence conservation

ICLUSTAL 2.1 multiple sequence alignment

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

R
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFASFNDTFVHVTDLSGKETICRVTGGM
-------------- MSNVVQARDNSQVFGVARIYASFNDTFVHVTDLSGKETIARVTGGM
-------- MAK-PTKGKAPRRSRRNISAGRAYVHASYNNTIVTITDLDGNSVAWSSGGTI
-------- MAKKPSK - - - -KKVKRQVASGRAYIHASYNNTIVTITDPDGNPITWSSGGVI
-------- MAKAPIR--ARKRVRKQVSDGVAHIHASFNNTIVTITDRQGNALGNATAGGS

* -***** ** * .
. . ORaC)

H

KVKADRDESSPYAAMLAAQDVAQ-RCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAQ-RCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAQ-RCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAQ-KCKELGITALHIKLRATGGNRTKTPGPGAQSALRAL
KVKADRDESSPYAAMLAAQDVAA-KCKEVGITAVHVKIRATGGTRTKTPGPGGQAALRAL

GYKGSK-KGTPYAAQLAAADAVKKAQTSFGMAAVDVIVRGSG-------~ SGREQAIRAI

GYKGSR-KGTPYAAQLAALDAAKKAMA-YGMQSVDVIVRGTG-------- AGREQAIRAL

GFRGSR KSTPFAAQVAAERCAD AVKEYGIKNLEVMVKGPG -------- PGRESTIRAL
S e A R ek B LRy R P B

e ——

ARSGMKIGRIEDVTPIPSDS KGGRRGRRL

ARSGMKIGRIEDVTPIPSDS KGGRRGRRL

ARSGMKIGRIEDVTPIPSDS KGGRRGRRL

ARSGMKIGRIEDVTPIPSDS KGGRRGRRL

ARSGLRIGRIEDVTPVPSDS KGGRRGRRL

QASGIEVRSIMDDSPVPHNG KKKFRA- - -

QASGLQVKSIVDDTPVPHNG KKKFRKAS -

NAAGFRITNITDVTPIPHNG PKKRRV- - -

.*.:**-**:'* *

.

)




Structural conservation

1 11 21 31 41

A A A

KRQVASGRAY IHASYNNTIV TITDPDGNPI TWSSGGVIGY KGSRKGTPYA
51 61 71 81 91

51 " A
pdb 51/AQLAALDAAK KAMAYGMQSV DVIVRGTGAG REQAIRALQA SGLOVKSIVD

101 111 121

101 RRV... ..
”}W1DTPVPHNG {R] PKKK]...FRK AS
: G[YK].[GSRKG
VFGV ARIYASFNDT FVHVTDLSGK| E[T1IARVTGGM K|.VKADRDES




Sequence conservation in bacteria

CLUSTAL 2.1 multiple sequence alignment

Ecoli
Salmonella
Haemophilus
Aquifex
Deinococcus
Thermophilus

Ecoli
Salmonella
Haemophilus
Aquifex
Deinococcus
Thermophilus

Ecoli
Salmonella
Haemophilus
Aquifex
Deinococcus
Thermophilus

------------- RKQVSDGVAHIHASFNNTIVTITDRQGNALGNATAGGSGFRfSi
MAKAPV-CARKRVRKQVSDGVAHIHASFNNTIVTITDRQGNALGWATAGGSGFRfSi
MAKTPV-RARKRVKKQVVDGVRHIHASFNNTIVTITDRQGNALANATAGGSGFRfSi
MAKK- - - - - KKKQKRQVTKAIVHIHTTFNNTIVNVTDTQGNTIAWASGGTVGFKG i
MAKPTKGKAPRRSRRNISAGRAYVHASYNNTIVTITDLDGNSVAWSSGGTIGYKGSK
------------- KRQVASGRAYIHASYNNTIVTITDPDGNPITWSSGGVIGYKGSR

RnEEeARERRE LR Rk Rk s

PFAAQVAAERCADAVKE-YGIKNLEVM PGPGRESTIRALNAAGFRITNITDVTPIPH

PFAAQVAAERCADAVKE - YGIKNLEVMVKGPGPGRESTIRALNAAGFRITNITDVTPIPH

PFAAQVAAERCAEIVKE-FGLKNLEVM PGPGRESTIRALNAAGFRITNITDVTPIPH

PYAAQLAAQKAMKEAKE-HGVQEVEIW PGAGRESAVRAVFASGVKVTAIRDVTPIPH

PYAAQLAAADAVKKAQTSFGMAAVDVI SGSGREQAIRAIQASGIEVRSIMDDSPVPH

PYAAQLAALDAAKKAMA-YGMQSVDVI TGAGREQAIRALQASGLQVKSIVDDTPVPH
* . ...

*okkk kK . K Kk Kkk sakk: kik 2 K Kk skikk
NG PKKRRV- -
NG PKKRRV- -
NG PKKRRV- -
NG PARRRV- -
NG KKKFRA- -

NG KKKFRKAS
T

* %

Ser 53

Lys 55

Arg 85

Arg 120

Bacterial conservation
Asp in eukaryotes

Bacterial conservation
Glu in eukaryotes

Discordance in E.coli —
two groups in bacteria
(Lys and Arg)

Bacterial and eukaryotic
conservation




Sequence conservation

ICLUSTAL 2.1 multiple sequence alignment

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

Mus

Xenopus

Homo

Danio
Saccharomyces
Deinococcus
Thermus
Escherichia

—

MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHI] FAS%TFVHVTDLSGKETI CRVTGGM

MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFAS TFVHVTDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFAS TFVHVIDLSGKETICRVTGGM
MAPRKGKEKKEEQVISLGPQVAEGENVFGVCHIFAS TFVHVTIDLSGKETICRVTGGM
-------------- MSNVVQARDNSQVFGVARIYAS TFVHVTDLSGKETIARVTGGM
-------- MAK-PTKGKAPRRSRRNISAGRAYVHAS TIVTITDLDGNSVAWSSGGTI
-------- MAKKPSK - - - -KKVKRQVASGRAYIHAS TIVTITDPDGNPITWSSGGVI
-------- MAKAPIR--ARKRVRKQVSDGVAHIHAS TIVTITDRQGNALGHATAGGS

* . *oek k¥ % .
Dhac

SPYAAMLAAQDVAQ-RCKELGITALHIK TGGNRTKTPGPGAQSALRAL
SPYAAMLAAQDVAQ- RCKELGITALHIK TGGNRTKTPGPGAQSALRAL
SPYAAMLAAQDVAQ- RCKELGITALHIK TGGNRTKTPGPGAQSALRAL

K TPYAAQLAAADAVKKAQTSFGMAAVDVI SGf ------1 SGREQAIRAL

KGTPYAAQLAALDAAKKAMA-YGMQSVDVI TG ~=~==~+ AGREQAIRAL

TPFAAQVAAERCAD AVKEYGIKNLEVM PGp-~------+ PGRESTIRAL

T ikikEk k% . L * RIS e
_

ARSGMKIGRIE IPSDS KGG RRL
ARSGMKIGRIE IPSDS KGG RRL
ARSGMKIGRIE IPSDS KGG RRL
ARSGMKIGRIE IPSDS KGG RRL
ARSGLRIGRIE VPSDS KGG RRL
QASGIEVRSIM VPHNG KKK ei=im
QASGLQVKSIV VPHNG KKKFRKAS -
NAAGFRITNIT IPHNG PKK S

**.**:.* *
)

SPYAAMLAAQDVAQ- KCKELGITALHIK TGGNRTKTPGPGAQSAﬂEAE
DESSPYAAMLAAQDVAA- KCKEVGITAVHVK TGGTRTKTPGPGGQAALRAL

Conserved residues on the RNA
interacting surface of the protein

Highly conserved aminoacids

Sequence of 8 aa present
between beta4 and alpha2

Carboxy terminal tail




Structural conservation

Bacteria/Bacteria

T.thermophilus =
E.coli

RMSD = 1,316
Q-score = 0,783
%id. = 52,99%

Bacteria/Eukaryote

T.thermophilus
S.cerevisiae

RMSD = 1,327
Q-score = 0,657
% id. = 38,66%




S11-S7 interactions
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Classification

CATH SCOP
Class Mainly Alpha Class All alpha protein
Architecture Orthogonal Bundle Fold Ribosomal protein S7
Ribosomal Protein Superfamily Ribosomal protein S7
Topology S7

Family Ribosomal protein S7

Homologous Ribosomal Protein
Superfamily S7 domain Protein Ribosomal protein S7




Biological importance

Initiation of ribosomal folding
Inhibits bacterial growth
(overexpression)

N-terminal

B-hairpin

u C-terminal




Salt bridges in helices




Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Sequence conservation

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHGRNNGKKLLTVRIVKHA
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHGRNNGKKLMTVRIVKHA
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKGRNNGKKLMACRIVKHS
DYVQVRQP--IFVAHTAGRYANKRFRKAQCPIIERLTNSLMMNGRNNGKKLKAVRIIKHT
-------------- MARRRRAEVRPVQPDLVYQDVLVSAMINRIMRDGKKNLASRIFYGA
-------------- MARRRRAEVRQLQPDLVYGDVLVTAFINKIMRDGKKNLAARIFYDA
-------------- MPRRRVIGQRKILPDPKFGSELLAKFVNILMVDGKKSTAESIVYSA

* * - .. . %k ok . * -

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPURRVNQAIWLLCT

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPURRVNQAIWLLCT
FEITHLLTGENPLQILVNAIINSGPREDSTRIGRAGTVRRQAVDVSPURRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPURRVNQAIWLLCT
FEITHLLTGENPLQILVSAIINSGPREDSTRIGRAGTVRRQAVDVSPURRVNQAIWLLCT
LDIINVLTDQNPIQVVVDAITNTGPREDTTRVGGGGAARRQAVDVSPURRVNQAIALLTI
CRLVQERTGQEPLKVFKQAYDNVKPRVENRSRRVGGSTYQVPVEVGPRRRQSLTLRWMIS
CKIIQEKTGQEPLKVFKQAVENVKPRMENRSRRVGGANYQVPMEVSPRRDQSLALRWLVQ
LETLAQRSGKSELEAFEVALENVRPTVENKSRRVGGSTYQVPVEVRPWRRNALAMRWIVE

- - .. : * * - * . - (3 g FERL - ..
-

At . e . .. .

IKTIAECLADE] INAAKGSSNSYAIKKKDELERVAKSNR - - - - - - - - - - - -

L MDAAEGKGG - -AVKKKEDVERMAEANRAYAHYRW- - - - -
REDKSMALRLANE] SDAAENKGT - - AVKKREDVHRMAEANKAFAHYRWLSLRS

- % k%,

IKNIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR---=-===-=-- -~
IKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR----=-~-~-~--~---
IKTIAECVADELINAAKGSSNSYAIKKKDELERVAKSNR------~------
IKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR--=======~-~~
IKTIAETLAHEL INAAKGSSTSYAIKKKDELERVAKSNR------=--~-~---
AVDG- - ERTAIERLAJEIMDAAQGRGG- - AIKKKDDVERMAEANRAYAHYRW- - - - -
E
E

E I R ek e ok
. T R o s R



Structural conservation
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Stabilization loop 1




Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Sequence conservation

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHGRNNGKKLLTVRIVKHA
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHGRNNGKKLMTVRIVKHA
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKGRNNGKKLMACRIVKHS

DYVQVRQP - -IFVAHTAGRYANKRFRKAQCP, NSLMMNGRNNGKKLKAVRIIKHT
-------------- MARRRRAEVRPVQPPLVYQD SAMINRIMRDGKKNLASRI A
-------------- MARRRRAEVRQLQPPLVYGD AFINKIMRDGKKNLAARI A

KFVNILMVDGKKSTAESI A

-------------- MPRRRVIGQRKILPDPK
* * .

s REk H

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVSAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
LDIINVLTDQNPIQVVVDAITNTGPREDTTRVGGGGAARRQAVDVSPLRRVNQAIALLTI

CRLVQERTGQEPLKV AYDNVKPRVEVRSRRVGGSTYQVPVEVGPRRQQSLTLRWMIS
CKIIQEKTGQEPLKV AVENVKPRMEVRSRRVGGANYQVPMEVSPRRQQSLALRWLVQ
LETLAQRSGKSELEA ALENVRPTVEVKSRRVGGSTYQVPVEVRPVRRNALAMRNIVE

*  * % ik ok k. .

4 Seee & » M . s . . H

GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKNIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR--==-===-==--~
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR---------~---
GAREAAFRNIKTIAECVADELINAAKGSSNSYAIKKKDELERVAKSNR--==-=====---~
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR---=--==-=~---
GAREAAFRNIKTIAETLAEELINAAKGSSTSYAIKKKDELERVAKSNR------------
AVDG- - -RPERTAIERLAGEIMDAAQGRGG- - ATIKKKDDVERMAEANRAYAHYRW- - - - -
AANQ- - -RPERRAAVRIAHELMDAAEGKGG- - AVKKKEDVERMAEANRAYAHYRW - - - - -
AARK---RGDKSMALRLANELSDAAENKGT--AVKKREDVHRMAEANKAFAHYRNLSLRS

sk ke k% Fokk. s Kok

.. s, s RETRere ecer



Structural conservation

1 1 21 31 41

................ QP 0 AFIH KT
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Beta hairpin

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

------------------------ MTEWETAAPAVAETPDIKLFGKWSTDDVQINDISLQ
------------------------ MTEWEAATPAVAETPDIKLFGKWSTDDVQINDISLQ
------------------------ MAEDWEAAPAVAETPEIKLFGKWSTDDVQINDISLQ
------------------------ MSDWET-VPVGAETPEIKLFGKWSTDDVQINDISLQ
MAEVAENVVETFEEPAAPMEAEVAETILETNVVSTTELPEIKLFGRWSCDDVTVNDISLQ
-MSDTEAPVEVQEDFEVVEEFTPVVLATPIPEEVQQAQTEIKLFNKWSFEEVEVKDASLY

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHGRNNGKKLLTVRIVKHA
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHGRNNGKKLMTVRIVKHA
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKGRNNGKKLMACRIVKHS
DYVQVRQP- - IFVAHTAGRYANKRFRKAQCPIIERLTNSLMMNGRNNGKKLKAVRIIKHT
-------------- MARRRRAEVRPVQPDLVYQDVLVSAMINRIMRDGKKNLASRIFYGA
-------------- MARRRRAEVRQLQPDLVYGDVLVTAFINKIMRDGKKNLAARIFYDA

-------------- MPRRRVIGQRKILPDPKFGSELLAKFVNILMVDGKKSTAESIVYSA

*

s kkk

FEITHLLTGENPLQVLVNAIINS EDSTRIGRAGTVRRUANVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINS EDSTRIGRAGTVRR(QANVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVNAIINS EDSTRIGRAGTVRR(ANVDVYPLRRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINS EDSTRIGRAGTVRR(QANVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVSAIINS EDSTRIGRAGTVRR(ANVDVYPLRRVNQAIWLLCT
LDIINVLTDQNPIQVVVDAITNT EDTTRVGGGGAARROANDVSPL RRVNQAIALLTI
CRLVQERTGQEPLKVFKQAYDNV VEVRSRRVGGSTYQUPVEVQPRRQQSLTLRWMIS
CKIIQEKTGQEPLKVFKQAVENV MEVRSRRVGGANYQVPMEVSPRRQQSLALRWLVQ
LETLAQRSGKSELEAFEVALENV VEVKSRRVGGSTYQWYPVEV RRNALAMRWIVE
. . . .. * * - e > . * . .. .

GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKNIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR--=-=--~-----
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAECVADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAETLAEELINAAKGSSTSYAIKKKDELERVAKSNR----=--------
AVDG- - -RPERTAIERLAGEIMDAAQGRGG- - AIKKKDDVERMAEANRAYAHYRMW- - - - -
AANQ- - -RPERRAAVRIAHELMDAAEGKGG- - AVKKKEDVERMAEANRAYAHYRW - - - - -
AARK-——RGDKSMALRLANELSDAAENKGT-—AVKKREDVHRMAEANKAFAHYRWLSLRS

1k ko

*oekk e * .

* .



S7-16S rRNA (loop2)




Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Sequence conservation

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHG
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHG
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHG
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHG
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKG
DYVQVRQP- -IFVAHTAGRYANKRFRKAQCPIIERLTNSLMMNG

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEIIHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVSAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
LDIINVLTDQNPIQVVVDAITNTGPREDTTRVGGGGAARRQAVDVSPLRRVNQAIALLTI
CRLVQERTGQEPLKVFKQAYDNVKPRVEVRSRRVGGSTYQVPVEVGPRRQQSLTLRWMIS
CKIIQEKTGQEPLKVFKQAVENVKPRMEVRSRRVGGANYQVPMEVSPRRQQSLALRWLVQ
LETLAQRSGKSELEAFEVALENVRPTVEVKSRRVGGSTYQVPVEVRPVRRNALAMRWIVE
- - - .. * * . - . -

* * . sok Kk ko .
. ... . ..

.

GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------=------
GAREAAFRNIKNIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR--------~----
GAREAAFRNIKTIAECVADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR-----~------
GAREAAFRNIKTIAETLAEELINAAKGSSTSYAIKKKDELERVAKSNR------------
AVDG- - -RPERTAIERLAGEIMDAAQGRGG- -AIKKKDDVERMAEANRAYAHYRW- - - - -
AANQ- - -RPERRAAVRIAHELMDAAEGKGG- - AVKKKEDVERMAEANRAYAHYRMW - - - - -
AARK- - -RGDKSMALRLANELSDAAENKGT - - AVKKREDVHRMAEANKAFAHYRWLSLRS

* . ok ke oskke Fokkeoor Fokooks



Structural conservation

1 1 21 31 41
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S7-16S rRNA (loopb)




Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Sequence conservation

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHGRNNGKKLLTVRIVKHA
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHGRNNGKKLMTVRIVKHA
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKGRNNGKKLMACRIVKHS
DYVQVRQP - -IFVAHTAGRYANKRFRKAQCPIIERLTNSLMMNGRNNGKKLKAVRIIKHT
-------------- MARRRRAEVRPVQPDLVYQDVLVSAMINRIMRDGKKNLASRIFYGA
-------------- MARRRRAEVRQLQPDLVYGDVLVTAFINKIMRDGKKNLAARIFYDA
-------------- MPRRRVIGQRKILPDPKFGSELLAKFVNILMVDGKKSTAESIVYSA
* * -

.. . kk Kk - * .
. . .

. .. . . .. .

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEIIHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEIIHLLTGENPLQILVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEIIHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEIIHLLTGENPLQILVSAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
LDIINVLTDQNPIQVVVDAITNTGPREDTTRVGGGGAARRQAVDVSPLRRVNQAIALLTI
CRLVQERTGQEPLKVFKQAYDNVKPRVEVRSRRVGGSTYQVPVEVGPRRQQSLTLRWMIS
CKIIQEKTGQEPLKVFKQAVENVKPRMEVRSRRVGGANYQVPMEVSPRRQQSLALRWLVQ
LETLAQRSGKSELEAFEVALENVRPTVEVKSRRVGGSTYQVPVEVRPVRRNALAMRWIVE

P .. * * e . ke . sak ok ko .. .

GAREAAFRN IAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------=---~---
GAREAAFRN IAECLADELINAAKGSSNSYAIKKKDELERVAKSNR--=--==-===-~~--
GAREAAFRN IAECLADELINAAKGSSNSYAIKKKDELERVAKSNR----===-==~-~
GAREAAFRN IAECVADELINAAKGSSNSYAIKKKDELERVAKSNR------~--~----
GAREAAFRN IAECLADELINAAKGSSNSYAIKKKDELERVAKSNR----==-==----
GAREAAFRN IAETLAEELINAAKGSSTSYAIKKKDELERVAKSNR----==-===--~-

AVDG- - -RPHRFAIERLAGEIMDAAQGRGG- -AIKKKDDVERMAEANRAYAHYRW- - - - -

AANQ- - -RPHRRAAVRIAHELMDAAEGKGG- - AVKKKEDVERMAEANRAYAHYRW- - - - -

AARK- - -RGOKBMALRLANELSDAAENKGT - -AVKKREDVHRMAEANKAFAHYRWLSLRS
-

- .k ke oKk . Feokde oo Feokoe ok
.. . . . . . 08 OO e

“ . .



Structural conservation

1 1 21 31 41
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S7-16S rRNA (beta-hairpin)




Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Sequence conservation

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHGRNNGKKLLTVRIVKHA
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHGRNNGKKLMTVRIVKHA
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKGRNNGKKLMACRIVKHS
DYVQVRQP--IFVAHTAGRYANKRFRKAQCPIIERLTNSLMMNGRNNGKKLKAVRIIKHT
-------------- MARRRRAEVRPVQPDLVYQDVLVSAMINRIMRDGKKNLASRIFYGA
-------------- MARRRRAEVRQLQPDLVYGDVLVTAFINKIMRDGKKNLAARIFYDA
-------------- MPRRRVIGQRKILPDPKFGSELLAKFVNILMVDGKKSTAESIVYSA

.. T HRxx . * -
.

. . . . .. . -

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITIHLLTGENPLQILVSAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
LDIINVLTDQNPIQVVVDAITNTGPREDTIRVGGGGAARRQAVDVSPLRRVNQAIALLTI
CRLVQERTGQEPLKVFKQAYDNVKPRVE RRVGGSTYQVPVEVGPRRQQSLTLRWMIS
CKIIQEKTGQEPLKVFKQAVENVKPRME RRVGGANYQVPMEVSPRRQQSLALRWLVQ
LETLAQRSGKSELEAFEVALENVRPTVE RRVGGSTYQVPVEVRPVRRNALAMRHIVE

- .. -.***. .- .

4 cece o2 . 4 H s ecs .. H

GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR----=-=-==~-~---
GAREAAFRNIKNIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR-------~-----
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAECVADELINAAKGSSNSYAIKKKDELERVAKSNR---===-====--~
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR-----~-~------
GAREAAFRNIKTIAETLAEELINAAKGSSTSYAIKKKDELERVAKSNR----~--------
AVDG- - -RPERTAIERLAGEIMDAAQGRGG- - AIKKKDDVERMAEANRAYAHYRW- - - - -
AANQ- - -RPERRAAVRIAHELMDAAEGKGG- - AVKKKEDVERMAEANRAYAHYRW- - - - -
AARK—--RGDKSMALRLANELSDAAENKGT--AVKKREDVHRMAEANKAFAHYRHLSLRS

-* *- -**- * . **--:: * *--*-

.. . .« .




Structural conservation

1 1 21 31 41
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S7-16S rRNA (alfa-1)




Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danilo

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Sequence conservation

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHGRNNGKKLLTVRIVKHA
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHGRNNGKKLMTVRIVKHA
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKGRNNGKKLMACRIVKHS
DYVQVRQP- - IFVAHTAGRYANKRFRKAQCPIIERLTNSLMMNGRNNGKKLKAVRIIKHT
-------------- MARRRRAEVRPVQPDLVYQDVLVSAMINRIMRDGKKNLASRIFYGA
-------------- MARRRRAEVRQLQPDLVYGDVLVTAFINKIMRDGKKNLAARIFYDA
-------------- MPRRRVIGQRKILPDPKFGSELLAKFVN MVDGKKSTAESIVYSA

TR Rk

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT

FEIIHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVSAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
LDIINVLTDQNPIQVVVDAITNTGPREDTTRVGGGGAARRQAVDVSPLRRVNQAIALLTI
CRLVQERTGQEPLKVFKQAYDNVKPRVEVRSRRVGGSTYQVPVEVGPRRQQSLTLRWMIS
CKIIQEKTGQEPLKVFKQAVENVKPRMEVRSRRVGGANYQVPMEVSPRRQQSLALRWLVQ
LETLAQRSGKSELEAFEVALENVRPTVEVKSRRVGGSTYQVPVEVRPVRRNALAMRNIVE

* * * . . sk * %o

.
e ein mieh ® . . . e S

GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKNIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR----====-=---
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAECVADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR----==-==-==--~
GAREAAFRNIKTIAETLAEELINAAKGSSTSYAIKKKDELERVAKSNR--------=----
AVDG- - -RPERTAIERLAGEIMDAAQGRGG- - AIKKKDDVERMAEANRAYAHYRW- - - - -
AANQ- - -RPERRAAVRIAHELMDAAEGKGG- - AVKKKEDVERMAEANRAYAHYRW - - - - -
AARK- - -RGDKSMALRLANELSDAAENKGT - - AVKKREDVHRMAEANKAFAHYRWLSLRS

* - -k K. kK. * . ** ... ek ok
WO @ N

.. . . . . aisl e RadtiiNeresecer



Structural conservation

1 1 21 31 41
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S7-16S rRNA (alfa-4)
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Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Sequence conservation

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHGRNNGKKLLTVRIVKHA
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHGRNNGKKLMTVRIVKHA
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKGRNNGKKLMACRIVKHS
DYVQVRQP- - IFVAHTAGRYANKRFRKAQCPIIERLTNSLMMNGRNNGKKLKAVRIIKHT
-------------- MARRRRAEVRPVQPDLVYQDVLVSAMINRIMRDGKKNLASRIFYGA
-------------- MARRRRAEVRQLQPDLVYGDVLVTAFINKIMRDGKKNLAARIFYDA

-------------- MPRRRVIGQRKILPDPKFGSELLAKFVNILMVDGKKSTAESIVYSA
PEEH

. . . :

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSP
FEIIHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSP
FEITHLLTGENPLQILVNAIINSGPREDSTRIGRAGTVRRQAVDVSP
FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSP
FEIIHLLTGENPLQILVSAIINSGPREDSTRIGRAGTVRRQAVDVSP
LDIINVLTDQNPIQVVVDAITNTGPREDTTRVGGGGAARRQAVDVSP
CRLVQERTGQEPLKVFKQAYDNVKPRVEVRSRRVGGSTYQVPVEVGPR
CKIIQEKTGQEPLKVFKQAVENVKPRMEVRSRRVGGANYQVPMEVSPR
LETLAQRSGKSELEAFEVALENVRPTVEVKSRRVGGSTYQVPVEVRPYRRNALA IVE
e s s * ok x . *e s ek K T =

GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKNIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR-------~-~-~-
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAECVADELINAAKGSSNSYAIKKKDELERVAKSNR---==-===-~-
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAETLAEELINAAKGSSTSYAIKKKDELERVAKSNR------------
AVDG- - -RPERTAIERLAGEIMDAAQGRGG- - AIKKKDDVERMAEANRAYAHYRW- - - - -
AANQ- - -RPERRAAVRIAHELMDAAEGKGG- - AVKKKEDVERMAEANRAYAHYRW - - - - -
AARK- - -RGDKSMALRLANELSDAAENKGT - -AVKKREDVHRMAEANKAFAHYRWLSLRS
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Structural conservation
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S7-16S rRNA N-terminal
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Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Sequence conservation

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHGRNNGKKLLTVRIVKHA
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHGRNNGKKLMTVRIVKHA
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKGRNNGKKLMACRIVKHS
DYVQVRQP--IFVAHTAGRYANKRFRKAQCPIIERLTNSLMMNGRNNGKKLKAVRIIKHT

-------------- M RRAEVRPVQPDLVYQDVLVSAMINRIMRDGKKNLASRIFYGA
-------------- MARRRRAEVRQLQPDLVYGDVLVTAFINKIMRDGKKNLAARIFYDA
-------------- M ’VIGQRKILPDPKFGSELLAKFVNILMVDGKKSTAESIVYSA

* * .. T xEx s * :

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT

FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEIIHLLTGENPLQILVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQVLVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEITHLLTGENPLQILVSAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
LDIINVLTDQNPIQVVVDAITNTGPREDTTRVGGGGAARRQAVDVSPLRRVNQAIALLTI
CRLVQERTGQEPLKVFKQAYDNVKPRVEVRSRRVGGSTYQVPVEVGPRRQQSLTLRWMIS
CKIIQEKTGQEPLKVFKQAVENVKPRMEVRSRRVGGANYQVPMEVSPRRQQSLALRWLVQ
LETLAQRSGKSELEAFEVALENVRPTVEVKSRRVGGSTYQVPVEVRPVRRNALAMRHIVE

- - .. * * - *- - -.* **- ..

M “e e e e . - . .. ..

GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR---------~---
GAREAAFRNIKNIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR-------~-----
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------~--~----
GAREAAFRNIKTIAECVADELINAAKGSSNSYAIKKKDELERVAKSNR----=====-=-~--
GAREAAFRNIKTIAECLADELINAAKGSSNSYAIKKKDELERVAKSNR------------
GAREAAFRNIKTIAETLAEELINAAKGSSTSYAIKKKDELERVAKSNR------=-=~-~--
AVDG- - -RPERTAIERLAGEIMDAAQGRGG- - AIKKKDDVERMAEANRAYAHYRW- - - - -
AANQ- - -RPERRAAVRIAHELMDAAEGKGG- - AVKKKEDVERMAEANRAYAHYRW- - - - -
AARK- - -RGDKSMALRLANELSDAAENKGT - - AVKKREDVHRMAEANKAFAHYRWLSLRS
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Structural conservation

NKWSFEEVEV KDASLVDYVQ

PIIERLTN S LMMNGR|NNG

m

%87KKLKAVRIIK HTLDIINVLT DQNPIQVVVD AITNTGPRED TTRVGGGGAA

mwmnmvovsn RRVNQAIALL TIGAREAAFR @ IIKTIAETL AEELINAAKG

211




Sequence conservation in bacteria

ICLUSTAL 2.1 multiple sequence alignment

ecoli
Salmonella
Haemophilus
Deinococcus
thermophilus
Aquifex

ecoli
Salmonella
Haemophilus
Deinococcus
thermophilus
Aquifex

ecoli
Salmonella
Haemophilus
Deinococcus
thermophilus
Aquifex

N-terminal alpha-1  loop2
RVIGQRKILPDPK KFVNIL_MVDGKKSTAESIVYSALETLAQRSGKSELE
RVIGQRKILPDPK KFVNIL_MVDGKKSTAESIVYSALETLAQRSGKSELE
RSVEARKILPDPK KFINVIMVDGKKSVAESIVYGALETLAQRTGKEPLE
RRAEVRPVQPDLV AMINRIMRDGKKNLASRIKYGACRLVQERTGQEPLK
RRAEVRQLQPDLV: AFINKIMRDGKKNLAARIKFYPACKIIQEKTGQEPLK
GPVPPREIPPDPK KLINKVMKDGKKSVAEWIVYTALEEAAKEVNMHPVE
* . e % . . . *k*x *

5RRVGGSTYQVPVEVRPVRRNALA
5RRVGGSTYQVPVEVRPVRRNALG
-RRVGGSTYQVPVEVGPER@QSLT
RRVGGANYQVPMEVSPRRQQSLA
TRVGGATYQVPIEVPERRQISLA

:.*l :*

ALRLANELSDAAENK - = = = = = = = == === = = = = = = = alpha-4

ALRLANE | SDAADNKGTAVKKREDVHRMAEANKAFAHYRW

ALRLANE | SDASDNKGAAVKKREDVHRMAEANKAFAHYRW

IERLAQE [MDAAQGRGGAIKKKDDVERMAEANRAYAHYRW

AVRIAHE| MDAAEGKGGAVKKKEDVERMAEANRAYAHYRW

TERLKAEL LDALNERGGAYKKKEETHRMAHANMVF SHFRW
* . * *k . .

Helices
stabilization

Loops
stabilization

RNA-binding

A

Conserved in eukaryotes
and prokaryotes except
Glu 74.

D-15 and Y-44 are higly
conserved in bacteria

Y-18 Q-19, D-20, V-22 —
two groups in bacteria

K-63 — 3 different
groups in bacteria

N-terminal and R102 in
alpha4 highly conserved
in bacteria and R95
conserved in evolution

Lys 29 alpha 1 depends
on the specie

R32, R76, R114— 2
groups in bacteria



Sequence conservation
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Homo
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Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

Homo

Mus

Danio

Xenopus
Drosophila
Saccharomyces
spDeinococcus
Thermus
Escherichia

DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSAGRYAAKRFRKAQCPIVERLTNSMMMHGRNNGKKLMTVRIVKHA
DYIAVKEKYAKYLPHSSGRYAAKRFRKAQCPIVERVTNSMMMHGRNNGKKLLTVRIVKHA
DYIAVKEKYAKFLPHSGGRYAAKRFRKAQCPIVERFTNSLMMHGRNNGKKLMTVRIVKHA
DYISVKEKFARYLPHSAGRYAAKRFRKAQCPIVERLTCSLMMKGRNNGKKLMACRIVKHS
DYVQVRQP--IFVAH RYANKRFRKAQCPITERLTNSLMMNGRNNGKKLKAVRIIKHT

RRAEVRPVQH QDY AMI RDGKKNLASRI A
GDY AFI RDGKKNLAARI A

FGSE KFV VDGKKSTAESI A

- - * -

.............. RRRRAEVRQLQ
PRRRVIGQRKILF
* * . T xRx

FEIIHLLTGEMELQVLVNAIINSQEREDSTRIGRAGTVRRQAVDV&EEEFVNQAIHLLCT

FEIIHLLTGEMELQVLVNAIINSGBREDSTRIGRAGTVRRQAVDV&EQBRVNQAINLLCT
FEIIHLLTGENPLQILVNAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
FEIIHLLTGEMELQVLVNAIINSGBREDSTRIGRAGTVRRQAVDVSEQBRVNQAIHLLCT
FEITHLLTGENPLQILVSAIINSGPREDSTRIGRAGTVRRQAVDVSPLRRVNQAIWLLCT
LDIINVLTDQNBIQVVVDAITNTGBREDTTRVGGGGAARRQAVDVQEQBRVNQAIALLTI
CRLVQERTGQEPLKVF YDNVKPR RRVGGSTYQVPVEVGPRRDQSLT MIS
CKIIQEKTGQEPLKVF VENVKPR RRVGGANYQVPMEVSPRRQQSLA LVQ
LETLAQRSGKSELEAF LENVRPT RRVGGSTYQVPVEVRE%ERNALA IVE
. . .. * * * . . .. -

. - . e
..

. i ae B . - .

GAREAARRNIKTIAECLAD

GAREAAARNIKTIAECLADE| INAAKGSSNSYAIKKKDELERVAKSNR- - ------ -~~~
GAREAAARNIKTIAECVADE| INAAKGSSNSYAIKKKDELERVAKSNR----=--- -~~~
GAREAAHRNIKTIAECLADE] INAAKGSSNSYATIKKKDELERVAKSNR - - = - = = = = = - = -
GAREAAARNIKTIAETLAHE| INAAKGSSTSYAIKKKDELERVAKSNR - - - -~~~ == ---
AVDG- - AIERLAQEFMDAAQGRGG- - ATKKKDDVERMAEANRAYAHYRW - - - - -
AANQ- - AAVRIAHE| MDAAEGKGG- - AVKKKEDVERMAEANRAYAHYRW - - - - -

kK. Fokkeoor Kokooko

Conserved residues
RNA-binding residues

Structure stabilization




Structural conservation

Bacteria/Bacteria Bacteria/Eukaryote

E.coli T.thermophilus
T.thermophilus S.cerevisiae

RMSD = 1,659 RMSD = 1,284
Q-score = 0,717 Q-score = 0,468
% id. =49,01% % id. =29,03%




GTPase ERA




ERA classification

CATH

Class

Alpha Beta

Architecture

3-Layer Sandwich

Topology Rossmann fold
Homologous P-loop containing
Superfamily nuclotide triphosphate

hydrolases

SCOP
Class Alpha an_d beta
proteins
P-loop containing
Fold nuclotide triphosphate
hydrolases
P-loop containing
Superfamily nuclotide triphosphate
hydrolases
Family G proteins
Protein GTPase ERA




GTPase ERA

KH domain




KH domain

e RNA-binding motif
e Interaction 16S rRNA




KH domain sequence

( Conserved sequence

) 46VIGxxGxxI25 4

16S rRNA

-




Interactions with 16S rRNA




Interactions with 16S rRNA
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Sequence conservation

ICLUSTAL 2.1 multiple sequence alignment

sp|PO6616 | ERA_ECOLI
sp|Q56057 | ERA_SALTY
sp|ASUFI7|ERA_HAEIG
sp| 067800 | ERA_AQUAE
sp|Q9RWMO | ERA_DEIRA
sp|Q5SM23 | ERA_THETS

sp|P06616 | ERA_ECOLI
sp|Q56057 | ERA_SALTY
sp|ASUFI7|ERA_HAEIG
sp| 067800 | ERA_AQUAE
sp|QORWM® | ERA_DEIRA
sp|Q5SM23 | ERA_THETS

sp|PO6616 | ERA_ECOLI
sp|Q56057 | ERA_SALTY
sp|ASUFI7|ERA_HAEIG
sp| 067800 | ERA_AQUAE
sp|Q9RWMO | ERA_DEIRA
sp|Q5SM23 | ERA_THETS

--------- MSIDKSYCGFIAIVGRPNVGKSTLLNKLLGQKISITSRKAQTTRHRIVGIH
--------- MSTDKTYCGFIAIVGRPNVGKSTLLNKLLGQKISITSRKAQTTRHRIVGIH
------- MTEQFDKTYCGFIAIVGRPNVGKSTLLNKILGQKISITSRKAQTTRHRIVGIK
-------------- MKVGYVAIVGKPNVGKSTLLNNLLGTKVSIISPKAGTTRMRVLGVK
MTDFSASPDLQDPTTHAGFVAIVGKPNVGKSTLLNAFLGTKVAPTSPRPQTTRRGVRGIY
---------- MAEKTYSGFVAIVGKPNVGKSTLLNNLLGVKVAPISPRPQTTRKRLRGIL

Fopoodkkhkakkkkkkhkhk kk k.. * s kX% v %2

TEG-AYQAIYVDTPGLHMEEKR-AINRLMNKAASSSIGDVELVIFVVEGTR-WTP-DDEM
TEG-PYQAIYVDTPGLHMEEKR-AINRLMNKAASSSIGDVELVIFVVEGTR-WTP-DDEM
TEG-AYQEIYVDTPGLHIEEKR-AINRLMNRAASSAIGDVDLIIFVVDGTH-WNA-DDEM
NIPNEAQIIFLDTPGIYEPKKSDVLGHSMVEIAKQSLEEADVILFMIDATEGWRPRDEEI
TLD-NRQLIFVDTPGLHKPKDA- - LGKYMNSEVHSALSDVDAVVWVVDLRHPPTD-EDRL
TEG- RRQIVFVDTPGLHKPMDA--LGEFMDQEVYEALADVNAVVHVVDLRHPPTP EDEL

* raakkkk. . L R Tt

VLNKLREGK- -APVILAVNKVDNVQEKADLLPHLQFLASQM-NFLDIVP--ISAETGL-N

VLNKLRDGK- -APVILAVNKVDNVQEKVDLLPHLQFLASQM-NFLDIVP--ISAETGM-N

VLNKLRNAK- -APVVLAINKVDNIKNKDDLLPFITDLSSKF-NFAHIVP--ISAQRGN-N

YQNFIKPLN--KPVIVVINKIDKIGPAKNVLPLIDEIHKKHPELTEIVP--ISALKGA-N

VANSVRDLP - -KPLFLVGNKTDAAKYPEEAMKLYGALLEGRGSDLPVSETMLSAQNSVNA

VARALKPLVGKVPILLVGNKLDAAKYPEEAMKAYHELLP------ EAEPRMLSALDER-Q
k%

.. LA *k ok * e

. e .. P H

GTPase domain (NTD)
Linker

KH-domain

HTH of CTD

CTH (C-terminal helix)



Sequence conservation

sp|P06616 | ERA_ECOLI
sp| Q56057 | ERA_SALTY
sp|ASUFI7|ERA_HAEIG
sp| 067800 | ERA_AQUAE
sp|Q9RWMO | ERA_DEIRA
sp|Q55M23 | ERA_THETS

sp|PO6616 | ERA_ECOLI
sp|Q56057 | ERA_SALTY
sp|ASUFI7 | ERA_HAEIG
sp| 067800 | ERA_AQUAE
sp|Q9RWMO | ERA_DEIRA
sp|Q55M23 | ERA_THETS

sp|PO6616 | ERA_ECOLI
sp| Q56057 | ERA_SALTY
sp|ASUFI7|ERA_HAEIG
sp| 067800 | ERA_AQUAE
sp|Q9RWMO | ERA_DEIRA
sp|Q5SM23 | ERA_THETS

VDTIAAIVRKHLPEATHHFPED-YITDRSQRFMASEIIREKLMRFLGAELPYSVTVEIER
VDTIAGIVRKHLPEAIHHFPED-YITDRSQRFMASEIIREKLMRFLGAELPYSVTVEIER
VHELEKIVRQSLREGVHHFPED-YVTDRSQRFMASEIIREKLMRFTGEELPYSVTVEIEQ
LDELVKTILKYLPEGEPLFPED-MITDLPLRLLAAEIVREKAMMLTREEVPTSIAVKINE
VATLREQLLEVLPENPFFFPQG-AASDQSREMWAAEIIREEAMKKLRDELPYAVATRVNR
VAELKADLLALMPEGPFFYPEDYAKSDQTFGEHVAEILREEAMKRLWHEVPYAVATKVEE

shEakdk. * * ok

--------

FVSNERGG- -YDINGLILVEREGQKK
FVTNERGG- -YDINGLILVEREGQKK
FKVNERGT - -YEINGLILVEREGQKK
IKPGDANPNMLVIKGEIIVDRENLKP
WTEREDGL - -QRIEGEIIVEKNAHKG
VAERENGV- - LYIKAILYVERPSQKA
. * . o Koo *

KIKTIGIEARKDMQEMFEAPVHLELW
VIGNKGAKIKTIGIEARKDMQEMFEAPVHLELW
VIGAGGQKIKTIGMEARADMERLFDNKVHLELW
IIGKKGQRUKEIGKRARQELELILGRPVYLELW
IGAGGKQUREIGQAARKQLEVFLNHKVYLGLE
VIGEGGRKI EIGQATRKQLEALLGKKVYLDLE

***

VKVKSGWADDERALRSLGYVDDL -
VKVKSGWADDERALRSLGYVDDL -
VKVKSGWADDERALRSLGYMDE- -
VKVVPDWRRRPEYVRLFGYAL- - -
VIVIPGWREDEEALRELGYE----
VKVYPDWRKDPEALRELGYRSSVG

* * * ek k%
.. . . .

GTPase domain (NTD)
Linker

KH-domain
HTH of CTD

CTH (C-terminal helix)

Conserved sequence
VIGxxGxxl



Conclusions

e Ribosome sequence is highly conserved in bacteria and in eukaryotes but not
between these groups.

e The conservation of the sequence correlates with the protein function.

e Although some residues are not conserved, they don’t affect the conservation
of the protein structure.

e The alignments and superimpositions can help us to corroborate the protein
homology.

e The structure of the proteins are similar with their eukaryotic homologues.



Tools used

e PDB

e UniProt

e PDBePISA
e EMBL-EBI
e CATH

SCOP
STAMP
CLUSTALW
CHIMERA
VMD
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PEM questions

1. Which of the following sentences is not true about 3. SM1 binds principally with the 16s rRNA through:
the ribosome:

a. It’'sinvolved in protein biosynthesis a VDW
b. It’s universally conserved b Hidrogen bonds
Cc. It's composed of RNA and proteins c. Hydrophobic interactions
d. It’s located in the nucleus d lonic bonds
e. It's bound to mRNA and tRNA e It does not interact with 16S rRNA
2. Inrelation with the S7 ribosomal protein: 4.  Which is the homologous of the ribosomal protein L27?
a. It'sinvolved in the initiation of ribosomal
folding a. L8
b.  Allows the union of other proteins in 16S b. $16
rRNA c. L13
c. The two previous ones are correct d L4
d. It binds to S11 ribosomal protein e. S8

e. All of them are correct



5. Which of the following structure corresponds to S77? 7. In relation with the ribosomal conservation:

a. Five-stranded beta-sheet and two alpha-helices a.  All the bacterial ribosomal proteins have homologous
b. Six alpha-helices and one beta-hairpin in eukaryotes
C. Two beta-barrels and three alpha-helices b. Eukaryotes and prokaryotes have the same number of
d. Allalpha ribosomal proteins
e. Ten antiparallel beta-sheet and one alpha-helix C. The two previous are correct
d. L2,S7 and S11 are conserved between bacteria
e.  All of them are correct
6. Choose the correct answers in relation with ERA GTPase 8. In relation with the structural conservation of the ribosome,

choose the correct answer:

1. It's composed by two domains and one linker

2. It's a specific GTPase of E.coli a. The structure is more conserved between bacteria

3.  The KH domain is the one that binds to the rRNA and eukaryote rather than between bacteria

4. It binds to 23S rRNA b. The principal characteristic of eukaryotes is that they
a. 1,2,3 have incorpored beta-hairpins on their structure
b. 1,3 C. The global structure of the ribosomal proteins has not
c. 2,4 changed much between bacteria and eukaryotes
d. 4 d. A change in an aminoacid always alters the structure
e. 12,34 e. The RMSD always correlates with the % ID



9. Choose the correct answer about ribosomal proteins:

All residues implicated in the intercations are
conserved

There is no interactions that allow the
stabilization of the S7 protein

Ribosomal proteins interact with rRNA

There is no interaction between ribosomal
proteins

No external protein to the ribosome
particpate in translation process

10. Choose the correct answer about ribosomal proteins:

Amino acids are usually changed for ones
with similar properties

Q-score is lower in bacteria/bacteria
superimpositons

The two previous are correct

Structural information do not help much to
determine homology between proteins
All of them are correct
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ANNEX



Superimposition Bacteria L2

1 11 21 31 41
Conservation
3i8a ecoli 50sC.odb 1{AVVKCKPTSP GRRHAVVKVVN PEL].AKIGKPF APLLCEKNSKS aR NGR |
5j8b_thermophilus_50SD.pdb 1 AVKKFKFY RRFMTVADF K ‘ KSLVKPLKK R R
51 61 71 81 91
Conservation
3i8a ecoli 50sC.odb SOTRHTGGGHKC ;1) FKR|. [NKDGIPAVVE RLE R I YKD
5i8b_thermophilus_50SD.pdb 50 VR F R KR R I FKRW [DKVGIPAKVA Al R R I \
101 111 121 131 141
Conservation
3i8a ecoli 50sC.ndb 99(ERRY I TAPK LKA T VDAARTK LPMRNTPYV Y,
5j8b_thermophilus_50SD.pdb 100|E KR Y | | A LQV VVA API1QV AL CERERENPV VVHAV
151 161 171 181 191
Conservation
3i8a ecoli 50sC.odb 149K OLARSA TYVQTVARTD AYVTLRLRS EMRKVEADCR AT
5j8b_thermophilus_50SD.pdb 150 K “AKLARAA A R VRIS LRKVH CY A
201 211 221 231 241
Conservation
3i8a ecoli 50sC.odb 19[HMCRVLGKAG AARWRGVRPT VR AMNPIVD H R NF] .‘KH”V [T
5j8b_thermophilus_50SD.pdb 200|H KN | VL © KA RSRWLGRRPH VRGAAM |V HG|G| R AP|.RGRP|. PA|
251 261 27 281
Conservation
3i8a ecoli 50sC.ndb 246 . . .[FW TK GKKTRS|N. .KTRTDKF I VRRR §].
5i8b_thermophilus_50SD.pdb 247 K LKTRK|. RRK RFI11ARR KK

Evaluating superpositions across all 264 fully populated columns in the final alignment:
RMSD of 3j8g_ecoli_50sC.pdb with 5j8b_thermophilus_50SD.pdb: 1.553

verall RMSD: 1.553 |

Sequence lengths: 271 275

SDM (cutoff 5.0): 30.484

T. thermophilus
E. coli 5j8b_thermophilus_50SD.pdb vs. 3j8g_ecoli_50sC.pdb:|55.72% identity




Superimposition Bacteria/Eukaryote L2/L8

1 21 31 41
Conservation
5i8b thermophilus 50SD.pdb 1 AVKKFKFPY RRFMTVADF I TK K D R L K T
cerevisiae60s.D.pdb s s e e e e N R s s e RV IR RKGA
51 61 71 81 91
Conservation
. 5i8b thermophilus 50SD.pdb 40 . .[CTIR R I TVRFR H K....RLYRT] .[TOFKRWDK. .. .[V]...[GI
T. thermoph”us cerevisiae60s.D.pdb TolGis] | E[ME s e .TSHTRLR AA|.[KLR].|T|. L DYAERHGY IR
Hp 101 111 121 131 141
SCeI’eVISIae Conservation
Y 5i8b thermophilus 50SD.pdb 76 AKVAA T EVD IRSARTALLCH KRYTTAPDG LQVGQ AG|
cerevisiae60s.D.pdb 42G1 VKA1V RGAPLAKVYV R IFI1A VH | YA
151 161 191
y Conservation
. 5i8b thermopohilus 50SD.pdb 120 ‘ DA QVGNA LPLRFTPVGT TSAQIQGRE
{ \ cerevisiae60s.D.pdb 91 KKASLNV VRIS Vv |V YVIIIGH
201 211 221 231 241
Conservation
5i8b thermophilus 50SD.pdb 169‘ JDYVILCRLP SG ELRKVHGE CYATVCG ADHKNT]. [V]L] KAGRSRW,.[C
cerevisiae60s.D.pdb 141 DIENKTRVRL AKKV I ARGV I RV [L].[L  KAGRAFHIK|YR]|
251 261 271 281 291
Conservation
5i8b thermophilus 50SD.pdb 216 . . . .[RRFHVRE CAAM DHP  HGGG RAFR R JASS Pl W W‘
cerevisiae60s.D.pdb 190 LKR WPKTR H|. | KA ‘ RCAV K|A[&]
301 311 321 331
Conservation
5i8b thermophilus 50SD.pdb 253[T|K - . [L] RK REICISANRRIC e (K]
cerevisiae60s.D.pdb 286| LA N e .. .ARR SIS R <j

Evaluating superpositions across all 190 fully populated columns in the final alignment:
RMSD of 5j8b_thermophilus_50SD.pdb with cerevisiae60s.D.pdb: 1.722

pverall RMSD: 1.722 |

Sequence lengths: 275 252

SDM (cutoff 5.0): 37.893

5j8b_thermophilus_50SD.pdb vs. cerevisiae60s.D.pdb:}25.79% identity




Superimposition Bacteria S11

1 1 21 31 41

Conservation

5no3 ecoli 30sK.ndb 1[RKQV VA ITHASFNNT TV \ RQGNAL WATA S R K FA]

5wnp_thermophilus_30sK.pdb 1/ KRQVA R A IHASYNNT | V | T NP I W VI K RKGT r\‘
51 61 71 81 91

Conservation

5no3 ecoli 30sK.ndb 51(AQVAAERCA AVKE KNL EVMVKGPGPG RESTIRALNA AGFRTTNITL

S5wnp_thermophilus_30sK.pdb 51 ‘A LAALDAAK KAMA M V DVIVRGTGA REQAIRALQA LQVKS |V W
101 111 121

Conservation

5no3 ecoli 30sK.ndb 101[V TPHNGCR KKIRRV. .. ..

S5wnp_thermophilus_30sK.pdb101/D T F V IGCR KKK|. .. FRK A

) Evaluating superpositions across all 114 fully populated columns in the final alignment:
T. thermophilus RMSD of 5wnp_thermophilus_30sK.pdb with 5no3_ecoli_30sK.pdb: 1.316
E. coli loverall RMSD: 1.316 |

Sequence lengths: 119 117

SDM (cutoff 5.0): 26.000
-score: 0.783

5wnp_thermophilus_SOsK.pdb vs. 5no3_ecoli_30sK.pdb:|52.99% identity




Superimposition Bacteria/Eukaryote S11/514

1 11 21 31 41
Conservation
S5wnp thermobhilus 30sK.pdb 1 KRQV . .[A R AYIHA I'N TVTI ] . [PTTW V TIG[YK].[GSRKG]
6fai_cerevisiae_40s0.pdb 1....SQVFGV ARIYASFNLE FVHVTDLSGK ETIARV M K|.|VKJADRDE
51 61 71 81 91
Conservation
5wnp thermobhilus 30sK.pdb 47T AAQLAATL AAKKAMA MO S VDV HVERG]EEEE TG AGREQATRAL
6fai_cerevisiae_40s0.pdb 46| AAMLAA DVAAKCKEYV | TAVHVKIRA| T RTKT| AALRAL
101 111 121 131
Conservation
5wnp thermophilus 30sK.pdb 89[0°A LQVKST VDDTPVPHNG CRPKK]. .. .[Kl FRKAS. .
6fai_cerevisiae_40s0.pdb 96/AR LRIGRI VTPV TRKKGIGRRGR| ... .. RL
T. thermophilus / Evaluating superpositions across all 109 fully populated columns in the final alignment:
S.cerevisiae , RMSD of 5wnp_thermophilus_30sK.pdb with 6fai_cerevisiae_40sO.pdb: 1.327

Pverall RMSD: 1.327 |

Sequence lengths: 119 127

SDM (cutoff 5.0): 26.624
-score: 0.657 |

S5wnp_thermophilus_30sK.pdb vs. 6fai_cerevisiae_40s0.pdb:|38.66% identity




Superimposition Bacteria S7

11 21 31 41
1 Conservation
T' thermophllus 6awb.outJ.ndb R(R] KTLPDPKFGS ELLAKFVNIL MVDGKKS E 5 Yok
. s7_thermophilus.pdb 1H ‘RR‘RR V 2L Q LVYGD VLVTAFINKI MRDGKKNLAA RIFYDACKI I
E. coli
61 7 1 91
Conservation
6awb.outJ.ndb 50 A[Q)]. KSEL EAFEVALEN R EVKES V 8 EVR VRR JA
§7_thermophilus.pdb 50 .|QEKTGQEPL KVFKQAVENV KPRMEVRSE RR‘ m ‘A V MEV R
101 111 121 131 141
Conservation
6awb.outJ.ndb 9BLAMRWTVEAA RKRGDKSMAL RLANELSDAA ENK AVKKR E HRMAEA
s7_thermophilus.pdb 98|LALRWLVQAA NQRPERRAAV RIAHELMDAA K AVKKK VERMAEA ‘

151
Conservation
6awb.outJ.ndb 148K AF].[A]. . .
s7_thermophilus.pdb148|R A .AT‘Y RW

Evaluating superpositions across all 148 fully populated columns in the final alignment:
RMSD of 6awb.outJ.pdb with s7_thermophilus.pdb: 1.659

[Overall RMSD: 1.659 |

Sequence lengths: 151 155

SDM (cutoff 5.0): 32.422

Q-score: 0.717

s7_thermophilus.pdb vs. 6awb.outJ.pdb: 49.01% identity




Superimposition Bacteria/Eukaryote S7/S5

T. thermophilus
S.cerevisiae

1 1 21 31 41
Conservation
B | ARRRIRA . © o o i) b e e e e

6fai_cerevisiae_40sF.pdb 1 g i V VLA Vv A LR KWSF VEV KDASLVDYV
51 61 71 81 91

Conservation

5wnp thermophilus 30sGpdb 7 . . . . . ... .. . ..... [EV]-[R Q). .[L] LVY VLVTAFTIN KTM. .. .[RDG

6fai_cerevisiae_40sF.pdb 45 VR | FVAH AGRYAN|KR|FR _KIAQC|. . . . .. PN E R L MM R|
101 111 121 131 141

Conservation

5wnp thermophilus 30sG.pdb 34K KN LAAR Y ACKI | K K K VKFRM "VRSRRV

6fai_cerevisiae_40sF.pdb 87% KLKAVRIIK HTLDIINVL \ A | RV AA
151 161 171 181 191

Conservation

5wnp thermophilus 30sG.pdb 84[YOVFMEVSFR R CATRWL VQAANQR|... [PIE.[RRAAVRT AHELMDAAEG

6fai_cerevisiae_40sF.pdb 137[IRRQAVDV L RRV AIlALL | GAREAAFR . IKT 1A L A LINAAKG|
201 211 221

Conservation :

5wnp thermobhilus 30sG.pdb 130(K|. .[C T AVKKK ERM A RIAYAHYRW

6fai_cerevisiae_40sF.pdb 186|S| YA | KKK RVAK Rl. . .....

Evaluating superpositions across all 133 fully populated columns in the final alignment:
RMSD of Swnp thermophilus_30sG.pdb with 6fai_cerevisiae_40sF.pdb: 1.284

overall RMSD: 1.284 |

Sequence lengths: 155 206

SDM (cutoff 5.0): 26.645

Q-score: 0.468
S5wnp_thermophilus_30sG.pdb vs. 6fai_cerevisiae_40sF.pdb:[29.03% identity
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