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Problem: Antibiotics resistance




Why are Aa-tRNA synthetases a good
drug target?
Essential role in cells
Divergence between prokaryotic and eukaryotic
AARS
Strong conservation of gene sequences that
suggest that prokaryotic-specific drugs might be
of broad spectrum
20 different AARS that can be targeted
individually or in combination
Soluble, readily purifiable, express well, and
can be assayed in a high- throughput regime
proteins

A failure to address the problem of
antibiotic resistance could result in:

deaths

per year

by 2050

Health matters: antimicrobial resistance [Internet]. GOV.UK. 2021
[cited 9 March 2021]. Available from:
https://www.gov.uk/government/publications/health-matters-antimicro
bial-resistance/health-matters-antimicrobial-resistance#:~:text=\We %2
0als0%20need%20them%20to.every%20year%20globally%20by%20
2050
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Background: Basic concepts into translation




Translation is the process of translating the sequence of a messenger RNA (mRNA)
molecule to a sequence of amino acids during protein synthesis.

@ Termination

It involves 3 steps:

1. Initiation
2. Elongation
3. Termination.

©Alila Medical Media



https://docs.google.com/file/d/1YKYipWdqw0E7j1d2FAAy-YGBbVROKdgz/preview

Aa-tRNA synthetases structure and function




tRNA synthetase function at a glance

1. Activation of the amino acid

@;
ooy

Step 1
ARS + AA + ATP — ARS(AA-AMP) + PP,

Rajendran V, Kalita P, Shukla H, Kumar A, Tripathi T. Aminoacyl-tRNA synthetases: Structure, function, and drug
discovery. Int J Biol Macromol. 2018 May;111:400-414.

First step: A specific AARS recognizes its cognate AA in the presence of ATP.

As a consequence an enzyme-amino acid-AMP complex is formed by releasing
a pyrophosphate.




tRNA synthetase function at a glance

2. Transfer of the aminoacyl group to the tRNA
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Step 2
ARS(AA-AMP) + tRNA — AA-tRNA + AMP + ARS

Rajendran V, Kalita P, Shukla H, Kumar A, Tripathi T. Aminoacyl-tRNA synthetases:
Structure, function, and drug discovery. Int J Biol Macromol. 2018 May;111:400-414.

Second step: The specific tRNA for that AARS binds to the complex and forms a covalent bond with

the aa by releasing AMP. An amino acidenzyme-tRNA complex is formed.

Third step: The charged tRNA is detached from the AARS. 9




Aminoacylation process

Class il HO OH Class |
/Q

Aminoacyl-adenylate intermediate

Pang, L., S.D. Weeks, and A. Van Aerschot, Aminoacyl-tRNA Synthetases as Valuable Targets for Antimicrobial Drug Discovery. Int J Mol Sci, 2021.

22(4)

Amino acid

1.Aminoacid activation: adenylation 2. Transfer of aminoacyl 3. charged tRNA
adenylate
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Basic structure
Other domains

— Editing domain

Catalytic domain /L .

ATP moiety
Specifcity-conferring moiety



AARS structural classification

Class |

Class Il

A\

SHARED MOTIFS

HIGH and KMSKS

1Pand 2R

CATALYTIC DOMAIN

Rossmand fold

Seven beta-strands

APPROACH TO tRNA

Minor groove

Major groove

TRANSFER AMINO ACID TO

3’-OH

2’0OH

BIND ATP IN

Extended configuration

Bent configuration

ARE FOUND FORMING

Monomers with few exceptions that are
dimeric (e.g., MetRS, TyrRS, and TrpRS)

Dimers and tetramers
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la: lleRS, LeuRS, MetRS, and ValRS

Ib: CysRS, GIuRS, and GInRS

Ic: TyrRS and TrpRS

Id: ArgRS

le:

lla: GlyRS, HisRS, ProRS, SerRS, and ThrRS

lib: AspRS, AsnRS, and

4[ lic: AlaRS, PheRS, GlyRS and PyIRS
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SCOP Classification

Class: Alpha and beta proteins
Class: Alpha and beta proteins Fold: Class Il aaRS/BPL domain-like
Fold: Rossmann fold Superfamily: Class |l aaRS and biotin
Superfamily: Nucleotidyl transferase synthetases
Family: Class | aminoacyl-tRNA synthetases Family: Class Il aminoacyl-tRNA synthetase
(aaRS)-like

Class: All alfa proteins Class: All beta proteins
Fold/Superfamily/Family: Anticodon-binding Fold: OB-fold

domain of a subclass of class | aminoacyl-tRNA Superfamily: Nucleic acid-binding proteins
synthetases Family: Anticodon-binding domain

14


https://scop.mrc-lmb.cam.ac.uk/term/4001782
https://scop.mrc-lmb.cam.ac.uk/term/4001782
https://scop.mrc-lmb.cam.ac.uk/term/4003807

Rossmann Fold

- HIGH motif — loop joining first B-strand to subsequent
a-helix

- KMSKS motif — loop immediately following the 5th
B-strand .

MetRS (1A8H) T. aquaticus 2.0A

15



Rossmann fold - Class |

Rajendran V, Kalita P, Shukla H, Kumar A, Tripathi T. Aminoacyl-tRNA
synthetases: Structure, function, and drug discovery. Int J Biol Macromol.
2018 May;111:400-414.

MetRS (1A8H) T. aquaticus 2.0A



17



- Class |

imposition

Catalytic domain Super

2o
-

GIuRS (4H3S) S. cerevisiae 2.15A

LeuRS (1H3N) T. thermophilus 2
TyrRS (40UD) E. Coli 2.65A

MetRS (1A8H) T. aquaticus 2.0A
CysRS (1UOB) E. Coli 2.3A
TrpRS (5VOI) E. Coli 1.9A
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Class la Class |Ib Class Ic
LeuRS (1H3N) T. thermophilus 2.0A CysRS (1UOB) E. Coli 2.3A TyrRS (40UD) E. Coli 2.65A
MetRS (1A8H) T. aquaticus 2.0A GIuRS (4H3S) S. cerevisiae 2.15A  TrpRS (5VOI) E. Coli 1.9A

Class Id ot \;\}'."‘"5
ass 8 A
ArgRS (11Q0) T. Thermophilus 2,350 (0T



Catalytic domain - Aa tRNA class Il ;:’

Catalytic domain /

Anti-parallel B-sheets
- Motif 1— Pro residue followed, by a distorted [B-strand,

important for homo-dimerization
- Motif 2 and motif 3— conserved Arg residue involved in ATP
binding

HisRS (1ADJ) T. Thermophilus 2.7A

20






ThrRS (1KOG) E. Coli 2.974A

22



Catalytic domain Superimposition - Class Il

SerRS (1SET) T. thermophilus 2.5A
HisRS (1H4V) T. thermophilus 2.4A

AspRS (1EOV) S. cerevisiae 2.3A
AsnRS (1X55) T. thermophilus 2.3A AB

PheRS (1B7Y) T. aquaticus 2.5A
GIlyRS (1ATI) T. thermophilus 2.75A




Class lla Class Ilb Class llc
SerRS (1SET) T. thermophilus 2.5A AspRS (1EQV) S. cerevisiae 2.3A PheRS (1B7Y) T. aquaticus 2.5A
HisRS (1H4V) T. thermophilus 2.4A  AsnRS (1X55) T. thermophilus 2.3A  GIyRS (1ATI) T. thermophilus 2.75A




Insight into tRNA synthetase function and interactions

Interaction with:

1) ATP— ATP binding moiety in CD
2) Aa — Aa binding moiety in CD
3) tRNA — critical residues in CD and ABD

25



1) ATP binding moiety - Class |: Backbone Brackets

-

Highly conserved hydrogen bonds between the
peptide bond nitrogen or oxygen atom and the
adenosine phosphate part of the ligand.

A TrpRS
PDB:1r6u_A

e

adenosine
phosphate

Phe-340 Backbone Brackets

Kaiser F, Bittrich S, Salentin S, Leberecht C, Haupt J et al. Backbone TrpRS (1 RGU) H. homosapiens 2A
Brackets and Arginine Tweezers delineate Class | and Class Il aminoacyl

tRNA synthetases. PLoS Comput Biol. 2018; 14(4): e1006101. 26



1) ATP binding moiety - Class |: Backbone Brackets
L 'l‘

7



1) ATP binding moiety - Class Il: Arginine Tweezers

Two arginines with conserved salt bridges and
side chain orientations in Class Il Aa t-RNA
synthetases. Salt bridges as well as 1r-cation
interactions are established

LysRS
PDB:lelt A

adenosine
phosphate

Arginine Tweezers

Kaiser F, Bittrich S, Salentin S, Leberecht C, Haupt J et al. Backbone LysRS (1E1T) E. Coli 2_4A
Brackets and Arginine Tweezers delineate Class | and Class Il aminoacyl

tRNA synthetases. PLoS Comput Biol. 2018; 14(4): e1006101. 28




1) ATP binding moiety - Class IllI: Arginine Tweezers




2) Amino acid recognition

Double sieve mechanism: pre-transfer editing and
post-transfer editing.

Affinity of an amino acid for the active site relays on:

Size

Charge

Use of metal ions that bind to specific chemical
groups

HisRS (1KMM) E. Coli 2.6A L ZBN



Class ]
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Phe (17 Ala (25)
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Val (4) s Met (47) o 0 Pro (13) Gly (13)

hydrogen bond D aliphatic (O backbone atom
salt bridge aromatic @ side chain atom
hydrophobic negative  editing / no editing

metal complex positive relative occupancy:

Asn (6
x ni-stacki g ti y 0. 0.2..1.0

Kaiser F, Krautwurst S, Salentin S, Haupt J, Leberecht C et al. The structural basis of genetic code: amino acid recognition by
aminoacyl-tRNA synthetases. Nature. 2020; 10(1): 12647.




tRNA structure

Discriminator Base (73)
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Image extracted from: Berg M, Giguere D, Dron J,
Lant J, Genereaux J, Liao C et al. Targeted
sequencing reveals expanded genetic diversity of
human transfer RNAs. RNA Biology.
2019:16(11):1574-1585.

Acceptor stem

Anticodon stem




tRNA anticodon loop recognition

Extracted from https://www.innovabiologia.com/
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3) tRNA recognition

Aided by identity determinants:
- Bases 35, 36 and 37 of the anticodon stem-loop

- Discriminatory base 73 in the acceptor stem

- Anticodon

When charged, tRNA bind to complementary codon in
MRNA in ribosomes through the anticodon loop.

34
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Aa-AMP transfer to tRNA

This two images were extracted from: Pal S. Translation. Fundamentals of Molecular Structural
Biology. 2020;:311-346.
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Aa-tRNA synthetases as a drug target for antibiotics

38



Mupirocin

Produced naturally by Pseudomonas
fluorescens

Mechanism of action:

Inhibiting the activity of bacterial
isoleucyl-tRNA synthetase.

Treatment of skin infections caused by
S. aureus and S. pyogenes

Pseudomonic acid (mupirocin)

Patrick A. Frantom, John S. Blanchard, in Comprehensive
Natural Products I, 2010

Mupirocina

Formula:

Cada g contiene:
% My pvgocnaCék(aeq valentea 20mg

Cajacontubocon 159 ge Mupirocina v 2%

Excipiente cbp

}i 1 stiefel

https://www.actuamed.com.mx/dochtm/23959.htm



https://www.actuamed.com.mx/dochtm/23959.htm

Why binding S. aureus lle-tRNA synthetase and not Human?

40



lle-tRNA synthetase (S. aureus) -

— \ /
W C
e Catalytic domain 1-200, 395-644 /

X/
o Mupirocin recognition Glu554, Gly555, Asp557,

His585, Phe587 and Val588

~0X

N\

I NN
4

o 594-599
o 64-67
o tRNA recognition 632 and 640
e Anticodon-binding domain 201-394 j -

° 201-394

41






Model building

1. Obtain human lleRS sequence from UniProt 6. Convert to Clustal

2. Building a PSSM against SwissProt 7. HMM of templates using hmmbuild

8. hmmalign with HMM and sequences

3. Align against PDB with the PSSM

A 4

4. Select the templates (1FFY, 1JZS, 1QU2, 1QU3)

9. Alignment based on templates structure
10. Run modeler

5. Run rough STAMP to obtain structural
alignment
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https://docs.google.com/file/d/178cUELX7FwJu5aGouO2ZhMeKw-vQqFe3/preview
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HDYEKTLLMPKTDFPMRG——GLPNKEPQIQEKNDAEDQYHKALEKNKGNETFILHDGPPYANGNLHMGHALNKILKDFIVRVKTMQGFYAPYVPGNDTHGLPIEQALTKKG—--
ACWPAGLSRHARPLSNKMLQQVPENINFPAEEEKILEFWTEFNCFQECLKQSKHKPKFTFYDGPPFATGLPHYGHILAGTIKDIVTRYAHQSGFHVDRRFGWDCHGLPVEYEIDKTLGIR

- s = . - . . 2 . . . .
--VDRKKMSTAEFREKCKEFALEQIELQKKDFRRLGVRGDFNDPYITLKPEYEAAQIRIFGEMADKGLIYKGKKPVYWSPSSESSLA--EAEIEYHDKRSASIYVAFNVKDDKGVVDADA
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- . x . = 3 - . E g 3 5
KFIIWTTTPWTIPSNVAITVHPELKYGQYN--VNGEKYITAEALSDAVAEALDWDKASIKLEKEYTGKELEWVVAQHPFLDRES - - - LVINGDHVTTDAGTGCVHTAPGHGEDDYIVGQQ
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. . . B . . . . : . . .
VISPIDDKGVFTEEGGQFEGMFYDKANKAVTDLLTEKGALLKLDFITHSYPHDWRTKKPVIFRATPQWFASISKVRQDILDATIENTNFKVNWG-KTRIYNMVRDRGEWVIS
FNIIRKDSLPVCPVDASGCFTTEVTDFAGQYVKDADKSIIRTLKEQGRLLVATTFTHSYPFCWRSDTPLIYKAVPSWFVRVENMVDQLLRNNDLCYWVPELVREKRFGNVWLKDARDWTIS

5 : : B S
RQRVNGVPLPVFYAENGEIINTKETVNHVADLFAEHGSNIHFEREAKDLLPEGFTHPGSPNGTFTKETDIMDVNFDSGSSHRGVLETRP ELSFPADMYLEGSDQYRGWFNSSIT
RNRYWGTPIPLWVSDDFEEVVCIGSVAELEELSGAKISDLHRESVDHLTIPS RCGKGSLHRISEVFDCWFESGSMPYAQVHYPFENKREFEDAFPADFIAEGIDQTRGWFYTLLV

KMSKS : : 7
TSVATRGVSPYKFLLSHGFVNDGEGKKMSKSLGNVIVPDQVVKQKGADIARLNVSSTDYL--ADVRISDEILKQTSDDYRK IRNTLRFMLGNINDFNPDTDSIPESELLEV
LATALFGQPPFKNVIVNGLVLASDGQKMSKRKKNYPDPVSIIQKYGADALRLYLINSPVVRAENLRFKEEGVRDVLKDVLLPWYNAYRFLIQNVLRLQKEEEIEFLYNENTVRES-PNIT
Muplrocm blndlng dlfferences i

DRYLLNRLREFTASTINNYENFDYLNIYQEVQNFINVELSNFYLDYGKDILVIEQRDSHIRRSMQTVLYQILVDHTKLLAPILVHTAEEV&S
DRWILSFMQSLIGFFETEMAAYRLYTVVPRLVKFVDILTN-WYVRMNRRRLKGENGMEDCVMALET -LFSVLLSLCRLMAPYTPFLTELMYQNLKVLIDPVSVQDKDTLSIHYLMLPRVR

- . - 9 . . - : .
EESVH LADMPKVVEVDQALLDK FNASEFLTSFDALHQLFIVSQVKVVDKLDDQATAYEHG
EELIDKKTESAVSQNQSVIELGRVIRDRKTIPIKYPLKEIVVIHQDPEALKDIKSLEKYIIEELNVRKVTLSTDKNKYGIRLRAEPDHMVLGKRLKGAFKAVMTSIKQLSSEELEQFQKT

DIVIEH---ADGEKCERCWNYSEDLG AVDELTHLCPRCQQVVKSLV
GTIVVEGHELHDEDIRLMYTFDQATGGTAQFEAHSDAQALVLLDVTPDQSMVDEGMAREVINRIQKLRKKCNLVPTDEITVYYKAKSEGTYLNSVIESHTEFIFTTIKAPLKPYPVSPSD

CQYINLQLLNAKPQECLMGTVGTLLLENPLGQNGLTHQGLLYEAAKVFGLRSRKLKLFLNETQTQEITEDIPVKTLNMKTVYVSVLPTTADF



Actual landscape

Natural products

A Pseudomonic acid B Ascamycin
OH

“Trojan horse” inhibitors

I Microcin C J Agrocin TM84
HO OH

Met-Arg-Thr-Gly-Asn-Ala_
C Cladosporin E Halofuginone

HO /\T/\/O.\ -
oLy
HO O

Synthetic inhibitors

F AA adenylate G REP8839

O
Sy O

S

H AN2690

Adapted from Francklyn CS, Mullen P. Progress and challenges in aminoacyl-tRNA synthetase-based therapeutics. J Biol Chem. 2019 Apr
5;294(14):5365-5385. 50



Take home message

Aminoacyl tRNA synthetases have a crucial role in translation process
and therefore they’re essential for life.

Divergence between eukaryotes and prokaryotes makes them a promising
drug target.

There is a lot of work to be done in this field

51
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How many different aminoacyl tRNA synthetases are normally in the cell?

b. 40
C. 35
d. 43
e. All the answers are incorrect

About aminoacyl tRNA catalytic domains fold?

b. They vary according to the subclass
C. Are only formed by Rossman folds
d. Are only formed by beta-sheets
e. Are only formed by alfa helixes
Aminoacyl tRNA synthetases can be found forming...
a. monomers
b. dimers
C. tetramers
d. always monomers

Aminoacyl tRNA synthetases interact with...

b. tRNA, amino acids, ribosomes
C. ATP, aminoacids, ribosomes
d. ATP, tRNA, ribosomes
e. ATP, codon and ribosome
Aminoacyl tRNA synthetases interact with ATP by

a. Arginine Tweezers (Class Il) and
b. Backbone brackets (Class I)

c.  aandbare corect

d. They don’t interact with ATP

e. None of the answers is correct

PEM questions

56



10.

The HIGH motif is found in...
a. Class Il Aminoacyl tRNA synthetases
b. All type Aminoacy! tRNA synthetases
c. Only in LeuRS, lleRS and MetRS

e. The HIGH motif is not conserved in Aminoacyl tRNA synthetases.

Class | Aminoacyl tRNA synthetases and Class Il Aminoacyl tRNA synthetases have respectively...

a. 7 and 5 subclasses
b. 4 and 7 subclasses
C. 1 and 3 subclasses
e. They don’t have subclasses

Mupirocin is an antibiotic that blocks:
a. All Class | Aminoacyl tRNA synthetases
b. All Class Il Aminoacyl tRNA synthetases

d. His tRNA synthetases
e. It's not functional
Regarding mupirocin...

a. There has already been reported some strains of mupirocin resistant S. aureus
b. It is used against infections of S. aureus and S. pyogenes

C. It blocks IletRNA synthetases active site

d. It's already in the market

e.  Allthe answers are correct

About Aminoacyl tRNA synthetases...

a. They are not good drug targets

b. They are really good targets

C. They don'’t play an essential role in cells

d. There’s no investigations currently studying this field
e.  Allofthe answers are incorrect
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