Lost in translation: Developing .
Yy novel antibiotics against bacterlal
] L~ ribosome rescue

L/
-

Pooja Srinivas

Emory University,




50S 50S
naspent nascent
chein chain
ﬁ
E E P A
5’ » 5 5
MRNA non-stop
30S MRNA 30S
Translating 70S Ribosome Non-stop 70S Ribosome

Buildup is lethal




Trans-translation components

tRNA-like domain

In bacteria:

e SmpB: small protein B
mRNA-like domain

« tmRNA: transter-messenger
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trans-translation as an antibacterial target
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frans-translation inhibition increases non-stop complexes, leading to bacterial death




Trans-translation as an antibacterial target

Table 1. Antibacterial activity of small molecule inhibitors
S. flexneri B. anthracis M. smegmatis

Inhibitor MIC* MBC'  MIC MBC MIC MBC e |0 small molecular inhibitors

[ KKL35 6.0 (0) st 3.0 (2.6) 3 1.3(0.4) 13(0.4) | specific to frans-translation
KKL-52 50 (0) S 15(0) 60(0) 1000 100 (0) « Broad-spectrum,
KKL-10 7.8(55) S  23(03) 75(6.4) 1.5(0)  1.5(0) bacteriostatic and
KKL-22  19(11) S 10(3.5) 25(0) 5.0(1.7) 5.0(1.7) iy .
KKL-55 13 (9.0) S 25(0) 50(0)  25(0) 25 (0) bactericidal activity

ND, not determined.
*Mean (SD) values from at least three broth microdilution assays (uM).
'"Mean (SD) values from at least three plating assays (uM).
*Bacteriostatic at all tested concentrations.
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MBX-4132

o Extremely little variation tolerated.

Zone 1:

¢ 5,6-membered rings tolerated.
e sp? at C1 required.
e C2 substitution not tolerated.

. Synthesis.tu irpprplve pharmanlnlkinetins 3\2 1J°LNI:\>©4
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* Metabolic stability /Z°",e4= -
¢ \Wide variation tolerated.

¢ Maintﬂiﬂ pﬂtEﬂEy (MlE) ¢ Substitution necessary

Zone 2: ¢ C3/C4 substitution improves activity.

 MIC (X gonorrhea): 118 ng/mlL + Malor metaboli hotspot

e Urea improves stability
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MBX-4132 clears MDR N. gonorrhoeaelower genital
tract infection

100 3
sl | b & O = MBX-4132
S e @ gentamicin
T 50-
N I
S | -O- vehicle
8 25- " . e n=20-21mice/group
S | o ° !Dmg/kg MBX—4|3l2l(nra|)
0 i 1 N N e 48 mg/kg gentamicin (IP)

day post treatment
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Determining a mechanism of
action for MBX-4132




MBX-4132 specifically inhibits trans-translation

translation
* /i vitrotranslation _ 100 V v Yy vy
e Black: truncated nano-luciferase mRNA, é 80
tmRNA with end of transcript g 60 trans-translation
e /rans-translation decreases ) -
O 40+ ®
* Blue: tl nano-luciterase mRNA .
o Normal translation unaffected ) - 1
| | 1 1 1
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3.1 A cryo-EM structure reveals KKL binding site

P tRNA
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L27 truncations increase the potency of trans-translation

inhibitors
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MBX-4132 does not inhibit SmpB-tmRNA
binding

1000- I Labeled SmpB-tmRNA added to titration
| & -MBX-4132 series of ns-703
-2 +MBX-4132

c - MBX-4132

S I Kgayg = 70.0nM £ 10.6 nM

g 950 n="?

+ MBX-432
Kgsyg = 80.8nM £ 18.6 nM
n=12
0.0001 0.001 0.01 0.1 1 No difference in SmpB-tmRNA binding with

MBX-4132

[non-stop 70S] (UM)




Conclusions

 MBX-413Z is a novel antibiotic to treat drug resistant A/
gonorrheaintections in mice

o MBX-4137 specifically inhibits Zrams-translation in bacteria
e Binds 708 near PTC
e |27 conformation change
 Prevents rescue, but has no effect on normal translation




Future Directions: Identify how trans-
translation inhibitors work

|. Peptide bond formation S A/PARNA
/. Translocation

* [ryo-EM structure of ns-7038 +
MBX-4132 + SmpB-tmRNA

Aron, gt al (2021) Nat Lomm
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