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Diversity of RNA types
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Structure of RNA
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Current landscape of RNA structure determination

Direct RNA structure methods Indirect RNA structure methods

e NMR * Enzymatic-Based Footprinting

* X-ray Crystallography Chemical-Based Footprinting
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A palette of chemical probes to interrogate many layers of RNA structure
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Chemical probe for RNA footprinting
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Develop a mass spectrometry- based footprinting approach for RNA higher-
order structure (HOS)
r
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Reagent candidates
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Preliminary results of screening reagent candidates

RNA (10mer): ACAAAACAAG RNA (12mer): GGGUUUCCCAAA
Reagent Molar Laser Reaction Mass shift Modification . . o
g ratio time (Da) level Redeen Molar Laser Reaction Mass shift Modificatio
ratio time (Da) n level
1 (o)
DMS 50000  no 11'8 2:2: 14 5713 50000 47%
° DMS 10000 No 10mins 14 41%
5000 32%
1M7 (SHAPE) 10000 no 1.5 mins 178 75%
10000 75%
DEPC 10000 no 10 mins 72; 62 86% 1mM7 (SHAPE) 5000 no 1.5 mins 178 36%
1000 20%
BF 5000 no 10 mins 104 7% 10000 7%
BF 5000 no 10 mins 104 4%
FPOP(H,0,) 2000 yes laser 16 14% 2000 4%
TBF 10000 s laser 174 2% FPOP(H,0,) 2000  vyes laser 16 14%

(carbocation)

EIC Area modified

Modification Level = 10

EIC Area Unmodified + EIC Area modified



1-Methyl-7-nitroisatoic-anhydride (1M7) labeling mechanism

1M7 is a SHAPE (Selective 2’ Hydroxyl Acylation analyzed by Primer Extension) reagent
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Experimental condition of 1M7 labeling

RNA Oligo 1M7/10mer Reaction Buffer, solvent Time Shaking speed
conc. (LM) (molar ratio) Temp. (°C) (min) (rpm)

10,000 37 10% DMSO in PBS
1 5,000 37 10% DMSO in PBS 1.5 200
1 1,000 37 10% DMSO in PBS 1.5 200

LC Gradient for 10mer Oligo

100

 Quench the reaction by loading to the LC column
immediately after 1.5 min-incubation. o0

% MeOH

40

* Inject 50 pmol of 10 mer for LC-MS analysis 20

0
0 5 10 15 20 25 30 35

Retention time (min)
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LC and MS of 1M7 labeling
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Modification level as a function of 1M7 amount

Deconvoluted MS
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DMS labeling mechanism
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Modification level as a function of DMS amount
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DMS labeling of PreQ1 riboswitch
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Modification level as a function of DMS amount

Deconvoluted MS
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T lusions:
Conclusions:
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Conclusions:

1. Set up the MS-based footprinting for sub-nucleotide RNA structural characterization.

2. Develop labeling strategies for MS detection by using model oligonucleotides with
several reagents.

3. Screen a series of chemical footprinting reagents, including backbone footprinting
(hydroxyl radical, SHAPE reagent, benzoyl fluoride) and base-specific probes (dimethyl
sulfate, diethylpyrocarbonate, nicotinoyl azide).

4. Define the most effective reagent for labeling is DEPC, then 1M7, and DMS. The
modification levels are 86%, 75% and 51%, respectively, under comparable conditions.

Next steps:
» Test other reagents (e.g., carbocations) are also being tested.

* Use MS/MS to further elucidate the accurate site of modification.

* Apply to large-size RNA and RNA interacting with lipid nanoparticles under various
conditions.
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