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True atomic metrology of Tobacco Mosaic Virus
using AFM imaging on self-assembled monolayers
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G0 The Goal of AFM-Assembly

bl  To assemble constituent domains of large proteins using AFM topography
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Trinh M-H, Odorico M, Pique ME, Teulon J-M, Roberts VA, Ten Eyck LF, Getzoff ED, Parot P, Chen S-wW and Pellequer J-L (2012) Structure 20: 113-120.
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G0 The Targets of AFM-Assembly

AFMassembly
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|mprovement of single molecule AFM Imaging
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Chen S-wW and Pellequer JL (2011) BMC Struct. Biol. 11: 7.
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Wish list for an ideal substrate

*Reduce single molecule deformation during adsorption
*Preserve the native configuration (oligomer or non-covalent complex)

«Strong attachment of the single molecule
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G0 Mica: apopular AFM substrate

«Silicate mineral of aluminium and potassium: KAL,(AISi;O,,)(F,OH),
*Near-perfect basal cleavage yielding thin sheets

*Highly polar/charged surface

*Muscovite is the most common mica

http://webmineral.com/jpowd/JPX/jpowd.php?target_file=Muscovite.jpx
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SAM: self-assembled monolayer

Trimethoxysilane-based self-assembled monolayers

100% COOH

silicon

H-bonded
groups

provided by the laboratory of Dr. B. Bennetau (ISM, Univ. Bordeaux)

jipellequer@cea.fr Laboratoire Interactions et Reconnaissance Moléculaires 7/15



SAM: alow roughness surface

Prior cleaning

|
0o 1: Height 5.0 pm
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2.0 nm
Rg=1.21 nm
(25 um2)

After extensive ultrasonic bath
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TMV: auseful molecule in AFM
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*Single stranded RNA virus

Infects plants of the family Solanaceae
*Thermostable virus (up to 50C)

*Easy to produce and purify

1VTM: Pattanayek R and Stubbs G (1992) J. Mol. Biol. 228: 516-528.
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TMV: auseful moleculein AFM
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Trinh M-H, Odorico M, Bellanger L, Jacquemond M, Parot P and Pellequer J-L (2011) J. Mol. Recognit. 24: 503-510.
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Imaging TMV on SAMs

Non-specific interactions Chemically-coupled (NHS/EDC)
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TMV height on SAMsvs Mica

Peak Force mode Tapping mode
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Conclusions and perspectives

eImaging with peakforce on SAMs reaches near true height of TMV
*Mica substrate significantly affects shape of single molecules

*Tapping mode significantly perturbs surface topography of molecules

*Determine the imaging force in each mode
*Repeat TMV height measurements with different imaging forces
*Evaluate the deformation of the SAM

*Modeling and simulation of SAM layers
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Conclusions and perspectives

Near 4 nm height on
antibody molecules
grafted on SAMs
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