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Qu’est ce qui perturbe le plus 
la topographie d’objets 

biologiques en imagerie AFM 
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2015: AFM-assembly, an ambitious goal



jlpellequer@cea.fr 3/21

©
 Je

an
-L

uc
 P

el
le

qu
er

What is our goal?

To image single isolated biological
systems with the minimum perturbation

How do we minimize perturbations?
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How to improve single molecule AFM imaging

Chen S-wW and Pellequer JL (2011) BMC Struct. Biol. 11: 7.



jlpellequer@cea.fr 5/21

©
 Je

an
-L

uc
 P

el
le

qu
er

Working on the sample…

Scheuring, S., Ringler, P., Borgnia, M., Stahlberg, H., Damiel,
M., Agre, P., and Engel, J. (1999). High resolution AFM
topographs of the Escherichia coli water channel aquaporin Z.
EMBO J. 18, 4981-4987.

Chaves RC, Dahmane S, Odorico M, Nicolaes GAF and
Pellequer J-L (2014) Factor Va alternative conformation
reconstruction using Atomic Force Microscopy. Thromb.
Haemost. 112: 1167-1173.
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Working on the substrate…

•Silicate mineral of aluminium and potassium: KAl2(AlSi3O10)(F,OH)2

•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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Working on the tip…

c.f. Matthieu, mercredi 17h30!
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Working in imaging mode…

• Dynamic mode

• Resonance Frequency (10-100 kHz)

• Amplitude set-point

• Since 1991

• Dynamic mode

• Off-resonance frequency (2 kHz)

• Force set-point

• Since 2012

Tapping versus Peak-Force Tapping



jlpellequer@cea.fr 9/21

©
 Je

an
-L

uc
 P

el
le

qu
er

Air versus Liquid

• Dried sample

• Residual water layer

• Easier to image

• Assumed to be denaturing

• Buffered sample

• No snap-in effect

• More difficult to image

• Assumed to be native

Working in imaging environment…
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Lets go back to the fundamentals: TMV…

18
.6

 n
m

300 nm

6.9 nm

•Single stranded RNA virus
•Infects plants of the family Solanaceae
•Thermostable virus (up to 50°C)
•Easy to produce and purify

1VTM: Pattanayek R and Stubbs G (1992) J. Mol. Biol. 228: 516-528.
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Our target: the TMV height

1VTM
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What is wrong with TMV and AFM?
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What about metrology?

Height Standard with 8 nm 
nominal step height

Godon C, Teulon J-M, Odorico M, Basset C, Meillan M, Vellutini L, Chen S-wW and Pellequer J-L (2017?) Conditions to 
minimize soft single biomolecule deformation when imaging with atomic force microscopy. J. Struct. Biol. 197: in press.
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Experimental setup: 8 different parameters…
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SAM: self-assembled monolayer

~2.5 nm

100% COOH

H-bonded
groups

Trimethoxysilane-based self-assembled monolayers

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

silicon
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Results:

Godon C, Teulon J-M, Odorico M, Basset C, Meillan M, Vellutini L, Chen S-wW and Pellequer J-L (2017?) Conditions to 
minimize soft single biomolecule deformation when imaging with atomic force microscopy. J. Struct. Biol. 197: in press.
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Results:
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TMV height summary

Godon C, Teulon J-M, Odorico M, Basset C, Meillan M, Vellutini L, Chen S-wW and Pellequer J-L (2017?) Conditions to 
minimize soft single biomolecule deformation when imaging with atomic force microscopy. J. Struct. Biol. 197: in press.
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Conclusions

•Systematically, TMV height is lower in tapping mode than Peak-Force

•Otherwise, no other parameter is responsible for height loss during imaging

•Imaging in air is acceptable if SAM substrate are used

•Mica surface is only adequate when using liquid imaging

Take home message:

• Tapping (vs PFT) = 1/19 = 5.2 % loss in height

• Mica (vs SAM) = 1.5/17.5 = 8.5 % loss in height

• Air (vs Liquid) = ~2/19 = 10.5 % loss in height
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Projet de standardisation des fichiers données AFM
Définition des méta-données en imagerie
Définition des méta-données en courbe de force
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