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High-speed atomic force microscopy (HS-AFM) directly visualizes biological molecules in action at nanometer 

spatial and sub-second temporal resolution. The unique performance of HS-AFM has been demonstrated by direct 

observations of many protein systems [1]. Importantly, HS-AFM can even resolve thin and flexible features of 

intrinsically disordered regions (IDRs), single polypeptide chains with height of ~0.5 nm, in a protein that could not 

be analyzed by any techniques at single molecule level. In some cases, dynamic structural transitions in IDRs 

between ordered- and disordered-conformations can be directly visualized [2-4]. 

Here, we applied HS-AFM to Methyl-CpG binding protein 2 (MeCP2). MeCP2 is a chromatin regulatory protein 

essential for brain development and activity in vertebrates. Specific missense and nonsense mutations in MeCP2 

lead to the neurodevelopmental disorder, Rett syndrome (RTT). HS-AFM demonstrated that MeCP2 transitions 

b e t w e e n  a  f u l l y  e x t e n d e d  d u m b b e l l - l i k e 

structure with the methyl DNA binding domain 

(MBD) and C-terminal domain (CTD) at the 

extremities, and a compact structure where the 

MBD and CTD interact in cis. The MBD within 

the full length protein equilibrates between 

unfolded and well folded states. MBD−CTD 

interactions stabilize the MBD in its folded state 

and are essential for MeCP2 plasticity (Fig. 1). 

The R106W, R133C, F155S and T158M RTT 

mutations all showed aberrant MBD dynamics 

compared  to  w i ld  t ype .  Fu r the r more ,  we 

observed sliding movements of MeCP2 along 

dsDNA, bridging two adjacent dsDNAs and 

DNA condensations by MeCp2. These results 

would gain insight into the molecular basis of 

RTT [5].
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Fig.1 HS-AFM images and schematics showing that MBD-CTD interactions stabilize the 
MBD in its folded state.
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