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Fig. 1 (a) Schematic drawing of HPV-16 E2 protein ( both wild-type and mutants) binding on the DNA template and the related AFM

images. The wild-type can bind to the template DNA and form loop structure, while the mutant can only bind to the substrate but not loop

the template!'*; (b) The remodelling of plasmid and linear dsDNA by wild-type DnaD protein from Bacillus subtilis''?!; (c) the

binding of C-terminal domain of DnaD protein on plasmid dsDNA!'S

The scale bars represent 100 nm and 200 nm in (b) and (c), respectively. (Copyrights 2008 American Society for Microbiology, 2005

Elsevier, and 2006 John Wiley and Sons)
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RepD/PcrA complexes [RUPRE

Fig. 2 in situ time-lapse AFM imaging of RepD/PcrA helicase
and dsDNA interactions at various times after addition of ATP,
as indicated. For clarity, a representation of the changes
observed over time is shown on the left alongside the actual
images. The times relative to the time-point of ATP addition
(defined as time zero) and the actual length changes of the

o] ( Copyright 2007

linear double strands are indicated!

Elsevier)
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Fig. 3 (a) Possible model for force-induced
conformation  transition a dsDNA and SSB-DNA
interactions; (b) Typical stretching and relaxation curves
in the absence (bottom one) and presence of SSB protein
with increasing stretching length!'! . ( Copyright 2010

American Chemical Society)
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Fig. 4 (a) Comparison of the effects of native DnaD and
its domains on the nanomechanical properties of DNA. All
the force curves were normalized and superposed for direct
comparison. Ll ~ [4 indicate the relative end-to-end lengths
of dsDNA in the presence (L1, L3, I[4) or absence (L2)
of native DnaD and its separate domains. L1 indicates the
apparent end-to-end length of dsDNA due to scaffold
formation in the presence of native DnaD, while I4
indicates the end-to-end length due to duplex untwisting by
native DnaD. L3 indicates the relative end-to-end length of
dsDNA in the presence of Cd (or Cd + Nd); (b) A
schematic model to explain the effects of DnaD on the
double helix of the DNA. DnaD binds to DNA and untwists
the duplex to a paranemic form (I to II). As the
concentration increases it forms a scaffold (II to II1). The
changes in the end-to-end length relative to the naked
duplex are indicated. As the DNA is pulled the scaffold is
disrupted (IV), the duplex melts (V) , while the protein
remains bound to DNA as it is relaxed ( VI)[!").

( Copyright 2008 Elsevier)
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(A) (a) Structure of TMV (ca. 1/17 of the total length), (b) its cross section, and (c¢) schematic illustration

of the SMFS experiment on RNA stretching; (B) Typical stretching and relaxation curves superimposed with a WLC fit

(blue solid curve) and a stretching curve of poly( A) RNA (black dotted curve). The inset shows an enlarged version of

the superimposition region below 100 pN; ( C) Distribution of the width between adjacent sawtooth-like peaks in the

stretching curves (red trace) and distribution of the calculated distance between adjacent AAGs in the TMV RNA genome

sequences ( green trace) ; (D) Repeated stretching and relaxation of the same RNA molecule without rupture. The order of

the stretching-relaxation cycle is marked numerically '’
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curves obtained on HS-PEO—OCH; single crystals using the random picking method,

(A) Schematic drawing of AFM-based SMFS experiment on PEO single crystals; (B) (a) Typical stretching

(b) Force distribution of the

corresponding force plateaus; (C) SMFS experiment on a gold-nanoparticle-labeled PEO single crystal. (a) Part of the
single crystal was imaged first to locate the GNP, and then the selected GNP, as marked by the blue circle, was picked up
by an AFM tip, (b) The corresponding force-extension signal was recorded, (c¢) The same area of the single crystal was

imaged again, and the corresponding GNP had disappeared; (D) Statistical analysis on the plateau forces produced a most

probable force of 40 pN'22)
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AFM IMAGING AND SINGLE-MOLECULE FORCE SPECTROSCOPY STUDIES ON
MACROMOLECULAR INTERACTIONS AT SINGLE-MOLECULE LEVEL

ZHANG Wenke

( State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry, Jilin University, Changchun 130012)

Abstract The investigations on macromolecular interactions at the single-molecule level using atomic force
microscopy ( AFM) imaging and AFM-based single-molecule force spectroscopy (SMFS) ,with an emphasis on
the combination of these two methods, have been discussed on the base of the author’s recent work in related
fields. First, AFM imaging (including static air phase and in situ liquid phase AFM imaging) is used to detect
the effect of protein-binding on the topology of double stranded DNA (dsDNA) based on the characteristic
( spaghetti-like ) AFM image of dsDNA. Then, SMFS study on the nature of force-induced conformation
transition of dsDNA is demonstrated. The force-fingerprint of dsDNA can then be used to study protein-DNA
interactions revealing the effects of protein-binding on the dynamic conformation of dsDNA. In addition, the
application of AFM-based SMFS in the investigation of RNA-protein coat interactions in an intact plant virus,
tobacco mosaic virus ( TMV ), has been demonstrated. To realize this, a TMV particle is immobilized
perpendicularly on a gold-coated substrate. The genetic RNA can then be pulled step-by-step out of the TMV
particle through its 5’ opening. This study extends the force spectroscopy technique to the investigation of
nucleic acid-protein interactions in more complicated biological systems (i. e. ,in the virus particle). Finally,
the attempt in the quantitative study of polymer interactions in a polyethylene oxide (PEO) single crystal is
successfully accomplished by pulling a single PEO chain via its thiol-labelled end out of its single crystal by a
good in situ combination of AFM imaging and SMFS. The generality of the established method in the
investigation of crystallization of other polymers is discussed. This quantitative information on inter- and
intramolecular interactions of macromolecules is useful in revealing the mechanism of many important biological
processes (such as DNA replication) as well as in the design of high-performance polymer materials.

Keywords Atomic force microscopy, Single-molecule force spectroscopy, Nucleic acid-protein interaction,

Polymer single crystal





