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Single Molecule Force Spectroscopy Investigation on Na,SO,~induced
Conformational Transition of Single PNIPAM Chains

Xue, Yurui Zhang, Wenke™

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

Abstract In this study, the sodium sulfate (Na,SO,4)-induced conformational transition of a single PNIPAM chain, a model
system for the investigation of protein folding, was studied by using atomic force microscopy (AFM) based single-molecule
force spectroscopy (SMFES). Before the SMFS experiments, thermal-responsive poly(N-isopropylacrylamide) (PNIPAM)
molecules were attached individually onto gold surfaces for SMFS experiments. By covalently grafting sulfydryl-
functionalized PNIPAM into the isolated defects of freshly prepared self-assembled monolayers (SAMs) of dithiothreitol
(DTT) on gold substrates, the grafting density of PNIPAM molecules could be conveniently controlled and the
substrate-induced conformational changes have also been prevented effectively. During the SMFS experiments, the AFM tip
was gently brought in contact with the sample surfaces during which part of the polymer chain was adsorbed onto the tip
surface, forming a connective bridge in-between. And then, the grabbed polymer chain has been manipulated repeatedly
under different extension length until the molecule detached from the AFM tip. Characteristic smooth- and sawtooth-pattern
force curves were obtained before and after the conformational transition of a single PNIPAM chain, respectively. It was
demonstrated that the smooth-pattern force curves corresponded to the pulling of the random coiled structure of single
PNIPAM chains, while the sawtooth-pattern force curves corresponded to the unraveling of the collapsed globule structure.
Besides, a consecutive two-step collapsing process (low- and high-temperature collapsing step) of the conformational
transition of a single PNIPAM chain was detected, for the first time, in our SMFS experiments. It was found that more
compact collapsed structures formed in the high-temperature collapsing step, which may due to the cooperative effect of the
weakening of hydrogen bonding (between PNIPAM chains and water molecules) and increasing of hydrophobic interaction
of the polymer chains. Our results show that AFM-based SMFS is a powerful method that complementary to other ensemble
measurements in the determination of conformation transition of thermal-responsive polymers.

Keywords atomic force microscopy; single molecule force spectroscopy; poly(N-isopropylacrylamide) (PNIPAM); Lower
Critical Solution Temperature (LCST); salt effect
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Figure 1 Three typical force curves of single PNIPAM chains obtained
in 0.3 molsL ™! Na,SO, aqueous solution at 18 C
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Figure 2 Superposition of normalized force curves of single PNIPAM
chains shown in Figure 1
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Figure 3 A superposition of normalized typical force curves of single
PNIPAM chains obtained in 0.3 molsL ™' Na,SO, aqueous solution at 23.8
‘C (red line) and 37 C (green line), respectively
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Figure 4 A superposition of normalized typical force curves of PNI-
PAM in 0.3 molsL ' Na,SO, aqueous solution obtained at 18 C (blue
line), 23.8 ‘C (red line) and 37 “C (green line), respectively
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Figure 5 Typical force spectra of single PNIPAM chains obtained by
repeatedly manipulating of the same molecule in 0.3 molL ' Na,SO,
aqueous solution at (A) 23.8 ‘C and (B) 37 C, respectively
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