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Figure 1.

Procedures of surface modification for protein immobilization strategies.
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Figure 3. AFM image and surface roughness analysis of silicon substrate after each modification steps via

different silylation strategies. A: Via a, b and c silylation strategies, AFM images of silicon substrate after each
modification step; B: The surface roughness of silicon substrate modified by different strategies after each step. a:
APTES phosphate solution; b: APTES aqueous solution; c: APTES vapor. Data from each graph represent the
average of three independent experiments. Error bars indicate standard deviations of the mean.
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Figure 4. AFM image silicon substrates immobilized with E. coli RNA polymerase at different concentrations. A:
AFM images of silicon substrates immobilized by protein with different concentrations; B: Surface roughness
analysis based on AFM images. Data from each graph represent the average of three independent experiments.

Error bars indicate standard deviations of the mean.
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Figure 5.

Principle of AFM force spectroscopy technique and the typical force curves obtained in this study. A:

The promoter and RNA polymerase were immobilized on the AFM tip and the silicon substrate, respectively; B:

The acquisition process of interaction force-distance curve; C: Typical force-distance curves obtained in this study.
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The interaction between Lsl promoters and RNA polymerase based on AFM force spectroscopy. A:
Histogram of the interaction forces between Lsl and RNAp; B: Histogram of the interaction forces between Lsl
and RNAp-C; C: Binding probability of Ls1/RNAp and Ls1/RNAp-C. Data from each graph represent the average
of three independent experiments. Error bars indicate standard deviations of the mean.

Figure 6.
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Figure 7. AFM force spectroscopy for investigation of the interaction between RNAp and Ls2 promoter, which is lack
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Atomic force microscope based force spectroscopy as tool to study
the interaction between Escherichia coli promoter and RNA
polymerase

Zhixuan Yao, Xiaojuan Zhang, Yanting Duan, Xiaomei Zhang, Jinsong Shi,
Zhenghong Xu~

Key Laboratory of Industrial Biotechnology, Ministry of Education, National Engineering Laboratory for Cereal Fermentation
Technology, School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] To establish an efficient method for promoter characterization, the interaction between E.
coli promoter and RNA polymerase (RNAp) was studied by atomic force microscope (AFM) based force
spectroscopy. [Methods] Protein immobilization was optimized, and the specific promoter/RNAp interaction was
verified using core-RNAp (RNAp-C) as control. The force spectrum of promoter Ls2, lack of —10 region of Lsl,
was studied. [Results] Based on the established method, the specific interaction between promoter Ls1 and RNAp
was studied, and the rupture force was measured as (331.1045.14) pN. Ls2 showed significantly less binding events
towards RNAp compared with Ls1. Using promoter-probe plasmid, the activities of Ls1 and Ls2 were verified by
reporter gene—cat, which were (181.73+4.08) U/mg and (0.33+£0.21) U/mg, respectively. [Conclusion] A novel
promoter analysis method based on AFM force spectroscopy was established. The results demonstrated this method

can be applied in quantitative characterization of promoter with high efficacy and reliability.
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