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Development of high-speed AFM/single-molecule FRET to visualize synthesis and
degradation of carbohydrate chain
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We have incorporated an image-splitting optical system into a combined
high-speed AFM/ total-reflection fluorescent microscopy system which enables us to perform
high-speed AFM imaging and single-molecule FRET simultaneously. We prepared the fluorescent labeling

sample for single-molecule FRET measurements for bacterial chondroitin polymerase K4CP and
glycoside hydrolase cellulase, TrCel6A, and succeeded in measuring changes of the FRET efficiently
due to the extension of the chondroitin chain and the structural change of the cellulase. Although
we tried to observe these molecule with the combined high-speed AFM and single-molecule FRET system,

in the face of various problems, we have not reached the success within the period. However we are
now establishing the optimum measurement conditions for the simultaneous observation and thus assume
that we can gain novel insights about molecular mechanisms with detailed single-molecule analysis
using the combined systenm.

FRET



X NMR

N-
(GalNAc) (GlcA) K4CP
K4CP
K4CP
AFM
2-5nm
(FRET)
(FRET )
2 AFM FRET
AFM FRET
AFM FRET
K4CP
FRET AFM/
FRET K4C AFM
FRET
1. AFM/ FRET
AFM
AFM 1 FRET
FRET
AFM

FRET TrCel6A




:g, §E§ 140, CH4 100, CH6
& 02 120]
0 1001 80/
1800+ & 80 ” « 60]
1600 g’ 60 §
@ 40]
1400 40.
;g, 1200 20. H H H 2
£ 0 HH‘H ! ! ! o 0. n
1000 0 02 04 06 08 1 1.2 0 02 04 06 08 1 12
FRET efficiency FRET efficiency
800
600 - r )
0 10 20 30 40 50 60 70
Time (sec)
2: KACP-Alexa647 CH4- 3: CH4-Cy3 CH6-Cy3
Cy3 FRET FRET
2. K4CP - =
K4CP 1200 — Alexa647
K4CP  Alexab47 1100
£ 1000
LC-MS/MS Cy8674 E 900
800
Cy3 700
KACP-Alexab47 600
0 5 10 15 20 25
K4CP-Alexa647 ~ FRET 3 T
1 FRET 1o % As
KACP-Alexab47 (10 nM) r
CH4-Cy3(1nM) 4: KACP FRET
FRET
2 CH4-Cy3  KA4CP-Alexabd7 FRET
FRET CH6-Cy3
CH4 CH6 FRET CH4 FRET 0.9
64 % FRET 04 36 CHG6
FRET 0.9 10% FRET 0.6 90 % 3  K4CP
CH4, CH6
Cys674 CH4 i
CH4 1.04 nm, CH6 1.39nm,
FRET
K4CP-Alexab47
CH4-Cy3 UDP-GalNac
UDP-GIcA FRET
4
K4CP-Alexab47  CH4-Cy3 FRET 5: K4CP AFM
K4CP  FRET FRET
AFM/ FRET AFM K4CP
5
3. TrCel6A TrCel6A
Ser386 Thr19



1 FRET 050 120,

520 nm 900 S
850 — Alexa647 100!
cy3 | ‘\
Alexaba7 g;zz " 1
6 FRET £ 650 § 604
600 * 40
550
FRET 500 )
FRET 0.7 et Eegcesege g J
83 10 17% T Sy 77T O e, T
7 FRET 6: 7:
FRET
FRET FRET.
1.0 2 FRET 0.7
TrCel6A
AFM/L  FRET TrCel6A
FRET ~pM TrCel6A
AFM AFM
FRET
AFM FRET
AFM/ FRET
5

1. A. Nakamura, T. Tasaki, Y. Okuni, C. Song, K. Murata, T. Kozai, M. Hara, H. Sugimoto, K. Suzuki, T.
Watanabe, T. Uchihashi, H. Noji and R. lino, "Rate constants, processivity, and productive binding ratio
of chitinase A revealed by single-molecule analysis’, PCCP 20, pp. 3010-3018 (2018).

2. T. Uchihashi and S. Scheuring, "Review: Applications of high-speed atomic force microscopy to real-
time visualization of dynamic biomolecular processes', BBA Gen. Sub. 1862, pp. 229-240 (2018).

3. T. Uchihashi, Y. Watanabe et al, "Dynamic structural states of ClpB involved in its disaggregation
function", Nat. Commun. 9, 2147 (2018).

4. T. Uchihashi, H. Watanabe and N. Kodera, "Optimum Substrates for Imaging Biological Molecules
with High-Speed Atomic Force Microscopy"”, Meth. Mol. Biol. 1814, 15-179 (2108).

5. T. Umakoshi, S. Fukuda, R. lino, T. Uchihashi, T. Ando, "High-speed near-field fluorescence
microscopy combined with high-speed atomic force microscopy for biological studies®, Biochim. Biophys.
Acta - General Subjects (in press).

9
1. T. Uchihashi, "Connection between AFM data and computational simulation - image processing for
guantitative analysis and demands from the experimental side -", Trends in Computational Molecular
Biophysics Workshop (Kanazawa, 2018).
2. T. Uchihashi, "High-speed atomic force microscopy for direct visualization of biological
macromolecules at work", The 79th Okazaki Conference "Synthetic, Biological, and Hybrid Molecular
Engines’, (Okazaki, 2018).
3. T. Uchihashi, "High-Speed Atomic Force Microscopy for Visualization and Manipulation of Biological
and Artificial Molecules', SPMonSPM 2018 (Leuven, Belgium, 2018).
4. T. Uchihashi, "Imaging and Manipulation of Biological Molecules with High-Speed Atomic Force
Microscopy”, ICN-T 2018 (Brno, Czech Republic, 2018).
5. T. Uchihashi, "High-Speed Atomic Force Microscopy for Visualization of Dynamic Processes in
Biological and Artificial Supramolecules’, ISPM 2018 (Tempe, USA, 2018).



6. T. Uchihashi, "Direct observation of self-assembly process of biological and artificial fibrilsusing high-
speed atomic force microscopy”, Interhierarchical understanding of materials and life through molecular
observation (Okazaki, 2018).

7. T. Uchihashi, "High-speed atomic force microscopy: A tool for visualizing dynamic behavior from
proteins to cells', The 28th 2017 International Symposium on Micro-NanoMechanical and Human
Science (Nagoya, 2017).

8. T. Uchihashi, "Visuaization of Single-Molecule Dynamics Using High-Speed Atomic Force
Microscopy", The 2nd Korea-Japan Joint Symposium on Single-Molecule Biophysics 2017 (Seul, Korea,
2017).

9. T. Uchihashi, "Direct observation of single molecule dynamics at work with high-speed atomic force
microscopy", Frontier in Single Molecule Biophysics 2017 (Neve llan, Isragl. 2017).

2

1. , Vol.36 No.20,
100 ( ) 5
,2018 12 3 .
2. T. Uchihashi,"High-Speed Atomic Force Microcopy": pp. 263-267 in Compendium of Surface and
Interface Analysis (The Surface Science Society of Japan, Eds), Springer (2018).

http://d.phys.nagoya-u.ac.jp/

)

RYOTAIINO

8 70403003

@)

HIROKAZU YAGI

8 70565423



