DOI: 10.11844/cjcb.2024.11.0002

i E 4 AE Y 2424 9] Chinese Journal of Cell Biology 2024, 46(11): 1855-1868 CSTR: 32200.14.cjcb.2024.11.0002

il
é{%iéiﬂa@f;iﬁ% RIL IR T [x:i&a‘friﬂ@%[ﬂﬁ‘k ik, DNAEE % @ i 1T — 413 )48 M DNASK % A=

x| s, B R, 201949 A 2, o B A B T 4 M AL R AT S/ AL
FhmpAeNMFARRALAK. ML LR, ZEXREZTERTLR R A
BT RAKGEF S ERI R F ﬁ%@ffﬁiﬁf%“ai (RIS ok SN IR
Wy o &S 4% B o de, I Bk B K TE R EERNA RS % 28 0 — 432 s 4T AL A 4
23,

https://cemcs.cas.cn/sourcedb/zw/pi/202008/t20200823 5670077.html

MERAAERN—H I N EEYF Ik

Me s x| R
(I HERZ IR Thie 5 B B St &, b ERHFE Be 20 T 40 R Sk 6187 ey, B3 200031)

WE AZINFARCENRIGRESEO RS TR LG — B ), REXkiz
W TR R Z BT I A2 C MBS G ED T AR TEAR. o, #FAFBL—

WG EAET . FEREMGEFEORT —FEHPRFERNEMF, L], BTHREESE
—‘Q{iiézjwﬁiiﬁiﬁ b B SUAT R AR BR A M) 5 AR 09 — RBkK,. 179;«]111 BRSO —

B FHAEX, AT BT A F A YLNAZBR 4 08 G —fZ )P oy LA R AR S, FELERILE
IR LE B F O — B S A M F A E.

Xie MR GEA, 4Essh; B THER

One-Dimensional Movements of Nucleic Acid-Binding Proteins

and Their Biological Functions
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Abstract Numerous kinetic studies have documented the 1D (one-dimensional ) movements of nucleic

acid-binding proteins along macromolecular nucleic acid. These movements, although generally independent of

specific nucleic acid sequences, play critical roles in various biological processes. For example, transcription fac-

tors locate promoter or enhancer regions through 1D movements to regulate gene expression; DNA repair proteins
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detect DNA damage and initiate repair signals by 1D movements; SMCs (structural maintenance of chromosomes)

also employ 1D movements to regulate chromosome structure, etc. However, evaluating the physiological signifi-

cance of these motions in relation to the nucleic acid-binding protein’s functions remains a major challenge. This

paper will introduce the modes of 1D movements of the nucleic acid-binding proteins, discuss the applications and

advantages of single-molecule techniques for real-time observation of 1D movement, and summarize recent discov-

eries regarding their biological functions.
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I EmMRNABssDNA T4 3 B3 #k, FEe &1 m
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Fig.1 Modes of protein one-dimensional movements
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A: schematic diagram of the principle of single-molecule tracking technology. Long-stranded nucleic acids are stretched and immobilized on the slide
surface, and the movement trajectory of nucleic acid-binding proteins is observed with real-time fluorescence imaging. Due to total internal reflection
imaging, only fluorescent proteins bound to nucleic acid molecules can be detected. B: schematic diagram of the principle of FRET technology (left),
when the distance between the donor and acceptor fluorophores is within 1-10 nm, the excited energy from the donor is non-radiatively transferred to
the acceptor, causing the acceptor to emit fluorescence; schematic diagram of the principle of PIFE technology (right), when a protein approaches the
fluorophore, the local environment around the fluorophore changes, leading to an enhancement in the fluorescence signal. C: schematic diagram of the
principle of optical tweezers technology. A focused laser beam captures and manipulates dielectric particles, detecting force and displacement changes
caused by protein binding to nucleic acids. D: schematic diagram of the principle of magnetic tweezers technology. Magnetic particles are manipulated
through a magnetic field to detect changes in force and displacement caused by protein binding to nucleic acids. E: schematic diagram of the principle
of atomic force microscopy. The interaction force between the tip of the probe and the surface of the sample is used to obtain three-dimensional surface
information of protein-nucleic acid binding over time.
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Fig.2 Single-molecule techniques for measuring protein one-dimensional movements
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7] TAE), IXFERE PRUESE AL R E . SR,
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H, WK FRAR 7 40 P R B e R E 1
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BRI F N ER 1) 0 3 A T IR AR A R 1R IV 2 )

R, BT RO TR WLCK RS, IR &
A B 1 DI B 7E 25 7] 43 HE A 2 iR R AR 2
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Al DS S A B A . TIRF B8 ok 5% ot 75
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A: the restriction endonuclease EcoR V diffuses along DNA, facilitating the search for target sequences. B: PCNA slides along DNA, enhancing the

processivity of DNA polymerase. C: the DNA glycosylase hOGG1 diffuses along DNA, detecting DNA damage and binding to 8-oxoguanine. D: the
MutS and MutL sliding clamps slide along DNA, enabling the long-distance transmission of mismatch signals. E: FtsK translocates on DNA, delivering
replicated chromosomes to the forespore and resolving chromosome dimers. F: upon recognizing viral double-stranded RNA, RIG-I translocates along
the RNA, promoting its oligomerization.
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Fig.3 The biological functions of protein one-dimensional movements
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A: the movement of Cy3-MutS on Cy5-DNA detected by smFRET. When Cy3-MutS binds to the mismatch near the Cy5 fluorophore, a high FRET
value is observed. Upon adding ATP/ATPYS, Cy3-MutS undergoes conformational changes, forming the MutS sliding clamp and moving away from
the mismatch, leading to a decrease in the FRET value. B: representative kymographs and schematic of the MutS-MutL complex undergoing rotation-
coupled diffusion along the DNA backbone, facilitating the formation and rapid diffusion of the MutL sliding clamp on the DNA. C: on the YOYO-
1-stained “U”-shaped DNA, cohesin-NIPBL® undergoes rapid translocation and extrudes the DNA to form a loop until the bottom of the loop reaches
the end of DNA. D: the movement of RIG-I on dsRNA detected by PIFE. When RIG-I attaches to the dsSRNA end, the DY547 fluorophore signal at the
labeled end increases. Upon RIG-I’s detachment, the signal decreases. With ATP present, RIG-I repeatedly binds and detaches from the dsRNA end,
causing periodic fluctuations in the fluorescence signal.
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Fig.4 Single-molecule detection of one-dimensional movements of nucleic acid-binding proteins
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