A SR IR Mar. 20, 2025, 52(3): 1046-1061

Microbiology China CSTR: 32113.14.j.MC.240403
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.240403
http://journals.im.ac.cn/wswxtbcn Copyright ©2025 Microbiology China All Rights Reserved

AR5 RrEkE T Pprl &RV R 5 FEISAE RS

WA, R, PRR, WF R BWW L, RRET, #HED

1 PEmRH R, Il 450 621010

2 R, )il BB 611731

3 PUNERALTRA:, W)l HEE 644000

4 ER DAMRREZLB AR R AR SR @R T 0 ER), I 45 621010
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%, 2025, 52(3): 1046-1061.

XIE Liping, CHEN Xiaomin, CHEN Kun, GUO Qianhong, ZHAI Fanfan, ZHENG Zhiqin, FAN Jun. Single-molecule dynamic
mechanism of Pprl in Deinococcus radiodurans[J]. Microbiology China, 2025, 52(3): 1046-1061.

i B (T ADEP NIRRT EY, BRMEZWAMZIEEA. KFTE. AMFTLEF
BE, PEH B AL ZSN T4, Watias 93Kk H (Deinococcus radiodurans) £ 3% X 49 DNA 15
B H A B BT MSE IR T & 4. Pprl & & 44 D. radiodurans ¥ DNA 454515 5 i 4249 7 %,
R R AK G T LR H e Sob fAe AT M RS RS T 0 4% B3T3 Pprl & & 95K $
E Rk FAE G AT B, IR a3 SN2/ Pprl & @ 69 R A2 Rt e . [B 6] 3K
5% DNA #1787 /& Pprl & @ £ £ 0 FRK-F 93 S T, WENF A EH 487 Pprl & & /£ DNA 4%
s P ey KRARAE R, AHAFR AT 44 R A DNA 1S k| e 2wk, [7%]) FIR kb
& & mMaple3 FAZARITE) Pprl & @, @ id K F 42 A RAF % K(total internal reflection fluorescent,
TIRF) 2 44 iR A% 69 3o F = 37 L F £ 45 2 42 (single-particle tracking photoactivated localization
microscopy, sptPALM)# K, #F4:MFIKE 4 mMaple3 K& G, FIE @A Pprl & & 69 45
FRAz5 3%, Y Pprl & & /£ DNA G AT G 6T h 4542, [ R ] @idst Pprl &8 £
TR By A6, KA 3AE SR, B B2 A(D™=0.07 pm?/s). 124 #%&(D=0.21 pm?/s)
Falkik A (D'=0.65 pm?/s). XK ILE DNA X BB e ehmied, Pprl ROy KA T2 F
A, mABEESTIAZEZ TR, (L] ALY T TIEEREHLIET Pprl & @ £ DNA
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ZHERHANEOEFHRERERRIES, KT DNA RGERTRRLAGLEES Pprl 8. A
BEF T PAIRAL Pprl A5 49 DNA B 15 S A 4669 4 TALEIAREL, & T A A AV L0 FTHRAMALH
o DNA 15 5 R R AR R A,

KB AR IRE; Pprl & @ ; DNABGIE A, £ F 735 AUy KAK

Single-molecule dynamic mechanism of Pprl in Deinococcus
radiodurans
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FAN Jun™

1 Southwest University of Science and Technology, Mianyang 621010, Sichuan, China
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Abstract: [Background] Amid the aggravating environmental pollution, increasing organisms
are endangered by nuclear radiation, chemical pollution, and biological pollution, which seriously
disrupts the balance of ecosystems. Deinococcus radiodurans with remarkable performance of
DNA repair can survive in various extreme environments. Pprl acts as a switch in the DNA repair
process in D. radiodurans, and the heterologous expression of this protein can significantly
enhance the survival rates of other eukaryotes and prokaryotes in extreme conditions. The
available studies on Pprl molecules are predominantly conducted with biochemical methods, and
the real-time dynamic observation on reactions of single Pprl molecules in living cells remains
underdeveloped. [Objective] We explored the dynamics of Pprl at the single-molecule level
before and after DNA damage and revealed the role of Pprl in DNA repair, aiming to enhance our
understanding of the DNA repair mechanism in D. radiodurans. [Methods] The Pprl molecules of
D. radiodurans were labeled with the photo-activated fluorescent protein mMaple3. The
low-density mMaple3 fluorescent protein was continuously activated by single-particle tracking
photoactivated localization microscopy (SptPALM) based on total internal reflection fluorescent
(TIRF) microimaging to realize the single-molecule localization and tracking of Pprl in living
cells, on the basis of which the molecular dynamics of Pprl molecules before and after DNA
damage was clarified. [Results] By analyzing the distribution of the apparent diffusion coefficients
of Pprl molecules, we identified three distinct species: immobile molecules (D"=0.07 pm?/s),
slow-diffusing molecules (D*=0.21 um?/s), and fast-diffusing molecules (D*=0.65 um?/s). After
DNA damage, we observed a significant increase in the proportion of diffusing Pprl molecules
and a significant decrease in the proportion of immobile molecules. [Conclusion] Using the
single-molecule tracking technique, we accurately characterized the movement of Pprl molecules,
finding that most Pprl molecules moved fast after DNA damage. Additionally, DNA damage at the
surface released a large proportion of immobile Pprl molecules. This study improves the
molecular mechanism model of the Pprl-mediated DNA repair system and paves a way for
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studying other DNA repair reactions using single-molecule techniques.
Keywords: Deinococcus radiodurans; Pprl; DNA repair; single-molecule tracking; apparent

diffusion coefficient

iR 45 5 73 BR 7§ (Deinococcus radiodurans) 2
— P RETE R um A T A AR AR, 2
Anderson Z5U'2E 1956 42 & BLAY—FP BAZZ) 2 um
AR B B S R T A B ER TR, TRIVR R DG
PATA(EE N ) £ 4 SN € %111y 15572 0 e Oy
N DA i R B NS 2 A w o L [ s S 6
RIS AL SR TRERUED, XL
K WIH D. radiodurans fES K7 K AT
(Escherichia coli)E 50-100 13 o B 485, *f
4L (ultraviolet, UV)AIHLE L K FF 5 5
40 A7 R R A B M fef B ISR
Uiy AR AR i W ML Y S AR

D. radiodurans 4T3 14 32 EEA R T H R
A Pprl A S DNA I8 455 1& & 38 # (W
Pprl-DdrO @5 N & A& &), Pprl Wiy IrcE,
J& Earl %71 Hua 55 JLF Al A B0 A —Fh 43 & il
B R TR, AR
AN BOA IR ETE DNA SiGIBERBREN
S, pprl BRI 5T N T HAth AR Py
RS EIIRPUE, YA E, KX e
B, TR BSRROYBTME AT 10-100 £, HEH
FIMB LN recA HYFRIE, XL BT RRIHTME AT Y
52y 1.6 F5I5YL Yue POV NG S50 0 A5 44
T, Pprl FEFREIEH KA, IFRed S EIKA BT
FALRE ), S ABIEEEE IR REYG 0 & WA FE )
P IR R B AR AT PR, AR RLR AL
Bk 14 (Lactococcus lactis)H #2 = 1 FLER F= 2 Al
P 52 PR pprl JE DR 7 EUR 20 i P R AR
B E SR B ER A 1P, A UNRAIA
F Ui, KB Pprl & A DL RadS1 3%
ik, B Sk R B DNA 151405, S i

A A7 R 23200 BH Pprl AE BT Hh k4 EE 2
PAPEHLAL, DRI B N2 A B IR A 12 Pprl 25
I 7E 0 e o g 5 e AR 5 D RE

Pprl B9 f IR 45 # B9 Vujici¢-Zagar S5
Mriti, BB 3 DA — R AR
FEASF I — MR 1) R e e L — S PRAZ
PR W TR — MG i/ IR 1 PR AL /FhIA. 2544 3 (cGMP
phosphodiesterase/adenyl cyclase/FhlA, GAF)kf:
S5k Pprl Y N-Rdm&h M 805 A I & i b4
J Ik, FE A TR R HEXXH 741, Hirp H82
E83. H86 Fll E113 X T4 J& & ¥ 45 A LA S Pprl
M RE RN AT B, R S R BOT R
SHEUEIT Ludanyi %261 Wang 6 HIER] Pprl
YR #L I DArO M F AR FEVERT . Lu %207
T TAE R #578 Pprl 2 15 #4E DNA
(single-stranded DNA, ssDNA)A B AEH , ssDNA
TEMR N FIR SN LUK AR 7 X3 538 Pprl 5
DdrO WA EAE, PAKBOE Pprl HYBGUIDIRE
A WIFERY], Pprl & A 1E DNA $i 47 19 544 |
H SR 0 14 3R 8 R 48 0k A= AR R RO, 2 DNA
KA, Pprl B DNA 45145 I is =,
7E Pprl-DdrO a4 AR F oy, Pprl KA 2
e, Brai e B NG g7 Fi DArO &
TR O BAR, MERE S IL R R, 2
IS 01T RNAP 454, fil% FilF DNA
AR, x4 DNA JEAT B4 .

FAAY O B O TS 2 A B B BT (single-
particle tracking photoactivated localization
microscopy, sptPALM)J&— Fl1 45 & GG & 1
2 M 5% (photoactivated localization microscopy,
PALM)5j B3/ (single-particle-tracking, SPT)
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HFARMLES kP, Wik g6 s 0 2
THUBE 1Y) 1o 43 FE 2 BUAGBOR R 5338 BRI B0
oA, SEBLT XA AR L A S B M
BEEh A AL, AR GO AT o PR 4L T 9
KT H. M TS PALM, sptPALM fifi 114
MRAIO IR TR R, AT DA At ) i R B 47 o
TS AR S TR R O Bl AL TS DGO o
BEIRDEICHEE 1, A RRIR S FE A8 A 2 R0,
BG83 e R R ) 0 B R A 4R
WOE B POLE S, RPN TR
AR, FEESMETRT I T, R
SIEE ERY o0 B ERSER, TRk .
MHA S FHOEOE R, B, ERE
PENCHRIC I T BB IR Y . R sptPALM
AU AT o FIas sl RetE . sl . 9 R AL
S, R HAEAEA R E AT AP, mMaple3
HHFRTOCE N RASE SRR . IR
P BOLTFIREEZ R, rUAERET R
B O PR AR U ELAR T I Y 1
AT 552 R R i D 5 205 ) e A3 R AR PO

A WSS 25T 40 200 J/m? UV 8% 20 pg/mL
2251452 C (mitomycin C, MMC)HE , WELHA
HVE A AER, B IIE mMaple3 286 115 ARIC
Pprl 2 [0 R AEAF R 52 ;. K A mMaple3
J i dRic Pprl 25 Y BBE , 55T sptPALM AR
PR3 Pprl # [17£ DNA 2| UV 3 MMC 8l J5
Bl 1284k W T RN Pprl FEHTE
DNA &5 it B iz stk S22 4k, DI 21
B Pprl £ 17E DNA &5 i 2 v (% W 38U 1
BEE LA

1 MR5r%

1.1 &
D. radiodurans 4= #I(DR-WT) U5 F P R
BRI L ARE IS4 ; mMaple3 kR

F McGill X% Stephanie Weber 4B\ ; mMaple3
B I EAIFRIC Pprl 9 D. radiodurans itk
(DR-Pprl-mMaple3) i A< BRI ZH #4 2 .
1.2 EFE

i 5 1 ) 25 B2 B (tryptone glucose yeast,
TGY) 8 F7 3 (1% R 1R, 0.5% 1 £ 52 i 4y,
0.1%H0Z0E, BN 2% 0 W) oAy [ 4455 57 358
D. radiodurans HJ153%. i DR-Pprl-mMaple3
BFAS N 20 pg/mL B RAREE R ; FEARE IR
(minimal medium, MM)!"), E B 8K B &%
Jt, T RUEI K D. radiodurans #2455, i
iIE: D. radiodurans 7& 55 B R Ok A
1.3 EFERFIFNERE

SYBR-GOLD %44k}, Biosharp 23 ). #3% A,
VWR Internationals /A H] ; UV BESFLT, Philips 2
H] 5 ZRAMREETREMAAL, AR ERHCABR A ]
N % (total internal reflection fluorescent,
TIRF)&f##%, Olympus A H]; 405 nm #EG4s,
KEFIOCHREARA R F ; 488 nm FOLARH
561 nm #t#s, Coherent Corp /A7) ; EMCCD A
Bl, Andor vv]; ZUPBLIENAF, Chroma 2AH],
1.4 D. radiodurans E% 7 &4

¥ DR-WT HI DR-PprI-mMaple3 HHKTE TGY
(R Er el & A LT 20 ng/mL RIRER)FH b
WATRIZR 4385, 30 °CIE IR B: #7240 3] B 15 77
3 d J PRI — VA HeR 22 3 mL TGY (5% 20 pg/mL
RIREE R IE SRS, 30 °C. 220 r/min R
IR . KH, BRI N E R ER R
20 mL MM }iF i iR ks, (3L ODeoo N
0.2-0.3, ARy REEI5 H 2=k B E A KR,
Rl ODgoo fE }7 0.5-0.6, 42 .
1.5 RESHRE
1.5.1 200 J/m? UV (&R 412

e 7 MR, WKkgs, BT
A 9 mL JOIE 28 KA Ao WEHL 1 mL X404
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K HH(ODooo M 0.6-0.8)MI IR T 1 il ik
A1, SERL 10 fERERE, A1 S IR 1 mL
RWIA 2 SiliEd, S8 102 5B, Kk
SER 1077 15 H6 R o

SERUR R G R U B 1wl P B, HaRAE
U FIFFAR LR T TGY [ KRG I3 T
HMT BT E, EIXEAE FHT 200 J/m?
UV 5 R4 B kb PR 58 B B 1t 3] B T
30 °CHE IR 524 3G % 2-3 do
1.52 MMC 438

TER5F5R 2 ODgoo A 0.6—0.8 B, B %A: K1
AOTE R P I AL 20 pg/mL 7Y MMC, 7253
BG4 10-10" 5 B, RIREEF T TGY
[ A SR 5L, ARG K- AR B BT 30 °ClE IR 3%
FAEP R 2-3 d.
1.6 EMEHRHE
1.6.1 #H A

WX B KA B LA 4 500 r/min B0
3 min fHEIFPIVE, FAET 20 pL A MM 555
S o A BRIE R BRI IE 5 A FRIRES, 8 2%
RZE LB S 2xMM #3538 1:1 RS, W5IR
BT FEB R b, R S — R ke
T L, RS, T R
%o MBURMEEER S, BT B A,
1A 2.5 pL EEM W, TR b )2
¥
1.6.2 UV iR mATE

RS IMT B RRE , A T
TS T S AT R TR RS, AT R SRS
1.6.3 MMC # A48

W R R 5 XN, AERE SR A
LU T 20 pg/mL A MMC, BRstiE 4] 7 BE
I mL B, T 4 500 r/min 2.0 3 min 1521 F {4
UUBE, SRIGFE IR 1.6.1 Ry 25 45 B e A5 A
i, T RS

1.6.4 Pprl ERSHZHIN & KIK

SYBR-GOLD 4#l5 DNA 552K A1)
B, WA REEA KSR DO E S, LU
RSB BIAZ AR . %FF SYBR-GOLD 44#%
40 AL, W 1 wL # B 1:100 1Y) SYBR-GOLD
Yot 5 20 uL EEFERIRST, )5 T 5
BT %R . eR4E 561 nm BOLRTE 4,
PR AE 488 nm OGS FIZ
1.7 TIRF BB %
1.7.1 PprI-mMaple3 B HF 5SS R&E

W il £ 52 B PR L B E T BB
TEPE TR B B A3l LT o f SR AR W i R] 152
EOMREMT 15.7 ms, SRAEMIGEIGRE H &%
561 nm OEXT D. radiodurans 1 B & ¢ G FI T
TGO F S AT I A TR 45 15 561 nm
ORI E 6 mW, UL 1 W/em? # 405 nm
JEAE A 20 L P S B mMaple3 S8GEE 1.
AiE M 561 nm WOLTIA AT ZE LR UE mMaple3 {55
SRR AR, SCEL mMaple3 {55 A9 st ]
B
1.7.2 I EERRE

e FE BRSNS, K 405 nm Al
561 nm O, % 488 nm & EHI%H 0.5 mW,
KAR A B
1.8 IS
1.8.1 PprI-mMaple3 B 4> FHIBAL IR

BRI T MATLAB 84 0 T MR
T I R PG U S Lk B R
PR THE, FRATTHE R 2 0m B X) B 5y 115
SO . X R TH E I A, B S
X SRR we e s S AT YR IR S LA, R
HE 2 A5 5 5 B (B X 9 S0 A5 5 HEA T LAY o
il MATLAB {4 A & SCIAS ) B 37 1] o
(AN 48 B B AT 20 BhBT), w R S AE B R X8R
TR TIBE . Mo TETES e 3 4
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18048 ym)&E M, AL [F—0Fizsh#l
W T IOCE AR IR, FRATARVFELE
H AT A R — T B0 )5 R MATLAB #8444 H
TE SR BEAS , AR 2 Y BRSO (B T is
I 53y [ AN
1.8.2 PprI-mMaple3 B2 5 TR R
8=

| ) 5 i # (mean square displacement,
MSD), A D'=MSD/(4At)iH5 F WP HL
R, RRBZESPEANT 4 L, 1
P FE Y R FOR X 53 18 8 1 Fy Js 4y
FO8 BGA FIPIRAS R R B A mT LU A
EiR VG IUET DU (I

_(4/D))xe

f.(xD;) = - .

HR AR R D R LA 55 F 1Y Do A kA5 3
TP HLRED,, H x & D'REE. &
AWFREM, IEHW 40 Pprl Al BEAFTE 3 FlA
i3z sl 0 43 U AR AR ER D
B, #4 LA £k A5 DNA fifsdi i Pprl
B9 3 AR, AT RIS Pprl & I 7E AN AE N A9z
g .

f-(xD;,D;,D;A,A,A)=
A(4/ D)) e L AM/D) xe /0 .

6 6
A(4/3) e

6
Hrp. D, D,. D4 Pprl 437 3 MRz zh
RS RS BRI, A A F As & 3 AR
BT HB, ArtAtAs=1,

2 BERE504
2.1 UV igEBF1 MMC #1# D. radiodurans

FKERE SR
FIH mMaple3 SEF 4 5¢ 6 & AL AR IE

D. radiodurans " Pprl 25 1, A fE5¢ % B T
SEEL Pprl K FTAYIE ER (K] 1A). UV 45 B fiff DNA
T WA [R] f) 1% BE — SR 44K (pyrimidine dimer), 40
TT R, (H75 BR8] (4 & He s 55, A
MR DNA AUk . =7 i UV 5 BROE A] B %
Wik DNA 85, S30 DNA WHEKZE, T 5200
AEYNIEE A AEFN AT . MMC J& T DNA 28k
A, HAEWNES Z PR EA bk Thig, mlif
ARUEE DNA B8 7K PR 76 78 P 5 H b il
A RURE FE AR S HK B v LA ) DNA & i, 75—
FREE BBEIR T DNA B SIS e 42 0 i o %o
DR-WT #i1 DR-PprI-mMaple3 ¥4 UV %& BEAL FEAI
MMC 4ZbFH, 72244545 DNA, #£5% D. radiodurans
AOLETE R, #fiIA D. radiodurans 7£ 200 J/m? UV &
HEAL PR 20 ug/mL MMC AbFE R R4 IEH A= K .
HH P VE R AL IG5 A A, M4 ZZ 200 J/m?
UV #& I8 20 pg/mL MMC 435, DR-WT Fl
DR-PprI-mMaple3 417300 B Z 72 k(& 1B.
1C), mMaple3 JEfitric Pprl £ FIXT ERATAEAT
TEEICH B2 1C), 25 |, D. radiodurans H
AR, =L DNA BE TiRE, 7323 200 J/m®
UV 5E IR EL 20 pg/mL MMC 435, 4R gt
B B N, X DNA if 184, fiifs
2 0 BB A 28 1F AR A
2.2 Pprl EBHEHAMANENKRES D
Pprl 55 mMaple3 26 FATEARAE RSk,
SCEL Pprl {5 543 T BT #AL . i 8 Pprl-mMaple3
155 20 F U4 0 Y6 PR (9 B R 45 2 1sF ]
225 F% D. radiodurans H' { & INHR 7+, 2450+
SIS M BAE 3 MR R (0.48 pm)&E HHr, A
TERN— LA 5y Fia s kP AR E AL
W (<4 20) 32 AL R . B SRR e 7 12 22
o, HABRMGTH A EYE, 8 7E5T
Tk 2B YRR R T 4 AR AT DL Bk
WM H EKINKRTF, (AR 245 0 2 0
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A
DR-gene  pprl linker mMaple3 KanR DR-gene
DR genome
B o 1072 1073 10+ 10°° 106 107

Control

UV 200 J/m?

MMC 20 pg/mL
DR-WT
C 100 102 10° 10* 105 10° 107

Control

uv 200 J/m?

MMC 20 pg/mL

DR-Pprl-mMaple3

1 [E# DR-WT #1 DR-PprI-mMaple3 3Tk £ E R C HUEAMMK A HAHFEIEEL
AN DG A% mMaple3 286 EE FARiC Pprl & 1 C iz & B, 7E pprl Al mMaple3 J& R 2 [A] 486 A ZE 4 linker,
7% pprl FED 5 mMaple3 HE LA a] LR 20 A S 47 MRl 2605 5 KanR 7435 R 10 18 3 2H i 2 Y e
PRtk B: HHk DR-WT UV Fl MMC U Iiat, AT R 0 i A 5% Sh 2k B A I 8 2 ) MMIC 4k
PR, SOREREARAAEIE R T X UV 8 MMC RORURE , 4520 7R B A BRI 22 S MMC AN
&, C: Wtk DR-Pprl-mMaple3 UV Fl MMC UMM, mMaple3 7841 N %35 A 520 D. radiodurans
MAAER, I B 584 AT, DR-Pprl-mMaple3 W HRXT UV Hl MMC [RJFEAR SR,

Figure 1 Ultraviolet or mitomycin C susceptibility testing of strain DR-WT and strain DR-Pprl-mMaple3. A:
The C-terminus Pprl was labeled with the photoconvertible fluorescent protein mMaple3 using homologous
recombination, a flexible linker is inserted between the pprl and mMaple3 genes, allowing for better fusion
expression of the pprl and mMaple3 genes within the cell; KanR resistance genes used for screening cloned
strains with successful recombination. B: UV or MMC sensitivity assays of DR-WT, survival of clonal strains
after treatment with the indicated doses of UV irradiation and fixed concentrations of MMC responded to
sensitivity to UV or MMC, the results show that DR-WT are insensitive to UV and MMC. C: UV or MMC

sensitivity assays of DR-Pprl-mMaple3, the expression of mMaple3 in cells does not affect the survival rate of
D. radiodurans, and DR-Pprl-mMaple3 cells are equally insensitive to UV and MMC compared with DR-WT.
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Pprl-mMaple3 7%, FTLLEL 4 A A BR{E XS 40 F
15 B GRFEATIR L, MR AR S TR 25 S5 AT LA
LBRA R ZHOREN B L INIR A, W H K
IR FR O FHB ERBSZ IR . 75 TIRF R
ORI (B 2)5 405 nm 5T RAER
PprI-mMaple3 7> 15 5(/& 2B . 2D kT 3 ME
RO OS5 53R &I a1 EI4 Pprl-mMaple3
Ay T-AE AN Py SE 18 B 52 s sh L,

Pprl-mMaple3 [ 253+ F1 HES /315 2L

PRAE 3 MR 2 E O HAHs sl KT 4 4
il MATLAB R4AR 405 B 37 (& /) 3 40 g

Pprl-mMaple3 4F 1 g LA Y38 SRS A7
XERF e IMRERe, FEFeamms, B
WK ZHE AL T 2 s sipR B, Kl
55K Pprl-mMaple3 43F-fi] 8ok 2 FRRAS, I
A A Y S D™>0.11 pm?/s [ FRissh
Bl (E 20)FIEE LS D'<0.11 pm?/sP% [£1 (6 3%
NIz B (K 2A)].
2.3 UV 4325 DNA #ifa4apas Pprl
EEMNT M

561 nm ICIITR S , 2B S5 F 2k
[ oY ==l OEL RN L1 =8 Hﬁ: D. radiodurans

BEE, x5Sk

A

Frab By Hr o AETE A,

HASRZIN A &9, AR E 561 nm #4

Immobile molecule

Diffusing molecule

2 TIRF Z$E T PprI-mMaple3 4> F7E D. radiodurans A S EIEER A [EE 2 Pprl-mMaple3
BRG], B HAEEZ Pprl-mMaple3 73 T-7E 405 nm 96 T Lk 18 Wiz sl /R ok, 20
@f55 KT 3 M H 8k Pprl-mMaple3 {55, /NT 3 AN B MEE, 7Ei%4E 18 miith, Pprl-mMaple3
[ E B FIB L KT 4 2 HIES AR 3 L BB A, C: §7HES Ppri-mMaple3 iz s 81k 7s 4 .
D : AN A Pprl-mMaple3 43 F-7E 405 nm 9¢ G T 22 18 Wil iz sh#alk , 7E % 2% 18 irf , Pprl-mMaple3
PSS Tiash Ul R T 4 8 HiES B 3 AR EE .

Figure 2 Molecular trajectories of Pprl in D. radiodurans under TIRF microscope. A: Example of motion
trajectory of immobile Pprl-mMaple3. B: Example tracks of a single immobile Pprl-mMaple3 molecule
imaged over 18 consecutive frames under 405 nm fluorescence, a red signal greater than 3 windows is a
Pprl-mMaple3, while a signal less than 3 windows is a noise signal, in 18 consecutive frames, immobile
Pprl-mMaple3 molecule trajectories were greater than 4 steps and appeared in more than 3 consecutive
windows. C: Example of motion trajectory of diffusing Pprl-mMaple3. D: Example tracks of a single
diffusing PprI-mMaple3 molecule imaged over 18 consecutive frames, under 405 nm fluorescence, in

18 consecutive frames, diffusing Pprl-mMaple3 molecule trajectories were greater than 4 steps and appeared
in more than 3 consecutive windows.
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A0 A A% A2 B ] SYBR-GOLD Jektxt UV

o 0 e B 1 15 5 AR PR R B, R
FUAZAE DNA 4503 40 Hh B AR (18] 3E-3F).
BENLZE I — A A T BT i, S
EIXTE, 45 ER, 4 UV APES DNA 54541

1 um

3 UV R IEfT DNA {5 MR IR F1 PprI-mMaple3 9 FHUIEE  A: 561 nm 296 F 40 iEFE
[, [H D. radiodurans HA HREIRY [ & 9E, 16 561 nm P& T Al LIEHE A 24040 baie. B: Fa
BRI . C: 488 nm %)t T 4 SYBR-GOLD Jek U5 A% . D: 4 RId . E: Sl
EALE, S AR AL E A, E A R w6, Fr ERDICRIE . G 2Tz sk ()
22, LAOFIREESD T, WOFRYHEEST), Pprl-mMaple3 70 7 BB AIEH, HY HES
SFELZEMEME . H: 5 Fid sh ek’

Figure 3 Fluorescence imaging and single-molecule trajectories of PprI-mMaple3 in DNA damage cell after
UV treatment. A: The septum of D. radiodurans under 561 nm fluorescence, due to the strong
autofluorescence of D. radiodurans, the cell membrane and septum can be clearly seen under 561 nm
fluorescence. B: Enlarged image of septum. C: Nucleoid under 488 nm fluorescence after dyeing with
SYBR-GOLD. D: Enlarged image of nucleoid. E: Colocalization of septum with nucleoid, colocalization of
nucleoid and cellular septum, successfully displayed in yellow for colocalization. F: Enlarged image of
colocalization. G: Molecular trajectories of Pprl (Same as 2.2. Red: Immobile molecules; Blue: Diffusing

molecules), Pprl-mMaple3 molecules appear throughout the cell, the diffusing molecules are more localized
in the nucleus. H: Enlarged image of molecular trajectories.
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4 UVIEExS Pprl BN FEhAFEM A 259 XRG4 27 528 ME 50T DI (2
LFIREE ST, EOMAFRREEY BEES T, S OMEAFRRIEY A1), B: 634 4> 200 J/m?
UV 5 4 13 340 ME 5207 DA, SXTIRAARE 200 J/m® UV 48 B4R B34 Pprl -5 [4]
B, 88.9% NI BT, HoXt AR T 28.8%, C: ZWAl v HwE KIS 200 I/m? UV 4b3
HIJ 200 R R S (B ) L A8 RIS (I ) A0 E 250 7 (200 i le 2 Ak, mIRD UV AR B S 40 i
W Pprl 28 BESHIN, EE B,

Figure 4 Effect on Pprl single-molecule dynamics after UV treatment. A: Distribution of D" values of
27 528 Pprl-mMaple3 molecules in 259 control cells (The red curve represents immobile molecules, the blue
curve represents slow-diffusing molecules, and the green curve represents fast-diffusing molecules). B:
Distribution of D" values of 13 340 Pprl-mMaple3 molecules in 634 treatment cells, compared with the
control group, 200 J/m? UV treatment resulted in a tendency for Pprl molecules to transport dynamically,
with 88.9% being diffuse molecules, an increase of 28.8% compared to the control group. C: Multiple
independent repeated experiments, the proportion of fast-diffusing (green), slow-diffusing (blue) and
immobile molecules (red) in cells before and after 200 J/m?> UV treatment. It can be seen that after UV

treatment, the diffusing Pprl molecules in cells increases, while the immobile decreases. ***: P<0.001; ****:
P<0.000 1.
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5 #ZEFECOESN Pprl BN TFHHFERM  A: 259 NXIRAANA 27 528 4~ Pprl-mMaple3
R0 DG ELOMARREESS T, WEMEIRERY HES T, e LIonthiy i
/3. B: 575420 pg/mL MMC A 400 11 204 /> Pprl-mMaple3 {5 543 T D&, SXFHRAH
FILE 20 pg/mL MMC ARHSSANMIN Pprl 2 Tz 2h2s, 88.2% 15+ Nis g4, H:Xj“,ﬂ%iz 2 3
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A ) e A0 T (20 ) B H ARk, AT MMC AR BEJ5 Z0 i Pprl 2r T8 BICE38 0, [E S0,
Flgure 5 Effect on Pprl single-molecule dynamics after MMC treatment. A: Distribution of D* values of
27 528 Pprl-mMaple3 molecules in 259 control cells (The red curve represents immobile molecules, the blue
curve represents slow-diffusing molecules, and the green curve represents fast-diffusing molecules). B:
Distribution of D values of 11 204 Pprl-mMaple3 molecules in 575 treatment cells, compared with the
control group, 20 pg/mL MMC treatment resulted in a tendency for Pprl molecules to transport dynamically,
with 88.2% being diffuse molecules, an increase of 28.1% compared to the control group. C: Multiple
independent repeated experiments, The proportion of fast-diffusing (green), slow-diffusing (blue) and
immobile molecules (red) in cells before and after 20 pg/mL MMC treatment. It can be seen that after MMC

treatment, the diffusing Pprl molecules in cells increases, while the immobile decreases. ***: P<0.001; ****:
P<0.000 1.
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Figure 6 A hypothetical model of DNA damage response pathway mediated by Pprl in D. radiodurans.
After DNA damage, Pprl responds to damage signals, and immobile molecules that stably bind to DNA
undergo a stress response, transforming into diffusing molecules, resulting in a decrease in the number of

immobile molecules. Some diffusing molecules search for binding substrates in cells in a rapidly diffusing,
while others bind to target proteins and transform into a slow diffusing, work it biological functions to repair

DNA.
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