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J RNA/DNA & 5555, 2 30 BUIRAY i i 1
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it 1200 X3, (2 1095—1904 1 2 FEFR 1 &, Senl
helicase domain, F3CE K Senl HD). Senl HD 5
Senl HLA7 UL /K fik ATP 192 & A fift iE DNA
Xk RNA AUkl RNA/DNA 245555 2 A% IR
JEWI BN RE 16, K2 F Senl fRHELNRE, MK A
BENZIR (B4% DNA 5 RNA) B, Af1450 Senl
RES S LK I —4EdL iz 3, iz dh e 5
Senl % 1k %% Dy fig % UIAR O, HEARPLH B i
WATERE. 5350, TE AR NAFTES Senl [a] 5 1 5%
AR T Senataxin (SETX), H:. & H B
TReske 5 AP RGepin B VMG, #
LTI 5 IR 2 B9k HAE 2 (ataxia with
oculomotor apraxia2, AOA2) FlJJL %5 45 4B HE Ml
RIEALAE 4 (amyotrophic lateral sclerosis, ALS4),
MiX— RN HES SETX AYFE R LETIRES
YRR SC 0L R, BFSE LR IR R 1Y) Senl 19 —4EHL
WIE 3, $A Bl T BRAR LR FR T 2 AR N 0% s
ZAEIIRENLE], X PRM# Senataxin AHICHIR ) &R
DIGIEEREE-5-8'8

PO IRE R 74 (Forster resonance
energy transfer, FRET) J&—Fh g4 K OHE FEAS I 43
FAAEAE R SE 507 vk U1 7z i TR R A3
FRFEAEHMSY. FRET KA R PRt
S A A EAE R, S HAh— 5000 T (R
Bt donor) B &GRS JiAb— DT
(FRA AR, acceptor) BN IR B &, I H A
PN F RIS R 2—8 nm B, (AT 8 i IR
T B R AR g AR, Bz A KO 1. FRET &4
REWHICTIEEN 6 W iU He, B R
FEBRMTSOUEE 25224k Y e 77, 366 FH T i AE ok o5
- INEBE S (] DCERA B A AR B B AR Ak, SEI T
ARG FIROUIE Bl RN A5 F 25 Ak 1) = b PR

ARICR YT FRET )R HE T Senl HD
5 DNA JEYIA AR, G35 % iEAUEE DNA | 45
BIFAEREE DNA FATES, 80 X A0 B AR I
KL, 28 T Senl HD fE 14 DNA iz 31170,
JH#RE T Senl HD TEFREEAZIR b RATERLH.

2 LIk 5 AR
2.1 Senl HD EAHREI&E

1) Senl HD 2 F ik gAML 15 5 AR
B2 1k BJ2168 3£ [ 4 DNA [ PCR ¥ 3 1! Senl

HD (1095—1904 Z51R) B4 A B i Begad [R
HilME N DI A5 %4 A pGEX6 P-1 (AGST) #
TKBEAT Ol [AIRE, SNAP W23 PCR Y3 .
WYIEHE LIS, 7RSI Senl HD Y C A,

2) Senl HD #E 17 ik4lifk: Senl HD Ay ik
S BR S 2 SCHR [20]. TR AT, K Senl HD &
R AL B R 2 25 410 i BL21(DE3)
H, PRGOS, BO W TR AR X TR R AT
2, B DIEWRTEA N2SEMEARE. ZEHH PPX
FEEBEIER HARE AR HORE I BB R, i —
AT T 88 5 S A A 31 i 2l AL 3R A5 = Al 1Y
Senl HD #H. 4lifkJ5 1Y Senl HD & H 432343 Uk
ZJGTE-80 °C 1#47. Senl HD-SNAP {)#ik4lifk
RS Senl HD Zfpl, Halifbid #2 It PPX Uil
AR, AR T Senl HD #514 C i SNAP Fr%.

3) Senl HD-SNAP HHZOhRIL: ¥ Senl HD-
SNAP H [15 5 154 3 i &2 19 58 6 Y 6} SNAP-
Surface649 (J4F NEB A +]) IRG, 4 C HH K.
Bl FH 230 0 B R 25 B ekl KD thRicz e
IR 2SI 2 G T80 °C /A7 DOtbricid i
(e 3Lz

2.2 DNA K¥WES

iR 7 FORTEFFI R SRS DNA (R T) ok
#145 DNA KW T Senl HD & FIIRERAIE. 7 F
HEE DNA F9E RS W3 1, Hrf 20-nt FAM
ssDNA 1 70-nt ssDNA iR KJFIEHEA 50 nt (nuc-
leotide, nt) HLEEZE A7 55 1Y 20 bp BUEE DNA JIK
W), 4R 5'-50ss-20duplex ([ 1(b)), FIF#EAE Senl
HD 2 [ fif i€ 3 7 ; Cy3-48ssDNA B4 ([ 2(a))
HTFHIE Senl HD £ H-5 4% DNA 455 6877;
5'bio-60ssDNA Fl 5'Cy3-34ssDNA iE K J5 & il B
A 26 nt HLEEZE A LS U 537 5 6] I B DNA
75 1Y 34 bp AEE DNA JEY) (5-26ss-34duplex,
& 3(a)), FIT#AF Senl HD-SNAP649 7E54%E DNA
FRYATETNEE; 3 bio-60ssDNA Fil 3' Cy3-34ssDNA
B JFIE R 26 nt BREEZS S ALY 53 5 Il AEiE
DNA #519f9 34 bp X DNA JiEA) (3-26ss-34dupl-
ex, [ 5(a)), FHTHIWr Senl HD-SNAP6497F HLi
DNA BEATER I mPE.

SR FH B S A R AR K 7 K 52 i DNA
JEWIE K. BTN R B SRR i Wi 2
B DNA TRAMN 50 nM A ; Bl e BB
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#£ 1 DNA JRYFIIE B KN H

Table 1. DNA sequences and their applications.

DNAJEYI4Fx DNAFF5I(5"-3)

N

20-nt FAM ssDNA: GTT GGG TAA CGC CAG GGA

CG-3FAM

5-50ss-20duplex  70-nt ssDNA: ATT ACG GAT TCA CTG GCC GTC
GTT TTA CAA CGT CGT GAC TGG GAA AAA
CGC GTC CCT GGC GTT ACC CAA C

DNAGE K J5IE M EA 50 ntBAEELE A7 51920 bp
XEEDNAJKY), FT#AESenl HDf#HERE P

AGC TGG ATA CTT ACA GCC ATG GCT GCT

Cy3-48ssDNA . AAT ACT CCA TTC CAT CCC

HFRHESen1 HD 5 HEEDNAMZE A RES

5'bio-60ssDNA: 5Biotin-GCC AGG AGG CTA GCA
ACA GTC TTC ATT CAA CCG ACG TCA CAA TAG

5-26ss-34duplex TGA GTA CCA ATA CCT

5'Cy3-34ssDNA: 5'Cy3-TCG GTT GAA TGA AGA

CTG TTG CTA GCC TCC TGG C

DNAGR KJGTEREA 26 nt ks &0 U5
351 B DNAS, H 1934 bpMUEDNAJEY,
T-#/FSenl HD-SNAPG497EEEDNA | 19473E
g

3'bio-60ssDNA: TCC ATA ACC ATG AGT GAT AAC
ACT GCA GCC AAC TTA CTT CTG ACA ACG ATC DNAIR KJGTE 826 nt BBELE G 555 -3 /77 1)

3-26ss-34duplex GGA GGA CCG-3'Biotin

SEITDNAZ; D134 bpAUEDNAJEY), FHTHAE

3/Cy3-34ssDNA: CGG TCC TCC GAT CGT TGT CAG  Senl HD-SNAPG6497EHREEDNA L[4 T3EH7 1]

AAG TAA GTT GGC T-3'Cy3

R W BE () T Fh B AR DNA VW I AR K 28 b
HHEA T K IR K. AR SO AR G2 s TG T
10 mM Tris, 50 mM NaCl, pH 7.5. /KiAiE Kk
YERFRGN R : KRR i K #A Z 95 °C,
Bl I A IR AR R BB DA 95 °C Bedfr,
AEFF 5 min; ZJFHEBEA KI5 H R B
R HARBRIR B =R HTF 20 C #BIRAE.

2.3 IETMBER GO Bk

it FH A 72 3R T M T e R i R UK K Ok FRAIE
Senl HD 5 [ fi# ig S DNA, DI K 5 ¥4 DNA
S5 InRe T, BERCHIK SEI AR AT

1) 20% Vi i 58 TN 94 TR Bic 58 e il 45+ B 40% ™
JElERE (29:1)10 mL, KA 10x TBE (890 mM
Tris, 20 mM EDTA pH 8.0, 890 mM Boric acid)
2 mL, 10% APS 160 pL, fEHAMEAEMA 8 uL
f P B 3E 2 — i (tetramethylethylenediamine,
TEMED). F4li/KE %5 20 mL J&, #EAZEH Ik
FEAE R, 2R EBERL 30 min.

2) AL 5 U 5 EL T - K R I ) IS AE A
aE FL R KR B S 2R AR UK SR R, Pk
JIEEFL. S, IA DNA marker ZJ5, #7100 V {5
JEHTK 30 min. HARHIKZE WA 10 mM Tris-HCL
(pH 7.5), 50 mM NaCl, 1 mM MgCl,, 0.1 mg/mL
BSA, 7.5 uM ZnCl,, 10% H3l, 0.5 mM DTT.

3) HLUK A5 U 5500 fE RIS R, PF
T REHEBE A, N5 I A B B AR AR 3T R B

PEATBER TS, MEI LT IR S S 2 HY
Eig e

A SR SRR 5 RS OR IR IE Senl HD fi#f fiE
BE DNA #93ETE, 4391 20 nM 20-nt FAM ssDNA
(Ffih 1); 20 nM 20-nt FAM ssDNA 5 70-nt ssDNA
B K=Y (FEd 2); 20 nM 20-nt FAM ssDNA 5
70-nt ssDNA iR 74, LA 200 nM 20-nt ssDNA
(B4 3); 20 nM 20-nt FAM ssDNA 5 70-nt ssDNA
B =), I 200 nM 20-nt ssDNA, flLA 30 nM
Senl HD (#h 4); 20 nM 20-nt FAM ssDNA 5
70-nt ssDNA iR ‘K 7= 47, 200 nM 20-nt ssDNA,
30 nM Senl HD, 1 mM ATP (R£/ 5). Horr, i
4 YRR S AR RE A, B G 5 ONSEERAL. T AR ALY
7E 30 °C 7 30 min 2 J5 FF SRR, FRATHEN B IK
US4

AR Senl HD #5 [F1V BEAS B 1A R B0IE
Senl HD 7 11 5 84k DNA 454 fie ), ik
0 nM Senl HD, 5 nM Senl HD, 25 nM Sen1 HD,
50 nM Senl HD #1435 10 nM Cy3-48ssDNA
REERG, 30 °C E 30 min 2 J5 F S RE, #HFT
BEREHL UK 529 UR.

2.4 B4 F FRET 353§

KT FRET SKERE Senl HD-SNAP649
FHTEREE DNA L T EThse Ay k. kM
Cy3-SNAP649 A /Z RS ER R i AiE Senl HD
FEHS5HEE DNA 5 AR, Hrp Cy3 986hrid
1 DNA JEY) I, SNAP649 %¢ Y hricd 7€ Senl HD
M E. 7E 532 nm FOGRS (Coherent Inc.) FYIA
T, Cy3 Btk s>+ & G906 T IR 5 Z 48k
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(1) SNAP649 SZ K5 HHRFZ RIS 6T K 5t
I LT R R GE T (5 B, SR JE e R
JEHL %4 CCD (EMCCA, Andor) FJiif%. it
4311 Cy3-SNAP649 fbA /52 (75 43 () 5ik i AR
PSRN 2 22 TRl BB A AR Ak, 2R HIBF Senl HD
EOTEHEE DNA FIEEhiTHh.

i R FEMI A Biotin-PEG FORE i th 2k 5231
AP DNA IR M Senl HD ZE [ 4 22 1fi [&]
S 18], B il ) A A AR R AN 3 AR

1) KE S M IE TS F e W ST T AL Bk A

A0 B 2 A G AT, AR 0 s oK TR

FH I A G (0 35T P ot 2 B AN 35 3 e iR A TV TROER
PG VE; B S FH —OK S H T 2 R E VR, Z 05
s in A 1 M KOH MW 3E 1.5 by Rkl
= UOKE )G K838 R i@ e oK IR A7

] 35 3¢ 7 G i POl A C B4 (40 mg/mL NaOH,

WS —YOK Bl 7:3), A YE 15 min, ZJ5
P A oK VEUE 15 min.

2) 5 3% RS B VRS a3 HA
SR T AZS B APTES e A1 1, 120 °C i
20 min, BEJE B A B2 T RIS R i IR
1 mL APTES 3-& A% = £ & 3k %t . 50 mL H
fiz . 2.5 mL JKESER A HC LLIC ) APTES %K, b5
BIAC KR EIR APTES 4 A, # % 20 min
AT R AUEAT, 25— YUOKE A IEYE 5 min;
2 5 ¥ 4 o WU i 1Y 35 3% IR B E m-PEG Al
Biotin-PEG (100:1 i Fb) i B 1) i SR v, o
A& 2.5 h, 155 m-PEG /Biotin-PEG &4 il i
IR BEPE BT, 1 A S IR B 5% 2 R S e 2
BRI, A3 250kt G 2 A AR e S A I B 2% i
MioE 2 e, 5 3% B oK shisk, Z s FHA
SIRT, 265 50 mL e B0, S RET
20 C % 1.

3) B ZE e S I R ) G 2 A, BE
Jer g A IR A BT A B B AN 2 B R 2 (R A
J&, TR Al 25 fE B ST LA B
b/ HRE, SERURE R gl E . B R T LA
W22 30wk [21].

B Tt £ SE 2 S R LR 4 P R
)t (total internal reflection fluorescence, TIRF)
BENEY G L, 17 DNA Y K Senl HD
LR BRI TIA 0.1 mg/mL £
SEMZEIMFE 2 min; BT G R A 2 422 e

AR, #9640 pM PR FRFICH DNA M
AFIRES % E 1 min B Z 400 DNA; 2
JGMA Senl HD-SNAP649, ARk ATP . B
SRR (2.5 mM protocatechuic acid, PCA; 50 nM
protocatechuate-3, 4-dioxygenase, PCD, pH 7.5).
A ICRRIR UL, 03 100G SR 5 1 2 vh i 24
2450 mM Tris-HCI (pH 7.5), 50 mM NaCl, 8 mM
MgCl,, 0.5 mg/mL BSA, 7.5 uM ZnCl,, 1K F14
B 0.1% ) Tween 20, 10 mg/mL Trolox.

2.5 HiEALIE

i A A 19 Matlab G553 552 81t 5 58T
TE R HHA /2 ARG CAF 5 R AT B0 T 940 #T
ZJri it Matlab #2553} 2 UK B5>F FRET {5
SRR AT B 1 A, BT BB 2R A
LA Igor Pro (WaveMetrics) SRSZEL.

3 #R5t

3.1 A FFERAE Senl HD fEHENSE DNA
B E

Senl &—Fl SF1B S EM 162223 fefisF]
FH ATP /KR LR fb2RE, W 53 IR 7 AT
I I W EE DNA, X8E RNA DL & DNA/RNA
Tl ZSRHETE MR N 5 B SR T RE
Y. Senl AYRZ O X3k, Bl Senl HD, H4&2%
1L 1 i THE Tl 355 P RN ARG M, BT T
Senl A 5L LRI IE . ASCHE iz
FAAE G A Ak DT B IAIE Senl HD RYF#IETE M. 1%
$ 70-nt ssDNA 5 FAM 2% 65 ic 9 20-nt . #p
i) ssDNA iR &, il % HA 50 nt HFEELE G071
20 bp X DNA XY, Fr~ 5-50ss-20duplex, %
50 nt HL 4k DNA v F 5K ¥, 7454 Senl HD
(8 1(b)). 7£ 20 pL A& FR H, 5-50ss-20duplex
) B9 HEBE R 20 nM, A 1 mM ATP, 30 nM
Senl HD F1 200 nM 20-nt 7= 4+ ssDNA (5 20-nt
FAM ssDNA JFFIAH[A, J& FAM #Ric). 7& 30 C
R 20 min. {5 B 20% B P4 4 E i B IR AL ik
(PAGE), Xf 20-nt FAM ssDNA KJiT# 17 %
fiE, BYKZE R ANE 1(c) Fimn, TR E I RIRY
5.50ss-20duplex, if #% # B ) & 20-nt FAM
ssDNA. [l 1(c) T 4 T AXTIRA, 25 5 1 h 505
4H, SCIZH 25 R B8 DNA JEW Y 20-nt FAM
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(a) RecAl RecA2
1B 1C
j‘ ‘I',i-hnrr'(i“pnmg"
1 975 1146 1869 2231

N-terminal domain Senl helicase domain C-terminal domain

(b) 20 nt FAM ssDNA () 20 20 nt FAM ssDNA (nM)
“.‘, 20 20 20 20 20 nt FAM ssDNA 470 nt ssDNA (nM)
-
200 200 200 20 nt ssDNA (nM)
70 nt ssDNA 30 30 Senl HD (nM)
20 nt ssDNA ATP (mM)
ATP
. Senl HD ..L

B L SR I e 5t s i K R AIE Senl HD i iE4E DNA WG (a) Senl fif BERGEE 11 25/ U520 1&] . (b) S50 iR 22 &, Senl HD
YERIT 5-50ss-20duplex IEH), Mid /Kt ATP FRA5HE R AT 20-nt FAM ssDNA. (c) XF FAM $EA4 45 5 1 4 20-nt FAM ssDNA
B 2545 0 B 5 2 T A 5-508s-20duplex 1Y 44V B ; 3 18 4 5-50ss-20duplex 55 20-nt 7% 4+ ssDNA 30 °C M7 20 min AYZ5H:, JC 20-nt
FAM ssDNA 774 : 4 38 A 5-50ss-20duplex . 20-nt 3w 4§+ ssDNA Al Senl HD 30 C ¥ F 20 min AY%45 %, J& 20-nt FAM ssDNA =4 ;
5 T8 4 5-50ss-20duplex, 20-nt 3¢ 4+ ssDNA, Senl HD, ATP £/ F, 30 C #¥ & 20 min AIZE R, 77 /E 20-nt FAM ssDNA

Fig. 1. Characterization of Senl HD unwinding activity on double-stranded DNA via PAGE assay. (a) Domain pattern of Senl.
(b) Schematic of PAGE assay, Senl HD acts on the 5-50ss-20duplex substrate to unwind the 20-nt FAM ssDNA by hydrolyzing
ATP. (c) Fluorescence imaging of PAGE result: the first lane represents the band position of 20-nt FAM ssDNA; the second lane
represents the band position of 5-50ss-20duplex; the third lane represented 5-50ss-20duplex with 20-nt competed ssDNA incubated
at 30 °C for 20 min, but no 20-nt FAM ssDNA was produced; the fourth lane represented 5-50ss-20duplex with 20-nt competed
ssDNA and Senl HD incubated at 30 “C for 20 min, but no 20-nt FAM ssDNA was produced; the fifth lane, 20-nt FAM ssDNA was
produced after incubation for 20 min at 30 °C under the condition of 5-50ss-20duplex, 20-nt competed ssDNA, Senl HD and ATP.

ssDNA 5 70-nt ssDNA 4355, JiB7E 1 mM ATP
1T, Senl HD BEUZA#ETT 5-50ss-20duplex JEEH,
Senl HD EATfitfie 3 DNA BYTEE. AH L TX) R
HE5H, Senl HD A9 fiff i i PEAKH T ATP /K i,
RIJC ATP 244 N ARMELH] Senl HD [f#HETPE.

3.2 Senl HD & H 4% DNA B IMIRAE
Senl HD A4 i e 1% 1 268 75 45 & 585 DNA JF
1EH FIEBIEE S, KL, #E—4FKHE T Senl HD
FIEE DNA BZ5&RE 0. Bk, BF6 T Cy3
PEIARCHY 48 nt B5E DNA(Cy3-48ssDNA), iz ]
IR TN M5 T e 6 s HEL K UL A [] Senl HD ¥RJE T,
Cy3 DOLHITRSR, MIMFEAE Senl HD 5% DNA
LG RETT. 7E 20 pL AR, Cy3-48ssDNA
WPEESN 10 M, Z00l SURBERREE A 0, 5, 25 1 50 nM
f) Senl HD 7£ 30 °C ¥# & 30 min, B )5 7E RN M
i B B s LK T HEATIE RS, A5 A E 2(b) Fros.
Bfi Senl HD ¥ BEHI M, Cy3-48ssDNA 2571 14 1]
B4y TR Xk AE . Senl HD ¥ J¥ K 0 8 5 nM
B, Cy3-48ssDNA 457 R4 485 Senl HD ¥ JiE
A 25 nM B, Cy3-48ssDNA 2% w5 A /b, I H.

Cy3-48ssDNA £5iff b 7 8l — 258 4547, Ui
Cy3-48ssDNA Z5 45 T —“~ Senl HD 43+, F 5
Cy3-48ssDNA 457 {i & i #%; Senl HD ¥R JE Ky
50 nM i}, Cy3-48ssDNA 4547 pE— s /b, I H.
Cy3-48ssDNA iy L LA 450k, Hh i
BRI 257 R B Cy3-48ssDNA 454 T — 4
Senl HD 43, if % 3 B 3002 19 5% 47 R B Cy3-
48ssDNA £54 T 4> Senl HD 731, SE 44
2. Z5 1, Senl HD H & %54 gk DNA Mg
71, 31 HHA54 4k DNA KJE < 24 nt.

3.3 Senl HD 7E#4% DNA E1TEINAREH
TAE

T—, BHHSF FRET ik HEAE T Senl
HD 7¢ Hi4% DNA F A7 EDIRE. B ¥ 5' bio-
60ssDNA 5 5/ I Cy3 2 SGHRIC 1Y 34-nt HAM
ssDNA 2 K, il HA 26 nt FEEE5AAL5M 34 bp
W% DNA Y, #f M 5-26ss-34duplex, 1% 26 nt
HBE DNA T 3' K, Al454 Senl HD, Senl HD
1E 26 nt H4% DNA 3T 5537 J7 ]38 B DNA %;
HALTTE. 5-26ss-34duplex [ 5" Kimbric W&
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(a) () O 5 25 50  Senl HD (nM)
48 nt ssDNA 10 10 10 10 48 nt ssDNA (nM)
— Cy3
- _—'.'
¢ o Senl HD

1 2 3 4

% 2 Senl HD 15 Cy3-48ssDNA 45 49 PAGE 525 (a) Senl HD 5 Cy3-48ssDNA Z54 /R 2 18, (b) Cy3 #4445 138
g Cy3-48ssDNA JF IR 2 %5 2 1 5 nM Senl HD 5 Cy3-48ssDNA 30 C % & 30 min %455 ; %5 3 1 4 25 nM Senl HD 5 Cy3-
48ssDNA 30 °C % F 30 min 19455 45 4 1~ 50 nM Senl HD 5 Cy3-48ssDNA 30 °C J# 5 30 min (%5

Fig. 2. Senl HD binding activity to Cy3-48ssDNA characterized via PAGE assay. (a) Schematic of Senl HD binding to Cy3-
48ssDNA. (b) Fluorescence imaging of Cy3 fluorophore: the first lane represents the original length of Cy3-48ssDNA; the second
lane represents the result of 5 nM Senl HD incubation with Cy3-48ssDNA at 30 °C for 30 min; the third lane represents the result
of 25 nM Senl HD incubation with Cy3-48ssDNA at 30 °C for 30 minutes; the fourth lane represents the result of 50 nM Senl HD
incubation with Cy3-48ssDNA at 30 °C for 30 min.

Y
(a) (b)
1 pM ATP
DNA 15000
(dT) 26 - ) ) —— Cy3-5DNA
9:Cy3 —— Senl HD-SNAP649
— n
Senl HD-SNAP649 Z 10000
34 bp duplex s
o)
-
3
Biotin —— B
i
— Streptavidin 2 5000
g
—PEG A
Glass surface
0 -
0 . . . 1
(c) to=(2.42 £ 0.20) s FRET
0.4t
£ 3
2 g g2hk
3 [
ok
12 0 4 8 12 16

Time/s Time/s

[ 3 3T FRET 773 #AE Senl HD-SNAPG649 7E 5'-26ss-34duplex [ BIFTEINAE (1 uM ATP &4 F)  (a) 85> 7 FRET J5i%
N R, TE 5'-26ss-34duplex Z5H 4 1 58 ARA Cy3 9656, Senl HD FARA SNAP649 2¢5%; (b) Senl HD-SNAPG649 17 £ Ay i 7%
M£E; (c) FRET HF£LH}a] (143 #i &

Fig. 3. Senl HD-SNAP649 translocation activity on 5-26ss-34duplex characterized via single-molecule FRET assay under 1 uM
ATP condition: (a) Schematic for the assay, in the 5-26ss-34duplex construct, the 5’ end of the fork is labeled with Cy3, and Senl
HD is labeled with SNAP649; (b) a typical trajectory representing Senl HD-SNAP649 translocation on DNA substrate; (c) distribu-
tion of the FRET dwell times corresponding to Senl HD-SNAP649 translocation.
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Fig. 4. Translocation activity of Senl HD-SNAP649 ana-

lyzed via the classical Michaelis-Menten model.
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Fig. 5. Translocation activity of Senl HD-SNAP649 on 3-26ss-34duplex characterized via single-molecule FRET assay under 1 pM
ATP condition: (a) Schematic of the assay, and in the construct of 3-26ss-34duplex, the 3 end of the fork is labeled with Cy3, and
Senl HD is labeled with SNAP649; (b) a typical trajectory representing Senl HD-SNAPG649 translocation; (c) histogram of the

FRET dwell times for Senl HD-SNAP649 translocation.
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Abstract

Transcription termination is a critical step for gene regulation and genome integrity among all kingdoms of
life. In Saccharomyces cerevisiae, one of the major termination pathways is accomplished by Senl helicase, a
homolog to human Senataxin (SETX), defection of which raises the diseases for the central nervus system of
human. Although it has been proposed that Senl translocates along nucleic acids by consuming adenosine
triphosphates (ATPs) during termination, the mechanism for this translocation activity of Senl has not been
well understood. In this work, our aim is to investigate the mechanism of Senl translocation by measuring the
interactions between Senl and different types of nucleic acids by polyacrylamide gel electrophoresis (PAGE)
assay or single-molecule Forster resonance energy transfer (FRET) assay. We firstly observe the unwinding
activity of Senl on a tailed duplex DNA in the presence of 1 mM ATP via PAGE assay, where the
translocation activity of Senl is involved. As the binding activity is crucial for translocation, then we examine
the binding affinity of Senl to the single-stranded DNA via PAGE assay, revealing a stable binding of Senl
with an occupied length of nucleic acids of less than 24 nt. In the presence of 1 uM ATP, we observe that Senl
dynamically binds to and dissociates from the tailed duplex DNA in the single-molecule FRET assay. By
titrating ATP concentrations from 1-500 pM, we observe a gradual decrease in the mean durations of Senl
binding, suggesting an ATP-dependent binding affinity of Senl to single-stranded DNA. We then fit these mean
durations to the classical Michaelis-Menten model and obtain a minimum binding duration of (0.18 + 0.01) s at
saturating ATP concentrations and K, of (13.1 + 0.1) pM for the ATP-dependent binding of Senl. This result
is consistent with that from a translocation activity of Senl. Taking into account the translocation length of the
half of the single-stranded tail, i.e. 13 nt, a mean rate of 70 nt/s is estimated. Reversing the translocation
direction, we observe an increase in the duration of Senl binding to the single-stranded tail, which suggests an
impediment of DNA duplex in front of Senl translocation or the possible duplex DNA unwinding activity of
Senl. Our quantitative measurements on Senl translocation are helpful in deepening our understanding of the

mechanism of eukaryotic transcription termination by Senl.

Keywords: Senl helicase, translocation, single-molecule Forster resonance energy transfer, transcription

termination
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