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TR B ST 53 AT 7 S ORSF moti £ 41 AR 4
S Pifl 45K, FFUT DNA JEEY 5'-3'77 [ EA iR
BER ™, AR, Pifl MERERERIRF ST B R T
£} Pifl(Sc.Pifl)5 A2 Pifl (APifl) A4 B A fb 4
TE S AE 5570, $8/R BIZ KRR A
L[ A Y4 TR - 2 5% DNA 245 5
A U E DNA-RNA 24385510 AERE4kifk DNA
fesE Y mEOR SIS #IE G4 DNAP LK £
v T S

SR, BEEXTASFEDRIR Pifl A ieREEs 15
2 S5RGBT, BRI R MR AEA
[l s A HA RS A 2 s T RO
1B R T 245 R Pifl(Pfhl). /MR Pifl(mPifl)4:
ELAZ A Pifl fRfieht . 5% SRS S5 R Pihl
HARREN ARPAYRKHE i 24508 1 Bk vy b
02 il 5 A A T A R A A A S R AR Y
mPif1 fFTERES TG F] 51 /N BG4 L 21 i
H, miEmtRCahRe|mix Pifl f#iens: W
FFE Pifl(Bs.Pifl) B B¢ etk 5 30 1 22 40t o
HEARETF Sc.Pifl MfEBeFEiE", F-1ERE A
Pifl [ iRZE Rt e sEkeE
Pif1(Ca.Pifl) A0 50 W 2 B BA RfiR 3'-5' 1% 1R
SMIETE MRS R, BIEFTN IR, ERSME &
WA Pifl ARHERG IO BT A A e,
SR A DA e S5 oy A (R A 5 B2 ekt 8 T 4

PR A D O O I B S O = W
(Anaerobaculum hydrogeniformans) Pifl ff i€ i
(Ana.Pifl), @i IR RB LR ICA B & . 3%
PEUF (Y Ana Pifl 51, HETZR GeHb6 HLAR E S
A5 R T o0 B, DASUIR Jr A AT g At A
Yy Pifl f# BEBGRYINAL, S BB ILSE Pifl A e mE
e AR FIAIL I 5 Hehh

1 AR Fedr &
1.1 #H

111 BobL, I RERR: Ana Pifl gl 4
K Gmh )7 51 Biomatik 23 A58 ; PCR 514 A=
TAY) TR R A R WG, F: 5-CCCA
TATGTCTAAAATCGAACTG-3', R: 5'-CGCGAAT
TCGTCCAGAGAGTGCAT-3' . pET21a-TEV/SUMO
A | E. coli BL21(DE3)3 35 B Mk 25 34 A iR 2H
TRAF o
1.1.2 DNA &Y. PRuifsEE-Jotnem kit %
(stopped-flow FRET) K Ml f# i€ S5 1 4 P it FH A
DNA JIEY Wk 73 AR IE ¢ 6 3R (fluorescein, F)FI
7NA Y Z (hexachlorofluorescein, HF), A T4
Yy TR R A R A FA Sl , HIFHIE
B 1, e REYITR A T2 (20 mmol/L
Tris-HC1 (pH 7.5), 100 mmol/L KCH#1TiE k .
95 °C JK¥# 5 min J5 @ AR %M, —20 °C %M.
1.1.3  FERXH KX THEF: PrimeSTAR HS DNA
Polymerase 5 T4 DNA ligase, ) & Nde 1. EcoR 1,
Xho 1 BRAE N VIREEEI A 5 AP TAEOGE)Y Al
TEV BEAASI R A7l % . Ni-NTA SEFIZHT .
Superdex 200(S200)EEME L IEZATHSFEIE H GE AF].
1.2 Ana.Pifl fRIEEER A BRI E

¥ G B Ana Pifl i Jié B 50 #& 0 4 55 )7 5]
(GenBank % 3%5 . CP003198.1)F1 pET21a-TEV/
SUMO 33k #5811 Nde 1/EcoR 1 XY ] T4
HALHEEE, K13 pET21a-Ana.Pifl-TEV/SUMO
HAL TR
1.3 Ana.Pifl EEHMEZRIL 5500

B pET21a-Ana.Pifl-TEV/SUMO
20 FRL AL B R M I RIBTE R E. coli
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x1. ETREEE- RS LIREBILN KA DT Ana.Pifl #RHER AT DNA K4

Table 1. DNA substrates used in Ana.Pifl-catalyzed unwinding reactions by stopped-flow FRET assay
Abbr.(Name) Structure Sequence
5'-Ohg12m20 5 20 bp CACTGGCCGTCTTACGGTCGCTCTGCTCGACG-F
(5'-12 nt-20 bp) 12— HF-CGTCGAGCAGAGCGACCGTA
3"-Ohs1am20 . 20 bp CACTGGCCGTCTTACGGTCGCTCTGCTCGACG-F
(3"-12 nt-20 bp) 3 L HF-CGACCGTAAGACGGCCAGTG
5"-Ohg6p17 SN (dT26)ATGTATGTCAAGGAAGG-F
(5'-26 nt-17 bp) HF-CCTTCCTTGACATACAT
Y-S 0 n\t 20 bp HF-CGTCGAGCAGAGCGACCGTATTATTTTTTTTT
(Y-structure) o CTCTGGCCGTCTTACGGTCGCTCTGCTCGACG-F
5'-Fork sd2nt HF-CGTCGAGCAGAGCGACCGTATTATTTTTTTTT
(5'-Flap dsDNA) 20bp CACTGGCCGTCTTACGGTCGCTCTGCTCGACG-F
)4 AGACGGCCAGTG
12 bp

3"-Fork 12b AAAAAAAAATAA
(3'-Flap dsDNA) AN 20 bp HF -CGTCGAGCAGAGCGACCGTATTATTTTTTTTT

375 ut CACTGGCCGTCTTACGGTCGCTCTGCTCGACG-F
TWJ 12 bp AAAAAAAAATAA
(Three -Way-Junction) X\ 20bp HF-CGTCGAGCAGAGCGACCGTATTATTTTTTTTT

S CTCTGGCCGTCTTACGGTCGCTCTGCTCGACG-F

12 bp AGACGGCCAGTG

BS4 18 bp ~ 18 bp HF-GCAGTAGGCCTAGCATGAGTTAGGACTGACAGCTGCATGG
(4 nt-bubble) Py CCATGCAGCTGTCAGTCCATTGTCATGCTAGGCCTACTGC-F
BS12 14 bp_— 14 bp HF-GCAGTAGGCCTAGCTACTGTTACCTGTGACAGCTGCATGG
(12 nt-bubble) e CCATGCAGCTGTCAGTCCATTGTCATGCTAGGCCTACTGC-F

HJ J\MP

(Holiday Junction)

ACGTGGGCAAAGGTTCGTCAATGGACTGACAGCTGCATGG
CCGTGATCACCAATGCACATTGACGAACCTTTGCCCACGT
CCATGCAGCTGTCAGTCCATTGTCATGCTAGGCCTACTGC-F

HF-GCAGTAGGCCTAGCATGACAATCTGCATTGGTGATCACGG

F, Fluorescein; HF, Hexachlorofluorescein.

BL21(DE3)"; 4 0D=0.6 ¥, 7E 1 L i) LB }53%
FeHIA 1 mol/L ) IPTG & 400 uL (EIi% St
IPTG TAEWE N 0.4 mmol/L), i ZEAK IR (22 °C)
TS 14 h RIXEHEA . FHEUGH ) STER[19]
T Ty B el 55— Ni-NTA 4ifl 5 {5 ]
TEV i§i 4 °C fig]) 6 h, BfiJ5 #1758 K Ni-NTA
afifk LB C-3i) SUMO 5 His #2541 ; 378
e A IR PRI Supdex 200 BEKGIE IEIE T

aifb =¥y 10% (W/V) SDS-PAGE 43#r, H-liff]
Quantity one 3 TR B FIAF ISR 5 1l

actamicro@im.ac.cn

BCA VR E 8 IR EE . InH il (BRI 25%))5
TEHH, —80 °C AL .
1.4 H:F Stopped-flow FRET AR Ana.Pifl
it Tj& S RL

AL P A R - O L iR B R B
(stopped-flow-FRET) Wi il £ ARV S BE A1 2
JERTHER I Ana Pifl HAEMHEAF"(20 mmol/L
Tris-HCI (pH 7.0), 20 mmol/L NaCl, 2 mmol/L
MgCl,, 1 mmol/L DTT), [E%E Ana Pifl f#iEHES
LI T AR EE /3 %124 100 nmol/L 5 4 nmol/L,
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WY Ana Pifl e N LAT Rk s (1) ff ek 152
5, JEYISH A 5'-12 nt-20 bp 5 3'-12 nt-20 bp;

(2) 1EAIR] ATP ¥ (0-5 mmol/L) T , M Ana.Pifl
fift e AH [RIVR JEE 5"-Ohsaenry JES P I S 1 3 R A5 Ak 5

(3) A A48 BHE F(Mg™ \Mn®" Ca®" ,Cu™",
Ni** & Zo® WEN SRR 7R 2 mmol/L)i,

WFFE Ana Pifl ff#HE 5'-Ohgyep 17 IS HIRFESEUEAL 5
(4) MEAAFIERERT Ana. Pifl 2 FAFRESN IS -
DNA iKY 5'-Ohsyepi7, S M 20 °C £ 60 °C
TR, [RG5S °C (X 37 °C 10 35 )Rk
FROEMZ, AR EERIREE ; (5) Ana Pifl 5
22 TR S i v TR A ) i A i e S o PR RS ALE 4
Mr: XFH Y-S I Fork I$# . 5'-Fork JIE#) . 3'-Fork
JICYIA TWI IR, S0 IS (4 nt-bubble
JIEY 5 12 nt-bubble &)L 528 L (HI)IKY)
V10 i e o 5 5 AR e e, AR LA e S Fe i DNA
o L b Ana Pifl e S NIIHE 25405500 T (OR
IEE I Trap)#ff7; HARHEFFEMZ 2/ 10 Yo
ORI REYA{E, FE# A Bio-Kine (version 4.26;

(A)

pET21a-Ana.Pif1-TEV/SUMO
7575 bp

1.5 kb

Bio-Logic) # f H 1) XU H5 %1 pK % (double-exponential
functions) AR(1, 2)IHATHIEE2,
y = AIxexp(-x/tl) + A2xexp(-x/t2) +y0  Ax(1)
A=Al + A2, Rate = Al/t] + A2/t2 A(2)
AR, 41 5 42 53 53ERR ‘f?';fifj
MIRRIEIREE , 11 5 102 40 R PR v 518 s
RWHG @ A )UE e £ | iﬁ(@ﬂ‘%

SR TIE R B AT UR A e R (LA TR AR R HE 3 %)
1.5 SeitZENHr

ASBIF S B4 g THE S g 000 o 4% S B 34 2 /D T
3L L, BB JfRA SPSS.16 éjﬁiﬁMfF,
R R Ry 22450075 P<0.05 W EA B ES
ES-3'8

2 ERFpH

2.1 AnaPifl FkBRAKRHH B
W pET21a-Ana Pifl-TEV/SUMO ik
F AR TR EE UKL 1-A) . HERIR W) C-uifl G A

(B)

5000 —
3000 _
| 2000
1500 —
1000 _
750 —
500 —

1.5 kb

1. pET21a-Ana.Pifl-TEV/SUMO & i% Kk #0iE

Figure 1.

Construction of expression vector pET21a-Ana.Pifl-TEV/SUMO. A:

the schematic map of

pET21a-Ana.PifI-TEV/SUMO; B: identification of the recombinant vector by PCR and restriction enzyme
digestion. Lane 1: the product of colony PCR; lane 2: the digestion of control plasmid; lane 3: the double digestion
of pET21a-Ana.Pif1-TEV/SUMO by Nde I and EcoR I; M: DNA DS 5000. The arrows point out the target DNA

bands in 1.5 kb.
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TEV #5285 . SUMO FrZ&E(fEH1ER) M 6xHis 748
JP3, WAE Ana.Pifl J75 S5k 751111 TEV
07 o5, . I Y% PCR %5E 5 d 4 JFokl Nde 1,
EcoR 1 WGYI%E, 45K 1-B Fias, HEARkk
r“ﬁﬂ%yé’a 1.5 kb B, fF& (1587 bp). FF
— AT, #ANTCIR, 5 Ana Pifl LR
éﬁﬁ%ﬁ%ﬁﬂ(GenBank: CP003198.1)—3%, K iERAY
AT T T — 25,
2.2 AnaPifl EHEFRRX G

T AIAFTH BL21I(DE3)A S EIK)G, 1241
HELR A A ) b 35 RS 21 H A5 2R 1 (Ana Pif1), T
HE AL Ni-NTA EHZENT . TEV BUIFRS T
H1 DA K Superdex 200 43F- i |2 15— ZR 4 4lifb (W
K 2-A), A% SDS-PAGE il 45 540K

oS AERS TR 59 kDa); 43¢
JEEAA 4 53 B e Uk i 4 B 15 BCA IR G vk E 2

H & m, SR ER, RLKBAIL) Ana Pifl &
HIEhR& 4], 4ifEiks] 97%, HRR4aifbEH

BIr=% N 9.5 mg/L,
2.3 Ana.Pifl fEHERE A fEHER M

Ana. Pif1 25 IRy Al e , 70 Jie 52 g b i 2
A [ 5E g e PE (T DNA S W % 19 8 Jie )y 1)
Mo AWFFEFIH Stopped-flow FRET A5l 4% A,
4% A A 5'-ssDNA-dsDNA(5'-Ohsapao) A K
3'-ssSDNA-dsDNA(3'-Ohg1ap20) K H , XF EE Wi A
ATP J5 W 26 5280 . g5 R R (L
Kl 3), Ana.Pifl W] A %f# i€ 5'-ssDNA-dsDNA [fii G
A NE 3'-ssDNA-dsDNA JEEY), IR H 1% i ik it

2-B 7N, Ana Pifl iAW —2ai s, o BAAHTIRY) 5'-3" ey 7
(A) Cleaved by S200 gel filtration (B)
First Ni-NTA TEV protease  Second Ni-NTA chromatography
(_}\_\ {_}\_\ (_}\_\ /_}\_2) 1 M kDa
;_1_. 2 3170M ‘_4 : _5 6 7 M_17§ 9 1 170
130:4. . = : 130 —130
100- -100 —100
— T ‘E‘, =70 —70
o, ‘.! . b \ X N 55
84 kDa 40-+ , 40 59 kDa
35% % —40
35
258
oS 35
—

2. AnaPifl EIEREEHEAMLEL

Figure 2.

Purification of the recombinant 4Ana.Pifl helicase was resolved in 10% (W/V) SDS-PAGE. A: The

whole purification process of recombinant Ana.Pifl protein. Lane 1 to lane 3: the first Ni-NTA purification; lane 4
and land 5: cleaved product by TEV protease; lane 6 and land 7: out flow of second round Ni-NTA after TEV
protease digestion; lane § to lane 10: the elution peaks of Superdex 200 purification. M: restained protein marker.

Arrows point out the recombinant proteins with TEV/SUMO tag in 84 kDa and the target proteins without tags in

59 kDa. B: SDS-PAGE analysis of the final purification product of Ana.Pifl. Lane 1 was the concentration product

of Ana.Pifl protein, which loaded 20 pg of protein; M: prestained protein marker.
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0.6 -

5 12 nt 20 bE

0.4

0.2

Fraction of unwound DNA

0.0

t/s
B 3. Ana.Pifl fEFERSEIRRHEAR 1%
Figure 3. The polarity for Ana.Pifl-catalyzed unwinding
activity. Determination of the polarity for A4na.Pifl

unwinding reactions with 5'-Ohgjopyo (red line) or
3’-Ohsopoo (blue line) by stopped-flow FRET.

2.4 ATP ¥WEXT Ana.Pifl fRHER N IR

Ana.Pifl fEFEREIE R 70T Sk s, 24
PR BERE A AT BE T AR IE ST o 255 A PRS2 Hip
WIWESE b BT #8 78 Ana Pifl 1Y 5 AR BE & At 1A
ATPU BT 30E— A5 R L e S 17 () fe £ ATP
A% B o ASIFSE ff AR ] ) DNA YIS Ana.Pifl &
H, B4 50mA 0.0.5.1.0,1.5.2.0.3.0 }2 5 mmol/L
) ATP J& Shff e S NE, X E A [ s 1 JES  1
iR THE 1 % 5 AR e E R 25 5 RN 4 o,
HA7 Y4 2 mmol/L B ATP & 5 R W, Ana.Pifl fi#
Ji€ 5'-Ohsaepir JIG ¥ Y 3 8 55 8 B2 13 o o i
(0.1918 s 1 72.4%), $E/R Hi Ana Pifl fFEJE S )

s AE ATP ¥ EH 2 mmol/L.

2.5 AFRIEEME TR Ana. Pifl e SN R0

ff R K i ATP fILRET] 4 DNA JK#), {H
[Fi) B 3 75 T 4 T R - A4 e A AU b S 30 e i
fiﬁjo ﬁﬁﬁ%ﬁﬁﬁ*ﬁlﬂﬁ@ﬁmﬁ@%%*%b%
FlaE _MHEF, s ARERHEFSS
Ana.Pifl ﬁ’q’:m 5"-Ohsagp7 SO AR i1 2k 1) 25 Sk
WK 5 fos, A IAAEA 4 )& BH i (CK),

(A)
0.20 +
%; 0.15
S 010}
<
& 0.05¢
0.00 |
0 05 10 15 20 3.0 5.0
¢(ATP)/(mmol/L)
(B)
3
2
=
=
<

0 05 10 15 20 30 350
¢(ATP)/(mmol/L)

B 4. ATP KE X Ana.Pifl BRI LS00
Figure 4. Effect of ATP concentration on Ana.Pifl-
catalyzed unwinding activity. A: comparison of the

Ana. Pifl unwinding rates among different concentrations
of ATP from 0.5 to 5.0 mmol/L; B: comparison of the
Ana.Pifl
concentrations of ATP as mentioned above. The

unwinding amplitudes among different

average values from triplicate measurements, and
standard error were calculated.

1.0
0.8} Mg**
Mn?*
0.6

Ca2+
0.4

- Zn2+
Ni2+
= Cu*
CK

0 2 4 6 8 10 12 14 16
t/s
B 5 AREBWHETESE5 Ana.Pifl fEHEN K BELE
YF{E 23T LE
Figure 5.

0.2

Fraction of unwound DNA

0.0

Comparison of the characteristic curves for
Ana.Pifl-catalyzed unwinding activity with different
metal ions as cofactors.

ABEJR BN Ana Pifl WIREHESN ; 24 AKH R
(2 mmol/L)J 2 HrFHE Fif, Joit & i e i J&
(79.4%) I8 J2- fift e 3 K (0.158 s, Mg* #R 2
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Ana Pifl fFEER Y B AR 4 B8 F; Mn® T
ARG b 5 B A B SO0 , Sk e R 325 e e i S5 T

BE(74.7%, 0.142 sy WFRHPIEHI A Ca¥'
HA—E MBS, I Zo™ . NP5 Cu®

0 ELAT S A B AL Ana. Pifl fFE SR SR

(FRTEFRFESELER 2), AIRER DR X 2 4 J PH 25
T RBAE AN [P B 5 o 7 TE T 0% 7 o

2.6 Ana.Pifl ff e 5N v R

T AnaPifl f# i B & T 18
Anaerobaculum hydrogeniforman W2miS 8, I
FATRGE T A [m] T B2 22 gt T T 7% 12k ) 52 0l -
AR T, Stopped-flow Wil Ana.Pifl fi# i 4 [F)
JIEH) 5'-Ohspepiy FAFERNZL , sl G 558, F
IT&BL: M 20 °C & 45 °C BN B,
Ana Pifl A e A8 2R3 A WG 0 (e T i 22t [m] ) A28
SEHENY; NI 45 °C % 55 °C 4kELTHiR,
fifp fig R A< SR I 2 5 25 60 °C B, ff e R
W HE RIR T B (e AR D36 3) o AR, X ik
Ana.Pifl 5 Bs.Pifl {EN[FEEET (A g8 518
e, SN 6 B, AFTEEANTA Pifl e
it} (Bs. Pif ) s A S BE R 25 °C, Ana.Pifl fif
THE T 1) e A S W R B (55 °C)i i iy TR, X%
A i St e e F AT g PR

P4

*®2. AEEREMHEF Ana.Pifl fFREER N BY S0

Table 2. Effect of different metal cofactors on
Ana.Pifl-catalyzed unwinding activity

Metal cofactors Rate/(s ™) Amplitude/%
Mg** 0.158 79.40

Mn?** 0.142 74.70

Ca** 0.083 47.10

Zn** 0.034 21.20

NiZt 0.005 11.60

cu? 0.003 8.10

CK 0 0.39

actamicro@im.ac.cn

% 3. REX AnaPifl 5 Bs.Pifl fEHEERERE
Table 3. Effect of temperature on the unwmdmg rates
(s") of Ana.Pifl- and Bs.Pifl-catalyzed

T/°C Ana.Pifl Bs.Pifl
20 0.046 0.770
25 0.060 0.810
30 0.070 0.690
37 0.080 0.220
40 0.092 0.002
45 0.100 0
50 0.140 0
55 0.157 0
60 0.032 0
(A) 020

7, 0.15 i/.

3 /

3 0.10 a1

0.05} &

................. LI
15 20 25 30 35 40 45 50 55 60 65
T/°C
B) 12
0.9

T E/i\l

50.6

<

~ 0.3

00t v vy o .
15 20 25 30 35 40 45 50 55 60 65
7/°C

6. Ana.Pifl FRIER MM REELEE
Optimum temperature of Ana.Pifl (A) and

Figure 6.
Bs.Pifl (B)-catalyzed unwinding activity. Data presented
are the average values from triplicate measurements.

2.7 Ana.Pifl fFEHEA [R5 v ) R ) IR 0 R

AR AT R 4R - Ana Pifl
A LA Ui E 5'-ss-dsDNA 5 5'-s5-G4-dsDNA JiE
YUy EJEAER Pifl fRERE, HoAeA Wik iR
LAY IS PN 2R S 5 T A R )
(g TE L AR 22 | R A B E— PR R Ana.Pifl
fiff e 22 PSR il Hh (R Z5 7 DNA IR R 5+
o G5RE 7-A FoR, BFRAI Ana Pifl ffTiE
it P AR THE BT A X S S AR A, (R e
MES B ZEOR(GR 4); G H e th 26 3815 19
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(A)

Fraction of unwound DNA

Figure 7.

0.15 20 bpl2 nt
. 1200 g pg2nt 14bp_14bp
T 0101 oo p2os ars o
5 ot
Z 0.05
12 nt Bubble
Y-S 0.00
5'-Fork
%’\'Alj‘j)rk Substrates
© 675
4 nt Bubble o
H 2 0.50
. =
25 E 0.25
0.00

43«¢Q&“@‘ RN

Substrates

&l 7. AnaPifl SEIEEEAE & F H EABIRIEFF 1

Substrate specificity of Anra.Pifl helicase for unwinding various replicative intermediates. A: Time

course of Ana.Pifl-catalyzed unwinding reactions with resembled the replication forks or bubble substrates. B and
C were the histograms of the unwinding rates and amplitudes with these substrates in A. DNA schematic
presentation were shown on the top of B. Values represent results of three independent operations, and standard

error were calculated.

R 4. Ana.Pifl FRIEAEE F o 8 1A R B9 S MR AE

2%

Table 4. Unwinding characteristic parameters of

Ana.Pifl with different replicative intermediate
substrates

Intermediate substrates Rate/(s’l) Amplitude/%

Y-S 0.127 64.60

5'-Fork 0.062 45.20

3'-Fork 0.070 39.00

TWIJ 0.037 36.10

HJ 0.018 20.30

BS 4 0.019 21.00

BS 12 0.086 78.80

fRTEHE R SR 22 5 IR 7-B 518 7-C, XY
K RERILE 7-B AIEE T,

SRR,

Ana.Pifl f#HE Y-S ISP R, S 0.127 s,
76 8 L Ath A2 ) S0 R i R

[[OEN15/d =95s
Fr, R 64.6%; X LRI TR 4 10 A e A
TESHL, K IK Ana.Pifl f#JiE 12 nt-Bubble [ B
K, k%] 78.8 %, fEEERE WA, K7 0.0865 7,

A5

H A AR 400 52 w1 S (Fork) JES 9 114 figt e e 5 -5 348 52 4
BNEARL, wTREF N HAEE X (20 bp)f K53
il eI ; T HI 5 4 nt-Bubble 5584 W A]

FLEA R R AR W, LIS G, MfAH
i i TR K

3 itk

Pifl ffBEREE— 2K IZAFE T HZAY . 5
B B aE . VIR 5'-3 05 T eE i o Hhik
I, HFLEY) 2D RE S i R s 54515 DNA
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Heterologous expression and characterization of unwinding
reaction of Pifl helicase from Anaerobaculum hydrogeniforman

Xiaolei Duan'*, Nanii Liu**, Tao Zhangl, Rui Cao’, Junyao Jiangl, Xun Min',
Xuguang Xi*

! Clinical Laboratory, Affiliated Hospital of Zunyi Medical University, Zunyi 563000, Guizhou Province, China

% College of Life Sciences, Northwest A&F University, Yangling 712100, Shaanxi Province, China

*College of Animal Science & Technology, Henan University of Science and Technology, Luoyang 471003, Henan Province,
China

Abstract: [Objective] We expressed and purified a Pifl helicase from Anaerobaculum hydrogeniforman to assess
its unwinding characteristics. [Methods] Recombinant vector pET21a-Ana.Pifl-TEV/SUMO was constructed and
expressed in E. coli BL21(DE3), and Ana.Pifl protein was purified using Ni-NTAs and Superdex 200 column
chromatography. We then evaluated the unwinding polarity, optimal ATP concentration, optimal metal cofactor,
optimal unwinding temperature, and substrate specificity of Ana.Pifl by stopped-flow FRET assay. [Results] The
molecular weight of Ana.Pifl helicase was 59 kDa with no tags, protein yield was 9.5 mg/L, and purity was about
97%. We confirmed the unwinding polarity of Ana.Pifl was from DNA 5’ to 3’ end. And we found the optimal ATP
concentration for Ana.Pifl unwinding to be 2 mmol/L, the optimal metal cofactor to be Mg®", and the optimal
reaction temperature to be 55 °C. The substrate specificity of Ana.Pifl unwinding DNA replication intermediates
indicated that the Y-S fork substrate had the highest unwinding rate, 0.127 s, and 12 nt-bubble substrate had the
largest unwinding amplitude, 78.8%, indicating these two substrates could be natural replication intermediates for
Ana.Pifl. [Conclusion] This study is the first to systematically analyze the unwinding characteristics of 4na.Pifl
helicase. These findings facilitate elucidation of the molecular mechanisms of these thermophilic bacteria
Pif1-family helicases.

Keywords: Pifl helicases, Anaerobaculum hydrogeniforman, stopped-flow assay, unwinding characteristic
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