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FHIE
WM, AT, B
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200240
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B, SZRRAMUIEG . By DI, REIRI AN
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1. Bloom ZE 5 AEMI S A
(BLM)“” AP RN YIEE 1(APED)!'®4E  1fij FEN1
—N AT 40 kDa e R/NIEE T, AR L RERI
1-2 /\Eﬁﬁ%rélmm’ﬁﬁﬁ Al WL FEN1 25 7
MREZM AT, BARET FENI ARSI L
KA IREIAE SR C A e, WA V2 AR
1Y A A S5 A LA BT RO, B T Ui
PIRIALHE AR BRI, X HERZEARZ
(] AR B A R AL B LA 2 o SR g itk — 2B IR
ARBgRE 2,

Pyrococcus furious

factor A related protein)!'®

& — Tl A S g AR
(hyperthemophiles), A HREEVLE 70-103 °C, #%
AR 100 °CPY, HA L2117 51 T 2001 4F
H1 L 22 o AR W BRI ST T BBk 2 AT T 7 52
JPT, BT AR PN 7 A 1 AR 1 PR LT A T
fE T F HAEEW N HNE, a0 Pyrococcus
Surious AUZ ) DNA F4 W N H A Fe v machE:
Rl (RELRE T Z W T PCR HARPY,
TEAMGE T, FAT5ekE | Tk F4lif Pyrococcus
Surious FIFAIMPRZ LN VIR 1 (pFENT, NCBI

Reference Sequence: WP 011012561.1), X@Ei%E
P TE T S B4R, DA FST PCNA (PF0983).
RPA (PF2020). 3 Flf#i2ERE Dna2 (PF0572).
Rad25 (PF0126). XPB (PF1902)%} pFEN1 i& {1
SR, I X HAE SR s R R W TE i F (B
AT TR,

| R L

1.1 #hk

ARSI i R kL . AR LR 1o F T
FIRBUAR G Wyt A TAEY) TR ) IR A PR
Al G, T IEE SR TRt Invitrogen
P FE N ASSEE R B A DNA Ladder, #HH
Marker. FRHPENYIEE . KOD plus DNA R4
T4 DNA JE#LHIW A TaKaRa 237 o kL BUAH]
& . PCR 2k A MRl & . Bradford #FH#k
JEE I 5 3R R HC A AR A 1R e B AR A
()M A PR/ Ni-NTA 2 (2R AE
Bio-Rad A w7 i

1. SLIEPTRE R BRALFIE R

Table 1. Plasmids and strains used in this work
Plasmids and Strains Characteristics Source
Plasmids
pET28a Cloning vectors Merck
pET28a-pFEN1 Plasmid for pFENI1 purification This work

pDEST17-PF0983
pDEST17-PF2020
pDEST17-PF1902
pDEST17-PF0126
pDEST17-PF0572
Strains

E. coli DH5a

E. coli BL21(DE3)

E. coli BL21(DE3)pLysS
E. coli BL21(DE3)pLysE

Plasmid for PCNA purification
Plasmid for RPA purification
Plasmid for XPB purification
Plasmid for Rad25 purification

Plasmid for Dna2 purification

Host for cloning vectors
Host for expressing Rad25

Host for expressing pFEN1, PCNA. Dna2

Host for expressing XPB

Store in this lab
Store in this lab
Store in this lab
Store in this lab
Store in this lab

Store in this lab
Store in this lab
Store in this lab
Store in this lab
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1.2 pFEN1 FAEB Az

e, M A KOD plus DNA 4 B M
Pyrococcus furious SEP 4 H 414 pFEN1 [ 4wt 7
G, 5IIFSI R 2, RISV Nde 1 gV
AL TSI Xho 1 VIG5 . PCR ¥ 14 4%
f£: 94 °C 5 min; 94°C 30s, 55°C30s, 72 °C
30's, 30 MEHR; 72 °C 10 min, ¥ 344755, Fl PCR
AR &zl . SRJE ] Nde 1 #1 Xho 1 53]
4k PCR P=¥) 1 pET28a JFkr, LAFRISRGIE AR i,
] T4 DNA % Hefi i e 5L N i Be kA iy Joe
ki, R YA AT E DHSa, A T35 A R
AR R LB AR SR |, 37 °C 557 5k
WG T B B e A 7% PCR B85E , R %€
Hh A0 BE M s B B % Je i SOk, R DN 2w kAT
DNA JFFI5E , B ik JE PR 410 13 ah HE 2 75 1E 1
1.3 EHEABRRESFEMNLL

HetRiAEUA pET28a-pFENT FAb 1A
BL21(DE3) pLysS /&2, 37 °C i 535 5Pk
FATEVE AT T 4 mL 5 R A E R Y LB WA
FRE, 37 °C Kigiid . B 1 mL 533 T
400 mL FiFEHEARIFRE ODen=0.6, MALUIEN
0.5 mmol/L 1Y) IPTG (isopropy-p-D-thiogalactoside,
SERFEHACEFIETT), 20 °C 4k£2853% 16 h, i
SEAE AL, 8000 r/min BS.0> 5 min YA FH A
TUVE NG R AETE T 40 mL 24 2% 1P (20 mmol/L
Tris-HCI1 pH 8.0, 300 mmol/L NaCl, 10%13),
FEVK R P SR TR R . AN SR BT, AR

£ 2. pFENI ¥ #3|4)

Table 2. Primers for pFENI amplification

Primers Primer sequences (5'—3")

PF1414-F CCCCCCCATATGGGTGTCCCAATTGGTGA
PF1414-R  CCCCCCCTCGAGTTATCTCTTGAACCAA

CTTTC

actamicro@im.ac.cn

70 °C fRifk 20 min, JIELKER S KT E B B &
. £ 4°C T, 10000 r/min &5.0> 30 min, W% F
T o bW 2 2R 5%t T 1) Ni-NTA B
JR(1 mL), #RJE405IF S 5. 20, 50, 100 mmol/L Bk
WS R SR R TR EE VR , B R Sk 4
BHZEN, B 10 mL YRS MK (20 mmol/L
Tris-HCI pH 8.0,300 mmol/L NaCl, 200 mmol/L K,
10% HtEEM g, It HFRsEH . 4 SDS-PAGE
R 2 B2 I, R A R 22 v (20 mmol/L
Tris-HCI pH 8.0, 300 mmol/L NaCl, 50%H )t
AT BR A KM B A T 20 °C . BRI EH
Brandford 3 & .

Pyrococcus furious K] PCNA | RPA | Dna2
iy 2 ik 4l fk 5 7% [] pFEN1 ., XPB fE E. coli
BL21(DE3)pLysE Wtk ik, Rad25 7 E. coli
BL21(DE3) bk 3Rk , 5 75 il B2 34k 37 °C,
PEI IR 3 h, HAB#ERAER] pFENT. It 5 FhaE
fIZRIRER AR A pDEST17 (R Hith)-

1.4 pFEN1JE¥HIHE

Tl 45 pFEN1 RPN SERZ H IR R B L3R 3,
FAM REZEHRIC . FoOthRicsEERA R P Y
SERTRAER G, INHGR K, BAMISEL, T
ARG o IRPIHIA& BT . ¥ 3'FAM
FRCHIZEAZ IR i BL(ZRE N 1.0 pmol/L) 5 B A4
HE e AHELL1.0:1.2:1.5 BE R FUI T35 20 mmol/L
Tris-HCL pH 8.0, 20 mmol/L NaCl fyZ& i,
100 °C K{AZ& 5 min J5, THKPHARBHES
o FLAFIIRY F-20 °C wEIEHE AT
1.5 pFEN1 RN VI BHE X E

BRAERRBIEH , pFENT A%R PN T P
PRUESC VAR R (15 pL)A B F: 20 mmol/L
Tris-HCI pH 8.5, 20 mmol/L NaCl, 2.5 mmol/L
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% 3. pFEN1 EMNERMTAZINEZHERFT

Table 3. Oligonucleotides used for pFEN1 substrates preparation
No. Sequences (5'—3") Characteristics
JL1 AGGCTGCGGTCGAGTTGACAGCACTGCACGCATTACTGAGCT 42 nt, 3’FAM fluorescence labeled

JL2 AGCTCAGTAATGCGTGCAGTGCTGTCAAGATATCTGGCTATCGGA

JL3 TCCGATAGCCAGATATCS

JL4 TCCGATAGCCAGATATCTT

JLS TCCGATAGCCAGATATCTTG

JL6 TCCGATAGCCAGATATCTTGA

JL7 TCCGATAGCCAGATATCTTGAC

JL8 TCCGATAGCCAGATATCTTGACAG

JL9 TCCGATAGCCAGATATCTTGACAGC

JL10 TCCGATAGCCAGATATCTTGACAGCA

JL11 TCCGATAGCCAGATATCTTGACAGCACT
JL12 TCCGATAGCCAGATATCTTGACAGCACTGC

45 nt, complement with JL1

17 nt, to make 14 nt flap with JL1 and JL2
19 nt, to make 16 nt flap with JL1 and JL2
20 nt, to make 17 nt flap with JL1 and JL2
21 nt, to make 18 nt flap with JL1 and JL2
22 nt, to make 19 nt flap with JL1 and JL2
24 nt, to make 21 nt flap with JL1 and JL2
25 nt, to make 22 nt flap with JL1 and JL2
26 nt, to make 23 nt flap with JL1 and JL2
28 nt, to make 25 nt flap with JL1 and JL2
30 nt, to make 27 nt flap with JL1 and JL2

MgCl,, 1 mmol/L DTT, 0.1 umol/L JEE¥)F1 0.1 pmol/L
pFEN1. 65 °C JZJi 30 min, #RJ5 A ZERFR N R
o 2 11 (90% FH Bt , 100 mmol/L EDTA, 0.2%
SDS, 10%H ). W =¥Z% 8 mol/L JREM
15%748 VSR N MR TR BE Je o3 A, BEIRCHE 2 D BRI
444 Typhoon FLA 9500 (& JH e #8523 7)) P4
i BR324

2 ERFAM

2.1 pFEN1 KHAb5 DNA HHIMBEMEXER
YIRStk

K pET A KRIB RS, EAM pFENT
TE KRR BL21(DE3)pLysS # k& FhAEfg i sh %=
ik, &3t IPTG 7€ 20 °C R B2 K G, &%
MR AZRTaifh, P8R AR EN,
2N 20 mg/L. 15% SDS-PAGE K6 25 3 i 7~
EFRAEIRE] 90%L) I, it 58 11 Marker [
B, ZEAS TREYAN 38kD, 5 HKEAMIEH
FAH(38.6 KD)MIFF(E 1-A). KA FRFER 5,

Pyrococcus furious K] RPA, PCNA . Dna2,
Rad25 il XPB HALHK IS REAE KA IA Hh 3RIX,
EALER L 1-B, 75027 10, 20, 8,
1. 10 mg/L.

2.2 pFENI JEHENE &8tk

R E AN pFENT & A, FefiTxt Hog{e
SR AT T R4 . e A 19 nt K flap
AIEY) (K 2-A)FEA TR NaCl # 5 (0-500 mmol/L)
ST . B SEIRZE AT AL, BE A U
B, pFEN1 (¥ 5'flap WUIEGIGPEREZ FEAIK, 725
100 mmol/L NaCl ¥ 1 )2 i it B L3 it JL T
SEAZ RG], UL A — e s i
pFEN1 HYRZIR BT V(K 2-B).

Z 5K 1 5 ) — IR AN [ B B R 2R T
N o G5FANE 2-C Fizn, #E 35-75 °C IREEIERN,
MR I AR = BTG, U R X TS T 1)
AL/, TAE 60-65 °C R, IZEFAYIE MR i o
TATHEEHE LR T 75 °C B pFEN1 JE B4 6
AT, oA R TR iR SO
JERT, RYIBEERIT, flap Z5HHLBE 2 BEIR
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(A) pFENI1 (B)
kba M 1 2 3 4 kDa M RPA PCNA Dna2 Rad25 XPB
97.2—
66.4—
443—
29.0—

- 20.1__

B 1. ZEAFEAELER
Figure 1. The results of proteins expression and purification. A: SDS-PAGE analysis of purified pFEN1; B:

SDS-PAGE analysis of purified RPA (PF2020), PCNA (PF0983), Dna2 (PF0572), Rad25 (PF0126) and XPB
(PF1902) respectively; M: Protein marker.

(A) B)

C 0 20 50100 200500mm01/L 3540 45 50 55 60 65 70 75 °C
19 nt flap Bt , ' Substrate—»! -~ .- - - !
JL7 \ JL1 %
%) b3 % = &
- : ‘: o “
Product— ; "! - Product»--Qeeg‘
) Mn S Me S Fe S co S Ni S ca S C Q Zn QQ
RN S NN A SO N A S SN A S RN A SO SN N ST SN N A S Qé"f\r’ S mmol/L
Substrate>B 8~ 4@ Wlanan ! ,y '!!'c !!!!I “!!" ! !' l !!!
t 115E =as EER8 e L EECR "
g ge=8
: A}
Product— az-ae “saa .
- - .
22

B 2. pFEN1 BgR &R & 4RI
Figure 2. Optimization of pFEN1 assay conditions. A: structure of substrate; B: effect of salinity on pFENT1 assay;
C: effect of temperature on pFEN1 assay; D: effect of metal ions on pFENI1 assay.

Hi/& 2-D FTLAE H, pFENI MIBHE RN T8 —3. 54h, 78 Mo® LT, pFEN1 ANXREVI#I
THERE TS, MHRA Mg>f Ma> 42 S'flap 454, 11 FLIRBE & FE G O DIEGAYTE 1, 4k
EAMARE T, Rt 7 Fe® . Co*.  SEUIHEAFEL O WSS DNA. MifE Mg LT,
N2 ZE UL, 24 Mn> ¥R FEE A 2.5-5.0 mmol/L i, pFENT it [ N PTG M SRR W] 4
pFEN1 IEVER R, B Mo WIS R, MEstE 2.3 Flap KBS pFENT & YRR RN
TR pFENI 7E 0.5 mmol/L Mg> f b T A 1 1, IWESE flap 1 BEXFRERE PEA 2, FRATTH &
£ 2.5-20.0 mmol/L ¥R EEVEIFI B, MREMERSEMSE  THFA AR (14-27 nt) flap S5 H)RY), 535

actamicro@im.ac.cn
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FE Mn™'8k Mg” AL N AR, Kl pFENT Xt
HRRIYIEIECR, 2R E 3 iR, pFENI
R BR G T Z 5] flap K BERYREMA, 1M ELIX R R
R 4R B AN 2R FTASTH] . pFENT 7E Mg
HEAL T REDIE] 16-27 nt KIER) flap, HICEEDIE
14 nt KEEAY flap (] 3-A). 1E Mn* {4k~ , pFEN1
Al LA 14 nt flap RPN, (HEDLERY N
17-22 nt flap, ZJEREFE flap K (13 inH I #12L
FAHPTT (A 3-B).
2.4 pFENI1 B & HRr5E

Pyrococcus furious Je=—F g ERE, K
il pFEN1 FEMRSM AR EE, RATe AT
AR E T IRE —BmE s, FmAJEY (R E

(A)4I:1t M C 14 16 17 18 19 21 22 23 25 27 nt flap

32—
30—

.
23 - ;- <Product

17— = <

[ 3.

™ P00 e ®®®® Subsinaic

2-A)F 65 °C I 30 min. 0 P24 A8 T R N
PEM BE I F UK AT (K 4) 0 SEERES SR a1, 1% 2
—ANTH R, BIETE 100 °C i E ShE, %
TS IEARREAAS 11 ELAE 4 °C UKFRAEIL 6 T H
J . KBHRIR EA RS I fHEILBE )1 (5 AR R ROR)
2.5 DNA EHIFMERMIMEELX pFENT &1
93

B ORTIRA TS 22 nt flap BRPIRYI %
WA 42 nt, PRI 20 nt), [FETE pFEN]
B SR Z FP 43I 0.1 umol/L ) PCNA |
RPA. Dna2. XPB LA & Rad25, & pFENI1 i1k
BRI BN o A [ B il 275 R S 0 45 2R 4
K5 fiis .

B)nt M C 141617 18 19 21 2223 25 27 nt flap

’Q' - - - -.o’«Substrate

s

&
23—~ a 2 ‘ o P <Product
17—» = ;?4’

e

Flap & 3t pFEN1 ;& 489 220

Figure 3. Effect of flap length on pFENI activity. M: marker; A: catalyzed by Mg2+; B: catalyzed by Mn*"; C:
blank control. The reaction buffer (15 pL) contained: 20 mmol/L Tris-HCI pH 8.5, 20 mmol/L NaCl, 2.5 mmol/L
MgCl; or MnCl,, 1 mmol/L DTT, 0.1 umol/L substrate and 0.1 pmol/L pFENI1, reacting at 65 °C for 30 min.

80 °C 85°C

90 °C 95 °C 100 °C

cC 1 2 3 4512 3 435

2 3 451

2 3 45 1 2 3 4 5 h

Substrat -
! Srae»!‘F-------—------------d‘

Product—

el 2 % 3 % 4% %

4. pFEN1 BJPF2EMHMAR

Figure 4. Thermal stability of pFENI1. The reaction buffer (15 pL) contained: 20 mmol/L Tris-HCI pH 8.5, 20 mmol/L
NacCl, 2.5 mmol/L MgCl,, 1 mmol/L DTT, 0.1 umol/L substrate and 0.1 pumol/L pFEN1, reacting at 65 °C for 30 min.

http://journals.im.ac.cn/actamicrocn
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pFENI- - - - - - + + + + + + + + + + + + +
PCNA - + - - - - + - - - =+ + + + - - -
RPA - - + - - — - + - - — + - - - 4+ + +
Dna2 - - - - - - - - -- -+t - -+ - -
XPB - - - - + - - - = + - - - - - + -
Rad25 - - - - -+ - - - — — + - - - 4+ - - +

2 4 7 8 9 10 11 12 13 14 15 16 17 18

Substrate

"-------ng--..',.GMt

=—gmgges--

5.
Figure 5.

Product

DNA EHF1{E EHH X8 E B X pFEN1 &R0
Effect of some DNA replication and DNA repair related proteins on pFEN1 activity. The reaction buffer

(15 pL) contained: 20 mmol/L Tris-HCI pH 8.5, 20 mmol/L NaCl, 2.5 mmol/L MgCl,, 1 mmol/L DTT, 0.1 pmol/L
substrate and 0.1 pmol/L enzymes respectively, reacting at 65 °C for 30 min. +/—: with/without.

SESA, Bkl pFENT AL SN A 5
EPFE%%S\%E/‘JﬁLﬁjU NFEELE 20 nt 4b(F 5, YkiE
6), [RIBIZE 21, 19, 18 nt By 7 A 55 74
., ULH] pFENT 325878 B XU /) SCAb 7 A DI
(] s o A BB A VI RIFE 43 3L B 12 M
BRI AL, HAI T 43 3 8 R WERURE IR s o
e, ARSI E NIRRT . FEAIA PCNA
R NEAR 2R HL (UK 7, 12-15), 20 nt #1119 nt K/
FI 7= K EBOR R , B PCNA 7E pFEN1 £ fiff flap
RN VI IREIS , BEfEIE pFENT 4Kk & #5 H i
1) EE A P 1 RPA | Dna2 . XPB L) &% Rad25
XF pFEN1 HJHIREH- 1A i 2 52

3 ik
S A S A AR5

Y, GIERER . WER | WBIE. BB . BIMSE S
PR WS Sl A=, % T 4 a8 A i R D

actamicro@im.ac.cn

TR Z REPERIE AL BAT B S, XS
A i Pl AR BIE S, ANSCAT 180 D Pl A 0 e A g B
SR E N ALEE, i REAE HE R WU AE AR IR
R
pFEN1 J& >k i F B K BK T Pyrococcus
Surious 2 DNA S HlFH & HHOCHIIRRAZ IR N
VIl 1, SCHERKRIET Archaeoglobus fulgidus
F Pyrococcus horikoshii 1) [A] Y5 25 AF 0264
(NCBI Reference Sequence: WP_010877775.1)#
PH1415 (NCBI Reference Sequence: WP _010885498.1)
HUARLLEE 73 55004 62% 411 88%
AWFFEEkE . ik, alifkT pFENI, JRAEM
HIXTHE PEHEA T 2 e M AT o A SRR Wi e —
MM AR T (Mg B Mn2+)‘ri‘€$ﬁl§l@$l§lo e
ik % L pFENT Br T UI%] flap 25445, ibREARZETE
B U0 A5 e 10 PN D) I A 9 T Sk e PR AR
Mn” VR R S B . 1fi B pFENT (976 # 8 %2
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| flap K BRI, 78 Mg> LT, pFENI HfE
P 14 nt KEELL FAY flap, THAE Mo® ik R, H
ALY 17-22 nt KJERY flap, HIR pFENI [
ARZER BRI T RELE A 2 A Mg, JFHE
SRV KB o A% R Bl R 5 22 4 8 8+ i fiefk, HA
TR A AL B ] B 4 i 2 e PR PR I AN R AR
2, R A AN A 42 8 B 5 pFEN1-DNA
AW RS F I SOk 1 — 20 B
AWFFTIR & B pFENT EMRER e T~ B
FOETE , X B IR R 9k DNA XU A IR e
TARE, BAERT flap 5 BB, MTE
o pFENT 151 . 455 FU)H] . [R A SCL ik
SCT PCNA fE B &2 pFENT (WAZEREHE PE,
H pFENI [ iR S5 Ht R B T H C omaityiae 5
PCNA #5467, BARTEA S RPA FULFH 18 iE
fifg X pFENL (36 M3 W &2 m, (HERNE

TS B AH EAE I 75 i — 2 1 b
Homologus ends
{} Cleavage sites

Denaturing pFENl digesting
Q Annealing

BRI T R U A A e BRI PN U Tl )
BTN H 0 R B, SRR AR B R B %
i % L K  AWF I EUESE T pFENI & —Fl flap
SER R S R R, REAE T SR, R HAOLE T
HCWEAR S S5 A AN AT R Y flap 4 B2, PR 3 AR
Af pFENT W H TR e pe, BB WE 6
Jis s SRR E D1 1 AR H i B
et A AART I DR R B 9 3 7 £ 2025 bp [A] 5 X
5, RIEWE LR SR H B R BOR A, L
BTy 5 PR R i & A TRE R T R R, (]
BfF= 4 flap 254, 2ZJ5 flap 454 7] 7€ pFENI {E
T HIBE, BRI ESH DNA, KRGk
KB FF R, 75 R B AK N 58 B DNA i F (Y
1B, TS8R () F A TR . 38 2% 05 ¥k T LA
SR S E AN % % N o (R VA SO 8 (S 2
S — T O A T DNA 34 132 6 14 388 F 7% o e
B

Transformed to E. coli
—

& 6. pFEN1 A ERER

Figure 6. pFENI1-dependent cloning method. Both linear vector and insert fragment, which have 20-25 bp
homologous DNA at their respective terminal regions, are mixed together. After heating and cooling down, they
will anneal to each other at the homologous region, and generate flaps which can be removed by pFEN1. Then the
nicked/gapped recombinant circle plasmid will be repaired fully after transformation to an E. coli host.
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Expression, purification and characterization of flap
endonuclease 1 from Pyrococcus furious

Juanjuan Xie, Fengping Wang, Xipeng Liu’

State Key Laboratory of Microbial Metabolism, School of Life Science and Biotechnology, Shanghai Jiao Tong University,
Shanghai 200240, China

Abstract: [Objective] To clone, express, purify and characterize flap endonuclease 1 from thermophilic archaea
Pyrococcus furious. [Methods] We cloned fenl gene from Pyrococcus furious (pFENI), expressed it in Escherichia
coli and purified the protein by affinity chromatography. We applied denaturing polyacrylamide gel electrophoresis
to detect the enzymatic activities and studied its interaction with other proteins by using fluorescence labeled
oligonucleotides as substrates. [Results] pFEN1 was overexpressed in E. coli. The presence of salts diminished the
endonuclease activity of pFEN1, with cleavage greatly reduced at 100 mmol/L of NaCl. The activity of pFEN1 was
detected only in the presence of magnesium (Mg>") or manganese (Mn”"), and pFEN1 showed a higher
endonucease activity under the catalysis of Mn®". pFEN1 was thermally stable and had highest activity at
temperature range of 60—-65 °C. Proliferating cell nuclear antigen (PCNA) can significantly promote the activity of
pFENI1. [Conclusion] This study confirmed that pFEN1 is a Mg*" or Mn®" dependent endonuclease and PCNA can
stimulate its activity.

Keywords: thermophilic archaea, Pyrococcus furious, flap endonuclease 1, proliferating cell nuclear antigen
(PCNA)
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