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H Al VR R EARIEH R BRI . H
— A IR EEEE reqj FE R BORZ 1L
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V&, JiE1T DNA JPFIIE , #iE AfuRec) A% PR
() 3% 5y 400 A G R, I 3RS IR R
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& 1. O AfuRec) ZERESE I T E LTS

Table 1. Oligonucleotides and oligodeoxynucleotides used for analyzing AfuRecJ nuclease activity
Number Sequences (5'—3") Figures
DD286 *TCCGATAGCCAGATATCTTGACA 1, 2
DD286 *TCCGATAGCCAGATATCTTGACA 3
JL510 *uccgauagccagauaucuugacu
DD305 *TCCGATAGCCAGATATCTTGACA 4
DD306 TCCGATAGCCAGATATCTTGACA*

DD264 *csasgscscsasgsgsusgsuscsuscsascsu
DD265 asgscscsgsascsuscsgscscsascsasgsu™®
DD286 *TCCGATAGCCAGATATCTTGACA 5
DD297 *TCCGATAGCCAGATATCTTGACAp
DD247 *cggagaugacgg
DD256 *cggagaugacggp
DD282 *CGAT 6
DD283 *TCCGAT
DD284 *TCCGATAGCCAG
DD285 *TCCGATAGCCAGATATC
DD286 *TCCGATAGCCAGATATCTTGACA
DD287 *TCCGATAGCCAGATATCTTGTGAGCGTGGG
DD288 *AGGCTGCGGTCGAGTTGACAGCACTGCACGCATTACTGAGCT
DD289 *CTCCAGTGGTGTTCGGCTCCGATAGCCAGATATCTTGTGACGTGACGTG
CGTAATGAC
DD245 *acgu
DD246 *ugacgu
DD247 *cggagaugacgg
DD248 *cgagcggagaugacgg
DD288 *AGGCTGCGGTCGAGTTGACAGCACTGCACGCATTACTGAGCT 7
JL1196 AGCTCAGTAATGCGTGCAGTGCTGTCAACTCGACCGCAGCCT
JL390 TCGAGTCATTACGCTGCAGTGCTGTCAACTCGACCGCAGCCT
JL391 TGCAGTGCTGTCAACTCGACCGCAGCCT
JL392 TTTTTAGCTCAGTAATGCGTGCAGTGCTGTCAACTCGACCGCAGCCT

*: fluorescent group FAM; s: phosphorothioate modification; p: phosphorylation modification; Uppercase: DNA base; Lowercase:

RNA base.

1.3 EHEABEAKHIRREMAIL

$+ AfuRec] 20 FiA# K pET28a-AF0699 4
AKWFFE Rosetta (DE3)ESZ A4, PRECH
el LB MARKEFREE(E 50 pg/mL RABER)H,
HHEIRZ LY KR FRE 250 mL. £F ODgoo i55
0.6-0.8 W, MAZIEE 0.5 mmol/L # IPTG
S N BL A A FLE
1), 20 °C K3k 16 h, B EHEAKIEL.
8000 r/min 5.0 4 min WEEBEIA . H4 RAIRTTIERIF
30 mL 24 2% #p% (20 mmol/L Tris-HCI pH 8.0,
300 mmol/L NaCl, 10%T{ifi, 5.0 mmol/L B-$it&
Z %, 1.0 mmol/L PMSF), BTk A mErEsk:

(isopropy-B-D-thiogalactoside,

P 600 W TR 3 s, [EE 3 s, A
15 min, ££4°C F. 10000 r/min &.[> 30 min, Y&
LN LR g . TSI 5 RS IR AR 1 2L A
ZEIRAE 4 °C T FH7 Ni-NTA Wi 1 he B B3
BIAC PR AR T, 2HIHEA 5. 10, 20,
50 mmol/L WKW Y 28 22 vhifi B L VE VR I, B2k
JER SIS G RARE N, P 5 mL PR ZE il
(20 mmol/L Tris-HCI pH 8.0, 300 mmol/L NaCl,
300 mmol/L BKME, 10%H ¥, 5.0 mmol/L B-Fidt
ZWE, 1.0 mmol/L PMSF)?;*'E?%%WHE, R E
PREEFI(1 mL/&). if SDS-PAGE Kl 4l =,
A AR IEE B O s g i, e BT A S np
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(20 mmol/L Tris-HCI pH 7.5, 100 mmol/L NaCl,
50% HiH)H, F-20 °C 747 . B K 4 Bradford
EME .
1.4 AfuRec) ZEREHE L E

AT AfuRec] FZRRMGE 1E A SFEAZ TR
Bell# 1, F-20 °C #OLAELF . AfuRec] PRI
P E FOVAR (10 pL)E 4% : 20 mmol/L Tris-HCI
pH 7.5, 50 mmol/L NaCl, 2.0 mmol/L MnCl,,
1.0 mmol/L DTT, 100 ng/uL BSA, 100 nmol/L Ji§
YIF1 1.67 umol/L 1 AfuRec) ¥, 55 °C [
20 min, AIA 10 pL S22 1R (95% FH ikl
100 mmol/L EDTA, 0.2% SDS, 0.02%E3i5).
RN F &4 8 mol/L FRER 15% RN I
ME e LK , 28 Amersham Typhoon RGB
FEIAGAX(GE 2~ "I G 23 Hr

2 ERFAM

2.1 AfuRec) BEREFRELL . WEHEE

W22 ik Bk pET28a-AF0699 1E E. coli Rosetta
(DE3)Hh 4] ik AfuRec] EH, difbgs I
Kl 1-A. 20 °C S0l , KA EMZENT2if,
M 250 mL 5532 A5 32 4 mg [ AfuRec) 25 H -
2 15% SDS-PAGE WKl B H #9285 1 4l 15
90%LA b, it SEE S FEREN K, AfuRec]
EHBAAS T4 50.0 kDa, SESIHE(E
(49.589 kDa)FHFF (& 1-A) Kt HL A F AR SB35 M
R Ul R A < o A VR N D) | N 3 T S ]
AfuRec], 55 °C Jz i 20 min, %5530 AfuRec]
HLAT Bk DNA BRBHE ME(E 1-B).

2.2 AfuRec) BZFREHIE I E 41 R1L

VI % E AfuRec) HARZIREHEE, #f—P
X HC R A AT LA, AR 2 PR
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AfuRec] 7E pH 7.5 () Tris-HCI 28 tpiA 22 i 1t
m(El 2-A). AfuRec) (2 V752 M 48 &+
(125, Mo® 1 Mg> # ] {2 AfuRecd (1 RR T
W, Hb Mo* e RCR OB, R R
J& 0.5 mmol/L (K] 2-B)., ¥ 2-C 3B, AfuRecl] £
LW A m p e M, R iE SN VR B
10 mmol/L, 4 NaCl ¥ =T 200 mmol/L i},
AfuRec] % RS M T 2 FE % . AfuRec] 7E 65 °C
TR R R T 85 °C JE HEA IS (] 2-D).
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&R 1 B Rec) [FIUREE FRE[A] N /K fiF DNA FI
RNA" a3 507 FHH4E DNA 1 RNA FERIK
Y, K AfuRec MRBEIEREME. &R BN,
AfuRec] AI LUK fif BUE5 1) DNA AT RNA, # R 4514
X RNA BRI R BT 5R (A 3),
2.4 AfuRec) BZPRES /K fER 1

i F AR (9 55 DNA FI RNA 1E MR
Yy, K AfuRec) A% PR BRI K fgtlctE . & 4-A PFD
DNA R BEAHIR], 2EEhRiCEA R R Si(DD305
PENHMCAE 5K, DD306 5 EHRICAL T 3K ).
AfuRec] FEfif 5" A st A ARC I FREE DNA 774
BERE K E R SEAZATIR . TEFEME 3 AR mbric i DNA
B A 1 nt 720 IS5 R R, AfuRec) X F
5% DNA MRS 3Rumiinny. & 4-B
RNA IR 5L A [FFE 2 hRiC /e S 8E RNA A
[, AfuRec) X FPIFPRICATHEE RNA #BRE
Wee A A A FE A BE (877 F B, W] AfuRec] AJ AA
WIsHFAAR 2SS RNA, H 354 MBS B T
53" SMDIEEE M . R, X 5% DNA JIRY), AfuRec]
= 3AMIJEGE; X TR4E RNA Y, AfuRec] HE
FIH 35T, [FIRTEAT RS SAMIBRE M
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(A) AfuRec) (B) ssDNA DD286

kDa M U I CWIW2P AfuRec)/ 0 0.02 0.06 0.18 0.56 1.00 1.67 5.00
(umol/L)
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TkoRec] DKEAFLERVRE L GTFQLSIMKQESEELIDQLAR 73
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TkoRec] YQMLAYATN--PEIPEITGDERKAIEGMMRA--KGED PEMKYWOMREEEKRKMUEAMLVEM IKH - -GAPKEAIDR - 276
MJRec)J2 YKAIAYCTK--PYIPDL-ASEGKAFK|@KD--IGID----PNKK--QMDDTDKKKMLSAMIFE--------- YPKIEN-M 262
AFuRec] RDVLVQSLE--PFL-DFYGKEEELEE|QEK--ARLD----GDKEFDEMSDEEIRRIADAlvIELLkM--NaYTGIFSO-l 26]

MIRec]J] FGEVYEFRGEEFGSPLRDLEEFSTCHNRCERYGDYETAMNVLMGDRDKYYRKMLSNLRK-HRNNLREA----LEEVKNDV 359
TacRec)J2 Eapnyyr------ DFGYSSKMLSSIfS MGKNSVEfAYFLGF--ENLKQEMETNWK --TYRSLGE- 329

TacRec]J1 TYVFPKEDARSPTYDAKEFATLS Y DEGLTGEKVAAGDRGESYSKALSLMAS --ynuiMaEc 371
PfuRec) VVISPLYPEGDPRHEAREFATLJNM LNLGNLGavC RKWLLQNWNSE- 352

-EAFRKALKMVED-Y

TkoRec) VVISPLYPEGDVRHEAREFATLHANE LNAGTLGAIC AYKVARKMLDD- % RKFIIQNWNM-- 352
MJRecJ2 LIDRYLIE----- HKVRDAFLLSEMMNEVIENGLFAVGHMGICLEDD-ECIKIGNQILWE-YKKNLINE----LKSVK--- 328
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Motif V
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TacRecJ] -IKSLNNIDYFYAGKDINENIMMETIANMILARD-PDTVERBNI TMADSDEGT -~ V|
PfuRec) -vwecpavyvLyve RDTLAREIAASMAINAGLADPERSSMIVFADTDEDPNLL
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MJRecJ2 -LKKLNNIYYFEGKK----GMRMETIIASILVDD-----— ST GYHIEGDIA--—
AFuRec] -VKEGFCIRYLVMENGLSASPIITIFSRYVFTD----- LSBT VVNIKNEYA-- |

Motif VI

afcpkiicFAEDVNExaIk YA
SEGTRKL-VSRGLNEELVMRDAR
VEANKTF-LKIGID@ADLFRRAMN
ABTTERA-LAKGYN|
2]
2
2|

R

TTEKA-LEKG
GNRDL-VNRGLN@EVAMA-VE 392
TNEA--LAERVDRJEVMRLAJY 399

< Mo Q

MIJRec]1 469
TacRec)2 446
TacRecl1 491

PfuRec] =rv 477

TkoRec] = 477
MIRec]2 = 432
AFuRec) = 438

1. AfuRec) kALK BN E

Figure 1. Expression and purification of AfuRecJ and activity titration. A: 15% SDS-PAGE analysis of
recombinant AfuRecJ recovered from induced E. coli cells. The gel was stained with Coomassie blue R-250. Lane
M: molecular weight marker; lane I and UI: induced and uninduced E. coli total proteins; lane C: supernatant after
centrifugation; lane W1 and W2: wash through buffer B with 5.0 mmol/L and 50 mmol/L of imidazole; lane P:
purified recombinant AfuReclJ. B: activity titration of AfuRecJ. The reaction mixtures contained 100 nmol/L ssDNA
substrate, and increasing AfuRec] in reaction buffer consisted of 20 mmol/L Tris-HCI pH 7.5, 50 mmol/L NaCl,
2.0 mmol/L MnCl,, 1.0 mmol/L DTT and 100 ng/uL. BSA. The reactions were performed at 55 °C for 20 min. C:
multi-alignment of different archaeal RecJs. The conserved motifs are marked by black lines, and the domain of
CID (CMG Interaction Domain) is highlighted with the red line.
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(A) (B)
60 100
* 50 < 80
S 40 E
g 30 g 60
3 20 8 40
O 10 O 20
0 =1 0¢
50 60 70 80 9.0 10.0 0 5 10 15 20
pH MnCl, concentration/(mmol/L)
© (D)
120 120
° 100 100
> 80 2 80
g 60 & 60
S 40 8§ 40
S 20 O 20 L .
0 ; i i ] 0— —t—t
0 100 200 300 400 500 25 35 45 55 65 75 85 95

NaCl concentration/(mmol/L) 7/°C

2. AfuRec) K 5% DNA R RIS AL
Figure 2. Optimization of ssDNA hydrolysis by AfuRec]. pH value (A), concentration of divalent manganese ion
(B), ion strength (C), and reaction temperature (D) were optimized for the nuclease activity of AfuRecJ using a 23 nt

single-stranded DNA (ssDNA) as substrate (100 nmol/L). The degraded amount of substrate DNA was quantified
and plotted vs. each effect factor.

(A) ssDNA (B) ssRNA
DD286 5 %— JL510 5 #%—m
AfuR
AfuRec)/ 0 0.06 0.180.56 1.675 15 50 fuRecl/ 0 0.06 0.180.56 1.675 15 30
L (umol/L)
(umol/L) Substrate e e
- s == - .
Substrate ~ #* — -
Product
Product
- -
- R

3. AfuRecJ %EREEHIZHEE IS
Figure 3. Preferences for oligoribonucleotides of AfuRecJ nuclease. Reactions were performed at 55 °C by

incubating increasing concentration of AfuRecJ with 100 nmol/L 5'-FAM-labeled 23 nt ssDNA (A) or ssRNA (B),
respectively.

2.5 JRYARMREIBRNT AfuRec) BERBHEY:  ud. XF T HkE DNA W, JEY) 3 KRR LT
i) U A T ORI L (P 5-A) %) T 54 RNA

R 3R S HE DNA FI RNA  IEY, JRYD 3R AOBRR (b o LA R R A4 i 1
VERIEY), i Hxd AfuRec) AZIREEKfEER)  WIVEMIECAWIR (K 5-B).
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(A) ssDNA
DD305 S#—mo DD306 — % 3
AfuRecl/ 06 0.18 056 1.67 5 15 50 0 0.060.18056 1675 15 50
(umol/L)

-
Substrate W Gl SEs S e e T - —— S S — — —

Product

(B) ssRNA

DD264 5’ DD265 3’

AfuRecl/
(umol/L) 0 0.06 0.18 0.56 1.67 5 15 50 0 0.06 0.18 0.561.675 15 50

Substrate .--gg.'! ..“....

Product - : . -

4. AfuRecJ 1ZEREBAY7K EAR 1%
Figure 4. Hydrolysis polarity of oligonucleotides and oligodeoxynucleotide by AfuRec] nuclease. AfuRec] was
incubated with 100 nmol/L fully phosphothioate-modified 23 nt ssDNA (A) or 17 nt ssSRNA (B) labeled with a
fluorescence group FAM at 5'- or 3'-end, respectively.

(A) ssDNA
3'OH DD286 3'P DD297
ATUReel 6006 0.18 056 167 5 0 006 018 056 167 5
(umol/L)

Substrate == -

Product
- a—
(B) ssRNA 3'OH DD247 3'P DD256

ARuRecl/ 5 06 0.18 0.56 1.67 5 0 006 018 056 1.67 5
(umol/L)

Substrate - AN gim e

Product

- ———-— - - w o

5. 3'RImAAEL LIS AfuRecd #ZEREETE 14 A 2200
Figure 5. The effect of the 3'-terminal phosphate group on the AfuRec] nuclease activity. AfuRec] was incubated
with 100 nmol/L 5’-FAM-Ilabeled 23 nt ssDNA (A) or 12 nt ssRNA (B) which has a phosphate or hydroxyl group at
3’-end, respectively.
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2.6 AfuRec) BFREG/K AR B AT
AfuRec) XA A BE B R 07K A Pt A [m]
X F 4% DNA RPN, AfuRec) ASBEA UK f#
KE/NTEET 6 nt BEY, XFTHRER 12-42 nt
(DK G Mo, X F R KT 42 nt IEY
K A5 P A FEAR (B 6-A). XT84 RNA JEY),
AfuRec) /K IEPEBVA 3%+ DNA JIRY), XHKE
K 4-16 nt 1] RNA /K 16 #0308 (] 6-B).

(A) ssDNA
nt 4

6 12 17 23 30 42 58

AfuRecJ—_+—_+—+_+_+_ o+ +

2.7 AfuRec) RRBEXTANFISEHI DNA SR

SRl T AfuRecd X AR 4514 1) DNA
YRR SRTEE (B 7). SK L, AfuRec) 7K fif
HE DNA BYTEHESRGR . X T 370k 25 14 10 AUk
DNA JIE#), KA P DA 5 3 55 B Ry 398 H
(3'overhang)>3" SR (3" fork)>>3"~F %t (3'blunt)=3"[1]
Ffi(3'recess), HXTF 33 blunt) FlIUIFE (3 recess)
SR HEATCTEE o

(B) ssRNA

nt 4 6 12 16
AfuRec] — + — + — + - +

6. AfuRec) #%EREET YK E R REFIE
Figure 6. Substrate length preferences of AfuRec]. The AfuRec] (1.67 pmol/L) was incubated with
5'-FAM-labeled ssDNA (A) or ssRNA (B) with different lengths at 55 °C for 20 min.

ssDNA 3" blunt 3’ fork 3" overhang 3" recess
AfuRecl — + _ + + _ + _ +
Substrate
- - A a P - . o o
- - s

Product

7. AfuRec) #ZEEEE X NG — RLEHIAT DNA SS9

Figure 7.

Selectivity of the AfuRec] on DNA secondary structure. DNA with different secondary structures

(single-stranded, forked, overhanged, recessed and blunt) were incubated with 5 pmol/L AfuRec] at 55 °C for

20 min.
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AT RALNPE Rec) BIRFHHUAA 5-3
AIELEE DNA R A IRE, 225 DNA [A)J4
FAIFEEECAE 1 RS B Al R
R TR W AR S Rec) A% IR IR) IR K
F, (HSRE TR B K Recd [RIIRE . [FI
R 2 5 Rec 122 1R i ) 00 PGS PEAFAE 3% 220
o BB EAFTE— Rec I, AEHIKTE
P. furiosus Rec) #ll T. kodarensis GAN, PfuRec] H.
A e DNA Y 5-3'5MIEE . B RNA Y
3-SSMIEE R AN PE s T TkoGAN SR 1) 5
i DNA &Y 5'-3"5MIIBHE I, ARAGI 2% RNA
S B EITE P S AR Al B A A
Recl] B MRME., HLEERTE M. jannaschii 3451
MjRec)l HAG 53" RZ IR B IS 1, A/
MjRec)2 F B LMKy 3-5 1Y &b ) Bl 3% 07,
Thermoplasma acidophilum (T. acidophilum)¥ K 1)
TacRecl1 HAT ssDNA FiSdh iy 53 FMIIEE 1 ;
B TacRec)2 X ssDNA 5 ssRNA #4°}y 3'-5'()
SIS, ELRAT ssSRNA RPN

X BE Y R Recd A% R i 1 1 27 AR
ML, AfuRec] 5 TacRecl2 B hAH{ ., —&#AFE
AT Mn> i) ssDNA Fil ssRNA KA1 355k
UIRZPRIES T , PTK A H5E DNA FI RNA, X RNA
HY/K g PESR T DNA, BAR AfuRec] WRERE A HR
Bk RNA B 50 ol 55 MK BEAZ IR , (I P4 2R
A REJE H1 A SCHT FH i RNA JIRYIRY 33 A4 2
PRICREAT T HN 3"mlaefi , TN 57 2 fige
FUEE RNA, [AR G St S dk 222430 AF_0735 7
RIBFFEEHRE, PGk EEER)S,
W RN AR R T E AR, % HUR T A X
ssDNA 5 ssRNA /K fif & P .

AN Recl AUMEALIETE FE M N I AL
A>(DHH fil DHHA1 Bi~254380)1 . C 3l 3 4%
TR/ SR IT B 45/ B OB)L K . FF4r 4N Recd
FE C Ui BAT — I REAR A Z Rk a8
S5Y1PE ) Rec) ZBREEAIEL , M5 Rec) HZBRBEE
DHH Z5#3k 3807 IV 1 v Z [E[(E 1-C)fEE—
MEMER Cdeds EHFTEAR CID 45
(CMG interaction domain, CMG #HH 1F FH 45 #
BOPY, EA% CdedS M CID 45 #4387E B A% 4
fih 25 MCM 454, 5 GINS & —[RIE
Cdcd5-MCM-GINS (CMG)E &Y, E &5 W1ER
A2 RN E R, 4T DNA A2 i Ak i e E 8
YR, 7815 7 PfuRec] Al TkoGAN = 2R 4544 (1)
DHH #1 DHHA 1 &5 #4382 6]t A7 72—l 57 CID
LERIRPY, 5B Cdeds AR RS2, PfuRec]
Ml TkoGAN &k DHH Z5#y5 5 GINS & 148
HAER, #EME SR CMG E46Y, H CID 45#35,
IR R A 20— 9 RecJ/GAN 5 GINS JE i
SEWY . M M. jannaschii W Recl IR i
WA CID Z5#93k, SR —F HIAREFN GINS &
HIEMEEY . mEERA CID g5 T
acidophilum /] 2 /|~ Rec] IR , H A TacRecl2
ALY GINS BB G Y. 3o R T TR sk
M A B A Y Cdeds MUME A G
Cdc45), itk Cde45. MCM. GINS JE Rk
PIEZEY I CMG & 5%, 7E DNA & il 17
DNA f#IZHERE L RERY . T R 1) Recd 2 (3% 3 H.
A IR EEE Y, B A Cdeds HEANAR
HA BRI EER, HAR AfuRecd # R H
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REH, RIS AfuRec] WHEAEA .

AWV T AfuRec] 1EMAMLE AL I BEFI
filg 2 AR, X T AR N D RE 0 S8 IR T i — 2P
AISEIERA o 5 AR A S AR S5 44 £ B g L
KA EREE RNA PIEAEHLET, DALY GINS 1
MO EE R R B A, R UE RS S 5B
MCM-GINS-Rec] & 59 M FHIHE % T Rec)
W H BES [RIAS /K i DNA Fil RNA, FJREZ 5 RNA
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FITFHRAFL RS DNA &6l 505065 LK
RNA Il T A S R RGP L

2 % M

[1] Yang W. Nucleases: diversity of structure, function and
mechanism. Quarterly Reviews of Biophysics, 2011, 44(1):
1-93.

[2] Dianov G, Lindahl T. Reconstitution of the DNA base
excision-repair pathway. Current Biology, 1994, 4(12):
1069-1076.

[3] Makarova KS, Koonin EV, Kelman Z. The CMG

(CDC45/Rec], MCM, GINS) complex is a conserved
component of the DNA replication system in all archaea and
eukaryotes. Biology Direct, 2012, 7(1): 7.

[4] Thoms B, Borchers I, Wackernagel W. Effects of

single-strand DNases Exol, RecJ, ExoVII, and SbcCD on

homologous recombination of recBCD® strains of
Escherichia coli and roles of SbcB15 and XonA2 Exol
mutant enzymes. Journal of Bacteriology, 2008, 190(1):
179-192.

[5] Wakamatsu T, Kitamura Y, Kotera Y, Nakagawa N,
Kuramitsu S, Masui R. Structure of Rec] exonuclease
defines its specificity for single-stranded DNA. Journal of
Biological Chemistry, 2010, 285(13): 9762-9769.

[6] Sutera VA Jr, Han ES, Rajman LA, Lovett ST. Mutational

analysis of the Rec] exonuclease of Escherichia coli:

actamicro@im.ac.cn

[7

—

8

—

[10]

(1]

[12]

[13]

[14]

identification of phosphoesterase motifs. Journal of
Bacteriology, 1999, 181(19): 6098—6102.

Yamagata A, Masui R, Kakuta Y, Kuramitsu S, Fukuyama K.
Overexpression, purification and characterization of Rec]
protein from Thermus thermophilus HB8 and its core
domain. Nucleic Acids Research, 2001, 29(22): 4617-4624.
Rajman LA, Lovett ST. A thermostable single-strand DNase
from Methanococcus jannaschii related to the Recl
recombination and repair exonuclease from Escherichia coli.
Journal of Bacteriology, 2000, 182(3): 607-612.

Yamagata A, Kakuta Y, Masui R, Fukuyama K. The crystal
structure of exonuclease RecJ bound to Mn*" ion suggests
how its characteristic motifs are involved in exonuclease
activity. Proceedings of the National Academy of Sciences of
the United States of America, 2002, 99(9): 5908-5912.
Pellegrini L. Structural insights into Cdc45 function: was
there a nuclease at the heart of the ancestral replisome?
Biophysical Chemistry, 2017, 225: 10-14.

Cheng KY, Xu H, Chen XY, Wang LY, Tian B, Zhao Y, Hua
Y. Structural basis for DNA 5'—end resection by Recl. eLife,
2016, 5: e14294.

Li MJ, Yi GS, Yu F, Zhou H, Chen JN, Xu CY, Wang FP,
Xiao X, He JH, Liu XP. The crystal structure of Pyrococcus
furiosus Recl] implicates it as an ancestor of eukaryotic
Cdc45.  Nucleic  Acids  Research, 2017, 45(21):
12551-12564.

Oyama T, Ishino S, Shirai T, Yamagami T, Nagata M, Ogino
H, Kusunoki M, Ishino Y. Atomic structure of an archaeal
GAN suggests its dual roles as an exonuclease in DNA
repair and a CMG component in DNA replication. Nucleic
Acids Research, 2016, 44(19): 9505-9517.

Klenk HP, Clayton RA, Tomb JF, White O, Nelson KE,
Ketchum KA, Dodson RJ, Gwinn M, Hickey EK, Peterson
JD, Richardson DL, Kerlavage AR, Graham DE, Kyrpides
NC, Fleischmann RD, Quackenbush J, Lee NH, Sutton GG,
Gill S, Kirkness EF, Dougherty BA, McKenney K, Adams

MD, Loftus B, Peterson S, Reich CI, McNeil LK, Badger JH,



FRIRE | MUEDZ, 2021, 61(1)

229

[15]

[16]

[17]

(18]

Glodek A, Zhou LX, Overbeek R, Gocayne JD, Weidman JF,
McDonald L, Utterback T, Cotton MD, Spriggs T, Artiach P,
Kaine BP, Sykes SM, Sadow PW, D'Andrea KP, Bowman C,
Fujii C, Garland SA, Mason TM, Olsen GJ, Fraser CM,
Smith HO, Woese CR, Venter JC. The complete genome
sequence of the hyperthermophilic, sulphate-reducing archaeon
Archaeoglobus fulgidus. Nature, 1997, 390(6658): 364-370.
Yuan H, Liu XP, Han Z, Allers T, Hou JL, Liu JH. RecJ-like
protein from Pyrococcus furiosus has 3'-5' exonuclease
activity on RNA: implications for proofreading of
3'-mismatched RNA primers in DNA replication. Nucleic
Acids Research, 2013, 41(11): 5817-5826.

Li Z, Pan M, Santangelo TJ, Chemnitz W, Yuan W, Edwards
JL, Hurwitz J, Reeve JN, Kelman Z. A novel DNA nuclease
is stimulated by association with the GINS complex. Nucleic
Acids Research, 2011, 39(14): 6114—6123.

Yi GS, Song Y, Wang WW, Chen JN, Deng W, Cao WG,
Wang FP, Xiao X, Liu XP. Two archaeal Recl] nucleases
from Methanocaldococcus  jannaschii  show  reverse
hydrolysis polarity: implication to their unique function in

Archaea. Genes, 2017, 8(9): 211.

Burdett V, Baitinger C, Viswanathan M, Lovett ST, Modrich

[19]

[20]

[21]

[22]

P. In vivo requirement for RecJ, ExoVII, Exol, and ExoX in

methyl-directed mismatch repair. Proceedings of the
National Academy of Sciences of the United States of
America, 2001, 98(12): 6765-6770.

Ogino H, Ishino S, Kohda D, Ishino Y. The ReclJ2 protein in
the thermophilic archaeon Thermoplasma acidophilum is a
3’5" exonuclease that associates with a DNA replication
complex. Journal of Biological Chemistry, 2017, 292(19):
7921-7931.

Simon AC, Sannino V, Costanzo V, Pellegrini L. Structure of
human Cdc45 and implications for CMG helicase function.
Nature Communications, 2016, 7(1): 11638.

Nagata M, Ishino S, Yamagami T, Ogino H, Simons JR,
Kanai T, Atomi H, Ishino Y. The Cdc45/RecJ-like protein
forms a complex with GINS and MCM, and is important for
DNA replication in Thermococcus kodakarensis. Nucleic
Acids Research, 2017, 45(18): 10693—-10705.

Xu YL, Gristwood T, Hodgson B, Trinidad JC, Albers SV,
Bell SD. Archaeal orthologs of Cdc45 and GINS form a
stable complex that stimulates the helicase activity of MCM.
Proceedings of the National Academy of Sciences of the

United States of America, 2016, 113(47): 13390-13395.

http://journals.im.ac.cn/actamicrocn



230 Tianle Wang et al. | Acta Microbiologica Sinica, 2021, 61(1)

Expression, purification and characterization of RecJ nuclease
from Archaeoglobus fulgidus

Tianle 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 and purify the Rec) nuclease gene (AF_0699) from Archaecoglobus
fulgidus, identify and analyze its nuclease activity. [Methods] Recombinant Rec] nuclease (AfuRec]) was
expressed in E. coli and purified by affinity chromatography. The enzymatic properties of AfuRec] nuclease were
characterized in vitro using synthesized oligo (deoxy) nucleotides as substrate. [Results] AfuRec] nuclease has a
single-stranded DNA specific 3'-5' exonuclease activity, which depends on the divalent metal ions Mn*" or Mg*",
and the catalytic efficiency of Mn®" is significantly higher than that of Mg”". The optimal reaction temperature is
between 55 and 65 °C. The presence of high concentration of NaCl decreases the exonuclease activity of AfuRecl],
and cleavage percentage greatly reduces at 200 mmol/L of NaCl. AfuRec] shows 3'-5" exonuclease activity on
single-stranded RNA, higher than that of single-stranded DNA. The 3’ terminal phosphate group inhibits the
AfuRec] nuclease. AfuRec] has different preferences for substrate length. It can effectively hydrolyze ssRNA =4 nt,
and ssDNA =12 nt. Moreover, the hydrolysis activity of AfuRec] on dsDNA with special structure (3’ overhang
and 3' fork) is similar to that of ssDNA. [Conclusion] The nuclease activity of AfuRec] depends on the Mn?®
can cleave ssDNA and ssRNA with a preference for RNA substrate.

and

Keywords: thermophilic archaea, DNA repair, RecJ nuclease, nuclease

(KL Ft4h: =%)

Supported by the National Natural Science Foundation of China (U1832161)
"Corresponding author. Tel: +86-21-34204378; E-mail: xpliu@sjtu.edu.cn
Received: 20 March 2020; Revised: 22 May 2020; Published online: 8 July 2020

actamicro@im.ac.cn



