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I A B Sulfolobus acidocaldarius #% B A HHEE V BIEHFIX S
fifg = 43 11E
REH, WEM, Bpnh

bRl A AR AR B, AU E R e, Bl 200240

WE. [ B ] Fkalifbrg g g 21k i i (Sulfolobus acidocaldarius) A% iR N VIV (Saci_0544), X
LA R N D) I 135 1 B Bl FRAE A T4 5 [ I3 ] ¥4 Sulfolobus acidocaldariusi g N VIV (SacEndoV)
TERGFF R AT E A RS, KR MZai b3 2 Bbnta o A A A W 28B40 05 1 SEAZ R AR
JEE W, 45 7 SR TR s T e g M P Uk B R, %5 5 SacEndoV X R Ry 451 9 B A T RIS 4 A9 B DD IS
[ 2553 ] SacEndoV4: Sk B 4] 5 it 4 UL TF (Deoxyinosine) 45 /G DNAJE Y, B 4 4 B 55 DNAJE Y .
SacEndoV7E70-95 °Cilit B 5 il P B IG M 8, BES MEAK T i &R B 7, Mo* b (BB e T, Hin
FERNpH7.5-8.0, 155 T200 mmol/L i NaCl<s W S A il BT U135 1k o 451475 DNAH I S L 3 i AH &R 1)
I8 AW A T R 11 285 1 56 B P % SacEnd o VIR I B U AH I IS H 2 A BB, e AR LT 3 i JC i 5
{37 s B A AE 115 SacEndo VAN REAS DI T L 5 DNA. IHLAh, 220 5E SacEndo VA T3 ILTF AU G RNAJE Y
HATYNEE . [ 4518 ] AWF5EIUESESacEndoV & —F LR A e N DIV, %55 B8 S LT (9 451 15 DNA
HAFE P VDB M, HE D H7E Sulfolobus acidocaldariusfA Py 245 i A WLITF VIR & 5 .

KRR MERGET, FEIRIERRALIM R, RN UINE V, BRI

DNA Sy 20 0 o 8 B2 (st A5 W 0 (e AUMTE A A 5 R 2B, 4 Fh DNA Bl
X, Hl TSN R R A9 3 R (IRIERS, iR e 0 S R ) 2 & A i 24 ik
IR, DNA £ & AR FERERE M AN DNA - BB, 435077 A B RS | BRI e R T VA i i
LAY I 2 B AE B T DNA B el 2 —, KWy A I R RIS A A A IR
D R KA SN A K kA, WRTREH —L87 K5 AE DNA Sl AR 45 2085 8 DNA H
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P T 058 2 R 25 AR 4y R0 i e 5 ) T %o A
AR, ARH B IR LA AR A B AR, u
T A BRI 1 i 42 IR 1 (dA, deoxyadenosine),
— T, —SERABE RS YRR B T
DNA i) i AU A 2B T 20 T, AT 800 48
ALF(dl, deoxyinosine) (& 2-A). 5 — 7, —
FKMFFr i (ADA, adenosine deaminase)fgf%
Kl ) dA Fedb oy di, J5 o BB RS A I BT IEE
WA AT R I A T L g R A PR R AL
(dIMP, deoxyinosine monophosphate), #A 5 #F—
AR Sk = W B 4L TE (dITP, deoxyinosine
triphosphate) . dITP 29838 ik dATP 1) B & i 2
BB 4 o 1 DNA Ziilid#E b, DNA RE Mk
dITP YE M EH, Ho 5 i Ui (dC, deoxycytidine)
BeXE, M-S BH AIT #7258 CIG Y5748 .
X} DNA $5i5, AWk ik 1k s 2 Fp 2wl g
DNA #7548 2 ok o Horb, LR s IR 1B 52
(base excision repair)i& 1% i i bi 3L AR 2% DNA
Wl L Ak i (alkyladenine DNA glycosylase) %1 H
RESE— R YIBRARS DNA F i i E WL,
SR, Ry R A LT 3 J i 28748, A= A 4 i
W K — R R 19 B B AL i DD B & 2
e, ZVUKEBEERHERANTE V
(endonuclease V)i 14 .

BN UG v BHEAC R A 7K AR AL T i 4
WL 3o B 56 — N WER R, T il — > 353
M—A SR I, H HAE & A b A NLUH
DNA #if F I s~ 110, R VI V )
RIF KA, th KA nfi 3K g as
BE— 58 F W EcoEndoV 7EMRAN AR 1Y
W, ALHE 4 B B 5k (base mismatches), AP fif
J5 (apurinic/apyrimidinic sites), LA K —SE455% )

DNA Z5#E°1 gsh, sl BFoiEss, kX
AT B PR P, EcoEndoV 7EM& & & A it A LT Y
7451 DNA 33 T v % 45 S s A FH T2 i i o
TR IR NG V AR H B (Thermotoga
maritima)#Z iR N U V (TmaEndoV) Y 4E 1k iff
SEAE 52 H 2 A 5 EcoEndoV AL IS 4 45 Sk
e — R U] TR NI V R EYIR
SRR BLEN P, sk, X F EcoEndoV Al
TmaEndoV k45 1 g A M %R N YT V11
JEC 0 AE ) R A AL T B P T O e R T,
BNV V fEAE, HEMEZAEY
3 A A i AN 1 R RSP A PO A R A R
NI NR IR N VIIE V & 215 3R AE, H
Xof & B B L 32 45 DNA B Ho 40 N V%
MRl VBRI S E BAh, A
7 B2 — AL 42 A KA N VTG VAR TR
AR BEAZ TR I, HUR S 5T U1 UL ) RNA
KW, HAE RNA AU h AN B 7E M. 7
EH, SEFZBRAYIE V T BT E
B . N 2 Bk i (Archaeoglobus fulgidus) iy
R NYIEE V (AfuEndoV) &5 — M R IE 1Y
TRAZRAYIE V, ZERANDIE VRS
YL 87 U1 & A AV B9 DNA 44, ng
& I #ER & (Thermococcus barophilus) ) #
RNV EE V (TbaEndoV)[E # B A #k 58 AY JiE
Yy 5 S eSSk U8 T 38 51 ok 3R B (Pyrococcus
furiosus) i 1% 2 N U1 EE vV (PFUEndoV)#I XT3 i
SANUE 952 158 DNA R ILH 59 RNA JEE P 17 18
7 MR A A% R A D) i VOB T O A I I
P 4% i J A J 1 (Ferroplasma acidarmanus)H
WFIE K B — D FRIR I BB R N VTG V, &
IS AR X, B A =28 I 2 e el A (U v
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MRS, PR E F 0 IEER% ) i DNA B8l 0 B A5
L7/

B AL I T4 (Sulfolobus) & — 2 J& T 5% A 114
% ity g iR W8 P4t TR . S, acidocaldarius fE 1% 7E
75-80 °C iy i B AR KT PR A5 AR X 45 vy ) 2 (A 401
g PRS2 % F S, acidocaldarius 7EA% i FR 4%
Hh ORFFAE X B B R S A8 B B R, T T e AL
MR IEE RS T 2™, Wik, H
IR AR N YIEE VAR DI RE TS, AN SCE
it Fikaifk S. acidocaldarius HIAZER NI V
(SacEndoV), fE{A4N%} SacEndoV (A% BR B P
DL Tl 2 R P A T TSR

1 AR

1.1 #ret

AR I S. acidocaldarius B bk i 7 =
ISR K27 Albers FHRITG o K 7 AT 16 1A Bk
DH5a, Rosetta (DE3)Ig A bt X & WH AR A
RN E], FIREAK pET28a (+) WA LI % {717
RT3 38 B 0 56 RDE A e Rk Bk ny 51 1 24 th
A TTAY TR B A R A G . T
ERLIR N VIMG VTE 2k A543 B2 A% 1T R IS 4 Fh 41
W A= I EOR (3 ) A BR A Rl G A, RNA Y 5
AV TRORE)ERA RS, JKYIFIIILE 1.

F 1. B TFT#3E SacEndoV #% B NIEE V B EREYFF

Table 1. Substrates used for analyzing endonuclease V activity of SacEndoV
Sequences (5'—3) Damages Comments
*CAGCCAGGTGTCTCACTXAGCCGACTCGCCACAGT X=dl Deaminated base
*CAGCCAGGTGTCTCACTXAGCCGACTCGCCACAGT X=dU
*CAGCCAGGTGTCTCACTXAGCCGACTCGCCACAGT X=dX
*CAGCCAGGTGTCTCACTXAGCCGACTCGCCACAGT X=dSpacer Apurinic/apyrimidinic site
*CAGCCAGGTGTCTCACdIXAGCCGACTCGCCACAGT X=dSpacer
*CAGCCAGGTGTCTCACdIXAGCCGACTCGCCACAGT X=Spacer C3
*CAGCCAGGTGTCTCACdIXAGCCGACTCGCCACAGT X=Spacer C9
*CAGCCAGGTGTCTCACTXdIGCCGACTCGCCACAGT X=dSpacer
*CAGCCAGGTGTCTCACTXdIGCCGACTCGCCACAGT X=Spacer C3
*CAGCCAGGTGTCTCACTXdIGCCGACTCGCCACAGT X=Spacer C9
*CAGCCAGGTGTCTCACTAAGCCGACTCGCCACAGT No damage Normal strand
*CAGCCAGGTGTCTCACTTAGCCGACTCGCCACAGT No damage
*CAGCCAGGTGTCTCACTCAGCCGACTCGCCACAGT No damage
*CAGCCAGGTGTCTCACTGAGCCGACTCGCCACAGT No damage
ACTGTGGCGAGTCGGCTAAGTGAGACACCTGGCTG No damage Complementary strand
ACTGTGGCGAGTCGGCTTAGTGAGACACCTGGCTG No damage
ACTGTGGCGAGTCGGCTCAGTGAGACACCTGGCTG No damage
ACTGTGGCGAGTCGGCTGAGTGAGACACCTGGCTG No damage
ACTGTGGCGAGTCGGCTXAGTGAGACACCTGGCTG X=dl Deaminated base
ACTGTGGCGAGTCGGCTXAGTGAGACACCTGGCTG X=dU
*CAGCCAGGTGTCTCACTXA X=dl Marker
*cagccaggugucucacuxagccgacucgecacagu X=l Deaminated base
acuguggcgagucggcuuagugagacaccuggeug No damage Complementary strand

*: fluorescent group FAM; uppercase: DNA substrate; lowercase: RNA substrate.
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DNA Ladder. #[1 Marker. PrimSTAR DNA %
A HEIW H TakaRa A\ o SR AL R BOAR &
R HEBGA &, PCR ™ ¥4l 4k A e [ml i ik 5+1)
%5, Brandford &1 ¥R JE I 2 B0 &390 A A4 T
AV TR(EE) KM A RA A, ClonExpress Il
One Step Cloning ia{ 57 & W H 175 ME 78 2E YR B
MABRAT . Ni-NTA H A 2L SN Bio-Rad
NI
12 RiXBEHE

L S.acidocaldarius 3K 20 DNA E B ,
i PCR § HIAZ IR N V)G V (Saci_0544) AL
1E 10 5191751 4 5'-GCAGGCTCGCATATGGAAG

ATTTTATGATAGA-3', M 5|¥)745]k 5-GCT
GGGTTCGGATCCTTATTCTTTTTTCTTTAGCT
C-3', FFJH PCR ¥ 3 (1 Jr b 2k Ak pET28a Jii ki,
1E 1 51 4 )7 %1 N 5-GGATCCGAACCCAGCAA
TTCGAGCTCCGTCGACAAG-3', F il 5| ¥4
H 5'-CATATGCGAGCCTGCACCCTGGAAGTAC
AGGTTTTC-3', PCR *#J% PCR ¥ 4lift i
&4k, FH ClonExpress || 40 5o e iat ) £ 34 4
IR N UIE V SR AL pET28a JiokL, HX
WAL KRG DH5a, PRI
PE 7% PCR %€ M el , JEiE4T DNA I,
W R N VI VLR )P 91 e B e o iR, I
LARAE IR A pET28a(+)-Saci_0544,

1 pET28a(+) -Saci_0544 fy F& fif b, X
SacEndoV & Rl JEAT 28748, LM@@S’%@?%%EMS
Pl pET28a(+)-Saci_0544 Atk , i#id PCR 41
BRIBBIK, Em5IHITFHIH 5-TGGTGTTGCC
ATAGCTTATAAGGGAAATATAG-3', [ [0 514 5%
%1%y 5'-AAGCTATGGCAACACCACATAAATTC

TTTAT-3'. ¥ PCR =45 ClonExpress Il = 4 Jif}
7 37 °C T # 30 min J5 % LB KA T % DH5a
A, PRECR SRR VR T T DNA M, LA
NGB RJE BT
1.3 E4EAREIREMGL

Y H LR H A pET28a(+)-Saci_0544 #:1k
F| K HTF 1 Rosetta (DE3)EZ 24 rf . HREPH
PEBA T AR 47 50 pg/mL KA R A9 LB WA ks
IR HE P BRI IEFE . R RT3 5 R W
ODeoo i5 %] 0.6-0.8, [ K 3= H m A IPTG
(isopropy-B-D-thiogalactoside, 5575 FEHi /L2 H,
B ) B &M 0.5 mmol/L, 20 °C }55% 18 h,
BREMHAENRK, HREmE, BO03@4 °C,
8000 r/min, 4 min)CAE A A4 . PRI IE FH 246
2% M (20 mmol/L Tris-HCI pH 8.0, 300 mmol/L
NaCl, 1 mmol/L PMSF, 10%Hh)EE, Jiid
7 LR . B0 435 (4 °C,, 10000 r/min, 40 min)
2L Y)W FIE W . # NI-NTA B4 I 3
FAZHTRE T, B b R AR i SR AR 2 op
WAE 4 °C T ¥4 Ni-NTARE 1 h, K5, e
O FIEBMA RS, 10 AR Bk
2% 4P (20 mmol/L Tris-HCI pH 8.0, 300 mmol/L
NaCl, 20 mmol/L Bk, 1 mmol/L PMSF, 10%
H) Ve IR, ZBRAERE S S G 1 R A R
Mo BAeE A LIS /b (20 mmol/L Tris-HCI
pH 8.0, 300 mmol/L NaCl, 300 mmol/L FBKB%
1 mmol/L PMSF, 10% H ) e I Wi £ . 38 i 15%
SDS-PAGE i € 4 11 i i 73 7 1 Je 4l i, ik
2 H bR E R 204 A 22 vh (20 mmol/L
Tris-HCI pH 8.0, 100 mmol/L NaCl, 50% H i),
B I B i Bradford 2590 5E .
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1.4 SacEndoV WIEZIREE V I M &

FHLAKE M SacEndoV (A% R N VI V {6 14 1Y
HEERTRIKYFIIER 1, WY 5w A
FAM Z&thRIE . Kt 5 FAM ARic i) S IS
5 H R A TR K% ol (20 mmol/L
Tris-HCI pH 8.0, 50 mmol/L NaCl)tf, 80 °C Jin#k
5 min, AAMKREER, B X BAGERY .
SacEndoV A9 A5 M i M I A2 iz AR R (20 pL)f
$%i: 20 mmol/L Tris-HCI pH 8.0, 1.0 mmol/L
MgCl,, 1.0 mmol/L DTT, 50 nmol/L %¢5¢hric g
YA [R] M B 1 SacEndoV 2 1. AR IS M
JWAE 55 °C R 4T 15 min, fIA 20 pbL Sz %%
13 (50 mmol/L EDTA, 0.2% SDS, 0.1%7 i},
90% F L% ) 2% 11 SN o K S W RAE 95 °C ik
5min, JFFEK B ANE, 37 RS BRI A
8 mol/L JRZ Y 15%75 P 2 445 ot Rl 358 e vh i A 7
Mk, HIKES RS, BEH Amersham Typhoon
RGB EW) 73 ¥ BUSAA i UG, LUK 45 2R 1
s3HriE s ImageQuant #XAFHAT .

SacEndoV 1Y Ak AL R R AE o S N i JE X
SacEndoV i 7k 5% M 1) SE 3 7E 40 °C 2 95 °C [ J2
AR EE R #E4T 15 min, S 2% K (20 pL)ZH Bh
20 mmol/L Tris-HCI pH 8.0, 1.0 mmol/L MgCl,,
1.0 mmol/L DTT, 50 nmol/L % 6hric ik . fii i
ANE M E T (B Mg* . Mn*, Zn*", Ca**,
NI, Co®") ke #f 22 5 F Ff 25X} SacEndoV & ¥ 1
S, ROV AR R AR R
1.0 mmol/L, FWAE 55 °C F #4715 min, Mg**
I M F) A B vk B A AR S 56 9 Mg R Min®*
(R BE YW Bl > 0.1 mmol/L % 8.0 mmol/L, S 7
55 °C Fi#tAT 16 min. i@ i 7EA R SO pH T &
FiETE 1, 5 SacEndoV MU AE W pH. pH i

actamicro@im.ac.cn

Fil & 5.0-10.5, JZ i #E 55 °C F#EfT 15 min,
MES-NaOH il % pH 5.0-7.0 W& b, H
Tris-HCI il & pH 7.0-9.0 #Y2E m , Fi] Gly-NaOH
il % pH 9.0-10.5 %z i . SacEndoV Ay £h 44
SEuG R, 2N 2% B NaCl il 28k B 4351 A 50
100, 200, 300, 400, 500 mmol/L, JZJWfE 55 °C
T #4715 min,

2 HERAPAT

2.1 SacEndoV RHRIERA K RILLL

¥ pET28a(+)-Saci_0544 Fik# A%k 3|
E. coli Rosetta (DE3) % ik I # H i 3 £ &
SacEndoV & [, Fikaifb45 L W E 1-A. HAM
i 28 15% SDS-PAGE HLyk Al , 2 7< B 2 i H 1Y
EHKW, HREAMEE AT 900%L 1. il
5irfEE 1 Marker Heis, HbRE R FEAHN
23.0 kDa, 5 SacEndoV Ry FEi115.1H(22.65 kDa)
HFF

XJ PfuEndoV HyBIF5E R M, 578 35 (K
K GAMRIR I T BOZ M S AR P DI V36 P,
It HAE TmaEndoV AYAHF 5 Hr PN 32 R <1 24 2 R 5%
SRR ANYIG V 2546 Mg 1 & Bl s SE iR k3t
e S N AN TR G 1 5 7 G e R ST )
A% R W YTEE VT8 ST 2 )7 4 L o B
(K 1-B). &5 R W], PfuEndoV iy 35 fii i R4
2557 SacEndoV D K HoAth 2 5 X AR Y
DI VP80 v e BEAR AT o AEBCEERE b, A SE R
BT 37 ALRAERRIREL I AL NN AR TR
By SacEndoV Jk TE S B4R, AE O BF AR A
SacEndoV HFAPEXT IR, 40t 5874 AY SacEndoV
ME M REGMAFTE, SRRTBEREA
SacEndoV-D37A (Kl 1-A).
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(A) SacEndoV
kDa M Ul I PI P2

130 — == &

100— == &

70 — W

50— -

35— .-

25 — .- . .

@ . < Purified protein

-
i

20 — ..
15 — -

(B) SacEndoV [EEpFMIEF. .@sxifiriBrvBTIBRLGHEN. | . . IENLCEEE

PfuEndoV

TbaEndoV

TmaEndoV

EcoEndoV

SacEndoV D...GKDYFEEYVXGKYDEEEEREERE LMMK] SF..QC

PfuEndoV =rfEGcERIKTETIVTTYE . TXPIWMLEVKDE . . NF|

ThaEndoV sFjZECaBLKARYV I ETND) TREVMLIAIRGE. . TF|

TmaEndoV FEQLEVVSERGEMT o GELF K ESLRTKP

EcoEndoV &y EvE YBEVARTATTIE ( YIgAL LSQKP)

SacEndoV Rsx@vEorvEEGETN. ... ... ... FIVVNGDKVG Y 157
PfuEndoV 1z88 VSKEDTY sttt i e e 145
TbaEndoV dcoiRE . YPEGEL. ... 149
TmaEndoV 1 ASRMYE®TFKMPEDKRCSWSYLYDGEEIIGCVIRTKEGSEPI 179
EcoEndoV g RBCEK FEPLSBEPGALAPLMDKGEQLAWVWRSKARCNPL 172
SacEndoV MYET@NKVTDDVVELSR. ... .. NGY FEYTENIR DRT, S Kiiat< e N 196
PfuEndoV |3 RIYEK . LLDEMeN42Rd I AISBIARGESREKE. . . . 191
TbhaEndoV V@S KIMYE . . MVNEMehgid=in= .&.DHLSK ........ 190
TmaEndoV EESKRLWKAFTLPGRRI|EETELEE . MY TQRLEKGLE. . . . 225

EcoEndoV |3ATEHRVSVDERLAWYOR . CMKGYRL|FEETEWENSAMASERPAFVRY TANQ 222

1. SacEndoV R H%KERT{K(SacEndoV-D37A)RiE Lk

Figure 1. Expression and purification of SacEndoV and its inactivated mutant SacEndoV-D37A. A: 15%
SDS-PAGE analysis of recombinant SacEndoV recovered from induced E. coli cells. The gel was stained with
Coomassie Blue R-250. Lane M: molecular weight marker; lanes Ul and I, uninduced and induced E. coli total
proteins; lanes P1 and P2: purified recombinant SacEndoV and its inactivated mutant SacEndoV-D37A. B:
Multi-alignment of different endonuclease V sequences from archaea and bacteria. Asterisk indicates the
conserved residue mutated in this study. The dashes indicate gaps. Identical residues are shown in black boxes.
Residues with conserved and semi-conserved substitutions are shown in gray boxes.

2.2 SacEndoV BRI YIEE V M5 K/NGE 4 —FU B — 5417 (8] 2-C), %K B SacEndoV

SacEndoV xf FAHFFE I i 5145 DNA i A SURL X RR T VIR V iR A Oy Tk —
YIRS EIHLE L 2-B, ZadtArdeixma N YIEE v SacEndoV MR AV V IS TE, MAHEA AE
TEVEINE R, N Y B S kR Marker  FCXT 2 XUEE 5 4 DNAJEE )6 SacEndoV 1)

http://journals.im.ac.cn/actamicrocn
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BIUIE (A 2-C). Z5 A R SacEndoV X A7 3L
B DNA RV B A RN YIEG V &M, (HA
F 54 DNA, SacEndoV Xt X DNA (185 Y] G Pk
XA, [RIBT, SacEndoV fif) 4k 1 28 A8 (A X 2
HEFOBUEER 5 DNA IRYI A HAA BT UG, R
Y A= %1 SacEndoV MR N VI V iEMEAEK A
Al R b sk BRI R AL R N YTRE V 75 0%

AT —HHRSY SacEndoV 2 75 LAk B 4K
i 7 XY U145 DNA IRY) . AWKl 2-D Hal &/
i, SacEndoV XJ#5i15 DNA JEE) i 5 U115 M 1 30
WV BEMRIME , L T A Y T v T 5 o A
A 7] 0 v B T, SacEndoV X T-Hi4 DNA JIEY)
OTE P 2 T B DNA Y, Ui W 7E A 4h
SacEndoV fii #f- HLEER A 4511 DNA JEY) -

XFF PfuEndoV MR R EA HKLITF A
KRR NI V % F RNA Y5240, A4
WFFE I AR5 T SacEndoV & & H AT 41 % RNA
AT U A A ILFE (1, Inosine) B 9 H) 1 6 12
gEBYNE 2-E fifR, SacEndoV Xt T4 |l FE I
W RNA Y HAG B B85 DI isok,  FLXF et
RNA RV BT U1 1 T 0 RNA, Al L, 7E
41, SacEndoV XtF 7 | ) RNA JEY HA BT Y)
e, HHXT TG RNA W8T IS 1 5
5115 DNA JEWALIY . [FIES, SacEndoV B2k i&
AR T HABE FINEE RNA YR 30 5
PTG e, 2B HEHXTT RNA WS A2k B
TAHMEE A BT5 G
2.3 SacEndoV A AL45 i i FRAE

SacEndoV ) A il iE HA ML (4% R 9 1)
fE VO, CAUE— TR AR R, ARBFST

actamicro@im.ac.cn

STZBEEAT T A L RAE, S5 WL 3. Y iR
J¥ k1 40-65 °C A, SacEndoV fYJEE #1 5 Y1 R AH X}
AR (8%—65%) . M J i i B /=5 T 70 °C K,
SacEndoV MG ME 2RI, IR BT Ul Rk
100%, H Ffi% it B 7t = SacEndoV A JiE 4 55 U]
KHEANFEEW(E 3-A). Hit, SacEndoV 7E
70-95 °C 1k BE YU Il o HA AR A% R T4 D) Tl
Vi

ST WRImE AT BAZER P9 DI Vs,
AHFFEESE Mg?t . Mn?*, Zn?* | Ca®". Ni?*Fl Co*
WRIEA R M 42 )@ B 7%t SacEndoV i 1 B 5% i
(El 3-B). M Wik R hdim zn* Fl Ca®",
SacEndoV B A KRN ST UG YE . SR, 24 Mg .
Mn®* | Ni®*Fl Co*" f¢-4Em}, SacEndoV Xf T 7 it 4
WLTF 9 DNA ISP 35 2 30 B 8 1% 5 D) 3 1
I, SacEndoV 1% R N Ul & P L) A0 & )8 B
TR B 7, &R AN &85 5 10 4B
£} Mg®*>Mn®*=Ni*">Co?*>zn*~Ca®*, It4}h,
Kl 3-C KW, kR Mg Mn® il
SacEndoV A% N VI i 1 . {H SacEndoV Xf T
Mo®" 1 it 52 it J3 AR G B, R dme P I i W JE
0.5-2.0 mmol/L YL P

AR 3-D 4558, SacEndoV IRt i i
pH IX[E]2N 7.5-8.0 7EAHXT o8 BIMR L MG pH
76 Bl (pH<6.5, pH>10.0), SacEndoV i 2wl
REAR, HF50022Y pHAK T 5.5 B, XA KIS,
A1, SacEndoV fAERY S 1 NaCl ¥k B2 i ik T
50 mmol/L (/& 3-E). 24 NaCl #¢ £ 7 T 200 mmol/L
B, LB Y) G PE 2 2] W] i, 2B SacEndoV
it v B NaCl A Hagifi 32k
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NH, 0
(A) N . N
RN
</ ’ N </ l NH
L o N) I oV N)
0 Deamination o
R
o] 0
I I
Deoxyadenosine (dA) Deoxyinosine (dI)
(B) EndoV cleavage site
5-FAM-CAGCCAGGTGTCTCACT IAGCCGACTCGCCACAGT -3’
3 GTCGGTCCACAGAGTGATTCGGCTGAGCGGTGTCA-5'
1 18 35
(C) SacEndoV SacEndoV-D37A
M ¥  *IVA */T *I/C  *I/G  *I/T  */U  *  *IJA
SacEndoV X L B U R S TN

Substrate - -_-_..-,,.-_---__.--_“

Product < = 9 e e e —

Cleavage/% 99 79 83 61 84 45 86 0 0
(D) * *UT
SacEndoV/(nmol/L) 0 2.5 5.0 10.015.020.0250 0 2.5 5.0 10.015.0 20.025.0
Substratc - e e -l ol san = —
Product T e Sy Ry Yy = T ——
Cleavage/% 22 39 99 99 99 99 5 26 49 78 99 99
(E) SacEndoV SacEndoV-D37A
M *] *1/U *] *I/U
SacEndoV — + - 4+ -+ -+
Substrate — M —— — - —
Product M- — -—
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2. SacEndoV 1#ZE& N 1IEE V JE N E

Figure 2. Determination of SacEndoV endonuclease V activity. The reaction mixtures contained 50 nmol/L substrate,
various concentrations of SacEndoV in reaction buffer consisted of 20 mmol/L Tris-HCI pH 8.0, 1.0 mmol/L MgCl,,
1.0 mmol/L DTT. A: deoxyinosine formation from the deamination of the exocyclic amino group of the adenine base.
B: schematic diagram of endonuclease V cleavage mechanism. C: deoxyinosine-containing DNA cleavage of
SacEndoV. DNA cleavage reactions were performed for 15 min at 55 °C with 15 nmol/L SacEndoV. D: effect of
enzyme concentrations on endonuclease activity of SacEndoV. Various SacEndoV concentrations ranging from 2.5 to
25 nmol/L were added in the DNA cleavage reaction mixtures. DNA cleavage reactions were performed for 15 min at
55 °C. E: inosine-containing RNA cleavage of SacEndoV. RNA cleavage reactions were performed for 15 min at
55 °C with 15 nmol/L SacEndoV.
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SacEndoV was added. B: effect of divalent metal ions on SacEndoV activity, 10.0 nmol/L SacEndoV was added.
C: effect of Mg?* and Mn?* concentrations on SacEndoV activity, 10.0 nmol/L SacEndoV was added. D: effect of
pH on SacEndoV activity, 10.0 nmol/L SacEndoV was added. Reaction buffers with pH 5.0 to 7.0 were prepared

with MES-NaOH, pH 7.0 to 9.0 with Tris-HCI

, and pH 9.0 to 10.5 with Gly-NaOH. E: effect of NaCl

concentrations on SacEndoV activity, 10.0 nmol/L SacEndoV was added.
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Figure 4.

Thermostability of SacEndoV. A: thermostability of SacEndoV. Enzyme was incubated at various

temperatures (55 °C, 65 °C, 75 °C, 85 °C and 95 °C, respectively) at a concentration of 10 nmol/L. B: time
course of DNA cleavage by SacEndoV. DNA cleavage reactions were performed for 15 min at 75 °C, 85 °C and
95 °C with 1.25 nmol/L SacEndoV added. C: thermostability of SacEndoV measured simultaneously with DNA
cleavage activity. Enzyme was incubated at various temperatures (75 °C, 85 °C and 95 °C, respectively) at a

concentration of 1.25 nmol/L.
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Figure 5.

Substrate specificity of SacEndoV. A: cleavage activity of SacEndoV on ssDNA substrates containing

I, U, X, AP or normal bases. B, C: cleavage activity of SacEndoV on dsDNA substrates containing different types

of mismatched bases.
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Figure 6. Effect of the structural integrity of specific nucleotide in the substrate on the activity of SacEndoV.
Normal deoxyinosine-containing damaged DNA substrates were used as control group. A: effect of incomplete
structure of deoxyribonucleotide adjacent to the 3’ end of deoxyinosine on SacEndoV activity. Single-stranded
DNA was used as a substrate. B: effect of incomplete structure of deoxyribonucleotide adjacent to the 5’ end of
deoxyinosine on SacEndoV activity. Single-stranded DNA was used as a substrate. C: compensation effect of
nucleotides on the complementary strand for the loss of SacEndoV activity caused by the incomplete structure of
certain nucleotide. Double-stranded DNA was used as a substrate.
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Recombinant expression and enzymatic characterization of
endonuclease V from Sulfolobus acidocaldarius

Wutao Song, Xipeng Liu", Xiaoling Miao”

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

Abstract: [Objective] To express and purify the endonuclease V (Saci_0544) from Sulfolobus acidocaldarius,
identify its endonuclease activity and enzymatic characterization. [Methods] The endonuclease V (SacEndoV)
from Sulfolobus acidocaldarius was expressed in E. coli and purified by affinity chromatography; Oligonucleotides
with different types of damage were used as substrates to identify the cleavage activity of SacEndoV. [Results]
SacEndoV specifically cleaves damaged DNA substrates containing deoxyinosine. Compared with double-stranded
DNA substrates, the enzyme has a clear preference for single-stranded DNA substrates in vitro. The enzyme activity
of SacEndoV is excellent in the temperature range of 70-95 °C. And its enzyme activity depends on the divalent
metal ion, Mg is the best cofactor. The optimal reaction pH of SacEndoV is 7.5-8.0, and NaCl with a
concentration higher than 200 mmol/L will significantly inhibit its cleavage activity. The structural integrity of
deoxyribonucleotide adjacent to the 3’ end of deoxyinosine in the damaged DNA is of great significance for
SacEndoV to recognize and cleave the corresponding substrates. The presence of AP sites at the 3’ end of
deoxyinosine prevents SacEndoV from cleaving damaged DNA. In addition, it has been determined that SacEndoV
has cleavage activity on damaged RNA substrates containing inosine. [Conclusion] This study confirmed that
SacEndoV is a typical endonuclease V with substrate specificity for damaged DNA containing deoxyinosine, and
participates in the repair of deoxyinosine in Sulfolobus acidocaldarius.
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