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Abstract: [Objective] To provide biochemical support for studying the potential function during DNA
repair via systematically characterizing the enzymatic properties of the DHH superfamily nuclease
(Saci0542) of Sulfolobus acidocaldarius. [Methods] Saci0542 was recombinantly expressed in
Escherichia coli and then purified by affinity chromatography. The enzymatic properties of Saci0542
were characterized in vitro with fluorescence-labeled oligonucleotides as substrates by urea-denaturing
polyacrylamide gel electrophoresis. [Results] The recombinant Saci0542 had a typical 3'-5’
exonuclease activity on ssDNA. Its activity was dependent on the divalent metal ion Mn*" and inhibited
by the divalent metal ions such as Ca>", Mg, and Zn*". Saci0542 showed high activity in a wide range
of pH 5.5-10. NaCl above 50 mmol/L strongly inhibited the activity of this enzyme, and the optimum
reaction temperature was 50-55 °C. The terminal phosphate group inhibited the 3'-5' exonuclease
activity. [Conclusion] This study confirmed that Saci0542 was a Mn”*"-dependent 3'-5' exonuclease
with the activity similar to that of NrnA nuclease, which may be responsible for DNA repair or RNA
degradation and recycling in the cell.
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F1 HEREEEMENENEZERIKIBEEFT
Table 1

Oligonucleotide substrates used for determination of nuclease activity

Names Sequences (5'—3") Comments

JLIAL TCCGATAGCCAGATATCTTGACA SFAM

JL3%6  AGGCTGCGGTCGAGTT*G*A*C*A*G*C*ACTGCACGCATTACTGAGCT S'FAM, § (16-22)
JL3%%  AGGCTGCGGTCGAGTTGACAGCACTGCACGCATTACTGAGCT >'FAM

JLI336 A+ G*G*C*T*G*CGGTCGAGTTGACAGCACTGCACGCATTACTGAGCT S'FAM, § (1-6)
JLII74 - A*G*G*C*T*G*CGGTCGAGTTGACA*G*C*A*C*T*GCACGCATTACTGAGCT > TAM. S (1-6, 20-25)
JLHB6  A+G*G*C*T*G*CGGTCGAGTTGACAGCACTGCACGCATTAC*T*G*A*G*C*T - TAM. 8 (1-6, 36-41)
JL386  AGGCTGCGGTCGAGTTGACAGCACTGCACGCATTACT*G*A*G*C*T S'FAM, § (37-41)
JLH66 A GGCTGCGGTCGAGTTGACA*G*C*A*C*T*GCACGCATTACTGAGCT S'FAM, § (20-25)
JLI62  1CCGATAGCCAGATATCTTGACA SFAM, 3'P

JLUT72 1CcCGATAGCCAGATATCTTGACA >'FAM

JLII63  TCCGATAGCCAGATATCTTGACA >'FAM, 5'P

JLII50  ~GAT 5'FAM

JLI065  ecGAT 5'FAM

JL1064  TCCGATAGCCAG S'FAM

JLI74 TCCGATAGCCAGATATC >'FAM

JL307  CTCCAGTGGTGTTCGGCTCCGATAGCCAGATATCTTGTGACGTGACGTGCGT — SFAM

AATGAC

*represents the phosphorothioate group(S) and FAM (carboxyfluorescein, carboxyfluorescein) represents the fluorescent

marker.
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Expression and purification of Saci0542 and determination of enzyme activity. A: 15%

SDS-PAGE analysis of recombinant Saci0542 recovered from induced Escherichia coli cells. The gel was
stained with Coomassie blue R-250. Lane M: molecular weight marker; lanes P: purified recombinant
Saci0542; lanes 1 and UI denote induced and uninduced E. coli total proteins. B: activity assay of Saci0542.
The reaction mixtures contained 100 nmol/L JL.141, and decreasing Saci0542 (1, 0.3, 0.1, 0.03, 0.01, 0.003, 0.001,
0.000 3 pg, shown in lanes 2—9, respectively) in reaction buffer consisted of 20 mmol/L Tris-HCI pH 8.0,
10 mmol/L NaCl, 5 mmol/L MnCl,, and 100 mg/L BSA. A control without enzyme was included (lane 1).
The reactions were performed at 55 °C for 15 min.
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Figure 2 Optimization of Saci0542 exonuclease activity assay conditions. A: effect of pH on Saci0542
nuclease. The reaction mixtures contained 100 nmol/L substrate JL141, and 0.003 pg Saci0542 in reaction
buffer consisted of 20 mmol/L buffers with pH value ranged 5.0-10.5 (MES-NaOH (pH 5-6.5), Tris-HCl
(pH 7-8.5), and Gly-NaOH (pH 9-10.5)), 10 mmol/L NaCl, 5 mmol/L MnCl,, and 100 mg/L BSA. The
reactions were performed at 55 °C for 15 min. B: effect of ion strength on Saci0542 nuclease. The reaction
mixtures contained 100 nmol/L substrate JL141, and 0.003 pg Saci0542 in reaction buffer consisted of
20 mmol/L Tris-HCIl pH 7.5, increased concentration of NaCl (0-200 mmol/L), 5 mmol/L MnCl,, and
100 mg/L BSA. The reactions were performed at 55 °C for 15 min. C: effect of metal ions on Saci0542
nuclease. The reaction mixtures contained 100 nmol/L substrate JL141, and 0.002 ug Saci0542 in reaction
buffer consisted of 20 mmol/L Tris-HCI pH 7.5, 10 mmol/L NaCl, 5 mmol/L divalent metal ions of Mg2+,

Mn2+, Ca2+, Fe2+, C02+, Ni2+, Cu2+, and Zn2+, and 100 mg/L BSA. The reactions were performed at 55 °C for
15 min.
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Figure 3  Effect of reaction temperature on Saci0542 activity and the thermostability of Saci0542. A: effect
of reaction temperature on Saci0542 activity. B: the thermostability of 3'-5’ exonuclease activity of Saci0542.
The reaction mixtures contained 100 nmol/L substrate JL141, and 0.002 pg Saci0542 in reaction buffer
consisted of 20 mmol/L Tris-HCI1 pH 7.5, 10 mmol/L NaCl, 5 mmol/L MnCl, and 100 mg/L BSA were

incubated at 55 °C for 15 min.
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El4 FRABBEREE(PT)E By /K iR

Figure 4 Hydrolysis of phosphorothioated (PT) ssDNAs. 5-FAM-labeled 42 nt ssDNA (100 nmol/L) with
or without phosphorothioate modification were incubated with 0.003 pg Saci0542 at 55 °C for 15 min in
reaction buffer consisted of 20 mmol/L Tris-HCI pH 7.5, 10 mmol/L NaCl, 5 mmol/L MnCl,, and 100 mg/L
BSA. The sequence and phosphorothioate modification are shown in Table 1.
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23 nt ssDNA
Phosphate - 3 - 5’
FAM 5’ 3’
Substrates  JL141 JL1162 JL1172 JL1163
Sacios42 - + - + - + -+

Percentage of
product/% 07 057 0 0 0 5

El5 RimAEERE 3T Saci0S425MIERE M A 2
Figure 5 Effect of terminal phosphate on the
activity of Saci0542 exonuclease. 3'/5'-FAM-
labeled ssDNA (100 nmol/L) with or without
terminal phosphate modification were incubated
with 0.003 pg Saci0542 (1 umol/L) at 55°C for
15 min. The reaction mixtures contained 100 nmol/L
substrate JL.141, and 0.003 pg Saci0542 in reaction
buffer consisted of 20 mmol/L Tris-HCI pH 7.5,
10 mmol/L NaCl, 5 mmol/L MnCl,, and 100 mg/L
BSA, and were incubated at 55 °C for 15 min.

nt 4 6

Substrates JL1150 JL1065 JL1064 JL174 JL141

2.6 AEHEE B ssDNA X Saci0542 5
AR B2

0T AN [ 4 BE (¥ ssDNA- X Saci0542 1)
3N R, Bt T — R K B
ssDNA, 255K, Saci0542 i H 4 1Y
ssDNA, T 12 ntflKJF K TF23 nthyssDNAK
il 2R R (K 6)

3 itk

W TSR WRE PR AL M 5 S, acidocaldariusEE
fEAETS °C, pH 2.0—-4.009 5 F LIA X B 1Y
AL, NS, acidocaldariusTE 4EH5 LA
Rt mn—EZ 8 Z Y, e
FTE T, RecIA% IR EAE IR ST G 2 5 5k
AR R D gERR LN A R e k. ST,
ACXFS. acidocaldariusw 5% DHHM K A% 1%
i Saci0542F 4T T A RKIK . 4lifh 5 BF2=RHAE
O3t e SRR, ZNERERE/EpH 5.0-10.56¢ Tris
% MO h R R R AN UD B IE 1, SR dEpHOA

12 17 23 42 58

JL394  JL307

Saci0542 -

Percentage of product/% 0 0

BEl6 A EHKE HIssDNAXTSaci05425M 16 1489 %210

Figure 6 Effect of different length of ssDNA on the activity of Saci0542 exonuclease. The reaction mixtures
contained 100 nmol/L ssDNA substrates, and 0.003 pg Saci0542 in reaction buffer consisted of 20 mmol/L
Tris-HCI pH 7.5, 10 mmol/L NaCl, 5 mmol/L MnCl,, and 100 mg/L BSA, and were incubated at 55 °C for 15 min.
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7.5 (E12). Saci0542#iE pHA HAth 1 B () Nen il
Rec] # MR B 25 1) (MjRecJ1 . MjRec]2 UL f&
ApeNrn ) 55236 2% o il pHYY A 7.5, g 4h,
R, 7E0-20 mmol/LEYNaCIfE7E |,
Saci0542 RE % X ssDNA & B i #5561 4% R S V]
it P4, T 24 R vk B2 R 1 50 mmol/LJ5 , Saci0542
WiV 58 2% R %, 200 mmol/L NaC X i 7% M ()
PP HIFR B 1590% , X R W Saci0542%f £k iy i 52 14
BAL, X5MjRecl1 fIMjRecl2Z5 L, ¥ HEETE
fIRER 15 B0 T 7R 48 R TG ). Saci054211
1% R NI RIS T A% AR T M, SR B
5 mmol/L, 75 H A4 &7 Hh ok WA 3 Hx
TR MG TE P, 3X 5 TaRecI 242 4% [ Mn> & #i
AN R ISP . 36 F Saci0542 A i~ 5
TE A A, Rl i S AR 2R O 20 mmol/L
Tris-HCI pH 7.5, 10 mol/L NaCl, 5 mmol/L Mn*,

Saci0542 5 i S 0 Ik I AR E M40 i &
B, Saci0542 H HAT AHXS 8 s i # i, IF AR
SRR, XPPE LS TaRecl 1% 1R il 2
L. /X4 Thermoplasma acidophilum J2& Vg &
Pk, {HTaRecI 1L ANJE ™ 4% AT PR 11, HLSOW
() 5 3 T EE A 45-55 oCU 0 ip Ak, FRATAR IR
Saci0542%F i A i R 1 IS 40 1) 7K ik 25 R g T
Saci0542 J& 1 F 3-5' M Z R AP VI g, X 5
ApeNrnB . MjRec]2F1TaRec]2 45 1 F# 2% IR il 1
e PEAR TR, {H 55 20 B B Recd 12 2 T 7K A A 7E A1
S 023240 o i e T 6 A 6 Saci054 24 R TR 7% 1
W HA I, 3R 5 4] D 3 ] Saci0542 1)
35 AN TR B 1, 3 R BE 5 W R L A R A
SO E AR R G

TE BRI, UE Y AN Y L [ 41 DNA 1
A 2 DR A% P DXL 3% 1 5 g i 2B 45 R i, Jrh
I NEE A i 5 7K i ot 22 R A LR WS B dII
dI B AR S0 5 M E B C FOxF, AR B
B3, WI7E DNA & il i 2538 il DNA 5L 19 2

e, Bl AT 3 G:C 748 . WUIRZIRE V BE
g TR ) by P i I 2 A ) 1R M s i
dl, 7E db BdEE T I 0 20— A W IR i S Ak I 24
1 DNA £, JE R —~ 4% DNA Ht0, i
A 8l dL IR e & . SR T R T YT R
ity V A SN IR BE M , HEASBRRE dl A% 0k
FM DNA B Saci0542 15 NI R E
V (Saci0544)TE S. acidocaldarius R 4 HH 4L F
] — NI T, I Saci0542 Al fEZ: 5 M DNA
BT YIRR S dl LR AR, SRS HT DNA
RG0S Rl 24 e U AME R O . Je 8k
KRS A d B2 0UEE DNA 1ERRY), 1
TENYIAZIR NG V. Saci0542 B RMHE . DNA B4
fitf . DNA JEHZEEX L dI B 0EE .
[FIEY, Saci0542 A% M M i il = 1 ) AR X T
W] DHH 88 5 1 0 B2 1k 1 10 i P e Bk AL 1
Tt 1) e 22 HE 20 Ak B A AZ R A3 v 1 EL A 1)
e HA — M E X,
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