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Characterization of recombinant single-stranded
DNA-binding protein from Escherichia coli and its
application in accurate pyrosequencing
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Abstract: We expressed recombinant single-stranded DNA-binding protein (r-SSBP) from Escherichia coli with the molecular
weight of 24-kDa by using genetic engineering strategy, and demonstrated the single-stranded DNA (ssDNA)-binding activity of
r-SSBP by electrophoretic mobility shift assay (EMSA). To further characterize r-SSBP, we studied the effects of r-SSBP on melting
temperature (T,,) of DNA. The results showed that r-SSBP could bind to sSDNA, and lower the T, of DNA, especially for single-base
mismatched DNA. Therefore, r-SSBP significantly increased the T,, difference between single-base mismatched DNA and perfect
matched DNA. These results are very beneficial for single-nucleotide polymorphism detection. Moreover, we applied r-SSBP in high
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sensitive pyrosequencing system developed by our group. The results suggest that the r-SSBP decreased non-specific signals,

corrected the proportion of signal peak height and improved the performance of pyrosequencing.

Keywords:

K % AT B Escherichia coli P 5% 45 & #H H
(SSBP) J2 HAK N —Fh5 DNA EHIFMKHEH, B
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B, FHIFHTE A 2% DNA (Single-stranded DNA,
ssDNA) = Hr B xf JE i x5 DNA (Double-stranded
DNA, dsDNA), Jf HBEME P 1k ssSDNA B R %
fit, 3 H, E. coli SSBP & L PU I (i 45 4 %l
sSDNA |-, fifi ssSDNA SR, BA & gy
T, Ik, SSBP HA 4 Ff ssDNA Fa i (82> ssDNA
TR RSP, R, SSBP i HAT {2
#F DNA fi# i 4 FH O, HRF 3 Bl L 45 i DNA
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E{SLE N
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FIE AR PR A R BERR EL  (PPI) AY AR W & OGN F B
Ko AL ELLLR P TAED, BaiThE
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SET TR R AEORE B AR R AR R DY, O LR
T DNA K e e pH 2 ok B s OV e L E
Xf T B S AR A5 A I DNA B4R, TR A
FEG R P 4528 . A SCIRIRIE R SSBP N FHTESE
BRI b, BRGS0 25 AR 7 s B b i R A S 1
S, BRI A RO,

AR TRTF-BL, ik T A HEA R b
/) H4H E. coli SSBP (Recombinant SSBP,r-SSBP),
8 ) FHE I BEL Fi Wk 3631 r-SSBP HLAT ssDNA 454
WEPEE, L E DNA B TofH, FRAF T X% & 5um
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1 5T

11w
111 JEHS E

FiRH AR pET28a(+). fii F i ArcticExpress™
112 F/1955F /75

SIS HE I 1,
113 FEZR7F5H7]

EDC-810 AUFLHY HAL (P E, RMEAH LY
R AR/ R, PowerPac 1000 /& EHLIE (35,
BIO-RAD /A ), GenGenius $EMiE H ik L5 AL (3,
Syngene A 7)), Gene Spe [l 7A0-0038 %l 484 AT i,
Sy EOE T (H A, NaKa Instruments 2% @),
Beckman 21R BB ZRE.OHL (GEE, D vd S PE/RER
ARRA A, /INER OGP (HA, HAr ),

PR PE VIR . Tag DNA R4 . Hind I A1
BamH I BRI ¥ N UIEIG B Ki%E TaKaRa A w); T4
DNA JEHR . HH s> T B bR . PCR - #4lifl
A& A TaKaRa 2] ; HEHMKFEH Oxoid
AN SN HEE-B-D-BACE A (IPTG) %51l H
Amresco A )3 HERE R MR BMi#iEk (Dynabeads
M-280 strptavidin) 4 H Invitrogen 2 &) ; a-fi ki 48
“HERRIREY (dATPaS). dGTP. —Hi A HHEL A dCTP
5 H Amersham Pharmacia, Biotech /A .
1.2 A&
1.2.1 pET28a(+)-ssb #ZZ JF#/ #5#5 SSBP g4
HA
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IEAE R, PCR P74 ssb LK, 5144 ssb-1 Fil
ssh-2 (% 1), MG 1K . 94 CHIZEPE 5 min;
94 °C 10s, 55°C 30s, 72 'C 455, 35 MEH;
J& 72 "CHEf# 5 min, PCR F=#) & 4alifbid 7l &4k,
A Hind IUAT BamH T BRI A UIEGAEAT XUREYT, 1
A B2 [FIRE U pET28a(+) Bokirf, kit A
T 5 ArcticExpress™ A% LKA H
WP, A 20 BH M A

W1 B IE Ak B PHPE E A AR 19 1% R R
T 100 mL 1 LB (Kan*, 30 mg/L) &AkiEF 3,
37 °C. 150 r/min JR$E K5 57 2 Agoo ik 0.6~0.7, A
IPTG 24 ¥k 0.01 mmol/L, 30 C. 160 r/min %
FERIK Ah, BOWERK, SRS hikkiks,
HET Ix455 % ik (0.5 mol/L NaCl, 20 mmol/L
Tris-HCI, 5 mmol/L Bkmk, pH 7.9) 1, I ARHE
fitf 2 100 mg/L, A, 4 C. 12 000xg &L
20 min, e BVE, R NiTHSERZHrikaif,
b e B R A - 3R N s T i € R L Uk (SDS-
PAGE) 43#T.

x1 SIMS5RHF

Table 1 Oligonucleotides sequences used in this study

1.2.2  JSEHEHI I ik

T 10 pL r-SSBP fifi f£ 22 vh ¥ (6 mmol/L
Tris-HCI, 150 mmol/L NaCl, 0.3 mmol/L EDTA,
0.3 mmol/L B bEms) H, s3I AnA r-SSBP ffi ¢
WA 0, 25, 7.5, 125, 25 umol/L, #RJ5 N
A ssDNA S-1 (% 1) fFEZHREN 1 umol/L, % i
H 10 min, AIAZEREL 2x FRELE i (0.08% 5 1)
W, 13%EERE) -2, HE-AT 10% A% IR 5 9 4 Tk frie
BECHLTK (110 V, 40 min), A1 %L 8,2 5 ssDNA
S-1(F% 1) MR N=PITEX I,
123 T HAIWE

T 25 pbL T, W & MW (7.2 mmol/L
Tris-HCI, 180 mmol/L NaCl, 0.36 mmol/L EDTA,
0.36 mmol/L —fi7»EEE, 1.2 pmol/L T-1 (3% 1),
2 UL 1xSYBR Green 1) 1, 43 5MA T-2, T-3, T4,
T-5 (£ 1) &N 1.2 umol/L, SRJ5 A r-SSBP
fl &y 35k 0, 7.5, 22,5, 30, 37.5 umol/L,
90 C 30's, ZEiRACE 10 min, FHILHF %G PCR
A2 T fE

No. Sequences (5'-3")

Description

ssh-1 GCGCGGATCCATGGCCAGCAGAGGCGTAAACAA
ssh-2  GCGCAAGCTTTCAGAACGGAATGTCATCATCAAA

S-1 GAACGATC

T-1 CTATTGCACCAGGCCAGATGAGAGAACCAAGGGGAAGT

GACAT
T-2  ATGTCACTTCCCCTTGGTTCTCTC
T-3  ATGTCACTTCCCgTTGGTTCTCTC
T-4  ATGTCACTTCCCtTTGGTTCTCTC
T-5 ATGTCACTTCCCaTTGGTTCTCTC

35s-1 bio-TGATGTGATATCTCCACTGACG
35s-2 ACAACATGGCACAAGGGATACA
35s-3 TGATGTGATATCTCCACTGACG

H-1  bio-TATGCATACAAAATTGTCAAG
H-2  ACCTGCTATAGCTCCAAATAG
H-3 CTATTTGGAGCTATAGCAGGT

Upstream primer for amplifying the ssbh gene
Downstream primer for amplifying the ssb gene

AGGCAAATACGCTCGCGGTATTCTGGCGAACTACGGCATT The oligonucleotide used for electrophoretic mobility

shift assay
The template used for the detection of T,

The matched probe used for the detection of T,

The G/G mismatched probe used for the detection of T,
The T/G mismatched probe used for the detection of Ty,
The A/G mismatched probe used for the detection of Tr,

Upstream primer for amplifying fragment of 35s gene
Downstream primer for amplifying fragment of 35s gene
Sequencing primer of the 35s gene fragment

Upstream primer for amplifying fragment of HA gene
Downstream primer for amplifying fragment of HA gene
Sequencing primer of the HA gene fragment

The sequences of GGATCC and AAGCTT in italic characters are the restriction sites of BamH [ and Hind III, respectively; T-2 is a
probe complementary to the 3’ end of T-1; T-3, T-4, T-5 have one different base (marked with lowercase letter) from T-2 at the same

position. All oligonucleotides were synthesized by Invitrogen (Shanghai).
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FIFHAEY)FE N 4] DNA $2HGA5R & (Qiagen) 2
HUS 2 (5 S K G 3L 4] DNA LUK 43 K Ak
B EEE HA JEH B (RIS AW HARA
FRA RIS R) FERH, 35s-1. 35s-2 LAJ H-1,
H-2 R 1) 1ER5IH, 2309 B 5 JE 0 K 35s Jik
N R & HER T HA R o B, I 36 45 1
i 94 CTHiAEE 5 min; 94 °C 10s, 55 °C 30s, 72 C
45 s, 35 MEHR; fJ5 72 CHEM 5 min, PCR /=
Yz ai il & alifh, R kK4 ssDNA, )5
A 2 puL B k51 %) 35s-3 LA & H-3 (% 1),
95 C 305,55 ‘C 3 minil kB 1 pL 1l £ i ssDNA
FE b m A #] 50 pL £E N ¥ S W (0.7 mol/L
Tris-HAc, 0.35 mmol/L EDTA, 0.35 mmol/L Mg(Ac),,
0.28 mg/mL PVP, 1 mmol/L — /bR, 0.02%4-
MiEFEFA, 0.4mmol/L 2563, 0.16 U/mL — # iR
JIR A AU RE G, 0.1 uL [l Klenow (exo”) [iff,
2 umol/L EFBERL R , 22.4 pg/mL 286 K i,
1.5 pL AH =B AR e R L) 1, A r-SSBP
(6 pmol/L) HEATFEBERRINIE , S5 AN r-SSBP 4k
HEAFAT L .

2 BRGAT

2.1 r-SSBP WyFRiEE5 4k

W F R IR TR T Boby R R RS B A A
pET28a(+)-ssb = 20 Jiuk (1 FH M B 2 s kA T35 9%, &
IPTG S m, WA, BAaE, LusA
MUZBTEAT AL BB L S alifb 5 i B AT
SDS-PAGE 43#r, [R5 A8 3 H 20 ok i 1 32 18 S
AR5 T E 2 TR Y R A T LR, A5 R 1
N2 IPTG M EHE 516 W H B MRAHET
{14 5 2 TR 4 T LUK SR AL L, 7E 24 kDa 24 A
WY r-SSBP 4 (8 1, ¥kil 3~5), Wi LiEH
r-SSBP kil e i 5 AR B 1 (&1 1, YkiE 3) h
1) r-SSBP J&aii e AR Y, KB r-SSBP KRZ LATI %
ERFEE, SBEMENTALE, GBS 3]t yk 4l
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21 r-SSBP (&1 1, JKkif 1)
2.2 r-SSBP 5 ssDNA & & BYE M RIE

J T WAERT KA r-SSBP Ewm HA &S
sSDNA /3 M, R FH ¥k I B s i K 43 B A ] o 1)
r-SSBP 5 ssDNA 254 J5 LUK 45445 1 28 4k, 25 5 L E
2. [ii# r-SSBP ¥ £ 4 AN, r-SSBP 454 ssDNA &4
YIS BTN, TR] B i 25 1Y sSDNA [ 45T 14
AR, Ui r-SSBP HA M, #EMS S ssDNA 454,

1 SDS-PAGE 4> #f r-SSBP 778 £ B ArcticExpress™

REHRIE

Fig. 1 SDS-PAGE electrophoretograms of r-SSBP expressed
in recombinant ArcticExpress™. M: protein marker; 1: purified
recombinant SSBP; 2: supernatant of the Ilysate of
ArcticExpress™ transformed with pET28a(+)-ssb; 3: total
protein of the lysate of ArcticExpress™ transformed with
pET28a(+)-ssh; 4: total protein of the lysate of ArcticExpress'™
transformed with pET28a(+)-ssb without IPTG induction; 5:
total protein of the lysate of ArcticExpress™™.

-SSBP (mol/L)0 2.5 7.5 12.5 25 2.5 7.5 125 25

ssDNA T
2 AETEERBRPE BBk 9 47 r-SSBP 5 ssDNAfHE
£

Fig. 2 Native gel electrophoretograms of the reaction mixtures
of r-SSBP and ssDNA. 1: ssDNA for reference; 2-5: ssDNA
with different concentrations of r-SSBP; 6-9: different
concentrations of r-SSBP.
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T (6B BT BEAR , JF HLBEE N A (Y r-SSBP /34 0,
JF A5 4 VL. DNA (C/G) 5 ¥fi 245 . DNA
(GIG., TIG., AIG) I Tp HZHERM K, X5
r-SSBP 445 ssSDNA i iy KA ¢ , K IAFF # SSBP
A LLE L 5 DNA sk iR oy 4 &, e i gk 4 38 20 7
T, AR R A AL AR ROIR A, DT T A
AT TP R G 2548, W45 5 51 DNA BLEE T
53 L% SSBP 43Tt 23 fi i HoAth SSBP 43145 & %
% DNA HEEES Sy I, i f2 i DNA fift ik, K&
it DNA ) T (55, T3 5 L il 3 DNA 7E1E
S5 T LA 5 A R o R, A R T SSBP Y 4%
& ffi75 SSBP X % 4 HL A DNA Y T, 1B 5 i TH
R, X RPN VE FHTE SSBP AR XS i (41 0 T L N
BSOS R A B 2R T ) DNA Z[E ) T {H
FEARH 22 52 AR K, X AT REM SSBP 5 ssDNA #5454
B B8P 91 R S MEAR G, r-SSBP BB K 58 4
VCHC DNA 5 & A AL EE LA DNA Y T (H22
S RRRE , E B e R A TS DU 1% AR S T L
A VAR N FHAME
2.4 r-SSBP N AT EMERINFHENFER

T BAIE r-SSBP TEMEBEMRI PR E/E L TR
HEAT £ B R I P B 1) 2 AR R T A — E Y
r-SSBP Il i il 45 % HE [ K &7 355 LK ssDNA F Bt
K& FEOR A HENL A9 HA JE[H ssDNA H B, 5K
T r-SSBP [ S5 AR L, 259 UL 4 5 5,
E 4 T LIE H, 5 r-SSBP (45 SRAH L,

AT r-SSBP 11 £ 8 R DU 5 44 R 0 1 A SR
35s BRI R Bei g b AR RE R AT (B 4 ik
FoR) W W pk HBRESS , [W, r-SSBP BN AR
i 055 Lo s . X =B i T 35s 7RI T 51
RN i3I R O 3y A TR LS YN ]
S BRI A, (A A AR R R
5, i r-SSBP fETERYAEHL T, r-SSBP 5 H ssDNA
oY 4 A T A T G SR BT B, T A — 5
FRRE FokEf T I WA R, B TAEREREES D
ﬁfﬂ[g'm]o

X & B EE HENL 1Y HA LR 7 BL 7y 45 21
(85) Won, WA r-SSBP I, i FF 45 S 3 5
g R AWk TIT 5T :2T=0.49:0.75:
2.76 :2.00,2C:C:C:C=1.37:1.25:1.13: 1.00,
1A r-SSBPJiF il )3 45 B B B 15 5 g e Lok
T:T:5T:2T=1.09:1.32:474:200, 2C:C:
C:C=2.32:1.38:1.21:1.00, @4k, 7ZEM A r-SSBP
Jei Ve L I B, TR X S i B
gy, MNP REINERG . X HA S5 KR I 7
I T A T R B, MR A 3k S
HA B: I/ By 5'om B il 1 222 R E 454, BHA%

—&— Perfect matched DNA (C/G)
—8&— G/G single-base mismatched DNA

—V— A/G single-base mismatched DNA

70

55

50 L 1 1 1
0 12 24 36
Concentration of r-SSBP (umol/L)

3 AFEIREH r-SSBP X DNA A7 T, &0
Fig. 3 Effects of r-SSBP with different concentrations on Ty,
of DNA.

Journals.im.ac.cn



1518 ISSN1000-3061 CN11-1998/Q Chin J Biotech October 25, 2011 Vol.27 No.10

T Klenow (exo) 454 A ANTPs lUB A, 1EE it HEFIES ARG, JoEXF 5 47 1E
R SSBP I, M T HEMMAETE, B 1T FISLMANA SSBP J5 , T SSBP Al LI45 4 ssDNA,
PR ARBEFE M A, (5 SRR, WSS 2 DAE JREE AR EE, I sSSDNA JRZEAE T etk
FEAPES, TR R EME T R &, AR R A, AR T 1 S
A, (EAHES B, FoEke. RRGSHER EIEIER, 7507 LIEs 5,

A B
3G .
Without SSBP A With SSBP
06 IS 3C
’ 3G
2A
= 2
£ .l 503) A A
EX g g T 167 ¢ oo G| [ac,
* ning
v ‘
0.0 kU 0.0 hkahelidurdlviul ,L.J-J I JUWLUL MWL
GCATGCATGCATGCATGCATGCATGCATGCATGCAT GCATGCATGCATGCATGCATGCATGCATGCATGCAT
The order of ANTPs dispensing The order of dNTPs dispensing

4 r-SSBP M EFEKE 35s HEE S K B EBER N F A0

Fig. 4 Pyrograms of the fragment of 35s gene from transgenic plant using high sensitive pyrosequencing system with and without
r-SSBP. The order of dNTP dispensing was GCATG, the sequence of the template was 5'-TAAGGGATGACGCACAATCCCACT-3'.
The arrows indicate the nonspecific signals.

B
A
20 ¢ Without r-SSBP o ST With 1-SSBP
5T
Lsr L5+
2T
& v
2 1.0 2 1.0 - i
£ 2C c i 2T
| C ~ —
2 C T C
0.5 + l T I | b 05+ ¢ C
r ] D ﬂ |
GTACGTACGTACGTAC GTACGTAC GTACGT AC
The order of dNTPs dispensing The order of dNTPs dispensing

5 r-SSBP 3 H5N1 & B mE HA £ EER S K R E BB Farsm
Fig. 5 Pyrograms of the fragment of HA gene from the H5N1 bird flu virus using high sensitive pyrosequencing system with r-SSBP
and without r-SSBP. The dNTPs dispending order was GTACG, the sequence of the template was 5'-TCCTCTTTTTCTTC-3'.
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3 i

RGP Fe kI 4k T K IHAT 1 SSBP, JH
SN BT F VK TV B8 UE T r-SSBP H A 5 ssDNA
Z5G MG TE, RIRGARESE T r-SSBP X DNA (% Ty,
I, 45 FE M, r-SSBP A{X AT LAFEE DNA
M) T {H, 30T LLSE 2534 0 & R G8E A5 B ) DNA
554 VLELE) DNA B T 255, X—MEFifE L
BT To (225 R E AR, G w73 H e i ith 4L
AP COLD-PCRIPA | A5 s iF e i vk 12214
e B — R AN . 7 v R O 1 AR R
JPARZR A r-SSBP X 3 KK G 35s Jk K 5 B L)
K& wBOR R HENL 19 HA LR R BRI 25 SR 4
W, r-SSBP (14 fdf FH e % 25 B sl AR AR I ) b iy ARy
SRS MBS S, DI B AR I 1 i
B, X o8 A L0025 1 R 1 e 7 R AR R
JPoF- A HR L T AR
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