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M, RIEFIMEEOSFRELN 64 ku, FHHEEW A KR mﬁi#ﬂ%@a AEWFALI ATP GRIRILEERED SR F 2 AL

IREERE: 5
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FE4ER  ATP MRILEE, WM, Ehefh, &P
Z2R9ES Q7, Q81

ATP i RILEE(ATP sulfurylase, ATPS, EC 2.7.7.4)
e 0% 14 A0 JIE 7 196 6% 2 (adenosine-5’ -phosphosulfate
APS) 5 £EWEIR £ (pyrophosphate, PPi) 5o AE Bl — filf
R IRTF(ATP) 5B R k. ATPS | 2 A2 4E T HIM) -
YR A, BEr, SN EFHEED KW
JHE, 0 DA A Y Ak b S A 31 ATPS, 4 i
ATPS [P T8 R, B A0, )
YyORFE P b b B IR 0 1E AR B R IA.
ATPS I 5¢ )6 Mg vl LU ] T PPiE . DNA
RATEREEN e, A PIOSEIR 2 7T .
£EIU 7 (pyrosequencing) ¢ A 2 #i— X DNA J7
HISRRE A, & B DNA 24 Mi(polymerase)
ATPS. %¢)¢E B (luciferase) F1 — B IR it F XUk BRI
(apyrase) 4 P A AL (1) 7] — S NV A 5= v R 0 AL

SERIC IO, AERE I SN, I Pl
dNTP, ¥ % dNTP 5 Bt # fic % , & & i

(polymerase) il 1] LK 045 N 215 [958 H 1R e 25
JEEJREUI) PPi. {E ATPS IIfiE4L T, PPi 5 APS
NEEE R ATP.  E 286 Z i (luciferase) 1 f# L
fERT, ATP 5 H1 98 % 2 (luciferin) ) NV & O, AT
FHOG A% 15 4 (PMIT) 2 i for 1 5 266 B (CCD) A ).
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carrier protein, BCCP)/& KT CoA AL —
AP, e KA N ME— AR BAR, fets
TP R GRS, B3 C uinifizd iR Bk b
—ANEPREM, BE Ciy 87 NEILIR 5 AMNE K
RS &L, SREE KA N R Y = Ak
PRER U, JF HOXFME R R )08 BT, X
RIS RN, =l —.

AL EAERIE LY RN ATPS, FIH BCCP
5 AR R Rl K RS SN R 7R K B
W AEW) F AL IR DS, o ATPS 2 D 5 9
BCCP & 1 C % 87 AN SR K Bt (BCCP87) (1) 3 4]
ARG 2RI, 4 Western blot 7047,  FT 221K F) il
T AR A KA N B AL, AEFRA)
ATPS Bef% [l & fE s R Wk i s & m, Jf H R
A ATPS &, 8T mil ot T 4 4 B T2
SIS B A7) R I PP AR B AR — AN 80 L.

1 MR57E

11wl

111 RS B AR, EE 413K 0k Uk pET28a(+)-
ATPS(a) HHE AR AW AR STk d, b5
7 ATPS JEIH, 1 5 E. coli BL21(DE3) A B AR =
2 IR 9T T AR AT

1.1.2 A BRGITE N VIRE . Taq DNA 246
T4 DNA %l DNA 75 1 it 5 Ax #E(N\-EcoT14 1
digest DNA Marker). # [ it 4> ¥ it &= br i . PCR
FE AR S H Takara AH]; d- UG,
9%V FE ¥, Klenow (exo-) DNA polymerase %5 Il H
Promega /A 7 ; Apyrase JlJ [ Sigma A #); [REREE
B, R ARSI H Oxoid A ] 5 A &AL
-B-D- *F-FLHE T (IPTG). ¥ 1 i (Lysozyme) 55 4
Amresco 72~ A ; 0.5 ml i JE & 0 (10K) g H
Millipore 24w s HABBFIIE 4 [H 7= 434 4.

1.2 A%

1.2.1  EE AN RIS & Western blot 43 7.
DL K FF B 5L X 41 DNA b B4, PCR 47 3
BCCP87 #:[A, LJi#5|4 BCCP87-P1: 5" GTGT-
GTCCATGGAAGCGCCAGCAGC 3', F i 5%
BCCP87-P2: 5" GTGTGTGGATCCC TCGATGAC-
GACCAG 3", #JEH AT A 94°C FiiAZ ¥E 3 min,
94°C 10s, 55°C 20s, 72°C 30s, 30 MEHR, &)
72°C #Ef1 7 min. PCR j=#) & ali Al & a4t 5 H
Neo 1 A1 BamH T XU %, o b 3] [R]FF B A 1) SR
pET28a(+)-ATPS(a)"* ATPS K s, #4k E. coli

BL21(DE3), Hkik # 4k & oowi J gk — 20 0l ik
PCR fi i BH P So k%, BHE e bt by o iR 2k 4
RABRA AN, EAKIE PR 4 4 pET28a(+)-
BCCP87-ATPS.

B RGP 2R, % 1% Bl
F 50 ml LB(kan®, 30 mg/L)WifAL; 353, 37°C,
200 r/min PEFERTTE R Ago 15 0.6~0.7, U 1 ml
B SDS-PAGE 4347, Bl IIA IPTG 5 24Kk &
70.01 mmol/L, LA 30°C, 200 r/min 4k&E4 557
5h, BOCEERE, WAM PBS BEd G, E&ET
1x 4522 4(0.5 mol/L NaCl, 20 mmol/L Tris-HC],
5 mmol/L WK M, pH 7.9)FF, A % # B &
100 mg/L, Je SRR 3 Y. NG 243 ) DNase
F RNase, 4C % F 30 min. 4T, 12 000 g &0
20 min, 43 W AR B R T E 3F 4T SDS-PAGE
(12%)53#. FIFH BRI S8 A P Il b 1R 3% 0 38
4T Western blot 73#T.
122 FE4LE AR e 4 R e e s v e .
10 wl B2 A2 B L BR TR 2 Dynabeads M-280
Streptavidin (Invitrogen A 7)), #E T-#2k - 1 min,
F2 EiEW, M 50w B & W 223 (10 mmol/L
Tris-HCI, pH 7.5, 1 mmol/L EDTA, 2 mmol/L NaCl)
e hAER 2 K. KRR T 1 ml B IR SR 5 2
fig LG, IR EE 0.5 h, fEAEY FE ALK ATPS
SRR 4. R E TR b, R
ERSEAHE G 75 25, 10 wl 0.1 mol/L Tris-Ac
(pH 9.0, 0.02% BSA)ZE I e 1% il 2R H- e 24 HL A

B 1 pl [ 3 Ji5 (¥ ATPS (beads-ATPS) 4 Ht 4 Rif
4 R VRO s . KIS A4 F 1Y) beads-ATPS
FH Tris-Ac(pH 9.0, 0.02% BSA)ZZ ik ¥E i 3 X,
TR FE M, kA 2 kP54 beads-ATPS
{10 EE A ) 0%
1.2.3  FIH beads-ATPS #EAT PPi Y. 7& 50 pl
S W #%[0.1 mol/L Tris-Ac pH 7.9, 0.5 mmol/L EDTA,
5 mmol/L Mg(Ac),, 0.4 g/L polyvinyl pyrrolidone (PVP),
0.02% BSA, 1 mmol/L dithiothreitol (DTT), 4 wmol/L
APS, 0.4 mmol/L d- 56, 1.46 mg/L RIGHE
1IN 1l beads-ATPS, JRAJE WA 0.1
0.2+ 0.4, 0.8, 1.6 wlffJ PPi (1 wmol/L), HHKsR
G WE T BPCL i AR Ml A (R Be A=)
W SURT), M GAE 5 omEE.
1.24 FIH beads-ATPS HE47 £l 7. F)H beads-
ATPS 0 F [ A B2 1) 2% 10 e 471 28 500 1) PRk i AT
FEIF, FFF 508 GGCCTG. WPy, &2
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5 wl beads-ATPS 55 3 pl [HAH 8RR &, HILER K
SUEHLERSE T TR, WS B3, N 10 wl PP
% N [0.1 mol/L Tris-Ac pH 7.9, 0.5 mmol/L
EDTA, 5 mmol/L Mg(Ac),, 0.4 g/L PVP, 0.02% BSA,
1 mmol/L DTT, 4 wmol/L APS, 0.4 mmol/L d-
P62, 1.46 mg/L W¢NEEME, 90 U/ml Klenow (exo”)
DNA polymerase]¥# ], T BPCL 1 & A& Al
A R B AR P BRI B I JE 4k, ARJE K
R0 M AR I ANAH B 1) ANTP, - 5 7 A 1)
55, LM dCTP J& HIHTEE ) S N 00 B BR2EAT
ek, SR FEINN BT (1) S N 4K 2500 5 Ji T )
Fe 4.

2 SRS

2.1 EHZEHEHWIRIEK Western blot 7347

W 0 15 B BH M AL B HEAT B 9, & IPTG
S Ja, WEERR, BT SDS-PAGE 4r#. 45%
BoR, SR B X (B 1-DAR L, AL
B IANEE ARE, 5 FIUELN 64 ku.
be e AR R & (B 1-2)s B3l (B 1-3) F e ve
(K -4 LR, EAE A EELUTHT
ERAFAET L.

Western blot 73 HT 45 R (B 1-5)% W, fhGRE
774) BCCP87-ATPS & Bt il S AL Ml b 1 1R 26 A
BB RRMN, Myl s KXY
BCCP87-ATPS R/ KAt ik N HEAT A F Ak

ku mMm 1 2 3 4 5

20.0 — w

Fig. 1 SDS-PAGE and Western blot analysis of the fusion

protein expressed in E. coli BL21 (DE3)
M: Protein marker; /: Total proteins of E. coli BL21 (DE3) transformed
with pET28a (+) after being induced with IPTG for 5 h; 2: Total proteins
of E. coli BL21 (DE3) transformed with pET28a (+)-BCCP87-ATPS
after being induced with IPTG for 5 h; 3: Supernatant of the lysate of
E. coli BL21 (DE3) transformed with pET28a (+)-BCCP87-ATPS after
being induced with IPTG for 5 h; 4: Precipitates of the lysate of E. coli
BL21 (DE3) transformed with pET28a (+)-BCCP87-ATPS after being
induced with IPTG for 5 h; 5: Biotinylated fusion protein hybridized
with HRP-conjugated streptavidin.

2.2 FHEEAWMEBEENEEERFEEHNE
FIHEE SRR3R - A28 2 I A2 ] R e 1) 4
&, AT AR ATPS 2525 3105 5% R 2560, 5 1R
BRER T, W RG], LK SR RN
ATPS [FIREER R A [ 2 4 1) ATPS 43 85, #5— fe
JE LR TRtk SER ORI, A EA
BCCP87-ATPS [l 5 J&5 11 B . 1) ATPS fiit fb 3% P,
WPETTIA 137102 mU/ul, T 5610 [ 52 14 ATPS
REfe B EAAEFH, K IS A6 H 1) beads-ATPS BE¥
Jei, EHTA IS, Wk ER 2 Wk, BASE— R
SE 1) beads-ATPS [F)3E VEAE R 100%, BEE BIUE
(1] beads-ATPS [F3EPE 5 IL LU AEVE ARG P, 3
#l| beads-ATPS [ R %, iR 1. 7EE#AE
RSB B IG R R R BR O RE b R BR 1 B R
beads-ATPS K [N & R FRAIRAE 5% 7040

Table 1 The reuse efficiency of beads-ATPS

Enzyme ActivitymU-=pl”"  Relative activity/%
Fresh beads-ATPS 1.37x10* 100
Recovered beads-ATPS 1” 1.30x102 94.9
Recovered beads-ATPS 2* 1.24x10 90.5

*The number (1 and 2) replaced the number of recover times. The
beads-ATPS was recovered by washing for 3 times with Tris-Ac(pH 9.0)
buffer.

2.3 7If beads-ATPS #1T PPi I E

b T #E— L WAIF beads-ATPS (AW ME, Ik
¥ beads-ATPS [ £ PPi {5 ik . PPi &
ATPS [ fi £ 5 APS Jx W 4= i ATP, ATP ft
luciferase [ELL N5 luciferin Je N &6, &G
SR 5 I PPi R IE L. SEE R B, A EIf
B9 AR E AL, X&YW APS haE S %
RN, ER—NEREY. BTREANERE
S E, 4NN 0.1 pmol PPi N, PEARRIME S AR
LA SR, (AT RIHFE T IR APS, 34
KM R, 244k4:0 N 0.2 pmol PPi I JFUA 155 BE
WIS, R 0.4, 0.8 F1 1.6 pmol PPi
I A3 ) T AR A 5 (B 2). KIS 45 5 S A
Vi) PP ) AR L PEAH O 2 (18] 3), 45 R FE
PPi £ 0.2 ~ 1.6 pmol [}, IL5¢6(55 [F] PPi 14
BOEEE. St oR il sE 1 PPi (55 48 I T Fr s
B FE A — AN 3L BT 7 AR 1) PP IR A Y, B
beads-ATPS ] LU ] -J- oy 8 50 5 21 4 J2 T+ il
SIS B A AR DI P AR .
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1.6 pmol @ Washed the beads and
25000 PPi dCTP added new reaction buffer
I 3500F
20 000
0.8 pmol 3000 dGTP
£ 15000 0.4 pmol THI 2500 dGTP
2 0.2 pmol pp; 1 = |
& " pml;Pi 3 2000f dTTP
10000]1Pi / 1 S ool
3000 w Base lmeﬂQ -
0 ‘ 500 1
0 1 Il

100 200 300 400 500 600 700 800 9001000
t/s

Fig. 2 Real-time bioluminescent traces
for detection of PPi
50 pl of reaction mixture contained 0.1 mol/L Tris-Ac pH 7.9, 0.5 mmol/L
EDTA, 5 mmol/L Mg(Ac),, 0.4 g/L PVP, 0.02% BSA, 1 mmol/L DTT,
4 pmol/L APS, 0.4 mmol/L d-luciferin, 1.46 mg/L luciferase and 1 pl of
beads-ATPS. Different amounts of PPi were added into reaction mixture,
and the signal was detected by BPCL Luminescence Analyzer (Institute
of Biophysics, The Chinese Academy of Sciences).

10000+
y=5481.625x+164.825
8000} r=0.9916
g 6000f
o
@)
4000t .
2000t

02 04 06 08 1.0 1.2 14 1.6 1.8
n(PPi)/pmol

Fi

g. 3 Linear regression curve of signal and PPi

2.4 7 beads-ATPS FHITENF

KT BB F beads-ATPS fe15 T K HAS
O FEAHEED . FI 5 4 1Y) beads-ATPS Wl & T
— B O AT HI(GGCCTG) I AH 4%, 45 R W1l 4a
s, 24 dGTP M1 dCTP 5, B4 7 &y
5 RERFNFAAESE, BT EmFEAT A G,
JT LA beads BEAT VRS JG 4 REAR LM dTTP Wl
3, MK 4 A UER, G MA dTTP 5
dGTP Y/ THIN G 5, IF Hy7 ARG 5 m
%%%%4%%%&%~$ AR RN 51 AH
3, PLHIA S5 1) beads-ATPS 5 18 1 1 35 1k
SEATRENE T A, R 1A AR A T
B 4b), BENS T35 48 A e 45 B C AN RE
WFPHIEA—E. ik, TATH&MAEDZE -ATPS
(biotin-ATPS) AT LA [l AH L5 F- 7.

100 200 300 400 500 600
t/s
(b)

1500+
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Fig. 4 The results of pyrosequencing with beads-ATPS
(a) Bioluminescent traces for pyrosequencing with beads-ATPS. The
reaction mixture contained 0.1 mol/L Tris-Ac pH 7.9, 0.5 mmol/L
EDTA, 5 mmol/L Mg(Ac),, 0.4 g/L PVP, 0.02% BSA, 1 mmol/L DTT,
4 wmol/L APS, 0.4 mmol/L d-luciferin, 1.46 mg/L luciferase, 90 U/ml
Klenow (exo-) DNA polymerase, 5 ul of beads-ATPS and 3 pl of single
strand DNA. The order of dNTP dispensing is G-C-T-G. After dCTP
added, the beads was washed with new reaction buffer to remove the
proposal of dGTP and dCTP. The signal was detected by BPCL
Luminescence Analyzer (Institute of Biophysics, The Chinese Academy

of Sciences). (b) Analog signal of pyrosequencing with beads-ATPS.

3 4 it
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Wy # 2 AR IR 1) B IR TEAR P 2E ) 22 A7 92,
BE DR TR 10 V25 1 46 2R W 3R A0 B 1 A A I A
Ao EYe, EnTUO H IR AT AEY R,
T T AZETE T & AL R AR PR E BB, 7
ANt R, RN TS A RS
FH T A T AR EAR%E, Dl fa T Al Fn k.
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£ IE 74 BCCP87-ATPS 5B it S84k g b i
PSRRI AT RE S RN, Ui I Rl 8 1 e A0 K AT
FR ey FE. B YR SRR Z (AR R
45471, fets ¥ BCCPS7-ATPS [ & 76 M4y
Bl ) L PE B R i, [ b ATPS VE M AT A
1.37x102 mU/ul beads. Beads-ATPS ] L T~ PPi
() B, T AR 5 PR S8 JO A A2 I S A
P2 PPi, A, beads-ATPS HEMS ] 15 T &
PPi, ZAE 74 1F beads-ATPS A LW - A3
P, 3K A il G T AT R T R Nt R £
FPHEARPEHE T — AN R 1) T L.
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Expression, Immobilization and Application of
Biotinylated ATP Sulfurylase”

70U Bing-Jie"”, LUO Juan"”, WU Hai-Ping", ZHOU Guo-Hua-™"
(1) Huadong Research Institute for Medicine and Biotechnics, Nanjing 210002, China;
2) School of Life Science and Technology, China Pharmaceutical University, Nanjing 210009, China;,
3) Medical School, Nanjing University, Nangjing 210093, China)

Abstract The modern large-scale pyrosequencing technology is a revolution of DNA sequencing. One of the key
points in this technology is to get an ATP sulfurylase immobilized on the surface of magnetic beads and with a high
activity. Biotinylated ATP sulfurylase can be immobilized on magnetic beads coated with streptavidin through the
specific conjunction between biotin and streptavidin, but using chemical modification method to biotinylate ATPS
will affect the activity of the enzyme. ATP sulfurylase fused with the carboxyl terminal 87 residues of Escherichia
coli biotin carboxyl carrier protein (BCCP87) was expressed in E. coli using fusion expression strategy. Results
from Western blot analysis and SDS-PAGE analysis showed that the fusion protein could be biotinylated in vivo,
and the molecular mass of the fusion protein was about 64 ku. The biotinylated ATP sulfurylase could be
immobilized on the surface of magnetic beads coated with strepavidin, and the immobilized ATPS could be used
for quantification of PPi and pyrosequencing. An effective enzyme for the large-scale chip-based pyrosequencing
system was supplied.
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