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Fig.1 The principle of ATP Amplification.
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PPK £ 15 1) ADP. Satoh %5 5% F K Jt F) I 7 R XU 1
it Capyrase )AL B A His #5465 (1) fill 5 85 1 PPK-ADK,
FIH apyrase A B Al 22 B N UE T ADP, T 38 3o #5758 Al
JARTRR AT apyrasemo AP BRAR T 50 T A
R o S, 1 LA B R A 1) K B2 apyrase
A xfE AFRRI T, A 4545 2 PPK-ADK R BAMR 5 o
ARICLL pET28a C+ R IR AR, Fy idt 4L
Fi pET28a ( + )-PPKADK, Jf-75 K Wt 14 v Ik il &
HH PPK-ADK. A LERWIETE ADP, K apyrase 15 4
PEIM IR Cmagnetic beads) FH 45 7, 1l 2% [ AH i 17 1R XX
1% 1% 1 ( Beads-apyrase ) » F| | Beads-apyrase A& B il %%
[¥) PPK-ADK Jii » G i 52 23k ) J2 M i R, 2L ) il 2k

W51, LEEHS apyrase 5 PPK-ADK 43 25, Jf H Beads-
apyrase 7T LR, 1 M BRAE T 5630 Ak, 26
i Beads-apyrase A& PRI FlA 2 1 R] LA 808 B9 i
AN AT, 5 EW ARG E VRS & K A Rtk
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1.1 ##y
1.1.1 K5 B R 15 3 % K W% # B C Escherichia

coli YBI21C DE3) J¢ Jil #% 4 1K UKL pET28a ( + )8 H
Novagen A 7« KJH E AR HERR CMCC(B)44102 4
ARSI ARAT

1.1.2 X5 BREIPENDIES. Tag DNA G 1. T4
DNA M4 5 1 Markers PCR #2046 &0 H
Takara A H]; d-H G E, W HE B H Promega 2
F]; AMP- polyP Caverage chain-length: 65). Apyrase JiJ
H Sigma 2 75 Dynabeads M-280 Tosylactivated % [
Invitrogen A 7 ; His* Bind Resin 1 His* Bind Columns
JIARE Novagen 2 F ; AR 0 B 7= A 4l
1.1.3  519: R4 SCHRHRE /) K W #F # PPK ADK
BETR 7 31 R 8AK pET28a ( + ) 2 3 B AL, it 5]
Y1, ik 1 R
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Table 1 Primer

Primer Sequence(5”—3") Size/bp Restriction site
PPK-P1 GTGTGTCATATGATGGGTCAGGAAAAGCTATA 32 Nde 1
PPK-P2 GTGTGTGGATCCTTCAGGTTGTTCGAGTGATT 32 BamH |
ADK-P1 GTGTGTGGATCCATG CGTATCATTCTGCTTGG 32 BamH |
ADK-P2 GTGTGTAAGCTTTTAGCCGAGGATTTTTTCCA 32 Hind Il

1.2 Ft&ERA PPK-ADK Rl &

DU AT B 55 K 2 DNA I #AR , 1) FH PCR 4734
PPK+ ADK &[], #i N JFRE pET28a ( + ), 4 @ E 41
JFORE pET28a ( + )-ADK. PPK 473 7= 44 N 5 41
KL pET28a ( + )-ADK 1, # 8 5 41 3k JFUkL pET28a
( + )-PPKADK.

BEARWIATE FERIL, 20T 0 ha1 hi3 he
5 WS 1 mlL B B9 OB AR, SDS-PAGE(12% )
IIRTANE R (AR IE T Ol. WHEBFRE S h MK
A, R AR i WS BV 1EAT SDS-PAGE(12% ) Hi
UKo SKHGSERENT KRG AT oAk, HARERAE D IR
Z: [ Novagen 2 v B AE T WEEAT o 06 ik 9 F 8
4354 10000 (18 U8 B EAT I JEER £, DT As ™ b
HEAT SDS-PAGE(12% )43 b Heali i .

1.3 FMEEBRIRME ADP B AR

T SGH# Beads-apyrase G Bk [ 1 1) XUR% I 15 »
REME BAR ATP I BE I 3 WA R W 5 | v i P 25 B30,
il % J7 7% 2 W Dynabeads M-280 Tosylactivated
(Invitrogen) Bt W] 5o ML 3 pg MG HEH S 1 pmol
polyP £ 37 C 4/ NI H 10 min /5, A 1 L
Beads-apyrase 4% Z2 0% 10 min, fE AR AEH T,
Beads-apyrase ] LL A 7[RI O 5 SR, &80
Beads-apyrase A& K1 25 45 1 YRR ) ADP 7] LA
KA SN TR ) ATP.
1.4 SMNERE ATP B 18 KL

P ATP 7 58 o A AR s AL K
10 pmol/L. AMP, 400 pmol/L PolyP> 8 mmol/L MgCl, »
60mmol/L. Tris-HCl, 0.3 pg PPK-ADK, pH 7.4. JX W
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2x 107" mol/L~2 x 107’ mol/L~ 2 x 10" mol/L), 37 °C
T, B SN — BN ) NP B 1 L IIAN 3 10
AW SN R I E S O6AE T TRl I AN ATP
) S ST A kg B, DR 6 A 5 0] I 1) 44 131 43 38 13k
HOATP B CK #h . AW kOt RN AL
0.1 mol/L. Tris-Ac (pH 7.75), 0.5 mmol/L. EDTA, 5
mmol/L. Mg ( Ac),> 0.4 mg/mL PVP, 0.02% BSA, 1
mmol/L DTT, 0.4 mmol/L d-H5J65, 1.46 pg/ml %2
1.5 7
£

S5%EHPPK-ADK TN X EE X

BREFE 24 W R IAT RARHERR FH K TE 0.99% 1)
A2 R AR KRR FERRRE , B 50 L B RS BN 50 L 4
JLZAFH 100 CINFA 2 min LEZH AN ATP 78 70 B¢
JBG B 2, AR BERAE S N B 48 L ATP 7 36 44 &
SN, BERE 10 min M E 26105 5, EAG Y14
SN BT A 1 98 oA 5 Aot o KR il v 10 1 i S0
AP RO RS .

2 H#R

2.1 S EH PPK-ADK RYHI&
SDS-PAGE 7} #1155 ‘2 1K 0. 1.3.5 h B 44 5
B AKIE S 0 B3, W 2 o] DUE ), EAL R
FIK T4 78214 101 kDa W L4 % (1 PPK-ADK,
HAo 2 DA I R IA I o K 4 Bl el b %
ﬁﬁéﬁﬁéﬁﬁfﬁé@%, 14 H 60 mmol/lgd%ﬂdcﬁﬁﬁaﬁﬁ

2 3 4 5 6

= <« PPK-ADK
101kDa

2 FEEH PPKADK HIRIA K 4L AT SDS-PAGE 73
Fig.2  SDS-PAGE analysis of the PPD-ADK expression and purification
Total protein of E. coli BL ( DE3)
transformed with pET28a ( + )-PPKADK without IPTG induction; Lane 2
~4: Total protein of E. coli BL(DE3) transformed with pET28a ( + )-
PPKADK after being induced with IPTG of 1 h, 3 h, and 5 h,

M: Protein marker; Lane 1:

respectively: Lane 5: Supernatant of the lysate of E. coli BI21(DE3)
transformed with pET28a ( + )-PPKADK: Lane 6: Purified recombinant
PPK-ADK.
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SDS-PAGE 7 M 4lifb. ¥ il & 8 11, 5 R 2o, 4li4 153
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2.2 BEEBANIREMY ADP B LR

H T YT ADP 5 PPK 'R #% 45 G E— e, 7fEAb
H PPK-ADK I 2520 0N polyP, A8 A Y5 ) ADP %%
62 ATP 5 A ERETBCH K, BT H SR () ATP ¢
Beads-apyrase JIT B, e A A AMP, AT FRAG TS S5+
Yoo IWE 3 ATLLE H, % A1 Beads-apyrase AL 2
) PPK-ADK, 7£ A IS ATP (45 00, T
PPK 73 WUETE ) ADP V5 %%, 76 polyP f£ 1754 1F T,
WS () ADP 8564k sk ATP, JE 1T BB A% K 2 ATP
PR N, PR AR R T SR T (B —O—
R)o AL Beads-apyrase 4 PR ) PPK-ADK, HH T
USRI ADP & B, AEAS I AN ATP ()45 10
N AN P A T R 0 S S (T Y — @ —
7R, A f i AR ATP S v g
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Removal of endogenous ADP from PPK-ADK by Beads-apyrase

Fig.3
treatment. Before and after Beads-apyrase treatment, 0.3 pg of PPK-ADK
was added to a reaction mixture containing 10 pmol/L AMP; 400 pmol/L
PolyP, 8 mmol/L. MgCl, > 60mmol/L Tris-HCl (pH 7.4).1 pL of the

reaction mixture was sampled and detected by BPCL luminometer.

2.3 WMEINEMYE ATP B9 18 & 52

H T IUEA SR IE ) IF 4 Beads-apyrase 40 1]
PPK-ADK X} 7 &AM Y5 1 ATP 7 19 S I 1 25021, 7
PPK-ADK 4" 3 e VAR 28 71 73 A NN AN [R) 35 () ATP,
TE RN HI B N BEAT BIAS TR ) SO 1l
B N 15 56 35 i A2 4 O e AR 28 P il 5E KOl
SRPE, S5 R 4 Fros. AFEAME ATP #6862
PRI IR EE 43, 78 RN W URRY B, BT ATP
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Beads-apyrase. 45 2


Absent Image
File: 0


MRS : I ATP 958 S5 W 55 A2 ) R OGRS A I R S L /s R4 2741k (2009049(6) 829

f¥] PPK-ADK AL T ATP 348 S, v AT ROt A RIS, Wil 5 Bron. A2l 948 S w AR B

[Fi JE G A P8 (A A AR ATP BEAT 9 4 BN S A RO GVE DN E B BT AR ATP R S &
00y AP T 100 5, VT A B8 94 0T B I R
| e 02fmolATP T IV JE AL 3, &5 AN 2 PR .
40000 —— 2 fmol ATP L . )
—¥— 20 fmol ATP R2 EYRAFENKHTEEZHET ATP §18
2 30000 R SR 4R A0 L
E‘ 0-2pmol ATP I Table 2 Detection of E. coli cells by Bioluminescence Assay
§ 200004 with and without ATP Amplification
- . Luminescence/( Intensity/mV )
E. coli cells(CFU) — - — —— —
10000 Without ATP amplification With ATP amplification
= Control(none) 3+£2 48+ 16
0 —9 200 5+4 550 +21
0 10 20 30 4‘0 2000 26+9 2627 £ 59
#/min 20000 8211 11864 + 356
4 EINETE ATP 89318 5 B 8] th 2% The E. coli culture was appropriately diluted with sterile 0.9% isotonic Na

chloride and heated to 100 °C for 2 min to release ATP from the cells. ATP

Fig.4  Bioluminescence time courses of ATP amplification at different e ' ' ) ; )
amplification was performed for 40 min to the bioluminescence assay. The

amounts of exogenous ATP. The reaction mixture containing 10 pmol/L luminescence values are the means =+ standard deviations of separate

AMP; 400 pmol/L PolyP> 8 mmol/L MgCl, » 60mmol/L Tris-HCl (pH 7.4) measurements .

2.5 KBS
ASCAE I € AP ATP I R BLAK T 20 fmol (1)
2.4 REEEH PPK-ADK AT AT EE &S ATP AL G200 0 B IR e U L[] 4 v o B
PG E M IR SEAS D o B8 PO BOR, i2 2), M2 ATP MUK R R 0.2 fmol f9 ATP
IPETER BT R KRS . MR A EAI. SIRTITE 0.2 pmol ATP =4 5
AT VO T R o (R — IR el 0 L 3000, 44 UK % 215290 155 1t
RIGIEAE LAS IE T 107" mol 1 ATP, IXFh R Mg SIS M ATP (5L, il LATHSEH ATP (K
RSEREI TR, R ATP 900 %, sty AR 100 5. AE3EAT B 0 8 v 0 2
I 2 0 R AR B £y AT, e DORL 40 SR BREO MK, e (BT TR A
TR GBI BRIk i R g ) CREIE AT R AE
R . EA IR, KA BRI 3 b
ATP Zoit 380 % 185 » e 85 R A0 R e v K I )

and 0.3 pg Beads-apyrase treated PPK-ADK. The amount of ATP was

initially present in the 1 pL reaction mixture indicated.

12000 —o—control . AW TR T %R IS B pET28a ( + )-
DEEo PPKADK, FHZ B A {6 T Hk BL21CDE3) 1, 72 IPTG

100007 —¥—20000cfu %S T sk &Ik T k4 & 1 PPK-ADK. H 4%

% 80001 147 His-Tag, £ 488 58 AZ P AR &0 )5, B H
% 5000 aifg A WYk 4 900 . 74 1d Beads-apyrase Ab 2

g Ja, WER T WUEYE ADP X ATP 47 3G 7= A4 (1) 3 5t T
= 4000 P, IX o Ak B 795 5 A8 A 80 HOBCAAR, 0 A S5
2000 AT (FHCRREE 45 F R W, S AR F AR 4 R e i

0 TCFI5E W BcE ATP 38 3 750K R ] BL SIS o

0 10 20 30 40 IXAR K HOE 5 T AW R 6V e ATP 1) R BRE, A

'5 , #/min [ S & e o e =X /K ol K el NS N 6
KEAHTE ATP B3 4R I FH 2R 2R G Ko K B 81 B 0 51 9 6 5 SR
Fig.5 Bioluminescence Time Courses during ATP Amplification of E. HH , % H% ATP j;j—/zm* u KTL\()I_\”J @J ,sz: 2ﬁ /:_E % 7i J\Iﬁ]/jé Fﬁ,

coli cells. E.coli cells were appropriately diluted. The cell suspensions s e, v - e .
o ) _ LA S 1) 1 9 K TR 3 A B L AR
(50 pL.) were mixed with 50uL lysis buffer and then incubated at 100 °C . - n T e N Bl 25 I .
. - e I 1K) SR PSSRV fify 58 AT T 3G, AT R 1 A
for 2 min. Heated samples (2 ;1.) were subjected to ATP Amplification.
W & B S 7S RN T S ST Y
The number of E. coli CFU that were present in the 1 pL reaction ]_SH I‘i é” 7EE E/J Hj m, e j\] $gﬂ] Hﬁ%§$ 7 % E/] &MH %
mixture indicated. © @4@%@&%%ﬁﬁﬁﬁﬁ?ﬂﬁﬁiﬁiﬁﬁﬂ http://journals. im. ac. cn
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Detection of low-level microorganism by concomitant use of ATP amplification and
bioluminescence assay

Ying Chen', Bingjie Zou" ?, Shuhui Zhu', Yinjiao Ma', Guohua Zhou''%*?**

('School of Life Science and Technology, China Pharmaceutical University, Nanjing 210009, China)
(*Huadong Research Institute for Medicine and Biotechnics, Nanjing 210002, China)

(*Medical School, Nanjing University, Nangjing 210093, China)

Abstract: [ Objective ] To detect low levels of microorganism by bioluminescence assays the reaction of ATP amplification
catalyzed by ADK Cadenylate kinase) combined with PPK (polyphosphate kinase) can be employed. However the endogenous
ADP bound to PPK is a background source and interfere the effective detection of low levels of exogenous ATP. We expressed a
fusion protein of PPK and ADK and established a new method to decrease the background signal. [ Methods] The genes of PPK
and ADK were amplified by PCR and cloned into vector pET28a ( + ) to provide a recombinant expression plasmid pET28a
( + )-PPKADK to prepare the fusion protein. Apyrase was immobilized on the surface of magnetic beads coated with polyurethane
to provide Beads-apyrase to eliminate background caused by ADP bound to PPK-ADK. The exogenous ATP and microorganism
were also detected by using ATP amplification reaction coupled with bioluminescence assay. [ Results] The purified fusion
protein showed both ADK and PPK activities. Beads-apyrase could eliminate ADP contamination conveniently and effectively,
thus less than 1 fmol of ATP was detected by ATP amplification reaction coupled with bioluminescence assay. Using ATP
amplification reaction, the sensitivity of bioluminescence assay was 100-fold than that of normal bioluminescence assay without
ATP amplification. [ Conclusions ] Beads-apyrase is an effective tool to eliminate the background of the reaction of ATP
amplification. The sensitivity of bioluminescence assay was increased significantly with concomitant use of ATP amplification and
bioluminescence assay .

Keywords: ATP amplification; adenylate kinase (ADKD: polyphosphate kinase( PPKD; bioluminescence assay
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