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B E: (HFI RAELORFEAME T HAHKEFER HHRARLAARGEI, HHII L
R R A R R B MRE, EAMIKZIMIE AgrAIC M5 7 35 IRAE 545 5
WA, ABALZEH HRANHALFP A ZAFTERA D AR EEZNHAEL. [B 6]
AT AWM E A EF ZIRE AQrAIC RS E 5 HFHEA, AEMIRIMFREFER HREA R
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ik AgrA F= AgrC & @, IR F A BATFa T 06 BRI BT 3E AT 5 B shA, AR E RS MR
B PRI 52 B (EMSA)K I AQrA & & 7& M, FHA8m] AQrC #iBai& 1, 3t d £ B B8 i AR~ ik R AR 41
203K AQrAIC SELAE T4 AR, A EMSA 7 ikt . [£R] o B shibiF3] AgrA =
AQrC & &, — & thE 3R 5] 90% A b, 3 B A E M, R A MR R I T 2% &3 F3KE AgrAIC
LA T AR, Z R4 TIE IR AgrA 5T DNA ¢93E5E R, BRz 5, [£4]1 @
WM I AQrAIC MRS 545 A, ZARA BS54kt b ), A2 A4 2R ER HRA
TR AE ey 5T 6.
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challenging tasks in clinic. Reconstruction of the transmembrane signal transduction process of
AgrA/C pathway in vitro will be very helpful in solving the problem of antibiotic resistance in S.
aureus and developing new antibiotics against these bacteria. [Objective] To realize in vitro
construction of an AgrA/C two component signal transduction model for investigating mechanism of
two component signal transduction in S. aureus and drug screening. [Methods] AgrA and AgrC
proteins were expressed in Escherichia coli C43(DE3) and purified by affinity and size exclusion
chromatography, and then their biological activities were analyzed. The AgrA/C two component
signal transduction model was constructed in vitro using detergent-mediated method and the validity
of the model was verified through the electrophoretic mobility shift assay (EMSA). [Results] The
purity of AgrA and AgrC was over 90%. AgrA protein can bind to the target DNA and AgrC has the
kinase activity. The AgrA/C two component signal transduction model was constructed in vitro. The
model could enhance the delay of DNA mobility shift by AgrA, indicating the artificial simulation
model can transfer signal. [Conclusion] We designed and constructed the AgrA/C two component
signal transduction model in vitro successfully. This model system is expected to be a screening
platform for new antibacterial drugs targeting S. aureus.

Keywords: Staphylococcus aureus, AgrA/C two component signal transduction model, EMSA,
Quorum sensing
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AgrA/C 4
(1) AIP AgrC
(2) AgrC AgrC
(3) AgrA-DNA
(4) RNAIII (78]
AIP
Blackwell
AIP
AgrC
[9-10]
AgrA/C
AgrA  AgrC
AgrA/C EMSA
1 MEETE
1.1 MR
111 BERAIEFRE
ATCC6538
NB (g/L) 10.00 3.00
500 pH74
TBE (g/L) 24.00
12.00 4.00 MgSO4 0.24 KHPO, 2.70
K,HPO, 18.20 pH 7.0
32y (g/L) 32.00
8.00 5.80 0.05 10 mol/L

Tris-HCI (pH 7.6)
112 FERFFNER

pET-28a(+)-AgrC  pET-28a(+)-AgrA

(Escherichia coli) C43(DE3)
Luminescent Kinase Assay Kit
HEPES [4-(2-hydroxyethyl)-1-
DOPC
(1,2-Dioleoyl-sn-glycero-3-phosphocholine)  DPPA
(Diphenylphosphoryl azide) LDAO (Lauryldimeth-

Promega
piperazineethanesulfonic acid] ATP

ylamine oxide) Cholesterol Avanti IPTG
(Isopropyl B-D-1-thiogalactopyranoside)
( ) Pefabloc
SC Roche Bio-Beads™ SM-2 Resin
Bio-Rad Ni-Sepharose™ High Performance
GE AlP (
) HiLoad™ 16/600
Superdex™ 200 pg GE
BioTek
12 7%

121 AgrA EBMIFRIES4 L
PET-28a(+)-AgrA

TBE

37 °C 220 r/min ODgoo
0.5 0.5mol/L IPTG 20 °C
222 r/min 22 h 4°C 8000xg 10 min

PBS (137 mmol/L NacCl
2.7 mmol/L KCI 10 mmol/L Na,HPO, 2 mmol/L
KH,PO, pH 7.4) 3

100 mg/mL

1 mol/L MgCl, 20 mol/L (
10 mL) 100 U/mL DNase 1lh 4°C
10° Pa
24 000xg 25 min

(Immobilized metal affinity chromatography
5mL
(Ni-Sepharose™ High Performance)
(Bio-Rad 2.5 cmx10 cm) Washing
buffer (137 mmol/L NaCl 2.7 mmol/L KCI 10 mmol/L
Na;HPO, 2 mmol/L KH,PO, 10% 50 mmol/L

IMAC)
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pH 7.4) 10 min 10 mL IMAC  SEC
4 °C 200 r/min 5 min AgrA
4 Washing buffer  1.2.3 BT P2-P3 #&LFFIHEM
agr 2
Elution buffer (137 mmol/L NaCl 2.7 mmol/L P2 P3 P2 P3 4 AgrA
KCI 10 mmol/L Na,HPO, 2 mmol/L KH,PO, 10% 101 bp
500 mmol/L pH 7.4) 1
IMAC (10x) (
(Size exclusion chromatography SEC) 1x) PCR 95°C
HiLoad™ 16/600 Superdex™ 200 pg 2min  8s 0.1°C 25 °C 4 °C 30 min
100 mmol/L NaCl 10%  ( ) 1 umol/L
10 mmol/L HEPES pH 7.4 1.24 AgrA EEEMERIEN
1.22 AgrC EBRIFIES AL EMSA AgrA
pET-28a(+)-AgrC E. coli 10 uL 6 6
C43(DE3) 32Y DNA AgrA
30 °C 220 r/min ODsoo 0.4-1.0 ug/uL 2 6% PAGE
0.25-0.35 0.1mol/lL IPTG 6% 0.5xTBE
20 °C 220 r/min 24h 4°C 8000xg 30 min 30 min
PBS 2 209 6% PAGE 65V
10-15 mL PBS Gel-Red
20 mmol/L 1 mmol/L MgCl,
( 10mL) 100 U/ml DNase 125 AgrC HEEENAINE
2h 4°C 10°Pa Kinase-Glo Luminescent Kinase Assay
3 4°C 24 000x%g 20 min AgrC
4°C 300 000xg [11]
50 min 126 AgrAIC RUBHESH S ARG E WIkIMER
PBS 20 mmol/L LDAO Bt
(50 r/min) 4°C 200 000xg AgrC
1lh AIP

#1 BT P25 P3Z[E# DNA F5
Table 1 DNA sequences between the P2 and P3 promoter

Primers Sequences (5'—3’)
DNA -F CCTAACTGTAGGAAATAAATACTTAACTGTTAAATGTAATTTGTATTTAATATTTTAACATAAAA
AAATTTACAGTTAAGAATAAAAAACGACTAGTTAAG
DNA -R CTTAACTAGTCGTTTTTTATTCTTAACTGTAAATTTTTTTATGTTAAAATATTAAATACAAATTAC
ATTTAACAGTTAAGTATTTATTTCCTACAGTTAGG
DNA-F DNA-R

Note: DNA-F: Forward primer; DNA-R: Reverse primer.
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#2 AgrA EH EMSA #illiE &
Table 2 The EMSA reaction system of AgrA

AgrA 2 uL DNA (1 umol/L) 2 uL. EMSA buffer

2 uL (5-8)
AgrA
Reactions DNA AgrA EMSA AgrC AgrA
(1 pmol/L, pb) (2Sug/ul, ) buffer(l) — AgrC (4 mmol/L) 5 ul AIP (20 mmol/L) 5yl ATP
1 2.0 4.0 4.0
) ”0 20 5.0 (100 mmol/L) 4 uL.  AgrA 2 uL.  DNA (1 umol/L)
3 20 20 6.0 2 uL  EMSA buffer 2 uL
4 2.0 1.0 7.0 30 min 6% PAGE 65V
5 2.0 0.0 8.0 Gel-Red
6 0.0 0.5 9.5
2 BRH54hr
AgrC [12] [13] 2.1 AgrAIC MR ESHSEBRIEIT
(DOPC:DPPA: Chol= agr
1:1:0.5 )
AgrC:Lipid=1:500  AIP:Lipid=1:100 (
) AgrC AIP 45 min agr
Bio-Beads™ SM-2 Resin AgrC  AgrA
3 000 r/min Bio-Beads™ SM-2 Resin AgrA/C
10 000 r/min 15 min
AlP
HEPES
1.2.7 AgrAIC JUA 75 S5 SIRELR) EMSA 1 1 1)
AgrA EMSA
20 pL 2 AgrC
14 ) AgrC AgrC (2
AgrA AgrC proteoliposome AgrC
with AIP (2 mmol/L) 10 uL ATP (100 mmol/L) 4 pL AgrC
= ALY
ATP
o= m . TRk “' PP
B Eag iy P % &
LDAO LRGSO
O I
@ m < Mﬂ/} Qifgﬂéj i
v
- AgrA
B AgC Proteoliposome
ZARE

1 AgrAIC RUERESHSFRGRIEE
Figure 1 The model of AgrA/C two-component signal transduction system

HNE A
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AIP 3) Ak M1 B 2 M kD
_i —— 100
ATP  AgrA AgrA/C 120 — o — 50
AgrC AIP 50— — 60
60 — w— —> — i— 50
50 —— L.
ATP 40 — - 0
AgrA  AgrA AgrA
P2-P3  DNA “ — )
) ———
2.2 AgrAIC JURTIESHSIREZ THEMRN
ol 20 — — _— 20

221 B7& P2-P3 #LF5H DNA EM 54
P2-P3 DNA
2 DNA

101 bp
222 ZRER AgrC MR NIFETETF AgrA BIFR
B R ETEMENE
pET-28a(+)-AgrA

C43(DE3)

IMAC  SEC

pET-28a(+)-
AgrC

AgrC

3 AgrA

bp

2000

1 000
750

500

250

100

E 2 EM/EH DNA BikE
Figure 2 The DNA band after renaturation
M DL2000 DNA 1 DNA
Note: M: DL2000 DNA ladder marker; 1: DNA product.

12 ——

3 AgrA (A)Fi AgrC (B)E BRI LA RE
Figure 3 SDS-PAGE of AgrA (A) and AgrC (B) purified

M DL2000 DNA 1 AgrA 2 AgrC
Note: M: DL2000 DNA marker; 1: AgrA; 2: AgrC.
AgrC 26 kD 48 kD
90%
agr 2 P2 P3 P2 P3
4 AgrA
AgrA DNA
AgrA
DNA
DNA
[14] AgrA P2-P3
DNA AgrA DNA
EMSA 4A 6 DNA
DNA
5 AgrA 4A
5 DNA 100 bp
DNA 1-4
AgrA 100 bp
DNA AgrA
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DNA

4 AgrA EEH EMSA 731
Figure 4 The electrophoretic mobility shift assay of AgrA
A Gel-Red B

2 0.75pg/uLAgrA 3 0.5pug/uLAgrA 4 0.25 ug/uL AgrA 5 0 pg/ul AgrA 6 0.25 pg/ul AgrA

DNA+AgrA

B

I 2 3 4 5 6
e e wde— AgrA

.M DL2000 DNA 1 1.0 pg/ul AgrA

P2-P3 DNA.

Note: A: The PAGE gel was observed after Gel-Red staining; B: The PAGE gel was observed after Coomassie Blue staining. M: DL2000
DNA marker; 1: 1.0 pg/uL AgrA; 2: 0.75 pg/ul AgrA; 3: 0.5 pg/ul AgrA; 4: 0.25 pg/ul AgrA; 5: 0 pg/ul AgrA; 6: 0.25 pg/ul AgrA,

without P2-P3 DNA.

0.75 pg/puL 100 bp DNA
DNA
DNA AgrA 4A
AgrA
4B 4B 1-6
1A 1-6 AgrA
DNA
AgrA DNA
AgrA 4A
DNA AgrA-DNA
AgrA
AgrA DNA
AgrA

Kinase-Glo Luminescent Kinase Assay
AgrC

0510 15pug

AgrC
ATP
AgrC
2.3 AgrA/IC RURMES S RGEEIR EMSA
)
AgrA/C

EMSA 6
1-4 AgrA/C
AgrC
5-8 AgrC
AgrC 6
AgrA
100 bp DNA ( 4
8) 1-4 5-8
1( 1-4)  AgrA DNA
0.5 pg/uL AgrA-DNA
£
=, ) L ,

AgrC (mg)

E 5 AgrC ERMEEMERINE
Figure 5 Kinase activity of AgrC
* (n=3).
Note: The data were expressed as mean + standard deviation (n=3).
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bp 2 (

5-8) AgrA
2 000

1 000
750

500

1 AgrC

AgrA
250
AgrA

AgrA DNA
100

6 XUEDMESHSIREN EMSA 74 2 AgrC
Figure 6 EMSA analysis of the two-component signal
transduction model
M DL2000 DNA 1 1.0 pg/uL AgrA 2 AgrA
0.75 pg/uL AgrA 3 0.5 pg/uL AgrA 4 0 pg/ul AgrA 7 AgrC
P2-P3DNA 5 1.0 pug/uLAgrA 6 0.75 ug/ul AgrA 7
_ _ AgrA DNA 1 6
0.5 ug/uL AgrA 8 0 pg/uL AgrA P2-P3 DNA. 1-4
AgrC 5-8 AgrC. DNA AgrA 1-5
Note: M: DL2000 DNA ladder marker; 1: 1.0 pg/uL AgrA; 2:
0.75 pg/uL AgrA; 3: 0.5 pg/ul AgrA; 4: 0 pg/ul AgrA, without AgrC 7 AgrC
P2-P3 DNA; 5: 1.0 pg/uL AgrA; 6: 0.75 pg/uL AgrA; 7: _
0.5 ug/ul AgrA; 8: 0 ug/ul AgrA, without P2—P3 DNA. 1-4: AgrA-DNA
EMSA analysis was carried out with AgrC fused into artificial AgrC  AgrA
membrane; 5-8: EMSA analysis was carried out with the
detergent solubilized AgrC.

bp

2 000

1 000
750

500

100

B 7 BETREEMFIE AgrC EEXT AgrA T B ERAF
Figure 7 The influence of the detergent solubilized AgrC on AgrA mobility transfer ability
A Gel-Red B .M DL2000 DNA 1 7.5pug/uL
AgrC 2 6.0 pg/uL AgrC 3 4.5 pug/uL AgrC 4 3.0 pg/uL AgrC 5 1.5 pg/ul AgrC 6 0 pg/uL AgrC.
0.2 pmol/L DNA  0.25 pg/uL AgrA.

Note: A: The PAGE gel was observed after Gel-Red staining. B: The PAGE gel was observed after Coomassie Blue staining. M: DL2000
DNA marker; 1: 7.5 ug/uL AgrC; 2: 6.0 pg/uL AgrC; 3: 4.5 pg/uL AgrC; 4: 3.0 ng/uL AgrC; 5: 1.5 pg/ul AgrC; 6: 0 ug/uL AgrC. Each
reaction includes 0.2 umol/L DNA and 0.25 pg/uL AgrA.
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