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Mechanism of vancomycin intermediate resistance development in
Staphylococcus aureus in vitro

WANG Yu-Bing LI Xiao-Li WANG Wei-Xuan CHEN Nan HE Xiao-Qing
JINYi" XIE Xiang-Ming"

(College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] In order to study the mechanism of vancomycin intermediate resistance
Staphylococcus aureus development, strains were treated with vancomycin in vitro and mutations in
critical genes were analyzed. [Methods] Thirteen vancomycin susceptible S. aureus were treated by
low dose of vancomycin in vitro. Minimum inhibitory concentrations were determined by the agar
dilution and E-test methods. The complete sequences of rpoB, vraS, graR and graS associated with
drug-resistance development were compared with those in the parental strains. [Results] Through a
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60 d vancomycin treatment in vitro, 6 vancomycin intermediate resistance strains were generated,
whereas 7 strains remained vancomycin susceptible. Sequence analysis revealed that 3 vancomycin
intermediate resistance strains contained L466S and H481N mutations in rpoB gene and R232K
mutation in graS gene. [Conclusion] Evolution of vancomycin intermediate resistance S. aureus
could be achieved by long-term vancomycin treatment in vitro. Our results suggest that rpoB and
grasS play crucial roles in vancomycin non-susceptibility development, whereas vraS and graR are

less important.

Keywords: Staphylococcus aureus, Vancomycin, Drug-resistance, Gene mutation
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13 E3]

(Methicillin-resistant Staphylococcus aureus
MRSA)?
(Vancomycin) MRSA Bl
MRSA

(Vancomycin-resistant enterococci
VRE) vanA 15]

(6]

PCR
4 rpoB graR graS
vraS

1 #R5JE%
1.1 ##
1.1.1 EERKIE: 13 1334
(S1) 1340 (S12)
(ACCC) ATCC 29213 (S2) ATCC 6538 (S6)
1.1697 (S3)  1.1529 (S8)

(CGMCC) 21648 (S4) 23656 (S5)
ATCC 27217 (S11)
(CICC) 140660 (S7) 141405 (S13)

(CPCC) S9 SI10

—80 °C
112 iR
Sigma E-test
(BHIA)
(BHI) Mueller-Hinton
(MH) Oxiod PCR
ExTaq dNTPs TaKaRa
DNA
12 7%

1.21 & K #) B R E (Minimum inhibitory
concentration, MIC)IE: (1)
0.5-40mg/L BHI-

10° CFU/mL 100 pL
0.5-4.0 mg/L
BHI-
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37°C 24h

>1

MIC (2) E-test
0.5
( 10° CFU/mL )
4 mm 150 mm MH
60 mm
0.016—256 mg/L  E-test

MH 37 °C

15 min

5 mm

18 h
(Clinical
Institute CLSI)
E-test

and Laboratory Standards

(MIC)
E-test
MIC 1
MIC
ATCC 25923
122 WALSREHBHBKERINES:
2011

<2 mg/L
(Vancomycin susceptible S. aureus
VSSA) MIC 24 mg/L
(Heterogeneous
vancomycin-intermediate S. aureus hVISA)
hVISA
VISA 107 7l
MIC  4-8 mg/L
(Vancomycin intermediate S. aureus
VISA) MIC=16 mg/L

(Vancomycin-resistant S. aureus VRSA)

0.5

100 pL 1/2MIC

37 °C 24 h
BHI-
4 d 4
MIC MIC
60d
MIC>4 mg/L E-test
123 2GR E E A . DNA
10 1-5 mL
12 000 r/min 1 min 20 g/L
180 uL
15 pL
37 °C 1 h
DNA graR graS vraS
rpoB 1 25 uL PCR
Taq DNA (5 U/uL) 0.5 uL  10xBuffer (

Mg*) 2.5 uL  dNTPs (2.5 mmol/L) 2 pL
(25 pmol/L) 1 pL DNA (50-100ng) 1 uL

ddH,O 25uL graR
graS vraS rpoB
graS rpoB
94°C3min 94 °C 1 min
55°C 1 min 72 °C I min 30 72 °C
7 min vraS graR 94 °C

%1 graR. graS. vraS. rpoB E[E #5149

Table 1 PCR primers used for graR, graS, vraS and

rpoB
Primers Primer sequence (5'—3") leigﬁlg;)

graR F GGATTAAAGATTTTCAAAGTC
graR R GAGATTTCAAAAAATAAGCTAC 70
graSF ATGAGTATGGAACTTGGCGCA | 590
graSR TTCCCAGATCCAGAGGGACC
vras F GACGTAGAGGTGATTTATCGAT

GAACCACT 1 044
vraS R TTAATCGTCATACGAATCCTCCT

TATTTAA
rpoBFl  GCAAGGTATGCCATCTGCAAAG
rpoBR1 TTGCTTCGGCGATACATCCA 1934
rpoBF2 ACGTGAACGTGCTCAAATGG
rpoBR2  ATGCCTTTGTAGCGAACACG 2202
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3min 94°C1min 57°C 1min 72 °C 1 min

30 72 °C 7 min PCR 4°C
PCR
PCR
13
graR graS rpoB vraS
2 GiR5ah
2.1 MIC ME
60 d
MIC
2 S3 MIC
12
MIC 6
VISA 7
MIC<4 mg/L
22 AEBERFSER
13
60 d 7
MIC 4 mg/L S3
MIC 6 S5 S6
S8 S11 S12  S13  MIC
13 6 VISA (
MIC>4 mg/L) S9 MIC 8mg/L
5 MIC 8 mg/L 2
1 13 MIC

2.3 THEAMERRREE N

DNA 1
graR
graS rpoB vraS PCR PCR
2 graR graS rpoB
vraS PCR
13 graR graS rpoB
vraS 3

*2 CEHEHFFHEFSIREAETEER MIC BLLR

Table 2 Vancomycin MIC of S. aureus

MIC MIC
. MICs of parental ~ MICs of vancomycin
Strains . .
strains treated strains
(mg/L) (mg/L)
S1(1334) 1.5 10
S2 (ATCC 29213) 1.5 12
S3 (1.1697) 1.0 1
S4 (21648) 1.5 14
S5 (23656) 1.5 3
S6 (ATCC 6538) 1.5 3
S7 (140660) 1.5 12
S8 (1.1529) 0.5 3
S9 1.0 8
S10 1.0 14
S11 (ATCC 27217) 1.5 3
S12 (1340) 1.5 3
S13 (141405) 1.5 3
l6rp —— 81 S8 —SI2
14F —=—S2 =59 S13
12 —S3 - S10
% 10F -= sS4 Si1
) gk — S5
S cL —o S6
=
4t - S7 i
= SO —O—0—0
’WI 1 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36 42 48 54 6

t(d)
El1 FEEBRIFSMZER 8 HhE
Figure 1 The process of vancomycin non-susceptibility
development

bp

B2 MZMREERY 1S
Figure 2 Amplification of the resistance genes
M 1 2 graS 3 4 rpoBl
5 6 rpoB2 7 8 graR 9
10 vraS

Note: M: DNA marker; 1, 2: PCR products for graS; 3, 4: PCR
products for rpoBl; 5, 6: PCR products for rpoB2; 7, 8: PCR
products for graR; 9, 10: PCR products for vraS.
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Table 3 Mutations in rpoB, vraS, graR and graS

S MIC (mg/L) rpoB vraS graR graS
S4 14 L466S, H481N, T1182I - - 159L, R232K
S10 14 L466S, H481N G15V - L26F, 159L, R232K
S2 12 R917S - - -
S7 12 L4668, H481N VI5G - R232K
Sl 10 T11821 - - L26F, 159L, R232K
S9 8 - - - L26F
S5 3 T11821 - 1136V, G207S T2241
S6 3 11182T - - -
S8 3 - - - L26F, D223Y
Si1 3 - - - -
S12 3 - - - F26L, L591
S13 3 - - - -
S3 1 - - - L26F, D223Y, T2241
Note: —: Showed no change in the amino acid.
60 d grasS VISA 4 S4
S10 S7  S1 R232K grasS
13 6 VISA 80% 3 VISA S10 SI S9
46% 5  rpoB L26F 3 VISA S4 SI10 S1 I59L
VISA 3 S4 S10 S7 L466S 7 VSSA 3 gras
H481N rpoB 60% L26F D223Y
2 T11821 7 VSSA T2241 S12
2 rpoB 85 F26L  L591
T11821 S6 11182T
1182 5 VSSA 3 Wik
S8 SI1 S12 S13  S3  rpoB
60 d 6 VISA
2 vras VISA )
S10 G15V S7  VI5G . VISA  VRSA
11 7 VSSA vraS
grar VSSA MIC 1ol
1136V G207S
6 VISA 5 grasS 60d
rpoB
VISA VISA S2 13
grasS 5 60 d S3
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MIC 12
MIC
6
46%
VISA
MIC

[11-12]

(Two-component

regulatory system TCRS)

TCRS vraRS!"™! graRs!'*'¢ walkR!'7'®]
hVISA VISA
RNA B rpoB Mu3
(hVISA) Mu50 (VISA)!2? Cui
vraS ISN graR
N197S VSSA  VISA
[13] vraSR
VISA B Howden %
VISA graS
graS
VISA
JKD6008 (VISA) JKD6009 (VSSA)
6
136
(T136]) SACOLO0717 (graS)
T1361 JKD6009
Matsuo  [*! RNA B rpoB
481
(H481Y)
13 PCR

rpoB vraS graR graS

3 VISA
H481Y
rpoB H481

L466S H481IN
Alam D!

MIC H481Y/N
[22-24]
rpoB ( H481N )
[25-26]
rpoB L466S
H481N 3 VISA
L466S L466S  H48IN
3  VISA graS
R232K 3 VISA MIC
(MIC>12 mg/L) S1 R232K
MIC (MIC=10 mg/L) rpoB
L466S  H48IN graS R232K
H481Y I5SN NI197S TI1361 VSSA
VISA
VISA S2 rpoB
917 vraS graR graS
MIC 12 mg/L
rpoB RI17S
rpoB vraS graR gras
MIC
VISA VSSA
MIC rpoB
T1182I/T1182T vraS G15V/V15G
graS L26F/F26L I59L/L591
graS D223Y T2241
graR 1136V G207S 4 VSSA
VISA
grasS L26F I59L  T2241
VISA VSSA
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