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Table 1 The sequences and functions of primers

Primers Primer sequences(5'—3") Restriction site  Length/bp Template Introductions

Primer 1 GGATCCCAACTCAGTAGAAGGGGC BamHI 568 RN6390 chromosome Amplification of the upstream
Primer 2 GTCGACAATTACGATATGGATCGC Sail of hmp gene

Primer 3 GAATTCTAAGTAAAGGCACCGTTT EcoR1 499 RN6390 chromosome Amplification of the downstream
Primer 4 AGATCTAGGTCATGTGTCATCCG Bgzll of hmp gene

Primer 5 GTCGACCAAGGGTTTATTGTTTTCTAAAA  Sazl 1146 pUS19 Amplification of Spectinomycin
Primer 6 GAATTCTTTCGTTCGTGAATACATGTT EcoR1 resistance gene

Primer 7 TCTAATACGAATCCACCTAC 539 RN6390 Ahmp chromosome primers to detect hmp gene
Primer 8 AAACCAGTCATTATGCCAGT

Primer 9 GGCGATTTTACCATTACGAGG 118 RN6390 Ahmp chromosome real time-PCR primers of
Primer 10 GCCACCGATTCCTGTACCAA the housekeeping gene gyrB
Primer 11 AAATGTTTAAAGCGCATCCTGAA 99 RN6390 Ahmp chromosome real time-PCR primers to

Primer 12 CGGCCATTACAGCTTGTGCTA

detect hmp expression

1.2 $T§8%k{k pMADAhmp HH5 %

4l 4 B (5 ) 4 B3R E 8325-4 (RN6390 11 B
), {#i ] Primer Premier 5 ¥ {4, % it RN6390 hmp
BEIH B AR R RS up AT down B9 S1H, 43 0 R
RHE Bk
pUSI9"™ % i+ T i ¥k 3 I spe 19 B ¥ primerS,
primer6, 435 LA RN6390 J5E& K 4H Al i ki pUS19 “hy A5
M, ] A} PCR 4" 1% hmp B2 FF i 8] 88 (24
0.56 kb,0.5 kb) FHitEE K spe (29 1.2 kb) , /=¥y
fiti V) J5 25 2k 3 B W 58 e F ik TRT i, AR YK A pMAD
(#9510 kb) Z Ak, 3575 F LK pMADAhmp,,
1.3 THHEHBEHHRL

G (04 0 R TR JRZ 2 N o A 2 5 ek
I U B, #1240 1 72 600 nm &b (1 W 56 (0D, )
N5 4 TR 15 5 A e B ok R A K T 4 € A A Bk

primerl-primer2, primer3-primer4

4% 1% AR B4 A 100 mL %7 6 TG B LB 3 3% 5
b RIEFNA 0.1 U/mL [ DspB,37°C 2% 15 5%, £f
AR 0D, 294 0.6 —0. 8 B, JilA 300 mg/L (1%
FHET 37°CHEH 30 min, % i T,2500 x g & L
10 min , W5 AR AR KB 25 85 7 /K #1109 H i
VeV, S KRR T 1 ml i 10% Hirh, 408,
-80°C % fF.

FIHE 204 0 28 3 W o 2 A A 4 0 3 7 3K A
RN4220 v, 28 5 & 1 J5 P 5% TPk RN6390, HA, i
S A K i vkt RS Sck S AL A 1
1.4 £HBHFIKE RN6390 1 hmp F [FHHR K =
1.4.1 PCR %5 : 0 T hmp D2 B8 spe JE
PRI AR T B 2%, 43 0 DL 28 8 Bk RN6390Ahmp 5 Hf 4E
ki RN6390 (1) %L [Fl 4 DNA J Bi#k, L primerS
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Fig.1 The process of homologous recombination
primer6 , primer7 F primer8 5|47 PCR ¥ 14,
1.4.2  Jp5)i % : LUT i 26 i RN6390 1y hmp
HE DA 98 A bR A BE A S BE AR, FH 514 primerl
primerd 47 PCR ¥4 34 2 () 7= ¥ 3% £ A T-Vector,
Wy,
1.4.3 & & PCR KUl hmp K& PG 3R 35 42 HL
RN6390 #1 RN6390Ahmp () 5 RNA, J7 ¥ 2 i3 5
SMCAHE . AR DTIE R DEPC /K 8 4, Jim A 28 ik
5k 300 mg/L %5 75 % BR B i, 37°C i & 30 min 5
2 FEG R & UGB 5 HE R RNA, 4 A5 1) 1 RNA 22
it R 4% 3 ¢cDNA, k] SYBR Green 5 I % 't
€ B PCR KU hmp I 7E mRNA JK P B9 £ 5K
DL L H gyrB (DNA i g il 1) B V557 25 1 44 5%
TR AN Z, 51 Y primer9 Al primerl0, primerl 1
F primer12 #4752 & PCR,
1.5 SMEF M NO & & B EEHKE RN6390
hmp E E 3R ik K 5

1E 5 mL JC I 7 6 TSB 8% 3% % vp 55 3% RN6390
SR, TG TR TSB 8% 5% 3L 8 55 22 A4 [A) 1 44 % B
0D600 3] 0. 01,43 HIHt 200 L Hil A 96-well 2 it 3%
FEM B E i O & Hk B 4y 5 O 500 wmol /L,
1 mmol/L,2 mmol/L,4 mmol/L,8 mmol/L [ NO fit
{4 SNP,37°C #8537 22 h, #2 B A RNA | SCHF 2¢ 5%
JE B PCR Kl hmp B PR Y K3k A8 1k
1.6 £HEBHZEIKE RN6390 hmp EREFRK RE
¥k 3t 5ME NO i 5 M B9 46

ik 1 B 77 B AR R 6 (5 7 49 BRI RN6390 K H
hmp & Pk 2% 58 78 Bk RN6390 Ahmp , TG T4 B &
TSB 15 77 5 8 15 2 40 [7) 1 1R % B 0D, ) 0. 01, 53

HIHC 200 L A 96-well 20 g 5% 5% 4k b, BE J5 A
ANTFVR B () NO fib 4 SNP,37°C i B 85 3% 22 h, 7857
BV AR S AR ORI 600 nm Ab (4 W G AE
1.7 &EBHEKE RN6390 hmp EE K RTE
TR 25 0 4 BE T2 B BE 1 O AR

G B (0 B A BR B A A Bl RS ORI R A I S
MR RO SR A S R A BRI, A 0.5% A
2] B (1) 9T B T TR TSB 35 3% 5640 B &2 5 38 W MR I 4
F54L 100 WL A A T B 1 96-well 40 il 15 55 4 b, %
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2.1 ITEHBHEMMEMEE
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i A R AT TR £ IBORI il V1) 5 5, k1R E B Y v R ST
J&i 2 30°C ULl 40°C Tk £ % | e 24459 31 4 ¥ (0
14 BR TR RN6390 11 hmp e PR i 2% 58 A5
2.2.2 LA AIRE RN6390 hmp [ Bk 58
A5 BR ) PCR % 8 F1 T 5 % 7« 4 il DL 58 A2 B
RN6390Ahmp 5 %7 4 ¥k RN6390 A JE K 4 DNA N
BHL 4T PCR 971 5 L ani&l 2-A fiiow , Sk 514
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spc-down) ) i B, & FH 51 ¥ primer5 F1 primer6
primer5 f{l primer4 , primerl F1 primer5 43 i 7
RN6390Ahmp #" 3 H 1.2 kb (spe),1.65 kb (spe-
down) F1 1.7 kb (up-spe) i Fr B, 7 5 & 7
RN6390 Joy 3 F Bt ; M % H 51 % primer7 | primer8
767 £ 70 RN6390 5™ H1 11 £ 0. 5 kb 10 hmp JE 14 [

(A) X o9 £F
& & &

Al K
& &
& &

T4 HH N R BE , #F RN6390 Ahmp To 4™ 34 - B (4] 2-
A) o X2 B 45 1 B 28 A% #k RN6390Ahmp
hmp JE P O 48 spe PUbE 3k BB AR i 2k . BRI
41 DNA rfAH I F BE™ 1 A 510000 i &5 R 1 — 25 E
BT hmp BE 2k 98 A8 AR JE D AL v hmp JE R € 8
spe FEH T B e,

B)
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Relative quantification
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Fig.2 Identification of the mutant RN6390 Ahmp by PCR and real-time PCR. A;PCR. M1. DNA marker (15000) ; M2. DNA marker(2000) ; 1,3,
5,7,9. RN6390 chromosome; 2,4,6,8,10. RN6390Ahmp chromosome. B:The expression of hmp gene in RN6390 and RN6390 Ahmp.

2.2.3 G & PCR K hmp B AE mRNA 7K
- I ER IR R 2O g it PCR G BT A= U A 58 AR
R T hmp BRI B AKX HEAT T oM. WA 2-B i
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M FRIBILT R 0, LA B85 AU 2 B H itk C
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2.3 hmp EEESEBHHFKRERNBELESNH
H1ER

JE i PCR 45 3R B, hmp JE N 3% 35 52 3 A1 4
NO #5 S/E M, SR IS i 500 wmol/L NO it 44,
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A BRI R 98 8 Bk X NO T 32 PE ¥ B E NO i {4
SNP ¥ £ 11 £ 5 1M B AEK, 17 homp 35 PR B 2R 58 728 4K 11
NO Tiif 57 1 & 2 A% F B 4= A (&1 3-B) , 6B HMP &
FI BB R AR NO X 4 B €0 2 3K 181 19 2 7E
2.4 hmp EERESHEBHBIKBEYWHER K F
#I1E F

2 T A= 0 A B R o A T S HG 43 B 1 B A R BT
) 22 A0 L5 K, 8 40 T 7 A B A 3R T 24 1 3 ok
PR G RE N EE R E ", stk gh
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Fig.3  The effect of SNP on the expression of hmp gene of RN6390
(A) (p < 0.01) and the sensitivity of RN6390Ahmp to SNP (B).
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Results are the average of six replicates + SD at least three

independent experiments.
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Fig.4  Biofilm formation of S. aureus RN6390 and RN6390 Ahmp.
Results are the average of six replicates + SD at least three

independent experiments. (p < 0.05).
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Construction of Staphylococcus aureus RN6390 hmp gene
mutant and analysis of NO sensitivity

Peng Jiang,Xinzhi Lu,Fangjie Hou,Zhanjun Liu, Wengong Yu "
Key Laboratory of Marine Drugs, Chinese Ministry of Education, School of Medicine and Pharmacy, Ocean University of
China, Qingdao 266003 , China

Abstract ;[ Object] To investigate the function of flavohaemoglobin ( HMP) in Staphylococcus aureus RN6390 under the
nitrification pressure, we constructed the hmp gene deletion mutant of RN6390 strain. [ Methods ] According to principle of
homologous recombination, we obtained the up stream and down stream sequences of hmp gene by PCR using chromosomal
DNA of S. aureus RN6390 as template. Antibiotics pressure and alternating temperature culture were applied for mutant
strain selection. We verified the clones screened out by genome PCR and real-time PCR quantification. Sodium
nitroprusside ( SNP) , as nitric oxide (NO) donor, was used for NO resistance evaluation. In addition, we compared the
bacteria biofilm formation ability of hmp gene mutant strain with wild type. [ Results ] We successfully constructed hmp
gene mutant strain of S. aureus RN6390. The expression of hmp gene was direct correlate with the concentration of
exogenous NO. We found that compared to wild type, the mutant strain was more sensitive to NO and it is prone to form
bacteria biofilm. [ Conclusions | The successfully constructed hmp gene deletion mutant of S. aureus provided the
possibilities to further investigate the biological function of hmp gene in the resistance of S. aureus to NO from host immune
system.
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