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M E:HN @3 RASERERAGARKRIE S ZLAR exoS.exoU #95AHE L5 a5 oy X &
VAR T4 B &3 #k exoS.exoU mRNA Rk #9 %, Al R EMBE AR TR AT HFEEZRELZBIKRE,
FiE  iE A PCR &M 50 #hls k4o B 0940 B2 exoS.exoU A B 45 A oL, K-B :#F %X 2kt @ x5 A
PR e a2 &R 1% 45 & PCR(RT-PCR) 9 #7 R Bl 3R B I 4 & & 4R 40 R £ i1 exoS.exoU mRNA & ik
AER ., R SOMGAS B WAL EEIE T 36 #£(72.00%) A4 exoS Mk, 14 4 (28.00%) # exoU MM,
B B AR B AR, exoU MM 10 R A HHa2E 235 T exoSTAMARIRR D 2o £ BRI
Boyatth 2 F A% FENL(P<0.05), ARRKREFFEEZ L ZEMERE exoS MM E . exoS mR-
NA A 2 E KT & T2 a3 BAF .4 pg/mL B 57 %, ME 25 %R E 693 I, exoS mRNA 84 48 xf & ik K&
B THEZGBAF; RRAKETFEELE exoU MG, exoU mRNA #8343 £ ik KP4 5 G #1820 9
BRAK., it PEBERBTENLAR exoU 4k F4K, exoU MM Ak A 25 AR 0T 40 3R L AKR T4 B & 4k
it 4R SR AR LI H A /1 A B exoS mRNA #9 &k, f 47 4] exoU mRNA #9 &34,
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Regulation of expression of type [l secretion system-encoded exoS and exoU
genes of psuedomonas aeruginosa by azithromycin”
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Abstract: Objective This study focus on the distribution of exo0S, exoU in the pseudomonas aeruginosa
clinical isolates,the susceptibility to commonly used antibiotics and the effect of azithromyein on the transcrip-
tion of exoS and exoU, which provided a theoretical basis on azithromycin clinical treatment. Methods The
distribution of exos and exou genes in 50 clinical isolates of pseudomonas aeruginosa was detected by PCR.
The drug resistance rate of these bacteria to commonly used antibiotics was studied by K-B method. The
effects of different concentrations of azithromycin on the mRNA expression of exos and exou in pseudomonas
aeruginosa were analyzed by reverse transcription PCR (RT-PCR). Results Among 50 clinical isolates of
pseudomonas aeruginosa,36(72. 00% ) were exos positive and 14(28. 00%) were exou positive. The resistance
rate of exou positive strains to 10 kinds of antibiotics was higher than that of exos positive strains,and the
difference between ciprofloxacin and levofloxacin was statistically significant (P <C0. 05). The expression of
exos mRNA in pseudomonas aeruginosa exos positive strains treated with different concentrations of azithro-
mycin was higher than that of the blank control,and reached the highest level at 4 pg/mL. with the increase of
drug concentration,the expression of exos mRNA gradually decreased to that of the blank control;the expres-
sion of exou mRNA in pseudomonas aeruginosa exos positive strains treated with different concentrations of
azithromycin was significantly lower than that of the blank control. Conclusion The prevalence rates of iso-
lates carrying exoU is lower in the pseudomonas aeruginosa clinical isolates,but the resisitance rate is higher.

Lower concentrations of azithromycin promote the mRNA expression of exoS and suppress the mRNA expres-
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sion of exoU gene.
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] 2 B B TR (P A J2 B Bt PN JB% % AT I T L A 56
PR 2 B i WA AR . PATIIEL AR 06 2 48 (T3SS) 1)
R 2 A TR SO HL I 9T 9 58 1 g L HE T3SS 24y
W4 FhEE S AL B AR EE (Exo) S\ ExoT,ExoY ., Ex-
oU , 4 B 3 4:F [1 8 53 Wb 22 0 1) 48 2 4 T3SS % )
T AL S AR AE T

P38 , AN (QS) R G il R BB 55 PA 1)
FAH M T EEREBE R PA K QS REE S
T AR IT R BERT PA 3 AL B
13 exoS Fl exoU 5 N #F 58 #F 451, 5@ i
PCR 2 #rdi B T3SS # J1FEH exoS Fl exoU B/ .
F K-B 48 R 15 0F 55 40 B4 T 245 18 00 5 28 B exoS. exoU
FH P #3833 RT-PCR J5 32 BF 5% B 47 55 25 ) 4 4 11 20
fE T exoS.exoU mRNA FikH52 M,
1 #R5FE
1.1 MR MASEEEH 2010 —2019 4E{R £
FR Ife PR T bR I v BE ML B 50 Bk PAL Hirp 38 Bk A
PR .6 PRk A R, 5 BRE B 20 1 Bk A I .
fii ] VITEK-2 Compact 4 [ S {4 W) %5 8 R G0 %06
PTG TR bR 2 A
1.2 HiwWAYAHOE @ K-B ke PA X 10
P IR 25 1 At 245 %, 2 B AR s Sk A At g | Sk it
TR TR I ISR AF N TIPS NV Ny P23 3 SN T 1A
PO R 7 75 A/l mas B 3H W R B R L S K e YR
Y Oxoid 24 A 7 fh . MH K5 3% 5& th 5 5K P B2 7
A B A R4,
1.3 exoS.exoU FER M L& 8 7% il & 40 B &2
DNA, i PCR J74 M exoS.exoU LK, K ex-
0S(GenBank no. AE004091) 1 exoU (GenBank no.
AAC16023) 1952 % Fe [] 7 51, R A] Primer 3 Plus 7E
S itsi .ol m LA TAY ARG K. 9
YIps e 1. AN PCR ¥ 1K £ .10 pmol/L
ELVFWESI44% 1. 25 pL.10 mmol/L dNTPs 0.5 uL.,
5% PCR SR 28 ok 5 pL.DNA B4 0.25 oL, 8
RARFR 25 pL LA iR 5 pl) o H4y FWZE K Ah 2
% 25 pL. PCR Kl exoS $AJE A 2 44: 93 C A8 1
5 min, &R 5 93 C 60 s,55 C 60 5,72 C 60 s,3L 35
MER 5 72 CHEM 5 min, PCR ] exoU #A4F
HEH.93 CHAME 5 min. R J5 93 °C 45 5,57 C
45 5,72 °C 60 s, 35 MEH . &5 72 ‘CHE{#H 5 min,
Xt PCR #7354 7= My - 47 2. 00 %0 B 16 bl 8 e H Uk » T 48
AP EE I HL UK G ACT UL EE L I 1 sk 4
1.4 PZpaE R ANE  T3SS HRIF TR RN,
JEEE I (Tryptone ) 10 g, FERFIR B #y (Yeast extract) 5
g &AL (NaCD) 10 g, 2 — % — Z fit e U 2 R
(EGTA)1.902 g ¥ T 1 L 281K 987 pH{E % 7.0,

type [l secretion systems;

exoS; exoU; azithromycin

EE(1.034X10° Pa) K 20 min, FEMLIERE exoS, ex-
oU [HMERFRA 1 Bk, 1E LB 537 b 37 "CKIRRZ U B
FERE R HEL 0. 1 mL RN A & AN 25 W vk B (1) 15
FHEFREE 5 mL 37 CKIRRE Y 6~8 h i | A4 K
ODgo, 49 0.6~1.0, 5 1.0 mL B M A 1.5 mL G
B ,6 000 r/min B0 5 min, WEAH .

*1 PCR 5| ¥ F Sl BTt =¥ K &

H b & IFH G =3 e
(bp)
exoS F.CCGGCATTCACTACGCGG 573
R.GTTCGTGACGTCTTTCTTTTA
exoU F:GGGAATACTTTCCGGGAAGTT 428

R:CGATCTCGCTGCTAATGTGTT

1.5 RT-PCR ¥ exoS.exoU mRNA #HXf 3 ik /K
SEOAE B RNA 1 2 L2 I EZgene™ bacterial
RNA Kit(Biomiga 24 BD#/E BB #£ 17, RT-PCR i
7l & mRNA selective PCR Kit(4: 72 1 mRNA) Iy
H TaKaRa 2 #dl, K #i exoS ( GenBank no.
AE004091) I exoU(GenBank no. AAC16023) i) 4 %
J¥ 51, ] Primer 3 Plus fEZ {4 i% 31 RT-PCR 514 .
Sl B TAEY ARG ST 2,
*2 RT-PCR 3| F I R =K E

R SR —3) SRR
(bp)
ex0S F.CCGGCATTCACTACGCGG 331
R:AGAATCTCTTTTTCATTCTTG
exoU F.GGGAATACTTTCCGGGAAGTT 128
R:CGATCTCGCTGCTAATGTGTT
165 IRNA  F: TTCGGACCTCACGCTATCA 160

R: TATTCCCCACTGCTGCCTC

XF PCR #3472 4 47 2. 00 % Byt NS W6 366 e vt ik .
VLUK BE B TR KR b R A, B S, R
Gel-Pro(USA) B I L 43 B 11 43 BT b 38, PCR 77
Wy DL Ry 6 %5 B (JOD) R P =y &L i A &
mRNA 5 16S rRNA [ L ff, BI A 1Z mRNA [ 4 Xt
FIKKFE,

1.6 Ziilb2ehbse  BodE R SPSS22. 0 4811k ¢ 4b
B, HBORORER T X K. L P<<0.05 N 2ERAEL
S-S

2 % R

2.1 50 £k PA IIfi JR ¥k exoS. exoU Xt [H 14 # 4 1F
A PCR A& 50 BRI R 43 B PA exoS.exoU F[H,
25 exoS IEHKEMILE 573 bp 4 &5 . 34 B Mk PCR
FEYI R LKA SR UL 1L BEMLIESE 1 Mk PCR FHPE Bk
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AT 38 00 R A X 45 2R DL IR 35 exoU ik PR AS: 1 7
428 bp A7 4545 . W4y B Ak PCR 7= 8 1 oL ik 25 L UL 1A
2, BEPLEESE 1k PCR FH PR BR EAT 9748 B9 I 5 A LG

M 251500 K-B %5347 exoS 55 exoU B PA X
10 FlGT R 25 W0 25 19 00 . 45 R W3R 4. ISR AT LI
th exoU FHPE PA XF 10 F L 18 25 ) 1 ifif 25 R 3 5 T

XF R I 4

%* 3,

#:: M i DNA Marker;1.,3.5 Jki8 J} exoS 3 K FH 1 PA Il R 5
2.4.6 JKiE A exoS K BATE PA I K #k .

50 Bk PA PIMEE Sy SN 20 AL UL exoS FHAERR . L 3R N 1D A2

FA G #E X (P<C0.05),

bp
2 000

B R

1 000
750

500

250
100

[T

7 :M 2y DNA Marker;1.2.3.5.6 JkiE A exoU 3 [H FH ¥ PA IIf

PR s TKE 4 0 exoU K BH % PA i R .
1 PA I exoS PCR # 1% B ik & . .
: o iRk E 2 PAMEHE cxoU PCR ¥ i85k
| = YT
2.2 exoS 5 exoU B PA Il BRI FHHL 1 254
exoS_Refer : 114
PCR_Sequen : STTCGTGACGTCTTTCTTT GACCGGT 3 T GCCGCGCATCCT ;CGT TCCTGTTCCTGGACCTCGCCTGAACGTTCCGGTTTGCTTGCCRES
GTTCGTGACGTCTTTCTTTTACGACCGGTCAGGCCAGATCAAGGCCGCGCATCCTCAGGCGTACATCCTGTTCCTGGACCTCGCCTGAACGTTCCGGTTTGCTTGCC
= 140 = 160 = 180 “ 200 = 220
exoS_Refer : [idg . CC C 3G “TCCC “CGCC {elelclclelele - - 228
PCR_Sequen : 1 221
AGGTCGAGAGCATCGAGCAGTCCCTGGCTATGGCCACTC’I’GCTCCCCCAGGGCCGCC’I‘CTTCGAGGACCCGGCGGGTCACTCCCTGCTCATCGCTGGCGC'I‘CAGCAGCACGCGC
o 240 & 260 * 280 o 300 w 320 * 340
exoS_Refer : 5 e T 342
PCR_Sequen : . GC GTG jJ¢ : 335
ATGTCGGTCTCTTTGTTATAGAGAATCTCTTTTTCATTCTTGTAGTTCGATATCCC CTGACATCGATTCCGGACCTGCCGAACACGGTGGATATCGTGCCCTGCCCGAAGCTC
‘ 360 » 380 * 400 & 420 ~ 440 w
exoS_Refer : >C TTCA AGGT “CGTCGTCGTGGCC > ( >CCCGCC 456
PCR_Sequen : 449
CTCGCGACACCGGGG'I‘TCAGGGAGGTGGAGAGATAGCCGTCGTCGTGGCCAACCT'I‘GCCC'I’C’I’TCCACGGCGTTGAAGGCATCCCCGCCACGGGTGCCACGGAAAGTCTTCRCT
460 n 480 » 500 * 520 * 540 ‘ 560 *
exoS_Refer : B “TGTCCGCT "CGC CTT 3 ~C O , 570
PCR_Sequen : Bisi8 C: “TTGG 5C sCTCCTGCCC G 5C : 563
ACCTGTTCAGCCTGTCCGCTCTTCTCGAAGGCCGCGGACATACCTTGGTCGATCAGCTTTTGTCCCGCATCCAGCTCCTGCCCCTGACGCAGAGCGCGATTCAGGTCCGCGTAG
580 " 600 ‘ 620 " 640 o 660 W 680
exoS_Refer : TGTAGAGACCAAGCGCCATCACTTCGGCGTCACTGTGGATGCCACCAGGCTGTCTGCCCAGGTACTTTTCCGCATCCGCCCCGAACCGCTTCACCAGGCCATCC @ 684
PR ez I e e e e e e e e e e e e e e e e e 573
TGAATGCCGG
A~ ~ 3]
B3  PAIGR# exoS PCR ¥ 38yE Bl /7 0 /7 51 b 34 B
* 20 l 40 * 60 * 80 * 100 &
exoU_Refer : ATGCATATCCAATCGTTGGGGGCTACTGCCTCCTCGCTGAATCAGGAGCCTGTCGAAACCCCGTCGCAGGCAGCGCATARGTCCGCCAGCTTGCGTCAGGAACCTTCAGGGCAA @ 114
PCR_SOQUON I = o oo e e e -
120 » 140 220
exoU_Refer : GGTCTCGGGGTTGCCCTAAAGAGCACGCC TCCCGTACTCT 228
PCR_Sequen : =—========seeccceccececeeeeee—— TTTC! 3G TTGCCGG. "GTTAGTGACGT 3TTTCAGCAGTCCCCAAGGGC, 3GAGTCC TACTCT . 85
GGGAATACTTTCCGGGAAGTTGCCGGAAAGCGTTAGTGACGTGCGTTTCAGCAGTCCCCAAGGGCAAGGGGAGTCCCGTACTCTG
240 = 260 = 280 & 300 = 320 = 340
exoU_Refer : “"GGCAGGGCCGCGG TGCGC I'T 5 T >C: T "CAGTCGGCC TT "THETCC 5C 342
PCR_Sequen : TCGGCAGGGCCGCG “TGCGCCA SGAGTCACC : STCGGCCA T8 TCC :CGGCGGTGGTGC R
ACTGACTCGGCAGGGCCGCGGCAGATCACTCTGCGCCAGTTTGAGAACGGAGTCACCGAGCTACAGCTCAGTCGGCCACCATTGACCAGTCTG TCCTAAGCGGCGGTGGTGCC
= 360 = 380 - 400 = 420 = 440 =
exoU_Refer : rCC CCCCCACE - T s ATGGCATCCGCAGCATGTCCGGTTCGTCCGCT ATCACCGCCGCCCTTTT 456
PCR_Sequen : : 313
AAAGGTGCGGCATACCCGGGAGCAATGCTGGCGCTAGAAGAGAAAGGCATGCTCGATGGCATCCGCAGCATGTCCGGTTCGTCCGCTGGCGGCATCACCGCCGCCCTTTTGGCC
460 * 480 * 500 x 520 * 540 ol 560 *
exoU_Refer : USSR ey S CCATC T e ppp———— - = - 570
PCR_Sequen : pNeIeeiy: A\GCCCGGCGGCGTT y TTTCCGA TGGATCT TTCGCTGCT T AGCTGAAGCTGTT i ] \ 427
TCAGGTATGAGCCCGGCGGCGTTCAAGACCCTTTCCGACAAGATGGATCTTATTTCGCTGCTCGATAGCTCGAACAAGAAGCTGAAGCTGTTCCAACACATTAGCAGCGAGATC
580 o 600 * 620 ol 640 * 660 ol 680
exoU_Refer : IGCGCATCGCTGAMMGGGCTTGGGCAACAAGATCGGCGGCTTCTCTGAG'.I.‘TGCI‘GC’.I.‘CAATGTACTCCCACGCATAGATTCGCGGGCTGAGCCCCTAGMCGCCTATTGCGC : 684
PCR_SQQUEN : P o o e e e e e e e e e e e 428

2.3

AN [R) e B2 BT 45 55 2R X exoS mRNA FH X 2 35 7K
SRR R DAV R Rk D A
PA B &3 8 28 S IR0 1 e B (MIC) 2 64 png/mL, ] 0
pg/mL.1 pg/mL.2 pg/mL.4 pg/mL.8 pg/mL.16
pg/mL W& & R AEH T exoS FEF MR PA I IR

&4

PA It R # exoU PCR ¥~ 1 i 5 B U 7 0
IYEIRR . 7ESEER P OR UL 56 B I B vk

3 b 3

exoS & K BH M 1)

if . exoS mRNA B [k 2 25 [ 4] B K -,

1) Bi] & 25 R %
YR AR A R L 38 i3 RT-PCR A2l exoS mRNA [y
FAXFFETEIK L 45 5 R L exoS mRNA (F) 41 % 26 15 7K
e RE 2R 4 pg/mL B IR Y B AT A 2 R R
W5
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®3 S0 RMFRBRAME WM ENEESE ()

2 5 exoS(+) ex0S(—) ait
exoU(+) 0 14 14
exoU(—) 36 0 36
At 36 14 50

*x4 exoS 5 exoU MR WA PA XM EHRE
Y ZE R n (%) ]

) exoS PHPEA  exoU FHMEH ;
LR xE P
(n=236) (n=14)

R L 75 A 19(52. 80) 10(71.40)  1.439 0.230
R P Ak / = s EL 41 17(47.20) 9(64.30)  1.176 0.278
kA Ath g 13(36.10) 8(57.10)  1.830 0.176
3k Fa it 5 10(27. 80) 7(50.00)  2.218 0.187
Vi 855 P 13(36.10) 6(42.80)  0.195 0.659
B 12(33.30) 6(42.80)  0.397 0.529
RRFEE 28(77.80) 12(85.70)  0.397 0.704
i >k 45 B 24(66.70) 11(78.60)  0.680 0.507
LR R 8(22.20) 9(64.30)  7.948 0.008
WA 7(19. 40) 8(57.10) 6.822 0.016

2.4 AS[E) R P BT A7 B AT exoU mRNA A X 25 K
FRYFE R R R D AS exoU e BH MR PA
B] 2385 2 MIC 24 128 pg/mL.JH 0 pg/mL.1 pg/mlL,
2 pg/mL.4 pg/mL.8 pg/mL. 16 pg/mL B 25 8 %
FEF T exoU L FHEM PA I K50 B bk . 7ESC 50
WL 3] 3 0 3 J3E 174 ] 2 2 2R 0k 40 T A A Y R T
if RT-PCR #; ] exoU 3 Kl mRNA A X} 3 ik K,
B 27 8 R AEH exoU K BHYER PA J5 exoU mRNA
RIKFFELFFEAR., WL 5.
x5 ARKEMFERERT exoSEEHYE PA R
exoS B FE mRNA 3% F ik Kk F

FEH 0pg/mL  1pg/ml 2pg/ml 4 pg/ml 8 pg/ml 16 pg/mL

exoS 0.264 1 0.302 5 0.424 8 0.964 7 0.452 4 0.361 2
exoU 0. 283 4 0.094 2 0.064 8 0.044 7 0.034 1 0.017 2
3 i it

PA J&— M 7E 35 58 rp 3% 5l A7 78 00 5 22 BRI
2 [ PR TR G T 12 ATL A O 2 il 2R 5 % DL s D R 2 —
T BT B 245 0 %) A T S 3l P A 200 T 114 it 245 e 3 3 34
I HL T 40 8 7 8RR L VR 2 FRE I R R
NS 259 Bt DU TE AN B8 8035 5 0 15 22 1 1]
A= RS, B AR 2 T B AR T
N B 7 D 38 W B R IR T A TR G R R . dE L
AR, T3SS iz AEAE T PA b, 5 40 B 19 2 1 ALl
UMK, PA T3SS 855 4 Fh 3 J1 A ¥ : exoS,
exoT.exoU,exoY,.i#iid T3SS f &2 B ¥ F

IRl %% 1z 2 1 32 240 A %) 240 B 5 o RR 5 i 3 440 i LA
PA J&e" . PA T3SS % J1 N T4 S48 0 il
Y5 A4 4 PA e 25| B ASCHESE T 50
¥ PA T3SS & 13 A exoS fl exoU W44 1§ 0L, 45
R IR 72,00 VB MR HT exoS £, 28. 00 % Y #5 47
exoU HE A, JC [F] B4 47 P b 25 PR A T Pk 55 Sk 20
IS/

ARG R R, exoU M PAMREZ AL E
Mif 255 5 b exoS BHPE bR A T i it 25 k. X AT e
exoUBH MR A M I FAMVHER RSB K FE & A
K SRR L PA exoU A X M 1 R 2K
Wit 25 PE W %5 T exoS FHAERY X 2l T4 9
A gyr A RASFAMHE R of Rk g . (H A B 5T
exoU [HM:AR H AT 14 £k, FiE iz /> F exoS fHPE
PRI 36 k. X SO0 I 1Y 22 7 02 15 AT AS F 97 45 2R 1
AR 22 A RE A S Sk I T AR 5w S iF — A
W

RIR RS BU I 245 W) 38 8 R 2Bt PA ML 24
Yy ORI AR R B 5T R B R IR N R 2R B 2 W ARG
J7 PA JERGL 1) M 25 2 A 12 1 BH ZE 1 i e kA
PEaal AR E A RIESCREY A AL
A RE R K N ER R PR 209 B A — R st R
AR VRN . AT B A A a4
lasI/lasR A1 rhll/rhlR & [ B9 5% 5%, 3 — 2 M0 2
PRy At AR Scii ik RT-PCR 4087 1 Bl 25 25
Z NI AR EE ST A exoS Fil exoU mRNA FEik iy
VEHT 45 R 2 WU B2 B 25 25 R X exoS mRNA )%
KA AR HVER] B3 8 R E 4 pg/mL B AR ex-
0S mRNA A X 3R 35 7K V- fe i » Fifi 6 245 90 Wk 32 1) 484
s exoS mRNA [ AR 2 3K 7K - 22 W AR 7 B # 25
X exoU mRNA B3R KAMEIEH . A5,
By 25 5 R AT AR PA JRER 43 B R Gk I
40 A A TR R B A SCRIF 9T Sk BRI ke JE e 2
R BB exoS mRNA K, M ## exoU mR-
NA Fk/ER Bt 58 exoS BH M B PR A8 & A1
Lt . B A7 55 K ] BEXT YL exoU PHE MR B E TH A 25 .
A 28 09 J2 I 790 B BT 27 55 2 BLAT (23 PA exoS
mRNA FRIRAE T H8 7% e PR XA 07 e 8 25 40 Je
TR TT B R A e IR R i 24 DA PR A B R
W B S I AE A 80 B B 4 R A2 A5 B[]

&% ik
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