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TP KE ( microplastics, MPs) 8 H 42/ T 5 mm
(R SRS, 3222 i WOK 98} %) 42 HE s sl o
il A R R AR R I = A T L MPs AR RE AR TS
Yy, TZAFE TR 0K R TR A
B Fh? Hd BRI M (polystyrene, PS)
B R R Y MPs 288 —B) il R A
TR T 22 I A BOR T, RS RS T I i 28
T I Foh 265 22 T gk e M e o il 4 5 741 R A K
Wi MPs i r s i i e LR RS K
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TSR s il 5 o 7 AP AT 5 BRI s AR BT 180 5 757

th MPs R 1 7 1T T R PR BT 5 AR W TR R
MR ARSI, HBETE H, MPs 72 1240 1 A2 )
JRAE AT Sy F i  EE AR H R, MPs X
il vE TR TR AR A A W IROE ORI B ) A5 AR W) o
PRS2 000 1 R B, A WF 5 LU 98 o 78 1A B S 2
IR AR, I R AR O TIB KL ( polystyrene microplas-
tics , PS-MPs) XA A=K P AR HOK - AR
WYy AN 25 I OS2

1 #MRERFE

1.1 HE ¥ PS-MPs Jili % 5 % A 1 ATCC10031
535 : LA9000-1EA ) 14 A Jb s R E R A R A
A, PS-MPs(kif2A 0.1 pm 1.0 pm F15.0 pum) I
H K E 3 R A R TEA A ] (525 :6-1-0010 ,6-
1-0100 #1 6-1-0500) , PS-MPs [ 43 B/ i M 4l K
i FIATKEHLAE 20 °C 400 W 40 kHz 251 T 4T
7 AL 30 min, MR A ST IR BENR G , (R TR OR
Ganti e
1.2 FERXFISNE LB HFFHER (5. CM158)
W A Bl B AR 00 A PR ) 5 40 R 3 1 37
175 . BB4221-2) W A L ifg DU A Wy B A FRA
Fl 5 36 P 48 (reactive oxygen species, ROS) M %2 i 5]
& (5. E004-1-1) 14 F s @A Y T RSN
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0.85% NaCl ¥ (525 : IN9004 ) . PBS 2% ik ( 5%
5. P1020) F1 0. 1% 45§58 (555 . G1063 ) I H Jb 3¢
FEHREREABRA A HEE( 5845 :1000320) 4 [ ™
AVE Pk TR A RS Al KBS R (18 5.
10000218 ) W [ I it [E 24548 A4k 200 PR\ 5 4
PSS RNA $2 UG & (555 . DP430) \cDNA 2 —4%
AR & (585 . KR116-02) F1 SYBR Green %8
YepHR & (585 . FP205-02) e [ RAR A4k (b 50)
AR B A T AR T RE A A7 BR S A
H, PEIEE & PCR X (45, CFX96) W F 36 [
Bio-Rad A Al 5 #B iU R A3 BT (45 . DS-11
+) I A 32 [ Denovix 2 Al ; 4 I K EEAR L (A,
Multiskan SkyHigh) 4 H 2 [E Thermo Fisher Scientific
N ZIREEER L (A5 . SpectraMax iD3) ) H 3¢
Molecular Devices 2\,

1.3 A&

1.3.1 ®EAEA R CHRAEEKRZEMN T LB
TR A E LR G B FEAR AE 37 C R 150 v/
min 25/F TR 12 h, SR 5B A0 F 6800 (9 il R 58
TEAAHAE 4 °C F14 500 r/min 2505 F B0 15 min U
WK, 755 B, 0. 85% 14 NaCl IR IE Y 3
WU LRI RE ke AEET
0. 85% NaCl 7 HC il TR, I i 52 b3
JECEETH A 5 B A WG EE(E A ODgyy = 0.5 (4
5 x10° CFU/ml) ,

1.3.2 Axkugae AERMZESTETCRH 96 fL
L% TR G SR AR 5 T A TR T T A K R A
HATIE . &R (0.1.1.0 F15.0 wm) PS-MPs ¥
WA LB 85 57 55 B il B AS [F] v BE (10,50 ,100 pg/
ml) , P55 A S5 54K (1 LB B 9% 5L 4E Sy ) IR 41
(Control 4H) . ¥ B FE1 = 100 1Y Eb il A 2] e
HILrH LB i 3e3krh 78 37 °C &4 FobfThs R, 1f
FH A K BEFRUZE 600 nm 3% 1K S8 T IR 45 FL7E
0.0.5.12.4.6.8.10.12 .24 36 .48 h B G
A& AN INE] S5 AOD ., , B4 B 1] 151 0Dy, 5k
220 h BFSSC B A 1Y ODyy , #5485 SE SR 2H Y AODg, A
3T Control 41 B K#AK, 5B PS-MPs 1)1 il 41 B
A DIBEFRET R B A A5 AOD g 1H A A AL bR, 23
(BN

1.3.3  FHalE R E N &
CCK-8 1 fiti 48 v B AF1 TR B A B i 1, il R e Y
A BT T AR WE (10,50 ,100 weg/ml) Fk:fz
(0.1.1.0 F15.0 um)PS-MPs }RE5 T 7E 37 C &41F
THEFR 48 h 5, 7E 96 FLANEE FEAR AL A 190

w25 YR L K %5 1 TR R, A 10 pl e B33,
T 37 °C 20 FWEE 1 h, 4 K B FRAUAE 450
nm AL B A FLIWOG R 2S HAR RIS
YT 4L, Control ZH 2 A2 FE T PS-MPs fU4, 1
PEMELE R FE/R NS Control HIE A LIE L, K
P TN 2t S A A N P A R E M = [ (DA
OD - 254 OD)/( Control 41 OD - 2544 OD) ] x
100%

1.3.4 RAvm#onz  WERE T AFEMWKE (10,
50,100 pg/ml) FIAAR(0.1.1.0 F15.0 wm) PS-MPs
PR 37 °C SR 13 48 h & S S A, LA
ROS 1E N S84 I SRR B 4 A IF E AT 00 5, R A 26
J6HR%EF DCFH-DA I ML Y ROS ik, Hii4fs ROS
W R0 B U B A E A T 00, 4 ) 22 D) BB A A3 352
W IEAH , S5 R 5 7R IS Control 4111 43
B,

1.3.5  AWBER ol & il 9 v H A B AR Y AE
TCH 96 FL 41 M35 F2 b h i A7 85 3R IR0 2 . LB
SRR ISR MR BE (10,50 F1 100 pg/ml) 431
AIHI4 K42 (0.1.1.0 F15.0 wm) PS-MPs I&¥ , 4
A 3 ASEATAL, I IR &, A1l — R AL
IAGE R 3R B TR FEM P, £ 37 °C &
PFF3EE 48 h 5, 78 K3 3R 0k SR 5 FH PBS S bl
RV IESL 3 RS 5 R e . KL
Mt T, B J5 A FL A 200 pl B EE [ € 20 min, 352
F i, PBS ZZ il R e v el e L 3 ik, BT
BALIIA 200 wl 0. 1% 455 S WS-8 30 min, 57
FY, H PBS ZZ il R v e L 3 Rk, BT
JE AN E LA 200 wl 33% 1Y vk S 2 I 7643 4k
¥ 20 min, 355 02K BEARXAE 570 nm AL
HRALI G EE , SEIREE R R R N 5 Control 211
HorIEX,

1.3.6 MR R A8 & A B A8 xRk KT 2
K HH qRT-PCR I il 4 5 76 11 B 04 A= 0 B6IE B AH
FHEH TuxS ,mrkA . whbM |, pgaA Fll wam [ 40X ik
K, SIS Skt AT A T, LR 1, B
P = 1000 ELBIINAE & AN & 100 pg/ml 4%
Rif2(0.1.1.0.5.0 wm) PS-MPs AR5 373k K 52 5%
T PS-MPs (4% Control ZH , B 5 {5 FH 15 18 35 346
1637 °C £ T 5555 48 h, fd 40 B RNA $21
IR B L RNA ] cDNA 55— 854 it ) &tk
15555 B33 SYBR Green 2 GELEHAT & ki7"
o LI R 5E B AA T 16S rRNA FE RIS I
SEREH 2 78 A BT AR X R R K
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Tab.1 Biofilm-related gene primer sequence

Primer name Primer sequence(5'-3")

16S rRNA F:AAAGCGTGGGGAGCAAACAG
R:CCGCTGGCAACAAAGGATAA
LuxS F:AGTGATGCCGGAACGCGG
R:CGGTGTACCAATCAGGCTC
mrkA F:ACGTCTCTAACTGCCAGGC
R:TAGCCCTGTTGTTTGCTGGT
wbhbM F:ATGCGGGTGAGAACAAACCA
R:AGCCGCTAACGACATCTGAC
pgaA F:GCAGACGCTCTCCTATGTC

R:GCCGAGAGCAGGGGAATC
F:TGCCAGTTCGGCCACTAAC
R:GACAACAATAACCGGGATGG

1.3.7 FAhARMEZEKFRZ  [HH qRT-
PCR 77 32 1 5 ili 98 v B A0 B4 75 1 & K ureA | uge |
wabG 1 fimH FYFIXTFIRK-, 5197512 B0k
AT AR WA 2, B S Ao AT 7 ik [
1.3.6 1,

®2 BFHERSIMEFT

Tab.2 Virulence gene primer sequence

Primer name Primer sequence(5'-3")
F:ACTGACCCCCCGAGAAAAA
R:GGACTCCGGATAGTTGAGCTT
uge F:AAGGCTGCCGTCATACCAA
R:GCTCATTGGCTTTCTTGGTG

ureA

wabG F.TAAGGATCAGCCTCGCTATCAG
R:ATAGAAGGGCAATGTCTCCGA

fimH F.ATTCACGGACCGATAAACCC
R:CGCTATTGTAGTTGTTGGTCTGAT

1.4 SFitZE4E FraXKEPCELE 3K, B

GraphPad Prism 8. 0 X[ &R #HAT 412700 Hr A,
ﬁ(ﬁu ;c +s %%ﬂi\‘ ,ﬁﬁiﬁﬁ%%ﬁ%ﬁ'ﬁ( 0ne-way
ANOVA) Fl LSD 56 He A 45 21 2 o] 1 f 2 1 2% 57,

PLP<0.05 BnEFAGIFE XL,
2 R

2.1 PS-MPs X fili % 52 B A & & K £ B9 =2 i
ASTRIHEEE (10,50 1100 wg/ml) FIKIA2 (0. 1.1.0 Al
5.0 pwm) PS-MPs X Jili 5 5 F5 411 B A K il £k 19 5% i)
W1 BT il 4 o B A B 28 s J 0 6 5 R
EAKM, TEHEE B0 ~2 h) , &4 PS-MPs A%} fiti
R TEAATE AR A I WA, YR R A R
HEARTBOHI (2 ~24 h),0.1.1.0 #15.0 um Y PS-
MPs 75 AN [R] & BE 25 170 T 24056 40 B A= = A 41 il 5%
W YEEFERTA] R 24 h B, 4B 0.1 wum PS-MPs
M2 A (10.77 £1.80)% ~ (16.58 +1.00) %
(F=32.13,P <0.05),1.0 wm PS-MPs By %Ky
(4.66 £0.81)% ~ (9.80 £2.52)% (F =15.24,P <
0.05),5.0 wm PS-MPs AR A (6. 07 +0. 74) %
~(9.06+1.05)% (F =19.99,P <0.05), 24 h J5
it 5 s B AE B A RS A K Y 3G SR I [E] 2 48 h
I RiA2 o 0.1 wm B PS-MPs i 40 1 A= K i 41 1) %
SRR I, AR EE (10,50 1100 pg/ml)
B 2 9K (6.24 = 1.37)% . (11.40 +
2.29)% F1(22.32 +3.83)% (¢ =3.12.5.70 Fl
11.16,3 P <0.05) . Jifi % i B {11 1 2 5% AE BLAR R
1.0 wm PS-MPs #15.0 pm PS-MPs 537 48 h B | AJ]
WP 22 (B 22 S R Ge 25 B S AHE T Control 41, £5 W&
JEE G A R A R 280 A B R A I AR, 1.0 um PS-
MPs FRAIHIZR 4 (5.60 £0.74)% ~ (8.19 +£1.30)%
(F=17.94,P <0.05),5.0 wm PS-MPs (741 ] %k
(4.26 £0.58)% ~ (5.33 £1.49)% (F =12.87,P <
0.05), M T 1.0 pm F15.0 wm KR4, it 4 7
AW AEE T 0.1 pm [ PS-MPs J5 £ K 22 3] g 2%
i, JF H G 2 5 W BB SR AR S

0.8 - Control group 0.8 -e- Control group 0.8 - Control group
& 10 pg/ml group & 10 pg/ml group & 10 pg/ml group
06} & 50 pg/mlgroup 06F & 50 pug/mlgroup 0.6 F -& 50 pg/ml group
_ -% 100 pg/ml group _ -¥ 100 pg/ml group _ - 100 pg/ml group
Q% 3 D% 3 D% -
8 0.4 o) 0.4 8 0.4
< < <
02F 02r 02

0
0051 2 4 6 81012243648
Time(h)

0
0051 2 4 6 8 10122436 48
Time(h)

0
0051 2 4 6 810122436 48
Time(h)
1 PS-MPs METH X EEEEK L
Growth curve of Klebsiella pneumoniae in the PS-MPs environment
A-C;0.1,1.0.5.0 pm PS-MPs.

Fig. 1
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2.2 PS-MPs AR EEMEEFENIEME AFH
W (10,50 F1100 wg/ml) FKIAZ(0.1.1.0 F15.0
pm ) PS-MPs X fiti 2 5 75 41 581 37 P 0 52 i an 1] 2 e
AN N R S - L YAl ol N O A7 5%
(10 pg/ml) PS-MPs XA P16 RN HISCR &5, 5
Control ZHAH , K422 (0. 1.1.0 F15.0 wm) ZH
WEHE R T (12.67 £3.27)% (1 =5.26,P <
0.01).(9.67 +4.87)% (¢t =4.02, P <0.01) #l
(3.99£0.41)% (t=1.65,P >0.05) . f&HJE (100
e/ ml) PS-MPs X 20 B 6 78 77 A8 S 2 R acrk, 5
Control ALY, £HR422H (0. 1.1.0 A1 5.0 pwm) 45
WM FHET (39.68 £1.03)% . (25.16 =
1.70)% F1(18.79 +2.95)% (¢ =27.07 .17.17 #
12.82, ¥ P <0.01) ., 2538 HI/R PS-MPs K12k /],
VR EE By, WP 98 e T AT TR P 1 4 A ORI

150 —30.1 ym
Zz1.0 ym

120 [M5.0 pm
X & ok
— *k
2 "
= 60t
B
O

30F

0
10 50 100

PS-MPs concentration(pg/ml)

2 PS-MPs ¥ME TRl 52 B R & & Mk F
Fig.2 Activity level of Klebsiella pneumoniae in
the PS-MPs environment
**P<0.01 vs Control group; *P <0.05,*P <0.01 vs 0.1 um
group; P <0.05,%P <0.01 »s 1.0 pm group.

2.3 PS-MPs ESH A ROS F4EKFE  ANRIHRE
(10,50 #1100 pg/ml) FIAiAE(0.1.1.0 A1 5.0 pm)
PS-MPs 75 5l 48 s 8 {11 8 77 A= M ROS 7K P22
LR 3 frs, %8 T 10 pg/ml £R 4241 (0.1,
1.0 F15.0 wm) PS-MPs 48 h J&, 40 & 7= 4= (19 e Y
ROS & M % T Control 2043 BN T (22.79 =
2.79)% .(10.70 £1.47)% F1(6.25 +1.78)% (t =
15.30.7. 19 f14.19,¥J P <0.01) , BT 100 png/
ml AR AE4H(0.1.,1.0 A1 5.0 wm)PS-MPs 48 h )5,
A 7= A BN ROS & & A% T Control 41 i 1%
I, 4 B T (48.08 + 3.40)% . (22.61 =
2.27)% F1(17.38 +2.34)% (t =24.92 11.72 F
9.01,¥JP<0.01), R E/R0.1 wm PS-MPs ;=4
) ROS & i 3 T HAWR AR 41 (1.0 f15.0 wm) ,

I ELve By, i e A T )™ A 1) S A O -
R

200 [C30.1 pm

wA1.0 ym
[ 5.0 wm s
150 | ok sk
o *% i ok
o
100t
wn
@]
“ 5ot
0
10 50 100

PS-MPs concentration(pg/ml)

B3 PS-MPs IRE TR SAEAUEHKFE
Fig.3 Oxidative stress levels of Klebsiella pneumoniae in
the PS-MPs environment
** P <0.01 vs Control group; P <0.01 »s 0. 1 wm group; P <
0.05 vs 1.0 wm group.

2.4 PS-MPs 3t EMERMZEM AR (10,50
F1100 wg/ml) FPKiAE(0.1.1.0 F15.0 um) PS-MPs
XoF i 58 v PR AR A AE IR U sE i an i8] 4 Fis . 24
ST 10 pg/ml FKiA22H(0.1.1.0 F15.0 pum) PS-
MPs 48 h Ji5 , 40 & A= WY L AT Control 2153
AT (17.88 £1.94)%  (13.30 + 1.87) % I
(9.59 +1.73)% (1 =13.21.9.81 #17.08,3 P <
0.01), MHEFELE 100 wg/ml PS-MPs ¥R T | £ Hi
R(0.1,1.0 F15.0 wm) (94 Py T2 1 i BH I8 14
Jn, A8 & F Control 41 43 5 34 T (106.29 =
4.12)% (60.66 +4.40)% F1(50.93 +4.34)% (1
=34.79.19.86 f1 16.67,%] P <0.01), Z55EKH
0.1 pm PS-MPs REAEAT RUCIEFE T 4 v B {11 o1 AE oy g
TE R, I ELve B ey, A= W BB B T B

2.5 PS-MPs Xt &£ ¥ BR 2 B HE X B E 48X Rk K
TR 100 wg/ml £ RiFE4 (0.1,1.0 F15.0
pwm) PS-MPs % A ) BB BAH OC 2 P TuxS | mrkA |
whbM \pgaA Fl wzm FHXT R IKIK A 5200 Q01 5 B
No 5 Control 21 #H b, 7F 100 pg/ml 4% ki 45 4H
(0.1.1.0 F15.0 pm) Y PS-MPs 35 T, luxS , mr-
kA .wbbM ,pgaA 1 wzm [ AH XT3k K i 35 42 55
HA 0.1 wm #y PS-MPs fig % 7= A= 1 25 42 JE R0
luxS .mrkA ,wbbM | pgaA F1 wzm F%)AH %] 2% 3k 7K A1
T Control ZH 43 ¥4 in T (19.93 = 1.05)% .
(136.00 +16.56)% . (94.12 +11.35)% . (343.78
+30.65) % M1(178.41 £9.51) % (1 =20.55.19.27 .
19.96 23.36 f142.26 % P <0.01), 458 FEW 0.1
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pwm PS-MPs B I 35 H2 55 A= 0 B E J A DG 38 R (18 R X
R \ o 251 C30.1 um
FRKT AR P . Z21.0 ym
% - 20F [m 5.0 pm
250 [=10.1 um =2 .y
1.0 ym *% Z S5tk by ok o "
[m 5.0 wm 58" ok gor BE gy B i
200 - = i &y
& ok &= && &&
i, sk Kk ’;;k LS g.g 1.0}
g 150 I sk ko 2 && 2 :
2 R s =
E 100} 2 05r
=
.2
B s0p 0
ureA uge wabG fimH
0
10 50 100 Bl 6 PS-MPs IRE AR BHE S HEE B RIAKTE

PS-MPs concentration(pg/ml)

El4 PS-MPs TRz TRl 52 & 10 E 4 M AR TS ALk F
Fig.4 Level of Klebsiella pneumoniae biofilm formation in
the PS-MPs environment
** P <0.01 s Control group; P <0.01 vs 0.1 wm group; P <
0.05,%P <0.01 vs 1.0 wm group.

&1 C330.1um

50F 241.0 um
2 45
s 1df [ 5.0 wm
2935
257 -
20251
qé-—a kk iy
5 L§ 201 ok # ik
2 1stunll| Pt | X
Z%3
= 1.0F
o
05t

luxS mrkA  wbbM  pgaA wzm

El5 PS-MPs S5 TS 52 EHE £ ME
T B S E F A Rk kT
Fig.5 Relative expression levels of genes related to biofilm
formation in Klebsiella pneumoniae in the PS-MPs environment
** P <0. 01 s Control group; P <0.01 vs0.1 um group; ¢P <
0.01 vs 1.0 pm group.

2.6 PS-MPs Xt 5 775 E 8 3f T & K T 59 % i

100 pg/ml &K A4 (0.1,1.0 F15.0 wm) PS-MPs
X7 F1 R ureA [ uge .wabG Al fimH AH X & 35 7K
AR AN A 6 FiR, 100 pg/ml &Ki424H (0.1.1.0
5.0 wm) [ PS-MPs {3 2 5 ureA \uge ,wabG I
fimH AR RIRIK P, BEETERLAZ A 0.1 pm PS-
MPs 355~ 48 h J5, # /1 3& K ureA | uge , wabG #l
fimH AT 5 K S AT Control 44351380 T
(51.56 +2.99)% . (34.60 +2.33)% . (68.23 =
4.22)% F1 (14.21 = 1.50)% (¢ = 31.66,23.35,
19.78 F113.60,#) P <0.01) , 455 B8 PS-MPs 1
DA It A 5 TR A0 T A 2 ) PR 3Rk A B T
iSRS

Fig.6 Relative expression levels of virulence genes of
Klebsiella pneumoniae in the PS-MPs environment
** P <0.01 vs Control group; P <0.01 »s 0.1 pm group; P <
0.05,%P <0.01 vs 1.0 um group.

3 itig

MPs 75 JeXt R ERAE S RGAA L DA A v
SO, 0T B R A ERIR S ) B, MPs AR
AEWHEIASE T ILAE A 32 2 MPs IS A= 2%
et RERICAE TS R AR S XU FF 51 3R 5
TR B S AL 7 B VR 200 i MAPK {55 38E , ™ A=
JEFE E AL S T v, A SR T,
PS-MPs ¥15% T, ROS /K1) & 3 T i 1l g2 5 Bl
2 50 B A B AR A A RS PR A ) ST 2R b
FELE R 7R PS-MPs RiA% /N W BE B, ROS % &
SR 7 A T R KT A R KT DT X il
RS ERAATE AR AR F BRI BT

MPs HA BOREKTE e A RIS RS, A
F Tl s s A AR R 0l ) kg R AR
Yy 5 I 32 51 MPs RiAS 52 | il TFRi AR 4 /N i)
MPs HAT B A b 22 1w AR, 5 B0 B 7R % 1 25 1) p
Fefil MPs AL TR, A B FANR 25, BARH
I MPs i B g Z00E , £ BELAS 48 T4 [R] 10 422 e, sk 2>
Fefibl s AR TAEYBIC L, SFRE R R 78
BARARAL(0.1.,1.0 F15.0 wm) H,0.1 um PS-MPs
A% 0 2 T il 2% v 75 111 B A I TE O 38 = 2B
JRIE A SCFE PR TuxS , mrkA  wbbM | pgaA Fil wzm f)
AHXT IR ACE R A R TR e 1, AR oE &
FF AR D RES (40T 18T A fi 8 e B A TR R 1 2 g
TP E A BT GE 13858 ) o n] Bk — A 42 7+
MPs (AEZS RS, AL, 0 AR S A w5 2
MAFTER VI OC AR, 20 TR 2R A T8 U A ) 2 348 fin 4 7
WS QS, S HCH QS 1554 T 1T LA %
HAFH LS ZHIE R WTE PS-MPs 5T,
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A WIIETE BRE J) 3 5 2 S5, I 98 5 7 11 T 1Y) 2 ) 2
ureA \uge .wabG F fimH AXF 8K F 55, 4 Bl
T EE S AIE 08, TSR PS-MPs a] LI 72
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Effects of polystyrene microplastics on the growth,

biofilm formation and virulence of Klebsiella pneumoniae
Cheng Zhenfu'" *, Bai Miao’, Bai Yuchao®, Zhao Qianxiu®, Wang Zhenghao’, Zhang Can’,Zhang Chuanfu' *
(' Dept of Health Inspection and Quarantine , School of Public Health , Anhui Medical University, Hefei 230032;

*Chinese Peoples Liberation Army Center for Disease Control and Prevention, Beijing

Objective

100071)

To explore the effects of polystyrene microplastics ( PS-MPs) on the growth, activity, oxida-

Klebsiella pneumoniae was

exposed to PS-MPs at different concentrations (10, 50 and 100 pg/ml) and particle sizes (0.1, 1.0 and 5.0
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pm) , and the growth curves were measured. The bacterial activity was determined by CCK-8 ( cell counting kit-
8). The level of intracellular reactive oxygen species (ROS) was determined by fluorescence probe. The biofilm
forming ability was determined by crystal violet staining. Real-time quantitative fluorescent PCR ( qRT-PCR) was
used to detect the relative expression levels of biofilm-forming genes (luxS, mrkA, wbbM, pgaA, wzm) and viru-
lence genes (ureA, uge, wabG, fimH). Results A high concentration (100 pwg/ml) of 0. 1 pm PS-MPs had a
stronger inhibitory effect on the growth and activity of Klebsiella pneumoniae, and the intracellular ROS level signifi-
cantly increased, indicating that smaller particle size and higher concentration of PS-MPs were more toxic to bacte-
ria. PS-MPs of 100 pg/ml particle size groups (0.1, 1.0 and 5.0 pm) significantly promoted the biofilm forma-
tion of Klebsiella pneumoniae. The relative expression levels of biofilm formation related genes (luxS, mrkA,
wbbM, pgaA, wzm) and virulence genes (ureA, uge, wabG, fimH) increased. Conclusion By inducing Kleb-
siella pneumoniae to produce a high level of ROS, PS-MPs can cause oxidative stress, inhibit the growth and activi-
ty of bacteria, and enhance the biofilm formation ability and virulence, thus affecting the biological characteristics
of Klebsiae pneumoniae.
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genes were screened in silicosis patients, among which 62 differentially expressed genes were up-regulated, 142 dif-
ferentially expressed genes were down-regulated, and 22 differentially expressed genes were mitochondria-targeted.
The concentration analysis of differentially expressed genes targeted by mitochondria showed that the cell compo-
nents mainly enriched included mitochondrial membrane, endoplasmic membrane side components, etc. The bio-
logical processes mainly enriched included mitochondrial electron transfer from NADH to ubiquinone, inflammatory
response , immune response, etc. The main molecular functions enriched included the rotation mechanism of proton
transport ATP synthase activity, NADH dehydrogenase activity, chemokine activity, etc. KEGG enrichment analy-
sis mainly focused on the involvement in chemical carcinogenesis-ROS, 1L-17 signaling pathway, toll-like receptor
signaling pathway, chemokine signaling pathway, TNF signaling pathway, etc. In addition, RT-qPCR results
showed that the expressions of mitochondrial cytochrome coxidase 1, mitochondrial cytochrome coxidase 2, mito-
chondrial cytochrome coxidase 3, mitochondrially encoded NADH dehydrogenase 1, mitochondrially encoded
NADH dehydrogenase 3, mitochondrially encoded NADH dehydrogenase 5, superoxide dismutase and mitochondri-
ally encoded ATP synthase 6 gene were down-regulated in silicosis patients (P <0.05). Western blot and RT-
qPCR results showed that, in silicosis patients, the expression of MFN1 and OPAl decreased (P <0.05), while
the expression of DRP1 increased (P <0.05). Conclusion Bioinformatics analysis and validation, eight mito-
chondrial targeted differential genes (MT-CO1, MT-CO2, MT-CO3, MT-ND1, MT-ND3, MT-ND5, SOD and MT-
ATP6) were finally obtained, which were enriched in mitochondrial respiratory chain and oxidative stress pathways
and might play an important role in the process of silicosis.
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