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FE: [ B ] FIHARNA-Seqds RERFTEAM 5 19 BLIE M 32 B K CRAMPXS 87 2% i 5 MU R PAO L A AE
Wirk R sz o [ i ] SRGS b S Al A= Wyl i, IO 3 R AR 494 S ARU5E (CLSM) WL 8 2 W i g
B 2524 5 A I Ilumina — A & 3 & 0P F &, R A PE1SOM Y 38 1% 4341 T CRAMP& i ik T i PAO1
A W0l M 5 0k REZH AR5 SpoKOF B R R 3Rk 25 S5 AT 1,3-25 1 5 2Rl E T PAO 1A= W 9l JE v sl 1R £
i [ 4559 ] CRAMPIE M KRR 2 25 0k /D PAO L AE I i i, I H #£0.98-62.50 pg/mL3E [l Py &2
— B W BE AR M, CLSM U 7 CRAMPX 1 Ik BB % f 25 0l /0 4 T 5 98 o B o e S 2L e 4R A% T
126367008 Tzt , e 158222 Sk, R BIR00 ML Rik Bl 7821 KIE T M. GO
e EEI B/R, 12260 SE K X BIGOTI AR /AT $ s 12, fEiX b SRR B, 540 FUi6E .
AP A A ¢ . KEGGH & £t i/, A 6034103RiK 25 B & H N X #IKEGGH 1)
9655 itk As, H TR R REIMAUIRRE . IBIRRAEHER . —RMRIGH . AW AE R %
& 3R R FLCRAMPE A K AT REVE T T-PAO1 c-di-GMP R S5, 45 41 i3z shtk f 2k Wy s 4y 6k, F .
55 H 9% B %)V (quorum sensing, QS)R G FIEEEREE A AT E . HeJa & 50iE, CRAMPEHMIK B 20> T
PAO1 KA Mo E P SRR Eh 1 o . [ 4518 ] CRAMPIEAi ik % PAO 1 B2 A= 1y i EL AT ) 58 () 75 s 1
FH, ELRE T BUSALE Wy vl B R 6 & 1 8 [ i B s A0 8 20, AT BB JE i T CRAMPE i IR i PAO1
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2R N TR 2 8 A R, H S BUE 1
F PRI, o A B Pl A A RS A TR B L A A
ZWE A WI(EPS)AL L, & 21> RGN A
i —A sy ml, ARiE, ARR
H 80% (A W iE LAAE W TR AR AE L 53k 75%
(9 N2 B 55 A W AR G, AE )4 RS 2 AT R
SECLIFIEE 10-1000 £ HTAE E 2530,

1 FE BRI e i 5 — B B2, HA
PE T LR S 2 FIHCA SRR ) AR R T R .
T 9 B Bl 2B 3 Rk R A B TR ML 8 A
BN Tz . AR, AR E LN
FHF X650 240 B A e B4 3, AU 7 S B 4 IR
LL-37 M HAB i ¥ & vl 48 B A B A= Y o s G
PEEOL T CRAMP A/ BRUHR & B 15 3= 5 1)
K, HE5MMIIGES LL-37 AR,

A5 3 F AL & B CRAMP &4 ikt
sk BT PAOL B — s WS RRVER, JEd
WO L R AR 4 R & I CRAMP &4 I
JG ) PAOL A9t RS AARURIBCRE B A5 /NS 4f
I CRAMP &4 ik 7] BEXF PAO1 A= M1 5 A TE A
FN A3 WO R A S o 25 SR B A e R Y TR 2
— AR AR, BRI G s )y
2% CRAMP &4 Ik T 5 119 B 2 A 400 i 5 e I
HE—2EHFSY, K5 CRAMP 1845 k%t 41 15 A= 4
HERR 7 i BB

L ARR

L1 ERRFIZ

4RI B PAOTL #k, My A HP [ %8 £ A
YR A R R B
CRAMP &IfAK, 78 5s A= DR A TR
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NG AME , ZERR 7 4 AV G M UL 1 5 W
LH(201810701474.7).,
1.2 EERH]

MHB . TSA #3537 L5600 B 7 &5 1 A P HoR
AR . 1%45 5448 . Triton X-100 I [ b 5T&
FERHEARAA . 96 FL4H M FE 4 (3599) .
6 FLANAERE TR (3516) . AHIEE IR (430168)W H
% T A A . Lab-Tek™II i % 35 3% A .
FilmTracer' " LIVE/DEAD Biofilm Viability Kit It
HFER R RBH (P EDA PR A ] . W BERR N |
1,3-Z8 MWW B i e kAR RHECA PR A 7] .
1.3 CRAMP &4 koot 4 45 1R 5 M o LA
PR )5

B+ PAO1 KRB RIEEFE, 10000 r/min B0
10 min, 3% FIEEETHAH MHB . %%
ODgoe=0.1, FFFERE 100 £, 1E R TAER . B TAE
IR 96 fLAR T, 37 °C K537 24 h, TESUSEVE
PIpiisE . e aigdt, F PBS G2 MR e e
A3 HIANA 0.97-62.50 pg/mL ) CRAMP f&4fifik, 1 h
TR SR . G IEWIE RS R 6 fLiRE:
WESE IR A ey 3 Pl BB, T,
1.4 EYGEE A Y HRE EITE

We 25, F PBS 22 il e 3 k. A
B[] 7E 10 mine W PR, 1 WY R4 Jo A 45
Al SR VA TR 8 20 min.e YRR IO S A BE R
IR A Y, 78 630 nm AbNE OD 1A,
Ko 0 A= 9 9% JIF 4 (erystal violet, CV). [A]Ek¥E%
AEYIWEE . IA Triton, WRITIRS), FE4ArmERAE
P, B 25 pL 9EAT 10 fEREEER R . dnoa B
100 pL A6 T TSA M b b 47 A Pyl B v 114k
(colony count, CC),
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1.5 BOLHERAERR BB (CLSM)REA Yk

F MHB 55 3% 4 2 i SR v B 97 1, %
H ODgoo=0.1. K¢ TAEE WM A Lab-Tek™ IT Jf %
WY, TE 37 °C KT EERE 5 d, g
24 h HREEFRAL, Bk 5 d R, Wi SR AR
0.9 %) NaCl it 25 AR MG RO ARTE o 7ERG %
A Filmtracer™ LIVE/DEAD™ Biofilm Viability
Kit Qe FIKEK e 2R 0 4Lk, 7E Zeiss-800
HRMEPOCR A 10 55 T WA, W
KWK H 488 nm (SYTO)HI 561 nm (PI), &
S KAy 91k 500/32 nm (SYTO)F 617/40 nm
(PD). IGREPLIERC 5 af oy F A OLEY, SRR
85 2R 2 0 8 B e A= P ol B v
1.6 FEFRAN

¥ PAO1 HHKMEIESE, 10000 r/min Z5.0
10 min, F F{E#EE THAK MHB . Ji#k
ODq0o=0.1, FH-FiRE 100 %5, 10 TAERR . fE4H
JiL 5% 3 TP USRI RS, CRAMP & ik
TH 1 h 5, I PBS Z2nfiveifk 3 ¥k, HI4HALE]
TIEIBERENE, T UKORAFRAE . Z 4G B 4
AR B A BR2S mI Bl AE b - . Dy
-4 4 lumina HiSeq™2500/4000, A5 145 i
e s © b AT I R A Y B s o
(NMDC), %45~ NMDC40001263.
1.7 real-time PCR

% A PrimeScript™ RT reagent Kit with gDNA
Eraser #17 cDNA S % 5%, UrsI s 1, Hi
16S YENE XA . KA SYBR® Premix Ex Tug™
II (Tli RNaseH Plus), ROX plus #£47 real-time
PCR, real-time PCR {& £ (20 pL): 2xMaster Mix
10 uL . IEM 514 0.5 uL ., JZ[a5[4) 0.5 uL . cDNA

% 1. Real-time PCR 5|4

Table 1. Sequences of primers used for real-time
PCR

Primer Primer sequences (5'—3")

algU-F CGATGTGACCGCAGAGGATG
algU-R ACTGCTGGATGGTCTGGTGC
mucA-F ATGCCGAGCTGCGTTCCACC
mucA-R TCCGCCACGGTCCCTTCTCC
mv{R-F GACATGCTGCGTCTGGTGGA
mvfR-R CGCTGAGGACTGCCAGGGTA
lasR-F AAGTGGAAAATTGGAGTGGAGC
lasR-R GGGTAGTTGCCGACGATGAA
bifA-F GATTTCGGCACCGGCTATTC
bifA-R GCGATGATGTACGCCTCCTG
amrZ-F GCCCACTGAAACAGGCAACT
amrZ-R CCAGGCGAACACCGAGATTG
mexC-F CAAGGCTGGCGACCTGCTGT
mexC-R GGCGGTGGCGGTATCGAAGT
oprJ-F CAAACCTGCTTTCGGCGTAT
oprJ-R GCAGCGAGCGGTTGTTATCC
rhlA-F ACGAGACCGTCGGCAAATAC
rhlA-R GCTCCAGGCAAGCCAAGTAG
tpbA-F TCAGCGTCCTCCGCCAGTTG
tpbA-R TCGTCCTCGTCGCCGAAACC
16S-F CAGCMGCCGCGGTAATWC
16S-R CCGTCAATTCMTTTRAGTTT

2 uL. ddH,0 #MEZFE 20 uL. %L FREFHTT
real-time PCR JZJi7: 95 °C305s; 95°C5s, 60°C
40 s (WD), 40 MER, WEfEMZ. 95 °C
10s; 60 °C 60 s; 95 °C 15 s BRAFEFHBEE 3 K-
11, R 2788 4 BT SE R A 2Rk it
1.8 CRAMP EHifkX PAOT A ¥k B e R
AW

Z: 25 SCHR[9], TR TR A % i 2 7. e A
PRfEM L RATBRBR A -Fh R S VAR R A 1,3-28
By R S BT, 2R O BRI , 7€ 565 nm

http://journals.im.ac.cn/actamicrocn
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LI OD fi. F¢ 1.3 J5 kil 28 A P pl i
it ERJT ] CRAMP i fIkAE ] 1 he FIHIFR
T I 2k ] 20 5 e R R 1

19 EYER¥LH

1.9.1  JFREEH: Kl e 15 8] 0 546 7 5 17
LBl g, R A W Pk B B . AN
FETREE S 8 KT 1% e BRI 5T i ik 2 i
T 50% 1B . FIBT ST T By GC &%
HA 020, Q30 BRILAY L

1.9.2 EERFEKFHPr: R HTSeq HAFXT
BAE AT IR R IRIKE 40 M, BERLY union.
5 RS 3 G it T AR Rk KT B B 2L
it PSR BE R B Rk A . — AE LT, ]
FPKM {H4 0.1 B0 15k 0 W Bk R 15 3R 3R Y
WE, ERAMMEES, Fsi Roat
FPKM>1 By LA

193 ZREHDHT: R DEGseq FAFHEFTH
AL 22 e Rk, BT IRAA A TR Y A
FE 2SR, FIH TMM fRifEfb ik, i
BH (fdr correction with Benjamini/Hochberg)i#t 17
Z AR I AL I o XA 25 R LA log,|Fold
Change| > 1. P<0.005 YEMARiEDATIREE, X2
S R R IR AE O i A T AR ST S

1.94 ZRFENEINEEFEMT: KA GOseqR {1
AT 2 5 2L/ 3 4T GO (Gene Ontology) & 443
Hrl, #IE P<0.05 B OG term N 4 i & Y 22
SHRMA, @it KOBAS ¥ 4% KEGG (Kyoto
Encyclopedia of Genes and Genomes)H! [1¥) pathway
#H4T pathway & V£ 5 4 70 Hr, P<0.05 Y pathway
g i e FE AL IR v 25 W AR pathway o

actamicro@im.ac.cn

2 HRAAT

2.1 CRAMP &/ ko ) &3 i B0 M o )L A
BRI R

1E 96 fLAH CRAMP EHiIk#E 62.5 pg/mL
FTEZRMETT PAOL ARl 08 /b % 56.56%
(P<0.01), 31.25 pg/mL fF7E41F T PAOL LW
JE /D %R 50.25% (P<0.01), 15.63 pg/mL f£7E
44T PAOL AE Wk Bk /> %6y 34.78% (P<0.05),
7.81 pg/mL FETESAE R PAOT A= W w2 %y
33.53% (P<0.05), 3.91 pg/mL f£7ES1F T PAOL
A W I /D Rk 38.79% (P<0.01), 1.95 pg/mL
FATEZRMETT PAOL ARl s /b % 30.48%
(P<0.05), TEULKE 1-A.

Wit 6 FLREIE, 78 62.5 pg/mL 514FF, 2k
W) F o A R R R A T 77.17%
(P<0.01). I H BEE M 5 25 1 okl /> 2 ) 9 1 4%
H R (P<0.01), W/ T 1.16 4 log,(CFU/mL,
B 90%LAk b A=Wy sl A i i A0 %, TEDLIE 1-B.
2.2 CLSM WA YRR

K CLSM MLZ% 62.5 pg/mL CRAMP & 1ffi ik
T h 5 SEEY B RE S, RS
AW RE | B IR TR (SYTO9 e fh,, 4t)
FISETH (PT Hett, Z0€0)oeotamEaF . 4R
7, CRAMP &4 Jik & f% B Wi R ALK A 400 40 52 i
MR 2-A), W& WM R B 2O, B
SYTO9 Fi PI 44 (a1 G5 58 B (P<0.05, /> T

38.94%), LKl 2-B.
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A) 05

Biomass ODg;,
o o o
[\S} w N
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Control 62.50 31.25 15.63 7.81 391 195 0098
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~ I Crystal violet (CV) _
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Figure 1.

Effect of modified peptide CRAMP on PAO1 mature biofilms. A: the effect of different

concentrations of CRAMP modified peptides on the amount of PAO1 mature biofilm in a 96-well plate; B: the
effect of CRAMP modified peptide (62.5 pg/mL) on the amount of PAO1 biomass and biofilm cells in the 6-well
plate. *: P < 0.05, **: P<0.01 compare with the control well.

(A) mmm—

100 pm|
—

" CRAMP

ontrol

(B)
40000 ¢ SYTO9
o —P]
B 30000 f
Q
g
L
S 20000 f .
51
8
S 10000 |
=
-
Control CRAMP

B 2. CLSM WIE4% i 7

Figure 2.

Biofilms was observed by CLSM. A: representative CLSM orthogonal diagram; B: fluorescence

intensity of SYTO and PI. *: P < 0.05, **: P < 0.01, compared with the control well.

2.3 ERENRIKSH

ZESpARIRBEN e I 3 AT, R ZE SRR
B HHRENA 800 >, NS RINEEINA 782 4
(logy|Fold Change| > 1., P < 0.005),
2.4 Real-Time PCR {57

%if 22 5 JL K JEFT Real-Time PCR B iE43Hr
FENLZE 2. Real-Time PCR 4ER Win, I

10 HA 7R R P45 R E T RCRER
— 3k, UL D A5 R A AT
2.5 ERENIEEEMT

GO 73 M & — A [ B pm v A0 1Y 3 R B g 326
K&, 154 FIEE(molecular function), 44
1 F2 (biological process) 1 4l ffd 20 A (cellular
component) 3 NINEEFEAR . DA term Ry SEA LA,

http://journals.im.ac.cn/actamicrocn
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300
E DEGs (1582)
= - up: 800
& - down: 782
=T 100

2.3

—4 -1 1 4
log,(fold change)

3. SERLETIAER
Figure 3.  Statistics of up-regulated and down-
regulated genes. Each dot represents a gene: blue dots
show genes with no significant differences; red dots
are significantly up-regulated genes; green dots are

significantly down-regulated genes.

F—~ term LRI, i 4 (RN
T 30 A R E K GO term) Al K, CRAMP
168 i UK Ak BRS04 AR W ol IS AR T A P o A R A
15 MK REESE GO term, ML S
13 NN B E % GO term, 2 FUIREHR A 2 4
H o EEHE GO term . KEGG (Kyoto
Encyclopedia of Genes and Genomes)/& 2 4570 Ht
& TR 2 A 0 L DR 20 17 B B O B P, BESR T
KEGG ¢ T A Y9l P i AH OC 1Y) 22 57 I 35 3k
Ao B3 2 AT, CRAMP &4 Ik PR 5 B9 PAOL
AEYIREAN R QS RS pathway HAH G LA
WE T [R5 A ok BT B R4 A O Y 22
B pathway Fll c-di-GMP pathway #4171 43H7 .

&2 CRAMP ik FHESEMBEMRBREREEERE
Table 2. Biofilm-related genes that showed significantly different expression after modified peptide CRAMP treatment

Gene ID Gene Function

log,|Fold Change| P-value Real-time PCR

gene-PA1431  rsal
gene-PA1430  lasR Transcriptional regulator
gene-PA1003  mvfR/pgsR Transcriptional regulator
gene-PA3622  rpoS

gene-PA2227  vgsM
gene-PA0425  mexA
gene-PA0426  mexB
gene-PA0427  oprM
gene-PA4599  mexC

Regulatory protein

RNA polymerase sigma factor

Multidrug resistance protein
Multidrug resistance protein
Outer membrane protein

multidrug efflux membrane
gene-PA4598  mexD

multidrug efflux transporter
gene-PA4597  oprJ
gene-PA4296  pprB
gene-PA3479  rhiA
gene-PA3478  rhiB
gene-PA5255  algQ
gene-PA5253  algP
gene-PA0762  algU
gene-PA0763  mucA
gene-PA0764  mucB
gene-PA0766  mucD
gene-PA2241  psiK
gene-PA2242  psiL
gene-PA2244  psIN
gene-PA4108  PA4108
gene-PA4367  bif4d
gene-PA3385  amrZ
gene-PA3885  tpbA

Rhamnosyltransferase subunit A
Rhamnosyltransferase subunit B

Alginate regulatory protein
RNA polymerase sigma factor

Sigma factor AlgU regulator

Serine protease MucD
Biofilm formation protein

Protein BifA

Protein tyrosine phosphatase

HTH-type transcriptional regulator

Resistance-nodulation-cell division (RND)
Resistance-nodulation-cell division (RND)
Multidrug efflux outer membrane protein
Two-component response regulator

Anti-RNA polymerase sigma 70 factor

Sigma factor AlgU negative regulator

Cyclic di-GMP phosphodiesterase

Alginate and motility regulator Z

—1.1429 8.15x10°°
~1.1260 1.86x107%°  6.57
~1.6086 4.18x107%  2.61
~1.9800 3.00x1072%7
~1.3897 2.74x107*
2.1864 1.29x10714
2.2789 1.51x107%¥
2.2742 8.21x107192
5.3377 427x107°  7.37
5.3142 7.27x107182
6.1423 8.2510%  10.98
~1.5827 1.55x107%
1.2056 1.01x107  4.45
1.1490 2.73%107°
~1.2800 1.34x1074
—1.4422 5.21x107'%
1.5305 1.42x1072* 6.51
1.1757 6.54x10%  11.69
1.3942 1.29x107%
1.3400 8.65x1077°
1.7675 3.19x107°
1.0941 1.59x107*
-2.1678 1.62x1071
-2.1320 9.15x107'°
-1.2398 1.52x1071°  44.74
1.2143 6.05x107°  26.53
4.2479 5.44x10°°  1.56

actamicro@im.ac.cn
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Organonitrogen compound metabolic process
Organonitrogen compound biosynthetic process
Cellular protein metabolic process

Cellular amide metabolic process

Amide biosynthetic process

Peptide metabolic process

Peptide biosynthetic process

Translation

Carbohydrate derivative biosynthetic process
Nucleotide biosynthetic process

Nucleoside phosphate biosynthetic process
Purine-containing compound biosynthetic process
Purine nucleotide biosynthetic process

Purine ribonucleotide biosynthetic process
Ribonucleotide biosynthetic process

Cell

Cell part

Intracellular

Intracellular part

GO term

Organelle

Protein-containing complex

Cytoplasm

Intracellular organelle

Cytoplasmic part

Non-membrane-bounded organelle *
Intracellular non-membrane-bounded organelle
Ribonucleoprotein complex *

Ribosome *

Structural molecule activity *
Structural constituent of ribosome s

Type

M Biological process
Cellular_component

* B Molecular_function

0

200

Number of genes

4. CRAMP ik THEERER GO EE AT

Figure 4.

2.6 CRAMP&HfERT PAO1 BB Y B IE A R
R

25 X B R T &N 43.96+26.31
(X +s) pg/mL, CRAMP 41 ik T 1l 5 B fR £k % 12
1 9.49+7.61 (X+s) ug/mL, PAOL KA Yk fE
HEEIR R T R B TR T 78.41% (P<0.05).

3 b

23t 96 LRIk & P CRAMP &4 Jik £E —
EFRE FXTF PAOL BEAA: W 155 5t v AR i
i, ERIWE AT, 62.5 ng/mL Bk 3 i
= (I 28 56.56%) . ML 6 FLAR I IE HAE ok

GO enrichment analysis of differentially expressed genes after CRAMP-derived peptide treatment.

A A T 802 S SR PAOT B A Wt i i
MR B B TE, X AR B R P AN 4 R R AR
22 [] 19 £ 0 A A A R TR f T AN — B0 B
A VIR ETE U = 4S5k 25 5 B0 o (HEVAR
P, CRAMP &M KRB SR B 2 Hh s/ PAOL X
PUEYIREE, T HE S AR R B, B
BEEAN I T 90%LA o RS, i@ ot It R
£ 1 4 B AUBE (CLSM) W88 CRAMP & 1 ik 78
62.5 pg/mL FE7E A R Xt PAOT A M ik 1)
YER . BTG S R ROR S, 2252
CLSM HUR B8 B , 3% FH ) CLSM % FH 1Y)
i 2 S IR VSR A B BB BT, AN A1) T 4 TR
ARG AL, PRI AE K T A= Y8 ST i

http://journals.im.ac.cn/actamicrocn
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W] . S5 H R, SYTO9 Y8 ¥ 5 6 fLiRik:
SR BA—BE, AEYBEATE SYTO9 2t
JE R E I (49.92%), KB PAOT JLALE W pl e
A BRI, I AR T A — S
AR Jl 52 B W X 13 Fhfg £ B KA 7
i , &N A CRAMP e B IE 5% P. aeruginosa
(ATCC27853) BV M G R 15 50%)11,
FEAA 35 B J80 (quorum sensing, QS) & 4t fig i
TR 5 R TR 2 AR R T 40 T 2 B A TR, 5
Y2 Rl I AR R A . QS RE
& las. rhl.| pgs. iqgs R4, &—PE LI EK
%, REHRGEZ AR R ER
AL P &I, rhIR FEHIH rhid F rhiB FEIH
F L, Hohne EE R R A . A
WFFEHRE , vk B A B2 N A 410 ) £ 4k 1
T BN A B A e i Ay w1 S JRAT
WL B (1) A= W Bl IR | 2B W Bk LT TR EIORT CLSM
A MESE R 5 BRILZA, 28
ERWHTAES S QS ARG MR L., U1 QS
AT VasM, Al VgsR JEEZF QS S
FE R e Hws 22 R N TG (AHL) g 26351305 QS il
K7 RsaL, 3k T IR REEAE 1 3-Oxo-C12-HSL
KOV T AT lasR HE DR (R 208 M 4 15 1 1A
QS RAMF-#H T 1 EAZ 2% RpoS, REMSE
13 RpoS $ 56 4 4 A5 B B T i 52 191 {5 CRAMIP
& B AT 5230 PAOTL AE Wk EBH o/, ALk
J2 38 2o 9/ R W RO B4 SR A AR W R Ay
BT — PR
SR (c-di-GMP) & 2 A1 T4l i h
MEE AF M, RERIE A iz 3l . AR R IOE A
T HEZR AP SR c-di-GMP FEH Y
T B L (DGC) A 8 IT o 95 iR — 9 i (PDE) [

actamicro@im.ac.cn

fift o KSR c-di-GMP FE AL A 9 bl B B T B,
A R, WA MEWzsh, KW
c-di-GMP N 5 Z AH . 455 iR, R MELH] DGC
KL R i & A5 fk, 1 PDE AHSCHER PA4108 2
F/V . PDE BRI 1 2 5 c-di-GMP — &
PR F T A FB LR B T thpA S RIE T
., logs|Fold Change|{HiE%E] T 4.24, TbpA [
HA s A PR BE RGP, RERS 1 TopB BEBERR 1L
{175 c-di-GMP & it FRE!S, AN i F ThpA
W TR c-di-GMP FE B TRIZITHE, T
Y A A R AR RO R R T PDE [ ER3A
XL c-di-GMP F I TR 735 CRAMP &
MR R T amrZ SERN W FRIK , amrZ FERFik
(15 0 5 A TR 0 AR T IR S U A OG . ) R R
amrZ W IIRERE S 5 BRI A & BUSR , 5ok
RIHEX TR NE s gE s e m Y
WL R, R E D amrZ FBKF-H
7T 6 A2 W) 0 B 240 O OO B amrZ BEDT R
amrZ WRARFIL N c-di-GMP KB E R filk
HEM CRAMP & 1 Bk A AT A8 3 2o vl 20 241 747 o
c-di-GMP [ & SR SR A 1R 193z shige ), kA
PRk B 1) 4360

A Wy 5 FEE 2 P A ) e A TR K L Ak &2
Wi A WI(EPS)4LA, EPS XM ZH . &AM
eDNA 4 A A ZR AR M TR B A b 22 WH 38 3 Hy Psl,
Pel F13 12 £h (alginate)2H 1Y - e 22 Bl & A= U005 R Al
BT BL EPS 1 F2 NSy, HA YERFE Y S 1
TR A ol B A B A AU T B Pl ZHE S
B HYFE ] psIK  psIL Fe R 3K i 2% T+ psIN
FE IR 0 TR, U ARt Psl 2055
HATRE R, IS FERRER AN Pel A L H It
WA WER B A, [0 c-di-GMP &Rkt
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RE A% 52 1 5 B 3 T R 72 o c-di-GMP BRI 4S5
Alg44 (1) PLZ DG IR ER R G /8, g
il Algdd 5 c-di-GMP 454, Al LAH il s iR £k 1Y
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Eradication effect of Pseudomonas aeruginosa biofilms by
mouse host defense peptide based on RNA-Seq technology
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Abstract: [Objective] This study aimed to investigate the effect of modified mouse host defense peptide CRAMP
on the mature biofilm of Pseudomonas aeruginosa PAO1 srtain based on RNA-Seq technology. [Methods] Crystal
violet method was used to detect the biofilm biomass, and laser confocal scanning microscope (CLSM) was used to
observe the morphological changes of biofilms. The gene expression differences at transcription level between
biofilms treated with CRAMP and the non-peptide control were analyzed by the PE150 sequencing strategy using
[llumina second-generation high-throughput sequencing platform. The content of alginate in PAO1 biofilms was
determined by the 1,3-Dihydroxynaphthalene method. [Results] The biofilm biomass was significantly reduced by
modified peptide CRAMP at the range of 0.98-62.50 pg/mL. CLSM showed that CRAMP could significantly reduce
the total fluorescence intensity of biofilms. The results showed that 12636700 clean-read pairs were obtained by
transcriptome sequencing. A total of 1582 differential genes were identified, including 800 genes that were
up-regulated, and 782 genes were down-regulated. The GO functional enrichment analysis showed that 1226 genes
were compared to the GO functional analysis database. Among these differentially expressed genes, they were related
to molecular function, biological process, and cell composition. Enrichment analysis of the KEGG pathway showed
that 603 differentially expressed genes were compared with 96 metabolic pathways in KEGG. There are various kinds
of amino acid metabolism pathways, fatty acid metabolism pathway, tricarboxylic acid cycle, biofilm regulatory
system, and so on. It was found that modified peptide CRAMP may act on PAO1 c¢-di-GMP system, enhance bacterial
motility and biofilm dispersion, and be related to the quorum sensing (QS) system and alginate synthesis. Finally, it
was verified that the modified peptide CRAMP significantly reduced the content of alginate in PAO1 biofilms.
[Conclusion] The modified peptide CRAMP has an impair effect on PAO1 mature biofilms and can lead to the
decrease of alginate content in mature biofilm. Transcriptomics analysis implied that CRAMP might exert its
effectiveness by reducing the level of PAO1 ¢-di-GMP, and the mechanism remains to be further explored.
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