Advances in Microbiology AT, 2025, 14(1), 1-8 Hans X
Published Online March 2025 in Hans. https://www.hanspub.org/journal/amb
https://doi.org/10.12677/amb.2025.141001

REL RN = B A EE MR R &
WEl#F

HRBERR A AL TR, BR

Weks H . 20254F1H20H; FHER: 20254F3H3H; KA HB: 20254F3H12H

H E

HE: AR LLR N T A 70 B 0 B AR MR B e ma S L], AR il PRYG ¥ It 4 0 B A0 B 3R L i
WIT BB . Tk IR & TR (A B NTUH-K2044 bR 1B N L R Bk, AT 2B Ie . AR K i 2R W0 52
A YRR L5 PR RT-PCREES:, 4347 R B 41 207 Jifi 4% 7. 5 1 B AR K A AR W) IR PR i) B A SR L
SR BB BN A S BB IMICHE A256 pg/ml, R B 4L 0 it 4 72 B4 B MBICH 64 pg/ml.
RELREL2 hAX R FEEAEWIZEEERE (fim4, fimH, fimK). 2 EEERE (mrkD, mrkH).
KR L WEREE rmpANIE HEE magABE MHIER . REA K24 hit, XHHER T EHEEWEK AR
R (B fimA, rmpASNE FETRARAER. 418 AELERMBIMR R EAEEKNEWERE R, K
A B8 IR T VAR 2 52 B 0 B AE W BRI AH X E B (fimA, fimH, fimK, mrkD, mrkH, rmpA, magA)&
K&,

K]

iR EEEE, RELER, EWE

Research on the Impact and Mechanism of
Prodigiosin on Biofilm Formation
in Klebsiella pneumoniae

Yao Huang, Yingli Li*
School of Public Health, Chongging Medical University, Chongging

Received: Jan. 20", 2025; accepted: Mar. 39, 2025; published: Mar. 12, 2025

CHEHIEE

CEG|F: R, ZEIEN. R LR T A T A B AR R R R ML AT ). AR, 2025, 14(1): 1-8.
DOI: 10.12677/amb.2025.141001


https://www.hanspub.org/journal/amb
https://doi.org/10.12677/amb.2025.141001
https://doi.org/10.12677/amb.2025.141001
https://www.hanspub.org/

Abstract

Objective: To investigate the effects of prodigiosin on the biofilm of Klebsiella pneumoniae and its
mechanism, so as to provide a new therapeutic idea for the clinical treatment of Klebsiella pneu-
moniae. Methods: The NTUH-K2044 strain of Klebsiella pneumoniae was selected as the experi-
mental strain. Antimicrobial susceptibility tests, growth curve determination, biofilm inhibition ex-
periments, and RT-PCR experiments were performed to analyze the effects of prodigiosin on the
growth and biofilm of Klebsiella pneumoniae and the related mechanisms. Results: The MIC value of
prodigiosin against Klebsiella pneumoniae was 256 pg/ml, and the MBIC was 64 pg/ml. Prodigiosin
had inhibitory effects on the type I fimbrial genes (fimA4, fimH, fimK), type 11l fimbrial genes (mrkD,
mrkH), capsular polysaccharide gene rmpA, and virulence gene magA of Klebsiella pneumoniae within
12 hours. At 24 hours, prodigiosin had negative regulatory effects on the biofilm-related genes of
Klebsiella pneumoniae (except for fimA and rmpA). Conclusion: Prodigiosin can inhibit the growth
and biofilm formation of Klebsiella pneumoniae, and its possible mechanism is to downregulate the
expression of biofilm-related genes (fimA, fimH, fimK, mrkD, mrkH, rmpA, magA) of Klebsiella pneu-
moniae.
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1. 5|

Jiti ¢ ve 75 /F 1 (Klebsiella pneumoniae, KP) A& —Fi T & Fk o B A1 181 Ja o = B PEAT B8, TR Bt —Fh 2%
RO, BT HEE (K T3R55) DR Z R ISR . 7ERTPUA ZRETAR, il 2 o 35 17 B AR Ak X 3R A3
fiti 96 (BB AR, BEEDUERM I 2N, B OB R MR R B R R (1], 28 R
1F B AR F FL B 77 K1 AT 43 4 SRS it 9% 50 35 A B (classical K. pneumoniae, cKP)F i #5 / 84 fiti 46 vd 6 411 18
(hypervirulent K. pneumoniae, hvKP). 5 cKP #iLt, hvKP BHkiE & R I L SR Pt E s, SRR
TR A5 [2] . AR VRAIE 9T T D B B Bk NTUH-K2044 2w Bl 8 s s fn s, oA i A a ik
MHREME, RERETE LA PN .

AP B AE AN R S B R AR IR TE BRI X £ LT AR B 24 M AR v O I E B
I A B AR PR (A 2R) Hh it UK e 5 R, X A BRON S0 B 1) R BB P [3] o AR A 5T o E el a4
ZWE. SR DNA. S FURIR BRI B [4] o 53 AN PIRE T i 03 I8 R B B4 SRS BT 23
TE R T8 A RS R 20 B R 39 3 O BT IR AE AR 5 NP BE[S] . 4R HIAEIRE — B R, e 7R SRER
B F R T ORI 5, 0 AR K M B AR 2R B LR T AR PR FRIRAS 22 10~1000
FE[6] [7]. 57 3 B 4H A 1D 1R -6 2544 T LLAY 5 40 B ORG B 2140 SR T LA AR IIE8],  KP AR T ik
SEmth 2 | R 1 B B SRR E R, Y fiix LU i B RG BRR R SE R A fim A mrk [9]. 1 B4 E
FE A TEE fimA A/ EHTEE fimK &8 DURCH SRR e AL 2R fimH 415, fimH m] S H B2 bk
TR 68 45 LT 5 20 5| RSB PO % 3% i PR B, T FimIK D) 2 B3Rk T B s AR B AR 1 AR R A% I
R BRI ER[L10] [11]. 1N BUBE BRI WSS mrkA, FORSBEE 320 mrkD A mrkH JE RSk R IA

][l
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[12]. T HALTLE KP AT s B 1 B B R R A% mrk BEOREEEE, JUHE mrkD, 11 AU B
FILRE SRR AE I T R [13] - B T R B AEAE AL T i P2 o R 4 S A FH A, 0 A 1 S8 22
FRA X FE R T AR B, T SRR 2 MR IA Y rmpA JER 5 KP IR AR 5, rmpA I ERIE
TS KP [ JERE 22 08 oy il 3 22 T 200 B R 8 . 85 0 I magA B2 —Fh KP ZHAH GSE A, ax 4
TR = AR H8 R 0 2 0 KP (6 A 2 e B8 25 5 B 5 TE D PR SR T TR AR R

R W41 % (Prodigiosins, PG)& — ol 7 /b H [ B AN FAth 4 22 IR B 14 B R AR IRAR U =4, 3l i #0
3 AN IR R AR I SR A, BB PUE. PUYNE . PR B AP A5 2 R A 2
[14]. PG {EHLA R J7 1A & P I Al A DB A BRSO, T HAABEFCIER] PG X4 2 AR o 1
S ORI FEERE SR A R PTETETE[LS]. [FIR PG X4 8 AR A1 Bk LA & R i 1t
A PREAE F[16], 1H H A PG A2 75 RERZM KP AW AT 1 e L 52 (AL 1) i AN 2« AHF Lt 52 PG
X} KP I M IR EE(MIC) . /NS B (MBIC) | LR 11 BY 5 R R DL S L R 75
JIHER HRIEEE, WPPIRTT PG X KP AR50 S L], DAHN PG Hit KP A A SC B a4 (it B
WAKHE .

2. MRIE A%
2.1 FENHB5RT

KP NTUH-K2044 T FR (S50 EORTE), RELR(ELIELRAE), LB WA, [BIARIRE, MH B4 E: 57
F, 45 EERIEWL 5xPrimeScript™RT Master Mix (Takara), TB Green® Premix Ex TagTM |1 (Takara), Simply
P &L RNA $#2HURAF & (BioFlux), A4k 55#6(JEi#K), PCR 1% (T100™Thermal Cycler, BIO-RAD), i}k
Y% PCR 1% (CFX Connect™, BIO-RAD).

22. I3

(1) Mg RFLL RN KP s MR BET7ES IR KA S50 = AndE b2 M100-S28. M\ 24 h #5357 [1)
LB “FAR EHkH 3~4 BT AEAR R K il 0.5 22 I EE TR, F MH Pz B R RE 100 5. H
MH P76 R B 2L 2= Wi B 3 2048 ug/ml & . 1E 96 FLARS LA 50 ul R 5, AJEfEtbks, ff
FFFLIR MK 1024, 512, 256, 128 ug/ml. LN AKGRE G TR 50 ul,  AF AR FLIS R AR ER S 100
ule IONEWE, LR BRI N 512, 256, 128. 64 ug/ml. [T REAN N ZEAAFR ) 2BV W
LB Wik Rs g2 5 N2 X IR . 37°CHE9E 16~20 h, AR WLZZ AL JTE 4 i A K B 2590k 2 MIC.

(2) 4RGN E R LLFR XS KP AV e MR FEK KP H LB AR5 IR B 1S 7R B 40k
K 41(OD600 £ 0.5), H LB W MAKE = EEFMEE 100 5. KM BB 96 LA H, SEEGZH I AN 2K
N 12MIC. U4MIC, 1IBMIC RO R, MRS TK LEEGFHRE R T 78 37°CHy
It 24h Ja, WEREEFRME, H PBS Z22¥kis 3 IXVARR ZIRUF I, S8J5 0N 100 ul FEEE[E & 15 min, MBS
I 100 u 10.1%F 45 i 55 44 (2 10 min, WRERES &b 5891 H PBS JE U IR R 2 R SRS & 1 45 i 5
5B JE I 100 ul33% L8, FHBEARACIN E 7E 570 nm ARG .

(3) A=K Hh 2 i 77 26 B A K I B B R I NG = AR, IFIMARIEA R, LR EIERM
WEEN 1U2MIC. 1U/4MIC. 1/8MIC. XTI ATE/K L BERAFFRIE AT o 5 fo R i 53 BUBN T AR
YIRS HTAY, 37°CH;3% 24 h, 4% 2 h € — %k OD600.

(4) RT-PCR P 20 i 55 72 B AR KIH, 2004E 1 ml WY in 174 MIC F1 1/8 MIC 1] R 1 41
s SNBSS O R, XS RN SRR I BT . IRPETR SIS T 37°CHE5E 12 h il 24 h.
A5 PR SR B B 5L RNA,  F 5xPrimeScript™RT Master Mix ¥ RNA 5%y cDNA. it KP 44
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JRTE AR OCEE R 5140, 16SIRNA NN SEER, 4% 2784 rt 5 H R EE R AR Rk & . 51 I 1.

Table 1. Primers for KP biofilm-related genes

% 1 KP ¥R X EFH 5|4

B FH(5-3") R ER
16SrRNA-F ATGACCAGCCACACTGGAAC
CHR[L7]
16SrRNA-R CTTCCTCCCCGCTGAAAGTA
mrkA-F TGAAGTTAAAGCGGCAGCAG
SCHR[AT7]
mrkA-R TCAGTGTTCGCCAGGTAGC
mrkD-F GCCAACATTAGCACCTCGTTCTCC
CHR[17]
mrkD-R ATGCCAATGCCTTTCGCCATCC
mrkH-F AACGCCGTACTTATGCTTGC
SCHA[L7]
mrkH-R CGCTTGGCTTCTAAGATCAG
fimA-F CGATACCACCACGGTCAAC
CHR[17]
fimA-R CCGTAGTGTCGCAATCATCC
fimH-F CCATCACCGCAGGATCGTTAATCG
SCHR[AT7]
fimH-R CGTCGTTGTTGGCGTAAATGTTCC
fimK-F ACGGCGTTTGAACAGGAATG
CHR[17]
fimK-R AAGCAGCAGCCAGGTGTAG
rmpA-F CACACCCTTTAGGGTAAAACCG
EN T
rmpA-R AGAGTATTGGTTGACTGCAGGA
magA-F GAGCAATATGGCCAGTCCGA
A5
magA-R TTCCCACTCCCTCTCCAAGT

23. G FERE

B4 7 # H GraphPad Prism9.5.1 & 44:, 2H1A) 22 & EL i F B 1 Gt 207 122 B0 6] 7 2 70 BT (ANOVA),
P <0.05 INNZERE G Lo

3. &R
3.1 RELE* KP B MIC &

RGN, YRELERIKRE N 512 ug/ml A1 256 ug/ml i, MH AR FRIEH EME A K, HMREHL
FIRFEAE 256 ug/ml LRI, MH AR FRIE R A A . B R L0355 KP ¥ MIC {E R 256 ug/ml.

3.2. REAFRRX KP EWRE R/ NMIFIRE

Rk 24 h G, SUHEYESGRREERA K. SOBAME, RELRKREBR T KP AV
FHE FECR, 1/4 MIC 441 1/2 MIC H I AR s &3 R % H 22 5 B 4iih 28 (P < 0.05). H
1/4 MIC 2 RE A =] KP AW i) BN EERD MBIC. LI 1,
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VE: S5XER4LE, ™P>0.05, *P <0.05, P <0.0005,

Figure 1. The formation of KP biofilm under different concentrations of prodigiosin
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Figure 2. Growth curves of KP under different concentrations of prodigiosin

E 2. KP EARRIRE RFLHE LK

3.4. RELRERT KP £ XEERIAFIFN

B9t 12h J5, SxTRRAMLL, KP AR I AR B fimA, mrkD. mrkH IR IA 2525 1/4MIC R
WA RHNHEIER, 18 MIC R RN X =AM EHMRIEZLIHER; fimH, fimK R E &2 3]
AN P R B AL 2 I E R, B FH SR BE I FE i inok . {2 mrkA JER R EAZ R L RN
S, KP JEME 2 BEHE DN rmpA 18R 7755 K] magA A2 BIAN AR E R L3 4 mIAE . BLA0 I/ F e

BRI Tk, W 3.
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Figure 3. The effect of different concentrations of prodigiosin on the expression of KP biofilm-related genes (12 hours)
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Figure 4. The effect of different concentrations of prodigiosin on the expression of KP biofilm-related genes (24 hours)
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Rig% 24 h J5, SXTREZHAALL, KPIBLAN 11 BB B RIS & (B fimA R 48 1%2 3 R E LR T
EEIER . KP SEME 2 BEEEDE rmpA IR EAZ A AR R LLR IS, 55 72K magA MRk =
05z B [F e B2 R B ZL R I S ml A E A . WK 4.

4. ¥ig

KP & — P B FMBURE, X ZFPiAd R A, BEBE NS ER. AE7BE KP &
PeAEDIARBR I E R, EONM B I B T RE[18]. FrLL, RERPT KP B HT R, f
il A= PR )T B — Ao B . H AT R WAL R AR —Fh S U S 2 AT AE[19], A RIS R E AL
FX KP [ MIC 9 256 ug/ml, il R L0 KP BJA KA HIHIIEN . [T 2 R L0200 KP A4
VIR MBIC J2 5 MIC 19 1/4, i B 2 1R 21 2% P 5| A6 1 A 00 S 2 el il el 00 ) A 420 B8 P P 1 A 2
PRI TG B o X R IEIG IR S I, RIGLLRIEA 48 KP i ol s 1) AR A7 ) DABIOR A2 R R AR,
NI AN R e o

R, REDES RN U DGR, A0 6 2% A B M B 11 2B A I s PR L ) 32
TN A0 B A 22 BB (07 A2 DS YA SR BT I i DRl ik /K ST [20] 0 ARHFF T, 45 40581 e B S ie
ZEREIR, 12 MIC F1 1/4 MIC IR R 25 KP AW AT B2 r4mb e F . HL 301 F B vk i 1
I hn, YieIR AR KP AR . WRIEE I HA M BORE, B B 8] R4
o, BRI AR U6 08 R 21 3 B WI N KP A= 4 R 1A 1 T e A 0 o i Py 400 B 1) A K9 1k
XARIULE KP A K IR AE 18 h ZE 4 TF46 R IF

AWFFEH, F 14 MIC Al 1/8 MIC IREEI R B4 R AL KP 1A 12 h 50 fimA, fimH, fimK.
mrkA. mrkD. mrkH. rmpA. magA ZEX R EEZE R, KN 1/ AMIC XKW iE MBIC XTER T mrkA
BRAMOPTA RN MEIER, BRR LRI BA T mrkA F7KF, H 11 85 B RRE PR H 32 22
eI mrkD A1 mrkH SR5ERL, R LRI RERE N IRIX I KF, Ui R B 4032 vl R i i ) 1 28y
AN 25 TR AN KP AR AR K o (H R 1 40 3R A5 X S S R ) AR LA F it — 250 . B
BHE, HBRATIER O RGBS 24 h B, AHOCKE R 2205 B S i 2 i b T sl (R AR AT,
XATRE S RGO Z MG A KEE SHRERA G, EAEKML FhaeE 1 14 MIC A1 1/8 MIC X /MK
FERIFIHIVE - 22 1E 24 h ZE A 2k, BRI R R gt — 20 B 78 B0 o

5. &hig

ZEERTR, AWK R AL RS RENH KP A KA AT . HrT R & R A%
L HIH] mrkDs mrkH. fimA, fimH. fimK. rmpA DL magA S5 AE PR AR G R 3R, AT e/ | YA
IR BB G RER VR = A, ARV RS I RE ) R %, TR I BT E Y . AT 5T 9 1) B
RELEDT KP AVEEHNLHITRAL TR, A KPS REIT#R 4L 18 B .

&E 3k
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