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Study on the antibacterial mechanism of 1,10-
Phenanthroline monohydrate against E. coli

WANG Yu, WU Zhouhui, LU Yan, WANG Zhiwen, DU Heng, XIAO Shuang, WANG Zhen"

(Beijing Key Laboratory of Traditional Chinese Veterinary Medicine/Animal Science and Technology College, Beijing

University of Agriculture, Beijing 102206, China)

Abstract In order to analyze the antibacterial mechanism of 1, 10-PHEN against E. coli, the minimum
inhibitory concentration and the minimum biofilm inhibition concentration of 1, 10-PHEN on E. coli was
determined, and the effect of 1, 10-PHEN on the micro-morphology of E. coli by scanning electron microscope
was observed. Then, the differentially expressed genes in E. coli treated with 1, 10-PHEN by RNA-seq
technology and gPCR were analyzed. The results showed that: 1) The final concentration of 100 pmol/L 1,10~
PHEN could completely inhibit the growth of E. coli, and 50 pmol/L 1,10-PHEN could inhibit the formation of its
biofilm. 2) The results of electron microscope showed that 1, 10-PHEN could shrink E. coli and destroy its cell
membrane and cell wall. 3)1,10-PHEN could shrink E. coli and destroy its cell membrane and cell wall. After
treating E. coli with 1, 10-PHEN, 786 genes were significantly up-regulated and 850 genes were significantly

down-regulated. The differentially expressed genes mainly participated in bacterial metabolism, two-
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component system, quorum sensing, antibiotic synthesis, and other pathways. The down-regulated gene

ompW played an important role in biofilm formation, adhesion and stress tolerance of gram-negative bacteria,

and PepN protein was the target of host to resist bacterial infection. Up-regulating the protein encoded by citT

gene can affect the energy supply and drug excretion system of bacteria. 4) Nine genes related to biofilm

formation and drug resistance were selected for gPCR verification, which was consistent with the results of

transcriptome sequencing. In conclusion, 1,10-PHEN exhibits a significant inhibitory effect on the antibacterial

activity of E. coli, and exerts regulatory control over the metabolism and expression levels of drug resistance

genes in this bacterium. This study provides preliminary insights into the antibacterial mechanism of 1, 10-

PHEN against E. coli, and offers novel perspectives for identifying alternative antibiotics.
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Fig. 4 Effect of 1,10-PHEN on DEGs analysis of E. coli transcriptome

W=t T s, A 64 5 Bk 8RR WA R B A
KHEH R ATk LI T ent F P 2 5 41 B B3k
T FF B 2% 08 A2 0 6 L, seaf i DR T A R R )T 2 i
20 i A BB S R R A B, S i R R Bk AR
(fhw) Z 525 BRI, efe 22 5 HP IR 121 R £
8 TS, 3 2 B PR ) O A 2 Do o AR TR R G
Bk B R A R RO OC B R X fmAB . yifE
nuolGH , 5 45 43 J& 45 5 MO I B ) ydj Y L yia Y Fl

mocA ¥R E T . R B SRR % 0oRT 52 i 2 5
KK o FF B N BB 1 vk B DD R T AR A K
.
2.4 SEFWMHNABHEERFKIEZEER PCR
55 IE RNA-seq 43 #7122 55 32 38 JE R A9 HE o 1
lﬁ%}%%IJJ%‘EJM%'—?E%%&E%%&&EHME@F"
AT B A W TEAE B 94 22 R 3Rk T e AT



FIAF  SBIE B ORI AT R A AL B 28 115

- i Beta-Alanine metabolism |
AR PR AR AR AR % Taurine and hypotaurine metabolism |
B . SRR BRI Valine, leucine and isoleucine degradation |
%% 2115 Tyrosine metabolism f
ik 44110t Selenocompound metabolism |
A B A2 R0 Arginine and proline metabolism |
HaER, ZEZ MR Glycine, serine and threonine metabolism |
EBEME S5 B E Glycolysis/Gluconeogenesis |
A Z AL Nitrogen metabolism |
FERSFIER IS Starch and sucrose metabolism |
FrERRIEIR ( TCAEER ) Citrate cycle(TCA cycle)
e/ il Methane metabolism
HRER . REE R ZECH Alanine, aspartate and glutamate metabolism |
e AN Z R LI Cysteine and methionine metabolism |
AL Carbon metabolism
2R Histidine metabolism F
GILFRIY A 44 1), Biosynthesis of amino acids | [ —
WA 9 LE Y045 1 Biosynthesis of secondary metabolites |
-100 =50 0 50 100 150
FE[A Kk Number of genes

B 5 <BIE T MkxT K B #F 4K 15138 B A B
Fig. 5 Effect of 1,10-PHEN on metabolic pathways in E. coli

m i Down
m [ Up

)

HEE AL |

Flagellar assembly

i 2 |
Vancomycin resistance
W - R AT IR L
Biofilm formation - £. coli
ABCHEIZ R4t |

ABC transporters

o AR
Bacterial secretion system
TR |

Quorum sensing
ARk |

Bacterial chemotaxis

WERHES N

Two-component system
BT 2 |
Cationic antimicrobial peptide resistance
B et |

Beta-Lactam resistance

BN = Vi Down

= [+ Up
|

—-60 —-40

=20 0 20 40 60
JEH K Number of genes

6 SBIEZ WX K A7 AT B IR B A B O R0
Fig. 6 Effect of 1,10-PHEN on response to environment pathways in E. coli

T qPCREGUE . 25 H Wl 8 Fr 7 , 42 46 HE & w4 2
A, degP  ldiC .ompW  hybA Fl frd C 3 54~ Fk A
Rk T, flgB marA fluFl entF 3 4 A FE R Rk 1
W, qPCREGIELE 5 RNA-seq /r B4 R —5 .
B, qPCR A1 RNA-seq 43 BT 2 18] 1 41 ¢ P K B
[K 2 35 1 FL S

3 1 it

KIpFra 518 8 &g gy s 40
20 TR SR R L K B R R B R R AR T i
v e A T 24 0 T 2 ) T 24 B A2 2 A DR

240 TR 0T 24 11 9 5 B A T L T B 24 W) 14 7 32 A A
Ko ABAR B MO — B 4w B R i T P Al

L S B 4 T 1 A5 BBCRN R DA T A0 b 4 T A
JIK GG P . AS AR gT R WA, 4B 3E % ok Xt K i AT o B AT
T E W BT IE M YR B IS #) 100 pmol/L AJ 58 4 1
il 40 B A K, 50 pmol /L AT &k 25 400 41 40 B AR ) e
JE o (8 40 JE 2 bk b B K i AT 1R S #E 4T RNA-
seq , 7€ WG HE 2 mowt K FF R B A IR 95 K AT TR AR
I K Tt 24 5 DR 3R 3k KT AR o

21 A G B I 3A AR B IR A PR RN HR P AL 3 B
B R AR 7 22 P AR P W RN AR R AR T AR KT
W BESR A SR BoR AR IE D Wk AE T K
FEBA A 2 R b B B R AR CAn cit frd B mar) K 4R
AT DR B0 K B B v ) A DG K R (N hmp) $2 3K 1
DL I A 00 4608 S 2wk A R A DA I =R TR A B it



116 0 LN ES I Y NS S 4

2024 4F 55 29 %

BRERA A= 5 1 L

Biosynthesis of siderophore

UL AR AR ARG L

Ascorbate and aldarate metabolism

il 2 A |

Thiamine metabolism

Bl gk 75 |
Sulfur relay system

TG |

Sulfur metabolism

LRtz x7aw’ i R

Selenocompound metabolism

1 1 L

= [ Down
= [ Up

=10 -5

0 S 10 15
FLHECE: Number of genes

7 4BIE T WS K R AT B K E AR BR A RS i
Fig. 7 Effect of 1,10-PHEN on ironophore pathways in E. coli

9
ke B Control
m 1/2 MIC BHE 2 ik

5-
g, 3f
Le 1.i
5%015&---------
£z
it [=}
4@_“‘0,10—

0.05F

0.00

" flgB marA flu entF frdC hybAompW IdtC degP
FEH 4 FK Gene name

2 PO ORI RGR R, 27 22> 1 FOR LN Kk B
2447 indicated down-regulated gene expression,2 2“1
indicated up-regulated gene expression,
B8 ZRFRKEEHK qPCRIIES
Fig. 8 qPCR validation analysis of differentially expressed genes

Lo VL A 385 i 52 B 20, R T R AL NP A . R
W A S SR A R 7 A2 W 5 R S AR B T 4 b B AT
KRR, 2 W AT B A IR SR A R o i R i G B
Yo, 5 S IR A A 5 JE A car T 3% DY) 3 22 47 58
FrBIRER B SIS BE AR A 1D R R B0 A IR A
(RS e, AT R i 240 B =R IR PRl A X ATPJE
JOC R BE B AR R R A SR RN T (FRD) A]
AAT S5 i A i S B I, I ARV B R A IR SR K
TR LT 32 AR R HEAE Y . e Ah , K AT TR nar
5 DR AT 2 B il TR R A I A ) ARV A AR R S
AR I R P PR R AT A L T SZ AR homp SN AE
AAIEPZENOMRE, XK FRIL LR
UK S A TN 7L SR PO UE 3 N ]
AR s BE B RS AL [ I 7R A SR g A v

A O IR K

G TR I AT A 390 T 24 P 1 — b SR, TN
AR 2 KL Ik PepN J& K 7 T 16 M — AN K ATP
ok ffe 6L J5T 28 10 % B, 7T g 2 KB 4 TR JER L 19 A 2K
LU BT STV SN (N S|
S TR A AH O 1% 2K R I8 3 1R, fabl  frd D .marR
Ml acrR %5 5L A 5 3 1A ot i ity | 22 24 A0 HE 2 & 48
W O SRR T OGS R R B Y &
W1 4B JE % ik AT B 42 3 K AT TR X 3N I Y 26 B Ak
R OVESERE P R AN g T ) R B s A
BORME , R DRI AE R . AW L, RAES
o R 10 o O AT T AR B TR R WG, EL SR HE 2 bk Ak
PHZH AT AE 9 H B R 005 B 40 A AR S 4 i RE i IR
JUEE B SR 25 R WK 5 A WB EOE ORE DG SR
PR i A= e 3k T 1, 4n AT LA i 4 B Y a3l DL 2 A
Yok BT WL gevA IR 78 55 22 TG B M T8 A= 4 i ot
T B RGBT 52 5 T A T HEAE T omp W
E o R il BN 778 S R R e B AN U I g
XUZH Ay 22 4958 38 I 00 T R R B kA T R R
A ) R AT S ) 4 TR R T A 2R R T A2 M R X HIL AR
1 G RE T 5 A ) 4 B 1 TR 1 MR T 40 T ) R 1A
JERON 3E 15 R GE , B IR AR W Bl JEE AT BEL W 4 R 5E TR A
S Ry R G A IR S R
i, 38 o RSz Z2 B0 T A Y AR A S Bl AR R A
PR 5 T AE Sy SR A RE B 3R A A 2 B A%
BT 25 1k A A T A0 AT DL g R ]
Ui BH 2 JE % ok T [ IR K i A TR 0T B 5 9 35 0 )
XFPU A 2R T 250 o



A1

FERAE : ABHE B TR A FT B AR AL B4 90 20 B 5 117

i 3k B 53 21 23 A R AR SR AR 2 bk g A TR il
R A 1k AL A 2 18 AR O 2 PR 0T < i 4G
SRR RE R Y R AR B T, 25 R B AR
FFTE 2R G 0 ik A A 8 2 B, SR WY R W A T A
B8 S 2 Wk R T A A Bk BRI O 1 55 T 40 it A Bk
RN e X/ R /N R 3 S B R | (EANE /N
W o B AR TR A AT T B E R AR A T 0 A B R
IR SN R R R s H L L E A v
BRI AR AW, 7 A E SR AR S (AR Bk
WD 9 R T R CHNVBR AR K M A 11 2% 0 8k 2 -
PR 2R, K i FF T BE 08 365 7 M 3 A /8L Y Y B
eEREE L H A R R AT T A B 03 T Y 3K
(L e AN G R G e B i G T A e 7
Jot 2 K Mg AT e 240 T 5, 5 W A0 T )L A TR KR
5 23 R S P M AT R ER S AR Y T R A T, O
TR R AR SRR O BRI 4 R 2
FEML TS &RE TIRRRERSY . NI, i
0408 4 27 b T o R 0 B B KK T AT TR A B T 1Y
YL, U A0 K R T BN LRI AT T A T Bk BE
T, () Ik 8 2R R M AT Tk R B A R R AR
B, B v A TR0 BT A R I O kR B B O R TR
X 408 S 5 Wb ) AR

4 & it

B A 2 RO K AT R LA S G A A A T T
A i 2 A R B T O AR E B A, S R
W ON RN R R E YN &L N N PN 7]
FFGE A 5 [R] IE, 408 3 27 o nl 6 SR 380K i AT 1 A6 A
S P IR o A v AR AT R R S 6 A A A
A AR PR AE T . AW TR A RN
PR AT S8 B

S #Z Tt References

[1] Zhang X F, Doi Y, Huang X, Li H Y, Zhong L L, Zeng K J, Zhang Y
F, Patil S, Tian G B. Possible transmission of mer-1-harboring
Escherichia coli between companion animals and human [J]. Emerging
Infectious Diseases, 2016, 22(9): 1679-1681

[2] Pakbin B, Briick B M, Rossen J W A. Virulence factors of enteric
pathogenic Escherichia coli: A review [J]. International Journal of
Molecular Sciences, 2021, 22(18): 9922

[3] &M.ZHP,FHSE 58 xEE0FFTERREBRENSHRMEE
EHM NEEREWAMEETENRRI] MIAZER . RILE5%
WRERE, 2018, 44(2): 237-246
Pan H, Li X L, Fang W H, Yue M. Analysis of major human and

[5]

[6]

[7]

L8]

[10

[1

[12]

[13]

—
S

[15

[16]

foodborne pathogens and their resistance to antimicrobials in the USA in
the past two decades: Implications for surveillance and control of
antimicrobial [J]. Journal of Zhejiang University: Agriculture and Life
Sciences, 2018, 44(2) : 237-246 (in Chinese)

Zhang S Q, Abbas M, Rehman M U, Wang M S, JiaR Y, Chen S, Liu M
F, Zhu D K, Zhao X X, Gao Q, Tian B, Cheng A C. Updates on the global
dissemination of colistin-resistant Escherichia coli: An emerging threat to
public health[J]. Science of the Total Environment, 2021, 799 : 149280
Abavisani M, Bostanghadiri N, Ghahramanpour H, Kodori M, Akrami
F, Fathizadeh H, Hashemi A, Rastegari-Pouyani M. Colistin resistance
mechanisms in Gram-negative bacteria: A Focus on Escherichia coli[J].
Letters in Applied Microbiology, 2023, 76(2): ovad023

Nadar S, Khan T, Patching S G, Omri A. Development of antibiofilm
therapeutics strategies to overcome antimicrobial drug resistance [J].
Microorganisms, 2022, 10(2): 303

Case H B, Mattock D S, Miller B R, 3rd, Dickenson N E. Novel
noncompetitive type three secretion system ATPase inhibitors shut down
Shigella effector secretion[J]. Biochemistry, 2020, 59(28): 2667-2678
LvC,LiY, WeiYX, WangJ Y, YuH, Gao F, Zhu C, Jia X D, Tong
M Q. Dong P X, Gao Q Q, Geng L L. Research progress on small
molecular inhibitors of the type 3 secretion system [J]. Molecules, 2022,
27(23): 8348

Lobana T S, Indoria S, Sood H, Arora D S, Kaur M, Jasinski J P.
Synthesis of (3-nitro-2-oxo-benzaldehyde thiosemicarbazonato) -zinc (1D
complexes: The position of nitro group in phenyl ring alters antimicrobial
activity against K. pneumoniae 1, S. typhimurium 2, MRSA and C.
albicans(J]. Dalton transactions,2021,50(20) : 6823-6833

Falkievich D B, Martinez Medina J J, Alegre W S, Lopez Tévez L L,
Franca C A, Ferrer E G, Williams P A M. Computational studies,
antimicrobial activity, inhibition of biofilm production, and safety profile
of the cadmium complex of 1, 10-phenanthroline and cyanoguanidine[J].
Applied Organometallic Chemistry, 2022, 36(6): e6695

McCann M, Kellett A, Kavanagh K, Devereux M, Santos A L S.
Deciphering the antimicrobial activity of phenanthroline chelators [J].
Current Medicinal Chemistry, 2012, 19(17): 2703-2714

Coulibaly S, Cimino M, Ouattara M, Lecoutey C, Buchieri M V,
Alonso-Rodriguez N, Briffotaux J, Mornico D, Gicquel B, Rochais C,
Dallemagne P. Phenanthrolinic analogs of quinolones show antibacterial
activity against M. tuberculosis [J]. European Journal of Medicinal
Chemistry, 2020, 207: 112821

EZ-D . ARIAEREDFERREERMNERT FHRIT). FEIE
WIEFE, 2010, 20(8):1940-1941

Li E W. Three kinds of food colony of the total number of testing methods
[J]. Chinese Journal of Health Laboratory Technology, 2010, 20(8) :
1940-1941 Cin Chinese)

S0, EFIH.WER,BER. B0 CARERRENEHSENNRNMIE
REFHEMRLT]. REHEZRE, 2018, 35(11): 801-804, 808

Jin H, Li H S, Tie J F, Han J, Su Y X. Establishment of a broth
microdilution MIC testing method for disinfectants[J]. Chinese Journal of
Disinfection, 2018, 35(11): 801-804, 808 (in Chinese)

XifE MBE IR BUE.ER . EH. H#RATEF DeoTH X
RERBSEMHEMNZMI]. IWEFBE, 2021, 42(12): 38-43

Liu HL, Zhen S H, Wang J W, Cheng R N, Yue L, Wang Z. Effect of
transcriptional regulator DeoT on Escherichia coli mult-drug resistance
[J]. Progress in Veterinary Medicine, 2021, 42(12) : 38-43 (in Chinese)
Stokes J M, Lopatkin A J, Lobritz M A, Cillins J J. Bacterial metabolism



118

IS [ N SR S 2024 4F 55 29 %

—
=

[18]

—
©

[21]

[22]

[23]

and antibiotic efficacy[J]. Cell Metabolism , 2019, 30(2) : 251-259
Christopher S, Gottfried U. Fumarate, a central electron acceptor for
Enterobacteriaceae beyond fumarate respiration and energy conservation
[J]. Advances in Microbial Physiology, 2023, 82: 267-299

Bott M, Dimroth P. Klebsiella pneumoniae genes for citrate lyase and
citrate lyase ligase: Localization, sequencing, and expression [J].
Molecular Microbiology, 1994, 14(2): 347-356

Takahashi S, Miyachi M, Tamaki H, Suzuki H. The Escherichia coli
CitT transporter can be used as a succinate exporter for succinate
production [J]. Bioscience, Biotechnology, and Biochemistry, 2021, 85
(4): 981-988

Kim J S, Cho D H, Heo P, Jung S C, Park M, Oh E J, Sung J, Kim P
J, Lee SC, Lee D H, Lee S,Lee C H, Shin D, Jin Y S, Kweon D H.
Fumarate-mediated persistence of Escherichia coli against antibiotics[J].
Antimicrobial Agents and Chemotherapy, 2016, 60(4): 2232-2240
HBM AFE [ ERA,EHA . ME R R A B A S
MR EEGIRE] EMTREER, 2020, 36(11): 2287-2297

Huang L L, Gu Y F, Wu C R, Huang J H, Cheng G Y.Bacterial stress
response, physiological metabolism and antimicrobial tolerance and the
control strategies[J]. Chinese Journal of Biotechnology, 2020, 36(11) :
2287-2297 (in Chinese)

Valverde-Pozo J, Paredes ] M, Salto-Giron C, Herrero-Foncubierta P,
Giron M D, Miguel D, CuervaJ M, Alvarez-Pez ] M, Salto R, Talavera
E M. Detection by fluorescence microscopy of N-aminopeptidases in
bacteria using an ICT sensor with multiphoton excitation: Usefulness for
super-resolution microscopy [J]. Sensors and Actuators B: Chemical,
2020, 321: 128487

Spencer M E, Guest J R. Isolation and properties of fumarate reductase

mutants of Escherichia colilJ]. Journal of Bacteriology, 1973, 114(2) :
563-570

[24] Tang Q, Feng M L, Xia H, Zhao Y M, Hou B B, YeJ, Wu H Z, Zhang
H Z. Differential quantitative proteomics reveals the functional difference
of two yigP locus products, UbiJ and EstE [J]. Journal of Basic
Microbiology, 2019, 59: 1125-1133

[25] Beketskaia M S, Bay D C, Turner R J. Outer membrane protein OmpW
participates with small multidrug resistance protein member EmrE in
quaternary cationic compound efflux[J]. Journal of Bacteriology, 2014,
196(10): 1908-1914

[26] Mooney J A, Pridgen E M, Manasherob R, Suh G, Blackwell H E,
Barron A E, Bollyky P L, Goodman S B, Amanatullah D F.
Periprosthetic bacterial biofilm and quorum sensing [J]. Journal of

Orthopaedic Research, 2018, 36(9): 2331-2339

N
N}

Peterson E, Kaur P. Antibiotic resistance mechanisms in bacteria:
Relationships between resistance determinants of antibiotic producers,
environmental bacteria and clinical pathogens [J]. Frontiers in
Microbiology, 2018, 9: 2928
[28] Tonziello G, Caraffa E, Pinchera B, Granata G, Petrosillo N. Present
and future of siderophore-based therapeutic and diagnostic approaches in
infectious diseases[ J]. Infectious Disease Reports, 2019, 11(2): 8208
[29]Zheng T F, Bullock J L, Nolan E M. Siderophore-mediated cargo delivery
to the cytoplasm of Escherichia coli and Pseudomonas aeruginosa:
Syntheses of monofunctionalized enterobactin scaffolds and evaluation of
enterobactin-cargo conjugate uptake [J]|. Journal of the American
Chemical Society, 2012, 134(44) : 18388-18400

[30] Barraza D E, Rios Colombo N S, Galvan A E, Acuna L, Minahk C J,

Bellomio A, Chalon M C. New insights into enterocin CRL35:
Mechanism of action and immunity revealed by heterologous expression in

Escherichia colil J]. Molecular Microbiology, 2017, 105(6) : 922-933

HAE G A A

F—EFE N IR E A0, A RUR A B S W) R 2 BOR S B 1 S5 A W55 1)
SRR PG SORDETE o 7B 1] 27 SN H 0 3044 20— A2l e e i AR R bl R 32

5 FR TR CE VLA — R R SOOI TR S LA, 2 e\ o BRI ) k2 A )
HAD R BE DAL U BE X R B =20 B S INL ol G 55 ), 52~ M 2 5 58 1 22 35 3l ) 8 o MG 1 <
Bu )2 T AR A5 R BE R T

BHAER RN : EH W AERURZ B SR A HoR  Be R B, B AT 58 A S0l 2018 4F A kb st
7w JZ W ETH BN A A SRR IR I, 2019 4R AL AL 50T I w8 A8 e /K P 2800 BA L % S 451
RIFFRRAA B E R o A8 S ASRIE BT I A S0 [ e 15 0 36 R 2 A R Al K28 1
AR PR HAR A R A A R B AU U A AR ) S B AR AR A R SR 2 A OB IX — S A
SAFR I RN Sl B B 4 BRI R A IR EOR LTS . RS R R A AR 95 4
By RACAT AR R A JURTTT AR R H A s B AR RO L TS A A B IR R By 1 AL s B &
ERRAATH R0 5 AF 55 6 TR . LSS — 4R 25 FUE AR 5 & R B89 3030 R d , e SCTg 3¢
L5, SRR R DRI 8 9. O4 s AR 52 5 W M) 3 335 2 2 3l Wy s Dt v G 15 AR R ) 13




