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staining of the ovaries showed that there were no significant differences in follicles at all levels but the development
was poor the number of primordial follicles decreased and the number of corpus luteum increased. Compared with
the NS group the serum P in the AM and AH groups decreased (all P <0.01) and serum E2 in AM and AH
groups decreasd ( all P <0.05) . Conclusion Pioglitazone affects HPOA by regulating pituitary function directly.
However the effect of acarbose on HPOA may be mediated through the gut-brain axis and has no direct correlation
with the ovarian structure.
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Fig.1 Phage genome annotation and three-dimensional structure prediction results of depolymerase

A: Phage genome annotation map; B: Three-dimensional structure prediction of depolymerase where the red region represents the C-terminus of the

protein and the blue region represents the N-terminus of the protein.

2 N

Fig.2 Expression vector construction recombinant protein purification and activity identification

A: Results of sequencing comparison between the front and back ends of expression vector; B: Results of colony PCR agarose gel electrophoresis

(M: Marker 1:

PCR product) ; C: Results of SDSPAGE analysis of recombinant protein ( M: Marker; 1: protein purification product) ; D: Spot assay

results of different concentrations of Dep44 (0. 125 —1.000 wg) PBS and vB_Kpn_HF1013 were used as controls.
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Tab.1 Host range of vB_Kpn_HF1013 and Dep44

Capsular type Klebsiella pneumoniae strains vB_Kpn_HF1013 Dep44
K1 KP4760 KP3530 KP4372 - -
K2 KP0165 KP5409 KP7283 - -
K16 KP0429 - -
K19 KP9057 KP5380 - -
K64 K. pneumoniae 1013 KP1136 KP0519 KP1062 KP8777 KP1797 KP1872 KP8699 + +
K47 KP1109 KP1017 KP9398 - -
K38 KP8696 - -

—:no lysis; +:showed plaques or halos.

3 Depd44
Fig.3 Dep44 biofilm disrupting effects
A: Comparison of crystal violet staining results; B: Comparison of average acridine orange fluorescence intensity; C: Acridine orange staining results
at x20; a: Control group; b: 2 pg/mL Dep44 group; c: 10 wg/mL Depd4d group; *** P <0.001 **** P <0.000 1 vs Control group; *P <0.01
P <0.000 1 vs 2 pg/mL Depd4 group.
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4

Fig.4 Bactericidal effect of depolymerase combined with serum
a: PBS group; b: Serum group; c: Serum + 10 wg/mL Depd4
group; d: 10 wg/mL Dep44 group; e: heat-inactivated serum + 10 pg/

mL Dep44 group; **** P <0.000 1 vs Serum group.

. CRKP
1-12
K64  CRKP
KPN
CRKP o
CRKP o
8
Dep44
K64  CRKP
CRKP .
vB_Kpn_HF1013
Depd4 .
Dep4d4 K64 K64
CRKP o
13-14
B Dep44
CRKP

Dep44 CRKP

. Depd4

Dep44 K64  CRKP

LiS Feng X Li M et al. In vivo adaptive antimicrobial resist—
ance in Klebsiella pneumoniae during antibiotic therapy J . Front
Microbiol 2023 14: 1159912. doi: 10. 3389 /fmicb. 2023.

1159912.

LiY LiJ HuT etal Fiveyear change of prevalence and risk
factors for infection and mortality of carbapenem-—resistant Klebsiella
pneumoniae bloodstream infection in a tertiary hospital in North
China J . Antimicrob Resist Infect Control 2020 9(1): 79.

doi: 10.1186/s13756 —020 —00728 - 3.

Chen Y ChenY LiuP etal. Risk factors and mortality for eld—
erly patients with bloodstream infection of carbapenem resistance
Klebsiella pneumoniae: a 10-year longitudinal study J . BMC
Geriatr 2022 22(1): 573. doi: 10. 1186/s12877 - 022 —
03275 -1.

Pei N LiY Liu C et al. Large-scale genomic epidemiology of
Klebstella pneumoniae identified clone divergence with hyperviru—
lent plus antimicrobial—resistant characteristics causing within-ward
strain transmissions J . Microbiol Spectr 2022 10 ( 2):

€0269821. doi: 10.1128/spectrum. 02698 -21.

Chu W Hang X Li X et al. Bloodstream infections in patients
with rectal colonization by carbapenem-resistant Enterobacteriace—
ae: a prospective cohort study J . Infect Drug Resist 2022 15:

6051 - 63. doi: 10.2147/IDR. S383688.

Zhao D Tang M Ma Z et al. Synergy of bacteriophage depoly—
merase with host immunity rescues sepsis mice infected with hyper—
virulent Klebsiella pneumoniae of capsule type K2 J . Virulence

2024 15 ( 1): 2415945. doi: 10. 1080/21505594. 2024.

2415945.

Kim SH Lee H Park M K. Isolation characterization and ap—
plication of a novel lytic phage vB_SalA _KFSST3 with depoly-
merase for the control of salmonella and its biofilm on cantaloupe
under cold temperature J . Food Res Int 2023 172:113062.

doi: 10. 1016 /j. foodres. 2023. 113062.

Wang H Liu Y Bai C et al. Translating bacteriophage-derived
depolymerases into antibacterial therapeutics: challenges and pros—
pects J . Acta Pharm Sin B 2024 14(1): 155 -69. doi: 10.

1016/j. apsb. 2023.08.017.



Acta Universitatis Medicinalis Anhui 2025 Jul; 60( 7) * 1257 -

9  Brisse S Passet V. Haugaard A B et al. Wz gene sequencing a Control 2023 12(1): 124. doi: 10. 1186/s13756 - 023 -
rapid method for determination of capsular type for Klebsiella 01331 -y.
strains J . J Clin Microbiol 2013 51( 12): 4073 -8. doi: 10. 12 LiuL LouN Liang Q etal. Chasing the landscape for intrahos—
1128/JCM. 01924 - 13. pital transmission and evolution of hypervirulent carbapenem-resist—
10 .6 ant Klebsiella pneumoniae J . Sci Bull ( Beijing) 2023 68
J. 2024 59(1):71 - 6. doi: (23): 3027 —-47. doi: 10.1016/]. scib. 2023.10.038.
10. 19405/j. enki. issn1000 —1492.2024.01.012. 13 Sionov RV Steinberg D. Targeting the holy triangle of quorum
10 SuiCY WangJZ ZhangZ ] et al. Analysis of drug resistance sensing  biofilm formation and antibiotic resistance in pathogenic
and pathogenicity of six strains of Klebsiella pneumoniae J . Acta bacteria J . Microorganisms 2022 10( 6): 1239. doi: 10.
Univ Med Anhui 2024 59(1): 71 —6. doi: 10. 19405/j. cnki. 3390 /microorganisms10061239.
issn1000 —1492.2024.01.012. 14 Ge M Jiang F Lin H. Nanocatalytic medicine enabled next-gen—
11 LiL LiS Wei X etal. Infection with carbapenem-resistant hy— eration therapeutics for bacterial infections J . Mater Today Bio
pervirulent Klebsiella pneumoniae: clinical virulence and molecu— 2024 29: 101255. doi: 10.1016/j. mtbio. 2024. 101255.
lar epidemiological characteristics J . Antimicrob Resist Infect

Cloning expression and functional analysis of capsule — specific

depolymerase targeting carbapenem - resistant Klebsiella pneumoniae
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Abstract Objective To construct the K64 capsule depolymerase recombinant protein  Dep44 and investigate its
potential application against carbapenem-resistant Klebsiella pneumoniae ( CRKP) infections. Methods The de—
polymerase-encoding phage vB_Kpn_HF1013 ( GenBank: PP803128) was isolated and genomically analyzed to
screen for candidate depolymerases. The recombinant protein Dep44 was constructed and functionally verified for
depolymerase activity. Dep44 sensitive range was validated and Dep44 antimicrobial activity was assessed by bio—
film disruption and serum sterilization assays. Results The tail spike protein of phage vB_Kpn_HF1013 exhibited
depolymerase activity and recombinant protein Dep44 specifically degraded K64 CRKP capsule. Biofilm eradication
assays demonstrated that recombinant Dep44 at both 2 pg/mL and 10 pg/mL significantly disrupted bacterial bio—
films relative to the control. Serum bactericidal assays showed that Dep44 exhibited synergistic activity with serum
dependent on the complement system as Dep44 alone lacked bactericidal properties. Conclusion Depd4 effec—
tively targets and degrades K64 CRKP capsule disrupts biofilms and enhances serum bactericidal activity high—
lighting its potential for managing K64 CRKP infections and clearing biofilms from medical devices.

Key words depolymerase; phage; carbapenem—esistant Klebsiella pneumoniae; capsule; biofilm; recombinant
protein
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