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A Novel rpsE Mutation Mediates High-Level
Spectinomycin Resistance in Neisseria gonorrhoeae

and Influences Their Biological Fitness
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[Abstract] Objective To investigate the role of a novel rpsE gene mutation in mediating high-level spectinomycin
resistance in Neisseria gonorrhoeae and to evaluate its effect on the biological fitness of the bacteria. Methods
Spectinomycin-containing medium was used to screen for Neisseria gonorrhoeae strains with spontaneous mutations that
conferred spectinomycin resistance. Minimum inhibitory concentrations (MIC) were determined, and the rpsE gene was
sequenced. Changes in the growth rates of spectinomycin-resistant strain were assessed using the drop plate method and
growth curves. Additionally, in vitro competition experiments were conducted with spectinomycin at different
concentrations to assess changes in the biological fitness of the spectinomycin-resistant strain. Results A Neisseria
gonorrhoeae strain with high-level spectinomycin resistance mediated by a novel rpsE gene mutation (88_90delGTT) was
successfully identified and designated NG-SPT". Compare with the wild-type strain, the NG-SPT" exhibited reduced
growth rate (optical density [OD] comparison, P < 0.05). In addition, in vitro competition experiments showed a
competitive index (CI) < 1 in gonococcal base liquid (GCBL) without or with low-concentration spectinomycin (<
16 pg/mL). In the GCBL with 32 pg/mL spectinomycin, the CI value gradually increased from < 1 before 18 h to > 1 after
18 h. The mutant strain showed CI > 1 in GCBL with spectinomycin concentrations = 64 ug/mL. Conclusion  The rpsE
gene mutation (88_90delGTT) mediates high-level spectinomycin resistance in Neisseria gonorrhoeae, and imposes a

fitness cost on the bacteria. The biological fitness of the mutant strain is influenced by the concentration of spectinomycin.
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Table 1 Primers used in the study

Primer  Primer nucleotide sequence (5'»3")  Target gene Product size

rpsl  GGTGCGCGGTAGTCTGAAATCTGG rpsE 565 bp

(—202-353)
rps4  TCAAAAACCAAACGCATAGGTCCAC

1651 AGTACGGTCGCAAGATTAAAAC 16S rDNA 562 bp

(889-1450)
1654 GCGGTTACCCTACCTACTTCTGG
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BRI, AN R A KA I o
124 @@ A RKBXHLH

5 GCEEUAR - M %o 2504 K 0 40 B (52 B BRN G-
SPT I AERIWHO G) il )il b B, IR 8L TR B
OD=0.05, (80 pLIF MM A3 mL GCBLI;FR AL, & T
37 CRFUM BN 5%CO G Fe i h g E 85 55 . /0l F
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Fig 1 Antibiotic resistant colonies selected using spectinomycin
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Table 2 Minimum inhibitory concentrations of WHO G and NG-SPT"

strains against various antibiotics

MIC/(ug/mL)
Strains
SPT PEN CRO AZM CIP TET
WHO G 32 0.5 0.016 0.25 0.125 32

NG-SPT" 2048 0.5 0.032 0.25 0.125 32

SPT: spectinomycin; PEN: penicillin; CRO: ceftriaxone; AZM:
azithromycin; CIP: ciprofloxacin; TET: tetracycline.
2.2 NG-SPT"5E4RWHO GRIAEKIERILE

&3 TR A AR 2k AN G-SPTMRIWHO GRY A K5k

B, ERN IR AN A B — S EL TR R R A 5 35 550, NG-
SPTMY A K A T HF A BIWHO G [El4fi7R, 7EGCBL
WAREF 40 T, NG-SPTMIAE K R T2 A4 RIWHO
G, P41 ODIH b 22 F A G it L (P<0.05)
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Fig 2 The sequencing results and alignment of rpsE gene of spectinomycin-resistant gonococcal strain in the study
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Fig 3 Results of the growth rates compared between NG-SPTR and WHO G by the drop plate method
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Fig 4 The growth curves of NG-SPT" and WHO G showed significant (CI>1)(K5C), fimkE Nea p,g/mLﬂ]lZS pg/mLﬁTJ‘,
differences (n=3) NG-SPT % FWHO GHICIY K T1([5D, 5E).
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Fig 5 Competition index of in vitro competition experiments between NG-SPT" and WHO G under different antibiotic conditions

A-E, GCBL with spectinomycin at 0, 16, 32, 64, and 128 ug/mL, respectively.

3 it AT, WHO GTE16 pg/mL WA 2 i ik M hREA K.
AWFFEAE R R B IR i e 21 A K 9878 1 i85 7K

KU ZXFWHO GHIMICH16 pg/mL(BHASH: B SR 2R T 245 Bk A, O A 22 (1 MIC 42 048 pg/mlL;
BOW, AR R E M BRI e W RT 75 R INN 2 ENG-SPT A48 (7 s M rpsESL R & A=
WHO GHIMIC A 32 pg/mL, J5 252t R W 1E i AR 57 88_90delGTTZAE, 16S rDNAKEH TLRAE, 3B H 4w =



1036 DU (B2 )

% 5645

PIAZHEREE 1S5 loop 21X 38 & A AR, MATTT 2B HE X6 AU
BERM . R HA, AR XN FRWEE M 2
FE G R R AR A 40GE o (B3 R 0, KRR rpsEFE A
FEAI(I85 ~ 90 M 2IK H A IUGTT, 8 MRAEIZAMNES: T GTT
3P, XA A T AR H AT G4 B 8 A LAY
HHAE 5 (phase variation) ", AN5Z A JE TAHAR 5, S
LIERE BRI W] LR 25 2 110 ER IR UGS 2R bR AN
PR AUV AR, DMEPRHE AN R B 28

A5 R A9 773500 5 T NG-SPT ) A= 4
2, G5 R W RS TR RARNG-SPT A K s 248 8, 31X
W —E R EARE T LA AAXING-SPT I MIC UL IS A
TFE5 (110.016 pg/mLFF20.032 pg/mL), KAk A AL £
BRI TR AR . R, A R R AR 2 it
2R A A AR I AR AR, S S A R
IR, FETCHUAE R R rh, S8 ARk S P AR RUAE L, CL
AR 1, TR 24 BA1 AR A A 1 BE AR o EN [ O e v
MR A R B hrh, SRR CLE#iTH . (EAFER
F SR, 6 RO 25 3 0 Wk 5 Ry 32 pg/mL (KW %5 3 4
WHO GIJ1xMIC) i, 2 & 15 57 AT 18 h, Z8 284k i1 CIT)
/INFL, FE18 hZ G CIA B# T B K F 1. ek
(=64 pg/mL) B RWEE R 5 5, 828 bk A CIIE 5
F1, UL AR BENG-SPT 3E I BE A hy 2%, 7
TR e e R EE I RO BT e e 5 . UL b
SEFAL RIS A RE T ROULER AL R B A% b 1 243
A 7, SO R B S PR, RN R0 8 28 A IR Bk P 1
N FEARAN S BUERE RE I BRI, (AE KM R 2 0
AT, T ORIk R B S A R R e 5 R )
T A DL, DT LI DR DA PR 1 e T 25 5% . A
Sk 76 il AA A A fe i B — RGBT, H R R &
BRIRER TR HH BT 85 28 T 24 1 1) R M 58 A8, {HZE R
W A0 FH R T N AR, SR A] BEME AN BEHERR

25 L RTIR, ARWEFE R I T A S IRER A 55 KT i 0
BB — B AL N A8 IS T g TAIAE S . %
FE PR 275 2 AN B B0 A 3 B3 By E AR, T A
v B RO R A N A B A A AR EEE
WRERTAHELLH AMEE S AR A AT RE . ASHIFZEAG I Sk BR B
rpsEFERURT SR8, s PRI 1R 97 T RO 8 R 09 )1z 1
FHARBE T BSARTE

* * *

YEETEAEY SRS GBI o 4 . IE 3T L AT
W7 AR S 1E, A7 0 FIZER 57 ST R BETIR, EL0- 5308 30
Bl L 2 BRI, BT TSI H A B R S S iR
fEo B Ve Qe B SCREAR S A T, HXPH 2R R AR AT e
2SR, IF IR X TARRBTA 5 i 575

Author Contribution LI Menghuan and YANG Guiqin are responsible
for data curation, formal analysis, investigation, methodology, and writing--
original draft. WANG Youwei and YONG Gang are responsible for
resources. WANG Hongren is responsible for conceptualization, data
curation, funding acquisition, project administration, supervision, and
writing--review and editing. All authors consented to the submission of the
article to the Journal. All authors approved the final version to be published
and agreed to take responsibility for all aspects of the work.

FIZEWRE  FTA EE L I AAAE A 25 e

Declaration of Conflicting Interests All authors declare no competing

interests.

2 X% x W

[1] WANG H, WANG Y, YONG G, et al. Emergence and genomic
characterization of the ceftriaxone-resistant Neisseria gonorrhoeae FC428
clone in Chengdu, China. ] Antimicrob Chemother, 2020, 75(9): 2495-
2498. doi: 10.1093/jac/dkaal23.

[2] SHIMUTA K, OHAMA Y, ITO S, et al. Emergence of ceftriaxone-
resistant Neisseria gonorrhoeae through horizontal gene transfer among
Neisseria species. ] Infect Dis, 2025, 232(1): 152-161. doi: 10.1093/infdis/
jiaf008.

[3] XIUL, WANGL,LIY, et al. Molecular screening to track ceftriaxone-
resistant FC428-like Neisseria gonorrhoeae strains' dissemination in four
provinces of China, 2019 to 2021. Euro Surveill, 2025, 30(6): 2400166. doi:
10.2807/1560-7917.ES.2025.30.6.2400166.

[4] ALLAN-BLITZL T, FIFER H, KLAUSNER ] D. Managing treatment
failure in Neisseria gonorrhoeae infection: current guidelines and future
directions. Lancet Infect Dis, 2024, 24(8): €532-€538. doi: 10.1016/S1473-
3099(24)00001-X.

[5] KAMATH D, GREGORY S T, O'CONNOR M. The loop 2 region of
ribosomal protein uS5 influences spectinomycin sensitivity, translational
fidelity, and ribosome biogenesis. Antimicrob Agents Chemother, 2017,
61(2): e01186-16. doi: 10.1128/AAC.01186-16.

(6]  HhIE, BRIEHE, Whit:, 45, DA 25 Lk Bopr B e 2 i T ot e v
Sl A A, 2025, 20(3): 397-400. doi: 10.13350/.cjpb.250326.

DU Y, CHEN X H, YAO J, et al. Research progress on bacterial resistance
mechanisms and new antibacterial drugs. ] Pathog Biol, 2025, 20(3): 397-
400. doi: 10.13350/j.cjpb.250326.

(7] AHESE, 20, A, 45, IWOTG 4 SR TR O L5 25 i 2 S A Ry v

ST ST, DU 2 4 (522 10), 2025, 56(1): 262-267. doi: 10.
12182/20250160402.
YANG G Q,LIM H, WANG Y W, et al. Establishment and evaluation of
a nucleic acid amplification test for spectinomycin-resistant Neisseria
gonorrhoeae. ] Sichuan Univ ( Med Sci ), 2025, 56(1): 262-267. doi: 10.
12182/20250160402.

[8] CHENSC,HULH, ZHU X Y, et al. Gonococcal urethritis caused bya
multidrug resistant Neisseria gonorrhoeae strain with high-level resistance
to spectinomycin in China. Emerg Microbes Infect, 2020, 9(1): 517-519.
doi: 10.1080/22221751.2020.1732836.

[9] KORRYB J, LEE S Y E, CHAKRABARTI A K, et al. Genotoxic agents
produce stressor-specific spectra of spectinomycin resistance mutations
based on mechanism of action and selection in Bacillus subtilis.
Antimicrob Agents Chemother, 2021, 65(10): €0089121. doi: 10.1128/
AAC.00891-21.

[10] VINCENT LR, KERR SR, TANY, et al. In vivo-selected compensatory
mutations restore the fitness cost of mosaic penA alleles that confer
ceftriaxone resistance in Neisseria gonorrhoeae. mBio, 2018, 9(2): €01905-
17. doi: 10.1128/mBi0.01905-17.

[11] TUMM, CARFRAE L A, RACHWALSKIK, et al. Exploiting the fitness
cost of metallo-B-lactamase expression can overcome antibiotic resistance
in bacterial pathogens. Nat Microbiol, 2025, 10(1): 53-65. doi: 10.1038/
s41564-024-01883-8.


https://doi.org/10.1093/jac/dkaa123
https://doi.org/10.1093/jac/dkaa123
https://doi.org/10.1093/infdis/jiaf008
https://doi.org/10.1093/infdis/jiaf008
https://doi.org/10.1093/infdis/jiaf008
https://doi.org/10.2807/1560-7917.ES.2025.30.6.2400166
https://doi.org/10.2807/1560-7917.ES.2025.30.6.2400166
https://doi.org/10.2807/1560-7917.ES.2025.30.6.2400166
https://doi.org/10.2807/1560-7917.ES.2025.30.6.2400166
https://doi.org/10.1016/S1473-3099(24)00001-X
https://doi.org/10.1016/S1473-3099(24)00001-X
https://doi.org/10.1016/S1473-3099(24)00001-X
https://doi.org/10.1016/S1473-3099(24)00001-X
https://doi.org/10.1016/S1473-3099(24)00001-X
https://doi.org/10.1016/S1473-3099(24)00001-X
https://doi.org/10.1128/AAC.01186-16
https://doi.org/10.1128/AAC.01186-16
https://doi.org/10.1128/AAC.01186-16
https://doi.org/10.1128/AAC.01186-16
https://doi.org/10.13350/j.cjpb.250326
https://doi.org/10.13350/j.cjpb.250326
https://doi.org/10.13350/j.cjpb.250326
https://doi.org/10.13350/j.cjpb.250326
https://doi.org/10.13350/j.cjpb.250326
https://doi.org/10.12182/20250160402
https://doi.org/10.12182/20250160402
https://doi.org/10.12182/20250160402
https://doi.org/10.12182/20250160402
https://doi.org/10.12182/20250160402
https://doi.org/10.12182/20250160402
https://doi.org/10.12182/20250160402
https://doi.org/10.12182/20250160402
https://doi.org/10.12182/20250160402
https://doi.org/10.1080/22221751.2020.1732836
https://doi.org/10.1080/22221751.2020.1732836
https://doi.org/10.1128/AAC.00891-21
https://doi.org/10.1128/AAC.00891-21
https://doi.org/10.1128/AAC.00891-21
https://doi.org/10.1128/AAC.00891-21
https://doi.org/10.1128/AAC.00891-21
https://doi.org/10.1128/mBio.01905-17
https://doi.org/10.1128/mBio.01905-17
https://doi.org/10.1128/mBio.01905-17
https://doi.org/10.1038/s41564-024-01883-8
https://doi.org/10.1038/s41564-024-01883-8
https://doi.org/10.1038/s41564-024-01883-8
https://doi.org/10.1038/s41564-024-01883-8
https://doi.org/10.1038/s41564-024-01883-8
https://doi.org/10.1038/s41564-024-01883-8
https://doi.org/10.1038/s41564-024-01883-8
https://doi.org/10.1038/s41564-024-01883-8
https://doi.org/10.1038/s41564-024-01883-8

4 1

ZEAEWCEE : I 4% 2 TR rps EE DRV B SR A8 3 R AR T KW e 2R T 245 % H x4 1 A 03 I3 2 PR 52 1037

[12] 2 &, AOBUE, B4, 45, IRBRTAT 25 L RATT SR BF Tk . fieiic
TEZ} 4R, 2024, 37(1): 80-83. doi: 10.3969/j.issn.1008-9926.2024.01.019.
LUOJJ, RONG C T, HUI L, et al. Countermeasures against drug
resistance in Neisseria gonorrhoeae: research advance. Pharm J Chin PLA,
2024, 37(1): 80-83. doi: 10.3969/j.issn.1008-9926.2024.01.019.

[13] JENSEN ]S, UNEMO M. Antimicrobial treatment and resistance in
sexually transmitted bacterial infections. Nat Rev Microbiol, 2024, 22(7):
435-450. doi: 10.1038/s41579-024-01023-3.

[14] 2=k, MhESE, T4 0, . W2 B2 A3 71 RTF e f ek

FUEESE S PP, DU R 224 (BE 24 ), 2024, 55(1): 198-203. doi: 10.
12182/20240160209.
LIM H, YANG G Q, WANG Y W, et al. Establishment and evaluation of
a resazurin-based microdilution assay for microbial sensitivity test of
Neisseria gonorrhoeae. ] Sichuan Univ ( Med Sci ), 2024, 55(1): 198-203.
doi: 10.12182/20240160209.

[15] UNEMO M, GOLPARIAN D, SANCHEZ-BUSO L, et al. The novel 2016
WHO Neisseria gonorrhoeae reference strains for global quality assurance
of laboratory investigations: phenotypic, genetic and reference genome
characterization. ] Antimicrob Chemother, 2016, 71(11): 3096-3108. doi:

10.1093/jac/dkw288.

[16] HOLMES J, MUNJOMA L, BAYLISS C D. Novel method for prediction
of combinatorial phase-variable gene expression states. MethodsX, 2023,
11: 102392. doi: 10.1016/j.mex.2023.102392.

[17] WILLIAMS E, SEIB K L, FAIRLEY C K, et al. Neisseria gonorrhoeae
vaccines: a contemporary overview. Clin Microbiol Rev, 2024, 37(1):
€0009423. doi: 10.1128/cmr.00094-23.

(2025 - 06 — 241k, 2025 - 07 - 08f& [1])
Hifl A
FFBORE A SO B AR B 4 —AR R
AT 4O PR B (CC BY-NC 4.0), PE4I{H B %15
https://creativecommons.org/licenses/by-nc/4.0/
OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more
information, visit https://creativecommons.org/licenses/by-nc/4.0/.
© 2025 {PUJIIRAF 24T (R 2A RO D4

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.3969/j.issn.1008-9926.2024.01.019
https://doi.org/10.3969/j.issn.1008-9926.2024.01.019
https://doi.org/10.3969/j.issn.1008-9926.2024.01.019
https://doi.org/10.3969/j.issn.1008-9926.2024.01.019
https://doi.org/10.3969/j.issn.1008-9926.2024.01.019
https://doi.org/10.3969/j.issn.1008-9926.2024.01.019
https://doi.org/10.3969/j.issn.1008-9926.2024.01.019
https://doi.org/10.3969/j.issn.1008-9926.2024.01.019
https://doi.org/10.3969/j.issn.1008-9926.2024.01.019
https://doi.org/10.1038/s41579-024-01023-3
https://doi.org/10.1038/s41579-024-01023-3
https://doi.org/10.1038/s41579-024-01023-3
https://doi.org/10.1038/s41579-024-01023-3
https://doi.org/10.1038/s41579-024-01023-3
https://doi.org/10.1038/s41579-024-01023-3
https://doi.org/10.1038/s41579-024-01023-3
https://doi.org/10.1038/s41579-024-01023-3
https://doi.org/10.12182/20240160209
https://doi.org/10.12182/20240160209
https://doi.org/10.12182/20240160209
https://doi.org/10.12182/20240160209
https://doi.org/10.12182/20240160209
https://doi.org/10.12182/20240160209
https://doi.org/10.12182/20240160209
https://doi.org/10.12182/20240160209
https://doi.org/10.1093/jac/dkw288
https://doi.org/10.1093/jac/dkw288
https://doi.org/10.1016/j.mex.2023.102392
https://doi.org/10.1016/j.mex.2023.102392
https://doi.org/10.1128/cmr.00094-23
https://doi.org/10.1128/cmr.00094-23
https://doi.org/10.1128/cmr.00094-23
https://doi.org/10.1128/cmr.00094-23
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 材料与方法
	1.1 主要材料和仪器
	1.2 方法
	1.2.1 淋球菌的培养及MIC的测定
	1.2.2 淋球菌大观霉素耐药株的筛选及鉴定
	1.2.3 滴板法比较细菌生长速率
	1.2.4 细菌生长曲线的绘制
	1.2.5 体外竞争实验研究NG-SPTR生物适应度的变化
	1.2.6 统计学方法


	2 结果
	2.1 淋球菌大观霉素耐药株的筛选及鉴定结果
	2.2 NG-SPTR与野生型WHO G的生长速率比较
	2.3 NG-SPTR生物适应度的变化受抗生素的影响

	3 讨论
	参考文献

