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ABSTRACT Objective: To identify the presence of SRNA5.85 and investigate its physiological effects and regulatory mechanisms
in Mycobacterium marinum (M. marinum). Methods: The presence of SRNA5.85 was validated through Northern blot analysis in M. mar—
inum. Following this, the SRNAS5.85 overexpression recombinant strain (referred to as the 5.85-OF strain) was constructed using the
pMV261 plasmid. And M.marinum wild type strain with empty pMV261 plasmid was used as control strain (referred to as the WT-EV
strain). In vitro experiments were conducted to observe the growth kinetics, sliding motility, and colony morphology of the 5.85-OE
strain. To examine its behavior within human macrophages THP-1, an infection model was employed to assess the entry and intracellular
proliferation of the 5.85-OE strain, with cell viability post-infection determined using LDH assays. Furthermore, a zebrafish infection
model was utilized to validate the impact of SRNAS.85 on bacterial virulence. Prediction of potential target genes and interaction sites of
sRNAS5.85 was carried out using targetRNA2 and IntaRNA tools, with subsequent validation performed using qRT-PCR. Results: The
sRNAS.85 was found to exist in the M.marinum. Overexpression of SRNA5.85 did not alter the in vitro growth, sliding ability, or colony
morphology of the recombinant strain. After infecting macrophages with the 5.85-OE strain for 48 hours, THP-1 cell viability was not
affected, and bacterial intracellular proliferation ability was not significantly different from the wild type strain. Overexpression of
sRNAS5.85 increased the bacterial load in zebrafish during long-term infection. The transcription levels of four potential target genes
(MMAR_3476, MMAR_4052, MMAR_3482, MMAR_2920) predicted by targetRNA2 were significantly upregulated with sSRNAS5.85
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overexpression. MMAR_3476 and MMA R_4052 shared the same interaction site with SRNAS5.85. Conclusions: The findings reveal that

SRNAS.85 enhances virulence towards zebrafish during extended infection periods by modulating the expression of low-oxygen

response-related genes. This study offers crucial insights into understanding and unraveling the role of SRNA in pathogenic mycobacteria.
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Table 1 Probe Template PCR Primer Sequence Information

Primer Sequence
T7-5.85-F GGTTTGAGCCCCAAAACCGCG
T7-5.85-R TAATACGACTCACTATAGGGTAGGCGCCCATTTGCGAAAATTG
Mm 5s-F TTACGGCGGCCACAGCGACAGG
Mm 5s-R TAATACGACTCACTATAGGGTGTTCGGCGGTGTCCTACTTTTCCAC

Note: The underlined portion represents the T7 promoter sequence.

%< 2 sSRNAPCR & qRT-PCR 5|45 2
Table 2 SRNA PCR and qRT-PCR Primer Information

Primer Sequence
sRNA-5.85 F CTAGTCTAGAGGTTTGAGCCCCAAAACCGCGGGT
sRNA-5.85 R CCCAAGCTTTAGGCGCCCATTTGCGAAAATTGAAGC
q5.85-F GCTGGAACAGTTGCGCTTGC

q5.855-R CCACGGGCACACCTTCTTGAT

q Mm sigA-F GGTGGATGCCGTGTCGTTCA

q Mm sigA-R TCGATCTGGCGGATGCGTTC
q M3476F TCTGGCGATGGACCTGGAGTTC
qM3476R CCTCTGGTTTGCCTTGCGACAG
q M1420F AGGCTATGGGTGTTGGCGTGTA
qM1420R CATCGCTGATCGGATCGCATCG
q M4052F CTGACCAAGACCGTCCAGGAGA
q M4052R GCTTGAGCACGACATCGCAGA
q M3482F AGAGGTCGTGGTGGTGTCGTT
q M3482R GCAATGCCCAACCGAACCGA
qM4681F GCGTGCTGGCTCAGATGATGT
qM4681R GCGAAGAACTGCGGCTCGAT
qMI1639F GGAATCGCCAACCTGGGTAACA
qMI639R CGTTGCCGAATCCGACATTGC
q M4939F GCCTGTCCAACACCCAATACGA
q M4939R ACAGCGAGGCGAACGATGAC
qMO0947F CATCTGGCGTCCTACAGCTCAC
qM0947R GACCACCGAGTCCAACACCATC
q M2920F GCGACGACATGACACTGGAAGA
q M2920R CTGGTTGTTGGACAGGGTGAGG
qMO0410F CGCACCTGATGGGCTACCTT
qMO0410R CGCATGACGAACCAGCACTG

Note: The underlined portion indicates the enzyme cleavage site.
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1 (A)sRNAS.85 FIZEEEA I BIF R ; (B )sRNAS.85 K5 # TN ; ( C)Northern iz,
Fig.1 (A) Genomic position information of sSRNAS.85; (B) Predicted secondary structure of sSRNAS.85; (C) Northern Blot.
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Fig.2 (A) Schematic diagram of pMV261 recombinant overexpression plasmid construction; (B) Validation of overexpression status of SRNA5.85

recombinant strains (n=3), Mean = SD.
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Fig.3 (A) Growth curve of SRNA5.85 overexpression recombinant M.marinum, Meant SD, Unpaired t test; (B) Statistical analysis of colony diameter

changes of 5.85-OE and WT-EV on 7H9-agar-glycerol plates, Means + SEM, Unpaired t test; (C) Colony morphology of sSRNA overexpression

recombinant Strains (7H10 Medium), scale bar: 1000 wm (bottom right); (D) Colony rorphology of WT-EV and 5.85-OE on sliding ability plates.
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& 4 (A)WT-EV 5 5.85-OF {2 THP-1(MOI=10 By \B{E S ,Mean + SD, Unpaired T test,ns: P>0.05; (B )WT-EV 5 5.85-OF Ryff A1E3EE R ,
Mean+ SD,Two-way ANOVA,ns: P>0.05;(C)LDH j%#&il WT-EV 5 5.85-OF {2:tf5 THP-1 B4 T-1E M . Mean+ SD,Unpaired t test,ns:
P>0.05,

Fig.4 (A) Intracellular invasion of WT-EV and 5.85-OE into THP-1 Cells at MOI=10 (n=3), Mean * SD, Unpaired T test, ns: P>0.05;

(B) Intracellular proliferation of WT-EV and 5.85-OE in THP-1 Cells after infection at MOI=10, Mean + SD, Two-way ANOVA, ns: P>0.05;

(C) Cell death detection by LDH assay after infection of WT-EV and 5.85-OE into THP-1 Cells at MOI=10 for 4 h, 24 h, and 48 h, Mean £ SD,

Unpaired t test, ns: 7>0.05.

5.2
® WTEV

5.0 A 585-0E

4.8

>|—>—1|

Log,,(CFU) / Fish

4.2 ,

WT-EV 5.85-OE

B 5 WT-EV 5 5.85-OF 433 Ek 12 BBt D& ki EmE CFU it
#1(n=4-5),Mean = SD,Two-way ANOVA, *.pP<0.05,

Fig.5 Bacterial load CFU count of WT-EV and 5.85-OE in zebrafish at 12

weeks post-infection (n=4-5), Mean + SD, Two-way ANOVA, *: P<0.05.
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FIBURE AT, T BLZ Hiq 57 ProQ FEAY RNA FE4H
L R T X SRNA 19 % B X IHREIR R, JuHAE KT
W, 24 M IR AT 3] 15 4~ sSRNA, 5§ fHA% T % M.mar—
inum R SIRGAHLRI T EARRFTE, BATRIHE A 15
LTSRN, B U TN - 56 U VAR S A A B P sSRNAS.85 (47
TE., FFE S sRNA & FRIK T A Momarinum , HE—LER T
SRNAS5.85 (LEE, &I sRNAS5.85 (it ik fehs b E4 5 M.
marinum KIS FE P 7EBE D AR A4 T fer . IR, 7E
SRNA5.85 (W 7E ¥ A b, AT R M T MMAR_3476 K

* 3 sRNA5.85 B7EfirE R
Table 3 Potential Target Genes of SRNAS.85

Rank Gene Synonym Pvalue
1 - MMAR 3476 0.000
2 cynT MMAR 1420 0.000
3 Mce3B_1 MMAR_4052 0.001
4 pfkB_1 MMAR_3482 0.001
5 Far MMAR 4681 0.001
6 - MMAR_1639 0.003
7 - MMAR_3940 0.007
8 - MMAR_4939 0.013
9 - MMAR_0947 0.017

10 mmaA2_1 MMAR_2920 0.017
11 yrbE1A MMAR_0410 0.031
12 - MMAR_4698 0.046
13 - MMAR_2146 0.046
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Fig.6 Validation of transcription levels of potential target genes of SRNAS5.85 by qRT-PCR, Mean + SEM, Two-way ANOVA,
ns: P>0.05, ****: p<0.0001.

A Interaction site 1 Interaction site 2
MMAR 3482 : 5-AAC...CC G CCUAG-3 | 5-AAC...CG CC...UAG-3’
GGU GAGGUCG { GGGUUGGGGG
I HERRN ARRRERRE
CCA  CUCCGGC { CCCAACCCCC
sRNA-5.85: 3'-CCA...GU AGA C..GUA-5" | 3-CCA...GA CU...GAU-5"
B Interaction site 1 Interaction site 2
MMAR_4052: s_ccc...CG C A GCGGUGA-3* | 5-CCC...UU U A AA..UGA-3
AGGUG GC CC : GGGU CGCUCGGCG CC
[1]] [0 FEEE Pt |
UCCAC CG GG : CCCA GCGAGCCGC GG
sRNA-5.85: 3'-CCA...UU A CA...GAU-5" | 3-CCA...CG C UG...GAU-5’
C Interaction site 1 Interaction site 2
MMAR_3476: 5-CUG...GA GA..UGA> | 5-CUG..GA CC...UGA-¥’
CGCUUGGUGCC | CCGCGGAUGCC GCCC
Il | RERRRREN N
(l;l(;l;l\cc(-(ﬂé(l;c : ‘ GGCGCCUAUGG CGGG .
SRNA-5.85: 3'-CCA...AC UG..GAU-s* |  3-CCA..CA CC  AG..GAU-5
Interaction site 3
MMAR_3476 1 5-CUG..CG GG GA...UGA-3’
GG CGAUCGG UGAU
L Trrrrrr e
CC GCUAGCC ACUA
sRNA-5.85: 3-CCA..CU UA U CG...GAU-5’

B 7 (A-C)IntaRNA il sSRNA5.85 5 MMAR_3482 . MMAR_4052 LA MMAR_3476 B EAELL &R
Fig.7 (A-C) IntaRNA prediction of interaction sites between SRNA5.85 and MMAR_3482, MMAR_4052 and MMAR_3476

MMAR_3482 7¥ 5.85-OF W s K-8 3% Ll BATHE Moab
B B R 23518 Ru2004¢ Fe Rv2029¢ , )8 F DOS #4357,
SRR R 25 R B B UIAR DG , 2 51T Moab RER AR
BHKOE B gk, FRATTHEI sSRNAS.85 W] S il 1o I 4%
MMAR_3476 £j MMAR_3482 ()33, f#i15 5.85-OF R FkAENS
T A FE A PRSI, DA T4 e 4 S e v B 6 1 Py ) 24
AT o T I A R S 56, SRNAAS.85 3 Feab AN 2350
XA RE F T B AT B AT 4 e i e e, EL RS AR o —
I 00 i 2R A AT E i S A P E 22 4 M SR AR T 10 TR 2 T 2
F P AR AR,

HHT, 2B sSRNA AR I REIR R T ZE R FEN
RIS EOWN T 45 % 0 B R b . (E B A DI RERAE Y sSRNA
o, (A 4 4 sRNA B Mcr7 Mrs 1. Msl L} B11 #2387 H T
PR RS, Hidt Mer 7 45 Mrs TRt 5 & 07145 H A 0AR
tatC 55 bfrA 119 5-UTR 456, SRR TTIRSS & i 52 2
FIAYBREDS, Ms1 NZSE S 5= § T RNA REEHZL 04
BRI SR AR R, T B11 f o R, Mai 58 N RIS &
B, B11 AL KR FE R AR5, BA 26 mRNA B g
i S5 #PR mRNA £3%H RNA fHMBEAMS S5 TIERRE N
S50 AT HEA W C & REEE MR, Bl 4T
FEHLRIA &I, e GC & i Ao == G PHPE B i sRNA $2 41
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