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Abstract The clinical utility of macrolide antibiotics has declined due to the appearance of resistant isolates. A
spiramycin I-resistant Staphylococcus aureus ATCC29213-R was induced and isolated with increasing the concen-
tration of spiramycin I, which exhibits an A—C transversion at position 2089 in the 23S rRNA gene, which is first
reported in the S. aureus. A RNA-seq based transcriptomic analysis was performed to understand the overall
response of resistant bacteria to spiramycin I treatment with subinhibitory dosage. In this study, There are a total
of 322 up-regulated and 82 down-regulated genes in spiramycin I-treated S. aureus ATCC29213-R and 426 up-
regulated, 838 down-regulated in spiramycin I-treated S. aureus ATCC29213, which were identified differentially
expressed compared to their control with a minimum 2-fold change ( Q) <0. 05). Interestingly, The data showed
that argH and argG transcripts, in the arginine biosynthetic pathway, were decreased by 13. 51-fold and 21. 45-
fold, respectively, compared to the control, while the expression level of three genes involved in arginine catabo-

lism, arcA, arcC, and argF, increased by 35-fold, 18. 05-fold and 30. 84-fold, respectively. The results revealed
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that spiramycin I could trigger the up-regulation of the genes of ACME-Arc system which allows S. aureus to

survive in acidic environments of human skin. This suggesed the arginine-deiminase pathway may be a potential

target for treatment of the resistant S. aureus.

Key words  Staphylococcus aureus; antibiotic resistance; spiramycin I; transcriptome analyses; arginine metabolic

pathways
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Table 1 PCR primers list of macrolide resistance genes for S. aureus
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DNA, #R J5 VL S. aureus ATCC29213 F S. aureus
ATCC29213-R BE[AZH DNA gt it A7 H WL 4 A
[0k I k7 e

Primer Sequence(5'—3") Gene NCBIID Length
ermA-S TCTAAAAAGCATGTAAAAGAA rRNA adenine N-6-methyltransferase LC146992. 1 645 bp
ermA-A CTTCGATAGTTTATTAATATTAGT
ermB-S GAAAAAGTACTCAACCAAATA rRNA adenine N-6-methyltransferase LC146993. 1 639 bp
ermB-A AGTAACGGTACTTAAATTGTTTAC
ermC-S ACAGAGGTGTAATTTCGTAACTGCC rRNA adenine N-6-methyltransferase AB982225. 1 538 bp
ermC-A GCTAATATTGTTTAAATCGTCAAT
yj-23s-S TTCCTTGTCGGGTAAGTTCC domain V of the 23S rRNA CP012409. 1 769 bp
yj-23s-A GTTGGCACGACAACTGGTACAC
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Figure 1 Continuous culture experiment of S. aureus ATCC29213 with

spiramycin L. (A) The spiramycin I concentration dynamic and the MIC

for the groups during the inducing process; (B) The schematic of the
23S rRNA mutation site of S. aureus ATCC29213-R

Table 3 Summary of the transcriptome sequencing data

Table 2 MIC of S. aureus ATCC29213-R and S. aureus ATCC29213 to
a panel of antibiotics

Group MIC-ATCC29213 MIC-ATCC29213-R Fold change
Erythromycin >0.5 >32 -
Clarithromycin <0.5 4 >8
Spiramycin | 4 >32 >16
Medemycin 0.5 >32 >64
Azithromycin 1 8 8
Telithromycin 2 2 1
Oxacillin 0.5 <0.25 <0.5
Gentamicin 1 0.5 0.5
Vancomycin 1 1 1
Ciprofloxacin <0.25 <0.25 -
Tetracycline <0.25 <0.25 -

3.2 A EZET 5T S aureus ATCC29213-R #o
S. aureus ATCC29213 % ik & #91E

S. aureus ATCC29213-R Fil 1 %) i X & BF
S. aureus ATCC29213 FE§% 55 7K b8 7 410 ] Wk
AR RE 2R T o) 1oy 18 S 36 it A KT L&D 2-A, 45
WoR T OHURCR G W A A BRI S aureus
ATCC29213 7£0. 5 pg/ml 12JEd5 % 1 & J1 F it
2RI 4 O3 2R A S. aureus ATCC29213-R 7E 32
pg/mLIRJiEsE R 1 )T R BT TEHi B2 AH
o, % sk 2R G 2 AL B0, I ¥ J5 Reads ML
10.98 x 10° %] 14. 88 x 10° (3 3) , [FAIW}, g5 &
I ##&)5,S. aureus ATCC29213-R # L sh By RL R £
I S. aureus ATCC29213 /(K 2-B) .

Sample Sample 1D All reads Mapped reads Mapped Unique reads Mapped Multi reads ~ Mapping ratio/ %
29213 _control XIA 10 985 440 10 940 776 10 895 655 5393 99. 59
29213_SPMI X2B 13 376 748 13 324 764 13 302 286 4 506 99. 61
29213-R_control X3C 13 812 926 13 765 720 13 709 329 7 145 99. 66
29213-R_SPMI X4R 14 888 422 14 840 285 14 798 641 6 760 99. 68

Note: “SPMI” means “Spiramycin | treated group” ;“control” means “control group”

Bl R, 7E 4 IR SRR ) 2 668 AL
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T AR KR AR o XA~ 45 28l 5B A O 12 75
AR | AU ATCC29213 #ZRE R Zh BE 1941
il T 22 R0 B 45 B 1 ATCC29213-R
XHRERE R 1 7= A S iR i 25 BIL A, DA T R0 ok 1
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Transcriptomic Analysis
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ATCC 29213 ATCC 29213-R

Figure 2 (A) Experimental workflow of the transcriptomic analysis; (B) The correlation analysis of sequencing results of four samples; (C) The

Venn diagrams for the up-regulated genes of S. aureus ATCC29213 and

S. aureus ATCC29213-R treated with spiramycin I compared to the control are

shown; (D) The Venn diagrams for the down-regulated genes of S. aureus ATCC29213 and S. aureus ATCC29213-R treated with spiramycin I compared

to the control are shown. Note: () <0.05;|Fold-changel =2
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lyase[ EC:4.3.2. 1] ) FlG 2 FL 35 H1 R 5 il ( argini-
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T 20 A 2 R 20 A R AE G Y 3 AL P < R 2 R
V.24 I ( arcA , arginine deiminase [ EC:3.5.3.6]),
3L W R ¥ i (arcC, carbamate kinase [ EC:
2.7.2.2]) , M5 R & P Bt RE 56 7% B (argF, orni-
thine carbamoyltransferase[ EC:2. 1. 3.3]) £ik/KF
gy B E 35 fi%, 18.05 £ F1 30.84 £, U3 Ab
SAOUHSC_02967 Jy—HEM 1) 25 R 2R & 2 R
$35 1K (areD , arginine/ornithine antiporter) , 1, 75 %%
FACE BT 25.03 (£ 4) HABMICHA .
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Figure 3

Differentially expressed arginine metabolism-related genes'?’

AMP+PPi

! in spiramycin I-treated S. aureus ATCC29213-R compared to the

control. Note ; The red colour represents up-regulated genes,and green represents down-regulated genes

Table 4 Arginine metabolism-related genes that were differentially expressed in spiramycin I-treated S. aureus ATCC29213-R compared to the control

Gene Protein name

29213-R_Control_FPKM 29213-R_SPMI _FPKM Fold-change

—lg( Q value)

Argininosuccinate lyase (ASAL)

H
e (EC 4.3.2.1) (Arginosuccinase )
Argininosuccinate synthase (EC 6.3.4.5)
argG N .
( Citrulline--aspartate ligase )
" Arginine deiminase ( ADI) (EC 3.5.3.6)
e (Arginine dihydrolase) (AD)
arcC Carbamate kinase 2 (EC 2.7.2.2)
arcR HTH-type transcriptional regulator ArcR
Omnithine carbamoyltransferase ( OTCase )
argF
(EC2.1.3.3)
argR Arginine repressor

SAOUHSC_02967  Arginine/ornithine antiporter, putative
(areD)

158. 11 11.71 -13.51 53.98
121. 18 5.65 —-21.45 61.72
75. 00 2 624.91 35.00 87.41
247.63 4 469. 61 18.05 62.22
287.20 4792.47 16. 69 59.35
115.75 3 569. 87 30. 84 82.73
7.44 19.03 2.56 2.01
140. 01 3 504. 06 25.03 74. 81
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WA 1 RE R SRR Z R, X AT BB B TR E a
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AT, DD TR T ASBiFSR 1) HA 4538
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BREA 23S rRNA 94 FHHR A7 A2062C 75, X —F
WA A B AR BRI R E . S35t
Bk oy M R W], IR R 1 TR & 1l
A2062C J78 T MR R i . 2 ik A2 1Y) L IR Rk,
S Y bR IR AE MSSA T bk F 2 1 R AGE
0 5 3o A SRR P P00 abe e e b R ol 2 2 7 R
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