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Pyrazolone-copper complex P-FAH-Cu-phen affects
transcriptome of Staphylococcus aureus

LI Xinyi, Tamasha Kurmanjiang, WANG Xiaojing, HU Kaigui, WANG Hao, ZHANG Ying,
CAO Wenzhi', LI Jinyu"

Xinjiang Key Laboratory of Special Species Conservation and Regulatory Biology, Key Laboratory of Special
Environment Biodiversity Application and Regulation in Xinjiang, School of Life Sciences, Xinjiang Normal
University, Urumgqi 830054, Xinjiang, China

Abstract: [Background] Staphylococcus aureus is a major bacterial pathogen causing
infections in food and human body, and there is an urgent need to develop new antibacterial
agents. [Objective] To study the effects of the pyrazolone-copper complex P-FAH-Cu-phen on
the transcriptome and main metabolic signaling pathways of S. aureus. [Methods] The
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
P-FAH-Cu-phen on S. aureus were determined by liquid dilution method. The S. aureus in the
logarithmic growth phase was treated with P-FAH-Cu-phen at the final concentration of
2 pg/mL for 30 min and 2 h, respectively, and then the transcriptome was sequenced and
analyzed. [Results] The MIC and MBC of P-FAH-Cu-phen on S. aureus were 2 pg/mL and
4 ng/mL, respectively. Compared with the blank control, P-FAH-Cu-phen treatment for 30 min
led to 356 differentially expressed genes (DEGs), including 180 up-regulated genes and
176 down-regulated genes. P-FAH-Cu-phen treatment for 2 h resulted in 23 DEGs, including
3 up-regulated genes and 20 down-regulated genes. The DEGs were mainly enriched in
membrane components, cytoplasm, plasma membrane, ATP binding, pathogenesis, metal ion
binding, histidine biosynthesis process, DNA binding, hydrolytic enzyme activity,
transmembrane transporter activity, nitrate assimilation, nitrate metabolism process, nitrate
reductase complex, nitrate reductase activity, etc. The signaling pathways involving the DEGs
mainly included two-component system, quorum sensing, nitrogen metabolism, tricarboxylic
acid cycle, amino acid metabolism and so on. [Conclusion] P-FAH-Cu-phen may inhibit
S. aureus by affecting plasma membrane composition, toxin production, biofilm formation, cell
wall synthesis, and energy metabolism. The study provides a theoretical basis for revealing the
molecular mechanism of the inhibition on S. aureus by P-FAH-Cu-phen.

Keywords: P-FAH-Cu-phen; Staphylococcus aureus; transcriptome; antibacterial mechanism

4 B (04 2 3K 6 (Staphylococcus aureus)s  FiBINZIARAE W2 TEPTAE R I Z AT, )8
HATE S AR R B g Eme s R, i B Fh T EAPRE N 2N A2 B,
FHX ZFPrA R4 TR, Wik, BT 8258 B IF P 24 0 88 & (Community  for
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Frf 906 Ff g b, A 246 Bl g1
B o I M B W JE (minimum
concentration, MIC)/N F o %6 F 16 pg/mL =
10 pmol/L, H:rr 88 A& M4 @ (b5 JCan il 2
P MG, FEARZ E&RELEY T, I
(Schiff base)K&JRALA YR LAYIE . HlhiE
S TR IR AR G IR T2 Iz E
T o WER A AR )< T T 5 0 s A — A LG 0 T R
RUFE R, M A 2 AN
JEFA 1 AN ER S IR R, R AEA B
faif | Z5ffeoE S ReE, MHRR S ZMERE T
BoAr, JERLEE A 2 4% H A W) 1 B i L 540

AR R, &R A ) F L i
Y BRES B AR RE, AR5 . BRI
RS BE A AR AL B S 4 R A i a2
LR E RS T A AR IS, RERERE IR
PRIER AR, PIREMR R, BRI S WLAERRIR IR
52 B BE A R AL B S22 5 i T LA
TN TS S B HE D2 A5, AT R 9 243 R S LA
B IIa 7 SRt R AT E e R ] npk e
Wbk i < JR T 5 0V A B B 2 0 A i e 3, SR
H AR 2R P 259 W58 28 TR e %
PR S = W ) K O 81 2/ L 1
WA hf P P 0 4 Jg TG 2R A [, ks b e .
YR BB E PRI HL A 22 550, AU
Il Sy ZHL I 7 043 BT B AR K A B 1 % R ) B bt e
IR 218 5 0 O 4900 T AL o FAT T AT 35 i T
— Bl Ak e pR OB B BC PR R 1,10- SE Bk
(1,10-phenanthroline, phen) ] 7% 3 A #l 1k &
P (fr 44}y P-FAH-Cu-phen), A4 (0 45%55K
P BITFERT G, SR TG s A D B AR M 737K
fi#hi T P-FAH-Cu-phen fF T 94 8 (4 A 458k
T )5S sk 415 2284k, B 7E42 48 P-FAH-Cu-phen
A T 4 v 0 ) 7 R AT 11 O B e IR R R DG At 3

inhibitory

%, DA O AT TR A R D < s 5 90 P BT
] < € 4 R TR 25 W SR P AR AR

LR

1.1 #&
1.1.1 254

M I R P ] B &%) P-FAH-Cu-phen  HH 8755
2 o ARSI BT il %
1.1.2 &tk

R A T 0 4 e, 7 7 3K T 340 A S 8 Ui 3
R2E A ARl 2 2 BB R AR IR W A R 4 5
PRSI R A AR, DL R AR LB
B S
1.1.3 BEFE. FERFIFNEE

LB }iFd(g/L): BRAEER 10.0, BEEREE
¥ 5.0, FALEN 10.0. 405 RNA P it
M, AT AY TR ARAH;
FastKing cDNA %5 1 84 & . SuperReal
Bt wE IR AR &, RARA RN L) A R
Nl SERTEEE R PCRAY, FEER QL /RBM
Tl BRAMPEETT, RiRE R
BT
1.2 733%
121 HERMNEREMIOMEEREKRE
(MBC)E

K PR BRI 2 MIC Fll MBC., K545
A=K IA(ODgoo 290 0.6) 119 4 v (0.3 2 Bk A 76 B 2]
LB W A 8% 5% B v, R RE AH T 4Ok
2x10° CFU/mL, 193K FWMRE IR
P-FAH-Cu-phen BRI R A AT (L. 2. 4.
8. 16 pg/mL), #% 1:1 LUK 100 uL Fi R s L
HYIMAEA 100 uL FEEIE R 96 FLAR F 37 °C
% H 24 h. 0.5% DMSO kB B (R KB &9
W EEXT IV Y DMSO WeJE), BT E 3 &
S AL SIS BT H, LATG AT DA A K i

v

al g

P

==

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ZRFIRZE A LR IR 2 P ) P-FAH-Cu-phen i< 35 €25 4 Bk B 1R S 2H 52 0 3 BT 2651

M N I AR R (MIC) . SR)E, KL
) 100 pL B55= Wi R 215 AR i 37 kv, 4k
L3557 24 h, IBRE AR TR 80T 5 A
VE 1 S Ak B Ry B (IR TRV FE (MBC) 6
1.2.2 HmE

B HLAY P-FAH-Cu-phen A XS %04 K39
1R 48 BT (0 4 BRTAE R (ODgoo 290 0.6), fili L
ZWREE N 2 pg/mL, 37 °C. 180 r/min 4kZLE;55
30 min F1 2 h J5 R, BAAEE 2 AR, DA
TNEC A PIRE 3% 30 min F12 h (1) 4 8 (0 A ER R A
RS P IR, BOA A0 30 min HSEERAH 2 AN
RS HIBRIEA phen 30 min-1 A1 phen 30 min-2,
B54% 30 min (975 I BREHARICN ck 30 min-1
ck 30 min-2, FCAYIALER 2 h BISERAARIC R
phen 2 h-1 F1 phen 2 h-2, 1537 2 h {55 %] BRZH AR
iCK ck 2 h-1 fl ck 2 h-2. FES S TEARUEE AT
BUE FRA, b 8 AR, FIHSRA kW
IKED IR AR R B IR SEH A R 2GR A
PR FIEAT RNA 250 ks, gl sl 5 pr
1.2.3  HEREN FHELIE

{8 ] Tllumina HiSeq X} Bt & 90 4 BEAT 5 AL
A A TG S e %o DS R AR A T B Tt g
K HH fastp 32 FIGETT24 00 7 ik x4 8 (0 SO
FPTA T reads A7 BT# o047, 15930 4k 208
raw data, %:T Burrows-Wheeler /7%, ¥ clean
data 55 R R P THOT, PRAGHFIRE0 0T
) mapped data (reads), [m]HXT %% SR 200 ) A L
X 45 AT T R VEAG
124 REEFHRESFEETGR

FIFH IR E A RSEM 351 % 3[R iy 2
M TR T, DA SEAS 945K (transcripts
per million, TPM) A58, A THEAS[A] LD 1Y
ZRFET. TR I3 DESeq2 #fF
X} raw counts #EATHEIF T, HE Tk SR
P-adjust<0.05 & [log,FC|>1 FR15 FLAR 4[R2 5745k

JE[H (differentially expressed gene, DEG).
1.2.5 HREHIEEIE

FERLIEH 10 422 7R B 3L N #E1T RT-qPCR
Yo UEFG SR B PT 5E k. A Primer Premier
5.0 it RT-qPCR 51913k 1), 5IWHATAEY)
TARE(EEDB A RA R G, L 16S rRNA JE
RN SR, He A TR A RNA P b 4 30 6
Vi, HEEES 940 P-FAH-Cu-phen it &4
AbFE 30 min A1 2 h B0 E RNA; AT
qPCR ff FastKing RT Kit (With gDNase)l&l &
% cDNA; f#F SuperReal PreMix Color (SYBR
Green) 47520 2 1 PCR, 7E R SO HoKs:
10 uL 1xSYBR Green qPCR FiiE ¥ 5 2 uL cDNA
FEfL . 45 0.6 uL 512 E N 0.3 pmol/L) Al
6.8 uL RNase-free ddH,0 &% il RT-qPCR X%k
AN R o 22 e R B IR R A T R /K- B A
X E A, R A T . 95 °C
15 min; 95°C10s, 60°C20s, 72°C 32s, 404>
ﬂﬁﬂ:o ﬁ}iﬁ%ﬁg /Z:.\itj"j IO(CT WERER-CT EH@%[KI)/S.SXIOO’
iz Ffl GraphPad Prism 8 ZX{FAE /3 H
1.2.6 GO LhEEF KEGG E&E

RF BLAST2 GO X 4K 22 5 32k 3k
P55 GO Hodl E 47 e Xy o R FH # A
goatools XfZ=SFIEH AT GO B/, Fisher
Kk Bk T A, AR A, BR
AR Bonferroni J5 % P EFATHLIE, &0t
KIERY P<0.05 f, AL GO WIREfFTE R & &
Bt il . RA Diamond B{K 25 7 Rk S 7
51| 5 Kyoto encyclopedia of genes and genomes
(KEGG)¥#8 FE b X, Fisher K5 i 46 56 b 47 5 4k
8T BRIAR A Benjamini and Hochberg (BH)
st PRI TS IE, P<0.05 B, 5 A LAk
) KEGG 18} & A 7E HE R AR vp 18 25 5 4R 1Y
KEGG i % .
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Table 1 Primer information

Gene name Forward primer sequence (5'—3") Reverse primer sequence (5'—3") Description

SAOUHSC_01633 TTCCTGCTCAATTCGGTGGG

SAOUHSC_00362 AATTCTTACAGGTTGCGCGTC

TGTCGCTTTATCGCGTCGAA

GCTTGCTTCATCTCTGCATCAC

Glycine cleavage system
P-protein subunit
Conserved hypothetical protein

SAOUHSC 00634 TTATCGGCGGTGGCATACAG ACGGTTGTGGATGTACGTGA ABC transporter
substrate-binding protein
SAOUHSC 02640 AATGGTGCCTCTGGTTCTGG CCCGCTTCTTGACCTACGAG Conserved hypothetical protein
SAOUHSC 02388 CAGCGAAGCAAGTGTTGGTC GCGTGATGTATGGCTTGCTT Conserved hypothetical protein
SAOUHSC 01035 AGGGCATGGTTCTCAAGGTG ACCAGATGGAATGCGACCAG Conserved hypothetical protein
SAOUHSC 01614 ACAAGCAAAGGCAGAGGGAA  ATGGAAGGATGTGCGTGTGT Dihydrolipoamide
dehydrogenase
SAOUHSC 02116 TGGAAAGAGCGTGTTCGTCA TACGCCACCCATTAACCAGT Glutamyl (Gln)-tRNA
amidotransferase B subunit
SAOUHSC 00898 ACCTGAAGAGTGGGTTGACG ACTTACCACCAGCATCACCG Argininosuccinate lyase

SAOUHSC_02702
16S rRNA

GATTTACAGACTGCTCGTCGT

ACGAGCTAGGGATACTCGAAA
CGTGCTACAATGGACAATACAAA ATCTACGATTACTAGCGATTCCA Reference gene

Conserved hypothetical protein

HERE5 M

2.1 MIC. MBC BRIl E
KRR E P-FAH-Cu-phen %48t
HEBERE R MIC A MBC SEX(E 0 2.0 pg/mL
#1 4.0 pg/mL,
2.2 P-FAH-Cu-phen fER £ EH B EEHHKE
=BENFRERFIIEEXT 9
SRR S SR 53 BT oL AT SR, R R

2

72 RNA-Seq RIZHESit
Table 2 RNA-Seq quality control data statistics

B T s, R 2 A, iy, 45
FE SRS AU 2L clean reads HLAIIITE 99.15% L4
|, clean bases #Ji5%1) 3.03 Gb LA |, &KFESHEY
clean reads 455K T 0.027%, Q20 F1 Q30
KA BITE 97.5%H1 93.04%LA I, B4 sk4d
WP 5t B ol 5, A TS 285 R pr. F
RIS B0 = B P A S48 8 S 2% SL R 4
X, 23 0 BREEFIE 5 ) 445 DM REA LY total
mapped ¥JTE 95%LL I, uniq mapped tL7E

Sample name Raw reads  Clean reads (%)* Clean bases (bp) Clean error rate (%)° Q20 value (%)° Q30 value (%)
phen 30 min-1 26 183304 26 018 268 (99.37%) 3585247473  0.0250 98.06 94.09
phen 30 min-2 24 031 352 23 843 232 (99.22%) 3337026785 0.026 0 97.69 93.10
ck 30 min-1 22954850 22801954(99.33%) 3137013406 0.0252 97.98 93.84
ck 30 min-2 24380010 24200512(99.26%) 3359839463 0.0252 97.99 93.89
phen 2 h-1 23451736 23273160 (99.24%) 3226 763 831 0.0250 98.08 94.11
phen 2 h-2 24 438366 24 287 570 (99.38%) 3 333 509 361 0.024 4 98.28 94.67
ck 2 h-1 24 234 580 24 028 812 (99.15%) 3364 315310 0.026 1 97.64 93.04
ck 2 h-2 22241584 22093010 (99.33%) 3030512 350 0.024 8 98.16 94.32

%, Clean Reads 5 raw reads ¥ F 43 I. °: Clean error rate 5 raw reads 19/ 43 He. ©: MR 3E B ik 5] Q20 K F 5 clean reads

Moy, <

P 35 o B ik 2] Q30 K clean reads B H 43

% Clean reads as a percentage of raw reads. ®: Clean error rate as a percentage of raw reads. °: Q20 as a percentage of clean reads.

4: Q30 as a percentage of clean reads.
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Table 3  Statistics of transcriptome sequence alignment result

Sample name Total reads Genome mapped reads®

Unmapped reads® Uniq mapped reads®

phen 30 min-1 26 018 268 25464 001 (97.87%)
phen 30 min-2 23 843 232 23 112 881 (96.94%)
ck 30 min-1 22 801 954 22 023 021 (96.58%)
ck 30 min-2 24200 512 23 445 071 (96.88%)
phen 2 h-1 23273 160 22792 765 (97.94%)
phen 2 h-2 24287570 22 882 611 (94.22%)
ck 2 h-1 24028 812 23 071 768 (96.02%)
ck 2 h-2 22093010 21339 396 (96.59%)

554 267 (2.13%)
730 351 (3.06%)
778 933 (3.42%)
755 441 (3.12%)
480 395 (2.06%)
1 404 959 (5.78%)
957 044 (3.98%)
753 614 (3.41%)

24 930 692 (95.82%)
22 664 771 (95.06%)
21 550 188 (94.51%)
22 986 855 (94.98%)
15 524 874 (66.71%)
22303 739 (91.83%)
22518 102 (93.71%)
20 822 029 (94.25%)

2. Genome mapped reads fj total reads 723 Lt. ®: Unmapped reads (5 total reads T 43 1t. ©: Uniq mapped read /i total reads

IONERi a4

% Genome mapped reads as a percentage of total reads. °: Unmapped reads percentage of total reads. °: Uniq mapped read as a

percentage of total reads.

65%-95%Z 0], R ELENSH B H A E w17
(R 3)o ¥ LRF ST DL 1, JE5R
1% 2 821 361 bp. GC FiE>h 32.87%Hy 3 [H 24
J¥ 4. 43 B4 NR B8 72 . Swiss-Prot (48 7 |
Pfam $(#liJ% . clusters of ortholog groups (COG)
eI, GO Bl e . KEGG i kA7 L X,
A2 892 NMFAHNRAR TR, TR ECH fE
B H A H 4 B8 NR (2 883, 99.69%) .
Swiss-Prot (2 026, 70.06 %). Pfam (2 342,
80.98%). COG (2 118, 73.24%). GO (2 151,
74.38%). KEGG (1 500, 51.87%) (¥ 4). VI I
SRR R A e a5 ] &, AT TR 2k
W

*4 FRRABREMEIRGITER

Table 4  Statistical of transcriptome data base
annotation results

Annotated  Annotated gene number Gene percentage (%)
database

NR 2883 99.69

Swiss-Prot 2 026 70.06

Pfam 2342 80.98

COoG 2118 73.24

GO 2 151 74.38

KEGG 1500 51.87

Gene percentage (%): Gene percentage annotated by
annotated gene number to database (NR, Swiss-Prot, Pfam,
COG, GO, KEGQG).

2.3 P-FAH-Cu-phen fEf R & EEEEH Tk
EMEREREEAKS T

B 23 0 B A 0 2 A 3L 4 £ A A
BRIA RN T RN B2 T T, ATas sk S
Jli7/Ro P-FAH-Cu-phen ZbFf 30 min f)5E52H (phen
30 min)5355% 30 min 925 FXTERZH(ck 30 min)fH
b, LR 356 22N, Hid 180 4~ 1
WERIE . 176 41~ T HFik, P-FAH-Cu-phen Z03 2 h
FSEG2H (phen 2 h) 51555 2 h B2S FIXTIRZH(ck 2 h)
AHEE, HRER 23 2RI, Hirb 3 4> B
ik, 20 NSRRGSR, BAY
P-FAH-Cu-phen ZbF 30 min i}, 4 (2 8RE 1Y
ZS WL, FIRIEFEgZ T FESE, 4032 h
JEZERIERAR D, LTI EZ

# 5 P-FAH-Cu-phen 5= A REERAEER
BAEKENERERES T

Table 5 Differential expressed genes statistics of
Staphylococcus aureus between P-FAH-Cu-phen and
blank control group

Group name Gene number
ck 30 min vs. phen 30 min up_ mRNA 180

ck 30 min vs. phen 30 min down_ mRNA 176

ck 30 min vs. phen 30 min all. mRNA 356

ck 2 h vs. phen 2 hup mRNA 3

ck 2 h vs. phen 2 h down_mRNA 20

ck 2 h vs. phen 2 h all mRNA 23
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2.4 FEREAHIEM RT-qPCR IE

BT VAR SRR, FEPLIGTE 10 2R
FEIRHEIN, LA 16S rRNA SN S JEF 752 ¢
Je5E # PCR B0F. IR 1 %1, RT-qPCR I&iF
455 RNA-Seq Bl HA RAFH)—8bE, UuEsk
AWFFEH RNA-Seq /T4 S HAT AT Stk . X
10 MEFEFE T ARG RS P EAWE, &
A (GIn)-tRNA Z 0 . ABC #4125 K
WZE 6 A IR S R = SRR
IR R S & A S R
25 EFRREEREN GO BEAH

HF GO R E, *LLERIG R 2 5 Rk A
AT GO ThRBTH B4 AT, 25 F 2 A Wit
#2(biological process, BP). ZilffiZH ili(cellular

A 00

Relative expression

I == RNA-Seq
w= RT-qRCR

IR R e
QQG) Q\‘S) 6\'\\ & & Q\b\ ¥ Q\@
(SRS SN VPN SR YN GNP
FEFIFLFIFLFIE
Q oY O O O 07 .0
%Y“ %Y“ %Y’ c*_}" r_}" %‘?’ %?” %Y’

B
1.4 | w==m RNA-Seq

12 L RT-qRCR
1.0 -

08 |
0.006 |

0.000 L I L

0.002
SAOUHSC_00898 SAOUHSC_02702

ive expression

Relat
e
=)
[==]
=
T

1 H%REAHIEN RT-qPCR IEIIE
Figure 1 RT-qPCR validation of transcriptome data.
A: ck 30 min vs. phen 30 min. B: ck 2 h vs. phen 2 h.

composition, CC)F143F I fE(molecular function,
MF)iX = k2, P-FAH-Cu-phen FJH4x % 6825
BRTE 30 min J5, Wi 2 ATH1, H2E HIL a4
TAYIFE 32407 AFE DAY F 258 AL
(pathogenesis), #% ¢ i DNA #54 (regulation of
transcription, DNA-templated)Fl1ZH 2 /R 4= ¥ & H%,
1 #2 (histidine biosynthetic process), i unigenes
BE B0 3R 3.4%. 2.7%F 4.2%; EET
YHREAE 53 2R (317 AR Y 3 LA Y 20 AR
/7 (integral component of membrane) . 4 Jfd it
(cytoplasm) . Jii i (plasma membrane) Fl Jfd
i unigenes L BB EE B 4 A1 N
27.4%. 20.1%. 14.5%F 11.3%; BHET T
REAr25(654 ML) EEBA ATP 454 (ATP
binding). 4 J& %454 (metal ion binding), DNA
4k 4 (DNA binding) . 7K fi# fif 35 ¥ (hydrolase
activity) 7/l 5 B 5% is B A OE Tk (transmembrane
transporter activity), (i unigenes & H 4143 51|
N 6.7%. 4.5%. 3.5%. 2.4%H 2.3%.
P-FAH-Cu-phen {EH & ¥ #4EkHE 2 h
Jo, HERERS R TR, BB 3 Ark, TR
IR FEEPTEAY RIS ADHER)
A R R [F] 1k (nitrate assimilation) FIil B2 Eh 115}
121 #2 (nitrate metabolic process), i unigenes L%
(M E B 43 R 20%F1 13.3% 5 414143 432K
(20 A~ HE ) by BE A 21 B 43 (integral
Jit B (plasma
membrane) . 2 Jifl JiT (cytoplasm) A il B2 i J i &2
& Wl (nitrate reductase complex), (5 unigenes L%
[ ELI AR5 40%. 20%. 15%F1 15%; 5+ F2
AEr25(40 S FEED A Al R I8 JE S 12 (nitrate
reductase activity). 4 £k 4 #RiEZE S (4 iron, 4
sulfur cluster binding). 4:J& & 454 (metal ion
binding) Fll % f% #%; iz & [ 7% 1 (transmembrane
transporter activity), (i unigenes & H 45143 1|

(cytosol) ,

component of membrane) .
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0.24

0.18

44

Percent of unigenes

187

m Biological process
® Cellular component

» Molecular function
165

144

Number of unigenes

122
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Figure 2 Go annotated classification map of differentially expressed genes after P-FAH-Cu-phen treatment of

Staphylococcus aureus for 30 min.
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Figure 3 GO-annotated classification map of differentially expressed genes after P-FAH-Cu-phen treatment of

Staphylococcus aureus for 2 h.
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Figure 4

Bubble diagram of KEGG pathway enrichment results of P-FAH-Cu-phen treatment of

Staphylococcus aureus. A: ck 30 min vs. phen 30 min up genes. B: ck 30 min vs. phen 30 min down genes. C:
ck 2 h vs. phen 2 h up genes. D: ck 2 h vs. phen 2 h down genes.
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Table 6 A two-component systemic metabolic pathway and its regulated related differentially expressed genes
affected by P-FAH-Cu-phen on Staphylococcus aureus for 30 min

Gene ID Regulate KO name Description

SAOUHSC 00233 Up IrgB Holin-like protein LrgB

SAOUHSC 00232 Up Irg4 Holin-like protein

SAOUHSC 02680 Up narH Nitrate reductase/Nitrite oxidoreductase, beta subunit

SAOUHSC 02681 Up narG Nitrate reductase/Nitrite oxidoreductase, alpha subunit

SAOUHSC 00183 Up uhpT MES transporter, OPA family, hexose phosphate transport protein UhpT
SAOUHSC 02311 Up kdpB Potassium-transporting ATPase ATP-binding subunit

SAOUHSC 02310 Up kdpC Potassium-transporting ATPase KdpC subunit

SAOUHSC 02312 Up kdpA Potassium-transporting ATPase potassium-binding subunit

SAOUHSC 02671 Up narT MES transporter, NNP family, putative nitrate transporter

SAOUHSC 02679 Up narJ Nitrate reductase molybdenum co-factor assembly chaperone
SAOUHSC 02678 Up narl Nitrate reductase gamma subunit

SAOUHSC 02261 Up agrB Accessory gene regulator protein B

SAOUHSC_02262 Up agrD AgrD protein

SAOUHSC_02264 Up agrC Two-component system, LytTR family, sensor histidine kinase AgrC
SAOUHSC_02265 Up agrd Two-component system, LytTR family, response regulator AgrA
SAOUHSC_02099 Down vraS Two-component system, NarL family, vancomycin resistance sensor histidine

kinase VraS

SAOUHSC 02098 Down vraR Two-component system, NarL family, vancomycin resistance associated response
regulator VraR

SAOUHSC 01313 Down desK Two-component system, NarL family, sensor histidine kinase DesK

SAOUHSC 01810 Down sfcA Malate dehydrogenase (oxaloacetate-decarboxylating)

SAOUHSC 01031 Down cydA Cytochrome bd ubiquinol oxidase subunit I

&7 P-FAH-Cu-phen ER &R BHAEIKE 2 h ZMWANA S RERGRBEEEIIZHNEXERTREE
ESkigie

Table 7 Two-component systemic metabolic pathways and their regulated related differentially expressed
genes affected by P-FAH-Cu-phen on Staphylococcus aureus for 2 h

Gene ID Regulate KO name  Description

SAOUHSC 02671 Down narT MFS transporter, NNP family, putative nitrate transporter

SAOUHSC 02677 Down nreA Nitrogen regulatory protein A

SAOUHSC 02676 Down nreB NarL family, sensor histidine kinase NreB

SAOUHSC 02675 Down nreC NarL family, response regulator NreC

SAOUHSC 02679 Down narJ Nitrate reductase molybdenum co-factor assembly chaperone Nar]J/NarW
SAOUHSC 02678 Down narl Nitrate reductase gamma subunit

SAOUHSC 02680 Down narH Nitrate reductase/Nitrite oxidoreductase, beta subunit

SAOUHSC 02681 Down narG Nitrate reductase/Nitrite oxidoreductase, alpha subunit
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Table 8 Quorum sensing metabolic pathways and their regulated related differentially expressed genes
affected by P-FAH-Cu-phen on Staphylococcus aureus for 30 min

Gene ID Regulate KO name Description

SAOUHSC 01207 Down fth Signal recognition particle subunit SRP54

SAOUHSC 02327 Down yidC YidC/Oxal family membrane protein insertase

SAOUHSC 00769 Down secA Preprotein translocase subunit SecA

SAOUHSC 00988 Up sspA Glutamyl endopeptidase

SAOUHSC 01377 Up ddpF Peptide/Nickel transport system ATP-binding protein
SAOUHSC_02260 Up hld Delta-hemolysin

SAOUHSC 02261 Up agrB Accessory gene regulator protein B

SAOUHSC 02262 Up agrD AgrD protein

SAOUHSC 02264 Up agrC Two-component system, LytTR family, sensor histidine kinase AgrC
SAOUHSC 02265 Up agrd Two-component system, LytTR family, response regulator AgrA
SAOUHSC 01135 Up psmB Phenol-soluble modulin beta

SAOUHSC 01136 Up psmB Phenol-soluble modulin beta

SAOUHSC 00929 Up ddpD Peptide/Nickel transport system ATP-binding protein
SAOUHSC 00928 Up ABC.PE.S Peptide/Nickel transport system substrate-binding protein
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Table 9 nitrogen metabolic pathways and their regulated related differentially expressed genes affected by
P-FAH-Cu-phen on Staphylococcus aureus for 30 min

Gene ID Regulate KO name  Description

SAOUHSC 02681 Up narG Nitrate reductase/Nitrite oxidoreductase, alpha subunit [EC:1.7.5.1 1.7.99.-]
SAOUHSC 02680 Up narH Nitrate reductase/Nitrite oxidoreductase, beta subunit

SAOUHSC 02678 Up narl Nitrate reductase gamma subunit

SAOUHSC 02684 Up nirB Nitrite reductase (NADH) large subunit [EC:1.7.1.15]

SAOUHSC 02683 Up nirD Nitrite reductase (NADH) small subunit

SAOUHSC 01129 Up arcC Carbamate kinase [EC:2.7.2.2]

SAOUHSC 00435 Up gltB Glutamate synthase (NADPH) large chain [EC:1.4.1.13]

SAOUHSC 00436 Up gltD Glutamate synthase (NADPH) small chain

710 P-FAH-Cu-phen {ER &R BHHIKE 2 h WA AR BBBEXERREERAREFIENHEXE
FRIEEE

Table 10 nitrogen metabolic pathways and their regulated related differentially expressed genes affected by
P-FAH-Cu-phen on Staphylococcus aureus for 2 h

Gene ID Regulate KO name Description

SAOUHSC 02678 Down narl Nitrate reductase gamma subunit [EC:1.7.5.1 1.7.99.-]

SAOUHSC 02683 Down nirD Nitrite reductase (NADH) small subunit [EC:1.7.1.15]

SAOUHSC 02680 Down narH Nitrate reductase/Nitrite oxidoreductase, beta subunit [EC:1.7.5.1 1.7.99.-]
SAOUHSC 02681 Down narG Nitrate reductase/Nitrite oxidoreductase, alpha subunit [EC:1.7.5.1 1.7.99.-]
SAOUHSC 02684 Down nirB Nitrite reductase (NADH) large subunit [EC:1.7.1.15]
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Table 11
P-FAH-Cu-phen on Staphylococcus aureus for 30 min

Citrate cycle pathways and their regulated related differentially expressed genes affected by

Gene ID Regulate KO name Description

SAOUHSC_01614 Down Ipd

SAOUHSC_01041 Down pdhB

SAOUHSC_01043 Down Ipd

SAOUHSC 01042 Down aceF

[EC:2.3.1.12]

SAOUHSC 01347 Down acnA

SAOUHSC 02647 Down mqo

SAOUHSC_01801 Down icd

Dihydrolipoamide dehydrogenase [EC:1.8.1.4]
Pyruvate dehydrogenase E1 component beta subunit [EC:1.2.4.1]
Dihydrolipoamide dehydrogenase [EC:1.8.1.4]

Pyruvate dehydrogenase E2 component (dihydrolipoamide acetyltransferase)

Aconitate hydratase [EC:4.2.1.3]
Malate dehydrogenase (quinone) [EC:1.1.5.4]
Isocitrate dehydrogenase [EC:1.1.1.42]
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