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Suppression of Staphylococcus aureus virulence by a
small-molecule compound
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Emerging amtibiotic resistance among bacterial pathogens has i resull i is difficult (0 abolish . aurcus virulenee by repressing
of alternative 1o com-  the exp f any single virulence gene or regulator (17). The

of multiple virulence factors thus

virulence by multiple-virulence gene products  represents @ promising siraiegy 10 control or limit infections
represents a pmmhing strategy m exploration. A multiplex pro-  cqused by 8 awrens. As a matier of fact, it has been shown that
nm\g-;;e reporter platform "s:'\: ?ﬂnmﬁdw;m the combined use of antibodics against four important surface-
lected promoters sureus-virulence-associated 9enes  ssociatcd factors in S. aureus leads 1o 4 substantial improvement

was used to identify compounds that modulate the expression of i, ;reveniing infections cd amimals (18). Suppressing

factors -molecul S, e v
P Zal lieary m ’ e the cxpression of multiple virulence factors with small-molecule
o e et compounds will further enhance our arsenal for combating

nonvirulent state. M21 is a ive inhibitor of ClpP and

ahers wtoxin expression in a Clpp-dependent manner, A mouse  Pacierial infections. . . e i i
e $ e factors of microbes are involved in diffe

T o ltenuale 5 JUTUT  of host-microbe (19-21)

the expression of multiple unrelated virulence factors in 5. sureus, Ment of infections can be seen as a subversion of the host im-
suggesting that targeting a master regulator of virulence is an ef.  munity by the invading pathogens. On the basis of the concept of

facive vy t0 contol viulence. Our resuts ikustrete the powar of chemical e ¢ have used small-moleeule compounds 10
chemical genetics i xpr perturb the complex network of bacterial virulence regulation
pathogenic bacteria and have ideniificd several compounds thai modulate the ex-
pression of various virulence-associated genes. One of our bio-

MASA | antivirulence | virulence factors | CpP | bacterial infection active compounds that exerts suppressive activities in more than

14 virulence factors was further characterized, and its target was
mapped 1o CIpP, a bacterial protcase and a major player in
virulence regulation (22, 23). We d ¢ here that the
ranging from mmﬁl infeetions 1o hr small-molecule compound M21, identified via high-throughput
15 s hos scquircd rossance o serceniog (HTS), stienuaies the vinlence of S aureus by
l»mln ). -uw-\m multidrug-resistant— nhibiting ClpP, and that the administration of this compound

L ocks the establish i of infection imal models.

and hospy

fecti

s major human pathogen in mm commu
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Dehydrosqualene Desaturase as a Novel
Target for Anti-Virulence Therapy
against Staphylococcus aureus

Peng Gao,"" Julian Davies, Richard Yi Tsun Kao®b-c

Department of Microbiology. Li Ka Shing Faculty of Medicine, the University of Heng Kong. Hang Kenge;
Research Centre of infection and Immunology, Li Ka Shing Facuity of Medicine, the Univers ty of Hong Kong.
Hong Kang; State Key Laboratory for Emerging Infectious Disease, the University of Hong Keng, Hong Kong
Department of Microbiology and Immunolagy, the University of British Columbia, Vancouver, 8C, Canada

ABSTRACT Staphylococeus aureus, especially methicillin-resistant S. aureus (MRSA), Is
a life-threatening pathogen in hospital- and community-acquired infections. The Recelved 13 July 2017 Accepted 7 August
golden-colored carotenoid pigment of S. aureus, staphyloxanthin, contributes to the e L)

resistance to reactive oxygen species (ROS) and host neutrophil-based killing. Here, e 1

we describe a novel inhibitor (NP16) of 5. aureus pigment production that reduces for antinlence therapy sgainst

the survival of 5. aureus under oxidative stress Carotenoid B0 Be01224-17
analysis, enzyme inhibition, and crtN mutational studies indicated that the molecular "”“’"‘“""9”””ZE"““‘:”‘““'”
target of NP16 is dehydrosqualene desaturase (CrtN). 5. aureus treated with NP16 el e Bl e
showed increased susceptibility to human neutrophil killing and to innate immune Copyright 2017 Gao wt al This ksan oper
clearance in a mouse infection model. Our study validates CrtN as a novel druggable access anicle distribured Under the terms of

the Creative Commens Atlrbution 40
International icense.
Adsiress corespandence to Richard ¥i Tsun

target in 5. aureus and presents a potent and effective lead compound for the de-
velopment of virulence factor-based therapy against 5. aureus.

IMPORTANCE 5. aureus to

by interfering with host immune clearance mechanisms, but it has little impact on

ex viva survival of the bacterium. Agents blocking staphyloxanthin production may
the and of bacterial infection without exert-

ing selective pressure for antimicrobial resistance. Our newly discovered CrtN inhibi-

tor, NP16, may offer an effective strategy for combating S. aureus infections

KEYWORDS MRSA, anti-virulence, bacterial infection, staphyloxanthin

SR

123.203.175.85.

AL ] ~ G R QS L
[EYRITBE NPT

- antibiotics [

Article
Antivirulence Agent as an Adjuvant of 3-Lactam Antibiotics in
Treating Staphylococcal Infections

Peng Gao "%, Yuanxin Wei !, Sherlock Shing Chiu Tai !, Pradeep Halebeedu Prakash |, Ho Ting Venice Tu '3,
Yongli Li %, Hin Cheung Bill Yam ', Jonathan Hon Kwan Chen '2, Pak Leung Ho ">347, Julian Davies >

and Richard ¥i Tsun Kao
1 Department of Microbiology, Li Ka Siuing Faculty of Modicine, The University of Hong Kong,
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Abstract: cause ap i ing infections. Antibiotics have
been extensively used fo treat 5. aurcus infections, However, when antibiotics are used at sub-
s inbibitory concentrations, especially for lactam antibiorics, they may cahance stphylococcal
updates and e . The of agenis and antibiotics
B e
Hulsbvomi Praback. P w, KTV. L trated that under in vitro conditions, antivirulence e 21, s s concurrently with
Y, I e, L o, amplclin,puppressed ampicillin, In

P Thavics, .t o Antivinsence model, M21

ampicillin
T bacterernia el combiratoia testmert conmistng of smpicilin o cefasidine and M21

the survival rate of mice and reduced cytokine sbundance, suggesting the suppression o
e antiblotic-induced virulence by M21. Different from raditional antibiotic adjuvants, an antivirlence
s gt may not synengistically inhébit bacteeial growth i itro, but efectively beneft the host n vive.

Callectively, our findings from t the benefits
et againsd S, aureus d provic perspe

of antibiotic adjuvants.
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Subinhibitory Concentrations of Antibiotics Exacerbate
Staphylococcal Infection by Inducing Bacterial Virulence

Peng Gao,” Yuanxin Wei,” Rachel Evelyn Wan,” Ka Wing Wong," Ho Ting Venice lu,” Sherlock Shing Chiu Tal,” Yongli Li,"
Hin Cheung Bill Yam,” Pradeep Halebeedu Prakash,” © Jonathan Hon Kwan Chen,*® © Pak Leung Ho,*™“? (' Kwok Yung Yuen,*™*
Julian Davies,* @ Richard Yi Tsun Kao™©

“Ciepanment of Microkiciogy, L K Shing Faculty of Medicine, The Ursversity of Hong Keng, Pok Fu Lam, Hong Kang
Lam Hong Fong
fectious Diseases and the Research Centre of I

o, i Ka Shing Facuity of Med

Yo Centee o Infection, The Universiy of Hang Kong, Pok FuLam, Hang Keng

“Depanment of Micrabiology and Immunoicey, The Univessisy of Beitsh Columbia, Vancouver, & i, Canada

ABSTRACT  Antiblotics are widely used for the wreatment of bacterial infections. However,

remain subinhibitory in the body, due to individual variations in tissue distibution and me-
tabolism rates. This may promote bacterial vindence and complicate the treatment strat-
egies. Ta investigate whether the administration of certain dlasses of antibiotics will induce
bacterial virulence and worsen the infection under in viva conditions. Different classes of
antibiotics were tested in wtro for their ability 1o induce vindence in a methicilin-resistant 5.
aureus strain Mu3 and dinical isolates. Antibiotic-induced pathogenicity was assessed in vive
using mouse peritonitis and bacteremia modeks. in vitro, f-actam antibiotics and tetracy-
dlines. induced the expression of multiple surface associated vinulence factoes as well as the
secretion of toxins. In peritonitis and bacteremia modeds, mice infected with MRSA and
treated with ampicilln, ceftazicime, or tetracycline showed enhanced bacterial pathogenic-
ity. The release of induced vindence factoes in vivo was confimed in a histological examina-
tion. Subinhibitory concentrations of antibiotics belonging 1o f-actam and tetracydine
aggravated infection by inducing staphylococcal vinlence in vivo, Thus, when antibiotics
are required, it s preferable to emplay combination therapy and 1o initiate the appropriate
treatment plan, following diagnosis. Our findings emphasize the risks associated with antibi-
otic-based therapy and underfine the need for altemative thesapeutic options.

IMPORTANCE Antibiotics ane widely applied 10 treat infectious diseases. Empirically
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Linoleic acid metabolism activation in
macrophages promotes the clearing of intracellular
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suchas
Staphyiacoceus aureus,
o antisotics and evade kiling by immune cells, patentially leading ia chronic ar persistent infections. iy
IrWSSNOANING th. MACIOPRSGE FESPONSES B0 S AUGUS INFGCTIN, W M3y 0VISe 3 Satagy 1o prima the
innate immune system 1o eliminate the infeced bactera, Here we applid uniargeted tandom mass
spactionetry 1o charactarize e Igidore Steration n 5. surus infected J7744 1 macrophage Cells st
muttiple time points. Linoleic acid {LA) metabolism and sphingolipid metabolisr pathwiays were found to

mochanisms are proposed to ba involved in this progress. exogenous LA supploment incroases

intraceular bactaria- i LA
induces intracellular reactive cxygen species (ROS) generation thicugh an electron transport. chain
pathway in MAItipe MMURE CEll NS, WIKR further INCIoases the CIpaCty Of kilng imraceliutar
bacteria, Collectively, our findings ret only have characterized specifie ipid pathways associated with the
function of macrophages but slse demonstraled that exopencus LA sddtion may sctate lipid
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pathogen is commonly found in healtheare centers, especially
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Identification of a Small Molecule Compound Active against
Antibiotic-Tolerant Staphylococcus aureus by Boosting

ATP Synthesis

Ho-Ting-Venice lu ', Pak-Ming Fong >, Hin-Cheung-Bill Yam ?, Peng Gao %, Bingpeng Yan ', Pok-Man Lai !
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oy, School of Clinical Medscine, Li Ka Shing Faculty of Medicine,
Hany; Koay, China

2 Mo Labarstony i O i hemistry, The University 5 Kong.
Fiong Kong, China

? Department of Microbiolkogy and lmmunology, The University of Briish Columbia,
Vancouer, BC VAT 123, Canadda

4 State Key Labaratory of Emerging | L 4 entre o I 4 immunalogy,
Li Ka Shing Faculty of Medicine, The University of Homg Korg, Homg Kong, China

Correspondence: rytkao@hiuhk

Abstract: Antibiotic tolerance poses a threat to current antimicrobial armamentarium. Bacteria at
a tolerant state survive in the presence of antibiotic treatment and account for persistence, relapse
and recalcitrance of infections. Antibiotic treatment failure may occur due to antibiotic tolerance.
Porsistent infotions. an diffcul o st an areafien associaed with o prognes,imposing an

burden an the targeting antib bacteria
are therefore highly warranted. In this study, small molecule compound SA-558 was identified to
be effective against Staphylococcus aureus that are tolerant to being killed by conventional antibiotics.

SA-558 mediated Iranspur[atmss and led to increased ATP and ROS
generation, resulting in a red the population of antibiotic-tolerant bacteria. In a murine

model, of which wein treatment failed, we demonstrated that SA-555 alone.
and in vancomycin it recduction of MESA abundance. Our results.
indicate that SA-558 'y or combi therapy with yein is an option for
managing persistent 5. bac 1. 4 that bacterial metabolism is an

important target for counteracting antibiotic tolerance.

Keywords: MRSA; antibiotie tolerance; adjuvants; persistent infections; persister



Cell

S. aureus drives itch and scratch-induced skin
damage through a V8 protease-PAR1 axis

Graphical abstract

Staphylococcus aureus
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|‘tch —— Scratching

Highlights
# 8. aureus induces itch and scratch damage with
epicutaneous skin exposure

= V8 protease (SspA) is necessary and sufficient for itch during
8. aureus exposure

« S. aureus V8 activates mouse and human sensory neurons
through PAR1

=« PAR1 deficiency or blockade abrogates S. aureus-induced
itch and skin damage

Authors

Liwen Deng, Flavia Costa,
Kimbria J. Blake, ...,
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Alexander R. Horswill, Isaac M. Chiu

Correspondence
isaac_chiu@hms.harvard.edu

In brief

Itch evokes a desire to scratch, but the
link between microbes and itch was
unclear. Staphylococcus aureus, a
bacterial pathogen, secretes a protease
V8 that activates PAR1 expressed on
neurons to drive itch and skin damage.

[)crn‘at()l(s]g‘ News Mediav Conferencesv Eventsv Publicationv CME/CE Resourcesv Editorial Advisory Board P3
TIME ..

News | Article | February 23, 2024

Atopic Dermatitis Itch May Be Caused by Microbes, Not Inflammation

Author(s): Susan C. Olmstead, Editor

Researchers have found Staphylococcus aureus may trigger itchiness in atopic dermatitis, opening the door to new treatment approaches in the future.

New research published in Cell suggests that the itching
experienced by patients with atopic dermatitis may not be
due to inflammation, as is commonly assumed, but instead to
the bacterium Staphylococcus aureus and its effects on nerve

cells.!

The study authors claim their findings regarding the role of
microbes in itch generation are novel and could change how

itch is treated clinically.

"We've identified an entirely novel mechanism behind itch—
the bacterium S. aureus, which is found on almost every
patient with the chronic condition atopic dermatitis. We show that itch can be caused by the microbe itself,” said
senior author Isaac Chiu, associate professor of immunology in the Blavatnik Institute at Harvard Medical School, in a

Harvard news release.”

Chiu et al used a mouse model to test various bacteria and found that S. aureus caused itch that intensified over

several days and led to an itch-scratch cycle, skin damage, and allokneisis, a hypersensitive response to gentle stimuli.

“It's a speculation at this point, but the itch-scratch cycle could benefit the microbes and enable their spread to distant

body sites and to uninfected hosts," said study author Liwen Deng in the news release.

Mast cells and basophils did not drive itch after bacterial exposure, the study showed.
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