A SR IR Jul. 20, 2023, 50(7): 3159-3169
Microbiology China DOI: 10.13344/j.microbiol.china.220996
http://journals.im.ac.cn/wswxtbcn Copyright ©2023 Microbiology China All Rights Reserved

SEOEE KR EMEIRNRS R &E S FHLE
MRHERE

?ﬁf:iér\ 1,2,3,4,5’ éqjﬂ_ 1,2,3,4,5’ ﬁ)h}% 1,2,3,4,57 E/}%ﬂ _\:i 1,2,3,4,57 ﬁ%ﬁ.%ﬁ‘*llﬁA,S

U SO A SRR A A SR T M 225009

2 M AR TR B i 2 4 H T i A (DR B T S0 5, YIOR #M 225009
3 LA S TR R ML R GUR L T M 225009

4 AR NIRRT SRS, YT B 225009

s MR, T M 225000

SRATEE, BRFE, BhEE, BOH 2, SR, S R AR E BERRRERR B0 5 S 10 S FHLHI BT S (D). Tl aEiE AR, 2023,
50(7): 3159-3169.

ZHANG Renling, ZHONG Dan, YAO Hao, YIN Yuelan, JIAO Xin’an. Role of Staphylococcus aureus wall teichoic acids in
pathogenicity and host immune response[J]. Microbiology China, 2023, 50(7): 3159-3169.

W E. &% eFH HHKRA (Staphylococcus aureus)’E 55 B (wall teichoic acids, WTAs)Z % TE £ ¢
BB PR AN B R R R B B THRERSY, A5AT @RENRE TN FER &
N BFHEHEHKE WTAs 558 T @R OF L0 TIRE S, TiHEFRALBEARTM o G 2.
o, 2FEHEHRE WTAs BA S A E A ARG ERE, A Tad e AR, EARTE
ARG T AR ARG YIE R T EEA RO E A R, A EE EF HIREA WTAs 496 REAT
THEE, Zi8T WTAs 78 LR B Z ey ifEER, AREMA X EEIRERE I F B mpLH,
F )24 WTAs 690F 25 5 F WLl Aotk 4 254006 7 FeAr ey AR R IR . XL BT ABT WTAs 48R 5
T I T AR RAEFF R4, AT Aoib 7 43 € F) B IR E o9 B - AEH7 69 R,

KRR BEARREER, AR G H HRA; BAAMS; RE@E; REAT; Hkir

GBI H - YL A AR RE A E QTG ICX(21)1004]; ER A AR 24 (32161133025); VLA AL H AR i T
BIiH

This work was supported by the Jiangsu Provincial Agricultural Science and Technology Independent Innovation Funds
[CX(21)1004], the National Natural Science Foundation of China (32161133025), and the Priority Academic Program
Development of Jiangsu Higher Education Institutions.

*Corresponding author. E-mail: jiao@yzu.edu.cn
Received: 2022-10-11; Accepted: 2022-12-09; Published online: 2023-01-12



3160 (YIS Gk Microbiol. China

Role of Staphylococcus aureus wall teichoic acids in
pathogenicity and host immune response

ZHANG Renling"****, ZHONG Dan"****, YAO Hao'***° YIN Yuelan"***?,
JIAO Xin’an" 2343

1 Joint International Research Laboratory of Agriculture and Agri-product Safety, Ministry of Education,
Yangzhou 225009, Jiangsu, China
2 Key Laboratory of Prevention and Control of Biological Hazard Factors (Animal Origin) for Agrifood Safety and
Quality, Ministry of Agriculture and Rural Affairs, Yangzhou 225009, Jiangsu, China
3 Jiangsu Co-innovation Center for Prevention and Control of Important Animal Infectious Diseases and Zoonoses,
Yangzhou 225009, Jiangsu, China
4 Jiangsu Key Laboratory of Zoonosis, Yangzhou 225009, Jiangsu, China
5 Yangzhou University, Yangzhou 225009, Jiangsu, China
Abstract: Staphylococcus aureus wall teichoic acids (WTAs) are the anionic glycopolymers
containing phosphodiester-linked polyol units and contribute to the cell wall homeostasis,
virulence, and pathogenicity of S. aureus after glycosylation. As the key targets of receptor
binding sites and crucial antigenic epitopes in the host, S. aureus WTAs induce not only the
secretion of pro-inflammatory cytokines in the innate immune system but also specific antibody
response in the adaptive immune system. Furthermore, the WTAs promote S. aureus
colonization by regulating the expression of virulence genes, thus demonstrating a great
prospect as the targets in genetic engineering and phage therapy. We overview the biosynthesis
of S. aureus WTAs, elaborate on the WTA-induced immunomodulation of host, and introduce
the roles of WTAs in the invasion and colonization of S. aureus. Further, we summarize the
mechanisms of the drug resistance of S. aureus WTAs and the research progress in the
application of S. aureus WTAs as the targets in the development of novel therapies. This review
aims to provide reference for deciphering the molecular mechanism of the pathogenicity of S.
aureus WTAs and the corresponding host responses, as well as the development of preventative
and therapeutic approaches against S. aureus-mediated diseases.
Keywords: wall teichoic glycosylation; immune cell;

acid; Staphylococcus aureus;

immunomodulation; drug target
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Figure 2 Schematic representation of the Staphylococcus aureus wall teichoic acids (WTAs) involved in the
host immunity [1-11,25-28] Glycosylation of the ribitol backbone occurs at carbon position 3’ or 4’ with B-GlcNAc
or a-GlcNAc, and the ribitol backbone was also modified by D-alanine residues. In addition, overviewing
WTAs interacting with the receptors of variant immune cells modulate inflammatory immune responses.
GlcNAc: N-acetylglucosamine; ManNAc: N-acetylmannosamine; RboP: Ribitol-phosphate;  GroP:
Glycerol-phosphate; DCs: Dendritic cells; CLRs MGL: Macrophage galactose-type lectins of C-type lectin
receptor family.

A p-alanine
® Phosphate group

Dendritic cells, e . [ GlenAc |
ot . &9 . Nasal epithelium cells :
A | Langerin ve o ! || ManNAc |

H::?Z' [ (CD207) . ..'...' ! OGlycer01-3-P !
Ion ex.change E O Ribitol-5-P |

: \/\N® RboP E

Langerhans cells '\ a/® GroP !

= . @ o-GlcNAc !

0’ : 6] B-G]CNAC 1

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



SRAZFE S <o O] 4 BRI BE W B2 PR B0W 5 S (1 73T WL T FU et fig 3165

23 SEGEERE WTAs 3B ERESMH
RIEBIATIER

ARAF I G 72 G0 S MLAAR 7 A0 95 DL A R
1RZEMIEE 2 WL, T4 A G A4 i
B, ST ORAERE WTAs —B1ENPURE
fLZ 5878 FUWWR R, SRR A
FEE

W, Bt WTAs Hrikis i SAMA R
S5 110 ST R e 200 B 1 A R R R BT 4 B
0 R A BR TR A SRR (ELSC o M S0 D 5 AP A
T NI H 8 T #5 B BE 4 3 (mannose-binding
lectin, MBL)FIH M4k A 50, B T/l GleNAc
HREMESAEE, HE 2013 4, SWOaR4
BRTA WTAs 19 GleNAc 5856 A fE SEAE R i3
IgG Ml MBL bR R0 2 515 SRR PR
77 A5 MBL AT LATR 1) 4 v (40 2 3K T WTASs 1
a5, B-GIcNAc FRIE, 35 R 20 i i 7 W5k e
150, 1gG W £ E MBL 5a 4k 15 1) 4 o 0
PR WTAs 1 B-GleNAc 7% 3L 175 5 75 Wk 40 it
Ry p= B e AN A I 375 v A X 4 B €0 A A Bk
# WTAs [IIHUARZES B-1,4-GleNAc [,
H R & B-13-GleNAc, H A LRk
a-1,4-GleNAc Sz P00 77 A ok i 22 5 g Dt [
A Rt — 0798 . B WTAs fb2G i &
J& , £ AR WTAs S5F 1 GleNAc &1 i) R 5+
PEFLAIR B A Rl FIR AR WTAs SHifkz
A HAEREFR . WTAs AR ALY GleNAc &
WX PR SRR, EEH WTAs 54
F14) Tl TR — T R A 79 70 ) 3 ik 2 (1] 1) A+ L
VERBI &B3 R FOFSE e T A S D-IN
HIRFRIEN WTAs 207, 1 H D-IN&BRIE I K
ANFRE M AR MERR R SLAE PR A T 1 R 3R
S RYER . i, D-N &Lk AR M L
DItA ShRZER AT, XHED TR -8R D-N
SRR P A B S P, HX

FE AR FAE R T KF B & A B A i i —
ISR B

W B, SWEHERE WTAs 2515
ST MAREPE AR T 40 MR HTE B4 vt
RN, JfH APC #2245 T 4if; ST WTAs
PO B I, S A EKIE WTAs REfS
5 MHC-II 73 F45 & Fe sS4 S CD4+T
NG TE Ak JE ) WTAs slid 2 FES R,
RERSAEIRYNETE CDA+T 41, ESEIFAT /IR
J7 R SRS R ) Rz R e ). pl T R ik A
Y1 UYL S DL 4 (O A BRI B 2R T, T
figext T ANMARH 0 1 B M e o /R, A BT
TH R R0 4 v 0,75 2 BR TR 1) 2 R R R 2 B e
PIHT RS . T AR I ) WTAs 1242 T il
AR, WE—BUE T WTAs 515 SERRE T
LA TE ALAESERS, (H WTAs $2 52 2 T 460
HARBUEIIS A R e — 20 B

3 2EEHERE WTAs W
% - F AL

WTAs 18 B- AT 35 0 2 5 B A 3R 4
I PEIRTT , TR0 RO PUA 3 AR 25 Fp k4 A
Mo M WTAs 5805, i 4 bR B (0
AIERTARXT B- PR Mok (i BEURR R 2 BT AEL B- P T
A 2 A M BE TR 7 Bl 51 A 19 WTAs (13 Rk,
WRE T PR RIS, £I] B- B
KMy R BEH WTAs HIEAN .

S FFERTT B BUPT A 302 H RITG 7 40
QL FETT I (B AR A A e AR B
PERTARAE IR R SR iz AR
RIFPEEA L i, PUaE bR RS i
T H 2RSS BA R R | 37 OREAR
& RO E £ R WA SEIHE . bias i hriE
el H ) PR AR H AT BRIPR , (I K5 T R Tk
FHITEHE o B T4 1] B 24 1) X0 0T 5 A5 0 TR SR s DA

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



3166

(DGX7ES ik

Microbiol. China

P 1] 01 TR 2 A0 T DR 2 72 Shy B 1) 4 B P B0
W, BT RBRE 1 T2t R 2 L
Fio WFFEBR , HrAIHIR LAY 1835F03 FiIH:
AR YR, AT LI WTAs Al
FiH TarABC ¥5iz 85 IS B Y43 TarG ke BH I
WTA REYMERLEHMES, MMy
P, RS W EMAERE WTAs 494 0
T [ b B OB R T A ) B R AR, T HL
TR I 3 2 9 b SR 0 32k £ 1) 8 B Bt 7 - %o
SO BRI AT R R BT
FT e ek 48 20 WTAs A, W
A DA A 5 DR TR I v R R TR e T L ek
AR S R AR 2, LATT & 20 i 1 #0Ar 2
Y. 1E CRISPR-dCas9 7E 4§ [n] PEA# E 2 WTAs
G BRI tarO. tarG Rl tarH J5, 44504
25 BR T A 1 A T B AR 2 A %) A 3 5 e st
SXoF VS 2 BR TR AR, A 3L I T AR AR T
TRAEIRYT s R A 2% 1k 5 k7™ L 170 200 T SRk e 45
T HA —E AT

M FRKER /Pl F bR B2 WTAs 1Y
B AR, i LA R [ W LG R i k25 ) S A
TR R WTAs BN F 259
PRAOOE S BT B S, TSR 4 h 2 rRE T
WTAs P RLE A S B G , S BOdT
Bk LL-37 Fl CRAMP [98USRPEREILIY, |
WTAs T it BB i R 5 2 00 4l 550 4 4 S A 52 477
b F AT R AR Y B IR 4 v e A R
R EIARENE 5 WTAs THEA0E E csiiy
GroP F1 RboP FrFihahfr, W s ARTE 4 05 (04
2 BR OB 7 4y 7 25 R b o HLAG T2 i A
S o R ZRH ARG R B 2E AT D RO SR
T A 57 pt O35 PR TR Y 4 7B P 4 9 € i 2Tk
X R AR A —E btk Ik, WTAs fURES%
il 3 AUAB T BE A8 1F A S5 47 110 Wt B A 25 ) R s 062
I 4 B €0 A A BR PR IR G 1T S L s R A I

ARTEUY [RIEE, RboP-WTAs 763 [ #i 4Bk
B R A AE , 5 B R 78 7 R R o I I Ak
& WO DNA, K & AR 24
P B R B D B R ) 2 33 i 18T T R
PEUS D TSR] WTAs FME R RTEVE N
PEPTR AN, AT DA IS TE BT EE ) o

4 EZ

WTAs 24 8 {03 %5 BR 7 20 Jf B 1) B i 2
BT, 2 5518 e N AR R 2R T AL
il W OEEERE WTAs AMUBESIL T4
FEAE RN Y B, FE25 iR TT T R B A
HIMEH ., REHATSHOMEIKE WTAs 1Y
A G AR S PR C 2 8 s, (HH A W 44
(R BHASEAE A= 05 A 25 40 S I Ak % 5 A )
(Ve 3 B AT iR AR o SR, RS AE A
KRR EE I THE WTAs 1658 FRN 0 EAE
L, WARYE T X & EEMAERE WTAs 515
FHPEHLH A SCHRIE o [T, WTAs 7EA; 5 2E
TEVFF DA | B 2 L 8 A 2 Hr A T R il 2 S B 1T 55
2% PHE A B AR EAR L B S A B TR
ARG 4 B €07 245 BRBA 7 i 32 1 7 A AR L i
T2, SR TS 4 €0 4 2 3K DR R R DG
SriRftE . T WTAs B9800 PE25 97k
Qg R AR YT AL B T RRA YT I RCR A B, ]
DL R I WTA RE Y 0 FRHL WTAs kA=
MRS, I T i WTAs 505
BRI ST AR ELAE AT A A7 R0 T30 B A G
SR EE BT AR

REFERENCES

[1] SUMRALL ET, SCHEFER CRE, RISMONDO ],
SCHNEIDER SR, BOULOS S, GRUNDLING A,
LOESSNER MJ, SHEN Y. Galactosylated wall teichoic
acid, but not lipoteichoic acid, retains InlB on the surface

of serovar 4b Listeria monocytogenes[J]. Molecular

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



SRAZFE S <o O] 4 BRI BE W B2 PR B0W 5 S (1 73T WL T FU et fig

3167

(3]

(4]

[9]

Microbiology, 2020, 113(3): 638-649.

WEIDENMAIER C, LEE JC. Structure and function of
surface polysaccharides of Staphylococcus aureus[J].
Current Topics in Microbiology and Immunology, 2017,
409: 57-93.

MINNIG K, LAZAREVIC V, SOLDO B, MAUEL C.
Analysis of teichoic acid biosynthesis regulation reveals
that the extracytoplasmic function sigma factor o™ is
induced by phosphate depletion in Bacillus subtilis
W23[J]. Microbiology (Reading, England), 2005, 151(Pt
9): 3041-3049.

WINSTEL V, SANCHEZ-CARBALLO P, HOLST O,
XIA GQ, PESCHEL A. Biosynthesis of the unique wall
teichoic acid of Staphylococcus aureus lineage ST395[J].
mBio, 2014, 5(2): e00869.

WINSTEL V, KUHNER P, SALOMON F, LARSEN J,
SKOV R, HOFFMANN W, PESCHEL A,
WEIDENMAIER C. Wall teichoic acid glycosylation
governs Staphylococcus aureus mnasal colonization[J].
mBio, 2015, 6(4): ¢00632.

SOBHANIFAR S, WORRALL LJ, KING DT,
WASNEY GA, BAUMANN L, GALE RT, NOSELLA
M, BROWN ED, WITHERS SG, STRYNADKA NCIJ.
Structure and mechanism of Staphylococcus aureus TarS,
the wall teichoic acid B-glycosyltransferase involved in
methicillin resistance[J]. PLoS Pathogens, 2016, 12(12):
¢1006067.

GERLACH D, GUO YL, de CASTRO C, KIM SH,
SCHLATTERER K, XU FF, PEREIRA C, SEEBERGER
PH, ALI S, CODEE J, SIRISARN W, SCHULTE B,
WOLZ C, LARSEN J, MOLINARO A, LEE BL, XIA
GQ, STEHLE T, PESCHEL A. Methicillin-resistant
Staphylococcus aureus alters cell wall glycosylation to
evade immunity[J]. Nature, 2018, 563(7733): 705-709.
HENDRIKS A, van DALEN R, ALI S, GERLACH D,
van der MAREL GA, FUCHSBERGER FF, AERTS PC,
de HAAS CJC, PESCHEL A, RADEMACHER C, van
STRIJP JAG, CODEE JDC, van SORGE NM. Impact of
glycan linkage to Staphylococcus aureus wall teichoic
acid on langerin recognition and langerhans cell
activation[J]. ACS Infectious Diseases, 2021, 7(3):
624-635.

WINSTEL V, LIANG CG, SANCHEZ-CARBALLO P,
STEGLICH M, MUNAR M, BROKER BM, PENADES
JR, NUBEL U, HOLST O, DANDEKAR T, PESCHEL
A, XIA GQ. Wall teichoic acid structure governs
horizontal transfer

gene between major bacterial

pathogens[J]. Nature Communications, 2013, 4: 2345.

[10] XIONG MY, CHEN LJ, ZHAO J, XIAO X, ZHOU JY,
FANG F, LI XW, PAN YB, LI YR. Genomic analysis of
the unusual Staphylococcus aureus ST630 isolates
harboring WTA glycosyltransferase genes tarM and
tagN[J]. Microbiology Spectrum, 2022, 10(1): e0150121.

[11] YAKOVLIEVA L, WALVOORT MTC. Processivity in
bacterial glycosyltransferases[J]. ACS Chemical Biology,
2020, 15(1): 3-16.

[12] YIN YL, YAO H, DOIJAD S, KONG SW, SHEN Y,
CAI XX, TAN WJ, WANG YT, FENG YW, LING ZT,
WANG GL, HU YC, LIAN K, SUN XY, LIU YL,
WANG CB, JIAO KH, LIU GP, SONG RL, CHEN X, et
al. A hybrid sub-lineage of Listeria monocytogenes
comprising hypervirulent Nature
Communications, 2019, 10: 4283.

[13] BAUR S, RAUTENBERG M, FAULSTICH M, GRAU
T, SEVERIN Y, UNGER C, HOFFMANN WH, RUDEL
T, AUTENRIETH IB, WEIDENMAIER C. A nasal
epithelial receptor for Staphylococcus aureus WTA

isolates[J].

governs adhesion to epithelial cells and modulates nasal
colonization[J]. PLoS Pathogens, 2014, 10(5): e1004089.
[14] SCHADE J, WEIDENMAIER C. Cell
glycopolymers of Firmicutes and their role as nonprotein
adhesins[J]. FEBS Letters, 2016, 590(21): 3758-3771.
[15] MISAWA Y, KELLEY KA, WANG XG, WANG LH,
PARK WB, BIRTEL J, SASLOWSKY D, LEE JC.

Staphylococcus aureus colonization of the mouse

wall

gastrointestinal tract is modulated by wall teichoic acid,
capsule, and surface proteins[J]. PLoS Pathogens, 2015,
11(7): €1005061.

[16] SUZUKI T, CAMPBELL J, SWOBODA JG, WALKER
S, GILMORE MS. Role of wall teichoic acids in
Staphylococcus aureus endophthalmitis[J]. Investigative
Ophthalmology &  Visual 2011, 52(6):
3187-3192.

[I177PAN T, GUAN J, LT YJ, SUN BL. LcpB is a
pyrophosphatase responsible for wall teichoic acid

Science,

synthesis and virulence in Staphylococcus aureus clinical
isolate ST59[J]. Frontiers in Microbiology, 2021, 12:
788500.

[18] van der ES D, HOGENDORF WFJ, OVERKLEEFT HS,
van der MAREL GA, CODEE JDC. Teichoic acids:
synthesis and applications[J]. Chemical Society Reviews,
2017, 46(5): 1464-1482.

[19] KEINHORSTER D, GEORGE SE, WEIDENMAIER C,
WOLZ C. Function and regulation of Staphylococcus

teichoic acids and capsular

aureus wall

polysaccharides[J]. International Journal of Medical

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



3168 A

FiERk

Microbiol. China

Microbiology: IIMM, 2019, 309(6): 151333.

[20] van DALEN R, PESCHEL A, van SORGE NM. Wall
teichoic acid in  Staphylococcus
interaction[J]. Trends in Microbiology, 2020, 28(12):
985-998.

[21]WU X, HAN J, GONG GL, KOFFAS MAG, ZHA 1J.
Wall teichoic acids: physiology and applications[J].
FEMS Microbiology Reviews, 2021, 45(4): fuaa064.

[22] van DALEN R, MOLENDIJK MM, ALI S, van KESSEL
KPM, AERTS P, van STRIJP JAG, de HAAS CIJC,
CODEE J, van SORGE NM. Do not discard
Staphylococcus aureus WTA as a vaccine antigen[J].
Nature, 2019, 572(7767): E1-E2.

[23] GERLACH D, GUO YL, STEHLE T, PESCHEL A.
Reply to: do not discard Staphylococcus aureus WTA as
a vaccine antigen[J]. Nature, 2019, 572(7767): E3-E4.

[24] RAJAGOPAL M, WALKER S. Envelope structures of

bacteria[J].
Microbiology and Immunology, 2017, 404: 1-44.

[25]MNICH ME, van DALEN R, GERLACH D,
HENDRIKS A, XIA GQ, PESCHEL A, van STRIJP
JAG, van SORGE NM. The C-type lectin receptor MGL

N-acetylgalactosamine  on  the

aureus  host

gram-positive Current  Topics in

senses unique
Staphylococcus aureus ST395 wall teichoic acid[J].
Cellular Microbiology, 2019, 21(10): e13072.

[26] van DALEN R, de la CRUZ DIAZ JS, RUMPRET M,
FUCHSBERGER FF, van TEIJLINGEN NH, HANSKE
J, RADEMACHER C, GEIJTENBEEK TBH, van
STRIJP JAG, WEIDENMAIER C, PESCHEL A,
KAPLAN DH, van SORGE NM. Langerhans cells sense
Staphylococcus aureus wall teichoic acid through
langerin to induce inflammatory responses[J]. mBio,
2019, 10(3): €00330-e00319.

[27] NG WC, LONDRIGAN SL, NASR N, CUNNINGHAM
AL, TURVILLE S, BROOKS AG, READING PC. The
C-type lectin langerin functions as a receptor for
attachment and infectious entry of influenza A virus[J].
Journal of Virology, 2015, 90(1): 206-221.

[28] JEGOUZO SAF, NELSON C, HARDWICK T, WONG
STA, LAU NKK, NEOH GKE,
CASTELLANOS-RUEDA R, HUANG ZY, MIGNOT B,
HIRDARAMANTI A, HOWITT A, FREWIN K, SHEN Z,
FOX RJ, WONG R, ANDO M, EMONY L, ZHU H,
HOLDER A, WERLING D, et al. Mammalian lectin
arrays for screening host-microbe interactions[J]. Journal
of Biological Chemistry, 2020, 295(14): 4541-4555.

[29] KUROKAWA K. The
surface-glycopolymer wall teichoic acid (WTA) is

staphylococcal

crucial for complement activation and immunological
defense against Staphylococcus aureus infection[J].
Immunobiology, 2016, 221(10): 1091-1101.

[30] KUROKAWA K, JUNG DJ, AN JH, FUCHS K, JEON
YJ, KIM NH, LI XH, TATEISHI K, PARK JA, XIA GQ,
MATSUSHITA M, TAKAHASHI K, PARK HJ,
PESCHEL A, LEE BL. Glycoepitopes of staphylococcal
wall teichoic acid govern complement-mediated
opsonophagocytosis via human serum antibody and
mannose-binding lectin[J]. The Journal of Biological
Chemistry, 2013, 288(43): 30956-30968.

[31]LEE JH, KIM NH, WINSTEL V, KUROKAWA K,
LARSEN J, AN JH, KHAN A, SEONG MY, LEE MJ,
ANDERSEN PS, PESCHEL A, LEE BL. Surface
glycopolymers are crucial for in vitro anti-wall teichoic
acid  IgG-mediated
opsonophagocytosis  of  Staphylococcus — aureus[J].
Infection and Immunity, 2015, 83(11): 4247-4255.

[32] FONG R, KAJIHARA K, CHEN M, HOTZEL I,
MARIATHASAN S, HAZENBOS WLW, LUPARDUS
PJ. Structural investigation of human S. aureus-targeting
antibodies that bind wall teichoic acid[J]. mAbs, 2018,
10(7): 979-991.

[33] LEHAR SM, PILLOW T, XU M, STABEN L,
KAJIHARA KK, VANDLEN R, DEPALATIS L, RAAB
H, HAZENBOS WL, HIROSHI MORISAKI J, KIM J,
PARK S, DARWISH M, LEE BC, HERNANDEZ H,
LOYET KM, LUPARDUS P, FONG R, YAN DH,
CHALOUNI C, et al. Novel antibody—antibiotic
conjugate eliminates intracellular S. aureus[J]. Nature,
2015, 527(7578): 323-328.

[34] LEE IG, SONG CM, YANG S, JEON H, PARK J,
YOON HJ, IM H, KANG SM, EUN HJ, LEE BIJ.
Structural and functional analysis of the D-alanyl carrier

complement activation and

protein ligase DItA from Staphylococcus aureus Mu50[J].
Acta Crystallographica Section D, 2022, 78(4): 424-434.

[35] WEIDENMAIER C, McLOUGHLIN RM, LEE JC. The
zwitterionic cell wall teichoic acid of Staphylococcus
aureus provokes skin abscesses in mice by a novel CD4+
T-cell-dependent mechanism[J]. PLoS One, 2010, 5(10):
e13227.

[36] KOLATA JB, KUHBANDNER I, LINK C, NORMANN
N, VU CH, STEIL L, WEIDENMAIER C, BROKER
BM. The fall of a dogma? Unexpected high T-cell
memory response to Staphylococcus aureus in humans[J].
The Journal of Infectious Diseases, 2015, 212(5):
830-838.

[37] CAMPBELL J, SINGH AK, SANTA MARIA JP Jr,

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



SRAZFE S <o O] 4 BRI BE W B2 PR B0W 5 S (1 73T WL T FU et fig 3169

KIM Y, BROWN S, SWOBODA JG, MYLONAKIS E,

WILKINSON BJ, WALKER S. Synthetic lethal

compound combinations reveal a fundamental
connection between wall teichoic acid and peptidoglycan
biosyntheses in  Staphylococcus aureus[J]. ACS
Chemical Biology, 2011, 6(1): 106-116.

[38] BERTSCHE U, YANG SJ, KUEHNER D, WANNER S,
MISHRA NN, ROTH T, NEGA M, SCHNEIDER A,
MAYER C, GRAU T, BAYER AS, WEIDENMAIER C.
Increased cell wall teichoic acid production and
D-alanylation are common

phenotypes  among

daptomycin-resistant methicillin-resistant
Staphylococcus aureus (MRSA) clinical isolates[J].
PLoS One, 2013, 8(6): e67398.

[39] WEIDENMAIER C, KOKAI-KUN JF, KRISTIAN SA,
CHANTURIYA T, KALBACHER H, GROSS M,
NICHOLSON G, NEUMEISTER B, MOND JJ,
PESCHEL A. Role of teichoic acids in Staphylococcus
aureus mnasal colonization, a major risk factor in
nosocomial infections[J]. Nature Medicine, 2004, 10(3):
243-245.

[40] MAY JJ, FINKING R, WIEGESHOFF F, WEBER TT,
BANDUR N, KOERT U, MARAHIEL MA. Inhibition
of the D-alanine: D-alanyl carrier protein ligase from
Bacillus subtilis increases the bacterium’s susceptibility
to antibiotics that target the cell wall[J]. The FEBS
Journal, 2005, 272(12): 2993-3003.

[41]LEE K, CAMPBELL J, SWOBODA JG, CUNY GD,
WALKER S. Development of improved inhibitors of
wall teichoic acid biosynthesis with potent activity
against  Staphylococcus — aureus[J]. Bioorganic &
Medicinal Chemistry Letters, 2010, 20(5): 1767-1770.

[42] WU X, ZHA J, KOFFAS MAG, DORDICK ]JS.
Reducing resistance  to

lysostaphin using CRISPR-dCas9[J]. Biotechnology and

Staphylococcus  aureus

Bioengineering, 2019, 116(12): 3149-3159.

[43] HORT M, BERTSCHE U, NOZINOVIC S, DIETRICH
A, SCHROTTER AS, MILDENBERGER L,
AXTMANN K, BERSCHEID A, BIERBAUM G. The
role of p-glycosylated wall teichoic acids in the
reduction of

vancomycin susceptibility in

vancomycin-intermediate  Staphylococcus
Microbiology Spectrum, 2021, 9(2): e0052821.

[44] KUENEMANN MA, SPEARS PA, ORNDORFF PE,
FOURCHES D. In silico predicted glucose-1-phosphate

uridylyltransferase (GalU) inhibitors block a key

aureus[J].

pathway required for Listeria virulence[J]. Molecular
Informatics, 2018, 37(6/7): 1800004.

[45] ORNDORFF PE. Use of bacteriophage to target bacterial
surface structures required for virulence: a systematic
search for antibiotic alternatives[J]. Current Genetics,
2016, 62(4): 753-757.

[46] LEHMAN SM, MEARNS G, RANKIN D, COLE RA,
SMREKAR F, BRANSTON SD, MORALES S. Design
and preclinical development of a phage product for the
treatment of antibiotic-resistant Staphylococcus aureus
infections[J]. Viruses, 2019, 11(1): 88.

[47] AZAM AH, TANJI Y. Peculiarities of Staphylococcus
aureus phages and their possible application in phage
therapy[J]. Applied Microbiology and Biotechnology,
2019, 103(11): 4279-4289.

[48] DU X, LARSEN J, LI M, WALTER A, SLAVETINSKY
C, BOTH A, SANCHEZ CARBALLO PM, STEGGER
M, LEHMANN E, LIU Y, LIU JL, SLAVETINSKY J,
DUDA KA, KRISMER B, HEILBRONNER S,
WEIDENMAIER C, MAYER C, ROHDE H, WINSTEL
V, PESCHEL A. Staphylococcus epidermidis clones
express Staphylococcus aureus-type wall teichoic acid to
shift from a commensal to pathogen lifestyle[J]. Nature
Microbiology, 2021, 6(6): 757-768.

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



