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ABSTRACT: Peptidoglycan (PG), an essential exoskeletal polymer
in bacteria, is a well-known antibiotic target. PG polymerization
requires the action of bacterial transglycosylases (TGases), which
couple the incoming glycosyl acceptor to the donor. Interfering with
the TGase activity can interrupt the PG assembly. Existing TGase
inhibitors like moenomycin and Lipid II analogues always occupy the
TGase active sites; other strategies to interfere with proper PG
elongation have not been widely exploited. Inspired by the natural 1,6-
anhydro-MurNAc termini that mark the ends of PG strands in
bacteria, we hypothesized that the incorporation of an anhydromur-
amyl-containing glycosyl acceptor by TGase into the growing PG may
effectively inhibit PG elongation. To explore this possibility, we
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synthesized 4-O-(N-acetyl-f-p-glucosaminyl)-1,6-anhydro-N-acetyl-f-p-muramyl-L-Ala-y-p-Glu-L-Lys-p-Ala-p-Ala, 1, within 15 steps,
and demonstrated that this anhydromuropeptide and its analogue lacking the peptide, 1-deAA, were both utilized by bacterial TGase
as noncanonical anhydro glycosyl acceptors in vitro. The incorporation of an anhydromuramyl moiety into PG strands by TGases
afforded efficient termination of glycan chain extension. Moreover, the preliminary in vitro studies of 1-deAA against Staphylococcus
aureus showed that 1-deAA served as a reasonable antimicrobial adjunct of vancomycin. These insights imply the potential
application of such anhydromuropeptides as novel classes of PG-terminating inhibitors, pointing toward novel strategies in

antibacterial agent development.

Bl INTRODUCTION

The rising prevalence of antibiotic-resistant bacteria poses a
severe threat to global health, stimulating increased efforts in
the development of novel antibiotics.' ™ Peptidoglycan (PG),
which is the major component of the bacterial cell wall, is the
target of many antibiotics. PG is composed of linear glycan
backbones comprising repeating GlcNAc-MurNAc disacchar-
ides, with a stem peptide covalently linked to the lactoyl group
in each MurNAc residue.” In the final steps of PG assembly,
transglycosylases (TGases) catalyze the successive incorpo-
ration of incoming glycosyl acceptor, Lipid II, into the
reducing end of the growing glycan strand (glycosyl donor),
thus elongating the PG polymer, whereas transpeptidases
(TPases) further cross-link the stem peptides in adjacent
glycan strands (Figure 1).>~7 Bacterial TGases are conserved
and essential enzymes in bacteria but are absent in mammalian
cells, making them promising antibiotic targets.8 Till now, the
only known TGase-targeting antibiotic is moenomycin A
(MoeA), a natural glycolipid product that binds to the glycosyl
donor site of TGase and impedes PG synthesis. However,
MoeA possesses a phosphoglycerate-polyprenyl m01ety, a long
lipid chain that renders its poor pharmacokinetics.”'® Other
reported TGase inhibitors, including moenomycin analogues
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with aromatic branches, Lipid II analogues, and nonsaccharide
compounds, have demonstrated potent antimicrobial effi-
ciency; however, so far, none has advanced to clinical use
due to adverse pharmacodynamics associated with the
hydrophobic moiety."'~'* Hence, novel classes of compounds
that interfere with TGase-catalyzed PG elongation are highly
desirable.

To develop novel classes of TGase inhibitors, insights into
the structural requirements of potential glycosyl donors and
acceptors for transglycosylation are crucial.> Previous studies
with modified Lipid II have elucidated the structure—activity
relationship of potential TGase substrates.'®”"’ Cheng and co-
workers discovered that Lipid II analogue with only an L-Ala in
the stem peptide still shows reasonable binding affinity to
TGases."” Additionally, Walker and co-workers reported that a
Lipid II variant with a shorter lipid tail (a C3S chain) exhibits
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Figure 1. Schematic of bacterial peptidoglycan (PG) assembly by
transglycosylases (TGases) and transpeptidases (TPases). Soluble
GlcNAc-1,6-anhydro-MurNAc-peptides are generated by autolysins
and lytic transglycosylases (LTs) during PG turnover.

enhanced reactivity in vitro.'"® Based on these studies, we
reasoned that the disaccharide moiety in Lipid II is key for the
TGase reaction, while the stem peptide and the lipid chain of
Lipid II appear less important. We recognized that
anhydromuropeptides with a 1,6-anhydro-MurNAc moiety
fulfill such structural requirements. Notably, anhydromuropep-
tides are naturally generated from PG recycling by Iytic
transglycosylases (LTs) in bacteria (Figure 1).”>*" Given the
structural similarity of anhydromuropeptides to natural Lipid II
molecules, we hypothesized that they may hijack the TGase-
catalyzed glycosylation and the absence of a reducing end in
anhydromuropeptides may effectively terminate the successive
PG elongation. Thus, we set out to study the suitability of
these anhydromuramyl-containing molecules as potential
TGase substrates.

A substantial quantity of anhydromuropeptides (i.e.,
GlcNAc-1,6-anhydro-MurNAc peptide) is needed for bio-
chemical studies. Although these anhydromuropeptides can be
obtained via cell wall sacculi degradation, the process is often
plagued with low yields and uncertain purity. Hence, chemical
total syntheses of GIcNAc-1,6-anhydro-MurNAc-peptides are
highly desirable, exemplified by the pioneering studies from
Paulsen et al,”” Fukase et al,”> and Mobashery et al.**
Notably, Mobashery and co-workers made a significant
contribution to the synthesis of anhydromuropeptides. Never-
theless, the laborious protection and deprotection steps can
still be shortened.”* Herein, we present the shortest route
toward 4-O-(N-acetyl-f-p-glucosaminyl)-1,6-anhydro-N-ace-
tyl-f-p-muramyl-L-Ala-y-p-Glu-L-Lys-p-Ala-p-Ala 1 (Figure 2).
We obtained anhydromuropeptide 1 and its disaccharide-only
analogue 1-deAA from D-glucal in only 15 steps followed by
evaluating their suitability as potential substrates for PG
assembly in vitro. Our work revealed new insights into the
substrate requirement of TGase’s acceptor domain and novel
glycan strand terminators of PG elongation.

B RESULTS AND DISCUSSION

Our study commenced with the synthesis of our target
molecule 1 (Scheme 1). The anhydromurogeptide 1 was
. . s .
prepared by a glycosylation reaction between 2°” and 3, which
was effectively promoted by the combination of 1.3 equiv of N-
iodosuccinimide (NIS) and 0.3 equiv of trimethylsilyl
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Figure 2. Structures of anhydromuropeptide analogues (1 and 1-
deAA) and natural S. aureus Lipid II used in subsequent in vitro
enzymatic assays.

Scheme 1. Synthesis of 4-O-(N-Acetyl-f-p-glucosaminyl)-
1,6-anhydro-N-acetyl-f-p-muramyl-L-Ala-y-p-Glu-L-Lys-p-
Ala-p-Ala (1)
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trifluoromethanesulfonate (TMSOTY) producing the desired
anhydrodisaccharide 4 as the f-anomer in 85% yield.” In
contrast, when the disarmed acetylated thioglycoside $3” was
glycosylated with the acceptor 3 under the promotion of NIS/
TMSOTH, the target disaccharide S4 was obtained in an
inferior yield (67%, Scheme S1). Other mild activators such as
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1-benzenesulfinyl piperidine (BSP)/2,4,6-tri-tert-butylpyrimi-
dine (TTBP)/trifluoromethanesulfonic anhydride (Tf,0)**
failed to afford the target disaccharide. Next, with disaccharide
4 in hand, we tested different reagents, such as ethylenedi-
amine, NaBH,,” and hydrazine acetate®® to remove the N-
phthalimido group in 4, and finally successfully converted it
into acetamide group by consecutively treating 4 with
hydrazine acetate and acetic anhydride to give 5 in a
satisfactory yield (83%) over two steps. Subsequently, the
methyl ester group of the lactic acid in § was unmasked by the
lithium hydroxide mediated hydrolysis to give 6> followed by
the installation of the key pentapeptide 7 in the presence of
hexafluorophosphate azabenzotriazole tetramethyluronium
(HATU), 1-hydroxy-7-azabenzotriazole (HOAt), and Hiinig’s
base. The hydrolysis under basic conditions and the global
hydrogenolysis™® finally furnished the desired anhydromur-
opeptide 1 with an overall yield of 80% over 3 steps.
Additionally, the disaccharide analogue 4-O-(N-acetyl-f-p-
glucosaminyl)-1,6-anhydro-N-acetyl-f-p-muramyl acid 1-
deAA was also prepared by the similar synthetic route,
which commenced with the glycosylation between acetylated
thioglycoside S3 and acceptor 3 followed by phthalimido
group conversion to acetamide, and finally global deprotection
(Scheme S1). Notably, the overall high efficiency of our
synthesis was ensured by the early stage introduction of methyl
lactate and the use of superarmed thioglycoside donor 2 as the
glycosylating agent, enabling the high glycosylation efficiency
and global deprotection in the final stage.

With anhydromuropeptide 1 in hand, we proceeded to
investigate its suitability as a potential substrate for bacterial
PG enzymes. Given the presence of a stem pentapeptide, we
reasoned that 1 may be recognized and activated by TPase as a
donor strand. To test this, we first set up a TPase-catalyzed
terminal D-amino acid exchange reaction (Figure S2a). S.
aureus PBP4, a low molecular weight TPase, is known to
incorporate noncanonical D-amino acid into the terminal
position of the stem peptide in PG precursors and
muropeptides.”’ > In the reaction, we incubated 1 with
PBP4 in the presence of an excess amount of D-serine.’’
Indeed, LC-HRMS analysis of the reaction showed that the
terminal p-Ala in 1 was effectively substituted by b-Ser,
yielding the product with m/z: 965.4310 ([M+H]") (Figure
S2b). Thus, this observation implied that 1 was effectively
utilized for the PBP4-catalyzed terminal p-amino acid exchange
reaction.

After attaining the desired results in the preceding TPase
reaction, we set up a more intricate cross-linking reaction
between 1 and the growing PG. In short, we incubated 1 and
isolated S. aureus Lipid II (Figure S1)° with two enzymes, SgtB
(monofunctional TGase)** and PBP4.** In the reaction, S.
aureus Lipid II was first polymerized by SgtB to produce the
growing PG strands, which possess pentaglycine branches that
act as the incoming acceptor nucleophiles for peptide cross-
linking with 1 (Figure 3a). To evaluate the products, we added
lysozyme to the reaction mixture, which specifically hydrolyzes
the f-1,4-glycosidic bond between MurNAc and GlcNAc in
PG polymer, thus generating soluble muropeptides that are
suitable for LC-HRMS analysis.’® The putative cross-linking
between synthetic 1 and growing PG will lead to muropeptides
X, _pg and Ypg_pg, which are indicative of cross-linked 1-PG
and PG—PG, respectively (Figure 3a). As expected, both cross-
linked products (X,_pg, m/z: 10559791 [M+2H]*" and
Ypg_pg m/z: 8053676 [M+3H]**) were detected by LC-
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Figure 3. Synthetic 1 is employed by both bacterial TPase and TGase
in the presence of S. aureus Lipid II. (a) Schematic of the assay
monitoring the utilization of 1 by PBP4 for cross-linking with SgtB
and S. aureus Lipid II, which leads to two cross-linking products after
lysozyme digestion, X, _pg and Ypg_pg. Meanwhile, two polymerized
products, Apiqn and Byig .y, are also detected by LC-HRMS,
indicating that 1 reacts as a glycosyl acceptor of TGase. (b) LC-
HRMS corresponding to extracted ion chromatograms (EICs) of the
in vitro PBP4-SgtB reaction containing 1 and S. aureus Lipid IL. X;_pg:
1055.9791 m/z; Ypg_pg: 8053676 m/z; Appan: 6262886 m/z,
Byipia mer: 10914977 m/z.

HRMS (Figure 3b and Figures S2c—4), suggesting that 1 was
readily utilized by PBP4 for cross-linking with the long PG
polymer.

Surprisingly, apart from the expected products from TPase
activity in the abovementioned enzymatic reaction containing
anhydromuropeptide 1 and Lipid II, we also identified a novel
glycosylated product, tetrasaccharide fragment Byiq 11,1, that is
indicative of successful glycosylation between 1 and Lipid II
(Figure 3b). As anhydromuropeptide 1 possesses a GIcNAc in
the disaccharide backbone, we reasoned that 1 might be
recognized by SgtB as a glycosyl acceptor to participate in
glycosylation. The putative incorporation of 1 into the glycan
backbone would lead to two different fragments, disaccharide
fragment Ay;qn and tetrasaccharide fragment Bypig rres
(Figure 3a). Consistently, both products were detected in
LC-HRMS analysis (Figure 3b), and the identities of these
fragments were further confirmed by MS/MS fragmentation
(Figures SSb and S6). In addition, the formation of fragment
Bipia 1141 Was fully inhibited by MoeA, supportin§ its formation
in a TGase-dependent reaction (Figure 57).°”°
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Next, to investigate the structural requirement of pentapep-
tide in 1 as a glycosyl acceptor for TGase recognition, we did a
docking study of SgtB (PDB ID 3VMT) with compound 1 and
its analogue without pentapeptide 1-deAA, respectively, based
on the experimental resolved cocrystal structure between Lipid
I analogues and SgtB (PDB ID 3VMT) reported by Wong
and co-workers.”” Docking results demonstrated comparable
vina scores of —6.1 and —5.2 for 1 and 1-deAA, respectively.
Further inspection of docked complexes revealed that more
polar interactions were observed between the GIcNAc-
anhydro-MurNAc unit and SgtB glycosyl acceptor sites in 1-
deAA (Figure 4 and Figure S8), suggesting that 1-deAA may

a) b)
ARG-117

'VA\EQB GLN-129 o

i = o P

¥ 4\'\\ 7~ L S
Los TGLUA00 N
= {\‘ { LYS-248%
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Figure 4. Synthetic 1 (a) and 1-deAA without pentapeptide (b) can
interact with the acceptor sites of SgtB (PDB ID 3VMT) based on the
docking analysis. The red dashed lines mark the interactions between
the compounds (1 and 1-deAA) and the SgtB residues. GIcNAc-1,6-
anhydro-MurNAc: palecyan; pentapeptide: yellow; SgtB residues:
orange.

also serve as an appropriate acceptor substrate of SgtB.
Encouraged by the docking studies, we next evaluated 1-deAA
in the in vitro TGase reaction with SgtB (Figure Sa). As
expected, 1-deAA was readily incorporated into the glycan
strand as a glycosyl acceptor, as evidenced by the formation of
the tetrasaccharide fragment Cyipig 1141-deaa (m/z: 856.3733 [M
+2H]*") (Figure Sb and Figure S9), whose identity was further
confirmed by MS/MS (Figure Sc and Figure S10). To explore
how the removal of the pentapeptide in 1 affects its TGase
reactivity, we compared relative amounts of representative
tetrasaccharide fragment products, By 111 and Cipia 1141-deans
in a time-course study. In brief, we quantified peak area ratios
of the precursor ions of By 1.1 and Cripig 11+1-dean t0 ALipid -
The LC-HRMS analysis showed that the peak area ratio,
ClLipid 11+1-deaa/ ALipid 11 (0.38) was S times higher than
Buipid 01/ Avipia 1 (0.07) at 60 min, indicating that 1-deAA is
a better glycosyl acceptor of TGase (Figure Sb and Figures S11
and S12).

Thus, we also conducted detailed kinetic studies with 1-
deAA, as it embodied a minimum structure as a TGase
acceptor with better reactivity in the abovementioned time-
course study. In Michaelis—Menten kinetic analysis, the
product tetrasaccharide fragment Cpyiq p141-deas in the TGase
reaction was quantified as the peak area of its precursor ion
shown in LC-HRMS and the catalytic parameter of SgtB for
synthetic 1-deAA was determined to be K, = 217.9 uM
(Figure 6 and Figure S13). Given the lack of a reducing end in

1-deAA, we inferred that its effective incorporation into
growing PG may terminate the consecutive glycan elongation
and shorten the glycan length of the PG strands (Figure Sa).
To assess this, we visualized the glycan length distribution of
PG polymers in TGase reactions by a Tris/Tricine SDS-PAGE
system reported by Walker and co-workers.”*™* We
supplemented reactions with Rhodamine-labeled S. aureus
Lipid II (Rho-Li<pid II) to enable fluorescent detection of PG
polymers.'”**~* The effective termination of transglycosyla-
tion by 1-deAA will lead to a reduction in polymerized glycan
strands. In the SDS-PAGE gel, the Rho-Lipid II migrated to
the bottom of the gel (Figure 7, Lane 1), and glycan strands
polymerized by TGase shifted from the bottom to higher
regions (Figure 7, Lanes 2 to S). To better evaluate the glycan
distribution of the TGase reaction mixtures, we assigned the
ratio of glycan strands in the Lipid II only reaction to 100%
and the SDS-PAGE results demonstrated that the ratio of
glycan strands dropped to 60% with the addition of 400 yM 1-
deAA and further declined to 48% as the concentration of 1-
deAA increased to 800 M.

In consideration of the synergy effect of moenomycin and
other cross-linkage-targeting antibiotics on pathogenic bac-
teria,*>*” we conducted the synergy testing by coincubating 1-
deAA with vancomycin against S. aureus. Given the known
inhibitory effect of vancomycin on the PG cross-linking
formation, we hypothesized the synergistic interaction between
these two compounds, potentially disrupting the bacterial PG
biosynthesis. The synergy testing analysis demonstrated that
the minimum inhibitory concentration (MIC) of vancomycin
in S. aureus was effectively improved from 1.6 pg/mL to 0.8
ug/mL when coincubated with 512 pug/mL 1-deAA.** In
addition, the ODygy, values of S. aureus showed a significant
concentration-dependent decline (65% to 21%) with the
addition of 1-deAA (0 ug/mL to 256 ug/mL) when
coincubated with 0.8 pg/mL of vancomycin (Figure S14).
The preliminary antibacterial results implied reasonable
antimicrobial activity of 1-deAA against pathogenic bacteria
when used synergistically with commercial antibiotics.

Opverall, our observations indicate that synthetic anhydro-
muropeptide 1 is effectively activated by PBP4 as a donor
substrate for p-amino acid exchange as well as cross-linking
with the PG polymer, suggesting that the anhydroMurNAc
moiety does not impede PBP4-catalyzed peptidoglycan
transpeptidation. More importantly, our results show that
SgtB also utilizes anhydromuropeptide 1 and its analogue 1-
deAA as glycosyl acceptors in the glycosylation reaction.
Notably, the incorporation of 1 and 1-deAA to the PG
backbone via TGase-catalyzed glycosylation competes with the
elongation of the glycan strand employing the natural Lipid II
monomers. Our studies establish that synthetic anhydromur-
opeptides are suitable TGase acceptors for the first time, while
most naturally occurring anhydromuropeptides are involved in
the PG recycling pathway in Gram-negative bacteria,
potentially impeding the reincorporation of these natural
anhydromuropeptides into PG.*”*” In the reported cocrystal
structure of SgtB and a synthetic Lipid II,”” the pyrophosphate
moiety of Lipid II interacted with residues in the acceptor site
of SgtB; meanwhile, the C6-OH group and the ester oxygen
O1 of MurNAc unit bound to Mg2+, which is crucial for
stabilizing the glycosyl acceptor, Lipid II, in the TGase
reaction. In our in vitro Mg**-free assay, compounds 1 and 1-
deAA, which lack both functional groups, can still be readily
recognized and utilized by TGase as glycosyl acceptors.
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Figure S. 1-deAA without pentapeptide reacts as a suitable glycosyl acceptor of bacterial TGase. (a) Schematic of the assay to analyze the structural
requirement of the TGase acceptor. The SgtB can utilize both 1 and its analogue 1-deAA without pentapeptide as acceptors, which leads to two
degradation products Bypia 1141 and Cripi 1r41-dean- (b) LC-HRMS EICs of TGase reactions containing 1 (left) and 1-deAA (right) with S. aureus
Lipid II show significantly higher TGase reactivity of 1-deAA. Ay i1 626.2886 m/z; Byipiq ar: 10914977 m/z; Cripia 41-dean: 856.3733 m/z. (c)
MS/MS spectrum of Cpiiq 11+1-deas- Fragment ions a and b represent 1-deAA and dehydrated S. aureus Lipid 11, respectively, which supports the

structure of Cripig 141-deaa-
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Figure 6. Reaction rate versus concentrations of 1-deAA for SgtB.
Curve fit was generated in GraphPad using the Michaelis—Menten
equation: V = (V.. X S)/(K, + S), where V,,, is the maximum

reaction rate, K,, is the Michaelis—Menten constant, and S represents
the initial concentration of 1-deAA available to SgtB: K,, = 217.9 uM.

Moreover, based on the stocking analysis, a few polar
interactions exhibit between anhydro-MurNAc and the
glycosyl acceptor site of SgtB, and the GIcNAc moiety
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Figure 7. SDS-PAGE analysis of TGase reactions with Lipid II and 1-
deAA. Lane 1, Rho-Lipid II; Lanes 2 to 4, Lipid II and 1-deAA (0
uM, 200 uM, 400 uM, and 800 yM) incubated with SgtB for 1 h
followed by the addition of another aliquot of SgtB for another 1 h.
The ratio of glycan strands decreased to 60% with the addition of 1-
deAA (400 uM) and further dropped to 48% at 800 uM of 1-deAA.

maintains interactions with SgtB, with the position and
conformation highly similar to the reported Wong’s resolved
structure, suggesting that the GIcNAc-anhydro-MurNAc unit
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still suffices for the recognition and utilization of TGase as
glycosyl acceptors. In addition, the effective utilization of 1-
deAA by TGase reveals that pentapeptide is not necessary for
the TGase acceptor, which is consistent with the reported
cocrystal work that the p-lactoyl ether moiety of MurNAc but
not the stem pentapeptide interacted with SgtB.”’ Previous
structural requirement studies toward TGase also demon-
strated that Lipid II analogues with various peptide, lipid, and
sugar lengths were suitable substrates for bacterial T Gases. For
instance, Aquifex aeolicus PBP1A and Escherichia coli PBP1A
can also utilize Lipid IV — a substrate with a longer glycan
strand as a glycosyl acceptor in vitro."”>" Our results further
provided new insights and expanded the scope of noncanonical
acceptors utilized by bacterial TGases.

Interestingly, the preliminary enzymatic assay indicates 1-
deAA as a more reactive TGase acceptor than 1. We postulate
that the removal of the relatively large pentapeptide may
mitigate the steric hindrance for T Gase binding, enhancing the
reactivity of 1-deAA toward TGases. Further kinetic results
revealed that the K, value of 1-deAA (217.9 uM) was
approximately 2.4 times weaker than that of Lipid II analogues
containing a nonconical tripeptide (90.2 M) and S52-fold
weaker than that of synthetic Lipid II (4.2 uM) as reported by
Cheng et al,'” suggesting that 1-deAA is a relatively
appropriate substrate of TGase. Subsequent SDS-PAGE
analysis reveals shortening of glycan length in PG after
incorporation with 1-deAA, marking the first revelation of an
anhydro-PG fragment as a covalent glycan terminator of PG
elongation that is distinct from the currently only TGase
inhibitor MoeA. While we acknowledge that a high amount of
1-deAA (400 uM) is required to terminate PG in vitro, it
nevertheless provides a starting point for further improvement.
For instance, Cheng and co-workers reported that C4-OH
epimerization on GIcNAc significantly iméproved the binding
affinity of Lipid II analogues to TGase.'® We reason that it
might be possible to modify the sugar unit of 1-deAA to
enhance its reactivity as a TGase glycosyl acceptor to block PG
elongation. More importantly, the preliminary synergy testing
analysis highlights not only the potential of 1-deAA as an
antibiotic adjunct but also offers a promising direction for the
development of novel antibiotic treatments. Moreover, in
contrast to the commercial MoeA with poor pharmacokinetics
due to its lipid tail, 1-deAA containing the anhydro terminus
might exhibit improved pharmacokinetics.

B CONCLUSIONS

In summary, we successfully performed the shortest total
synthesis of compound 1, an analogue of anhydro-PG
fragments generated during cell wall recycling, in only 15
steps from D-glucal. The method gives a high overall yield with
P-exclusive stereochemistry in 1 and its analogue without
pentapeptide, 1-deAA. This new methodology provides cost-
effective and quick access to an invaluable anhydromuropep-
tide substrate for biochemical characterizations of bacterial PG
enzymes. Following in vitro TPase enzymatic assays demon-
strated that anhydromuropeptide 1 is an effective donor for
transpeptidation. More importantly, TGase enzymatic studies
revealed that both 1 and 1-deAA are utilized by TGases as
acceptors for glycosylation, which for the first time unveils
these anhydro-PG fragments as potential glycosyl acceptors for
bacterial TGases and expands our understanding of substrate
requirements of TGases. Further kinetic study toward TGase
implied that 1-deAA, representing the structurally minimal

TGase acceptor, possesses the appropriate TGase reactivity.
Moreover, the SDS-PAGE analysis demonstrated that
effectively incorporating 1-deAA into growing PG polymers
enabled the termination of the PG glycan strand elongation.
Subsequent preliminary in vitro antibacterial studies of 1-deAA
against S. aureus revealed that 1-deAA may serve as a potential
antimicrobial adjunctive. These findings suggest that small
molecule mimetics of anhydromuropeptides acting as PG
elongation terminators may provide a new strategy to interfere
with PG polymerization for further antimicrobial agent
development.
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