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Figure 1.

BRI, A5 LA GleNAc-1-P AR, %
TG LIS FH T 40 T B SR 1 5 hR e

1.2.1 GleNAc-1-PEUY Ac;GleNAz-1-P(S) K&
BL: 275 3CHR[15], BI5GB R AR R&
e EE HAA GleNAc-1-P BIZEMY 5 (& 2).

ERS Y TR R D-2 AR (b
GV 1) B TIOKPES, BEMA =, Eiit
PPt 30 min FEEFWENE, R TIMALE Y
2SR N 12 h R, WA BT
G-15 BER AT BERRER , L 98%7 = K15 2L & 3.
&Y 3 Al E—0 5| ARBERRILH Y, H
it B AE 1 mL Y 28 #h 3 (100 mmol/L
Tris-HCI, pH 9.0, 10 mmol/L MgCL)H /il A ATP
(2 mmol/L), NahK [i#(N-acetylhexosamine kinase,
0.75 mg/mL)FI{EEH 3 (2 mmol/L), 37 °C [
12h 5, B SOW B 5 min 3 12000 r/min B0
5 min BREE T, WOR EIH R 48 5 T Sephadex
G-15 BECHE | il 2 B2 A3 73 B R IFHINIE T

% Sephadex

Synthetic pathway of peptldoglycan.

BE D MK 21100, HEMLEY 4 7%
86%), ﬁfﬂ%f@f&@ﬁé@ bR, fb2
MG GleNAz-1-P ((b &9 HER K, N T
1 FL 5 1 2 2ak 4 0 RE A A 2 T DA T 2 5 240 i BE A
i, AT EY 4 iF—2 2 2L b a4
%5 L NE (Pyridine), % INEE R BT (Ac,0), flilL4
LAk, IR 12 h )5, £330 #9 74 A Sephadex
G-15 BEBAL T BRI W 5 (775 94%).
Fﬁméﬁ 4R S0 ("H NMR) A B A5 46 5 43 B
TE LA
1H NMR (500 MHz, D,0):85.58 (dd, J=7.2, 3.5 Hz,

1H), 5.39 (dd, J=7.3, 3.3 Hz, 1H), 5.28 (dd, J=18.7,
9.1 Hz, 1H), 5.07 (dt, J = 14.9, 9.8 Hz, 1H), 4.36 (t,
J=11.3 Hz, 3H), 4.25 (d, /= 10.3 Hz, 1H), 4.13 (d,
J=10.9 Hz, 1H), 4.08 (d, J = 13.1 Hz, 1H), 3.99 (s,
1H), 3.95 (d, J = 6.7 Hz, 1H), 3.90 (t, J = 15.7 Hz,
1H), 2.11 (s, 1H), 2.06 (d, J = 6.1 Hz, 4H), 2.02 (s,
4H), 1.98 (d, J = 5.8 Hz, 4H). HR-ESIMS (m/z) for
C4HN4O,P[M+Na]", 491.07858,
found: 491.07946,

calculated:
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1.2.2 KREY GleNAc-1-P £ ZBALF=H(8)HY
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E¥) 6, 2 mmol/L)A T 1 mL 28+ (100 mmol/L
Tris-HCI, pH 9.0, 10 mmol/L MgCL), KIMmA
ATP (2 mmol/L)#1 NahK f##(0.75 mg/mL), 37 °C J2
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'H NMR (500 MHz, D,0): 85.56 (dd, J=7.3, 3.4 Hz,

1H), 5.25 (dd, J= 10.6, 9.5 Hz, 1H), 5.07 (t, /= 9.8 Hz,
1H), 4.37 (dd, J = 12.7, 3.3 Hz, 1H), 4.29 (ddd, J =
10.6, 5.6, 2.9 Hz, 2H), 4.08 (dd, J = 12.7, 2.1 Hz,
1H), 2.06 (s, 3H), 2.02 (s, 3H), 2.00-1.97 (m, 3H),
1.94 (d, J = 10.3 Hz, 3H). HR-ESIMS (m/2) for

C14H»NO,P[M+Na]’, calculated: 450.07718, found:
450.07705,
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Figure 2. Synthetic route of Ac;GIcNAz-1-P (5).
OH OAc
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HO OH  88% HO 95% AcO
AcHN AcHN  Gpo H, AcHN  opo.H,
6 7 8
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Figure 3. Synthetic route of Ac;GIcNAc-1-P (8).
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Figure 4. Bioorthogonal labeling of bacterial peptidoglycan.
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Figure 5.
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'H NMR (A, B) and Mass spectra (C, D) of Ac;GlcNAz-1-P (5) and Ac;GlcNAc-1-P (8).
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Figure 6. FTIR analysis of peptidoglycans of E. coli
preincubated with 5 or 8.
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Figure 7. LC/MS analysis of peptidoglycans of E. coli preincubated with 8 (A—D) or 5 (E—H).
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Figure 8. Bioorthogonal labeling of E. coli cell wall.
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Chemical modification and fluorescence labeling of Escherichia
coli cell wall peptidoglycan
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Abstract: [Objective] The objective of this research is to develop a new approach for labelling the cell wall
peptidoglycan (PG) of living bacteria and provide a simple and convenient tool for the study of PG biosynthesis
and metabolism as well as its role in the infection and pathogenesis. [Methods] N-Acetylglucosamine
1-phosphate (GlcNAc-1-P) is a general and essential precursor of PG biosynthesis in eubacteria. We designed
and synthesized an analogue of GIcNAc-1-P (designated as Ac;GIcNAz-1-P) that carries an azido group for the
fluorescence labelling of PG in bacteria. Escherichia coli BL21 were used as the model bacteria and were
cultured in the presence of Ac;GIcNAz-1-P to enable the metabolic incorporation of this compound into the PG
biosynthetic pathway. Subsequently the PG component was isolated from these pretreated bacteria and
characterized by transform infrared spectroscopy (FTIR) and liquid chromatography-high resolution mass
spectroscopy (LC-MS). The labelling of bacterial PG was performed by the incubation of the pretreated bacteria
with an alkyne-functionalized fluorescent dye (DBCO-Cy3), which could directly couple to azido groups through
click reaction. Fluorescence was probed by confocal fluorescence microscopy (CFM). [Results] Ac;GlcNAz-1-P
was successfully synthesized in four steps from D-glucosamine hydrochloride with a total yield of 79%. LC-MS
and FTIR analysis of the PG extracts from E. coli pretreated with Ac;GlcNAz-1-P revealed the presence of
azide-labelled sugar units in the PG structure. CFM observation confirmed that the pretreated bacteria could be
stained by DBCO-Cy3 selectively and effectively. [Conclusion] The azido-containing sugar unit could be
incorporated into the structure of bacterial cell wall PG by the preincubation of bacteria with Ac;GlcNAz-1-P,
allowing the PG of living bacterial to be easily labelled by alkyne-bearing fluorescent reagents (bioorthogonal
fluorescent probes). This method would be useful for the study of biological and pathological functions of
bacterial PG.

Keywords: Escherichia coli, peptidoglycan, N-acetylglucosamine-1-P, biological probe, fluorescent labeling
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