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The chemical engineering of living cells has been the subject of
growing interest in biology and biotechnology. The first example
was reported by Bertozzi's grodp? who attached a ketone group
to N-acetylb-mannosamine. That compound was then metabolically
converted to ketone-attached sialic acid on the surface of mam-
malian cells. This method is widely applicable to cells that have
sialic acid on the surface.

However, when engineering the surface of bacterial cells, proteins
can only be expressed genetically on the surface as chimera
proteins® The development of a method for the chemical engineer-
ing of the bacterial cell surface will allow a large variety of
molecular specimens to be displayed, leading to a wide range of
applications, such as in discovery of novel drugs or vaccines
utilizing lactic acid bacteria.

In this paper, we report a versatile chemical approach for
displaying target compounds on the bacterial cell wall (Scheme
1). The bacterial cell wall, which consists of polysaccharides
repeating GIcNAg(1—4)muramic acid linked with a pentapeptide,
is a common structure in all bacteria. Recently, we reported the
chemoenzymatic synthesis of bacterial cell-wall precursbrghe

present study, we expand this synthetic strategy to establish new

method for displaying target molecules on the bacteria. We
chemically synthesized target molecules carrying precursors such
as UDP-MurNAc, lipid I, and lipid 1l derivative4—5, and tested
whether these compounds could be incorporated into the cell wall
with the target molecules.

Scheme 1. Cell-Wall Engineering of Living Bacteria
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Fluorescein-attached cell wall precursars3 were synthesized
according to the methods described in the liter&trend the
Supporting Information. Compoundl was also synthesized as a
negative control for incorporatiorEscherichia coli which is a
Gram-negative bacteria, has a thick lipopolysaccharide layer outside.
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the cell wall. To increase the permeability of the lipopolysaccharide
layer,E. coli C600 was treated with 50 mM EDTA solution for 30
min'®and then incubated in the presence of each cell wall precursor
(1—4) for 2 h in a PBSouffer. The cell wall fraction of the bacteria
was extracted by a conventional method to measure the fluorescence
intensity.

Figure 1 shows the fluorescent spectra from extracted cell walls.
The spectra for the cell wall extract of the bacteria grown in the
presence ofl showed higher fluorescence intensity than those of
the bacteria grown in the presence of the other three components
(Figure 1a). Lipid | and lipid Il derivatives2 and 3, gave almost
the same intensities as did the negative control, compaynd
indicating that these two components could not be incorporated
into the cell wall through biosynthetic pathway. Similarly, it was
also reported that MurNAc pentapeptides with shorter lipids could
not be incorporated into the cell wall &. coli using enzymatic
methods'! As expected, without EDTA treatment, UDP-MurNAc
derivativel gave the same intensity as the other three components,
indicating 1 was not taken up by the bacteria through the thick
lipopolysaccharide layer (Figure 1b). These results clearly indicate
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Figure 1. Fluorescent spectra of bacterial cell wallstafcoli C600 after
incubation with synthetic precursofis-4. (a) Precursor was added after  Figure 3. Fluorescent microscopy images of lactic acid bacteria displaying
EDTA treatment. (b) Precursor was added without EDTA treatment. (Red) dyes on the cell wall. (a) Lactic acid bacteria after incubation \itkb)

precursorl, (black) 2, (green)3, (blue)4. Lactic acid bacteria after incubation wih(control). (c) Lactic acid bacteria
after incubation wittb and coupled with Alexa 488 hydrazide. (d) Lactic
EDTA acid bacteria after treatment with Alexa 488 hydrazide (control).
L. plantarum acid bacteria was incubated wihand then treated with a dye,
_dg’ JCM1149 Alexa 488 hydrazide, which specifically binds to the ketone group
T (Figure 3c). After treatment with the dye, the bacteria incubated
a L. salivarious with 5 generated a strong fluorescent image, suggesting that the
g | JCM.1044 ketone group was efficiently displayed on the cell wall. As a control,
o the hydrazide dye was added to native bacteria, but no fluorescence
O | L. fermentum was observed. This method should be widely applicable to the
#20 attachment of hydrazine-carrying large molecules onto the cell wall.
e = . In conclusion, using cell wall precursotsand5, the bacterial
E':‘;i" E. coli cell wall has been modified through the biosynthetic pathway. We
g g | Co00 . . . . are now exploring the practical uses of this method by attaching a

variety of compounds to the bacterial surface.
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Figure 2. The metabolic incorporation dfinto cell wall of various bacteria
with or without EDTA treatment.

Acknowledgment. This work was supported by a grant for the
“Glycocluster Project” from NEDO. We thank Ms. S. Oka for
measuring ESI mass spectrometry at Center for Instrumental

o ) ) Analysis, Hokkaido University.
that the UDP-MurNAc derivativé can be metabolically incorpo-

rated into the living bacterial cell wall. Supporting Information Available: Experimental procedures and
Since Gram-positive bacteria have thick cell walls with no outer analytical data (PDF). This material is available free of charge via the

membrane, more efficient incorporation of the target compounds 'nternet at http://pubs.acs.org. This material is available free of charge

into the cell wall was expected due to the higher permeability. Next Via the Intemnet at http:/pubs.acs.org.
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