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ABSTRACT: Many Staphylococcus bacteria are pathogenic and
harmful to humans. Noticeably, some Staphylococcus, including
vancomycin-resistant S. aureus (VRSA), have become notoriously
resistant to antibiotics and have spread rapidly, becoming threats
to public health. Here, we designed a dual fluorescent probe
scheme combining siderophores and antibiotics as the guiding
units to selectively target VRSA and vancomycin-sensitive S. aureus
(VSSA) in complex bacterial samples. Siderophore-mediated iron
uptake is the key pathway by which S. aureus acquires iron in
limited environments. Therefore, the siderophore-derivative probe
could differentiate between S. aureus and other bacteria. Moreover, by fine-tuning the vancomycin-derivative probes, we could
selectively target only VSSA, further differentiating VRSA and VSSA. Finally, by combining the siderophore-derivative probe and the
vancomycin-derivative probe, we successfully targeted and differentiated between VRSA and VSSA in complicated bacterial mixtures.
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The discovery and clinical introduction of antibiotics was a
key milestone in modern medicine and global public

health.1 Without proper administration of antibiotics, patients
might suffer from deadly infections by pathogenic bacteria.
However, the rapid and inevitable emergence of antibiotic
resistance has rendered antibiotics ineffective.2 As a result,
finding new antibiotics is an urgent priority. Moreover,
developing smart diagnostic tools for preventing the misuse
and overuse of antibiotics might slow the spread of antibiotic
resistance.3

In 2017, the World Health Organization (WHO) reported a
list of antibiotic-resistant priority pathogens critical to human
health, including mostly Gram-negative and two Gram-positive
bacteria, which are resistant to β-lactams (e.g., carbapenem,
cephalosporin, or methicillin), fluoroquinolones, or vancomy-
cin (Van, 1) (Figure 1b), to call for the research and
development of new antibiotics.4 Among these resistant
bacteria, vancomycin-resistant E. faecium (VRE) and anti-
biotic-resistant S. aureus are two major Gram-positive bacteria.
More strikingly, S. aureus was the only bacterium on this list
possessing multiple resistance.4 Although S. aureus is a
common commensal microbe and opportunistic pathogen, its
variants, including methicillin-resistant S. aureus (MRSA),
cause serious threats to human health due to their notorious
resistance against common β-lactams and need to be treated by
the “last-resort” Van. Hence, this situation is especially
worrisome, as infections caused by Van-intermediate S. aureus

(VISA) and Van-resistant S. aureus (VRSA) have emerged in
recent years and become more prominent.5−7

Vancomycin kills Gram-positive bacteria by binding to the
D-alanyl-D-alanine (D-Ala-D-Ala) moiety of the newly born cell
wall and its precursor Lipid II.8 It is believed that VISA resists
Van by using enhanced physical barriers to decrease its
penetration, while VRSA and VRE have gained resistance by
swapping D-Ala-D-Ala into D-alanyl-D-lactate (D-Ala-D-Lac).9,10

Since S. aureus is a common strain in all places, differentiation
between VRSA and Van-sensitive S. aureus (VSSA) is
indispensable but challenging.11−13 However, conventional
culturing methods are lengthy and laborious.14 Therefore, we
would like to develop a straightforward protocol using dual
fluorescent probes to target VRSA.
To distinguish S. aureus from other bacteria, such as

Enterococci, a Staphylococcus-specific probe was required. Given
that iron is vital for survival, many microorganisms have
evolved several diverse pathways for acquiring iron in iron-
limited environments, especially in hosts.15 Among these
pathways, siderophore-mediated iron uptake has drawn
increasing scientific attention.16 Siderophore-based probes
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have been proven to be potential bacterial targeting agents. For
S. aureus, staphyloferrin A (SA, 2) (Figure 1a) and B (SB) are
the two major siderophores.17 Although both SA and SB were
produced under iron restriction during host infections, SB
seemed to be important for pathogenesis.18 However,
compared to SB, SA has a simpler structure, which makes
preparation of functional conjugates easier.19−21 SA is
composed of D-ornithine (D-Orn) and two citrates through
amide linkages on both amine groups of D-Orn. While the
stereochemistry of the two citrates on SA is debated, their
absolute configurations were determined as (R) and (S) based
on the cocrystal structure of SA with its receptor HtsA.22 The
cocrystal structure also revealed that the carboxylate of D-Orn
was not involved in iron chelation or HtsA binding, making it a
perfect site for attaching functional cargos.22 Owing to the
structural simplicity of SA, we aimed to develop Staphylococcus-
specific fluorescent probes using SA as the guiding unit to
effectively and selectively target S. aureus.
To prepare SA conjugates with functional cargos, our

synthesis started from D-Orn as a central hub, where two
citrates and one clickable linker can attach. Fluorenylmethy-
loxycarbonyl (Fmoc) and tert-butyloxycarbonyl (Boc) groups

were used as orthogonal protection to introduce two citrates
with defined (R) and (S) stereochemistry on α- and δ-amino
groups. The clickable linker propargylamide was then attached
through an amide linkage in the early stage, where it could be
attached with diverse functional cargos through click
chemistry, such as copper(I)-catalyzed azide alkyne cyclo-
addition (CuAAC). Finally, we were able to prepare SA-
alkyne, namely, DORS-3, from four building blocks, D-Orn,
(R)-, (S)-citrates (4), and propargylamide. Moreover, DORS-3
and azFL (5) were linked by CuAAC to afford the fluorescent
probe, SA-DORS-FL (6) (Figure 1a and Scheme S1).
For the detection of Van resistance, Van-based fluorescent

probes have been used to image bacterial cell wall dynamics23

and label Gram-positive bacteria as diagnostic tools.24−26 Most
of the applications relied on the affinity between Van and the
cell wall D-Ala-D-Ala residues. Hence, these probes label Van-
sensitive bacteria. To exclusively report Van resistance, our
probes need to be optimized to avoid false-positive binding of
Van-resistant bacteria (Figure 1c). We chose the amino group
of vancosamine and the carboxyl terminal of the Van aglycone,
commonly used to attach various linkers for further
functionalization.27,28 First, 2-(2-chloroethoxy) ethanol was

Figure 1. (a) Structures of staphyloferrin A (SA or DORS, 2) and its derivatized probe, SA-DORS-FL (6). (b) Structures of vancomycin (Van, 1)
and its derivatized probes, VanN-Cy5.5 (11), VanC-Cy5.5 (12), and VanC-SulfoCy5.5 (13). (c) Detection scheme of SA- and Van-based
fluorescent probes. Possible staining outcomes are shown for four types of bacterial strains.

ACS Infectious Diseases pubs.acs.org/journal/aidcbc Letter

https://doi.org/10.1021/acsinfecdis.1c00235
ACS Infect. Dis. XXXX, XXX, XXX−XXX

B

https://pubs.acs.org/doi/suppl/10.1021/acsinfecdis.1c00235/suppl_file/id1c00235_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsinfecdis.1c00235?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsinfecdis.1c00235?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsinfecdis.1c00235?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsinfecdis.1c00235?fig=fig1&ref=pdf
pubs.acs.org/journal/aidcbc?ref=pdf
https://doi.org/10.1021/acsinfecdis.1c00235?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


reacted with sodium azide, followed by Jones oxidation to form
the corresponding azido carboxylic acid linker. After activation
by an N-hydroxysuccinimidyl (NHS) ester, the azido linker
was attached to 1 through amide bond formation. The
resulting VanN-azide (7) was purified by HPLC (Scheme S2).
Second, 1,5-pentadiol was brominated to form 1,5-dibromo-
pentane before being converted into a diazido derivative by
reacting with sodium azide. Using the heterogeneous
Staudinger reduction, 1,5-diazidopentane was then partially
reduced to form the linker 1-azido-5-aminopentane, which was
then reacted with 1 in the presence of HBTU to afford VanC-
azide (8) before HPLC purification (Scheme S3). Finally,
using CuAAC, 7 and 8 were linked together with commercial
Cy5.5-alkyne (9) or SulfoCy5.5-alkyne (10) to afford the
Van probes VanN-Cy5.5 (11), VanC-Cy5.5 (12), and VanC-
Sulfo-Cy5.5 (13) (Figure 1b and Scheme S3). (Note: In some
CuAAC reactions, the cycloaddition efficiency can be
significantly improved by supplementation with tris[(1-(2-
ethoxy-2-oxoethyl)-1H-1,2,3-triazol-4-yl)methyl]amine
(TEOTA) as the Cu(I) stabilizing ligand.)
We noticed that VanN derivatives 7 and 11 lost their

acylated vancosamine moiety to a certain extent and were
particularly notable when trifluoroacetic acid (TFA) was used
as an additive in HPLC. In contrast, during the preparation
and biological experiments, VanC derivatives 8, 12, and 13
seemed stable, as the amino group of the vancosamine moiety
was intact. In the hydrolysis reaction, the formation of the
positive oxocarbenium intermediate on vancosamine is a key
step and will facilitate the breakage of the glycosylic bond
between vancosamine and glucose. Since the amino group of
vancosamine in Van can be protonated by TFA to form
ammonium ions, this positively charged functional group can
prevent the formation of the positive oxocarbenium
intermediate and therefore resist hydrolysis. However, when
amidated, such as in VanN derivatives 7 and 11, the amino
group of vancosamine lost its protonation ability, causing the
glycosylic bond between amidated vancosamine and glucose to
break more easily (Figure S4).
Using fluorescence microscopy, we showed that 6

specifically targeted S. aureus under iron-limiting conditions
by adding 200 μM 2,2′-dipyrdine (DP). Other bacteria, E.
faecalis, B. subtilis, and E. coli, were not targeted (Figure 2). DP
is frequently used in iron limitation.19 The attachment of the
triazole click linker, PEG linker, and fluorescein did not affect
the targeting ability and selectivity of 6. In addition, 2−10 μM

control 5 and probe 6 did not affect bacterial growth during
our uptake experiments. Compared to controls without 5 or 6,
the bacterial morphology and quantity did not change when 5
or 6 was added. To confirm the iron dependency of our probe
6, we compared the labeling by 6 in S. aureus under different
levels of iron-limitation, ranging from restricted to abundant
iron conditions.
Clearly, labeling was profound under restricted conditions

(200 μM DP) and decreased as the amount of supplemented
free iron increased (Figure S5). The labeling was still notable
in LB with only residual iron (0 μM Fe). When extra iron was
supplemented (10−100 μM Fe), the labeling was abolished.
The correlation between labeling and iron-limitation showed a
strong iron dependency of labeling by SA-DORS-FL (6),
suggesting that our probe targeted S. aureus through the
siderophore-mediated iron uptake pathway, as shown
previously.20

Then, with SA and Van probes in hand, we examined their
targeting efficiency and strain selectivity. When using probe 6
in combination with three other Van probes under iron-
limiting conditions, both VSSA SA113 and the clinical isolate
of VRSA NR-49120 could still be efficiently labeled by 6, while
non-Staphylococcus bacteria, including E. faecalis, B. subtilis, and
E. coli, could not be labeled. Notably, the labeling efficiency of
VSSA was better than the labeling efficiency of VRSA, possibly
due to the thicker cell walls in VRSA (Figures 3a, S6a and
S7a). In contrast, three Van probes behaved differently in
bacterial labeling. VanN-Cy5.5 (11) only weakly labeled non-
Van-resistant Gram-positive bacteria, including VSSA, E.
faecalis, and B. subtilis, causing a 10- to 110-fold fluorescence
increase (Figure S6b). VanC-Cy5.5 (12) and VanC-
SulfoCy5.5 (13) strongly labeled three non-Van-resistant
Gram-positive bacteria. However, both Cy5.5- containing 11
and 12 also more or less labeled VRSA and VRE. Notably
when VRE was treated with 12, the labeling was very high
(Figure S7b). In contrast, 13 only limitedly labeled VRSA and
VRE (Figure 3b), despite the non-negligible VRE labeling. In
particular, when comparing the labeling between VSSA and
VRSA by our three probes, 13 exhibited the highest labeling
intensity when targeting VSSA (110-, 500-, and 1000-fold for
8, 12, and 13, respectively) (Figures 3b, S6b, and S7b) and the
greatest intensity ratio of VSSA/VRSA (5.7 vs 1.8 and 42 for
11, 12, and 13, respectively) (Figures 3b, S6b, and S7b),
making probe 13 a better candidate for our detection protocol
development.
Similar to the flow cytometry results, probe 6 labeled VSSA

and VRSA exclusively in fluorescence microscopy (Figures 3c,
S6c, and S7c), once again showing its unique Staphylococcus
targeting specificity. Additionally, all three Van probes, 11, 9,
and 13, successfully labeled VSSA, E. faecalis, and B. subtilis.
Nevertheless, 13 still exhibited the greatest fluorescence
intensity of VSSA labeling in the same image settings (Figures
3c, S6c, and S7c). However, probe 12 unexpectedly labeled
VRE quite well (Figure S7c).
The observed labeling of some Van probes to the D-Ala-D-

Lac-dominant VRSA and VRE seemed confusing and contra-
dictory to previous knowledge. After examining the dose-
dependent labeling of three Van probes, we observed that a
high dose (5 μM) might cause cell lysis. In addition, by
measuring MICs (Table 1), we noticed that 11 and 12 killed
VSSA as expected, but unlike Van, they also killed VRSA and
even E. coli at concentrations as low as 4−8 μM. However, 13
behaved similarly to Van, efficiently killing VSSA but not

Figure 2. Demonstration of selective bacterial labeling by SA-DORS-
FL (6) using fluorescence microscopy. Bacteria were treated with
probe 6 (2.5 μM probe at 37 °C for 4 h) with DP (200 μM). Scale
bar: 5 μm (full) or 0.5 μm (enlarged).
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VRSA and E. coli. As a reference, the MIC of Cy5.5-containing
9 was as low as the MIC of typical antibiotics, while
SulfoCy5.5-containing 10 was not considered to be toxic.
Hence, we realized that Cy5.5 in 11 and 12 was too toxic to
bacteria, possibly due to its hydrophobicity, causing non-
specific binding to the cell membrane as well as false positive
fluorescent signals. The hydrophobicity and toxicity should be
noteworthy, since Cy5.5 is frequently used in biological probes.
SulfoCy5.5 seemed not as toxic as Cy5.5 and is a better
fluorophore for biological labeling. However, the multiple
negative charges on sulfoCy5.5 could interfere with the binding
of the bacterial membrane and reduce nonspecific binding. As
a result, SulfoCy5.5-containing derivatives were less toxic than
Cy5.5-containing derivatives (Table 1). More impressively, the
multiple negative charges on sulfoCy5.5 do not seem to affect
the binding of Van, as shown in our results and other related

reports.24 Therefore, combined with the fact that the VanN-
derivatives were not stable, SulfoCy5.5-containing VanC-
derivative 13 at low concentrations (0.5 μM) was finally
chosen for further applications.
Finally, the differentiation protocol between VRSA and

VSSA by our dual fluorescent probes 6 and 13 was examined in
complex bacterial mixtures. First, either VSSA or VRSA was
premixed with four other bacteria, including B. subtilis, E. coli,
A. baumannii, and V. cholerae, before our dual probe treatment
under iron-limiting conditions. As a result, VSSA was labeled
as green/red spots (Figure 4a, solid boxes), while VRSA was
labeled as green spots in the mixture by fluorescence
microscopy (Figure 4a, dashed boxes). Encouraged by the
results, mixtures of both VRSA and VSSA, alone and with four
other bacteria, were tested by our dual probe protocol. Several
VRSA red spots were identified (Figure 4b, dashed boxes), and
many VSSA green/red spots were also labeled (Figure 4b) in
the selected field of views (FOVs). Rod-shaped B. subtilis was
targeted as red spots, while other pathogenic Gram-negative
bacteria, including E. coli, A. baumannii, and V. cholerae,
remained dark as predicted (Figure 1c). These imaging results
confirmed that our dual fluorescent probes could efficiently
distinguish VRSA from VSSA and other bacteria in the
mixtures.
In summary, we developed a VRSA detection scheme that

utilized two optimized fluorescent probes SA-DORS-FL (6)
and VanC-SulfoCy5.5 (13). By simultaneously utilizing our
two probes in flow cytometry and fluorescence microscopy,
VRSA can be labeled in a unique color pattern and

Figure 3. Strain-selectivity of SA-DORS-FL (6) and VanC-SulfoCy5.5 (13) by flow cytometry and fluorescence microscopy. (a) Flow cytometric
histograms of various bacteria treated with 5 μM 6 (green, FTIC channel) and 0.5 μM 13 (red, Cy5.5 channel) under iron-limiting conditions (200
μM DP at 37 °C for 4 h). 5 μM azFL (5) and 0.5 μM SulfoCy5.5-alkyne (10) were used as the negative controls (gray). (b) Quantification of
fluorescence intensity in (a). Bars represent fluorescence intensity normalized against the respective measured negative controls (median ± SD, in
triplicate). (c) Fluorescence microscopic images of various bacteria labeled with 5 μM 6 (FTIC channel) and 0.5 μM 13 (Cy5.5 channel) under
iron-limiting conditions (200 μM DP) (scale bar: 5 μm). Green, red, and yellow colors represent the FTIC, Cy5.5, and FTIC/Cy5.5 (both)
channels, respectively.

Table 1. MIC of Bacterial Strains

MIC (μM)

Compound VSSAa VRSAb E. colic

1 (vancomycin, Van) 1 256 256
9 (Cy5.5-alkyne) 2 1 4
10 (SulfoCy5.5-alkyne) 32 32 16
11 (VanN-Cy5.5) 1 4 4
12 (VanC-Cy5.5) 2 8 8
13 (VanC-SulfoCy5.5) 4 64 32

aVSSA (vancomycin-sensitive S. aureus), SA113. bVRSA (vancomy-
cin-resistant S. aureus), NR-49120. cE. coli (Escherichia coli, CFT073).
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distinguished from other Gram-positive and Gram-negative
bacteria, even from VSSA and other VREs. VISA did not
contain D-Ala-D-Ala, and therefore could not be distinguished
from VSSA with our detection protocol (data not shown).
Probe 6 showed supreme Staphylococcus specificity. Since
VRSA lacked D-Ala-D-Ala for Van binding, probe 13 detected
VRSA as a “negative” event. Although we fine-tuned the
fluorophores and the linkage site on Van, a detection protocol
using SA and Van to “positively” label VRSA and differentiate
between VRSA and VSSA might still be desired. Clinical
samples might contain many interfering substances that could
alter the fluorescence of dual probes. Sample pretreatments,
such as subculturing into LB medium or resuspension into PBS
buffer, might be preferable prior to our detection protocol in
the future medical applications.

■ METHODS
Chemical Synthesis. Compounds were synthesized from

commercially available starting materials and fully character-
ized by nuclear magnetic resonance spectroscopy and mass
spectrometry. Full experimental details and analytical data are
provided in the Supporting Information.

General Biological Materials and Methods. Several
bacterial strains used in this study are listed in Table S1. Brain
and heart infusion (BHI) and Luria−Bertani (LB) media were
prepared for bacterial cultivation. Media containing 100 μg/
mL vancomycin were used for culturing vancomycin-resistant
strains. A single colony from the stock agar plate was added to
2 mL of liquid medium with or without vancomycin and then
grown at 37 °C in a shaker incubator (200 rpm) overnight
followed by subculture until the OD600 value reached 0.5−0.7.

Minimum Inhibitory Concentration (MIC). One day
before the experiments, fresh cultures of VSSA SA113, VRSA
NR-49120, and E. coli CFT073 were inoculated and grown in
an orbital shaker at 37 °C in 100% LB. Trace vancomycin was
provided, especially in VRSA culture. After 18 h, the bacterial
stock solutions were adjusted to a germ solution with an
OD600 of 0.5. These diluted bacterial stock solutions were
then inoculated into a well of a V-shaped 96-well glass-coated
microtiter plate, and supplemented with serially diluted
aliquots of the solutions of vancomycin, vancomycin
conjugates, and two different dyes in DMSO (4 μL) to
achieve a total assay volume of 100 μL. After incubation for 16
h at 37 °C, the MIC values were determined through standard
MTT assays. The results are summarized in Table 1.

Flow Cytometry Analysis and Fluorescence Micros-
copy for SA-DORS-FL Probes. The bacteria (VSSA SA113,
E. faecalis ATCC 29212, B. subtilis ATCC 23857, and E. coli
CFT073) stored at −80 °C were first revived by incubation in
LB media (tryptone 10 g/L, yeast extract 5 g/L, NaCl 10 g/L)
for each bacterial strain at 37 °C overnight with shaking at 220
rpm. Then, 100 μL of the overnight bacterial culture was spun
down, the supernatant was removed, and the cells were
resuspended in minimal iron limiting or rich media (100 μL
LB medium supplemented with 200 μM 2,2′-dipyridyl (DP) or
various concentrations of iron(III) chloride). The spin-down
resuspension procedure was repeated three times. The cell
density was adjusted to OD600 = 0.5. The SA-DORS-FL (6)
stock solution (1 mM) was added to the bacterial culture to a
designated concentration (details in Figures 2 and S5) in 100
μL, and the resulting culture was incubated at 200 rpm and 37
°C for 4 h. Then, 100 μL of bacterial culture was spun down,
the supernatant was removed, and the cells were resuspended
in 100 μL of PBS (NaCl 8 g/L, KCl 0.2 g/L, Na2HPO4 1.44 g/
L, KH2PO4 0.24 g/L). The spin-down resuspension procedure
was repeated three times. 1 μL of bacterial solution was then
loaded onto a microscope imaging slide and covered with a
coverslip. The imaging was performed on Axio Observer Z1
(Zeiss) with 63× oil immersion lens. The fluorescent images
were monitored by using an FITC channel (excitation 470 nm,
emission 518 nm).

Flow Cytometry Analysis and Fluorescence Micros-
copy for SA-DORS-FL/Van Probes. VSSA SA113, VRSA
NR-49120, E. faecalis ATCC 29212, VREs, B. subtilis ATCC
23857, and E. coli CFT073 stocks were inoculated and grown
in an orbital shaker at 37 °C in 1 mL BHI (brain and heart
infusion) medium, respectively. Additionally, VRSA and VREs
were supplied with vancomycin (100 mg/mL, 1000-fold
dilution) to induce their expression of Van A operon to resist
vancomycin. Then, 100 μL of the overnight bacteria culture
was spun down, the supernatant was removed, and the cells
were resuspended in 100 μL LB medium with 200 μM
bipyridine (DP). The spin-down resuspend procedure was
repeated 3 times and then adjusted to OD600 = 0.5. SA-
DORS-FL (6) stock solution was added to the bacterial

Figure 4. Staphylococcus-specific and Van-resistant labeling in mixed
bacteria samples with the dual probes SA-DORS-FL (6) and VanC-
SulfoCy5.5 (13) using fluorescence microscopy. (a) VSSA (yellow
dots, solid box) or VRSA (green dots, dashed box) and (b) both
VSSA and VRSA (dashed box) were treated with probes 6 (5 μM)
and 13 (0.5 μM) in the presence of four non-Staphylococcus bacteria,
including B. subtilis, E. coli, A. baumannii, and V. cholera, (37 °C for 4
h) with 200 μM DP. Green, red, and yellow colors represent the
FTIC, Cy5.5, and FTIC/Cy5.5 (both) channels, respectively. FOV:
field of view; scale bar: 5 μm.
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culture to a final concentration of 5 μM and Van probe
(VanN-Cy5.5 (11), VanC-Cy5.5 (12), or VanC-SulfoCy5.5
(13)) stock was also added to the bacterial solution to a final
concentration of 0.5 μM. Pure bacteria served as the control
group. Then, the culture was incubated at 200 rpm and 37 °C
for 2 h. Then, 100 μL of the bacterial culture was spun down,
the supernatant was removed, and the cells were resuspended
in 1 mL PBS. The spin-down resuspend procedure was
repeated 3 times. Next, 2 μL of the bacterial solution was
loaded onto an agarose gel on top of an imaging glass slide and
covered with a coverslip. Imaging was performed on Nikon Ti2
inverted microscopy with 100× oil immersion lens. The
fluorescein signal was monitored by using the FITC channel
(λex = 470/λem = 518 nm) and the NIR fluorophore signals
were observed with the Cy5.5 channel (λex = 650/λem = 750
nm) After that, a fraction of 50 μL bacterial solution was
diluted 10-fold in PBS for further applications in flow
cytometry analysis on a BD Canto II flow cytometer, using
488 nm excitation, 585/42A filter set, and/or 633 nm
excitation, APC 660/20 filter set.
Flow Cytometry Analysis and Fluorescence Micros-

copy for Mixed Samples. VSSA SA113, VRSA NR-49120,
V. cholerae NCTC 8021, B. subtilis ATCC 23857, A. baumannii
ATCC 19606, and E. coli CFT073 stocks were inoculated and
grown in an orbital shaker at 37 °C in 1 mL BHI (brain and
heart infusion) medium, respectively, and VRSA was addition-
ally supplied with vancomycin (100 mg/mL, 1000-fold
dilution) to induce its expression of Van A operon to resist
vancomycin. Then, 100 μL of the overnight bacterial culture
was spun down, the supernatant was removed, and the cells
were resuspended in 100 μL LB medium with 200 μM
bipyridine (DP). Then, three different combinations of
mixtures were divided into the following three groups;
Group 1: VSSA, B. subtilis, V. cholerae, A. baumannii, and E.
coli; Group 2: VRSA, B. subtilis, V. cholerae, A. baumannii, and
E. coli; Group 3: all six bacterial cultures. All groups of
bacterial complex samples were mixed and adjusted to OD600
= 0.5. SA-DORS-FL (6) stock solution was added to the
bacterial culture to a final concentration of 5 μM, and VanC-
SulfoCy5.5 (13) stock solution was also added to the bacterial
solution to a final concentration of 0.5 μM. The separate
mixture of pure bacteria served as the control group. Then, the
mixed sample was incubated at 200 rpm and 37 °C for 2 h.
Then, 100 μL of the bacterial culture was spun down, the
supernatant was removed, and the cells were resuspended in 1
mL PBS. The spin-down resuspend procedure was repeated 3
times. Next, 2 μL of bacterial solution was loaded onto an
agarose gel on top of an imaging glass slide and covered with a
coverslip for imaging.
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