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Methods for optical tracking of pathogen—host interactions are of biomedical significance. We herein have

Received 13th September 2021, reported a high molecular weight pH sensor (Den-pH) that is assembled in bacteria and then stably trapped

Accepted 28th October 2021 in bacteria irrespective of bacterial membrane potentials. Endowed with acidity-triggered red fluorescence,
Den-pH allows signal-on tracking of S. aureus in phagocytosis by macrophages. Intra-bacterial formation of

multifunctional optical probes, which offers the advantage of overcoming the liability of conventional

DOI: 10.1039/d1tb02012a

Published on 03 November 2021. Downloaded by Xiamen University on 2/21/2022 8:32:11 AM.

rsc.li/materials-b

Introduction

Pathogenic bacteria remain a major health threat,” necessitating
fluorescent labeling of bacteria to probe host-pathogen interactions.
Currently, bacteria are often tagged by fluorescent proteins®’
or cationic dyes that accumulate in bacteria driven by negative
potentials across the bacterial membrane.®** The former
approach requires lengthy genetic manipulation and is often
incapable of discerning bacteria engulfed in immune cells
from extracellular bacteria. In the latter approach, the cationic
dyes are prone to dissipation upon stress or damage
inflicted on bacteria, e.g. loss of membrane potentials
caused by antibacterial effectors.® As such, methods that
could be used to track stressed bacteria while allowing
signal-on imaging of internalized bacteria over extracellular
ones offer a simplified and yet robust tool for biomedical
investigation.

Phagocytosis by which phagocytes capture and destroy
invading pathogens is a key defence mechanism of innate
immunity."*° To date, phagocytosis has been indirectly
assayed via cellular uptake of fluorescein-labelled latex beads
or dead bacteria.*® Albeit widely used to label bacteria, small
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potential-sensitive dyes to dissipate from stressed bacteria, offers a new tool to study stressed pathogens.

molecular cationic dyes readily dissipate from bacteria upon
attenuation of membrane potentials caused by antibacterial
effectors during phagocytosis. This limits the use of small
molecular imaging agents to track stressed bacteria. Recently,
intra-organelle chemical ligation was employed to image
mitophagy using a multifunctional optical probe formed in
mitochondria. Stably trapped in stressed mitochondria, the
in situ formed probe enables dual color tracking of stressed
mitochondria in mitophagy by acidity-triggered fluorescence
upon delivery of mitochondria into acidic autolysosomes.?”
Mitochondria are endosymbionts evolved from an ancient
proteobacterium.**7° viable bacteria possess transmembrane
potentials critical for normal cell functions, a parameter akin to
mitochondrial membrane potentials.’’*> To date, imaging of
bacteria with optical sensors synthesized in situ has been
largely unexplored.

Staphylococcus aureus (S. aureus) is highly pathogenic
and is associated with multiple diseases such as wound
infection®>?® and infective endocarditis.>*** Inspired by
intra-organelle chemical ligation used to track stressed mito-
chondria in mitophagy, we sought to image phagocytosis of S.
aureus via bacterium-constricted chemical ligation (BCCL)
using a pair of conventional potential-sensitive probes, which
each alone fails to track bacteria with ablated membrane
potentials (Fig. 1). This is operated via strain-promoted azide—
alkyne cycloaddition (SPAAC) between an azido-containing cationic
pH sensor (**’ProRed) and a dibenzocyclooctyne (DBCO)-
conjugated blue-emissive cationic probe ("P°°Blue-TPP)
(Fig. 1). The in situ formed acidity-reporting dendritic probe
(Den-pH) is stably trapped in stressed S. aureus, enabling
fluorescence-on imaging of phagocytosis by sensing pH acid-
ification upon delivery of bacteria into phagosomes in macro-
phage-S. aureus interaction (Fig. 1).
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Fig. 1 Schematic of fluorescence-on imaging of bacterial phagocytosis
by Den-pH formed in bacteria. ®*ZProRed and PE€©Blue-TPP that tan-
demly accumulate in bacteria undergo BCCL to give Den-pH, a hexameric
pH-reporting sensor of high molecular weight. Den-pH is stably trapped in
bacteria and exhibits turn-on red fluorescence upon internalization of
bacteria into acidic phagolysosomes.

Results and discussion

We first sought to examine whether BCCL could be used to tag
bacteria with diminished trans-membrane potentials. As a
proof of concept, we developed two sets of chemical probes
that (1) selectively accumulate in bacteria, (2) exhibit distinct
fluorescence to indicate their retention in bacteria, and (3)
contain bio-orthogonal handles for SPAAC. Because cationic
rhodamine and triphenylphosphonium (TPP) effectively target
bacteria,® we synthesized "®*“°Blue-TPP that contains DBCO for
SPAAC, a blue-emissive coumarin, and a TPP moiety. Because
diffusion coefficients decrease with increasing molecular mass
and to achieve an adduct trappable in S. aureus, we also
synthesized three cationic rhodamines containing 2, 4 or 6
azido groups, respectively (henceforth referred to as **?Red,
*AZRed and ***Red) (Fig. 2). These probes were designed to give
adducts of varied molecular weight via SPAAC with "P°“Blue-
TPP. In vitro reaction of "P“°Blue-TPP with >**Red, **“Red, or
A%Red gave rise to divalent, tetrameric and hexameric adducts,
respectively, as evidenced by mass spectrometry analysis
(Fig. S1, ESIY), showing their capability to form adducts of
varied molecular weight via bio-orthogonal reaction.

To achieve BCCL, we ascertained probe selectivity for bacteria
by culturing S. aureus with **“Red, **“Red, **“Red or "®“°Blue-
TPP, independently. We observed bright fluorescence of
individual probes inside bacteria (Fig. S2, ESIT), showing their
capability to be effectively partitioned in S. aureus. These
bacterial samples were further treated with carbonyl cyanide
m-chlorophenylhydrazone (CCCP) to dissipate the trans-
membrane potentials.** CCCP caused complete loss of these
probes from S. aureus (Fig. S3-S5, ESIf), demonstrating the
inability of these probes alone to tag S. aureus with ablated
trans-membrane potential. These results are consistent with
the incapability of conventional potential-sensitive dyes to
track stressed bacteria. Then, we demonstrated that BCCL of
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Fig. 2 Model reactions for BCCL: formation of optical probes of different
MW in bacteria. Chemical structures and MW of PB<©Blue-TPP, A?Red,
4AZped and ®A?Red, and the corresponding divalent, trivalent and
hexavalent adducts.

DECOBlue-TPP with **?Red, ***Red, or ***Red efficiently occurred
in S. aureus, as evidenced by mass spectrometry analysis (Fig. S6,
EST%).

To assess whether high molecular weight (MW) sensors
formed in bacteria could be used to track stressed bacteria,
we stained S. aureus with **’Red, **?Red, or ®*’Red, and then
with PPCCBlue-TPP. These bacteria were stressed with CCCP
and then visualized for intra-bacterial fluorescence. In sharp
contrast to bright red fluorescence that remained in S. aureus
pre-stained with ®*’Red/”®“°Blue-TPP after CCCP treatment,
*A’Red’/P®“CBlue-TPP" or **“Red’/DBCBlue-TPP+ bacteria
underwent complete fluorescence loss caused by CCCP
(Fig. 3). In addition, S. aureus treated with "®°°Blue-TPP and
azido-free cationic rhodamine that lacks an azido moiety
required for SPAAC exhibited fluorescence loss in the presence
of CCCP (Fig. S7, ESIt). Taken together, these data show the
critical role of higher MW adducts formed in situ in fluorescent
tagging of stressed S. aureus, proving the applicability of
BCCL for fluorescence tracking of bacteria without resort to
transmembrane potentials.

Having shown that BCCL could be used to tag CCCP-stressed
S. aureus, it was further employed to track bacteria in phago-
cytosis. We first introduced a reference signal to pinpoint
bacteria by metabolic labelling of the peptidoglycan of S. aureus
with fluorescein isothiocyanate-conjugated b-lysine (FITC-p-
Lys),>** 8. aureus prelabeled with FITC-p-Lys were cultured
with ??Red, *“Red, or ®*’Red, and then stained with P®¢®
Blue-TPP. The bacteria were washed with PBS, and then co-
cultured with bone marrow derived macrophages (BMDMs).
Confocal imaging revealed punctate red fluorescence stringently
colocalized with FITC-p-Lys in **“Red’/”®“°Blue-TPP" bacteria
inside macrophages (Fig. S8, ESIt). In contrast, S. aureus stained
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Fig. 3 Effects of the molecular size of optical adducts formed in bacteria
on fluorescent tagging of stressed bacteria. S. aureus were incubated at
37 °C for 1 h with 2*?Red (50 pM), **?Red (50 uM), or ®A%Red (200 pM), and
then with PBS©Blue-TPP (100 pM, 200 pM, 600 pM) for 1 h. S. aureus
were washed with phosphate buffered saline (PBS), and then cultured
with CCCP (300 pM) for 1 h before confocal microscopic analysis.
Scale bar: 6 pm.

with **?Red/”®““Blue-TPP or **’Red/"®*“°Blue-TPP gave massive
red signals overwhelming punctate green signals of FITC-p-Lys
(Fig. 4), reflecting probe leakage from phagocytosed S. aureus.
These results proved the critical role of higher MW or molecular
size of optical sensors formed in situ in tracking stressed
S. aureus in phagocytosis.

Encouraged by the demonstrated applicability of BCCL to
track S. aureus stressed with CCCP or BMDMs, we set to explore
whether BCCL could be employed for signal-on imaging of
bacterial phagocytosis. We therefore designed Den-pH that
could be synthesized from PP°°Blue-TPP and ®*’ProRed-TPP
(Fig. 5A). ®**“ProRed-TPP, integrating a TPP moiety for bacterial
targeting and six azido groups for SPAAC, -contains
X-rthodamine-lactam (ROX-lactam) which is a derivative of
ROX suitable for signal-on imaging of acidic lysosomes
(Fig. 5A).*°™* To examine its pH responsiveness, ***ProRed-
TPP was spiked into a buffer of varied pH. Analysis revealed
that **“ProRed-TPP was nonfluorescent at neutral-to-alkaline
pH, but exhibited intense red fluorescence in acidic media
(Fig. S9A, ESIt), which is consistent with protonation mediated
fluorogenic isomerization of ROX-lactam (Fig. 5A). We then
synthesized Den-pH in vitro and then recorded its fluorescence
emission as a function of buffer pH. Den-pH exhibited acidity
triggered red fluorescence similar to **“ProRed-TPP (Fig. 5B).
The blue fluorescence of Den-pH was inert to pH alterations
(Fig. S9B, ESIY). In addition, there was no detectable FRET
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Fig. 4 Effects of molecular size of optical adducts formed in bacteria on
tracking stressed bacteria in phagocytosis. S. aureus prelabeled with FITC—
b-Lys were incubated at 37 °C for 1 h with 2AZRed (50 uM), “*?Red (50 uM)
and %*?Red (200 pM), and then with PB<©Blue-TPP (100 pM, 200 pM,
600 puM) for 1 h. The cells were washed with PBS and then co-cultured with
BMDMs for 1 h before confocal microscopic analysis. Scale bar: 15 um.

effect between the coumarin and rhodamine group of Den-pH
(Fig. S9C, ESIT). These results support the potential of Den-pH
for signal-on imaging of phagocytosis by acidity-triggered red
fluorescence.

To test whether Den-pH could be trapped in stressed bacteria,
S. aureus were cultured with **“ProRed-TPP either alone or in
combination with P*“°Blue-TPP. Both bacterial samples were
further treated with CCCP to dissipate transmembrane
potentials and then suspended in a buffer of pH 4.0 or pH 7.0.
CCCP caused a significant decrease of red fluorescence in
5A%ZproRed-TPP* S. aureus, whereas the red fluorescence in
%AZproRed-TPP'/°®“°Blue-TPP" (Den-pH) S. aureus was largely
unaffected (Fig. 6 and Fig. S10, ESIf). In addition, Den-pH
synthesized in vitro was incapable of staining S. aureus
(Fig. S11, ESIf). Combined, these results demonstrated that
Den-pH formed from intra-bacterial ligation enabled retention
of acidity-reporting red fluorescence in CCCP-stressed bacteria.

We then assessed the acidity responsiveness of Den-pH in
bacteria by suspending Den-pH" S. aureus in a buffer of pH 4.0-
8.0. Confocal imaging revealed bright rhodamine fluorescence
in bacteria maintained at acidic pH, whereas no fluorescence
could be identified in S. aureus at pH 8.0-6.0 (Fig. 7A), showing
acidity-elicited red fluorescence of Den-pH in live bacteria. Flow
cytometry revealed intense red fluorescence displayed within
S. aureus at acidic pH as compared to that at neutral or alkaline
pH (Fig. 7B).

After validating that Den-pH could be trapped in bacteria
irrespective of membrane potentials whereby it exhibited
acidity-triggered red fluorescence, we were keen to test its
performance to track bacterial phagocytosis. S. aureus were
labeled with FITC-p-Lys and then stained with ®*“ProRed-
TPP/°2°°Blue-TPP (henceforth referred to as FITC-p-Lys'/
Den-pH" S. aureus). The bacteria were isolated and then co-
cultured with BMDMs. We observed discrete red fluorescence
colocalized with green fluorescence of FITC-p-Lys inside
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Fig. 5 Optical property of Den-pH. (A) Formation of Den-pH by in vitro
SPAAC of A2ProRed-TPP with PB€©Blue-TPP and acidity triggered fluoro-
genic isomerization of Den-pH. (B) pH titration of Den-pH. Fluorescence
emission spectra of Den-pH. Den-pH was added to PBS buffer (10 mM) of
varied pH (4.0-9.0) to a final concentration of 10 uM, and the solutions
were analyzed for fluorescence emission using Aex = 590 nm.

macrophages (Fig. 8). In contrast, bacteria outside macro-
phages exhibited bright green fluorescence and null red
fluorescence (Fig. 8 and Fig. S12, ESIt). In addition, FITC-p-
Lys* S. aureus stained with ®*“ProRed-TPP alone gave rise to
massive red fluorescence over green fluorescence in BMDMs,
reflecting leakage of **“ProRed-TPP from bacteria to lysosomes
(Fig. 8 and Fig. S13, ESIY). In separate experiments we showed
that "P°°Blue-TPP was located in mitochondria whereas
Den-pH was located within the lysosomes of BMDMs (Fig. S14
and Fig. S15, ESIf). These results validate the feasibility
of BCCL for fluorescence-on tracking of phagocytosis and the
use of Den-pH to differentiate phagocytosed bacteria from
unphagocytosed ones.

To consolidate phagosomal acidity-mediated red fluorescence
in bacteria, BMDMs loaded with FITC-p-Lys'/Den-pH" S. aureus
were treated with Bafilomycin A1 (Baf-A1), a potent ATPase
inhibitor, to neutralize phagolysosomal acidic pH.*>>" In contrast
to bright red fluorescence associated with phagocytosed S. aureus,
Baf-A1 treatment leads to loss of red fluorescence of Den-pH
trapped in bacteria (Fig. 9), validating phagolysosomal acidity-
elicited red fluorescence of Den-pH in phagocytosis.
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Fig. 6 Den-pH formed in bacteria enables fluorescent tagging of CCCP-
stressed S. aureus. S. aureus were incubated at 37 °C for 1 h with or without
DBCOB|ye-TPP (300 uM), and then with ®A?ProRed-TPP (200 uM) for 1 h.
The bacteria were maintained in PBS buffer (pH 4.0) containing CCCP
(300 pM) for 1 h and then visualized by confocal microscopy. Scale bar: 6 pm.
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Fig. 7 pH responsiveness of Den-pH in bacteria. S. aureus pre-stained
with PBCOBlue-TPP (300 pM) and S*?ProRed-TPP (200 pM) were
resuspended in buffers of pH 4-8 before confocal microscopic analysis
(A) or flow cytometry (B). Flow cytometric assays were performed using
Aex =565 nm and Aem = 590-620 nm for rhodamine fluorescence.
Scale bar: 6 pm.
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Fig. 8 BCCL enabled fluorescence-on imaging of phagocytosis of
S. aureus by macrophages. S. aureus pre-labeled with FITC-bp-Lys were
incubated at 37 °C for 1 h with ®A?ProRed-TPP (200 M) and then with or
without PB€CBlue-TPP (600 puM) for 1 h. The bacteria were harvested,
washed and then co-cultured with BMDMs for 1 h before confocal
microscopy imaging. Scale bar: 15 pm.
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Fig. 9 Effects of phagolysosomal acidity on red fluorescence of Den-pH
in phagocytosis. FITC—b-Lys* S. aureus were incubated with $*ZProRed-TPP
(200 pM) and then with PE<©Blue-TPP (600 pM). The bacteria were co-cultured
with BMDMs for 1 h. BMDMs were further treated with or without Baf-Al
(50 nM) for 8 h, and then visualized by confocal microscopy. Scale bar: 10 pm.

Conclusion

Optical tracking of stressed bacteria is valuable to probe
pathogen-host interactions where methods that could be used
to pinpoint phagocytosed bacteria are of biomedical significance.
We herein report bacteria-confined chemical ligation (BCCL) for
signal-on imaging of S. aureus upon phagocytosis. BCCL employs
two conventional small molecular probes, which each alone fails
to track stressed bacteria, to form Den-pH, a dendritic pH sensor
of high molecular weight that could be stably trapped in bacteria
without resort to bacterial membrane potentials. Uptake of Den-
pH-loaded S. aureus into phagosomes leads to acidity triggered
red fluorescence whereas unphagocytosed bacteria exhibit blue
fluorescence. The signal-on imaging of phagocytosis shows the
utility of BCCL for obtaining multifunctional optical sensors for
tracking stressed bacteria, representing a new perspective from
which to study stressed pathogens.

Experimental
Materials and methods

LysoTracker Blue DND 22 was purchased from Invitrogen.
Bafilomycin A1 (Baf-A1) was purchased from Sigma.

This journal is © The Royal Society of Chemistry 2021
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5-Carboxy-X-rhodamine (5-ROX) was obtained from Biolumi-
nor, Xiamen. FITC-p-Lys and ROX-EDA were synthesized fol-
lowing a reported procedure.® TPP-NHS was synthesized
following a reported procedure.”® Bis(2-azidoethyl)amine,
0AzRed and >*?Red were synthesized following a reported
procedure.”” Compound 9 was prepared following a reported
procedure.® All other reagents were purchased from Alfa Aesar.
NMR spectra were recorded on a Bruker instrument using
tetramethyl silane as the internal reference. Mass analysis
was performed on Bruker En Apex ultra 7.0T FT-MS.

The fluorescent spectra were collected with SpectraMax M5.
Confocal microscopy imaging was performed on Leica SP8
using the following filters: Ae,@552 nm and Ae,@565-650 nm
for RB and ROX signals; A.,@488 nm and Ae,, @500-530 nm for
the FITC signal; and Z.,@405 nm and A, @430-4800 nm for
coumarin and LysoTracker blue. The images of merged fluores-
cence were processed using LAS X. Graphs were generated with
Graphpad Prism 7.

General procedure for bacterial labelling: S. aureus were
grown at 37 °C in LB medium until the ODgy, reached 0.6
and then the culture was diluted to ODgoo ~ 0.3 with fresh LB
medium spiked with indicated optical probes. S. aureus were
harvested by centrifugation, washed with PBS three times, and
then resuspended in LB medium containing another probe for
BCCL. These BCCL" cells were collected by centrifugation and
rinsed three times with PBS for further applications.

Synthetic procedures of **“ProRed-TPP (Scheme S1, ESIY)

Synthesis of compound 1. To a flask containing N,N-
dimethylformamide (DMF, 5 mL), TPP-NHS (460 mg, 1 mmol)
and  N°{(1,1-dimethylethoxy)carbonyl]-i-lysine (369 mg,
1.5 mmol) was added triethylamine (TEA) (404 mg, 4 mmol).
The mixture was stirred at room temperature for 3 h and then
concentrated in vacuo. The residue was dissolved in CH,CI,
(10.0 mL). The organic solution was washed with aqueous
hydrochloric acid (1 M, 3 x 10.0 mL) and saturated sodium
chloride (10.0 mL), dehydrated with anhydrous Na,SO,, and
then concentrated. The residue was subjected to silica gel
chromatography using CH,Cl,/MeOH (10:1) as the eluent to
yield compound 1 in 90% yield (530.0 mg). "H NMR (500 MHz,
DMSO) ¢ 12.50 (s, 1H), 8.11 (d, J = 7.7 Hz, 1H), 7.89 (ddd, J =
6.7, 5.2, 2.1 Hz, 3H), 7.84-7.72 (m, 12H), 6.77 (t, ] = 5.4 Hz, 1H),
4.09 (td,J = 8.4, 5.1 Hz, 1H), 3.61 (dd, J = 15.9, 14.0 Hz, 2H), 2.84
(tt,] = 8.6, 4.3 Hz, 2H), 2.19 (t,] = 7.1 Hz, 2H), 1.70 (dq, J = 14.4,
7.1 Hz, 2H), 1.61 (dd, J = 19.9, 6.3 Hz, 1H), 1.57-1.44 (m, 3H),
1.36 (s, 9H), 1.31 (dd, J = 14.5, 7.2 Hz, 2H), 1.21 (dd, J = 15.0,
7.8 Hz, 2H). *C NMR (126 MHz, DMSO) § 173.67, 171.74,
155.57, 134.89, 134.87, 133.61, 133.53, 130.29, 130.19, 118.86,
118.18, 77.34, 51.74, 34.00, 30.68, 29.06, 28.26, 26.21, 26.07,
22.78,21.31, 20.34, 19.94. MS (ES") calcd for C3,H,4N,0sP" (M")
m/z 591.2982; found: 591.1.

Synthesis of compound 2. To the solution of N-[(1,1-
dimethylethoxy) carbonyl]-L.-glutamic acid (335 mg, 1.36 mmol)
in DMF (5.0 mL) were added 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-
4-methylmorpholinium chloride (DMTMM, 1.12 g, 4.08 mmol)
and bis(2-azidoethyl) amine (626.0 mg, 4.08 mmol). The reaction
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solution was stirred for 5 h at room temperature and then
concentrated. The residue was dissolved in CH,Cl, (15.0 mL).
The resultant organic solution was washed with aqueous hydro-
chloric acid (1 M, 3 x 10.0 mL), extracted with saturated aqueous
sodium bicarbonate (3 x 10.0 mL), dried with anhydrous
Na,S0,, and then concentrated. The residue was purified by
silica gel chromatography using petroleum ether/ethyl acetate
(1:1) as the eluent to afford compound 2 in 92% yield
(650.0 mg). 'H NMR (500 MHz, CDCl;) 6 5.78 (s, 1H), 5.48 (d,
J = 8.6 Hz, 1H), 4.64 (t, ] = 8.7 Hz, 1H), 4.14 (dd, J = 9.3, 5.8 Hz,
1H), 3.79 (dd, J = 20.2, 12.1 Hz, 1H), 3.64-3.48 (m, 11H), 3.46-
3.39 (m, 1H), 3.31 (dd, J = 13.2, 5.8 Hz, 1H), 2.68-2.53 (m, 1H),
2.42 (d, J = 16.9 Hz, 1H), 2.11 (d, J = 23.4 Hz, 1H), 1.67 (t, ] =
12.0 Hz, 1H), 1.42 (s, 9H). **C NMR (126 MHz, CDCl;) § 173.82,
172.78, 156.08, 100.08, 80.25, 50.28, 49.88, 49.67, 49.56, 49.29,
48.07, 47.97, 46.99, 46.51, 28.60, 28.34. MS (ES") caled for
C15H3,N150, (M + H) m/z 522.276, found: 522.4.

Synthesis of compound 4. Compound 2 (572.0 mg,
0.92 mmol) was dissolved in CH,Cl, (12.0 mL) containing
trifluoroacetic acid (TFA, 4.0 mL). The mixture was stirred at
room temperature for 1 h and then concentrated in vacuo. The
residue was dissolved in CH,Cl, (30.0 mL). The organic solution
was washed with saturated aqueous solution of NaHCO;
(30.0 mL), dehydrated with Na,SO,, and then concentrated to
afford crude product compound 3. To the solution of compound
1 (494 mg, 0.83 mmol) in CH,Cl, (20.0 mL) were added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)
(240 mg, 1.25 mmol) and N-hydroxysuccinimide (NHS, 144 mg,
1.25 mmol). The reaction mixture was stirred at room temperature
for 1.5 h, followed by the addition of crude compound 3 and TEA
(253 mg, 2.51 mmol). The reaction mixture was stirred at room
temperature for 8 h and then washed with aqueous hydrochloric
acid (1 M, 3 x 20.0 mL). The organic phase was extracted with
saturated aqueous sodium bicarbonate (3 x 20.0 mL), dried over
anhydrous sodium sulfate, and then concentrated by rotary
evaporation. The residue was purified by Al,O; chromatography
using CH,Cl,/MeOH (75 :1) as the eluent to afford compound 4 in
88% yield (731.0 mg). "H NMR (500 MHz, CDCl;) 6 9.27 (d, J =
7.1 Hz, 1H), 7.81-7.74 (m, 9H), 7.72-7.64 (m, 6H), 4.97 (s, 1H), 4.79
(d,J = 8.3 Hz, 1H), 4.40 (d, J = 3.5 Hz, 1H), 4.16-4.01 (m, 1H), 3.71
(s, 2H), 3.62 (dd, J = 12.8, 7.1 Hz, 2H), 3.57-3.42 (m, 10H), 3.33-
3.20 (m, 1H), 3.15 (dd, J = 11.9, 5.4 Hz, 1H), 3.12-2.94 (m, 3H), 2.73
(dd, J = 33.1, 17.7 Hz, 2H), 2.48 (d, J = 15.8 Hz, 2H), 2.05 (s, 1H),
2.00-1.74 (m, 6H), 1.69 (s, 1H), 1.46 (d, J = 34.5 Hz, 2H), 1.37
(s, 9H), 1.31-1.16 (m, 1H). *C NMR (126 MHz, CDCl;) § 173.08,
172.93, 172.91, 156.14, 135.14, 133.74, 133.66, 130.66, 130.57,
130.47, 118.83, 118.15, 78.85, 54.12, 50.55, 50.34, 49.29, 48.85,
48.73, 47.96, 47.78, 46.82, 46.45, 34.05, 32.04, 29.22, 28.62, 28.52,
27.40, 23.39, 21.06. MS (ES') caled for C,;HesN3;06P" (MY) m/z
994.504, found: 994.6.

Synthesis of compound 6. Compound 4 (600.0 mg,
0.60 mmol) was dissolved in CH,Cl, (18.0 mL) containing
TFA (6.0 mL). The mixture was stirred at room temperature
for 1 h and then concentrated in vacuo. The residue was
dissolved in CH,Cl, (30.0 mL). The organic solution was
washed with saturated aqueous solution of NaHCO;
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(30.0 mL), dehydrated with Na,SO,, and then concentrated to
afford crude product compound 5. To the solution of N-[(1,1-
dimethylethoxy) carbonyl]-5-methyl ester-i-glutamic acid
(204 mg, 0.78 mmol) in CH,Cl, (10.0 mL) were added EDC
(231 mg, 1.21 mmol) and NHS (138 mg, 1.21 mmol). The
reaction mixture was stirred at room temperature for 1 h,
followed by the addition of crude compound 5 and TEA
(182 mg, 1.80 mmol). The reaction mixture was stirred at room
temperature overnight and then washed with aqueous
hydrochloric acid (1 M, 2 x 10.0 mL). The organic phase was
extracted with saturated aqueous sodium bicarbonate (2 x 10.0 mL),
dried over anhydrous sodium sulfate, and then concentrated by
rotary evaporation. The residue was purified by Al,O; chroma-
tography using CH,Cl,/MeOH (50:1) as the eluent to afford
compound 6 in 80% yield (549.0 mg). 'H NMR (500 MHz,
CDCl;) & 9.28 (s, 1H), 8.06 (s, 1H), 7.79 (d, J = 5.2 Hz, 9H),
7.70 (s, 6H), 5.73 (d, ] = 7.1 Hz, 1H), 4.85 (t, ] = 8.3 Hz, 1H), 4.39
(t,J =13.3 Hz, 1H), 4.27 (s, 1H), 4.11 (d, ] = 15.1 Hz, 1H), 3.88 (s,
1H), 3.60 (d, J = 5.8 Hz, 4H), 3.57 (s, 3H), 3.52 (dd, J = 14.9,
7.7 Hz, 7H), 3.45-3.36 (m, 2H), 3.34-3.24 (m, 2H), 3.24-3.10 (m,
2H), 2.95 (s, 2H), 2.78 (s, 1H), 2.58 (d, J = 44.4 Hz, 2H), 2.42-2.34
(m, 2H), 2.11 (s, 2H), 2.00 (s, 2H), 1.91 (s, 1H), 1.75 (s, 4H), 1.61
(s, 2H), 1.45 (s, 2H), 1.36 (s, 9H), 1.25 (d, J = 16.1 Hz, 1H). °C
NMR (126 MHz, CDCl;) 6 173.99, 173.88, 172.69, 172.53, 171.55,
155.38, 135.11, 133.67, 133.59, 130.58, 130.48, 118.67, 117.98,
79.10, 54.30, 53.35, 51.61, 50.38, 50.14, 49.19, 48.96, 48.39,
47.87, 47.65, 46.64, 46.37, 37.94, 34.21, 30.48, 30.14, 29.08,
28.36, 28.02, 27.92, 26.62, 26.49, 22.52, 21.79, 21.38, 21.29.
MS (ES') caled for Cs3H,4NigOoP" (M) m/z  994.504,
found: 994.6.

Synthesis of compound 7. Compound 6 (380.0 mg,
0.33 mmol) was dissolved in CH,Cl, (9.0 mL) containing TFA
(3.0 mL). The mixture was stirred at room temperature for 1 h
and then concentrated in vacuo. The residue was dissolved in
CH,Cl, (20.0 mL). The organic solution was washed with saturated
aqueous solution of NaHCO; (30.0 mL) and dehydrated with
Na,SO,4. To the above organic solution were added succinic
anhydride (40 mg, 0.40 mmol), TEA (74 mg, 0.73 mmol) and
4-dimethylaminopyridine (DMAP, 40 mg, 0.33 mmol). The
solution was stirred at room temperature overnight and then
washed with aqueous hydrochloric acid (1 M, 2 x 20.0 mL). The
organic layer was dried with Na,SO,. To the above organic
solution were added DMTMM (92 mg, 0.33 mmol) and bis(2-
azidoethyl) amine (155.0 mg, 1.0 mmol). The reaction solution
was stirred overnight at room temperature and then concen-
trated. The residue was dissolved in CH,Cl, (15.0 mL).
The solution was washed with aqueous hydrochloric acid
(1 M, 2 x 10.0 mL), extracted with saturated aqueous sodium
bicarbonate (2 x 10.0 mL), dried with anhydrous Na,SO,, and
then concentrated. The residue was purified by Al,O; chroma-
tography using CH,Cl,/MeOH (50:1) as the eluent to afford
compound 7 in 62% yield (264.0 mg). 'H NMR (500 MHz,
CDCl;) & 9.18 (s, 1H), 8.08 (s, 1H), 7.86-7.66 (m, 15H), 7.21
(d,J = 8.0 Hz, 1H), 4.83 (dd, J = 22.1, 13.7 Hz, 1H), 4.61 (dd, J =
8.7, 4.5 Hz, 1H), 4.23 (s, 1H), 4.07 (dd, J = 17.7, 12.2 Hz,
1H), 3.75 (t, J = 13.6 Hz, 1H), 3.69-3.58 (m, 5H), 3.57 (s, 3H),
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3.56-3.42 (m, 9H), 3.39 (dd, J = 12.4, 6.2 Hz, 1H), 3.35-3.28 (m,
1H), 3.27-3.01 (m, 3H), 2.94-2.67 (m, 5H), 2.59 (dd, J = 21.7,
16.5 Hz, 4H), 2.53-2.37 (m, 4H), 2.37-2.18 (m, 3H), 2.17-2.03
(m, 1H), 1.94 (s, 3H), 1.63 (dd, J = 64.0, 49.6 Hz, 6H), 1.40 (d, J =
30.9 Hz, 2H), 1.37-1.16 (m, 3H). "*C NMR (126 MHz, CDCl;) §
177.80, 173.36, 172.90, 172.82, 168.04, 135.34, 135.32, 133.71,
133.63, 130.70, 130.60, 118.68, 117.99, 54.69, 53.25, 51.69,
50.63, 50.53, 50.29, 49.33, 49.07, 48.43, 48.40, 47.97, 47.76,
46.71, 46.41, 38.12, 34.31, 31.37, 30.32, 28.85, 28.46, 28.19,
27.80, 26.51, 26.39, 23.62, 22.49, 22.25, 21.84, 21.56. MS (ES")
caled for CsqH77N,500P" (M') m/z 1274.607, found: 1274.9.

Synthesis of ***ProRed-TPP

To the solution of compound 7 (120.0 mg, 0.09 mmol) in
tetrahydrofuran (THF, 4.0 mL) was added aqueous solution of
NaOH (8 mg, 1.0 mL). The solution was stirred at room
temperature for 4 h and then neutralized with aqueous hydro-
chloric acid (1 M). The reaction mixture was concentrated i vacuo.
The residue was dissolved in DMF (5 mL). To the above organic
solution were added DMTMM (64 mg, 23.7 mmol) and ROX-
EDA (101 mg, 0.19 mmol). The reaction solution was
stirred for 8 h at room temperature and then concentrated.
The residue was dissolved in CH,Cl, (10.0 mL) and then
washed with H,O (10.0 mL). Then the organic phase was
extracted with saturated aqueous sodium bicarbonate (2 x
10.0 mL). The organic phase was dried with anhydrous Na,SO,
and then concentrated. The residue was purified by silica gel
chromatography using ethyl acetate/CH;OH/TEA (5:1:0.05) as
the eluent to afford compound ®**ProRed-TPP in 60% yield
(100.0 mg). "H NMR (500 MHz, CDCl;) § 7.91-7.62 (m, 16H),
7.43 (dd, J = 16.0, 13.1 Hz, 2H), 7.11-6.97 (m, 1H), 5.97 (s, 2H),
4.81 (dd, J = 18.0, 9.4 Hz, 1H), 4.46-4.15 (m, 1H), 3.75-3.57 (m,
6H), 3.53-3.38 (m, 10H), 3.36-3.21 (m, 5H), 3.10 (d, J = 25.3 Hz,
10H), 2.88 (s, 5H), 2.68-2.53 (m, 3H), 2.53-2.25 (m, 10H), 2.19
(dd, = 18.2, 10.4 Hz, 2H), 2.09 (d, ] = 16.3 Hz, 2H), 2.02 (s, 4H),
1.92 (d, J = 7.8 Hz, 2H), 1.86 (d, J = 31.6 Hz, 7H), 1.75 (d, J =
7.0 Hz, 3H), 1.62-1.51 (m, 2H), 1.39 (dd, J = 19.2, 8.5 Hz, 2H),
1.33-1.26 (m, 5H), 1.23-1.16 (m, 3H). *C NMR (126 MHz,
CDCl;) & 172.87, 172.81, 172.80, 172.78, 148.22, 143.70,
135.22, 135.07, 133.65, 133.57, 132.65, 130.56, 130.51, 130.41,
129.99, 129.76, 127.97, 124.24, 124.01, 122.72, 118.79, 117.49,
107.71, 104.88, 50.46, 50.38, 50.32, 50.29, 50.19, 50.13, 50.11,
50.10, 49.86, 49.84, 49.40, 49.26, 49.23, 49.19, 49.00, 48.97,
47.88, 47.85, 47.76, 47.74, 47.70, 46.82, 46.71, 46.65, 46.37,
46.34, 37.09, 35.91, 34.46, 31.91, 31.90, 31.43, 31.39, 30.18,
30.02, 29.76, 29.69, 29.62, 29.51, 29.36, 29.31, 29.27, 29.13,
28.30, 27.17, 25.57, 22.68, 21.90, 21.39, 21.20, 14.12. HRMS
(ES") caled for CgoHigoN20010P" (M) m/z 1775.8678, found
1775.8699.

Synthesis of **?Red (Scheme S2A, ESIY)

To a solution of 5-ROX (100 mg, 0.19 mmol) in DMF (4.0 mL)
were added DMTMM (126.0 mg, 0.47 mmol) and bis(2-
azidoethyl)amine (72.5 mg, 0.47 mmol). The reaction solution
was stirred for 8 h at room temperature and then concentrated.
The residue was dissolved in CH,Cl, (10.0 mL) and then
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washed with aqueous hydrochloric acid (1 M, 2 x 10.0 mL).
The organic phase was extracted with saturated aqueous
sodium bicarbonate (2 x 10.0 mL). The organic layer was dried
over anhydrous sodium sulfate, and then concentrated by
rotary evaporation. The residue was purified by silica gel
chromatography using CH,Cl,/MeOH (20:1) as the eluent to
afford ***Red (124.0 mg, 85%). "H NMR (500 MHz, CDCl;) 6
7.76 (d, J = 6.2 Hz, 2H), 7.38 (d, J = 8.0 Hz, 1H), 6.79 (s, 2H),
3.84-3.68 (m, 5H), 3.53 (t,J = 24.6 Hz, 11H), 3.32 (d, J = 49.6 Hz,
4H), 3.08 (s, 2H), 3.04-2.92 (m, 4H), 2.75 (d, J = 13.9 Hz, 4H),
2.21 (s, 2H), 2.07 (s, 4H), 2.02-1.90 (m, 4H). *C NMR (126 MHz,
CDCl;) 6 170.95, 168.89, 152.00, 151.43, 137.50, 136.28, 132.25,
130.88, 128.56, 126.85, 123.88, 112.92, 105.31, 51.14, 50.61,
49.25, 48.89, 48.65, 43.00, 27.46, 20.69, 19.91, 19.74. HRMS
(ES") caled for C41Hy5N;1605" (M) m/z 809.3855, found 806.3860.

Synthetic procedures of **“Red (Scheme S2B, ESIt)

Synthesis of compound 10. To the solution of compound 9
(200.0 mg, 0.30 mmol) in CH,Cl, (5.0 mL) were added DMTMM
(320 mg, 1.20 mmol) and bis(2-azidoethyl) amine (70.0 mg,
0.46 mmol). The reaction solution was stirred for 48 h at room
temperature and then concentrated. The residue was dissolved
in CH,Cl, (15.0 mL) and the resultant organic solution was
washed with aqueous hydrochloric acid (1 M, 3 x 10.0 mL).
The organic phase was washed with saturated aqueous sodium
bicarbonate (3 x 10.0 mL). The organic phase was dried with
anhydrous Na,SO, and then concentrated. The residue was
purified by silica gel chromatography using CH,Cl,/MeOH
(10:1) as the eluent to afford compound 10 in 30% yield
(72.0 mg). "H NMR (500 MHz, CDCl;) § 7.69 (ddd, J = 29.8,
15.0, 7.3 Hz, 3H), 7.50-7.28 (m, 5H), 6.95 (s, 2H), 3.91-3.53 (m,
16H), 3.34 (s, 3H), 3.05 (s, 2H), 2.38-1.93 (m, 3H), 1.46 (s, 18H).
C NMR (126 MHz, CDCl;) 6 169.64, 158.01, 157.12, 156.49,
154.45, 136.00, 132.51, 130.53, 129.69, 129.65, 128.30, 115.56,
114.74, 97.24, 80.77, 48.84, 48.54, 48.31, 47.03, 42.56, 28.37. MS
(ES™) caled for C4,H5,N1; 0" (MY) m/z 806.410, found 806.7.

Synthesis of **“Red. Compound 10 (60 mg, 0.07 mmol) was
dissolved in CH,Cl, (3.0 mL) containing TFA (1.0 mL). The
mixture was stirred at room temperature for 1 h and then
concentrated in vacuo. The residue was dissolved in CH,Cl,
(10.0 mL). The organic solution was washed with saturated
aqueous solution of NaHCO; (15.0 mL) and dehydrated with
Na,SO,4. To the above organic solution were added succinic
anhydride (20 mg, 0.20 mmol), TEA (30 mg, 0.30 mmol) and
DMAP (23 mg, 0.19 mmol). The solution was stirred at room
temperature overnight and then washed with aqueous hydro-
chloric acid (1 M, 2 x 20.0 mL). The organic layer was dried
with Na,SO,. To the above organic solution were added
DMTMM (80 mg, 0.30 mmol) and bis(2-azidoethyl) amine
(46.0 mg, 0.30 mmol). The reaction solution was stirred over-
night at room temperature and then concentrated. The residue
was dissolved in CH,Cl, (15.0 mL) and washed with aqueous
hydrochloric acid (1 M, 2 x 10.0 mL). Then the organic phase
was extracted with saturated aqueous sodium bicarbonate
(2 x 10.0 mL). The organic phase was dried with anhydrous
Na,SO, and then concentrated. The residue was purified by
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AL, O3 chromatography using CH,Cl,/MeOH (50:1) as the eluent
to afford **“Red in 62% yield (264.0 mg). "H NMR (500 MHz,
CDCl;) 6 7.89-7.57 (m, 3H), 7.37 (d, J = 17.5 Hz, 5H), 6.98 (s, 2H),
3.91(dd, j = 97.4, 45.2 Hz, 14H), 3.60 (t, ] = 46.0 Hz, 15H), 3.33 (s,
4H), 3.07 (s, 2H), 2.71 (d, J = 27.3 Hz, 7H), 1.96 (s, 6H). '*C NMR
(126 MHz, CDCl;) & 172.60, 171.12, 169.57, 157.99, 157.05,
156.55, 135.91, 132.48, 130.62, 129.76, 129.53, 128.29, 115.27,
114.72, 97.28, 49.98, 49.38, 48.81, 48.51, 48.40, 48.16, 46.74,
46.58, 44.30, 42.66, 40.65, 29.67, 28.12, 28.09. HRMS (ES") calcd
for C45H55N,506" (M) m/z 1080.4996, found 1080.5014.

In vitro SPAAC of ***Red and "P“CBlue-TPP. To a flask
containing CH;OH (0.2 mL) were added **’*Red (5.0 mg,
0.006 mmol) and "®“°Blue-TPP (36.0 mg, 0.037 mmol). The
reaction solution was stirred for 3 h at room temperature and
then analyzed by MS. MALDI-TOF MS. caled for
Ca77H,81N360,7P5>" (M>") m/z 933.814, found 933.801.

In vitro SPAAC of ®“’Red and "®“°Blue-TPP. To a flask
containing CH3;OH (0.2 mL) were added ®*’Red (5.0 mg,
0.005 mmol) and PP°Blue-TPP (40.0 mg, 0.041 mmol). The
reaction solution was stirred for 3 h at room temperature and
then analyzed by MS. MALDI-TOF MS caled for
Ca02H412N5504Ps" (M7*) m/z 981.576, found 981.498.

In vitro SPAAC of ***ProRed-TPP and ""““Blue-TPP. To a
flask containing CH;OH (0.2 mL) were added ®*“ProRed-TPP
(5.0 mg, 0.003 mmol) and "®°°Blue-TPP (25.0 mg, 0.026 mmol).
The reaction solution was stirred for 3 h at room temperature
and then analyzed by MS. MALDI-TOF MS caled for
Ca43H163N50046P,”" (M”") m/z 1080.914, found 1080.762.

SPAAC of ***Red and "®°°Blue-TPP in S. aureus. S. aureus
were grown in LB medium containing **?Red (50 pM) for
60 min, and then cultured with "“°Blue-TPP (100 pM) for
1 h in LB medium. These cells were crashed using an ultrasonic
crasher for 15 min, and then analyzed by MS. MALDI-TOF MS
caled for Cy56H;65N20015P,>" (M?") m/z 885.407, found 885.369.

SPAAC of **”Red and PP°°Blue-TPP in S. aureus. S. aureus
were grown in LB medium containing ***Red (50 uM) for
60 min, and then cultured with "®“°Blue-TPP (200 uM) for
1 h in LB medium. These cells were crashed using an ultrasonic
crasher for 15 min, and then analyzed by MS. MALDI-TOF MS
caled for Cy7,Hyg1N360,,P,°" (M**) m/z 933.814, found 933.856.

SPAAC of **“Red and "®°°Blue-TPP in S. aureus. S. aureus
were grown in LB medium containing **“Red (200 uM) for
60 min, and then cultured with "P°°Blue-TPP (600 uM) for 1 h
in LB medium. These cells were crashed using an ultrasonic
crasher for 15 min, and then analyzed by MS. MALDI-TOF MS
caled for Cy0Hy15N5504,P6" " (M”1) m/z 981.576, found 982.168.

pH titration. An aliquot of ®*A*ProRed-TPP stock solution was
added to a series of phosphate buffered saline solutions (PBS,
10 mM) containing dimethyl sulfoxide (DMSO, 30% v/v) of pH
4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, and 9.0 to a final
concentration of 10 uM. In parallel, the adduct of ***ProRed-
TPP/°®°°Blue-TPP (Den-pH) was added to phosphate buffered
saline (PBS) (10 mM) containing 30% DMSO (pH: 4.0, 4.5, 5.0,
5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0) to a final concentration of
10 uM. Fluorescence emission of these samples was recorded
using Aex = 430 nm or A = 585 nm. pH titration curves were
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plotted using fluorescence emission of coumarin (1,75 nm) or
ROX (Ig10 nm) over pH.

Intramolecular FRET of the adduct from **”ProRed-TPP and
DBCOBlue-TPP in vitro. The adduct of ***ProRed-TPP/"®*“°Blue-
TPP (Den-pH) was added to phosphate buffered saline (PBS)
(10 mM) containing 30% DMSO (pH: 4.0, 4.5, 5.0, 5.5, 6.0, 6.5,
7.0, 7.5, 8.0, 8.5, 9.0) to a final concentration of 10 uM.
Fluorescence emission of these samples was recorded using
Jex = 430 nm. pH titration curves were plotted using fluores-
cence emission of coumarin (I,;5 nm) or ROX (5,0 hm) over pH.

Probe selectivity for S. aureus. S. aureus were grown in LB
medium containing **?Red (50 uM), ***Red (50 uM), ***Red
(200 uM), or PP °Blue-TPP (50 M) for 60 min. These cells were
washed with PBS and then analyzed by confocal fluorescence
microscopy.

Tagging stressed bacteria via BCCL with ®*“Red and "®¢®
Blue-TPP. S. aureus were stained with **’Red (50 pM) in LB
medium for 60 min, washed with PBS and then cultured with or
without PP¢CBlue-TPP (50 pM). After 60 min incubation,
S. aureus were harvested, washed with PBS three times, main-
tained in LB medium containing CCCP (0, 300 uM) for 1 h, and
then directly analyzed by confocal fluorescence microscopy.

Tagging stressed bacteria via BCCL with ***Red and "B¢%
Blue-TPP. S. aureus were grown in LB medium containing
*A’Red (0, 50 uM) for 60 min, and then cultured with P®¢®
Blue-TPP (0, 100 pM) for 1 h in LB medium. These cells were
maintained with CCCP (0, 300 pM) for 1 h in LB medium, and
then directly analyzed by confocal fluorescence microscopy
without washing (to maintain the levels of CCCP during
analysis).

Tagging stressed bacteria via BCCL with ***Red and "®¢®
Blue-TPP. S. aureus were grown in LB medium containing
4AZRed (0, 50 uM) for 60 min, and then cultured with PB¢%
Blue-TPP (0, 200 puM) for 1 h in LB medium. These cells were
maintained with CCCP (0, 300 pM) for 1 h in LB medium, and
then directly analyzed by confocal fluorescence microscopy
without washing (to maintain the levels of CCCP during
analysis).

Tagging stressed bacteria via BCCL with **“Red and "®¢%
Blue-TPP. S. aureus were stained with ***Red (0, 200 puM) for
60 min, and then with "*“°Blue-TPP (0, 300 uM) for 1 h in LB
medium. These cells were maintained with CCCP (0, 300 uM)
for 1 h in LB medium, and then directly analyzed by confocal
fluorescence microscopy without washing (to maintain the
levels of CCCP during analysis).

Tagging stressed bacteria with dendritic sensors of varied
molecular weight. S. aureus were stained with ***Red (50 pM),
AZRed (50 pM) or **“Red (200 puM) for 1 h, and then with
DBCOBue-TPP (100 pM, 200 puM, 600 uM) for 60 min in LB
medium. These cells were maintained with CCCP (0, 300 pM)
for 1 h in LB medium, and then directly imaged by confocal
fluorescence microscopy without washing (to maintain the
levels of CCCP during analysis).

Effects of molecular weight of optical adducts formed via
BCCL on phagocytosis imaging. S. aureus (ODgyo = 0.05) were
grown at 37 °C in LB medium containing FITC-labelled p-lysine
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(FITC-p-Lys) (200 uM) until the ODg, reached 0.6. The medium
was diluted to ODgyy ~ 0.3 with fresh medium containing
?A%Red (50 uM), ***Red (50 pM) or **’Red (200 pM). After
60 min incubation, the cells were harvested by centrifugation,
washed with PBS three times, and then resuspended in LB
medium containing "®*“°Blue-TPP (100 uM, 200 uM, 600 uM)
respectively. After 1 h incubation, the cells were harvested,
washed with PBS three times, and then imaged by confocal
fluorescence microscopy. Bone marrow derived macrophages
(BMDMs) were incubated with each of the above bacterial
samples at 37 °C for 1 h and then probed by confocal fluores-
cence microscopy.

Tagging stressed bacteria with Den-pH. S. aureus were
stained with PP°°Blue-TPP (300 uM) for 1 h, and then cultured
with ®**ProRed-TPP (200 pM) for 1 h in LB medium. After
60 min incubation, the cells were harvested by centrifugation,
washed with LB medium, and then resuspended in sodium
phosphate buffer of pH 4.0/pH 7.0 containing CCCP (0, 300 uM)
for 1 h. The cells were analyzed by confocal fluorescence
microscopy.

pH-dependent fluorescence of Den-pH trapped in S. aureus.
S. aureus were stained with "®“°Blue-TPP (300 uM) for 1 h, and
then cultured with ®A“ProRed-TPP (200 uM) for 60 min in LB
medium. After 60 min incubation, the cells were harvested by
centrifugation, washed with LB medium, resuspended in
sodium phosphate buffer (10 mM) of varied pH (pH: 4.0, 5.0,
6.0, 7.0, 8.0) for 1 h, and then imaged by confocal fluorescence
microscopy or by flow cytometry (BD FACS Canto II).

Retention of Den-pH within FITC-p-Lys labelled S. aureus. S.
aureus (ODgoo = 0.05) were grown at 37 °C in LB medium
containing FITC-p-Lys (200 uM) until the ODggo reached 0.6.
These FITC-p-Lys® S. aureus cells were stained with ®*“ProRed-
TPP (200 uM) for 1 h, and then cultured with DBCOBlue-TPP
(600 uM). After 60 min incubation, the cells were harvested,
washed with PBS three times, and then resuspended in sodium
phosphate buffer (10 mM) of pH 7.0 or pH 4.0. The cells were
analyzed by confocal fluorescence microscopy.

Signal-on fluorescence imaging of phagocytosis with Den-pH.
S. aureus (ODgoo = 0.05) were grown at 37 °C in LB medium
containing FITC-p-Lys (200 uM) until the ODgq, reached 0.6.
These FITC-p-Lys’ S. aureus cells were grown at 37 °C in LB
medium containing ***ProRed-TPP (200 uM) for 1 h, and then
cultured with "P°°Blue-TPP (600 uM) for 60 min. Then the cells
were harvested and washed with PBS three times. BMDMs were
incubated with the above bacterial samples at 37 °C for 1 h and
then imaged by confocal fluorescence microscopy.

Inability of Den-pH to tag S. aureus. S. aureus were stained
with Den-pH (200 uM) in LB medium. After 60 min incubation,
S. aureus were harvested, washed with PBS three times, and
then directly analyzed by confocal fluorescence microscopy.

Leakage of **“ProRed-TPP from engulfed bacteria into lysosomes.
S. aureus (ODgoo = 0.05) were grown at 37 °C in LB medium
containing FITC-p-Lys (200 uM) until the ODg, reached 0.6.
These FITC-p-Lys' S. aureus cells were stained with ®*“ProRed-
TPP (200 pM) for 1 h. After 60 min incubation, the cells were
harvested by centrifugation and washed with PBS three times.
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BMDMs were incubated with the above bacterial samples at
37 °C for 1 h and then the resultant macrophages were stained
with lysotracker blue (2 uM) for 30 min. The resultant macro-
phages were washed with PBS three times, resuspended in
BMDM culture media, and then probed by confocal fluores-
cence microscopy.

Lysosomal acidity-triggered red fluorescence in bacteria in
phagocytosis. S. aureus (ODggo = 0.05) were grown at 37 °C in LB
medium containing FITC-p-Lys (200 pM) until the ODgoo Was
0.6. These FITC-p-Lys' S. aureus cells were stained with
6AZproRed-TPP (200 uM) for 1 h, and then cultured with
DBCOBIue-TPP (600 uM) for 60 min. After 60 min incubation,
the cells were harvested by centrifugation and washed with PBS
three times. BMDMs were incubated with the above bacterial
samples at 37 °C for 1 h. After 1 h incubation, BMDM cells were
washed with PBS three times and then incubated in BMDM
culture media with or without Baf-A1 (50 nM) for 8 h at 37 °C.
The resultant macrophages were washed with PBS three times,
resuspended in BMDM culture media, and then probed by
confocal fluorescence microscopy.

The organelle localization of ""°°Blue-TPP. BMDMs were
incubated with "®“°Blue-TPP (5 uM) at 37 °C for 1 h. And then
the resultant macrophages were stained with lysotracker green
(2 pM) for 1 min. The resultant macrophages were stained with
mitotracker deep red (1 pM) for 10 min, washed with PBS three
times, resuspended in BMDM culture media, and then probed
by confocal fluorescence microscopy.

The organelle localization of Den-pH. BMDMs were incubated
with Den-pH (5 pM) at 37 °C for 1 h. And then the resultant
macrophages were stained with lysotracker green (2 pM) for
1 min. The resultant macrophages were washed with PBS three
times, resuspended in BMDM culture media, and then probed by
confocal fluorescence microscopy.
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