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We developed fluorine-18 ([8F]) labeled methyl 6-deoxy-6-fluoro-4-thio-a-p-maltotrioside ([BFIMFTMT) for
bacterial imaging and evaluated its stability and efficacy in vitro and in vivo. We found that Staphylococcus
aureus (S. aureus) internalized [*®FIMFTMT whereas Escherichia coli (E. coli) and CHO-K1 cells did not, in in
vitro. Positron emission tomography imaging with [(FIMFTMT revealed that radioactivity accumulated not
only in the S. aureus-infected group but also in the E. coli-infected and non-infectious inflammation groups.
Further studies revealed that rat serum digested [*FIMFTMT into [X8F]-methyl 6-deoxy-6-fluoro-4-thio-o-b-
maltoside (**FIMFTM), while [FIMFTMT was stable in human serum for 210 min. [8FIMFTM was identified as
the only radioactive metabolite in vivo. Similar to [BFIMFTMT, [*®FIMFTM was internalized only by S. aureus.

[®FIMFTM was identified as the only radioactive metabolite in vivo. We found that the sodium—glucose co-
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retention of [FIMFTMT and [*FIMFTM in vitro. Our study showed that the thio-glycosyl bond is stable

DOI: 10.1039/d5ra00693g against enzymatic digestion, and maltotetraose or a longer maltodextrin backbone is desirable for bacteria-
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specific imaging to avoid nonspecific uptake by SGLTL1.

Introduction

Bacterial infections pose formidable health challenges, often
leading to severe tissue damage and necessitating major
surgical interventions."” Diseases such as endocarditis and
infections associated with medical devices are particularly
concerning, underscoring the critical need for accurately
localizing bacteria within target organs or tissues to facilitate
their diagnosis and treatment.**'* Early detection of bacterial
infections using non-invasive methods could enable the timely
administration of antibiotic therapy, potentially preventing
tissue damage and reducing treatment costs.

Currently, no established non-invasive diagnostic methods
specifically detect the existence of bacteria in deep organs and/
or tissue directly. Non-invasive diagnostic methods, such as
computed tomography (CT) and ultrasound, detect the tissue
damage induced by bacterial infection, and contrast CT and 2-
deoxy-2-[**F]fluoro-p-glucose  ([**F]JFDG) positron emission
tomography (PET) imaging detect the increase of blood flow and
glucose uptake induced by inflammation.'* However, there can
be false positive results from these tests because of sterile
inflammation. Thus, for the specific detection of bacterial
infection, new methods to detect the existence of bacteria are
required.
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We have been focusing on the differences in sugar metabo-
lism between bacteria and mammalian cells. Bacteria utilize
maltose and maltodextrins via the maltodextrin transporter and
phosphotransferase system (PTS) as both are specific and
ubiquitous expressed in bacteria. Mammalian cells do not have
maltodextrin transporter nor PTS, and they do not internalize
maltose and maltodextrins. Comparing the maltodextrin
transporter and PTS, the maltodextrin transporter has tremen-
dous potential for in vivo bacterial imaging'®™*® because of its
specific expression in bacteria and presence in both Gram-
positive and Gram-negative bacteria and because of its
capacity to transport a molecule conjugated to maltodextrin.>*>*
The maltodextrin transporter actively transports maltodextrins
up to maltoheptaose and can recognize imaging molecules
conjugated to the maltodextrin backbone.'***** Several studies
have validated the efficacy of maltodextrin-based imaging
probes in targeting the maltodextrin transporter and visualizing
bacteria in vivo.'****” For example, probes incorporating
a maltohexaose backbone conjugated with imaging molecules
at the anomeric carbon demonstrated high sensitivity and
specificity in both in vitro and in vivo bacterial imaging
scenarios.'*™

Among many imaging modalities, such as PET, CT and
magnetic resonance imaging (MRI), the radioactive tracers are
known to be more sensitive than other modalities.”®*° Fluorine-
18 ([*®F]) can replace the hydroxyl group by derivatization of
maltodextrins or can be conjugated with a linker molecule.'”*#3
We have shown that ['®F] conjugated maltohexaose (['*F[MHF)
accumulates only in bacterial infection lesions and does not
accumulate in non-infectious inflammation lesions.””*® In
contrast, ['**FJFDG accumulates in both bacterial infection
lesion and non-infectious inflammation lesion.*® Our previous
studies demonstrated the potential of maltohexaose-based
imaging probes for the specific detection of bacterial
infections.”*

One limitation of the maltohexaose backbone lies in its
susceptibility to degradation via serum amylases and a-gluco-
sidases, generating various sugars that may be internalized by
mammalian cells, causing nonspecific uptake of labeled
metabolites, such as glucose and maltose.**¢

To enhance the stability of the maltodextrin backbone, we
propose incorporating a thio-glycosyl bond to confer resistance
against enzymatic digestion to improve stability of the malto-
dextrin backbone. This study focused on the development of
fluorine-18 labeled methyl 6-deoxy-6-fluoro-4-thio-a-p-malto-
trioside (["*F]MFTMT) and assessed its serum stability. Addi-
tionally, we investigated the uptake of ["*F]MFTMT by bacteria
invitro and assessed its efficacy in detecting bacterial infections
in vivo using a device infection model.

Results
Chemistry

The synthesis of the cold standard methyl 6-deoxy-6-fluoro-4-
thio-o-p-maltotrioside (6) and the synthesis of the ['*F]-labeling
precursor methyl 6-(4-bromobenzenesulfonyloxy(brosyloxy))-4-
thio-a-p-maltotrioside (10) is described in Schemes 1 and 2,
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Scheme 1 Synthesis of methyl 6-deoxy-6-fluoro-4-thio-a-bp-malto-
trioside cold standard (6).

respectively. The main advantage for the 4-bromobenzene-
sulfonyloxy ester is that nucleophilic substitution proceeds
more efficiently compared to the use of the corresponding 4-
methylbenzenesulfonyloxy ester.?”

Methyl 6-deoxy-6-fluoro-4-thio-a-p-maltotrioside 6 (MFTMT)
was synthesized in a four-step reaction sequence starting from
methyl 6-deoxy-6-fluoro-a-p-galactopyranose® 1 (Scheme 1).
Reaction of 1 with benzoyl chloride in pyridine afforded the 2,3-
dibenzoyl compound 2. Treatment of 2 with triflic anhydride in
pyridine gave the triflate 3. Reaction of 3 with 2,3,6-tri-O-acetyl-S-
acetyl-(2,3,4,6-tetra-O-acetyl-S-acetyl-1-thio-a-p-glucopyranosyl)-a-
p-glucopyranose® 4 according to the literature procedure*® affor-
ded 4-thio-maltotrioside 5. Removal of the acetate and benzoate
groups by treatment with NaOCH;-CH3;OH gave 6 followed by
purification on silica resulting in a 51% yield. Compound 6 was
prepared in 9% overall yield from compound 1.

We employed a similar route to synthesize the [**F]-labeling
precursor methyl 6-brosyloxy-4-thio-o-p-maltotrioside 10
(Scheme 2). Methyl 2,3-di-O-benzoyl-4-trifluoromethylsulfonyl-
6-O-trityl-a-p-galactopyranoside*' 7 was treated with 2,3,6-tri-O-
acetyl-S-acetyl-(2,3,4,6-tetra-O-acetyl-S-acetyl-1-thio-o-p-gluco-
pyranosyl)-a-p-glucopyranose to afford the trityl ether 8. A
sequential reaction of 8 with aqueous acetic acid and brosyl
chloride afforded the C-6 brosyloxy precursor 10 resulting in
a 65% yield.

We next turned our attention to the synthesis of methyl 6-
deoxy-6-fluoro-4-thio-a-p-maltoside. It was anticipated that this
compound may be the product of rat serum a-glucosidase
metabolism of methyl 6-deoxy-6-fluoro-4-thio-o-p-maltotrioside.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Synthesis of methyl 6-brosyloxy-4-thio-a-bp-maltotrioside
[*8F] labeling precursor (10).

Methyl 6-deoxy-6-fluoro-4-thio-o-p-maltoside 13 was synthesized in
a two-step reaction sequence starting from methyl 2,3-di-O-
benzoyl-4-O-trifluoromethylsulfonyl-6-deoxy-6-fluoro-o-p-gal-
actopyranoside 3 (Scheme 3). Reaction of 3 with 2,3,4,6-tetra-O-
acetyl-S-acetyl-1-thio-o-p-glucopyranose®* 11 according to the
literature procedure*® afforded 4-thio-maltoside 12 in 59% yield.
Removal of the acetate and benzoate groups by treatment with
NaOCH;-CH3;0H gave 13 following purification on silica with
a 99% yield.

Radiochemistry

The automated synthesis of ["*F]MFTMT ([*®F]6) (Scheme 4) was
carried out in a cGMP compliant device, the GE TracerLab FX 2N.
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Scheme 3 Synthesis of methyl 6-deoxy-6-fluoro-4-thio-a-p-mal-
toside (13).
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Scheme 4 Synthesis of [*®FIMFTMT ([*®F]6).

Compound ['®F]6, (['®F]MFTMT) was obtained by sequentially
reacting 10 with K'®F/Kryptofix-222, complex in CH;CN at 100 °C,
followed by the removal of the acetate and benzoate groups of
[*®F]14 with using sodium ethoxide (NaOEt-)-ethanol (EtOH) at
100 °C. Following the removal of the maltriose-protecting groups,
the reaction mixture was neutralized, and ["*F[MFTMT was
purified by semi-preparative high-performance liquid chroma-
tography (HPLC) using 6% EtOH-water as the eluent. The
product was sterilized by passing through a Millex®-GS sterile
filter (0.22 um). A total of 188 mCi (6956 MBq) of [**F]MFTMT in
a decay-corrected radiochemical yield (RCY) of 20% was obtained
from 1.56 Ci, 57.72 GBq of ['®F]-fluoride in a synthesis time of
80 min. The purified final product ['*F]MFTMT was diluted in
a saline solution (pH = 6) and used for in vitro and positron
emission tomography (PET) imaging studies. Radiochemical and
chemical purity were >95% and the specific activity = 1.9 Ci (70.3
GBq) per umol (ESI Fig. S17).

['*F[MFTMT was identified by co-injection with non-
radiolabeled MFTMT (["’F]MFTMT (6)) by HPLC analysis
using a Waters reverse phase analytical HPLC column (ESI
Fig. S27).

Biological evaluation of ['*F][MFTMT

To understand biological characteristics of ['*F[MFTMT, we
evaluted the uptake of ['*F]MFTMT by bacteria and mammlian
cells in vitro. The efficacy of ['*F]MFTMT to detect bacterial
infection was determined by ['**fF]MFTMT PET imaging.

Bacteria uptake assays

The affinity of ['*F]MFTMT was evaluated using bacteria and
mammalian cells. Fig. 1a shows that S. aureus internalized [*°F]
MFTMT, whereas E. coli did not. The numerical values of uptake
of radioactivity by bacteria and CHO-K1 cells are shown in ESI
Table S1.7 The level of radioactivity internalized by 1 x 10® colony-
forming units (CFU) of S. aureus after incubation with 5 to 20 pCi
mL " of [*®F]MFTMT was increased with the loading radioactivity.
The Ky, and Vi of S aureus with ["*F]MFTMT was calculated as

RSC Adv, 2025, 15, 8809-8829 | 8811
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Fig.1 Uptake of ['8FIMFTMT. (a) Uptake of [*8F]-MFTMT by bacteria and CHO-K1 cells. Bacteria, E. coli, S. aureus, and LamB mutant E. coli (LamB
KO E. coli), and CHO-K1 cells were incubated with [*®FIMFTMT at concentrations of 5, 10, 15, and 20 uCi mL™* for 1 h. S. aureus internalized [*°F]
MFTMT, while E. coli, LamB KO E. coli, and CHO-K1 cells did not internalize [FIMFTMT. (b) Uptake of [FIMFTMT by common pathogens for
implantable medical device infection, Staphylococcus epidermidis (S. epidermidis), Pseudomonas aeruginosa (P. aeruginosa), Enterococcus
faecalis (E. faecalis) and Streptococcus sanguinis (S. sanguinis), were evaluated. Bacteria were incubated with 20 pCi mL™* of [*8FIMFTMT for 1 h,
and the remaining radioactivity was evaluated. Only S. aureus internalized significant radioactivity, on the other hand, other bacteria internalized

minimal radioactivity.

K., =151.2 +224.7 nCi and Vj,, = 18.1 & 24.3 nCi min~%/10° CFU
by using the Prism software. In contrast, the observed radioactivity
in E. coli, LamB KO E. coli, and CHO-K1 cells was nearing the
detection limitation of radioactivity even after incubation with 20
pCi mL~" of ["*F]MFTMT. These results showed that while .
aureus internalized ["*FJMFTMT, E. coli and mammalian cells
internalized minimal amounts of this compound.

We further evaluated if other pathogenic bacteria for
implantable medical device infections internalized ['®F]
MFTMT.** As shown in Fig. 1b, S. aureus significantly internal-
ized ["®F]MFTMT (133.3 + 10.0 nCi). On the other hand, the
retained amounts of ['*F]MFTMT in bacteria other than S. aureus
were small, and no significant differences were observed. These
results showed that ["*F]MFTMT specifically accumulates in S.
aureus but not in other bacteria. The numerical values of uptake of
radioactivity by bacteria are shown in ESI Table S2.f showed that
while S. aureus internalized [**F]MFTMT, E. coli and mammalian
cells internalized minimal amounts of this compound.

We further evaluated if other pathogenic bacteria for
implantable medical device infections internalized ['°F]
MFTMT.*** As shown in Fig. 1b, S. aureus significantly inter-
nalized ['*F]MFTMT (133.3 + 10.0 nCi). On the other hand, the
retained amounts of ['**F]MFTMT in bacteria other than .
aureus were small, and no significant differences were observed.
These results showed that ['**F]MFTMT specifically accumulates
in S. aureus but not in other bacteria. The numerical values of
uptake of radioactivity by bacteria are shown in ESI Table S2.}

In the uptake studies with bacteria and CHO-K1 cells, both
[**F]MFTMT showed high selectivity for S. aureus compared with
mammalian cells and pathogenic bacteria other than S. aureus.

In vivo PET imaging of rat skin pocket infections using ['*F]
MFTMT

We evaluated the accumulation of ["*F]MFTMT in a rat skin-
pocket-infection model.*® To examine whether the selectivity

8812 | RSC Adv, 2025, 15, 8809-8829

of ["®F]MFTMT for S. aureus is maintained in vivo, we used four
groups, control, E. coli infected, S. aureus infected and non-
infectious inflammation groups. At the time of PET imaging,
the body weight of rats was 298.0 £ 3.6 g and the amount of
injected radioactivity per gram was 0.84 4 0.02 uCi g~ '. The
body weight and dosage of radioactivity showed no significant
differences between the four groups (ESI Fig. S117).

To understand the basic characteristics of ['*F]MFTMT PET
imaging, we evaluated the distribution of radioactivity in the
control rats. The accumulation of radioactivity in the major
organs and tissue was calculated as standardized uptake value
(SUV), and the SUV of the organs and tissue were compared. The
kidneys showed the highest accumulation which was signifi-
cantly increased compared with other organs and tissue, sug-
gesting that the radiotracer is excreted via the kidneys. Among
the organs and tissue excluding the kidney, the liver showed
significantly increased accumulation of radioactivity compared
with other organs and tissue (ESI Fig. S121). These results
suggest that the majority of ['*F]MFTMT and its metabolite were
excreted into urine via the kidneys and feces via the liver. Other
than these metabolic organs, the brain, skeletal muscles, and
the subcutaneous fat and soft tissue showed significantly
reduced accumulation compared with the blood. In our studies,
the ratio of free [*°F] was less than 4%, thus, although some
non-specific accumulation in the bones was observed, it was not
significantly increased compared to the radioactivity in the
blood. These findings show that the distribution of radioactivity
derived from ['*F]MFTMT is not evenly distributed in the body
and that to evaluate the accumulation of the tracer induced by
bacterial infection, the radioactivity in the target lesion should
be compared with that in the non-infected area of the same
organ/tissue.

Despite demonstrating specificity in in vitro uptake studies
with bacteria and mammalian cells, Fig. 2a shows the accu-
mulation of radioactivity not only in the S. aureus-infected

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig.2 [*®FIMFTMT PET imaging of device infection modelin rats. (a) [BFIMFTMT PET imaging was conducted on a skin-pocket-infection model
in rats, utilizing sum images from 30 to 60 min for evaluation. The location of the mock-up was confirmed by merging images of PET and CT.
Coronal and sagittal sections of PET images are shown in the ESI Fig. S12.1 No radioactivity accumulation was observed in the mock-up area in
the control rats. Radioactivity accumulated not only in the mock-up area in S. aureus-infected rats but also in E. coli-infected rats and rats with
non-infectious inflammation. Arrows show mock-up areas. (b) Radioactivity accumulation around the mock-up area and normal skin was
compared using the ratio of SUV in the mock-up area and normal skin area. The mean SUV ratio in the mock-up area was significantly increased
in S. aureus-infected rats, E. coli-infected rats, and non-infectious inflammation rats compared to control rats. SUV max ratio was increased in S.
aureus-infected rats. SUVs in the normal skin area were similar across the four groups. The remaining radioactivity in the blood was evaluated by

placing the ROI on the left ventricle, indicated as a ratio to the injected radioactivity (% ID per g tissue). * Indicates p < 0.05.

group but also in the E. coli-infected and non-infectious
inflammation groups. The PET imaging of coronal and
sagittal views is shown in the ESI Fig. S12.T The accumulation of
radioactivity in mock-up areas were compared using the ratio of
SUV of the mock-up area to that of the normal skin area. The
average accumulation of radioactivity in the mock-up area (SUV
mean ratio) was significantly increased in the E. coli-infected, S.
aureus-infected, and non-infectious inflammation groups
compared with the control group (Fig. 2b). The highest radio-
activity in the region of interest (ROI) (SUV max ratio) in the S.
aureus-infected group was significantly increased compared to
the control group, representing a 1.49-fold increase. The SUV
max ratios of the E. coli-infected and non-infectious inflam-
mation groups did not significantly differ from the S. aureus-
infected group. The radioactivity in the normal skin area did not
differ among these four groups. The numeric values of PET
imaging analysis are shown in ESI Table S3.f These results
suggest that both S. aureus and the inflammatory tissue of rats
accumulated ["*FIMFTMT and/or its metabolite(s).

Blood radioactivity was also assessed by placing the ROI
within the left ventricle in a coronal view to estimate blood
radioactivity retention in rats. The remaining radioactivity in
the blood was calculated as a ratio relative to the injection dose
per gram (% ID per g tissue). At the time of imaging, the
remaining radioactivity in the blood showed no significant
difference in the four groups (Fig. 2b).

© 2025 The Author(s). Published by the Royal Society of Chemistry

Our previous study with the same device infection model
showed that ['"*F]FDG significantly accumulated both in the S.
aureus infected and non-infectious inflammation lesions
compared with control lesions (SUV mean ratios 2.86, 2.62 and
1.54, respectively).’® On the other hand, ['*F]MHF accumulated
only in the S. aureus infected lesion compared with non-
infectious inflammation and control lesions (SUV mean ratio
2.87, 1.26 and 1.61, respectively), and different from ['*F]JFDG
PET imaging, ["*F]MHF showed obvious selectivity for
bacteria.’® To explore why ["*F]MFTMT lost the selectivity to S.
aureus in in vivo imaging, we further investigate the in vitro and
in vivo metabolites of [**F]MFTMT and possible transporters in
mammalian cells.

In vitro and in vivo metabolite(s) of ['"*F]MFTMT

In vitro metabolite(s) of ['*F[MFTMT. The stability of [**F]-
MFTMT ([*®F]6) in 2% EtOH-phosphate-buffered saline (PBS),
rat serum, and human serum. ['**F]MFTMT exhibited stability
even after 3.5 h of incubation (Fig. 3a). The percentage of intact
[**F][MFTMT in rat and human serum at 37 °C after 5 to 30 min
of incubation was determined by comparing HPLC retention
times of ["* F]MFTMT to [***°F]13 ([*®'°F]-methyl 6-deoxy-6-flu-
oro-4-thio-a-p-maltoside, ['*'°F]MFTM), using HPLC. In rat
serum, the conversion of ["* FI]MFTMT to [**'°F]MFTM was 45%
+ 1% (number of samples, N = 3) after 5 min, 95% + 1% (N = 3)
after 15 min, and 100% (N = 3) after 30 min (Fig. 3b). No further
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Fig. 3 In vitro metabolite(s) of ["8FIMFTMT. (a) Sample chromatograms of the radiometric HPLC analysis of formulated [*8FIMFTMT. [*28FIMFTMT
was injected into a reversed-phase (RP)-HPLC system. (1) [18F]-radioactivity, (2) UV absorbance at 215 nm, and (3) UV absorbance at 195 nm, (4)
UV absorbance at 205 nm. The identity of ['®FIMFTMT (R, = 20 min) was confirmed by co-injection of non-radiolabeled [**FIMFTMT (R, = 20 min)
into an RP-HPLC system. (b) Chromatograms of the radiometric HPLC analysis of formulated [(8FIMFTMT (R, = 17 min) following incubation in rat
serum. [*8FIMFTM (R, = 14 min) was identified by co-injection of non-radiolabeled [*FIMFTM (R; = 14 min) into an RP-HPLC system. (1) ['8F]-
radioactivity at 5 min of incubation, (2) [*®F]-radioactivity at 15 min of incubation, (3) [*®F]-radioactivity at 30 min of incubation, (4) UV absorbance
at 195 nm + co-injection [*°FIMFTM at 30 min, and (5) UV absorbance at 205 nm + co-injection [2°FIMFTM at 30 min. (c) Chromatograms of the
radiometric HPLC analysis of formulated [FIMFTMT (R, = 19 min) following incubation in human serum. The absence of the formation of [*8F]
MFTM was identified by co-injection of non-radiolabeled [*°FIMFTM (R; = 15 min) into an RP-HPLC system. (1) [*®FIMFTMT dose, (2) [*®F]-
radioactivity at 5 min of incubation, (3) [*®F]-radioactivity at 15 min of incubation, (4) [*®F]-radioactivity at 30 min of incubation, (5) [*®F]-radio-

activity at 3.5 hours of incubation, and (6) UV absorbance at 205 nm + co-injection [**FIMFTM (R, = 15 min) at 30 min.

digestion of ['*F]MFTM was observed in the rat serum. On the
other hand, in both female and male human serum, [‘°F]
MFTMT remained unchanged at 5, 15, 30 min, and 3.5 hours
(Fig. 3c). Serum enzymes potentially involved in metabolizing
["*F[MFTMT are o-glucosidase and o-amylase. This study
demonstrates that rat and human serum metabolize ['°F]
MFTMT differently. This suggests that rat serum contains o-
glucosidase which hydrolyses one glucose unit of oligosaccha-
rides from the non-reducing end, and this enzyme is respon-
sible for the metabolism of ['*F]MFTMT to [‘*F]MFTM.%3¢
Furthermore, the detection of only one radiometabolite, [*F]13
(("*F]MFTM), demonstrates the effectiveness of the 1,4-o-thio-
linkage in preventing o-glucosidase metabolism of [**F][MFTM
to methyl 6-deoxy-6-'®F]fluoro-b-glucopyranoside or methyl 4-
thio-6-deoxy-6-[*®F]fluoro-p-glucopyranoside. Interestingly, [**F]
MFTMT was not metabolized in human serum. This finding
suggests that if mammalian cells may accumulate ["*F]MFTM
but not ["*F]MFTMT, [**F]MFTMT is still a promissing candi-
date for bacteria-specific PET imaging for human beings.

In vivo metabolite(s) of ["*FIMFTMT. To evaluate whether
another radioactive metabolite, such as methyl 6-deoxy-6-["°F]
fluoro-a-p-glucopyranoside, might be generated in vivo, we
analyzed the tissue extracts from the non-infectious inflam-
mation rats injected with ['**F]MFTMT 1 h after injection of the
tracer. Urine was not sampled because of technical reasons. As
shown in Fig. 4, no ["*F]MFTMT was observed in the samples
but the radioactive peaks matched with ['’F]MFTM. This result
shows that ['*F][MFTMT was only metabolized into [**F]MFTM
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within 1 h from the injection, and no other glucose analogues
with ['®F] were generated.

Uptake of serum treated ['*F]MFTMT and [**F]MFTM by
bacteria

We investigated whether ['*F]MFTM, the metabolite of [**F]
FMTMT, was still selective for S. aureus. Fig. 5a shows the
uptake of serum treated ['*F]MFTMT by bacteria and CHO-K1
cells. The numerical values of uptake of radioactivity by
bacteria and CHO-K1 cells are shown in ESI Table S4.1 Similar
to non-processed [**F]MFTMT, S. aureus internalized serum
treated [**F]MFTMT. Because of the large dispersion of data at
each concentration, the kinetics could not be calculated. On the
other hand, E. coli, LamB KO E. coli, and CHO-K1 cells showed
minimal internalization of radioactivity even when incubated
with 15 pCi mL™" of serum-treated ['**F]MFTMT. These results
show that both ["*F]MFTMT and its serum metabolite, ['*F]
MFTM, are only internalized by S. aureus.

We also evaluated whether ["*F]MFTM was internalized
common pathogens for implantable device infections. The
purity of ["*F]MFTM was confirmed by HPLC (ESI Fig. S117).
Fig. 5b shows that similar to ['*F]MFTMT, S. aureus significantly
internalized ['®*F]MFTM (123.1 £ 7.7 nCi), but bacteria other
than S. aureus internalized little of ["*F]MFTM with no signifi-
cant differences in each other. The numeric values of uptake of
['®*F]MFTM are shown in the ESI Table S5.f These results
showed that the selectivity of ['*F]MFTM to S. aureus.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 In vivo metabolite(s) of [*®FIMFTMT. Non-infectious inflam-
mation model rats were sacrificed 1 h after injection of [2BFIMFTMT.
The extracted tissue and organs were homogenized, and the extracted
samples were analyzed by radiometric HPLC. (1) skin pocket, (2) serum,
(3) kidney, (4) liver, (5) [LBFIMFTMT, (6) [*°FIMFTM (cold standard) and (7)
[*°FIMFTMT (cold standard). Samples (1) to (4) have one peak that
matches with [**FIMFTM, showing [*®FIMFTM is the only radioactive
metabolite of [**FIMFTMT in vivo.

Sodium glucose co-transporter (SGLT) 1 is the potential cause
of ["*F[MFTMT accumulation in inflamed tissue

We explored the underlying reasons for the accumulation of
radioactivity derived from ['*F]MFTMT in mammalian tissue.
[**F]MFTMT and its metabolite, ['**F]MFTM, possess glucoside
structures. Therefore, we hypothesized that glucose trans-
porters might be involved in the unexpected accumulation of
radioactivity observed in E. coli-infected rats and rats with non-
infectious inflammation.

In mammalian tissue, glucose is transported through
glucose transporters (GLUTs) and sodium-glucose co-
transporters (SGLTs).***® GLUTs are widely expressed and
transport monosaccharides, such as glucose and fructose, while

they do not transport disaccharides and longer
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maltodextrins.***® GLUTSs are also sensitive to the modification
on the anomeric carbon and do not transport a-methyl-p-
glucoside.**** Conversely, SGLTs are expressed in specific
tissues and organs, such as the intestine, kidneys, and liver.>*>¢
As shown in Fig. 3a, radioactivity accumulation was localized in
the inflammatory area, liver, and kidneys, suggesting that
GLUTs might not contribute to this unexpected radioactivity
accumulation. Thus, we evaluated whether SGLTS, the alterna-
tive glucose transport system in mammalian tissue, were
expressed in the region around the mock-ups, and whether
SGLT1 and SGLT2 interact with ["*F]MFTMT and ['*F]MFTM,
the metabolite of ["*FMFTMT.

Expression of SGLT1 and SGLT2 around the mock-up area

We evaluated the expression of SGLT1 and SGLT2 around the
mock-ups by immunohistochemistry and quantitative poly-
merase chain reaction (qPCR). Fig. 6a and b show that both
SGLT1 and SGLT2 are highly expressed in fibroblasts (vimentin-
positive cells) within the inflammatory area, respectively.

In qPCR analysis, the expression of SGLT1 and SGLT2 was
evaluated by expression relative to B-actin. As shown in Fig. 7,
the messenger ribonucleic acid (mRNA) for SGLT1 and SGLT2
in the inflammatory tissues were significantly increased
compared to the tissue from the control animals.

Interaction of ['*F]MFTMT and ['*F]MFTM with SGLTs

To investigate the potential involvement of SGLTs in the accu-
mulation of radioactivity derived from ['*F][MFTMT, we estab-
lished CHO-K1 cells expressing human SGLT1 (CHO-K1-
hSGLT1) and SGLT2 (CHO-K1-hSGLT2).””* The functional
expression of these genes was confirmed by measuring the
uptake of 1-NBDG, a fluorescent substrate specific for SGLT1
and SGLT2 (Fig. 8a).*°

As shown in Fig. 8b, the remaining radioactivity in CHO-K1-
hSGLT1 cells incubated with ["*F]MFTMT was 4.0 nCi which
was significantly higher than that in control CHO-K1 cells and

b) Uptake of ['®FIMFTM by pathogenic bacteria

Remaining radioactivity (nCi)

Fig.5 Uptake of serum treated ["8FIMFTMT and [*®FIMFTM. (a) Uptake of serum treated [*®F]-MFTMT by bacteria and CHO-K1 cells. Bacteria, .
coli, S. aureus, and LamB mutant £. coli (LamB KO E. coli), and CHO-K1 cells were incubated with the rat serum-treated [**FIMFTMT at
concentrations of 1, 5, 10, and 15 pCi mL~ for 1 h. Consistent with the uptake study with [2]FIMFTMT, only S. aureus internalized serum-treated
[2BFIMFTMT. (b) Uptake of [*]FIMFTM by common pathogens for implantable medical device infection, Staphylococcus epidermidis (S. epi-
dermidis), Pseudomonas aeruginosa (P. aeruginosa), Enterococcus faecalis (E. faecalis) and Streptococcus sanguinis (S. sanguinis), were eval-
uated. Bacteria were incubated with 20 pCi mL™ of [*8FIMFTM 1 h, and the remaining radioactivity was evaluated. Similar to the uptake of [*8F]

MFTMT, only S. aureus internalized massive radioactivity.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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b) Expression of SGLT2
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Immunohistochemistry on tissue around the skin pocket. Expression of SGLT1 and SGLT2 in the mock-up area was evaluated by

immunohistochemistry. (a) SGLT1 (red) was expressed on fibroblasts (green, vimentin-positive cells), which exhibited an increase in the
inflammatory tissue. (b) Similarly, SGLT2 (red) was expressed on fibroblasts (green). The scale bars represent 40 um.
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Fig. 7 Expression of SGLT1 and SGLT2 in the skin pocket from the
control group and from the non-infectious inflammation group was
quantified with gPCR. The expression of the target genes is indicated
as the ratio to B-actin, a house keeping gene. Expression of SGLT1 in
the non-infectious inflammation group was about 12 times that of the
control group. Expression of SGLT2 in the non-infectious inflamma-
tion group was about 1.8 times the control group.

CHO-hSGLT?2 cells. Similar to the cells exposed to ['**F][MFTMT,
the remaining radioactivity in the CHO-K1 hSGLT1 cells incu-
bated with ["*F]MFTM was 5.1 nCi which was significantly
increased compared with CHO-K1 control and CHO-K1 hSGLT2
cells (Fig. 8c). The retention of ['*F]MFTMT and ["*F]MTM in
CHO-K1-hSGLT1 cells was approximately 3.3 times and 3.2
times that of control CHO-K1 cells, respectively. Moreover, the
retention of radioactivity in CHO-K1 hSGLT1 cells treated with
mizagliflozin, a specific SGLT1 inhibitor, was significantly
suppressed (Fig. 8b and c). The numeric values of remaining
radioactivity in the CHO-K1 cells are shown in ESI Table S6.}

8816 | RSC Adv, 2025, 15, 8809-8829

These results demonstrate that SGLT1 is highly expressed in
inflammatory tissue and is potentially involved in the accu-
mulation of ["*F]MFTMT and ['*F]MFTM, likely elucidating the
loss of specificity of ['"*FIMFTMT and ['*F]MFTM observed in
vivo despite its specificity in vitro.

Discussion

We synthesized ['"*FJMFTMT and assessed its uptake by
bacteria, its stability against enzymatic digestion, and its
effectiveness at detecting bacterial infections both in vitro and
in vivo.

Inflammatory tissue, serum, and the drug-metabolizing
organs, the liver and kidneys. Our findings suggest that o-
glucosidase can digest the glycosyl bond, while the thio-glycosyl
bond demonstrates resistance to enzymatic digestion for at
least 1 hour.

Our in vitro uptake experiments revealed that S. aureus inter-
nalized both ["*F]MFTMT and ["*F]MFTM, on the other hand,
other bacteria and mammalian cells internalized minimal
amounts of ['**F[MFTMT and ["*F]MFTM. ['*F][MFTMT has three
characteristic modifications from maltotriose, a (1-4)-thio-
glycosyl bond, 6-deoxy-6-fluoro modification, and -O-methyl
modification on the anomeric carbon. ['*F]MFTM, the metabolite
of ["®F]MFTMT also has the same modifications. Among the
bacteria used for this study, the maltose/maltodextrin transport
systems in E. coli have been extensively studied providing insight
into how these modifications can affect transport into E.
coli.>*?>%17 In E. coli, the maltoporin, LamB, situated on the
outer membrane, initially allows the permeation of maltodex-
trins into the periplasmic space.®””* Inside the periplasmic space,
the maltose/maltodextrin-binding protein, malE, binds to

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 Accumulation of [2BFIMFTMT and derivative of [(FIMFTMT by SGLTL1. (a) Stable expression of human SGLT1 (hSGLT1) or SGLT2 (hSGLT2)
was established in CHO-K1 cells. CHO-K1-hSGLT1 and CHO-K1 hSGLT2 cells internalized 1-NBDG, a specific substrate for SGLT1 and SGLT2.
Scale bars represent 100 um. (b) Retention of [2]FIMFTMT and (c) retention of [*8FIMFTM by CHO-K1 cells overexpressing SGLTs. CHO-K1-
hSGLT1, hSGLT2, and control cells were incubated with 20 pCi mL~* of [*8FIMFTMT for 1 h, and the remaining radioactivity was evaluated. Some
cells were treated with vehicle, mizagliflozin, a specific SGLT1 inhibitor, or dapagliflozin, a specific SGLT2 inhibitor. Retention of both *8FIMFTMT
and [18FIMFTM in CHO-K1-hSGLT1 cells were significantly higher compared to CHO-K1-hSGLT2 and control cells, and mizagliflozin significantly

suppressed the retention of [BFIMFTMT and [*FIMFTM.

maltodextrins (forming malE-maltodextrin complex).®>-+¢%¢
Subsequently, the malE-maltodextrin complex associates with
the maltodextrin transporter (malF-malG-malK complex) on the
inner membrane, facilitating maltodextrin transport into the
cytoplasm.®*** LamB and malF in the malF-malG-malK complex
recognize the non-reducing end of maltodextrins, while malE
recognizes its reducing end.®*****7* Studies have shown that
modifications on the reducing end of maltodextrin can consid-
erably influence malE binding.”>* Our first generation ['*F]-
maltodextrin probe, [**F]MHF, featuring [**F]fluorine attached
via a B-glycosidic linkage on the anomeric carbon at the reducing
end of maltohexaose, was internalized by both S. aureus and E.
coli.***® This suggests that malE of E. coli may tolerate only one
modification on the anomeric carbon at its reducing end. MalE of
E. coli binds to maltose and maltodextrins up to malto-
heptaose.®”*® Crystallography studies showed that malE of E.
coli generates hydrogen bonds with the hydroxyl groups on
glucose molecule at the reducing end and the hydroxyl groups on
2, 3, and 6 positions of the glucose molecule next to the reducing
end.®>* When malE of E. coli binds to maltotriose or longer
maltodextrins, the number of hydrogen bonds generated
between malE of E. coli and maltodextrins increases, while the
binding positions malE of E. coli and two glucose molecules from

© 2025 The Author(s). Published by the Royal Society of Chemistry

the reducing end are maintained.®>* This binding to maltose or
two glucose molecules from the reducing end induces confor-
mational change of malE of E. coli, making malE of E. coli the
“closed” conformation.*** MalE of E. coli also known to bind
modified maltodextrin analogs such as maltotetraiol. However,
the binding conformation remains in the “open” form which is
considered as non-functional for transport.** The carbon-sulfur
bond distance in thio-glycosyl bond is longer than the carbon-
oxygen bond in the glycosyl bond, resulting in a distinct relative
position of the glucose molecule next to the reducing end glucose
molecule compared to maltose and maltodextrins.**** Conse-
quently, with the 6-deoxy-6-fluoro modification, ['*F[MFTMT
might exhibit reduced affinity to the malE of E. coli.

PTS of E. coli also transports maltose from the periplasmic
space to the cytosol.”>7°. ['**F]MFTM, the radioactive metabolite
of ["®F]MFTMT and a maltose analog, was considered as the
potential substrate for PTS. However, in PTS, the enzyme IIC
component (EIIC) corresponding to maltose is located on the
inner membrane, and a crystallography study by McCoy et al.
showed that it recognizes the hydroxyl groups on the 6- and 6'-
carbons.”””° Thus, 6-deoxy-6-fluoro-modification in [**F][MFTM,
the maltose analog, appears to be critical for binding to ECII for
maltose.

RSC Adv, 2025, 15, 8809-8829 | 8817
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The maltose/maltodextrin transport systems, maltodextrin
transporter and PTS, in pathogenic bacteria other than E. coli
still need to be elucidated. However, our results suggest that the
maltodextrin binding protein and ECII for maltose in the eval-
uated bacteria, Pseudomonas aeruginosa, Staphylococcus epi-
dermidis, Streptococcus sanguinis and Enterococcus faecalis, may
also be sensitive to the modifications on the reducing end.

In contrast, S. aureus internalized both [**F[MFTMT and [**F]
MFTM. This finding implies that the maltose and maltodextrin
transportation systems in S. aureus employ different substrate-
binding mechanisms from that of E. coli. Abbott et al. eluci-
dated sugar utilization in Streptococcus pneumoniae and
demonstrated that the maltodextrin binding protein of Strep-
tococcus pneumoniae binds to maltotriose and longer malto-
dextrins. They also showed that PTS transports glucose, maltose
and maltotriose, and that the binding conformation of the
maltodextrin binding protein with maltoheptaose is different
compared to malE in E. coli.*® We recently found that the
maltodextrin-binding protein of S. aureus exhibits different
binding thermodynamics compared with that of E. coli and like
that of S. pneumonia and that it functionally binds to malto-
triose and longer maltodextrins.** Other studies also show that
maltodextrin binding proteins of Gram-positive bacteria bind to
maltotriose and longer maltodextrins, and PTS of Gram-positive
bacteria transports glucose, maltose and maltotriose.**** These
findings suggest that ["*F[MFTMT can be transported via mal-
todextrin transporter and PTS, and ['*F]MFTM can be trans-
ported by PTS in S. aureus. We did not specify whether the
maltodextrin transporter or PTS in S. aureus internalized [°F]
MFTMT and/or its metabolite, ['*F]MFTM. However, our results
suggest that maltodextrin transporter and/or PTS in S. aureus
are tolerant to the modifications on the reducing end and have
different binding affinities and mechanisms to substrates
compared to those in E. coli. Our results indicated that the
tolerance of maltodextrin transporter and PTS to the modifi-
cations on maltose/maltodextrins is different in bacterial
species. This finding suggests the possibility to target specific
bacterial species using modifications of maltodextrin-based
probes. Future studies will explore potential differences in
maltodextrin transporters between S. aureus, other pathogenic
bacteria and E. coli.

[**F]FDG is assumed to be uniformly distributed in the body
with increased accumulation of radioactivity indicating
increased glucose uptake caused by pathological or physiolog-
ical changes, such as tumors, inflammation, and muscle activ-
ities.*>** In contrast, the concept of maltodextrin-based imaging
probes is that maltodextrin-based imaging probes are only
internalized by bacteria and not by mammalian cells.***® The
injected ['®F] labeled maltodextrin-based imaging probes are
expected to be rapidly distributed from the blood to interstitial
fluid, accumulate in the metabolic organs, and are excreted into
urine without being internalized by other tissue and organs. As
a result, the remaining radioactivity in the blood and interstitial
fluid, which is detected as background is very low, emphasizing
the accumulation of radioactivity in bacteria, even if the abso-
lute quantity of radioactivity is small. Therefore, evaluating and
understanding whether and how ['°F] labeled maltodextrin-
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based imaging probes and their metabolites accumulate in
normal and inflammatory tissue in in vivo is important. To
clarify the accumulation of radioactivity in the target area, we
used the SUV ratios, the relative the accumulation of radioac-
tivity in the target tissue to the normal tissue, to compare the
accumulation of radioactivity between the experimental groups.

We evaluated whether ["*F]MFTMT and [‘*F]MFTM accu-
mulated in mammalian tissue. In [**F]MFTMT PET imaging, we
observed radioactivity accumulation not only in the S. aureus-
infected group but also in the E. coli-infected and non-infected
inflammation groups. Our experiments strongly suggest the
involvement of SGLT1, which is highly expressed in inflamma-
tory tissues as the cause of this false positive result. Studies
showed that SGLT1 is expressed not only in the inflammatory
cells but also in endothelial cells and fibroblasts and that SGLT1
is involved in inflammatory reactions.®**® In the in vitro uptake
studies, when 20 pCi mL ™" of ["*F]MFTMT and ['*F]MFTM were
loaded, the retained radioactivity in 1.2 x10° of CHO-K1-SGLT1
cells was about 4.0 nCi, and 5.1 nCi, respectively, which was
lower than that in 1 x 10® CFUs of S. aureus (124 nCi). The
concentration of radioactivity in the in vivo setting is lower than
20 pCi mL™', and it can be estimated as following. The
percentage of extracellular water, including plasma and inter-
stitial fluid, in adult rat is estimated approximately 30%.% Thus,
in our in vivo experiments, when the injected radioactivity was
evenly distributed in the extracellular water in the body, the
concentration of radioactivity is estimated to be 2.8 pCi mL ™.
Assuming that the accumulation of radioactivity in S. aureus
and CHO-K1-hSGLT1 cells obey Michaelis-Menten kinetics in
which the reaction speed and substrate concentrations interacts
linearly in low concentrations, the retention of ["*F]MFTMT and
["*F]MFTM in 1.2 x10° of SGLT1 expressing cells is estimated to
be 0.56 and 0.71 nCi, respectively, and the accumulation of [**F]
MFTMT in 1 x 10® CFUs of S. aureus is estimated to be 20 times
higher at 17.6 nCi. However, our study showed that inflamma-
tion increases fibroblasts expressing SGLT1 potentially leading
to nonspecific accumulation of ["*F]MFTMT and/or ['**F][MFTM.
This is plausible considering the high cell density of the skin at
approximately 7 x 10° cells per cm®**® If 1% of cells in
inflammatory tissue expresses SGLT1, the retention of ['®F]
MFTMT and [**F]MFTM is estimated as 32.7 and 41.7 nCi g~ *
tissue, respectively. Our results from immunohistochemistry
and qPCR studies show that the increase of the ratio of SGLT1
expressing cells to the total cells in the inflammatory tissue is
more than 10% compared to the control tissue, suggesting that
the inflammatory tissue retains 327 to 417 nCi g ' higher
radioactivity compared with control tissue. Our skin pocket
infection model contains 2.9 x 10° CUF/total infected tissue of
S. aureus, and the expected radioactivity in the S. aureus infected
tissue is estimated to be about 51 nCi/total infected tissue.
Considering the weight of S. aureus infected tissue is more than
1 g and ["*F]MFTM has higher retention in SGLT1 over-
expressing cells, the increase of radioactivity density in
inflammatory tissue caused by SGLT1 might be more than 10
times compared to that by S. aureus infection. As a result, the
accumulation of radioactivity in S. aureus infected area did not
show a significant difference from that in other inflammation

© 2025 The Author(s). Published by the Royal Society of Chemistry
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areas induced by oil of turpentine and E. coli infection. We
showed that inflammatory tissue expresses SGLT1, and SGLT1
is known to be expressed in many cancers.'®** Future study
needs to ivestigate whether ["*FJMFTMT accumulates in
cancers.

In our previous studies with ['*F]MHF, radioactivity accu-
mulation was only observed in the bacteria-infected area.**™* In
[**F][MHF PET imaging with the same pocket infection model
induced by S. aureus and non-infectious inflammation model,
the SUV mean ratio in S. aureus infected group was significantly
increased compared to control and non-infectious inflamma-
tion groups and was 1.8 times to that in control group. In
contrast, ['*FJFDG PET imaging with the same models, the
accumulation of radioactivity in both S. aureus infected and
non-infectious inflammation lesions were significantly
increased compared with that in control lesion. Different from
["*FIMFTMT, ["*F]MHF showed efficacy in in vivo bacteria-
specific PET imaging compared with the conventional [**F]
FDG PET imaging.

There are several notable differences between ['*F]MFTMT
and ["*F]MHF.*¢, ['*fF]MHF has a maltohexaose backbone and
can be digested into ['*F]fluoro-maltoside and ['®F]fluoro-
maltotrioside by serum amylase and further into [*®F]fluoro-
glucoside by serum a-glucosidase, which is highly active in
rodents.'®'8333% These metabolites, including [**F]fluoro-
glucoside, are not transported by GLUTs on mammalian cells
because of the modification on the anomeric carbon.***** While
SGLTs can tolerate modifications on the anomeric carbon, the
extended maltohexaose backbone of ["*F]MHF might prevent its
interaction with SGLT1.*#'**% Despite this, the flexibility and the
size of the ['**F]MHF linker could potentially allow for [**F]fluoro-
glucoside, resulting from ["*F]MHF degradation by serum o-
glucosidase, to be transported by SGLTs. However, ['*F]MHF and
its metabolites are swiftly excreted in the urine, leading to a rapid
decline in blood radioactivity levels and minimal radioactivity
accumulation in  non-infectious inflammation areas.”
Conversely, in ["*F]MFTMT PET imaging, blood radioactivity is
sustained as compared to ['*F]MHF, with blood radioactivity
reaching approximately 0.15% ID per g, which is more than 2.5-
fold higher than that observed with ["*F]MHF in our previous
study.” This difference suggests that the thio-glucosyl bond and
the modification at the sixth position on the reducing end glucose
in ["F]MFTMT might delay its excretion and/or that of its
metabolites. Furthermore, differences in the biological half-life of
radioactivity might also contribute to increased radioactivity
accumulation in inflammatory tissue. These results demonstrate
the necessity of employing maltodextrin backbones longer than
maltotriose combined with modifications to prevent enzymatic
digestion, in the development of bacteria-specific imaging
probes. Considering the molecular size, maltodextrin backbones
with nitrogen-glycosyl bond(s) might achieve both resistance to
enzymatic digestion and increased affinity for bacteria.*

Limitations

One limitation of this study is that we did not determine
whether ["*FIMFTMT and [**F]MFTM were transported through

© 2025 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

SGLT1 or whether they were bound to SGLT1 and were inter-
nalized by SGLT1 via endocytosis. Further studies will investi-
gate the interactions between ["*FIMFTMT and [**F]MFTM, and
native maltose and maltodextrins with SGLT1. These studies
will help us to optimize the maltodextrin backbone for selective
bacterial imaging.

Another limitation is the use of a rat model for [**F[MFTMT
PET imaging. We showed that [**F]MFTMT was digested into
[**F]MFTM by rat serum while it was stable in human serum.
We conducted ["*F]MFTMT PET imaging to evaluate the speci-
ficity for bacteria in vivo because ['*F]MFTM was the only
radioactive metabolite of ["*F]MFTMT in vitro and because [**F]
MFTMT and ["*F]MFTM had similar selectivity to bacteria in
vitro. Rodent models are well-established and cost-effective
methods to evaluate the efficacy of drugs, including imaging
probes. However, understanding the differences between
humans and rodents is important to evaluate the effects of the
compounds. Future studyies may use other animal models or a-
glucosidase inhibitor treated rats to evaluate the efficacy of
maltodextrin-based imaging probes in vivo.

Experimental section
General information

All solvents were purchased from Biosynth, Fisher Scientific, or
Sigma Aldrich and dried over 4 A molecular sieves (8-12 mesh,
Sigma Aldrich). Unless otherwise specified, all commercially
available reagents and substrates were used as received. Ultra-
high purity dry air was purchased from nexAir LLC. Thin-layer
chromatography (TLC) was performed on Merck silica gel
plates and visualized under UV light and/or H,SO,-EtOH. 'H,
3¢, and "°F NMR spectra were recorded on Varian Mercury 300,
Bruker 600, Varian INOVA 600, INOVA 500, and INOVA 400
spectrometers. Residual solvent resonances were considered
internal reference signals. '°F spectra were referenced to KF.
Product purification was performed via flash chromatography*®®
unless otherwise specified. The purity and identity of
compounds 2, 3, 5, 6, 8,9, 10, 12, and 13 were determined by
analytical and spectroscopical methods such as TLC, NMR, and
high-resolution mass spectrometry (HRMS), and the results are
shown in the Experimental Section. All the American Chemical
Society (ACS) journals accept HRMS analysis of a new
compound as a sufficient proof for its characterization and
identity. High-resolution mass spectra were obtained from the
Emory University Mass Spectroscopy Facility. [*®F]fluoride was
produced at the Emory University Center for Systems Imaging
using an 11 MeV Siemens RDS 111 negative-ion cyclotron
(Knoxville, TN) by the *®0(p, n) [*®F] reaction using [**0]H,0
(95%). Trap/release cartridges model DW-TRC were purchased
from D&W, Inc. (Oakdale, TN). Radiometric TLC was performed
with the same type of silica plates from Whatman and analyzed
with a Raytest system (model Rita Star, Germany). Isolated
radiochemical yields were determined using a dose calibrator
(Capintec CRC-712M). Analytical HPLC experiments were per-
formed using a Waters Breeze HPLC system equipped with
a Bioscan flow count radioactivity detector and an inline UV
detector set to monitor wavelengths at 210, 230, and 254 nm

RSC Adv, 2025, 15, 8809-8829 | 8819


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra00693g

Open Access Article. Published on 21 March 2025. Downloaded on 4/2/2026 10:43:03 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

(Atlantis T3 column, Waters; mobile phase: 6% EtOH). All
animal experiments were conducted under humane conditions
and were approved by the Institutional Animal Use and Care
Committee and Radiation Safety Committees at Emory
University. Experiments involving infectious materials were
approved by the Emory University Environmental Health and
Safety Office and conducted in Biosafety Level 2 (BSL-2) labo-
ratories. The purity of all reported compounds is at least 95%,
as assessed by "H NMR, radiometric TLC, or radiometric HPLC
unless otherwise stated.

Chemistry

Methyl 2,3-di-O-benzoyl-6-deoxy-6-fluoro-o-p-galactopyrano-
side (2). To a stirred solution of methyl 6-deoxy-6-fluoro-a-p-
galactopyranoside® 1 (0.65 g, 3.32 mmol) in anhydrous pyridine
(1 mL) cooled to —40 °C under an argon atmosphere was added
dropwise benzoyl chloride (0.86 mL, 7.3 mmol) and the reaction
mixture was stirred vigorously at room temperature for 24 h
under argon. The reaction was quenched by adding 0.5 N HCI
(60 mL, 0 °C) and the mixture was extracted with EtOAc (20 mL
x 3). The combined organic phase was washed with saturated
NaHCO; (50 mL), water (50 mL), brine (50 mL) and dried over
anhydrous Na,SO,, filtered and evaporated to dryness under the
reduced pressure. The residue was purified by flash column
chromatography on silica gel (CH,Cl,) to afford methyl 2,3-di-O-
benzoyl-6-deoxy-6-fluoro-a-p-galactopyranoside 2 as a colorless
glassy solid (0.65 g, 48.5%).

'H NMR (300 MHz, CDCl,): 6 (ppm): 7.98 (d, 4H, ] = 7.8 Hz,
ArH), 7.55-7.48 (m, 2H, ArH), 7.40-7.35 (m, 4H, ArH), 5.69 (qd,
2H,J = 11.1 and 3.5 Hz), 5.20 (d, 1H,J = 14.6 Hz), 4.77 (d, 1H, J
= 5.6 Hz), 4.61 (d, 1H, J = 5.6 Hz), 4.40 (s, 1H), 4.29 (d,t, 1H, ] =
14.6 Hz and 5.9 Hz) 3.46 (s, 3H, OCHj;), 2.34 (d, 1H, J = 4.2 Hz).

BC NMR (75 MHz, CDCl;): 6 (ppm): 166.3, 165.9, 133.7,
133.5, 130.1, 130.0, 129.5, 129.4, 128.7, 128.6, 97.7, 82.6 (d, Jc.r
= 169.3 Hz), 71.0, 96.0, 68.4 (d, J = 28.8 Hz), 68.3, 55.8.

HRMS (ESI) m/z found: 405.13428, calculated: 405.13441 for
C,1H»,0,F [M + H]'.

Methyl 2,3-di-O-benzoyl-4-O-trifluoromethylsulfonyl-6-
deoxy-6-fluoro-a-p-galactopyranoside (3). To a stirred solution
of methyl 2,3-di-O-benzoyl-6-deoxy-6-fluoro-a-p-galactopyrano-
side 2 (0.55 g, 1.36 mmol) in CH,Cl, (10 mL) was slowly added
trifluoromethanesulfonic anhydride (0.97 g, 3.4 mmol) and
pyridine (0.5 mL), and the reaction mixture was stirred vigor-
ously for 20 min at 0 °C, followed by 20 min at room tempera-
ture under argon. The reaction was quenched by adding ice
water (80 mL) and the mixture was extracted with CH,Cl, (50 mL
x 3). The combined organic phase was washed with brine (50
mL), dried over Na,SO,, filtered and evaporated to dryness
under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexane/EtOAc, 5:1) to
afford methyl 2,3-di-O-benzoyl-4-O-trifluoromethylsulfonyl-6-
deoxy-6-fluoro-a-p-galactopyranoside (3) as an off white solid
(0.72 g, 99%).

'H NMR (300 MHz, CDCl,): 6 (ppm): 8.06-7.95 (m, 4H, ArH),
7.57-7.50 (m, 2H, ArH), 7.43-7.35 (m, 4H, ArH), 5.91 (dd, 1H, ] =
3.5and 10.4 Hz), 5.57 (dd, 1H,J = 3.5 and 10.4 Hz), 5.63 (d, 1H, J
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= 2.8 Hz), 5.63 (d, 1H, ] = 4.2 Hz), 4.73-4.62 (m, 1H), 4.59-4.46
(m, 2H), 3.48 (s, 3H, OCH3).

3C NMR (75 MHz, CDCl,): 6 (ppm): 165.9, 165.8, 134.0,
133.8, 130.3, 130.1, 128.7, 118.5 (d, Jor = 319.0 Hz), 97.6, 82.6
(d,Jc,r = 4.6 Hz), 80.2 (d, Jo.r = 172.7 Hz), 68.3, 67.6, 66.4 (d, Jc r
= 25.3 Hz), 56.3.

HRMS (ESI) m/z found: 537.08411, calculated: 537.08369 for
Cy:H,,06°%S [M + HJ'.

Methyl 2,3,4,6-tetra-O-acetyl-a-p-glucopyranosyl-(1-4)-O-
(2,3,6-tri-O-acetyl-a-p-glucopyranosyl)-(1-4)-2,3-di-O-benzoyl-4-
thio-6-deoxy-6-fluoro-a-n-glucopyranoside (5). To a stirred
solution of 2,3,6-tri-O-acetyl-S-acetyl-(2,3,4,6-tetra-O-acetyl-S-
acetyl-1-thio-a-p-glucopyranosyl)-a-p-glucopyranose® 4 (0.5 g,
0.72 mmol) in anhydrous MeOH (15 mL) cooled to —20 °C
under an argon atmosphere was added NaSCH; (0.05 g, 0.72
mmol) and the reaction mixture was stirred at —20 °C for 3 h
under argon. The reaction mixture was neutralized to pH = 7
with 1 N HCI and extracted with EtOAC (60 mL). The organic
phase was washed with water (20 mL x 3), dried over Na,SO,,
filtered, and evaporated to dryness under reduced pressure. A
solution of triflate 3 (0.63, 0.72 mmol) in DMF (25 mL) and
triethylamine (NEt; 0.6 mL) was added to the thiol residue and
the resulting reaction mixture was stirred at 0 °C for 1 h and 3
days at room temperature under argon. EtOAc (100 mL) was
added to the reaction mixture and the EtOAC solution was
washed with water (30 mL x 3), brine (30 mL) and dried over
Na,SO,, filtered and evaporated to dryness under reduced
pressure. The residue was purified by flash column chroma-
tography on silica gel (EtOAc/hexane, 2:1) to afford 5 as
a colorless oil (0.28 g, 37%).

"H NMR (300 MHz, CDCl,): 6 (ppm): 7.96-7.90 (m, 4H, ArH),
7.55-7.46 (m, 2H, ArH), 7.40-7.32 (m, 4H, ArH), 6.06 (t, 1H, ] =
10.4 Hz), 5.65 (d, 1H, J = 6.3 Hz), 5.41-5.34 (m, 2H), 5.22-4.93
(m, 5H), 4.87 (dd, 1H, J = 4.2 and 10.5 Hz), 4.79-4.69 (m, 2H),
4.48 (d, 1H, J = 10.2 Hz), 4.29-4.22 (m, 3H), 4.06-3.87 (m, 4H),
3.44 (s, 3H, OCH3), 3.43 (t, 1H, J = 11.1 Hz), 2.18 (s, 3H, CH,
from acetate), 2.10 (s, 3H, CH; from acetate), 2.04 (s, 3H, CH;
from acetate), 2.03 (s, 3H, CH; from acetate), 2.01 (s, 3H, CH;
from acetate), 1.92 (s, 3H, CH; from acetate), 1.69 (s, 3H, CH;
from acetate).

'F NMR (376 MHz, CDCl,): 6 (ppm): —253.7(t,d, ] = 47.1 Hz
and 27.7 Hz).

3C NMR (75 MHz, CDCl;): ¢ (ppm): 170.8-169.0, 166.0,
165.5, 133.7, 133.5, 130.1, 129.8, 128.7, 128.6, 97.6, 96.0, 83.4,
82.7 (d, Jor = 175.6 Hz), 73.1-72.9, 72.2, 70.1-69.3, 68.7, 68.0,
62.9, 61.5, 43.4 (d, Jo.r = 6.9 Hz), 21.0-20.8, 20.2.

HRMS (ESI) m/z found: 1039.29124, calculated: 1039.29116
for C47Hs6FNa0,;S [M + H]".

Methyl a-p-glucopyranosyl-(1-4)-a-p-glucopyranosyl-(1-4)-4-
thio-6-deoxy-6-fluoro-a-p-glucopyranoside-MFTMT  (6). To
a stirred solution of fluorinated maltotriose 5 (0.25 g, 0.24
mmol) in anhydrous methanol (10 mL) was added NaOCH;
(5.4 M, 0.054 mL) and the resulting mixture was stirred under
an argon atmosphere overnight. The reaction mixture was
neutralized with Amberlite IRN 77 (H') (3 g stirred in meth-
anol : CHCl; : water; 25:65:4). The mixture was filtered, and
the filtrate evaporated to dryness under the reduced pressure.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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The residue was purified by flash column chromatography on
silica gel (CH;OH : CH,Cl, : H,0; 27/69/4 to 51/46/3) to afford 6
as white solid (65 mg, 51%).

3C NMR (75 MHz, D,0): § (ppm): 100.4, 100.1, 86.4, 83.8 (d,
Jor=168.7 Hz), 77.4,74.4,73.5, 73.4, 73.3, 72.6, 72.3, 72.0, 71.4,
70.3 (d, Jor = 17.3 Hz), 69.9, 61.0, 60.8, 55.8, 46.0.

F NMR (376 MHz, D,0): 6 (ppm) —237.4. t,d, J = 47.1 Hz
and 28.3 Hz. KF as an internal standard for "°F NMR.

HRMS(ESI) m/z found: 559.14673, calculated: 539.14817 for
C10H330,,FNa*>S [M + Na]".

Methyl 2,3,4,6-tetra-O-acetyl-o-p-glucopyranosyl-(1-4)-O-
(2,3,6-tri-O-acetyl-o-p-glucopyranosyl)-(1-4)-2,3-di-O-benzoyl-4-
thio-6-O-trityl-o-p-glucopyranoside (8). To a stirred solution of
2,3,6-tri-O-acetyl-S-acetyl-(2,3,4,6-tetra-O-acetyl-S-acetyl-1-thio-
a-p-glucopyranosyl)-a-p-glucopyranose® 4 (0.44 g, 0.63 mmol) in
anhydrous MeOH (12 mL) cooled to —20 °C under an argon
atmosphere was added NaSCH; (0.05 g, 0.63 mmol) and the
reaction mixture was stirred at —20 °C for 3 h under argon.

The reaction mixture was neutralized to pH = 7 with 1 N HCI
and extracted with EtOAc (50 mL). The EtOAc phase was washed
with water (10 mL x 3), dried over Na,SO,, filtered, and evap-
orated to dryness under reduced pressure. A solution of trityl
triflate 7 (0.54, 0.63 mmol) in DMF (20 mL) and NEt; (0.19 mL)
was added to the thiol residue, and the resulting reaction
mixture was stirred at 0 °C for 1 h and room temperature for
48 h under argon. EtOAc (100 mL) was added to the reaction
mixture, and the EtOAc solution was washed with water (15 mL
x 3) and brine (30 mL), dried over Na,SO,, filtered, and evap-
orated to dryness under reduced pressure. The residue was
purified by flash column chromatography on silica gel (EtOAc/
hexane = 1:1) to afford 8 as a colorless glassy solid (0.13 g,
12%).

'H NMR (300 MHz, CDCl3): & (ppm): 7.90 (m, 4H, ArH), 7.58-
7.29 (m, 21H, ArH), 5.98 (t, 1H, J = 10.4 Hz), 5.50-5.44 (m, 2H),
5.35 (d, 1H, J = 4.2 Hz), 5.24 (d, 1H, J = 3.5 Hz), 5.15-5.03 (m,
3H), 4.90 (dd, 1H, J = 4.2 and 10.4 Hz), 4.66 (dd, 1H, J = 6.2 and
10.4 Hz) 4.27 (dd, 1H, J = 3.5 and 12.5 Hz), 4.04-43.68 (m, 8H),
3.54 (s, 3H, OCH3), 3.51-3.43 (M, 1H), 2.97 (t, 1H, J = 10.4 Hz),
2.11 (s, 9H, CH; from acetate), 2.03 (s, 3H, CH; from acetate),
1.98 (s, 3H, CH; from acetate), 1.90 (s, 3H, CH; from acetate),
1.64 (s, 3H, CH; from acetate).

3C NMR (75 MHz, CDCL,): ¢ (ppm): 170.79, 170.51, 170.06,
169.70, 169.61, 169.29, 166.11, 165.43, 144.16, 133.55, 133.49,
130.09, 129.82, 129.29, 129.22, 128.91, 128.62, 128.55, 128.25,
127.43, 96.86, 95.86, 87.40, 82.65, 73.74, 73.45, 72.41, 72.10,
70.36, 69.91, 69.54, 68.77, 68.48, 68.18, 65.03, 62.46, 61.46,
55.41, 44.79, 20.92, 20.84.

HRMS (ESI) m/z found: 1279.40261, calculated: 1279.40505
for CegH;1024S [M + H]".

Methyl 2,3,4,6-tetra-O-acetyl-o-p-glucopyranosyl-(1-4)-O-
(2,3,6-tri-O-acetyl-o-p-glucopyranosyl)-(1-4)-2,3-di-O-benzoyl-4-
thio-a-p-glucopyranoside (9). A solution of trityl 8 (0.11 g, 0.09
mmol) in 80% HOAc (10 mL) was stirred at 60 °C for 3 h under
argon. The reaction was cooled to room temperature and
neutralized to pH = 7 by adding saturated NaHCO;. The
resulting mixture was extracted with CH,Cl, (50 mL). The
organic phase was dried over anhydrous Na,SO,, filtered, and
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evaporated to dryness under reduced pressure. The residue was
purified by flash column chromatography on silica gel (EtOAc/
heptane = 1:1) to afford 9 as a white powder (79 mg, 89%).

"H NMR (300 MHz, CDCl,): 6 (ppm): 7.96-7.90 (m, 4H, ArH),
7.54-7.46 (m, 2H, ArH), 7.40-7.32 (m, 4H, ArH), 6.04 (t, 1H, ] =
10.4 Hz), 5.62 (d, 1H, J = 5.6 Hz), 5.40-5.30 (m, 2H), 5.20-5.04
(m, 4H), 4.87 (dd, 1H, J = 4.2 and 10.4 Hz), 4.75 (dd, 1H, ] = 5.6
and 9.4 Hz), 4.56 (d, 1H, J = 9.7 Hz), 4.28-3.83 (m, 9H), 3.47 (t,
1H, J = 11.1 Hz), 3.42 (s, 3H, OCHj,), 2.33-2.28 (m, 1H), 2.19 (s,
3H, CH; from acetate), 2.10 (s, 3H, CH; from acetate), 2.04 (s,
6H, CH; from acetate), 2.01 (s, 3H, CH; from acetate), 1.93 (s,
3H, CH; from acetate), 1.70 (s, 3H, CH; from acetate).

3C NMR (75 MHz, CDCl;): 6 (ppm): 170.80, 170.76, 170.19,
169.65, 169.44, 166.08, 165.48, 133.58, 133.51, 130.06, 129.82,
129.33, 129.17, 128.68, 128.56, 97.50, 96.07, 83.77, 73.37, 73.28,
72.88, 72.03, 70.93, 70.07, 69.87, 69.54, 69.39, 68.67, 68.12,
63.14, 62.20, 61.62, 55.80, 44.71, 21.06, 20.96, 20.89, 20.80,
20.16.

HRMS (ESI) m/z found: 1037.29419, calculated: 1037.29550
for C4;Hs,0,4S [M + H]".

Methyl 2,3,4,6-tetra-O-acetyl-o-p-glucopyranosyl-(1-4)-O-
(2,3,6-tri-O-acetyl-a-p-glucopyranosyl)-(1-4)-2,3-di-O-benzoyl-4-
thio-6-0-brosyl-a-p-glucopyranoside (10). A stirred solution of
thiomaltotriose 9 (70 mg, 0.07 mmol) and 4-bromobenzene-
sulfonyl chloride 2 (106 mg, 0.45 mmol) in CH,Cl, (50 mL) were
added DMAP (trace) and NEt; (62 pL, 0.45 mmol). The reaction
mixture was stirred at room temperature for 24 h under argon
and the solvent was removed under reduced pressure. The
residue was dissolved in CH,Cl, (20 mL) and washed with water
(2 x 5 mL) and brine (5 mL). The organic phase was dried over
Na,S0O,, filtered, and evaporated to dryness under reduced
pressure. The residue was purified by flash column chroma-
tography on silica gel (EtOAc/hexanes = 1/1) to afford brosylate-
thiomaltotriose 10 as a white solid (54.0 mg, 65%).

"H NMR (300 MHz, CDCl,): 6 (ppm): 7.92-7.87 (m, 6H, ArH),
7.79-7.75 (m, 2H, ArH), 7.53-7.45 (m, 2H, ArH), 7.39-7.30 (m,
4H, ArH), 5.95 (t, 1H,J = 10.4 Hz), 5.59 (d, 1H, J = 5.6 Hz), 5.40-
5.33 (m, 2H), 5.17-5.06 (m, 2H), 4.97 (d, 4.87 J = 3.5 Hz), 4.90-
4.84 (m, 2H), 4.74 (dd, 1H, J = 5.6 and 9.8 Hz), 4.71-4.55 (m,
3H), 4.08-3.87 (m, 4H), 3.32 (s, 3H, OCH3), 3.16 (t, 1H, J = 11.1
Hz), 2.17 (s, 3H, CH; from acetate), 2.10 (s, 3H, CH; from
acetate), 2.04 (s, 6H, CH; from acetate), 2.00 (s, 3H, CH; from
acetate), 1.93 (s, 3H, CH; from acetate), 1.69 (s, 3H, CH; from
acetate).

3C NMR (75 MHz, CDCl;): 6 (ppm): 170.81, 170.76, 170.55,
170.08, 169.70, 169.66, 169.45, 165.92, 165.38, 135.31, 133.71,
133.59, 132.80, 130.05, 129.87, 129.48, 129.11, 128.98, 128.72,
128.58, 97.16, 96.11, 83.45, 73.12, 72.98, 72.48, 71.92, 70.26,
70.00, 69.84, 69.59, 69.55, 68.71, 68.59, 67.98, 62.74, 61.50,
55.99, 44.91, 21.13, 20.92, 20.84, 20.22.

HRMS (ESI) m/z found: 1255.19745, calculated: 1255.19921
for C53HgoBrO,6S, [M + HJ".

Methyl 2,3,4,6-tetra-O-acetyl-a-p-glucopyranosyl-(1-4)-2,3-di-
0O-benzoyl-4-thio-6-deoxy-6-fluoro-o-p-glucopyranoside (12). To
a stirred solution of 2,3,4,6-tetra-O-acetyl-1-S-acetyl-1-thio-a-p-
glucopyranose 11 (0.1989 g, 0.49 mmol) in anhydrous MeOH (5
mL) cooled to —20 °C under an argon atmosphere was added
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NaSCH; (0.0361 g, 0.49 mmol) and the reaction mixture was
stirred at —20 °C for 3 h under an argon atmosphere. The
reaction mixture was neutralized to pH = 7 with 1 N HCI and
extracted with EtOAC (60 mL). The organic phase was washed
with water (20 mL x 3), dried over Na,SO,, filtered, and evap-
orated to dryness under reduced pressure. A solution of triflate
3 (0.38, 0.71 mmol) in DMF (17 mL) and NEt; (0.4 mL) was
added to the thiol residue, and the resulting reaction mixture
was stirred at 0 °C for 1 h and then at ambient temperature
under argon overnight. The solvent of the resulting crude
product mixture was evaporated under reduced pressure. The
resulting mixture was dissolved in EtOAc (60 mL), washed with
water (5 mL x 5), dried over Na,SO,, filtered, and evaporated to
dryness under reduced pressure. The residue was purified using
flash column chromatography on silica gel (EtOAc/hexane = 1:
3) to afford 12 as a colorless foamy solid (0.2165 g, 59%).

'H NMR (300 MHz, CDCl,): 6 (ppm): 7.96-7.88 (m, 4H, ArH),
7.56-7.45 (m, 2H, ArH), 7.41-7.31 (m, 4H, ArH), 6.05 (t, 1H, ] =
10.5 Hz), 5.79 (d, 1H, J = 6.3 Hz), 5.26-5.20 (m, 2H), 5.12-4.86
(m, 4H), 4.73 (dd, 1H, J = 9.9 and 48.9 Hz), 4.79-4.69 (m, 2H),
4.41 (dd, 1H, J = 3.8 Hz and 12.3 Hz), 4.30-4.25 (m, 1H), 4.11
(dd, 1H,J=2.1 and 12.3 Hz), 3.97 (dd, 1H,J = 10.5 and 28.5 Hz),
3.43 (s, 3H, OCH,), 3.43 (t, 1H, J = 11.1 Hz), 2.12 (s, 3H, CH,
from acetate), 2.02 (s, 3H, CH; from acetate), 1.94 (s, 3H, CH3
from acetate), 1.71 (s, 3H, CH; from acetate).

9F NMR (376 MHz, CDCl,): é (ppm) —253.79 (t,d, J = 47.0
and 28.2 Hz).

3C NMR (150 MHz, CDCL3): 6 (ppm) 170.7, 169.9, 169.4,
169.0, 165.8, 165.4, 133.5, 133.3, 129.9, 129.0, 128.9, 128.5,
128.4, 97.4, 83.3, 82.4 (d, Jor = 175.6 Hz), 73.0, 72.8, 70.1, 69.5,
69.4 (d, Jor = 18.6 Hz), 68.7, 68.0, 61.4, 55.8, 42.7 (d, Jo.r = 6.8
Hz), 20.7, 20.6, 20.0.

HRMS (ESI) m/z found: 773.18867, calculated: 773.18859 for
C35H300;5F,3Na*?S [M + NaJ'.

Methyl o-p-glucopyranosyl-(1-4)-4-thio-6-deoxy-6-fluoro-o-p-
glucopyranoside (13). To a stirred solution of fluorinated
maltose 12 (0.20 g, 0.27 mmol) in anhydrous methanol (6 mL)
was added NaOCHj; in methanol (25 wt%, 0.13 mL) and the
resulting mixture was stirred under an argon atmosphere
overnight at ambient temperature. The reaction mixture was
neutralized with Amberlite IRN 77 (H') (3 g). The mixture was
filtered, and the filtrate was evaporated to dryness under
reduced pressure. The residue was purified by flash column
chromatography on silica gel (CH;OH : CH,Cl, : H,O = 27/69/4
to 51/46/3) to afford 13 as a white solid (98.9 mg, 99%).

3C NMR (150 MHz, D,0): 6 (ppm): 102.3, 88.9, 86.1 (d, Jo.r =
169.0 Hz), 76.2, 75.7, 75.6, 74.9, 73.9, 72.4 (d, Joy = 17.6 Hz),
72.2, 63.1, 58.1, 48.4 (d, Jcr = 5.7 Hz).

'9F NMR (376 MHz, D,0): 6 (ppm): —237.3 (t,d, J = 47.1 and
28.4 Hz).

HRMS (ESI) m/z found: 397.09437, calculated: 397.0939 for
C13H,300FNa*?S [M + NaJ".

Radiochemistry

[**F[MFIMT ([*®F]6). The automated synthesis of ['*F]MFTMT
was carried out in a TRACERIab FX2 N. The radiosynthesis of ['°F]
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MFTMT was accomplished via the following procedure: (1) [*°F]
fluorination of precursor 10; (2) basic hydrolysis of [**F]14; (3)
HPLC purification of [**F]MFTMT; and (4) formulation. Prior to
the start of synthesis of ['*F]MFTMT, appropriate reagent solu-
tions were loaded into four reagent vials on the FX2 N Pro
module. Vial 1 was used for the elution of [**F]-fluoride from the
QMA cartridge. Vial 3 was used for precursor; vials 4 and 5 were
used for basic hydrolysis and neutralization, respectively prior to
HPLC purification. Vials 2 and 6 were empty. Vial 1 was added
with fresh 11 mg Kj;, in 1.0 mL methanol, 0.8 mg K,CO; in
0.2 mL water, Vial 3 was added with the brosylate precursor 10
(4.5 mg) in dry acetonitrile (1.0 mL); Vial 4 was added with 21 wt%
NaOEt in ethanol (0.3 mL) and USP ethanol (0.7 mL) and Vial 5
was added with 1 N HCI (0.8 mL) and citrate buffer (200 mM, 2
mL). [*®F]-Fluoride, 1.56 Ci of no-carrier-added [**FJHF (60 pA,
60 min bombardment, theoretical specific activity of 1.7 Ci per
nmole), produced on a Siemens RDS 111 cyclotron was adsorbed
on QMA cartridge. The [**F]-fluoride was eluted from the QMA
cartridge with 11 mg K,,, in 1.0 mL methanol and 0.8 mg K,CO;
in 0.2 mL water into Reactor 1. The Reactor 1 temperature was
raised up to 65 °C with helium flow and vacuum for 3 min. The
temperature is then raised to 95 °C with vacuum and helium flow
for another 3.5 min. Finally, for another 3.5 min at 95 °C vacuum
applied for solvent evaporation to dryness. Brosylate precursor 10
(4.5 mg, 3.6 umol) in 1.0 mL of dry acetonitrile was added from
Vial 3. The radiofluorination process was performed at 100 °C for
20 min. Following radiofluorination the Reactor 1 temperature
was lowered to 50 °C and solvent evaporation was performed
under vacuum with helium flow for 3 min to dryness. The basic
hydrolysis process was performed by adding 21 wt% NaOEt in
ethanol (0.3 mL) and USP ethanol (0.7 mL) from Vial 4 followed by
heating at 100 °C for 10 min and 80 °C for 5 min. The hydrolysis
at 80 °C was performed under helium gas flow. After basic
hydrolysis the Reactor 1 temperature was lowered to 40 °C and
the reaction mixture was neutralized by adding 1 N HCI (0.8 mL)
and citrate buffer (200 mM, 2 mL) from Vial 5. The neutralized
solution was injected onto a Waters Atlantis T3, 5 um, 19 mm X
100 mm HPLC column. The HPLC purification was done at 6
mL min~" using 6% EtOH-water as eluent. The radioactive peak
of ["*F]MFTMT was collected at 7.5-8.1 min into a flask. Finally,
the product in 4 mL 6% EtOH-water was sterilized by passing
through a Millex®-GS sterile filter (0.22 um) into an aseptically
prepared dose vial. A total of 188 mCi of ['*F]MFTMT was ob-
tained from 1560 mCi of '®F-fluoride in a synthesis time of
80 min. The purified final product ['*F]MFTMT was diluted in
a saline solution (pH = 6) and used for PET imaging studies. [*°F]
MFTMT was identified by co-injection of ['*F]MFTMT and non-
radiolabelled ["’F]MFTMT 6 onto a Waters Atlantis T3, 3 pm,
4.6 mm x 150 mm HPLC column which was eluted using 3%
ethanol-water as eluent over 20 min at a flow rate of 1 mL min "
(approximate retention time of ["*F]MFTMT is 10.0-11.0 min).

Biological analyses

Bacteria uptake assays. To evaluate the uptake of ['°F]
MFTMT by bacteria and mammalian cells, we used wild-type
Escherichia coli (E. coli, ATCC33456), wild-type Staphylococcus
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aureus (S. aureus, ATCC25923), LamB mutant E. coli (LamB KO
E. coli, JW3996-1), Staphylococcus epidermidis (NRS101), Pseu-
domonas aeruginosa (ATCC 27853), Enterococcus faecalis (ATCC
29212), Streptococcus sanguinis (ATCC 10556) and CHO-K1 cells
(ATCC CCL61). In LamB KO E. coli, the deletion of the lamB
gene from the genomic sequence results in the inability to
internalize maltodextrins via maltoporins. To evaluate the
affinity to ['*F[MFIMT, E. coli, S. aureus and LamB KO E. coli
were cultured in Luria-Bertani broth (LB broth, Research
Products International), and cultures in the exponential stage
were adjusted to an optical density at 600 nm (OD600) of 0.3,
corresponding to a concentration of 1 x 10° CFU mL .
Subsequently, the bacterial suspension was aliquoted into 24-
well plates, and [**F]MFTMT was loaded at final concentrations
of 5,10, 15, and 20 pCi mL~" (N = 3 for each concentration). The
bacteria were incubated at 37 °C for 1 h. After incubation, 200
uL of bacterial suspension was aliquoted onto 0.22 pm centri-
fuge filter cartridges (F2517-1, Thermo Scientific). The filter
cartridges were centrifuged at 3000xg for 1 min and transferred
to new tubes. Next, 600 pL of PBS was added, followed by
centrifugation at 3000xg for 1 min to wash the bacteria on the
filter. The filter cartridges were then placed in new tubes and
centrifuged at 3000xg for 1 min to remove any remaining
liquid. Finally, the filter cartridges were used to measure the
radioactivity associated with the bacteria on the filter.

CHO-K1 cells were cultured in Ham's F-12 Nutrient Mix
medium (Thermo-Fisher Scientific) containing 10% fetal bovine
serum (Sigma-Aldrich) and penicillin/streptomycin (Sigma-
Aldrich). Cells were seeded onto 6-well plates at a density of
10 000 cells per well one day before the experiment. The cells
were then loaded with [**F]MFTMT at final concentrations of 5,
10, 15, and 20 pCi mL ™" and incubated at 37 °C for 1 h (N=3 for
each concentration). Subsequently, the cells were washed three
times with 2 mL of PBS per well. After that, the cells were
detached from the plates using cell scrapers and suspended in
0.5 mL of PBS. The resulting cell suspension was transferred to
1.5 mL tubes for their radioactivity assessment.

To evaluate the uptake of serum-treated ["*F]MFTMT, [*°F]
MFTMT was incubated with a 1/10 volume of rat serum at 37 °C
for 1 h, followed by filtration with a molecular filter (PALL 0.45
um PTFE ACRODISC CR 13). The resulting serum-treated [*°F]
MFTMT solution was then analyzed for radioactivity. Bacteria
and CHO-K1 cells were prepared as previously described, and
the serum-treated ['"*F]MFTMT was added at final concentra-
tions of 1, 5, 10, and 15 uCi mL™* and incubated at 37 °C for 1 h
(N = 3 for each concentration). After incubation, bacteria and
cells were processed as described earlier.

In addition to S. aureus and E. coli, uptake of ['*F]MFTMT
and ["®F]MFTM by Pseudomonas aeruginosa, Staphylococcus epi-
dermidis, Enterococcus faecalis, Streptococcus sanguinis were also
evaluated. Enterococcus faecalis and Streptococcus sanguinis were
cultured in Brain Heart Infusion Broth (BHI broth, Research
Products International) and in aerobic condition. Other
bacteria were cultured in LB broth and aerobic condition. [**F]
MFTM was generated by digesting 1 mCi mL™" of [**F]MFTMT
by 50 units per mL of a-glucosidase (G5003, Sigma-Aldrich) at
3737 °C for 1 h, then, the enzyme, a-glucosidase was removed

© 2025 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

using 10 kD molecular filters (Amicon Ultra-0.5 Centrifugal
Filter Unit, Millipore). As described above, the bacteria were
adjusted to the OD600 of 0.3 (concentration of 1 x 10® CFU
mL "), and incubated with 20 pCi mL~" of ["*F]MFTMT or [**F]
MFTM at 37 °C for 1 h (N = 3). Then, 200 pL of bacterial
suspension was aliquoted onto the 0.22 um centrifuge filter
cartridges and washed with PBS. The bacterial pellets on the
filter cartridges were used to evaluate the radioactivity.

The remaining radioactivity associated with bacteria or
CHO-K1 cells was measured using a gamma counter (Cobra II
gamma counter, Packard). Radioactivity levels were quantified
using standards ranging from 0.0005 to 0.01 uCi (N = 2 for each
standard concentration).

In vivo PET imaging

Rat skin-pocket infection model. The animal experiment
protocols were approved by Emory University IACUC
(PROT0201700652). To investigate whether ["*F]MFTMT accu-
mulates bacteria in vivo, we utilized a rat skin-pocket-infection
model that we have previously established.' Briefly, 8-week-
old male rats were obtained from Charles River Laboratories
(South Carolina, USA) and small surgical-grade metal mock-ups
resembling implantable cardiac devices were surgically
implanted on their backs. On postoperative day (POD) 4, the
rats were randomly divided into four groups. The infection
groups were inoculated with either E. coli or S. aureus, each
containing 1 x 10° CFU, in the skin pocket surrounding the
mock-up (referred to as the E. coli and S. aureus groups,
respectively). Additionally, some rats were injected with 20 pL of
turpentine oil around the mock-ups to induce non-infectious
inflammation (classified as the non-infectious inflammation
group). Control rats received no additional treatment. On
POD6, the rats were subjected to in vivo ["*F]MFTMT PET
imaging (N = 3 to 4 for each group). In this rat pocket infection
model, the infected lesion contained 2.9 x 10® CFU of bacteria
at the time of imaging.*®

Administration of tracer. Rats were anesthetized using iso-
flurane gas. Anesthesia was initiated 10 min ahead of imaging
experiments, achieved by placing the animal in a cage ventilated
with oxygen and 1-2% isoflurane. The body temperature was
held at 37 °C using a temperature-controlled warm air convec-
tion system. The tracer was administered into the tail vein. The
tracer, diluted in 6% EtOH, was mixed with saline to achieve
a final volume of 0.4 mL and injected via the catheter.

Rat MicroPET-CT studies. After anesthesia, the animal was
positioned at the center of the field of view. The rats were injected
with 200-250 pCi of ["*F]MFTMT in 0.4 mL of isotonic saline-6%
EtOH (pH = 6-7). MicroPET-CT imaging data were acquired with
a Siemens Inveon PET/CT system (Siemens Medical Solutions,
Knoxville, TN, USA). Radioactivity levels in the syringe were
measured before and after tracer injection to the tail vein catheter
using a Capintec CRC 15R (Capintec Inc, 6 Arrow Road Ramsey,
N]J) dose calibrator. Data acquisition was performed for 60 min,
starting immediately following tracer injection. After PET
imaging, all animals underwent computed tomography (CT)
transmission imaging in a position similar to that used for PET.
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Animals were euthanized using carbon dioxide following CT. PET
emission data were normalized and corrected for the decay of
fluorine-18 and detector dead time. Images were reconstructed
using an ordered-subset expectation maximization algorithm,
with attenuation correction from CT, into fifteen 1-min frames
followed by eleven 5-min frames. The image volume consisted of
128 x 128 x 159 voxels, each measuring 0.78 mm x 0.78 mm X
0.80 mm. PET and CT images were co-registered using ASIPro
and processed using software written by the authors. Regions-of-
interest (ROIs) were placed on the fused PET/CT data including
infection pocket. The time-activity curves represent the mean
activity in the regions-of-interest over time.

Analysis of PET imaging data. Radioactivity accumulation
was evaluated using the summed image for the late time point
(27.5 to 60 min) once the change in blood radioactivity had
stabilized. ROIs were delineated by tracing the target areas in
the transverse section view to assess accumulation around the
mock-up area and on the dorsum of the animals, contralateral
to the side of the mock-ups, at each time point. The standard-
ized uptake values (SUVs) within the ROIs were used for quan-
titative assessment. The mean SUV (SUV mean) was calculated
as [(total radioactivity in the ROI)/(volume of ROI)]/
[(administered radioactivity)/(body weight)], while the
maximum SUV (SUV max) was calculated as (highest pixel value
in the ROI)/[(administered radioactivity)/(body weight)]. SUV
mean and SUV max in the mock-up areas were compared to
those in normal skin areas, yielding SUVmean and SUVmax
ratios, respectively."*®*"* Blood radioactivity retention was
expressed as the ratio to the injected dose (% ID per g tissue),
which was calculated as 100 x (radioactivity in 1 gram of
tissue)/(injected radioactivity)."”

Metabolite(s) of ['*F][MFTMT

In vitro serum stability of ['*F[MFIMT. Rat and human
serum stability tests were performed by an adaptation of
a previously reported method.'* Rat serum was purchased from
Sigma Aldrich, while human serum was freshly acquired from
both female and male donors. [‘*F]MFTMT, dissolved in
a solution of 6% EtOH-water (200 puL; 0.1 mCi, 3.7 MBq), was
added to either rat or human serum (2000 pL). The resulting
mixtures were aliquot into triplicate 1.5 mL conical tubes in 100
pL portions and then incubated at 37 °C for 5, 15, and 30 min.

Following the designated incubation period, 200 pL of the
ice-cold methanol was added to each tube and mixed. Subse-
quently, the samples were centrifuged at 20000 relative
centrifugal force for 10 min. The supernatants were removed
and injected into a Waters Breeze HPLC system equipped with
a 5 pL stainless steel injection coil installed and a Waters
Atlantis T3, 3 pm, 4.6 mm X 150 mm HPLC column. Elution
was achieved using 2% EtOH-water as the eluent over 25 min at
a flow rate of 1 mL min—".

In vivo metabolite(s) of ["*F]IMFTMT. In vivo metabolites of
["*F]MFTMT were evaluated using the non-infectious inflamma-
tion rat model. The rats were injected with turpentine oil as
described above, and after 2 days, the rats were injected with 250
uCi of ['*FIMFTMT via the tail vein. The rats were sacrificed with
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an overdose of pentobarbital. The blood, tissue around the mock-
ups, the liver, and the kidneys were excited. The tissue and organ
samples (approximately 2 g) were added with 1/10 volume of PBS
(approximately 200 uL) and were homogenized with a tissue
homogenizer. The homogenized samples were centrifuged at
4500xg for 30 min to obtain the tissue extract. The coagulated
blood was centrifuged at 1500xg for 15 min to obtain the serum.
The tissue extract and serum were analyzed with a Waters Breeze
HPLC system equipped with a 5 pL stainless steel injection coil
installed and a Waters Atlantis T3, 3 um, 4.6 mm x 150 mm
HPLC column. Elution was achieved using 2% EtOH-water as the
eluent over 25 min at a flow rate of 1 mL min .

Immunohistochemistry. The infection,
inflammation, and control rats were sacrificed at POD 6, coin-
ciding with the time point for PET imaging. Skin samples around
the mock-up were collected and fixed in 10% formalin for 48 h.
These skin samples were then embedded in paraffin and sliced
into 5 um sections. To assess cells expressing sodium glucose co-
transporterl (SGLT1) and SGLT2, the samples were stained with
rabbit anti-SGLT1 antibody (NBP2-20338, Novus, 1 : 100) or rabbit
anti-SGLT2 antibody (GTX59872, GeneTex, 1 : 100). Concurrently,
to identify fibroblasts, a mouse anti-vimentin antibody (NBP1-
97672, Novus, 1:100) was used. Following PBS washing, the
sections were stained with secondary antibodies: donkey anti-
rabbit IgG conjugated with Alexa Fluor 568 (A10042, Invitrogen,
1:500) and donkey anti-mouse IgG conjugated with Alexa 488 (A-
21202, Invitrogen, 1:500). Finally, the sections were sealed with
a mounting medium containing 4’,6-diamidino-2-phenylindole
(DAPI, VECTASHIELD with DAPI, H-1800). The expression of
SGLT1, SGLT2, and vimentin were observed using a confocal
microscope (Leica TCS SP5 II).

Quantitative polymerase chain reaction (qPCR). Expression
of SGLT1, SGLT2 and B-actin as the internal control in the
inflammatory tissue was evaluated by qPCR. The non-infectious
inflammation and control rats were sacrificed at POD6. The
tissue around the mock-ups was harvested, coinciding with the
time point for PET imaging. The samples were immediately
frozen with liquid nitrogen. The samples were homogenized in
QIAzol Lysis Reagent (Qiagen) and total ribonucleic acid (RNA)
was extracted with RNeasy Mini Kit (Qiagen). Complementary
deoxyribonucleic acid (cDNA) was synthesized from 4.7 pg of
total RNA for 20 pL of reaction using RevertAid First Strand
cDNA Synthesis Kit (Thermo-Fisher Scientific). The sequences
of  primers were as follows: SGLT1  forward:
cgtctteetgetggetatttte, reverse: atgegetcttetgtgetgttac,™ SGLT2
forward: ctgaacttggggageagaag, cacaagccaa-
caccaatgac,"® and f-actin (PrimeTime ¢PCR primers
Rn.PT.392.22214838.g, Integrated DNA Technologies) forward:
tcactatcggcaatgageg, reverse: ggcatagaggtctttacggatg. For the
gPCR reaction, 1 mL of cDNA, 800 nM of primers (400 nM each
forward and revers primer) and 5 uL PowerTrack SYBR Green
Master Mix (Thermo-Fisher Scientific) were mixed in total 10 pL
of reaction buffer, and the qPCR reaction was conducted per the
manufactures instruction using a StepOnePlus Real-Time PCR
System (Thermo-Fisher Scientific). The expressions of SGLT1
and SGLT2 were evaluated by the expression relative to B-actin.

non-infectious

reverse:
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Interaction of ["*F]MFTMT with SGLTs

Plasmid construction. The mammalian expression vector,
pCMV6-A-puro plasmid (PS100025), was obtained from Ori-
Gene. Restriction enzymes, ligation enzymes, and T4 poly-
merase were obtained from New England Biolabs. To modify
the muti-cloning site (MCS), the MCS template (gcggacggtgag-
tactggatgaaccgaggagagatatcgeggeegecaccatggacegacactegagaga-
tacgatcagcaagcttecgtgegtgegee) was generated using polymerase
chain reaction (PCR) and digested with Scal and HindIII. The
resulting digested template (68 bps) was inserted into the
blunted EcoRI to the Hind III site of pCMV6-A-puro. Human
SGLT1 (hSGLT1) and SGLT2 (hSGLT2) cDNA clones were ob-
tained from R&D systems (RDC0654 and RDCO0557, respec-
tively). The fragments containing the target genes, hSGLT1 or
hSGLT2, were extracted using Notl and Xhol digestion and
subsequently subcloned into the NotI-Xhol site of pCMV6-A-
puro. IRES-mCherry plasmid (a gift from Dr Ellen Rothenberg,
Addgene plasmid # 80139; http://n2t.net/addgene:80139;
RRID:Addgene_80139)"** had its EcoRI to Xhol site (1351 base
pairs) inserted into pCMV6-A-puro with hSGLT1 and pCMV6-
A-puro with hSGLT2 (yielding pCMV6-hSGLT1mCherry and
PCMV6-hSGLT2mCherry, respectively). The mCherry gene was
amplified by PCR wusing a forward primer gccgttaa-
catggtgagcaagggegaggaggata and a reverse primer ctaagt-
gaattcttacttgtacagctegtecatgecgeeg and subsequently subcloned
using the Zero Blunt TOPO PCR cloning kit (450245, Invi-
trogen). The mCherry gene, extracted using Hpal and Xhol
previously added into the TOPO vector, was then subcloned into
the blunted HindIII and the Xhol site (pCMV6-mCherry).

Human SGLT1 and SGLT2 expression in CHO-K1 cells. CHO-
K1 cells were cultured and seeded in a 24-well plate at a density of
0.6 x 10° cells per well, as previously described, one day before
plasmid transfection. Mammalian expression vectors, pCMV6-
hSGLT1, pCMV6-hSGLT2, and pCVM6-mCherry, were trans-
fected using FUGENE HD (Promega) at the ratio of plasmid to
FuGENE HD of 1:4, following the manufacturer's instructions.
The medium was changed one day after the transfection, and the
expression of transfected genes was confirmed by observing
mCherry expression using a fluorescent microscope (Olympus
IX71). Cells were selected with puromycin (10 ug mL™", Santa
Cruz) for 3 weeks and seeded in a 96-well plate at a density of 1
cell per well. The stable expression of hSGLT1 or hSGLT2 was
confirmed by assessing the uptake of 1-NBDG (0.1 mM, V41383,
InvivoChem), a specific substrate for SGLT1 and SGLT2.*® CHO-
K1 cells with the highest uptake of 1-NBDG were designated as
CHO-K1-hSGLT1 and CHO-K1-hSGLT2. Among the cells trans-
fected with pCVM6-mCherry, those exhibiting the highest
mCherry expression were selected as CHO-K1-control.

Interaction of ["*F]MFTMT and ['*F]MFIM with SGLTs. The
CHO-K1-hSGLT1, CHO-K1-hSGLT2, and CHO-K1-control cells
were seeded in 6-well plates at a density of 12 000 cells per well
one day before the experiment. The cells were then loaded with
["*FIMFTMT and ['*F]MFTM at a final concentration of 20 uCi
mL " and incubated at 37 °C for 1 h (N = 3). Subsequently, the
cells were washed, and the remaining radioactivity in the cells
was evaluated using the method described in the in vitro uptake

© 2025 The Author(s). Published by the Royal Society of Chemistry
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study. To confirm the specificity of the interactions with SGLT1
and/or SGLT2, some CHO-K1 hSGLT1 and COH-K1 SGLT?2 cells
were treated with mizagliflozin (MedChemExpress), a specific
SGJT1 inhibitor and dapagliflozin (Combi-Blocks), a specific
SGLT2 inhibitor at final concentration of 1 uM for
30 min.1*+19%115-17 Then, the cells were loaded with ["*F][MFTMT
and ["®*F]MFTM at a final concentration of 20 uCi mL ™" (N = 3).

Statistical evaluation

Statistical analysis was conducted using Prism statistical soft-
ware (Version 5.01). The Student's #-test was utilized to compare
two groups, while a one-way analysis of variance was employed
with Tukey's multiple comparison tests. All data are presented
as mean =+ standard error, with a significance level of p < 0.05
considered statistically significant.

Conclusions

In this study, we synthesized ['*F[MFTMT and assessed its serum
stability, in vitro uptake, and in vivo distribution and metabolism.
While the thio-glycosyl bond resisted enzymatic digestion, ['°F]
MFTMT and its metabolite, [**F]MFTM, reduced the affinity for E.
coli and other pathogenic bacteria other than S. aureus, and thio-
glycosyl bond and/or 6-deoxy-6-fluoro-modification prolonged
blood retention of radioactivity. In vivo imaging revealed that
radioactivity derived from [**F]MFTMT accumulated not only in
S. aureus-infected lesions but also in inflammatory tissue. We
further found that ['**F]MFTM is the only radioactive metabolite
in vivo, and increased SGLT1 expression in the inflammatory
tissue likely contributed to non-specific ['*F[MFTMT and [*°F]
MFTM accumulation in PET imaging. In addition, delayed
excretion of ['*FIMFTMT and/or its metabolites might further
increase radioactivity accumulation in inflammatory tissue.

Our findings suggest that for bacteria-specific probes for PET
imaging, maltotetraose and/or a longer maltodextrin backbone
may reduce accumulation in mammalian cells caused by SGLT1
and may be a key for specificity to bacteria. Furthermore, a thio-
glycosyl bond may reduce the affinity to maltodextrin transporter
and PTS and other approaches such as employing a nitrogen-
glycosyl bond may satisfy both stability against enzymatic diges-
tion and specificity for bacteria. Moreover, the optimal position to
derivatize the imaging molecule might be different depending on
the species of bacteria. Based on these findings, future studies will
need to investigate the structure and characteristics of maltodex-
trin transporters of pathogenic bacteria. These studies will lead to
the development of next generation maltodextrin-based imaging
probes with nitrogen-glycosyl bond making them resistant to
enzymatic digestion while maintaining bacterial selectivity and
even bacterial species specificity.

Abbreviations

1-NBDG 1(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl) amino)-
1-deoxy-p-glucose

% ID per g Ratio relative to the injection dose per gram

tissue
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BHI broth Brain heart infusion broth

CFU colony-forming units

CT Computed tomography

DAPI 4’/ /6-Diamidino-2-phenylindole

E. coli Escherichia coli

E. faecalis Enterococcus faecalis

EIIC Enzyme IIC component

EtOH Ethanol

["*F]FDG 2-Deoxy-2-[ **F]fluoro-p-glucose

GLUT Glucose transporter

HPLC High-performance liquid chromatography

LB broth Luria-Bertani broth

MFTM Methyl 6-deoxy-6-fluoro-4-thio-a-p-maltoside

MFTMT Methyl 6-deoxy-6-fluoro-4-thio-a-p-
maltotrioside

MHF Fluoro-maltohexaose

MRI Magnetic resonance imaging

NaOEt Sodium ethoxide

NEt3 Triethylamine

NMR Nuclear magnetic resonance

P. aeruginosa

Pseudomonas aeruginosa

PBS Phosphate-buffered saline

PET Positron emission tomography

POD Postoperative day

PTS Phosphotransferase system

RCY Decay-corrected radiochemical yield

ROI Region of interest

S. aureus Staphylococcus aureus

S. epidermidis Staphylococcus epidermis

SDS-PAGE Sodium dodecyl-sulfate polyacrylamide gel
electrophoresis

SGLT Sodium glucose co-transporter

S. sanguinis  Streptococcus sanguinis

Suv Standardized uptake value

TLC Thin-layer chromatography
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