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Abstract  

SyntheCc anion transporters that mediate electroneutral (H+/Cl-) transport have demonstrated anC-
cancer acCvity due to their ability to disrupt subcellular homeostasis. ElucidaCon of the cell death 
mechanism revealed the transporters’ ability to neutralise lysosomal pH gradients and inhibit 
autophagy. However, their effect on other subcellular compartments is unknown. Herein, we disclose 
the first subcellular targeted anionophores that accumulate in various membrane bound organelles to 
bias their natural propensity to depolarise lysosomes. The series of naphthalimide-based transporters 
were studied by confocal microscopy, and were found to accumulate in different subcellular organelles. 
The analogues that contained endoplasmic reCculum (ER)- and lysosomal targeCng moCfs showed 
enhanced the H+/Cl- transport ability compared to their non-targeted analogues. Moreover, ER and 
lysosomal localisaCon was found to enhance the cytotoxic effect of the transporters on cancerous cells. 
Our work provides an alternaCve approach in the design of therapeuCcally focused syntheCc anion 
transporters and an insight into possible subcellular compartment-specific effects on homeostasis. 

Introduc.on  

The precise regulaCon of anionic species across phospholipid bilayers is fundamental to pH regulaCon, 
cellular signalling, osmoCc balance, and many other biological processes crucial for cellular funcCon.1-

3 SyntheCc molecules capable of facilitaCng anion transmembrane transport have a6racted significant 
interest as potenCal therapeuCcs in the treatment of diseases associated with ion transport 
dysregulaCon,4 such as cysCc fibrosis,5 or as novel anC-cancer agents.6 Recently, syntheCc anion 
transporters have been shown to match and even surpass the transport abiliCes of biological chloride 
channels and natural products.7,8 As a result, there is a growing focus towards evaluaCng their cellular 
effects.9 It has been shown that electroneutral (H+/Cl-) anionophores induce apoptosis by decreasing 
the lysosomal chloride concentraCon, which leads to an increase in lysosomal pH and disrupCon of 
lysosomal funcCon essenCal for autophagy.10-11 

Mammalian cells are incredibly complex and possesses many compartmentalised membrane-bound 
organelles, each with a specific structure and funcCon vital for cellular funcCon. Common examples 
include mitochondria, which form the foundaCon of energy producCon from oxidaCve 
phosphorylaCon.12 The endoplasmic reCculum (ER) is involved in synthesising lipids and proteins that 
are subsequently sorted and modified through post-translaConal modificaCons in the Golgi 
apparatus,13-14 and lysosomes are responsible for cellular digesCon essenCal to autophagy.15 While the 
determinants of cancer cell death exhibited by the previously-tested anionophores were found to exert 
their effects on the lysosomes,10 the effect of anionophore-induced transport on other subcellular 



compartments is currently unknown. Concomitant chloride transport proteins have been idenCfied in 
other subcellular compartments such as the ER, Golgi apparatus and mitochondria, which highlights 
the importance of this anion to the cellular funcCon of many membrane-bound organelles.16-19 We 
hypothesised that anionophores which can selecCvely target unexplored membrane-bound organelles 
might elicit different physiological responses.  

Herein, we demonstrate this concept by developing a series of fluorescent anionophores, compounds 
1–9, that have been designed to localise in different subcellular compartments. The appendage of 
organelle-targeCng moCfs maintained, and in some cases increased, the anion binding and transport 
ability of the receptors, while live cell confocal laser scanning microscopy confirmed their organelle-
specific localisaCon. All the anionophores demonstrated cytotoxicity towards cancer cells. Notably, 
transporters that demonstrated lysosomal or ER localisaCon were found to enhance the cytotoxicity 
compared to non-targeted transporters, represenCng an alternaCve approach in the development of 
anCneoplasCc-oriented syntheCc anionophores. 

Synthesis and characterisa.on. 

Compounds 1–9 were constructed around a fluorescent 1,8-naphthalimide core. The scaffold has been 
used extensively in sensing and cellular imaging due to its desirable photophysical properCes.20-21 
Urea-based receptors have found numerous applicaCons in the field anion recogniCon due to their 
widely recognised binding properCes and were chosen as the binding moCf for compounds 1–9.22 
Moreover, we have previously demonstrated the anionophoric ability and cytotoxicity of compound 9, 
which was found to disperse homogenously in the cytosol.23 The 1,8-anhydride derivaCve of this 
scaffold allows for a high degree of funcConalisaCon which we chose to exploit through the appendage 
of subcellular targeCng moCfs. AddiConally, the distal nature of the anhydride minimised possible 
sterically encumbering interacCons between the targeCng groups with the hydrogen bonding cavity. 
There are several strategies for achieving sub-cellular targeCng, including targeCng pepCdes and self-
labelling pepCdes. We opted to use well-established small molecule targeCng groups, to ensure 
effecCve transmembrane transport.24 We opted to  incorporate simple lipophilic groups, which align 
well with the properCes required for effecCve transmembrane transport. To target the lysosomes, we 
incorporated morpholino- and N,N-dimethylethyl moCfs due to their reversible protonaCon at 
physiological pH.25 Cyclohexylsulfonyl urea and p-toluenesulfonamide moCfs were used for targeCng 
the ER.26-28 We uClised triphenyl phosphoniums to specifically target the mitochondria, as these 
moieCes are renowned for their propensity to accumulate within the negaCvely charged inner 
mitochondrial membrane facilitated by the transmembrane proton pump.29-30 A non-targeCng 
hydrophilic polyethylene glycol chain, compound 8, was synthesized alongside the previously-studied 
compound 9 to probe the acCvity of the transporters in the absence of targeCng groups.23 Lastly, a 
non-targeted control bearing a secondary amine, compound 10, was synthesised to evaluate the 
importance of the hydrogen bonding urea moCf.  

The synthesis of each anionophore 1–9 was achieved in 4-8 steps, each iniCated by the construcCon 
of their respecCve targeCng moCf. The appropriate ethyl- and propylamine precursors were then 
incorporated into the central scaffold in good to excellent yields through a condensaCon reacCon with 
4-bromo-1,8-naphthalimide. Subsequent azide subsCtuCon and reducCon afforded the 4-amino 
intermediates, which were transformed into their respecCve isocyanates using triphosgene. The 
addiCon of 3,5-bistrifluoromethyl aniline afforded compounds 1–9 in low to excellent yields. 
Compound 10 was ulCmately synthesised from the condensaCon of pentylamine with 4-bromo-1,8-



naphthalimide, followed by a subsCtuCon with a second equivalent of pentylamine which afforded 10 
in excellent and moderate yields, respecCvely.  

 

Figure 1. Structures of the fluorescent anion transporters studied in this paper. Subcellular targeCng 
anionophores 1–7, non-targeCng anionophores 8 and 9, and control naphthalimide 10. Blue = anion 
binding moCf. Red = subcellular targeCng group.  

Anion binding in solu.on  

The binding affiniCes of compounds 1–10 were assessed using 1H NMR CtraCons in DMSO-d6/0.5% 
water. SoluCons of each receptor were Ctrated with up to 200 equiv. of tetrabutylammonium chloride 
(TBACl). Large downfield shifs from both the urea protons and smaller shifs from the aromaCc 
naphthalimide CH were observed upon the addiCon of TBACl for receptors 1–9, while a separate 
downfield shif of the amine proton was exhibited by compound 10.  

  



 

Table 1. Summary of chloride binding properCes of receptors 1–10.  

Compound Ka Cl– a  
1 163 
2 171 
3 191 
4  *K11: 260; K12: 7 
5 156 
6 269 
7 299 
8 165 
9 177 

10 2 
a Associa'on constant (M-1) calculated by fi5ng the change in chemical shi9s upon addi'on of tetrabutylammonium chloride (TBACl) of the 
urea NH and the naphthalimide CH resonance to a 1 : 1 binding model. *Calculated by fi5ng the change in chemical shi9s upon addi'on of 
TBACl of the urea NH, naphthalimide CH and sulfonyl urea NH resonances to a 1 : 2 binding model. 

All receptors were fit to both 1 : 1 and 1 : 2 receptor:guest binding models using a global fihng applet 
to generate the associaCon constants shown in Table 1. 31-32 Receptor 4 possesses a sulfonyl urea on 
appended targeCng moiety, which has previously been used in the construcCon of anion receptors.33 
In the presence of chloride, downfield shifs were observed by both sulfonyl urea protons of 4 and, 
accordingly, was the only receptor to exhibit a good fit to a 1 : 2 binding model whereas the remaining 
receptors displayed a be6er fit to a 1:1 binding model. Compounds 1–9 demonstrated moderate 
binding to chloride, while control receptor 10 showed almost no complexaCon to chloride, highlighCng 
the importance of the dual hydrogen bonding moCf for successful anion binding. The strongest affinity 
was observed for receptors 6 and 7, presumably due to addiConal electrostaCc interacCons from the 
charged targeCng groups stabilising the host-guest complex. Strikingly, the similarly charged receptor 
5 showed the weakest complexaCon to chloride. While we anCcipated a modest decrease in the 
posiCvely charged character of the phosphonium ion in compound 5, a6ributed to the posiCve 
inducCve effects of the methylated aryl rings, the magnitude of this effect in the calculated associaCon 
constants exceeded our expectaCons. The highest affinity across the neutral receptors was exhibited 
by receptor 3. The single sulfonamide is likely too weak to create its own separate binding cavity but 
was found to enhance the overall affinity to chloride. Despite the addiCon of different targeCng moCfs, 
the binding affiniCes to chloride remained broadly similar across the neutral receptors, which jusCfied 
our decision to posiCon the targeCng moCfs further away from the anion-binding moCf. 

Transport studies 

MoCvated by the binding capabiliCes of 1–9, the anionophoric ability of the naphthalimides was 
demonstrated using the Cl-/NO3

- exchange assay. Palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine 
(POPC) large unilamellar vesicles (LUVS, 200 nm) were entrapped with NaCl (489 mM, buffered to pH 
7.2 using phosphate salts) and suspended in an external soluCon of NaNO3 (buffered under the same 
condiCons). Transporters were added as a DMSO soluCon (10 μL) at t = 0 s to iniCate anion exchange 
across the membrane, and the increase in extravesicular chloride concentraCon was measured using 
an ion-selecCve electrode (ISE). The vesicles were treated with Triton X-100 at t = 300 s to lyse the 
contents into the external soluCon and calibrate the 100% chloride efflux value. Figure 2. shows the 
results of Cl-/NO3

- exchange experiments at 1 mol% loading of each anionophore (with respect to lipid 
concentraCon).  



 

Figure 2. A) Chloride efflux as a funcCon of Cme promoted by the addiCon of 1 mol% (with respect to 
lipid concentraCon) of anionophores 1–4 and 7–10 using POPC LUVs entrapped with 489 mM NaCl 
buffered to pH 7.2 with 5 mM sodium phosphate salts suspended in 489 mM NaNO3 buffered to pH 
7.2 with 5 mM sodium phosphate salts. The receptors were added as a DMSO soluCon. At t = 300 s 
(the end point of the experiment), the vesicles were lysed with Triton X-100 to calibrate the 100% 
chloride efflux. Each point is an average of three repeated runs. B) Calculated iniCal rates from the 
chloride efflux as a funcCon of Cme promoted by the addiCon of 1 mol% (with respect to lipid 
concentraCon) of anionophores 1–4 and 7–10.  

In comparison to the simple pentyl analogue 9, the anionophores were all found to effecCvely 
transport chloride, despite the added complexity of the affixed targeCng moieCes. It should be noted 
that the addiCon of compound 6 to the Cl-/NO3

- exchange assay led to a spike in the iniCal transport 
rate, presumably due to interference from the bromide counter anion, and therefore was omi6ed from 
the assay. AddiConally, the assessment of the anion transport ability of 5 could not be completed due 
to the insolubility of the receptor. Morpholine-appended compound 1 displayed the highest potency 
across the series and was significantly more acCve than the other lysosomal-targeCng analogue 
compound 2. Amongst the proposed ER targeCng receptors, higher acCvity was exhibited by 4 
compared to 3, which could be raConalised by the presence of the addiConal anion binding moCf 
within compound 4. Membrane permeability is heavily inhibited by charged species and could be a 
possible reason for the lower transport acCvity demonstrated by the triphenyl phosphonium-
containing compound 7. Both compounds that lacked targeCng groups, 8 and 9, were shown to 
efficiently mediate Cl-/NO3

- exchange. Remarkably, the addiCon of the polyethylene glycol chain to 
compound 8 resulted in a four-fold increase in the Cl-/NO3

- exchange rate compared to the highly 
lipophilic pentyl analogue 9 (Table 1.). To the best of our knowledge, this is the most acCve 
anionophore bearing this highly hydrophilic group. This modificaCon has the potenCal to enhance the 
intrinsic deliverability of anionophores in aqueous soluCons while retaining potent acCvity, an acCve 
area of transmembrane transport we are persistently looking to explore.34-35 

Overall, the transport acCvity was found to contest the trends uncovered in the soluCon-phase binding 
studies. This is a consequence of the targeCng groups influencing the ability of each anionophore to 
parCCon through the membrane. Lipophilicity determines the ability of a transporter to parCCon 
through the lipid bilayer and has been demonstrated to be an important consideraCon when 
determining transmembrane transport acCvity. While no obvious correlaCon was elucidated with 



respect to lipophilicity, we found that the structurally simple targeCng groups displayed the highest 
rate of Cl-/NO3

- exchange. From this, we theorised that the diminished acCvity observed could result 
from possible adverse interacCons with the phospholipid lipid bilayer from transporters that possess 
an inherent charge or addiConal hydrogen bond donors. 

We then sought to determine the mechanism of chloride transport mediated by the anionophores 
using a caConophore-coupled assay using natural ionophores, valinomycin and monensin. POPC LUVs 
loaded with KCl (300 mM, buffered to pH 7.2 using phosphate salts) were suspended in potassium 
gluconate (KGlu, 300 mM, buffered to pH 7.2 using similar condiCons). Transporters were added as a 
DMSO soluCon (10 μL) at t = 0 s to iniCate efflux, and the increase in chloride concentraCons in the 
external soluCon was measured using an ISE. The vesicles were treated with Triton X-100 at t = 300 s 
to lyse all contents into the external soluCon and calibrate the 100% chloride efflux value.  

Electrogenic transport implies the transmembrane uniport of chloride, which generates a membrane 
potenCal that can be balanced through an independent electrogenic transport event (for example, the 
transport of a caCon or back exchange of another anion). In contrast, electroneutral transport does 
not lead to a net transfer of charge. Instead, it involves the simultaneous transport of two ions (one 
anion and one caCon, or two different anions) in a process which cannot be separated. The external 
soluCon uClises the highly hydrophilic and membrane-impermeable gluconate; thus, the addiCon of 
the anionophore alone will not iniCate transport as there is no counterflow of anions to alleviate the 
build-up of negaCve charge. Valinomycin strictly mediates the uniport of K+ across the phospholipid 
bilayer and, consequently, coupling to valinomycin signifies the electrogenic uniport of Cl- facilitated 
by the anionophore. In contrast, monensin exchanges H+/K+ across the lipid membrane and coupling 
of an anionophore to monensin implies an electroneutral H+/Cl+ symport mechanism mediated by the 
transporter. We concluded that anionophores 1-4 and 7-9 were capable of both electrogenic and 
electroneutral Cl- transport, with a modest selecCvity for H+/Cl- transport across all the tested 
anionophores. ImplemenCng different targeCng moCfs offered no change in the transport mechanism, 
even in the presence of addiConal binding components, in the form of sulfonyl ureas, or electrostaCc 
charges.  

The transport acCvity was further evaluated through a fluorescence-based assay. POPC LUVs were 
loaded with the pH-responsive fluorophore 8-hydroxypyrene-1,3,6-trisulfonate (HPTS) and N-methyl-
D-glucamine (NMDG) chloride, buffered to pH 7.0 with HEPES. The vesicular soluCon was suspended 
in an external aqueous soluCon of NMDG-Cl, similarly, buffered to pH 7.0 with HEPES. A pH gradient 
was applied across the membrane through the addiCon of an NMDG base pulse, followed by the 
addiCon of the transporter as a DMSO soluCon (10 µL) to iniCate transport. The ability of a transporter 
to dissipate the pH gradient through H+/Cl+ symport (or equivalent OH−/Cl− anCport) was determined 
through the change in the fluorescence emission spectra of HPTS. At the end of the run, the vesicles 
were similarly treated with Triton X-100 to calibrate the 100% chloride efflux value.  

 



 

Figure 3. A) Chloride efflux as a funcCon of Cme promoted by the addiCon of 0.2 mol% (with respect 
to lipid concentraCon) of anionophores 1–4 and 6–9 using POPC LUVs entrapped with NMDG-Cl 
buffered to pH 7.0 with HEPES, suspended in NMDG-Cl buffered to pH 7.0 with HEPES. An NMDG base 
pulse generated a pH gradient and the receptors were added as a DMSO soluCon. At 210 s (the end 
point of the experiment), the vesicles were lysed with Triton X-100 to calibrate the 100% chloride 
efflux. Each point is an average of three repeated runs. B) Calculated iniCal rates from the chloride 
efflux as a funcCon of Cme promoted by the addiCon of 0.2 mol% (with respect to lipid concentraCon) 
of anionophores 1–4 and 6–9.  

In contrast to the ISE-based assays, the higher sensiCvity of the HPTS assay allowed for a more 
complete and in-depth comparison of acCvity trends at a more biologically relevant concentraCon. 
Figure 3A. shows the acCvity of compounds 1–4 and 6–9 (0.2 mol%, relaCve to lipid concentraCon). 
The trends in iniCal transport rates were shown to mirror those observed in the Cl-/NO3

- exchange 
assay. Notably, the assay allowed the comparison of the two mitochondrial targeCng compounds 6 and 
7, whereby a marginal increase in the transport rate was observed upon the subsCtuCon of the 
bromide counter ion for mesylate. To further quanCfy the anionophoric ability, the same assay was 
used to determine the concentraCon-dependent transport acCvity of each receptor. Dose-response 
curves were fit to the Hill equaCon to derive the effecCve concentraCon of a transporter required to 
reach 50% efflux (EC50). An acCvity sequence of 1 > 8 > 2 = 4 > 9 was established, highlighCng the high 
potency of the morpholine-appended anionophore 1, with an EC50 value of 0.06 mol% (Table 2.). Alkyl 
chains are commonly employed in transmembrane transport to enhance lipophilicity and thus, 
increase the membrane permeability of transporters.36-37 A comparison of the EC50 values 
serendipitously revealed that the subsCtuCon of the pentyl chain with various subcellular targeCng 
moCfs increased the efficiency of chloride transport. The most significant example was found in 
comparison of compounds 1 and 9, where a 4-fold decrease in the EC50 was observed. The Hill 
coefficient, n, also provides an insight into the stoichiometry of the transport process. The analysis 
revealed that the coefficients were close to n = 1 in all cases, indicaCng a 1 : 1 transporter-anion 
stoichiometry.  

  



 

Table 2. EC50 values shown for the NMDG-Cl assay.  

Compound EC50 a 
(mol%) 

n 

1 0.06 1.1 
2 0.14 0.8 
4 0.14 0.72 
8 0.09 1.1 
9 0.23 1.3 

 

 a EffecCve concentraCon needed to obtain 50% chloride efflux (EC50) at 210 s, values reported in 
transporter to lipid molar raCo (mol%). 

In vitro studies 

Afer establishing the anionophoric acCvity of our compound series, a6enCon turned to exploring the 
subcellular localisaCon of 1–10 in cultured cells. To confirm that the compounds were suitable for 
cellular imaging, the cell viability at concentraCons of transporters intended for imaging studies was 
assessed using an alamarBlue assay in A549 human lung carcinoma cells. All transporters displayed 
negligible cytotoxicity to the living cells when dosed with 1.5 μM for 24 h, and iniCal confocal 
microscopic experiments demonstrated bright intracellular fluorescence at various concentraCons. 

All the subcellular-targeted anionophores were found to localise in their targeted sub-cellular 
compartment. The emission of transporter 1 is shown in Figure 4A., where punctate structures around 
the nucleus indicaCve of lysosomal staining were observed. To confirm the accumulaCon of 1 within 
the desired organelle, colocalisaCon experiments were performed with LysoTracker Deep Red (LTDR) 
(Figure 4A). The results confirmed the effecCve lysosomal targeCng ability of 1, and a calculated 
Pearson’s correlaCon coefficient (PCC) of 0.80 further quanCfied the localisaCon. Similar experiments 
with compound 2 also revealed excellent lysosomal localisaCon, with a calculated PCC value of 0.90. 
Similar co-staining experiments with ER Tracker Red (ERTR) determined that compounds 3 and 4 
(Figure 4B.) localised within the ER, with calculated PCC values of 0.78 and 0.74. Fluorescence images 
containing transporters 6 and 7 showed web-like fluorescent structures that correlated to the 
mitochondria (Figure 4C.). The excellent mitochondrial targeCng capabiliCes of compounds 6 and 7 
were confirmed through their colocalisaCon with MitoTracker Deep Red (MTDR), which gave 
calculated PCC values of 0.91 and 0.92, respecCvely. Non-targeCng compound 9 and control compound 
10 were observed to localise homogenously throughout the cytoplasm, with no observable 
colocalisaCon with any organelle marker. We envisaged that incorporaCng a polyethylene glycol chain 
would promote cytosomal accumulaCon due to the high hydrophilicity of this moCf. No lysosomal or 
mitochondrial accumulaCon was observed by transporter 8, but interesCngly, we found modest 
localisaCon to the ER (Figure 4D). While there is a tendency of lipophilic compounds to localise in the 
ER, the mechanisCc reasoning is poorly understood compared to other organelles. LocalisaCon to the 
ER by non-targeCng probes, such as 8, is believed to be a direct result of a molecule’s opCmum 
hydrophobicity towards the organelle,38 and for this reason, there are only a few other instances of 
ethylene glycol-directed ER targeCng probes.39-40 



 

Figure: 4. ColocalisaCon experiments. RepresentaCve images of A549 cells dosed with: A) 1 (1 μM) and 
LysoTracker Deep Red (LTDR) (50 nM) for 30 mins, B) 4 (1 μM) and ER-Tracker Red (ERTR) (50 nM) for 
30 mins; C) 7 (1 μM) and MitoTracker Deep Red (MTDR) (50 nM) for 30 mins; D) 8 (1 μM) and ER-
Tracker Red (ERTR) (50 nM) for 30 mins. Cyan channel (transporter): λex = 287nm, λem = 482-582 nm. 
Magenta channel (LTDR, MTDR): λex = 640 nm, λem = 650–750 nm. Magenta channel (ERTR): λex = 
561 nm, λem = 575–675 nm. Scale bars represent 20 μm. 

We further invesCgated the cellular effects of compounds 1–4 and 6–10 by exploring their cytotoxicity 
in more detail using an alamarBlue™ assay. Through the calculated half maximum inhibitory 
concentraCon (IC50) values, it was found that all urea-containing transporters effecCvely induced cell 
death, albeit to varying degrees. Compound 10, on the other hand, was non-toxic, highlighCng that 
the observed cytotoxicity in the cancer cell line is strongly correlated to the presence of the anion 
binding urea moiety. Remarkably, the extent of cytotoxicity from the lysosomal, ER, and mitochondrial 
targeCng compounds was maintained despite their distribuCon to other subcellular components. 
Comparison of cell viabiliCes between mitochondrial transporters 6 and 7 showed no significant 
difference. Importantly, the more potent anionophores within the lysosomal and ER targeCng groups 
demonstrated the highest cytotoxicity afer 24 h. Lysosomal targeCng anionophores 1 and 2 
demonstrated the largest enhancement in cytotoxicity when compared to the non-targeCng 
anionophore 9. While the cell death mechanism of 9 is yet to be elucidated, it is possible that the 
lysosomal depolarisaCon pathway shown by other anionophoric scaffolds is responsible for the 
observed cytotoxicity. 10-11-41 We postulate that the increase in lysosomal accumulaCon demonstrated 



by compounds 1 and 2 over 9 led to an increased perturbaCon of the lysosomal ionic and pH gradients, 
consequently enhancing the cytotoxicity. Compound 4 also exhibited a two-fold increase in cytotoxicity 
upon its subcellular accumulaCon to the ER compared to non-targeCng anionophore 9, we are 
currently invesCgaCng if these novel findings are iniCated through new mechanisms of cell death 
outside the natural lysosomal pathway. 

Compound IC50 (μM) 

1 4.4 

2 5.3 

3 35.1 

4 6.6 

6 11.4 

7 11.9 

8 >100 

9 12.0 

10 >200 
 

Table 3. IC50 values of compounds 1–4 and 6–10 on the human lung carcinoma (A549) cell line afer 
incubaCon for 24 h.                                                                                                                                                                           

Conclusion  

Based on the findings here, we present the first examples of subcellular targeted anionophores which 
accumulate in organelles previously unexplored in the context of anion transmembrane transport. The 
incorporaCon of organelle-specific moCfs to a naphthalimide scaffold afforded a library of fluorescent 
receptors capable of anion binding and transmembrane transport at micromolar concentraCons. By 
exploiCng lipophilic subcellular targeCng moCfs, we enhanced the electroneutral chloride transport 
ability of the anionophores compared to their non-targeCng analogues. Fluorescence microscopy in 
live cells confirmed the concentrated anionophoric accumulaCon in specefic membrane-bound 
organelles. We anCcipate that the subcellular manipulaCon of anionophores will open up novel 
possibiliCes for iniCaCng new subcellular compartment-specific effects on homeostasis, shaping the 
design in a new wave of therapeuCcally focused syntheCc anion transporters. 
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