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Abstract

Background—The hydrophobic pocket (HP) of HIV-1 glycoprotein-41 ectodomain is defined by 

two chains of the N-heptad repeat trimer, within the protein-protein interface that mediates 6HB 

formation. It is a potential target for inhibitors of viral fusion, but its hydrophobic nature and 

proximity to membrane in situ has precluded ready analysis of inhibitor interactions.

Methods—We evaluated the sensitivity of 19F NMR and fluorescence for detecting peptide and 

small molecule binding to the HP and explored the effect of non-denaturing detergent or 

phospholipid as cosolvents and potential mimics of the membrane environment surrounding gp41.

Results—Chemical shifts of aromatic fluorines were found to be sensitive to changes in the 

hydrogen bonding network that occurred when inhibitors transitioned from solvent into the HP or 

into ordered detergent micelles. Fluorescence intensities and emission maxima of autofluorescent 

compounds responded to changes in the local environment.

Conclusions—Gp41 - ligand binding occurred under all conditions, but was diminished in the 

presence of detergents. NMR and fluorescence studies revealed that dodecylphosphocholine 

(DPC) was a poor substitute for membrane in this system, while liposomes could mimic the 

membrane surroundings.
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General Significance—Our findings suggest that development of high potency small molecule 

binders to the HP may be frustrated by competition between binding to the HP and binding to the 

bilayer membrane.

Graphical Abstract
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1. Introduction

HIV-1 glycoprotein-41 (gp41) is a transmembrane protein that forms part of the spike on the 

viral surface and that is involved in fusion between HIV-1 and host cells. It consists of an 

ectodomain, transmembrane domain and cytoplasmic domain,[1, 2] and exists in a 

metastable state prior to fusion. Fusion is triggered by viral attachment and release of 

glycoprotein-120 (gp120), followed by collapse of trimeric N-heptad repeat (NHR) and C-

heptad repeat (CHR) helices of the ectodomain into a six helix bundle (6HB).[1, 3-6] 
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Inhibitors targeting gp41 have been studied for their ability to prevent entry and infection. A 

hydrophobic pocket (HP) defined by two chains of the NHR trimer is contained within the 

protein-protein interface that mediates 6HB formation.[7] The pocket is considered to be a 

potential target for low molecular weight fusion inhibitors.[8-13] Nevertheless, small 

molecule fusion inhibitors with drug-like potency have not been found. The most effective 

(nM or better) fusion inhibitors discovered to date are peptides based on the CHR domain of 

gp41,[14] including T20 (enfuvirtide), an FDA approved fusion inhibitor. They act in a 

dominant-negative fashion by preventing the conformational changes in gp41 required for 

fusion.

It has proved difficult to study gp41 – small molecule interactions by biophysical methods as 

an aid to structure based drug design. Isolated gp41 ectodomain adopts the collapsed 6HB 

form in which the hydrophobic pocket is obscured (Figure 1A).[15, 16] In order to study 

binding in the pocket, we designed reverse hairpin proteins in which a truncated CHR 

preceded the NHR in sequence with a short connecting loop (Figure 1B).[17, 18] 

C28(L4)N50, named according to the length of the domains, has an exposed HP in solution. 

We also prepared CHR peptide containing the HP binding domain (HPbd) attached to the 

small globular domain GB1, allowing for straightforward bacterial synthesis and labeling for 

NMR. The resulting 15N-labeled constructs CPi635 (shown in Figure 1B) was shown by 

HSQC to bind to C28(L4)N50.[17]

While C28(L4)N50 proved to be trimeric and highly helical,[18] it gave broad low quality 

HSQC spectra (Supplementary Material Figure S1), evidence of significant dynamics on the 

NMR chemical shift time scale. Furthermore ligands are hydrophobic and complexes with 

protein are poorly soluble at concentrations required for structural studies in aqueous 

solution. Therefore protein-detected ligand binding and structural analysis by NMR was not 

feasible for this system.

We observed that non-denaturing detergents helped to solubilize some of the more 

hydrophobic inhibitors and their mixtures with protein. We reasoned that lipids or membrane 

mimetic components could contribute to the mechanism of action in the milieu of the in situ 

fusion reaction. Here we examined this possibility using 19F NMR and fluorescence 

experiments. 19F NMR is a useful probe of molecular interactions due to the sensitivity of 
19F-resonances to changes in local environment,[19] as is deuterium NMR,[20] and the low 

concentrations required for measurement. Additionally, 19F NMR is readily applicable to the 

study of proteins in the presence of detergents, lipids or stabilizing agents, because of the 

absence of background signals from these compounds. We examined both peptide and low 

molecular weight inhibitor binding to the HP, as well as the effect of phospholipid detergent 

dodecylphosphocholine (DPC) and Tween-20. Tween-20 is a mild non-ionic non-denaturing 

detergent that is used to solubilize membrane proteins without disrupting structure,[21, 22] 

DPC is a zwitterionic detergent that has been used in NMR studies of membrane-associated 

peptides and proteins as a membrane mimetic. The small size of DPC micelles together with 

the availability of DPC in perdeuterated form have favored its use for solution state proton 

NMR studies,[23] with the caveat that functional activity should be checked on a case by 

case basis.[24] Previous studies of peptides and constructs of the 6HB and associated 

domains have resulted in disparate interpretations of their interactions with detergent 
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micelles and lipid bilayers[2, 25, 26]. Some studies have indicated that DPC can alter the 

monomer-trimer equilibrium in gp41, which would disrupt the HP binding site.[27-29] 

Other studies have suggested that DPC is a suitable membrane mimetic in which to evaluate 

structure and fusion-inhibitory agents targeting gp41 domains.[30-32] Interpretation is likely 

compounded by the difficulties inherent in biophysical studies of the hydrophobic peptides, 

making the outcomes sensitive to exact composition, concentration and conditions. Overall, 

it appears that the 6HB, stable in aqueous solution, is destabilized or more dynamic in DPC 

micelles, while the structure is retained in zwitterionic lipid bilayers representative of the 

outer leaflet of the plasma membrane[33, 34]. Isolated NHR domain but not 6HB has also 

been shown to disrupt lipid ordering.[25, 26]

Since our ligands contain indole or indazole groups with intrinsic fluorescence, we 

additionally studied binding by examining changes in fluorescence spectra. Fluorescence 

studies were also conducted in the presence of liposomes that could more accurately 

represent the bilayer interface, giving us the opportunity to examine whether DPC micelles 

were adequate mimetics for this protein – lipid – small molecule system.

2. Material and methods

Experimental Procedures are described in Sections S1 - S3 of the Supplementary Material. 

These include synthetic routes of synthesis of ligands, binding and antiviral assays, NMR 

and fluorescence experiments and preparation of liposomes.

3. Results and Discussion

3.1 C-heptad repeat domain binding in the hydrophobic pocket is readily detected by 19F 
NMR

We first established the sensitivity of 19F NMR to the binding interaction in the HP by 

studying the validated CPi635 – C28(L4)N50 interaction (Figure 1).[17] CPi635 and 

C28(L4)N50 were labeled with 5-F-tryptophan by addition of 5-F-indole to the growth 

media.[19]. Tryptophan residues predominate in the CHR-NHR interaction in the HP. CPi635 

contains three tryptophan residues, two in the HPbd and one within GB1. The NHR receptor 

C28(L4)N50 contains a single tryptophan residue in the HP. Fluorine substitution at the 5-

position on Trp indole was shown to have negligible effect on protein structure.[19, 35] The 

results of the 19F study are shown in Figure 2. The Kd of the interaction is 270 μM. Two of 

the three Trp residues in CPi635 undergo significant chemical shift and linewidth changes 

upon titration of C28(L4)N50, allowing for identification of the HPbd Trp resonances. The 

GB1 Trp residue at −123.45ppm was insensitive to binding, as expected. Previously we 

observed no change in 15N or 1H chemical shifts of GB1 residues with binding.[17] The 

shifts accompanying pocket sequestering of the W628 and W631 in the HPbd were 

extrapolated to 73.8 Hz and 51.9 Hz at 100% bound, indicating the sensitivity of 19F 

chemical shifts to pocket binding, as well as the expected downfield shift associated with 

increased hydrophobicity of the surroundings. A 70 Hz increase in linewidth occurred. 

Crystal structures of NHR – CHR complexes show that W628 and W631 interpolate 

edgewise into the pocket,[36, 37] forming hydrophobic contacts with Leu, Ile, Gln residues 
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and in the case of W631, the edge of the pocket Trp571. In another structure, a stacking 

interaction with the pocket Trp was observed.[15]

In contrast, W571 in 19F-labeled C28(L4)N50 shifted upfield after an initial downfield shift. 

Upfield shifts are consistent with π-π stacking interactions with HPbd Trp, but the reason 

for the initial downfield shift is unclear. It may be related to conformational change of W571 

or to a decrease in aggregation of C28(L4)N50 upon C-peptide binding. We were able to 

sample less than 20% fraction bound in this experiment due to prohibitive line broadening 

and did not pursue the analysis further.

3.2 19F resonances of fluorine-labeled small molecules shift downfield upon addition of 
protein or detergent, indicating an increase in hydrophobic environment

We examined a series of small molecules with varying hydrophobicity and affinity, 

consisting of an indole or indazole ring substituted at the N1 position with benzoic acid, and 

at the C6-position with different ring structures (Table 1). A fluorine atom was substituted at 

the meta position of the benzoic acid in 1, 3, 4 and 5 and at the ortho position in 2; in 5 an -

OCF3 group replaced an OCH3 group. Compound 6, included in Table 1, has no fluorine 

atoms, but is similar to 5, has good biological activity and is included in fluorescence studies 

(below). The KI’s for each of these compounds was determined using a previously described 

competitive inhibition assay.[38] Antifusion activity increased in the order 1 < 2 < 3 < 4 < 5 
≤ 6, commensurate with KI and the degree of hydrophobicity. Because of weak, broad or 

missing signals for the more hydrophobic compounds in buffer especially upon addition of 

protein, spectra were also obtained in the presence of solubilizing detergents DPC and 

Tween-20. These detergents reduced the affinity of C-peptide for the HP on the NHR trimer 

by a factor of ≥ 25 (DPC) or 5 (Tween-20) (Supplementary Material Figure S2, Table S1). 

The reduction in affinity was shown to depend on the characteristics of the C-peptide, 

suggesting that C-peptide partitioning into detergent micelles was significant. The data did 

not rule out interaction of the NHR trimer with DPC with a resulting equilibrium between 

solution and micelle bound forms. This is in line with previous studies demonstrating 

unfolding of a gp41 hairpin model in DPC and small unilamellar vesicles (SUV) into 

monomeric counterparts[28, 29]; the earlier data were interpreted in terms of a fusion 

mechanism involving NHR and CHR segments melting into the membrane surface prior to 

6HB formation.

19F NMR offered an opportunity to examine whether a similar effect occurs with small 

molecule binding, i.e. that hydrophobic small molecules could partition into a membrane-

mimetic environment with reduced affinity for the HP. By extension, such behavior could 

infer a possible role of membrane in gp41 – small molecule interactions in situ.

An overlay of 19F NMR spectra of the small molecules and chemical shifts under various 

conditions is shown in Figure 3. Peaks of the m-F benzyl group occurred at ~−113 ppm 

relative to external TFA at −75.597 ppm, while o-F substituted 2 resonated at ~−117 ppm. 

The resonance of the –OCF3 group in 5 occurred at ~ −58 ppm.

3.2.1 Addition of protein in buffer: Addition of protein in buffer caused 19F peaks to 

shift downfield (less negative) by the same order of magnitude as was observed for C-
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peptide interactions. This is consistent with the increase in hydrophobicity expected with 

binding to the hydrophobic pocket. The size of the shift increased in the order 1 < 3 < 4 < 2, 

with no observable peak for 5. The small chemical shift change for 1 reflected its low 

binding affinity, with < 25% bound under the conditions of the experiment. The largest 

chemical shift change occurred for o-F substituted 2, which is 50% bound to protein, while 3 
and 4 are > 70% bound. Upon addition of protein, significant broadening was observed for 

the more hydrophobic and potent compounds 3 and 4. The absence of an observable peak for 

5 bound to protein is due to line broadening and / or insolubility of the complex. The peak 

could be observed by adding detergent (see below).

3.2.2 Addition of detergents—Addition of detergent caused larger downfield 19F 

chemical shifts relative to buffer than addition of protein, with the largest shift occurring 

upon addition of DPC. Changes also occurred in the proton spectra upon addition of 

detergent (e.g. see Supplementary Material Figure S3). This reflects strong partitioning of 

the compounds into micelles. For 1, 3, 4 (all m-F substituted), the size of the shift matched 

the calculated logP, as would be expected. However, 5 and 2 were outliers. Compound 2 was 

an interesting case, since it was the most sensitive to changes in buffer conditions between 

aqueous, Tween and DPC as well as to addition of protein in buffer or Tween. Changes as 

large as 1 ppm occurred. It has fluorine substituted ortho to the carboxylate group on the 

benzyl ring, and as a result is significantly more sensitive to changes in the ionization state 

and H-bonding network of the carboxylate group. Fluorine substitution ortho to the 

carboxylic acid on a benzene ring is known to perturb the pKa more than meta-fluorine 

substitution.[39] Compound 5 showed small shifts upon addition of detergent, despite 

having the highest logP in the dataset. Noting the weak intensity of the 19F signal of 5 in 

buffer, it is conceivable that 5 is aggregated, affecting the observed “free” chemical shift. 

The -OCF3 resonance of 5 was particularly insensitive to addition of either detergent or 

protein or both. It appears that the 19F chemical shift may be more sensitive to changes in 

ionization state than to changes in hydrophobicity of the surroundings.

3.2.3 Addition of protein in detergents—In the presence of detergents, resonance 

shifts were observed for all the compounds upon adding protein. For the more polar 

compounds 1 and 2, the size and direction of the shift incurred upon adding protein was 

similar in Tween-20 and in buffer but was dampened in DPC. For the more hydrophobic 

compounds 3 and 4, a significant dampening of the chemical shift caused by adding protein 

was observed in Tween compared to buffer. In DPC, a change in direction of the shift of the 

aromatic fluorine resonance of 2, 3, 4 and 5 occurred upon adding protein, towards that 

observed in buffer. The compounds are expected to move to a more polar environment upon 

moving from DPC micelles to protein bound in solution. The reversed shift direction was 

also observed for 5 in Tween-20.

Sensitivity of 19F spectra of small molecules to addition of protein in the presence of Tween 

or DPC showed that the interaction was not abolished by these additives. The fact that the 

observed chemical shifts of the complexes in buffer were not reproduced when detergents 

were present indicated that an equilibrium between micelle and aqueous phase of the 

components or complexes was occurring, This could be due to partitioning of protein, ligand 
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or protein – ligand complex within the micelles. We confirmed that the interaction was 

retained by observation of signal in a WaterLOGSY experiments on a solution of 300 μM 

compound 1 or 3 and 10 μM C28(L4)N50 in perdeuterated 2 mM DPC. Signals were 

somewhat smaller than in the absence of DPC. In part this is due to line broadening in DPC 

(Figures S3A, S3B, Supplementary Material).

3.3 Compound partitioning into DPC micelles was confirmed by fluorescence

Many of the compounds in Table 1 have intrinsic fluorescence, owing to the presence of 

indole and indazole groups. Fluorescence wavelengths and amplitudes of indoles are known 

to be sensitive to local environment,[40] so can complement the NMR studies. The effect of 

partitioning into an ordered lipid environment was to cause a large increase in fluorescence 

quantum yield.[41] This is apparent for compounds 2, 3 and 5 (Figure 4), where 

fluorescence intensity increased by a factor of 1.18, 2.54 and 2.98 respectively, proportionate 

to the degree of hydrophobicity. A shift of fluorescence maximum also occurred. The extent 

of the fluorescence signal change upon adding DPC exceeded that observed when adding 

protein, analogous to a similar observation with 19F NMR chemical shifts. Addition of 

protein in buffer caused fluorescence intensity changes of a factor of 1.04, 1.21 and 0.65 for 

2, 3 and 5 respectively, with the amplitude of the change mirroring their relative affinities for 

the HP (Figure 4A). The reduction in intensity of 5 with addition of protein suggested 

conversion from an aggregated to a protein bound state, in agreement with our assessment of 
19F chemical shift changes for 5 in buffer. We observed that DPC significantly dampened the 

protein – ligand interaction changes in the fluorescence spectra, leading to small intensity 

changes in the presence of DPC (Figure 4B). Thus fluorescence was not as sensitive as 19F 

NMR in detecting residual protein binding.

3.4 DPC is not a good membrane mimetic for studying interactions in the HP

The 19F NMR results do not indicate definitively whether gp41 unfolds in the presence of 

DPC micelles, as was found in the earlier study.[28] In that study, unfolding also occurred in 

small unilamellar vesicles (SUV’s). To examine possible denaturation in our reverse hairpin 

system, we compared changes in fluorescence spectra of compound upon addition of 

C28(L4)N50 in DPC micelles versus SUV’s. SUV’s containing lipid bilayers are generally 

considered to be relevant models for membrane studies, but are too large for typical NMR 

solution state experiments. We used liposomes composed of a 60:40 ratio of POPC : 

cholesterol, selected both for in vitro stability[44] and as a balance between the composition 

of lipids in cell membranes[42] and in the cholesterol-rich viral envelope.[43] We utilized 

compound 6 for this study, as a good model compound with high hydrophobicity, affinity 

and antiviral activity. Figure 5 shows the fluorescence spectra of an equimolar mixture of 6 
and C28(L4)N50 in buffer, 2mM DPC, and 0.1 mM liposomes The spectrum of the mixture 

is compared to the sum of the individual component spectra, with a difference indicating an 

interaction between 6 and the protein. Partitioning into the liposomes or DPC micelles 

generated a large blue shift associated with reduced H-bonding with solvent, as well as a 

large intensity enhancement associated with the ordered environment, compared to 

compound fluorescence in buffer. However, while the interaction between protein and 6 was 

readily observed by fluorescence in buffer and in liposomes, it caused only subtle changes in 

the spectrum with DPC. In liposomes, the dampening of the intensity enhancement upon 
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protein binding is indicative of repartitioning of ligand into the protein pocket. This is 

reminiscent of the NMR observation of a reversal of the direction of the chemical shift 

change upon adding protein in the presence of micelles. The fluorescence result suggested 

that DPC is an imperfect medium in which to consider the behavior of gp41 and small ligand 

interactions. The results also showed that unlike the previous study on a different gp41 

model, denaturation of C28(L4)N50 did not occur in liposomes.

4. Conclusions

This study demonstrated that HPbd peptide binding and small molecule binding in the 

hydrophobic pocket were readily detected by 19F NMR and fluorescence. 19F resonances of 

fluorine-labeled peptides and small molecules shifted downfield upon addition of protein 

and / or detergent, indicating an increase in hydrophobic environment. In peptides, 19F 

spectra of 5-F-Trp were very sensitive to binding. However, in the small molecules, 

sensitivity of 19F chemical shifts was highest for 19F atoms that sampled changes in the 

hydrogen bonding network around the ligands, rather than in hydrophobic interactions. For 

example, the largest shifts were observed for 19F substituted ortho to the carboxylic acid 

group on the aromatic ring, lesser shifts were observed for m-F substitution, and almost no 

shifts for 19F in a - OCF3 group. This is true both for protein binding and for association 

with detergent micelles. The 19F chemical shift changes were not necessarily a reflection of 

binding strength or environment. This result might be caused by lack of a specific interaction 

of the –OCF3 group with protein or detergent, or by a non-specific interaction of the whole 

ligand with protein or micelles. The study also showed that 19F chemical shifts and 

fluorescence intensity changes gave clues about the aggregation state of compound 5.

Ligands partitioned into Tween-20 and DPC micelles, with a significant downfield shift in 

the 19F NMR and a blue shift and intensity enhancement in fluorescence spectra. Binding to 

the protein, as detected by 19F NMR, still occurred in detergent containing mixtures, 

although it was abrogated, especially in DPC micelles. The effect was emphasized by the 

observation of exceedingly small changes in fluorescence spectra upon addition of protein to 

ligand in the presence of DPC. Fluorescence spectra demonstrated that DPC is a poor 

substitute for a bilayer membrane in biophysical studies of the gp41 – small molecule 

interaction. In the presence of SUV’s, the interaction between protein and ligand remained 

strong.

The abrogation of binding in DPC appeared to be accompanied by partitioning of either C-

peptide or small molecules into the micelles, rather than unraveling of the reverse hairpin 

structure in DPC. Earlier CD studies in DPC showed no effect on helical content compared 

to buffer and a high melting point (> 70°C) for C28(L4)N50.[18] In the fluorescence binding 

experiment, the effect of DPC on the interaction between peptide and receptor depended on 

the fluorophore used to label the C-peptide, with a factor of 25 observed for Lucifer Yellow 

labeled C-peptide and 180 for the more hydrophobic fluorescein labeled C-peptide. The 

effect was also much smaller in the presence of Tween, about a factor of 7. Similarly, 

abrogation of binding was more severe for more hydrophobic small molecules with a likely 

higher partition coefficient into the micelles. Free ligand was not observed in NMR spectra 

of protein – ligand complexes in the presence of DPC, even for compounds with apparent 
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Kd’s in the low μM, despite the fact that observation of free ligand would be anticipated 

based on the expected exchange rate. It is likely that the Kd’s are significantly higher in 

DPC.

It is interesting to consider the effect of lipid partitioning on the efficacy of low molecular 

weight inhibitors in cell-based antiviral experiments. We have observed correlations between 

anti-fusion activity and KI determined in the absence of lipids or detergent (Table 1, and 

references [13, 45, 46]). An example is shown in the Supplementary Material Section S7 and 

Figure S4 for a previous compound set[13]. Furthermore, higher activity molecules are 

invariably more hydrophobic with a higher likelihood of partitioning into a non-aqueous 

phase. When we recalculated the KI’s using the solution and lipid bound fraction of each 

ligand, determined from experimental partition coefficients,(Zhou et al, Data in Brief, 2020) 

we obtained a better correlation of antiviral activity to the solution fraction (Supplementary 

Material Figure S4). These factors suggest that lipid partitioning is less significant for small 

molecule antiviral activity than binding affinity to the HP. They also imply that a trimeric 

gp41 intermediate with an intact HP must be available at some point during the in situ fusion 

reaction, and that it is not embedded in the membrane. Nevertheless, the competition 

between lipid and protein binding may explain why it is difficult to get potent small 

molecule fusion inhibitors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• 19F NMR and fluorescence are sensitive measures of ligand binding to HIV-1 

gp41

• DPC is a poor substitute for membrane when studying interactions of gp41

• The gp41 N-heptad repeat does not unfold in liposomes composed of POPC 

and cholesterol

• Lipid binding competes with protein binding for small molecule hydrophobic 

pocket inhibitors

• Observed antiviral activity is most closely correlated with the aqueous 

fraction of the inhibitors.
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Figure 1. 
Protein constructs for studying HP binding. A. gp41 heptad repeat: linear arrangement of 

NHR and CHR domains and schematic of folded trimeric hairpin. B. Linear and folded 

depiction of 79 residue construct C28(L4)N50. The protein CPi635 containing HPbd residues 

connected to GB1 is shown associated with C28(L4)N50. Three Trp residues involved in the 

HP - HPbd interaction are indicated with W. There is one Trp residue in GB1.
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Figure 2. 
5-F-Tryptophan as a probe of peptide binding in the hydrophobic pocket. A. Titration of 

C28(L4)N50 into 19F-CPi635. C28(L4)N50 concentrations were 0, 50, 100, 200, 400 and 

1350 μM. [CPi635] was held constant at 100 μM. B. Titration of CPi635 into 19F-

C28(L4)N50. Concentrations of C28(L4)N50 were varied from 69 to 32.5 μM, and of 

CPi635 from 0 to 65 μM. C. Plot of the chemical shift changes as a function of fraction 

bound. D. Plot of line width changes as a function of fraction bound.
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Figure 3. 
Overlay of 19F spectra of the fluorinated compounds. Compound concentration was 40μM, 

and chemical shifts were measured relative to external TFA at −75.597 ppm. A. 19F spectra 

± detergent ± protein. 5 has two fluorine signals, that due to the –OCF3 group is shown 

offset to the right. Free in buffer (pink); +40μM C28(L4)N50 (blue); in 0.05% Tween-20 

(yellow); in 0.05% Tween-20 +40μM C28(L4)N50 (brown); in 2% DPC (purple); in 2% 

DPC + 40μM C28(L4)N50 (green). B. Change of chemical shift relative to that for 

compound in buffer for each condition before (left symbol) and after (right symbol) adding 

40μM C28(L4)N50.
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Figure 4. 
Fluorescence spectra of 5 μM 2, 3 and 5 in A. buffer and B. 2 mM DPC. Excitation was at 

300 nm. Curves are color coded as indicated, and were measured in the absence (open 

symbols) and presence (closed symbols) of 5 μM C28(L4)N50.
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Figure 5. 
Fluorescence spectra of an equimolar mixture of 6 and C28(L4)N50 under different 

conditions, comparing the spectrum of the sum of the components(open symbols) with those 

of the mixture (closed symbols). Excitation was at 300nm. Spectra were recorded in A. 

buffer; B. 2mM DPC, 3. 0.1mM POPC: cholesterol SUV (containing 40% cholesterol).
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Table 1.

Small molecules used in the study

Name Chemical structure MWt ClogP
*

KI (HP)
buffer
(μM)

IC50

CCF §
(μM)

IC50 VCF

Ba-L §
(μM)

1

347.3 3.53 100 > 20 n.d.

2 
a

400.4 4.61 19 > 25 > 20

3 
a

399.4 5.49 4 7 10

4 
a

398.4 6.44 2.5 4 8

5

560.1 6.85 0.5 2 n.d.

6 
a

486.6 7.64 1 0.8 0.9

*
calculated log water-octanol partition coefficient using Bio-Loom

a
previously published

§
Selectivity Index (SI) > 20 in all cases, where SI = CC50/IC50. CC50 is the 50% cytotoxic concentration, IC50 is the half maximal inhibitory 

concentration.
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