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a b s t r a c t

Cell-penetrating peptides (CPPs) hold great potential as a tool using non-invasive delivery of therapeutic

or diagnostic molecules into mammalian cells, but their broad application has been limited by poor en-

dosomal escape. Thus, the rational design and selection of CPPs remains a challenge and calls for deeper

mechanistic understandings. Here, we developed novel stapled cell-penetrating peptides based on the

highly positively charged HIV Tat47-57 peptide using decafluorobiphenyl-cysteine SNAr chemistry which

selectively disrupt endosomal membranes. A series of stapled peptides with a cross-linked structure were

synthesized and investigated their cellular uptake, endosomal escape and intracellular delivery of cargoes.

Among these peptides, analogues P3 and P6 demonstrated the highest cellular uptake and endosomal es-

cape activities with efficiencies 3.5−9-fold higher than that of Tat47-57. Notably, the results demonstrated

that the decafluorobiphenyl bridge of stapled peptides exhibited significant ability for cellular uptake and

endosomal escape. Moreover, we found that fluorine atoms of decafluorobiphenyl bridge played a key role

for disrupting endosomal membranes. Finally, the utility of this strategy has been demonstrated by the

intracellular delivery of biomacromolecules (avidin and negatively charged phosphopeptides). Together,

these results suggest that the decafluorobiphenyl-cysteine SNAr chemistry may be an efficient strategy

for the development of novel stapled CPPs.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Cell membrane, consisting of a lipid bilayer, membrane-

embedded proteins, carbohydrates and their conjugates, is a bar-

rier that controls material transportation [1,2]. Many biomacro-

molecules such as proteins, peptides, and nucleic acids possess

highly potent and specific biological activities in vitro but cannot

be used as therapeutic agents or research tools because they often

show poor cell permeability. A series of strategies such as viral vec-

tors, nanomaterial-based delivery systems and direct injection, are

developed to overcome this hurdle, but the efficiency and safer are

still need to be improved [3–8]. Since the highly positively charged

HIV Tat peptide, 47YGRKKRRQRRR57 was discovered, one potential

strategy for cytosolic delivery based on “cell-penetrating peptides”

(CPPs) has been developed in biomedical research [9,10]. CPPs have

been used to deliver small-molecule drugs, peptides, proteins, and

nucleic acids into cultured mammalian cells and live organisms
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[11–13]. Generally, CPPs deliver the biologics into mammalian cells

through endocytosis pathways, which need a highly endosomal es-

cape efficiency to avoid degradation in lysosomes [14–17]. Unfor-

tunately, the endosomal membrane has proven to be a significant

barrier toward cytoplasmic delivery by these CPPs. Therefore, the

development of highly escape efficient CPPs becomes a desirable

solution. Due to the close similarity of the cell membrane and en-

dosome membrane, it is difficult to design peptides that can rec-

ognize specific lipids. In recent years, new approaches toward ef-

fective CPPs have been investigated, particularly, the strategy of

designing peptides that can increase their endosomal escape ef-

ficiency. For instance, a family of small amphipathic cyclic pep-

tides was showed to be highly efficient CPPs, with highly cytoso-

lic delivery efficiencies [18–23]. The hydrocarbon stapled Tat47-57

analogues with α-helix exhibited high endosomal escape efficiency

[7]. The cell-penetrating peptide-bismuth bicycles exhibit efficient

cellular uptake at concentrations as low as 10nmol/L [22]. Despite

these significant advances, the design and discovery of highly effi-

cient CPPs call for further exploration.

https://doi.org/10.1016/j.cclet.2025.111278

1001-8417/© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
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Fluorine chemistry has been developed for more than 200

years, and fluorinated organic compounds are widely applied in

a significant area, such as pharmaceuticals, agrochemicals, ma-

terials [24–27]. Unique properties emerge when fluorine atom is

introduced into molecules due to its largest electronegativity and

second smallest size. The introduction of fluorine imparts various

properties to molecules, such as molecular conformation, dipole

moment, acidity, and alkalinity, which would affect the toxicity,

selectivity, potency, and pharmacodynamic and pharmacokinetic

properties [28,29]. Bradley et al. reported methodology that allows

for the macrocyclization of an unprotected peptide between two

cysteine residues with a perfluoroaryl linker through SNAr chem-

istry [30,31]. They demonstrated that these perfluoroarene-based

peptide macrocycles had increased cellular uptake and improved

the ability of peptides to cross the blood−brain barrier compared

with their linear counterparts [32,33]. However, this paper rep-

resents the first application of the DFBP strategy to investigate

enhanced endosomal escape. In this study, fluorine-containing sta-

pled bridge was introduced to peptide molecules and their effect

of cell penetrating activity was investigated. We discovered that

decafluorobiphenyl-based stapled analogues of Tat47-57 (P3 and

P6) are highly active CPPs, capable of delivering a variety of cargo

molecules into the cytosol of mammalian cells. We also found that

the decafluorobiphenyl staple plays a key role in cellular uptake

and endosomal escape. Two peptides, P3 and P6 exhibited promi-

nent cell permeability, presumably clathrin-dependent endocytosis.

They also showed endosomal escaping ability, and applying P3

and P6 as CPPs for delivering phosphopeptides (sequence: GpYEEI)

and avidin has been accomplished.

We designed decafluorobiphenyl-based stapled peptides based

on the previously reported natural short-chain cell-penetrating

peptide Tat47-57, which is derived from the transactivating tran-

scriptional activator of human immunodeficiency virus 1 [9]. A

series of decafluorobiphenyl-based stapled analogues of Tat47-

57 were synthesized using conventional Fmoc-solid-phase peptide

synthesis (SPPS), followed by decafluorobiphenyl-cysteine SNAr

chemistry (Scheme 1). In this library, analogues of this model pep-

tide, Tat47-57, were prepared containing two cysteine residues in

a variety of i, i+4 or i, i+7 configurations (Table 1). Cysteines

were substituted rather than inserted into the sequence to main-

tain the spatial relationships between the other amino acids of

the peptide, except P6. Five parameters of the decafluorobiphenyl-

based staples were systematically varied in the library: (1) Posi-

tion of the decafluorobiphenyl-based staple (P1-P6); (2) Biphenyl

bridge, non-containing fluorine (P3b and P6b); (3) Hexafluoroben-

zene bridge, decreasing fluorine and benzene number (P3a); (4)

Disulfide bridge (P3c and P6c); (5) Modified with decafluoro-

biphenyl without cyclization (P3d, P3e, P6d and P6e). We manipu-

lated the fluorine groups of staple bridge by substituting decafluo-

robiphenyl with 4,4′-bis(bromomethyl)biphenyl. With variations in

Scheme 1. Tat47-57 analogues design by decafluorobiphenyl-based peptides staple (A), conventional Fmoc-solid-phase peptide synthesis (SPPS, B) and decafluorobiphenyl-

based stapled peptides synthesis (C).
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Table 1

Investigated peptides, their purity and molecular weight.

the staple position and type, a panel of 17 conformationally con-

strained analogues was constructed. All the peptides were purified

by reversed-phase high performance liquid chromatography (RP-

HPLC) and were found to have >95% purity (Table 1, Table S1 and

Fig. S8 in Supporting information).

Circular dichroism (CD) spectroscopy was performed to mea-

sure the secondary structures of our novel designed peptides. Pre-

vious studies demonstrated that varying the environment affected

the biological activity of cell penetrating peptides by changing

their conformation. The secondary structures of the new stapled

analogues in water membrane-mimetic environment (50% triflu-

oroethanol [TFE]) were measured to explore the relationship be-

tween the conformation and the cellular uptake of the new stapled

analogues. The CD data exhibited that neither the parent peptide

Tat47-57 nor the stapled analogues displayed a specific secondary

structure in water or TFE/H2O (1:1, v/v, Fig. S1 in Supporting in-

formation). These results suggested that decafluorobiphenyl-based

staple might not induce formation of the secondary structures of

the new peptides. Taking both the secondary structures and the

related cellular uptake into consideration, it was found that a well-

defined secondary structure is not essential for the newly stapled

analogues to achieve a satisfactory cellular uptake or endosome es-

cape.

In order to visualize and quantify the cell-penetrating efficiency

of these new designed stapled analogues, we labeled their N-

termini with fluorescein isothiocyanate (FITC). To avoid techniques

that require the fixation of cells as fixation tends to generate false-

positive results, a combination of fluorescence confocal microscopy

and flow cytometry, both employing live cells were carried to de-

tect cell-penetrating abilities of our novel designed stapled pep-

tides. Flow cytometry showed that the mean fluorescence inten-

sity (MFI) of analyzed cells reveals, for all analogues, except for P5,

a higher uptake than for the positive control group using Tat47-

57 (Fig. 1). Among all analogues, P3 and P6 conveyed in highest

fluorescence intensities at efficiencies 3.5−4-fold higher than that

of Tat47-57, while P5 showed lower uptake (Fig. 1B). Using confo-

cal microscopy, we confirmed these effects of analogues on HeLa

(Fig. 1A). To confirm that the fluorescence observed in flow cytom-

etry is intracellular and not associated with cell surface, uptake ex-

periments of Tat47-57, P3 and P9 were repeated in the presence of

Trypan Blue to quench extracellular fluorescence (Fig. S2 in Sup-

porting information). No major loss of fluorescence was observed

in the presence of Trypan Blue in the case of P3 and P6, indicat-

ing that the observed fluorescence is indeed intracellular. More-

over, to assess the impact of fluorine, biphenyl linker and decaflu-

orobiphenyl bridge, the cellular uptake of uP3, P3a, P3b, P3c, P3d,

P3e, uP6, P6b, P6c, P6d and P6e was measured using flow cytome-

try. Interestingly, when replaced a decafluorobiphenyl bridge with

a biphenyl bridge (P3 vs. P3b, P6 vs. P6b), MFI of P3b and P6b had

significantly decreased (Figs. 1D and F), demonstrating that the in-

troduction of F atoms into peptides is key to CPPs activities. P3a

was stapled with a hexafluorobenzene bridge. Its cellular uptake

was significantly lower than that of P3, illustrating that F atoms

and the biphenyl bridge both greatly impact the CPPs activity. P3c

and P6c with a disulfide bridge, were less active than their model

peptide Tat47-57, illustrating aromatic bridge and F atoms impart
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Fig. 1. Evaluation of decafluorobiphenyl-based stapled peptides for CPP candidates. Confocal micrographs of HeLa cells incubated with 5 μmol/L of FITC-conjugated P1-P6

(A), uP3-P3e (C) and uP6-P6e (E) for 2h. Scale bar=20μm. Uptake of P1-P6 (B), uP3-P3e (D) and uP6-P6e (F) by flow cytometry (FACS). HeLa cells were incubated with 5

μmol/L of peptides for 2h. All results are the mean ± SEM (n=4). ∗∗∗P<0.001, 0.001 ≤ ∗∗P<0.01, 0.01 ≤ ∗P<0.05 vs. Tat.

their cell permeability. In addition, the non-stapled peptides (uP3

and uP6) were less active than their stapled peptides counterparts

(P3 and P6). Interestingly, P3d, P3e, P6d and P6e, modified with

decafluorobiphenyl without cyclization, showed excellent cellular

uptake, but it is lower than that of P3 and P6. These results in-

dicate that both decafluorobiphenyl and staple play an important

role in cellular uptake. Confocal microscopy imaging subsequently

confirmed these effects on HeLa cells (Figs. 1C and E). These results

clearly demonstrated that F atoms and the aromatic bridge staple

are important factors that determine the cell penetrating efficiency.

Negatively charged cell-surface glycans have been indicated to in-

teract with cationic cell penetrating peptides and have an influ-

ence on the uptake of cell penetrating peptides [34,35]. As shown

in Fig. S3 (Supporting information), it was found that cellular up-

take of the analogues was related to their binding with heparin (a

close analogue of heparan sulfate). Notably, for P4 and P5, cellular

uptake was not affected by cell-surface heparan sulfate, suggest-

ing that there may be other negatively charged cell-surface gly-

cans. We therefore determined the binding affinity of the exam-

ined cell penetrating peptides to heparin by Isothermal Titration

Calorimetry (Table S2 and Fig. S4 in Supporting information). These

experiments revealed comparable binding affinities of heparin to

P3 (Kd =0.054±0.005 μmol/L) and P6 (Kd =0.041±0.005 μmol/L).

Heparin binds to P3 and P6 3–4-fold tighter compared to Tat47-57

(Kd =0.160±0.015 μmol/L). These binding affinities of the CPPs to

heparin correlate well with their uptake efficiency.

To investigate the endosomal membranolytic behavior of the

lead template peptide Tat47-57, as well as decafluorobiphenyl sta-

pled analogues, lipid vesicles were employed to simulate endoso-

mal membranes for the assessment of calcein dye leakage. Calcein

dye was encapsulated in large unilamellar vesicles (LUVs, Table S3

in Supporting information), and calcein dye release was examined

to evaluate the disruption of lipid vesicles. As shown in Fig. 2, at

concentrations of 5 μmol/L or 10 μmol/L, all peptides exerted a

leakage effect on lipid vesicles mimicking endosomal membranes

(<10% leakage) after 30min of incubation. Leakage effect of all

analogues increased in a dose-dependent manner. Notably, Tat47-

57 showed a lowest leakage on LUVs, while decafluorobiphenyl

stapled analogues (P1-P6) exerted a clearly increased leakage ef-

fect (Fig. 2A). In comparison with P3a, P3b, P3c and uP3, we ob-

served that P3 has a higher leakage effect (Fig. 2B). Similarly, for

P6 and its analogues, the consistent result was obtained as shown

in Fig. 2C. The results of calcein dye leakage experiments suggested

that decafluorobiphenyl stapled analogues have a potent effect on

the disruption of the endosomal membrane. F atoms act the criti-

cal role in selectively disrupting endosomal membranes.
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Fig. 2. Endosomal escape efficiency of decafluorobiphenyl-based stapled peptides. Leakage of calcein dye from endosomal membrane mimicking liposomes (A-C) in PBS

buffer at pH 5.5. Results are the mean ± SEM (n=4). (D) Confocal micrographs of HeLa cells incubated with 5 μmol/L of NF-conjugated peptides for 2h. Scale bar=20μm.

(E) Uptake of these peptides by flow cytometry (FACS). HeLa cells were incubated with 5 μmol/L of NF-conjugated peptides for 2h. Results are the mean ± SEM (n=4). (F,

G) Differential trafficking and release of Tat47-57, P3 and P6. HeLa cells transfected with the indicated RFP fusion protein were treated with 5 μmol/L Tat47-57, P3 or P6 for

1 and 2h before being washed and imaged by confocal microscopy. Colocalization of Tat47-57, P3 and P6 with RFP-Rab5 or RFP-Rab7 is obtained by confocal microscopy (F).

HeLa cells were treated with 5 μmol/L Tat47-57, P3 or P6 for 2h. Colocalization of Tat47-57, P3 and P6 with LysoTracker is obtained by confocal microscopy (G). Scale bars

are 20μm. ∗∗∗P<0.001, 0.001 ≤ ∗∗P<0.01, 0.01 ≤ ∗P<0.05 vs. Tat.

To further assess the endosomal escape behavior of our ana-

logues, a quantitative measurement of endosomal escape was

performed by naphthofluorescein-labeled CPPs, which is a pH-

sensitive fluorophore and was reported to quantitate the endo-

somal escape of CPPs [36]. As shown in Figs. 2D and E, the re-

sults of flow cytometry showed that P3 and P6 have a potent abil-

ity of endosomal escape (9-fold and 6-fold better than Tat47-57),

while P3b and P6b are slightly better than Tat47-57 (3.4-fold and

2.8-fold). In comparison to P3 and P6, the MFI of P3b and P6b

had significantly decreased, suggesting that F atoms of decaflu-

orobiphenyl bridge was essential for selectively disrupting endo-

somal membranes. These data were consistent with the results

confirmed by confocal microscopy in live HeLa cells. Intracellu-

lar localization was achieved with the late endosomes/lysosomes

counter-stain LysoTracker Red (red) in live HeLa cells via confocal

microscopy. As shown in Fig. 2G, we observed that most of the

green fluorescence of FITC-P3 and FITC-P6 were located in the cy-

toplasm, which suggesting that P3 and P6 have a better endosomal
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escape efficiency compared to Tat47-57. Together, these results sug-

gest that decafluorobiphenyl stapled analogues P3 and P6 have the

high cytosolic delivery efficiency.

Rab5 is a master regulator of endosome biogenesis and recruits

additional cellular factors required for vesicle maintenance, fusion,

and maturation [37]. The resulting early endocytic compartment

mixes via homotypic fusion with other Rab5+ vesicles and delivers

cargo to other cellular locales through the budding off of transport

vesicles. Some cargoes are delivered to late endosomes, marked by

Rab7, for degradation in lysosomes [38]. To characterize the intra-

cellular route taken by Tat47-57, P3 and P6, we looked for over-

lap of these molecules with markers of endocytic uptake and RFP-

tagged Rab proteins. HeLa cells were transfected with GFP-Rab5

and treated for 1 or 2h with 5 μmol/L Tat47-57, P3 and P6 (Fig. 2F).

When these cells were examined by confocal microscopy, the ma-

jor FITC signal overlapped with the signal from RFP-Rab5, con-

firming that Tat47-57, P3 and P6 were present in Rab5+ vesicles.

Because Rab5 vesicles subsequently deliver their cargo to down-

stream vesicles, we also evaluated colocalization of Tat47-57, P3

and P6 with RFP-Rab7. HeLa cells transfected with RFP-Rab7 and

treated with Tat47-57, P3 and P6 for 2h as above showed a little

fraction of the FITC signal located in the RFP-Rab7 compartment,

confirming that P3 and P6 enter early (Rab5+) and escape from

late (Rab7+) endosomes or enter the lysosome (Fig. 2F). HeLa cells

were treated with Tat47-57, P3 and P6 for 2h after staining late

endosomes/lysosomes with LysoTracker Red (red, Fig. 2G). Some

fraction of the FITC signal located in the late endosomes/lysosomes

compartment, suggesting that Tat47-57, P3 and P6 escape from late

(Rab7+) endosomes.

In order to probe the possible involving mechanism of P3

and P6, we incubated HeLa cells in the presence of different in-

hibitors or at different temperatures to inhibit endocytosis com-

prehensively. The cells were treated with various inhibitors, includ-

ing ethylisopropylamiloride (EIPA, a macropinocytosis inhibitor)

[39], chlorpromazine (CPZ, a clathrin-mediated pathway inhibitor)

[40], filipin (a caveolae-mediated endocytosis inhibitor) [41], and

methyl-β-cyclodextrin (M-β-CD, a lipid raft-mediated endocytosis

inhibitor) [42]. The followed cell permeability evaluation indicated

that, on the one hand, the cell uptake of FITC-labeled P3 or P6

was reduced to almost the basal level at 4 °C. On the other hand,

the use of CPZ resulted in a decrease of approximately 41% and

45% in peptide uptake for P3 and P6, respectively. In contrast,

the treatment of cells using EIPA, or filipin, or M-β-CD did not

significantly impact the cell uptake of P3 or P6 (Fig. S6 in Sup-

porting information). These results together indicated that the cel-

lular uptake of P3 or P6 is energy-dependent, and likely mainly

through clathrin-mediated endocytosis pathways. Cytotoxicity and

hemolytic properties are key indexes to evaluate drug safety. Cyto-

toxicities of Tat47-57 and the newly designed stapled analogues in

HeLa, NIH3T3 and CHO-K1 cells were estimated using a MTT as-

say, analysis of which revealed that none of the stapled analogues

(P3 and P6) exhibited obvious toxicity, and their cell viability was

remained above 95% even at the highest tested concentration (50

μmol/L, Fig. S7A in Supporting information). Moreover, results from

the lactate dehydrogenase (LDH) release assay confirmed that no

obvious disruption of the cell membrane was caused by either the

P3 or P6 peptide (Fig. S7B in Supporting information). Then, to fur-

ther understand the drug safety, Hemolytic toxicities of Tat47-57

and the newly designed stapled analogues were evaluated using

the red blood cells of mice. The results showed that both Tat47-57

and analogues (P3 and P6) were safe to the cells with hemolysis

values <5% even at the highest tested concentration (100 μmol/L,

Fig. 3. Delivery of phosphopeptides and avidin into living HeLa cells. (A) Live-cell confocal microscopy images of GpTEEI, Tat-GpTEEI conjugate, P3-GpTEEI conjugate and

P6-GpTEEI conjugate uptake by HeLa cells (5 μmol/L, 2 h). (B) Cellular uptake of GpTEEI, Tat-GpTEEI conjugate, P3-GpTEEI conjugate and P6-GpTEEI conjugate (5 μmol/L, 2 h)

in HeLa cells. ∗∗∗P<0.001, 0.001 ≤ ∗∗P<0.01, 0.01 ≤ ∗P<0.05 vs. Tat-GpTEEI. Results are the mean ± SEM (n=4). (C) Co-localization of FITC labeled Tat-GpTEEI conjugate, P3-

GpTEEI conjugate and P6-GpTEEI conjugate (5 μmol/L, 2 h) and lysosome in HeLa cells. (D) Live-cell confocal microscopy images of avidin, TatD-avidin conjugate, P3D-avidin

conjugate and P6D-avidin conjugate uptake by HeLa cells (5 μmol/L, 2 h). (E) Cellular uptake of avidin, TatD-avidin conjugate, P3D-avidin conjugate and P6D-avidin conjugate

(5 μmol/L, 2 h) in HeLa cells. ∗∗∗P<0.001, 0.001 ≤ ∗∗P<0.01, 0.01 ≤ ∗P<0.05 vs. TatD&avidin. Results are the mean ± SEM (n=4). (F) Co-localization of FITC labeled TatD-

avidin conjugate, P3D-avidin conjugate and P6D-avidin (5 μmol/L, 2 h) conjugate and lysosome in HeLa cells. Images were obtained by live-cell confocal microscopy. Scale

bar=20μm.
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Fig. S7C in Supporting information). Because of better cellular up-

take efficiency and safety of analogues P3 and P6, they were fur-

ther evaluation.

Negatively charged phosphopeptides do not readily cross cellu-

lar membranes, thus studying these peptides in cellular system is

challenging. Phosphopeptides mimic the interactions between the

negatively charged phosphate group of phosphoproteins and pos-

itively charged amino acids in the binding pockets of various of

proteins, which are used as probes for exploring phosphoprotein–

protein interactions. We evaluated the cellular delivery of nega-

tively charged phosphopeptides using the Tat47-57, P3 and P6 pep-

tides. The intracellular location of the phosphopeptides was moni-

tored by using confocal microscopy. By treating the HeLa cells with

a mixture of Tat47-57, P3 or P6 and phosphopeptides, both P3 and

P6 were able to enhance the cellular uptake of the cargo phos-

phopeptides. However, Tat47-57 was hardly able to deliver phos-

phopeptides into the cells (Figs. 3A and B). The labeled phospho-

peptides alone did not show any cellular uptake. The image con-

firmed significant uptake of GpYEEI in the presence of the sta-

pled analogues. Further, the intracellular localization of the phos-

phopeptides/the decafluorobiphenyl stapled analogues complexes

was examined with confocal microscopy after staining late endo-

somes/lysosomes with LysoTracker Red (red, Fig. 3C). As shown

in Fig. 3C, punctate signals distribute in the cytosol and overlap

with the lysosome tracker for the phosphopeptides/Tat47-57 com-

plex. In contrast, diffused FITC signals were observed in the cells

for the phosphopeptides/the decafluorobiphenyl stapled analogues

complexes, indicating a possible endosomal escape of decafluoro-

biphenyl stapled analogues. Take the above results together, de-

cafluorobiphenyl stapled analogues led to an increase in the intra-

cellular delivery of negatively charged phosphopeptides.

Based on the above experiments, we further evaluated the cel-

lular delivery of biomacromolecules (avidin) utilizing the decaflu-

orobiphenyl stapled analogues. Biotinylated P3 and P6 (Table S1

in Supporting information) were treated with FITC labeled avidin

to form peptide-avidin complexes through biotin avidin interac-

tions. The detailed methods are provided in Supporting informa-

tion. Then, by treating the HeLa cells with these complexes, the

result of flow cytometry showed that P3 and P6 delivered avidin

to cells at 319% and 327% higher efficiencies, respectively, com-

pared to Tat47-57 (Fig. 3E). These results were confirmed by live-

cell confocal microscopy as shown in Fig. 3D. In order to con-

firm the endosome-escaping ability of decafluorobiphenyl stapled

analogues-avidin complexes, the intracellular localization of the

decafluorobiphenyl stapled analogues-avidin complex examined by

confocal microscopy after staining late endosomes/lysosomes with

LysoTracker Red (red, Fig. 3F). For Tat47-57-avidin complex, some

punctate signals distribute in the cytosol and overlap with the

lysosome tracker, a little cytosolic diffused signal. But some cytoso-

lic diffused signals were observed when we evaluated the decaflu-

orobiphenyl stapled analogues-avidin complexes, only little punc-

tate signals distribute in the cytosol and overlap with the lyso-

some. These results suggest that decafluorobiphenyl stapled ana-

logues exhibited potential biomacromolecules intracellular delivery

ability.

In summary, a library of decafluorobiphenyl-based stapled pep-

tides with variations in the position of stapling, the type of sta-

ples, and fluorine atoms of bridge was created. A detailed investi-

gation of cellular uptake and endosomal escape activities revealed

multiple pieces of insightful information. Among these analogs, P3

and P6 were found to possess several advantages, such as supe-

rior cellular uptake efficiency and the ability to escape from late

(Rab7+) endosomes. The results of calcein dye leakage and a pH-

sensitive fluorophore demonstrated considerable endosomal escape

efficiency of P3 and P6. Our study also suggested that decafluo-

robiphenyl bridge had an outstanding effect on endosmal escape.

Coupled with their high endosomal escape efficiency and ease of

preparation, these stapled CPPs should provide a very useful class

of general membrane transporters for cytosolic delivery of chemi-

cal probes and proteins.
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