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Exact mass: 4078.27

4080.87 = [M+H]+

2042.56 = [M+2H]/2+ 

Figure S1 
Characterization of dfTAT. A)HPLC and B)MALDI-TOF MS spectrum of dfTAT (retention time, rt=12.94 min). 
Mass Spectrum of dfTAT: observed [M+H]+ = 4080.87, [M+2H]/2+ = 2042.56 
predicted Exact Mass (M) = 4078.27 Da.
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Figure S2
Characterization of D-dfTAT. HPLC and MALDI-TOF MS spectrum of D-dfTAT (rt=12.91 min). Mass 
Spectrum of D-dfTAT: observed  [M+H]+= 4078.87,  [M+2H]/2+= 2042.50 predicted M = 4078.27 Da.
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Figure S3
D-dfTAT major route of cellular entry is via endocytosis followed by endosomal escape in a 
manner similar to dfTAT. A) Cytosolic penetration of D-dfTAT is blocked by the anti-BMP 
antibody. HeLa cells were pre-incubated with anti-BMP mAb or the control anti-IgG mAb
for 30 min. dfTAT or D-dfTAT (3 μM) was then incubated with cells for 1 h and cell 
penetration was quantified. The total fluorescence of cell lysates was also measured to 
assess the impact of each treatment on peptide endocytic uptake. B) Given the possibility 
of a secondary mode of penetration in a minority of cells (<5%, as described in Figure 2), the 
uptake data presented in Figure 4 may include endocytosis-dependent and 
endocytosis-independent uptake. In order to address how much signal may be contributed by 
endocytosis-independent cytosolic entry, the fluorescence intensity of cells positive for peptide 
penetration in the presence of DN-Rab7 was estimated (these are the cells in which uptake 
cannot be fully accounted for by endocytosis).  HeLa cells were transfected with Rab7 or 
dominant negative Rab7 (DN-Rab7). Cells were then incubated with D-dfTAT at 3 µM. 
Images are pseudocolored based on the fluorescence intensity of D-dfTAT in the cells 
(Scale bars, 100 µm). These representative data confirm that the number of cells positive for 
peptide penetration decreases when DN-Rab7 is expressed (as shown in Figure 2b). 
However, the overall fluorescence intensity of the few cells positive for peptide penetration in the 
presence of DN-Rab7 is equivalent (as shown by the pseudocolored scale) to the fluorescence 
intensity of cells positive for peptide penetration in the presence of wild type Rab7 (as exemplified 
with cells highlighted with a white box; this observation was made in 10 images taken of the 
DN-Rab7 condition, the fluorescence intensity of 30 cells surveyed). Therefore, we estimate 
that endocytosis-independent uptake, if present in 5% of cells, may contribute 5% or less of the 
total signal reported.  
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Figure S4 
Characterization of DEAC-k5. A) Structure and expected mass of DEAC-k5. B) The HPLC spectrum 
of DEAC-k5 (rt= 11.8 min) and the MALDI-TOF mass spectrum are shown. Observed mass are [M]+= 900.84 
and [M+Na]+ = 922.88, predicted mass of 900.59 Da.
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Figure S5
The fluorescence emission of dfTAT and D-dfTAT increases upon reduction of the disulfide bond. 
A) HPLC analysis of purified dfTAT and D-dfTAT in absence and presence of the reducing agent 
tris(2-carboxyethyl)phosphine (TCEP). Pure dfTAT and D-dfTAT was mixed with a solution of 
TCEP (50 mM) in water and allowed to react for 15 min. The HPLC chromatogram show a peak with 
rt = 12.9 min for both dfTAT and D-dfTAT and rt= 9.7 min for the reduced peptides. B) Bar graph of 
the fluorescence emission of dfTAT and D-dfTAT (1.25 µM) in the absence and presence of the 
reducing agent TCEP (50 mM). The samples were excited at 556 nm and the emission was scanned 
between 560-760nm. C) Quantification of the uptake fluorescence intensity, with or without DTT, in cells 
treated with dfTAT and D-dfTAT. HeLa cells were incubated with 5 µM dfTAT or D-dfTAT. Cells were then
trypsinized and lysed in presence or absences of DTT (2mM). The overall amount of peptide internalized 
by cells (endosomal + cytosolic) was assessed by measuring the bulk fluorescence of cell lysates.

Together, these results indicate that the fluorescence of dfTAT and D-dfTAT is partially quenched when 
the peptides are in their dimeric form. As indicated in the main text, we therefore concluded that the 
reduction of cell lysates was necessary to obtain quantitative data of peptide uptake into cells. 
However, the contribution of the dimer fluorescence is relatively small (see -/+ DTT comparison), 
indicating that the peptides are presumably already reduced after entry into the cytosolic space (this is 
consistent with the observation that disulfide bonds are reduced in a matter of second by once inside
cell) 1.
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Figure S6
Comparison of the cellular uptake of dfTAT and D-dfTAT. A) The overall amount of peptide internalized 
by cells (endosomal + cytosolic) was measured using flow cytometry. HeLa cells were incubated with 
dfTAT or D-dfTAT at different concentrations (1-10 µM). Cells were then analyzed and fluorescence
intensity was quantified as a function of concentration. b) The overall amount of peptide internalized 
by cells was quantified using fluorescence microscopy. HeLa cells were incubated with dfTAT or 
D-dfTAT at 5 µM. Images are pseudocolored based on the fluorescence intensity of dfTAT and 
D-dfTAT in the cells. Scale bars, 100 µm.
 
We anticipate that the data obtained by flow cytometry and fluorescence microscopy are not as 
quantitative as the cell lysate assays described in Figure 3 and Figure S5 because of the partial 
quenching of dimeric peptides present inside cells. Yet, these data are consistent with the cell lysate 
results presumably because the quenched peptide population is small (see Figure S5).
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Figure S7
The uptake fluorescence intensity of dfTAT and D-dfTAT is not a consequence of extracellular
membrane binding. Cells were treated with dfTAT and D-dfTAT at 5 µM for 1 h. The cells were 
then washed using three  separate protocols that insure removal of peptide bound extracellularly.
For all protocols, cells were first washed three times with L-15 supplemented with heparan 
(1 mg/mL) and once with nrL-15. Sample 1: control cells were then trypsinized and resuspended 
in nrL-15 for flow cytometry. For sample 2: The cells were then washed again three times with 
L-15 supplemented with heparan (1 mg/mL) and once with nrL-15. For sample 3: The cells were 
then trypsinized and resuspended in nrL-15 and centrifuged. The supernatant was removed and 
the cell pellet was trypsinized (50 µL) and resuspended once again in nrL-15 for flow cytometry 
analysis. The bar graph shows the average mean fluorescence intensity values from the flow 
cytometry (each condition was performed in triplicate). An example of the flow cytometry 
histogram for each condition is shown below the bar graph. 

Because the cell fluorescence is independent of the various treatments used, we conclude 
that portion of extracellular peptide that could potentially contribute to signal is negligible. 
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Figure S8
The number of endosomes present in cells treated with dfTAT is similar to that present in cells 
treated with D-dfTAT. HeLa cells were treated with 2 µM dfTAT or D-dfTAT respectively for 1h. 
Cells were then washed and incubated with 500 nM lysotracker green for 10 min. The fluorescent
images show a punctate distribution for both the peptide and lysotracker green. Scale bar, 10 µm. 
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Figure S9
Proliferation assay. dfTAT treated HDF cells proliferate at a similar rate to untreated cells. HDF cells were
incubated with 5 µM dfTAT or D-dfTAT in nrL-15 for 1h. Cells were then incubated in growth media 
(DMEM/10%FBS) and cellular proliferation was monitored over a period of 72h using a MTT assay. 
Experiments were done in triplicates with average and standard deviation indicated.
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List of transcripts associated with cell death: List of transcripts associated with proliferation:

MCH58 Cells :  D-dfTAT treated* in comparision to untreated cells  

* Treated: (5 µM, 1 h) + 24 h

Table S1
Table showing the list of names of gene transcripts related to cell death and proliferation that 
are affected after treatment with D-dfTAT. The upward red arrow indicates an up regulation 
compared to control while the downward green arrow indicates a down regulation using a two 
fold threshold. Data were analyzed through the use of QIAGEN’s Ingenuity ® Pathway
Analysis (IPA®, QIAGEN Redwood City, www.qiage.com/ingenuity).
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