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Abstract 
Cell penetrating peptides (CPPs) are able to efficiently cross the 
plasma membrane of cells and carry with them macromolecular cargo. 
This makes them important tools in targeted drug delivery and the 
investigation and knowledge of the mechanism of their drug delivery is 
important for future drug design. We are using attenuated total 
reflectance infrared (ATR-IR) spectroscopy, to study the secondary 
conformation of the peptide analogues of penetratin in both deuterated 
aqueous solution and TFE (triflouroethanol), a well-known cellular 
mimic system.  The penetratin analogues include strategic heavy 
isotope labeling to help us characterize the secondary peptides 
conformations. We have identified that we can use the shifts in the 
amide I bands present in the IR spectra of the peptides to help 
determine the secondary structure of the peptides in the different 
systems. We expect to find that the peptide will adopt either a beta(β)-
sheet or alpha(α)-helix conformation or stay random coil.  
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Materials and Methods 
 
1. Peptides 
The following penetratin analogues were studied: 
The amino acids with heavy isotope (13C and 15N) labeling are 
bold and underlined. 
 

PEN-RR-F:  RQIKIWFQNRRMKWKK-NH2 
 

PEN-FH:   RQIKIWFQNRRMKWKK-NH2 
 

• Two solutions of each penetratin analogue in  
D2O were prepared, (40 and 20mg/mL nominal). 
 
• Two solutions of each penetratin analogue (20mg/mL 

nominal) were also prepared in 1:1 D2O:TFE 
(trifluoroethanol) solvent solution. 

 
2. ATR IR Spectroscopy 
 Measurements were taken in a Nicolet iS5 FT-IR 
Spectrometer with a iD1 transmission accessory, using a 4mm 
pathlength CaF2 cell, and 1μL of each peptide solution.  Spectra 
were collected using 16 scans, with the resolution at 4.  
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Discussion 
Multiple amide I bands of the penetratin analogues were found. Both Pen-RR and  
Pen-FH transmitted at ~1672cm-1 in 100% D2O. This frequency remained mostly  
unchanged in the addition of TFE to the solution (50% TFE, 50% D2O).  
This transmittance corresponds to a β-sheet conformation, which is generally  
found at 1679-80 cm-1.1,4  
 
In 100% D2O solution, the transmittance of Pen-RR and Pen-FH seen at  
1643.90cm-1 and 1640.82cm-1 respectively, were almost nonexistent. As TFE was 
added to the solution (50% TFE, 50% D2O), both transmittances became more  
prominent and  were shifted to  1649.80 cm-1 and 1649.19cm-1.  
These transmittances correspond to an α-helix conformation, which are generally  
found at 1644-1650 cm-1.1,4  The clear increase in transmittance corresponds to an  
increase in α-helix conformation of the peptides in the addition of TFE. 
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Conclusions 
We have concluded that the penetratin  
analogues mainly adopt a β-sheet 
conformation in D2O and TFE solutions.  
We see an increase in α-helix conformation  
with the introduction of TFE to the solution.  
We predict that increasing the TFE  
concentration to 100% will result in an  
increase of the α-helix conformation of the  
peptides. 
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Introduction 
The penetratin peptide is from the third helix of Antennapedia 
homeodomain, segment 43-58.1  In its native homeodomain and in 
water, it adapts an α-helix conformation, while in lipids, β-structures 
are predominately found.1   
 
Amide I bands are found in the 1600-1700cm-1 region, and arise 
mostly (70-85%) from the C=O stretching vibrations.2 These are the 
most intense absorption bands of peptides and are often used to 
determine their secondary structures. Amide II bands are found in the 
1510-1580cm-1 region, and arise mostly (40-60%) from the in-plane N-
H bending vibrations.2 These bands are much more complex and are 
not often used for structure determination. 
 
Since amide I bands arises from C=O stretching vibrations, the 
isotopic labeling of 13C results in a large shift of the amide I band to a 
lower frequency.3  The isotopic labeling of 15N results in a shift of the 
amide II band, since it is dependent on N-H bending vibrations.3   
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Fig. 1. Photo of CaF2 cell 
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Results 
 

 
 
 
 
 
 
 
 
 

Fig 2. FTIR spectra of PEN-RR (20mg/mL nom.) in D2O and in 
a D2O:TFE (1:1) solution. Amide I bands are shown. 

 
 

 
 
 
 

 
 
 
 
 
 
Fig 3. FTIR spectra of PEN-FH (20mg/mL nom.) in D2O and in a 

D2O:TFE (1:1) solution. Amide I bands are shown. 
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Fig 3. FTIR spectra of PEN-FH (20mg/mL nom.) in D2O and in a 

D2O:TFE (1:1) solution. Amide I bands are shown. 
 
 
 

Future Studies 
We will use this method to further study the 
conformation of these CPPs and wild  
type penetratin with cells in the near future. 
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Fig 4. CaF2 cell inside FTIR  
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