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for FITC, which prevents autocleavage of FITC under acidic conditions.5, 6  All subsequent steps were 
protected from light. FITC (5 equiv) was reacted with the deprotected N-terminus of the peptides for 6 
hr using DIEA (14 equiv). The boronic acid deprotection was performed as before. The supernatant 
was dried under reduced pressure, and the crude peptide was triturated from cold diethyl ether. The 
peptides were purified using a Jupiter 4 µm Proteo 90 Å semiprep column (Phenomenex) using a 
solvent gradient composed of 0.1% TFA in Milli-Q water and HPLC grade acetonitrile. Peptide purity 
was determined using a Jupiter 4 µm Proteo 90 Å analytical column (Phenomenex), and peptide 
identity was confirmed by MALDI-TOF analysis. Unlabeled peptide concentrations were measured in 
nuclease free water at 280 nm using their calculated extinction coefficients. FITC-labeled peptide 
concentrations were monitored at 495 nm using the extinction coefficient of FITC at 77,000 mol-1 cm-1 
in 100 mM glycine, pH 9.0. 

Preparation of 32P-labeled RNA and DNA. Wild-type a RRE-IIB RNA was transcribed in vitro by 
T7 polymerase with the Ribomax T7 Express System (Promega) using previously reported 
techniques.7, 8  The antisense template (5'-GGCTGGCCTGTACCGTCAGCGTCATTGACGCTGCG 
CCCATACCAGCCCTATAGTGAGTCGTATTACAT-3'), sense complementary strand (5'-ATGTAAT 
ACGACTCACT ATAGG-3') and RRE IIB reverse PCR primer (5'-GGCTGGCCTGTAC-3') were 
purchased from Integrated DNA Technologies. RRE IIB was PCR amplified using HotstarTaq DNA 
polymerase (Qiagen) followed by a clean-up procedure using a spin column kit (Qiagen). The 
antisense DNA template was annealed with the sense DNA complementary strand in reaction buffer at 

95 °C for 2 min then cooled on ice for 4 min. T7 transcription proceeded at 42 °C for 1.5 hr. After 
transcription, DNA template was degraded with DNase at 37 °C for 45 min and the RNA was purified 
by a 12% polyacrylamide gel containing 7.5 M urea. The band corresponding to the RNA of interest 

was excised from the gel and eluted overnight in 1x TBE buffer at 4 °C. The sample was desalted using 
a Sep-Pak syringe cartridge (Waters Corporation) and lyophilized. The product was dephosphorylated 
with calf intestinal phosphatase (CIP) in NEBuffer 3 (New England Biolabs) according to 
manufacturer’s protocol. The product was recovered by a standard phenol extraction followed by 

ethanol precipitation. Purified RNA was stored as a pellet at -80 °C. HIV-1 RRE IIB RNA was labeled 
at the 5’-end by treating 10 pmol of dephosphorylated RNA / DNA with 20 pmol of [γ-32P] ATP (111 
TBq mol-1) and 20 units of T4 polynucleotide kinase in 70 mM Tris•HCl, 10 mM MgCl2, and 5 mM 

dithiothreitol, pH 7.6. The mixture was incubated at 37 °C for 30 min, and then at rt for 20 min. The 
kinase was heat-inactivated at 65 °C for 10 min. The product was recovered by ethanol precipitation, 
and the purity was examined using 12% denaturing PAGE followed by autoradiography. 
Dot Blot Assay. Dot blot assays were performed at rt using a Whatman Minifold I 96 well Dot Blot 
system and Whatman 0.45 µm pore size Protran nitrocellulose membranes. To determine the binding 
affinities, 0.4 nM radiolabeled RNA was titrated with peptide (0.001–100 µM). First, a solution of 0.8 
nM 32P-labeled RNA was refolded in 2x phosphate buffer (20 mM potassium phosphate, 200mM KCl, 

1mM MgCl2, 40mM NaCl, pH 7.0) by heating at 95 °C for 3 min and then slowly cooling at rt for 20 
min. Next, 25 µL of the [32P]-RNA solution was added to 25 µL of peptide in nuclease free water and 
incubated at rt for 4 hr. The 50 µL mixtures were filtered through the nitrocellulose membrane, which 
was immediately followed by two consecutive 50 µL washes with 1x phosphate buffer. Peptide 
binding was visualized by autoradiography using a storage phosphor screen (GE Healthcare) and a 
Typhoon Trio phosphorimager (GE Healthcare). Densitometry measurements were quantified using 
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ImageQuant TL (Amersham Biosciences). Binding curves were generated using a four parameter 
logistic equation with Kaleidagraph (Synergy Software): y=m1+(m2-m1)/(1+10^(log(m3)-x); 
m1=100; m2=1; m3=.000003, where y=percentage of RNA binding, x= log[peptide], m1=percentage 
of RNA binding affinity at infinite concentration (nonspecific binding), m2= percentage of RNA 
binding affinity at zero concentration, m3=peptide concentration at 50% binding (Kd). Each 
experiment was performed in triplicate and error bars represent the standard deviation calculated over 
three replicates. 
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6. Branched Peptide Boronic Acid HPLC Condition, Purity, and Identification by MALDI/MS 

HPLC Solvent A: 0.1% TFA in Milli-Q water, Solvent B: HPLC grade acetonitrile.  Peptide purity 
was determined using a Jupiter 4 µm Proteo 90 Å analytical column (Phenomenex), and peptide 
identity was confirmed by MALDI-TOF analysis. 
 
BPBA1 Predicted Mass: 1937.0, Mass Detected: 1938.0 

 

The Purity (96%) was determined by analytical HPLC employing a linear gradient of 12%-30% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
BPBA2 Predicted Mass: 2622.1, Mass Detected: 2623.2 
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The Purity (97%) was determined by analytical HPLC employing a linear gradient of 7%-20% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
BPBA3 Predicted Mass: 2200.8, Mass Detected: 2201.8 

 

The Purity (95%) was determined by analytical HPLC employing a linear gradient of 10%-30% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 
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BPBA4 Predicted Mass: 2107.0, Mass Detected: 2108.1 

 

The Purity (97%) was determined by analytical HPLC employing a linear gradient of 5%-20% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
BPBA5 Predicted Mass: 2090.1, Mass Detected: 2090.1 
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The Purity (90%) was determined by analytical HPLC employing a linear gradient of 8%-28% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
BPBA6 Predicted Mass: 1648.8, Mass Detected: 1648.7 

 

The Purity (94%) was determined by analytical HPLC employing a linear gradient of 14%-34% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 
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BPBA7 Predicted Mass: 1979.1, Mass Detected: 1979.2 

 

The Purity (92%) was determined by analytical HPLC employing a linear gradient of 7%-27% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
BPBA8 Predicted Mass: 2073.0, Mass Detected: 2074.1 
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The Purity (95%) was determined by analytical HPLC employing a linear gradient of 5%-20% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
BPBA9 Predicted Mass: 1335.7, Mass Detected: 1336.7 

 

The Purity (91%) was determined by analytical HPLC employing a linear gradient of 12%-30% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 
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BPBA10 Predicted Mass: 1631.8, Mass Detected: 1631.7 

 

The Purity (97%) was determined by analytical HPLC employing a linear gradient of 2%-22% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
BPBA11 Predicted Mass: 1337.7, Mass Detected: 1337.6 
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The Purity (94%) was determined by analytical HPLC employing a linear gradient of 10%-30% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
BPBA1.1 Predicted Mass: 1774.9, Mass Detected: 1775.9 

 

The Purity (94%) was determined by analytical HPLC employing a linear gradient of 12%-32% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 
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BPBA1.2 Predicted Mass: 1955.0, Mass Detected: 1955.7 

 

The Purity (96%) was determined by analytical HPLC employing a linear gradient of 14%-34% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
BPBA3.1 Predicted Mass: 1551.8, Mass Detected: 1552.8 
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The Purity (97%) was determined by analytical HPLC employing a linear gradient of 7%-27% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
LPBA1 Predicted Mass: 1423.3, Mass Detected: 1423.8 

 

The Purity (97%) was determined by analytical HPLC employing a linear gradient of 12%-30% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 
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LPBA2 Predicted Mass: 1193.5, Mass Detected: 1193.8  

 

The Purity (99%) was determined by analytical HPLC employing a linear gradient of 8%-28% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
LPBA3 Predicted Mass: 1535.7, Mass Detected: 1536.8 
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The Purity (90%) was determined by analytical HPLC employing a linear gradient of 10%-30% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
LPBA4 Predicted Mass: 1865.9, Mass Detected: 1866.6 

 

 
The Purity (96%) was determined by analytical HPLC employing a linear gradient of 10%-30% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 
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LPBA5 Predicted Mass: 1865.9, Mass Detected: 1867.0 

 

The Purity (94%) was determined by analytical HPLC employing a linear gradient of 12%-30% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
RPBA1 Predicted Mass: 1979.1, Mass Detected: 1980.2 
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The Purity (90%) was determined by analytical HPLC employing a linear gradient of 12%-30% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 

 
 
FPBA1 Predicted Mass: 2481.6, Mass Detected: 2483.8 

 

The Purity (88%) was determined by analytical HPLC employing a linear gradient of 23%-35% B in 
A in 30min at a flow rate of 0.2mL/min following a wash procedure. 
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