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Introduction:  Here we describe the development and 
validation of a peptide (Vn96) ɸ with specific affinity for heat 
shock proteins (HSPs) and their complexes as tools for 
isolation and purification of HSP containing extracellular 
Microvesicles (eMVs) and/or Exosomes (together referred to 
as eMVs here) from cell culture media, human and animal 
body-fluids. We compare the specificity of the Vn96 peptide 
for the isolatation of eMVs from different sources with 
conventional exosome preparation by ultracentrifugation and 
a commercially available Kit.                                                                  
(ɸ Patent pending) 

Materials and Methods  

Cell culture conditioned media, 
patients’ urine and plasma were 
collected and archived at our Institute 
following approved ethical guidelines 
and protocols.  eMVs were isolated in 
parallel using Vn96 peptide 
precipitation, ultracentrifugation 
(UCF)1 and a commercial Kit (C.Kit)2. 
Standard methods and kits were used 
for microarray, Western blotting and 
other gel electrophoresis.  

Conclusions 
Using Vn96 peptides, we are able to capture eMVs 
using a bench-top centrifuge at room temperature 
within 30 minutes. These eMVs display the protein 
and RNA markers and physical characteristics 
indicative of exosomes. 

Figure-1 
We hypothesized that: (1) an ideal HSP-binding peptide would be a strongly cationic with 
hydrophobic side chains consistent with properties conducive to stable association with 
the peptide binding cleft of HSP70 isoforms and paralogues and (2) avidity of those 
peptides with HSP-binding properties could be screened by counter migration during 
isoelectric focusing (IEF).  Based on these we designed a series of peptides and screened 
for their HSP binding property. Representative demonstration of the peptide screening 
against recombinant HSPs (rHSP) on flatbed electrophoresis using pre-cast broad pH (3-10) 
plastic backed IEF gels is shown here. Peptides (Vn96) were placed at the anode of the IEF 
gel and rHSPs are on cathode respectively. Unbound cationic peptide focused at the 
extreme cathodal or negative end of the gel ( not seen in the gels where no peptide were 
added, left panel). Upon counter migration of Vn96 peptide and rHSP,  major bands were 
observed closer to the neutral spectrum of the pH gradient, which are complexes of rHSPs 
and Vn96.  

Discovery  

Results and validations:  

Vn96 peptides capture HSPs from 
cell lysates 

Figure-2:: Affinity based binding of HSPs with 
Vn96 from cell lysate (MCF-7 cells) 
containing detergent (conditions equivalent 
to immunoprecipitation). Streptavidin-
coupled beads were saturated with either 
biotinylated-Vn96 (b-Vn96) or biotinylated-
Scrambled Vn96-peptides (b-Vn96-Scr) and 
used as tools to capture 1% NP40 detergent 
lysed cell lysate cleared of insoluble 
materials. The Bead-peptide bound 
complexes were analyzed by immunoblotting 
for indicated HSPs.  

Vn96 peptides co-localize with CD63 vesicles (exosome markers)  

Figure-3: Immunofluorescence staining of MCF-10A 
cells grown on glass cover-slips. Cells were fixed, 
permeabilized, blocked and stained with anti-CD63 
antibody and biotinylated-Vn96. Alexa Fluor-
conjugated  antibody and avidin were used for 
visualization. CD63 is a prominent  and well-
characterized exosomal marker. 

Vn96 peptides precipitate extracellular microvesicles/ Exosomes  
Figure-4:  (A) Diluted mouse serum (1:10 in PBS) was 
used to precipitate eMVs with Vn96 following the 
protocol shown above. The original sample and the 
post-Vn96 extracted supernatant were analyzed by 
Nanoparticle tracking analysis (NTA) using LM10 unit 
and software v2.3 (Nanosight, Amesbury, UK). 
Hydration-sphere-equivalent sizes are displayed as 
particle size distribution with their relative 
abundance. The majority of particles from the diluted 
samples were precipitated using Vn96 peptides. 
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(B) Urine from a human subject was collected and 
cleared with 0.2 µm syringe-filter. The cleared 
samples (1 ml each) were subjected to eMV isolation 
protocol as  described  with Vn96 and scrambled-
Vn96 peptides. A visible eMV-Vn96 complex was 
precipitated with Vn96 peptide but not with 
scrambled control.  
 
(C) eMV-suspension was prepared on 30% sucrose 
cushion by ultracentrifugation1 from SKBR3 breast 
cancer cell line conditioned media. This eMV-prep 
was then used to "seed" media that is relatively eMV-
free (FBS made eMV free by ultracentrifugation at 
100,000g for 2 hours). The 1 ml aliquots of the seeded 
media were used to isolate eMVs using Vn96 with 
increasing concentrations. The remaining 
supernatants after precipitating eMV-Vn96 complex 
were analyzed by Nano-Sight. (-Ve= eMV free media, 
+Ve= Seeded media). 

Atomic Force Microscopy (AFM) of 
Vn96 peptide precipitated eMVs 

Figure-6: eMVs isolated using Vn96 peptide from 
human plasma were digested with Proteinase K to 
disperse them to homogeneity,  diluted in water 
then deposited onto a freshly cleaved mica sheet 
and air dried. Samples were immediately analyzed 
by tapping mode AFM to determine the size and 
shape of isolated eMVs. The inelasticity at the 
center of the particles would be expected when 
analyzing membranous vesicles. 

eMV isolation by Vn96 

Transmission electron microscopy (TEM) of Vn96 peptide precipitated eMVs 

Figure-5: eMVs isolated from human plasma and 
cell line conditioned media using Vn96 peptide 
were digested with Proteinase K to disperse 
them in solution, diluted in water, then loaded 
onto formar/carbon-coated electron microscopy 
grids and contrasted with uranyl acetate to 
visualize using TEM. The scale is 100 nm. 

UCF C.Kit Vn96

Fibronectin 27 90 22

Galectin-3-binding protein 21 18 10

Phosphoglycerate kinase 9 17 14

Alpha-enolase 11 18 10

GAPDH 4 10 4

Annexin A2 (Isoform 2 ) 12 8 10

Pyruvate kinase isozymes M1/M2 5 14 5

Moesin 7 5 4

HSP 90-beta 2 14 9
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Figure-7: A snapshot of comparative analysis eMVs 
isolated by different methods. Total RNA of eMVs 
were subjected to microarray hybridization for miRNA 
(1211 human miRNAs, from Applied Microarray) and 
mRNA (human oligonucleotide microarray). Proteins 
were identified by MS. Immunoblotting was 
performed to identify Exosomal        markers in Vn96-
precipitated eMVs.   

Western blot 
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Vn96 peptide is Platform versatile 

Figure-8: Vn96-on-beads: 
25 µl of human plasma diluted 
10 times in PBS incubated with 
Vn96-on-magnetic beads for 15 
min, washed. Representative 
NTA size distribution is shown 
here.  


