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“… made as objects to hold, to contemplate the impact of 
the disease upon humanity.”    
-Luke Jerram 

Viruses Glass Sculptures Museum of Art and Design, NYC 



Introduction 

• The host-derived membrane of an enveloped virus contributes a lot to the 
infection mechanism. 

• Phosphatidylserine (PS) has been shown to facilitate apoptotic mimicry 
and enhance glycoprotein-independent uptake of vaccinia, ebola and 
dengue viruses, and is a cofactor in infection of HIV-1. 

• GSLs (GM1, GM3, etc.) enable the glycoprotein-independent binding of 
HIV-1 particles to dendritic cells. 

• It is difficult to meet the concentration requirements for electrospray 
ionization mass spectroscopy (ESI-MS), the analytical method of choice in 
lipidomics using human-isolated virus samples. 
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Simulation Results 

The simulation of the far-field scattering response of GNPs on a VLP.  
(A) 3 of the random distributions of GNPs on the surface of a VLP,  
(B) The distribution of the peak wavelengths and intensities (markers) of all the GNP/VLP complexes studied containing 
1 to 20 GNPs per VLP, each with 25 different configurations. The curves show the spectra each as an average of the 25 
spectra obtained for a single m and 25 different configurations. The numbers show the data points corresponding to the 
3 example complexes.  
(C) The average peak wavelength as a function of density of GNPs per VLP.  
(D) The average peak intensity as a function of density of GNPs per VLP. Error bars show the standard deviation of the 
peak value, in 25 simulations per m, from average.  



VLPs panel studied in this research 

1. Wild Type (WT) Gag-eGFP HIV-1 VLPs 
2.  PDMP VLPs generated in threo-1-phenyl-2-decanoylamino-3-

morpholino-1-propanol (PDMP) treated host cells 
3.  29/31KE VLPs (two lysine to glutamate changes in MA head) 
4.  ΔMA VLPs (15-99 basic amino acids in MA head deleted) 

Mutations in the matrix domain of the Gag redirect 
the formation of VLPs from plasma membrane to 
intracellular compartments.   
Fluorescence images of HEK293T cells 1 day post 
transfection with (A) WT, (B)  ΔMA and  (C) 29/31KE 
VLPs. Virus, membrane and nucleus were stained in 
green, red and blue, respectively. In (A) WT Gag 
colocalizes with the plasma membrane where WT 
VLPs assemble. In contrast, ΔMA and 29/31KE VLPs 
in (B) and (C) are associated with intracellular 
compartments.  
(D) Relative capture of WT,  ΔMA and 29/31KE  VLPs 
by DCs.  



Sample prep and EM imaging and 
quantification 

The experiment design and validation of GNP/VLP 
binding through electron microscopy.  
(A) The VLPs after being functionalized by either 
Annexin V or Cholera Toxin B and neutravidin were 
randomly attached on glass substrate and incubated 
with Biotin-ssDNA-GNPs colloid for 15 min.  
(B) HRTEM imaging on a fixed negatively-stained 
sample showed the presence of multiple GNPs per 
VLP where the PS lipid was targeted on WT VLPs. 
Scale bars are 40 nm.  
(C) The numbers of GNPs per VLP for 3 different 
samples and a negative control were quantified 
through SEM imaging. These samples included 
targeting PS lipid on WT and 29/31KE VLPs and GM1 
lipid on WT VLPs.  



Optical Setup and Spectral measurement 
and analysis 

The optical setup used to measure the far-field 
scattering spectra together with fluorescence 
localization.  
(A) The microscope setup including a filter wheel on top 
for multi-spectral imaging and fluorescence imaging 
apparatus in the bottom. Inset: the schematic 
representation of two VLPs with different densities of 
GNPs on the surface and hence different scattering 
colors. Labels: 1-Tungsten lamp, 2-Filter wheel, 3-Light 
condenser, 4-Mercury lamp, 5-60x oil objective, 6-
Fluorescence filter set, 7-EMCCD.  
(B) One of the 9 scattering images obtained in the 530 to 
600 nm range from a sample of WT VLPs with GNPs 
targeting their PS lipids and its corresponding 
fluorescence image showing the locations of the VLPs. 
Inset: the scattering cross section of one of the VLPs and 
its corresponding point spread function (PSF) obtained 
by Gaussian surface fitting for intensity measurement.  
(C) Two of the spectra obtained through multi-spectral 
imaging and curve fitting (large markers and lines), and 
conventional optical spectrometry (small markers), for 
two VLPs with different densities/configurations of GNPs 
on the surface show nicely correlated results.  
(D) The binding probability, F, obtained through 3 or 
more optical measurements (n≥3) of 3 different samples. 



Calibration on liposomes 

Calibration of the optical measurement of binding using liposomes.  
(A) The distribution of peaks of the spectra measured for liposomes with varying PS concentrations from 0 to 20% and varying 
GM1 concentration from 0 to 10% and labeled with GNPs, in black markers, and a surface fitting on their distribution in the color 
map. The white dashed lines show the area of each plot that contains by average 90% of the data points, A90%, used as a metric 
for the amount of plasmon coupling. Each plot shows the data of all different runs of the same measurement which contain 500-
1500 liposomes in total.  
(B) The fraction of labeled liposomes or binding probability, F, in different samples.  
(C) The calibration curves obtained based on calculation of the B value for each liposome binding sample, that show linear trends 
in the measured range.  
(D) The binding value, B, as a function of the binding probability, F, as obtained from tens of different experiments on various 
samples of VLPs and liposomes in this study. Each sample was measured in 3 independent runs (n=3). 



Measurement of lipid contents on 4 different 
HIV-1 VLPs 

Optical measurement of the PS and GM1 contents in 4 different HIV-1 VLPs.  
(A) The scatter plots of the peaks, in black markers, and their distribution surfaces in color maps for 
PS and GM1 quantification in the 4 VLPs. Each plot contains the data of 500-1500 VLPs obtained in 3 or 
more runs of the experiment (n≥3).  
(B) The F values associated with the same measurements.  
(C) The results of PS and GM1 quantification after calibration of the B values of the 8 samples, using 
the calibration functions obtained through liposomes. 



Lipid quantification on two Ebola VLPs 

Optical measurement of the PS and GM1 contents 
in 2 different Ebola VLPs.  
(A) The scatter plots of the peaks, in black 
markers, and their distribution surfaces in color 
maps for PS and GM1 quantification in the 2 VLPs. 
Each plot contains the data of 500-700 VLPs 
obtained in 3 runs of the experiment (n=3).  
(B) The F values associated with the same 
measurements.  
(C) The results of PS and GM1 quantification after 
calibration of the B values of the samples. 



Discussion & Summary 

• Our method, based on spectral analysis of gold nano-label binding and plasmon coupling, 
allows for measuring the lipid contents of viral envelopes through a rather simple and rapid 
protocol which leads to precise results.  

• The simulations of the far-field scattering spectra showed ~25 nm spectral red-shift and 26-
fold intensity boost by increasing the number of bound GNPs from 1 to 20. 

• This, experimentally, provided a broad dynamic range of lipid concentration measurements 
from approximately 1 to 20 mole% in this study. 

• We have used less than 107 VLPs per experiment in this study, equal to the amount of virus 
particles that can be normally obtained from less than 10 mL of patient blood. 

• The detection limit of this assay with the settings of this study is approximately 1% lipid. 

• The PS concentrations detected on the VLPs were in agreement with other researches and 
correlated with the budding sites of the viruses. 

• The GM1 was quantified for the first time and it’s correlated with the amount of capture of 
the VLPs by mDCs. 

• The method can be generalized to other viruses with slight modifications. 

 


