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Rationale: The disassembly of the core structure is a poorly understood process in 

successful HIV-1 infection.  Determining whether HIV-1 cores can directly bind 

cell nuclei will provide new insight into the viral core uncoating process. 

 

Objective: To investigate the nuclear binding of intact cores in HIV-1 infection.   
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2.  Introduction 

Nuclear import of the viral genome is essential for productive HIV infection. Uncoating and nuclear import of the viral genome is a poorly understood process. The purpose 

of this study is to determine whether HIV viral cores can directly bind cell nuclei and achieve nuclear import in permeabilized cells. HIV-1 was produced by transient 

transfection of 293T cells with the HIV-1 molecular clone, pNLX.  Supernatants were collected every 24 h for a total of 72 h.  Virions were concentrated by ultracentrifugation 

through a 20% (w/v) sucrose cushion and cores were isolated from virions using a modified equilibrium density gradient separation as follows: 20-70% sucrose gradients 

were overlayed with a thin layer of 15% sucrose containing TritionX-100 detergent, followed by a layer of 7.5% sucrose. Concentrated virus was added to the top of the tube 

and ultracentrifuged for 16 h at 4
 

C. Experiments included varying concentrations of detergent and multiple buffer solutions. The gradients were fractionated by positive 

displacement and the sedimentation of virions and cores determined by Western Blot for HIV Capsid. The sedimentation of viral RNA in fractions was determined by 

isolating RNA and measuring HIV-1 RNA by real-time RT-PCR. HIV-1 cores were labeled by co-transfecting pNLX with a green fluorescent fusion protein (GFP) – HIV-1 Vpr 

protein construct. Addition of 0.2% detergent resulted in the removal of viral envelope and matrix proteins and a concentrated band of intact viral cores at a higher density 

than intact virions. Detergent levels < 0.1% resulted in failure to effectively remove viral membrane.  Preliminary experiments showed that a more physiologically relevant 

buffer that contained Mg2+ resulted in a loss of core stability compared to a buffer lacking divalent cations and containing EDTA. GFP-tagging of cores was demonstrated by 

the detection of GFP-Vpr fusion protein in core-containing fractions as well as the detection of fluorescent cores by epifluorescence microscopy. GFP-labeled HIV-1 cores 

were successfully isolated.  The virions are highly unstable and have specific sensitivity to minute concentrations of detergent and divalent cations.  Optimization of 

detergent concentration and buffer solution is required prior to nuclear binding and import experiments. Additional studies of detergent effects using decreasing 

concentrations and alternate formulations are planned. Investigation of the impacts of EDTA treatment on the stability of cores will also be performed. 

3. Protocol for Viral Core Isolation 

Core isolation method.  Cores are isolated using a method adapted from Aiken et.al, J. Virol. 

October 1999 vol. 73 no. 10 8824-8830.  HIV-1 is collected from 293T cells following 

transfection with pNLX. Viral supernatant is concentrated by ultracentrifugation through a 20% 

sucrose cushion, resuspended in STE buffer.  The sample is loaded onto a 20-70% sucrose 

gradient overlayed with 1) a 15% sucrose layer containing detergent (blue band) and 2) a 7.5% 

sucrose layer. Samples are ultracentrifuged for 16h and fractionated by positive displacement.  

Pattern of intact virus (yellow band) and isolated cores (purple band) are shown. 
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Objective: To identify the optimum detergent type and concentration for 

core isolation. 

5. Detergent  Optimization 

Objective:  Identify the location of isolated HIV-1 cores by detecting Capsid protein and viral RNA.   

1.  Abstract 

Human immunodeficiency virus type 1 (HIV-1) can establish a persistent 

infection that if left untreated will inevitably lead to acquired immunodeficiency 

syndrome (AIDS).  HIV-1 targets cells that express CD4 as well as a co-

receptor which causes fusion and entry of the virus into the cell.   Upon entry 

into the cell, the viral genome proceeds towards the nucleus. In a poorly 

understood series of events, the Capsid degrades, reverse transcription occurs, 

and an host DNA integration competent preintegration complex (PIC) is formed. 

It remains unclear if the core structure remains intact throughout this process. 

In other viruses such as adenovirus, the core structure remains intact until 

docking at the nuclear envelope, presumably to protect the viral genome from 

host degradation. Detailed study of viral core-nuclear membrane interactions 

has been difficult due to the instability of the cores in-vitro. Our long term goal is 

to collect intact HIV-1 cores and perform nuclear binding and import assays to 

determine one aspect of viral core action in viral infection. We are currently 

optimizing core recovery through detergent treated velocity gradient separation 

of viral suspensions. 

4.  Sedimentation of detergent stripped HIV-1 cores  

• The isolation of intact viral cores will be useful to study early events of HIV-1 

replication.  

 

• The isolation of cores was demonstrated by detection of viral RNA and capsid 

protein, but the absence of matrix protein. 

 

• Optimal detergent treatment providing maximum recovery of viral cores was 

determined to be 0.2% Triton X100. 

 

• Isolated cores display limited stability in physiologically relevant buffers. Divalent 

cations appear to affect core stability. 

 

• Purified cores can be visualized by co-transfection of pGFP-Vpr expression 

vector. 

 

• The presented data demonstrates a reproducible method for isolating intact 

cores for in vitro assays. 

8.  Summary 

 

• Confirmation of intact viral cores. Utilize scanning electron microscopy 

to visualize contents of fraction 14 and identify intact viral cores. 

 

• Nuclear localization and binding of viral cores. Using GFP-Vpr tagged 

cores, we can examine the localization of cores to cell nuclei. Visualize 

using fluorescent polarization microscopy and confocal microscopy. 

Confirmation of results using scanning electron microscopy. 

 

• Determine if purified viral cores can import into the nuclei of cells 

using an in vitro nuclear import assay. Permeabilized HeLa cells will be 

incubated with GFP-Vpr tagged cores suspended in transport buffer and 

an energy regeneration system. Fluorescent microscopy will be used to 

visualize cell nuclei and observe for viral core import. 

 

• Proteomic analysis of viral cores. Cores from virus produced from 

different cells will be compared by proteomic analysis to determine if virus 

is unique to the cell type from which it was produced. Viral cores isolated 

from virus produced from infected primary peripheral blood monocytes 

and monocyte-derived macrophages will be compared using Mass 

Spectroscopy.  

9.  Future studies 
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Western blot analysis of detergent comparison.  Cores were isolated as described previously using 

differing detergent types and concentrations.  Fractions were separated by SDS-PAGE and Western blotted for 

HIV-1 proteins.  All blots are against HIV-1 capsid. Red arrow indicates optimum detergent concentration 

showing maximum protein in F14 and the emergence of partially disrupted core particles (F11-13). 

Sedimentation pattern of intact virus (isolated without detergent layer) 

and detergent stripped cores.  RT-PCR detection of viral RNA present in 

density gradients of untreated (A) and 0.5% TritonX-100 (Tx100) treated 

cores (B). Western blot analysis of the sedimentation of HIV-1 Capsid and 

Matrix in  untreated (C) and Tx100-treated core (D) samples. 

7. Fluorescent Labeling of HIV-1 Cores   

Objective: To visualize viral cores by incorporating a GFP-Vpr 

protein. 

Fluorescent detection of purified HIV-1 cores.  HIV-1NLX  virus was co-transfected 

with a pGFP-Vpr expression construct to label virus particles. HIV-1 Vpr is located 

within the viral core structure providing fluorescent tagging of intact viral cores. Fraction 

14 was wet mounted and examined using epifluorescence polarization microscopy. 

100x magnification. 
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Objective: To determine if core stability is affected by the presence of divalent 

cations and/or physiological buffer. 

6. Buffer Comparison 

Buffer analysis of core isolation.  15% sucrose solutions were prepared using the indicated 

buffer containing 0.2%  TritonX-100. Cores were isolated as described previously  using STE 

buffer for the gradient buffer.  Fractions were separated by SDS-PAGE and Western blotted for 

HIV-1 capsid. 

STE + Tx100 

Buffer K + Tx100 

ST + MgCl + Tx100 

1 2 3 4 5 6 7 13 12 11 10 8 9 14 15 16 Fraction 

1 2 3 4 5 6 7 13 12 11  10 8 9 14 15 16 Fraction 

 0.5% Tx100 


