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Adenovirus: Introduction
General
- Icosahedral, dia=80-100 nm, ds DNA genome
- WT virus causes respiratory illness, conjunctivitis,           

gastroenteritis, and others 
- structural capsid proteins:  hexons and pentons

• Biomedical Applications
– Gene Therapy
– Vaccines- Ad-based vaccines can evoke both active and passive 

immunity to specific antigens

• Cytoskeletal Research Interests
– Ad-internalization requires actin cytoskeletal reorganization
– Ad utilizes microtubules for nuclear localization



Microtubules:  Introduction
• Nucleation

– MTs originate at the 
centrosome, then radiate to 
periphery

• Elongation
– Assembly of � ,� subunits 

form polarized polymers
– Polarity provides a means of 

directionality for motor 
proteins

• Functions
– Cell Division (mitotic spindle)
– Intracellular transport of 

organelles
– Coordination with actin for 

cell motility or wound healing
Source:  Cassimeris, Lynne (2004).  Chapter 6: Microtubules. Cell Biology 
Virtual Text at Ergito.com, Edited by B.  Lewin et al.  



Dynamic Instability of MTs is regulated 
by GTP hydrolysis

• Growth

• Pause

• Catastrophe

• Pause

• Rescue

Source:  Cassimeris, Lynne (2004).  Chapter 6: Microtubules. Cell Biology 
Virtual Text at Ergito.com, Edited by B.  Lewin et al.  



Question:  What is the impact of Adenovirus 
Infection on MT Dynamic Instability?  

• From Literature:
– Ad infection enhances minus-end directed motility of Ad 

particles and other cargo
– MT stabilization enhances Ad nuclear localization

• Our Approach: Laser Scanning Confocal Imaging
– Characterize rates of MT nucleation and parameters of 

dynamic instability in live, infected cells
– Examine molecular markers of stable MTs in fixed cell 

samples
– Characterize the localization of adenovirus within 

infected cells with respect to MTs, centrosome, nucleus



Principle of Laser Scanning Microscopy
• Point light source

– Laser is projected onto a 
specific specimen plane of 
interest

• Pinhole
– Situated at optically 

conjugate point from 
specimen focus plane

– Unwanted reflected light is 
focused outside the pinhole

– Blur from unwanted light is 
removed

• Scanning
– Specimen plane is scanned 

point by point and image is 
digitally reconstructed

Source:  Carl Zeiss, Inc.  LSM 510 META Operating Manual



• Approach #1:  Use nocodazole regrowth
assay to examine effects of adenovirus 
infection on general microtubule stability

Question:  What is the impact of Adenovirus 
Infection on MT Dynamics?  



MT regrowth is faster in Ad-infected cells 
following nocodazole washout 
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Microtubule Growth Rate is Higher in Infected Cells

Microtubule Regrowth in A549 Cells
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Approach #2:  Use GFP-tagged EB1 (plus-end 
binding protein) to examine MT nucleation 
rate at centrosome in time lapse images

Question:  What is the impact of Adenovirus 
Infection on MT Dynamics?  



Live cell EB1-GFP imaging:  
Uninfected A549 Cells



Live cell EB1-GFP imaging:  
Uninfected A549 Cells



Adenovirus Infection Enhances Microtubule 
Nucleation Rate in A549 Cells
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What is the impact of adenovirus 
infection on MT dynamic instability?

• Approach #3:  Use GFP-tagged tubulin to 
examine the parameters of MT dynamic 
instability:
– % time in growth, shortening, or pause
– Frequency of:

• catastrophe (transition from growth to shortening) 
• rescue (transition from shortening to growth)



Time lapse images of A549 cell 
expressing GFP-tagged tubulin



Ad-infection reduces catastrophe frequency, increases average time 
in growth, and decreases average time in shortening

A549 Cells Control Cells (n=23) Adenovirus Infected Cells (n=20)
total number of MTs tracked 139 124
total t ime (minutes) 89 84
% time in growth 34.2 40.4
% time in shortening 29.7 22.6
% time in pause 38.7 38.6

catastrophe frequency (events/sec) 0.055 +/- 0.004 0.042 +/- 0.003 (24% lower)
rescue frequency (events/sec) 0.049 +/- 0.004 0.050 +/- 0.004

mean MT growth rate (um/min) 11.2 +/- 0.4 13.86 +/- 0.5
mean MT shortening rate (um/min) 12.9 +/- 0.5 12.0 +/- 0.5

HFF Cells Control Cells (n=14) Adenovirus Infected Cells (n=7)
total number of MTs tracked 69 61
total t ime (minutes) 53 42
% time in growth 44.8 53.1
% time in shortening 30.3 17.5
% time in pause 25.0 29.4

catastrophe frequency (events/sec) 0.058 +/- 0.005 0.031 +/ 0.004 (47% lower)
rescue frequency (events/sec) 0.064 +/- 0.006 0.074 +/- 0.008

mean MT growth rate (um/min) 12.0 +/- 0.6 11.57 +/- 0.6
mean MT shortening rate (um/min) 14.8 +/- 0.9 17.5 +/- 1.8



Trend of Change in MT Dynamics Following 
Infection is Similar in Two Cell Lines
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In Summary

• Regrowth of MTs following nocodazole washout 
is faster in cells infected with adenovirus

• Adenovirus infection enhances the rate of 
microtubule nucleation as measured by GFP-
tagged EB1 

• Ad-infection reduces catastrophe frequency, 
increases average time in growth, and 
decreases average time in shortening



Most recent experiments

• Analysis of viral localization with respect to 
centrosome and modified tubulin

• Analysis of viral localization with respect to 
dominant negative CLIP170 expression



Adenovirus localization at centrosome changes 
patterns of MT acetylation, not detyrosination

Uninfected HFF cell Infected HFF cell
Nuclei
Acetylated tubulin
Adenovirus AF555



Adenovirus localization at centrosome changes 
patterns of MT acetylation, not detyrosination

Nuclei
Detyrosinated tubulin
Adenovirus AF555



Dominant negative CLIP170 expression 
inhibits adenovirus nuclear localization

Nuclei, � -tubulin
GFP-CLIP170 � H
Adenovirus AF555

CLIP170 � H
Cannot bind MTs



Live Cell Imaging of Fluorophore-
tagged Adenovirus in HFF Cells 
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