
7.340 Nano-life: Introduction to Virus Structure & Assembly 
Assignment #1: Build a capsid model. 
Due: Session 3 
Approximate time to completion: 2 to 4 hours. 
 
You have been given a hexagonal lattice of humanoid figures (a 
homuncu-lattice, if you will) representing capsid subunits printed onto 
11” x 17” card stock. Your assignment is to cut out triangular faces of 
the lattice and construct an icosahedron representing a capsid shell of 
a T number of your choosing. Pick one of these T numbers only: 7, 9, 
or 12. The face sizes will be determined by your chosen T number. 
Hints are given below. After you have built the capsid, answer/do the 
following: 

1. How many homunculi cover the surface of your capsid? 
How many are on each face? How many per asymmetric 
unit? 
2. Using a colored pen, mark an asymmetric unit. Indicate 
each of the unique subunit positions. 
3. Indicate examples of true two, three, and five fold 
symmetry axes with an elipse, triangle, and pentagram 
(respectively). 
4. Indicate examples of pseudo three-fold and six-fold 
symmetry axes with “3” and “6”. 
5. Extra: is your lattice laevo or dextro? 

 
Hints: 
1. To find the centers of a hexagonal homunculus ring, draw lines connecting the 
vertices (inner homunculi elbows) of the implied hexagon (I apologize for not putting 
a dot there to orient you better). 
2. Once you have one face cut out and you are happy that it is fairly accurate, use it 
as a template to trace out further faces. Be careful not to mix up the “handedness” 
of your triangular faces. 
3. When you have cut out 20 triangular faces, you can arrange them according to 
the triangular net shown in the figure below. Tape the seams with clear tape. “Roll” 
the faces up into an icosahedron. Close the structure with more tape. Tabs are 
optional. 
4. Ruler and razor blade or box cutter (be careful!!!) are one way to make a nice 
clean edge. 
5. Try to plan ahead and maximize the number of faces you can get out of each 
sheet before you go and start cutting it up. Mark with pencil and erase if necessary. I 
was able to get ten T=7 faces out of one sheet. Tiling your faces (marking them out 
so that they share common edges) saves space and reduces the number of cuts you 
need to make. 
6. Closure is the most difficult part. Leave the last face “flappy” as a trap door so you 
can put a hand inside the model to help tape the closing edges. 
7. It doesn’t have to be perfect! Some edges will look better than others. Some 
partial subunits will not perfectly line up at edges. 
8. Challenge yourself. If you are really, really stuck… Google. 
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Figure removed due to copyright reasons.  
 
Please see: 
http://www.enchantedlearning.com/math/geometry/solids/Icosahedrontemp.shtml 
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Jim Culver 
11/23/2005 

Research Proposal: Structure of the RNA Channel Formed between 
Poliovirus and the Afflicted Cell During Infection 

 
Introduction 
 
Recent work by Bubeck et. al. (1) has furthered elucidation of the pathway by which 
poliovirus enters a cell. In particular, this work calls into question the conventional model 
by which the entry of the poliovirus RNA genome into the infected cell is understood. 
Detailed structural analyses prove that in the intermediate 135S stage, the VP1 and VP4 
protein subunits of the poliovirus somehow interact with the plasma membrane of the cell 
to be infected, thus forming a channel through which the viral RNA can travel (1). This 
step, which must be initiated by the binding of the nucleocapsid to the poliovirus receptor 
(Pvr) on the cell’s surface, is crucial for the infectivity of the virus. However, once a 
virus has reached the 135S stage, it no longer requires binding to Pvr to cause infection 
(2). 
 
A relevant question now is how exactly this nucleic acid channel is formed. Several 
models have been set forth, each proposing different roles for VP1 and VP4 in channel 
formation (1). One model hypothesizes that the amphiphatic helices of multiple VP1 
subunits will form a 5 helix bundle which serves as the channel through which the viral 
RNA can pass. However, structural analysis shows that there is probably not enough 
room for such a large helical bundle to form, and additionally, mutational analysis has 
shown that VP4 plays at least a somewhat more active role in channel formation (1, 3). 
Accordingly, other models have been proposed. One is that VP4 is the central player in 
channel formation, and that VP1 serves to simply anchor the poliovirus nucleocapsid to 
the plasma membrane (1). And finally, a third proposed model is that both VP1 and VP4 
play a role in the formation of the RNA channel (1). 
 

Figure removed due to copyright reasons. Please see figure 6 from: 
Bubeck, Doryen, et al. “The structure of the poliovirus 135S cell entry intermediate at 10-angstrom 
resolution reveals the location of an externalized polypeptide that binds to membranes.” J Virol 79 
(2005): 7745-7755.  
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Specific Aims 
 
The aim of these experiments is to elucidate the means by which the poliovirus creates a 
channel for its RNA genome to pass from the nucleocapsid into the cytoplasm of the 
infected cell. More precisely, the experiment aims to show first of all whether the 
functions of VP1 and VP4 are exclusively to anchor the nucleocapsid to the cell, or 
exclusively to provide a channel for the passage of RNA through the plasma membrane, 
or whether it is a combination of both functions. A second aim of the experiment is to 
directly visualize the passage of the viral RNA through its channel, and by doing so to 
visually ascertain the composition of this channel. 
 
All in all, these experiments will test the hypothesis that VP4 alone forms the nucleic acid 
channel, with VP1 anchoring the nucleocapsid to the plasma membrane. 
 
 
Experiments and Expected Results 
 
Mutational Analysis: 

To test the possible role of VP1 in channel formation, all of the residues in the 
amphiphatic helix of VP1 will be changed into polar and/or charged residues. If 
VP1 does indeed normally form the channel for the RNA, then this would prevent 
the channel from crossing the membrane, and would prevent pathogenesis. If VP1 
is an essential anchor holding the nucleocapsid to the plasma membrane by 
embedding itself in the nonpolar region of the membrane, then this mutation 
would also prevent pathogenesis. However, if instead VP1 anchors the 
nucleocapsid to the plasma membrane by electrostatic interaction with the polar 
phospholipid heads of the fatty acids in the lipid bilayer, then this mutation would 
not prevent pathogenesis. 
 
To distinguish between these three possibilities, a second test is required. This 
time, all the residues in the amphiphatic helix of VP1 should be changed into 
nonpolar residues. If VP1 does form the channel for the RNA, then this mutation 
would prevent pathogenesis because the polar RNA could no longer pass through 
this channel. If, on the other hand, VP1 is an anchor, then infection should 
continue if the poliovirus is anchored by embedding itself in the plasma 
membrane, whereas infection will be prevented if the anchor is via electrostatic 
interaction with the phospholipids.  
 
This leaves 4 possibilities: 
- Experiments 1 and 2 create pathogenic particles: VP1 may be non-essential 

for channel formation. 
- Only Experiment 1 creates pathogenic particles: VP1 may be anchored to the 

polar phospholipid heads of the fatty acids on the exterior of the lipid bilayer. 
- Only Experiment 2 creates pathogenic particles: VP1 may be anchored within 

the non-polar interior of the lipid bilayer. 
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- Neither Experiments create pathogenic particles: VP1 may serve as a channel 
for the RNA to pass from the nucleocapsid of the virus into the cytoplasm of 
the cell being infected. 

 
The same experiments are then repeated with VP4 to independently assess its role 
in RNA transfer. 
 
To do these experiments, wildtype 135S poliovirus is propagated and prepared as 
previously described (4). Mutagenized versions of the sequenced 135S poliovirus 
are prepared by PCR amplification of the poliovirus genome using mutated 
primers (site-directed mutagenesis), and then by repeating the process of virus 
propagation and preparation. After harvesting native and mutagenized 135S 
poliovirus, their structures are first examined with cryo-electromicroscopy (as 
described previously) to ascertain that the introduced mutations do not prevent 
proper virus assembly. The pathogenicity of these virus particles is then tested by 
attempting to infect HeLa cells. Failure of a mutagenized poliovirus to infect a 
population of cells when wildtype is capable of doing so indicates that the 
mutagenized portion of the genome was essential for not only pathogenesis, but 
also for transfer of RNA, because this is the only remaining step for a 135S 
particle to infect a cell. 
 

Visualization of RNA transfer: 
Prepare wildtype 135S poliovirus as previously described (1). Then prepare very 
small liposomes (as previously described) such that they are too small to contain 
an entire poliovirus genome (5). Because the 135S only needs a plasma 
membrane to initiate pore formation and RNA transfer, without even Pvr, the 
wildtype 135S poliovirus particles should form RNA channels with the 
liposomes. However, because the liposomes are too small to contain the entire 
poliovirus genome, the transfer of the RNA will stall midway through. These 
stalled complexes can then be visualized by either cryo-electromicroscopy, or by 
staining the RNA with RNASelect green fluorescent cell stain and by staining 
VP1 and VP4 (or potentially other proteins as well) with different colors via 
immunofluorescence. A negative result would show viral particles fully of their 
RNA, and liposomes devoid of RNA without any viral particles attached. 
 
This should allow the straightforward visualization of poliovirus while its RNA 
channel is still intact. Presumably this will provide a more direct test for the role 
of VP1 and VP4 in pore formation and will complement the data obtained through 
mutational analysis. 

 
Discussions and Conclusions 
 
The purpose of these experiments is to clarify the exact mechanism by which poliovirus 
forms channels with cells it is about to infect so that it can transfer its RNA. This is a 
poorly understood mechanism, although it is used not only in the picornavirus family, but 
also in the rather large family of viruses which do not have an enveloped nucleocapsid. 
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By understanding this pathway, future work can investigate the potential of using 
pharmaceuticals to target the entry pathway to develop treatments for infected patients.  
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ASSIGNMENT #2:  Designing a set of experiments for a given abstract 
Due: 2 days after session 6 
 
NOTE: This is a permutated version of an actual scientific abstract.  We have 
changed names, some facts, and an occasional experiment to discourage you all 
from locating the paper on PubMed.  That being said, the abstract does NOT 
contain real data and should not be treated as such! 
 
ABSTRACT: 
 
Ordered and accurate processing of the human jack-in-the-box (JIB) JabPol 
polyprotein precursor by a virally encoded protease is an indispensable step in 
the appropriate assembly of infectious viral particles. The JIB protease (PR) is a 
99-amino-acid enzyme that is translated as part of the JabPol precursor. We 
cloned full length Jabpol and recombinant PR into separate MOS human cell 
lines.  We successfully purified the proteins for in vitro analysis.  We have 
demonstrated that the initial events in precursor processing are accomplished by 
the PR domain within JabPol in cis, before it is released from the polyprotein. 
Despite the critical role that ordered processing of the precursor plays in viral 
replication, the forces that define the order of cleavage remain poorly 
understood. Using an in vitro assay in which the full-length JIB JabPol is 
processed by the embedded PR, we examined the effect of PR context 
(embedded within JabPol versus the mature 99-amino-acid enzyme) on 
precursor processing. Our data demonstrate that the PR domain within JabPol is 
constrained in its ability to cleave some of the processing sites in the precursor. 
Further, we find that this constraint is dependent upon the presence of a proline 
as the initial amino acid in the embedded PR; substitution of an alanine at this 
position produces enhanced cleavage at additional sites when the precursor is 
processed by the embedded, but not the mature, PR. Overall, our data support a 
model in which the selection of processing sites and the order of precursor 
processing are defined, at least in part, by the structure of JabPol itself. 
 
 
Guidelines for your experimental design from a provided abstract: 
 
An abstract is a brief description of the data presented in a paper.  But often an 
abstract provides much more information than that.  You should begin by 
dissecting the abstract for content and determining what exactly is being 
described. 
 
WHAT DOES AN ABSTRACT CONTAIN? 
 

1. What is the global purpose of the described experiments? 
 

The abstract must always state the purpose of a given set of experiments 
including the global problem into which the research fits.  Often in the 
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biological sciences we are working on a small facet of a much more global 
disease or disorder.  The global impact of the work should be mentioned as 
well as the hypothesis directly addressed by the subsequent experiments.   

 
For example, if I was working on identifying specific interaction partners of 

the BRAC1 protein, my global purpose would be to elucidate the mechanism 
of breast cancer formation in humans. 

 
2. What is the specific purpose addressed? 

 
The hypothesis is the question directly addressed in the experimental work.  
This is sometimes includes a purpose to the experiments and often is very 
specific to the work. 
 
 Following our aforementioned example, my purpose would be to 
determine the interaction partners of BRAC1. 

 
3. What methods did the authors use to study their problem? 
 
Often in an abstract, the experimental techniques are described briefly or not 
all.  Make a list for yourself of what techniques they do describe.   
 
 In my BRAC1 paper, I might say:  A yeast two-hybrid screen was used to 
identify potential binding partners of BRAC1. 
 
4. What was their result? 

 
This usually encompasses the majority of the abstract.  This is new and 
authors want anyone who reads his/her abstract to come away believing the 
result and not getting bogged down in experimental detail. 
 
 For example:  Analysis of many different kinases revealed that only 
FAKE1 and FAKE2 were able to interact with BRAC1. 
 
5.  How does this relate to the original problem?  What are the implications of 
this result? 
 
 For example:  This suggests that BRAC1 has only limited involvement in 
the Ras signaling pathway in the cell and is, therefore, unrelated to colon 
cancer. 
 

ASSIGNMENT 
 
You must now begin to think to yourself what else would have to be done to 
get the stated result.  For example: How was the virus purified?  What type of 
virus was it?  What dyes did they use?  What kind of animals, if any, did they 
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use?  Why?  Were they recombinant?  If so, how did they make?  What 
controls did they use/need?  Answers to these types of questions will be the 
majority of your write-up.  You must describe all experiments that led to the 
result(s) of the abstract.  We do not expect you to describe insignificant 
details such as your buffer concentration, but we do expect a level of detail 
from which one could actually design a preliminary set of experiments.  For 
example, if you feel you should maintain physiological pH throughout your 
experiments, state that and explain why. 

  
 
WRITTEN SUBMISSION 
 

1. Avoid stylistic writing that expresses thoughts and feelings.  
Unfortunately, as scientists, we are encouraged to be stoic and not to 
express our opinions unless in reference to future directions of 
experimental work.  

2. Do not use “I” or “we”.  Although pronouns are beginning to resurface 
as an acceptable form of scientific communication, they encourage the 
inclusion of feelings or thoughts which are not appropriate to describe 
solid experiments. 

3. Your experimental design write-up should consist of 2 pages (double 
spaced).  You can include diagrams, but it is not a requirement and 
they should be included in addition to your page requirement. 

4. Your written submission must include references.  You did not invent 
the techniques you are describing yourself!  You must reference a 
paper in which the technique is used similarly or at least a textbox 
chapter describing it.  You may use any acceptable scientific format 
that includes article titles, author names, journal title, volume, year, and 
page numbers. 

 
As always, you should feel free to contact us with any question or concerns 
you may have. 
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7.340 Virus Structure and Assembly     Andrew Guerra 

Assignment 2        10-5-2005 

 

Cloning 

 Three DNA molecules, one containing Jabpol, one containing Jabpol with an 

inactivated PR domain, and one containing a recombinant PR domain alone were 

prepared for insertion into a vector by attaching an N-terminal His tag.  Each type of 

DNA molecule was then digested with restriction enzymes and ligated into a plasmid 

under tetracycline control.  A retroviral packaging system was then developed capable of 

inserting the genes necessary for the Tet regulatory system into a cell line.  This virus 

was grown up, harvested, and used to infect MOS human cells.  The infected MOS cells 

were then transfected with the three vector constructs, creating three separate MOS cell 

lines [1]. 

Purification 

The transfected cells were grown up, and then transferred to another growth 

medium to induce expression by turning on the Tet regulatory system.  The cells were 

then sonicated for lysis and the cellular extract was spun to pellet the major cellular 

debris.  The supernatant was then run through a metal-affinity column to proteins 

produced from the inserted plasmids from the remainder of the cellular debris.  The 

protein on the column was then eluted using imidazole.  Finally, the resulting solution 

was run through a size exclusion column to help reduce the number amount of previously 

cleaved JabPol protein [2].  While not undergoing purification procedures, the solutions 

were kept at 4° C to lower protease activity and prevent protease activity from being lost. 
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Assay 

 The assay of PR activity was performed at physiological conditions to ensure that 

sites cleaved in the in vitro reaction would also be cleaved in vivo.  The assay was set up 

through three reactions, one with JabPol only, one with JabPol without a functional PR 

domain, and one with JabPol and the recombinant PR protein.  Initial aliquots were taken 

from each of the three reactions as they began, then again every 30 seconds.  Immediately 

after each aliquot was removed from the reaction mixture, it was heated to denature the 

proteins involved and stop the reaction.  In addition, SDS and the other reagents required 

for a PAGE gel were added shortly thereafter to ensure the sample was completely 

denatured.  After 10 minutes, the samples were loaded onto a SDS gel, and the gel was 

run.  This gel showed that the JabPol with a mutated PR domain never underwent 

cleavage, remaining constant throughout the reaction.  The JabPol alone began the 

reaction slightly processed, and became more so during the reaction.  The JabPol with the 

separate PR protein was also processed, both more quickly and in a different order than 

JabPol alone. 

Site-Directed Mutagenesis 

 From the sequence of the JabPol protein, it was theorized that the cause of the 

constraint on JabPol processing was caused by the presence of proline, an inflexible 

amino acid, as the first amino acid in the PR.  To test this hypothesis, a Quick Change 

Site Mutagenesis Kit (Stratagene) was used to alter the amino acid in question from 

proline to alanine.  The resulting DNA was sequenced to ensure that the correct amino 

acid would be translated [3].  This DNA then underwent the cloning and protein 

purification process as described above.  Finally, an assay was set up as above, with the 
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JabPol alone reaction replaced with the new mutant JabPol.  The results of the gel for this 

assay showed that the processing speed and order was more similar to the JabPol and PR 

reaction, confirming that the proline plays a role in constraining PR activity in cis.  

 

References 
1 Agu C, Klein R, Schwab S, et al. The cytotoxic activity of the bacteriophage λ-holin protein 

reduces tumor growth rates in mammary cancer cell xenograft models.  The Journal of 
Gene Medicine 2005. 

2 Hou E, Prasad R, Beard W, Wilson S.  High-level expression and purification of untagged and 
histidine-tagged HIV-1 reverse transcriptase.  Protein Expression and Purification 2004; 
75-86. 

3 Banci L, Benvenuti M, Bertini I, et al. From an Inactive Prokaryotic SOD Homologue to an 
Active Protein through Site-Directed Mutagenesis.  Journal of the American Chemical 
Society 2005; 13287-13292.  
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Expression of full length Jabpol and recombinant PR in MOS human cell lines 

Two DNA segments of the human jack in the box virus were cloned into a pCI 

vector (Promega). The first of these DNA segments coded for the complete JabPol 

polyprotein and the second coded for only the Jib protease (PR) protein. Both the full 

length JabPol and the PR coding sequences were cloned into the pCI1 vector such that 

they were under the control of a cytomegalovirus (CMV) promoter. A methionine start 

codon was placed at the start of the region coding for the PR protein enabling translation 

of the protein. This is necessary because the first amino acid in the PR protein is a 

proline, an amino acid that cannot mediate the stat of translation. The constructed 

plasmids were termed pCI-JabPol and pCI-PR respectively. In order to facilitate the 

subsequent in vitro experiments testing the effects of PR context on the cleavage of 

JabPol, a full-length JabPol variant had to be expressed that lacked the intrinsic ability for 

self-cleavage, which is mediated by the PR unit. The Invitrogen Genetailor site-directed 

mutagenesis kit was used to mutate the active site of PR to an inactive form in the pCI-

JabPol plasmid. The resulting PR- mutant plasmid was termed pCI-JabPolPR-. This site-

directed mutagenesis protocol was also to create the plasmids with a mutation of the first 

amino acid the in the PR protein from a proline to an alanine. 

Both the wild type and proÆala mutated variants of the pCI-JabPol, pCI-PR, and 

pCI-JabPolPR- plasmids were transfected into MOS human cells using the 

lipotransfection method described in previous papers2. Briefly, MOS human cells were 

incubated overnight with lipofectamine and appropriate plasmid DNA. Post-transfection 
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cells were allowed to express the appropriate protein off of the constitutively active CMV 

promoter.  

Purification of JabPol, JabPolPr- and recombinant PR proteins 

In order to purify the recombinant proteins, cells were lysed in an appropriate 

lysis buffer and cell debris was pelleted via centrifugation. The desired proteins were 

purified via co-immunopreciptation that utilized polyclonal antibodies directed against 

the desired protein. Once sufficient wash had insured sufficient purity of the protein, the 

proteins were disassociated from the antibodies bound to beads, beads were centrifuged, 

and the soluble phase containing the desired protein was collected. The concentration of 

purified protein was determined via standard Bradford Assay Protocol. 

In vitro assay for the effect of PR context on cleavage 

 Time course in vitro cleavage reactions were carried out to test both the effect of 

PR context and the proÆala mutation on the cleavage of the JabPol polyprotein. All 

reactions were incubated in conditions favorable for the cleavage of the polprotein into 

active products. The cleavage reactions were allowed to proceed for a set amount of time 

and the reactions were stopped at regular time intervals. The reactions were stopped by 

mixing the reaction with a denaturing SDS polyacrylamide gel loading dye solution. The 

following incubations were carried out to test the factors effecting cleavage order: wild-

type full length JabPol, full length JabPol PR- alone (negative control), and full length 

JabPol PR- mutant incubated with recombinant mature PR. All of these incubations were 

repeated with the proÆala mutant protein products. Once the time course experiment was 

run to completion, all of the samples were analyzed using SDS- polyacrylamide gel 

electrophoresis. Gels were stained for proteins using coomassie-blue protein stain. The 
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variation in fragment size as a function of PR context, time, and mutations was used to 

deduce the effect of context on the selection of processing sites and order of cleavage.  

Special Note: 

This protocol presents a special problem in the purification of the polyprotein. 

The polyprotein is expressed in human MOS cells; theoretically the polyprotein could 

undergo cleavage during either the expression steps or purification steps.  In order to 

avoid this, one could clone the DNA coding the desired protein into an expression 

plasmid containing a T7 promoter. These plasmids can then be used to carry out in vitro 

transcription/ translation reactions3 in line with the cleavage experiments.  

Citations: 

1 Brondyk, B. pCI and pSI Mammalian Expression Vectors. (1994) Promega Notes 49, 7. 

2 Gitlin, L., Karelsky, S., and Andino, R., Short interfering RNA confers intracellular 

antiviral immunity in human cells. (2002) Nature 418: 430-434. 

3 Stemmann, O., Zou, H. and Kirschner, M. (2002) Promega Notes 80, 

2–4.
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NanolifeProposal   Henning Friedrich 

Cambridge, December 2005 

Towards new structural insights into the process of 
Poliovirus RNA translocation upon infection 

Introduction 

Poliovirus is not only a significant human pathogen but also serves as a well-characterized model system 

for understanding how nonenveloped viruses infect cells. Upon binding to its receptor at the membrane of 

human macrophages, Poliovirus undergoes an irreversible conformational change that leads to 

penetration of the host cell membrane. Thereafter, it translocates its single stranded RNA genome through 

a self-induced pore into its host cytoplasm. The emptied nucleocapsid remains outside of the infected cell, 

which is then taken over by the viral replication machinery.   

The icosahedral Poliovirus nucleocapsid is composed of 60 copies each of four coat proteins, VP1, VP2, 

VP3 and VP4. The virion surface is dominated by two structural features: star-shaped mesas at the five

fold axes and three-bladed propellers at the threefold axes. Upon binding to its receptor, the so-called 

135S cell entry intermediate is formed, which involves a major conformational rearrangement that results 

in the externalization of VP4 and the N-terminus of VP1. Both, VP4 and VP1 are discussed to be involved 

in channel formation allowing the translocation of the viral RNA (TOSTESON AND CHOW, 1997). The N-

terminus of VP1 resembles an amphipatic a-helix that is known to tether the particles to membranes. 

Several copies of this helix are believed to form the pore that allows the passage of the RNA. The 

contribution of VP4 remains poorly understood.  

Very recently the structure of the 135S particle was reported by reconstructing it from cryo-electron 

microscopy data (BUBECK et al., 2005). The externalization site for the N-terminus of VP1 was located 

near the propellers at the threefold axes. This was a surprising finding since it was believed that VP1 

would be externalized at the fivefold axis, so that five VP1 helices could form the pore that clears the way 

for the RNA which is believed to leave the virus particle through an opening at the fivefold axis. Bubeck et 

al. suggest  a new model in which VP4 constitutes the RNA-conducting channel whereas the N-terminus 

of VP1 acts either as a membrane anchor or acts in concert with VP4. Clearly there is a demand for a 

better understanding of the exact process of RNA translocation during Poliovirus infection.      
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Specific Aims 

We will address in this proposed study the ill-understood process of RNA translocation in Poliovirus 

infection in finer detail. Anticipated is a cryo-electron microscopy structure of a Poliovirus virion during 

RNA translocation. Therefore infection has to be stalled at a precise time point namely when the RNA 

protrudes from the virus capsid through the viral channel into the cytoplasm of the host cell. We will 

achieve this by crosslinking the RNA to the viral protein during the translocation process. Since the RNA is 

covalently linked to the viral translocation machinery after crosslinking, the process of infection is halted at 

this time point and the particles can be studied by means of cryo-electron microscopy. In parallel, we will 

engage biochemical methods  in order to support and widen our findings. 

In particular, we will address two open questions with this approach. Firstly, the structure of Poliovirus 

during RNA translocation will reveal the opening in the nucleocapsid through which the RNA leaves the 

virus. Secondly, the nature of the RNA conducting channel will be understood more significantly. It will 

become clear if VP4 or VP1 forms this channel since it will be linked to the RNA as well. It might even be 

possible to preserve the structure of this channel for cryo-EM studies. Generally, a better understanding of 

the precise mechanism of Polioviros infection can be anticipated.      

Experimental Procedure 

RNA can easily be crosslinked to proteins in its near proximity by irradiating it with a short laser pulse of 

ultraviolet light (for a review see PASHEW et al., 1991). The overall structure of the crosslinked RNA-protein 

complex does not substantially differ from the native structure and can therefore be engaged for structural 

studies.  

In this project, it is intended to infect human HeLa cells with native Poliovirus and to stall the process of 

infection by irradiating the virions during infection with UV light, therefore crosslinking the translocating 

RNA to both the nucleocapsid proteins and the viral RNA conducting channel.  

First it has to be optimized in which conditions and after what time period of infection the crosslink should 

occur in order to yield a maximum amount of stalled RNA translocating virions. Of particular interest is 

here the ratio of viral particles to HeLa cells. We want to maximize the amount of translocating virions, 

whereas we want to minimize the amount of free, unbound virions. Next, it will most likely be useful to cool 

the infected cultur down to 0 °C  in order to slow down RNA-translocation and to maximize the target for 

crosslinking. Most probably a centrifugation step will have to follow at this timepoint, since the crosslink 

can only be accomplished in a small volume, so that the irradiation can hit the RNA molecules effectively. 

After the crosslink there shall be three different kind of viral subpopulations: 1.) Virions that did not start 

2 
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infection, 2.) Virions that are caught during RNA translocation and 3.) Empty nucleocapsids that have 

succeeded in RNA translocation. Upon dissolving the host cell membrane with detergent the second 

subpopulation is distinguishable from the two others since it is the only subpopulation that has a protruding 

RNA attached to it. This difference can not only be employed for recognizing it by hybridization to a 

labeled RNA probe, but also to separate it from the other two since it will bind more tightly to anion-

exchange materials. 

After optimizing the crosslinking conditions, it has to be tested  how to purify the RNA translocating virions 

in an especially mild manner. It is desired to keep the RNA conducting channel in its native state during 

purification so that it can be investigated by cryo-electron microscopy. This could be achieved by purifying 

the virions away from the host cell membrane in the presence of mild detergents. The detergent would 

preserve the hydrophobic interactions between the channel and the membrane therefore holding the 

transmembrane components in its native conformation. The purified particles will then be amenable for 

cryo-EM studies. While it is likely that this study will produce a detailed insight into the conformation of the 

nucleocapsid during RNA translocation, it cannot be predicted if the structure of the RNA conducting 

channel can be resolved out of the resulting images. In any way, every obtained secondary structure 

element of the RNA-conducting channel proteins will be helpful to distinguish between VP1 and VP4, 

because the first is composed of α-helices and the latter of β-sheets.  

However, the structure of the components of this channel might be to heterogenous for cryo-EM analysis. 

By employing biochemical methods it will at least be possible to identify whether VP1 or VP4 forms the 

channel, either of which will be covalently linked to the RNA. By digesting the RNA with nuclease the 

nucleocapsid/RNA particle can be separated from the channel/RNA particle. The protein component of the 

channel can then be identified by mass spectrometry sequencing. Certainly, the experiment will have to be 

scaled up for these kinds of experiments, since microgram amounts of proteins will be needed. While 100 

mL of infected HeLa cell culture will be sufficient for cryo-EM studies, the required amount for biochemical 

studies lies in the range of 10 L infected HeLa cell medium. 

Further cryo-EM studies will be performed on the emptied virion particles that have already released their 

RNA. We are convinced, that they will still be in the confomation in which RNA translocation took place. 

They can readily be purified and a cryo-EM structure in high resolution can be presumed. In comparing 

this structure to the previous reported 135 S structure much can be learned about the last conformational 

remodeling switch the virus undergoes before translocating its RNA.   
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Summary 

By crosslinking the RNA of Poliovirus to its proteins, the process of RNA translocation can be stalled. The 

structure of the RNA translocating virion becomes therewith amenable for high-resolution cryo-EM studies. 

Even so the RNA translocating channel might not be able to preserve in its original conformation, 

biochemical approaches will be able to identify the proteins that line the RNA channel. Furthermore, a 

cryo-EM of the empty nucleocapsid after RNA translocation will clearly be amenable.  

Out of this proposed pojects much can be learned regarding the exact mechanism of how Poliovirus is 

enabled to enter its genome into a human cell. It will not only be observed where the viral RNA exits the 

nucleocapsid shell but also which protein constitutes the channel that permeates the host cell membrane. 

References 

BUBECK D., FILMAN D.J., CHENG N., STEVEN A.C., HOGLE J.M. and BELNAP D.M. (2005): The structure of the 
Poliovirus 135S cell entry intermediate at 10-Angstrom resolution reveals the location of an externalized 
polypeptide that binds to membranes. J Virol 97, 7745-55 

PASHEW I.G., DIMITROV S.I. and ANGELOV D. (1991): Crosslinking proteins to nucleic acids by ultraviolet 
laser irradiation. Trends Biochem Sci 16, 323-6 

TOSTESON M.T. and CHOW M. (1997): Characterization of the ion channels formed by Poliovirus in planar 
lipid membranes. J Virol 71, 507-11 

4 

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

19
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

20
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



ASSIGNMENT #3:  Independent Research Proposal 
 
Draft written assignment due: Session 12 (5:00 pm) 
Final version and oral presentation due: Session 15 (in class) 
 
As you progress in your scientific career (especially if you continue on in 
academia), you will be asked many times to develop and design independent 
research proposals.  A considerable amount of work goes into designing a 
rational set of experiments before you ever venture into the lab to perform them.  
Research proposals are often required for fellowship and grant applications so 
financers of said experiments can see you have thought about the problem at 
hand in a logical way.  This is a chance for you to practice the techniques 
involved in developing a set of experiments to solve a biological problem. 
 
WHAT PROBLEM ARE YOU TRYING TO SOLVE? 
 
Your first challenge is to choose a scientifically relevant problem to address.  
Select one of the papers we have read that is of interest to you.  Please do not 
choose one of the papers from before 1985.  Although there are a lot of 
questions raised by these papers, many have obviously been answered since the 
articles were published.  Alternatively, do not propose a “fishing expedition” (i.e. 
purifying and solving the structure of a new virus).  These types of experiments 
are too open-ended and cannot attack a specific problem.  Read the discussion 
of the paper you choose carefully.  Oftentimes, a follow-up set of experiments to 
the published work is actually proposed in the discussion and conclusion 
sections.  (Why do you think this is?)  Alternatively, you can think of your own set 
of experiments just based on one the scientific fields addressed in class.  Believe 
it or not, though, most scientists do NOT actually do this.  They, in fact, “hijack” 
ideas from the conclusion and discussions presented by others.   
 
Now that you have your problem, you are ready to design some experiments to 
solve and or test it.  
 
PROPOSAL CONTENT 
 

1. Introduction:  The introduction should provide background into the 
problem and briefly summarize the most pertinent experiments previously 
performed on this topic.  Obviously, you do not have to review the entire 
field.  You do not have the space or the time to do so for any of the 
disease topics we have covered in class.  But, include a summary of any 
papers on which your proposal directly builds. (~1/2 page) 

 
2. Specific aims:  List in complete sentences the specific purpose(s) of your 

experiments.  They could include reagents to be made, questions to be 
answered, or hypotheses to be tested (~1/2 page).  
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3. Experiments and Expected Results:  In this section, you should 
describe all the experiments you plan to perform to test your hypothesis.  
Try to be as detailed as possible without getting into specifics that you 
cannot predict.    

 
For example, if your experiments test a new protein using the techniques 
described by the Prusiner lab, you could simply say, “Degradation of 
Protein X will be analyzed by protease K digestion using the conditions 
described by Prusiner et al. 1984.  If protein X is determined to be 
resistant to protease K hydrolysis under these conditions, other 
physiologically relevant buffers will be tested.”  Be sure explain why you 
chose the experiments you did and how they would answer your original 
question. 
 
In this section, also predict possible outcomes of your experiments.  Also 
describe how you would explain results that were different from those you 
predict in your original hypothesis. (~1-1 ½  pages). 

 
4. Discussions and Conclusions:  Briefly summarize the purpose for your 

set of experiments.  Be sure to connect your outcome to the field as a 
whole and make predictions as to where your result will lead scientific 
progress in this research area. 

 
WRITTEN SUBMISSION GUIDELINES 
 

1. Avoid stylistic writing that expresses thoughts and feelings.  
Unfortunately, as scientists, we are encouraged to be stoic and not to 
express our opinions unless in reference to future directions of 
experimental work.  

2. Do not use “I” or “we”.  Although pronouns are beginning to resurface 
as an acceptable form of scientific communication, they encourage the 
inclusion of feelings or thoughts which are not appropriate to describe 
solid experiments. 

3. Your proposal write-up should consist of 2-3 pages (single spaced).  
You can include diagrams, but it is not a requirement and they should 
be included in addition to your page requirement. 

4. Your written submission must include references.  You did not invent 
the techniques you are describing yourself!  You must reference a 
paper in which the technique is used similarly or at least a text book 
chapter describing it.  You may use any acceptable scientific format 
that includes article titles, author names, journal title, volume, year, and 
page numbers. 
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ORAL PRESENTATION GUIDELINES 
 

1. You will be given 20 minutes total for your talk.  Your presentation should 
only be 15 minutes long and we will leave about 3 to 5 minutes open for 
questions.  We will keep track of time, so try to stay within the allowed 
length. 

2. Introduce your proposal by providing some information as to what was 
known about the topic before now.  This usually will involve providing 
information about the person(s) primarily responsible for the original data 
and references to the original papers. 

3. Explain in detail what you are proposing and how this is going to solve an 
unanswered question in the virus structure and assembly field.  In most 
cases this will involve the use of diagram and sketches.  You should be 
very specific about the experimental procedure you propose to use!  Using 
hand-outs or the board in the classroom is usually sufficient, but you may 
use a computer or overhead projector if you prefer.  If you will need a 
computer or an overhead projector, please tell me in advance so I may 
make the necessary arrangements before class!  Your description of the 
method should be at a very basic level.  Remember that you are the 
expert in the class on this method and the presentation should be geared 
to an audience of novices on the subject. 

 
 
As always, you should feel free to contact us with any question or concerns 
you may have. 
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