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Single molecule techniques applied to transcription.  Single molecule methods have emerged 
as powerful tools for deciphering mechanistic details of transcription, and have yielded 
information that is not available from traditional biochemical and/or biophysical techniques 
that look at large ensembles of molecules. This review provides a brief overview of some single 
molecule techniques that have been used for studying RNA polymerase (RNAP) and the 
transcription of DNA to RNA. Specific examples of single molecule studies that have contributed 
to our understanding of mechanistic details for each stage of the transcription cycle are given in 
the review.  Emerging single molecule approaches and likely future directions are also 
discussed, including efforts to study transcription at the single molecule level in living cells.  
 
 

Question 1. With reference to Fig. 1 in the paper, describe the basis of fluorescence-based single 
molecule imaging. 
 

Answer 1. Fig. 1a shows how fluorescence resonance energy transfer (FRET – see book Chapter 
5.5) can monitor distance changes that occur between a fluorescence donor (green star) and an 
acceptor (red star) that are attached covalently to two molecules that interact. Typical 
fluorescence intensity traces of the donor and acceptor fluorescence output are shown in the 
right panel (compare Fig. 7.2.9 in book). This technique is called single pair FRET (spFRET) in 
this paper. By exciting the donor and measuring the energy transfer efficiency to the acceptor, 
spFRET can effectively report intra- and intermolecular distances ranging between 2 and 10nm. 
spFRET has been used to study the conformation and dynamics of both E. coli and T7 RNAP. In 
Fig. 1b wide-field fluorescence microscopy is used to track many individual fluorescently 
labeled transcription complexes. An image of rhodamine-labeled T7 RNAP molecules bound 
along a DNA template is shown in the right panel (the scale bar is 5 μm). Fig. 1c shows how a 
fluorescent protein fused to a protein of interest (e.g. GFP to the lac-repressor transcription 
factor) can track molecules in vivo. An image of YFP-lac fusion proteins in E. coli cells is shown 
on the right panel. Fig. 1d shows how fluorescence in situ hybridization (FISH; see Box 5.4 in 
book) can be used to detect single RNA molecules in fixed cells (top) and a GFP-tagged RNA 
binding protein (bottom). Images of MDN1 mRNA molecules in S. cerevisae detected by FISH 
(top right) and mRNA molecules of a reporter gene in E. coli detected by GFP-MS2 system 
(bottom right) are also shown.   
 
 

Question 2. With reference to Fig. 2 in the paper, describe the basis of bead-based single 
molecule techniques. 
 

Answer 2.  Fig. 2a: When the RNAP translocates along the DNA, the length of DNA between the 
bead and RNAP is lengthened; this increases the Brownian motion of a tethered bead and the 
image of the bead blurs increasingly from 0 to 80 sec, right panel. This tethered particle motion 
assay (TPM) provides a direct readout of the DNA length between the bead and the immobilized 
RNAP. Fig. 2b shows the use of optical trapping to track the motion of the trapped bead or to 
apply force to the bead. In a one-bead optical trap, the RNAP is bound to a bead and the DNA is 
anchored to a surface or a micropipette. In a two-bead optical trap (see also Fig. 7.2.2 in book) 

http://www.ncbi.nlm.nih.gov/pubmed/21255583


Campbell: Biophysical Techniques 
Journal Club 

 

 

© Oxford University Press, 2013. All rights reserved. 

the transcription complex is lifted from the surface to reduce any vibration from the surface. A 
RNAP translocation trace with 0.1nm precision can be obtained using a two-bead optical trap. 
Fig.2c shows a magnetic bead attached to one end of a DNA template. The RNAP unwinds the 
DNA supercoil and causes changes in the bead position. A typical trace of the magnetic bead in a 
magnetic trap is shown in the right panel. 
 
Question 3. Carry on giving explanations in your own words of the various techniques described 
in this paper.  
 
 


