
  
Short Abstract — λUr phage have side tail fibers absent in 

the common laboratory strain of bacteriophage λ (λWT). As a 
result, λUr adsorbs faster to the E.coli cell surface. Our data 
show that DNA ejection of λUr occurs earlier and in a more 
synchronized manner when observed at the single virus level.  
Meanwhile, the lysogenic response of λUr infection to different 
multiplicities of infection (MOIs) is different from that of λWT. 
Moreover, compared to λWT, the decision making of λUr is less 
affected by the host cell size. These together shed light on the 
modeling of phage infection and post-infection decision making. 
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I. INTRODUCTION 
PON infection of E.coli, bacteriophage λ ejects its DNA 
into the host cell. And subsequently, a decision between 

lysis and lysogeny is then made following the expression of 
λ proteins[1]. This simple paradigm has been extensively 
studied to allow for modeling of decision making between 
alternative fates during cellular development[1, 2]. 

Unlike λWT, the commonly used laboratory strain, λUr 
have side tail fibers, resulting in faster adsorption to E.coli 
cell surface[3, 4]. Additional differences between λUr and 
λWT, such as the timing and kinetics of DNA ejection and 
the effects on cellular decision making remain unknown. 
 We have been able to visualize phage DNA injection by 
labeling phage virions and phage DNA. Moreover, λUr 
infection and post-infection cell fate selection are observed 
at the single cell level, allowing for the modeling of decision 
making at higher resolutions. 

II. RESULTS 

A. λUr adsorption 
Studies of λWT have revealed that phages initially land on 

the host cell surface at random locations, and then move 
along the cell surface until it reaches its ‘destination’, mostly 
at cell poles[5, 6]. Our experiments show that λUr also reach 
the cell pole as their preferable “destination”. Interestingly, 
when utilizing antibiotics to inhibit host cell division, λUr 
prefer to locate to also potential cell division sites, however, 
the underlying mechanism is still under investigation. 
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B. λUr DNA ejection 
Methylated phage DNA can be visualized by introducing 

SeqA-CFP inside the cell, taking advantage of the SeqA 
binding activity to hemi-methylated or fully-methylated 
DNA[7]. We are able to monitor the timing of the phage 
DNA ejection with SeqA-CFP. Our results indicate that λUr 
ejects DNA earlier and in a more synchronized manner 
compared to λWT. The kinetic details of λUr DNA injection 
process are still under investigation. 

C. λUr decision making 
The post-infection decision making of λUr infecting E.coli 

strain MG1655 is recorded using fluorescence microscopy. 
Compared to λWT, λUr has a higher lysogenization 
frequency at MOI=1, whereas at MOI>1, its frequency is 
lower, indicating influence of the side tail fibers on decision 
making. Previous research has shown that the host cell size 
affects decision making for λWT infection, with smaller 
cells having higher lysogenization frequency[2, 8]. However 
for λUr, this dependence of lysogenization frequency on cell 
size has been greatly decreased.  

III. CONCLUSION 
Compared to λWT, the side tail fibers allow λUr to adsorb 

faster to the host cell surface and eject its DNA earlier and in 
a more synchronized manner. Taken together, these 
differences deviate the λUr infection outcome from that of 
λWT. In summary, this study has enabled a more detailed 
modeling of λ decision making by combining adsorption and 
DNA ejection to post-infection cell fate selection. 
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