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Structure of N. meningitidis PorB. a) PorB trimer viewed from the top of 
the membrane b) PorB monomer viewed through the membrane normal. c) 
Model for the binding mode between TLR1/2 ectodomains and outer membrane 
porins. 

Neisseria menindigitis PorB: From Structure to Function to Disease… 
 

Infectious diseases are caused by pathogens, and are a major cause of world-wide 
morbidity and mortality, especially in developing nations. While much is known about how 
the acquired immune system recognizes and responds to pathogens, the innate immune 
system, where receptors are hard-wired to interact with their ligand, is much less well 
understood1. Toll-like receptors (TLRs) are a well-characterized family of receptors that can 
activate the inflammatory responses of the innate immune system. These receptors are 
often called “pattern recognition receptors” since many TLRs bind to elements from 
pathogens that have a regular repeat, such as double stranded RNA or are both abundant 
and unique within pathogens, for example lipopolysaccharide (LPS), a component of the 
bacterial outer membrane. In each case, a recognition mode between the TLR and the 
pathogen is easy to envision. TLRs can bind to the “pattern” of the RNA backbone or can 
have a specific binding mode to LPS. Importantly, TLRs do not undergo affinity maturation 
when they bind to their ligand, thus they must only bind to elements from pathogens, such 
as RNA backbone, that is not affected if the pathogen mutates to try to escape host defense 
mechanisms.  
 
Interestingly, TLR1 and TLR2 may be involved in the recognition of outer membrane 
proteins2-4,. The basis for this recognition is much more difficult to envision than that of an 
RNA backbone since outer membrane proteins vary in sequence, structure, diameter, and 
conductance. Accordingly, an alternative hypothesis in the field was that TLRs bound not to 
the bacterial outer membrane protein itself, but to covalent lipopolysaccharide modifications 
of an outer membrane protein, as these modifications are common, unique to bacteria, and 
are something that a bacterium is unlikely to remove from its system upon mutation.  As a 
model system to understand how TLRs recognize outer membrane proteins, we used the 
interaction between the TLR1/2 heterodimer and the outer membrane protein PorB from 
Neisseria meningitides. N. meningitidis is a causative agent of bacterial meningitis, which is 
a potentially deadly inflammation of the membranes lining the brain and spinal cord. We 
selected this system since it had previously been demonstrated in the literature that N. 
meningitidis PorB is not LPS modified, but is bound by cells expressing TLR24.  
 
We began by 
determining the 
x-ray crystal 
structure of the 
N. meningitidis 
PorB by de novo 
methods. Like 
most membrane 
proteins, PorB 
was a challenge 
in both 
crystallization 
and structure 
determination, 
thus regular use 
of the SSRL 
facilities was 
critical for optimization of the samples. The structure revealed a trimeric channel with three 
independent pores, but did not immediately reveal what features could be recognized by the 



TLR1/2 receptor heterodimer.  Since the structure of the chimeric TLR1/TLR2 heterodimer 
had previously been reported in the literature5, we used a variety of analyses to hypothesize 
a model for recognition. From analysis of these structures, we speculated that electrostatics 
contribute to complex formation. 
 
In addition to improving our understanding of how the innate immune system recognizes 
bacterial outer membrane proteins, there were unexpected surprises found in the N. 
meningitidis PorB structure that may improve our understanding of how some commensal 
bacteria have evolved into pathogens. For example, during disease progression of 
meningitis, PorB channel activity changes, and this alters energy harvesting in human hosts. 
Our structure showed how N. meningitidis PorB differs from outer membrane proteins in 
non-pathogenic bacteria in order to have this nefarious effect.   
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