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Figure 1.  Proteins of the Gram-negative bacterial cell envelope.    Molecular coordinates from the Protein Data Bank 
(http://www.rcsb.org/pdb/) and modeled using Rasmol 2.6.   
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contain a preponderance of Arg residues at the top; 
whereas FhuA contains aromatic residues in the same 
relative position.  The different folding of the N-
domains achieves unique three-dimensional forms: 
that of FepA is more elongated, while those of FhuA 
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 Comparisons of equilibrium binding data 
derived from purified FepA, studied by extrinsic 
fluorescence (Kd = 20 0M) and from live bacteria, 
studied by 59FeEnt adsorption  (Kd = 0.2 0



                                                                                                                 

 
Figure 2.   Comparison of the cell surface regions FhuA 
(left) FepA (center) and FecA  (right).  The three receptors 
are shown from a top view in space-
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imparting an overall form and motion akin to the 
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Figure 4.  N-domain structure, and proposed Ion-Pair interactions.  Top (A) and side (B) views of the $-sheets within the N-
domains of FhuA, FepA and FecA, shown in ribbon format.  The colors of the individual strands within the sheet correspond to 
those depicted in Fig. 3.  Conserved basic residues (green) project from the sheet, and are shown in space filling format.   These 
amino acids  reside on the surface of the N-domains (C), distributed around the conserved $-sheet, within ion-pair interaction 
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immediately re-form with water.    Those that do not 
re-
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formaldehyde or by introduction of single Cys 
residues in the TonB-box region of the receptor 
proteins,  at or near TonB residue 160, were 
interpreted as evidence for the proposed role of TonB 
as an energy transducer in metal transport reactions  
(18)(4).  But proximity is not energy transduction.  
The experiments established that TonB is close 
enough to OM proteins in the cell envelope to form 
crosslinks with them.  Similar interactions occur 
between TonB and FepA proteins lacking a TonB-box 
(23), and the non-TonB-dependent OM protein OmpA 
(23)(14); TonB associates with the OM even when 
siderophore receptors are not present within it (14), 
underderscoring the lack of specificity in the 
affiliation.    Furthermore, the TonB-dependent uptake 
of ferric siderophores by receptor proteins lacking the 
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Figure 6.  Non-specific crosslinking of TonB to 
other cell envelope proteins.    Immunoblot analysis 
of formaldehyde-generated crosslinking, developed 
with anti-TonB serum. (From (27) reprinted with 
permission of the American Society for 
Microbiology).  Approximately 50% of the total TonB 
present in the sample crosslinked to 15-18 cell 
envelope proteins, including lipoprotein and OmpA. 
 
 
 4.  The TonB-C terminus is necessary for its 
activity.  Expression of the cloned C-terminal 69 
residues of TonB inhibits the activity, and the isolated 
C-terminus  shows the tendency to spontaneously 
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integrity of the cell envelope and LPS secretion; in the 
latter case, evidence links the TonB system to OM 
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contain chromophores.  The F0F1 ATPase, a relevant 
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Figure 7.  Two models of TonB association with the OM.   In the top panel, the rotation of TonB moves it along the inner surface 
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