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Fibronectin Structure: A New Piece
of the Puzzle Emerges
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In the structure of the gelatin binding domain (GBD) of fibronectin reported by Graille et al. (2010), both the
zinc-mediated dimerization and the rearrangement of 8FI from the canonical FI fold are unexpected, suggest-
ing interesting new directions for researchers in the field.
Fibronectin is an �220 kDa (monomer

molecular weight) protein that is found in

a dimeric soluble form in body fluids,

including plasma, and in an insoluble mul-

timeric form as part of many extracellular

matrices. It contains binding sites for

a wide range of molecules including cell

surface receptors such as integrins. It is

thought to play an important role in

processes that involve cell migration

(such as wound healing and develop-

ment), and emphasizing its importance

in embryogenesis, fibronectin null muta-

tions in mice are embryonic lethal (George

et al., 1993). In addition to its physiological

roles, a number of pathogenic bacteria

appear to use fibronectin as a bridge

to the host cell surface to adhere to and

to invade human cells (Schwarz-Linek

et al., 2004). Fibronectin is a modular

protein and contains three types of

modules that were first identified in fibro-

nectin (fibronectin type I, II, and III

modules) and have since been found

in other proteins. Traditionally, due to

proteolytic stability, fibronectin has been

described as containing an N-terminal

domain (NTD) (a string of five type I

modules; FI) followed by a gelatin binding

domain (GBD) (containing type I and II

modules, I-II-II-I-I-I) at the N terminus of

the molecule and then a string of type III

modules making up the central region;

there are three more type I modules at

the C terminus (Potts and Campbell,

1994). Iain Campbell’s laboratory at the

University of Oxford pioneered the high-

resolution structural characterization of

fibronectin modules with the structure of

the seventh type I module (determined

using nuclear magnetic resonance [NMR]

spectroscopy), published in 1990 (Baron

et al., 1990). Since then, the structure,
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dynamics, and ligand-binding of many

single modules, module pairs, or larger

constructs have been published.

This dissection approach, using studies

of single modules and module pairs,

allowed a picture of fibronectin structure

and function to be partially assembled.

However, especially in the GBD, where

the structure of a triple module fragment

(I-II-II), published in 2001 (Pickford et al.,

2001), showed for the first time a non-

linear arrangement of fibronectin domains

(Figure 1A), it was clear that the structures

of larger fragments would be required

to take the picture nearer to completion.

However, as the size of the fragments

increases, the NMR structural studies

become more challenging and intermod-

ule flexibility is likely to hamper structure

determination using crystallography. So

the article, in this issue of Structure, from

Marc Graille, Herman van Tilbeurgh, and

coworkers (Graille et al., 2010) of the struc-

ture of the intact GBD as a zinc-mediated

dimer is an important advance. The fact

that key features of this structure are unan-

ticipated is very exciting, as they will pro-

vide new directions, and perhaps some

explanations, for researchers in the field.

The rearrangement of the eighth type I

module in the GBD dimer is unexpected.

Previously, structures had been deter-

mined of all the type I modules from the

NTD and GBD as single modules or within

module pairs (sometimes in complex with

a peptide). Thus, the canonical type I fold

of a short antiparallel double-stranded

b sheet that forms a sandwich with an anti-

parallel triple-stranded b sheet enclosing

a small hydrophobic core was well estab-

lished. In the module pairs, inter-type I

interfaces (even most recently in the
8F19F1 module pair (Erat et al., 2009))
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involve a tandem arrangement in which

the individual type I structures are main-

tained and a relatively small amount of

surface area is buried (Figure 1B). None

of these structure determinations, as far

as we are aware, hinted at the ability of

the first b sheet of a type I module to be

completely subsumed into a larger and

rearranged triple-stranded sheet, as ob-

served in the GBD dimer. Whether this is

a process determined by the presence of

three tandemly arranged type I modules,

interactions with the other GBD modules,

zinc-binding, and/or dimerization is yet

to be determined. Certainly this study

demonstrates very clearly the importance

of expanding the structural and functional

studies of fibronectin to larger fragments.

The important role of zinc in the rear-

ranged GBD dimer is also unexpected,

although previously published data have

suggested a role for cations in cryptic

proteolytic activity detected in fibronectin

(Houard et al., 2005; Schnepel and Tsche-

sche, 2000). Here, the authors show that

the rearrangement of 8FI forms zinc-

binding sites that are not present in the

canonical FI fold; two of these sites involve

histidine residues previously implicated in

proteolytic activity (Houard et al., 2005).

The GBD modules, and specifically IGD

sequences in 7FI and 9FI, are involved in

the cell migration-stimulating activity of

migration stimulating factor (MSF), a trun-

cated isoform of fibronectin produced by

breast cancer cells and associated fibro-

blasts (Millard et al., 2007; Schor et al.,

2003); the potential role of zinc, and the

concomitant structural changes in 7-9FI

that occur on zinc binding, on this process

cannow be tested. Importantly, fibronectin

is a compact dimer in solution with intra-

monomer and/or intradimer interactions
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Figure 1. Intermodule Interfaces in the GBD and NTD of Fibronectin
(A) Ribbon diagram of the gelatin binding domain of fibronectin determined by NMR showing the nonlinear
arrangement of 6FI-1FII-2FII domains (PDB accession code 1E8B).
(B) Ribbon diagram of the linear module pair interaction between the second and third F1 domains (PDB
accession code 2CG7).
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that are likely to play an important regula-

tory role in fibronectin function. That is, in

this compact state, many of the key

binding sites appear to be somewhat

cryptic and only exposed as a result of

conformational changes during processes

such as fibril assembly (Mao and Schwarz-

bauer, 2005). The demonstration that two

GBD monomers can dimerize in the pres-

ence of zinc suggests an additional mech-

anism of regulation.
Of course, more work has yet to be

done to understand the physiological

relevance of the zinc-mediated dimeriza-

tion, in particular to determine whether it

occurs at zinc concentrations found in

relevant tissues. Overall, the potential for

zinc-mediated dimerization and reorgani-

zation of 8FI demonstrated by this exciting

structure will need to be considered in

future studies of fibronectin and MSF

function.
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The observation made twenty years ago that type IB topoisomerases bound DNA helix-helix juxtapositions
was unexpected, given the controlled helical rotation mechanism of the enzyme. In this issue, Patel et al.
(2010) provide an elegant structural explanation for this interaction.
Topoisomerases are essential enzymes

that regulate DNA supercoiling and re-

move knots and tangles from the genome
(Leppard and Champoux, 2005; Liu et al.,

2009; Deweese and Osheroff, 2009). Type

I topoisomerases act by creating transient
single-stranded breaks in the double

helix, followed by passage of the opposite

intact strand through the break (type IA)
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