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The incessant tug of war between 
tyrosine kinases and tyrosine phos-

phatases regulates critical signaling 
events during embryogenesis and adult-
hood. Among these proteins, receptor 
protein tyrosine phosphatases (RPTPs) 
have emerged as an important class of 
neuronal receptors, seemingly capable 
of mediating cell adhesion and tyrosine 
dephosphorylation events. Indeed, these 
proteins combine extracellular domains 
that resemble those of cell adhesion mol-
ecules and tyrosine phosphatase domains 
that counter the activities of tyrosine 
kinases. However, the detailed mecha-
nisms underlying RPTP-mediated cell 
adhesion and RPTP-mediated cell sig-
naling continue to elude our understand-
ing mainly because very few extracellular 
binding partners of RPTPs have been 
identified. We have recently character-
ized biochemically and structurally the 
interactions between members of the 
contactin family of neural recognition 
molecules and the homologous recep-
tor protein tyrosine phosphatase zeta 
(PTPRZ) and gamma (PTPRG) that are 
expressed in the nervous system. Here, 
we present our main findings and we 
discuss their possible implication for the 
control of tyrosine dephosphorylation by 
contactin family members.

Receptor protein tyrosine phosphatases 
(RPTPs) are important neuronal recep-
tors composed of cell adhesion molecule-
like extracellular regions and intracellular 
tyrosine phosphatase domains.1,2 Although 
it has long been appreciated that these 
proteins could play significant roles in cell 
adhesion and cell signaling,3 a molecular 

understanding of RPTP function during 
development is still lacking. This can be 
explained primarily because (a) the nature 
of the extracellular binding interactions 
they participate in is uncertain and (b) the 
relationship between extracellular bind-
ing and intracellular signaling is unclear. 
Because of these gaps we are still unable 
to grasp how these receptors respond to 
extracellular cues and regulate phosphoty-
rosine signaling during neuronal wiring.

Receptor protein tyrosine phosphatase 
gamma (PTPRG) and receptor protein 
tyrosine phosphatase zeta (PTPRZ) are 
two of the ∼20 RPTPs found in humans 
and are expressed mostly in the develop-
ing and adult vertebrate nervous system.4,5 
The extracellular regions of these two 
homologous proteins include a carbonic 
anhydrase-like (CA-like) domain in 
which only one the three histidine resi-
dues required for catalysis is conserved 
indicating that these domains are not 
catalytically active.6,7 Instead, the CA-like 
domain of PTPRZ mediates binding to 
the neural recognition molecule contac-
tin1 (CNTN1), which in fact constituted 
the first identification of a heterophilic 
binding partner for a RPTP.8 We have 
undertaken biochemical and structural 
analyses of PTPRZ and the homologous 
PTPRG in an effort to shed light on the 
protein-protein interactions mediated by 
their CA-like domains.

Five CNTN1-like proteins are expressed 
in multiple regions of the nervous system 
during embryogenesis and after birth.9 
Members of the CNTN family are glyco-
phosphatidyl-anchored proteins that share 
40–60% amino acid sequence identity and 
include six N-terminal immunoglobulin 
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and 6, but not with either CNTN1 or 2. 
These findings constitute, to the best of 
our knowledge, the first identification of 
potential binding partners for PTPRG. 
In addition, we showed that the binding 
site for PTPRG and PTPRZ in CNTN 
family members spans their 2nd and 3rd 
Ig repeats and that neither repeat could 
mediate binding alone. We determined 
crystal structures of the CA-like domains 
of PTPRZ and PTPRG and of a complex 
between PTPRG and CNTN4 to provide 
a structural basis for the interactions we 
identified using affinity-isolation assays. 
The CA-like domains of PTPRG and 
PTPRZ are structurally very similar to 
catalytically active CAs save for the orien-
tation of an extended β-hairpin loop absent 
in active CAs.15 In the PTPRG•CNTN4 
complex, this β-hairpin loop mediates the 
majority of the contacts with the 2nd and 
3rd Ig domains of CNTN4. The amino acid 
residues found at the interface between 
PTPRG and CNTN4 are conserved in 
CNTN3, 5 and 6, which is in line with 
our observation that PTPRG binds spe-
cifically to these four molecules, but not 
to CNTN1 or CNTN2 (Fig. 1B).

A key aspect of RPTP function con-
cerns the regulation of the intracellular 
phosphatase activity by extracellular inter-
actions. One of the models proposed to 
explain this relationship is that RPTPs 
exist in a monomeric active state in the 
absence of ligands, but transition to a 
catalytically inactive dimeric state in the 
presence of their cognate extracellular 
binding partners.2 For example, bind-
ing of the growth factor pleiotrophin to 
PTPRZ leads to its dimerization and 
inhibition of its phosphatase activity.16 
In addition, dimerization of the tandem 
phosphatase domains of PTPRG occludes 
its catalytic site and is thus incompatible 
with dephosphorylation of tyrosine resi-
dues.17 In contrast, in our biochemical and 
structural analyses, we found no evidence 
that CNTN1 or CNTN4 could induce 
the dimerization of PTPRZ or PTPRG, 
respectively. Given these observations, 
what could be the significance of the inter-
actions between CNTN family members 
and PTPRG/PTPRZ? To begin, if we sup-
pose that CNTN binding induces RPTP 
dimerization and subsequent inhibition 
of dephosphorylation activity then the 

expression of CNTN3, 4, 5 and 6 as well 
as PTPRG overlaps in space and time in 
the nervous system of mice.5,10-14 Using 
affinity-isolation assays, we demonstrated 
that the CA-like domain of PTPRZ medi-
ates binding to CNTN1, but not to other 
members of the CNTN family15 (Fig. 
1A). In contrast, the CA-like domain of 
PTPRG associates with CNTN3, 4, 5 

(Ig) repeats and four fibronectin type III 
(FNIII) repeats (Fig. 1A). Based on the 
sequence homologies between the CA-like 
domains of PTPRG and PTPRZ (∼40% 
amino acid identity) on one hand and 
CNTNs on the other hand, we thought 
it plausible that there could be additional 
interactions between members of these two 
families. Consistent with this hypothesis, 

Figure 1. (a) Overview of the interactions between Cntn family members and the tyrosine 
phosphatases PtPrG and PtPrZ. Cntn family members consist of six immunoglobulin (IG) 
domains and four fibronectin type III (FnIII) domains. the u-shaped arrangement of the first four 
Ig domains in Cntns reflect the horseshoe-like conformation that these domains are all likely to 
adopt.15 PtPrG and PtPrZ include two intracellular tyrosine phosphatase repeats, but only the 
membrane proximal domain is catalytically active. Cntn2 does not interact with either PtPrG or 
PtPrZ and mediates homophilic interactions using a binding site localized within its first four Ig 
domains.20 (B) Sequence alignment of mouse Cntns and mouse PtPrG and PtPrZ for residues at 
the interface between PtPrG and Cntn4. Conserved amino acids are shaded. asterisks denote 
contact residues.



286 Communicative & Integrative Biology Volume 3 Issue 3

12. Ogawa J, Lee S, Itoh K, Nagata S, Machida T, 
Takeda Y, et al. Neural recognition molecule NB-2 
of the contactin/F3 subgroup in rat: Specificity in 
neurite outgrowth-promoting activity and restricted 
expression in the brain regions. J Neurosci Res 2001; 
65:100-10.

13. Takeda Y, Akasaka K, Lee S, Kobayashi S, Kawano 
H, Murayama S, et al. Impaired motor coordination 
in mice lacking neural recognition molecule NB-3 
of the contactin/F3 subgroup. J Neurobiol 2003; 
56:252-65.

14. Yoshihara Y, Kawasaki M, Tani A, Tamada A, Nagata 
S, Kagamiyama H, et al. BIG-1: a new TAG-1/
F3-related member of the immunoglobulin super-
family with neurite outgrowth-promoting activity. 
Neuron 1994; 13:415-26.

15. Bouyain S, Watkins DJ. The protein tyrosine phos-
phatases PTPRZ and PTPRG bind to distinct mem-
bers of the contactin family of neural recogni-
tion molecules. Proc Natl Acad Sci USA 2010; 
107:2443-8.

16. Fukada M, Fujikawa A, Chow JP, Ikematsu S, 
Sakuma S, Noda M. Protein tyrosine phosphatase 
receptor type Z is inactivated by ligand-induced 
oligomerization. FEBS Letts 2006; 580:4051-6.

17. Barr AJ, Ugochukwu E, Lee WH, King ON, 
Filippakopoulos P, Alfano I, et al. Large-scale struc-
tural analysis of the classical human protein tyrosine 
phosphatome. Cell 2009; 136:352-63.

18. Hubbard SR, Till JH. Protein tyrosine kinase struc-
ture and function. Annu Rev Biochem 2000; 69:373-
98.

19. Yudushkin IA, Schleifenbaum A, Kinkhabwala A, 
Neel BG, Schultz C, Bastiaens PI. Live-cell imaging 
of enzyme-substrate interaction reveals spatial regula-
tion of PTP1B. Science 2007; 315:115-9.

20. Freigang J, Proba K, Leder L, Diederichs K, 
Sonderegger P, Welte W. The crystal structure of the 
ligand binding module of axonin-1/TAG-1 suggests 
a zipper mechanism for neural cell adhesion. Cell 
2000; 101:425-33.

better understanding of the significance of 
these protein-protein interactions during 
wiring of the brain.
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lack of dimers observed in the co-crystal 
structure of PTPRG and CNTN4 would 
indicate that additional domains of either 
PTPRZ, PTPRG and/or CNTNs are nec-
essary to observe a change in oligomeric 
state and ultimately inhibition of the cata-
lytic activity. This would be a very signifi-
cant result. Indeed, in the case of PTPRZ, 
it would imply that two structurally dis-
tinct ligands (CNTN1 and pleitrophin, 
an Ig superfamily protein and a growth 
factor, respectively) have similar effects on 
intracellular signaling. This finding would 
be in stark contrast with the signaling 
mechanisms of receptor tyrosine kinases, 
for which kinase activation results from 
binding of structurally-related ligands.18

In contrast, one may suppose that the 
binding of CNTN molecules to PTPRZ 
or PTPRG does not lead to dimerization 
and inhibition of the phosphatase activity. 
In this case, CNTN binding could restrict 
PTPRG and PTPRZ to favored regions of 
the cell surface to enable a localized con-
trol of dephosphorylation.19 Interactions 
between CNTNs and PTPRG/PTPRZ 
may also function independently of the 
phosphatase activity and rather facilitate 
the formation of cell adhesion complexes 
that could recruit additional proteins via, 
for example, the inactive phosphatase 
domain of PTPRG or PTPRZ. The 
identification of binding partners and 
substrates for the phosphatase regions of 
PTPRG and PTPRZ as well as a detailed 
analysis of the effect of CNTN binding 
on the oligomerization of PTPRG and 
PTPRZ will make it possible to discern 
between these hypotheses and lead to a 


