SUPPLEMENTARY INFORMATION

Structural basis for cell surface patterning through NetrinG-NGL interactions

Elena Seiradake, Charlotte H. Coles, Pavel Perestenko, Karl Harlos, Jeff Mcllhinney, A. Radu Aricescu
& E. Yvonne Jones



Netrin1/3 —
ini Laminin O
hLaminin (uhLammm oS5 |

+Laminin Y S

hLaminin .2
hLaminin y3
hLaminin a1

hNetrind

hLaminin 7y

/

/
/
/

/

hNetrin1

hLaminin 33

hNetrin3

hLaminin 34

hLaminin p2
\ P2} Laminin B1

Netrinéd
+Laminin [3

[N]@ﬁ[l’ﬂl]‘ﬂ@ L hNetrinG1
\ hNy R

cNetrinG1

|
cNetrinG

i |
hNétrinG1
mNetrinG1
fNetrinG2
ZNetrinG2
1-"/

Supplementary figure 1. Family tree of Netrin and Laminin N-terminal Lam domains. Branch
distances are based on sequence alignment and were calculated with programs from the PHYLIP

package (Felsenstein, 1993). h=human, m=mouse, c= chicken, f= frog, z= zebrafish. The N-terminal
domain of Netrin5 differs from the Lam consensus sequence and was not included in the analysis.
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Supplementary figure 2. Sequence alignment of NetrinG and laminin N-terminal Lam domains.
Secondary structure elements found in the human NetrinG2 and mouse LamininA5 (Hussain et al,
2011) structures are indicated above and below the alignment, respectively. Cysteine pairs forming
disulfide bridges in human NetrinG2 are colored red and paired by numbers above the alignment. A
predicted N-linked glycosylation site, which was visible in the NetrinG and LamininA5 structures, is
marked with a black star. Asparagine residues (N) predicted to carry glycans are outlined with a
purple box (Gupta et al, 2004, in preparation). Residues contacting NGL in the complex crystal
structures are highlighted by a coloured background box: blue for loop I, yellow for loop Il and
orange for loop Ill. h=human, m=mouse, c= chicken, f= frog, z= zebrafish.

loop Il

human NetrinG2 mouse LamininA5 human HSPB11

Supplementary figure 3. The N-terminal lam-domains of NetrinG2, Laminin A5 and HSPB11 share a
similar beta-sandwich core (Ramelot et al, 2009). N-linked sugars are shown as red spheres and
include a glycan on 2, predicted to be conserved among netrins and laminins. A structural calcium
ion conserved in HSPB11 and NetrinG2 is depicted in brown. (A) Ribbon diagram of unliganded
human NetrinG2 ,m.ecr1. Loop 1l is disordered in apo NetrinG2. Its position when NetrinG2 is in
complex with NGL2 is indicated with a dotted yellow line. (B) Ribbon diagram of mouse Laminin A5
(Hussain et al, 2011). (C) Ribbon diagram of human HSPB11 (Ramelot et al, 2009).



Supplementary figure 4. Variation in the relative orientations of the NGL and Lingol LRR and Ig
domains. (A) NGL1gp (cyan), NGL2gp s (green) and NGL3gp s (orange) were superposed via the

LRR domains. (B) NGL1gpg (cyan) and Lingolgr.ig (grey, (Mosyak et al, 2006)) were superposed via
the LRR domains.
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Supplementary figure 5. Multiple angle light scattering results suggest NetrinG ,m.ecr and NGLggp.gare
monomers in solution and form 1:1 complexes. (A) UV traces (relative response units) and molar
masses (kDa) are shown as thin and thick lines, respectively, for unliganded NetrinG .m.egr and NGLgs.
ie- The purified proteins contain glycans added by HEK293T cells (for NGL3gg.¢) Or GnTl-deficient
HEK293S cells (Aricescu et al, 2006; Chang et al, 2007) (for NetrinG1/2 umecr, NGL1/2grs). The
measured masses are in general agreement with masses predicted based on the primary sequence
plus 1.34 kDa mass per potential N-linked glycosylation site for protein produced in GnTl-deficient
HEK293S cells, or 2.06 kDa per site for protein produced in HEK293T cells. Thus the predicted
molecular masses for fully glycosylated proteins (protein mass + glycan mass) are NetrinG1 .m.e6r=
46.3+2.7 kDa, NetrinG2 ,mecr= 37.8+4.0 kDa, NGL1gg = 49.3+8.0 kDa, NGL2pp. ;= 48.7+6.7 kDa,
NGL3gp-g=42.2+16.5 kDa. (B) UV traces and molar masses (in kDa) are shown for NetrinG ,m.ecr -
NGLigr.|; cOmplexes.
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Supplementary figure 6. NGL-NetrinG intra-class binding is >100 times stronger than cross-class
binding. Sensograms and fitted data (1:1 Langmuir binding model) are presented for binding of wild
type NGL1jgpig and NGL2gg.g to NetrinGliam.ecri/a and NetrinG2 ,m.ecr1 cOnstructs. Using a shorter
version of NetrinG1, which lacks EGF4 and therefore is equivalent to NetrinG2 | megr: in its domain
composition, resulted in the same NGL1- and NGL2 binding affinities as measured for NetrinG1 .
ecr1/4, demonstrating that EGF4 does not affect binding (unpublished observation). Depending on the
experimental set-up, previous measurements of NetrinG-NGL affinities had shown some variation in
the calculated Ky values. In a solid-phase binding assay (Lin et al, 2003), performed prior to the
discovery of the NetrinG2-NGL2 interaction, binding of soluble NGL1 to microtitre wells coated with
NetrinG1 was measured as giving a Ks= 1.6 nM. Similarly, in an ELISA assay using immobilized
NetrinG2, an affinity of 2.5 nM was reported for the NetrinG2-NGL2 interaction (Zhang et al, 2008)
and no affinity was detected between immobilized NetrinG1 and NGL2. In an SPR assay, where the
ligands were directly immobilized on the sensor chip, the affinity measured for the NetrinG1-NGL1
interaction was K= 155 nM, and K= 377 nM for the NetrinG2-NGL2 interaction (Nishimura-Akiyoshi
et al, 2007). Again, cross-class interactions were not detected, presumably in this case due to the
overall lower level of binding measured in the alternative experimental conditions chosen
(Nishimura-Akiyoshi et al, 2007).
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Supplementary figure 7. Sequence alignment of NGL LRR domains. Secondary structure elements
found in human NGL1 are indicated above the alignment, cysteine pairs forming disulfide bridges are
in red and numbered above the alignment. Asparagine residues (N) predicted to carry glycans are
highlighted with purple boxes (Gupta et al, 2004, in preparation). A black star indicates the position
of NGL3 Q96, a residue important in the interaction with its cognate receptor, the RPTP LAR (Kwon
et al, 2010); a black triangle marks a predicted N-linked glycosylation site in the concave face of
NGL3 LRR. Residues contacting NetrinG loops I-lll in the complex crystal structures are highlighted by
a coloured background box: blue for loop |, yellow for loop Il, orange for loop lll, aguamarine for
loops I+ll, green for loops I+lll, pink for loops llI+lll. h=human, m=mouse, c= chicken, f= frog, z=
zebrafish.
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Supplementary figure 8. NGL-NetrinG interaction specificity depends on distinctive binding surfaces.
(A) Affinities of NGL1 (blue) and NGL2 (red) binding to immobilized NetrinG constructs were
normalized using the Ky value measured for intra-class binding to the corresponding wild type
NetrinG (WT). Affinities that were too low to measure using the chosen method are indicated by an
asterisk (blue or red). We created NetrinG knock out mutants (KO) by introducing an N-linked
glycosylation site in loop | designed to block the interaction (NetrinG1l P85A+Y86T, NetrinG2
P74A+Y75T, NGL1 A205T, NGL2 G204T). To test the contribution of NetrinG loops I-Ill on NetrinG-
NGL binding specificity, we transplanted individual loops from NetrinG1 into NetrinG2, and, vice
versa, exchanged individual NetrinG1 loops with the equivalent sequence found in NetrinG2. The
data reveal that swapping loop | decreases the affinity for intra-class and cross-class binding, thereby
suggesting that loop | depends on its native protein context for efficient binding to NGL. Intriguingly,
swapping NetrinG1 loop Il to that of NetrinG2 leads to a small increase of affinity to NGL1, and loss
of affinity to NGL2. The reverse swap in NetrinG2 also increases NGL1-binding and reduces the
affinity to NGL2, overall equalizing the affinity to the two NGLs. Swapping NetrinG1 loop lll to that of
NetrinG2 leads to an increase (~10-fold) in affinity to both NGL1 and NGL2, while the reverse swap in
NetrinG2 abolishes binding to either. Taken together, these results imply that the extra interactions
provided by NetrinG2 loop Il are beneficial for binding either NGL receptor, regardless of the
NetrinG context. Swapping NetrinG2 loop Ill in combination with loop I, or all three loops at once,
creates proteins that still binds weakly to NGL1, but not to NGL2, and thus has a switched binding
preference compared to the native protein. However, the corresponding NetrinG1 mutants did not
result in switched specificity. Overall, the data suggest that NetrinG loops do not function as stand-
alone elements and that transplanting them into a non-native protein context can affect their NGL-
binding properties. (B) Fitted SPR data (1:1 Langmuir binding model) are presented for all mutant
NGLgr.lg and NetrinG,m.eqe constructs. Black asterisks mark mutations that lead to the introduction
of an N-linked glycosylation site within the NetrinG-NGL binding interface (=KO mutants). A hash (#)
marks Kq4 values that were too low to determine accurately using this method.
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