
 

Supplemental Material 

Supplementary Figure 1.  Ephrin-A1 activates FAK and Src signaling assessed by PY/total 

protein ratio measurements.  A-C.  Representative growth cone triple-labeled with an antibody 

that recognizes pY-397 FAK (A), fluorescent phalloidin to label f-actin (B) and total protein (C, 

DTAF).  D. Three color merged image shows pY-397 FAK puncta along actin bundles and at the 

tips of filopodia. E.   The average fluorescence intensity of PY labeling within growth cones 

expressed as a ratio against total protein fluorescence in growth cones.  Ratio values of Ephrin-

treated growth cones were then normalized to untreated control ratios and expressed as a change 

from a baseline ratio of zero (no change).  pY-397 and pY-861 ratios nearly double with Ephrin-

A1 treatment, while pY-407 significantly decreases.  F. Similar measurements made for pY-

397/total protein ratio changes in growth cones pretreated with various inhibitors of tyrosine 

kinase and integrin signaling prior to Ephrin stimulation. *p<0.05, **p<0.001. Scale bar, 5 µm. 

 

Supplementary Figure 2. FAK regulates baseline growth motility, point contact dynamics 

and Ephrin-A1 responsiveness.  A. Average rates of neurite outgrowth measured over 10 min 

time periods before and after Ephrin-A1 addition.  Loss of FAK function reduces the average 

baseline rate of neurite outgrowth and prevents further stalling of outgrowth in response to 

Ephrin.  B. Average protrusion frequency before and after Ephrin-A1 addition.  C.  The average 

point contact lifetime of paxillin-GFP expressed with myc-FRNK or FAKmo and imaged 10 min 

before and after addition of 1 μg ml-1 Ephrin-A1.  Loss of FAK function increases point contact 

lifetime, but also prevents additional stabilization of point contacts in response to Ephrin-A1 

stimulation.  D.  Similarly, the frequency of new point contact formation is reduced in FAK-



 
 

 

deficient growth cones, while the effects of Ephrin on point contact frequency are blocked.  

*p<0.05.  **p<0.001.  

 

Supplementary Figure 3.  Acute inhibition of Src with PP2 stabilizes point contacts and 

stalls axon outgrowth. A-D.  Time-lapse TIRF images of RGC growth cones expressing 

paxillin-GFP at 3 min intervals before (A, B) and after (C, D) the addition of 2 µM PP2.  E-F. 

Two-color merged images generated from time-points indicated (A-D).  Note that a greater 

number of stable point contacts are observed over the three min period after PP2 addition 

(arrows).  G, H.  Kymographs generated through the four most prominent point contacts that 

formed before (G) compared to after PP2 addition (H).  The vertical red line indicates the time 

point when 2 µM PP2 was added. The point contacts that form after PP2 addition (right of red 

line) are longer lived than those that form before PP2 addition.  I. Quantification of the 

frequency point contact formation before and after addition of 2 µM PP2.  J. Quantification of 

average point contact lifetime before and after addition of 2 µM PP2.  Note that the longer 

average lifetime of point contacts observed here (compared to Fig 2) is likely due to more 

sensitive detection of point contacts by TIRF microscopy.  N=9 growth cones,  *p<0.01, 

**p<0.0001. Scale bars: 10 μm in A-D and 5 um in E, F and as indicated in G, H.  

 

Supplementary Figure 4.  FAK expression is higher in temporal than nasal retinal neurons 

assessed by PY/total protein ratio measurements and Western blot.  Extreme nasal or 

temporal regions of eye primordia from WT stage 28-29 embryos were isolated and cultured on 

LN for 18-24 hours.  A.  The average fluorescence intensities of pY-397 FAK immunolabeled 

growth cones normalized relative to total protein.  Before Ephrin stimulation, temporal growth 



 
 

 

cones have significantly higher baseline pY-397 FAK/total protein ratio levels than nasal growth 

cones.  However, pY-397 FAK significantly increases relative to total protein in both nasal and 

temporal growth cones in response to Ephrin-A1 stimulation.  B. Immunoblot for total FAK from 

the nasal and temporal halves of stage 28 eye primordia lysates.  Blot was re-probed for β-

tubulin to control for protein loading.  Graph represents ratios of FAK and tubulin band 

intensities from three separate trials.  Although temporal neurons appear to have higher FAK 

expression relative to nasal neurons, this difference was not significant, possibly due to the 

heterogeneous population of neurons contained within retinal cell lysates and only partial 

enrichment of nasal versus temporal retina.  

 

Supplementary Figure 5. FAK protein expression is graded across the temporal-to-nasal 

axis of the RGC layer.  A.  The average fluorescence intensity of FAK and Islet-1 labeling 

measured as a linescan across the temporal to nasal axis through the RGC layer of stage 35/36 

retina (n=8).  Note that all FAK values were subtracted by the minimum intensity of FAK 

labeling measured at the nasal extreme.  Both FAK and Islet-1 data points were fit to second 

order polynomial regression curves (thick dashed lines).  95% confidence intervals of the 

predicted curves (thin dashed lines) show the variance for these plots.  B. Ratio of FAK to Islet-1 

intensity values taken from predicted curves show that FAK expression is graded relative to 

Islet-1 across the temporal to nasal axis of the retina.  

 

Supplementary Figure 6. Targeted reduction of FAK activity in the right eye and labeling 

of RGC axon projections.  A.  GFP or GFP-FRNK mRNA was injected into the RD1 

blastomere of stage 4 (8-cell stage) Xenopus embryos.  HSP-GFP-FRNK DNA was injected into 



 
 

 

one blastomere at the 1 or 2 cell-stage. B.  Dorsal view of a stage 45 brain showing GFP 

fluorescence is restricted to the right side of the embryo.  Anterior is toward the top.  The region 

of fluorescence indicated by the arrowhead represents crossed RGC axons innervating the 

contralateral optic tectum.  C.  Dorsal view of a labeled stage 45 eye.  To label nasal and 

temporal RGC axon projections, DiD (blue) was injected into the nasal half (above) and DiI (red) 

into the temporal half of the right eye of fixed stage 45 embryos.  Arrow indicates the optic 

nerve.  D.  Lateral view of the left side of a stage 45 control embryo.  Anterior is to the left.  

DiD-labeled nasal retinal axons (blue) are located posterior to DiI-labeled temporal axons (red).  

Laminin immunostaining (green) outlines the tectum.  Arrowheads denote the anterior and 

posterior boundaries of the tectum.  ON, optic nerve; LN, laminin; Te, tectum; Hb, hidbrain.  

Scale bar, 100 µm in B, D and 50 µm in C. 

 

Supplementary Figure 7.  Eye morphology and layering is normal in when GFP-FRNK is 

expressed beginning at stage 28.  Horizontal cryostat sections through the head of stage 35/36 

Xenopus tadpoles labeled with antibodies against Islet-1 (red) to detect RGCs.   Anterior is up.  

A-I. Embryo injected on one side with GFP-FRNK at the 8-cell stage shows strong GFP-FRNK 

labeling throughout the retina on the left side when viewed at low magnification (A, D, G) and at 

higher magnification (B, E, H).  Note severely disrupted eye morphology on the left side, but 

normal morphology of the unlabeled right eye (C, F, I) based on layering of islet positive cells 

(D, F). J-R.  Embryo injected at the 1 cell stage with HSP-GFP-FRNK and heat-shocked at stage 

28 to induce ectopic gene expression.  Many GFP-FRNK expressing neurons are observed in the 

left eye (J, K, P, Q), but only a few GFP-FRNK expressing neurons are detected within the right 

eye (L, R).  Despite strong GFP-FRNK expression, the morphology of each eye appears similar 



 
 

 

and normal based on layering of islet positive cells (M, N, O).  Scale bar, 175 µm in A, D, G, J, 

M, P and 50 µm in B, C, E, F, H, I, K, L, N, O, Q, and R. 

 

Supplementary Figure 8.  Example of inducible expression by heat shock.  An embryo that 

was injected at the one cell stage with HSP-GFP DNA (A, C, E) plus Alexa-568 dextran (B, D, 

F).  Before heat shock, (A, B) there is minimal, mosaic GFP expression.  3 hours after heat 

shocking (C, D), there is a marked increase in GFP fluorescence.  Maximal expression is reached 

1 day post-heat shock (E, F). Scale bar, 1 mm. 

 

Supplementary Figure 9.  Analysis of RGC arbor distance to the midbrain/hindbrain 

boundary shows a posterior shift of FRNK-expressing temporal axons. A.  Projected 

confocal z-stacks of the optic tectum containing GFP-expressing RGC axons from the 

contralateral eye. Two-color merged image shows DiI-labeled temporal (red) and DiD-labeled 

nasal (green) axons. Anterior is to the left.  White arrowhead denotes midbrain/hindbrain 

boundary.  B. The posterior-extreme (PE) of terminal axon positions was determined by 

measuring the distance between the midbrain/hindbrain boundary (white arrowhead) and the 

posterior-most extreme of the DiD (green line) or DiI (red line) labeled axons.   Nasal axons 

(green) terminate at significantly more posterior positions than temporal axons (red) in GFP 

(n=20), but not GFP-FRNK-expressing embryos (n=17).  GFP-FRNK-expressing temporal axons 

also terminate at significantly more posterior positions compared to control temporal axons.  C.  

The difference between the DiI and DiD PE distances is significantly smaller in GFP-FRNK 

embryos, suggesting that nasal and temporal axons are no longer topographically segregated. 

*p<0.05. Scale bar, 50 μm. 



 
 

 

 

Supplementary Figure 10.  Ephrin-A5 increases point contact lifetime and p-FAK levels 

similar to Ephrin-A1.  A-B. RGC growth cones on LN expressing paxillin-GFP were imaged at 

10s intervals for 10 min before and after addition of 0.5 μg ml-1 Ephrin-A5.  In the presence of 

Ephrin-A5, point contact lifetime significantly increases (A) while the frequency of new point 

contact formation significantly decreases (B).  n=10 growth cones.  C-F. Representative growth 

cones stained with an antibody that recognizes phosphorylated pY-397 FAK (p-FAK).  Growth 

cones treated with 1 μg ml-1 Ephrin-A5 for 5 min. (D, F) appear to have higher pY-397 FAK 

staining compared to untreated growth cones (C, E).  G. Quantification of p-FAK labeling.  p-

FAK integrated fluorescence intensity measurements were divided by total protein intensity (p-

FAK/DTAF) then normalized against the average p-FAK/DTAF ratio of untreated, control 

growth cones.  Control, n=40 growth cones.  1 µg/ml Ephrin-A5, n=49 growth cones.  *p<0.05, 

**p<0.001. Scale bar, 5 µm. 

 

Supplementary Figure 11.  FAK is partially required for Ephrin-A1-induced growth cone 

collapse.  Wild-type (WT) versus GFP-FRNK expressing or FAK morpholino (FAKmo) 

containing RGC axons were treated with 5, 10, or 20 µg/ml Ephrin-A1 or control media for 10 

min then fixed and stained with fluorescent Phalloidin to assess growth cone collapse. A high 

percentage of WT neurons collapse in response to 5 µg/ml Ephrin-A1  (data repeated from Fig. 

1), while FAK deficient neurons are unaffected by 5 µg/ml Ephrin-A1.  However, FAK loss of 

function only partially prevents growth cone collapse in response to 10 and 20 µg/ml Ephrin-A1. 

 

 



 
 

 

 

Supplementary Movie 1.  Time-lapse TIRF microscopy sequence of a Xenopus RGC growth 

cone expressing paxillin-GFP while migrating on LN.  1 μg ml-1 Ephrin-A1 is added after a 25 

min control period. Images were acquired at 15s intervals and movie playback is at 7 images/s 

(timelaspe=105x). 

 

Supplementary Movie 2.  Fluorescent time-lapse confocal image sequence of a Xenopus RGC 

growth cone on LN expressing paxillin-GFP and containing FAK morpholinos.  1 μg ml-1 

Ephrin-A1 is added at after 10 min.  Note that in the absence of Ephrin-A1, point contacts are 

significantly more stable compared to Movie S1.  However, point contact stability, formation, 

and distribution are not affected by addition of Eprhin-A1.  Frames were acquired at 10s 

intervals and movie playback is at 10 frames/s (timelaspe=100x). 

 

 

 

 

 


