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Supplementary Figure Legends 1 

Supplementary Figure S1.  Expression of Rap1V12 and Rap1GAPII alters Rap1-GTP levels in 2 

B16F1 melanoma cells.  B16F1 cells were stably transfected with the empty pIRM21 vector, 3 

pIRM21-FLAG-Rap1V12, or pIRM21-FLAG-Rap1GAPII.  Expression of the FLAG-tagged 4 

proteins was assessed by immunoblotting (left panels).  Cells were plated on 2 µg/cm2 5 

fibronectin for 3 h and assayed for activated Rap1-GTP in the top right panel (see Materials and 6 

Methods for experimental details).  The lower right panel shows total Rap1 in the cell lysates.  7 

 8 

Supplementary Figure S2.  Rap1-GTP levels regulate the amount of active human β1 integrin 9 

in clusters at the cell-ECM interface (i.e. focal adhesions).  A375 human melanoma cells were 10 

transiently transfected with the empty pIRM21-IRES-dsFP593 vector or derivates encoding 11 

either FLAG-Rap1V12 or FLAG-Rap1GAPII.  The cells were plated on FN for 4 h and stained 12 

with anti-FLAG antibodies to identify transfected cells.  Active integrin was visualized by 13 

immunostaining using the HUTS4 antibody, which recognizes only the active form of human β1 14 

integrin.  Representative confocal images are shown.  Arrows indicate transfected cells (Scale 15 

bar: 20 µm).  The area occupied by the clustered active β1 integrin per cell is graphed in Fig. 1D, 16 

center panel. 17 

 18 

Supplementary Figure S3.  Rap1-GTP levels regulate total adhesive strength.  Stably 19 

transfected B16F1 cells were cultured on rigid, serum-coated tissue plastic substrata overnight. 20 

They were then exposed to 0.04% EDTA for 5 min at 20˚C to detach loosely adherent cells. The 21 

remaining well-attached cells were then stained with Hoechst 33342, fixed with 4% 22 

paraformaldehyde, and counted using an ArrayScan VTI imager (histogram).  Alternatively, cells 23 
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were fixed with methanol, stained with crystal violet, and photographed.  Flow cytometry 1 

showed that the transfected cell populations all had similar levels of β1 integrins on the cell 2 

surface (right panel). 3 

 4 

Supplementary Figure S4.  Rap1 activation and cycling are required for establishing a 5 

polarized distribution of F-actin cytoskeleton and PIP3.  A, B16F1 cells were transiently 6 

transfected with the empty pIRM21-IRES-dsFP593 vector or derivatives encoding FLAG-7 

Rap1V12, FLAG-Rap1GAPII, or Myc-Rap1N17.  After culturing the cells on 2.5 µg/cm2 8 

fibronectin for 2 h, transfected cells were identified using FLAG or Myc antibodies (inset; red).  9 

F-actin was visualized with Alexa488-phalloidin.  Representative confocal images are shown 10 

(Scale bar: 10 µm).  The percent of the total F-actin in five equally divided regions of >25 cells 11 

from 3 experiments is graphed.  B, B16F1 cells were transiently co-transfected with a vector 12 

encoding an Akt-PH-GFP fusion protein plus either the empty pIRM21-IRES-dsFP593 vector or 13 

derivatives encoding Rap1V12, or Rap1GAPII.  The cells were cultured on fibronectin-coated 14 

chambers for 4 h, and then imaged.  Representative still frames are shown (Scale bar: 10 µm).  15 

The distribution of Akt-PH-GFP is graphed, as in A, for >25 cells from 3 experiments.  C, 16 

K1735M1 murine melanoma cells, A375 human melanoma cells, and MDA-MB-231 human 17 

breast carcinoma cells were transiently transfected the empty pIRM21-IRES-dsFP593 vector or 18 

derivates encoding FLAG-Rap1V12 or FLAG-Rap1GAPII.  The cells were plated on FN for 4 h 19 

and stained with anti-FLAG antibodies to identify transfected cells (arrows) which facilitated 20 

comparison with untransfected cells in the same microscopic field.  F-actin was visualized by 21 

staining with Alexa488-phalloidin.  Representative confocal images are shown. (Scale bar: 20 22 

µm). 23 
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Supplementary Figure S5.  FRAP analysis of β1 integrin-GFP exchange in adhesions.  Regions 2 

of interest (ROIs) encompassing β1 integrin-GFP at the tumor cell-endothelial cell interfaces 3 

were photobleached in transiently-transfected vector control, Rap1V12-expressing, and 4 

Rap1GAPII-expressing MDA-MB-231 cells.  The recovery of fluorescence within the ROI was 5 

then imaged every 6 s for 90 s.  A, The recovery of fluorescence within the ROI is expressed as a 6 

fraction of the pre-bleach intensity (= 1.0).  Each point is the mean +/- SD for 20 ROIs.  B, 7 

Representative time-lapse sequences of β1 integrin-GFP fluorescence within these ROIs prior to 8 

bleaching (PB), and every 6 s thereafter, are shown.   9 

 10 

Supplementary Figure S6.  The exchange of β1 integrin-GFP in adhesions is limited by the 11 

actin cytoskeleton.  MDA-MB-231 cells transiently transfected with β1 integrin-GFP plus the 12 

empty pIRM21-IRES-dsFP593 vector or derivatives encoding Rap1V12 or Rap1GAPII were 13 

plated on a thin layer of collagen I (10 µg/mL) mixed with FN (10 µg/mL).  The cells were then 14 

treated with DMSO or latrunculin A for 30 min before photobleaching ROIs and following the 15 

recovery of fluorescence intensity.  The left panel shows the recovery of β1 integrin-GFP 16 

fluorescence in vehicle treated vector, Rap1V12, and Rap1GAPII transfected cells.  The right 17 

panel shows the recovery of β1 integrin-GFP fluorescence in cells treated with latrunculin A (Lat 18 

A).  Note that the curves in the two graphs are from the same experiments but that the curves are 19 

separated into a DMSO-treated set and a latrunculin A-treated set to clearly depict the effects of 20 

modulating Rap1 activation.  Note also that the scales of the Y-axes are different for the two 21 

graphs given the significant increase in the recovery of all the cell types treated with latrunculin 22 

A. Each point represents the mean +/- SD for >20 ROIs in 2 experiments.  The curves generated 23 
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from these results were used to determine the percent of β1 integrin-GFP molecules that were 1 

mobile (mobile fraction = maximal recovery of fluorescence) and t1/2 (time to reach half maximal 2 

recovery), which are summarized in the table.       3 
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