
Supplementary Methods 

 

Assumptions incurred using the binomial experiment to model the chance number of 

associations between branch points and PADREN1s.  The assumptions of the binomial 

experiment applied to this problem are: 1) The process of branching is identical in space 

and time.  2) Branches must only occur on PADREN1s or PADREN2s.  3) The 

probability of success (pi; a branch associating with a PADREN1) and failure (qi) is the 

same for each of the n branches in cell i.  4) That the position of one branch has no 

influence over the position of other branches on the length scale of PADRENs. 

 

We believe that these assumptions are close enough to the actual situation to build a 

useful statistical test.  There is no reason to believe the first assumption is false.  The 

second assumption is true by definition.  The third is approximately true but note that pi 

and qi are based on the total PADREN lengths in cell i divided by total dendritic length, 

so local variations in PADREN lengths are ignored.  The alternative is to assume that 

branches can only occur in a neighborhood about where they are observed, which is 

untenable because of how/why to define the local neighborhood.  The fourth assumption 

is roughly true since branch frequency is generally lower than PADREN frequency.   

 

Carbocyanine dye application.  A saturated solution of DiO in ethanol was added to live 

cells (1:250) for 15, 60, or 120 min.  Cells were then fixed and visualized or processed 

for immunocytochemistry and then visualized. 

 



Live-cell antibody feeding.  Mouse anti-MAP2, clone 5F9, was added to the culture 

media (1:200) at 0 and 30 min followed by fixation at 60 min.  Other wells of the same 

plate received an irrelevant primary antibody (mouse anti-torpedo fish agrin).  After 

fixation, secondary antibody was added and cultures were processed for visualization. 

 

Calculation of PADREN1 diffusion during KCl.  We assumed that the increase in length 

of PADREN1s after KCl treatment was due to diffusion.  We then used two different 

methods to estimate a diffusion constant: 

 

First, we compared the average length of PADREN1s in the control condition to the 

average length of PADREN1s in the KCl treated condition.  We assumed that the 

increase in length after KCl was equivalent to the root-mean-square displacement of the 

substance.  This assumption is reasonable, because PADREN1 edges are defined as the 

position of half-maximal immunostaining, which on a normal curve occurs near one 

standard deviation from the mean.  Since PADREN1 edges advance in both directions, 

dividing the increase in length by 2 gives the advance in one direction.  Therefore, an 

estimate of the diffusion constant is [[(avg length after KCl – avg control length)/2]^2] / 

(2 × (treatment time)).  Based on the data in Fig. 5, this expression evaluates to: [[(12.2 

um – 7.5 um)/2]^2 / (2 × 900 sec) = 0.003 um2/sec.  This result is a lower estimate, since 

the increase in length likely occurred for less than 15 min (900 sec). 

 

In the second approach, we assumed that the ‘continuous’ immunostaining is the result of 

PADREN1s fusing.  Given the length distribution of PADREN2s and that the shortest 



75% of PADREN2s are lost during KCl, the PADREN1 edges on each side of an average 

PADREN2 must advance about 3 um during KCl treatment to ‘erase’ the intervening 

PADREN2 and achieve ‘continuous’ immunostaining.  (Note 3 um is less than half the 

average PADREN2 length of 7.6 um, because the immunostaining intensity of adjacent 

PADREN1 tails sums as they overlap).  Thus, the diffusion constant is [(3 um)^2] / (2 × 

900 sec) = 0.005 um2/sec.  Again, this result is a lower estimate. 

 

Numerical solution of one-dimensional reaction-diffusion equations.  To solve the system 

of equations shown in 1), we used MATLAB (MathWorks), Version 6.5, and  modified  

the pdex4 function.  ‘A’ is the concentration of activator, ‘I’ is the concentration of 

inhibitor, DA is the diffusion constant of the activator, DI is the diffusion constant of 

inhibitor and a, b, c, d are reaction rate constants.   
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Boundary conditions were set at equilibrium concentration values.  Equilibrium 

concentration values are the solutions to the system of equations: 
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Initial conditions were spatially homogeneous equilibrium concentration values with 

concentration ‘impulses’ or sinusoidal variations added.  Impulse or sinusoidal 

magnitudes were 0.001 times the equilibrium concentrations.  Impulses were the smallest 

position unit (1 um) in width.  The spatial period of sine waves was never shorter than six 

position units (6 um).  The smallest wavelength the system could support was considered 



to be the shortest spatial period sine wave it could amplify with out changing the initial 

period, or the closest distance between two impulses where the impulses were still 

amplified separately.  Both methods gave similar results. 

 

Supplementary Results 

 

Aldehyde fixation is sufficient to observe PADRENs 

We initially observed PADRENs in cells fixed for 5 minutes with a conventional solution 

of 4% paraformaldehyde and 4% sucrose in PBS at 370C.  We also observed PADRENs 

using other aldehyde fixative solutions (i.e. aldehyde with or without 4% sucrose in PBS) 

over a range of concentrations and times.  These solutions included paraformaldehyde 

(PFA) at concentrations from 4-10% (w/v) for 5 min, 6% PFA for times ranging from 0.2 

- 60 min, and PFA of pH between 5 and 9 (pH of the standard 6% PFA fixative solution  

is ~5.5).  We also observed PADRENs using crotonaldehyde 8-12% (v/v) or acrolein 0.5-

1% (v/v) applied for 5 min.  We concluded that the immunostained regions were the same 

as the regions observed using PFA, because they had similar lengths, were similar in 

number, and preferentially contained branch points.  We did not observe PADRENs 

using other fixatives such as osmium tetraoxide or cold methanol (see below). 

 

Additionally, post-fixation manipulations do not affect PADRENs.  PADRENs were still 

observed after we obtained new stocks of all reagents, blocked cells in 3% bovine serum 

albumin or PBS (i.e. no ‘block’; antibodies also applied in PBS), or mounted coverslips 

in PermaFluor (ThermoShandon), Vectashield (Vector), or PBS.  PADRENs were the 



same if the ICC protocol (i.e. from fixation to visualization on the microscope) was 

compressed into 1 hr (primary and secondary antibodies applied for ~30 min each; see 

below).   

 

PADREN1s reflect plasma membrane regions permeable to antibodies 

Several lines of evidence suggest that PADREN1s are a fixation-induced plasma 

membrane permeability.  An array of antibodies binding specifically to their uniformly 

distributed intracellular antigens can be used to observe PADREN1s including rabbit 

anti-neurofilament (Chemicon), rabbit anti-MAP2 (Chemicon), mouse anti-pan-

neurofilament (Zymed), mouse anti-tubulin, clone 2G10 (Upstate), and mouse anti-

MAP2, clone HM-2 (Sigma) (see also Methods).  The permeable regions observed using 

each antibody colocalize with the regions observed using the mouse anti-MAP2, clone 

5F9 (Upstate) antibody.  The apparent lengths of the permeable regions were not identical 

for each antibody but neither was the intensity of immunostaining.  Application of 

secondary antibody only or an irrelevant primary antibody followed by secondary 

antibody does not result in any areas of immunostaining.  Applying primary and 

secondary antibodies without detergent followed by a second round of the same primary 

and differently labeled secondary after detergent shows that the antigen(s) are uniformly 

distributed.  No immunostaining was observed when the same antibodies used to observe 

PADRENs in fixed cells were applied to living cells (data not shown). 

 

The permeability is below light-level (600x), because addition of DiO dye to living cells 

for various times (2hr, 1hr, 15 min) followed by fixation and ICC did not reveal 



disruptions in the plasma membrane or internal membranes.  The cortical F-actin 

cytoskeleton is also intact, as observed using phallodin staining (see Supplementary 

Figure 5). 

 

The immunostaining profile within each PADREN1 may reflect the density of 

permeabilities, because the length of PADRENs is not noticeably different if primary 

antibody is applied for ½ hr or 12 hrs, indicating that axial diffusion is negligible.  

However, the distribution of permeabilities within each PADREN1 (or even the presence 

of a permeability) is irrelevant to the fact that PADREN1s are arranged into a spacing 

pattern and likely serve as useful markers for functionally distinct dendritic regions. 

 

PADREN2s reflect plasma membrane regions impermeable to antibodies 

After application of Saponin (> 0.1%), Triton X-100 (≥ 0.05%) or CHAPS (> 0.1%),  

typical concentration thresholds for permeabilizing plasma membrane (Laurila et al., 

1978), applying antibodies used to observe PADRENs results in immunostaining 

throughout the dendrites (e.g. Fig. 1, B).  (The length of PADREN1s does not increase 

near threshold detergent concentrations, but the staining in PADREN2s becomes 

gradually brighter).  Fixatives known to disrupt the plasma membrane such as osmium 

tetraoxide (0.5% in PBS; from 1 min to 2 hrs; added at 40C but incubated at RT), 

methanol (5 min; cold), and methanol applied after PFA (6% PFA, 5 min; chased with 

cold methanol, 5 min) also result in uniform dendritic staining.  Phalloidin staining after 

fixation (6% PFA) in the absence of detergent also results in uniform staining 

(Supplementary Figure 5), and phallodin is known to cross the plasma membrane of fixed 



cells (Wulf et al., 1979).  Blocking cells in high salt (500 mM NaCl) does not affect 

PADRENs. 
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