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SUPPLEMENTAL FIGURES 
 
Supplemental Figure 1. Microtubules (tubulin-labeled) enter spines from both the proximal and 

distal dendrite in a hippocampal neuron (DIV21). (a) An example of anterograde MT 

polymerization into a dendritic protrusion.  An EGFP-tubulin-labeled MT (cyan arrowheads point to the 

tip of the MT) starts to polymerize into the right protrusion from the proximal dendrite shaft (P) 

(4:20min), extending to the tip of the protrusion (5:01min) where it pauses (5:11min) and then rapidly 

retracts (5:21) back into the dendrite shaft. (b) An example of retrograde MT polymerization in the 

same dendritic region as (a).  At a later time in this imaging session an EGFP-tubulin-labeled MT 

(magenta arrowheads points to the tip of the MT) polymerizes from the distal dendrite (D) into the left 

protrusion.  The MT extends to the head of the protrusion (41:44-42:04min), where it pauses for 30 

seconds (42:04-42:35) and then retracts back into the dendrite shaft (42:35-43:15min). Time is in 

minutes:seconds.  Scale bar is 5µm. 

 

Supplemental Figure 2. Microtubules can depolymerize from their minus end while in a 

dendritic protrusion.  A 60 second montage of a region of dendrite from a DIV20 hippocampal 

neuron transfected with DsRed2 (red in overlay) and EGFP-α-Tubulin (green in overlay).  The 

microtubule had previously polymerized into the protrusion (* in overlay) at 5:19 (see movie 4) and 

subsequently depolymerizes from it’s minus end (arrow in 13:31-14:02).  Time is in minutes:seconds. 

Scale bar is 3µm. 
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SUPPLEMENTAL MOVIES (all movies are compressed with MJPEG A, medium quality) 
 
Movie 1: Microtubules continuously target dendritic protrusions under basal conditions.  This 
8 hour movie of a region of dendrite from a cortical neuron (DIV22) transfected with EGFP-tubulin (to 
label microtubules) and DsRed2 (as a volume marker) shows microtubules polymerizing into and 
depolymerizing out of dendritic protrusions throughout the 8 hour time-lapse movie.  All events 
(microtubule excursions into protrusions) are transient. Images were collected at 30 second intervals 
but presented at 2 minute intervals to maintain a reasonable file size. 
  
Movie 2: Microtubules target individual spines multiple times and can polymerize to the distal 
extent of the spine head.  This 1hr movie of a single mushroom-shaped spine from a DIV21 
hippocampal neuron shows microtubules targeting this spine 21 times during the one hour time-lapse 
movie.  Several times the microtubule extends the full extent of the spine and apparently induces 
transient spine head protrusions (tSHPs).  Images were collected at 10 second intervals. 
 
Movie 3: Two microtubules can occupy a single spine simultaneously.  This is a 1hr movie of a 
spine from a DIV19 hippocampal neuron that is targeted by two different microtubules.  The entry of 
the first microtubule coincides with a transient spine head protrusion (TSHP) (52:45 – 53:55 min).  
The first microtubule depolymerizes coincident with the retraction of the TSHP, while the second 
microtubule polymerizes into the spine (53:35 – 54:05 min).  Images were collected at 10 second 
intervals.  See Figure 1. 
 
Movie 4: Microtubules (tubulin-labeled) enter spines from both the proximal and distal 
dendrite.  This 1hr movie shows a region of dendrite from a hippocampal neuron (DIV21) transfected 
with DsRed2 and EGFP-α-tubulin.  Polymerization of MTs into and out of the protrusion on the right 
occurs throughout the time-lapse movie.  A MT from the distal dendrite also polymerizes into and out 
of the protrusion on the left later in the movie. The proximal dendrite is at bottom and the distal 
dendrite is at top.  Images were collected at 10 second intervals.  See Supplemental Figure 1. 
 
Movie 5: Microtubules (EB3-labeled) enter spines from both the proximal and distal dendrite.  
This 15 minute movie shows a region of dendrite from a cortical neuron (DIV12) transfected with 
DsRed2 and EB3-EGFP (to label (+) ends of polymerizing microtubules).  EB3-EGFP comets travel 
both anterogradely and retrogradely within the dendrite.  Interestingly, comets enter protrusions from 
both proximal and distal regions of the dendrite. The proximal dendrite is at bottom and the distal 
dendrite is at top.  Images were collected at 5 second intervals.  See Figure 4. 
 
Movie 6: Microtubules can depolymerize from their minus end while in a dendritic protrusion.  
This movie shows a region of hippocampal dendrite (DIV20) with over ten spines from a neuron 
transfected with DsRed2 and EGFP-tubulin.  Microtubules enter two of the protrusions (middle image) 
during the 30 minute time-lapse.  In the targeted protrusion to the left the microtubule depolymerizes 
from its (-) end while in the protrusion (13:31-14:02 min).  Images were collected at 10 second 
intervals. See Supplemental Figure 2. 
 
Movie 7: Microtubules remain dynamic throughout the life hippocampal neurons.  This 2hr 
movie (from a 4 hour sequence) of several dendrites from a very mature neuron (DIV63) transfected 
with mCherry-β-actin (to label actin filaments) and EB3-EGFP (to label (+) ends of polymerizing 
microtubules) shows how dynamic microtubules are throughout the dendrite shaft.  Note that 
microtubule invasions (entry of EB3-EGFP comets) of many protrusions occur during two hours of 
imaging.  Images were collected at 10 second intervals but presented at 30 second intervals to 
maintain a reasonable file size.  See Figure 6. 
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Movie 8: Microtubules entry is coincident with actin-associated changes in spine morphology.  
This 2hr movie of a hippocampal mushroom-shaped spine from a very mature neuron (DIV63) 
transfected with mCherry-β-actin (to label actin filaments) and EB3-EGFP (to label (+) ends of 
polymerizing microtubules) shows little change in shape (other than slight morphing and short 
protrusions) during the first hour of imaging.  However, after microtubules begin to target the spine (1-
2hrs) and induce transient spine head protrusions(tSHPs), the actin shows marked dynamics in the 
form of transient filopodial and lamellar protrusions. This is a digitally magnified movie of a spine from 
one of the dendrites shown in Movie 7.  Images were collected at 10 second intervals.  See Figure 6. 
 
 
 


