








Fig. 6. Lpd KO cells lack discernible defects in lamellipodial actin networks. (A) B16-F1
cells of indicated genotype migrating on laminin, and fixed and stained for F-actin with
phalloidin. (B) Graphs show quantitation of lamellipodial F-actin intensity and (C)
lamellipodial width of individual Lpd KO clones and the pooled population compared to
controls. n=number of cells, and data are represented as arithmetic means = SEM. Statistics

revealed no significant differences between any pair of experimental groups (not shown).
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Fig. 7. Analysis of VASP intensity and turnover at lamellipodia edges in the presence and
absence of Lpd.

(A) Immunofluorescence analysis showing the localization of VASP at lamellipodia edges in
both B16-F1 control and Lpd knockout cells. (B) Quantification of VASP intensities at
lamellipodia edges in B16-F1 wildtype and Lpd knockout cells, displayed individually and as
pooled population. n = number of cells, and data are arithmetic means £ SEM. (C) The graph
shows the recovery curves of EGFP-tagged VASP at the leading edge after bleaching in B16-
F1 cells and individual Lpd knockout clones, as indicated. Half-times of recovery (in seconds)
obtained from curve fitting are displayed on the right. Each time point after the bleach is
represented as arithmetic mean + SEM. (D) Fluorescent recovery curve fits of lamellipodial
FRAP data of B16-F1 wildtype and pooled Lpd KO cells as well as derived ti;-values, as
indicated on the right. n = number of FRAP events analysed. A significant statistical difference
in tyo-values between B16-F1 wildtype and pooled Lpd KO cells is indicated with red colour

(p<0.001).
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lamellipodial regions, again highlighted as cyan and yellow bars, respectively. (C) Table
indicating cell fractions belonging to each protrusion phenotype (smooth, intermediate or
chaotic) for both control and Lpd KO cell populations upon EGFP-paxillin expression. The Lpd
KO population corresponds to data from Lpd KO#3. The ratio of Lpd KO over B16-F1 wildtype
cells for each protrusion phenotype is shown in the fourth column on the right, again confirming
significantly reduced cell numbers among Lpd knockout cells as compared to controls
harbouring the smooth lamellipodial phenotype, and vice versa for the chaotic phenotype. (D)
B16-F1 wildtype or Lpd knockout clones were seeded onto laminin and mature focal adhesions
stained with Zyxin-reactive antibody. Green arrows point at typical clusters of focal adhesions
more frequently observed in Lpd knockout clones. (E) Quantitation of average focal adhesion
area (relative to cell area) as determined in distinct cell types, as indicated, demonstrating that
Lpd removal enhances the area occupied by focal adhesions. All data are arithmetic means +
SEM, with asterisks above bar charts indicating statistically significant differences between

designated groups (* = p<0.05), n equals numbers of cells analysed.
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Supplenentary Table 1 and Figs. 4, S2 and S6. Data are arithmetic means + SEM, and single asterisk

above bar charts show statistically significant differences between designated groups (* indicates

p<0.05); n equals numbers of cells measured.
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Normalized Parameters (centered to mean=0 and scaled to STD=1)

#1: Average Advancement Velocity — - B16-F1 control

. B16-F1 control+Rac1(wt)
@— Lpd KO
=—0— Lpd KO+Rac1(wt)

#2: Effective Protrusion —

#3: Protruding Edge Fraction

#4: Length of Protruding Segments on Edge

T

#5: Protrusion Episode Velocity

#6: Maximal Velocity during Protrusion

#17: Effective Retraction

T

#8: Retracting Edge Fraction
#9: Length of Retracting Segments on Edge

#10: Retraction Episode Velocity —

#11: Maximal Velocity during Retraction

#12: Retraction to Protrusion Ratio —

#13: Frequency of Oscillations

#14: Persistence of Edge Movement -

T

#15: Strength of Fluctuations

#16: Predictability of Fluctuations
#17: Length of Concave Segments —
#18: Length of Convex Segments —

#19: Curvature Change over Time

T

#20: Curvature Variability along Edge |
-2

Fig. S6. Results from morphodynamic protrusion analysis of wildtype versus L pd knockout cells
with or without ectopic Racl-expression. Data displayed as described for Fig. 4 and Fig. S2, except
that B16-F1 wildtype or Lpd KO clone #3 were transfected with EGFP-Rac(wt), as indicated, or with

EGFP-CAAX as control.

C
ke
)

©

S

-
q(z
£

)

-

©
-+

C

Q

£
Q

Q

Q

>
)

(]

[0)

(O]

(o
Ko

O
)
o
O
("

(o]
©

C

-

>

O
S




J. Cell Sci.: doi:10.1242/jcs.239020: Supplementary information

| I I

High exposure

=~
=

Low exposure

Control shRNA

Lpd shRNA

2]
pa |
5]
> *%
5 150 ns ] 50
= e =
= [
3 ; -
© 100 . s .
5 . oo 2% %
< &
o dhe oo 8o | == %
L ]
° 50 £5 . —==
2 afatan 000 235 10 a”
E " o8a 5 =
2 0 T L] Q\o 0 T T
>
shRNA &
§

Control

KO

[
i)
)

©

£

o
L
£

)

|

(]
i)

C

(O]

S
Q

o

o

=}
(9]

(]

(O]

(8]

[
Q0

O
(9]
o
©)
G

o
©

C

o

=}

(e}
-




J. Cell Sci.: doi:10.1242/jcs.239020: Supplementary information

Fig. S7. Lpd localisation below Vacciniavirusand lack of effectson extracellular viruspositioning

and actin machinery recruitment. (A) Immunofluorescence images showing that both EGFP-tagged

and endogenous Lpd (green) are recruited to the tip of actin tails (red) induced by Vaccinia virus (blue)
in infected HelLa cells. (B) Immunofluorescence images reveal that after shRNA treatment of Hela cells,
small amounts of endogenous Lpd (red) can still be observed at the tips of actin tails (green). Note this
localisation can only be observed upon significant enhancement of fluorescence intensity post imaging
(“high exposure”). (C) Quantification of number of extracellular virus per cell (n=30), and percentage
of extracellular virus inducing an actin tail (n=30), in control and Lpd shRNA-treated cells. (D)
Immunofluorescence images reveal the presence of endogenous core actin assembly factors on Vacci
surfaces, Nck, N-WASP as well as the Lpd-ligand VASP (green) at the tips of vaccinia-induced actin

tails (red, phalloidin), in control (Lpd fl/fl) and Lpd knockout MEFs (KO).
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Fig. S8. Frequency of Vaccinia actin tail formation, but not their rate of motility is reduced by

Lpd depletion. (A) Representative fluorescence images of HelLa cells treated with control and Lpd
shRNA. In both cases, phalloidin staining reveals actin tails induced by vaccinia virus. The reduction in
Lpd levels by shRNA was confirmed by immunoblot. (B) Quantification of the number of actin tails per
cell (n=45 cells), the length of actin tails (n=200 tails), and the speed of viral movement (n=50 viruses),
in control and Lpd shRNA-treated cells. (C) Fluorescence images of actin tails (red, phalloidin)
produced by vaccinia (green, DAPI) in parental and Lpd KO MEFs, as indicated. (D) Quantification of
the number of actin tails per cell (n=50 cells), the length of actin tails (n=100 tails), and the speed of
viral movement (n=50 viruses), in control (Lpd fl/fl) and Lpd KO MEFs. Red lines correspond to
arithmetic means, and error bars SEM from three independent experiments. ****P < 0.0001, **P < 0.01,

n.s., not significant.
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Table S1.
No. Parameter name Parameter description and biological relevance

Average Parameter is equivalent to performing individual kymograph-based analyses of protrusion (as in FigurelC, D) on

1 Advancement multiple points along the cell edge, thus subtracts retraction from protrusion rates at all points of the analyzed edge. If
Velocity protrusion and retraction activities for each point were identical, the value of this parameter would be 0.

2 Effective Protrusion Average protrusion velocity of all points considering the entire measurement period.

3 Protruding Edge Average fraction of the edge protruding at any time during the period of measurement, expressed between 0 and 1, i.e.
Fraction 1 representing the entire edge measured.

4 Length of Protruding | Average length (in um) of all protruding segments on measured edge. As opposed to parameter #3, where the average
Segments on Edge fraction of measured edge is calculated, this parameter defines average lengths of protruding segments over time.

5 Protru\jg(r)]cliztslsode Average protrusion velocity of all points, considering only protrusive time periods.

6 Ma‘ximal Velogity Corresponds to parameter # 5 in the highest quatrtile (top 25%).

during Protrusion
7 Effective Retraction Average retraction velocity of all points considering the entire measurement period.
8 Retracting Edge Average fraction of the edge retracting at any time during the period of measurement, expressed between 0 and 1, i.e.
Fraction 1 representing the entire edge measured.

9 Length of Retracting | Average length (in um) of all retracting segments on measured edge. As opposed to parameter #8, where the average
Segments on Edge fraction of measured edge is calculated, this parameter defines average lengths of retracting segments over time.
Retraction Episode . . . _ L .

10 Velocity Average retraction velocity of all points, considering only retracting time periods.

11 Ma‘ximal Velogity Corresponds to parameter # 10 in the highest quartile (top 25%).

during Retraction
12 Retraction to This parameter is defined as the ratio of “Effective Retraction” (#7) over “Effective Protrusion” (#2). Values above 1
Protrusion Ratio indicate retraction prevailing over protrusion.
13 Frequency of Frequency of oscillations/switches corresponds to the inverse of average time interval between consecutive velocity
Oscillations direction changes of each point along the measured edge (protrusion to retraction or vice versa).
) Reflects the variance of velocity changes as determined for all points along measured edge in all time frames. If the
Persistence of Edge : . - h A
14 Movement measured cell edge protrudes/retracts with equal velocities in all time frames (i.e. acceleration is zero), the parameter
will be 0.
Strength of Average of peak to peak amplitude of velocity oscillations of all points on the cell edge. The value for each point is
15 gt calculated by averaging the velocity amplitude of all oscillation events of the point. This parameter thus defines the
Fluctuations ) ) . ) A
strength of velocity fluctuations at the cell edge irrespective of their direction.
B - Obtained by calculating average values of absolute, normalized autocorrelation of velocity over time and along edge
Predictability of " AP L
16 . performed to explore repetitive patterns. Parameter allows distinguishing between regular, repetitive patterns and
Fluctuations ; . :
chaotic random behavior of cell edge dynamics.
17 Length of Concave The average length (in um) of concave segments on measured edge.
Segments
18 Length of Convex The average length (in pm) of convex segments on measured edge.
Segments
19 Curvature Change Derived from the rate of change of curvature for all measured points along the edge over time, followed by calculating
over Time the variance of all of these rates.
- Reflects the variance of curvature changes with respect to distance along the cell edge, so this parameter gives an
Curvature Variability - . b .
20 estimate of the average rate of concave to convex (and vice versa) transitions along the cell boundary for each time
along Edge ; ! -
frame. It thus constitutes a spatial value and not dynamic one.
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Movie 1. Comparison of protrusion dynamicsin control and L pd-deficient B16-F1 cells. Phase-
contrast movies of B16-F1 wildtype and Lpd knockout cells (Lpd KO#10) migrating on laminin. Note
individual examples of Lpd knockout cells, the protrusion of which is characterized by a fluctuating,

chaotic mode of lamellipodial dynamics (white arrows).
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Movie 2. Exemplary generation of a velocity map. A simulated contour (yellow line) consisting of
multiple points is slowly protruding to the right (black arrow on top) while fractions of the edge are
retracting and protruding with differential timing and velocity (see colour-velocity bar on the left).
The velocity map on the right is building up in temporal synchrony with contour movements on the

left, illustrating how cell edge movements correlate with the outcome of the velocity map.
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Movie 3. Exemplary generation of a curvature map. A map reflecting the spatiotemporal changes

of curvature of a simulated contour (from convex to linear and concave, as shown on the colour bar o
the left) is generated. Everything is as described for Supplementary Movie 2, except that instead o
velocity, the curvature of each point on the simulated contour is now read out relative to its immediate

neighbours, as detailed in Methods.
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Movie 4. Differential dynamics of nascent adhesions in cells displaying distinct protrusion

phenotypes. B16-F1 control and Lpd KO cells were transfected with EGFP-paxillin, and subjected to

time-lapse microscopy during migration on laminin using fluorescence and phase contrast channels, a:
indicated. A representative B16-F1 control (left panel) is displayed as example for the smooth
protrusion phenotype, whereas the middle and right panels show representative examples for nasce
adhesion dynamics typically found in protruding cedshibiting the intermediate and chaotic

phenotype, respectively. Phase contrast images (bottom) allow the correlation of distinct protrusion
phenotypes with differential adhesion dynamics. The smooth protrusion phenotype is commonly

as®dated with generation of multiple, nascent adhesions, continuously developing distally from
previous sets of adhesions during continuous protrusion. Subsets of each population of nascen

adhesions then are continuously elongated and developed into mature adhesions. In the intermedia
phenotype (middle panels), nascent adhesions are less continuously formed and concentrated at the re
edge of the lamellipodium, frequently coincident with sites of active membrane ruffling. The chaotic
protrusion phenotype with its commonly collapsing lamellipodia (right panels) is characterised instead

by strongly reduced frequency of nascent adhesion formation.
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00:00 min

Movie 5. Dynamics of EGFP-tagged, full length laméllipodin (EGFP-Lpd) in a migrating B16-F1

cell. B16-F1 control melanoma cedixpressing EGFP-Lpd and subjected to fluorescence and phase
contrast time-lapse microscopy during its migration on laminin. Note the restriction of EGFP-Lpd
localization to the edges of protruding and rearward ruffling lamellipodia, but the lack of association

with nascent or mature focal adhesions.
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