Modeling transport and mean age of dense core vesicles in large axonal arbors
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Supplementary Material

S1. Supplementary tables
Table S1. Mass transfer coefficients characterizing the rates of capture of DCVs into the resident
state. In estimating these coefficients, we assumed that hia  hir  hi for i=2,…,26 (in bouton 1
there is no difference between anterograde and retrograde coefficients because DCVs turn around
at this bouton). The units of all hi in Table S1 are m/s.

h1

h2

h3

h4

h5

h6

h7

4.41  104

6.09  104

6.17  104

6.25  104

6.33  104

6.41  104

6.49  104

h8

h9

h10

h11

h12

h13

h14

6.57  104

6.65  104

6.73  104

6.82  104

6.90  104

6.99  104

7.08  104

h15

h16

h17

h18

h19

h20

h21

7.16  104

7.25  104

7.34  104

7.43  104

7.52  104

7.62  104

7.71  104

h22

h23

h24

h25

h26

7.80  104

7.90  104

7.99  104

8.09  104

8.19  104

Table S2. Saturated concentrations of DCVs in boutons at infinite DCV half-life or at infinite
DCV residence time. The units of nsat 0,i in Table S2 are vesicles/m.
nsat 0,1

nsat 0,2

nsat 0,3

nsat 0,4

nsat 0,5

nsat 0,6

nsat 0,7

0.542

0.436

0.478

0.525

0.576

0.632

0.693

nsat 0,8

nsat 0,9

nsat 0,10

nsat 0,11

nsat 0,12

nsat 0,13

nsat 0,14

0.761

0.835

0.916

1.01

1.10

1.21

1.33

nsat 0,15

nsat 0,16

nsat 0,17

nsat 0,18

nsat 0,19

nsat 0,20

nsat 0,21

1.46

1.60

1.76

1.93

2.12

2.32

2.55

nsat 0,22

nsat 0,23

nsat 0,24

nsat 0,25

nsat 0,26

2.80

3.07

3.37

3.70

4.07

Table S3. Approximate time required to reach steady-state concentration in various boutons for
various models of DCV transport in the axon. We assumed that steady-state is reached when the
DCV concentration in a particular bouton reaches 99% of nsat ,i , which is defined in Eq. (12).
Axonal transport

t for nax , h

t for n26 , h

t for n13 , h

t for n1 , h

N/A

7.18

7.58

16.80

87.41

46.61

47.47

59.93

model
jax  26  0.0333

vesicles/s
jax  26 is modeled

by Eq. (5),   1 ,
T1/ 2, ax  1  T1/ 2

2

jax  26 is modeled

8,396

4,419

3,039

2,725

55.46

21.12

15.95

25.11

3,697

52.32

20.09

28.41

by Eq. (5),   1 ,
T1/ 2, ax  100  T1/ 2
jax  26 is modeled

by Eq. (5),   0 ,
T1/ 2, ax  1  T1/ 2
jax  26 is modeled

by Eq. (5),   0 ,
T1/ 2, ax  100  T1/ 2

Table S4. Approximate time required to reach steady-state for anterograde and retrograde fluxes
in various boutons for various models of DCV transport in the axon. We assumed that steadystate is reached when the corresponding flux reaches 99% of its steady-state value.
Axonal transport

t for jax  26 ,

model

h

jax  26  0.0333

t for j21 , h

t for j12 , h

t for j26 ax , h

N/A

7.29

7.44

8.47

N/A

7.39

7.49

8.87

87.41

87.41

87.41

87.41

8,396

8,396

8,396

8,396

vesicles/s,   1
jax  26  0.0333

vesicles/s,   0
jax  26 is modeled

by Eq. (5),   1 ,
T1/ 2, ax  1  T1/ 2
jax  26 is modeled

by Eq. (5),   1 ,
T1/ 2, ax  100  T1/ 2

3

jax  26 is modeled

55.46

56.99

57.03

58.91

3,697

3,852

3,855

4,044

by Eq. (5),   0 ,
T1/ 2, ax  1  T1/ 2
jax  26 is modeled

by Eq. (5),   0 ,
T1/ 2, ax  100  T1/ 2

Table S5. The mean age of resident DCVs in various boutons at steady-state for the case when

jax 26 is kept constant (at 2 DCVs/min). The case of   0 , which refers to the situation when all
captured DCVs are eventually destroyed in boutons.
Mean age in

Mean age in

Mean age in

bouton 1, h

bouton 13, h

bouton 26, h

8.66

8.66

8.66

Table S6. The time when switching between two different transport regimes occurs: (i) the
regime when DCV capture in boutons exceeds the rate of DCV synthesis in the soma and (ii) the
regime when the terminal is filled to saturation, and the DCV concentration in the axon recovers
to its steady-state value. This time is shown by a rhombus in Figs. S8, S12, S17, and S21.
Axonal transport

tswitch , h

model
jax  26 is modeled

46.05

by Eq. (5),   1 ,
T1/ 2, ax  1  T1/ 2
jax  26 is modeled

4,423

by Eq. (5),   1 ,
T1/ 2, ax  100  T1/ 2

4

jax  26 is modeled

17.86

by Eq. (5),   0 ,
T1/ 2, ax  1  T1/ 2
jax  26 is modeled

56.13

by Eq. (5),   0 ,
T1/ 2, ax  100  T1/ 2

S2. Supplementary figures

S2.1. Independence of the solution of the values of error tolerance parameters, RelTol and
AbsTol

Independence of the solution of the values of error tolerance parameters, RelTol and AbsTol, is
demonstrated in Fig. S1.

5

Fig. S1. A comparison of the concentration of DCVs in three boutons, 26, 13, and 1, computed
with a standard accuracy and with an increased accuracy.

S2.2. Estimated values of mass transfer coefficients and saturated DCV concentrations in
boutons assuming infinite DCV residence time

Estimated values of mass transfer coefficients characterizing the rates of DCV capture into the
resident state decrease from the most proximal (#26) to the most distal bouton (#1) (Fig. S2a).
The decrease is explained by lower rates of DCV capture in more proximal boutons due to lower
DCV concentrations in these boutons at saturation (Eq. (12)). A much lower value of the mass
transfer coefficient for the most distal bouton, h1 , than for other boutons, is explained by the fact
that DCVs pass bouton 1 only once, and thus there is no double-capture (from anterogradely and
retrogradely moving transiting pools).
The concentrations of DCVs at steady-state for infinite DCV residence time (or infinite half-life)
decrease from the most proximal (#26) to the most distal bouton (#1) (Fig. S2b). This is again due
to the decreased steady-state DCV concentration in proximal boutons (Eq. (12)). A slightly larger
value of nsat 0,1 is to offset a significant decrease in h1 .
The values of parameters hi and nsat 0,i that are displayed in Figs. S2a and S2b, respectively, are
the same for all cases simulated in this paper.
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(a)

(b)

Fig. S2. Estimated values of parameters (these values are the same for all cases investigated in
this paper). (a) Mass transfer coefficients characterizing the rates of DCV capture into the

7

resident state in various boutons. (b) Saturated concentrations of resident DCVs in various
boutons at infinite DCV residence time (or infinite half-life).

S2.3. The case when the DCV flux from the axon to the most proximal bouton is constant,
and DCVs captured into the resident state are destroyed in boutons (   0 )

In this series of simulations, we show DCV fluxes for the case of jax26  2 DCVs/min and

  0.

(a)

8

(b)

Fig. S3. Fluxes between the axon and the most proximal bouton and between various boutons at
the initial state and at steady-state. (a) Anterograde fluxes. (b) Retrograde fluxes. The case when

jax 26 is kept constant (at 2 DCVs/min). The case when jax 26 is kept constant (at 2 DCVs/min),

  0 (which refers to the case when all captured DCVs are destroyed in boutons).

9

(a)

(b)

Fig. S4. The buildup toward steady-state: the flux from the axon to the most proximal bouton and
anterograde fluxes between various boutons. (a) Fluxes ax26 through 1514. (b) Fluxes
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1413 through 21. The case when jax 26 is kept constant (at 2 DCVs/min),   0 (which
refers to the case when all captured DCVs are destroyed in boutons).

(a)

(b)
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Fig. S5. The buildup toward steady-state: retrograde fluxes between various boutons and the flux
from the most proximal bouton to the axon. (a) Fluxes 12 through 1314. (b) Fluxes 1415
through 26ax. The case when jax 26 is kept constant (at 2 DCVs/min),   0 (which refers to
the case when all captured DCVs are destroyed in boutons).

S2.4. The case when the DCV flux from the axon to the most proximal bouton is not
constant (modeling average DCV concentration in the axon)
S2.4.1. DCVs captured into the resident state in boutons escape and re-enter the transiting
state (   1 )
S2.4.1.1. The situation when the half-life of DCVs in the axon, T1/ 2,ax , is equal to the DCV
half-residence time in boutons, T1/2

In this series of simulations, the DCV flux from the axon to the most proximal bouton is assumed
to be proportional to the average DCV concentration in the axon (Eq. (5)), and the average DCV
concentration in the axon is modeled by Eq. (4a). It is assumed that   1 and T1/ 2, ax  T1/ 2 . The
results show that in the beginning of filling the terminal (t = 0.2, 1, and 5 h) the DCVs
accumulate in more proximal boutons while the distal boutons remain empty (Fig. S6). The
decrease in concentration from the most proximal to the most distal boutons is exponential.
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Fig. S6. Concentrations of captured DCVs in various boutons at three times: t = 0.2, 1, and 5 h.
The case when the average DCV concentration in the axon is modeled by Eq. (4a), and jax 26 is
modeled by Eq. (5).   1 (which refers to the case when all captured DCVs eventually reenter
the transiting pool), T1/ 2, ax  1  T1/ 2 .

It takes approximately 50 hours to fill the boutons to saturation (Fig. S7, Table S3). There are
three stages during the process of filling the boutons: 1) the concentrations in the resident state in
boutons increase sharply from zero; 2) the bouton concentrations reach their plateaus; 3)
concentrations increase again until they reach their steady-state values.
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(a)

(b)

Fig. S7. The buildup toward steady-state: concentrations of captured DCVs in various boutons.
(a) Boutons 26 through 14. (b) Boutons 13 through 1. The case when the average DCV
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concentration in the axon is modeled by Eq. (4a), and jax 26 is modeled by Eq. (5).   1 (which
refers to the case when all captured DCVs eventually reenter the transiting pool), T1/ 2, ax  1  T1/ 2 .

The average DCV concentration in the axon first decreases from its initial steady-state value (the
last equation in (11)), then reaches a plateau, and then quickly increases until it reaches a steadystate value (Fig. S8). The reason for the initial decrease of the average concentration is the
depletion of the axon of DCVs as the terminal is filled. In the beginning of terminal filling, the
flux of DCVs into the terminal exceeds the flux of DCVs that enter the axon from the soma.
However, when the DCV concentrations in boutons become closer to their saturated values,
refilling of the axon begins: the DCV flux into the terminal decreases, and the average DCV
concentration in the axon increases back to its steady-state value (the beginning of this process is
shown by a rhombus in Fig. S8).

Fig. S8. The buildup toward steady-state: concentrations of transiting DCVs in the axon. A
rhombus shows the time of switching between two different transport regimes: (i) the regime
when DCV capture in boutons exceeds the rate of DCV synthesis in the soma and (ii) the regime
when the terminal is filled to saturation, and the DCV concentration in the axon recovers to its
15

steady-state value. The case when the average DCV concentration in the axon is modeled by Eq.
(4a), and jax 26 is modeled by Eq. (5).   1 (which refers to the case when all captured DCVs
eventually reenter the transiting pool), T1/ 2, ax  1  T1/ 2 .

Anterograde (Fig. S9) and retrograde (Fig. S10) fluxes in the terminal follow the same trend as
the DCV concentrations (Fig. S7): they first increase, reach a plateau, and increase again until
they reach a steady-state value. Because in this case   1 (no DCV destruction in boutons, all
DCVs return to the transiting pool after spending some time in boutons), all DCV fluxes between
boutons reach the same steady-state value. This situation thus produces a DCV circulation in the
terminal.

(a)
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(b)

Fig. S9. The buildup toward steady-state: the flux from the axon to the most proximal bouton and
anterograde fluxes between various boutons. (a) Fluxes ax26 through 1514. (b) Fluxes
1413 through 21. The case when the average DCV concentration in the axon is modeled by
Eq. (4a), and jax 26 is modeled by Eq. (5).   1 (which refers to the case when all captured
DCVs eventually reenter the transiting pool), T1/ 2, ax  1  T1/ 2 .
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(a)

(b)

Fig. S10. The buildup toward steady-state: retrograde fluxes between various boutons and the
flux from the most proximal bouton to the axon. (a) Fluxes 12 through 1314. (b) Fluxes
1415 through 26ax. The case when the average DCV concentration in the axon is modeled
18

by Eq. (4a), and jax 26 is modeled by Eq. (5).   1 (which refers to the case when all captured
DCVs eventually reenter the transiting pool), T1/ 2, ax  1  T1/ 2 .

S2.4.1.2. The situation when the half-life of DCVs in the axon, T1/ 2,ax , is 100 times greater
than the DCV half-residence time in boutons, T1/2

If the DCV half-life in the axon is increased by a factor of 100, the time for the DCV
concentrations in boutons to reach steady-state increases significantly (to approximately 3,000
hours), as depicted in Fig. S11, see also Table S3 (this obviously cannot be reached in Drosophila
due to much shorter Drosophila life cycle). This is because for a short DCV half-life in the axon,
a large number of DCVs are destroyed in the axon, which requires a large supply of DCVs from
the soma to compensate for this destruction. However, if the DCV half-life in the axon is large,
the required DCV supply from the soma is small, and hence it takes a long time to replenish the
initial depletion of DCV concentration in the axon.

(a)

19

(b)

Fig. S11. The buildup toward steady-state: concentrations of captured DCVs in various boutons.
(a) Boutons 26 through 14. (b) Boutons 13 through 1. The case when the average DCV
concentration in the axon is modeled by Eq. (4a), and jax 26 is modeled by Eq. (5).   1 (which
refers to the case when all captured DCVs eventually reenter the transiting pool),
T1/ 2, ax  100  T1/ 2 .

Qualitatively, the average DCV concentration in the axon behaves similarly to that for
T1/ 2, ax  T1/ 2 , but it now takes much longer, approximately 4,400 hours (Fig. S12, Table S6), for

the DCV concentration in the axon to recover from the drop caused by the depletion of the axon
of DCVs due to filling the terminal and begin to increase back to its steady-state value (the time
of 4,400 hours is certainly impossible in Drosophila).
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Fig. S12. The buildup toward steady-state: concentrations of transiting DCVs in the axon. A
rhombus shows the time of switching between two different transport regimes: (1) the regime
when DCV capture in boutons exceeds the rate of DCV synthesis in the soma and (2) the regime
when the terminal is filled to saturation, and the DCV concentration in the axon recovers to its
steady-state value. The case when the average DCV concentration in the axon is modeled by Eq.
(4a), and jax 26 is modeled by Eq. (5).   1 (which refers to the case when all captured DCVs
eventually reenter the transiting pool), T1/ 2, ax  100  T1/ 2 .

Anterograde (Fig. S13) and retrograde (Fig. S14) fluxes are very similar in all boutons and
exhibit the same behavior: a rapid decrease, an almost constant value, and a slow increase to
steady-state. Both anterograde and retrograde fluxes reach their steady-state values in
approximately 8,000 hours (Table S4).
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(a)

(b)

Fig. S13. The buildup toward steady-state: the flux from the axon to the most proximal bouton
and anterograde fluxes between various boutons. (a) Fluxes ax26 through 1514. (b) Fluxes
1413 through 21. The case when the average DCV concentration in the axon is modeled by
22

Eq. (4a), and jax 26 is modeled by Eq. (5).   1 (which refers to the case when all captured
DCVs eventually reenter the transiting pool), T1/ 2, ax  100  T1/ 2 .

(a)

(b)
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Fig. S14. The buildup toward steady-state: retrograde fluxes between various boutons and the
flux from the most proximal bouton to the axon. (a) Fluxes 12 through 1314. (b) Fluxes
1415 through 26ax. The case when the average DCV concentration in the axon is modeled
by Eq. (4a), and jax 26 is modeled by Eq. (5).   1 (which refers to the case when all captured
DCVs eventually reenter the transiting pool), T1/ 2, ax  100  T1/ 2 .

S2.4.2. DCVs captured into the resident state are destroyed in boutons (   0 )
S2.4.2.1. The situation when the half-life of DCVs in the axon, T1/ 2,ax , is equal to the DCV
half-residence time in boutons, T1/2

In this case, at relatively small times (t = 0.2, 1, and 5 h), the proximal half of the terminal
accumulates DCVs while the distal half remains empty (Fig. S15).

Fig. S15. Concentrations of captured DCVs in various boutons at three times: t = 0.2, 1, and 5 h.
The case when the average DCV concentration in the axon is modeled by Eq. (4a), and jax 26 is
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modeled by Eq. (5).   0 (which refers to the case when all captured DCVs are destroyed in
boutons), T1/ 2, ax  1  T1/ 2 .

Interestingly, for   0 , when DCVs are destroyed in boutons, the boutons are filled quicker than
for the similar case of   1 (compare Figs. S16 and S7). It now takes approximately 20 hours to
fill the boutons to saturation (Fig. S16, Table S3). This is because for   0 the model assumes
that DCVs are destroyed in the terminal, which leads to more DCV flux from the soma into the
axon (we assumed that enough DCVs are produced in the soma to compensate for the DCV
destruction in the axon and soma at steady-state).

(a)

25

(b)

Fig. S16. The buildup toward steady-state: concentrations of captured DCVs in various boutons.
(a) Boutons 26 through 14. (b) Boutons 13 through 1. The case when the average DCV
concentration in the axon is modeled by Eq. (4a), and jax 26 is modeled by Eq. (5).   0 (which
refers to the case when all captured DCVs are destroyed in boutons), T1/ 2, ax  1  T1/ 2 .

It takes approximately 20 hours for the axonal DCV concentration to reach the end of the plateau
region (see the position of the rhombus in Fig. S17, Table S6), which is significantly shorter than
that for   1 (Fig. S8, Table S6).
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Fig. S17. The buildup toward steady-state: concentrations of transiting DCVs in the axon. A
rhombus shows the time of switching between two different transport regimes: (1) the regime
when DCV capture in boutons exceeds the rate of DCV synthesis in the soma and (2) the regime
when the terminal is filled to saturation, and the DCV concentration in the axon recovers to its
steady-state value. The case when the average DCV concentration in the axon is modeled by Eq.
(4a), and jax 26 is modeled by Eq. (5).   0 (which refers to the case when all captured DCVs
are destroyed in boutons), T1/ 2, ax  1  T1/ 2 .

Anterograde (Fig. S18) and retrograde (Fig. S19) fluxes increase to slightly different values in
different boutons within approximately 60 hours (Table S4).
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(a)

(b)

Fig. S18. The buildup toward steady-state: the flux from the axon to the most proximal bouton
and anterograde fluxes between various boutons. (a) Fluxes ax26 through 1514. (b) Fluxes
1413 through 21. The case when the average DCV concentration in the axon is modeled by
28

Eq. (4a), and jax 26 is modeled by Eq. (5).   0 (which refers to the case when all captured
DCVs are destroyed in boutons), T1/ 2, ax  1  T1/ 2 .

(a)

(b)
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Fig. S19. The buildup toward steady-state: retrograde fluxes between various boutons and the
flux from the most proximal bouton to the axon. (a) Fluxes 12 through 1314. (b) Fluxes
1415 through 26ax. The case when the average DCV concentration in the axon is modeled
by Eq. (4a), and jax 26 is modeled by Eq. (5).   0 (which refers to the case when all captured
DCVs are destroyed in boutons), T1/ 2, ax  1  T1/ 2 .

S2.4.2.2. The situation when the half-life of DCVs in the axon, T1/ 2,ax , is 100 times greater
than the DCV half-residence time in boutons, T1/2
It is interesting that if the half-life of DCVs in the axon is increased ( T1/ 2, ax  100  T1/ 2 ), the time
it takes for the DCV concentrations in boutons to reach their saturated values (between 20 and 50
hours depending on the position of the bouton, see Table S3) is much shorter than the time of
recovery of the axonal concentration to its steady-state value (compare Figs. S20 and S21, see
also Table S3). This is because in this case, the concentration in the axon does not decrease to a
very low value (Fig. S21). Since the DCV flux into the axon is proportional to the axonal
concentration of DCVs (Eq. (5)), the terminal in this case fills up relatively quickly.

(a)
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(b)

Fig. S20. The buildup toward steady-state: concentrations of captured DCVs in various boutons.
(a) Boutons 26 through 14. (b) Boutons 13 through 1. The case when the average DCV
concentration in the axon is modeled by Eq. (4a), and jax 26 is modeled by Eq. (5).   0 (which
refers to the case when all captured DCVs are destroyed in boutons), T1/ 2, ax  100  T1/ 2 .
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Fig. S21. The buildup toward steady-state: concentrations of transiting DCVs in the axon. A
rhombus shows the time of switching between two different transport regimes: (1) the regime
when DCV capture in boutons exceeds the rate of DCV synthesis in the soma and (2) the regime
when the terminal is filled to saturation, and the DCV concentration in the axon recovers to its
steady-state value. The case when the average DCV concentration in the axon is modeled by Eq.
(4a), and jax 26 is modeled by Eq. (5).   0 (which refers to the case when all captured DCVs
are destroyed in boutons), T1/ 2, ax  100  T1/ 2 .

It takes anterograde (Fig. S22) and retrograde (Fig. S23) fluxes between the boutons
approximately 4,000 hours to reach their steady-state values (Table S4).
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(a)

(b)

Fig. S22. The buildup toward steady-state: the flux from the axon to the most proximal bouton
and anterograde fluxes between various boutons. (a) Fluxes ax26 through 1514. (b) Fluxes
1413 through 21. The case when the average DCV concentration in the axon is modeled by
33

Eq. (4a), and jax 26 is modeled by Eq. (5).   0 (which refers to the case when all captured
DCVs are destroyed in boutons), T1/ 2, ax  100  T1/ 2 .

(a)
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(b)

Fig. S23. The buildup toward steady-state: retrograde fluxes between various boutons and the
flux from the most proximal bouton to the axon. (a) Fluxes 12 through 1314. (b) Fluxes
1415 through 26ax. The case when the average DCV concentration in the axon is modeled
by Eq. (4a), and jax 26 is modeled by Eq. (5).   0 (which refers to the case when all captured
DCVs are destroyed in boutons), T1/ 2, ax  100  T1/ 2 .

S2.5. Analysis of the dependence of the time of switching between different transport
regimes on the fates of DCVs in boutons and on the half-life of DCVs in the axon
The time of switching between different transport regimes, tswitch (see the position of the rhombus
in Figs. S8, S12, S17, and S21), shows the moment when the axon starts to get refilled after the
initial depletion of DCVs, and the DCV concentration in the axon starts to increase. The increase
of the DCV half-life in the axon increases the duration during which the axon remains depleted of
DCVs (Fig. S24a). This is because when the DCV half-life in the axon is small, a large portion of
DCVs are destroyed in the axon before reaching the terminal. To make a steady-state possible,
this requires DCVs to be synthesized in the soma at a greater rate. A large supply of DCVs from
the soma allows the axon to recover its DCV concentration quickly after filling the terminal.
35

A sharp increase of tswitch with the increase of  (Fig. S24b) is explained by the fact that for a
greater value of  , a larger portion of DCVs are returned back to the transiting pool (rather than
being destroyed in boutons). This means that for greater  , less DCV synthesis in the soma is
needed to compensate for DCV destruction. A lesser supply of DCVs leads to a longer time that it
takes to replenish the initial depletion of the axon of DCVs that happens as DCVs are filling the
terminal that is assumed not to contain any DCVs initially (Eq. (11)).

(a)
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(b)

Fig. S24. Time of switching between different transport regimes versus (a) The ratio of the DCV
half-life in the axon to DCV half-residence time in boutons, for   1 ; (b) parameter 
simulating the fate of resident DCVs (   0 simulates the situation when all captured DCVs are
eventually destroyed in boutons and   1 simulates the situation when all captured DCVs
eventually reenter the transiting pool), for T1/ 2, ax  100  T1/ 2 .

S2.6. Age distribution of DCVs in boutons and mean age of DCVs in boutons: Analysis for
the case when governing equations (1)-(3) can be linearized

From the numerical solution, we concluded that the anterograde fluxes remain positive at all
times (Fig. 6) while the retrograde fluxes become positive in less than one hour into the process
of filling the terminal (Fig. 7). Thus, the following approximations can be made:

min  h26a  nsat 0,26  n26  , jax26   h26a  nsat 0,26  n26 

(S1)

and

min  h26r  nsat 0,26  n26  , j2526   h26r  nsat 0,26  n26  .
Eq. (1) can then be simplified as:
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(S2)

L26

ln  2  

dn26
a
r
   h26a  h26r  L26
 n26   h26  h26  nsat 0,26 .
dt
T
1/ 2 


(S3)

Using the same approximation, Eq. (2) can be simplified as:
Li

ln  2  

dni
a
r
   hia  hir  Li
 ni   hi  hi  nsat 0,i
dt
T1/ 2 


(i=25,24,…,2),

(S4)

and Eq. (3) further reduces to:
L1

ln  2  

dn1
   h1  L1
 n1  h1nsat 0,1 .
dt
T1/ 2 


(S5)

This means that we can linearize Eq. (21). Matrix B for the compartmental system displayed in
Fig. 2 is a diagonal matrix whose elements on the main diagonal are given by Eq. (22).
The last element of vector u now is
u26   h26a  h26r   nsat 0,26  n26  / L26 .

(S6)

The other elements of vector u now are
ui   hia  hir   nsat 0,i  ni  / Li

(i=25,24,…,2)

(S7)

and
u1  h1  nsat 0,1  n1  / L1 .

(S8)

We then followed the procedure outlined by Eqs. (26)-(32) and obtained the results displayed in
Fig. S25, which are practically identical to the results presented in Fig. 8 for the non-linear case.
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(a)

(b)

Fig. S25. The case of linearized governing equations: Eqs. (1)-(3) are replaced with their
linearized versions given by Eqs. (S3)-(S5). (a) Age density of DCVs in various boutons at
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steady-state. (b) Mean age of resident DCVs in various boutons versus time. The case when

jax 26 is kept constant (at 2 DCVs/min). Also note the similarity with Fig. 8.
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