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Spire2 and Rab11a synergistically activate myosin-5b motor function 
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A B S T R A C T   

Cellular vesicle long-distance transport along the cytoplasmic actin network has recently been uncovered in 
several cell systems. In metaphase mouse oocytes, the motor protein myosin-5b (Myo5b) and the actin nucleation 
factor Spire are recruited to the Rab11a-positive vesicle membrane, forming a ternary complex of Myo5b/Spire/ 
Rab11a that drives the vesicle long-distance transport to the oocyte cortex. However, the mechanism underlying 
the intermolecular regulation of the Myo5b/Spire/Rab11a complex remains unknown. In this study, we 
expressed and purified Myo5b, Spire2, and Rab11a proteins, and performed ATPase activity measurements, 
pulldown and single-molecule motility assays. Our results demonstrate that both Spire2 and Rab11a are required 
to activate Myo5b motor activity under physiological ionic conditions. The GTBM fragment of Spire2 stimulates 
the ATPase activity of Myo5b, while Rab11a enhances this activation. This activation occurs by disrupting the 
head-tail interaction of Myo5b. Furthermore, at the single-molecule level, we observed that the GTBM fragment 
of Spire2 and Rab11a coordinate to stimulate the Myo5b motility activity. Based on our results, we propose that 
upon association with the vesicle membrane, Myo5b, Spire2 and Rab11a form a ternary complex, and the 
inhibited Myo5b is synergistically activated by Spire2 and Rab11a, thereby triggering the long-distance transport 
of vesicles.   

1. Introduction 

Intracellular vesicle transport is vital for cellular survival and 
fundamental function, and this process depends on the cytoskeleton, 
which comprises microtubules and actin filaments. Microtubules are 
rigid and extend radially throughout the cytoplasm. In contrast, actin 
filaments are short, dynamic and much less rigid than microtubules. 
Thus, microtubule and actin filaments are widely believed to serve as 
tracks for long-range and short-range vesicle transport, respectively. 
However, recent studies have shown that specific vesicles can be 
transported long-distance along actin tracks, rather than microtubules, 
through the coordination of vesicle-associated motors and track as
sembly proteins [1–5]. 

In mouse metaphase oocytes, Rab11a-positive vesicles are capable of 
long-range movement towards the oocyte cortex through a cytoplasmic 

actin network. This network is assembled by the actin nucleation factors 
Spire and Formins at the vesicles, connecting the cytoplasmic vesicles to 
cell surface. Myosin-5b (Myo5b), a motor protein, associates with these 
vesicles, and drives them to move directionally along the actin network 
to reach the oocyte cortex [1,2,5]. Similarly, in melanocytes, melano
somes disperse over long-range centrifugally throughout the cell, 
depending on the cooperation of motor protein myosin-5a (Myo5a) and 
Spire/Formin at the organelle membrane [3,4]. However, little is known 
about how these proteins are coordinated in intracellular vesicle 
transport. 

Myo5b, which serves as the motor center at the Rab11a-positive 
vesicles in mouse oocytes, can convert chemical ATP energy into me
chanical force and move processively on actin filaments [6,7]. Myo5b 
structurally contains four distinct regions: the N-terminal motor domain 
(the head), the adjacent lever arm containing six IQ motifs (the neck 
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region), a coiled-coil dimerization region in the middle, and the C-ter
minal globular tail domain (GTD) (Fig. 1A) [8–11]. The motor domain 
contains the nucleotide and actin filament binding sites, and can convert 
the energy of ATP hydrolysis into mechanical power to move along actin 
filaments. The coiled-coil region and the GTD domain recognize cargo or 
cargo adaptors [10,12]. Additionally, the GTD, composed of two closely 
apposed subdomains (subdomain-1 and subdomain-2), functions as an 
inhibitory domain by interacting with the N-terminal motor domain to 
prevent energy waste [8–15]. 

As an actin nucleation factor at the vesicle membrane, Spire consists 
of an N-terminal kinase-like non-catalytic domain (KIND) and four 
Wiskott-Aldrich syndrome protein homology 2 (WH2) domains that 
bind actin, followed by a Spire box (SB), and a C-terminal FYVE-type 
zinc finger domain that interacts with negatively charged membrane 
lipids (Fig. 1A) [16,17]. In vitro protein interaction assays have 
demonstrated that Spire proteins interact directly with Myo5b-GTD 
through a short conserved motif of 27 amino acids (Spire-GTBM), 
which is located between the WH2 domain and SB domain (Fig. 1A) 
[18]. Structural evidence indicates that Spire-GTBM binds to the 
subdomain-1 of the homologous Myosin5a (Myo5a) GTD, while Rab11a 
binds to subdomain-2, indicating that Myo5b/Spire2/Rab11a can form a 
ternary complex [18]. However, a critical question of how the mole
cules, especially Myo5b, are regulated in this complex remains 
unknown. 

In this study, we expressed and purified Myo5b and its associated 
proteins, and performed ATPase activity measurements, pulldown and 
single-molecule motility assays. Our data demonstrate that both Spire2 
and Rab11a are required to activate Myo5b motor function, indicating 
that precise intermolecular regulation exists in the Myo5b/Spire2/ 
Rab11a complex during actin dependent long-distance vesicle transport. 

2. Materials and methods 

2.1. Materials 

Q5 high-fidelity DNA polymerase and restriction enzymes were 
purchased from New England BioLabs (Beverly, MA). Oligonucleotides 
were synthesized by Sangon (Shanghai, China). Anti-FLAG M2 affinity 
sepharose, 2,4-dinitrophenyl-hydrazine, phosphoenolpyruvate (PEP), 
pyruvate kinase were purchased from Sigma-Aldrich (St. Louis, MO). 
FLAG (DYKDDDDK) peptide was synthesized by Augct (Beijing, China). 
Glutathione Sepharose 4 Fast Flow (GSH-Sepharose) was purchased 
from Solarbio (Beijing, China). Actin was prepared from rabbit skeletal 
muscle [19]. 

2.2. Cloning, expression and purification of Myo5b constructs and 
associated proteins 

FLAG-tagged rat Myo5b full length and HMM (heavy meromyosin) 
fragment were prepared as previously described [15]. The cDNA of 
full-length Spire2 was synthesized by genewiz (Suzhou, China). To ex
press Spire2 protein in Sf9 insect cells, the cDNA was subcloned into 
pFastBac vector and its recombinant baculovirus was generated using 
the Bac-To-Bac system (Invitrogen). Spire2 protein was expressed in Sf9 
insect cells, and purified using anti-FLAG M2 affinity sepharose [20,21]. 
All clones mentioned in this paper were confirmed by DNA sequencing. 
The light chain of Myo5b, calmodulin (CaM), was prepared as previ
ously described [22]. 

The cDNAs of Myo5b-GTD (comprising the C-terminal 407 residues 
of Myo5b), Rab11a, and Spire2-GTBM (residues 406–430 of Spire2) 
derived from PCR, were subcloned into pGEX4T1 vector, and expressed 
in Escherichia coli BL21(DE3). The GST-tagged Myo5b-GTD, Rab11a, and 
Spire2-GTBM proteins were further purified using GSH affinity chro
matography following the standard procedures. The purified proteins 
were dialyzed against Dialysis Buffer (10 mM Tris-HCl (pH 7.5), 0.2 M 
NaCl and 1 mM DTT), and the concentrations were determined based on 
the absorbance at 280 nm using the following molar extinction co
efficients (liters.mol− 1.cm− 1): 74910 (GST-GTD), 63020 (GST-Rab11a), 
41160 (GST-Spire2-GTBM). Activated Rab11a (GTPγS-Rab11a) was 
prepared by incubated with a 5-fold excess of GTPγS and MgCl2 at 25 ◦C 
for 30 min. 

2.3. ATPase assay 

The ATPase activity of Myo5b was measured using an ATP regen
eration system at 25 ◦C as described previously [23]. Unless otherwise 
indicated, the activity was measured in a solution containing 20 mM 
MOPS-KOH (pH7.0), 1 mM MgCl2, 200 mM KCl, 0.25 mg/ml BSA, 
approximately 60–100 nM Myo5b, 40 μM actin, 12 μM CaM, 1 mM 
EGTA, 0.5 mM ATP, 20 U/ml pyruvate kinase, 2.5 mM PEP, 1 mM DTT, 
and indicated concentrations of adaptor proteins. 

2.4. Anti-FLAG pulldown assay 

Anti-FLAG pulldown of FLAG-tagged Myo5b-HMM with GST-tagged 
GTD in the presence or absence of adaptor proteins was performed as 
follows. 18 μl Anti-Flag M2 Sepharose beads were mixed with 100 μl of 
0.6 μM Myo5b–HMM, 1.8 μM GTD and 2.4 μM GTPγS-Rab11a or 2.4 μM 
Spire-GTBM in Reaction Buffer (20 mM MOPS-KOH (pH 7.0), 100 mM 
NaCl, 10 μM CaM, 1 mM MgCl2, 3 μM GTPγS, 1 mM EGTA, 1 mM DTT), 
and rotated at 4 ◦C for 2 h. The beads were then washed 4-5 times with 
100 μl of Wash Buffer (20 mM MOPS-KOH (pH 7.0), 50 mM NaCl, 1 mM 

Fig. 1. Myo5b and its binding partners used in this study. (A) Schematic primary structure of Myo5b constructs and Spire2. Myo5b-FL, the full-length Myo5b; 
Myo5b-HMM, Myo5b truncation as indicated; Myo5b-GTD, the C terminal globular tail domain of Myo5b; Spire2-FL, the full-length Spire2. For clarity, the diagram 
was not drawn to scale. (B) SDS-PAGE (4–20%) of purified Myo5b and its binding partner proteins in this paper. FLAG-tagged proteins (Myo5b-FL, HMM and Spire2- 
FL) and GST-tagged proteins (Myo5b-GTD, Rab11a, and Spire2-GTBM) were expressed in Sf9 and BL21(DE3) E. coli cells, respectively. 
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MgCl2, 1 μM GTPγS, 1 mM EGTA, 1 mM DTT). The proteins bound to the 
beads were eluted with 30 μl of Elution Buffer (20 mM MOPS-KOH (pH 
7.0), 200 mM NaCl, 0.2 mg/ml FLAG peptide, 1 μM GTPγS, 1 mM MgCl2, 
1 mM EGTA, 1 mM DTT). The eluted proteins were separated by regular 
SDS− PAGE (4–20%) and stained with Coomassie Brilliant Blue (CBB). 
The amounts of the Myo5b-HMM and GTD were quantified by NIH 
Image J software (Bethesda, MD). 

2.5. Single-molecule motility assay 

The in vitro single-molecule motility was performed at room tem
perature with slight modifications [24,25]. Approximately 10 μl volume 
of a flow chamber was assembled, and then fluxed with 30 μl of High Salt 
Buffer (10 mM Hepes-KOH (pH 7.5), 500 mM KCl, and 5 mM MgCl2). 
The chamber was incubated with 18 μl of 0.4 mg/ml N-ethyl
maleimide-treated myosin in High Salt Buffer for 6 min, and then 
blocked with 15 μl 1 mg/ml casein for 3 min. 10 μl of 10 nM Alexa 
488-phalloidin-labeled actin filaments in Low Salt Buffer (20 mM 
Hepes-KOH (pH 7.6), 25 mM KCl, 2 mM MgCl2, and 1 mM EGTA) were 
flowed into the chamber, and incubated for 3 min. The chamber was 
then rinsed with 35 μl of Low Salt Buffer containing 0.10 mg/ml casein, 
40 units/ml glucose oxidase, 2000 units/ml catalase, and 1% glucose. 
Ultimately, the chamber was perfused with 30 μl of Reaction Solution 
(~1 nM Cy3B-labeled Myo5b, 10 μM ATP, 10 μM CaM, 40 units/ml 
glucose oxidase, 2000 units/ml catalase, 1% glucose, 0.5 mM PEP, and 2 
units/ml pyruvate kinase in the presence/absence of 5 μM 
GTPγS-Rab11a and/or 1 μM Spire2-GTBM in Low Salt Buffer). 

Imaging was conducted at a frame rate of 5 s− 1 under an inverted 
total internal reflection fluorescence (TIRF) microscope (Nikon Ti-E) as 
described previously [26]. Images were analyzed and the number of 
Cy3B-labeled Myo5b that moved along actin filaments was quantified 
and normalized to the total length of actin filaments using NIH ImageJ 
software. Cy3B-labeled Myo5b, Alexa 488–phalloidin labeled actin fil
aments and N-ethylmaleimide-treated myosin were prepared as 
described previously [22,26,27]. 

2.6. Statistical analyses 

All values are shown as mean ± S.D. An unpaired Student’s t-test was 

used for statistical analysis, with significance defined as P < 0.05 (*, P <
0.05; **, P < 0.01; ***, P < 0.001) (GraphPad Prism software version 6.0 
for Windows). 

3. Results 

3.1. Spire2 and Rab11a collaboratively activate the ATPase activity of 
Myo5b 

To investigate the impact of vesicle adaptors on Myo5b motor 
function, we prepared full-length and truncated Myo5b proteins, 
together with Spire2 (an isoform of Spire proteins on the vesicle mem
brane) and Rab11a (Fig. 1). Since the GTBM fragment of Spire binds to 
subdomain-1 of Myo5 GTD, and GTD can interact with and inhibit N- 
terminal motor head function, it is possible that Spire-GTBM can disrupt 
this head-tail interaction and release the motor head function. To test 
this hypothesis, we measured the actin-activated ATPase activity of 
Myo5b in the presence of Spire2-GTBM. As depicted in Fig. 2A, the 
addition of 8 μM Spire2-GTBM stimulated the inhibited activity of 
Myo5b to approximately 1.8-fold under EGTA conditions. 

We further characterized the Spire2-GTBM dependent actin- 
activated ATPase activity of Myo5b. In the presence of 200 mM KCl, 
Myo5b ATPase activity was activated by Spire2-GTBM with a maximal 
ATPase activity (Vmax) of 1.40 ± 0.24 head− 1s− 1, and an apparent af
finity (Km) of 7.70 ± 2.67 μM (Fig. 2B). The maximal activated Myo5b 
activity by saturated Spire2-GTBM was ~2.6-fold higher than that in the 
absence of Spire2-GTBM (referred to as V0, 0.89 ± 0.04 head− 1s− 1). 

Another vesicular adaptor, Rab11a, weakly stimulated Myo5b ac
tivity (Fig. 2A), which is consistent with our previous work [15]. 
Considering Spire2-GTBM and Rab11a bind to subdomain-1 and 2 of 
Myo5 GTD, respectively. It is possible that Spire2 and Rab11a collabo
ratively regulate Myo5b motor function. We measured the 
actin-activated ATPase activity of Myo5b in the presence of Spire2 and 
Rab11a, we found that Spire2-GTBM and Rab11a substantially collab
oratively stimulated the activity of Myo5b (Fig. 2A, the fourth column). 
The addition of 5 μM Rab11a significantly increased the Vmax (2.70 ±
0.25 head− 1s− 1) and decreased the Km (4.05 ± 0.35 μM) of Myo5b 
ATPase activity activated by Spire2-GTBM (Fig. 2B). 

Next, we examined the effect of ionic strength on the activity of 

Fig. 2. The ATPase activity of Myo5b was co-activated by Spire2-GTBM and Rab11a. (A) The ATPase activity of Myo5b in the presence of Spire2 and Rab11a. 
The activity was measured in the presence of 8 μM Spire2 or Rab11a under the following conditions: 20 mM MOPS-KOH (pH 7.0), 200 mM KCl, 1 mM DTT, 1 mM 
MgCl2, 0.25 mg/ml BSA, 2.5 mM PEP, 20 units/ml pyruvate kinase, 12 μM CaM, 0.5 mM ATP, 40 μM actin, and 1 mM EGTA. Values are mean ± S.D. from 3 to 4 
independent assays. Asterisks (*, P < 0.05; **, P < 0.01; ***, P < 0.001) denote a statistically significant difference compared with the first column. The activity of 
Myo5b-HMM was included as a positive control. (B) The ATPase activity of Myo5b was activated by 0–20 μM Spire2-GTBM in the absence (open circles) or presence 
(closed circles) of 5 μM Rab11a. The activity was measured as described above, and fitted with a hyperbolic equation: V––V0+ Vmax * [GTBM]/(Kd + [GTBM]), where 
V0, the ATPase activity in the absence of GTBM; Vmax, the maximal activated ATPase activity; and Kd, the concentration of GTBM that simulates the ATPase activity to 
50% of Vmax. Values are mean ± S.D. from three independent assays. (C) The effect of ionic strength on the activation of Myo5b ATPase activity by Spire2-GTBM and 
Rab11a. The ATPase activity of Myo5b was determined under EGTA conditions and 50–500 mM KCl in the absence or presence of 8 μM Spire2-GTBM and/or 10 μM 
Rab11a. Open circles, in the absence of Spire2-GTBM and Rab11a; closed circles, in the presence of 8 μM Spire2-GTBM; closed triangle, in the presence of 10 μM 
Rab11a; closed squares, in the presence of 8 μM Spire2-GTBM and 10 μM Rab11a. All data are mean ± S.D. from three independent assays. 
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Myo5b activated by Spire2-GTBM and Rab11a. As depicted in Fig. 2C, 
the Myo5b ATPase activity activated by 8 μM Spire2-GTBM and/or 10 
μM Rab11a were highly dependent on ionic strength. The Myo5b 
ATPase activity activated by Spire2-GTBM or Rab11a reached its 
maximum at approximately 300 mM KCl, compared to the absence of 
these factors (Fig. 2C). In the presence of both Spire2-GTBM and 
Rab11a, the stimulated activity peaked at around 200 mM KCl, indi
cating that both Spire2-GTBM and Rab11a are required to activate 
Myo5b motor function under physiological ionic strength conditions 
(Fig. 2C). The stimulated activity of Myo5b in the presence of Spire2- 
GTBM and/or Rab11a at high ionic strength conditions (300–500 mM 
KCl) decreased, which may be caused by the disruption of interactions 

between GTBM/Rab11a and GTD in such a high ionic strength solution. 

3.2. Spire2 and Rab11a disrupt the head-tail interaction of Myo5b 

To investigate whether Spire2-GTBM and Rab11a affect the head-tail 
interaction of Myo5b, we performed an anti-FLAG pulldown assay using 
FLAG-tagged Myo5b-HMM with GST-tagged Myo5b-GTD in the pres
ence of Spire2-GTBM and/or Rab11a. The pulled down Myo5b-GTD was 
then analyzed by SDS-PAGE. As shown in Fig. 3, Rab11a and Spire2- 
GTBM individually reduced the amount of GTD pulled down with 
Myo5b-HMM. The amount of pulled down Myo5b-GTD substantially 
reduced upon the addition of both Spire2-GTBM and Rab11a. These 

Fig. 3. Spire2-GTBM and Rab11a weakened the head-tail interaction of Myo5b. (A) Anti-FLAG pulldown of Myo5b-HMM with GTD in the absence or presence 
of Rab11a and Spire2-GTBM. The solution containing FLAG-tagged Myo5b-HMM, GST-tagged GTD and Rab11a or Spire2-GTBM was pulled down by anti-FLAG 
agarose, and the bound proteins were eluted by FLAG peptide. The eluted proteins were subjected to SDS–PAGE and Coomassie blue staining (for detail, see 
“Materials and methods” section). (B) The molar ratio of pulled down Myo5b-GTD versus Myo5b-HMM. The amounts of GTD and HMM pulled down were quantified 
based on their molecular masses using the ImageJ program. Values are mean ± S.D. from four independent assays. Asterisk (*, P < 0.05) indicates a statistically 
significant difference compared to the first column. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 

Fig. 4. Spire2 and Rab11a synergistically activated Myo5b motility activity. (A) Single-molecule imaging of Cy3B-labeled Myo5b molecules (green, indicated 
by arrowheads) moving along Alexa-488 labeled actin filaments (red) in the absence or presence of 1 μM Spire2-GTBM and/or 5 μM Rab11a. For clarity, only a part of 
the image (150 ☓ 150 pixels) is shown. Scale bars, 5 μm. (B) Frequency of Cy3B-labeled Myo5b moving along Alexa 488-labeled actin filaments within a fixed time 
and area. The values are normalized to 1 mm length of actin filament per minute. Values are mean ± S.D. from 3 to 5 different movies. Asterisks denote a statistically 
significant difference compared to the first column (***, P < 0.001). (For interpretation of the references to colour in this figure legend, the reader is referred to the 
Web version of this article.) 
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results suggest that the enhanced ATPase activity of Myo5b is due to the 
disruption of the Myo5b head-tail interaction. 

3.3. Spire2 and Rab11a synergistically stimulate Myo5b motility activity 

To further investigate the effects of Spire2-GTBM and Rab11a on 
Myo5b motor function, we performed a single-molecule motility assay 
of Myo5b. Cy3B-labeled Myo5b was mixed with 1 μM Spire2-GTBM 
and/or 5 μM Rab11a and then fluxed into an Alexa 488–labeled actin 
filaments-covered flow chamber. The movement of Cy3B-labeled Myo5b 
was recorded using a total internal reflection fluorescence (TIRF) mi
croscope. As depicted in Fig. 4A and Movies S1–S5, only a few Cy3B- 
labeled Myo5b molecules moved on actin filaments in the absence of 
Spire2-GTBM and Rab11a. The addition of either Spire2-GTBM or 
Rab11a alone, or full-length Spire2 together with Rab11a, did not 
significantly increase the number of moving Myo5b molecules. How
ever, upon the addition of both Spire2-GTBM and Rab11a, the number of 
Myo5b molecules moving increased 5.7–fold compared to that in the 
absence of Spire2-GTBM and Rab11a (Fig. 4B), indicating that both 
Spire2-GTBM and Rab11a are necessary to activate the motor motility 
activity of Myo5b. 

4. Discussion 

The coupling of myosin motility and actin track assembly in vesicle 
long-distance transport has recently been discovered in some cells. In 
mouse oocytes, the membrane-associated Spire and Rab11a are indis
pensable for the Myo5b dependent long-distance transport. However, it 
is still unclear how Spire and Rab11a influence Myo5b activity during 
intracellular transport. In the present study, we demonstrate that Spire2- 
GTBM and Rab11a collaboratively regulate the ATPase and motility 
activity of Myo5b. 

An important question is how the binding of Spire2-GTBM and 
Rab11a relieves the head-tail interaction and activates the motor func
tion of Myo5b. Structural and biochemical evidence demonstrates that 
Spire2-GTBM and Rab11a bind to subdomain-1 and 2 of Myo5a-GTD, 
respectively, forming a GTD/Spire-GTBM/Rab11a ternary complex 
[18,28]. Interestingly, the Spire2-GTBM binding groove on the GTD 
surface is the binding region for a strand extending from the N-terminus 
of the neighboring GTD, which is essential for GTD dimer formation [18, 
28–30]. On the other hand, the binding surface of Rab11a on 
subdomain-2 of GTD partially overlaps with the first calmodulin at the 
neck region of Myo5a [30]. Considering the high sequence similarity 
between Myo5a and Myo5b, the binding of Spire2-GTBM and Rab11a to 
the GTD may respectively disrupt the stable structure of the GTD dimer 
and the head-tail interaction of Myo5b, leading to the activation of 
Myo5b. In addition, one short fragment of melanophilin, GTBDP, which 
shares an overlapping binding site with Spire2-GTBM, can allosterically 
inhibit the head–GTD interaction of Myo5a [18,30,31], suggesting that 
allosteric regulation may also be involved in the activation of Myo5b. It 
should be noted that, in the present study, full-length Spire2 has little 
effect on the activation of Myo5b (Figs. 2A and 4B). To exclude the 
possibility of protein misfolding, we performed an actin polymerization 
assay in the presence of Spire2 proteins. Our data showed that the pu
rified full-length Spire2 proteins significantly stimulated actin poly
merization (Fig. S1), indicating the purified proteins are well-folded. 
Tittel and colleagues demonstrate that the N-terminal KIND domain of 
Spire2 strongly binds to the C-terminal FYVE-type domain [32], this 
intramolecular interaction may hinder the GTBM binding to 
Myo5b-GTD and subsequently affect the activation of Myo5b. Further 
research is needed to address this issue. 

In addition to mouse oocytes, similar microfilament networks have 
also been observed in Drosophila and Xenopus oocytes [33–35]. 
Furthermore, several studies demonstrate that Myo5a, in synergy with 
Spire, is recruited to specific vesicles in melanocytes and HeLa cells [3,4, 
36]. These findings suggest that specific vesicles, which recruit 

molecular motor and actin nucleation factors, and perform long-distance 
movement along self-assemble microfilament mesh may be widely 
present in cells. Our work may provide a general explanation for this 
vesicle transport. However, further studies regarding the formation, 
function and intermolecular regulation of such multi-protein complexes 
are still necessary to improve our understanding of intracellular trans
port processes. 
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