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Summary

A major function of the acinar cells of the lacrimal gland  overexpression of p50/dynamitin inhibited the recruitment
is the production and stimulated release of tear proteins and colocalization of dynein, the dynactin complex and
into ocular surface fluid. We investigate the participation VAMP2 in the subapical region. Nocodazole treatment and
of cytoplasmic dynein in carbachol-stimulated traffic to the  p50/dynamitin overexpression also depleted subapical
apical plasma membrane in primary rabbit lacrimal acinar ~ stores of rab3D in resting acini, suggesting that dynein
epithelial cells. Confocal fluorescence microscopy revealed activity was also involved in maintenance of rab3D-
a major carbachol-induced, microtubule-dependent enriched secretory vesicles. These data implicate
recruitment of cytoplasmic dynein and the dynactin cytoplasmic dynein in stimulated traffic to the apical
complex into the subapical region. Colocalization studies, plasma membrane in these secretory epithelial cells.
sorbitol density gradient/phase partitioning analysis and

microtubule-affinity purification of membranes showed

that some dynein and dynactin complex were associated Key words: Microtubule, Exocytosis, rab3D, VAMP2, Dynein,
with VAMP2-enriched membranes. Adenovirus-mediated Acinar secretion

Introduction light/intermediate (51-61 kDa) and light (8, 14, 22 kDa) chains

A major function of the acinar cells of the lacrimal gland is th(Holzbaur and Vallee, 1994). Dynein heavy chain contains sites
production and stimulated release of tear proteins includingr MT binding and ATP hydrolysis, and is responsible for
lysosomal hydrolases and growth factors into nascent tear flugeneration of mechanochemical force. The remaining dynein
(Fullard, 1994). Activation of DAG/C4-dependent pathways, Subunits may specify cargo interactions and/or regulate heavy
mimicked in vitro by the cholinergic agonist, carbachol (CCH).chain function. Directed transport of vesicles by conventional
or cAMP-dependent pathways can trigger the release @ytoplasmic dynein requires a multiprotein complex called the
secretory proteins (Dartt, 1994). Although the signalingdynactin complex (Gill et al., 1991). This complex functions
pathways are well defined, the identities of the downstrea@s an adapter, mediating dynein binding to different cargo
molecular effectors of stimulated tear protein secretion remaigtructures (Allan, 1996; Schroer, 1996; Holleran et al., 1998).
elusive. The dynactin complex exhibits two major structural features
Previous work has established that treatment withncluding a 37 nm actin-like filament largely comprised of the
microtubule (MT)-targeted drugs reduces stimulated lacrimactin-related protein, Arp1, attached to a 24 nm sidearm largely
acinar secretion (Robin et al., 1995; da Costa et al., 1998)omprised of a dimer of p150ed (Schafer et al., 1994). The
However, these studies did not identify the MT-based motap150°ued sidearm interacts with DIC (Vaughan and Vallee,
protein responsible nor define the step(s) involved. Twd995) and MTs (Waterman-Storer et al., 1995). p50/dynamitin,
families of MT-based motor proteins are known, the kinesing dynactin complex protein, may mediate the interaction of
and the cytoplasmic dyneins (Hirokawa, 1998). Lacrimapl50>¢dand the Arpl filament (Echiverri et al., 1996). When
acinar MTs are organized with their minus-ends beneath theverexpressed in mammalian cells, it is thought to prevent
apical membrane (da Costa et al., 1998), suggesting that M@emplex formation between the p£3@d sidearm and the
dependent traffic into this region would utilize a minus-endnembrane-associated Arpl filament (Echiverri et al., 1996;
directed motor-like cytoplasmic dynein. Burkhardt et al., 1997). We refer to conventional cytoplasmic
Conventional cytoplasmic dynein is a large multisubunitdynein and p50/dynamitin as dynein and dynamitin.
complex of ~1400 kDa consisting of two heavy chains (500- Here we focus on CCH-induced changes in dynein and
530 kDa) and several intermediate (DIC, 74 kDa)dynactin complex association with lacrimal acinar membranes
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enriched in one of two secretory vesicle markers, vesicleonfocal fluorescence microscopy

associated membrane protein 2 (VAMP2) or rab3D. Originallyror analysis of DIC, p1%t-ed or Arpl distribution with VAMP2,
identified on neuronal secretory vesicles, VAMP2 has beerab3D or actin filaments, acini cultured on Matrigel-coated coverslips
identified in acinar epithelial cells from several exocrine tissuewere rinsed with Dulbecco’s PBS (DPBS), fixed and permeabilized
including lacrimal gland (Fujita-Yoshigaka et al., 1996).with ethanol at —2@ for 10 minutes, rehydrated in DPBS (Mendell
Studies in parotid and pancreatic acini implicate VAMP2 inand Whitaker, 1978) and blocked with 1% bovine serum albumin.

ot ; ; cini were then incubated with appropriate primary and fluorophore-
secretagogue-stimulated exocytosis (Gaisano et al, 199’a{énjugated secondary antibodies and/or rhodamine phalloidin. For

Fujita-Yoshigaka et al., 1996, Hansen et al., 1999). Proteins (éynamitin detection, acini were fixed in 4% paraformaldehyde,

_the r_ab3 su_bfamlly of s_mall _GTP-blndlng proteins are III(eW'Sef)ermeabilized in 0.1% Triton X-100 (Tx-100) and processed as above.
implicated in exocytosis (Fischer von Mollard et al., 1994).53mples were imaged using a Nikon PCM Confocal System equipped
with rab3D constituting the principal isoform associated withyith Argon ion and green HeNe lasers attached to a Nikon TE300
secretory vesicles in pancreas, parotid gland and lacrimal glagiantum inverted microscope. Images were compiled in Adobe
(Ohnishi et al., 1996; Valentijn et al., 1996). Photoshop 7.0 (Adobe Systems, Mountain View, CA).

In rabbit lacrimal acini, we show by confocal fluorescence
microscopy that CCH promotes accumulation of dynein an%uantitation of western blots

the dynactin complex in the subapical region. Colocalizatio I : .
Y P b 9 lI'j—'or guantitation of proteins on western blots, the majority of blots

studies and biochemical analysis of |solatgd Sche”u'favrvere processed using secondary antibodies conjugated toIRD§e
membranes suggest that at least one vesicle populati

. - ‘atigfly quantified using an Odyssey Scanning Infrared Fluorescence
Fransported toward;s the aplgal membrane by Qyneln IS enn_c_h aging System (Li-Cor, Lincoln, NE). With tubulin as standard, we

in VAMP2. Adenovirus-mediated overexpression of dynamitinhave established that this system is linear over a 12-fold range
prevents the recruitment and colocalization of dynein, th@r2=0.98); our scanned values fall within this range. For display,
dynactin complex and VAMP2 beneath the apical membranduorescent signals were converted digitally to black and white. Some
Nocodazole treatment or dynamitin overexpression alsexperiments included in summary analyses used secondary antibodies
depletes subapical stores of rab3D in resting acini, suggestiggnjugated to horseradish peroxidase for ECL detection and
that dynein may also maintain this mature secretory vesiclg-antitation by densitometry.

population at the apical membrane.

Detergent extraction

Materials and Methods Sequential detergent ex_traction_ was as c_iescribed by_ Hollenbeck
(Hollenbeck, 1989). Lacrimal acini on Matrigel-coated dishes were
Reagents exposed to extraction buffer (0.1 M PIPES, pH 7.0, 5 mM MgSO
CCH, nocodazole, rhodamine-phalloidin, LDH Activity Assay kits 10 mM EGTA, 2 mM DTT supplemented with protease inhibitor
and goat anti-mouse secondary antibody conjugated to FITC wep®cktail) containing 4% polyethylene glycol, i taxol and 0.02%
obtained from Sigma Chemical (St Louis, MO). Mouse monoclonakaponin for 12 minutes at 7. Extraction buffer supplemented with
antibodies (mAbs) to dynamitin, p1%ged andy-adaptin were from 4% polyethylene glycol, 1AM taxol and 1% Tx-100 was then added
Transduction Laboratories (Lexington, KY). Rabbit polyclonal for 8 minutes at 3TC. After rinsing, the remaining material was
antibodies to VAMP2 and rab6 were purchased from Stressgestraped into extraction buffer containing 1% SDS. The distribution of
Biotechnologies (Victoria, British Columbia, Canada) and Santa Cruproteins of interest across pools was determined by SDS-PAGE and
Biotechnology (Santa Cruz, CA), respectively. The 74.1 mouse mAlvestern blotting.
to DIC was obtained from Chemicon (Temecula, CA). The rabbit
polyclonal antibody to rab3D and the mouse mAb to Arpl were the ) ) )
generous gifts of James Jamieson (Yale University) and Trina Schrogt!bcellular fractionation analysis
(Johns Hopkins University), respectively. Goat anti-mouse and antResting and CCH-stimulated acini were resuspended, lysed and
rabbit IRDyé1800-conjugated secondary antibodies were purchasednalyzed by differential sedimentation and isopycnic centrifugation on
from Rockland (Gilbertsville, PA). Goat anti-mouse and anti-rabbithyperbolic sorbitol gradients as described (Hamm-Alvarez et al., 1997,
horseradish peroxidase-conjugated secondary antibodies and EGQhng et al., 1999; Qian et al., 2002). Sedimented membrane fractions
reagents were obtained from Amersham (Arlington Heights, IL)were resuspended in sorbitol cell lysis buffer and snap frozen in liquid
Matrigel was obtained from Collaborative Biochemicals (Bedford,nitrogen before storage at 80 Phase partitioning analyses of
MA). ProLong antifade mounting medium and goat anti-rabbitmembranes from selected, pooled density gradient fractions were
secondary antibody conjugated to Alexa Fluor 568 were fronperformed as described (Mircheff, 1989), concentrated by differential
Molecular Probes (Eugene, OR). Cell culture reagents were frorentrifugation and resuspended and frozen as described above. Proteins
Life-Technologies. Protease inhibitor cocktail produced from Sigmaf interest were analyzed and quantified either on western blots or
reagents was used as described (Yang et al., 1999). using activity measuremenf$-fiexosaminidase, alkaline phosphatase)
as previously described (Mircheff, 1989). Density gradient
) ) distributions are expressed as the percentage of the total recovered in
Cell isolation and culture the 13 fractions, whereas phase partitioning distributions are expressed
Isolation of lacrimal acini from female New Zealand white rabbitsas cumulative percent recovery (Yang et al., 1999). CCH stimulation
(1.8-2.2 kg) obtained from Irish Farms (Norco, CA) was inhad no significant effect on the total amounts of each marker recovered
accordance with the Guiding Principles for Use of Animals inin the membranes. Differences between the amount of each of the
Research. Lacrimal acini were isolated as described (da Costa et a@koteins in corresponding fractions from parallel CCH-stimulated and
1998; Yang et al., 1999; Qian et al., 2002) and cultured for 2-3 daysontrol gradients were evaluated with Studert&st withP<0.05.
Cells prepared in this way aggregate into acinus-like structures;
individual cells within these structures display distinct apical and o )
basolateral domains and a polarized cytoskeleton, and maintainMiT-affinity isolation of membranes
robust secretory response (da Costa et al., 1998). Isolation of membranes by MT-affinity was as previously described
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(Goltz et al., 1992). Briefly, supernatant containing micros
membranes from resting and CCH-stimulated (104, 15
minutes) acini were incubated with taxol-polymerized por
brain MTs. Bound membranes were cosedimented with th
pellet under conditions that pelleted MTs but not micros:
membranes, and attached membranes were released with
Mg-ATP. DIC and VAMP2 contents in ATP-releasable memb
fractions from resting and stimulated acini were assess¢
western blotting of equivalent amounts of total protein.

Generation of adenoviral vectors

Recombinant adenoviral (Ad) vectors were constructed usir
AdEasy Vector System (Quantum Biotechnologies). Hu
dynamitin cDNA (provided by Janis Burkhardt, University
Chicago, with permission from Richard Vallee, University
Massachusetts) was cloned into the shuttle plasmid, pAd”
containing a CMV-driven green fluorescent protein (GFP) m.
gene and arms of homology to the left and right ends of the
genome flanking a plasmid backbone containing the kanal
resistance gene. Shuttle plasmids were linearized ant
electroporated into the recombinogeRiccoli BJ5183 strain wit
the 30 kb supercoiled plasmid, pAdEasy, containing the
genome in an ampicillin-resistant plasmid. Transformants
selected on kanamycin plates, mini-prep DNA from resi
colonies was screened by restriction digest, and clones show
correct restriction pattern were re-transformed taoli DH10
to prevent recombination. Virus stocks were producec
transfection of recombinant Ad genomes into 293 ¢
amplification and purification of harvested virus by ces
chloride ultracentrifugation. Viral titers were determined using
tissue culture infectious dageassay on 293 cells. For the
studies, 2-day acinar cultures were transduced at a MOI
PFU/ml for 4 hours, followed by rinsing and recovery for 1t
hours at 37C.

Fig. 1. CCH promotes MT-dependent recruitment of dynein to the

Secretion assays subapical region of acini. Lacrimal acini were fixed and processed for
Transduced acini seeded in Matrigel-coated 24-well plates labeling of dynein and actin filaments, and imaged by confocal
incubated in fresh medium before removal of an aliquo fluorescence microscopy. Dynein (green) is shown in panels A, D, G
measurement of protein content Brhexosaminidase activit and J, actin filaments (red) in the same samples in B, E, H and K, and
After treatment with or without CCH (10aM, 30 minutes), overlaid images in C, F, | and L. (A-C) resting acini; (D-F) CCH-

second aliquot of medium was removed for measurement of stimulated acini (10@M, 15 minutes); (G-l) nocodazole-treated acini
values. In each assay, protein ghblexosaminidase release w (33uM, 60 minutes); (J-L) nocodazole-treated acini |(B8 60
calculated from 5-6 replicate wells/treatment and normaliz minutes) exposed to CCH (11, 15 minutes). Asterisk, lumenal
total cellular protein. Differences between post- and pre-incuk regions; arrowhead, punctate labeling. Bar, gD

values from unstimulated acini represent basal release. Diffel

between post- and pre-incubation values from stimulated

represent total release (basal_plus stimulated). The stimulatea Va'ueacini, dynein exhibited a diffuse labeling pattern (Fig. 1A,C).
was calculated by subtracting basal release from total releas

Differences in experimental groups were determined using a paired.&CH ;Umulatlon. resulted in a Iarge increase in the Iabelmg
test withP<0.05. Protein was measured with the Micro-BCA Proteininteénsity of dynein beneath the apical plasma membrane (Fig.
Assay (Pierce) using bovine serum albumin as standard,fand 1D,F
hexosaminidase activity was assessed using methyumbel[yl- Fig. 2 shows the distribution of p1%Bedand Arp1 in resting
glucosaminide as substrate. and CCH-stimulated acini. Like dynein, p£36d(Fig. 2A)
and Arpl (Fig. 2C) were detected in a diffuse pattern in resting
acini. CCH stimulation promoted the same remarkable

Results _ _ recruitment of p15@ed(Fig. 2B) and Arpl (Fig. 2D) into the
CCH promotes MT-dependent recruitment of dynein and  subapical region detected for dynein. Analysis of the dynamitin
dynactin to the subapical region of acini distribution also revealed comparable diffuse and subapical

Figs 1 and 2 show the labeling patterns associated with dynefdata not shown) accumulation patterns in resting and CCH-
and two constituents of the dynactin complex, Fi%5dand  stimulated acini, respectively.

Arpl, in parallel with actin filaments in resting and CCH- Our previous investigations defined conditions for

stimulated lacrimal acini. Actin labeling facilitates readynocodazole exposure that promoted disassembly of lacrimal
identification of apical/lumenal membranes because of itacinar MTs (da Costa et al., 1998). Nocodazole comparably
enrichment at the apical cortex and within microvilli. In restingaltered the resting distributions of dynein (Fig. 1G,l) and
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1). The pool distributions of these proteins were not markedly
affected by CCH. The presence of most of the actin and tubulin
in the Tx-100 insoluble, SDS soluble pool was consistent with
the enrichment of cytoskeletal filaments in this pool. Most
cellular plgAR (~65%), rab3D (~75%) and considerable stores
of VAMP2 (~45%) were recovered in Tx-100 soluble pools,
consistent with enrichment of membrane proteins in this pool.
However, ~20% of total pIgAR and rab3D as well as ~35% of
total VAMP2 were recovered in Tx-100 insoluble, SDS soluble
fractions, representing proteins associated with Tx-100
insoluble membranes or cytoskeleton. Approximately 15-20%
of pIgAR and VAMP?2 stores were recovered in saponin soluble
pools, possibly reflecting release of some membranes with
saponin. Lacrimal acinar LDH has previously been identified
in cytosol and within secretory membranes (Thurig et al.,
1984). Consistent with this, most LDH activity (~70%) was
recovered in saponin soluble fractions with approximately 25%
recovered in Tx-100 soluble fractions. We conclude that the
proteins recovered in saponin soluble fractions are primarily
cytosolic proteins, those recovered in Tx-100 soluble fractions
. : o . - . are primarily membrane proteins, and those recovered in SDS
subapical region of acini. Lacrimal acini were fixed and processed . . )
for labeling of p158'uedor Arp1 with actin filaments and imaged by ;oluble fractions include a_m|xture of cytoskeletal and Tx-100
confocal fluorescence microscopy. Panels A and B show3$50 insoluble membrane proteins.
(green) and actin filaments (red) in resting and CCH-stimulated (100 Fig. 3 shows that approximately 60% of total p35®and
UM, 15 minutes) lacrimal acini, respectively, whereas panels C and Arpl are recovered in the Tx-100 insoluble, SDS soluble pool
D show Arp1l (green) and actin filaments (red) in resting and CCH- from resting acini, with the remainder split between saponin
stimulated (10QM, 15 minutes) lacrimal acini, respectively. soluble and Tx-100 soluble pools. CCH stimulation elicited a
Asterisk, lumenal regions. Bar, ~fn. small but significantR<0.05) increase in the recovery of both
dynactin components with the Tx-100 insoluble, SDS soluble
pool, with a concomitant depletion in their stores from the
pl50°lued (data not shown), increasing punctate labelingother two pools. DIC distribution across these pools was
(arrowhead) while decreasing diffuse labeling. Nocodazolassessed; approximately 40% of cellular DIC was recovered in
also reduced CCH-induced accumulation of dynein (Fig. 1J,Lthe Tx-100 insoluble, SDS soluble pool from resting acini, with
and p156'ued (data not shown) beneath the apical membranehe remainder distributed equally between the other two pools.
No significant change in DIC association across pools was
caused by CCH treatment. These findings suggest that CCH

Fig. 2.CCH promotes recruitment of p18eerdand Arp1 to the

CCH significantly increases dynactin recovery in a promotes redistribution of dynactin to a Tx-100 insoluble, SDS
protein fraction enriched in cytoskeletal and membrane soluble pool enriched in cytoskeleton and membrane proteins.
proteins

To determine whether the CCH-induced subapical

accumulations of dynein and the dynactin Comp|ex wer&CH increases the colocalization of VAMP2 with dynein
associated with changes in their association with subcellul&@nd dynactin in the subapical region

fractions, we subjected resting and CCH-stimulated acini tdhe CCH-sensitive recruitment of dynein and dynactin into the
sequential detergent extraction into buffers containing saponisubapical region under conditions associated with apical
Tx-100 and SDS. Analysis of the abundance (actin, tubulirexocytosis suggested that dynein might facilitate movement of
polymeric immunoglobulin A receptor or plgAR, VAMP2, secretory membranes. The distribution of two effectors of the
rab3D) or activity [lactate dehydrogenase (LDH)] of severakecretory pathway, rab3D and VAMP2, were investigated in
proteins was used to define the composition of each pool (Tabparallel with dynein and the dynactin complex. Rab3D

Table 1. Recovery of marker proteins in pools isolated by sequential detergent extraction in resting and CCH-stimulated

lacrimal acini
Resting lacrimal acini Stimulated lacrimal acini
Marker proteins ~ Saponin (% of total)  Tx-100 (% of total) ~ SDS (% of total) Saponin (% of total)  Tx-100 (% of total) SDS (% of total)
Actin 25.0+1.4 23.0+£2.5 52.0+£3.7 22.0+1.4 21.4+1.7 56.5+1.3
LDH 67.4+2.4 26.1+2.3 6.5+1.8 71.942.9 22.6+2.5 5.6+1.5
Tubulin 8.9+1.6 8.1+0.5 83.0+1.2 8.7+1.1 8.9+3.1 82.5+2.6
plgAR 15.0+3.0 62.9+3.9 22.143.2 17.7+3.4 64.9+0.9 17.4+4.3
VAMP2 19.1+4.8 49.7+9.0 31.3+7.3 18.4+5.6 43.8+7.9 37.845.6
Rab3D 5.8+2.2 81.1+3.4 13.0+1.7 9.3+2.6 69.6+4.9 21.1#5.4

Values represent the mean + s.e.m. from 3-10 experiments. Stimulation uged OUCH for 15 minutes.
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A B
! pl50Glued

Fig. 3.CCH increases recovery of pf&@dand pl150 Gined 18 e @ Con
Arplin Triton X-100 insoluble, SDS soluble 100 « [BCCH
fractions. Lacrimal acini were treated without = e > = 2 5
(Con) or with CCH (10QM, 15 minutes) before L o=- - ow 08 § 23
sequential extraction into buffers containing i 7 g
saponin (Sap), Tx-100 and SDS. (A) Western blots Arpl LiiEme '_’ E 40
of detergent eluates from representative Con CCH Con CCH Con CCH o 2 #

A . x
preparations of Con and CCH-treated lacrimal S Te106  SDS °©
acini showing p158/ued Arp1 and DIC contents in R 0
each pool. Blots used appropriate primary and Sap  TXI00  SDS
IRDye[1800-conjugated secondary antibodies.
Equal volumes of each pool were loaded, with C Arpl @ Con D DIC 2 con
protein assays confirming that CON and CCH B CCH
detergent eluates within each pool had equivalent _ 190 100 BCCH
protein contents. (B-D) Summary of changes in ,38_ 80 * § 80
pl1503ued Arp1 and DIC recovery in each eluate B gp = &0
from Con and CCH-stimulated acini expressed as a° 0 E 0
percentage of the total cellular content of each k<) # # 5
protein.n=7-10 preparations; error bars represent 20 g X
s.e.m.; *Significant increase R+0.05;*significant 0 0
decrease &<0.05. Sap TX100 SDS Sap  TX100  SDS

immunoreactivity was concentrated primarily in the subapicaFig. 5, western blotting of equivalent amounts of protein
region in resting acini (Fig. 4K). This large subapical pool wa®btained from microsomal membranes isolated by MT-affinity,
rapidly depleted by CCH stimulation, resulting in dispersal ofATP release revealed a significaf<(.05) increase in the
rab3D labeling throughout the cell with retention of traces ofecovery of dynein and VAMP2 in membranes from CCH-
residual rab3D beneath the apical membrane (Fig. 4K')stimulated acini relative to resting acini. Rab3D was
VAMP2 immunoreactivity was dispersed throughout theundetectable by western blotting of these samples (data not
cytoplasm of resting acini, with traces associated with thehown).
apical membrane (Fig. 4B,E,H). CCH stimulation increased
VAMP2 immunoreactivity in the subapical region and at the o ] o
apical plasma membrane (Fig. 4B’,E’,H’). The changes irfAssociation of dynein and dynactin with isolated
these proteins in response to CCH suggested that rab3membrane compartments
enriched membranes represent mature secretory vesiclBsevious studies have used sorbitol density gradient
located beneath apical membrane; release of their storesntrifugation to isolate subcellular membranes and to map the
constitutes the initial response to secretagogue. VAMPZrafficking between them (Gierow et al., 1996; Hamm-Alvarez
enriched membranes may represent a recruitable vesiok al., 1997; Yang et al., 1999; Qian et al., 2002). We therefore
population transported into the subapical region to sustain thepplied this technique to membranes from resting and CCH-
secretory response. stimulated acini to further understand the contributions of
Dual labeling of VAMP2 with dynein and dynactin complex dynein to apically targeted secretory traffic.
constituents in resting acini revealed traces of colocalization of p15@°'"edand Arp1 immunoreactivities (Fig. 6A) associated
DIC, Arp1 and p158ued(arrows, Fig. 4C,F,l). However, CCH with membranes from resting acini exhibited similar
stimulation resulted in substantial increases in colocalizatiodistributions, with major concentrations in fractions 7-10. DIC
of DIC (Fig. 4C’), Arp1 (Fig. 4F’) and p15tred(Fig. 4I') with  was present in the same fractions (Fig. 6A), but it was relatively
the VAMP?2 stores specifically in the subapical region (arrows)more abundant in fractions 11, 12 and P than dynatin.
Dual labeling experiments with p1%@8ed or DIC (data not Hexosaminidase (Fig. 6A), which is both a lysosomal and a
shown) and rab3D revealed traces of colocalization in theecretory protein in lacrimal acini, resembled %Y and
subapical region of resting acini (Fig. 4L, arrowheads), whictArpl but compared to these markers, it was slightly more
were not increased by CCH (Fig. 4L). abundant in fractions 11-P. Total membrane protein (Fig. 6A)
resembled3-hexosaminidase.

) _ In resting acini, rab3D exhibited a pronounced concentration
Increased recovery of dynein and VAMP2 in membranes  in fraction 1 (Fig. 6B), probably reflecting the presence of
isolated by MT-affinity from CCH-treated acini fragments derived from a specialized microdomain of mature
To obtain additional evidence in support of dynein-drivensecretory vesicle membranes. In addition, rab3D was broadly
transport of VAMP2-enriched membranes into the subapicalistributed across the gradient. The major component
region, we used MT-affinity membrane isolation. Thisresembled p158uedand Arp1l, but, compared to pI&e¢dand
technique isolates membranes containing active motors basAdol, rab3D was relatively more abundant in fractions 4-6.
on their ability to cosediment with taxol-stabilized MTs and toAcid phosphatase (Fig. 6B) was broadly distributed, but,
be released in the presence of excess Mg-ATP. As shown somewhat like rab3D, it was also abundant in fraction 1. The
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resting distributions of VAMP2 and-adaptin (Fig. 6B)

microdomains,

rab6 appeared associated with three

resembled that of rab3D in the higher density regions of theompartments, centered in fractions 4-5, 7-8 and 10-12 (Fig.
gradient. Unlike rab3D, they were not particularly abundant ir6B).
fraction 1, but, like rab3D, they were relatively more abundant CCH stimulation promoted the following parallel changes in

than p158'uedand Arpl in fractions 5-6. Consistent with its DIC, p15®ued and Arpl: relative depletions centered at

primary localization in the trans-Golgi network (TGN), afraction 8 and concomitant increases in fraction 5 and fraction
complex structure organized into multiple functionally distinctP. These changes were statistically significa0(05) for at

DIC/VAMP2

AR

-

Arpl/VAMP2

least one of the three proteins, with the
same trend reflected for the others (see
change plots in Fig. 6A). CCH stimulation
was also associated with several additional
apparent redistributionf-hexosaminidase
from fractions 7-8 to P, protein from 7-10
to P, rab6 from 7-10 to 2-3, rab3D from 1
to 4-5, and acid phosphatase from 1 to 4-6.
CCH stimulation had no significant effects
on VAMP2 andy-adaptin, but the data
suggest possible redistributions of these
markers to pooled fractions 11-P.

These findings as well as our data from
previous studies probing the identity of
membrane compartments in acini using
this method (Gierow et al., 1996; Hamm-
Alvarez et al., 1997; Yang et al., 1999; Qian
et al., 2002) suggested that in resting acini
dynein, dynactin and VAMP2 are
associated with biosynthetic and sorting
compartments, and that dynein is
additionally associated with pre-lysosomal
and lysosomal compartments. The CCH-
associated redistributions of dynein and
dynactin complex, as well asf-
hexosaminidase, suggest movement away
from biosynthetic compartments to higher
density compartments. In contrast, the
redistributions of rab3D and acid
phosphatase suggest movement from
mature secretory vesicles to biosynthetic
compartments. The redistribution of rab6
suggests  pronounced changes  or
translocations within the TGN.

Fig. 4. CCH increases dynein and dynactin
colocalization with VAMP2 in the subapical
region of acini. Lacrimal acini were fixed and
processed to label DIC, p18eedor Arpl with
rab3D or VAMP2 and imaged by confocal
fluorescence microscopy. (A-L) Resting acini,
whereas A-L’ depict CCH-stimulated (100
MM, 15 minutes) acini. A-C and A-C’ show
DIC (green) and VAMP2 (red) separately
(A,A,B,B’) and overlaid (C,C’); D-F and D’-
F’ show Arpl (green) and VAMP2 (red)
separately (D,D’,E,E’) and overlaid (F,F’); G-I
and G-I’ show p158!ued(green) and VAMP2
(red) separately (G,G’,H,H’) and overlaid
(1,I; and J-L and J'-L’ show p158Ued(green)
and rab3D (red) separately (J,J',K,K’) and
overlaid (L,L’). Arrows and arrowheads,
regions of colocalization of dynein or dynactin
with VAMP2 or rab3D, respectively. Asterisk,
lumenal regions. Bar, ~3@m.
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Given the extensive overlap of these compartments on tf A
sorbitol density gradients, we introduced a second separatic Con CCH
dimension by conducting phase partitioning in an aqueou: p—
dextran-polyethyleneglycol  two-phase  system. Phas pIC —=

partitioning is a liquid chromatography procedure that VAMP2 —» [~ el -~
separates membranes according to their distribution betwe: B %
stationary (dextran-rich) and mobile (polyethyleneglycol-rich)

phases. Fraction numbering begins at the origin that contai 300

membranes preferring the stationary phase. ® con

Fig. 7 depicts the distributions of DIC, pB%¢dand other

1 1 WCCH

*
markers among the isolated compartments after pha 200 -
partitioning analysis of density gradient fractions from CCH- 150
stimulated acini. Partitioning of fractions 11-P revealed 100 -
comigration of VAMP2, p15@ued andB-hexosaminidase with 50 -
a dynein-rich compartment (peak j in Fig. 7). Similarly, ol

DIC

partitioning of fraction P revealed comigration of dynein, VAMP2
p15@lied VAMP2 and traces op-hexosaminidase in another
population (peak min Fig. 7). We propose that these membrane o ) )
populations contain VAMP2-enriched secretory transporF'gd 5(’3-(';"|_|T'atf_f'”'tly t'sg'at'Qr? Cl’fsubce:'U'e}r _membr_aneks) f:O:jn festing
vesicles driven into the subapical region by dynein. In additiorf:" -stimuiated acini. Lacrimal acini were incubated withou
considerable amounts of d)F/)nein, '?he d)%wa)étin complex ang:on{)and with CCH (1O]$M' . ?'”‘lﬁes) an_dhprocessed to isolate
VAMP2 are associated with a series of Golgi- and TGN-reIatea1 embranes using MT-affinity and release with excess ATP. Western
. h . lots using appropriate primary and IRD&00-conjugated
compartments that contain varying amounts of rggglaptin - secondary antibodies from a representative preparation are shown in
and rab3D (labeled b, ¢, d, f, g, h and i in Fig. 7). A, whereas B depicts summary data showing the contents of DIC and
VAMP2 in MT-affinity, ATP release fractions under each condition.
) o ) S 40 g of protein from resting and CCH-stimulated membrane
Overexpression of dynamitin in lacrimal acini using samples were loaded under each conditied-5 separate
replication-deficient Ad preparations. *Significant increasePat0.05.

Dynamitin overexpression offered the possibility to directly

test whether (1) dynein activity was required for movement of

VAMP2-enriched membranes into the subapical region and (&ynamitin overexpression inhibits CCH-stimulated

dynein activity was important in basal and/or CCH-stimulatedecruitment of p150¢ued, DIC and VAMP?2 to the

secretion. Conditions of exposure to replication-incompetergubapical region

Ad vectors were identified that resulted in reproducible, highResting acini transduced with Ad-LacZ exhibited diffuse
efficiency (70-90%) transduction of lacrimal acini wifa  labeling patterns for pl1%%ed and DIC (Fig. 9A,B,
galactosidase (Fig. 8A,B) or GFP (Fig. 8C,D). Likewise,respectively), whereas CCH stimulation of these acini
untransduced acini exhibited a diffuse cytoplasmic dynamitipromoted the accumulation of pf¥¢d and DIC into the
labeling pattern because of endogenous protein (Fig. 8E3ubapical region characteristic of untreated acini (Fig. 9A',B’,
whereas acini transduced with Ad-Dynt and imaged atespectively). Similarly, Ad-LacZ transduction did not affect
comparable settings exhibited an intense cytoplasmieither the CCH-dependent recruitment of VAMP2 into the
fluorescence in almost all cells (Fig. 8F). Dynamitinsubapical region nor its colocalization (arrows) with gA%9
overexpression relative to levels in untransduced acini wagompare Fig. 9E and Fig. 9E’) or DIC (compare Fig. 9F and
confirmed by35S-labeling of cellular proteins and analysis by Fig. 9F’). P15§!ued and DIC in Ad-Dynt transduced resting
SDS-PAGE and autoradiography (Fig. 8G), and by westeracini exhibited a punctate labeling pattern (arrowheads, Fig.
blotting of extracts from Ad-Dynt- and Ad-Dynt-GFP- 9C,D, similar to nocodazole-treated acini, see also Fig. 2).
transduced acini (Fig. 8H). Dynamitin overexpression in acinCCH stimulation of Ad-Dynt-transduced acini exhibited no
transduced with Ad-Dynt and Ad-Dynt-GFP was 888%  accumulation of p138Uedor DIC in the subapical region (Fig.
and 36363% of untransduced acini, respectivety?). 9C',D’, respectively). Ad-Dynt also prevented the CCH-

250

% of Control

Table 2. Comparison of the enrichment of Arpl in pools isolated by sequential detergent extraction in resting and CCH-
stimulated lacrimal acini exposed to Ad constructs

Resting lacrimal acini Stimulated lacrimal acini
Treatment Saponin (% of total)  Tx-100 (% of total) ~ SDS (% of total) Saponin (% of total)  Tx-100 (% of total) SDS (% of total)
Untreated 1785.7 16.25.0 66.310.4 16.46.2 12.43.8 71.2+9.8*
Ad-LaczZ 21.0+6.4 19.9+2.8 59.1+9.1 21.4+7.3 14.642.6 64.0+9.3*
Ad-Dynt 20.4+2.3 19.8+1.7 59.7+3.8 19.3+3.4 17.1+3.1 63.6+4.6*

Values represent the mears.e.m. from 4-5 experiments. Stimulation used 1RIOCCH for 15 minutes.
*Significant increase from unstimulated acini under the same treatment conditRa®sCGa (highlighted in bold).
TSignificant decrease from unstimulated acini under the same treatment condifigf®at
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Fig. 6. Dynein, dynactin and secretory and biosynthetic compartment markers after density gradient analysis of resting and CE&tH-stimulat
acini. Lacrimal acini incubated without (resting) and with CCH ({@®D 15 minutes) were processed by isopycnic centrifugation on sorbitol
density gradients. (A) The distributions of p£589 Arp1, DIC,B-hexosaminidase and total protein. (B) The distributions of VANP2,
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middle columns show distributions of markers from resting and CCH-stimulated acini, respectively, whereas the right calu@@bslsho
induced changes=3-8 preparations; error bars represent s.eAx0:05.
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Fig. 7.Dynein, dynactin and membrane compartment markers after phase partitioning analysis of density gradient fractions. Demisity grad
fractions from CCH-stimulated acini were analyzed by partitioning in an aqueous dextran-polyethyleneglycol two-phase agstam. Gr
fractions 1 and P were analyzed individually; other fractions were pooled as follows: 4+5, 7+8, 9+10, 11+12. Modal pasitopartvhents

are designated by a-o. Compartments j and m are proposed to contain secretory transport vesicles and related compaitaigats [recr
secretory vesicles (rsv) and immature secretory vesicles (isv)]. Other compartment designations are discussed in dethihby@anet

al., 2002). (a) Basal-lateral recycling endosome; (e) Basal-lateral sorting endosome; (b-d,f,h,i) Specialized TGN micr{gloGwliis;

complex; (k) Secretory vesicle membrane fragments; (I,0) Pre-lysosomes; (n) Lysosomes. Similar results were obtained analgsison

with a different phase system composition.
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dependent enrichment of VAMP2 and its colocalization with
p15@lued (compare Fig. 9G and 9G’) and DIC (compare Fig.
9H and 9H’).

To confirm that dynamitin overexpression was specifically
inhibiting dynein-based movement of membranes in CCH-
stimulated acini, we investigated whether CCH-induced Arpl
recruitment to membranes was affected. Dynamitin
overexpression is thought to prevent the interaction of the two
structural motifs of dynactin, the Arpl filament and the
p15@lued sidearm; therefore, its overexpression should not
alter CCH-stimulated recruitment of Arpl to membranes. Fig.
10A and 10A' show the localization of Arpl in Ad-LacZ-
transduced resting and CCH-stimulated acini, respectively. As
seen in these images and the overlaid images in Fig. 10E and
Fig. 10E’, Arpl is clearly recruited into the subapical region
following CCH stimulation where it is colocalized with
VAMP2, comparable to the response in untransduced acini
(Fig. 4). Fig. 10B and Fig. 10B’ show the localization of Arpl
in Ad-Dynt-transduced resting and CCH-stimulated acini,
respectively. CCH stimulation of Ad-Dynt-transduced acini is
associated with increased punctate Arpl fluorescence
distributed throughout the cytoplasm relative to untransduced
acini, suggesting increased association with subcellular
membranes. Fig. 10F also shows that there is increased
colocalization of Arpl and VAMP2 (arrowheads) throughout
the cytoplasm of CCH-stimulated Ad-Dynt-transduced acini,
although these components are not recruited into the subapical
region.

G < H We a}nalyzed the eﬁects of dynamitin overexpr_ession on
5 l,-:ﬁ‘&\ 4 CCH-stimulated recruitment of Arp1 to the Tx-100 insoluble,

& b,-} ag"‘?b, X b\?‘ & SDS soluble pool using sequential detergent extraction. Table

CUR. RPN K& 2 shows the enrichment of Arpl in saponin soluble, Tx-100

— ——p-Gal ga,_,bﬂ___'pﬁ' soluble and SDS soluble pools from resting and CCH-

99 kD) — L A & stimulated untransduced acini and acini transduced with Ad-
’ L" b LacZ or Ad-Dynt. The effects under aII_ qonditior_ls were

66 kD — ".-- q_‘! comparable, revea]mg a small but s_tatlstlcally §|gn|f|cant
- (P<0.05) increase in Arpl recovery with Tx-100 insoluble,

SDS soluble fractions comparable in magnitude to that shown

previously (Fig. 3). Moreover, the percentage recovery of Arpl
within each pool in resting and CCH-stimulated acini under
each condition was not significantly different.

LA
9
p——" --—pSU
46 kD — . .p 66 kD—
- -
T Se
. _—

WKD— - — GFP Dynamitin overexpression and nocodazole treatment
-— deplete rab3D beneath the apical membrane

Fig. 8. Transduction of acini with Ad constructs. (A,B) Phase Althoudgfl 0?')& t{)aces cf)f ovlefrllap between pfr;'BWand ra[k:).?’DAr
microscopy images of untransduced and Ad-LacZ-transduced acini,Were. etected by coniocal fluorescence microscopy .( 9. .)’ a
respectively, processed for detectiorBajalactosidase activity with  contribution of dynein and MTs to maintenance of this vesicle

X-Gal as substrate. (C,D) Fluorescence microscopy images of population was suggested by the finding that nocodazole
untransduced and Ad-GFP-transduced acini, respectively. treatment abolished subapical stores of rab3D in unstimulated
(E,F) Confocal fluorescence microscopy images of untransduced aracini (compare Fig. 11E and Fig. 11F). We examined the effects
Ad-Dynt-transduced acini, respectively, processed for detection of of dynamitin overexpression on rab3D-enriched membrane
dynamitin by immunofluorescence. (G) The spectrui?®flabeled  vesicles. Transduction with Ad-Dynt markedly reduced
{orote:jns ogtalr)e_d by ?Utzrgd'ggsgpgxg‘épfte'”s f_rodr_“ C?mro' _at_“d subapical stores of rab3D in resting acini relative to
ransduced acini resolved by SLS- - AITOWS Indicate posilions niransduced acini (compare Fig. 11C versus Fig. 11A).
of B-galactosidaseXGal), GFP and dynamitin (p50). H shows However, some dispersal of the subapical pool of rab3D was also

dynamitin content in lysates from untransduced (Con), Ad-Dynt- g >
transduced and Ad-Dynt-GFP transduced acini by western blotting. elicited by Ad-LacZ (Fig. 11B) and Ad-GFP (data not shown)

Transduction with constructs was at a MOI of 5 PFU/cell for 4 hoursin résting acini. In order to distinguish between the non-specific
followed by rinsing and recovery for 16-18 hours. Bars in D and F  €ffects of Ad vector and the specific effects of dynamitin
represent 1@um and reflect magnifications in A-D and E-F, overexpression, we quantified the rab3D labeling pattern in

respectively. Asterisk, lumenal regions. untransduced (control) and transduced acini. The labeling
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Ad-LacZ

Fig. 9. Dynamitin overexpression
inhibits CCH-stimulated recruitment
of DIC, p15@®'uedand VAMP2 to the
subapical region. Resting and CCH-
stimulated (10uM, 15 minutes)
lacrimal acini transduced with Ad-
LacZ or Ad-Dynt were fixed and
processed for detection of perd
(green, A-A,C-C',E-E’,G-G’") or DIC
(green, B-B’,D-D’,F-F’,H-H’) with
actin filaments (red, A-D,A-D’) or
VAMP?2 (red, E-H,E’-H’) and imaged
by confocal fluorescence microscopy.
(A-H,A-H") Resting and CCH-
stimulated (10QM, 15 minutes)
acini, respectively. A-A, B-B’, E-E’
and F-F’ were transduced with Ad-
LacZ and C-C’, D-D’, G-G’ and H-H’
were transduced with Ad-Dynt.
Arrowheads, punctate labeling;
arrows, colocalization of DIC or
p15CEluedyith VAMP2; asterisk,
lumenal regions. Bar, 1j0m.

Ad-Dynt

Ad-LacZ

ot
=
>
2
=
<

Fig. 10.Dynamitin overexpression
promotes increased cytoplasmic
colocalization of VAMP2 and Arpl in
CCH-stimulated acini. Resting and
CCH-stimulated lacrimal acini
transduced with Ad-LacZ or Ad-Dynt
were fixed and processed for
detection of Arpl (A-A and B-B’)
and VAMP2 (C-C’ and D-D’). (E-E’
and F'F’) Colocalization of these
markers. (A-A, C-C’ and E'E’) Acini
transduced with Ad-LacZ; (B-B’, D-
D’ and F-F’) Acini transduced with
Ad-Dynt. (A-F) Resting acini; (A-F’)
CCH-stimulated (10@M, 15
minutes) acini. Bar, 1Am. (¥)
Lumenal regions; arrowheads,
colocalization of Arpl and VAMP?2 in
the cytoplasm; arrows, colocalization
of Arpl and VAMP2 beneath the
apical membrane.
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pattern was categorized into one of three classes: dispersed, Hayfnamitin overexpression modifies CCH-independent
apical (concentrated in the apical half of the cell) and mostland CCH-dependent secretion of protein and -
apical. As shown in Fig. 11D, only ~19% of the lumenal regionfiexosaminidase
in control acini showed dispersed rab3D labeling, with ~44% oBasal, total and stimulated release of bulk protein and the
lumenal regions exhibiting compact apical labeling and ~37%ecretory protein, B-hexosaminidase, were measured in
exhibiting half apical labeling. In contrast, ~78% of the lumenalacrimal acini transduced with Ad-GFP or Ad-Dynt-GFP (Fig.
regions in Ad-Dynt-transduced acini showed dispersed rab3D2). Total protein and3-hexosaminidase release in CCH-
labeling, with ~19% showing half apical labeling and only ~3%stimulated acini were not significantly altered by dynamitin
showing apical labeling. Rab3D distribution in Ad-LacZ- overexpression. When we resolved the contributions of basal
transduced acini was intermediate between these valuemd CCH-stimulated release to total release, we found that Ad-
exhibiting ~45% of labeling in a dispersed pattern and retaininynt-GFP elicited a significantP€0.05) increase in basal
~39% as half apical and ~17% as apical. As shown in Fig. 11E&CH-independent) release of protein with a similar but not
and Fig. 11H, respectively, transduction with Ad-LacZ or Ad-statistically significant trend noted fdgB-hexosaminidase.
Dynt did not alter the organization or abundance of apical MTDynamitin overexpression also caused a significBg0.05)
Although the non-specific effects elicited by Ad-LacZdecrease in the component of total protein afid
necessitate interpretation of these data with some caution, thexosaminidase release triggered by CCH, by 58% and 69%,
comparable effects elicited by nocodazole suggest that dyneirespectively. These changes in the proportion of total secretory
driven vesicle transport may be important for maintenance gdroducts released in a CCH-independent versus CCH-
rab3D-enriched vesicles. dependent manner were not directly attributable to decreased
protein synthesis, because labeling experiments
using 3°S-Translabel revealed that bulk protein
synthesis in acini transduced with Ad-GFP or
OiDispersed Ad-Dynt-GFP was actually slightly elevated
='\_‘l“";""_“" relative to bulk protein synthesis in untransduced
Most apical .. H
acini (data not shown). We suggest that dynein
inhibition impairs the ability of acini to sequester
secretory proteins in the regulatable arm of the
secretory pathway, allowing their release through
a constitutive pathway. This effect may be related
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Fig. 11.Dynamitin overexpression or nocodazole treatment reduce the subapical Bas Tot Stim Bas Tot Stim
accumulation of rab3D in resting acini. Untransduced (Con) and transduced rabbi Ad-GFP Ad-Dynt-GFP

lacrimal acini were fixed and processed for detection of rab3D (green, A-C,E,F) o

MTs (green, G and H) in parallel with actin filaments (red). (A,B,C) rab3D and actrig. 12.Dynamitin overexpression modifies CCH-
filaments in untransduced, Ad-LacZ-transduced and Ad-Dynt-transduced acini, independent and CCH-dependent release of bulk
respectively. (D) rab3D distribution quantified into three categories from 366-404 protein andg3-hexosaminidase. Lacrimal acini cultured
lumena from 3-4 separate preparations under each condition: apical, half apical @on Matrigel-coated 24-well plates were transduced
fully dispersed. (E,F) rab3D labeling beneath actin-enriched lumenal regions in  with Ad-GFP or Ad-Dynt-GFP, treated without or
untreated and nocodazole-treated (B8 60 minutes) acini, respectively. with CCH (100uM, 30 minutes) and processed for
Arrowheads indicate rab3D-enriched secretory vesicles. (G,H) MTs and actin ~ measurement of basal (Bas), total (Tot) and stimulated
filaments in Ad-LacZ-transduced and Ad-Dynt-transduced acini, respectively. (Stim) protein ang-hexosaminidase release as
Arrows indicate MTs extending from the apical pole; asterisk, lumenal regions. Baescribedn=6 preparations;P<0.05; A.U., arbitrary

in F, 6um. Bar in H, 1qum. fluorescence unit.
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to the depletion of rab3D-enriched mature secretory vesicles target of regulation may be the dynactin complex, which
Ad-Dynt-transduced acini (Fig. 11). exhibits a small but significant increase in its relative
abundance in the Tx-100 insoluble, SDS soluble protein pool
) ) from CCH-stimulated acini relative to resting acini (Fig. 3).
Discussion This change in partitioning behavior could reflect association
This study investigates the participation of dynein-driverwith a new membrane cargo enriched in Tx-100-resistant
vesicle transport in stimulated secretory traffic to the apicamembranes or alternatively a tighter binding to MTs either
membrane in lacrimal acini. Confocal fluorescence microscopglone or in association with membrane cargo. Dynactin
revealed a major CCH-induced, MT-dependent recruitment akcruitment to MTs has previously been proposed as a
cytoplasmic dynein and the dynactin complex into themechanism for assembly of the holo-complex required for
subapical region that was sensitive to nocodazole treatmedynein-driven vesicle transport (Vaughan et al.,, 1999).
(Figs 1 and 2) and inhibited by dynamitin overexpression (Fignterestingly, the content of dynein in the Tx-100 insoluble,
9), suggesting that dynein activity drives this recruitment. ThiSDS soluble protein pool is not increased by CCH in parallel
subapical enrichment of dynein and the dynactin complex wasith the dynactin complex. Failure to observe increased dynein
colocalized with VAMP2 (Fig. 4), suggesting that many of thein this pool may reflect a more labile association, even in its
vesicles transported by dynein towards the apical membraraetivated state. Data obtained by dynamitin overexpression are
were enriched in this protein. This hypothesized involvemenalso consistent with the concept that physiological regulation
of dynein in CCH-stimulated recruitment of VAMP2-enrichedof dynein in acinar secretory traffic may occur through
membranes towards the apical membrane is further supportetbdulation of the dynactin complex. The observation of
by the following observations in CCH-stimulated acini: (1) theincreased punctate Arpl fluorescence throughout the
significant increase in dynein and VAMP2 abundance in MTeytoplasm of Ad-Dynt-transduced acini stimulated with CCH
affinity-purified membranes from CCH-stimulated acini (Fig.(Fig. 10), in parallel with the lack of inhibition of CCH-
5); (2) the isolation of two high-density membrane populationsnduced recruitment of Arpl to the SDS-soluble fraction (Table
enriched in dynein, VAMP23-hexosaminidase and dynactin 2), suggest that one mechanism for recruitment of dynactin to
by phase partitioning of density gradient fractions 11-P (peak®iembranes may involve regulation of the Arpl filament.
jand m, Fig. 7); and (3) the inhibition of transport of VAMP2-  However, data obtained by fractionation of membranes from
enriched membranes into the subapical region by dynamitiresting and CCH-stimulated acini (Figs 6 and 7) also show that
overexpression (Fig. 9). This model is also consistent with thalthough dynein and dynactin are largely associated with the
increased recovery of Arpl and p£88d with Tx-100 same membranes, their relative abundances vary. The
insoluble, SDS soluble fractions already enriched in VAMP2abundance of dynein in higher density regions of the gradient
and DIC shown in Fig. 3 and Table 1. Although VAMP2- (fractions 11, 12 and P) is relatively greater than that of the
enriched membranes appear to constitute a substantdynactin complex. These observations indicate that the factors
proportion of dynein's cargo, confocal fluorescencegoverning assembly of an active dynein-dynactin holo-
microscopy and biochemical analysis show that some VAMP2omplex may be even more complicated than has previously
and dynein are associated with other compartments. Some laden anticipated.
the observed subapical accumulation of dynein and the Growth factors in tears aid in corneal and conjunctival
dynactin complex in CCH-stimulated acini may also reflectvound healing, whereas bacteriostatic factors (IgA, lactoferrin,
stores associated with VAMP2-free membranes involved in thigsosomal hydrolases) are essential for ocular clearance of
secretory response, for instance transcytotic vesicles or otheathogens. Deficiencies in lacrimal acinar protein secretion are
TGN-derived vesicles. associated with a variety of diseases ranging from
Dynein activity may also be important for maintenance okeratoconjunctivitis sicca to the severe dry eye associated with
the mature rab3D-enriched secretory vesicles already presemtmune-mediated disorders such as Sjogren’s syndrome,
in the subapical region which are rapidly discharged followingAIDS and graft versus host disease. Further exploration of the
CCH stimulation, as indicated by the depletion of theseontributions of dynein and other effectors to stimulated
vesicles in resting acini exposed to nocodazole or dynamitiprotein release in lacrimal acini may shed insights into the
overexpression (Fig. 11). Evidence for direct dyneinetiology of these processes.
association with these vesicles includes the finding that traces
of p15@'ued and rab3D labeling are colocalized in resting and This work was supported by NIH grants EY-11386 to S.H.A., EY-
CCH-stimulated acini (Fig. 4) and the identification of a smalP>081 and EY-13720 to A.K.M., a grant from Allergan and by NIH
amount of rab3D in peak j (Fig. 7), which contains major Storeé P30 DK48522 (Confocal Microscopy, Subcellular Membrane and

: o . - Organelle and Viral Vector Subcores, USC Center for Liver Diseases).
of dynein and VAMP2. Rab3D-enriched secretory vesicles | dditional salary support to S.F.H.-A. was from NIH grants NS38246,

Iacr'mal acini may l_Jse_smaII amo“r?ts of dynein to ma.'ma'rbK56040 and GM59297. G.J. received a summer research fellowship
their subapical localization by anchoring to MTs. Alternatively,fom Fight for Sight (Prevent Blindness America). S.R.d.C. was the

rab3D-enriched vesicles may be formed and dynamicallyecipient of an NIH minority predoctoral fellowship (EY-07037). We
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