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Synthetic peptides of the effector-binding domain of rab enhance
secretion from digitonin-permeabilized chromalffin cells
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There is cvidence that the rab class of low molecular weight GTP-binding proteins is involved in vesicular transfer from endoplasmic reticulum
to Golgi and between Golgi cisternae. To determine whether similar proteins play a role in regulated exocytosis, the effects of synthetic peptides
derived from low molecular weight GTP-binding prolcins on eutecholamine seeretion from digitonin-permeabilized ehromaffin cells were investi-
gated. The synthetie peptides represent the putative effector-binding domains of the rab. ras and ral classes of low molesular weight GIP-binding
proteins und correspond to ras(33-48). Two rab peptides but neither a ras nar u ral peptide enhanced Ca™-dependent seeretion by upproximately
30%. Maximal secretion in response to Ca® was increased, The enhancement wax not blovked by the pseudosubstrate Inhibitor of protein kinase
C, PKC(19-31), thus indicuting that activation of protein kinuse C was not responsible for the enhancement of secretion. Similarly a rab peptide
but neither u ras nor a ral peptide enhuneed CppNHp-induced secretion 30-70%. The peptides had little or no effect in the absense of Ca?* or
GppNHp. The data are consistent with a protein of the rab cluss playing a role in regulated exocytosis.

rab Peptide; Exocytosis; Chromaffin cell; Caleium; Guanine nucleotide

1. INTRODUCTION

The genetic analysis of protein secretion in yeast led
to the identification and purification of SEC4p. which
is necessary for fusion of post-Golgi vesicles with the
plasma membrane [1,2], and YPTIp, a protein neces-
sary for protein transfer from ER to Golgi [3]. Both
SEC4p and YPTIp are 23-kDa. GTP-binding proteins
homologous to the ras family of GTP-binding proteins.
GTP-binding proteins are also invelved in the transfer
and fusion of a membrane-bound compartment formed
from donor cisternac (ER or Golgi compartments) to
subsequent cisternae in the mammalian biosynthetic
pathway. A nonhydrolyzable analogue of GTP
(GTPyS) prevents transfer of protein from ER to Golgi
(4] and between Golgi compartments [5] and induces the
accumulation of ¢oated vesicles in the Golgi region {6]
and the accumulation of tubular-vesicular membranes
near the ER (see (7] for review), It has been postulated
that GTP binding to vesicular protein and subsequent
GTP hydrolysis are required for proper targeting and
transfer of budding vesicles [8]. An antibody against

Abbreviations: ER, endoplusmie reticulum; GppNHMp, guanosine 5~
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yeast YPT |p cross-reacts with a protein in mammalian
Golgi (3]. The effects of guanine nucleotides may be
mediated by the rab class of low molecular weight GTP-
binding proteins which are located on the ER and Golgi
[6.8-12].

The compelling evidence for a role of guanine nucle-
otide binding proteins in the sceretory biosynthetic
pathway in yeast and mammalian cells has prompted
investigation of the role of guanine nucleotides in final
steps of regulated secretion in mammalian cells. Al-
though Ca®* is the primary stimulus, there is also evi-
dence for multiple roles for guanine nucleotides in regu-
lated secretion in cells and neurons. Nanhydrolyzable
guanine nucleotides can inhibit Ca®*-dependent secre-
tion [13~15], stimulate secretion in the absence of Ca?*
(16=20], and enhance Ca-dependent secretion [14].
These various effects are dependent upon cell type, spe-
cies and protocol used during the secretion experiment.

In bovine adrenal chromaffin cells the entire spec-
trumn of guanine nucleotide effects has been observed.
The presence of guanine nusleotides in the medium is
not necessary for Ca?*-dependent secretion from elec-
tropermeabilized or digitonin-permeabilized bovine
chromaffin cells [14,21,22]. Nonhydrolyzable guanine
nucleotides stimulate a small amount of Ca**-independ-
ent secretion from digitonin-permeabilized bovine chro-
maffin cells {17,21]. GTPyS also inhibits Ca**-depend-
ent secretion from elestropermeabilized bovine chro-
maffin cells when added together with Ca® [14] and
from digitonin-permeabilized bovine chromaffin cells
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Fig. 1. Schematic of a low moleculur weight GTP-binding protein
showing the region whish interacts with its efTector. 1n the absenge of
bound GTP, the GTP-binding protein does not interact with its effec-
tor. The binding of GTP to the protein permits it to interuct with un
efTector, The peptides used in the study correspond to the region of
ras which likely interacts with the GTPase-activating protein (GAP),

when a low concentration of GTPYS is incubated with
permeabilized cells prior te stimulation with Ca®* [15).

Both chromaffin granules, the secretory vesicles in
adrenal chromaflin cells [15.23-25), and bovine brain
synaptic vesicles [15,26,27] have numerous membrane-
bound GTP-binding proteins between 20 and 30 kDa.
One of them is reported to be rab3A [25] although this
is disputed [27). It is possible that one or more of the
20-30 kDa GTP-binding proteins associated with chro-
maffin granules mediates one or more of the guanine
nucleotide effects. Other pathways are also possible.
Guanine nucleotides through trimeric GTP-binding
proteins indirectly activate a host of enzymes (e.8.
adenylate cyclase, phospholipase C, phospholipase A,,
protein kinase C) that could influence the secretory re-
sponse. Indeed, nonhydrolyzable guanine nucleotides
probably enhance Ca**-dependent secretion (rom
Staphylococcus aureus a-toxin permeabilized chro-
maffin cells through a protein kinase C mediated mech-
anism activated by phospholipase C-induced formation
of diacylglycerol [22].

Because of the myriad of possible interactions of gua-
nine nucleotides, it has not been possible to determine
the molecular basis of most the effects of guanine nucle-
otides on regulated secretion. To examine specifically
the role of low molecular weight GTP-binding proteins
on the final steps of regulated secretion, we have been
guided by studies which demonstrated that synthetic
peptides of a putative rab effector binding domain spe-
cifically inhibited ER to Golgi and intra-Golgi transfer
of newly synthesized protein (28] (Fig. 1). ER to Golgi
transport is inhibited after a Ca**-requiring step. We
have explored the effects of one of these rab peptides
that represents the putative effector region of rab3p and
rablp on catecholamine secretion from digitonin-per-
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Fig. 2. Effects of rab3AL(33.48) on t.n"-depcndem secretion, [H]
Norepinephrineslubeled chromaffin cells were permeabilized in Cu®*-
free KGEPM with 2 mM MATP and 2.4M digitonin with 0, 60 4M
ral(33-48) or 60 M rub3AL(33-48) for 8 miin. Solulions were rcplnoed
with digitonin-free KGEPM (with 2 mM MgATP) in the conunumg
presence or absence of peptide with or without 18 gM Ca**. Ca®.

dependent secretion was determined after !5 min, There were 3 wells/

group. *£<0.001 vs, no peplide.

meabilized chromaffin cells. Synthetic peptides to a ho-
mologous region in ras inhibit ras-GTPase activating
protein (GAP) interuction {29] but do not inhibit ER to
Golgi or intra-Golgi transport [28). In ras, this region
(amino acids 32-40 [30}) probably interacts with GAP
[31] as an exposed loop on the surface of the protein
(32,33]. This region is highly conserved within each
GTP-binding protein family but not between different
families [30). If rab peptide mimics the effector binding
region in a low molecular weight GTP-binding protein
involved in the final stages of exocytosis, the peptide
could inhibit secretion if the endogenous GTP-binding
protein is required for a cyclic process in which it must
be turned on and off to have an effect(8]. Alternatively,
if the endogenous GTP-binding protein need only to be
turned on to stimulate secretion, the peptide may en-
hance secretion. We found that the peptide specifically
enhances secretion.

2. MATERIALS AND METHODS

Primary dissociated cells from bovine adrenal medulla were pre-
pured und maintained asnonolayer cultures in Eagle's minimal essen-
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Fig. 3. RabIAL(33-48) inerenses the maximal secretory responss to
Cu*. [*H|Norepinephrine-labeled chromaflin cells were permenbilized
in Ca*" free KGEPM contuining 2mM MgATP and 20 M digitonin,
After 5 min the solution was repluced with KGEPM with 2 mM
MgATP containing various free Ca™ concentrations and either no
addition (open squares), 30 4M rus(33-48) (open circles). or 30 #M
rab3AL(33-48) (filled circles). Secretion was measured ufter 15 min,
Percentages correspond to the enhansement of secretion compured to
no peptide. P<0.0! at 1.9 4M Ca* and P<0.05ut 5.5 and 18 uM Ca®”
compared to no peptide. There were 3 wells/group.

tisl medium (Gibeo. Grand Island, NY) containing 10% heatinue-
tivited fetal calf serum as previously described (34,35}, Cells were
culiured as monolayers in 6.4 mm diameter collagen-coated plastic
culture wells (Castar, Cambridge, MA) at a density of 500,000 cells/
em®. The release of [*H]norepinephrine from cells prelabelled with
{*H|norepinephrine was measured. Secretion wus expressed as the
percentage of the total cellular [*M]narepinephrine released into the
medium [38]. Cells were permeabilized with 20 4M digitonin in potas-
sium glutamate solution (KGEPM solution) contuining 139 mM po-
tassium glutamate, 20 mM PIPES (pH 6.6). 2mM MgATPand | mM
MgCl,, 0.5% BSA, and 5 mM EGTA (without Cu*"). The compuosi-
tions ol solutions with bulfered free Ca*" concentrations of 0.6~ 18 4M
were calculiated[36] with constunis from Muriell and Smith (37). Ex-
periments were performed at 27°C,

Peptides were synthesized as previously described [28). The se-
quences of rab3AL(33-48), rub3F(33-48), ras(33-48) and rai(33-48)
are shown in Table I. Digitonin was purchased from Fluka Chemical
Corp. (Hauppage, NY), I-[*H]norepinephrine (21,4 Ci/mmal) from
New England Nuclear (Boston, MA). and other reagents were ob-
tained from Sigma Chemical Co. (St. Louis, MO).

Data are expressed as mean % standard error of the mean unless
otherwise indicaled. Significance between groups was determined by
Student’s ¢-test unless otherwise indicated. Error bars smaller than
symbols were omitted from figures.

3. RESULTS

3.1. Rab3AL(3348) and Rab3F(33-48) enhance
Ca-dependent  secretion  from  permcabitized
chramaffin cells

The peptides used in the study are shown in Table [

and are compared to homologous segments in various
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low molecular weight GTP-binding proteins.
Rab3AL(33-48) is identical to a segment in rab3A ex-
cept for alanine replacing threonine at position 35 and
leucine replucing valine at position 36. The segment
includes the putative effector binding region of rab3A
based upon comparisons with the better understood ras
proteins. The peptide inhibits vesicular transport be-
tween ER and Golgi and between Golgi cisternae [28).
Ral(33-48) and ras(33-48) are identical to respective
regions in ral and Ki-ras, The segment in ras includes
the effector binding region necessary for oncogenic ef-
fects. Both peptides are without ¢ffect on ER to Golgi
and intra-Golgi transport.

Rab3AL(33-48) (60 uM) caused a 37% enhancenient
of secretion in response to 18 uM Ca* (Fig. 2). Rab3F
caused a similar enhancement (data not shown). The
enhancement was specific since the peptide to the ho-
mologous region in ral. ral(33—48), had no effect. In
other experiments, ras(33-48) (60 M) also had little
effect on Ca*"-dependent secretion. Experiments from
a large number of experiments are summarized in Table
II. Although the effects of rub3AL(33-48) were small,
they were reproducible and specific. Half-maximal re-
sponses were obtained at approximately 30 4M and
maximal responses by 60 M rab3AL(33-48) (data not
shown). Rab3AL(33-48) (30 #M) caused similar rela-
tive enhancements of secretion over a range of 1.9-18
4M Ca* (Fig. 3). Thus, the enhancement caused by
rab3AL(33-48) represents an increase in the maximal
response to Ca* and not a change in Ca® sensitivity.
Ras(33-48) did not aiter secretion at any of the Ca™
concentrations tested.

The effects of rab3A(33-48) were rapid and not read-
ily reversed. The peptide enhanced secretion when it was
introduced to the cells together with Ca**, indicating an
effect as rapid as that of Ca*" (data not shown). The
peptide also enhanced secretion when present only dur-
ing permeabilization prior to the incubation with Ca*
(Fig. 4). The rapidity and irreversibility of effects of the
peptide on the enhancement of exocytosis are similar to
the characteristics of the peptide on inhibition of vesic-
ular transport between ER and Golgi [28].

3.2. The enhancement of Ca’*-dependent secretion by
rab3AL(33-48) is ATP dependent

To determine whether the rab3AL(33-48) effect re-
quires ATP, permneabilized cells were stimulated with 18
4m Ca** in the presence or absence of ATP (2 mM). In
5 experiments, the peptide (60 4#M) enhanced ATR.25d
Ca*-dependent secretion 29%4% (P<0.05 vs. e pep-
tide). The peptide had no significans effect wn Ca™-
dependent secretien in the absence of ATP.

3.3. Rab3AL(33-48) specifically enliznces
GppNHp-induced secretion
Nonhydrolyzable guanine nucleotides cause a small
amount of Ca*-independent secretion [17,21].

o

43



Yolume 309, number |

FEBS LETTERS

August 1992

Permeabilization 5 min

Secretion 15 min

0 Ca2+

20uM digitonin

[ no peptide or
60uM ras(33-48) or
B60uM rab3AL(33-48)]

% Total [3H] NE Secretion

CW 0 Ca2+

-
[0or1.9pM Ca2+]

o
-
a

No Peptide

Ras (33-48)
60 pm 60 uM

7Hab3AL(33—48)

Fig. 4. Preincubation with rab3AL(33-48) enhances subsequent Cu?"-dependent secretion, [*M]Norepinephrine-fabeled cells were incubated for §

min in Ca¥*-free KGEPM with 2 mM MgATP and 20 uM digitenin and sither no peptide or 60 4M rubJAL(33-48) or 60 4M ras(33~48). Cells

were then incubated for 15 min withowt digitonin in the absence of peptide with 0 or 1.9 #M Cu'". Sceretion afier the 1§ min incubation was

determined. "H]Norepinephrine released during the tirst incubation was the same (4,.0% of the total) for pepticte, rab3AL{33-48), and ras(33-48).
There were 3 wells/group, *P<0.0} vs. no peptide or ras(13-48).

Rab3AL(33-48), 60 uM. caused a 28% enhancement of
GppNHp-dependent secretion (Fig. 5). Ral(33-48), 60
#M, had little effect. The effects of rab3AL(33-48) were
reproducible in a large number of experiments (Table
I1). Ras(33-48), 60 uM, did not have significant effects
on GppNHp-dependent secretion (Table II).

3.4. Rab3AL(33-48) does nor enhance Ca™*-cdependent
secretion by activation of protein kinase C

In Staphylucoccus aureus e-toxin permeabilized chro-
maffin cells (which are not leaky to proteins) guanine
nucleotides enhance Ca?"-dependent secretion by acti-
vation of protein kinase C [38). To determine whether
rab3AL(33-48) enhances Ca®-dependent sccretion
through activation of protein kinase C, the ability of a
pseudosubstrate inhibitor of protein kinase C to inhibit
the effect of rab3AL(33-48) was examined. PKC(19-31)
has no effect on Ca?*-dapendent secretion in digitonin-
permeabilized cells in the absence of exogenous protein
kinase C activators [39]. It specifically inhibits protein
kinase C-mediated phosphorylation and enhancement
of Ca®*-dependent secretion induced by TPA in dig-
itonin-permeabilized chromaffin zells [39]. PKC(19-31),
30 M, did not aiter (ne enhancement of secretion in-
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duced by 60 uM rab3dAL(33-48) (data not shown),
Thus, the enhancement of Ca**-dependent secretion by

Table |

Comparison of Amino Acid Sequences of Peprides and GTP-Binding
Proteins

rub3AL(3348) VSALGIDFRYRTIVYRN

H-rablA VSTVGIDFRKVKTIYRN (94%)
rabdF(3348) VSTFGIDFKVKTIYRN (88%)
HerublB VSTVGIDFRKVKTVYRH {88%)
SEC4 ITTIGIDFKIKTVDIN (81%)
Herab! ISTIGVDFKIRTIELD (75%)
YPT) ISTIGVQFKIKTVELD (69%)
H-rab2 DLTIGVEFGARMITID (50%)
H-rab6 QATIGIDFLSKTMYLE (50%)
Herabd NHTIGVEFGSKIINVG (44%:)
H-rab$s ESTIGAAFLTQTVCLD (44%)
ral(33-48) EPTKADSYR KKVVLD (25%)
0s(33-48) DPTIEDSY RKQVVID (19%)

The amino acid residues include the ras effector binding domain (res-

idues 32-40) that binds GAP [31]and is found on aloop of ras exposed

on the surfuce of the molecule [32,33]. The ras sequence is for Ki-ras,

The reference numbering corresponds to that of Ki-ras according to

Zahraoui cl al, [9]. Percentages in parenthese indicate relative amino

acid homalogies with rabAL(33-48) allowing for conservative replace-
ments,
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Fig. 5. Effects of rub3AL(33-48) GppNHMp-induced secretion.
(*HINorepinephrineslubeled chromaffin cells were permeabilized in
Cu¥-free KGEPM with 2 mM MgATP and 20 4M digitenin with 0,
60 4M ral(33-48) or 60 uM rabIAL(33-48) * GppNHp (300 M) for
8 min. Solutions were replaced with digitonin-free KGEPM (with 2
mM MgATP) in the continuing presence or absence of peptide and
GppNHp and the incubation continued for 15 min. The sums of
GppNHp-dependent secretion in the first and second incubations was
determined and are plotled in the figure. There were 3 wells/group.
*P<0,01 vs. no pepiide.

rab3AL(33-48) is not caused by activation of protein
kinase C.

4. DISCUSSION

Rab3AL(33-48) and closely homslogous peptides in-
hibit ER-Golgi transport at a step following Ca®*, im-
mediately before fusion of vesicles with ¢/s-Golgi [28].
The blockade of vesicular transport has been postulated
to be caused by the peptides binding to unknown effec-
tors und preventing their cyclic interaction of the effec-
tor with a GTP-binding protein [8,28]. In the present
experiments rab3AL(33-48) enhanced Ca**- and ATP-
dependent secretion from permeabilized chromaffin
cells. Rab3F(33-48) also enhanced Ca®*-dependent se-
cretion. The action of these peptides was specific since
comparable effects were seen with neither ras(33-48)
nor ral(33-48). These data suggest that a Jow molecular
weight GTP-binding protein is involved in the reguia-
tion of Ca*-dependent secretion.

The stimulation of exocytosis by the rab peptides
contrasts with the inhibition of transport in the Golgi.
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We suggest that because the assay for regulated secre-
tion measures only one round of fusion and nos a cyclic
process only the stimulatory effects of activated effec-
tors in the GTP-dependent pathway are observed.

Rab3AL(33-48) has considerable homology (80-
90%) with comparable regions in H-rab3A, H-rab3B,
H-rabl, and SEC4 (yeast) if conservative replacements
of amino acids are considered (Table I). It also has
substantial (approximately 50%) homology with re-
gions in H-rab2, H-rab4 and H-rab6. Rab3AL(33-48)
has much less homology (25 and 19%) to comparable
regions in Ki-ras and ral which did not enhance secre-
tion. Qur data are consistent with a protein of the rab
class playing a modulatory role in regulated exocytosis.
Since several species of rab proteins have been identi-
fied, it is possible that rab3AL(33-48) and rab3F(33-
48) only approximate the effector binding region of the
putative rab protein active in the final steps of exocyto-
sis. Another peptide more closely resembling the appro-
priate effector binding region may cause greater en-
hancements of secretion than observed in the present
study.

Although rab3AL(33-48) alone did not cause signifi-
cant amounts of secretion, it did enhance secretion in-
duced by GppNHp. The result suggests that that more
than one GTP-binding protein may be involved in the
ability of guanine nucleotides to stimulate secretion.
Rab3AL(33-48) may mimic the function of only one of
these proteins.

Studies to evaluate the effects of rab peptides have
recently been performed on SLO-permeabilized pancre-
atic acinar cells (40] and patch-clamped mast cells [41].
In pancreatic acinar cells both Ca**-dependent and gua-
nine nucleotide-dependent amylase secretion are also

Table 11
Comparison ol Amine Acid Sequences of Peptides and GTP-Binding
Proleins
Rab3AL(33-48) Ras(33-48) Ral(33-48)
60 uM 60 uM 60 uM
Ca"=dependent 1.31£0.02* (18) 1.03£0.03" (16) 1.05£0.02" (5)
secretion

GppNHp-induced 1.68£0.14* (10) 1.19£0,08%(7) 1.03:0.07 (1)
secrelion

Data are combined from a number of experiments (indicated in paren-
theses), In ecach experiment the ratio of secretionin the presence of
peptide to secretion in the absence of peptide was determined. The
dala are summarized as the mean 2 standard error of the mean of the
ratios. The concentration of peptide was always 60 uK. Most of the
Ca*-dependent secretion expeiiments were performed with 18 gM
Ca, although some were performed with 1.9 4M Ca®. GppNHp-
induced secretion was determined with 30 or 300 uM GppNHMp. Seven
of the experiments with GppNtp wcrcpcrfomed in solution in which
250 mM sucrose replaced 139 mM potassium glummatc A paired
t-tess ~vas ncr('omcd on the difTerences between secretion in the pres.
enls and adsence ofpeptide. *P<0.001 vs. no pepiide. "not significant.
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stimulated by rab3AL(33-48). Peptide alone causes sig-
nificunt amylase secretion. (Stimulution of secretion in
chromaffin cells by peptide alone was only sporadically
observed.) Most striking are the effects in nast cells
where rub peptides triggered 100% secretion in the ab-
sence of other secretagogues. A comparison of the dif-
ferent secretory systems provides evidence that the rub
peptides are, indeed, mimicking a pathway involving a
guanine-nucleotide binding protein, Mast cells sacrete
vigorously to guaning nucleotides and respond strongly
to rub peptides. SLO-permeabilized pancreatic acinar
cells and digitonin-permeabilized chromaffin cells re-
spond more temperately 1o gudanine nucleotides and
correspondingly less vigorously to the rub peptides.

The smaller effects on secretion of guanine nucleo-
tides and rab peptides in chromaffin and pancreatic
acinar cells than in must cells could reflect a modulatory
role of GTP-binding proteins in the secretory pathway
in chromaffin and acinar cells and a major regulatory
role in mast cells. However, it is also possible that both
GTP-binding proteins and Ca**-dependent steps ure
necessary in all three systems. Chromaffin and pancre-
atic acinar cells may have an already high state of acti-
vation of GTP-dependent processes required for secre-
tion which exogenous guanine nucleotides and rab pep-
tides enhance only to a small degree. Ca*"-dependent
processes limit secretion. In mast cells, the activation of
a rab-like protein limits secretion and elements of the
Ca**-triggered pathway are already strongly activated.

In summuary. a peptide resemnbling the putative effec-
tor region of the rab class of low molecular weight
GTP-binding proteins enhances Ca*"-and GppNHp-de-
pendent secretion from permeabilized chromaffin cells.
The duta provide evidence for the involvement of a low
molecular weight GTPR-binding protein in the secretory
pathway in adrenal chromaffin cells.
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