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Distinct and specific GAP activities in rat pancreas act on the yeast
GTP-binding proteins Yptl and Sec4
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Previous studics have demonstrated that Sced, 4 23.5 kDu guanine nuclcotide-binding protein of the rus superlamnily is required for exosytasis in
the budding yeust Saccharomyces cerevisae, Y ptl, another ras-like 23 kDa guanine nucleotide-binding protein in yeast hus been found to be involved
in ER-Golgi trunsport. A mammalian homologue of Ypt! culled rabl has also been identified. Reeent studies using purified Secd protein have
identified a component of yeast lysate that spegifisally stimulates the hydrolysis of GTP bound to Secd. In the present study, purified recombinunt
Secd und Yptl proteins expressed in £. voli have been used as substrutes to determine if GTPase activaling proteins (GAPs) dirceted toward these
proteins are present in rat pancreas, Our studiexs showed that 65% of Seed-GAP uctivity was associated with the 150,000 x g pancreatic particulate
frastion with approximately 35% being found in the eytosol. On the ather hund, more thun 95% of Yptl-GAP activity was found (o associate with
the particulate fraction. Sccd and Yptl competition assays further demonstrated the specificity of the Seed and Yptl GAPs. The results from the
present study suggest the presence of a distinet GAP in the puncreas that interuets with Seed, and another that interuets with Yptl.

Yeust GTP-binding protein: ¥Yptl und Seed; Pancreatic Secd-GAP and Yptl-GAP

1. INTRODUCTION

In recent years, a number of rus-like low-molecular-
weight GTP-binding proteins have been identified and
some have been implicated in distinct vesicular trans-
port processes. In the budding yeast Succhiaromyces cer-
evisige, the association of a 23.5 kDa GTP-binding pro-
tein (Secd) with post-Golgi secretory vesicles is required
for exocytosis. Mutations in the SEC4 gene have been
shown to cause defects in fusion of vesicles with the
plasma membrane, leading to their accumulation in the
cytosol [1-3]. Similarly, Yptl of molecular weight 23
kDa has been implicated in protein transport from the
endoplasinic reticulum (ER) to the Golgi complex in
yeast [4,5]. Yptl is associated with the Golgi [4] as well
as ER-Golgi carrier vesicles [6]. Extensive similarity is
seen between the Secd and Yptl proteins [2.4-9).

Unlike the heterotrimeric GTP-binding G proteins
that possess relatively high intrinsic GTPase activity.
the small ras-like GTP-binding proteins have very low
intrinsic GTPase activity. Small GTP-binding proteins
associate with specific GTPase activating proteins
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(GAPs), resulting in the potentiation of hydrolysis of
bound GTP. Site directed mutagenesis of the putative
effector domain of Yptl (as defined from studies on ras
as residues 32 through 40) suggests the interaction of
GAP with this region is necessary for function of Yptl
in regulating ER to Golgi transpori. In these mutants
small vesicles accumulate between the ER and Golgi
[1Q). Recently, a similar mutation in Secd [11], that re-
sults in the reduction of both intrinsic and stimulatable
rates of GTP hydrolysis by Secd, was shown to cause
decrease in secretion. and resulted in an accumulation
of post Golgi secretory vesicles. In addition, reports
from studies with Heras and ras-GAP [12-17] demon-
strate the importance of hydrolysis and turnover of
GTP bouud tc these small GTP-binding proteins.
Recent studies on mammalian ras-GAP demonstrate
that the putative effector-binding site, defined as resi-
dues 32-40, is identical in all ras proteins from yeast to
mammals, explaining why mammalian ras-GAP can
functionally substitute for the yeast Iral and Ira2 pro-
teins {16,17.19-21]. In addition, several studies [22-24]
demonstrate that small GTP-binding proteins with
identical effector domains such as yeast Yptl and the
mammalian rabl. are able to functionally substitute for
each other. Similarly, mammalian rab6 and S. pombe
ryhl are able to functionally substitute for each other.
These studies suggest that the specific interaction of a
GAP with its small GTP-binding protein is in part de-
termined by the effector binding site on GAP as well as
the effector domain on the GTP-binding protein. Func-
tionatlly homologous GTP-binding proteins therefore
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should substitute for each other. even hetween cells as
Wvaree 3% Voial el el

autpnah 4 GAP activity from parcine liver that ac-
ceizrates GiPuse uivity of Ypul and rabtl proteins has
been reported recently (13]. no mammalian Secd homo-
logue or a mammalian GAP activity directed toward
Secd has been identified to date. Our study demon-
strates, for the first time, the presence of a specific GAP
activity directed toward Sec4 in the rat pancreas and
suggests the presence of a Sec4-like substrate in mam-
mals. The results presented in this study demonstrate
the presence of specific Secd- and Yptl-GAP proteins.
In addition, these studies describe the particulate and
cytosolic distribution of rat pancreatic GAP directed
toward purified recombinant Secd and Yptl proteins.

2. MATERIALS AND METHODS

2V, Marerinlx

{a-*P]GTP and [y-*P]JGTP were ablained from Amersham Corpo.
ration. Arlington His., 1L. Male Sprague-Dawley ruts were obtained
from Camm Research Luboratory Animals, Wayne, NJ. A-Dodeeyt
octaethyleneglycol monasthier (CuHyuOs). # non-ionic surfuctant snd
SBTI were purchised from Calbiochem Co., La Jolli, CA, PEI-TLC
plutes, BSA, DTT. benzumidine and PMSF. were purchased from
Sigmu Chemicsl Ca, St Louis, MO, EDTA und sucrose were from
J.T. Baker Chemicul Co, Phillipsburg., NJ. HEPES, aprotinii, peps
stiatin, GTP, GDP, GMP. GMP-BNP und GTPRyS were from Boehrin-
ger Mannheim, Indianupolis, IN. Type HA, 0.45 um nitrocellulose
fillers were purchused from Millipore Corporation, Bedford, MA.
G-50 Sephudex was obtained from Pharmiciu, Piscataway, NJ,

Sved and ¥prl: nutive Secd and Yptl genes inserted into pETI LA
vestor, were expressed in £ coli BL2I(DE3), using a T7 expression
system [25). Details of expression, charueterizution und purificution of
the Seed and Yptl proteins have been published [11,26).

2.2, Prepuration of ral pancreatic fractions

150,000 x g ruv panereatic particulate and cytosol fractions as well
as a1 M sultextract of the purticulate fructions were prepured by the
following method. Six male Sprague-Dawley rats (200-250 g cach)
were starved overnight and euthanusia was performed by cervical
dislocation. Subsequent processing of the tissue wits performed ut 4°C.
The pancreatu were disseeted out und diced into ~0.5 mm? pieces, The
diced tissue wus homogenized in § vols, of bufTer A (25 mM HEPES,
pH 7.5, 0.3 M sucrose, 0.5 mM MgCl,, | mM benzumidine, 0.1%
wi/vol Trasylol und 0.01% SBTI) using 10 strokes of a Teflon-glusy
homogenizer, The homogenate was then passed (wice through an
18-gauge needle, A third of the homogente was flash frozen in liquid
nitrogen and sived at ~70°C, The rest of the homogenate wis centri-
fuged at 150,000 xg for 60 min 10 generite cytosol and particulate
fractions that were similurly flush frozen and stored at ~70°C.

Salt stripping of the 150,000 x g pancreatic particulate fraction was
performed by incubating the particulate fraction in buffer B (Buffer
A containing | M NaCl) for 60 min with mixing every 15 min. A fifth
of the particulate fraction in buffer B was saved and the rest centri-
fuged at 150,000 x g for 60 min to abtain a particulate and sofuble
fraction. All three fractions were dialyzed for 12 h in 4 changes of 1000
vols. of buffer C (50 mM HEPES, pH 7.4,0. mM PMSF and | mM
benzarnidine), prior to Aush freczing und storage.

2.3, GTPyS binding to Yptl and Secdp

The time course of binding GTPyS to Sccd wus performed by
incubating ~300 nM Secdp with 2.4 uM [MS]GTPyS at 37°C in bufle:
D (40 mM HEPES, pH 8.5, mM MaCl, | mM DTT and 0.1%
CaulHnOy). At cach time point, two S-u! aliquots were diluted into 2
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ml of ice-cold TNMg buffer (20 mM Tris-HCl, pH 8, 100 mM NaCl
=od 35 mM MgCly) and rupidly (ltered through a 0.45-ug type HA
miliipore siteoveilulose filters, The filiers were washed with TNMG
buffer and caunted a3 cwscribved curlier (27). The time course of GTPyS
binding to ¥pt! wax performed as for Sced binding except that the
binding reaction was carried out in buller E (40 mM HEPES, pH 8,
2mM EDTA, | mM DTT and 0.1% CnHuOy).

2.4. Filier binding ussays

Secd and Yptl proteing were preincubated in [y-RPIGTP at 37°C
for 30 min in their iespestive binding buffers D and E as deseribed for
GTPyS binding. All experimentx were performed with the preincubs-
tion mixture containing 300 nM GTP and 300 nM Secd or Yptl
(determined by their GTPyS binding). The Secd-rYpil-[y-"PIGTP
complexes were diluted 10-fold into 50 41 ussay mixes containing cither
| mg/ml BSA or different punereatie fractions. In addition, the assay
mixes contained 0.5 mM GMP-PNP ar 34 mM GTPin the Sced-GAP,
and 0.5 mM GMP-PNP or 34 mM GTP and 0.7 mM MgCl, in the
Yptl-GAP assuys. Incubations were carried out for 30 or 60 min with
at leust 3 time points luken in duplicate, Five gl aliquots of the inci-
bation mixes were diluted into 2 mi of ise-coid TNMg buffer and
filtered us described earlier, Non.specific binding of radiolubst to the
filter was scvounted for by assuying a mix contuining [y-"*PIGTP in
1 mg/ml BSA in the absence of Secd or Yptl. The rute of hydrolysis
of [y-"P)GTP bound to Sccd or Yptl in the presenee of dilferemt
pancreatic {ructions was determined by plotting the percent total (y-
MpIGTP bound to Ypt! or Secd with time. The intrinsic rate of GTP
hydrolysis by Seed or Ypt! was similurly measured, but in the presence
of 1 mg/m! BSA. First-order rate constants were determined from
experimentsl curve fits of Secd- or Yptl-bound GTP hydrolysed with
time, using the Cricket Gruph software.

2.5, Seed-/¥pri-bownd GTP praduct analysis

In order to determine the fute of GTP-bound to Seed or Yptl in the
GTPase assays, with different pancreatic fractions, the following ex-
periments were curried out, Hundred 41 of mixture containing 1.6 #M
of Yptl ar Seed protein were incubated with 2.4 uM of [2-*PIGTP for
30 min at 37*°C in their respective binding bufTers as deseribed carlier,
The Ypti-[a-"*PJGTP und Sced-{x-*P]GTP complexes were separated
from unbound nucleotide by gel filiration on a 2 ml Sephadex G-50
column equilibrated in buffer D containing 0.5 mg/ml BSA, The total
incubation mix waus loaded onto the column, which was gravity-run,
and 100 &1 fructions collected. The first peak of rudioactivity, corre.
sponding to protein-bound nucleotide. was pooled und later used as
substrute in the GTPuse assay. One mg/ml BSA in buffer D was
prepared containing the sume smount of radioactivity found in Secd.
or Yptl[a-*PIGTP pools. Assays cantained 30 nM Secd-[a-"PIGTP,
30 oM Ypul-{e-®PIGTP and or the same umount of radiouctivity as
{a-PIGTP in BSA and were carried out at 37°C both in the presence
or absence of different puncreatic fructions. For each time point, 10
Hlaliquots from assay mixes were added to 10 4 of prewarmed (65°C)
stop solution (2% SDS in 40 mM EDTA). Nucleotides were resolved
by performing TLC using PE1 plates, developed in | M LiCl, followed
by autoradiography. GTP, GDP and GMP were run simultaneously
as standards,

2.6, Secd and YpHl comperition assays

Competition assuys were conducted to determine the specificity of
the pancreatic GAP's toward Secd-GTP and Ypt-GTP, Pancreatic
homogenates as the GAP source were used in Secd- and Yptl-GAP
assays both in the presence and absence of virious concentrations of
Secd-GTP¥S and Ypt1-GTPyS as competitors. The rapid filtration
GTPase assuy were performed as described previously except 0.01%
CuH»0, was used. Secd-GTPyS and Ypil-GTPyS complexes were
prepared as described carlier except that different coneentrations of
Secd und Yptl proteins (see Fig. 4 legend) were incubated with
equimolar GTPyS, in their respective incubation buffers containing
0.01% CyuHnQ,. Inhibition of Secd- or ¥pul-GAP activity was deter-
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mined following the addition of various concentrations of Seed« or
Yptl-GTPyS (competitors) in the GAP assay.

3. RESULTS

GTPyS binding assays were performed to determine
the time course of guanine nucleotide binding to Secd
and Yptl before the complex was used in the GTPase
assays. GTPyS, a non-hydrolyzable GTP analogue
bound to Secd and Yptl and not to BSA (contrel), in
a time-dependent manner. After 20 min the binding
neared completion (data not shown).

The intrinsic hydrolysis rate of GTP bound to Secd
or Yptl was determined in the presence of | mg/ml
BSA. The intrinsic GTPas¢e activity of these prepara-
tions of S¢cd and Yptl proteins was found to be 0.002
mol of P, released/mol of protein/min, which is in good
agreement with published rates for these proteins (26—
28].

To determine the optimal concentrations of pancre-
atic homogenate protein in Secd and Yptl GTPuse as-
says, different concentrations of pancreatic homoge-
nates were assayed for their Secd- and Ypt1-GAP activ-
ities, Results from these experiments demnonstrate that
the optimal pancreatic homogenate concentration for
assaying Secd- and Ypt1-GAP activity is 75 ug/assay
(Fig. 1).

Analysis of the GAP activity associated with the
150,000 x g pancreatic particulate and cytosolic frac-
tions, using S:c4-GTP and Ypt1-GTP (Fig. 2), demon-
strated that while approximately 65% and 35% of the

rate x100

—8#— Secd-GAP
—C—  Yptl-GAP

0 100 200 300

Pancreatic Homogenate (ug)

Fig.1. Concentration dependence of GAP activity in puncreatic homao-
genates. Total pancreatic homogenate was used as a source of GAP
activily, Secd- and Ypi1-GAP activity was meusured us deseribed in
section 2. The exponential rate of the loss of radiouactivily bound to
filters, as a function of time, wus a measure of GAP aclivity. Secd- and
Ypt1-GAP activities are linear over a range of homogenale consentra-
tions, up to 75 pp/assay. In the presence of 75 ug of puncrealic homo-
genate protein, the rale of loss of radiouctivity bound to filters wius
found to be 36- and 50-fold higher for Yptl and Sccd, respectively,
over their intrinsic rates. Values represent means £ S.E. from 3 sepa-
rate experiments assayed in duplicate,
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Secd-GAP activity is associated with the particulate and
cytosol fractions respectively, more than 95% of the
Yptl-GAP activity was ussociated with the particulate
fraction. When the particulate fraction was stripped
with | M salt, more than 96% of the Sec4 and Yptl-
GAP activities were found still associated with the salt~
stripped particulate fractions (Fig. 2). These results sug-
gest that Secd- and Yptl-GAP activities in the pancreas
are different, and that the GAP's are tightly associated
with structures of the particulate fraction rather than
being adsorbed during homogenization and fractiona-
tion of the pancreas. NaF, a classic G-protein agonist,
did not stimulate GTPase activity in our experiments
{data not shown).

To determine if the observed loss of filter bound
counts was due to GTP hydrolysis rather than to release
of the bound nucleotide from Secd or Yptl, the prod-
ucts of Secd- and Yptl-bound [a-*PJGTP were analy-
sed (Fig. 3). The resuits from these experiments corre-
late very well with the previous GAP assay data. Both
Sec4 and Ypil intrinsic GTPase activities were low as
indicated by negligible GTP hydrolysis in the absence
of pancreatic fractions (Fig. 3). In addition, negligible
GTP hydrolysis was observed when free [a-*PIGTP
was incubated with pancreatic homogenate alone. The
negligible hydrolysis of [¢-*P]GTP by pancreatic ho-
mogenate seen in the assays was due to the presence of
34 mM unlabeled GTP in the assays as indicated in
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Fig. 2. GTPase activity for ¥Yptl and Sccd in pancreatic fractions.
Pancreatic homogenate [H] (75 ug), 150.000 x g particulate {P) (50 ug).
eytosal [C] (25 ug) as well as the 150,000 x g pellet {[PP] (24 ug) and
supernatant [SP] (22 ug) of the salt-stripped particulate frzctions were
incubuted with 30 nM Ypt!-or Seed-[¥-**PJGTP, and the percent total
astivity meusured as described in section 2. Protein was estimated by
the methoed of Bradford [31]. Values represent means * 8.E, from 3
separute experiments, each assayed in duplicaie.
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Fig. 3. Sccd and Yptl bound [2-**PJGTP hydrolysis. Autorudiogram of a thin-luyer chromatogram from a time course of Secd and Ypt! bound
[x-PIGTP hydrolysis. Assiys were carried aut in the presence of BSA (40 ug), homogenate [H] (75 xg), partisulate [P] (50 ug) and cytosol (C)
(25 ug). as described in section 2, The figure represents one of three separate experiments.

section 2. This high concentration of unlabeled GTP
was necessary to block non-specific endogenous nucleo-
tidases present in the tissue. However, in the presence
of panereatic fractions, Secé hydrolysed the bound GTP
to GDP in a time-dependent manner. In contrast, the
majority of the Yptl GTPase activity wus found to be
present in the particulate fraction (Fig. 3). Very little
Yptl GTPase activity was seen on addition of the
150,000 x g cytosol. These results demonstrate that the
Secd4 and Yptl GTPase activities determined in the fil-
ter-binding assays were indeed due to hydrolysis of
GTP bound to Sec4 or ¥ptl and not due 1o nucleotide
dissociation from these proteins. These experiments
also support the Yptl-GAP data from filter-binding
assays where low levels of Yptl-GAP activity were seen,

8

To further establish that the Sec4 and Ypt1-GAP's
activities are different, Sec4 and Yptl competition as-
says were performed as described in section 2. These
studies demonstrated that both Ypt1-GTP¥S and Secd-
GTPyS could compete out their respective GAP but not
that of the other (Fig. 4). The differential centrifugation
and competition studics therefore strongly suggest that
the Secd-GAP and Yptl-GAP are distinct and spesific
activities in the rat pancreas.

4. DISCUSSION

Although very little is known about the effectors for
small GTP-binding proteins, a number of GAP's each
specific to a small GTP-binding protein have been re.
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Seed-GAP COMPETITION ASSAY
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He14uM Ypt1 '
Hed4puM Yptl
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Fig. 4. Inhibition of Secd- and ¥ pt1-GAP activity by Secd-GTPyS and
Yptl-GTPyS, Competition experiments were performed as described
in section 2, using pancreatic homogenute (37.5 ug) as the GAP sourse,
GAP activities are eapressed in percent of total, Secd- and Yptl-
GTPyS were uble to comaete out Secds and ¥ pt1-GAP's respectively.
in a concentration-dependernt manner, but were unable to inhibit each
other. Yalues represent ornie of two similar experiments, with similar
values in cach experiment,

ported [12,19,20]. Recently, various yeast homologues
of small GTP-binding proteins along with proteins
which regulate their activities have been identified in
mammalian cells [10,16,17,19-24,29,30]. The mammal-
ian rab! protcin is known to be closely related to Yptl
and this is presumably the natural substrate for the
Ypti-specific GAP activity seen here. However, no
homologue of Secd has been identified to date in mam-
malian cells. In this study, we report for the first time
the presence of specific pancreatic GAPs that interact
with the yeast Secd and Yptl proteins. Our results sug-
gest that mammalian cells may possess a Secd homo-
logue. Two of the rab proteins already identified, i.e.
rab8 and rablQ show high conservation with Sec4 in
their putative effector domains and therefore could be
candidate substrates for the Sec4-GAP activity we are
observing. The purification and subcellular distribution
of these GAPs in the pancreas will help further deter-
mine the characteristics and function of their activities
in this tissue.
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