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SUMMARY 

Rab3A small GTP-binding protein is implicated in regulated 

secretion, particularly in neurotransmitter release from the 

presynapse . In the present study, I have purified a putative 

target protein for Rab3A from the bovine brain crude membranes, 

determined its primary structure, and named it Rabphilin-3A . 

Moreover, since Rabphilin-3A, which has no transmembrane region, 

is associated with synaptic vesicles, I have here studied how 

Rabphilin-3A is associated with synaptic vesicles . Rabphilin-3A 

more preferentially interacted with GTP-Rab3A than with GDP­

Rab3A . Rabphilin-3A was a protein of 704 amino acids with a cal-

culated Mr of 77,976 . Structural analysis of Rabphilin-3A re-

vealed that Rabphilin-3A had two copies of an internal repeat 

which were homologous to the c 2 domain of protein kinase C as de­

scribed for synaptotagmin, which was thought to be one of ca2+_ 

sensors in the presynapse . Northern (RNA) blot and Immunoblot 

analyses showed that Rabphilin-3A was exclusively expressed on 

the brain but not on the liver, lung, heart, and kidney . 

Treatment with 1 M NaCl of synaptic vesicles isolated from rat 

brain completely solubilized Rabphilin-3A from the vesicles . The 

vesicles deprived of Rabphilin-3A still contained Rab3A and syn-

aptophysin . Recombinant Rabphilin-3A bound to the vesicles de-

prived of endogenous Rabphilin-3A in dose-dependent and saturable 

manners . The concentration of Rabphilin-3A giving a half maximum 

binding was about 50 nM and maximally 5 ± 1 molecules of Rab-

philin-3A bound to one vesicle . Addition of exogenous Rab3A or 

removal of endogenous Rab3A by the action of Rab GDI did not af-

feet the binding of Rabphilin-3A to the vesicles . 
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treatment of the vesicles with trypsin completely abolished the 

binding of Rabphilin-3A. These results indicate that Rabphilin-

3A is a novel protein that has c 2-like domains and selectively 

interacts with GTP-Rab3A, and that Rabphilin-3A is associated 

with the vesicles at least through a Rabphilin-3A-anchoring pro­

tein on synaptic vesicles in a manner independent of Rab3A . 
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INTRODUCTION 

Rab3A is a member of the Rab subfamily of the Ras-related 

small G protein1 superfamily. The Rab family is implicated in 

intracellular vesicle transport including endocytosis, exocyto-

sis, and transcytosis (for reviews, see Refs. 1-3) Rab3A is 

present in cells with regula ted secretion such as neurons, en-

docrine cells, and exocrine cells . In neurons, Rab3A is present 

in the presynapse, especially enriched on synaptic vesicles (4-

7) . Although the precise function of Rab3A has not yet been 

clarified, it is suggested from study of mutations in Rab3A­

knockout mice that Rab3A regulates the docking of synaptic vesi­

cles to the presynaptic plasma membrane (8) 

Rab3A has interconvertible GDP-bound inactive and GTP-bound 

active forms (3) GTP-Rab3A interacts with its target protein 

and performed its function. The conversion between the GDP- and 

GTP-bound forms are regulated by GDP/GTP exchange and GTPase re-

actions (3) The GDP/GTP exchange reaction is regulated by two 

types of GDP /GTP exchange proteins, stimulatory and inhibitory 

ones, named GDS and GDI, respectively . The GTPase reaction is 

regulated by a GTPase activating protein . Recently, Takai' s 

group has purified GDI for Rab3A, determined its primary struc-

ture, and named it Rab GDI (9,10) Rab GDI regulates not only 

the GDP/GTP exchange reaction of Rab3A but also the translocation 

of Rab3A between the cytosol and the membrane . On the basis of 

the available evidence, a tentative model of the mode of action 

of Rab3A in neurotransmitter release has been proposed as fol-

lows: (1) GDP-Rab3A complexed with Rab GDI stays in the cytosol . 

(2) Once GDP-Rab3A is dissociated from Rab GDI, Rab3A is convert­
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ed from the GDP-bound form to the GTP-bound form. 

binds to its target protein on synaptic vesicles. 

(3) GTP-Rab3A 

( 4) Synaptic 

vesicles containing Rab3A are translocated and docked to the ac­

tive zone of the presynaptic plasma membrane, where a voltage-de­

pendent ca2+ channels are clustered . (5) After ca2+ is influxed, 

synaptic vesicles are fused with the presynaptic plasma membrane 

and neurotransmitter is released . (6) Then, Rab3A is converted 

from the GTP-bound form to the GDP-bound form by GTPase reaction. 

(7) GDP-Rab3A is complexed with Rab GDI and translocated to the 

cytosol . This model suggests that Rab3A cyclically regulates 

neurotransmitter release. 

According to this model, I have attempted to search for a 

target protein for Rab3A . I have purified the putative target 

protein for Rab3A, isolated its eDNA, and determined its primary 

structure . Structural analysis has revealed that this protein 

has two repeats of c 2-like domain as described for synaptotagmin 

(11, 12) . I have tentatively named it Rabphilin-3A (Rab for 

Rab3A, philin for the Greek word for friend) 

It has been recently revealed that although Rabphilin-3A 

has no transmembrane region, Rabphilin-3A is located on synaptic 

vesicles (13) Therefore, I have attempted here to clarify the 

mechanism how Rabphilin-3A is associated with synaptic vesicles . 

There are two possible ways for Rabphilin-3A to bind to synaptic 

vesicles : ( 1) There is an anchoring protein for Rabphilin-3A on 

the vesicles; and (2) Rabphilin-3A is post-translationally modi-

fied so that it binds to the vesicles . I have found here that 

Rabphilin-3A binds to synaptic vesicles at least through its an­

choring protein of the vesicles in a manner independent of Rab3A . 
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MATERIAL AND METHODS 

Materials and chemicals---Lipid-modified and -unmodi­

fied Rab3As were purified from the membrane fraction of Sf9 cells 

overexpressing Rab3A and from E . coli overexpressing Rab3A, re-

spectively (14) Rab11 was. purified from E . coli overexpressing 

Rabll (14) c - Ki-Ras, RhoA , and Rap1B were purified from the cy-

tosol fraction of Sf9 cells overexpressing c-Ki-Ras, RhoA , and 

Rap1B, respectively (15) Rab GDI was purified from the cytosol 

fraction of bovine brain (16) . Synaptic vesicles were prepared 

from rat brain ( 6) Synaptophysin was purified from rat brain 

(17) An anti-Rab3A monoclonal antibody used was the same as 

that used previously (6) An anti-synaptophysin monoclonal anti­

body was from Boehringer Mannheim . 125 I-Labeled Bolton-Hunter 

reagent (specific activity, 74. TBq/mmol) was from Amersham Corp . 

The chemical cross-linker, DSS, was from Pierce Chemical Co . 

PVDF membrane (Problott), 0 . 45- ~m pore size , was obtained from 

Applied Biosystems . AP-I was from Wako Pure Chemical Industries , 

Ltd . (Osaka, Japan) All materials used in the nucleic acid 

study were purchased from Takara Shuzo Co ., Ltd . (kyoto, Japan) 

Prokaryotic expression plasmid pGEX-2T was obtained from 

Pharmacia LKB Biotechnology, Inc . Other materials and chemicals 

were obtained from commercial sources . 

Preparation of radioiodinated Rah3A--Lipid-unmodi­

fied Rab3A (6 . 5 nmol, 500 ~ l) was dialyzed three times against 50 

ml of 20 mM HEPES/NaOH at pH 7 . 4 , 5 mM MgC1 2 , and 0 . 6% CHAPS . 

GTPyS-Rab3A was made by incubating lipid-unmodified Rab3A ( 3 00 

pmol) for 2 h at 30°C with 50 ~M GTPyS in a mixture (100 ~ 1) con-

taining 20 mM HEPES/NaOH 
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MgC1 2 , 1 mM L-a-dimyristoylphosphatidylcholine, and 0. 3% CHAPS. 

GTPyS-Rab3A was then iodinated by 12 5r-labeled Bolton-Hunter 

reagent (18). Radioiodinated Rab3A was separated from the free 

reagent by gel filtration on a Sephadex G-25 column equilibrated 

with 20 mM HEPES/NaOH at pH 7.4, 5 mM MgCl 2 , 1 ~M GTPyS, and 0.5% 

sodium cholate. 

Cross-link assay--Radioiodinated Rab3A (1 prnol, 2.2-2.6 

x 10 5 cpm) was incubated with the sample to be assayed in a mix­

ture (45 pl) containing 22.2 mM HEPES/NaOH at pH 7.4, 5.56 mM 

MgC1 2 , 1.11 pM GTPyS, 222 mM NaCl, and 0 . 056% sodium cholate for 

After the incubation, 20 mM DSS in 20% dimethyl 

sulfoxide (5 p l) was added, followed by the second incubation for 

30 min at 30°C. The reaction was stopped by the addition of an 

SDS-stopping solution (25 ~1) containing 200 mM Tris/HCl at pH 

6.7, 9% SDS, 6% 2-rnercaptoethanol, and 15% glycerol. An aliquot 

(60 ~Ll) of the sample was subjected to SDS-PAGE (10% polyacry-

lamide gel), followed by the autoradiography . The ~adioactivity 

of each band was measured by Fujix BAS2000 Bio-imaging Analyzer 

with radioiodinated Rab3A as a standard. During the purification 

procedures of Rabphilin-3A described below, an aliquot (10 ~ 1) of 

the indicated fractions of each column chromatography was cross­

linked to radioiodinated Rab3A to measure the Rabphilin-3A activ­

ity. 

Molecular cloning and determination of nucleotide 

sequence of the Rabphilin-3A eDNA--Oligonucleotide probes 

were synthesized using a DNA synthesizer (Applied Biosystems, 

Model 380A) according to the partial amino acid sequences deter-

mined from purified Rabphilin-3A . A bovine brain eDNA library 
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was constructed using a eDNA synthesis system and a eDNA cloning 

systemAgt10 (Amersham Corp.) according to the manufacture's man­

ual . The hybridization procedures for screening the library were 

done as described (19) The obtained eDNA clones in a Agt10 

phage vector were recloned using a pUC19 plasmid (19) Several 

deleted clones were constructed as described (20) The nucleo-

tide sequence was determined as described (21) 

Expression o£ GST - Rabphilin-3A and recombinant Rab-

philin-3A--Plasmids for expression of Rabphilin-3A in Sf9 

cells and E . coli were constructed with the following procedures . 

The 2 . 1-kb fragment containing the complete Rabphilin-3A eDNA 

coding region with the BamHl and Kpn1 sites upstream of the ini-

tiator methionine codon and downstream of the termination codon 

was synthesized by polymerase chain reaction (19). This fragment 

was digested by BamH1 and inserted into the BamH1-cut pGEX-2T 

plasmid to express the Rabphilin-3A eDNA under the control of the 

tac promoter in E . coli strain JM109 and into the BamH1-cut 

pAcYM1 Autographa californica baculovirus transfer vector to ex­

press the Rabphilin-3A eDNA under the control of the polyhedrin 

promoter in Sf9 cells . GST-Rabphilin-3A and recombinant Rab-

philin-3A were purified as described, respectively (22) . 

Generation o£ an anti-Rabphilin-3A polyclonal anti-

body----A rabbit polyclonal antibody was generated against a 18-

mer peptide corresponding to the partial amino acid sequence of 

Rabphilin-3A (Pro-Ala-Arg-Ala-Pro-Thr-Arg-Gly-Asp-Thr-Glu-Asp­

Arg-Arg-Gly-Pro-Gly-Gln) (19) . The anti-serum was affinity puri-

fied using the same peptide as described (19) Immunoblot analy-

sis was carried out by use of this antibody as described (23) 

Complex formation o£ GST-Rabphilin-3A with Rab3A 
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----Lipid-unmodified Rab3A (100 pmol) was incubated with 0 . 5 mM 

GOP or 0 . 5 mM GTPyS for 2 h at 30°C to make lipid-unmodified GOP­

Rab3A or lipid-unmodified GTPyS-Rab3A (14) . After each form of 

Rab3A was incubated with GST-Rabphilin-3A (20 pmol) for 30 min at 

25°C in 200 J..L l of Buffer A (20 mM HEPES/NaOH at pH 7 . 4, 5 mM 

MgCl 2 , 1 mM OTT, 200 mM NaCl, and 0 . 1% CHAPS) containing 300 J..LM 

GOP or 300 J..L M GTPyS, respectively . After then, each mixture was 

subjected to sucrose density gradient ultracentrifugation . A 

tube contained a 1ml-40% sucrose bed and a 3 . 8ml-sucrose density 

gradient (5-20% sucrose) in Buffer A containing 10 pM GOP or 10 

J..L M GTPyS . Centrifugation was performed at 238,000 x g for 19 h 

at 4°C . In another set of experiments , either GST-Rabphilin-3A 

(20 pmol), lipid-unmodified GOP-Rab3A (100 pmol), or lipid-unmod­

ified GTPyS-Rab3A (100 pmol) was separately subjected to the same 

sucrose density gradient ultracentrifugation . Fractions of 0 . 2 

ml each were collected. An aliquot (40 p l) of each fraction was 

subjected to SDS-PAGE followed by immunoblot analysis by use of 

the anti-Rabphilin-3A polyclonal antibody or anti-Rab3A monoclon­

al antibody 

Immunoblot analysis---Various tissues of adult female 

rat (about 100 pg of wet weight each) were homogenized as de­

scribed (6) The homogenates were subjected to SOS-PAGE followed 

by immunoblot analysis by use of the anti-Rabphilin-3A polyclonal 

antibody . 

Northern (RNA) blot analysis---Preparation and gel 

transfer hybridization analysis of total RNAs were performed 

under high-stringency conditions as described previously (10,19) . 

The probe for the Rabphilin-3A mRNA was a 2 . 7-kb Eco RI fragment 
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of the eDNA (the whole clone eDNA). 

Preparation of Synaptic Vesicles Free from Rab -

philin-3A--To remove endogenous Rabphilin-3A, synaptic vesi-

cles (40 ~g of protein) were incubated with l M NaCl for 2 h on 

ice in 80 ~l of 20 mM HEPES/NaOH at pH 7 . 4, 1 mM EDTA, 10 mM 

EGTA, and 80 mM sucrose, followed by centrifugation at 230,000 x 

g for 90 min . After the supernatant was removed, the pellet was 

washed once with 200 ~1 of the same buffer and resuspended by re-

peatedly forcing it through a 27-gauge syringe needle in 80 ~ 1 of 

Glycine Buffer ( 5 mM HE PES and 0 . 3 M glycine at pH 7 . 4) . This 

preparation of the vesicles was practically free of Rabphilin-3A 

(See Fig. llA ) . The recovery of the vesicles was estimated to 

be 90-95% by Western blotting with the anti-synaptophysin anti-

body . 

Preparation of Synaptic Vesicles Free from 

Rab3A--To make endogenous Rab3A the GDP-bound form, the vesi-

cles deprived of Rabphilin-3A (100 ~g of protein) were first in­

cubated with 6 ~M GDP for 15 min at 30°C in 45 ~ l of 20 mM Tris/ 

HCl at pH 7 . 4, 2 . 2 mM HEPES/NaOH at pH 7 . 4, 10 mM EDTA, 2 . 5 mM 

MgC1 2 , 13 3 mM glycine, and 10 ~M A PM SF . After the first incuba­

tion, 5 ~ 1 of 127 . 5 mM MgC1 2 was added and the mixture was imme­

diately cooled on ice to prevent the dissociation of GDP from 

Rab3A. To solubilize Rab3A from the vesicles, the mixture was 

incubated with Rab GDI (2 . 1 nmol) in 550 ~ l of 20 mM Tris/HCl at 

pH 7.4, 0.18 mM EDTA, 4 . 1 mM MgCl 2 , 1 . 0 mM DTT, 10 ~M APMSF, and 

0 . 6 ~M GDP for 5 min on ice. Then, a 580-~l aliquot was layered 

on the top of 400 ~ 1 of 5% sucrose bed in Glycine Buffer , fol-

lowed by centrifugation at 230,000 x g for 90 min . The super-

natant was aspirated and the pellet was resuspended in 50 ~ 1 of 
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Glycine Buffer as described above. This preparation of the vesi-

cles was practically free of Rab3A (See Fig. 13A ). The recov-

ery of the vesicles was estimated to be 25-30% by Western blot-

ting with the anti-synaptophysin antibody . 

Preparation of Synaptic Vesicles Associated with 

Exogenous Rab3A----Lipid-modified.GTPyS-Rab3A was first made by 

incubating lipid-modified Rab3A (400 pmol) with 50 ~M GTPyS for 

20 min at 30°C in 39 ~1 of 20 mM Tris/HCl at pH 7 . 4, 10 mM EOTA, 

5 mM MgC1 2 , 1 mM OTT, and 0 . 3% CHAPS . After the incubation, 1 ~1 

of 405 mM MgC1 2 was added to give a final concentration of 15 mM 

and the mix ture was immediately cooled on ice to prevent the dis-

sociation of GTPyS from Rab3A . The vesicles deprived of Rab-

philin-3A (200 ~g of protein) were incubated with lipid-modified 

GTPyS-Rab3A (400 pmol) for 10 min on ice in 400 ~ 1 of 20 mM 

Tris/HCl at pH 7 . 4, 1 mM EOTA,· 5 mM MgC1 2 , 1 mM OTT, 5 ~M GTPyS, 

and 0 . 07 5% CHAPS . After the incubation, a 380-~1 aliquot was 

layered on the top of 400 ~ 1 of 5% sucrose bed in Glycine Buffer 

containing 5 mM MgC1 2 and 5 ~M GTPyS , followed by centrifugation 

at 230 , 000 x g for 30 min . The supernatant was aspirated and the 

pellet was resuspended in 100 ~1 of Glycine Buffer as described 

above . This preparation of the vesicles contained exogenous 

Rab3A in an amount ten times more than that of endogenous Rab3A 

(See Fig . 13A ) . The recovery of the vesicles was estimated to 

be 25-30% by Western blotting with the anti-synaptophysin anti-

body . 

Tryptic Digestion of Synaptic Vesicles---The vesicles 

deprived of Rabphilin-3A (250 ~g of protein) were incubated with 

or without trypsin (trypsin/vesicle protein weight ratio = 1 : 250) 

for 1 hat 37°C in 380 ~ 1 of 50 mM HEPES and 0 . 2 M glycine at pH 
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7.4. To stop the digestion, 20 IJ. l of 0.5 mg/ml of soybean 

trypsin inhibitor and 0.2 mM APMSF were added and the sample was 

further incubated for 30 min at 4°C. The digested vesicles were 

centrifuged at 230,000 x g for 90 min, washed three times with 

400 j..t l of 5 mM HEPES, and 0 . 5 M glycine, 10 IJ.g/ml of soybean 

trypsin inhibitor, and 10 J..I M APM~F at pH 7. 4, and in cuba ted 

overnight at 4°C . After the incubation, the digested vesicles 

were centrifuged at 230,000 x g for 90 min, followed by resuspen­

sion in 125 j..t l of Glycine Buffer as described above. The diges­

tion of the vesicles was confirmed by SDS-PAGE, followed by pro­

tein staining with Coomassie brilliant blue . 

Assay for the Binding of Rabphilin-3A to Synaptic 

Vesicles--Synaptic vesicles (5 j..l.g of protein) were incubated 

with the indicated amounts of recombinant Rabphilin-3A for 10 min 

on ice in 80 IJ. l of 20 mM HEPES , 1 mM EDTA, 10 mM EGTA, 150 mM 

NaCl, and 37 . 5 mM glycine at pH 7 . 4 or 20 mM HEPES, 1 mM EGTA, 

150 mM NaCl, 1 . 09 mM cac1 2 , and 37 . 5 mM glycine at p~ 7 . 4 . After 

the incubation , a 70- IJ. l aliquot was layered on the top of 400 IJ. l 

of 5% sucrose bed in Glycine Buffer , followed by centrifugation 

at 230 , 000 x g for 30 min . Th e supernatant was aspirated and t he 

pellet was suspended in 120 j..t l of 66 . 7 mM Tris/HCl at p H 6 . 7, 3% 

SDS, 2% 2-mercaptoethanol, and 5% glycerol . A 60- j..t l aliquot was 

subjected to SDS-PAGE, followed by Western blotting with the 

anti-Rabphilin-3A antibody . The recovery of the vesicles was es­

timated to be 25-30% by Western blotting with the anti-synapto­

physin antibody . 

Other Procedures--SDS-PAGE was performed as described 

(24) Rabphilin-3A, Rab3A, and synaptophysin transferred to ni-
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troce l lulose shee t s were detected by using the ECL immunoblotting 

detect ion system (Ame rsham Corp.). Amounts of Rabphilin - 3A, 

Rab3A, and synaptophysin were quantified by densitometric tracing 

at 420 nm with purified Rabphilin-3A, Rab3A, and synaptophysin as 

standards, respectively . Protein concentrations were determined 

with bovine serum albumin as a reference protein (25) . The com-

puter program IDEAS was used for homology search and hydropathy 

plot (26,27) 

RESULTS 

Identification of a Protein Cross-linked with 

Rab3A--When the radioiodinated GTPyS-Rab3A was incubated with 

or without DSS, and each sample was subjected to SDS-PAGE fol­

lowed by autoradiography, several radioactive bands in addition 

to the Rab3A band were detected for both samples ( Fig. 1 , 

lanes 1 and 2 ) These bands were derived from the proteins 

slightly contaminating the Rab3A sample used . When the radioiod­

inated GTPyS-Rab3A was cross-linked with the crude membrane frac -

tion of bovine brain, only one distinct radioactive band was de-

tected (Fig. 1 , lanes 3 and 4 ) . The Mr of this radioactiv e 

band was about 110,000 and appeared to be composed of the ra­

dioiodinated Rab3A and a molecule with a Mr of about 86,000 , be-

cause the Mr of Rab3A was about 24,000 on SDS-PAGE (14) . Thi s 

molecule is tentatively termed here Rabphilin-3A . Rabphilin-3A 

was extracted from the crude membrane fraction with sod i um 

cholate (Fig. 1 , lanes 5 and 6 ). 

Purification of Rabphilin-3A----The crude membran e 

fraction was prepared from bovine brain as described (28) excep t 
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that 10 mM HEPES/NaOH at pH 7. 4 was used instead of 10 rnM 

Tris/HCl at pH 7.4. After the crude membrane fraction (800 ml, 

9.6 g of protein) was centrifuged at 20,000 x g for 1 h, the pro­

tein was extracted from the pellet suspended in 320 ml of 2% 

sodium cholate in Buffer B ( 20 rnM HEPES/NaOH at pH 7. 4, 5 rnM 

Mgcl 2 , and 1 rnM DTT) with stirring ~or 30 min. After centrifuga­

tion at 100,000 x g for 1 h, the supernatant was pooled and used 

as the extract from the crude membrane fraction (320 ml, 2.9 g of 

protein) . One fourth of the extract from the crude membrane 

fraction (80 ml, 725 mg of protein) was applied to a HiLoad 26/10 

Q Sepharose HP column (2 . 6 x 10 em) equilibrated with Buffer B 

containing 1% sodium cholate . After the column was washed with 

148 ml of the same buffer, elution was performed with a 600-ml 

linear gradient of NaCl (0-1 . 0 M) in Buffer B containing 1% sodi­

um chelate . Fractions of 12 m1 each were collected . Rabphilin-

3A appeared as a single peak in Fractions 37-39 . The rest of the 

extract from the crude membrane fraction was treated in the same 

way . The active fractions of these peaks of the four column 

chromatographies were combined . To exchange sodium cholate for 

CHAPS in the buffer, the combined fractions were diluted with 144 

ml of Buffer B, concentrated to 14 . 4 ml by an Amicon concentrator 

(PM-30), and again diluted to 144 ml with Buffer B containing 

0 . 6% CHAPS . This sample (144 ml, 72 mg of protein) was applied 

to a Mono Q HRl0/10 column (1 x 10 em) equilibrated with Buffer B 

containing 0 . 6% CHAPS . After the column was washed with 56 ml of 

the same buffer, elution was performed with a 240-ml linear gra-

dient of NaCl (0-0 . 5 M) in Buffer B containing 0 . 6% CHAPS . 

Fractions of 2 ml each were collected . Rabphilin-3A appeared as 

a single peak in Fractions 128-141 . The active fractions (28 ml, 
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1.4 mg of protein) were applied to a hydroxyapatite co lumn (0.8 x 

2. 0 em) equilibrated with Buffer B containing 0.6 % CHAPS and 50 

After the column was washed with 42 ml o f Buffer B 

containing 0 . 6% CHAPS and 80 mM KH 2Po4 , elution was performed 

with 9 ml of Buffer B containing 0.6% CHAPS and 120 mM KH 2Po 4 . 

Fractions of 1.5 ml each were collected . Rabphilin - 3A appeared 

as a single peak in Fractions 49 - 52 . The active fractions (6 ml, 

10 ~g of protein) were concentrated by Centricon- 30 to 1.2 ml and 

subjected to sucrose density gradient ultracentrifugation using 

six tubes . Each tube contained a 4 . 8 ml-sucrose density gradient 

(5-20% sucrose in Buffer B containing 0 . 6% CHAPS) Centri-

fugation was performed at 238 , 000 x g for 19 h . Fractions of 

0 . 2 5 ml each were collected . Rabphilin-3A appeared as a single 

peak in Fractions 7-10 . F i g . 2 shows that the profile of Rab-

phi1in-3A activity and the protein staining pattern of the indi­

cated fractions of the ultracentrifugation . The active fractions 

(6 ml, 5 ~g of protein) were used as the highly pu~ified sample 

of Rabphilin-3A . The highly purified sample of Rabphilin-3A was 

cross-linked with radioiodinated Rab3A (Fig. 1, lanes 7 and 

8 ) This cross-linking was abolished by pretreatment of the 

highly purified sample of Rabphilin-3A with heat boiling or tryp­

tic digestion (Fig. 1, lanes 9 and 10 ) . About 100 ~g of the 

highly purified sample of Rabphilin-3A was accumulated by the 

same purification procedures . About 5 ~g of the highly purified 

sample of Rabphilin-3A was resolved by SDS-PAGE and elec­

trophoretically transferred to a PVDF membrane ( 23). After 

staining the membrane with Ponceau S , the band corresponding to 

Rabphilin-3A was cut out with a clear razor for peptide map anal­

ysis. 
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Kinetic Properties of Rabphilin-3A----The cross-linking 

of radioiodinated Rab3A with the highly purified sample of Rab­

philin-3A was progressively inhibited by the addition of increas­

ing amounts of nonradioactive lipid-unmodified GTPyS-Rab3A (Fig. 

3 ). Nonradioactive lipid-unmodified GDP-Rab3A also inhibited 

this cross-linking but much less efticiently . The rc50 of nonra­

dioactive lipid-unmodified GTPyS-Rab3A and GDP-Rab3A were about 8 

and 70 nM, respectively. Similar inhibition was observed when 

lipid-modified Rab3A was used instead of lipid-unmodified Rab3A. 

The GTPyS-bound form of other small G proteins, including c-Ki­

Ras, RhoA, RaplB, and Rabll, were ineffective in this inhibition . 

Peptide map and amino acid sequence analyses of 

Rabphilin-3A----Each sample of Rabphilin-3A on the PVDF mem­

brane was digested with AP-I at a molar ratio of 1 : 50 (AP-I : Rab­

philin-3A) for 24 hat 37°C in·300 ~ l of 0 . 2 M Tris/HCl at pH 9 . 0 

containing 8% acetonitrile (29) . When the peptides released 

after the in situ protease digestion of Rabphilin-;JA were com­

bined and subjected to Bakerbond WP c8 column chromatography as 

described (30), more than thirty peptides were separated . Eleven 

peaks of them were sequenced using an automated gas-phase se­

quencer (Applied Biosystems, Model 470A) . 

Molecular cloning and determination of nucleotide 

and deduced amino acid sequences of Rabphilin-3A---Two 

sets of oligonucleotide probes for the cloning of the Rabphilin-

3A eDNA were synthesized according to the partial amino acid se­

quences of Rabphilin-3A, Lys-Met-Glu-Glu-Met-Glu-Gln-Glu and Glu­

Phe-Asn-Glu-Glu-Phe-Phe-Tyr. Twenty-four clones were hybridized 

with both probes out of about 600,000 recombinant phage plaques 
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from the bovine brain eDNA library . A nucleotide sequence of one 

cloned eDNA with about 2 . 7 kb was obtained . The deduced amino 

acid sequence of Rabphilin-3A is shown in Fig. 4. The eDNA con­

tained an open reading frame of 704 amino acids . The neighboring 

sequence of the first ATG is consistent with the translation ini-

tiation start site proposed by Kozak (31) The deduced amino 

acid sequence was identical to all the amino acid sequences de-

termined from purified Rabphilin-3A . The Mr value was calculated 

to be 77,976 . This value was similar to those of purified Rab-

philin-3A estimated by SDS-PAGE , which were about 85,000 . These 

results indicate that Rabphilin-3A is composed of a single 

polypeptide without a subunit structure . 

Of the twenty-four isolated clones, four of them hybridized 

under high stringency conditions to two fragments : one consisted 

of the N-terminal half of the coding region of the isolated Rab­

philin-3A eDNA and the other consisted of the c-terminal half of 

the coding region . These results indicate that they were iden-

tical to the Rabphilin-3A eDNA clone . Ten of the clones hy-

bridized to only one fragment of them under the same conditions 

and appeared to be a part of the whole coding region of the iso-

lated Rabphilin-3A eDNA . The other clones did not hybridize to 

either fragment under both high- and low-stringency conditions . 

It is likely that they are not other Rabphilin-3A cDNAs, and I 

did not characterize them further . 

Complex £ormation o£ GST-Rabphilin-3A with Rab3A----I 

examined whether GST-Rabphilin-3A makes a complex with lipid-un-

modified GTPyS-Rab3A on sucrose density gradient ultracentrifuga-

tion . For this experiment, I produced GST-Rabphilin-3A as a GST 

fusion protein in E . coli, and purified it . When either GST-Rab­
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philin - 3A, lipid-unmodified GDP-Rab3A, or lipid - unmodified 

GTPyS-Rab3A was separaLely subjected to the sucrose density gra­

dient ultracentrifugation, the immunoreactive protein correspond­

ing to GST-Rabphilin-3A appeared at the near bottom and the im­

munoreactive protein corresponding to both forms of Rab3A ap­

peared at the position with an Mr. value of about 25,000 (Fig . 

SA ). Since GST also appeared at the near bottom under the same 

conditions (data not shown), GST-Rabphilin-3A was aggregated due 

to the property of GST . When GST-Rabphilin-3A was mixed with 

lipid-unmodified GDP-Rab3A and the mixture was then subjected to 

the same sucrose density gradient ultracentrifugation, the im­

munoreactive proteins corresponding to GST-Rabphilin-3A and Rab3A 

appeared at their respective original positions (Fig . SB ) . When 

GST-Rabphilin-3A was mixed with lipid-unmodified GTPyS-Rab3A and 

the mixture was then subjected·to the same sucrose density gradi­

ent ultracentrifugation, the immunoreactive protein corresponding 

to GST-Rabphilin-3A appeared at the near bottom (Fig . SC I . The 

immunoreactive protein corresponding to Rab3A at the position 

with an Mr value of about 25,000 shifted to this position (Fig. 

5C ) It may be noted that only a part of Rab3A shifted to this 

position because the molar ratio of Rab3A to GST-Rabphilin-3A 

used in this experiment was five to one . These results indicate 

that GST-Rabphilin-3A makes a complex with lipid-unmodified 

GTPyS-Rab3A but not with lipid-unmodified GDP-Rab3A. Under the 

same conditions, GST-Rabphilin-3A did not make a complex with ei­

ther GTPys- or GDP-Rabll (data not shown) 

Structural properties of Rabpbilin-3A--Rabphilin-3A 

contained two copies of an internal repeat that were homologous 
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to the c 2 domain of protein kinase c and synaptotagmin (Figs . 6 

and 7 ) (11,12,32-35). It has been shown that synaptotagmin, 

which is known to be localized in the membrane of synaptic vesi-

cles and to be implicated in neurotransmitter release from the 

presynapse, has the C2 domains in its C-terminal half (36-41) . 

Rabphilin-3A also had the c 2 domains in its C-terminal half and 

showed the striking sequence homology with synaptotagmin at the 

c2 domains, but the N-terminal half of Rabphilin-3A was not ho­

mologous to synaptotagmin (Figs. 6 and 7 ) . Hydropathy analysis 

(27) indicated that Rabphilin-3A was overall hydrophilic except 

two short hydrophobic regions (Fig. 8 ) . 

Tissue distribution o£ Rabphilin-3A--Various tissues 

were obtained from rat and the amount of Rabphilin-3A was quanti-

fied in each tissue by immunoblot analysis by use of the anti-

Rabphilin-3A polyclonal antibody. The immunoreactive band was 

detected only in rat brain but not in other rat tissues including 

pancreas, liver, spleen, kidney, and 1 ung (Fig. 9 ) However, 

the position of this band was slightly lower than that of Rab-

philin-3A purified from bovine brain on SDS-PAGE . This differ-

ence might be due to the difference of species, because I have 

recently found that when 12 5I-labeled Rab3A was cross-linked in 

the presence of DSS with bovine and rat brain crude membranes, a 

radioactive band of a Mr value of about 110,000 was detected in 

both bovine and rat membranes (data not shown) . 

The Rabphilin-3A mRNA levels in bovine brain and various 

rat tissues were examined . By Northern blot analysis of the Rab-

philin-3A mRNA, one major band and two minor bands were detected 

in the RNA of bovine brain (Fig. 10 ) . The major band and minor 

bands were calculated to be about 5 . 1, 7 . 7, and 15 Kb long, re­
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spectively. The 4.8 Kb band was detected in the RNA of rat brain 

but not in the RNA of other tissues, including pancreas, liver, 

spleen, kidney, and lung. Although I do not known why three 

bands were detected in bovine brain, it is conceivable that the 

three mRNA are derived from three highly conserved genes or re-

sult from alternative splicing of the primary transcript of a 

single gene. 

Presence o f Rabphilin-3A and Rab3A on Synaptic 

Vesicle----It was recently revealed that Rabphilin-3A is present 

on synaptic vesicles (13) Therefore, synaptic vesicles isolated 

from rat brain were subjected to SDS-PAGE , followed by Western 

blotting with the anti-Rabphilin-3A , anti-Rab3A, or anti-synapto­

physin antibody . All Rabphilin-3A, Rab3A, and synaptophysin were 

detected in the vesicles ( Fig . llA ) In mammal, each synaptic 

vesicle has been shown to contain -1 . 6 x 10 6 daltons of protein 

(42). Based on this value, it was calculated that about one Rab­

philin-3A, two Rab3A, and ten synaptophysin molecules were de-

tected in one vesicle . 

Removal of Rabphilin-3A from Synaptic Vesicles 

----The isolated synaptic vesicles were t r eated with 1 M NaCl and 

subjected to centrifugation to separate the soluble and vesicle 

fractions . Each fraction was then subjected to SDS-PAGE, fol-

lowed by Western blotting with the anti-Rabphilin-3A, anti-Rab3A, 

or anti-synaptophysin antibody . After treatment of the vesicles 

without NaCl, all Rabphilin-3A, Rab3A, and synaptophysin were de-

tected in the vesicle fraction but not in the soluble fraction 

( Fig. llA ) However, after treatment of the vesicles with 

NaCl, Rabphilin-3A was detected in the soluble fraction but not 

in the vesicle fraction, indicating that Rabphilin-3A is solubi­
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lized by the NaCl treatment . In contrast, both Rab3A and synap-

tophysin were detected in the vesicle fraction but not in the 

soluble fraction . The solubilization of Rabphilin-3A from the 

vesicles was dependent on the concentrations of NaCl (Fig. 

llB ) The concentrations of NaCl giving half maximal and maxi-

mal solubilizations were 0 . 4 M and 1 . 0 M, respectively . 

Dose-dependent and Saturable Binding of Rabphilin-

3A to Synaptic Vesicles in a Manner Sensitive to Tryptic 

Digestion of the Vesicles--Ex ogenous Rabphilin-3A bound to 

synaptic vesicles, which had been deprived of endogenous Rab-

philin-3A as described above, in dose-dependent and saturable 

manners (Fig. 12A ) The dose giving a half maximal binding was 

about 50 nM. Five ± one molecules of Rabphilin-3A were calculat-

ed to maximally bind to one vesicle . The binding of exogenous 

Rabphilin-3A to the vesicles was abolished by the tryptic diges-

tion of the vesicles (Fig . 12, A and B ) Exogenous Rabphilin-

3A did not bind to human erythrocyte ghosts (data not shown) . 

No Effect of Rab3A on the Binding of Rabphilin-3A 

to Synaptic Vesicles---Synaptic vesicles deprived of Rab­

philin-3A still conta i ned Rab3A as described above . The vesicles 

were first incubated with GDP to convert all Rab3A to the GDP-

bound form and then with Rab GDI to remove GDP-Rab3A from the 

vesicles by forming a soluble Rab GDI-Rab3A complex . The vesi-

cles were then centrifuged to separate the soluble and vesicle 

fractions . The vesicle fraction obtained was subjected to SDS-

PAGE , followed by Western blotting by the anti-Rab3A and anti-

synaptophysin antibodies . Rab3A was not detected in the vesicle 

fraction, although synaptophysin was detected (Fig. 13A ) . 

Exogenous Rabphilin-3A similarly bound to the vesicles deprived 
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of Rab3A (Fig. 13B ). Conversely, exogenous GTPyS-Rab3A bound to 

the vesicles, but this binding did not affect the binding of ex­

ogenous Rabphilin-3A to the vesicles (Fig. 13B ) 

Effect on the Solubilization of Rabphilin-

3A from and its Binding to Synaptic Vesicles--The exper­

iments described above were carried out in the presence of 10 mM 

EGTA. Even at 1 x 10- 6 , 1 x 10-5, and 1 x 10- 4 M ca2+, most of 

Rabphilin-3A was solubilized by the treatment of synaptic vesi­

cles with 1 M NaCl (data not shown) However, about 10% of the 

total amount of Rabphilin-3A was not solubilized from the vesi­

cles in the presence of ca2+ . At 1 x 10- 4 M ca2+, exogenous Rab­

philin-3A bound to both the intact synaptic vesicles and the 

trypsin-digested vesicles in the dose-dependent but non-saturable 

manners (Fig. 14 ) However, the trypsin-sensitive specific 

binding curve of exogenous Rabphilin-3A to the vesicles at 1 x 

10-4 M ca2+ was the same as that in the absence of ca2+ . At 1 x 

10- 4 M ca2+, the dose giving a half-maximal binding .was about 50 

nM and 5 ~ 1 molecules of exogenous Rabphilin-3A were calculated 

to maximally bind to one vesicle . The essentially similar re­

sults were obtained at 1 x 10-6 and 1 x 10-5M ca2+ . 

DISCUSSION 

In the present study, I have purified the putative target 

protein for Rab3A ( Rabphilin-3A) from the bovine crude membrane 

fractions . Rabphilin-3A more preferentially interacted with 

GTP-Rab3A than with GDP-Rab3A . Moreover , Rabphilin-3A did not 

interact with c-Ki-Ras, RhoA, Rap1B , and Rab11 . Subsequently , I 
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have isolated its eDNA from a bovine brain eDNA library and de-

termined i Ls \"hole primary nucleotide sequence. The amino acid 

sequence deduced from the nucleotide sequence of the isolated 

eDNA was identical to all of the amino acid sequences determined 

from purified Rabphilin-3A . The analysis by sucrose density ul-

tracentrifugation has revealed that.GST-Rabphilin-3A makes a com­

plex with GTPyS-Rab3A but not with GDP-Rab3A . It is most likely 

from these results that the isolated eDNA encodes the putative 

target protein for Rab3A . To my knowledge, Rabphilin-3A is the 

first identified target protein for the Ras-related small GTP­

binding protein in mammals . 

Homology search anal y sis has revealed that the C-terminal 

half of Rabphilin-3A contains two copies of an internal repeat 

that are homologous to the c 2 domain of protein kinase C and 

synaptotagmin, both of which are known to bind to membrane phos­

pholipid in a ca2+-dependent manner (11 , 12 , 32-35) Consistently , 

it was revealed that Rabphilin-3A binds to membrane _phospholipid 

in a ca 2+-dependent manner (43) Furthermore, Northern (RNA) 

blot and immunoblot blot analyses have revealed that Rabphilin-3A 

is highly expressed on the brain but not on other tissues such as 

pancreas, liver, spleen, kidney, and lung . It was revealed that 

Rab3A is expressed on the brain and pancreas, but not on the 

liver, spleen, kidney, and lung (6) . It may be noted that al-

though Rab3A is expressed on the pancreas, expression of Rab-

philin-3A is not detected on the pancreas . Thus, it is possible 

that the Rabphilin-3A levels in pancreas is too low to be detect­

ed by immunoblot blot analysis or that pancreas has another tar­

get protein for Rab3A which is similar to but different from Rab­

philin-3A. 
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It has been recently revealed that Rabphilin-3A is located 

on synaptic vesicles ( 13) . The hydropathy profile of Rabphilin-

3A has shown that Rabphilin-3A is overall hydrophilic except for 

two short hydrophobic regions . Rabphilin-3A contained neither a 

signal peptide sequence nor a sufficient transmembrane domain. 

Therefore, I have examined how Rabphilin-3A is associated with 

synaptic vesicles. I have shown here (1) that endogenous Rab-

philin-3A is solubilized from synaptic vesicles by NaCl treat­

ment; ( 2) that exogenous Rabphilin-3A binds to the vesicles de­

prived of endogenous Rabphilin-3A in dose-dependent and saturable 

manners; ( 3) that the binding of exogenous Rabphilin-3A to the 

vesicles deprived of endogenous Rabphilin-3A is abolished by 

prior treatment of the vesicle with trypsin; (4) that exogenous 

Rabphilin-3A binds to the vesicles deprived of endogenous Rab­

philin-3A irrespective of the presence and absence of Rab3A; and 

( 5) that exogenous Rabphilin-3A dose not bind to human erythro-

cyte ghosts . Taken together, these results indicate that Rab-

philin-3A is a peripheral membrane protein associated with 

synaptic vesicles at least through a vesicle protein in a manner 

independent of Rab3A. It is likely that this protein serves as 

an anchoring protein for Rabphilin-3A . I have not yet identified 

this anchoring protein and it is not known whether this protein 

is a single species or a mixture of different protein species . 

However, this protein may be present on synaptic vesicles at a 

ratio of 5 ± 1 molecules to one vesicle, because maximally 5 ± 1 

molecules of Rabphilin-3A specifically bind to one vesicle . 

I have shown here the effects of ca2+ on the solubilization 

of Rabphilin-3A from and its binding to synaptic vesicles . Even 

in the presence of ca2+, Rabphilin-3A is solubilized from synap­
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tic vesicles by treatment with 1 M NaCl and exogenous Rabphilin-

3A binds to the v sicles deprived of endogenous Rabphilin-3A . 

However, in the presence of ca2+, the solubilization of Rab-

philin-3A is incomplete and the binding of the exogenous protein 

is non-saturable and is observed even for the trypsin-digested 

vesicles. These results suggest that Rabphilin-3A is associated 

with synaptic vesicles both specifically and non-specifically in 

the presence of ca2+. This non-specific binding of Rabphilin-3A 

may be attributed to protein-phospholipid interactions through 

the c2-like domains, because it interacts with phospholipid 

through the c 2-like domains in the presence of ca2+ (43). It re­

mains to be clarified whether the association of Rabphilin-3A 

with synaptic vesicles is also regulated by its post-translation­

al modifications . 

It remains to be clarified how Rab3A is associated with 

synaptic vesicles. It has been previously shown that Rab3A, as-

sociated with synaptic vesicles is almost GTP-bound form (45) . 

Therefore, it is tempting to speculate that Rab3A is associated 

with the vesicles through a protein molecule, which interacts 

with GTP-bound form of Rab3A but not with GOP-bound form of 

Rab3A . 

Rab3A . 

Rabphilin-3A interacts with GTP-Rab3A but not with GOP­

Therefore, It was possible that Rab3A may bind to the 

vesicles through Rabphilin-3A . 

sary to clarify it. 

However, further study is neces-

Neurotransmitters are released from the presynapse by ca2+_ 

regulated exocytosis of synaptic vesicles (for review, see Ref 

44) Synaptic vesicles store high concentrations of neurotrans-

mitters . When ca2+ is influxed through a voltage-dependent ca2+ 

channel on the synaptic plasma membrane, ca2+ appears to trigger 
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the fusion of synaptic vesicles with the synaptic plasma mem-

brane, resulting in neurotransmitter release (44). It has been 

recently revealed that the fusion of synaptic vesicles with the 

synaptic plasma membrane is mediated by the general fusion rna-

chinery, so called NSF-SNAP-SNAREs system (46,47) Moreover, it 

has been previously shown that synaptotagmin located on synaptic 

vesicles inhibits the fusion of synaptic vesicles with the synap-

tic plasma membrane mediated by NSF-SNAP-SNAREs system , and that 

influx of ca 2+ into the presynapse attenuates the inhibitory ac­

tion of synaptotagmin on NSF-SNAP-SNAREs system, resulting in the 

fusion of synaptic vesicles with the synaptic plasma membrane 

(45) . Since Rabphilin-3A has c 2 domains such as synaptotagmin, 

it is possible that Rabphilin-3A may act the same function as 

synaptotagmin . Moreover, the genetic analyses of yeast have re-

cently shown that the Rab family regulates the assembly of v-

SNAREs (48) Therefore, it is possible that Rab3A may regulate 

the assembly of v-SNAREs on synaptic vesicles through Rabphilin-

3A . Further study is necessary to clarify the function of Rab3A 

and Rabphilin-3A on the neurotransmitter release . 

CONCLUSION 

I have purified a putative target protein for Rab3A , deter-

mined its primary structure , and named it Rabphilin-JA . Rab-

philin-3A more preferentially interacted with GTP-Rab3A than with 

GDP-Rab3A. Rabphilin-JA was a protein of 704 amino acids with a 

calculated Mr of 77,976 and had two copies of an internal repeat 

which were homologous to the c 2 domain of protein kinase c . Rab­

philin-3A was exclusively expressed on the brain but not on the 
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liver, lung, heart, and kidney . Rabphilin-3A was a peripheral 

membrane protein associated with synaptic vesicles at least 

through a vesicle protein in a manner independent of Rab3A . 
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FOOTNOTES 

The abbreviations used are: G protein, GTP-binding protein; 

GDS, GDP dissociation stimulator; GDI, GDP dissociation in­

hibitor; Sf9 cells, Spodoptera frugiperda cells; E. coli, 

Escherichia coli; DSS, disuccinimid~l suberate; PVDF membrane, 

polyvinylidene difluoride membrane; Achromobacter protease I, AP­

I ; HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; 

GTPyS, guanosine 5'-(3-0-thio)triphosphate; CHAPS, 3-[(3-cholami­

dopropyl)-dimethylammonio]-1-propanesulfonate ; SDS, sodium dode­

cyl sulfate ; PAGE, polyacrylamide gel electrophoresis; APMSF, (p­

amidinophenyl)methanesulfonyl fluoride; NSF, N-ethylmaleimide­

sensitive fusion protein; SNAP, soluble NFS attachment protein; 

SNAREs, SNAP receptors. 
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Fig . 1 . Cross-linking of radioiodinated Rab3A 
with a bovine brain membr ane protein by use of DSS . 
Radioiodinaled Rab3A was cross linked with the crude 
membrane fraction, the extrac tram this fraction, or the 
highly ~urified Rabphilin-3A before or after reatment with 
heat barling or tryptic digestion. Lanes 1 and 2 , none; 
lanes 3 and 4 , the crude membrane fraction; lanes 5 and 
6 , the extract from this fraction; l anes 7 and 8 , the 
highly purified sample of Rabphilin~3A; lane 9 ; he boiled 
highly purified sample of Rabphilin 3A; lane 10 the 
tryptiC digested highly purified sample of Rabphilin-3A . 
The protein makers used 1-1ere phosphorylase b ( Mr - 9 6, 000) , 
bovine serum albumin (MI = 66,000), glyceraldehyde-3-
phosphate dehydrogenase (Mr = 36,000), and carbonic 
anhydrase (Mr 29,000). The sn~ll and large arrowheads 
show Lhe position of radioiodinated Rab3A and Lhe band 
which appeared after cross-linking, respectively. 
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Fig. 2. Sucrose density gradient ultracentri­
fugation of Rabphilin-3A. Aliquots (10 and 40 ~ l) of 
the inducated fractions were used for Lhe cross linking 
assay and SDS-PAGE, respectively. (A ) Profile of the 
Rabphilin-3A activity. ( e ), 12 ''I labeled Rab3A bound. 
(B ) Pro ein staining patt rns visualized with silver. The 
protein makers used were the same as those used in Fig. 1 . 
The small or large a1rmvhead shows the position of Rab 
philin- A. 



~ 

"' b 

>< 
E 
a. 
u 

"0 
c 
::J 
0 
.0 

<X: 
2 
(1J 

((: 

"' "' ~ 

-,---11-r 

3 t ~- ~ i 

2 

2J 

? 

0 
0 50 1 00 1 50 600 

Small G protein ( nM ) 

Fig. 3. Effect of various nonradioactive small G 
proteins on the cross -link ing of radioi o dinated 
Rab3A with Rabphilin-3A. Radioiodinated Ra b3A was 
cross-linked with the highly purified Rabphilin - 3A in the 
presence of various nonradioiodinated small G pro teins. 
( e ), in the presence of lipid-unmodified GTP'yS - Rab3A; 
( 0), in the presence of lipid-unmodified GDP - Rab3A; ( • ) 
in the presence of lipid modified GTPyS-Rab3A; ( 0), in the 
presence of lipid mod1fied GDP-Rab3A ; (!::,) , in the presence 
of GTPys - c-Ki-Ras ; I A ), in the presence of GTPyS - RhoA; 
( T ) , 1n the presence of GTPyS-RaplB; ( \7), in Lhe presence 
of GTPyS-Rabll. The values were means± S . E. of three 
independent experiments . 



!1TDTVFSSSS SRW!1CPSDRP LQSNDKEQLQ TGWSVHPSGQ PDRQRKQEEL 50 

TDEEKEIINR VIARAEKMEE !1EQERIGRLV DRLEN!.ffiKNV 1\GDGVNRC IL 100 

CGEQLG!1LGS ACVVCEDCKK NVCTKCGVET SNNRPHPVWL CKICIEQREV 150 

WKRSGAWFFK GFPKQVLPQP !1PIKKNKPQQ PVSEPVPJ\AP EPATPEPKH~ 2 0 0 

ARAPTRGDTE DRRGPGQKTG PD!1TSAPGRG SYGPPVRRAS El\RHSSSGRD 2 50 

SDSWDQGHG!11\AGDPSQSPA GLRRANSVQA SRPAPAS!1QS PAPPQPGQPG 30 0 

PPGGSRPSPG PTGRFPDQRP EVAPSDPDYT Gl\AAQPREER T GG IGGYSJ\A 3 50 

GTREDRAGHP PGSYTQASJ\A APQPVVASAR QPPPPEEDEE EANSYDSDEA 400 

TTLGALEFSL LYDQDNSSLH CTIIKAKGLK Pl1DSNGLJ\DP YVKLHLLPGA 450 

§:KSNKLRTKT LRNTRNPIWN ETLVYHGITD ED!1QRKTLRI SVCDEDKFGH 50 0 

NEFIGETRFS LKKLKPNQRK NFNICLERVI P~!KRAGTTGS 1\RG~ll\LYEEE 550 

QVERIGDIEE RGKILVSL!1Y STQQGGLIVG IIRCVHLJ\AH DANGYSDPFV 600 

KLWLKPDMGK KAKHKTQIKK KTLNPEFNEE FFYDIKHSDL AKKSLDI SVW 6 50 

DYDIGKSNDY IGGCQLGISA KGERLKHWYE CLKNKDKKIE RWHQLQNENH 700 

VSSD 704 

Fig . 4. The deduced amino acid sequenc;e of Rab­
philin-3A. The. amino acid sequences determ1ned from 
purified rab~h1l1n-JA are ~nd19ated by sol1d underl1nes. 
The amino ac 1d sequence wh1ch 1s used for the.product1on of 
the anti-Rabphilin-31\ polyclonal ant1body lS 1nd1cated by a 
broken underline . 
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Fig. 5 . Complex formation of GST-Rabphilin-3A 
with Rah3A. (A ) Either GST-Rabphilin-3A, lipid­
unmodified GDP-Rab3A, or lipid-unmodified GTPyS-Rab3A was 
separately subjected to the sucrose density gradient 
ultracentrifugation. (B ) After GST-Rabphilin-3A was 
incubated with lipid-unmodified GDP-Rab3A, the mixture was 
subjected to the same sucrose density gradient 
ultracentrifugation. (C ) After GST-Rabphilin-3A was 
incubated with lipid-unmodii ied GTPYS- Rab3A, the mixture 
was subjected to the same sucrose density gradient 
ultracentrifugation. Symbols :._. , GST-Rabphilin - 3A; 
D---0, lipid-unmodified GDP-Rab3A; • --• , lipid-unmodified 

GTPyS-Rab3A. The arrow head indicates the position of 
human hemoglobin (4.5S, Mr = 64,500) . The results shown 
are representative of three independent experiment. 



protein kinase C c:====lj~~2~~2~6~ )==:J 

synaptotagmin 
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Rabphilin-3A 
669 

Fig. 6. Schemat i c representation of protein 
kinase C, synaptotagmin, and Rabphilin -3 A. Shaded 
box es indicate the homolOc;JOUs regions that are designated 
as the c2 domain of prote1n kinase c 1111 . A black box 
indicates a transmembrane region . 



Rabphilin-3A 

sy naptotagm in 131 GEEKEEPKEEEKLGKLQYSLDYDFQNNQLLVGI I QAJ\ELPALDMGGT SOP 

Rabphilin-3A 441 :':":LH~~~GAS~S~LR';~TL~'!'ru;'!~I~~TLVYHGITDEDMQR!<T!"RI 

sy naptotagm in 181 YVKVFLLPD-- KKKKFETKVHRKTLNPVFNEQFTF- KVPY S ELGGKTLVl1 

synaptolagmin 22 8 AVYDFDRFSKHDIIGE- ------------ - -FK---VPMNTVDFGHV'rEE 

.. .. . .... . .... . . . ... .. . 
synaptotagmin 2 6 0 WRDLQSAEKEEQEKLGD------ ICFSLRYVP1'J\GKLTVVILEJ\KNLKKM 

Rabphilin-3A 5 91 J?AN'?Y~J?~~Lw~KPmtGKKAJ?IJ;<'!'Q~J;<J;<K'!'';-~~EF~~ErFYoiKHSDL 

sy naptotag min 3 0 4 DVGGLSDPYVKIHLMQNGKRLKKKKTT IKKNTLNPYYNESF SFEVPFEQ I 

Rabphilin-3A 641 ~KSLDis~:J?IGKSt:<:>Y::<?GCQL<?ISAK<?ER~~EC~";'~KDKK~E 

synaptotagm in 3 54 QKVQVVVTVLDYDKIGKNDAIGKVFVGYNSTGAELRHI'ISD!1LANPRRP IA 

Rabphilin-3A 691 R':'t;'Q~SN~Nm:"SSD 

synaptotagmin 404 QWHTLQVEEEVDAMLAVXK 

Fig. 7. Sequence homology of Rabphilin-3A with 
synaptotagmin. Colons between amino acids designate 
identities . Dots indicate conserved amino acid changes. 
Dashes indicate gaps imposed to maximize alignme11t . 
Conservative amino acid substitutions are grouped as 
follows; C; S, T ,P, A, G; N, D. E, Q; H, R, K; M, I, L, V; 
F, Y, \rJ (49) 
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Fig. 8. Hydrophilicity plot of Rabphilin-3A. The 
plot was performed according to Kyte and Doolittle wilh a 
window of 15 amino acids (27) . Hrdro~hilicity is indicated 
by ne9ative value and hydrophobiclty lS indicated by 
pos i tlve value . 
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Fig. 9. Immunoblot analysis of Rabphilin-3A in 
various rat tissues. The homogenates of various ra 
tissues (100 ~g each of protein) were subjected to SDS-PAGE 
followed by imrnunoblot a nal'{sis by use of the anti 
Rabphilin 3A polyclonal ant1body . Lanes 1 , Rabphilin 3A 
purified from bovine brain (100 ng of protein); 2 , rat 
brain; 3 , rat pancreas; 4 , rat liver; 5 , rat spleen; 6 , 
rat kidney; 7 , at lung . The protein markers used were the 
same as those used in Fig. 1 . The large and small alrow 
heads indicate the positions of Rabphilin-3A o rat and 
bovine, respectively . The results shown are representative 
of Lhre independent experiments . 
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r'ig. 10 . Northern blot analysi? of the Rabphilin -
3A mRNA of bovine brain and var1ous rat tissues. 
Tul.i.tl IU'Ac· 1 .. 0 p g each) v1ere elecLropllon'sect on a 1% 
agato>t; 'l'l, lonnaldchyde gel, t.ransfe1red t o a nilrocellu 
los" slh-,·1, and llybrtdized vlil.ll the racliuldU<"led Habpltilin 
<lA cDNt-. Lanes ; 1 , bovine btain; 2 , rat. l.nain; 3 , ral 
pdrt<'reo,·; 4 , lc<L liver; 5 , ral sple8n; 6 , Jill kidney; 7 , 
1·at lunq rl.l'-!1\s (JHS and ~8S) were used its int~rnal size 
llk11 kers. '1'1 c-' resulls sho1.vn ate repteS12!lldLive of Lh1 t;t:: in 
dcp~..~ndt.!ll l XPL'l iH:l'!!tS. 
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Fig. 11. Removal of Rabphilin-3A from synaptic 
vesicles by NaCl . (A ) Wes ern blot analysis of synaptic vesicles 
treated with or without NaCl. In one set of experiments ( lane 1 ), 
Lhe vesicles 110 !lg of protein for Rabphilin-3A, l fig of protein for 
synaptophysin, or 2 fig of protein for Rab3A) were subjecLed to SDS­
PAGE, followed by Western blotting with the corresponding antibody. 
In another set of experiments ( lanes 2 - 5 ), he vesicles (40 p g of 
protein) were treated with or without 1 M NaCl and Ct:!trifuged. 
Twenty-fl l aliquots for Rabphilin-3A, 2-fl l aliquots for synaptophysin, 
or 4-fl l aliquoLs for Rab3A of the soluble and vesicle fractions were 
subjected to SDS-PAGE, followed by ~/estern blotting with the 
corresponding antibody. Since the amounts of the sample used for 
each experiment were different, SDS-PAGE and Western blotting for 
each experiment were separately performed, and the protein bands 
corresponding o the respective proteins are cut out and aligned. 
Lane 1 , the control vesicles before the treatment; lanes 2 and 3 , 
the vesicles rea ted without NaCl; lanes 4 and 5 , the vesicles 
treated with NaCl. Lo.nes 2 and 4 , the soluble fraction; lanes 3 
and 5 , the vesicle fraction. The results shown are representative 
of three independent experiments. (B ) Dose-dependent effect of 
NaCl. Synaptic vesicles (40 ~l g of protein) were treated with the 
indicated concentrations of NaCl and centrifuged. Twenty-~ ! aliquots 
of the soluble and vesicle fractions were subjected to SDS-PAGE, 
followed by Western blotting with the anti -Rabphi lin-3A antibody. 
The amount of Rabphilin 3A of the vesicle fraction was expressed as 
per cent of that of the vesicle fraction in the a sence of NaCl and 
the values were expressed as means + standard errors of three 
independent experiments. I 0), the soluble fraction; I e ), the 
vesicle fraction. 



Fig. 12. Dose-dependent and saturable binding of 
Rabphilin-3A to synaptic vesicles in a manner sensitive to 
tryptic digestion of the vesicles . (A ) Dose-dependent and 
saturable binding of Rabphilin-3A to synaptic vesicles reated \<Jith 
or without tryptic digestion. In one set of experiments, the 
vesicles deprived of endogenous Rabphilin-3A were used. In another 
set of experiments, the vesicles deprived of endogenous Rabphilin-3A 
were digested with tt-ypsin and was used after the digestion was 
stopped by trypsin inhibitor and APMSF'. The indicated amounts of 
Rabphilin-3A were incubated with the vesicles trea ed with or without 
tryptic digestion and centrifuged. A sixty-~ll aliquot of each 
vesicle fraction was subjected to SDS-PAGE, followed by western 
blot ing with he anti-Rabphilin-3A antibody. Rabphilin-3A more than 
200 nM aggregated and sedimented to he Lube bottom even in the 
absence of the vesicle. This amount was subtracted from the amoun 
found at the tube bottom of the tube containing the vesicles. I e ), 
the intact vesicles; ( 0), the diges ed vesicles. The values were 
expressed as means .1.. standard errors of three independen 
experiments. (B ) Western blot analysis of the binding of Rabphilin-
3A to synaptic vesicles treated with or without ryp ic diges ion . 
Rabphilin-3A IR pmol) was incuba ed with the vesicles treated with or 
without tryptic digestion and centrifuged. A sixty- J.l l aliquot of 
each vesicle fraction was subjected to SDS-PAGE. followed by Western 
blo ting with the anti Rabphilin-3A antibody and anti-synaptophysin. 
Lane l , the intact vesicles; lane 2 , the digested vesicles. The 
small and large arrowheads show the positions of synaptophysin and 
Rabphilin-3A, respec ively. The pro ein markers used were the same 
as those used in Fig. 1 . The results shown are representative of 
three independent experiments. 
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Fig. 13. Effect of R4!!b3A on the binding of 'Rabphili n -
3A to synaptic vesicles . ( A ) Western blot analysis of the 
ves1.cles deprived of endogenous Rab3A or supplemented with exogenous 
Rab3A. The vesides deprived of Rab3.~ by the action of Rab GDI and 
the vesicles supplemented with exogenous Rab3A were prepared. Each 
vesicles (2 ~ 19 of protein) were subjected to SDS-PAGE, followed by 
WesLern blotting with Lhe anti-Rab3A and an i-synaptophysin antibody. 
Lane 1 , the intact vesicles; lane 2 , the vesicles deprived of 
Rab3A; lane 3 , the vesicles supplemented with exogenous Rab3.~. The 
protein mark~rs used \'Jere the same as those used in Fig. 1 . The 
small and large arrowheads show the positions of Rab3.o. and 
synaptophysin, respecL1vely. The results shown are representative of 
three independent experiments. ( B I Binding of Rabphilin-3A to 
various vesicle samples. Varj ous vesicle sample2s prepared in A were 
incubdted with the indicated amounts of Rabphilin-3A and centrifuged. 
A sixty-~ 1 aliquot of each vesicle fract1on was sub)ected to SDS­
PAGE, followed by Western blotting with the anLi-Rabphilin-3A 
antibody. ( e I, the intact vesicles; tO I, the vesicles deprived of 
Rab3A; ( 6 I, the vesicles supplemented with exogenous Rab3A. The 
values were expressed as means ~ standa rd errors of hree independent 
experiments. 
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Fig. 14 . Effect of ca 2 + on the binding o f Rabphilin - 3A 
to Synaptic Vesicles . Effect of ca2+ on thP. binding of 
Rabphili n -31\ to syn aptic vesj cle:f treated wiLh or wiLhouL tryptic 
digestion in the presence of Ca +-. The vesicles LrP.alecl wilh or 
without tryptic digestion were prepared as described in Fig. 12 , 
respectively The indicated amounts of Rabphilin-3A were jncubated 
wit~ the visicles Lreated with or without Lryptic digestion at 1 x. 
10- M Ca + and centrifuged . A sixty- p l aliquot o[ each vesicle 
fraction was subjected to SDS-PAGE, followed by VJestern blotting with 
the anti-Rabphilin-371 antibody . I e 1, the intact vesicles ; 101, the 
digested vesic l es . (6:,), t h e trypsiJ1_-sensiLive binding of Rabphilin-
3A to the vesicles at 1 x 10- 4 M Ca ~ ~. The values were expressed as 
means± standard errors of three i ndependent experimenLs. 





K
odak C

olor C
ontrol P

atches 
B

lue 
C

van 
G

reen 
Y

ellow
 

R
ed 


