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Expression of the ras-related rab3a gene in insulinoma-derived cell lines
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This study was designed to search for the expression of the sinall-molecular-weight GTP-binding protein rab3a in endocrine pancreatic cell lines.

Total RNA was isolated from five different cell lines (RINmSF, RIN 104836, §-TC1, HIT-15, and INRI-G9) and from whole rat brain. The

expression of rab3a was analyzed by Northern blots. Similar as in brain two transeripts of 1300 and 1800 bp were detected in RIN-cells at low

stringency conditions with the predominant signal at 1300 bp. At high stringency the stronger signal was at 1800 bp. When a 300 bp Ps/1 fragment

derived from the coding region of rab3a was utilized as probe the 1800 bp signal was predominant under each condition. Only a faint band at 1800

bp occurred in preparations from STCl-cells and no signal at all was found in HIT-15 and INRI-G9-cells. In conclusion, reb3a is expressed in
rat insulin-releasing insulinoma-derived RIN-cells with a specific 1800 bp transcription product.

rab3a; Clonal cell; RINm5F; fTCIl; HIT-15; INRI-G9

1. INTRODUCTION

A broad range of cellular functions in eukaryotic cells
are regulated by proteins that undergo a cycle of gua-
nosine 5’-triphosphate (GTP)-binding and hydrolysis
[1,2]. Recent work on secretory mutants of yeast [3] and
permeabilized regulated secretory cells has provided
more insight into exocytosis at the molecular level [4,5].
One common theme emerging is that a variety of small
GTP-binding proteins, related to the oncogene proteins
of the ras-family, have a role in many steps of intracel-
lular membrane traffic [1,6,7] including regulated ex-
ocytosis [8-10]. it fits well into this concept that previ-
ous experiments demonstrated that guanine nucleotides
induced insulin secretion in the clonal cell line REINmSF
from endocrine pancreas [11] and that this particular
cell line expresses several GTP-binding proteins which
were so far only described by their molecular weights
and isoelectric points [12]. Today, it seems likely that
GTP-binding proteins are involved in every step along
the secretory pathway, and there may be enough dis-
tinet GTP-binding proteins in a cell that each step may
have its own specific G-protein, as proposed by Bourne
[13].

One of the most carefully studied classes of these
molecules consists of small monomeric proteins that
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show clear sequence homology to the proteins encoded
by the ras oncogenes.

Genes exhibiting fundamental sequence homology to
ras genes have been identified in a variety of eukaryotic
organisms [14]. In mammals, the enlarged ras gene fam-
ily also includes ral and R-ras genes, the rfio genes and
the rab genes [1,2,15]. It was of special interest that, at
variance with all other ras and ras-like genes tested so
far, one member of the rab family, rab3, showed a tissue
specificity [16]. It was reported that the expression of a
major 1.8 kb transcript is restricted to brain tissue [16].

The current study was undertaken to search for the
expression of rab3a in insulinoma-derived B-cell lines
and a glucagonoma cell line. It was based on the find-
ings that rab3a is localized on synaptic vesicles, the
secretory organelles of the synapse that store and re-
lease neurotransmitters [6,17] and is also expressed in
endocrine tissue such as the adrenal medulla [17]. We
were particularly interested in the possibie expression of
rab3a in insulin-releasing cells since an important role
in regulated secretion for this and other rab gene prod-
ucts is under discussion [18].

2. EXPERIMENTAL

2.1, Matertals

CDTA, formamide, formaldehyde, 50x Denhardt’s and sonicated
herring sperm DNA (10 mg/ml) and RNA markers were obtained
from Sigma, Deisenhofen, Germany and LiCl from Merck, Darm-
stadt, Germany, RNA isolation kits and Nuctrap Probe Purification
Columns were purchased from Stratagene, La Jolla, USA. Multiprime
labeling system, Hybond N membrane and [x-**P}dCTP (specific ac-
tivity 110 TBg/mmol) were {rom Amersham, Braunschweig, Ger-
many. For autoradiography the gels were exposed to X-OMAT X-ray
film (Kodak) at —-80°C.
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2.2, RNA isolation

Cells were grown under conditions as described by Praz et al. [19].
RINmSF- and RIN 104638- from rat and STCl-cells [rom mouse
insulinoma were kept in DMEM, 11 mM glucose, 10% horse serum,
2.5% fetal bovine serum, 100 U/ml penicillin, and 100 ug/ml strepto-
mycin, INRI G9- (hamster glucagon-producing tumor cells) and HIT-
15-cells (hamster insulinoma) were kept in RPMI 1640, 11 mM glu-
cose, 10% fetal bovine serum, penicillin, and streptomycin. All cell
culture chemicals were from Gibeo, Eggenstein, Germany. Cells were
split 1:3 after 4-6 days and media were changed after two days, Total
RNA was isolated from cells according to Birnboim [20]. Whole brain
from adult rats was [rozen in liquid nitrogen after dissection and total
RINA was isolated according to Chomzeynski and Sacchi [21] utilizing
RNA isolation kits.

2.3. Northern analysis

A 2100 bp EcoR1 fragment of the cDNA from rat rab3« (a kind gift
from Drs, Zahraoui and Tavitian, Paris) and 4 300 bp Ps:l {ragment
of the coding region of rat rab3e were radioactively labeled with
[2-**PIdCTP utilizing random priming procedure (Amersham) accord-
ing to the suppliers protocol and were purified with Nuctrap Probe
Purification Columns. Total RNA was fractionated on 1% agarose
gels containing 2.2 M formaldehyde [22], transfered to Hybon N
membrane and immobilized by UV crosslinking. Hybridizations were
performed under conditions of low and high stringency (50% forma-
mide, 5 x Denhardt's 5, 5 x SSC, and 0.1 mg/ml sonicated herring
sperm DNA at 42° and 55°C, respectively) using 2-3 x 10° cpin of the
corresponding labeled ¢cDNA fragment. Final washings were per-
formed in 0.1 % SSC at 42°C (low stringency) or 0.1 x S8C, 0,1% SDS
at 70°C (high stringency), RNA quantity and integrity was verified by
reversibly staining the Hybond N membranes with Methylene blue
prior to hybridization [23]. Migration positions of the signals were
calculated as compared to RNA markers.

Fig. 1. Northern blot analysis of rab3a expression in RIN celis utilizing

2100 bp Eco RIfragment of the rat rab3a cDNA., Hybridization with

rat brain 1otal RNA (lane ¢ of boih panels) served as control. Left

panel (A) shows hybridization under low (42°C) and right pansl (B)

under high (70°C) stringency conditions (a, RINmSF-; b, RIN 104836

cells). Gels were exposed 1o X-ray film for 12 h (A) or 3 days (B).
Arrows indicate migration positions of rRNAs.
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Fig. 2. Northern blot analysis of rab3a expression in RIN cells utilizing

i 300 bp Ps¢1 fragment from the coding region of the rat rab3e cDNA.,

The demonstrated result was obtained under low stringency condi-

tions (a, RINmS5F-; b, RIN 104836 cells; ¢, rat brain (control), 3 days

exposure of gels to X-ray film). Arrows indicate migration positions
of rRNAs.

3. RESULTS

Total RNA from the indicated cell lines and whole rat
brain was isolated. In Northern blot analysis a 2100 bp
EcoRI fragment of rat rab3a ¢cDNA [16] was used as
radioactively labeled probe. Two transcripts of 1300
and 1800 bp were detected in brain under conditions of
low stringency (hybridization and final washing at
42°C) which corroborates previous findings [16]. A sim-
ilar result was obtained in our studies with RINmSF-
and RIN104836-cells, although the intensity of the tran-
script signals was somewhat weaker as compared to
RNA from brain after identical exposure (Fig. 1). How-
ever, under conditions of high stringency (hybridization
at 55°C and final washing at 70°C) the distribution of
the intensities of the two transcripts changed. In both
experiments, analyzing brain or RIN-cell RNA, the
stronger signal was now associated with the 1800 bp
transcript.

To further investigate the nature of the two tran-
scripts we utilized a 300 bp PsiI fragment which was
prepared from the coding region of the rat rab3a cDNA.
as labeled probe. Using this smaller fragment we found
the 1800 bp signal predominantly even under conditions
of low stringency in brain and RIN-cells (Fig. 2). The
smaller transcript of 1300 bp was no more detected at
all at high stringency conditions (data not shown),

Fig. 3 demonstrates that HIT-15 and INRI G9 cells
which were obtained from hamster tumors revealed no
expression of rab3a whereas a faint band at 1800 bp was
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seen in mouse STC1-cells after a prolonged exposure
time (14 days) as compared to the signal in the RIN-
cells which was already strong after only three days of
exposure,

4. DISCUSSION

Low molecular weight GTP-binding proteins are
strong candidates for regulators of membrane traffic
[1.2). Of main interest in this context are the rab gene
products, among which rab3a deserves attention. These
proteins exhibit striking similarities with the yeast ras-
like proteins YPT1 and SEC4p which are accepted reg-
ulatory eclements in the secretory pathway of Saccharo-
myces cerevisiae [24,25], It is thought that they control
the movement of the secretory vesicles and/or regulate
the fusion of these vesicles with cellular membrane com-
partments [3,24,25]. Recently, it was shown that rab3a
dissociates quantitatively from the vesicle membrane
after Ca®*-dependent exocytosis [6]. These observations
make it intriguing to speculate on a role of rab3a in
insulin secretion. However, up to now it was unknown
whether rab3a is expressed in endocrine pancreatic cells.
At first sight, this seemed even doubtful since an organ-
specific brain-restricted expression of rab3« was previ-
ously reported [16]. Recently, it was demonstrated that
rab3 is also expressed in endocrine chromaffine cells [17]
but was suggested to be exclusively localized to synaptic
vesicles [17]. We report now that rab3a is expressed in
insulinoma-derived cell lines from rat and, to a lesser
extent, mouse tumors. The used probes did not hybrid-
ize with material from hamster insulinoma or glucagon-
oma which might indicate a certain species specificity.

Two transcripts were detected whereas our data indi-
cate that the smaller transcript of 1300 bp is most likely
a result of cross-hybridization with a mRNA species
with high homology to rab3a rather than a specific
transcript. The specific 1800 bp transcript found in RIN
cells corresponds to an 1800 bp brain transcript under
high stringency conditions. :

It was proposed earlier that rab3a is exclusively local-
ized to synaptic vesicles [17]. We know, furthermore,
that although the synapse with its associated presynap-
tic specializations is a neuron-specific structure, synap-
tic vesicle-specific proteins are alse expressed in endo-
crine cells that do not form synapses. Studies carried out
on the pituitary and the adrenal medulla, and on cell
lines derived from these tissues, have shown that in
endocrine cells these proteins are localized in the mem-
branes of a population of iicrovesicles distinct from
peptide-containing secretory granules [27]. In this con-
text, it is noteworthy that RINmSF cells were shown to
exhibit such microvesicles [28] which are organelles of
a pathway distinct from the typical regulated insulin
secretory pathway. They undergo like synaptic vesicles
exocytosis, endocytosis, and recycling [29]. Therefore,
considering this data the expression of rab3a in insulin-
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Fig. 3. Northern bl

(al, 70°C; a2, 42°C), INRI1-G9 (b), and HIT-15 (c) cells. Gels wese

exposed for 14 days to X-ray film. Arrows indicate migration positions
of rRNAs. The bands are indicidted by an asterisk.

secreting endocrine cells does not contradict 1he concept
of an exclusive localization of this GTP-binding protein
to synaptic vesicles but, on the other hand, makes a key
role for rab3a in the regulation of the membrane events
during insulin secretion unlikely.

Furthermore, although the clonal cell lines RINmSF,
RIN104836 and STC1 are widespreadly utilized models
for islet B-cell stimulus secretion coupling [11,19,26] our
data do not prove that rab3a is expressed in normally
differentiated B-cells. It is possible that the tumor cells
share a closer relationship to neuroendocrine cells than
regular B-cells. Supportive evidence for this assumption
comes from studies of our laboratory which showed
that RINmSF cells express the preprotachykinin-I gene
in contrast to normal pancreatic B-cells [30]. A similar
case was reported for the expression of tyrosine hydrox-
ylase, a neuronal enzyme, in pancreatic B-cells [31].
Furthermore, it has been recently found that a selective
induction of neurcendocrine cytodifferentiation occurs
in RINmS5F cells after sodium butyrate treatment [32].

In corclusion, the expressica of rab3a in insulinoma
cells rather reflects the relationship to neuroendocrine
cells than adds clues to understand the late molecular
events during insulin exocytosis. However, the presently
utilized cell model is an easy to handle tool to further
study the expression of rab3a.

Acknowledgements: We thank A. Zahraoui and A. Taviiian (Paris) for
the gift of the rab3az cDNA probe, M. Zerial (Heidelberg) and K.C.
DeLisle (Kansas City) for discussion, and C. Albohn for technical
assistance. This work was supported by the Deutsche Forschungsge-
meinschaft (DFG; Grants Go 492/2-]1 and Go 417/3-1).

185



Volume 312, number 2,3

REFERENCES

[1] Hall, A. (19%0) Science 249, 635-640,

[2] Kaziro, Y., itoh, H., Kozusa, T., Nakaluku, M. and Saloh, T.
(1991) Annu. Rev. Biochem. 60, 349-400.

[3] Walworth, N.C., Goud, B., Kabcenell, A.K. and Novik, P.J.
(1989) EMBO J. 8, 1685-1693.

[4] Kitagawa, M., Williams, J.A. and DeLisle, R.C. (1990) Biochem.
Biophys. Acta 1073, 129-135.

[5] Winand, J., Delporte, C., Poloczek, P., Cantraine, F., Dehaye,
J.P. and Christophe, J. (1991) Second Muss. Phosphoprot. 13,
173-186.

[6] Fischer von Mollard, G., Sudhof, T.C. uand Jahn, R, (1991) Na-
ture 349, 79-81,

{71 Goud, B., Zaliraoui, A, Tavitian, A. and Saraste, J. (1990) Na-
ture 345, 553-556,

[8] Gomberts, B.D, (1990) in: G proteins R. Iyengar and L. Birn-
baumer, Eds. Academic Press, New York, pp. 601-637.

[9] Chavrier, P., Parton, R.G., Hauri, H.P,, Somins, K. and Zerial,
M. (1990) Cell 62, 317-329.

(10] Goke, B., Williumns, J.A., Wishart, M.J. and DeLisle, R.C. (1992)
Am. J. Physiol. 262 (Cell Physiol. 31), C493-C300,

(11} Vallar, L., Biden, T.J. and Wcltheim, C.B. (1987) J. Biol. Chem.
262, 5049-.5056.

[12] Goke, R, and Goke, B. (199]1) Horim. Metab. Res. 23, 304-305.

[13] Bourne, H.R. (1988) Celi 53, 629-636.

[14] Downward, J. (1920) Trends Biochem. Sci. 15, 469-472.

[15] Chavrier, P., Simons, K. and Zerial, M. (1992) Gene 112, 261-
264,

{16] Olofsson, B., Chardin, P., Touchot, N., Zahraoui, A. and Tavi-
tian, A. (1988) Oncogene 3, 231-234,

{17] Fischer von Mollard, G., Mignery, G.A., Baumert, M., Perin,
M.S., Hanson, T.J., Burger, P.M,, Jahn, R. and Sudhof, T.C.
(1990) Proc. Natl. Acad. Sci. USA 87, 1988-1992.

186

FEBS LETTERS

November 1992

[18] Zahraoui. A., Touchot, N., Chardin, P. and Tavitian, A. (1989)
J. Biol. Chem. 264, 12394--12401,

(197 Praz, G.A., Halban, P.A., Wollheim, C.B., Blondel, B., Strauss,
J.A, and Renold, A.E. (1983) Biochem. J. 210, 345-352,

[20] Birnboim, H.C. (1988) Nucleic Acid. Res. 16, 1487-1497,

[21] Chomezynski, P. and Sacchi, N. (1987) Analyt. Biochem, 162,
156-159.

[22] Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982) Molecular
Cloning, Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y.

[23] Zinn, K., DiMaio, D. and Maniatis, T. (1983) Cell 34, 865-879.

[24) Goud, B., Salminen, A., Walworth, N.C. and Novick, P.J. (1988)
Cell 53, 753-768.

125} Segev, M., Mulholland, J. and Botstein, D. (1988) Cell 52, 915-
924,

[26] Goke, R., Trautmann, M.E., Haus, E., Richter, G., Fehmann,
H.C., Arnold, R. and Gbke, B. (198%) Am. J. Physiol, 257, G397-
G401.

{27} DeCamilli, P. and Jahn, R. (1990) Annu. Rev. Physiol, 52, 625~
645.

[28] Reetz, A., Solimena, M., Matteoli, M., Fo!li, F., Takei, K. and
DeCamilli, P. (1991) EMBO J. 10, 1275-1284,

[29] Clift-O’Grady, L., Linstedt, A.D., Lowe, A.W,, Grote, E. and
Kelly, R.B. (1990) J. Cell. Biol. 1106, 16931703,

[30] McGregor, G.P,, Voigt, K.H., G8ke, B. and Goke, R. (1992)
FASEB J. 61, (4) Abstract 1978.

[31] Teitelman, G., Alpert, S. and Hanahan, D. (1988) Celi 52, 97—
108,

[32] Swarovski, B., Eissele, R., Eisenacher, M., Trautmann, M.E. and
Arnold, R. (1992) Reg. Pept. 40; 257 (Abstract).



