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Two types of C3G cDNA were isolated from mouse
3T3-L1 adipocyte cDNA library. A 114-bp sequence in
the middle of C3G cDNA is deleted in the short type
cDNA. By RT-PCR analysis, it was found that these
two types of C3G mRNA existed in all the mouse tis-
sues. Sequence comparison revealed 88% nucleotide
sequence identity between mouse and human C3G
cDNA. Comparison of mouse C3G cDNA with the hu-
man genome database suggested that this 114-bp se-
quence comprised an entire exon, and it is confirmed
by PCR analysis using mouse genomic DNA and cDNA
template. These results indicate that two C3G mRNAs
and proteins result from alternative RNA splicing.
© 2001 Academic Press
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C3G is a guanine nucleotide exchange factor, which
was isolated by its ability of binding to the SH3 domain
in adapter molecule c-Crk (1, 2). In C3G molecule, the
SH3 domain binding region is located in the middle of
the molecule and a CDC25 homologous sequence cata-
lyzing the guanine nucleotide exchange reaction at its
C-terminal (1, 2). The function of C3G molecule’s
N-terminal is not well understood. Recently it was
reported that p130“*, a docking molecule, binds to the
N-terminus of C3G molecule via its SH3 domain (3). As
a signal molecule, C3G can catalyze guanine-
nucleotide exchange reaction for Rapl, but not other
Ras-family G proteins (4). Activation of C3G occurs
through its membrane recruitment (5, 6). This mem-
brane recruitment is believed to be mediated by c-Crk,
not by direct interaction of C3G molecule with cell
membrane components (5, 6). Thus, the SH3-domain
binding region in middle of the molecule is crucial for

' To whom correspondence should be addressed. Fax: 86-21-
64338357. E-mail: kliao@sunm.shcnc.ac.cn.

the activation of C3G during signal transduction pro-
cess. Our recent studies imply that C3G, through the
interaction with c-Crk, is involved in signal transduc-
tion for IGF-1 receptor during 3T3-L1 cell differentia-
tion (7).

As a primary mediating molecule for C3G activation,
c-Crk mRNA has two alternative splicing forms, which
result in two types of ¢-Crk protein (8). The large form,
c-Crkll, contains one SH2 domain and two SH3 do-
mains with a regulatory phosphorylation tyrosine res-
idue in between the two SH3 domains, whereas the
small from, c-Crkl, lacks the C-terminal SH3 domain
and the regulatory phosphorylation tyrosine residue.
In normal cells, c-Crkl is usually present at much
lower level than c-Crkll. Elevated expression of ¢c-Crkl
form will lead to the cell transformation (8, 9). It ap-
pears that c-Crkl, structurally reassembling to the vi-
ral oncoprotein v-Crk, lacks the functional control reg-
ulation of c-Crkll. The physiological relevance of the
expression of c-Crkl is not clear. Nevertheless, the
alternative splicing of c-Crk leads to the change of its
functional regulations.

In this report, we identified two mouse C3G mRNA
forms from screening library. Further analysis indi-
cated that these two forms of C3G mRNA resulted from
different exon splicing.

MATERIALS AND METHODS

Cell culture. The 3T3-L1 preadipocytes were cultured in Dulbec-
co’s modified Eagle medium (DMEM) supplemented with 10% calf
serum and allowed to reach confluence. Differentiation of two-day
postconfluent preadipocytes (designated as day 0) was initiated with
1 png/mlinsulin, 1 M dexamethasone (DEX) and 0.5 mM 3-iso-butyl-
1-methylxanthine (MIX) in DMEM supplemented with 10% fetal
bovine serum (12, 13). After 48 h (day 2), the culture medium was
replaced with DMEM supplemented with 10% fetal bovine serum
and 1 pg/ml insulin for additional 48 h, and the cells were then fed
every other day with DMEM containing 10% fetal bovine serum. The
cytoplasmic triglyceride droplets are visible by day 4 and the cells are
fully differentiated by day 6.
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Nucleotide and amino acid sequences of mouse C3G cDNA. (A) The amino acid sequence is shown under the nucleotide sequence

using the standard single-letter code. The boxed nucleotide and overshadowed amino acid sequences indicate the region, which is deleted in
the short type of C3G cDNA. (B) Comparison of human and mouse C3G cDNA. The exons of human C3G cDNA were obtained from search
human genome database with human C3G cDNA. Human C3G cDNA exon 3 (overshadow) corresponds to the deleted sequence in mouse
cDNA. The bold and underlined nucleotide sequences are two pairs of primers (P1-P1’and P2-P2’) used for PCR analysis.
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FIG. 1—Continued
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ACTCTCAGCGTTCTCATCTCTCtTCCTTCACCATGAAGCTGATGGACAAATTCCACTCaCCCARA
ACTCTCAGCGTTCTCATCTCTCCTCCTTCACCATGAAGCTGATGGACARATTCCACTCLCCCARA
EXON 2
ATCAAGAGAACGCCATCaAAGAAGGGAAAACCAGCtGAGGTGTCcgtaAARGATTCCaGAGRAGCC
ATCAAGAGAACACCATCCcAAGARGGGAAAGCCAGCCGAGGTGTC---GAAGATTCCtGAGAAGCC
P2
TGTGAaCAAAGAGGCAACAGACAGATTTCTACCAGAGGGCTACCCTCTCCCCTTGGATCTGGAGC

TQTQAQQAANGAGGQAAQAQAQAGATTTQTACCAGAGGGCTACCCTaTCCCCTTGGATCTGGAGQ
Pl EXON -3

AGCAGGCAGTAGAATTTATGTCCACCAGTGCTGTGGCTTCCAGGTCTCAaRGGCAGAAGARACCTG

EGCAGGCAGTAGAATTTATGTCCACCAGTGCTGTGGCTTCCAQGTQTQAgAQQQAGAAQAAQCTQ
Pl’

aGCTGGCTGGAGGAGAARGAGARGGAAGTTGTCAGTGCCCTGCGCTACTTTAAGACCATTGTGGA

tGCTGGCTGGAGGAGAAAGAGAAGGAGGTTGTCAGTGCCETGCGCTACTTTAAGACCATTGTGGA
P2’ EXON 4

CAARATGGCaATTGATAAGAAGGTaCTGGAGATGCTtCCaGGGTCAGCCAGCARGGTGCTGGAGG

CAAAATGGCCATTGATAAGAAGGTLCTGGAGATGCTcCCygGGGTCAGCCAGCARGGTGCTGGAGG

HUMAN
MOUSE

CCATCTTACCCCTGGTGCAGRacGALCCTCGaATtCAGCACAG
CCATCTTACCCCTGGTGCAGACtGACCCTCGGATCcCAGCACAG

FIG. 1—Continued

Isolation of mouse C3G cDNA clones. The human C3G cDNA was
labeled with [a-*P]dATP by random-priming methods (10) and used
as probe to screen ~1 million A phage plaques of a day 5 3T3-L1
adipocyte (mouse cell line) cDNA library (11). The hybridization was
carried out in 20% formamide, 4X SSC (standard saline citrate), 1x
Denhardt's solution, 1% SDS, 50 ug/ml salmon sperm DNA, 0.5
mg/ml sodium pyrophosphate, and 50 mM sodium phosphate, pH
7.0, at 42°C overnight, and washing in 0.1% SDS and 0.1X SSC 3
times at 50°C.

Isolation of DNA and PCR analysis. Chromosomal DNA from one
10-cm dish of confluent 3T3-L1 preadipocytes was isolated by the
method of Wigler et al. (14). One microgram genomic DNA was used
as template for PCR analysis with primers as described under Re-
sults. The DNA amplification was carried out in 50 ul containing 10
mM KCI, 8 mM (NH,),SO,, 10 mM Tris—HCI, pH 9.0, 1.5 mM MgCl,,
200 uM dNTPs, 1 puM each primers and 2.5 units of Taqg DNA
polymerase. The reaction was conducted for 30 cycles (94°C for 1
min, 54°C for 0.5 min and 72°C for 1 min). The products were
analyzed by agarose or polyacrylamide gel electrophoresis.

Isolation of MRNA and RT-PCR analysis. Total RNA was iso-
lated from 2-day postconfluent 3T3-L1 preadipocytes, day 6 3T3-L1
adipocytes and mouse tissues using TRIZOL reagent (GibcoBRL),
and total mRNA was isolated from RNA using Polytract mRNA
isolation reagent (Promega). One microgram total mRNA was re-
versed transcribed in 20 pl mixture containing 2 mM oligo (dTy), 1
mM dNTPs, 50 mM Tris—HCI, pH 8.3, 75 mM KCI, 3 mM MgCl,, 10
mM DTT and 200 units MMLYV reverse transcriptase at 42°C for 1 h.
The reaction was terminated by incubating at 75°C for 10 min and
cDNA equivalent for 50 ng mRNA was used for PCR analysis.

C3G protein analysis. Total cellular protein was extracted from
3T3-L1 cells and used for Western blot analysis. 3T3-L1 cell mono-
layer was washed twice with ice-cold phosphate-buffered saline
(PBS), pH 7.5 and then lysed directly in boiling 1X Laemmli SDS
sample buffer containing 20 mM dithiolthretol. Cellular protein was
subjected to 8% SDS-PAGE and transferred to Immobilon-P mem-
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brane. C3G protein was detected with antibody (Santa Cruz) against
C3G and visualized by ECL (enhanced chemiluminescence).

RESULTS

Cloning of mouse C3G. Human C3G was isolated
by screening expression library with SH3 domains of
c-Crk as probe (1, 2). Using human C3G cDNA as probe
the mouse C3G cDNA was isolated by screening
3T3-L1 adipocyte cDNA library. Sequence comparison
revealed 88% nucleotide sequence identity between hu-
man and mouse C3G cDNA at coding region, but less
sequence homology at 5’ and 3’ untranslated region.
From 3T3-L1 adipocyte cDNA library, two types of
mouse C3G cDNA were identified (Fig. 1A). The long
type C3G cDNA contains an extra 114-bp sequence in
the coding region over the short type cDNA. The mul-
tiple C3G protein bands detected by C3G antibody on
Western blot may represent this mRNA variance (Fig.
3C). To ascertain whether this 114-bp sequence repre-
sents an alternative mRNA splicing or an aberration
of library construction, both mouse and human C3G
cDNAs were compared with human genomic sequence
database to locate the exon sequences. Database
search revealed that on human genomic sequence this
114-bp sequence represents one exon (Fig. 1B). Due to
the high degree of homology between mouse and hu-
man C3G cDNA sequence, it is likely that this 114-bp
sequence is also a single-exon in mouse genomic
sequence.
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FIG. 2. PCR analysis of mouse C3G genomic gene exon struc-
ture. (A) Schematic diagram of PCR using genomic DNA or cDNA as
template. Primers P1, P1’, P2 and P2’ are indicated in Fig. 1B. (B)
PCR result. P1 and P2 indicate the primer pairs of P1-P1’ and P2-P2’
respectively.

Alternative splicing for C3G mRNA. To prove this
114-bp sequence in mouse C3G also represents one
exon, PCR analysis was conducted using mouse
genomic DNA template and primers designed as that
one pair (P1-P1’) is on the inside ends of 114-bp region
and the other pair (P2-P2’) is on the outside ends (Figs.
1B and 2A). As shown in Fig. 2B, using C3G cDNA
template both pairs of primers produced PCR products.
As expected, a 114-bp DNA fragment was produced by
P1 pair primers and a 156-bp fragment was produced
by P2 pair primers. However, using mouse genomic
DNA template, only the pair of primers at the inside
ends (P1 pair) produced the 114-bp DNA fragment, the
same as using cDNA template, whereas the outside
pair of primers produced no DNA fragment around this
size. This result indicated that the cDNA sequences
corresponding to the outside pair of primers were lo-
cated far away in the genomic DNA, while the se-
quences corresponding to the inside primers were in
one exon. Thus, in genomic DNA this 114-bp cDNA
sequence is single exon, and the cDNA sequences ad-
jacent to this region were located in the different exons.

Two forms of C3G mMRNA in most tissues. MRNA
alternative splicing could be ubiquitous, such as
c-Crkll and c-Crkl which exist in many tissues (5, 8,
15), or tissue specific, such as mammalian STE20-like
kinase 3 (MST3), which has a brain-specific alternative
spliced form MST3b (16). To find whether the alterna-
tive splicing process for C3G mRNA is a tissue specific

65
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or ubiquitous process, total mMRNA from different
mouse tissues were isolated and the C3G transcripts
were analyzed using RT-PCR. As shown in Fig. 3A,
C3G mRNA in all the tissues tested (brain, adipose,
heart, kidney, liver, lung, muscle and spleen) had two
spliced forms. Thus, alternative splicing for C3G
mMRNA is not a tissue specific process. Unlike c-Crk
alternative splicing process, in which the level of
c-Crkll is much higher than that of c-Crkl (15), both
long and short forms of C3G mRNA were present in the
tissues at a similar level. However, the expression lev-
els of total C3G mRNA in various tissues were very
different, high in brain, heart, liver and muscle, and
low in adipose, kidney and spleen. Interestingly,
3T3-L1 preadipocyte differentiation also affected the
C3G mRNA splicing process. In preadipocytes, the long
C3G mRNA was the predominant form of C3G mRNA
(Fig. 3B), while the short C3G mRNA was barely de-
tectable if PCR was carried out in more cycles (result
not shown). However, as the cells differentiated into
adipocytes, the level of short C3G mRNA increased and
two types of C3G mRNA were equally presented in

A

CLBr. Fat H Kid. Li. Lu. MuSp CS

C3G~
-C3G

B-actin-

B C

M CL Pre. Adip. CS
Marker({bp)

C3G
1587 —
1375 —

941 —
831

564 —

FIG. 3. RT-PCR analysis of C3G mRNA in mouse tissues and
3T3-L1 cell. (A) Two types of C3G mRNA in mouse tissues. The
forward primer is 5’ ACTCTCAGCGTTCTCATCTC corresponding to
the cDNA sequence from bp 301 to 320 and the complement primer
is 5’GCTGGTGGACTGTTATCAAC corresponding to the sequence
from bp 1119 to 1138. CL refers to control for long form C3G mRNA
and CS to control for short form mRNA. Br, Fat, H, Kid, Li, Lu, Mu,
and Sp refer to RT-PCR analysis of mRNA from brain, adipose,
heart, kidney, liver, lung, muscle and spleen respectively. (B) C3G
mRNA in 3T3-L1 preadipocytes and adipocytes. CL and CS are the
same as in A. Pre. refers to 3T3-L1 preadipocyte and Adip. to 3T3-L1
adipocyte. (C) Western blot of C3G protein in 3T3-L1 adipocytes.
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adipocytes. Thus, in mature differentiated tissue cells
both types of alternative spliced C3G mRNA existed in
similar amount.

DISCUSSION

Protein molecules involved in signal transduction
often have several variants by alternative RNA splic-
ing. This alternative splicing increases the structural
and possibly functional complexity for signal mole-
cules. For C3G protein, the domain of guanine nucleo-
tide releasing factor is located at the C-terminal and
c-Crk’s SH3 domain binding motif is in the middle of
the molecule (1, 2). So far, the function of C3G's
N-terminal is not clear. The alternative splicing for
C3G RNA results in a deletion of 38 amino acids in the
nonfunctional N-terminal region. Thus, the functional
implication of this RNA alternative splicing is not
known.

The change of C3G RNA splicing during 3T3-L1
preadipocyte differentiation is a little puzzling. Since
the difference between these two C3G mRNAs are not
big enough for them to be resolved on Northern blot,
their relative amounts were only determined by RT-
PCR. It should be pointed out in preadipocytes the
short C3G mRNA still exists. Thus, the change of RNA
splicing during differentiation may only reflect a quan-
titative change not a fundamental change in the RNA
splicing process.
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