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Lamin A gene expression is specifically suppressed in v-sre-transformed
cells
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By a differential screening procedure, we have obtained several cDNAs the expression of which was down-regulated in v-sre-transformed 3Y1 cells

compared to parental 3Y 1 celis. One of these cDNAs, ivitned IN26, was extensively analyzed. Sequence analysis revealed that N26 cDNA was 3,095

nucleotides in length and contained an open reading frame of 665 amino acid residues. Based on an homology search at the nucleotide level, it

was postulated that N26 gene encodes lamin A. The expression of the N26 gene was not suppressed in other types of transformed cells, such as
v-nios-, v-ras- and SV40-transformed 3Y1 cells,
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1. INTRODUCTION

The viral oncogene of Rous sarcoma virus, termed
v-src, encodes a 60,000 Da protein [1,2) with tyrosine-
specific protein kinase activity and is necessary for cellu-
lar transformation [3]. In spite of a number of studies,
the molecular mechanisms by which the v-src¢ gene
product induces cellular transformation are not well
understood. In order to elucidate v-src-induced trans-
formation at the molecular level, it is important to in-
vestigate the changes in cellular gene expression upon
viral transformation [4]). Information regarding the cel-
lular genes, the expression of which is down-regulated
in response to v-sr¢ activity, is limited. The expression
of three genes encoding fibronectin, collagen and tro-
pomyosin have been reported to be suppressed in v-sre-
transformed cells [5-7]. Here we show that the amount
of lamin A mRNA is decreased specifically in v-src-
transformed 3Y1 cells.

2. MATERIALS AND METHODS

2.1, Cells and culture conditions

Rat fibroblast 3Y1 cells and v-sre-transformed 3Y1 cells were gen-
erously provided by Dr. H. Sakiyama, National Institute of Radiolog-
ical Science, Japan. The v-mos-, SVA0- and v-H-ras-transformed 3Y1
cells were obtained from the Japanese Cancer Research Resources
Bank [8]. All cell lines were maintained in Dulbecco’s modified Eagle’s
medium supplemented with 10% feial calf seruin and antibiotiss. Celi
lines were grown at 37°C in a 5% CO, atmosphere.
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2.2, Isofation of towaf RN.1 and pelyadenylaied RNA
Total RNA was prepared by the SDS-phenol inethod. Poly(A)*
RNA was purified using an oligo(dT)-celiulose column [9].

2.3, Construciion and screening a cDNA library

3Y1 cDNA liberally was prepared according to the standard
method [9] with 1 ug of olige(dT)-purified RNA using AZAP 11 di-
gested with EcoR1 as a vector. For the differential screening, the phage
library was plated, transferred onto two scis of nylon membranes and
hybridized with one of two different random primer-labeled cDNAs
derived from 3Y'1 or v-src-transformed 3Y1 cells. Plaques showing
preferential hybridization signals with 3¥Y1 ¢DNAs were picked up
and re-screened.

2.4, Northern analysis

For Norihern blot, 10 ug of total RNA was electrophoresed on a
195 agarose gel containing formaldehyde [9), blotted onto Nylon mem-
brane and cross-linked with UV light, A 0.6 kb EcoRI-Xbal fragment
of N26 cDNA was labeled with [x-?PJdCTP using random primers
{10] and used as a probe. The membranes were hybridized ina solution
containing 6x S8C, Sx Denhardl’s solution [11], 0.1% SDS and 50%
formamide at 42°C overnight, and washed sequentially in 2x SSC,
0.1% SDS at reom temperature for i3 minand in 0.1x 55C, 0.1% SDS
at 50°C for 20 min. Autoradiography was performed at ~70°C with
an intensifying screen.

2.5. DNA sequencing

Recombinant plasmids carrying restriction fragments of the cDNA
were prepared according to the standard method [9] and the nucieotide
sequences were determined using the didcoxy chain-terraination
method [12].

2.6. In vitro transcription and transtation

N26 ¢cDNA was subcloned into the EcoRI site of the pTZISR
expression veclor. After complete digestion with Kpnl, it was used as
the template for in vitro transeription with T7 RNA polymerase. The
in vitro-transcribed RINA was translaled in a rabbit reticulocyie iysaic
(NEN Corp.) in the presence of [*S]methionine. Protein products were
separated on a 10-20% SDS-polyacrylamide gradient gel.
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Fig. 1. 3Y l-specific expression of the N26 gene. Total RNA (10 ug)

wis separated by 1.0% [ormaldehyde-agarose gel electrophoresis,

transferred onto a Nylon membrane and hybridized with a radiola-

beled EcoRI-Xbal fragment of N26 ¢cDNA (lanes | and 2) or v-src

DNA (lanes 3 and 4). Lane 1 and 3, total RNA from 3Y] cells; lanes

2 and 4, total RNA from v-sre-transformed 3Y1 cells. Size is shown
in kb.

2.7, Treatment of herbimycin A

Herbimyein A was generously provided by Dr. Y. Uehara, National
Institute of Health, Japan. The drug was added to the culture (0,5
Mp/ml) of v-sre-transformed cells. 24 h after the drug treatment, total
RNA was isolated and Northern analysis was performed.

2.8, Nucleotide sequence accession number
The sequence of N26 cDNA is deposited in EMBL Daia Library
under accession number X66870.

3. RESULTS AND DISCUSSION

A cDNA library was made using poly(A)" RNA from
3¥1 cells and AZAP II as a vector. Approximately
2.5x10° phage plaques were differentially screened and
several cDNA clonas were obtained which hybridized
strongly with *P-labeled cDNAs derived from 3Y1 cells
but not with those from v-sre-transformed 3Y1 cells.
One of these clones, N26-1, was picked up further anal-
ysis performed.

The mRNA level of the N26 gene was assayed by
Northern analysis. As shown in Fig. 1, the amount of
N26 mRNA was hardly detectable in v-sre-transformed
3¥1 cells compared with that in 3Y1 cells.

Because the size of N26-1 cDNA (0.7 kb) was much
shorter than that of N26 mRNA (3.2 kb), we tried to
isolate the full-length ¢cDNA. By screening the same
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Fig. 2. Restriction map of M26-1 and N26-2 ¢cDNA. Thin line repre-
sents the 5’- and 3'-noncoding regions and the filled box shows the
coding region. B; BamHI, H; HindlIII, X; Xbal.

166

FEBS LETTERS

November 1992

-16% GCCAACCCAGATCCCGAGGTGCGCCACGCCCAGCCCAGATCETCCA
=120 CGCCTGCCAGOAGCGAGCTTCGCCGGCTCGCTGTCCCCCGAGCAGCCTCTGTCCTTCTGT
=60 CCGAGTCCCGCGCCCTTCTCGGGACCCCTGCCCACCGGCAGCACTGCCACCCTGCCGEEC
1 ATGGAGACCCCOTCTCAGCGECGECCCACCCOCAGTGEGGCCCAGECONCCTETACCCES
1M ET®P S QRRPTRSEGAQASSTH?®P
61 CTG CGCCC}\CTCGGATCACACGGCTGCAGMGMGGAGGACCTGCAWGCTCMTGAC
21 Q K EDLOQETLUND
121 CGTCTGGLCG'I‘G‘I‘ACI\TCGI\TCGCGTGCGC‘I‘CCCTGGAGACGGAGMCGCGGGGCTGCGC
4l RV R S LETENAGTULR
lgi CTI‘CL RGC?TCQC‘TGRE GgCTGMGAGGTGG"PJQGCCGAGAGGTGTCCGGCATCMGGCGGCC
G I X
241 TACGAGCCAGAGCTGGGGSATGCCCGCAAGACCCTCOACTCTGTGECCANGGAGLGCGEC
81 ¥+ E P ELGDARIUEKTOTULUDSVAUXERNA
301 CGCCTCCAGTTGGAGCTGAGCAMGTGCGTGAGGAGTTCAAGGAGCTCANGECGCGCANT
100 R L. @ L E L S KV REEU P KETULUNRKARN
361 ACCAAGMARGGAGGGGGATTTGTTGHNT ul.t.-l.nGGCCCGGCTCMGGACCTGGAGGCTCTT
121 T K K E G D L L A A Q A R 3
421 CTCMCTCLMGGAGGCTG’CCTGAGCACTGCTCTCAGTGAGMACGCACGWGGMGGC
141 S K EAALSTAULSE R T L EG
481 GAGCTCCATGI\TCTGCGGGGuCAGGTAGCCAAGC‘I”I‘GAGGN\GCCCTGGG’K‘GAGGCTMG
A E A K

161 E L H D LR GQVY ATKTLER®A G
541 mccmc'rc'cAcmmmcc'x'cacsccm'rcslmcTmmcnccc-mcmr\ccm
181 Q L @D E M R RV DATEN Q
601 MGGAGGAGCTGGM'I‘I‘Ct.hGMGMCAﬁTI\CAGTGAGGMCTGCGTG’\GACCMGCGC
201 K ELDFQUHK®NTITYSEEE R E R
661 ccccnccmnccccsc'rccmmmwcnfm\mcwccasccacmﬁmcncccrc
221 E T R E I DNGJXGO QP RTETFTE S
721 cmccncmscwmcnscncc*rscccccccnccnmssnccmcmmmsmcms
L D ALQETLRA 2 ¢ Y K
781 MGGAGCTI\GMMGACATI\CTC’AGCCMGCTGGATMTGCCCGGCAG‘I‘CTGCCGAGAGG
260 K E L E KT ¥ 8 A K D Q R
841 Mcz\scmccrcmcmwmcmmmmumcmmcmmcammac
201 s LY GAAIETETLG GG SR RSTI 1
ggi Acccmcagccgnccmgccgmgrcgawcgmﬂaccmcmmmccmam
961 ccmnccrccacmcmcmcccccmaccccmnocaccccscsmmccm
321 D LEDSTLA AR T
1021 MAGAGCGGGAGATGGcmncmccceqwecmcmmmcma\momccm
31 K E R E M A EMRARMOGO @RQTLSDE Q
1081 smmmmmmmccmcccmmcamcnmcamccmmscmm
3¢1 E L L D I K L A L M EI HRATYRIKILL
1141 GAGGccGm:GAGGAGAGGcmcccmwcccccg&cccnmcccnsccmcccmecc
ggx Eccccc'rc CCA cwcccwrcmccs GIGSA AAARACRECA
1201 C GOCAGCRTCACT: GCAAS
R N RO R A e
1261 @Tcgnmmmmscccsascnccmcmwmcmcmcmcem
421 S SES RS SF B QQHARTS
1321 GCCGTAGAGGAAGTAGATGPAGAGCGCAAGTTCGTGCGSS
441 A V BE E V D E E
1381 GACCAGTCCATGGOCANCIGOCAGATCAGRCGTCAGANTGOTGATGATCCTTTGATGACT
461 L O 5 M G N W @ I R R Q@ NGDD B .M T
1441 TATCGCTTCCCACCGANGITCACCCTAAAGECCOSOEAGGTCOTOACCATITORGCTTCA
481 ¥_ R _F P P K F T L KAGTE QVYVTTIWNASE
1501 Gsnccrcsccccacccmmccccccmmcnacmmeccnmwmcm
501 G G AT HS P T DLVWEKAGNTW®N
1561 cccmmccnccmccmacnccccrcmmccccacmmmmcmccam
520 6 ¢ G 5 S L RT A LI NATGETETVA AM
1621 cccmacmmscacmmaccmcmmwwmmmmﬂwm
541 LVRSLTMVETDUNGDBTETETETDSG

1681 GATCAGCTGCTCCATCACCACCGTGOCTCCCACTECAGCAGCTCEGGGRACCCCGETRAG
561 D E L L H H H R & § HC 8 8 S 6 » AL
1741 TACAACCTGCCGTCAGCCACCGTGCTGTGCGGEACATCTCGGCAGCCTCCTGACAAGGET
581 X N _L P S8 A T VL C G TC Q P A D KR A
1801 GCCAG'I‘GGCTCAGGACCGCAGGTGGGCGGI\TCL.AL&.n.\.n.n.:us.n.L TCTGCCTCCAGT
601 S 6 S G Q VG G S I S 8 G 8 8 A 5 5
1861 GTCACI\GTC«'\CTCGMuu TCCGCAGTETGGGGEECAGTGEEGGTGCCAGCTICEGGEAC
621 S FR S V 6 ¢ 8 ¢ S F &6 D
1921 MCCTAGTCI%CC%GC‘;‘CCTI\CCTCC‘I‘GGGCMC’I‘CCI\\;Au\.\.uuwaCCI\GAm.u.u.nG

G R
TCCGCAACAAGTCCAACGAG

641 N L V Y L L G N S8 5§ PRTOQS S Q
1981 MCE‘GCgGCgTCSTGTMTCTGGGACCTGCCAGGCGAGGGTGGGGGCI\GAGGCCACCTGC
N .

2041 TCCCTCTTCACCACATEGCCACCTCCTGLCCTGTTCCTTATEAGAGCAGGTCTGAAGCCAN
2101 AGAAAACTATCCCCTGCCTTTGOGTGTITITCT T TTITCCTTCTATTTTTIITTCTAAGAG
2161 AAGTTATTTTCTACAGTGGITTTATACTGAACCAARAACACAAGCAAAAANANAANAGTC
2221  TCIMTATCTCAATCCTTAGULCTTCCCIIMIMTCCCTSIATCTGCCTTAMUCANAGGGCT Y
2281 CTCATAGGAGCCCAGGGNAAGGNACTGCITY IGTAGICTAGAT TTTIGTCCIGCTGLLTIG
2341 CGTTTGCCCTCATCCCAGGACCCIGTGACACGGTGCCTGAGAGGCAGGCATGGAGITCTC
2401 TTTACCGGCCTCCTCCACAGCTGGCCCACTGCCATGCCAGCTGCARNGANAGGGGTGCA
2461 GAGAGAATGACTGAAAGGTCARGCCCCTCL TGGCTCAC TACACTTGUCCGAGACTCCICT
2521 GCCTGCCTTACCCTCCTGCCTTCCCGAGCCTGGGACGAGTGGATTCCCAGAGGCAANTTT
2881 GCCATGCTTCCTTTTTTCTATATTGTATTCAGACAAGAGATGGGAANGATGGCCANGGAG
2641 AMGGGACGCTCAGTTTGANCCTACCTITCCCCCGTGCGTACAGCCTCCTCGIGGGCTCTG
2701 TCTCTCCGTGEGAGEGCAGTATTAAGTCGGATTGGGGAGAGAGTGACCGAMGGCTCCTGG
2761 AGATTGCGGAGNMECTGCTGECECCAGTGAGANGACTAGAGGGTGTGOTGATTGGTGGCTA
2821 CAGCAAACACTANGGAACCCTTCATTCCCACTTCCCATCTGCACCTCTGCTCTCCCCCCA
2881 AATCAATACACTAGTTGTTTCCATCCCGAAMNAMANMAAAARARDAA

Fig. 3. Nucleotide and deduced amino acid sequence of N26 cDNA.
The translation initiation site is referred to as ++1. Two 3’-polyadenyla-
tion signals are shown by bold letters. The stop codon is represented
by an asterisk. Open circles indicate the putative nuclear localization
signal and closed circles denote the serine residues which could be
phosphorylated (see text). The peptide sequences determined by Fish-
er et al. [15] are underlined and a CXXM motif is shown by fillad
triangles (see Lext).
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Fig. 4. In vitro transcription and trans!ation of N26 ¢cDNA., Cloning

veclor alone or N26 cDNA was transcribed in vitro and the synthe-

sized RNA was translated in a rabbit reticulocyle lysate in the presence

of [*S§]methionine. Protein products were separated by 10-20% SDS

polyacrylamide gel clectrophoresis. Lane 1, pTZ 18R; lane 2, N26
cDNA. Size is represenled in kDa.

¢DNA library, we obtained an N26-2 ¢cDNA clone that
contained, approximately, a 3 kb insert (Fig. 2). From
a comparison of the estimated sizes between N26-2
¢DNA and mRNA, we tentatively concluded that N26-
2 cDNA was nearly full-length.

The nucleotide sequence of the cDNA insert was de-
termined by the dideoxy chain-termination technique
[12]. The sequence data of N26-2 ¢cDNA is shown in Fig.
3. N26 cDNA is 3,095 nucleotides in length and the first
AUG codon at position 1 opens a reading frame that
encodes a 665 amino acid polypeptide with a predicted
molecular weight of 74,244.84 Da. The sequence near
the initiation site (CCGGCCATGG) matched the con-
sensus sequence for the initiation of translation pro-
posed by Kozak (GCCA/GCCATGG) [13]. In order to
confirm that this open reading frame (ORF) truly en-
codes a protein, we carried out in vitro transcription
and translation experiments (Fig. 4). As a result, two
specific bands were observed, the estimated molecular
weights of which were about 76 and 68 kDa, respec-
tively. As the size of the slower migrating band was in
close agreement with that predicted from the ORF, the
faster migrating band n.ight have been generated by
degradation of the 76 kDa product. Therefore, we con-
cluded that the ORF does encode the protein product.
This cloned cDNA included 165 and 935 nucleotides in
the 5%~ and 3-untranslated regions, respectively (Fig, 3),

The nucleotide sequence of N26 ¢cDNA was com-
pared with those filed in the data base (EMBL, release
25.0). A significant similarity was detected between N26
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cDNA and lamin A cDNA of human, chicken and Xen-
opus. The nucleotide sequence homology in the coding
region of N26 ¢cDNA for human [15], chicken [16] and
Xenopus lamin A ¢cDNA [17] was 92.6, 73.7 and 69.8%,
respectively. In addition, the amino acid sequence ho-
mology in N26 peptide for human, chicken and Xenopus
lamin A was 96.2, 75.9 and 71.5%, respeclively. Rat
lamin A was previously purified from liver and its par-
tial amino acid sequences were dtermined [15]). These
amino acid sequences corrspond to residues 449-463,
477-486 and 578587 in our sequence data (Fig. 3).
Comparing these peptide sequences with that of the N26
product, one mismatch was observed: arginine in the
third peptide was replaced with Pro-584. Weo do neot
know whether this was due to a cloning artifact or the
different source of materials. Lamin A and C have been
known to share the same sequence except at the C-
terminal region [15]. In our experiments, we used a 0.6
kb EcoRI-Xbal fragment of N26 cDNA which is spe-
cific to lamin A as a hybridization probe, so we could
distinguish both types of mRNA., This is the first obser-
vation tliat the amount of lamin A mRNA is extremely
decreased in v-sre-transformed cells.

N26 protein includes several structural features
which are also found in lamin A of other species. It
contains a central a-helical rod domiain extending from
residue 31 to 390. A putative nuclear iocalization signal
can be fourd between amino acid positions 414 and 422
(SVTKKRKLE). In addition, the CXXM motif is lo-
cated at the C-terminal sequence. The potential phos-
phorylation sites (Ser-22, Ser-392, Ser-404 and Ser-4006)
are present on the N26 sequence [18].

As the expression of the N26 gene was duwn-regu-
lated in v-src-transformed 3Y1 cells, it seemed impor-
tant to investigate whether or not N26 gene expression
was also suppressed in other types of transformed cells.
Total RNA was isolated from the following cell lines,

Fig. 5. N26 gene expression in other types of transfermed cells. Total

RNA (10 ug) derived from 3Y1 (lane 1), v-src-3Y | (lane 2), v-r0s-3%1

(lane 3), SV40-3Y | (lane 4) and v-H-ras-3Y 1 cells (Jane 5) was ¢leciro-

phoresed on a 1.0% formaldehyde-agarose gel, biotted onto a Nylon

membrane and probed with a ¥P-labeled EcoRI-Xbal fragment of
N26 cDNA.
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Fig. 6. Elfect of herbimycin A on N26 gene expression in v-src-lrans-
formed 3Y1 cells. Cells were treated with 0.5 ug of herbimycin A per
ml for 24 h., Total RNA was isolated and Northern analysis was
carried out using **P-labeled cDNA as a probe (lane 3), along with
RNA from 3Y! cells (lane 1) and v-sre-transformed 3Y 1 cells (lane 2).

v-mos-, SV40- and v-H-ras-transformed 3Y1 celis, and
the N26 mRNA level of each cell line was assayed by
Northern analysis. As shown in Fig. 5, the amount of
N26 mRNA was not decreased in these transformed
cells, From these observations, down-regulation of N26
(lamin A) mRNA level seems to be a specific event in
v-src-transformed 3Y1 cells.

As previously described, herbimycin A (one of the
benzenoid ansamycin antibiotics) can induce the loss of
pp60*~ tyrosine kinase activity and conversion to nor-
mal phenotypes in RSV-transformed rat kidney cells
[20]. In order to investigate the relationship between
tyrosine kinase activity and N26 gene expression, the
effect of herbimycin A was tested in the present study.
As shewn in Fig.6, the treatment of herbimycin A can
increase the amount of N26 mRNA. This result sug-
gests that the expression of the N26 gene depends upon
the tyrosine-specific protein kinase activity encoded by
v-sre and also supports the idea that the down-regula-
tion of N26 mRNA levels is a specific phenomenon in
v-sre-transformed 3Y1 cells.

Microinjection of purified pp60”** into frog oocytes
results in a large amount of protein phosphorylation,
not only on tyrosine residues but also on serine/threo-
nine residues [21]. This result indicates that pp60*"™ can
interact with cellular serine/threonine kinases. Recently,
it has been proposed that several transcription factors
could be phosphorylated by cellular kinases, suggesting
that activities of transcription factors might be modu-
lated by protein phosphorylation [22-24]. In v-src-
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transformed cells, some cellular factor(s) which could
stimulate the expression of the lamin A gene might be
inactivated by v-sre-induced protein phosphorylation.
Elucidation of the molecular mechanism regarding the
suppression of lamin A gene expression could lead to a
more precise understanding of the cellular transforma-
tion induced by v-src.
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