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Abstract

Copines are ubiquitously expressed, phospholipid-binding proteins that have been conserved through evolution. In this paper, we
report the cloning and molecular characterization of a new member of the Copine family, Copine 8. This gene has been isolated and
characterized using a combination of bioinformatic and experimental approaches. Using an algorithm to cluster ESTs (expressed
sequence tags) that are available through the public “GoldenPath” database, Copine 8 was initially identified as a gene predomi-
nantly expressed in prostate and testis. Cloning and molecular analysis revealed that this gene is expressed in low-levels in most
tissues examined. Two different isoforms of this gene have been isolated. Strongest expression of Copine 8 mRNA is seen in the
prostate, heart, and brain. Taken together, this data suggest that Copine 8 may have an important role to play in prostate regulation

and development.
© 2003 Elsevier Science (USA). All rights reserved.
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Prostate cancer is the second leading cause of cancer-
related mortality in men. It is estimated that 1 in 5 men
in the United States will develop prostate cancer in their
lifetime [1]. To date, there are no curative therapies
available for this disease after it has metastasized from
the site of origin [2]. Thus, it is of great importance to
identify new genes that are expressed in the prostate,
and understand their functions. This may lead to better
understanding of the etiologies associated with the dis-
ease progression and to the development of targeted
therapy of prostate cancer. To achieve this goal, we
focused on utilizing the EST database to generate clus-
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ters of ESTs that are expressed in normal prostate and/
or prostate cancer. Using this approach, we previously
identified genes whose transcripts are specifically ex-
pressed in normal prostate and/or prostate cancer [3-6].
Using a similar approach, we describe here the cloning
and characterization of Copine 8, a new member of the
gene family that produces the calcium-dependent,
phospholipid binding proteins called copines [7-9]. This
gene expressed two isoforms of the Copine 8 protein.
They are expressed at a low level in most tissues ana-
lyzed and at a high level in prostate, brain, and heart.

Materials and methods

EST mining and identification of Copine 8. Location of ESTs and
mRNAs in, and their alignment to, Human Genome Working Draft
were obtained from the “GoldenPath” (http://genome.ucsc.edu/in-
dex.html). A total of 4,205,362 EST entries (as of 8/20/2001) and
70,982 mRNA entries (as of 7/24/2001) were extracted from J. Kent’s
database (http://www.soe.ucsc.edu/~kent/test/gs.6/00.27/psl). When
there was more than one chromosome address to an EST, a single
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Fig. 1. Alignment of Copine 8 cluster to the human Genome Working Draft (“GoldenPath,” December 22, 2001 freeze) using BLAT. Both isoforms
of Copine 8 span 3q21.3 and 3q22.1 regions of chromosome band (panel A). Genomic region of the EST clusters magnified in panel B. The first four
exons of Copine 8A and the first two exons of Copine 8B are shown in Roman numerals. ESTs BF345679 and 720912 were not in “GoldenPath”

database of August 6, 2001 freeze, when the cluster was first identified.

address on the chromosome was retained in most cases. Entries with
long intronic sequences were ignored. A total of 4,011,049 out of
4,276,344 alignments satisfied our conditions and were used for
cluster formation. A total of 133,104 clusters were formed based on
overlap of aligned sequences. Precise procedure of selecting and
clustering ESTs will be described elsewhere. The tissue of origin for
clustered ESTs was determined from the library data in the National
Center for Biotechnology Information (NCBI) dbEST files (ftp://
ftp.ncbi.nih.gov/genbank/gbest*.seq.gz). Similar information for
mRNAs was extracted from the NCBI GenBank primate repository
(ftp://ftp.ncbi.nih.gov/genbank/gbpri*.seq.gz). The library database
was built and libraries were assigned to designated tissue types as
described previously [10]. Clusters with 75% or more ESTs from
prostate libraries were selected. The Copine 8 cluster was made of
five ESTs from five different libraries (four from prostate and one
from testis). The corresponding gene is located in chromosome
3q22.1 (Fig. 1).

Primers. The nucleotide sequence of the primers used in this study:
T407 > 5-GAG TCT AGT CCT CAA CTC TAA CCA-3; T408 > 5'-
GCT AAT CTC TGG ATC CTT CGT GTC-3; P2 > 5-GCA AAA
TTT CAA CAA ACC TG-3; P11 > 5-AGA TTT CAC TGC CTC
AAA CG-3; P18 > 5-ATG TTG CTC ATC TTC TTC ATT CTC-3'.
Actin specific primers have been reported elsewhere [11]. All primers
were synthesized by Lofstrand Labs.

Dot blot and Northern blot hybridizations. The human multiple
tissue RNA dot blot (RNA Masterblot; Clontech) and Northern blot
(Multiple Tissue Northern blot; Clontech) hybridizations were carried
out as described below. Briefly, the RNA membranes were prehy-
bridized for more than 2h in hybridization solution (Hybrisol I; On-
cor) at 45°C. PCR with P11 and P2 primers were used to generate
~1.1kb probe common to both isoforms. The probes were labeled
with ¥P by random primer extension (Lofstrand Labs) and added to
the blots and hybridized for another 16 h. The blots were then washed
2x 15min each in 2x SSC, 0.1% SDS, at room temperature and then
washed 2x 15min in 0.2x SSC, 0.1% SDS, at 60°C. Finally, the
membranes were exposed on X-ray film for 1-2 days.

PCR analysis. PCR was performed on cDNA from 24 different hu-
man tissues using the Rapid-Scan gene expression panel (OriGene
Technologies) or the MTC cDNA panel (Clontech) following the man-
ufacturer’s instructions. The thermocycling protocol was: initial dena-
turation at 94 °C for 3 min, 35 cycles of denaturation at 94 °C for 1 min,

annealing at 60 °C for 1 min, and elongation at 72 °C for 1 min. The PCR
primers used are indicated in the figure legends. The PCR reactions were
analyzed on 1.5% agarose gels stained with ethidium bromide.

In vitro translation. The in vitro transcription and translation of the
cDNA was carried out using T7 RNA polymerase and rabbit reticu-
locyte lysate (RRL; Promega) following the manufacturer’s instruc-
tions. [**S]Met (ICN) was incorporated in the reaction for visualization
of translated products. The reaction mixture was heated at 95°C in
reducing sample buffer and then analyzed under reducing conditions
on a polyacrylamide gel (4-20% PAGE, Tris/glycine; Bio-Rad) to-
gether with prestained protein molecular weight markers (Bio-Rad).
The gel was dried and subjected to autoradiography.

Results

Computer analysis of the Copine 8 cluster and ¢cDNA
cloning of Copine 8

A new cluster was initially identified by computer
analysis as prostate and testis specific (Fig. 1). It was
made of five ESTs from five different libraries (four from
prostate and one from testis), which mapped to chro-
mosome 3q22.1. However, a recent update of the EST
database indicates that there are two additional ESTs
from brain in this cluster as well. Primers T407 and T408
were made based upon the EST sequence data. Origene
Technologies used these primers to isolate a clone by
screening a human prostate library. The primer P2 was
constructed based upon the 3’ sequence information
from this clone. Finally, the primers P2 and T407 were
utilized to amplify the full length cDNA from pooled
prostate cDNA (Marathon Ready; Clontech). The am-
plified products were cloned into the PCR 2.1 Topo
vector (Topo TA Kit; Invitrogen). Selected colonies
were isolated and sequenced. Two different isoforms of
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the gene (isoforms A and B) were identified. The protein
from the B form has 18 additional amino acids at its N-
terminus compared to the A form (Fig. 2). The se-
quences were analyzed using the BLAST program
(NCBI).

Complete nucleotide sequence analysis (deposited in
the GenBank with Accession Nos. AF465770 and
AF465771) of the cDNAs reveal that they belong to the
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Copine family of genes. We name the new gene Copine 8.
Strongest homology was found between Copine 8 and N-
Copine [14] at both the nucleotide and protein levels (Fig.
2). There are at least 16 exons in the Copine 8 gene (Fig.
3). Start codons are present in exons 2 and 5 and stop
codons are detected in exons 3, 4, and 16. Copine 8A has
a longer cDNA (~2.5kb) but a shorter open reading
frame (ORF) of 1674 bases or 558 amino acids. By con-

—_—
N Copine —mmmmmmmmmmmmmo MSDPEMGWVPEPPTMTLG--———— ASRVELRVSCHGLLDRDTLT 38
- :*. H *..: * x k -:*** *:*:*: ***:*:
COpine_SA —————————————————— MKKMSNIYESAANTLGIFNSPCLTKVELRVACKGISDRDALS 42
Copine 8B MAVEPSSSESIKRRAGRRMKKMSNIYESAANTLGIFNSPCLTKVELRVACKGISDRIALS 60
g ¥
———<— 2DOMAIN >
N Copine KPHPCVLLKLYSDEQWVEVERTEVLRSCSSPVFSRVLALEYFFEEKQPLOFHVFDAEDGA 98
- ** *** ** *. * ** * Kk k ok . * * .**~*::::::::*** * * * * * ..
Copin678A KPDPCVILKMQSHGQWFEVDRTEVIRTCINPVYSKLFTVDFYFEEVQRLRFEVHDISSNH 102
Copine 8B KPDPCVILKMQSHGOWFEVDRTEVIRTCINPVYSKLFTVDFYFEEVORLRFEVEDISSNH 120
N _Copine TSPRNDTFLGSTECTLGQIVSQTKVTKPLLLKNGKTAGKSTITIVAEEVSGTNDYVQLTF 158
- H *** K, khkhkhkhkkxkkhkkhkk Ko :*. *** * ‘k*‘k** ** *** ** *** * *
Copine 8A NGLKEADFLGGMECTLGOTVSQRKLSKS ~LLKHGNTAGKSS ITVIAEELSGNDDYVELAF 161
Copine_8B NGLKEADFLGGMECTLGQIVSQRKLSKS-LLKHGNTAGKSSITVIAEELSGNDDYVELAF 179
dl |-
< C2 DOMAIN >
N_Copine RAYKLDNKDLFSKSDPFMEIYKTNEDQSDQLVWRTEVVKNNLNPSWEPFRLSLHSLCSCD 218
"k ***:**:*******:**:: *:* :*** * Kk Kk k ok ***'*:* *::*: e kKKK Kk
Copine_8A NARKLDDKDFFSKSDPFLEIFRMNDDATQQLVHRTEVVMNNLSPAWKSFKVSVNSLCSGD 221
Copine_8B NARKLDDKDFFSKSDPFLEIFRMNDDATQQLVHRTEVVMNNLSPAWKSFKVSVNSLCSGD 239
N Copine VHRPLKFLVYDYDSSGKHDF I GEFTSTFQEMOEGTANPGOEMOWDCINPRYRDKKKNYKS 278
- * * * * * ** ************* ** *:: ** ****** ******
COpine_SA PDRRLKCIVWDWDSNGKHDFIGEFTSTFKEMRG——AMEGKQVQWECINPKYKAKKKNYKN 279
Copine 8B PDRRLKC IVWDWDSNGKHDF I GEFTSTFKEMRG -~ AMEGKQVQWEC INPKYKAKKKNYKN 297
N _Copine SGTVVLAQCTVEKVHTFLDY IMGGCQISFTVAIDFTASNGDPRSSQSLHCLSPROPNHYL 338
- ****:* *.:.*:*:***********.***************.* * Kk * ***_**
Copine 8A SGTVILNLCKIHKMHSFLDY IMGGCQIQFTVAIDFTASNGDPRNSCSLHYIHPYQPNEYL 339
Copine_8B SGTVILNLCKIHKMHSFLDYIMGGCQIQFTVAIDFTASNGDPRNSCSLHYIHPYQPNEYL 357
N_Copine QALRAVGGICQDYDSDKRFPAFGFGARI PPNFEVSHDFAINFDPENPECEEISGVIASYR 398
:** K*khkk hhkkkkkkkk ************:: ****‘k****: :**** *'**: :*:
COpine_8A KALVAVGEICQDYDSDKMFPAFGFGARIPPEYTVSHDFAINFNEDNPECAGIQGVVEAYQ 399
Copine 8B KALVAVGEICQDYDSDKMFPAFGFGARI PPEYTVSHDFAINFNEDNPECAGIQGVVEAYQ 417
< VWA DOMAIN — P
N _Copine RCLPOIOLYGPTNVAPTINRVAEPAQREQSTGOATKY SVLLVLTDGVVSMAETRTAIVR 458
- ***::* Kk khkk Kk oo *‘k** ** _*. :* ** ***** *** * % ***
Copine_8a SCLPKLQIYGPTNIAPT IQKVAKSASEETNTKEASQYFILLTLTDGVITDMADTREATVE 459
Copine 8B SCLPKLQLYGPTNIAPIIQKVAKSASEETNTKEASQYFILLILTDGVITDMADTREAIVHE 477
—’
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**:****:*******5******::****** **.*:* *' **********:**.*:*:**
Copine 8A ASHLPMSVIIVGVGNADFSDMQMLDGDDGILRS PKGEPVLRDIVQFVPFRNFKHASPAAL 519
Copin678B ASHLPMSVIIVGVGN?DFSDMQMLDGDDGILRSPKGEPVLRDIVQFVPFRNFKHASBAAL 537
N ¢
N_Copine AKCVLAEVPRQVVEYYASQGISPGAPRPCTLATTPSPSP 557
* % ****** *** * * ** * . . s H :*
COpine_SA AKSVLAEVPNQVVDYYNGKGIKPKCS SEMYESSRTLAP 557
Copine 8B AKSVLAEVPNOVVDYYNGKGIKPKCS—-SEMYESSRTLAP 575

Fig. 2. Multiple alignment of Copine 8 isoforms with N-Copine. Amino acid sequences of Copine 8A (557aa) and Copine 8B (575aa) were aligned to
N-Copine (557aa) using Clustal W (1.81) protocol of European Bioinformatics Institute (http://www2.ebi.ac.uk/clustalw). Alignment characteristics
are as follows: *, identical or conserved residues; :, conservative substitutions; ., semi-conservative substitutions. Using CDART (Conserved Domain
Architecture Retrieval Tool; http://www.ncbi.nlm.nih.gov/Structure/lexington/lexington.cgi?cmd = rps), two C2 domains (protein kinase C conserved
region 2) and one VWA domain (von Willebrand factor type A) were predicted (rectangular areas).
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Fig. 3. Alternative splicing of Copine 8A and Copine 8B. The Copine 8
gene contains at least 16 exons (exons and introns are represented by
boxes and lines, respectively). Exons II and V contain starting codons
and exons III, IV, and XVI possess stop codons. The A form transcript
has all 16 exons. In B form, the exons IIT and IV are excised out. The A
form protein uses the start codon in exon V whereas the B form uses
the start codon in exon II. Different primers used in this study are
shown as arrowheads with corresponding IDs.

trast, Copine 8B has a shorter cDNA (~2.2kb) but an
ORF of 1728 bases or 576 amino acids. This is due to
alternate splicing of the gene as indicated in Fig. 3.

100 bp ladder 100 bp ladder
Brain Salivary Gland
Heart Thyroid
Kidney Adrenal Gland
Spleen Pancreas
Liver Ovary
Colon Uterus
Lung Prostate
Sm. Intestine Skin
Muscle Leukocyte
Stomach Bone Marrow
Testis Fetal Brain
Placenta Fetal Liver

*

Actin

P T B H

A
C B

C
Copine 8A

D
Copine 8B E

F

G

H

845
Expression analysis of the Copine 8 gene

To determine experimentally the tissue expression of
Copine 8, we initially performed PCR analysis on a
commercially available cDNA panel (Rapid-Scan) con-
taining cDNAs from 24 different human tissues using
primers from a region common to both isoforms. As
shown in Fig. 4A, significant expression of Copine 8§ is
observed in brain, heart, kidney, prostate, and fetal
brain. The gene is also weakly expressed in most tissue
types examined. Dot blot analysis using a probe ampli-
fied from a region common to both isoforms confirmed
this observation (Fig. 4B). Semi-quantitative PCR anal-
yses of the two isoforms using isoform-specific primers
demonstrate that both forms are strongly expressed in
prostate and weakly expressed in testis, brain, and heart
(Fig. 4C).

Northern blot analysis of Copine 8

Northern blot analysis was performed to determine
the transcript size of Copine 8. Premade blots containing
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Fig. 4. Tissue distribution of Copine 8 expression. (A) PCR analysis of Copine 8 expression on cDNA from 24 different human tissues. The primers
used were P2 and P11. The expected size of the PCR product is indicated by an arrow. (B) RNA hybridization of a multiple tissue dot blot containing
mRNA from 50 normal human tissues or cell types using a cDNA probe from the 3’ end of the Copine 8 transcript. This area is common to both
isoforms. A template showing the location of each tissue/cell-type is indicated in the bottom panel. (C) Analysis of relative expression of the Copine 8
isoforms in selected tissues. PCR was performed using isoform specific primers to determine the relative expression of each isoform in prostate (P),
testis (T), brain (B), and heart (H) cDNA. Primers T407 and T408 were used to amplify Copine 8A (top panel), primers T407 and P18 were used to
amplify Copine 8B (middle panel). Actin-specific primers were used as a control (bottom panel). PCR was performed for 35 cycles to visualize Copine

8-specific products and 25 cycles to visualize actin-specific product.



846 R. Maitra et al. | Biochemical and Biophysical Research Communications 303 (2003) 842-847

kb 123 4 56 7 8
7.5-

4.4-
2.4-

1.35-

Fig. 5. Northern blot analysis of Copine 8 expression. A cDNA probe
constructed from the 3’ end of the Copine 8 transcript common to both
isoforms was hybridized to a premade mRNA blot. The lanes are: (1)
spleen; (2) thymus; (3) prostate; (4) testis; (5) uterus; (6) small intestine;
(7) colon; and (8) peripheral blood leukocyte. The expected position of
the Copine 8 transcript is indicated by an arrow.

equal amounts of mRNA from different human tissues
were hybridized with a probe from a common region of
the two isoforms. A strong band corresponding to a
transcript size of ~2.5kb is detected in prostate (Fig. 5).
The size of the transcript is in agreement with the cloned
cDNA and other members of the Copine family. A
higher molecular weight band is also detected on the
blot. The identity of this band is not clear but may be
due to the presence of unprocessed RNA in the sample.
The absence of signals in other tissues is probably due to
the low-level of expression of Copine § in these tissues.

In vitro coupled transcription and translation of Copine 8
isoforms

To determine the size of the proteins encoded by the
two isoforms of Copine 8, the two cDNAs were tran-
scribed and translated using the T7 promoter-driven
rabbit reticulocyte lysate system. As shown in Fig. 6,
both isoforms produce distinct products with a molec-
ular weight of ~60kDa. Although equal amounts of
plasmid were used in each reaction, the higher intensity
of Copine 8B product may be due to a stronger Kozak
initiation sequence utilized by this isoform. No products

kDa A B A% (-) (+)

100-
75-
50-
37-

Fig. 6. In vitro translation analysis of Copine 8. Copine 8A and Copine
8B were transcribed with T7-RNA polymerase and translated with
rabbit reticulocyte lysate in the presence of [**S]methionine. The
translated products were analyzed by SDS-PAGE gel followed by
autoradiography with fluorographic enhancement. Lanes are desig-
nated as follows: A, Copine 8A; B, Copine 8B; V, vector alone; (-), no
DNA; and (+), positive control (luciferase-expressing vector). Distinct
products are obtained with Copine 8 isoforms and positive control.

are observed in lanes expressing vector alone or with no
DNA. Luciferase cDNA was used as a positive control
in this experiment.

Discussion

Here we report the cloning and characterization of
Copine 8, a new member of the Copine family. Copine 8§
is strongly expressed in the prostate, brain, and heart
tissues but is also detected in most other tissues exam-
ined at low levels. Copines are highly conserved across
species and it is possible that the family members may
play a pivotal role in development and mitogenesis
[12,13]. Copine 8 has the strongest homology to N-Co-
pine with ~60% homology at the protein level. N-Co-
pine has been reported to be associated with OS-9, a
protein that is frequently over-expressed in osteosar-
coma [13]. N-Copine has also been implicated in syn-
aptic plasticity and development [12,14]. While Copines
are calcium-dependent phospholipid-binding proteins
with intrinsic kinase activity [7-9], their physiological
function in mammals is not entirely clear. In Arabidop-
sis, Copines have been implicated in plant growth
homeostasis [15] and increased drug resistance [16].

Copine 8 was initially selected using an algorithm
that identifies genes with tissue-specific patterns of ex-
pression in the dbEST. However, experiments showed
that the expression of this gene is fairly ubiquitous. In a
later version (December 22, 2001) of the “GoldenPath”
database we find two new ESTs added to the cluster,
both of which are from the brain. There are over 4.5
million human ESTs at present. This number is rapidly
increasing as more ESTs are reported to the database.
However, certain organs are better represented in this
database than others. This may in turn reduce the pos-
sibility of a low-abundance transcript being reported
from a less-studied organ. Therefore, a combination of
bioinformatic and experimental approaches should be
undertaken to identify genes that are over-expressed or
specific to certain tissues.
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