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Summary: Drebrins are novel actin-bir.ding proteins in the brain which are developmentally
regulated. Three isoforms: two embryonic types (E1 and E2) and an adult type (A) are generated
by alternative RNA splicing from a siagle drebrin gene in the chicken brain. A full length
c¢DNA clone of human drebrin E has been isolated from a cDNA library of human fetus brain.
The clone is 2596 base pairs in length and contains an open reading frame of 1947 nucleotides
encoding a protein of 649 amino acids The deduced amino acid sequence, except for the
internal 138-nucleotide sequence (ins2), exhibits 88% homology with rat drebrin A. Spot blot
hybridization using flow-sorted human ciromosomes provides evidence that the gene encoding
human drebrin protein locates on human chromosome 5. 1493 academic press, Inc.

Actin-binding proteins, drebrins, have been demonstrated to be developmentally
regulated in the process of neuronal growth (1, 2, 3). Three isoforms: two embryonic types(E1
and E2) and an adult type(A) are generated by alternative RNA splicing from a single drebrin
gene, in the chicken brain (4, 5, 6). Thz expression of drebrins in the chick optic tectum has
been surveyed in detail by two-dimensional gel electrophoresis (7). Drebrin E1 and E2 appear
transiently at the developmental stage corresponding to the beginning of the neuronal
differentiation and outgrowth of the neural processes, respectively. On the other hand, drebrin
A appears in parallel with further maturation of the neurons and remains in the adult brain (8).
The significance of drebrins in the cell morphogenesis was first demonstrated by transfection of
fibroblasts with the rat drebrin A expression plasmid (3). Transient expression of drebrin A

induces the formation of highly branched neurite-like cell processes in these non-neuronal cells.

+The sequence data in this paper have been submitted to the DDBJ, EMBL, GenBank DNA
databases under the accession number D17530.
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Drebrin A is concentrated on the inner face of the cell membrane. Furthermore, drebrins are
colocalized with actin filaments in the neurons and neuroblastoma cells (Asada et al.,
submitted).

In this study, we isolated a full length cDNA clone of drebrin E by screening a cDNA
library constructed from fetal human brain and analyzed the structure. And we have mapped the
human drebrin gene to chromosome 5 by spot blot hybridization using flow-sorted human

chromosomes.

Materials and Methods

Isolation of ¢cDNA and determination of the ¢cDNA sequences: A cDNA library of
21-week-old human fetal brain tissues constructed with lambda gt11(CLONTEC Lab. USA)
was screened with rat drebrin A cDNA as a probe. Recombinant phages were plated with E.
coli Y1090 and transferred to a nylon membrane. The probe was labeled by a random primer
method using [“P]dATP and the Klenow fragment of DNA polymerase 1 (9). Filters were
hybridized with *P-labeled probe overnight at 42°C in 5 x SSPE containing 50% formamide,
0.2% SDS, and 100 pg/ml salmon sperm DNA. They were then washed twice at 60°C in 2 x
SSC containing 0.1% SDS and exposed to X-ray film. The human fetal brain cDNA library
was screened again with the largest insert from positive clones serving as a probe. Positive
clones were selected and EcoR I inserts were cloned into pUC 119 vector. The DNA sequence
was determined by the dideoxy chain termination procedure using the T7 polymerase system
(Pharmacia).

Spot blot hybridization using flow-sorted human chromosomes: Sorted
chromosomes were from a human B-lymphoblastoide cell line, GM00130B. These cells
showed an apparently normal karyotype. Preparation, staining, sorting, and hybridization of
metaphase chromosomes with a DNA probe were previously described(10, 11, 12). Briefly,
metaphase chromosomes were prepared by the polyamine/digitonin method, stained with either
propidium iodide or Hoechst 33258, and sorted by a FACS440 cell sorter(Becton-Dickinson).
Assignment of the chromosomes in sorted fractions was made according to Lebo et al.(13) and
independently confirmed with chromosome-specific DNA probes. Fifty thousand
chromosomes of each type were sorted as a small spot on nitrocellulose filter disks and treated
for hybridization with the *P-labeled cDNA probe. Filters were washed with 0.5 x SSC
containing 0.1% SDS at 63°C for 40 min and autoradiographed for 12 h.

Results and Discussion
Immunoblots have shown that drebrins are classified into three forms, E1, E2 and A, in
the chicken (14). Molecular cloning of three types of chicken drebrin cDNAs have revealed that

the heterogeneity of chicken drebrins is obtained by insertion or deletion of the two sequences,

insl and ins2 (138-bp sequence), in the 5 direction immediately upstream from insl (4).
Drebrin E1 mRNA excludes both ins1 and 2, drebrin E2 mRNA includes ins!, but not ins2,
and drebrin A mRNA includes both these insertion sequences. Two forms of immunoreactive
molecules are also present in the brains of mammals, including rat (2) and cat (15). In

mammals, rat drebrin A cDNA has been isolated and characterized (3).Since the sequence of
ins2 is well conserved between chicken and rat, it is proposed that this insertion also results in

the heterogeneity in rat drebrins.
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Approximately 5 x 10° recombinant phages were screened with the P-labeled rat
drebrin A cDNA as a probe, and 13 positive clones were isolated. The two clones, gDbh9 and
gDbh13, containing larger inserts were chosen for further analysis. Furthermore, 1.5 x 10°
recombinant phages were screened with the largest insert from positive clones, gDbh13 as a
probe and two independent clones, gDbh13-2, gDbh13-3, were isolated. Four inserts had
identical restriction maps and are apparently derived from the same mRNA. To further

characterize these clones, the longest clone, gDbh 13, was chosen for determining the nucleotide

sequence; the result is presented in Fig.1 There is a fong open reading frame starting from the
initiating codon ATG at nucleotide position 98-100 and ending at the termination codon TAG at

nucleotide position 2045-2047. The open reading frame encodes a protein consisting of 649

COGGAGGCGGCGGCGGCGAC TCCCTCTTTCCCTCCCTCCTCCTCCETCCGCCCGTC CETCCGCGCGTC TG TCCGTTCGGCCCGGTCCGGCCCGAAGCATCGCCGGCGTCAGCTTCAGCOGGC
M A G V S F § C

CACCCCCTGGAGC TGCTGGCGGCTTACGAGGAGG TGATCCGAGAGGAGAGCGCGGCCCACTGGGCTC TG TACACATATGAAGATGGC TCCCATGACC TCAAGC TTCCAGCATCAGGAGAA
E R L E L L AAY EZEXY I REZESAINDWWATILY TY DG S DIDLKLAUASGE

GOGGGUTTGCAGGAGCTTTCGGGACACTTTGAGAACCAGAAGGTGATGTACGGC TCTCCAGTGTCAAGGACTCCCAAGCTGC TCTGCCARAATACG TGC TCATCAACTGGGTGGGCGAA
G G L Q E L S GHVF ENQEKWV MY GLPF C SV K D2S QAATLPEKY VYV L I NWV G E

GATGTGCCTGATGCCCGCAAGTGCGCTTGTGCCAGCCACGTGGC TAAGGTGGCAAGTTCTTCCAGGG TG TCGACGTGATCGTGAACGCCAGCAGCG TG AAGACATAGACGCGGGTGCC
D v P DAREKCATCASHVWYAKVYVATF ¥ GV D3V I VvV NASSVYV E DI LAGA

ATCGGGCAGCGGCTCTCTAACGGEC TEGGCGCGACTCTCCAGCCCTGTGCTGCAC \GACT GCGGCTGCGAGAGGATCAGAACGCAGAGCCCGTGGGCACCACCTACTAGAAGACGGATGCA
1 G QRLSNGULARILSS?PYULH L RL®KXETDEWNA AZE?®PVVGTTYOQQ KT DA

GCTGTGGAAATGAAGCGGATTAACCGAGAGC AGTTC TGGGAGCAGGC CAAGAAG JAAGAAGAGC TGCOGARGGAGGAGGAGCGGAAGAAGGCCC TGCATGAGAGGC TCAGGTTCGAGCAG
AV EM ¥ R I NREQVF WEOQ®AZIK X I EELZ&RIEXKXETEEZRZEKIKSAILTDTERTLZTTF E Q

GAGCGGATGGAGCAGGAGCGGCAGGAGCAAGAGGAGCGCGAGCCGCGCTACCGG SAGCGGGAGCAGC AGATCGAGGAGCACAGGAGGAAACAGCAGAC TT TAGAAGCGGAAGAGGCCAAG
£ RMEQER Qg EEREZRZ RYR I REZQQOQTIEEHZ®RRIKQOQQTILEAEE A K

AGGCGGTTGAAGGAGCAGTCTATCTTTGGTGACCATCCGGATCAGGAGGAAGAG ACCCACATGAAGAAGTCAGAGTCGGAGG TGGAGGAGGCAGCAGC TATTATTGCCCAGCGGCCTGAC
R R L K E Q S5 1 F G D H KR DEEETETHMZX ¥ S5 E S5 EV EEAaAATIT I & QR P D

AACCCAAGGGAGTTCTTCAAGCAGCAGGAMAGACTCGCATCGGCCTCTGCGGGL AGC TG TGATGTACCC TCGCCCTTCAACC A TCCACCAGGCAGCCAC CTGGACAGCCACCGGAGGATG
N P R EF F K QQE RV ASASRLEG S C DDV PSP P NUHRPGSHLDSHERERM

GCGCCCACTCCCATCCCCACGCGGAGCCCGTCTGACTCCAGCACCGCCTCCACC CC TG TCGC TGAGCAGATAGAGCCCGCCCTGGATGAGGTCACC TCCTCGCAGCCTCCACCACTGCCA
A P TP I P TRS P S DS ST AS TPV A E QI 2 RALDEY TS S QP P P L P

CCGCCACCCCCACCAGCCCAAGAGACCCAGGAGCCCAGCCCCATCCTAGACAGT GAGGAGACCAGAGCAGCAGCCCCTCAGGCCTGGGCCGGCCCCATGGAGGAGCCCCCTCAGGCACAG
P P PP P A Q=T ¢QE PSP I L DS EEETRAAAPCGCAUWAGGPMEZEU?PPQAZQ

GCGCCTCCCCGGGGGCCAGGLAGCCCTCCAGAGGACTTGATGTTCATGGAGTC TCCAGAGCAGGC TG ICUTCCCTGCTCCCGTGGAGCCTGCCACAGCTGACGCCACGGAGETCCACGAT
A P PRGPG S ?P A EDLMEFMESAMEOQAY LA AAPY EPATATDATEVY 3 D

GCAGCTGACACCATTGAAACTGACACTGCCACTGCTGACACCACTGTTGCCAA( AACGTACCCCCCGCCGCCACCAGCCTCATTGACCTA TGGCCTGGCAACGGGGAAGGGGCCTCCACA
AADTTITETDTA AT ®2DTTVANNVYVPPAATSULI DZL WPGNUGETGA AT ST

CTCCAGGGTGAGCCCAGGGLCCCCCACGCCACCCTCGGGTAC TGAGGTCACCCT( GCAGAGGTGCCCCTGCTGGATGAGG TGGC TCCGGAGLCACTGC TGCCAGCAGGCGARGGCTGTGCC
L QG EPRAPT PGPS GTEVTLAEY PL LDEVAPE®PLLPAGEGCC A

ACCCTTCTCAACTTTGATGAGC TCCCTGAGCCGCCAGCCACCTTCTGTGACCC AGAGGAAGTGGAAGGGGAGCCCCTGCCTGC CCCCCAGACCCCAACTCTGCCCTCAGCCCTTGAGGAG
T L L NF D ELPE®PZPATVFCDPETEVEGE®PILAAPOQQT®PTILZPSALEE

CTGGAGCAAGAGCAGGAGCCGGAGCCCCACCTGC TAACCAA TGGCGAGACCAC ICAGARGGAGGGGACCCAGGCCAGTGAGGGGTAC TTCAGTCAATCACAGGAGGAGGAG T TTGCCCAA
L EQ EQ E P EPHLLTNGETTZ®QZEKEGTI QASEGSGYTF S QS QEEEF AQ

TCGGAAGAGCTCTGTGCCAAGGCTCCGCCTCCTGTGTTCTACAACAAGCCTCC AGAGATCGACATCACATGC TGGGATGCAGACCCAGTTCCAGAAGAGGAGGAGGGCTTCGAGGGTGGT
S EEL C A KAZ®P®PUPUPVF YNJZKZ®P®PETIDTITU CWDADT PV PEETETEGTFESGCSEGC

GATTAGCGGTGGCGCCAGCCCTAGGC TACCCTTGCCAAGGCCGCCCACCTGCA ICAGCC TCTGCCAGACGGCCCGCCGTGCCTGCATTCGCAGCAGC TCCGCCTGGCACCCACTCCGGAT
D *

TCCGGCCCTGGCTCGCGACTTGGCCGCTTCCCTACCCACAGGGCCTGACTTTTACAGC TTTTCTCTTTTTT T TAAAAAGT TGATAGGAGACTTG TACAGT TGACTGGCTTTCCTCTOGTT
GGTAGTTGAGACGCTGTTGCAAATTCCACCCCTCCTTCCCTGGTCCAGATTGT AGC TCTTAGTCCTCCCTGC TCAGCTGGCCGGCTTGGAGGCC TCACCCTGC TTGGGGCCTGGOGTGEG
GGGAGCTCTGGTGGGAARATGTCCCCCACCTCTTTTCCTAGTTTTATGTTTCT TGGGAARATATCACT TTGTATTCTC TG TCCAGGGCTTCAGATAT TTTGCACGAATT TTAAAACATGG
CAATAAATGGCTCGTGGGCTCTGCCTCCCTGGAAAARARAAAAAAAAAAANAR AAAPAAAAAAAAARANAALANA

Fig. 1. Nucleotide sequence of human drebrin E cDNA, gDbh13, and its deduced amino acid
sequence. The amino acid sequence is written in one-letter code below the nucleotide sequence.
Polyadenylation signal is underlined.
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Rat 961  CCTCTGGTGGCAGCTGTGACGCACCCTCGCCCTTCAACCACCGACCAGETEGTCCGTACT

HERREE RRRERERNENE K KNKRRRERRRRRREEARE kRS

Human 1005  CCTCTGCGGGCAGCTGTGATGTACCCTCGCCCTTCAACCATCGACCAG - - - - - - -

Rat 1021 GCCL’I‘TTCATMAGGCATCGGACAGICGGCC‘]’T CC’I‘CCTCCT CCTC’I'I‘CCTCCICTI’CCC

Human IO [

Rat 1081 C'I‘CCACGGACTCCC’["I‘TCCCTATATCACC’[Y]CCACCGCACCCCAAACC’ICTC’I'I‘CCI‘CCC

Human - e e e e [

Rat 1141 TCCCATGCAGTCACCTGGACAGCCACCGGAGGATGGCGCCCACTCCCATTCCCACCCGGA

EEEE BRI ORIk K R KRRk kR R KRRk

Human 1053  ---- - GCAGCCACCTGGACAGCCACCGGAGGATGGCGCCCACTCCCATCCCCACGCGGA

Fig. 2. Comparison of nucleotide sequence of rat drebrin A and human drebrin E. Asterisks
represent the same nucleotide residues. Shaded rectangles indicate the internal sequence (138
bp), designated ins 2.
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Fig. 3. (A) A typical flow karyotype of GM00130B chromosomes. Metaphase chromosomes
were stained with 2 ug/ml Hoechst 33258. Numbers on each fraction represent the position of
the corresponding chromosome types. (B) Chromosomal assignment of the drebrin gene. Fifty
thousand chromosomes of each fraction were sorted directly onto nitrocellulose membrane

disks and hybridized with human drebrin E cDNA.

Fig. 4. (A) A flow karyotype of GM00130B chromosomes. Metaphase chromosomes were
stained with 35 pg/ml propidium iodide. Numbers on each fraction represent the position of
the corresponding chromosome types. (B) Chromosomal assignment of the drebrin gene. Fifty
thousand chromosomes of each fraction were sorted directly onto nitrocellulose membrane
disks and hybridized with human drebrin E cDNA.
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amino acids. Computer-aided sequence analysis revealed no overall homology with any other
protein sequences in NBRF Protein Identification Resource Files. Figure 2 shows that the clone
of gDbh13 does not include the internal sequence, ins2. The deduced amino acid sequences,

except for ins2, exhibits 88% homology with rat drebrin A. According to these results, we
name gDbh13 human drebrin E.

Spot blot hybridization of flow-sorted chromosomes was carried out to determine the
chromosomal localization of the human Jrebrin E gene. GM0O0130B cell chromosomes stained
with Hoechst 33258 were separated int> 16 groups (A through O), consisting of one to four
types of chromosomes (Fig. 3A). Fifty thousand chromosomes of each type were sorted and
hybridized with [“PJhuman drebrin E cDNA probe. As shown in Fig. 3B, only group C,
containing chromosome 5, revealed a significant signal. Figure 4A shows that chromosomes
stained with propidium iodide were sefparated into 17 groups (a through q). The same cDNA
probe hybridized only with chromosomes in group D (Fig. 4B), containing chromosome 5.

These results indicate the drebrin gene maps to human chromosome 5.
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