— e PROJECT NUMBER
- ERVICE ’
DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH S 0l HL 00009-14

NOTICE OF INTRAMURAL RESEARCH PROJECT

October 1,°1987 - September 30, 1988

| TITCE OF PROJECT (30 characters or less. Tie must 1t on ane ine between the borders.)

Ceil Recognition and Synapse “Formation

W&@@?Wﬂﬂww)mﬂm“mm’
B hin, Staff Fellow,” LEG, NHLBL 4imas.

Li-Shan Hsieh, Visiting Fellow, *LBG,“NHLBI

Wu-Hong Tsai, Visiting Fellow, “LBG, *NHLBT -

Maria Giovanni, Staff Fellow, LBG, NHLBI

David {risler “Guest Worker, LBG, NHLBI

Yongsok Kim, Visiting Fellow, 18¢, NHLBI

Dana Hilt, Staff Fellow, LBG, NHLBI

COOPERATING UNITS (# any)

Pruce Schrier, LDN, NICHD

LAB/BRANCH
Laboratory of Biochemical Genetics

SECTION
Section of Molecular Biology

INSTITUTE AND LOCATION -
NHLBI, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS: PROFESSIONAL: OTHER:

10 8 2
CHECK APPROPRIATE BOX(ES)
0O (a) Human subjects O (b) Human tissues & (c) Neither

O (at1) Minors
O (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

1. Treatment of NG108-15 neuroblastoma-glioma hybrid cells resul_,ts_"‘ in markKed
jncreases in the abundance of certain species of RNA. Seventeen cDNA clones
corresponding to these species of RNA were obtained and the micleot ide sequences
of three clones were determined. DNA clone NG-32 corresponds to mRNA for ATP
synthase subunit 6, which is transcribed from the heavy chain of mi tochondrial
DNA and codes for a protein that is part of the H' channel of the ATP-synthase
complex. Clone NG-10 DNA corresponds to another mitochondrial RNA of unknown
function, which is transcribed from the light chain of mitochondrial DNA and may
be involved in the initiation of replication of mitochondrial heavy strand DNA.
2. Eleven cDNA clones were obtained that correspond to mRNA for the c-subunit
of the L-type voltage-sensitive calcium channel of rat brain. Analysis of the
DNA sequence and the deduced amino acid sequence reveals strong homology between
brain and skeletal muscle calcium channel o-subunits. Approximately 75% of rat
brain o-subunit amino acid residues that were defined are either identical to
the amino acid residues of rabbit skeletal calcium channel @-subunit or are
conservative amino acid replacements. S : -
3. Four novel Drosophila homeobox genes X-1, -2, -3, and -4 were cloned and
partial nucleotide sequences were dgtergined. One NK-1 cDNA clone‘mqubta}!-}led
from a cDNA library prepared from poly A" RNA from 3-12 hr Drosophila embryos, -
but none was detected in the 0 to 3 br embryo library. Six NK-3 cDNA clomesS -
were obtained from a library prepared from Drosophila poly At RNA from 0 =3 Do)

hr embryos and 6 additional clones were obtained from a library prepared from 3

B S"he embryo poiy A ENA. The exom-intron structure of the -1 gene'vas
‘determined. One of the two :I».ntro'ns’ ‘found resides within the homobox.’
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"RROJECT DESCRIPTION
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Previously, many neuroblastoma and related somatic hybrid cell
lines were shown to acquire voltage-sensitive ion channels and
other neuronal properties when intracellular cyclic AMP levels
were elevated for a number of days. Cells with elevated cAMP
acquire new proteins such as the a-subunit of voltage-sensitive
calcium channels and other proteins of unknown function. A cDNA
library was constructed from poly At RNA prepared from NG108-15
neuroblastoma-glioma hybrid cells that had been treated for 5
days with 1 mM dibutyryl cAMP. The library was screened and 17
CDNA clones were obtained that correspond to species of RNA that
are 3 to 40 times more abundant in cells treated with dibutyryl
CAMP than in cells cultured without this compound. Each cloned
CDNA was used as a probe with Northern blots to determine the
number of. species of poly At RNA responsive to dibutyryl cAMP and
the chain length of each species of RNA. The results suggest that
the 17 cDNA clones correspond to species of RNA transcribed from
10 genes. Partial nucleotide sequences of the cDNA inserts from 3
clones were obtained. Clone NG-32 corresponds to mouse
mitochondrial mRNA for ATP synthase subunit 6, a mitochondrial
gene. This protein is part of the H' channel portion of the
mitochondrial ATP synthase complex. Treatment of NGlQﬁils Cells
with dibutyryl cAMP results in an 8-fold increase in the abundance
of mRNA for this protein. The nucleotide sequence of clone NG-10
cDNA was identified as part of the D-loop region of mouse
mitochondrial DNA that contains the origin of replication for the
heavy strand of DNA. The 5'-terminal nucleotide sequence of some
molecules of heavy strand mitochondrial DNA is known to consist of
a short segment of RNA that is complimentary to a short light
strand miochondrial DNA sequence nearby. Hence, NG-10 cDNA may
correspond to an RNA transcript of the light strand of
mitochondrial DNA that serves as a primer for the initiation of
heavy strand mitochondrial DNA synthesis. Treatment of NG108-15
cells with dibutyryl cAMP results in a 40-fold increase in this
species of RNA. These results show that treatment of NG108-15
neuroblastoma-glioma cells with dibutyryl cAMP results in marked
increases in the abundance of RNA transcripts from heavy and light
strands of mitochondrial DNA. Further work is needed to determine

whether cAMP regulates mitochondrial biogenesis or the ability to
synthesize ATP, - —

A Agtll cDNA library was prepared from rat brain poly Af.RNA and
screened with oligodeoxynucleotide probes that correspond to the
C—subunit of L-type voltage-sensitive calcium channels. Eleven
positive clones were detected that have cDNA inserts 1.6-5.5 Kb in
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length. Nucleotide sequence analysis reveals strong homology as
well as differences in the deduced amino acid sequences of the &—
FSibunits of rat brain and ‘rabbit skeletal muscle L-type
g%éitage—sensitive ‘calcium channels.

detect ‘recombinant DNA clones that correspond to novel homeobox
genes a Drosophila‘genomic DNA library was Screened with multiple
‘oligodeoxynucleotide probes, each designed to hybridize to
multiple homeobox genes. Five clones that gave positive signals
with 2 or more oligodeoxynucleotide probes exhibited specificities
that could not be explained on the basis of known nucleotide
sequences of Drosophila homeobox genes. Nucleotide sequence
analysis of the homeobox regions of 4 clones revealed 4 new
homeobox genes (NK-1,2,3,4). Two recombinant clones contained
identical DNA inserts, each insert contained 2 new homeobox genes
(NK-3 and NK-4). The deduced amino acid sequence of the NK-1
homeobox exhibits the highest homology to the homeobox regions of
deformed, zen-2, and zen-l1 (75, 72, and 71% homology,
respectively). The relative homology of the NK-2 homecbox is as
follows: NK-4 > NK-3 > NK-1 = IAB-7. The homology of NK-3 is:
NK-2 > labial > NK-4 > NK-1; and NK-4 homology is NK-2 > zen 2 =
NK-3 > labial. Genomic DNA fragments from the 4 new homeobox
genes weré used to screen cDNA libraries prepared from poly A*
RNA from 0-3 hr Drosophila embryos or from 3 - 12 hr embryos. One
NK-1 cDNA clone was obtained from the 3-12 hr embryo cDNA library,
but none was detected in the 0-3 hour embryo libary. Comparison
of the nucleotide sequences of NK-1 cDNA and genomic DNA clones
showed that the NK-1 gene has 3 exons. One of the 2 introns
detected resides within the homeobox region.

Significance of the Results

1. The demonstration of dibutyryl cAMP dependent regulation of 2
species of mitochondrial RNA raises questions that can be
addressed in future studies; namely, does CcAMP regulate
mitochondrial biogenesis or the ability to synthesize ATP?

2. Voltage-sensitive calcium channels are known to play a central
role in stimulus-secretion coupling and signal transmission both
within cells and between cells. The DNA clones that were obtained
for the o—subunit of rat brain L-type voltage-sensitive calcium
channels can be used as probes to explore the mechanisms that
regulate the o-subunit gene. The cloned DNA also can be used to
direct the synthesis of the @ subunit protein of the
dihydropyridine-sensitive calcium channel from brain. Site
directed mutagenesis can be used to alter the DNA and explore the
relation between calcium channel structure and function.

3. Four novel Drgsgnh;la homeobox genes were cloned and partlally
sequenced. The homeobox family of genes code for proteins that
regulate the expression of genes during development and some
determine pathways of differention. These genes provide an
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experimental system that can be used to define the mechanisms that
requlate the expression of these homeobox genes as well as
mechanisms for regulation of gene expression by homecbox proteins.
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