Brain ‘‘Identifier Sequence’’ Is Not Restricted to Brain:
Similar Abundance in Nuclear RNA of Other Organs

Abstract. A repeated 82 base pair sequence in genomic DNA of the rat was
previously proposed as being a control element governing brain (neuron) specific
genetic expression. This intronic sequence, termed the brain ‘‘identifier’’ (ID), is
complementary to small RNA species localized in brain cytoplasm, and it was
thought to be represented specifically in RNA produced by brain nuclei in vitro. The
RNA blot analyses of total nuclear and polyadenylated heterogeneous nuclear RNA
described in the present report show that this ID sequence is also present in the liver
and kidney in abundances similar to those in the brain. This repeated sequence is
not, therefore, restricted to transcripts produced in the brain as suggested from
previous transcriptional ‘‘runoff’’ experiments. Measurements on rat and mouse
nuclear RNA indicate that the abundance of ID sequence transcript is roughly
proportional to the number of copies of this repeat in the respective genomes. This
suggests a rather random genomic location and transcription of this sequence. From
these results it seems improbable that the ID sequence functions as a transcriptional-
level control element in genes expressed specifically in the brain.
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A repeated 82 nucleotide sequence
(copy frequency estimated at ~1.5 x 10°
copies in the rat genome) has been de-
scribed as a component of primary tran-
scripts and assorted small RNA mole-
cules uniquely present in the brain (/--3).
This repeat has been termed the brain
“‘identifier’’ (ID) sequence (/). The ID
sequence occurs in the introns of several
genes such as the rat growth hormone
gene (4) and in the introns of certain
genes which appear to be expressed spe-
cifically in the brain (2). The ID contains
a consensus sequence for initiation of
transcription by polymerase III, and
transcription by this polymerase is
thoughit to yield small RNA species
(~110 to 160 nucleotides) which appear
in the cytoplasmic fraction of the brain,
but not in other organs such as the liver
or kidney (3). Sutcliffe ez al. found from
transcriptional “‘runoff’”’ experiments
that 62 percent (normalized for recovery
efficiency) of the mass of radioisotopical-
ly labeled transcript produced by brain
nuclei contained ID sequence, whereas
ID sequence containing transcripts from
liver and kidney nuclei were apparently
absent because measurement above a
“background level’’ of the assay was not
detected (3). Electrophoretic analysis of
the ID-sequence—containing RNA from
brain nuclei showed the presence of a
species of ~110 nucleotides, a smear of
molecules somewhat above and below
500 nucleotides, and unresolved, labeled
material which remained in or near the
application well of the electrophoretic
gel. The latter unresolved material was
considered to be large, heterogeneous
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transcripts produced by polymerase II,
because synthesis was reduced in the
presence of a-amanitin (3). Sutcliffe et
al. concluded that ““ID sequences are
located in a substantial portion of brain
transcripts synthesized by both polymer-
ase II and polymerase III but are missing
from liver and kidney transcripts’’ (5, 6).
From these and other observations an
interesting model was proposed in which
ID sequences function as controlling ele-
ments of brain-specific genetic expres-
sion (5).,

We used a cloned DNA [cDNA; clone
p2A120, see (I)] containing the ID se-
quence to probe total nuclear RNA and
polyadenylated [poly(A)*] heteroge-
neous nuclear RNA (hnRNA) from the
brain, liver, and kidney of the rat. Our
results show that the ID sequence is
present in similar abundance in the nu-
clear RNA from all of these organs. For
mouse nuclear RNA’s a similar result
was obtained, although in this species ID
transcript abundance is less than in the
rat. Hence, as measured in nuclear RNA
the ID sequence appears not to have any
special qualitative or quantitative speci-
ficity pertaining to genetic transcripts in
the brain or in other organs.

In a dot blot series of decreasing
amounts of RNA, a proportionate de-
cline in the radiographic signal was ob-
tained for all RNA’s (Fig. 1A). Dilution
series have been shown to provide quan-
titative estimates of the relative abun-
dance of specific species in complex
RNA populations (7, 8). Hybridization of
the ID probe is attributable to RNA as
shown by the elimination of hybridiza-
tion- when RNA (but not DNA) samples
were treated with alkali (Fig. 1A). Mea-
surement by scintillation counting of
triplicate dot blot filters (Fig. 1B)
showed that the amount of hybridized ID
sequences DNA, as visualized radioau-

tographically, was similar in all blots of
nuclear RNA. In several other experi-
ments of this type, the amount of ID
sequence DNA which hybridized was
always within a factor of 2 for all of the
nuclear RNA’s.

We considered the possibility that ID
sequences, although present in liver and
kidney nuclear RNA, might be restricted
to the brain in terms of poly(A)*
hnRNA, the fraction of RNA containing
the precursors of poly(A)* messenger
RNA (mRNA). This possibility was
eliminated by RNA dot blot analyses of
poly(A)* hnRNA from each of the or-
gans which showed that the ID sequence
is present in roughly similar abundance
in all these RNA’s (Fig. 1C) (9).

The model of tissue specific genetic
regulation offered by Sutcliffe et al. (5)
is, in part, based on the contention that
the primary transcripts of structural
genes expressed specifically in the brain
contain the ID sequence. Therefore, we
measured by Northern blot analysis the
approximate size of the poly(A)*
hnRNA molecules that contain se-
quences complementary to the ID probe.
As shown in Fig. 1C, the ID probe
hybridized to molecules of diverse size,
most of them in the range of 2,000 to
11,000 nucleotides (10). Thus, poly(A)*
hnRNA molecules in the size range char-
acteristic of many mRNA precursor mol-
ecules contain sequences complemen-
tary to the ID probe. Again, in these
analyses, no apparent specificity with
respect to brain was observed because
the probe hybridized to a broad smear of
hnRNA molecules in all cases.

Because a high degree of homology or
family-like relationship exists between
the ID repeat and another repeated se-
quence isolated from a rat genomic DNA
which hybridizes with nuclear RNA
from liver, kidney, and neural crest—
derived PC12 cells (/1), we asked wheth-
er the quality of all the hybrids was the
same. On the basis of a number of physi-
cal parameters (/2), we estimated that
nearly complete dissociation should oc-
cur at ~75°C in the presence of low
concentrations of sodium ions [0.03M or
0.2X standard saline citrate (SSC)]. Hy-
brids (dot blots) were taken through a
wash series in 3°C increments starting at
67°C. Dissociation was the same for all
hybrids. The same relative amounts of
hybridized ID probe remained in associ-
ation with each of the RNA’s at 73°C,
and >90 percent dissociation was ob-
served at 75°C in all cases. Hence, the
base pairing fidelity, based upon thermal
stability, is the same for hybrids formed
between the ID sequence and all of the
nuclear RNA’s. '
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The cDNA clone p2A120 also contains
a sequence complementary to a putative-
ly brain-specific RNA species (2). De-
spite this putative specificity, this por-
tion of the insert might have contributed
to, or accounted for, the hybridization
we observed with liver and Kidney
RNA'’s. To verify that the hybridization
signal in nuclear RNA was due exclu-
sively or largely to the ID sequence, we
removed it from the plasmid DNA. Re-
striction sites exist which permit the
isolation of the last 65 bases of the 82
base repeat plus oligoadenylate and oli-

cleotides respectively [see reference (1)
for sequence and restriction map]. We
purified this shortened ‘‘pure’” ID se-
quence and used it to probe nuclear and
poly(A)* hnRNA. With this fragment,
dot and Northern blot hybridization re-
sults were similar to the result when the
entire p2A120 plasmid DNA was used as

_the probe (Fig. 1D). When nuclear RNA

was hybridized with restriction frag-
ments of pBR322 DNA, or non-ID por-
tions of the cDNA insert, a signal was
not observed (1 to 2 pg of RNA blotted).

The number of ID sequences in the rat
genome might be fivefold greater than
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Fig. 1. Hybridization of ID plasmid p2A120 DNA, or ‘“pure’” ID probe, to total nuclear,
poly(A)* hnRNA, or poly(A)* cytoplasmic RNA from rodent brain, liver, and kidney.

Experimental details are described (24). (A) Hybridization of ID-containing plasmid DNA
(p2A120) to nuclear RNA. Twofold serial dilutions of 2 g of brain (B), liver (L), and kidney (K)
total nuclear RNA, or 5 ng of pBR322 DNA blotted onto nitrocellulose filters were hybridized
with plasmid p2A120 DNA. Samples in rows indicated by arrows were treated with 0.2M NaOH
for 2 hours at 67°C and then neutralized before being blotted. (B) Quantitation of hybridization
of ID-containing plasmid DNA to nuclear KNA. Triplicate samples (2 pg) of brain (B), kidney
(K), and liver (L) total nuclear RNA were hybridized with plasmid p2A120 DNA. After
autoradiography, individual blots were cut from the filter and the radioactivity was determined
by scintillation counting. The average radioactivity, expressed as counts per minute, and after
correction for background (39 * 3), was: brain, 177 + 40; liver, 185 + 27; kidney, 115 + 8).
(C) Dot and Northern blots showing hybridization of ID-containing plasmid DNA to poly{A)*
hnRNA. Dot blots were done with the indicated quantities of poly(A)* hnRNA from brain,
kidney, and liver. In Northern blot analysis, each lane contained ~2 pg of brain, kidney, or liver
poly(A)* hnRNA. (D) Hybridization of ID probe removed from plasmid DNA by restriction
endonucleases [*‘pure’’ ID, see (24)] to poly(A)* hnRNA. The poly(A)* hnRNA is the same as
in the dot blots shown in Fig. 1C which, after removal of the p2A120 probe, was rehybridized
with end-labeled ID-specific probe. For Northern blots, ~1 pg of poly(A)* hnRNA from either
brain, kidney, or liver was subjected to electrophoresis in each lane and hybridized to ID-
specific probe. Kidney RNA used in this experiment was slightly cleaved, probably because of
endogenous ribonuclease, a common problem with this organ (compare with C). (E) Nuclear
RNA (4 pg) from mouse brain, liver, and kidney hybridized with rat ID sequence DNA.

Quantitation, in counts per minute, of hybridized DNA determined by scintillation countmg of
triplicate blots was: brain, 174 + 25 liver, 258 + 25; and kidney, 104 = 16. By comparison,

about five times more DNA hybridized to a like amount of rat liver (RL) nuclear RNA
(1200 + 128 count/min) than to mouse liver RNA. Final wash conditions for the RNA dot blots
were 0.2x SSC at 60°C. The blot of electrophoretically separated mouse liver nuclear RNA
shows a size distribution of ID sequence-containing molecules similar to that observed in
poly(A)* hnRNA from rat organs, see (C). (F) Northern blots of cytoplasmic poly(A)* RNA
hybridized with ‘‘pure’’ ID DNA. Each lane contained ~1 ug of poly(A)* cytoplasmic RNA
from brain, kidney, or liver.
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the number of structural genes that are
thought to be expressed in a brain-specif-
ic manner (5), although this is specula-
tive as the average number of these
repeats per transcriptional unit is un-
known. If this is the case, perhaps tran-
scription of these intron-located se-
quences might often occur in a wide
variety of cells in accordance with a
random distribution within the genome,
thus obscuring any possiblé brain-specif-
ic aspect of ID sequence transcription.
However, in the mouse genome the copy
number of the ID sequerice;.is about
sevenfold less than in the rat, ~1.9 X
10* compared to ~1.3 x 10° copies (I3,
14). If this lower copy number is due to a
more specific distribution of the ID se-
quence within the mouse genome, per-
haps to the extent that it is restricted
largely or completely to genes that are
expressed specifically in the brain, then
brain-specific quantitative differences
should be readily observed in this spe-
cies. Therefore, we measured ID se-
quence transcripts in organs from the
mouse as done for the rat. As shown in
Fig. 1E, the ID sequence is present in
roughly similar abundance in all of the
mouse nuclear RNA'’s, and, as shown by
a Northern blot of liver nuclear RNA, it
is present in molecules of diverse size as
in the rat. Northern blots of brain and
kidney nuclear RNA’s showed a similar
molecular weight distribution of ID se-
quence—containing molecules. Hence, as
in the rat, ID sequence representation is
neither restricted to, nor enriched in,
transcripts produced in the brain. In-
stead, the results show transcription is
extensive in widely different organs sug-
gestive of the possibility that transcrip-
tion occurs in accordance with a rather
random intronic distribution of the se-
quence within the genome. Indeed, in rat
liver nuclear RNA the repeat is about
five times more abundant than it is in
mouse liver nuclear RNA (Fig. 1E).
Hence the abundance of this repeat in
nuclear RNA of the rat and mouse is
roughly proportional to the copy number
of the sequencé in the respective ge-
nomes. This is consistent with the notion
of random intronic distribution and tran-
scription of this repeat.

While these results show that the 82
base pair repeat is represented to a simi-
lar extent in the nuclear RNA from wide-
ly different complex organs, and thus it
appears not to meet the qualitative re-
quirements of a genetic control element
functional at the transcriptional level
uniquely in brain cells, a regulatory role
for this sequence remains possible. Sut-
cliffe et al. (I) have shown that a 160
nucleotide brain cytoplasmic RNA spe-
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cies (BC1-RNA) complementary to the
ID sequence is present in brain, but
absent in other organs such as liver and
kidney. As shown in Fig. 1F, we confirm
that the ~160 nucleotide RNA species is
very evident in poly(A)* cytoplasmic
RNA of the brain, but not in liver and
kidney (/5). In the latter organs, hybrid-
ization is observed as a faint smear
throughout the blot. While no functional
role of this brain cytoplasmic 160 nucleo-
tide species has been shown experimen-
tal]’.y, it might serve as a signal in selec-
tive transport via attachment to brain-
specific mRNA-protein complexes, be-
ing freed from the complex once
transport is complete. Other possibilities
for this RNA might be in modulation of
translation of mRNA or as a component
of a signal recognition particle, perhaps
analogous to 7 SL. RNA (76).

The observation that the copy number
of this sequence in mouse and rat varies
by nearly an order of magnitude seems to
be inconsistent with a regulatory role in
the selective expression of genes (/7). It
seems that the copy number of an impor-
tant transcriptional control element
would be conserved relative to the num-
ber required for function, because the
probability of deleterious location of
such a sequence increases with copy
number. Thus, while this 82 base pair
repeat and respective small RNA’s might
have a control function, a role as a
control element in governing brain spe-
cific gene expression at the transcrip-
tional level seems improbable.
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Superinduction of c-fos by Nerve Growth Factor in the

Presence of Peripherally Active Benzodiazepines

Abstract. Alterations in proto-oncogene expression after stimulation of rat pheo-
chromocytoma (PC12) cells by nerve growth factor (NGF) have been investigated. A
specific stimulation of c-fos messenger RNA and protein was detected 30 minutes
after treatment. This induction was enhanced more than 100-fold in the presence of
peripherally active benzodiazepines. The effect was specific as very little change was
observed in the levels of c-rast®, c-ras®!, c-myc, and N-myc messenger RNA’s.
Under the conditions used here, NGF treatment ultimately results in neurite
outgrowth, with a reduction or cessation of cell division. Thus, stimulation of the c-
fos gene in this system appeared to be associated with differentiation and not with
cellular proliferation. The effect of benzodiazepines was stereospecific and repre-
sents a novel action of these compounds at the level of gene expression.

ToM CURRAN

Department of Molecular Oncology
and Developmental Biology,
Hoffmann-La Roche, Inc.,

Nutley, New Jersey 07110

JAMES 1. MORGAN

Department of Physiological
Chemistry and Pharmacology,
Roche Institute of Molecular Biology,
Roche Research Center,

Nutley, New Jersey 07110

Neoplastic transformation is a conse-
quence of the subversion of normal
growth regulatory mechanisms. Further-
more, several retroviral oncogenes and
their cellular progenitors are intimately
associated with the normal processes of
proliferation and differentiation. Many
oncogene products share sequence ho-
mology with growth factors and their
receptors (/), while expression of the c-
myc and c-fos proto-oncogenes is stimu-
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