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prolactin-releasing peptide (PrP)-20, PrP-31, sarafotoxin S6a, sarafotoxin S6b, sarafotoxin S6c, secretoneurin, somatostatin 28 (1±12), substance P, thymosin b-10,
enterostatin VPDPR, [b-Ala8]neurokinin A (4±10), [D-Tyr6, b-Ala11, Phe13, Nle14]Bombesin (6±14), [pGlu]apelin-13, enterostatin APGPR, agouti-related peptide
(AGRP) 25±31, AGRP 54±82, AGRP 83±132, YMRF-amide and LPLRF-amide. Human
NMU-25 was custom synthesized (Research Genetics). Porcine NMU-8, NMU-25 and
rat NMU-23 were purchased from Phoenix Pharmaceuticals. FLIPR assays were
performed in COS-7 cells transiently transfected with FM-3/pIRESpuromycin, FM-4/
pcDNA3.1 or control vector as described24. All transient transfections were carried out
using Lipofectamine-2000 (GIBCO-BRL) by following the manufacturer's instructions.
We carried out radioligand binding analysis as described24. Rat NMU-23 was labelled
with 125I at its amino-terminal tyrosine residue (Woods Assay) to a speci®c activity of
, 2,000 Ci mmol-1.

Expression analysis
Multi-tissue northern blots (Clontech) and in situ hybridization analysis of human
NMU1R in monkey intestine was done as described24. In situ hybridization analysis of
NMU2R from rat brain was carried out using 33P-labelled antisense oligonucleotide probes
(equal mix of oligo 420, 59-AGGAAAGGGTAATTGTGCCACATCTCGTAGAT TTCCAGAGGCATC-39, and oligo 421, 59-CACAGTCTCGAAGAGGGCTGTCTTGAA GTAGCATCCCACAGGC-39) as described26. Quantitative in situ hybridization of NMU and
POMC was performed using the same procedure with the NMU probe (59TTCTGGTGGTAATCTTTGAGGCGATATTGGCGTACCTCTGCAAGC-39) and the
POMC probe (59-CGTTCTTGATGATGGCGTTCTTGAAGAGCGTCACCAGGGGCG
TCT-39).

Animal studies
Male rats (Charles River Sprague Dawley) weighing 250±350 g were maintained in a
temperature and humidity controlled facility with a 12-h light/dark cycle (04:00 lights
on). Cannulation and ICV administration were performed essentially as described27.
Rats were injected ICV with 1, 3 or 10 mg of rat NMU-23 (Phoenix Pharmaceuticals).
Additional rats were injected ICV with either 0.3 or 0.03 mg of MT-II (Peninsula
Laboratories) as a positive control for food intake suppression. One group of rats also
had a radio transmitter placed in the peritoneal cavity for measurement of core body
temperature and gross motor activity (MiniMitter). In the mouse studies we used oneyear-old, diet-induced obese (DIO, body fat content 60%) male C57BL/6 mice
(Taconic). Mice were ICV-cannulated, injected and monitored for food intake as
described above.
In the CTA study, rats were conditioned to 2 h daily access to water, with access to water
from two bottles for 2 h each day for 3 days. On the fourth day, rats were given 0.15%
saccharin for the 2-h period instead of water and saccharin consumption was measured.
Rats were injected with NMU-23 (0, 3 or 10 mg, ICV). LiCl was used as a positive control
(0.15 M; 2 ml kg-1, intraperitoneal (i.p.)). On the ®fth day, rats were given saccharin alone
for the ®rst hour, then water was added for the remaining 23 h. We measured ¯uid
consumption 1, 2 and 24 h after the injection. In the salt appetite assay, rats were given
0.5 M NaCl salt water to drink for 3 days along with food and regular water. After 3 days,
two injections of furosemide (5 mg per 0.2 ml, subcutaneous) were given 1 h apart to
sodium-deplete the rats. Rats were then returned to salt-free water and given a sodiumde®cient diet. Twenty-four hours after furosemide administration, rats were given NMU
(0, 3 or 10 mg, ICV), or LiCl (0.15 M, 2 ml kg-1, i.p.), and given water and 0.5 M NaCl to
drink. Fluid consumption was measured 1, 2 and 24 h after dosing.
All rodent studies were conducted in accord with rules and guidelines of the Merck
Research Laboratories Institutional Animal Care and Use Committee and the NIH
Guidelines for the Care and Use of Laboratory Animals.
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During neural induction, the `organizer' of the vertebrate embryo
instructs neighbouring ectodermal cells to become nervous
system rather than epidermis. This process is generally thought
to occur around the mid-gastrula stage of embryogenesis1. Here
we report the isolation of ERNI, an early response gene to signals
from the organizer (Hensen's node). Using ERNI as a marker, we
present evidence that neural induction begins before gastrulationÐ
much earlier in development than previously thought. We show
that the organizer and some of its precursor cells produce a
®broblast growth factor signal, which can initiate, and is required
for, neural induction.
The prevailing model for neural induction suggests that cells
differentiate into neural fates by default, but are normally inhibited
by bone morphogenetic proteins (BMPs). The organizer, by emitting BMP antagonists, allows cells in its vicinity to execute their
default neural programme2,3. However, other work suggests a more
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complex mechanism4±7. In the chick embryo, naive epiblast cells do
not respond to BMP antagonists unless previously exposed to
organizer signals for ®ve hours4. We have therefore designed a
differential screen for genes that are induced in the epiblast by a
grafted organizer within this time period. Among the complementary DNAs isolated is the gene ERNI (for early response to neural
induction); it is not homologous to any known sequence and
contains a putative coiled-coil domain and tyrosine phosphorylation site (Fig. 1a). When transfected into COS cells, ERNI protein is
found throughout the cytoplasm in most cells (Fig. 1b), but is
restricted to the nucleus in about 10% of cells, which are invariably
smaller and ®broblast-like (Fig. 1c). The predicted structure and
subcellular localization suggests that ERNI could be part of a
protein complex that travels from the cytoplasm to the nucleus.
Induction is de®ned as ``an interaction between two tissues, as a
result of which the responding cells change their fate''8. To ensure
that the responses to the grafted organizer are due to induction,
rather than recruitment of cells from the neural plate, the screen was
designed using the extra-embryonic region, which does not normally contribute to the nervous system9. Therefore any gene
identi®ed in this screen that is relevant to neural induction
should be expressed at some stage in the prospective neural plate
of the normal embryo. Indeed, we ®nd that cERNI begins to be
expressed at pre-primitive streak stages, throughout the region that
will contribute to the nervous system10 (Fig. 2a); by streak stages
(3+/4), its distribution coincides with the known limits of the
prospective neural plate11 (Fig. 2b). Shortly thereafter, expression
clears from the centre of the neural plate and becomes con®ned to
its border (Fig. 2c); transcripts disappear by early somite stages. A
quail Hensen's node (stage 3+/4) induces cERNI expression in chick
extra-embryonic epiblast in as little as 1±2 h (25/25). By 5h cERNI
induction is most intense (20/20; Fig. 2d), and by 8h it begins to
clear from the centre (26/26), forming a ring resembling its normal

expression at the border of the neural plate. These ®ndings make
cERNI the earliest known marker for a response to organizer signals,
even earlier than Sox3 (whose early expression it resembles and
which is induced by the node in 3 h (ref. 12); Fig. 3d).
Which signalling molecules from the organizer are responsible for
inducing cERNI? One approach to identifying candidate factors is to
assess the ability of embryonic tissues to induce cERNI, to map the
distribution of inducing factors. Head process (stage 5±6; 2/2),
notochord (stage 10; 6/6), prechordal mesendoderm (stage 5; 14/
14) and presomitic mesoderm (stage 10; 19/19) all induce cERNI,
whereas other tissues tested have either reduced (somites, 8/21;
posterior primitive streak, 9/23) or no ability to generate ectopic
cERNI expression (lateral mesoderm, 0/6; stage 4±5 neural plate, 0/
17; stage 10 neural tube, 1/5; area opaca, 0/10). This distribution of
inducing ability is reminiscent of sites of ®broblast growth factor
(FGF) activity13. Indeed, FGF8-coated beads induce cERNI expression as strongly and as quickly as does the node, within 1±2 h (19/
20; Fig. 2f), without inducing the mesodermal markers brachyury
(0/8) or Tbx6L (0/6) (see also ref. 14). In contrast, ectopic
expression of cERNI was never observed after misexpression of
the BMP antagonists chordin (0/21), noggin (0/17) or cerberus
(0/18), or of BMP4 (0/15) or hepatocypte growth factor/scatter
factor (HGF/SF) (0/21). FGF8 also strongly induces the expression
of Sox3, but not the later neural marker Sox-2 (ref. 12). Together,
these ®ndings implicate FGFs as possible early signals in the neural
induction cascade. Of the members of this family, FGF8 is the best
candidate endogenous inducer because at primitive streak stages it
is expressed in the anterior part of the streak including the node, and
is downregulated as the node begins to lose neural inducing ability12.
Is FGF expression in Hensen's node required to induce cERNI
and Sox3? We used two different loss-of-function approaches: the
FGF-receptor inhibitor SU5402, which speci®cally interferes with
the FGF signalling pathway15, and cells secreting the extracellular

Figure 1 Structure and cellular localization of ERNI. a, Alignment of amino-acid
sequences of chick, quail and zebra®nch ERNI. Chick ERNI shows an open reading frame
of 1,470 bp encoding a 490-amino-acid protein. A coiled-coil domain (underlined) is
predicted by MULTICOIL (P  1) and PAIRCOIL (P  0:997). Position 228 (asterisk) is a
putative tyrosine phosphorylation site. The partial quail and zebra®nch cDNAs show

overall amino-acid identity of 82% and 72% to cERNI, respectively. b, c, Subcellular
localization of ERNI protein visualized by immuno¯uorescence after transfection of COS
cells with myc-tagged cERNI. In most cells ERNI was detected in the cytoplasm (b), but a
subset of cells showed nuclear localization (c).
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Figure 2 cERNI expression in the neural plate and its induction by Hensen's node and
FGF8. cERNI is expressed in the prospective neural plate12,13 of embryos at the preprimitive streak (a) and primitive streak (b) stage. It becomes restricted to the border at
head-fold stages (c). Both Hensen's node (d, e; brown, arrow) and FGF8 (f, g; arrow)
strongly induce cERNI expression, even in the presence of excess BMP4 (secreting cells
outlined). FGF8 differentially regulates the expression of some BMP targets: it induces
expression of msx-1 within 3 h (h), but represses expression of the non-neural markers
GATA-2 (i) and -3 (j). Arrows in h and j and outline in i mark FGF8 beads.
16

portion of the FGF receptor . SU5402 greatly reduced the frequency
of induction by a grafted node of Sox3 (from 16/16 in controls to 1/
15Ða 93% reduction; 5 h incubation; Fig. 3e) and of cERNI (from
20/20 in controls to 20/30Ða 33% reduction in frequency; in the
remaining embryos the intensity of expression was reduced; 3 h
incubation; Fig. 3b). Moreover, cells secreting chimaeric FGF
receptor markedly reduced induction by the node of Sox3 (0/8;
Fig. 3f) and of cERNI (6/38±83% reduction; Fig. 3c), whereas in the
presence of control cells both genes were induced in 100% of cases
(n  16; Fig. 3a, d). We also noticed a marked reduction in the level
of expression of both cERNI and Sox3 in the normal neural domain
of the host embryo in the presence of FGF inhibitors (compare
Fig. 3k and j).
To investigate whether later steps of neural induction also depend
on FGF signalling, we grafted quail nodes together with SU5402
beads into the area opaca of chick hosts. After overnight incubation
(16 h), Sox2 induction by the node was reduced to 20% (4/20; Fig.
3g, h) when compared with controls (10/10; Fig. 3g, i). The nodes,
however, elongated normally and continued to express the organizer marker chordin (10/11; Fig. 3g±i), showing that the graft itself
remains unaffected by the FGF inhibitor. These experiments
strongly implicate FGF signalling as an essential component of
the neural induction pathway initiated by the organizer.
In other systems, FGF and BMP signalling pathways can synergize
or antagonize each other. We therefore investigated the effect of
FGF8 on the expression of the BMP targets msx1, GATA2 and
GATA3. FGF8 induces msx1 expression in 3 h (5/5; Fig. 2h), but
represses expression of the non-neural markers GATA2 (4/5; Fig. 2i)
and -3 (4/6; Fig. 2j) in 5±6 h. The possibility remains that the ability
of the node to induce cERNI and Sox3 still requires BMP inhibition.
To test this, we grafted stage 3+/4 nodes, or FGF8 beads, into host
embryos together with cells secreting BMP4. Even in the presence of
excess BMP4, both the node (Fig. 2e) and FGF8 (Fig. 2f) continued
to induce cERNI (13/14 nodes; 10/12 FGF8) and Sox3 (12/14 nodes;
6/8 FGF8). Together, these results suggest that the activity of FGF8 is
complex, and cannot be explained merely through antagonism of
the BMP pathway.
Both cERNI (Fig. 2a) and Sox3 start to be expressed long before
gastrulation, raising the possibility that the initial steps of neural
induction could begin this early. At this stage, the organizer has not
yet formed, but two cell populations that will contribute to it have
been de®ned (Fig. 4a). The ®rst is a group of middle layer cells
76

Figure 3 FGF signalling is an essential component of the neural induction pathway.
Hensen's node (brown) induces cERNI (a, arrow), Sox3 (d, arrow) and Sox2 (left in g, i).
The FGF receptor inhibitor SU5402 (arrowheads in b, e) inhibits induction of all three
genes (b, e; right in g, h) by the node, which still elongates and expresses the organizer
marker chordin (g±i; Sox2 in purple, chordin in red). Cells secreting a soluble form of the
FGF receptor (outlined) also greatly reduce induction of cERNI (c) and Sox3 (f) by the node.
The endogenous expression of Sox3 is reduced in embryos treated with SU5402 (k) as
compared with untreated embryos (j) (embryos processed simultaneously in the same
vial).

associated with Koller's sickle (hereafter referred to as `posterior
cells'), which later moves to the centre of the embryo with the tip of
the elongating primitive streak (stages 2±3)17. The second population, hereafter referred to as `central cells', is located in the epiblast
overlying the posterior cells until stage X, but moves to the centre of
the area pellucida before primitive streak formation begins (stages
XI±XIII)10. Hensen's node is formed when the two populations
come together. We investigated the inducing ability of these two
populations of organizer precursors, alone or in combination.
Chick central cells grafted into the area opaca of a stage 3+/4 quail
host do not induce qERNI (0/4), Sox3 (0/17), Sox2 (0/6) or the
organizer marker chordin (0/5). In contrast, chick posterior cells
induce qERNI (21/21; Fig. 4d) and Sox3 (8/11; Fig. 4e) strongly after
5 h, but not the later neural marker Sox2 or chordin (both after 16h;
n  10). A combination of central and posterior cells induces both
Sox2 (3/5; Fig. 4f) and chordin (3/5; Fig. 4g) after overnight culture;
other regions of area pellucida epiblast cannot substitute for the
central cells in this assay (n  7). These ®ndings show that posterior, but not central cells, induce ERNI and Sox3. A combination of
the two generates a functional organizer, as well as expression of the
later neural marker Sox2.
Where is FGF8 expressed at these early stages? A stage X, the
posterior cells, but not central cells, express FGF8 (Fig. 4b). As the
hypoblast starts to form from the posterior margin, it also expresses
FGF8, albeit at low level (Fig. 4c). By stage XIII, the domain of
cERNI and Sox3 expression in the epiblast mirrors the area covered
by hypoblast. Consistent with these expression patterns, grafts of
hypoblast into the area opaca of stage 3+ hosts induce cERNI within
3 h (4/4; not shown). Is the inducing ability of posterior cells due to
FGF? In the presence of the FGF inhibitor SU5402, induction of
both ERNI (0/5) and Sox3 (0/5) by posterior cells is abolished.
Our ®ndings suggest that neural induction is initiated before the
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quail ERNI homologue (GenBank AF218815). Zebra®nch ERNI was isolated by genomic
polymerase chain reaction (PCR) using degenerate primers, which ampli®ed a 366-base
pair (bp) fragment (fERNI).

Embryo culture and grafting
Fertile hens' eggs (White Leghorn, Spafas) and quails' eggs (Strickland) were incubated at
38 8C for 1±38 h to yield embryos at stages XI (ref. 26) to 10 (ref. 27). Host embryos (chick
or quail) were maintained in New culture28. Donor nodes from stage 3+/4 were
transplanted to the inner margin of the area opaca of a host of the same stage. Organizer
precursor cells (Fig. 4a) were mostly isolated from chick embryos where the fate maps are
more complete10,17. Posterior cells and associated Koller's sickle were dissected using
syringe needles and transplanted to the area opaca of a quail host (stage 3+/4). To isolate
central cells, hypoblast was removed and a square of epiblast (150 mm) excised.
FGF8-coated heparin beads were prepared as described12. Chordin, Noggin, cerberus
and BMP4-expressing cells were generated and grafted as described4,29. Expression levels
were routinely checked by immunostaining and immunoblots. To interfere with FGF
signalling, pellets of 2,000±3,000 cells expressing a fusion protein of the extracellular
domain of FGFR1 and rat IgG2a16 were grafted together with Hensen's node. AG1X2 beads
were coated with 25 mM SU5402 (Calbiochem) in PBS for 1±2 h, washed and grafted
together with the node or posterior cells into a host that had been pre-incubated brie¯y in
inhibitor (2.5 mM).

Figure 4 Organizer precursor cells initiate the neural induction cascade. a, Diagram
showing the position of the two organizer precursor cell populations (pc and cc) at stage
XI. ao, area opaca; ap, area pellucida; h, hypoblast; ks, Koller's sickle; pc, posterior cells;
cc, central cells. The arrow indicates the movement of central cells occurring at stages
XI±XIII. b, At stage X, FGF8 is expressed in the posterior cells and subsequently (c; stage
XII) in the forming hypoblast. cERNI (d) and Sox3 (e) are strongly induced by posterior cells,
whereas induction of Sox2 (f) and chordin (g) requires signals from both organizer
precursor populations. Insets below d±g show sections of the grafts in d±g, respectively.
Quail embryos were used as hosts in d, e and as donors in f, g (in both cases quail cells
labelled by QCPN, brown).

beginning of gastrulation by FGF emanating from a population of
organizer precursors at the posterior margin of the embryo (perhaps reinforced by the spreading hypoblast). The coming together
of this cell population with a second precursor population in the
epiblast generates a fully functional organizer that provides the
remaining signals in a cascade, including BMP antagonists. These
results provide an explanation for the hitherto unexplained ®nding
that in Xenopus, BMP antagonists do not induce neural tissue in the
presence of dominant-negative FGF receptors18,19 and for controversial reports of FGF as a direct neural inducer20±23. FGF signals are
clearly not suf®cient to generate a complete nervous system. But are
they suf®cient to sensitize the epiblast to BMP antagonists and to
generate expression of later neural markers? The ®nding that msx1 is
upregulated by FGF8 raises the possibility that this is part of a
mechanism that leads to self-maintaining activation of BMP
signalling12,24, which would be a required ®rst step if the BMPs are
later to be inhibited. On the other hand, neither FGF nor 5 h of
signals from the node followed by BMP antagonists is suf®cient to
generate induction of Sox2 or later neural markers4,12. We propose
that neural induction is a multi-step process of considerable
complexity. FGF mimics the ®rst 5 h of signals from the organizer,
but further steps remain to be discovered.
M

Methods
Differential screen
A quail node (stage 3+) was grafted into the area opaca of a chick host; after 5 h the epiblast
that had been in contract with it was dissected (`induced epiblast'). A similar piece of tissue
was isolated from the contralateral side of the same embryo (`uninduced epiblast'). From
each tissue cDNA was generated from 10 different cell populations (10±15 cells) and
libraries were constructed25. One cDNA preparation was selected from each tissue; both
had similar levels of the ubiquitously expressed ribosomal gene S17, whereas the early
neural marker Sox3 was present only in the induced tissue. The library from induced tissue
was plated at low density and differentially screened using radioactively labelled total
cDNA from both cell populations. Of 38 differentially expressed cDNAs, 36 corresponded
to cERNI. A full-length clone (GenBank AF218814) was isolated by screening a chick
gastrula-stage library. The full-length cDNA encodes a transcript of 4.5 kilobases (kb),
which was con®rmed by northern blot (not shown).
A quail primitive-streak-stage cDNA library was screened at low stringency to isolate a
NATURE | VOL 406 | 6 JULY 2000 | www.nature.com

Whole mount in situ hybridization and immunocytochemistry
Whole mount in situ hybridization and QCPN antibody staining were performed as
described9,30.
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RNA editing by site-selective deamination of adenosine to
inosine1,2 alters codons3,4 and splicing5 in nuclear transcripts6,
and therefore protein function. ADAR2 (refs 7, 8) is a candidate
mammalian editing enzyme that is widely expressed in brain and
other tissues7, but its RNA substrates are unknown. Here we have
studied ADAR2-mediated RNA editing by generating mice that
are homozygous for a targeted functional null allele. Editing in
ADAR2-/- mice was substantially reduced at most of 25 positions
in diverse transcripts3±6; the mutant mice became prone to
seizures and died young. The impaired phenotype appeared to
result entirely from a single underedited position, as it reverted to
normal when both alleles for the underedited transcript were
substituted with alleles encoding the edited version exonically9.
The critical position speci®es an ion channel determinant10, the
Q/R site3,6, in AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazole
propionate) receptor10 GluR-B pre-messenger RNA. We conclude
that this transcript is the physiologically most important substrate
of ADAR2.
Mammalian transcripts that are known to be edited by siteselective adenosine deamination are expressed largely in brain: most
encode subunits of ionotropic glutamate receptors (GluRs) that
mediate fast excitatory neurotransmission3,10. The only position
edited to nearly 100% is the Q/R site of GluR-B, for which the
mRNA contains an arginine (R) codon (CIG) in place of the
genomic glutamine (Q) codon (CAG)3. The physiological importance of this codon substitution wrought by RNA editing was
revealed by early onset epilepsy and premature death of mice
heterozygous for an intron-11-modi®ed GluR-BDECS allele with Q/R
site-uneditable transcripts11,12.
Three mammalian adenosine deaminases acting on RNA
³ Present address: Department of Biology, Massachusetts Institute of Technology, 77 Massachusetts
Avenue, MA 02139, USA.
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(ADAR1±ADAR3; refs 7, 8, 13) form a small family of candidate
RNA-editing enzymes that operate on nuclear transcripts. Only
ADAR2 edits the Q/R site in GluR-B pre-mRNA ef®ciently in
vitro7,14,15. Because ADAR2 is expressed in tissues other than
brain7, distinct pre-mRNAs in different tissues may be substrates
for this enzyme. To determine whether ADAR2 edits the Q/R site in
GluR-B pre-mRNA in vivo, and to evaluate the general physiological
signi®cance of ADAR2-mediated RNA editing, we generated mice
with functional null alleles for this enzyme.
A targeting vector for functional ADAR2 gene ablation (Fig. 1a, b)
was constructed by replacing most of exon 4 (ref. 16) with a PGK±
neo gene; exon 4 encodes an essential adenosine deaminase motif 3,7.
Chimaeric mice were generated by injection of a targeted embryonic
stem (ES) cell clone17 into C57BL/6-derived blastocysts. ADAR2+/intercrosses produced ADAR2-/- mice at Mendelian frequency,
indicating that ADAR2 de®ciency does not interfere with embryonic development. We found residual expression from the targeted
ADAR2- allele through exon skipping, potentially leading to a
truncated, enzymatically inactive ADAR2 form with intact RNAbinding domains (Fig. 1c). The expression of this truncated form
might amount to less than 10% of ADAR2 in wild-type mice, as
predicted from the severely reduced mutant transcript levels
(mean 6 s.d., 8 6 3% of wild type, n = 3; postnatal day 14
(P14)) determined by ribonuclease (RNase) protection (Fig. 1d).
Heterozygous ADAR2+/- mice were phenotypically normal, but
ADAR2-/- mice died between P0 and P20 and became progressively
seizure-prone after P12, akin to GluR-B+/DECS mice11,12. Thus, we ®rst
studied the effect of ADAR2 de®ciency on Q/R site editing of
GluR-B pre-mRNA, the substrate for a nuclear RNA-dependent

Table 1 ADAR2 de®ciency and site-selective adenosine deamination
ADAR2+/+

ADAR2+/-

ADAR2-/-

98 6 3
50

90 6 3
45

10 6 3
60

30
65
15

20
55
10

,10
,10
,5

GluR-B mRNA
Q/R*

100 6 1

100 6 1

40 6 4

AMPA-R² R/G§
GluR-B
GluR-C
GluR-D

75
90
45

55
85
40

15
75
10

GluR5
Q/R

64 6 5

55 6 2

40 6 1

GluR6
Q/R
I/V
Y/C

86 6 4
87 6 2
90 6 4

78 6 4
79 6 7
82 6 5

29 6 8
22 6 5
261

5HT2C-R²
A
B
C
D

75
80
15
70

70
75
10
55

70
30
,5
,5

ADAR2²³
-1
+23
+24

15
25
45

10
15
35

,10
,10
10

Editing sites

.............................................................................................................................................................................

GluR-B pre-mRNA
Q/R*
Hotspot1*²
Hotspot2*²³
+262
+263
+264

.............................................................................................................................................................................
The editing sites have been described2±5,27. Values, given as mean 6 s.d. (n = 3), indicate the
percentage of the edited version for the different editing sites analysed in the three genotypes.
Values were obtained from whole-brain RNA by differential oligonucleotide-mediated hybridization
of cloned RT±PCR products to distinguish between an adenosine (unedited) and a guanosine
(edited) at the individual editing sites.
* Values from P14 mice with unmodi®ed GluR-B alleles. All other values were from P40 mice with
GluR-B alleles sequence modi®ed at the Q/R site codon9.
² Values derived from the different peak heights for the two nucleotides in identical positions in DNA
sequence chromatograms. Values from three mice were averaged and rounded to the nearest 5 or
0 position in each case.
³ Sites +265 in hotspot2 and -2, +9 and +10 in ADAR2 were edited to ,5% in wild type.
§ Flip and ¯op splice versions. As assessed from sequence chromatograms, the approximate
representations of the ¯ip forms were 50% for GluR-B, 75% for GluR-C and 65% for GluR-D; see
ref. 27.
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