did not show a hybridization signal (Fig.
4B); this was not a result of DNA degrada-
tion because the same blot reprobed with
the transgene revealed the expected pattern
of hybridization (9). Therefore, in line B,
the 500-bp genomic sequence has been de-
leted, and subsequent experiments have re-
vealed a deletion of at least 40 kb of the
normal locus (9). In mice of the A/B geno-
type, only the indicative band at 6.0 kb of
line A was present, confirming the conclu-
sion that A and B are at the same locus.

Mutations in a number of previously
identified loci, localized to various chromo-
somes, produce mice of small stature as their
predominant phenotype (1). One of these
mutants, pygmy (pg) (10), was mapped to
chromosome 10 and has many of the charac-
teristic features of the mini-mutation (Fig.
3). Because the 500-bp Apa I-Apa I frag-
ment also mapped to chromosome 10 (11),
the pygmy and mini loci were tested for
allelism. Twelve out of 48 progeny from
A/+ and pg/+ matings and 6 out of 35
progeny from B/+ and pg/+ matings were
found to be of small stature, which is con-
sistent with the insertional and spontaneous
mutants being allelic (12).

This allelism was demonstrated by South-
ern blot analysis of DNA isolated from mice
of the indicated genotypes (Fig. 5). Pygmy
heterozygotes (pg/+) revealed only a single
band at 10 kb, which was representative of
the normal locus, and no other bands were
apparent. However, in pygmy homozygotes
(pg/pg), there was no detectable hybridiza-
tion, and the same blot rehybridized with c-
kit as a control probe revealed the appropri-
ate bands. Additionally, mice of genotype
B/pg also showed no hybridization signal,
whereas A/pg mice revealed only the 6.0-kb
disrupted band. Thus, there is a deletion of
the 500-bp genomic sequence in the sponta-
neous mutant, which extends to at least 40
kb (9); this finding establishes that there is a
disruption at the same locus as in the two
insertional mutants. This 500-bp Apa I-Apa
I fragment is now routinely used in our
laboratory to distinguish between wild-type
and heterozygous mice of the spontaneous
mutant line rather than the more laborious
method of test breeding.

This study describes the molecular charac-
terization of two transgenic insertional mu-
tants at the pygmy locus derived from one
founder mouse. The simplest explanation
for the pattern of integration is that a single
integration event took place that ultimately
gave rise to line A. After a few cell divisions,
a recombination event occurred in one cell;
this event resulted in the deletion of a
portion of the tandem array and flanking
genomic locus so as to give rise to line B.
This would explain the reduced number of
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copies of the foreign DNA (13), the absence
of the 500-bp genomic sequence, and the
apparent mosaicism of the founder for inte-
gration B. Since these initial events no fur-
ther rearrangements have been observed in
line A after ten generations.

Although the pygmy spontaneous mutant
has existed for 45 years, it has remained
somewhat enigmatic. Unlike the well-char-
acterized dwarf syndromes in mice (1) and
humans (14), the pygmy mutant has normal
levels of circulating growth hormone (15).
However, its usefulness as a model to eluci-
date the unknown biochemical nature of the
African pygmy phenotype and the growth
hormone—resistant human dwarf syndromes
(15) has been limited by the lack of any
molecular analysis. Cloning of the pg locus
and the eventual identification of the gene
product will assist in defining the utility of
the pygmy mutant for these studies. In
addition, the mutant mouse could be used as
a molecularly authentic version of the rele-
vant human dwarf syndrome to develop
various therapeutic regimes to alleviate the
symptoms of that disease.
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Atrionatriuretic Peptide Transforms Cardiac Sodium
Channels into Calcium-Conducting Channels

L1sA ANN SORBERA AND MARTIN MORAD*

The atrionatriuretic peptide (ANP) is released from atrial cells in response to increased
extracellular fluid volume and reduces sodium absorption by the kidney, thus reducing
the blood volume. In this report, ANP suppressed the calcium and sodium currents in
rat and guinea pig ventricular myocytes. The suppression of sodium current was caused
by enhanced permeability of the sodium channel to calcium without significant changes in
the kinetics or the tetrodotoxin sensitivity of the channel. Thus, ANP may regulate the
sodium channel by altering its cationic selectivity site to calcium, thereby repressing the
sodium current. The suppression of sodium and calcium channels and the resultant
depressed excitability of the atrial cells may help to regulate ANP secretion.

HE SODIUM CHANNEL IS ESSENTIAL
for the excitability of nerve, muscle,
and heart cells (1, 2). The modula-
tion of cardiac Na* channels by pharmaco-
logical agents has served as the basis for

clinical treatment of myocardial arrhythmias
(3). The physiological regulation of the car-
diac Na* channel is not well understood,
although phosphorylation of the Na* chan-
nel by an adenosine 3',5'-monophosphate
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(cAMP)—dependent mechanism or through
aregulatory G protein may lead to its inacti-
vation (4, 5). In this report, we provide
evidence for another regulatory mechanism
of cardiac Na* channels, which is mediated
by an alteration of its ionic selectivity by
ANP. ANPs are a family of vasoactive pep-
tides that are secreted by atrial cells (6, 7),
which, in addition to the regulation of Na™*
transport in the kidney, may modulate the
Na* channels of atrial cells themselves.

Ventricular myocytes were isolated from
adult rat or guinea pig hearts (8). Myocytes
were placed in a chamber coated with fibro-
nectin in order to stabilize them mechanical-
ly, making it possible to exchange the bath-
ing solution around individual cells rapidly,
with an electronically controlled, multibar-
reled concentration-clamp system (9). The
quiescent myocytes were clamped in the
whole-cell configuration (10) with patch
pipettes with tip resistances of 1 to 2 meg-
ohms. The cell capacitance ranged between
100 and 300 pF. The composition of extra-
cellular solutions and internal dialysates was
dictated by the experimental requirements
(11), but generally K* was omitted from
both external and internal solutions and was
replaced by either Cs* or N-methyl gluca-
mine. Intracellular Ca?* was buffered with
14 mM EGTA and intracellular H* was
buffered with 10 to 20 mM Hepes, at pH
7.2. All experiments were carried out at
room temperature. Rat myocytes were usu-
ally used, although the results were also
confirmed on guinea pig ventricular cells.
ANP (rat atrial natriuretic factor, amino
acids 1 to 28) was obtained from Peninsula
Labs (San Diego, California). The potency
varied from lot to lot.

Application of 100 nM ANP rapidly sup-
pressed the Na™ current of a rat ventricular
myocyte that had been activated by a depo-
larizing pulse from —80 to —40 mV (Fig.
1A). The suppressive effect of ANP was
often complete within 5 s (n = 62 cells),
which was the repeat interval of the clamp
pulse in these studies (Fig. 1A). We did not
critically investigate the minimal time re-
quired for the ANP action, but the effects
reversed equally quickly on removal of
ANP.

In the presence of 100 nM ANP, the Na*
channel activity was suppressed from
5.5+ 0.46 to 1.7 = 0.3 nA (mean + SEM,
n = 35) and at 10 nM (n = 22), the ampli-
tude of the Na™ current (Iy,) was reduced
from 3.4 + 0.43 to 2.1 £ 0.3 nA (mean *
SEM, n = 11), whereas at 1 nM the channel
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was not significantly suppressed (n = 4).
ANP at 100 nM often completely sup-
pressed the Na® current at all potentials
tested (Fig. 1, B and D). Calcium current
(Ica) Was also similarly suppressed by ANP
at all membrane potentials tested (Fig. 1, C
and D). The kinetics of the ANP effect on
Ic, were somewhat slower than those for
Ina (20 s versus 2 to 5 s), consistent with the
possibility that ANP-induced suppression of
Ica was guanosine 3’,5'-monophosphate
(cGMP)—mediated (12).

In experiments where In, was suppressed
by only about 75%, the voltage dependence
of its activation and its steady-state inactiva-
tion were not significantly altered (n = 5).
In some cells, however, a 10-mV shift to-
ward more negative potentials was ob-
served.

To differentiate among the likely mecha-
nisms by which ANP may suppress the Na*
current, we examined the effect of ANP on
Ina in the presence or absence of Ca* in the
bathing solutions. In solutions containing
20 wM Ca®*, ANP had either no effect on
INa (n=7) or suppressed the current by
only 5 to 10% (n = 3) whether Mg®" was
omitted or included in the bathing solu-
tions. ANP (100 nM) had only a minor
effect on the Na* channel in low Ca®*
solutions (Fig. 2). These results suggest that
ANP does not directly block the Na* chan-
nel; rather, the inhibitory action of ANP
appears to require calcium.

Given that the Na* channel has a finite
permeability to Ca®* (13-15), one possible
mechanism by which ANP could suppress
the Na* channel is through the enhance-
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Fig. 1. Effect of ANP on the Na™ current of rat ventricular myocytes. (A) Time course of suppression of
the amplitude of the whole-cell sodium current (In,) by 100 nM ANP applied 1 to 2 s after the control
measurement at 5 s. Na* current was activated by 30-ms depolarizing pulses to —40 mV from a holding
potential (hV) of —80 mV (inset). Clamp pulses were applied at 5-s intervals. Arrow indicates direction
of ANP-induced response. (B) The voltage dependence of Iy, in control solution (O) and in the
presence of AND (®). (C) The voltage dependence of Ic,, showing the suppressive effect of ANP (@) as
compared to control (O). (D) Tracings of membrane currents activated from —80 to +60 mV (at
bottom) in control (left) and ANP-containing (100 nM) (right) solutions. In control solutions both the
faster Na* and the slower Ca®* current are casily detectable. In the presence of ANP, the faster inward
current is completely suppressed while the slower current, although somewhat suppressed, is easily
distinguishable. Temperature, 24°C. Currents are measured from the actual zero reference. Holding
current, 200 pA at —80 mV. The recorded currents are not corrected for capacitance or leak currents.
External solution: 137 mM NaCl; 0 KCl; 1.0 mM MgCl,; 2 mM CaCl,; 10 mM Hepes; and 10 mM
glucose, pH 7.4. Internal solution: 120 mM CsCl; 5 mM MgATP; 20 mM Hepes; 14 mM EGTA; and
1 M cAMP, pH 7.2.
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Fig. 2. The effect of ANP in the absence of extracellular Ca?*. Voltage dependence of Iy, in the
presence (O) and absence (@) of ANP. Although there is some small alteration of Iy, by ANP, the Na*
current remained mostly unaffected (compare with Fig. 1, where [Ca**], was 2 mM). Clamp pulses
were applied at 5-s intervals, and the duration of the depolarization pulse was 35 ms. Bottom, insets are
superimposed tracings of membrane currents activated from —80 to +60 mV (at bottom) in control
solution and solution containing 100 nM ANP where extracellular Ca?* was 20 M. The extracellular
Ca®* concentration is most likely higher than the indicated value, as 20 pM Ca?* was added to
nominally zero Ca* solutions. External solution: 137 mM NaCl; 0 KCl; 10 mM MgCl,; 0.02 mM
CaClz; 10 mM Hepes; and 10 mM glucose, pH 7.4. Internal solution: 120 mM CsCl; 5 mM MgATP;
20 mM Hepes; 14 mM EGTA; and 10 pM cAMP, pH 7.2.
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ment of Ca>* permeability of the Na* chan-
nel. To test for such a possibility, we carried
out experiments in which the extracellular
Na* was completely replaced by Cs™ or N-
methyl glucamine. Sodium was omitted
from external and internal solutions before
the addition of ANP (Fig. 3). The records
obtained in Na*-free (but Ca**-containing)
solutions showed only the slowly activating
and inactivating Ca’* current (Fig. 3). Ad-
dition of 100 nM ANP activated a large
rapidly activating and inactivating current
from 0.21 = 0.04 t0 3.8 = 0.5 nA (mean *
SEM, n = 47) with kinetics and voltage
dependence similar to those generally associ-
ated with the Na* channel (Fig. 3). This
inward current was completely suppressed
in the absence of extracellular Ca** (Fig. 3),
suggesting that Ca>* was the charge carrier.

We also compared the relative sensitivity
of ANP-activated Ca** current through the
Na* channel to blockers of Ca** (10 pM
nifedipine or 5 mM Ni**) or Na* channels
[10 wM tetrodotoxin (TTX)]. Depolarizing
the cell to 0 mV in the Na*-free control
solution activated only the Ca** current
(Fig. 4A, control trace). Addition of ANP
induced a rapidly activating and inactivating
inward current (ANP trace), which was
followed by the slower Ic, through the Ca?*
channel. Exposure of the cell to 5 mM Ni?*
in the presence of ANP suppressed Ic,
through the Ca’* channel (Fig. 4B), but
had no effect on the rapidly activating in-
ward current (trace ANP + Ni*"). Since
Ca** was the only permeant cation and the
Ca** channels were already blocked by
Ni**, it was concluded that the rapidly

Fig. 3. AND activates a Ca®* current through the
Na* channel in zero Na* solutions. The voltage
dependence of the rapid inward current is plotted
under three conditions. In the absence of Na* and
with 2 mM Ca®* the current-voltage (I-V) rela-
tion of Iy, is flat (O), but in the presence of ANP
(100 nM) we measured a large inward current
(which was difficult to control) with peak around
—40 mV and a reversal of potential positive to
+30 mV (@). A, The I-V relation for the current
in the absence of Ca** but in the presence of
ANP. Note that the inward current through the
Na* channel is completely suppressed in the
absence of Ca?*. Clamp pulses were applied at 5-s
intervals with a duration of 35 ms. Temperature,
24°C. Tracings are superimposed membrane cur-
rents activated from —90 to +50 mV (inset) in
the indicated solutions. In the absence of extracel-
lular Na* but with 2 mM Ca** (O), only a slowly
activating inward Ca®* current is measured. Ad-
dition of ANP to such a solution activates a
rapidly inactivating current through the Na*
channel in excess of 8 nA (@®). The current is
completely suppressed when Ca®* is absent (A).
External solution: 0 Na; 137 mM N-methyl glu-
camine (NMG); 0 KCI; 1.0 mM MgCl,; 10 mM
Hepes; and 10 mM glucose, pH 7.4; Ca®* is
specified in figure. Internal solution: 120 mM
CsCl; 5 mM MgATP; 20 mM Hepes; 14 mM
EGTA,; and 10 uM cAMP, pH 7.2.
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activating and inactivating current was also
carried by Ca?*, but through the Na* chan-
nels. This Ca®*-carrying channel was sup-
pressed by TTX (10 wM).

In experiments where extracellular sodi-
um ion concentrations were reduced to 10
mM, the ANP-induced enhancement of the
Na* current was also blocked by TTX (Fig.
4, C and D). Under such conditions, depo-
larizing pulses from —90 to —40 mV acti-
vated a small Na* current (Fig. 4C, control
trace), which reversed at 0 mV the electro-
chemical potential for Na* (not shown).
Addition of ANP activated a rapidly inacti-
vating current, which was blocked com-
pletely by addition of 10 pM TTX (Fig.
4D). The reversal potential of the ANP-
enhanced current, however, shifted from 0
to about +40 mV, far above the electro-

chemical equilibrium potential for Na*
(Ena) (7 = 15). The shift in the reversal
potential in conjunction with the blocking
of the channel by TTX implicated the Na™
channel as the channel conducting the Ca**
current. In such experiments, the kinetics of
Na* channel current once again remained
unaltered.

Thus, ANP induces a molecular transfor-
mation in the Na* channel that renders the
channel highly permeable to Ca**. The
transformation of the channel selectivity did
not require the presence of Na™ extracellu-
larly or intracellularly. The suppressive effect
of ANP on the Na* current in normal
extracellular Na*, and the enhancement of
the channel current by ANP when extracel-
lular Na* is below 10 mM, are consistent
with the altered Ca?* selectivity of the Na™*
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Fig. 4. Comparison of kinetics of ANP-induced inward current with those of Ca** and Na* channels.
(A) Inward currents activated at 0 mV in the absence of Na* and with 2 mM Ca®*, before (control
trace) and after addition of ANP (ANP trace). Note that a rapidly inactivating current is activated by
ANP, which is then followed by a somewhat suppressed and slower Ca*>* current. (B) The same cell is
then exposed to 5 mM Ni**, which blocks the Ca®* channel leaving the rapidly inactivating Na*
channel current unaltered. (C) The TTX sensitivity of ANP-induced transformation in Na* channel
permeability is tested in a solution containing 10 mM Na* and 2 mM Ca**. In the absence of ANP, the
Na* channel current at —40 mV is small. Application of ANP enhances the current markedly (C),

which is then completely blocked by TTX (D). hV,

holding potential. (A and B) External solution: 0

Na; 137 mM N-methyl glucamine (NMG); 0 KCl; 1.0 mM MgClp; 2 mM CaCl,; 10 mM Hepes; and
10 mM glucose, pH 7.4. Internal solution: 110 mM CsCl; 10 mM NaCl; 5 mM MgATP; 14 mM
EGTA; 20 mM Hepes; and 1 pM cAMP, pH 7.2. (C and D) External solution: 10 mM NaCl; 127 mM
CsCly; 0 KCI; 1.0 mM MgCly; 2 mM CaClp; 10 mM Hepes; and 10 mM glucose, pH 7.4. Internal
solution: 110 mM CsCl; 10 mM NaCl; 5 mM MgATP; 20 mM Hepes; 14 mM EGTA; and 1 pM

cAMP, pH 7.2.
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channel. The molecular transformation ap-
pears to occur rapidly and was reversible
equally rapidly upon removal of ANP, sug-
gesting an extracellular site of activation. It
is not yet clear whether the ANP-induced
transformation in the selectivity of the Na*
channel occurs as a result of a direct interac-
tion of ANP with the channel protein or is
mediated by activation of a regulatory G
protein. In pertussis toxin—treated cells (500
ng/ml, 5 hours incubation at 24°C) or in
myocytes where guanosine 5'-O-(2-thiodi-
phosphate) (GDPBS) or guanosine 5'-O-
(3-thiotriphosphate) (GTPyS) was included
in the patch pipette to suppress or enhance
the G protein—regulated reactions, we did
not see a change in the ANP-induced effects.
Further, the mechanism appeared to be in-
dependent of the phosphorylation state of
the Na* channel, since including 10 pM
cAMP in the internal solution (4, 5) did not
alter the ANP-induced response. Possible
involvement of Cl™ in activation of this
current was also ruled out since complete
substitution of CI~ with aspartate did not
alter the magnitude of the current.

The simplest explanation of our results is
that ANP enhances the Ca** selectivity of
the Na* channel. Permeation through the
Na* channel may occur somewhat similarly
to that described for the Ca®* channel (16—
19). That is, both Na* and Ca®* may
compete for a permeation site, the selectivity
of which would be determined by the con-
formational state of the channel induced
either by ionic or hormonal interventions
(Figs. 1 to 3). Thus, alteration in the ionic
selectivity of a channel by a hormone may
serve as a rapid regulatory mechanism for
the conductance of the channel. The com-
bined suppressive effects of ANP on Na*
and Ca?* channels may render the secretory
atrial tissues inexcitable and noncontracting.
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A Family of Three Mouse Potassium Channel Genes
with Intronless Coding Regions

K. GEORGE CHANDY, CALVIN B. WiLLIAMS, ROBERT H. SPENCER,
BARBARA A. AGUILAR, SANJIV GHANSHANI, BRUCE L. TEMPEL,

GEORGE A. GUTMAN

To understand the molecular mechanisms responsible for generating physiologically
diverse potassium channels in mammalian cells, mouse genomic clones have been
isolated with a potassium channel complementary DNA, MBK]1, that is homologous
to the Drosophila potassium channel gene, Shaker. A family of three closely related
potassium channel genes (MK1, MK2, and MK3) that are encoded at distinct genomic
loci has been isolated. Sequence analysis reveals that the coding region of each of these
three genes exists as a single uninterrupted exon in the mouse genome. This
organization precludes the generation of multiple forms of the protein by alternative
RNA splicing, a mechanism known to characterize the Drosophila potassium channel
genes Shaker and Shab. Thus, mammals may use a different strategy for generating
diverse K* channels by encoding related genes at multiple distinct genomic loci, each

of which produces only a single protein.

EVERAL CLASSES OF K* CHANNELS

are involved in maintaining mem-

brane potential and regulating cell
volume in diverse cell types, as well as
modulating electrical excitability in the ner-
vous system (1). The molecular mechanisms
generating K* channel diversity are best
understood in the Shaker locus from Dro-
sophila, which contains 21 exons spanning
130 kb and generates four different K*
channel proteins through alternative splic-
ing of a single primary transcript (2).
Expression of these cDNAs in Xenopus 0o-
cytes gives rise to voltage-dependent K*
currents with distinct physiological proper-
ties (3). The related Drosophila K* channel
gene Shab also exhibits alternative splicing of
a primary transcript, giving rise to two
distinct proteins (4). To determine if similar
mechanisms are responsible for K* channel
diversity in mammals, we have isolated and
characterized eight mouse genomic clones
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that contain three related K* channel genes
(5-7), all of which hybridize with the cDNA
MBK1 (mouse brain K* channel 1) (8).

Southern (DNA) transfers (9) of Hind
III-digested liver DNA from BALB/c mice
were hybridized with a 1695-bp probe de-
rived from the MBK1 cDNA that contained
the entire 1485-bp coding region (8). Three
Hind III fragments (8.6 kb, 3.4 kb, and 2.0
kb) hybridized strongly with this probe
(Fig. 1). These bands may represent multi-
ple exons, as in the Shaker locus (2), or each
band could represent a unique K* channel
gene. Shorter probes representing the 5’ and
the 3’ portions of the MBK1 coding region
(0.5 and 1.1 kb, respectively) yielded a
hybridization pattern identical to that ob-
tained with the full-length 1.6-kb probe,
suggesting that each of the multiple bands
may contain a sequence corresponding to
the full-length MBK1 coding region.

To further study the genomic organiza-
tion of these putative K* channel genes, we
screened a mouse genomic library (5, 6)
with the full-length MBK1 cDNA probe
(8). Of the eight genomic clones character-
ized thus far (5, 6), four, containing hybrid-
izing Hind III fragments identical in size to
those in Fig. 1, are described here: KC250,
which contains a 2.0-kb hybridizing frag-
ment; overlapping clones KC238 and

Fig. 1. Southern blot analysis of
genomic DNA from BALB/c mice.
Liver DNA (10 pg) from BALB/c
mice was digested with Hind III,
separated on a 0.9% agarose gels,
and transferred to nitrocellulose pa-
pers by standard procedures (9, 22).

8.6 ->!

Southern blots were hybridized 3.4 -
with 32P-labeled MBK1 c¢DNA
probes. We used the 0.5-kb Sma I
fragment and the 1.1-kb Sma I-
Hind III fragments of the MBK1

cDNA (8), labeled to a specific
activity of 1 x 10° cpm/pg with .
the random-primer method of

Feinberg et al. (23). Hybridization

was performed at 55°C in hybrid- N
ization buffer for 16 to 18 hours.
Hybridization buffer is 5% SSC

(5), 10x Denhardt’s solution -
[0.2% bovine serum albumin,

0.2% Ficoll and 0.2% polyvinyl pyrrolidone], and
0.1% SDS. The blot was washed at 55°C at a final
stringency of 0.2X SSC and 0.1% SDS for 60
min. Exposure time for this autoradiogram was
10 days with an intensifying screen.

KC255 (KC238/255), which contain a 3.4-
kb hybridizing fragment; and identical
clones KC236 and KC237, which contain
an 8.6-kb hybridizing fragment within a 12-
kb insert.

We determined the order of restriction
fragments of these genomic clones (Fig. 2)
by partial digests, by sequencing (10), and
by aligning the genomic sequence with that
of their homologous cDNA sequences. The
restriction map of clone KC250 is identical
to that of the MBK1 cDNA (8) and is
similar to the map of the RCK1 (11) (the rat
cortical K* channel 1, a homolog of MBK1)
cDNA, in the coding region as well as in the
nearby noncoding regions (NCR). The re-
striction map of the KC238/255 insert is
very similar to the map of the RBK2 (rat
brain K* channel 2) cDNA (12). This sug-
gests that KC250 and KC238/255 encode
MK1 and MK2, respectively; KC237 ap-
pears to encode a related K* channel gene.

Partial nucleotide sequences (10) of clones
KC250 (2222 bp), KC238/255 (3383 bp),
and KC237 (2000 bp) were determined.
The KC250 sequence is virtually identical to
the published MBK1 sequence (8) through-
out its length (there are additional G’s at
positions 162 and 442 in the 5’ untranslated
region), and is 97.3% identical to RCK1
within the putative coding region (11). The
entire coding region for this gene, MK1, is
contained in a single uninterrupted exon of
1485 bp. The 5’ and 3’ NCRs of MK1 are
91.4% similar to RCK1 (11), indicating that
the NCRs of MK1/RCK1 are fairly well
conserved. Comparison of KC238/255 with
the coding region of RBK2 cDNA reveals
97% sequence identity and shows that the
entire coding region of this second gene
(MK?2) is also contained in a single exon of
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