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ABSTRACT Regulation of insulin secretion involves the
coordinated control ofion channels in the f-cell membrane. We
have isolated and characterized cDNA and genomic clones
encoding a voltage-dependent K+ channel isoform expressed in
human islets and in a human insulinoma. This K+ channel
isoform, designated hPCN1, with a deduced amino acid se-
quence of 613 residues (Mr = 67,097), is related to the Shaker
family ofDrosophila K+ channels. hPCN1 is homologous to two
other human K+ channel isoforms we have isolated, hPCN2
and hPCN3, with 55% and 65% amino acid sequence identity,
respectively. The electrophysiological characteristics ofhPCN1
were determined after microinjection of synthetic RNA into
Xenopus oocytes. Two-microelectrode voltage-clamp record-
ings of oocytes i jected with hPCN1 RNA revealed a voltage-
dependent outward K+ current that inactivated slowly with
time. Outward currents were inhibited by 4-aminopyridine
with a K; less than 0.10 mM and were relatively insensitive to
tetraethylammonium ion or Ba2+. A delayed rectifier K+
channel such as hPCN1 could restore the resting membrane
potential of .I cells after depolarization and thereby contribute
to the regulation of insulin secretion.

K+ channels have been implicated in the regulation of the
electrical activity of 8 cells in response to glucose as well as
to the sulfonylurea oral hypoglycemic agents (1-6). The
initial ,-cell response to glucose metabolism or sulfonylureas
is closure of ATP-sensitive K+ channels. This results in
depolarization of the membrane potential, thereby opening
voltage-sensitive Na+ and Ca2+ channels giving rise to action
potentials. The resting membrane potential is then restored
by K+ channels, which open in response to both the change
in membrane potential and Ca2+ influx (3-6). The time course
of activation and inactivation of K+ channels serves to
entrain the frequency and modulate the duration of Ca2+-
dependent action potentials and thus regulate insulin release
(3-6).
An extended family offour voltage-gated K+ channel genes

has been described in Drosophila: Shaker (Sh), Shab, Shaw,
and Shal (7-11). Alternative splicing of the Shaker and Shab
genes has been shown to be a mechanism for generating
further channel diversity (10-12). By using homology screen-
ing, expression cloning, or the polymerase chain reaction
(PCR), cDNAs and genes encoding a family of K+ channels
related to each ofthe Drosophila K+ channel genes have been
identified in mammalian tissues and cell lines (10-20). The
data suggest that K+ channel diversity in mammalian tissues
is a consequence of the presence of multiple genes that lack
introns and hence are not subject to alternative splicing as a
mechanism for generating multiple isoforms (7, 17, 18, 23).

Additional diversity may be achieved by formation of heter-
omultimers between the products of these different mamma-
lian genes (21-23).
As a first step in characterizing the ion channels expressed

in P cells, we screened a human insulinoma cDNA library for
voltage-gated K+ channels by low-stringency cross-hybrid-
ization with a probe encoding the highly conserved mem-
brane-spanning S4-H5 region of a rat brain K+ channel
isoform (13). The cDNA clones obtained did not contain all
of the protein coding region, and the remainder was deter-
mined by isolating and sequencing the gene, designated
hPCN1** (see Fig. 1).
The hPCN1 gene is most closely related to the Shaker gene

in Drosophila. Comparison of the sequences of hPCN1 and
other K+ channels suggests that hPCN1 may be the human
homolog of a rat K+ channel, the partial sequence of which
was obtained by PCR of rat islet and rat insulinomaRNA (20);
the complete sequence of this rat protein, kvl, was recently
described (17). Amplification of hPCN1 mRNA in human
islet RNA indicated that it is also present in this tissue.
Expression of hPCN1 in Xenopus oocytes indicated that it
has characteristics of delayed rectifier-type channels. The
pharmacological properties of hPCN1 are similar to the rat
brain K+ channel kvl (17) but are distinct from other mam-
malian K+ channels.

MATERIALS AND METHODS
General Methods. Standard procedures were as described

(24). A 263-base-pair (bp) probe, pKC6, was generated from
rat brain RNA corresponding to nucleotides 874-1137 of the
MBK1 (mouse brain K+ channel) cDNA sequence (13) by
PCR and was used to screen a human insulinoma cDNA
library (25). One clone was identified, AhKC-1, under low-
stringency conditions (26), and the insert from this clone was
used to rescreen the cDNA library and a genomic library (27).

Amplification of hPCN1 mRNA in Human Tissues. To
detect the presence of the specific hPCN1 transcript in a
malignant human P-cell tumor (provided by K. M. Pinnama-
neni, A. O'Connor, and B. D. Ragsdale, Mesa, AZ) and
normal human islets (RNA provided by S. Seino, University
of Chicago, Chicago, IL), oligonucleotide primers were de-
signed to amplify the 3' untranslated region in two steps.
First-strand cDNA was primed with a (dT)17-adapter as
described (28, 29) and then amplified by using sense oligo-
nucleotides from the H6 membrane-spanning region of

Abbreviations: 4-AP, 4-aminopyridine; Et4N', tetraethylammonium
ion; PCR, polymerase chain reaction.
IlTo whom reprint requests should be addressed.
**The nucleotide sequences for the deduced protein sequences

reported in this paper have been deposited in the GenBank data
base (accession nos. M55513 for hPCN1, M55514 for hPCN2, and
M55515 for hPCN3) and are also available from the authors.
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hPCN1 (see Fig. 1) (TGTGCCATCGCCGGGGTCCT) and
the adapter in the antisense direction (29). An aliquot was
removed and reamplified with an internal primer pair (sense,
GCAGACTGGTGGCAGTGG; antisense, ACAGGAAACA-
GAACAGCC). Positive (hKC-1 cDNA) and negative (water)
controls were run with each sample.
Xenopus Expression Vector. BamHI linkers were added to

a Sac II/EcoRV genomic fragment encoding hPCN1 and
ligated into the Bgl II cloning site of pSP64T (30). This
plasmid was linearized with EcoRI or Sal I, and SP6 tran-
scripts were prepared with kits from Promega and Strata-
gene. The transcripts include 89 bp of 5' and 141 bp of 3'
untranslated regions of Xenopus f3-globin mRNA as well as
the hPCN1 sequence.

Oocyte Injection. Adult female X. laevis (Xenopus I, Ann
Arbor, MI) were maintained, and oocytes were harvested by
published methods (31). Defolliculated oocytes were micro-
injected with -50 nl of solution containing 0.1-2 ng of in vitro
transcribed RNA or water and incubated at 19"C in OR-2
medium (31).

Current Recording and Data Analysis. Current recordings
using a two-microelectrode voltage clamp were made with a
commercially available amplifier (Warner Instruments, Ham-
den, CT) from oocytes 8 hr to 8 days after RNA injection.
Microelectrodes filled with 3 M KCI had resistances of
0.3-0.6 MOhm. OR-2 medium without pyruvate or gentam-
icin was used as the standard recording solution. Current
decays were analyzed as a sum of exponentials by a Fourier
method (32) that determined the number, amplitudes, and
time constants of the components. Where three or more
experiments were performed, values were reported as either
the mean ± SEM or as the range with the number of
experiments in parentheses.

RESULTS
Isolation and Sequence of Human K+ Channel Clones.

Screening of a human insulinoma cDNA library by hybrid-
ization under low-stringency conditions with a 263-bp rat
brain K+ channel cDNA probe identified a single positive
clone, AhKC-1, having a 1.8-kilobase (kb) EcoRl insert. The
sequence of this clone revealed that it encoded part of a
protein homologous to rodent brain K+ channels (13). As the
murine genes encoding K+ channels expressed in brain do not

contain introns (18), we isolated a human genomic clone,
AhPCN1, to obtain the complete sequence of this human K+
channel isoform, designated hPCN1. The insert in this ge-
nomic clone contained EcoRI fragments of 3, 4, and 9 kb; the
9-kb fragment hybridized to the insert from the cDNA clone
AhKC-1. The composite sequence of hPCN1 was obtained
from the sequences of the cDNA and genomic clones.
The hPCN1 sequence contains an open reading frame of

1839 bp that was predicted to encode a 613-amino acid protein
(M, = 67,097); there are translation termination codons in all
three frames upstream of the predicted initiating ATG (33).
The deduced amino acid sequence of hPCN1 has 50-87%
identity and 65-93% similarity with previously described
rodent K+ channel isoforms. hPCN1 is also related to two
other human K+ channel isoforms we have recently charac-
terized. The amino acid sequence identity between hPCN1
and hPCN2 is 55% and between hPCN1 and hPCN3 is 67%
(Fig. 1). The sequences are highly conserved in the mem-
brane-spanning domains (H1, H2, H3, S4, H4, H5, and H6),
including the presence of the Shaker-type (Arg or Lys-Xaa-
Xaa)7 repeat in S4. A putative leucine zipper sequence is also
conserved in the S4-H4 region (34). The amino terminus of
hPCN1 is divergent from other members of the family until
residue 121, just prior to the first putative N-linked glycosy-
lation site [Asn-Xaa-(Ser or Thr)], which also is conserved in
the Shaker and Shal families (10, 11, 13). A putative calcium/
calmodulin protein kinase II phosphorylation site [Arg-Xaa-
Xaa-(Ser or Thr)] is conserved in hPCN1 at threonine-133 as
well as similar locations in Shaker, Shal, Shab, and Shaw
(35). A consensus protein kinase A phosphorylation site [(Arg
or Lys)-(Arg or Lys)-Xaa-(Xaa)-(Ser or Thr); refs. 36 and 37]
at hPCN1 serine-557 is conserved in Shaker and Shab; a
second such site is found at serine-580. An additional feature
of hPCN1 is an almost perfect direct repeat from residues
61-82, which contains a proline-rich region with homology to
a similar region in the recently reported rat brain K+ channel
RKShIIIA, related to the Shaw family (16).
hPCN1 most closely resembles the rat brain K+ channel

kvl (17) among K+ channel sequences described to date. The
nucleotide sequence identity in the protein coding regions of
hPCN1 and kvl is 84%; the 5' and 3' untranslated regions are
more divergent, having 71% and 69o identity, respectively.
Amino acid sequence identity between these two proteins is
88%, with 94% similarity. While it is likely that kvl is the rat
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101
101
42

142
198
74

242
299
174

343
390
262

444
488
356

545
589
457

613
653
519

FIG. 1. Predicted amino acid sequences of three human K+ channels. The human proteins are named P (potassium) CN (channel) 1, 2, and
3 by analogy to human sodium channels (hSCN). Cloning of hPCN1 is described in the text. The sequence of hPCN2 (45) was deduced from
the sequence of a cDNA clone isolated from a human fetal skeletal muscle library. The sequence of hPCN3 was deduced from the sequence
of a genomic clone obtained from the same genomic library as hPCN1 (ref. 27; L.H.P., J.L., and D.F.S., unpublished results). Amino acids
are indicated by their single-letter abbreviations. Gaps introduced to generate this alignment are represented by periods. Potential
membrane-spanning domains (13) are noted by dashed lines. Residues that are identical in the three human proteins are indicated by bold type.
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isoform of hPCN1, there are several interesting sequence
differences of possible function significance: two additional
putative protein kinase A phosphorylation sites in kvl and
the absence of the direct repeat (hPCN1 residues 61-82) in
kvl (17). By PCR analysis of this region of the rat and human
genes, we have confirmed that the repeat is present in the
human gene but lacking in the rat (data not shown). In
contrast, other human/rat homologous isoforms share
greater amino acid sequence identity: 97% between hPCN2
and RCK4 and 97% between hPCN3 and RCK3 (Fig. 1) (14).

Tissue Distribution ofPCNl mRNA. Northern blotting with
10 /xg of total RNA prepared from various adult human
tissues and several solid tumor cell lines revealed hybridiza-
tion to a single faint transcript of about 4 kb in a human
insulinoma (different from those that were combined to
construct the insulinoma cDNA library) (data not shown).
The transcript was more clearly evident with 5 1Lg ofpoly(A)+
RNA from this human insulinoma. Transcripts of similar size
were also obtained from RIN 5FS and HIT m2.2 cell RNA
(data not shown). No hybridization was seen to total cellular
RNA from human brain, skeletal muscle, liver, kidney, skin
fibroblasts, or HepG2 cells, indicating that if hPCN1 is
expressed in these tissues, the abundance of its RNA is less
than in the insulinoma. Using RNA amplification of the 3'
untranslated region, we have been able to show that hPCN1
RNA is also present in normal human islets (data not shown).

Expression of hPCN1 in Xenopus laevis Oocytes. K+ chan-
nels expressed after injection of hPCN1 RNA into Xenopus
oocytes were characterized by using a two-microelectrode
voltage clamp. Outward currents in noninjected control
oocytes were typically less than 250 nA during steps to + 100
mV from a holding potential (Vh) of -80 mV (data not
shown). Slowly inactivating outward K+ currents were elic-
ited by depolarizing voltage steps positive to -30 mV in
RNA-injected oocytes (Fig. 2 Upper left). At the higherRNA
concentrations used (-2 ng per oocyte), outward currents
greater than 1 ,uA were recorded at 8 or more hr after RNA
injection (Fig. 2 Lower left).
The threshold for hPCN1 activation was -25 mV. The time

course of current activation decreased with increasing depo-

Time Constant (msec)

-40 -20 c

ins ivation

20 40

Membrane Potential (mV)

FIG. 2. (Right) Activation and inactivation time courses of
hPCN1 K+currents (n = 3). Sampling rate/filter cutoff values were
5 kHz/2.5 kHz for activation and 2 kHz/1 kHz for inactivation.
Current inactivation was fitted from peak current to the end of 1-sec
depolarizations to the potentials indicated. (Upper Left) Currents
obtained during 3.2-sec depolarizing steps from -70 to 60 mV in
10-mV increments; Vh = -80 mV. Currents are shown unsubtracted
for leak or capacity transients. (Lower Left) Onset of currents
evoked during steps from -30 to 40 mV in 10 mV increments in an

oocyte 18 hr after RNA injection; Vh = -40 mV, subtracted with
equal but opposite polarity steps. The arrow marks the start of
depolarization; inward deflection is a subtraction artifact.

larization and could be fit with two exponentials (Fig. 2
Right). The ratio of the amplitudes of the two time constants
describing the activation process increased with increasing
depolarization (in three experiments, A,1/A, was 2.18 ± 0.1
and 4.73 ± 0.40 at -10 and 60 mV, respectively). The mean
time constant of current activation for the three cells in Fig.
2 Right was 8.33 ± 0.36 msec at 0 mV and 1.35 ± 0.06 msec
at 60 mV. The activation kinetics of hPCN1 and kvl appear
similar when expressed in Xenopus oocytes.
The expressed hPCN1 K+ currents inactivated slowly with

time during steps to positive voltages (Fig. 2 Right) most
closely resembling RCK1 among the rat brain K+ channels
described by Stuhmer and co-workers (14). The time con-
stants of inactivation as determined from single exponential
fits to the current data are plotted as a function of voltage in
Fig. 2. Inactivation of the K+ current was relatively voltage
independent. The mean time constant of current inactivation
for the three cells in Fig. 2 was 1155 ± 54 msec at 30 mV and
690 ± 17 msec at 60 mV.

Representative steady-state inactivation and conductance-
voltage relationships of hPCN1 expressed in oocytes are
given in Fig. 3. Steady-state inactivation of the hPCN1
currents became apparent at holding potentials more positive
than -50 mV, and the delayed outward currents were com-
pletely blocked by holding potentials more positive than -10
mV. For eight oocytes the mean midpoint of the steady-state
inactivation curve obtained from similar fits to the data was
-25.3 ± 0.4 mV with a slope factor of 3.5 ± 0.2 mV. At
depolarizations greater than 30 mV, the current-voltage
relationship for hPCN1 expressed in Xenopus oocytes was
linear. The conductance-voltage relationship was deter-
mined from deactivating steady-state currents at -40 mV
(Fig. 3). An envelope of tails (data not shown) was con-
structed to confirm the validity of this method (38, 39).
Half-maximal current activation, VK/2, was -6.0 ± 0.6 mV
with a slope (k) of -6.4 ± 0.5 mV (n = 5).
The selectivity of the current was determined from tail-

current experiments in which the K+ concentration in the
external solution was varied between 2.5 and 75 mM (Fig. 4,
A and B). Tail currents reversed polarity at -35 mV and -4
mV with external K+ concentrations of 25 (n = 5) and 75 mM
(n = 2), respectively (Fig. 4A). The 31-mV shift in reversal
potential was close to the expected shift of 28 mV for a K+
selective current (Fig. 4B).
The pharmacology of the hPCN1 currents expressed in

Xenopus oocytes was examined by using K+ channel block-
ers 4-aminopyridine (4-AP), tetraethylammonium ion
(Et4N+), and Ba2+. hPCN1 K+ currents were blocked by
4-AP (Fig. 4C); however, the block was dependent on current
activation and enhanced by repetitive stimulation. Repetitive
stimulation in the presence of50 ,uM 4-AP resulted in 30-38%
block of the outward current (n = 6) and 54-62% block with
100 ,uM 4-AP (n = 5). Outward currents remaining in the
presence of 10 mM 4-AP were comparable to endogenous
current levels (n = 3). The presence of 20 mM Et4N' in the
external medium had no significant effect on hPCN1 currents
(n = 2). In comparison, both RCK1 (14) and kvl are blocked
by low concentrations of 4-AP [Ki = 1.0 mM and K, < 0.5
mM, respectively (hPCN1 K, < 0.1 mM)] but differ in their
sensitivity to Et4N' [K, = 0.6 mM for RCK1 (14) versus K1
> 40 mM for kvl (17) (hPCN1 K, > 20 mM)]. Ba2+ (10 mM)
partially blocked hPCN1 currents. Currents measured 25
msec after onset of steps to 40 mV were reduced by 53% (n
= 2), and the percentage block decreased during the voltage
step (Fig. 4D). No shift was observed in the current-voltage
relationship in medium containing 10 mM Mg2 . Increasing
Ca2+from 1 to 10 mM in the external solution, substitution
of Mg2+for Ca2+, or addition of 100 ,uM Cd2+ to the external
medium had no effect on hPCN1 currents.
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FIG. 3. Steady-state inactivation and conductance-voltage rela-
tionships. Steady-state inactivation (filled symbols) of hKCl currents
in four oocytes is shown as a function of membrane potential. The
steady-state parameters of activation and inactivation, V1/2, k and
gKmax, were determined from conductance-voltage and steady-state
inactivation curves fitted with a single Boltzmann isotherm of the
form:

gKA(v) = gKmax/{1 + exp{(V - Vi/2)/k}}, [1]
where Vi/2 is the voltage at the midpoint of the activation or
inactivation curve and k is the steepness of the voltage dependence.
A solid line represents the fitted curve (n = 4); the Vi/2 (-25.6 mV)
and k (3.41 mV) values for the single curve were not significantly
different from the fitted curves for each cell. The holding potential
was varied from -80 to 0 mV (10-mV increments from -80 to -40
mV, 5-mV increments thereafter) for a period of 1 min prior to
recording the K+ current at a constant test potential of 40 mV.
Currents elicited from holding potentials of -10, -5, and 0 mV
showed no kinetic component and were averaged for subtraction
from peak currents evoked from more negative holding potentials.
(Left Inset) Effect of holding potential on currents elicited in one
oocyte with the voltage protocol described. The conductance versus
voltage relationships (open symbols) are shown for a second set of
oocytes (n = 4). Conductance (g) was measured from deactivating
steady-state currents using exponential fits to determine the ampli-
tude of the instantaneous K+ tail current. Conductances were
normalized according to the relationship

g = 'K tail/dK tail.max, [2]
where Ktajimax is the amplitude of the instantaneous current fol-
lowing a depolarization to 40 mV. The solid line represents the fitted
curve for the four cells; the slope (-6.9) and midpoint (-5.7) for the
single curve were not significantly different from the fitted curves for
each cell. (Right Inset) Deactivating outward currents following
depolarizing steps from -35 to 20 mV in 5-mV increments and steps
to 30 and 40 mV. Outward currents during the activating steps are
shown truncated and off scale. Instantaneous tail-current amplitudes
were normalized to the value obtained following depolarizations to
40 mV.

DISCUSSION
In our initial studies of p-cell ion channels, we have charac-
terized a K+ channel, hPCN1, isolated from a human insuli-
noma cDNA library. The sequence of hPCN1 shows that it is
related to the Shaker family ofDrosophila K+ channel genes.
It is most similar to the rat brain K+ channel isoform kvl (17)
but differs primarily by the presence of a proline-rich direct
repeat in the amino-terminal cytoplasmic domain. RNA
amplification by PCR has demonstrated the presence of
hPCN1 RNA in normal human islets, suggesting that this K+
channel may also participate in normal islet function. Expres-
sion of hPCN1 in Xenopus oocytes indicates that it is a K+
channel with delayed rectifier kinetics.

Overexpression of a delayed rectifier such as hPCN1
would cause stabilization of the membrane resting potential.
The presence of high levels of hPCN1 RNA in a malignant

1.5

I 1.0;-
a~0.5_-

06 -

-1.0 -

C
8

i6'
24

2

75 K

B

a

I
a

0.

0-

50 mec

-120 -80 -40 0 40 80

%Itage (mV)

1 10 100

ExtWrnal K' (m)
D

Control
r ~~~~~2"

3- 4-AP
14*

3 )LA
50 mee

Control

Ba'-

FIG. 4. Selectivity and pharmacology ofhPCN1 K+ currents. (A)
Tail current reversal potentials shown for an oocyte in medium
containing 25 mM and 75 mM K+. Outward currents during the
prepulses to 40 mV are shown. Test potentials are indicated for each
tail current shown. (B) Plot of tail-current reversal potentials versus
external K+ concentration. Data are shown for five oocytes. The line
through the data points represents the linear least-squares regression
fit to the logarithmic transform of the data and has a slope of 54 mV
per decade in external K+ concentration. (C) Current-voltage rela-
tionship for an oocyte in OR-2 medium (control, *) and in 1 mM 4-AP
(O); Vh = -80 mV. Current-voltage relationship in 4-AP was
obtained after repetitive stimulation to maximize the 4-AP block (see
D). Current values plotted are not leak-subtracted. Leakage current
in OR-2 medium estimated from steps from -70 to -40 mV is also
shown (o). Currents during hypolarizing steps are shown only for
OR-2. (D) Block ofhPCN1 K+ currents by 4-AP and Ba2+. (D Upper)
Records showing the onset of block of 4-AP (1 mM) with the same
cell as in C. The uppermost trace shows the current evoked during
the step to 40 mV in OR-2 (control). The lower three traces are the
second, third, and fourteenth step to 40 mV after addition of 1 mM
4-AP to the bath. The apparent shift in kinetics during steps 2 and 3
is due to use-dependence of the 4-AP block. The interpulse interval
was 15 sec. (D Lower) Records showing currents evoked in OR-2
medium (control) and in 10 mM Ba2+-containing medium during
steps to 100 mV; Vh = -80 mV for both records.

human insulinoma may therefore account for the reduced
glucose-responsiveness of insulin secretion in some insuli-
nomas as compared with normal /3 cells (40). This expression
in some tumors may also reflect differences in gene regulation
between fetal and adult islets. Fetal 83 cells secrete insulin
poorly in response to glucose (41-43). Cell-attached patch
recordings of these cells are dominated by a small conduc-
tance K+ channel, consistent with a delayed rectifier (43). K+
currents through channels of this type could stabilize the
membrane potential of fetal P cells below the threshold
required for action potential initiation. Thus, the cells could
remain quiescent even upon glucose-induced closure of the
ATP-sensitive K+ channels. This would explain the failure of
tolbutamide, a sulfonylurea, to induce action potentials in the
majority of such cells (43). Although alternative mechanisms
have been proposed (40, 43), the possibility thus exists that
both fetal /3 cells and some insulinomas are less responsive to
glucose-induced insulin release than normal /3 cells in part
because of increased expression of voltage-sensitive K+
channels.

Voltage-sensitive K+ channels in normal islets are critical
in the restoration of the cell membrane to a hyperpolarized
state after a calcium action potential (3, 5, 6, 44). The mouse
P-cell voltage-sensitive K+ channel was found to be sensitive
to 4-AP and Et4N+ (3, 5); hPCN1 was sensitive to 4-AP but
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resistant to Et4N+. However, the delayed rectifier currents
seen in p cells may actually be produced by heteromultimeric
K+ channels, as RNA amplification of ob/ob mouse islets
and rat and hamster insulinomas indicates that two to six
different K+ channel genes may be expressed in these cells
(ref. 20; L.H.P. and D.F.S., unpublished results). Further-
more, when two rat K+ channel isoforms with differing
Et4N' sensitivities were coexpressed in Xenopus oocytes,
the Et4N+ sensitivity of the resulting current was intermedi-
ate to that of either isoform expressed alone (22, 23). There-
fore, hPCN1 could play an important role in regulating
membrane potential and the secretion of insulin in normal
islets.
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