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Abstract

Background: Neurons in the supragranular layers of the somatosensory cortex integrate sensory (bottom-up) and
cognitive/perceptual (top-down) information as they orchestrate communication across cortical columns. It has been
inferred, based on intracellular recordings from juvenile animals, that supragranular neurons are electrically mature by the
fourth postnatal week. However, the dynamics of the neuronal integration in adulthood is largely unknown.
Electrophysiological characterization of the active properties of these neurons throughout adulthood will help to address
the biophysical and computational principles of the neuronal integration. Findings: Here, we provide a database of
whole-cell intracellular recordings from 315 neurons located in the supragranular layers (L2/3) of the primary
somatosensory cortex in adult mice (9–45 weeks old) from both sexes (females, N = 195; males, N = 120). Data include 361
somatic current-clamp (CC) and 476 voltage-clamp (VC) experiments, recorded using a step-and-hold protocol (CC, N = 257;
VC, N = 46), frozen noise injections (CC, N = 104) and triangular voltage sweeps (VC, 10 (N = 132), 50 (N = 146) and 100 ms
(N = 152)), from regular spiking (N = 169) and fast-spiking neurons (N = 66). Conclusions: The data can be used to
systematically study the properties of somatic integration and the principles of action potential generation across sexes
and across electrically characterized neuronal classes in adulthood. Understanding the principles of the somatic
transformation of postsynaptic potentials into action potentials will shed light onto the computational principles of
intracellular information transfer in single neurons and information processing in neuronal networks, helping to recreate
neuronal functions in artificial systems.
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Data Description

The primary somatosensory cortex encodes time-varying
but spatially well-defined haptic information [1] from the
mechanoreceptors in the skin, thereby creating a topographi-
cal neuronal representation of the tactile world [2, 3]. Rodents,

e.g., locate tactile targets in their immediate environment by
integrating information across these (whisker) representations
in the barrel cortex [4], where neurons in each cortical col-
umn preferably respond to a single whisker on the contralat-
eral snout [5]. The supragranular layers (cortical layers 2/3,
L2/3) of the barrel cortex are the first cortical network that in-
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2 Electrical mapping of the barrel cortex

tegrates the sensory information across neighboring cortical
columns, whiskers, and whisk cycles [6–10]. This representation
of the whisker contacts undergoes experience-dependent
changes [11–14] and is altered in animal models of neurodevel-
opmental disorders [15–17]. Adaptive changes in the synaptic
and modulatory drive could powerfully regulate the transforma-
tion of postsynaptic responses into action potentials, ultimately
controlling how sensory information is transferred between cor-
tical columns and cortical regions [18].

Understanding the principles of neuronal information trans-
fer in the supragranular layers will require a systematic analysis
of the integrative properties of these cortical neurons. Thus far,
however, slice experiments primarily focused on juvenile ani-
mals as it is widely considered that the neurons mature anatom-
ically and electrophysiologically by the fourth postnatal week
[16, 19–23]. Here, we provide a database of 837 experiments col-
lected from 315 adult supragranular neurons that will help to
address the principles of information processing by cortical neu-
rons throughout the adulthood of mice. The database consists
of whole-cell intracellular recordings in voltage-clamp (VC) and
current-clamp (CC) configurations. While CC somatic measure-
ments bring insight into the properties related to action poten-
tial initiation, timing, rate, and pattern, VC recordings provide
information on the voltage-gated ion-channel dynamics. The
database is best utilized to address the principles of information
transfer in individual neurons (see, e.g., [18, 24]) and for the elec-
trical characterization of adult cortical sensory neurons. It will
serve synaptic, systems, computational, and theoretical neuro-
scientists in search of the principles of information processing,
transfer, and recovery in neuronal networks. The database is ex-
pected to create synergy with the recently completed transcrip-
tome [25, 26] and proteome [27, 28] of the supragranular layers
of the barrel cortex, the computational models of the molecu-
lar changes that contribute to the maturation of synaptic com-
munication in the same cortical region (e.g., [29]), the computa-
tional models of synaptic integration and action potential gen-
eration in the supragranular layers of the barrel cortex [18], and
the high-resolution mapping of sensory representations using
intrinsic signals in single trial resolution (e.g., [30]) resulting in a
multi-scale analysis of the cortical organization, from molecules
of chemical communication to network representations.

Methods

Experiments that involve animals were conducted in accordance
with the European Directive 2010/63/EU, national regulations in
the Netherlands, and international guidelines on animal care
and use of animals. Pvalbtm1(cre)Arbr (RRID:MGI:5315557) or
Ssttm2.1(cre)Zjh/J mice (RRID:IMSR JAX:013044) from either sex
(N = 75 females, N = 45 males, aged 9–45 weeks) from the local
breeding colonies were used.

The mice were anesthetized with Isoflurane (1.5 mL/mouse)
before the tissue was extracted and coronal slices of the pri-
mary somatosensory cortex, barrel subfield region, were pre-
pared (Fig. 1). The procedures were as described elsewhere [11,
12, 14, 16, 31] with the exception that animals were intracardially
perfused with ice-cold dissection solution containing (in mM)
108 choline chloride, 3 KCl, 26 NaHCO3, 1.25 NaH2PO4·H2O, 25
glucose·H2O, 1 CaCl2·2H2O, 6 MgSO4·7H2O, and 3 sodium pyru-
vate after animals were deeply anesthetized, as assessed by
pinch withdrawal reflex and heart and breathing rate. The brain
was removed after decapitation and sliced coronally (300 mi-
crometers in thickness) in the same ice-cold perfusion medium.

The slices were then transferred to a chamber containing arti-
ficial cerebrospinal fluid (aCSF) (in mM): 120 NaCl, 3.5 KCl, 10
glucose·H2O, 2.5 CaCl2·2H2O, 1.3 MgSO4·7H2O, 25 NaHCO3, and
1.25 NaH2PO4·H2O and aerated with 95% O2/5% CO2 at 37◦C. Af-
ter 30 minutes, the slices were transferred to room temperature
before whole-cell electrophysiological recordings started.

Whole-cell recordings

Slices were continuously oxygenated and perfused with aCSF
during recordings. The barrel cortex was localized, and cells
of interest in the supragranular layers were patched under 40x
magnification in room temperature using HEKA EPC 9 and EPC10
amplifiers in combination with the Patch Master v2 × 90.2
data acquisition software. The data band-pass filtered 0.1–3000
Hz. The AC mains (hum) noise (max peak-to-peak amplitude
0.2 mV) that exists in a subset (∼4%) of the recordings was not
filtered. Patch-clamp electrodes were pulled from glass capil-
laries (1.00 mm [external diameter], 0.50 mm [internal diame-
ter], 75 mm [length], GC100FS-7.5, Harvard Apparatus) with a
P-2000 puller (Sutter Instrument, USA) and used if their ini-
tial resistance was between 5 and 10 MOhm. They were filled
with intracellular solution containing (in mM) 130 K-Gluconate,
5 KCl, 1.5 MgCl2·6H2O, 0.4 Na3GTP, 4 Na2ATP, 10 HEPES, 10 Na-
phosphocreatine, and 0.6 EGTA, and the pH was set at 7.22 with
KOH. CC and VC recordings were performed as described else-
where [32, 33] and included four stimulus protocols (Fig. 2).

Current-clamp protocol

After establishing the CC configuration, the resting membrane
potential was set to −70 mV by direct somatic current injections,
as required. The step-and-hold stimulation protocol included 10
steps of 500 ms long depolarization pulses (step size: 5, 10, 20, 40,
or 60 pA) with an inter-sweep interval of 6.5 s. The stimulus train
was repeated 1–3 times with a 20 s interval. The drift, if any, in
resting membrane potential during the recording was not cor-
rected for. However, any neuron whose resting membrane po-
tential varied more than 7 mV was not included in the database.
The frozen-noise (FN) stimulation protocol involved somatic in-
jection of the current that is the output of an artificial neural
network of 1,000 neurons, each firing Poisson spike trains in re-
sponse to a “hidden state” (see [34] for details and [35] on how
to generate the FN input and analyze the data).

Voltage-clamp protocol

The VC stimulation protocols included step-and-hold and saw-
tooth (triangular) pulse injections (Fig. 2). In both protocols, the
membrane potential was clamped at −70 mV prior to somatic
depolarization. In the step-and-hold protocols, 14 incremental
steps of depolarizing pulses (10 mV/each) were delivered for a
period of 250 ms with an interval of 20 s. Sawtooth pulses (range:
−70 to 70 mV) were delivered at three frequencies (5, 10, and
50 Hz) and consisted of five triangular pulses with peak-to-peak
distances of 200, 100, and 20 ms, respectively. Each trial was re-
peated twice with 20 s interval.

Data organization

Files in “.mat” (MATLAB) format containing the original traces
from each experiment are organized in folders separated by the
structure described in Fig. 2. Metadata including the date and
number of the experiments, the experimenter’s initials, the an-
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Figure 1: Acute slice preparation. (A) Coronal slices (300 micrometers in thickness) were prepared for ex vivo recording from the L2/3 neurons in the mouse primary
somatosensory cortex, barrel cortex subregion. (B) A low magnification view of the slice in 4x. (C) A representative neuron, intracellularly filled with biocytin and
visualized with DAB staining (VECTASTAIN Elite ABC Kit, RRID:AB 2336827) according to the manufacturer’s guidelines. (D) Distribution of the 326 neurons in this

database across males (39.9%) and females (60.1%) as well as the ages of the animals. (E) Classification of the neurons presumed fast-spiking (FS) and regular spiking
(RS) populations based on firing frequency and action potential half-width (see Methods section for details). (F-G) The distribution of cells across cell type and ages.

Figure 2: Experimental protocols and the hierarchical organization of the database. The data are available online at [36]·. The database contains two subfolders, current-

clamp and voltage-clamp, each of which has additional subfolders based on the stimulus protocols utilized in this study. Each dataset is provided in a .mat format
and includes both voltage and current channels unless otherwise described. The stimulus delivered to the cells as well as the cell’s response can be quantified from
these variables.

imal’s sex and age, the experimental protocol, the cell type, and
the animal number are included in a tabulated format (.xlsx,
Microsoft Excel; Supplementary Table S1). The experiments are
named as the date prefix experiment number protocol number.
All cells recorded from the same animal share the same experi-
mental date.

The CC data (see “Current Clamp” folder) contain two sub-
folders, Step Protocol and Frozen Noise. Step Protocol data in-
clude two channels (voltage and current), each of which includes

two columns (timestamp and voltage/current values in volt and
amp, respectively) for each repetition. Users can visualize both
the current injected to clamp the soma and the observed voltage
response. Data from each stimulus condition are saved under a
separate variable that starts with “Trace a b c d” and includes
information about (a) the cell and experiment ID, (b) the data
type, (c) the number of sweeps in each dataset, and (d) the chan-
nels.
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