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Abstract
Photonic bioimaging is a powerful tool for measurement of biological functions in living cells. It enables
us to identify when, how, and where a phenomenon of interest takes place such as gene expression and
interaction of molecules. To understand the sequential events happening in the brain, it is of special
importance to assess more than one parameter simultaneously. In this protocol, we describe detailed
methods of simultaneous and long-term measurement of gene expression and neuronal activity from a
cultured brain slice. We introduce bioluminescence imaging using CCD camera for measurement of gene
expression and multi-electrode array dish for recording of neuronal activity, which enables us to analyze
not only functions in a single cell but also cellular communications. The present bimodal recording
system reveals spatiotemporal relationship between gene expression and neuronal activity in a single
neuron, which promotes us to understand complex phenomena in the brain.

Introduction
Long-term monitoring of cellular activities of neurons is crucial to understand brain functions in
mammals. However, current in vivo monitoring systems such as PET or fMRI are still far from focusing
cellular functions, while in vitro monitoring using cultured brain slices presents sometime outcomes
di�cult to interpret in reference to a speci�c brain function. With respect to the latter issue, circadian
rhythms \(ca. 24 h rhythms), is unique. Circadian rhythms are detected not only in a single organism but
also in cells and tissues, which enables us to analyze the brain in vitro without missing a functional
marker. In mammals, the central clock which generates circadian rhythm and entrains to environmental
time cues is located in the suprachiasmatic nucleus \(SCN) of the hypothalamus1, 2. The unilateral SCN
contains about 10,000 neurons3 and individual SCN neurons show circadian rhythms in electrical activity,
cytosolic Ca2+, and gene expressions4-9. However, speci�c cell networks are required for the expression of
circadian rhythm in a tissue level, namely for functioning as the SCN circadian pacemaker. A current
hypothesis of circadian rhythm generation in a single cell is a molecular feedback loop composed of
several clock genes, such as _Period_ \(_Per_), _Cryptochrom_ \(_Cry_), _Clock_ and _Bmal1_, and their
protein products. The molecular oscillation transmits circadian signals to other cellular functions such as
membrane potential and �nally to behavioral activity rhythms. In turn, signals from other SCN cells
modify the molecular oscillation through intracellular signal transduction10. To understand the structure
and functions of circadian pacemaker in the SCN, a sequential events happing in a single oscillating cell
and cellular communication in the SCN should be monitored. Recently, we established simultaneous and
long-term measurement of clock gene expression, \(_Per1_) or clock gene product \(PER2) and electrical
activity at a single cell level in a cultured mouse SCN slice11. We monitored clock gene expression and
clock gene product by means of bioluminescence imaging using a luciferase reporter and electrical
activity using a Multi-electrode array dish, respectively11-14. The protocol provides useful information to
scientists who are interesting in cell and tissue level events not only related to the brain but also other
bodily functions.
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Reagents
Collagen \(Cellmatrix, Type I-C, Nitta Gelatin) Buffer for collagen solution \(refer to Table1) 10x DMEM for
MED coating with no supplemental materials sterilized with a 0.22 µm pore size �lter \(store in
0.2ml/1.5ml tube at -30 ºC until it is used). Culturing medium in CO2 incubator: DMEM high glucose \
(Invitrogen cat. No. 12100-046) + 32.1 mM NaHCO3, 20 mg/L kanamycin \(Gibco) sterilized with a 0.22
µm pore size �lter. 5% fetal bovine serum \(FBS) for �rst 3 days, 5% culture media supplements after 3
culture day. Recording medium in air: DMEM high glucose \(Invitrogen cat. No. 12100-046) + 10 mM
HEPES, 2.7 mM NaHCO3, 20 mg/L kanamycin \(Gibco) sterilized with a 0.22 µm pore size �lter. 5%
culture media supplements. FBS \(Gibco) Hanks’ balanced salt solution \(Sigma, cat. No. H8264) Culture
media supplements \(refer to Table2) D-Luciferin potassium salt \(Wako, 126-05116)

Equipment
MED probe \(MED-P210A, Alpha med scienti�c) MED64 system \(Alpha med scienti�c) Tissue chopper \
(McIlwain) EM-CCD camera \(ImagEM, Hamamatsu photonics) CO2 incubator 100 mm Petri dish O2

permeable �lm \(High-sensitivity membrane kit, YSI) Dissecting microscope Scalpel blades \(No. 10
curved) Transfer pipette \(Falcon) Laminar �ow hood or biological safety cabinet

Procedure
**Preparation of the MED probes** 1, The MED probe is placed in a sterilized disposable Petri dish \(100
mm diameter). 2, Rinse with sterilized distilled water \(SDW) three times, and then with 70% EtOH one
time about 15-30min. 3, Rinse the MED probe again with SDW 3 times, and dry up and expose to UV light
for 15-30 min. 4, On the day before culture \(or the same day of culture), treat the surface of the MED
probe with brief \(within one second) and repeated exposures to blue �ame to increase its hydrophilicity.
Exposure was repeated 8-12 times and each exposure followed by cooling for ~10 sec. 5, Put the MED
probe in to 4 ºC for about 15min. 6, Put collagen Type 1-C 0.8ml \(Nitta gelatin ; Cellmatrix), x10 DMEM
0.1 ml, and buffer \(Table 1) 0.1 ml into the 1.5ml tube on ice, and gently mix. 7, The MED probe is place
on a cold pack, and apply the mixed collagen solution into the probe. After evenly wet the whole surface
of MED probe, rest of the collagen solution must be removed as much as possible. 8, Apply SDW in the
Petri dish outside of the MED probe to keep moisture. Incubate the MED probe in 37 ºC for 1-2 hours to
�rm the collagen gel. Be sure that the collagen gel is formed by microscopic observation, since collagen
some lot of Collagen Type I-C does not form collagen gel. 9, Rinse with SDW one time, and the MED probe
is pre-incubated with culturing medium contained 5% FBS until it is used. **SCN slice preparation for long
term culturing on the MED probes** 10, Hypothalamic slices \(200µm thick) containing the SCN are
obtained from the hypothalamic block \(≈ 2 x 1 x 5 mm) of mice of 2-5 days of age using a tissue
chopper. 11, After trimming, hypothalamic slice containing the SCN is placed on the collagen-coated MED
probe using a transfer pipette. Set the slice so that the SCN covers the electrodes. 12, Removed medium
on the MED probe, and then the SCN slice is incubated in a CO2 incubator with 100% humidity for 1-2 h
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until the slice attaches to the collagen gel. 13, After 1-2 h incubation, add 250μl culturing medium
contained 5% FBS into the MED probe, and the SCN is incubated in a CO2 incubator. Half volume of
medium \(add 250μl and remove 250μl) is exchanged every day for �rst 10 culture days, thereafter
medium exchange is performed every other day. For �rst three days, medium should contain 5% FBS, but
thereafter 5% of supplement instead of serum. Within a few days, neurites start to extend from the
periphery of the explants as shown in Figure 1b. **Measurement of clock gene and neuronal activity
rhythms from the SCN on the MED probe** 14, To measure clock gene expression from the SCN neuron,
transgenic mice carrying a luciferase reporter are used. Transfection of luciferase reporter may also be
used. We used transgenic mice carrying a luciferase reporter listed below.  _Per1-luc_ \(_Per1_ promoter
driven luciferase reporter)14  PER2::LUC \(Luciferase reporter fused to _Per2_ protein)15 15, One to three
weeks after preparation, recording is started by setting the MED probe with cultured SCN slice in an MED
connector. The connector is then placed in the stage-top incubator of a microscope. To keep humidity of
and oxygen level for cultured SCN slice stable, the MED probe is sealed with O2 permeable �lm by
attaching the �lm to the edge of the probe wall with silicone grease. 16, Stage-top incubator \(280mm
width x 200mm depth x 70mm height) is made of an acrylic glass of 8 mm thick. Temperature in the
incubator is controlled by circulated warmed air \(Figure 1a). 17, Bioluminescence is captured by an EM-
CCD camera, and microscope should be covered dark box to prevent unnecessary light. Since intensity of
bioluminescence is very weak, expose time could vary 20-60 min depending on the reporter signals.
Bioluminescence imaging of the SCN on the MED probe is shown in Figure 1b. CCD camera is set at the
top or the bottom port of the microscope. For the upright microscope, a CCD camera is set at the top port,
and the stage-top incubator needs a whole for the objective lens. The hole should be sealed with
insulation foam, and the lens may be warmed with e.g. heating band. For the inverted microscope, a CCD
camera is set to the bottom port of the microscope. The stage-top incubator does not need a hole on the
top, but the objective lens beneath the MED probe needs to be warmed. Electrodes interrupt the
bioluminescence signals when images are taken from the bottom port of the microscope. 18,
Spontaneous �ring frequency is counted if an amplitude of an action potential is exceeded a threshold
level. In the SCN slice, we set the threshold level to signal to noise ratio ≈ 2.0.

Timing
Step1-4: Pre-treatment for coating: 60-90 min Step5-9: Collagen coating: 2-2.5 h Step10-13: Preparation
of SCN slice culture: 15min per one slice Step14-18: Recording: It is possible to record about 2-3 weeks
without medium exchange.

Troubleshooting
For long-term and simultaneous measurements of neuronal activity and bioluminescence from the SCN,
the MED probe should be prepared with special care. 4, Exposure of MED probe to blue frame should be
brief. If the surface of the probe is still hydrophobic, repeat brief exposure with cooling after each
exposure. Please refer to Movie 1. 6, Collagen coating of the MED probe should be done on cold pack or
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ice block to coat it uniformly. Avoid forming bubbles in collagen solution. 11, Mechanical stress to the
brain slice, such as �ushing with medium or touching with forceps, should be minimized while setting the
slice on the electrodes of the MED probe. 13, Of critical importance, adjust the medium volume so that the
slices is kept wet but not submerged in medium.

Anticipated Results
The protocols and results present the relationship between clock gene expression and its output signal,
neuronal activity rhythms, in the SCN slice. This methods enable us to measure gene expression and
neuronal activity of neuron of interest simultaneous at real-time for several weeks without medium
exchange. Responses of the two parameters can also be monitored simultaneously to various kind
stimuli, e.g. by passing electric currents of desired frequency and amplitude to the selected electrode and
by applying drugs. Optical tools can also be applied, such as caged compounds and optogenetics.
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Figure 1

Simultaneous recording system of bioluminescence and neuronal activity from cultured SCN (a) The
photograph indicates simultaneous recording system in the dark box (A). A CCD camera (B) is installed at
the top port of an upright microscope. A stage-top incubator made of acrylic glass (C) is warmed at 37ºC
by a heating system (D). An MED connector (E) is put in the stage-top incubator of the microscope. An
MED probe (F) and 64 electrodes (G), each 20 x 20 µm in size, are arranged in the center area of 0.7 mm x
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0.7 mm of the MED probe. The MED probe is sealed with oxygen permeable �lm and set to the MED
connector to monitor membrane potential. (b) Bright �eld (left) and Per-1luc bioluminescence (right)
images of cultured SCN slice on an MED probe. A scale bars are 100µm. 3V: Third ventricle. OC: Optic
chiasm.

Figure 2

Table 1 The ingredients of buffer for collagen solution

Figure 3

Table 2 The ingredients of supplements for DMEM medium (x20 solution)
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