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Scale: a chemical approach for fluorescence imaging
and reconstruction of transparent mouse brain

Hiroshi Hama', Hiroshi Kurokawa'~, Hiroyuki Kawano'~, Ryoko Ando', Tomomi Shimogori',
Hisayori Noda', Kiyoko Fukami?, Asako Sakaue-Sawano'” & Atsushi Miyawaki'-
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ity for fluorescence imaging is retained. It was reported that wild-type
Aequorea green fluorescent protein (GFP)
is sensitive to 8 M urea at acidic pH but not a
at neutral or alkaline pH'". We verified that
the fluorescence of enhanced GFP (EGFP)

G20-nm laser

Figure 3 Three-dimensional reconstructions of
YFP-expressing neurons in ScaleA2-treated brain
samples of YFP-H mice. The actual imaging
depth is shown in parentheses. Unsectioned
brains (a-m) and an excised hippocampus (n,0) thy1-YFP lina H
were imaged. (a—c) TPEFM imaging using a i
25x objective (XLPLN25XWMP, numerical
aperture (NA) = 1.05, working distance =

2.0 mm). The experimental setup for TPEFM
imaging using the commercially available
objective is shown in a. A three-dimensional
reconstruction of YFP-expressing neurons in 16
(8 x 2) quadratic prisms located in the cerebral
cortex and hippocampus is shown in b.

A high-magnification xy image at a depth of

0.9 mm (a yellow box in b) is shown in ¢,

{d—k) Three-dimensional reconstruction of
YFP-expressing neurons in a quadratic prism
located in the cerebral cortex. The same brain
region was imaged using a 20x objective
(W-PlanApochromat, NA = 1.0, working distance
= 2.0 mm) and taking both two-photon (920-nm excitation, d-g) and one-
photon (514-nm excitation, h-k) approaches. For each volume rendering,
three xy images at different z positions (d-f and i-k) are presented.

{l-o) TPEFM imaging using a custom-designed objective with a working
distance of 4.0 mm. The experimental setup for TPEFM imaging using the
objective lens is shown in | and n. Three-dimensional reconstructions of
YFP-expressing neurons in a quadratic prism located in the cerebral cortex
and hippocampus (m) and in 24 (4 x 6) quadratic prisms located in the
excised hippocampus (o) are shown. DG, dentate gyrus; GCL, granule cell
layer; ML, molecular layer. All scale bars represent 50 um.
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Figure 5 Quantitation of the distances between proliferating neural stem (1.5 mm)
cell (PNSC) nuclei and blood vessels in the subgranular zone (SGZ) of '
adult mice. (a—c) Visualization of GFP-labeled neural stem cells (NSCs) g |
and Texas Red-labeled blood vessels in the adult mouse hippocampus. = 500 . PNSC nudel |
A schematic diagram showing the approach of TPEFM imaging (red arrow) g Total nuclel
to a cleared excised hippocampus is presented in a. The imaged area is =
shown by six quadratic prisms. A high-magnification volume rendering of ; 200 i
NSCs (green) and blood vessels (red) in the SGZ is shown in b. Volume 8 i |
renderings generated from a large region in the hippocampus are shown > o 8 |
in ¢, Five perspective views were created from different angles (D, dorsal; 6 50 a0 40 50
V, ventral; C, caudal; R, rostral; F, front). GCL, granule cell layer; ML, (16} (24) (32) (40 -
molecular layer. (d-h) Hippocampi were excised from the fixed brains of h Distance (um) |
#504 mice (7 weeks old) and cleared with ScaleA2 for 2 d, An excised =
hippocampus for TPEFM imaging is shown in d. The quadratic prism that 2 e = PNSC nudal |
was approached from the surface (red arrow) is shown. The objective was = Wl = Total nuckel |
placed so that the z axis came into contact with the apex of the hilus. S 2 | |
A series of perspective images of PNSC nuclei (green) and blood vessels g’
(red) when tunneling into the hippocampus are shown in e, Backward E ' - )
perspective images were created at different depths. After passing through g e ey
the SGZ, no PNSC nuclei were seen ahead. These images are animated o {E {fg'.l {gi} tgﬁ {ﬁ} Y
in Supplementary Video 4. RINZO automatically calculated the distance Distance (um)

{white lines) from each PNSC nucleus (green) to the nearest blood vessel
(red) surface (f). Histograms show the distribution of distances to blood vessels for all SGZ cell nuclei (violet), and for PNSC nuclei (green). Cell numbers (g)
or their frequencies (h) were plotted. The real distance is shown in parentheses, Scale bars represent 500 um (b,¢) and 20 um (e,f).
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Step 1: hydrogel monomer infusion (days 1-3)
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Figure 4 | Multi-round molecular phenotyping of intact tissue. a, First
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Figure 1| Brainbow-1: stochastic recombination using incompatible lox
variants. a, In Brainbow- 1.0, incompatible sets of lox sites alternate: Cre
chooses between exdsion events 1 or 2. Before Cre action, only the gene
following the promoter is expressed (RFP). Recombination switches
expression to either YFP (1) or M-CFP (2). b, HEK cells stably transfected
with CMV-Brainbow-1.0 express RFP. On transient transfection with Cre,
these cells rand omly switch tn YFP or M-CFP exmression. . In Rrainhow- 1. 1.

¢ Brainbow-1.1
Construct 0 2]
loxN lox2272 loxP
on O o A DUV oA DD oA i\ﬁfl'j
(CMVIThy1) ‘Cre-mecﬁated recombination

Outcomes
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d Testin vitro

a third set of incompatible lox sites (loxN) is added, creating three
recombination possibilities (1, 2 or 3), switching OFP expression to RFP,
YFP or CFP expression. d, Cells stably transfected with Brainbow- 1. 1 express
OFP. Cre recombination leads to expression of M-RFP, M-YFP or M-CFP.
pA, polyadenylation signal; M-XFP, membrane-tethered XFP. FRT site
allows reduction of transgene arrays (Fig. 4d). Sale bar, 50 pm.

Vol 450|1 November 2007 |doi:10.1038/nature06293






a Brainbow 1.0 g
[ B> e o> Ve oA)> s (4
Brainbow 3.0

[ B> e > oo (7> mmp

Brainbow 3.1

[t P {eeese ol oy (> necsen (41> mumm

Brainbow 3.2

[ P> (oneems > > o (F-472> neaeen (o> mm (]

540 | VOL.10 NO.6 | JUNE 2013 | NATURE METHODS



B Adenomad4wks RFP/ [ LarS-EGF]

Fig. 1. Large adenomas consist of individually colored segments with stem cells
located adjacent to Paneth cells. (A) Possible outcomes of the R26R-Confetti
locus after the first Cre recombination (tracing) and second Cre recombination
(retracing). (B) Confocal imaging of an adenoma in a Lgr5**” "= ap %
R26R-Confetti mouse after 4 weeks of tracing. The adenoma consists of
multiple segments (white dashed lines), which are marked uniformly by a
single color (or are unmarked). RFP (red fluorescent protein) and YFP (yellow
fluorescent protein) tracings are shown in red and yellow, respectively. Lgr5™
stem cells (green) are located toward the base of adenoma segments. Colors
are overlaid on a differential interference contrast (DIC) image in gray. (O
Digtribution of stem cells marked by LgrS-GFP and Paneth cells, marked by
lysazyme (purple) at the base of wild-type (WT) arypts (left). (Right) Lgr5™ stem
cells (green) are located adjacent to Paneth cells (purple) toward the base of

www.sciencemag.org SCIENCE VOL 337

Adenoma 4wks

an adenoma segment (indicated by the red dashed line). (D) Schematic
representation of the intermingled stem cells and Paneth cells in wild-type
aypts (left) and adenomas (right). Scale bars indicate 50 um.
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