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A brief overview of forebrain development: putative roles of 2-AG

Forebrain development commences when telencephalic vesicles are formed with neural stem cells
(NSCs) lining their walls. By embryonic day (E) ~10 in the mouse, the telencephalic NSC pool rapidly
expands in the cortical neuroepithelium and commits postmitotic neurons, primordial pyramidal cells,
to populate the preplate by E11 (Molnar et al., 2006). Continuous radial migration of pyramidal cells
allows the cortical plate to form such that by E14 it hosts the cell dense marginal and superficial
zones and the subplate, a transient compartment for thalamocortical axons (TCAs) to temporarily
reside before innervating their cortical targets (Bicknese et al., 1994). Meanwhile, pyramidal cell
axons grow in the intermediate zone (De Carlos and O'Leary, 1992). The first contingent of
tangentially-migrating GABAergic interneurons born in the ganglionic eminences (GEs) invades the
cerebrum by E12 with subsequent layer patterning achieved through radial migration from ~E15
(Tanaka et al., 2003). Neurons populating the hippocampus are generated in a similar sequential
fashion (Pleasure et al., 2000). Pyramidal cells are generated between E14-18, when CBR"
GABAergic interneurons already populate this region (Morozov et al., 2009), and extend their axons in
the fimbria hippocampi by ~E15.

2-AG signaling is significantly different in NSCs and postmitotic neurons: NSCs possess low CB1R
expression (Aguado et al., 2005) while their DAGLa/B activity is generally high both in vitro and in vivo
(Goncalves et al., 2008; Walker et al., 2009b). Neuronal commitment up-regulates CB4R expression
(Begbie et al., 2004). Conversely, DAGL expression is suppressed in cells undergoing GABAergic
lineage commitment in vitro (Walker et al., 2009a). The canonical view on neurodevelopmental DAGL
expression (Brittis et al., 1996; Bisogno et al., 2003) suggests that DAGLB is the primary 2-AG
synthetic enzyme in embryonic brain and selectively enriched in telencephalic axonal tracts. In
contrast, DAGLa is considered to be the predominant postnatal DAGL isoform (Bisogno et al., 2003;
Yoshida et al., 2006) with limited data available on its developmental expression. Similarly, the

developmental dynamics of CRIP1a and MGL expression are unknown.
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Nomenclature of anatomical structures used in this report*
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filopodium TCA thalamocortical axon
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'We have applied the nomenclature of Jacobowitz and Abbott (Jacobowitz and Abbott, 1997) to

describe neural structures in the developing mouse brain.

Legends to Supporting Figures and Table

Table S1

Fig. S1

List of markers used for immunofluorescence labelling. (A,A7) Panels of antibodies
applied to study the molecular composition and cell-type-specificity of 2-AG signaling in
developing mouse brain. Staining methods (Harkany et al., 2003; Riedel et al., 2002) and
antibody specificities were described in detail elsewhere unless stated otherwise. Table (A)
and (A,) list antibodies against molecular constituents of 2-AG signaling networks
(Uchigashima et al., 2007; Mulder et al., 2008; Katona et al., 2006; Yoshida et al., 2006;
Berghuis et al., 2007; Straiker et al., 2009) and neuronal identity markers (Keays et al.,
2007; Sabo and McAllister, 2003; Barbin et al., 2004; Berghuis et al., 2007), respectively.
Synaptic S.: Synaptic Systems GmbH.

Quality control of rabbit anti-CRIP1a antibody. (A) The specificity of our antibody raised
against the full-length CRIP1a protein has been validated by Western analysis (calculated

molecular size: 18 kDa; www.ensembl.org) and (B-B;) by eliminating CRIP1a
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Fig. S2

Fig. S3

Fig. S4

Fig. S5

immunoreactivity in HEK293 cells transiently transfected with hemagglutinin (HA)-tagged
CRIP1a when the polyclonal antibody has been preadsorbed with its cognate protein (FP).

Histochemical validation of antibodies. (A-D’) Histochemical controls confirming the
specificity of affinity-purified antibodies used in the present report include 1) testing in knock-
out mice (CB4R (A’)) or 2) comparing antibodies raised against distinct epitopes of a protein
(B,B’; C,C’). Specificity of our detection systems has been established by the lack of
immunoreactivity in the absence of any of the primary antibodies applied (D,D’). Solid and
open arrowheads point to the presence and lack of specific immunoreactivity, respectively.
(E) Western analysis of a novel antibody raised in guinea pig against DAGLa demonstrates
that this antibody recognizes its protein target in heterologous expression systems using V5-
tagged DAGLa (epitope tags were visualized by applying mouse anti-V5 antibody [Sigmal]).
Preadsorbtion experiments were performed by using corresponding fusion proteins (FP) at a

concentration of 5 pg/ml. Abbreviations: Supplemental information text. Scale bars = 50 ym.

Cellular MGL distribution as revealed by a novel antibody raised against MGL’s N-
terminal 1-35 amino acid fragment. The characteristic axonal staining pattern revealed by
the affinity-purified polyclonal antibody raised against MGL’s AA171-206 epitope (Figs. 6-9)
has been confirmed by showing that an alternative antibody raised against MGL’s N-
terminal extremity reveals identical MGL distribution in developing axons (arrows).

Arrowheads point to the boundary of MGL-sparse axonal segment. Scale bar = 20 ym.

Primers used to perform quantitative PCR. (A,) Isolation of intact RNA is essential for
gene expression profiling. Therefore, we ran an aliquot of total RNA (1 ug) isolated from
microdissected adult mouse brains (RNeasy Mini kit, Qiagen) on a 1.0% agarose gel with
GelGreen™ (Biotium). Sharp 28S and 18S rRNA bands indicate intact total RNA. (A;) Real-
time quantitative PCR (gqPCR) reactions were validated by preliminary testing of
amplification efficacy and by excluding the possibility of genomic DNA contamination in the
presence (+) or absence (-) of reverse transcriptase in parallel and running the samples on
1.5% agarose gel. Data for both CB4R and GAPDH, a housekeeping gene used as internal
standard, are shown. (B) Quantitative PCR reactions have been performed with primer pairs
amplifying short fragments for each gene. Primer pairs have been designed to efficiently

anneal to nucleotide sequences in mouse.

Functional integration of eCB signaling in developing subpallium. (A) Western analysis
of metabolic components of 2-AG signaling networks during successive developmental
stages. B-lll-tubulin served as protein loading control. (A;,A;) Quantitative analysis with each
data point representing mean integrated density values (+ sem) of DAGLa, MGL and CB4R,
CRIP1a in at least 3 independent experiments. Neonatal (P1) cortical samples were used to

normalize expression levels.*p < 0.05 (Student’s t-test).
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Fig. S6 Axonal MGL redistribution during synaptogenesis. (A) Postsynaptic target selection
coincides with MGL redistribution along the axon (arrowheads) and the growth cone (1,
arrow) facing a postsynaptic target (pst). In the meantime, motile axon collaterals lack MGL
(2; open arrowheads). (B-D,) Comparative analysis of growth cone morphologies, the
presence of postsynaptic targets, and MGL expression during successive stages of
synaptogenesis. VAMP2 was used as an early synapse-related marker in differentiating
growth cones (Sabo and McAllister, 2003). Note that only stationary growth cones harbor
significant quantities of MGL (D-D,). Solid arrowheads in (B-D,) mark the MGL gradient,
while open arrowheads point to MGL-sparse filopodia. Abbreviations: Supporting information
test. Scale bars = 15 um (A), 3 um (C,,D,).
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cerebrum thalamus cerebrum thalamus
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
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185 B> CBR
B
GenBank number Protein Primer pair’ T. (°C)° Localization
(forward) 5-TCTTAGACGGCCTTGCAGAT-3" exon 2
N_B0w72g CBRR  (reverse) 5-AGGGACTACCCCTGAAGGAA-3' 6d exon 2
(forward) 5-TCATGGAGGGGCTCAATAAG-3 exon 18
NM_198114 DAGLa  (1everse) 5-AGCCCTCCAGACTCATCTCA-3' 60 exon 20
(forward) 5-GTGTGCTGTGGTGGATTGTC-3' exon 1/2
N 144915 DAGLB (reverse) 5-TCTCATGCTGACACACACGA-3' 60 exon 2
(forward) 5-CAGAGAGGCCAACCTACTTTTC-3' exon 2/3
NM_011844 MGL  (reverse) 5-ATGCGCCCCAAGGTCATATTT-3' 62 exon 4
(forward) 5-AACTTTGGCATTGTGGAAGG-3 exon 5
NM_003084 GAPDH  (1everse) 5-ACACATTGGGGGTAGGAACA-3' 60/62 exon 7

a) ‘forward’ and ‘reverse’ indicate primer orientation
b) annealing temperature
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A

Marker Host Dilution Epitope Reference

CB.R goat 1:1,000 AA443-473 Uchigashima et al (2007)
CB.R guinea pig  1:1,000 AA400-473 Mulder et al (2008)
CRIP1a rabbit 1:2,000 AA1-164 present report
DAGLa guinea pig  1:1,000 AA790-908 Katona et al (2006)
DAGLa rabbit 1:1,000 AA1016-1042 Katona et al (2006)
DAGLa goat 1:1,000 AA1-42 Yoshida et al (2006)
MGL rabbit 1:1,000 AA1-35 present report

MGL rabbit 1:1,000 AA171-206 Straiker et al (2009)
A,

Marker Host Dilution Source Reference
B-11l-tubulin mouse 1:2,000 Promega Berghuis et al (2007)
Brn-1 goat 1:1,000 Santa Cruz Keays et al (2007)
L1-NCAM rat 1:1,000 Millipore Barbin ef al (2004)
Phalloidin (F-actin) 1:500 Invitrogen Berghuis et al (2007)
VAMP2 mouse 1:1,000 Synaptic S. Sabo et al (2003)




