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Abstract

The G72/G30 gene complex is a candidate gene for schizophrenia and bipolar
disorder. However, G72 and G30 mRNAs are expressed at very low levels in human
brain, with only rare splicing forms observed. We report here G72/G30 expression
profiles and behavioral changes in a G72/G30 transgenic mouse model. A human BAC
clone containing the G72/G30 genomic region was used to establish the transgenic
mouse model, on which gene expression studies, Western blot and behavioral tests
were performed. Relative to their minimal expression in humans, G72 and G30 mRNAs
were highly expressed in the transgenic mice, and had a more complex splicing pattern.
The highest G72 transcript levels were found in testis, followed by cerebral cortex, with
very low or undetectable levels in other tissues. No LG72 (the long putative isoform of
G72) protein was detected in the transgenic mice. Whole-genome expression profiling
identified 361 genes differentially-expressed in transgenic mice compared to wild-type,
including genes previously implicated in neurological and psychological disorders.
Relative to wild-type mice, the transgenic mice exhibited fewer stereotypic movements in
the open field test, higher baseline startle responses in the course of the prepulse
inhibition test, and lower hedonic responses in the sucrose preference test. The
transcriptome profile changes and multiple mouse behavioral effects suggest that the

G72 gene may play a role in modulating behaviors relevant to psychiatric disorders.
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Introduction

Several linkage studies and meta-analyses support a broad region on
chromosome 13g32-g34 as genetically linked and associated with schizophrenia (SZ)
and bipolar disorder (BD) (1-4). Chumakov et al. interrogated a 5 Mb region on 13933
and identified a 65 Kb region that harbored significant SZ association signals in two
sample sets (5). Within the associated region, a pair of sense and anti-sense genes,
G72 and G30, were identified by reverse transcription-PCR (RT-PCR) (5). This region's
association with SZ and BD has been replicated in multiple studies, although negative
results exist as well (6-9). Our meta-analysis supported the association with SZ in
Chinese samples but not in Europeans (10). The G72/G30 gene complex is regarded as
an important candidate for Sz (11;12), BD (13;14), or both (11;15-18). G72 genotypes
have also been associated with brain function in humans during verbal fluency tests
(19;20), and with brain structure changes in bipolar patients (21).

No gene homologous to G72 has been found in any non-primate species,
including mouse (5). Furthermore, no conserved functional domains are found in any
predicted G72 protein sequences. G72 is expressed at very low levels in human brain.
Six different splicing forms have been previously identified in various parts of the human
brain, spinal cord, and testis (5;22).

To date, two hypotheses regarding the function of G72 have been proposed: the
G72-D-amino acid oxidase-N-methyl-D-aspartate (G72—DAAO-NMDA) receptor
hypothesis and the G72-mitochondrial hypothesis. The original G72-DAAO-NMDA
receptor hypothesis was based on in vitro experiments suggesting that LG72 (a long
putative isoform of G72 protein) binds to and activates DAAO, which oxidizes D-serine,
an endogenous ligand of the NMDA receptor. These observations linked G72 to the
glutamate signaling hypofunction theory of schizophrenia (23) and indicated a possible

role for LG72 in the regulation of NMDA-type glutamate receptors in the human brain (5).
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However, the activator function was challenged in a later study, which found an
inhibition rather than an activation of DAAO activity by LG72 (24). In contrast to these
two studies, Kvajo et al. failed to confirm any functional interaction at all between G72
and DAAO in two different cell lines (25). Instead, their transfection experiments in
multiple mammalian cell lines and in rat primary neurons indicated that the LG72 isoform
encodes a mitochondrial protein that can promote mitochondrial fragmentation and
dendritic arborization. Therefore, they proposed a connection between the LG72 gene
and mitochondrial functionality. These inconsistent in vitro results suggest that the actual
biological mechanisms of G72 remain to be further explored and fully clarified.

To address the in vivo expression and behavioral effects of G72, Otte et al.
established a G72/G30 BAC (bacterial artificial chromosome) transgenic mouse model.
They reported that G72 expression was highest in the granular cells layer of the
cerebellum, dentate gyrus, and olfactory bulb. They also reported phenotypic changes
that included reduced mitochondrial complex | activity and synaptic defects, impairments
in spatial memory and prepulse inhibition, a higher sensitivity to phencyclidine, increased
compulsive behaviors, and deficits in motor coordination and smell identification (26;27).

To investigate the gene’s effect on phenotypes, including whole genome
expression profile and behaviors, we independently developed a G72/G30 BAC
transgenic mouse model using a different BAC clone and different mouse strain than
Otte et al. First, we performed a thorough search for G72/G30 transcripts by RT-PCR,
cloning and sequencing, then measured G72/G30 levels in multiple tissues and brain
regions using TagMan quantitative PCR (gPCR). We used lllumina's Sentrix Mouse-6
Expression BeadChip to profile whole genome expression in the mouse cortex to study
the response of the mouse transcriptome to the introduced gene. To assess to what
extent the transgenic mouse reflects G72/G30 expression in human, we also assayed
G72/G30 transcripts in multiple human tissues and brain regions (Supplemental
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Information). We also tested for LG72 protein expression in the transgenic mice by
Western blot. Finally, we examined the behavioral phenotypes of these mice using a

battery of behavioral tests.

Materials and Methods
Generation of a G72/G30 transgenic (Tg) mouse model

We used a human BAC clone, RP11-166E2 (GenBank: AL359751), from
Children’s Hospital Oakland Research Institute (CHORI, Oakland, CA) to make the
transgene. This clone contained 117,068 bp of genomic region encompassing the entire
G72/G30 gene complex (Supp. Figure 1). The BAC clone was microinjected into the
fertilized ova of embryos from a female B6CBAF1/J mouse (The Jackson Laboratory,
Bar Harbor, ME). Microinjection and generation of transgenic mice were performed by
the Transgenics/ES Cell Technology Mouse Core Facility at The University of Chicago.
Mouse tail DNA extraction, genotyping, and animal care are described in Supplemental

Information.

RNA isolation, RT-PCR and T-A cloning

Transgenic mice were sacrificed at five different postnatal stages: one day, two
weeks, one month, two months and five months. They were decapitated for immediate
dissection of multiple tissues and brain regions (cerebral cortex, striatum, hippocampus
and cerebellum) on dry ice. Total RNA was extracted using the RiboPure Kit per the
manual instructions (Ambion, Austin, TX).

G72/G30 specific primers, RT-PCR, T-A cloning and sequencing are described in

Supplemental Information.

G72/G30 TagMan qPCR



Pre-designed TagMan gene expression assays for G72 and G30 were obtained
from Applied Biosystems (Foster City, CA). Expression levels of G72 and G30 were
normalized to 18s ribosomal RNA. Details of qPCR and analysis procedures are

described in Supplemental Information.

Mouse whole genome expression profile analysis

The Sentrix Mouse-6 Expression BeadChip (lllumina, San Diego, CA) was used
to screen for differential expression in the cerebral cortex between G72 Tg and wild-type
(WT) mice. These BeadChips have genome-wide coverage of 34,492 genes. Total RNA
extracted from the cerebral cortex of 18 adult (2—3 months old) mice (13 Tg, 5 WT) was
reverse transcribed to synthesize complementary DNA (cDNA). After in vitro
transcription to biotin-labeled complementary RNA (cRNA) and hybridization, BeadChips
were scanned with the BeadArray Reader (lllumina). The experiments were performed
at the Genomics Core facility of Northwestern University. The average signal of each
probe was log2 transformed. Batch effects were removed with ComBat
(www.bu.edul/jlab/wp-assets/ComBat/Abstract.html) (28). After array-level quantile

normalization (Partek software, http://www.partek.com), ANOVA was used to test for

differential expression between Tg and WT mice. Functions and Canonical Pathways
analysis was performed for differentially expressed genes with Ingenuity Pathways
Analysis software (IPA, Ingenuity Systems, Redwood City, CA). SYBR Green gPCR was
used to validate the differential expression between Tg and WT mice for several mouse
genes including Dlg4 (Discs, large homolog 4 (Drosophila)), Kcnel (Potassium voltage-
gated channel, Isk-related subfamily, member 1), Pcdh8 (Protocadherin 8, transcript
variant 2) and Psap (Prosaposin, transcript variant 2). Details of SYBR Green gPCR are

described in Supplemental Information.


http://www.partek.com/

Mitochondrial isolation, whole cell protein preparation, and Western blot

We looked for LG72 protein in both mitochondrial fractions and whole cell lysates
from Tg mouse tissues with Western blot assay.

Mitochondria were isolated from mouse tissues using the Mitochondrial Isolation
Kit for Tissue from Pierce (Rockford, IL). Mitochondrial pellets ranging from 40-50 ug
were solubilized in 1% n-dodecyl B-maltoside (Sigma-Aldrich, St. Louis, MO, USA) in
PBS and run on 4-12% gradient NuPage gels (Invitrogen, Carlsbad, CA, USA).
Mitochondrial proteins extracted from G72, G72-myc, and empty vector (mock)
transfected Cos-7 cells were used as controls, and were gifts from Dr. Mirna Kvajo and
Dr. Joseph Gogos (25). Western blot was performed as previously described (25). After
incubation with the second antibody and washing, the blot was developed using highly
sensitive Western Lightning Plus-ECL reagent (PerkinElmer, Shelton, CT) and exposed
to film. Antibodies used were rabbit anti-prohibitin (1: 2,000, Abcam, Cambridge, MA,
USA) and purified rabbit polyclonal-anti G72 antibody (1:100), a gift from Kvajo and
Gogos (25). This antibody was raised against amino acids (aa) 51-69 of the LG72
protein and its specificity was determined as described in Kvajo et al.'s study (25).

For cell total lysate preparation, mouse tissues were homogenized in cold RIPA
(radio-immunoprecipitation assay) buffer with PMSF (phenylmethylsulfonyl fluoride) and
protease inhibitor on ice using a Kotes homogenizer. After sonication and centrifugation,
80-90 ug of supernatant was loaded into a NuPage gel. Rabbit polyclonal-anti G72
(1:100) (gift from Kvajo and Gogos), and mouse anti-GAPDH (1:10000, Abcam) were
used. Other anti-G72 antibodies used included LG72 N-terminal and C-terminal
antibodies (chicken anti LG72 4-16 aa and 114-125 aa, respectively; a gift from Dr.
Husseini Manji, NIMH), and a purified goat polyclonal antibody against N-terminal of

LG72 (sc-46118, Santa Cruz Biotech, CA).



Behavioral Testing
We used five behavioral tests to assess the effect of G72/G30 on behavioral
traits with potential relevance to SZ.
1. The open field test was used to measure general locomotor activity and
stereotypic behaviors.
2. Prepulse inhibition (PPI) testing was used to evaluate the startle response and
integrity of sensorimotor gating mechanisms.
3. The sucrose preference test was used as a measure of anhedonia.
4. The Morris water maze was used to test for spatial learning and memory
deficits.
5. The modified Forced Swim Test (FST) was used to assess depression-like
behavior.

A detailed description of these tests can be found in Supplemental Information.

Statistical Analyses

To determine the genotypic effects on G72 expression and behavioral responses,
a two-way analysis of variance (ANOVA) was used, followed by a post hoc analysis or
the Student's t-test where appropriate. Repeated measures ANOVA were used when
data were collected in multiple trials. All data are expressed as the mean £+ SEM
(standard error of the mean). A p value less than 5% was considered a significant

difference. For analyses specific to experiments, see Supplemental Information.

Results
G72 and G30 transcripts were highly expressed in the Tg mice, with multiple
alternative splicing isoforms identified

We established the Tg mouse model carrying the human BAC clone RP11-
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166E2. Pulse-field gel electrophoresis and PCR of fragments at both ends and in the
middle of the BAC clone verified that the BAC had been incorporated into the founder
mice (data not shown). The Tg mice were fertile and appeared healthy. Stable transgene
transmission between generations was detected using qPCR (data not shown).

The primer pairs 1F2/R2, 1-2-3F/R and P1/P2 were used for RT-PCR, with Tg
mouse brain cerebral cortex RNA used as template. The further cloning and sequencing
results indicated that the six human G72 forms also existed in the Tg mouse cerebral
cortex (data not shown). Furthermore, thirteen novel splicing forms were identified in the
mouse cerebral cortex; four of these we also detected for the first time in the human
testis and brain tissue (GenBank: DQ386869, DQ386870, DQ343761 and DQ357223)
(Figure 1B, Supp. Table 5). The remaining nine novel isoforms were only observed in
the Tg mouse cerebral cortex (G72-Tgl to G72-Tg9, GenBank: JN413793 — JN413801,
Figure 1B). They were identified through various combinations of primer pairs as
described in Supp. Table 1.

The total nineteen splice variants defined ten exons (Figure 1B, C). Based on the
inclusion level of each exon (29;30), transcripts generally contained major-form exons 3,
4, 6, 9, and 10, with the variable inclusion of minor-form exons 1, 2, 5, 7 and 8. In
addition, exon 6 is included in all variants, while exon 5 is rare and only present in
variant 3 (Figure 1B). Furthermore, on the basis of the variants we have seen, three
modes of alternative splicing were identified for G72 transcripts: exon skipping,
alternative 3' end, and intron retention (30) (Figure 1C).

TagMan gPCR indicated that G72 mRNA was expressed the most in testis,
followed by cerebral cortex , and expressed least in lung and heart; it was undetectable
in other tissues (kidney, spleen, etc.) (Supp. Table 2).In brain, G72 was expressed at its
highest level in cerebral cortex, followed by striatum and hippocampus, and was almost
undetectable in cerebellum (Figure 2). In cerebral cortex, no significant differences in
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G72 expression were observed among five postnatal time points (one day, two weeks,
one month, two months and five months) (data not shown), indicating that G72
expression in the brain of Tg mice is not developmentally regulated. No significant
difference in G72 expression was observed in cerebral cortex between male and female
mice (data not shown).

RT-PCR and electrophoresis indicated strong G30 expression in the Tg mouse
cerebral cortex with primer G30 F2/G30 R only. A novel long exon (3453 bp), created by
the retention of the intron (1712 bp) between exons 6 and 7, was identified by
seqguencing. Similar to G72, qPCR detected a relatively high G30 expression level in the
Tg mice cerebral cortex and testis, lower levels in striatum and hippocampus, and none

in cerebellum (Supp. Table 2).

Differentially-expressed genes were associated with genetic disorders and
psychological disorder categories

After a one-way ANOVA, 6,472 probes showed differential expression in cerebral
cortex between Tg (n=13) and WT (n=5) mice (p < 0.05); 371 probes survived multiple
test correction with a false discovery rate (FDR) of q < 0.05. These 371 probes
represented 361 individual genes (Supp. Table 3). Ingenuity Pathways Analysis
indicated many of these differentially-expressed genes were associated with
neurological disease, genetic disorders and psychological disorder categories (Supp.
Table 4). These genes included several possible candidate loci such as DLG4 (synonym:
postsynaptic density protein 95, PSD95) (31), PCDH8 (32), PSAP (33), CLDN5 (Claudin
5) (34;35), DPYSL2 (Dihydropyrimidinase-like 2) (36) for SZ, GRIN2B (glutamate
receptor, ionotropic, NMDA2B (epsilon 2)) (37;38), HTR2C (5'-hydroxytryptamine
(serotonin) receptor 2C) (39;40) for both SZ and BD, and ATP1A3 (ATPase, Na+/K+
transporting, alpha 3 polypeptide) (41), DUSP6 (Dual specificity phosphatase 6) (42),
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KCNQ?2 (potassium voltage-gated channel, subfamily Q, member 2) (43) for BD (Supp.
Table 3). The differential expression levels of some genes between Tg and WT mice

were validated with SYBR Green qPCR (Supp. Figure 2).

No native LG72 protein detected in Tg mice

We validated the anti-G72 antibody described by Kvajo et al. (25) for Western
blot. This antibody readily detected specific LG72 protein signal in mitochondria of G72
and G72-myc transfected Cos-7 cells, and showed no specific signal in mitochondria of
mock transfected cells (Figure 3A, left panel). The apparent molecular weight of G72
was ~18 kDa, while G72-myc was slightly heavier.

We then performed Western blot on mitochondrial extracts from cerebral cortex,
testis and cerebellum of Tg mice and WT controls. To maximize the possibility of
detecting even weak signals, we loaded 40-50 pg of mitochondria and 80-90 ug of total
lysate on the gel, and developed the blot using the highly sensitive detection reagent
Plus-ECL (benefits include low 1 - 10 picogram protein sensitivity level, and that signal is
maintained for over two hours) in combination with long exposure time (>10 min). Even
s0, no specific signal for endogenous LG72 protein was observed in either mitochondrial
fractions or whole cell total lysate at the expected molecular weight of ~18 kDa, even in
cerebral cortex and testis (Figure 3A, right three panels; Figure 3B) where high
expression of G72 mMRNA was detected by gPCR.

We tested three other available anti-G72 antibodies with whole cell lysate of Tg
mouse tissues and could not detect G72 protein expression in any of the samples (data

not shown).

Tg mice exhibit fewer stereotypic movements in the open field test
We used open field test to assess general locomotor activity and stereotypic
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behaviors of the Tg mice. We found Tg mice spent significantly less time in stereotypic
behavior (small repetitive movements with no obvious goal) [F(1, 79) = 5.27; p=0.02]
compared with controls (Figure 4A). There was no significant difference in total distance
traveled [F(1, 79) = 3.01; p = 0.09] (Figure 4C) and ambulatory time [F(1, 79) = 2.99; p =
0.09] (Figure 4D) between groups, indicating that Tg mice had no deficit in general motor
activity. No significant difference between groups was observed in time spent in central
and peripheral areas [F(1, 79) = 0.16; p = 0.69] (Figure 4E) or in resting time [F(1, 79) =
0.45; p = 0.5] (Figure 4F).

To confirm the phenotype of fewer stereotypic behaviors observed, we used a
new batch of Tg mice with controls in another activity tracking system. The tracking data
collected from 15 and 30 minutes after the start of the experiment were used. The
stereotypy count of Tg mice was significantly less than controls in the 15 minute period
[F(1, 27) = 4.46; p=0.04] and even less in the 30 minute period [F(1, 27) = 6.12; p=0.02]
(Figure 4B). As above, there was no significant difference between Tg and WT mice for

other measurements like ambulatory distance, ambulatory time, etc. (data not shown).

Tg mice show higher baseline startle responses in the course of PPI test

Base startle reactivity in block 1 (six consecutive PULSE ALONE 120 dB bursts)
was significantly higher in Tg mice compared to WT [F(1, 26) = 6.69; p=0.02] (Figure 5A).
The lack of genotype x block interaction [F(3, 78) = 0.48; p=0.70] revealed that there
were no differences between Tg and WT mice in terms of habituation, which is defined
as the decrease of startle response from block 1 to 4 (the slope of the curve) (Figure 5B).

No effect of genotype on PPI was found [F(1, 26) = 0.29; p=0.60] (Figure 5C).

Tg mice had lower hedonic responses in the sucrose preference test
Compared to WT, the Tg mice consumed significantly more water [F(1, 39) =
8.00; p=0.007] (Figure 6A) and marginally less sucrose [F(1, 39) = 3.58; p=0.07] (Figure
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6B). The sucrose preference of the Tg mice was significantly lower than WT [F(1, 39)
=7.03; p = 0.01] (Figure 6C) across all sucrose concentrations. These data suggest that
hedonic responses were reduced in G72/G30 Tg mice and that reward pathways may be
affected.

Results for the Morris water maze and the modified Forced Swim Test were

negative (see Supplemental Information).

Discussion

Our study indicated that the transgenic mice we established over-expressed
G72/G30 relative to humans, where they are expressed at extremely low levels. It also
demonstrated the altered expression of genes involved in neurological and psychological
disorders, through a whole genome expression BeadChip study. No LG72 protein was
detected in Tg mice. The behavioral changes in Tg mice suggested that the G72 gene
does play a role in modulating behaviors.

G72 and G30 are very low abundance transcripts in human tissues (5;22), and
the in vivo expression profiles and functions of G72/G30 are not well-delineated. To
address the in vivo expression and behavioral effects of the G72/G30 gene complex, we
independently generated G72/G30 BAC transgenic mice using a human BAC clone,
RP11-166E2, which is available from a public library. This BAC clone retained the whole
structure of G72/G30 gene (introns and exons) and upstream/downstream flanking
regions, which may include native regulatory cis elements (Supp. Figure 1). We further
assayed G72/G30 transcripts in both Tg mice and human, and compared expression
levels and splicing forms between the two (Supplemental Information and Figure 1).

The transgenic mice over-expressed G72 and G30 transcripts relative to their
extremely low level in humans. In Tg mice, we found G72 and G30 expressed at the
highest levels in testis, followed by cerebral cortex, and very low or undetectable levels
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in cerebellum and other tissues. To some extent, this pattern mimics the G72/G30
expression profile in human tissues (Supp. Tables 2 and 5). This expression pattern is
contrary to the observation in Otte et al.’s transgenic mice, where G72 expression was
highest in the cerebellum; however, in that study, a different BAC clone (RP11-111A8)
and mouse strain (CD1) were used (26). In our Tg mouse cerebral cortex, the six known
human G72 forms were detected, plus 13 novel splicing variants were identified. The
total nineteen variants defined a total of ten exons and three modes of alternative
splicing for G72 transcripts, which may indicate a more complex splicing profile and
pattern in Tg mice than in human (Figure 1). However, these novel variants may have
been detected because of the overall elevated G72 expression levels in Tg mice, i.e.,
these forms may exist in humans, but at levels below the detection threshold.

Questions about the expression and physiological role of the predicted LG72
protein have not been resolved, and it is not clear that it actually exists in human brain.
The original proposal of a direct G72 and DAAO interaction has not been confirmed in
endogenous tissues, is inconsistent with later reports (24;25), and is challenged by an
alternative G72-mitochondrial hypothesis.

Using Western blot, we investigated LG72 protein expression in the organs of our
Tg mice. Using the same antibody as Kvajo et al., plus other available antibodies, in
combination with sensitive detection procedures, we were unable to detect native LG72
protein in either the mitochondrial fraction or whole cell protein lysates. These negative
results are in line with Western blot results from Benzel et al.’s systematic search for
LG72 protein in various human tissues. The antibody generated for Benzel et al.’s study,
antibody #1411, is very similar to the antibody used by Kvajo et al. and us, because a
very similar epitope was used to generate the two (25;44). Using Western blot with a
range of sensitive detection methods, Benzel et al. failed to detect native G72 protein in
a variety of human brain regions, including cerebellum and amygdala, or in spinal cord
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and testis in vivo (44).

The G72 antibody #1411 used in Benzel et al.’s study was also used by Otte et al.
in their Tg mice. They reported detection of LG72 protein in cerebellar protein lysate
separated on a two-dimensional polyacrylamide gel. Subsequently, they detected it in
the mitochondrial fraction from in vitro transfected mouse neuroblastoma N2a cells.
However, they did not present in vivo evidence of LG72 protein in their Tg mouse
mitochondria (26;27). The discrepancy between the G72 Western blot results from Otte’s
and our mouse models could be resolved by a side-by-side comparisons of G72 protein
expression in the two models under the same experimental conditions.

Taken together, the lack of demonstrable LG72 protein in vivo expression in our
Tg mice and in human brain cannot support the existing G72 functional hypotheses.

High expression of G72/G30 in Tg mouse cerebral cortex was associated with
changes in the transcriptome. Several genes previously implicated in SZ and BD
showed significant differential expression between Tg and WT mice. Tg mice also
exhibited some behavioral changes that may be related to clinical psychiatric
phenotypes. For example, in open field explorations, Tg mice exhibited significantly
fewer stereotypic behaviors than WT mice. Stereotypy, a common feature of SZ, is
characterized by repetitive, unvarying and functionless behaviors which usually appear
in the later stages of disease (45-47). Since diverse neurotransmitters, such as
dopamine, serotonin and opioids, have been proposed to be involved in the stereotypies
(48;49), it remains to be determined if the pathways of these neurotransmitters underlie
the decreased stereotypic behaviors in Tg mice.

Compared with WT mice, Tg mice showed significantly higher baseline reactivity
in the course of the PPI test. In addition, Tg mice showed decreased sucrose preference
relative to WT in the sucrose preference test, indicating an anhedonia phenotype.
Anhedonia, the reduced ability to experience pleasure, has always been regarded as a
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core negative symptom of both SZ and depression (50). Thus, Tg mice exhibited some
behavioral phenotypes that have relevance to SZ and mood disorders.

Some genes differentially expressed between Tg and WT mice were found to be
correlated with some mouse behavioral phenotypes. For instance, DIg4 (synonym:
PSD95) was overexpressed in Tg mouse model, which exhibited significantly fewer
stereotypic behaviors than WT mice, while Feyder et al. reported that mice with DIg4
deletion (Dlg4™) displayed significantly increased repetitive and stereotypical behaviors
than Dlg4** WT mice did (51). In humans, DLG4 encodes the PSD95 protein, a member
of the membrane-associated guanylate kinase family of synaptic scaffolding molecules
that control the organization, composition, and function of synapses (52). DLG4 was
associated with the susceptibility of SZ in Han Taiwanese SZ patients (31), and DLG4
MRNA expression was significantly decreased in Brodmann area 9 (B9) of the prefrontal
cortex (PFC) of individuals with SZ compared with controls (53). Collectively, these
findings indicated that the expression level of DLG4 may have a reverse correlation with
the stereotypy in SZ, although the neural basis of DLG4 involvement in the abnormal
stereotypic behaviors in Tg mice is still to be determined.

We also observed that the expression of the potassium channel gene KCNE1
was correlated with startle response phenotype. In humans, the copy number variants in
the KCNE1 gene region identified this gene as a novel locus involved with SZ (54).
Meanwhile, Kcnel knockout mice showed absence of reflex or even signs of startle
response to loud noise (55;56). Kcnel was overexpressed in our Tg mouse model,
which also had a significantly higher baseline startle response. The molecular
interconnections between the Kcnel expression level and startle response need to be
further clarified.

This G72/G30 mouse model presents us with multiple future research directions.
We would like to determine the link between G72 expression and the transcriptome
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changes in the Tg mice. To understand the molecular mechanisms underlying the
behavioral changes, we could test the Tg mice's cerebral cortex for altered levels of
neurotransmitters and other molecules involved in stereotypy, startle response, and
reward pathways. With the lack of in vivo LG72 protein expression in our Tg mice and in
human brain, we would be interested in testing whether G72 could play a regulatory role

as a non-coding RNA gene.
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Table/Figure Legends

Figure 1. Summary of G72 alternative splicing forms and patterns of splicing in Tg
mice and humans

(A) Schematic representation of the genomic location and structure of the human G72
gene. The G72 gene locus maps to the human chromosome band 13g33.2. The
continuous line with arrows represents the genomic sequence, on which all ten splicing
exons of G72 are shown as small rectangles and are numbered as the same as in panel
(C). (B) Exon structure of G72 transcripts. The exons are shown as rectangles. Six
known isoforms: LG72, SG72 and variants 1 to 4, were expressed in humans as
reported in previous studies (5;22). By using RT-PCR and T-A cloning, we identified nine
novel G72 splicing forms (G72-Tg1l to 9) in the cerebral cortex of Tg mice (JN413793 to
JN413801, indicated by “). In these unique mouse forms, two were identified through
G72 gene specific RT-PCR (G72-Tg3 and G72-Tg4,) and five (G72-Tg5 to 9) were
identified through PCR detection of the longest transcript using G72 P2/G30 nest R
primers. These five forms have a novel common 5’ terminal 75 bp exon starting 3.5 kb
earlier than the first exon previously reported. We also identified four novel G72 splicing
forms (G72-7 to 10) in human testis (DQ386869, DQ386870, indicated by *) and brain
tissues (DQ343761, DQ357223, indicated by asterisk), as described in detailed in
Supplemental Information. Taken together, nineteen G72 splicing forms defined a total
of ten possible exons. GenBank accession numbers are indicated in brackets. (C)
Patterns of alternative splicing of G72 gene. The splicing of 19 forms defined a total of
ten possible exons, labeled as exon 1 ~10 and aligned with corresponding one in panel
(B). The introns, shown as lines between exons, are not drawn to scale due to the size
limit of the figure. The solid vertical lines in exon 2, 3, 4 and 9 indicate the variable length
of each exon. Three basic modes of alternative splicing were identified for G72 mRNA
and illustrated: 1) Exon skipping: exon 3, 5, 7, and 8. 2) Alternative 3' end: happened to
exon 4 and 9. In this case, an alternative 3' splice junction (acceptor site) is used,
changing the 5' boundary of the downstream exon. 3) Intron retention: happened to

introns between exon 2 and 3, between exon 3 and 4, and, between exon 9 and 10.

Figure 2. Expression of G72 mRNA in Tg mice brain subregions

In four brain regions from Tg mice, gPCR indicated G72 was expressed at a relatively
high level in cerebral cortex (0.87 £ 0.07), followed by the striatum (0.57 £ 0.27,
Pcortexsstriaum= 0.41) and hippocampus (0.34 + 0.11, Pcorexsnippocampus= 0.02). G72
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expression was almost undetectable in cerebellum (0.05 £ 0.05, Pcortex/cerebelium= 6.63E-
05). Number of animals: n=5. Value represents mean £ SEM of the relative expression

level.

Figure 3. LG72 protein was not detected in Tg mice

(A) Left panel: Western blot analysis of mitochondrial protein extracted from G72, G72-
myc and mock transfected Cos-7 cells, all probed with anti-G72 antibody (gift from
Kvajo). G72 was detected in the mitochondrial pellets of G72 and G72-myc, but not in
mock. Right three panels: Western blot analysis of mitochondrial extracts from the
cerebral cortex, testis and cerebellum of Tg mice and controls revealed no evidence of
LG72 protein expression. All mitochondrial extracts were enriched for prohibitin, a 29.7
kDa protein located in the inner membrane of mitochondria, which was used to confirm
that the membrane fraction was enriched for mitochondrial extracts. (B) Western blot
analysis on whole cell total lysate from the cerebral cortex and testis of Tg mice and WT

controls revealed no evidence of LG72 expression.

Figure 4. Tg mice exhibited fewer stereotypic movements in open field test

(A) Tg mice spent less time in stereotypic behaviors compared with controls [F(1, 79) =
5.27; p=0.02]. (B) To confirm the phenotype of fewer stereotypic behaviors observed, a
new batch of Tg mice with controls were used in another activity tracking system. The
stereotypy count of Tg mice was significantly less than controls within a 15 minute period
[F(1, 27) = 4.46; p=0.04] and even less within a 30 minute period [F(1, 27) = 6.12;
p=0.02]. (C-F) There was no significant difference in total distance traveled [F(1, 79) =
3.01; p = 0.09], ambulatory time [F(1, 79) = 2.99; p = 0.09], time spent in the
central/peripheral area [F(1, 79) = 0.16; p = 0.69], or resting time [F(1, 79) = 0.45; p =
0.5] between the two groups. Number of animals used in A, C-F: WT, n=28; Tg, n=53.
Number of animals used in B: WT, n=14; Tg, n=15.

Figure 5. Tg mice showed increased startle response in the course of PPl test

(A) Base startle reactivity in block 1 was significantly higher in Tg mice compared to WT
[F(1, 26) = 6.69; p=0.02]. (B) ANOVA indicated that startle response decreased from
block 1 to 4 in two groups (block 1 through 4, F(3, 78) = 3.64; p=0.02). There was no
difference between Tg and WT mice in terms of habituation, which is defined as the

decrease of startle response from block 1 to 4, i.e., the slope of the curve [F(3, 78) =
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0.48; p=0.70]. (C) No differences in PPI were found between Tg mice and WT mice [F(1,
26) = 0.29; p=0.60]. Prepulse intensities were 3 dB, 6 dB or 12 dB stimuli above a 65 dB
background. Number of animals: WT, n=14; Tg, n=14.

Figure 6. Tg mice had abnormal hedonic responses

(A-B) Tg mice consumed significantly more water [F(1, 39) = 8.00; p=0.007] (A) and
marginally less sucrose [F(1, 39) = 3.58; p=0.07] (B) than WT across all sucrose
concentrations. All mice significantly decreased their water intake [F(5, 195) = 16.85; p<
0.0001] (A) and increased their absolute sucrose intake from the sucrose tube [F(5, 195)
= 64.33; p< 0.0001] (B) from habituation to 15% sucrose concentration. (C) The sucrose
preference of Tg mice was significantly lower than WT [F(1, 39) =7.03; p = 0.01] across
all sucrose concentrations. As expected, all mice showed significant sucrose
preferences when offered increasing sugar concentrations [F(5, 195) = 30.63; p<
0.0001]. Number of animals: WT, n=18; Tg, n=23.
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