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SYNAPTIC CONNECTIVITY IN FRAGILE X SYNDROME  

Fragile X Syndrome is the most common known genetic cause of autism. Fmr1-KO mouse, lacks the Fragile X Mental 

Retardation Protein (FMRP), and is used as a model of the syndrome. The core behavioral deficits of autism may be 

conceptualized either as excessive adherence to patterns as seen in repetitive actions and aberrant language, or as 

insensitivity to subtle but socially important changes in patterns. The hippocampus receives information from the 

entorhinal cortex and plays a crucial role in the processing of patterned information. The function of the hippocampus is 

pattern completion from entering separated information, forming episodic memories. In this study, we used paired-pulse 

stimulation of the afferent performant path and recorded from the CA3 region of the hippocampus. This stimulation 

paradigm allowed us to examine the processing capabilities of the dendate gyrus as a function of increasing 

interstimulus interval (ISI) and how taurine, a GABAA receptor agonist affects such information processing. We found 

that WT slices showed pair-pulse facilitation at ISI of 50-300 ms whereas the Fmr1-KO slices showed a consistent pair-

pulse depression at a comparable ISI. Addition of 10 μM taurine to the WT slices resulted in a drastic decrease of the 

peak response to the second stimulus, resulting in an initial depression at 50 ms ISI followed by potentiation at higher 

ISI (100 ms and above). In the presence of taurine, the amplitude of the second response remained significantly lower 

than in its absence. Fmr1-KO mice however, were completely insensitive to taurine application and pair-pulse 

stimulation always resulted in a depression of the response. Previously we reported that Fmr1-KO mice have reduced 

GABAA receptors as determined by both immunohistochemistry and western blotting using an antibody that recognizes 

the beta subunits of the receptor. We also showed that taurine binds to these subunits. Therefore, the insensitivity of 

Fmr1-KO slices to taurine application could be due to the reduced binding site expressed by the GABAA receptors in 

these mice.  

METHODS 

Locomotor activity was analyzed using Treadmill with rotating belt at a speed of 20 m/s equipped with a high resolution 

camera (A). Mice were trained on a five-chamber treadmill for 3 min on 2 consecutive days prior to the test (B). 5-10 

sec videos were selected for analysis (D). Gait analysis software detect the paws contact with the treadmill (E) and 

representative strides are illustrated in (C).  
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Expression levels of NMDA (red) and mGluR5 (green) in the dendate gyrus Fmr1 

and control mice.  Images represent Imaris reconstruction of Z stack images 

obtained with a confocal microscope. Fmr1 hippocampi show a significant 

alteration in the expression levels of both NMDA and mGluR5 glutamate 

receptors. 
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Functional consequences of aberrant cerebro-cerebellar projection as shown by 

the miss-orientation of the climbing fibers onto the axons of Purkinje cells. The 

somatotopic map projection onto the cerebellar surface could be 

misrepresented. 

It has been more than two decades since the discovery of Fragile X syndrome, but 

the disease continues to hold surprise in spite of extensive research. There could 

be numerous reasons why ataxia occurs. We detected abnormalities in walking 

patterns of KO mice, compared to the control. Due to the silencing of FMR1 gene in 

Fragile X, the development of Purkinje fibers is affected in the cerebellum. Our 

results show that the lack of cerebellar structural integrity in FMRP brains lead to 

underdeveloped Purkinje cells. We found a significant alteration in the dendritic tree 

of Purkinje cells using calbindin and tubulin as markers and a very pronounced 

aberration in locomotor activity that typifies ataxia in these mice. Furthermore, Fmr1 

mouse model shares significant neurobiology with autism and is used extensively to 

elucidate the abnormalities in synaptic connectivity that is the hallmark of autistic 

brain. Consistent with these observations, we found significant functional, 

biochemical and histological abnormalities in synaptic connectivity of both the 

cerebellum and the hippocampus of the fmr1 mouse brain.  

 

Histology of DG from Fmr1-KO mouse (FVB/N background). (a) Low power magnification 

of hippocampal slice showing DG. b-d in this pane indicate molecular layer, transitional 

layer and GC layer, respectively. Panes b, c, and d show representative electron 

micrographs in molecular, transitional, and granule cell layers, respectively. The arrows 

indicate synapses. Synapse number is significantly reduced in Fmr1- KO GC and 

molecular layers, see Table 1 below. 
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Granule cell layer 14-17 3.5 ± 2.3 1.3 ± 0.9 < 0.03

Transitional zone 12 15.6 ± 3.3 12.2 ± 6.1 < 0.08

Molecular layer 30-34 32.0 ± 8.1 27.6 ± 6.5 < 0.0001
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Immunohistochemistry: Frozen sections were made as previously described (Levinskaya et al. 2006 and placed onto 

gelatin-subbed slides.  Non-specific binding sites were blocked using 4% bovine serum albumin (BSA), 2% normal 

goat serum (NGS), and 0.05% Triton X-100 in 0.01M phosphate-buffered saline (PBS; pH 7.2).  Following the blocking 

step, the slides were rinsed in an antibody dilution cocktail (ABD) consisting of 2% BSA and 1% NGS in 0.01M PBS.  

Primary antibodies (Chemicon In-ternational) employed were directed against insulin receptor (mouse host) diluted 

1:500 in ABD.  The primary antibody was incubated overnight at 40C and then unbound antibodies rinsed with ABD.  

Secondary antibodies were all raised in goat and directed against appropriate primary antibody type. Images were 

obtained by confocal microscopy (Leica SP2 AOBS).  Nuclei were counter-stained with Slow Fade containing DAPI 

(Invitrogen). 

Transmission electron microscopy: After perfusion of mice with 4% paraformaldehyde, testes were dissected, post-

fixed for 2 h at 4°C, cross-sectioned in the midline and fixed separately in 2.5% glutaraldehyde at 4 °C for 12 h. Testes 

were dehydrated through an ascending ethanol series (70, 80, 85, 90 and 95%; 10 min at each concentration) and 

then completely dehydrated twice in 100% ethanol solution (for 15 min each time). The prepared testes were stored in 

a glass container with a desiccant and dried for 24 h. After drying, the specimens were mounted on a holder and 

sputter coated with gold-palladium. Testes samples were then observed and photographed with an SU-8020 (Hitachi 

Ltd., Tokyo, Japan) at 5 kV. 

 

 

Fmr1-KO mice have altered locomotor activity. Data analysis of walking 

pattern of WT-Controls and Fmr1-KO mice revealed an altered pattern 

of locomotion as shown above. Graphs represent the paw area as a 

function of time spent in contact with the platform showing the WT mice 

applied maximum force while walking for 0.15 and 0.2 ms for the fore 

limb and hind limb respectively. Fmr1-KO mice showed an irregular 

pattern with significantly reduced force in the hind limb.  

Histogenesis of the cerebellum in Fmr1 KO mice: A,B,C,D are transverse 

cryosection of the cerebellum of WT mice; E,F,G,H from the Fmr1KO mice. Sections 

A and E show immunoreactivity for VSCC labeling the climbing fibers on the axons 

of Pukinje cells. Sections B,F,C,G are stained with tubulin (mono and polyclonal 

antibodies) showing the dendritic tree of Purkinje cells. D and H are labelled with 

calbindin and showing the extent of arborization of the dendritic tree of Purkinje 

cells. All markers show an abnormal organization of the dendrite of Purkinje cells  

consistent with the locomotor abnormalities observed in the fmr1 KO mice.  
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