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Supplementary Figure 1: Assessment of heterozygous animals in the open field test. (a) 

The assay shows comparable locomotor activity between heterozygous (Mkln1+/-) and control 

(Mkln1+/+) mice. Distance moved is expressed in 5-min time bins across three days of testing. 

genotype: F (1,24) = 0.83, p = 0.37; genotype × day × time bins: F (10,240) = 0.623, p = 0.794). 

Data are presented as means ± SEM. Mkln1+/+(N=13); Mkln1+/–(N=13).  
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Supplementary Figure 2: Mkln1-null mice do not exhibit changes in anxiety-related 

behavior and home-cage activity (a) In the open field test, an intra-session activity change 

ratio reveals comparable within-session locomotor habituation between Mkln1–/– mice and 

Mkln1+/+ controls. (b-d) Anxiety-related behavior is unaltered in Mkln1–/– mice. (b) Percentage 

time spent in the central zone of the open field arena on each day of testing is similar for Mkln1–

/– and Mkln1+/+ mice. (c) No genotype differences were detected in the proportion of time spent 

in the open arms of the elevated plus-maze during a 5-min test session. (d) Time spent in the 

open, brightly lit compartment of the light-dark transition test was comparable for both 

genotypes. (e) Bar graph showing total activity levels during the day (dark phase; ZT0-ZT12) 

and night (light phase; ZT13-ZT24) over three days of observation in the home cage.  Mkln1+/+ 

and Mkln1–/– mice show comparable levels of activity in both phases.  (f) In the open field-plus-

object test, the mean latency to the first contact with the object indicates a marginally significant 

tendency for decreased risk-taking or increased novelty-seeking behavior in Mkln1–/– mice 

(genotype: F(1,17) = 4.35, p = 0.05). (g) No differences were detected in the time spent in each 

compartment during the habituation phase of the 3-chambered social interaction paradigm. 

Scatter plots correspond to individual subjects. For data related to a-b (Mkln1+/+(N=15: M = 8, 
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F = 7)); Mkln1–/–(N=15: M = 8, F = 7); c (Mkln1+/+ (N=17: M = 9, F = 8); Mkln1–/– (N=18: M = 11, 

F = 7); d (Mkln1+/+ (N=19: M = 10, F = 9); Mkln1–/– (N=16: M = 9, F = 7); e (Mkln1+/+ (N=22: M 

= 11, F = 11); Mkln1–/– (N=18: M = 11, F = 7); );  f Mkln1+/+ (N=11: M = 5, F = 6); Mkln1–/– (N=10: 

M = 5, F = 5); g (Mkln1+/+ (N=15: M = 8, F = 7); Mkln1–/– (N=15: M = 8, F = 7).  Data are 

presented as means ± SEM 
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Supplementary Figure 3: Reduced resting-state homotopic functional connectivity but 

largely intact brain diffusivity in Mkln1-null mice (a) Following a 30-min baseline recording 

session, Mkln1+/+ and Mkln1–/– mice were injected with saline or 2.5 mg/kg amphetamine and 

assessed for 120 min. Baseline locomotion was significantly higher in Mkln1+/+ mice compared 

with Mkln1–/– controls (genotype: F(1,66) = 11.38, p < 0.01). Arrow indicates the time of Amph 

administration. Without normalizing pre-drug differences in activity, saline-treated Mkln1–/– 

mice (right panel) show a similar locomotor profile as amphetamine-treated Mkln1+/+ mice 

(genotype × time bins: F(23,851) = 1.55, p < 0.05 followed by Bonferroni post hoc test for 

pairwise comparisons (*p < 0.05, **p < 0.01)). Amph: Mkln1+/+ (N=21: M = 10, F = 11); Mkln1–

/– (N=18: M = 7, F = 11); Saline: Mkln1+/+ (N=17: M = 8, F = 9); Mkln1–/– (N=18: M = 8, F = 10).  

(b) Correlation matrices depicting homotopic interhemispheric connectivity in Mkln1+/+ (left 

panel) and Mkln1–/– (right panel) mice. Each element of the matrix represents the connectivity 

strength between homotopic regions. Interhemispheric r scores were transformed to z scores 

using Fisher’s r-to-z transform. (c-d) Graphs illustrating the comparison of DTI-derived indices 

(Fractional anisotropy, FA (b) and Mean diffusivity, MD between Mkln1+/+ and Mkln1–/– mice. 

Values represent mean ± SEM. Abbreviations: mPFC, medial prefrontal cortex; Ins, Insula; 

SS, somatosensory cortex; ACC, anterior cingulate cortex; Rspl, retrosplenial cortex; DH, 

dorsal hippocampus; VH, ventral hippocampus; Amyg, Amygdala; CPu, caudate-putamen; 

NAc, nucleus accumbens; MS, medial septum; BNST, bed nuclei of the stria terminalis; Reun, 

nucleus of reuniens; VTA, ventral tegmental area; PAG, Periaqueductal gray 
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Supplementary Figure 4: Analysis of spine density and morphology and hippocampal 

plasticity in Mkln1-null mice.  (a)  Spine density is not altered in Mkln1–/– basal branches 

compared with Mkln1+/+ branches (Genotype: F(1,87.07) = 0.074, p = 0.79). (b)  Relative to 

Mkln1+/+ control branches, analysis of spine types showed a significant increase in mushroom-
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like spines (Genotype: F(1,36.82) = 5.83, p < 0.05) and decreased trend in stubby type spines 

((Genotype: F(1,89.99) = 3.74, p = 0.056) in Mkln1–/– basal branches. (3 mice per genotype; 

Mkln1+/+ (n = 11 neurons, 30 dendrites), Mkln1–/– (n = 20 neurons, 60 dendrites)). Data are 

shown as mean ± SEM. (c) Histogram showing the distribution of spine head diameters of all 

analyzed spines from Mkln1–/– and Mkln1+/+ CA1 pyramidal neurons in 0.01 µm bins.  (Two-

sample KS test: D = 0.044, p < 0.01). (3 mice per genotype; Mkln1+/+ (n = 67 dendrites, 2202 

spines), Mkln1–/– (n =146 dendrites, 4592 spines)). (d) Histogram distribution of spine head 

diameters from dissociated hippocampal neurons of Mkln1–/– and Mkln1+/+ mice (Two-sample 

KS test: D = 0.095, p < 0.0001). (5 independent preparations; Mkln1+/+ (n = 55 neurons), Mkln1–

/– (n =28 neurons). (e) Long-term depression (LTD) induced by low-frequency stimulation (LFS) 

of 900 pulses at 1Hz. Averaged fEPSP slope values normalized to 30 min baseline were 

comparable for slices in both genotype groups. Arrow indicates LFS from 0-15 min. Diamond 

traces illustrate baseline recordings. Mkln1+/+ (N=3 mice); Mkln1–/– (N=4 mice). Baseline: 

Mkln1+/+ (n=6 slices), Mkln1–/– (n=8 slices); LFS: Mkln1+/+ (n=6 slices), Mkln1–/– (n=8 slices). (f) 

Long-term potentiation (LTP) at Schaffer collateral-CA1 synapses induced by five trains of 

theta-burst stimulation(4 pulses at 100 Hz, 200 ms between bursts). The averaged fEPSP 

slope normalized to 30 min baseline was comparable for Mkln1–/– and Mkln1+/+ slices. Arrow 

indicates a 1s short-time stimulus.  Diamond traces indicate baseline recordings. Mkln1+/+ (N=4 

mice); Mkln1–/– (N=4 mice).  Baseline: Mkln1+/+ (n=8 slices), Mkln1–/– (n=8 slices); LFS: Mkln1+/+ 

(n=8 slices), Mkln1–/– (n=8 slices). Data are represented as mean ± SEM.  (g) Analysis of 

PSD95 and receptor subunit levels in supernatant ‘soluble’ and pellet ‘insoluble’) fractionated 

extracts from hippocampal tissue. Mean values are reported as percentage of control and 

protein levels were normalized to the housekeeping gene, Glyceraldehyde 3-phosphate 

dehydrogenase (GAPDH). Protein expression levels in soluble  and insoluble  factions were 

comparable for Mkln1+/+ and Mkln1–/– hippocampal tissue. Mkln1+/+ (N=3-5); Mkln1–/– (N=3-5). 
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Supplementary Figure 5: Full-length scans of western blotting membranes. (a-b)  

Uncropped full-length scans of western blotting membranes presented in Fig. 6e. (c-d)  

Uncropped full-length scans of western blotting membranes presented in Fig. 6f. Areas 

outlined in dashed red square represent the cropped areas. Membranes were cut to allow 

blotting with different antibodies. 

  



10 
 

 

 

Supplementary Figure 6: Full-length scans of western blotting membranes. (a-i)  

Uncropped full-length scans of western blotting membranes presented in Supplementary 

Figure 4. Areas outlined in dashed red square represent the cropped areas. Membranes were 

cut to allow blotting with different antibodies. Membranes were stripped and reprobed with 

different antibodies. 
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Supplementary Table 1: Summary of statistical results for between-subject factors 

(genotype vs. sex) for the behavioral experiments. Values highlighted in grey are also 

detailed in the figure legends together with significant within-subject interaction terms.  

 


