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Figure S1. The derivatization of free amino acids by DPP-TFB and the relative intensity line graph 

of amino acid in the sagittal brain of mice sagittal brain. (A) Scheme of the derivatization of free 

amino acids by DPP-TFB. (B) The signal intensity of derivatized glutamate in brain tissues. (C) The 

frequency of the relative intensity of each spot in the selected regions of Ttll1/Ttll7 double knockout 

and WT mice brains are represented in line graphs. Abbreviations: Glu: glutamate; GABA: γ-ami-

nobutyric acid; Gln: glutamine; Val: valine; Leu-Iso: leucine-isoleucine; dKO: Ttll1/Ttll7 double 

knockout. 
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Figure S2. Electron microscopic observation of neurofilaments and microtubules in axons and den-

drites of Ttll knockout mice. (A) Electron microscopic images of dendrites and axons from each 

transgenic mouse. Microtubules are pointed by white arrowheads, and neurofilaments are indicated 

by black arrowheads. Scale bars: 0.2 µm. (B) Densities of neurofilaments and microtubules in den-

drites or axons were counted from the microscopic images of the cerebral cortex at layer II/III from 

each transgenic mouse. p < 0.01, denoted by **, (WT: 7 axons, 9 dendrites, n = 4 mice; 1KO: 7 axons, 

6 dendrites, n = 3 mice; 7KO: 6 axons, 10 dendrites, n = 3 mice; dKO: 8 axons, 15 dendrites, n = 4 

mice). (C) Neurofilament and microtubule lengths were calculated from EM images. p < 0.05, de-

noted by *. (D) Images of the dendritic shafts from wild type and Ttll1/Ttll7 double knockout mice. 

Dendrites regions are indicated by dashed lines and measured at the widest region. a: apical direc-

tion; b: basal direction. Scale bar 2 µm. (E) The thickness of dendritic shafts from Ttll1/Ttll7 double 

knockout mice was significantly reduced with p < 0.05, denoted by * (WT: 111 dendritic shafts, n = 3 
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mice; 1KO:127 dendritic shafts, n = 3 mice; 7KO: 116 dendritic shafts, n = 3 mice; dKO: 132 dendritic 

shafts, n = 3 mice). Data represented as mean ± SD in B, C, F, ANOVA followed by Dunnett’s test. 

Abbreviations: 1KO: Ttll1 knockout; 7KO: Ttll7 knockout; dKO: Ttll1/Ttll7 double knockout. 

 

Figure S3. The detection efficiency of MALDI IMS for glutamate was influenced by pH. (A) Gluta-

mate standard at different pH were detected by MALDI IMS, and the signal intensity of glutamate 

standards decreased with increasing pH. (B) Under normal conditions, glutamate concentrations in 

the brain of Ttll7 knockout mice were higher than WT, but similar under acidic conditions. Abbre-

viations: Glu Std: Glutamate standard; 7KO: Ttll7 knockout. 

 

Table S1. MRM transitions and MS parameters for the analytes and IS of 4000 QTRAP MS/MS sys-

tem. 

Analyte Precursor ion (m/z) Product ion (m/z) DP (V) EP (V) CE (V) CXP (V) 

Glu 148.1 84.0 26 10 21 12 

IS-Glu 154.2 89.1 46 10 25 12 

DPP-Glu 362.1 231.8 106 10 39 16 

DPP-IS-Glu 368.1 232.9 46 10 35 8 

MRM transitions and MS parameters for the analytes and IS of 4000 QTRAP MS/MS system. Abbre-

viations: Glu: glutamate, IS-Glu internal standard glutamate, DPP-Glu: DPP-TFB derivatization glu-

tamate, DPP-IS-Glu: DPP-TFB derivatization internal standard glutamate, DP: declustering poten-

tial, EP: entrance potential, CE: collision energy, CXP: collision cell exit potential. 


