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Supporting results

Hydrophobicity and RPLC retention time analysis of TMT16 labeled peptides

As the TMT16 reagents have a longer hydrophobic linker than the TMT11 reagents, TMT16-

labeled peptides are expected to be more hydrophobic than TMT11-labeled counterparts, 

resulting in different retention time (RT) in reverse-phase liquid chromatography (RPLC). To 

examine this point, we equally mixed TMT11- and TMT16-labeled peptides for a single LC-

MS/MS run, and then analyzed the retention time shift (ΔRT) between TMT16- and TMT11-

labeled peptides. For example, the extracted chromatograms of a representative peptide 

(GLSATVTGGQK with two TMT labeling sites, N-terminus and Lys) showed ΔRT of 7.5 min 

(Fig. S3A).

To investigate the ΔRT of all detected peptides, we focused on the peptides with two TMT 

labeling sites and plotted the ΔRT of each peptide along RT with the elution gradient of buffer B 

(Fig. S3B). Interestingly, we found that ΔRT showed a positive correlation with RT before about 

30 min, but a negative correlation after 30 min (Fig. S3B). Since RT exhibited a good linear 

correlation with hydrophobicity (Fig. S3C), the relationship between ΔRT and RT can be 

explained by different effects of TMT16 tag on the hydrophobicity of various peptides. Namely, 

for the peptides of high hydrophobicity (eluted after 30 min), the higher hydrophobic they are, 

the less effect TMT16 tag has. On the other side, for these peptides of low hydrophobicity and 

high hydrophilicity (e.g., eluted before 30 min), the more hydrophilic they are, the less impact 

TMT16 tag has. In contrast, for these peptides eluted around 30 min, they are neither of high 

hydrophobicity nor of high hydrophilicity, the TMT16 tag displays the maximal influence on their 

RT. Consistent with this perspective, the ΔRT and peptide hydrophobicity index showed exactly 

the same relationship in the plotted curve (Fig. S3D). Similar results were obtained for the 

peptides with one TMT labeling site (i.e., Arg-ended tryptic peptides with only N-terminal amino 

group, Fig. S3E-3F). In total, 96% of TMT peptides have more than 0.5 min of ΔRT, which 
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indicates almost all the TMT16-labeled peptides can be well separated from TMT11-labeled 

peptides in acid pH RPLC. 

In conclusion, TMT16 has a strong ΔRT effect on the peptides of intermediate hydrophobicity 

but shows a small ΔRT effect on the peptides with extremely high or low hydrophobicity. Thus, 

the starting and ending buffer B concentrations in the LC gradient are not significantly affected 

by the selection of different TMT labeling reagents, which is in contrast to our intuitive 

expectation that TMT16-labled peptides might require higher buffer B elution than TMT11-

labeled peptides.

Supporting methods

Protein extraction, quantification and digestion

Human and mouse brain samples were lysed by vortexing in lysis buffer (50 mM HEPES, pH 

8.5, fresh 8 M urea, and 0.5% sodium deoxycholate) with the addition of glass beads (100 µL 

lysis buffer and ~20 µL beads for 10 mg tissue) ) as previously described1. The protein 

concentration was estimated by a Coomassie-stained short SDS gel with BSA as a standard2. 

The protein samples (~100 µg per sample) were digested with Lys-C (Wako, 1:100 w/w) at 

room temperature (RT) for 3 h, diluted with 50 mM HEPES (pH 8.5) to decrease urea to 2 M, 

and further digested by trypsin (Promega, 1:50 w/w) at RT overnight. The digested peptides 

were reduced by fresh dithiothreitol (DTT, 1 mM) for 2 h, alkylated by iodoacetamide (IAA, 10 

mM) at dark for 30 min, and further quenched with DTT (30 mM) for 30 min. The peptides were 

acidified by adding trifluoroacetic acid (TFA) to 1% and centrifuged at 21,000 × g for 10 min to 

remove pellets. Each supernatant was desalted with a C18 Ultra-Micro SpinColumn (Harvard 

apparatus) using the standard protocol and peptide eluate was dried by speedvac. The 
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concentration of desalted peptides was further quantified by measuring the absorbance at 205 

nm by the NanoDrop™ 2000c spectrophotometer (Thermo Fisher Scientific).

TMT labeling of the human brain samples

Human peptide samples were resuspended in 50 mM HEPES, pH 8.5 (~1 µg/µL), and divided 

into two aliquots. One aliquot was labeled with TMTpro reagents (termed TMT16) with 

TMT/protein ratio (w/w) of 1.5:1 for 30 min, including a collection of 16 samples (8 ADs, 7 

controls, and 1 internal reference of a mixture of human brain samples). The other aliquot was 

labeled with TMT11 with TMT/protein ratio (w/w) of 1:1 for 30 min, including 11 samples (5 ADs, 

5 controls, and 1 internal reference). The labeled samples were quenched with 0.5% 

hydroxylamine for 15 min.

Pooling of 11-plex, 16-plex and 27-plex samples

To obtain equal pooling of TMT11 samples, we performed the experiment in the following steps. 

First, half of each TMT11 sample was pre-mixed, and a small aliquot (~1 µg) was desalted and 

quantified by LC-MS/MS. Then we adjusted the amount of the pre-mixed sample by adding the 

individual remaining samples to reach the equal TMT11 pool. The TMT16 pool was made by the 

same procedure. The TMT11 pool and the TMT16 pool were divided into a total of four aliquots 

(two for each pool), in which two aliquots were used for individual 11-plex and 16-plex analyses, 

while the other two aliquots were mixed for the 27-plex analysis.

Optimization of desalting conditions for the TMT16 peptides

The mouse brain peptide sample (600 µg) was labeled with TMT16zero and acidified by adding 

TFA to 1% after quenching, followed by centrifugation at 21,000 × g for 10 min. The supernatant 

was equally divided and loaded on six pre-equilibrated C18 Ultra-Micro SpinColumn Ultra-C18 

Micro spin columns. The columns were spun at 100 × g for 3 min to collect flow-through, and 

then washed three times under six different conditions (5 or 10 bed volumes of 0.1% TFA plus 
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0%, 2.5%, or 5.0% AcN). The peptides were eluted with 5 bed volumes of elution buffer (60% 

AcN and 0.1% TFA) and dried by speedvac for further LC-MS/MS analysis. Based on the MS 

results, the condition of 10 bed volumes of 0.1% TFA plus 5% AcN was selected for desalting of 

TMT samples. 

Basic pH LC fractionation

The pooled peptide samples of 11-plex, 16-plex and 27-plex were fractionated by an offline 

basic pH RPLC with XBridge C18 column (3.5 µm particle size, 2.1 mm × 15 cm, Waters; buffer 

A: 10 mM ammonium formate, pH 8.0; buffer B: 90% AcN, 10 mM ammonium formate, pH 8.0). 

The peptides were eluted in a 160 min gradient of 15-42% buffer B, and 160 fractions were 

collected every min and concatenated to 40 fractions. 

Cell type correction

Protein changes may be caused by the change of different populations of cell types in 

heterogeneous brain samples. We then performed cell type correction to normalize this 

confounding factor as previously described3. Briefly, we corrected protein abundance by the cell 

type composition, including four cell types (neurons, astrocytes, microglia, and 

oligodendrocytes). Cell type protein markers were identified based on the published cell-type-

specific proteome4. The change of each cell type was evaluated as the median of protein 

abundance of all identified cell type markers. The corrected proteomic dataset was used for 

downstream differential expression (DE) and pathway analyses.

Protein identification and quantification by JUMP software 

Protein identification was performed by JUMP search engine5. The protein database was 

generated by combining downloaded Swiss-Prot, TrEMBL, and UCSC databases and removing 

redundancy (human: 83,955 entries; mouse: 59,423 entries). The target protein sequences 

were reversed to generate a decoy database to evaluate the false discovery rate (FDR)6. Major 
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parameters included 6 ppm mass tolerance for precursor and 15 ppm for product ions, full 

trypticity, and two maximal missed cleavages. Cys carbamidomethylation (+57.02146) and TMT 

modification of Lys and N-termini (+229.16293 for TMT11 or +304.20715 for TMT16) were set 

as static modifications. Oxidation of Met (+15.99491) was set as a dynamic modification. The 

resulting PSMs were filtered by mass accuracy and then grouped by precursor ion charge state 

followed by the cutoffs of JUMP-based matching scores (Jscore and ΔJn) to reduce FDR below 

1% for proteins. When the same peptide was derived from numerous homologous proteins, the 

peptide was matched to the protein with the top PSM number, according to the rule of 

parsimony. In TMT27 datasets, the same PSMs which matched to both TMT11- and TMT16-

labeled peptides suggested a mixed spectra and were removed. The protein quantification was 

performed using the TMT reporter ion intensities with the reported method with y1-ion based 

correction of TMT data7. The raw data of 27-plex were processed to obtain TMT11 and TMT16 

datasets separately.

Calculation of peptide hydrophobicity index

The TMT11-labeled peptide hydrophobicity index was predicted using the Sequence Specific 

Retention Calculator (Version Q) based on the reported algorithm8. 

Differential expression and pathway enrichment analyses

The analysis was performed following the previously reported protocol3. Briefly, individual 

protein intensities in each dataset were normalized using the internal reference and the 

redundancy was removed. The protein intensities of the same sample quantified in 11-plex, 16-

plex and 27-plex datasets were averaged. Then the measurement variation was analyzed 

according to the replicated measurements. The ratios of all proteins between the replicates 

were modeled with a Gaussian distribution to evaluate standard deviation (SD) for z value 

analysis. The protein p values were obtained by using the moderated t-test9 and were further 
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corrected by Benjamini-Hochberg correction for multiple testing. The proteins with adjusted p-

value (FDR) < 0.1 and at least 2-fold of the standard deviation (z > 2) were considered as DE 

proteins. Pathway enrichment analysis based on the functional annotation of the DE proteins 

was performed using the online Database for Annotation, Visualization and Integrated Discovery 

(DAVID 6.8, https://david.ncifcrf.gov/).

https://david.ncifcrf.gov/


S-8

Figure S1. Evaluation of TMT27 performance in four different fraction conditions of basic pH LC. 
1, 3, 10 or 40 fractions were selected. The average numbers of peptides and proteins identified 
in internal TMT11- and TMT16-labeled datasets are shown. The dashed curve plots the ratio 
between peptides and proteins under each condition.

Figure S2. Quantification of mouse brain lysate. (A) Quantification of mouse brain lysate on a 
short SDS gel with BSA as standard. The standard curve graphs the BSA concentration and 
Coomassie-stained protein band intensity used for quantification. (B) Peptide quantification by 
NanoDrop UV-Vis spectrophotometers using the absorbance at 205 nm. The synthetic peptide 
PAPATNTQNYATYR was used to make the standard curve for peptide quantification.
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Figure S3. Comparison of the retention time of peptides labeled by TMT16 and TMT11. TMT11- 
and TMT16-labeled peptides were mixed equally, the mixture was analyzed by LC-MS/MS. The 
overlapped peptides with two TMT labeling sites were used for further analyses in (A-D) and the 
overlapped peptides with one labeling site were analyzed in (E-F). (A) Extracted ion 
chromatograms of the peptide GLSATVTGGQK labeled by TMT11 and TMT16 with retention 
time shift (ΔRT) are shown. (B) The relationship between two TMT-labeled peptide retention 
time and ΔRT. The gradient of buffer B after correction of dead volume is aligned in the same 
plot. (C) Correlation analysis between two TMT11-labeled peptide retention time and 
hydrophobicity index. (D) The relationship between two TMT-labeled peptide hydrophobicity 
index and ΔRT. (E) The relationship between one TMT-labeled peptide retention time and ΔRT. 
The gradient of buffer B after correction of dead volume is aligned in the same plot. (F) The 
relationship between one TMT-labeled peptide hydrophobicity index and ΔRT.
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Figure S4. Optimization of normalized collision energy (NCE) for TMT16- and TMT11-labeled 
peptides. (A) and (C) Identified unique protein numbers in individual TMT16- or TMT11-labeled 
samples under various NCE conditions. (B) and (D) Box plots showing the distributions of the 
reporter ion intensities (internal reference channel) in the TMT16- or TMT11-labeled samples 
under distinct NCE conditions.

Figure S5. Basic pH RPLC chromatograms of individual TMT11- and TMT16-labeled peptides 
from the similar set of protein samples. 
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Figure S6. Peptide comparison among individual TMT11 and TMT16 datasets and internal 
TMT11 and TMT16 datasets within TMT27. (A) The Venn diagram indicates the overlapped 
TMT11-labeled peptides identified in the TMT11 and TMT27 methods. (B) The Venn diagram 
shows the overlapped TMT16-labeled peptides identified in the TMT16 and TMT27 methods. (C) 
The Venn diagram presents the overlapped internal TMT11- and TMT16-labeled peptides in the 
TMT27 experiment.

Figure S7. Comparison of TMT27 with other hybrid high multiplexing methods (SILAC combing 
with TMT/iTRAQ, and cPILOT).
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Figure S8. Overview of the representative isobaric labeling reagents.
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