Comparison of Sample Preparation Methods for Genetically Variant Peptide Identification in Human Hair
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Introduction

Result A. Abundance (Peak Area) and Numbers of PSMs of Identified GVPs in Different In-Solution Digestion Methods

Genetically variant peptides (GVPs) derived from human hair proteins have been proposed as
alternative evidence for human identification in forensics.2 The NIST-developed Direct method?
efficiently extracts hair proteins from a 5 cm-long hair strand in 30 minutes. A new SP3 method* is
described using fast nonselective binding of proteins on Sera-Mag Carboxylate-Modified magnetic
beads. Proteins are immobilized on beads, easily separated from chemical waste in extraction
buffer, making SP3 a convenient in-solution-digestion method. We optimized it for processing hair
samples. We tested the efficiency and reproducibility of Direct method combined with SP3 and
compared it to other in-solution-digestion methods. We also developed a pipeline that contains
novel tools like protein spectrum and XIC analysis program. We applied these tools for examining
experimental reproducibility, accurate peptide/GVP validation, and quantification.

DNVELENLIR QVVSSSEQLQSYQVEIIELRR VSAMYSSSPCK VSAMYSSSPCKLPSLSPVAR DLNMDCMVAEIK TYVIAASTMSVCSSDVGR
Method 2+ 3+ 2+_1(10,C,CAM) 3+_2(4,M,0xi)(10,C,CAM) 2+_1(6,C,CAM) 2+_1(12,C,CAM)
KRT31 A82V KRT31 A270V KRT35 S36P KRT35 S36P KRT83 1279M KRTAP10-8 H26R
Abundance PSM Abundance PSM Abundance PSM Abundance PSM Abundance PSM Abundance PSM
SP3 A 4.87E+09 8 3.42E+09 30 1.10E+08 4 - - 7.39E+08 7 - -
SP3 B 6.49E+09 11 3.50E+09 33 1.13E+08 2 - - 6.91E+08 5 - -
RG_A 8.77E+07 7 - - - - 3.86E+08 7 - - 1.21E+07 1
RG B 5.28E+07 3 - - - - - - - - - -
RG C 9.42E+07 1 - - - - - - - - -
G A 3.34E+07 3 - - - - 2.01E+07 2 - - - -
G B 3.85E+07 1 - - - - 4.28E+07 2 - - - -

Abundance (peak area) and numbers of peptide spectral matches (PSMs) of identified GVPs in different in-solution digestion methods on hair samples from the same donor. The mutated sites were highlighted in red.

Methods

O Human hair samples were obtained commercially

Q Individual 5 cm-long hair strand from the same donor was used as the starting material for each
experiment

0 The SP3 method (SP3_A and SP3_B were two experimental repeats):
Proteins were extracted by the Direct method3, reduced with DTT, and alkylated with I1AA, followed
by purification and digestion using the optimized SP3 magnetic-bead method*
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0 Other tested methods include:
1) RapiGest (RG) based method:
.  RG_A: 1% of RapiGest with DTT at 60°C
ii. RG_B: 1% of RapiGest at 60°C, followed by TCEP at RT
iii. RG_C: 1% of RapiGest at 100°C, followed by TCEP at RT
2) Guanidine (G) based method:
i. G_A: 6M of Guanidine with DTT at 40°C
ii. G_B: 6M of Guanidine with DTT at 95°C

O Proteins were digested by trypsin and lys-C; Peptides were cleaned up with MonoSpin C18
columns for LC-MS/MS on an orbitrap mass spectrometer (Fusion Lumos)

O We applied database searching in MSFragger (v3.7) and Sequest (Proteome Discoverer 2.4) with
a newly-expanded FASTA file by adding mutations reported by BioMuta:
1) 54 keratins (KRTs) with 7,554 proposed mutations
2) 92 keratin-associated proteins (KRTAPs) with 4,534 proposed mutations

O We used NIST-developed pipeline that contains novel protein spectrum and XIC analysis
program for checking the reproducibility, accurate peptide/GVP validation, and quantification.

Result B. Protein Spectra Showing Reproducibility of the SP3 Method Result C. Method Comparison of Hair Proteins, KRTs, and KRTAPs
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Summary & Conclusions

For GVPs identified in the tested different methods, abundances (peak area) and numbers of PSMs were significantly higher in the SP3 method

Reproducibility of the SP3 method was in general substantially better possibly due to the fact that the majority of peptides, as well as GVPs, were identified with
significantly higher abundance using this method

The SP3 method found many more peptides/PSMs derived from hair proteome (main components are hair cuticular/cytoskeleton keratins and keratin-associated
proteins)

Putting these findings together, the SP3 method provides a straightforward, efficient, and reliable in-solution sample preparation method for processing hair proteins
after successful extraction from trace-amount hair by the Direct method?

When combined with NIST-developed pipeline which contains novel protein spectrum and XIC analysis program, it can serve as a robust tool for demonstrating
experimental reproducibility, accurate peptide/GVP validation, and quantification, which is critically important for potential forensic applications
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