Techniques and Methods Ei#%N=wik:-

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' '12024,51(1):230~240

www.pibb.ac.cn

ETIAEARAZR 71 AR
HiEFERE
SoHY K AY A R0 REAT KRN

(V SNRAEBE R, 5B 5500255 2 FEARLABE A A B AT T e A A A0 T, TR B 2 [ R S
FEZEEATREERL e, deEABAMR G, J0at 1022065 2 dEEEREBEE H 42 SH 0 BIFoC, Jbat 102206)

WE BB SRR -REENLRMEY, 32 R AR A R AR (SR . AR B M A 1) 3k & B T
R H AR 22 5, H BT MR Gk AR AW . ASCRER I T Ek KB AR, BIEERIZITE
KOAREARGATREN: . 3% RL3 ISk ZREAS, SRR AL B 5 25 RN 200 2 Wi A TR 9T, &R —Fh4% M PLEE (PTM lab
for protein extraction from hair with high efficiency) [WEAZ . BRUK &R FURHREO %, X 7HIEREA, DL PLEE LT
PEUL, S5AMNIHA IR T A R 2 SE s, PR A RS, A MRRISE A B AU S, RO
SE27TARVE AR, A RE AR 1078, QB G EMTEST-119, SRR EE I . ML E 107/ EH
FUHEAT R AR AT, BRI R T, TS REARHEATIX Sy, HEAREERA T RAE R, RUENRE
P, AN, FEEH 10 £ EH (KRT33A. KRTAPY9-6, KRT83., KRTAP7-1. KRT32, BLMH. KRT38., KRTAP11-1,
NPAS1. KRTAP4-3) #EARFEMEZAIZF WERKHARME TR AT ERE . it ARAMRI Sk & & AR %=
S, O Y 108 SR SRR X A AR DGR AR 1, AR AR L R T LA SR R T .

%4 k. EARAE, OSSR, PLEE
HEHES RI3

Sk R AR NI — S5 0 52 = 3R B [ a1
FERGTAEAR . K. BE. AREAHESEIT
2P A AR 60%~95%, Hi
(keratin, KRT) S5 A E M L E B (keratin-
associated proteins, KAP) J& fiz & % 09 & [ i fh
XK. ENTHEAERIEMAcHEs T, fakk & m ik
LA RS E Pk B, 1l Sk & B B AT AR
AN B oA KR R 2~7 4, Pifhit, ARER
AR FETE 3k & R 29 50~100 48 1 KA 5T
R K ARG, e o0 v i NS 5 35t
AL AU AR A5 v 0 B 2 e FR AR s NGB
PR RAEEE L,

P SCHRHE , ATRI R B ) o Sk &
HHEFA . Zhang 55 7 $2 S FHERR A9 8 H T
T, Mk AR AT, BAFEAT 10
ALy, S EES] 132214 FHEE . Laatsch
& ST SAEE A A AR AR RIEE L E A

DOI: 10.16476/j.pibb.2023.0165

FEMERN . BJEWAHMEEE AR S B A TH, &
A [ 09 NHE R 2% AR Y Sk K 8 3R TR 7K
Vo, BRI KRT A1 KAP W 2 8 1. Parker
85 XK 66 44 5210 Sk R R T RAE, JL%
JE B 401 R AR BT, 5B AR R B9 P 202 KRT F
KAP&5, ok, BABFRERY Y, Ak
I8! £ 25 11 0 KRT33b, KRT81, KRT83 il KRT86
SERT DA AR ARG . H R A STk A
ik R B 2= A T AR IX G

Sk B T TR e R A B 4 A A A LSS M AR
FE L MELAREAN R RN, PR I
CJE I 2k A B AL I 2, A i
« E LML (2020YFE0202200) %R A .
s MR A
FKIRME Tel: 15898965955, E-mail: zhangzp1002@163.com

KA Tel: 13639069576, E-mail: 286802781@qq.com
Wik 391 2023-04-23, $3% H #]: 2023-06-20




2024; 51 (D

R, &F: ETIAXEARAZERSNMAFROFEERR -231-

FE L PR . BREAEAE, AT LR A AR P R IR
s A IR o AR GERY Sk R AL BT A 5 PR
AR RS . WY 2 R Y RO ) 5251
WA . kP . RERUEE S, Bk Rk
IR, TR SR ok, FL R T )%
ik AW B U TIRG I il R, sUHIRER
TR AT Sk A Al SRR ARS8, (T3 1 o
Oy TR . AR R A S GR B AR Sk k2
FIUBT A S A th R o 2207 VAU VA it
. TRVERAESE . B AT & A 2 MR A
A A 790 B9 2 ok S R A g T e T Y
WErh, EA BT R R BRYERYR A
Sk KRR SR BOTINE, 8 R A4
ML RN IR

(EL Sk AR IR A 2 1 PSS IR 4, RN
ML LT = SEXE USRI, i i (A o fd i B
AR B 72 5 7 10 3k R 8 B A SR B A —
PR MBR , SR ERED | B R REUREER]
. HAESCHR P E e i i ik & (20 15041
Lem KREERSKA) T8, 1ESbri 5
MELLIG R o P, ASHFSER TR G 45 & W B AL
TR — L TR LA Sk R R R RSk R
PO, SRR,

ABETERI RS Ko i (T0HR 1 em KREERY
KK, RGMERRFEA AL BT 200 3k & H BT
FRIBAOR s TEMCHEA PR Sk K 2 1 o R 22 P i
J o3 % A SR MR 2, 20k ST 44 Ol PLEE
(PTM lab for protein extraction from hair with high
efficiency) Y3k & &5 11 FURR E i AP ICE AR IR 2R o
i3 PLEE VAR 7 B REAS 1 Sk e 2 1 o 4 2 R dha it
1o, WEFE S RAETFUI AN X I3 AN R AR 5 7 T
AT

1 #RlE5AEE

1.1 #HASKIE

THINK BREA (45 M PLZEPT), TEIR TR
BKH T em AT RAE . b L 1EAT 4 IREOR
2 (PTHEARELZM, %5 A PT-R1ZPT-R4),
1.2 kARZEEARRNAZE
121 SLARMEATAN R

104 1 om KAk & BT L2 1 mm K B 6%
Bt, AT ml 20% HEEHATIETE, WWHE30s, Bl
1 min, F#020% HEEFRRUETE, EE 3R, &G

— W BN, SRRTEERT AT E# .
1.2.2 KRR

a. BRSSP ATEESS L (GH) : SkEFER A
240 pl SDS 2% #h ¥ (50 mmol/L Tris (pH=7.5) ,
2% SDS F1 20 mmol/L DTT) , fifi JH 3% 58 5] 3¢ 7%
(Kimble, Manzanillo, Mexicos) M, FHEWAE
AT UL LR AR, P R R RS B EP 45

b. WA NNEEERIFEE D (LN-BH) : Sk & FEH
R FE VR A IS Sk R B, Sk R R B A EP
B, A 240 ul SDSZE M, 1/3 IS — 4k
¥k (BioSpec, Bartlesville, USA), iRBEHEHE
FFi30s, JFFEVK L#E30s, BEAE SR,

c. EIE GBI L (RTO) : Sk &M Hm
A 240 wl JRZEZZ b (50 mmol/L Tris (pH=7.5),
7mol/LJRZ, 2 mol/LEi/ikF140 mmol/L DTT), =
T 1200 r/min B4 T % 18 he

d. AWM (LN-H95) : Sk &FES
TR AR A TS, Sk R EBICA EP A,
A 240 pl IREZE L, 7E95°C T fin#A 5 min.

e. INIGEF L (SH6S) : Sk & FE & Hm A
240 ul SDS ZZ /i, 65°CF, 1200 r/min B9 5514 F
=% 12 he

f REINPGE B (H-90-SH-65) : 3k & FE i
i A 120 pl SDS ZZ whif, 90°CHI#4 5 he 4°C,
17 000 g &0, Wtk BIEWAE A1 (F1), Bl
Jei s K5 120 pl f4 SDS 28 g in A 2 F 43 ) 3k & LT
1, 65°C, 1200 r/min MR 12 he 4°C, 17000 g
B, WS BIEWAE N2 (F2). FIAIF2 (IR
B W ARATE M H-90-SH-65 125 35 11 i 241 i ) 52 3%
@S
1.3 LEHAZARMEPRILE

T ERImAGE S (H-90+SH-65) i, 4
S FH SDS 2 i Rl R 3R 2% g A T4 B, X 2
R TIRR

SDS % Mg : 50 mmol/L Tris (pH=7.5), 2%
SDS #1120 mmol/L DTT.

JR E 2% vp ¥ : 50 mmol/L Tris (pH=7.5) ,
7 mol/L JKZE , 2 mol/LFifiKF140 mmol/L DTT,

14 EARRENNEREARES

fifi Fl SDS-PAGE H Uk 6 I 3k & 28 14 o1 42 HU st
w, ZOWE AR A2 h, MaETT R0,
P8I R, {#H Scanlmage 7047, & KE(E,
E F BT AR B e i ) AR 1 B BT A



*232- EMUFESEYIRHR

Prog. Biochem. Biophys. 2024; 51 (D

1.5 A HE

S50 g H BT S EA T AR SRR . By
FES N A 10 mmol/L DTT, 80°C4: )@ ik JFi iz
M 10 min 5, 140 mmol/L Bt Z ftfie (IAM), %
Yok 3B S K4k S 30 min. fdf ] SDS-PAGE JiZ 43
B, HorriE g 6, B AU R
1 mm® [ AR . A GE 2B A (30% 40
(acetonitrile, ACN), 50 mmol/L NH,HCO,) #E ¥
30 min, #PLEORARLEIRY . HERATTE, A
W ACNBK, HHACN, EEZL FEBRHEK
WA L EARESURL, 5 (R ELAs THRMLZE T IOk .
Qi S L A Wl O O I 53 5 2R 14
(50 mmol/L NH,HCO,, 133 mg/L i & H B
(trypsin), 6.7 mg/L Lys-C), VK ¥ 40 min, #b
Tt £ 2 b 2 A R, B B IR £ BT 37°C
E IR AR BN 12~16 he

fiti f 5, A4S N 100 pl HhAR W (5% HR
(formic acid, FA), 50% ACN), 13 300 r/min 7 J&
B0 1 min, FHE 4 min, TR 4K KRR LI
B2 mlBELE T, BE FARLIR IR

JIA ACN 4], 13 300 r/min % & 25.0> 1 min,
A L3, EE LIRS RORAR R (A R R
BT AR M ACNIRA) . il BL2s TR LR T
FEAS, —80°CIRAFA H
1.6 HHEERRILESH

WREZE T (1% ACN, 0.1% FA) 1 fift Ik Bt
FEfh, WREEJHRE 2 0.2 g/L. ffi 1] A shie ke 2% A 3
PERE . BEFE LTQ Orbitrap Velos it 3% ¢ (Thermo
Fisher Scientific, Palo Alto, CA) 5 UPLC EASY-
nLC 1000 £ %4 (Thermo Fisher Scientific, Palo
Alto, CA) FL&&—/NHABMWEMEH (75 pmx
15 cm, 1.9 um C,, reverse-phase fused-silica) X
HEAT BT RER .

VEML AR R o W AH A: 98% H,0+2%
ACN+0.1% FA; 31 B: 100% ACN+0.1% FA.
60 min A8 EE VR IAE & : 0~6 min, BAHH 4% T+E
8%; 6~40 min, B FHM 8% F+ £ 26%; 40~55 min,
B A M 26% T+ & 43%; 55~56 min, B A M 43% Tt
% 80%; 58~60min, B #H 4 £ 80%, i
0.4 pl/min. P& M (4 20 53 B B2 38 2o 90 w55 IR
(Nano Spray Ionization, NSI) HEA BTG

SRR E . — WS B T T L
300~1 600, 43 FEF A 30000, [ zh 38 25 45 il
(automatic gain control, AGC) ¥ & K 1x10°, fix

KB F# AR E (maximum ion injection time,
MIT) B8 50 mso —Z0JTTIE R 1 Rl 48 175 5 i 2
(collision-induced dissociation, CID) #i =X % 34 |
B B A i FO I 20 A4 85 AT e 20 by,
i GE T — 1N 35%, AGC i B R 5x10%, 3h
AHEBRBEE A 50 s G TTAAM o
1.7 ZRARAZFHIELIE

JIT AT B8 KO8 D SO i MaxQuant (1.6.17
fR) X BB UniProt (g% (20174F3 A i, Uniprot,
https://www.uniprot.org/) 198 [ it FASTA 3C 4
WA R . WESE: dEAr (lable free) & 7
7, WHIBAQTH; BRI RN, &2
V2RIV S/ MK BEBE S 741 2 5
R B 22/ T 20x107° 5. MS/MSS it i 2% /N T
0.5 u; [#E &1 A Carbamidomethyl (C), TAJZAR{&
ik Oxidation (M), Acetyl (Protein N-term); fk
AR UK B iR A% (FDR) /NT 1%.
fdi F Perseus (1.6.6.0 jfg) "' X BT A7 # S iE 47 3 T
JETTE Y R A 1 B A 2 S IR ST -

2 HR5HH

2.1 PLEEXAISX. BRERNLEZEZEAR

KRR Sk &R G (104 1 om K B 19k
%)y MRRAS AN By S i o W T e Ak Sk
KR AR PUSCR AT B, AR E la iR, R
FHAH TR 46 0 1) B 1 SR 24 M E A T SDS-PAGE 818
Rk, A% ST, SRR T
IR AL A RO, DR R
100%, R4 B 15345 O ik i) B 1 o 4 BBk
(& 1b), GH M LN-BH 13k & 8 1 B4 B
BOREGAR, 23 M 1% F10.48%, 1if RTO i Fl LN-
H95 11 3k A AR IBCHECER I 5331 43.25% F1113.20%,
T GHIEMLN-BH % . 4R1f7, RTO 74 H1 LN-H95
BAE 3N EE PRI E R AR, SH-65 L HERS
DL R AR e M 3 R R U (T, R
% 66.52%~86.48%., H-90-SH-6 1 M 3k % v i 44
RERZ S RNEAR, A3 MY EE RS
M4 B . H-90-SH-65 ¥ 2B A - Y%%K e SH-
651k 1 22.71%, SHAMREOEMLLL, 8RR
RN L3R AR IR, SRELA Y BLRS FHK
i) Py Ah S A A0 i v B B AR B IO . LAl
FH SDS 2z #h i F1 IR 28 2% il £ Sk & 26 11 02 (4K
R (K le), 4R, SDS L8 i B & 1 R
JEIRF G PRI A Y 1.67 £ .



2024; 51 (D

R, & ETLLRBAREBFESNAFRHATEFRE

+233-

i OBk AR A A BT VR By, T
SDS ZE i iR, 258 i i AL IR IA] £
A PR Ok e B B B AR BE 5T P ORE

H-90-SH-65 1 Fl1 SDS 28 Ml AR 45 & i B AR I Ft i
4 & PLEE (PTM lab for protein extraction from
hair with high efficiency) .

P e —————————————————————————————————————— —
@) : Glass beads homogenizer (GH) :
_______________________________________ o R
[ e e e e e e e e e e e e e e e e e e e | | I
| L . o | SDS buffer |
1Ground with liquid nitrogen followed by homogenize with silica beads (LN-BH) | | 2% SDS |
1 1
e e e e e : 50 mmol/L Tris pH7.5 |
________________________________________ | 20 mmol/L DTT !
! RT oscillation (RTO) | L ] |
jmmmmmmmm | mm e o o
I Raw hair ” |m— e ~ -
: n=3 i Ground with liquid nitrogen followed by heating at 95°C (LN-H95) : —<
o L)
o e | I Urea buffer :
1 ) . | : 7 mol/L urea !
: Shaking at 65°C (SH-65) | I 2 mol/L thiourea :
e d — 40 mmol/L DTT I
[ 1 I 50 mmol/L Tris, pH7.5 :
e -
: Heating at 90°C for 12 h followed by shaking at 65°C for 12 h (H-90-SH-65) :
O J
(b) :GH B : RTO I : SH-65 © - SDS buffer
LN-BH I :LN-HO5 B : H-90-SH-65 150 | + Urea buffer
100 ~
S S
2 o 100 -
< <
- -
= =
.2 .2
2 2
& &
& 50 - 8
g 1
= =
Q Q
~ ~
0
0 1 2 3 1 2 3

123 123 123 123 123 1

2

3

Fig. 1 PLEE method for effective hair protein extraction

(a) Workflow for the development of a highly efficient protein extraction method from hair. (b) Quantitative analysis of the SDS-PAGE to compare
the protein extraction efficiency among 6 methods. GH: glass homogenizer; LN-BH: ground with liquid nitrogen (LN) followed by homogenize with
Silica beads (BH); RTO: RT oscillation; LN-H95: ground with liquid nitrogen followed by heating at 95°C; SH-65: shaking at 65°C; H-90-SH-65:

heating at 90°C for 12 h followed by shaking at 65°C for 12 h;/, 2, 3 are 3 biological replicates. (¢) Quantitative analysis of the SDS-PAGE to

compare the protein extraction efficiency among two lysis buffers. 7, 2, 3 are 3 biological replicates.
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Fig. 2 Mass spectrometry quality control analysis
(a) Number of MS/MS count of peptides. (b) Distribution of peptide lengths. (c) Distribution of score values of peptides. (d) Distribution of mass

€rrors.

Table 1 Search results in MaxQuant based on the PLEE method

Sample Total spectra PSM MS?2 identified/%  Protein groups Peptides Full-cleavage/% KRT&KAP  Pep/Prot
P1 47 104 7134 15.15 207 1256 76.59 44 6.07
P2 46 178 5293 11.46 217 1284 78.89 44 5.92
P3 48 539 5527 11.39 200 1199 77.06 47 6.00
P4 47273 7307 15.46 229 1453 77.70 47 6.34
P5 46 067 6233 13.53 222 1366 78.48 49 6.15
P6 48 711 6829 14.02 222 1458 78.74 49 6.57

P7-R1 57 442 6623 11.53 169 956 76.67 47 5.66

P7-R2 56978 6278 11.02 172 935 76.79 46 5.44

P7-R3 58 281 7359 12.63 179 1006 76.94 48 5.62

P7-R4 57418 7445 12.97 184 1004 77.29 46 5.46
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Fig.3 Proteomics analysis of technical replicates

(a) Analysis of identified protein in 4 technical replicates. (b) Distribution of quantitative values in 4 technical replicates. (c) Cumulative curve of

quantitative values in 4 technical replicates. (d) Analysis of correlation between 4 technical replicates.
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Fig. 4 Proteomics analysis among different samples

(a) Analysis of identified protein in 10 samples. (b) Petal plot showing the number of shared proteins and the number of non-shared proteins after

removal of shared proteins in 10 samples. (c) Petal plot showing the number of shared proteins and the number of independently existing proteins in

each of the 10 samples. (d) PCA analysis based on 107 shared proteins. (¢) Heat map clustering based on 107 shared proteins.



2024; 51 (1) R, . ETFIAFARAFRAS M ANERNAE2ER +237-

Table 2 Protein statistics uniquely present in a sample

No. Group Protein name Gene name
1 P1 Poly [ADP-ribose] polymerase 4 PARP4
2 P3 RRP15-like protein RRPI15
3 P4 Serpin B4 SERPINB4
4 P5 Ankyrin-3 ANK3
5 P6 Tubulin alpha-1C chain TUBAIC
6 P6 Tripeptidyl-peptidase 1 TPPI
7 P7-R4 Microtubule-actin cross-linking factor 1, isoforms 1/2/3/5 MACFI
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Fig.5 Screening of differentially expressed proteins among different samples
(a) Distribution of quantification values for the top 30 proteins with the highest SD value in different individual samples of shared proteins.
(b) Distribution of quantification values for the top 30 proteins with the lowest SD value in technical replicates of shared proteins. (¢) Venn diagram

statistics of the proteins screened in (a) and (b).
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Table 3 Statistics of proteins expressed stably between the same individuals and expressed differently between different

individuals

Gene name log, iBAQ
P1 P2 P3 P4 P5 P6 P7R1 P7R2 P7R3 P7R4
KRT33A 27.69 27.91 28.74 27.33 27.78 27.45 29.18 29.11 28.75 28.93
KRTAP9-6 19.51 21.94 22.12 17.54 22.83 23.16 23.99 24.39 23.70 24.09
KRT83 18.31 20.89 21.67 18.46 18.26 20.78 20.93 21.04 20.73 21.18
KRTAP7-1 19.64 21.25 18.40 19.42 22.50 21.19 22.42 22.37 22.20 22.43
KRT32 19.58 20.70 22.14 18.31 19.86 19.36 21.34 21.23 21.42 21.68
BLMH 16.82 15.70 13.51 16.98 16.23 16.28 14.35 14.42 15.04 14.84
KRT38 21.17 19.32 19.94 20.31 22.00 19.55 20.06 20.19 19.97 20.06
KRTAP11-1 22.11 23.79 24.55 22.77 23.28 24.10 25.76 26.08 25.49 25.58
NPASI1 20.29 20.92 22.59 20.58 21.48 20.94 22.41 22.69 22.15 22.23
KRTAP4-3 21.96 22.70 23.59 21.28 22.75 22.88 23.97 24.21 23.49 23.97
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Abstract Objective Hair is an essential skin appendage, primarily composed of keratins and keratin-
associated proteins. The protein composition and proportion of hair samples vary among different races and sexes.
Currently, there is a lack of efficient methods to extract hair proteins. This study aims to explore the application of
quantitative hair proteomics in distinguishing individual hair characteristics. Methods Based on the exploration
of sample processing and lysis buffer using three hair samples, we developed a stable and efficient hair protein
extraction method, named PLEE (PTM lab for protein extraction from hair with high efficiency). We used the
PLEE method to extract seven human hair samples and performed proteomic experiments on them using in-gel
digestion method to produce data for analyzing hair protein composition and proportion among individuals.
Results A total of 274 proteins were identified, among which 107 proteins were commonly present, and the
number of non-common proteins ranged from 57-119, with some samples having unique identification proteins.
Using the 107 commonly identified proteins for quantitative protein fractionation analysis, various samples were
distinguished by clustering and principal component analysis, and technical repeated samples were merged,
indicating the stability of the process. In addition, 10 key proteins (KRT33A, KRTAP9-6, KRT83, KRTAP7-1,
KRT32, BLMH, KRT38, KRTAP11-1, NPAS1, KRTAP4-3) with large differences between individuals and stable
protein identification within the same individual were screened. Conclusion The protein composition of hair
varies among different individuals, and the 10 selected proteins are expected to be key proteins for distinguishing
individual hair characteristics and have significant potential applications in individual identification and criminal
investigation.
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