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Measurement of the mixture ratio of wool and other animal hair in yarn using MALDI-TOF mass spectrometry
(first report)

WATANABE Sota*, IEDA Mayuko*, SUZUKI Yosuke* and YAGI Jun*
*Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba, 277-0882 Japan

In Chapter 51 of the Customs Tariff Schedules, duty rate for yarn varies depending on whether it is wool or other animal hair.

Tariff classification also differs according to the mixture ratio when wool in the yarn falls below 85 %. To determine tariff

classification, identifying the animal species of raw fibers of yarn and calculating the mixture ratio of wool in yarn is important.

The microscope observation method and the DNA analytical method are used to identify animal hair. However, the former

requires skill, and calculating the mixture ratio of wool in the yarn is not possible in the latter. Consequently, we focused on ISO

20418-2, which can identify a variety of animal hair and calculate their mixture ratio using MALDI-TOF MS. In this report,

whether the type of animal hair could be identified and whether the mixture ratio of wool in yarn could be calculated, based on

1SO 20418-2 using customs analysis equipment, were verified. As a result, some animal hair could be identified, but due to the

low signal-to-noise ratio of the mass spectrum, further studies are needed to calculate a mixture ratio of wool in yarn.
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PEPTIDE CALIBRATION STANDARD (BRUKER)

22 HEE
pH A —4% — : Waterproof pHTestr20 (Eutech Instruments 1/
Oakton Instruments #1:%)
7u v Z/3A&  : Thermomixer comfort (Eppendorf £L8)
BRIKEHER DIRECT BLOT BM-80 (3 —7#H4Y)

e LAy Bk : MX-305 (b X —FE ALY
i p : MOV212F (LI Emsetid)
MALDI-TOF MS : MALDI-8020 ([ fly/Erri)

23 HEOFH
231 AR BEOHMERUVERIKE)
- 4%SDS Z&Te 02 M U UEEEMHR (pH 7.8)

UUBRKE T R U L% 2849, VIR_AKFT NI L%
15.6 g TN EHUBMIKICIE L CAaR%E 500mL & L7z, U »ligk
FE T NY U LKA E 100 ML &YV ELY, pH A—%—TpH %
BIEL2D, BHELAEND Y VEETKFEF R U v LAKEREthx
W2z, pH % 7.8 IZFM#& L7=. 400 mg o SDS # 73 L7= Y Lk
RIS L, 28E 10mL & L7,

- DTT &k

1.9mg/l0 uL & 725 £ 512 DTT % Mkl iEmE Lz,
< IAA IR

47 mg/50 UL & 725 X 91T 1AA ZBRUK AR LT-.

- Tris-HCI #%f#i% (0.5 M (pH 6.8) % 1X0.2 M (pH 9.0) )

HEOE T 2EEICADET Tris &V EY, 160 mL FREDE
MKICVAR S, pH 2 LooHfE L7ed 6 04M Mg & thx
N 72 BHIO pH ISR LT-t%, Bk Tai% 200mL & L
7-.

- Uk A UM BRI

10% (Wiv) & 722 X 912 SDS KR ZFH% L7=. 0.5M Tris-HCI
KR (pH 6.8) & 4 mL, 10 % SDS AKigiiAz 1mL, 7V tn—
Vi AmL, BHMUKE 1mL ZNERED Bio TRE Lz, 2O
HIZ BPB &/ BN L7z,

- CBB %ufiiik

CBB % 0.1g, W% 1mL, AX /—/L%50mLZNENEY

B> CRAL, BikcaRs 100mL & L.
- Btk

A K 7 —/L 100 mL ([ZHBHiK % 100 mL ANz 7=.
232 PVDFE® Y T uE
(1) EfEE
< MU T FIREETR

BRET E=U L5049 ZRMAICE) L CaEE 100mL &
Lic. ZOERBET VE=ULKER LmLIZTE =K ) L%
800 L, #Aflizk % 200 pL fnx 7z.

- MU TV

50 ug/mL &2 5 X9 R Y% U U RRBEIRICER
AN
(2) 3
- PVP &I

PVP % 5mg, L-*F 4 =% 10mg, Hilk% 6uL BV EY, &
MK CTEEEZHLImL & Lz,

« N U T R

0.2 M Tris-HCI £ (pH 9.0) 200 uL (27 & =k Y /L& 100 uL
Iz, Bk ceEEs 2mL & L.

c NUPUUERIR

2ugimL L5551 Y FovE b TREIRIC )
L.
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2.3.3 MALDI-TOF MS IZ& %8I
(1) EEX
v Ny T RATRIR

TFAZ 1uL, 7 F=FVU/% 300 pL BV - TIRAL, #8
WA CTEEE ImL & L7iiklc, @EIEO CHCA %N x Cfafn
KT
(2) mdE
c~ MU v 7 AWK

TFAZ 1L, 7 F=HFUL% 700 pL &Y B> TRAL, &
MK CREEK ImL & LZIEIRIC, CHCASmg ZRh> L7z,

24 EBRAE
241 AR BEOHMERUVERIKE)
2411 TAIEKEOHE

REHE K 150 mg =V B> T 50 mL B —F—I{Z AR, [ ZSAT
5 TR D D AT, Ml L2 Bt E 2mL O~ A 7 nFa—T T
F15mg &V HLY, LU O Scheme 112> TALBEL 7=,

About 15 mg of chipped sample yarn in 2 mL micro tube
— Add 500 pL of 0.2 M phosphate buffer (pH 7.8) containing 0.4 % SDS

— Add 10 pL DTT solution and shake
— Heat for 15 min at 95 °C

— Centrifuge (6,500 x g, 1 min)

— Add 10 pL DTT solution and shake
— Centrifuge (6,500 x g, 1 min)

— Heat for 15 min at 95 °C

— Centrifuge (6,500 x g, 1 min)

— Add 1AA solution 50 pL and shake
— Heat for 15 min at 25 °C

— Centrifuge (6,500 x g, 1 min)

— Add 20 pL DTT solution and shake
— Centrifuge (15,000 x g, 5 min)

— Collect the supernatant

Protein extract

Scheme 1  Protein extraction from yarn.

2412 A ERBEROESIKE

2411 T b T Tz A BRI 2 vk OB BRUR C 3 1%
FR L7z b D% AT, DIRECT BLOT IZ X 5 SDS-PAGE %17 -
2. BREIOT7I A BIZ5uL £ L, LMW ~—%—% 3 pL [AIfE
\Z7 774 LCHEh L7z, PVDF L AL 0.1 um (Merck Millipore)
L02um (7Fay) 2RV AL EREEE &7z PVDF
%, CBB YufaiR CUufath, Bk Clif L CREL L7,
2.42 PVDFE®D kY T e
(1) E¥E

Yettt% 0O PVDF [R5 7w X —T/Ry REYIY L, EEMEN
i7" —7"C MALDI-TOFMS Hi# > 7 v 7 L — MRS Y fH1F 7214,
FU Y URIEE LPLIE F L. o AT L— e E A0 —
AR, NT T 4 VATEE LIZ ET, @ik ch<iEsETk

XLZANERIZT vy VHERVETANT. ORI Lk
BEIC A, 37 °C TREIE ST,
(2) &

Yttt PVDF B H v X —TNRU REEIVHL, BLFO
Scheme 2 (29 - THLEE L 7=.

Protein on fragment of PVDF membrane in 1.5 mL micro tube
— Add 100 pL of acetonitrille

— Remove acetonitrille
— Add 1 mL of PVP solution
— Heat for 30 min at 37 °C

— Transfer the fragment of PVDF to new micro tube
—Add 1 mL of 5 % (v/v) of acetonitrille
— Shake for 15 min at 1,000 rpm

— Remove 5 % (v/v) of acetonitrille

— Add 1 mL buffer for trypsin

— Shake for 10 min at 1,000 rpm A
— Remove buffer for trypsin

— Repeat (A) twice more

— Add 20 pL of tryosin solution

— Heat over night at 37 °C

Peptide solution

Scheme 2  Enzymatic degradation of protein on a fragment of a PVDF membrane.

2.43 MALDI-TOF MS |2 & % 8I%E

WPNOFETE, 0.1 % TRA ICHfiR S 7= Peptide calibration
standard % V7= JI7E % [FIRFIZATV Y, miz 1000-3000 OFEFHZ 7 A
BIEL=. 72, REofEE, By gy M1, 7er 74
JV¥7 300 CHEfE L 7.
(1) ERE

YT A% 0 PVDF EETRIC~ R Y w7 ARSI A 1 L
WTEL, Metk, B2 F07-yr7Lv7 L —haZ20EE
MALDI-TOF MS IZEE A L, HlE L.
(2) HHE

~A 7\ Xy ~MI ZipTip C18 (Merck Millipore) ZH v {7,
70% 7 b=k UKL 0.1 % TFA /KK 10 uL C 3 [A]
Pt Lz, 242(2) THLNIEATF A 10 uL < 10 A4k
H L TARTF N% ZipTip (12Wah S#7-1%, 0.1% TFA K¥AHR 10 uL
TI3EWRGE L. LT, ~ M o7 AW@REE 2 pL FBER W,
MALDI-TOF MS ¥ 7L 7 L— bk T 5 B L= %12
T U7, i & e 2 STy h, MALDI-TOFMS THIE L
7.
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31 FAFKEOHERUERIKE

EE, WTUIY, BT, K, TN, BLEROT A
T DOFLRP B L7272 A< B %, DIRECT BLOT TEXUKE
L, PVDF BIZHEZE U TR L kENE % Fig. 11T T. EER
O Y OFRIL I HEHE L7z, £7TFig. 1 & FAFEOKE)
BA o R Uiz, 1SO LTI, KEIFRERIZ IS L, v RO3ERITS)
B4 BETICHK T STV 523, DIRECT BLOT TIEFBLTE Aeds
oz, DT, 1SO IETHIRENTWAUkEE 980 b
IE VR, T BARER /S RS 2 R STITEL L TR Y
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DR R2EKIZONTHFEDORENAS REARVEA, IE
WAV RZEARVRB &5, ISO IETIRKEEOF RO K2
AKEFELOTHYHTZ LI TNAETD, S RABICH
D7 7 F o BIFIET 5 AR E 2 b7z, DIRECT BLOT T
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T T F DRy RGOS EORERH DP9, PkEhEE
R OIHE DEBENKEN UL > TRAEDZ LT, AU FAK
B OBBIEEICERNE L b0 L BRSNS, A Cldikig
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Fig.1 Electrophoretic patterns of protein extracted from yarn.

3.2 MALDI-TOF MS [Z& % BITE#HER
321 BEERICKYBOMLAIEKRICOLT

EROBARNP LI L2 A EEERKEI L, &ohizis
GO PVDF [ENHHI 0 LTz REBEBHEIC & 0 AUE U724,
MALDI-TOF MS THIE L 725 R % Fig.2 KOV 3 IR 7. EHET
%, PVDFIEDFLEN 0.2um L FTHLHMLERH Y, FLEN/IS

UVMEETE B2 AVE B E VT < D728, b /e LRI
0.1um & OHERHH . LovL, FL£20.1um ¢ PVDF BEIXBILE
WEESNTELT, SBAFREI D &L PHENTD, &<
TR E TN B L 0.22 um D b D % W T RRGE © F26E L 72, Fig.
2 [XFLAR 0.1 um, Fig.3 1% 0.22 um @ PVDF A 4L L Cf b7z
MERTHD. Fig.2 DS Fig.3 L0 bHTRIFTH-720, W
NHHEBERERIIE SN o7z, KBS ) 7Y IRk D
KLARSE, B DR L VB SN D ATREE b E X b DD
I 7 HFE R O AT o B AREOTERITRFN TN EE X
5.
3.22 HHZEICKYBOMLAIERRICONT
FEOBRDOMB LA EEERIKEI L, Bk
Bt PVDF i (4L£% 0.22 pm) 225810 Hy L7230 R & fhibik
|2 &0 B L 7=, MALDI-TOFMS THlliE L7558 % Fig. 4 1=
T EEHELKE LT, ALMNIY AAY LD SN A E
SN, XTF R EEZHND E—7 BB L. BT, 1SO
5 CHERR T D EE T H D miz 2,450-2,750 T PHCER L, EEMED
EARERE L CHER LR R Fig.5 X6 THDH. N FA%
WEE L TR LRGSR (Fig.5) TIE, EEA IV ITARUR
KDEARDT AR MUIERBR Lol —T, AN
VR B AW L TR O (Fig.6) TiE, BROEEE 2o
TLERE OB L - TR ENTZ. FERE (I ITRD
EAY) BT D L, BT miz2,383 O E— 7 OFEEC L BEND
BRONT. £z, <K TiE miz 2,500 [IZE e v — 27 N R.Hh,
FEXBITEZ., F, RERORICHE LIz — 7 HEERD
BITA, Wb U VRIS NS T2, SELWERETH
HZEICERNTDEEZOND. ELITHAMICRR DR E 2>
726 ZETANRBIL, IFER D~ AR MVERLTZ. O
oW TRE L ERTHY, 1S0 ETHREMNR E— 7 1R
Ciz7en & T3 9. RIETH L IEE T A0 OXBINLIREE
EBZ BN, BB E, KT A20EER. TrAT0
EARIIMOREL & 1T E B 2HWEOEETHY, B—r ¥
— N CHIRE R AR RN T2, L2235 T, Fig. 6 OfEIOD B — 2 /%
=V ERRTHZET, Dia & HARBCHIE L EOEE
DI THED T BAR ORI FIHE & BRSNS, F72, DNA ST
THEMNTE VM LENZEECOELTH, PifmLsh
TRV H D LR —DFERBF LN 7o®, DNARRE L TLE
DXIBMIN SN D THE|ATE D AMREMNDHD. 72721,
Fig. 6 75 ISO IEDBEGRAE D& R U miz O ¥ — 7 13RS s
ofc. BRIKENE N T UMD FEEET L2 LI2LY,
ISO & L X R BFIHD 7 T F L RoZ DD 72 AE L B A &
hreborHilans. 72, AN E—2 0 SN HAMEL
EEOIRHAEN 85 %A DO EREZWE L, FEORMAELRD X
I L LA, FRICHMN Y —2 Th 2D miz2383 D E— 713,
ERFRELTHLN TS SN 10 2 FES AfHEERN ®H 5. 4
#%ix, U7V AR OME O RE LS, B EER <L
BB INT MY T AT 5%, SN A ESE D TRR
kdons.
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Fig.2 Mass spectra of wool protein processed by the direct method. (Wool protein was blotted on a PVVDF membrane with a pore diameter of 0.1 um.)
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Fig.3 Mass spectra of wool protein processed by the direct method. (Wool protein was blotted on a PVDF membrane with a pore diameter of 0.22 pm.)
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Fig.4 Mass spectra of peptides obtained by the extraction method.
Wool A
Cashmere A
2260 2300 2340 2380 2420 2460 2500 2540 2580 2620 2660 2700 2740

m/z

Fig.5 Enlarged mass spectra of peptides obtained from the band A procession by the extraction method.
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Fig.6  Enlarged mass spectra of peptides obtained from the band B procession by the extraction method.
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4. = N

ABIEIL, BRF OB L OEEORAFEORE AR L
< Ei AT RE/ R TIEOMN 2 B E LT AT, B 1M E LT,
ISO IEDFIMEDON, ERUKEITIEL O DB OLPREAZE T LT
BB 2 SR ATRE A MARGE L 72

WL OO ERD B U727 A < E % DIRECT BLOT Tk

X

L, PVDF BUCERE L TR AELSE R, HZL M)
VUM S Z LIk D, BROFEE Ao ERE O BRI
Wy 7r~ A A7 MR L. £72, DNA S Tl T
RIS TN L EN T (OB L ARECTH o 7o, A ORER
5, 1SO {% & DIRECT BLOT ##AHHH T, W ONDEHR
TR D 2 ENFREL IR o T2, = AR FLD SN LMK
<, BRIZH2T T FTARELN TN, BURTIEEX
WCHENDFRORMELRNT 2 LIIRETHY, BRDHK
ERROHLND.

3

1) JISL1030-1, keSSt oovRH SEaRER 7k — SRS - MR (2012).

2) JISL1030-2, AikiERd ool SEER 1L — 2 iR (2012).

3) IS0 18074, Textiles — Identification of some animal fibres by DNA analysis method — Cashmere, wool, yak and their blends (2015).

4)  TEEFOL, IL-REKR, ARG - BB R, 60, 75 (2020).

5) 1SO 20418-2, Textiles — Qualitative and quantitative proteomic analysis of some animal hair fibres — Part 2: Peptide detection using MALDI-TOF

MS (2018).

6) REVNEZ, RERE -, WAER, SRIT o, RUKEE, R FIRR oy — 7R, 109, 30 (2015).

7) InoY, Hirano H : FEBS Journal, 278, 3807 (2011).

8) Bunai K, Nemoto T, Yamane K : Journal of the Mass Spectrometry Society of Japan, 51, 530 (2003).

9) RERE—, HHHE, EHOE: #7268, 276 (2012).



	MALDI-TOF質量分析計を用いた羊毛とその他の獣毛の混用率の測定
	（第1報）
	1.　緒　　言
	2.　実　　験
	3.　結果及び考察
	4.　要　　約
	文　　献

