RIZEFNHAIRBaT—4F D

7

—~ N

ST K 2 IEURHEI YRR O [R] %

Hig S P

RS

—R . AR R

LTS 07 NI = I

o Wiy BE=

@F—7J—F:7O0FF3IY X (proteomics), B (animal glue), EESH (mass spectrometry),

2 (Chinese ink stick)

1. I

A= L3S oW HEYRED LY v T HkS
ThHy, FPRENETTEL, BERoREE 2K
SO OBE 72 320N LM & LT L BB gk
T %o BIEDOWIEN S, NTIHHEFH OZREDHH
SHitiEhizas -4 o7 I ) BRESIRITIC & 0 2%
O LDOMEFEF THETES I ENHEIESH
(Schweitzer et al.: 2009), ZHEITH i 2 HH S
XFRELTHEHINS & 91278 5 72 (Dobberstein et
al.: 2009, Krause et al.: 2010),

BUEETIZ, E MNP VR EOMABICELT, H
30 LI LOBRED R 235 =Y UBHIGhTED,
RSN EPERICZRICFET S B2 ILHET
MR D 35 =4 v &, MENERIIE A 3 5 FEk
Hetko VIR S —F v licgpBshTns
(Shoulders et al.: 2009), 35 —4 1, HAREE L
T3HTHoBARIIKEASA G > =HoFAMEETEK
LTHO, M IchBZmmEsdirtrsezs LT3,
Bz, MR IS - o8a, 241FDa-1
HEIDTOa28ILORE "HOoFAMELIEKT
5 (M1), TN ZThOBITR 2 DB TICTI— N3N,

T BERINNEL > TEY, RIS —-F7 20
a-18HTH->Th, BWHMICT I/ BEHI BRI
B HOT, @YBHETIAST=F DT I BESIO
EONGEARNNE, BORRE S S Bk REE T
B ENURETH B,

Apfgecid, HfroELHELLTHL O TSR
BIEHL, TOEERSG THEHEDMEH &L TH
WBEENEBOIZ—F DT I ) RI%Z, < b
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Fig.1 Schematic representation of posttranslational modifi-
cation and structural transition of type I collagen mole-

cule.
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K2 strege UcBEBERL an iIDP R (1741 42 12b
Rc#EIhcR, b 2008 4Fic i gh TRlE S hic &,
o FHEBMELE LTHO A (v, vy, =X, ¥
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Fig. 2 Chinese ink sticks and animal glues used in this study.
Chinese ink sticks manufactured by Kobaien in 1741
(a) and in 2008 (b). Animal glues (deer, cow, fish, and
rabitt) used as standard materials for MALDI-MS
analysis (c).
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Fig.3 MALDI-TOF mass spectra of tryptic digest of peptides extracted from ink sticks manufactured in 2008 (a) and in 1741 (b).
The peaks subjected to MALDI-TOF/TOF analysis are labeled from #1 to #15.
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Fig.4 MALDI-TOF/TOF mass spectrum and de novo sequencing of peak at m/z 2132 (#13) of Chinese ink stick manufactured in
2008. The y-type ions are indicated.

#£1 EbhoHiBLiR7F FO MALDI-TOF/TOF ##fic & 5 7 3 J BERCHIMRITRS B
Table 1 Summary of the peptide sequences determined by the MALDI-TOF/TOF analysis.

m/z (%) 7 3 ) EEARE| 4 8 ()
1105.5(1) G(685) VQGPPGP*AGPR(696) al
1267.8(2) G(326)IP*GPVGAAGATGAR(340) a2
1427.9(3) G(572)IP*GEFGLP*GPAGAR(586) a2
1435.8(4) G(472)EP*GPAGLP*GPPGER (486) al(@
1460.1(5) G(865)SAGPP*GATGFP*GAAGR(881) al(®D
1585.8(6) G(397) ANGAP*GIAGAP*GFP*GAR(414) al(D
1649.6(7) G(380)STGEIGPAGPPGPPGLR(397) a2
1818.0(8) G(994)P*PGPMGPPGLAGPP*GESGR (1013) al(
1834.0(9) G(994) PP*GP*MGP*PGLAGPPGESGR(1013) al(
1977.2(10) S(1062)GDRGETGPAGPAGPIGPVGAR (1083) al(D
2021.2(11) G(448)EP*GPTGIQGPP*GPAGEEGKR (468) al(D
2057.4(12) E(463)GPVGLPGIDGRPGPIGPAGAR (484) a2
2132.4(13) G(881)LP*GVAGSVGEP*GPLGIAGP*PGAR(904) a2
2217.4(14) G(910)ETGPAGRP*GEVGP*P*GPPGPAGEK (933) al
2855.1(15) G(763)LTGPIGPPGP*AGAP*GDKGEAGPSGPAGPTGAR(795) al(

AENRTF PORFEKRDOT I/ BEFIBES X, ¥— % X—Z UniProt KBHFEIN T3 Y Y [H IS5 -4 2 O NKH S OIEEK
129 - TR L7,
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#11 m/z=2021.2

#4 m/z =1435.8

= --GEPGPTGIQGPPGPAGEEGKR---GEPGPAGLPGPPGER

[/ \(ID:B9VR88)
2</(ID:P02453)

A X(ID:Q9XSJ7)

vV 2(ID:G3UE48)
J')>(ID:G3S8D4)
< A(ID:P11087)
= b(ID:P02454)
Z7~1(ID:P02457)
5 TI(1D:Q802B5)
Z I A(ID:Q910C0)

AKGEPGPTGIQGPPGPAGEEGKRGARGEPGPTGLPGPPGER
AKGEPGPTGIQGPPGPAGEEGKRGARGEPGPAGLPGPPGER
AKGEPGPTGIQGPPGPAGEEGKRGARGEPGPTGLPGPPGER
AKGEPGPVGIQGPPGPAGEEGKRGARGEPGPTGLPGPPGER
AKGEPGP/GVQGPPGPAGEEGKRGARGEPGPTGLPGPPGER
AKGEPGATG /QGPPGPAGEEGKRGARGEPGP SGLPGPPGER
AKGEPGP GVQGPPGPAGEEGKRGARGEPGP SGLPGPPGER
AKGEPGP~GVQGPPGPAGEEGKRGARGEPGPAGLPGPAGER
AKGEPGP~.GVQGPPGP-GEEGKRGSRGEPGPAGPPGPAGER
AKGE SGPAGV/QGP/GPAGEEGKRGGRGEPGGAGARGAPGER

5 T 3IJBEHIT— I N—RIERENTO S EREHWHO IS5 -4 07 I #idS] & MALDI-TOF/TOF 204k Hh S #EE &
MBS EENEXTF PO T I BESIOE. BFEMREO LN OREINANIZE, 7— 4% N—X UniProt OfH ID 277 L TdH 5.
BRSO HTY DT I ) BRSERIZET I BEKBTRLTH S, b)) 7Y v OYMTEMLO T I/ BAERTRT.

Fig.5 Sequence alignment between the peptides (#4 and #11) derived from the glue in the Chinese ink stick and type I collagen in

several taxa. The type I collagen sequences were extracted from the database UniProt and thier accession numbers were pro-

vided in parentheses.
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B, vy, 2ULTYAICBELTIE m/z 1460 IZH#
(73155 A &7z, MALDI-TOF/TOF 43475 &,
Z07 3 ) BEYid GSAGPP*GATGFP*GAAGR & #f
EIN, BIRBEBHOME KL, —H, v¥FeE
HHF (=) TR, m/z 1454 & m/z 1487 k4T
BESMHMIHINTHEY, S IKBLTHEINSET
I ) B W ¥ A GSPGPPGATGFPGAAGR &
GPSGPP*GATGFP*GAAGR &7 0, #5hD7 3 )
BEECHRRESHORE I ENA SN (K 6a),
X517, K6biimd&HiT, yHFiIZBTm/z2129
KR EhaXTF FlRIE, 207 3/ BESH
GLP*GVAGALGEP*GPLGIAGP*PGAR & & h
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HoushicBE v HFB8LUOUHF (=X) 2EEL
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MVbBDTUTH e, HFIBREETH > 72, L
Lo, edR3Dasbicd@LTHEllan
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7z (6 ¢) (Kawahara et al: 2011), BRSO EHE
e LIcARRET 2 HETE, $HE—7I20TO
T3 ) BRI RN —DD T I VBT HEZIE,
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ShloFEFoas—Frny PN Y H, =X, T
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FrisRid, MERERTZEMES ] LML TEH
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EMMESIhTNBEZ EMS (Fujitsu et al: 1997),
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VOSRRIZEBEDTHEELEZONTEY, AHK
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Fig.6 Selected regions of MALDI-TOF mass spectra of tryptic digest of peptides derived from the glue in the Chinese ink stick
manufactured in 2008 and in 1741. The MALDI-TOF mass spectra from animal glues (cow, deer, rabitt, and fish) are also
shown.
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Collagen is the most abundant protein in animals and has often been found as animal glue in
a variety of archaeological materials. In East Asia, the Chinese ink stick, consisting of soot and
animal glue, has been used almost exclusively as a means to write letters. According to ancient
records, the glue used to bind soot can be prepared from a variety of animals such as cow, deer,
fish, and donkey, but such preparation is difficult to prove scientifically. Therefore, the relation-
ship between the physicochemical properties of collagen and the source animal of the glue re-
mains to be clarified. We suggest here a method for unambiguously identifying the animal source
of collagen by amino acid sequencing with matrix-assisted laser desorption/ionization time-of-
flight/time-of-flight (MALDI-TOF/TOF) mass spectrometry. Despite the limited number of
amino acid substitutions in 15 major peptide peaks in the MALDI spectra of tryptic digest of col-
lagen, we could distinguish different animals including cow, deer, fish, and rabbit from which col-
lagen was derived. Employing these peaks as markers, we identified collagen a 1(I) and a2(I) of
cow as the glue of an ink stick manufactured about 270 years ago in Nara Prefecture, with no
signs of chemical or biological degradation. These results demonstrate the possibility of obtain-
ing historical information through the analysis of animal glue remains in archaeological materi-

als.
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