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WHETMOF - th - T2 COVCERBIEICEL, XAD2KIEE VWS BERY v —
ZRIWDSHIEE, REFREO BREF TIRWEILEREIN S 7 2 D8 - 7IVREERE DN kK
FEYMZEDNRICREL, BEEOEWVW CERZEZDICENTH DI EN, I F
TOWFETHS N2> /= (Stafford et al, 1988 ; g - Hkf, 1997; 1998) . LHL,
XAD-28flEZ VW% ZEICKDRMEsBEREZ L, sBPoxE - EFRFEMELIC
EIMECTNWEENDDH S, AT7—4 > DRE - EERLERMEHIIEIEBERL =
BEFEOFRMELE KT Z EINTED, BEETOFEREELTHEHATH S (van
der Merwe and Vogel, 1978; DeNiro and Epstein, 1980) . {E#HE DS WICER
EEDBIT, BEEOEVWRE - ERRERMELZES Z L1E, BIELAEHFEICBWTE
Bl &t TH5,

BHREORFHE, BRONCHAEDFE7F L ABIT—7 DiRFITH L, XAD-28H540
HARNMAELICB LI TEEERARNE R, XAD2MELEEZT5ZE1C&>T62C
EIZF1.0%Em <D, 6 NEIFIEFEAERLLEBEWI ENba>7 (B - tMH,
1998 ; mM, 1999) . ZD#ERIL, XAD-28IBALEIC KX B ENMAESBINITEAER N E
9 B Stafford et al. (1988)D#ER (6 PCiE~+0.3%, 6 °Nii~+0.1%) KT H
DERSTz, £z, HAD7 I ) BAEOXAD-2H UL EIC X 5 RN AL O i iE
EAERBNT, XAD2®ISUEICL 2 a5 —% O BRMELROZIL, 25—
TFUEBRLTWAEADY 2 BN, XAD-28IEZ2E2BICoRERIL TS -
DIZELCTWBHDTIdWnwERBINT,

EHFTRIZHBNWTIL, EBROBAICKL, {LRUENEMEICB KIETEEEHA N
5729, {LEHMHEBEORIZDZ N DN DERSMITONT 6 °CllE, 6 "NEBLUC/NH
ZHEEL 7z, £z, XAD2BIIEULEOBERETI S —F > IKSEIMF D7 I ) B R
INEL TWENEDINERRDE=D, 73 ) BHERSTBIT- -,

GRl B L UH )

KBRICHW-FAERRNS, REHEEWNICET 2EIBLEHZFEOEVIVED, SR X
N7z /> (Sus scrofa), Zi> 2 Ji(Cervus nippon), AR > (Trionyx sinensis)
DERTHD, ZN50EAEDOCERITHAE00yr BPEEZS5NS (FAHFE D,
1997) . a5—% ik 1L, Sigma Chemical&Nacalai Tesque 8 OBAEDET F L 2
Bas—4s xR\,
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BOEE R IIEYG KPP TROEBELULBFREER L, X5120.2M NaOHY TEH #
W L%, BBARKTHEWTEHEBEEBELEZ, INEXAT VLV ARSKERNTTRL,
0.8N HCl (4°C, 24hr) THUKALIE L /-1, BEICRAKR D 2R 07 BEL . REK TR L
CHEEERE L, ZOBBEERBIC6NHCI 2Mz, YIIZosTdOoyrbe—4—
KNT110°C T4 KIS S TIADE L=, B 5N MAKDEY DO —EBILTNRL —
ok o THEBERIUSE, BREEERLE, RO ONMKS EIIXAD-2 85 % &
DN T AAX30cm)IZBL, BNHCITY X/ BESARZBEHI®, VI /BES
ERITONWTHEINRL —& —THEEZ REL 2%, BEERELZ, a5 -7 R E
ZOWT HEKEIS, BUR - KSR - XAD-2KHIEILEE 21T\, 73 JBRIEG KR %
M U7 (B - A, 1997) .

PEDED LU TESNIERMIEEH, EREEDIINTIIINVEREZEHELT
850°CIZINEL L, A UFSMAEEEZES 1> #HVTN,ECOITHEHL -, N,ORBEIT,
WARRETEHBHLEBRELF253—TZ (13X,1/16) ich oy 7R LT5EZEH
W= (BED, 1998) . jkE - E@REERAMELORE KA ERITEHMAT-252)
kDT o. £, —HORBHIDWTIICNI— ¥ — (Wi&E, MT-700) IZXD
REPBIUVERSTHEZAIEL 2.

MAKIMRIRSD B L UOXAD-28 s X /-7 2 ) BEAERRFIITONTIE. AHEK
2 SKBEREHMERICHDIH A7 O NI 5 7EEHHE (Thermo Quest
SSQ7000) KX DT JEMIEERLE. AR E2BMKTHD, TIN5 TI/ B
¥30ne WML, BELAE%. 1Y 708 —)V1.8ml+7YF)Iras1 K
0.7mIDEEEEMATEMN L. N, T THK200ul% B L7z, 100°C T—RH .
KK TEAL. N, FTHRIEZRIEL . £ IITFAA-DCMiE (b1 7))L 4 O RKEE
B20.5ml+ 7 0 AY 20.5mIREHR) #MATEN LK. N, N THEE100p1Z 77
L7=. 100CTLOMfImEsE, KAKFTHAL. N, FTHEHEEZRIILZ, 6122 rn
DX&)MDMMKT@#D\%@55Uﬂ2ﬁ17m7F537E%ﬁﬁﬁkﬁlbto

o k2 23!

{b2EuEIc X 5 e aikblom sk - ERENEEOZALL

AR EBIR, MK E, XAD-2HISIIET 2@ TH SN HMT DRE - #
ERIME ORI EREZELCORT . M1iZ, BEGH O FMELEIC B2 OC/N
W, 0BCHEBELEUSSNBEOEE, aAF7—F RENSESNM (M, 1999) &
EBHITRLUTZ,

C/NHIZ, WTFNORE HENBEAEDICONTEL L T D, B{eaaloC/N
HE VR A R TR T SBRICAEZ SO LTWB O, 355 Vi oiRERY N
BREXNAFZDTHD, AT—F UREODOTMRBOE, SREBDOBRELND &
DiERIC L BB EE R SND. BURR S 2 NIRRT 5BRICBN T, Abaa
B, 05— RELDICHDOKRE S IGREVARL, MK FRS EXAD- 264
W LEEICBVWTIE, a5 —F CREOIFI NRERBEMZRL TS,
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5= 2 RED 6 PCEIE, LELEMEDICONTHAL TWSDIZHL, &h
AT, AR DBBARICENTIIN DM ATS 0D, XAD-28E0EBRICH
WTIROT MDA LTS, 6 NMEIBEEL TIE, BlLAERE, a5 -~ iRsks b
WZHEODENE SN T,

HEAiEl, 25— EENWTND, (LRLUENEDIC OO S—4 2otk h,
EVAT =T UERDBEITGEINTWVWS EEZ SN SD, XAD-28EUHOIBRICH
T5MEAEDC/NEL, 6 PCIEDELDEWNIT, AREEYDBREINEEDET TR,
tEEHAEDEDEN, BIYOEOEVIIHERL TWS EEZ 5N, DFED, LA
DIEDINVERICE > TAT— T UNSBINDCTVIREBICHD, a5—F 2Kl T
L7 I BEAELEZTOTNENDZE, TLT, 81Ok -> Ty I EBEHR
MEZLHOT, HRERICEX>THBREZTRTWVWT I JEBERENRLSEVWD T ENE
A6N5,

U EDFERNS, XAD-28EUEIZ K B RIMALOEIX, REBERMRICHL TiE
BETERNWZ &Mooz, LML, C/NH, 6°CHEBEN 6 NMEITXAD-2 5
WEZTF T3, 25—4 2 %0.8N HCITHIK, 6N HCITHM/KDEST ABICHE1L
LTHD, HRICLIZE, BMOBOEWVICKZEELR Y, IV ONDOER %
BOTEZADIENNETH S,

#1 EEHEEMNSEIREINZT />, ZR>PH, AvRBHD
LRI E B2 S5C/NE, 6 PCHEB LN PNEDZEYL

Ccontent N content C/N 6'°C,,, 6 '°N,

(%) (%) ratio (%) (%)
Sus scrofa
Bone 10.4 2.9 3.6 -—-- -
Decalcified Bone 47.4 14.8 3.2 -21.0 +5.6
Hydrolysate 34.8 11.7 3.0 -19.9 +4.6

XAD-treated Hydrolysate  30.0 10.4 2.9 -20.4 +4.9

Cervus nippon

Bone 8.2 2.0 4.0 e -
Decalcified Bone 43.7 14.4 3.0 -21.7 -—-
Hydrolysate 36.3 12.8 2.8 -20.1 +4.0
XAD-treated Hydrolysate  30.0 11.1 2.7 -20.5 +4.4
Trionyx sinensis

Bone 6.8 1.6 4.2 - -—-
Decalcified Bone 43.0 13.5 3.2 -20.6 +9.3
Hydrolysate 33.7 11.6 2.9 -18.6 -

XAD-treated Hydrolysate 31.8 10.9 2.9 -19.4 +8.6
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KGR EXAD-2B AR N 7 X JBESHERI DT I /) BERDEN

RK2Z, A5 URAEBLURBHERRSD) SBRE N1/, 2K THE
FoY I/ BERERT, EMNICRT, 7522, US>, PANTFEIEBOBE
NE, XAD-2BIIEEA T 52 LK THML TWA Y I JBEERDL TS T
X BNEEL, NLAZ2, avaqT, a4, BUIIOWTIRELT S 2
EWOholz, 73 BITNTNERED KFE - EBRRMELEZ > TWSED, 73
JBHRNENT DI LTk, 7 ) BESERDOKE - BERIEHIIENLT 2,
BYORENEZR, FONVEEBRTAT7TIJBHERDRERD, LENST,
XAD-2B 5 BIC & > T T3 6 "CHEB LN PNEO KR XX H R/ 2139 TH 5.
BEGRE O 6 PCHED, MAKIMEERICPVWTAZLEMRTIOE, BLADIED N
BAEOETYF VAT —F VIR THEBICEB0BRIGZEZZITIRTL, 72 /B4
FRINRES BT DD EZEZ NS, SHISITOFIZEDL, LFHREIc L -
TETHEIAT—T > DRHE « ERFNMELICONTHLNILTWEFLNWEE ST

o,

K2 AT CREBIVEERH DMK BERS, XAD-28 50 L 7=
T I BEGERITDOT X ) BHERS T

(BAL : pmol / mg)

Nacalai Collagen Sigma Collagen Cervus nippon Sus scrofa

H_ XAD H XAD H XAD H XAD
Ala  0.70 1.29 (+0.59)* 0.55 0.35(-0.20) 0.71 1.00(+0.29) 1.09 1.03 (-0.06)
Gly 2.18 3.47 (+1.88) 1.57 1.36 (-0.21) 1.83 2.40 (+0.57) 2.51 2.20(-0.31)
Val  0.09 0.11 (+0.02) 0.80 0.24 (-0.56) 0.85 0.90 (+0.05) 1.28 1.06 (-0.22)
Thr 0.11 n.d. (-) 0.46 0.26(-0.20) 0.35 0.21(-0.14) 0.44 0.12 (-0.32)
Ile n.d. n.d. 0.51 nd. () 0.36 0.09 (-0.27) 0.45 0.12 (-0.33)
Leu O0.11 n.d. () 0.19 n.d.(-) 0.14 nd. (») 0.20 n.d. (-)
Ser 0.27 0.11(-0.16) 0.53 0.28 (-0.27) 0.26 0.13(-0.13) 0.33 0.13 (-0.20)
Pro 0.49 0.86(+0.37) 0.23 0.33 (+0.10) 0.37 0.36 (-0.01) 0.41 0.25 (-0.26)
Asp 1.15 0.20(0.95) 2.17 2.61(+0.44) 2.64 2.29(-0.35) 2.25 1.64(-0.61)
Met n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Glu 0.45 0.37(-0.08) 0.38 0.45(+0.07) 0.55 0.43(-0.12) 0.44 0.39 (-0.05)
Phe n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Tyr n.d. n.d. 0.24 n.d. (-) n.d. n.d. n.d. n.d.
Lys n.d. n.d. n.d. n.d. 0.88 n.d.(-) n.d. n.d.
Total _5.55 6.41 (+0.8€)_ 7.63 5.88 (-1.75) 894 7.81(-1.13) 9.40 6.94 (-2.46)

XAD : XAD-treated hydrolysate n.d. : not determined

* Deviation from values of Hydrolysate

H : Hydrolysate
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EF=X9)!

a5 —4 VREDOXAD- 285N E I L B EAME LD I, 6 PCHEICDWTIEN
+1.0%, O °NEIZDWTIIHO0.1% TH-o=DIiIzHL (FE, 1999) , REHEEN
SERENZA />, ZR>Ph, Ay RCOBARBHIH L TIE, 6 PCEMNH
—0.6%, 6 °NMEMN+0.3% 72> 7z. ZDOFRIL, XAD-2B5ULEIC X 5 RIALAERS B
6 BCEA+0.3%, 6 °NEAH0.1% & T % Stafford et al. (1988) D & IFHRE 2
HEER LT T,

BeERE, 35— RENTND, (LRUESEDICONC/NE, 6 °Clab &
NOPNBEDEMREL TWBR, Zuda s—~rafban, Xvas—4r &k
DEIGEDNTWA D EEZ NS, ZNSOEORILDEAENEGREIEa T —
FURETED DI, AREEYORED SNAFNRRL-DETTRL, {bkaEHE
DEBDEN, BYOBOBEVWICHERAL TS EEZISNS, DX, (LAGDIFONE
BICE->TaAS— 0B EINCTL, A5 EBRLTWSY I JENEL
2T, £, BYORBICEXSTTY I/ BHERNERD, HEBRICK > THHBREZITCT
WY IO BHERENRRRSOEEZ NS,

A5 —4FVRERBIOEBOBLLAICHL, O35—4 DMK RS 755 IIXAD-2
BISE XN I BESEKRSDOT IV BHERS T 2170 I26R, XAD-2854L
HIck-oT7 2 JBHERICEIENEC TWS AJREMICRE Nz, Br07 I ) BRAED
XAD-28 LRI KB RINARE DEIZIZ EAERS NN Ens (R, 1999) ,
a5—4 > THUBXAD28 I IC K B RS B, 3 5—7 &L TWw5S
BxrxDY I )EN, XAD2BEZEA2BICHMNZEZREILTVNEEDIZELCTNSDT
1273, A5—407I JEBEHRNELEEDTHLEEZS5NS.

EEIC KDL EER 05— D DORFE - BRAMELICKIZTEZEEICIOWVWTE, 5
%, RHEL TV FETH 5.

(FH )
COMEEEDDICHZD, PRERER (BHBRRFEARUEERAFR L5 —)
DTIRE, THEEER. 7 I BE, PR FEAEBRARSUKERFEIT
HEPFRICHETE, KA BRI L> TERL T ZWnz, EEHERERD S
+ LRI E RBEZESOREVRYS S REL THW, ZOMFRICE, CHRE
FEmrA B mie (BIMEERME, RXF  EA, REHS 100031500 O—
HAEMHALZ. LT, BHOBZRLET,
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Carbon and nitrogen isotope fractionations of collagen

by chemical treatments —mainly by XAD-2 treatment —

Masayo MINAMI
Department of Earth and Planetary Sciences, Graduate School of Science,
Nagoya University, Chikusa, Nagoya 464-8602 JAPAN

E-mail : minami@eps.nagoya-u.ac.jp

XAD-2 resin is considered a good material to separate quantiatively polar amino acids from
less polar fulvic and humic acids, which are predominant sources of error in '“C and stable isotope
analysis on collagen of fossil bone. To evaluate if XAD-2 treatment affects carbon and nitrogen
isotope values, Minami (1999) measured & BC and 6 '°N on several extracted fractions of
collagens from modern bovine Achilles heel tendons made of Sigma Chemical and Nacalai Tesque.
There were about +1.0%. difference in & ">C and about -0.1%e in & '°N between hydrolyzed
collagen and XAD-treated collagen hydrolysates from modern collagen standards. On the other
hand, the carbon and nitrogen isotope fractionations were about -0.6%. and +0.3 %0 in 0 PN,
respectively, on animal fossil bones collected from collected from the Awazu submarine
archeological site in this study. The C/N ratios, & BC and 0 "°N values of extracted fractions:
decalcified, hydrolyzed and XAD-treated hydrolysate fractions, vary as chemical extraction
proceeded. The change of the isotope values, which differ between fossils and modern collagens,
might be caused by purification of collagen, decomposition of a part of collagen, and combined
changes in amino acid composition in collagen.

The XAD-2 treatment affected amino acid compositions on both fossils and modern collagen
standards. Since there was no difference in both 8 >C and & '°N values by XAD-2 treatment on
amino acid standards (Minami, 1999), the isotope fractionation with XAD-2 resin on the collagens
can not be due to the total isotope variation of individual amino acids, but be due to the change of
amino acid compositions.

We need to further study the effect of chemical treatment with HCI on carbon and nitrogen

isotope ratios of collagens with XAD-2 resin.
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