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AHA7a< 7T 7% (GLC) EKEFRIET, LA L 20@AREAIILL, &5 128EIHE
Tho5 EFHEE L TOBENFHEEMA THEY, ZhMINhEBANTT I/ BEMILEIET
BRALDVPELDIRE L oTE SN TV S,

BT, TI/BIXI LA LHRESEL, 20FFGLCEITE ) ZEIEARTMETHY, THEY
THERBGELBEER BT AILEMIBEST IR ENF D S, FEBRLD-DIZE, 2ORIGITENE
ST CHEEL OB, BRICHFZ S ERMIZETL2ThELZST, &51LBADT 3/ B%E
—HFHETT—BIIFERMETE LT NEE S v, /2, ERLAFEERIASGER), % S0
ETZORFANEIVUGLCRIENDEZ L LD TR NIEL 5 5w,

BEiZ Fales 5%, Weinstein?, Blau® & XU Coulter 5Y D#HIZR 5 3 T & K EHOFBEAK S

REFShTWwaH, 2EAT7 I/ BOFHE VI BEAL S HEBENRIFE EZ 5 h 3FEKILRD 418
Th 5,

1) N-trifluoroacetyl ester®
2) N-heptafluorobutyryl ester®
3) N-acetyl ester”
4) trimethylsilyl®
LaL, TRSIZIERD LD LIEBT 25/ H 5,
1) FERCCIEAFZHETHETCOHERGHFLETH Y, BEIEBETHEE IR 3,
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2) FEEAGIAG (BR) CAKETHY, ZORAWE5IZGLCIHEL THLHUDOREH LE

Thdo
3) EROBEBHIAKBERE L THEN 3, FEMMLICEREL Z0HEKRGETE2IBELZTNIEL

573, Z07OICHYEETRBO 22 28ELET 5,

TI/EBOT I/ EE{RET 372D N-carbobenzoxy{t? & %1% N-t-butyloxycarbonyl{t'®
T ARG RTF FERDATFIZHEVTHRENR TV S, ZORIBE—MRIKET, 7y LRE
(benzyl & % & t-butyl chloroformate) & #3 H.IZHMZ, Schotten-Baumann 5§ T TITEehihT
W3, ZOHEEELIZHGHO-OOFEMREE L THAT 51213, WEEICISVWTESYH 5,
L2 L, BRICBNZBGEDOHETPE S GHEET, L2y BKEGET CHEEORAMEITELLY
NEE52VINIIRRT 322 2Z246E, AISAOHBEMZNEGLCHFD2DDFEEKLE
ELTERTHEAI EEZ SN,

% 2T, #F# benzyl » 31 t-butyl chloroformate ® & 5 % REE %L A T% \ alkyl chlo-
roformate (ethyl, isobutyl, n-butyl, n-amyl, n-hexyl, n-octyl) ZFHw, Zh 5D N-FEKR(LF| &
LTOER, RIBRHEZEIIO>VWTHREL 2, 208R, KEEF L) 7 4 KETET isobutyl chlorofor-
mate (iso BCF) T N-isobutyloxycarbonyl (N-iso BOC){t L, Zh & i 5> BEs% Schlenk 5 D F
B> TAF NI AT VAT LG LCOREZFRELPTO NS L 2RV 2 2212155
1% N-iso BOC methyl ester FEKIIFMOMEM: S L OHREME, =512Kka BR) LU
T AL EMEDGLC LDBEGELSEZTREFTHS ZEAHBAL 2 BRATI/BOI B
arginine DA N ZDHETKE — 7 2R& L H - 7=7», arginase Tornithine lZEBRTI2L12L-T
ST BZENTEZ, 512, RBEMAKD GC-MS, 7#EA 7 4, BRER, HFMEYLEL Si2on
TEMARET L 29 F 72, RBEEMES LI VEAE, X7F FIKGBYOT 3/ BoaHmiZiGAaL,
ZOERMEIZEITL TIT L 2727 I/ BEBSMHOBRL B —HETRT I L 2B LI 2040
S50, BEEYFMCEELIFEAT I/ BREFFEEE LTONTTEI L 2L 2ITLAY,

N
%1% HEA7 I/BN-iso BOC Methyl Ester #F ik s

N-FZFERLRIDEIR (X7 alkyl chloroformate 12DV T), N-FBEMBCORIGFHEEIIODVTEH
HIZHRET L, RO &) BARAREMLELELL /-,

MikIm (&7 3I/E10-100ug 2 &) 2HY, ZHIZHNEEEMEA# 0.5m¢ (norleucine 50
ug 380, L2 LU EBROFEII &V TRTREP IR NERERR NS L TV 3551013 AR
K 0.5ml, & B\IIMHKE1.5m #HX3), 10% Na,CO, 0.5m¢ H& Uiso BCF 0.1ml /M2 3, 1
%L CTER (10~30C) TLO4RHRE DHETHL IR EH5(1), KiZ, TLVHVHEDEETI—T
Vil U CERID iso BCF2B%L, 10%) YBETpH % 1 — 2 1@ L (T BaRBRMK), RIEAR
TZOBMEABEL -7V (3 X3) THHFT 2, 2x—FT itz x s/ —vinshlz, Z
NiZY 7 V' % %>~ (N-methyl-N-nitroso-p-to luenesulfonamide & ¥ %)) Z@L, HEEZEL /-
S5BRELTSHMRET 3020 =TI A5/ —LES0CHKBHTHREL, BELERIF IV
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RCHCOOH CH, RCHCOOH CH;
f +CICOCH,CH ~———

|
NH, I CH NHCOOCH,CH (1)
0 : AN
CHg
+NaCl
RCHCOOH CH, RCHCOOCH; CH,

I +CH:N, |
NHCOOCH,CH NHCOOCH,CH 2)

CH;, CH,
+N,

(0.1—0.2m¢) 1ZED LDBOBARFEET b ) 7 A TEBRBEGLCISMH T, HIEIZE+ 201220
ZFTH % Arginineld ZOHETIIE— 7 2R&E L » 572D T, arginase T ornithine |22 %5
Bl 7o Arginase UBIZRD K I 2L TITA 5720 T4 bbb, MBI 2EXY, 5% Na,CO, TpH
9.4—9.6Z3HHETL (T B#BA#K), ZHhIZarginase(from borine liver, 42-60 units/mg)5mgi20.1
MEERET v E= 7 L 4.5l L 0.5MBREE~ ~ A 0.5mé 2 h 2 CTIEH U, 37° T4BEMMEEILL
7o 0.1ml PN 2 B, 37° T20% [ incubation 2472\, LITFABED Hi:I it > CHIET 3,

FHERRECET 2 TRORET I/ BOWKIZITITERN (>92%) Thoro $72, argi-
nine M ornithine NN EMWBIIMDIFEDE T 3 / A K 4 arginine L [FEHIFEL TWVWT 410—150
ug DEHETISR LI ET, ZOKREHEEEHME4TRL 72,

28 GLCIZKkB3EHT I /¥ N-iso BOC Methyl Ester FE kD28 & L EBHIZOWT

COLUMN A
<= zZ2 COLUMN B
O~ [25) o
it JDJ T g-') &= g =0
| jed] = a9 S S <Lﬂmad
<] |- Ay >_]'—1.'3-<
= : [ 2 =
< gm%m £ <|:l//
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—

Fig.1. Separation of the N-isoBOC methyl esters of the 20 protein amino acids with a
dual-column system.

Each peak repgesents ca. 2ug of amino acid. GLC conditions; nitrogen flow rate,
40 m¢/min; Column A- 0.65% Poly-A-101A on 100-120 mesh silanized Gas Chrom P,
1mX3mm i.d. glass tube; isothermal at 80° for 5 min, then programmed at the rate
of 4°/min to a final temperature of 270°; Column B- 0.70% FFAP-Poly-A-101A(1:
1, w/w) on 100-120 mesh silanized Gas Chrom P, 2mX3mm i.d. glass tube; isothermal
at 100° for 5 min, then programmed at the rate of 4°/min; soon after elution of
norleucine (I. S.), the column temperature was raised quickly to 260° by manual
operation and held for 15 min.
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EQ7 I/ BOXRBFEASZELAFLUIDHEETRLEADHTLIOWTHRITEMZ -EER, 0.65%
Poly-A-101A (1 m) £0.70% FFAP-Poly-A-101A (1 : 1, w/w) (2m) D2ARD A 7 L %HWN
NIELTIIRIFL BN RS W3 Z & AHBAL 72 (Fig. 1)o NorleucineldWFhoDAh 7 A2k 0w T
YO — 7 LEEIZHML, NEFEEYEL L TELETH %,

22T, BEML, GLCRITZ-7B802REIST IERE AT 520, X0V T 2%
AWET I/ BOBRER, RWR (73 /BOE— 7% /norleucineD ¥—7 %) OFHMEZKRD 72,
BT 3/ B10—100ug/vessel DEFE CORBRII BHF 2 EEME 2R, 2 RWROBEBM Y BIF
Thole RIZ, BAT I/ B2E&BOEHUATEET 2EMEAGBEREMERL, &7 3/ BOEINE
#Ro 2, 94.3—106.1% & BIFAER &R L 720 Ko THEMAIL, GLCEW ) “EBRRETH 3
», ZOROEREIIERENATVEZ L FHBAL 72,

H3E £YWRBOT I EBEINNOIH

Albumin, a-chymotrypsin, casein, insulin 2 HiEIZfE > THARSEL, FEICES>TEEL 720
o, A3 K%27 I/ BAHSNHTLERL, FEOERELKL 2,

WIFhORBIIEW T 70~ b7 T4 ERIFEY- 73RV h T, A Z0EREIIET 3/
Bt 7 I/ BABSHHOZh B2 —8%E /R /2 (Table I, TI), 7273, serineid glutamic
acid RRIRIZZVWEB TR EFESEER L, 77U~ b 77 40—fl% Fig. 21277,

Table 1. Amino Acid Analyses of Protein Hydrolysatcs

Bovine albumin a-Chymotrypsin Casein

Amino

Ala 5.78 5.44 7.02 6.97 2.81 2.70
Val 6.04 5.70 9.42 9.43 6.31 6.50
Gly 1.66 1.69 6.32 6.50 1.70 1.74
Ile 2.56 2.31 4.52 4.50 5.04 4.81
Leu 10.84 10.87 8.52 8.96 8.10 8.61
Pro 4.74 4.77 3.88 3.18 10.32 11.74
Asp 9.06 9.77 8.93 10.34 6.49 6.28
Thr 5.01 4.80 8.10 8.37 3.76 3.44
Glu 15.54 16.60 7.31 7.82 19.94 21.41
Ser 4.73 3.42 8.94 8.68 6.70 5.80
Met 0.84 0.71 0.75 0.81 2.92 2.55
Phe 6.18 6.01 3.49 3.52 5.00 4.61
His 3.22 3.62 1.03 1.13 2.74 2.61
Lys 12.01 11.99 6.47 6.44 7.14 7.20
Tyr 4.29 4.66 2.16 2.40 5.97 6.20
(Cys), 4.17 4.73 3.26 3.23 0.23 0.22
Arg 5.689 5.39 1.829 1.74 3.989 3.34
Total 102.35 102.48 91.91 94.02 99.15 99.76

Samples were hydrolyzed for 24hr at 115° in a closed tube with 6NHCI under N,, All values given
in w/w, %.

a) Each value represents an average of two determinations.

b) Hitachi, KLA- 5 Amino Acid Analyzer

¢) Arginine was converted into ornithine with arginase and analyzed as the derivative of ornithine.
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Table II. Molar Ratios (MR) Obtained in the Amino Acid Analyses of an
Insulin Hydrolysate

Amino acid

a)

Amino acid GII;I% anal\l/[yﬁerb) T};\i(ﬁ‘y
Ala 2.90 3.04 3
Val 4.18 4.23 5
Gly 3.98 4.26 4
Ile 0.47 0.45 1
Leu 6.16 6.21 6
Pro 1.00 1.02 1
Asp 3.26 3.09 3
Thr 1.00 0.98 1
Glu 6.48 7.19 7
Ser 3.16 2.81 3
Met —_ _ .
Phe 2.94 2.94 3
His 1.91 2.04 2
Lys 1.17 1.00 1
Tyr 3.92 4.06 4
(Cys). 2.65 2.23 3
Arg 0.979 1.02 1

Sample was hydrélyzed for 20hr at 106° in a closed tube with 6 NHCI containing 2%
(v/v) phenol under N,.
a) Each value represents an average of two determinations.
b) Hitachi, KLA- 5 Amino Acid Analyzer.
¢) Arginine was converted into omithine with arginase and analyzed as the derivative

of ornithine.
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Fig. 2.

Chromatogram of the N-isoBOC amino acid methyl esters obtained from
an a-chymotrypsin (40 ug) hydrolysate.

GLC conditinns: see Fig. 1; attenuation, 102X 64.
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Fig.3. Chromatogram of the N-isoBOC amino acid methyl esters obtained from a human
serum(80ul).
GLC conditons:see Fig. 1; attenuation, 10> X32(column A) and 10? X64(column B).

Table [. Amino Acids Analyses of Sera.

Human serum Bovine serum

Amino (mg/dl) (mg/dl)

Ala 3.90 3.87 2.73 2.66
Val 2.19 2.10 2.97 2.80
Gly 1.62 1.63 3.10 2.95
Ile 0.71 0.77 0.97 0.99
Leu 1.28 1.36 1.99 1.97
Pro 2.03 1.98 0.17 trace
Asp 0.06 0.04 0.11 0.13
Asn 0.81 0.83 0.34 trace
Thr 1.36 1.49 0.67 0.65
Glu 0.94 1.05 1.51 1.68
Gln 6.29 5.12 0.34 0.16
Ser 1.37 1.39 0.20 0.20
Met 0.35 0.30 0.12 0.06
Phe 0.88 0.89 0.95 0.96
Hyp 0.16 trace 0.13 trace
Orn 0.70 0.72 3.17 2.98
His 1.13 1.10 1.27 1.11
Lys 2.49 2.44 1.52 1.52
Tyr 0.85 0.94 0.56 0.63
Trp 0.68 0.66 0.69 0.62
(Cys). 0.64 0.82 trace trace
Arg 1.039 1.39 1.409 1.32
Total 31.47 30.89 24 .91 23.39

a) Each value represents an averge of two determinations.

b). Hitachi, KLA-5 Amino Acid Analyzer.

c) Arginine was converted into ornithine with arginase and analyzed as the derivative of ornithine.
Calculation is given in the text.
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AEZEINEEAES SVIERIUARTF FE L TCIngd T I/ BEBSHEICEL S NIEHS T
ERTEETH - 720 FITEERIEFERENL, GLCERITZ > TH2.5HMTH - 2,

51, ABLUHFIIEFRT I/ BEAZKIC L > THNL 2o BREQRE 7Y VEEEZAVTITZ W,
FB4 4 v SZHRBIIE T clean-up L 720 FFEDOERMEIIL T I/ BEY SO ZhERFL—EHERL
(Table M), F/-%EkRD G L CHETIIE#TH > /- asparagine, glutamine bTERT S LA TE =,
AEZENE3UDOMETHIERTRETH >/, 707 b 7T LD—H% Fig. 3128,
¥4E HEAT I/ EN-isoBOC Methyl Ester #FHFEMAKD GC-M S & 7 D&

FFBEMBIR > THLN222BOEAT I/ BFEE % GC-MS W THITL, &4 DOHEE
IZDWTHETL 7,

1) £TCOFEEMEFIIM APHD 5N, F/2 M —15(CH;), M*—59(COOCH,), M*—101(COOCH,
CIKER) 2 e BT 577 747 L= #BD 5 h s

2) a7 I/ H A I/ BEBEV - INEFINELSMNIEREEH 20T IV BRTIRE TR
BYOM PEDENT,

3) Threonine, serine, hydroxyproline ® 7 U 2 — Vi k@2, tryptophan® £ ~ F— )V NH,
asparagine, glutamine DEE7 I FEIZIZ VTN Y isoBOC/LE T WE H -7z, ‘

4) Tyrosine® 7 = / — VIEKEEE, cysteine®DF 4 —J)VF, histidine D4 I ¥ — IV NH (141 &
ZVE3NDVTNTH 22X ARB), ornithine, lysine DEEED 7 3 / i T hd isoBOCAL
ENTWi,

BEA7 I/ BROBELIEMRICES ETHENIZEIEAT I/ BLAFEKRLLTOV—-1, OV
—1TD &I BEEL DT LT GC—MSHURET, L2rLHAMUIrHELOBETH S & W) FIEIF D
52,75, GC—MSILEBTI/BOREHZVIIHLVT I/ BOBEFRE LOLDIZHE
FEAEIIEHTHEEEZ SN,

FEOE FERT I/ EBOSHT
ARFERE L TOGLCOEREHE 2L KT 5 -9 12 sarcosine, §-alanine, f-aminoisobutyric

acid, S-carboxymethyl cysteine, 3-hydroxyanthranilic acid, 5-hydroxytryptophan’s ¥ % & ¢

26fBDEERT I/ BIIDVWTERE AR L2, WTFhoT7T 3/ BLRFLZY— 7 280 (Fig. 4,

5, ERBFTATEETH 32 & PHBAL &,

W

T3/ BRERBRT M)V LKEWBP, isoBCF & RS N-isoBOCT I /B & L, RiCZh i@
MFL—T VB L VT VATV TCAFNIATNEL, GLCIZL-TERT 3 H LR R, T
L7

AR CHEAS ORI T 5262 T8, 2Kk (BR) 1TLE TR, RIF
PEGTHB, 8512, FLEBORICEKABRPTITL) 2 LA TEZLWHFIEIEZSNS S
Y, (ERBOHEIEBHEL BN 2BEERTHEZEPHAL 72, _

FFEMBIESVTIEEAT I /BOD I 5 arginine DB E— 7 521532 W TE LA » 7= 5,
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Fig. 4. Chromatogram of the N-isoBOC methy] esters of selected non-protein amino acids.
Column: 0. 5% FFAP on silanized Gas-Chrom P(100-120 mesh), 2mX3mm 1. D,, glass.
Conditions: iso-thermal at 80° for 3min, then programmed at a rate of 4°/min to a
final temperature of 275°; attenuation, 32X10%*; N, flow-rate, 40ml/min. Each peak
represents 2 ug of amino acid. Peaks: 1 =sarcosine; 2=qa-amino-7-butyric acid; 3=
alloisoleucine; 4 =norvaline; 5=/8-aminoisobutyric acid; 6 =F8-alanine; 7 =norleucine;
8 = y-aminobutyric acid; 9 =S-methylcysteine: 10=e-aminocaproic acid; 11=ethionine;
12=homoserine; 13=ea-aminoadipic acid; 14=2J0-aminolevulinic acid; 15=kainic acid
(internal standard); 16=S-carboxymethylcysteine; 17=homocysteine; 18=2, 4-diamino-
butyric acid; 19=methionine sulphone; 20=Ilanthionine; 21= 3 hydroxylysine.

arginase Tornithine ZEMRT 3 2 LIl k> TN TBHI L&A TEL, 2FHAT I /B (arginine &
ornithine & U T, % /- asparagine, glutamine # &) DAFEMKIL 0.65% Poly-A-101A & & U
0.70% FFAP-Poly-A-101A (1 : 1, w/w) # 7 ATREIFEET 2 LA TE
KEDEAE, R7F FNASEDELVUMENT I/ BHFADOICAOERITIEITL TITE2- 74
T/ BAMSHHOERE L BIF L —BERL, GEEOSHVHETHIZLHPHBALZ, &512,
AFBERIEAT I/ BOLLE S5 THOREHDO 7 3/ BICLSHATE, Zhs50FEKIRIFL Y
TERL, ERAMPTHTHE I EMEMITL o T/, FBEEAELGC-—MSIZLET I/ B
DEED 2 VIIBEERRLEDLDICLERTHA I EZ G,
51 Sk
1) H.M. Fales and J.J. Pisano, in H. A. Szymanski (Editor), ‘Biomedical Applications
of Gas Chromatography”, Vol. 1, Prenum Press, New York, 1964, p.39.
2) B. Weinstein, in D. Glick (Editor), “Methods of Biomedical Analysis”, Vol. 14, Inter-
science, New York, 1966, p. 203.
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Fig.5. Chromatogram of the N-isoBOC methyl esters of selected non-protein amino
acids. Column: 1 % OV-1 on silanized Gas-Chrom P (100—120mesh), 1m X 3mm
I. D., glass. Conditions: iso-themal at 130° for 2min, then programmed at a
rate of 4°/min to a final temperature of 260°; attenuation, 32X10%*; N, flow-
rate, 40ml/min. Each peak represents 2 ug of amino acid. Peaks: 1 =anth-
ranilic acid; 2=m-aminobenzoic acid; 3 =p-aminobenzoic acid; 4 =kainic
acid (internal standard); 5= 3-hydroxyanthranilic acid; 6 = 5-hydroxytryp-
tophan.

3) K.Blay, in H. A. Szymanski (Editor), “Biochemical Applications of Gas Chromatogrphy”, Vol. 2,
Plenum Press, New York, 1968, p.1.

4) J.R. Coulter and C.S. Hann, in A. Niederwieser and G. Pataki (Editors), “‘New Tech-
niques in Amino Acid, Peptide and Protein Analysis”, Ann Arbbr Sci. Publ., Ann
Arbor, Mich., 1971, p. 75.

5) A. Darbre and A. Islam, Biochem. J., 106, 928 (1968); R. W. Zumwalt, K. Kou and C.
W. Gehrke, J. Chromatog., 55, 267 (1971); F. E. Kaiser, C. W. Gehrke, R. W. Zumwalt
and C.K. Kou, ibid., 94, 113 (1974).

6) G. E. Pollock, Anal. Chem., 39, 1194 (1967); C. W. Moss, M. A. Lambert and F.J.
Diaz, J. Chromatog., 60, 134 (1971);J. Jonsson, J. Eyem and J. Sjéquist, Anal. Biochem.
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Chem. Soc. Japan, 42, 809 (1969) .

11) H. Schelenk and J. L. Gellerman, Anal. Chem., 32, 1412 (1960).

12) M. Makita, S. Yamamoto, M. Kano, K. Sakai and M. Shiraishi, Chem. Ind. (London), 1975,
355.

13) M. Makita, S. Yamarﬁoto and M. Kono, J. Chromatog., 120, 129 (1976) .

14) BRHIBCR, WWAES, HKE, 96, 777 (1976).

15) Idem, ibid., 96, 813 (1976) .

16) M. Makita, S. Yamamoto, K. Sakai and M. Shiraishi, J. Chromatog., 124, 92 (1976).

RXDEBEHRORE

ZHILT7 3 /8% N-isobutyloxycarbonyl methyl ester ZFEKIZFEL THRA7u~ b 7T 7%
MECTERT 2 ke ERMELL -, LFRFTERILE THRBARMMREFIESZTHY, /-,
FEEOREEI RO THET, LIZZ20E—BREORICEKERPTITE ) 2L FTEZ L EFR
SHBEIIEROT IV BOSTA 70w MBIV TASAEREABEIBA-BERERE2ET A2
EEBLPILT B, ABEEAR, XTF FOIMAZEY, MEDT I/ B L UREAT 2
JBDGITICH L TAREIEREDESVWANIETH S L 2R L 7=,

DI EDOMFRITEMGR E LTS 26D L5880 5,
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