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Quantitative Analysis of Amino Acids by Gas-Liquid
Chromatography and Its Application

Naomichi Kunisaki, Tsutomu YonNeDA and Yoshio ISHIHARA

Abstract

The method of gas-liquid chromatography was developed recently by Gehrke
and his coworkers on the quantitative analysis of amino acids with a preparation
of N-trifluoroacetyl amino acid n-butyl esters. We attempted to analyze amino
acids using their method with some modifications, concerning reproducibility and
its actual application to biological products.

As to amino acids found in proteins except histidine and cystine the repro-
ducibility was very good, but tryptophan and arginine were not quantitative.
Moreover, the accuracy of this method was estimated by comparison with amino
acid auto-analysis using casein hydrolysate. For biological products, free amino
acids in salmon eggs were analyzed before and after fertilization.
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BEA 2RI a2 b 57 4 —iw X 5T EHS F U CEB LB X OMERS ORI - EREFIA
NTHLLETHEY, 7V BEEMCARAINI LS50, 71/ BOERMTICE,
WEDEE ok BB - AL TMOI v b T T7 4 —2EDHEH, DIENERONIHMED
BERBHT DO TITE S iz BYE s HE E RV 0ERD, 43 TR PRV DT 2 BESSITE
T 2HERENIZLOTH B, BHHYROREZBEUHIEE - BRAOACLHESLL LE
Wy BLTHRIZaR bS5 7 40— k2R ENEAONBCE ST, COFENRESIIND &
MEBEORE (73 VBE 10 mole i3 ZLATCLAIEE) 2D TREICHSEMMTTE, U bEEE
BTEZOLAEMEL LY, KESEDO LBAELENPFRDIIDOT ¢ / BFEERE: UTE
O TERIHITRREER S,

TE/BEHAI w2 bT 57 4 —CEESWRIT 2 5 12diid, TEESOBER (BicER
BHC)EAZ L EMMET, CRETCRN-TEFA T NI ZAFN, DNP-XF LT ZF ), 7 2=
FAEE Y b AVHBERLEPHIE I TR, SR - BRI MY 703007 2 F 5L (TFA)
TFNLRAFVFEEBELELTIY, 27 2KEHOBBEINIEFRI2aw b T7 4 ~1C
LB37 3 VBEEMT L RIIERINZ I BS12D, BEAOEEREHC DT H 7 2V BRESHIT
X ERBELHBLU X202 b7 57 4 ~OHIBEDE WV C & B ADLN TV Y, HiC
Gehrke 5% BEAHERT ¢ /B 20 B >V THMLZEERITL>T 3,

LI BHOBABRT /B 20 EONMERES BBz, TFA-=XAFVERIBZF AT e by

* JEEREKEERKEES TR
(Laboratory of High Polymer Chemistry, Faculty of Fisheries, Hokkido University)
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57 4 — 2 EEREMTIUSAT 2 L) OEMWIE 21TSV, ARV FIPOBET ¢ JBERS
RADTHET 3,

X B F &
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BT B2 MR TE KK oK KK, #¥42id Merck 8, REDx4 2/ ~
WeTE/—-AFLrsnI4 R ZaasiaBIlEKNY 704 VER (TFAA) i3 FGM
RI¥X KK Bobo2zhefhERLL,

HEomN

FKER AL )~V KA S 7~ 500ml REB<T ALY LK 2g BRALT L BEKE,
EHET3K%2 Mg(OH)a & UTRESRY 7 2ANRMERTHELTHN. Bohrikas /s —ic
EREKELHA (COREIX 77 Y FEET 1.2540.10 EcRE) ULTHEMLI,

BAERT &7~ - BRAF L I0F54F: LELERICEB YAy Y A0E LT AN,
Flrxz 27k - T F A EOREBEBUGCEITOIID TT EERERUIIBERR2ER T2 C
LicEELI,

WMAMBES JUMERA

BBMN 22 a2 ¥ 57 GC-4A PTF 2V, FHAIIR L HMREN RT3 £256N03
EGSS-X (Ethylene glycol succinate methyl silicone polymer) 0.25%, DEGS (Diethylene glycol
succinate) 0.759§ % Chromosorb W iZ 2 —F 4 27 U D2HVHNE 4mm EX 1.0m OF 5 X
B A E ST 2T o1z, £ DMBNESEEIE Table 1 57T,

Table 1. Instrumental and chromatographic conditions

Instrumental conditions:
Shimazu gas chromatograph GC4A PTF

Column temperature ...................... (60°-210°C)
Programrate ..................iiiiiinnn 4°C/min.
Detector temperature .................... 230°C
Injection temperature .................... 245°C
Sensitivity, (range) ...................... 108, (0.4)
Carrier flowrate, N3 .......ccvvnivvinnnnnns 40 ml/min.
AIr e e 0.6 Kg/cm?
Hydrogen ...........c.coiiiiiiiniinnnn. 0.5 Kg/em?
Chartspeed ...............iiiiuennnnn, 5 mm/min
Column system:
EGSS-X 0.25%,, DEGS 0.75%,
Chromosorb W (60-80 mesh)

One meter x 4 mm i.d. glass column

RREBERBIUER
1. @7 /ROHRSOTIIST4— .
a) T/ MOxzF: BT VER20%EE S5mg AL 50ml + BT 5 xaiclb,
AR X 4 7 ~ v 20ml RINAER UTEE 30 HER 4R L T 27 L2720, BERIO »
%7 ~o, BB ICERLUIIKE 60°£5°C THEMEREKERT % 7~ 20m] 2MALHE
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2UT 100°£5°C T 150 3B B2 EERE LT = 27 AKHBEITL 510, WIGBRODO R KIERR
T& 7 —% 60°L5°C CREBMEEELT § VBO n-TF v X 7 vERIE 2B 1,

b) P9I ANTEFML: ERTE/BOn-TFr X FABBECEKRAFL 0S4
F10ml & TFAA O0.1ml 2iNA THM, COWHK 50ul 224202 Y20 T7Y 7 (BE Tmm
BEOREY 5 AEOWMEM B2 D) ith, 35 i TFAAS0ul 2MAHE, ¢ h %
150°+5°C T 10K 3 ¥ 7 2 F b 2720, BHEETLBRIOAF 1L 2 a5 4 ¥-TFAA
PEETHERELUI, CLRBLNIIN-FPI 7AFANT2F A n-TF AR F A ERES 0.5ml
Zouf v ARERUTZD 3ul 283, Aohicsn~w o5 4% Fig. 1 WFET,

i
1S
PRO
LEUpRo Hyl
TRE
TFA PHE
u ALA  ILE oyl
§ VAL SER GLU s
(Lﬂ LY ASP TYR
[ve
TRY
U ARG

60 80 100 120 140 160 180 200 210 °C

0 5 10 15 20 25 30 35 38 MIN

Fig. 1. Chromatogram of n-butyl N-trifluoroacetyl amino acid esters.
IS (Internal Standard): Norleucine
Chromatographic conditions are the same as shown in Table 1

) TEENE: NEESRE (1S) REABRMLUT DL-2 Ve 4y 2B, Zu2bd 560
C— S ERII H R0 v 3 9RRNETBALVF S L=~ LE>THYL bE LTEDINS
M BT/ BOY—EHIE EHFOBEERADT, 20 vy M REERCKBRET 2 :DORK
(Factor) b IR%7 ¢ 2 REFDHE%2 5 A 51 Table 2 i3 7 BIHESE UBE UITEDOYEE & 7 DERRE
PRLUIZEDTD 3,

HAZuw 5724 ~0ODO7 ¢/ BERNCIIFIEOMLELD § OMBFRES D INTL
29, CNLRBEAMRT I VBOBELT UL TRTHEETALZY, HEAE N-FY T2 AT
EFNn-AFNEXFATCTRBEREV B SO BYTHRRTI LV IRREMD Y, ¥~ 27HED
SHEEHITTERT & BRATIRIV, 1217 VBRI B iE s FETH h FIAME S B Bbh
3, Lz LT Gehrke 5101 D N-+ Y 740 n-FFiv = X F U FHEE i3 FRFEDORIEHE
BTN 2 D BERESIFERCEN,

FNEO SRR CEAKER 24~V X RKERT ¥ 2 —AVOERRE? 1.25:0.10 $HE
ET ARG, MESLE UTOMERE B i IATRIBE UTER L2, EBO K THEO MBS
ENTWAZ &AL,

B3I ML NTIRYY] 2m D27 LIMBEFEH LT HMTeRA I, BBEGEOBOHEEET ¢
JBRONENRB TChol, IV XF 42 EAFF 20Dk 5/ REEFEOEE LI 0 4 SR
FEHT, Und 1EEOT : »BBEEES S EED IR~ o8 D oM, CORFIRANT &
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PRGBAL AT LY T ATRBEABOGRIC X 30@EBBT 6N, BE—0Ov—203ELxD7 ¢/
BIEONTELNBILEST,

AECRBEAO7 I BOGEE PSR L ZOEEREHSHELLY, FIF L7 r OBAE
HFO7 2 # bR 2EDE—~Zicihiz, Chid4y F—aBD 7 3 2 EM¥gLir 7 e F by
TR 7oAFEEL /) 7V AFRED 2O Z2 D EELONS, L LERBOLIR
BET7 v« F MR - A IIE—D e~ 20BN, o7 I BREOMHELRELTEDL
BRO—BoEMmb FBE 23 iKE 12,

HEM7: VBeXFO L BIOCANT 4 FEERDOVRAF UV RIDMTCER R o1z, 1270
Foo D7t VBOE— 2t~ DI HAIV T EBEHING, EREERIT LY =2 2R
TOIGEL BEMT 21T 23 DETRABEIRENH B L E2RLTVE, M) ST rr- 2742
YN TYRT 4 v DREP PR IOVBEEIORE PRI Y EERE A 5,

INOWEH AT b7 4 ~C—REBRNTT & VBOSEEEN BITZEITTAB0
tEALNG, SEOERTHEWTISLSIFEOLAFC L - L 2F 2 3 b KERMCEERR
LIz7Au¥=rD3E7 : VROV TRBHOSME2E UL, UL L Gehrke DFILDOHEW TR
ahiz OV-17 (Phenylmethylsiloxane) % FEIEAIFER Thif b d HEEER D FlEE L Bbhied
hed 3,

Table 2. The factor and relative standard deviation for each amino acid

Amino acid Factor Standard deviation
Alanine 1.024 0. 062
Valine 1.125 0.071
Glycine 1.074 0. 067
Isoleucine 1.014 0.069
Leucine 1.059 0.052
Proline 1.103 0. 055
Threonine 1.146 0.056
Serine 1.188 0.136
Cysteine 1.405 0.109
Methionine 1.463 0.144
Hydroxyproline 1.165 0.080
Phenylalanine 0.929 0. 064
Aspartic acid 1.007 0.080

* Glutamic acid 0.977 0. 059
Tyrosine 1.998 0.076
Arginine 13.344 2.283
Lysine 1.222 0.058
Tryptophan 2.550 0.252

2. HRIATMNIZO4—C&BNEL/OT I /BB

EAEOBERRAIIDIL, BEALRDVTTIVBA~ 735 49— 2k 5547 EE Ot
WER I, DAV 2HEBL IS L LT DL-/ve 4220 40mg % KA 1ml & 12N-HCI
1.0ml %A THEMBEREREO T THER D MAME 21TV Dowex 50W-X8(H* &, 100~200
mesh, 1.1x6cm) €7 & JE%HE, 50ml OKTHEE 2N-NHOH 100ml THEH, Thx»
50°+5°C Tu—% Y —x 08 L~ ~ T BETRBEEE 2 & i PEROKZNA T BIERNE 2 K
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Fig. 2. Chromatogram of casein hydrolysate
Table 3. Amino acid analysis of casein
Amino acid Gas-liquid Ton exchange
chromatography
Alanine 2.79 (%) 3.15 (%)
Valine 7.51 7.40
Glycine 1.81 1.81
Isoleucine 5.70 5.20
Leucine 10.26 9.42
Proline T 12,09 10.64
Threonine 3.55 3.7
Serine 6.92 6.76
Methionine 2.42 2.47
Phenylalanine 5.07 . 5.13
Aspartic acid 7.66 7.45
Glutamic acid 23.55 22,26
Lysine 9.36 8.42
Tyrosine 1.26 6.35
Total 99.95 100.21
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LT7 =7 2R&BEL, BoNiz7 i 2 BIZEROFEIC X b s UcHENk: LTz,

T 0.5ml 7 uokilsicFRLEZO—ERERRLUTEINIIZ2a <55 4% Fig. 2 IR
To 7 I/ BERI Table2 O Factor 2FVTHEL, Ch% 7 /B4~ 735 44— CRIE
U {E & Bk LT Table 3 IR LI,

AEAVIRT $ VBTRFo LU R2BROTHIRT I VBRESMFEE B LT3, Dk
S5E—MO7 : VBRERVT, ¥RX2uv b F57 4~ 3RRMOT i/ BRERST L FIET,
ZORA b B2 { 2HORE 2B TREIC NI T 3 3 BTt B4 O& LN FEER
Taz2bDEHEEINS, BEO OV-17 #5 AFHTT A= - € XF UL - VAFL LN
LDF oy OHMERNERING L AL IKRBELIDEES S,

Scheme 1. Extraction of amino acids from salmon eggs and preparation
of their derivatives

' Salmon egg ’

Added 0.5 ml of internal standard solution
and 5 ml of 69, TCA

Homogenate ‘
Centrifugation
1
Residue
Added 0.5 ml of H,0
and 5 ml of 69, TCA
Centrifugation
Supernatan %
Residue

Dowex 50 W-X8 (H+-Type)
Elution with 50 ml of 2N-NH,0OH

@uent

Evaporation of NH, and H,0

I_:A_zil_ino Acids |

Esterification and acylation

| Amino Acid Derivatives ]

— 108 —



1969] Bin : FR79% N X373 I

3. YHSBOBMT I/ BA

HAZ2avwr0 574 —0E37 i /BOWRERSIR $EEKNEET ¢ v BOME 2B
SRR LVTED TADEEAL S, BEOE(LEHHRIIKERROETLEETD 205, BEFAD
COFHOWRIIBOE RSP RTI LI SERBBRIV VNS RFHTHS 5, Ly
T DNTRE R SHMET L REBOEOIT 2H-A I,

1968 4 10 A db¥Ed ERSETFSIH) | CHM LIz o (Onchorhynchus keta) DRRBKSIEIN, =H
%20 H - 25~30 H - 40~50 B®D § DIt DWW T ZNFN Scheme 1 12 - THHE UTH 5 i
TI/@ouv b5 L% Fig 3~6 KRT, EEHCR T v i VB - 7 X85 FUBYESR
REL, ROTRYY - nfvr RYUPUBNESEET T, FVF IR TARIYBOD
SREEREDD 5 EHL TV 3, KEEHR Ui Us Us BEELRHIC Ui RRERTRADKENY

"\
GLU

U
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Us
LYS

0 5 10 15 20 25 30 35 38 MIN
Fig. 3. Chromatogram of free amino acids in salmon eggs before fertilization
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Fig. 4. Chromatogram of free amino acids in salmon eggs 20 days after fertilization
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THLBERZRL BRKOSERTRTICES, BI6DRT2 4K X,-Xg LHHEMNDIHZ5TH3, %
K20 0 (RIBHE) iz KEBED F 12 I vBO M7 25X BOR Uy OX#EB DY, b
XYV v AV OB TV -Us-Us ORIBEDDND, SR 25~30 BTCRTARFXF
B s BRI, U BEKERT 3 UsUs BZ0TETH3, —H, 7z=40T 7=
vOAMEAVA=Y - TI=UORPMBRARI NG, BZEEO~50HCB BRIV E T

IR | v

GLU
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Us

LYs

TYR

0 5 10 5 20 25 30 35 40 MIN
Fig. 5. Chromatogram of free amino acids in salmon eggs 25-30 days after fertilization
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Fig. 6. Chromatogram of free amino acids in salmon eggs 40-50 days after fertilization
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B 7AS¥BBROTIN Uy RECHKEZEHED S, 220y - 1Y - 752 bk
LT3N ZOMTOY o oroaEsElah 3, '

HHBOLTHE T : BESEAEOER - 9 HEELZOMEBEEMRE (TFLvFYy - F
aFvr ko b2 l) OERBIFZRINY —REIEEGHEIcD b BESBRID 25,
MY @ B EERV I —ERREINZOEEESERIN TV 29, BAD4EE
HEETCRED L~ CESREA 5D TOBOBOMTERE 2 0 B3, 5052 h R RESN.
FREMJGAINTR L LATHBH, EMRBKORBH - FHE O 5B UV AEBSHER B O
CHEFTU T RIBAERB CIRURL S ORI MY ¢ /B2~ OFSMBHEEINS, ¥ X
a2 b5 7 4 —ink b HEBMEDCEEONNMELER L CNEREHCRNTICEIREST
ERRICTHIERZERMT A CEMFREEA SN D, SHEBRILE - BN TE b 0:H U TAIR
il 2 2OEFENEBZHYE, 30 REL R X358 b EH UKERD REHEMD 12D 0
EBWEE L Ut LTV B RETH 3,

3]

(1) 0.25 9% BGSS-X, 0.75 9 DEGS, Chromosorb W (60-80 mesh) %2 F3E#]& U 4mmX1.0m @
HIAATZ22HNT, N-FM)I7AFNT2F N n-FFNZATFNERIB TR Iaw T S57 4
~T20BEEET I VBOBEMERNL, LRXFUL - vRXFL - TAF =L ERNT IRIE
AEELED b, '

(2) HEALDT I /BHFRDONTH A2 537 4~ A~ T7F54¥F—0 k5 KB
PHBLFo v L UARBL—TA L E PRERLI,

() VySORMARBERMKIC L ) 2T BEF R0 S 57 4 ~CHELED S~
YEDREYDEBDDE L L BR UL, 2RIV VR T ARG X UBSED TERRNT
Y- mAo - Y DRSS { FEE LI RFEIEDR U (I 2REELRERNTCIIES
KaAge~2223)UsUs &b, I NZ IR 7 AR XU BORNOBAE 7 » =0
T2y VU LOEEBEDLNG,

Bbbic, A 2RI N IEE EBEIDHIRER B S L RAERBEOBE 2 BB LI

WKEEH N RBRICELBERR T,
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