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Gas-Liquid Chromatography of N-Trifluoroacetyl
n-Butly Esters of Protein Amino Acids

Norihiko Yosumpa*, Tsutomu YonNEDA* and
Yoshio IsHIHARA*

Abstract

In the previous paper, we reported a gas-liquid chromatographic analysis of
N-trifluoroacetyl n-butyl esters of protein amino acids, however histidine and
cystine were not detected and arginine was not sufficient quantitatively on single
column of EGSS-X-DEGS. TFor resolution of these problems the second column
of OV-17 was employed and a good result was obtained. Quantitative responses
were obtained from 0.1 umole of all protein amino acids except histidine using
double column system (EGSS-X-DEGS and OV-17). Only histidine was
necessary 0.4 umoles for quantitative analysis. Usually 0.4 pmoles of histidine
was added to sample as carrier prior to derivatization. On estimating the
chromatogram, better results were obtained from peak length than peak area and
made sure by the standard deviation of relative response to that of internal
standard. By this procedure all protein amino acids could be easily converted to
N-trifluoroacetyl n-butyl esters within 1 hour and only 0.2 mg of protein was
required for quantitative analysis. We attemped to analyze amino acid of five
different proteins respectively by the described method and results were compared
to that of amino acid auto-analyzer (with ion-exchange resin) already reported
by other authors.
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R R ST E RSB REL Tz, 1962 € Zomzely 517 DSREL, % D% Gehrke & D3R
e E18-3 2k, THERIN TS 7 2 2 8O N-triffluoroacetyl n-butyl ester (TAB) #Fi#&id,
Sk E ERICERCENIIBEATH Y, 2OEEORRAFZEO § HOFBEITHRTEOY,
T 2F ML - 7o VEDFEESROLSHUINE, BEEBHOHLEET I VB~ 22 BEL
tliﬁﬁf‘ﬁ)oﬁo

WIFRRICIHNT b, 1968 LI TAB FHi¥fk% EGSS-X-DEGS # 5 A THHL3®, 20K
BT 2 BEh, LRFUL - VAFL - TAFUICBIEREL N, Py iEOWEE T < 2 B
EETEIGSALI®, 20%, OV-17 # 5 22BN 3 iRt > T v XFy - T =20 D4}
BEEENTIEE S 72 Y, 17 Roach and Gehrke? iz & b = 2 7 VL OREEMMG IO, 7 & VBRD
2 W) 1 pmole THMT 21T - TIchs, ZDHRE XF UV R2RTRTOT & 2 ERiZ, 0.1pmole
TR T AR 2L 5B Tz, L AF UL DAHITR/NE 0, 3pmole 2ET 305, »bb
EHREHCEMNT 22 itk h MWL ls otz —F, su< k3 abbOERR, ©~20
EEEL O bEIRREL T2, Lo EREOKESH Bt RO 2D, Lhb6D)
Bmicky, 5EED2 R sBDT 3 2 BM TG, ERO 7 BEBSHE Buro e
DR RATZDT, HTHRET 3,

RBHE

R - R - EHRE

BT : /EREROFEK K, LM TE K K, 4>+ 1Y it Sigma Chemical Co, H,
ME7 VT iy ca-FErYF oy - 00T 3 ik Boehringer Mannheim #, # ¥4 L8 LIE
FhasERE (5.7N) i FOGMISRTEK K. 8, n-F &/~ vrur sy KLY 7Vt ofiR
(TFAA) i3 EH 3 RLK K Mo b orzhFhERL I

HNRHERET % 7 —VIdEkn-T 2 7 ~ VLGB AV U L RBRAL T—BREHER By o2l
RREBCHRE 24 THEEL, Thit 99,9% EILKEY 22K 3A%, ZOMER 3401 HE
HRBL 70 Y EETHRLU I, ke savx sy bn-F 27— EARIZEEL, ChLOR
E27 vy — % —FIFERL 12,

HZornw &35 712 BEMNETN GC-4A PTF filk X O BB 45E &1 250 AOLL &% 72,
H5 AARTARIIAEAZ n < FTEK K, #20 EGSS-X-DEGS (0. 25% ethylene glycol succinate.
0. 75% diethylene glycol succinate poly ester, chromosorb W 60-80 mesh) & OV-17 (1.5% silicon
OV-17, chromosorb W 80-100 mesh) 2 it 1z, ATAFIR ZhFN ImX4mm ID & 1. 5mX4mm
IDOFSZAH T LIEBIIRINBOLBOLNE SR TAL, 60-210°C 3T 2°C/min THEI VI
#%, 210°C T2a< b7 aDR—ATAVPEETEITA 7L,

T/ BERERNE

i) n-FFLTRFME TR (EERKIZE 0, lpmole BEF) 2H 7 n ABRIRT LI
RRE (10x110mm) ITHRY, Kir% 40°C TREREL 1. CHIEKERT 2 2 ~v 300kl 20
A TH 60 F[ERT I Vi CRE 2 ST I B 1248, 100°C D7 Y % Y L ox 2P T 15438 T Fv
L5, RTHRERS %/ —V% 40°C THREREL 12,

i) rYTFuTEFNE ERO 7/ BOn-FFNZRFNEKS Juv 2z 30p] &
TFAA 10p] %A TEHER 15 RHEBFTHAE THEMBEL, 150°C T 10 2ERS €, Bohic7
i EO TAB Blthk» RiE 3 THEER, 20 3-5sl 2830 72, PLEOHERIZE 1 IR 12,
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Protein hydrolysate
add 0.4 ml of 1 mM His (in 0.1N HCI)
evaporate
add 300 ul of 3N HCI n-BuOH
esterize for 15 min at 100°C
evaporate
Butyl ester of amino acid
add 30 ul of CH,Cl, and 10 ul of TFAA
acylate for 10 min at 150°C
N-trifluoroacetyl n-buty! ester of amino acid

Fig. 1. Procedure of amino acid derivatization.

L RIROMKS R & B

B2 2ot SR IREMEYSIE (IS, 1. 0pmole /v m 4 22 /1, 0ml EF AR 0, 1ml & EH5
HRRO.5ml 2HATEEL B, 110°C, 24-72 BEEMASE R fTOEE R 40°C T BEREL 12,
L DMK RGPS Y DYMRBES T3 BEITI, 44 HlE (DOWEX 50 X-8) it 7 3 /
BERES R, KEKTHS IN 7o e=7kTHRHLIE, 7o €= 7K% 40°C T BEREL
T7 i VBROREMEFT - 12,

HRIQT IS5 T 4 —
GLC i3 1 WRU &8 T 1T o 120

Table 1. Conditions for gas-liguid chromatography.

EGSS-X.DEGS ov-17

Column temperature:

Initial (°C) 60 80

Final (°C) 210 210
Temperature programming rate (°C/min) 4 6
Detector oven temperature (°C) 246 245
Injection port temperature (°C) . 240 240
Sensitivity (M2) 102 10?
Range (V) 0.4 0.4
Gas flow rate

Hydrogen (Kg/cm?) 0.6 0.6

Air (Kg/cm?) 0.9 0.9

Carrier gas: N, (ml/min) 40 60
Chart speed (mm/min) 5 B
Sample volume (ul) 1-10 110

ERAE

Iav b IApbDET 78 TABFEEDY — 2ORIEIR IS & OREFEO® T, B
121IS D~ 2DFE2DH R R, (Relative Response) TfTF-72 o

REBEREIUER

EH7 :  BO TAB iK% EGSS-X-DEGS, OV-17 CHHiLIZEED 2u < 5 a2 hFh
X 2:3 ®WRL 17z, EGSS-X-DEGS K1) 347 & 7 BB MMMV R L, £ BRSOy ~
28525, L)t avd=v B —~2BEY, TRT7AXZL c ERXAFOY VAFL
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Leu e Glu
1S
Asp Lys
val ProThr Orn
W A lte Hyp)
= Met
&
& * ‘
Ser Trp
Tyr
T T ¥ L L] 1 L T L] I
0 10 20 30 40 min
Fig. 2. Chromatogram of N-trifluoroacetyl n-butyl esters of amino acid on EGSS-X.
DEGS.
IS: norleucine, Cys/2: cysteine, Hyp: hydroxyproline, Orn: ornithine, Cys: cystine.
| lieley Phe,
Tyr
GlySer IS Glu .
Thr Ngl Asp
Hyp
Pro
I
Y Ala Cysk | |Met Orn
4
) ys
& Trp
Arg His
Cys
0 ' Y 20 ' 0

Fig; 3. Chromatogram of N-trifluoroacetyl n-butyl esters of amino acid on OV-17.
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R~ 2%R3Z0, i, OV-17 20T & BHBEIT PHEN R {, EGSS-X-DEGS Tiz ¢
Al olzAv A=y - Fu )y FAXZL - EXFUL - VRAFUOSNDRETH Y, D2
BEHOKRTAFTZ B ORIL, 2o 2 GHBR7 /B 20EEOMY T EED LNz, OV-17i
BOWTERFOUELRFLDE ~ ZRMODE — 2ICHARB LEDBTF ~Y 73 20 iz s i
Biz2 0, AnvaF o/ vat oo PISEUTHERTEZORE, SO SELTHNS L ENT
x5,

Table 2. Retention time of the N-trifluoroacetyl n-butyl
esters of amino acids.

EGSS-X.DEGS ov-17
Amino. Retention Amino ) Retention
acid time (min) acid time (min)
Ala 11.02 Ala 5. 24
Val 12.92 Thr 5.86
Gly 13.88 Gly 6.42
Tle 14. 86 Ser 6.58
Leu 16.20 Val 7.02
IS 16. 80 Leu 8.56
Pro 18.02 Ile 8.64
Thr 18.02 Is 9.50
Ser 20.24 Cys/2 9. 80
Cys/2 22.81 Hyp 12.42
Met 23.18 Pro 13.12
Hyp 24.16 Met 14. 62
Phe 25. 00 Asp 16.18
Asp 26. 36 Phe 16. 52
Glu 29. 68 Orn 17.02
Tyr 32.00 Tyr 17. 62
Orn 33.36 Glu 18. 60
Lys 35. 28 Lys 19.06
Trp 36.04 Arg 20. 08
Trp 23.08 -
His 25. 06
Cys 31. 82

HIH® TRERBREIY — JOERELZRD TITF- 1208, SHEHZEREBEORF 2T, ©~7
ORI ZP/EL TN T IR L ORBERAI, RIKHAPEEISKHT 7 VBORR O
H#%RU 12, RRR. OEHHEIIET ¢ 2 0. 1gmole ® TAB k% 9-10 EEMCTHML, 2h
FaDru= 75 2OWEMEDEHTH Y, FHEDREERZ (5.D.) ¥ R R O ERMHEORHE %
ABIDIERDIZ, ZORRE, - OERHEZMMETS L0 4, BIZREL LPEIT/PI ERE
M, ToOLLECBENELNI L E¥bd 3, INE2-3Du<rFSaitRbhsr 254
vERXFA=Z e RBERUS UYL LT 2T Sy, FTARSELUBE T -T2
TN EIUBEYVOUZEDENR, ¥ DBEBEL TV ABEEIIE, BTZOBIRAET B
SHERMBRITICLBETH Y, BRARKEATHILEBLONS, LOBE, % oEHER
FI/BDIBeRF UL RBRNTNIEY, eAFO UMD 7 & 2B E RBETIR OV-17 » B
Th¥— 22525055 0,.3pmole AEDWEIIZA LY — BRI L2 BHIZDT, k2
FoUORELZD IS (0, 1pmole) x93 R.R. ZREL 12, BREH4IRL 12, REBIIER
BRL, lO7 I oEBERARBED RR, 2 RTEXFO U BER, 0,4pmole BETH A EM8bh
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Table 3. Comparison of the peak length with the pedk areq
at quantitative analysis of amino acids.

Amino R.R. from Peak Length | R.R. from Peak Area
acid Average S.D. Average S.D.
Ala 0. 69 0. 025 0. 67 0.032
Val 0.79 0.043 0.72 0. 042
Gly 0.56 0.017 0.54 0.029
Ile 0.65 - 0.020 0.60 0.049
Leu 1.25 0.030 0.97 0.041
Ser 0.55 0.014 0.48 0.034
Cys/2 0.48 0.015 0.50 0.032
Met 0.84 0.021 0.81 0.035
Hyp | 0.83 0.020 0.82 0. 063
Phe 1.19 0.022 1.14 0.062
Asp 0.84 0.025 0.89 0.037
Glu 0. 86 0.041 0.78 -0.069
Orn 0.95 0.018 0.94 0. 026
Lys - 0.76 0.014 0.79 0.016
Thr* 0.75 0.023 0.73 0.036
Pro* 0.82 0.012 0.83 0.029
Tyr* -~ 1.21 0.022 1.28 0. 052
Arg* 0.44 0.062 0.55 0. 055
Trp* 0.73 0.036 0.82 0. 054
Cys* 0.17 0.017 0.56 0. 055

* OV-17 column. Average; of 9 or 10 times experiments.
4 -
23t e
g -

o e
o, e
>1r ./
g -~
o
1 I/ F [} 1 1 1 1 o [}
0 05 10
Histidine (p mole)

Fig. 4. Calibration curve of histidine.

5, o TeRF o OEBRDID TR, FEARMUOEMICH O »L D —EME (0, 4pmole) D &
2F o RREHEHRICNA % 51k (Carrier Method) 2T, OV-17 Te 2FF D R R, 2HE
Liz, ZOELSBEREACTEIF O BERRD, MATEWIZe2F o & (0, 4pmole) %
ZLIINWERZORBOe 270 U MEL U THEHBLI, e 2F VD ERDOIDIKLIAA L %
BHL CT7 2 F VLU BEERAM 21T 5 FEE2RA VBT EBE L RT I 572, 12 Carrier
Method % FV T4 L 1283, EGSS-X-DEGS KBWT b AF U v 1 5NAMD Euvha e
~ 2DV AR AERDIIN, BRI TR3REDLDOTREI 1, :
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PLED#EE T, EGSS-X-DEGS & OV-17 ®2ED A5 s 232 2tk b, s 0KHK
RR7 & 2 BR 20 BRI GLC it X 2 TS ATRE & 3 5 120 C DRI AR T~ T, i 40 5
PIRICHEIT &, 4TS ERIN TS, e 2F oL 2BINE, o7 @ 2 B2 0,1 pmole,
2R IVBRREBTIZ0, 2mg THHHAETDH 3,

BT VBTRNINZCOFEZERNZLDO LTI DL, SBHO 2V BEDVT, £
D7 BT 2T, BRBEINTVE A 42 B2 B BB OE L Lz, 5
D 20 2 2ERBIR, ARSI €A VDO TODAT &/ BOREMN 21T - 12, GLC ¥
BEAVNRIED /v S A, BT I BO U LS5 A LREBRIC SEVRARIY —
252, MR SRR S» o1, RARXSERDO I NIF,;, ¥4 Ay )y a-F
ERY Loy FNT I MFETNVT I ORTRERERL 2. OB TRTES L RIKED
27 JBREEE 100 EUEO £7 L VBOBEREUVUTRUIZ, 4 V/n Aoy ) U iZ 2R
BIASEOME, €Y > - AvF v - F oo ik 2472 BREHKSBOMED S 0 BEEICHERL 1218
%, FOMO7 ¢ 28I 24 BEEIAD DR BV 1,

Table 4. Amino acid compositions of known proteins.

Ami Casein Insulin a-Cymotrypsin Ovalbumin |[Serum Albumin
mino =
woid | GLO | Toerty | GLO | (e | GLO | poily | GLO | (| GLC | gopen
Gly 3.4 3.4 8.3 8.3 9.6 9.4 7.2 5.1 3.2 2.8
Ala 45 4.9 6.1 6.3 | 10.1 9.0 | 10.2 9.5 9.0 8.9
Val 7.4 6.0 9.0 | 10.4 9.4 9.4 8.3 7.6 6.2 5.8
Leu 10.3 7.6 | 10.0 | 12.5 7.9 7.8 8.6 8.8 | 10.3 | 10.9
Tle 6.4 6.1 3.1 2.1 6.0 41 6.4 6.7 1.8 2.4
Pro 10.1 9.0 2.1 a.1 3.6 3.7 3.3 3.9 4.4 4.8
Phe 4.0 3.5 7.3 6.3 3.4 2.5 6.0 5.8 5.9 4.6
Tyr 3.2 5.0 6.9 8.3 1.6 1.6 2.4 2.6 3.0 3.4
Ser 8.7 7.6 5.8 6.3 7.0 | 11.9 8.9 4.3 5.0 417
Thr 41 4.4 2.1 2.1 7.3 9.4 4.1 4.3 5.5 5.7
Met 0.6 2.2 0.9 0.8 2.4 4.4 0.3 0.6
Arg 2.1 2.8 1.0 2.1 2.4 1.6 3.6 4.1 4.1 4.0
His 2.9 2.4 3.1 4.2 0.9 0.8 1.1 1.9 2.0 3.0
Lys 7.0 8.0 2.7 2.1 6.4 5.7 5.4 5.4 | 10.4 | 10.7
Asp 8.4 7.6 6.6 6.3 8.6 9.4 8.9 8.8 8.8 9.5
Glu 16.2 | 17.9 | 12.2 | 14.6 6.5 61 | 12.3 | 14.1 | 12.5 | 13.1
Cys/2 6.6 6.3 2.0 41 2.8 2.0 6.1 6.3

(Amino acid Residues/100 Residues)

HEALA L TiZn 4 o OEREBRLN, RNV Favy . AFF= SN2 BTy 29
DEMBRONG, CNEBHRFOZERTIZ DLEMIINE, AV )Tl LyVE
IUBOHEICEVEDOENS, /v I DI IRBERDOPIV Lo EiIL, EBEKRING
DOTEDEPEZERICANNL, JPERIBTBLRIBAONIV, a-FELY FLoTiREY Y - R
VAU Y RFAUI, AN TIVTRSYV L Yy S LBRIREDOEN REhD,
Ub U M7 VT e o TiIBEAEER RoNL, SEEDSC 2K D 7 i /BiConTiR,
GLCIZ E B3 TIRkFuvYy - 2vFy - xFF 2y S 2 I VBIEWE:, 72~V T7 5=
VREWERRTEASED NI, Fuolr - AL UMK SEORED FiLXBELELL
L, b OREEBRIT ZICRF—D 7 v 2B AR 2 58T & GLC T Ltk
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