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Table I—amino acid Analysis of bovine serum albumin®®’,

w/w %

Amino acid Cas S
- chromatography ® Av. Ton eXChange'C
Alanine 5.71 5.53 5.67 5.67 5.64
Valine 5.55 5.69 5.50 5.58 5.44
Isoleucine 2.29 2.32 2.22 2.28 2.38
Glycine 1.63 1.53 1.66 1.61 1.70
Leucine 11.61 12.26 11.85 11.90 11.68
Threonine 5.43 5.31 5.30 5.34 5. 46
Proline 4.79 4.71 4.72 4.74 4.78.
Serine 3.81 4.11 3.65 3. 86 4.05
Methionine 0.7 0.68 0. 59 0.66 0.70
Phenylalanine 6.47 6.50 6.37 6.44 6.42
Aspartic acid 10. 39 10. 36 10.19 10.31 10.27
Glutamic acid 17.04 16.75 16.70 16.83 16.43
Tyrosine 5.21 4.97 5.33 5.17 5.24
Lysine 12.31 12.21 12.03 12.18 12. 16.
Arginine 5.55 5.11 5.40 5.35 5.69
Histidine 3.38 3.44 3.30 3.38 3.64
Cystine 5.37 5.45 5.49 5.41 5. 65

106.71 107.33

(a) Protein hydrolyzed for 18hrs 105° in a sealed tube with constant-boiling HCL.

(b) n-Butyl stearate used as internal standard.

(c) Each value represents an average of two independent determinations, norleucine as internal
standard.
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Table II —Volatilities of methyl and n-buty N-trifluoroacetyl esters of amino acids.

Peak area, sq. in.

Before evaporatmn After evaporation @ Recovery %
Methyl N-—TFA val 0.495® 0.316 64
n-Butyl N-TFA val 1.255 1.243%© 99
n-Butyl N-TFA ala 1.71 1.708¢ 100
n-Butyl N-TFA gly 1.37 1.327¢ 97

(a) At room temperature (26) and about 4mm of mercury.
(b) Average of four independent determinations.
(¢) Corrected with internal standard.

Table III& N-TFA %= 7 N-acetylf=a 2o}t WA o] 2 n-methyl§ = 7} n-bu-
tyl A2t Juygol 2 2 & vebdeh. = methyl-N-acetylf-= 4 = lysines] 3¢ -
£3lx ¢kor n-butyl-N-acetylr=xql Z$¥ tailinge] A7l A2 Mol dwrxoz
N-acetyl -f-=3 2 GLCE g3t 2l°] Agoes 2& ¢ & A

Gehrkeg-o] olF fFm=AlEo H3te] AEZ Aol Jote] GLCE Fatwd 714 2 d
453 2 N-TFA-n-butyl esterd & <& = ¢zl =}
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Table III—Retention temperatures of four N-acyl esters prepared from each of four amino

acids.
Retention temperature of derivative®
Methyl e -Butyl
Amino acid N—triﬂu};ro- Methyl(b) n—Bu(tb})fl N-trifluoroacetyl lzll—acets;l
acetyl® N-acetyl ) ()
Valine 56 65 109 71 110
Phenylalanine 133 141 167 130 156
Glutamic acid 123 137 180 144 170
Lysine 200 @ 209 73 216(tailed}

(a) 5pl of a 2.00ml CHCI; sol. containing derivatives. Prepared from 10.0mg of amino acid were
injected directly on the chromatographic column without the use of a flash heater.

(b) Instrument: F & M Model 400. Column: 100%0.3cm. i.d. borosilicate glass packed with

2.00% (w/w) NPGS on 80-100 mesh acid washed Chromosorb W, Col. Temp.: 41° for 3.0

min., then programmed at 3.3° per min. to 218°C, then isothermal for 15 min. Other

conditions as described for (c).

(c) Column: 100X 0.3cm i.d. borosilicate glass packed with 1.00% (w/w) NPGS on 60-80 mesh
Gas Chrom. A Flow rate: 38ml. per/min. Ny, Column Temp.: 67° for 6.0 minutes, then
programmed at 3.3°C per min. to 218°, Sample size: 5.0pul of a 2. 00ml CHCl; sol. containing’
derivatives prepared from 10.0mg of each amino acid.

(d) Not eluted under the chromatographic conditions employed.

Amino acid N-TFA-n-butyl ester®] ##— Aminosl-s& GLCE 243 =d Qo4 7}
Z; o] 8% F A& tryptophan, histidine, cystine, arginineg A =Zd oz N-TFA-n-butyl

ester 2 W=z of o] o,

1.  Esterification with methanol

R—?H—COOH + MeOH ;EE(SH?‘(:I&I_}S.————)RCI:H‘COOCHS

NH; NH,

ii. Interesterification with a-butanol

R--CH-—COOCH, -+ »-BuOH — B¢l R CH_COO n-Bu

1 90°C |
NH, NH,
iii. Acetylation of amino radicals with trifluorcacetic anhydride
R—ICH—COO-n-Bu + (CF,C0),0 —Sl%—aR—C’H—rCOO-nVBu
NH, NHCOCF,

(N-TFA-2-Bu)

o] Wl s} 2 EBEA L 445 (sealed tube)E Abg-3te g4 arginined} tryptophang &

L %]
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((;:Hz)s TFAA ((l:Hz)s
NH room temp. NH
Ci- {(:::\IHz’ 2hrs. ' (%:VHZ
| NH. J [NH2 ] ~OCOCTs
CH,Cl A

CH:Cl;, TFAA

TFAA /.m 0
(in sealed tube) 150°. Emi | M
150°C Hmin, oY omin
1-Bu-OCOCH-NHCOCF; n-BuOCO(%HNHCOCFs
I

(CHy) 2)
s {,0 (GHeds
II\H = NH

|
C=N-COCF, C=N-COCF;.
NH -COCF4 ILH

tris-irifluoroacetyl di-trifluoroacetyl

deriv deriv

Scheme 1—Preparation and hydrolysis of tris-trifluoroacetyl derivatives of arginine..
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Fig. 1 -Acylation of orginine as a function of time.
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Fig.2. -Conversion of methyl ester of cystine to n-butyl ester.
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£ EE 7 FE wbgel AMgH] Ad AE

A% 9oz AHse AzAAG I 5l 2
S wpealshe) 4 4g 2o sehelof Yo, ksl methioninest Ashe] AFL EEA
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3 4 3l= methionined] A131& 232 3}

Z

Foll o] & Aol= methionines)
peakE @77t AE}. Acylatione] A &HE #EE GehrkeSol 23] Fig.3% Z& +
o %27 F7F A d e Z9d 5 Corning glass Co.o teflong lining3dl screw cap

-2 7} culture tube (No. 9826, 16X75mm)& A}&3le] % w33 A4S 98 4 9o},

Fig. 3-Acylation tube

1. Teflon-coated Neoprene O-ring gasket 2. Teflon disk (2mm thick)
3. & 4. Metal binder

5. Cushion made of silicone rubber O-ring
.6. Adaptor for on aspirator

at 142°

0 20mn O 10 20 min

of

“Tig. 4-Thermal decomposition of the N-TFA-n-Bu of threonine as influenced by flash-heater
temperature,

‘Column: 1% NPGS on 60-80 mach Gas-Chrom A (100X 0.39cm i.d. stainless steel column)



110 # : GLCZ AminoBo 47 Vol. 18, No. 2

N-TEA-n-Bu®| Ztt— N-TFA-z-Bul injection porte] metal flash-heatero] #j&}ed
2a 5, Fig. 4% threonine] N-TFA-n-Bug F¢1stz QL& chromatograme] = flash-
heaters] £X & 223°0]4 142°2 WE o2 Ea ol ot 49 wiAe] Zadte A
& B § g (Fig. 4). ol shzke] HAF-F ofu] x A} flash-heatere] oJdiA LA HZ =
on-column injection& 7] &}oj ofgt o] oL F& & =& + Ut

Scheme 2% arginined] flash-heatere] 2]3F E3}9 of 4L vehilE 23 ol

n-BuOCO(lZHNHCOCFa n-BuOCOClH—NHCOCF3
(CHz)s (CHz)s
I\|IH __ Flash-heater | I\IIH
i 250° |
C=N—COCF, c=0
NH—COCF; CFs
(Ornithine di-N-TFA-z-Bu)
+

CF;CONH—C=N
(Structure not confirmed)

Scheme 2—Decomposition of arginine N-TFA-z-Bu in flash-heater.
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Column System—x4 4 (stationary phase)® o4 &3
gated FTag adel Aok

N-TFA-2-Bue] ®]3}e] 19621 Zomzely'® 52 NPGS 1%<] stainless steel columng A}-&
go] 2219 aminoffe] L4 Axd o] glz 196593 Gehrke!® Fo] NPGS glass.
columno 2 chromatogram& Q3 9 = 19659 Marcuccil® 5-& 1171 2] Amino4t of o

ke NPGS1%, EGSS-X 1 %, carbowax 20M 1% A2 ®]la 4 3te] carbowax 20M
9 e oo gk

196613 Stalling® Gehrkel? o] o] 3le] arginines] GE 37} 7453t4 21 = GehrkeB!®
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2 N-TFA-n-Bue] £40¢] g F= 29E5% fr:*i6 e o)Ee d+Fe FHL 207
A8 aminoAhg A F FelAA AR HFE T F 9 9 columng WA FHEw)
AAch. dHsbx] BAE AR H&F T 20747 NTFAnBu4 E3HEE oA 2
T 8l coluwno 2 DEGS/EGSS-X9] 0.75/0.25% (W/W)e} &3 liquid phase® =44
L2 Adetz glel, 28t o] columng arginine, cystine, histidineo] #olo] A4 9=
AAE 94 F IR, =8 AL ALl o] glycinez}t isoleucines] ¥27} £ @
A g

Stefanovicg'1? & 0.65%2 EGA columng A}&3}e] 200 7}%] ] aminofg< B4 5e] o
arginine, histidine, cystineo] wa}eji= v ¢ & peakET R z:elzm ¢}, ofnpx o] L
4 el liquid phaseste] A& o 2 N-TFA-n-Bur} ¥al5ds} oly 3gd oz wSalsx
= ZEY. o9 485 ArlgdE AL liquid phase?] Sx9] w3l wlE retention time

Frad}

2} viglel e}, Fig. 5ol 4] 2= A4 liquid phasee] & %o| wel methionine, phenylanine,
hyprosi®] peake] $j27} stz 9o},

PRE

PHE

HET MET+

_

Fig. 5- Effect of stationary phase-support ratio on location of hydroxyproline in elution
sequence.

0.5% EGA 1.0%, EGA

McBride§-29 2. 1,29%29] phenyldiethanolamine succinate polyester& liquid phasez A}&

St vk 9 A] arginine, histidine, cystineo] ©j8lol: ¥ matx] @3 9o}
2% 19694 Gehrkes-?V 2 arginine, histidine, cystine®] £2]7} 7}53tcolumno. 21.5%

OV-179] =4 4-¢ WA o 24, tyrosine arginine, tryptophan, histidine, cystine o o}
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o] OV-17 7] Ete] aminoske] o &led = 0.325% EGAS] columng A4-3-3t £9] dual colu
mn 84S 59180 24 Zraminodts] GLCH & Aake] glolA = RES A3 T4

M
Fig.6& 207}# aminofige] o} & dual column w-4o] 93 476 o] =}

COLUMN 1-2GA COLUMN 2-OV-17
15
FHE ow 1LY YR
vaL PRO |
A }!lPRO AP
y
nor-LEU HyPRO . 1Ys \
LEU TY
ILEU f;RSR -
T = X
SRR MET 2 Jevs
vaL CYSH [t}
ALA BGLY \ L k
! ‘ o
‘ 8
k. O
B v e 8 40 152 14176 188 200 22125 150 75 200 225(H) 235
4 T T Ad | — T ¥ 1
0o 6 ) 2 18 24 30 A &7 53

Fig. 6—Separation all twenty protein amino acids with a dual column system.
Column 1: 0.325 w/w% Ethylene glycol adipate on 800/100 mesh a.w. H.T. Chromosorb
G,1.5mx4mm LD. glass, initial temp. 80°C, program 4°C/min., Ny flow 60ml/min.
Column. 2: 1..5 w/w% OV-17 on 80/100 mesh H.P. Chromosorb G, 1.0mX4mm LD.
glass, initial temp. 125°C, program 6°/min, N; flow 70ml/min. The injected mixture
contained ca. 0.02z Mol of each amino acid (~2pg). * Hold at 235°C.

A EA AHAGE upsbzto] GLCo] 98 aminold] -4 & Gehrkeg-o] dual columny}t
Aol 9o3te] Aol HAHAGE & F gl
221} B columng A48 AW A B glon, ATde ofr|xAAs
479 wrero] w2} GLCo ¢§ aminoAHEA e Azb¢ wHFAAHAE :=Ho] AFH
=}
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