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29k olu] Al 2 alanine, threonine, isoleucine, leucine, aspartic acid, methionine, glu-
tamic acid, tyrosine® A2 2 e, Akd 2], UV 4 24}, A (trypsin) 2] 3-8 498
L 6N-HCL 105C 2 713 v o] A3kt A =& 234 slg ) =g Mass Spectrometer& o)
£ ) 7} o}u) Ak fragment= = HA -G ARSI GCollA A2 FA o EAM3t= S WE
slglt}. HPLCO)A] cyclodextrin bonded phaseg ¢]-£ )4 dansyl amino acid®] ¥&-& 2] =3}
Art.

Abstract : The importance of separation comes from demands on study for exact effect of
synthetic drugs and the reactivity of enantiomer in biological system. Racemization rate
was measured under the influence of heat, acid, UV-light, enzyme(trypsin) and 6N-HC! at
105 on alanine, threonine, isoleucine, lecuine, aspartic acid, methionine, glutamic acid,
tyrosine.

The method for the identification of overlapped amino acids with GC was developed from
the close study of fragmentation pattern with mass spectrometry. With cyclodextrin bon-
ded phase by HPLC, the separation of dansyl amino acid was tested for compartison.

Key words : Amino acids, enantiomer, Mass spectrometry, HPLC, cyclodextrin.
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2.1 BFEEA W A

HF opv] =48 Sigma Chem. Co.A 2, <F 5.0~10.
Omgg A8 3T o 0IN-HCl} 3o volu-
metric flaskell &7 100mL =4 3§t} o] 448 5
OmL A}-8-%}93.2 2 Dansyl amino acid® -5 g uh]
o & 2839t} o, f-cyclodextring ASTEC
(Whippany, USA) A &F& A1-48}91 3 bonded phase
al column® ASTEC #A|EFS2 5Hum, 25¢m X 4.6mm
4 %1-& A23}eict. Methanola} 99.9% ZARS- HPLC
2924 J. T. Baker #| &%, aniline® %4 2| Merck
A}, benzaldehydet= Y #-2] Kataya Chemical Co.2] 1
# AlobE ARgEtdch

2.2, @M7|7) U BE

GLC%: Varian Vista 6000(USA), &7+
ionization detector(FID)}& ¢]|£-38}¢] 3% amino acid
o] Fato] A AE £e3}7] 218t GC column- %
o] 20m, W% 0.53mm chirasil
inc., USA) column-& A}-£-3}gic).

GC/MS&¢22 A48 GC=
5890A & direct interfaceoll quadrupole type?] anal-
yzerE A+-&-5hgich HPLCel #1438 LC:
ta 55003 -& 2}8-38l9i3, ASTEC o, f-cyclodextrin
column®} Waters®] C,3 bondapak columng A}-4-&}
of o] A A& Felsly st

flame

-val{Alltech associate

Hewlett Packard

varian vis-

GLCelA  carrier gas(He)¥ %% 3mL/min,
make—up gas(He)¥ % 30mLY £33 fuel gas®
2 30mL/min, 7] 300mL/mine 2 FAs}led

%ﬁh’iq. oven &&= 70°CoA 4% KA E 2 210
7x B 3cY F-&8ted 2537k A A H

GC /M8 A& carrier gas(He) & ¥ 0.89mL/
ming TAE o}S 10:18 splitr]|#A Massol| ¥d3}
=2 &, 71l 248 o GC 273 7rh:+ 1"1
Zql7]e] &5 = 2307, interface®] &%+ 2257, ion
source?d] &%+ 200CE it

1.0 Varian Vista 55000} Waters #% HPLC
& x}gslglon], 73R 7124 variable wavelength®
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acid, dansyl-d, /-glutamic acid, dansyl-glycine, dan-
syl-d, /-leucine, dansyl-d, /-norleucine, dansyl-d, /-
valine, dansyl-d, /-norvaline, dansyl-d, /-methion-
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/H,0/CH;COOHE 78:20:22 gtE o)A} 3He
ool 0.1~03%2 THE] 10414 FJ3hgc}.
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Thble 1. Racemization of I-form amino acids under heat(105C), acid(6N HCI), UV light and enzyme as time

passed.
\~~\ Treat -
N ment Enzyme 6N HCI
N . o . 3 : 5
N \\ Heat(105C) 6N HCI Uv (Trypsin) Heat(105C)
Amino N\ Day ™
acid N
1 _ . . - R
Alanine 2 - - - - -
3 1.59
4 1.43
1 . _ _
Threonine 2 - - - - -
3
4
1 . _ _ .
Isoleucine 2 - - - - -
3 1.05
4 1.16
1 _ . R . .
Leucine 2 - - - - -
3
4
1 - - - - 0.91
Aspartic 2 0.31 - - - 1.84
acid 3 2.20
4 2.46
1 _ . . . _
Methionin 2 - - - - -
3
4
1 _ . _ , .
Glutamic 2 0.90 2.13
acid 3 3.02
4 3.03
1 - - - -
Tyrosine 2 - - - 0.82
3 1.64
4 1.59

Unit : D/L x 100

6N CHI + Heat®} 4 7}=], vYei=] 2
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Figure 1. Total Ion Chromatogram of Amino Acid-N(O, 8)-TFA, isopropyl ester derivative of standard

mixture,

Peak identity ; 1. d-alanine, 2. l-alanine, 3. d-valine, 4. 1-valine, 5. glycine, 6. d-isoleucin, 7. l-isoleucine,
8. d-leucine, 9. 1-leucine, 10. 1-norleucine(internal standard), 11. d-proline, 12. d-cystein, 13. I-cysteine,
14. d-aspartic acid, 15. d-hydroxy proline, 16. 1-hydroxy proline, 17. d-methionine, 18. 1-methionine, 19.
d-glutamic acid, 20. l-glutamic acid, 21. I-phenylalanine, 22. d-tyrosine, 23. I-tyrosine, 24. d-ornithine,
25. 1-orthinine, 26. 1-lycine, 27. d-tryptophan, 28. | -tryptophan.
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2 A28 overlap®E peakE- GCollAl ¥¥¥ +
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3. 3. TFA-IPA R E3|2| Mass fragmentationof] cHgt
&4
Aliphatic amino acid(Glycine, alanine, valine, leu-
cine % isoleucine) #- =M 2] 7% inductive cleavage
o elslA BAE (M-COOC;H;) " o] &o] Z¥F base
peak & viepdcl

R : CiHy
@ R
R o e Nt o
o W"
. NH cH= N
N s A
/ H TFA TF
TFA
,CHy
leucine CHy —CH \
CHs
m [ \‘ + g
HUW + (e
TFA TFA
m/e 140
isoleucine —-CIH -—CHZ '-CHg
CHy
\/\+
m PR " ,:‘HZ + =1
U“ TFA
\
TEA m/e 153
noreucing  ©  -CHyCHRCHLCH3
[ — cwu=mm + NS
+NH
{ m/e 126
TFA
.
m/e 213

m/e 213

Figure 2. Mass Fragmentation pathways of Leucine, Isoleucine and Norleucine.
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Table 2. GC Retention Time(RT) & Mass Spectral data for Amino Acid-TFA-isopropyl ester derivatives.

47

Compound MW RT « RN Characteristic Ions(m/e)
1. Alanine 227 11.205 0626 140 168 72 92 170
11.883 0.664 3.56 (100) (8) (6) (3) (1)
2. Tnreonine 353 13120 0.733 153 152 84 266 294 198
13.625 0.762 2.25 (100) (78) (14) (8) (8) (&)
3. Valine 255 13244 0.740 168 153 55 114 171 196
13.681 0.765 2.75 (100) (38) (77) (16) (11) (6)
4. Glycine 213 14.327 0.801 126 144 78 58 102
- (100) (29) (13) (13) (6)
5. Isoleucine 269 15438 0.863 182 153 171 213 126 114
15899 0.889 2.44 (100) (74) (48) (16) (16) (19)
6. Serine 339 16.259  0.909 139 138 280 252 184 170
16.448 0.919 238 (100) (89) (14) (12) (8) (1)
7. Leucine 269 16.511  0.923 182 140 153 168 171 166 210
17.253 0964 3.11 (100) (98) (29) (25) (22) (17) (12)
8. Norieucine 269 17.890 1000 - 182 126 140 153 114 171 210
(IS) (100) (73) (35) (26) (60) (13) (13)
9. Proline 253 19.214 1.074 166 96 253 211 71 194
19214 1.074 NM (100) (7) (6) (4) (4 (2)
10. Cystein 355 20161  1.127 140 268 170 216 250 313 296
20914 1169 1.65 (100) (87) (300 (17) (17) (11) (10)
11. Aspartic acid 313 22161 1.239 184 139 212 227 166 254
22311 1.247 085 (100) (46) (84) (31) (26) (12)
12. Hydroxyproline 365 23342 1305 164 279 94 306 94 67
23.342 1305 NM (100) (52) (12) (4) (12) (12)
13. Methionine 287 24.169 1.351 61 171 75 287 213 200 131
24563 1373 247 (100) (32) (59) (26) (24) (12) (8)
14. Glutamic acid 327 25.762  1.440 198 180 226 152 85 240 268 327
26.089 1458 1.85 (100) (80) (64) (56) (32) (22) (14) (1)
15. Phenylalanine 303 26.074  1.457 91 190 148 103 303 216 198
26.381 1475 175 (100) (70) (83) (22) (12) (33) (12)
16. T'yrosine 415 20.067 1.625 260 203 302 328 415 216 175
29314 1.639 150 (100) (94) (98) (32) (4 (200 (11)
17. Ornithine 366 31.209  1.744 166 306 211 126 279 153
31503 1761 1.72 (100) (9) (8) (7} (9 (4)
18. Lyysine 380 33314  1.862 180 294 321 67 181 126
33563 1876 1.21 (100) (18) (8) (16) (14) (11)
19. Histidine 365 37.311  2.086 278 206 81 153 166 365
37472 2.095 0.66 (100) (45) (43) (12) (12) (9)
20. Tryptophan 438 38.212  2.136 226 325 438 125 283 129
38.484 2151 084 (100) (21) (9 (9 (32)
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Leucine, isoleucine® norleucine&2
Z A8} o) & 2] mass spectracll A A2 o}E o] &
7R3 glerg F¥eo] rlgsich o)lEo FHAR
A A7) & 7R o2& wlamelw A o) =
&} aliphatic amino acid2] #-% alkyl chaine] 27) o]
AFel M9 m/e 2130] A veltoH Tuble 2, Fig. 2).
o] o]-2-2& McLafferty rearrangementoll 2]+ A
5l o]-olx}

isomer 2.4}

o] o]-2-2] relative abundancet= chain2]
FRol °d 3F-& "kt

Hydroxy amino acid(threonine, serine)2] 73-% N,
O-bis-TFA §%5A7F PAET, o] FE4+ ali-
phatic amino acid$} &e](M-COOC;H;) " o] &2 =
& oFo.2 viehta (M-200)" o] &0] base peak 2 1}
eldr}. Hydroxy amino acid®] t}& characteristic
ion® 2 (M-CFsCO0CHy) " ol &% uramq
Hydroxy group< dehydratione]+} dealdehyde %52
2 A7 94 EAel o] A v ¢he WA
ol itk

Acidic amino acid(Aspartic acid, glutamic acid)
= B8 strong intensityE Zty o]-&Eo] t}E ami-
no acidgxrt} Hel viehdes Ze] EAlelH, glu-
1% Az} FAo] (M )o] A2HY
t}. characteristic ion® 24 (M-COOC;H;)", (M-
COOC.H;-CsH;) ", (M-COOC;H:-C3Hy) ", (M-
COOC;H;-C3Hy-H20) 7, (M-COOC3H;- HOC:Hy),
(M-COOC;H;- HOC3H;-CO)Y ™, (M-COOC3H--
HOC:H»)™, 9 (I\/I~COOCgH7—COg)7L o]&o] 7t
Zhis o] -Eo|ch

Lysine} Ornithine %X 4]+ mass spectrai}ell A

tamic acid+

intensity &

152] base peakito] 7FEAl vhelin, & o1& E
& ok A7) E Ze 5AE 7l o189 charac-
teristic ion_CLiH (M-HOC;gH?) , (M-COOC:H;)

*, (M-COOC:H;-TFA NH.)", TFA*NH =CH, ¥
o] vlelytel. Leimer” 7} #|g}g} fragment ionE-} H]
A gk A= Zek(Fig. 3). 222ivt o) B2 ¥} o] 22
&= A st

Sulfur amino acid % methionines thioether
groupe] 7}&} intensity 2 vrehiti= #Ale] viehdr)
Z m/e 61(CH3-8" = CHy) 3 m/e 75(CH;-O-CH,
CH.") o} go] viehbyl Exlo] 2% 4] 74t inten-
sityE ZH=th. m/e 153, 171 ©]-&E2 aliphatic amino

LS

2 A

(¢}
1 +
TFA-NH-CH C-0—CH, e TFA—NH- CH-R-NHNTFA

L (M87)
{ — NH,TFA

NHTFA
+

TFA- NB-CH-R (100% }
—HOC,H,
(M- 60y l
.
TFA-NH = CH,

Figure 3. Fragmantation pathway of Basic Aliphtic
Amino acids ; Lysine, Ornithine.

acidellAl A& HR-& 7}=) 51 0] &)l = McLaffer-
ty rearrangementell 2]a] H-migratione] o1}l
A7) o] (M-CH:S-CH=CH)" oj&x 449
t}. Z4tell (M-COOC;H;) " 9l TFA-iminium jon&
low relative abundance& zZb=t}.

Cysteine2 N, S-di-TFA $=43 5= 338
methionine¥= ¢4 8] t} & fragment iond zhrh.
(M-COOC;H;)t o) 222 1] o)A a3 fragmen-
tatione] Ydojr}z] ¢t om base peak?d] m/e 1402
isopropyl groupell4] H7} TFA group? carbonyl
group2 & migrationo} YofrpH A (M-C3Hg-CO--
SCOCF;) " o]-&o] & A =c}.

Aromatic ¥ heterocyclic amino acidg] phenylal-
anine, tyrosine, tryptophan®} histidine %]+
cyclic moietyel] 2jsjA @& <33g Wk Aro-
matic ring?] stabilizing J -2 o) 5
trumAtel & Vel A s 11, ring moiety& 713 o}
2E-2 high relative abundance® uYeh}A Fc}
Phenylalanine®] ¢ m /e 91 (Ar* CH,)<& diagnos-
tic value”} ¥ 3 histidine®] 7
2] 49 m/e 260, 203 ¥ 320°] characteristic ion®]
o tryptophan®] 7 283, 3257} charac-

teristic iono]t}h.

H#-2} iong spec-

4% m/e 81, tyrosine
o‘l" m/e 226,
Proline =4+ carboxylic ester groupe] "elx

Witez

trumoll 4] high relative abundance &

A A7 cyclic iminium ©]-2°] mass spec-
e
Hydroxy-proline®] 73-§-+= ¢J7]e) trifluoro acetic
acid7} @oix 72 24 stable ion(allylic cation)
o] 4 A=t} proline type?] FxA2] A%, low in-
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tensityS 7}# zH& fragment iono} A& o2 v}e}
). & proline2] 7% m/e 96, hydroxy proline]
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£=S
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7% m/e 94919, o] o] &L Cyclic Ketene ion 7%
A3 A ok

3. 4. p-cyclodextrin bonded phase column} & &
Cis column®} f-cyclodextrin bonded column®| &

=% wlws} B.7) ¢4 o, m, p-nitroaniline} dansyl-
d, /-phenyl alanine® A}8-3}¢lt}. nitroaniline2 0.

005M 2] 58 72t 4.&

& 104 ¥ HPLCH| 54

slgdch. o] 5AF-E MeOH/ Water 50:50-% AH&-3153
225 = £ 2% CpollA] para, meta, ortho 40]%]
AL 3-CDol| A+ meta, ortho, paras 2.2 #2817} ¥ 9]
t}. B-cyclodextrin bonded column¥} para-nitroanil-
ineo] AY 4l inclusion complex”} 3 A=l 3L meta
X} ortho?} steric effectol] 2184 ] & g-cyclod-
extrin bonded column¥® ZA#3sllct. o159 reten-
tion parameter?} Table 3¢l 8.9k ¢lc}.
Dansyl amino acid % d, /-pheny! alanine$ A

3}o] f-cyclodextrin bonded columni} Cig column2

Tuble 3. Comparison of retention index C-18 and -CD column for the separation of o, m, p-nitroaniline with

HPLC.
Column Compound Retention time Resolution o k'
(min)
C-18 p-nitroaniline 4.80 14 11724 1.45
m-nitroaniline 5.22 2'2 1'323r 1.70
o-nitroaniline 6.40 ) e 2.25
p-CD m-nitroaniline 14.27 07 L1045 3.35
o-nitroaniline 15.25 11'2 3'5405 3.70
p-nitroaniline 48.60 ’ R 13.10
A
g
hsd n
« = B ®2
S : ~ -
3 < S
5 vy o
o o
< 5
[
- o]
: 2
. <
.
T - - - 4 e
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Figure 4. HPLC chromatogram of Dansyl-d, 1-phenyl alanine with C-18 column (A) and S-CD column using

MeOH / Water / AcOH(78/20/2) mobile phase.
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2 Fel§ A wsiginh o)At 2 MeOH/Water /
AcOHE 78:20:22 T15o] Al4-3}9x A8+ 0.1%
=7 8k 104 HPLCel F313bge}. Fig. 4ol A2t
Zol d, [-formo] #2lH e 2& & ¢ dd e £
& 067 Rerh Jaazete gy & 2 24
ol A st ¥ A A3 Felr} = 2] edshcoh
f-cyclodextrin bonded column®] o|-%4t of -8 AF
HH 7| $18le] o]FAF3l MeOH/Water / AcOH =
100:100:1f  B-cyclodextring E3}A]A  B-cyclod-
extrine] o] F-Abell 918 wj e} wlinste] B gir). ofwe]
Ao 2= o0, m, p-nitroanilineg AH-&&}¢ic}. o)%F
Aol f-cyclodextring E &AL w+ p, m, o-ni-
troaniline2] retention timee] 8.27, 8.96, 10.69% 3%, §
-eyclodextring #718}R] ¢+ o)Akl C)x column

o] 2}s} ®2}% p, m, o-nitroaniline2] retention time

J §n rvaline
: ﬁ R
: i
!
|
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S methionine
& o S
= | ,
5| | ’
£ | it
| i
| I
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Retention Time (min)
Figure 5. HPLC chromatogram of group I containing
d, lform of dansyl-leucine, norvaline, methionine,
glutamic acid. Mobile phase composed of
MeOH / Water / AcOH(78/20/2) as isocratic mode
on -CD column.

SRR

e A

< 853, 9.95, 20442 Z7}8led p-cyclodextrin®] ni-
troaniline®} inclusion complex& & 4jgto] &1jxlq)
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3. 5. LColl 2{#t ofo| it M2 82
EFEde ¥ Alzte) ate} leucine®} norvaline,

glutamic acid 4%&

group Io]2} &}3., valine, «-
amino- butyric acid, phenyl alanine, threonine, ser-
ine, aspartic acid 6%& group Il 2} 3}o] A2 ®els
ek, ol el e
gt} broad®t tailing 2. 2 group I <} 4 leucine} nor-
valine®] d, /-forme] A& A3 group 4] phe-
nyl alanine¥} threonineo) A& 7 Fels vha

HA Zgot 7 9o 5 olu| ikl ol Al A}

chromatograme| Fig. 5, 6l 42}
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Figure 6. HPLC chromatogram of group Il contain-
ing d, lform of dansyl-valine, x-amino-n-butyric acid,
phenylalanine, threonine, serine, aspartic acid. Mo-
bile phase composed of MeOH/Water/AcOH
(78/20/2) as isocratic mode on 8-—CD column.

3, 6. a, f-cyclodextrin®} T &Ho| M B A ojo] - 2t2}e]
Mejy

Table 4+= f-cyclodextrin 0, 1, 2, 5mg3} 0.01% dan-
syl amino acid2}9] inclusion complex 34 A E& H|
wsle] B 7o) Thble 5% %, f-CD 2mgell analyte
FEE 0.005, 001, 0.02% % ¥i3sle] inclusion com-
plex FAEE w2 Holch F AUYPY A=z d-
forme] oluliile] cyclodextrini® t] A|A| complex
S & 48led GC2 chirasil val columnel| A ehi= we)
[-forme} M * elution® & & 5 2l gdcl.
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Tuble 4. Test of selectivity between dansyl-d, 1-amino acid and various amount of f#-CD mixture, Concen-
tration of analyte was set up at 0.01% all through the experiment.

Dansyl AA Amount of 8-CD with 0.01%6 AA in 1 mL
Omg 1mg 2mg Smg
Retention Time (min)
2-amino- 1-form 18.917 18.510 18.465 19.051
n-butyric d-form 20.155 19.592 19.597 20.224
acid
- Peak Area 15.029 13.037 15.630 15.403
1-form(Al) 23.637 23.721 28.288 28.811
d-form(Ad)
Ratio(Al/ Ad) 0.6358 0.5496 0.5525 0.5346
Retention Time
serine 1-form 33.428 32.923 32.988 34.036
d-form 37.110 36.588 36.621 38.010
Peak Area 18.282 17.819 20.286 18.339
1-form{( Al) 18.540 18.919 20.953 18.282
d-form(Ad)
Ratio(Al/ Ad) 0.9861 0.9419 0.9682 1.003
Retention Time
aspartic 1-form 50.439 49.800 49.520 51.588
acid d-form 55.355 54.823 54.415 56.800
Peak Area 12.082 11.053 5.251 9.071
1-form(Al) 12.429 11.753 5.581 8.897
d-form(Ad)
Ratio{Al/Ad) 0.9721 0.9401 0.9409 1.020

1. Separation was performed through f-CD colume with mobile phase of MeOH /Water / AcOH(78/20/2)

isocratic system.

1Ld &8

447} 105C @22t 6N-HCIE 718t35¢ o ala-
nine& 1.5%, isoleucine& 1.2%, aspartic acidv 2.
5%, glutamic acid+ 0.3%, tyrosine-& 1.6% # & rac-
emizationo| o] FakHql £4 uf= 7pEs] Al
g A3 243 2lo] 238 Fole Fo% I
Holglrh

Vol. 7, No. 1, 1994

TFA-IPA #%AE 3HE°] chirasil val column€&
188l d-serine, d-leucine,
prolineo] E-=]17} =] gt d, /-prolined A2}
& Y Al= Mass spectrum$ o] £-3}e] o] 7}%
st cl

0, m, p-nitroaniline€ HPLCEZ #A3 ZA3} Cy
columnX.t} f-cyclodextrin bonded columne] ©]43 A
A Felol 7% A%ol & 4 5 Utk Dansyl
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Table. 5. Test of selectivity between dansyl-d, 1-ami-
no acid and various amount of anayte mixture. The
concentration of cyclodextrin was fixed at 0.2% all

through the experiment.

Concentration of Analyte (Wt %5)

Dansyl AA 0.005 0.01 0.02
2-amino-n-
butyric acid 0.885 0.4398 1.1117

serine* 1.0282 1.0058 0.9953
aspartic
acid 1.0552 1.0425 1.0148

* serine is mixed with 0.2% a-cyclodextrin, othrers
with 0.22; f-cyclodextrin.

1. Numbers represents for the ratio between two
enantiomers. (D /L)

amino acid®] o] A A ¥-l& f-cyclodextring AH-&
& 719 leucine, norvaline, methionine, glutamic
acid, valine, x-amino-n-butyric acid, norleucine,
phenylalanine, threonine, serine, aspartic acid”} -

2= st

ool - A

Inclusion complex®] A X -& Dansyl-amino acid®-
v]isle] B A3} d-formo) x, B-cyclodextring ©] A}
Al complex& 3 Asted A7 /-forme] A elutions
sl
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