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Reverse-Phase High Performance Liquid Chromatographic Determination
of Amino Acids after Precolumn Derivatization with 1-Dimethyi-
aminonaphthalene-5-sulfonyl chloride

Hye-Kyeong Na, Deok-Young jhon' and Youn-Ho Hong

Dept. of Food Science and Nutrition, Chonnam National University, Kwangiu 500-757, Korea

Abstract

This experiment was carried out to determine the separation condition of 1-dimethylaminonaphthalene-5-
sulfonyi(Dansyl) derivatives of amino acids by reverse-phase high performance liquid chromatography with
Nova-Pak Cis column. Determined solvent system was solvent A (200mM phosphate buffer pH 6.8 15%,
acetonitrile 11%, water 74%) and solvent B (acetonitrile 65%, methanol 28%, water 7%). Linear gradient of
solvent B8 was applied from 2% to 80% for 50min. Complete separation of 20 amino acids inciuding
asparagine znd glutamine which constitute protein was achieved within 50min. As the detection limit was the
range of picomole, the resolution power was excellent. Reproducibility of the retention time was less than
mean +0.05min. According to the above optimum chromatographic conditions, the amino acid composition of
some food and human blood was examined. The mast affiuent amine acid was alanine in human blood,
aspartic acid and glutamic acid in soy sauce, alanine and threonine in soy milk and proline in milk and yoghurt.
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Fig. 1. Relationship between the retention time of dansyl-
amino acids and the isocratic mobile phase compo-
sition.

Column was Nova-Pak Cis column (3.9mm x 15cm,
4um). The solvent system used was ; acetonitrile/ me-
thanol (7 : 3), 200mM phosphate buffer (pH 6.8)
/water {1 1 7), Legends : D ; aspartic acid, C ; cysteic
acid, E; giutamic acid, N ; asparagine, Q ; gluta-
mine, 5 ; serine, R ; Arginine, T ; threonine, A ;
alanine, P ; proline, K ; &-lysine, V ; valine, M ; met-
hionine, 1 ; isoleucine, L ; leucine, W ; tryptophan,
F; phenylalanine, C' ; di-dansyl-cystine, K ; di-
dansyl-lysine. Open rectangles indicate retention
times of all amino acids analysed by gradient program
based on the shown slope.
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Fig. 2. Separation of dansyl-amino acids on Nova-Pak Cis
column (3.9mm < 15¢cm, 4um).
The solvent system used was ; (A) acetonitrile, (D)
methanol (7 1 3), (B) 200mM phosphate buffer( pH 6.8),
{C) water.
The gradient program consisted of linear ; from 15%
{A)- (D), 11% (B}, 7% (C) to 75% {A~(D), 3%(B), 22 %
1C) at 50min ; 75% (A}~{DM, 3% (B), 22%(C) at 55
min ; 15% (A)~{D), 11% (B), 74%(C} at 60min. Flow
rate © Tml/min, Wavelength of UV detection : 254nm
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Table . Chromatographic cenditions for HPLC analysis of
dansyf-ammo acid derwaiwes

Durauon Flow rate So!vent A Solvem B Gradlen.
{min} {ml /i) (%) (%) proflle
initial 1 38 12

50 1 20 80 Linear
52 1 o] 100 Linear
hd 1 ag 12 Linear
Sofvent A 1 15% 200mM phosphate buffer (pi 6.8)
1% Acetonitrile 74% Water
Solvent B : 65% Acetonitrile
28% Methano! 7% VWater

Waveiength of UV detection © 254nm
Column : Nova-Pak C18(3.9mmx 15cm, 4um pariicie dia-
meler}

Table 2. Retention time of dansyl-amine acids after dansyi-
ation of standard amine acid mixture

Compound Retention time*{min)
[Dansyl. Asp 4.04-0.01
Dansyl-Glu 4.44 1:.0.04
Dansyl-Asn 9.49+-0.03
Dansy!-Gin 10.94+0.03
(ansyl-Ser 12.38+.0.02
Dansyl-Arg 13.16--0.02
Dansyl-Thr 13.57:0.02
Dansyi-Gly 14.47+0.02
Dansyl-Ala 15.224:0.01
Dansyl-Pro 16.800.01
Dansyl-Val 19.13+0.01
Dansyl-Met 20.78::0.01
Dansyl-lle 22.164+-0.01
Dansyl-Leu 22.60::0,01
Dansyl-Trp 2408+0.00
[Dansyi-Phe 24.6910.07
Cansyl -Cys 26.24+0.02
Dansyi-Lys 3584002
Dansyl-His 37.12.00.02
Dansy! ~Tyr 42.37+0.02

*Mean £5D (N==1 0)
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Fig. 3. Separation of standard amine acid mixture according
to the conditions described in Table 1 after dansylation.
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Table 3. Amino acid composition of Escherichia coli gluta-
mine synthetase analyzed by various methods
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‘Amino Acid (picomole)

Aminc o Amino acid™ Dansyl-method
acid DNA analysis (This experiment)
Asp 31
Asn 19
Asx 49.3 44.2
Glu 36
Gln 10
Glx 44,4 55.3
Thr 20 19.9 19.3
Ser 29 28.3 351
Pro 27 239 30.5
Gly 36 371 36.0
Ala 44 43.6 428
Cys 4 4~5 2.3
Val 32 29.1 28.9
Met 17 14.5 17.2
lle 26 24.1 26.7
Leu 32 32.4 35.3
Tyr 17 17.3 13.4
Phe 23 230 30.5
Trp 2 21
His 16 16.2 12.3
Lys 24 223 23.5
Arg 23 217 21.3

Total 468 453.2 474.6
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Fig. 4. Relationship between the amount of standard amino acid mixture and peak area generated by the corrresponding dansyl
derivatives after reverse-phase high performance liquid chromatography separation.
Legends for various amino acids are the same with those described in Fig. 1.
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FAe e A0S Ao, of F ofv]iale] 7hx]
= A ol 7hAke) M ZA| A42-8Hs HClo o] 8] == g
& 4 g adlch e 2 skl
T TR ETE2E £ f obvliedbd dwsl
= FEAY zEeteaWE Yo fhate g
548 AA-E el 58 ik R F2 26

et e eEadE mw AL peaks} vhElytod,
Arg Thre] F2l7) $x oo}, 5} 2] of 7o
A AAGE 2R el = Lys, Hise] ME #2,
FAREA @t B AR A= ol F obmlcabe] #
2], B ao] 7hraisin. |
Table 4ol 3= o] 5 5717 Al 8.8 2} e}v il B2 E
o] A= ei 9lct. WAL A Alao] 22.54nmel/mi
2 A geko ], Mete] 0.92nmol/mlE F& ks
Bodok Furst 3978 Bone) ofsphad el 3% Gln
gheko] 493.1+56.9nmol/mlZ 7}3F =531, Alao] 339.
9-+57.5nmol/mlgel e Glu §heke] 7lak Y 7lo g
B 5=l gl o 0], Steginke} Baker®e| w2 Asprl 7}
=7 AEgct Gine] & A¥ 9] 35 ofv] it &
geyel wa alof, Bl Brhrd W g ol Tol £
Ao AFe} AAFE o 9 9l UReg ==
ubalel] ofel Agake] Zolrh gliz A A A
1

t

2+ Gluzl 9.07nmol/mlZ Asp hg22 &2 &
E veliglen, Met $Fske] 0.24nmol/miZR 713k
shoh. me) A=e Al Zh F oobel Al Ao #gk
3ol o5k Glu ggke] 7} B2 Leu, Asp £4 &
B oAlgel Azpel Aolr) &g o & ok Ffe
AR AEYE P ol A g e mel ofF)
s At ghekel &holFh gl 00t Ang9) Kwik®®2] B 516l 2]
st Al FH-Y A Gluzk 2.8mg/mlE bR g3
Asp 1.8mg/ml, Lys, Argeols, 479 Fdel| otz

Table 4. Amino acids concentration in plasma, soy sauce, soy mifk, milk and yougurt

{(nmoi/ml)
Amine acid Plasma Soy sauce Soy milk Milk Yogurt

Asp ND 12.04+1.46 3.21+£0.39 ND ND

Glu 15.00+0.50 9.07::0.15 4.36+0.62 6.69+0.04 9.7 +1.04
Ser 11.22£0.13 5.03+0.04 1.50+£0.00 0.92+0.00 6.79x0.07
Arg 4.754+0.12 3.44:0.02 1.03+0.00 ND 6.25+0.00
Thr 10.37+0.12 3.20+0.02 6.73 +0.01 7.182:0.01 1.89+0.00
Gly 16.66:+0.30 4.8240.05 2.88+0.01 4.86+0.03 11.55+£0.14
Ala 22.54+0.67 5.841:0.04 7.20+0.04 2.5940.02 7.43+0.06
Pro 10.46+0.11 4.90+0.09 2154003 8.29+0.06 20.25+0.23
Val 18190113 3.68+0.06 2.87+0.05 0.7320.00 17.29£0.25
Met 0.92+0.01 0.24:-0.01 1.95+0.29 0.18+0.00 5.36+0.18
lle 5.37+0.05 2.94.+0.03 1.57+0.28 0.28+0.00 4.57£0.20
Lau 10.90+0.05 5.90x:0.03 199+0.79 0.32+0.00 0.49+0.01
Phe 5.28:0.09 2.53x0.01 1.79::0.04 0.14+0.01 1.88+0.06
Cys 2.55+0.01 NDE NI} N NG

Lys 11.80+£0.17 4.15+0.03 1.324+0.01 1.06:0.02 1.07£0.05
His 4.15+0.03 1.06:0.02 0.92:0.02 0.21+0.00 2.14+0.00
Tyr 4.84+0.01 0.94+0.01 1.42+0.01 0.15+0.00 1.13+£0.23

“Mean+ SO (N=3) ND : not detectable
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o Thy Glu &o]gich, $-f19) 49 Aabe F23]
upel fe] elvliate] dhefe] Aolrh glod, $-fok
BlE# & o} Tamime®} Robinson®ef 25 9% &
Clu7} 1.48~3.90ug/miZ 7}% 27, Gly 0.30~0.
53ug/ml, Asp 0.23~0.52ug/ml-& skt 9lov,
Renner®:= Clu, Leu, Pro 2.2 o] 5 5% Glu ¥eko)
7H o st ey B Add el Proo) 8.
29nmol/mlE 712 =3 Thr, Glu 9]¢t SF2E
= AE AR Y AHA X vt frefolvlal ek
o a7 3lom AZ 4 Rk f2tolel ek el
Zvhsk 53] Proef] glef dAsichz w2l slsdd
» =3l Tamime® Robinson®ef 2laiwl gt E &
Pro 5.40~7.05ug/ml, Glu 4.80~7.06ug/ml, Ser 1.50~
2.90ug/ml g5-¥o] vk stolch & A€ A5,
Pro ggkel 20.25nmol/ml2 s & opv]| x4l F 2o
w)a) o} 918 Bw WE fASCET & 4 9Tk Z
Zre] ARl £ obu] Al ot FH A 85
fzlebe] Lol A 5E PAStE HE, AR Ay
W b7 ope deabel] oh4She peake) x| o)A 2
He.exz Abgsc

w2 oy AFRE v, & Aol =T Dan-
sylopuliestel G4 A S-Adalazele T 0e] £
B ZAL AMY F2AH 44, =& €29 4%
o, AB e H2gAe] $E U AL, AAY A EA Y
oAy A, AFe 29 HEF uHEw, 717 F
Agshs Aol S0 0.2 A7 A4 42
+ gle 235 Hdzt SUckd, G e E
4, BT A ehed 2o A% oA ol
ARE AA, AR F 5 S Ao E e

j=) ok
- =

AT AR R oSS o)E5te] Rty
Ashel ARl ohelmare] Hepd e A¥T A

7}, Nova-Pak C1s HAFZ H & £33 o7 x4t8] Dan-
sylfres ol Belzne AR et S A(Q4L o
Zg.dl (200mM, pH 6.8) 15%, ol B E7] 11%, %
74%)8F &) Blo}AEVEY 65%, AEHE 28%, &
7%} % Z+z}y 88%, 12%9l|A] A1 3ksled 20%, 80%7A|
508 Eqt linears}Ad &9& 7] A3 A= Asnz)
Glng ¥ 33 ohlA-g A5k 207 obmilesbe] &
Ay Balrl 508U ofFeizg o, o A

it B

Butg el 2§ ofvnate] Hef 821

icomole A2 48 =3 $p5ledq, 012
o] ARA L HF 0058 elstgirl. ol ® =2
Z2el §AE22 A SRR olr )
S adaled olw| 4l ekl glelbAd g A sl
oh ez 84, A, S5, 4 a28n aftEE F
o) ) obvleAr 24 S mabe B ARpe W4
A Alas] 74k A FEEH G2, el E Aspet
Glu, 5] %% Alaz Thr 282 48t L F2 2o
A+ Proo] 713 F A vhebyith,

K3
T

!

>-

pi
2k
=4

A

he le

- =]
e fd

1. Roach, M. C., Ungar, L. W,, Zare, R. N., Reimer, L.
M., Pompliano, D. L. and Frost, ). W. : Optical activ-
ity and ultraviolet absorbance detection of dansyl L-
amino acids separated by gradient tiquid chromatogr-
aphy. Anal. Chemn., 59, 1059 (1987)

2. Khayat, A., Redenz, P. K. and Gorman, L. A, : Quant-
itative determination of amino acids in food by high-
pressure liquid chromatography. Food Technology, 6,
46(1982)

3. Rutledge, J. C. and Rudy, ). : HPLC qualitative amino
acid anabysis in the clinical laboratories. Am. J. Clin.
Path., 87 (55, 614(1987;

4. Seiler, N. and Knédgen, B. : Determination of di- and
polyamins by high performance liquid chromatogra-
phic separation of their 5-dimethylamino naphth-
alene-1-sulfonyl derivatives. J. Chromatogr,, 145, 29
{1978y

5. Saeki, Y., Uehara, N. and Shirakawa, S. : Sensitive
fluorimetric method for the determination of putre-
scine, spermidine and spermine by high peformance
liquid chromatography and it's application to human
blood. J. Chromatogr., 145, 221 (1978)

6. Levina, N. B. and Nazimov, L, V. : High-performance
liquid chromatography of Dns-amino acids in the
purity control of peptides. J. Chromatogr., 286, 207
(1984)

7. Stehie, P, Albers, $., Pollack, L. and First, P. © in vive
utilization of cystine containing synthetic short-chain
peptides after intravenous bolus injection in the rat. /.
Nutrition, 118, 1470(1988)

8. Tapuhi, Y., Miller, N. and Karger, B. L. : Practical
considerations in the chiral separation of Dns-amino
acids by reversed-phase liquid chromatography
using metal chelate additives. f. Chromatogr., 205,
325(1981})

9. Lam, S. : Stereoselective analysis of I and L dansyl
amino acids as the mixed chetate copper (1) compl-
exes by HPLC. J, Chromatogr. Sci., 22, 416 {1984)

10. Tapuhi, Y., Schmidt, D. E., Lindner, W. and Karger, B,
L. : Dansylation of amino acids high-performance
liguid chromatography analysis. Anal. Biochem.,
115, 12301981



822

[

15.

17.

18.

Gray, W. R. : Dansyl chloride procedure. In “Meth-
ods n enxymology” Hirs, C. H. W.{ed.], Academic
Press, New York and London, Vol.11, p.139{1967)
Perrett, D. : Liquid chromatography of amino acids
and their derivaties, In "Chemistry and biochemistry
of the amino acids” Barrett, G. C.{ed.), Chapman and
Hall, New York, p.426 (1985}

Gray, W. R. : End-group analysis using dansyl chio-
ride. In “Method in enzymology” Hirs, C. H. W. and
Timasheff, S. M. (eds.), Academic press, Vol.25, p.
121 (1972}

. Mirquez, T. J., Quesada, A. R., Jiménez, S. and Nu-

fez de Castro, |. : Determination of 27 dansy! amino
acid derivatives in biological fluids by reverse-phase
high-performance liquid chromatography. ). Chrom-
atogr, 380, 275 (1986)

Takeuchi, T., Yamazaki, M. and Ishii, D. : Micro
high-performance liquid chromatography of 5-dim-
ethylaminonaphthalenesulphonyl-amino acids. [
Chromatogr., 295, 333(1984)

Negro, A, Garbisa, S., Gotte, L. and Spina, M. : The
use of reverse-phase high-performance tiquid chro-
matography and precolumn derivatization with dansyl
chioride for guantitation of specific amino acids in
collagen and elastin. Anal. Biochem., 160, 39 (1987)
Benson, J. R, Louie, P. C. and Bradshaw, R. A, :
Amino acid analysis of peptides. In “The peptides”
Gross, E. and Mezonehofer, ].leds.), Academic press,
New York, Vol.182, p.243 (1981)

Orzols, . @ Amino acid analysis. In “Methods in enzy-
mology” Deutscher, M. P.led.), Academic press, Vol.
182, p.587(1990)

Mackey, L. N. and Beck, T. A. : Quantitative high-
performance liquid chromatographic determination
of sulfur amino acids in protein hydrolysates. 1.
Chromatogr., 240, 455{1982)

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

. Colombo, G. and Villafranca, ). ).

: Amino acid sequ-
ence of Fscherichia colf glutamine synthetase deduced
from the DNA nuclectide sequence. J. Biol. Chem.,
261(23), 10587 (1986)
Orr, )., Keefer, L. M., Keim, P., Nguven, 7. D.,
Wellems, T., Heinrikson, R. L. and Haselkorn, R. :
Purification, physical characterization, and NHa-
terminal sequence of glutamine synthetase from the
Cyanobacterium anabaena 7120. J. Biol. Chem,, 256
(24), 13091 (1981
First, P., Pollack, L., Graser, T. A., Godel, H. and
Stehle, P. : Appraisal of four pre-column derivatiza-
tion methods for the high performance liquid chro-
rmatographic determination of free amino acids bioio-
gical materials. J. Chromatogr., 499, 557 (1990}
Tl A Al g Alelal bAke] dulg R 7
0} 134k A 237, ks g3 =], 244}, 105
{1286)
DYE YR L L A oot 240 2
) w7, G akrlal $HE 7], 24 (4), 51 (1986)
Stegink, L. D. and Baker, G. L_ : Infusxon of protein
hydrolysates in the newborn infant plasma amino
acid concentrations. J. Pediatrics, 78{4}, 595(1971}
Ang, H. G. and Kwik, W. L. : Development of soy
milk-A review. Food Chemistry, 17, 235(1985)
7194 : Soybean milke] Zxbz], AJAE T 14(1),
39(1981)
Tamime, A, Y. and Robinsion, R. K. : Yoghurt science
and technology. Pergamon Press, New York, p. 314
{1985}
Renner, £. : Milk and dairy products in human nuirit-
fon. Volkswirtschaftlicher Verlag, Michen, p.95 (1983)
Rasic, ). L. and Kurmann, ). A. @ Yoghurt. Technical
Dairy Publishing House, Denmark, p.71(1978}

(1993 84 239 )



