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ABSTRACT. A spectrofluorimetric method for the simultaneous determination of amino acids (tryptophan and
tyrosine) based on the application of multivariate calibration method such as principal component regression and partial
least squares (PLS) to luminescence measurements has been studied. Emission spectra of synthetic mixtures of two
amino acids were obtained at excitation wavelength of 257 nm. The calibration model in PCR and PLS was obtained
from the spectral data in the range of 280-500 nm for each standard of a calibration set of 32 standards, each containing
different amounts of two amino acids. The relative standard error of prediR®ER] was obtained to assess the

model goodness in quantifying each analyte in a validation set. The overall relative standard error of pRSBEREHN (

for the mixture obtained from the results of a validation set, formed by 6 independent mixtures was also used to validate
the present method.
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Al Trpe} Tyr2- Sigma(St. Louis, MO, USA}
2N Fadstger. Aged AMESE 2Ebe] Trpe} Tyr
AN dAwke] Trpe} Tyrs golpel 5o 5
T7} 1.0<10° Mo HEE A)xsledon, pH 9.581%
fef o A8 boric acid-borat@<}-> H,BO; 6.18 g}
NaOH 2.8 ¢ 575 1 Lof| 544 Azl 25
4= MilliporeAl(Bedford, MA, USA¥| Milll-Q water
systeng- o] A 18.2MQ o] #|3hs- 714l &
o] 245 A3l o, BE SN2 A Al Az
shod ARg-3lI .

7171, AN AHgsE FFEFA = SPEX}
(Edison, NJ, USMJ|~ A|=t¥l Model FL111 Spectro-
fluorimete® ARE-8l5ic). FU 2= 450 W Xe Lamp,
71587 %7] (reference detectdd:= silicon diode’] &
7], A2 838 ZAsl= U5} 71%7] (emission detector)
2 Hamamatstt(Bridgewater, NJ, USA) Model R928
PMTE AH&sleh. 2A43-E 1nmd S7FA] 714
12 5 AEsle] doeE dola, ¥AH ~H e
& 917] $)30 acquisition modg s/r2 AEEke}. 4]
229 pHE 24317 9154 Mettler | (Schwerzenbach,
Switzerland) Model MA235 pH/lon analyZér A&
Bkt

AEdE. Trp, Tye| S8 W ~dEHE
ZA8L] S5t AR SA-2 B35t 7o) whEgiv).
24zt 1.0X 10°M~1.0x 10° M2] Trpe} Tyr <48 A
23t Fof 10 mle] =Tl Alxst 242 Tp
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acid - boratetzgH o7 FX7A] YA FZgH
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X1emAed Ao 3, 55 IS 257 nni. 3l
W SRS ubre] ZhA 8 ERLS 9lgld) o
gl oz -2 gPAd EFS GRAMS32(Galactic
Industries Co., NH, USAJA] ¢]oi5o] X2)slsie}.
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S Tl hgolvl. 29 B Y- AW A9
T PEFe] FAAEINHAIME AYs] Hste] &~
HEF PHL o gsle] FHLEA ] ()2 Wi,

o
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HUAMEH. Trpd Ty WE 29 EHE 343
7] 9stel 2 3wt G2 Trpd Tyr £508 ¢
43le] 55 9 257 nnell IAATZ A WE &
HEHE Fig. 1ol et

Fig. 114 & = 3io] 300 nnell A= Tyre] W&
3527k VeRE3z, 350 nnll A Trpd] WE 59
7} vepdet. 3 F oojn|icAle] giaw| BT 2
FHol doup] wiel] 71| Ao F ofn| = 02 ' ' : , ,

0 5 10 15 20 2 30
Ake] FA|AIRFe] ol el A ekt Number of PCs
PCR Bl 39 xde] AMRE AR A3E8 Fig. 3. Plots of PRES@ersusthe numbers of PC from cross
7] Q3o AR BAL BT, 2R wlE T validation analysis of the 32 sample set for PCR model.

%7k (eigenvalue® Fig. 21 viepfiet.

Fig. {41 & 4= sl5e] A WA F4E(PCYo| 7} A 2 THIEE AT, G0 T R FHE(PCY
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road | 1 o) HE FHREE TR B0l AT ARES A

3
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o4& We] PRESSF 29| RS o4& o
©| PRESS.5} 9k, Fhe] F428 o143 wfe)
PRESS: oh| 2715igict. 0] #4388 o4&
2] PRESS =7 #43ia, 5He] 482 o4
Wavelength{nm} 2 el PRESE 27k vehislet. oo 4%
Fig. 1. Fluorescence spectra of thirty eight mixtures contain- -2 ¢]-§-3]-8 w¢] PRESS thA] 714sld 3, 7 elA
ing different amounts of tryptophan, tyrosine in aqueous By 100¢] FAEL o]-25le] T3+ PRESS Ak
media: excitation wavelength, 257 nm; pH, 9.5. ol AT LR 1l 100 o)Akl FEgEe
80 o]-4-31 & wfoll 73t PRESS A4 S71slgic}. o]t
PRESE-S ol-&3le] F-7174 (0=0.01% 33151 o
PRESS| ¥3l7} glv}al 3 5= Qe 7482 94 60

sieh,
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T

vr o}, 73 29 EFAALE o]8-3sle] Mahalanobig] 2l S
sl ARkt FAEAS AL, Fratios AAIE,
F-774S 53031990h. Fig. #1AM B 4= 9l5o] 194 A
0 L I ' ' I I L B7} 71 £ 29 ERAAE e o] AEE
0 5 10 15 20 25 30
Factor number Trpe} Tyre] %7} 247t 3.30< 107 M2 B2 A 29
Fig. 2. Plots of eigenvalugersusthe PC number. o}, Fg. 41 Vel 24 ER7IA]E o]-435}e] Mahalanobis
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FA F7kslivh. RS 7k 168 HAEE= o
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E57] flsle] 2 EAALE 795, 1 ASE Fig.
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EAE AR P& | AEd
= 198 Aol 3L, AAE Fratios o]-8-3le]
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0

of Trp versusthe numbers of PC from cross-validation anal- &A= 198 A&7} 73 £ 2~ ERZALE vleh

ysis of the 32 samples.
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Tablel. Analytical results for tryptophan obtained by applying 4 =
PCR, PLS1 and PLS2 to fluorescence spectral data
Actual Predicted Trpeh Tyre] gad ERjo] M2 HAA chH
PCR PLS1 PLS2 2432] PCR, PLSE PLSZ o|43le] Trpe} Tyrs
3.30x10°  3.17x10°  335x10°  3.34x10° Aep 8 5 Q) A EATAD o] Lale] 7hrrel

3.30x10* 3.64x10* 3.41x10* 3.46x10*

ol|4] Mahalanobi o] 9J3l F=BA | F-ratio
3.30x10° 3.92x10° 3.45x10° 3.48x10° el szl = A

330x10°  3.93x10°  3.24x10°  3.46x10° R FAACR oS AEHUE W Fratiod %
3.30x10°  3.12x10*  3.36x10°  3.05x10° s Wi el 7P wAksl whgel et A AAbE o=
3.30x10"  3.04x10*  3.39x10*  3.20x10" AR B EEE o233, RSER} RSERS T3
“RSER: PCR, 8.2%; PLS1, 5.7%; PLS2, 5.6%. < o pLS2] 2J3le] o) 2at Trpe) Tyre] Ewst 744

%12 RSER} RSERZ “lehsiet.
Table 2. Analytical results for tyrosine obtained by applying

PCR, PLS1 and PLS2 to fluorescence spectral data

ol g &3
Predicted
Actual PCR PLS1 PLS2
1. Davies, J. SAmino Acids and Peptide€hapman &
3.30x10°  358x10°  357x10°  3.39x10' Hall, London, 1985
330x10°  2.87x10°  3.27x10"  3.51x10" 2. Vahjen, W.; Bradley, J.; Biliteuski, U.; Schmid, R. D.
3.30x10°  2.19x10°  3.17x10°  3.90x10° Anal. Lett. 1991 24, 1445.

3.30x10* 3.04x10* 3.32x10* 3.22x10*
3.30x10° 2.10x10° 3.63x10° 3.67x10°
3.30x10* 3.29x10* 3.42x10* 3.35x10*

3. Villarta, R. L.; Cuningham, D. D.; Guilhault, G. Gal-
anta 1991 38, 49.

4. Tsai, H.; Weber, S. GAnal. Chem1992 64, 2897.

*RSER: PCR, 8.9%; PLS1, 4.5%; PLS2, 3.8%. 5. Saurina, J.; Hem ndez-Cassou, S.; F bregas, E.; Alegret, S.
Anal. Chim. Acta200Q 405 153.

6. Song, J.; Wang, X.; Xu, F.; Jiangyan Huaxue Fence

RSER®} RSER® AAtslg o™ 1 A7E Table 1% 1991 27, 225.
Table 2] “Felgic}. 7. Watanabe, Al. Chromatogr. Biomed. Apdl992 121,
RS ST 3gH] SAERE FollM 241.

8. Polanuer, B.; Sholin, A.; Demina, N.; Rumiantsova, N.

A9 ohe FEstel Tdstslet. Table 1o Trpel J. Chromatogr1992 594 173
AFAA4E Yepisie. Table 114 £ 4 3ol 9. Wills, R. B. H.; Wimalsairi, P.; Greenfield, Bl. Micro-
PCRI £]3le] 731 XA Exle] RSERY 8.29& nutr. Anal 1985 1, 23.

WA 2 78 713, PLS2Y 9)3le] 3 BA A & 10. Yang, J.; Zhao, WAnal. Lett 1993 26, 2291.

A1¢] RSER] 5.6%E 937} 71 2188 oF 2 e}, 11. Jie, N Yang, J.; Zhan, Annaln. I_.ett 1993 26, 2283.
= - o1 N 12. Damiani, P.; lbanez, G. Olivieri, Anal. Lett 1993
Table Zoﬂf Tyr‘o/] 25]%7%31}—2—— 1/]":’}1’]:' /V\]:]' Tyfg] 76]—" 26, 247.

% Trps} 22 AFE Foh. PCRI &3t 73 & 13 Mohamed, F. AAnal. Lett 1995 28, 2491.

A A B4e] RSER} 8.9%= 7H & e 7R 14. Konstantianos, D. G.; loannou, P. C.; Efstathiou, C. E.
PLS2] ¢fsle] 738t BAHA E2e] RSER} 3.8%6- Analyst1991 116 373.

AT} A ALl oF 2 ou}. A A YA} 2o 15. Konstantianos, D. G.; loannou, PADalyst1992 117,

§epast A% AALLL BAEE AN A9 16 conges, 3, Ghazarian Al Chim, Aca1993 276
RSERE 73lit). PCRE o8-3)of 3 %A £ 401.

A} B4l RSERS 8.6%°|93, PLS1S- o]-83}e] 17. Soper, S. A.; Warner, I. M.; McGown, L. Bnal.
-11_ 71(‘_]72‘]] {—Aitﬂ/;} %z‘_lg] RSEm'% 51%0]9\4}\_9_11]’ Chem 1998 70, 477.

18. Giamarchi, P.; Stephan, L.; Salomon, S.; Le Bihan, A.
a3 5 A BAGAL Exlo O v v 1o '
PLS2E o 83tef 2 A 44 242l RSER? J. Fluorescenc@00Q 10, 393.

4.6% 1. RSER®] A¥: wizk7ka] PLSZ} 7H4 19. Guiteras, J.; Beltr n, J. L.; Ferrer,Ahal. Chim Acta
A7 He-E veR 3L 9luh 1998 361, 233.
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20. Martens, H. Naes, Multivariate Calibrationy Wiley, metrics Wiley, New York, 1986
New York, 1989 22.Hern ndez, M. J. M.; Cama as, R. M. V.; Cuenca, E.
21. Sharaf, M. A.; llman, D. L.; Kowalski, B. Ehemo- M.; Alvarez-Coque, M. C. G. Aalyst199Q 115 1125.
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