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SUMMARY 

Absorption and circular dichroism studies of fluores- 

camine condensation products with a-amino acids, dipeptides 

and phenylethylamine in the 300-450 run region are reported. 

The results make a major revision of the previously suggested 

rule for absolute configuration determination necessary. 

INTRODUCTION 

Fluorescamine, 4-phenylspiro /furan-2(32),1'-phthalan/- 

-3,3'-dione,' has been widely used recently for sensitive and 

fast fluorometric assay /l-4/, and labeling of primary as well 

as secondary amines /5,6/. The condensation products of fluores- 

camine and optically active amines (e.g. amino acids) were also 

found to possess characteristic chiroptical properties /7,8/. 

Toome and coworkers detected several Cotton effects in the 200- 

400 nm wavelength region and inferred a simple chiroptical rule 

for the determination of absolute configuration of any unknown 

amino acid containing primary amine group. According to this rule 

"the first Cotton effects (around 385 nm) of the chromophores 

derived from L-amino acids and fluorescamine are positive and the 

second Cotton effects (around 325 nm) are negative" /7/. The cir- 
cular dichroism (CD) spectra of D-amino acid-derived chromophores 

are mirror images of those of the L-amino acids. In our UV absorp- 

tion and CD studies on the same derivatives several amino acids 

have been found which do not obey the above chiroptical rule. 

Absolute configuration of an amino acid can be determined from 
the CD spectra of their fluorescamine reaction products but not 

in the way cited. 
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EXPERIMENTAL 

1. Reagents 

Fluorescamine (FluramR) was purchased from Hoffmann La 

Roche Inc., Nutley, N.J., USA. Analytical grade dioxane (Rea- 

nal, Hungary) was purified by fractioned distillation over so- 

dium. Borate buffer (0.05 M, pH 8) was prepared according to 

Clark and Lubs 191. Amino acids were obtained from different 

sources as indicated in Table I and used without further puri- 

fication. 

2. Methods 

Samples for spectroscopic investigations were prepared 

according to Toome et al. /7/ with the following modificatians: 

2 ml of 2 mM solution of fluorescamine were added tQ 2 ml of 

0.5 mM vigorously stirred solution of an amino acid. The reac- 

tion mixture was measured directly in 0.2-l cm quartz cuvettes 

(selected to obtain.0.5-1 optical density at the absorption 

maximum). Absorption spectra were recorded on a Unicam SP 1800 

spectrophotometer, CD measurements were performed on a JASCO 

4Oc dichrograph. The spectral changes in the wavelength region 

between 450 and 300 nm are discussed here. The data are the 

average of at least three repetitions for each compound. 

RESULTS AND DISCUSSION 

Fluorescamine reaction has several benefits when compared 

with other chiroptical methods: 

a.1 the reagent is stable at room temperature, it can be dissol- 
ved in common, water miscible organic solvents; 

b./ the reaction is easy to carry out and is very sensitive, the 

pyrrolinone-type chromophore needs no further treatment 

/isolation, etc./, the reaction product is stable for hours; 

c./ fluorescamine forms its condensation compounds within micro- 

seconds which can be investigated at convenient wavelength 
range. The unreacted fluorescamine does not interfere with 

the measurement of the chromophoric derivatives (Fig. l/a). 
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Figure 1. Absorption /ai and CD lb/ spectra of fluorescamine 
derivatives of tryptophan isomers. -.-.- unreacted 
fluorescamine, - D-tryptophan, ----L-tryptophan. 

Absorption spectra of fluorescamine labeled amino acids 

are similar in shape, small shifts of the absorption maximum 

(387 + 3 nm) and intensity changes are only detectable (Table I). 

Difference absorption spectra (i.e. fluorescamine + buffer is 

used as reference) reveal a low intensity band around 320 nm as 

well (Fig. 2/a). The latter may have its origin in secondary 

amine contamination /4/ in our a-amino acid sample or it is 

related to the transition corresponding to the short wavelength 

Cotton effect. The small amplitude of this transition does not 

make possible a quantitative evaluation under the employed ex- 

perimental conditions. 

a-amino acids as well as dipeptides produced two Cotton 

effects, discussed as first (Q385 nm) and second (~320 nm) by 
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Figure 2. Difference absorption /a/ and CD lb/ spectra of 
fluorescamine derivatives of valine isomers. - 
D-valine, ----L-valine. 

Toome et al. /7/. Phenylethylamine optical isomers show only 

the first transition indicating that interaction between the 

chromophore and the carboxyl group of an amino acid is respon- 

sible for the second CD band. 

The studied amino acids can be devided into two groups 

(Table I). About half of them fit into the chiroptical rule 
described in ref. 7 (Fig. l/b) but the other half does not: 

the two Cotton effects have the same sign (Fig. 2/b). Examples 
of the second group have also been found by Toome et al. /7/ 

(alanine and isoleucine) although only alanine is discussed. 

Other amino acids in group II. (valine, serine, asparagine, as- 

partic acid, lysine, and amino-n-butyric acid) were tested only 

in the present study. Our measurements are in apparent contra- 
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diction with that of Toome and coworkers in the case of 

threonine, arginine and glutamic acid. Two out of these three 

amino acids were obviously difficult to measure on their 

instrument (see Table I in ref. 7) which may explain the 

different results. It is interesting to note that while 

leucine, tyrosine, and even tyrosyl-tyrosine belong to group I 

(i.e. the two CD bands have opposite signs) in leucyl-tyrosine 

the sign of the 385 nm Cotton effect is reversed. D-leucyl-L- 

tyrosine and L-leucyl-L-tyrosine were not mirror symmetric 

but this puzzle was solved by gaschromatographic analysis 

and leucine-aminopeptidase digestion which disclosed that 
our D-leucyl-L-tyrosine sample contained in fact at least 90% 

of L-leucyl-L-tyrosine. 

From the data it is concluded that the chiroptical rule 

/7/ based on the first CD band of these compounds is not gene- 

rally applicable. The absolute configuration of an amino acid, 

however, can easily be determined from the second Cotton effect. 

Without exception the second CD bands of the tested L-amino 

acids are negative and for the D-amino acids they are positive. 

The long wavelength CD band is useful in stereochemical assign- 

ment and in checking optical purity of primary amines if stan- 

dard sample of known configuration is available. 

ACKNOWLEDGEMENTS 

I thank Dr. J. Sobs of Institute of Biophysics, BRC for 

the gaschromatographic analyses and Mrs. R. Verebelyi for skill- 

ful technical assistance. 

REFERENCES 

1. Udenfriend, S., Stein, S., Bohlen, P., Dairman, W., Leim- 
gruber, W., and Weigele, M. 119721 Science, 178, 817-872. 

2. Weigele, W., De Bernardo, S. L., Tengi, J. P., and Leim- 
gruber, W. 119721 J. Amer. Chem. Sot., 94, 5927. 

3. Nakai, N., Lai, C. Y., and Horecker, B. L. 119741 Anal. 

4. 
Biochem., 58, 563. 
Toome, V., and Manhart, K. 119751 Anal. Letters, g, 441- 
448. 

5. Handschin, U. E., and Ritschard, W. J. 119761 Anal. Bio- 
them., 7l, 143-155. 

6. Stephens, R. E. 119781 Anal. Biochem., 84, 116-126. 
7. Toome, V., Wegrzynski, B., and Reymond, G. 119761 Biochem. 

Biophys. Res. Commun., 2, 206-211. 
8. Toome, V., Wegrzynski, B., and Dell, J. 119761 Biochem. 

Biophys. Res. Commun., 2, 598-602. 
9. Clark, W. M., and Lubs, H. A. 119161 J. Biol. Chem., 25, 

479-484. 

1001 


