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Fluorescamine was introduced several years ago as a reagent useful in the for-
mation of fluorescent produsts with primary amines’. Use of the reagent has since
" been advocated in thin-layer chromatography (TLC)?, in high-performance liquid

chromatography (HPLC)?, and in direct fluorimetry®. Fluorescamine has enjoyed
wide acceptance, which is not surprising in the light of the speed of reaction at room
temperature in aqueous solution and the intense fluorescence of derivatives formed®.

These appealing features make the reagent especially well suited to HPLC
studies. Initially® such studies were confined to systems in which the analytes, separat-
2d on an ion-exchange column, werc passed through a post-column reaction coil,
and the fluorescence generated by the reaction was subsequently monitored. Such
systems have been shown to have considerable utility in, for example, protein analysis’.

However, separation of pre-formed fluorescamine derivatives would consider-
ably simplify the system and speed the process by removing the necessity for 2 post-
column reaction coil. The previously discussed® quantitative conversion of primary
amines to a single derivative lends support to such an approach, and recent studies®°
have confirmed its utility with other pri'narv amines. Therefore, a study was initiated

to investigate the determination of amino acids by separatmn of their ﬂuorescamme
reaction products.

Contrary to expectations, however, initial studies demenstrated that each of
the several amino acids examined gave rise to two fluorescent derivatives, the relative
proportions of which were dependent on the amino acid. Formation of multiple
fluorescent derivatives would make separation of the numerous amino acxds difficult.
Therefore, this study was conducted to characterize the reactlon products with the

~ hope that characterization would allow procedural altetatzons giving rise to only one
-product. As prewousl ¥ noted®!, instability of the reaction product(s) under condltxons
necessary for. 1sola-_lon makes an indirect study necessary. o
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Materzals N s

“A 30 cm X 4 mm I D. uBondapak ng (Waters Assoc » Mnlford Mass.,
U.s. A} column was used throughout the study. ,ulsormapak C.s monomoiecular
fayer of octadecyltncborosﬁane chﬁnucally bonded to Potasxl beads having an avérage
“particle size of 10 . -

Fiuorescamine was obtamed from Hoﬁ'mas.-[.a Roche (Nutley, N.J., U S.A. ).
with the exception of the 2-, 3- and 4-aminobutyric acids, which were obtamed from
Aldnph (Milwankee. W:cp 1S AN,

\ldrich (Milwaukee, Wisc, E1.8. Al
Camphorsulfonic acui was obtained from Matheson, Coleman and Bell
{(Norwood, Ohio, U.S.A.) and used as a 19 solution in water. Quaternary amines

were purchesed from Eastman-Kodak (Rochester, N.Y., U.S.A.).

Eguipment

: A Model ALC202 liguid chromatograph equipped with a Type MG6008 pump
and a Type U6K injector (Watets Assoc.) was used. Column effiuents were monitored
with an Aminco fluore-microphotometer (American Instrument) equipped with a
Corning 7-60 primary filter, a 65A secondary filter and a quartz flow-through cell
(2mm LD.).

- Preparation of mobile phase
» Camphorsulfonic acid (3.0 X 1073 moles) was added to water (300 ml) and
the pH was adjusted with a 5 9 solution of tetrapropylammonium hydroxide in water.
This solution was diluted with methanol, deaerated and used as the mobile phase.
Methanol was obtained from ’Viatheson, Coleman and Bell (Spectroquality -——MX475)
and used as received.

Fluorescent derzvatwe Sformation

To a mixture of one volume of sample solution (0.5 nmole of amino acid/
ml) and one volume of 0.1 M phosphatc bufier, pH 8.4, was added one volume of
fluorescamine solution (20 mg/10 ml in acetone or dioxane). The mixture was shaken
for 1 min, and an aliquot (5 ml) injected into the chromatographic system.

RESULTS AND DISCUSSION

A Treversed-phase system was selected for characterization of the products
because of the predictable effect of polarity on retention volumes of sample constit-
uents!?. Because of the amphoteric nature of the previously characterized reaction
product, ion-pairing was used to effect the separation. The mobile phase was therefore
selected in accordance W‘th the pnnc:ples of reversed-phase ion pairing previously

- presented'!*,

Injection of the reaction solution into this system gave two p&ks mcompletely
separated (Fig. 1). Different Teaction conditions (variation of pH, of fluorescamine
solvent, etc.) produced variations in the ahsolute peak areas, but did not change the
ratios. It was thus apparent that the muitiple products could not be explained in
terms of ari unbappy choice of reaction conditions.

Em:-easmg the proportxon of water m the mobile phase mcreased retention
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Fga 1 (‘hrr\mathm-m of fuorescamine—alznine reaction nroducts in a solvent of water (3.0 x 103

1. Chromatogram © rescamine-alanine reaction products iz a solvent of water (3.0 x
moles of camphorsulfonic acid) adiusted to pH 3.5 with tetraaropylammomum hydroxide and
methanol (200 m1/300 mi). Flow-rate, 1.5 ml/min; pressure, 3100 p.s.i.; temperature, ambient.

Fig. 2. Chromatogram of ﬁuomaxmne—alanme reaction prcducts in a solvent of water (3.0 x 10-3
moles of camphorsulfonic: acid) adjusted to pH 3.5 with tetrapropylammomum hydroxide and
methanol (250 m}/300.ml). Conditions as in Fig. 1.

Fig: 3. Chromatogram of fluorescamine-alanine reaction products i in 2 solvent of water (3.0 x 1073
moles of camphorsulfonic acid) adjusted to pH 7.5 with tetrapmpylammomum hydroxide and
methanol (230 mi/300 m]) Condmons as in Fig. 1. -

volumes of each component and the distance between peak maxima but, because of
the extensive “tail” of the first peak, did not effect separation (Fig. 2). These chro-
matograpmc characteristics indicated that a rapid equilibrium between components
of the two peaks might exist within the chromatographic system: The pH dependency
of the proposed equilibrium was determined by altering the pH of the mobile phase.
At pH 7.5, the two peaks were separated (Fig. 3). However, collection and reinjection
of either fraction gave a chromatogram mdxstmmshab‘e from the. initial chromato-
gram in the area ratio of the two peaks. :

On the basis of the foregoing studies, it appears that the two reaction products
are reversibly related, and the reversible reaction proceads more slowly under mildly
alkaline conditions than in acid solution. Each component fluoresces at the same
excitation and emission wavelengths,- a_nd the two difier considerably in polarity.

: -One component must be the prewomly mdlrectly characterized praduct I, and
a logical candidate for the second component is the lactone I derived from I. The
rate of lactone formation in aqueous solution has the general pH. dependeucy ex-
hibited in the- present case, and such formation. should not greatly affect fiuorescence
characteristics of the products. The decreased poianty of the lactone over the parent
~acid alcohol would alsc account for the retentzon chatactensucs of the second more
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strongly retained product. Finally, the change in the ratic of products formed with a
change in amino acid could be explained by noting the steric effect of the amino acid
on lactone formation. -

To test this possibility, fluorescamine was reacted with 2-, 3- and 4-amino-
butyric acid, and the ratio of the two products determined (Table ). The peak area
ratios are explicable if the first peak is considered to be the acid alcohol and the second
the lactone which is, as well, in accordance with polarity considerations. The ratio of
lactone formed is then seen {o increase from 2-aminobutyric acid to 3-aminobutyric
acid because the six-membered lactone formed from the latter is more stable than the
five-membered ring of the former. The seven-membered ring necessary for lactoni-
zation of 4-aminobutyric acid is too large for perceptable formation.

Likewise, examination of the ratio of products formed with alanine, valine,
“leucine, and isoleucine lends further support to the lactonization explanation. Sub-
stitution in the g position decreases lactonization via a steric effect, and the propor-
tion of II formed decreases with increasing substitution at this position. As expected,
substitution in the e position, as with a—ammmsobutync acid, is 2 much more dramatic

deterent to lactonization.

" Lactone formation should not occur with peptlde denvatzves since the free
carboxylic acid is located some distance from the primary amine. As confirmation
of this, reaction of fluorescamine with L-alanyl-L-alanine was shown to give only one
peak (TableI).

TABLE |
RETENTION AND RESPONSE CHARACTERISTICS OF SELECTED FLUORESCAMINE-
AMNO ACID REACTION PRODUCTS

Amino acid reacrarnt Retention volume (md} Acid alcokol/lactone
Acid alcohol =~ Lactone peak area ratio
o derivative - derivative
2-Aminobutyric acid 60 10.2 25
3-Aminobutyric acid ) " 54 84 0.64
4-Ammcbutync acid i 4.5 = * No lactone formed
-Alanine - : 50 8.6 284
valine . . . 68 162 5.4
Leucine a 8.7 : 210 3.7
- Isoleucine 7 - . 89 ’ 220 48
_e-Aminoisobutyric acid 42 . 78 2.3
£-Alanyl-c-alanine - 28.0 - — : No lactone formed -

t-Alanine-rerz.-butyl ester - 45 . = " No lactone formed



Therefore all ewdenoe mdxcated that the second producf; of Ehe ﬁuotescamme— ,
4 amino acid reaction is fhe lacton., and’ attentzon may then be. directed toward" the
promotlon or suppress:on of lactonization. One appzoach to suppression is to estenfy -
the amino acid prior to reaction with flnorescamine. The alkoxide group of an ester
“leaves™ with comxderably less facility than the hydromde ‘of an acid. The utility of
this approach was investigated with the: tert.—butyi ester of L—alamne, and no Iactone :
was formed (Table I). However, the ‘niecessity for 2 cumbersome: estefzﬁcation step
. prior to. fluorescamine reaction decreases the attractlven..ss of its use;: -and alternate

approaches are therefore under study S T
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