Fluorescamine: A Reagent for Assay of Amino Acids,
Peptides, Proteins, and Primary Amines in the Picomole Range

Abstract. Fluorescamine is a new reagent for the detection of primary amines in
the picomole range. Its reaction with amines is almost instantaneous at room
temperature in aqueous media. The products are highly fluorescent, whereas the
reagent and its degradation products are nonfluorescent. Applications are dis-

cussed,

McCaman and Robins (I) intro-
duced a fluorometric method, now
widely used, for assay of serum phen-
ylalanine which is based on interaction
with ninhydrin and peptides. Samejima
et al. (2, 3) found that it was the
phenylacetaldehyde formed on inter-
action with ninhydrin, which combined
with additional ninhydrin and peptide
or any other primary amine to yield
highly fluorescent ternary products. The
structure of these products was subse-
quently elucidated by Weigele et al.
(4), who then synthesized a novel re-
agent (5) that now replaces the fluoro-
genic ninhydrin reaction. This reagent,

4-phenylspiro[furan-2(3H),1’-phthalan]-

3,3’-dione (fluorescamine) (6) reacts
directly with primary amines to form
the same fluorophors (390 nm excita-
tion, 475 nm emission) as are generated
in the ninhydrin-phenylacetaldehyde re-
action. '

Several factors make fluorescamine
suitable for assaying primary amines,
including amino acids, peptides, and pro-
teins. At pH 9, reaction with primary
amines proceeds at room temperature,
with a half time (7) of a fraction of a
second. Excess reagent is concomitant-
ly destroyed with a half-time of several
seconds (8). The competing reactions are
shown in Fig. 1. Fluorescamine, as well
as its hydrolysis products, is non-
fluorescent. Studies with small peptides
have shown that the reaction goes to
near completion (about 80 to 95 per-
cent of theoretical yield) even when
fluorescamine is not present in large
excess.

For assay, primary amines are first
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Fig. 1. Reaction of fluorescamine with
primary amines and hydrolysis of the
reagent at pH 9. Half-times are indicated.
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buffered to an appropriate pH (=7)
and then fluorescamine, dissolved in a
water miscible, nonhydroxylic solvent
such as acetone is added. In a fraction
of a second at room temperature, the
reaction is complete and in less than
a minute excess reagent is destroyed.
The resulting fluorescence is propor-
tional to the amine concentration and
the fluorophors are stable over several
hours. The above properties lend them-
selves well to automation. A relatively
simple apparatus was developed for
automated amino acid and peptide as-
say (9). Amino acid analysis of a solu-
tion representing 1 ug of hydrolyzed
ribonuclease (Fig. 2) was compared
with analysis of a 100-pg sample on a
commercial analyzer. As little as 50
pmole of each amino acid can be de-
termined with our apparatus. It should
be noted that .fluorescamine does not
react with proline or hydroxyproline,
which are not primary amines. This
disadvantage may be overcome by in-
troducing an appropriate intermediate
step to convert these amino acids to
primary amines. An advantage of the

fluorescamine assay is that compara- -

tively little fluorescence is obtained with
ammonia. Therefore, ammonia does
not interfere with analysis to the extent
that it does in the colorimetric nin-
hydrin procedure.

Peptides generally yield greater fluo-
rescence with fluorescamine than their
component amino acids. Furthermore,
peptides yield maximum fluorescence
near pH 7, whereas amino acid fluores-
cence is generally maximum at pH 9,
with little fluorescence appearing at pH
7 (Table 1). With the proper choice of
buffers and reaction times, differences
in fluorescence between peptides and
amino acids can be made even greater.
Since the relative fluorescence of indi-
vidual fluorescamine derivatives is con-
stant from pH 4 to 10, the variations
depend on the reactivity of each amine
at different pH values and on differ-
ences in quantum yield (10) for various
types of fluorophors.

Many biologically active peptides, in-
cluding oxytocin, vasopressin, brady-

kinin, angiotensin, substance P, insulin,
and glucagon, yield highly fluorescent
derivatives with fluorescamine. The
oxytocin and vasopressin eluted from a
chromatogram of an extract of a single
rat pituitary can be determined (11).
It has also been possible to detect pep-
tides in column eluates of biological
mixtures in the presence of amino acids
by the persistence of fluorescence at
low pH. The reagent may be used to
determine the peptides in a tryptic
digest of a protein. Even with the less
sensitive ninhydrin-phenylacetaldehyde
procedure it was possible to demonstrate
over 20 peptide peaks in a chromato-
gram of 75 ug of a tryptic digest of
hemoglobin (3).

Fluorescamine interacts with the pri-
mary amino groups of proteins to yield
highly fluorescent derivatives. This can,
of course, be used for protein labeling
for conformational studies or for im-
munologic purposes. Fluorescamine-la-
beled antibodies have been prepared.

An important application has been
the assay of proteins during protein
purification procedures. Assays carried
out manually can be used to determine
0.5 pg of protein. With a semi-
automated procedure (similar to the
one for amino acid assay) and a Bio-
Gel column to separate nonprotein ma-
terial, as little as 0.05 ug of protein can
be assayed. Figure 3 shows a compari-
son of the fluorescamine technique with
the standard Lowry procedure (12)
for the monitoring of protein in a
column effluent. The volumes used for
fluorescamine assay were 10 to 20 per-
cent of those used in the Lowry meth-
od, and smaller amounts could have
been used. Background or noise was
negligible with the automated fluores-
cence method, and two significant peaks
not discernible by the Lowry procedure
were observed.

Table 1. Influence of pH on the reaction of
amino acids and peptides with fluorescamine.
One volume of fluorescamine in acetone (10
mg per 100 ml) was added to three volumes
of ‘amine buffered with sodium borate (0.20M
boric acid adjusted to the appropriate pH
with sodium hydroxide).

Relative
Compound fluorescence

pH17 pH9
Alanine 0.10 0.73
Glycine 0.43 1.46
Leucine 0.30 1.35
Glycylglycylglycylglycine  1.60 1.40
Leucylalanine 2.80 1.43
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Relative fluorescence

Fig. 2. Chromatog-
raphy of hydrolyzed
ribonuclease on the
Beckman 120C ana-
lyzer (bottom) and
the automated fluo-
rescamine procedure
(top). For the latter,
Durrum DC-4A resin
and Beckman concen-
trated buffers were
used. The fluores-
camine analyzer was
assembled from an
[~ American Instrument
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Company filter fluo-
rometer with a micro-
- flow cell, a strip
chart recorder, high
pressure metering
pumps and various
valves, columns, and
other accessories from
Chromatronix. The
column effluent was
first mixed with two
volumes of sodium
borate buffer to give
a final pH of about
9.0 and then mixed
with one volume of
fluorescamine in ace-
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tone (15 mg per 100
ml). Flow rates were
7 ml/hour for the
long column (30 by

30

0.28 cm) and 12 ml/hour for the short column (7.5 by 0.28 cm). Ala, alanine;
Arg, arginine; Asp, aspartic acid; Cys, cystine; Glu, glutamic acid; Gly, glycine; His,
histidine; Ileu, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe, phenylal-
anine; Pro, proline; Ser, serine; Thr, threonine; Tyr, tyrosine; Val, valine.

Fluorescamine can be used as an
amine reagent not only in aqueous
solution but also in organic solvents
and on solids. It has been used as a
spray to detect amino acids and pep-
tides on thin layer chromatograms. As
little as 20 pmole of each can be de-
tected. Felix and Jimenez (/3) have ap-
plied fluorescamine to determine com-
pletion of coupling reactions in solid-
phase peptide synthesis. They can read-
ily detect 0.1 percent of uncoupled ma-
terial with greater simplicity than has
previously been possible.

Fluorescamine yields intense fluores-
cence with other primary amines of bio-
logical importance. Thus, y-aminobu-
tyric acid, B-alanine, histamine, cate-
cholamines, ‘amphetamine, amino sug-
ars, spermine, and spermidine also yield
the characteristic fluorophor. Proce-

Fig. 3. Chromatography (on DEAE-
Sephadex A-50, with a pyridine acetate
gradient) of a partially purified prepara-
tion of guinea pig neurophysin monitored
by the semiautomatic fluorescamine tech-
nique (top) and the Lowry procedure
(bottom).
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dures for extracting and assaying the
two polyamines in milligram quantities
of tissue have been found feasible (11).

The introduction of ninhydrin more
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than 60 years ago proved most impor-
tant to the developing field of protein
chemistry. It is hoped that fluorescamine
will be of similar value to future devel-
opments in biochemistry (14).

Note added in proof: M. Weigele, S.
DeBernardo, and W. Leimgruber have
found that proline, as well as other
secondary amino acids, can be con-
verted in simple fashion to primary
amines which are detectable with
fluorescamine.
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