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SUMMARY

Sensitive and specific procedures for the chromatographic detection of trypto-
phan and tryptophan-containing peptides are described. Formaldehyde gas induces
strong and characteristic fiuorescence from tryptophan and peptides with NH.,-
terminal tryptophan residues on silica gel. On filter-paper, the detection of small
amounts of these compounds requires the additional use of an oxidant, such as ozone.
Treatment with formaldehyde-hydrochioric acid was used as a method for inducing
fluorescence from tryptophan-containing peptides regardless of the position of the
tryptophan residue in the peptide molecule. This reaction is useful for the chromato-
graphic demonstration of small amounts of such peptides on both paper and silica
gz1. The spectral properties of the flucrophores of such tryptophan-containing pep-
tides are distinctive and serve to distinguish them from all other known bicgenic
compounds that are capable of giving finorescence with formaldehyde.

INTRODUCTION

Formaldehyde is a useful histochemical and chromatographic reagent for the
detection of catecholamines, indoleamines and their immediate precursors™2. The
resulting fluorescence is characteristic of the different groups of fiuorogenic com-
pounds®2. The chemical reactions that result in fuorophore formation have been
investigated in detail and the concept is briefly as follows. The catecholamines and
indoleamines first condense with formaldehyde in a2 Pictet—Spengler reaction, vielding
tetrahyvdroisogquinolines and tetrahvdro-g-carbolines, respectively. In a subsequent
step, these derivatives are dehydrogenated to give intensely fluorescent dihydroiso-
quinolines and dihydro-g-carbolines {for details, see refs. 2-4).

From a theoretical point of view, peptides that have DOPA, 5-hydroxytrypto-
phan or tryptophan residues should be able to react with formaldehyde to give con-
densation products analogeus to those of the amines, provided that the fluorogenic
amino acid is NH,-terminal. This assumption has been confirmmed in model experi-
ments>®. Neither DOPA nor 5-hyvdroxytryptophan is a commeon constituent of animal
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peptides or proteins. Qur interest was therefore focused on tryptophan-containing
peptides. This paper describes the specificity and sensitivity of formaldehyde-contain-
ing reagents for the chromatographic detection of tryptophan-conta’ning peptides.
One of these modifications (ireatment with formaldehyde-hydrochloric acid) per-
mitted tke detection of tryptophan regardiess of its position in the peptide’.

EXPERIMENTAL

Chemicals

L-Tyrosine and L-histidine were obtained from E. Merck (Darmstadt, G.F.R.}.
iL-Tryptophan, indoleacetic acid, L-tryptophyl-L-phenylalanine, i-tryptophyl-L-glu-
tamic acid, rL-alanyl-L-histidine and L-glycyl-L-histidine were purchased from Sigma
(St. Louis, Mo., U.S.A.). L-Tryptophyl-L-glycine, L-tryptophyl-i-alanine, L-trypio-
phyl-i-tyrosine and L-tryptophyl-L-tryptophan were obtained from Miles Laboratories
{Eikbart, Ind., U.S.A.). L-Glycyl-L-tryptophan, L-phenylalanyl-i-tryptcphan, L-
prolyl-L-iryptophan, L-histidyl-t-alanine, r-histidyl-L-serine, i-histidyl-i-phenylala-
nine, t-histidyl-i-leucine, L-histidyl-L-lysine, L-histidyl-L-tyrosine, L-glycyl-L-histidyl-
L-glycine, L-tyrosyl-L-alanine, L-tyrosyl-L-glutamic acid, L-tyrosyl-L-glycine, L-tyrosyi-
L-tyrosine, L-phenylalanyi-t-tyrosine and r-valyl-L-tyrosyl-L-valine were obtained
from Miles-Yeda (Kankakee, Ill., U.S.A)). L-Arginyl-L-tryptophyi-L-giycine car-
boxymethyl ester was a kind gift from Dr. L. Carlsson (AB Ferring, Malmd, Sweden).
Synthetic tetragastrin (the COOH-terminal tetrapeptide of gastrin, L-irypitophyl-L-
methionyl-L-aspartyl-L-phenylalanine amide) was generously provided by Dr. H. J.
Petersen (Leo Pharmaceutical Products, Copenhagen, Denmark). Peptavion (N-
tert.-butoxycarbony!-g-L-alanyi-L-tryptophyl-L-methionyl-L-aspartyl-L-phenylalanine-
amide) was purchased from ICI (Alderley Park, Great Britain) and EAE (“‘experi-
mental allergic encephalitogenic peptide”, L-phenylalanyl-L-seryi-L-tryptophyl-L-
slycyl-r-alanyl-1 -giutamyl-L-arginine) from Beckman (Palo Alto, Calif., U.S.A)).
Porcine glucagon was kindly provided by Dr. H. Ege (Insulin Laboratory, Novo,
Copenhagen, Denmark). Thyreogiobulin was obtained from Sigma.

Aqueous solutions of the compounds in various concenirations were spotted
on to filter-papers or silica gel thin layers in volumes of 0.5-2.0 pl.

Materials

Whatman No. 1 filter-papers and silica gel thin layers were used. The filter-
papers were washed three times with 0.1 N hydrochloric acid, ethanol and redistilied
water, in that order, and dried at 40° before use. The thin layers were prepared by coat-
ing glass cover-slips (24 x 32 mm, for routine histclogy) with ca. 100 um of Kieselgel
H (Merck). The layer was applied as a slurry consisting of 20 g of silica gel suspended
in 50 ml of glass-distilled water. The plates were dried at room temperature before
use.

Detection reagents

The filter-papers and thin layers were treated by one of four different proce-
dures.

(e) Formaldehyde gaos. Formaldehyde condensation of the various compounds
was induced by exposure ic formaldehyde gas at 65-75° for 1 h (ref. 2) in a closed jar
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{1600 ml) containing about 5g of paraformaldehyde that had previously been
equilibrated in air at about 509 relative humidity.

(b) Formaldehyde gas + ozone. Gzone was introduced into the reaction vessel
by discharge from a Tesla coil for 10-15 min (ref. 5), and then formaldehyde condensa-
tion was carried out as in procedure a.

(c) Formaldehyde gas - hydrochioric acid. Treatment with formaldehyde was
carried out as in procedure ¢ except that concentrated hydrochloric acid (usually
0.05 ml) was present in the reaction vessel. Coatrols were run without formaldehyde.

(&) Prochiézka methiod®. The filter-papers and silica gel thin layers were sprayed
with a mixture of formalin, 6 N hydrochloric acid and ethanol (1:2:1) and dried in
an oven at 65-75° for 1 b (ref. 9).

The sensitivities of the detection reagents were evaluated by establishing the
smazllest amount of the compound that was visible upon examination under UV light
(HBO 2060 mercury lamp with a 3-mm UG 1 flter).

In one series of experiments, treatment with formaldehyde gas as in procedure
a was followed by exposure to the fumes of 0.5 ml of concentrated hydrochloric acid
in a 1000-ml jar for about 30 min at 60-70°.

Microspectrofluorometric analysis

The spectral properties of the fluorophores and their relative intensities were
determined with a modified Leitz microspectrograph®. The exciting light was passed
through an optical systein that consisted entirely of quartz componenis. The thin
layers were placed upside-down with the silica gel facing the quartz bright-field dry
condenser. The filter paper or thin layer outside the fluorescent spots was used to ob-
tain blank specira. All spectra were corrected for blanks and instrument errors as
described previcusly?. All values given for excitation and emission maxima are the
means of at least four separate recordings. For measurement of fluorescence intensi-
ties, the monochromators were set at excitation 365 nm {silica gel) or 405 nm (filter-
paper) and at the maximum emission value for each finorophore. The intensities were
measured with a precision galvanometer. Each value given is the mean of at least
three separate recordings.

RESULTS

Sensitivity and specificity of formaldehyde, formaldehyde—ozone and formaldehyde—
hydrochloric acid reagents

Histidine and tyrosine and all of the peptides that lacked tryptophan failed 1o
sive detectable fluorescence with any of the treatments. As previously reported??,
ireatment with formaldehyde alone (procedure 2) gave fairly sirong fiuorescence on
silica gel with tryptophan and peptides with NH,-terminal tryptophan. On filter-
paper, the formaldehyde-induced fiuorescence of these compounds was poor (Fable
I). Peptides with tryptophan in the COOH-terminal or intermedizate position gave no
formaldehyde-induced finorescence on either silica gel or filter-paper. Gn filter-paper,
treatment with formaldehyde—ozone (procedure &) induced sirong finorescence with
tryptophan and peptides with NH,-terminal tryptophan. Peptides with tryptophan
in intermediate or COQOH-terminal positions remained non-fiuorescent. With these
compounds on silica gel, treatment with formaldehyde—ozone gave no further en-
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hancement of the fluorescence induced by formaldehyde alone. Treatment with for-
maldehyde-hydrochloric acid {procedure ¢ or &) gave very intense fluorescence with
tryptophan and indoleacetic acid (see also ref. 8 and 11) as well as with all tryptophan-
containing peptides (except glucagon), regardless of the position of tryptophan in
the molecule, or both filter-paper and silica gel. Cn a weight basis, the tryptophan-
containing polypeptide glucagon gave very weak fiuorescence and thyroglobulin,
which is rich in tryptophan, gave none. Procedures ¢ and < had similar sensitivities
and the results are therefore presented under the same heading in Table I. Treatment
with hydrechioric acid afone induced fiuorescence (albeit weak) from tryptophan,
indoleacetic acid and tryptophan-containing peptides. The intensity was about 309
of that produced by combined formaldehyde-hydrochloric acid. The spectral proper-
ties were indistinguishable from those of the formaldehyde~-hydrochloric acid-induced
fluorescence.

Effect of hydrochloric acid concentration and iime of reaction

It was to be expected that the fiuorescence yield in the formaldehyde coanden-
sation would be affected by the concentration of hydrochloric acid. The effect of
varying the amount of hydrochloric acid was tested using tryptophylglycine, arginyl-
tryptophyvlglycine, tetragastrin, Peptavion and glyeyltryptophan on filter-paper. The
results are illustrated in Fig. 1a, which shows that as littie as 0.05 ml of hydrochloric
acid in the reaction vessel is sufficient. Under these circumstances, the reaction was
completed in 45-60 min (Fig. i1b).

wo{ 2 190 -

m
o
X

Relative fluorescence intonsity

Rolative fluoreacence intenaity

T T T 1

v T 1
28 Z0 ] 100 u 1S 30 45 60 min

Amount HCt TIME

Fig. i. Formaldehyde-hydrochloric acid-induced fuocrescence of tryptophan-containing peptides on
filter-paper. (2) Effect of varying the amount of hydrochloric acid on the fluorescence yield {ex-
pressed as relative fluorescence intensity); time of reaction 45 min. (b) Effect of varying the reaction
time; 50 ul of hydrochloric acid in the reaction vessel. O, Tryptophylglycine (0.3 ug); &, arginyl-
tryptophylglycine (I gg); I, giyeyliryptophan (0.3 ug); V, tetragastrin {1 pgj; ¥. pepravion {1 pg).
The fiuorescence intensity of the arginyltryptophylglycine fuorophore after a reaction time of 45 min
is given as 100. Each value is the mean of four determinztions.
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Strong fuecrescence was also abtained from these peptides if the acidification
was performed after exposure to formaldehyde, even when severzal days kad passed be-
tween the formaldehyde treatment and the acidification. Fluorescence was induced
from formaldehyde-treated tryptophan-contzining peptides also at room temperature
b} exposure to the fumes of a few millilitres of concentrated hydrochloric acid for 5-10
min. The intensity of the formaldehyde-hydrochloric acid-induced fluorescence was
not afiected by subsequent exposure to the vapour of a few millilitres of concentrated
ammonia solution for 5-15 min at rcom temperature.

Spectral characteristics of the fluorophores

The maxima of the excitaticn and emission spectrz of the ﬁuorophores formed
with formaldehyde, formaldehyde-ozone or formaldehyde-hydrochloric acid are
given in Table If and Fig. 2. The results obtained with the Prochazka reagent (proce-
dure d) were the same as those obtained with formaldehyde-hydrochloric acid (proce-
dure ¢) and the results are therefore presented under the same heading in Table IL
With formaldehyde—ozone, maximum excitation occurred at 370 nm for tryptophan
and NH,-terminal tryptophyl peptides. Characteristically, the predominant peak in
the excitation spectrum for the formaldehyde-hydrochloric acid-induced fluorescence
of all of the indoles tested was at 450 nm (Fig. 2, Table H). At low concentrations,
however, tryptophan and peptides with NH,-terminal tryptophan had 2 predominant
peak at 370 nm with a shoulder at 450 am. The value of the maximum emission was
markedly concentration-dependent (Table II). Subsequent exposure to ammonia
vapour (see above) did not affect the excitation maximum but indt.ced a blue shift in
the emission maximum of about 20-30 nm. As illustrated in Fig. 3, the concentration
of the hydrochloric acid affected not only the intensity but also fhe spe\.tral properties
of the fiuorescence.

DISCUSSION

Treatment with formaldehyde or formaldehyde-ozone gave fluorescence with

Q4
QAmax 4p

300
Fig. 2. Excitation (left) and emission (right) of the formaldehyde-hydrochloric acid-induced (proce-
dure ¢) fluorescence of tryptophylglvcine (- ). glveyltryptophan (- - -+ - - ) and arginyltryptophyl-
glvcine (— — —) op filter-paper; 1 ug of ezch compound per spot.
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Fig. 3. Formaldehyde-hydrochioric acid-induced fluorescence of tryptophan-contzining peptides on
fiiter-paper. Concentration-dependent shift in the emission maximz of the fluorescence of tryptophyl-
giycine (O), arginyltryptophylglycine (&) and glycyltryptoephan ([J). A, 0.05 ml of hydrochloric acid
in the reaction vassel; B, 0.5 m! hvdrochloric acid. Each value is the mean of four determinations.

iryptophan (but not with histidine or tyrosine) and with pepitides with NH,-terminal
iryptephan. The resuits with the two model systems, filter-paper and silica gel, dif-
fered in that tryptophan and the peptides with NH,-terminal tryptophan gave strong
formaldehyde-induced Huorescence on silica gel but very weak Suorescence on filter-
paper. Possibly the products are more easily oxidized on the silica gel*>. This assump-
tion is supported by the observation that formaldehyde induced strong fluorescence
with the above compounds cn filter-paper provided that the reaction took place in
the presence of czone. In neither of the two model sysiems did treatment with formal-
dehyde or formaldehyde—ozone induce more than weak fluorescence with peptides
that had tryptophan in COOH-terminal or intermedizry positions. Treatment with
formalde hyde-hydrochlcsic acid (procedures ¢ and &), however, induced very strong
fluorescence with tryptophan, indoleacetic acid! and all peptides that contained trypto-
phan, regardless of its position in the peptide molecule, Tryptophan-containing pro-
teins and polypeptides gave, on a weight basis, no (thvrogicbulin) or weak (glucagon)
fluorescence. Procedures ¢ and d gave identical results.

The resulis clearly show that the tryptophan residue of the peptides is responsi-
ble for the fluorescence induced by formaldehyde-hydrochioric acid. Intense fluorss-
cence also resuited from indoleacetic acid and from peptides with tryptophan in
COOH-terminal or intermediary positions. Thus, a free trypiophan «-NH, group is
not required. It is probable that the finorophore is a derivative of the indole nucleus,
conceivably a 2-substituted product!s, and that acid catalyzes its formation.
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