
FLUORESCENCE OF TRYFTOPH4N-C3NTAINfNG PEPTIDES ON PAPER 
OR SILIG4 GEL AFTER TREATIMENT WITH FORMALDEHYDE, FOR- 
MALDEHYDE-OZONE OR FORMALDEKYDE-KYDROCHLORIC ACID 

SUMMARY 

Sensitive and specific procedures for the ckromatograpkic detection of trypto- 
phan 2nd tryptophlzn-containing peptides are described. Formaldekyde gas induces 
strong and characteristic Euorescenct from tryptophan and peptides with NH,- 
terminal tryptopkan residues on silica gel. On filter-paper, the detection of small 
amounts of these compounds requires the additional use of an oxidant, suck 2s ozone. 

Treatment with forma!dehyde-hydrochloric acid was used 2s a method for inducing 
fiuorescence from tryptopkan-cont2ining 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 
gd. The spectral properties of the fluoropkores of such tryptophan-containing pep- 
tides are distinctive 2nd serve to distinguish them from all other known biogenic 
compounds that are capabie of givin g iTuorescence with formafdehyde. 

Formaldehyde Is 2 useful histockemical 2nd ckromatogr2phic rezgent for the 
detection of cateckoIamines, indofeamines 2nd their immediare precursors’.‘. Tke 
resulting Buorescence is characteristic of the different grortps of fruorogenic com- 
pounds’*“. The ckemicd reaczions that result in flluoropkore formation ka\e been 
investigated in de@& 2nd the concept is briefiy 2s follows. The catechoI2mines 2nd 
indoleamines first condense with formaldehyde in 2 Pictet-Spengler reaction, yfefding 
tetrahydroisoqtinoIines and tetrahydro-$czarboities, respectiveIy. fn a subsequent 
step, these derivatives are dekydrogenated to give intensely Arrorescent dihydroiso- 
quiaolines and dikydro-p-carbolines (for details, see refs. 24). 

From 2 tkeoretical point of view, peptides that h2ve DOPA, 5-hydroxytrypto- 
phan or tryptopkan residues should be able to react with formaldehyde to give con- 
densation products analogous to those of the amines, provided that the fiuorogenic 
amino acid is NEf,-terminal. Tkis assumption has beeri confirmed In model experi- 
ments5a6. Neitker DOPA nor 5-kydroxytryntopkan is 2 common constituent of animal 



peptides or proteins. @ur interest w2s therefore focused on tryptophan-containing 
peptides. This paper describes the specificity 2nd sensitivity offormaIdehyde-contzin- 
ing reagents for the chrom2togr2phic detection of tryptophan-cont2’ning peptides. 
One of these modific2tions (treatment with formaldehyde-hydroctioric acid) per- 
mitted the detection of tryptophsrn regardiess of its position in the peptide’. 

EXPERIMENTAL 

L-Tyrosine 2nd L-hi&dine were obtained from E. Merck (Darmstadt, G.F.R.). 
L-Tryptophan, indolexetic acid, L-tryprophy&L-phenyl2i2nine, L-tryptophyi-L-glu- 
tamic acid, L-alanyl-L-histidine 2nd L-giycyl-L-histidine were purchased from Sigma 
(St. Louis, IWO., U.S.A.). L-Tryptophyf-L-glycine, L-tryptophyl-L-alanine, L-trjpto- 
phyl-L-tyrosine 2nd L-tryptophyi-L-tryptophzn were ob*&ined from Miles L2boratories 
(E&hart, Ind., U.S.A.). L-Glycyi-L-tryptophan, L-phenyI212nyl-L-tryptophan, L- 
prolyl-L-tryptophan, L-histidyl-L-alar.ine, L-histidyl-L-serine, L-histidyl-L-phenyIrrla- 
nine, L-h&tidy!-L-leucine, L-hisridyl-L-lysine, L-histidy!-L-tyrosine, L-glycyl-L-histidyl- 
L-glycine, L-tyrcsyl-L-alanine, L-tyrosyl-L-glutamic acid, L-tyrosyl-L-glycine, L-tyrosyl- 
L-tyrosine, L-phenyialanyi-L-tyrosine 2nd L-valyl-L-tyrosyl-L-vaiine were obt2ined 
from Miles-Yeda (Kankakee, Ill., U.S.A.). L-Arginyl-L-tryptophyi-L-giycine car- 
boxymethyl ester was 2 kind gift from Dr. L. CarIsson (A3 Ferring, Malmd, Sweden). 
Synthetic tetragastrin (the COO%termina! tetrapeptide of gastiin, L-iryptophyI-L- 
mcihionyl-L-aspartyl-L-phenylzrlanine amide) was generously provided by Dr. H. J. 
Petersen (Leo Pharmaceutiai Products, Copenhagen, Den-me&). Peptavlon (N- 
terf.-butoxycarbony!-~-L-alany:-L-~~~toph~~l-L-me~hiony~-L-2s~2~yI-L-pheny~212~ne- 
amide) was purchased from ICI (Alderiey Park, Great Brit2in) 2nd EAE ((‘eqeri- 
ment2I allergic encephaiitogenic peptide”, L-phenylalanyl-L-se@L-tryptophyt-L- 
glycyl-L-a!anyl-L-giutamyl_L-argons=) from Beckman (Palo Alto, Calif_, U.S.A.). 
Porcine glucagon was kindly provided by Dr. H. Ege (Insulin L2bor2tory, Novo, 
Copenhagen, Denmark). ThyreogIobulin was obt2ined from Sigma. 

Aqueous solutions of the compounds in various concentrations were spotted 
On to filter-p2peiS or Si!ic2 gel thin layers in volumes Of 0.5-2.0 ,ul. 

Whatman No. 1 filter-papers 2nd silica gel thin layers were used. The filter- 
papers were washed three times with 0.1 it’ hydrochloric acid, ethanol 2nd redistilled 
water, in that order, and dried at So” before use. The thin layers were prepared by coat- 
ing &ss cover-slips (24 x 32 mm, for routine hisro!o,v) with ca. 109 pm of Kieselgei 
H (Merck). The layer wils applied 2s 2 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. 

Tne fi!rer---papers 2nd thin layers were tree ted by one of four different proce- 
dures. 

<cj ForEz&Ie&& gm. Formaldehyde condensation of the various compounds 
~2s induced by exposure to formaldehyde gas at 65-75” for 1 h (ref. 2) in a closed jar 
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fbXlO ml) containing about 5 g of paraformaldehyde that had previously been 
equilibrated in air at about 50% relative humidity_ 

(b) Formaldehyde gas + ozone. Ozone wits introduced into the reaction vessel 
by discharge from a Tesla coil for IO-1 5 min (ref. 5), and then formaldehyde condensa- 
tion was carried out as in procedure CZ. 

(c) Formaldehyde gas + i2ydroci2h-ic acid. Treatment with formaldehyde was 
carried out as in procedure a except that concenrrated hydrochloric acid (usually 
0.05 ml) was present in the reaction vessel. Controls were run without formaldehyde. 

/Q’) Proch&ka merhods. The filter-papers and silica gel thin iaycrs were sprayed 
with a mixture of forma!& 6 N hydrochloric acid and ethanol (I :2:E) and dried in 
an oven at 65-75” for I h (ref. 9). 

The sensitivities of the detection reagents were evaluated by establishing the 
smal!est amount of the compound that was visible upon examination under UV light 
(HBC) 2cO mercury lamp with a j-mm UG 1 filter). 

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 lOtlO-ml jar for about 30 min at 60-70”. 

Microspectrojuorometric afialysis 
The spectral properties of the fluorophores and their relative intensities were 

determined with a modified Leitz microspectro=mph’. The exciting light was passed 
through an optical system that consisted entirely of qu2r1.z components. 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 spectra. All spectra were corrected for blanks and instrument errors as 
described previously’. Al! 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 355 nm (silica gel) OF 40.5 nm (filter- 
paper) and at the maximum emission value for each fiuorophore. The intensities were 
mezsund with 2 precision galvanometer. Each value given is the mean of at least 

three separate recordings. 

RESULTS 

Sensitivity aitd specijcity of formaldehyde, formaldehyde-ozone mtd formaldehyde- 
h~a>ochloric acid reageizts 

Histidine and tyrosine and all of the peptides that lacked tryptophan failed ro 
give detectable fiuorescence with any of the treatments. As previous!y reported”, 
trearment with formaldehyde a!one (procedure a) gave fairly strong Euorescence on 
silica gel with tryptophan and peptides with N&-terminal tryptophan. On filter- 
paper, ‘-Jre formaldehyde-induced fluorescence of these compounds was poor (Tabte 
I). Peptides wi*& tryptophan in the COOH-termlnal OF intermediate position gave no 
fo,maldehyde-induced fluorescence on either silica gel or filter-paper. On filter-paper, 
treatment with formafdehyde-ozone (procedure b) induced strong fluorescence with 
tryptophan and peptides with NH,-terminal tryptophan. Peptides with tryptophan 
in Intermediate or COOH-terminal positions remained non-fiuorescent. With these 
compounds on silica gel, treatment with fo_rmafdekyde-ozone gave no further en- 
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Strong Buorescence was aEs0 obt2ined from these peptides if tie acidification 
was performed after exposure to formaldehyde, even when sever& days had passed be- 
tween the formaldehyde treatment and the acidik&on. Fluorescence was induced 
from formddehyde-treated tryptophan-con&king peptides ziso at room temperature 
by exposure to the fumes of2 few millititres of concentrated hydrochloric acid for S-10 
min. The intensity of the formaldehyde-hy~o~hloric acid-induced fluorescence w2~ 
not 2fTected by subsequerLt exposure to the vnpour of 2 few miUiiitres of concentrated 
ammonia solution for 5-15 min at room temperature. 

The maxima of the excitation arid emission spectra of the fiuorophores formed 
with formaldehyde, formaldehyde-ozone or formaldehyde-hydrochloric acid are 
given in Table II and Fig. 2. The results obtained wi:h the Prochsizka reagent (proce- 
dure d) were the same as those obtained with formaldehyde-hydrochloric acid (proce- 
dure c) aad the results are therefore presented under the same hezding in Table II. 
With formaldehyde-ozone, maximum excitation occurred xt 370 nm for tryptophan 
and NH,-termina! tryptophyl peprides. Char2cteristic&y, the predominant peak in 
the excitation spectrum for the formztdehyde-hydrochEoric acid-induced fiuorescence 
of 211 of the indoles tested was 2: 450 nm (Fi g 2, Table If). At low concentr&ions, 
however, tryptophan and peptides with NH,-terminal trjptophan had a predominant 
peak at 370 nm with 2 shoulder at 450 him. The value of the maximum emission was 
markedly concentntIon_dependent (Table XI). Srrbsequent exposure to ammonia 
vaponr (see above) did not affect the excit2tion m2Gmum but induced a blue shift in 
the emission maximum of about XL-30 nm. As illustrated in Fig. 3, the conceentration 
ofthe hydrochloric acid affected sot only the intensity but also the spectral properties 
of the fiuorescencc. 

Treatment with formaldehyde or formaldehyde-ozone gave fluorescence with 

QA 

QAw 

300 3550 4Ci9 450 5x 550 axlnm 

Fi&. 2. !Zxitztion (I&) and etiscion (r&t) of i&e forma!dehyde-hydrocforic acid-induced (proce- 
dure c) tfuoresceace of tryptophyl@yciae (- ), @yMwptoP~ ( . . a . . -) and ar_tiyItryptop~y~- 
$y&iEe (--- ) on filter-pqper; h pg of eaciz compound per spot. 



Fig. 3. Formaldetiyde-hydrochoric rrcid-induced kxescexe of tryptophan-contz.ining peptides on 
fii:er-papr. Conce,-ntzrtio+depeudent shift io &e emissien txa_xhz of&e fluoreszxnce oftryptophyl- 
giyci9e {G), XgiiI)%T__ptOphylgfyCii?Z (@) end glycyltryptoph~ (0). A, 0.05 ml of hy&ocldoric acid 
h the reacxion vessel; B, 0.5 ml l;y&ochloric acid. E2& due is the mean of four dete_nninations. 

rryptophan (but not with histkii~e or tyroske) 2nd with peptides with M-Z,-terminal 
xryptophan. The results 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 Suorescence on silica ge1 but ve_9 weak Buorescence on Hter- 
paper. Possibly the products are more ezsslly oxidized on the s&x gel”. This assump- 
tion is supported by the observation that formaldehyde induced strong ‘Guorescence 
with the above compounds on flter-paper provided f&at the reactiorl took place in 
the presence of ozone. In neither of the two model systems did ire2tment with formai- 
dehyde or formaldehyde-ozone induce more than weak fhxorescence with rjeptides 
that had trypioDhan in COOH-terminal or intermedisry positions. Treatment with _ 
formaldehyde-hydrochkk acid @proedures c and d), however, induced very strong 
fluorescence with tryptophan, indofeacetic acid” srrd a!1 peptides thatcontiined trypto- 
phan, regard!ess ofits position in the peptide molecule. Tryptophan-con-&king pro- 
teios agd polypeptides gave, on a weight basis, no (thyrogZobrrhin) or weak (glucagon) 
iluoresxnce. Procedures c and d gave identical results. 

The results c!early show that the tryptophan residue of the peptides is responsi- 

ble for t&e 3uorescence induced by formaldehyde-hydrochloric acid. Mense fluores- 
cence also rcsuEted from indokcetic .z_cid and from peptides with tlyptoph2n in 
CQCE%termirzal or inte_mediarT positions. Thus, a free trypiophan a-NH-, group is 
not requizd. It is Drobable that f&e ELtoaDhore Is 2 derivative of the indok nusleus. 
conceivably a 2-substkuted productl”, and that acid catalyzes its formation. 
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