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5-HYDROXYDOPA. A NEW COMPOUND IN THE RAPER-MASON

SCHEM E OF MELANOGENESIS 
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Abstract. Oxidation of tyrosine or dopa by tyrosinase 
leads to the formation of 5-0H-dopa, a compound pre­
viously unknown in melanogenesis. 5-0H-dopa. first de­
tected as an unknown compound on HPLC of the 
dopa-tyrosinase incubate, was puriried by Al,03-ad­
sorption, semipreparative HPLC. and ion-exchange 
chromatography. 5-0H-dopa was identified by com­
parison with the authentic compound in several 
chromatographic systems. by electrochemical oxidation 
studies and by mass spectrometry. 
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The formation of melanin by enzymatic oxidation of 

tyrosine has been extensively studied by Raper 

( 13). He detected the following intermediary sub­

stances: dopa, 5,6-dihydroxyindole. and 5.6-di­
hydroxyindole-2-carboxylic acid. Dopa w<1s iso­
lated as a lead saJt, and the two indoles as 
their dimethyl ethers. Raper found that in an initial 
stage of melanin formation a red colour appeared 
which he ascribed to the formation of dopachrome. 
He regarded tyrosinase as being responsible for the 
reactions up to dopaquinone, but considered the 
subsequent stages to be non-enzymatic (12). 

Mason studied the oxidation of dopa spectro­

scopically (9). and observed a red stage with ab­

sorption maxima at 305 and 475 nm, a purple 
stage with maxima at 300 and 540, and a final stage 
with general absorption. These early studies led to a 
concept of melanogenesis often described as the 
Raper-Mason scheme, according to which melanin 
is a polymer of indole-5,6-quinone. However, later 
studies by severaJ research groups have yielded 
evidence that melanin produced by the enzymatic 

oxidation of tyrosine is a much less homogeneous 

polymer than was originally thought. 
Many of the compounds iUustrated in Fig. I seem 

to copolymerize with the indoles (10). In vivo the 
polymers may become still more complicated by 
incorporation of other molecules, e.g. cysteine (14). 

Many attempts to define intermediates in 
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melanogenesis have been hampered by the in­

stability of these compounds. Recently developed 

techniques for studying catecholic compounds us­
ing high pressure liquid chromatography (HPLC) 

and electrochemical detection have created new 
possibilities in this field, however (5. 6). We now 

report the detection of a previously unknown in­
termediate of melanogenesis in the Raper-Mason 
scheme. 5-hydroxy-dopa. We first observed the 
compound as a peak in HPLC chromatograms of 
incubates of dopa with tyrosinase which did not 

correspond to any of the known intermediary sub­

stances in melanogenesis. 

MATERIAL AND METHODS 

The chemicals used were dopa (Merck), .5·0H-dopa 
(Hoffman-La Roche. Basle). 6-0H-dopa (Labkemi AB, 
Gothenburg), and tyrosinase (Sigma. 4 000 U/mg). All­
glass triple-distilled water was used throughout. 

4 mg dopa was incubated with 0.08 mg tyrosinase in 24 
ml 0.1 M phosphate buffer (pH 6.5) for 15 min at 22°C. 
The incubation was interrupted by addition of 4 M per­
chloric acid to a final concentration of 0.4 M. 400 mg 
Al,03, 200 mg EDTA, and 10 mg sodium metabisulphi1e 
was then added. The pH was adjusted to 7 .5 with 2 M 
sodium carbonate. The alumina was spun down at 4000 
r .p.m. and washed twice with distilled waterbefore elution 
with 3 ml 0.1 M HCI. 0.1 ml of the eluate was analysed by 
HPLC, and an unknown compound with a retention time 
of 9 min was found under the chromatographic conditions 
described below. The remaining eluate was concentrated 
to about I ml, which was purified on a semipreparative 
HPLC column. 

A Model 6000 A (Waters Ass .. Milford, Mass.) high­
pressure liquid chromatograph was used with a Model-
7120 100-µI sample val ve injector (Rheodyne, Berkeley, 
Calif.) and a Mode) LC-10 electrochemical detector 
(Bioanalytical Systems, West Lafayette. lnd.). The detec­
tor potential was set at ..-0. 75 V vs. an Ag/AgCI reference 
electrode. The electrode was preparcd from CP0 graphitc 
material. For analytical purpose Nucleosil C,. (5 µm, 
Macherey. Nagel & Co., 0uren, G. F. R.) was used as 
column-packing material, and tbe columns were 200X4.6 
mm. The mobile phase contained 0.5 g butanesulphonic
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Fig. I. The Raper-Mason scheme.

acid. 2 .5 g methanesulphonic acid. and 2. 9 g phosphoric 
acid per litre of water. The pH was adjusted to I. 75 with 5 
M NaOH. Isocratic elution was used and the flow rate wa.\ 
1.5 ml per min. 

For semipreparative liquid chromatography a prc•
packe<l Microbondapack (Waters As�.) ODS column wa� 
used. and thc injector was equipped with a 600 µI loop. 
The flow ratc was 2 ml/min. The analysis was monitored 
with a Varian Vari-Chrom UV-detector "-0rking at 280 
nm. Fractions containing the unidentified compound were 
collected and loaded on a strong cation-exchange re�in 
(Dowex 50W-X4, 50X5 mm in H•-form). The column wa� 
washed twice with 5 ml distilled water. and then eluted 
with I M HCL. 2-ml fractions were collected. Fractions 3 
and 4 containing the unknown compound were pooled and 
further analysed with HPLC using the following eluents: 

I. 2.5 g Methanesulphonic acid, 0.5 g butanesulphonic 
acid and 2.9 g phosphoric acid per litre water. The pH wa� 
adjusted to 1.75 with 5 M NaOH. 

Il. 2.5 g Methanesulphonic acid, 0.5 g butanesulphonic 
acid and 2.9 g phosphoric acid per litre water. The pH was 
adjusted to 2.80. 

111. 2.5 g Methanesulphonic acid. 0.5 g butane�ulphonic
acid and 2.9 g phosphoric acid per litre 5 % methanolic 
aqueous solution. The pH was adjusted to 1.75. 

The oxidation properties of the unknown substance .
.5-OH-dopa. and dopa were evaluated by changing the 
working potential of the elcctrochemical detector in 0.1 V 
steps from 0 to 1.0 V vs. Ag/ AgCI reference clectrode. and 
running a liquid chromatogram for each substance at each 
potential. The height of the peak for each substance in the 
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chromatogram then �howed to what extent the substance 
had been oxidi7ed. 

For the GC-MS analysis a sample was evaporatcd to 
dryness after purification on alumina. semipreparative 
HPLC. and ion exchange chromatography. The residue 
was treated with 150 µI 3 M HCI in methanol under ni­
trogen a1mosphere at 100°C for 15 min in a sealed wbe. 
After this esterification procedure the methanol-HCI was 
evaporated at room tempera1ure using a s1ream of ni­
trogen. 30 µ,I pemafluoropropionic anhydride (PFPA) was 
added. and the �ample was heat ed under nitrogen atmos­
phere at 60°C for 30 min in a sealed tube. The PFPA was 
lhen evaporated IO a small volume. and thc residue dis­
solved in 20 µI I <:f PFPA ,n ethyl acetate. 

The mass spectro�copic analyses were performed with 
an LKB 2091 mass spectrometer. The ga� chromato­
graphy was carried out with the aid of a glass column 
(9 ftx2 mm) packed with 3% OV-17 on Chromosorb W. 
operatingat a temperature of 145°C. The 1onization energy 
was 70 eV. 

RESULTS 

On HPLC analy-;is of tyrosine-tyrosinase m­
cubates, a peak was observed that <lid not corre­
spond to any of rhe known intermediates in the 
Raper-Mason scheme. This peak was more pro­
nounced in incubate:, of dopa-tyrosinase. The com­
pound responsible for the peak could be adsorbed 
onto alumina in the same way as dopa: this is com­
patible with the presence of a compound ha ving two 
hydroxyl groups in cis-position on vicinal carbon 
:atoms. On chromatography on a s1rong cation-ex­
change resin the �ubstance behaved as a neutral 
amino acid similar to dopa. 

The �ubstance had a �horter retention time than 
dopa in all tested reversed-phase HPLC-systems. 
a� could be expected for a :,ubstance more polar 
than dopa. 6-Hydroxydopa is one such a polar 
compound. and it has been :,uggesred as a possible 
inrermediate in mealnogenesis. Authentic 6-hy­
droxydopa was quite distincr from our unknown 
substance when analysed by HPLC. howcver. 

HPLC analysis at different working potentials 
showed that our unknown substance wai. oxidized 
at a lower potential than dopa. and in two steps 
(Fig. '.!). The first oxidation step corresponds to the 
generation of a o-kinon derivative from a corre­
sponding catechol. Under our conditions dopa then 
rcsisted further oxidation. The unknown substance, 
however. became further oxidized at a higher 
potential. This characteristic oxidation in two steps 
is an electrochemical property which we have pre­
viously observed for 6-OH-dopa and 5-0H-dopa 
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Fig. 2. Peak heights in HPLC chromatogram, at different 
oxidation potentials of the electrochemical detector. 

both with this HPLC technique and with conven­
tional cyclic voltametry. 

We now investigated the possibility that the un­
known compound might be 5-OH-dopa fonned by 

nucleophilic I.6-addition of water to dopaquinone 

by comparing the unknown compound with authen­

tic 5-OH-dopa. Our unknown substance behaved in 

the same way as 5-OH-dopa in the isolation pro­

cedure, i.c. it became adsorbed onto alumina, and 
chromatographed on the semipreparative HPLC 

and on the ion-exchange column in the <:,ame way. 

The eluate containing our unknown substance 

purified by alumina adsorption, semipreparative 

HPLC. and ion-exchange chromatography showed 

only one minor impurity on HPLC analyl.is. The 

purified substance was compared with 5-OH-dopa 

in several HPLC systems (Figs. 3 and 4), and 

proved identical. 

GC-MS analysis of the unknown substance was 

performed after esterification using methanol-HCI 

followed by an acylation reaction with penta­

fluoropropionic anhydride. This derived compound 

showed a distinct peak in the gas chromatogram, 
with a retention timc of 4.5 min typical of the de­

rivative of 5-OH-dopa prepared in the same way. 

The mass spectrum of the MeOH-PFPA de­

rivative of the unknown substance is shown in Fig. 
5a. No molecular ion was detected. but the frag-
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Fig. 3. (A) Chromatogram of purified dopa-tyrosinase in­
cubate and (B) chromatogram of a standard solution of 
5-0H-dopa and 6-OH-dopa. Column: Nucleosil C,s (5 

µm). Eluent: 2.5 g methanesulphonic acid. 0.5 g 
butanesulphonic acid, 2.9 g phosphoric acid per litre wa­
ter. pH 1.75 with NaOH. 

mentation pattern tallied cxactly with that of 5-

OH-dopa (Fig. 5b) processed in the same way as 

the unknown substance. It should be noted that 

under the ionizing conditions used, no molecular 
ion of 5-OH-dopa was observe<l. Fig. 6 shows the 
probable origins of the mo�t important fragments 

for the identification of the 5-OH-dopa derivative. 

The quantity of 5-OH-dopa present in our in­

cubate after 15 min was 30 µg. Large amounts of 

dopa then remained unoxidized. No attempts were 

made to determine the quantity of 5-OH-dopa 

which had already been oxidized at that time. To 

exclude the po�sibility that 5-OH-dopa might be 

formed by our isolation procedure, 0.1 ml of a 

dopa-tyrosinase incubate was injectcd directly onto 
the HPLC column. Under these conditions too the 

5-OH-dopa peak was present in the chromatogram.

No pcak corresponding to 6-OH-dopa was de­

tected in the incubate af ter 15 minutes' incubation. 

When authentic 6-OP-dopa was added lo the in­
cubate just before injection onto the HPLC column 

its peak appeared clearly separated from that of 

5-OH-dopa.
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Fig. 4. (A) Chromatograrn of purified dopa-tyrosinase in­
cubate and (B) chromatogram of a standard solution of 
5-0H-<lopa and 6-0H--0opa. Column: Nucleosil C,ij (5
µm). Eluent: 2.5 g methanesulpbonic acid, 0.5 g
butanesulphonic acid, and 2.9 g phosphoric acid per litre
water. pH 2.80.

DISCUSSION 

We have demonstrated a new compound, 5-hy­

droxydopa, as an intermediate in the tyrosinase­

catalysed production of melanin from tyrosine or 

dopa. Authentic 5-OH-dopa was used for the iden­

tification of the enzymatically formed 5-hy­

droxydopa by several methods. 
The new compound and 5-OH-do

0

pa were 

chromatographed in many different systems, with 

identical results. The electro-chemical oxidation 

took place in two characteristic steps for both the 

new compound and 5-OH-dopa. Gas chromato­

graphy and mass spectrometry of derivatives of the 
purilied substance showed a fragmentation pattern 

that made final identification possible. 
Earlier studies have produced evidence of the 

formation of a trihydroxy derivative of phenylalanin 

in melanin biosynthesis (7). and a methylated de­

rivative of 2,4,5-trihydroxydopa (6-hydroxydopa) 

has been identified as a product of the micro-
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Fig. 5. Mass spectnim of the MeOH-PFPA derivative (a) 
of the compound isolated from a dopa-tyrosinase incubate 
and (b) of 5-0H-dopa. 
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Fig. 6. Probable mass spectral fragmentation of the pen­
tafluoropropionylderivative of the methylester of 5-0H-
dopa. 

organism Microspira tyrosinatica by direct com­

parison with an authentic sample (8). 
The possible occurrence of 6-hydroxydopa as 

an intcrmediate in melanin synthesis was inves­
tigated by Swan in 1963 (18). It was discussed by 
Witkop (2 l ). who in collaboration with Senoh et al. 

studied the formation of 2,4,5-trihydroxy­

phenethylamine from dopamine (15. 16, 17), 
and also by Dawson ( !) who in collaboration with 
Tarpley described the hydroxylation of quinones in 
the catechol-tyrosinase reaction (2). Swan ( I 9) 

found that on oxidation 6-hydroxydopa could pro­
duce a dopachrome-type product: but Graham et al. 

(4) concluded that although 6-hydroxydopa can be

oxidized to dopachrome the 6-hydroxydopa path­
way must be of minor importance in melanin syn­

thesis by mushroom tyrosinase.
The HPLC system used by us makes it possible 

to separate 5-OH-dopa and 6-OH-dopa. Under our 
conditions of incubation no 6-OH-dopa was de­
tected. and the quantities of this dopa derivative-if 
present-must be far below those of 5-OH-dopa. 

5-OH-dopa has previously been synthesized and 

used experimentally as a precursor of the adren­

ergic fal se transmitter 5-OH-dopamine (20). 
Our present finding of 5-OH-dopa as an inter­

mediate in the enzymatic oxidation of tyrosine to 
melanin illustrates the possibilities of modem 
techniques to further elucidate reactions previously 

investigated in depth. lt seems possible that 5-hy­

droxydopa is formed by nucleophilic addition of 
water to dopaquinone. Water is of course a weak 

nucleophile, but it occurs in high concentrations 
and in the absence of strong nucleophiles such as 
thiols, the addition of water seems to be of great 
importance. 

Because of its comparatively low oxidation 
potential the 5-OH-dopa formed will be able to in­
duce reduction of dopaquinone to dopa. Such a 
reaction may be part of the explanation for the 

regeneration of dopa due to reduction of 
dopaquinone <luring enzymatic oxidation of 

tyrosine. This dopaquinone reduction has generally 
been thought to be an effect of the oxidation of 
leukodopachrome to dopachrome (3). 

Under in-vivo conditions, availability of stronger 

nucleophiles such as glutathione and cysteine will 
limit the formation of 5-OH-dopa. Glutathionyldopa 
and cysteinyldopa have been found in melanin­
forming tissues ( 14). Model experiments with dif­
ferent )evels of SH-containing compounds present 

during tyrosine oxidation will permit the definition 

of the biological role of 5-OH-dopa in melanin for­
mation. 

It can be assumed, however, that the instability 
of 5-OH-dopa will make its detection in melanin­
forming tissues difficult. The demonstrntion of 5-
OH-dopa will depend on the presence of 
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melanocytic redox systems with an even lower 

oxidation potential. 

ACKNOWLEDGEM ENTS 

This investigation has been supported by grants from the 
Swedish Cancer Society (project 626-B80-0SXB and 626-
B80-08P), the Swedish Medical Research Council, and the 
Walter, Ellen and Lennart Hesselman Foundation for Sci­
entific Research. 

REFERENCES 

I. Dawson, C. R.: Discussion of reference 18.
2. Dawson, C. R. & Tarpley, W. B.: On the pathway of

the catechol-tyrosinase reaction. Ann NY Acad Sci
100: 937. 1963.

3. Evans, W. C. & Raper. H. S.: CCLXIV. The ac­
cumulation of 1-3: 4-dihydroxy-phenylalanine in the
tyrosinase-tyrosine reaction. Biochem J 3 I: 2162.
1937.

4. Graham, D. G. & Jeffs, P. W.: The role of 2,4,5-trihy­
droxyphenylalanine in melanin biosynthesis. J Bio]
Chem252. 5729, 1977.

5. Hansson, C., Edholm, L.-E., Agrup, G .. Rorsman.
H., Rosengren, A.-M. & Rosengren. E.: The quan­
titative determination of 5-S-cysteinyldopa and dopa
in normal serum and in serum from patients with
malignam melanoma by means of high-pressure liquid
chromatography. Clin Chim Acta 88. 419. 1978.

6. Hansson, C., Agrup. G., Rorsman, H .. Rosengren.
A.-M. & Rosengren, E.: Analysis of cysteinyldopas.
dopa, dopamine, noradrenaline and adrenaline in
serum and urine using high-performance liquid
chromatography and electrochemical detection. J
Chromatogr 162: 7, 1979.

7. Lissitzky, S. & Rolland, M.: New intermediate of
melanogenesis in vitro. Nature /93: 881. 1962.

8. Lunt. D. 0. & Evans, W. C.: Metabolism of tyrosine
by Microspira ryrosi11arica: A new intermediate
[2,4,5-trihydroxyphenylalanine (6-hydroxydopa)] in
the tyrosinase reaction. Biochem Soc Trans 4: 491.
1976.

9. Mason, H. S.: The structure of melanins. /11 Pigment
Cell Growth (ed. M. Gordon). p. 277. Academic
Press. New York, 1953.

Actu Dennatm·t•ner (S1<,ckholm) 60 

10. Nicolaus, R. A.: Melanins, p. 107. Hermann. Paris,
1%8.

11. Prota. G.: Structure and biogenesis of phaeomelanins.
In Pigmentation: Ils Genesis and Biologic Control (ed.
V. Riley), p. 615. Appleton-Century-Crofts, New
York. 1972.

12. Raper. H. S.: XIV. The tyrosinase-tyrosine reaction.
VI. Production from tyrosine of 5 :  6-dihydroxyindole
5 :  6-dihydroxyindole-2-carboxylic acid-the pre­
cursors of melanin. Biochem J 2 I: 89, 1927.

13. - The aerobic oxidases. Physiol Rev 8: 245. 1928.
14. Rorsman. H., Agrup. G .. Hansson. C .. Rosengren,

A.-M, & Rosengren, E.: Detection of phaeomelanins.
In Pigment Cell, vol. 4 (ed. S. N. Klaus). p. 244.
Karger. Basel, 1979.

15. Senoh. S. & Witkop. B.: Non-enzymatic conversions
of dopamine to norepinephrine and trihydroxy­
phenethylamines. J Am Chem Soc 81: 6222. 1959.

16. - Formation and rearrangements of aminochromes
from a new metabolire of dopamine and some of its
derivatives. J Am Chem Soc 81: 6231, 1959.

17. Senoh, S., Creveling. C. R., Udenfriend, S. & Wit­
kop, B.: Chemical, enzymatic and metabolic studies
on the mechanism of oxidation of dopamine. J Am
Chem SocBl:6236, 1959.

18. Swan. G. A.: Chemical structure of melanins. Ann
NY Acad Sci /00: 1005, 1963.

19. - Studies related to thc chemistry of melanins. Part
XIV. The alleged formation of a p-quinonoid amino­
chrome by oxidation of 2.4,5-trihydroxyphenethyla­
mine. J Chem Soc [Perkin I] p. 339. 1976.

20. Thoenen, H.: Surgical, irnmunological and chemical
sympathectomy, Their application in the investigation
of the physiology and pharmacology of the sym­
pathetic nervous system. In Catecholamines (ed. H. 
Blaschko & E. Muscholl). p. 813. Springer-Verlag.
Berlin, l 972.

21. Witkop, B.: Discussion of reference 18.

Received Ja1111ary 25. 1980

H. Rorsman, M.D.
Department of Dermatology
University Hospital
S-221 85 Lund
Sweden


