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Atbstrsct -Mclanm from sepia oflifi~/is is a nalural polymer containmg many carboxylic groups. 11 IS 
present m the ink sac of the animal as the Mg and Ca salt. Purified sepiomclanin is able to combine 
with cations and, to a less extent with anions; by heating CO* is evolved. A formula closely rclatcd 
to . . [ -C,H,O,N-C,?I,O,NCOOH~ ]I. . . is suggcs~d for scpiomclanin and its derivatives. 

Owing to the presence of a tyrosinasc in the ink sack II is possible that 2carboxy-2,3&hydroin- 
dok-S,6-quinonc (dopachrome) plays an important part in the biological press of polymerration. 

THE chemistry of melanins is still obscure in spite of the work accomplished.’ For 
example, the composition of a natural melanin is yet unknown and consequently, 
the relations between the various natural, biosynthetic and synthetic pigments are 
unknown.3 Chemically, the natural melanin of Sepia has been most studied.” This 
pigment is found in the so-called “ink sac” of Sepia (Fig. I). One or two grams of 
melanin can be obtained from an average&cd animal-a large amount in relation 
to the body weight (300-400 g). The ink is easily collected by cutting open and lightly 
squeezing the ink sac. The melanin in the ink occurs in the form of small granules 
suspended in a colourless plasma. 

The biological function of melanin appears to be defensive but the mechanism is 
unccrtain.s 

It is known that the ink gland contains an enzyme capable of converting tyrosine 
into melanin,6 and it may be assumed that the mechanism described by Raper er al.’ 

I This investigation war supported by the Nouonal Cancrr InsG~~tc. Research Grant C. 5220. Public Health 
scrwcc. U.S.A. 

* The hterature of melanin chemwry is enccllen~ly reviewed by: A. Quilico. I plgmcnri nrrl onima/f c 
rqrrofi Tip. Furl. Pawa (1937); H. S. Mason in hi. Gordon. P~~tnen~ Cell Growth AP. New York; 
II. S. Mason in F. F. Nerd. Adronrrr in Enrymology Vol. XVI. IP. New York (IYSS); H. S. Masonm M. 
Gordon, PiRmcnr Cell Biology AP. New York (1959). 

s Notably lyrosmc melanm. carccol melanin and pynolc black. 
’ L. Pamui and R. A. Nicolrus. Corr. Chlm. Ital. 82,435 (19J2); R. A. Nicolaus. Ibid. 83,239 (1953); 85,659 

(IYSS); R. A. Nlcolausand L. Mangon~,/bld.(U. 1397(19SJ): R. A. Nicolawand L.CaglioU. Ric. S~i.27~113 
(1957); R. A. Nicolaus. A. Virale and M. Pialtelli. Rend. Act. Sri. Fis. Mor. h’apoll Vol. XXV (1958); R. 
Scarpali and R. A. Nlcolaus. /bid. Vol. XXVI (1959); R. A. Nlcolaw, M. Plarrelli and G. Nami. 7rrro- 
hcdron I.rrrrn No. 21 (19SY); R. A. Nicolaus, M. Piauelh and <i. Nami. Rend. Arc. Sci. Fir. Maf. NapoN 
Vol. XXVII (1960). 

) I). Tompselt. Afcnloira on Typical &Irish Morinc Plontr and Animuls VoI* XXXII. Cjniversily Press, 
I.wcrpcGl (1939). 

* H. Prlbram. Ho/m. Berrr. 1,229 (1901); C. Gcssard. Compr. Rend. Sot. Bio/. 54.1304 (1902); P. Rondoni. 
Sprrimrnruk 75. 33 (1921); L. Califano. Pubbl. Sror. loo/. h’opoll 13. 28Y (1933); L. Califano and D. 
icrtCu. Ecymolugy 6, 233 (IY39). 

: tl. S. Raper, Biorhrm. J. 21. 8Y (1927); W. I.. Dulikre and H. S. Rapcr, Ibtd. 24. 239 (1930); R. D. II. 
Itcard and Il. S. Rap-x. Ibid. 27. 36 (1933); see also II. S. Mason. J. B/o/. Chcm. 172, 83 (1948). 
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may be applied to the formation of the pigment in rice. It should, therefore, be 

considered as a polymer of 5,6_indolquinone: 

Tyrosins - DoPa Y Dopaqulnons 

1 
5.6lndolqulnona f- S.ddioxylndole t Doprchroms 

1 
Melanin 

The problem of purifying melanin from Sepia was never seriously faced, and only 

GlAffb - 

FIG. I. 

recently have two simple methods been put forward which give encouraging results. 
The first consists, briefly, of the following processes: 

(a) washing the pigment with I per cent HCI. 
(b) hot extraction with acetone. 
(c) prolonged boiling with concentrated HCI. 
The second method involves: 
(a) dialysis of the contents of the ink sac against distilled water. 
(b) washing with I per cent HCI. 
(c) digestion for 370 hours with concentrated HCI.” 
During purification it was observed that melanin is combined with calcium and 

magnesium. Melanin may also combine with small quantities of acid (in this case 
HCI) and may lose CO, on heating.’ 

The amorphous pigment obtained was hygroscopic, insoluble in all solvents, did 
not crystallize and contained traces of sulphur (0.2-0.4 per cent). The substance 

’ These methods of purification m-nom proteins and inorganic material. The nature of this mxtcr~sl utll be 
reported soon. II is notable thaw on oxtdwon it yields no pyrrolic acids. 

l These properties explain the dtugrcemcnt of analytical data in the h~era~um. 
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obtained according to the first method of purification was entirely free from ashes and 
on analysis corresponded with a polymer of Type 1 or better, Type lI.rO: 

. . . . [ (C,H,O,N), C,H,O,NCOOH I.. . . . 

. . . . . [ (C,H,O,N),. C,H,O,NCOOH 1.. . . . 

II 

. . . . [ C,H,O,N C,H,O,NKOOH 1%. . . 

III 

. . [ C,H,O,N C,H,O,NCOOH I.. . . 

IV 

The second method of purification pcrformcd at room tcmperaturc, gave a less 

pure substance but the danger of dccarboxylation was avoided. Analysis of this 
pigment agreed with that of a polymer of Type Ill, or bcttcr Type IV. 

The presence of carboxyl groups in sepiomclanin has been proved by the following 

observations: 
(a) the carboxyl groups could bc titrated with alkali. 
(b) CO, was evolved on heating at 140”-150’. 
(c) a methyl cstcr was obtained on treatment with methyl alcohol in the prcscncc 

of hydrogen chloride. 
Morcovcr, quantitatively, the number of the --COOH groups deducible from the 

analytical results shown in Table I agree satisfactorily with the formulae given, 
provided that the special physical propcrtics of the substance arc taken into account 
and because of these propertics it is not possible to expect reactions to proceed to 

completion. 

TABLE 1 

Found Calculated 
___-------.- -- --___ _ _ 

Ncurmlirdwn equivalcnl of mclanm: .306 338.3 
Percentage CO, evolved at 140 .I 50 : Y.1 13.0 
Pcrcxnrage OCH, of the methyl ester: 6Q X.8 

The behaviour of the pigment with diazomcthanc is interesting. A compound 
was obtained which on analysis gave values near the theoretical for a polymer . . . . 
[ - C,H,OpN- C,H,O,NCOOCH, -1, . . . . . This indicates the prcscnce of numerous 
hydroxyl groups or desmotropic functions. The pcrccntagc value of methoxyl found 
(18.8) was much lower than that calculated for polymer IV (24.4). Probably, by 
reason of its complctc insolubility, the pigment is never entirely mcthylated (on 
heating small quantities of carbon dioxide arc still cvolvcd) and some units of the 
polymer can also react as orthoquinoncs with diaromcthanc. This can bc dcmon- 
stratcd qualitatively by the positive colour test for -O-CH,- 0- group.” WC 
have also been able to show that diazomethanc reacts slightly with nitrogen: in fact, 

lo 7’hcs.e formulae and other like them show only the statistd dtsrrlhutton of the two rypcs of unns In the 
polymer. 

‘I lndmxcly this is the only proof of the ex~stcncc of orthoqumone groups in the melanin of Scpio. 
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on oxidation of the methylatcd pigment with KMnO,, monomcthylamine is obtained. 

This is not formed from melanin under similar conditions. 
The most important compounds isolated or identified from the products of 

oxidation with H202 or KMnO, arc, as is known, pyrrolic acids V, VI and VII : 

. COOH HOOC -y _’ Hoot -, - ; - COOH 

-coon HOOC --\ COOH wooc---. ,,a coon 
N 

k/‘* 
N 

H H H 

P .YI m 

Pyrrolic acids V and VI have been isolated, but pyrrolic acid VII has only been 
identified by paper chromatography. The yields of these acids arc low: 1 .2 per cent 
for pyrrolic acid VI and less than 0.05 per cent for the other two. Howcvcr. as we 
shall see, thcsc acids have a certain significance for structural investigation. 

The bchaviour of methylated melanin on oxidation is different because the pyrrolic 
acids V, VI and VII disappear almost completely from the degradation products. 
This is easily shown by chromatography. When chromatograms are sprayed with 
DZA the pyrrolic acids are recognizable as intcnsc red spots. In the case of mcthylated 

melanin. however. a yellow spot is visible, with an R, near that of pyrrolic acid VI. 
But if the degradation products are hydrolysed with NaOH and chromatographed, 
this yellow spot disappears and a spot identifiable with pyrrolic acid VI appears 
instead. Considering the R, value of the yellow spot and the colour which is charactcr- 
istic of cstcrified pyrrolic acids in the a-position, one must presume that such a spot 
is caused by an ester of Type VIII or IX: 

Hoot--- y- 

Hoot - < )! -coocw 

woe -. - 7 

N 
, n,cooc - k+J .coow 

H H 

Ym IX 

Since it is very probable that the carboxyl groups in position 4 and 5 arc dcrivcd from 
the destroyed bcnzenoid portion of the pigment, one has to conclude that the ester in 
question is 2-carbomethoxy-4,5-dicarboxypyrrole (VIII). This indicates that pyrrolic 
acid VI is dcrivated essentially from the carboxylatcd units of the pigment. This was 
confirmed by comparing chromatographically the oxidation products of sepio- 
melanin before and after heating at l4O”-150”. Melanin purified at low temperature 
yicldcd traces of 2,3-pyrrolcdicarboxylic acid V and 2,3,4,5-pyrrolctetracarboxylic 
acid VII, and large quantities of 2,3,5-pyrrolctricarboxylic acid VI. With melanin 
heated at 140”-I 50’ the amount of pyrrolic acid VI clearly dccrcased, whereas pyrrolic 
acid V was found in relatively large quantities. This also makes it clear that pyrrolic 
acid VI derives from wrboxylatcd units of the pigment and pyrrolic acid V from 
decarboxylatcd units. 

Thcsc results arc easily interprctcd if one partially accepts Raper’s mechanism of 
melanin formation. However, the higher hydrogen content than that calculated for a 
polymer of formula (C,H,O,N), and the prcsencc of a large number of carboxylic 
groups in sepiomclanin lead one to think that polymerization occurs with the par- 
ticipation of a compound carrying a -COOH group. The possible monomers are 
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dopaquinonc (X) and dopachrome (Xl): 

X xl 

With X a polymer should contain a-aminoacid chains. la In order to show the possible 
presence of groups of this type, sepiomelanin was methylatcd with diazomethanc and 
oxidized with KMnO,. The volatile basic products were analysed by gas chroma- 
tography (see Figs. 2 and 3). 

It has only been possible to show the presence of ammonia and methylamine. If 

AIP- 

i 

. 

I I. L 1 
1 ‘0 

~i__i_i .j ;_ f f ;. o 

Frti. 3. 

I* This was consldcrcd unlikely since 6-methyldopa. which cannot be transformed into indolquinonc. does 
not form mclanm (R. I. T. Cromartie and J. Harky-Mason, Blochem. 1. 64, 713 (1957). ‘Ihc degradation 
desmbcd here was performed as a further control. 
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W NH, 

5 

Ru. 4. 

chains of the type -CH,--CH-COOH had been present, trimethylamine would 

I 
NH, 

have been found, formed according to the following scheme: 

CWJ, 
CH, 

_ _CH,. CH_COOH , -CH,_CH_COO .? , NLCH, 

AH, 
.e 

\ 

A 
CH, 

CH, i CH, 
CH, 

As a control, a sample of tyrosine was methylated with diazomethane and oxidized 
with KMnO,: the presence of trimethylamine among the volatile degradation 
products is clear from the graph (Fig. 4). 

The prcscncc of dopaquinone units in the polymer being, therefore excluded, one 
must conclude that dopachrome plays an important part in the biological formation 
of sepiomelanin. 
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All the results so far obtained can be explained by the prcsencc of units of the 
following types: 

XYIII XIX xx 

Units such as XII. XIII, XIV, may account for the presence of 2,3,5_pyrroletri- 
carboxylic acid VI and 2-carbomcthoxy-4.5-dicarboxypyrrole (VIII) among the 
oxidation products of sepiomelanin and sepiomelanin methyl ether respectively. 
2,3-Pyrroledicarboxylic acid V may arise from units of the Type XV, XVI and XVIII. 

The possible existence of cross-linking between different chains is depicted in 
XVII. This structure is supported by the presence of the 2,3,4,5-pyrroletetracarboxylic 
acid VII in the oxidation mixturc.13 

Finally units XIX and XX, although there is no proof, may not be excluded a 
priori in scpiomelanin, considering the high reactivity of the position 3 in 5,6dioxy- 
indole derivatives.” Although these results seem significant, we think further work 
is necessary and expect further indications on the structure of scpiomclanin from 
work now in progress. 

EXPERIMENTAL 
Nor purij?carion of scpiomdanin 

The samples of melanm used were obtained by a method descrhbed in a previous paper. The 
pigment was in the form of a black powder which was infuslblc, hygroscoplc. insoluble in all solvents 

and contained small quantities of chlormc and traces of sulphur. It was dried in a VdCUUm over P.0, 
at 110’ for I7 hr. (Found: C. 63.3; H. 2.4: 0. 23.8: N. 8.8; Cl. 2.2; S. 0.3-0.4. Subtractmg 
Cl: C. 64.7: H, 2.5; 0. 24.3; N, 9.0. [- (C.ii,O,N), -C.H,O,NCOH -lx rcquira: C, 63.9; 
H. 2.1; 0. 25.0; N. 9.1 P/,. I- l (C.H,O,N), -C.H,O,NCCXDH -lx rcquircs: C. 63.2: 11, 3.2; 0. 
24.7; N;. 9.0”~). No ashes wcrc left on calcination. Melanin samples arc very difficult to bum. 
I~~ficrcnccs of I -2”,; ucrc observed in various analysts of the same sa’mplc. 

‘I According to M. M. Rangier. C. R. Acod. Scl.. Paris U9. 1954 (1959) the fundamental unit of natural 
mclanins IS adrcnochromc. Unfortunately. the paper t5 so erroncus that it cannot be considered. 

*‘J. Bu’Lock and J. Itarlcy-Mason. 1. Chrm. SW. 703.2248(1951); R. I.T. Cromarticand J. Ilarlcy-Mason. 
Ibid. 3525 (1953); I&m.. Woe-hrm. 1. 66. 713 (1957). 
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Cold purificolion of scpionulanin 

An ink sac was taken from an urcthan-ancs(hc(ircd cuttlefish. cur open and emptied. The lrqurd 
obtained, which was slightly alkaline. was dialyscd against distilkd waler untrl the reaction for Cl 
was negative. The dialyscd fluid, after cvaporarion in a vacuum. lefi 71 mg of residue. 

The content of the dialysis tube. plus 50 cc I T/, HCI. was ccntrrfugcd. The black prccipnatc was 
washed by ccntrrfuging 5 (irncs with I “/, HCI (20 cc each rime). 

The combined supcmarants gave IO.2 mg rcsiduc after evaporation and calcinatton. Analysis of 
the residue by flame spccrrophoromerry showed it IO consist of magnesium and calcium chlorides m a 
molecular ratio of I : 1.76. 

The pigmenl was then suspcndcd m IS cc cone HCI and lcfi al room lcmp for I5 days. II was then 

centrifuged. washed 10 t~mcs with I “; HCI (20 cc each remet and IWICC wnh d~st~llcd water; 24 mg of 

residue were obtained from the washings . 
Afrer drying over P,O, tn a vacuum at room tcmp for 48 hr. the purified pigment Neighed I40 mg. 

Analysrs shoucd a chlorine content of about 35:. only panrally removable by dialysis, rraccs of 
sulphur and ncghgrble quanrirics of ashc~. but the prgmcnr was considered suffrclcnrly pure for 
invcsrrgarron. Borlmg for 24 hr with cone HCI removed small quantirics (243,) of colourlcss 
material mostly consisring of aminoacid hydrochloridcz and traces of morgamc substances. (Found: 
C. 59.9: tt. 3.4; 0, 26.3; N. 8.2; Ct. 3.2; S. 0.3 0.4. Subrracrtng Cl: C. 60.9; H. 3.4; 0. 27.1; 
K. 8.5. [ C.tl,O,N C.tt,O,NCOOll-1, requires: C, 61.1: H. 1.8; 0. 28.7; h’, 8.4”: 
[ C,tl,O,S- C,tl,O,NCOOtI -1% requires: C. 60.9; tl, 3.0: 0. 28.4; N. 8,3D,:). No ashes wcrc 
lcfr on alcinatton. Drying the samples of melanin in a vacuum at higher rcmp (80 and I IO,) does 

not alter the pigment. 

100 mg of finely ground mclanm were suspcndcd at room lcmp In 2.5 cc anhydrous methanol. 
saluratcd with dry hydrogen chloride. After 24 hr the solid was ccnrrifugcd. washed wnh anhydrous 
mcrhanol. dried tn au, trituratcd again and rcarerificd. 

After rcpcating 3 times. the reaction was considered complerc since rhc amount of mcthoxyl found 
dut noI incrcasc. ‘The samples of csrerificd melanin wcrc dried IO a constant weight in a vacuum at 
room temp. The c-rcr was in the form of a black powder, insoluble in all solvents and containing 

traces of sulphur and small quantities of chlorine. (Found: C, 58.9; H, 3.3; 0, 26.0; N. 7.9; 
Cl. 3.9; S, 0.3: OCH,. 5.7. Subuacring Cl: C. 61.2; tl. 3.5; 0. 27.1; N. 8.0; OCH,, 6.0. 
[ C.tl,O,N-C.H,O,h’.COOCH, 1% rcqums: C, 62.1: H. 2.3; 0. 27.6; N. 8.0’; OCH,, 8.9%. 

I-- C,H,O,N --C.H,O,NCOOCH,-1. rquim: C. 61.4; H. 3.4; 0. 27.3; N. 7.9: OCH,. 8.89;). 

On oxidation with pcrmanganare the ester bchavcs in a very similar way IO scpiomclantn. Pyrrolic 
acids V. VI and VII were always obraincd. although the rricarboxyhc acid VI dimintshcd. On heating 
under the condirlons dcscrtbcd later CO, was evolved IO the extent of 2.830 of the weight of pigment 
us&. 

100 mg of finely ground melanin was treated wnh an crhcrcal solution of diaromcrhanc (200 mg 
drazomethanc in 2 cc ether) and allowed lo stand at room temp. After 24 hr lhc rnclanm was ccntri- 
fugcd. washed with ether. ground up again and treated with diaromcrhanc. The process was repeated 
3 tmxs. After washing with crhcr and anhydrous methanol the pigmcni was dried for 48 hr at room 
tcmp over P,O, in a vacuum. The methyl ether was in the form of an infusibk brown poudcr, 

msolublc in all solvents. On heating 10 l4O’-150‘. CO, was cvolvcd lo the cxrcni of l.SS/, by wcrghr 
of rhc prgmem. The -OKH, 0 .. group 1cs1 was positrvc and pcrformcd as follows: 50 mg of 
mcthylarcd prgmcnr were suspended in 5 cc cone ti,.W, and lrcalcd with 0.2 cc of 0.5 ?/. alcoholic 
solution of gallic acrd. After leaving overnight and then ccntrrfugmg the pigmcnr. ~hc liquid was 
colourcd emerald green. (Found: C. 64.1; H, 5.5; 0. 23.8: N, 7.4; OCH,, 18.8. [ C,H,O,N- 

C.tI,O,NCOOCH,--]x rquira: C. 63.8; H. 3.2; (X25.5; N. 7.5; OCH,. 24.7%. [ C,H,O,N-- 

C.H.O,KCOOCH, .I% rcquircs: C. 63.1 ; H. 4.2; 0. 25.3; N, 7.4: OCH,. 24‘49/,). 

Determination of carbox,vlCqroups by titration 

570 mg of melanin wcrc placed in a glass column of diameter 8 mm, a N!5 solution of Na,CO, 

was passed through the column and the firs1 IoOcc wcrc collected. By titration with N.5 HCI 
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(indicaIor IeIrabromophcnolphIhalcm ethyl ester or fluoresccm in U.V. IlghI) a neutralization cquiva- 
lent of 306 was determined (theoretical muIralization equivalent for [ -X,H,O,NX,H,O,N. 
COOHIX 338.3). In the calculation the amounI of alkali used IO neuIrahze the hydrochloric acid 
m the pigmenI was allowed for. 

Thermic decorboxylorion of scpiomelunin 

Melanm. obtamcd as described above. was finely ground. suspended in 5 cc Vaseline oil and heated 
at 14&-l 50 (bath Icmp) for IO hr in a currenI of nirrogcn. The amounI of CO, evolved was measured 
by absorbing Ihc gas in a saturated solution of barium hydroxide and weighing the banum carbonate 
formed; 0.4292 g BaCO, was obtained from 1.0817 g melanin. and was quivalent IO 0.0957 g CO, 
(8.85 % of the wclght of melanin used). Subrractmg the chlorine prcscnt in the sample, a value of 9.17; 
is obtained. The Ihcorctlcal carbon dioxide evolved by a polymer [ -C,H,O,N-C,Il,O,S~CoH-Jr 
IS 13.03;. 

The dccarboxylated melanin was washed repeatedly with IighI peIrolcum (b.p. W-70’) and 
finally wiIh crhcr; iI was then dried for 48 hr over P,O, in a vacuum. (Found: C. 61.1; H, 3.5: 
0, 22.0; N, 9.2; Cl, 4.0. SubIracIing Cl: C. 63.5; It, 3.6; 0, 22.9; N, 9.5. (C,fI,O,N). requires: 
C, 65.3; li. 3.4; 0, 21.7; h’. 9.5:;). DecarboxylaIcd melanin was in the form of a black powder, 
infusible, hygroscopic and insoluble in all solvents. No apparent difference could be observed 
bcrwocn iI and Ihc original mclanm. 

Determination of fhe water content of melanin 

After d&cc&ion melanin was highly hygroscopic; Ihc rate of waler absorplion was very rapid at 
first. buI gradually decrcascd. although it was s111l noticeable afIer many days. In an almospherc 
saturated with waler vapour al 20. the quanIiIy of waler absorbed after 15 days was 3076 of the original 
weight of melanm. 

By drying over P,O, in a vacuum the water was totally removed and the origmal weight of melanin 
was rcztorcd. Drymg at various tcmpcratum (room tcmp; 80’ ; I IO ) varied only the time rquucd 
for waler removal. 

Compuroriue oxibion of sepiomelanin and ckcorhoxylo~ed sepiomelonin 

Qwnriroriw chromarqprophic o~lysis of pyrrolic acids. 100 mg of melanin and 100 mg of 
dccarboxylatcd melanin were each suspended m 2 cc 2N K&O, and oxidtzdd with 3 :/. KMnO, until 
Ihc colour persisted for I5 mm. 

For oxidation, melanm required 12.5 cc. KMnO, and dccarboxylatcd melanin rquircd 12.7~~. 
After removal of MnO, and precipitation of oxalic acid with CaCI, the solutions were 
extracted with ether (50 cc in 5 portions). AfIcr removal of the solvent, melanin 
yrcldcd 7.6 mg residue and dccarboxylatcd melanin 3.5 mg. Thcsc rcsiducs were each 
drssolvcd in distilled water and the fihcrcd solutions used for quanritativc dctcrminatlon of 2,3.5- 
pyrrolctricarboxylic acid VI and 2,3-pyrroledicarboxylic acid V. For this analysis 0.1 cc of each 
solution and graduated quanribcs (0.025 cc, 0.10 cc, 0.15 cc) of a standard solulion containing I mg 
2.3,5-pyrrolctricarboxylic acid VI per cc wcrc applied IO a Whatman No. 1 paper. Descending 
chromatography. using ethanol-33 “,< ammonia-water (8014: 16) as solven1, was allowed to run to 
about 25 cm from the staning point. After colour development with DZA the spots were cut out and 
their coloun eluded in 20 cc N/20 Na,CO, solution. The op~cal dcnsuia of these solutions wcrc read 
with a Lumctron calorimeter (filtcr 1. -. 420 rnp) using a blank made from pan of the paper sprayed 
with DZA. From the calibration CUIYC the quamity of 2.3,5-pynolctricarboxylic acid VI conlarncd 
in the samples was easily determined. 

The 2.3,5-pyrrolctricarboxylic acid conten of melanin was found IO bc 1.4%. and that of dccar- 
boxylalcd mclanm 0.5 T<. 

The 2,3-pyrrolcdicarboxylic acid V content was determined by the same method. Dccarboxylated 
melanin gave approximately 0.05% of this acid. Carboxylatcd melanm. however. gave quantities 
that they were not measurable by thus method. 

Ox&&ion by KMnO, of the fractions soluble in water and hydrochloric acid 

(a) The rcsiducs obtained by evaporation of the dialysate and of the washing of raw melanin with 
I “; HCI rcsis~cd oxidation by pcrmanganatc under the conduions described and used for melanin 
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(b) On permanganate oxidauon the fraction removable with cold cone HCI yielded small 
quantities of substances that can bc revwkd with DZA. Such spots have R, values differing from 
those of 2,3-pyrroledicarboxylic acid V. 2,3.5-pyrroletrlcarboxylic acid VI and 2,3.4,5-pyrrolctcIra- 
carboxylic acid VII. 

Vvlorile bases Jrom oxidation oJ melunin and its methyl rrher 

Ewminurion hyp.~ chromorqruphy. Melanin and its meIhyl ether were oxidized with KMnO, as 
described above. At the end of oxidauon the liquid was disulkd and collcclcd in N HCI. The 
hydrochlorides of the volatik bases were obtained by evaporation of the acidic solutions. The yield 
frommclanin was abou1 lOY<of Ihcoxidiztd weight of IhepigmenI and from mcIhylaIcd melanin I3 “A. 

The hydrochloridcs were treated with the minimum possible quantity of a saturated solution of 
KOH and the bases analysed by gds chromatography usmg C. Erba’s Fractovap apparatus. The 
composition of rhc column (I m lcngrh) was: cchtc 85 7:. IricIhanolaminc 7.5 “i. vaselute oil 7.5 9.. 
The carrier gas was hydrogen. a1 a flow raIc of 4 lnres per hour. The experiment was carried 0111 a~ 
20”. ResulIs arc shown in (Figs. 2 and 3). mclanm yielded only ammonia (Fig. I). whik methylated 
melanin yielded ammonia and methylamtne (Fig. III). 

Ry indirect analysis of the hydrochlorides (Mohr’s or Volhard’s determinarion of Cl ) ammonium 
chloride and mcthylamtnc hydrochloride were found IO be in a I : I ratio by weight. 

Merhylurion and oxibion with KMnO, oJ tyrosine 

Examinorron uJ rhe rdarile bases. IO0 cc of an crhcreal soluIion conlaining 2.5 g dialomethanc 
were added IO 100 cc of an cIhcreal suspension of I g Iyrosine. Reaction was started with some drops 
of water. After leaving overnigh Ihe cIhcr was evaporated IO dryness; the residue was dissolved In 
I3 cc 2N K&O, and oxidized with a 3 T< solution of KhlnO, (I 35 cc). YnO, WBJ filtered off and the 
liquid dinilkd and collected in N HCI. The solution was evaporated to dryness and hydrochlorides 
were examined by chromatography as already described. The results are shown in (Fig. 4). 


