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ARD THE STRUCTURE OF THE MELANIN GRANULE.

1s

The black and brown plgments found in the animel kingdon are referred

to az "melanine®, the word beling derived from the Orosk "melas”, meaning

Some authors imclude certain red and yellow plgments in the class
of the melanins. However, for the purpose of the present %%%ﬁY§ the term
"nelanin® will be consldered as referving only fo the black and brown
plgments of animals,

There have been mumerous Investigstions inte verious aspests of the
problem of umelanogenesis - the Tormation of melanin pigeents by living
srgenisms. In meny tisswes, ineluding mawnalisn chorold, irds and certain

tumonrs, the melanin pigment doss not exist in an wncombined state but is

contained in cytoplasmiec partieuletes, the melanin gramiles, It was felt,
therefors, thet an sanalygls of the chenical composition of the mpelanin
gramule would lead to better understanding of the process of pigsent
sroduction. ;

In this ﬁﬁ%ﬁﬁﬁy then, an aceommt is given of an apalysis of the

position of melanin greoules obieined from the choroid of the

£

ehenleal o¢

ox~ave, 1t will be shown $thet selanin granules do not consist serely of



aueh a@s ff&i‘ﬁ%

tdntion of %yzﬁ*@mﬁm by the enzyme

oo by tyresime in
its oxidative polymerisation Yo the synthellie melanin ls veviewed in the
light of the chemical 1 be
made to assign rolss in zmelancgenesis to the chemieal constiluents of the
On the basis of the results of the imvestigation, o mechsnism
for melanogenesis will be proposed. It will tat the avallsble
gravale and on the properiles

rmation on the transformation underg

tadies on the melanin granule. An atbompt wil

pramile,

information the structure of the

of tyrosinose of the Dkl

formation of melanin pigment may b

of the gramile.

function of the ovgapelle, or alternatively

br-product of & more Impor ugh at present wunknown, function of

the plgment nay Be an ircidentel

2e¢
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The chorold of the ox-eoyes, which tissue wme chosen for the present

investigation, contains in the oyloplass of the selanine~conbaining cells,

Os homogenisation

by suitable methods, the cells of the choreld ave disrvpted and the melanin
grenules libersted, The grammles can be freed from othey eyboplassmie
copponents, by differential centrifugation of the choroid homogenate.

The tecimigue of 4ifferentisl cenbrifugetion wes Introduced by
by Clsude, and by

Bensley and Hoerr in 193%, and greatly slaborsted

Schneider and Hogeboole
In the last deecads, differential centrifugation has become s widely
used prepavative procedure in biechemlecal Iimvestigations of the constituents

uf cellte
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The ascceleration of & particle In & grevitationsl fisld is given
by &4 Ins=

(1) » Where 9 iz the radius
A = — fr:;‘j G c3 of the particle, G

the difference in de

neity between

the perticle snd the suspension

3

i the gravitstional force applied.

Yaking totel differentials we oblaint=

(2}

A

1

i¢Pd¢p§ﬂ+$drgﬁ + 2 olg 2
7 94y do 7 99

AA  is the increment in seceleration with changes in 9 ¢ v B

and is thus an index of the varistion of the degres of separeiion with

the e yvariables.



two particles can be ineressed if the
iz proportiomal te o(g . An incresse in the density difference of

The ssparstion betusen

gravitational foree iz Ineveased. TFor, fre

tuwo particies and the susvension medive will Increase the degree of
ﬁm%&@&ﬁﬁ obtelnable, EHEguation 2 indicstes that differences In the radil
riicies will be more Imporbant for thely sepavetion than ssuivalent

gifferences in ths density of these @ﬁ?%&ﬁi%ﬁw g oan have & positive or

a negative sign sceor@ing as the partionlate hes a3 greater or & lesser

1 this

will affect oA . Dse was made of this relation between o 0 and
oA in the present study - the purity of the meluni

preperotion wes increszed by manipulstin

n gramle

- the density of the suspension

Feoctionation of pigsent-contsining tissue by differentisl
shed by Herrmen snd Bess (A99).

Bifferentinl cenfrifuzstion has been applisd b0 homogenntes of melanomstic

centrifugstion was first accomplisg

tigsue. (du Buy et al, 19893, The work performed during the present

7

{

study is the first attempt, ie the anthor's vuledge, ot a fractionstion



of choroid bizsue.

In preliminary exporiments, the methods of Herrsan snd Boss

{loe, cite ) and of du Buy ot al. (Joc. oit. ) were applied to choroid
tissue. Microscoploal sxsmination of the preparstions obtained, afher
staining with mathylene blue, revesled the presence of an anpreciasble
contanination of the melanip grandleswith eell debriz. The particles of
cell debrls wers much larger than, bul sedimented m@g@m@ r with, the

gramule. Hence the eell debris was, presumsbly, of lover density than

5

the gramles,

Eqguation 24 df can be zere if -'H‘pd'rp%ﬂ =-~de E_A_.
P L

B is clearly possible for & particulsy ol¢ and dfp i

nl
R
2
o

3

It wes decided to take adventsge of the high Jdensity

by gsedimenting from a suspension medimm intersmediate in densiiy

ﬂi"z‘éa gn and ”.‘w s N % eg:f&»{iks m%? Lan gSral. e ’%ﬁ}%'j b2 Q,.g anhed, by
sramiles and the cell debris. Only the gramdes vould be sedimented, the
coll debris being flung cenbripetally. {(The idesa of using this procedure
arose in p dlscussion with oy ¢ollenguss Hre Us He Callaghen, to whon 1 am
greatly indebled). The validlity of the procedurs wes confirmed Ly the
rurity of the gramle prepuration ae established by nicroscopicsal

obhservation.
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Originally, the choreld tisseue was homogenised in an homogenlser

of the Potter~Elveihen variety. It was found thet the

apparatus gave

1ittls disintegration of the vrelatively slastie choroid tissue. Iater,
a Waring Blendor wes used for the initizl homopenissiion. Two minutes

in the Blendor gave g sheedding of the tissve bt 1ittls destruction of

the egells, - fev melanin gramules could be feund in the supernatant

finid of a Blendorised preparvstion cenbyrifuged at ©00g for three minutes.

Good vields of granuvles were obinlned by grinding the Dlendorised tissus

with wshed sand In 2 motors Allovence was mede, In the guantitative
estimations on the gramule, for conlfanminetion of the preparation by the
dense send perticles,.

The follovipe procefure was finelly sdopted for the routine

preparet

s

One homdred choroids were carvefully dissectsd out and plaeed into

s

about four times thelr volume of ice-cold physiclegiesl saline

i3

After disintegration by two halfenirmte runs in the Waris
gne-guarter of its volume

the honogenate thus obiained was groomd with

of gand for two minmtes. The whols was centyifuged for three minutes
at 600

with sand for a furiher twoe

vt was kept aslde, while the sediment was grousd

s ihe supernats

B

mimgtos syl the mixture respune. The process
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3

i and cenbrifuging was repented five times,.
gave 1little ineresase in vield, slthough the final

‘urther grinding
residue rewsinsd black-

grey in colowy showing the presente of uwremow

The coubined supsrmabtanis were spun Por three minutes st 6060s,

and the sediment discarded, The gramules wvare sedimented by spinning
the supermatant £luid fer 30 minutes at 600g. This sediment was

re-sugpended in 1.55 ¥ sucrose {demsity = 1.2} and homogenised. From

this homogenale, the granules were sedimented by spioning for ohs hour

a2t 600 p. Although the supernatent solution, as evidenced by 1%z colour,

ained many gramules, it was plpetied off snd disearded,
s iﬂ%ﬁ%@ﬁﬁ% the dry welight of the particulates

For the detornlnetl

it was consldered desirable %o fres the gramules of ccclnded and adsorved

‘snerose. A sugar-fres preparsiion wes obiainmed by wesghing the granul

in d4istililed weter, by repeaited howopenisation and sedinmentation. The

i
final sediment obisined was referred %o as the "vashed gramule preparatlion® -
{4GP) =~ and used for subsecuent analyses. The combined supernatant flulds
from the vashing procedure were kept for apnalysis.

By the above methed abomb 0.5 tel g of gramdss {(dry welghi) were

obtained from 100 choreoide in 20 working hours.



nlysed for the followving
d, ribose mucleic seld, non-diffusible
rroteln, carbonyirste, total anitvogen and ashs In the as

The wvashed grarmle prepay

componsnts: plgment, lip

Tes hod besn washed

wae apalysed for dissolved proted miglele acid.

_ abed on wniractloneted choroid
tissue, homogenised by trestwent for twoe mimutes in the ¥aring Hlender,

The following Tables present the resulis of the chemicel analysesie

g_*



Table I collsects the resulis of the chemicel analvees of the major eonstituents of
the nelanin gramle,

Constituent ﬁ&ﬁg@ of e af Hean & 8%d, Hean corrected for
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Hieroscopic exeminabion of choroid tissue indicates that all of the
pigment of the tismsue is sssoclated with the melenin greanvles. Chercoid

tissue contains 5-6% pigment. The melanin gramule conbtains 37% pigment,

therefore the proportion of welanin granuvles In chorvold tissne 18-

From the proportion of grasules in choreld

from the analytical data on the percentage composition of the

granules in the choroid tilssue can be ouleulated. Table IV presents the

results of sueh ealeulations,



Constituent % of Barichment

ﬁ@ﬁ&%é%&@ﬁ%» Tactor.

with g%ﬁ%@i@ﬁ
in 1z choyold
{ﬁw ﬁ?@ﬁﬁﬁ%} »

asgh

{%Sﬁﬁﬁﬁﬁ}

The £ifth column gﬁ?ﬁﬂ the Yenpichment factor®, %ﬁiﬁﬁ ﬁﬁ‘ﬁhﬁ raetico of the
eportion of o particular component assogiated ﬁﬁ%ﬁ e mies to the

@r&@ixiﬁg& of grenules pressnt in the choredds Ao @ﬁﬂ%ﬁﬁ%@ﬁﬁ factor of wnity
indicates that 15% %f & ﬁﬁ%ﬁ%ﬁﬁ%&ﬂ% is asspeiated with the granules, which
comprise 15% of the material of the ehoroid, i,e. %ﬁﬁ%@ ﬁﬁ.ﬁﬁ~ﬁ§f§@f@@§iﬁl
poncentration of ﬁh@ constituent betwesn the vhoveld and o o phaer
yalues indieate that a o9 itw
lower values mean that the gramule 1z deficient in & 1o

?%ﬁﬁ%iﬁ? %Iﬁm%i*ﬁ%ﬁ%n
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Proliminary investipatdens 4 ﬁ%ﬁ%ﬁ%{%

that the major pertion of the
pigment of the melanin gremule was soluble im alkell but was precipitated

e e 2lkeli-solunble but zeideingeiuble

portion of the granule was defined as the mejanin pigpent frsction. The

pigment froction wes therefors deternined as Dollows e

The W.C.P. was rehomogenised fn distilled wadter and made up to

volume in s volumelrie flask. Aldguots of this suspension were withdrawn
and swnporated at 105% to drynsss, to obtain the dry velght of the gramiles
« To f@%ﬁ&%%uéiﬁ%ﬁﬁ%ﬁ was added gulficisnt % B polssslium hydroxide
of the

gramiles wos loft et 397 for 36 hours. The selubion was centyifuged and

to give & solutiop of final concentration I B, The potash selution

i a dorkebrown supernatant fiuid, This

yielded a dark-brown sediment ol
ad with ¥ KOH at
eentrifuped. Extraction with pobash ws repested wntil the supernstant
golution wag a pale brown colour. The sediment could thus be ﬁ@ﬁﬁi&@%%ﬁ

erite éﬁ geidification of the combined potash

sediment wag re-sxirad

free from alkeli~seluble plon

soluticns with hydroehleorie acid the pigment precipilated as a red-brovn mass,



leaving on centrifugation & red~-brown supermatent solution not further
precipitable by seid. Thiz solution contalned the “scidesoluble pigment,?
The avld-precipitated plement was redissolved in ¥ potassism hydroxide, the

solutlon beling subsequently cenitrifuged to remove alkali-inscliuble matter,

The supernatant solution wes re-precipitated with acld.

g of S Do Yo o 3 S ——— B - LY s i s
pitztion by acid was performed thrice.

- waghed thrse times with 4istilled uater. The Tinsl

sediment wes drisd st },&i\’% ovarnight and welighed. This welight gave that

The proporty of solnbility in a3
is wpusual for biologiesl

1i end complets Imsolubility in acid

subeslbancess Aftor three precipilations from alkaline
sciution, the pigment fraction of the gramule atlained a constont za;&%g%
value, which sugzgests that snccessive preciplitates were identical, Hashed,
purified prepavetions of the smelanin plgzent yislded a nitrogen content

close to the theoretical nitrogen content of "synthetic melanin® (See page 29 ).
that the pligment fraction contained all the

it is considered 1ikely, thereforve,

melanin of the gramule and 11ttle apert from melanin,
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Total 1ipdd was estimated by sxtraction of the W.G.P. in & 331

ehloroformmetharol mixture, a8 regommended by Hack {(19%3). The granulss

and sslvent were left in contact for 2% honrs st 25V,  The mixture was

centrifuged and the supernstant solvent loyer removed and Repte The

sedinent vag re-extracted for 12 hours with chlorolormemethancl in s
Soxhlet apparatve, The solvenis wers united end swporated at 80% to
967 to constant weights The Iipildeastyacted granules wers dried at
105%¢ to eonstant weight, and the welght of dey granules asssciated with
ths sxtracted 1ipid thus foupd

2425 3

On twe ogecasions, Blosr's solation(3¢I ethmnclidisthyl ether) was
used in the above wmanner, with substentially the same results.

It 4s probabls that the 1%
s the grannles. Although about 157 of the

pid extraction procedure removed most,

the

granule uns not charscterdsed (Yable I), nevertheless from
nitrogen balamce sheet” studies (Tehle V), 1t is evident that the

nonmcharacterised fraction contained sbomt 25¢ nitropen. The material
not dstermined in the apalysis of the granule ig thues unlikely to be
1ipid, The extraction of 10 o 129 of the dpied whele choroid tissue

dvents used were capable of disselving

as 1lipid suggests that the &

large smounts of fatty msterial.
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Apn sstimate of the tots]l protein lesched out of the grennles during
the proces:s of washineg with dis
diffusidle protein.

oft water was defined s the percentage
The protein was deteral
PYOCBiNTG.

od ag nitrogen by the Kjeldahl
The washings geve noe reschlon with Bial's test for ribose nuclelie
acid.
(a)

Hon=-diffusilde proteln was

£

g

&

total anings
scid prezent in the supernsiant solutions following extraction and preciplitation
»E the selanin vigment.

&

jre

timeted by determining the

.

The pmino-acid was detemmined by the "formel titration”
thod of van Blyke, described in Hewk, Ossy and Summerson {1990).

3

Heasurements of the apmounte of the bwo prote
the grenule were within limits, rep

n fractions present in
rodutibles
that this gsepsration of the protein in

{e)

It ig considered, itherefore,

53
%

o two porbions wes g valld procedure.
Ribose nuclele acid wes iscliabed from the WGP, by the
; %
P

£k
Setmidt-Tannhauser-Schnelder procedure {(Blick 19%%)s The
acid vegz estimsiad as

ribose muelein

sntose, weing the sreipel resctlon of Blal as



recomnendsd by Umbreit (19%9). Iylose was used as the pentose standard.
The ribose-nuclelco-acid - coniaining fraction of the gremle was
made diffienlt the

determinetion of a Jover 1dndt fo the vibose pucleic seid concentration.,

pigmented, dues to on ascid-solunble pilpgment, which

Thug, although 1t could be sald that the ribose nucleic acid content of

possible to debernine

the gramule was vot more than 0.3%, it wess not

the lover 1init to ﬁﬁé% value with seonrsey.

()

ohwdrate presant were performmed

on an alkaline hydrolysate of the grenulss, using anthrone in 765

mric seld.

gulipt

It is pot pessible to say &@% mach of the osrbohydrste found

assoeiated with the granuies was, in faeit, absorbed during the suspension

15.

in suerose, The variation of the reslis obizined on different preparstions

i

vas groater than the inherent variance of the sstimedion technicue,

uggesting that not all prepevations contained %&% came guoent of

o

i
K

é

4]

arbohydrestes Some, 8% lessh,; of the granuie-associanted carbohydirabe

may hsve been introduced azs ap avbefact durding the preparsbion of the

grannios.
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Two methods were developed for the estimsiion of the sapd present

a8 an impority in the gremule preparstion,

f

gt

The alksli-ingoly > after the extraction

s T8 e s A & Tk P, 4 v & e o et
at 10%%¢ overnight, and welgheds The dried meterial so

obtained wes 2 1ight grey coleur, The nitrogen content of

this residue was Jdebtormined, It s assumed that the

nitrosen of 10%. Twms an ssbimabe of the nitrogenouns »atier

%

arazent could be obitelined by melliplying the nitrogen content

of the alkali-~inscluble Traction by 8 Toctor of 10

Bubtreeting this estinats from the welipht of the

inscluble residue pove the welght of sand present as an

mall vields by
of gand, in a
Potter-Elveinan Lype homogeniser. The nitrogen content of

this preparation wee delbermined. 'The pereentage nitrogen
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%}} c mﬁ@ Foo ﬁ?ﬁ%}ﬁi%@ m a w@%}fﬁiﬁ of the granules ’g}’@?&?@ﬁ %’%ﬁﬁ.ﬁg sand was

found, The sand ﬁ%a@ﬁﬁ&%ﬁiﬁ nitrogen. Thas the difierence

content of the above two preparstions conld be

in nityogen

uged to determine the percentage send present ss an impuritys-

100,583 = Np (100 = x} + =0

whers % s the percontage send impurity
Ns the nitrogen content of the send-propared granulet

and Hp the nitrogen content of the gramules fres of sand

e obteined.
lant resulis.

and hence % could

The twe mothods gave substentislly concos

{h)

1led uwoter were washed

Aliquots of the W.G.F. suspended in double-dlstd
ic acid wes used to burn off the
s the weight of sand

ihles. Tenthenormal sulphur

colain eru

in pors
zgt troces of earholie

From the welght of ash found

Yot

M&
*3

mpurity present hed fo be sublbracted to Find the true ash w%‘f&%’ﬁ%* The sand

was not volatilised in the ashin ,
The ash was estimated as the diffevence of two measurements, sach subject

to errvor. Thus the flgnre reporisd for the ash content of the granule shy

be considered as approzimet




H/10 sulphuric aeld for the copper and zine, and with JOD w/v
hydroehlorie acid for the irvon estimetionss A1l solutions used in the
mineral determinations were made up with double-distilled water, the

second distilletion belng oul of 'Pyrex' glasss

The method of Bowness at al. (1950), with slight modifications, was
nead for the cstimstion of copper end zine. This mothed determines copper
gnd zine as their dipbenylthiccarbezone {dithizone) derivativess Copper
was extracted from the acld solutlon buffersd at pH %79, also using
noentration of

dithizone in carbon betrachloride. 12 wos found that the oe

the dithizone solubion reccmmended by Sowness ot al., namely, 0.003%, did

&

not zrive 5 guantitative extracticn of the copper longe A solution of
0.,015% dithizene was therefore used, with satisfactory results. Aliquots
of the copper dithizonste solution were dilubed with coerbon tetrachleride
before veading. The concentration of the solubions of covper end zine
dithizonate wers read in a Leitz colorimeter, nsing Ilfeord filter No. 624
?ilter Hos, 625 and 607 for the zine

for the copper determinaiions and

estimations.
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The copper analyses showed a falrly wide varistion, which was to be
expected in view of the small sseplez nsed in the deternineiions. The
teehnlove 4314 not allow of gresl scouryaey with such smell amounts of copper.

Y

& varisnce of £ 307 of the mezn was fow

neentration of the tissue was much higher than that of

the coppers But the greater sccurasey fo estimetion whiech eould therefore

be obiained was offsel by the inherently less sensitive nmature of the zine

ted e

determination. & varionce of 2 208 of the mesn ig ropo

Ivon was determined by the method recemmended by Bawlk, Oger and

i

wammerson {1956). The ifron gave a red colour with potsssium thiocyanate,

ile The slceohel solutimms wers rend in

exbtractable with amyl aleah

Leilz coleovimeter using Iiford £ilber Ho. 622, The teshnigue nsed ensbled

o

the iron snalyses to be made vith an accursey of & 5% of the mean.

The pitropen contont of the granules prepared with and withent the
nae of sand to disintegrate the shorold Pissue wves debernineds The nitrogen
in the agueous veshings of the granules was estimeteds The pigment frackion

and the alkali-ingcluble fyrociion of the gremude, a8 well 85 the alkaline



20

solution containdng the amine acids of the gramule protein, were snalysed
for nitrogen, Thus it was possiltle Lo drav up & "bulance sheeld® for the
distribution of the aitropsn of the gramsle over the verisus froctions into
which the granule was divided (Yahle V), The nitrogen nobt sccounted for by
lkali~inscicble fractions of the melanin

granule could therefore be sstablished.

the lipld, plgmenit, protelin and &
Ihe mass of ihe grenule not delermined in the anslyses reporded in

Table 1 could also bs calcoulated. Thus the nitrogen assoglated with the

undebernined portion of the gramule could be ssitimabted. It was felt that

the nitrogen content of this mob-sccounted-for material would give an

Indication as to the seture of thal msterial.
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15 g heve not been accounited Por as sither plgm-nt, 1ipld, protein,

o = ¥

and have thus

or ashe These 15 g are assoclisbed wikth 4 g of nitrogen (Takls ¥V}
a8 nitrogen content of about 254, This figurs of 25% has besn derived from the
“ralance sheet® shudies, and is thus sublect $o 2 varistion sgual to the sum

uf ths wveriations of the individual determinstions lpvolved in its astimaticn.

debernined materisl included & dari-brown plgment which,

o
i I

$ndk
%‘,‘&
o
£
budy
,m #

uniiks the melanin of the granule, was ble in mineral coldss This

woid-soluble pizment 438 not have the sawe uwlirs-violet absorpliion specirus

QJJ

5 melonin (See section 38). it was not found possible to estimate the smount

@

of asclfd-soluble plgment present in the gremuie. Thiszs plgment may account for all,

or only a small pard, of the 15% of the gramsle which was not chevacterised,

The undebernined fraction of the gramule possassed a nitrogen content

o
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G
]
e
i

2

%

]
g;i

£
o)
k4
fs3
ity
25:&
&3
i
5y
§i
&‘:fﬁff

t of proteins (15 - 18% ). However, this

frootion 41id not react ikaly to contain free amine

acid. It wmay contain alkali-resistant peptides, Ths ultra-vielst sbsorption

indication of

spectrum of & sclubion of this uncharsoiterised materisl gave no

3 = Lthere being mazimun in

the prosence of 2 high concentration of prote

the UsV. curve in the region of 270 mp. It may he that the peptides, if present,

contain 1ittle tyrosine or tryptophan,
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Copper-whole choreid Bowness et al.{1950)
® Present study

Progsent stud

eonflvms earlier
Zinc-vhole ehoroid Bowness ot 81.,(1956) resulis,

" Present stody

Asheyhole choreid Benmess of 81.(19%

Ineludes sodium chloride
(&)

o guantitative data

-whole choredd Bownegs et al

" @

Bibose pueleles aeid du Bay of al.(1949) wdeh He cuantitative date
(gravules) concentration® (3}

P oad

o Present studs
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(1} The ash analyses on choroid tissue reported

i by Bowness et al. (1950). The ash estimated in

higher than those reporit
the present Investigatlon ipeluded sodium ehloride derived from the saline

in which the tissue wos homugenised. The presence of this sslt may account

for the hipher ash analyses found here.

(2) gQualitative tests have indicated the presence of from in choroid
tissue (Bowness et al. 1950). The present investigebion confirms that irom

iz present and provides & guantitative estivation of the amount of irvon

sgsociated with the gramie.

coneentrations of the melenin granules obtained by du Buy ot ol (1949),
and those obtained by the suthor, This dlserepaney may be explained by the

fact that du Bay

et al. 3434 pot extract ribose muclelc acid by the recommend

Sehneider-Tannhauser-Schuidt procedure, nor did they obtaln quantitative data
on the nneleic acid content of the gremles lsclated by thenm. It may well be,
however, that the melenin granules of the melancmas studied by du Buy et al.

have in fact & higher concentration of nuclelc %ﬁi@ than have the granules



-
*

of the choroid. %The muclele acid content of

waour tizsue is in general
higher then thei of normel tissuve.

remeining results obtained by the suthor hes provicusly

The dried melanin gronule containe seme 352 nelanin sipment.

308 of the gravuls iz proteln

of which btwoe-~thirds is scloble and the

3

remainder insolnble In weter. The lipld combent of the gramule is 24,

the viboge muclslc aecid net move then one-third of 1%. Corbohpdrate is

pregsent Lo

B%« In the agh iren zine, and copper were delermip

the extent of 108 of the granule. Ash comprises approximately

efie Iron formed
900 of each gram of dry granuls

ine 600/g. The copper content of the
gramile was %0/g.



%

wile is cosponed of melsnin pigmen

sature of this

The present study Included sm invesbigation inte the
plgment,

ng of nemsalstan tissues are

Hany workers conzidsy thet the melsud

related to, or identiecal with, the blacketosbrown compounds fomsed by the
o ﬁ,?&% ﬁ?&%ﬁ& ﬁ@ﬁ% g}?‘iﬂﬁ@iﬁﬁ ﬁgﬁﬁ ﬁ%g;%},

s sathorts

The chewical properties of 8 nataral
3 by the

knoviledge, has not been perfomm

melanin prepavred from the oxechorelds of o synthotiec melanin Forms

ozidation tyrosine by tyrosinase; snd of 3 syntheitle melanin obtalned

by the autoxidetion of 4ihydreszyphenylslasnine {("dopa®), a derivative of

wae prepared from whele chorolds, by

The matural welanin

ng the pigment frem melanin gramules (pagel] ).

o that used in iselatd

giziler &
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The ?ﬁg&%&%ﬁﬁ tissve was vefluzed with 2 3?&“f£h3ﬁyiﬁ acid for 50

*fQQM£ﬁ&%%?$ﬂ supsrnatant

houTrse #uch of the tlssue dissolved %o give a

&

splubion, the pigsent ressining a3 an ingscluvble blsck mass. On bolling

for 10 hours with 5M sodlus nydroxide, most of the black residne dissolved

to give z dark-brown solution. The slkali-ingoluble residue wus discarded.

:’m
Mu

teddification of the alkaline selution preg iﬁiﬁﬁ%@& 8il of the dissclved
plzment, & colowrless supernotant fInid fornling on centyrifugetion.
folution of the pigwent in H sodivm hydrozide and acidiffecstion with
hvérochloric acid folloved by conbrifugel sedimentetion of the precipitate
yas repested wntil svocessive thyice~washed szediments zave constant nitrogen
vaiues on Ljeldshlisation. Three such preciplitations were usuelly sufficlent.
The final precipitabe was woshed thres times with distilled water and dried.

The dried prewration is referred to ag the isclated “natural pligment.”

B :

For the prepesration of & “amslanin® ”%ﬁ& tyrosine, the method of Hape

and Yorsall (192%) was followed.

minced potatoss and cenbtyrifuged teo raemove

in & 1itres of water. LD pl of

The juice was sxpressed irom

e diesclved

stareh, 2g of tyrosine wer
potato julce wers added and the pH sdjustsd to 6,0 with a phoesphate buffer,

The solution was kept st sbout 37% and stirred vigorously. After
é’ Rk R



five or siz hov the sclution &

w8, by which bime hed become dark red, 40 ml

0% seetic acid vere added end the solution rapidly boiled. The coagulated
protein was filtered, The filtrabe was mads alikaline by the addition of 100 ml
of 10f sodiom carbonete amd left to stand overnight. The resulting solution
was black in colour, The pigment formed was precipitated by adding 200 sl
of 10% scetic aeid and bolling. The plgment was thrice dissolved In alksll

and preeipitated by seid ss befove, and then washed three times, This was

the "seld-tyrosine-melanin® g?@%&%ﬁ%i%&#

in "alkaline tyrosine-melanin® was propared by adjusting the pH to 7.8

after adding the enzyme. Yo red intermediate appeered under these comditions.

The black pipment was precipiteied, together with proteln; on scidiflication

with acetic acid, and purified by thrice precipitating and washing, as above.

A gynthetic "melanin® was prepered from dopa according %o the proesdure
recommended by Arnow (1938). Fifty ml of W/I00 sodium hydroxide were satursted

through the solution for two days. The solution

gulekly turned pink ond subseguently blsckensd. The plgment was precipitated
on acidification with hydrochloric acid and vas thrice reprecipltated and
washed, before drying. This will be referred to as the "Dops-welanin®

propavation.



& wide range of values for the percentage of nitrogen in nztural and
synthetic nelanine has been reporled in the litereture.
Table Y1I compares the nitrogen contents of varions natural end

synthetic melanins prepared by the author and by others.



Berra (198€)

Greenstein (1940}

Waslsch (1932}

Provent stady

Eaper and Vormsil
i&ﬁﬁﬁ}

Hasop and Lada
(1952)

Bloch end Schaaf
(1926)
Barten (1%:7)
regent gbudy

gource of plgment

Hlack hair

Honoe %fﬁ&ﬁﬁ%ﬁ

gx chorold

ox ehorpid

tyroginetiyrosinase
Dopasiyrosinase

Dopa+bvrosinase
Dops subtoxidation
Dopn+iyrosinase

Tyrosinettyrosinase

Hethod of preparation

Alkaline @ﬁ?&%ﬁ&gﬁﬁ
fellowed by 58 hours
reflueing wﬁtﬂ 204 #01.

?@&f‘“ﬁﬁﬂ?& in buffey i 78
 then vefiuxing with a@%

%iﬁ%»@ﬁﬁﬁ with pepsin
1 month, then rofluxing
with 200 HC1 100 houve,

Differential cenbrifugal
isclation of granules,
solution In ¥ HalH,
aeidification and
ruprecipitation.

10.0
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sition data ave merkedly sifected by traces of fmpurity
in the preparations amalysed. Varicus workers have used different methods to
4 in Table VIX. It ie not
at 2 wide renge of nitvegen

reporied for the plgsents. On the mele of the nliragen

Elemontary eompo:

prepare the natural and synthetic melonins Iist

contents hoe been

surprising, thorefore,

oryEei, yielding products of decvessing nifyogen o

It hag besn suggested thal peroxides sare formed
nf synthetie melanins and that these pove
t is formed (Clemo ot al. 1992, twan snd Yright 199%). DPorexidation of

melanin decreases the nitrogen content of the prepurstion Tinally

durineg the ensynic preparation

wides atiaolk the selanis s soon &8

The structure corrently proposed for eynthetie nelenin {(see page 52 should

sistently lover values yielded by
hetie melanine may porbaps be expisined pcldation,
The velue of 9.65% is closo te the E.{%’:?% of f}i’%m found In the psturel selanin

¢ the relatively gentle method

give & nitvogen condent of %&%ﬁ The oor

an being due G pey

prepared during the present

putiinesd on page o
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Ho rigorous conclusion can be drawn from the similarity in nitrogen
content of the natural melanin and the hypothetical synthetic melanin.
However, the evidence does not cast out the pessibility of the two pigments'

being identical.

A11 three melanins dissolve in ¥M/100 caustic alkali and, when
concentrated, yield beautifuvl dark red~brown solutions, On dilution the colour
fades to g pale yellow-brown., Acidification of the alkaline solutions
‘precipitates the pigment in all three csses. The precipitate of tygeéinew
melanin was more gelatinous than that of the other two melanins. The
solubility in alkeli and inscolubility iam acid of the melanins suggest their
acidie (anionie) nature.

The coloursof comparable concentrations of solnutions of the three
melanins appeared very similsr to the naked eye. The colours of the solid
pigments were apparently identieal. The colour of a compound is considered to
be due to the presence of a system of conjugated lighit-absorbing double bonds
in the substance. Dsrk-coloured compounds such zs the melanins possess
structures capable of abserbing light at all wave lengths, The melanins

thus contein numerous systems of chains of resonating double bends. The

similarity in colour of the three melanins suggests they contain closely



alijed double bvord svaiane

3o

The bleaching by hydrogen psroxide of melanin granvles in tissue
sections has been used as o test for the presence of the gramules (Pearse 1947).

It waz found that isolated melanins were algo blesched by hydropen peroxide.

Comparable concantrations of neturale, tyrosinesw

digsolved in H sodium hydroxide, were tresied with egual volumes of 308

and dopg-melaning,

hydrogen peroxide. Dope-melanin was 5y more resdily blesched than elither
netural or tyrosine melanin = & noticenble leaching of dope-melenin occurring

after one hour, with complete decolourisatisn in three weeks. HNetursl melandn

after three weeks of reschtion was still yellow-brown in colour, the tyrosine
melanin being only slightly peler. Blesching wes zoceleveted by boiling the
rescting solutions. Affer four hours boiling, all three melandns bhad become
completely bleached. The rate of ileaching vas againes dope-melanin )) tyrosine-

melanin ) astural melsaine

The rate of blesching is presusebly & function both of the physical
state of the pigment in solutien, and of the chenieal mature of the plgment.
The slight differences observed during the peroxidation of the three melanins
are thus not indicstive of s significent difference in the structure of the

pisments,



The use of Ehrlich’s test revealed that ne indolacecus compound

forming during the oxldative degradeation of the melanins. It has beer

ﬁ??; sted that synthetic melanins sre polyaers of sn indeols dervivative (page sl j.

henee 1t might have been sxpectsd that indolecsous compounds would result on

the peroxidation of the pigments. Apperently, any indoles formed as

internadiates duving the degradation are furtheyr oxidissd $o simpier ?fﬁﬁu@%&;
On treatment of alkeline solutions of matural end tyrosine welanin

with the reducing agent sodine hydrosulphite (Ysodium dithiomste®) o vigorous

resction sceurred with the evolution of gurlie-like vapours., The melanins

sonpounds, bleaching occourring to aboul the

dns, So indolsceous compotnds eould be detected

were blesched to buffecoioured
both the mels

some degres with

asmong the rezction produtts.

Bleaching presumably consists of destroying the double-~bond system

o

8, Hydrogen poroxide probably sots

responsible for the colour of the pilgmen
by exidstively breaking open the double-bonds, while hydrosulphite may act by
roducing these io single bonds. In both oxidetion and reduction, therelore,

4 syeten of the melsnins iz destreyed. The similsr bshaviour

thae double~bo
of the melanins btowsrds the action of oxidisine snd reducing agents suggests
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that the pigmenits possess related double-bond systems - l.e. that the pigments

possess related chenical structures.

empt to disintegrate the moleeules of

1t was felt desirable to att
the "melanin” plgments, using the classliesl degradative methofis of organie
chamistry. The preparations of natural asnd tyrosine melanins could not be
assumed to be pure, Hence, for a2ignificast conclusions to be drawn, any
breakdown products formed hed to be obtained in large yields, Small yields

om nolemslanin

of breskdown producks could be argued o hsve arisen L2
impurities in the preparvation., Howevery if & degysdetion product of the
progumebly pure dopa-umelanin was yielded, (even in small smounts) by natural
melanin, strong evidence would be provided for the sinmilarity in structure

of the twe plomenis.

Zine duet distillation wes used ag » preliminsyy procedure in the present

attespt at o degradation of the melanin melesule, Although the teshmigue does

3

wi give unanbiguous breakdown products, it ofben provides information which

B

orientetes further Investigeiions. It was hoped that sueh an orisntatien would

be provided here.
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HMethnds

with about 900 mg.
of fine zine dust in & morbtar. The mixturs was placed in 2 hard-glass
combustion tube, the remainder of the tube being packed with pure sine dust.
hydrogen sulpkide by bubbling through a
pobash by bebbling through

100 mg. of the finely povdered pignonts wers ground

A stream of hydrogen, freed from

conceutrated potash solution, and then freed from

water, was passed through the combustlion fube. The oppesite end of the tube

was comnoetsd to a U-tube Immersed in cold weter. The hydrogen wass ignited
as 1t left the U-tube, In order to prevent an explesion. The combustion tube

four bunsen burners placed benesth the zine and pigment

was strongly heated by
miztures Any volatile decomposition product would, It was heped, collect inm

the Ustuboe

fatural melanin on sine dust distillation vislded vapours with a strongly

phenclic odour, while a few droplets of a yellow [luld cellectsd in the U-tubs.

worescent soluntion.

These droplets vere soluble In alcobol snd formed a yellow ]
The droplets were negatlve fo Ehrlich's test for indole and derivatives.

Tyresine melanin evolved a e¢imilar phenolic smelling vapour and ome or

tuo dreplets of & yellow Tiuld collesled as before. The droplebts were again
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goluble in aleohel giving 8 vellow fluorescant solution. Thiz soluticn becsme
pink on the addition of Ehrlich's reagent, indicasting the presence of an indole

angubstituted in ﬁﬁ@,/xs-

In the case of dopa melanin, ageln the phenclic cdour was noticed,

position,

but ne yellow droplets sppesred during the zinme dush distillation. As an
edditional check for undstected yellow droplets the Ustube was washed with
sleohol and the washings reserved for further enslysis. Thess washings gave
no colourstion with Ehrlieh¥s reagpent.

Hlipa-vislet sbsorption spectras of the alecholic solntions of the

vellow cpoplets ware obisined with the Dechman photometer, The spectral
curves are deplceted in Figure 1. As can be speon, the ourves fer the natural
and tyrosine melanin bresikdoun products are very similar. 7The Apax, are

o5k 1§/a. and E§$w§*f94L for naturel tyrosine malenin respectively, vhile

Amin, are 240 and 2¥hme in the same order, The washinge of the dops-melanin
distiliate were anslyszsed in the uwlira-viclet, On one cccasion the curve

gave indicetions of & possible maximusm in the region of Qﬁﬁjgttﬁﬁﬁ gince this
solubion wog apparently contamineted, the observation was net further

ermaiderede

w3

hie ﬁ%ﬁiﬁ&% which remaiped in the combustion tube alter zinc dust

dlstiliation, wos treated with hydrochloric acid to remove the ezcess sine,
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FIG.1. PRODUCTS OF ZINC DUST DISTILLATION.

A - NATURAL MELANIN

B - TYROSINE MELANIN



in all eases s allsil-insolubls taryy residus was obtained, s pare

of charring during the resotion

Bizeunsiong

Treve vere mumerous difTeremces in ihe behevioury of the three melsnins
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tyropine nelanin were Jdue Yo

ecan be drawvn, thevefers, fros these pine dust 4istillation

eomcentrated bydricdic asld.
the roscitine reoction nixbw
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re from excess hydriedic seldd, in order to obtain
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A wore promiging abisek on the @%ﬁ%ﬁ@m of the identity of the naltursl

and synthetie melanins had, in i @%@g;ﬁ%@ﬁz@@%% {see foullowing

Introductions

it wes noticed that on &%& porating to dryness a pobassium hydroxide
solution of melanin granules, vapours of indole were svolved. This
cbzervatlion suggested that fusion of melznin plgeent »ith pobash might
disrupt the pigment molecule to give indole or & derivative theveof. Potash

fusion appearsd to be a waluable degrzdative procedurs,

He ‘%;E‘;@ﬁ H
Preliminary experiments showed that indole was liberated most strongly
st 2 stage jJust befors the bolling potosh selubtion of melanin gave off the
last traces of weter. The Tollowing procedure was thersfore sdopbeds
Eatursl melanin obtained by the repeated seidification of a potash
gsolution of the isclated welanin granules was redissolved in 2 concentrated

sivm hydroxide solution and plsced in & flesk Titted wilh a side-arnm.

?"&i\z

niatas
About 100 mg. of plezpent wers disdlved in S ml. of the potash solution.
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The flask and 1ts contents were gently hested, The water distilled of 7 and
was condensed into a reserveoir, lNHesiing wee conbinmmed until the contents of
the Tflesk had become guite dry. A further % ml. of wvober wes added to the
dry residue angd the flssk was rehested. Thiz procedure was reposted thres
times, A steam g@ﬁ&?ﬁ%@ﬁ was attached ko the flask and stesm wes passed
through the sclution in the flessk wntil about 50 ml. of water had distilled

over intc the reservoir. The colleeted dlstillate, vhich smelt strongly

of indole, was kept for analiysis, Ths resldue in the flask was novw slmost

compl o tely eolourlegs, The fresitment with polagh spperently degreded

the melanin,.
The distillate gave & strongly positive rescbion with Enrlich¥s reagent,
a pink colouration being obiaived indicating the presence of an indole mucleus

« An snalvysis of the swount of indole present

unsubstituted in the /- position
in the distiliste was porformed using the metbod of Herter, as described by
Havk, Oser snd Summerson (19%8). In this methed, sodimm maphthoquinone

d with indole,

monosulphonate in slkaline golubion forms & colowred compouwn
extractabls with ehloroforme. Commereial indole wes used as a standard.

The potagh Posion was repested using ovelbumen sg & control.



3%

Reanltas

Helght of pigment used = S8ng.
Yolume of distiliste = 20sis,.
For stondard solution of indole 0.8 mg In 10 nl, colorimeter veading = 75

distilistbe, 10

18 " " = .5

Therefore welght indole in distiliate = I

= .38 mes.

Therefore percentage of indole = 0.65%.

Yeight of tryptophan present = 2. Mmg.

Standard indole solubion had 0.18mg indole In 10al.

Colorimeter reading on Standard indols = 30
" B " gatel distilliste = 10

Therefore indole in distillate = 0Smg.

i

¥

ecovery of indole = 0,02%5% welight of protein

= 29 weirbt of tryotophan present.
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Rlseussions

AL Tirst sight, the gmownt of indols fsoistsd as 5 breckicwn produet

from the melanin sesws Inelgnilicants i s con be vemm the ogperiment

uging slbumen, the rocovery of indole £ meianin iz of the same order os Lhe

regavery of Indale from the fryoltophan present in the protels.

Potash fnelons are knmown o glve lowv yldlds of indolecsous breskdown products.

Horkine with o tetrazel b connw which contains an indole ring, Levy (19%a)
#

£
wos: unsble to obtain mere than 0,158 of the theoretlicsl yinld of indoley &
Fizure sgain comparalle with the viald ﬁf ﬁ%wﬁﬁ obiained frow melanin, I zay
be obiceted that the indcle formsd i%@% the melanin preparsiion wouldd

wirity In the melanin.
£ the vield of indele 3o 29 times

= melisnin ﬁ}f‘&’“}ﬁ*’*ﬁ%% Tem ponsinted of

have srisen from tyyphophan present as an im

the eomperabie exporisent

as great s would

proteinecseouns Impurity having the same tryptophe

Cvelbonen hos g reletively hish tyyplophan comtent. Thers are few proteins

which have a trypiophan content higher than %%, Gremicidin is uopssel in

having & bryptophen content of the opder of 200, An sstimats of the protein
rity in the neturel smelanin preporation can be obisined. if 4% i3 assumed
that the plopent is & polymer of infole derivatives (gve discussion om page §2 ),

the plepent would contain 9.65% nitrozen, ez compered with the 107 of nilrogen




actually feund. This flgure of 10f cen be shown to be the nitropgen value of

& mizturs of 5% protein (heving ¢ nitrogen conbent of 163 with 95¢ pigment.

If the protein is further sssumed o contain 5% tryptophan {a high valne)

then the tryptophan content of the melanin vrepersiion iz 0.25%. Assuming

e guantitative conversion, 20% g of tryptophan would wyield 117 g of indole.

Thus a complele comversion fo indels of 211 the tryptophean presumed to be

nnt sccount Tor more than ones-

present in the melanin preparation, would

gquarter of the indole that was in fact evolved. &nd, it has besn shown that the

vield of indolaceons compounds during & potash fusion iz closer to 1% than to
Thus it vould sppear that the indole evolved during the potash fusion

of naturel melanin arcge from the degradation of the plgment 1ts8lf and not

from any impurity that might be present,
e vield of indols by performing the

Efforts were made to

potash fusion in & reducing atmosphere {zine dust was added to the reaction
mixiure) and in an oxidising atmosphere {(potassimm permanganabe being added).

fio highor vields of lmdols were obtained, the oxidising environment giving,

in fact, a lower yield,



Conclusion:

=3

Thae potagh fosion degrad on is very suggestive of the prosence
natnrel melanin of sn Indels ring. This would seen %o confirm the hyoothesis

that the nelfursl melaning sre relabed to the sompoundds derived frem the

oridation of tyrosine. Higher viélde of indole {in the vieinity of 59) wonld
5 i Py % o e -}! &

place the nypothesgisz in lsss doubt. The decolourisation of the pigment during
the potash fusion strongly susgests That the uelanin has bean degraded. i the
degradation could be foresd into paths leading %o the formation of indole,

higney yvisldg ef indole eounld be obieined. The formetion of such higher yields

Intreductions

It was pointed out on page 30 that 2 black compound such as melanin is

1ikely to possess g structure cousisting of a system of conjugated doubles bonds,

resulting In 2 generalised sbesorption of 1light at all wave-lengths of the

o
g

visible speectrum, This generalised absorpiion doess not precinde the possibdlity
of differential sbsorption of 1ight in the non-wisible spectrum l.e. the
nltra=vielet ( UV } and infreered ( IR }o Also, it may be that slight

insgualities of absorption at ceriein vieible wavelengihe might oecur, not

ufficient, however, to impart an obvioms covlour to the compound.



Bubltler ﬁé%&ﬁﬁ& of cbservation than the neked aye might detest such

Insgualitice,

53,

s

For these rensons, 1t wig dselded fo obtain specirogrephic curves of the

variation of 1ight absorption with the wavelength of 1ight absorbed, over the

whole range of the light spectrom fron the UV to the IR, insofar as the

apparatus avallablie allowed.

Selutions of the "melanin® pignents at compersble 41lutions in ¥/LO 00

sodinm hydroxide, were resd in the Becknen gpectropbotoneter, against
/100 sodive hydroxide as & steandard, Curves were cobbzined in the UV
from 235 mauto 00 nuand in the visible and nesr IR from 400 to i@ﬁ@‘%ﬁ&v

curves are deplebed in Tigures 2 and 3

=

i

3L

Bogultise
The curves Tor ths ?¢w§%i% and I8 sppestrs Indicate s penerzlised

1,000 DAL The spectrvophobomstric analyels doss not yield any wore positive

absorption of 1light by the pigments at &1l wevelengthes from 40

informstion than 18 yielded by the naked oyve chservations on the colour of
the plzpents.

The UV curves, howsver, share in common s swmall bump in the

3
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Fie.2 ULTRAVIOLET ABSORPTION
------- DOPA MELANIN IN 1h5 NaOH
—— TYROSINE MELANIN IN 755 NaOH PH 6.8
----- NATURAL MELANIN IN 5 NaOH.
---------- TYROSINE MELANIN IN 75 NaOH. PH 7.4

330
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350
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300

400 5C0 600 700

FIG.3. VISIBLE & NEAR 1-R ABSORPTION SPECTRA

NATURAL MELANIN.  — DOPA MELANIN . — — — TYROSINE MELANIN.



B,
reglon of the curve between 270 and 290 paes In the onse of dopa- end of

nebtural melanin the busp semms Lo be naximum ab 270 Bk while for tyrosime

dandn ourve rosexblss

melanin the bomp is at 205 mac, The slope of the dopsen
ine The slope of the
affected by the pH at which the msl
to differ slightly fron Jdopae and neiayal melanineg

Pertial oxidation with hydrogen pereoxide resulted in an inevease ix
slope of the OV for tyrosioe- and meborsl melenin. The Pory wos Intensified
and shifted to 200niFig b)e Aeldificabion of the bleached solutiens d4id not
siightly
aeidifisd solubion

n is not

thet of natursl mels purve of tyrosine-nelan

wdn is formed. Tyrosine-selanin appears

precipitabe plgment and 433 not eifect the absarption curves, |
inishing %the size of the bump. Lxbraction of the
with sroesthetie ether 41d potl alter the fovm of thw sboerptlion curves,.

ially oxidised plzment curves

Dope~melanis was pot investigated. The pa

v slmilary ame enother then were the cupver for the oxddised

£

Wee

Disepseions
Previous fnvestizators have studied the UV sheorpilon of various melanins.

Curvss published for W sheerption of dopa-melanin (Bowness ob al., 1952, Cleme

ot al. 1952}, and of tyrosins-aelenin (Flerence et al, 193%) depiet bunps

similar to those obteined in the present study. Flovence ot al,
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~ — — TYROSINE MELANIN,

265 285 303

MELANINS BLEACHED . BY HYDROGEN PEROX\DE
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5‘*“‘5 ®
{(ice.clt,) reproduce a curve for a natural melanin,

!"‘l

to possess a bump In the reglon of 270 to 290 m 4,

, Yoo B e g W I P e e d ovmang b ] o5 B o e P S N
masking effect of the contaminents in & lsss pure preperstion.

Of these three groups of investigeters, only Bowness and his co-workers

in the sbsorption curves of thelr melanin

have con

that the buxmr wag due o the presence

of excsss dopa and ouobte Hasen (108 sapport of this supgestion. Yason

demonstrated, hovever, thet sclutions of Jdopa do not give an absorption

gpechrun with 2 buwp et 280w B 5 after 2 short {three minute) ezposure to

3
2]

o show a maxigum in the absorption

§E

ailr, although uvnexidised ssmples of dopa

curve in the regleon of $ﬁ$z%/k“ These observations of Maszon weve fully

med in the course of the prosent investigation.
pragent & very similar pleturs on ultra-viclet

ﬂ}}ﬁ% £ a;;i?%}ﬁ %&?@&

it cannot be stated galgenzic

of the pigments are similar, HNet sufficlent is known about those properties

o enoble deotails of the fine

affirmed, hovever, that the ultrae-vioclet

 melanin plzments gludied possess related
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Conclunsions

The pigments bohaved sinllarly to all the proesdures spplisd,
the Fitvogen contents, the solubility relations in acids and alkalis, the
colour, and the behsviour towarde ouwidabicon and redustion of a1l three melanins
were clozely ailied., The plgwente dewonsirabed gimiler 1ight sbhsorption
nropertics in the ultra-visiet.

Homs of the sbove procsdures is specific for the presenge of e
perticular chenmleal grouping in the molotules studied, Hovever, it 1s not

likely that diszimiler compounds would ressable one another sg clozely as

did the nelaning.

the evidence presented sbove thus strongly sugrests that neturel

g
okl
Foay

cldetive polymerisation of

melanin ig related o the >roducks of the o

twrosine and its derivatives,



[ oy s ey e N
roviev having recently

of the nreceding

- P T 2 P [ } % . e .
the gynthetle plgments formed by
Grivatives.

< % T 3 . i
an understanding of

&

B

%,1 EBerly Studles ¢
The the anzymic oxidation of
Raper and his school in the 1920%s (Raper 1928,

outline of the svailable da

been published (Ma

47,

natural melanins

of tyrosine

Such infernstlon Is

molenular transformations

o g,
fh 8

will be given heve,

son 1953},

=

ms investigated by

1939}, TRaper found that the
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It is gensrally sccepted that the sbove steps are in faet followed during the

preliminary stages of the formation of melanin, Thus the synthelie melanins

i
in

appear to be polymers of deriveilves of indole,

2

b

he remction of tyrosine with fyrosinsse proceeds very slowly in the

§
¢

ahsence of dopa - bubt with sdded dopa the reaciion procesds repidly and

. b - ) . ) .
spoothly {(Mallstie and Dawsen 1929}, The “~ime-lag or Tnduction Peried, =s
this vhenomenon 18 called, is explained by the time rsquired to form

apprecisble amounts of dops by an initisl slovw resctions Az soon ap sulficlent

¥

dops hes been formed, the reaction proceeds repidly. Lerner and Fitzpatrick
(1950) put forward the following scheme to depict the actlon of tyrosinase

on tyrosine and on dopats

Tonmnqu

/ . /W%’/Qrvln

- 2 Te g —s
’r:}t’c>S|Y1€ s, :Dc'Pc~ —> :]j71ﬂ?f’h€?0(lq >

Slew ; Fast FastH

‘ /
= -

miratly slow, but
"‘"”““y accelera t oo
but smal) amounts of

Do pa .



1

Baper and his eolles
polymerisation of
problem hae been rigorously
yield valusble information as to fhe

tudies by Noson (1948
which fimelly polymerised to "Melanin®™ wee the quinons
indcle (V) rother thon the quinome of the rdlate
auid (IV), as was suggested by Raper,

Oy

€H -coo

o—

IN

—

indale derivatives that %3’%%‘%337 tselated.

gittacked in recent vesrs snd promises o

50



views Beer ot ale showed that 56 dilwdrozy indel
allaline medinm giving rise to a dark brown product, whovrens the derived « 2 =
corbozylic acid was stable.

Unathor the presones of on enzvne %&ﬁzﬁ %ffgﬁﬁ%
Bility of the corboxylic sold wes

the aba

censidered, but not Investigated,

1 synthetic methed (Barley-Mason awi Bu'losk 19%51),
secarboxylle acids derived from IV van be eatalysed by zine fons,
" partionlar Interest, in vlew of the high
md in the melanim gramvle ﬁﬁ the present sbudy.
move Pully disecussed in Seetion V.
indple~quinene ¥ resained to be
thet ¥, beinz & ouinons

to possess the characteristie properties

ihe mode %’f ; %&iﬁﬁ of

elusidated, Harley-Mason (lac. eit.) mpgested
well as an indole, would be likely
of both these classez of compounds, Indoles and guinopes wers known to

sonviense topethor.
Harley-Hasen and Bufleck decided to investigate furthe:

interaction of indeles end cuinones sg model gystems of the possible manney



of self-condensation of the indola-guinone V. The conclusion was resched
that 3 - % and 3 « 7 linkages between the Indole nuclei forming the melanin

wers most probable.

The possible structures having these 3 = & and 2 « 7 linkages wers built in
molrevlzr models, It appesrved that 3 « & Linkages prevented the indeole

nuelel from atitaining & coplamner configurvstion, This em:mmfg ty wag

L

3 e

considered to be sssential for rescmancs o %ﬁ*"‘ﬁg & eondition suggesbed
by the zh Tieght absorpbion of the melsnine., Thus the f@iﬁﬁ%ﬁ’i?&@ ﬂtm&ﬂﬁ%ﬂ%ﬁf‘%g
having 3 - 7 linkeges, was proposed:
@*\
&

7 ..--‘
s~

Vi : &6 =1 - - | Monomer has
NaE © Cwpirie  Cormulg

(- XN \N \§ .

\. ‘3\y“"‘> Cg H3OA N

7 Y/ NN

° ¥ | S, % N= Q.é5



E:o3 @ . %
he inked €0 ginilar cha

girncture was considered o be crose-i
vosition (Qoiled arrouwgl)e

1%’;}:{5’?‘» X ﬁ*}

son and Bo'look pointsd out that & test of the
structure would be provided
,33&»@ i}}«‘

e should not give a melandn, the ©

by the investigation of the

e wn
SRR B

s substitubsd in the Jwposition.

formatlion of 3 -

k2 &

provenbed by the presence of the subsbtitvent,

Infortunately Tor the hypothesls of Harley-FMason and

(1951) showsd that both «7 and <& substituted hypdroxyindoles

53.

L)

na at the 2w

¢ validity of this
idation of
substituted

7 linkages being

Butlock, Beer ot al.

gave melanin<like

precipitates on oxidation in alkalime solutions. Cromartie and Horley-Hason
thansselves syntheglised a P-hydroxyindole vhich also polymeriseds. Thus
suggested mechanisy for the polymerisation appeared to be

possivle s in the indeie nuclens

position

substituted, but the reszuils of studies of the derlvatives on

have been confusing and contradictorye.
A "welanin® seemg Lo be formed 11 the indole nucieus is
in any of the positions 1, 2, % or 7. Substitution in the 3

nroduets which turn blue o viclet in alkeline sciut

have

gince been

avtoxidation,

position yields

iom but do not form "melanin.”



1t would seom then
o cccuy but either
polvmer, This sosms
eondition,

The menner of

Fi

u

sore rapldly

to be charsolerised

clont wos known of the chen

palyserisation
in

adict Buvlock and Harleoy-Moson's cobplanarity

that the 2~ position must be res fov

B

I=hor3

~ 7 bopds can be foermed te glve g melab

Lo contr

polyn-risation of the imlcle-guinons V wonld be elucidated

& sabisfaciory definition of "melanin® was avallables

mpistry of melanin to enable the plgment

With the of knowledge, it is not possilile

. present ztste

1 indole-guinones ares in faci, troe melsning.

to discover which of the polymerised M
"It hes pow beeome clear that the rether crude methods peed hitherte for the
comparison of the {(Indele-guinone) sutoxideticns sre insdetuate,’

w3 ad % 737 )
{Geor ob al 1951).

not possible

sl

L ig

Hot koowing which of the polymers are true nelaning,

o debernine from which substitoted nmelanin the irue

o asesrtalin

X

melaning ars

;‘%’

i

derived.

ne mode of polymerisation of

melanin cannot yet b

L is therefore imposcible, at present,

- indole-cuinope ¥ and henoe the structure
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Pt — e, B S &
yrogine Yo melanine

i

i

‘ PP ,
e melanine studisd gave

tho curvers for dopa~ ard nainra

ot
R

o * i e 13 PN ¥ ST % T o . gy % e A e

more closely related o ono another than oither curve woee to that of

S O . £ 1 1E fete % B S C e THP nsy g : :
tyrosine-nmelanine Within the 1inite »f the W gpsctra methed, data

&

that the oxidetive polymerisation of the precurser of natural

in the snviromment of the oz choroeld, procesds in =

ney mors

closaly aliisd &0 the  bo the mechanisn

=l

de of avtoxddation of dopa, th

.

of polymerisstion of tyrosing undey the acltion of plant {ryosinese. HoweveP,

the sonclusions

snts put ferward in the previons psragreph apply %o

roached from & shtody of Fig, 2. Without posseszing e method fory charascterising

a2 welanin, 1t is pot possible So distinguish belvesn posesibly different

45 no method avallsble for messuring the differuante bebween

terosinese melanin and the pisments derived from dops or from the ox choroid.

investigationse on the polwmeriszastion of the substituied

indoles open up an fwportant Tia2ld of studye Sinee varicus substituted



5.

indeles glive ®melanins®, It may well be thet retvrsl melanin ic formaed

from one of the substiituted indeles rethey than Fron the uneubztituted

“Iﬁ

526 & oxyindole. Hethylation s & comuon bicloglesl phenomenon, and
a mechanism may exist for the methylation of 516 dihyirezyindole prier to,
oy during the eourse of, the ovidatiw polysevisation of the compound.
It would, therefore, be of value to study the methylesubstituted melanins,
and the Eﬁ%iwﬁ te the netural melaning.

It may be, too, thalt the polymerisstion of differently substituted
irdoles vwields notnral pigments of differing propsrtiss. The indoles studied
by the chemlets have given mainly black, brown, violst and Wive plgaents

an oxidative polymerisation. 1f 18 not too mual
invastigation will reveal vellow or ved pipments Pormed by oxidotive
polymerisation of substiluted indelos. The differences balwsen the red,
vellow, brown and black pipments found in nature night be due to 4ifferences
in the degree of methylstion (or subetitubion by other gyoupings) of the

podymerising Indole rpuolel.
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The melanin pligment of the oy choredd iz clesely related to the
pipment obbained by the action of the enzyme tyrosinase on ite substrate
tryosine {Section 3). Turthermore, fyrosinzse hes been reported to be

malian tissues {(du Buy et al. 19%9).

agsotinted with the melanin gramules of vy
It is thevefors probable that the melanin of the chorold is formed by fthe

3 with the melonin gromiles of that tissve, The role

: of the components of the svanule other than tyrosinase

has pobt hitherto been congideved, It will be the Punetion of the resainder
of the present discussion to consider the chemical components of the
melanin grancile in the 1ight of the swilavle informaticn on nelsnopgenssis,.
brief review of this infomstion wiill first be presentelte '

lative polymevisation

pn muat have aceess to tyrosine

af tyrosine. Thue a selanio-producing systo



tygen, a8 well as bo the engpne. Homellsn tyrvosinase is considere
to have oo action on tyrosine copbined In a protein (lerne

ggﬁgf%iﬁﬁ w fﬁ@g Qm\* , gf e Sl

y tissnes, then the formabion of meianin by the wawn

ing fyee tyrosine from protein.

recontaining enzyre (Ferner, Pits
i mammalisn selanogencels requires that eopper
, 2 shown to catalyse
mediate resction during the exidative polymerisation of tyve
iedn in vive by sindl
¢ iz reguired by mosmslisn pd
The oxygea vegulred for the oxidative polypevisation of tyrosine is,
blys broughit bo the melaniperproducin #31 by the oytochrome
neymes, which enzymes sre invelved in obther eeliular oxidebions (Baldwin 1952},
In a stisulsting Zopae (1953) showed 1hat the

vitro {pugeSil}. If tyrosine forms mel
1t way be expected that zir

DRas

sontribution, Fluwmer and

prazence of Iyvosine and Yyrosirese only, In & system, wss not sufficiant for |

the production of melanin gram

tranaformetion of plzment parlicles



ard

inte grarules reguires a physicel substrate on vhich volymerisation
deposition of the oxidised phenclic substances may take place,”
"Even though the precursors of melenin might be present, along with the
onzyme, the polymerideilion process wust Initially start on the surfzce of
& mairiz, and so build up into & gremvle.”

Thag it vould appesy, from the litersture svallables, thet the production

of melanin by & masmalian selenocgenic gystem requires the presenees of tyrosinaze,

free tyrosine, ozmypen, copper and poseibly zine, ag well as the preosence of a

structural matrix.
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eniloet some of the

and ribose nusleic acid

for the iron, 2ine apnd copper end for the lipid

contents of various tissues. The tables joileate which componenis of the

n granvle are sbundent or seeved, as compared with other tissues ov

orgenelles. These indicslions suggest in which wes

gpecisliised,

the nelsnopenic functior



liver, %&%ﬁ*

foetal liver, beef

yeust _
whole blood (dried)

bennglobin
eytochrone
cabalase

eytoshrome oxidase

'y

£ 1
#

®

Faul {E@ﬁ} #




Iron V A g/e Refevence

ox=ohoreid




Coppey

whole man

liver, homan
1iver, beef

liver, human foetal

B «%’3? %ﬁ,} oy

nuts

fish, whole

polyphenol oxidese, plant
tyrosinase, mawmalian
ehopodd, o

melanin granule

10
50

]

obe e«e (1953}

tod frem Wintrobe e.a.(1953)
Harvow (1946)
Wintrobe o.0.{1953)

1 zs# " "

Hefibrurs (1953)

Lornar ob. 8l. &%@3 -

prezent stndy




Zine Referones

Heilbrusn (3953).
160 - 200  Harrvow (1996).
34300 Hellbrumm (1993).

progent sbudy.

pelanin granules 550

ﬁgfs melanin granule is a
ﬁg‘é@“ﬁ ; m, ﬁﬁﬁf G

tﬁ% @2%% coppar m@@.gmﬁ ation s;a*? the melanin 2YBY



Ribose ﬁmi@i& Acid s &g fiefevence

lerosapes

choroid, ox




Yo ~ Galeulated frem Heilbruwan (1953)
' o w

sroor (1943)

" » w

35 » o

brain, whole, boef 25 # -
witochondria 25 average of Table XJIX, Section 5.3
L Clande (19%9).

egzg {whole)

£

liver, beef

pancroeas, beel

adrennl, galnes »i

Wi erosones

prosent of

The melanin granule
aetive ﬁm%m gynthesis, amount ¢
hand, is higher than many tissmes alih
setively manufaeth: g vrobelin.

The Iipid content of the gravud
lowest m&ﬁmw w“ &&%&%& %ﬁ§m@ﬁa

| i‘:%;az% #ﬁ%ﬁ%l&r
31 ﬁ,:zz tissues

i %ﬁ@% thaet of the choroedd slszo among the
i’a?%w e, fsm@a granule mm;%m the enmzymes

F oA ley et 0l.1953), as &E% Mﬁ% the
2 melanin gramdes &
Hitochondris appoeyr %o lﬁwiﬁ:

eytochrome
m,%ig oehor #iﬁ;& {&@:&%ﬁﬁﬁw and Hopel
tyroginnse (whieh is doo
this mﬁﬁﬁiﬁn
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in the

basis of the data of tables ¥III - ZiX, it is possible to umake

some sugoestions as o the possible fwnetlon I melanogenssiz of gertain of
the chemiesl constituents of the smwlanin gronvile. The components of the gramule

will e diseussed

a)

The melanin granule contains the cnzymes tyrosinase, cytochrome oxidase
snd sguocinie dehydrogensse, 1t oan be ssgumed that zome of the protein of

sge anzymed. The remsindey of the protein is

the granule 1s contributed by th

likely %o be performing se yet undiscoversd enzymic fumctions, as well as

perforaing & siroctarsl role,
The stractural protein of the melanin gramle Ig, preosumebly, in part

Koone considered %o be ssssntial

contribubted by the maitrix vhieh Pluoper and

for polyrevisation of the melanin pi
It is possible that the mitod
the struetural matriz opon vhich the melanin gramvle is bullt. This possibility

hondria of nelanine-producing cells zay be

w11l now be ozsmined
There has 1

&

san 1ively dlgouseion in recont yeure ot the possible relation

of the melanin grangle o the nitochondrion, although the discussion hos not been

concept of & "struoturel mobris®

bosed on th sugzested above,



Bu Bay and bhis co-workers hold That a relation emiste between

in fact term the melanin gramules
"melanized mitochondria® (du Buy et al. 1993). Other workers oppose this
vievpoint (Dalton snd ¥Felix 1953). The chemieal
gramile are periinent o the discussion.

According to Weods (1953), "the mitochondrial naturs of the melanlised
miles is desonstrated by their highly specific setivity for
enzymes characteristic for mitochoniria, (by) thelr omygen-d
with Jenus Green B, and (by) the inverse

granule sid the mitochondrion, and

glyses on the meleanin

eytoplasmie gv

ependent stalning
mmerical relationship betwsen them

honfirig in the ssme cells.” In sertain
o find gramules "in all stages
to o dayk brown eolour.”

and the mmber of amelancile nitod

partislly amelanciic nelonomss, 3t 1s possible

of melanisation from & barely perceptible brown
It sannot be sssused, bowever, het oxygen~

staining is speeific for sitochondris. In fact, Lasarow and Coopersiein

{1953) hove shown that such Janus Oresn B staining is probably te be sssocleted

1dape systenm in the sitochondrion. Thus

denendeont Japms Groon B

with the presence of the eytochrons o
waodts first and ssec
gramales eontaln o mevber of enzyme systems In common.
e glyeolytie sctivity of

parable to the nonemser

08 points sre equivelentis The aitochondria and melsnin

o the 891 melancme

i

report that th the melanin gramules Iy

boghondrie and subwvisible

wes "in general com
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They bave ityrosinase and hepoe dop

shopdria performs the

game function in eaech orgenelle. 4 possible functlon for the cytochrome

exidase of the melan

in granule, which fonction would nel be reguired by the

nitochondrion, 1s sug

Sgnents hense thedr mitochondris should

un ,
Balton and Felix werve/abtle to coniimm ¥Woods?

finding that melanin granules sxhiblted

They further falled "o £

with nolandn %’Kﬁﬂﬁ%ﬁﬁﬂnﬁ Balton @»

ifforant degress of melanisation.

i & eharseberistie pitochondrial sedbrane sosociabed
whe that the mitochondris in the

ed were 0.2 « in dismeter and 1 to ‘;%?/A in Jength, vhereas the

esils studl

melanin gramiles of the cell were spheres of dismeter G.24 to jﬁ% .



Dalten*s observations ave ovidence sgeinet a diveet transformation of
ormation ¢34 oscour it would

mitochondris into melanin grewde

fmvelve frogmentation of ths mitochondris
Smith (1920) in 2 study of the embryonic development of the chick choreid

found ne evidence of the direet production of melanin by nitochondria. In

1) studying plgmendt eells in tissue oulbture

confirmation of this, Algerd (19
o o support the hypothesis that

ander phese-contrast, could find “ne evidenc
nitochondria ave conwverted Into welanmin graw
Teble ZIII comperes the composition of the nedenin gramles from the

ex=choreld with the composition of zat liver sitochondria.

Iog .Y




grapule from
sitochondria,

; Bymnson snd Artem (1950,
20 =~ g  Clande (1949

riboge muclelc 4 L . s
peedad ﬁw:"i% ﬁwgﬁ zw’ﬁfﬁ ﬁﬁ@%%ﬁ%ﬁ from Bavidson {3»?,,‘;{3}:

&35 ﬁ@éﬁ%‘kﬁ%ﬁ »

iron

- B00 /&«fg’# Collected from Dayideon QE_?%},
nitrogen 11.29 12.1% Collested from Clsade il%&) -
11,98 “ T agds)
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1% can be sesn that the chemiesl composition of the fwe orgenelles are
significantly different. Especially notevorthy are the low concentrations of
1ipdd and ribose-muclelc aeid in the melenin grsrmule and the high content of
1ipid ¢

of mitoehondrie intoc melamin gramles con be considered possible on

nd REA in the mitochendriems It iz obvious that no dirvest Eransformation
the basis

of the chenica]l compesiiion dedaes 1T woudd seen incovrect o refer to the

i
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i
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b
o
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does transform inbo a melanin gramule, the profound chonge in chemicel
the contents of

composition fnvolved reguires a deastie re-crpenisation of
the melanineproduecing celle It appenars desirable o regaryd the npelanveybte as
& whole, as forming the melanin grenule, rether then to consider mitochondvia
as mdergoing self-differentintion into the melanin grasules of the cell,

sninsprodugine cells ney Torn a part of the

The mitochondria of the mel

Y
#

structural matriz thet Plumer and

Eapne (1953) consider fo be mscessary for
- af the

grarmuls formstione: In the postulated process of translovmalion

nadrhl neiure of the

aitochondrion inte the melianis grenulss, the nitocho

matriz seems, hovever,
B} F e S R :
The low BUHA sontent of the gramile may be corvdlsted with the fact that

melanin profduction doeg not Invelve the Torsation of pepiide bondse The mslanin



granule =py thng not b

& cenbre of sctive protein synthesis.

Cleude {19%9) considers that high levels of RNA sre sluays sssecisted

with hizh phosphalipdd oow

wentrations, It may be that both
phosphelopid are invelved in protein synthesis. In the nelanin gramle,
the level of both REA and Totel 1ipid is low and st lesst o part of the

ile, nawely the fop

sctivity of the gran

sabion of wmelanin plopent; sesne not
to be concorned with profein synthesis.

The A

somtent of the chorold tlssue i bhighey then thet of sany

tlssues. Hinkley (195%) considers that certain dipeptidases are

polynuelieotides or nucispprsteling, The relatlvely high nwelele aeld content

eh meloo-

of the ehoroid blssue may be dusy in pard, o the presence of &

protein peptidases in the melanocytes of the tissus.

e} Lidndd

%

Calevlations thalt the author hae mede show that there iz spfficiant lipid
in microsomes, mitochondric end mcled of cells %o form 2 bimoloculay layer of
1ipid over the entire surface of esch organellie. In the microsones,; sueh a

l “,':" ’

bimolocular layer accouhts for 273 of thelr totel ddg for nitocheniria,
& bimoleculsr laver requires 2/9 of the 1ipid present in the organelle.

1/15 of the 1ipid moleeulss of the nuclens (ineluding the 1ipid

of the nueleolus)



werdd be necessory to form 8 vimcleoular suris
that the 1ipld conbent

co loyer, It will bo remembered

of the ery

throeyle wag shown to be just sufficient to

form & Bl

wleculay layer over the

i cell seems to be assoeisted with the "ghonts® oblained
Aell 192%5),

& siniler calexlatlion wme performed for the melanin grands azsuming

after hesmolysis. (Corter and Grer

L &
Bl

it %o be z sphere of diameler %ﬁy« {the wvalue found in elscbyomicrograph

studias) and conteining 27 iipd

safficient ¥o cover only ons-hall

ide 1% was found that ihe 1ipld present wes

" of the surfave of the grawle with a

bimoleoulsr layere Furthermore, 1% should not be assumed thet the 1ipid

present in biological struciures for

w8 purely passive structbural or storage

Thus the surises-structursl 1ipid of the

vole in the economy of the organiss.

melanin grenule is not sfficient to form the denble-layered 1ipdd structure

which has been sssumed to sxplain the permeabilily preperties of numer

vielogicsl systems (Daveon and Denielli 1952). It may well be thet the
verpeability of the melanin gvemule is nol gevermed by the seme relations ag
that of '

otheyr 21l orgenalilss an

 of cells generally, In support of this

{1953} which indleated that the

econtention ls the work of Dalton and Fellx

melanin gravnle 614 not possess o mesbrone aimilar o that of the mitochendrion.

v e unlike the mitochondrion

Riley ot al. (1993) consider the melanin gremnie i
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1 chanpge or damage

logioes

vhen exposed to certain unphysislogliesl eonditions,” such a5 changes in external

in that it is "remerkably resistant to visibly morph

Fenicitys The malanin gramds has not the fraegility of the nitochondrion.
In the othe

selanin granvles were transferred fyon hypertonie suorese to distilled woler

sndvia

{(Clande 1953, It would therelors sesm that the melenin granule ig sensitive to

was oheoryved to be liberated when the

band, some proteln

(see section 2.3). Similsr phenomsns have been reported for mitoch

sovtic changes. A& study of the osmotic relotlions of the melanin gramule may

well provide rewardinmg inforsmation se to the strocture of the grasule.

Tyrosinase sebivity sppeare 0 be localized in the selanin gramnles of
memmailan plemente-producing systens {(mee page ).« Homumalien tyrosinsse contalns

a grasule {Levner et al, 1951).

gome 50 times ap muoh copper as the lsoleted melar
Thus iT 1/50%n
granule would be 2
sontent of the isolatsd gremule bt this flgure of 1/50%% is not unlikely. On
- IX} nave s concestration of

e is tyrosinase, the totsl copper content of the

of the granul
seounted for. There has baen no report of the tyresinese

the other hand, some tlssues e.g. liver (Tabl

vopper egusl to, or greater than, that of the melanin gramule - and possess no

tyrosinase activity.

Ths the copper in the melanin gramule may be
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that concerned with the Lyresinase activity

performing & funcbion olher than

of the gramule. Copper hng bean found to be associated wilh the enzymes lucease,
ascorbic seid oxidese and the soecalled "green enzyme" conecyned in the melabolism

copper in beef liver, It hes

labed coencyme 4 (Wintrobe et sl. 1983). 1t doss mot seem 14

idase contains copper (Sichel ebf al. 19500.

This

granule possesses ovieehrome oxidase aebivity. 1t muy be that some of the copper

sontent of liver. The melandry

ef the melanin grommle is asscelabed wilh this eytochrome oxidase., UGuantitative

esbinstlons of the amoumnt of tyrosinsse and of cybochrome oxidase present in the

melanin granole may throw 1ight on the problem of the function of ecopper in the

gramiles

Bowness and Morbon {(1993) lnvestleatsd the Influence of zine snd of other
metels on the produvetion of melanin by memmalien tyrosinase. They showed that
during the formation of melenin in vitro, zine wes hound o a melanineprotelin
gomplex to the sxtent of 1.2%8. They showed further that the addition of
3@%/%@ of sine dovbled the I1ight ebsorption of the melanin obizined Trom lmg

of tyrogine, Zine thuas appsared o eatalyse fthe production of mslanin,
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The significancs of the zine binding Juring the production of nmelanin is not
at

an alksline pi, 3%%/%g iven ineressed the 1ighi abeorpbion of the melanin

.

clear. Iron alse appeared o cabalyze the Tormetion of melanisn, i

&

from 1 ng. tyrosine by 10%. Ceobali also appearsd &o pevrform

o

catalytice role

Thoze gatalyiic e’ fects ave all very slight. A subsionce which donblas
the rate of 2 resctisn is not a partieslarly zood catalyst. PFurthermore, |
wessurenent of the light absorption of 3 melavdn solution iﬁvﬂﬁﬁl&‘gﬂﬁﬁ index
of the activity of the preparetion. The %§%§ %%¥ affect the light-absorbing

B

or 1izhit-soatteping properties of the soluntion investigeled, without Incressing
the smount of mslanin formed (Fosler 1950).
Zine estalyses the decarboxyletion of the 536 dihydrexyirdele - 2 =

@%@%ﬁﬁyiiﬁ seid consideved to be intermediste In the fomsation of synthetie

melanin, This may be the sxplanation of the possible catayliiic effect of zine

melanin granule. Zine has been found, however,; te be aszociated with the suzyne

in Bowness and Vorton's saperiments snd may also be the Dfnction of zdx

urico-oxidase and with earbonie aubhydrase. If would be of dnterast %o determine
whether the melanin granule possegssez these or related apzynic setivities.
It does not seem likely that the function of the high concentrotion of zine

in the gramile 1s the relatively slight catalytic activity reporied by

Bowness and Morton,



7is
1543 | ,
Iron is assocliated with many oxidising enzymes. Tome of these hes been

indicted in the produciion of melanin. The gytochrome oxldase system has

been shown Yo be aseoclabed with the melsnin
1993). An ssbimate of the asount of
cytochrome oxidase in the melandn granuls, veing the results of Biley et al.

(19%3) and Slater (19%9), shows that enly 1f of the iron of the gramule is

grenule. This enzyme is dependent

upen iron for its activity (Hodlbmm

associated with this pertiewdsar Ivop-containing snsym It may be ussful o

investigate the presents in the gramds of ircaerequiring engymes other than

prbed that hyivogen peroxide is

eytochroge oxidasse,. Cleme et al. (1953) rep

B

the Pormation of nelonin by plant tyrosinase.

formed 4n 2 sidesreaotion durine

If hydrogen peroxide ig formed sinilarly during the produeticn of melanin

in the melsnocyie, 1t may be that ergpees ginilar to the irvon-containing

Tt

eatalase end perogidase would agnlred to remove this hydrogen peroxids.



Lass than %08

of the fully~formed welanin granule is composed of melanin
p-neld viev as to

v plements. It will be desiveble firet %o dlscuss

pigment, This faet may necessitabe & revision of the common

the function of the melani

the function of the ne

are such as to enable the granule Lo Dro

It has been show mponents of the gramile
Thus the granule
contains tyrosinase, copper, zine, a struetwrel matriz, and cytochrome oxidase,
of the pigment. It 18 concolvable,

thevefore, that the fully-formed sslenin granule actively produces melanine.

t the fermation

811 of vhich may play = rele &

The fonetion of the melanin zranule in the mature srganiss mey be to store apd

to produce this pie >vabl

1y Dowever, that the mature

melanin granule performs a function other than primavily to produce plgment.
yned in the respiration of certain
53)

Ths the Dunction of the melandu granule in the sature orpanism wmay be other

It baes been shoun that iyrosinase aay be conc
plants (Bonner 1990} and in the ozidative degredation of protein (Sizer 19

than to store end produce the plgsent. These btwe views of the fuwetioning of

the melanin gramle will be developed iz the following pages




The chemical compos
nitherto been supposed,

sompler process than has

thersfore, to the

Provieus views on melancgenesis (summarised on pages 57 ~ 59 ) do not
nigh concentration of 1ronm end sinc, or the low lipid and
A content of the melanin gramnle, and do not acsount for the presence in

than tyr
melanopgeneuis will therefore be sugsested; which mechanlen takes Into sccount

ition duta, me vell as the Information oblzined by

explain sither the

the granule of enzymes other

ssinEse. 4 more complex nochanism for

these chemionl compo

srodueed by the actien of tyeosinase on tyrosine

oy & derivative thereof. Indole muclel are formed as intermediates during

the oxidative polymerisation of tyrosine under the action of the tyrosin
These indole muelei may be substituted ia differen

bey 2

. ways by biological
methyl-donating systems, giving vise to different types of melanins, and alse,
perhaps, to certain ved and yellow pigments. Tyrvesine is made avallable to the

welancgenle systen by the hydrelysis of tyrosine-oontaining pr




bydrolysis being the funelion of cellulay endopeptidasges, possibly

&

pelysucieotides. Oxygen is brought %o the welanin-forming systems by the

eytrochrome engymes, perhaps by the cytrochrome oxldase assoolated

with the

granule. Zine catalyses an intermedisnie regction duping the exidative

poelyserisation of tyrogine, bul presmumsbly performs other, at prosent unknoun,

runebions, Hydrogen peroxnide formed by g side-reactlion during the formation of

melanin is removed by the iron-conteining engzymes assoclated with the gramule,

Iron may also catalyse direetly the formation of melanin.

=

Ihe pigment pelyserises upon the strovtural smalyix provided by the
selsnin grenule itselfy, The finished welsmin gramle presumebly possesses

a weak proteinegynthesising motivity sssoeiated with the low RNA and

phospholindd content of th The permeabilily of the granule does

not appesr to be poverned by relations similer to those governing oells

geneyally - the granule way be specislised to sllew of the differential

snwerd diffusion of tyrosims and of other substences involved in melencgenesis,

While it camnot be p

saltively stated thet the above mechaniss in faot
operates in melanogenssis, at lesst several slternative approsches to the
probies ave mow open to inwestigation,

It it is considered that the melanin granule continuously produces
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snbimmons process of

pignent destruction likevise soours. Plaos

1t metaboliss in an ovganisa
woudd thus sppesr to be dynesie In Sdevecter, the plgsentery state at any

shenetion

& de

woment being 5 bolance betusen ol

If this

ont mmnTnoture and plenc

iov of the dypenis oluveoler of plgwent metebeliise is novepled,

proposed Tor mpelanopanesis should be ontended %o inciunde the

giveidated during ©

ean oocur by oxidative or ro ;P et

netive soohanisns,.

minerals agsocisbed wilh bhe wnt destrection,

rather then in the fowmellon tutive mechaniss s

W3 e P
el

e %ﬁ %@ '%%;%ﬁﬁ& ‘

hydrogen perosdde).

. broskdown, iropecontaining spnayess ney well be

%ﬁ“ﬁé*ﬁ&ﬁ?ﬁ@ oy in novel of ﬁzﬁ*‘?}?ﬁiﬁ%ﬁ%% of axtastion

he setlon of sush sbimgli as

the goz and

&

woraones, and the offect of mnlighé, on selanogenesis

(Lormey & Pitupatriek 1950). These models have

sonsidembion of e plopentayy v wppnniss as belng dve only fo

the mebivity of the tyrosimnse of that orgsniss, The conteps of & dynoamic

- %@ ;{?ﬁg@mﬁ ﬁﬁiﬁgg@, iﬁ;&*m %H‘;‘g g}gg&%ﬁm

ment motubolisn, in whie




destruction are considered fto bo complex, mulil-anzyme processes, may wall

prove useful in the clucidation of problems In melencgenesis.

The modulating effect of hovmones snd of other fectors on the pignentay
stabe of an organmionm, may be mediated through systess other than the tyrosine-
tyrosinase system , Horaonss may depress the oxldative ability of the melonogenic

ting setivity of selsnin-produeing cells, or yeb

system, or the tyrosine-libe

agein, way depress the eatalytic activity of the zine lens. The pipmentation

g melanin production

of an snimal may be increased, thevefore, bolh by lscreasi

and by decressing destruction. nge in eslour of an orgeniss, which

change iz sssoelated with cortainm olindesl condlitions e.g. pellagra, ie alse
wuplicable by the concept of the dynamic stale of pligment metebollsm, I

wag pointed out on page §¢ thet differesntly colonred plgments may be formed by

mivnerisation of éilferently substituied indole muclel. Thusg apn slierstion
influnence the colour of

in the rate of methylation of the wle ouclel may

the plgmented orgeanism. The rote of methyletion ds 1likely fo be Influenced

Wy the hormonal balsnoe, end hemee by the clinlesl sitabe, of the pigment-

produging aninal.

The chemical composition dals of the present Investigatlion are consonant,

weenesin - with the view that plgnent

therafore, with a nev concept of nmela

ism in organise has a dynenic and complex character.
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It may be,

vpon an incorrect sssumption: the agsuupbion boing that the function of the

organism is selely to store and to produce

This sssumption presupposes that the nela

in pigment of
rganisn iz of wvalve for the survivel of that organism, that ¢
of the selanin grammle 1tzelf possesses & physiclogleel funetion. The plgaent
sidered to be of value in the protection of
the plgmented individual agsinet harafel
of the chorold and reline may bove similer lighte-absorbing functions, connected
with viswsl sebivity. It is alifiewdt io concelve of & function for the black
plznent of the substantis ndgrs, of Wissel's grenmules, and of the plguented

of davkeskinned rvaces hag been oo

effseles of the san'y rays. The pigenent

granules of amphibien liver. It 1z pozsible that i these latter envirommenis,

idental by-product

the melanin pigment is without function, being Tormed as an inc
ﬁf Ehe &%ﬁﬁwigy @3? ggﬁﬁﬁm %3‘ m %@'@% SEnor s Papotion of &
other than to nroduce plowent.

The function of the melans

5 gramule, therefors, may prove to be other
coptimong production of melanin pigment. The zing, -

in this, st present unknown funcdie

then merely that of the

concerned

- of the granale, The asscciation of welanin
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st with the granpls is copcelvably & chonce otcursnce dus o the

plgne
incidentsl property

ants {rom tyrosine.

% 4t forms blaek plgm

of tyrosinase th

By analogy, the presence of the enzyme wresge in the Jaek Bean, vwhie
considered to be

on to metaboelise uwres (Baldvin 1952), may be

never galled up

The mwelsnin granule may be presumed to possess el lenst two properiles.
-One property 1s the abllity
or properties confer upon the gw

nroducs selanin pigmentsy the other property
phyveioiosioal fonction. In

ment performe o physislogical

those tlssues of an orgsnism where the melanin pis
tinl feeture of the metnbolim

 of pigwent may be an essen

the granale mey well be performing an lmportent funciion, vhich function has
sen overlocked bevaunse of the striking asscelation of pigmend with the gramnle,
%‘ﬁ%% er 4t will be shown that the prof he pelanin

tant funelion of this organelle, or i¥ 1% is shoun

fe

imeklon of pigment by

gramule is the nont fnpen
by-product of the sctivity of the gramile,

that the pizment 1s an Incidentel

it iz certain that the melanin gresule iz an sotive, metabolising sntity,

o setive nsture of plgmented

s concept of th
8 betier

2 compler, dynamie sysiom.

tissues may well be of valuve in providing mderstardding of the

physiclozy and patholopy of selencpenesis,



a)

Y

ey

i

a)

nlcorsons. Proteln, 1ipid,

aszooiated with plgment In the
It is shown that the pig

physioo-chenlical properiies aimils

ment of the welanin granule pos:

- pigments formed by the

mic oxidation of tyrogine and of a derivative thersof.
& Information on Lhe mechanism of

it 48 suggested

, isning, thess difforonces

being detectable cophotometricslly, and being duss possibly, to

differentisl methylation of Intores

on of Lyrosing.

Possible roles m melar

feund in e neloanin grenule. & exbor

ogenesis are assigned fo the chemiesal constituents

ted meghanism Doy nelanogenssis

is presented.
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It 4s demonstrated thet the date on the structure of the smelanin gramis

and on the properties of tyrosinase sre conslstent with tue opposed
views as to the Inportence of plgment production by th
he most important

ereetion of selenin pigeent may prove to be G

y orpenisn.

n inpidenial by-vroduct, of the activity of the
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