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Chapter I

LR R T X 3

" INTRODUCTION.
The chemidal elements of the animal body ceh ve

srranged in the following classes:-

1.‘ Organic. c H, 0. N. P, s.‘The olaaalcal biologioal
,,clements which exist 1n numerous oompounda eontaining
oarbon. and whose funotiona are diverse. | These alemanta
’ togather aoqount for 99 per oent. of tha body welght 1: we
lncluﬂe the hydrogen end oxygen present es watar.,
| - 2. Incrganlo elements present in maoro quantities, %_‘
e.g. Na, K, Ga,’Cl{ S S R
3, Trace eriinér,elementa.‘ _Those @fe’inofganipyb
aﬁd‘pres@nt in. micro quantities. .‘ |
a. ﬂiaro-nutrient elements. _ Those trace elements
whioh have bean shown by nutritional or other studiea

, ‘to have physiologioal function in the snimal pody.~



- B. Non-funetional trace elements. Those not

fallin; into oategory a;

This clzssificetion 18 merely s retionalisstion of
the terminology which i1s at present embloyéd, end 18 therefore
not entirely logical or watertight;"igwwill be used in the
Present work because it does not confliect with'any of the
current conceptions in the literature. | |

The distinction between groups 2 snd 3 is somewhat
arhitrary; Greeh (19&1),derlhes é trace substance a8 being
one whisch occurs in emounts less then five parts per million
dry weight of biocloglcel metter; Beroroft (1944) pleces
‘the demercation at 50 parts per million wet welght, Whieg
is just sbout the velue for the everage iron end zino
concentrations in the aﬁimalibody. The division between
the two groups is et present strengthened»ﬁy en apnerent
difference in funetion. Group‘avare mainly concorned Qith
ion balahca or structurel funotions, wh1lst the trace B

‘elements heve so fer only been found to function (1f et all)
T1n connection with‘enzjmes. The distinction becomes less
¢lesr, however, when 1t is oonéidered thatyiéorganic elements
Present in maero quantities, such es ohloriné. ﬁagnesiuﬁ,
8nd galgium, oen aléo function in oconnection with enzyme

3ystens, In eddition, strontium end sillcon, which in most



Spﬁoles ere trsce elements, in Acantharis end Sponges<‘
"reﬂ?ecﬁively are present in lérger quentity, end runotion_
88 structural elements. " There is elso aé interchasnge of
elemsnté between groups_3,a end 3,b whén we cbnsider the
- whole enimal kingdom. An element mey be runctionalyin one
group of apeciea and not in snother.

Vinogradov (1935) has compiled a 1list or some 60
eiements which occur in living motter of one kind or another.
Only a small frection of this total have 80 fer been shown
to be physiologically necsssary. Though it 1s possible
that many more will be shown in the future to be’ér 1m§oﬁ£ancé.
1t scems likely that there will elways remsin e number or
trece elementa to which no funotion can be assigned.

~ As mentloned previously, sll the specifiec funotions

r‘ﬁf trace elemgntsAwhich_have 8o far been.discovered sre

connected with enzyms sotion. Several trace eleménts“hava

ﬁean shown by nutritionai studies to be necessery for enimal

health, but apeoific functions in ocnneotion.wlth enzy&es

have not been definitely sssigned to all or~thése; . Menganese

and &agnesium ere easential for en enimel dlet, but their

Position in connection with enzyme systems is still equivoesl,
| For the elements whicn heve been assigned e

f“ﬂvtion, deficlency aympta&s evident from nutritional studlies



ere difficult to evaluste, end do not show conclusively
whether the known funotion or funotions of an element are
the only ones.  In faot; the complexity of the dericiencyq
Syndrome ?ould‘aeem vo indicate that thia is nét so.

Thus, distributioh studies, first on whole tissues,
end then on perts of particuler tlssﬁes'rich in the element
under consideration, ere }mportant u8 8 possible meens of
shedding further light on thé functions of e trace element.
fver should the studies fell to bring out specifio funotioné
for an element, it 1= of use to dlscover whether the con-
centration of sn als@ont in a perticuler Eissue is cheracter-
istio of that tissue end different from thst 1n another
tlsgue, for such differences must mesn that certain physico-
ehémicsl or blochemiocal agencies whiéh ere responsidle for
the acouﬁulation of the element differ from one tissue to
enother, | |

Herless (1847) wes the first to detect aoﬁper in
blologicel matter; ﬁa found thet it ocourred in ootopﬁs
blood. | ' | o | |

Lechartier & Bellemy (1877) first showed the preacnoe
or xinc in plants and enimals, ,

Since these years, the two elements have been F"

detecteq sna estimeted in very many.blologioal situations,



end thelr universal ocourrence in living matter, first
PrOpOéed by Gabriel Bertrend soon efter the start of ihbe
BOth‘century, 1s now more or less eccepted es fact. In
addition, both elements hsve been shown by nutritionesl studies
~ Yo be essential for the maintencnce of the health of vsrious

~

enimals,
¥Weddell, Steenbock, Zlvehjem & Hert (1928) wsre

the first to show thst gopper 1s an‘esseﬁtial constituent of
enimal dlets. Stirﬁ. Elvehjem & ﬁart (1935) were.ihe |
first to show conclusively that zinc was asseniial. though
8everal other workers had préviougly obteined indicationa
‘that it was so.

3Several speoltio‘physXOIOgical runotioné of copper
have been esteblished. | The first to be disoovered wss
evident from the originsl nutritional afudies which sho&ed'the
hecessity for a certain emount of copper in the diet.‘ it
wes observed thet copper, es well as iron, is ﬁeoeasary_ro? the
oure of nutritionsl sneemle in rats. Though it eppears
that‘ooépér is necessary for the formestion of haamogldbin.
the excot nature of the ohemical processes in which the metal
s involved are unknown. Re&rield,»coolldge & Shottis (1928)~
" 8howeq that the blue compouﬁd haemocoysnin, to which 1s combined

O3t of the copper in the blood of msarine gastrOpbda, funotions



88 a respiretory pigment in these snimsls. It does not
occur in vertebrates, however.

Kubowltz (1937) showed that the polyphenol oxidsse
of the potato contalns copper. Several other plant
oxidases eppesr to be copper eompounds, but the only enzymes
of thié_clasa which have so fer been shown to occur in enimsls
- are tyrosinsse and dopa-oxydsse.  Lerner, Fltzpatrick,
Calklna & Summerson (19505 have recently shown that the
cotivity of both these enzymes is dependent on the‘ﬁresenoe
- of copper, They believed thet both the enzymes were 1n\
feot & single copper-containing protein. ’

The only other organiec copper compounds known to
Occur 1n\vertebreton are heemocuprein asnd hepetocupreln
(Ks;lin & Mann, 1938).  No function was assigned to these -
Daterials. H

It hes neier been shown how much of the oopper‘
in en animel or an individual tissue is asscoiated with
the known functions or compounds of the metal.
‘ , Mendel & Bradiey {1908) showed that the respirator;
Protein of the blood of thé snall contalned zine, but in
Vertebrstes the only organic oompouﬁd of zino‘which has been

Shown to ocour i{s carbonis enhydrese (Keilin & Mann, 1939,
1940) , |



Zinc ions have been reported to sctivate the
enzymes dehydropeptidese (Yudkin & Fruton, 1947) end glycine
"L - leucine dipeptidese of enimel tinsues (Cmith, 1949).
It 18 not known how widespread these enzymes sre, or whéther
zino 1s the naturel aotIVating metel in enlmel tissues.

In the latter cese 1t almost certsinly 1s not.

‘}‘1 ‘ uinc hzs been reported to be a conatituent of the
enzymes uricese (Holmberg, 1939) and kidney phosphatase‘
(#¥sssart & Vendendrissche, 1940). In nelther cesa ald R
the aqthors consider that sufficlent evidence existed for’
the belief thet zinc was & normsl cocmstituent of these
enzymes. -

&s carbonie anhydrase remains the only known
°r8an1o compound of zine in vertebrates, 1t is useful to
8%udy the relation between the zinc content snd carbonic
enhydrase ectivity of snimal tissues.  Vallee & Altschule
{1949) showed thst & good statistioal‘eqrrelatibn existed
between the verlstions in zine content and in carbonie
énhydrasg/activlty of tﬁe fed blood corpqacles of man in
~ Yerious pathological conditions, This indicstes thet
811 the zine in the corpusocles 18 concerned with carbonio
®hhydrage sotivity.,  Such, however, does not seem 10 be

the general rule for all enimal cells. In general, the



kmount of zinc in enimsl tiéshea ié.mﬁoh greater than could
reasconably be expected to be associated with carbonie
anhydrgse on the basis of the 0.3 pef cént. of zinc which
Zelllin & Mann (1940) found in the most sctive of their
carbonic enhydrase prepsrations.  Lelner & Léiner (1941,
1?43) exemined the zinc snd carbonic anhydrase ocontents of ,
a.nuaﬁer of rish tissues and found that there was no sorrelstion
between the two. - Scott & Mendive (1941) also found no
correletion dbetwcen zino end esrbonioc anhydrase'éctivity in
animal tissues. | |

It 1s therefore apyerent thet though we know of
severel sﬁpcitio functions crAcOpper end z;no, it is not
possible at present to saj whether all the copper snd zlno
\1n g g¢lven eanimel tissue 18 concerned with these runétiohs,
and whether othef_tunctibhsvéxiat. ‘

There 18 therefore a'cléar ocase for osrryingxout
further work on the distribution of copper and zine in |
animal.tiseues, end freotionstions of thoée tissﬁea found
to be rich in these elements. |

The present work is concerned slmost eﬂtirel& with
vertebrate eyes, whosse individual tissues are markedly
dis&rete. end hava shatply oontraated functions to&arda the

whole orgen.
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For the detectlon end estimation of doppgr end
2inoc 1n foodstuffs snd the lsrger orgens 6r ﬁhe enimal body
tﬁa classlenl gravimetric or ;oiorimetric reaotions are
’sufriciently sensitive.  For the 1nvaétigation.or tﬁeir
runeiion end distribution in the less abundant tiossues of ’
the body, relisble mioré—auelyt@cal mathods,are‘neeeséary.
Such methods have dnly recently beoomg avellsble end some
of tke older work in the fieold is tﬁéretcra unrelisble.

Burdon-Cooper (1928) end Burdon Cooper & Léwls 
11929) geve the results of emission spectrographic snslysis
of the minersl oonstituents or‘#ormal énd catéractous humen
eye lenses.  The technique falled to demonstrate the
presence d; iron, zine end mangenese, which Teuber & Krausg
(1943) were later ableftofastimate in cattle eyés by other
methods. | | | | .

_ Teuber & Krause's (1943) work on cetile eyes conteins
the only published results for {ha distrivution of copper end
zine in memmslien eye tissues; - Thelr method of estimating
oopper (Elvehjem & Linddﬁ, 1929) is & stendard end satisfectory
one, but, the method of estimating zine, es glven in thelir |
peper, is quité 1nadéquate. A They-ﬁaad diphenylthioearbgzéna
&8 e resgent for zine,fbut,they cerried out the resction in .

\ ] , .
& solution whose pH wes never controlled qnd wes probably

. 4



very acid. The resction is only specific for zino in
.a solution at pH 4.75 and in the presence of Nazuzos dr

other complex-forming resgent.  In aecid solution, without
sdded reagents the resction with copper is more likely to
ogceur.  The Zn/Cu ratio found by'them is never much groater
then 1, whereaa the zine content of most biologlcal materisels
18 seversl timés as grest as that of copper. A re-investig-
;tian of the problem therefore seens neceésary.

, Leiner & Leiner (1942, 1944) glve the results or
zinc estimations on fish eye tissues.  Their method of
estimasion eppears to be sétisraotory and sufficlently
standsrdised. Their results for the zinc content of
echoroids ;hd plguented tissues of some fresh-water fish ere
80 remarksbly higk in comperison with the zino content of
most blologloal material, that they deserve indapendent -
confirmation.

Shak&r (1948) began an investigation or the whole
problem of traae elamenta in eye tissues,. '

. He oarriad out semi-quantitative e&isaion‘spectro~
acopio estimations of trace elements in dislysed end undialysed
fish eye tissues. Tha presence of gomparatively large
Quentities of dlelyseble inorgenic materiel resulta in a

cloud of vapouriaad salts round the electrode, and this hes
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4 ' .
.

& marked effect én the recorded intensities of the speotral
lines shown by the trece elements., This effect introduces
uncerteinty into thoe validity‘of comparipg the results of
dlelysed end undialysed preparstions. A five-fold dlffer;nce
18 cortalnly demonstreble but 1t 1s difficult to be sure of
suall differences. In spite of such 11mitatioﬁs it séemed
cleer thet tissues from fish eyes ocontalined nog-dialysable‘
zine, &nd possibly copper, 1n excess of the reteined amounia
of other trace metels. | ’ | )

Shekir e1so cerricd out estimations of the zine
end eopper content and carhonic enhydrase sctivity of ell
the sheep eye tlssues, snd of the zinec &nd copper ccntent of
retizae an& choroids of cattle end whales. He found no
oorrelatibn botween the zinc 6ontent and carbonic;anhydrase
ectivity'o; tga tissuéa. Leiner & Lelner (1941, 1943)“
also estimated the zino content and carbonle enhydrase 4’
eotivity of some fish eye tissues, snd found no correlation
between the two. It therefore seens estéblishe@ that ell
the zino in eye tisSues,is not essoclated with carbonic
snhydf&se. .The presgent work was 1nit1q£ed wiph tbe-intentionA
of confirming ahd extending the other resulis obtalned

dy Shekir.

Ay
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In the oourse of the distribution etudiea.
deseribed in the first pert of tha tnesis it teceme evident
thet zinc, end to a lesser extent copper, were essccleted
with the melenin pigmant,of.vertebrata;éies. - The second
part of thé ‘thesls contains the re%ﬁlﬁs of a study of the
assoclation batween various metals and the oculer pigment
material.; ' , s | '
The thesls 1s dlvlided 1hto chapters in such &
menner that the mnterial‘énd 5rgument of onch chopter sa

nearly a8 pos sible rmllowa on rrom, and 1a 8 davelopmenb of,

the previous chapters.



RIGINAL .WCRK

L L A R A 4

14



15

Chepter II

LA L E R LT LT ]

¢

THE _TECHNIQUE OF ZINC AND COPPTR _ ESTIMATION

%
%

" Section 1. Introduction

Vallee & CGibson (1948) stste thet ‘the only two reliable
miero-methoda for estimeting zine in blologloal meterial are
p°1&rography, and the resction with diphenylthiocarhezone.

T§@ latter employs a sgectraphotometric technique, eppsratus
for which was,readily evalleble, end 1t wes therefore chosen:
&8 the most convenient method.

i There sre soversl semi—mioro and micro~methoda available
for ﬁhe estimation or'eopper. - Teuber & Erause (1943) used
the ﬁlvehjem.& Llnaow {1927) mathod. ~ This haes been shown tox‘l
be ‘@uoirio in ozses where the iron content is not more than
b0 times that of copper. Tauber & Krsuse obtsined s good

Teécovery of copper added to lens tissue (but they givé no figurea)l



\ T

The minimum welght of copper which can be estimated biﬁthis
Procedure is 20 ugs. and it is'thererore unsatisfactory for
work with szsll quahtltiesvor materiel. | i
' The estimstion of eopper by dlbhéﬁylthiocarhazéne
18 quotea bijendell (1944) &8 beling one of thé.most_éensitlye
methods. By adopting this procedure, gnd ;émoiing eopper
Yefore proceeding to éstimate zino, it 1s possible to use the
‘Same solution of blologlicsl ash for the determination of
both metals. It wes therefore deolded that this method
w8 mogt convenlent for eatimating cOpper.
Diphenylthiocerbvezone (csns.x 2 N.CL.u.NH. H. 0635)
hus s long history s a reagent for the astimation of metsals.
It was dlse¢overed by Lmll Fischer in 1878, who found that
meny of it; ﬁatallio\salts'were highly coloured. - Helmut
Fischet in 1934 rirst used dlthizonates for the estimation
of verious metols, end due malnly to his work it has beaéme‘
one of the most veluable orgsnic reegents. | ‘
Though dithizone will resct with many metels, a
specific extraction of several of these ocen be acﬁieved by
‘Parrcrming the reacfién 2t a controlled PH snd in the presence

Cf other resgsnta which form oomplexes with the unwanted

' metels, ,~’



R
\/

Copper dithlzonates cen exist in either keto or
enol forms. However, & solution of & oupric salt\in dilute
(0.1 N) acld solution forms only the keto complex. Zine
Jfa?ms e keto cdmplex on every occesion. The formule of

both complexes can be represented es:- | . o

| Il‘ Celis - Cells Ili
|, [

N —N_ N Nl
—~————*—~c\ wel | /c —=—3
N kil’/ | 1;: N

Cgls ~ Cely

where 'M@’\represents the metal eton.

Dithizone end the metal dithizonates are 1nsoluble
in squeous golutions, but'readlly soluble in many grganic
solvents. " In the préseht case, where two metals aere belng
estimated, 1t 18 en adventage to use an immisoible Bblvegt.
The first metalb copper, to be extracted is then teken up
into & non-aqueoua phase, and oan be easily separated in this
' way, The two solvents usuelly used for solutions of at-
thizone sre chlorotorm and oarbon tatraohloride. Analytieai
Tesgent carbon tetrachlorido can be used without rurther
Durirlcatlon, end this solvant was thererore sdopted in the

Present work.
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A 0.1 N soild solution‘deoomposes ell the metsl
dithizonates excepﬁltnbse of pslladium, silver, mercury,
golq, blsmuth and copper. None of the first five oecur. -
in bIOIOgical tissues in slgnificent amounts, Extraction |
°f & solutlion of the esh of blologloal materiel in 0.1 N
8014 with » solutioﬁ of dithizone ih csrbon tetrechloride
should thereroré produce only copper dithizonate.  That
hone of the first five mstals osecurs in signiricant smounts -
in eye tiasues is demonstrated in Sectlion 2 of this chepter.

If the pH of the solutlon is sdjusted to pH 4.75,
and sodium thiosulphate edded, the only metals which reesct
with dlthizone are pallsdium, stannie tin,‘cadmium end zino.
The £irst three ere not normel biolqgiosl elements, and 1t
is demonstrated in Section 2 that mone of them ocour in
detectadle awountstin eye tissue ashes. | _

Relatively large smounts of ferric iron oxidise
dithizone to a brown substance whose absorption apectrum
is quite different from the original material. "~ The presence
of sny quantity of this dbrown matérial therefore upsets any
colorimetrioc estimations invoiving standard dithizone solutions.
The emocunts of iron in eye tiasuea waxe not considered ‘
sufficlent to warrant the peying of psrticuler attention to
this matter, Sendell (1944) considers the erfect_unimportént

in connection with bioloslcal ashes generally.
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Shakir (1948) used diphenylthiocsrbazone for the
estimation of both zinc end copper. His method wes based
on that of Flscher & Leopoldl (1934). - For both metsls |
this 1nvoives treatment of the ﬁeial dithizbne complex,
-dlgsolved in‘oarbon tetrachloridé. with excess soQium sulphide
_8olution, which decomposes the excess dithizone reesgent.

It 1s an exiom of quantitatiie snalysis thet the fewer the
themical processes invoived in the estimation, the better .
fha &e?hcd. By purely photometrioc and speotfophotomgtria
methods 1t 1s possible to estimete the excess of dlthizone
resgent in the mixed solution of the metal complex and un-
changed dithlzone reagent. The treestment with sodiﬁm
sulphide, which has been criticlsed in the case of aoppei

by ..andell (1944) , and in the case or ‘zine by Valbe &
ﬁltaebula (1949), on the grounds that too much sodium sulphide
decomposes the metal-dithozono oomplex is then eliminated.

The steps involved in the estimations ere:-

a.‘ Raduotipn‘ot the tissue to ash.
‘b. Solution of the esh. |
o; " Ixtraction of copper, end then zine, by mesns of
dithizone in carbon tetrschloride. |
a. SpeotrOphotometrio determination of the amounts of
- copper-dithizonste and zinoc dlthizonate 1n the
CCI“aolutiﬁns. ; A\

*
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In thé present'wofk the pfocesses involved in (a).
Wﬁra teken from the literature (spart from the distilled
Watér trestment for breaking up carbon résidues). The
Processes involved in (b) were mainly conétrhoted on the
8xemple of Dr.li.Fore's mangenese determinations, In (o)
a modirication of thevmethod of Sendell (1944) wes used rof
topper, end & modification of that of Vellee & Glbson (1948)
for zine. ' Valiaa & Givson used poﬁgasium cyenide end -
godium potassium tartrate as additlonal’comglox4rorm1ng’
resgents, They were found to be unnecessary in the present
work, } | ' ‘

In (d).it was declded to use the Beckmann & Unicam
photoslectric apeqtrOphotoééteré. ' These instruments cen
measure the absorption by e solution of light radiétion of
seleoted‘wavelength bends of less than 1 millimieron in
width.  Their use involved preliminery work 1n-detarm1n1ng,v
the strengths of thé verious solutions which would glve
optimsl readingé on the instruments. '

At each stege it was néoessary té eliminaﬁe,as far
es possible the risk of cesual contemination rfom resgents,

solvents, vessels, and dust.

/
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The followlng 1s & description of the final ‘
Procedure edopted, & proof of the sﬁeciflcity; and en

eatimation of the scouracy of the method.

Section 2. Lxperimental Procedure.

" Reduction of the tlssue to esh.

The tissues were drled to ocnstent welght in &
stelnless ateal_oveh meinteined et 110°.

Tissues were normafly incinerated in trenslucent
silice crucibles at 450-550° in en electric muffle furnece
with e sillcé lining. If the lasf trace or‘carbon residue
was difficult to burn ewey 1t was found that additlgn of &
few drops of twice-distilled water to the cooled ash permi?ted
easy oxidaélcn of the qarbon on reheating. Lens tissue
muat be very slowly heated to 4500, otherwise.the contents
of the crucible will froth over.

Solution of ash.

To esch crucible containing ash,VO.l g_Hng4‘(lb ml.)
was added ané the oontents e#aporatad to dryness on & steam '
bath.  More 0.1 N HpSO, (5 ml.) wes then added and the
crucible heated on the stesm bath for & f'rther 10-15 minutes.
The contents were then washed into the beaker used o support

the orueible in the extraction procedure, and the solution
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Bede up to e stsndard volume reedy for the estimation of

Gopper.

Speoctrophotometric Determination.

The sbsorption curve of dithizone in carbon tetra-
¢hloride solution (Fig. 1) hes o minimum about 510 ﬁu. énd
)ét this waveléngth the curve for copper dithizonéte'(Fig.'s)'
{¢ nesr 1ts meximum. Thus extrsction with e known excess
of aithlizone and messurement of the extinection coeffiecient
vat 510 mu. will indicate the gmount of oopper.presént:

This m@thod is not prectioable for zine because a large
excess of dithizone is needed for the zinec to be extracted
qQuentitatively.  The extinction coefficlent of pure zine
dithizonata at 620 mu. 1s very low indeed (Fig. 2) and thua
in & solution containing both dithizone and zinec dithizonate,
measurenent of the E valuo at 620 mu. gives a meesure of

the excess Q1thizone ﬁresant. Zizc dithlzonate has a .
meximum at 5235 mu. (Fig. 2) and thus if the extinetion at
this wavelength is messured, end the contridution msde by
excess dithizone to the total absorption st 535~ﬁ§, is
celoulated and subtrected, the zine oég be estimated.

(The relative E velues for pure dithizone el 620 mu. snd
535 mu. sre knowa (?13. 1)._30 that measurement at 620 mﬁ. T

allows the E value at 535 mu. to be computed.



Flgure 1

Absorption spectrum of diphenylthiocerbdezone .

in carbdon tetrachloridq.
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Figure 2

Absorption spectra of zino dithizonete solutions in
"~ ocarbon tetrachlorids.

500 600 700
| WAVELENGTH IN mu

Absorption spectrum of zinc dithizonate in
‘carbon tetrachloride (0.5 ug. Zn/ml.) :

—— —— Agh solution from choroid {pH 4. 75) oxtraoted
with dithizone in CCly. Absorption curve . -
determined, end corrected for excess dithizone

: (paak at 620 mu. )

--------- Ash from 1r13 treated similarly.
 The curve for pure zino dithizonate corresponds

"with the ordinates on the left; the other ourves with
those on the right. .
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!1gure 3'

Abaorption spectra or copper althizonate aolutiana
in carbon tetrachloride.

————— Ash rrom eye tisauaa dissolved in 0.1 N B SQ;.
‘ Excess of this solution extracted with dithizone ,
in CCly. ‘ .

-1tf—————-Exoeaa cu8Q4 1n 0.1 N Hgsqg extraotad with
'jdithizone in 0014. ;
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Extrection Irocedure.

Reagents and spnsratus. Twice distilled water

(Fh@ final dlstillation being from, end into, pyrex gless
Yessels) was used to mske up allAsolutiohs; and for the
finsl washing of the vessels. All gless vessels used were
of pyrex, and efter WGshing, were dried in en oven at 110°,
end stored away from dust. '

. All reagents used were of standard A.R. grade
exoept diphenylthiocarbazcne (B D h ) which bore no Special
lebel. A

(8). 0.1 N HySOg 2.7 ml. AR HyS0, medo wp to 11,
(v). “odium thiosulphate solution" 25 gns. “3202035320
‘in 100 ml. water.
(o). Buffer (pH 4.75) 2 N ecetlc ecid (500 ml.). .and
| 2 N sodium aoetate (500 ml. ) were nmixed together.
‘Even when resgents of A.R. quality ware used this solution
gave a substential 'blank' reading in tha zino eatimation,
This wes eliminated by shaking 1 1. of the burrer aolution.v
for 5—10 min. esch time, with successive pertlons of 0. 01%
dithizone solution,’ and diacarding the lower (6014) layera.
until the colour of the dithizone remalined unohanged.. ‘
(). COpper solutions; “(cu304.5330 (0.1964 g.)) wes
dissolved in 0.1 N H3S04(1 1.). From this & solution
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containing 1 ug. (Cu/ml. was prepsred by dilution with 0.1 N
H50, . | |

{e). 2inc solutions: Zn804.7Ha0 (0.2198 é.) wes'
Qisso;ved in 0.1 N EpS04 (1 1.).  From this a solution
igontaining 1 ug. Zn/ml. of 0.1 N HyS0, waes prepsred by
dilution. : o |

(r). Dithizone solutions (0.01%;and 0.0035% w./v.) were
mede up in 4.R. cerdon tetraéhloride. These solutions
ﬁe%eriorate slowly as a}reault of oildation. }Ffeah
BOIutions were mede up every 3 months end stored in the
dark at 0°. ¢

Calibration.

‘ (1)1} ggggggi'>301utions oenﬁeining 0-10 ug. (inolusive)
Of metnl in 10 mls. 0.1 N HpS04, were extracted with 0,003%
dithizone sclution (6 ml.,) in separatihg funnels. The
lower lsyer was run off into a 10‘m1, siandard flesk and
the remaining drops washed through with uérbon tétraehlorida,
Resdings of the extinotion'at e wsvelength of Slg-mu‘ were
mede on the speotrophotometer, A gtréight line graph |
(a;g. Fig. 4)»waa produced by plottiﬁg the extinction sgainst
enmount of copper to be'extractéd: A siﬁilar graph wéa
Prpduced for a 0-25 ug. renge by using proportionately
grester -quantitles of resgents and finel dllution cf the

001* extract.



Figure 4

A typioal standard greph for the extraotion or :
copper from 0.1 N BySO, solution by dithizone in cerbon

tetrachloride (6 mls. 003% dithlzone' final volume
of the extract 10 mls.). -
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© LAIC%OG?QAN?S METAL EXTRA%TA%LE
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(11). ygigg:~' Solutions containing 0—10 -ug. (inclusive)
°f metel in 10 ml. 0.1 N Hz504 were placed in separating
fnxmels end 5 ml. buffer (pH 4.75) and 1 ml. sodium thio-
Gﬁlphate solution were added. Each mixture was then
8haken with successive 1 ml., portions of 0.017% dithizone
8olutlions until the lower leyer (CCly) rewsined green sfter
S8heking for 2 min. - Tech portion was run off into & 20 ml.
8tanderd flask and the last dfOps were washed'throughmwlth
carbon tetrachloride. The solution was made up to &
definite volume end readings of extinotions at 535 and 620 mu.
Were made. - | o _ L
_ 4 stralght line grsph (e.g. Fig. 8) was préduced
by plotting Eszs mu. = 0425 Egoo mu. egainst the smount of
Zine to bekextruotéd. _'

A similer greph wes obtained'ror the range 0-50 ug..
2lnc, sfter dilutinglthe finsl extrect to 50 mi. “
Blank estimatlons were carried out with eech set
of zinc end copper estimations as+s preceution against
tasual eontamination in the epparatus &nd standsrd solutions;
these ¢stimations slso served es a check on the deterioration
Of the 0. 003% dithizone solution used to extraet OOpper.
If the blenk estimations were found to give a lawer_extinotién

bthan when the dithizone solution wes fresh, the stendard
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“FPigure B

4 typlcal standard graph for the extrection of zine
from an esqueous solution (pH 4.75) containing sodium
thiosulphate, by dithizone in carbon tetrachloride (final
volume of extract 20 mls.). o -

| 1 1 |
6 _7 10
1AL EXTRAGTABLE
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~ 8raph was recalibrated.  The Egpq mu./Eﬁzﬁ . fgtlo of
the o, 01% dithizone solution wes checked weekly, and the
- Rew value used in calculating the abaorptlon at 535 mu.
due ta dithizone. The avarage value for the retio wes
4.0 end the greatest drop recorded in 3 months was from

t.2 to 3.8, ‘ L ‘

Accurscy of Extraction Procedure from Colution.
This wes tested s follows. .
A solution contalining approximafely 0.5 ugms. of
Copper end Zinc per ml. in N/10 HpS04 was prepered.
Fivé estimations of Zinc and COppervin 10 &ls.

'8olution were earrlpd out, The results sre tabulgted below.
}

, ‘ &mz&bla 10 ‘
Copper / 10 mls. soln. ~ Zipno / 10 mls, soln. .

4.82 | 5.21 ‘
4.78 : . 5.35
5.19 - 5.33
5.06 5.08

Mean "4.98 o  5.23

Max. Deviation 0.22 o - 0,18

Thus Error % 4.4% % 2,94
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Specifiolity of thé Extraotion Procedures.
Sundell (1944) stetes that severel other metsels

&re psrtislly extracted, if present in ﬁértain relative
ﬁﬁueentrations, by the proeeduraﬁ used hers for gopper and
"2ine. To determine whéthe: such metels are present in :
&QOunté sufrioclent to cause significant interference in the
Bresgnt work, absoﬁptién curves for extracts from typlecal
esh preparations of eye tissues were obteined by the above
Procedures. , |
X In the case of copper, all the dithizone sheken
up with a solution pf copper salt'in 0.1 N H,S0, 1s converted
to copper 9ithizonate merely by the presence of a sﬁéficient '
®xoess of éopper ia the aqueous phase. Thus Fig. 3
ompsres the ebsorption curve of dithizone in CCl, sheken

Up with lerge excesses of copyer sulphete solution‘énd-a
solution of mixed eye tissue ash respectively.

In the case of zine, excess dlthlzone 1s alwaya‘
Present in the extrect. However, if it 1s essumed that
the sbrbsption of & zlne dithizonate solutibn at 620'&&. is
2ero, (which 1s very neerly the cese) then, if zinc is the
only metal extrected, the sbsorption et. 620 mu. is solely

due to ailthizone. Fron the absorption curve for pure
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d1thizone the relaﬁions between the Eggo nu, Velue end the

E values of a dithizone solutiom at other wavelengths,1s
kﬂ@wn; end thus the emount of llght absorption et eny wave-
length due to dithizone in & mixed solution of zine
diﬁhizonate end dithizone, cen be found. By subtrasotion
Of the E values calculated to be due to dithizoné, rrém the
total 2 va}des at verious wavelengths of such a mixture of
dithizone and.zino dithizonate, the extinction values which
8hould be due to zinc d;thizonate. if the extreotion pro-
¢edure is specitic, can be found. ~ The abso:ption curve,
Plotted from E velues obtained in this way rof\an extract

or ajtypieal eye tissue esh, 1s given in Flg. 2. ‘There is
a1 almost giaez sorrespondence between this celculated curve
ehd a purelzino dithizone ourve, obtained by decomposing the
€xcass dithiiohc in an éxtract from & soiution of zino '
ﬂnlbhate under the sténdard conﬁitinna’déscribad above,

Bugh & correspondence woui@ hardly‘ocour if enother metal
Qithlzon@te were preaent; eien though the opiginél saéumpﬁion,
thet the 620 absorption wes wholly due to‘dithlzche, was

€

Unjustiried.

The oofrespondenbe between tLe copper curves in

Fig. 2 demonstrates that here slso the extrection pr&ce&ura_r

is specifioc for copper.
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The ourves, both.for zino and copper appear to
agree with thoss glven by Flscher & Veyl (1935) end Fischer
(1937) for the pure metal dlthizonates.

Estimation I’rooedure .

‘The solution of ssh in Q.i H HpSO4, obtained as
described in the sectlon on preperation of tissues for
tnelysis, was made ﬁp to = sténdar¢ volume with Q.1 §‘32804
(the exsct volume depending on the weight and)kind of “tissue
8nalysed) and en eliquot teken for oopper extrasction.
The aliquot wes made up to approximate}y 10 ml.‘withvo.l N
HyS0, and shaken with & ml. of 0,003% dithizone solution
in o seperating funnel.  If the colour of the carbon
tetrachloride layer was then ra&d, s further 9 ml, of
Qlthizone solution were addeﬁ and the whole again sheken.
The extract, elther 6 or 15 ml. in ioluma. wes then run off
8nd made up to volume ss desoribed before. Comparison of
the velue of the extinotion et 510 mu. with one of the
8tandard graphs then indiceted the smount of oéppér present.

A smaller aliquot wes teken for zinc estimstion.
This was first made up tovapproximately 10 ml. with 0.1 N
Hy80, in & seperesting funnel end extracted with excess

dithizone solution to remove copper. Buffer (pH 4.75)
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énd sodium thioaulphate golutions were then added and 2ine
eXtrected ss described in the section on cellbration. The
extract wes washed through with CCly and mede up' to a volume
Fatting ﬁhe extinction values withi# the effective renge of
-the spectrophotometer, = The amount of zinc present wes
Obﬁpined‘by referring to the standard graphs.

Ceotion 3. - ALocuracy of the Methdd.

] The reproduolbllity of tle results wes iasted by
homogenizing & number of ocesttle irises, chorolde end lenses
in & waring Blender. Portions of the homogenatavﬁeré
&rled),red#ced to esh and the zinc end oopper estimated by

.

the stendard procedure éivén above. Try welghts of the
' ~ \

§0mogonate portions were of the order of 0.5 g., which was a

'Fough average figars for the dry weights of the whole tissues

taken for enalysis in the rollowing work.
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‘Fesults,

Teble 2.

Results of zinc snd copper estimstions on eight equal -

Portions of & homqgen@te of cattle lenses, 1rlses and chorolds,

Sample ' - Z2ine - Conger | '
(ug./gs dry materlal) (ug /8. dry materisl)
1 168 87 ‘
-2 161 , , 90
3 159 : , 8%
4 160 81
5 154 | 86
6 148 : .80
7 170 ' : 92
8 160 - 85
r '
Mean \ . 160 . ' : . 86
“Standard Deviation ‘7.63 - 3.80

In Table 2,!s®mples 1-6 inclusive were ashed in
81lica orucibles and semples 7 and 8 in pletinum erucibles.
¥hen tissues containing little orgenic matter, gsuch as the -
aqueous end vitreous humours, wsre eshed, the deviation
from the mean for ssmples in 8illece erueibles was semswhat
_greater than that shown above, and the mesn of the reaulta
for these semples was,conslstently less than for ssmples

eshed in platinum cruoiﬁléa. This effect is'praéﬁmably
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due to the formstion of stable silicates.  Only two
Dlatinum'ofuo;ﬁléa were avaifﬁple, so that silica crucibles
%ere used ror‘all analyses except where otheryise stated. ,
©  The results obteined for GOppef afe not indicative
Of .the physIQIOgioal éoppet concentrations of the pisaéas
Used, for it hes been observed thak eny'aqueous éolution
Placed in the Waring Blendor eccumulates copper, presumably

from the elloys of the stirring mechanisnm.

Seotion 4. ~ Regovery Fxperiment.

This was designed to tesf whether eny constant
Proportfon cf the zine and ocopper Of thé eshed tisaués is
lost durln# the procedure.  The scourscy of the deter-.
Wlnstions has alréady'béea‘sssesaed; \this expsriﬁgnt showed
thet 1f there 1s a loss 6f these metzals in the estimation
Procedure, 1% umust be a feirly constaat one. '

o dried ocattle lenses ﬁare ground to a fine powde:'
in a pestle and'mortsr. : éour'approximataly'equal pcrtions
Of the powder were pl&cedmin four weighad sillea crusibles,
and the orucibles ggain Wnghad. - To eéoh or.two’erheiblea

Wes added 50 miorograms'or conper end 50 ugns. of zino in

the fora of thelr sulphates dlssolved in 10 mls. of twios
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This soiuticn wes prepered by dilutien

{rom cne coatelning .05% Zn. end .05% Cu. in the forn of

Sulphates.
10 m1s, twice
Aried, eshed,

kesults:

aigtilled water.

Taedble 2a. (Controls).

To the remeinipg two crucibles ﬁgs edded

All four crucibles were

!

eud thelr zlnec nd copper contents deternined.

Dry welght Cu ocontent 7n content |letel content in
in gs. (ugs.) (ugs.) PepPefi.’
' , Cu n
0.9921 2,58 31.6 _2.80 | 3l.9
Averege 2.5 - 32.8

\
\

<

In the following Teble the recoveries sre caloulated

by subtrecting the metal contents obtained by multiplying

‘he'dry weights of lens powder by the aversge metal content

8lven in Teble 2a.

Table 2b. (Tests).
Dry weight Cu content | Zn content | Metal recovered in
in gs. {ugs.) {ugs.) : ugs.
: » Cu | in
0.8960 50.4 78.5 48.2 49.1
' 0.9535  51.8 84.6 49.4 53.3
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.

It wes consldered unnecessary to substentiate thils
°3Periment with rurther recovery experiments on other tissues,»
for the same oondltions or ashing and,extraotion were used
for each tissue, end 1t is the saﬁiaractorinesa 6r these
.°°nditions whioh is tested by the experiment.

Previously, reoovery experiments were oarriad out
on golerotic tissue. - The results werelinoonclusive
because it wes not possible to obtein e\homogénate of. the
tisaua; as cut strips of tissue had therefore io be ﬁaed,
Qﬁubt ooourred upon the quasﬁlon of whether the solera is
hO&ogoneous'in respect of copper and zino concentrations.
In addltion. the quantities of metals sdded for reoov@ry |
“Wra too small' the error inherent 1n the method therefore

A

‘Bade the results dirtioult to interpret.

tleotion 8 - Discussion

. The technicue described for the estimation of
Copper end zinc wes considered sstisfactory for cerrying
Sut a survey of the distribution of these metels in e&a
tiasuas, the rollowing points being-poted. |
Firstly; tie rethod has been shown to extreet

®opper and zine specificelly from eye tissue esh; other
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Retals which might heve interfered do hot seem to be preseht
' ;n aurriclaht quentity to ceuse cny notlicesble effect on v
the abgorption curves of the copper and zine dlthizonates.
| Secondly; the variation in the resxlts obteined
°n & number or samples of a homogenate of eye tissuea is
less then the probable bioloaical verietion.

mhirdiy; a good recovery of zinoc end c0pner

tdded to lens tiasue was obtalned with the method.
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COPPER AND ZINC 1IN MAMMALIAN EYE TISSUES.

Section 1 -~ "Uateriasls end
thelr Sources.

. Cettle and sheep eyes wefe obtelned from animals
killeq at tﬁe Liverpool Abattoir. The enimals were of
Various‘br%edé, mainly middlefaggd, and of both sexes.
The eyes were ramotsd.rrom‘the hesds, usually within a few
Blnutes of the death of the animals; they were then |
Seperated into their constituent tissues within 12 hours
Of the death‘ér‘thé animals. If some were undissected
‘BOre then two hours efter death, éney were keﬁt inae
Tetrigeretor. | o ' 
" Whale eyes were obtained from sperm whales ceught
in the Antarotic reglon by boats of the whsling shlp |
"Balaena", and had been stored in tins et e temperature

below 0° ¢. for seversl months before dissection.
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the Outermost_layar. next 1s the uveal trect, compbising
the choroid, snd clllary body,’and the innermost layer
s the retina, in whioh’are embedded the aanaorylelements
Tecelving the light stimull. ﬁ
Solers. /This is oomposéd of tough, inelsstio, tendlnous
‘ aaterial,Aorganised in ribbon-like bundles of ﬁioroacopic
fibres wh}oh sTre (itted'together in such é way'that the whole
tissue 1s equally strong in all directions. - It is the
mein supporting tissae of the eye. The tiésue‘or the
8clera ocontsins reletively few cella; and conslists chiefly
of relativély inert flbres, whose metabolism 18 so low
thet {t requires no direct blood supply. |
Chorold. This 1s a deeply plgmented layef; next to the
,801era, 0$nsiat1ng mainly or blood vessela, with connective
"~ tlssue binding them into & membrahe. The rich‘vaséulériiy

| Of the tissue 13 concerned with the nutrition of the retins.

~ Plgment eplithellium, ‘This is firmly Joined to the ,
“inner surraoeIOr the choroid coat, though»embryoiogically
1t is qlassed'ae part of the retina.  The cells of the
eplthelium oantgin grenules of melenin; on the aide'next
to the choroid they secrete 2 cement substence whieh binds

.them to the chorold, so that the layer usually edheres to
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i

this tissue when the retins and chorolid. ere separated;
°§ the side next to the retins the surfece of the layer
~uaually bears s number'of processés put out by the cells,
from these célla plgment migration into the reﬁina takes
~Place in some specles. | |

Retina., The reoeptivé iayer of rods snd cones stends
Oon the outer surfece of the retina; the inner psrt of the
Tetina is main;y connective and nervous tissué.

lens. ‘This 18 & crystalline, glessy; cushion-shaped
body which liéa behind the irls. (It is éuppofted rfom
behind by the vitreous body, end from the front tovsome extent
by the iris. Th§ body of the lens, releassed from its
Cspsule 1nxa rfesh condition, ié'a glutinous,‘aIQOSt inelastic
Rass, @hioh is combosed‘cf innumerable leyers. |
| The humours. The aqueous humour is continuously pro?
duced at a low rate and dreins out of the e&e-ba}l into the
~ blood streem by & complex errangement, s0 regulated that
the 1ntré-ocular pressure remaina roqgnly constant. The
Vitreous humour is rendered geiatinoua by ﬁhe eddition to it
Of protein secreted at an eerly atage'by ths retina. it
is reletively permsnent, ahd>1n thg edult éye it 1s fixed
1n emount, 80 that any portion of it whioh is lost thrdugh '
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& wound is only replaced by wetery équeous humour.

Qggggg. ‘The layers of fibres ere not so much felted
€s in the sclers, butiruﬁ moreknearly perallel, with less
interchange of fibres between layers. | Thé‘cells‘between
them ere coﬁsequently more definitely orgenised into layers.
The substance of the heelthy cornea is quite deﬁoid bf
blood vessels. |

| lgig; ) ’This 18 attached to the enterior surface.or
the o;liary body end forms e delicate diaphrégm aoroés the
énterior pert of the eye. It posse#aea en Openiﬁg, the
| Pupil, which is usually somewhét eccentrically placod towards
the nasal side. The-phpillary bdrder rests upon th§ lens.
The 1iia gousea two muscles, which are poth dérivea‘from
the pigment epithelial lgier of the retina.  The colour
Of the tissue veries in different individuals; the posﬁérior
border {retinal portion) 18 heavily pigm&nted. ! _
- Ciliery Body. The front of the uveal tract is thick-
"ened and modified to form the cllisry body which runs around
the eye 28 an esymmetriocal girdle. It rormsﬁthé attachment
for the suapanéory‘llgament of the lens aﬁd givgs origin
8lso to the iris. The inner'(vitreal) surface of the

¢iliery bvody presents two zones. The posterlor twoothirdg’
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1s deeply pigmented end relatively smooth; this is &
Sontinustion or'the piemént qpithelium. The enterior
third beers the cillery processes. The two layers
Qenstituto the ao-called pers oiliqris.retinae. They
Continue over the posterior surfaece of the iris es the
Pere iridics retinae. Viithin the e¢lliery body 1s thév
clliery muscle; this is concerned with eccommodation in |

the eye.

'For more detelled aocounts of the anatomy end’
funotiona of the eye tissues, reference should be mede to
Duke-Elder (1938) end Detwiler (1943).  Fig. 6 is teken
from the former book. :

e Disseotion wes carried out with steinless steel '
instruments. For‘the:cattle; sheep, end rabhit‘eyes, an
inoislon wes mede with s sealpel in the soiera.and the front
Portion of the eye parted from the back by cutting es ngarly'
88 posslibdle round the outer margin of the.iris énd ocillery
boay. ~ For the wlale eyes s out was msde found the -cuter
Nafgin of the cornes with a scalpel.' The sol@rotio coat
wag too thick to allow the initlal ineision to Be’made'there,

The tissues of the front and baék'portions in 2ll csases



A8

-1

¥ere then seperated. - The iris, vitreous humour, retina
8nd choroid were then falrly essily removed, mainly by the
Use of tweezers. Before the removel of the iris it was
Usually necessery to free the lens from the front part of
the eye by cutting through the zonule of Zinn with a pelir
°f soissors.  In the species where the ocornea was not
Pravloasl& seperated, 1t was ocut away from the front pert
°f the sclera. The two parts of the‘aciera'were clgafed
to remove adhmring musole and sdipose tissue, and combined.
Fach 1ndividuel tissue was then washed with twice distilled
Water, "~ All menipulations atter-washing were cerried out

£

with gless rods.

\ . ) . . .. '
- The state of the vitreous humour,and the ettechment .

Of the lens to the oillery body vis the zonula of 2inn very
&acording to the specles of the animél, end the length of |
time the eyes are left after the death of the animal. In
the whale cpecimens, sfter warming the eyes to rbom temper-
§ture, the vitréous humour wes found to be almost entirely
liquid, with the lens floating in the fluid, end the aqueous

humour from the snterior chember of the eye sdmixed.  In

Sattle and sheep eyes the vitreous humour wes found to adhere,

in o geletinous mass, to the front portion of the eye,

\
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Balnly round the margin of the biliarf bédy. The aqueous
#&maur was obtained from cattle andrshéep eyes by alitting
the cornes wiﬁh 8 scalbel before any incision was mede in
the Solera, The pressure of tbg{fingeré is sufficient to
tapty the fluld from the chembér}or the eye anterior to the
lens, without diﬁturbing the posterior chember containing

vitreous humour.

Séotion 3. - Discussion of methods-of'preaentiqg ‘
" Results.
Meny differont units for the welght of element end

Of tissue have been used in the presentation of results of .
08t1mation; of trace eleﬁent concentrations in living matt&r.
The si§e of the units used is determined formally by the.
Sensitivity of the analytical m@thoﬂ; Thusiin the older
litersture results are expressed in mgs./kg., mgg;/loo ey
or gs.%. | Since the development of reliable mioro-
‘ﬂalytgoal techniques oonoantrations have ué&a11y<boan ex-
9¥0§sea71n ugs./100 &gs. or parts per miliion (p.p.nn.. or
ugs./g.). These units possess en advantage oéér‘the older
Ones in that they feprbsenk weights which correspond better

%lth the natural size of the eye tissues. Concentrations
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in the present work are expressed in p.p.m. exoept‘in some
disouaaiona, where high concentrations sre emphmsiaed'by
Teference to percentage welights.

Th*re ere four ways in whieh tha trsce element

°0ntenta of tissuea have been compered:-
. 1. Velght pervhole organ or tlssue.

This method gives no lmpression of the element in
relatiqn to the emount of other tissue cods?ltuents and is
Of interest in physiology rather then biochémistry. “

i1. On a wet welght bvasis. _ |

If the olement is evenly distribated throughout the
tissue, ﬁnen expression of results on s wet welght basis will
8how its nbtural functional‘concéht#ation. Ir, however,
the element be bound in sortein speclslised cells which
tonstitute only & small volume of the total tissue, the feat
Of the volume conteining less solid matter, then wet welght
Qonaentrations will not glve such a true éieturn'aa ary
“e;ght/conoantfations. There is an lﬁportant prectical
ﬁifticulty in expressing results in this wey; 1t is often
Recesssry to wash the tissue to remove blood and other
extraneous matter efter dissectlon, a?d.this introduces

doudt ss to how much superfluous weter 1s present.
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111, On a &ry weight basis. |

In this proce&ure one of the functionel cbgstituents
Of the tissue 18 deliberately removed; if the smounts of
water in thé verious tissues differ greatly, then comparison
°f the t;ésues on this basis will be misleading. In the
very watery tissues auoh a3 the aqueous and vitreous huﬁours
ih&re is alwéys e high relative concantration{of all the
minerel elements on a dry welght besis, anﬁ‘this prdbghly
does not ocorrespond with sny speclisl organle essoclation or
Tunction in these tissuaes.

From an analyﬁioal point of view this procedure
18 the easiest to steandardise, but it shaﬁld be used in the
OQmpayisonEof runctiénal'oonoanhrations only if the tissues
Sompared have roughly the same water content, or if the
Soncentrations on a wet welght basialcorrespond with those on
& dry welght basiqa |

iv. Gnyan ash welght basis.

As a 5&313 for cogparlné the concentrations of
trace elements in the verious tissues for the purpose,or 
Q1scovering functionsl sccumulations or organio essociations

Of particulsr elements, this method is of little use.,

The runétions of the trace elenents sre concerned w;th the
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Orgenic matter of the tlssue and'nofmally'with the organic
Natter in aquaods solution or suspenslon. To demonstrate
8 functionsl sccumulation of a trace element in a tissd@f
the amount of that element m@st therefore be related elther
%0 the welght of solid organic mstter, or to the welght
°f the aqueous mixture. If such en sccumulation 1s demon-
8trated, it is then desirable to estimate the total esh
%ontent of the tissue to diéoover whether there 1s a gengral
#oouanation of 1n0rgenie_elemsnﬁa, or whether a specific
Slement is socumulated.
To summarlse the usefulness of the vaerious methods:

Compserison of the oonoantra?ions of.an’element 1n'iarioué
tissues onle wet welght or & dry weight basis will show up &
8peciel organic sssocietion of the element in e particuiar
tlssue, if enough of the orgenic compiex ooncerneé 1s’pr§aent.
Estimation of the ash'oontent of the tissue and the ash
tontent of the orgenic complex will then show whethér-thef
aesociation is specifio. | - | ‘

- In the present work most or the results were

°htained on & dry weight basis but the ganaral conelusions
to bve drewn from these resulns were checked by reference to

Fesults on a wet welght basls for some specles. Results



a3

for the metsl conients of single tissues are also given for
8ll the épeclps\exoept rabbltg. The smailer'the eye, the
less easy 1t;18 to tell whether all of & particular tissue
hes been obtained by the dissection process.”  If much of
the tissue remains behind, the results éxprégsed.per whole
tissue will not heve rmch meening. Similérl&, beccuse the
anounts of tissue obteined from each eye were So variabls,
Tesults sre not given for the totsl copperiand.zino contents

of squeous humour end optic nerve from cattle and sheep.

Seotion 4. Furpose and design of the distribution studles.

?he mein purpose of the initial investigntiom was
to disoover whether the tissues of the mammalian eye dirfered
in their ecoumulation or copper and zine, snd, if they diad,
Whieh tissues oontained the highest concentrations of these
hetsls. - £hould differences in the zinc snd copper con~
Centrations of the tissues be detected, 1t 1s elso necenséry
to show whether such dirferenoes sre rendom varietions, or
are due to general properties of the eye tissues of all the,
individusls of a species, or asll the specles of the &ammalid.
To esteblish these lsst two prlnciples itv is neaassary to

8how thet verietions in the oonoentrntion of the Metala rrom
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One inEividual of a specles to snother could not account

for the differences betveen the various eye tissues. The
8tudy of variations emong the individusls of & species is
dirricult, if, es in the preaéntlease, the breed and dietery
hisfdry of the\animals is not readily'availgble. It will
'&Ppear leter (in Seotion 6), that 1t is unnecessary to -
undertake e detailed survey of individual veriations to -
8chieve the initial purpose of the prasent study. .

A aeéondary purpose of the investigation wes to
9stimate the probeble differences between the zinc end copper
Concentrations of the ssme tissue rrbm‘iert end right eyes |
°f the same enimal. Ir ﬁhe differences were not great,
then experiments could be carried out on cne eye, whilst
Using the other as a control, Cattle end sheep eyes
from the ab&atoir were therefore divided into two batohes,
°ﬁ@'éy;4rrom esch enimel Beln@ placed in bateh A, and the -
Other {n batch B.  This process was not practicsble for
“heles, where pelrs of eyes from several enimels hed been
"ixed in one tin. In rebbits the possible variation in the
"mount of a single tissue removed by the dlssection technlque

¥e8 too great for such & comparison to be significent.
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4 iThe 1limiting fectors in the amount of tissue used |
- Tor enalysis ere:- ) -
| 1. Lower 1imit. The welght of tissue which conteins
en estinable emount of copper end zino.
11. Upper 1imit. The volume of tissue which will fit
into e crucible of & size sulted to a muffle furnsce, end
‘which will not overflow the crucible during.the'ashing
- process, ,

For some of the e&e tissues the firat factor was
morelimportant, for others, the second,. For cattle and
8hesp, the eyes were dissected in batches of ten; ell the
¥lssues were éhus pbtainédllnAamounts sbove the first limit.
For ﬁhoea tiséues, auéh as the solera, which then hed a total
Volume outside the seéond limit, part only of the tissue
Irom esch eye was taken for analysis. This s&mp}ing pro-
Cedure mekes the estimated concentrations of matalghin each
tissue dlreetly comparadls. Sl whaie eyes were snalysed
&nd the same ﬁrocedure adopted.. In the rirat!e1§er1m@nt
With rabbits, cerried out with batches of six efes. the
emounts of the eye'tiasues from the albino eyes éare below
the lower 1imit.  In the second eiperimsnt (results of
Whioh gre given) betches of greater numbers were used, but

7
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18 1o csse was 1t found necessary to ssample the tlasues to
reduce the total volume obtalned in diasactlcn. '
Freliminery work using the analytlesl tecﬁniquag
31V°9 by Shakir (1948) showed that the 1&18,.1ena'and aalsya.
tontalned encugh copper and zine to glve significent figures
for the contents of & single eye tissue. It wes theferore
deciaea to test the order of the varlation in zine and

Copper conoentraticns 1n these tissues from one inéividual

8nimal to another.

" Seotlon §. - Eesults.

\
\

The oOppar énd zinoc results ror separate spseies
&re Siven in Tables 4 - 9.  Results for oopper in the'
Varlana species sre compsred in Table 10 and for zino 1n
Teble 11,

In ell the tables a dash indicates that no result

%as obtained.
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- Section 6. Discussion.

For ell the apeoigs exémined, the reaulté presented
8how that there aravdirrerencéa between the oépper or zino,
°°ncentfations in the varidua tiséues of tﬁa eye which sre
Ereater then osn be sccounted for by the experimohtél erfor‘
{about = 5%), which was 1llustrated by Tablo 2»1n Chaﬁter 2.

That the observed dirrerenoea ere not due to che
1Qlosynorasiss of individusl enimals is indicated by the
f&cts:-

(a) ., that largefdirrerences occur even ﬁhon thg'resulta_
Songerned ere thoseircr batohes of tissue from 10 eyes:
The individual veristion would have'to be very high which
toulq glvo such dirreronoea betweon the averages of groups
°f ten inaividual tissues.’ ‘ | |

(b). thet the differences between the zinoofiﬂfsgggiF;“es
Eﬁneentrations in the same tissue from different anlmsls&{or.
?&blea S ana 7) ere nowhere near a8 great as most of the

iifrerences between the eye tissues of on@}animal.

w1un the single exception of the vitreous hdmoup
f the sheep the concentretion of zinc in the tissues is
*lways greater, and may be up to 20 times grester, then thet

°f copper in the same tissue.
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That the differences between the zine oconcentretions
in Varioug'tiasues 1§ e ocommon And'naoeSs;ry property of
emmalien eyes is indicated by the similarity, in the pattern
°f the distribution of zine concentrations in the dirrerent‘
‘1asuea. between ell the apcoiea.dxaminéd. ' In ever? case,
ne of the pigmented tissues contains the highest ziné
%ongentration either on a ret-or dry weight basls, | In
the rabbit the zine concentration is highest in the choroid,
‘ksré;a in the other three species it is highest in the iris.
It 1s notadle that the only specles where any tissue oontalned
Bore zino than eitner or the plgmanted tiesues wes the whale,
%hose chorold is thick. spongy, and contains little pigment.
In sadition the whale eyes had been preserved at o® ¢, for |
%ome time and, on dissection, it wes found impossible to
8eperate apats of sdhering pigment from the elmost 11quid _
Tetina. The fact that the whele retins contains more zine
than the ochoroid msy thus be fitted into the general scheme
“lthout affecting the conclusions to be drawn.

Apart from the whale, the distributioﬁ of dopper
Soncentretions follows & pattern similar to, but less distinet,
%&an;'that for zind. In rqbbits,‘aheep end cattle the

¥ ' : .
hishsat copper concentrations in fresh tissues were found in

]
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thn‘iris end choroid.  On dry weights of tissues, the

Ytreous and squeous humours were higher phen the ohoroid.

Somperison of tna/reaulga'wlth others in the literature.

- Baroni (1917) by a oytochemical method identiried
°°Ppcr es & constituent of cattle retinas, end Ritzescu &
Ceorgesou (1935) estimated this element in beef vitreoua
h&maar but the only aurveya of the quantitativo distributicn
@r copper and zino 1nvthe eye tissuas«or memmals ere those
°f Tauber &_Krauso (1943) for cattle,‘&nd Shakir (1948) for
sheep, and the retinas end choroids of eattie. ' These .
Tesults ere compared with the present work in Tablos 12 end 13.

~ The zino conecntxauiené given by Teubder & Kreuse
'Tor cattle are of & much lower ordér then those obtained '
¢lther by Shakir, or in the present work. It has been
Wentioned in Chapter I that the snalyticel method they used
‘éﬁ probébly ontirely incdequato; their results were theroréro .
B0t gonsidered to be aigniriosnt. ‘In comparing the work |
°f Tauber & Kreuse with that of Shaklr, end with the present
York, 1t ahould also be noted thet the Americens worked on
h“llooks, whilst we worked on cows end bullocks. There are

thug at least two biologlesl factors which mey account for



89 et ST Ly 92 W - 6ST 9%2 | XJom'quessag
. - |eet-wty) ove-soy agxeus.
| | 1 - = i
21-8 8-4 4-§ .| g°6-q 02-3T | 92-12 6-4 | st-2y =W Jequwl
| e — g - Iz
- 9's 2°¢ gy | z1| et | 89 | o8 (2 | Xom jussexy
| 08-82 | ¥¥-¥1 ITNeNS
- . | e can 4 , N - _ esnuvly
sT-6 4"8~G| OT-4°g| 8'9-g BT-OT | ¥S-OT | LT-TT| 9T~4 % I9QDVL
| @I
eatoy | wsuI0d vISo3 | sueoy Juowng | suiley v«,a.naau S TII
s13dp | . wgo.ﬁa.ﬁ , :




134

08

- uz

oCY

XJoM JUESOIY

. sz 9g - o3
g9 ¢y | 98 - o¥s | ec¥c-00z| 6%2 2y394s
, ) L - ,
61 e | Tzl w- | w et 0g | Xom juesess
ey | tve| zel 1 ez vi-etT 14¢  apxeus
, * W40
wouaop | wzetog | suer| anowng | wuysey | pyosous| eyar

SNOBIYIA

.mw@ﬁm 3O mwamm 7 946 oUj U] sJoyjne maewua» X4 punog .

?&mw«w Tip -

ea Jo 800 [3BI3Ue0HOn o4l

‘6T g1avy. @



70

Some Aifferences between the results; eage, end the difference
{n dief of the two sets of enimels. | | |

Shakir qpparantiy attempted to seperste the plgment
epithelium from the‘ohorold end anslyse it with the retina;
Whether or not this process wes suboeaarul, 1t would be' |
1n§vitg§lo thet much melsnin pigment would be sdded to the
Tetina during the proeedure;  $h$a ocould acabﬁnt for the
faot that the results given'by Shekir for the rétlnal copper
&nd zine are much higher than those of the present woﬁk,
15 which tho.pigwent'céithcliua was allowed to remsin aitached
to the oheroid. and cere was takanyto heve as little pigment
attached to the retina es possible. Teuber & Krauée diq |
not give detells of their diasootion prooedure but it 1s
Possidble that thc saine factor ls operative ln thelr resultn;

" The rigurea given for retinas end ohorolds or f
theep in the preaant work are ecnrirm@a by the work on derk
8daptation (sivan in Chepter IV) which also shows the great
1norease in the zinc concentration in the ratina wh&oh ‘can
Poaalt from attachment Qt plgment to this tissue. with
the sadition of plgment from the plgment epithelium the

2ine concentrestion in the retina wes roun& to become equal
’ .

%o that in the choroid. ' ' -



The discrepancles betwsen the rigures ‘of Shekir
'&na or Tauber & Krause (disregsrding the rosults for zino.
&lven by the latter), and those of the prgsent work, for
Zost 6: the tissues can be expla}ned by variation due to breed,
8ge, rece, end inaccurscles in estimation procedure. Thorq
?emainﬁ} ho;aver, the faot thet the oonceﬁtrétions‘or'ziné
&nd oopper previously répe;tah to ooouf in the iris 1n'no'
Qgss were significently greater than thcae'in‘ﬁng'choréid
&nd retina. Work on%the rraotionat;on of 1rlaea'siven
1n Chspter IV confirmed the hiéh rigufes for the 00p§ar and,'
2ine content of the iris; in the ;our batches of irises
Oxamiﬁod the copper conoentrations ranged from 17 to 20,5
ugs./g. dry tissue, and the zino from 160 to 200 ugs./g. dry
t1ssue.  These are a litﬁlo 1esa\phan the figures given '
8bove, but are still much higher than the results for any
Of the other tissues. ﬁnlther Tauber & Krsuse nor uhakir
Bention the oiliary,béay in their work, but it is possible
éhat they removed it from the 1ris berofe aﬁalysis. This
eﬁuld then scoount for the diaorepancy in the results.
‘ Despite the partisl (and perhaps only apparant)
Qiangrooment with some of the previous work over the figures

?Gr retins end iris, it wes considered that the evidence from



the present work was sufficlent to justify the generel
%nclusion that zinc, and to a lesser extent, and not ig
®very cese, copper, ere concentrated in the pafts of the
‘Ye’oontéinipg melanin pigment, nemely the iris, the choroild
8nd the other, migor, parts of the uveal tract.

The re;ulta.\and the general conclusions of the
bresaﬁt work concerning zineo, aia coﬁrlrmed by the work of
Letner & Lelner.  Their extensive studies (1942; 1944)
°n the zino contents o{ salt end tresh—wate; bony fish.

(see Cnapter V) support by enslogy the present work. - In
8ddition they analysed specimens of the eyes of men, fowls
and dogs. The humsn choroid contained more zine than the
iris, which in turn conteined mocre than any of the other

eye tissues. Figures were not glven for the irises of the
dog or fowl, bdut of tﬁe remaining eye tiasuag; the choroid
had the highnst concentration of zine in both spaoien:

In 211 three specles the qharoid end the‘ratina (and in men
the {ris) were found to hﬁva higher concentrations of zine
than blood, milk, lungs, skeletal ﬁns?io,'ovarieé, testiocles, -

hi&noy. liver, or brein from the seme species,
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ifterence between the results for slbino snd plgmented rebbits.

The aistrivution of’ zinec end copper in the eye
*asues of the four memmels examined indicate that zine, end
Perheps copper, is sssooieted with melenin pigmentation in
' the eye. The results obtalned ﬁith rabbits show dorinitoly1
thet the high concentration of zino in the iris and choroids
¢ goloured rabbits is at least partlally sssoclated with the
Presence of melanin plgment.  The oonoontrations of zine
in the 1ris end ohoroid of albino rabdbits waro oonaidarahly
less then in pismantad rabbits, thou@h ‘the concentretions in
the lens and cornea were the same in both types.

Thera'appeared t0 be no significant difference
between the copper eoncenﬁratioua in the iris br’choroid»or
the two types, but the total amounts of copper found were 80
‘&hll thet it ie doudtful whether tﬁis oan be regarded es
Proved. R ’ - -,

The work of Leiner & Leiner (1941) showed that, if
‘nythins, the ocarbonle anhyaraa@ content of slbino rabdbit
Shoroids wes higher than that of the eh&roids of coloured
\‘Fteies. | The dlrrercnce in zino content is therarcre not

ot all conoerned with osrbonic enhydrase aotivity.
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g k
COPPER__AND _ZINC IN mmmms OF _SOME
MAMMALIAN EYE TISSUES

" In the provigaa chapter a survey was made oi the
dlstribution of copper and zipo 1in the various tissuea er
8ome mammalian eyes. The praaent chapter deals with the
More pfaoiae location of copper and zins in some of theae,
tissues.,  Severel procedures, aéwa suocessful, snd others -
not, were used in ettempting to frectionate the tissues.
The teehniquo ar each will be desoribed in 1ts apgreprlate

Baetien.

‘&agtiog . Copper end Zing in Water Soluble end

Snakir (1?48) cerried out e preli&inary separation
o shaap choroids end retinass into wster soluble and insolublo

truutions.~ He found 70% of the OOppnr ‘end 50% of the zino
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1

in an squeous extrsct from choroids; 997 of the copper
'&nd 747 of the zino 1n retines were extracted by water.
é@ did not atfempt to remove substances’in teanporery sus-
Pension from the auperﬁatant extfaot, end it seems likely‘
that the residue did‘not.repreabnt'the true total of insoluble
Rateriel. | |
,w It éppcared from the distridution s@udiea of

Ghaptsg IIT that zine end copper coneea;ratibns of left end .
right eyes from one agimsl did not differ from eaoh‘othar,by
more than 30% of the m;an betwoa@ the two figures. 1In the
case of the cattle iris the difference between the dry welght
concentrations was less than 20% of the meean rér copper and
less then 10% for zine. o

As e ‘means of testing the efficeay of the fraotion-
ation technique and of obteining preliminary rpnults; it was
therefors declded to use'anarbnyon of eyes for ftaetiénation.-
&nd the opposite eyes ed a control for snalysis whole. |
Technigue.

The tissue (from eattlc‘cyas) was finely ground with
8cld-washed silver sand, or purified orushed quartz, and twlce
@istilled water. The mixture wes centrifuged, the super-

Ratent poured off, the residue washed, end the weshings edded
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%o the supernatent. The residue was stirred.up with

yatgr and‘sapérated a8 fer es possible rrqm'sand or quartz. -
It was not possible to remove more than a little of thQ ‘
quartz from the residue in thisvwai.- The supernatants,

end the reqidue mixed with sand or quertz, were dried; asﬁod;
&nd enslyeed :dr copper end zinc by the methqd given in

Chapter II.

Results. |
| ; These ere shown in Table l4. ‘ |
It was ofiﬁent from these results that}thsvteohﬁiquo_
s it stood woﬁld not give & quantitative picture of the
Telative emounts of eopper and zino in the water soludble
and 1n§g1ubla parts ot t1sanas. It 1s poss1b1e thei 1t
might have beén»ﬁado to do‘so by using larger quantitios of
material end -a better system of controls, but the préaenco
Of muoh send or quartz would always introduce error dﬁb tc”
tontaminetion or loss in the bshing proc@éuré, end it was
declded not to pursue the method further. '
Qualitatively, the results showi-

(e) . That centrifuging the extracts of ohoroxds removes
Wueh of the copper and zine wh&c& Shekir found there. The
iﬂltrereneo‘céuld be due to the spinning down of small plgment

Partioles.
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(b). That in ell the tissues some of the copper and
Zinc is associated with fractions which precipitate on
Sentrifugling the homogenate.  The proportion of the metaial
asaociated with the precipitats is much graeter ror ‘the iris

8nd choroid than the retina, end least for the lens.

Section 2. Copper and Zine in the Cornesl Epithelium.

Teuber & Krsuse (1943) reported that the corneal
epithelium conteined higher cdncenﬁfatioha of copper and zinc
than t.l‘ze'whol}e‘ccrnea;r 1ndeed they wore hi gher than those
in most of the other tissues or cattle eyes. In view of
the inedequaoy of the technique for estimating zine used by
/ﬁhem it was théught tpat'oonrirmatlbn of their figures wes

desireble.

Experiment 1.

The outer portion ot the corneas was aeparated by
&akins en 1ncision in the cornes uith sclssors to a depth of
1 um, end outting round the periphary et this depth. It was
found that the outer ;ays: of the cornee could be paelad‘ofr |
the mein body of the tiasue within this ciroculsr ocut. The
tissues were washed with twice distilled water, dried, ashed,

&nd snalysed for copper end zine.
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’ | These results indicste that the outer layer of the
Gdrnaa 18 richer than th§ inner layer. " The results :or
topper ere not e8 high as those given by Taubér g Krause
(18-24 ugs.Cu per 8. dryléorneQi epitheliunm). The relative
welghts of the two parts or.the cornea from the same eyes
1§d1ca§e that the outer 1§yer inoludes much more of the
tissue than the epithelium. ‘A second teohnique was there-
fore tried. | o

Exgariment’a; - |

’The surface of the éornaa was soraped with.h sharp
soalpa; before the tissue had been disse'sted swey from the eye.
~0n1y.tho outermost layer, which is‘rragi;o end easily removed,
was taken,  Thls layer was much thinner then that obteined
in the: first experiment. | The nsture of the layer was not \
studied histologlcally, but as it eeuid not by eny means be
8plit into further leyers it was assumed to be the corneal

epithelium.
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These results show that the epithelium of the
eernea is much richer in both zinec and copper than the
m@in body (atrema) of the tissue. It eppears, both 1h the
first end second experiments, thet the outer part of the
tornes hes a highér esh content than the inner,

~ The figures for copper in the opitheiium ere much
lower than those givenAby Ta;bei & Krause for bullocks, 'dut
the generel conolusion to be drewn from their work is con-
firmed by the present rasulﬁa. _

It 1s latoreating to note that the stroma of the
tornea contains very few cells, wheraas the epithelium )

tonsists almost entirely of cells.

Seotion 3. Pigment Epithelium snd Pigment Migration.

The position and form of the pigmént épithelium
bas been disoussed in'ﬁeotign 2 of Chepter III.,  Normally
the retina‘rrom mammaliah e}ga is ohtained, on»diaseotion,
elmost free from melanin piéwant, whilst the pigment
®pithelium adheres rirmly to the choroid. In some animals, ”
howavcr, the cells of the plsment opltnolium, in response to
the stimulus of light, put forth processes which penetrate '
the receptor cell layers of the reti#g. Vhen this happoﬁa‘
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the retina on diasaetibn contains much méra nelanin pigment
than would normally be tﬁe cese. The phenomenon of pigment

. migration thus provldes e tosting ground ror the hypothesla
that copper and_zino are aasociated with the melanin pigment:
or the chorold. If the hypothesis is correct, thsn'migration
or these metals into the ra;ina on expoaure or the eyes to
light sho&ld take plaee in those animeals 1n which pigment
uigration 1s kncwn to ogeur.

The most excenaivo migration ot pisment into the
éotina takes plaeo in rishaa end anuran amphibians. Though
Photomechenical responses such s the elongation of the réds
.take place, the evidence for plgm@nt migration in memmals
ls very inseoure (Detwiler, 1943). ;

ﬁ _ Shakir (1948) reparted ] éeerease in the copper

end zino oontents of tha chorolds of sheep on d&rk adaptation
bnd an inoreese in the oOpper end zino ooneentraticns 1n

the retina. This is en effeoct which appeara to be the |
ravarso,dr light edeptation. |

Tho prasent work is oonoorned with investlgatins e
Paasible 1ncrsaso in tha eOpper and zine concontrations of
Shesp rotinas on expoauro to 113ht and detarminins whather
this 1noreaso, ir 1t ooaura. is correlated with en inereaas in

the melenin pigment atteched to the retine.
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Teohnigue.
‘Advantage wes asain teken of the obsservation (of.

Ohaptar III) that zino end copper oconcentrations of 1ert
8nd right eyes of the ssme snimal do not aiffer by more then
307 of the mean between the two. o

One of each pair of eyes from slx sheep were 11ght’
&&apted by placing them under an electric light ror four
hours. = At the same time the opposite eyes of the palrs
Were dark sdapted by Keeping them in a closed tin in s dark
room. | |

Both sats of eyes were disseoted by a standsrd
‘procedure and thc ehorolds and raﬁinaa separated. ‘The
tissues were then weighed, drieé, weished, end ashed. The -
ash of each wés analysed for zinec énd copper. - In the
first experiment the retinas were enalysed entire. 1In the
Sgcond and ﬁhird éxperiments the retinas t;om both sets of
Syes ﬁars gﬁqunﬁ t0 a paste in a gless aortsr_and'then
Gilnteé to a stenderd volume. 'An eliquot wes then taken
Tor estimation of melanin content, end the remsinder dried
rQr Eine and ooppcr analys;a; In the aqconﬁ exporimenﬁ
én gttpwpt was mede %o estimate the melenin by hydiolyaing
Part of the retinal homogenate with 10 mls. 2 N HC1l at 100° g,

for 12 hours, the 1des being that protein materisl would be
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bydrolysed to emino acids whilst the melenin would be
Unchenged. ,Tho“relat1Ve emounts of melenin in th; two
8amples cdul& then have been estimated spectroscopleally.
RYdrolyaia aia occur, but unrortunately bunin formation
hade both flasks brown, The humin could not be aeparated
from the malanin end would lntnrrere with eny speotrosoopio
'ﬁatarmination of the relative amounts of pigment. It aid
'&ppear. however, to the nsked eye, that the homogenate end
hydrolysate of the liaht adepted retinas wes blsoker then

the derk edapted matarials. |

| In the third experiment the time of light end dérk
adaptation used was 2} hours. The volume of esch ratinel
hambgenato was madé up to 20 mls. Five nmls. of this wsro
Used for melanin separation, and the remeining 15 mls: dried,
Weighed, ashed, end analysed. Melanin &aa demonstrated by"
hidrolyaink the porfiona ef retinel homogensate riist with
trypain (84 bhrs. at 28° C. 10 mls. trypaiq 1% suspension

to each portion) and then with KoH (5% at 100° C. for 3 hours).
The resulting solutions were diluted to 50 mls. snd absorption

Teadings taken using the Beckmann instrument.

Results.

Theao ere shown in Tublos>17 and 18 on the rolléwins,
Dages. |
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Concentrations in Sheep Ohorolda and Retinss.

S . : - . . - !
Totel Gu] Totsl Zn| chaentrations in thn dry tissue
~ Tissue (ug.) (ug.) | _Cua (ug./g.) Zn (wa./g.)
~ FEXPERIMENT 1. | ‘
L.A, Petines 3.4 23 13 88
D.A, Retines 3.2 17 13 87
LA, chorotdd 5.5 | 77 el 294
D.A, Choroidd 7.8 78 31 310
LA, Retinas | E |
Plus Choreldav 8.9 100
D.A. Retinas :
Plus choroiia 1.0 e
' EXPERIMENT 2. | " o |
L.A, Retinas | o2 54 -16 271
D.A. Retineas 3.1 18 i3 76
L.A, Choroid. 3.7 22 16 94
D.a, Croroiag 3.8 55 |° 13 183
L.A. Retinas 1' . o
Plus Choroids 7.0 : zf
DA, Retinas ' o " :
Plus choreid? | 7‘?, L8
D-A. Retinas <3 22 o 33 98
+A. Retinas 4.9 19 - 23 - : @51
g«k. oncmm:] 90 | w1 ] = a0 207
+A, cnoroids| 8.7 | 89 . 36 370
‘L, choroias | | |
Plus Botlnas’»,ls?s 3
%4, chorotds| ,, e
Dlua Retinas| 1°:9 108
k_
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 TABLE 18.  Absorption Reedings for the Diluted Digests
of Light and Derk Adepted Retines from Experiment 3.

———
Yevelongth | E for L.A.Retinas | E for D.A.Retlnas |Difference
. . |
300 1.895 1.13 0.765
400 0.460 0.163 0.297
500 0.150 " 0.072 0.078
600 0.075 - 0.042 0.033
700 ‘0.070 | 0.040 0.030
M, . '

Disoussion. .

K

i

A slganificant transfer of metal from choroid to

Tetina is demonstrated by the results only in the csse of :

2ing in the second experiment.

Though 1in each experimant

the copper end zino contents of light aéapta& retines sre

8reater than those of derk esdapted retinas the differsnces

&re in most cases not greeter than 50%_0: the mean between

the two figures.

Thirty per cent. is only a probable valué for the

Baximum difference between batches of opposite éyos from six

Sheep,

That 1t is correct 1s indicated by the fact that

in no cese is the difference between the sum of the figures

;

s
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for L.A. retinss and choroids end D.A. rTetines and choroids
greater than 29% of the meen between the two. ~ In Experiment 2
there 18 & difference between the zine in L.A., retines and
D.A. retines which is 100% of the mean between the two.
There 18 e ocrresponding drop ffom D.A. ohoroids to L.A.
choroids of 87%Aof the mean between these two rigureé;- The
difference between the total zine content of L.A. ohorolds
Dlué retinas end b.A. choroids plﬁa retinas wea‘onlyréﬁ.
There 1s therefore & dk;inito indication of trensference of
2ine from choroid fo rsﬁinu on expoauﬁs of sheep syoé io
light.

'Thero is no chemicel evidence that melenin elso
was ﬁransrarred to the retina on exposure to light. Visual
@bserQatlon of the two batohes of retina after dissection
showed in esoh experlmént that the light adapted rehinay
hed sdhering petches of plgment on their surfeace, ﬁallst the
dark sdepted retines had aﬁly a few small spots of attached
Plgment. In the second experiment thé emount of pigment
edhering to the light sdapted retinss was greater then in |
the other experiments. Table 18 shows the marked dirtgrunae
bYetween the light absorption of thé digests of light edapted
&nd dsrk edapted retinass from Expaximsni 3. The figures
for the relative light ebsorption at verious wavelengths



350w that the éitrerenoe bet&een the two dlgests cen be

&ecouﬁtéd’ror by en end-ebsorption, in the light sdspted

ﬁigest, of the melenin type. . | |
The preaent experinents wore ca*ried cut under /

Oonditions vhich differed from those used by Shekir. Ha

Worked with eyes which had been derk adspted, and eyae which

kad been loft in daylight. In tha prosent work one group

of eyes wee derk adepted, and the other exposed to bright

light. The brigﬁx 11ight may aahievo(an‘erfact on the eys

ot produced by daylight slone. ’ It is thus possible that :

the migration of copper end zinc into the retina on derk

tdeptetion suggested by Shskir,'aﬁd thre mig:ation or'zin@

t0 the retine on exposure to ﬁrignt light, ere not 1ncempat1b%e.

Eowever, as dark éaaptatien‘or ons group of eyes wes carfiad

out in each of thevpresént experiments, 1t seems thet the '

former effect, if it occcurred st ell, could only have been a \

minor one, for it would otherwise heve masked the opposite

Wovewent of zino which wes observed. In Shekir's work

there was a much greater dirrerenoo between totals for L.A,

&heroiﬁs plus retinaa end tctals for D.A. choroide plus

Tetinas then in the prusent work snd the results are tneretore

%93 s signifioant. In addition,-only two experiments

8howed a migration to the retins from the chorold on derk



8daptation, thé third (a2 preliminary ons) showed a movament
ia the opposite direction. ‘ | | (
.Ths'obéérvation that iho amount of pigment adhering .
to the retina inoreases ooﬁsiderably after exposing sheep
¢7es to a strong light eppeers to contradiet the view thét'
Plgment migration doves not take place in mammels, Detwller
(1943) does not mention sheep as belng e specles in which
migration has been demonstrated not to ooour; it 1s possidle
tharafoxe'that this enimal 18 an isolated case which has
been overlooked, gigmonﬁ migration can only be finally
demonstrated By means of hiutological studies, however; 1t
is Juss poasibl§ thet the phencmenon of extre edherence of
Plgment to the retina is due to some other ocause tha; the

growth of processes from the plgzent eplthelial oellh_into

the retina.

Seotion 4. Copper and Zino in Pigment Fraotions of
‘ Me

mmalien Irises end Chorolds.

In Chapter III, end in Saotioh 3 of this chapter,
evidence hQs bean presented whioh indicaetes that zino, and
Perhaps copper, 15 sssocleted with the presence of ﬁelaniﬁ
Plgmentation in the iris end ohoroid. In the present

Section en account is glven of work designed to show whether
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Uno end sopper sre sctually combined with the plgment .
frection of irises and chorolds. | ]
fiasoh‘(1949) has shown-that plgment séparated}
from a mouse melsnoma contains much more coﬁper than the
rkﬁlanama tissue 1tself.  Lelner & Leiner (1944) showed
%hatAgrey ¢r black powders, sepsrated by differential
Qﬁatrirusatibn froz powdered dry fish cyes, contained rather
%ore zino than colourless frections. - They.did not -postulate

& gonnection between zino ooncontraticn and pignentation.

\

Sattle Irises. . - |

It wes decided thet the cofreépondenoe between
the copper and zine snalyses for left and right irises from
the ssme snimal wss neer endugh to permit the use of one
iris from esch palr ss a control. - \

4 number of pelirs of irises were obtalned from the
a&batoir; one of esch peir of irises dlssected out was h
&nalysed wholo, and the othcr'or the pair':réotionatedto
Obtsin pigmented material. | » |

¥hole irises (3-8) were digesteé with 5 ml. of an
epproximetely 24 (w./v.) érypsin auspension‘and-aboﬁt 25 mls.
Of twice distilled water rbr zf-se‘hdura at 3??..7 They *
melanin pigment could then almost ell be washed away rro&
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the bulky‘resiaue of undlgested ribroug. oqyuectlve.~and
mwcular tissue, which weg gllowed to ;emain in the digestion ;
flask, | ' |
" The wéshings conteining bleek pig@ent; ﬁfctein;

&84 other matsrlal in soluticn uera centrifuged until the
‘“Pernatnnt liquid Was yellow end this solutlion wes then

boureq ofr. The bleck pigment freetion resldue wes stirred

U with twice distilled vater end re-centriruged the operation
bﬁln& rapeated tlve or six timas, until no opaocity due to
3®etein was obaarvable'in the Washings.  The waslkings were
&l] add@d to the originel suaarnatant 11qu1d. ‘

- The undig@steé residus, the wsshinsa. the plgm@nt ,
fraction and a blenk conteining 5 ml, of the trypein suspennion
¥ere all driaa, ashed and analysed for zine end copper by tha
Rethods alre&dy desoribed. + © The results are compered in
Table 18 with the znalyses for the ‘oontrol' irises, whlch
hag been drled snd ashed wnole. These reaults plus the
trypsin blank rlgures. should approximate to the tctal for

the various freoctions if no contemination or loss hea oacurrad.
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TABLE 18. pper Present in Varloua Freotlona
of Cattle Irises. .
\___ - ‘
Fraction Dry weight (g.) Zine (ug.) | Copper (ug.)
" ———

EXPERIMENT I

0.0430

UnaTgestea resldue 9.8 0.9
Combined washings 0.2679 24.6 8.0
Plgment fraction 0.1383 101.0 9.0
Total 0.4462 135.2 17.9
Trypein blenk 0.0508 23.6 1.9
¥hole irises 0.5050 99,0 9.8
‘Total 0.5558 " 122.6 11.7
- _
! |
{ 1 0.2175 - 22.8 2.4
Ccmbined washinga 0.1945 11,1 4.6
P{gment fraction 0.0997 74 .5 8.0
Total 0.5137 '108.4 15.0
Trypuin blank 0.0534 . 83.4 2.4
Whole irises 0,4992 79.6 . 9.8
Total 0.5526 103.0 12.2
sax ENT {(Calves)

%es ed residue 17686 9.0 4.0
Gomh ned weshings 0.2048 17.8 4.2
Plgment fraction 0.1207 62.8 5.3

Total 0.5021 . 87,6 13.5
%rypszn blenk . 0.0431 12,0 2.8
¥hole irises 0.4647 80.0 10,8

Total 0.5078 92.0 13.3
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The results in Teble 18 show et once thet greatei
Quantities of zinc end copper are sssocisted with the plgment
fraction of cattle irises then with eny other frsction.

On closer inspection of the results aavefal matters are keqn
to require comment. « |

/ It‘was to be expected that the dry welght total 6:
the truotlonnted irises would be less then that of the
torresponding whole 1risas. for losses due to deoompositlon
of orgenlec compounds ere 1novltaple during digestion, end
in the eveporation at ;00° of the large quantities of water
present in tho waahingg. . Differences between the ary
welghts, end zinc and copper oogbenta. of the two irises from
the eyes of the seme enimal sre also bound to occur as a
result of blologlcal varistion end imperfect saparatioﬁa ‘
during dissection., Teking these factors into account there
eéppears to be rairly good agreement between the results for
corresponding groups of ifleos, and it may Do oegoluded
thet 1ittle or no contamination or loss of zino and copper
kaok plece.

The proportion of the total dry weight, zino oontent,
end copper content, found in esch rraotign veries from one

experiment to enother; this i{s probedbly due to veriations
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15'the extent of digestion of the tissue, sund to small
Wriations in the seperation technique.

Inly e smell fructlon of the totel copner end zine
§°f the irises 18 not scocounted for by the pigment frsoction.
Thi g pigment freotion was subjeoted to repeated washing in
the fractionation procedure. The high concentretions of
AUne and‘oopper in ocattle irises must therefore be largely
Que to the combination of these metsls in non-ionie form,
;‘Ith this fraction of thf tissue. The preocise neture of

this frection will be diboussed later (Chapter VI).

Yhale Irises (Humpbeok ¥hsles).

A8 palrs of whele eyes were not avaiiable, this
®xperiment hed to be oarried out without controls.

The technique of frectionstion by trypsin digestion |
%es only pertlelly suocessful with whale irises. At'thé‘.
nd of 36 hours' inocubation it wes found that only pert of
the melsnin plgment could be weshed away from the undigested
Tesidue. Poneidble explanstions for this fact may be that
the site of the main melenin pigmentation differs from that
{a cattle eyes; or that thé excessively olly neture of the s

t1asue interferes with trypsin sction.
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< "TABLE 19. Coppcr and Zinoc in the Pigment Frsction
of Vhale Irises.

. Dry wt. (gs.) Copper ocontent | 7inc content
- .
Plement freotion 0,047 2.6 45
FOmbineq washings| 0.122 2.9 9.4
Unag

gested

residue 0.165 3.9 31 -
Trypsin blenk | 0.085 2.3 9.9
V', Total for . .

. irises 0.299 6.7 75.5
—

_ It will de noticed thst much less of the metal B
9°ntent of the whale iris wes found in the pigment frection .
'han was the case with cattle. This can be sccounted fbr.a’ ‘

b! the pigment which remeined in the undigested residue.

s&_&le Choroldas.
The trypsin digestion fractionation proocedure dld 1“A

“°t seperate all the melanin from cattle ohorolds, even efter  f4
three daya' incudbation.  Thus, es with whale irises, it

'90 not poeaiblo to estimate how much of the total zinec in



‘hé'ohoroida was oombined with the pigment.

o
-2

As with whsale

%rlsea, howsver, the plgment frsction which did sepsraste was

.mwh‘rieher in copper end zinc than the whole tissue.

- TABLE 20. Copper snd 2inec in the i'igment Frsoction of

Cattle Chorolds (Controls ss for Cattle Irises).

—~
 Freotion Dry wt.(gs.)| Copper content| Zine ooﬁtent.
— (ugs.) (ugs.)
Undigeated residue 0.392 3.8 81 .
pigment freotion \ 0.076 3.6 56
Combined washings 0.132 1.5 9.0

-~ Total 0.800 7.9 145.0
Trypsin blank 0.053 2.3 23

8 whole chorolds 0.557 5.3 116 .
 Total 0.610 7.6 139

It is shown in Chapter VI that digestion of the

Plgment fraction from cattle irises with 0.1 N HCl at 100° c.g,qf

8plits off nearly.all the zinc, but leaves most of the ooppbr:;ﬁ

bound to the pigment muterial.

It wes therefore considered that e hydrolysis of

the choroid tissue, snd sepsration of the insoludle pigment -
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Uterial from the hydrolysste might revesl how much of the
°§Dper in the choroid is dound to plgument msterial.
‘Qoordingly six cattle chorolds were digested with 0.1 N
R¢l‘on e water bath for 2 hours. The digest wes centri-
?“ged end washed several tlmes till the supernstant was
Fleer. The precipitate ¢nd the combined supernatants
iﬁre drled, sshed, 8nd analysed for zinoc end copper.

TABLE 21. Copper snd Z2inoc in the Pigment Fraction: from
Cattle Chorolids, insoluble efter acid hydrolysis,

—
Frection Pry wt.{(g.) | Copper content | Zinec oontent
: (ugs.) (ugs.)
InSOIUbIO pigment 0.162 6.1 9 9
freotion * * *
Combined 0.379 2.0 85.5
aupernatanta :
. Total 0.541 8.1 95.4
S_

These results indicate that the copper in cattle
Shoroids 18 lergely bound to the pigment fracsion of the

tlssye.

L further teochnique wes used in sn sttempt to ohcain

' Quentitative recovery of & pigment frection from choroldn.



99

c!ttle choroids were treated for 5 hours with 0.5 N KoH
©lution et 100° c. At the end of this time melanin was
Pfeoipitated by neutrelising the digest. The preocipitate
%es centrifuged down, washed, and part of it treated with
Frypain suspension for 24 hours at 38° C. to remove un-
hﬁdrolgsed protelin. The treated and untrested preocipitates
Yere dried, weighed end analysed. Unfortunately, the
?upornotants contained pigment material which remained in
Suspension after oentr;fuging end the fractionation was
‘hereroro not a quentitative one. In addition the KoH
Sontalned muoh copper end zino, and the analyses for these
Retals in the dried supernatant were mesningless as far as
the fructionation was concerned. The pigment preoipitatea
ﬁid contein fairly high concentrations of copper and sinoc,
however. (Untreeted precipitete 43 ug./g. Cu and 443 ug./g. .
2n; precipitate after trypsin treatment 57 ug. /g. Cu end

ta2 ug./g. 2n. )

Seotion 5. Discussion of the Significance of the Fraotionatibnf

Results.

Section 2 18 e disorete study ond shows quite 6loarly.

{n conrirmation of Tsuber & Krasuse, that the corneal opitholium

{s riocher in copper and zinc than the rest of the ocornea.

-
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Seotions 1, 3 and 4 are to some extent related,
nd egll give evidence bearing on the ecomdbination of copper
'nd zinc with melenin pigment fraotions in the eye.
| It was oonolualveiy demonstrated in Seotion 4
that most of the zinoc end copper from cattle irises is .
Sombined with a plgment fraction of that tissue. It was
0lso shown that most of the copper in cattle choroids is
bound to plgment material. The proportion of zine bound .
%o pigment materiel in the chorold has not been demonstrated}i
Put in Section 1 it wa; indicated that both in the iris and =
the ohoroid much more of the total zinoc wes found in the
blagk precipitate obtained by centrifuging homogenates of
these tissues than in the corresponding precipitstes from
fetinas end lenses. In addition Section 3 indicated that -
& transference of melanin pigment from choroid to retins 1n',
Sheep was acocompenied by a corresponding movement of zine, .
It can thus be inferred thot im the irls and chorold of
Sattle and sheep, the high concentrations of copper and ziho.f
§ro largely attridutadble to a combination of these metalo}i
Hith 8 pigment frection of the tissues. ‘;
) The pigment fruotion oonstitutes e oonsiderabld,,‘f
Part 6: the total dry weight of the iris and the ratio:
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5'dry wgight concentrstion of metel in pigment frection
dry welght oconoentretion of metal in iris

{s only about 3.5 for copper and 4.3 for zine.

Comperison of the Concentrations of Copper end 7inc in Pipgment
rraoctions obteined from verious Sources.

TABLE 22,
Source of rigment Copper Content in 2ino oontent in
Freoction ugs./g.ary tissue | ugs./g.adry tissue
l. Trypsin aigest oft=
Adult cattle irises
(a) 78 1000
(v) 65 730
(o) 80 750
(a) 87 720
Calf irises ] 44 520
AQult ocattle
ochorolds 48 740
Humpdback whele 56 970
irises
2, KoH and trypsin
digest of osttle 58 680
choroids
3. HC1 digest of : ‘
cattle charolids 58 61
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The only enalysis which occurs in the literature,
0f a compersble meterial, is that of Flesch (1948), who
,kavo figures for the copper concentrations in mouse melanomes,
‘and 1n Plgment freotions odbteined from then. The melanomes
:themselvea contained 11-859 ugs. Cu/g. dry tissue; the dary
‘WQight‘oonoentrations of copper in a melanin fraction
obtained by digestion with NaOH were 50-338 ugs./g. The
dry welght oonocentrstions in a melenin frection obtained‘by
trypsin digestion were twenty to ninety-five times those

-0f the original tumour.
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ChAPTER V.

ZINC AND COPPER CONCENTRATIONS IN THE

 TISSUZS AND _PIGMINT FRACTIONS OF EYES

FROM FRESHWATER FI1SH AND FROGS

The results aof Leiner & Leiner (1944) showed that
‘?ino is present in the chorold, snd other pigmented tissues,
% the eyes of freshwater fishes from Laske Constance, in
Fﬁounts es much s one hundred times those in similer
“lssues from mammslien eyes (figures for which are given 1n
chapter III). Very high concentretions of zino in tho
DiG!nented eye tissues were reported by Leiner & Leiner tor
Yach of nine speoles of fish from Lake Constence; indeed
,‘Buy waere higher than any previously reported to oocur
%0rmally in living matter (of. Monier-¥illliems, 1949).
Abirt from an erronecus quotation of figures for tench end

‘h°rr1nga whioch appeers to originate in an ebstrect. (Bertrand

¢ Vlsdesco, 1921b) of sn original pepor by Bertrsnd &

«

V;ydesoo (1921e), the highest known concentration of zinec
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{n animel products until then wes that of serpent venom
{Delezenns, 1919), where up to 0.56% of the dry welght was
%ecounted for by zino. The range of zinc concentrations
fOund by Leiner & Leiner in the 4dry choroids of varlous
freshwater fish wes from 0.445% to 2.96%, snd the average
for all the species exsmined wss 1.18%.

s . It was possible that this socoumuletion of zine
Mght be a peoculiarity erising only in Lske Constance, or
Uternatively that very high conocentrastions of zino in some
e tissues sre common go freshwater fishes everywhere.

The work desoribded in this chapter hsd two mein
6bJeots:-
| (1) to escertain whether the results obtained by Leiner
& Leiner could be confirmed by studies on fishes from Lake
‘@ndermero, and
| (11) to determine whether the sssociation between zino
%ncentration ard melanin pigmentation found in msmmalian
%Yes fof. Chepters III end IV) can be demonstrated for
?Pcahwater fishes., Leiner & Lelner (1944) frectionasted
‘jbowdered dry homogenste of whole fish eyes by differentiasl
°A.Ontx'u‘ugatlon in an ettempt to discover the nsture of the.
'Ftorial to whioh most of the zinc wes bound. They found
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that black snd grey fractions contained most of the zine,
but as these socounted for most of the original meteriel,
they 414 not sochieve any significant inorease in the oon-
centration of zino, and were unable to indicate the nature
of the materiel to which the metal was bdound. In the
Rpresent‘work the trypsin digestion teochnique, by which a
‘pigment fraction was separated from mamnalisn irises, was
found to be effeative 19 separating an snalogous blaék

msterial, rich in ziﬂc,'rrom fish end frog choroids.

Section 1. Meteriels end Methods.

Materiasls.
' The hends of trout (Sslmo trutte, Regen), and
whole peroh (Perca fluviatilis, C.) were obtsined through
. Ythe ocourtesy of The Freshwater Biological Association at
Lake Windermere, The rfish were despatched packed in
6loth, surrounded by ice in fish tins; the eyes were rémoved"‘
from the hesds and dissected in Liverpool within two deys |
Of the death of the snimals.  The first batch of perch
. Obtained were young end susll, the seoond batch varied from

Small to fully grown and sged fish.
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Edible frogs (Rane esculenta) wcre obtained alive
from Jiolland through Nederlandsche Heldemsstschapplj, Arnhen.
The snimals were guillotined and the eyes dlssected within,
it most, & few hours; the retinas were utilized for other
work in this Depertment.

' English frogs (Kena temporaria) were obtained
;live from Nr.H.F.Ashton of Norwieh. The enimsls were
Shlorotormed, and the eyes dissected, at most, withih a few
iours. |
| The size of béth types of frog varied, but most

]
Of them were probadly hatched during the previous sesson,

Specisl features of rish eyes.

The snatomy of fish eyes followxs the seme geueral -
ibattern found in mammelien species. All the tissues,
fesorived in Seotion 2 of Chepter IIXI, which ocour in
Rammalian eyes, sre also present in fishes. In eddition
’!6me specles possess one or both of two tissues whioh are
R0t found in mammals.

'. All freshwator fish eyes are lined wiph a 3llver
gimbrane, or Argentea. The srea covered dby this membrane °
Yerigs from one freshwater species to another, and it is not

found at 81l in salt-water fish. The membdbrane is mainly
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8ituated betwesn the choroid and the solera; it covers
the inside of the sclere and elso the outer surface of the
iris. It conteins orystals of gusnine which give the
tissue s silvery-white reflecting surface.

The Chorold Body or 'Glsnd', is found in the reer
portion‘of the eyes of many fish. It is usually horse-shoe
‘lhaped, though sometimes it forus a complete ring round the
5ptio nerve inside the eyedsll, and sometiies it.is divided
?nto two parts by this nerve. The chorold body only
Odcurs in fish possessigg & Pseudobranch, the vestigial
byoid gi1l which is found on the inner side of the fAperculum
or glll cover. The blood which has been serated in the
?leudobranch 18 gathered into en efferent srtery which cnterq
the soclera in the neighdbourhood of the optio nerve, and
Freaks up into e set of capillaries in the choroid dody, from-
;hioh blood flows into the ordinary choroidal oirculation. |
The bulk of the tissue consists of blood (Rochon-Duvignesud
%peaks of the chorold body as a "poche sereuse”™ or blood
POoket) and for this reeson it was not considered to be
‘éuparable with the other eye tissues, end waa'not subjected

‘t° analysis in the present work.
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There sre no outstanding snatomical differences
Yetween frog eyes and mammslian eyes. For a oconmprehensive
Survey of the ocomparstive snatomy of vertebrstes' eyes,

Peference should be mede to Roochon-Tuvigneeud (1943).

D sseotion.

} . It was not possible to obtain any uncontaminated
tqueous or vitreous humour from fishes or frogs, and these
t!.aaues were therefore not subjeocted to analysis. Digeli-
§ultiea in diaseotion ayose, both for fish and frogs, from
the smallness of the eyes. It wes this factor which
Prevented more than s minute volume of aqueous humour dbeing
iqueezed out of the eye before other tissuas flowed thfough
the inocision, The vitreous humour wes always found to bde
1quid, end, in outting the sclera, became dispersed or
Wxed with pigment and retinal débris.

The technique of dissection used was similar to'
‘hat desoribed for msmmalisn eyes.  The retines from fish
Or frog eyes oould most easily be deteched without esdhering
Mgment by pulling the optioc nerve while exerting a gentle
dressure on the eyeball, The retine could then bo\oaretully_:
@awn out of the eye, attached to the optic nerve. ¥ith
f{ah eyes, sfter the seperetion of the ohoroid from the
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blood clot, smsll pleces of silver membrano were found still
to pdhere to the tissue; these could only be removed by
the choroid with tweczers and e smsll scalpel. The irises

Of the fish were never completely seperated from the argentea.

Anelyees for copper and zing.

| The eye tissues from the frog R.temporerla end

from perch were very small; after weshing them with #wice
dgtilled water it wes not found precticable to romove the
¥X0e8s water with t}ltoy peper.  loset of the concontretions .
re therefore eipreasedlonly on & dry welght basis, wet
‘Oight.oonoentratione having been obtained only for trout

And some of the lerger tissues of Rena esculenta. The
Yariability due to disseotion 4iffioculties mede it impossidle
Yo express results in terms of whole tissues, or to compere |
ﬁho concentrations of metals in opposite eyes of the animals., -
\ The enalytiocesl method hes already been lescrided

1n Chapter II. The ;oouracy of the method as applied to
fish eyes was not assessed but it should not be greater thsn
that obteined with memmsllian material. The percentage
‘rior due to ashing, for the tiasues very rioh in zino will
be 1488 than that in mammalian tissues, where this was the

Nain source of veriation in the results, but this improvomént.
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v11 to soms extent havs been.offsat by the increased
?uportanco of the error in the spectroscopic reedings caused
5! the necessity for taking smaller sliquots which would
8lve extinotion values within the range of the Beckmann

Photoeleotric Spectrophotometer used.

Geotion 2. Reanlts.

The main £indings ere dlsplayéd in Tebles 23 and
?4. The recorded :esulta hesve been calculated directly
from experimental readings; it is Aaifficult to assess the
Possible deviation, but in general it is the third figure

which is sudbjest to error.
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The Concentrations of Copper in the

Eye Tissues of Trout, kFerch, and Frogs.

The plein figures show the concentrations in ug./g. ary

tissue;

the figures in brackets underneath {when given)

show the concentration in ug./g. wet tissue corresponding
to the figure immodiately abdove.

Tissue: 7rout Perch Frog
K.temporaria | R.esculenta
Lans 5.62 0.85 29.8 27.4
(2.42) (13.86)
(3.5)
Sclera 8.65 27.3 120 199
(2.08) (8.87)
Retina 35.8 18.1 117 -
(4.85)
Argentea 199.0 17.1 - -
Iris plus 105.0 18.8 - -
Ciliary body | (26.5)
Choroiad 87.8 30.5 133 -
(18.0)
Pigment-proteln
fraotion of - 49.3 - 983
choroid
Note: A dash means that the tissue was absent, or not'

available for analysis.
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TABLE 24. The Concentrations of Zinec in the Fye Tissues
: of Trout, Perch, end Frogs.

The plain figures ashLow the concentrations expressed s
'-/s. dry tissue; the figures in brackets underneath, when
tVon, showx the concentrations in ug./g. wet tissue oorresponding
O the figures immedistely above.

—

Tiasue Trout Perch Frog
’ R.temporaria | R.esculenta

‘.\_

Lens 15.7 15.68 78.5 16.3

, (6.75) (8.1)
Cornea B8l.3 189 278 -
Solerea 457 43 326 266

: (93.8) {(132)
Retina 580 728 8500 -

(74.2)

Argentes 7,020 | 2,010 - -

Iris plus 5,990 | 6,380 - -

Ciliery dody {1,560)

Choroia 15,100 | 23,800 14,400 -
, (3,100)

M gment-protelin
fraogtion of - 43,800 - 28,100 .
Chorolds

]
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In order to test whether high concentrstions of
uno, such as those in some of the eye tiasues, sre of
ftneral occurrence in the body of the peroh, anslyses were

%arried out on liver, muscle and skin,

TABLE 285. Concentrations of Zine in leroh Skin,
: Muscle end Liver,

Tissue Zinc concentration
(ug./g.ary tissue)

Skin (white) 31.0
HMusole 57 .7
Liver 59.6

E!onrtion of the copper &nd zinec in the perch choroid bound

$0 the insoluble pipgment-protein fraction.

The dry metter in 73.3 mgs. of fresh perch choroid
,“l roupd to welgh 8.6 mgs. %hen 309.2 mgas. of fresh
ghbroida were digested with trypsin end a pigment-pfotein
_trlotion isolated from the supernatant, the d4ry weight of
"2y frection wes 14.9 mgs. The dry matter in 309.2 mgs.

Cresh ohorold will be 309.2 x 8.6 * 36.2 mgs.
73.3
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Using the consentraticns of zine and vopper given
iﬁ Tables 1 and 2, the proportions of.oopper and zinc in the
fhoroid bound to the insoludle plgment-protein frsetion
%an be caloulated.

The percaentege of total choroid zinc bound in this
Rnner is ;:28 ; ég:% x 100 = 74.7% and the percentage
¢ total chorold copper ;g:g : %gf%,x 100 = 53.0%.

These frections of the total (Cu or Zn) are attached to only

41,64 of the dry weight or 4.82% of the wet welght of the

thoroia. 4 !

Section 3. Diseussion.

It is evident from Teble 28 thet the high con-
Centrations of zino obtained by Leiner & Leiner sre not due
to Lake Constance as e speocial habitat.

In all ot.the fish examined, the iris, ochoroid,
nd silver memdrasne had the highest zinsc contents of any
6? the eye tissues. Of these three thchohoroid usually
h-ltl the highest concentration, bdbut in the Burbot the iris
Va8 higher in zino, in no cese was the silver memdrane .

hieheat.
' In comparing the results for fish from Lake
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lonstance ana Lake Windermere there ere several points to
tote, Leiner & Lelner give the name of thelr trout as
'Sea-trout’ (Trutta lecustris L.). There 18 some dispute
8 to whether the trout all belong to the same genus, but
g the present work the view of Regan, who olassified ell
the English trout ss Selmo trutta, is followed. There
\uat renein some doubt, however, ss to whether both sets of
f{ah are of the same species. Secondly, in considering
the silver membrane, 1t should be noted that the tissue is
Yory small end it 18 not possible to separste 1t entirely
{rom plgmented materisl, The amount of plgment femaining
{n attechment is pertly a matter of ohance, and there is ‘
therefore much latitude for veristion in the results.
Thirdly, the choroid body was not enalysed in the present
York becsuse it asppeared to be mainly composed of blood;
{t was completely disseoted eway from the choroid and silver -
‘Qmprane and thus does not enter into any of the present
Tesults.

The zinc oonochtrationa in the eye tissues of the
frog feirly closely parallel those of the freshwater fish,
I“itmr & Lelner (1942) studied the concentrations of zine in

the eye tissues of many sslt-water Teleosts. The general
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rﬁngo of zinc concentrstions was lower then that 1n fresh-
Water fish and frogs dut higher then that in mammsls; for
exemple, the range of zinc concentretions for the &ry choroida‘
Of all the species of salt-water fish studied was 530-9,800
ug./g. (Leiner & Leiner, 1944). In all the fiah examined,
whatever the absolute smounts of zino present, fho same
tissues éontain the highest concentrations of zino. Zine
9onoentrations in the eye tissues decresse in the following
order: Choroid or Iris; Retina; Solera; Cornea; Lens.
The Argentea oonoentratigna ere rather veriabdle. Excluding
this last-nemed tissue, whioh does not occur in msmmels, and
excluding the lens of memmals, the seme order applies to
results obtained on cattle, sheep, whale and rabdbit eyes
(of. Chapter III). The range, from highest to lowest zine
concentration, is very much smeller in mammels than in fish.
The concentration in the lens of memmalien eyes is generally ‘
8lightly higher than that of fish eyes, yet the concentration
{n the choroid may be only 1/100th thet of the ssme fish
tissues.

Table 25 shows that, despite the high concentrations’
Of zino in the eye tissues, other parts of the perch have .
Ruoh the seme concentrations as those given by Lutz (1926) for

Yarious mammelien speocies.
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The results for copper concentrations in various
tye tissues do not f1i1ll eny cleer cut general pattern.
?he verietion in the order of eye tissues, arranged according
to copper concentrations, is much grester than is the case
for zine. The physico-chemical and dblochemical sgencies
¥hioch acocumulate zinc sppesr, in all the vertebr?to ayes
oxamlned,\to be sctive in one tissue more than snother, end
Rost ective in the same tissue in sll species. The same
Qannot be true for copper. In genersl, pigmented tiaguqs
tnd pigment-protein fraoélona from ell the .vertebrate eyes
®xamined in this work contain relatively high copper con-
Sentrations. In some species, however, other tissues mey
have concentrations es high, or higher. In trout the
8{lver membrane hes a higher copper content than either
Shoroid or iris. In oonneotidn with this, it wes observed
that the debris from an sttempted dlgestion of mixed chorolds
dnd silver membrenes of trout, which consisted largoiy of
3uanine, contained a high copper concentration (672 ug./g.
try tissue). Frog eye tissues seem to have a relativol&
high copper content; the R. esculenta pigment-protein
Craction being very high in copper. ‘

The very high concentrations of zino in the pigrent-

Protein freotions of perch and frogs, and the observation
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that et lesst 747 of all the zino in perch choroids is bdbound
{n non-ionic form to this freotion, show that the high zine
dontents of the pigmented eye tissues can lesrgely de
Sgcounted for by en associetion with melanin pigmentation.
At this stsge 1t i8s possible to summerise in two
Points the position in regerd to the distribution of zino
in vertebraete eyes. Firstly, ocombining the results
Obtained in the present work, end those in the literature,
it can be steted es s tentative rule that the higheat con-
Sentrations of zinoc are éound in the pigmented tissues.
Secondly, the fractionation studies described in the present
‘ork have indicated that the zinc in the pigmented tissues
{s lergely combined with a pigment-protein fraction.
Though it eppears that oopper is slso combined with the
Plgment-protein freotion, no such general statements can de
Rade about this metal. The contrast between the two
Retals may be expressed Aifferently by saying that it is
Probadle thet the main differences in the concentrations
f zino in the eye tissues of a perticulsr species are due
%o differences in the melenin content, but that it is
POssible that the veriations in copper concentration are due

ther to & multiplicity of chemical combinations, or to
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lone at ell; no single chemicel comdlnation appears to be
dominant.
| The most outstsnding thing sbout the distridvution
Of zinc in vertebrates' eyes is the great accumuletion of
ghe metsl in the pigmented parts of freshwater fish eyes.
There are two possible explenations for the unique concentrations
in these speocies. The first is thet the pigment-protein
fraotions of the eyes have e specielly strong avidity for
2ino, the second that the supply of zinoc to the tissues 15
Unususlly large. Both fectors might, of course, be operative.
The first factor will have some dlscussion in later chapters;
Only matters oconnected with the second fector will be |
Bentioned here.

The concentration of zinc in lske water is probabdly
8 little higher than that in sea water, but not much.
Noddaok & Noddeok {1940) showed thst sea off the south coast
Of Sweden contained 14 ug. Zn per litre. Leiner & Leiner
(1944) give rigures for unfiltered water from Lake Constance
Of 30-60 ugs. Zn per litre. Filtered water will oontain
less than this. Zooplankton contain 200-300 ug./g. 4ry .
%eight and phytoplenkton much less. The possibllity thaé

the concentration of zinc in the surrounding fluid ocauses
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the sccumulation i8s rendered less likely by Leiner & Leirer's
observetion that the concentrations of zino in the eye
tl1ssues did not increase after keeping the fish in water
conteining 400 ug. Zn per litre for several weeks, This,
of course, does not prove that lowering the existing zine
content of a lske would not lower the concentration in the
eye tissues.

There {8 & fundemental dirferenoe in the minersl
metebolism of fresh and salt water fish. The former tend
to conserve mineral salts, and the latter to excrete them.
Whether this has sny besring on the difference in zine
contents of the eye tissues it is difrficult to say. The
need in freshwater fishes is for ionic materials to keep
up the internal osmotie pressure. The zino in the eye
tissues 1s largely bound in non-ionio form to the pigment.

Whitever the oomplete explanation of the mattot.
1t 18 certsin that the chemical factor concerned with the
sotual pigment-protein complex of the eyes must play an
important pert, for if the supply of zinc were large, end
there were no speciel avidity of this complex for zime, then
there would be no reason why very high concentrations of the

metal are not found in the other eye tissues.
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CHAPTER VI,

YURTHFR _EXAMINATION OF PIGMIENT FRACTIONS FROM

THE__EY®S OF VARIOUS VERTEBRATE ANIMALS.

It wes shown in Chapter IV and V thet the zing,
ang to a lesser extent the copper, of the pignented tissues
Of the eyes of verious snimals, wes largely associated with
Y brown-black, insoluble, fraction of these tissues. The
Qature of this fraction is studied in the present chapter.

The insolubility of the materiel made it 1mpracticabli
Yo study erfeotively the chemicel homogeneity of the frsction.
It was thought that the most likely impurity was protoin.'
Turther trypsin digestion of the material from csttle irises
Showed that the zino conoentration oould be slightly raised
(e.g. from 870 to 1,200 ug./g. dry materisl) and the copper
Songentration slightly lowered by this process. The .

%Oncentrations of the metals were never greutly chenged by
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trypsin digestion, however protraocted. The decrease in

the 4dry welght of plgment material wes insignificant when
trypsin dlgeation wes ocontinued for longer than thfee deys,
and 1t therefore eppeared that a state wes reached when no
further pqotein wes digestible. wWith peroh choroid plgment,
the dry welght concentretion of zinc wes decreased from

4.38% to 4.104 after three days trypsin dlgestion. Owing.
to the shortage of materiqi it was not possidble to dliscover
whether thlis decrcesse was essooclated with e removal of

organio substence. A comparison of the repid digestion

of the ocompeot iris tissue from cattle, and choroid tissue
from persh, with the slow remoﬁal of a emall smount of
materiel from the finely divided pigment fraotion, indicatea.'_

that there 18 little free protein in the latter material. e
!

Seotion 1. The Nature of the Organioc Material of the
Plgment Fraction,

A, The non-chromogenio organic material.

Groonatoin, Turner & Jenrette (1940) digested
Dalignant melancma tissue from mice with pancreatin, and
1s0leted an insoludle pigment frsotion from the digest.
They showed that about two-thirds of this material consisted

of protein or other smino scid compounds. The emino acids
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Yere split off by hydrolysis with HCl, leeving e pigment
Mth & nitrogen value (8.8%) which corresponds with that of
Wlanin formed from tyrosine. They considered the non-
R@lenin pert of thelpicment to be derived from the pseudo-
tlobulin of the melanoma tissue. Mslanin itself contains
WUmost no free -NH, groups (Peroivel & Stewert, 1930) end .
{s thererore not protein in nseture. Serra (194%5) oconsidered
that the pigment in heir is bound to keratin; he termed
the whole complex 'mélanqkeratin' or éimply melenin, and
§ho plgnent ;emaining after hydrolysing the protein with
;eid 'melenold’. |

Experiments were therefore carried out to show
'hother the pigment fraction of eyes is enslogous to these
haﬁerials.

A014 hydrolysis.
| " Part of pigment freotions from cettle irises ind

Dorcﬁ chorolds was woighod;and enalysed intact, and pert
“eighed and treated with O.1 N HC1 for 1 hour on a steam
%ath.,  The insoluble residue of the hydrolysis wss centri-
Tuged down, washed, dried, welghed, and analysed. Results

re shown in Tadle 27,
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br wt. Copper oontent Zino oontent

Plgment Frection (Zs,) PP (ugs.) i (ugs.)
Cattle %r%a fraoction | 5 322 9.0 100

1 ' )
lesidue after hydro-
\lyais of (1) 0.074 8.1 o8 '
: }
c.ttla %r%a frection 0.129 11.3 91

2 y )
Reaidue after hydro-
lysis of (2) 0+000 10.5 2.2
Perch o?o§oid fraction| o noax - 365

3 L ]
Residue after hydro- 0.0041 - 2.4

lysis of (3)

e

It is therefore clear that pert of the organic

Raterisl of plgment fractions is subject to solution by aciad

hYdrolysia, and pert

8 not.

The zine in the graotiona is

Amost entirely split off by ascia hydrolysis, but the oopper

{n the cattle materiel largely remains'atyaohed to the

{nsoluvle residue.
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!}nhzdrin Test.
The presence of free amino groups mey be detected

by the use of ninhydrin, which glves a blue-purple colouration
“hen boiled with compounds containing these groups.
| The test wes carried out by boiling e little

dnhydrin with pigment suspensions for £ minutes and then
Sentrifuging till the supernatant was free of pigment.

The originsl cattle iris pigment fraction showed
L gtrong blue colouration in the supernatant. A 'melsnoid‘’,
Odtained from this materisl by hydrolysing with scld till
dalr the original dry weight was left, gave no colouration.

No resotion was observed with a pigment fraction
from perch, but this may have been beceuse insuffiocient

RMaterial was available (about 1 mg.) to glve a reaction.

This test, together with the results of aoid
h)'drolyais, indicate that sbout half of the pigment fraction
Sbteined from eyes is protein or emino moid in nature, and
the whole meterisl is analogous to the melanin complexes

Obtained from melenomas and from hair.
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Y. The chromogenic orgenic material.

| The colour, and the resistence of the materiel to
101a hydrolysis, indicate that the chromogenic pert of the
Mguent freotion is melenin in nature. These two properties
ire common to all melsnin pigments which have veen examined
tor them, but they are not really exolusive.

: Different workers have used different comdinstions °
of properties for characterising verious brown snd black
bigmonta as melanins., 1It 18 therefore by no means certain
that all'th; materials known by the name 'melsnin' have the  A
Same chemical siruoture. It 18 likely, however, thnt'mostlg
Of the ohromogeniec perts «f these materisls are related td

%ach other, and have a common ohemloal struoture, which il _
drovably that of a polymor whose units are indole derivativol f
(Rlpor, 1928) .

. The oheraoteristio propertiel of melanina sre
4$eouasod by uaaon (1948); the following wero selected en

‘he moet convenient for settling the 1den§1ty of the ofo

Mgment.

Bleaching of the g¢olour.

Melanins ere bleeched by permesnganete and diohromate;

aioha (1943) showed that bleaching with hydrogen peroxide
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M gure 7

Bleaching of the nglnnin oolépr.by dono.Hnosﬂ '

= . e > A L, * s8- BN a -

=Y T l r l 4

6 \ -3 1
\ .

5 v

m
O oW s

4 ~ 8

o N M e R ¥
300 400 500 600 70C 800
WAVELENGTH in mys

s 1

M -

Abiorbtidh i}ooifui'of”i ml. of Q -olanoid
- suspension diluted to 20 mls. with water.

~-—-———Absorption curve of 1 ml. of the same melanoid
suspension trested with 1 ml. conc. HNO, for three
days, diluted finally to 20 mls. with water, and - " :
rondfnsl teken with the Beckmann instrument using
1 ml. ENOs in 20 mls. water as a compensating '
solution. ‘ .
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tave a non-fluorescing substance.

Suspensions of cattle, frog, and perch pignents
Obteined in the present work were found to be bleached to
U yellow or light brown shade by 100 vol. Ii;0p, K3CrpOnp in
Ulute HS04, end 50f ENO3. The nitric scld caused almost
Somplete bleaching in u oouple of hours, dbut the other
Teagents took up to 24 hours dbefore the sotion was complete.
The sbsorption ocurves of e cettle irls *melanoid' fraotion
2d en equivalent amountﬁor the material bleached with ENO3 ‘

ire glven 4in Figure 7.

Absorption curves.

Colour is a primery cherecteristic of melanin.

Blooh (1927) stated thet melanin msy be coloured in a sosle
%hich ranges from biight yellow and red yellow through light
dnd dark drown to deep bdlaok. Nevertheless a numbor of
8ttempts heve been maede to characterise melenins in torﬁs

o abaorptibn speotra (Bloch & Sohasf, 1925; Daniol.'1938;
Baker 2 Androws: 1944; Zwloky & Almasy, 1935; Arnow, 1938;'
rOung. 1914). It has decome olear that the n&do of
Weorption of light by thase sudbstances is complicated by
Yheir colloidal states snd by conoomitents with which they

Ar¢ known to be assocliated (Mason, 1948), The curves sre
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‘Absorption spectra of cattle melenin suspensions,
before, and sfter, acid hydrolysis.

|
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_Absorption spectra of melanin rraotionl from fish
_ and rrog eyes. :
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Curve 1. rrolh poroh plgmont.,. (’ L
Curve 2. Fresh frog (R. esculenta) plguent.

Curve 3. Frog (R. esculenta) pigment after stending
: T in water at 0° C. for 2 weeks.

‘Curve 4. Frog (R. temporaris) pigmint'obﬁainod after
A tho choroids had stood under wator at
'0° ¢, for 2 weeks.
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8lallar, however, in that they all have the appearsnce of
cmevhst modified particulate ebsorption (end-absorption)
‘urves., Serre (1945) found differences between the abd-
Sorption curves of 'melanin' snd 'molenoid' suspensions.
Absorption curves, measured on the Beckmann and

Wucam photoeleotrlo spestrophotometers, for the various
Pigment rraotiona from eyes examined in the pressnt work
re glven in Figures 8 end 9,

" The curve for cattle iris melanin fraction in
Tg. 8 18 similar to the curves given in the literature
Rentioned above. The difference between this ourve, eand
the curve for the insoluble residue sfter acid hydrolysis of .
the origina; materiel, 1s similsar to the difference between
fho 'melanin' snd *melanoid' ourves of Serra (1945).
| The curves for fresh perch end frog pigments in
Tig. 9 ere very aifferent from that for the cattle pigment,
The absorption in the higher wesvelengths is almost equal to
thet at lower wavelengths. This difference was evident
‘5 the uneided eye, for the pigment fraoctions from fish and‘
trOgl were grey in shade, whereas the ocattle pigmenf was
5r0wn. This dlstinotion wss slso evident when the materials

Were drled. The adsorption ourve of a suspension of any
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Rterisl in water or other fluids 1s a composite of two
feotors; the scattering of light by the perticles, which
Qepends on their size, and the ebsorption of light by the
D‘rtioles, which is dependent on their chemioel structure.
The soattering of light by particles cennot elone give rise
}0 a linear abdsorption ocurve such as thst observed.tor fish
;nd frog ma%eriel; 4in faot it 1s unlikely thet the perticul-
‘to absorption would have eny measurable effect on the total
Wbgorption et wavelengths longer than 450 mu. The differ-
ngas in the pigment curves beyond this wavelength must
thererore be taken to indlcate = difference in chemicel
Wruoture.

Figure 9 shows thet the perch and frog (R.esculenta)

¥igmanta.chango their adbsorption curves gradually on allowing
fuapenaiona of the material in water to stand st 0° for sogo
‘me. The curve becomes intermediate between the original
“2¢, and the ourve for cattle material.

A similar intermediaste position is ococupied by the
Surve for pigment from Rane Temporarie choroids which had

Yeen preserved for 2 weeks under water at o° c.
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Solubllity.

Yelanins have bveen reported to be soluble in e
“de verlety of sulvents. These reperts heve dealt with
Relening which either have been treeted with strong reégents
WVhioch mey have degraded them, (e.g. Bloch & Schasf, 1925),
Br with ‘melenins which occcur naturslly in e very finely
{ﬁivided state (e.g. Greenstein et el., 1940), end with
;tinoly divided synthetic melenins. The reporte do not
(iatinguiah beiween true and colloidel solution, end it seems
likely that the difference between the insoluble melenins
¢ Sohmiedeberg (1697), Serra (1945), end meny others, and
the soluble ones, 18 merely a matter of particle size. !
.'ory many investigators have shown that strong alkells render:
Rglanins soludble to some extent; this may be en effeot on;_i
Partiole size.
' The plgnent materiel from all the eyes examined
"Dpoarod to go into some kind of solutfion when treated with'~
xcess 1% NeOH or KoH. The materiel from a suspension in :;
Vater could always be recovered completely by oentr;rugntion;
%1’ a fraotion of the material suspended in NaOH solutioq - ;»;v
‘éuld be recovered in this way. In oxperimohtl carried |

%t on cettle materisl it wes found that more of the originnl.?f
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Rterial could be recovered by adding acetic eacid to the
Alkeline mixture till the pH wes 4.5. At this pH a
flocculent precipitate was produced which contalned morae
Sopper and zino than the original material. The results
Of a quentitative experiment on these lines ere given in

flblo 28,

TABLE, 28. ¥raotions of a 'suspension' of Cattle Iris
Plgment Fraction in 1% NaOH.

©. —n———

Fraction Dry wt.{(ge.) | Cu oontent {Zn content
ug./g.4ry material
Criginal pigzent . R
e lon 0.2964 83 771
Deposit on centri-
fuging the *'sus- 0M021 63 881
~pension'
Procipitate from
" agld solution 0.0583 139 970

\‘

The amount of the deposit odtalned dy. contrituging
‘ho NeCH *'suspension’ was reduced dby increasing the ltrongth
°f the NaOH solution, and by hesting the mixture.
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Hygroscoplo neture of the 4ry pigment.

Young {1914) extrsoted the skin of an Australlan
tdorigine with 5% KoH. From the extract, he sepurated a
Pigment material; after prolonged drying he found that this
Naterial wes hygroscoplo. in the present work it wes
Potiood that ocular pigment msterials which hed been dried at
110° C. incressed in welght when left to equilibrate in
Yalances ocontaining no drying egent, but were -unaffected in

Yalances where the air had been dried.

There are thu; e number of properties whioh show
‘he similerity of the.ohromogenio pert of the dlack oculas j._
?1gment with melanins from other sources. Though the o
{resh plgments from frogs and perch differ from the cattlo'.i
Pigment in one property, the absorption ourve, materials rfoui
‘hoao sources underwent a change cn standing in contect with -
‘Iter; which produced pigments with curves intermedlate
)otwoen the original snd the ocattle pigment ocurve. In
Yonjunction with the similerity in the other properties this
lndg ostes that all the ohromogenioc materlals belong to the
Yanme general type, though they ere not identical. The

Teported figures for C, H, O, N end 8 in melanins are 8o
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variable (of. Vaelsch, 1932) that it was thought that en
¢lementsry analysis would not throw any light on the probdblem.
Previcus workers (e.g. Sieber, 16886; Waelsch, 1932; Krause,
1933) have maeinly essumed that the black pigment of eye
tissues 1s melanin without enquiring fer into whet 15 mesant
by the teram. The main beses for their adoption of. the
Yerm appear to have been the colour snd the general in-
aolubillty end lack of resoctivity of the meterisl. Siebder
Obtained pigment from chéroids by soraping the pigment
grsnules out of the tissue under water. Weelsch obtained
the pigment as an insoiuble residue after digestion of
Shoroids for 8 weeks with a pepsin-ECl mixture. Both

these workers found their materials to be generally insolubdle
{n orgenioc and inorganic solvents, but to be slightly |
Soluble in aqueous NaOH or KoH. Krause obtained his pigment
by extraotion with 0.5% NeOH; he ststed that this materisl

)
Was goluble in dilute aold end slkall.

Section 2. The Composition of the Inorganic Pert of
the lFigment Frections. .

The smount of ssh materiel remsining after
‘1noineratioh of oculsr pigment fraotions was always greater

‘han the totel zinc end copper content.
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During the fractionetion process the pigrent wes
Yashed snd centrifuged down from twice dlstillod water at
ioast five tines in ordor to remove froc protein., luring
thls process all soluble inorgsnioc muterial was removed.
This faot wes shown by oomparing the esh welghts of two
famploa\of aried cattle irlis plgment from the one digestion
xperiment, both inoinerated {n pletinuam orucibdles. One
Samplo was merely dried aftor the washing process; the
Other sample was dialysed for three days ageinst £wioe
Qiatilled water before being dried. The res;ective ash
Sontents were 2.594% and 2.5904 of the dry msteriasl.
Copper snd zine ecoounted for 0.0063% end 0.077% of the
dry weight of this semple of pigment. The ash oontent of
Various semples of cattle iris pigment varied from about
}.5% to 2,6% of the dry weight, dbut in no case 4ia copper
xnd zine account for more than a small pert of the total
ish weight. The ash weight from perch pigment was Just
lees than 104 of the dry msteriasl and the zinc content
’oSBﬁ. - The zine thus accounts for a large part of the ash,
“_lt even sssuming thet the metal is present in the ash as a
¥no salt, there must still be other cationic elements '

P?annt.
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Sieber (1888) found roughly 3% ask materlal in
Digment from choroids; W¥aslssh (1932) found 1.9% in
Baterial from cattle chorolds. Both found that tas ash
%ontained iron. There is n0 recori in the litorature
Of any work on the esh froz fish eys plgzmsnt, or of a
%Oomplete survey of the elements present in the ash of cny
}Duriried melanin material. It was therefore dsocldsd to
Sarry out a qualttative‘anission spectroscoplio asnalysisa of

the ash of ooular pigment matorials.

Experimental Technique.

‘'he Hilger E1.301 version of the Littrow high
ai'DOrSIOn spectrograph was used, snd an sro source for
Sxoitation of the eleotrode and esh. The instrument ins
Obtained in correct adjustment from the direotions givdn :
M Pore (1950). |
3 By means of the Hartmsnn dlaphregm three spociro¥
.Grama wore taken without moving the photographic plate;

‘0) e control conxisting of pure graphite rods;

_(5) the test materlal pleced on a hollowed graphito cathode
“Pposite a graphite anode;

(0) & rererence ‘standerd consisting of two pure iron

eotrodes.
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Figure 10

Emlssion spectrogrems of tho ash of dialysed cattle
iris pigment. Centect prints obteined from
the original plstes.
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Upper print - 1long wavelength range-

Lower print - short wevelength range.
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Speotrogra&a were photogrephed for two wevelength
Tanges; 2250 - 2880 Angstrcm units, end 2880 - 5050 L.

The exposure times for Ilford Crdinery plstes were resrect-
ively 2 mire. (Iron 1.45) and 3 minse. (Iron 2.30),

The twc spsctrograma for these renges, esch
toaprising three gpectrs in exect Juxtaposition, were examined
On o Judd lewls somparetor. Lines in the test speotrogram
Rot present in tke occntrol were identified by reference to
tk¢ iron lines in the tkira spestrogramr. The iron specto-
Eram was cherted, end the unknown lines 1dentified, by
Tefersnce to latelled photographs in Brode (1939) ond thov
Vavelength and element tables in the Masaschusetts Institute
Of Teohnology Yavelength Tables (1832).
| ~ A photograph of a typlical spectrogram, taken
rrom the originasl plates obtained with ash from dialyaod
{ris pigment is glven in Figure 10. ;

Results.
In many regions of the spectrum & given line
Sannot easlily be assigned to a esingle element. In some
Parts of the spectrum there are few elements with ani linca,\ 
bat 1n others there are so many that even after the wave- . o

1Ongtn cf the line has been determined zocurstely by the
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80ale of the Judd Lewia gomparator there ere often two or
R0re elements with lines within the wavelength renge which
the inscourascy of measurement and photogrephy allow as error.
It 15 often possidble, however, to decide which element has
broduoed the line by referring to brightness tables. Some
°f the possible elements may be found to have very weak

Unes at the pertiocular wsvelength in question, snd these

%an be neglected. If this procedure falled to eliminate
511 but cne of the possidble elements for a partioculsr line,

the progedure followed wes t0o search for rales ultimes of

U1 the possible elements. The raies ultimes (r.u.) ere

the 1ines of an element whioh are most persistent, 1.e.

lfo the lsst to disappesr on reduoing the concentration of
the element in the esh. If two ar more of the main r.,u.'s
for an element were absent then it was usually sssumed that
‘e olement was not present, though there is still e alight
P08aibility that these pertiocular lines were obsoured for
!?no reason. This procedure nesrly always singled out

the element to which a perticuler line Puac be asocribded.
;(‘1t did no%, the line was adendoned &s being equivocsl,
'n§ attention trsnsferred to the next line in the test

“Weotrogram not present in the control. A 1ist of the

4
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®lements giving rise to the individusl test lines was thus
Sompiled. It wes found thset esch element on the 1list
%¢ourred more than cnce, and that each of the elements had
1 least one r.u. on the spectogran,

N The ashes successfully analysed were:-

{(a) from dislysea cattle iris pignaent;

{b) rrom dislysed cattls irises;

-(5) from washed perch pigment.
The fdentified lines are listed in Appendix I, and the

{dentified elements in Table 29.

TABLE 29,

Source of Ash Elements definitely identified
S —— :

Nalysea cattle iris pigment
(Ashed in orucibles of S103)

Melysed osttle irises
“(Ashed in Pt. orucibdles)

Cu, Mg, Ca, Ba, Zn, Fe, Si, Ti. -

Cu, ¥g, Cs, Ba, 2n, Fe, 51, Pt, TL

Vashed Pt
perch pigment Cu, 4g, Ca, Sr, Zn, Fe, Al, 81, Pt
JAshed in Pt. crucibles) r =6 ! ’ ’ ' ’ ' ,f

L4

Impurities and srtafacts.

Silicon and platinum were regerded es probadle
lﬁburitiea arising as inevitable contemination from glasé

Ye8s61s and from oruoibles.
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The linas ascridved to titanium were regerded as
ifobablo'érteraota. Some r.u.'s of this element were
éOunq in the control spectrogram from 'pure' graphite
ileotrodoa. o8 well es in the test speotrogranm. The lines
of titanium (emongst other.elementa) poasoés the property
of being augmented in strength by the pressnce of other
ionleable»aah material. The appesrence of the titenium
lines in thé test spectogram not present in the control is
Drobably“duo to this augmentation effect. |

_ The purpose of the snalysis on ocattle iris ash
Wes to disoover whether‘tho elements in the pigment fraction
Were present in the'tiqéuo from which it originsted, or
Yyothor they were introduced.during the rractipnatggn proooga.
{9 annlysiq wasloriginally qarripd out on fresh und;alysod‘
%ria esh, but ;hig wes unsuccessful, for fhe vapourised
Sodium selts obsoured much of the spectrum. The results
°btainod show that, apart from the possibdbllity of contemination
Irom the dlelysis psper, which seems unlikely, there sre no
';omont§ added to the pigment during the frectionation
Process.  The faot that there was no sodium in the piénent
fraction ssh shows that soluble materials have been entirely

Temoved.
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' The emiseion speotroacopio analysis is limitod
‘7 the fact that the lines of tho enionioc olements are
!ow and often faint; the preaent teohnique, partly beocause
°t tho limited wavelength range would not detectlthem.

It is rairly certain, however, that all the |

lotallio olomenta presont in the ash would be idontiried.

$
.

Discussion.

TN From the strength and number of their lines, iron
%nd celoium eppeared to be major, and ocopper, zins, barium
'nd magnesium, minor constituents of the ash of cattle
Raterial.. L

Ma jor constituents of the perch pigment ash appeared
to be zino, ocesloium, and iron. Much less iron was present
than in the cattle material. Al, Cu, Mg, and Sr appesred
%o be minor constituents.
A Ramageé & Sheldon (1931) round thet the. choroids
Of . certain ox eyes contained barium in amounts up to 1.5%
(roughly)'of the dry weight. They also reported the
dresence of traces of strontium, The choroids of men,
s, sheep, horses, doga;'and the common 6onmoroia; £ish
%ontained no detootablo quantities of barium. Barium was

‘°und in tho ohoroida of all cattlo of 3 ycars ola, and ovor,
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%t not in calf ohoroids.  They found barium elso in
{rigses, snd the derk pigment sepsrated from the choroid
b!,rubbing. Other elements in the choroid esh were

Na, X, Mg, Ca, Fe and Cu. . Retinas, without the adhering
Plgment epithelium, contained similer quentities of RNa,

L and Ug, but less Ca and Fe than the ohoroids. Neither
the retinas, nor any of the other tissues snalysed, contained
Ba,

In oonjunotion with the present work this there-
fore gives a strong indloation that a number of metals are
Scoumulated, by the process of pigment formation in‘eyos.
“Waich would otherwise ocococur either not all, or in much
lmaller amountl. The partioular elements scoumulated
d'Dond partly on the species of animal. In freshwater
f;,n.-. the work of Leiner & Leiner taken in oonJunction
‘ith the préseht -nalysia of plgment frsctions from perch,
"rongly indioatol that zino is the prinoipal accumulation.

In mammala, othor motals sppeear to predominato.

:;‘-Sootion 3. The Manner of lLinkage between Inorganic
. and Organic Psrts of the Pfgment Freotions.

The only evidence bertainlng to the problem of -

the foroes which bind the metallic elements of the plgment
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%0 the organic molety, which has been obtained in this work
80 far, is thet provided by the acid hydrolysis of the
Pgment fractions. This showed & difference between the
Ynding of oopper and of zino; the latter was easily split
off by treatment with hot dllute acid. Leiner & Leiner
fI§44) tound'that oysteine hydrochloride solution would
xtract nearly all the zinec rron e dry-powderod homogenate
°t tish eyes. |

It Qaa decided to apply this oysteine hydrochloride
Propedure to & plgment fraction of eyes, and to look for
further evidence concerning the bdbinding of the metallie
Oidmontl;_

Cystelne hjdroohlorido treatment of a pigment fraotion.

Leiner & Leiner extrsoted sdout 350 mgs. of material
wth 10 mls. O,1 M cysteine. HCL solution for several hours.
In the present work a preliminery experiment was carried
out, by extracting 100 mgs. of cattle iris pigment for one
Rour with 10 mls. 0.1 M oysteine HCl solution. Adout
18% of the zinoc wes removed from the pigment, but none of

Yhe gopper.
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Exaotly tho{aamo,o;perimgnt was gqpeated, gq;ng

. extraction time of 18 hours.

n Tadle 30.

The results ere glven .

.:,?ABLE>30?

T Materiasl Dry wt. |Cu content | Zn content
_ (gs) - (ug.) (ug.)
;Cittlo(ifll pigment | 3106 - -
1 : * '
'Insoluble residue o ’
;ltiger extraoting 0.1023 6.3 20
A . N

Cysteine EC1

supernatant - 1.6 42

t B
i

Tovts

°¥lteine hydrochlorido oruoiblo.

Tho bulk of the alh material appearod to bo 1n tho

Tho pH of the oyatoino hydroohloride solution wes

‘bout 5.0; the posslbility ‘that the acidity was the sotive

tlctor in removing zino was rulod out by Lclnor & Loiner,

‘50 ahowod that tho metal was almost oqually woll extraoted

\1 noutralisod oysteino BCl. o
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In the present work it was found that the pH of
L} suspension of the repeatedly washed residuo of cyateino

HCI extrection was about 3.8, wherees the original pigment

LN

Ouapension had e pH of 5.8.

‘ .

Nature of the ash from the pigment fraoction.

¥hen the ash from cattle iris plgment material was
first suspended in water the pH of the suspension was 6.5.
If the mixture was allowed to stand for a few hours it was
found thet the pH had chsnged to 8.0, This cen only de
*Xplained by the gradual intereotion of oxides or dasio
Salts {n the ssh, with the water..

" Trestment of pigmbnﬁ with thiourea.

In solution the = S group of thiourea is in
‘Qnillbriun with & - SH group. As thiourea is cheep and
’Oadily availnblo, the possible use of this substance as a
'“bstituto for oyasteine HCl in the extraotion of zinc from
MBment fraotions wes 1nvostigatod. A moler solution of
‘hiourea slone was found to have no effect on the metal
°°ntont of the pigment. If the solution was made acid
(0,02 N with BnS0;) then 1t was found that some of the zino

"ﬂ copper were removed from the pigment artor 2 duys.

Y .
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la addition, there was evident a difference in eppearance
of. the treated material. The pigment had flocoulated;
the particles were both larger snd heavier. It was later
found that all these effects were due to the scid elone.
The thiourea does not appeer t0 heve an sotion snalogous

t0 oysteine hydrochloride.

The possible linkage of the inorganic elements td sﬂi‘hur
S;gnpa In the proteln of the pIgggnt.

-

Greenstein et sl. (1940) have shown that sulphur
in the rorm of oystoine or oyatine oocura in the protoin
'hich is not removahlo rron (-] melanin fraotion by trypnin
d1seat10n in muoh greater quantity than in normsl proteins.
’loach (1949) auggostod that the oopper which he found in
this material might be bound neer ‘the sulphur atoms. Nearly
‘11 notala are known to form norcaptidoa. of varying degroel
°f atability, in the prosonco of - SH groups, end the .
x'OHmval of ziné‘from ooulaf pignent matoriél 134 oyétéino.' N
hldroohlorido tita in woll with tho hypothosin. It wes
l"hox-earore thought worthy of further inveltigation.

.. . Tt bad been found that dilute EzSO, in the oold
??;Qﬁally romovod zino and other aph natorigl ;rqm the pigment.

;?itho hypothesis that the metsls are linked to sulphur as

,‘l'n
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Wroaptides is correct, then there should be a formation of

* 8H groups ocorresponding with the removal of metals,

dssuming that this would give rise to en increase in the
Teducing power of the materiels, it was decided to investigate
the possible correlation between the amount of zino and

i8h material .removed from the pilgment, and the reducing

Power of the material, as measured by 2-6 diohloroindophenol.

E}perimental

| Four 2 ml. portions of a homogeneoua suspension of
°ittlo iris pigment in water were pipotted into four ditrerent
°0ntriruge tudbes. ‘

?O‘tube 2 was sdded slso 0.1 ml. O.1 N HpSOq + 3.9 mls. HpO.
To tube 3 wes sdded slso 1.0 ml. 0.1 N HyS0, + 3.0 mls. E,O.
To tube 4 wes sdded also 1.0 ml. N HpSOq + 3.0 mls. HgO.
Toltﬁbo lvwaa edded also 4.0 mls. Hj0.

The tubes were sllowed to stand at room temperature
t°r 80 houra and were then ocentrifuged, the aupernatant
p°urod orr. and the solld shaken up with twice distilled
‘ltor and centrifuged sgain. The washing wes repeated and
?h’ centrifuged residues were washed into four Thunberg

tnioo with 4 - 1 ml. portions of Borato-Bofio scid dbuffer |
(PB 7.34) To each tudbe was added 2 mls., of a standard



tolution of 2;6 dichlorophenol indophenol. In a £ifrth
{sontrol) tube, 2 mls. of standerd dye were mixed with
¢ mls. buffer. Each tube was evacuated end filled with
lifrOgon, and the proocedure repeated a second time. (The
tye 18 slowly re-oxidised in air).
A11 five tubes were then incubated at 38° C. for
20 nours. At the end of this time thelr contents were
Poured into centrifuge tubes and centrifuged for 30 mins.
W% 3,500 revé. per min. The superratarts were poured
1nto 20 ml. stenterd flasks and diluted to volume. These
'Biutions, and the control similerly diluted, wers then
Placed in an Eel colorimeter end readings taken with a red
filt;f.
- The 80114 residues of the reeotions were dried
2d weighed.

The first pert of the experiment, before esdmixture
‘1th tﬁe dye, was repeated under exactly the same conditions.
Trom this experiment results were obtained for (a) the amounts
°f'?1no end copper removed from the melsnin fraction by
Yari{ous conoentretions of Basq‘; “(b) the percentage of the
&y weight of the material made up by esh after the various

"‘ntmonta.



(a). _Smpll amounts. of organic matter which hed boéomo
ﬂllsolvédtduriné the reaction were removed by shaking each
Supernatant from centrifugation with successive small amounts
°f cerbon tetreohloride until no further emulsions were.
formed. This prdcosa.allowcdnostimationa of zinc end
S0pper to be subsequently carried out on the solutions by -
the standerd dithizono proocduro without ashing, snd without
‘ny hindrance to eeparation of the two layers.

-{b). The 80114 residues were dried and weighed, ashed
'nd:iolghod in plat{num orucibdles. Ash weights were
deternined in ?ho Microenalysis Seotlon of the Organic
Chemistry Department.

~«" . The results are given in Tnbld 31. The amounts
°f'iatoriul used were too smell to permit of significant -
%nalysis for o;ppor. |
— It was evident from the results in Table 31 that
the experiment had been unsuccessful in several ways.

1. The recovery of zino as shown by the total (a + b)
for each line, is not very satisfaotory.

2.  The measurement of ash wolghte is not satisfactory.

3. No correlstion between the removel of ash material

24 the reducing power of the plgment was observed.
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TABLE 31.

The Removal of Zine from, end the Reduoing Power,

of Pigment from Cattle Irises treated with various

[ -

atrengths of LpSO4.

“Normality of| ugms.Zn in jugs.Zn in |mgs.Ash from|Esl reeding
Hp80, 100 mgs. supernatant |[100 mgs. dry| of daye
L A 4dry residuejcorrespond-| residue reduced by
(a) ing to 100 mgs.dry
100 mgs.dry residue
resldue
(v)
20,0 9l.4 0 ' 3.7 103
‘; 00001‘ - 0 . 5.8 -
. 0,0017 -\ 0 - 112
©.0.0125 - - 1.8 ‘-
i'.;‘oo 017 - A 23.2 - - 91
0,08 890.1 30.2 1.5 -
0.17 13.3 59.7 1.8 86
N —

A dash indicates that nd'bhdlyaia was made.



The minimum changes required for the experiment

“9'.—31" signifioant results are: & more reliable technique
tor eatimating the reducing power, and a more reliable method
Qtzweighxns the gsh. | Rer;nemonts in tqqhnique Qere not
Pursued because doudbt ercse es to whether, in fact, the
°h§nge groq e ngroaptide to an ~ SH group would 1norqaso the
?,duoing power of the pigment. |

_ - The rolulta do, howover. serve a useful purpose,
'nd the experiments sre reoorded horo because a rough
Telationship between the emount of zino and ash material
fgmoyod, and the strength of the aulphgrio.aoid edded, 18
QCQQnap:atod. 'An.inoreaao in the strength of acid ihoreaael
the amount of inorganic material removed from the pigment

%9.two‘dayl.

eotion 4. Summary and Discussion of the Findings
sbout the Nature of the 5351;r Figmant Fractions.

It hns been demonstrated in tho preoeding sections

ot thil chapter:-
1. That the substance in the pigment materisls obtained
from the eyes of vericus vertebrates which is responsibdle

for their colour belongs to the class of melanins.



2. Assoclated with the melenin is material of
Pfotoin, or amino scid nature, This material must in
'Ome way be combined with the melanin, for it i1s not rendered
'Olublo by prolonged digestion with trypsin. ‘ '
b 3. Severel metalllc elements are combined in some way
;Ith the organic matter of the plgment; they are not removed
§¥ washing or dlalysis. Zin@, and some other ash material,
‘50 partly split off by cold dilute HpSO., and zine is
'holly removed by treatmeént with hot ‘allute HCl. Copper
‘Dparently renains attaohed after aoid troatment. Zine
1' also largely removed' by treating the pigment with cysteine
hydroohloride’ solution. ' :
- " 4. Melsnin sccounts for about helf the dry weieht of
iﬁ. pigmznt'matiridl. In oattle the ash weight 18 1.5 -

06$ and in poroh sbout 104. ' )

. 5. The elements oscurring in the ash vary from one
??ocios to another, and the smounts of each probably vary

rfon one individual of a species to another; end fron species

t° speocies.
y L

*.+ .. The relationship between melenin and proteins in

Mack sntmal pigments is not clear. Greenstein et al.

(1940) have shown that the two ere associated in melenomas,



Serra (1945) and Stery & Richter (1938) likewise for hair.
Mant (1932) showed that verious melanins were antigenio,
‘§d this property may be due to associated protein.
A.b.d.ovr!mlclen & Guggenheim (1907) end Sizer (1946) indicated
ghat melanins could be formed by the oxidation of protein
1n the presence of tyrosinase, but there 1s nothing to show
‘i;ther this 18 a normel physiologioal'prooeas or not.
R‘karding the linkage between protein and melanin, the work
of Creenstein ot al. (1940) indicated that it might be in
Fha neighdbourhood of the sulphur groups of oysteine end
Syatine. Stary (1949}, however, treated 'leucokeratin®
tnd ‘melanckeratin’ from hair with NeyS solution, and found
that the leucokeratin was then digested by trypsin, whereas
‘he melanokeratin was not. He took this to mean that the
{nsoluble nature of melsnokeratin is not due to the interpeptidic
Unkage of sulphur atoms.

Piguents of the melanin type can be odbtained in
Yitro in tho'oomplete adbsence of protein. Examples of
Yils type of pigment are glven by Splegel-Adolph (1937)
d Arnow (1938b). There 1s no evidence that these
Nterials are really analogous with naturally occurring

Wlanins.
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The rolationship between protein end melanin is
only studied in the present work in so far es it is concerned
¥{th the association between melenin and various metellioc
Slements. The relationship bdetwesen the three parts of
the ocoular pigment material which have been identified in
this chapter, melsnin, protein, end inorganic constituents,
s further studied and diecussed in the following three

Shapters.
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CHAPTER VII

MITALS AND _TEE PIGMINT PRODUCED BY

OXIDATION OF DI-HYDROXY PHENYL ALANINE IN VITRO,

-

| Di-hydroxy phenyl alsuine (dopa) was shown by
Rapéf'(lbzv) to bo an intermedlate in the farmation of
isiénin from tyrosine in the presencs of a tyrosinase. °
bb)a in solution can also be converted to a plgment of
iio‘molanii type by mila oxidising agonta'suoh'éa dilute
Haoz. or by atmoapherio oxygen. The melanin 1s obtained
12 the form of & brown (probably colloidal) solution.
It was thought that the formation of this material might
rO@m a convenient system for the investigation of @ possidle
Sombination botweon metalllo elements snd melanin in the
Wsence of protein.  Cunninghem (1931) and Dubols & Erwey
(1946) showed that the presence of copper accelerated the
°licutioh of dopa. . . Flesoh (1949) showed that 2 number of
Mtals affected the.rate of the reaction; the magnitude of
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the effects verled in the order: Cu yCo yNL ¥ ,Pb
Pe ’}Zn.' Copper is known to form ocomplexes with dopa
(BMoholtz, 1933). and Flesch suggested, in view of its
Jresence in the pigment material fron melenomas, that it
Temained in a similar essociation efter the formation of
Relanin.

. Before the paper of Flesch {(1949) had been noticead,
{t was deocided to investigate the effeot of zine end iron,
'hieh had both been round in natural pigmenta. on the rate
of oxidation of dOpa to uclanin. " It wes found that zine .
Yory slightly inocreesed the rate of melanin formetion, and
ad no effect on the totsl 1ight absorption of the finel
Procuct. Ferrous iron, hoiever,‘inofoaaod oonsiderabdbly
%0th the rate of formation, and the final light absorption
Of the completely converted material. - There is therefore
An {ndication that.iron combines with the melanin, and that
*ng does not.

Seotion 1. The Possible Combination of Metels with
Melanin obtelned by Oxidising Dopa.

A 0.1% aquodus solution of dopa was sllowed to
Wtoxidise ia eir till no further inc}ggse.;n the light
Waorption (as measured on the Eel photoelectric colorimeter)

"3 gbserved.

L}



5 mls. of the oxidiaed dopa aolution were pleced
1 eson of eight 25 ml. standerd flasks. 2 mls. of &
° 01% solution of a partioular metal, as the aulphate or
°hlorlde salt, were added to eech flask. The solutions
'Ofe diluted to 25 mls. snd resdings of the general lighf
lb;orption (1.e. without a oolonred filter in the instrument)
'ore takon on the Eel instrument efter 15 minutes. The
’Oaults»are given in Table 32.

TABLE 32, [Effeot of Added Metels on the Light Absorption
of 8 Melanin Plgment.

\

Metal salt sdded | Fel reesding

- 25.0
FOSQ‘ . 38,0
Fo,(80,) 4 s1.8
cuso, £7.0
2080, - 25.0
CaCly 25.0
MgS0, 25.0
BaCl, 25.0
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The solution of FeSO; had been allowed to stand
for some time before the experizent; it was posasible,
thoreroro, thet pert of the effect of this salt might be
Que to ferric iron produced by oxidatioa. This problem
Was settled by the use of 0.1 M ferrous ammonium sulphate
Solution prepsred immedistely before use. The general
light absorption of three solutions, diluted to 20 mls, in
% stendard flask, were read after 13 ninutes in the Fel.

TABLE 33. Effeot of a Ferrous Salt on the Light
Absorption of a Helenln ripgnent.

" : "Fel reading of
Solution diluted solution
1l ml, melsnin soln. 9.3
1l ml. melanin soln.
, Plus ‘ 14.9
1 ml.FeS0. (NSO, |
1 ml. FeSO,. (NH,)»S0 |
alon ‘4 ?. ‘4 s ;0’3

Tables 32 and 33 show that ferrous and ferric iron,
a4 gopper, all affect the light absorption of the oxidised
Qopa melanin, and therefore can be presumed £o form some
kind of compound with it. The other metals have no effeoct
% the totni light absorption of the pigment, but the
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FMgure 11

Absorption curves of oxidised dopa solutions with
added iron.

AL I ] T 1

16 Emax.=2-9, Amax.=«290 my —

| | ' ] |

. 300 400 500 600 700 800
i Ainmp

»

Oxidised dopa solution (0.01% approx)
———————— Oxidised dopa solution with 0.001% Fe'** solution.
— — — —0xidised dopa solution with 0.001% re'* solution.
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°0hiersé reasoning cennot be appliod. 1t is still possible
‘hat combination takes place without affacting the light
lbaorptlon.

Absorption Curves of the Compounds with Iron.

2 mls. of oxidised dopa melanin solution (approx.
0.1% w./v.) were plesced in each of three 20 ml. standard
flasks; to one flask was added 2 mls. of 0.01% Fe **
8olution as ferrous sulphate, and to another 2 mls. 0.01%
To *** ap Fep(S04)x (freshly prepared, but containing some
Ye(om),).
8 hours. The solutions were then diluted to 20 mls.

Each flask was stoppered and left standing for

8nd adasorption readings teken on the Beckmann instrument.
The solutions to which iron salts hed been added contained
%loudy precipitates, but they were shoken-up before taking
Teadings, and fairly homogeneous suspensions were obtained.
The absorption curves are recorded in Flgure 11, .
~ The oolour of the solution to which ferrous.

Sulphate had been added was almost dlack, es dlstinct from
the brown of the origilnal melenin. . This aifference is
{llustrated in the absorption curves; that of the solution

%Ontaining ferrous iron hsving much the flatter ourve between
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300 and 700 mu. The colour of the solution oconteining
ferric iron had a strcnger reddish tinge then the un-

treated melanin, this corresponds to a greater slope for
‘ﬁ;’:ofﬁer between 525 mu end 550 mu. The infleotion
between 510 end 530 mu may perhaps be due to ferriec hydroxide,
but it 1s notable that it correaponds with the sbsorption |
band found by Flesch & Rothusn (1945) for a solution of

the red iron-containing pigment'whibh they isolated from

Ted hair.

The Compound of Ferrous Iron with Melenin from Dopa

The possidle stoichiometric relationship detween
Cerrous iron end melanin in the compound whose absarption
Surve has just been dosorided, was investigated as follows:-

1l ml. of the mslanin solution (approx. 0.1%) was placed

in each of saven 10 ml. standard flasks. To these were
lddea varyiné amounts of 0.01% Fe ** as TeSO, solution.
The flasks were allowed to stand for 1 hour and then dilutod
to 10 mis.

Four observations were then made on each solution:-

(1) Total light ebsorption, measured by the Eel without
. a colour filter.
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{11) The presence or sbsence of precipitation.

‘111) The presence or absence of any colour in the super-
natant sfter spinning down sny precipitate.

'(iv) The presence or absence of a blue-green or green
colourstion on adding l'ot. Ferrioyaniée solution
to the supernatant.

Results are given in Tablo'33a.

TABLE 33%a. The Reaction of Ferrous Iron with tielenin
from the Uxidation of Dopa.

llls;'FoSQ‘ Eel Preoipit~ Bfovn oolour Ferriéyanido
- added . | reading| ation - {in supernatent freaction with soln.
0 . =2 EE T
0.03 | 34 - . .
0.1 40 - ' + ' o a
o2 33 | . . o -
0.8 29 | + - | +
1.0 30 + - e
5.0 32 |° 4 . | s
~—

Below 0.2 mla. of FeS04 there is no precipitation,
Ro Po ** detectsble in the supernatant, end the dbrown colour

°f the unchanged melenin 18 to be observed in the supernatant.
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ldove this smount there is preoipitetion, Fe *+ detectable
{n the supernatant, and the bdbrown colour of unchanged
Relanin ocours in the supernatent.

It must therefore be conoluded that an insolubdble
ltoichiomeério ocompound of melanin and ferrous iron is
formed, the ratio of iron to pigment by weight being roughly
l: 50 (0.2 x 0,01 : 1X 0.1).

The Eel resdings are most readlly explained by
Sssuming that the ooegulation of the cbmpound of iron end
Relsnin into larée particles reduced the total light sdsorbved.
The initiel inoresse will be due to the phenomenon previously
Observed; the combination of the iron end melenin to form
2 oloudy solution without sotual coagulation. This occurred
in the previous experiment, when the two were allowed to
Teaot in dilute solution, and only for 15 minutes. In the
Present experiment the solutions were allowed to resct for
1 hour before diluting. The final rise in the Fel reedings,
tbove 0.5 mls. FeSOq added, is due to the adsorption of the

ferrous sulphate itself.
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Seotion 2. The Combination of Zinc withiuixoq
Solutions of Dopa Melanin end a Protein
Frsotion from Cattle Irlses.

It wes known that zinc is bound to a melanin

Protein complex oooﬁrring naturglly in eye tissues (Chapters
I11, IV and V) and it had been observed that zino could
iffect the light adsorption of melanins formed tromlﬁyroaino
in the presence of protein fraotions from cattle irisés

(see Ch;ptor VIII).  In view of the fact that zino does
0ot affeoct the totel 1light absorption of melanin (from the
Oxidation of dopa) when it is edded in solution, it was
decided to investigate whether zino would change the light

Adsorption of this melanin in the presence of protein.

Exporimental.

‘The protein used in the experiment was qbtained
from & homogenate of ground-up cattle irises by centrifuging
% obtain e supernatant free from melanin and tissue dédris,
04 igolating from the supernatant the protein fraoction
“hion precipitated between 10 end 30 gms. of smmonium
%uphate per 100 mls. of solution. - This fraction is shown
{a Chapter VIII to De the most sotive in the ocatalytio

roduction of melsnin from tyrosine.
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The experiment weas conducted as follows:-
In three 10 ml. standard flasks of pyrex glass
Yere placed respectively: A '
(a) 1 ml, of oxidised dopa solution (0.1%)

(b) 1 ml. of oxidised dopa solution (0.1%) plus
1l ml. of a solution of the cattle iris protein.

(e6) 1 ml. of oxidised dopes solution, 1 ml. of the
same protein solution end 1 ml. of 0.01%
zino solution (as ZnSO‘).
JIn two 5 ml. standard flasks of pyrex glass were
Placed respectively:
(d) 1 ml. of the protein solution

(e) 1 ml. of the protein solution plus 1 ml. of 0,01%
zino (aa 2nS0,) solution.

All the flasks were stoppered with glass stoppers
Wnd placed in s refrigerator at 0° C., for 4 days.

At the end of this time the solutions wefo made up
to the appropriate volume with twice distilled water, and
thetr absorption curves were Aotarmined on the Beckmann
{nstrument. . The absorption readings were all converted
Y0 rigures for & 5 ml. dilution. These figures are given
{n Appondiihz, end the absorption ourves of the various
%lutions, end comdbinations of solutioms, are given in
'1euro 12 (Omitting some of the mexima detween 240 mu and'
30 mu).
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Tigure 12

The interaction of protein, oxidised dopa, end
zino, as shown by the absorption ourves of mixed
solutions of these subatences.

The letters correspond with those in the text
on page 170.

Algo:-
f = aoxe cm\ou\o.tel_l :

3=u.-\-d[ " 1



DM soussion of the Results.

v The letteras on the graph, which correspond with
those used in the experimental description, ere convenient
for the preliminery ailscussion.

There is little notable difference between the
Surves for the various solutions ocontsining melesnin, in the
Tegion 240 - 350 mu. This region has been omitted from
MNg. lé“owing to the high figures for the maxima, which in
Svery ocase oocour at epproximately 280 mu. The only feature
Yorthy of mention is the E max. (maximum extinection, or
Wbsorption, value) in ourve b, whioh is lower than that - .
Caloulated for (a.+ 4).. If zinoc mixes with the protein
tnd dopa solutions, snd if dopa mixes with protein, without
Wy resotion teking place, then the ourve (o) should
Sarrespond exactly with the calculated (a + e) curve, and
the curve (b) should correspond exactly with the caloulated
(0 + a) ourve. A solution of zino aulphéto was found
R0t to absord any I}ght within tho'wdvolength rango'undor
°~dnaideration here. The faot that the ourve for zine plus
§¥otoin has hiéﬁor 6xt1notion valdoi than that of the protein
Wone shows that there is some reaction between the two.

81lilarly the slight difference between curio‘(b) end the
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%aloulated (a + 4) indicates yhat some combination has °
taken plaoce. -

-~ The approciahlc dirtoronoo between ourvo (e) ana
the caloulated (s + e) ourve shows that a resotion can take
Place between zinc, protein, and melanin odbtained by dopa
Oxidation, which inoreases the light absorption in the
Yisible region, end d@preaéos the ebsorption of the dopa-
Relonin in the 280 mu sbsorption band. The faot that no
®laborate means were used to bring about the reaction,
indicates that 1t could very eaiily‘he a physiologlosl
Process; all that isAiequired is the mixture of the three
Tesotents in solution. It ocould not be confirmed that the
Teaction would take blacé at 37°. because the protein soon
Underwent changes, probably due tb extraneous infection,

These chenges would presumably not oceur in vivo.

E!tect of zinc on the light ebsorption of iris protein fraotions.

Cattle irises were homogenised in the manner -
Qescrided in Section 1 of the next chapter. . The super-
Yatant of this homosonato was loparntod into freotions as
follows:- - B

The supernatant was diluted to 100 mls. end 10 gms.
S*ystalline ammonium sulphate edded; as this salt dissolveqd,
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Flgure 30

Absorption apeotra of protein fractions from the
supernatant of an aqueous extract of cattle irises.

— —
OL-- l' l""—':-"_':-r'.n. ..a-:r;-:':;+=.m'.r
‘ 450 500 600 700
. Ain mp

Protein precipitated dy 10 gs. Amm.sulphate/100 mls

Protein precipitated dy 10-20 gs. do.
——————— Protein precipitated by'zobao gs. do.

The upper curve in each ocase belongs to the solution
to whioh Zn80, was added.



tde pH was edjusted to epproximately 7.0 with NagCOs.
Yhe mixture was sllowed to remain at 0° C. for 2 hours,
iftor which time a precipitate hed begun to settle. The
Precipitate was centrifuged down eand dissolved in 10 mls.
of twice distilled water. The supernatant of the centri-
fugation was treated with a further 10 gs. of orystalline
Samonium sulphate, the DH again bdeing sdjusted to 7.0.
he resulting precipitate was allowed to settle at 0° C.
for 2 hours end centrifuged down as before. A further
10 g8. of orystalline emmonium sulphate was added to the
Supernatent, end the previous procedure repeated.
Three solutions conteining three difrorent;protoin
{rections in 10 mls. water were thus obtained. 1 ml,
?urtions of each solution were placed in each of two 3 ml.
Standerd flasks. To one flask of each pair was added 1 ml.
% 0.01% Zn es ZnSOy solution. Eaoh solution was diluted
%0 5 mls. with twice distilled water and absorption readings
taken on the Beckmann instrument.
The abaorp}ion curves of the various solutions
e shown in Figure 20, |
2inc inoreases the 1ight absorption of each protein

%Wlution, but the effect is much greater for the fraotion



which precipitates between 10 and 20 gs. of ammonium sulphate

Per 100 mls., supernatent, than for the other frsotions.

The erfect of zino on the 0 - 10 g8. freotion is very slight.
It seems, therefore, that zino combines with a

Specific tréotlon of the cattle iris protein, rather then all

the material. The procedure used is unlikely to give =

perfect separation into fractions, and the effeot of zinc on

the 1light .baorpt;on of the two outer fractions may‘well

be aue t; straying of material from the middle rraotién.
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METALS AND THE ENZYMIC SYNTHESIS OF

MELANIN FROM TYROSINE

It has long been accepted that tyrosine is the
Ratural precursor of melanin i{n planta, and that the
Presence of a system capable of oxidising tyrosine is
Decessary for the formation of melanin in these organisms.
Ti11 recently, the sbsence of any demonstration of a
limilar systenm (tyrosinase) in memmsls mede it seem unlikely
that the same mechanism funotioned in these animals. It
was not until 1942, when Bogoboom & Adems first showed that
®Xtraots of melsnoma tissue could cataiyéo oxidation of
tyrosine to melanin, that the possidbility of the existence
°f a tyrosinase enzyme in mammals was reallsed. Tho
‘nzyme is not freely water-soluble, as 1s the case in plant
Wteriasl, dbut is associated with sudbmlorosscopie tiaguo
Particles. Lerner & Fitzpatrick (1950) discuss the

Progesses of melenin formestion in plants and snimels, and



178

tate: " ... the aeparate\conoepts cen now be merged intq

. single_hypoﬁhoais to socount rqr melanin formation in men,
lowor animala,'inseots, end plents.” Yhile this i8 perhaps
ln overatatement or the present position, it is certein

that a tyrosinaae can coour in memmels, snd other enimals,
lnd; thet largely owing to the insdequacy of the theory

that dops is the general precursor, tyrosine st present
ippoara to be the most likely starting point for physioclogicel
aelanin Qroduotion in animals, es well as plants.

< Calkins (quoted by Lerner & Fitzpatrick (1950))
8howed that extracts of poot:oiliary bodies hed both tyro-
8inase and dope oxidsse eotivity. It was therefore

decided to try in the present work to odtain an enzyme -
system from cattle irises capeble of oxidising tyrosine to
Relanin, end then to inveatigato the effect of the various
metals found in the pignent fraotions of cattle eyes on this

System.

1‘05 -~

feotion 1. The Presence of a Tyrosinase System
n Cattle YrIses, its Fxtresction and P *rIoation.

proliminary demonstration of tyroainaso aotivity
in cattlo irises wal carried out on tho aupernutant ‘remaining
lrter oontrirusing . homogenato of 120 irisea to obtein a

Digmont material (which was lster rejected as impure).



i 1l ml. of a dilute tyrosine solution exposed to the
air 414 not darken at all in 2 days. If 1 ml. of the
Egpornatant from {rises w&a idded,dgrxening began to ocour

after 6 hours exposure.’

Xxtraotion progedure.
On repeating the extraction process first used,

1t was found that 1t a14 not yleld an active solution with
tny oert;inty. Sometines activity was present, sometimes
1t was not. Several modifications of the process were
then tried to find o method whioch gave a reproducible
extraotion. \ |
The following proocedure was found satisfactory:

Cattlo irises, or oattle irises and choroiads, were
Wwashed with 0.1% scetic scid. The residue was placed in
¢ conical flask and frozen to - 40° 0. 1in solid CO, and
leohol, keeping it at this temperature for 1 hour.: - {An
tttempt to bresk up the melenophore colia whioh contain
the enzyme.) The.tissue was then allowed to warm up,
and orushed with Qquartz in a glass mortar. The pH of the
homogenate was adjuated to 7.5 with a solution of A.R.
Sodium ocarbonate in twice distilled water. The whole.
Wixture was centrifuged at 2,000 r.p.m. till all the bdlaock
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Raterial was precipltéted, and the supernatant again adjusted
t; pH 7.5 it'nebeashry. Throughout the manipulations
preoautionl were taksn to exolude contamination from any
Strey sources of metallic elements. )

It was later found by experience that the prelim-
inary weshing of the tissue was unnecesssry. It was also
doudtrul whether any inoresse in yleld was brought about
by the freezing process; 1t was not used in all the exper-
inents, end the extracts were otill suffiociently soctive
When it was omitted.

Quentitative couperisons of tyrosinese activity
in the extracts were nog used. A qualitative test, bsesed
on the work of Onslow (1917) was applied.

A In » 25 ml, pyrex oonioal flesk were placed 2 mls.
of the enzyme preparation, 1 ml. of an approximately 0.1%
(w./v.) suspension of tyrosine, and 0.1 ml. of 0,05% HOp.
The hydrogen peroxide is unnecessary for the produstion of
blackening in the solutions, and it 4id not effect the

total 1ight sbdsorption of the final product. It was found
to reduce the time between mixing the solutions, and the
first appearance of darkening. This time is the 'induotion
Deriod', which is slweys a feature of the conversion of

tyrosine to melanin in the presence of tyrosinsse (Lerner,
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Mtzpatrick, Calkins & Summerson, 194%9).

Purification of the enzyme.
N Variqua methods have been used to purirf tyrosinase,
(Lerner ot sl. 1949). Cxamples are:
. (a) Pracipitation at pH 4.75 with 0.1 M acetate-coetic
aoid buffer,
{v) Precipltaticn with 405 eloohol, removal of the
Prooipit;te, end prooipitating agaln with 60 alechol.
Tho enzyme should be in the ‘seoond precipitato.
(o) Ammonium aulphate, and other aalt precipitation

ﬁptpoda.
- bnly the last group was round to produoe fractions
iith sny sctivity at all, Tho precipitate with 20 gnms.
fmmonlum sulphats per 100 mls. solution had some sotivity,
Sut not as much as the original aolution.

It was round that animal tyroainaso (in orustaces)
has boon reportod to be much more sonaitive to inaotivation
lt pH's below 5.0, then is the plant material. The
'nmonium uulphato fraoctionation was therororo r.po-tod.
‘ith the addltlon of Na2c03 during the prooesl, 80 that tho
D§ was kept above 6.85. This procedure was rolativoly

Weoessful,
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It was found:-

(1) That proteins precipitated by up to 18 gms. of
orystalline smmonium sulphate per 100 mls. solution
sontainoa no activity.

(11) The renge, from 18 - 35 gms. smmonium sulphate
iddod to 100 mls., of solution gives protein precipitates
which are active.

' (111).The most sotive freotion (as measured by the amount
of melanin formed after 16 hours at 37° C.) 1s precipitated
by between 23 and 30 gms. added to 100 mls. solution.
; (1v) The supernatant of the 30 gms. precipitation had
some aoctivity, but no activity was fonnd in elther the
brocipitato. or the supernatant, 6: 33 gms, precipitation.
The process or'preoipitatlon must therefore be capable of
destroying some aotivity.
. A solution of the 235 - 30 gs. prooipitation
Process was adjusted to pH 7.5 and used as Preparation 1.
Using the information obtained in the above
traétionation,'turther'onzymo'preparatiohé were obtalned
a8 follows, when required for a series of experiments.
The supernatant of a homogenate of irises, obteined

{n the menner previously desorided, was dlluted to 80 or
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100 mls., and 18 gms. amnmcnium sulphete (crystalline A.R.)
ber loq'mls. addeq. at the same tiie ad jueting fhe pH with
1lute scdium cerbonste solution to between 6.5 end 7.5.
The resulting preoipitate was centrifuged down, the super-
Ratsnt poured off, and'lv.gma. more emmonium sulphate sdded.
The pl was anin ad Justed to pH 6.5 - 7.5, end the pre-
oipitato allowed to form for 3 hours in the refrigerator.
”he m‘xture was centrifuged, the preoipitate alssolved in
twioo distilled wator. and N02003 aolution added t111 tho
pB wes 7.6.  The solution was dialysed against twice
distilled wator oontaingns Nagco3 for lB'hOurs.

Preparations 5,13, 4 and 5 were obtained in this
Yay. | f |
j ‘The onzymo preparat.ons were stored in'a refriger-
ltor at 0° c. ‘They were nevsr found to .aap their sotivity
for more than'a few days even undéf'théae odnditiona;"tho
;ato of d@torioratlon of the preperstions was variable.
‘ Arpart'or Preparation 5 was treated to remove
;QAIhm oarbbnat;, and substitute sodium citrate buffered to
DE 6.8 with NaOH.. ‘The enzyme solution, contalning a small

lmount of aodiun caerbonste, was dialysod against a pH 6.8

lixturo of sodiua citrate end NnOH, in the rerrigorltor for
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3 dsys, the outer solution being chenged 8 times. The

rTesulting solution was cslled Preparation 5a.

Section 2, Menometrioc Experiments with Enzyme
Prepsrations from Cattle Irises.

o Though the term 'tyrosinase' has been applied
Often to ayatéms whose only known property is that they
Catalyse the conversion of tyrosine to meléhin, there are
Several brbpertiea necessary to charecterise the system as
fhe chemical entity *tyrosinese', as it hes been isolated
5y various workers (of. Lerner & Fitzpetrick, 1950).
Tho’neoeaﬁaryipropertiel aret-

(1) The materiasl must catalyse the oxidation of
fyroaino by moleculer oxygen, the final produoct of the
Teaotion bdeing melenin.

(11) Copper must be demonstrated to be an essential
Par; of the enzyme material.

| The seocond property has often been identified dy
1prerenco from the results of inhibdition studies (e.g.
lorner et sl., 1950).  The catalysis of the processes in
(1) ere inhibitod by such compounds as Thiouraecil and
Di-ethyl daithiocosrbemate; 1if this inhibition ia reversed
by the sddition of copper salts, dbut no other metals, then
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there is indication thet copper is part of the enzyme
§§mp1ex. . |
- The uptake of atmospheric oxygen, and the effect
Of {inhivitors on the reaction, can both be most easily
investigated by mencmetrio methods.

In the present work the GCallenkamp version of the
¥arburg epparetus was used for the manometrie work,

- The general principles, end the experimental
dopaila for the use of the ¥Warburg apparatus are woil known;
Teference was made to Dixon (1934) when necessery.

No uptake of oxygen on mixing a 'brei' of cattle
{rises with tyrosine and phosphate buffer in the Warpurg
flasks ooourred after 6 hours at 38° C,

Some 8success was obtained using Proparatidn 2

(desoribed in Section 1 of this chapter).

Experimental Details.

Six Warburg riasxs of the single stoppered side-
irm type were used for the experiment. They were numbered

l, 2, 5, 7, 13 ana 23.



Flask Contents of the main compartment |Contents of the

No. ' ' ' side-erm

23 3 mls, of water -

-1 11 ml. of tyrosine suspension (0.1%)|1 ml.enzyme soln.
1 ml. phosphate buffer (pH 6.8) (Prep. 2)

"9 1l ml. tyrosine suspenéion (0.1¢4) 1l ml. of water
l ml. phosphate buffer (pH_6.8)

8 11 ml. dopa solution (0,1%) 1 ml. enyzme soln.

" 1 ml. phosphate dbuffer (pH 6.8) (Prep. 2)

13 |1 ml. dope solution (0.1%) 1 ml. of water.

- 1 ml. phosphate dbuffer (pH 6.8)

2 |1 ml. of water : _ 1l ml. of enzyme soln.

1 ml. of phosphate buffer (pH ¢.8) (Prep. 2)

/
~

~

The 8ix flasks were riiod‘to their respective .
hanometora.Vstopbored;'and placed in the water bath of the
?arburg apperatus, ihiéh was thermostatically maintainod et
38° ¢. © With the vent to the atmosphere left open, the
giasko were allowed to oqdilibriato for 15 minutes with the
Shaker switohed off.  The sheker was then switohed on,

\nd the flasks osolllated for 2 minutes.  The shaker was
‘tOppod, the left hend column of manometer rluid adjusted to

the middle (15 om.) mark in eaoh cese, and the taps turned
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80 that the flasks communicated only with the manometers.

The shaker was switohed on, end the rate of oscillation
tdjusted to 73 per minute. Shakipg was stopped every half
&n hour to sdjust the left-hand columns of the manometers

to the 193 om. mark again, and to record the reedings in

tho right-hand column. After the first three hours, during
'hioh time hardly eny ohange took place in the resadings
(preaumably en induction poriod was operating) the epper-
ltua had to bde left, and readinss taken only at times of -

74 end 8 hours from the start of the experiment.

' [

Results.
The difference in oms, detween the level of fluid
{n the right-hand limb snd in the left-hand limdb i{s recorded
@8 'h', . In every oese except one the left-hand column
was lower than the right- hand column, so that 'h' is nearly
\lwaya pouitivo. 'S* 18 the caloulated difference between
'ht for flask 23 (tho'oontrol which measures only'the effeoct
Que to atmospherio pressure), and tho"rlask being consldered.
Using these conventions, the results efo tadulated

Yelow,
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TABLE 34. Readings with Yarburg VYanometers in an
Experiment ongfhzyme Preoaration .

— FLASK
Mao 1 7 5 | 13 23 2
Xs.)l h | S| S]] 21 S| n S| h S| RS
N—
3 b.2s b.2 b.1 lo.os 0.15 [0.10 .15 b.10 p.o5 |- 0 40.0%
"% p.2cop.o5 k.5 | 0 |2.85p.70h.80]0 R.15 |- |[1.8 {0.35
8 b.80 Ii.1o 6|0 [2.8601.15 .95 p.25 r,."r' - 1.55 40.15
N —

To calculate the ohanges in volumes of gases 1n

h‘ various rlaaka from the ohnngo in preaauro. the flask

%ﬂltant (k) is employed.

l"'I\b.or dr

e flask

. 'h.r.

k

Ve

. Vp

. PO

t
o<

" The flask Sonstant depends on a

fectors whioh ere the same for each flesk, and one,

volume, which is en individual characteristic.

= (Vg - Vp)

x 273

t

+ Vr x°<

Po

the volume of the flask,
the volume of liquid &n "the flask (3 mls. here),
absolute temp. of the bath (292° here),
the absorption of Op in mls./ml. fluld et the .

temperature of the bath (0.0235 here),

‘s the atmospherioc pressure (760 mms. approx.).

|/
3'!. estimated by filling the flasks with merocury, aocording
to the method of Dixon (1934).



1

88

TABLE 34. edings with Yerburg VYanometers in an
E periment on Enzyme Preoaration 2.
- .
FLASK
Yae S 5 | 13 23 2
lbes)l 2 | S| S| 1 S| 85I b 18| 21 S
S —
3A 0.25 0.2 Dol 0.05 0015 Eolo 0015 Dolo 0005 - 0 ~0.05
74 p.20p.o5 1.5 | 0 [2.85 o.7op.80 [0 R.15 |- [1.8 {0.35
8 bp.so r'.lo 6|0 [|2.85 .15 .95 p.2s r.;v - 1.55 40.13
- .

~

Yhe various tlaeka from the ohango in pressure, the rlaak

‘onstant (k) 1s employed.

" 'The flask donstant depends on a

. To calculate the changes in volumes of gases in

Yaber of feotors which are the same for eash flask, and one,

the f1esk iolumo, which is en 1ndividual characteristio.

k

'horo Ve
- 3r

o(
. PO 'a

a8 0n

(vg -

Vp)

273

f—t—’+er°<

the volume of the flask,

Po

the volume of liquid in ‘the flask (3 mls. here),

absolute temp. of the bath (292° here),
the sbsorption of O, in mls./ml. fluld et the -
temperature of the beth (0.0235 here),

the atmospheric pressure (760 mms. approx.).

'3 was estimated by filling the flasks with mercury, sccording
to the method of Dixon (1934).
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Expressing volumes in uls, (cu.mms.) the k values
for the flasks were found to be:-
| ky - 1.679; Kk, - 1.457; kg - 1.847;

Using these velues, the volumes of oxygen absorbded

{n the verious flasks were celculated, and ere recorded below.

1

TABLE 35, The Volumes of Oxygen in uls. absorbed by

~ various mixtures during sn experiment with
Enzyme Preparation 2.

FLASK —

Time 1 7 L3 13

(hrs.) | (Tyrosine {(Tyrosine | (Dopa plus |(Dops alone)
, plus alone) enzyme) )
—_— ‘| enzyme)

-3 3.4 0 1.8 -

7% 50.5 0 12.9 -

. 8  68.8 0 21.2 3.5

= !

The small inorease in pressure in the flask contain-
ing enzyme and duffer alono.&ea prodedly not significent,
‘ Flasks 1 end 5 were the only ones which showed any

blaokening.
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4

It is evident from this experiment that the
Raterial obtained from cattle irises contains an enzyme
System which oatalyses the oxidation by molecular oxygen
of tyrosine and dope to melenln. The particulsr fraction
used tér the experiment (Preparation 2) appeared to be
Rore sotive towards tyrosine than dopa.

To show thet this enzyme system 1s actually a
iingle coppor-oontainlﬁg protein analogous to the materials
bbtained from plant sources requires further work.

. An attempt was made to investigate the effest of
firioue inhibitors on the reaction, to see whothef the
enzyme system reacted analogously to tyrosin§ao.' No
{nhibition of the resction was demonstrated either for
thiourea, or dl-ethyl dithio-cerbamate. However, the
Qptake of oxygen was in evory case very llow and if there
\'oro eny tyrosina-e present it oould only havo oonatituted
Q small rraction of the total woight of protein 1n the
Dreparation. It is Qoudtful, therefore, whothor it oen
\o conoluded that the inhibitora would have no ettoot on -
tho pure onzymo syatom; they mny have boon divorted from |

thoir aotion on tho enzymo by combination ‘with other
llteriala in tho proparation ltudlod.



191

¥hatever the ohamical nature of the enzyme system,
't the very least it 13 one means by which tyrosine can be
Sonverted to melenin in cattle irises. As such, it was
Used in the studies into the poqaiblo functions of verious
Netals in the formetion of wmelenin pigment in eyes, whioh
ire desoribded below.
. Winternitz (;918) desoribed an enzyme from the
Qveal tract of hogs whioh derkened s solution of tyrosine.
Ho a1d not investigate whether the reesotion was one
involying moleculsr oxygen. The uptake of oxygen from
the air is a feature whioh is cheracteristio of ell the
Other tyrosinase systems desoribed, snd to ﬁhisvoxtgnt'the
Process of melenin formation desoridbed in the present work

{s certainly anelogous to them..

Section 3. The Iffeoct of Various uetala on the
Plgment formed from Tyrosine in the presence
of %n;xmo Preparations from Cattlie irlses.

The oxperimsnta desoribod in thia section were

intendod to "show whether the motala round in pigment tractione
Ot enttlo irises, when addod to a mixture oontaining tyrosino
lnd 2 protoin fraotion rrom irises whioh oatalysos ‘the
foruation of molanin, had sny efreot on the light abaorption
°t tho pignont formed. Obsorvationn on the ertoot of tbeao
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lttals on the rate ot colour production 1n this system were
‘llo rooordod but es the number of faotors ocontrolling

the rete of resction sre known to be numerous, it was not
hdnaidored practioablé to study these effects détinitivoly.
. The prinoiple of the experiments was to compare
the absorption curves of solutions to which metels had been
Added, ‘with others to whioh they hed not, in every cese
teking readings when pigment formetion wes cdmploti;

(t*' - The cbhditibna'or the experiment were those .
doscribod in Seotion 1 of this chapter for the aasay of

the activity of verious enzyme prepsrstions.

g By messurement of the total 1light abedrptioh‘of
the solutions in the Fel, it was observed that oolour
5roddct16n‘$topped under these conditions usually sfter

one or two days, and wes always complete before 3 days had
®lapsed. If the solutions were left for 6 or 7 days
'irt;F nixing, the pigment particles begen to sgglomerats,
And the colloidsl solution wes destroyed. - Up to4 or 5
Qays the particles of plgment were so small that they were
not precipitated by prolonged high ‘speed contrirugation.

At S or 6 days the effeots of infection by verious organi sms
Cten became epperent. It was decided therefore to take

_‘biorbtién readings three days after miiing:thc solutions.



Absorption spectra of melanins enzymically
synthesised in the presence of various metals.

Figure 13 - u.v. region. .
Figure 14 - visible regilon.

(o]
400 500 600 700
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The numbers correspond with those in the text for
Experiment 1 (page 195).



Qluted to volume, the contents mixed thoroughly, and
tbsorption resdings for each solution teken on the Eeckmann
1nntrumant.

E_xp_e_z_i.aw_l_-

The enzyme solution used was Preperetion 1.

"~ To flask 1 was added: nil.
To flask 2 was sdded: nil.
To flask 3 was added: nil.
To flask 4 was edded: 80 ugs. Ca as CeCly.
To flesk 5 was added: 40 ugs. Zn as ZnS04.
To flask 6 was added: 20 ugs. Fe** as FesO,.
To flask 7 was added: 20 ugs. Fe'™* as Fe,(50,)g.
To flesk 8 was added: 20 ugs. Cu as CuSO,.
To flesk 9 was edded: 80 ugs. Be es BaCly.
To flask 10 was edded: 50 ugs. Mg as MgCl,.

The absorption curves of the pigments obtalned dy
iﬁdﬁnnting thess solutions sre given in Figure'IS (u.v.)
tnd rigure 14 (viaiﬂi;_;;éion) It will bo noted that -
Several of the curves oorrespond very closely on the photo-
€raph. An even closer correspondence renderesd useless
the rull representation of some of the ocurves; the extinetion

Teadings of ell the solutions are therefore given in Appendix 3(a)



M gure 18-

- Abaorption speotra of melaninl enzymioally
‘ayntheeilod 1n the pro;;no? of, various netall (viliblo
re onj.

" The numbers’ oorrolpond with those in tho
toxt for Bxporiment (pngo 197 )e
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Experiment 2.

Only & small pert of the enzyme prepsration 2,
to whioch ;n exoess of Naz005'hod been sdded {(making the pH aboutv
7.8) was preserved from deterioration, This preparation
Was used here,

To flask 1 was added: nil,

To flask 2 was ad&odz nil, .

To flask 3 was edded: 100 ugs. Ca as CaCls.
: The esbsorption ocurves of the resulting pigments
tre given in Figure 15 (visidle region only).

" Experiment 3.

Enyzme Preparation 4.
To flask 1 wes edded: nil.
- To flesk 2 was added: nil.
;. To flask 3 was added: 10 ugs. Cu as Cusq‘.
To flask 4 was edded: 20 ugs. Fe*' as FesO,.
To flask 5 wes added: nll.
To flask 6 was added: 20 ugs. Fo*** as Fep(S0g)s.
To flask 7 was added: 100 ugs. Ca es 05012.
~To flesk 8 was oddod:. 80 ugs. Ca es CsCly.
To flask 9 wes added: 100 ugs. Zn as ZnSO,.

4
To flask 10 was added: 80 ugs. Zn as ZnSO,.



To flesk 1)l wes added: 50 ugs. Zn es ZnSO,.
To flask 12 was added: 100 ugs. Mg as MgCl,.
To flask 13 was sdded: BOugs. Mg ss MgCl,.
To flask 14 was added: 100 ugs. Ba as BaCl,.
To flesk 15 was edded: 100 ugs. Co ss CoCl,.

The comt ents of flask 16 were mixed just before
a11ut1ng for realding Qh the Beockmana and there was therefore
20 melenin produced; besides the standard constituents,

100 ugs. Zn as Zn30, were added.
The contonti of flask 17 were similar to those of

18, but no zino was sdded.

In order to test thet the effects og the metals
O the absorption curves were not due to differences in pH,
the pE's of the various plgment solutions were recorded by
the use of a B.D.H. cepillator set.

The results are given in Tadle 36.
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Figure 16

Absorption spectra of melsnins enzymiocally
synthesised in the presence of verious metals
{(visidle region).

(FXLS
[18s

The numbers correspond with: those in the
text for Experiment 3 (page 197 ).



TABLE 36.

Metal added to the pH of the melenin
reaction mixture solution produced

- . 6,465

0.05

»
o

10 ugs. Cu
20 ugs. Fe**
20 ugs. Fe***
.100 ugs. Ca
80 ugs. Ca
100 ugs. Ba
- 100 ugs. Co
Zn
Zn
Zn
Mg
Mg

L L ]
(4

*®
2 3233233323233 3 3N

100 ugs.
.80 ugs.
50 ugs.
100 ugs.
80 ugs.

(oo N N RN N I N N ¥ W Ko
£ 3333338333 3233

(o

RO OOD

o . The sbsorption curves of the solutions are given
{n Figure 16 (visidle region) end the extinotion reedings
tn Appendix 3 (b).

. Visual observations during Experiment 3 ere
Tecorded below for Varibus'atgges of the resction.

12,30 p.m. Wednesday.

Expofiment started. Flesks oontaining Zn slightly more
Opalescent than the others. -

4,0 p.m. Wed.

100 snd 80 ugs. Zn flasks begin to go grey.



$.45 p.m. Wed.
50 ugs.. Zn flask peginu to go grey.

5,0 p.;m. Wed.

Control flasks slightly derker than sll others apart
from zino.

.15 p.m. Wed.

Controls derk brown. 2Zn flasks continually growing
Bore grey. Others et 5.0 p.m. stage of controls.

2,30 p.m. Wed.

Controls btrown-bvleck. 2n flasks dark grey. Others
dark dbrown.

8.45 p.m. Wed.

+ +

Co flask light grey. Cu, re* ’ re*tt grey-brown,
Zn flasks derk grey. Uthers brown blaok.

9.45 p.m. Wed.

Co rflask dark grey. Fe’** flesk reddish-dbrown.
Others merely deepensd their former shades.

!045 aomo Thur'da! .

Cu flask 1light grey-brown. Zn flasks grey-bdlack.
The rest eppear brown-black.

E!poriment 4.

Enzyme preparation 4.
To flask 1 was added:l00 ugs. Zn at the start of resction.

To flask £ was 8dded:100 ugs. Zn 60 hrs, aefter the start,
({.e. 12 hrs. defore end).

To flesk 3 was added: nil.
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Jigure 17

Absorption spectra of melanins enzymiocally .
lynthuisod in the presence cf verious metala
‘(visidle rogion) .

_ .The numbers oorrespond with thou in the toxt
of Experiment & (page 1°') '

P . - [ . . . e .
A I VIO . '...,..,, e T
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o Flgure 18

- .

Absorption speotra of melanins enzymically
synthesised in the presence of verious metals.,

. . LN .
AT R L

:+ The numbers correspond with those in 4t'ho text
of prorinqnt ] (p.age Lok ).

-.—-——.-—-flOox r."‘“' as '102(80‘)3 in 20 mls. weter.: -

.............. 100%¥2n as ZnC0x in 20 mls. water, -
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The adsorption curves of the pigments produced
re given in Pigure 17.
Experiments in which sodium oltrate end citric acid were
8dded to the enzyme solution es a buffer.
Experiment 5.

\

. Enzyme proparhtion 5(e). pH 7.0 with sodium
oltrate and oitric aold.

To flask 1 wes added: nil.

To flask 2 was added: 100 ugs. Zn as ZnS0,.

To flask 3 was edded: 100 ugs. Mg as MgCl,.

To flask 4 was added: 70 ugs. Zn as Znsq‘.

To flask 5 was added: 100 ugs. Ca as CaCl,.

To flask 6 was sdded: 100 ugs. Ba es BaCl,.

To flask 7 was added: 100 ugs. Fe*" as ¥FeSO,.

LX)

To flask 8 was added: 100 ugs. Fe'** as Fep(S0()g.
 To flask 9 was added: 50 ugs. Cu as CuSO,.
To flask 10 was added: 100 ugs. Co as CoCly.
To flssk 11 was edded: 100 ugs. Zn a8 ZnCox suspension.
The adsorption curves of the resulting pigment
80lutions are given In Figure 18, end the extinotion reasdings

{n Appendix 3 (o).
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The pH valuosfor the various plgment solutions
are giveﬁ in Table 37. (B.D.H. Capillator set).

-~ -7 TABLE -37.

Metal added to the | pH of the melanin
resction mixture solution produced
- 7.0 : ’ 0.05
100 ugs. g 7.3 " "
100 ugs. in 7.1 " "
es Zn504
70 ugs. Zn 7.4 " "
100 ugs. Ca 7.1 " "
100 ugs. Ba 7.3 = "
100 ugs. Fe** 7.1 v =
100 ugs. Fe*** 6.6 "
50 ugs. Cu 7.2 " "
100 ugs. Zn .
es ZnCO; . 74 " "
suspension .
100 ugs. Co 6.6 " "

Experiment 6. Posslble effect of partiocles.
Enzyno preparation 5(b). . ° c

To fiqsk 1 was added: nil.

To rlaik 2 was added: nil.

To flask 3 was added: nil.

To flask 4 was added: 100 ugs. Ca es CaCOy suspension.
To flesk 5 waa.addod: 100 ugs. Zn a8 ZnCO5 suspension.
To flask 8 was added: 100 ugs. 81 as 510, suspension.



Figure 19

Absorption spectra of melenins enzymiocally synthesised
in the presence of various metals (visible region).

1 1 1 [ |
400 500 600 700

A in my ?

The numbers correspond with the text of
Experiment 6 (page o5 ).

CVVYOS \-7, inclusive , occvr within the S\’it&tﬂ eree,
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To flask 7 was added: 100 ugs. Ba as Ba(OB)z.
To flask 8 was sdled: 10U ugs. Ba as EaCOg.
. To flask 9 was sdded: 100 ugs. Al as Alp0s.
To flesk 10 wasAaddodi 1CO ugs. Zn as ZnSO, plus 1 mg. NapCOz.
. To flask 11 was added: 350 ugs. Fa*t as FeS0, plus 1 mg.NepC0s;.
To flaek 12 was added: 100 ugs. Fe'* as FeSO,.

The absorption ourves of the resulting pigment

lutions are glven in Figure 19.

- Summary end Discussion of the Results in this Seotion.. '
l. It 1s ovldont that the addition of various metals to

‘ho reaction nlxturc cen affect the absorption curve of
FOlunin formed from tyrosine, in the presence af protoin
trom cattle irisas whioﬁ contains a tyrosinase system.
2. 'The anlons or~tha baffer solutions used play a

bart in dotofuining the effects which the various metals
Préduoo. |

_ 3. In solutions at pB 6,5 - 6.7, buffered only by
th. sddltion of NagCOs to the protein solution, 10 - 25 ug.
zl/nl. enhanoed the light adsorption of the melanin produced
" a1l wavalengths. 25 ug. Co/ml. also enhanoed the light
‘blorp.ion, but 3 ug./ml. of Fe** and Fe'** reduced the
1§eht absorption below 650 mu. [F‘¢$J3.”rﬂ°]



4. In solutions at a pH above 7.0, 25 ug. Ca/ml.
enhanced the light absorption, in the presence of protein
end NepCOz only. [Fig.1s]

%. In solutions containing sodium citrate and oitric
escid (and probebly NaOH aleo), zino hes no effect unless
carbonate is also added. 12.5 ug. Fe** and Fe***/ml.
enhance the light abagrption without adding oarbonato.[?‘ngl

6. 2.5 ug./ml. of copper has no effect on the melanin
absorption curve, dut 5 ug./ml. snd 12.5 ug./ml. inhidit
melanin formation entirely. An sbsorption band at 500 mu,
possibdbly due.to'tho intermediate compound hallachrome,
osourred in the solution containing 5 ug. Cn/ml.[Fngk]

7. The absorption ourve for the solution containing
12,5 ug./ml; of zinc was much lower than that for the [F\gdb]
solution containing 20 ug./ml., dbut the latter curve was
very little different from a aﬁlupion containing 25 ué. Zn/ml.

8. The abaorption ourves of melenins produced in the
presence of a metal sre characteristio. and dirtor from
those obtalned with anothar motal.. It is notadble that
the pigmont formed in the presence of ferrio iron shows en
edbsorption band with a ma;inum yhich corresponds roughly
yith the inflexion found tor.tﬁo oompounh between dops and
ferric iron (of. Chaptor VII), and with the absorption band
. This experiment has not been reproducidle, and it seens likely

that tho absorption band is due either to an internmediate in
helanin formation, or to an extraneous contaminant.
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“of the ‘iron-conteining pigment which Flesch isolated from
Ted hair. There 18 no such dand in a solution of 302(80‘)3
Partially hydrolysed to ro(on)s.

9. Experiment S krig. 18) raised the possibility
that the enhancement of the 1ight absorption of the pigment
'Iight be due to the presence of inorgenic particles in
'the resction mixture. Experiment 6 showed thet particles
'9f BaCO,, Be(OH),, Aly0y, S10,, and CaCOz had no effect on
‘the melsnin. Zine in the form of a suspension of ZnCO,
had less effeot then zinc in the form of ZnSO;, to which
‘NayC0; had been added. '

‘ 10. Experiment 4 (Fig. 17) showed that zinc edded at
the start of the reaction has a greater effeot than zino
'added towards the end.

The inhibition of melanin formation by concentrations
.°f copper hishor than 5 ug. /nl. is intoreating in view of
the facts that copper is known to be part of the tyroainaao
_-Oleoulo,‘and that it is known to scoelerate the formation
°f nolaninArron. dopa. riggo (1948) showed t.h.t various
"‘VQrsibly oxidisadle sudstances oould enhance tho rate or\
YQODA oxidation by atmospheric oxyson. but oould completely
1nh1b1t the oxidation of tyrosine by tyrosinsse. The
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1nhibitory effeot was due to s change in the redox potential
Of the reaotioq.mixturo.4 | It seems possible that a similar
Leot is opqrating in the present ocase. ,

It is possidble that the leck of eny enhancement
°t.tho melenin lightlébldrbtion by iron in solutions con-
‘;ining Nazébs; 1s also due to a redox effect.  In the
D;éaenoo of oarbonate only, 25 ug./ml. of Feo ** and Fe ***
'Ore found, in a qualitetive experiment, to inhidit melanin
formation almost entirely.

" The experiments cerried cut in ocitrate-citrioe

'aid bolutioh were not entirely satisfactory, because the
Yaffer was used at the extremity of its effeotive pH range,
ang the pH wes therefore not rigidly oontrolled.  Qualit-
‘five exhofimenta were carried out in which verious other
duffer solutions were sdded to the resction mixture.
Baitto-borio acld dbuffer (pH 7.3) inhibltdd the reaction
°&iplotoly. Melanin was formed in the presence of a -
aiigton & Robinson standard buffer (pH 6.8) but the induction
D;fiod wé- lengthened. Phoaphito‘burror (pH 6.8) allowed
‘Olanin formation to ocour, and it was qualifutivol&aobéervod

‘hlt both zino and ferrous iron alightly enhancod the light

‘blorption of the melanin formed.
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Section 4. The Amount of Zing combininf with Pig%ggg
enz cal syntheslsed from Tyrosine, and with
"the Proteln Fresction from Cattle irises responsible
for thls Rheaction.

It has dbeen shown thet very high conocentretions of
?an ocour in melanin-protein freotions from some fish eyes;
ihia zino 1is non-dia;ys‘blo. The faot that zinc can affeoct
the abaorption~apeotrum of pigments formed from tyrosine
in the presence of oattl; iris proteins shows that some kiﬁd:
of zinc combination is formed. No suoh combination oocours
with ielanin formed from dopa in the adbsence of protein,
Pgt if protein is added to a mixture of zinc and the dopa-
yplanin, the light sbdsorption of the mixture of the three
Pocomes greater than the aui of the individusl oomponentb.
Ii therefore seems possible that the incressed light absorption
ér the resotion products observed on the addition of zino
}o the reaotion mixtures, dologibod in the laat.sootion, ia
ﬂ&e to the formation of a complex of melanin,Aprotein, snd
iino, snalogous to the materlsls obtained from varioﬁa eyes
ﬁr the trypiln digesti®n procedure. |

. To test wheth;r the ocombination of mol;nin and

Protein really forms a complex with zino during the melanis-

Ation resction, the following experiment wes cerried out.
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The object of the experiment was to find out how
duch of a glven exoess of zino was taken into non-ioniec
Sombination with: (a) melanin formed in the sbsence of
drotein; (b) melenin formed in the presence of protein;
{a) the seme protein without melanin.

Experimental Procedure.,

The resctants were placed in three 250 ml. beakers,
the ratio of surfsce sres to totsl volume of reactants was
then large enough to permit reedy absorption of oxygen.

Besker A oconteined 10 mla; tyrosine suspension (0.1%),
10 mls. oltrate buffer (pH 6.8) containing z.ood.ug-. Zn
%8 Zn30, and 2,500 ugs. of (COsz) as NepCOs,.and.5 mls. of .
0.1% dopa solution, _ L
', Deaker B contained 10 mls. tyrosine suspension (0.1%),
10 mls. citrate dbuffer (pH 6.8) containing the same amounts
°¢ ZnS0¢ snd NayCOy &8 in A, and 5 mls. of a suspension in.
Phosphate burfer (pH 6.8) of a protein fraction (ebout. 0.25 °
fus.), precipltated between 10 and 30 gus. of orystalline
‘lmonium'sulphato per 100 mls. of an extreot of cattle irises
Obtained in the manner desoribed in Seotion 1 of this
Shapter. ‘ ' L
' - Beaker C aontained 10 mls. of.twice distilled water, 10 mls.
°f oitrate duffer (as for A end B), snd 8 mls. of the protein

Sugpension used in B.
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i All threes beakers were incubated at 38° C. for
¢:days, d1luting each with 10 mls. of water on the second
day. - On the fourth day 50 mgs. of B.D.H. trypsin were
8dded to beekers B and C, and the beakers incubated for a
further 3 days et 38° c.

Beaker A was left in the inoubstor st 38° C. .
for a further 30 days (diluting with twioce distilled water
At appropriate intervals), when the formation of pigment
tppeared to have ceased. )

After trypsin 4digeation the contents of beskers
3 gand C were ocentrifuged, first at low speed to dring down
the fraction which separates with the pigment, then at high
Speed to bdring down s much protein es possidle. The
'pigment fraoctions' were waahod end re-oentrifuged several
times, and thon dried, woighod. sshed, and anulyoed for
%na. The reet of the’ protoin was d;scardod. The
Supernstants were ovaporgtod et 100° C. %o ebout 10 mls.
Yolume and centrifuged again; the precipitates were dis-
%arded.

10 mls. of scetate buffer (pH 4.75) were sdded to
%aoh supernatant snd the volume of esch mixture made up to

30 mls. with twice distilled water. Two 0.5 mls. sliquots



214

from each sclution were taken for zinc snelysis. Each
aliquot was diluted to adbout 7.5 mls, with twice distilled
Water and sheken with excess cerbdbon tetrachloride in several
portiors to remove the remsining proteins in solution.

The CCly layers (dropleés) were run off, end the zinc ex-
tracted from the solution dby dithizone in carbon tetrachloride
Wfter adding 2.5 mls. more escetate buffer, and 1 ml. of
80d{um thiosulphete solution, es in the standard procedure
Used for zino estimations.

| After 30 days' incubation, beaker A was treated

1& a similer wey, except that no trypsin digestion was used.

Hardly eny material precipitated during centrifugation.

Results.
Total fonlo Total bound
Solution zino (ugs.) . "« zino (ugs.)
2,000 -
B 1,550 450
c 1,800 200

2ino ocncentrations in the ‘pigment fraotions'

Separeted by slow centrifugationt:-
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Dry weight .Zinc concentration

Solution (mgs. {ug./mg.)
-, 5 o

B | 1.7 4.6

c 9.7 0.83

It is ;vident from this expeiiment fhai no zine
ll bound in non-ionio torm by molanin rormed in tha absenco
or protoin. some is bound by the protein frection from
°Ittlo iris, but muoh more ia bound by a complex of this
Drotoin with melanin rormed from tyrosine.
. It is probable that the 10 mgs. of tyroaino
Preaent in aolution B was not entirely oonvertod to meianin.
‘lsuming, howevor that the oonvcrsion was oomplete, and that
the melanin rormod was combined with ita own weight’ or protein
(or. Chapter VI) to givo a total pigmont traotion or 20 mgs.,
‘ho smount of zino combined with this must be 250 ugs., (450
‘Otnl in B. minus 200 oombinod with protoin) giving a oon-
°fntrntion of 1.285%. This is of the seme order as the zino
°6noontrationl found in the pismint'fraotiona obtained from
t‘os and peroch eyes (2. 8 and 4.38% rospootivoly) | Tryﬁsin
ueoltion of a solution of molanin rormod onzymioally

W the presence of zine, in
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EXperiment 4 of the last seotion of this ochapter, geve,
efter further freotionation, & pigment meterial containing
1.01% of zine.

Some of the suspension of cattle iris protein
Precipitated detween lozand 30 gns. of smmonium dulphate
Per 100 mls. iris extract, wes mixed with NapCOx, and
200 ugs. zine, in the form of ZnS0,, added to 1it. The
Rixture was left in the refrigerator at o® ¢c. for 24 hours,
And then dlelysed egainst twice dlstilled water et 0° C.
for 3 days. The protein materisl was preocipitated again
"ith Speopure ammonium sulphste, washed with a little twioo.
distilled water, dried, weighed, and analysed for zine,
The total welght of material wes 32.3 mgs. and the zino
Sontent 27 ugs. The concentration of zinc 1s therefore
0.0835. This corresponds exactly with that for the -
Raterial seperated by slow centrifugation from solution B
{n the experiment desoribed sbove. It seems, therefores,
that this protein freotion from ceattle irises is only
%apable of combining with a smell emount of zinc, and that
1t then besomes 'satureted’ with the metal.  The smounts
of zine bound to the melanin-protein material show thet a
Qltferent faotor must be operative in binding the zine to

this complex.:
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L X X X X X T ¥ ¥ ¥

DISCUSSION OF THE EVIDENCE FOR

AR _ASSOCIATION BETWEEN vARIOUS .HETALS AND

UELANIN PIGMENTATION IN ANIMALS.

The chemical nature of the melanin pilgment in
inlmala 15 oémplox, and at pfebont only partislly elucidated.
The number of fsotors which have been reported to be
Regessary for the normal physiologloal formetion of melanin
1a very great, but there is as yet no comprehensive scheme
Which explains how, end when, ell these factors are operative
{n the naturel synthesis of the pigment. It oean thersfore
ﬁhly be surmised which of the factors are primery, and whioh
're secondary to the main process. |
' It seems likely that one metal, copper, is a
5rimary faotor in melanin formation in enimels. It cannot
Yot be regarded ss settled thet tyrosine is the natural
drecursor of melanin in animals, though it seems likely to
Irove so. Whatever the precursor, the only two enzymes

Known to ogour in piguented tissues and not in cther snimal
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tlasues, and which are capable of producing melanin, are
tyrosinese end dopa-oxidese (Hermann & Boss, 1943).
Lerner, Fitzpatriok, Summerson & Calkins (1950) showed that
both the tyrosinese and the dopa-oxidase activity of
Relanoma extracts wore‘depondont‘on the presence of copper.
Complete removal of OOpber (a3 the cyanide salt) entirely
Stopped their sotivity; reatbration of the original esmount
.of copper restored 90% of the activity. Further evidengp
for the primery rdle of copper in melanin pigmentetion is
tiven by Lerner & Fitzpatriock (1950). |

. The present work has been concerned with various
iotallio elements in what seems likely to be a secondary
™8le in the farmstion of animal melanin.  There is con-
8{dersdble evidence that a secondary essocliation detween
Belsnin pigmentation and ‘various metals does exist, dut
Cften the individual results which go to make up this
Svidence appear to have been considered by the suthors to
Ye artefacts, snd, through lack of any co-ordinating review,
the significsnce of the whole dody of results has not been
‘xanined. ' ;
.A The evidence for this secondary association comes
iﬁder two headings:-

(1) Evidence obtained from studies on the bompoaitibﬂ‘.

¢ animsl melanins and black animal tissues.



(11) -Evidence obtained from studies on the ocolour of
Mgments produced in yitro by the sotion of melanin-forming
Onzyﬁe systems,

Several metels have been shown to occur in melsnin
breparationa from animal tissues, or to ocour in greater
toncentrstion in black and brown tissues than in other
tissues. '

Sieber (1886) divided animal melanins into different
%lasses ascoording to whether or not they contasined irom or
Sulphur. Preparations of melanin from the uveel tract of
the eyes, and from melanomas, contained iron.

Gortner (1911) showed that pigment from the blaok -
daiy of raddits and from dblack feathers contained 2-3% ash,
which was chiefly iron oxido-(?czoa). He found two kinds
Of pigment in derk horse hair, one being a melano-protein
With a very low ash content, and the other containing adout
3€ ash, which waes chiefly iron oxide.

- Waelseh (1932) obteined melanin from chorolds by
Ugesting the tissue with s pepsin-HC1l mixture. The bdlack
{nsoluble residus contained 1.9% of ash, part of whioch weas
1ron. »

Many reviews mention that melanins have often been -

found to contaln iron.
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In the present work iron hes dbeen shown to ocour
-1n melenin preparations from ocattle irises snd perch choroids,
‘he ash of the former containing s greater proportion of
iron than the latter.

Flesoh & Rothman (1945) isoleted a red, ferrio
lron-oontaining pigment from human red hair by boiling end
?xtraoting it with HC1. The pigment also contained traces
6r 81, Cu, and Mg. The possidbility that the pigument is
thalogous to melenins is indicated by the fect that the
3bsorp§ion band of @ solution ¢f his material corresponds

*** with melanins in

ﬁ;th those found for oomplexes of Fe
Eh; jresont work., | Nickerson (1946) isolated & red melenin
t?om poultfy feathers whioch he believed to be identiocal with
that ottained by Flesch & Rothman. |

rlaéoh (1949) showed that the white hair of rats
and guinea-piga oontainqd considerably less iron than red
hair, He slso found that white Lair contained slightly
less ocpper than black hair from the same enimal, Kelanin
frictiona from melanomas were found to contain many times
3 nueh coﬁpor as the whole tissue.

Eantaclalla (1949) showed that brown feathers
°9ptained slightly more copper then grey ones.

Guilisni (1938) examined the esh of the ink seoc

from Sepla Offioinalis. The dried ink gave s totel ash
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or 1.86% and a ooppor anelysis of 1.17%. The washed and
Qried enpty ink bladder contained 3.9% esh, 2,024 Cu, end
0 315 Fo.
' - In the preaant work ocopper has been shown generally
ﬁd'ooour in higher oonoentrationa in pigmontod eye tissues
ﬁhnn in non-pigmontod tissues, and to be ooncentrated in
Digment fraotions of the eyes.

The conocentrations of ocopper found in pigmented
| iateriala by all the varioua workers ere too high'to be
looounted ror moroly by the lmall amount of ' coppor oontained
1n tyroainaso. Also, the copper in the various pigment
rraotiona is bound to highly.inaolublo meterial, .whereal
tyrosinaso even in animsls is a rairly soluble protoin.

Remage & Sheldon (1931) showed that darium ooourred
in the oharolds and irises, and pigment fraotions from these
filsuoa; but not in other tissues of cattle eyes. In |
addition, the choroids oontainod more Ce and Fe than retinas
'hioh had been seperated from pigment. Barium wes not
found {n the chorolds of & number of other snimals,
‘ Tho proaonoo of barium in cattle irises and plgment
fraotiona ha. been conrirmod in thc present work. " This
notal wes not found in pigment from perch eyes.

It has been shown in the present work that the

toncentration of zino in the pigmentéd eye tissues of 2
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Qumber of animals is invariably higher than the concentrations
{n the parts of tho.oyo whioh.do not contein melenin. .
These results confirm those obtained by Leiner & Leiner .
(i944) for a number of speoies of fish., . These high con-
Sentracions of zino have beaen shown in the present work to
be due to combination of the metel with a melenin-protein
Baterial of the pigmented tiasues.
“ - Complete enslyses of the ash from pigment materials
Or pigmented tissues heve rarely been ocarried out.  : Zchkardt,
8tolzar, Adam & Johnson (1943) give a 11st.of the metals
found i{n normul human corneas, and the corneas of patients
suffering troh hepato-lentioular degeneration (Wilson's
diseese).  In this oondition & brownish-grean pigment is
deposited in Descemet's membrane of the cornea. In normsl
Sorneas they found Na, Ca, and g, whereas in the corneas
Of patients suffering frou Wilson's disesse they found Na, .
Ca, Mg, Zn, Cu, Fe, Al, and Ag. . |
i ., In the present work it has been shown that Fe, Zn,
Ca, Mg, Ba, and Cu ocour in pigment material from cattle . -
irises, and Fe, Zn, Ca, Mg, Sr, Al, and Cu, in perch ohoroid
Plgment. Some of these elements were prodedly only present
48 traces.

Fore (1930) observed that white redbit hair gave

Tise t0 muoch less ash than blaok hair from the same snimal.
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’!xperiments were oarried out in the present work on hair
from rabbits and ratas. Rats with both Dblack and white
bair had been guillotined for experiments on their eyes,
nd hair wss ocut from the corpses of these animals. Helr
from a black and white variety of rabdit waes removed with
the aid of an electrioel outter.  The samples of blaok
dair and whito hair from the two spoecles were washed with
204 alocohol (to produce wetting of the sﬁrraco) end then
Several times with twioce diat;llod water. The samples of
hair were dried, weighed, ashed, end snslysed. Analyses
for copper and z;no were carried out dby the stendard
Procedure deléribod in Chapter II. Analyses for iron
'{n the ash from rat halr were carried out by the o-phenen-
throline technigue desoribed by Sandell (1944). The
Te3ults src glven in Tadble 38, _

Thoﬁéh the esh obntont of the white halr analysed
is much lower than that of the bdladk hair, the oonoqntrationa
of iron, copper and zino differ vofy little. Fore (1950)
Showed that the m;nganoso contents of the two typee'ot hair
from rabbits were roughly the sama. Some other esh con-
stituent must therefore acoount for the dlg difference

between the two types of hair,



TABLE 38. Results of an Ixemination of the Ash from .

Black and White Hsir.

\

(ugs./g. dry hair)

Black Hair| White Hair
(a). Rabdits.
. % dry weight recovered as 1.183 0.381
ash ° *
\ cép er consentration
- Zine eoncgentration :
~ (v). Rats, (Crey Hair)
€ dry welight recovered as 0.83 0.52
ash :
Iron oongentiration %0.9 £8.8




It was shown in Chapter III that the zinoc content
0f albino rabbit irises snd ohoroids was wuch lower tken
that of the correeponding tissues from coloured rabbits.

There is thus a grest desl of evidence which shows
that various metals ocour in . higher ocncentretion in tissues
sontsining melanin pigwent than in those whioh do not.

411 these metals have also been shown to ooour in melenin
Plguent materials from verious sources. It heas deen shown
{n the present work that the zine bound to such materisls

San socount for neerly all of the zinc in the pigmented eye
tissues.

& A8 far baok 23 1901, Gessard studied the sction of
Yarious selts on the formation of melsnin from tyrosine in
the prasence of tyrosinase. He stated that the precipit-
Wtion phase, at the end of the tiroaine-tyroainaso reaction,
%es under the influence of various natural salts in the
%queous mediun, The alkaline esrth salts were found to

s very muoh more active than the olkali metel salts. A red
90lour ususlly coourred as an intermediate stage in melanin
formation; 1in the presence of an excess of celoium salts
‘2l was suppressed, and black was the first colouration to
Ppesr.  However, he found slso that the presence of various

%alts oould cause a considerasble retsrdation of the first
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!ppoaranoe of the dlack colouretion.

vVolfs (1910) stated thet in the presence. of disodium
Dhosphato he obtained dlsck melanin, 2nd in its sbsence grey
Relanin, '

Plettre (1912) ocunfirmed thet various salts were
{nfluential in the precipitation of melanin prepared dy
Ehe use of animal tyrosinase. Durham (1905) found it
Sxpedient to add ferrous sulphate to the reaction mixture
When ahe.was testing various animel tissics for tyrosinase
totivity. Wager (1949) found that iron increased the
?olour of the plgment responsidble for asten-end blaskening
{n the potato.

i There 13 thus musch support in the literature for
ﬁhe viow that verious metals can combine with, and influence
the colour of, melenins synthesised in vitro by the agonoy
Of either plant or animal tyroslanse. in the pressent wérk
{t has been shown that ssveral matels can inorease the
Qolour. and influence the shape of tha adbsorption ocurve,
°f melanin synthesised by the sgenoy of sn irls enzyme system.
It has been shown that iron is tho only one of these metels
ﬁyioh will effect the 1ight absorption of s mslenin in the
!beqnoe‘or‘protoin, and in the ocase of zinc, it has bdeen

Shown that zins is ocomdbined in oconsiderabdle amount dy a
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Iolnnin-protein oomplex. It is noteble that éhe percentage
or zine in such a ayntnoclo complex or melsnin with cattle
lria protein epproaches that found in naturel melanin
oomplexes from fish eye tissues., It hes not been shown in
;hat quantities metals other than zino will oombine with a
Iolanin-protoin nomplox, but it seens poaaible that some

luoh oombination ia respOnsiblo tor the preaence of various
uotala in non-dlalysablo form in pigment matoriala from

[
v.rioua animal sourooa.

3

_ In rogard to the rorm of tho motals in combination
with synthotio melanin oomplexos. Gossard(lOOl) thoughc there
was no true ohemioal linkago botween metals and tho pigmont.
Ho round that varioua lnsolublo alxalino eerth metal salts
oould adsorb the roae-ooloured intermediate in melanin rorm—
ltlon. and that converaiou to the black pigmont oould oogur
ln the abnorbed state. Plettro (1912) conrirmed thet a
looao oomplox or oo-prooipitata, of variabdle compoaition,
°ould be formed between nelanin end the lolid material of
barytu-wator. ) ‘He alaé ahowod howover that a oompound
botwoon molanin and barium, other than an ndaorption oouplox.
°ould bo formed. Addition of a solution or BaCla to a

tyronino-tyroainase reaotion nixturo gave a nolanin produot

°0nta1n1ng about 6.6% Ba, ' No ohlorine was dotooted in
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‘§;anﬁqtorial. In the present work, it ﬁa; been shown
Eﬁat Tany insoludble metallio compounds with adsorptive
s;oportles have no etfeot 6n th; molanisafion reaction,
Whereas solubls salts of some of the same metals cen have
in effect.

There is something of an analogy between the
tomdbination of various metals with a melanin complox, and
fhe comdbination of various metals with the peptidase enzymes
(vide Smith, 1949). ;n both cases a numdber of metalas can
Ye involved, and the ocombination cen be influenced by the
PH and nafuro of the buffer.

Further inveatigation is required defore a pioture
Of the linkage between netal and melanin oconplex can be |
Obtalned. It seems possidle, however, that sulphur groups
day de involved in the case of zino. Fisendrend & Wegel
(1941) showed that a complex between zinc and oysteine,
ystine, or glutathione is formed on mixing ZnCl, with a
Solution of these oompounds.
| From the viewpoint of funotion, 1t seems fairly
Sertalin that no metal epart from ocopper is oaséntinl for
the formation of the sotual melenin molecule in living
Srganisms. It seems probdbable, however, that verious other

Betals can influence the intensity, and the shade, of the
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2elenin efter it hes been focrmed, and thus of the dark

tnizel ccloure for which melerin ls essentislly responsibdle.
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 SUMMARY OF THE RESJULTS.

1; It has besn shown (ﬁartly in confirmation of
Tsuber & Krause and Shekir) that the verious tissues of the
eyes of several memmals differ from esch other in respeoct
of their copper esnd zino concentrations. Similar differ-
ences were found for the eye tissues of perch, trout, and
frogs. These latter results confirmed the extensive

studles of Leiner & Leiner on the zinc contents of fish eyes.

| 2. In sll the species examined the parts of the oye
yhioh contsin melenin plgment had higher zino contents than
%ho other parts. The ooncentration of zinec in the ochoroids
and irises of fish and frogs wss very much greater than in
the same tissues of memmals. The distridbution of ocopper

in the eye does not follow exactly the seme pattern in all
the species examined, as is the case for zino. In general,

however, the plgmented tissues are richest in ocopper.
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3. The zinc content of the choroids and irises of
ilbino rabdbits 1s much less than the same tissues of
9010urod rabbits. There is little difference between the

ﬁon-pismented eye tissues of the two verletlies.

4. “In oonfirmation of Tauber & Krause it has been
shown that the corneal epithelium conteins higher concen-

trations of copper and iino then the reét of the ocornea.

8. The copper and zinc in cattle irises is lergely
bound to a melanin-protein fraction of the tissue. The
soncentrations of copper and zino, especially the latter,
in similer pigment fractions obtained from cattle, peroh,
and frog choroids, and from whale irises, were always much
greater than the concentrations in the whole tissue, and it
18 therefore indicated that this material is responsibdble
‘tor th§ specifioc lbdumulation of these metals in pigmented

tiiauol.

6. The melanin of cattle irises end peroh choroids ‘
was shown to ocour in the form of s complex conteining (4n
Wdition %o the ocoloured melanin compound) material 6: |

Protein or emino-acid neture, end an inorganic part.



7. The inorganic pert of the pigment from cattle
irises contained Fe, Ca, Mg, Ba, Zn, snd Cu, of which iron
and caloium appeared to be major constituents. ‘The perch
pigment complex oconteined Zn, Ca, Fe, Mg, Sr, Al, and Cu,
of whigh zino, celcium, end iron appeared to be major con-

stituents. -

8. TFerric and ferrous iron, snd copper,. but not Ca,
‘Lg. Zn, or Ba, affect the light absorption of a melsnin
material in the abdbsence of protein. = Ferrous iron forms .
& stoichiometric compound wiph-tho melanin.. . The mixture
of ferric iron with the melanin shows en inflexion in the
absorption ocurve which coinoides with the absorption dend
found for the red pigment from human hair, which was shown

by Flesch to ocontain ferrio iron.

9. Zin¢ inoroasés the abaorptioﬂ of light by a mixed
solution of protein and the melanin odtained dy oxidising
dopa.

1o, An enzyme syatem trom cattle irises whioh oatalyaoa
tho oxidative oonvoraion of tyrosine, and to a lesser extent

dope, to melanin, was extracted and partially purified.
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11.  Za, Ca, co, ro**, and re*“, were all found to be
capable of inoreaaing the 1ight abaorption, and modifying
the absorption onrvea of nolanins formed from tyrosino in
the preaonoo of the enzyme system from cattle irises.‘ The
nature of the buffer usod for the resction influenced the

effects obtalned with the metals.

‘12, Zinc combines with the compound of melenin and-the
-£rotéin fraction r:oﬁ cattle irises whioh contains the enzyme
system, to a much greater extent than with the protein alone.
It does not combine et sll with melenin formed in the -

absence of protein.

Limitations of the Results.

- Desireble extensions of the work -

~ . . . whioh arise from the limitations.

There sre several parts of this work where the
'tporiments hévo been ihodﬁolulivo, r where the tull invest-

1sation or a problon ha. not been oomplotcd.

~>

| ' In Seotion 3 of Chapter IV. further .xporimonta whioh

‘°uld put tho roaulto on a bottor statiltioal ba-ia, are neocessary

to lhow oonolusively whether zino snd copper sre transferred to



o9
PN
PN

the retina of sheep with melanin pigmént. under the influenoce
of light. A histologiocal study of the chorold and retina
would be neoessary to show whether the transference of
pigment from one tissue to the other ia sctuslly a figment
migration.

The investigation of the nature of the linkage
of the inorgsnic with the other psrt of the melanin complex,
\ given in Seotion 3 of Chaﬁtcr VI, oonteins only preliminery
experimonts. A great deal or'rhrther iork on tho subjoot
is requirod before eny eound idea of the kind of linkage
1avolved oan be formed. ‘

In continuence of the work of Chaptor VII, a survoy
of the effect of nntala, other than those 1nvontigatod, on
the light ablorption of melanin aolutiona is desirablo. A
study or the etteot of metall other than zino on the ab-
sorption curves of mixed uolutiona of mclanin and protein
might also yield useful results. | |

In oontinuance of tho wark of Chaptor VIII rurthor
1nveatigetion or the inrluenoo or difterent buffers on the
combination botwoon motala and melanin pigment 1- necessary
before . olear ploture of the nature of the roaotiona teking

placo can be obtainod.
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Further work on the properties and composition of
the compound of ferric iron with melenin obtained by the
oxidation of dopa and tyrosine ere desirasble to show whether
it i1s 1dentical or analogous with the red pigments whioh

ocour in human hair, and poultry feathers.

General Implicetions of the Work.

For some time ﬁaat, it has generally been considered
that bdlologlosl trace elements are sssociated with, and
 funotion in oconjunction with, enzymes or enzyme systems
(of. Green, 1941). The present work shows that zind.
and to a lesser extent ocopper, can be combined with specific
non-enzymic constituents of animal tissues in emounts which
are beyond the limits usually set to the oonoehtrationa of
'trace elements' in tissues. A rigid distinotion detween
‘trece’ and.other metallic elements seems therefore to be
untenabdle. The fect that en element may occur in traces
in some species, and in lerge quantities in others (vide
Chapter I) indicates that the distinotion has, even in the
b;;t. been mainly a theoretiocsl one.

The observetion that various metals are associated

with, and cen influence the colour and adsorption ourves of



melanin complexes, adds yet another to the ractprs which
are involved in the formation of the black, brown, and

grey pigments of animals,

D\
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APPENDIX 1. (Refer to Chapter VI, Seetion 2).

Identified emission lines in the spectra of various ash

matorials under arc exsitation.

Ash from dialysed ocattle iris plgment.

-

2798.0

¥avelength of] Element Wavelength of| Element

line in A°, |responsible | 1line in A®. |responsible
£335.3 ) £802.7 Mg
2347.6 ) Be 2824 .4 cu

- 2398.6 Ca 2852.1 Mg
2435,.16 )8 £915.5 "
2506,90 n 2997 .4 Cu
20514,3 " 3066 L
2516.1 " 3072.1 Zn
2319,.2 " 3006.9 ) Mg
2024.) " 3158.9 A Ca
2528.52 n . 3179.33 "
2569.9 Zn 3181.3 "
2634.8 Ba 3247.5%5 Cu
2647.3 ” 3273.96 b
2679 Ti 3302.6 an
2776.7 Mg 3303.0 "
2779.9 n 3332.2 Mg
2781.4 " 3336.7 bt
2783.0 " 3501.1 . Ba
2790.8 " 3644 .39 Ca

»n




b. Ash from dielysed cattle irises.

&

46

Vavelength of Element Wevelength of Element
line in A%, | responsidle § line in A®. [responsible
2335,3 Ba 2790.8 Mg
2347 .6 " 2794 .2 ) 3
2396.6 Ce £795.5 Mg
2814.3 s1 2798.0 "
2%516.1 » 2802.7 "
2519.2 " 30m2.1 Zn
2528.5 o 3158.9 Ce
£5%2 - Pt 3179.33 Ca
2634 .8 Ba 3181.3 Ca
2776,7 Mg 3247,55 Cu
2778.3 " 3273.96 "
2779.9 - 3302,.34 Ra
2781.4 : 3302.94 "

2783.0

In the spectra of hoth (a) end (b) the lines due to

iron were t00 numerous to list.



Ash from washed perch pigment.
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Vavelength of Element Wavolengthoor Element
1ine in A°, |responsidle 1iné in A°. |responsivle
2881.5%8 s1 3372 Ti
2929.79 Pt 32e3.77 "
2947.68 Fe 3642.68 "
2966,90 " 3644.39 Ca
2973.14 " 3853.49 Ti
2983.57 " 3838.69 Mg
2994.44 " 3832.21 Mg
2997.96 Pt 3933.687 Ca
3020.5 - Peo 3968 .48 "
3081.08 " 3944.11 Al
306‘.71 ’ Pt 396105 - " R
3075.88 Zn 4077.71 - 8r
3179.33 Ca 4226.73 Ca
3247.53 Cu 4283.1 -
. 3282.38 Zn 4289,368 w
3273.96 Cu 4299 Ti
3302,.8 in 4308 Ca
3303.0 " 4318 "
3345,0 " 44293.44 "
3348.3 " 4434 .90 g
3371 T 4454.78 "
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APPENDIX 3 (b). (Refer to Chapter VIII, Section 3).

Extinotion readings (Beckmann) for melanins synthesised
in the presence of various metels. Experiment 3.

™9
. =t
B

17‘.

= 1 2 3 4 L. 1.5 6 7 8 | 9 10 | 11 12 13 14 15 18
wevelength| Blank |Blank {10¥Cu |20¥Fe’" -|Blank |20¥Fe*** |100¥Ca |80¥Ce ROOYZn| 80¥Zn | 650%2Zn |100¥Mg | 80vig | 100¥Ba [ 1005Co| Blenk + | Blank.'
in mu. a b ) : -6 100¥Zn. No|: No
Oxidation. {Oxidstion -
400 1.253 {1.250 1,078 | 1,07 [1.288 | 1.11 1.09 |1.25 |2.03 | 2.03 [1.66 | 1,09 |1.38 | 1.23 | 1.49 | .163 .09
450 -.950| 950 | .820 | .800 | .980 .830 815 | .952 [1.675] 1.64 | 1.20 901| 1,025 .935] 1.115 | o098 L 040
: 500 815 | .815 | 710 | .705 | .825 .705 707 | .827 |1.50 | 1.49 | 1.15 .782| .880| .805| 1.065 | .ces L JOAS
650 705 | 703 | .625 | .655 | .718 .622 .635 | 736 |1.44 | 1.425] 1.086 .687| .790{ .708{ 1.030 | .064 .038
600 600 | 601 | .541| .605 | .615 .550 555 | .639 |1.32 | 1,30 | .974 | .e00| .e68| .615] .990 | .o48 .020
650 499 | .500 | .480| .541 | .510 .465 478 | .539 [1.15 | 1.075| .857 | .502] .565| .510| .874 | .043 .016
700, | .402| 401 .z73| .85 | 400 |  .377 | .38 | .433| .930| .e70| .eso| .400| .53 .e05| .e75| .o36 .016
.. 780 321 | .380 | .298 | .367 | .325 .301 295 | .345| .757| .ee5{ .s30| 308 .350| .317| .510| .034 .015
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SUMMARY OF THE AIMS AND RESULTS OF THE WORK

AIMS

The knowledge of the distribution of zine and copper
in the eyes of vertebrate animals was incomplete. Shakir
(1948) began an inveatigation into the distribution of
trace metals in eye tissues, and paid particular attention
to zine and copper. The present work was initiated with
the intention of confirming and extending his results, and,
if poassible, determining whether or not all the zinc and
copper in the eye is associated with the known functions of
these elements,

RESULTS
1. The tissues of the eyes of each of peveral species of
vertebrates differ from each other in their zinoc and copper
concentrations. In each of the species examined the order
of the tissues, arranged abcording to the magnitude of their
zine eontents, was roughly the same, the highest concentrations
ocourring in the tissues containing melanin pigment. The
distribution of copper does not follow exactly the same
pattern in all the species examined, but in general the
Plgmented tissues are richest in copper.
2. In oattle irises it has been shown that the high
concentration of zinc and eopper is due largely to an

asgociation of these metals with a pigment-protein fractiom



2

of the tissue. Simllar fractions from the irises and
choroids of other animals always contained higher concentrations
of copper and zino than the whole tissue.

3. The concentrations of zinc in the pigmented eye tissues
andpignment-protein fractions of perch, trout, and frogs are
very mich higher than those encountered in the corresponding
mammalian tissues, and higher than any ficures given in the
literature for other animal materiale. The findings of

Leiner & Leinexr for freshwater fish from Lake Conatance are
thereby confirmed for fish from Lake Windermere.

4. The conoentrations of zinc in the choroid and iris, but
not the other eye tissues of albino rabbits are lower than

in the same tissues of coloured radbdbits.

5« The corneal epithelium contains highexr concentrations

of copper and zinc than the rest of the cornea.

6+ The melanin of cattle irises and perch choroids occurs

in the form of a complex containing, in addition to the
melanin itself, material of protein or amino-acid nature,

and an inorganic part.

T+ The inorganic part of the pigment from cattle irises
contains Fe, Ca, Mg, Ba, Zn, and Cu, of which iron and calcium
apbeared to be major constituents. The perch pigment complex
contained Zn, Ca, Fe, Mg, Sr, Al, and Cu. of which sino,

calcium, and iron appeared to be major constituents. Of these

metals ferric and ferrous iron, and copper were the only ones



3.
found in vitre to affect the light absorption of a melanin
meterial in the absence of protein.
8. An enzyme system is present in cattle irises which
catalyses the oxidative conversion of tyrosine t¢o melanin.
9. n, Ca, Co, Pe'’ and Pe*++, under various conditions,
are all oapable of inoreasing the light adbsorpiion, and
modifying the absorption curves of melanins formed from
tyrosine, using the enazyme system frum cattle irises.
10s, Zinc combines with the complex of melanin and cattle
iris protein to a much greater extent than with the protein
alone, but it does not combine at all with melanin formed
in the abgsence of protein,

I$ is oclear from these results that zinoc and copper
in the vertebrate eye are largely assoclated with non-enzymic
tissue constituents, and thair presence in the eye tissues
is therefore not more than partially oconcernsd with their
previously known functions.

Though the melanin moleoule can bYe formed in the
body in the absence of any metal other than copper it has heen
shown that zine and other metals can influence the shade and



4.

colour intensity of melanins synthesised in vitro by the
oxidation of tyrosine in the presence of an enayme preparation

from cattle irises.



