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Abatmct-Multiple forms of the - ofV&?hfgbahavebccnshowIltoexistaQdsmethodfoctheir 
partialspamionisdcsuibcd. It~~~to~~~tybydotcrminationaof 
tln5ircoppcrcxntellt,auLt5trate~,dcgrccoflatcncy,oror 
indicatesthatalltheformsoft.ynkmc 

‘oq. Evidence is pmcnt8d which 
cQntahoneatonlofcoppcrpermoleculeofenzymc. unlikcmanoxal, 

ureawbsnusedasactivatinOaOantappearstoenhancetheabilityoftbe~tooxidizemonopbenols. 

INTRODUCTION 

RECl3m studie5 on tyrosinase have shown that the enzyme5 isolated from Psulliofa cafnpestris l 
or P. bispora2 are quite distinct from those i5olated from Neurospo~ crassa and from the 
melanoma of motu%x4 Most work has centred on the tyro5inase of PsaZliotu sp. and lead5 to 
the conchrsion that four or five form5 of the en5yme 2s 5 are present in the tissue extract% Two 
of those isolated from P. biqmu have similar molecular weigh& amino acid composition 
and each contain5 four atom5 of copper per enzyme molecule.2 These various form5 of the 
enzyme can be differentiated by their relative ability to oxidize mono- and or&odihydric 
phenol5 Several types of tyrosina5e have also been found in N. crussta but the5e cannot be 
distin@hed by kinetic analysis. Fox and Burnett 6 report that these forms can be prepared 
from a homocaryon, but Horowitz ct aL7 conclude that such a culture produce5 mostly one 

type. E xamination of the tyrosina5e5 i5olated from cultures produced by various homo- 
csryons shows that four types may be dhinguished by their stability to heat and their electro- 
phoretic mobility. Two of the5e forms, termed thermostable and thermolabile, have been 
extensively examined3 and shown to have 5imilar amino acid comnosition and molecular 
weight distribution. Both forms aggregate in solution, but in each ca5e the major component 
in dilute solution (0.4% w/v) has a molecular weight of 33,000 f 2000 and contains one 
molecule ofcopper per enzyme molecule. The5e two form5 appear to have identical substrate 
specZcities.s Although the data available for the enzyme isolated from mou5e melanoma is 
more scanty the heterogeneity that is observed4 re5emble5 that described for N. CTUSU. 

Since the above investigations were all carried out with lowerplants or animals, it seemed 
desirable to examine the heterogeneity of tyrosinase in higher plants. It was decided to 

lD.KBR’lgBZandR.Zrro,In~O~~~s(BditedO.~Y~), ~~~Nsw~~(l~). 
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4 F. C. BROWN and D. N. WARD, 1. Biol. Chetn. w, 77 (1958); Pmt. L+ &‘. -1. hfed. I# 701(1959). 
5J.L.S~mandR.LK~u~m~,J.I#ol.Ch.237,1121(1962). 
‘jA.S.FoxandJ.B.BURNBZT. Biocbem. B&&s. Acta 61,108 (1962). 
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examiae the enzyme from the broad bean since the tyrosinsue here is in a “latent” form9m lo 
anditrrctivityis~~ahancadbytreotmentwithcertrindenaturing~~.” llmitis 
-iMe to prepcue cxtrscb) which in mainly UIEOWIUIGU~~ with oxidized phenols. A 
second reason for u&g btood bean is the possibility that it could throw light on whether 
o-hydroxylase activity is e&ymic or not. 

Isolation of the k%zyww 

Unless minged precautions are taken, extra&on oftyrorinut from any plant tissue is 
aowmpa&d by the oxidation of substrata to yield highly colourud polymeric quinones 
which react with proteins and are not easily ra~vsd : only a low yield of eatyme is thus ob- 
tahcd. A particular advMage of using the broad bean is that crude isolates show little tyro- 
sinase activity; nevertheless since x&(3,4dihydro~henyManine) (DOPA) occurs in high 
concentration in the leaves (up to 9.4 g/kg fresh leaf tissues’) such isolate8 usually darken 
appreciably after 24 hr #nrage at + 5”. In ordsr to prevent this it was found necessary either 
to prepare an acetone pow&r and wash it with 80 7; ammonium sulphate solution to remove 
DOPA and any brown-coloured material b&re extraction of the enzyme, or to extract in the 
presence of ascorbate at pH W2, rapidly dialyse, precipitate with ammonium sulphate, 
centrifuge and lyophilize the water-soluble portion of the pellet. The cnxyme was best 
extracted from either preparation with 0.1 hi sodium borate buffer (pH 1O-O).13 

Dcmoustratlan of Heterogeneity In the Broad Bean Tyradnaw 

When extracts of leaves, prep~~J as described above, are subjected to xone electrophoresis 
on starch ge1 and the gel treated with L-p-(3,4dihydroxyphenyl)-alanine, at least four distinct 
sites of melanin production are identified (Fig. 1). Such heterogeneity has been observed in 
all the extracts which have been examined, whether made dircotly from fresh tissue or from 
acetone or lyophilizd pow&s, and when clectrophorcsis has been conducted at any pH 
value between 4.8 and 84. At pH 50 the a fraction (see below) ligates towards the cathode 
and the fl fraction towards the anode. These notations will be used in reference to fractions 
obtained in the course of enzyme purification. 

Preptuatkwt of the Mdti~ Forms 

It haa not proved pqssible to prepare components which am absolutely homogeneom 
when examined by star& gel electrophoreais whether fractionation is carried out on TEAE, 
hydroxyl-apatite, carboxymethylcellulose, cehte or xone electrophoresis on cchloae or by 
any combination of these Mods. The method which was found to give the greatest pm+ 
fication utilixed fractionation with ammonium sulphate followed by chrknato~aphy on 
trkthyayl atuldosC mm CChdOSC) and hydroxyl-apatite. The combination of 
chromatography on these two adsorbents is desirable since the multiple forms which are 
more strong@ adsorbed oe~EAE-cellulose have the lowest a5nity for hydroxyl-apatite. 

(a) Amwwnium sdphu& fractionation. Tlw lyophibd powder (see Experimental) was 
completely dissolved in 0.1 kr borate, pH 104 (30 g/850 ml), and dialysed against two changes 
of O-1 M borate, pH 8.0, and a final one of distilled water. A v precipitate which formad 

‘R. H. -. Bkk~/.67,‘160(19S7). 
10 R. H. KpIIp(, Bbdrm. 1.6.. d4 (1958). 
“D.A.Ro~,LW.~~T.SWAPI.N~~~~,~(~~~~). 
‘2 J. L BAluY. wlad*m.J. 79,514(1%1). 
I5 R. MMMCM rod R. H. BURM, ti. Btochem. 17,31(~~8). 
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Sample, a 
~G.l.sITESOP TYROSINASB ACIWITY LOCATED ON STARCH GEL. AplR BLECTROP- OF A PREPAR- 
ATION PURIFIl3D WITH AMMONNM SIJLPHAT?3 AND AGAIN AFIl3R I(YECHANGE CHROMA’IOGRAPHYON 

~WHEN1TWASFURTliER -ATED INaa AND fi CObfF0NENl-S. 

The~~swaarperfomredovernightwithap.d.oP140VatR~4~anll%gelmadeupina 
O-005 M citric acid, O-015 M Tris solution and employing 0-m M makate but&, pH 64, in the 
ekctrchcomp. ~p~applied(~Isftto~):~(4)~tionafterammonium 
sulphate purification; (2) component a; (3) component /3. -gin is at 0. At this pH all fractions 

migrae towards the cathow 
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~88 discadd (volume of extract 870 ml). A 4565% am~~otiu,~~ sulpbate cut wad takea 

the precipitate compktely dissolved in O-025 M Tris-HCl, pH 8Winal vohune, 190 ml), and 
the brown solution was dialysed against the same buffer (2 L), 

@) Ion exchange chromutogruphy. A 32 x 35 cm column prrgared from TEAEcelhdose 
(*lo0 mesh) was equihbrated with OO25 M Tris-HCl (pH 84) and compressed under 
Pressure (5 b/id). The extract was applied to the column and waghed in with CMnS M Tris- 
HCl before @ 1 M Tris-HCl (pH 8.0) was added directly to the column Extensive adsorption 
of brown material occurred at the top of the column; beneath it was a region ofyehow material 
part of which was eluted by O-1 M Tris-HCl yielding a fractiti with @ro&ase activity, 
designated a (400 ml). The j3 fraction (340 ml) was eluted by a gradient generated by 05 M 
Tris-HCl (PII 84) passing into a mixing vessel containing 2OOqrl of Ol M buflhr. Both 
fractions appeared to be heavily contaminated with nucleic acid sin- their u.v. spectra showed 
h,at265nyswithashoulderat28O* 

Both fractions were concentrated by precipitation with anqmonium sulphate up to 65 
per cent saturation, Nucleic acid-like material with maximum absorptivity at 265 nut 
remained in the supematant. The precipitates were dissolved & OOl M sodium phosphate 
buffer, pH 68, and dialysed against the same buffer (30 ml). 

(c) Abption chromatography on hy&oxyl-apatite. (i) FractiouWtm of a. The a fraction 
was introduced into a 16 cm x 2 cm column of hydroxyl-apatite whip had been compressed 
under 5 lb/in2 and equilibrated with 001 M sodium phosphate, pH,6*8. Much protein and 
some enxyme (designated a3 was eluted by O+5 M buffer before f&her components were 
eluted with a linear gradient developed with @1 M l&f&r (fraction aa>, and by direct elution 
with 0.2 M buffer, (as). Spectral examination of the three fractions showed that al was still 
partly contaminated with nucleic acids while as and aa gme broad maxima at 275 nq~. 

(iii lbdonuth of /3. Using a similar column, four cuts were tq+n from the TEAE- 
cellulose &fraction. A little tyrosinase activity was found in the 041 M phosphate washings 
(Bo) but the majority of activity was recovered in two fractions (,9i an /3a) eluted by s@wise 
gradientswith~05MandO.lMbuffers;asmallresidualfradionG65 waselutedwith0*2M e 
buffer. All these fractions had more colour thanthe correspond9ng a fractions but their 
spectra showed one peak typical of proteins (A, at 274-276 m& 

All seven fractions were concentrated by dialysis against powd&d sucrose., The changes 
in spec& activity during this three-stage fractionation are given R Table 1. It can be seen 
that the a2 fraction has been pur%ed three ,hundred and Bty thy5 when compared to the 
extract made from the lyophilixed powder-the overall puritition when compared with a 
homogenate made directly from u&oxen leaves being over twcfthousandfold. 

(d) Jkadonation using DEAlGcelhdose and hydroxyl-apat2te. A disadvantage Of the 
method~~aboveisthclowrecovery(commonly~perceat)obtainedf~mthe 
T&Wcellulose step. A change in the nature of the buffer does@ improve the yield and no 
reason for the loss cm be advanced. It is appropriate to note that low recoveries have been 
reported by other investigators.‘* l’s l5 Bailey,12 however, has described a purification pro- 
cedure involving fractionation on diethylaminoethylcellulose (DEAE-celluhW where 
yieldsaf~percentwereobtainedwhenthecolumn~opcratedatpH7andthetyro- 
sinase was eluted by a pH and concentration gradient. Such ~ocedure fails to resolve the 
heterogeneity, but it has been used in the present work as an altumative to the TEAE&hdose 
column described above. The tyrosinase activity obtained f&m such a fractionation, 0, 
14R~~M.~,~.BiopSrs.Aota~248(1959). 
1s J. F~MTH and S. HJER~~N, Me& w. ,~R&z!. 9,193 (1962). 
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was then subjectad to further fractionation on hydroxyl-apatit4 as described above giving 
fractions G&, a&, a& and a#,. Data in Table 2 shows that thb mode of purikation gives 
only half the specific activity for the a/32 compared with a~ (Table l), but for a/& it exceeds 
that obtained for either a1 or PI. Attempts to purify further using xone electrophorc&s on 
cellulose I5 gave poor recoveries. 

She Properties of the Pur@ed Fractions 

The properties reported here are mainly those of the a2, a& and a& fractions whose 
purifkation is described above. The starch gel patterns of a& and a& were similar to &and 
a2 respectively. 

I5 - 

IO - 

E 
2 

E 

S- 

(a) Activity b&we activation. Althoughmanydenatukgagentshavebeensho~to 
enhancethelawlevelofactivityobaervedincrudeenzymewrttactsthep~fonnsposseso 
a high degree of activity in the absence of such agents, and accordingly little additional 
a&iv&ion can be achieved. Manoxal treatment of the a:, a& and 432 fractions only enhances 
the homocatecholase activity two-fold. However, the compli+ion exists that, in contrast to 
~~madeinthepresenceofactivatinga~~,alimarresponsewasnoto~between 
enxymc concentration and activity when manoxal was omitted, see Pi 2. 

(6) Homocatecfwlase:cresolase rutio. Homo&echo1 and p-cre%ol are oxidkd more 
readilybybroadbeantyrodn~thananyothero-dihydrir,otmonohydricphenolandc~,thest 
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two~~wtre~ta~~.thcabilityofbroadbsan~todebydrolgGnrtt 
diphcnols and l~ydmxylate monophenols. Values obtained for the ratio of these aetivitks, 
~bo~intbe~ofmanonalorureaandintheirabaence,~~inT~e3. 
Whilst sigqikmtly diffkrent values were obtained depend@ on the agmt used, the purikd 
fractions % and & behave similarly and there is no great difkcnce for any single fraction with 
manoxal. 

TABLET. Acnvrn AIUDARA~ 
oFTmvAluous-FQRMs 

6.3 

432 376 15 

(c) Absorption sflctra. All the purified fractions so far examined are pale yellow in colour 
and have only one absorbance maximum (A, = 275-276 m& with a small shoulder at 290 
p (see Fig. 3). Thus the bM4 beati tyrminases can be’ distinguished from the blue phenol 
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and pH 6-8 was 82,12XI and 14.3 per cm respectively. There is insuf6cient data available to 
correlWthesed&ences with heterogeneity, and the distinct possibility exista that it is 
related only to the purity of the specimens for part of the colour may be due to adsorbed 
impurities. Thus, CX~ fraction which had the highest specific activity of these components also 
posse9cles the lowest absorptivity. The absorptivity value0 may be compared with those 
found for the tyW from mouse melanoma, Psalliota sp. and N. crassa, namely OS&* 
245-275 l* 2 and 19.0 respectively. 

(a) Ultracentr#ige studies. Thra pqarations were studied by the sedimentation velocity 
method and in all cases only one sedimenting peak was observed. The sedimentation coefhc- 
ients m to 20” for fractions c& and ~$3, and for a preparation purified one hundred- 
fold and containing all the tyrosinase forms, were found to be 3*8,4.1 and 4.3* respectively. 
Thedeterminations weremadeinanartificialboundarycellusingaSpinooModelEcentrifuge 
at pH 6, at a protein concentration approximating in all cases to 10 mg/ml and a speed of 
52,640 rev/min. Such data indicate that the multiple forms are of similar molecular weight 
distributions and are not polymers of one another. 

(e) Determination ofcon.Muents. Analyses for protein, carbohydrate and copper were 
performed using the fractions a/3, and a#, and a third preparation (G) containing all com- 
ponents and having an overall specik act&@ of I90 poles O&uin/mg protein. The latter 
specimen was made from an acetone powder, purifkd by pH and gradient elutioo from TEAE 
and by two fractionations on hydroxyl-apatite from which it was eluted by dii application 
of O-1 M sodium phosphate buffer. 

AsT~~e4~~,a~q~ti~ofcoppet(O.~~15petcent)~foundinallpro- 
paration~ amount which has been reported previously for some tyrosinase prqmratiom 
from other sources, but which nevertheks is lower than that more generally found(O~19-021 
per cent). An attempt to determine the amino acid composition of fraction a.& using ion- 
exchange chromatography and thereby obtain its minimum molecular weight was marred by 
the low (66 per cent) recovery of the nitrogen from the column. A large amount of ammonia 
was present in the hydrolysate which may indicate that some decomposition had occmred. 
Data for the amino acid composition of the tyrosinases of N. cruasa and P. b&ma show that 
in both cases only small amounts of histidine and methionine are found and cystine is vktually 
a~t;wewereunaMetodetectmathionine~~~einour~~andhistidineformed 
lessthan1~5percentoftheaminoacidsrecovered. 
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Attempted Conwhn of the Mdtipk Forms 

Several exa@ks are known of the interconversion of one form of enzyme into another. 
A notable instance concerns the interconversion by freexing and thawing saline solutions of 
the five forms bf the lactic acid dehydrogcnase of mouse, 1s and another involving the conver- 
sion of two forms of the tyrosinase of N. CMS.RJ into a third form has been described by FOX 
and Burnett6 Freezing portions of the a& f&on in 6 M urea, pH 4*7,2 M sodium chloride, 
pH 5, and 5 M acetate, pH 5, and examming the starch gel pattern obtained alter thawing and 
again after dialysis showed that a component resembling ap, was not produced by any treat- 
ment. Similarly when an a fraction was activated in urea at pH 4.7 starch gel analysis showed 
that a component of higher mobility was produced but on removal of the urea the pattern 
chamcteristic of an a fraction was reproduced. 

DISCUSSION 

It is convenient to classify the copper oxidases which oxidize ortko-dihydric phenols but 
not ascorbic acid into two groups distinguished by the added ability of one group to catalyse 
the o&o-hydroxylation of monophenols. The substrate specificity of the broad bean complex 
indicates that it is a member of this group commonly termed ‘tyrosinases ‘. This evidence is 
reinforced by the pale yellow colour of the pur&d fractions which is typical of the mushroom 
and N~ro,rportr enxymes and is in contrast to the blue colour associated with the laccases and 
phenol ox&se of tea which are unable to catalyse the hydroxylation reaction.15 

Within the tyrosinase group physico-chemical data are available for enxymes from the 
three sources, mushroom, mouse and N. CMSSU, and on comparison with data reported in this 
paper it seems that the broad bean enxymes more closely resemble the enzymes of mouse and 
Neurosporu. For example the sedimentation data indicate that the various forms of broad 
bean tyrosinase are similar in sixe to each other, to the major component of mouse melanoma 
(S = 3.4) and to the two forms of N. craps(z which have been investigated (S, is 4.3 S when 
determined by the sedimentation velocity method) and different from the forms isolated from 
P. bisporu (Szo = 6.4 S). Such variation in size is in contrast to the consistency of the copper 
composition and, as mentioned earlier, it is suggested that the tyrosinases of mushroom and 
N. crussa contain four and one atoms of copper per molecule respectively. Providing that the 
shapes of the broad bean enzymes are not vastly different from those in N. crassa it is likely 
that these also contain one atom of copper per molecule. This is reinforced by a consideration 
of the specific activities reported for the broad bean and Neurospora enzymes. It has already 
been noted that the oxygen consumption of the a2 fraction when oxidizing homocatechol at 
25” was 500 ~moles/min/mg protein (Table 3). N-m tyrosinase oxidizes catechol and 
DOPA at similar rates, the best preparation of Fling et aL3 oxidized 536 qoles of DOPA per 
minute at 30” (judged by the formation of dopachrome) and they showed that under these 
assay conditions one molecule of oxygen was consumed for each molecule of DOPA oxidized. 
The corresponding figure obtained manomet rically, for a high catecholase mushroom enzyme 
oxidizing its best substrate (catechol) in the presence of gelatine at 25” is surprisingly low, 
namely 754 ~moles/min/mg protein.2 

The nature of the heterogeneity of broad bean tyroeinase is also similar to Neurospora 
and unlike mushroom in that whilst various forms can be distinguished on properties prim- 
arily due to the tertiary structure of the molecules, this difference is not retlected kinetically 
with any substrate. Thus at the moment the multiple forms of broad bean tyrosinase are 

isc.L.hbW?ltT,scicnac~~~(1963). 
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recognizedmainlybytheir~distributionandnotbytheirsize,coppercontentoractivity. 
An obvious explanation of this heterogeneity is that it is an artefact of preparation. Bendall 
and Gregory l6 have isolated both blue and yellow fractions from tea leaf and both display 
phenol oxidase activity. They suggest that the native enzyme is blue, and that when the leaves 
are disrupted yellow tanned enxymes are produced by the reaction between proteins and the 
quinones formed by the phenol oxidase. Since the puri8cation described above leads to the 
separation of fractions with varying specilic activities it could be argued that a similar explan- 
ation could be applied and that the native enzyme is the fraction (=a) with the highest specific 
activity. However, stringent precautions have been taken during isolation to minim& 
quinone formation and it is thought unlikely that this hypothesis provides a satisfactory 
explanation. That the forms are produced during the purification process is also thought to 
be unlikely since the starch gel patterns are consistently as expected and recycling the enzyme 
fractions down fresh columns does not change the elution characteristics. It is possible that 
the various forms may be distinguished by the number of glutamic and aspartic acids which 
occur as asparagine and glutamine moieties but this aspect has not been investigated. 

One other interesting feature which emerges from this study is that the relative ability of a 
tyrosinase to oxidixe monophenols and orr/rodiphenols is influenced by denaturing agents. 
Thus the homocatecholase and cresolase activities determined in the absence of “activating” 
agents are stimulated when urea and manoxal are added, but the value of the ratio of the two 
activities also alters suggesting that the two activities behave differently. It can also be shown 
that the activity of potato tyrosinase, which is not enhanced by treatment with anionic 
detergents, is also modified in the presence of urea. Thus when the homocatechol-cresol ratio 
of a crude potato extract is determined in 8 M urea it is about half the value obtained when 
urea is omitted. This distinctive e&ct of urea contrasts with the failure of competitive 
inhibitors and treatment causing reaction inactivation to distinguish the two activities in 
mushroom tyrosinase.19 

EXPERIMENTAL 

Materials. Homocatechol and p-cresol were commercial samples supplied by Lights and 
B.D.H. respectively, and both were puri6ed before use to constant melting point (1OY and 
36-37” mspe&vely). The column adsorbents TEAE-cellulose and hydroxyl-apatite were 
obtained from Serva. Other &micals used were of the finest grade available and all aqueous 
solutions were made with once distilled column-deionixed water. 

Preparation of Cnba% i??nzym 

Acetone powders were prepared by freexing the leaves at -2O”, mincing at -3” and 
adding to acetone (20 ml/g) at - 20”. The acetone insoluble material was recovered as a free 
flowing powder after filtration and drying at room temperature. Immediately before extrac= 
tion of the enxyme the acetone powder was washed with 80% (NH&SO4 solution. Lyo- 
philixed powders were pmpared from the froxen minced leaf by extraction with 0405 M 
sodium phosphate but&r, pH 7.5, containing ascorbic acid (04X8 M). After dialysis against 
ice-water the extract was saturated with ammonium sulphatc+ centrifuged, and the resultant 
pellet dissolved in water and freeze dried. Crude extracts were obtained from acetone and 
lyophilixed powders by extraction with O-1 M sodium borate (pH 10.0). 
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Assays ofkqma Activity. 

Ro&nc assays were conducted.with an oxygen ekctrode of the CIark typc20 at 25”. To 
3$) ml of enxyme in 0.1 M phosphat+@O5 M cit@e buffer, pH 5-0, was added 0.1 ml of a O-01 
M &Sutioa of manoxal (bis-(2-ethylhexyl) sodium sulphosuccnmte), followed 1 min later by 
@4 ml of either homocatechol or pcresol (10 mglml). The initial oxygen concentration was 
equivalent to pOs (air) of O-21. The rate of decrease in the current (which is directly propor- 
tional to the rate of 0s uptake) was followed on a O-l mV recorder. Only the initially linear 
portion was used in the determination of enzyme activity. One unit of activity is defined as 
that amount which produces an oxygen uptake equivalent to a drop in potential of 1 mV/min. 
In determinations made by manometric methods the enzyme sample and manoxal were added 
from the sidearm to bu&r and substrate (total ~013.0 ml). With homocatechol and -01 
the presence of alkali in the cehtre well was found to be mm-. When manoxal was 
replaced with urea, the latter agent was employed in final concentrations of 5 M and this 
necessitated changes in the technique. For example using the oxygen electrode the enzyme 
solution was incubated with urea, buffered at pH 4.7 with O-1 M phosphate O-05 M citrate for 
15 min before the substrate was introduced. In the manometric method the enzyme was 
added from the sidearm to a mixture of buffer, urea and substrate again at pH 4.7. When the 
activating agent was omitted determinations were made with the manometric method at pH 
45 in 0.1 M acetate buffer. When p-cresol was used as a substrate the reaction proceeded at a 
linear rate after an induction phase. In determining cresolase activity, this induction phase 
has been disregarded. 

Estimation of Dry Weight, Protein, Chrboh*te and Copper 

The thy weight of certain preparations after dialysis to remove salts was estimated by 
freezing the sample and drying it to constant weight in cacao over cont. HsSO,. The protein 
content was determined according to the method of Lowry at aL2’ using bovine serum albumin 
as standard. Carbohydrate material was measured with anthrone as described by Yemm and 
Willis,” employing lactose as a standard. The method of Stark and Dawson 23 was adopted 
for the determination of copper. 

Starch Gel E1ectrophoresi.r 

Most determinations were made at pH 8 according to the’ procedure of Smithies% as 
mod&d by Poulik,as except that several other minor changes were made. Thus electro- 
phoresis was conducted in the horizontal plane at + 5” using a 11% hydrolysed starch gel 
made in a solution O-1 1 M with respect to Tris and O$Nl7 M with respect to critic acid. When 

other pH values were used a discontinuous buffer system was ret&red and thus at pH 5 the 
gel was made in a solution containing O-005 M ethylenediamine tetra-acetic acid neutral&d 
with Tris to pH 5.1, and O-3 M acetate was present in the electrode compartments. 

AJmowler4psmant~Wewi~tothankDr.P.JohneanandDr.M.Johnsonwhocarriedouttbeul~ 
mlyaa,andMr.D.Elsdmwhoperfomwdtheamh+& danalysis. Thisworkwashancedbyagrmt~ 
the U.S. Dqmtment of A6riculture under Public La* 480. 

Ib L. c. -, R. WOLF, D. - and Z. TAYLOR, J. Aap. Physid. 6,189 (1953). 
p1 0. H. Loway, N. J. Rcsa=ouou, A. L. FARR and R. J. R~~LL, J. B&II. Chm 193,265 (1959). 
zz E W. Y~IM and A. J. WILLB, &&em. J. 57, ~08 (19%). 
= G. R. !~TARK and G. R. Dmsora, Anal. Chcm. x&191(1958). 
2’ 0. fJbmJm& Bixhm. J. 61,629 (1955). 
zs M. D. POIJLIK, Natme lSO,l477 (1957). 


