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INTRODUCTION

When, 1931, Sommer (57)? published the (ivst convincing evidence of
copper essentiality for higher plants, there was no inkling that thix metal
took part in distinet. eellular funetions, or that it could be o constituent of
oxidizing enzymes. Indeed, for more than a century biologists had viewed
the presence of copper in plant tissues as o kind of natural nccident, of little
or no consequence (8,24). Perhaps no experiments have so suecinetly dem-
onstrated the physiologieal potential of micronutrients than these dealing
with the copper proteins, Toremost among this group is the oxidizing
engyme tyrosinase.

Catalyzing the type reaction
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the copper-conlaining enzymes stimulate direet oxidation of their respec-
tive substiales by atmospherie oxygen. The veaction does not 1ake place
angerobieally. Dyes such as methylene blue are not altered hy the copper
enzymes, and no hydrogen peroxide formation results from their activity.
[onch enzyme is sensitive to cyanide,

Tyrosinase was diseovered by Bertrand and Bourquelot (72,145,713}, who
demonstrated that darkening of mushenom issues was due to the enzy-
matie oxidation of tyrosine, u phenolic amino acid.? ubowitz (36,37) has
proposed a sequence of copper-requiring reactions to necount for the oxida-
tinn of u polyphenol) such as eatechol, o its corresponding guinone, Thus
the eupric stale of the enzyme is reduced to the cuprous form, which, in
turn, is reoxidized by oxygen:
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! Associnte Plant Physiologist, Agrieultural Fxperiment Station, University of
Puerto Rieo, Rio Piedras, P.IR.

2 Ttalie numbers in parentheses refer to Literature Cited, pp. 127-30.

?The term “Uyrosinase” js not & very neeurate one, singe n common property of
the enzyme ix to eutalize the oxidation of both monohydrie and dihydrie phennls.
Hence, such names as *eresolage,”’ “monophenolase,”’ “eatecholase,”’ and “poly-
phenvloxidase’ have all appenved in the literature with vefevenee to the same enzyme.
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Copper apparently functions as o prosthetic group attached through a
nonporphyrin linkage (27, p. 367). The darkening which accompanies
tyrosinase action {(i.e., the browning of cul or bruised tissues of fruits and
vegetables) is believed due to a subsequent series of nonenzymadie reae-
tions whereby quinones are converted to dark, melanin-like pigments
(60, p. 241, 53,44,46,45).

The marked capacity of (yrosinase to calalyze electron (ransfer [rom
metabobites o oxygen has led workers (o suspect thal this enzyme might
he a key constituent of terminal oxidation. Unfortunately, a prolonged
controversy over lhis point has left Iyrosinase hauging, its true roles as
yvel unvesolved.? Boswell and Whiting (/68) felt that a eatecholJike com-
pound mighi be the natural hydrogen earrvier operating adjacent to the
terminal oxidase of potato. They were able to increase the oxygen uptake
of potato slices by adding catechol, although later the reaction product
apparently inhibited the oxidase. Baker and Nelson (9) used a substituted
:atechol, 4-f-butyl eatechol, to show that decline of oxygen uptake did not
result from oxidase inhibition. They further strengthened the case for
tyrosinase as a respivatory enzyme by obtaining a prolonged oxygen uptake
increase, with a concurrent increase of carbon dioxide cvolution, thus
maintaining the respiration quotient elose to unity. Sreerangachar (58,569)
veported evidence thal {yrosinase seérves as a terminal oxidase in tea leaves
and stems. No participation of cylochrome oxidase, another suspected
catalyst ol ferminal oxidation, was detected (38). Studies by Bonner and
Wildman (14) led to similar conclusions regavding tyrosinase ol spinach
leaves, since more than 90 pereent ol the respiration was inhibited by
p-nitrophicnol. Thix agent inhibils tyrosinase but has no eflect on the eylo-
chirome cngynies.

Other workers have been skeplical of tyrosinase in respivation, favoring
mstead the iron-coniaining enzyme eytochrome oxidase.” Levy and co-
workers (39) observed that polalo respiration is inhibited by carbon
monoxide, and that this inhibition is reversed by light. Brown and Goddard
(£7) recorded similar light eflects while working with wheat embryos, al-
though Allen and Goddard (7) failed {0 deteet cither carbon monoxide or
hight effects upon the respivation of mesophyll colls in mildewed wheat.

4 For o more thorongh veview of the vespiratory roles af tyrosinase, the render is
veferved to the papers by Dawson and Tarpley (24), Nelson (48), Arnon (8), and by
Goddard and Meense (28).

8 Bzent-Ciyorgyt (08) has discounted outright Lhe vole of polyphenol oxidase {(tyro-
sinase) in plant respivaiion, assigning the enzyme a dormant role in normal tissues.
Aceording Lo 1hes view, only when tissues are damaged, as by brsing or pathogenie
invasion, is the enzyme nmobilized and required to produece a guinone which is toxie
to the invader,
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Light reversal of CO inhibition is a characteristic of ivou-porphyrin oxidase
systems, most notably that of cytochrome C.

A perhaps more reasonable stand favors both copper and iron oxidases
in plant respiration, one acting in the absence of the other, or both to-
gether, Guaman-Barron and coworkers (33) reported that 8-hydroxyquino-
line completely inhibited potato polyphenol oxidase ((yrosinase), while
having no effect on cytochrome oxidase. Since potato respivation was only
partly inhibited by this agent, it was concluded that both enzymes {uke
part in potato respiration. It is also important that, while carbon monoxide
inhibition may be reversed by light for one tissue, carrot roof, it may not,
be reversed for another, earrot leaf, of the same plant (43). Wurburg (64)
has shown that, in the presence of polyphenol oxidase (iyrosinase), there
is a coupled oxidation-reduction between reduced pyridine nucleotides and
polyphenols. During the discussion period following & paper by Nelson (48)
on phenol oxidascs in plant respivation, the following pertinent comnients
on the copper and cytochrome oxidases were contributed by Dr. S. Granick

The possibility of & copper enzyme coming into play in the cylochrome oxidase
picture need not be dismissed summuarily. Sinee one has to aceount for o transfer
of 4 eleetrons from gytochrome C to D2 to forn 2H,0 wnd sinee sueh activity is yet
known only in the heterogeneous mitochondrinl material, it might be 1hat a eopper
enzyme could eooperale with eytochrome oxidase in the process of oxidation with
oxygen. Furthermore, if the energy released in eytochrome ¢ oxidation is not to be.
wasbed, it is neeessary to postulate other enzyme interactions with this oxidation.
The process of eytochrome oxidase renetion is, therefore, probably not to he regarded
aa a simple one-enzyme activity,

It is interesting to note that Keilin and Hartree (35), Graubard (30),
and Eichel e al. (26) have all suggested that eytochrome oxidase itsell may
be a copper-containing enzyme,

Copper enzymes, like those of iron, have been studied as possible indica-
tors of nutritional disorders in agricultural plants (10,18,79,20,51,2). Previ-
ous work in Puerto Rico has shown that tyrosinase is present in sugar-
cane-leaf tissues (1), Until now, however, the enzyme has not received the
close aliention given to those more directly related to sugar formation
and breakdown.

Tyrosinase is important in cane to the extent that il participates in
respiration,” including the metabolisia of sucrose aceumulations and of the

¢ Rockefeller Institute for Medical Resenrch,

* Goddard and Meeuse (28) define respivation as ', .. the oxidation of organic
compounds with molecular oxygen serving na the ultimate electrun aeceptor; the
oxidntion may be complete with water and carbon diexide as the final products, or it
may be incomplete, with organie acids us the end products.’ In their report an
arbitrary distinetion was drewn belween respiration and glyeolysis, although in
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hiexose and phosphorylated metabolites which otherwise would have taken

part in sucrose formation. In view of present concepis of terminal oxida-

tion, ecither tyrosinase or eylochrome oxidase, separatcely or (ogether, must

serve fs mostk critical factors during earbohydrate breakdown. This paper

deals with the distribution and propertics of cane tyrosinase as an addi-

tional step toward clarifying oxidase-sucrose relulionship= 1 sugarcane,
MATERIALS AND METIFODS

Tyrosinase was obtained from meristem {issue of the sugnreane variety
AL 3356,% which had been frozen, lvophilized, and ground (o puass @ 60-mesh
sereen i aceordance with procedures deseribed eavlier (). Two grams of
the dried material were exiracted ae Jaboratory temperale (‘IQ---‘?IO(?.}
for 30 minufes in distilled water or 0.1 MY phosplate huffer, pH 7. Extrac-
tion was aided with a mechanical shaker operating at high speed. T.ux!t:mts
were clavilied by expression through four layers of absorbent gouze, fol-
Jowed by centrifuging at 3,000 r.p.m.

After adjusting the pIlI to 7 with 0.25 ¥ NaOH, sufficient solid am-
monium sulfate was added to bring the solution to 80-percent saturation.
This wax accopplished over a [0-minute period with constant stirring of
the solution, Precipitated profein was (aken up in 4 mi. of distilled water,
clarified by ceulrifuge, and rvefrigerated at 2°C. Appropriate dilutions weve
made just priov io running the (yrosinase assays,

Tyrosinaxe was assuyed speetraphotowetrically by measuring the optical
density Increase, al 390 my, of a mixture of eatechol and enzyme in phos-
phate buffer. Techniques based upon the appearauce of colored oxidution
products have not been entively satistactory (62,52) beeause of a complex
of factors influencing color formation. Tu particular, the orthoquinone
which s produced from catechol apparently inactivates Lyrosinase, al-
though the oxidation rate is ul livs( linear (29). Manometrie technigues
hawve been preferred by some workers (32,3(,49,36), although Smith and
Moz (36) bhave published a more rapid colorieivic method which comi-
pares favorably with the manometric procedures. Probably the best tyrosin-
ase assays available are the chironometrie procedures of Dawson and Magee
(23), and those of Miller et al. (47}, in which orthoquinone is reduced baclk
1o ealechol by ascorbic acid as soon as it is fored. The procedure adapted
for cane f\lo\nmsv is mlll%fd(‘imllv prec 1.\(‘ within a reaction 1)0110(1 of 2

livmg tissues oo ret l«nuahic line eun bo dm“n fn separste carbohydrate bw‘ﬂuinwn
from vespiratory pathways,

8 Tyrosinase was also extracted from leaves —1 and 0, leaves +2 and 43, leaves
+6 and -7, sheaths --6 and 47, 8 to 10 nodes, & Lo 1) internodes, nodes 1 to 3, and
internodes 1 to 3.

# The letter M s used throughout this paper as an abbreviation for the word
“mobar.’
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minutes, aud permils the handling of a very large number of sugareane
sanples.

The standard [yrosinase assay was conducted at 20°C. according to the
following procedure: L5 ml of 0.1-M phosphate buffer, pll 7.2, was
placed in duplicate 1T-eme pyrex cuvettes, followed by 0.5 mil. of euzyme
preparation. About 2 or 3 units were added (o each cuvette. One milliliter
of distilled water was added to the veference vessel and the aplical deusity
reading Tor this solution was adjusted to zere. One milliliter of 0.03-M
eatechol solution was then added to (he test cuvetle, optical density of 1he
test sohttion was recorded, and a stopwateh was <tarfed munediately.
Readings were again tuken for both veference aud test solutions when 60
seconds had passed. One yrosinase unit was arbitrarily defined as the
amount of cuzyme eausing an oplical-density increase of 0.10 under (he
preseribed condifions of the assay, Protein content of the cisyme prep-
arations was defermined colorimetrieally by the method of Sutherfaind
el al. (f71), und {yrosinase action was expressed as specific selivily ne units
per nulligram of protein.

RESULTS AND DISCUSSION

EXTRACTION, FRACTIONATION, AND DISTRIBUTION

Preliminary extraction trinds for powdered, freeze-dried leal tissnes were
conducted with 0.0-X acetate buffer (pll 4.6 and 5.3), distilled watoer,
0.1-3 phosphate buffer (pH 7.0 and 7.5), and with 0.1-M (s buffer
{tushydroxymethylamino mcethane) of pH 8.0 and 8.5, Acetale bufler
(pH 3.5) and phosphate buffer (pH 7) were superior to distilled water
with regard both to total protein and fyrosinase obtained. Phosphate
huffer (pI 7) was used throughout the remainder of the study,

Fractionntion of the eane-leal extracts revealed {hal (yrosmase was
heavily precipitated over an unusually broad safuration vange, from 25 {o
70 percent (fig. 1). Ouly Q enzyme (), starch phosphorylase (5), and an
a-umylase (1) have previously been precipitated so readily ab low-salt
concenlrations, and none of these was oblained over such a broad satura-
tion range. Sinee protein is salted out when the protein-protein interaction
begins to exceed the profein-water inferaction, a fremendous variation
must exist among cane proteins having tyrosinase activity, particularly
with regard to —NH3" and —COO~ groups. It seems probable that the
protein requirement of tyrosinase is far less specific than that of the copper
cofaclor,

Distribution of tyrosinase within the plant was ascertained with a series
of tissue sumples (nken from 10-mouth old cane of the variety Ubs Aot
(1able 1). By far the greatest specific activily was vecorded with meristem
preparations, with relatively sivong activity also present in Jeaves —1 and
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0. On a basis of aetivily in uniis per gram of dried tissue, meristem com-
pletely overshadowed all other tissues {ested. This is not surprising in
view of the rapid darkening of eane meristematic tissue observed whenever
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e, T—Tyrosinuse activily amaong protein increments precipitaled from extraels
ol sugarcane meristom,

Taong 1-—Activily of tyrosinase extracted from different tissues
of 12-month-old sugarcanect

Data for indicated tissuesource —

Data classihcation
Meri- ](‘ ialf 1(?; I(‘_c:(f S?_?_"lﬁlh Node jloternode] Node [Internode
stem | gob | @RS LSS L e [T | ey )

148.2) 29.4] 12.5 1 10.5 | 9.6 | 2.2 1.9 1.8 | 3.6
5 { Trace | T'race | Trace

Specifie activity
Tyrosinase units per|2075.0) 122.0 61.3 | 19.4 | 32.2 | 3.4
gram of tissue

AN resctions were run for 2 ninutes al 20°C. in phosphate buffer {p1i 7.3). Cate-
chol coneentralion was 0.1 M.

it is eut or damaged. Even freeze-dried meristemn samples, initially white,
totally dry and stored at —10°C., slowly turn brown with the passage of a
few wecks. This is undoubtedly the work of tyrosinase acting upon endoge-
nous phenolic compounds, uninspiring as these conditions must be for the

eatalyst,
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PROPERTIES O SUGARCANE TYROBINASE

Stabilaty

Unlike cane peroxidase (6), tyrosinase showed no reeuperative capaeity
after having been imactivaled by boiling. Dialysis of the {yrosinase prepar-
tion agninst distilled waler caused a 23-percent activity decline within 2
hours (tuble 2), although activity gradually mereased 1o it former level
by 32 hours. The dialysiz effect is difficult to explain, although obviousty

Tanre 2.--Speeifie activily of rane byproainnse after varging peeiods of dialgsis against
distilled waler!

1

; Data for indicated dialysis time (hours) -
Data classification o A e i : . R -
* 0 ' % i 2 | s 6 1 24 1 22
Specific activity | 15.1 ! 12.9 l 1.6 | 118 | 127 1 18,0 | 105 | 152
| i {

! Iinzyme samples were dialyzed at 2°C. for the indicated period of time. Affer-
ward they were stored at 2°C. until the 32-hour treatment had been completed. Fach
sanple was then assuyed according to the standard procedure.

Tavir 3—Specifie activity decline of cane tyrosinase stoved al room, laboralory, and
refrigesalor lemperaturest

Data for indicated days following preparation—
Greage lompemige o M JOSCE
o 1 ' 2 4 f 8 i 12
Room (28-20°C..) 5.1 | 3.4 L1 ) 05 03 0
Laboratory (19-21°C.) 151 5.6 25 | LI 08
Relrigerator (2°C.) i5.1 ‘ 11.9 J .1 | 9.2 I 5.7 .10

t Standard assay proendures weve employved. Tyrosinase preparations woere stored
under toluene,

no essetilial cofuetor was involved. Apparently bolh a potential activalor
and an inhibitor were present in the crude preparation, the former heing
more quickly removed by dialysis than the latter.

Stability of the tyrosinase preparation was tested al several storage tem-
peratures, including room (27-29°C.), laboratory (19-21°C.), and refrigern-
tor (2°C.). All samples were stored under toluene. As indieated in table 3,
the preparations were extremely scusitive to room: and laboralory tem-
peratures, losing about 77 and 63 percent of their initial activily, respee-
tively, within 24 hours of extraction. Samples stored at 2°C. deteriorated
more slowly and tyrosinase was casily measurable after 12 doys, This
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response {o cool temperature contrasts markedly with sugarcane peroxidase,
the Lafter enzyme declining more rapidly m the rvefrigerafor than when
standing in the laboratory.

Optinuen Temperature and pH

‘ane tyrosinase was tested at temperatures ranging from 16° to 52°C.
Since no satisfactory method is available for regulating (emperatures of
test solutions within the spectrophotometer employed, the following pro-
cedure was ndapted: Duplicate test tubes containing all componeuts of the
standard digest exeept =ubstrate were equilibrated for § minutes in a waler
hath adjusted fo the desdred temperature. Catechol solution was equili-

24 £ 12 g ;
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= L. L i o
5 . 2 \
[&1 Ll N \. E 4k 4
A o ) .
0 i [} 1 3 i i 1 1 1 1 U : 3 I | 1 ] F i ] 1 i
16 24 32 40 48 ) 30 40 50 60 76 B8O 90
TEMPERATURE {°G} pH

1. 2.—A, Effcets of tempernture on eane tyrosinage acbivity; B, effcels of vari-
able pH. Huifers (0.1 M) were employed as {ollows: Acetate, pIl 3.5-5.5; plosphate,
pH 6.0-7.5; und tris (Urishydroxymethylamine methane), pll 8.0-0.0. The stundurd
assay was used throughout in conjunetion with the indieated variables,

hrated separately. One milliliter of distilled water was placed in the control
tube and the reaction was then initiated by transferring 1 ml. of eatechol
solution to the test vessel. Two minutes were allowed for the reaclion fo
procecd. Contenis of the test tubes were rapidly (ransferved to [-em.
ruvel{es where optical-deusity diflerences between reference and tesi
solutions were measured us usual, About 2 minutes and 15 seconds elapsed
for each reaction. Although some crror was unavoidable, the resolls were
nevertheless relative, and indieated that optimum {emperature for cane
tyrosinase is about 24°C. (fig. 2,A). Thus, quite by accident, the laboratory
temperature we ordinarily employed was very near optimum. Dawson and
Magee (23) recommended 25°C. for both “cresolase” and ‘“‘ecateclhiolase”
assays, whereas Smith and Stotz (56) suggested 30°C. for colorimetric
measurement of general planl tyrosinase, Peroxidase of sugarcane wus
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more than twice as active at 36°C, than at the 20°C. temperature where it
wus ustally measared,

Optimum pH for eane tyrosinase was about 7.5 (fig. 2,13). This corre-
sponds elosely with the optimum pll {or cane peroxidase (7.4), yol was
higher than that vecommended by Dawson and Magee for “eresolise” (7.0)
and “eatecholase” (5.1), or by Miller et al. for general tyrosinase (5.3).
smith aud Stotz found “ealechol oxidase” (potato) to be considerably
less active at pH 4,5 than at higher pll values, but observed lit(le differ-
enee between pll 6.0 and 7.5.
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UNITS OF ENZYME ADDED REACTION TIME (MINUTES)

16, 3.~A, Proportionality of tyrosinase activity with eoncentration; B, propor-
tionality of activity with time. There were 2.5 wnits employed for the time experi-
ment, otherwise the standard assay was used throughout in conjuuctivn with the
indicated variables.

Reaction Velociy vs. Enzyme Coneendration and T

A lincar relationship exists between reaction velocity and tyrosinase
content to a concentrailon of & units per digest (Gig. 3,A). Ordinarily, aboul
2 to 3 units of enzyme were employed for the standard tyrosinase assay.

Orthoquinone is generally rvegarded as an inhibitor of tyrosinase when
the enzyme acts upon catechol (60, p. 242, 36,49,23). Tu some instauces it
has even been found necessary 1o add ascorbic acid to the extracting media
m order to reduce quinones formed from endogenous phenolic compounds,
and thereby to prevent tyrosinase inhibition while the enzyme is being
prepared (56). A major coneern with cane tyrosinase was the development
of rapid procedures whereby large numbers of samples could be prepared
and assayed in a single day. Consequently, it was necessary to determine
for how long the direct oxidation of catechol could be regarded as a reliable
measure of tyrosinase action (Z.e., until quinone began to inhibit). As in-
dicated m figure 3,8, the enzyme obeved a linear reaction for only 2 min-
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utes, which, nevertheless, sufficed for establishing a standard assay hased
upon a 60-sccond reaction period.

Substrate Concentration, Km

Clane tyrosinuse was tested with catechol concentrations ranging from
1 to 50 pmols/ml. of digest (g, 4). Maximun velocity was recorded with 8
pmols of catechol, Km is therefore about 4.0 X 10-% mols of catechol
per lifer.

12.0

8.0

4.0

SPECIFIC ACTIVITY

| S T T k. £ i 1 4, 3

0 2 6 10 20 . 30 40 50

CATECHOL
(MICROMOLES PER MILLILITER OF DIGEST)

Fra, 4 - Efeets of variuble substrate concentration on the netivity of tyrosinase
From sugarenne mervistom,

Substrale Specificily

‘T'yrosinase will conceivably be found accompanied by such ensymes as
peroxidases, ascorbic acid oxidase, and other phenol oxidases, including
lacease. Such engymes might after or modify tyrosinase action, particularly
s0 when {yrosinase has been precipitated over an unusually broad sali-
saturation range. Tyrosinase can be distinguished from lacecase in view of
ils eapacity o catalyze two distinet oxidations, the addition of a hydroxyl
group into a monohydric phenol {ortho to the oue already present), and
oxidation of orthodihydric phenols to the corresponding orthoquinones.
[.eease ean bring about the oxidation of both ortho- and paradihydric
phenols, but does not aet upon monohydric phenols.

Cane tyrosinase neted upon {yrosine, eatechol, DOPA (3,4 -dihydroxy-
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phenylalanine), pyrogallol, guaiacol, resorcinal, hydroguinone, and para-
eresol. No reaction was detected against phenol or metacresol. The possi-
bility cannot be ruled out that lacease (o true polyphenol oxidiase) composes
part of the eane tyrosinase preparalion,

Cushing (22) has studied the effects of tyrosinase on a series of substitufed
phenols, Oxidation of complicated, high woleculav-weight substances by
tyrosinase has also been reported (549). 4 '

Aetivation and Tnlabition

A series of eations and anjons were Lested for possible regulatory offecis
upen {yrosinase {{able 1), Also tested were glueose, evsteine, thiourea,
hydroxylamine, and axcorbie neid. Thionres and hydroxybunine markedly

Tapre d.—FEffects of wdditives on tyrosinase from suqureane sieristem!
¢ ! N 4

i |

Additive r speafe | Addiwe Suedic Additive 5 My
Control (IT:0)  11.3 I |1z Cueose o108
Cu | 10.8 Cu 12.5 Nitrate , 11.3
Mg the 7 As | 1001 Cysteine-HCE 0
B ; 9.8 Zin e 0.0 Thiotiren .1
K 'i 10.1 : (N 9 Hydroxylamine! 3.0
Hr I 10.8 B-4:i? 11.3 Ascorbie neid {

toneh element or compound was wsed at the rate of 1 gmol/ul, of digest, in
accordance witl: the standard assay. The following sourees were employved: Caleitan
chlovide, magnesium eliloride, borie acid, sodium fluoride, sodium bromide, potas:
sium lodide, cuprie sulfate, sodimm nesenate, zine sallate, polassinm evapide, sodium

#-glyeerophosphate, and sodium nifrade,

inlibited the enzyme ai the rate of 1 pmol/ml, of digest. [nhibition was
virtually complele at 10 times this concentintion. Cysieine amd ascorbic
acid permitted no measurable activity, and eyanide, also at the vate of 1.0
pmol/ml. of digest, allowed only a trace of (yrosinuse activity, Separate
experiments showed the enzyme to he completely nhibited by carbon
monoxide.

The inhibitory effecis of thiourea, eyanide, and cysfeine were antieipated
froni the review by Summner and Soners (60, p. 242), although no mention
was made of hydroxylamine as a tyvosinase inhibitor. Curiously, hydroxyl-
amine did inhibit cane peroxidase (6), whicli prompled us {o test il on
{yrosinase, and Summer aud Somers do List it as an inbibitor of horsevadish
peroxidase (60, p. 223).

The essentiality of copper as u cofactor of cance tyrosinase was deter-
mined hy the method of ubewiiz (38), who originally demounstreated that
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this type of enzyme is a copper-protein. Kubowitz could not remove copper
by ordinary didlysis against waier, but by maclivaling {yrosinase with
HCN, he was then able to separate copper from the enzyme by dialysis
against running water. The oxidase protein, still nactive alter dialysis,
could be reactivated by adding copper. Other metals were not effective in
restoring activity.

Cane tyrosinase which had been treated with KCN and dialyzed for 40
hours against distilled water lost all but @ small fraction of the original
acvily (table 5). As Dittle as 0.2 gmol of copper per milliliter of digesi
sufliced to netivate the diadyzed enzyme 10 about 67 pereent of contvol
values, und 1 gmol of copper returned betfer than 100 percent. of the en-
zyme’s original activity. None of the other melals or jonie suhstances

Tanve b—Stimnlating effects of copper on cane tyrosinuse following inactivation
with polassiwm cyanide!

Data for indicated treatment of tyrosinase preparations

Thvt clusstfeation i Dialyzed enzyme - Cu at indicated concenirilions
’ Undlialyzed {pmol/ml. of digest)--
. {cantrol) v . s e .
} C0 ‘ 02 b ol i e |obR L8
- w ; i | ; :
Hpecifie netivily 2.7 ¢ 1.9 ¢ 15.8 é 20.2 ¢+ 22,2 | 248 : 25.9

4 i

) Wherens control tyroginase was prepared as usual with waler, test preparations
were made up in 0.025 M KCN, which totally inactivated (srosivuse. The latter
were diafvzed for 40 hours at 20°C., against & changes of distilled water to separate
eyanide and copper frop the [ree protein. Standard assays were then run with un-
dinlyzed tyrosinase in water solution, sod with dialyzed enzyiue in the presence of
copper addilives,

tested us possible nctivators (table 4) served o activate the WON-treated
engyme. The slight activity remaining after the KON and dialysis {read -
ments might be due to an won-bearing enzyme such as peroxidase, ov a
noncopper-requiring oxidase in the tyrosinase preparation.

SIGNIFICANCE OF TYROSINASE IN SUGARCANID

Having already mentioned the controversy as to whether tyrosinase or
eylochrome oxidase is the responsible catalyst of fermmal oxidalion, it is
obvious that one ov the other must play an unusually significant vole i
sugnreane ax i key system in the pathway of sugar breakdown, At the
wmoment we feel that (yrosinase must assume o part or all of this vole, The
high incidence of tyrosinase in meristent tissues could havdly be an aceident,
and previous clforls to deteet eytochrome oxidase in eane have proven
unstecesstul (f),
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Anothier possible function of tyrosinase in eane is that ol an indirect
oxidase for ascorbic acid. Iinzymes which aet upon phenols, including
tyrosinase and peroxidase in the prescuce of hydrogen peroxide, form
quinones which in turi may act upon ascorbic acid. Ascorbic acid might
therefore serve as a redueing agent in the following tyrosinase-induced
reaction sequence:

(xvpen /J‘lumnlse Debydroaseorhie aeid
"Cyrosinase Uneatulvzed
catalyzed reagtions
’ ‘/’/ \ ' // \ . |
Witer Quinones Ascorbie acid

Some evidence indieates that the enzyme ascorbie acid oxidase, which
oxidizes the aeid dirveetly, may eatalyze electron fransfer in respiration of
higher plants (34,09). 1t is probable that a combinution of tyrosinase and
aseorbic neid would wecomplish the same (ask in fissues lacking asecorbie
acid oxidase,

A potentially eritical funetion of {yrosinase might arise from the eapacity
of this enzyme to oxidize the tyrosyl groups of profeius, as cvidenced hy
the work of Sizer (55). Tyrosinase did not affeet the aclivily of the tyrosyl-
bearing etizymes pepsing, {rypsing and chymotrypsin, presumably beeause
only a small fraction of the tyrosine was oxidized. Also meriting considera-
tion is the work of James ef al. (34), which revealed a relationship between
glycolysiy and oxidation by the ascorbie acid system. Addition of ascorbic
aeid o batley preparations stimulaled the loss of hexose diphosphate.
Tyrosinase thus might affcet sugar levels via its capacity to serve as an
indirect ascorbic acid oxidase,

It ts conceivable that direct use might eventually be made of informaiion
concerning tyrosinase or its associated oxidases in cane respiration. From
tume fo time efforts have been made to regulate the sugar content of stand-
ing sugarcane, or {o prevent periodic sugar losses by applying materials
bearing strong eapacity to alter the physiology of plants. Reeent examples
include the use of 2,4 dichlovophenoxyacetic acid (/1,40,41), maleic
hydrazide with sugarcaune (42,3) and with sugar beet (54), and indole-3-
acelic acid (3). Maleic hydrazide, as well as the chemicals CMU and Diquat,
have been applied to foliage in order to evaluate the role of leaves in bio-
chemical processes of eane Howering (27). Oils have been used as foliar
sprays to prevent seasonal sucrose Josses (50,25). The specific action of
such materials is seldom known when they are applied, and usunally it is
hoped, without very much basis, that more desirable sugar or physiologieal
objectives will somehow come to pass. In any event, the curtailment of
respiratory mechanisms, of which the terminal oxidases are both eritical
and sensitive catalysts, appear as most likely aveas for action of applied
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chemienls. [0 is therefore probable that, when the properties ol eane oxi-
dases are thorougbly elarified, such objectives may he more readily achieved
by wse of enzyme regulators aimed specifieally at catalysts such as tyrosin-

HETCR
SUMMARY

A study was weade of the distribution and properties of tyrosinase (poly-
phenol oxidase) in sugarcane. The enzyme was extracted with phosphate
buller (pH 7) from freese-dried tissaes which had bheen ground (o pass o
(i0-mesh seveen. Tyrosinase was assayed spectrophofometfvically at 300 my
by measuring the optical density inerease of a butfered mixture of cateehol
and enzynie,

Fractionation of eanc exiracts with ammontunm subfate showed (hai
tyrosinase is precipitated readily frow 20+ to 70-percent. safuration. The
richest souree of the enzyme was meristematie tissue. Considerable aetivity
was o obtained from leaves — 1 and 0, whereas only traces of the enzyme
were present o hoth 8 to 10 and 1 to 3 nodes and lulernodes.

Tyrosinase preparations were heat-sensifive, losing most of theiv activity
within 24 hours of extraction al room temperature (28-29°C.) and labora-
tory temperature (19-21°CL). In conivast (o cane peroxidase, no recupera-
tive capacity was evident alter inaclivation by hoiling.

Substrates acted upon by tyrosinase included tyrosine, catechol, DOPPA
(3,4-dihydroxyphenylalaning), pyrogallol, guaicol, resorcinol, hydroqui-
none, aud paracresol, No reaction was observed with phenol or metacresol,
Optinun tempernture was about 24°C., and optimum pH was 7.5, Ap-
parent. Ko wus 4.0 X 107% mols of ealechol per liter. Thioures and hydrox-
ylamine markedly inhibited the enzyme al concentrations of 1 wmol/ml.
Cysteine, ascorbic acid, and eyanide eaused viviuaily compleie inhibition
at this concentration. Carbon monoxide likewise inhibited,

Tyrosinase which was mactivated by KON was reactivaied following
profonged dialysis against distilled water and addifion of copper. No other
nmetal tested (molybdenum, manganese, zing, ivon, magnesium) served to
reactivide the calalyst.

Possible roles and significance of cane Lyrosinase are discussed.,

RESUMEN

Se hizo un estudio de la distribucfon y propiedades de la tirosinasa
(oxidasa de polifenol) en la ecafa de aztear. La enzima se extrajo con un
amortiguador de fosfato (pIl 7.0), de tejidos secados por congelacién que
se trituraron hasta poder pasarse por una criba de mallas, tamaiio 60. La
prucha se hizo co un espectrofotémetro a 390 my, midiéndose ¢l atmmento
en densidad dpiica de una mezcla amortignada de catecol y enzima,
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Al separarse por fraccionacidn fos extractos de b eana con sullato amd-
nico, se precipitd In tirosinasa fficilmente entre una saturacion de 20 o 70
por ciento. Lin el tejido meristemdtico fue que se cucontrd la mayor
cantidad de In enzima. También se consignié una actividad cousiderable
en las hojas — 1 y 0, mientras que sdlo se encontraron trazas de la enzima,
en log nudos y entrenudos del § al 10, y del T al 3.

Lasg preparaciones de tirosinasn se mosiraron sensifivas a fa aecidn del
ealor, maclivandose east tolalmente o fas 24 horas después de haberse
extraido a una (emperafura ambiental de 28 2 29°C. y de 19 a 21°C! en ol
laboratorio. Iin contraste con o qne sueede eon ln peroxidasa de Ta eania,
la tirosmasu no evideneid capareidad recuperativa después de la inaetividad
que le ennsara hervirla,

Los siguientes Tueron los sustratos sobre los cuales actud la tirosinasa:
eatecol, DOPA (3, 4-dibidroxifenilalanina), piregalel, guayacel, resoreinol,
hidroquinona y para-cresol. No se observd reaceidn alguna con el fenol o
con el metacresol. La temperatura dprima fue de alrededor de 24°C. vy el
pIt dptimo 7.5. Iil Km aparente fue 1.0 X 10-* moles de catecol por litro,
La tiourea y la hidroxilamina inhibicron la enzima wareadamente a con-
contraciones de 1 gmol por mililitro de digesto. La cisteina, el deido as-
cérbico y ¢l cianuro causaron una inhibicion casi completa a tal concenirn-
cidn, Il mondxido de carbono uetud de jgual manera.

La tirosinasa inactivada por KON =e reaetivé tras una didlisis prolongada.
en presencia de agua destilada seguida por la adicion de cobre. Ninguno de
los otros metales que se probaron (molibdeno, manganeso, zine, hicrro,
magnesio) sivvieron para reaciivar el agenie eatalizador,

Se discute en este frabajo la posible [uncidn que pueda ejeveer la tivo-
sinasa y la importaneia que pueda tener en la eafia de azdear.
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