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INTKOI'HJCTION 

When, in 1031, Sommer (57)* published the first convincing evidence of 
copper essentiality for higher plants, I here was no inkling that (his metal 
look part in distinct cellular functions, or that it could be a coast j men I of 
oxidizing enzymes, indeed, for more I han a century biologists had viewed 
(ho presence of copper in plant tissues a* a kind of natural accident, oí little 
or no consequence (8,24). Perhaps no experiments have so succinctly dem
onstrated the physiological potential of micronutrients than those dealing 
with the copper proteins. Foremost among this group is the oxidizing 
enzyme tyrosinn.se. 

Catalyzing the type reaction 

AM, + <i O, ^ ^ A + H A 

the copper-containing enzymes stimulate direct oxidation of their respec
tive substrates by atmospheric oxygen. The reaction does not lake place 
anuerobically. Dyes such as methylene blue are not altered by the copper 
enzymes, and no hydrogen peroxide formation results from their activity. 
Kac-h enzyme is sensitive to cyanide. 

Tyrosinase was discovered by Bert rand and liourquelol (12,15,1$), who 
demonstrated that darkening of mushroom tissues was due to the enzy
matic oxidation of tyrosine, a phenolic amino acid.3 TCubowitz (36,87) has 
proposed a sequence of copper-requiring reactions to account for the oxida
tion of a polyphenol, such as catechol, to its corresponding quinone. Thus 
the eupric stale of the enzyme is reduced to the cuprous form, which, in 
turn, is reoxidized by oxygen: 

OH „ „ , , <^ > - 0 2 Cii-ttcnjtymo + ' || "*" ~-> 2 Cu+ + | v -f 2Hf" 

U^JJ-OH V > - 0 
Catechol o-Quinone 

5 Associate Plant Physiologist, Agricultural Experimerit Station, University of 
Puerto Rico, Río Piedras, P.It. 

2 Italic numbers in parent liosos refer to Literature Cited, pp. 127-30. 
3 The. torm "tyrosinase" is not a very accurate one, since a common property of 

the enzyme is to catalice the oxidation of both mnnnhydric and dihydric phenol*. 
Hence, such names as "cresolase," "monophcnolase," '''catee holase," aaid "poly-
phonolnxidase" have alt appeared in the literature with reference to the same enzyme. 
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Copper apparently functions as a prosthetic group attached through a 
non porphyrin linkage (27, p. 367). The darkening which accompanies 
tyrosinase action (i.e., the browning of cut or bruised tissues of fruits and 
vegetables) is believed due to a subsequent series of non enzymatic reac
tions whereby quiñones are converted to dark, melanin-like pigments 
(001ix24\}53AU6^)-

The marked capacity of tyrosinase to catalyze electron trans tor from 
metabolites to oxygen has led workers to suspect that this enzyme might 
be a key constituent of terminal oxidation. Unfortunately, a prolonged 
controversy over (his point has left tyrosinase hanging, its true roles as 
yet. unresolved.4 Boswell and Whiting (16) felt that a catechol-J ike com
pound might be the natural hydrogen carrier operating adjacent to (lie 
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 
catechol, 4-¿-butyl catechol, to show that decline of oxygen uptake did not 
result from oxidase inhibition. They further strengthened the case for 
tyrosinase as a respiratory enzyme by obtaining a prolonged oxygen uptake 
increase, with a concurrent increase of carbon dioxide evolution, thus 
maintaining the respiration quotient close to unity. Sreerangachar (58,59) 
reported evidence that tyrosinase serves as a terminal oxidase in tea leaves 
and stems. Xo participation of cytochrome oxidase, another suspected 
catalyst of terminal oxidation, was detected (58). Studies by Bonner and 
Wildnian (Í/,) h.d to similar conclusions regarding tyrosinase of spinach 
leaves, since more than 90 percent of the respiration was inhibited by 
yj-nitrophcnol. This agent inhibits tyrosinase but has no effect on (he cyto
chrome enzymes. 

Other workers have been skeptical of tyrosinase in respiration, favoring 
instead the iron-containing enzyme cytochrome oxidase.5 Levy and co
workers (39) observed that potato respiration is inhibited by carbon 
monoxide, and that this inhibition is reversed by light. Brown and Goddard 
(17) recorded similar light effects while working with wheat embryos, al
though Allen and Goddard (7) failed to detect oil her carbon monoxide or 
light effects upon the respiration of mesophyll cells in mildewed wheat. 

1 Fur a more thorough review of (ho respiratory roles of tyrosinase, the render is 
referred to the papers by Dawson and Tarpley (2-4)> Kelson (4-3), Anion (8), and by 
Goddard and Méense ($8). 

5 Szent-(»yorgyi (63) has discounted outright the role of polyphenol oxidase (tyro
sinase.) in plant respiration, assigning the enzyme n dormant role in normal tissues. 
According to litis view, only when tissues are damaged, as by bruising or pathogenic 
invasion, is the enzyme mobilized and required to produce a (pi i none which is toxic 
to the invader. 
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Light reversal of CO inhibition is a characteristic of iron-porphyiin 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, Guzman-Barron and coworkers (38) reported that 8-hydroxyquino-
line completely inhibited potato polyphenol oxidase (tyrosinase), while 
having no effect on cytochrome oxidase. Since potato respiration was only 
partly inhibited by this agent, it was concluded I hat both enzymes take 
part in potato respiration. It is also important that, while carbon monoxide 
inhibition may be reversed by light for one tissue, carrot root, it may not 
be reversed for another, carrot leaf, of the same plant (43). Warburg (64) 
has shown that, in the presence of polyphenol oxidase (tyrosinase), there 
is a coupled oxidation-reduction between reduced pyridine nucleotides and 
polyphenols. During the discussion period following a paper by Nelson (48) 
on phenol oxidases in plant respiration, the following pertinent comments 
on the copper and cytochrome oxidases were contributed by Dr. S. Granick:6 

The possibility of a copper enzyme coming into play in the cytochrome oxidase 
picture need not be dismissed summarily. Since one has to account for a transfer 
of 4 electrons from cytochrome G to D2 to form 2H2O and since such activity is yet 
known only in the heterogeneous mitochondrial material, it. might ho thai:, a copper 
enzyme could cooperate with cytochrome oxidase in the process oí oxidation with 
oxygen. Furthermore, if the energy released in cytochrome C oxidation is not to be, 
wasted, it is necessary to postulate other enzyme interactions with this oxidation. 
The process of cytochrome oxidase reaction is, therefore, probably not to be regarded 
as a simple one enzyme activity. 

I t is interesting to note that ICeilin and ITartree (35), Graubard (30)t 

and Eichel el al. (26) have all suggested that cytochrome oxidase itself 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 (10,18,19$0,51/2). Previ
ous work in Puerto Rico has shown that tyrosinase is present in sugar-
cane-leaf tissues (Í). Until now, however, the enzyme has not received the 
close attention given to those more directly related to sugar formation 
and breakdown. 

Tyrosinase is important in cane to the extent that it participates in 
respiration,7 including the metabolism of sucrose accumulations and of the 

9 Rockefeller Institute for Medical Research, 
v Goddard and Meeuse ($8) define respiration as ". . . the oxidatiou of organic 

compounds with molecular 0x3'gen serving as the ultimate electron acceptor; the 
oxidation may be complete with water and carbon dioxide as the final products, or it 
may be incomplete, with organic acids as the end products." In their report an 
arbitrary distinction was drawn between respiration and glycolysis, although in 
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liexo.se and phosphorylaíed metabolites which otherwise would have taken 
part in sucrose formation. In view of present concepts of terminal oxida
tion, either tyrosinase or cytochrome oxidase, separately or together, must 
serve as most critical factors during carbohydrate breakdown. This paper 
deals with the distribution and properties of cane tyrosinase as an addi
tional step toward clarifying oxidase-suerose relationships in sugarcane. 

MATERIALS AM) METHODS 

Tyrosinase was obtained from mens I em tissue of the sugarcane variety 
M. 3tffi,s which liad been frozen, lyophilizcd, and ground to pass a GO-mesh 
screen in ac<*ordance with procedures described earlier (/). Two grams of 
(ho dried material were exI raffed ¡it laboratory temporal ore (19 21 °0.) 
for 30 minutes in distilled water or 0.1 AJB phosphide buffer, pH 7. Extrac
tion was aided with a mechanical shaker operating at high speed. Extracts 
were clarified by expression through four layers of absorbent gauze, fol
lowed by centrif'uging at 3,000 r.p.m. 

After adjusting the pH to 7 with 0.25 ¿V NaOH, sufficient solid am
monium sulfate was added to bring the solution to 80-percent saturation. 
This was accomplished over a 10-minute period with constant stirring of 
i ho .solution. Precipitated protein was taken up in -1 ml. of distilled water, 
clarified by centrifuge, and refrigerated at 2°(J. Appropriate dilutions were 
made just prior I o running the tyrosinase assays. 

Tyrosinase was assayed spcctropholomclricaUy by measuring the optical 
density increase, at 390 im*, of a mixture of catechol and enzyme in phos-
phale buffer. Techniques based upon (he appearance of colored oxidation 
products have not been entirely satisfactory {62f)$) because of a complex 
of factors influencing color formation. In particular, the orthoquinone 
which is produced from catechol apparently inactiva!cs tyrosinase, al
though the oxidation rate is at first linear (¿9). Manometric techniques 
have been preferred by some workers (32,31,49,36), although Smith and 
Slolü (/iO) liave published a more rapid colorimel lie mot hod which com
pares favorably with the manometric procedures. Probably the best tyrosin
ase assays available are t he chronometric procedures of Dawson and Afagee 
{23), and those of Miller H ah {47), in which orthoquinone is reduced back 
to catechol by ascorbic acid as soon as it is formed. The procedure adapted 
for cane tyrosinase is satisfactorily precise within a reaction period of 2 

living tissue.** no reasonable lino can be drawn to .separate carbohydrate breakdown 
fro in vespi rut < > ry path ways, 

8 Tyrosinase was also extracted from leaves ~-l and 0, loaves +2 and -|-3, leaves 
+() and +7, sheaths -Hi and +7, cS to 10 nodes, 8 to 10 inte modes, nodes I to 3, and 
internodes 1 to 3. 

9 The letter i\J is used throughout this paper as an abbreviation for the word 
"molar." 

http://liexo.se
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minutes, and permitís Ihe handling of a very large number of .sugarcane 
.samples. 

The standard tyrosinase assay was conducted at 20°C. according to the 
following procedure: l.."> ml. of 0.1-M phosphate buffer, pi I 7.2, was 
placed in duplicate 1 -fin. pyrex cuvettes, followed by O.o mi. of enzyme 
preparation. About 2 or 3 units were added to each cuvette. One milliliter 
of distilled water was added to the reference vessel and the optical density 
muling for this solution was adjusted to zero. One milliliter of 0.0A-M 
catechol solution was then added to (he test cuvette, optical density of Ihe 
(est solution was recorded, and a stopwatch was started immediately. 
Readings were again taken for both reference and lest solutions when 00 
seconds liad passed. One tyrosinase unit was arbitrarily defined as (he 
amount of enzyme causing an optical-density increase of 0,10 under the 
prescribed conditions of the assay. Protein content of the enzyme prep
ara! ions was determined colorimetrically by the method of Sutherland 
H al. {fjl), and tyrosinase action was expressed as specific aclivity in units 
per milligram of protein. 

RESl LTS AND DISCUSSION 

isx TU A cnox, I-MíA crio NATíO X , A X I> O i KTK I n i JTI o N 

Preliminary extraction trials for powdered, freeze-dried leaf tissues were 
conducted with 0-t-M acetate buffer (}>H 4.0 and o.o), distilled water, 
0.1-M phosphate buffer (pH 7.0 and 7.5), and with 0.1 M tris buffer 
(trishydroxy me thy lamino methane) of pH 8.0 and 8.Ó. Acetate buffer 
(pH o.ó) and phosphate buffer (pH 7) were superior to distilled water 
with regard both to total protein and tyrosinase obtained. Phosphate 
buffer (pll 7) was used throughout the remainder of the study. 

Fractionation of the cane-leaf extracts revealed thai tyrosinase was 
heavily precipitated over an unusually broad saturation range, from 25 to 
70 percent (fig. I). Only Q enzyme U), starch phosphoryla.se (tí), and an 
a-umyln.so 0Í) have previously been precipitated so readily at low-salt 
concentrations, and none of these was obtained over such a broad satura
tion range. Since protein is salted out when the protein-protein interaction 
begins to exceed the protein-water interaction, a tremendous variation 
must exist among cane proteins having tyrosinase activity, particularly 
with regard to — \ H 3 + and —COO~ groups. It seems probable that the 
protein requirement of tyrosinase is far less specific than that of the copper 
cofactor. 

Distribution of tyrosinase within the plant was ascertained with a series 
of t issue samples taken from 10-month old cane of the variety Uba Marot 
(fable I). By far the greatest specific activity was recorded with meristem 
preparations, with relatively strong activity also present in leaves —1 and 
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0, On a basis of activity in imita por gram of dried tissue, meristcm com
pletely overs] i ado wed all other tissues tested. This is not surprising in 
view of the rapid darkening of cane meristematie tissue observed whenever 
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PICK CENT SATURATION BY AMMONIUM SULFATE 

I*' t (;. I.—'i 'y rosi n ¡i so JI c t i vi I y ai in HI K p ro f.oi n inc remen ts p reei pi In tod from cxt ran I H 

of sugarcane meristcm. 

TAD Lis 1.—Activity of tyrosinase extracted from different tissues 
of 10-month-old sugarcane1 

Data class?(¡cation 

Specific activity 
Tyrosinase units per 

gram of tissue 

Data for indicated tissue source — 

Meri
stcm 

148.2 
2075.Ü 

Leaf 
(-1 
&0) 

29.4 
122.0 

Leaf 
(+2 

& +3) 

12.,5 
61.3 

Leaf 
(+6 

&+7) 

10.5 
49.4 

Sheath 
(-1-6 

& +7) 

9.6 
32.2 

Node 
(8-10) 

2.2 
3.5 

luternodc 
(8-1(1) 

1.9 
Trace 

Node 
0-3) 

1.8 
Trace 

Internode 
(1-3) 

3.6 
Trace 

'A l t reactions wi\rt>. run for 2 minutes a t 20°C. in phosphate buffer (pi I 7.3). Cate
chol concentration was 0-1 M. 

it is cut or damaged. Even freeze-dried meristcm samples, initially white, 
totally dry and stored at — 10°C, slowly turn brown, with the passage of a 
few weeks. This is undoubtedly the work of tyrosinase acting upon endoge
nous phenolic compounds, uninspiring as these conditions must bo for the 
catalyst. 
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PKOPIÍUTÍKS OF KUCÍAUCANE TVKOSINASK 

Stability 

Unlike cane peroxidase (#), tyrosinase showed no recupera! i ve capacity 
after having been inactivated by boiling. Dialysis of the tyrosinase prepara
tion against distilled water caused a 23-percent activity decline* vriiliin 2 
hours (table 2), although activity gradually increased to its former level 
by 32 hours. The dialysis effect is difficult to explain, although obviously 

1 \\ ft i, K 2, $ pec ijir ad i n't if of eft n c. t y roa i n ata* rtj'tt'- r rarying per i in Is of i ha I if ft i ft aya i its/ 
distilled water1 

Data classification 

Specific activity 

0 

15.1 12.9 

Out» for i 

2 

n.c 

id i rated d 

-1 

11.9 

¡al y sis lim 

a 

12.7 

v, (hours) 

16 

13.9 

24 

It.5 

32 

15.2 
1 En ay me samples were dialyzed at. 2*C. for the indicated period of time. After

ward they were stored at 2°C. until the 32-hour treatment had been completed. Each 
sample was then assayed according to the standard procedure, 

TABUO 3.—Specific activity decline of cane tyrosinase stored at room, laboratory, and 
refrige rat or temperatures1 

Storage temperature 

Uoom (28-29°C.) 
baborutory (19-21°C.) 
Refrigerator (2*C.) 

0 

15.1 
15.1 
15.1 

Data for indicated days 

1 

3. 1 
5.0 

11.9 

2 

1.1 
2.5 

11.1 

followin g prcpa ra t ion-— 

4 

0.5 
1.1 
9.2 

8 

0.3 
.K 

5.7 

12 

0.2 
.ii 

•t.(i 

1 Standard assay procedures were employed. Tyrosinase preparations were si need 
under toluene. 

no essential eofaclor was involved. Apparently bolh a potential acfivalor 
and an inhibitor were present in the crude preparation, the former being 
inore quickly removed by dialysis than the latter. 

Stability of the tyrosinase preparation was tested at several storage tem
peratures, including room (27-29*0.), laboratory (19-21 °C), and refrigera
tor (2°C). All samples were stored under toluene. As indicated in table 3, 
the preparations were extremely sensitive to room and laboratory tem
peratures, losing about 77 and 63 percent of their initial activity, respec
tively, within 24 hours of extraction. Samples stored at 2°C. deteriorated 
more slowly and tyrosinase was easily measurable after i2 days. This 
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response fo cool leniperature conf rasis markedly with sugarcane peroxidase, 
the Jailer enzyme declining more rapidly in i he refrigerator than when 
standing in the laboratory. 

Optimum Temperature, and pH 

Cane tyrosinase was tested at temperatures ranging from 16° to 52°G. 
Sifice j 10 satisfactory method is available for regulating temperatures of 
test solutions within the spectrophotometer employed, the following pro
cedure was adapted: Duplicate test tubes containing all components of the 
standard digest except substrate were equilibrated for ó minutes in a water 
bath adjusted to the desired temperature. Catechol solution was equiti-

> 
H 
U 
< 
u 

o 
(4 
ft 
CO 

24 

16 

12 
>< 
H 
> 
H 
U 
< 
U 

>^ 
U 
M 
ft, 
to 

4 

J* A—I 

V 

J—4- X U , 
16 24 3¿ 40 48 

TEMPERATURE (°C) 

3.0 4,0 5.0 6.0 

PH 

7.0 8.0 9.0 

FIG. 2.—A, Effects of temperature on cuno tyrosinase activity; B, effects of vari
able pH. Buffers (0.1 M) were employed as follows: Acetate, pH 3.5-5.5; phosphate, 
pit 6.0-7.5; and tris (triahydroxymethylamjno methane), pi I 8.0-9.0. The standard 
assay was used throughout in conjunction with the indicated variables. 

brated separately. One milliliter of distilled water was placed in the control 
tube and the reaction was then initiated by transferring 1 ml. of catechol 
solution to I he test vessel. Two minutes were allowed for the reaction to 
proceed. Contents of the test tubes were rapidly transferred to I-cm. 
cuvedes where optical-density differences between reference and iesl 
solutions were measured as usual. About 2 minutes and 15 seconds elapsed 
for each reaction. Although some error was unavoidable, the results were 
nevertheless relative, and indicated that, optimum temperature 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 2/i°C. for both "cresolase" and "catecholase" 
assays, whereas Smith and Stotz (66) suggested 30°C. for colorimetric 
measurement of general plant, tyrosinase. Peroxidase of sugarcane was 
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moni than twice as active at 36°C. than at the 20°O. temperature where it 
was usually measured. 

Optimum píí for cane tyrosinase was about 7.5 (fig. 2,1 J). This corre
sponds closely with (ho optimum pi I for cane peroxidase (7.4), yet was 
higher than that recommended by Dawson anil MugiK! lor "cresolase" (7.0) 
and "cateeholasc" (ó.I), or by Miller et ai tor general tyrosinase (;">.¡5). 
Smith and StoU found "catechol oxidase" (pottito) (o be considerably 
less active at pH 4.5 than at higher pH values, but observed little differ
ence between plf 0.0 and 7.5. 

H 

z. 
CO 

Q 
„¡ 
< 
V 

a, 
o 

1,00 

0.80 

0.60 

0.40 

0.¿0 A 
« I — J . 

a 

UNITS OF ENZYME ADDED 

10 

REACTION TIME (MINUTES) 

t ic. 3.—A, Proportionality of tyrosinase activity with concentration; ii, propor
tionality of activity with limo. There were 2.5 units employed for the time experi
ment, otherwise the standard n.ssay was used throughout in conjmiction with the 
indicated variables. 

Reaction Velocity vs. Enzyme Concentration and Time 

A linear relationship exists bel ween reaction velocity and tyrosinase 
content to a concentration of b units per digest (fig. 3,A). Ordinarily, about 
2 to 3 units of enzyme were employed for the standard tyrosinase assay. 

Orihoquinono is generally regarded as an inhibitor of tyrosinase when 
the enzyme acts upon catechol (60, p. 242, 36/[9}%3). In some instances it 
has even been found necessary lo add ascorbic acid to the extracting media 
in order to reduce quiñones formed from endogenous phenolic compounds, 
and thereby to prevent tyrosinase inhibition while the enzyme is being 
prepared (56). A major concern 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 (i.e., until qui none began to inhibit). As in
dicated in figure 3,B, the enzyme obeyed a linear reaction for only 2 min-
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utes, which, nevertheless, sufficed for establishing a. standard assay based 
upon a 60-sccond reaction period. 

Substrate Concentration, Km 

Cane tyrosinase was tested with catechol concentrations ranging from 
1 i o 50 /¿mols/mí. of digest (fig. 4). Maximum velocity was recorded with 8 
/miols of catechol. Km i.s therefore about 4.0 X 10"~3 mols of catechol 
per lifer. 

H 
U 
< 
O 
n 
in 

u 
w 
ft 

12,0 

8 .0 

4 . 0 

-

- / 

~~. 
— s _ . . _ 

* 

0 2 10 ¿0 30 40 50 

CATECHOL, 
(MÍCROMOJLES PER MILLILITER OF DIGEST) 

Km. -(.--KlTocis i»f vjiriiihlo substrate concentration ou tho Activity of tyrosinase 
from .siigLU'caito morisk'm. 

Substrate ¡Specificity 

Tyrosina.se will conceivably be found accompanied by .such enzymes as 
peroxidases, ascorbic acid oxidase, and other phenol oxidases, including 
lacease. Such enzymes might alter or modify tyrosinase action, particularly 
so when tyrosinase has been precipitated over an unusually broad salt-
saturation range. Tyrosinase can be distinguished from lacease in view of 
its capacity to catalyze two distinct oxidations, the addition of a hydroxy I 
group into a monohydrie phenol (ortho to the one already present), and 
oxidation of orthodihydi'ic phenols to the corresponding orthoquinones. 
Lacease can bring about the oxidation of both ortho- and paradihydric 
phenols, but does not act upon monohydrie phenols. 

Cane tyrosinase acted upon tyrosine, catechol, DOPA (3,4-di hydroxy-
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phenylalanine), pyrogallol, guaiacol, resorcinol, hydroquinone, and para-
cresol. Ko reaction was detected against phenol or metacresoL The possi
bility cannot be ruled out thai; lacease (a true polyphenol oxidas») composes 
part of the cane tyrosinase preparation. 

Gushing (22) has studied the effects of tyrosinase on a seríes of substituted 
phenols. Oxidation of complicated, high molecular-weigh I substances by 
tyrosinase has also been reportod (<?£). 

A el ¡rat ion and inhibit ¡on 

A series of cal ions "and anions were tested for possible regulatory effects 
upon tyrosinase ((able 4). Also les led were glucose, cysteine, thiourea, 
hydroxy! a mine, and ascorbic acid. Tít ion rea and hydroxy! a mine markedly 

TABLE A.—flffer.ln oj' adiliiivcs on I'ytoninane from auyurcftne mariatcm1 

Additive Specific 
activity 

Control (¡T20) [ 
Ca 
Mg 

a 
V 
Bi

l l . 3 
10.8 
Ü . Ó 

0.0 
10.1 
10.s 

Additive 

r 
On 
As 
7m 
CN 

fi-K \ I* 

Specific 
activity 

12.1 
12.5 
10.1 
10.0 

.0 
U.3 

Additive 

CJ t lo ose 
Nitrato 
Cyst oiluv-nC! 
Thiourea 
Hydroxy la mi no 
Asco r hie acid 

Specific 
activity 

10.8 
U . 3 
0 
(i.l 
5.0 
0 

1 ICach demon t or com pound was used at the rato of 1 ¿mm I/ml. of digest, in 
accordance with the standard assay. The foi In wing sou rces were employed: Calcium 
(¡hlnrido, magnesium oh I o rule, boric acid, sodium fluoride, sodium I mini ido, potas
sium iodide, cup rio sulfate, sodium arsenate, zinc sulfate, potassium cyanide, sodium 
0-glycerophosphate, and sodium nitrate. 

inhibited the enzyme at the rute of 1 ¿¿mol/ml. of digest. Inhibition was 
virtually complete at 10 times (his concentration. Cysteine and ascorbic 
acid permitted no measurable activity, and cyanide, also at I he rale of 1.0 
pmoL/ml. of digest, allowed only a trace of tyrosinase activity. Separate 
experiments showed the enzyme to be completely inhibited by carbon 
monoxido. 

The inhibí lory e if eels of thiourea, cyanide, and cysteine were anticipated 
from the review by Sumner and Homers (6*0, p. 212), although no mention 
was made of hydroxy lamino as a, tyrosinase inhibitor. Curiously, hydroxyl-
amine did inhibit cane peroxidase (6*), which prompted us (o test it on 
tyrosinase, and Sumner and Homers do list it as an inhibitor of horseradish 
peroxidase (60, p. 223). 

The essentiality of copper as a oof act or of cane tyrosinase was deter
mined by the method of KubowiU (38), who originally demons!.rated that. 
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this type of enzyme is a copper-protein. Kubowitz could not remove copper 
by ordinary dialysis against water, but by inactivating tyrosinase with 
HCX, he was then able to separate copper from the enzyme by dialysis 
against running water. The oxidase protein, still inactive after dialysis, 
could be reactivated by adding copper. Other metals were not effective in 
res tori ng ac tí vi fcy. 

Cane tyrosinase which had been treated wiih KCN and dialyzed for 40 
hours against distilled water lost all but a small fraction of the original 
activity (table o). As little as 0.2 fxmol of copper per milliliter of digest 
sufficed to actívale (he dialy/cd enzyme to about 07 percent of control 
values, and 1 /*mol of copper returned better than 100 percent of the en
zyme's original activity. None of the other metals or ionic substances 

TAIILB 5.—tit ¡initialing affects of copper on cane tyrosinase following inacUvalioit 
with potassium cyanide* 

Pala íor indicated treatment of tyrosinase preparations 

Dala classification 

Specific net i vil y 

Umlialyzed 
(con tin)) 

23.7 

Dialyzwi enzyme |- Cu at indicated concern rations 
(pinol/ml. of digest)— 

1.0 

Ü.2 

1 5 . 8 20.2 

(}.ó 

22.2 

0,8 

21.8 

i.o 

25.9 

¡ Whereas control tyrosinase was prepared as usual wilh waler, test preparations 
were made up in 0.025 M KCN, which totally inactiva ted tyrosinase. Tin; latter 
were dialy/.ed for 40 hours at 20 °C, against 5 changes of distilled water I o .separate 
cj'anido and copper from the free protein. Standard assays were the a run with \ui-
dtalyzed tyrosinase in water solution, and with dialy/od enzyme in the presence of 
copper additives. 

les led as possible activators (table 1) served lo activate the KCN-treated 
enzyme. The slight activity remaining after the KGX and dialysis treat
ments might be due to an iron-bearing enzyme such as peroxidase, or a 
non copper-requiring oxidase in the tyrosinase preparation. 

SIGNIFICANCE OF TYJtOHI.VASE IN SUfiAKCAXE 

Having already mentioned the controversy as to whether tyrosinase or 
cytochrome oxidase is the responsible catalyst of "terminal oxidalion, it is 
obvious that one or Ihe other musí play an unusually significant, role in 
sugarcane «•** *i kuy system in ihe pai.hway of sugar breakdown. At the 
moment we feel (hat tyrosinase must assume a part or ¡ill of this role. The 
high incidence of tyrosinase in merisfem 1 issues could hardly be an accident, 
and previous efforts to detect cytochrome oxidase in cane have proven 
unsuccessful (/). 
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Another j)ossibío function of tyrosinase in eane is that of an indirect 
oxidase for ascorbic! acid. "Enzymes which act upon phenols, including 
tyrosinase and peroxidase in the presence of hydrogen peroxide, form 
quiñones which in turn may act upon ascorbic acid. Ascorbic acid might 
therefore serve as a reducing agent iu the following tyrosinase-induced 
reaction sequence: 

Oxygon - ^ ^JMiimóls,^ ^J>clivtlruastíorhic acid 

Tyrosinase Une a Inly zed 
catalyzed read ions 

Wat PI- (Jit i nonos Ascorbic :icit| 

Some evidence indícales that the enzyme ascorbic, acid oxidase, which 
oxidizes the acid directly, may catalyze electron transfer in respiration of 
higher plants (3.j/>o). I t is probable that a combination of tyrosinase and 
ascorbic acid would accomplish the same task in tissues lacking ascorbic 
acid oxidase. 

A potentially critical function of tyrosinase might arise from the capacity 
of tins enzyme to oxidize the fcyrosyl groups of proteins, as evidenced by 
(lie work of Sizer (55). Tyrosinase did not affect the activity of the lyrosyl-
bearing enzymes pepsin, trypsin, and ehymofrypsin, presumably because 
only a small fraction of the tyrosine was oxidized. Also meriting considera
tion is the work of James et al. (34) t which revealed a relationship between 
glycolysis and oxidation by the ascorbic acid system. Addition of ascorbic 
acid to barley preparations stimulated the loss of hexose diphosphate. 
Tyrosinase thus might affect sugar levels via its capacity to serve as an 
indirect ascorbic acid oxidase. 

I t is conceivable that direct use might eventually be made of information 
concerning tyrosinase or its associated oxidases in cane respiration. From 
timo to time efforts have been made to regulate the sugar content of stand 
ing sugarcane, or to prevent periodic sugar losses by applying materials 
bearing strong capacity to alter the physiology of plants. Recent, examples 
include the use of 2,4 dichlorophenoxyacetic acid (I Í ,40,41), maleic 
hydrazidc with sugarcane (48$) and with sugar beet (of), and indole-3-
acetic 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 cane flowering (21). 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 usually it is 
hoped, without very much basis, that more desirable sugar or physiological 
objectives will somehow come to pass. In any event, the curtailment of 
respiratory mechanisms, of which the terminal oxidases are both critical 
and sensitive catalysts, appear as most likely areas for action of applied 
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(•hemic; i IN. Il is therefore probable that, when 11n» properties- of cane oxi
dases are I ho roughly clarified, such objectives may be more readily achieved 
by use of enzyme regulators aimed specifically at catalysts such as tyrosin
ase. 

SUMMARY 

A study was made of the distribution and properties of tyrosinase (poly
phenol oxidase?) in sugarcane. The enzyme was extracted with phosphate 
buffer (pIT 7) from freeze-dried tissues which had been ground (o pass a 
00-i nosh screen. Tyrosinase was assayed spoctrophotomctrically at .'{00 IU/A 
by measuring I he optical density increase of a buffered mixture of cateehol 
and enzyme. 

Fractionation of cane extracts with ammonium sulfate showed that 
tyrosinase is precipita,!ed readily from 20- to 70-percenl. saturation. The 
richest source of the enzyme was mor is toma tic tissue. Considerable activity 
was also obtained from leaves — I and 0, whereas only traces of the enzyme 
were present in both 8 to 10 and 1 to .'{ nodes and mlcrnodes. 

Tyrosinase preparations were heat-sensitive, losing most of their activity 
within 2-1: hours of extraction at room temperature (28 29°C.) and labora
tory temperature (19 21°C). in contrast, to cane peroxidase, no recupera
tivo capacity was evident after i nao I i.val- ion by boiling. 

Substratos acted upon by tyrosinase included tyrosine, catechol, l.)Oi*A 
(3,4<lihydroxyphenyIalanine), pyrogallol, guaieol, resorchiol, hydroqui-
no ne, and paracrcsol. No reaction was observed with phenol or me tac roso I. 
Optimum temperature was about 21°C, and optimum pH was 7.5. Ap
parent Kin was 4.0 X JL0~a mots of catechol per liter. Thiourea and hydrox-
ylamine markedly inhibited the enzyme at concentrations of I juinol/mL 
Cysteine, ascorbic acid, and cyanide caused virtually complete inhibition 
at this concentration. Carbon monoxide likewise inhibited, 

Tyrosiiiii.se which was inactivated by KCN was reactivated following 
prolonged dialysis against distilled water and addition of copper. No other 
metal tested (molybdenum, manganese, zinc, iron, magnesium) served to 
reactivate the catalyst. 

Possible roles and significance of cane tyrosinase are discussed. 

KKSUMKN 

Se hizo un estudio de la distribución y propiedades de la tirosinasa 
(oxidasa de poiifenoí) en la caña de azúcar. La enzima se extrajo con un 
amortiguador de fosfato (pll 7.0), de tejidos secados por congelación que 
se trituraron hasta poder pasarse por una criba de mallas, tamaño 60. La 
prueba se hizo cu un espectrofotóme tro a. 390 m/*, midiéndose el aumento 
en densidad óptica de una mezcla amortiguada de catecol y enzima. 

http://TJNIV.En.SITY
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AI sepamr.se por fracción ación lots extractos de la. raña con sulfato amó
nico, se precipitó la iírosinasa fácilmente entre una saturación de 20 a 70 
por ciento. En el tejido nier i «temático fue que se encontró la mayor 
cantidad de la enzima.. También se consiguió una actividad considerable 
en las hojas — 1 y 0, mientras que sólo se encontraron trazas de la enzima 
en los nudos y entrenudos del 8 al 10, y del í al 3. 

Las preparaciones de tirosinasa se mostraron sensitivas a la acción del 
calor, inacíivándose casi lo (.ulmén to a Jas 24 horas después de haberse 
extraído a una temperatura ambiental do 28 a 29°C. y de 19 a 21°C. en ol 
laboratorio. En contraste con lo (Mío sucede con la poroxidasa do la. caña, 
la tirosinasa no evidenció capacidad recuperativa dos pues do la inactividad 
que le causara hervida. 

Los siguientes fueron los sustratos sobre; los cuales actuó la tirosinasa: 
catocol, DO PA (3,4-di hidroxi f en i lalanina); \ >í rogaloí, guayacol, veso reí no 1, 
hidroquinona y para-cresol. No se observó reacción alguna, con el fenol o 
con el mefcaeresol. La temperatura óptima fue de alrededor de 24°0. y el 
píf óptimo 7.Ó. El Km aparente fue 4.0 X J0~3 moles de cateeol por litro. 
La liouroa y la hidroxilamina inhibieron la enzima marcadamente a con
centraciones de 1 /¿mol por mililitro de digest o. La eis teína, el ácido as-
córbico y el cianuro causaron una inhibición casi completa a tal concentra
ción. 101 monóxido de carbono actuó de igual manera. 

La tirosinasa inactivada por KCN se reactivó tras una diálisis prolongada, 
en presencia de agua destilada seguida por la adición de cobre. Ninguno de 
los otros metales que se probaron (molibdeno, manganeso, zinc, hierro, 
magnesio) sirvieron para reactivar el agente catalizador. 

So discute en este trabajo la posible función que pueda ejercer la tiro
sinasa y la importancia, que pueda tener en la caña de azúcar. 
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