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INTRODUCTION

Of the many oxidative reactions laking part in plant respivation, “Lermi-
nal oxidation” hus been studied more than any other, It is here that elee-
trons from substrate oxidation are al last cormbined with oxygen and 1H*
ons Lo yield water, Iinzymes catalyzing the final renction arve ealled “termi-
nal oxidases,” and these hewr o major responsibility for the ultimate con-
sumption of oxygen,

In animal tissues evidence heavily favors an ivon-porphyrin prolein,
eytochrome oxidase®, s the probable catalyst in the overall reaction:

2 eytochrome Ay ~ (Fe?j - 2Ht 4 14 Op — 2 eytochrome Ay — (Fe#t) - H,0

Two molecules of reduced cytochrome A; furnish electrons uneeded for
reduction of one oxygen atom, and {wo protons are required to bulance
the reaction (8, p. 221)3%. More speorfically, a series of eytochromes is be-
heved to react in sequence, Cytochrome B is the first reduced, Then follows
eylochrome Cy , eytochrome C, and finally eytochrome A

The mechauism of terminal oxidation is less clearly understood in higher
plants. A number of oxidases have heen suspected on the basis of varying
requiremnents ameong different plant species and tissues (6, p. 200, 16).
Peroxidase, ascorbie acid oxidase, {yrosinase, and eylochrome 0 oxidase
hiave all been considerad as potential eatalysis,

Initial work af this laboratory huas revealed a eylochrome ¢ reductase
in leaves of sugarcane, bul no clear evidenee of eytochrome C oxiduse
could be found (7). More recently, cane peroxidase (3) and tyrosinase (4)
have been studied in an effort to dlavily velnlionships belween sugar con-
tent and respiratory reactions. Much of the imporiance atfributed to these

U Assoeinte Plant Physiologist, Apgricultural Bxperiment Station, University of
Puerto Rieo, Rio Piedras, PR,

? Cytuchrome oxidase is alse eommonly designated eytochrome As .

3 Tealic numbers in paveniheses refer to Literatuce Cited, pp. [44-5.

Tven foday tlic nature and Tanetions of the eytochromes are not elearly under-
stood, yet tronieally these pigments were kuown long belare biologists were ready to
aceept Bl as having siguificant roles. MaeMunn studied them (rom 1882 to 1886
but hix views were nnt accepted. Aceording to Penton and Simmonds (12, p. 349), in
a book published posthumously, MacMunu wrote “A good deal of discussion has
taken place over this pignmient, and the name of Hoppe-Hevier has prevenled the
aceeptanee of the writer’s views, The chemieal position is undoubtedly wealk, but
doubtless in {ime this pigment will find its way into the text-hooks”,
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enzymes was based on the assumption that no cytochrome oxidase was
active in cane. This paper concerns o water-soluble eytochrome € oxidase
whieh has recently been extracted from roots of immature sugarcane.

MATERIALS AND METHODS

PREPARATION OF ENZYME

Cytochrome O oxidase was prepared with root tissues from 8-month-old
plants of the sugarcane variety PR, 980. The canes had been grown in
quartz sand contained in 3-gallon, polvethylene containers, each of which
received 1 liter of “eoniplete’ & nutrient solution every second day, and 1
liter of tapwater on alternate days. Root tissues were oblained by removing
the nearly pothound plant cluster from the container, and (rinmming the
frosh rool growth which was now readily accessible. Rool sumples consisted
of the young, white, turgesceni segment extending 2 or 3 inches back from
the growing point®,

Afler thorough washing, about 50 gm. of root material were blended for
2 minutes in 125 ml. of distilled water and crushed ice. The mixture was
then expressed through four layers of absorbent gausze, chilled to 1°C.,
and elanfied by contrifuging for 10 minutes at 3,500 r.p.m. A few drops of
0.25 N NaOH wus used 1o bring the supernatant liquid to pIl 7. Sufficient
solid ammonium sulfule was then added (o achieve 80-percent salurition,
The sult wus added slowly with constant stirring over a 30-minute period.
Each sample was then refrigerated for 3 hours at 2°C, to increase protein
yield.

Following removal of the 0 {o 80-percent protein fraction by centrifuge,
more ammonium sulfate was slowly added until ithe solution was 95-per-
cent saturated. The suspension was refrigerated for 3 additional hours.
The 80- {o 93 percent protein fraction was removed by centrifuge, taken
up in & ml. of distilled water, and the protein suspension was agnin elarified
by centrifuge at 3,000 r.p.m. Most of the root eytochrome C oxidase activity
was presend in the protein concentrate, which, in turn, was refrigerated
autil dilutions were required just prior {o running individual assays.

ASSAY OF CY1ocHRrOME () OXIDASE

The cyloclhirome C oxidase procedure employed here was based on the
niethod of Coopersiein and Lazarow (9), and of Websier (23), in which

& Nutrient coneentrations, expressed as milliequivalents per liter, were provided
as follows: Nitrate, 10; phosphate, 6; potagsium, 5 caleinm, 3; magnesiun, 2; and
sulfate, 2. Mieroelements, expressed as parts per miflion, were supplied in the tollow-
ing concenlratinns: Boron, 0.05; copper, 0.02; manganese, 0.50; zing, 0.05; molyb-
denum, 0.015 and iron, 1.0, The letter M is used in this paper as an abbrevistion for
“molay.”’

5 These ruots are equivalent to the “shool roots” deseribed by Van Dillewijn (22,
pp. 63-4),
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the decrense i optical density of a standard digest containing reduced
eytochrome s measured at 550 wp. Reduced eytochrome O is pink and
possesses visible absorption bands near 350 and 415 myg, while oxidized
cytochrome € is yellow and has a visible absorption band at 400 myp.
IYigure 1 illustrates the absorpiion speetra of reduced, ox-heart eytochrome
(7 before and after being acted upon by the cane-root enzyme,

Other methods suitable for cytochrome C oxidase include the manometrie
technique of Stotz, ¢t al. (20,719), requiring hydroguinone us a sccondary
substrate, and the colorimetric inethod of Smith and Stotz (18), in which a,
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Fra. 1.—Abserpiion speetra of reduced and oxidized eytoehrome C (rom ox heart.
Reduced spectrum was obtained before exposure to cane gytochrome ! oxidase, and
oxidized speetrum was derived alter 4 hours aetion by Lhe sugarcane enzyme. Cylo-
chrome € concentration was 1.5 X 107% pmol/ml.

leuco dye is oxidized {o its colored form. The assay described below for cane
oxidase was seleeted beeause of ifs relative speed and preeision.
Cytochrome € oxidase was measured divectly in duplicate, T-cm. Pyrex
cuvettes, employing a Beclkman Model B spectropholometer. Ilach cuvette
received 1.0 ml. of 0.2-M acetate buffer (pIl 4.5), 0.5 ml of enzyme
preparation, aud 0.5 ml. of additive solution or distilled water. One milli-
liter of water was added to the control vessel and the optical density reading
al 530 myp was adjusted 1o 0. One milliliter of reduced eytochrome C solu-
tion was then placed in the test cuvette, optical density was measured and
a stopwatch started immediately. Optical density was again recorded after

! Supplied by the Nutritional Biochemicals Corp., Cleveland, Ohie.
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60 seconds had passed. Sufficient. eyvtochrome € wass used 1o make o final
coneentration of 0,1 wineol/ml. of digest, and all fests were conducted af
laboratory temperature (22°(1). One evtochrome C oxidase unit  was
arbitravily defined as the amount of enzyme eausing an optical density
decvease of 0.10 per minute. Protein content of the enzyme preparations
was determined by the method of Sutherland ef al. (27), and oxidase
action was subsequently expressed as specifie aetivity (units per miligram
of protein).

RESULTS AND DESCUSSION

EXTHACTION AND DISTRIBUTION AMONG CANE TISSURR

Lnow appears that owr earhier failure 1o deteet eytochrome O oxidase in
cane was due {fo interfevence by tyrosinase, and 1o the fact that only leaf

Tanny LeCptachrome O oriduse activity wnong differcnt fissues
af tG-month-old sugureqns?
Results for tissues analyzed

HA wwssiHoatl g . b o N
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‘ Metistem i ( }lj)m i ‘—ii}to ‘_i:.js}to ‘ (S1o @) |l 3y Root
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H s [l Ioegr i - e P
Oxidase  uuits  per | LTrace | Yrace ¢ 0 | 28 . 1.6 @ Truee 12,0
gram of fresh weight l ' | |

' Vartety P.R. 980. The standard assay proeedures were employed throughout as
doseribed wnder Matorials nnd Methods above.

Lissue was studied, Webster (23) pointed out that the high @ vitro activity
of certain copper oxidases will usually mask the activity of other oxidative
enzymes, This investigator avoided (yrosinase by capitalizing on the rela-
tive Insolubility of eytochrome C oxidase. Ile localized the latter enzyme in
i particudale fraction of his plant materials, sedimented between 1,000 and
16,000 X g, while tyrosinase remained soluble in the supernadant liguid.
Ouwr own attempls (o wolate eylochrome € oxidase amoung particulate
fractions were negative. [However, we did obtain from meristem extracts
a weak oxidase activity by fractionating with ammonium sulfate, and
subsequently discarding the tyrosinase-bearing portion which was preeipi-
(ated between 0 and 80-percent saturation.

The meristem oxidase was not sufficiently strong to suggest real biochemi-
al importance. The search was therefore extended to other tissues, Tahle
I shows that of the various tissues studied, only vools contained sirong
aetivily, althongh some eylochrome C oxidase activity was found in sheath
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atd node preparations, Salt fractionadion of yoot extracts produced the
most aclive precipilates shove 73-percent sabweation (g 2). This s
itleresting v {hat Gyrosinase is precipifated almost entirely below 75-
percent saturation (4), although in roots there i little evidence of any
tyrosinase at all.

PROPERTIES OF CANE CYTOCHROME ( OXIDASE
Stabitity
Cytochrome C oxidase preparalions gradually lost activity during pro-

longed storage under {oluene (fable 2). The enzyme was shghily move
stable in dilute eysteine-HCL solution. Since these preparations were nol.
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Fia, 2—Cytochrome O oxidase activity smong protein inevements precipitated
Mramy extraets of sughreane rools,

wdversely affeeted by freczing, (he usual procedure was Lo (recze o series of
fresh aliquots und to thaw suflicient enzyme lor a given day’s work, The
enzyme did not recover activity following inactivation by hoiling,

Optimum pH and Tewmperalure

Oplimum pll for eytochrome C oxidase was found lo lie between 4.0 and
4.5 (Ag. 3,A). This value is unexpectedly low and accounts, in part, for our
not detecting the enzyme during earlier work. Cooperstein and Lazarow
(9) measured rat eytochrome C oxidase at pH 7.4, while Stotz et al. (20,19)
and Hass el al. (14) assayed the enzyme at pH 7.2 and 7.3, respectively.
The ouly other known sugarcane enzyme having such a low pH preference
is an e-amylase which we encountered in leaf preparations while studying
the @ enzyme (2).
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Temperature ellects were determined with the aid of a constant-tempera-
ture water bath, in o manner similar to that desertbed for peroxidase (3)
and {yrosinase (4). No greal preeision is elaimed, since, unlike the standard
assay which is run directly within the spectrophotomeler, it was first neces-
sary 1o {ransfer active resction mixtures from the water bath to cuvettes

Tavre 2.—Speeific activity dectine of cane cytochrome C oxidase stored al room,
laboratory, and refrigerator lem peraturest

Resulis for indicated days following preparation
Storage temperature (°C.) : : Lo o
0 ! i [ Y
; T
Yoom (28 2°) L9280 | 15.0 10 L 6.0
Labogatory (210 229) 28,0 21.0 15.0 [ 8.0
Refrigerator (2°) 28.0 ‘i 22.0 1 15.5 % 12.4

Rtandard assay proecedure was ecmployed as deseribed under Malerials and
Methods, pp. 116-7.
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Fra, 3.-A, LEfiects of variable pH on extochrome C oxidase from sugarenne roots;
B, cffeels of variable temperalure. The standard assay was used in eoujunelfion with
indieated treatmonis,

before measuring optical density. Nevertheless the results are relative and
indicate that optimum temperature for the enzyme is about 36 to 40°C.
(fig. 3,B).

Cane cytochrome C oxidase aciivity could be plotied as a first-order
reaction both with reference to enzyme concentration (fig. -1,A) and time
(fg. 4,B). The reaction rate is constantly decreasing, or, in other words,
the reaction procceds as if there were insufficient subsirate to saturate the
enzyme. This behavior appears to have been due to a slight “deficiency”




OXIDIZING BENZYAIES O SUGARCANIL

ENZYME CONCENTRATION

CYTOCHROME ¢ OXIDABI
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g, 4—Optical-densily decline of reduced eytochrome G in the presence of cane
eytochrome € oxidase: A, proportionality of the reaction with cuzyme concentration;
B, proportionatity with time. The standard eytochrome C oxiduse assay was nsed
throughout in conjunction with the variables indicated above.
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Fri. 5. —TFidfeels of variable substrate congentration on Lhe activiby of sugureone
eytochrome C oxiduse.

of ivon (Fe), since in each instance the incorporation of additional T'e,
rather than increased cytochrome, brought about the normal diphasic
activity response.

Substrate Conceniration, Km

Cytochrome C oxidase was measured with substrate concentrations
ranging from 0.01 to 0.30 pmol/ml. of digest (fig. 5). Maximum velocity
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was recorded at 0,09 pmol/ml K is therefore about 4.5 X 107 mol of
reduced ey (ochrome C per liter,

Aetivation and {uhibition.

Mercuvy aud eysteine-FICT markedly stimadaded eytochrome O oxiduse
ab the concenfration 2.0 pmols/ml. of digest (lable 3}, Boron and nitrate
slightly stimulated (he reaction af the same concentantion, while CN
ased folal inhibition, Subsequent {rials showed that CN inhibition was
easily measurable with only 0.02 gmol of CN present per milliliter (fig, 6).

Ctarbon monoxide (CO) was tested as a possible inhibior by bubbling
the gas through u standard eylochrome C oxidase preparation for 30 min-

TasLy 3o—Effecls of alditives on cylochrome C oxidase from rools of sugurcanc!

Additive | dpedlic | Addigwe | Shedfic Additive e
SRSV, N SR ) - S——
Control (+H,0) ! 180 | ¥ 18 CN 0
g 20,0 )k 23 Thiouren 21
Mo ; 2 Ca 17 Hydroquinone 18
Zn P16.8 My, 20 Cysteine-HCI 33
As 21.0 Chu 3 #-glyeerophosphale 17
Br . 18,0 1 19 Nitrafe L 24

' The standard digest was emploved throughout in conjunetion with a final addi-
tive concentration of 2 gmol/ml. of digest. The following additive sourees were
used: Caleium chlorvide, magnesinm chloride, borie aad, sodium fluoride, sodium
browmide, potassinm iodide, cupric sulfate, sudiw arscuate, zine sulfate, polassiun
eyanide, sodivm g-glycerophosphate, and sodiwn nitrate,

“The presence of Mo raused a precipitate to form upen incorporation of eytlo-
clirome C,

8 Copper induced a rapid bul nonenzymatic decline of optical densidy readings,
ules, Carbon monoxide was generafed by passing concentrated Hgs(),
mto o 2 A solution of formic weid. No cffect was noted upon oxidase ace-
tivity, although the CO {reatment was carried oul under normul light
conditions of the laboratory. It has long been known that Light rveverses
the CO-inhibition of respiralory enzymes {7,15), and it Js possible that any
CO effecl upon the cane enzyme was reversed before an assay could be
carried out.® Lsolation of cane cylochrome C oxidase in roofs would nor-
nmally minimize any potential light cfieets,

Drialysis Lffects; Essentiality of I'e

An almost immediate activity decline was observed when eytochrome
C oxidase preparations were dialyzed against distilled water (fig. 7).

8 Bimilar CO freatment of éune tyrositnase preparations eaused almost 100-pereent
inhibition of that enzyme,
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Over 70 percent of the activity was lost within 2 howrs, and only a trace
of the reaction could be detected after 44 hours.

Subsequent attenpts to reactivate dialyzed oxiduse were successful with
eysteine HCL and particularly so with Ife (table 4), With added [IF'e the
dialyzed preparation was far more active than the undialyzed control. As
little as 2 X 107 pmols of I'e per milliliter of digest eaused partial reactiva-
tion (table ), while 2 X 107* umolsof e restored aetivity to the predialysis
level,

Tron, of course, is & known essential component of the eylochrome C
oxidase system. However, the dinlysis studies have shown, as evideneed
by the mueh greater activity of “‘cleaned-up” preparations, that (his en-
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CYANIDE
(MICROMOLES PER MILLILITER OF DICGEST)

I, 6.~ -Cvouide iudiibition of sugarenne eylochrome C oxidase.,

zyme st be bound with other ions which refard the effect of Fe without
themselves serving (o activate the eadalyst, This might also be true of the
enzymie in eiro, which would help explain the apparent effects of cortain
nutrients and nonessential factors upon the cytochrome oxidases of plants
srown under experimental conditions.

SIGNIFHCANCE OF CYTOCHROME ¢ OXNIDASE IN SUGARCANE

Cytochrome € oxidase undoubiediy plays an important role in animal
respiradion, vet its importance in higher plants is clouded by the presence
of other enzymes capable of performing the tasks of a terminal oxidase,
Sugarcane cerlainly is no exception, for we can oblan peroxidase and
fyrosinase far more veadily from eane than eytochrome C oxidase. The
tissues themselves seem fo delermine o predominant oxidase. High tyro-
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sinase levels in jeristemn countrast markedly with eytochrome C oxidase
loealization in the rools, especially so sinee the fornier has a pll preference
of 7.4 (4), and the latter a pl of 4.5. Peroxidase is distributed abundantly
among leaf, sheath, and meristem tissnes (3).

44
DIALYSIS TIME (HOURS)

Fra. 7.—-Decline of cytochrome C oxidase activity following dislysis of the enzyme
against distilled water, Bnzyme suaples were disdyzed ut 2° C, for the indieated pe-
ried of time. Afterward they were stored at 2° C. until the 44-hour treatment had
heen comipleted. Kach sample was then assayed aceording to the standavd proecdure,

Tasre 4. —Reactivating vffects of different additives wpon dialyzed cylochrome
C omiduse preparations'

Treatment of cytochrome C oxidase preparations

Pata classification

|
1 | i ])nl_wul plu\ 1.0 uwol/mi. of—
‘ Undialyzed Dialyzed ‘ ; R .

|

ontrol) 1 plus 150 I E o
{corttr plus e ; i F it ! e T C_\;;:'_rlne
Qspm'lfw nelivily } 19.5 0 . 32.0 0 9.0 0 6.0 22.5

! I‘he hmiment CNZY e pwp.‘un[um was dlél]‘. zoed for 48 hours against 3 changes
of distilled water. Both control and trealment samples were rvefrigernted at 2°C.
during the dialysis period. Standard assayvs were then run with undialyied oxidase,
and with the diatyzed enzyiwe in the presenee of additives.

The relative activities of these two ealalysts, as we have thus far studied
theny, arce not sufficient (o state which one s of grealest importance. Ty-
rosinase undoubiedly is able to mask the setion of its iron-beuring counter-
purt and, furthermmore, the waler extraction of (hese enzymes does not
necessavity give a [air picture of their content or aetivity. The relative in-
solubility of cyiochrome C oxidase has been pointed out by several investi-
gators (8, p. 220, 23,9), whereas (yrosinase is readily soluble in water, The
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mo=t that we ean suy at the moment is that tyrosinase probably mediates
terminad oxidation in meristem, and that eytoehrome C oxidase ean do so
in roots. More mformation eould be gained by compuaring gross respiratory
activity among differend cane tissues, By determining which vespiratory
inhibitors are most effeclive (de., those retarding the iron-porphyrin sys.
temr or those acting upon the copper proteins), the predominate lerminal
oxidase in any tissue would be confirmed.

Yet even if eytochrome (@ oxidase did not count for much in terminal
oxidation, its potential vole in other hiochemical processes would still he
formidable, “Oxidative phosphorylation” ® is a good example. According
fo Fruten and Simmonds (/2, p. 381), numerous workers have shown thal
aerobic respiration of cells and tissue preparations is associated with in-

Lavus bo--Stimelating offects of added iron wpon sagarcane eytochrome ¢ axidase
Jollowing inactivation by dicdysis against distilled waler!

Treatment of cytochrme £ oxidase preparglions

1

1o e

| |
i i " -~ ’
; Dialyaed [HEARG Y plux Feoal indicated coneenfralions

Irta classification !
& {umol/ml. of digest)—

i Undialyzed 3
o eontrel) e
? tleuﬂgzxm’z

|0 laxioslasms 1% 1012 0

J

Spocific netivity - 1 17.0 1 0 7.5 | 8.2 10.0 | 17.2 | 314 28.7

Uhe freatment ensyime preparation was dialyzed lor 48 hours ageinst 3 changes
ul distilled water. Both eontrol and {reatment preparation were refrigerated af
2°C/. during the dialysis period. Standard assays were then run with undindyzed oxi-
dase, and with the dialyzed enzyme in the presence of iron additive.

organie phosphate uptake. It was found that respivation was responsible
for the formation of the pyrophosphate bouds of ATP. Considerable evi-
dence is now available indicating that one equivalent of ATP is formed per
atom of oxygen consumed in the oxidution of eytochrome ¢ by O, (47,
(). Conn and Stumpf (8, p. 223) have used the diagram presenfed in
figure 8 1o illustrale the chain of elecfron transport during a reaclion se-
quence which includes a nutochondrial source of enzymes, inorganic phos-
phate, FAD (Aavin adenine dinucleotide), NAD (uicotinamide adenine
dinucleotide), and cylochrome C.

Phosphorylation is believed to take place as a pair of electrons makes
its way along the pathways of electron Lransport. One such reaction oceurs
when reduced cytochrome C is oxidized by molecular oxygen. The other

¢ “‘Oxidative phasphorylation” is assoeinsted with reactions of electron transport.
This is distinguished from “substrate level phosphorylation,”’ in which phosphovyl-
ated or thioester forms of substrate reaet with ADT to form ATP, as in certain reac-
tiong of the glyeolytic and Krebhs-cyele pathways,
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two phosphoryladions are aecomphished when a pair of eleetrons makes is
way from NADH to eytoehrome O Sueh renctions have been siudied with
mitochondrin prepavations of both plants and animals, and o is preswmed
that identical sequences woudd exist in sugareane.

IFinally, one ecannot overemphasize the fact that the importance of eyto-
chrome O oxidase lies not in ils role as o single catalyst, but as an integral
part of an extremely complex series of mitochondrial enzymes!® This
combination of enzymes includes eatalysis of the tricarboxylie acid eyele, of
oxidative phosphorylation, of fatty acid oxidation, and enzymes involved
1w synthesis of speetfie coll materils. This physiologieadl “machine”, of
which eyiorhrome € oxidase 3 an unportant component, is an exeellent

POy POy FO4
Nty
2
NADH - FAD,, Wt we! H,0
i . 2 2 \
FCYTOCHROME JCYTOCHRCOMER
; G J\ OXIDASE |
: : # : _
NAD”! AL ADH, Fe3 Fe.’u' o, 1/ 0,
4 ;
21
apft f2ut

Fig, 8-—Thugrantic summary of oxjidative phosphorylation, as illustraled by
Cotn and Stapf (8).

exanple of the wtegrated multienzyme action which s indispensable for
the mamtenance of living matier.

SUMMARY

A study was made of the distribution and properties of eytochrome ¢
oxidase in sugarcane, The enzyme was extracted from fresh roof tissues of
variety PR, 880 with waler and precipitated with ammonium suliate.
Cytlochrome O oxidase was assayed spectrophotometrically at 550 myu by
measuring the optical-density decline of o builered solution of reduced
ox-heart eytochrome C and engyme.

10 Mitochondria are rod- or spherical-shaped bodies found in newrly all plant and
animal cells. Intact mitochondria secm to aet ns complete biochemical units. Inter-
mediates of the tricarboxylie acid eyele and fatty aecid oxidation arve usually oxidized
without adding enfaeciors, and, in like manner, eomplete compliments of eytochromes
needed for electron transport are found in the mitochondrin, It ig interesting Lo note
(hat extrocts of rat-liver mitochondrin have been found to eontnin particles whieh
in (hemselves perform oxidative phosphorylation (10, 13),
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Fractionation of eanc extracts with annnouium sulfale showed fhat
ey tochrome C oxidase is preapitated primarily belween 80 and 95-percent,
saturation. This corresponds to the range of little or no (yrosinase precipi-
tation, indicating that tyrosinase may ael 1o mask the action of ¢ytochrome
C oxidase in erude cane preparations. Richest source of the oxidase was root
tissue, although moderate activity was also present in the 80- to 95-percent,
{raction of meristem extracts, Some aetivity was likewise obtained with
sheath and node preparations.

Cytlochrome C oxidase was stable for about 24 hours when maintained
in dilute eysteine-THHCI solution at 2°C. More than 50-percent of the activity
wis Jost alter 9 days. The enzyme was not adversely alfected by freezing,
It was {otally inaetivafed by boiling for 5 minutes,

Optimum temperature lay in the range of 36° to 40°C, Optimum pll
was about 4.3, Cytochronie C oxidase activity was plotted as a lirst-ovder
reaction with reference both 10 enzyme concentration and time, Iron
appeared to be a limiting factor in the siandard root preparations. Km was
4.5 X 1073 mols of reduced eytochrome. C per liter.

Both mercury and eysteine-HCT stimulated the enzyme at the coneentra-
tion 2.0 gmols/ml. of digest, Boron and nitrate stinwulated 1o a lesser extent
at the sane concentration, and eyanide caused tofal inhibition. Carbon
monoxide did not inhibit when tested under normal light conditions.

Dinlysis against distilled water caused 70-percent activity decline within
2 hours, and almost total inactivation by 44 hours. Cysteine-I1CL served
to reactivate the enzyme. fron inereased aclivily of the dialyzed prepara-
tion over that of the undialyzed conirol, indicating that this element is
essentbial for maximum activity.

Significance and potential roles of eytochrome C oxidase in sugareane
were diseussed.

RESUMEN

He hizo un estudio de la distribueion y propiedades de la citoeroma C
oxidazn on o eafia de wrGear, Lo enzimn ze extvajo con agug, de tejidos
{reseos de lu rafz v se precipité con sulfato de amonio. La prueba se hizo
con un espectrofolémetro a H30 mu, midiéndose la disminueidn en densidad
optics de una solueién amortignada y reducida de citocroma C, preparada
de corazdn de buey, y enzina.

Al separarse por fraccionacion los extractos de la cafa con sulfato amd-
nico la citocroma C oxidasa se precipitd principalmente cuando aleanzd
una saturacidn de 80 a 85 por ciento, [sto corresponde al nivel donde hay
poca 0 ninguna precipitacién en ol caso de la tirosinasa, indicando que
ésta, puede actuar enmascarando la accidn de la citocroma C oxidasa en
preparaciones crudas de cafia. La mejor {uente de oxidasa fue el tejido de
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L vadz, annque tambida se observd una actividad moderada en una fraceion
de 80 a 95 por clenfo yue se separd de los extractos mervistemiticos, Asi-
mismo se observd alguna actividad en las preparaciones de la yagua y el
nudo.

La eitoeroma C oxidasa se mantuvo estable alrededor de 24 horas cuando
permaneeié en una solucion diluida de cisteina-11CL a 2°C, Mis del 50
por ciento de la actividad se suspendid después de 9 dias, La enzima no se
afectd adversamente al congelarse, aunque se inactivd totalmente cuando
se hirvid por 5 minutos.

La temperatura dptima fue de 36 a 40°C. v ol pH dptimo de alvededor
de 4.3, La actividad de la citoeroma C oxidasa se trazd como uni reaceion
de primer orden con veferencia tanto n la concentracion enzimifict como
al fnclor tiempo, [l hierro parceid ser un factor lnitative en las prepara-
ciones standard de la rafz. Bl Km fuc 4.5 X 1075 mols de citocroma ©
reducida, por litro.

Tanto ¢l mercurio como la cisteina-HCL estimularon Ju enzima o ung
coneentracion de 2.0 mols por ml. de digesto. IZl boro y el nitrato la
estimularon en menor medida a la misma concentracién y el clanuro causd
una inhibicidn total. Kl mondxido de earbono no causd inhibicién alguna
cuindo se probd bajo condiciones normales de luz.

A diflisis en preseneta de agua destilada causé una disminueion de 70
por ciento en [a actividad, en 2 horvas, y la inaetivaeion casi total en 44
horas. La cisteina-1TCL sirvié para reactivar la enzima. El hierro aumentd
la actividad de la preparacién dializada, en contraste con la no dializada,
lo cual demuestra que este elemento es esencial para lograr una aclividad
maxima,

Se discute en este frabajo ol siguificado y el papel potencial que desem-
pefia la citoeroma C oxidasa en la cafia de azmicar,
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