White Potatoes Are Source of Useful Enzymes

ENZYMES

Enzyme Systems of the White Potato
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Survey of the literature on enzymes of white potatoes discloses that this tuber and its
constituent enzymes are useful in the field of enzyme chemistry as a source material for
large scale preparative purposes, for the elucidation of the mechanisms of starch trans-
formation in plants, and as an analytical tool contributing to knowledge of the phosphate

linkages in coenzymes and proteins.

Positive evidence exists for the presence of enzymes

involved in (and for the operation of) the bioclogically ubiquitous glycolytic, tricarboxylic,

and cytochrome terminal oxidative systems in this tuber.

Studies of the relationship of

these systems and other enzymes to the problems of enzymatic browning of raw potatoes
via phenol oxidase on the one hand, and to the nonenzymatic browning of processed
products due to accumulation of reducing sugars on the other, are still in a formative but

promising stage.

Only meager knowledge is available concerning the enzymic

mechanisms involved in the transformation of sucrose and nitrogenous constituents of

the potato.

THE CHEMICAL COMPOSITION OF THE
WHITE POTATO tuber (Solanum tubero-
sum L.) and changes in its composition as
related to wvariety, culture, harvest,
storage, and industrial processing have
received detailed attention in numerous
studies (24, &0). Yet the level of
accumulation of any particular sub-
stance in the potato, as in any living
organism, can in principle be traced
back to the resultant action of the en-
zymes and enzyme systems catalyzing its
synthesis and decomposition. Very few
enzyme studies have been directed to the
solution of problems of the potato grower
and processor. Some members of the
enzyme systems that exist in potatoes
have been studied in varying detail, but
most of the enzyme reactions that are
known to occur in other biological
sources have received only a rather
cursory examination in white potatoes.

As a source material for the enzy-
mologist, potatoes have several advan-
tages. They are available in large
quantities, and the easily expressed juice

is rich in several enzymes. Stable,
partially purified preparations are read-
ily obtainable. On the other hand, the
great variability in enzyme content due
to variety and storage makes careful
selection of the correct lot of potatoes at
the right time important. Furthermore,
attempts to obtain completely pure
crystalline preparations of the enzymes
have succeeded so far in only two in-
stances (75, 30). In some cases the ap-
parent enzyme activity of the intact
potato tuber is not detectable in the
expressed juice.

Negative Findings

Most enzyme studies are designed to
test the presence in appreciable quanti-
ties of an enzyme in tissues. Only when
experiments are devised to detect feeble
enzyme action in the presence of natural
inhibitors or destructive factors, and are
applied to different varieties under
various storage conditions, can one ac-
cept a negative finding with confidence.
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The following survey cannot, of
course, review the entire literature, but it
discusses in detail those aspects of the
enzyme chemistry of the potato that have
been fairly well worked out. Further-
more, it illustrates each type of enzyme
action and relates knowledge thus far
obtained to current enzymological and
biochemical interests. Wherever avail-
able, data on the effect of variety and
storage conditions on the enzyme under
consideration are mentioned.

For the most part, this review does not
include those aspects of potato physiology
which are not related to some specific
enzyme or enzyme system. For back-
ground material on enzyme systems, a
general reference is mentioned fre-
quently (79).

Starch-Transforming Enzymes

In the field of metabolism of the
potato, our knowledge of enzymes in-
volved in transformations of starch is
most extensive. A summary of the
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Figure 1.
known enzymic mechanisms through
1952 is depicted in Figure 1. Potato
starch consists of two components:

amylose, the long straight-chain polymer
of anhydroglucose units averaging 1000
to 4000 units long, depending upon the
method of preparation (22, 48, 79),
linked together by oxygen between the
C-1 position and C-4 position of two
consecutive units (a-1,4-glucosidic link-
age); and amylopectin, the so-called
branched-chain component, in which the
a-1,4-glucosidic chain is branched by
means of a linkage between the C-6
position of the glucose of one chain and
the C-1 position of the glucose of an-
other chain.

Amylose is synthesized in the potato
tuber by means of the enzyme phos-
phorylase according to the reaction

n Glucose-1-phosphate =
(glucose), -+ n phosphate
amylose

This reversible reaction comes to an
equilibrium, depending upon pH, be-
cause glucose-1-phosphoric acid is a
stronger acid than phosphoric acid.
At pH 7 the equilibrium is such that the
ratio of inorganic phosphate to glucose-1-
phosphate is 3.1: at pH 5 it is 10.8
(36, 74, 707). The acid phosphate ion
(HoPO,™) is the specific ionic species
which enters into this reaction (707).

Potato juice is a rich source of phos-
phorylase. Although fairly extensive
studies have been made on the purifica-
tion of this enzyme, only recently has it
been possible to purify it to the extent
that it will crystallize (75). The pre-
vious lack of success was in part due to
instability of the enzyme to the usual
reagents used in purifying enzymes
(4, 30, 32, 88, 707). On the other hand,
it is stable to reagents that are usually
regarded as general enzyme inactivators
(mercury salts, molybdate, fluoride)
(7). When some of these “inactivators”
are added to a potato phosphorylase
preparation, thus destroying other starch-
transforming enzymes, an amylose, re-
sembling the naturally occurring potato
amylose more closely than other phos-
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phorylase-synthesized amyloses obtained
heretofore, can be obtained from glucose-
1-phosphate (6).

The phosphorylase reaction will not
proceed unless a small amount of
“primer” carbohydrate is present. This
carbohydrate may consist of amylose,
amylopectin, or any other noncyclic
member of the amylose series which
contains in its molecule at least two con-
secutive a-1,4-glucosidic linkages (29, 42,
707). The synthesis apparently pro-
ceeds by the transfer of glucosyl units
from glucose-1-phosphate to the non-
reducing end of the primer molecules (7)
(see Figure 1).

The phosphorylase content of potatoes
is not affected by storage at various tem-
peratures (4). An inhibitor of phos-
phorylase action is said to develop in
potatoes stored at room temperatures,
but this inhibitor does not appear in
potatoes stored at a lower temperature
(0° C.). The enzyme is competitively
inhibited by Schardinger dextrin (32),
certain sulfonamide derivatives (77), and
the synthetic plant growth substance
2,4-dichlorophenoxyacetic acid (2,4-D)
(56).

The amylopectin moiety of potato
starch is synthesized by an enzyme which
has been termed ‘“Q-enzyme” (phos-
phorylase being the “P-enzyme”). Its
action is similar to that of phosphorylase
in that the enzyme effects a transfer of a
radical from one molecule to another
molecule (see Figure 1). In this case the
Q-enzyme effects the transfer of one por-
tion of an amylose chain to another com-
plete amylose chain——i.e., an «-1,4-
glucose linkage is opened and replaced
by an a-1,6-glucosidic linkage (trans-
glucosylation) (39, 73, 74).

Amylopectin can be synthesized from
glucose-1-phosphate by the combined
action of phosphorylase (P-enzyme) and
Q-enzyme (23). By variation of the pro-
portion of the two enzymes, amylopectins
with varying degrees of branching can be
obtained. This action is not reversible
(74). Q-enzyme has been prepared as a
pure crystalline protein from potatoes
(30).
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Transformation of starch components amylose and amylopectin by enzymes of potato tuber

An enzyme exists in potatoes which can
reconvert amylopectin to short amylose
chains by a “debranching” mechanism
(43, 74). This debranching factor or
“R-enzyme” specifically catalyzes the
hydrolysis of the a-1,6-glucosidic linkage
and thus differs from the above-men-
tioned synthesizing enzvmes, phosphoryl-
ase and Q-enzvme, in not being a
transferring agent.

Recently an enzyme capable of re-
versibly disproportionating members of
the amylose series from amylotriaose
(trisaccharide) to amyloheptaose (hepta-
saccharide) into blue staining amylose,
lower oligosaccharides, and glucose has
been found in potatoes (75). This “D-
enzyme” acts by means of transglu-
cosylation but cannot utilize maltose.

Potatoes also possess relatively small
but significant amounts of amylase
enzymes which catalyze the hydrolysis
of the «-1,4-glucosidic linkages of both
amylose and amylopectin. Both B-
amylase (4) and a-amylase types of
action (6) of potatoes have been de-
scribed. The B-amylase hydrolyzes mal-
tose from the nonreducing end of the
starch molecule, whereas a-amylase can
hydrolyze an «-1,4-glucosidic linkage
located in the interior of the molecule.
The amylolytic action of potatoes is
weak, probably amounting to only about
19, of the activity of rich sources like
sweet potatoes or barley malt.

Interest in amylases in potatoes re-
cently has been mainly confined to
methods of eliminating them as compli-
cating factors from preparations of other
starch-transforming enzymes (4, 6, 32,
707). Considerable quantities of starch-
hydrolyzing enzyme do develop in the
potato at the initiation of sprouting (770).
Storage of potatoes at various tempera-
tures for short periods of time does not
seem to change the amylase content (4).

Sucrose-Transforming Enzymes

In contrast to available knowledge
of the starch-transforming enzymes in
potatoes, very little is known about the
immediate reactions which sucrose
undergoes in potatoes. The enzyme



that catalyzes the hydrolysis of sucrose to
glucose and fructose (invertase) is ap-
parently absent in the dormant tuber but
appears upon sprouting (67).

It has long been known that changes in
sucrose content of potatoes readily
occur in response to changes in tempera-
ture (69) and moisture content (709),
increasing at low temperatures and low
moisture contents concomitantly with a
decrease of starch content. Yet at-
tempts to demonstrate the conversion of

starch to sucrose in potato extracts have

thus far failed.

The little that is known about the
enzymic synthesis of sucrose in potatoes
has been obtained through work with
thin slices of living potato tissue (disks)
as the source of the requisite enzyme
system (4, 67, 64). These disks convert
sugars such as glucose and fructose into
sucrose, but the steps of this synthesis are
almost completely unknown. The syn-
thesis takes place faster in slices from
tubers stored at low temperatures than
in tubers from room-temperature stor-
age. Furthermore, the rate of synthesis
is said to be greater at lower temperature.,
This effect, which is opposite to that of
most enzyme reactions, may be due to
shifting of equilibriumn toward synthesis
rather than to an increase in rate.
Synthesis is linked with respiration of the
potato and formation of high-energy
phosphate bonds, as it will not occur in
the absence of oxygen and is inhibited
by various substances which, when
added to tissues other than potato,
inhibit both respiration and phos-
phorylatiof of glucose by adenosine
triphosphate  (hexokinase  reaction).
Furthermore, the quantitative relation-
ship between respiration rate of the tuber
and its sucrose content describes a curve
that is similar to the curve for rate of an
enzyme reaction plotted against initial
concentrations of substrate upon which
the enzyme acts (9).

Enzymes That Hydrolyze
Phosphate Esters

Potatoes are a rich and convenient
source of enzymes that hydrolyze a
variety of phosphate esters. So far at
least five distinct phosphatases have been
characterized.

Considerable quantities of “acid”
phosphatase are present in potatoes.
This type of enzyme is usually found in
plant extracts. It can hydrolyze a
variety of mono-orthophosphate esters
such as the phosphate esters of phenolic
compounds, glycerol phosphate, etc.
It acts best in the relatively acid pH
range (pH 5 to 6) (40). Several par-
tially purified preparations have been
made (47, 86). It is inhibited by a
variety of substances including fluoride,
molybdate, and arsenate (40, 47, 63).
On the other hand, magnesium salts and
magnesium complexing agents (magne-

sium is required for the activity of other
phosphatases) are without effect when
phenolphthalein phosphate is used as a
substrate (40). Hydrolysis of glycerol
phosphate has been reported to be ac-
celerated by magnesium ions (30).
The acid-phosphatase content of ethyl-
ene chlorohydrin—treated potato tubers
is decreased, presumably owing to the
formation of a specific dialyzable in-
hibitor (35).

Potato phosphatase has been used as
an analytical tool (92) and also to char-
acterize the phosphate linkage of cer-
tain phosphoproteins (76, 77). In the
latter study it was found that potato
phosphatase acts like intestinal phos-
phatase in hydrolyzing off both phos-
phate groups of ovalbumin at the same
time, whereas prostate phosphatases
split off one phosphate group at a time.

The phosphate esters of glucose and
fructose are hydrolyzed by an enzyme in
potato juice whose pH optimum is 8.
It is inhibited by molybdate (6). Stor-
age of potato tubers at various tempera-
wres does not affect the content of this
phosphatase and its action at 0° C. is
negligible ().

A third type of phosphatase action
(apyrase) in potato juice is very specific
for the hydrolysis of two of the three
phosphate linkages in adenosine tri-
phosphate (ATP). There is much in-
terest in this enzyme (or possibly system
of enzymes) because of the central sig-
nificance of adenosine triphosphate in the
metabolism of all biclogical organisms
(79). Apyrase is said to have a role in
stabilizing the resting state in potato
tubers (50).

The apyrase of potato exists in insol-
uble and soluble forms (53). The former
has been extensively purified but is not
as specific in its action on phosphate
esters as is the insoluble form, which
can hydrolyze only adenosine triphos-
phate. The enzyme acts best at pH

Figure 2.

6 to 7, and is stable to pressures as high
as 4000 atmospheres (44). Potato apy-
rase, when adsorbed on the muscle
protein myosin, cannot be separated
therefrom by repeated washings; thus
it resembles the apyrase of muscle tissue
(47). New potatoes (variety not men-
tioned) obtained in May and June con-
sistently contained more apyrase than
stored potatoes purchased in October
and November (53). It has been re-
ported that above 7° C. potato apyrase
preparations split off two inorganic
phosphate groups from adenosine triphos-
phate, whereas below 7° only one phos-
phate group was split off (57). It may
not be too far-fetched to relate this
observation to a similar critical tempera-
ture for the well-known starch-sucrose
shift in potatoes. The possibility that
the second phosphate is split off owing to
the presence of myokinase (or, more
correctly, adenylatekinase) (ATP +
AMP = 2ADP) was tested and no evi-
dence for the presence of myckinase in
potatoes could be found (52). Although
the apyrase of muscle tissue is specifically
activated by calcium ions, potato apyrase
preparations have been reported as
being activated (54, 57) and not acti-
vated (99) by calcium salts. These and
other discrepancies [such as the relative
values of the rate constants of the two
hydrolyzable phosphate linkages of
adenosine triphosphate (57)] raise the
question as to the enzymic homogeneity
and identity of different apyrase prepa-
rations as prepared by different investi-
gators. Potato apyrase preparations
have been used to prepare pure adeno-
sine monophosphate from adenosine
triphosphate (98).

Another rather highly specialized
phosphatase in potatoes is limited in its
action to the hydrolysis of the pyro-
phosphate bond in certain coenzymes
(38, 49, 72) such as diphosphopyridine
nucleotide, flavine-adenine-dinucleotide,

Evidence of enzymes of glycolysis in potato tuber

Numbers denote appropriate references demonstrating described enzyme action. o represents reac-

tions not demonstrated as yet for the potato,

(32, 36, 107)

Starch + phosphate ————= Glucose-1-phosphate
6

(57, 84)

Glucose + ATP ——— Glucose-6-phosphate ——=—=Phosphogluconate

1. (6, 36)

Fructose-6-phosphate
90

Fructose\-l,é-diphosphate

(6, 73)

Glyceraldehyae-%-phosphate —+ dihydroxyacetonephosphate

a
1,3-Diphosphoglycerate
T

3-Phosphoglycerate
a

2-Phosphoglycerate

a
Phospho-enolpyruvate
1 (a) (73)
Pyruvate ———= Lactate
1 (78)
(65) 0,78)
Acetate =———— Acetaldehyde :=———— Ethyl alcohol
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Glycolytic Cycle as a Source of Possible Intermediates for

Synthesis of Important Potato Constituents

Table 1.
Glycolytic
Intermediates Enzymes
Glucose-1-phosphate  Phosphorylase,
Q-enzyme

Glucose-6-phosphate  TPN dehydrogenase

Hexose phosphates Phosphatases

Hexose phosphates ?

Pyruvic acid Carboxylases,
dehydrogenases

3-Glyceraldehyde Aldolase 4 ?

phosphates

References
(39, 74)

Potato Constituents
Starch

Ribose (in nucleic acids), (2)
heptuloses

Glucose, fructose (4, 6)

Sucrose (4, 67, 64)

Ethyl alcohol, acetaldehyde, (4, 73, 78)
organic acids

Ascorbic acid (89)

cocarboxylase, coenzyme A, and adeno-
sine triphosphate. This coenzyme or
nucleotide pyrophosphatase has played
an important role in the elucidation
of the chemical structure of these co-
enzymes. The coenzyme pyrophospha-
tase content of eleven varieties of freshly
harvested Maine potatoes varied as
much as eightfold, Chippewa containing
the least and Irish Cobbler the most (49).
After 6 weeks of storage at 3° C. the
contents of all the varieties had increased.
White Rose rose to the highest level, the
enzyme activity increasing over four-
fold.

Potatoes also contain an enzyme
capable of hydrolyzing inorganic pyro-
phosphate (70). Its properties are very
similar to the pyrophosphatases of animal
tissues, in that the enzymes from both
sources act optimally above pH 7 and are
activated by magnesium ions.

The Glycolytic Cycle

Many, if not most, living organisms
possess in common a complicated mecha-
nism for the breakdown of sugars (79).
This glycolytic scheme, depicted in
Figure 2, consists of a series of chemical
reactions catalyzed by some 12 well
characterized enzymes. Many of these
reactions have been shown to occur in
the potato tuber, although few have been
subjected to more than a cursory ex-
amination, Thus, as far as has been
investigated, potatoes break down sugars
at least in part via the glycolytic cycle.
Whether this is the principal pathway
of metabolism of the sugars is not known.
Obviously, the scheme must be modified
to include the transformations of sucrose.
Furthermore, there exists in many tissues,
including potatoes (2), the so-called
“oxidative shunt” whereby glucose-6-
phosphate is oxidatively converted even-
tually to phosphate esters of ribose and
heptulose. The ribose may then be
incorporated into nucleic acids or may
re-enter the glycolytic cycle via tri-
osephosphate, although the experimen-
tal data for such interconversions in
potato are not yet available. While
yeasts are known to break down the
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sugars to ethyl alcohol and muscle tissue
to lactic acid, potatoes contain enzymes
that can form both of these substances;
and both have been found in potatoes
(70). The enzyme pyruvate carboxyl-
ase, which breaks down pyruvate to
acetaldehyde, has been variously re-
ported as being absent (703) and present
(78) in potato. Negative findings should
be subjected to appropriately designed
experiments before they can be accepted
with confidence. Whereas most plant
hexokinases are only partially bound
to the cell mitochondria, that of potatoes
is completely bound to the cellular par-
ticles. The insoluble plant hexokinase
can also phosphorylate fructose (84).
The glycolytic cycle may thus be a source
of intermediates which can be utilized
enzymatically for the direct synthesis of
a variety of substances found in potato
tubers (Table I).

Of the known sugars and sugar phos-
phates reported to be present in relatively
large amounts in the potato tuber (4), glu-
cose, fructose, fructose-6-phosphate, and
glucose-6-phosphate are known to under-
go the nonenzymatic Maillard reaction
with amino acids to form brown-colored
polymers (87), which may be responsible
for the discoloration or browning in many
foods, including processed potatoes (80).
The known enzymatic reactions in the
potato which could lead to the formation,
interconversion, and disappearance of
these hexoses and their phosphates are
shown in Figure 3.

A valuable review on recent evidence
for glycolytic enzymes in plant tissue is
available (94).

Metabolism of Acids and
Tricarboxylic Acid Cycle

Whereas glycolysis breaks down sugars
in the absence of air to ethyl alcohol and
lactic acid (in potatoes), another ubiqui-
tous mechanism for the further degrada-
tion of metabolites is the tricarboxylic
acid cycle (79), a short version of which
is shown in Figure 4. The operation of
this cycle generates the useful energy
required for the many physiological
processes required by the living cells,
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such as synthesis of other compounds,
selective transfer of electrolytes across
membranes, and complete oxidation of
metabolites.

Figure 4 indicates that almost all of
the enzymes required for the operation
of this cycle have been detected in pota-
toes. Failure to detect isocitric de-
hydrogenase (2) may be due to the pres-
ence of coenzyme-destroying factors in
potato juice (38, 49). Other coenzyme-
requiring enzymes of this cycle can be
demonstrated (2, 28, 702) but seem to be
present in quantities lower than those
present in other vegetables. Recent
evidence points strongly to the operation
of the tricarboxylic acid cycle in the
intact potato tuber (72). When pota-
toes that have been stored in nitrogen
(so that glycolytic but not respiratory
processes can occur) are exposed to air,
the accumulated lactic acid (an end
product of glycolysis) rapidly decreases.
This decrease is associated with an initial
outburst in carbon dioxide evolution and
a concomitant rapid Initial accumula-
tion of pyruvic and a-ketoglutaric acids,
members of the tricarboxylic acid cycle.
The carbon dioxide apparently originates
from the decarboxylation of these and
possibly other cycle intermediates.
Earlier observations on the evolution of
carbon dioxide associated with a de-
crease of citric acid in ethylene chloro-
hydrin treated potatoes are also in ac-
cord with operation of this cycle in
potato (34, 66).

Potato juice is a fairly good source of
an enzyme which oxidizes long-chain
unsaturated fatty acids (lipoxidase),
which may play a role in the develop-
ment of rancidity (95, 96). Potatoes also
contain enzymes that act on lecithin by
splitting off the fatty acids (lecithinase)
and splitting the linkage between phos-
phate and choline (phospholipase) (26).

Terminal Oxidation

The transfer of hydrogen (or elec-
trons) from the intermediates of tri-
carboxylic acid cycle to oxygen is usually
conceived as being mediated by the
“terminal oxidase” system. In most
living tissues this system consists of a
series of heme-protein pigments, includ-
ing the cytochromes and cytochrome
oxidase (79). Because potatoes contain
substantial amounts of naturally occur-
ring phenols and an enzyme which
can oxidize these phenols, it was at first
assumed that this enzyme was the only
one responsible for the terminal oxida-
tion in the potato tissue (8, 20, 27).
[Adequacy of scalding of potatoes prior
to processing has been tested by measur-
ing the net effect of this enzyme acting
on its natural substrates in potato juice
(704, 105).}

This enzyme, which has been variously
named phenol oxidase, polyphenol oxi-
dase, catecholase, and tyrosinase, has



been purified to a considerable extent
and shown to be a copper-containing
protein (55) which is inhibited by many
aromatic compounds, including sulfon-
amides (76), and destroyed by ionizing
radiation (97). Potato catecholase has
less affinity for its substrate and for
competitive inhibitors thereof than does
mushroom catecholase (706).

Most of the enzyme seems to be pres-
ent in the potato in a soluble form,
although a small but appreciable part
seem to be associated with insoluble
intracellular material (70, 97). More
than half of the total copper present in
potato is bound to the tyrosinase (700).
This oxidase has been used for oxidation
studies of some physiologically impor-
tant phenols (76, 77, 89), such as the
phenolic compounds in poison ivy
responsible for its toxic effect. This is
probably the basis for the proposed thera-
peutic effect of applying sliced raw
potato to the area of contact with poison
ivy. The blackening of a freshly cut
potato and the occurrence of blackening
after boiling of some potatoes are caused
by phenol oxidase action on the naturally
occurring phenols, especially the amino
acid tyrosine (82). The product of
oxidation of tyrosine by phenol oxidase
undergoes a series of degradative and
polymeric changes to give first a red

(hallochrome) and finally a black
(melanin) pigment (79). While this
Figure 3.

melanin formation is a physiological
process in such tissues as animal skin,
it occurs in the potatoes only under
nonphysiological or pathological condi-
tions.

A series of reactions has recently been
proposed to account for the formation
of melanin under these or similar condi-
tions (74). According to this proposal,
reserves of malic and possibly isocitric
acid, intermediates in the tricarboxylic
acid cycle, become depleted, thus pre-
venting the transfer of hydrogen from
these metabolites to oxidized glutathione
through the mediation of glutathione
reductase (2) and the coenzyme tri-
phosphopyridine  nucleotide  (TPN).
The glutathione under normal conditions
prevents ascorbic acid from being oxi-
dized to dehydroascorbic acid and is
depleted prior to ascorbic acid in potatoes
held in pure oxygen (77). The absence
of ascorbic acid then results in the ir-
reversible oxidation of naturally occur-
ring phenol and formation of melanin.
Ascorbic acid delays the formation of
color by a phenoloxidase-substrate sys-
tem. In this connection, potatoes are
apparently devoid of a specific ascorbic
acid oxidase (46, 78), although ascorbic
acid may be oxidized via phenol oxidase.

The theory that the naturally occur-
ring phenols and phenol oxidase consti-
tute a system associated with terminal
oxidative processes was based on obser-

vations that compounds (cyanide, sulfide,
8-quinolinol) which complex with cop-
per, the coenzyme for potato phenol
oxidase, as well as competitive inhibitors
of catecholase, also lowered the oxygen
uptake (respiration) of potato tissue
(8, 73). Phenols such as catechol and
chlorogenic acid, a polyphenol found in
potatoes (45), accelerated oxygen up-
take beyond the stoichiometric amount
added (20, 27,83). Itwas suggested that
this oxidase system is linked to the pyri-
dine nucleotide dehydrogenase systems
(which are operative in the glycolytic
and tricarboxylic acid cycle) and to
catalase (73, 55).

More recent work hzs indicated,
however, that the phenol oxidase system
may not account for the entire terminal
oxidation system of the potato. The
evidence indicates that there exists in
potatoes a cell-bound cytochrome oxi-
dase system (73, 37, 59), which is in-
volved in the terminal oxidation of many
biological tissues. This enzyme is pres-
ent in sufficient quantity to account for
all the oxygen uptake (respiration).
Furthermore, the use of catechol as a
substrate for endogenous respiration is
questionable, since catechol acts as a
cell poison (&5).

At least one author feels that during
the rest period respiration is mediated
principally by means of the tyrosinase
system, whereas the cytochrome oxidase

Reactions catalyzed by enzymes demonstrated to be present in potato

Enzymes could lead to occumulation and removal of hexoses and hexose phosphates (reported to be present in potatoes} which can undergo browning reactions

with amino acids.
a. Hexolglucolkinase

b. Alkaline phosphatase e. Invertase
¢. Phosphohexose isomerase f. D-enzyme
€
SUCROSE —&— {
f
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J
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Enzymes responsible for these reactions are:
d. Hexolfructo)kinase

g. Amylase i
h. Phosphorylase
i. Phosphoglucomutase k.

b

GLUCOSE

GLUCOSE—6—-PHOSPHATE

FRUCTOSE-6—-PHOSPHATE

FRUCTOSE

BROWNING REACTANTS

Glucose phosphate L
dehydrogenase m.
Phasphofructokinase

N

}— 5 GLUCOSE-I-PHOSPHATE

}—kéFRUCTOSE DIPHOSPHATE |m

Aldolase
Hexose phosphate "shunt”’
(not demonstrated in potatoes as yet)
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I}

TRIOSE PHOSPHATE <—

i
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Evidence of enzymes of the tricarboxylic acid cycle (simplified version)

Figure 4.
in potato tuber
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Numbers denote appropriate references demonstrating the described reaction. The dotted arrow in-
dicates that the corresponding enzyme, isocitric dehydrogenase, is reported to be absent in potato juice.

is involved during growth of the tuber
(700).

There is evidence for the existence of
phenol oxidases in potato tissue other
than the polyphenol oxidase or tyrosinase
under discussion. Thus laccase, which
differs from tyrosinase in that it can
oxidize hydroquinone, has been detected
in potato (79). Two specific potato
phenol oxidases different from both
laccase and tyrosinase have been re-
ported; one will oxidase certain indo-
phenol dyes (97) and the specific sub-
strate of the other is scopulitin, a cou-
marin derivative which accumulates in
potato plants suffering from certain virus
diseases (3).

Little or none of an enzyme known as
diaphorase, which has been considered
to be a link between the pyridine nucleo-
tide dehydrogenase enzymes and the
cytochrome oxidase system, has been
detected in potatoes (60).

Other oxidative enzymes found in
potatoes include peroxidase, which trans-
fers oxygen from hydrogen peroxide to a
suitable reducing substance, and catalase,
which liberates molecular oxygen from
hydrogen peroxide. Tests for per-
oxidase are used frequently for testing
the adequacy of blanching of potatoes
(68). The catalase content of potatoes
decreases rapidly during the first 3 or 4
weeks after harvest (27).

Enzymes Involved in
Nitrogen Metabolism

Although there is a substantial amount
of nitrogen (19%) (24) in potatoes,
much of which can be found in protein
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and some 22 amino acids (25), very
little is known about the enzymes which
affect these compounds. Potato juice
has the ability to liberate tyrosine from
proteins and hence contains some pro-
teolytic activity (87). A polypeptide
which may be similar to the proteinase
inhibitors in lima and soybeans has
been obtained from potatoes (708).
This polypeptide inhibits the action of
kallikrein, an enzyme, probably pro-
teolytic (found in snake venom, urine,
and pancreas), which converts a fraction
of blood serum globulin (kallidinogen)
to kallidin (bradykinin), which lowers
the blood pressure. This kallikrein
inhibitor is found only in freshly har-
vested potatoes or potatoes that have
been stored at low temperatures. Stor-
age at room temperature or higher
results in progressive loss of the inhibitor.
Potatoes also contain a transaminase
(73, 58) which catalyzes the following
transfer of an a-amino group:

Glutamic acid -+ oxalacetic acid —
ketoglutaric acid + aspartic acid

but not the closely related transaminase:

Glutamic acid 4 pyruvic acid —
ketoglutaric acid 4 alanine

The widely distributed L-amino acid oxi-
dase has been reported as being absent
in potato (73).

The free amino acids seem to consti-
tute a reserve source of nitrogen for
protein synthesis (25, 93). Protein syn-
thesis from the amino acids can be shown
to occur in thin potato disks in the pres-
ence of oxygen—that is, the energy of
respiration is required for the synthesis

AGRICULTURAL AND FOOD CHEMISTRY

(93). The soluble nitrogen for the syn-
thesis is drawn from a variety of amino
acids, which disappear, but the rela-
tively large amounts of glutamine,
asparagine, and the corresponding acids
(glutamic and aspartic) remain. This is
in accord with the recent ideas that pro-
tein synthesis may proceed through
glutamic acid and glutathione (37)
(transpeptidation), which is also present
in potatoes (33). There is an enzyme
present in potato which reduces oxidized
glutathione (GSSG) in the presence
of the reduced coenzyme triphospho-
pyridine nucleotide (TPNH) (2) accord-
ing to the equation:

TPNH + H* 4+ GSSG 2 2GSH + TPN*

The relationship of this enzyme to
other systems has been discussed. This
nucleotide is also the coenzyme for the
enzyme nitrate reductase present in
relatively small amount in the potato

(28, 62):

TPNH + H* + NO;~ —
NO,~ + TPN+ + H.O
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