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IRTR 0 CTION ARD RLVIZY OF PHE LITRRATRE
Storage Behavior of Irish Fotate Tubers

Mumerous investigations of the storage behavior of
potato tubers have shown a converslion of starch to sugars
during low temperature storage (31°-50°7,) and a reconver-
slon of sugars to starch upon subseguent storare at hirher
temperatures (60°-30°F,). is early as 1882 Huller-Thurgau (66)
reported that at temperatures of 0°9-6%C, sugars accumulated
and starch was broken down while, 1f the temperatureé was
raised to 6°~1096., the sugars disappeared and starch was
formed again. Similar studles conducted by later investiga-
ters (5,6,21,101) have confirmed and extended these results.

It has alsc been reported by Appleman (7) and Curtis (20) that
storage of potato tubers at temperatures of 30°~h0° C. causes
a conversion of starch to sugar.

The magnltude of the sugar accumulation in notato tubers
during storage is principally dependent upon temperature and
duration. There 1s normally little sugar in potatoes at
harvest; however, upon transfer toc lower temperatures the sugar
content gradually increases, the concentration attalned belng
higher the lower the temperature. Thus, the concentration of
total sugars in the potatc tuber can be altered (rom a typical
narvest or 60°-70°F. storage value of 0.27 on a Tresh welszht
basis to a value of over 7# by storaze at =1°C. for 50«H0 davys,

The maximum econecentration of total suzars attained at «19C. 1is



roughly twice that attalned at 1°C. and six times that attaine
ed at 3°c. (9). During storage below L5°F. the total sugars
sradually increase or the first J0=60 days until a maximum is
reached which remains falrly constant for storage perlods of

6 months or longer (102). %hen potato tubers containing
appreciable amounts of sugar are transferred to temperatures
of 60°«30°F,, the sugar content decreases consistently and in
proportion to the increase in temperature. The rate of the
conversion of sugars to starch at the higher temperatures 1is
more ranid than the rate of accumulation of sugars at the
lower temperatures, which is in accord with the general effect
of temperature upon enzymatic reactions.

The vredominant sugsrs formed during low temperature
storage of potato tubers are glucose, fructose and sucrose.
The relative proportions of the individual suars are primarily
denendent upon the temperature and duration of storage and to
a lesser degree upon the maturity and temperature~history of
the sample. 1In potats tubers that contain only moderate
amounts of sugars, sueh as normally found at the time of har-
vest or during storage between SSO-BOOF., reducing sugars and
sucrose are present ln roughly equal amounts and the redvecing
sugar {raction is made up of approximately egual amounts of
glucose and fructose. When potato tubers are placed at low
temperatures (,5°-319F,) and moderately high temperatures
(85°9-100°F,), there is a rapid increase in sucrose wlthout a
corresponding lnerease in reducing sugars during the first

10=20 days of storage. During subsequent storage, the low



temperature samples acoumulate reducing sugars so that alter
6090 days reducing sugars predominate over sucrose, especially
at JO°F. storage. This condition persists throughcout subse=
quent storage up to six months. At 320?., however, sucrose
oi'ten continues to increase after its inltial rise so that in
many varistles sucrose may equal or excesed the reducing sugars
after 60 days of storage. A comparable study cannot be made
on the hilgh temperature (90°-100°F,) samples since the tubers
soon decay.

Arreguin-Lozano and Bonner (8) have reported that fructose
inereased in concentration nearly ninefold at 0% and tworold
at 9°C. but remained approximately constant in concentration
at 16° and 25°C storage for 2 weeks., This is in contrast to
resulte reported by Barker (10,11,13) which lndicate that the
fructose/glucose quotients depart little from unity over the
range from ~1° to 20°C. Much of this dlscrevancy is probably
due to the lack of a really quantitative test for fructose.
ArreguineLozanc and Bonner used the method of Roe (72) which
is not only variable but requires a correction for the sucrose
present, while Barker determined the reducing value after
destruction of the gluco<e with pericdate.

¥When potato tubers are transferred from temperatures below
1,597, to temperatures of 60°-80°F, both reducing suzars and
sucrose decrease. Denny and Thornton (21) have reported that
in tubers -laced at 27°C, following low temperature storage
_there was a marked decrease in reducing sugars without a

parallel decrease in sucrose,
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Barker (12) found that the maturity of the potato tuber
affscted thse proportions of the individual supars and to some
extent the magnitude of accumulation during storage at IGOC.
He reported that potatoes dug in July accumulated hexoses to
a much greater extent than comparable tubers dug later in the
season. Sucrose, however, underwent a prolonged decline in
samples from all harvesting dates. It has also been observed
that early crop potatcoes are more sensitive 1n thelr response
to low temperatures than mature, or fall crop, potatoces (12).
Barker (11) has alsc reported that the sensitivity of the
suzar asccumulatling mechanism may be reduced by adaption to
intermediate lower temperatures prior to transfer tc the
finsal low temperature; and, conversely, the sensitivity may
be increased by prior exposure to higher temperatures but that
this adantive resgonse depends to & large sxtent on the exact
stage of maturity of the potato tubers. Denry znd Thernton (21)
reported that the time after harvegt at which neotate tubers
were placed in cold storage was an important factor in the
subseguent rate of suzgar development. Early storage lnduced
the Tormation of high amounts of reducing sugars while a late
storage flavored an accumulation of sucrose. In later Investl-
sations (22,23), these workers used samples in which this
effect of date of storage was not nearly so pronounced.
Yright, et al, (103) stored several varieties of sotatoes at
60°F. for 3 weeks previous to storage at 32° and LO®F., and
found that the effects upon sugar accumulation were ilncon=

sistent and probably of no great significance,



Potato tubers of diflferent varieties differ markedly
both Iin the extent to which thev respond Lo temperatures
below 5527, and the manner 1in which they rec-ond to storage
at higher tenpsratures (60°=30°97,) followins low temperature
storage. Some varieties such as Bliss Triunpgph and Green
Bountain aceumulate relatively large amounts of susar at
temreratures as high as 559%,, while other varietles such as
Russet Burbank do not accumulate acpreciable amounts of szugzar
until placed in storaze below [J0°F, Denny and Thornton {21),
in a study of 25 varieties, “ound consilderable variation in
the suzar-forming sharacteristles of the varleties. In one
study the hlghest reducinz sugar value was five times the
lowest value with Intermediate values throughout. The osrder
of varietles for increasing amounts of reducing sugars was not
the same as that for incresasing amounts of sucrose., The
correlation in rank for 11 varietlies that were studled for two
years was highly significant which indicates that certain
varleties consistently produce high amounts of reduclng sugars
in low temperature storage. The authors also reported that
tubers of the zame variety zrown under different s=oll condi-
tions and in two different localities showed no important
differences in the amounts of reducing sugzars accumulated during
cold storage. Other workers (103), however, have found varia-
tion in response to storage below L5°F. of tubers of the same
variety grown in the same locallty on diiferent soils, in the
same variety grown In different localities in the same year

and in the same variety grown in the same loecality in different
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voars, The mapntituds of these variations, however, ls not as
large as that caused by dlfferences In variety.

1% is sooarvent fron the foregolns conglierations that Lhe
reaponss of potato tubers to low and high temperaiture atorage
is 3 biologiecal response and oxserimental abtienphs at lts
eluecidation will be aitendant with all the complexity assccie-
ated with simlilar »henomena, There 1z no fixed pattern of
resnonss for gvery ziven sample of potadoes and consldernble
variation both gquantitatively and qualltatively will bse found
anong sanples from the same varlety and particularls among
samples of diffsrent varleties., It appears that tho resnonse
is Initliated by protoplasnalie factors that are to some extent
under genetic control., Little advance has bheen made In the
study of sueh Tactorsg and suitable teehnlques for thelr study
are rot available. The enzymatlic mechanisms, however, by
which the various starchesugar equilidriaare achleved as well
a3 the shiysicocheniecal condltions leading to the egquilibria
should prove subjeet to the advances 1n allled blochemleal
fieldas and inferences that may be drawvn from studies in come

parative bloche. igtry,.
Carvohydrate Transformations in Plants

It is now generally agreed that reversible carbohydrate
transformations in plants take place through the fermentation
pathway In which inorganle phosphate iz enzymatlcally intro-
duced at the maltosidic linkage of stareh and the subsequent

transformations invelve phosphoric esteps of the suzars. At



pregsent, thnls 13 the only bnown nath between zlsplo susers
and gstarche. According Lo thile view hydrolytie ensymoss &such
as amylase are only of lmportance in special cases ginece the
maln products of amylase aotividy, dextrine snd maltose, sre
not normally found in plant cells snd the zystem 13 not rew
versible under ordinary physlologienl conditions,

Porastion of zlucose and fryctoss

arnd {ructoss may be formed directly froz staren by meang of

Glucose

the fersentatlion ratheway or indlre¢tly by the hydrolysis of
suercse whileh 18 in zome moenner flrst formed fpom sbtarech. The
initial reaction in the formation of the slunle suzars from
atarel is thourht to be the opoduction of flucoss-lenhosohate
a8 follows:

amylose + inorzanic phosphate —— glucozeel-phiosnhate.
his rescitlion 18 cat:lyzed by tho enzyme phosphorvliase and s
Ireely reverszible aince the bond eneprgy of the fwieP linka . 2 in
zglusossel-niogphate iz aproximately the same ag the glyeosldie
linkage in starch. The oquilibrins, in vitre, is not slanifli-
eantly affected Dy wids vuriations in stareh concentration.
flanes and Maskell (3%) found that when the p' value is verled
frow Se0 to 740 the wvalues of thw ratio of inorganle ohosphate
to oater phosphate decreasse progressively from about 10,5 to
3.1, If tils eould be oxsended to In wive conditions, .t would
folliow that & decreuse in hydrogesneion concentration in the
1iving cell would csuse a deerease in the r2tio of inorzanile
ahoaphate to glucose-lephoschate whieh would Iasvor ataorch

arnthenis,



Glucose-l=phosnhate does not accumulate 1in living
tissue since in the presence of the enzyme phosphoglucomutase
it is ranslidiy and reversibly converted to glucese-ﬁ~§h05§hata.
According to ths present stote of our knowledge, zlucose
wo:1ld result from the action of a phosvhatase on zlucose-bH-
nhosohate but there is little soecifiec information on this
reaction and nothing is known of the conditlons in the cell
which would determine how much of the glucosenéoyhos;hate
wo:1ld be converted to glucose and how much would be converted
to fructose-b-phosphate, the next compound in the fermenta-
tion scheme. However, it is kxnown that the reaction
glucose=b-phosphate - > glucose -f PO),
is practically irreversible due to the energy liberated as
heat upon nydrolysls of the phosshate bond.
Glucose~b=phoschate may be reversibly converted to
fructose=-b6-phosphate by means of the enzyme nhogphohexolisomer-
ase. Fructose 1is thoucht to become z2vailable by the action
of a phosphatase on fructose-H=phosphate, 38 is the case with
plucose, few detalls of this reaction are known and, similar-
ly, the reaction should prove to be practically irreversible.

Formation of sucrose from starch: The exact mechanism

for the formation of sucrose in higher plants is at oresent

obscure. Sucrose hydrolysis by lnvertase 1s practically
irreversible. Hassld, et al. (i5) have found that the dried
cells of Pseudomonas saccharophilia contain an enzyme whilch

catalyzes the focllowingz reversible reaction:

fructose r glucose-l-phosphate —> sucrose + ?Gu.



The egquilibrium of this reaction is as follows:

Sucrose

inorranic phoschate) o £ on
Freciose .053 at pH H,6 and 30°cC,

zlucosew-l-gohosphate) =
An enzyme simlilar to this suerose phoschorylase hac not

been 1solated from higher plants. Iven sc, 1t wo:1ld be of
doubtful consequence since, with even egual amounts of
slucose-lephosphate and inorganic phosphate, extremely large
concentrations cof fructoss would be required to form even a
portlon of the sucrcs: found in some plants. This, of course,
assumes that the egquilibrium constant would be the same in
vivo as 1n vitro and that reactants and products are not
somehow selectively sesarated,.

Other workers (}7,,9) have demcnstrated bacterilal
enzymes that are capable of transferring the glyvcosldic link-
aze of sucrose Tor those of a polysaccharide. Suerose may
be reversibly converted to a dextran, a levulan or an amy=
lopectin., S8Since the glycosidic linkapge in sucrose is at a
hizher energy level than that of the polysaccharide, these
reactions do not aoppezr as probable mechanisms for sucrose
synthesis. However, the possibility 1s raised for the direct
conversion of sucrese Into starech in higzher olants, The re-
verse of thls process would require metabollic energy. Fur=-
ther consideration of this possibillity is warranted since
slucose-l=phoschate has never been lsolated in apprscilable
quantitlies from intact hizher plants. Also, the principsl
produect of starch breakdown in intact plants 1s sucrose. Thus,

although sucrose utillzation and respiration may occur in



leaves and other opzang that fopn no alareh, stireh rosw
siyation dosy net oceur In the abasence of susrcse (354).
tecent work (13) on the products foprmed in photosyne
thesls hag led to a sronosed mochanlasm Tor snerase {oprma-
tion in whieh fructosee-bephosshate and glucose~leniicsphate
pombine in some mannar Lo yleld sucrvse., Thils tz based on
the finding that after 30 seconds of photosynthesis with
Glhﬁg, sucrose frow Chlorella cells was found Lo have a
hizhar labeling In the frucltosge porticn than in the glucose
hut after U0 seconds bobth moletlies were egqually lsbeled,
This 18 In aceord with the concept that the formatlon of
uerose 1n photosyntheszsis occeurs ags a resalt of the reversal
of fermentation. fructose=bwphosphate would be labeled
first and inlitially renct with non-labeled plucose=lephosphate,
Calvin and Benson (14) as well as 7ood and Burr {(100) and
Gibba (27) have rejported that suerose is the first free
suzar formed in photesynthesis. Stecka (87) studied the
elfscts of L% x lo*lﬁ iodoacetamlide on the assimilation of
ﬁihﬁa by Chlerella during photosynthesis and found that 3.9
times a8 much th wag lncorporated into sucross In the oree
sence of lodoacetemide. It wis concluded that thls was the
result of a bleeculns of other paths of carbon utillization
whieh led to a wore pranld sucrese synthesls or, alternatively,
guerocse wag synithesized by 2 path not involving triose
phosphate., uellet and Bensgon (7)) reported thai when the
nil of the modlum in which Chlorells was phoitosyntheslizing

passed from oh L.6 to 1l.l the vercentase of malle acla
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increasaed from 5 to 255 while the percentage of sucrose Ade-
crezsed from 7 to 0.

Formation of stireh from ;lucose, fructoss and sucrose:

In order for free glucose or fructose to be fLranslormed to
stareh 1t is Cirst necessary to ralse the energy levels of
these compounds to that of the hexose phosphate esters, The
primary mechaniasm, asccording to present knowledue, 1s a
reactlon, catalyzed by elther specific or non-speciflic
hexokinases, in which ATP? transfers a phosphate group to the
free hexose as {ollows:

(1) glucose + ATP ~-> glucase~6~?&& + AP

(2) fructose + ATP ~3» fructose-6-PCl + ADP
Both reactions as piven are practlically irreversibhle since
thie bond aﬁargy ¢ the phosphate group in ATP is at 2 higher
energy level than that in the hexose phosphatez. Iince
seroblc oxidation 18 necessary for the rformation of slizeable
amounts of ATP, 1t can be stated that the converslon of zlu-
codg or fructose to a hexose phosphate will ©te an aeroble
proces:s and will require actively metabolizing tissue. Unce
the hexose phosphate esters are formed, the moat likely path
to starch, according to present information, is throuzh
glucogse=lephosphate tc starch which is a reversal of the
fermentation path. Anocther possible route, however, 1s the
Formation of sucrose from the hexose phosphates zand the
direct condensation of sucrcse to starch throuzh some une
known mechanlism. Recent evidence (67) has indicated that

the phosphatase reaction might prove to be reversible to



some oxtent, bul esven 80 an exrvendliture of metabolliec esnersy
would be required.

Tittle 18 known of the converslon of sucrose te stareh
in the hizher plants. It might be expected that a reversal
of the mechanliam for sucrose synthesls would lead to the
phoanhorvlatsd ssters of glucose and fructose whileh could
then 2rocaesd to starch through a reversal of fermentation,
A repection of this type should be accomplished with little
sxpenditure of metabolice enevgy, However, there 1s no proof
of such a mechanism in higher plants.

Identification of the inzymes of Fermentation and
“hosphorylated Intermediates in the Potato Tuber

With the exception of hexokinase and a specifie
snzyme for the synthesis of sucrose, the enzymes and phosw
phorylated intermedliates required for the various transformae
tions of the carbohydrates vis Lhe fermentatlve path have
besen demonsirated in the potato tuber,.

Phosphorylase was [irst demonstrated in potato tubers
by Hanes (34). It was further characterized by Green and
Stumpt (28). Jotato phosphorylase, along wlth phosphorylase
I'rom other scurces, Ifresd from traces of stareh, cannot ini-
tiate the aynthesis of starch from pure glucose~l-phoschate
although thls enzyme 1ls capable of causing the phosphorylytice
breskdown of starch to glucose-lephosphate in Lhe presence
of a suiltable concentration of inorganlce phosphate, Iotato

phesphorylase requlres the presence of sowe preformed poly=
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saccharide for the synthesis of starch. The activation 1g on-
£imal with amvlopsctin but the osriming acticon can also be
achieved by linear amylaceous materlals, Iincluding natural and
gynthetic amyloses as well =s the products of partial acld and
X ~amylase hydrolysls of these materials (50). FPotato phos-
shiorylase does not have the abllity to catalyze either the come
nlete formation or breakdown of starch (4L3) since only linear
chains of 1,li linked o(- D=gluccse units are synthesized or de-
sraded. The formatlon and disruption of the branched structures
of amylopectin which contain 1,6 linkaces at the noint of branche
ing evidently requires the presence of an additicnal enzyme.
Peat and his collaborators (72,73,7l) have obtained an enzyme
from potato btubers that 1s capoble of converting linear amylose
into branched amylopectine. This enzyme, which has been deslise
nated as the § enzyme, functions as a non-phosphorolytic transe
zlueosidase., Thus, the aynthesis of native starch In potato
tubers can be accounted for by the asctlion of phosphorylase in
collaboration with the { enzyme, but the manner of formstion of
starch inte insoluble starch grains in the plastids of the plant
cell as well as the significance of this localization are not

vet explained.

The phosphorylated intermedliate glucose-l-phosshate which

iz essentlal for the synthesls or degradation of starch by the
fermentative path has not been detected as 2 normal consitltuent
of potato tubers although Arreguln-Lozano and Bonner (&) have
reported it vresent in small concentrations in potatoes stored
at temperaturses of 0% and 9°C. Albaum (3) lists the occcurrence
of gluecose~l-shosphate in potato tubers as reported by several
foreign workers.

The enzyme systems, phosphoglucomubtsse and phosphohexose
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isomerase, responsible for the interconversion of ths hexose

phosphates, have not been isclated from potato tubers although

the activits of these systens may be readily demonstrated

in vivo. Glucose=-bH=phos-hate and fructose-b-phosphate, howe

ever, are present as normal constituents of potato tubers (3).
There are no reports of phosphohexokinase in potato

tubers althousn Helready (6l) has reported an accumulation

of fructose 1,5 dighosphate durling the process of starch

conversion into sucrose., Aldolase (91) and triosephosphate ()

have been reported by ssveral workers,

Indirect evidence of the presence of hexolinase in

potato slices has been presented by Guzmane-RBarron, et al. (30),
Bonner (15) also states that evidence of hexckinase activity
has been found in the petato,

Numerous acid, alkaline as well as speclfic phosphatases
have been reported in potate tubers. Xalckar (55) and
Krishman (57) reported on an enzyme preparation from potatoes
catalyzingy the hydrolysis of the acidelabile phosphates in
7. Hassid (413) has reported a potato phosshatase that
readily splits off the phosphate from the reducins monophosphates
but only to a very small extent frou glucose-le-phosphate.
Various other types of nhosshatases have been reported by

pfankuch {(75) and Naganna (63),
Transformation of Carbohydirates in Intact lant Tissue

It is possible to shift the starch-sugar equilibrium

in planits by means other than temperature changes, In the
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leaves of many oslants stareh acoumulates durlny cerliods of
11lumination and disappears durlng perlods of daruness whan

guearg lneresase in amount., Stareh rapidly dlsazoears and
suzar inereasss in leaves or other slant nparts in which a
water loss is occurring, In addition, starch mav be formed
in leaves or other plant parts whieh ars being sritiilclally
fed a sclution of vlucose, {ructose or suerose,., Under these
game condltions glucose will fomm fructose and sucrose, fruce
tose will form glucose and sucrose and suecrose will form
alucose and fructose. Tt 18 anparent that intact tissues
{ruectoae, sucrosc and stareh, Fowsver, lovestigators have
not renerted guch sn setivity in hompgenates.

Spoehr and ¥ilver (85), in s study o/ stareh dissolue
tion and amylolytiec activity in leaveu, rerorited that in cer-
tain leaves starch disasolutlion occurs in an atmosshere {ree
of' oxyzen although the rate of loss under angercble condltlons
was roughly one«half that of the aeroble rate. The rate of
loss was Turther decreased by the presence of C0» in cone
centrations above 57 under both aerocblie and anaeroble
conditions. Thess workers slsc rezort that stareh dissolue
tion dees not oeccur in leaves which have been killed by
toluene, chlorsform or freezing even thourh such azents do
not desiroy the enzymes. The results of these workers are
dirflieult to interpret since analyses of the products of
scarch dissolution are not given. Their results would zesm

to indicate that the necessity of intact tisauve Lor capre
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bohydrate transfocrmations depends upon protoplasmic organi-
zatlon rather than a syetem capnable of generating metabolle
generzy in appreeciable amcunits. Other workers {39,65) report
that aerchbie conditions are universally essentlal Tor augar
formation in plants. The effect ol C0p is also dirficult

to interpret since there 1s no way of determining whether
its effect was due to 2 narcotle affect on the protonlasm
or to 2 diverting of the energy-ylelding reactions to Co,
fization rather than sugar fermation.

%Finkler (97) studied the conditions under which starch
is=s proﬁucéd in leavee artificlally fed sucrose. For most
species a 10% solution of sucrose wis found. to be ontimal,
The minlmum conecentration of suercse which caused starch
formation was 0.2%. The minimum temperature at which this
oceurved was 6°-5°C, The presence of oxygen was indlspen-
sable for the conversion of suerocse to starch,

Nelson and Auchincloss (659) reported that potato slices
dipred in solutlicns of glucose and fructose show an increace
in sucrose and that sucrose did net form in the absence of
OXY &8N,

Vertanen and Nordlund (93) have shown that sucrose 1is
readily formed fron artifieclally fed glucose and fructose
iIn wheat and red clover leaves, and that there is some cone
version of fructose into glucose, and vice-versa,

Nurmia (71) recorted that the conversion of Tructose
inte glucose and the synthesls of sucrose from the hexoses

in livinrs »nlant tlssue are not directly affected by a 0,08
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molar KCY¥ soluticn.

Leonard {50,61) found that when a 67 glucose solution
was supplied to corn leal blades sucrose increased markedly
during the 2b-hour feedins perilod, while glucose and fruce
tose inereased only slichtly. Essentlially the same results
were obtalned with sorghum and cotton blades. Sorghum leafl
blades fed glucose in an atmosphere of Clp or l'p lost rather
than gained in sucrose. Iodoacetic acld, at =2 consentration
of 0.1% or hizher, nrcvented the synthesis of sucrose from
zlucose but not 1ts hydrolysis, whereas variocus concenirfe
tions of NaCHN, KON, KSCHN or invertase had little effect on
sucerose synthesls, Sucrose synthesis Irom glucose or fruce
toée decreased with senescence in cotton blades. In corn
blades fed 67 glucose, sucrose was synthesized less readily
at 8°C. than at higher temperatures (30°.50°¢,)

MeCready and Hassid (65) reported that leaves infiltrated
with zlucose or fructose sccumulated sucrcse to a level of
6% of thelr dry welght. Earlier ¥cCready (6l;) renmorted that
this conversion would not take place in the absence of
oxygen or in the presence of cyanide and that, during the
process of starch ccnversion into sucrose, hexosemononhosphate
and fructose 1,5 diphosphate accumulated., TFrom thls he

assumed that Iructose 1,5 diphosphate 1s probably an essential

component Ior sucrose formation.
Hartt (35,37,3%,39,40,41,42), in an extended study of
sucrose synthesls 1In detached susar cane blades, reached

conclusions2 similar to those jusit reported, She found that
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the interconversion of glucose and fructose dld not take
place at 6°%C. but that at 20°C. the two hexoses were inters
converted as ransldly as sucrose was formed, and that at
BOQ-hOQC. hexose interconversion took place more ranidly
than sucrose formation. She reported that seration in-
creased the absorption of ~lucose and was absolutely
easential for the conversion ol gluccose into fructose and
for the synthesis of suerose, She concluded that without
exception whenever the interconversion of glucose and fruce
tose 1s inhibited, the formation of sucrose is also inhilbited.
In a study of the effect of metabolic inhibltors unon
sucrose synthesis, she found that various growth regulators,
bone vhosphatase, iodoacetate, arsenite, selenite, flucride
and 2,Lh-dinitrophenol nrevented or decreased the intercon-
version of glucoeose and fructose and the synthesls of sucrose
whereas pyrorhosphate, azide, 8«hydroxyquinoline, malonate
and eyanide had little or no effect. In a later paper (L2),
Hartt reported that malic acld has a specific role in in-
creasing the formatlon of sucrose from glucose even to the
extent of partially overcoming the inhibition of lodoacetate,
fluoride and brilllant allizarin blue but not of selenite.
Hartt also concluded that fructose 1,6 diphosphate was an
intermediate in the formation of sucrose by the sugsar cane
plant.

‘rreguine-Lozano and Bonner (3) reported that discs from
potato tubers stored at OOC., upon being artificlally fed

zlucose and fructose sclutions, appear to take up and inter-
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convert more slucose and fructose and to synthesize mors
sucrose irrespective of the texpepature of !ncubation than
disee from tubers stored at 2590, In addition, they revort-
ed that dises from tubars stored at 0°C. synthes’ze more
gucrogse when lneubsted at GGG. than when incubated at 25°C,,
and that dlses from notato tubers stored at 259C., form more
sucrose when given fructose than when glven glucose.

Krotkov and Pennett (58) studled the synthesls and
hydrolyslis of sueross following vacuum infiltrstion into
wheat leaves. They repcrted that 0.02# KaF, 0,01 cyanide,
0.005% iodoacetate and 0.45< dinitrophencl inhiblted sucrose
srnthesls and incressed sucrose hydrolysis., They also ice
sorted that glucose~leshogphate, fructoss=Sephosshate and
fpuctose=l,fe=diphospshate, when infiltrated with s hexose
surar, strongly inhibit sucrcse syntheals, The concentrae
tionz of inhibitors used in this experimont sare conslderably
higher than those usually employed. Furtnermore, cther

workerz (530) have ghown that phosphorylatsd susars are not

able to penetrate the c¢ell membrane.

fany workers have found that the drving of leaves,
tubers wnd othep plant orvans at roovw temperatures causes
the conversion of starch into sugurs. “atsrman (34) exe
sressed the osinlon that stareh 1s changed te sucrose in
gone direet way when potato sliices are dried at tesperatures
or 30°=50°%c., vther investigators (82) working with
starch-bearing leaves concluded that on dryins the stiorch

was converted inic sunvrose and that the process was indepnene
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dent of the concentrations of hexose sugzars present in the
leaves,

wolff (93,99) believed that the accumulation of sugar
by potato tubers placed at temperaturss of 30°-50°C, was
simlilar to the acewmulation of sugar in drying discs. He
studised the effect of different experimental condlitions on
the kinetlics of the conversion of starch to sucrose in
drylng discs and rerorted that the suerose content ilncreas-
ed more or less independently of the manner of drying. The
temperature for dryingz had little effect on the equilibrium
but accelerated the velocity about 1.5 tlmes for eszch rise
of 10°9C, The magnitude of the accumulation ranidly drovped
off at temperatures from 50%-70°C, and the conversion did
not occur in potato brel or when the dry matter increased
beyond 53 per cent. Al most temperatures there was also a
small inerease in reduclng sugars. Then partially dried
potatoc sllices, whose sucrose content had come to egullibrium,
were allowed Lo absorb water, the sucrcse content decra2assd
but not to the original value. Wolff also locked upon this

reaction as ¢ne independent of the reduclnz sugars present.

Nelson and Auchlncloss (69) found that when potato
slices were dried in an satmosphere of ¥y, either no increase,
or at most, a very slight lnereasse in sucrose occcurred.

Leonard (61) found that the drying of corn leaf blades
resulted in a slight increase in sucrose and fructose, while
under the same condiiions cabbage leaves syntheslzad large

gquantities of sucrose from reducing sugars, This synthesls



in cabbare leaves continued until the blades had a mois-
ture content of B=., “This synthesls could be provented by
neating to ?206.

Spoehr and Milner (86) found that, upon losing molse
ture, sunflower lenves showed a larse decrease in starch
over the controls in water. The effect of the decreazse in
water content on the loss of starch was much more pronounced
at 22°C, than at 5°C. durins the 18 hours of the experiment.

Careful work by a number of investigators (76,77) has
established that the domlnant feature of crassulacesan
metabollism is the reversible transformation of malic acid
to starch, With 1llvmination during the day the organic
ascids decrease while starch lnecreases. During the night the
organic acldes inerease while starch decreases. The largest
share in the changes in organic aclds is taken by malic
acid., Citric acid veries in the same directlion as mallce
acid but te & smeller extent. Leaves cultured in the dark
alsc syntheszized sterch., YWhen excised leaves were exposed
to different temnerstures it was found thet at 9°C. the
total organic acide inereased during the flrst day more
re2idly and to a greater extent than at 20°9C., while at
190, the incrsasze in organic aclds was somewhat slower
than at 99C. but wes almost equally as extensive. This
response to temperature i3 somewnat similar to the converw
sions of sugars in the petato tuber but in none of the
above experiments were there any substantial changez 1n the

gsoluble carbohydrates and what trends there were involved
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alucose rather Lhan sucrose.

Discussion of the Problem

In a study of the nhyaiolowsy and starche-sugar trans-

formations of potato tubers during storagze, the following

problems are nertinent:

1.

2e

3.
L

9.

In what manner does low temperature (32°~h50?.) and
high temperature (90°-100°",) alter the physiology of
the potato tuber so as to lead to a conversion of

starch to sugar?

Do tewmperature and desiccation operate through simlilar
physlologieal shifts in metabolism?

What is the pathway of the starche~sugar transformations?
¥hat specific chemieal components cause a shift in the
starchesugar egqullibrium?

Is sucrose synthesized by similar mechanisms at low and
high temperatures, under desiccation, and wilth artiflciel-
ly fed glucose and fructose?

Yhy does sucrose accumulate first?

¥hy are aeroblie conditions essential for sucrose syn-
thesis and the interconveralon of the hexoses?

¥hat determines the ratio of redueing sugars to suerose
as well as the ratlo of glucose to fructose at the dif-
ferent storage temperatures?

Wwhat factors are responsible for wvarletal and sample

differences in resnonse?

With the limlited information now available on the cone-

trol of metabolism in intact cells 1t is difficult to formue
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late even 2 svstematlic experimental atbtaeclk on the above
problems. It is known that the mechanisms involved in
carbohydrate transformations are enzymatic in nature., 1In
the living cell these enz mes are in a continuous Iinterplay.
The actual metsbolic pathway of carbohydrates in living
cells 1s determined by the multinle factors which constitute
the regulatory mechanisms of cellular metabollsm. JIome
nossible regulatory mechanisms would be:. (1) the sresence,
amount, activity and topogravhical location in a cell of a

civen enzyme, (2) the ratios of the important reactants
such as 4TP, ADP and incrganic phosphate as well as the
availabllity of phosphate sccestors and (3) changes in the
nermeability of the various cellular membranes which may
elther bring enzyme and substrate topgether or determine the
availabllity of an eszentlal reactant.

The amount oI enzyme present may control the course

of metab lism since 1 two z2ltern:ative metabolle sathways
are available, the pathway Tollowed will denend in pnart upon
the relative amounts of the respective enzymes, Tnzyme lo-
cation is Ilmportant as a primary mechanlism for the control
of metabolism. A ziven enzyme may be locslized in the ecell
membrane, which 18 a highly complex part of the ecell machine-
ry participating both in the controcl of cell metabolism and

transport ol substances (80}, it may be lccalized in the
scluble fraction of cytoplasm or 1t may be restricted to the
particulate matter. There 1s llttlie evidence, however, that

the topographlcal location of an enzyme will chinge since
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it 1s fized by the penetic constitutlon of ths cells. The
getivity of an enuyme in a cell iz controlled by the physieow
chenieal environment of the ecell and is affectsd by such
fastors as (1) 11 {2) substrate concentration (3} cone
cenirations of necessary metalllc elements and coonsymes

and (L) »resence or absance of vaprious inhibitors,

It 18 diffiecult to poastulste possible sites st which
variations in amount of enzyme or astivity with temperature
counld aliter the starchesuzar eguilibriur in sotatoe tubers
since the examet pathways of ths transficrmations are nat
nowne It would appear thabt vapristions in amount or activi-
ty of enzymes could only affect practiceally lrreversible
resctions such as the phosshorylation 6f glucose, VYVaristions
in ampunt of enayme or actlivity should have llitle effect
on the eguilibriaof reversible resetions unless theve ig
present ¢ eompeting enzsyme at one temperature and not at
another.

It 18 poaslible that cellular metabolism may be resulated
by variations in the amounts or ratiocs of the resciants
present in the system. The three most lLmportant reaciants
invelved in fermentation and resniretion are AN?, 2179 and
inorganic phosphate. 3Since the equilibrium polint of Mipe
mentation corresconds to far higher insrcanls nhosphate
concentrations and lower ATP/ATY patios than the eguilibrius
point of asroblc oxldation, in the presence of oxldative
mechaniemse the level of inorsoanle phoaphate will bs lowasr,

Z

4 preater sroportion of inorzanie vhosphate will be combined



in ATP, and the inltial reaetion of fermentation will pro-
ceed toward staren synthesls rather than the formation of
plucose=lephogphatde, However, this meneral pleture can be
consicderably modifled by the nreasence of suitable phosphate
accentors such as zlucosae and by the nresence and activity

of sdenylpyronhosphatase whieh liberates inorganie phosphate
from ATP., The manner in which the above concept may possibly
nlay a part in regulating the starchesupar eguilibrium in
notato tubers wlli be discuased later.

Cellular metabolism may also be regulated by variations
in membrane permeabllity. The vacuolar membrane and the
particulate boundariez would be more involved in this con-
cept than the cell surface, Changes in the permeability of

these membranes could more or less regulate the extent to
which substrate and enzyme were brought together or deter-
mine the avallability of an essential reactant, For examvnle,
organic aclids which are localized in the vacuole would cause
an increase in reactivity when releansed to particulates or
reactive centers in the cytoplasm. Similarly, the release
of ATP from the particulates wonld stimulate synthetie
raactlons, Physicloglsts have sntertalned this idea for
many years., Coville {(19) in 1920 susgosted that the starch

gralns in slant eells are at flrst separated by living
active cell membranes from the enzymes which hydrolyze
stareh but that when the cell 1s chilled the membranes under-
Zo & chanse in permeablility so that the enzyme "leaks™ oub

and hydrolysls results. Ixperimental evidence for iLhe
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fuanctioning of the mechanliasm of permeability changes in the
membrane 1s largely lacking but this can be atiridbuted to
the difficulties encountered In studying the orzanization

of the living e¢ell rather than to any weakness in the con-

cepta.



BaTsRIALS AND RETHOLS
Irish Potatoes

For the worlk in 1951 potatoces of the varletles

Russet Burbanik from Washington, Green kountaln from Long
Island, N.¥., Chiprewa from Maine and Triuwmph from Korth
Dakota were used. Previous investigations had shown that
these varisties differsd markedly iIn starch content and in
the ability to accumulate suzars in low temperature storage.
T™e potatoes, which were mature, unwashed U.S. Ho. 1l's of
the fall crop, arrived at Beltsville, Md. during the {irst
waek of November, For the work Iln 1952 and 1953, involving

the behavior of potato discs, potatoes were obtailned from

NREPoUs S0Urces.
Storage

Upon arrival the potatoes were randomlzed and lots of
each variety were stored at 31%, L0° and 55°F. in larwe
storage rooms controlled within 1°r, 1In addition, samw
ples consisting of 10 tubers from sach variety were placed
i an oven at QSOF; Duplicate scumples from each ¢of the
storage temperatures were remcved and analyzed after 21 days.
Duplicate sarmples {rom the 310, 10° and 50 storass roons,
representing the . varletles, were also analyzed after i
montha., In addition, duplicate samples frowm sach variety,

alter l; months storaze at LO®F., were pluced in a lerge
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stora~e room at 70°7, for reconditioninz (econversion of

sugars into starch) studies.
setermination of Carbohydrste iractions

The individual tubers {rom each sample were washed,
dried and szlit longitudinally into guarters, i.e. from
terminal bud to stem end. A guarter from each tuber was
passed throuzh a food gprinder and the composlte mixture
from the guarters was blended in a Warinz blendor for
approximately one minute. Twenty grams of this blend were
weighed to 0,01 2. into a 200 ml., Xohlrausch flask and
approximately 100 ml. of hot 85% ethanol were added. The
sample was bolled for anproximately 2 minutes and, after
coolin;;, was made to volume wit-: 857 ethanol., The sample
was sct aslde for a month or more aflter which time 1L was
used for the determlnation of sglucese, fructose, suerose
and starch. The alcohol sample was filtered and an aliquot,
either 50 or 100 ml. denending upon the storagzs temserature

o’ the tubers, was evaporated on a steam bath, cleared with
neutral lead aecstats, deleaded wlth potasaium oxalate,
filtered and made to 250 ml. Reducing and total sugars were
determined by the Shaffer-Somo~syl method as modifled by
Helnze ond Murneek (l13). Suerose was ealeunlated by differ-
ence. Fructose was determined as described by Roe (79) but
the method was found unreliable when ths correction for
sucrose was larse. Shtarch was determined by orindins the

residue to pass sn B0 mesh screen, and emnlovins the nrow-



cedure outlined by Heinze and Murneek (48},

setermlnation of Phosphorus PFractions and
“hosphorvliated Intermediates

The potato tubers used for the determination of the
phosphorus fractions and phosphorylated intermedlates were
weshed and frozen overnight at 0°F, (Juarters of frozen
tubers were passed through a food grinder. The material,
which was 3tlll frozen snd in a powdery state, was mizxed
end weighed and samples were ground in cold 7.5% trichloro-
acetic acid, The mixture was centrifuged and the residue
reextracted with trichiorocacetic acid. The combined supere
natants were made Lo volume and used for the determinations.

Inorganic and total phosphorus were deitermined colorie
metrically by the method of Miske and Subbarow (26). Howe
ever, due to diffliculdty in obtaining consistent results for
total phosphorus, the method of Waygood (95) was used for
the later samples. Crganic phosphorus was calculated by
difference bvetween total and lnorganic chosphorus values,
Seven-minute, G0-minute and 130-minute hydrolyzable phos-
phorus Ifractions were determined according to Waygood (95).

Alkali-labile phosphorus was determined by adding 2 ml,.
of a 2N HalH solution tc a 2 ml, uliguot of the sample,
allowing the solution tuv stand for 20 minutes st roon tem~
perature, neutralizing and treating as Jor lnorganlec house
DNOTUE .,

The phosphorylated ilntermediates were delermined

essentially by the method devised by Umbrelt, ot al. (92)

i



and Albaum {(1l}.
lnuyne Assay

Two 50 . portions of the frozen mix were used to
obtaln the enzyme preparations. Zach sample was trans-
ferred to a e¢old blendor and 100 ml. of cold water was
added. The material was blended lor exmctly 2 minutes and
filtered into centrifuge tubes containing 8 small amount of

toluene. Both tubes were then centrifuged at 3500xCG for
10 minutes. Twenty-five ml, of the supernatant in each tube
wag plpetted into 50 ml. flasks and made to volume. This
va8 the enzyme preparation used for the enzvme 233aY.
Inzyme assay was carried out immedliately aflter extraction,

rhogphorylase: The standard digest for piosphorylase

asgay was 3 ml. of maleate buffer {(39) at pi 6,0, 5 ml. of
slucose=-l-phosphate (3 mg. of dipotassium salt ser ml.),
1 ml., of a2 1% starch solution and 5 ml. of ihe enzyme pre=-
paration, The enzyme preparation was plpetted in at zero
time and 2 ml. aliguots were transferred to centrifuge tubes
contalining 1 ml. of 15% trilchloroacetlc acid after 15 and
30 mlnutes. Simllar aliquots were transferred to colorim:ter
tubes contalning I mi. of O.1 N Iguﬁl sclution, The actlivity
oI phosphnorylase was determined Loth by the increase In in-
organic phospnate and by the increasse in the iodine coloration
of stareh. Activity was determined at 25°¢,
Frhosphioglucomutase: The standard dipgest or phospho=-
glucomutase assay was 3 ml. of veronal bulfer of pil %.&,

5 ml. of glucose-l-phosphate (3 mz. of dipotassium salt per
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ml,), 1 ml, of H,0 and 5 ml. of enzyme preparation. The

2
enzyne preparation was pipetted in at zero time and 2 ml.

PN

allguots were transierred after 10 and 20 nminutes Lo centrle
fugze tubez conbtsaining 1 ml. of 19 trichleoroscetic acld.
Seven-mlnute hydrolyzable snd Inorgenic phosphorus were
determined at seros tlme and al'ter 10 and 20 mlnubes of
insubation at 25°C,

amylage activity: The stundard dlizest Tor amylase assay
was 3 ml., of maleats bulfer at p¥ 5.0, & ml. of water, 1 ml.
of a 17 starel solution and 5 ml. of enzyme srenaration.
The enzvwe proparation was nlpetted in at sero time and,
aifter 15 and 30 minutes, a 2 ml. aliguot was transferred to
a 25 ml, flask containing 1 wul. of 0,18 Ip=KI solution.
The decrease in the coloration of the lodine-~stareh complex
between 15 and 30 minutes was taken naz a measure ol the
anylase actlivity. Activity wasg deterained at 259C,

Aldolagse activitv: The standard digest for aldolase

assay was 3 ml. of veronal bufier at pi 8.9, 2 ml. of 0.25K
XKCH adjusted to pi 3.5, 2 ml. of enzyne pregaration and 2 ml.
of 0.1 fructose~l,b-diphosphate. The Iructosee«l,b=diphos-
mhate was pipetited in at zeroc time and the reasctlon was
stopped after 30 minutes by adding 7 ml. of 104 trichloro=-
acetle acld. The mixture was centrifuged and 2 ml. aliquots

of the supernatant were used to determine inorzanic phosohorus
prezent bhefore and after exposure to 2 ml. of 2¥ HNadi for 20
minutes. Aldolase sctivity wus studled et 27°¢,

Pnosphatase sctivity: Acid and alkaline vhosohatase

were estimated colorimetrically as described by Seligman,
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et al., (83), The standard digest for the study of the
liberation of ilnorganile shosphorus from the phosphorylated
sugars by cotate shoschatases was 5 ml. of a 0,17 solutlion
of the phosnhopylated sugsar, % ml. ol enzyme preparation
and 8 mle. of veronal buffer at pi 3,0. Inorsgsnic »hosphorus
was determined at zero time and after 1 hour of incubation

at 2§°C.
Preparation and Sampling of the Potato Dlszes

Cylinders of potato tissuve were cut from the potato
tubers my means of a cork borer 1 em. in diameter. Discs
of 1«2 mm, thlck were cut from the medullary area oI the
potato c¢ylinders. The discs were washed and randomlized for

20 minutes., In some experiments the disce were used zlter
this preliminary washing, but for most of the worik they were
subjected to 2L hours of washing by ta: water. After washin-,
the discs were spread out on a {ilter paper and blotted dry
before weilghing.

After the exverimental treatments the discs were washe
ed in tap water for li minutes and drooped into hot 80 alco-
hol. 3Sugars were then determined as deecrlibed previously,

The partially deslccated dlscs were elther dronped
directly into alcohol wlthout washing or first ground with
sand and slcohol to insure complete extraction. Checks on
the extraction procedure showed that extraction was essen-
tially complete whether the material was ground or not,

Other procedures involved in the study of thse notato

discs sre glven in the text,



SAPCRIMONTAL RuSULYS
Experimental Studles on Intact Tubers

The data in Table 1 show the changes in the princizal
carbohydrate fructions of the four varieties of potateo tubers
after 2. days of storace at 31°, 40°, 55°, and 95°7, 1
larze inerezse in sucrose occurred at 31° and 95%%, and a
somewhat smaller increase occurred ot hO°F. The decline
of the starch percentaces at these temperatures 1ls a conse=
guence of sucrose formation. Tubers storsd at 550?. have
undergone practically no change during the 21 days. “ttentlon
1s drawn to the similarity of response of the tubers stored
at 310 and 95°F, since many of the earlier investigators
were either unaware of or attached little significance to
this similarity.

The data in Table 2 zive the orincipal carbohydrate
fractions after four months of storage at 31°, 402 and 55°%,
Storaze at QSOF. for four months ig not possible since the
tubers decay. In general, at 310 and hoof. snerose shows
an lncrease over the values for 21 days. However, it is the
reducing sugars, glucose and fructose, that show the major
increase. Since sucrose 13 always first to accumulate 1t
would appear probable that the redueing sugars have been form-

ed Irom sucrose., The starch values have undergone corres-—

ponding decreases at 31° and 40°F. The composition of the
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Table 1. Changes in carbohydrates in potato tubers during
21l days of storage.

Variety ?torage Per cent on a frish w?iqht basls +
(s?ggce) giﬁgera- Yiolsture 3tarch mgi;;égg Suerose
?§i?§ihﬁakota) Harvest 80.4 13.6 0.31 .06
31°F, 80.5 11.8 N 2.0k
Lo° 80.6 13.0 L2 .82
55° 80.4 13.0 .31 .0l
95° 80.6 12,1 A1 1.33
Green Mountaln Harvest 80.2 13.9 2 .05
(Long Tsland) 31° 80.5 12,6 .30 1.63
Lo® 80,5 13.8 $32 .37
55° B0l 1.2 .20 .07
95° 80.7 12.5 .38 1.85
Chippewa
(Waine) Harvest 82.7 11.9 .29 .08
31° 82.1 10,2 .91 143
Lo° 82.2  11.4 .28 .51
55° 82.y  11.h .19 .05
95° 82,4  11.0 Jdi2 .31
Husset Burbank Harvest 74.8 19.6 .10 .05
(Washington) 310 .6 17.5 39 1.3l
1;0° he7 13,38 22 .57
55° 7he2 19,1 .07 .07
)50 7.8 18.6  0.29 .72

1. Average of duplicate determinations
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Tible 2, Changes In " wrochydraten In potato tubers during
Four monihe ol stora-e,.

Terliety Stors e or GOnt on & Ipesh wol s ht baslbr
and Temporae o SETREIT B T
zarce ) Al - Lalsiues ctapeh  cusaps Susoose

Triumph Hapvest G0 1345 o 31 $006

{ Borth Dakota) i j
31%, Y0e3 G aR 2443 2
E@Qe A0 025 1l. {“} cf;}in:‘ L
55@ 3; ..0 1? 05’3 p}@‘i} ™ 3}-

msm.

3§aaﬁ,%euntain darvest N0 o2 139 o2 205
thong Taland) 21° 3046 8.1 2405 3.90
Lo® 80eH  1le¥ 1457 .65
50 Blel  12.5 52 o32

Chippewa Harvest 827 11.9 « 25 o O35
{valne)
31%/2 8243 b7 Y e30 Sdi
Loo/2 9242 11.0 30 36
g59 3247 1145 012 o1lp

Husset Durbank Harvest Tired 195 10 05
{*aghingzton) o t ?
31 Qa7 1342 Lo 30 25U
Lo° 752 1345 Y 2%

,{3
559 7549 18,5 o2k .18

l., Averave of duplicate deterwinatlions

2. Average of seven revlications
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of harvest. Varietal dilferences 1n response are anparent
when the hGO?.}aﬁorage values z2re compared. Nuenh leoss total
susar wags accumulated by the varieties Chlppewa and Russet
Burbank than by Trlumeh or Ureen Fountain., Suech varletal
difrerences are imporitant in choosing potato t:bers for
commercial storage, since those varileties accumulating large
amounts of sugar duriny storage are undesirabls. However,
these varietal differences usre no longer aoparent in the
tubers stored Ifor four months at 31°F. This storage ftreant-
ment represents an extreme condition of environmental siress.
The accumulation of sugars at this temperature renresents

the maximuwz amounts attalnable for the glven lots of potatoes.
Continued storage beyond lour months at thils low terperature
leads to a physlolozical breakkdown which has been characters
ized as internal manomany browning (51).

A qguantitative estimation of fructose in the samples in
Tables 1 and 2 was not possible. The routine application of
the method of Roe (79) to the suszar solutions gzave variable
results., The data in Table 3 show the composition of the
reducing surar fraction of the variety Chinvewsa (aine)
after four months storare at 31° and AO°F. This variety was
chosen because of its hizh »rogortion of reducing sugars to
aucrose, Jnly with thls condition i1s a reliable estimation
of Ifructose possible. Seven chemleal replications of the
orizginal sugar extract were wmade. The data show that the

zlucose/f'rictose ratio £s close to unlty both at 319 angd
L0%r,
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Table 3. Composition of the sugar fraction {rom Chiprewa
(#aine) tubers.

far coent on & freash welght basis 1

Storaze

cluccase Fructose SUCPOsSe
i montns at 31°%, 1.95 2.35 2.40
!, months at LO°F. .35 45 .36

l., Average of 7 chemical replications

The data in Table [ give the prinecinal carbohydrate
fractions 1in potatc tubers, previously stored at &09?. for
four menths, alter three weeks at 70°%°F. The results show
that there hag been a loss 1n reducing sugars and sucrose
and a8 galn, althcugh not equivalent, in starch, Conslderable
variability of responge was found in the different varieties
as well as lots of the same variety.

As previously stated, the oresence of oxygen i3 consider-
ed essential for the formation of sucrcse in plant tissue,
The results from an eXperiment which ccmpared sugar accumu-

lation in potats tubers stored at 32°F. both in air and in
3% oxygen are given 1n Table 5, There is an increase in
sugar gquring the 20 days of the experiment even in the nree
sence of limiting oxygen although 1t is, in zeneral, lower
than the increase in the tubers stored in alr. It may be
conciuded that the process of sucrose accumulation in potato
tubers at low temperatures is, within limits, relatively in-

gensitive to the oxvgen level,

The results Ifpror an experiment whilch compared the extent
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Table li. Changes in carbohydrates in potato tubers, previous-
1y stored four months at L09¥., during three weeks
storage at 70°7,

Per cent on & Iresh welsnht basist

Variety
and Storage Reducing
{ source) Molsture Starch Sugars Sucrose
Trilmh lé. m@.*uOOFc 80"4’ 11 .9 098 O-S?@
{Korth
Dakota) " .3 wks.=-70°F, 81.6 12.2 .77 .35
Green Moun- li mo.-10°%, 80,6 11.5 1.53 .66
tain
(Long " .3 wks,=-70°F, 79.7 11.9 .79 W1
Island)
Chippewa ly mo.=40%r, 82.2 11.0 .80 .36
{Maine)
" .3 wks.-70°F. 82.9 10,9 L6 2
Russet i mo.=}0%F, 75.2 18,6 119 .26
Burbank

(washington) " =3 wks.=70°F. 7h.7 18.8 17  0.21

l. Average of duplicate determinations



Table 5., Sugar accumulation in potato tubers during 20

dayvs at 329F. as affected by 3% OXyZen.
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Variety 7 on & Iresh welzht basist
and Treatment

{ source) Reducing Sugars Sucrose
Triumph alp 0.68 1,07
(North Dakota) )

3% oxygen .61 .86
Green Mountaln alr L9 1.1l
(Long Island) B

3% oxygen .5l 1.03
Chippewsa air iy .88
(Maine)

3% oxygen «33 «7h
Russet Burbank air e13 .76
(Washington)

3% oxygen 0.15 .67

1. Average of duplicate determlinations
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of susar loss from tubers, previously stored at LO°F. for
four months, after seven and 1l days at 709F, both in air
and in 3% oxygen are zlven in Table 6, The different varie-

ties are not consistont in their response but, in general,
the effect of 3% oxygen has been to retard the extent of
suzar loss,

An additional experiment was conducted in whleh potato
tubers were placed in Mapness-Diehl (A3) resoiration chambers
at TOOF. under diiferent levels of oxygen. Respliration
measurements were taken and after two weeks halfl of the
20~tuber sample was removed from each chamber for immedliate
sugar analyses and the other half was left in the respiration
chamber under a normal atmosphere for two additional weeks
before analyses. The sugar level of the treated samples was
compared with that of corresponding 70°F. room controls. The
results are given in Table 7. HNone of the treatments resulte
ed in & significant chanse In the starchesugzr equilibrium
of the tubers. Many of the tubers in these experiments when

first removed from the resciration chambers were in the ini-
tial stagzes of blackheart as svidenced by a falnt »nink snot

in the center., Comparable samples, upon beilnz restored to
normal atmospheres and cul two weeks later, showed hollowheart,

The respiration data for the above exneriment are given
in Table 8, The general effect of the low oxygen level was
to decrease the rate of resplration, however, the significant
lfeature ol the data was the burst in respiration that oecurred

upon transfer of samples previously sxposed to low oxygen



Table 6, Loss in sugar 1n votato tubers, nreviously
stored at &OoF. for four months, when vlaced at
7097, as affected by 3% oxygen.

Variety Per cent sugar in tuders
and at LO®F, minus per cent
{ Source) Treatment sugar in tubers at 70°F,

Redueling Surars  3Juecrose

Triumph 7 days at 70°7,-air 0.11 04,08
{North ‘
Dakota) " -3% 05 .07 .08
3 days at 70°%7, ~air W18 17
" -3% 0, .05 .09
Green Moun~ 7 days at TO09F.eair .30 L1h
tain
{(Long " -3% 0, 36 .09
Island) o
1} days at 70°F,-air 57 22
" -37% 05 .27 .C7
Chippewa 7 days at 70%°F,-sir 28 -.03
{kaine) )
o -3 O L1l .0l
1l days at 700?.-air e 31 16
" -3"/2: O? -lh, 003
Russet 7 davs at 70%F.-alr 23 .06
Burbank }
(washington) " -3% 0, .18 -, 0l
1l days at 70°F,-air <33 -.0l
" -3% 0, 0.16 -0.03

1. Average of duplicate determinations
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Table 7. 'The nercentage of reduclng sugars and sucrose
(fresh wt. basis) in Kennebec (Maine) potatoes
after storasze at 70°F,., under low oxygen levels.

1 After 2 wks. at Condition AfTter 2 additlonal
Treatment 70€PR, of tubers wke. at 7Q0F. with
, ' 21% %32
Reducing Keducing
sSugars Sucrose _ v Sugars Suerose
Intitial .12 1l - - -
Hoom Cone
trol 006 ell - 007 OGQ
21% Op .08 12 - 1l .12
3~10% Op .09 07 Kormal «13 .10
l=5% 05 «08 «09 No sprouts .18 .16
2-245% 0y .16 .06 Black= !
heart {)”"' .18 o Li
.5”1.0% 02 010 005 Blacke
heart ++ .16 .16
He -08 12 Black-—

heart 44+ Decayed Decsved

1. Average of duplicate determinations
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levels to normal atmosphere. The possible relatlionshlp of
this reaponse to a similar response that occurs in potato
tubers upon transfier from low temperatures to higher tempsraw
tures will be discussed later.

The above experiment was repeated and after two wesks
the remaining half of each sample, instead of being left at
70°%. under normal atmoschere, was placed in 3297, under nore
mal atmosphere for seven days, Suzar accumulation in the
treated samples was compared with corresponding controls
tranaferred to 32°F. room at the same time., HNone of the
treatments induced a significant change in the starch-sugsr
egquilibrium of the tubers, as compared with the room controls,
However, & noteworthy response t:at was observed in this ex-
neriment was that tubers of the varleties Chiliprewa and Katahdin
taken from the low oxyzen treatments at 70°F, and transferred
to 330?. for seven days under normal atmoschere developed
severe, diffuse blackheart, wherseas comparable tubers leflt
at 70°F. for the same perliod of time even under the conditlons

of low oxygen showed no injury. The varieties Russet Burbank

and Irlish Cobbler did not show this response,



Diseussion .

The s!m&lavity in response of potato tuhaya when placed
at 3;0F,vén¢ 95“?; h;suhign,;hﬁ;a? zE§1A§£§§ft$a§ the physio=
ldgaealvraater$ léadiﬁg‘tu this response are similar would
represent an lmportant aﬁv&nﬁngn It may be significant that
maximam auaréae‘aaeuﬁﬁigtian iﬁlthe tubsrs oscurs jJust priop
to the breakdown of cell jermeability as evidenced by the
development of internal mahogany browning in tubars stored
for sufficient time at 32°F. and the development of black-
heart in tubers stored at 95°F, or higher, If the above are
causally related, it would appear that physiologieal streas
somahow initistes the condlitions leading $o an sccumulation
of sugars. This gondition of physiological stress could be
brought on by an impalirment in respiration at both low and
high temperatures. However, data from Applenan (7) show
that potato tubers at 30°C,, while acowmlating supar,, maine
tain a high level of respiration during an 18 day period and
memsrous indspendent workers (9,52) have shown that potate
tubers at 32°F, have a higher rate of respiratiocn than come
parable tubers stored between 32° and LO®P. These data ine
dicate that respiration is normal at 32°F, and 9597, However,
carbon dloxide production glves no msasure of the elficleney
of the phosphorylative coupling mechanism that leads to the
formation of ATP, Studies by Oreen, et al. (29) on the
eyclophorase system have shown that aainai&tnt.yiﬁh axny
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oxldation process in the intact cyclophorase system inorganic
phosphate becomes esterified or incorporated in the enzyme
el in a highly labile form, which they refer to as el ovhos-
phorus, and any reagent which abolishes oxidation alsco
abelishes incorporation of ghosphorus and leads to the dls-
charge of gel phosphorus. The peint of interest is that,

in addition %o such agents as dinltrophencl, temperatures of
0° and 38°C. cause a discharge of gel phosphorus. “hether
these facts are of any significance in the regulation of the
starch~suzar equllibrium in potato tubers ls not known. It
may be concluded that 1f there is a causal relatlionship be-
tween vhyslological strelis, sugar accumulation and respiration,
the interaction is involved,

The situation is further complicated by the fact that
on the one hand, there 1s the possibllity of nhysiocloglical
stress, presumably caused by some defect In metabollsm or
resplration at high and low temperatures, initlating the
conditions leading to sucrose synthesis; and, on the other
hand, the process of sucrose synthesls would seem to reguire
a substantial level of sctive metabolism since sucrose forma-
tion or converslon into starch does not take place in the
absence of oxygen or upon damage to cell organization. The
Tact that the results in the present work dealing with the
dependency of oxygen are nobt as clear cut as might be de-
sired is undoubtedly caused by working with intact tubers.
Other workers (15) have shown that tubers at 5°C, could be

exposed to an atmosphere entirely devoid of oxygen for 112
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days before the development of diffuse blackheart.

The study of the effect of the different levels of
oxven on tubers at 709?. was made to determine 1T 1t is
sossible to have a level of oxyren that 1s low enough to
gcause physiological streass and yet sulflclently high to
permlt the formation of sucrose. As reported, this was not
nosslble, Likewise, the two week period of low oxygen
stress had no effect on supmar accumulation in the tubers
when allowed to remaln for additional periods in normal
atmosrhere at elther 70° or BEOF.

Other results of the study that may or may not be
significant should be mentlioned., HRusset Burbank was found
to be the most resistant variety toward the develovment of
blackheart., 3Similarly, Russet Burbank, over a period of
vyears, exhibits more resistance toward the accumulation of
suzars at low temperatures than any of the other leading
varieties. Ilowever, there are exceptions to this trend,
Another result of interest 1s the burst of resciration ob-
tained when tubers are removed from limlting oxyzen levels
and restored to normal atmosphere., A similar burst of
respiration is obtained when potatoes are moved from low to
high temperatures. Kimbrough (56) has shown that, within
limits, the lnitlal resplration rate is higher the lower the
storage temperature. Towever, it 1z not nronortional since
a difference in storarce temperaturs of L°F, between L0° and
36°F. more than doubled the initial rate of respiration atb

71.6°F, A difference of L°F. between L0° and 36°F., will
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gimilarly cause sugar accumiilabtion to be more than doubled.
2tudies by Pennet-Clark and Bezon (1) mey be pertinent.
These workers found that the apslication to the outside of
the cell of low concentrations of substances, sueh as orcanie
nelds, which were already lnside the cell in high concentrae-
tions greatly affected respiration. In certs o experiments
apclication to the outside of the cells of 1% of the total
guantity of some substance inside the cells caused the res=-
niration to increase L0%. They suggested that in the cell the
store of active materials 1z separated from the enzymes with
which they react and that when supplled to the outer surflace

$]

of' the cell they make easy contact with the resniratorv en-
zyme systemsg. It i3 nossible that under anaerocblce and low
temnerature conditions insufficient energy ls nroduced to
maintain the strict differentislly-permeable nature of the
membranes zand a consequent leskase of substrate to enzyme
occurs, The dburat in resplration could be caused by the
ieakage of organic selds, such as malle and cltric which are
stored In large exces:s inside the vacuole, across the vaecuolar
Eoﬂndary into the cytoplasm where ready contact with the reae-
piratory centers would be made, That z somewhat simlilar con-
ditlon could lead to the accumulation of sugsars was postulated
by Coville (19) in 1920. However, sucrose synthezis, because
of its enerpgy requirement, cannot be so simply exnlained.

Physlologleal sxperiments on intact potato tubera are
more or less limlted to a study of the effect of storagze

teuveratures and atmeschereus, Yebt 1t 1s only in the intaet
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tubsr that the full erfeet of orzanizational eontrocl 1ia

exerted. [ecause of this, the experimental dlflieulties

involved in determining a cuuse and effsct relationshlp

betweer shysiologli.al Tactors and sugar asceumulatlion uare

increassed,

Phosphorvlated Intermediates in Potato Tubers in different
Storage Ternperatures

There 1s much blochemlcal evidence to support the
view that the synthesis of sucrose involves reactions in
which the phosphate esters of elther one or both of the
hexoses (glucose and fructose) participate (2,4l). Table 9
shows the distributlion of acid-soluble inorganic, organic,
and total phosphorus in notato tubers from 32°, 55° and
95°F. storare. In potato tubers about 35% of the total
acld«scluble phosprorus is composed of organic zhosphorus.
There appears to be no conslstent change in organie phose
phorus wlth storage temperature., However, since the com-
bined sample and chemlcal variation is large, small changes
would not be detected.

The organic phosphorus soluble in 7.5% trichlorozcetic
acid was further studled by determining the extent of
hydrolysis under diffsrent conditions, according to the methods
of Heard (I;6) and Umbreit, et al. (92). The results from
this study are given in Table 10, The predominant portion
of' the organic phosphorus is compossd of chosphorus conm=
pounds resistant to hydrolysis., Glucose-b-nhioschate would

be expected to be present in this fraction, as well as



Table 9. Distribution of vhosphorus soluble in 7.57 trl.
chloroacetic aclid in potato tubers stored =at
different temperatures.

Variety Mz./100 g of fresh tuber -+
and Storage
(Source) Inorganic P Drganic?g Total P
Teiumph 21 days-32°F, 17+ 13 9 26+ 1
(North Dakota)
-559 19t 1 7 26+ 2
n .9g° 16t 1 7 23+ 2
Green Mountain n -32° 16t 1 11 27+ 1
(Long Island)
" .5go Ut 2 13 27 ¢+ 2
v .95° 15¢ 1 12 27 £ 3
l; mos.-32° 20t 1 11 31+ 2
n .gg0 18t 1 12 30 + 3
Chippewa 21 days-32° 22t 1 10 32 t2
(¥Maine) o
L {4 21t 1 11 32 ¢ 2
n  _gg° 23t 2 8 31 + 3
Russet Burbank " L32° it 1 10 2Lt 3
(vashington)
" _.5g° 16t 1 11 27 + 3
" -35° 171t 1 11 28 + 3

1. Average of 3 replications
2. Urganic P g total P « inorganic ?

3. Standard error
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Table 310, Distritutbtion of

in patmto tuber:

acld=solubhle organic
sta?eﬁ

g1

shoarhorus
at different temperatures

as determined by the rates of hydrolysis.
Voriety 1./ 100 . OF fres. Lioepc
and : 3 -y
IR i 5y AR 4 : 3: p 1 T ‘:} 3 .3: ¢ & ?
{ Source) ;stoif;& fﬁ:?i :%1&a‘31%3 Pag 2?12‘ 21 5‘27*130
Triumph 21 days=32%, ot 0 0 1 8
{North o
Dakota) L S o ( 0 ¥ i 6
T W30 0 0 0 1 6
Oreen Moune " «32° o Q & 1 1¢
telin )
{Loonz n =550 0 0 0 1 12
Iisland)
" 35 o G O 1 i1
Iy mos.=32% 0 0 0 1 10
" .5g? 0 v ) 1 11
Ghippewa 21 days=32° 0 0 O 1 9
{¥aine) o
i -55 0O o o i 10
" -359 0 0 0 1
Husset " =320 0 0 0 1 9
Burbank o
{7ashing- " -5 0 c 0 1 10
ton) . °
" 35 0 0 0 1 190

1. O signifies less than .75 nz.
Averarne of duplicate determinations

glronifies P after 7 min. hydrolysis in 1 ¥
minus inorganic ?

P -P: simnifies after 20 min. hydrolysis in
&lk [ ] (-#6 ) o -y
Ce minus inorganic ¢

j . 137'&3:"

Se Ppo=Py &iwnzfies atfster A0 min. hydrolysis in 1

10095, minua inorzanic P

6. "y80~"1 slgnifies P after 180 min. hydrolysis in
T O100% . minus inorzanie P
7« P3=Pygp siznifles Lotal neld soluble P minus “18g v

? pesistant to hydrolysis

HC1 at 100014,

Y]

N HaD¥® o3
FCl at
M OHCL at

-
v
i

ieh is



52

uncharacterized phosphorus compounds. The compounds that are
least resistant to hydrolysls are ATP, ADP, glucose=l-phose
phate, trioseghosghate, and fructose-1,5-diphosphate. These
compounds are present in the potato tuber in almost undetect-
able amounts since any phosphorus liberated by the hydrolysls

of these compounds 1s obscured by the sample and chemieal
variations of the test. The gain in inorganic phosphorus alter
hydrolysis of the sample for 130 minutes in 1% HCl at 100°cC.
could be due to the accumulated hydrolysis of the above com=
pounds as well as the partial hydrolysis of fructose-b5-phos-
ohate {7.%) and glucose-b-phosphate (10%). These results
demonstrate the expesrimental difficulties involved in detecting
a small increase in phosphorus from hydrolysis in the pressnce
of a relatively large inorganic phosphorus fraction when the
combined blological and chemical variations of the test are
siznificant.

The acid-soluble phosphorus from potato tubers of the
variety Green kKountain (Long Island) were also studied by
fractionation of the extracts with barium as described by
Umbreit, et al. (92). The results from this study are glven
in Table 1ll. Any variations of the phosphorylated intermediates
with atorage temperature would fall in the range of concentra-
tions liste&. It should be pointed out that none of the phose
phorylated compounds were ldentified and the results only
establish thelr range of concentrations, if present. The
analytlieal technigues were inadequate for more sccurate evalu=

tion.



Table 11l. Composition of acid-soluble organic phosshorus
from potato tubers stored at different temperaw-
tures as determined by fractionation of the extracts
with barium,

Varilety Mg,/ibo-g.fresh Tubert
and Storage 2 3 L 5
(Source) HDP Gel-P Febwp G=b6-P
Green Moune 21 days =32°F. 0«5 0=5 5«10 25«50
tain
(Long " -55° 0=-5 0=5 5«10 25=50
Island) °
" ~95 0-5 0=5 5«10 25«50
l} months-32° 0=5 0=5 5«10 25«50

" «55°  0u5§ 0-5 5-10 25-50

l. Three replications

2. Fructose=l,b-diphosphate
3« QGlucoseslephosphate

li. Pructose=b-phosphate

5. Glucose=b-phosphate
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The above results are in sharp controst to those report-
8d by ArregulneLozano and Bonner (8). These workers reported
strikinz chanzes in the concentrations of glucose-b-phosphate
and fructose=bH=phosphate in potato tubers with storage terp-
erature. They list glucose-b-phosphate as being present in
a eoncentration of 0.7 2./100 g. of dry tuber at 0°C. and
.50 2./100 g. of dry tuber at 25°C. Similarly, they list
fructose~b=phosphate in s concentration of 2,50 ./100 z. of
dry tuber at 0%C. and 0,35 ./100 g. of dey tuber at 259C, It
is apparent that their fipgures are in serious error since, as
established by numerons other analyses over a period of years,
the phosphorus content of potato tubers will range from 0.15
to 0.55% on a dry welght basis and 4.50% zlucose-b-phosphate
would more than account for the total percentage shosphorus
in an average lot of tubers., Since in the present work it
was found that from &G-&Sﬁ of the total phosphorus is soluble
in 7.5% trichloroacetic acid and about 35% of this is in ore
ganic combination, it is zlso crobable that the values ~iven
by thess workers flor triose phosrhates and glucose-l-phesphate

at 0°C. are erroneously high,
Discusslion

Other workers (8,41,6lL) have renorted that hexose mono=
phosphates and fructoseel,b-diphosphate accumulate in vpotato
tubers that are 1ln the process of converting stareh into
sucrose. In the prezent werk this eould not bs substantiated.

However, any accumnulatlion of 2z phosphorylated Ilntermediste
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would be expected to be of swall concentrsilon and short
duration due tc the dynamle position of shosphorus ln all
phsges of cellular metabollism. The detsction of un accumu-
lated intermediste would denend on the accuracy of the anfoe
lyticual techniques. The avallable chemical methods for the
determination of the rhosshorvlated intermedistes were found
inadequates for the rellanle detection of differences of
small megnitude. This applies particularly to plant tissue
since contamination by traces oI suerovse and fructose lead

to large errors in the determination of both fructose=bHenhos=

phate and fructosew-l,b~diphosphate.

Activlity of Some of the Enzymes Involved In Fermentatlion In
Potato Tubers from Different Storage Teuperatures
Arrezuin-Lozano and Bonner (8) investisated the effect

of storapge temperature on ths activity of chosshorylase,

amylase and phosphatase from potato tuberz. They renorted
that the sctivity of nhosshorylase and phos-hatase was not
alTected by the temperature of storare., Amylase ametivity
appeared to inecrease in activity with storaze tempersture but
no significance was sttached to thils as far as the resulation
ef the starchesugar equlilibrium 1s concerned. These workers
were of the opinion that the fallurs of nhosphorylase to
attaecir the stareh in potatoes ztored at hizsh termperatures was
due to the formation of ar itnhibitor of vhosphorylase at hizh
temperatures which disappeared at low storare tempspatures,

Slnece this inhibitor wis of theoretical interest and could be

of vossible use in the commercial storage of potstoes where
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the ascoumulation of supsrs ls undesiradble, mueh ol their
workt was repestad. The pesulis of the study on chos hopye
lase and auylase are oiven in Tadble 12,

“hosphorylase sctivity wus determined alfter 15 and 30
minutes sinece 1t was during these periods of time that the
rate ol the reacticon wag uost closely urogortional to the
oncyme concentration, Thig ia an lmportant eonsideration
since, with sulflieclent time, wide vsriatlions in enzyme cone
centration attaln essentially the same inal equilibrium.
aAmylase was similarly determined in order te coprset [or its
activity in the homopgenate,

The crude julce from the notato tubers showed stronsg
shogsphorylsse activity. The hign variabllity wss bleolosieal
in origlir since duplicate determinstions on the same samole
zave satisflactory appreemont, In agroemont wlth Srreguine
Lozano and Ponner (8), 1t appears that the aetivity of »hosw
phorylase i3 not affecrted by the previous storass LoupoPie
tures of the potato tubers {row which the enryme las extractied,
Similarly, variations ia phesphorylase activity 4o not appesp
to secount for varietal differences in resronse to storase
tamperature., Tue to the hligh esefflicient of variatlion of the
data, 1t is poszible that significant changes in activity were
cbseured. Howevear, additional replications were not carrled
throush slnce Lt was felt that the presenee of this bloloslie
cal varlabllity was ftaelfl indleative that the lavel ol phose
shorylase activity 12 not erltieal in determining the resuonse

of potate tubers $o storage tesnpsrature.
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Table 12, ~hosphorylaso and arylase acstivity in
ifTarent

i
Julce from »ototo tubers stored at d
tamneraturas,.
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Jalue obtalned ofter 30 mlnutes $neubsticon ot 209%C, minus

the value after 15 minutes ineubation nt 2500,

3, Coerficlent ol veriztion: 18%



58

The presence of an inhibitor for pheosphorylaze in the
tubera from 552 or 95°F, storaze could not be demonstrated.
Since the snzyme preparations used to obtaln the actilvity
volues in Table 12 wers homosenates, this inhibltor zresumably
should have been present. Arrecuin=Lozano and Bonner (8)
indicated an inhibition of about 75% in vhosnhorvylase activity
in digests treated witl: the inhiblitor. An Inhibition of this
magnitude, 1f »resent, would be readlly apsarent in the dats

1 Table 12 even with the large coeilficient of variastion.
Jlmilarly, inhibition of phoanhorylasc could not be demon-
strsted when the inhibitor was prepared by extracting tubers
fronm 7S°F. storage with boeiling 80% alecohol, evaporating the
alcochol and adding the agueous solution to the digeszt (8),
Until the presence of an inhibitor for phosphorylase activity
in potato tubers from high storage temperatures can be readily
and cconsistently demonstrated, thﬁ4importance of this lactor
in regulating the response of votato tubers to storage temper-
ature must be gquestioned. Theoretically, the effect of an
inhiblitor on an enzyme such as phosphorylase which catalyzes
a freely reversible rsaction should be to inecresse the time
required for the reaction to reach equilibrium rather than to
change the squilibrium value., Practically, potato tubers,
when transferred from low tempsratures to high temperatures,
convert a large portion of thelr sugsr into starch. Thiz reascs

tion, whleh presumably involves phosphorylase, taltes nlace at
an even more rapld rate than the accumulation of sugars at the

lower temperatures.
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Fyster (27) found thal stareh aynthesls by sguares of
eticlated corn leaves floated on zlucose vr sucroae salutions
was inhiblted by the fulce of onlons and rel:ited st pochelrea
vinnta. Dyar {(2L) reported that the julee of onlon markedly
but not eospletsly inhiblted phozchopylase activity 1n uoa
rout &l sectlons., In the present worw onton Jfulce was oxe-
tracbed Ly pressure and Heatzd o destroy trne ansrymes, The
addition of 2 ml. of this Juice to a digest contalning 5 mls
of enzyvme preparstion caused ne alimxnificant inbibvition of
shosphorylase activity.

Awylage wae {found to be present In potats tubers butbt iis
activiiy was conslderably lesas t:an tiat of phos lwrrlaza,

The significance of this enzyme in the notats tuber ls not
xnown since, as shown by papar chrommtogranhy, msliose 15 not
spesent In the supars of the notate Ltubers Llkewlas, dextring
are absent a8 shoen by the fallure to fors starsh of zarslulls
centel fuged homorenates to whieh glucose-lephosthate bulbl no
primep have been added, This test 18 sensliilve envugh to dow
tect the dextring present in comzercinl T. . sanslsz of maltose,
it was not pesslible bo msasure Lhe aetlivits of ahosphie
glueowutsse In 4dlgesis using the dliluted enzyre sresaration.
Ther plucose=-leghosshste was added $o the dlgeets nt pi 8L,
thore was some Lndleation o6 & convorsion of zeidelabile shogw-
Shopug 4o acl@rresistant phoschorus durins the Mrat 10 mine
utes o fncubstion snd n nertlial logs of the zelderesistant
‘shes horug ¥n a¢ldelabile chosshorus durins the next 17 alne

utes of Incubaticon. sy prenarations fprom tubers stoved at
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the three storage temperatures showed this indication, but
the effect was too variable and inconclusive to present quane
titatively, However, it was found that inorganiec chosarhorus
did not change during the 20 minutes ol 1lncubation which
shows that phosvhatases capable of hydrolyzing glucosgeli-
rhosphate are not present in the digest at this dilution and
pH.

Dimilarly, It was not possible tc measure the activity of
aldolase in digests using the diluted enzyme preparaltlon,

Phosphatase activity was readily demonstrated In the die
zests., The different enzyme prepsrations libsrated inorganie
phosphorus from glucose-be-phosphate, fructose-bHephosphate and
fructose=-1,b-diphosphate. Under similar conditions glucose-l-
phosphate was reslstant to the action of the phosvhatases
present. Acld and alkaline phosphatases were measured colori-
metrically (83)., The activiby of the acild phosphatases (pH L.8)
was from Tour to five times greater than the activity of the
alkaline phosphatases (pH 9.1). In agreement with Arresulne
Lozano and Bonner (8), 1t was found that the sctivity of the
varlous phosphatases was not affected substantially by the
previous storage temperaturses of the potato tubers from which

the enzymes were exitracted,
Digscussion

The mechanlsmg for the control of carbohydrate metabolism
in plant cells and tlissues sre largely unknown. Many present

day workers appear to be of the oplnion that these control
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mechanisms are somshow related to the enzymes invelved In the

reactions. Yhen one conparves, for example, the hl h phose-

svein as the potste tuber with the, as wet undetactad {62)
activity of rchosphorylase in low starch, low sicrose Llasue
zuch we the tomate fewlt, thizs view would wponeszr o have sone
Justifleation, However, the same preactiony undoublsdly ocoup
with squal facility in both organs. The [ull sloniflesnce of
enzyme concentrations In tissuss 18 not known but there are
gerlous theoreticzxl ohjectlions in counaldering lavels of enw
zyme activity or concentratlions as mechanleme for i{ne sontrol
of mstabolism.

4 detalled lnvestizgaticn of the sctlivity of the enzvres
involved In the carbohydrate metabolism of ~otalto tubers was
not 2 sart of the cresent work since the labor invoived would
have preveanted other conslderstions and the walidlity of apply-
ing conclusions drewn from ip yitro studies to in yive sroe
ceases would he queztlonsble. However, ihe problem was
sufficisnily considered, both exrerimentally and theasprotically,
to conelude that 1t 1z improbable that the lewvel of activity
of the involved snivies controls the regulation of he starebhe

sugar egnlilibriws in volsto tubers,

e

Ssynthesle of Suercse ron Infilirated 3lucvse and ‘ructose

Arregulnehozane and Bonner (&) vecuum Infiltrated dises
from potato tubers stored st O° and 25%C, with solutlon: of

gluccse or fructoss, and ineubated the dAlszas ot boih 02 and
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259 for 2l hours. They concluded that the amount of aucrose
syntheslzed wasg sreniter In discs taken {rom tubers storsd at
the low tempespatures, and that suerose syntheslis orocseded
fanter in discs lncubsted at 09 tharn in dlsce incubated al
2597,  They also coneluded that in dlsecs frowm tubers storcd
at 0% and incubatsd at 0° the interconversion of sluegse and
fructose was much grairter then similar disesn ros tubara stored
at 259 and tneubated at 259

The above rosults, i1f shown to occur conslstently, would
have to be gilven primary comsiderstion in any studles on ohe
rogulatlion of the starehesussr egullibrlum In notato tubers,
Howevor, since the r-sults are not in sccord with those of
other investigators {(39,51) er the seneral e’fect of Lemnoraw
ture on ensymatioc rocscitions, it was considersd worthwmhlle to
reczest the sxpsriments,

fuszet Burbank nofantoes were siored for I weaks at 37
and 7577 Cylinders 1.5 rm, in dlaweter were cut out with a
copi-borer and sliced 1nto dlzcs one to twe mme thiecke The
dises wares wazhed in rmnnins tap water for 20 ainutes and
rinsed in distilled water. UThe disce wers then blotted dry
and 10 g.-sanples consziating of 20«25 disca ware vaoctuw ilne
filtrated for 1% minutes with water, 1% sluesse, or 3. fruce
tose. Alfter Inf{ liration Shw dlang wers translorrad Lo “sipd
dizhes gontzlinling a sheot of {ilter zaper molstonsd wikh the
aame solution wied Tor Inllliraillone Thwe dlses were inoubated
at 33“ and 759, and afteor 2 hours wepre washed for Coup
minutes wlih tay water and dropped into hot 530 aleohol. his

1z the identical procedure used by Arregulnelozans and Bomner (1)
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wlth the exception trhat these authors drled the dlses ai 70°0,
and ground them belore analvals. Jach treatment was repglle
cabed flve times in an effort o minlalze the olfect ol samling,
physiclogical, and chomiesl variations. The results of this
study cre iven in Table 13.

A% 18 ilndlcated by the results with (he watep-iafllltrated
contrels, the responze of the dises {rom tuders stored at
3207, i3 splmarily due to the efiert of the Jifferaesi ifnoubae
tion temperctures on the metzbollan of the dises. ineubstlion
of theae dises at 75°". for 2§ hours resultod in u convepslon
04 suercse into reducin. suzars. There la liﬁtlﬁlawiﬁ%ﬂcﬁ
that the inflltrated hexoses have bsen converied into zuerose
by the dises Ifrom Subers stored at 329/, whether incubated a1t
37% op 7597, The hisher peacrcinol value/total susar patlos
for the Tructose Infiltrated asamples wihen gompapest with the
suerese lovels indicate that the Tructose hasn penclipatoed ihe
dlaecs vul thet it has not been converted Lo sueroso.

The dises {ros the iubers stoped at 75°7. are rove
eflfsctive in ithe converslon of inlilitratsd hexozes Ints sucrose
thean the discs from tubers atored atb Béaﬁa There e little
dirference in the amount F sucrose formed Trom Lthe J1flerant
hezoass bul what differsnce exlizts 18 in favor of glucose
rather than Iruetosze. %"hat 1a olearly shown, however, ls that
with the dldes from tubers stored at 797, an inoubutlion teme
sepagurse of 759, 18 more eifeetive In the esnvorsioe of the
infiltrated hexcoaes into suerese than an Incubatlon LeL0Pge
tupe of 32%,

Ho conclusions ecan be forowd on the rate of untake op
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Table 13. The p&r#xn*“ w of paducing sausars and sucrose 1n
notato dliges after Inflltraiion with glucose oy
Pructose and incubation for 24 bours.
Eﬁari@ty dusset Burbank)
1 Tor orlvinal Prosh Woe shcsoreinol
Tresbtment Incubation A r  values
: — - - : TIE

{}2‘1”31331 - »OQ T .Q‘)B o0 T WD 7e0 L SR S
Inf1ltewithe

water 32%r, O8O 1,0k £ 408 7.0 4 87
75° WU E L0 Dbt W0h 7.5 £ BT
3 glucose 32° Wit 403 1,07 1413 7.5 £ 77
75° o151 402 1,001 4,08 8.0 £ &

3% fructose 32° +1lit L02 o9l T 406 11.0& 107
75° 201 402 «FF L 02 1L,0E 114

original - +031x #01 o151 402 Bk B

1nfilt.withs
water 32° W21 0 o171t 403 70 L 35

75° L0510 o231 403 7.0 £ A%
3.+ glucoae 32¢° 07 L 01 «25 1 .03 740 £ 6
75° L1071 J02 JOLE WG5 A0 L 9%
35 fructose 32 219 o201 01 FeO L 3%
75° 0407 1 «01 ShT .02 5.0 E 8%

le Average of 5 replicationa

2+ VYaluss obbtained Iron joe's test for {ructose. The niligher
the value, ths syeater the srosartion ¢f Tructess: in the
hydrolyzed total susar.

A, CEhaniard opeoy

e Upelfislent o1 wvariztion



intevconversion of $he hezoses 8inog these PeIONSEL2 578 Obhw
seured by the meiabollenm of the dlsce as medlified by oh
aliferent ineunptlion tesreratures, Io addltio-, exropinmental
aténorpis Lo deleraing the ocompositlon of the madunins sugsy
fraction in the presonce of relatively larre amounts of auersse
by the mothod of foe {79) zive snly guertionable rezults,

The experimont was prepsated wsing an Iincubstlios sepricd of
LO nours. Any contamination of the solutiona mt 7%°¢, during
this period of time should be of little oconmaguesnce ainee the
dlscs wers washed for four minutes before belns pub us Por
analyslie. The resulls of this atudy are piven in Tablell,

Slmlilar o the vrevicus experiment, the reanonse of the
Alges from the tubers stored st 3I2°Y, reflects the arffect of
the Aifrerent lneubation temeraturss on the meta®olism of the
dizes more than the ol'fect of the infiltratesd hexoses, The
rosults Indleante that essantislliy no suarose 1z Uormed roo
inf1ltrated hezoses by dlacs from tubers stored at 32%7, when
incubated at 3297, and only small amcunts when ineubatsd at
7597,

Tisca from the tubers sztorsd at 7597, pessnonded similarly

in the two expsrimenta.

with pespect to the smthesis ol suerose ronm Infiltrated haxoses
could not be conllrned as typlesl respongsz: of potato disca.

e present dadta showy thal sacrouss forsation from Infiltpated
hexoscs Seours xors roadilt at ?ﬁﬁﬁ. Lhan at EEaFQ Likewize,
Aleecs frow tubers sbored at 7597, arye wore effective in sucrose

forontlion from Infilitrated hexoses than similary dises from bubers
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Table Uie The percoentace of preducing sumars i sueroge in
notato disca after Inlilitratlion with lucosze or
fructose and lneubaillon for L0 hours.

{varloty Ruazet Furbank)

‘%ﬁﬂﬁﬁaigéfw
talue®
?Mmigwmg

N | % of orizinnl fresn wk, ¢
froatment Incubation H
, Lamo e ceagelne suNargl ucpose o

2

e 3 Fod v E fec) £ 3 e
Lubors stored 5 weeks nt 377017,

orizinal - Gel3 2,16 540

SYses Trom

uribraated 3302‘D .12 2.:}2,} i;i}
7;0 ,3% 1.%& Dl

$nfilt.wl g
waber a2

3+ zlucoss 3z +18 2603 340
75° .27 1485 540
3% fructcse 32 17 1.97 51
75° olidy 1.81 940

oricinal - «08 # 10 Let
untreatsd 329 0l 15 500

Iinfili.withs -
watar 32 063 el ?;0

75° 08 22 1040
° 06 033 740

75° 12 W51 8.0
L frvuetose 32° + 09 1L 12,5

A 752 0,08 233 340
1. Tuplleate Jetorsinations
2. Values obtained Irow Hoe's test for I'ructose. 'The hisgher
the value, ths grsater the proportlon of fructose in the
hydrolyzed total suzare

34 glucoese 32

AV

el

.




stoved at 297,

rxperiments on Pobtuto Tlses

fo

dacs of noftato fuher tissue have been em:lovsd exitens
gively in physislogleal imveaslgatlions {31,32,%3),., #Hany ine
t

vestimators wash the #sean Tor perleds of 13«2 hours before

une to wash out or to remove the damarsed cells on the suriace

gnd to bring the dis~r into a more uniform chysicloglezl state

“ohnde and Levy (91) have -presented data to thow Thai duping
a rerlod of 9k houwrs of washing the respirstion of the dises
inerensed by 1307 and that there was a chanse in the terminal
oxidasze patierns The data in Table 15 show the elfs2b of
wasking with a trickle of tapr watser on the sumar sontent of
potate dises eut from notats tubers atored at 559 and 3290,
Tashing the discs {rom potatoez atorsd at SE°P, caused a nroe
nouncad inerease in redueing suzars and aucroseo. The discs
froxw tubers storesd at §§°?¢ eould be waahed for periods up

to 8=10 days without apparant evidence of damaze other than

a ceneral browning. In contrast, dlsges rom potats tubers

Qaﬂ a k3 £ £
gtored st 32 Y. Tor three months, which contalned a relatively

high inltial content of sugar, ahowad a pronoqnced logs of
gugar upoen wesghing, prosunmably duo $o lesyraze. Dises from
satato tubers stored 2t 3797, fap 3 months turnel whlic and

wore Tound o be dead afber 2 or 3 days of waahking.

i

Lasther proneumosd i Tepeane belwesn thoe disgos Urom the

Al lerant sboprare tomorratupes wag Lo rates 2t whiloch the oxie

dntion rmrodusts of the nolyphencloxidase resctior asnsared.

This differsnce wes rwasred only in 2 gqualitative manner,

{32

j
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Table 15, Changes in sugars in potato disecs during washing,

Variety | % of orlpinal fresh welghtl
and Storage Days of
{ Source) ’ washing Reducing sugars 3uerose
Russet 3 montha=55°F, 0 <1l .16
Burbank
{(Washing- 1 « 37 21
ton)
2 .hﬁ 22
Iy W57 .29
8 Hb6 .51
Triumph 3 months-32°r, 0 1.67 2.32
{North
Dakota) 1 «93 1.85
2 .77 1.74
3 70-80% of discs were dead

1. Average of duplicate determinations



Dizes frox tubers stored at 559F., alfter cutting and rinsling,
renalined pormal for vericsds of hours,wherens aimilar Jdisecs
from potato tubers sLorsd for 3 months at 32°7, rapidly de-
veloped a plaok coloration whieh progresslively dariensd.
Thprourhout the preszent woplk the development of suelr ¢oloration
wes taken az an indlestion of irreversible injury to tho eell.
it is probsble that in the intact cell the enzyme and subsitrate

M

aif this reaction are sesarated by the vacuolap membrans and
that in weakened or injured cells the two are no lonzZer sepalrw
ateds Ho attemnt wag made Ho verify thia.

Salt leakage was not measwred in the present studies but
other lavestigators (28) heve reported that dlses Tpowm potats
tubars stored for several months ut 32°?¢ are noe longer cape
able of retainins zalts,

“nis ocombined ovidense strengthens the view that potato
tubers stored at 32%°F, have been wsukened physioleozically.
¥hlle 1% 13 nrobable that the accumulation of suzare in tubers
at low Lemperadtures 1s a conseguence ¢f thils weaksned sondle
tion, sueh a relationship must he proven, since 1t is always
ro88lble that the twe conditions are unrslsted., I sucar
acewmulation 12 a responss to nhyslolozlierl stress then it
would eppesr to be possibhle selectively to damase Nealihy
diazcs o aa to cause the accumulation of sugars.

i a means of cearrying out experiments to test thig D03-
sipiliity, pobtaty discs were placed 1In larze test tubes in

wabter whlch were aeratsd at a2 rate sulflcient to kees ithe

o
et

dlees in constant moblion., Dises subjected to sueh trestoont

3

in distilled water shwwed an inerease in suzars similar to



the ddsog that wers vashod. 7@ @

this ineprescs In suser in hesllly, sepsted d gas.e This rose
nonse, howaver,; 1s onl: ome of a serles of reastions iaking
gloce 3inee In 24210800 o sepumulatins gwyars gueh dises ave

actively abascrbing water {(3ci, synubesizing

L

proveln (G0),

2'«"

aztlively absorbing lona (43}, if present, forsming perldern (17)
snd incressing in ascorble seld (85). I. hordly oan be ssid

Shat e wnow the reasone for any of these reactlons. Y hat

o

: Mstown 1s Yhal osach of the resotiong ls aesroblic and iz sither
zreatly diminlabaed oy halted under 10w 0XVo0n DIELIUNeE OF
ansercble condliions.s Cautlon must be axercized iIn arylylng
sopelusions drawn frowm the atudy of these setivolyr metnbolizing
pells Lo the resting eells in the tubdr. Teveritheless, the
sawme cbhyalologlesl eonditions covld lesd to the hvdrolysls of
mhoareh peserves in both casas. Foer exsmple; wlitwout trving

to furee 3 case, Dot sative metabolisnm and shyalologieanl
atress caused by low teupeapature storace eoulld laad £ 3 rolae
Elvely bisk inorganie nhosphate level which would ilnoresss tthe
nhosohorrlation of stavreh o zlucozeslenhosphate,

In the present wort when dloos were aserated witn 30
axvoen, a decerease rather than increase In sugsrs was [found,
DMaes allowed to stend in water for 2heLS hours ashowed a
aimilar responses Slnee the solutions In which the dizes
wore stundlins zave 2 rpositive test for sugar, 1t may Lo as2ne
ed Lthnt ithe sonditions of iilmlting oxygen resulisd in o leake
aro o gurar feor the discz, Resulis similapr to thess were
rentoried by Erauner, vt 2l {17). These exserimentz as well

as the provious exreriments on whole tubers would seem to



21

sy

proclude tine poussiblility of imizlating susur zvcoumalatlon Ly

ﬂ

shysiologlioul siress {ecavzed by low oxyoon prossures) since
goaseantly al nikhetto waachlons zongs,

“5 i well knows thatlt guch compounds az talusne, thrymol,
athyl ethor, and alcobol alter or deztroy the pormcability of
the celli. “hen potato dlsen were rlaced in agrabszd solutions

containing inaressln: eampunie of 2 gaburated goluslon of

;*;

Chrmel the pedoonss w2 elther cgsentlalls {he o1

gume 5%

¥

sontrols In agrated distilled watear op gles 2 camnlats doese
tpvetlen of the perneabllity of the ecell vecurred csusling
the golutlons o bocome dary hrown &2 a res:lt of the polye

zhenolszidass reaetions Thers wnz no intermedizts hahavior

%

2L ther ga shown by suzar analysss or by iho golor of the
soluatlona, Similar reanlis were oblbained when ethyl aleochol
was asdlsd to the solviliona ln eoncentrations Irow 10=201.
Ths elfeect of Lnoreasing concontratiorny of salt 30liue
tlons, inorsasing hydroren~ion sonesnbtrations, nd gsrowth
rarulztors wore investisated accopding to the nrocadure Just
outlined, Thiourea, 7K (33), and ethylene {53) which have
besrn rerorted to incressze gugar accumulation in whole tubera
ware alae Inveatieztsd, The results from tihwae studies are
zlyarn in Tables 15 te 20, is geen In Table 15, 0,07 & Xall
and V.05 4 KU1 paused a slgaliicant inerezse in btotal suzar
ol whiioh gucrosze showsd he mejor ineorease. Concesnipratlons
of bhese 38lis of Uel » and above caused deaitbh of the disecs
Avelas o bhree dege of the experlimunts (ally in concentrae

Lloma upn o Ge3 ¥ appeared to produce m 8lipght inhitltlion
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Table 15, Susar sceumilation in asrated potato dises during

three days at room tempersture. (Varlety Irish

Cobbler from 55OF. storage)

f}’?@ g}t:ﬁ‘nﬁ%nt

liuriginal dises

2)bistilled water normal 55 1 .03 131401
3)0.05 ¥ KHAPOp -

;.Eag*};,m 640 o 48 T .02 211,01
11)D40% ¥ NacCl brownish 50t 0l JAidy + .03
£10.05 11 KC1 " o521 GOl 3Lt J02
5)0.30 ¥ CaCl, " 331,02 251 02
7)0.30 ¥ CaCly t

15 papema 223 *f 312 .03 27 £.02
33115 Depeme HAD normal L2 1 L02 261 ,01
GIL0D nepeme HiA o34t 02 <13 & .01

10301 25,3;.«%.},;35 &0 r e31 + .02 «23 ¢ .02
11)0.1% thicurea i bt 03 <16+ ,01
12)0.27 thiourea " L0 ,02 «12 1,01
1355 ® 1075 u mz?i‘r |

pi 5,0 " 0.51 1 O} 0.26L .02

0,00 + 012

l. Average of 3 replications
2. Standaprd srror

3.
Lo

Dinitrophenol

Rapthalene acetic acld
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when canzared to the gontrols In dlsgtililed water, but ecaused
little domage to the disce during the Lime of the experizent.

Bines thers wod o gosalbility fhat the 3.1t 2olediorns o ld

s

saugs an inersassd accoumulation of sugar through an samotle
affoct whepreby wanter lozt Uo the sali solutions sould cause
an z2ecwmilation of sugrr 8iniler to the ascumulation of supsr
ini%iakgé by water loes in dises upon dyyinzg, 42 war added
Lo the .3 X ﬁa%lﬁ selution to inerense the untake of water.
The sdditlon ef nsphthalene sagetle aeld, however, to 0.0 ¥
ﬁaﬁla or to dilatilled %&tar nt & eomesntraticr of 15 Z.DeMe
had little if any effect on surse saccumulstion when commared
#1eh the dlatilled water controlsz. Recent worl hez shown that
thig full €lffect of ALY on water uptake In notate discs is
exerted bestwoesn the thipd and sizth davs of asration or ine
entation {32}, The addition of 2,lel 8t a pconcentrotion of
Bel ¥ (ea 2000 nepee) Med Litsle {f any ei'feat on susapr
secuwmulation in the Aisce when compaped wlth the distilled
wvater controls, Thleursa in eoncentrations of 0,1 and .25
avpenred Lo have a slight inhibltory effect and dinltronhenol
at a eoncentpatiosn of ¥ x 19‘§ % had nc pronouncesd aifcct
when ecompared with the diatilled water conbrols.

Tne poriion of the asbove expeéeriment invelving the treate

mant of dises with Calls and FAA was repeated for a 8lx day

napriod, The solutiong were changed svery two daye to check
infection, perticularly in the Calls treatments which daveloped
cioudirness in the unchanged gsolutions and gave 8 positive

test for sugars. The regulits are glven in Table 17. The

diseg in the distilled water and Haia treatmanis ilncreasoed
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Table 17. Sugsy sccumulation 1n aserated potate d!scs during
gix days at room temperature, (Variety Irish
Cobbler from SS5°F. stornce)

??aaﬁm@nﬁl Appesre Change in
anece  Iresh wie

1)0riginal discs - -
2)5iatilled water normal 11%
3)20 pepeme BAAS # 25%
4)0.25 ¥ cacl, damaged -Q% o3 12
510a25 # Lallae +

0 Dedellis EAA " ""'i}'f ?iﬂ?% QOI}«@

l. Averaze of 3 replications

Z. Bapnthalene acetic acid
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11 and 25%, respectively, in fresh weight during the six days
of the experiment, Aleong with this inersasse in frosh welght
was an inereape in sugars The dlsos in the CaCl, treatments
wore aggwmQMc a8 indieated by soft spots in the tissue, and
o direct aa&ﬁg@»msﬁu are justified,

, mmwﬁw,wﬁﬁ,wwmﬁﬁea_wtsﬁu @%LW%@&@%% ﬁwuwﬁw«wﬁu the effect
of & 107 mannitol uow@a»am on sugar sccumvlation in the disos
was wﬁ#ﬁ«ﬂw@%a*ﬁx The waﬁiﬁwiiﬁv wns carprled out at room
ﬁ@%@ﬁuﬁﬁW3ﬁ and at 329F, In sddition to mannitaol, the affect
of BAA, DNP, gluccse and melie seild were studled at the two
tempsratures. The results of this study are given in Tadble 18,
None of the treatments produced a change of sufficient magnie
tude in the sugsy levels to make 4t appear that the starahe
sugar n&ﬁwwp#ﬁ»ﬁn was being direetly affected when compared
with the distilled water controls, As expscted, the 3% glue
coss treatment caused a significant ineresse in both glucose
and suerose and was ineluded ohiefly for the sake of ecomparie
sone. MHannitol at & concentration of 107 had a general, ale
though small, inhibitory effect. This gensral inhibition by
mannitol was not ehanged by the addition of 10 DaDeme NiA op
104 u dinitropheanol. Dinitrenhenol at a concentration of
10~k M had no significant effect when compared with the dise
$11led water controls. This was unsxpected in view of the
high soneentration of this inhiblitor, Likewise, mallc acid
was without effect, HMalie acid was studied aince, as pre-
vicusly mentioned, ssveral investigators have shown a dynamie
equlliibrium between staroh and melie scid in soms typoes of
plant tissue, It waz introduced into the solution at =



Table 15,

temperature and 3207,
from 559F. storage]
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sugar formation ln serated potato dises at room
[Variety Katahdin (Colo.)

1

3 days at roonm

Inal 1resh

2 L orn

freutment 13 davs at 2297,
terporature : _
tadueing? iedueing?

- gusnes doueprgse * suzars iucrose

liurpiginal dises

% mannitbel +
1{3 b o'@ Y o 39 fi-&g&a

é)lﬂﬁ

s S A
S B DV

mannitel +
5

g

m
p
3
&
b
»
-"
i)
o
&3
LE2S
.
v

8¥35% zlucose

\=

o005 ¥ mmleate,pll 5.0

)
10J100 papeme HAA

0,13 0e19

ahB .2&

.18

»
Lt
i

Gohi2 Oelb

013

- 28

« 31 <13

P ] o f
PcHS PR R
25 17
Oee-:g- ® ?:}
oy 22

1. JlAverase ol 2 revlications

2

3.

Haphthalene acetlie acid

Tini trophenol
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& g e g
®

paelatively Llow oM (5.0 ia an attemsit to fnersasg 1is Denow
tratlon of ths ¢2ll menbsane., The eneral eflect of the low

sarmarature was 2 dzerease tho azount of susar scowwauleted
o svery Srsaimond

The ailaed o ethirlene on sumr accumlssd’an In ssrated
nobite dlzes was studled, The disos wors sunrorted ia Pobrd
@isMea 5o 23 o break the gurfsce o the solubtisaz nd placed
n Tive moelles fafe 5o whiled etiplons was sdded 2t o coneen-
frablon of L nard In 5000 of alr. The sxcerinent w2s allowed
to wun for ztx davs oft P09, and ke sslutions wevs ehansnd
wited Lo oalnimiie contacinatlons  Tho reselis of hile sbudy
are olven in Table 19, tone of the treateesnts prodocsd a
nronpunesd offsct on tha starchegurar equllibeice in the
notate dlecs whan ormpared with the diletillel seber controla.
The sthylene Lrassatasni couzed en inereszse In susrpeosc that
arparently s of soms sionificance, but this inerease 1a amall
when compared to the inecvease in suerose Tfouwnd in sotato dlucs
alftar deglecaiion.

Tha wﬁﬁvf expoeriments indieste that the surap 2acvmulation
cerursring an notsts 2tzen whon ex;ossd to asreble condliions
1s, within limita, ifndeardent of the main or loss of water,
althoush under aserpcble conditions weater uptake tilies place o
a greater or leazser sxtent, Jameoblie apgenis sueh 28 10% AN
nltal or .3 8 ﬁﬁalg Inhiblii supar acewmmilation in the dlscs.
This wakes 3¢ Llkely tLhat the pronounced increase in sugar
takling plaee in discs during deslccatlisn iz dus o zome
greondary offect »ather $han to the actual loss of wniser,

Likewise, the incresse in sugsr seceumulntion in the 0,05 Hall
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Table 19. Sugar accumulation and lncrease in fresh welgzht
of potato dlscs during incubation at 70°F. for
s8ix days as affected by ethylene and mnaphthalene
acetle aecid, i%ariety Katahdin (Colo.) from 53507,

storage]
7 Por cent Per cent ol orlicinal fresh welont
Treatment increase
in fresh wt. Heducing sugmars Suerose

2)Distilled water 7.2t 1.1 331 .03 .18 1 .01
3)1:5000 GBHA 5.8 & .7 251 .03 «33 t .05
l1)1:5000 CoH) +

19 p.p..{a . Ngﬁu 6.7:t 102 .231 002 022 t o02
5)10 pe.pemes NAA 9.0 £ .8 0.33t 406 0.20 + .02

1. Average of triplicate debterminations

2. Standard error



and D05 ¥ KCl treatments above the dlstilled water controls
is due to a ohyslioclogical effect of the salts rather than to
an osmotic effect.

An additional experiment which studled the effect of
buf'fer solutions at different pH values upon surser accumulae
tion in aerated discs wns made. Hellvaine's buffer of citric
acld and NaZEPG& was used since these compounds at pH 3
caused no obvious injury to the discs. In contrast, 0.1 ¥
acetate buffer at pH 5 caused the death of the discs. The
results of this study are glven in Table 20. None of the
treatments produced a pronocunced change in the starch-sugar
equilibrium of the discs. Buffer sclutions at pH 8 caused
a disorganization of the tissue. Maximum sugar accumulation
occurred at pil 5, which indicates that sugar accumulation
responds either directly or indirectly to the hydrogen-ion
concentration since the pH of potato tissue ranmes between
5.9 and 6.2. 4s the hydrogen-ion concentration was increased
from pH 5 to pH 3 sugar accumulation was progressivelr ine
hibited., Since the maximum penetration of citric acid would
cccur at pH 3 (8L), the above responses would seem to be due
to the different hydrogen-ion concentrations rather than to
any metabolic response of cltric acid. The relationship

between pH and phosphate uptake iz not knowm.
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Table 20, Sugar accumulation in aerated potatc discs as
affected by pH during two days at room tempera-
ture. [Variety Katshdin (Coloc.) from 55°9F,

storage]
1 Per cent of origlinal Ifresh wh.
Treatment Appears N
——__ance feduecling suzars Sucrose
1)0riginal discs - 0.16 0,1l
2)Distilled water normal o5l .35

3)0.05 M citric acide
0.1 M ﬁaQHPOk

rH 8 damaged .21 .11
pH 7 normal 26 .28
pH 6 " .61 «39
pH 5 " .68 A7
pH Lt " 56 35
oH 3 white 0.39 0.27

1. Average of duplicate determinations




Bfrects of Metabolic Inhidbltors

The effects of metabolic inhibltors on suerose formation
have been studied by a number of investigators in a varlsty
of plant tissues (Lj0,61). ~revious work has lsrsely been
confined to the situdy of 2ucrocoase formation caused by the
addition of hexosgses to the external solution., Since the exe
perimental procedure used in the present work made 1t possidle
to study the formation of sucrose from starch, a rmenersl study

el

of the offect of matabolic inhibltors on zsurar nccumulation
in potato discs exvosed Lo aeroblice conditions was made,

In order to enlarce the sxneriments letrl dlshes, in
which the potnto dlsces were nlaced on edge 80 as to brealr the
surface of the treating liquids, were substituted for the
aaruated tubes most of the time. The experiments were zsarried
out at 32°7., since preliminary worl had shown that notato

dises could be treabted at thls temperature for two weels or

longer with 1ittlie danger of injury or serlous contanlnation

L4 * 3

A
i

Ia addition, the discs incubated at 3297, accumulated a higher
sercentage of sugars than simlilar dises Incubated at highep
temperatures., This made 1t possible to evaluate more accurately
the sifect of the inhibiltor., However, 1t d1d not s2weasr that
the low temperature wos enusing 3 response exactly similer to
that esnused in intaect tubsrs since the sugir levels in the

dises incubated ot 32°7, were only from 15-25% hisher than

simller dises stored at 559F, As nreviocusly mentioned, the
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metabelically active cells of potato discs are not strictly
comparable to the resting cells of whole tubers,

The initial concentrations of inhlibitors were the same
as those found by Hackett and Thimann to cause an sonrozi-
mately 50% inhibition in the water uptalkte by votato dlses {(31).
The results of this study are glven in Table 21, %hen come
nared with the distilleld water controls it is evident that
the inhibitors in the concentrations used (10’& ¥ DNP, § x 105
arsenite, 5 x 10"3 M NaF, and 10“h M iodoacetate) had no pro-
nounced effect on the accumulstion of sugars by the potato
discs. The guestion of whether the inhibitors heod been taken
up by the dilscs was partially snswered 1n the DNP treatments
where the color of the alcoholic solutions used for the susar
analyses showed that DNP had entered the discs.

The use of metabolic inhibitors in concentrations higher
than the above should be questioned since at hich concentrations
the iphibitors cause a disorganization of the cells and thelr
probable specilficity of action is lost, Nevertheless, an
additional experiment was set up in which the concentrations
of the inhibitors, with the exception of ¥Na¥, were increased
ten~fold. The results from this study =zre glven in Table 22.
Marked inhibitlon is present in the azide and KCN treatments,.
The discs from these trextments were not exawmined for turgor
since no disceloration was present when they were removed
from the Petri dishes and washed. However, the susar levels
would indleaste that the dlscs were severely damarsed and that
the treatwments had orevented the develonment of the discolore

ation. The DNP treatment caused about a 50% inhibition in
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Table 21. Sugar sccumulation in _potato dlscs incubated at
3297, ror 1l days.
from 55°F, storagg}

[?ariety Katahdin (Colo.)

———t

Per cent of o

ey

1 £er riginal fresh wt,
Treatment Appear-
. ance Redueing sugar Sucrose‘

1)0riginal discs - 0.181 ,01° 0.12 £ .01
2)Distilled water normal .60 +.02 Sl £,02
3)10=% w nwe3, pH z.5 " .66+ .03 .51t .03
)8 x 10=3 M Ha¥F,

pff 6.0 " -5’9 i’ ¢03 .32 i 092
5’)10"h M iodoacetate,

pﬂ B‘.; " .H2 T 092 ocJZ i' 093
6)5 x 10=5 ¥ arsenite,

pH 600 " Q&SBIO{)B 002-4-5"]:003

l. Average of 3 replications

2. 3tandard error

3. Dinitrophenol
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Table 22, Supar accumalation in notato dises incubsted at
320F., for nine days. [?ariety Cobbler (Maine}

from 559F. storaze]

2% of orizinal fresh wt.:Leaksre of

T?eatmsntl Appear-itReducing : ssugars from
ance i sugars s+ Sucrose : dises

1)Original discs - 0,08 % .012 0,14 #.01 -
2)Distilled water normal .70 +£.0L 28 1t .02 Trace
3)10™3 ¥ pup,3

pH 5.5 " oLl + .03 13 .01 +4+
1.)1072 1 NaF,

»H 6,0 " .61 £ Ol 2561 .02 Trace
5)10'3 M iodoace-

tate, pH 5.5 damaged .59 .03 A5 .03 b+
6)5 x 104 M ar-

senite, nH 6.0 " 2531 .03 231 W02 t+++t
7)10"2 M KCN,

pi 6.0 normal? 31 £.03 J11 .01 ++
8)10~2 ¥ Azide,

pH 5,0 normal? o171 .03 - +F
G)10 pepeni. ﬁAﬁh normal 0.68 1% .04 0.2 + .02 Trace

l. Average of 3 replications

2. Standard error

3. Dinitrophencl

e HNaphthalene acetic acid
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the level of sugsy accumulation. Soms Indiecatlion of inhible
tion 18 »resent in the ¥eP and arvsenlte treatments. The are
senite treatment csused extensive damage to the dises ag
indicated by the discoloration, but the szamll amount of ine
hibltion in surar sccunulation was not what one would expect
from the extant of the damage. The iodcacetate tresotment was
without effect on sugar accuwrulation but appeared to preavent

W

e conversion of sucrose to redueing augars. The NAA treaie

e

ment was wilthout elfect.

Ho coneclusions are Justified 1n the treatments causing
irhibltion gince this effect could we due to structursl dlse
organization. In the lodoacetate treatment, where supsr ace

cunulaetion oceurred in the presence of o high concentratlon

of inhiblitor, 1t would apnear te be vale to cornelude that
triosephosphate dehydrogenase 1s not involved in the process
of sucrose synthesis from staprch.

The effects of the metabolic inhibitors on susar sccumila-
tion in notato discsz under aercoblce conditions were studied o
roow tewmperature to determine 1f the same high concentrations
of irhibitors were necessary to cause inhibition at thils tene
perature as at 32°F, The results from this study are glven
in Table 23. It can be coneluded from the date that the teme
perature ol incubatlion has little effect on the resoonse of
the potato discs to the metabelic inhibitors. It 13 probably
gignificant, as shown in this and the previous inhibltion stue-
dles, thot the accumulstion of reducing suzars is inhibiited to
a oreater degree than the accumulation of sucrose. Bince in

many cases, the sucrose level sctuslly increasses 1n the nresence



Table 23. Sugar accumulation in w»otato discs during incu~
bation at room temperature for L7 hours as in-
fluenced by treatment with different inhibitors.
[Variety Katehdin (Colo.) from 55°F. storage]

Per cent of original fresh wh.

Treatmentl Apoeare
ance Reducing suzars SUCTOS6

1)0riginal discs - 0.15 0.18
2)Pistilled water normal 16 .12
Infiltrated with:
3)distilled water normal L0 « 15
1)10=3 u NP2, pH 5.5 " .2l .30
5)10=3 M lodoacetate,

pH 5.5 damaged 1l «33
6)5 x 10l 1 arsenite,

pH 6,0 normal «35 22
7)10 pep.m. Haa3 " 0.37 0.17

l. Averare of duplicate determinations
Z. Dinitrophenol

3. Haphthalene acetic acid
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;:at ﬁh» znhibitava, it wauldvtppeur &hat i% 1@ ﬁhﬂ eonversion
" of sucrose to radueiug sugars that 1o 1nhibited.
Potato discs placed at 95°F. were desd and badly infected
after 2l houss both in the eontrol and inhibitor treatments.

‘fhe elffect of DE® on suger accumulation at 32°F, was re-
pested using potato discs of the varlety Russet Burbank sinee,
as reported later, DRP was found to inerease sugar accumulabtion
in discs of this variety during desiccations The results are
given in Table 24. The evidense for inhibition of suzar ace
cumulation in aereted potato discs by DXP is clear cut. PhoSe
phate buffer at a econcentration of M/15 showed no pronouniced
erfect. Leakage of sugars fyrom the dises exposed to the
different treatments was determined and, while it is small in
amount, the leakage inersased as the degree of inhibitleon ine
ecreased,

The signifiecance of this leakage of sugars from the diases
ia not known. In general, leaskage paralleled inhibition and
structural damage of the dises, Similarly, when discs were
placed at 709, 609, 55°, OO and 329F., leakage of sugars from
the dlaes inereased as the temperature was decrsased. However,
the study of this effeect is complicated by the fact that con-
tamination by mlcroorganisms cecurred moye readily at the
higher temperatures and, in general, the discs contained less
sugar as the temperature was inereased,

It iz generally sgreed that the phoaphorylated supgars
and intermediates are lmpermeable to cell membranes. However,
Hickerason and Chung (70) reported the uptake of unhydrolyzed
glucose~lephosphate by yeast cells in the presence of 1072 M



Table 2L. Sugar accumulation in oot:zto dises incubuated
seven days at 32°F. as affected by different
concentrations of dinjtrophencl.

(Variety Russet Burbank from 5S50F, storage)

Discs ;Leakage inbto solution
Trea%m&ntl Per cont of originaliPer cent of crizinal
fresh welght $ fresh welght
feducing f Hedueing
sugars  Sucrose *  suzars SJUucrose
— —
1)0riginal dises 0.12 0.16 - -
2)Distilled water o3 .5l less than -
0.01
3)%/15 vhosphate
buffer, oH 6.0 «39 oA17 n -
&)IG’& M DNE2 .38 b .01 -
5)5 = 10°4 u ome 35 L2 .02 -
6)10™3 M DNP 0.31 0.22 0,02 -

1. Average of duplicate determinations

2. Dinitrophenol
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NaF and Dyar (2l.) has reported data that indicate that 1t is
pos:ible for small amounts of glucose-le-phosphate to penetrate
the cell membranes over long periocds of time. Krotkov and
Rennet (58) reported that slucose-l-phosphate, fructose-b-
rhosphate and fructose-l,é—diphOSphate when infiltrated with
a hexose suzar strongly inhibit sucrose synthesis, In the
present studles 0.3% glucose-l=-phosphate and 0.4% fruciose-
1,6-diphosphate either alone or in the prescnce of 10=2 i NaF
had essentially no effect on sugar accumulatlion in asrated
potato dlscs during seven days lncubation at 32°F, 3imilarly,
AT? at a concentration of 1072 M was wlthout effect.

The addition of 37 glucose or 0.05 i malic acid to the

V2 and Na¥ treatments falled to prevent the inhibitlon in

sugar accumulation caused by these compounds (42).
Sugar Accumulation in Totato Discs during Partisl Desiccatlon

The data in Table 25 show the changes which occurred in
the sugar fraction of potato dises during ovartial desiccation.
Both reducing sugars and sucrose accumulated but the wa jor
increase took place in sucrose, Addlitional molsture losas
above 20% or additional drving time beyond LA hours appesred
to have little effect , but the various possible couibinatlons
of these two factors were not studied. Thers were no nNrow-
nounced varietal trends in response although discs fron Husset
Burbank tubers consistently accumulated the hiszhest amount of
supgars during partial deslccation. This response of thie Russet
Burbank dises could be related to thelr low moiszture and high

starcn content, but 1t is more probably related to the strongsry
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Sugar accunulation in ootato discs during nartial
desiccation at roon temperaturs.

1

Variety Yelcoht Duration of Per cent of oricinal fresn Whe
and loss(%) dryinz{hrs.)
{ Source) Reducing surars Suerose
Triuvmph orizinal - Ce31 «10
{Worth
Qz’ikat?) 20.2 ’.}8 QL}.}. 92
6146 96 L6 .79
61}..3 96 .L{.o 082
Green Houn=- original - 33 «l7
talin
{Long 22.6 L8 A2 1.02
Island) o
21.1 L3 16 1.08
59.6 96 .51 .96
63. «0 96 014-3 -92
Chippews original - .19 .16
{#aine)
19.7 L8 .72 77
20.3 I.‘S [ ] "L’» .8?
62 .11 a6 .58 <91
6,2 96 e 50 .76
Russet oriszinal - 06 «03
Burbank
{¥ashinge 22.6 ); 8 iH 1.32
ton)
23 . "_:;: 228 - 6}4- 1 039
62,7 96 .76 1.09
bli.6 96 1.21

1. 3inTle

determinatlions



resistance of these discs to the ciress of desiccstion which
ts similar bo the resistance shown by the tubers {(Table 2) %o
the stress of low tewperature.

The dGaba in Table 26 show the effect of raplid desicecation
on supar acceumulation in potate dises. “hen the dlsca are
brought to a low wmolsture level by a siream of alr durling a
nerled of 4 hours, sugayr accumulation occurred but 1t was not

as pronounced as that occurrins under conditlons of slow desice

o

cation. Thece results Iindicate that durling desicceation

f

eritical water level ig soen reached that urevenbts suecrose
gvnthesise In addlitlion, they Indicate that reacilions regqulye

ing & finite time sre either involved in sucrose syntheslis or

4

the develozment of the r»hrsiologleal eonditions leading to

B

sucrose synthesis. There was 3 loss of reducing suzars during
ranid desiceation whieh may be lnteroreted by the sssumptlon
that the reduclng sursar: were uscesd to for: sucrose or thab

hey entered into ths meobabolism of the dlacs. Leonard (H1)
reperted that cabbage leaves free Irom stareh formed sucrose
from reducing sugars upon desiccation.

The data in Table 27 show that the original moisbture cone
tent of the disces had little effect on sugar accumulation
durling partial desiceation. Dilises from tubers of the variety
Chippewa with a moisture level of 83.3% behaved similarliy unon
partial desiceation to discs from tubers of the variety Russet

Burbank with a moisture level of 71.8%. This occurred notwilthe

have to lose approximately 5075 of their molsture before they



Table 2b6. Chanses in supsrs in sobnte dises daring ranid
deslececation at roonm tenperature.

TRriety "eTznt  mrntion of  Ler cant of oniorthad fr@&&_wﬁgl
ard loas(%) drying(hrs.)

Cource Red

Iplungh arisinal - D.31 Gal0

{llorth _
Dakota) 754 2 nhrs. o 16 o7

75e1 8 21 77

Srpan Dounre grlzinad - «31 «17
tain
{tony 75,7 2 ol o 37
Talaond} ,

*

e o~ et oFiE

{ :
Toa7 ik i ® o3

Chipnewa orizinal - 19 «16
i

<09 o5k

3 " &~ st
Gle2 8 « 05 52

Hngaet orlzinal - Relil «03
Burbank ,
{"aahlnse 377 f «OF olihs
ton)
719 & D06 D633

le Single determinations



Table 27.

dugar secunulation in potato discs ol difTersnt
molsture levels during partial deslcceation at
room bemmeraturo,

Tavleby Zolsw  eignt  uration ~or cent of opriginal
and tupe loga{ %) ~of roen walo)
{ Source) - drying wadm@ing
Chipnewa 83.3 ortzinal - «15 10
{Vatne) ,
1340 H8 hrs. 70 32
23,1 33 B2 gy
fusset . 71.8 original - 15 22
qu?mhﬁag;&
{7 uehinge 10.3 63 1.32 52
ton)
s 83 75 75
le Zingle deteruminations
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would have the same ratio of molsture to solids as the dises
from Ruasat Burbank kuhers. These ﬁata ahsv thaﬁ tha ol g
tue lavnl of &hs e.lzs is andor cless gns$&a1amiea1 eontrel
ardt that sugay aaaumalatien ﬁurin& martiaz dagiaeat{@n le
unrslated to the rulativv*gmﬁporsianahefimwigﬁura to sollids,
whean the dats in thiz table ard~¢am@é§¢a with the dats in
Tables 25 and 26, 1%t can be sean that slow desicestion over
a relatively iang poriod inereased the proportion of redusing
sugars to suerose. This does not invalidate the view that
suerose ia formed first, but indlcates that under conditions
approaching normal metabollism sucrcse 1s econverted into roe
dueling sugars.

tolf {(99) reported that the proecesa of suzar scoumilae
tion in potate dlaes during partial desiceation has a g
of 1.5 Data obtained in the present work confirmed the
obasrvation that the rate of sugar ascoumuletion increases
with an inereaze in temperature, Dises sublected to partial
desiceation at 105°r, (LO09C,) ascumulated more sugar in eight
hours than simllar disos subjeocted 40 pertial desieeation
for eight days at 32°°, However, since the rates of deslce
sadion were not eguivelent, an exaet Qquantitative comparliaon
is not Justified, The resction was stopped by & temperature
of 15897, (709C.).

Several investigators (561,69) have established the
necessity of aercble conditions for sugar acoumalation in
plant materisl subjected to partial desiceatiocn, Results
gbtained in the present work, as given in Table 28, eonflprmed



Table 23, dugar accumulation in potato dizes duwring
nartial deslecation at room temperatuore for
%ﬁ hours a3 aflfected by anseroblic condlitions.
4

Yariety Nusset Purbank from 55°F, storare)

| Yol rnt
Troatmentl Eg%s
, /3
Uriginal diges -
iried in alr 340
Dried in airx a5
bried in Uy e
Pried in 1L Oy 3.5
Iprled in,ﬁa T
iried in Ny b2es .21 60
Iried in wvacuum TeB ol o122
bried in vacuum 13,0 Qe1b .18

1. “versze of duplicnte detersinations
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thises However, the dependency of suerose formation upon
the presencs of oxygen 1# elsarly ahoen only vhen the potato
dises are subjected to partial desiccation in 2 vaewuum,
Potato dises when partially desiceated under an atmosgshere
of nitrogen accumulated suzar but not to the oxtent of the
controls in alr, These results enphasize the yelative ine
gensitivity of suerose formation to the partial nyressure

of oxygen., Aegordinz to soms workers (3), this would indie
c¢ate that the reaction ig fuandamental in cell metabolism,

The effect of the original sugar level of iths 3 sos on
surar sccumulation Supring partial deziesation was studied
by drying dlses from tubere stored at dlfferent tempoeratures,
The results of this study are glven Iin Table 29. The data
show that potato dlses from tubsrs whieh have acciumulated
susars in vesponse to low temperature storapgs show little op
ne additional increase in sugars when subjlected to partial
dezaiecation, 3lmilerly, discs that have been induced to
aceunulate suger by olzht days of washing with a trickle »f
tap water do not resczond to partianl deslecation.by exhibidting
an additional inercase in sugar, Aeration of the discs in
a bulfer solution of »% 6,0 econtalning phosphate and potase
siun fons had no signifisant effeet on the subsesguent response
of the dises to partial desliccation.

The effoct of several wetabolic inhibitors on sugar
accumulation in potato dlscs when subjected to nertial desice
cation was studied by veacuum infiltration of the inhiblitors
into the discs and allowing them to épy slowly under uniforms
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Table 29. Sugayr chuanges opoupring in potato dises with
‘ different levels of s éuring partial desice
cation at room tempera g

1)Russet Burbanke2l days at 32°FR,

Original dises 206 +91
Dried 18 hours 22.7 »35 «86
2) Triumph(N,D, )=3 months at 32°K |
Original disecs 2.42 3414
Dried 8 hours 70,6 1,02 3,34
Dried 60 hours 132 . 3;33 Re2ly
3)Russet Burbanke S5°F,
AJDises washed 8 days 56 51
B.Dises wash 8 days and L
aevated 2l hours 1n Bl . oo 6T? 32
C,Discs washed 8 s and
aerated hmuru in oOS u Cam  am
BaaH?ah - Eﬂg? _vﬁ‘ o ?83? 2 ;';;’ggl
Hos A dried 2l hours ©o20.h .83 0 W42
¥oe B dried 2 hours - 16,0 .83 67
No. C dried 2} hours . 28.4 66 «60

1s Averapge of duplicate determinations
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conditions in an insubator oven at 70°F, The results of
this study are glven in Table 30, Ko evidenoce of inhibie
tion 1s present notﬁitﬁa%&n&iﬁg the fact thet the inhibitors
were added in aan@ontratiean some 5 te 10 times largny than
tho&t ﬁ&d& in eaﬁparabia hysialagieai 1Rvastigatiunscv In
the 10°3 ¥ DNP and 102 M NeF treatments sugar socumlation
1& significantly grtaﬁiv than 1n thn &tstil&ad water controls.

™at portion of the abevo exporinnnt involving DNP was
reveated in greater detail, The results are given in Tsble 31,
Sugar aceumilation increased with increase in DNP up %o
10™3 M, It ta also significant that in the presence of DNP
the dominant sugar is aue»b;o.

In additlional sxperiments i1t was found that infiltration
of potato dises with 10"2 ¥ DNP at pH 5.5, 10*3 ¥ DWP at
pE L8, and 102 ¥ War at pH 4.8 caused the death of potate
disecs during desiceation. Some verlieties wore killed by
103 ¥ DHP at p¥ 5.5. The variety Russet Burbank showed the
greatest resistance to the inhibitors. However, as long as
the infiltrated DNP d1id not cause the structural disorganize-
tion of the cell, an increase in sugar mccumulation over the

distilled water controls was obmerved,
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Table 3C. Sugar accumulation in potato dises during partial
desiccation at room tewperature (70°F.,) for 68 hours
as affected by metabolic inhibitors.

[Variety Katahdin (Colo.) frou 55°F, storagé]

Welght Per cent of original

Treatmentl Appearance loss fresh welpht
fteducing
SUZArSs Suerose

1)0riginal - - 0.19 .17
2} Untreated normal 25.6 <33 .61
Infiltrated with
3)distilled water " 22.1 .38 .79
1,)10°3 ¥ pNP2, pH 5.5 " 23.9 .Sk 1.72
5)10™3 ¥ iodoacetate,

pH 5.5 " 20.7 «93 .63
6)5 x 107k u arsenite,

pH 6,0 " 13.9 .92 .82
7120~ M NaF, pH 6.0  damaged  24.5 .92 1.30
8)10 Depeiie Haa3 normal 21.0 0.98 .65

3).2 ¥ acetate buffer,
‘pH 4.8 dead - - -

l. Averare of 3 replications
2. Dinltrephenol

3. Haphthalene acetic acid
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Table 31. Sugar accumulation in notato discs during partial
dezieccation at room temperature (70°F) for 65
hours after infiltration with different concen-
trations of dinitrophenocl. (Variety Russet Bur-
bank from 55YF. storage)

5 Telpnt Per cent of original

Trectment” loss fresh waightﬁl

7 Reducing
Suresrs SUCYrose

1)0riginal dizcs - .12 .16

2)Untreated 22.0 1.21 «39

Infiltrated with:

3)distilled watsr 8.0 1.24 7L

1)0.0% ¥ pheaphate buffer,

}'33 600 10,0 1019 0?9
§)10‘& ¥ DNP3, pH 5.5 5.0 1,08 1.0l
6)5 x 10l uw DNP, oH 5.5 12.0 .97 1.17
71103 & DNP, pH 5.5 15.0 .63 2.06

1. Averape of duplicate determlnations

2. 4All sanmples normal

3. Dinitronhenol



DISCUSSION

Levitt (59}, in a revisw article on frost, drought and
heat resistance in plants, has stated, "It 1is now clear that
froét, drought (4. e. desiccation), and heat resistance are
all basically similar, and that any resistance to one of
these factors carries with it a resistance to the others,
Consequently, & thécry proposed to explaln one of them must
apply to all¥, |

. The faet that potato tissue aacupﬁlétaa ngar when ex-
posed to low and high-temy#raturca and to partial desiccation
makes 1t probable that this response 1s a part of the sbove
complex prabloﬁ. Any adequate theory that explains frost,
drought and heat resistance should give some indleation of
the physiological changes that initlate sucrose accumulstion.
Conversely, an explanation of the conditions leading to auce
rose synthesis would partially explain the response of the
plant to frost, drought and heat. At present, no adeguate
theory for either exists,

The results presented make 1t o pear improbable that
there is a simple blochemieal explanation for the accumulation
of sugar in potato tissue exposed to low and high temperatures
and to partial desiccation, Evidence obtained in the present
work indicates that this response 1s caused by an alteration
of the organization of the cell, The poasible nature of this
alteration, other than that it 1is largely reversible, is not
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known, The flnding that 10=3 ¥ D¥P increases rather than
inhibits susrcse synthesis in notato discs being aubjected

to partial desiccation should zid in understandins this

ehange. Tenly (90) renorted that the additlon of I to a

cyclophorase ayatem carrying on active oxidation caused some
of the el ohosgphorus to bs discharsed from the partlculates
and to be made avallable in the form of inorganic vhossghorus.
Green, et al, (29) have reported that temperatures of 35%¢,
and 0°¢. fsvor the release of gel phosyhorus., As explalned
previously, any increase in inorgzanic phosrchorus in the
eytoplasm should cause the conversion of starch to glucoge=le
phosphate whlich could result in the formation of sucrose.
These at:otements are sresented ‘or consideration only since
it would appear likely that the actuval process ls much more
inveolved.

As previously stuted 10"lL K to 10“3 i DNP vartlally
inhibited the sccumulation of sugars In aerated potato dises
in agueous media, It is not elezar why an inhibition is present
here and & stimulation is found in the partlally desiccated
dises. It haz been emphasized that the pobtato dlees aerated
in agueous media sre in 2 state of active zrowth and are not
strictly comparable elther to the tubers or to the dlses belng
subjected to partial dezlccatlion. However, 1t lg reasonable
to assume tiat the samne physicochenmical contreol mechanisms
are in operation. The increased metobolic activity of {he
potato dlses serated Iin agueous medla would require an ine
creased utilization of ATP with a rezulting libveration of

inorganic phosphorus which, in turn, should fevor the conver-
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sion of stareh to slucose-l=-phosphate, The nressnce of DEP

ATP,  Presumadbly, it should alsoc cause the leakase of ~hosge-
phorus from the particulates and favor the conversion of
storen to zilucose=l=nhosphate. 11 this havpens 1In serated
notato dises, it doss not lead to the formation of sucrose.
Ubservations from the diflferent experiments strongly
indlcate that irn the potato tubsr the reducing zugars arlise

%3

from suercze, Host of the results obtalned in these situdles
az well as the experimental studies on photosynthesis 1t

into a loglesl pattern 1{ 1t is assumed that sucrose is the
storaze sugar of the cyteplasm for plants in general. Hince
most synthetic reactions occur in the cytoplasm, aucross would
be the {irst sugar lormed. Sucrose could be accumulated in
the cytoplasm in relstively hich concentrations without intere
fering: with or entering into the metabollsm of the cell.

In some resvpecis 1ts position would be analogous to lzctose

in milk and fructose in cperm cells, To postulate further,
the inversion ol sucrose would take nlace in the vacuols of
the cell and the reducing sugars, when drawn upon for use in
metabollism, would be phosphorylated at the vacuolar membrane
and pass into the cytoplasm as =z phosphorylated sugar. At
present, the exact mechanism for éuarosa penetration of the
cell membrane 1s not “nown and the extant to which the above
concept anproximates the sectusal plcture will denend larcely

on an experimental eluclidation of this vroblem.

Additlional Information on the mechaniam of sucrose
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synﬁh@aia was not cbtained. However, the relatlive insensitie
vity of this synthesis to the oxygen lév.l of the tubers and
to the presence of high concentrations of metabolic inhibitors
make 1t prebablnrthgg the major portion of the energy in the
glycozidie bond of s;nroaa 15 darivéd rram;preaxisting bond
encrgy: ?ha uxaat ‘meshani sm by whieh the bond auergy of the
praeursora 13 1nsreasad to that of auerasc remaina a challenge
to blochemietry. The continued synthnaia of suerose in the
presence of 10™3 M DNP makes it unlikely that ATP is involved.



SUMMARY AND CONCLUSIONS

The starchesugar iqniliﬁﬁium was studied in potato
tubers, in patata discs aeratﬁd in aquoous maaia, and in
pot&te diaas subjeotod tu yurtial desiceation.}

Potato tubers stored at 31”, 1,0° ana 95°F. responded
by converting starch to suscrose and éqduaing sugars. The
conversion of starch to sugars was only partially inhibited
when potato tubers were stored in 3% oxygem at 32°F, for
20 days. Potato tubers, previously allowed to accumulate
sugars at {O9F, storage, converted sugars to starch when
stored at 70°F.

Potato discs when properly serated in aquecus media at
room temperature or at 32°F, increased in reducing augars
and gucrose., This proeocsgs, which was sensitive to the partial
pressure of oxygen, was unaffected by 10 p,pe.m, NAA or
0.1 ¥ 2,44«D and was partially inhibited by osmotic agents
such as 0.3 ¥ CaCl, or/lO%_mannital. It was slightly stimue
lated by 0,05 M NaCl or .05 M KCl, Sugar accumulation in
these discs at 32“?. showed a high degree of resistance to
metabolic inhibitors, being only partially inhibited by
10=3 M DNP at pH 5.5, |

Potato discs subjected to partial desleecation increased
in reducing sugars and suercse. A slow rate of deslecation
increased the amcunt of sugar accumulated and the proportion
of reducing sugars to sucrose., The origiral moisture level

of the dises was without effect, but disecs containing rela-
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tively high levels of sugar shewed little or no inerease in
sugars upon dryimg. The p?ba&savﬁf sucrose synthesis was
remarkably resistant to the effect of metabolic inhibitors.
As long as cell structure was not damaged, 10=3 M D¥P at

pH 5.5 caused an actual increase in the amount of sucrose
accumulated., Sucrose waz the dominant sugar accumulated in
the presence of the metabolie inhibitors.,

The results from the various experiments indicate that
the first sugar formed from the hydrolysis of starch is
sucrose, The reducing sugars, in turn, come from susrose.

Asid=soluble organic phosphorus and the aetivity of
phosphorylase were determined in potato tubers from different
storage temperatures, but a relationship between these values
and storage temperature was not found.

Dises from tubers stored at 75°F, were more efficient
in the conversion of infiltrated hexoses into sucrose than
discs from tubers stored at 32°F,

Sugar accumulation in potato tubers appears to be a part
of the larger problem of frost, drought, and heat resistance
in plants, It is improbable that there is a simple biochemi-
cal explanation for this response. The available evidence
indicates that sugar accumulation in potato tubers i1s initiat-

ed by physiologlcal stress of a struectural nmture,
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