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Introduction

The respiratory activity of sugar beets is of interest to pro-
cessors because of losses of sucrose from post-harvest beet roots
during storage. Earlier, it has been reported (1)* that losses may
be related directly to the respiratory activity ol sugar beets.
Stout and co-workers reported that the respiratory rate of sugar
beets can be affected by temperature, bruising, CO. and cxygen
contents of environmental atmosphere, surface area per unit
weight, genetic varieties, and inhibitors (4, 5, 6). The nature
of pathways of carbohydrate catabolism operative in beet roots
is not yet elucidated.

In the present work the radiorespirometric method (2, 3)
has been employed to examine the utilization of several C'
labeled monosaccharides and disaccharides by beet roots.

Materials and Methods

Sugar beets of the variety US 22/3 were shipped from Nampa,
Idaho, to the laboratory by air immediately after harvest. Test
samples, selected on the basis of uniformity in shape, weight
and maturity, were cleaned thoroughly prior to experimenta-
tion. Each of the test samples weighed approximately 500 grams.

The C'* labeled compounds used in the present study were
obtained from the National Bureau of Standards through the
kind cooperation of Dr. H. S. Isbell and several other commercial
sources. Purity of each of the labeled compounds was established
by means ol paper chromatography and radioautography. -

The radioactive substrate in the form of an aqueous solu-
tion was administered to an intact root by means of the “well”
method. According to this method, a cylindrical well 9.5 mm
in diameter, was drilled into the crown ol the root to a length
of 14 of the beet by means of a sterilized glass tubing. Upon
withdrawing the glass tubing from the root along with the tissue
core inside the tubing, a well with a defined area was hence

1 Contributions from the Department of Chemistry and the Science Research Institute,
Oregon State College, Corvallis, Oregon. This work is done under contract No. 12-14-100 008
(74) from the U. S, Department of Agriculture, Western Ulilization and Research Division.
Published with the approval of the Monographs Publication Commitiee, Oregon State College,
as research paper No. 392, School of Science.

* A portion of this work is taken from the thesis presented hy R. D. Barholir for the de-
gree of Master of Science at Oregon State College, 1958,
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established, The radicactive substrate was then muoduced into
the well in the form of an aqueous solution having a given
volume and  preseribed  concentration  with respect 1o both
amount and radioactivity. Approximately 24 ol the previously
removed tissue column was then inserted to cover the opening
of the well and molten paraflin wax was applicd to seal the entire
opening.

Inasmuch as the size of the well 15 defined and the diffusion
ol the substrate solution into the root tissue is likely w [ollow
a constant rate, one should, therelove, expect reasonably repro-
ducible findings [rom replicate experiments. The nature of the
substrate diffusion processes was examined by a radioautographic
study of root sections following the administration ol €' labeled
sucrose. It was observed that the diffusion of sucrose followed
a dehned and homogencous pattern. In addition. satisfacrory
veproducibility of recovery data was realived with vespect o
respiratory CO. from a great number of beet roots administered
with an equal amount of (V7 labeled sucrose by the “well”
method.

The urthization of monosaccharides and disaccharides by beet
reots in respivation was studied by the radiorespivometric method
reported  carlier for similar stucies with fruiis (20 3). The
method relies on the examination ol interval recoveries of res
piratory CVOL from a biological system uiilizing €' labeled
substrate. 'T'he substrates employed in these experiments as well
as thelr amounts and radioactivities are given in Table 1. In a
typical experiment, labeled substrate was inuvoduced into the
beet root by the “well” method. The beet was then transferred
into a respiration chamber, 8 liters in capacity and equipped
with inlet and outlet tubes. CO.-free air was introduced into

Table L—~C Specifically laheled substvates used in radiorespivometyic experiments,

Specific Fotal
Substrate Weight, mg activity ue/mM radioactiviey ue
sSuacrose-L1C 23 1.23 010
Alaltose-§-C S 18.060 1.00
Glucose- U 50 1.80 4.50
Tructose-U-C' 10 18.00 100
Mannose-1-Cit 10 18.44 1u
Galactose- -0 10 18.00 1.00
Rihose-1-C A 18.10 1.00
Glucurenate-6-CHt 20 6.77 0.70

Glueonate-U-( 28 251 ‘ 0.98
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Figure 1.—Scheme for the isolation of beet constituents,
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the chamber from a bypass manilold cquipped with a flowmeter,
thus permitting the control of air flow rate sweeping through
the chamber. A flow rate of approximately 200 cc per minute
was cmployed to Insure a rapid turnover of atmosphere in the
chamber. The resptratory GO, was swept into a CO. trap con-
sisting ol a sintered glass sparger mmersed in 25 ml of 0.5 N
CO-lree sodium hydroxide soludion. At prescribed time inter-
vals, the solution in the trap was replaced and the CO. mapped
was recovered as BaCO, by the addition ol BaCL-NH,Cl solution.

In a separatce cxpmimcnt, a refatively higher level of (M
labeled sucrose (9.1 go in 100 mg) was administered to the beet
weighing 831 grams, thus permicting the estimation of substrate
incorporation into various constituents and metabolic products
of beet root. Utilization of sucrose was followed radiorespiro-
metrically lor a period ol 233 hours, at which time the specific
activities ol the respived CO. had declined and leveled to u
steady value. The bect was then processed according to the
scheme given in Figure 1 for the isolation of various groups of
beet constituents [or subsequent radioactive analysis.

The radioactivity ol respiratory CO., and various beet con-
stituents was determined by means of a Geiger-Muller gas flow
counter.  All counting samples were converted to BaCO., which
in turn was mounted on aluminum planchets by the (Cnlnlum—
tion technique. Countings weve carried out to a standard de-
viation no greater than 19, and the counting data were corrected
lor bad\gmund and scll-absorption i the usual manner

Results and Discussion
Ty

The radiorespirometric data on the utilization of (' labeled
monosaccharides and disaccharides given in Table 2 illustrates

Table 2.—~Rccoveries of C'1x from intact beet root metabolizing €7 spcmhmll\ labeled
substrates.

Substrate Camulative percentage recovery of CQ: at given hours

4 hr R hr 12 hr 16 hr 20 hy
Sucrose-U7-CY 0.5 0.4 8.6 1.5 15.6
Maltose-1-C 0.2 3.3 8.6 12.2 14.1
Glucgse-U-C 1.5 5.8 9.2 124 147
Tructose-U-C1 0.6 3.8 9.4 1.8 12.9
Mannose-1-C% 0.1 0.6 t.h 5.0 1.2
Calactose-1-CH 0.4 6.6 10.5 12.7 11.1
Ribosc-1-Ct 0.5 1.6 1iA 183 21.8
Glucuronate-6-C1 2.0 15.7 24.9 28.7 30.0

Ghiconate-U-CH 0.5 1.0 2.5 105 19.5
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well the versatility of beet roots in metabolizing carbolvdrate
materials. At the end ol 20 hours a considerable amount of
substrate vadioactivity was vecovered in respiratory CO. [rom
beet roots metabolizing 4 labeled sucrose, maltose, elucose,
fructose, galactose, ribose, glucuronate and gluconate.  Mannose
was lound 1o be metabolized only shightly indicaung that man-
nose is not catabolized divectly or converted rapidly 1o other
readily catabolized hexaoses such as ghucose and fructose.

e is also noteworthy that 25% of the €Y activity in the
acininistered glucuronate-6-C' was converted 1o GO, in a matter
of 12 hours. "Fhis fact may indicate the active operation of a
direct decarboxylation process o glucuronate leading o the
formation of xylosc. Since a significant amount of €O, was
produced in the gluconate-U-CH experiment, it s possible that
the phosphogluconate decavboxylation process may be operative
wm beet roots possibly as another mechanism for pentose produc
tion. It should be cemphasized thay the data presented heve
served ondy as evidence for the presence of enzyme systeins ve-
sponsible [or the metabolism of the respective carbohydrates.
Vartation with respect to the rates of substrare diffusion in beet
root does not permit one to clucidate the exact natare ol the
pathway nor to compare the findings with different labeled
substrates.

The fate of sucrose in beet metabolism was traced by a
radiorespirowmetric stady ol the wiilization of sucrose-U-Cot with
higher specihe activity, The radiorespirometric data coliected
i this experiment are given i Figure 2. It is noted that the
spectfic activity of CO.L vises sharply in the carlier phase evi-
dently refiecuing the active metabolism of the substrate priov to
s cdiffusion away [rom the site of administration. 'The progress
of diffusion Is indicated by the decline of the specific activity
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Figure 2-——Radiorespirometric pattern of sacrose UG camabolism in
beet roots.
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of G0, beginning at 25 hours after substrate administration
and continuing until approximately 220 hours. The beet root
was Tound to be still in normal physinlogical state and at the
ened of the expertment the final specific activity of the respivatory
CH0L was 618 cpm/mM of carbon. The beet voot was then
processed to isolate various {ractions for radioactive assays. The
cdistribution of substrate activity in these fractions are given in
Table %

Table 3.—Distribution of activity of sucrose-U-CH in beet root fractions,

Carbon dioxide T340,

Pulp 25.59,

Amino arids 569,
Organic acids 2297
Sucrose 11.29,
Neutral fruction 1329

{Straple carbohydrates, ele, )

It is interesting to note that as much as 249 of the adminis-
tered sucrose was found to be incorporated into the insoluble
pulp fraction. The significance of this observation is yet to he
clucidated. Examinatoin of the specific activity of beet sucrose
in this experiment also permits one to correlate the origin of
respiratory CO, to sucrose catabolism. The activity ol sucrose
was found o be 528 cpm per mM ol carbon, a value that ap-
proaches the abserved specific activity Jor the rcspil'atm'y CO.
(619 cpm/mM of carbon) at the end of the experiment. This
fact led us to believe that sucrose is the principal, il not the
exclusive, source of carbon for the production of respiratory CO.
in bect roots,

The conclusion is drawn from the following considerations:
(ay toward the end of the sucrose-U-C' experiment, the specific
activity of (1O, has reached a steady level (Figure 2% and hence
represents the specific activity of the carbon atoms ol the car-
bonaccous  compounds  directly  involved in the rvespiratory
mechanism;  (b) despite the fact that it is unlikely that the
administered labeled sucrose had mixed homogeneously with
bect sucrose, the specific activity ol GO, reflected divectly the
GO0, ratio of the entive beet root under study: (o) the
specific activity of sucrose isolated in the end of the experiment
represciited the sucrose-U-CF sucrose-CF ratio of the entire hect
root under study: (dy i the vespiratory CO. s derived from
carbon sources other than sucrose one would cxpect a notice
able dilution of ('O, from PO yesulting in a significant re
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duction 0 the specihic activity of (20 below that of the beey
sucrose. The finding is in agreement with that reporeed carlier
by Barv ec al. (1) using a different method of estimation.

The nature of the pathways mvolved i the catabolism of
beet sucrose has heen studied and the findings are reported else
where (7,

Summary

In beet roows. sucrose is the most important carbon source
for the production of respivatory CO.o Simple carboliydrates
and their derivatives such as maliose. glucose, fructese, mannose.
calactose, ribose. glucuronate and gluconate can also be catabo-
lized by sugar beet root.
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