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TRANSLOCATION OF STEM-INJECTED GLUCOSE-3 H AND
SUCROSE-14C IN BEAN SEEDLINGS AS AFFECTED BY
2,4,S-TRICHLOROPHENOXYACETIC ACID TREATMENT1

John W. Long, Eddie Basler and Sandra Reisbeck

Department of Botany and Plant Pathology, Oklahoma State University, Stillwater,
Oklahoma

Sucrose-14C (U) and gluc:ose-3..JH were injected simuluoeously, either with
or without 2.4,5-uichlorophenoxyacedc add (2.4,5-T), ineo the seem, at the coty
leclooary node, of lCk1ay-old bash bean seedlings (PhllSeollls fJulgms L, ~ar.
Stringless Green Pod). The effect of 2,4,5-T was CO retard the ~e of .ttan,locatlo!!
of the susan ineo, and the disappearance of label. from, growIDg POIDU and pn
mary leava. Treatment with 2,4,5·T enhanced disappearance of label from the
Item, and slig1Idy enhanced iu accumulation in the roots. Disappearance of cocal
HC label from the whole plant was somewhat accelerated by 2,4,5-T, while aH
label was unaffeaed.

INTRODUCTION

The hypothesis that auxins produced by
metabolic sinks, such as apical meristems
and raridly maturing fruits, regulate the
flow 0 metabolites to these areas was ad
vanced by Went as early as 1939 (1). In
vestigations of the movements of isotopic
ally labeled metabolites in plants have
demonstrated that such substances tend to
move out of mature leaves towards actively
growing regions, such as young developing
leaves and fruits (2). Booth, eul. (3 )
attempted to ascertain the role of auxins on
sugar translocation in pea plants by replac.
ing the apical meristem with a lanolin paste
containing indole-3-acetic acid (IAA) and
observing the movement of He·labeled su
crose in the plant. They noted that IAA
stimulates the movement of substances to
the point of application. Both up and la
beled photosynthates were shown, by Seth
and Wareing (4), to move into the pedun
cles of beans treated with IAA.

Khan and Sagar (5) reported that treat·
ing the fruits of tomato plants with 2,4,5
tricblorophenoxyacetic acid (2,4,5-T) en·
hanced the movement of sugar from other
parts of the plant. They further reported a
15% increase in the amount of sugar ex
ported from a leaf treated with 2,4,5-T.

The translocation of photosynthate in
young soybean plants is altered by the re
placement of the apical meristem with IAA
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in water (6). In order to determine the
distribution of the IAA applied in this man
ner these workers treated the plants with
14C:labeled IAA and then analyzed tissue
extracts for the presence of label after
treatment. They were able to find no label
in the leaves and in only one Case was IAA
recovered from the roots. Almost all of the
label was recovered from the stem tissue.
This suggests that auxins exert their regu
latory influence within the stem and, prob
ably, specifically on the vascular system of
the stem.

In a series of studies on the translocation
patterns of 2,4,5-T injected into the stem of
young bean seedlings at the cotyledon node,
Long and Basler have shown that increasing
the amount of 2,4,5-T injected into the stem
from 0.5 ~g to 3.0/lg caused a geometric
increase in the amount of auxin translocated
acropetally into the growing point (un·
published data). Very little auxin was re
covered from the primary leaves, however.
A possible explanation.for this is th~t aux
ins may cause generallzed changes 1Jl the
semipermeability of membrat;'es of v~
Jar tissues which would result In the mobIli
zation of translocatable metabolites to the
most active metabolic sink. Zimmerman
(2) suggested that the exchan~ o~ su~
between phloem and surroundlDg tISSUes 11
regulated by auxins. The increase in acr0

petal movement of auxin would merely re
flea the change in metabolite flow. ';fhere
are implications that auxins produced 1Jl the
apical meristem move basipetally into the
stem where they, in some manner, regulate
translocation patterns. This effect would be
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The plants were hanested at 1, 2, 4, and
6 hr and were separated into primary leaves,
including petioles, growing points (all tis
sue above the primary leaf node), stems
(all tissue from the root collar up to tbe
primary leaf node), and roots. The plant
parts were quickly frozen at -400 C and
freeze-dried. The plant parts were then
homogenized in 95 % ethanol in a Vittis
high-speed homogenizer. Small aliquotS of
the homogenate were transferred to vials
containing 15 ml Bray's cocktail and ana
lyzed for radioactivity in a Packard Tri
Carb Model 3320 Liquid Scintillation Spec
trometer, which was calibrated for simul
taneous dual-label counting. Carbon-14 and
3H counts were corrected for efficiency by
external standardization and comparison
against chlorophyll-quenched standards.
Five milliliter samples of the nutrient solu
tion in which the plants were growing were
pipetted into counting vials. The water was
removed by lyophilization, IS ml of Bray's
solution was added and the solution was
counted as described above.

RESULTS AND DISCUSSION

Figure IA shows the acro~1movement
of the label from SUcrose-I C and glucose
3-8H to the growing point in the presence
and in the absence of 2,4,5-T. The rate of
movement of sucrose label to the growing
point was decreased by 2,4,5-T, but the tOtal
amount translocated essentially was equiva
lent.

The pattern of translocation of glucose
label to the growing point was much the
same as that of sucrose, but the total amount
was much less. Sucrose and glucose labels
reached a maximum at 2 hr and then rapid
ly disappeared. 2,4,S-T delayed the peak
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METHODS AND MATERIALS

produced anifically by injecting auxin into
tbe stem.

In order to test this hypothesis HC-labeled
sucrose and 3H-glucose were simultaneously
injected into tbe stem along with (or with
out) 2,4,5-T and translocation measure
ments of the label were made.

....._--
PrGvu 1. The tnaJIoaIdoa of 14C IIIIaOIe label aad If{ afaaw label alter iajecdoa wtcb Of
~ 2.4,S-T. the cotylecloaary DOCIe to (A) srowiaa poiau, (8) primuy ....ad (C) IOOCS.

Bush beans (PbtlSeolus flulgtWis L, var.
Stringless Green Pod) were germinated in
perlite moistened with half-strength Hoag
lands solution under Sylvania 4O-watt Gro
lux Lifeline fluorescent lights. Mter the
five-day germination period, the seedlings
were transferred to amber glass jars con
taining 400 ml of half-strength Hoaglands
and aeration was provided. The plants were
then placed in a growth chamber adjusted
for 14 hr day, 10 hr night, 90° F day tem
peratures, 80° F night temperatures, and
humidities ranging below 30% relative
humidity.

After about three days in the growth
diamber, the plants were transferred to
amber jars containing fresh one-fourth
strength Hoaglands solution. On the day
following this latter transfer, the plants
were treated by simultaneously injecting
0.146 nanomoles of sucrose-HC (U) (spe
cific activity 360 mc/mmole) and 0.722
nanomoles D-glucose-3-3H(n) (specific ac
tivity HOO mc/mmole) into the stem of
the intact plant with a Hamilton l-~l

syringe at the cotyledonary node, with the
needle penetrating down the pith area
about I em from where the sugars and
2,4,S-T were deposited. The sugars were
injected alone in 1 ~1 of 85% ethanol per
plant or along with 3.0 ~g 2,4,S-T.

A



times foe the translocation of both sucrose
sod glucoee by approximately 2 hr. Move
ment to the growing point of stem-injected
sugars is not enhanced by 2,4,5-T and, thus,
the previously noted 2,4,5-T translocation
response is not a generalized mobilization
of nutrients in the stem with a concomi
tant movement of 2,4,S-T.

The translocation pattern to primary
leaves (Fig. IB) was moderately different
from that to the growing points, although
the peak times in both pJant parts were
similar. Whereas grossly dissimilar amounts
of glucose and sucrose moved into the grow
ing points, the rate of movement into the
primary leaves was very similar for sucrose
and glucose, both in the presence and in
the absence of 2,4,5-T, for the first 2 hr.
This may be an indication that both sugars
reached the leaves via the same pathway
(possibly the xylem) , while translocation to
the growing points, as shown in Figure lA,
may have been via separate pathways for
sucrose and glucose. Comparison of trans
location patterns to the growing points
and leaves shows that the patterns of trans
location of glucose and glucose with simul
taneous 2,4,S-T treatment are very similar

in the two plant parts. The sugar concen
tration reached a maximum in primary
leaves at 2 hr (except in the case of glucose
3-3H + 2,4,5-T) after which time the label
rapidly disappeared. Apparently 2,4,5-T de
layed the disappearance of label, as it did
in growing points, possibly by causing in
corporation of the sugars into a more stable
pool.

Basipetal transport to the roots is shown
in Figure Ie. Amounts of I·C label recov
ered from the roots were very small even
when compared to those of the growing
points and leaves. There appears to be a
slight increase in the accumulation of
label in the roots as a result of the 2,4,5-T
treatment. Analysis of the nutrient solution
showed essentially DO label present in the
nutrient solution in which the plants were
growing under any treatment conditions.

Only lOjf to 15~. of the label applied
was accounted for in growing points, pri
mary leaves, and roots. The amount recov
ered from the stem (Figure 2A) shows that
considerably more than this disappeared
from the stem. Fifty per cent of the HC
of sucrose and 75 % of the 3H of glucose
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disappeared 2 hr after treatment. A slight
enhancement of disappearance of both ICC
and 3H label was caused by 2,4,5-T. Figure
2B represents the total label recovered per
plane; Obviously both HC and 3H disap
peared very rapidly. Although 2,4,5-T en
hanced the disappearance of both sucrose
and glucose from the stems (Figure 2A),
in the total plant only the disappearance of
sucrose was enhanced by 2,4,5-T.

The pattern of disappearance of label
from the total plant very closely parallels
the disappearance of label from the stem,
which suggests that a considerable portion
of the label is lost, probably by 14C02 and
::H20 evolution, due to the metabolic ac
tivities of the stem. This very rapid metabo
lism which occurred in the stem was totally
unexpected and could be a wound reaction
brought about by the injection of the sug
ars.

It is dear from these investigations that
most if not all of the translocatable pool
of labeled sugars had disappeared from the
stems at 2 hr, or at least no net accumula
tion of label occurred in any of the other
organs after 2 hr.

As we have shown in previous, unpub-
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lisbed work, auxins such as 2.4.5-T appear
to cause changes in permeability or in other
factors which cause enhanced acropetal
2.4.5-T transport. The present data show
that these changes do not result in enhanced
movement of all common metabolites;
thus, the changes must be specific for the
movement of auxin-like molecules. The
effect of 2,4.5-T seems. rather. to be on
the incorporation or accumulation of the la
bel into more stable metabolic pools. in
terms of compartmentalization of the su
gars, or incorporation of the label into
other cell constituents and, to some extent,
on the disappearance of label from the
plant.
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