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ABSTRACT

Indole-3-acetyl-myo-inositol occurs in both the kernel and vegetative
shoot of germinating Zea mays seedlings. The effect of a gravitational
stimulus on the transport of 13H1-5-indole-3-acetyl-myo-inositol and IU-
'C1-D-glucose from the kernel to the seedling shoot was studied. Both
labeled glucose and labeled indole-3-acetyl-myo-inositol become asym-
metrically distributed in the mesocotyl cortex of the shoot with more
radioactivity occurring in the bottom half of a horizontally placed seed-
ling. Asymmetric distribution of VH]indole-3-acetic acid, derived from
the applied V3Hjindole-3-acetyl-myo-inositol, occurred more rapidly than
distribution of total 3H-radioactivity. These findings demonstrate that
the gravitational stimulus can induce an asymmetric distribution of
substances being transported from kernel to shoot. They also indicate
that, in addition to the transport asymmetry, gravity affects the steady
state amount of indole-3-acetic acid derived from indole-3-acetyl-myo-
inositol.

That gravistimulation can induce an asymmetric distribution
of IAA is known for several kinds of plants and from several
kinds ofexperiments. Endogenous growth hormone, as measured
by exodiffusion and bioassay, shows hormone asymmetry in
Lupinus, Avena, Zea, and Helianthus (1 1, 12, 21, 26) with more
hormone diffusing from the lower side of a horizontally placed
shoot. Exogenously applied ['4C]IAA also becomes asymmetri-
cally distributed following application to the tip of a geostimu-
lated shoot (15, 18) or root (17, 20). Endogenous IAA, as
measured by GC/mass spectrometry, also is present in greatest
amount in the lower half of a stimulated shoot (2, 3). More
recently, it has been shown that endogenous free IAA is asym-
metrically distributed in the cortex (cortex plus epidermis) tissue
of the mesocotyl of geostimulated seedlings of Zea mays (4).
Hormone asymmetry is often though not always observed (21).
The asymmetry is explained by a tropic induction of move-

ment of the hormone from the upper to the lower side of the
stimulated plant. How the lateral transport occurs, in what tissue,
what is being transported, and what controls might be operative
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in moving compounds from the upper to the lower portion of
the shoot is not clear. The objective of this and prior studies
from this laboratory (2, 3) has been to obtain a fuller understand-
ing of where and how this asymmetry arises so that we may
better understand how plants control their endogenous concen-
tration of IAA.

Gravistimulation also induces other asymmetries. Reducing
sugars have been found to be distributed asymmetrically in
geostimulated sunflower stems (14), internodes of Dahlia (28),
and wheat internodes (1, 5) with more sugar found in the lower
half of the horizontally placed stem.

In this work, we have studied the effect of horizontal position-
ing of Zea seedlings on the distribution of [U-_4C]-[5-3H]IAInos3
being transported from kernel to shoot. Asymmetric distribution
develops for these substances following about 30 min of geo-
stimulation. However, [3H]IAA derived from [5-3H]IAInos
shows asymmetry in 15 min. This finding suggests two mecha-
nisms for the induction by gravity of asymmetric distribution of
compounds, (a) a transport asymmetry, and (b) some mechanism
for altering the steady state amount of IAA derived from IAInos
hydrolysis.

MATERIALS AND METHODS

Plant Materials. Kernels of Zea mays L. cv Stowell's sweet
corn (W. A. Burpee Co., Clinton, IA) were soaked for 24 h in
running tap water, rolled in paper towels, placed in a plastic
bucket containing several cm of water, and germinated for 4 d
in darkness at 25C.

Application of Radiolabeled Compounds. One-fourth of the
kernel was cut off, leaving the scutellum intact. Three gl of
[U-`4C]-D-glucose (13.5 nCi in 75 pmol, ICN, Pharmaceutical,
Inc.) in 50% 2-propanol were applied to a cut endosperm surface.
After application of radioactive materials, the seedlings were
rerolled in paper towels and incubated for 2 h in darkness prior
to gravistimulation.
The transport of [U-_4C]-D-glucose from endosperm to meso-

cotyl was assayed after 1, 2, and 3 h of incubation. Ten meso-
cotyls excised with a razor blade were placed in a 20 ml scintil-
lation vial with scintillation cocktail for 24 h before the radio-
activity was counted with a Beckman LS 7000 scintillation
counter. [5-3H]IAInos (27 Ci/mmol) synthesized enzymically
(22) was a gift from Dr. J. R. Chisnell. Three ul of [5-3H]IAInos
(750 nCi in 28 pmol) were applied to a cut endosperm surface.
For determination offree [3H]IAA-derived from [5-3H]IAInos,

4 ,d of [5-3H]IAInos (1000 nCi in 37 pmol) were applied. The

3 Abbreviations: [5-3H]IAInos, [3H]-5-indole-3-acetyl-myo-inositol;
NPA, N-l-naphthyl phthalamic acid; TIBA, 2,3,5-triiodobenzoic acid.
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Table 1. Distribution ofRadioactivity in Z. mays Mesocotyl Cortexfollowing Application of[U-'4C-D-Glucose to the Endosperm
Radioactivity in Tissue

Time of Gravistimulated cortex Nonstimulated cortexGravistimulation
Upper Lower Right Left

min dpma %b dpm % dpm % dpm %
0 15 ± 0.9 (50.2 ± 1.9) 15 ± 1.2 (49.8 ± 1.9)
15 19 ± 1.0 (49.1 ± 1.0) 20 ± 1.7 (50.9 ± 1.0) 18 ± 0.8 (49.7 ± 0.6) 18 ± 0.7 (50.3 ± 0.6)
30 23 ± 1.6 (48.2 ± 1.1) 25 ± 2.4 (51.8 ± 1.1) 21 ± 1.0 (50.2 ± 1.2) 21 ± 1.8 (49.8 ± 1.2)
60 27 ± 2.4 (44.1 ± 2.3) 34 ± 3.3 (55.9 ± 2.3) 25 ± 1.3 (50.1 ± 1.4) 25 ± 1.4 (49.9 ± 1.4)
90 31 ± 1.3 (45.0± 0.7) 38± 1.2 (55.0±0.7) 30± 1.1 (49.7 ±0.6) 30± 1.7 (50.3 ±0.6)

dpm g dry wt-' Ix lo, mean of 4 values ± SE. b dpm in lower half x 100 mean of 4 values ± SE.dpm in upper half + dpm in lower half

Table II. Distribution ofRadioactivity in Z. mays Mesocotyl Cortexfollowing Application of[5-3HJIAInos to the Endosperm
Radioactivity in Tissue

Time of Gravistimulated cortex Nonstimulated cortexGravistimulation
Upper Lower Right Left

min dpma %b dpm % dpm % dpm %
0 58 ± 6 (50.3 ± 1.0) 57 ± 7 (49.7 ± 1.0)
15 68 ± 5 (49.3 ± 0.3) 70 ± 5 (50.7 ± 0.3) 67 ± 6 (50.4 ± 0.8) 66 ± 6 (49.6 ± 0.8)
30 87 ± 1 (49.4 ± 0.9) 89 ± 2 (50.6 ± 0.9) 75 ± 2 (50.4 ± 1.4) 74 ± 1 (49.6 ± 1.4)
60 103 ± 3 (46.7 ± 1.4) 118 ± 3 (53.3 ± 1.4) 89 ± 1 (50.0 ± 0.7) 89 ± 2 (50.0 ± 0.7)
90 123 ± 3 (46.3 ± 0.9) 143 ± 2 (53.7 ± 0.9) 108 ± 5 (50.2 ± 0.5) 107 ± 5 (49.8 ± 0.5)

a dpm-g dry wt-' x 10-4, mean of 3 values ± SE. b dpm in lower half 0x10 mean of 3 values± SE.dpm in upper half + dpm in lower half X

Table III. Distribution ofRadioactivity in Z. mays Vascular Stelefollowing Application of[5-3H]IAInos to the Endosperm
Radioactivity in Tissue

Time of Gravistimulatedstele Nonstimulatedstele
Gravistimulation

Upper Lower Right Left
min dpma %b dpm % dpm % dpm %
0 108 ± 2 (49.6 ± 0.4) 110 ± 2 (50.4 ± 0.4)
15 133 ± 11 (49.2 ± 0.5) 137 ± 9 (50.8 ± 0.5) 138 ± 7 (49.8 ± 0.5) 138 ± 4 (50.2 ± 0.5)
30 162 ± 3 (42.8 ± 1.2) 217 ± 8 (57.2 ± 1.2) 176 ± 12 (49.9 ± 1.0) 177 ± 18 (50.1 ± 1.0)
60 182 ± 4 (31.5 ± 1.0) 394 ± 10 (68.5 ± 1.0) 277 ± 10 (49.9 ± 0.6) 277 ± 5 (50.1 ± 0.6)
90 378 ± 3 (42.3 ± 0.6) 507 ± 14 (57.7 ± 0.6) 435 ± 15 (50.2 ± 1.0) 432 ± 22 (49.8 ± 1.0)

dpm -dry wt-' x 10-4 mean of 3 values ± SE. b dpm in lower half x 100 mean of 3 values ± SE.dpm in upper half + dpm in lower half I

Table IV. Distribution ofRadioactivity in Z. mays Coleoptilar Nodefollowing Application of[5-3H]IAInos to the Endosperm
Radioactivity in Tissue

Time of Gravistimulated node Nonstimulated nodeGravistimulation
Upper Lower Right Left

min dpma %b dpm % dpm % dpm %
0 135 ± 2 (49.8 ± 0.4) 136 ± 4 (50.2 ± 0.4)
15 165 ± 4 (48.1 ± 0.8) 178 ± 7 (51.9 ± 0.8) 170 ± 4 (50.1 ± 0.5) 171 ± 9 (49.9 ± 0.5)
30 214 ± 4 (48.5 ± 1.3) 227 ± 8 (51.5 ± 1.3) 220 ± 3 (50.0 ± 0.9) 220 ± 9 (50.0 ± 0.9)
60 293 ± 2 (48.7 ± 0.5) 309 ± 5 (51.3 ± 0.5) 316 ± 13 (50.1 ± 0.9) 316 ± 2 (49.9 ± 0.9)
90 448 ± 13 (47.2 ± 0.4) 501 ± 9 (52.8 ± 0.4) 469 ± 16 (50.2 ± 0.7) 466 ± 24 (49.8 ± 0.7)

a dpm *dry wt-' x 10-, mean of 3 values ± SE. b dpm ip
dpm in upper ha]

amount of [5-3H]IAInos transported from endosperm to the
shoot was assayed after 1, 2, and 3 h. Thirty mesocotyl cortices,
without stele, comprising the region 1 to 9 mm below the
coleoptilar node, were ground in a mortar and pestle with 3 ml
of 80% ethanol and filtered with vacuum through one layer of
Whatman No. 2 filter paper. The filtrate was transferred to a 20

inlower halfinlowerhalfx 100, mean of 3 values ± SE.If + dpm in lower half 1

ml scintillation vial to which 15 ml of scintillation cocktail was
added.

Application of NPA, TIBA, and Ethanol. Twelve nmol ofNPA
(United States Rubber Co., Naugatuck, CT), 20 nmol of 2,3,5-
TIBA (City Chemical Co., Okemos, MI) in 0.2% (v/v) ethanol,
or 0.2% ethanol alone was applied to a cut endosperm surface
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Table V. Distribution of[3H]IAA Derivedfrom [5-3H]IAInos in Z. mays Gravistimulated Mesocotyl Cortex

Radioactivity in Tissue
Time of Gravistimulated cortex Nonstimulated cortex

Gravistimulation
Upper Lower Right Left

min dpma %b dpm % dpm % dpm %
0 14 ± 1.2 (49.6 ± 1.7) 14 ± 0.6 (50.4 ± 1.7)
15 14 ± 1.0 (43.8 ± 1.7) 18 ± 0.8 (56.2 ± 1.7) 17 ± 1.1 (50.3 ± 1.1) 16 ± 0.6 (49.7 ± 1.1)
30 18 ± 0.4 (44.7 ± 2.3) 22 ± 1.6 (55.3 ± 2.3) 19 ± 0.9 (50.4 ± 1.5) 19 ± 0.2 (49.6 ± 1.5)
60 28 ± 0.7 (46.7 ± 1.7) 32 ± 1.5 (53.8 ± 1.7) 27 ± 0.2 (49.7 ± 0.7) 28 ± 0.7 (50.3 ± 0.7)
90 37 ± 1.2 (46.2 ± 1.6) 43 ± 4.0 (53.8 ± 1.6) 39 ± 1.1 (49.5 ± 0.9) 40 ± 1.9 (50.5 ± 0.9)

dpm -g dry wt' x 10-4, mean of 3 values ±SE. b dpm in lower half x 100 mean of 3 values ±SE.
dpm in upper half ± dpm in lower half

Table VI. Distribution of[3H]IAA Derivedfrom [5-3H]lAlnos in Z. mays Gravistimulated Vascular Stele

Radioactivity in Tissue
Time of Gravistimulated stele Nonstimulated stele

Gravistimulation
Upper Lower Right Left

min dpma %b dpm % dpm % dpm %
0 41 ± 1.8 (49.2 ± 1.4) 42 ± 2.1 (50.8 ± 1.4)
15 47 ± 4.9 (49.7 ± 1.1) 48 ± 3.6 (50.3 ± 1.1) 44 ± 1.5 (50.0 ± 1.3) 44 ± 2.9 (50.0 ± 1.3)
30 65 ± 3.0 (48.6 ± 1.0) 68 ± 1.6 (51.4 ± 1.0) 52 ± 1.7 (50.1 ± 0.9) 52 ± 3.1 (49.9 ± 0.9)
60 59 ± 3.5 (46.0 ± 1.4) 69 ± 3.2 (54.0 ± 1.4) 60 ± 1.6 (49.5 ± 1.1) 62 ± 1.7 (50.5 ± 1.1)
90 59 ± 1.0 (48.2 ± 0.8) 63 ± 3.2 (51.8 ± 0.8) 70 ± 3.0 (49.5 ± 1.0) 71 ± 1.0 (50.5 ± 1.0)

adpm -dry wt-' x 10-' mean of 3 values ±SE. b dpm in lower half x 100, mean of 3 values ± SE.
dpm in upper half + dpm in lower half

Table VII. Distribution of[3H]IAA Derivedfrom [5-3H]IAInos in Z. mays Gravistimulated Coleoptilar Node
Radioactivity in Tissue

G isme o n Gravistimulated node Nonstimulated node
Gravistimulation

Upper Lower Right Left

min dpma %b dpm % dpm % dpm %
0 22±0.6 (49.4± 1.1) 22±0.6 (50.6± 1.1)
15 14 ± 1.3 (24.6 ± 3.1) 42 ± 3.0 (75.4 ± 3.1) 25 ± 0.3 (49.8 ± 1.3) 25 ± 1.6 (50.2 ± 1.3)
30 20 ± 1.6 (32.2 ± 1.2) 41 ± 1.3 (67.8 ± 1.2) 31 ± 3.6 (50.0 ± 1.2) 30 ± 2.2 (50.0 ± 1.2)
60 25 ± 2.4 (36.6 ± 1.0) 43 ± 2.6 (63.4 ± 1.0) 34 ± 1.7 (49.9 ± 1.3) 34 ± 0.2 (50.1 ± 1.3)
90 35 ± 0.2 (41.8 ± 1.8) 49 ± 0.7 (58.2 ± 1.8) 41 ± 1.6 (50.2 ± 0.9) 41 ± 0.2 (49.8 ± 0.9)

a dpm-g dry wt-' x I0-4, mean of 3 values ± SE. b dpm in lower halfbPm in upper half +dpm in lower half x 100, mean of 3 values ± SE.
dpm in upper half + dpm in lower half

Table VIII. Effect ofNPA and TIBA on Distribution of[5)-H]IAInos Radioactivity in Z. mays Gravistimulated Tissue
For each plant, NPA (12 nmol-plantr') or TIBA (20 nmol-plantr') or ethanol (0.2%) was applied to the endosperm by application of [5-3H]

1AInos. The seedlings were incubated for 2 h and gravistimulated for 1 h.

Radioactivity in Tissue

Treatment Mesocotyl cortex Coleoptilar node Coleoptile

Upper Lower Upper Lower tip

dpma %b dpm % dpm % dpm % dpm
NPA 132 ± 4.2 (49.5 ± 1.1) 135 ± 10.1 (50.5 ± 1.1) 305 ± 3.7 (50.3 ± 0.7) 301 ± 5.0 (49.7 ± 0.7) 102 ± 2.7
TIBA 130 ± 1.7 (50.3 ± 0.8) 128 ± 2.4 (49.7 ± 0.8) 303 ± 6.2 (49.7 ± 1.0) 307 ± 6.6 (50.3 ± 1.0) 80 ± 1.9
Ethanol 115 ± 6.5 (45.1 ± 1.9) 141 2.8 (54.9 ± 1.9) 289 ± 7.6 (48.2 ± 0.9) 311 ± 3.8 (51.8 ± 0.9) 68 ± 1.8
None 120 ± 0.5 (45.9 ± 1.0) 142 5.1 (54.1 ± 1.0) 291 ± 1.5 (48.3 ± 0.6) 311 ± 8.2 (51.7 ± 0.6) 67 ± 1.1

dpm * drv wt-' x 10-4, mean of 4 values ± SE. b dpm in lower half x 100, mean of 4 values ±SE.
dpm in upper half + dpm in lower half

followed by the application of [5-3H]IAInos. After application of to moistened paper-covered styrofoam sheets with the roots
radioactive or chemical materials, the seedlings were incubated covered with moist paper towels. The styrofoam sheets were then
for 2 h and gravistimulated for 1 h. placed horizontally for gravistimulated plants or vertically for

Gravistimulation of Seedlings. Gravistimulus was provided controls.
under a phototropically inactive green light by pinning the kernel Tissue Harvesting. For harvesting of the cortex, the upper
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Table IX. Effect ofNPA and TIBA on Distribution of[3HIAA Derivedfrom [5-3H]IAInos in Z. mays Gravistimulated Tissue
For each plant, NPA (12 nmol-plant-') or TIBA (20 nmol-plant-') or Ethanol (0.2%) was applied to the endosperm following by application of

[5-3H]IAInos. The seedlings were incubated for 2 h and gravistimulated for 1 h.

Radioactivity in Tissue

Treatment Mesocotyl cortex Coleoptilar node Coleoptile

Upper Lower Upper Lower Tip

dpma %b dpm % dpm % dpm % dpm
NPA 25 ± 0.9 (49.0 ± 1.2) 26 ± 0.4 (51.0 ± 1.2) 32 ± 1.0 (50.2 ± 0.8) 32 ± 1.0 (49.8 ± 0.8) 55 ± 3.5
TIBA 26 ± 0.8 (46.5 ± 0.9) 30 ± 2.0 (53.5 ± 0.9) 31 ± 1.0 (48.5 ± 0.7) 33 ± 0.8 (51.5 ± 0.7) 45 ± 1.6
Ethanol 28 ± 1.3 (44.0 ± 1.5) 36 ± 1.4 (56.0 ± 1.5) 26 ± 0.4 (36.8 ± 0.8) 45 ± 1.8 (63.2 ± 0.5) 36 ± 1.3
None 28 ± 0.6 (43.8 ± 1.8) 36 ± 1.9 (56.2 ± 1.8) 25 ± 1.1 (35.5 ± 0.8) 45 ± 1.3 (64.5 ± 0.8) 35 ± 0.9

al__ __I - if,-4 ___ Ars _ _ h dpm in lower half .I _ -Aa dpm *g dry wt-' x 10-U, mean of 4 values± SE.

Time (min )

FIG. 1. Percentage of radioactivity in the lower half of the cortex of
gravistimulated Z. mays seedlings.

portion of the shoot was severed at a point 2 mm below the
coleoptilar node, and that portion was discarded. The mesocotyl
was then nicked, but not cut through, at a point about 8 mm
above the junction between shoot and root. The cortex was then
slid off the stele. The 8 mm of cortex closest to the tip were
harvested and separated into upper and lower halves. For the
vascular stele samples, the mesocotyl from which the upper
portion had been severed was cut longitudinally into upper and
lower halves. The two parts ofthe stele were then separated from
the cortex with fine surgical forceps. The coleoptilar node was
harvested by excising a 4.5 mm region about 2 mm above and
below the coleoptilar node and then separating the excised region
into upper and lower halves. The coleoptile tip was harvested
from the top of coleoptile. The harvested tissues were dropped

dpm
x1i+r mean of 4 values ± SE.

dpm in upper half + dpm in lower half

into beakers standing on dry ice. Thirty to 40 plants (about 15
mg of dry weight) were used for each assay. A green safe light
(130 Erg . [cm2'] . sec-') was used for all manipulations. As con-
trols, the cortex, stele, and coleoptilar node ofnongravistimulated
plants were used.

Determination of Radioactivity of [U-'4C-D-Glucose and [5-
3HJIAInos. The tissues, frozen on dry ice, were ground in a
mortar and pestle in ethanol 1:4 (w/v). The resultant homogenate
was filtered with vacuum through Whatman No. 2 filter paper.
The filtrate was transferred to a 20 ml scintillation vial and
scintillation cocktail was added. The filter, with the residual
ethanol-insoluble materials, was dried and weighed. The radio-
activity was calculated on a per gram ethanol-insoluble dry
weight.

Determination of Free I3HIIAA Derived from [5-3HJIAInos.
The tissues, frozen with dry ice, were ground in a mortar and
pestle with acetone 3:7 (w/v). The homogenate was allowed to
stand for 3 h and filtered. To the filtrate was added a known
amount of unlabeled IAA (0.5 ,umol) as carrier. The residual
acetone-insoluble material was dried, weighed, and used to esti-
mate tissue acetone-insoluble dry weight. The filtrate was acidi-
fied with H3PO4, and IAA was extracted with CHCl3 (7). The
chloroform fractions were dried and dissolved in 50% ethanol
and loaded onto a Partisil 10 ODS C18 reverse phase HPLC
column (0.46 x 25 cm, Whatman). The elution volume where
IAA eluted was located with a Gilford-240 Spectrophotometer
at 280 nm, and the fractions were pooled and dried in vacuo.
The dried sample was dissolved in methanol and methylated
with diazomethane as previously described (27). The methylated
sample was dried in a stream ofN2, and the sample was dissolved
in 50% (v/v) aqueous ethanol and loaded on a reverse phase
HPLC as previously described. The IAA was eluted with 30%
(v/v) aqueous ethanol. The IAA-containing fractions were lo-
cated by their absorbance at 280 nm, and the radiopurity and
identity were checked by TLC on Silica Gel-60 using

Table X. Summary ofPercent ofRadioactivity in the Lower HalfofIndicated Portion ofGravistimulated
Z. mays Seedlings

Portion of Radioactivity in Lower Half of Tissue

Time of Mesocotyl cortex Vascular stele Coleoptilar node
Gravistimulation 3H from [5- [3H]IAA from 3H from [5- [3H]IAA from 3H from [5- [3H]IAA from

Glucose 3H]IAInos [5-3H]IAInos 3H]IAInos [5-3H]IAInos 3H]IAInos [5-3H]IAInos
min %
0
15 51 51 56 51 50 52 75
30 52 51 55 57 51 52 68
60 56 53 54 69 54 51 63
90 55 54 54 58 52 53 58

x

0
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EFFECT OF GRAVITY ON TRANSPORT OF IAA-INOSITOL AND GLUCOSE

CHC13:CH30H:H20 (85:14:1, v/v) as solvent and were stained
with Ehmann's reagent (13). The fractions containing IAA were
pooled, and the amount of IAA and the amount of radioactivity
in a 1 ml sample were determined by UV absorption at 280 nm
and scintillation counting, respectively. The amount of [5-3H]
IAInos-derived [3H]IAA was calculated from the following equa-
tion:

[3H]IAA in tissue
carrier IAA added x [3H]IAA recovered

carrier IAA recovered

RESULTS

Distribution of U-'4Cq-D-Glucose Radioactivity in the Meso-
cotyl Cortex of Z. mays after gravistimulation. The uptake of
[U-'4C]-D-glucose into the Z. mays shoot increased as a function
of time with 204 ± 12 (±SE, n = 4), 367 ± 21, and 546 ± 33
dpm * mesocotyl-' at 1, 2, and 3 h of incubation, respectively.
A 2 h preincubation for purposes ofloading the tissue was chosen
for subsequent experiments. Table I shows the distribution of
the [U-'4C]-D-glucose in the mesocotyl cortex after the tissues is
loaded for 2 h and then gravistimulated for the indicated time.
As can be seen, more radioactivity was found in the mesocotyl
cortex (upper plus lower) of gravistimulated seedlings than in the
(right plus left) controls. The proportion of radioactivity present
in the lower half of the mesocotyl cortex increased to about 55%
after 1 h and did not change by 90 min. However, asymmetry
required more than 30 min to develop. This gravity-induced
asymmetric distribution of glucose is in accord with the findings
of earlier workers (1, 5, 14, 28). There were no differences in the
amount of radiolabel in the right and left halves of control
cortices.

Distribution of Radioactivity of 15-3HiIAInos in Z. mays Tis-
sues after Gravistimulation. The uptake of [5-3H]IAInos into the
Z. mays shoot was nearly linear showing 369 ± 51 (±SE, n = 3),
521 + 37, and 715 ± 32 dpm.8 mm of mesocotyl cortex-' at 1,
2, and 3 h of incubation, respectively.
A 2 h period for loading the tissue with isotope was chosen for

subsequent experiments. The distribution of [3H] in the meso-
cotyl cortex is shown in Table II. An appreciable asymmetry
requires more than 0.5 h to develop after gravistimulation. An
asymmetric distribution of3H-radioactivity in the mesocotyl stele
appeared after 30 min of gravistimulation when 57% of the label
was found in the lower half. This value increased to 69% by 60
min and declined to 58% by 90 min of gravistimulation (Table
III). The distribution of 3H-radioactivity in the coleoptilar node
was 50, 52, 52, 51, 53% in the lower half after 0, 15, 30, 60, and
90 min of gravistimulation (Table IV). There were no differences
in the amount of radiolabel in the right and left halves of control
cortices (Table II), vascular steles (Table III), or coleoptilar nodes
(Table IV).

Distribution of 3H-Free IAA Derived from 15-3H1IAInos in Z.
mays Tissues after Gravistimulation. The distribution of [3H]
IAA in the mesocotyl cortex during gravistimulation is shown in
Table V. Asymmetric distribution in the lower half of the
mesocotyl cortex appeared at 15 min, the shortest period tested,
then maintained almost the same asymmetry during later grav-
istimulation periods.

Table VI shows the distribution of [3H]IAA in the mesocotyl
stele following gravistimulation. The vascular stele developed an
asymmetry during gravistimulation for [3H]IAA. Following 0,
15, 30, 60, and 90 min of gravistimulation, the distribution of
[3H]IAA in the vascular stele was 50, 50, 51, 54, and 52%,
respectively.
By contrast, the coleoptilar node showed a greater asymmetry

of [3H]IAA distribution after gravistimulation (Table VII). The

[3H]IAA occurring in the lower half of the coleoptilar node was
50, 75, 68, 63, and 58% of the radioactivity after 0, 15, 30, 60,
and 90 min of gravistimulation. Thus, increases and decreases
of [3H]IAA in upper and lower halves after gravistimulation
occurs slightly in the vascular stele (Table VI) but strongly in the
coleoptilar node including vascular tissues (Table VII). There
were no differences between right and left halves ofthe mesocotyl
cortex, vascular stele, and coleoptilar node. Again, there were no
differences in dry weight between right and left halves of the
mesocotyl cortex (q = 0.92 < 3.15 [P = 0.05]), vascular stele (q
= 2.71 < 3.15 [P = 0.05]) and coleoptilar node (q = 0.34 < 3.15
[P = 0.05]).

Effect ofNPA or TIBA on the Distribution of Radioactivity of
[5-3HJIAInos and VHIIAA Derived from LAInos in the Z. mays
Gravistimulated Shoot. The distribution of [3H]IAA in gravi-
stimulated shoots after application ofNPA or TIBA is shown in
Tables VIII and IX. Application of NPA or TIBA inhibits the
asymmetric distribution of radioactivity of the [5-3H]IAInos in
the mesocotyl cortex and coleoptilar node (Table VIII) and also
inhibits the development of a [3H]IAA asymmetry in the meso-
cotyl cortex and coleoptilar node (Table IX). However, the
amount of radioactivity of [5-3H]IAInos (Table VIII) and [3H]
IAA (Table IX) in the coleoptile tip was actually higher following
NPA or TIBA treatment than in the ethanol or no-treatment
controls.

DISCUSSION
A summary of the results of this work is provided in Figure 1

and Table X, which shows the percent ofthe compound localized
in the bottom half of the tissue as a function of time. The data
show the following: (a) the radioactivity from [14C]glucose and
[3H]IAInos being transported from kernel to shoot becomes
asymmetrically distributed in the cortical tissue in 30 to 60 min
following the initiation of the geostimulus; (b) the radioactivity
in free [3H]IAA, derived from [5-3H]IAInos, is asymmetrically
distributed within 15 min following geostimulus; and (c) the
greatest asymmetry is that for free [3H]IAA, in the tissue of the
node between the coleoptile and mesocotyl and that asymmetry
develops within 15 min.
The slowly developing distribution of asymmetries for glucose

and IAInos observed in this work correspond well with the period
ofmaximum inequality ofgrowth as described (4). Friedrich (14)
has suggested that the asymmetry he observed for reducing sugars
was not a direct effect ofgravistimulation but was owing to IAA-
induced growth. In the present case, however, we are observing
an asymmetry of transport and so it would seem that we are
seeing either selective leakage from stele to cortex or uniform
leakage from stele to cortex followed by lateral migration of
radioactivity from the upper to the lower cortical cells. If such is
the case, then the lateral transport system can transport glucose
just as it is presumed to move IAA.
The asymmetric distribution of [3H]IAA derived from [5-3H]

IAlnos occurs within 15 min, or less, and thus is faster than the
above-described transport asymmetries. This suggests that the
[3H]IAA is either being produced more quickly by hydrolysis of
[5-3H]IAInos (16) or is being catabolized more slowly (24, 25).
We cannot distinguish between these possibilities, but the data
do indicate the operation of two mechanisms for attaining un-
equal distribution ofcompounds in the mesocotyl: (a) a transport
asymmetry and (b) an asymmetry developed by the metabolism
of IAA and/or its conjugates.

Last, there is the rapid and large asymmetry shown by the
tissues ofthe node between the coleoptile and mesocotyl. Upward
bending in geostimulated dark-grown maize seedlings is initiated
in the coleoptile within 1 to 3 min and progresses basipetally to
the mesocotyl within 5 min after geostimulation (4). Dayanandan
et al. (8, 9) found that the leaf-sheath and internodal pulvini are
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the primary sites for the upward bending for asymmetry growth
after geostimulation, and our work extends and supports that
conclusion. Dennison (10) showed asymmetry IAA occurrence
in the top and bottom of gravistimulated Avena leaf-sheath
pulvinus. Additionally, Bandurski's laboratory has established
(6, 16, 19, 23) that IAInos diffused from endosperm to the
scutellum is taken up into the stele, and IAInos is there hydro-
lyzed, and then the IAA is transported downward. Thus, it is
possible that IAInos which is hydrolyzed in the stele and then
moved up quickly into the coleoptilar node could explain asym-
metric growth near the node.
Both naphthylphthalamic acid and triiodobenzenzoic acid in-

hibited the asymmetric accumulation of [3H]IAA formed from
[5-3HJIAInos by some as yet unknown mechanisms. This obser-
vation if confirmed by a more direct test of the effect of the
inhibitors could provide knowledge as to how the so-called
transport inhibitors work.
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