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Summary

The activity of a plasma membrane-associated glucan synthetase of onion

stem v/as increased by addition of the auxin herbicide 2,4-D. The effect was

expressed either by pre-incubating the tissue with 2,4-D or by adding the

2,4-D to the synthetase assay. 2,4-D in the synthetase assay had little

or no effect v/ith fractions from tissue croxm in the presence of 2,4-D.

In the in vitro assay, both the synthetase and the 2,4-D required macnesium

ions for activity. The 2,4-D effect v/as most pronounced on the incorporation

of radioactivity into polysaccharides soluble in hot water; these polysaccharides

representing about 207o of the total polysaccharide synthesized in vitro .
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Lembi et al. (1571) found that plasma membrane-rich fractions isolated

from maize coleoptiles by low shear homosenizaticn and differential and

sucrose gradient centrifu3acion, specifically bind il-l-nap thy Ip thalamic

acid (NPA), a weal: auxin and inhibitor of auxin transport. In this paper, we

report a response of a plasma membrane-associated enzyme of plants, glucan

sjmthetase, to the auxin herbicide 2,4-D. The results provide further

indications of specific interactions between auxins and constituents of

the plant cell surface.

Methods and Ilaterials

Plasma membrane fractions were isolated from onion (Allium s epa ) stem

according to the procedure of Lembi et al. (1571). Approximately 15 g of

onion stem explants (Liorri, 1970) were homogenized in 35 ml of a freshly

prepared medium consisting of 0.5 h sucrose, 0.1 i-i K HPO , 1 mM dithiothreitol

and 0,02 11 EDTA in coconut milk as the solvent and adjusted to pH 5.5 with

NaOH. Nuclei and other endogenous cellular components of the coconut milk

vjere removed by high speed centrifugation (100,000 g, 50 min) before

preparing the medium. Homogenates were prepared in the cold using a

mechanized razor blade chopper (Morr^, 1571). Cell walls and unbrol:en

cells v;ere removed by filtration through a single layer of miracloth

(Chicopee Hills, rlew York), and the filtered homogenate was centrifuged

for 30 min at 10,000 g (Spinco L2-65B, SW 50.1 rotor) to remove nuclei,

plastids, mitochondria and large membrane fragments. The supernatant

containing microsomes and the majority of the cytoplasmic membrane fragments

was then sedimented at 44,000 g onto a two-layered cushion consisting of
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1.5 M and 2.0 H sucrose in coconut milk to which 1 inln dithiothreicol had

been added. The supernatant was removed and replaced by a step gradient

of 0.5, O.C, 1.1, 1.2 and 1.3 li sucrose in coconut milk + 1 ml'I dithiothreitol.

The gradient x^as then centrifuged for 90 min at 100,000 £. Plaema membranes

were recovered from the 1.1/1,2 H interface of the gradient, resuspended

in homogenization medium and pelleted for 20-30 min at 100,000 g. The

plasma membrane fragments were identified by electron microscopy after dif-

ferential staining m th a mixture of phosphotungstic acid and chromic acid

which specifically and characteristically stains the plant cell membrane

(Morrfe et al., 1970; Lembi et al., 1971, in preparation).

The glucan synthetase assay is adapted from that of Ordin and Hall

(1967) and is based on the incorporation of isotoplcally labeled sugars

from appropriate sugar nucleotides into polysaccharides of varying solubility.

Tlie substrate concentration was increased to saturate the substrate requirements

for the synthetases involved with glucose incorporation into lipid-soluble

compounds and inteimediates (Pinsky and Ordin, 1963). This activity of

onion stem is characterized by a high affinity for UDP-glucose (Km =2.5

X 10 M) and competes with the glucan synthetases at lov; substrate con-

centrations (Lembi £t a_l . , in preparation). As shown previously by Ordin

and Hall (196G) and Feingold et al. (195C) predominantly beta 1,3 linkages

are produced from UDP-glucose at these high substrate concentrations.

Fractions for assay v/ere resuspended in 0.1 li tris-HGl containing k- mi-i

disodium EDTA and 1 mli dithiothreitol, final pH CO, at a concentration of

1-4 mg protein/ml. The assay medium contained 0.3 mp moles UDP-glucose-C"'

'

(227 |jC/|u(mole), 200 mpmoles unlabeled UDP-glucose, 10. .moles Tris-HCl,
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pH C.Oj 0.4 umoles disodium EDTA, 0.1t,'moles diiihiothreitol j 4 ^mcles MgCl ,

2 umoles cellobiose (as the acceptor) and an aliquot of the fraction to

provide 50-200 lyG protein in a final volume of 200 i-l. Incubations were for

15 min at 25 .

Prior to fractionation of the polysaccharide synthesized into hot water

soluble-, lipid soluble-, sodium hydroxide soluble- and sodium hydroxide

insoluble-constituents, cellulose powder (Sigmacell, Si^ma Chemical Company,

St. Louis, liissouri), 1-2 mg, was added to each assay tube. The mixuure

was then extracted 3 times, 5 miin each, with 1 ml aliquots of water at 95-

100 . Insoluble polysaccharides were recovered after each extraction by

centrifugation at 25,000 g for 12 min. Hoc v/ater insoluble polysaccharides

were recovered from the hot water extracts by addition of 10 mg ficcl (mol

ut. 400,000) followed by precipitation from cold 707o ethancl. The hot water

insoluble residue was extracted once with 1 ml of methanol-chloroform

(2:1, v/v) and once with 1 ml of absolute methanol. The methanol-chloroform

and methanol extracts were combined to provide a measure of the sj'nthesis of

lipid-soluble sugar derivatives and intemediates (Pinsky and Ordin^ 1965).

After removal of lipids, the residue was then extracted twice with 0.25 ml

aliquots of hot 1 11 sodium hydroxide for 5 min followed by 0.75 ml of cold

water. The combined alkali extracts (including the water wash) were

evaporated to dryness for direct determination of radioactivity on planchets.

The alkali insoluble residue is the "cellulose'' fraction. Self absorption

corrections were determined and applied to each of the fractions.



Results

The specific activity of a marker enzyme UDP-^, lucose: slucose

glucosyltransferase (slucan synthetase), concentrated in plasma membrane

fractions isolated from onion stem explants (Lembi e'c al., in preparation),

is markedly increased by incubating the explants in the presence of the

synthetic plant growth regulator 2,4-D (Table I). With tissue incubated for

12-16 hours in the presence or absence of 5 uM 2,4-D; the specific activity

of the glucan synthetase of plasma membranes isolated from the 2,4-D-

incubated tissue us increased appro:.:imately 25% over that of plasma

membranes from control tissues incubated in the absence of 2,4-D.

To demonstrate chat a similar response results from the in vitro

addition of the auxin, plasma membranes were isolated from tissues

incubated in the presence or absence of 5^11 2,4-D. Each of the

preparations was then assayed in the presence or absence of 5 l/U 2,4-D

added to the enzyme assay medium (Table II). A consistent stimulation of

7 to 15% \jas observed in the synthesis of hot water insoluble glucans

when 2,4-D was added to plasma membranes isolated from, control tissues. With

plasma membranes isolated from 2,4-D incubated tissues, incubation with

2,4-D had little or no addition effect on the glucan synthetase activity

(Table II).

The products of the synthetase assay are heterogeneous and not all

fractions are affected similarly by the presence of 2,4-D in the enzyme

assay. After fractionation, the largest 2,4-D response of the hot water

insoluble fraction is expressed in the fraction insoluble in HOT ilaOH; the fraction



soluble in hoi: KaOH showing much less of an effect (T..ble III). There

was no effect of 2,4-D on glucose incorporation into the lipid soluble

fraction. The glucan fraction soluble in hot -/ater, a fraction not included

in data of Tables I and H, shov/ed the greatest stimulation (307o) by 2,4-D

added to the glucan synthetase assay.

The plasma membrane-associated glucan synthetase vzas markedly stimulated

by magnesium ions (Table IV) and the 2,4-D-induced stimulation of activity

was not observed in the absence of magnesium ions. In the absence of

magnesium ions, 2,4-D was without effect or inhibited the activity of the

glucan synthetase. Again, the greatest stimulation was sho^m by the hot

water soluble fraction rather than the hot water insoluble fractior.

(307c. vs. 11% stimulation by 2,4-D).

A comparison of the relative effectiveness cf in vitro and in. vivo

incubations with 2,4-D on the production of the hot water soluble glucan

by isolated plasma membranes is given in Table V, In 3 experiments, a

stimulation of 30 to 657o resulted from the inclusion of 2,4-D in the glucan

synthetase assay with plasma membranes isolated from, tissue incubated in

the absence of 2,4-D. The inclusion of 2,4-D in the glucan sjmthetase

assay of plasma membranes isolated from tissue incubated in the presence

of 2,4-D had no additional effect except in Ejrpt. II of Table V where

incubation of che tissue with 2,4-D was not effective (-157o stimulation).

In this experiment, addition of 2,4-D to the synthetase assay resulted in

an apparent stimulation of 30% in the synthesis of hot \7ater soluble glucans.



Discussion

A 507o enhancemeni: of ;i;lucan syniihecase activii;ies by au::in pi:ei;rea£inent

was previously reported for pea epicoiiyls (Abdul-Baki and Ray, 1S71); an

activity localized x.'itliin the Golgi apparatus of this tissue by Ray et al.

(lSo9). A similar enhancement, althoush not as great, appears tc be as-

sociated with the plasma membrane-associated glucan synthetase of onion

stem. Additionally, we sho\j that 2,4-D added to che isolated plasma membrane

frasments increases the specific activity of che ^lucan synthetase when the

plasma membrane fragments are isolated from, tissues which have not been

pre-treated with auxin. Except for one experiment (Expt. II of Table V),

2,4-D added to plasma membranes isolated from tissues incubated vjith 2,4-D

resulted in no additional stimulation. Although we do not rule cat an

effect of 2,4-D on the synthesis of glucan synthetase in vivo ,

at least a significant portion of the stimulation appears to result from

a direct effect on the plasma membrane- associated synthetase.

The in vitro response to 2,4-D is most marl:ed with the hot T/ater

soluble polysaccharide fraction, a fraction specifically enhanced b}' auxin

treatment of growing tissues (Bonner, 1261; Ray, lSo2; ilorrc^ and Olson,

1965). Here, the response to 2,4-D added in vitro to the glucan synthetase

assay was equivalent to results obtained with plasm.a membranes isolated

from tissues incubated 12 to 16 hours in the presence of 2,4-D. Although

related to an artificial system of wall fractionation (Albersheim., 1555),

the results are important in that a response to au2:in has been obtained by

adding the auxin to an in vitro system.
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TABLE I

IH VIVO STII-IULATIOli OF PLAStlA i-lEMBRANE-ASSOCIATED GLUCAil SYNTHETASE BY

2,4-D PRETREATHEi-IT OF ONIOU STEK TISSUE

Onion stem explants (Liorri, 1970) v/ere incubaced for 12-16 hours at

25 a- 5<Ul-i 2,4-D. Plasma membrane fractions were isolated by the method

of Lembi et_ al^. (1971). Units of specific activity of the isolated fractions

are m moles glucose incorporated into total hot ^/ater-insoluble poly-

saccharide/hr/mg protein.

Tissue Specif

i

.c activity

preincubation Expt. I Expt. II Expt. Ill Exp t . IV

Hone 319 321 3G4 324

5uIl 2,4-D 410 391 45 G 410

A 2,4 -D 7o 29 22 19 26
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IW VITRO 2,A-D STIIIUL/vTIOIT OF PLASi-IA liEIICRiU-IE-ASSOGIATED GLUCAH SYliTIIETASE

COiiPARIilG OillON STEI-i TISSUE PRETREATED '^ 2,4-D

Plasma membrane fractions were isolated from stem explants and units of specific

activity are as described in Table 1. 2 pi'i 2,4-D was then added co the enzyme assay

to test for in vitro stimulation of the membrane-associated synthetase.

Auxin added

Tissue Synthetase

incubation assay

Specific activity

Expt. II E::pt. Ill E::pt. IV E::pc. V Expt. VI Ave.

None ilone 321 3C4 324 342 377 350

5f/ii 2,4-D 344 443 373 356 414 1 r. o
Juu

i\ 2,4-D, 7o -:-7 -;-15 -;-i5 +7 -.••10 -'-11

5 pM 2,4-D Hone 391 45 G 410 420

5 i^i: 2,4-D 401 4C3 393 426

A 2,4-D, % -:-3 -:-5 -4 -- --
-;-i
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TABLE III

SUBFRACTIOKATION OF POLYSACCHARIDES OF THE IH VITRO ASSAY AilD EFFECT OF 2,4-D

ON IKCORPORATIOil OF RADIOACTIVITY li'lTC VARIOUS SUBFFvACTIOilS

Onion stem explants were incubated 12-- 16 hours at 25 in the absence of

2,4-D. Plasma membrane fractions were isolated and :;,lucan synthetase activity

was assayed - 5'yUl-i 2,4-0 added directly co che enzyme assay. Decails of che

polysaccharide fractionation are given in the text.

m|jmoles glucose incorporated/hr/m^ protein

Fractions soluble in Hot ilaOH

E:;pt. Hot water CHCl -I-ieOH Hot i"aOH Insoluble

Auxin added to

synthetase assay

None III

V

VI

Ave.

G5

06

37

70

5jki-i 2,4-D Ill

V

VI

Ave.

123

S6

50

90

A2,4-D, 7,

•

-:-30

21 104 280

22 13G 214

14 147 230

20 130 240

19 126 317

21 133 233

19 143 271

20 135 274

-:-4 -:-14
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TABLE IV

EFFECT OF liAGNESIUl-i IONS Oil PLASi-iA I-iEMBRAHE-BOUHD GLUCAN SYNTHETASE AND THE

RESPONSE TO 2/;-D

Plasma membrane fraccions were isolated from stem explants and unics of specific

activity are as described in Table III. Average of 2 experiments.

Auxin added to Synthetase m^moles glucose incorporated/hr/m£ protein

synthetase assay assay medium Hot wacer soluble Hot water insoluble

None -i-ig
'

"

51 03

Complete G5 3S3

5^M2,4-D -Mg'-'- 56 .^

Complete 110 404
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TABLE V

COI-iPARISON OF III VITRO AiTD HI VIVO STIIiUIATIO'r 3Y 2/:-D OF TIIE SYUTHESIS

OF HOT WATER SOLUBLE POLYSACCHARIDES BY TtlE PlASIiA liElIBEAilE -ASSOCIATED

GLUCAIT SYUTHETASE

Plasma membrane fractions uere isolated from stem e::plants incubated as

described in Table 1. The unit of specific activitv is m.umoles ,'ilucose

incorporated into total hot Tjater soluble polysaccharide/hr/m.3 protein.

Auxin added

Tissue Synthetase Specific activity

incubation assay Expt. II E-rpt. Ill Expt. IV Ave.

Hone None 05 G3 103 90

5 pi: 2,4-D 123 111 159 134

/^2,4-D,7o+45 -;-64 ^;-34 :-49

syu 2,4-D ITone 72 115 190 126

5pli 2,4-D 129 112 105 142

Z^ 2,4-D, 7„-:-30 -3 _ -:-l2

^Tissue inicubation with 2,4--D, % -15 ;-35 -:-G5 -:-40
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