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In the previous paper (2) we reported that a sub-
stantial increase in gross cell wall synthesis occurs
when oat coleoptile cylinders whose elongation is in-
hibited by Ca+ + are treated with IAA; this effect of
auxin is direct in the sense that it is due to hormone
action rather than to the occurrence of elongation.
This paper presents information on the components of
the cell wall whose synthesis is affected directly by
auxin under the conditions of these experiments.

Methods
Oats (Avena sativa L. var. Victory) were grown

and coleoptile segments 8.0 mm long were cut, the
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leaf was remnoved from within (except in the experi-
ment in table III), and the coleoptile segments were
incubated in uniformly C14-labelled glucose solutions,
as described previously (2).

Preparation of Cell Wall Material. Different
methods were used in the several experiments de-
scribed here.

I. In the experiments of tables I and II the whole
cell wall material was prepared and counted as de-
scribed in reference 2.

II. In the experiment of table III, at the end of the
incubation in labelled glucose, the coleoptile segments
were quickly washed 4 times with ice water, and
frozen on solid CO2. They were subsequently thor-
oughly ground, beginning while still frozen, in a small
ice-cold mortar, 2.5 ml of ice water was then added
and the grinding continued for about 5 minutes. The
slurry, together with about 10 ml of ice water that
was used in several small portions to rinse the mortar,

Table I. Intcorporatiot of Activity intto [Fall Comizponien1ts of Ca++-InIhibitcd Segmtents
Means and average deviations for 4 replicate samples of 16 coleoptile segments, each incubated 7.5 hours in I mnl

0.05 M glucose containing 11.9 Mc of U-C14 glucose and 0.02 M CaCl,, with or without 3 ,g/ml IAA.

MIean amount Specific activity, cpm/,ug, + % of mean
Componenlt isolated$ Total activity, cpm + %o of mean**

No IAA 3,g/ml IAA Ratfo

0.05NH2SO4 extract, suigars 96,200 ± 2.4 119,000 + 6.3 1.23
Galactose 61 113 ± 8 159 ± 8 1.40
Glucose 196 119 6 158 3 1.33
Arabinose 180 103 ± 2 122 ± 5 1.18
Xylose 158 118 3 143 2 1.21

0.05 N H2SO4 extract, acids 17,400 ± 7.5 20,900 ± 3.8 1.20
Glucuronosylxylose 46 101 ± 4 117 ± 4 1.16
4-O-methylglucuronosylxylose 36 66 ± 9 80 ± 6 1.22
4-O-methylglucuronic acid 8 56 ± 6 66 ± 9 1.18
Galacturonic acid 32 41 ± 6 51 ± 7 1.22
Galacturonosylrhamnose 14 40 ± 4 54 ± 1 1.35

4 N KOH extract, sugars 13,300 ± 3.8 16,500 + 5.0 1.24
Glucose 50 78 4 99 7 1.27
Xylose 19 46 ± 12 66 ± 13 1.43

72 HSoH,504 extract, sutgars 35,500 ± 8.7 36,900 ± 10.8 1.04
Glucose 505 68 ± 3 65 ± 2 0.96
Mannose 21 22 12 27 5 1.21
Xylose 14 34 13 40 11 1.17

* Mean of all samples, with and without IAA. The amounts recovered did not differ systematically between the
series with and without IAA. Amounts shown for aldobiouronic acids were calculated, from hexuronic acid deter-
mination, for the molecular weight of the aldobiouronic acid in question.

** Specific activity in Roman figures, total activity in italics, ± average deviation as percent of mean.
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Table II. Effect of IAA on Cell Wall Incorporation in Unhibited antd Ca++-Inhibited Segmentts
Samples were obtained from 20 segments incubated 7 hours in 0.05 M glucose (0.84 /Ac/ml) with or without 3 mg/

liter IAA and/or 0.01 M CaCl2.

Solvenit Fraction - IAA
cpm

No CaCI2

+ IAA
cpnI

0.01 M CaCl.,
-IAA
cpm

+ IAA
cpm

0.05 N H2SO4 Sugars 6,250 13,500 6,090 8,690
Uronic acids 840 1,670 1,040 1,540

4N KOH Sugars 990 1,850 830 1,370
72 % H2SO4 Sugars 2,370 5,790 2,500 2,500
Recovery of total activity* 83 9o 81 %0 85 % 72 %l
* Percent of the activity of the whole cell wall preparations that was recovered in the extracted fractions and the

residue after extraction with 72 cl H,S04.

was centrifuge(d and the cell wall material was washed
twice with cold water (the first washing being added
to the original supernatant, this constituting the cold
water-soluble fraction), and twice with 100 % ethanol,
which was discarded.

The residue (cell wall material) wvas dried in
vacuo at room temperature, then extracted twice with
2.5 ml water at 1000 for 1 hour, washed wtih 1.5 ml
water at room temperature and with 100 % ethanol.

The cell wall material was transferred to a
planchet, and(l by addition of about 1 ml of chloroform,
which was used to rinse the centrifuge tube, the mate-
rial was spread evenly over the surface of the planchet
and allowed to dry.

III. The procedure used in the experimlent of
table IV was the same as procedure II above except
that A) the segments were ground in 2.5 ml of ice-
cold 0.15 M sodium acetate buffer, pH 4.4, rather than
water, and B) because of its large amount (about 15
mg), the cell wall material was not sprea(l on a
planchet but, after being washecl with ethanol and
dried, it was extracted wi,th successive solvents as de-
scribed in the next section.

Fractionations. I. In the experimlents of tables I
ancl II the cell wall material was removed from the
planchets, extractecl anId hydrolyzed as described by
Ray (9), except that extraction with hot water was
omitted. The sugars were separated from the uronic
acidls of each hydrolysate by passing through Dowex-1
(acetate form) and eluting with 6 N acetic acid (10).
Each fraction or an aliquot thereof was evaporated on
a planchet and counted.

II. In the experiment of table III the cold-water-
soluble fraction was heated 10 minutes at 1000, cooled
to 40, exaporated over P205 to about 3 ml, and in-
soluble material (heat precipitable fraction) was re-
moved by centrifugation. The precipitate was washed
with 1 ml of water, which was added to the superna-
tant, and then with 95 % ethanol, then dried (lown on
a planchet.

By addition of absolute alcohol the supernatant
was made 75 % in ethanol and kept at 40 for 4 days.
The white precipitate was washed 3 times with 95 %
ethanol, then suspended in water, centrifuged, and the
water-soluble material (cold-water soluble, ethanol-

insoluble fraction) (lrie(l d(loni oni a l)lanclhet (a small
amount of water-insoluble material, probably protein,
remaining at this stage possessed only slight activity).

The cell wall material was first extracted with hot
water, and then dried on a planchet, as described in
section II of Preparation of Cell Wall Material. The
water extract was dried dowwn on a planchet also.

After being counted, each of the above fractions
was treated on the planchet 3 tinmes for 1 hour with
1 Ai NH4OH at room temperature, the reagent being
evaporated under a stream of warmii air after each
treatment [this sufficedl to reduce to a constaint value
the activity of extracts of cell wall material of coleop-
tile segments that had incorporate(I radioactivity from
methyl-labelled methionine: see also (7)]. In the
present experiment a (lecrease in activity was detected
only with the hot-water-soluble fraction, and is shown
as ester groups in table IV (the remaining activity
given for this fraction being the residual activity after
NH4OH treatment).

The cell wall residue was then extracted on the
planchet with 0.5 ml of dimethylsulfoxide (Eastman,
practical grade) for 5 (lays, then washed with 2 ml
water and 2 ml of ethanol. The solvent an(d waslhings
were evaporated oIn a planchet.

The air dried residlue was extracted twice on the
planchet with 1 ml of 0.5 % ammonium oxalate for 1
hour on a steam bath in a water-saturated atmosphere.
0.5 ml of water being added hlalfway througlh each
heating period, then washed with 1 ml of water. Ex-
tracts and washings were centrifuged, passed through
3 g of Amberlite IR-120 (H+ form), and an amount
of calcium acetate equivalent to the oxalate in the ex-
tract was added. Calcium oxalate was removed by
centrifugation, washedl once x-ith 0.01 N acetic acid,
and the supernatants (ammiiiionium oxalate-soluble
fraction) were evaporated oIn a planchet.

The dried residue was extracted on the planchet
twice for 40 hours with 4 N KOH at room tempera-
tuire, then washed 3 times with 1.5 ml of water. Ex-
tract and washings were centrifuged, passed through
2 g of IR-120 (H+), and dried on a planchet. The
residue (a-cellulose) was spread evenly on a planchet
a(ld dried.

HII. In the experimlenit of table IV the cold-water-
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RAY AND BAKER-EFFECT OF AUXIN ON CELL WALL CONSTITUENTS

Table III. Effect of IAA on Intcorporation in Ca++-Inhibited and Uninhibited Coleoptile Segments
Incubation was 5 hours. The procedure is given in Methods section. Activities are shown as cpm/17 segments

and are means and average deviations (in percent of mean) for 3 replicate samples.

Principal Segments in 0.02 M CaCl2 Segments without Ca++
Fraction components* IAA cpm IAA cpm

Cold water soluble, Protein - 670 ± 6.6 % - 550 ± 12 go
heat precipitable + 740 5.4 + 1280 ± 9.7

Cold water soluble, Glucan, - 620 ± 7.4 - 1020 ± 11
EtOH insoluble Arabinogalactan + 640 8.4 + 2000 ± 10

Glucan, arabinan, - 375 3.2 - 680 8.8
Hot water soluble ) Pectic acid + 575 ± 5.6 + 1275 ± 5.2

)Ester groups (methyl, | - 30 20 - 36 31
acetyl, etc.) + 52 69 + 30 140

Dimethylsulfoxide soluble Glucans (2+ and'2-) + 7420 5± 73 +000 4.4

Ammonium oxalate soluble Glucans (I, + and 12 - 370 ± 1.6 - 980 ± 6.1
Pectic acid + 700 ± 10.6 + 2060 ± 1.9

5so-glucan (I2-) 1 - 2290 + 3.4 - 2700 ± 4.5
4 N KOH soluble | Glucuronoarab noxylan 5 + 3260 ± 3.0 + 4900 ± 3.4

- 1820 1.1 - 2340 7.4
Residue a-Cellulose + 1980 ± 2.8 + 3840 ± 6.2

Sum of preceding 5 Total cell wall - 5400 ± 1.6 - 7240 ± 4.9
+ 7220 ± 3.3 + 13080 3.4

Recovery in cell wall fractionation** - 103% ± 2 - 108 % ± 1
+ 105 ±0.5 + 108 ± 2

Mean elongation, % of initial length - 1 - 18
+ 7 + 42

* I2 + and I2 denote iodine-positive and iodine-negative polysaccharides, respectively. Note that in addition to
the components listed, about 10 % of glucuronoarabinoxylan is present in the hot water, dimethylsulfoxide and
ammonium oxalate-soluble fractions. Some galacturonic acid is obtained from the 4 N KOH soluble fraction but
appears to be associated with glucuronoarabinoxylans.

** Sum of last 4 fractions as percent of activity previously found in residue after hot-water extractions. Values
above 100 %o are due to self-absorption (about 10 %) by the unfractionated preparations.

soluble fraction was made 80 % in ethanol and kept 3
days at 4°. The precipitate (cold-water-soluble poly-
saccharides) was washed 4 times with 95 % ethanol.
The cell wall material was extracted successively with
hot water (twice with 5 ml for 1 hour at 1000), di-
methylsulfoxide (3 ml for 4 days at room tempera-
ture), 0.5 % ammonium oxalate (twice with 3 ml for
2.5 hours at 1000), and 4N KOH (twice under N2
with 2 ml for a total of 30 hours at room temperature).
Polysaccharides were recovered from the extracts by
precipitation with 80 % ethanol (in the case of the
KOH extract, after neutralization with acetic acid),
or, with the dimethylsulfoxide extract, by evaporation
of the solvent in a vacuum desiccator under a heat
lamp. Each polysaccharide fraction, or an aliquot
thereof, and an aliquot of the alcohol-soluble material
after precipitation of cold-water-soluble polysaccha-
rides, was dried down on a planchet and counted.

The cold-water-soluble polysaccharide fraction and
the hot-water and ammonium oxalate extracts of the
cell wall material were then treated with 0.5 %
EDTA (sodium salt, pH 11.5); after 1 hour the pH
was brought to about 5 with acetic acid, and freshly
dialyzed commercial pectinase (Nutritional Biochemi-

cals Corporation) was added (0.2 % final concentra-
tion). After 5 hours at room temperature each
sample was passed through Dowex-1-acetate, and ad-
sorbed acids were eluted with 6 N acetic acid. The
material not adsorbed on Dowex-1 in the foregoing
step, all remaining cell wall extracts, and a sample of
the residue (a-cellulose) that had been dissolved in
72 % H2SO4, were then hydrolyzed with 1 N H2S04
for 6 hours, and separated into neutral and acidic frac-
tions with Dowex-1-acetate (10).

An aliquot of the alcohol-soluble fraction (after
precipitation of cold-water-soluble polysaccharides)
was passed through Dowex 50 (H+) and Dowex 1
(acetate form) to remove amino acids and organic
acids. These latter were eluted with formic acid and
counted. The sugar fraction, which contained almost
all of the alcohol-soluble radioactiviity, was chromato-
graphed (see below).

Separation and Determination of Sugars and
Uronic Acids. Paper chromatography was used to
separate individual sugars (9) or uronic acids [(10),
solvent a] of each fraction. The labelled compounds
were located by autoradiography and were identified
by comparison with guide strips bearing known sugars
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Table IV. Incorporation i1tto Cell Components durinzg 2 Houtr Incubation

Six samples of 100 coleoptile segments were each incubated 1 hour in 3 ml 0.05 mI labelled (16 jc) glucose, fol-
lowed by 1 hour in the same medium with or without 3 jug/ml IAA (3 samples each; mean final lengths, minus IAA
8.5 mm, plus IAA 8.8 mm). Figures in italics show total incorporation (cpm X 10-3), those in Roman show specific
activity in cpm/,ug, ± average deviation as percent of mean. Specific activity found for glucose isolated from the in-
cubation medium was 420 cpm/,g.

Mean Total activity in cpm x 10-3
Fraction and amount or specific activity in cpm/,ug
constituent isolated ± % of mean

,IA + IAA

Alcohol soluble
Glucose
Fructose

Cold water soluble, alcohol insoluble
Glucose
Arabinose
Galactose
Galacturonic acid***

Hot water soluble
Glucose
Galactose
Arabinose
Galacturonic acid
Gal U(1 -> 2) rhamnose

Dimethylsulfoxide soluble
Glucose
Arabinose**
Xylose**

Ammonium oxalate solublet
Glucose
Galacturonic acid

4 N KOH soluble
Glucose
A rabinose
Xylose
GluU(1-2) xylose

Residue (a-cellulose)
Glucose

7800
3000

45
25
22
< 3

273
32
135
104
141

369
52
55

30
41

640
650
860
170

695

750 ± 3.9
52.7 ± 2.5
40.5 ± 4.9
16.9 ± 4.7
60.7 ± 1.7
24.6 ± 11.8
22.5 ± 2.7**
0.20 ± 46

21.2 ± 6.3
35.5 ± 4.4
21.0 ± 10.9
11.7 ± 4.3
7.82 ± 5.9
5.00 5.0

16.7 ± 2.2
21.8 ± 0.1
12.9 ± 5.4
18.9 ± 2.1
7.72 ± 5.6

40.6 +21**
11.5 + 3.7
71.3 ± 1.1
22.0 ± 3.2
12.7 ± 7.6
14.3 ± 6.8
17.1 ± 2.2
53.8 ± 2.4
19.0 ± 4.4

* Constituents were isolated from one-tenth of the sample in the case of 4 N KOH extracts, one-twelfth in the case
of the alcohol soluble, about 15 %o in the case of the a-cellulose, and the entire sample in the remaining instances.
All yields shown are calculated for the entire sample. Galacturonic acid and galacturonosyl- (1-> 2) rhamnose
were isolated from pectinase hydrolysates, the remaining constituents were obtained from H2SO4 hydrolysates,
except for the alcohol-soluble sugars.

** Due to accident, means are based on duplicate rather than triplicate samples.
* As explained in Methods, the identity of the compound is doubtful, so the figures for total activity (which varied

greatly among the replicates) are given.
t Amounts recovered for different samples were variable, so total incorporationi is reported as cpm/0.611 mg, which

was the mean amount recovered.

or uronic acids [for details on identification of the
uronic acids, see (10)]. Representative portions of

autoradiographs, illustrating the separations attained
between different components, are shown in figure 1.

The labelled compounds were eluted on to planchets
with water, dried and counted. They were then dis-
solved and made up to a known volume with water,
and aliquots (or the whole sample in the case of some

minor components) were taken for determ,ination,
sugars according to (9) and uronic acids by the borax-
carbazole method (3) according to (10). Replicate
determinations of each sample were run insofar as the
amount permitted, and the mean of the determinations,

minus a paper blank similarly eluted and determined
(9), was used to find the specific activity of the
sample.

In the experiment of table IV the acetic acid elu-
ates of acids adsorbable on Dowex-1 after pectinase
treatment proved to contain both galacturonic acid
(data quoted in table IV) and material that did not
move with the solvent but remained at the origin, the
latter comprising about half the activity recovered in
this fraction of the hot-water and ammonium oxalate
extracts and 70 to 90 % in the case of the cold-water-
soluble, alcohol-insoluble fraction. Hydrolysis of this
material with H.1SO4 gave labelled xylose, arabinose,

855 ± 3.8
56.4 ± 5.0
41.2 ± 2.7
19.1 ± 7.8
62.4 ± 5.1
28.3 ± 2.0
26.8 ± 0.8
0.39 ± 29

24.1 - 0.7
38.8 ± 2.1
22.3 + 6.3
12.8 ± 4.9
7.82± 3.3
5.34 ± 5.4

15.4 ± 7.0
23.3 ± 10.7
13.3 ± 8.3
18.5 + 7.5
7.82 ± 1.0

41.5 ± 14
12.5 ± 7.2
79.2 + 4.4
23.7 ± 1.7
14.4 ± 1.6
15.2 ± 5.1
17.5 ± 4.1
55.1 + 2.5
19.3 ± 6.2
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2 K2u&-!u3 4 the specific activities of other constituents and causes
us to suspect that the compound was not galacturonic
acid. The amount obtained did not permit further

MG study. Because the determination and therefore the
specific activity was unreliable, the total activity found
in this compound is quoted for completeness in table
IV as galacturonic acid, due to the interest that has
attached to galacturonic acid of the cold-water-soluble
fraction in previous work (1).

Counting. Radioactive samples were counted with
*;MGX a Nuclear-Chicago D-47 gas flow counter with a

micromil window using Q-gas (efficiency 25 %) and
an automatic sample changer.

Results
:::: .: ::-::: ?:

.: ..:6.,..5.... :. : 6 ;
:. ;.' man

Iu GX

FIG. 1. Portions of autoradiographs of chromnatograms
of hydrolysates, illustrating separation attained between
components. Origins are below bottom of illustration
except in strip 4. St6ps 1 to 3 are sugar chroma-
tographed in butanone, acetone, water, pyridine (150: 30:
20: 1). Strip 1, hot 0.05 N H2SO4 soluble fraction after
first development. Strip 2, glucose and galactose of same
after second development (19). Strip 3, a-cellulose, after
1 development. Strip 4, uronic acids of hot 0.05 N H2SO4
soluble fraction, chromatographed in ethyl acetate, acetic
acid, water, formic acid (18: 3: 4:1): 0, origin; Z 1,
mixture of uronic acids not further separated in this
experiment; GX, glucuronosyl(1-*2)xylose; GR, galac-
turonosyl(1->2)rhamnose; GU, galacturonic acid (with
small amount of glucuronic acid probably also present);
MGX, 4-0-methylglucuronosyl (1-*2) xylose; MG, 4-0-
methylglucuronic acid.

hexose and glucuronosylxylose, so it was evidently
mainly glucuronoarabinoxylan that had probably been
partly degraded by pectinase (10). In the case of the
pectinase hydrolysate of the cold-water-soluble, alco-
hol-insoluble fraction, the labelled compound that was

detected in the position where galacturonic acid was

expected ran slightly slower than known galacturonic
acid on the guide strips and gave a negligible reaction
(equivalent to less than 3 ,ug) in the carbazole deter-
mination. The apparent specific activity of this com-

pound, if it were galacturonic acid, would have been
at least 100 cpm per ,Fg, which is far out of line with

Table I shows the effect of IAA on the incorpora-
tion of radioactivity into extractable fractions of the
cell wall material of oat coleoptile segments whose
elongation was inhibited by Ca+ +. The 0.025 M
HRSO4-soluble and the 4 N KOH-soluble fractions,
which consist mainly of hemicelluloses, comprise the
matrix portion of the cell wall; the 72% HSO4-
soluble fraction is the a-cellulose (ithe microfibrillar
portion).

Auxin caused a definite promotion of incorporation
into the matrix fractions. The promotion was about
the same in the sugar fraction and uronic acid frac-
tion of the dilute-acid-soluble material, and in the
sugar fraction of the alkali-soluble material, viz.,
23 %, 20 % and 24 % respectively. In contrast to the
matrix fractions, auxin caused an insignificant promo-

tion of incorporation into the a-cellulose fraction.
The specific activity of the individual sugars and

uronic acids that were isolated from the different frac-
tions in this experiment are also shown in table I.

The specific activiti-es of all components were in-
creased by IAA except for the glucose of the a-cellu-
lose fraction.

Comptparison Betweon, Elongatiug and Ca+ +-Inhib-
ited Segmnents. Table II gives data on cell wall incor-
poration by uninhibited as compared with Ca+ +-in-
hibited segments with and without IAA. As noted in
the previously discussed experiment, IAA did not
cause a significant increase of incorporation into a-

cellulose in the Ca+ +-inhibited segments. However,
IAA caused a large promotion of incorporation in all
cell wall fractions of uninhibited segments, including
a-cellulose. This latter result agrees with the finding
that during wall synthesis by uninhibited coleoptile
segments given glucose with or without IAA, the per-
centage a-cellulose in the cell wall remains approxi-
mately constant (8).

Table III gives the results of a more extensive ex-

periment in which a different fractionation procedure
was employed. This was performed in order to exam-

ine incorporation into some fractions that have been
emphasized in previous work on the effect of auxin on

cell wall metabolism, viz., cold- and hot-water-soluble
fractions. Further fractionation of the cell wall was

by methods that, unlike the extraction with hot dilute
mineral acid employed in the foregoing experiments,

I

yI

xyI
U
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do not extensively degrade the hemicellulose polysac-
charides and afford a better (but by no means perfect)
separation of different types of polysaccharides. The
major constituents of each fraction [(11), data of
table TV, and unpublished experiments], are listed in
table III. We also sought to determine what propor-
tioni of the effect of IAA on incorporation into the
water-soluble and water-insoluble fractions might be
due to incorporation of methyl and other ester groups,
by ascertaining loss of activity after saponifying
samples with NH4OH.
A detectable decrease in activity upon saponifica-

tion was found only in the hot-water-soluble fraction;
this is shown as ester groups in table III. It
amounted to less than 10 % of the total activity of
this fraction in all series and was therefore deter-
mined with poor precision, as reflected by the large
deviations. The results show that a negligible part of
the total effect of IAA on cell wall metabolism, de-
tected in this type of experiment, is due to incorpora-
tion of ester groups.

In uninhibited segments a substantial promotion by
IAA was detected in incorporation into all the frac-
tions examined, including a-cellulose, and cold-water-
soluble protein and polysaccharides. With segments
inhibited by Ca+ + a substantial effect of IAA was
founcd in all fractions except the 3 just mentioned.
This suggests that the direct effect of auxin is speci-
fically on synthesis of cell wall matrix polysaccharides,
as opposed to water-soluble polysaccharides, protein,
or a-cellulose.

After treatment with Ca+ +, the amount of activity
found in the cold-water, hot-water andi ammiiioniumii
oxalate-soluble fractions of segments not given IAA
was substantially less than in control segments (glu-
cose only). This does not necessarily mean that
Ca+ + inhibited incorporation into the polysaccharides
normally extracted by these solvents, because it is
quite possible that treatment wvith Ca++ altered the
solubility of some polysaccharides or polyuronides.

Fractionation of Tissufe after 2-Hour Incubation in
Labelled Glucose. The experiment whose results are
given in table IV was performed to obtain detailed
information about the relation between cell wall incor-
poration and uptake into the alcohol-soluble fraction
during incubation in labelled glucose, and about the
effect on cell wall metabolism of a short treatment
with auxin. The data also afford evidence for the
composition of the various fractions exanmined in table
III, although the figures should not be considered a
quantitative analysis since recoveries were rather poor
in some cases and data on minor constituents are not
reportecl (more complete analyses of oat coleoptile
polysacclharides will be published elsewhere).

In this experiment, 6 samples of 100 coleoptile
segments each were incubated 1 hour in labelled glu-
cose only, IAA was then added to 3 of the samples
and incubation in labelled glucose was continued (with
or without IAA) for a second hour. Table IV shows
A) the total activity found in the alcohol-soluble frac-
tion, in cold-water-soluble polysaccharides and in the

extracted cell-wall fractions, and B) the amounts and
specific activities of the principal constituents iso-
latecI from. each fraction, after hydrolysis in the case
of all but the alcohol-soluble fraction. Glucose was
also isolated from the incubation medium and its spe-
cific activity was determined by the same method.

In 2 wvays the (lata of table IV demonstrate the
existence of internal compartmentation of coleoptile
tissue, with respect to substrates for polysaccharide
formation. First, the specific activity of glucose that
was isolated from cold-water-soluble glucan was
higher than the specific activity of glucose in the
alcohol-soluble fraction. Second, the specific activi-
ties of glucose isolated from the major cell wall poly-
saccharide fractions were about 40 % or more of the
specific activity of alcohol-soluble glucose, even though
the major polysaccharides could not have increased in
amount by more than 5 % during 2 hours (8, 9).
Since the mean specific activity of alcohol-soluble glu-
cose cluring the periiod was no more than half the final
value (the initial value being zero), it is certain that
the glucose of major cell wvall polysaccharides was not
lrawn froim the glucose in the bulk of the alcohol-
.soluble fraction.

Specific activity varied markedly among different
constituent monosaccharides anti uronic acids. This
nmay have been because either A) during much of the
2-lhour period, isotope equilibrium had not yet been
established on the pathway to cell wall constituents, or
B) the composition of the new cell wall material was
tlifferent from that of the wall material already pres-
ent. The latter seemls unlikely because it appears that
the composition of the cell wvall remlains approximately
constant dluring growth of oat coleoptile segments
(8, 9). However, the specific activity of a giveni
monosaccharide also differed widely in different ex-
tractable fractions of the wall, which might suggest
explanation B. But alternate explanations are C)
there is compartmentation of the pathways leading to
dlifferent polysaccharicles and the time required to
attain isotope equilibrium differs for different poly-
saccharides even when they contain the same monomer
unit, and D) the solubility characteristics of the origi-
nal cell wall polysaccharides are changing with tinme.
In the case of arabinose, xylose and glucuronosyl-
xvlose of the 4 N KOH-soluble fraction, these units
are known to be constituents of a single polysacchari(le
(11), and it seems necessary to invoke questions of
isotope equilibration (A) to explain the data.

While the precision of the data is certainly suffi-
cient to establish the differences in specific activity
discussed above, the situation is otherwise with re-
spect to the effect of treatment with IAA. Compared
to the differences between treatments with and with-
out auxin, the variation among replicate samples is
such as to preclude laying stress on results for any
single component, except to state definitely that no
large increases (e.g. 2-fold) were caused by IAA.
(Considering the large number of coleoptile segments
in each sample this variation is probably due almost
entirely to difficulties iniherenit in such fractionation
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procedures and to the analytical errors involved in
specific activity determinations.)

However, the mean incorporation was greater in
IAA by about 10 % in the cold-water-soluble, hot-
wvater-soluble, and alkali-soluble fractions, and the
specific activities of major constituents isolated from
these fractions were for the most part increased in
about the same proportion. The general trend of in-
creased incorporation in the IAA-treated samples is
consistent enough, we feel, to warrant the conclusion
that a posi.tive effect of IAA was detected. Consid-
ering that this effect could not have existed for more
than half the period of exposure to labelled glucose
(the other half being the pretreatment period with
glucose alone) it appears that IAA may have in-
creased the rate of incorporation by as much as 20 %o
during the period of treatment.

Discussion

These data indicate that the direct promotion of
wall synthesis by auxin, seen in the presence of Ca+ +,
is of a rather general nature, not confined to a par-
ticular solubility fraction or to individual sugar or
uronic acid components. The effect of auxin is de-
tected throughout the components of the cell wall
matrix and is lacking only in the glucose of the 72 %
H.SO4-soluble fraction (a-cellulose), i.e., the micro-
fibrillar part of the cell wall.

The auxin-induced increases in incorporation
demonstrated here for glucose from matrix polysac-
charides on the one hand and for galactose, arabinose,
xylose and xylose-containing aldobiouronic acids on
the other hand, show that auxin promotes the synthesis
of bo,th the matrix ,6-glucan and the glucuronoarabin-
oxylan, which are the major species of polysaccharides
that have been isolated from the hemicellulose frac-
tion (11).

As a result of this work it is no longer necessary
to regard the promotion of incorporation of radio-
activity into methyl ester groups and galacturonic acid
of cold-water-soluble and hot-water-soluble polysac-
charide fractions as the sole chemically characterized
effect of auxin on the cell wall (1). It is worth noting
that although the direct effect of auxin on synthesis
of matrix polysaccharides as a whole is, by percent, of
the same magnitude as the previously demonstrated
(1, 4, 5, 6, 7) effect on incorporation into hot- and
cold-water-soluble pectin, in absolute magnitude the
presently examined effect is enormously greater,
simply because the components that are involved con-
stitute a very much larger proportion of the cell wall.
According to Albersheim and Bonner (1) and Cle-
land (4) the hot- and cold-water-soluble uronic anhy-
dride totals 0.7 % of the oat coleoptile cell wall; the
promotion of incorporation by auxin found therein
would be equivalent to an increase of about 0.35 % in
the rate of synthesis of the cell wall as a whole. By
contrast the direct promotion by auxin of cell wall
synthesis studied in the present investigation, which
as demonstrated here is due to increases in synthesis

of all the major matrix polysaccharides, runs between
20 and 50 % of the synthesis of the cell wall as a
whole.

In elongating segments (not inhibited with Ca+ +)
the effect of auxin on rate of cell wall synthesis is
considerably greater, commonly up to 100 % promo-
tion, and involves a large increase in formation of
a-cellulose as well as of matrix polysaccharides. Ac-
cording to the interpretation advanced in the fore-
going paper (2) the effect on a-cellulose would be an
indirect effect induced by elongation; the results in
table III indicate, however, that matrix polysaccha-
rides are also involved in the indirect effect.

The results of the experiment shown in table IV
suggest that a much smaller increase in rate of cell
wall metabolism, no more than 20 %, takes place
within the first hour of treatment of uninhibited seg-
ments with auxin. However, the experiment also
demonstrates features of internal compartmentation
that will lead to isotope dilution effects whenever
endogenous substrates are being utilized: This seri-
ously restricts quantitative interpretation of radioiso-
tope experiments on cell wall synthesis, particularly
experiments of short duriation. For example, because
auxin has been found to promote wall synthesis from
endogenous substrates [(8) and references there
cited], it must be anticipated that the increased trans-
fer of sugar from a metabolically inactive pool to the
site of utilization for wall synthesis may there create
an increased isotope dilution of incoming labelled sub-
strate that will tend to reduce or prevent an increase
in isotope incorporation from accompanying the in-
creased rate of synthesis.

In the experiment of table IV, before addition of
auxin the tissue was pretreated with labelled glucose
for 1 hour because it appeared, on the basis of time
course data [e.g. fig 1 of ref. (2)], that isotope equi-
librium would be attained within 1 hour on the path-
way from glucose to cell wall material. However, the
various possible explanations listed above for features
of the specific activity data in table IV indicate that
an influence of isotope dilution effeots on the results
cannot be rigidly excluded even after 1-hour pretreat-
ment. Moreover it is easily possible that the intra-
cellar route through which auxin promotes wall syn-
thesis involves compartments other than those utilized
in the cell wall synthesis that takes place without
auxin, in which case isotopic equilibrium might be
reached more slowly with respect to the IAA-pro-
moted fraction of wall synthesis than in the remainder.

Summary
The auxin-induced promotion of cell wall synthesis

in oat coleoptile segments whose elongation is inhib-
ited by Ca+ +, is a general promotion of synthesis of
matrix polysaccharides including glucan, glucurono-
arabinoxylan, and polysaccharides containing galac-
turonic acid. Synthesis of a-cellulose glucan is not
promoted. By contrast, promotion by auxin of elonga-
tion of uninhibited segments is accompanied by large
increases in synthesis of all polysaccharide fractions
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including a-cellulose. It is concluded that the direct
effect of auxin is probably on metabolism of matrix
polysacchlar,ides and that the promotion of a-cellulose
synthesis is induced by elongation.

Fractionation of coleoptile tissue after 1-hour
treatment with auxin does not show differences in
incorporation as large as are observed after several
hours of treatment. However, the data also demon-
strate features of internal compartmentation of the
tissue that restrict the interpretation of radioisotope
experiments of short duration.
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Relation between Effects of Auxin on Cell Wall
Synthesis and Cell Elongation 1 2
David B. Baker 3 and Peter M. Ray

Department of Botany, University of Michigan, Ann Arbor

We have demonstrated (3, 16) that in the presence
of adequate amounts of substrate, indoleacetic acid
(IAA) causes a substantial general promotion of syn-
thesis of the matrix polysaccharides of the cell walls
of oat coleoptile tissue, which can be detected even
when elongation is inhibited by Ca+ + and is, there-
fore, due directly to the hormone and not to its
effect on elongation. This paper examines the ques-
tion of whether this effect of auxin on wall synthesis
may play a causal role in the action1 of auxin on cell
enlargement.
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Methods

Oat seedlings of variety Victory were raised and
8 mm long coleoptile segments were cut, deleafed,
and incubated in labeled glucose as previously de-
scribed (3).

In the experiments of tables I and V the cell wvall
and alcohol-soluble material was prepared and counted
by the method of ref. (3).

In the experiments of tables II, III, IV and VI
segments were harvested and the cell wvall and cold
water soluble material was prepared and counted by
method II described under "preparation of cell wall
material" in ref. (16), except that extraction of the
cell wall material with hot water was omitted.

In the experiments of figures 1 to 8 the segments
after incubation were washed briefly with water, and
extracted with ethanol as in ref. (3). The residue
was thoroughly ground in a mortar in ethanol an-l
then passed through a cellulose acetate filter, the cell
wall mlaterial becoming spread evenly on the surface
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