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In studies of the structure and development of
primary walls of plant cells, little detailed attention
has been given to the non-cellulosic components of
the wall. Indeed, as Bonner (6, p. 130) has indi-
cated, only rarely have thorough analyses of plant
walls of any type been made. For the most part,
characterization of wall constituents has depended on
solubility properties and staining tests, the specific-
ities of which are open to doubt. With the develop-
ment of newer techniques such as paper chromatog-
raphy, means are now available for a much more
accurate characterization of components in the walls
than has hitherto been possible.

Avena coleoptiles are frequently the object of
studies relating to primary walls and in view of this,
a detailed analysis of their walls has been carried out.
As will be seen, the results differ quite strikingly in
some respects from those obtained by Thimann and
Bonner (20) 25 y3ears ago.

METHODS AND RESULTS

Seedlings of Avena sativa var. Lanark were ger-
minated on damp Kleenex tissue in the dark at about
250 C. Coleoptiles were harvested when from 20 to
35 mm long. At this length, the parenchyma cells
are elongating and have only primary walls (18). A
small amount of secondary wall is present in the
vascular bundles but was not considered separately in
the study. Primary leaves were removed from fresh
coleoptiles which were placed in water until sufficient
material had been accumulated. The bulk of the
water was then removed by suction and the wet
coleoptiles weighed. Roughly 200 g of this material
was ground with water in a Potter-Elvehjem homog-
enizer. The larger particulate matter (mainly wall
fragments) was centrifuged, washed three times with
cold distilled water and dried. The supernatant plus
washings and the dried residues were fractionated ac-
cording to the schemes shown in figures 1 and 2
respectively.

The initial treatment of the coleoptiles just de-
scribed was designed to remove the bulk of the cyto-
plasm from the wall fragments and is similar to the
scheme employed by Thimann and Bonner (20). The
subsequent fractionation was essentially that com-
monly used for isolating carbohydrates from plant
material (23). Throughout the fractionation, evap-
orations were carried out under diminished pressure
at 400 C or less. Solid fractions, both precipitates
and residues, were dried by the same procedure
except where otherwise stated; the solid was washed
several times with absolute ethanol, then with ether,
and dried at a pressure of 0.03 mm Hg over anhy-

1 Received March 10, 1958.
2 Issued as N.R.C. No. 4824.

drous calcium chloride for at least 18 hours. Hy-
drolyses were carried out by heating samples of 10 to
20 mg of the various fractions with 1 ml N hydro-
chloric acid in a sealed tube at 1000 C for 8 hours.
Chromatograms were run by the descending method
(17) using one of the following solvent systems: (A)
pyridine ethyl acetate : water-i : 2 : 2 (11); (B)
ethyl acetate acetic acid: water-3 1: 3 (11);
(C) n-butanol : pyridine: water-6 4: 3 (10).
Sugars were detected on the chromatograms by the
p-anisidine hydrochloride spray reagent (10) and were
chromatographically identified by running samples of
known sugars on the same paper sheet. At least two
solvent systems were used to establish this identifi-
cation. Nitrogen was determined on 15 to 25 mg
samples by the micro-Kjeldahl method and protein
was taken as 6 times the micro-Kjeldahl value.

The supernatant and washings from the ground
coleoptiles were dialyzed in Visking cellophane tubing
against fresh distilled water for three 24-hour periods.
A precipitate which formed inside the dialysis tube
was centrifuged, washed once with water and dried to
give Fraction 1 (0.5323 g; N, 9.85 % = 59 % protein).
After hydrolysis, chromatography (solvents A and C)
revealed the presence of arabinose, xylose, glucose and
galactose in the approximate ratios shown in table I.

The supernatant liquor from Fraction 1 was con-
centrated to 1/20 its volume and ethanol was added
until precipitation was complete. The precipitate
was centrifuged and dried to give Fraction 2 (0.3166
g; N, 5.26 % = 32 % protein). Hydrolysis and chro-
matography (solvents A and C) showed the presence
of arabinose, xylose, glucose and galactose (table I).

The ethanolic mother liquors from Fraction 2
were evaporated to dryness and the residue was re-
dissolved in ethanol. Addition of ether caused pre-
cipitation of Fraction 3 which was washed once with
ether and dried (0.2360 g; N, 3.6 % = 22 % protein).
Arabinose, xylose and glucose were detected chro-
matographically (solvents A and C) after hydrolysis.
Evaporation of the supernatant liquor from Fraction
3 left no residue indicating that Fractions 1, 2 and 3
together represented all of the non-dialyzable ma-
terial washed from the coleoptiles by water.

The washed sediment from the original ground
coleoptiles was dried in air, ground through a Wiley
mill (20-mesh screen), and dried to constant weight
at a pressure of 0.03 mm Hg over phosphorus pent-
oxide. For convenience, this dried product (Fraction
4; 4.8286 g after removal of 0.0255 g for N determi-
nation; N, 1.58 % = 9.5 % protein) was regarded as
the total primary cell wall material to which Frac-
tions 5 to 9 are referred in terms of percent by dry
weight (see discussion and table I).

Fraction 4 was extracted in a Soxhlet apparatus
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PLANT PHYSIOLOGY

200 g wet whole
coleoptiles

Washings

Ground in water,
washed with water

Residue

Dialysed

Dialysate
I

Discarded

Precipitate

Fraction 2

(0.3166 g)

Non-dialyzables

Centrifuged

Supematant

Evaporated,
ethanol added until
precipitation complete,

Fraction 4

(See figure 2)

Precipitate

Fraction 1

(0.5323 g)

centrifuged

Precipitate

Fraction 3

(0.2360 g)

Supematant

Evaporated,
ether added until
precipitation
complete

lb Supematant

Evaporation
yielded no
material

FIG. 1. Separation of polymeric material in the water washings of Avena coleoptiles.

with benzene: ethanol-2: 1. Extractions were re-

peated until no more material was removed as de-
termined by evaporating each extract to dryness.
Four extractions were required, each one lasting 24
hours. The combined extracts were evaporated to

give Fraction 5 (0.2008 g; 4.2 %). No carbohydrate
material could be detected in this fraction by hy-
drolysis and chromatography. This fraction, which
consisted of a crystalline and a waxy component, gave

the following X-ray diffraction spacings in A: 46,
7.8, broad band of scatter from 5.2 to 4.5, 4.25
(strong), 3.85 (strong), 3.05, 2.55 and 2.32.

The residue of Fraction 4 (4.6517 g) remaining

after benzene: ethanol extraction was stirred with 70
ml of aqueous ammonium oxalate: oxalic acid (0.25 %
of each) at 750 C for one hour (5). The mixture was

centrifuged and the residue was repeatedly extracted
in the same way until no precipitate was obtained
when the supernatant liquor was diluted with 8 vol-
umes of ethanol; four extractions were required.

The combined extracts were diluted with two vol-
umes of ethanol and the precipitate which formed
was centrifuged and dried to give Fraction 6 (0.0859
g, 1.8 %). Hydrolysis of this fraction and chromato-
graphic examination of the hydrolysate (solvents A
and B) showed the presence of arabinose, xylose,
glucose and a hexuronic acid. Fraction 6 was warmed
gently in 15 ml of water and the mixture was centri-
fuged to remove sub-fraction 6 a. The supernatant
liquor was diluted carefully with ethanol until a dis-
tinct precipitate formed which was centrifuged and
classed as sub-fraction 6 b. When more ethanol was

added to the supernatant liquor from sub-fraction
6 b a voluminous, gelatinous precipitate was formed.
This precipitate was recovered by centrifuging and
dried to give sub-fraction 6 c as a white powder.

Sub-fraction 6 a (0.0100 g, 0.2 %) was a dark
brown powder, insoluble in water and yielding only
traces of xylose, arabinose and glucose on hydrolysis.
Sub-fraction 6 b was a white, water-soluble powder
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BISHOP ET AL-PRIMARY CELL WALL CONIPONENTS

(0.058 g, 1.2 %) having [a]25 = + 2990 1° (C, 1.5 %

in water), which gave a blue coloration with iodine-
potassium iodide solution and on hydrolysis yielded
mainly glucose with traces of arabinose and xylose as
detected chromatographicallv. Sub-fraction 6 c
(0.0165 g, 0.3 %) wvas a water-soluble powder show-

ing [a]25 = + 2200 + 40 (C, 0 4 % in water) and yield-

ing on hydrolysis only a hexuronic acid detected by
chromatography in solvents A, B and C. The hex-
uronic acid was chromatographically identified as ga-
lacturonie acid by specific spray reagents and by the

Coleopi
Fracti

(4.854

Extract

Fraction 5

(0.2008 g,
4.16%)

Dialysate

Not
recoverable

Combined
extracts

tiles
on 4

1g)

fact that no lactone could be found on the chro-
matograms (7). Both glucuronic and mannuronic
aeids readily form lactones which run much faster
than the parent acids on paper chromatograms.
Galacturonic acid does not form a lactone. Identifi-
cation of galacturonic acid was confirmed by simul-
taneous hydrolysis-oxidation (5) of a portion of
fraction 6 c (0010 g) by nitric acid (5 ml, specific
gravity 1.15) to yield mucic acid with a melting point
of 212 to 2130 C (d).

The supernatant liquor from the precipitation
of Fraction 6 was concentrated and ethanol was addle(d

(Residue from washings, figure 1. Air-dried,
ground in Wiley mill, dried to constant
weight at a pressure of 0.03 iWn Hg
over phosphorus pentoxide)

0.0255 g removed for N determination.
Exhaustively extracted with benzene: ethanol-2: 1

Residue (4.6517 g)

Exhaustively extracted at 750 C
with aqueous ammonium oxalate:
oxalic acid (0.25 % of each)

Residue (4.2642 g) Extract

Extracted 3 times with Diluted with 2
10 % NaOH, once with volumes of ethanol,
17.5% NaOH centrifuged

Residue Supernatant Precipitate

Neutralized
with acetic
acid,
dialyzed,
non-dialyzabl es
lyophilized

Fraction 9

(2.2418 g,

46.5,%)

9a 9b

(See Methods and

Results)

porated,
mol
ed to 90%
centration,
trifuged

Fraction 6

(0.0859 g,

1.78%)

6a 6b 6c
(See Methods and

Results)

Precipitate

Fraction 7

(0.2031 g,

4.21%)

FIG. 2. Fiactionation of Avena coleoptile walls.

Fraction 8 Eval

(1.1974g, adda
24.8%) addo

conc

cent

Supematant _____

Evaporation yielded
no material
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PLANT PHYSIOLOGY

TABLE I

ANALYSIS OF AVENA COLEOPTILES

PERCENTAGE MONOSACCHARIDES RELEASED ON HYDROLYSIS

FRACTION CLASS OF MATERIAL OF DRY
PRIMARY GALACTOSE GLUCOSE ARABINOSE XYLOSE HEXURONIC
WALL ACID

} Water washings of coleoptiles 4f f-H +4 4-1
2 Protein and carbohydrate *-- +4f 4+ 4-f-

3 J ... + 14-H +4 +.
4 Washed sediment from ground

coleoptiles (not hydrolyzed) 100 ... ...

5 Fats, waxes, pigments 4.2 ... ... ... ...

6a Polysaccharide 0.2 ... + + +
6b Starch-like polysaccharide 1.2 . -.-.- + +
6 c Pectic substances 0.3 .... ... -I-IH-
7 Non-cellulosic polysaccharides,." 4.2 ... + -H 4-H- ...

8 a-cellulose 24.8 see text
9 Non-cellulosic polysaccharide 46.5 6.7 %o 34.3 %o 29.1 % 29.8 % Trace
9 a Water-soluble About i 8.9 % 27.8 % 31.2 %o 32.1 % ...

Fraction 9
9 b Water-insoluble About A 4.5 % 41.0 o 27.0 % 27.6 % ...

Fraction 9

Protein 9.5

Total recovery 90.9

to a concentration of 90 %. The precipitate which
formed was centrifuged and dried giving Fraction 7
(0.2031 g; 4.2 %). Hydrolysis and chromatography
(solvents A and C) of this fraction revealed the
presence of arabinose, xylose and a trace of glucose.
Evaporation of the supernatant liquor from this
fraction yielded no further material.

The residue (4.2642 g) from the ammonium oxa-
late: oxalic acid extraction was shaken for three 18-
hour periods with fresh portions of 70 ml of 10 %
aqueous sodium hydroxide, and for one 18-hour pe-
riod with 60 ml of 17.5 % aqueous sodium hydroxide.
The residue was filtered with suction on a sintered
glass funnel and washed thoroughly with water. It
was then washed successively with 5 % aqueous acetic
acid, water, 95 % ethanol, absolute ethanol, and ether
before being dried as Fraction 8 (1.1974 g; 24.8 %;
N, nil), the a-cellulose of Avena coleoptiles. The a-
cellulose was completely hydrolyzed and the large
excess of glucose in the hydrolysate was removed by
fermentation with Saccharomyces cerevisiae, N.R.C.
no. Y7 as described elsewhere (1). Chromatography
(solvents A and C) of the glucose-free hydrolysate
revealed the presence of galactose, mannose, arabi-
nose, xylose and a trace of rhamnose.

The alkali extracts and washings, up to and in-
cluding the 95 % ethanol washing, were combined
and dialysed in Visking cellophane tubing against
distilled water for four days, the water being changed
twice a day. The non-dialyzable solution was then
lyophilized to give Fraction 9 (2.2418 g; 46.5 %),
the non-cellulosic polysaccharides of the cell wall.

This fraction had [a]25 = _ 9.00 ± 20 (C, 1.06% in N

sodium hydroxide) and a number-average degree of

polymerization of 16, determined by alkaline hypo-

iodite oxidation (13). On hydrolysis the polysac-
charides yielded a mixture of sugars consisting of
galactose, 6.7 %; glucose, 34.3 %; arabinose, 29.1 %;
and xylose, 29.8 %. For this quantitative estimation
the sugars were separated as bands on paper chro-
matograms (solvent A). The relative amounts of
the separated sugars were then determined by meas-
uring the area and intensity of their reaction with
silver nitrate using a recording densitometer (14).

In a separate experiment the non-dialyzable ma-
terial (Fraction 9) was separated, immediately after
dialysis, into water-soluble and insoluble portions.
The soluble portion (Fraction 9 a) represented two

thirds by weight of Fraction 9, had [a]25 - 36.00
± 20 (C, 1.3 % in N sodium hydroxide), degree of
polymerization 16, and on hydrolysis yielded a mix-
ture of sugars consisting of galactose, 8.9 %; glucose,
27.8 %; arabinose, 31.2 %; and xylose 32.1 %. The
insoluble portion (Fraction 9 b) constituted one third

the weight of Fraction 9, had [a]j5 - + 50° + 20 (C,

0.5 % in N sodium hydroxide), degree of polymeriza-
tion 8, and on hydrolysis yielded the following mix-
ture of sugars: galactose, 4.5 %; glucose, 41.0 %;
arabinose, 27.0 %; and xylose, 27.6 %.

The dialyzate of the alkali extract contained such
large amounts (80 to 90 g) of sodium acetate that it
was not feasible to recover any carbohydrate ma-
terial which may have dialyzed.

To check recoveries in the fractionation, the resi-
dues from each extraction shown in figure 2 were re-

covered and dried. In this way it was found that
recovery from the benzene : ethanol extraction, i.e.,
Fraction 5 plus residue, was 100.5 %. Recovery from
the ammonium oxalate: oxalic acid extraction, Frac-
tions 6 and 7 plus their residue, was 98 %. Recovery
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BISHOP ET AL-PRIMARY CELL WALL COMPONENTS

in the alkali extraction was 81 % (Fractions 8 plus 9).
If it is assumed that the protein (9.5 %) in the origi-
nal dried wall fragments was lost by hydrolysis and
dialysis during the alkali extraction, an assumption
that was supported by the lack of nitrogen in Frac-
tion 8, then the overall recovery in the fractionation
was 90.9 %.

COMPLETE HYDROLYSIS OF INTACT AVENA COLEOP-
TILES: To check for the presence of any large amounts
of galacturonic acid which might have been lost dur-
ing the detailed analysis just described, a sample (8.0
g) of wet, freshly harvested coleoptiles, equivalent to
approximately 0.25 g dry weight, was completely hy-
drolyzed. The sample was dissolved in 20 ml of 72 %
sulphuric acid and the solution was allowed to stand
at room temperature for 1.5 hours. Water was then
added until the acid concentration was 3 % and this
mixture was refluxed for three hours. Acid was re-
moved as barium sulphate and the salts were filtered
and washed with hot water. The combined wash-
ings and filtrate were concentrated to about 25 ml
and were passed over a column of Amberlite IR-120
exchange resin to remove barium. The column eluate
was then concentrated and chromatographed on a full
size sheet of Whatman no. 1 filter paper (solvent C).
After guide strips had been cut and sprayed to locate
the separated components, the hexuronic acid band
was cut out and eluted with water, the eluate being
evaporated to dryness giving a syrup (4.2 mg) hav-
ing [a] 23 = + 570+ 5' (C, 0.42 % in water). This

product was refluxed for 8 hours with 8 % methanolic
hydrogen chloride (1 ml). The product was recovered
by evaporating the solution and was reduced with
sodium borohydride to the corresponding hexose gly-
coside. Sodium was removed from the reduction by
Amnberlite IR-120 exchange resin and borate was dis-
tilled off as its methanol eomplex. The residue from
this reduction was hydrolyzed with N hydrochloric
acid on a boiling water bath for 6 hours and the hy-
drolvzate was chromatographed (solvents A and C).
Both galactose and glucose were found on the chro-
matograms in approximately equal proportions.

DISCUSSION

The main results on which the discussion centres
are summarized in table I.

The initial separation of ground coleoptiles into
sediment and supernatant, designed to remove proto-
plasmic material from the walls, was only partially
successful. The non-dialyzable carbohydrate material
found in Fractions 1 to 3 of the supernatant (about
630 mg) almost certainly represented wall material
since its monosaccharide composition closely resem-
bled that of the major constituents of the wall. Non-
dialyzable protein was divided roughly equally between
sediment and supernatant with about 45C) mg in each.
On a percentage dry weight basis, the amount associ-
ated with the sediment (Fraction 4) was similar to
that reported by Thimann and Bonner (20). How-
ever, it is uncertain how much of this was contami-
nating cytoplasm and how much can be regarded as

true wall material. Undoubtedly a large proportion
of this protein will be due to dense plasmodesmata
which have been found frequently to penetrate even
thick epidermal walls (4).

No detailed analysis was made of the fats, waxes
and pigments (Fraction 5) extracted from the residue
(Fraction 4) with benzene-ethanol, but it is interest-
ing to note that the large X-ray spacing of 46 A found
in this fraction corresponds within experimental error
to that of 44 A detected previously in whole coleop-
tiles (2). Again, this differs significantly from the
value of 60 A reported earlier by Gunderman et al (9)
for waxes extracted from Avena coleoptiles.

Removal of materials in Fraction 5 left the re-
maining tissue open to penetration by hydrophilic
solvents. The ammonium oxalate: oxalic acid extrac-
tion was designed to remove pectic substances. In
recent years it has been shown that ammonium oxa-
late : oxalic acid solution is a more efficient and selec-
tive extracting medium for pectic materials than am-
monium oxalate solution alone (5). According to the
latest rules of nomenclature "pectic substances" are
defined as "those complex, colloidal carbohydrate de-
rivatives which . . . contain a large proportion of
anhydrogalacturonic acid units . . . . The carboxyl
groups of polygalacturonic acids may be partly esteri-
fied by methyl groups and partly or completely neu-
tralized by one or more bases" (23, p. 162). When
applied to coleoptiles the ammonium oxalate : oxalic
acid extraction removed a mixture of polysaceharides
which were separated by a sub-fractionation with
ethanol-water. By this procedure the pectic material
(Fraction 6 c) was separated from a starch-like poly-
saccharide containing largely glucose, which gave a
blue coloration with iodine (Fraction 6 b) and from
non-cellulosic polysaccharides (Fractions 6 a and 7)
containing arabinose and xylose. The high positive
optical rotation of + 2200 (cf. 23, p. 185) and the
identification of galacturonic acid as the only product
of hydrolysis characterized Fraction 6 c as pectic ma-
terial. The absence of hexuronic acid in hydrolysates
of the other fractions, except for a trace in Fraction
9, indicated that the small amount of pectic material
in the coleoptiles was removed in this extraction.

The low pectic content of these walls was con-
firmed by complete hydrolysis of intact coleoptiles,
the results of which showed that all hexuronic acids
represent only about 1.6 % of the total dry weight of
coleoptiles and this is composed of roughly equal
quantities of glucuronic and galacturonic acids. This
total quantity of hexuronic acids which undoubtedly
includes some soluble sugars corresponds sufficiently
closely with what was detected in Fractions 6 c and 9
of the detailed analysis to indicate that no large quan-
tity of pectic material (polygalacturonic acid) could
have been lost.

By far the largest single class of materials in the
coleoptiles were the non-cellulosic polysaccharides,
usually termed hemicelluloses, extracted by alkali.
These were composed of the monosaccharide units
galactose, glucose, arabinose and xylose and the differ-
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PLANT PHYSIOLOGY

ences in optical rotation and monosaccharide compo-
sition of the subfractions indicated that the material
was a mixture of several polysaccharide species.

The alkali extraction and subsequent isolation of
a-cellulose and non-cellulosic polysaccharides was the
only step in the analysis where loss of material oc-
curred. Part of this was caused by alkaline hydroly-
sis of the 9.5 % protein in the coleoptiles and its loss
as amino acids during dialysis. The remaining loss
was probably caused by dialysis of short-chain poly-
saccharide material having the same composition as
the polysaccharide material that was recovered. The
non-cellulosic polysaccharides that were recovered
(Fraction 9) were of quite short chain length (degree
of polymerization, 8 to 16) and it is possible that
polysaccharides with a degree of polymerization of
less than 8 would pass through the dialysis membrane
and be lost. The very large amounts of sodium ace-
tate in this dialyzate precluded any attempts to check
this point by recovering the carbohydrate material
from the dialyzate. It is also possible that the strong
alkali used in the extraction caused degradation of
some of the non-cellulosic polysaccharides to frag-
ments sufficiently small to be lost on dialysis (22).

The remainder of the wall consisted of a-cellulose
(Fraction 8) which was present in a concentration
(25 %) generally lower than that reported for other
primary walls (6, p. 134). Traces of monosaccharide
residues other than glucose were present in the a-cellu-
lose. Such residues are commonly found in a-cellulose
and their significance has been discussed previously
(1, 3).

The picture this analysis gives of the chemical
composition of primary walls of Avena coleoptiles is
comparatively simple. The walls consist principally
of the relatively inert substances, cellulose and non-
cellulosic polysaccharides. The latter materials, al-
though they may be numerous and may differ in
detailed structure, appear to be composed almost en-

tirely of similar residues.
The most important findings in the study con-

cerned the pectic content, which was considerably
lower than that reported in other analyses of primary
walls (6, 21). It is probable that the primary walls
of different tissues or species vary markedly in pectic
content. However, the sole evidence for the presence
of pectin has often been the ability of ammonium oxa-

late to extract material from the wall. The present
results show that significant quantities of polysaccha-
rides other than pectin, including starch-like material,
can be extracted with this solvent.

More significantly, however, these results show
that an appreciable proportion of pectic material is
not in fact a prerequisite for rapidly extending walls.
Because of its ability to form gels, pectin has usually
been vested with the role of supplying flexibility to

cell walls. Kerr (12) has described it as the "con-
tinuous phase" of the wall, the "discontinuous phase"
being provided by the cellulose skeleton. Further-
more, recent results from studies on Avena coleoptiles
(15, 16, 19) have suggested that the way in which

auxin plasticizes walls to permit increased elongation
of cells is by affecting the degree of methyl esterifica-
tion of the pectic materials in the walls. Other
authors (8) have inferred from effects of auxin on
the binding of pectin methylesterase in the wall that
in promoting elongation, auxin acts through pectin.
However, it is difficult to imagine how the minute
pectic content found here could have significant influ-
ence on the physical properties of the walls: hexuronic
acid residues, either as pectic substances or as com-
ponents in non-cellulosic polysaccharide chains, could
possibly have a disproportionate effect in plasticizing
the wall by occupying strategic positions in the wall
structure, but the degree of economy and order in the
distribution of these residues required to achieve such
a system would appear to be so high as to make it
improbable.

If the non-cellulosic portion of the primary wall is
to be considered an active agent in wall structure, it
seems that attention must be turned to the prepon-
derant non-cellulosic polysaccharides. These com-
pounds do not have the obvious capacity for reaction.
which could be ascribed to the ester groups of pectin.
However, the most fruitful approach to a better
understanding of the physiological aspects of the
structure and metabolism of primary cell walls is
probably a more thorough study of these substances.

SUMMARY
The primary walls of Avena coleoptiles were frac-

tionated chemically and the constituent monosaccha-
rides of the carbohydrate components were identified
by paper chromatography and other methods. On a
dry weight basis, at least 51 % of the walls was a
mixture of hemicelluloses containing principally resi-
dues of galactose, glucose, arabinose and xylose; a-cel-
lulose represented 25 %, fats, waxes and pigments
4 % and protein 9 %. The fraction obtained by am-
monium oxalate: oxalic acid extraction was composed
largely of a starch-like polysaccharide (1.2 % of the
dry walls); only a small amount of pectic substances
was obtained representing 0.3 % of the dry walls. The
very low pectic content of the walls was confirmed by
the finding of less than 1 % galacturonic acid on a
dry weight basis in a hydrolysate of fresh coleoptiles.

The results suggest that the physical properties of
these elongating walls depend more on the preponder-
ant hemicelluloses than on the negligible quantity of
pectic substances.

The authors are grateful to 'Mr. A. D. Gordon for
technical assistance.
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EFFECT OF LIGHT ON THE CO2 ABSORPTION AND EVOLUTION BY
KALANCHOt, WHEAT AND PEA LEAVES1'2

G. KROTKOV, V. C. RUNECKLES 3 AND K. V. THIMANN

DEPARTMENT OF BIOLOGY, QUEEN'S UNIVERSITY, KINGSTON, ONTARIO, AND THE

BIOLOGICAL LABORATORIES, HARVARD UNIVERSITY, CAMBRIDGE, MASSACHUSETTS

A common technique for the determination of the

true photosynthetic rate is to measure the apparent
CO2 intake in light and then add to this the amount
of CO2 respired by comparable material in darkness.
The validity of this technique is based on the assump-
tion that light does not affect respiration.

Within the last years support of this assumption
has come from several experiments. Davis observed
that light had no effect on the consumption of oxygen

1 Received revised manuscript March 15, 1958.
2 With financial assistance from the National Re-

search Council of Canada.
3 Postdoctorate Fellow of the National Research

Council of Canada. Present address: Imperial Tobacco
Company of Canada Limited, 3810 St. Antoine Street,
Montreal, P.Q.

by a Chlorella mutant, which had lost its ability to
carry on photosynthesis (3). In a series of experi-
ments with oxygen isotopes, Brown has shown that
when leaves of several higher plants or Chlorella
were illuminated in air enriched with 018, their con-
sumption of heavy oxygen was unaffected by light
(1, 5). Photoinhibition at higher light intensities
was observed, however, for several algae (5). In
Anabaena, photoinhibition was observed at oxygen
concentration below 0.5 % in the gas phase, while
photostimulation was apparent at higher light in-
tensities (2).

In all these experiments, however, respiration was
measured by oxygen consumption and it is desirable
to inquire whether the same results are obtained
when respiration is measured by CO2 production.

289

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/p
lp

h
y
s
/a

rtic
le

/3
3
/4

/2
8
3
/6

0
8
9
4
9
4
 b

y
 g

u
e
s
t o

n
 2

1
 A

u
g
u
s
t 2

0
2
2


