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Studies on a brittle stem mutant of rice, Oryza
sativa L. ; characterization of lignin fractions,
associated phenolic acids and polysaccharides
from rice stem
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Lignin fractions, asociated p-coumaric and ferulic acids and polysaccharides have been characterized in the
straw ancl in three lignin fractions isolated from the rice culivar ** Baulla 28 ** and one gorresponding brittle-
. siem mutant, Slgmﬁcanl differences were fouud bcuveen he comems in n-, acclyl-bromude and acid-
sinsoluble lignins, in. hemiceltulosic and cellulos:c poly: sacchand in esters. al\d elhers of phenohc acids, in iso-
_lation yields of lignin fractions, and in, pol)osldaﬁc demlysabxlﬂy Quahlanv; till'ferenccs were also observed
: 2 . in the inonomeric composition of pol)xacclnndcs and lignin ptcpﬂrahops Th\ls it is. no(, po<suhlc to suggest a
PR . direct correlation beiween variations in chemical compotition and e bnule %4 m character of the mutant.
These 1esults are discussed in relation 1o corrclated variations of chemical compomxon of plant celf walls and

heterogencity of monomeric composition of lignin fractions. .

. Additional key words : Cell-wall mutation. p coumaric acid, ferulic acid, hemicelluloses, celluloses, straw.

RESUME FEtude d’wn mutant é tige cassante de riz, Oryza sativa L. ; préparation de fractions de lignine et

caractirisation des acides phénoliques et polvasides associés.

On a caraciérisé par analyses chimiques des fractions de ligning, les acides p-coumariques, féruliques et les
polvosides associés, qui ont été isolés de la pailie d'un cultivar de riz « Balilla 28 » et d'un de scs mutants & tige
cassants. Dus différences significatives ont éié observécs entre les deux types de riz pour les tencurs e lignines
(Klasor', au bromure d'acéiyle ¢t insoluble dans les acides). en esters ct ethers d'acides phénoliques, cn polyosi-
des hemicellulosiques et celtulosiques ainsi que pour les rendements d'extraction des fractions de lignine ot
d*hydrolyse par des polvosidases, Le caractére cassant des tiges du mutant ne peut done pas dre simplement
mis ¢n relation avec les variations de composition chimique d'un constituant pariétal particulier. Ces résultats
-sont di~cutés en fouction des variations corrélatives de composition cliimique des parois cellulaires et d hétéro-
généité de composition monomérique des lignincs.

Mots clés additionnels : Mutation de la paroi cellulaire, acide p-coumarique, acide férulique,. hemicelluloses,
celluloses, paille.

I. INTRODUCTION ’ Rice, Oryza sativa L., is the third gramineous
species after maize, Zea mays L., (JORGENSEN, 1931)

The use of mutants is now a classical approach for

study of biosynthetic pathways in plants : it is of

particular interest when lignification processes are
concerned since the influence of lignification pattern on
propertics of lignocellulosic materials can be analyzed
by comparison of different genotypes.

W) esent addiess (US) 0 Roand 1D Sectnon, New Cendval Jute
Mills, PO Budge Budge, 743319 India.
b) To whom correspondance should be send.

and sorghum, Sorghum bicolor L., (PORTER ef al.,
1978) from which a mutant has been obtained at the
level of the lignification process.

The ‘mutant of rice has been obtained by gamma
irradiatian of the normal rice cultivar **Balilla 28" at
the 1.N.R.A. Plant Breeding Station of Montpellier
(France) and is characterized by a brittlencss of the
caliit appenting only in mature plants without any
¢Tect on the high resistance to lodging. The mutant
exhibited higher contents of Klason lignin and of hot-
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alkali soluble compounds and a lower proportion of
x-celiutose than the normal cultivar (DOAT & MARIE,
1977). In agreement with these results concerning the
rough chemical and mechanical properties of these
rices, we also found that the mutant rice stem (culm)
is richer in cell-wall bound p-coumaric esters while
* wall-linked ferulic ester content was similar in both
mutant and normal rice (MONTIES ef al,- 1981). In
addition, the extent of degradation of normal rice
straw by both commercial crude cellulases and rumen
juice liquor was wider than that of mutant one.

As these last differences may be related to
variations in cell . wall phenolics but also in
polysaccharide composition, a reexamination of the
cell wall constituents of normal and mutant rice
straws has been undertaken. We report here results
concerning the phenolic and polysaccharide com-
positions of three different lignin fractions and ,of
the corresponding cell walls for straws. Structural ,

characterization of polysaccharide fractions will be -

published elsewhere. Only nitrobenzene oxidation, was
used here for monomueric characterization of the ncc
lignin fractions ; results concerning the non-con-.

densed monomeric units obtained in these conditions :, .

are thus discussed in relation with the phenomenon of -
lignin heterogeneity (MONTIES & LAPIERRE, 1981 ;
MONTIES, 1986).

1I. MATERIAL AND METHODS

Rices, ‘‘Balilta 28" and its corresponding britile-’
stem mutant, were grown at Montpellier in the fice
plantations of [.LN.R.A. using standard conditions of -
cultivation with N-P-K fertilization corresponding 14"
152-168-120 units respectively (MARIE, 1984 ; MARIE
et al.,
Straw was air-dried. Leaves were removed from the
culm (stems) before rough grinding with a Culliatti
hammer mill. The powder was then ball-milled with a
stainless Dangoumeau to obtain a {inal particle size
less than 0.1 mm.

A.. Determmanoq of ccll-\vall phenolics

Extracuves were removed From the r0ugh powdcr
E by three successive soxhlet extractions with tolucne-
ethanol mixture (i/1 vol), ethanol and water. The celt '
wall residue “*parietal residue : PR was then freez¢*'
dried. :

1985). They were harvested at grain maturity,
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was analyzed, after dilution in 25 m! with glacial
acetic acid, following the standard procedure of UV
absorbance at 280 nm. "A calibration curve, cor-
responding to 5 to 15mg of guaiacol (2-methoxy
phenol, SIGMA puriss.) was used for calculation and
standardisation of the results. Data were expressed
with reference to the Klason lignin as follows: a
milled straw lignin preparation of known Klason
lignin content, was submitted to acetyl-bromide
solubilization, compared to the guaiacol standard
curve, then a coefficient was calculated for conversnon'
of guaiacol equivalent value (GEV) to Klason lignin
equivalent (KLE).

C. Phenolic ester and phenolic ether determination

Cell wall bound esters and ethers of phenolic acids
were estimated by a combination of alkaline and acid
hydrolyses. Esters were first hydrolysed with 2 N
NaOH, 20 ml for 100 mg of parietal residue, during 2 h
at 35 + 1 °C with magnetic agitation under nitrogen.
The insoluble residue obtained after saponification
was recovered. by filtration and submitted to a second
alkaline hydrolysis for exhaustive hydrolysis of esters.
The insoluble final residue, saponification residue
(RS), recovered by filtration was washed with water,
until about neutrality (pH 6-7), then with 0.1 N HCl
and used, without drying, for estimation of ethers.
Ethers were hydrolysed with 0.1 N HCl in dioxane-
water mixture, 10 ml for the total RS corresponding
10 100 mg of RP, during 4 h in a sealed 20 ml tube at
100 °C. Phenolic acids corresponding to the cell-wall
ethers were recovered from the acidolysis mixture by
ethylether extraction as described by SCALBERT ef al.
(1985). Phenolic acids corresponding to the cell wall
esters were similarly isolated by diethylether extraction
after acidification of the soluble extracts and washings
recovered during the RS preparation, Phenolic acids
were, in each casc, analyzed by HPLC. Afler drying
on' Na;S0,, dicthylether extracts were concentrated
under vacuum and recovered with methanol con-
taining 1,2,3-trimethoxybenzaldehyde (Aldrich, puriss)
at the concentration of 0.5 or 1.0 pug/ul as internal
standard according . t0 . the . concentration .-of :the
samples.
a(ers column;

chromatography as described ‘previously (MONTIES ef

R I,
v i

B. Lignin determination, w0y

Lignin was estimated by three different methads. - -

Aficr 5 % sulfuric acid prehydrolysis of the PR, acid- -
insoluble lignin (AIL) was obtained by 72 % sulluric
acid hydrolysis followed by post-hydrolysis in 5§ %
sulfuric acid as previously discussed (MONTIES, 1984).
Klason lignin (KL) was obtained by the same pro-
ccdure but without prehydrolysis. Acetyl-bromide
lignin- was -estimated—according- {o the-procedure of
JOHNSON er al. (1961) with slight modifications :

al., 1981 ; SCALBERT ef al., 1985). Purity of the trans-
and cis-isomers of p-coumaric and of ferulic acids was
controlled by cochromatography, by on-line recording
of the UV-spectra of the products during the elution

"+ “with a diode array detector (Hewlett-Packard 1040 A)
.and comparison of the position and the ratio of the
snaximum and minimum of absorbance between 250

to 450 nm. Cis-isomers were only observed when
exposure of sampies to sunhgh( was not carefully

- controlled.

_D. Fractionation of straw lignin

25 mg of PR were treated with 10 ml of reagent » i

according to JOHNSON but only 1 ml of the solution

1

Finely ground parietal residue was ultraground in a
Seibtecknik vibratory mill and lignin was isolated into
three  fractions LM, LE and LR according to

_ Phenolic  acids: Wdre iseparated ' by rcver‘sc
..phase HPLC with a Resolve C18-5 1.\ L
with a mixture of" methanol-water (3 -10vol) c0n~ L
- taining 1 % of aceuc acideither in 4socratic con- *
“ditions at a flow rate of 1 ml.mn~! or by gradient
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LAPIERRE er al. (1982) and SCALBERT er al. (1985)."

The fractionation procedure is shown in table 1.

Conditions of ultragrinding and extraction chosen for o

fractionation of poplar wood were used without -
modification for straw. Fractionation was, rcpca!ed
twice giving very rcproducnble yields. The monomeric
composition of the non-condensed monomeric units -
of these lignin fractions was characterized by .~

nitrobenaenc-oxidation _aand analysis of the resulting .

aromatic ‘aldehydes by HPLC as previously reported -
(MONTIES ef al., 1981a ; SCALBERT ef al., 1985).

E. Carbohydrate analysis

Cell wall residue polysaccharides were hydrolyzed
according 10 SAEMAN er al. (1954) while carbohydrate’
moiclies associated with lignin fractions LM, LE and
LR were hydrolyzed with 2 N trifluoroacetic acid
(TFA) for 75 mn at 125 °C (ALBERSHEIM ef al.,
1967). Liberated neutral sugars were analyzed as their
alditol-acetate derivatives (SAWARDEKER -ef al., '1965)
by GC on.a glass column (180 x 0.2 cm) packed with .

3"V SP 2348 ¢oarzd. on Supelcoport (100-120. mesh) a
275 ‘C‘iBRiLL‘OUFu et -al,, 1982). o
The il rinﬁ\anbn :of* ‘acid-insoluble: hgnm aflcr-
(iﬂo ‘sulfuricy déid; ‘prehydrolysis, allows, _alsq'} the v
estimatidns. #f.- Pwo. rough. polysaccharide fractions

which are™ hydrolyzed with 5 % and 72 % sulfuric-
acid - respectively,  These two  fractions had  been -
described previously in the case of poplar wood and
of wheat straw (MONTIES, 1984), as ‘‘readily acid
hydrolysable and solubilized products’ (PAS:
“*produits aisément solubilisables’” in French : MON-
TIES,
solubilized products” (PDS : *‘produits difficilement
solubilisables’’ in French : MONTIES, 1984). The
content of PAS and PDS has been calculated here, as
previously, by difference between the content in ash
(A), acid insoluble lignin (LAI), and lignocellulose
recovered after prehydrolysis (LC) by the relations :
PAS = PR - LC and PDS = LC - AIL - A.

Ash was weighed after mineralization at 550 °C for
3h.

IIl. RESULTS AND DISCUSSION

The chemical composition of the parietal residue
from mutant and normal rice culms is given in
table 2.

Whatever the analytical procedure, the lignin
content of the mutant was, in each case, significantly
higher than that from the normal. Relative lignin
contents appeared, however, different depending on
the method used. In accord with the results previously
reported on poplar wood and whealt straw (MONTIES,
1984), the Klason lignin content was significantly
higher than the acid-insoluble lignin content. As
previously discussed, KL conteat is probably over-
estimated due to condensation with other ccil wall
components (DILL er al., 1984 ; MATSUMOTO et al.,
1984) while, on .the other hand, AIL content is
certainly an underestimation of total lignin because of”
the loss of acid-soluble monomeric products and

‘Prolocole d’isolement des fracmms de lignine :

x{um rying:3,

1984) and as ‘‘poorly acid hydrolysable and

TARLE \

nz)me fignin (LE) and residual lignin (LR) jrom culm of mmnal
" jand mutant rices.

lignine de paitle
oulue (LM), lignine par enzyme (L,E) et lignine résiduclle (LR) iso-

"Wes des chaumes de riz normal e1r muant.

B TS

Finely ground cell wall
}
Soxthet extraction
. i
Ultragrinding (48 h)
1

L ) 1si dioxane-water (9/1 vol) extraction — LM
- |

[ L.
Twa suceessive celiulase hydrolyses
(Rough Trichoderma viride enzymc)

1
Filtration and washing of insoluble residue
= (UP)
2nd dioxanc-water (9/1 vol) extraction — LE
|
Washing and drying

. |
‘Ultragrinding (48.h)
3rd dicxanéiwater (9/1 vol) extraction — LR

R P B
- \\ipth‘ing';'arué Awyitg — Final jesidug (FR)
. Fnlm‘lﬂ:ﬁ\d wahing, oere” poaledy:: andy ¢i2vzed :gamst waler;
yetsifrow enzy 'uaug ‘Rydrolyes were recovercd. by.
). .
+_ Aprés filtration, réunign des jﬁ\ngt‘ Whaidied dinte de Peau, les

modulu non dialysables. loru\(‘\ anrés’ lw«.?nLv'.f cnzymaticue sont
1eeupéres pa tyophilisagion : (L%,

% TABLE 2

C‘fmibo.filion of cell wall residues from culm of normal and mutant
rice,

’ (,mucnls in per cent of dry parietal residue (RP)*, calewlation pro-

ccdure of « readily sulﬁmc acid solubilizable products » (PAS) and
« poorly sulfuric acid solubilizable producis » (PDS) given in chap-

" ter il

Composition des 1ésidus paridtaux des chmanes de riz normal et
mutani.

Teneur en pourceniage de la matiére séche du résidu pariétal (RP)°,
méthodes de calcul des « produits aisément solubilisables par l'acide
sulfurique » (PAS) et des « produits difficilement solubilisables par

Aracide sulfurique » (PDS}, décrites dans le Chapitre .

Acid-hydro-

Lignins Iysable products  Ash

. s$s0°
Fractions  ason Aveyl  Acid-  S@ 720
bromide insoluble SO,H, SO.H,

KL* KEL* AIL® PAS*  PDS*: A*

:Normal 12.5 9.9 9.3 8.5 46.2 2.8

Mutant . 149 12.6 1t 4.8 A 4.3

¢ Abbreviations and definitions in chapter 11.

oligomeric f{ractions. The acetyl-bromide lignin
(KEL), given in table 1, was obtained after stan-
dardization with a milled straw lignin sample as
previously suggested by JOHNSON er al. (1961) or by
MORRISON (1972). Obviously, the KEL value allows a

» direct comparison of the results obtained by these
~different methods, but, even after these calculations,

KEL ‘value has to be considered only as a relative one
due to possible variations of specific UV absorbance
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between lignin fractions, to systematic occurrence of - one. However, this observation needs (o be confirmed
non:lignin components such as polysaccharide in . by methylation analysis of cell wall polysaccharides.
lignin preparations and finally to uncertainties in KL~ "...  Results concerning the characterization of phenolic
determination discussed before. Acetyl-bromide de- . acids bound to the stem cell walls are shown in table 4
termination of lignin is usually considered as an - and figure 1. In addition to the confirmation of the
estimation of total lignin because parietal residue is occurrence of p-coumaric and ferulic esters in rice cell
solubilized without any pretreatment. The fact that, in .wall, table 4 shows also the occurrence of ethers of
table 2, the acetyl-bromide lignin valoe (KEL) is the same phenolic acids. Ethers of p-coumaric and of

nearer the acid-insoluble lignin (AIL) than the Klason
lignin (KL)value is-thus unexpeeted. As, up tonow,
no detailed UV characterization of rice-straw lignin

fractions are available, these results cannot be - . TABLE 4

discussed more precisely. ‘' Phenolic acids bound to the stem cell wall of the mutant and
During the determination of the acid-insoluble normal rice. Contents are given in per cent of dry RP*.

lignin, it is worthwile to estimate the weight losses ~ Acides phénoliques liés au résidu pariétal des riz normal et mutant.

after treatment by 5 % and by 72 % sulfuric acid. *  Teneurs en pourcentage de la matidre séche du RP sec.

The loss of dry matter after prehydrolysis of the cell

wall residue may be considered roughly as the Saponi-

amount of polysaccharides which are readily hydro- fication _ Preoumaric acid ferulic acid
" lyzed by dilute acid, i.e. arabino-glucuronoxylans in residue o o

ers esters thers
the case of grass straw (JOSELEAU, 1980). The (RS ce
hydro!ysls step by 72 % sulfuric ac!d. removes Normal 65 0.83 o1l 024 0.20
essentially the cellulose and xylan moieties - which { . Mutant 55 1.19 0.11 0.26 0.08
resisted the prehydrolysis treatment..From table 2, the. - e
weight loss: after prehydrolysis. was higher faor the™ "% Apbreviations in chapter It )

mutant than for the normal rice. In contrast.ithes Sih | R
decrease .of dry malter on: 72 % sulfuric;udeid ' : L
hydrolysis was lower for the mutant ricethan forithes. ..o
normal one, in agreement’ with previous résults - "
(MONTIES ef al., 1981). Indeed the mutant rice.stem & -~
was richer in hemiccllulose polymers and poorer in
cellulose than the normal one, which contained more
cellulose and a lower proportion of hemicelluloses.

This preliminary conclusion was sustained by the.
relative composition of monosaccharide constituents

of the cell wall polymers given in table 3. The cell

wall from mutant rice contained more xylose and
arabinose than that from normal one : these two

sugars are constitutive of the hemicellulosic fraction

of grass straw. On the other hand, glucose, orig-’
inating mainly from cellulosic glucans, occurs in

greater relative quantity in the cell wall from normal

rice stem. Using other rough methods, DOAT &

MARIE (1971) reported in agreement with our results

that the mutant of rice had a higher hot alkaline
extract, hemicellulosic products, and a lower «-
cellulose content.

Table 3 also shows that the xylose/arabinose ratio, 2500 ‘30d0 3500 4000 450.
which is indicative of the degree of branching of xylan
chains, was higher in the mutant (4.8) than in normal Figure 1
rice (4.0). Therefore hemicelluloses from the brittle- Isolation and characterization of the ethers of phenolic acids asso-

ciated with cell-wall preparations of rice stem, Results corresponding
to normal rice ; identical qualitative results have been obtained with
the mutant.
A) High-pressure liquid chromatography separation of phenolic
acid solubilized after acidolysis following exhaustive alkaline
TABLE 3 hydrolysis : PC = p-coumaric acid (trans form), FE = ferulic acid
© (trans form), A = acidolysis products, E = internal standard : 3.
4, ‘S-trimethoxycinnamaldehyde.
. i A B). Absorption spectra of phenolic acids isolated from rice stem.
Composition relative, exprimée en oses, des polyosides — Séparation et caractérisation des éthers d’acides phénoliques pré-
du résidu pariétal du chaume des riz normal et mutant. . “sents dans les préparations de parois cellulaires de tige de R,,.
. ... Résultats correspondant au riz normal ; des résultats qualitative-
ment identiques ont été obtenus avec le muiant.
A) Séparation par chromatographie liquide haute pression des aci-

culm mutant seemed more linear than in the normal

Relative composition of polysaccharide sugar constituents in the cell
wall residue from culm of normal and mutant rice.

Sugar Glucose Xylose ArabinoseGalactose Mannose Rhamnosé_‘

- des "phénoliques libérés par acidolyse aprés hydrolyse alcaline
S . .
:l&r::: ;g; g%; 22 ;g gz :;l . - exhaustive: PC = acide p-coumarique, FE = acide férulique,
: : : : ' . A = produits d’acidolyse, E = étalon interne (3, 4, S-triméthoxy-
s déhyde)

* tr : traces about 0.02 to 0.05. B) Specires d’absorption des produils isolés de tige de riz.

——— i bt st

e = s e



.( ic acid bound to rice cell wall are reported here
§.or the first time ; this result is in line with the
?urrence of the same type of ethers in wheat straw
#tell wall, as recently reported by SCALBERT ef al.
"(1985). In the case of the two rice cultivars reported
here, the trans-isomers of p-coumaric and ferulic
acids were characterized only by cochromatography
and on-line UV-spcctropholometry during clution,
Significant differences in the distribution of cell
wall-linked phenolic acids are also shown in table 4.
While the amount of ferulic esters was the same in

both rices, the amount of estérs of p-coumanc acid :

was increased in the mutant, which is in complete
agreement with data reported carlier by MONTIES of
al. (1981) ; the p-coumaric to ferulic esters ratio was,
however, higher than those previously reported. The
opposite figure was observed for the ethers; the
amount of p-coumaric cthers was the same in both
rices while ethers of ferulic acid were reduced in the
mutant. As, however, the data reported here concern
only one sample of rice, these differences in dis-
tribution between ethers and esters require con-
firmation with other samples of rice grown in
different conditions.

In addition, table 4 shows a higher yield of recovery
of saponification residue (RS) in the case of the
normal rice. Recovery yields of RS could be related to
the higher content of mutant rice cell wall in
hemicellulosic glucuronoarabinoxylans : indeed most
of the xylan, and also part of the lignin, underwent
solubilization under saponification conditions. These
last observations were well correlated with PAS data
obtained from acid prehydrolysis reported in table 2
and 3.

Table § summarizes the fractionation results of
lignin from rice culm folliowing the procedure of
table 1 ; three lignin fractions (milled straw lignin,
enzyme lignin and residual lignin) were prepared. As
cell wall polymers may be associated with the lignin
fractions, recovery yields must be compared with
caution. The LM fractions were obtained in the same
yield for both rices while yields of LE and LR have
been always found higher for the normal than for the
mutant, which is surprising since the mutant culm is

more lignified than the normal one. The most pro- =

TABLE 5 - sE
Isolation yields of lignins LM, LE, LR and of corrtspondmg

residues during fractionation of stem cell wall of mutant and nor-
mal rices.

Rendements d'isolement des fractions de lignine LM LE, LR et des
résidus correspondanis obtenus d partir du résidu pariétal de tiges
de riz normal et mutant.
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minent difference between the two rices was the
greater sensitivity of the mutant cell walls to
Trichoderma viride cellulase hydrolysis compared to
the normal one. This differential sensitivity is clearly
shown in table 5 by the higher yield in undialyzable
products (UP) for the mutant and by the corres-
ponding lower yicld in final residue (FR) which was
about half that of the normal one. These data were
rather unexpected since the more lignified culm of
mutant was supposed to be more resistant to enzyme
hydrolysis than the normal one. In the previous study
of MONTIES ef al. (1981), no significant difference
was found, after- cellulase hydrolysis, between the
normal and the mutant rice. As, however, commercial
Oxyporus cellulase preparation was used in place of
commercial Trichoderma cellulase used in the present
fractionations and as enzymatic treatment of 24 h was
chosen in place: of repeated and extensive cellulase
hydrolysis used in the present procedure (table 4),
these differences of yield may be explained by the well
established structural and kinetic differences occurring
betwcen commcrclal cellulase preparations (AZUMA ef
, 1983). -

Due to the rdat'nvely low quantities of LR fractions

isolated from the mutant, only LM and LE lignin

" fractions were characterized here.

Significant differences in monomeric composition
of LM and LE fractions were observed by nitro-
benzene oxidation as shown in table 6. In both cases,
the syringaldehyde to vanillin ratio and the p-
hydroxybenzaldehyde to vanillin ratio were higher
for the mutant’-than for normal rice. Similar
differences have previously been reported for these
two ratios (MONTIES ef al., 1981a). Nevertheless, no
significant differences in monomeric composition
could be observed in table 6 between LM and LE.
fractions isolatéd from both type of rice. Even if
analysis of phenolic aldehydes obtained by nitro-
benzene oxidation only allows the characterization of
the non-condensed monomeric units of lignin, these
last results clearly show that monomeric heterogencity
was not observed between lignin fractions isolated -
from the two rice straws. Recently the same results
were rcported by SCALBERT el aI (1986) whd wcrc ‘

_ e " TABLE 6 . .
M. ic composition of LM and LE lignin fraciions. tso(aled

from culm of nofmat and mutant rices as :h0wn by nitrobenzene
oxidation and separa(mn of non-condensed corresponding mono-
meric products.. . b

Composition monomérique des fractions de lignine LM et LE iso-
lées de chaune de riz. normal et mutant, détermination par oxyda-
tion au mtrobendne et séparation des produits monoméres corres-
pondant aux umlés nan‘gonden:éa

Lignin fractions Final Undialysed
residue products
Total
LM LE LR (% KL) (V)
Normal 1.4 3.5 1.3 49.6 17.0 17
Mutant 1.4 2.5 0.6 30.2 8.0 12.5

Abbreviations in chapter 11 according 10 table 1, yields in per cent-of
Iried parictal residue (RP).

\bréviations selon chapitre Il et tableau I, rendements en pourcen-
1ge de ta matiére séche du résidu pariétal (RP).

p-OH-benzaldehyde syringaldchyde

Rice lignin . "+ &,
. Yanillin
fractions . .".x‘. Vanillin Vanillin
LM Normal ‘Jd . 0.43 1.14
Mutant 3.0 . 0.53 1.37
Lg Normal 3,2l ] 0.44 1.16
Mutant -4, 9 0.49 1.27

Yield in per cent of c‘o’r‘rcsponding dry lignin fraction.
Rendement en pourcentage de la masse des fractions de lignine.

4 ten
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unable to show lignin hete:::»eneity between fractions
isolated from wheat straw This inability to detect
heterogeneity of monome:ic composition in grass
straw lignins is rather surprising when considered with
reference to evidence ansi confirmations of the
occurrence of such hetefogeneity in the case of
angiosperm woods such as normal and reaction wpod

of poplars (LAPIERRE & MONTIES, 1982 ; LAPIE)‘(RE" .

e al., 1982).-Furthermore, nonammchcttrogcnen
between lignin fractions isolated from oak woods has

recently been found by MONTIES & LAPIERBE ,(mu_.

preparation), confirming the occurrence of lignin .-
heterogeneity in angiosperm woods. :

The inability to observe this phenomenon in the case |

_of grass straws may result, for example, from the fact

_ Another,

X - fitted for_straws and requires: .specific adaptation

"

that the cytological and cytochemical structures of
culm is far more complex than those of wood. The
rough fractionation procedure shown in table 1 woqld
thus allow the isolation of heterogeneous fractions of
lignin when applied to samples containing a small

number of cellular types, as in the case of wood

xylem, but not when applied to more complex rnixture -
of tissues, such as in the culm of grass straws.

fractionation procedure chosen for woods-is not welk:

The chemical composition of:-the polysacchande ¥

associated -with the rice lignin fractions. is. shown in

table 7. Clearly, in each case, lignin preparations were
mainly associated with arabinoxylans. No significant
differences were observed between preparations
isolated from normal and from mutant rice straws.
The arabinose to xylose ratio was significantly higher,
in cach rice, in LE than in LM ; however in LR, this
ratio was nearer of those in LE than those in LM.
These differences probably depend on cellulase
treatment and cannot be used directly for discussion
on the structure of lignin polysaccharide associ‘at'i‘ons_.;

B R

IV. CONCLUSION

The resuits presented in this study clearly show}v. ,maf

the brittle-culm mutation of rice not only changes, -
quantitatively and qualitatively, the phenolic fraction
(lignin and bound phenolic acid) of the culm ceil wall
but also the polysaccharides (hemicellulosic arabino-
xylan and cellulose). As variations in many different
chemical factors are associated with the brittle-culm
character of the mutant, it seems difficult to correlate
specific changes in properties of the lignocellulosic
material, such as in vitro digestibility or mechanical
properties, with only one chemical factor such as
lignification. A strong correlation between lignin and
hemicellulose concentrations has been reported in tén
varieties of temperate grasses by MORRISON (1980)
the varieties with higher lignin concentration showed
higher linear hemicellulose content, The differences
reported here between the mutant and the normal
cultivar of rice agree with these observations but .
perhaps fortuitously ; it would thus be interesting to .
search if the same correlation is also found in other
lignin mutants of Gramineae, such as corn and
sorghum.

Furthermore, when the results reported here are
compared with those of the two previous studies

e

but ‘less likely, hypothesis is -that.ithe. ..

U. SHARMA ef ol.

TABLE 7

Relative composition of the polysaccharide associated with the
lignin fraction LM, LE, LR isolated from culm of normal and from
mulant rice. Fractions LM, LE, LR corresponding to table 1 for
normal (N) and mutant (M) rice.

Composition relative, exprimée en oses, des polyosides associds aux
Jractions de lignine LM, LE, LR isolées du chaume des riz normal
et mutani. Fractions LM, LE, LR correspondant au tabl 1 pour
les riz normal et mutani.

Glucose Xylose ArabinoseGalactose Mannose Rhamnose

LM N 55 9.6 13.2 1.1 0.1 0.1
M 52 80.2 13.2 1.1 0.1 0.3
e N 62 75.3 17.0 0.8 0.1 tr
M 48 78.3 16.3 0.5 0.4 tr
LR N 57 7.0 15.0 1.7 0.4 tr
M 65 4.8 15.7 2.2 0.4 tr

tr : trace less than 0.05.

+  published by DOAT & MARIE (1977) and by. MONTIES
: 1f:(1981a);. a very good agreement appears which o
. 'may-indicaté:that:strong genetic control occurs daring
.- the:biosynthesis of the plant cell-wall. The sametyps,

- oft'conclusien "has been suggested previously from

comparison’ of the chemical composition of wheat
straw harvested after very different conditions of
growth-(BAYET & MONTIES, 1977). The occurrence of
such a strong genetic control may be of great
importance in research programs concerning the
biodegradability of the gramineous cell wall applied
for example to pathogen resistance or to increase of
digestibility by animals.

In this case, very careful studies of the correlations
between variations in the fine chemical composition
of plant cell wall would be required ; correlations
between variations in lignin and hemicellulose have
been recalled previously. The fact that the rough
composition of the cell wall polysaccharide may
change without significant variation in the content of
associated ferulic esters and p-coumaric ethers is a
second example of such fine variation ; the occurrence
of a possible genetic control remains to be established
in this last case however. Furthermore, subtle changes
may also occur after modification of the lignification
characters at the level of not only the content and the
monomeric composition of total lignin but also the
extractibility and composition of lignin fractions.
Much work remains to be done particularly to
characterize variatiens in the lignin fractions easily
solubilized during mild alkaline and acid treatment of
straws. Wheat-lignin-labelling experiments by incor-
poration of U-"C-phenylalanine. have, indeed, shown
quantitative and qualitative differences of labelling
between lignin fractions (BAYET, 1980 ; AGOSIN et
al., 1986). Lignin heterogeneity not observed here in
the case of rice and previously in the case of wheat
may thus be shown using different analytical methods.

In conclusion many comparative studies of the fine
chemical composition of the cell wall remains to be
done not only with rice but also with other Gramineae
such as wheat, and with *“‘mutants’’ for lignification ;
such studies may provide more exhaustive expla-

o e e —
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nations on the molecular mechanisms involved in
the physico-chemical properties of lignocellulosic

materials.
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