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ABSTHACT 
,, 

The relation�hip between extensibility, growth rate and 

c�rbohydrate composition in different sections of lupin 

, hypocotyl. has been investigated. Although significant 

·differences in oxtensibili ty ·Here found, the carbohydrate 

composition of' elo:nsating and non-elongritin:g reg ions \vere 

similar Hhen delignified tissue i;JaS examined. u 110\vever, it Has 

subsequently found tila t the delignificJ.tion removed all of the 

\vall .iJ.ydroxyproline ,. 1:1ost of the arabinose, and much galactose 

and that all of these were hicher in non- elong at ing til�n in 

elongating hypo cotyl . The acid conditions of delignification 

caused about half oro the loss of the sugars ·out did not cause 

the loss o f  hydroxyproline. 

:t;xtraction of· the (·qpocotyl cell \Jalls vi th guanidinium 

'thiocyanate and other denaturants, bo th before and after 

treatment With dilute acid Or SOdium uethoxide in Elethanol did 

not dissolve the cJ:Tdrozyproline,indicating that cor:1pounds 

containj_ng this ar:lino acid arc probably covalen'tly lin..tced to 

insoluble wall constituents other than through acid labile 

arabinofuranose-hydroxyproline or ester l1nks alone. lOi& KOH 

E:Xtracted most of the 1vall hydroxyproline and hemicellulo se 

largely as non-dialysable material . The hemicellulose thus 

extracted may be fractionated into hemicelluloses A a...YJ.d B and 

the latter into linear l-4 l inked p olysaccharide s and branched 

.rolysaccharides. Ho st o f  the hydro xyprol ine containing 

polyr:1er is co .:. pr ecipi tated VJi th the linear 1-ti linked 

hegicellulose-B arabinoxylan. 



When c ell walls from eloneating and non-elongating 

hypocotyl s e c tions were coBpared the hernicel l ulose-B 

arabinoxylan fracti on fr om the non-elongating 'i·rall had a much 

hi .:.::her proportion of arabinose, galc:.ctose and hydr oxyproline 

than the same polyu:.Gr from elone;ating uall. 

ii 

Extraction of cell ualls with 10� KOH at 0°C re�oved about 

tvw thi rds of the hemicellulose-B but little hydr oxyproline. 

Subsequent treatment Hi th lO,S KOH at room te.!21peratur e  removed 

r:10st of the hydroxyproline and remaining hemj_cellulose-B. The 

he;;Licellulos e-:B re::10ved at room tem_9 eratur e shmred the greatest 

ir�creases in. arabinose and galactos e accompanyj_ng cessation of 

elone;at�Lon. Th e �o lysa cch�r ide eAtracted at 0°C is mainly 
0 

xylan vrhile that r er:1�ved at room temperatur e contains lar ce 

a�ounts of galacto se and arabinose. The r eleas e of galactose 

at room te2pera tur e was accompanied by destruction of serine 

and appeared to parall el (3 -elimination of galactosyl s erine 

The kinetics of release o f  arabinos e and galactose at roou 

tewperatur e differed. 

The above and othe r results are discussed particulo.rly in 

relation to \vall structure and a tentative !!1odel fo r the 

extensin-polysaccharide complex of lupin hypocotyl cell walls 

is propo sed. 
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INTRODUCTION 

The most stable conf iguration of a pr o to plast is 

spherical (Plat e au, 1873) and it will a·ssUJne this shape unless 

o therwise constrained (Er r era, 1888). In plants such a 

constr aint is pr ovided ext ernally by the cell wall, and where 

the constraint is unequally dist r ibuted growth is similarly 

unequal (Ro elofsen, 1965 ) .  The wall present during 

elonga t i o n  gr o1.v-th is defined as the pr imary cell \'rall. The 

pr imary cell viall det ermines the shap� of the pr otoplast and 

this is fixed by the deposit ion of secondary wall aft er the 

pe rio d of cell enlargement. The latter component is 

r egar d e d  as the structural component of the plant, i.e. the 

pl.ant skeleton. As th e shape of the plant skeleton is 

det ermin ed by the primary cell wall the impo�tance of the 

lat ter to plant morphogenesis is consider able. 

Cell Hall Developrnent_and _Qrganisation 

Growth of t he higher plant stem involves the pr ocesses 

of cell divisi on and cell elongation. The forrne r 

culminates in the fo rmation of cross vmlls vlhich later 

undergo the bulk.of their primary synthesis during the 
I 

elongation phase, prior to secondary thickening. Ther e is no 
I 

r egion of cell division exclusive of elonga t i on and although 

the maximal r a t es of elonga tion and division may coincide they 

n e ed no t (Sachs, 1965). Buis (1967) has shovm that in 

e t iolated Lupinus albus hypoco tyl maximum elonga tion o ccur s  

after cell division has ceased. Cell division is usually . 

confined to th e uppe r  region and its rate generally 'decr eases 

mo r e  rapidly than tha t of elongat ion. 

1 



The ontogeny of the cell wall can be traced to the 

telophase period of division (Northcote, 1969) when the 

2 

spindle is present and chronoso�al separation has taken place. 

At this stage vesicles appear to concentrate and coalesce at 

the equator of the spindle (Hepler and riewcomb, 1967) possibly 

guided there by the microtubular spindle fibres (Ledbetter and 
' 

Por ter, 1965; Newcomb, 1969). ( It noH seems that the 

"
microtubular element of cells is an impor tant part of the 

�ntracellular transport system). However, while many of 

these electron microscopic observations strong ly sug gest 

certain roles for and relationships of the various cell 

organelles much of the evidence is indirect and little has 
0 

actually been proved ( O 'Bricn, 1972). 

Electron micros co py has shm·n1 that ir. root epidermal 

cells (Pichett-Heaps, 1967; Northcote, 1968) these vesicles 

are derived from the Golgi apparatus, an organelle which has 
< 

become synonymous with non-cellulosic polysaccharide 

synthesis. Consiste�1t Hith the early ra.dioautographic work of 

Northcote and Pickett-Heaps (1966) the v e sicles have been sho\m 

cytochemically to be ric� in pectic materials. 

The zone of pecU.n deposited fror:t tr1e fusing vesicles 

forms a disc between the walls of the parent cell and 

c on stitutes \<'hat has become knovm as the cell plate (\ihaley 

and Hollenahuer, 1963), which Vlill contribute sie;nificantly to 

the middle lamella of the wall deposited by each of the 

daughter cells. The cell wall grows from the cell plate by 

the incorporat ion of cellulose, more pectic substances and other 

polysacchar ides (Wilson, 1964; North co te , 1972 ) . 

Our ability to distinguish the middle lamella from the 



,remainder of the cell wall depends upon the different nature 

of the polysaccharide deposited by the daughter cells after 

cell plate formation. 

The reason for the qualitative change in wall synthesis 

is that these cells will ultimately provide directional 

resistande to turgor pressure (the in vivo driving force for 

. cell expansion) and thus contribute to the elongation of the 

stem, and also so that they may in time provide support by 

�esisting external forces. The rigidity is conferred upon 

the wall by the deposition of cellulose microfibrils and the 

·associated annealing matrix polymers. 

In higher plants the primary Hall consists basically of a 

framework of essentially crystalline cellulose microfibrils 
• r 

embedded in a l.'elatively amorphous and continuous matrix. 

Because of the high degree of molecular order within the 

cellulose microfibril it would require the longitudinal 

extension of either valency bonds or tpe deformation of 
0 

valency angles to stretch the rnicrofibrils (Preston, 1959). 

They can therefcre be considered as having a longitudinal 

�lastic m6dulus sufficiently large to render them virtually 

inextensible, and to be a rigid component embedded in a 

relatively extensible matrix of pectin,hemicellulose and 

.pr6tein. The microfibrils plus matrix together form the 

extensible framevrork vrhich contains the protoplast. 

It has been recognised for many years that there is a 

close correlation between the direction of cell extension and 

the orientation of the microfi br.ils, i.e. that anisotropic 

3 

grovTth of a vrall parallels an anisotropy of structure. In an 

extensive survey of the walls fr:om cells of various shapes 



4 

Roelofsen (1965) showed that an isotropic wall has extended 

multidirectionally whereas an anisotropic one will have 

extended normal to the predominant orientation of structure. 

Probine and Preston (1962) have related biref.ringence, 

ultra-structure and cell •:Tall mechanics using the internodal 

c�lls of Nitella. They found, averaged over the -vrhole 

thickness of the 1vall, a preferred orientation in the transvers;:) 

direction (major extinction position). Extension experiments 

on longitudinal and transverse strips showed clearly that the 

cell wall is most plastic and has the lowest tensile strength 

in the direction which has the least cellulose microfibril 

reinforcement. Moreover, from later experiments Probine 

(1965) was able to conclude that notnonly do non-isodiametric 

cells have a mean microfibril orientation perpendicular to 

their axis of elongation but also that with any change in gross 
" 

arrangement of the mlcrofibrils there will be a concomitant 

change in the direction of growth. This was illustrated by 

the effects of benzimidazole (B.I.A.) in altering the 

preferred deposition of microfibrils fro� a transverse to a 

longitudinal orientation in pea epicotyl sections. Segments 

which underwent elongation in the absence of B.I.A. were found 

to have a transverse extinction (low birefringence) showing a 
I 

transverse orientation of microfibrils. Cells which increased 
I 

diameter due to the presence.of B.I.A. showed extinction along 
I 

the cell axis. Furthermore, placing the sections in 

c14-sucrose in the presence of B. I.A. resulted in the 

longitudinal deposition of cellulose, as seen by 

autoradiography. B.I.A. therefore seems to stop elongation· 

by preferentially causing lont;i tudinal fibres to be laid do\m.. 



As early as 1935 Banner showed that when an Avena 

coleoptile was stretched the change in birefringence of i t s  

walls indicated tha t  the mi crofibrils had chang ed their ma j or 

orientation from transferse to longitudinal . Also , a higher 

plant cell wall generally elonga tes over its whole surface . 

F1,J.rthermore Ray ( 1967) has shown tha t cellulos e mi crofibrj_ l s  
. 

�re lai.d down by apposition, i . e . on the innermost surface of 

the wa.ll adj a cent to the cytopla sm . These three 

o�sefvations indicate that mi crofibrils of the outermos t  cell 

'\-Tall must have undergone considerable reorientation between 

the time when they were synthesised and the cell s tops 

elongation . The microfibrils must also be free to move 
0 

relative to one another to give the observed change in the 
0 c 

o:r j_enta tion from transverse on the inner '-'Tall to longitudinal 

on the outer . Becaus e the mj_ crofibril s are deposited 

essentially a s  lamallae, a ma j or constraint o� their movement 

will not be microfibril eontanglernent but the degree of 

adhesion between microfibrils and bet�een mi crofibrils and the 

matrix . 

Intera ction of the microfibrils must be mediated via the 

mat�ix of the cell wall as the rnicrofibr ils are embedded in 

thi s . The tenacity with which the matrix is bound to them is 

5 

·such that most o<  - cellulose prepara tions from cell walls contain 

some sugars other than glucose . The crystalline core of the 

mic rofibril appears to be surrounded by an amorphous sheath and 

to be interrupted at regular intervals by regions which are 

paracrys talline (Huhlethaler , 1967 ) .  These regions and 

particularly the sheath are probably the sour ce of non-glu cose 

residues and the regions of interaction with the matrix 

polysaccharides vlhich could be very important polymers involved 



0 

in the transfer o f  force from matrix to microfibril . 

Both the crystallinity within the fibre and the 

non-crystallinity. of its surface are considered to be 

important in determining the strength of the cell wall , the 

former makes possible a network of inextensible units and the 

c latter helps the units to cohere either directly or through 

linkage vlith matrix polymers into a mechanical vJhole. It is 

the cohesion between micr.ofibrils which is co nsidered in this 

thesis , as until the microfibrils of the network are allowed 

to �ove in relation to one another cell elongatio n will not 

occur . 

The Cell Wall Hatrix 

The primary c ell wall matrix has been divided into three 

ma j or structural cociponents : pectic substances 1 

hemicelluloses and protein. The present discussion concerns 

- the walls of  Angiosp erms in which the polysaccharides show a 

· remarkable uniformity compared with the diversity in 

e. g. algal groups (Northcote , 1969) . 

It is important to realis e  that the divisio n into the 

pectic substances and hemicelluloses and into their 

6 

subfractions is fairly imprecise since polysacchari.ales even vri th 

the same qualitative composition vary considerably in their 

degree of polymerisation and 1.vill therefore shov.r a spectrum of 

solubilities. Thus in each polysaccharide fraction there 

c oexist · molecules of different structural type , because the 

ran ge in molecular weight of otherwise structurally similar 

molecules precludes their separation into discrete fractions 

by the methods used . 



A .  The Pe c t i c  Sub s tan ce s 

7 

The pe c t i c  sub s tan c e s  are by defini t i on d i s s olved from the 

" .cell wall· by aqueous s olvents \-lith cal cium c he l a t ing agen t s  

0 

< 

s u c h  as e thyl enediamine t e t r aa c e t i c  acid ( E . D . T . A . ) o .r  ammonium 

oxalate . They have been divided by Nor thc o te ( 1969 )  into 

( i )  neutral arabino gala c tans . 

The s e  ar e ba s i cally chains o f  [1- ( 1- 3 )  l i nlce d  

D - g a l a c t o pyrano s e  un i t s  t o  vlhi ch s i de chai n s  a r e  a t t a c he d  by 

;-( 1- 6 )  l inks . The s i de cha ins a r e  D-gala c t o s e  

o l i g o s a c c har i d e s  vlh i c h  may carry 1- arabinofur ano s e  uni t s , o r  

the s i de c ha i n s  may b e  s imply 1-arabinofur ano s e  uni t s . 

( i i )  a c i d i c  p o lygala c tur onide o r  galac turono rhamnans . 

The s e  a r e  p olym3r s o f  gala c tur on i c acid 1vi t h  rhamno s e  

i n s e r t i ons and a variable numb e r  o f  s ide c hains c ontaining c 

D-xyl o s e , D- g a l a c to s e , and D - g al a c turoni c a c i d .  In natur e a 

l a r g e  propo r t i on of the g ala c tur oni c a c id r e s i due s a r e  methyl 

· e s t e r i f i ed . 

The pe c t i c  mate r ials have the abil i ty t o  fo r.m g e l s  (Ree s ,  

1969 ) a proper ty whi ch may be imp o r t ant in vivo whe r e  an 

i n c r e a s e  in g el a t ion may lead to a s tiffening of the cell 

wall s .  The g e la tion depend s upon the forma t i on o f  j un c t ion 

z on e s  ( Ree s , 1969 ) where t he polyuronide chains become ali gned 

�nd f or m  ti ghtly o r der e d  m i c r o crys tallites , s ome of whi c h  have 

b e en s tudie d  by x- ray c ry s tallo gr a phy (Ro el o f s en and Kr e g e r , 

1951) . I t  s e ems that the alignment ne c e s s ary f o r  the 

f o rmation of j un c tion zone s can be s teri cally pr e vented by the 

. i n c o r p o r a tion o f  rhamno s e  uni t s  whi c h  put a l ink in the main 

c ha in o r  by the pr es enc e  of s id e  c hains ( Gould et al . , 1965 ; 

Ree s and wi ght , 1969 ; Bar r e t t  and No rthc o t c , 1965 ; Rubery and 

N o r thcote , 1970 ) . Simil arly de s te r i f i cation c an r e sult in a 



o�utual coulombic repulsion of aqj acent galacturonic acid 

containing polymers. This is why ea++ chelating agents are 

8 

effective in dis s olv�ng pectins from cell walls. The presence 

of ea++ although not leading to the forma tion of strong calcium 

bridges bet\·;een uronic acids, as was once thought (Bennet-elark, 

1956) , do es neutralize the negative charges and allow 

a s s ociation of acidic polymer chains. 

In elonga ting cell walls lvhere a fluid matrix is required 

i t  seems that pectic polys accharid.es are high in rhamnose and 

side chains and that the s e  decrease in the pectic subs tances 

deposited as the cell ages ( Bouveng , 1965 ; Aspinall et al. , 

1967 ; Gould et al. , 1965 ; Rees ·�- and Vlight , 1969) . 
0 

It  is 

als o interesting to note that cell walls which have a strong 
,. 

�upporting funtion e. g. celery collenchyma , and would therefo re 

require a rigid gel , are high in microcrys tallites . 

B. The Hemicellulo ses 

The' hemicellulo ses are tho se poly�accharides dis solved 
0 

by alkali from the pectin extracted cell wall s. 

(1969) ha s divid9d them into two main types 

(i) the xylans and · 

(ii) the gluco- and galacto glucomannans. 

Northcote 

i )  The xylans are ?� 1-4 ) linked polymers of D-xylopyrano se 

and are generally quite large molecules with a degree of 

"
polymerization of 150- 200 and glucuronic acid side chains 

(about 1 per 10 xylo se units ) .  Als o  most o f  the xylo se i s  

acetylated , mos tly in the es po sition. Although these acetyl 

groups probably prevent direct H-bonding between xylo se chains 

crys talline structures are s till formed (Neidus zynski and 

Marches sault, 197 1 ) .  Each crystallite probably invobres 
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·s,everal polymer s sur r ounding a s tabilizing co lwnn o f  v.mter vihich 

has polar interac tions with the acidic side c hains . 

ii ) Gluco - and g ala ctogluc ornannans although cons t i tuting the 

bulk of the Gymno s perm hemice llulo s e  are a mino r component in 

Angio s perms . Basically they ar e c hains of r andomly arranged 

D- gluco s e  and D-manno s e  uni t s  in f'-C l-4 ) linkag e .  The c hain s  

have a si:nilar c onformation t o  that of ;9-Cl-4 ) g lucan altho ugh 

"molecular pa cking is not a s  light a s  in the ca s e  of c ellulo s e .  

r_r erminal o<.--{ l- 6 )  linked gala c to s e  uni ts ar e fl exible and may 

provide non-covalent bri�g e s  with water , and o th e r  matrix 

polys a c c haride s . 

Both the xy�ans and the g luco- and galac t o g lucomannans ar e 
o. 

ar rang ed in paracrys talline ar r ay betwe en and ir1 the same 

d i r e ction as the c ellulo s e  mi crofibr i l s  and are  s trongly 

ads.orbed onto t he i r  surfac e .  They are the r ef o r e  very 

important i� any d i s cus sion of int e r a c tions of m i crofibr i l s  

and cell wall matr ix.  the r el evant consideration is the 

linear i ty of the s e  polymer s as it i s  Qthi s vJhich a llows 

a s s o ciations (as in the fo rmation of mi cro crystallite s )  whic h  

!;lave a uniting effe c t  o n  vro.ll p o lymer s .  

Baue r e t  al . have r e c ently claimed tha t  the hemicellulo s e  

o f  Acer ps eudonlatanu s  and Pha s eo lue., vulgaris suspens ion 

. cultur es is a xylo glucan ba s ed on a r epeating heptas a c char ide 

unit I·Thich consi s t s  of four r e sidues o f  jJ-(l-4 ) linked g luco s e  

and thr e e  r e sidues o f  t erminal xylo s e  linked to t h e  6 position 

of thr e e  of t he glyc o s yl r e sidue s .  

Carbohydrate fractiona tioris exi s t whi c h  dep end partly upon · 

the abil i ty o f  iodine-potas s iur::� iodide to pr e c ipitate linear 

polysac char ides  f rom aqueous calc iurn chlorid e s o lution 
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( Ga i llar d and B a i l ey , i968) . Suc h  a fra c t iona t i on ha s b e en 

u s e d  in the exper imen t s  r epo r t e d  in thi s the s i s .  

\'!hen a lkal ine hemi c ellul o s e  extract i s  ad j us t e d  to pH 4 . 5 

long chain l i n ear xylans wi ll p r e c i p i tat e , pr e sumably b e c aus e 

p r o tona tion o f  th e gal a c turoni c a c id s i de g r oup s all01vs intr a-

and inte r - chain a l i grunen t . The polymers can b e  o btained by 

c entrifug a t i o n  and a r e  r efer r ed to a s  hemi c ellulo s e -A .  

Hemi c ellulo s e -B i s  t he non- pr e c ipitated f r a c t i o n  vrh i ch i s  

t hen o btained from the supernat ant after dialy s i s  and f r e e z e  

dryin g . When i t  i s  dis s o lved i n  aqu�ous cal c ium- c hlo r i de and 

i o d ine - po t a s s ium i odi d e  ·s o lut ion added a p r e c i p i t a t e  i s  

o b t a ined whi ch c ontains all tho s e  l inear s pe c i e s  ( Gaillar d , 1961) 
0 

inc luding arabinoxylans itlhich d i d  no t enter t h e  hemi c ellul o s e -A 

f r a c t i on . The p r e c i p i t a t e  i s  t he l inear - B  f r a c tion . The 

sup e rna tant c ontains all the shor t cha in or br anche d 

poly s a c char i d e  and b e c aus e o f  i t s  po lydiver s i ty i s  t er�ed th e 

h e t e r o gly can- B f r a c t i on . 

The f r a c t i o na t ion o f  hemi c e l lul o s e  po ly s a c c b..BJ r i d e s  may be 
' 

enhan c ed by varyine; the concent r a t i on o f  all-(al i u s e d  for 

ext r a c tion of t he cell wall . 105� KO H will r emove the xyl ans 

and arabinoxyl ans a s  vTell as s ome o th er polys a c char i d e  whe r e a s  

the galactoglu c omannan r equi r e s  24,% KOH-4;0 H3Bo3 f o r  i t s  

ext r a c t io n .  ( f i g . 1 , Chap ter f ) . 

The 1val l  r emaining after t he a bov e hemi c ellul o s e  

ext r a c tion , a l t houg h t e rmed c ellulo s e  usually contains t r a c e s  

o f  rnanno s e  an d xylo s e  p r o bably f r o m  r e s idual s tr ongly 

a d s o r bed gluconannan and xylan . 

C .  Pr o t e in 

Pr ot ein i s  a quant i ta t i v ely i�po r tant component o f  the 
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.matr ix (Lampmt , 1965) although its ro le in cell wall g r owth i s  

very uncertain . 

The cell wall pr otein i s  unusual in that about 30% of its 
� 

r e s idues are hydr oxyproline ( Lampo rt , 1970), an amino a c i d  

conf ined a lmo st entir ely t o  the cell vrall i n  plants . 

1- ar abino s e  olig o s a c char i d e s  are atta ched 0 - g lyc o s idi cally to 

mo s t  o f  the hydroxypr o line ( Lamport , 1967) and g al a cto s e  

• ( pr obably of g a l a ctan ) by the s ame type o f  l inkag e to muctr o f  

the s er ine ( Lampo r t  e t  al . , 1973 ; Keegstr a  et al . , 1973 ) • 
. 

Lamport ( 1965), anti c ipa ting a r ole f o r  the p r o tein in 

determinin� wall pr oper t i e s  ha s g one a s  far a s  naming it 

extens in , sug g e s t ing tha t it forms part of a g lycopr otein whi ch 
0 

c r o s s l inl� s the microfibr il s . The fact that fragment s o f  

extens in hav€ as s o ci ated g ala c to s e  and arab ino s e  ( Lamp o r t ,  1962, 

1969 , 1970 ) wa s u s ed a s  evi den ce f o r  bonding to the ma j o r wal l  

poly s a c c haride s . A s tudy o f  the relations hj_ p  o f  the vrall 

p r o tein to the var i ous p0ly� a c cha r i de fractions had not been 

made and f o rms part o f  this thes i s . 0 

The Cell vJa l l  and C e ll Elongation 

Some a llu s i on ha s alr eady been made to po s s i ble 1vay s in 

whi c h  the matr ix of the cell wall might influence growth. 

Eviden c e  ha s been s ought from the s tudy of the me chani cal 

· p r o perti e s  of the wall , and will now be dis cus s e d . 

Williams , Landel and Ferry in 1955 di s c overed the 

r elationship 

l o g  n . Ts /' 2 
ns T f 

= 

where n = s teady f l ow vi s c o s ity 

T = abs olute temper atur e 

j? = dens ity 

CJ ( T - Ts )  
c2 + T- T 5  



and c 1 and C2 ar e c ons tant s  (8 . 36 and 101 . 6 )  when a t  the 

c har a c t er i s t i c  t emper atur e T s ( at whi c h  v i s c o s i ty and d en s i ty 

a r e ns and f' s ) . 

Thi s e qua t ion d e s c r ib e s  the vi s c o ela sti c  behavi our o f  a 

wide var i e ty of mat e r i als , and pr edicts  a low o r  r apidly 

inc r ea s ing temper a tur e c o eff i c i ent a s  the t emper atur e i s  

l o uer ed . In Avena co l e o p t il e t he c o effi c i ent f o r  elong a t i o n  

r a t e s  betueen 2- 11°C and 11-20° C wer e  found t o  b e  fai r ly 

s imi lar (Ray and Ru e s inl� , 1962 ) and hence the irmaedia t e  

r e s pons e o f  e long a t ion r a t e  t o  t e�p e r a tur e ha s mo r e  the 

c ha r a c t er i s ti c s  of a chemi cal p r o c e s s  (Ar r henius e quat ion ) .  
Thi s sug g e s t s tha t th"e t emp e r a ture eff e c t  on g r m·lth r a t e  i s  

m e d i at e d  mainly v i a  m e tabo l i c  p r o c e s s e s  r a ther than �· 
0 

t em p er atur e  d e p endent c hang e in v i s c o s i ty .  Al tho ugh the s e  

r e sul t s  d i d  no t rul e out v i s c o el a s t i c  flow they d o  di r e c t ly 

invo lve ch em i c a l  r e a c t i ons Hi t hi n  t he po lywer s y s t c::1 o f  t h e  

1 2  

c el l  wall , and in such a s y s tem a lik ely r e a c t i o n  whi ch can b e  

a c c ommodated in a pl aus ibl e mo del i s  t he br eah:age of po lyrn e r  

c hains , whi c h  c ons t i t ut e  mo s t  of the c e l l  wal l . 

Such a model wa s pr opo s ed by Pr e ston and Hepton (1960 ) 
. 

f r om a knowledge o f  the comp o s i t i on o f  th e wa ll . In the ir 

m o del it wa s env i s a g e d  tha t pla s t i c i z a t i on of th e wal l , a s  

· i nduced b y  indol e  a c e t i c  a c i d  ( IAA) r e sul ted from an indu c e d  

m e tabo l i c  c leavag e o f  matrix p o ly s a c char i d e s o r  o f  c r o s s - l ink s 

b etwe en t he m .  

S o  far mo s t  o f  th e evi d en c e  that the c e ll wall was a 

c r o s s - l inl� e d  po ly:ne r s y s t em had b e en indir e c t . I IoHever , 

w :; ing e ti o l ated mung b e an hypo c o tyl and t he Ins t r o n  

s tr e s s - s train analy s er Lo ckhart ( 1967 ) s e t o u t  to c o nf irm tha t 
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the polymer sys tem vli thin the c ell -vrall Has indeed 

c r o s s - linJ .. �ed . Thi s c onfirma tion could be obtained by 

e stabli shing whethe r the i r r eve r s i bl e  deformation o c curred by 

vi s cous flow o r  plas t i c  deforma ti on , for the former i s  

character i s t i c  o f  �inear polymer s  and the latt er a property o f  

o c r o s s - l inked sys tems . The following criteria wer e  us ed to 

e s t abli s h  whi ch of the deforma tion proces s e s wer e o c curr ing . 

T he alterna t ive s are different in that (1) the ene r gy 

r e quir ed for plastic  deforma tion i s  independent of deformat ion 

r ate 1vhil e  tha t for V i s cous flo11 i s  dir e ctly proportional to 

deformat ion rate . ( 2 ) Ener gy r e quired fo r vi s c ous flow 

var i e s  wi th the temperatur e .  This i s  es s entially not true 
. . 

f o r  pla s t i c  deformat io n .  • 0 

Ener gy r equired fo r irr ever s ible deformati on vra s  found to 

b e  virtually independent of rate measur ed over a five fold 

r ange of d efo rmati.on rates  and independent of tempe ratur e 

. b etvreen 8 and 250C . Becaus e a polymer system i s , in princ i p l e  

e i t her cro s s -l inked or · l inear , the r e sults .lead to the 

c onclus ion tha t  the irr ever sibl e  deformat ion o c curr ed a s  a 

r e sult of br eaking cro s s - links . No as sump tion had been made 

r egar ding t he c hemi cal natur e of the cro s s - lil�{S and the 

c.onclusions are true for whatever p olymer s  g ive the 

me chani cal properties to the t i s sue . 

The early work of A. N . J . Heyn ( 1940 ) in measurine the 

bending of Avena coleoptiles from horizontal by \veig ht s  with 

and without the application of auxin marked the beginning of 

r e s ea r ch r elating auxins and wall extensibi l i ty . From hi s 

exp e r iment s Heyn was abl e to theo r i s e  

( 1 )  The primary factor i n  c ell elong a tion i s  pla s ti city of 

the c ell vrall . The f i r s t  pha s e  in elongation cons i st s  o f  an 



incre a s e  in wall pla sti ci ty , followed by pla s tic extension o f  

the wall during whi ch particl e s  of . the vmll slide along e ach 
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o the r . It i s  thi s  plas ti c i ty ( plasti c  extens ibility ) which . i s  

r e gula t e d  by the growth hormone . ( 2 ) Ela s t ic extensibili ty of 

the wall is no t a factor in el ongati on ; chan g e s  in e la s t i c  

ext ens ibil i ty ar e results of a c tual elong ation . (3)  Surface 

enlarg em en t  of the vlall do es no t directly depend upon 

produc tion of cell -wall material (active growth o f  the wall ) ,  

nor o n  the de gr ee of e l a s ti c  ext ens i on in the wall . (4 ) Energy 

ne c e s s ary fo r surface enlarg ement of the wall is der ived from 

tur g.o r pr e s sur e . 

The \Wrk of Heyn ha s been refined and modif i e d  by Ol s on 

e t  al . ( 19 65 ) and fur ther by Cleland " ( 1967 ) who both used the 

Instr on s tr e s s - s tr ain analy s er . vli th thi s , quan t i ta t ive 

measurements of t he extens ibil i ty o f  i s olated killed c ell \·m1l s 

became po s 3 ibl e in a' rapi d and r ep r o ducible m'a.nner . The 

t e chnique via s o r i ginally l imi ted in providing only a measur e  

o f  total exten s ib il i ty , in no t a c c ounting f or va r iat ions in 

wal l t hi ckne s s  and in no t provl ding information on the type of 

extens ibi li ty being mea sur ed .  

A modificat i on o f  the or iginal Instron technique by 

Cl eland ( 1967 ) overcame the fir st t-vm diffi cul t i e s  and provided 
I 

information on the type o f  extensi on being a chi eved . Thi s 

rela tively quantitative technj_que now made po s s ible a better 

under standing of th e relati onshi p s beh·reen auxin treatment, 

ext en s ibil i ty and cell elongation to be gained • 
.... - > 

\ii th the technique Cleland ( 1967 r viaS able to show for 

Avena coleopti les that pla s t i c  extens ibility incr eas ed 

f o l l m·ring the addition o f  auxin to a maximum at  90- 120 mins 

and t he n  remained constant f or up to 24 hours. Chang e s  in 
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· �1as ti c  extens ibility vle r e  smaller but similar . \·/hen the IAA 

conc entration was made supr a o ptimal for elongation s o  that 

g ro\ATth vias arr e s te d , _the incr eas e in pla s t i G i ty vias s till 

o btained . Thi s sug g e s t s  that g rowth rate i s  influenced by 

o ther facto r s . Later evidence in favour of thi s was provided 

by Rue s iru{ ( 1969 ) who found tha t  although c ellulas e  could 

markedly incr ea s e  the pla s ti ci ty of the wall thi s  alone wo�ld 

·not inc r eas e elongation . 

The extens i on whi ch i s  nearly proportional to log time 

has be en termed the cr e �p . Becaus e i t  involv e s  extens ion 

1L'1d er a c ons tant for ce c r e ep r.1ea sur ement i s  c.lo s er to t he 

in vivo s i tua tion vJher e ther e is a nearly cons tant s tr e s s due 
0 

to tur gor . I t  ha s been s hovm that auxin incr e a s e s  not only 

the ini tial ·extens i on but · al so the rate of c r e ep and s tr e s s  

r elaxation . This l ends suppo r t  to the idea that the 

ins tantaneous pla s t i c  extens ion i s  mer ely the high s p eed 

ini tial cr e ep .  Cr e ep i §  uaully plo tted a s  extension v s  log 
v 

time , but if pl o t ted on a linear tim� s cale rapidly r ea c h e s  a 

plateau . 

The wall s of bo th Nitella and Avena have b e �n sub j ected to 

extens ive c r e ep t e s t s  ( Cleland 197 1 )  and bo th have the 

follovling comparabl e wechanical properties ( 1 ) bo th under go 

• in s tantaneous extens ion and v i s co ela s t i c  cr eep (2 ) temperatur e 

has little eff e c t  on the exten s ion of e i ther ( 3 )  the 

m e c hani c al proper t i e s are r elated to the in vivo elongation 

rate at harves t . 

The fact tha t e longat ion i s  bo th inhibited by such 

antimetaboli tes as cyanide ( Banner , 1933 ; Ray and �ue s inlc , 

1962 ) and i s  s trongly temperatur e dependent ( Ra.yle et al . , 

1 970 ; Ray and Rue s ink , 1962 ) i s  evi denc e agains t 
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vi s co el a s ti c  flo\JT al one · d e t ermining the rate of e long a ti o n  and 

s ug g e s t s  a bio ch emi c al alterat i o n  of the c el l  wall . Thi s and 

the f a c t  that c:ell elongation continu e s  for far long er than c 

me chanic al exten s ion of i s ol a t e d  wall s  leads C l eland (1967 ) to 

ct he mo r e  r ea s onabl e p r o po s i t ion that c ell el o ng a t i on con s i s t s 

o f  a s er i e s  of indep endent s tr ain-hardened pla s t i c  

. d eforma ti on s . Ea ch would c o n s j_ s t  of a bi o c hem i c al lo1ver ing o f  

the y i e l d  s tr e s s  f o llowed b y  tur gor extens ion until t h e  y i e l d  

s tr e s s  a g a in e qua l l ed the s tr e s s  f r om tur g o r . 

r at e  might th e r efo r e  be d e t ermine d by ( i )  the d e g r e e  t o  vrhi ch 

yield s tr e s s  i s  lowe r e d  ( i i ) t he tur g o r  pr e s sur e and ( ii i ) 

t he number of defo rrrB t ion event s p er uni t t ime . 

Although t h e  pla s ti c  ext ens i b i l i ty mea sur e d  wi th the 

Ins tron i s  aff e c t e d  by the phy s iolo g i c al s ta t e  of t h e  tis sue 

ext ended and is a defini t e  mea sur e of the m e chan i cal r e s pons e of 

wal l s  to an app l i e_d fo r c e , i t s  exa c t  r elevan c e  to the in vivo 

. s i tuation is no t c e r tain. Diff e r enc e s  vrhi ch do exi s t , a nd 

which wi ll b e  di s cus s ed later , may d e p end upon the typ e o f  

s t r e s s  app l i ed to the cell ; one dimens ional fo r t h e  Ins tron 

and thr e e  dimens i onal in the c a s e of tur gor pr e s sur e .  

The b i o c hemi c ally dynami c natur e of t he c el l  wal l has been 

r e c ogni s ed f o r  s ome time ( Lamp o r t , 1970 ) ,  b o t h  syn the s i s  and 

�r e alrdovm of poly s a c char i d e s  o c cur r ing to g e ther and l eading to 

vrall turnover . The s e  pr o c e s s e s  ar e known to b e  s tr ikingly 

i n c r ea s ed by IAA ( Lampo r t , 1970 ) .  Indeed b e c au s e the c e ll 

wal l  polymer s are mainly carbohydr at e  a r eas onabl e working 

. hypothe s i s  ha s b e en that auxin indu c e d  elongat ion i s  t he r e sul t 

o f  an incr e a s b d  r a t e  o f  di r e c t enzyma t i c  cleava g e  of 

po lys a c c har i d e  c ha i n s  and/o r  o f  t he i n s ertion o f  new polym e r s  



c. 

\: ..: 

17 

i nto the wall . Hovmver auxin can promote  elongation 1-li th a 

t ime lag of only a fm·r minutes  (Nis s l  and Zenk , 1969 ) although 

i t  is generally n�:;arly an hour befo r e  any publi shed increa s e  in 

wall synthe s i s  (Bake r and Ray , 1965 ; Ray and Abdul-Baki , 1968 ) 

o r  of polysac char idas e l evel ( Cleland , 197 1 )  i s  detectabl e . 

0 Hor eover , vrhen wall  loo s ening i s  caus ed by an exog enous potent 

c ellulase (Rue s ink , 1969 ) elongation i s  not promo t ed .  

Re cently it  has been di s covered that wall loos ening can b e  

induced by loVJ pH (3- 4 )  vli t h  a lag time of l e s s  than a minute 

and with s tr iking s imilarities  to that eli ci ted by IAA (Rayl e 

and Cleland , 1970 ) .  The r e s pons e of froz en- thawed Avena 

col eoptiles  ( in vi tro 0 system ) (Rayle et al . , 197 0 )  under tension 
0 

and of · intact  coleopti l e s  to a pH of 3-4 . 5  had in common a 

s imilar Q 1o, a minimui·n yield s tr e s s , and a s irr:.ilar pH 

thr eshold and opt:Lmu111 . In both cas es  an incr eas e in 

pla s ticity i s  obta:ine d r eaching a maximw-:1 60- 90 mins after 

' adding the promoter . Tr eatment with pronas e (a proteas e ) , 

· sodiun dodecyl sulphate and a t emperatur e of 4 2° C  alter ed the 

r e s pons e to one of greater rapidity and s horter duration . 

If pH indu c ed and auxin indu ced elongation are  identi cal 

the s e resul t s  rul e out any ne c e s s ity for vTall synthe s i s  in the 

loo s ening pro c e s s  as  there  i s  no synthesis  in the frozen 

thawed sys tem . �owev�� prior wall synthe s i s  i s  pos sibly 

r elated to the r es pons e  in maintainine the ne ces sary  vrall 

s tructure . 

Pr etr eatment with cycloheximide did no t r educ e the a c i d  

· effec t ,  hence  i t  i s  no t a r e s pons e bas ed o n  acid induced 

synthesis  of  a protein involved in bond br eal�ag e . Pos s ibly 

auxin cnu s e s  the expuls ion of H+ ions and thi s lowering of pH 
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in vivo caus e s  c h em i c al c hang e s  whi c h  r e sult in wall lo o s ening . 

Thi s i s  sup po r t ed by t he a c ti on of c . c . c . P . 

( n- c hl o r o c a r bonyl cyani dphenylhydr a z on ) \vhi ch i s  known to mak e 

m embr ane s  p erme abl e to pr o tons and whi ch r a p i dly r edu c e s  auxin 

induced elong a tion \vhen app l i e d  at a concen t r a t i on ·vrhi c h  d o e s  

no t r educ e  r e s p i r a t ion (Hag er e t  al . ,  197 1 ) .  T hu s  i t  c an b e  

a r gued th at c ompar tmcmtation o f  H+ i o n s  mus t  t a k e  pla c e  b e f o r e 

auxin indu c ed elong a t i o n  c an o c cur . The no t i on t ha t  a memb r ane 

b o und ATPa s e  a c c onpl i sh e s  th e t r an s f er o f  H+ ions i s  

suppor t e d  by the o b s e rvation tha t A T � P will unde r  ana e r o b i c 

c ondi ti ons c au s e an imm e d i a t e  s t imula t i on o f  elongat ion (Hag e r  

e t  a:J:_. , 197 1 ) .  

I t  th e r e f o r e  s e em s  po s s i b l e  that whil e  auxin i s  ne c e s s ary 

f o r  con tinuj_ng c e l l  elong a t i o n  and s t imulat es th e pr o duc t i on of 

en�yme s y s t ems involved in the p r o c e s s , i t s  ifii t ial a c t i on in 

indu c i n g  elong a t i on i s  du e to a dir e c t  c hemi c al e:Cf e c t  o f  l Oi·l 

pH . In the r eal s i tua t ion thi s pH eff e c t  may a c t  in conc e r t  

\rli t h  ot her auxin influen c e d  pr (') c e s s e s , including s ynthe s i s  and 

d e g r adation . The s e  pr o c e s s e s  ar e int imat ely invo lved in 

maintaining t he int e g r i ty of t he wall and t h e  p o t enti al for 

ini t i a l  and continued r e s pons e to auxir:.s . Ind� e d , the sudden 
I 

appl i c at ion of auxi n  i s  unlik ely to o c cur no rmally i n  a plant 

so t he r ap i d  r e s pons e s  du e to exo g enous auxin a r e  po s s i bly no t 
I 

c l o s ely r el a t e d  to the natur�l s i tuati on . 
I 

In thi s t he s i s  an analys i s  o f  the c ell wal l s  o f  lupin 

hypo c o tyl of var ious gr owth r a t e s  ha s been carr i ed out i n an 

a t  temr1 t to i d entify · s o::w of t h e  chan g e s  whi. eh a c c ompany and -

t h e r efor e rni :; i1 t  cont r i bu t e  to a c e s s a tion of Grm;th . ' J.3 e c au s e  

the vlall i s  a compo s i te s truc tur e s ome a t t8ntion ·vm s pa i d  to 
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the .·.interr e l a tion s hi p s  of var i ous wall . component s , mainly from 

the s tand p o in t  of the par t i cula r carbo hyd r a t e  fr a c ti onation 

m e thod us ed in this and o ther l abo r at o r i es. Duri ng the cour s e  

o f  th e the s i s  i t  v1as found tha t  the carbo hydra. t e  f r a c ti ona t i o n  

m etho d  us e d  wa s no t alto g ether sui table fo r study of the 

pr imary c e l l  wall . The resul t s  have been con s i d e r e d  wi t h  thi s  

l imita tion in mind . Once some idea of c hang e in c or.1posit i o n  

wa s o b t a i n e d  a n  inve s ti g ation o f  the phys i o l o gy o f  the pr o c ess 

was mad e  in the ho p e  of gaining some underst anding of t h e  way 

in whi ch g ro wth might be r el a t e d  to an alt e r a t i on in t he d e g r e e  

o f  a s s o ci at i o n  of var iOU$ wall c onsti tuents. 

0 
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I .  PO LYSACC11"l.RIDE COHPO S I T IOl'" , E..XT ENS IBILITY AND 

ELOi'·I GAT IOH IN LUPIH HYPOCOTYL 

It is knoHn th at the me chan i c al proper t i e s  of 

the c e ll -vrall a r e  r elat ed to growth r ate (I-Ieyn , 1931 ; Cleland , 

1967 ) which i ts elf is  dependent on o ther facto r s  such a s  cell 
turgor , the driving for ce of cell elong at ion ( Ray e t al . , 197 2) .  

A meamn�ul p i c ture o f  th e impor tan c e  o f  wall compo s t i o n  to cell 

growth can be obtained by r elat ing c omp o s i tion to that 
. ' 

param e t er o f  c ell  gr owth _ whi ch i s  mo s t  dir e c t ly d e p end ent upon 

i t , namely wall exten s i bil i ty . In thi s way one i s  confining 

one s elf to the c ell \·rall without the o compli cation of 

intrac ellular f a c t o r s .  

There have be en s everal s tudi es  made of  c han g e s  in 

carbohydrates  Hith maturation of t i s sue s ,  bu to in none of the s e 

have the mechani cal pr o p ert i es been correlated wi th compos i t i o� 

In fa c t mos t  s tud i e s ar e no t r elevent to our und e r s tand ing of 

the r eason for a dimini s hing g � o wth rate o f  pr imary c el l  walls  

as  they age ,  b e c aus e t hey hav e  invo lved a compar i s on of  

primary tis sue and ti s sue with consid e r abl e s econdary 

d epo s it ion . Ho r e over many publ i c ations r epo r t  
I 

mono s a c char i d e  analy s i s  of to tal wall s , or the compos i tion of  

f ra c tions i n  t erms of total p ento s e and/o r  to tal h exo s e  and ar e 

the r efo r e  of limi ted value . 

In the f ollo-vling work the lupin hypo cotyl has been divided 

into various r e gions which have been amalys e d  in terms o f  

growth rate , ext ens ibility , and wall compo s i tion , the la s t 
' 

involvinG conv en tional p o lysac char i d e  fracti onation and 
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measur ement of the monosacchar ides comprising each of the 

fracti ons . 

RESULTS M�D DISCUSS ION 

Hypoco t;yl Elo ngat i on and the Hechanical Pr operties 

o f  the C ell  Wall 

The elo ngation of hypoco tyls (about 40 ) was measur ed from 

the pho tographically r e corded separation of markings on them as 

they wer e  elonga ting through 6 cm � The upper 2 cm of 

hypo co tyl was found to contr ibute about 75/o to grovJth 1..rhile the 

l ower 2 cm had ceased elongati o n. Once the growth pattern of 

the hypocotyl was cl early established it was possible to r elate 

o the r parameters to the elo ngati on. " 

In r elating the mechanical properti es and growth rate of 

lupin hypocotyls cr e ep a nd the elastic and plastic compliance 
0 

were  measur ed fo r the lower middl e and upper 2 cm r egions of 

the hypocotyl. The r esults i n  Table I and II show that all 

parameters d e c r ease towards the base of the hypocotyl . However , 

gr owth rate does not seem to be closely paralleled by marked 

chang es in the physical proper ti es of the wall except for the 

case of cr eep.  This raises the question of whether DE and D P  

ar e d ir ectly co ncerned with cell extension. 

Vlhich of the tvm values , cr e ep and DP , is mos t  r elevent to 

the in vivo determination of growth is uncer tai n , but the change 

in cr eep shows a closer r elat ionship to chang e  in g r owth rate 

than DP. 

Ther e is a \vell documented lack of corr elation between DE 

and gr owth , although in one case DE has been sugg est�d as a 

better indication of growth po tential than DP 01asuda , 1969 ) . 
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TABLE I PROPER T I ES OF THREE 2 cm REG I O N S  O F  6 cm 

LUP IN HYPO COTYL 

Pr o p er t i e s  

Leng th ( cm )  

Elongati on Ra t e C %  of 

total f or hyp o c o tyl ) 

To.tal C ompl ian c e  ( DT )  
(rnm 2/Newton ) (' 

Lo·w·er 

2 

0 

1 . 17 c±o .  06)  

Hypo co tyl R e g ion 

Hi ddl e 

2 

24 

Up per 

2 

7 6  

1.43 (t o . os )  1 . 6s (±o . o7 )  

Pla s t i c  Compliance (DP ) 0 . 36 (±0 . 024 )  0 . 53(±0 . 03) 0 . 66 (±0 . 03 )  
(mm2/IJewton )  

Ela s ti c  Compli anc e ( DE )  O e 81 (±0 . 04 )  

(m.rn 2jN ev1to n ) 

Ratio DEYnP 

C r e e p  C %  incr ea s e  in 

leng t h )  * 

Molar i ty o f  I6 otoni c 

Hanni t ol 

2 . 27 

1 . 2;:t (-0 . 15 ) 

0 . 23 

0 . 90 (± 0 . 05 )  1 . 0 (±0 . 05 )  

1 . 71  1 . 55 

1 . 91 (- 0 . 30 )  4 . 35 (-0 . 39 ) 

0 . 24 o .  28 

* Mea sur ed be twe en 1 and lOO min after adding 100 g wg t .  



TABLE II PRO PERTIES OF LOl·lER HIDDLE AND UPPER REGIONS 

OF LUPIN HYPOCOTYL �XPRESSED AS PERCm�TAGE 

OF VALUE FOR UPPER (HOST RAPIDLY ELOIIGAT ING ) 

REGION 

R e g ion 

Pr o p e r ty 11i ddl e  

Elong ation 0 31 . 5  

DT 70 85 

D P '  55 80 
0 

DE 81 90 

D%P 146 . 5 110 

I 
C r e ep 28 44 

C r e e%P 50 . 8  54 . 5 

I s o toni c l:·Iolar i t y  82 86 

I 

DPxl1olar i ty 45 68 

C r e epxHolar i ty · 18 29 . 5  

2 lb 

Upper 

100 

100 

100 

lOO 

100 

lOO 

lOO 

100 

lOO 

100 
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I t  i s  no tewor t hy that the c hang e . in th� pr o du c t  of c r e e p  and 

i s o to n i c  molar i ty is far more s imilar to tha t  o f  gr ovTth r a t e  

t han i s  t he d e c r ea s e  in produ c t  o f  DP and i s o tonic molar i ty . 

I t  s houl d also be r ememb e r e d  t hat the c r e ep te s t  involve s 

a c o n s tant fo r c e  over a p er i o d  of time and i s  pr o bably mo r e  

c l o s e ly r el a t e d  t o  the s i tuation i n  the elonga ting inta c t  s t em 

whe r e  a s t eady turgor pr e s sur e i s  i n  for c e . 

I t  has b e en argued that D P  mea sur ed i n  the Ins tron 

r epr e s ents c r e e p  whi ch has o c curr ed early in l o g  time ( C l eland , 

197 1 ) .  The r e s ults r e p o r t e d  in _ Tabl e s  I and I I  are no t in 
I 

a g r e em ent wi th thi s  a s  there i s  a marked chan g e  in the r a ti o 

c r e e p/D . P . , the upp er mo s t  r a p i dly e longat ing r e g ion being 

e s p e c ially d i ff e r ent from the o t her two . Fr om the r e sul ts 

r ep o r t ed h er e i t  s e ems tha t to r egard D . P . a s  high s p e e d  c r e ep 

may b e  an over s implif i ca tion . 

The r e s ul t s r ep o r t e d  her e t end to be i n  confl i c t  wi th tho s e  

o f  Cl e l and and Haughton ( 1971 )  and a l s o  Yammamato e t  al ( 1970 ) 

I·Tho f ound tha t  b o th ini t i al ex;t ens ion and r a t e  of c r eep of 

elont;ating s e gments were inc r ea s ed a compar abl e amount Hith 

auxin tr eatmen t , and th eir r ati o r emains appr oxima tely cons tant 

f r om exper imen t to expe r iment . (A  similar paral lel incr.ea s e  m 
c r e ep and D .  P .  due to IAA t r e'atment ha s been f ound in th e upp e r  

s e c t ion o f  Lup in hypo c o tyl ( Penny , Penny and Har shall , 1974 ) ) .  

However the i r  r e sults wer e obtained on s imilar r eg i ons of the 

c o l e o p ti l e or s t em , and the pe r i o d  of auxin t r e atment may have 

b e en t o o  sho r t  fo r any gr o s s  quant i tative chan g e s  in 

carbohydrate l e ve l s  to have o c curr ed . Bak er and Ray ( 1965 ) 

s hovJed cl ear ly wi th c l4- g luco s e  that an in c r ea s 0  in . 

inc o rporati on du e to IAA vJa s n o t  d e t e c tabl e un til about 30- 60 
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minute s after auxin appli cation . A s imilar time elaps e s  

befor e s i gnif i cant changes i n  D . P .  and D . E .  are d e t e c tabl e 

( Cl eland , 1967 ) even �hou�:;h grm.vth rate is stimulated in about 

10 minute s .  Thi s s imilar ity in kinetics o f  inco rporation and 

c hange in properties c ould be u s e d  to support the concept that 

the chang e in mechani cal behaviour is due . to inc or porated 

mol e cules . �.Vhil e  thi s may be true a contr ibution from the 

oulk of the cell wall i s  to be expected . 

That elongating and non- elongating reg ions o f  the 

hypo cotyl ar e mor e  s imilar in D . P . and D . E .  than in creep 

s ug g e s ts tha t in the hypoco tyl s e c tions D . P .  and c r e ep may be 

s ome,:lhat independent var iabl e s , wi th creep being mor e  a g e  
0 

dep endent . If bo th are affected by IAA one might not 
.. 

t.he r efo r e  noti c e  any change in the r atio of D . P . to c r e e p  in 

s e ct ions of the same age und er differ ent tr eatments .  

One c anno t  a s sume that a s tem \·lhich ha s j us t  pas s ed into 

t he non- elong ating pha s e  of gr ovlth lvill have a s imilar 
0 

composi tion to the s e c tions f r om whi ch IAA has been wi thdra\'111 

even although the phys i c al pro p er ti e s  ar e no t markedly 

different . I t  is probably true to a lar ge extent , but ther e 

i s  l ikely to b e  an impor tant difference betwe en a g e d  s e ctions 

and young s e c tions from vlhi ch IAA has been withdrawn in the 

.type and degr e e  of 11/all depo s ition vrhich has o c cur r ed .  In the 

Lfo rmer cas e  c e s sation of elonga tion is po s s ibly due larg e ly to 

the exhaustion of the growth limit ing pro tein pool VIho s e  

r epl eni s hment r e qui r e s  t he continued pr e s ence of auxin 

( Cl eland , 197 1 ;  Penny , 1971 ) . The wall VJould r e tain j uv enile 

s truc tur e appro pr iate to its rate o f  growth before r emoving 
o.uxin . In a s e c tion o f  non- elonga ting s tem s ynthe s i s  of 



polymer s ¥rh i c h  r i g idify the wal l  will pr o bably have s ta r t e d � 

A po lymer i nvolved in t he s t i f f ening of the wal l  c ould b e  the 

p r o t e in ext ens in fo r "whi c h  hydr oxypr o l ine i s  a ma rker . 

Hydr oxypr ol ine has b e en s hown t o  incr e a s e drama t i c ally in p e a  

24 

e p i c o tyl a s  i t  c ea s e s  elong a t io n  ( Cl eland and Kar l s ne s , 1969 ) . 

· Thus -whi l e  b o t h  c r e e p  and DP may be s im i l a r ly aff e c t e d  by 

: rAA and depend on wall s truc tur e ,  a c hang e in thi s s tructur e 

m i ght r e sul t in a new r a ti o , although one whi ch i s  no t al t er e d  

. muc h  by r el a tivE:ly s hor t . t e rm IAA t r eatmen t s . 

A diff e r en c e  be twe en the t r e a tments o f  lupin hyp o c o tyl and 

tho s e  of Avena c o l e o p ti l e s  that have b e en ext ens i vely u s e d  i n  
' 

m e chani cal s tudi e s  i s  th �t C l e l and ( 1967 ) deproteini zed hi s 

s e c t i on s  wit h  Pr ona s e p r i o r  to e xten s ion analy s i s . It  �<·wul d b e  

int er e s ting t o  know how th e c r e e p/DP r at i o s var i e d  in the thr e e  

r e g i ons of hypo co tyl w i t h  and wi thout d e p r o t e ination , 

e s p e c i ally in vi e'>v of too cur r ent int e r e s t  in the po s s i bi l i ty 

o f  a pro t e in- car bohydra t e  bond b e ing oc l e ave d by dilu t e  a c id to 

in c r ea s e cr e e p  ( Rayl e , Haug hton and C l e l and , 1970 ) , and i� v i ew 

o f  the inver s e  c o r r ela t i on of hydroxypr o line l c�e l s  and 

g r mvth rate . If depro teina tion ha s d e c r eas ed c r e ep by 

a l t e r i ng the c omp onen t i.-Ihi ch c ontr i bu t e s  partly to the g r adual 

d ef o rma tion t hen one mi g ht no t i c e  the f o llowi�g ( 1 )  an incr e a s e 

· in DP due to ·the c ontr i bution o f  Hha t  \vould no rma lly be pr o t e in 

· de p endent c r e e p  ( p r ona s e tr ea tment do e s  inc r ea s e  DP ) ( 2 ) c r e ep 

d e p endent only on the carbo hyd r a t e  fra c t i on o f  the c el l  .wall 

( 3 )  a l a ck of co r r el a ti on of DP wi th gr owth r a te . Thus i t  i s  

quit e  p o s s i bl �  that the chang e �n the r a tio o f  DP t o  c r e e p  in 

the t hr e e r e g ions of hypo co tyl i s  due to t he incr e o. s e in 



extens in l evel s . Bear ing in mind t he di f f e r en c e  hi' 
t r eatm ent of the t i s sue s the data pr e s ent e d  i s  no t 

n e c e s sar i ly in c onfl i c t  wi th Cleland and Rayl e s  r e iul t s . 
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Whether p r ona s e  t r eatment o f  lupin hyp o c o tyl would r e sult in a 

cons tant r atio in the thr e e  r eg i ons , a s  in c o l eo p til e s  o f  

differ ent g r mvth r a t e , i s  an inter e s t ing que s t io n . 

The data of Rayle and Cl eland ( 1972 )  s how � tha t  prona s e 

t r eatment which r emove s 90/b o f  the c ell Hall p r o l ine (Cl e l and , 

1967 ) do e s  p r o du c e  a r e s pon s e  s omev1hat akin t o  lo1.; pH . Thus 

i t  s e em s  tha t par t ial p ro t eolys i s  i s  g iving r e sul t s  whi ch hint 
I 

at t ho s e  o btainabl e from a s tudy of th e eff e c t s  o f  c ompl e te 

p r o t e o ly s i s  o f  wall pr o t ein , an appr o a c h  whi c h  may lead to a 

g r ea t e r  under s tanding of the r ole of
"

extens in in det ermining 

g r ov;th . Evi d enc e s o  far i s  that enzymi c p r o t e o lys i s  r emove s 

o niy p a r t o f  the hydroxyp ro l in e , and tha t the carbohyd r a t e  
0 

a t ta chment s , whi c h  a r e  extens ive (Lampo r t , 1970 ) hinder the 

d e g r adati o n  ar ound c r o s s - l inkag e  poin t s  (Brysk and Chr i s p e el s , 

1972 ) . C e r tainly the f a c t  that prona s e  r el ea s e s  a var i e ty of 

ext ens in f r agmen t s  s hows that the polyme r  i s  exten s ively s pl i t  

by the enz��e , but a s  long a s  the pr o te in and polysac char i d e  

c hain s  have s everal p o int s o f  l inkag e w i th o n e  ano the r on the s e  

f ragment s ( the r e  i s  evid en c e  o f  thi s  (Ke eg s tr a  e t  al . ,  197 3 ) ) I 

t he r e  vli l l  be a contr ibu t ion t o  the me c hani cal pr o p e r t i e s  o f  

the wal l . 

Tb.e l a ck of c o r r elation b e tv;een the g rowth r a t e , DP , DE 

and c r e e p  r ai s e s  the que s ti o n  o f  the r el evenc e o f  the s e  

quanti t i e s  to the s tudy o f  s t em grmvth . Some r e sult s  now 

s ug g e s t  t ha t  DP i s  no t a g oo d  measur e o f  the p o t ential o f  the 
' 

wall to extend at a p ar t i cular moment . DP i s  the s ame 



in auxin t r e a t e d  t j_ s sue allowed t o  ext en.d and in s imilarly 

t r ea t ed ti s s ue in i s o toni c mann i t o l  ( C l el and , 1967 ) .  Chang e s  

i n  DP wit h  auxin tr ea tm ent o r  KCN inhi b i t i o n  have differ ent 

t ime c our s e s  ( Cl eland , 1971 ) .  C l eland i s  now o f  the o p inion 

tha t DP i s  a m e a sure of the aver a � e  ex t�ns i b ili ty o f  the wal l  

i n  the 60 - 9 0  minut e s  b ef o r e  mea surement , a l thoug h i t  i s  a 

me a su r e  o f  a r e al and phys i o l o g i cally dep endent p r o p e r ty o f  the 

wal l  ( C l eland , 197 1 ) .  

The la ck o f  c o r r el a t i on b e tween extens i b il i ty and g r o wth 

r a t e  r e p o r t e d  her e and t he we l l  kno1m s en s i t ivity of 
I 

e l ongat ion t o  t emperatur e and t o  me tabol i c  inhib i t o r s a t t e s t s  

t o  the impo r tanc e  o f  th e whol e c e l l  in d e t er mining groHth . 

Thus b e c aus e the mechani cal s tudi e s  menti oned have employed 

killed t i s sue one Bus t b e  mindful of the role of m e t abol i sm and 

b i ci c hemi cal c hang e s  of the wal l  p r o p e r ti e s . 

C e l l  Wal l  Compo s i tion 

Hypo c o tyl e l ong a t ion and wall c omp o s i t i on w e r e r el a t e d  by 

analy s ing t h e  thr e e  2 cm r eg ions of a 6 cm hyp o c o tyl in vJh i ch 

r el a tive gr owth r a t e s  had b e en e s t a bl i s h ed . TvlO analyti c al 

s e quen c e s  wer e u s ed and ar e r �f er r e d  to a s  the a c i d 

f r a c ti onat ion and alkal ine fra c t i ona t i on r e s p e c t ively . They 

a r e  s ho vm in the flo·w·- char t s  ' o f Fi g .  I .  
I 

I .  A c idi c ?r a c t i ona t i on 

The r e sul t s  of t he a c id f ra c t iona t i on s hovm in Table I I I  

d o  no t r ev eal any very mar ked chang e s in quan t i ty o f  the 

f r a c t ions f r om upper mi ddl e and l ow e r  r e g i ons � e s p e c t i v el y . 



F IG . I . CARBOlf.'lDB.ATE FRACTIOHA'l'IONS USED IN AI'TALYS IS 

OF LUPIN HYPOCOTYL C ELL vJALLS 

A AC I D IC FRAC T I ONAT I ON 

Fr e e z e - d r i e d  Ti s sue 
Reflux \vith 0 . 510 ammonium oxal a t e  

Fi l t r a t e  
' Pe c t in ' 

R e s i due 
Reflu..x with 1N . H 2so4 I 

26a 

I 
F'i.l t r a t e  

' Hemi c e llul o s e ' 
R e s i due 

B AL:K.A L UT E  FRACT I OiJATIOH * 

Fr e e z e - d r i e d  T i s su e  
Extr a c t  vli t h  n eutral de t e r g ent 

' Cellul o s e ' 

I .. 
D e l i gni fy with Chlor amine T - a c e t i c  a c i d  

I 
C e ll-wall r e s i due 

Ext r a c t  Hi t h  KOH ( 10) 0 

Re s i du e  Fi l t r a t e  
A c e t i c  a c i d  to 

PH4 . 5  
Ext r a c t  Fit h  KOH- H3Bo 3 

( 24;; , 4)b; H/V ) 

Filtrate Pr e c i p i t a t e  
H em i c e llul o s e - B 10 Hemi c ellul o s e - A10 

Sup ernatan t  
' Br an ched- B10

r 

( ' Heterog1:; can -.3' )  

F i l t r a t e  
A c e t i c  a c id t o  

I 

F ' l ' l t r a t e  
Hemicellu l ose- B24 

Pr e c i pi t a t e  
' Linear-B10 r 

( ' .:.\.rabino:xylc:m- B' and 
other l inear ( 1 - 4 ) 

linked poJysaccharid e) 

pH4 . 5  

R e s i du e  
( ' C ellulos e ' )  

I 
Pr e c i p i t a t e  

Hem ic ellu lo s e - A  24 

* Extr a c t s  and r es i du e s  neutr a l i z e d  whe r e  alkal ine . 
Ext r a c t s  d i aly s ed an d fr e e z e - dr i ed .  
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TABLE III. CARBOHYDRATE C OHPOS ITI ON BY AC I D  FRACTIONAT I ON 

c 
OF THREE REGIONS OF HYPOC OTYL 

Hypo c o tyl r e g i on 
Fra c t i on 

Lower 

( a )  Polysa c char icte · Fr acti on 
(% of hypo co tyl tissue dry 

w e i g ht ) 

* 

P e c t i n  

Hemi c e llulose 

C ellulo se 
• 0 

Lign:.i..n 

5 . 6  

4 . 3  
9 . 5  

1 . 0  

(b ) Polysa c c harid e  Fr a c ti on 
C %  of srun of f r a c ti ons of 
each regi o n )  

Pe c tin 27 . 5  

Hemi c el lulose 2 1 . 0 

Cellulose 4 6 . 5 

Li gnin 4 . 9  

* *  * *  

Hiddl e 

5. 1 

4 . 7  

8 . 2 

0 . 6 

21 

25 . 2  

44 . 0  

3 . 2 

Upper 

6 . 2 

3 . 6 

8 . 0  

0 0 .  6 

30 

19. 6 

4 3 . 5 

3 . 2 

( c )  Honosa c c hari de content 
of f r a c ti on C% of f r a c ti on ) He C He C He C 

Glu c ose 

Gal a c tose 

Nannos e  

Xylose 

Ar abinose 

33 . 9  85 . 9  33 . 4  79 � 8  36 . 4  80 o 8  

10 . 1  11 . 8  12. 9 

2 . 6 10 . 2  3 . 1 15 . 2 4 . 1 13 . 5  

23 . 2  3 . 8  25 . 9  5 . 0  23 . 9  5 . 7  

30 . 1  25 . 8  22 . 7  

* Wei ght o f  sol i d  mat erial l e f t  after c ellulose hydr o lysis. 

** He and C s tand f o r  hemi c el lulose and c ellul o se r e spe c tively . 



27 
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ltlha t c hang e s  the r e  ar e app ear to be e s p e·c i ally between the 

upp e r  f our a nd lovrer t-v10 c entimetr e s .  

Ther e i s  a decr e a s e in p e c t in in the m i ddle r e g ion 

a c c ompan i ed by an incr ea s e  in the p r opo�tion of hemi c ellulo s e .  

I t  i s  no t i c ea ble tha t  in t he pr e s ent s tudy the to tal 

c o nt r i bution o f  p e c tin plus hemic ellulo s e  i n  t he thr e e  r eg ions 

of 1up in hyp o c o tyl i s  s imilar , sug g e s ting tha t in the r eg ion of 

d e c el er a tion o f  g r owth the p e c t in may be come l e s s  wat e r  s o lubl e  

and l e s s hydr a t e d  ther eby c ontr i buting to the r i g i d i ty o f  t he 

wall . Al though thi s i d ea suppor t s  t ne conc e p t  o f  Re e s  and 
I 

Wi ght ( 1969 ) conc erning the r o l e  of p e c tins in c ell elonga tion 

it �s no t supp or t ed by the ext ens ibility measur ements of Tabl e 

I .  A s  d i s cu s s ed ,  th e r e  i s  t he po s s ibility that the 

ext ens i b i l i ty mea sur e d  on t he Ins tron i s  not a true measur e o f  

the g r o -vr th limi ting me chani c al pr o p e r ti e s  o f  t he wall , and 
0 

ther e fo r e  may no t be r el a t e d  to the walls c ompo.rition . 

As i n  ear l i er r e sul t s , the r e  do e s  no t s e em to be a c hang e 

in any p a r t i cul ar fraction a s sq c i a t ed wi th g r o-v.r th ( Tabl e I I I ) .  

I t  i s  d iff i cult t o  extr apo l a t e  f r om thes e r e su l t s  to tho s e  o f  

o th er s . Compo sit ional s tudi e s  s o  far indi c a t e  a cons i derabl e 

var i a t i on in t he c ell wall s from di ff er ent s our c e s . The . sug ar 

c ompo s i tion of c ell -vmlls ha s '  b e en found to var y  even bet\·J e en 

s p e ci e s  o f  th e s ame g enus· ( N evins , Engl i s h  and Alber sheim , 
! 

1967 ) . The wall s o f  var i ous par t s  o f  bean plants wer e  each 

f ound to have a chara c t er i s ti c  sugar compo s i t i on , and the 

chang e s  in compo s i tion a c c ompanying matur ation to be di ff e r ent 

for di ff e r ent r e g i ons of the plant . 

Tho r nber and Hor thco t e  ( l96la , 196lb , 1962 ) examine d the 

chang ing c ompo s i ti on of t i s sue dur ing matura t i o n  f r om 
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int e r f a s c i cular c ambium by analys ing cambium , s apHo o d  and 

hear twoo d  from a vari e ty of tr e e s  in t erm s of i'rho l e  p e c ti n , 

h emi c el lulo s e  and c e llulo s e .  Pe c t in showe d a l ar g e  d e c r e a s e 

whi l e  the o th e r  hw fr a c ti ons incr eas ed in quanti ty . An 

inc r ea s e  in l i gnin l e v e l s  f r om z e r o  in cambium to about the 

28 

�ame . l ev e l  as c ellul o s e  indi c a t e s  t he degr e e  to whi ch s e c ond a r y  

�epo s i t i on had o c curr ed . The s e  r e sul t s  ar e n o t  n e c e s s ar i ly 

in c onfl i c t  with t he p r e s ent r e sul ts a s  the t im e  p e r i o d s  o v er 

whi c h  the o b s erved chang e s  o c cur r ed were muc h  g r e a t e r  than 

in the pr e s en t  exper iment s o  tha t any s ho r t  t e r m  var i a t i o n s  in - I 
� ompo s i ti on whi c h  might b e  r el evant to the c e s s at i on of c el l  

expan s ion a r e  l i�ely t o  have b e en obs cur e d . 
0 

N evins e t  al ( 1968 )  i n  l o oking at total neutral sugar 

compo s i t ion o f  var i ous b e an hypo c o tyl s found incr eas e s  in 

xylo s e  wi th matur a tion a c c ompani e d  by a marke d  d e c r ea s e  in 

galac t o s e  ( af t er an ini tial i n c r e a s e ) , and d e c r ea s ei in g luco s e  

and ar abino s e . T h ey no t e d  t emporary c hang e s  t ak ing two or " 
0 

thr e e  days to comp l e te involving mainly tran s i ent incr e a s e s  i n  

the pr opor t ion o f  gala c to s e  and to a l e s ser ext ent arabino s e , 

rollowed by a d e c r e as e a s  e l ongat ion c eas ed . Af t er thi s time 

ther e vra s - li t t l e  ch ang e in t he r elative pro p o r ti ons of sug ar s  

in the hyp o c o tyl wal l s . The s e  r e sul t s  wer e e s s entially 

· confirmed by _Jone s and Albe r s heim ( 197 2 ) . Howe v e r  the d a t �  of 

. bo th g r oup s we� d er ived f r om t h e  analys i s  of who l e  hyp o c o tyl s 

and wa s n o t  appli ed to the var ious poly s a c c ha r i d e  fra c ti ons of 

the wall s .  

A s tudy s imilar to thi s the s i s  i s  t hat o f  J en s en and 

A s l1ton (1960 )  v1ho shm,red th a t  Al lium r o o t  c ell wal l s  c hanc e  

l i ttle i n  c ompo s i t ion when pa s s �n �  into th e elongat ing pha s e . 
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Whi l 9  thi s i s  cons i s t ent \•Jith t he r e s ults r e por t e d  her e i t  i s  

unfo r tuna t e  that their analy s e s  wer e not a ppl i ed to the r o o t  a s  

i t  c ea s ed e longat i o n .  

T h e  r e sult s o f  Table I I Ib s how tha t the mono s ac c har i de 

qompo s i t ion of the hemi c e llul o s e  and c ellulo s e  f r a c ti on s  do e s  

. not chang e ma rk e dly be tweeh t he thr e e  r e g i ons . The level s 

r emain cons tant exc e p t  for t h e  c a s e o f  arabino s e  whi c h  shovls a 

28/; incr ea s e  in t h e  h emi cellul o s e  o f  the lm1er c ompar ed wi th 

upp e r  r e g io n . 

Although pr evious 1.-rorke r s have found a d e c r ea s e  in 

a r abino s e  vli th wall matur a tion ( N evins e t  al . , 1968 ; Rei :d and • 0 

Wi lkie , 1969 ) and i t  i s  well e s tabli shed that gluc o s e  and 

xyl o s e b e come dominant in th e s e c ondary wall (Nor thc o t e , 1969 ) 

l i �tle wor k  appear s to have b e en done on chang e s  o c cur r ing 

dur ing t he c e s s at i on of elonga t i o n .  However , the work o f  
0 

N evins e t  al . ( 1968 )  and Dever - e t  al . ( 1968 ) i s  r el evant . 
0 

The ear l i e s t  s ta g e  at whi c h  N evins e t  al . analy s ed the i r  

t i s su e s  \va s  a f t e r  they had b e en g r o wing f or four days and 
. 

ther e af t e r  t he y  analys e� at a p p r o ximately daily int e rvals . 

Nonethel e s s  the ara bino s e  do e s  app ear to r emain g en er ally 

c o n s tant or in c r ea s e s l i g htly over the f ir s t  f ew d e t e rmina t i o n s  

· b efo r e  d e c r e a s ing qui t e  markedly . 

Dever e t  al . divi d e d  co rn r o o t  aft e r  about 5 days g r owth 

into mer i s t emati c ( ap i c a l ) ,  e longa ting and matur e 
'

zone s . 

Cons i s ten t vri t h  the t r end no ted i n  this the s i s  they o btained 

an inc r e a s e o f  about 400% in th� ar abino s e  o f  a 4; KOH s olubl e 

f r a c t i on .  However the r e  wer e  c on comi tant chan g e s  i n  xyl o s e  

\vh i c h  sug g e s t s  incr e a s e in an ar a binoxylan . Ar a bino s e  a s  a 
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ol?er centa g e  of to tal sugar in the vmlls did no t c hange between 

the .., hr e e  r eg ions analysed . In the pr esent exper iment no 

atte�pt has been made to dis tingui sh betwe en the mer i s tematic  

and elongat ing zones , due to the impractical i ty of taking 

extens ibili ty mea sur ements of the forme r . 

The incr eas e in arabino s e  alone r e ported her e  would imply 

.a r i s e  in the levels of araban or else  an inc r eas e in a 

mole cule such as  arabinoxylan 1vi. th a concur rent lo s s  of xylan 

from the 1vall - an illllikely o c curr ence . As mentioned earl i er , 

the arabans lmown from higher plants ar e highly branched and 

wat er soluble (No r thco te , 1972 ) .  In vi e1·J of the unj_f ormi ty of 

polys a c charide s tructure in Ang iosperm cell walls s o  far 
0 

examined (No r th.:!o t e , 1969 ) i t  ltlOUl d s eem that an incr eased 
. . ' 

incornorat ion of  a hither to unr ecorded hemi c ellulo s i c  araban . ... 

p e c:uliar to lupin hypocotyl is  improbable . If thi s i s  not 

o c curring then an oxalate insoluble po ti . .y-mer ·Hi th  arabino s e  side 

c hains is  probably pr e s ent .  Such a polymer c ould b e  the 

hydroxypr oline r i ch prot ein known to '00 c cur almo s t  

exclus ively i n  the c ell wall ( Lamport , 1965 ) . 

The vm rk of  Lampor t .  ( 1967 ) onBa ( OH ) 2 hydrolysates of 

var ious c ell vmll s reveal ed that many of the hydroxyproline 

r e s idues bear arabino s e  oligo s a c char ide side chains . In 

tomato . suspens ion cultures it app ear s t hat 60% of the 

arabino s e  of the vlall i s  bound 0- glyc o s idically to the 

hydroxyproline ( Larnport , 1970 ) .  Through it s po s tulated role 

in controll ing vrall extens ibility th e pro tein has been termed 

extens in . 

Cons i s tent 'ltli th t he sug g e s ted filllction of the pro tein 

Cleland and Karlsne s ( 1967 ) s howed that an incr eas e  : . 
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in hydroxyp r oline l evel s i s  parall eled.by a d e c r ea s e  i n  g r o wth 

r at e  of p ea s t ems . Pr e sumably thi s i s  a c c omp ani ed by an 

i n c r ea s e  in p r o tein bound a r abino s e .  The r e sul t s  r epor t e d  in 

t h i s  the s i s  ar e in a g r e ement wi t h  thi s and ind e e d  sug g e s t  that 

p o s s ibly th e only s p e c i f i c  sugar- containing wall p olymer to 

incr e a s e  as g r owth c e a s e s  is extensin . O ther p r o teins wit h 

arabino s e  s i de chains have b e en r epor ted f r om c e ll wal l s ,  e . g . 

p e r oxida s e  ( Shannon , Kay and Lew , 1966 ) , but do no t o c cur i n  

suff i c i ent quaLt i ty t o  a c c ount fo r the arab ino s e  incr ea s e  

r ep o r t e d  her e , mo r eover , unl e s s  i t  i s  c oval ently bound to the 
. 
I 

hemi c ellulo s e  and/ o r  c ellulo s e  of the wall i t  would b e  

ext r a c t ed dur ing d e p e c tinati on . A co valen t  bonding b e twe en 

such p r o t c; in s  and \•Tall c a r bohydr a t e s ·  c anno t  hm·rever be rul e d  

out . 

The us efulne s s  of s tudi e s  u s ing only partial 
0 

f r a c t i ona tion i s  l i1�ii t e d  in t ha t  i t  do es no t give a g o o d  

indi c at�on o f  t h e  nm1b er of poly s a c char i d e s  involved i n  a 

c hang e of over all mono s a c char i d e  compo s i tion , and be c aus e 

me taboli c tur�over tak e s  pla c �  ( Lampo r t , 1970 ) i t  may g iv e  an 

under e s tima ti o n  of chang e s  o c curr ine . The cell vTall s hould b e  

r e g ar de d  a s  a dynami c  s y s ter.1 in -vrhj_ ch a s so c i ati ons and 

s o lubilit i e s  o f  po lyme r s  a r e  l iable to chang e cons tantly .' A 

t hang e in mono s a c c har i de cor.1po s i t ion in a g r o s s  f r a c t i on 
I 

ind i cate s only a change in n,e t carbo hydr ate and do e s  no t t ell 
I 

whi c h  polymer s ar e al ter ing .in l evel . I t  has b e en c l e arly 

s ho�>m tha t turnover o c cur s vri t hin the vmll and tha t the r e  is a 

pr e cur s o r  - · pr o duct r el a t ionshi p b e twe en at l ea s t  s ome 

polysac char id e s  ther e in . Tr ans glyco sylation c an appar ently 

o c cur wi thin t he ma t r ix a s  neutral bl o c k s  of a r abino � al a c t an 
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Nor thcote , 1967 ) .  

I I .  Alkn�ine Fractionation 
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As  in  the  cas e of measur enent of to tal pectin 

hemi cellulo s e  and cellulo s e  ther e  i s  little apparent diff e r en c e  

i n  composi tion between the var ious r e g ions of hypocotyl (Tabl e 

IV ) . The s e  r esults  are  s omevrha t divergent from tho s e  of o ther 

"�:!or leer s .  

The s tudi e s  of Fuller  (1958 ) are ;rel evant to the problem 

and to a l e s s e r  extent tho s e  o f  Na c La c hl an and Duda ( 1965 ) , and 

Hort hcote  and Thornbe r ( 196la ; 19611? ;
" 1962 ) . Full e r  examined 

the mer i s temati c , elongating and matur e regions of Vicia  fabia 

root s . He found an increase  in pectic  subs tanc es , 

hemic ellulos e and cef-lulo s e  dur ing elongation.} but expr es s ed a s  

a p e r c entag e o f  to tal cell wall polysaccharide s  pectic  

subs tances decr eas ed from 7 0  to 48/b and cellulo s e  incr eas ed  f r om 

18 to 43% in the s econdary wal� . The hemicellulos e  decreased  

sli ghtly throughout development . In the pe c ti c  f r a c tion a 

galac tan was found to incr eas e per c ell up to 43 mm ·v;hil e  a 

s econd c omponent increas ed only during e longation.  The . 

hemi c ellulo s e  frac tion could be r e s olved into five components 

of which one (a xylan ) vras dete ctable in cells only aft e r  

elongation . The work do e s  not appear t o  have been continue d . 

l'1acLachlan and Duda ( 1965 ) using exc i s ed pea epicotyl 

t i s sue found that cellulos e  and lignin increa s ed at the expens e 

of o ther fractions in s ections on water . In upp er s e c tions . a  

blucos e  and galac to s e  containint; fraction decreo.s ed Hher e.a.s , in 

tis sue from the epicotyl bas e  pectic a cid was t he only mater i al 
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TABLE IV . C 0}1PO S IT ION O F  DEL I GN i l i ED HO LOCELLULO SE BY ALEALINE 

EXTRAC T I ON . THE POLYSAC C:IARIDES EXTRAC TED AND 

l·.Ol�O SAC CIIi.llU DE COHPO S I T I OI-I  OF 'l'i-IE PO LYSACCHAR IES 

Branched-B10 

Linear-B10 

Polyso.ccharide 
c ompo s i ti on of 

hjp o co tyl r e g ion 

Lo-vrcr Eiddle Upper 
(;J of to tal 

p o l y s a c c har i d e ) 

. 2 .  50 3 . 7 2 . 4  

8 . 0  9 . 5 12 . 0  0 

Herni cellulos e-:a24 
7 . 3  8 . 2 6 . 7  

Hemi c ellulo s e-J\0 . 0 0 0 

Cellul o s e  8 2 . 2 78 . 5  7 9 . 0 

Nono saccharide 
compo s i tion* 

Glu . Gal . }�n . Xyl . Ar a . 
( fo  of to tal anhydro- sugar 

in f r a c ti on )  

40 10 5 40 5 
"' 

39 7 3 50 1 

55 2 33 10 0 

94 0 6 0 0 

* Hono saccharide compos i tion sane for each p o ly s a c c har i d e  f r om 

all thr ee hypocotyl r egions . 

Subs c r i p t s  10 and 24 r ef e r  to 10jb and 24/b alkali s o lubi1i ty . 
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to d e cr ea s e in conc entration . Ho\·T the s e  r e sul t s  r elate t o  the 

data pr e s en t e d  her e i s  di ffi cu l t  to a s c ertain a s  the r e  wa s a 

c on s tant . supply oi' c ell wall pr e cur s or for t he lupin hypo co tyl . 

'I'he wo rk of Nor th c o t e  and 'I' ho rnber has a l r e a dy b e en 

r elated to the lupin hyp o c o tyl . 

Jens en and A s hton ( 1960 ) in the ir par t i al alkaline 

f r a c tiona tion of onion r o o t  ti p c e lls di d no t f ind any mark e d  

c hang e s  i n  r el a tive p r o por t ions o f  hexo s e , hexur oni c a c i d  and 

pent o s e  comp r i s ing th e fr a c t i ons . However , the i r  

f r a c tiona tions d i d  no t g o  beyond to tal alkali extr a c t s  whe r e  

alkali was us ed , s o  that a r e s o lution into l inear and branche d  

s p e c i e s  wa s no t obtained . Fur thermor e analy s i s  of hexo s e  and 
u 

p en to s e  content s r e !? t ri c t s  int e r pr e ta t ion , a s  differ ent 

h exo s e s  and pento s e s  c an o c cur in di ffer ent linkace and in 

d i f f e r ent poly s a c char i d e s  wi thin an extr a c t . A meo. sur e of 

individual mono s a c ch2.rides c omp r i s ing sub- f r a c tionated alkal i 

ext r a c t s  will g ive a f ar c l ea r er p i ctur e of chang e s  in the c el l  

Hall . 

vlhen the Slli� of mono s a c charides obtainable f r om hydr o ly s i s  

o f  all�ali f r a c t ions s hmm i n  Tabl e I V  i s  compared lri t h  t hat f r om 

a c i d  hydrolys i s  fra c t ionation (Table I I I ) s tr iking differ enc e s  

app ear . Ther e i s  a l ar g e  l o s s  o f  arabino s e  and to a l e s s er 

ext e nt galac to s e  du r ing the analy s is by alkaline 

f r a c tionati o n . Thi s lo s s  c ould be due to ( 1 ) hydro ly s i s of 

carbohydr a t e s  due to the a c i d  c ond i tions us ed in the 

del i gnifi c at io n , ( 2 ) r emoval of r e s idual p e c tin dur ing the 

d e l i gni fi cation , ( 3 )  l o s s  of arabino sylhydr oxypr o line and 

p r o t ein linked gala c to s e  due to t he d e s truc tion of p r o t e in by 

the deligni f i ca tion t r e a tment in lvhi c h  c on s i d erable halog emtion 
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would o c cur (4 ) l o s s  of pr o t ein b ound sugars by alkaline 

hydr o ly s i s  o f  the pro t e in dur ing fractiona t i on , ( 5 )  r emo val o f  

a r a bino s yl s id e  chains due to a c i d  sus c ep tibi l i ty o f  thi s 

l i ru�age a s  ha s b e en sug g e s ted by Lampo �t ( 1970 )  and Rayle e t  al . 

( 1970 ) . 

Pr obably all of th e abo v e  c ontribute t o  the l o s s  in var i ous 
d e g r e e s . The d e l i gnif i c ation treatment invo lved heat 

( 90- 100°C ) at a pH of ap�roximately 3 . 6 whi c h  sug g e s ts the 

p o s s i b il i ty that cleavag e of a c id.:.labi l e  fur ano s i de-link e d  sugar 

uni t s  fr om the hem i c ellulo s e  xylan ha� o c curr e d . Whil e  th i s  
I 

p o s s i b i l i ty mig ht apply to arabino s e  it is nnl il( ely to exp l a in 

the r el ea s e  o f  g alac to s e , unl e s s  i t  i s  bound into the ''mll by 
0 

s ome o ther r elatively a c i d  or chl o r ine lab i l e  linka g e � The 

r emoval of c e ll wall p r o t e in should caus e a l a r g e  l o s s  of 

arabino s e . If on� i s  to explain the lo s s  of gala c to s e  in the 
0 

s ame way i t  would be ne c e s sary t o  plac e  an a c i d  labile bond 

b e twe enu galac to s e  and c ellulo s e  micr of ibril in Lampor t ' s  ( 1970 ) 

mo d el o f  the extens in- arab ino g al a c tan- c ellul o s e  c ompl ex , uhe r e 

the gal a c tan i s  bound to the ext en s in through an arabino s e  

o l i g o s a c char i d e . 

In view o f  publ i shed data one would no t exp e c t  the 

c ondi t i ons u s e d  in alkaline ext r a c t i on to r e s ul t  in 

- suff i c i ently extensive p r o t e�n degr ada t io n  t o  extra c t  e1:tens in . 

H eath and No r thc o t e  ( 1971 )  u's ed a much har sher tr eatmen t and · 
. ' 

f ound l i t tl e  extr a c t ion from sycamo r e  sus pens i on cul tur e 1.valls , 
l·lhi ch may howev e r  b e  s omeuhat dif fer ent fto_\T\ tho s e  o f  lupin 

hyp o c o tyl . Al s o  tne fa c t  that the del ignifi cat ion vri l l  have 

r emoved muc h of the pro t e in r ende r s  the c ontr i bution of 

alkaline degr adation of ext ens in to the l o s s  of ar abino s e  and 

gala c t o s e  rathe r i r r el evant . 



NA'TEHIALS .AND NETHODS 

S e e d s  o f  B i t t e r  Blue Lup in ( Lupinu s angus tifolius ) \ve r e  

surface s ter ili zed by immer s ion in 1% chlor ag en f o r  20 minut e s . 

T h ey wer e  then planted in po t s  in pr e -wa shed c o a r s e  exp l oded 

mi c a  and placed under c ont inuous l i ght in a gr o\vth r o om a t  

T h e  l i gh t  inten s i ty wa s 14 . 06 W m- 2 supplied by a 

c ombinat i o n  o f  95% f luor e s c ent ( Phil i p s  TLA 80H/55 ) and 5jb 

incandes c en t  light o The po t s  wer e i r r i ga t e d  with water daily 

un ti l the s e edl ing s 1t1e r e  har ve s t ed , af t e r  about 4�- days . 

Ti s sue was u s e d  in two way s . 

(a ) Fo r measur ement o f  gr owth intact plants wer e us e d . 

( b )  Fo r mea sur ement of o s mo ti c conc entrati on , 

ext en s i b i l i ty , c r e e p  and c ar bo hydra te compos ition hypo cotyl s 

\-!e r e  g r ovJn Ull.t i l  6 cm in leng th . At thi s s tag e they wer e 

harve s ted and cut into thr e e  2 cm s e c t ions f o r  c ompa r i s on o f  
c 

t h e  lowe r middl e and upper r e g ions . S e c t io n s  wer e us e d  

imm edi at e ly f o r  mea s ur ement o f  o smo t i c  concent r a t i on o r  

exten s i bi l i ty . In othe r  c a s e s they were d e e p  f r o z en wi thin 30 
' 

m inut e s , and fr e e z e dr i e d  wi thin a fe1v days . 

Heasurement o f  Gr01v-th Rate 

Seeds w e r e  plant ed ar ound the per imeter of pla s t i c  po t s  
I 

and allow e d  to g e rmina t e  unti l they had reached a he i ght o f  

about 3 cm . At this s tag e �th e si de s of t he po t wer e cut away 
I 

t o  the level of t h e  bas e of r t he hypo co tyl . Marks 2 wn apar t  

vrer e  then p l a c e d  on the hypo c o tyl us ing an impl ement whi ch had 

ll fine v.Ji r e s  at 2 wn int er val s . The mark ing s vmr e  o btained 

by pl a cin g  G e s t e tner ink on t he wir es \vhi ch v.re r e  t hen g ently 

p r e s s ed agains t the hypo c o tyl . A pla s t i c  label pla c e d  in the 

p o t s  \va s s i mi larly marked and us ed a s  a r ef er en c e .  Elong a ti on 



wa s c a l cula t e d  from the p o s i t ive s o f  the pho to g raphi cally 

r ecor ded separation o f  t he mark ing s as the hyp o c o tyl s 

elong a t e d  to o v e r 6 cm in l eng t h . 

Mea sur e�ent o f  O s ma t i c  Conc ent r a t i o n s  

The S c hardakow dye m e th o d  wa s u s e d  ( S char dakow , 1948 ) a s  

modif i e d  by 1-I<ino.:cilllr ! 1965) . 
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A number of manni tol s o lu ti ons wer e  pr c }Jar ed rang ing f r om 

0 . 1 M t o  1 . 0 M in concentr a t ion . From e a c h  o f  the s e 5 ml 

a l i quo t s  were pl a ced in c or r e s pondine small petri di she s , and 

a 20 ml aliquo t f r om e a c h  wa s s imilariy pla c e d  in a te s t  tube . 

A minut e cry s t al of methylene blue via s pla c e d  in e a c h  of the 

p e tr i e  d i s he s  and wa s suff i c i ent to dye the s o lution wi thout 

s i g ni f i c antly al t er ing i t s o smolari ty . 

Group s of 5 fr e s hly exci s ed 2 cm s e c ti on s fro� the lowe r , 
{' 

mi ddl e and upp er hyp o c o tyl r e g ions r espectively were pl a c e d  i n  

the p e t r i e  d i s he s  vrhi ch vle r e  then covered with lids to pr event 

any eva po r ati on . The d i s he s vle r e  t h en left fo r 90 mlnutes vri th 

fr equent g en t l e  a g i tation . At the end of th i s t ime a drop o f 

l i quid wa s r emoved from e a ch p e tr i e  dis h wi th a c l ean pa s t eur 

p i p e tte and very g ently p l a c e d  into t he solut ion o f  

c o r r e s ponding o r ig ina l manni �o l  molar i ty .  The drop , vi s ible 

be cau s e o f  the dy e i t  c ontaine d , wa s obs erv e d  f or s o m e  t i m e  and 

a r e c o r d  of it s mov ement wa s '  made . 
I 

I 

If the s o lut ion from the petr ie di sh r o s e  in the t e s t  tube 

it was l e s s  d ens e than o r i g ina lly , indicating movement of 

s o lv ent f r om t he s e c tions into the bathing s o lu ti on , and thus a 

hi gher o smot i c  p o t ent ial in t he solution th�n in the s a p . If 

the drop s ank the oppo s i te wa s the ca s e . The o smol a r i ty a t  
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·-

whi ch no movement of the transferr ed drop in i t s  par ent s o lution 

o c curr e d  g ives an indi c ation o f  the o smolarity of the c ell 

cont ents . vlhen the o smot i c  pr e s sur e of s e c tion and bathi:lg 

s o lution ar e the s ame no ne t movement of s olvent will o c cur . 

Hea surement of Ext ens i b i li t;{ 

An Ins tron Univer sal Tes ting Ins trurnent \vas us ed to 

measur e  the pla s ti c and ela s t :L c  component s of c ell vml l  

ext ension e s s entially a s  d e s c r ib e d  by Cleland ( 1967 )  and 

modified by P enny e t  �1 . ( 1972 ) .  At . l ea s t  18 s e c tions f r on 
\ 

each r e g ion wer e measure d . 

Immediat ely after exc i s ion th e 2 cm s e c tions to be t e s t e d  

wer e qui ckly we i ghed and then bo iled for 5 minute s  i n  me thanol , 

dr i e d , r ev!e ighe d  and s t o r ed dry . Before t e s ting the s egment s 
' 

wer e  s o aked in me thanol for 5 minutes and thep in dis tilled 
( 

·Hat e r  for at l e a s t  5 minutes . A thin laye r o f  rubber wa s 

pla c ed on the g r ip s  of the Ins tron and thi s pr evented bo th 

sli ppage and fra ctur e of the s �e c imens . If the load was 

incr e a s e d  unt i l  the s e c tion br ol\:e the br eakag e  o c cur r ed in 

mid- s e c tion r a ther than at the grip s . 

The ini tial di s tan c e  betwe en the clamp s \·m s 8 mm and · they 

vrer e  s e parated at a rate of 21 mm min- 1 • Ext ens ion was 

measured a s  the lo ad incr eas ed from 30 to 40 .g . 

Values for complian c e  are calculated vri th t h e  ar ea 

e s t imated from the te al f r e s h  weight of the s e c tions . The c ell 

wall r epr e s ent s about 8% of the cr o s s s e ctional area of the 

s egment and the values of th e complianc e coul d be expr e s s ed in 

terms of cell wall area , no t to tal area . Thi s has already 

given r i s e  to s ome confusion in the literatur e and , a s  point e d  
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b�t by Cleland ,  complianc e s cal cul ated on c ell wa ll ar ea and 

c ell ar ea can differ by a fa c tor of lOO for the s ame cell . 

The Ins tron technique fo r measurement of cell Hall 

properties wa s orignally introduc ed by Ols en et al . ( 1965 ) and 

impro ved by C l el and ( 1967 ) . I t  i s  a s tandar d  f i br e - t e s t ing 

t e chl}i que and a lloHs lar g e  nwnber s of measur ements t o  b e  made 

�onveniently and r epr o ducibly . It has been de s cr i bed 

els ewhe re but HLLl be outlined her e .  
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The s e ctions , after ,r ehydratio n , ar e ext ended ui th a lmo vm 

for c e  and a r e sul ting l o a d  exten s ion curve automati c ally 

r e cor ded . Such a curve fr om the ext ens ion of a lupin 

hypo cotyl i s  tra cing A in Fi g . 2 . 

I t  i s  i.n the l in ear r eg i o n  of the curve that measur ements  

( s trairv ) of compliance �tr e s s  ar e made . 

1 -- �1/{1 The compli an c e  D = s train • s t r e s s-

0 

F 
/A. 

�trher e 1 i s  t he ini·tial l eng t h of the s egment and 

c.1 t h8 cr,ang e  in length due to 

F vrhi ch i s  the load o r  f o r c e  acro s s  the s e c ti o n .  

A is  the cro s s  sect ional ar ea of th e s e  wall s .  

1 i s  obtained by extending the cur ve ba ck to t he 

ab s ci s s a . 

The expr e s s ion J�·r can be sub s ti tuted for A wher e  H i s  the 

ma s s  of sec tion andj'vl the dens ity of ,.,._mter . If we a s swne the 

latter to 

D 

equal 1 then 

= AI;{ 
0 

F 
M 

1 

whi ch i s  a mea sur e of total compliance , whi ch we will now 

d eno te as DT . 



FI G . ?. .FIRST AN D SEC OND C UHVES O F  EXT ENS I ON O F  

LUPIN HYPO C O TYL BY LOAD INCL EA S ING 

FrtOH 30 TO 40 GRAbS 
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The curve o b tained from th e f ir s t  ext en s i on g i v e s  a 

mea s ur e  o f  the to tal complian c e . If after one ext ens ion the 

c l amps a r e  r e turned to their or i g inal po s i t i o n  and the s e c t i on 

r e - extended a s e c ond load ext ens ion curve i s  o bt a ined 

(B of Fi g .  2) . Thi s r e pr e s en t s  the el is ti c ext en s ion ( DE ) . 

The pla s ti c  exten s ion i s  mea sur ed fr om the d i f f e r enc e b e t\veen 

the fi r s t  and s e c ond cur ve s .  

DE • 

Pla s t i c  extens i b il i t y  ( DP )  i s  thl.IS 

DP = DT DE 

\ 

All exten s ions . sub.s eque nt t o  the fir s t  ar e very s imilar i n  

the c a s e  of Av ena a l though a small incr ea s e  in extens ion 

r e pr e s enting s ome s o r t  of c r e e p  is o b s erved ( C l eland , 1967 ) .  

Only the f ir s t  and s e cond ext ens ion curves w�r e us ed in the c 

exper iment . C r e ep mea surement s were made s ep a r a tely . 

Mea sur ement of C r e ep 

Rehydr ated ti s sue pr epar ed a s  f or the Ins t r o n  v1a s_ emplo yed. 

A modif i ed beam balanc e vias u s e d  f o r  cr eep mea sur ement s .  

S e c tion s wer e ind ividually c l amped at the end of one bea� o f  a 

balan c e  and sur rounded by 1va ter in a pl exiglas s chamber . A 

100 gm vle i ght vla s pla ced in ;th e pan h e l d  on the o ther beam and 
' 

the extension o f  the s e ction mea sur ed u s ing an el e c tr i cal 
I 

transdu c e r  coupled to a di g i tal vo l t  meter . ( Penny , Penny and 

Mar s hall , 1974 ) . C r eep \va s measured a s  per c en t a g e  incr ea s e  in 

leng t h  b e t1veen 1 and 100 minut e s  after adding the 100 gm 

1:1ei ght . 



Car bohyd r a t e  Composi t i on 

C el l  VJa l l  Pr epar a t i o n : Fo r bo t h  acid and alkaline 

f r a c tiona t i ons ti s sue sections ( 60 g )  w e r e  f r e e z e  dr i ed (5  g )  
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and gr ound in a �Iil ey Hil l . In the c a s e of acid f r actiona t i on 

t he fr e e z e - dr i ed ti s sue was extr a c t ed with boil ing 80% ETOH for 

3 m inut es whil e  f o r  alkal ine f r act i ona tion i t  vras r efluxed Vli t h  

t he neutr al de t e r gen t of Van So est fo r 2 hour s . I n  l l i tr e  o f  

aqueous s o luti on thi s  d e t e r g ent contains 30 g o f  so d iwn l auryl 

s ulphat e , 18 . 6  g of d i s o diUin E . D . T . A . , 6 . 8  g of l\'a 2B407 · 10 H 20 , 

4 .  6 g of 1Ja
2

HP0
4 

and 10 ml of e thyl ene g l y c o l . I t  i s  ther e f o r e 

buffer ed a t  pH 7 .  

Pr o t e ins , s o lubl e sug ar s and p e c t ic mat e r i als a r e  r emoved 

by t he de t er g ent . The cell wall pr eparation fo r alka l ine 

f r a c tiona tion "�:Ja s d e l i g ni f i e d  e s s entia lly by the me tho d  of 

Gaillard ( 1958 ) . Becau s e  o f  i t s mildnes s  i t  was found 
0 

p r ef erab l e  t o  th e usual aci d chlo r i t e  treatment . Ui th ma tur e 
b 

t issue at l e a s t ,  the del ignifica tion can b e  u s e d  aft e r  

ext r a c t ion \ifi th ammonium oxala t e  1vi thou t caus ing muc h  l os s of 
ca rbohydr a t es . Wa t er wa s added to the det erg ent extract e d  c e ll 

wal l  to p r ov i d e  a slurr y which was hea t e d in a beaker in a 

s imme r ing wa t e r b a th . Chloramine T ( l  gm p e r  75 mls vlater up 

t o  a maximum of 3 g m ) \vas added follovJed by glacia l  ace t ic aci d  

(l  � 1  t o  e ach l gm o f  Chlo r amine T )  sti r r ed thor oug hl y , cover ed 
I 

and the mixture heated for 2' hour s over a bo i l ing vmt er bath. 
I 

The ho t slur r y  vra s fil t e r ed o v er sinter ed glass and the r es i due 

vra s hed i n  e thanol follovJed by ho t 3i� e thano lamine in ethano l 

and finally ethanol . Dur i ng t he ethanol amj.ne v/a s hing the 

r e s i due vra s kept co v e r e d  vri t h. ho t ethano l amine f or 3 minute s  

before applying suction. 
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The entir e chloramine T- ethanolamine tr eatment was 

r epeated two times to g ive a final r e s idue of hol o cellulo s e ,  

which was washed wi th - ethanol followed by a c etone and dried at 

Car bohydra t e  fra c tionations 

� l )  Acid i c  frac tionation : After r emoval of p e c ti n  by 

r efluxing the vlall pr eparation for l hour wi th 0 .  5�� ammonium 

oxalate the r e s idue Has tr eated 1vi th lN . H2so4 under r eflux for 

2 hour s to r emove the hemi c ellulos es .  The r e s i due was treated 

wi th 7 2/6 H2so4 at room temperatur e for 4 hour s then diluted to 

lN . H2so4 and r efluxed for two hours .  The hydrolysate thus 
0 

obtained 1:1a.s us E:d to measur e c ellulo s e ,  and lignin 1vas 
• c 

m�asured by vleighing the r e s i due collec ted on filter paper 

aft�r filtering the f inal hydrolysate . 

( 2 )  Alkaline fractionation�, The hemic cllul o s e s  wer e  extracted 

e s s entially as  des cribed by Gaillard an
_,
d Bailey ( 1968 ) , and 

0 

according to the flow chart sho'.·m in Fig . 1 . The extractions 

were at room temperature v1i th continuous stirring under 
. 

ni trogen . The extracts Mer e filtered off on s intered g la s s 

under a rubber diaphragm vlhi c h  excluded air . Alkaline 

filtrate s  wer e cooled to approximately 0°C in an i c e  bucket  

under nitro g en and then acidified with glacial a c et i c , also 

under nitrog en and wi th rapid magnet i c  s tirring . The extra c t s  

were plac ed i n  a r efrigerator overnight t o  allow hemi cellulo s e -

A t o  precipitate . As littl e turbidity develo p ed the extracts  

v!er e not c entrifuged , but vrer e  dialys ed dire c tly for tvTO do.ys 

against tap water . At the end of thi s time they wer e 

lyophilized . 
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The hemi c el lulo s e -B fra c tion thus obtained 1J<is fur ther 

f r actionated into linear and branch ed polysacchar ide s p e c i e s  by 

i odine pr·e c j_pi ta t:Lon from con c entrated CaC12 s o lution. 
0 

, Ga illard ( 1961 ) sho\·le d  t.hat i t  I·Ja s po s s ible to s eparate  l inear 

h et er oxylans and g lu cans from the branched polyme r s  in 

hemi c ellul o s e - B  fra ctions by pr e c ipi tating the line ar poly�er s  

wi th an iodin e -po t cas s ium. iodid e s olution . The br anched 

po lymer s  ar e then r e cove r ed from the f il trat e .  Ther e a r e  
' 

nu:ne r ous r ef e r en c e s  in the li te r a tur e to the r ea c tion of i o dine 

with hemi c ellulo s e s  to g ive blue c ompl exe s ( amyloid r ea c ti on ) , a 

r ea c tion forme r ly attr ibuted to t he pr e s enc e of gluco s e  

r e s idues . HoweveF , � everal linear pol�ner s devo i d of gluco s e  

wer e found to g ive a heavy blue pr ecip i ta t e  \<Ti t h  iod:fne , \·rher ea s 

tho s e  Hi th s id e  chains r emained in the sup erriatant . 

In this experiment the fractionation Has achi eved as  follows .  

Fr e e z e  dried hemi c ellulo s e-B ( 150 mg ) was dis solved in CaCl 2 

s o lution ( 25 ml Sp . G . 1 • 3 ) by s t i r r ing overni ght . The CaCl 2 

s olution was clarifi ed by spinning fo r 15 minute s at 70 , 000 g 

and iodine s o lution C I 2 3% , KI  4% w/v ; 4 ml ) added . The blue 

pr e c ip i tate wa s allowed to s e t t l e  fo r one hour and then 

colle cted by c entr ifug ing for one hour at 70 , 000 g .  Io dine in 

both the linear- ( 1-4 ) -linked heiJli c ellulo s e  ( linear - Blo ) and 

het eroglycan-B supernatant wa s neutralized by tr e atment wi th 

The s olutions wer e  finally dialys e d  

f o r  24 hour s a gains t running tap vrater , conc entrated and fr e e z e  

dr i e d . 

Car bohydr ate A...ll.alys e s  

A c i d  _tlydrol;i·s e s : Hetero glycan-B ( bran ched ) fractions ( 10 mg ) 



1.1er e hydroly s ed in N . P-'2 804 5 . 0 ml by hea t ing for  2 hour s a t  

100°C i n  s to pp e r ed tes t  tubes  i n  a \lrater bath . O ther 

polys a c char i d e f r a c t i ons ( 10 mg ) 1.vere treated \vi th 7 2% H2S04 

( 0 # 16 ml ) a t  r o om ' temperature fo r 2 hour s , diluted wi th water 

(5 ml ) and heated to 100°C a s  above fo r 2 hour s . 
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A c i d  hydrolys a t e s  wer e neutralized \vi th KOH Hhen r equi r ed 

for to tal r educing s ugar analy s i s . For quanti tative paper 

chr omato graphy they were neutralized with Baco3 , filtered o r  

c entr ifuged , and fr e e z e  dr i e d .  The dri ed hydr olysates wer e  

then tru�en up in l o r  2 ml o f  water . An appropriate ali quo t 

o f  hydrolysate wa s s po tted onto Whatman No . l  chromatography 

pap er whi ch had been \•las hed in 0 .  5'}& oxalic  acid follo\·red by 

dis tilled water . a 

Paper Chroma togr aphy :  Chroma to  grams vlere  developed wi th butyl 

acetate-pyridihe -H20-ethyl alcohol (8 : 2 : 1 : 2 )  and thoroughly 

d r i ed befo r e  spraying . The individual mono sac charides wer e  

vi zualized by the quantitative method of  �'lil son ( 1959 )  except 

t ha t  the vizuali zing r eagent u s ed ua s aniline hydro g en 

pho s p hate r ather than aniline hydro g en phthala te . The anil ine 

hydrogen pho s pha t e  \•Ta s pr epared by adding 1 rnl ' each of 

orthophospho r i c  acid and r edi s t ill ed aniline t o  s eparate 100 ml 

volume s of \·Ja ter s a  tur3.ted butanol .  The volumes wer e then 

mixed and u s e d  wi thin one hour , althoug h thi s \•Jas well wi t hin 

t he s tabi l i ty rang e of the r eag ent . 

The r eag ent was sprayed onto the chromato gr am with car e 

b ei ng taken t o  g e t  an even coverage . After the f ir s t  s i d e  had 

b e e n  s pr aye d the paper \vas dr ied  and sprayed on the r ever s e  

s i d e . The s pray wa s appl i e d  almo s t  in suff i c i ent quartti ty for 

it to run but a t  no s ta g e  vra s i t  allo \ved to do s o , and the 

pape r s  wer e  very qui ck to dry . 
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Aft er s praying the pap er was dri ed . and pla c e d in an oven 

1vi th c ir cula t ing air a t  110° C for 10 minute s  whil e  the s po t s  

deve l o p ed . The s po t s wer e  cut out on appr oximately equal 

s i z ed r e c t angle s of th e paper '..Jhi c h  1-rer e  cu t i n t o  s tr i p s  and 

plac ed in t e s t  tub e s . 4 ml s of ac idified al c o ho l  ( 29 ml cone . 

HCl in 420 ml ETOH dilut e d  to 500 ml wi th di s t il l e d  wat er ) wa s 

added t o  each tube ·,vl1i ch wa s then placed in darkne s s  for an 

hour whi l e  the s p o t  was elut ed . To aid elu t i on the tub e s  were 

s haken ( g ently to avo id d i s int e g r a t ion o f  the pap er )  3 times 
dur ing the hour . The a b s o rbanc e o f  the eluat e s  was r ead on a 

. 
I 

Be ckmarm model DU s p e c t r o p ho tone t er a t  390 m1u in the c a s e o f  

hexo s e s  and at 3 6 0  m;J. for p ento s es . S tandar d sugar s ( g luco s e ,  

g ala c t o s e , manno s e , xylo s e and arabino s e ) were al s o  s po tted and 

run on e a c h  paper . 

In a thor ough investigation of thi s t e chnique vlils on ( 1959 ) 
C" 

f ou.nd t h e  sp o t s had a coeff i c i ent of var i a tion of only 2,:,;. 

Ur onic a c i d s  wer e measur ed by the carbazo l e  method o f  

Di s che ( 196'7 ) a s  des cr ibed by l·�ontr euil and Spi.k ( 1963 ) . It i s  

bas ed on the f a c t  t hat when sugar s ar e treated with c on c entr a t e d  

mine ral aci ds they yi eld mixtur e s  of produc ts  1.-1hi c h  r ea c t  Hi th 

var i ou s  o r gani c subs tances t o  g iv e c o l our s .  By choos ir..g. 

aprJr opr i a t e  cond i tions of a c i'd conc ent ra t ion , time and 

t emperatur e i t  has b e en po s s tbl e  to make some of the s e  g eneral 
' 

r e a c ti ons of c arbohydrates mo r e sp e c if i c . In thi s cas e a 
I 

s p e c i f i c  r ea c tion o f  hexur oni c a c i d s  Hith H2so4 and carba z o l e  

i s  u s e d .  

Fo r t h e  det ermination a 1 ml s ample wa s hydr olys ed af t e r  

t h e  addit ion of 6 ml o f  conc entr at ed H2so4 by h eating . in :;  

bo iling water for exac tly 20 minutes . The hydr o ly s i s  tube s  



wer e  t hen transferred to a beaker of i c e  and 0 . 2  ml of 

carbazole s olu t ion ( 0 . 1 gm in lOO ml s e t4anol ) adde d .  The 

c o l our wa s allowed to d evelop for thr e e  hour s  in a dark 

cupboard befo:r:- e  r eading a t  530 m;u on a Be ckman model DU 

s p e c tr o pho tome t er . 

Redu c ing sugar s \vere  mea sured by the mi c r o cupr ime t r i c  
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method of N el s on ( 1944 ) . The bas i s  of thi s  p r o c edur e i s  that 

r educing s ugar c aus e s  the production of c o p p e r  fr om a s o lution 

o f  c o pper sulphate in s o diurn po ta s s ium tar tar ate . The r e duc e d  

c o p p er is then measur ed by measurine the intens i ty of c o lour 

pro duc e d  lvhen it coapl exe s wi th ar s enomolybdate added af t er 

r e duc t ion has c e a s ed . Thi s widely us e d  method i s  -vrell 

do cmnented and vlill no t be detailed nere . 



I I .  THE EFrEC TS OF DEL I GN i li CAT I ON ON LUPIN 
l 

HYPOC O TYL C ELL \vALL 

I�TRODUC T I ON : In the pr eviou s s e c tion of thi s the s i s  the 

r e s ul t s  of f r a c tiona t ion of lup in hypo c o tyl c el l  Hall s  and o f  

the analys i s  of the mono s a c char ide comp o s i t ions o f  the s e  

f r a c t ions wer e pr e s ented . �-!her e the mono s a c cha r i d e s  
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compr i s ing t he to tal hemi c ellul o s e  extra c t ed i n  a c i d  and a lk a l i  

f r a c t i ona t i on s  r e s p e c t i v e ly vJer e coopared i t  wa s found tha t  t h e  

a lk al i  extra c t ed hemi c e llul o s e  -vra s very .loH i n  a r abino s e  and t o  

a l e s s er extent g a"J. a c t o s e , 1vhen c ompar ed to tha t extr a c t e d  by 
,-. 

a c i d . The t i s sue uos e d  for the f ra c t i onations -vra s s imilar 

except that that t r e a t e d  wi t h  alkal i wa s fir s t  o f  all 

d e l i gnif i e d . 

The alkal i f r a c t iona tion i s  a well e s tabli s he d  pro c edur e 

knmm. t o  l ea d  to only Lllinor poly s a c char i d e  d e g radation when 

o xyg e n  i s  excluded from the a lkaline s o lution . I t  the r efo r e  

s e emed that t he mo s t  l ikely p o int o f  lo s s  wa s t he 

d e l i gnif i cation vrhe r e  t he hi g h  t emp eratur e ,  l ovr pH , and chlor ine 

p r o du c ed und er the s e  cond i ti o n s  mig h t  cau s e s ome breakdown . The 

r e lati vely mild m e t ho d  o f  Gaillard ( 1958a , b )  wa s employe d , 

�� ing Chl o r amine T and a c e t i c  a c i d  for the g en e r a t ion o f  

chlorine i n  s o lution . Thi s me thod ha s b e en wid ely u s e d  in 

s tud i e s  on herbage compo s i tion . Al though o nly small l o s s e s  o f  

carbohydr a t e  have been r ep o r t e d  ( Gaillar d , 1958b ) mo s t  of the 

· c e l l  wa ll s t r e a t e d  wer e pr edominantly s e c ondary in contr a s t t o  

tho s e  o f  6 cm lupin hypo c o tyl Hhi ch i s  e s s enti a l ly a pr i mary 

ti s sue . I t  i s  now knm·m that l i gnin can a l s o  o c cur i n  
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pr imary and young s e c ondary vml l s  ( Leppard e t  a l . , 1971 ) . 

vlhe ther o r  no t one i s  s afe in us ing convent ional 

delignifi c at i on on t he s e  wall s  without caus ing ma j or lo s s e s o f  

polys ac charide i s que s tionabl e .  Thi s a s p e c t  of holo c ellula s e  

pr eparation ha s been inve s t i g a t e d  and the r e sul t s  obtained ar e 

r ep o r ted bolov1 .  

RESULTS AND DI SCUSS ION 

Effe c t s  of C h l o r amine T Del igni f i c at i on and Di lute 

Acid on To t a l  Hemi c el lulo s e  o f  De o e c tinated 

fil.P.o c o tyl 

� An inl ti al compari s on o f  the compo s i t i on o f  ti s sue befor e 
0 

and after del i gni fi c a tion wa s o b tai ned by anrilys ing the 

h emi c ellul o s e  f r om c el l  wall s depe c tinated vri th 0 .  5/) ammonium 

oxalate and from the same af t e r  the Chl o r amine T 

del i gnifi c a t i on of Gaill ar d .  T h e  r e sul ts ar e pr e s en t e d  in 

Tabl e V and c l e arly show tha t Chloramine T- a c e t i c  a c i d  

t r e a tment dr a s t i c ally alter s the c e l l  wall , par t i cul arly with 

r e s p e c t  to th e arabino s e  and ga la c to s e content : Over 95/& o f  

the ar abino s e  and about 70% of the gala�to s e  i s  l o s t . 

To g e t  s ome i dea of the ext ent to ·whi ch the l o'.>l pH of the 

t r e a tment c ould be r e s pons i bl e  for the lo s s e s  dep e c t i nated wal l s  

we r e ' extracted e i ther with wa te r , dilute a c i d  ( pH 3 . 6 ) , or wi th 

Chl o r amine T- a c e t i c  acid ( pH 3 . 6 ) , all at 90- 100° C for 6 hour s .  

About 50% of the arabino s e  and 25% of the gala c to s e  wa s r emov e d  

· b y  a c id alone c ompar ed t o  the muc h  gr eater l o s s e s incur r e d  in 

the pr e s en c e  of chlorine ( T a bl e  VI ) .  C l early the acid 

c ondi ti ons c an b e  only par tly r es pon s i ble for the lo s s  of the s e  
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TABLE V Eli'PEC T OF DELI GN I:B ' IC..\ T I ON ON HONO SACCHARIDE 

C OHPO S IT I O H  O F  DEPECT INATED HYPOCOTYL 

--------------�------------------------------------------------

Hemi c ellul o s e  mono s a c char i d e s  

Tr e atment ( r elative to xyl o s e ) 
Xyl o s e  Arab ino s e  G1uco s e  Gal a c to s e  Man..Yl o s e  

None 1 0 . 48 0 . 89 0 . 11 

C hlo r amine T 

d el i gni f i c a tion l 0 . 0 1 0 .  �15 0 . 31 0 . 14 

----·----------�--------------------� --------------------------

TABL� VI C OhPO S I T I ON OF CHLORAMINE T - ACETIC ACI D , 

AC ET I C  A C ID , Al:D 1./A'l.'ER EZ:TRAC TED HYPO C OTYL 

Hemi c el lulo s e  mono s a c c ha r i d e s *  

T r ea tment* Xyl o s e  Ar a bino s e  Glu c o s e  Ga1a c to s e  

----------------r------·-------------------------------------------

Wat e r  

d i l u t e  a c e t i c  
a c id ( 30 ml/1 ) 
C hlo r amine T­
a c e ti c a c i d  

1 

1 

1 

0 . 97 

0 . 46 

0 . 02 

0 . 65 1 . 3? 

0 . 52 1 . 02 

0 . 84 0 . 42 

* 100°C f o r  6 hr . T i s sue d e p e c t inated wi th neutral d e t e r g ent 

pr i o r  to tr e a tm ent . 
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sugar s . The g ala c to s e i s  ap par ently h<::ld into the vrall by l e s s  

a c i d  labil e bonds than th e bulk o f  the arabinos e . 

The s olu tions from all acid and deligni f i c a tion 

tr eatments wer e  dialys ed a g a ins t t a p  water for 48 hour s 

hydr ol ys ed wi th N . H2so4 a t  100°C and analys e d by paper 

chr oma togra phy . The c hroma t o g r am s  s howed the pr e s enc e of 

g alac to s e  and arabino s e  in l ar g e s t  amoun t s  from the 

d e l igni f i c a t i on t r e a tment s .  Relatively small amounts of o ther 

mono s a c cha r i d e s were d e t e c tabl e . In all o f  th e t r e a tmen t s  t he 

sugars were  larg ely non- di alys abl e and only r eleas ed by acid 
I 

hydr olys i s , s ug g e s ting that they were s till pr e s ent in polymer 

f orm . 

It i s  kno\·in tha t Ang i o s p erm arabans ar e branched  

water- solubl e p olymer s ( ro r t h co t e , 1969 ) whi ch ·would have been 

r emoved by the d ep e ctination . I t  i s  the r efo r e l i kely tha t  the 
0 ,, 

a r abino s e  extr a c t e d  in th e dilute acid wa s l ar g ely pre s ent a s  

fur a�o s id e -liru� od s id o  cha ins p r o bably of an a r abino ga l a c tan .  

Howe v e r  i f  all o f  the extr a c t e d  ar a bino se and g a l a c to s e  i s 

d er ived from a s ingl e  arabino g a l a c t an such a polymer ha s a very 

hi g h  p r o p or t i on o f  arabino s e side chains . I t  i s  po s s i bl e  that 

much of the arab ino s e lost  r epr e s en t s  s i d e  cha ins of a 

non- polys a c c har ide polymer a s , sug g e s t ed in the pr evious s e c tion 

from evidence pre s ented ther ein . This polymer would a p p ear to 

be  bound into t he \vall in a v.ray t hat r ender s i t  insoluble in hot 

'ivater or  oxalate , but by link s  of 'ivhi c h  some ar e acid labi l e  and 

vir tually all are  sus ceptibl e to delignification . 

I t  i s  int e r e s ting to note that the cell \·rall pr o te in 

ext e n s in ha s been shown to bear ( arabino s e  )1_-4 oligo,sacchar ide 

s ide chains on the hydroxypr o l ine r e sidues of the peptide c hain 
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( Lampor t ,  1969 ) . Fur thermor e the hydroxyp r o l ine-arab ino s yl 

g ly c o s idi c bond has b e en sugg e s t ed as an aci d - l a b i l e  link 

invo lved in th e contr ol o f  vml l  el ongation ( Ray le �· , 1970 ) .  

, La.rnp o r t  ( 1970 ) ha s propo s ed a mo del fo r the involvement o f  

g ly c o pr o t ein i n  wall s truc tur e ,  i n  whi c h  a l a r g e  por t i on o f  the 

ar abino s e  s i d e chains a r e  dir e c tly bond ed to g ala c tan . Hea th 

and No r th c o te ( 1971 )  have p r ovided s ome supp o r t  for thi s in that 

hydr az inoly s i s  of' the wall pr o t ein will r e s ul t  in r e l e a s e  of 

a r abino ga l a c tan , al though of s hor t c hain length . If the m o d el 

o f  Lamport we r e  corr e c t  and t he arabino s e  s i d e  c hains o f  the 

exten s in wer e d i re c tly l ink e d  to gala c to s e  a l ar g e  propor t io n  o f  

the extr a c t ed a r abino s e  woul d be e s s entially non- dialy s abl e . 

Thi s i s  b e c aus e of th e r el a t ively l ar g e mo l e cul ar s i ze o f  the 

a r ab ino g ala c t an fr agment s r e l ea s ed from c oval ent a s s o c i ation with 

the ext en s i n .. ,. The a s sump t i on he r e  i s  tha t the g a l a c tan i s  
r 

e i t her boru·1d to t he vmll by a c id or chlor ine la b i l e  linl<;: s , o r  

h a s  n o  rur ther bonding t o  C hl o r amine T - a c e t i c  a c i d  r e s i s tant 

p o r t i o n  of th e wall . Arabino s e  o l i g o s a c char i d e  s i de c hain s o f  

ext ens i n  fr agmen t s  s o  far examined ar e knovm t o  b e  no rmally no t 

m o r e  than four uni t s  in l ength ( Lampo r t , 1969 ; Lampor t and 

Hi ll er , 197 1 )  and vJOuld thu s  be qui te r eadily dialys able . 

In contr a s t to the ear-l j_ a r  sug r; e s t ion o f  3ayl e �t al . (1970 ) 

Kar r and Lampo r t  ( 1971 ) now c la im that the gly c o s idi c bond 

b e twe en hydro xyproline and �r abino s e  i s  le s s  s en s i t ive to a c i d  

hydr o ly s i s  than o ther glyco s i d i c  bond s in the glycopr o t ein 

c ompl ex . In thi s  c a s e dilut e a c i d  tr ea tment will r emove 

larg ely non- glycopr o t ein ar abino s e . Thus , if the l e v e l s  of 

hydr o xypro lin e bound ar abino s e  in lupin hypo c o tyl ar e any\vhe r e  

near a s  hi g h  a s  in o ther pr ima r y  t i s sues inve � t i g a t e d  much o f  
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the arabino s e  r ema ining in the a c id tr eated wal l s  will 

r e pr e s en t  exten s in s id e  chains , many o f  whi c h  ar e kno-vrn t o be 

una t t a c h e d  to o ther sugar s and the refo r e  dialys abl e .  

A s  the pH of th e d e l ignif i c u t i on l� quo r was no t lower than 

tha t  encountered in the d i lu t e  a. c i ci  treatment i t  v10ul d  s e em 

t ha t  the almb s t  comp l e t e  ext r a c tion of ar abino s e in the f o rmer 

cas e compar ed with t he l a t t e r  can be at tributed t o  the 

d e s truc ti on of the pr o t e in ba ckbone of ext ens ion by the 

g enerated chl o r ine . Cer tainly s u c h  de s tr u c t i on wi ll o c cur 

under t h e  cond iti ons u s ed . In thi s c a s e  i t  i s  inter e s t ing that 

much g al a c to s e  i s  l o s t  as it sugg e s t s  tha t s ome galactan o f  the 

extens in compl ex is bound into t he vmll by the pro t ein alone . 

Al though i t  i s  a minor c omp onent of th e wall s r elative to 

pro tein , lignin may be r e s pons ible fo r bonding s o@e of the sugars 
' 

r el e a s e d  on deligni fi cation . A strong l i gnio- car bohydr a t e  
c 

a s s o c iation i s  kno\·m ( Lai and SarkaJl.en , 197 1 )  and l i gni n  f i br il s 

ar e thought t o  o c cur in young wall s ( Leppard et  al . ,  197 1 ) .  As 

y e t  the i r  impor tan c e  in thi s cont ext i s  unknown . 

Alkaline .r<,r a c t i ona t i on of Del ignif ied and Non- De l ip;ni.f i ed __ T.i.2.§.lle 

A c ompar i s on o f  car bo hydr a t e fra c tions from ti s sue bef o r e  and 

after delignificat i on was made . Depec tina ted (neutral de ter cent 

and oxala te ) ti s sue Hi th and "\vi t hout deli gnifi cation wa s 
I 

extracted with 10� KOH . Th� alkaline s olution was fra c ti onat ed 

into hemi c ellulo s e-A (precipi ta ted on ac idif i cation ) and 

hemi c ellul o s e- B  ( r emaining in the sup ernata.nt).. The 

hemi c ellulo s e- B  fraction r e covered by dialys i s  and freeze drying 

o f  the acidifi ed s o lution wa s di s solved in conc entra�ed CaCl
2 

and trea ted wi th i o dine s o lution t o  g ive a pr e c ipitate o f  
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c 

hemi c c;llulo s e -B arabinoxylan and s o luble hemi c ellul o s e-B 

het eroglycan bo th o f  vJhic h  i're r e  pur i f i e d  by dialy s i s  o.nd t hen 

f r e eze dri ed . The mono s a c char i d e s  and hydr oxyp r o l ine in each 

of t he frac ti ons 1.va s d e termine d . 

The pro t e in of the c ell wall was compl e t e ly r emoved by the 

del i g ni f i c a t i on tr ea tment as indi cated by the to tal abs enc e  of 

�ydr oxypr oline fr o� the delignif i e d  tis sue ( Tabl e VI I ) .  The 

l o s s  of hyd r o xypr o l ine is a c c ompan i e d  in all fractions by a 

dons iderable lo s s  of arab�no s e  and gala c to s e .  Extrac tion of 

t he s e  sugar s r ela tive t o  hydr oxyproline de c r ea s e s  from the 

h em j_ c ellul o s e - B  ho t er o g lycan t o the l inear h erni c ellulo s e - B to 

the hemi c ellul o s e-A Th� he t er o g ly can- B fr a c t ion is r i ch in 

arabino s e  and g ala c to s e lvh i c h  to g e ther wi th i ts high propo r t i on 

of hydroxyproline sug g e s t s  tha t t hj. s frac tion O\ves i t s  ini tial 

ins o lubili ty in oxalate and s o lubili ty in alkali t o  

a s s o cia tion w i th p r o t ein in the wal l r ather than t o  some o ther 

differen c e  f r oo c onventio�al o xal ate- s oluble p e c t i c 
-· 

0 
a r abino galac tan . 

I t  i s  no t ewo r thy t ha t  the l inear hemi cellulo s e-B 

t ar a b inoxylan - B ) f r a c tion contains a much hi gher propor t i on of 

arabino s e  ·to xylo s e  t han ha s b e en found in pur e  ar abinoxyl an 

f r a c t ions f r om young t i s sues ( Nor thco t e , 1969 ) . Bear ing ir:. 

-mind po s s ible _ s p e c i e s  differen c e s  one may speculat e  t hat t he 

� r a c t ion in que s tion cons i s t s  of an a s s o ciation of 

arabinogalac tan with an arabinoxylan t hr ough t h e  p r o t e in .  On 

the o ther hand a s eparate arabino - gala c tan r el ea s ed by 

d el i gnif i ca t i on may c o - pr e c ipi ta te -..'li th t he hem i c ellul o s e - B  

arab inoxylan dur ine alkali fr a c ti onation of non-delignifi ed 

t i s sue . In e i ther c a s e  the conventi onal name arabinoxylan a s  
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TABLE V I I  COHPOS I T ION OF ALKALI EXTRAC T ED * li RAC T I OIT S 

F .. Of.i DEL I GH I F I ED AND liON- DEL I GN I P IED LUPIH 

HYPO C O 'fYL C KLL 1iAI_,LS 

--·---·----

Po lys a c c ha r i d e  
f r a c t:i_on*"" 

Yi eld 
Hydr oxyp r oline 

c o n t en t  

!<ono s a c char i d e  c omp o s i t i on 

( }b o f  f r a c tion ) 

He:'l i c ellul o se - A 

Del i gnif i ed 20 0 

Non- d e l i gnif i e d  32 0 . 6 

Hemi c e l lul o s e - 3 · 

arab inoxzl.1.n-B 

�line ar h emi cellu�o se) 
<> 

Deli gnifi ed 69 0 

Hon- d e l j_ gn i f i  ed 158 3 ., 78 

Hem i c e llul o s e - B  

h e t er op,ly c a�-B 

Deli gni f i e d  7 . 0  0 
I 

l'Jon- d e l i gni f i ed 17 2 . 15 

Xyl Ara : Glue : Gal 

1 0 . 04 0 . 23 0 . 04 

1 0 . 28 0 . 27 o .  24 

1 0 . 12 0 . 62 0 . 29 

1 0 . 84 0 . 50 0 . 77 

1 . 0 . 85 0 .  62 . : 0 . 64 . 
1 : 17 . 2 0 . 90 . 5 . 68 . 

* I 
C ell '\·ra l l s  extrac ted overni g h t  at r o om t emper a tur e wi t h  10% 
KOH 

* *  Del i gnif i e d  cell '\vall contained no hydroxyproline 
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0 
applied to thi s fraction may be  a misnomer . 

Bar iu..'TI Hydro:dd e  Extraction 

Treatmen t vrith ho t bar ium hydroxide do e s  no t br e ak 

glyco s idi c bonds , e . g . the hydr oxyproline-arabino s e  bonds of 

e.x t en s in , but do e s  br ea}� peptide l int s  to r el ea s e  

\� .hydr oxyp r o l in e -b.rabino syl )1�-�1= c ompounds ( Lampo r t , 1967 ) . Lupin 

hypoco tyl was t he r efo r e  homo g eni zed , depe ct inat ed by extr a c t ion 

wi th neutral deter g ent and ammoniu..m oxalate and subj e c t e d  to 

bar ium hydroxid e hydrolys j. s . Analys i s  of the walls by 

quanti tative pap er chromato gr aphy before and after s hmved tha t 

nearly all th e arabino s e  and galacto s e  had b e en d i s s olved , as 
0 

s hovm in Tabl e s  VI I I  and IX . In contras t . the Ba ( 0� ) 2 do e s  no t 

� pp ear t o  have '
s o lubil i z e d  the no :cmal ?,i;'i-: .. vmll xylan . Only 

-��:-�: tra c e s  o f  xylo s e  v!ere  pr e s ent in the e��T!i�. �:h i ch gave inten s e  
. ·  

spots for arabino s e  and gal a c to s e . It  would s e em the r ef o r e  

that a very hi g h  proportion o f  the non-pecti c ar abino s e  ( i . e . 

no t extra c t ed by neutral detergent-oxalate ) in prirr:ary \·!al l s  i s  

as so ciated wi th pr o tein , e i ther di r e c tly o r  a s s ide c hains o f  a 

gala ctan involved in an ext ens in-polys a c c har i de c omplex , or wi th 

some o th er polymer containing alkali-labile l ink s . 

vihen the hydr olysate f r om the Ba ( OH ) 2 tr ea tment was 

exa�ined r esul t s  o btained in Table X wer e  obtained . The s e  s ho\f 

that very l i t tle of the r el ea s ed sugar was p r e s ent as  monomer 

and that much of i t  (33;&) \vas pre s ent as non- dialysabl e .  (48 

hour s agains t rUJ.'l.ning tap Hater ) polym:er . The change in 

arabino s e : gala c to s e  ratio as a r e sult of dialy s i s  sug g e s t s  that 

mo s t  of th e arabino s e  is in sho r t  cha in oligomer s ,  i . e . that if 

there i s  a s p e c trum of polymer si zes  in th e extra c t  arabino s e  is  



TABLE VI I I  BARiiJH HYDROXIDE EXTRACT IOH O F  DEPEC T II'JATED 

Tr e a tment o f  \/all 

HYPO C O TYL C ELL V/ALL 

Hemi cellulo se rnono s a c c har i d e s *  
(r elative t o  glu co s e ) 

5 2a 

Galac to s e  Arabino s e  Xylo s e  Gluco s e  

De:pe c t j_nated 4 . 03 

Ba ( OH )
2 

ext r a c t ed o .  64 

* Nan..'1.o s e  pr e s ent but no t measur ed 

3 . 23 

0 

3 . 75 

3 . 0 

l 

l 

TABLE IX BAR IUI·1 HYDROXI DE EXTRAC T I OrJ O F  DBPEC T LJAT2D 

Tr eatment of vlall,� 

lvater 

Ba (OH ) 2 extracted 

HYPOCOTYL CELL 1;h\.LL 

Hemi c ellulo s e  mono s a c c har ides 
( r elativ e  to xylo s e ) 

I 

Xylo s e  Gala c to s e  Arabino s e  Gluco s e  Nanno s e  

l 

1 

I 0 . 82 

0 . 37 .  

0 . 90 

0 . 03 

0 . 59 0 . 53 

1 . 33 0 . 34 

* Tr ea tments fo r 10 hr s at 9ri0c 

Data from Tabl e s VIti and i:X d e r ived from different batches of 
ti s sue . 
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TABLE X CARBOHYDHATE CONPOSITIOH Of BAH I Uf·� HYDROXI DE 

EXTRAC'l' O.F' DEPECT INATED LUPIN HYPOCOTYL 

Fr action 

Ext r a c t  

Ext r a c t  after a c i d  
hydrolys i s  

Extr a c t  after dialys i s  
followed by a c i d  
hydr olys i s  

Reduc ing Sugar s Arabino s e : Gal a c to s e  

( gluc o s e  e quival ent , 

mg/g of c ell wall ) 

-..-----
1 

5 . 14 

44 . 0  6 : 1  

14 . 2  2 . 5 : 1  
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r i cher in tho s e  por t i ons o f  low mo l e cular w e i g ht . Thi s i s  

c o n s  i s  t ent vl i t h  L:.;.mp o r t s  ( 1967 ) hyd r o lys i s  r e s u l t s  and vTith the 

i dea o f  an a t t a c hment of arabino s e  o l i g o s a c char i d e s  to pr o t e in 

f r a gment s . r1e a s ur e:nents s howed tha t , in agr e ement vli t h  
< 

Lampo r t  ( 1967 ) t he Ba ( OH ) 2 hydr o ly s a t e s  contained l i b e r a t ed 

hydr oxypr oline ( 5mg/gm o f  d e p e c tinat e d  wall ) .  

The almo s t  c ompl e t e  r emoval o f  c ell \Iall ar abino s e  and 

par t i a l  r emoval of galac to s e  by ei t her Ba ( OH ) 2 or Chl o r amine 

T - a c e ti c a c i d  s ug g e s t s  t ha t  the s ame polymer i s  invo lved and 

tha t mo s t  of th e cell wall arabino s e  �nd gal a c to s e  no t r emov e d  
I 

by d e p e c tina t i on i s  p r e s �nt in a gly c o pr o t ein c omplex . 

C onven t ional c a r bo hydra t e  f r a c tionation c oul d l o s e  thi s mo i e ty 
0 

dur i n g  d e l i 6 ni f i c a tion , a t  lea s t  in immatur e t i s sue . 

Al though c aution i s  ne c e s sary in int e r p r e ting r e sul t s  f r om 
' 

two such har s h  t r e a t�ent s i t  i s  evid ent that � lar g e  and s imi l ar 

amount o f  th e vrall p oly s a c c har i d e  i s  S1� s c ep t i b l e  t o  b o t h  

Chl o r amine T- a c e t i c  a c i d  and Ba (OH ) 2 t r e a tm en t s , bo th o f  whi c h  

c au s e the d e s tru c t i on of wall p r o t e i n .  I t  i s  a l s o  evid ent t hat 
' 

if any c hang e s  in \vall c ompo s i t i on whi ch a c c ompany - . chang e s  i n  

g r owth r a t e  a r e  o c curr ing t he s e  mus t b e  d i s gui s ed b y  the 

d e l i gnif i c a ti o n  t r e a tmen t .  Henc e i n  th e knovJl edge that � han g e s  

a r e  no t appar ent i n  the delignifi cation-r e s i s tant p o r tion of the 

wall i t  b e c om e s  impor tant to look at the r emainder whi c h  I 
' 

includ e s  the gly c o p r o t ein c ompl ex parti cul a r ly a s  the r e  i s  
' 

alr e ady evi d en c e th J. t  the hydroxypr o l ine l eve l s  incr e a s e in 

pr imar y walls as they age ( Cleland · and Karl sne s ,  1967 ; \r-lint e r  

e t  al . ,  1971 ; S adava e t  al . ,  J.97 3 ) , and als o tha t  dilut e a c i d  

i s  abl e t o  inc r e a s e  the exten s i bi l i ty o f  Avena c o l eopti l e  c e l l  

vra ll s  in v i v o  ( Ray l e  and Cl eland , 1970 ) . 



lvfAT ER IALS AND LETHODS 

Cell Wall Pr e -f)arat ion.  C ell vmll mater ial Ia s prepared by 

gr ind ing vlhol e fr e s h  hypo co tyl s in a vJar ing Bl ender "�..ri th 1;0 

' Nonidet 90 ' d e t er g ent ( Shell ) i n  cold �ater , and extrac ting 
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them Hith e thanol and a c e tone p r i o r  to r eflu.xing fo r 2 hour s in 

0 .  57� aiTL11oniwn oxala te to r emov e  p e c tin . Vlher e hydroxyproline 

d e t e rminat ions 'imre to be made the t i s sue wa s r ei'luxed 

suc c e s s ively fo r 1 hour with neutral detergent and 1 hour wi th 

0 r- .-1 • l -'-• o;o aiTL.'TlOnlum oxa. a l.,e .  

TrfLC!,tm ent o f  C ell �'Ta.ll . ( 1 )  Del igp�i f i G ation and dilu t e  a c i d . 

Cell wall s  wer e t r eated fo r 6 hour s at ca . 95°C wi th Chl o r amine 

T-ac e t ic acid (as des c r i b e d  in p r evious s ec tio ns of the s i s ) , 

a c e t i c  a c id ( 30 ml s glacial a c e ti c/1 ) 6r with di s t i l l e d  water a s  

a cont r ol . In each c a s e  the t r ea t ed t i ssue was f i l t e r e d  and 
' 

the f i ltrate d i aly s ed f o r  48 hour s against  running tap water . 
r o 

R e s idu e s  -v;er e vm s he d  \vi th ho t \vat er , e thanol an d f inally a c e tone 

b ef o r e  drying at 40°C .  

( 2 )  Barium hvd r ox i d o . Neutral 

d e t er g ent- oxalate  treated ti s sue ( 1  gm ) wa s tr eated wi th O o 43 
/ 

N Ba (OH) 2 ( 150 ml ) f o r  8 hour s at 90°C i n  a ni tro g en flus hed 

s to pp er e d  flask . It \'/a s then fi l t er ed and the r e s i due vra s 

wa s he d  qui ckly vli th hot 1va teD . Filtrate and wa s hing s wer e 

combined , neutr ali zed wi th H2so4 and filter e d .  

Carbohydrate extra c t ions . ( l ) ' Ac idic extra ct ion . The r e s i due s f r om 

all tr eatmen t s  1:1er e hydr o lys e d  vrith 1 N .  H2so4 und er r ef lux fo r 

2 hour s neutralized 1-vi th Baco3 and filter ed . 

( 2 )  Alkaline fr a c ti ona t i on . 

Hemi cellulo s e s  wer e  extr a c t ed from the deligni fied and 

non- delignif i ed ti s sue ( 1 . 5 g )  by s ti r r ing wi th 10� KOH (75 ml ) 



under ni tr o g en f or 18 hour s a t  r o om t empe r a tur e .  The extr a c t  

wa s fi l t er ed and the f i l tr a t e  a c i d i f i e d  by s t i r r ing over i c e 

w i th addi t i o n  o f  50 � v/v a c e ti c  a c i d  unti l pH 4 . 5 had been 
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r ea c hed . Tha a c i d i f i ed extr a c t  wa s allowed to s tand o ve rni ght 

0 a t  0-4 C and then c entr ifug ed a t  70 , 000 g .  The p r e c i p i t a t e  wa s 

r e su s p en d e d  in v.ra t er, dialy s e d  f o _r  24 hour s again s t  tap lvat e r  and 

lyophi l i z e d  ( Hemi c ellulo s e -A ) . The supe rnatan t  wa s s imil ar ly 

d ialy s e d  24 hour s and fr e e z e  dr i e d  ( Demi c el lulo s e - B ) . The 

hemi c ellul o s e - £ ( 0 . 2 gm ) v.ra s di. s so lved in C a C1 2 s oluti o n  

( Sp G  1 . 3 ,  2 5  ml ) wi t h  s t i� r ing overnight . Io dine s o lut ion 

( I 2 3ib , KI 4j� \•rlv ; 4 ml ) .  vra s add e d  and the blue p r e c i p i t a t e  

c o l le c t e d af t e r  1 hour b y  c entr ifug a t i- on for 1 hour at 70 , 000 g .  

I o dine in th e sup erna.tant (he t er o g lycan- B )  and p r e c i.pi. t a  t e  

( l inear hem i c ellul o s e - B  ar ab inoxylan- B )  wa s neu t r al i. z e d w i. th 

The fr a c t i.on s v.re.r e  d i. al y s e d  a g a in s t  running 

tap vJa t e r 24 hour s and f r e e z e  dr i. ed .  
: 0 

HydJ29N.Pr o li_ne determi.nati on .  Hydr oxyp r o l i-ne vra s  d e t ermi.ned by 

the me th o d  of Bergman and Loxl(�y ( 1963 ) in Ba ( OE ) 2 hydr olys a t e s . 

In c ar bo hydr a t e · f r a c t j_ ons i t  ,,.ra s de t ermine d by the metho d o f  

Swi t z e r  a.YJ.d Summer ( 1971 )  aft er hydr o lys i s  of t h e  f r a c tions Hi th 

6N . HC 1  under g entl e r eflux for 18 hour s .  

As i t  i s  us ed in all subs equent hydr oxypr oline 

d e t ermina tions t hroug hout th� the s i s exc e p t  tho s e  o f  the I 
I 

automa t i. c  amino a c id analy s �r t he me tho d of Swi t z e r  and Su;nme r  

( 197 1 )  will b e  d e t a i l e d  her e . Like mos t c o l o r ime tr i. c  me t ho d s 

f or d e t e rmina t i on of hydroxypr o l in e , i.ncludi.ng that o f  Ber gman 

and Loxley , it is ba s ed on the oxi da tion of hydroxyproline -� o  

pyr r o l e  whi c �1 i s  then c ondens ed wi th p-di.me thylaminob enz aldehyde 

( Ehrli c hs r e a g ent ) g iving a c olour ed pro duc t . The me thod 



d e s c r ibed her� i s  a modif i c a tion of that ori ginally devi s e d  by 

Pr o cko p and Udenf r i end ( 1960 ) .  
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1 ml of hydrolysate or s tandar d wa s pla c e d  in a coni c al 15 

ml g la s s  c entr ifu g e  tube to g e ther wi th � drop of 1}&' 

pheno l phtha l e i n  in e thanol . ' �. S tr ong KOH 1.ras add ed dr o pvli s e unt i l  

the s o lu t i on h a d  b e c ome alkal ine . Us ing dilu t e  HC 1 and KOa the 

pH o f  the s oluti ons 1va s  r eadj u s t ed until a faint pink 

c o l our ation showe d . The vo lume wa s adjusted to 2 . 5  ml s wi th 

dis tille d wat er and 1 ml o f  0 .  2.i-f s o dium borate buffer pH 8 .  7 

add e d . 2 ml of 0 . 2 H- Chl o r am ine T ( o xidant ) wa s  add ed and th e 
. ' I 

tub e s  s t i r r ed thor oughly - by a vor t ex s ti r r er b ef or e being 

all owed t o  s t and a t r o om t emperature fo r exa c tly 25 minute s . To 

0 
s t o p  the oxidati o n  1 . 2  ml o f  3 . 6 M. Ra2s2o3 s o lution wa s add ed 

and th e contents wel l mixed . A s a tura ting quanti ty of KC l 

( 1 � 5 g )  wa s a dd e d foll ov:ed by 2 .  5 ml o f  toluen e . The tub e s  ver e 

t i g htly s to pp e r e d , s halcen fo r 5 r.'linut e s  and then c entr i fug ed in a 

bench c entrifug e t o  c learly s eparate the to luene and aq_UeOt1.S 

pha s e s . The to luene whi c h  contains po s sibl e int erfer i n g  

c ompou..nd s 1·1a s car efully w i thdr m-Jn wi th a Pas teur pip e t t e  an d  

d i s car ded . A gla s s  mar bl e vra s pla c ed on the t o p  o f  e a c h  tub e 

and t he r a ck of tube s put in a boi l ing ·vm ter bath for 30 

minut e s . The to p s  of the tubes wer e sub j e c t e d  to a s tr eam of I 

c o l d  air at the s am e  time . Hhen the tub es had b e en r emoved 

from the bath and c o o l ed t o  r oom t emper atur e 3 ml of To luen e wa s 
I 

added to ea c h .  11hey lre r e  t "i ghtly bung ed and s haken and 

c entr i fug ed a s  bef or e . A 2 . 0  ml aliquo t of the Toluene pha s e  

wa s r emoved t o  a s epar a t e tube , 0 . 8  ml of Ehr l i chs r eagent 

added and the tube c ontents mixed on a Vor t ex s t i rr er . After 
' 

s tanding fo r 30 minu t e s  the tub e s  Her e r ead a t
. 

5 60 mfl agains t 



a r eag ent blarJc . 

The Ehr l i c hs r eag ent \-ra s pr epar ed by s lm-rly s t i r r ing a 

c o l d  mixtur e o f  2 . 74 ml o f  cone . H2so4 and 20 ml abs olute 

e thanol into 20 ml of a b s o lu t e  e thanol � c on tainine 12 g of 

p - d i rne thylaminobenz eldal1y<.le . 
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Carbohydrate a.naJ.yses . Fr a c t i ons \•re r e  hydr o l y s e d  Hi th sulphur i c  

a c i d , neutral i z ed Hi th BaC03 and analys ed a s  d e s c r ib e d  in the 

p r evi ous s e c t i o n  of thi s the s i s . 

c 



I I I .  ATTEHPTS TO EXTRACT HYDROXYPROLINE FROM 

THE C ELL �1/ALL BY NILD NETHODS 

INTRODUCTION : Analys e s  of c ell wall carbohydrates  from 

rtel ignif i ed young lupin hypo co tyl have r evealed no ma j or 

· diff e r enc e s  in wall compo s it i on between elongat ing and 

non- elong a ting r egions . HovJever , the deli gnificat ion 1-ra s 
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tound to caus e the des tr�cti on of  pro tein and the lo s s  of near ly 

all of the hydr oxyproline and ar abino s e and a sub s t.:mt ial amotmt 

of gala c t o s e  from the t i s sue . Thus it  l·la S no t po s s ible to reach 

the c onclus ion that meas�rable chang es  in the wall do not o c cur 

dur ing th e c e s s ation of elong,ation . Rathe r , if the r e  are 

concomitant c hanges  in c ell wall s truc tur e and ti s sue 

elongat ion then th e s e  chai1g es p r o bably involve chi efly tho s e  

mole cul e s  eliminated from the wall by the delignifi cation 

pro c e s s .  Fur thermor e i t  do e s  no t app�ar l ikely tha t  one i s  
0 

able to gain a true idea of pr imar y cell wall s truc tur e as i t  i s  
r el a t ed to grm·r t !.J.  unl e s s  the wall i s  cons idered a s  a compo s i t e  

s truc ture invo lving bo th · carbohydrates and p r o t e ins . 

In mo s t  pr evious s tudi e s  of the primary cell vrall 

( S e t t erfi eld and Bayley, 1961 ; \'Jil son, 1964 ; Nor thc o t e ,  1965 ; 

Huhl e thal er , 1967 ) the r e  has b e en a tendency to disr egard the 

c pr o t e in component on the a s sump tion that the car bohydrates  a.r e  

the only impor tant s tructur al polymer s and that any pr o tein 

p r e s ent v!as pro bably cytoplasmi c in origin , i . e .  contaminant . 

Thi s a s swnption ha s been s ho1.vn t� be inval id s ince  the 

dis cover y  of the hydroxypr o line r i ch pro tein pe cul iar to the c el l  

wall . 
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The apparently ubiquitous o c curr ence of hydroxyproline in 

plant c ell Halls  ( Lamport 1970 ; Miller , Lamport and l1iller , 

1 9 7 2 )  compar ed wi t h  the vir tual ab s en c e  from the cell 

cytoplasm (Lampo r t , 1965 ) and coupled with its extens ive 
c 

0 - glyco s i di c linkage to arabino s e  ( Lamport, 1967 ) has led to the 

p o s tula te t ha t  the hydroxyprol ine r i ch pr o t ein ext ens in may 

c on trol c ell wall extens ibility thr ough i t s  bond ing via 

arabino s e  to polysac c harides in the wall . It  would the r efor e 

a c t  as  a r e info r c ement by cro s s -linking the vrall polymer s t o  

f o rm a ma cromolecular compl ex . Some such role  for the pro te in 
. 
I 

i s  supported by the finding that a decrease in gr owth rate i s  

of ten a s s o ci ated wit h an inc r eas e in the level of cell wall 

hydroxyproline (Clela.nd and Karl sne s ; 1969 ; Ridg e and O s bo rne , 

1970 ; vlinter et al . ,  197 1 ;  Sadava et  al . ,  1973 ) , al though under 

s ome c ondi ti ons the corr elati on do es no t app ear to exi s t . (Wint er 

e t  al . ,  1971 ) .  

Fur the r evidence fo r a c r o s s -linking role f or exten s :Ln has 

c ome from the s tudy o f  fragment s r elea s ed after enzymi c (Lampor t,  

1969 ; Ke e g s tra e t  al . , 197 3 )  or  chemi cal ( Lampo r t , 1965 and 

1967 ; Heath and Nor thcote , 1971 ; Honr o et al . , 1972)  

-de gradation of t h e  wall . They have been shown to contain 

var ious amino acids and much , c ell-wall gala c to s e  in add i t i o n  to 

the hydroxypr oline ar abino s ide s ( Lamport , 1969 ; Heath and 

Northcote , 197 1 ) .  Lamport ' ( 1970 ) ha s ther ef o r e  propo s ed a c ell 
I 

vrall model , r elevant to the 'control of exten s i bility , in vrhi c h  

pr o t ein i s  linked vi a the hydroxyproline and arabino s e  to a 

galac tan which in turn i s  link ed in some vmy to the c ellulo s e  

mi crofibri.ls  ( s ee lig . 12a ) Acid labi l e  linl\:s are sugge s t ed · 

be t\>Je en the arabino s e  uni ts and alkal i labil e  l inks be twe en the 



arabino s e  and gala c to s e .  In thi s r eg ar d  Rayl e e t  al . ; ( 1970 ) 

have pr o p o s ed that an a c i d  labil e bond i s  impor tant in th e 

control of elong a tion and that i t s  c l eavage w i l l  r e sul t in a 

"loo s ening " o f  the c e ll \vall . 

Whi l e  thi s the s i s  wa s be ing wri t ten evid e n c e  from o ther 

'W'Orker s (Ke e g s tr a  e t  al . ,  197 3 ) f o r  a galacto s e - s er ine linkage 

:\va s  pr e s ent e d . Thi s i s  in ag r e ement wit h  the pr e s ent o verall 

f indi n g s  ':Thi ch sug g e s t  t ha t  t he hydr oxyprol i n e - arabino s e  l ink s  

Ar e  no t the only o n e s  bi�d i ng exten s in into t he wall . A 

var i e ty of o ther amino-acid  sugar l inlc s are p o s s i b l e  and have 

alr eady b e en outl ined ( Lampor t ,  1970 ) . Neve r t h el c-; s s , no 

matter I:Jh a  t amino - a c i d  Sligar l in..k s  ar e l ikely to bind the 

polymer s t o g e t h er the uniquene s s  of hydr oxyp r o l ine in the c ell 

v.rall mal;: e s  it a us eful ind i c a to r  o:t' the pr e s en c e  of ext en s in . 

'l'hus i t  i s  a s s ayed in t he pr e s ent wo rk t o  g i v e  s om e  mea sur e of 

wall gly c o p r o t ein , and no t b e c aus e the hy droxyp r o l ine 
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a r ab ino s e  l inks ar e th9ught t o  be ne c e s s ary t o  t he int e g r i ty of 
0 

0 
the wall glycopr o t ein c ompl ex . 

To s tudy the extens in- p o ly s a c cha r i d e  complex a s  i t  r el a t e s  

�o grow th one shoul d ideally i s o l a t e  i t  a s  a g ly c op r o t ein , us ing 

me thods whi ch will no t r e sul t in th e br eaking of c ovalent bonds . 

Some a t t empt s  to r emove i t  f r om the wall wi th s impl e  pr o t e in 

· extrac tant s h�ve b e en made -vri th l i t t l e  suc c e s s al though i t  i s  

.r eadily r el e a s e d  af ter par tial chemi cal o r  enzymi c lys i s . Re e s  

and Vli ght ( 1969 ) have sug g e s t e d  tha t the primar y c ell wall c an 

in princ i p l e  b e  d i s p e r s ed without br eaking cova l en t  bonds . In 

vi ew of t hi s and of th e po s s i bi l i ty tha t  s i gnifi cant s p e c i e s  

differen c e s  exi s t  b e tween the pr imary wall s  o f  var i ous plan t s  

a t t emp t s  have b e en made to ext r a c t  the glycopr o t e i n from lu?in 
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hypo co tyl by mild m e tho d s . The r e sul t s  ar e r ep o r t e d  b el ow ; 

RES U L 'T'S .:j�nD D I SCUS S ION 

C hange s in Hvdroxyprolil].e level ·Hi th Grov1th 

To c onfi rm that ther e i s  an inc r ea s e  i n . hydroxyprol ine in 

the lupin hyp o c o tyl \:li th c e s s a t ion of g r ovrth 6 cm hyp o c o tyl s 

�ie r e cut into thr ee 2 cm r e g ions and the hydr oxyproline c ont ent 

of e a c h  of t he s e  d e t e rmined on who l e  hydr oly s e d  ( 6H . HC l  18 hour s ) 

s e c t i on s . I t.  i·Jas s hm·m .ear li e r ( Chapter I )  that in t he 6 cm 

hyp o c o tyl the top 2 cm i s  contr i bu t ing a bout 75� to the incr e a s e 

in l eng th of th e hypo c o tyl vlher eas the b o t t om 2 cm ha s s to p p e d  

e iong a ting . The r e sul t �  in Tabl e XI c l e ar ly s how that the r e  i s  

a l ar g e  incr ea s e  in hydroxyproline a s  the ti s sue a g e s  with the 
• < 

level in the bo t t om r e g i on b e ing a twi c e  tha t  of the to p .  As 

ther e wa s l i t tl e  di f f er en c e  in dry weight b e tween the thr e e  

r e g :Lons thi s r ep r e s ent s a doubl ing of t he ab s o lute amount o f  
0 

hydroxyp r o line . Similar r e sul t s  have .b e en r e p o r t e d  f o r  p ea 
0 

e p i c o tyl t i s su e  when e l ongation i s  allowe d  t o  c e a s e  normally or 

i s  i ndu c e d  t o  c ea s e  (C l e l an d  and Karl sne s ,  1969 ) . In this · . . ··· . (c· · ·  
--

�ubl i c a t i on the hydroxyp r o l ine had inc r ea s ed lOO� by the time a 

l cm r e g i on o f  pea ep i c o tyl had elongat ed to i t s  f inal l eng t h  o f  

about 3 . 8  cm . 

Attempt s_: t o  Extr a c t  Hydr oxyproline vlith Non- Pr o t e o l.Y.:.t i c  

Extr ac tant s .  

In an a t t empt to r emov e  the g lycopr o t ein o r  a t  l ea s t  i t s  

pr o t ein mo i e ty from the wall the tr ea tment s s hown i n  Tabl e X I I  

v1e r e appl i ed t o  crude -vml l s  p r epar ed. by g r inding whol e  fr e s h  

hypo c o tyls  for a f eiv minu t e s  in buffer i n  a Har e ing blender and 
f i l t er ing . Th e s e  w�ll s  wer e used a s  suc h o r  wer e fi r s t  



TABLE XI . HYDROXYPROLINE C ONrrENT 01 LOV·iER HI DD LE AND UPPER REGIONS DF 6 C H  

Region o f  

Hypo c o tyl • 

Upper 

Hi ddl e 

Lm·Je r 

HYPOCOTYL 

Hydro xyproline (a s  a p er c entag e of dry wei gh t ) 

Unextr a c ted S e c ti on 

0 . 055 

0 . 085 

0 .. 111 

Ground N�mtral d e t er g en t  0 

Extr a�t e d  S e c t ions 

0 0 . 32 
G 

0 . 46 

0 . 53 

Dry we i g ht of who l e  s e c ti on 
" 

a s  per c enta g e  of upper 

dry vTei g ht 

lOO 

98 

105 

m 
[\) 
PJ 
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subj e c ted to dilute acid ( pH 3 . 0 ,  l00°C , 5 hour s ) treatmen t  

befor e extra c tion to cl eav e any dilu t e  acid l a b i l e  bonds 1-Jhi ch 

m i ght b e - r e s pon s i b l e  f o r  binding of the ext en s in into the wall s .  

The denatur ing extractant s  tes ted for abi l i ty to ext r a c t  

hydroxypr o line included 8H• Ur ea , 7H· Ur ea-CaCl and neutr al 2 
d e t e r g en t , all of 1-rhi ch d i s rupt th e v1eak bonds involved in 

s e c ondary and ter t iary pr o t ein s tructur e , namely inter a c ti ons 

b e tween polar groups ( hydr o g en and i oni c bond s ) and 

hydropho b i c  bonds . Ur ea i s  c onsidered to b e  a p o t ent hyd r o g en 

bonding ag ent whi ch d enatur e s  pr o t e ins by comp e ting wi th them 

f o r  bo th prot ein- p r o tein and protein- s olvent hydro g en bond s , s o  

tha t t he mol e cul e �nf o l d s . 

0 

Ac cumulat ed ev�dence ( S cheraga , 1963 ) sugg e s t s t ha t  t he 

hydrophobi c bonds (non-polar ) al s o  play an impor tant role i n  

maintaining the na t ive conforma t i on o f  protein i n  aqueous 

s o luti on and that the powerful denaturing a c t i v i ty of such 

c ompounds a s  sodiwn dodecyl sulpha t e  ( SDS - pr inci ple a c tiv e 

ag ent in the neutral d e te r g ent of van S o es t )  i s  due to their 

ability t o  di s rupt such bond s . The eff e c t  of ?aC1 2 vlh i c h  ha s no 

o bvious capac i ty for hydro g en o r  hydrophobi c bonding app ear s to 

be in the ability of t h e  ea++ to affec t the s truc tur e of the 

s o lvent so tha t  solvent-ma cromo l e cul e int eractions involve d in 

·s tabilization are r e duced ( von Hi ppel and · ;ong , 1964 ) . C ac1 2 
has been shown to greatly incr eas e the rate a t  whi c h  pr o t eins 

ar e di s s o lved by ur ea ( Simp s on and Kauzmann , 1953 ) . The vrell 

do cumented a c ti on of the s e  ag ents on a var iety o f  proteins , 

nuc l e i c  a c ids and polysac char ides  indi cate s  that und er the r ight 

c ondi tions the s e  agents di s rupt s uff i c i ent of t he noncovalen t  

bond s t o  al l ow unfo lding o f  the mol e cul e s  under the influen c e  o f  
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t-hermal fo r c e s . 

T h e  data pr e s ent ed in Tabl e XI I indi cate s that the agent s 

tes ted are incavable of r emovine mo r e  than 5- 10% of the 

hydr oxyproline f r om the wall und e r  t he c ondi t i ons us e d .  Even 

thi s f igur e  i s  pr o bably an over e s t imat e  of r emo ved wall 

glycopr o tein as s on1e exten s in pr e cur s o r  woul d have b e en p r e s ent 

:
e i ther as cytoplasmi c contaminant or as ext ens in pres ent in , but 

no t y e t  bound , to the c ell wal l . In agreement with the r e sul t s 

cif o ther s ( Lampo r t , 1970 ; _  Ke e g s tr a  et al . , 1973 ) the data 

p r e s ent e d  abo v e  s tr ongly sug g e s t s  t ha t  the p r o tein i s  bound into 

t he c e l l  wall by c o va l ent l inka g e s . However , Chr i s p eel s ( 1969 ) , 

u s ing 0 .  2 H . CaC1 2 vJ a s  ab�e t o  extra c t  o v er 50;& of the label 

·inc o r p o r a t e d  into carrot phl o em di s c s after a 48 hour incubat ion 

i·n c14- proli�1e , but did no t l o ok for the pr e s enc e of attached 

polys a c char id e . 

C o l d  and hot dilute
o
acid did n o t  s o lubul i z e  the protein or  

inc r ea s e  i t s  s o luoili ty i n  d ena tur ing q, g ent s , ir:.di ca t ing tha t  
0 

d i lute a c id labil e l ink s al one a r e  tml ike ly to bind the p r o t e in 

to o ther matr ix po lymer s .  Lik evli s e  t h e  a ct i on of s odium 
. 
me thoxi d e  in me t hano l , us e d  to br eak e s ter l inkag e s , did no t 

r ender the pro t e in fr om e i ther buff e r - g romld o r  dilute 

a c i d- tr e at e d  ivall s s olubl e in 8 N ·  Urea , Ur ea-CaC1 2 o r  in bo i l ing 

·neutral d e t erg ent . 

· Attempt s at Extr a c tion \·li th Guanidiniurn thj.ocyanate ( GTC) 

Re cently cer tain ions have been found to b e  hi g hly po tent 

i n  the di sruption of non- coval ent link s  and hav e  t hus b een 

t ermed chaotr op i c ions ( Dandl iker e t  al . , 1967 ) . I t  ha s been 

propo s ed t ha t  t h e i r  a c tion dep ends u�on the s i z e  of the 

negatively hydrated ·domain of t he cation or anion so that the 



TABLE X I I . RENOV�{L OF HYDrtOXYPHO L INE FRQl.i C ELL HALLS BY :NOIJ- PROTEO LYT IC EXTRAC J:ANTS 

;·Jall :t: Extr a c t i o n  Hydroxypr o l ine (mg/gc of o r i g inal 
Pr epa.!:' ation Extrac tant time ( hr ) extr a c t ed \Tall pr eparation 0 ---

a )  Buf f e r  Po4 Buffer p H  7 . 0  16 0 . 25 

Grou...'l.d 8l'1 • Ur ea 16 0 . 31 
71·1 · Urea-CaCl · l e  0 . 27 ..L O  2 
A c i d  pH 3 . 0 , 23° C 16 0 . 23 
Acid pH 3 . 0 ,  l00°C ' 5 0 . 41 
5% NaOH in me thanol 16 -

fo llowe d by 8M-Ur ea 8 0 . 45 

S o dium methoxide in me thanol 16 -
fo llowe d �Y 8M- Ur ea 8 o .  27 
N eutral d e t e r g en t  (r eflu.x ) 3 0 .  36* ''' 

o )  Buffer SH.- Urea 8 0 . 05 

Ground- 7H· Ur ea-CaCl 8 0 . 08 
Sodiuo me tho�ide in methanol 16 

. - .  -
dilute Acid 

follovred by 8M· Ur ea 8 0 . 13 . ,  
t r e a t e d  So dium m.etho:x:ide in me th anol 1 � _,__ I() -
( pE2 . 9 ,  l00°C followed by SM · Ur e a-CaCl � 8 0 . 15 

G 

5 hr s )  Sodium methoxide in r.1ethanol 0 16 -
followed by neutral deterg ent 3 0 . 09 

Neutral detergent ( r eflux ) 3 0 . 10* * 

-
* Hydroxypr oline content of buffe r - g r ound i.•Jall 5 . 4 rng/gm 

>:' * 1-fe a sur e d  by di ff er enc e b e tvJe en extracted and unextr a c t e d  vrall s . 

()) 
�;'::>. 
pj 
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�19- t e r  mo l e cul e s  invo lved in hydr o g en bonding and the hydr o g en 

bonding g roup s on the ma cromo l e cul e b e c ome i n c o r porated into the 

doma in of t he i on . \tlher e the . domain i s  l ar g e  the i on wil l be 

p ow er fully d i s ruptive . One such c hao tropic ag ent i s  

guanidinium t hi o cyana t e  \�'hi c h  ha s a gr ea t  advantage o v e r  many 

o the r s  in that both the c a t ion and ani on have ne g a t ively 
0 

hydrated doma in s . Thus the hydr ated volum e \vill r elati vely 
0 

0 
qui ckly appro a c h  the volume of the s o lution , a po int wh er e the 

h.,ydr o g en bond i s  d e s troyed . An a t t emp t to r emove 

hydr o:zyprol ine from the ·,;al l  u s ing 611• GTC ( Ho l dow et _gl . , 197 2 )  

wa s made wi t h  l i tt l e  suc c e s s  ( Tabl e XII I ) . Only about 10% o f  

t h e  hydr oxypr o l ine via s  r emoved from the buff o r  g r ound wall s . 
0 

Again this i s  p r obably par tly cyto pla smi c contamination by the 

ext ens in pr e c ur s o r  and par tly uninc o r po r a t e d  ext ens i n . Br ys k  

and Chr i s p e el s  ( 197 2)  s ug g e s t  tha t  the pr o t e in i s  incor po r a t e d  

aft er the add i t i on of ar abino s e  o l i gomer s i d e  c hains and then i s  

c oval ently linl;: e d  to the ·1-rall in r:;lll'..Q..� Unti l  thi s o c cur s the 

pr o t e in s houl d b e  r eadi l y  extr a c ted bg �TC . 

Pr e tr eatmen t  o f  the ,,rall s  vri th a c e t i c  a c i d  ( pH 2 . 9 ,  100° C ,  

5 hour s ) to br e ak dilut e a c i d  labi l e  bond s d i d  nb t f a c i l i t a t e  

t h e  extr a c.t i o n . The s e  r e sul t s  ( Table XIV ) a r e  c ons i s t en t  wi t h  

t h e  po s tulat e d  r ole o f  ext ens in a s  a s truc tural p r o t e in \li th 

· c o va l ent l inkag e s  in the i.vall . They ar e no t however 

c on s i s tent \vi th the i dea tha t such linkag e s  i nvolve only dilu t e  

a c i d  l abile bonds , o r  t h a t  i f  a nuinber o f  bond typ e s  a r e  

invol ve d  the s e  a r e  i n  s er i es r a ther than in par all e l  vli t h  the 

dilute a c i d  labile l ink . Suc h  a bond c ould exi s t ,  a s  the 

l o we r i ng of pH to 3 . 6 will c aus e an inc r e a s e  in the 

ext ens ibili ty o f  t he c el l  wall in vi tro ( Rayl e e t  a l . , 1970 ) 

and of extens i bi l i ty and g rovrth 'r a t e  in c o l eo p t i l e s  ( Ray l e  and 



'l').BLE X I I I . &'<:TRACT ION OF CELL "vo!ALL BOUHD HYDROXY?ROLINE �HTH GUAIHDINIUN T:i i O CYANATE 

Hypo cotyl 

Batch 

ijydroxypr oli�e (mg/gm o ri g inal 

wal l  pr eparat ion ) 

Dialys ed 

C ell �·/all Extract 

. c  

· I  • • /o r emalnlng 

in c ell viall 



TABLE XIV . EFFECT OF DILUTE AC ID TREATHENT ON �'{TRACT ION 

Extractions 

( in s equence ) 

Neutral d e tergent 

0 . 1 N. Acetic Acid 

( pH 2 . 9 100°C ,  5 

6 11.  Guanidi�iur.1 

· Thio cyanate 

hr s 

OF CELL \:<TALL HYDROXYPROLINE 

Hydr oxyproline (mg/gm of o riginal 

buffer extrac ted wall s )  

Extracted In R e s i due % r emaining in 

r e s i due . 

3 . 70 
· O  . 

0 . 01 3 . 55 96 

0 . 01 3 . 73 lOO 
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Cleland , 1970 ; Evans e t  al . , 1971 ) .  

Even as suming that  the ac tivation energy for cleavage  of 

thi s bond is  biol�g ically lower ed one would expect  tha t ho t 

dilut e a c i d  pH 2 .  9 ,  ( s hmm. to result in tr:e lo s s  of some c ell 
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wall carbohydrate ) would cleave the bond . It ther efo r e  appea r s  

tha t  there exi s t  r elati vely s table  bonds o ther than dilute acid 

labi l e , or  methoxid e  labi l e  e s ter links, whi ch maintain the 

integrity of the extensin polysaccharide compl ex. 

In the pr evious s ec tion it uas ¥ s hovrn tha t  much 1val1 

arabino s e  was not extracted by ho t dilute acid . Thi s i s  not 

cons i s tent wi th earli er sugg e s tions of the acid !ability of the 

arabino s e-hydroxyproline link ( I,amport , 1970 ; Ray l e  et al . , 

1970 ) .  However , Ka�r  and Lamport ( 1972 )  have r ec ently claimed 

that the arabino s e-hydroxyproline linkage is mor e  s table to  acid 

than carbohydrate-ar abinofurano side bonds , and therefore canno t 

b e  consider ed a s  dilute acid labile . When thes e r e sult s  and the 
' 
data r eported  in thi s s ec ti on ar e taken in conjunc tion i t  Hill be 

s een that the y  ar e no t inconsi s tent vlit h  Lar.1p o r t  1 s ( 1970 ) 

o r i g inal sugges tion that the extens in i s  .linked to other wall 

c ar bohydrates , perhap s via the arabino s e . In this cas e ho t 

d ilute acid would r ender the protein extractable only if the 

dilute acid labil e links o ccurred  within the carbohydrate por tion 

of the extens in compl ex beyond the hydroxyprolylarabinos e  uni t s . 

Hov1ever , fur ther work ( Lamport , Katona and Roer i g , 1973)  now 

�ug ge s ts that the principal link from extens in to the cell wall 

i s  via galacto syls erine and that the hydroxyproline has attached 

t o  i t  (arabino s e ) 4 oligosacchar ides . 

Extra ction of Hydroxy-oroline vli th 1Ukal i 

In the light of failur e of other mild methods of extra ct ion 
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it was de cided to try alkali tr ea tment , mor eover it do e s  offer a 

po s s ible di r e c t  me ans of s tudying the protein in r elation to  th e 

alkali s oluble ca'r bohydra te f r a c tions o r i g inally under 

investiga tion in thi s thes i s . .Fur the rmo r e  Lampo r t  ( 1970 ) 
po s tula ted the exi s tenc e o f  an alkali labile linJc bet\veen 

arabino s e  and gala c to s e in his o r i g inal model of the 

extens in-polysac char i de comp l ex . Cl eavage of thi s bond might 

r e sul t in the rel eas e  o f  extens in from the wall . 

11hen neutral d e t er g ent extracted wall s v1er e  extra cted by . 
s tirring at  35°C s equent i ally for 24 hours wi th dilute and 

s tr ong alkali ( 1  gm c ell wal l pr eparation/lOO ml alkali ) mo s t  o f  

the hydroxyproline vras di s solved as shovm in Tabl e X V  . 

Simi lar r e sul t �  have been published by Cleland ( 19 67 ) who 

wa s able to o btain total alkaline ( 1N . NaOH , 25°C , 3 hour s ) 

extr action of rad i o a c tive hydroxyproline from \�Jall s of Avena 

col eo ptile s whi ch had been incubated for 20 hour s in c14-Pr o l ine . 

However the r e sult s p r e s ente d  her e  are in contra s t  t o  tho s e 

obtained i•li th sycamo r e  (A c er n s eudopl atanus ) s u s p en sion 

cul tures by Lampor t ( 19 65 ) who was able to obtain only par tial 

solubilization of t he hydroxyproline us.ing 5 . 4;b KOH . Even 

aft e r  extra c t ion with 24� KOH fo r 3 days some r emained in t he 

1 1 c ellulo s e1 1  f r a ction . An even greater contra s t  i s  provid ed in 

the re sults of Hea th and Nor thco t e  ( 1971 )  1r1ho found vir tually 

complete ins olubility in s trong alkali ( 17%) plus borate (4�) . 

Ols on ( 19 64 )  and Dougall and Shimbayashi ( 1960 )  wer e  als o  

unable to extr a c t  the bulk of the hydroxyproline f r om callus 

c el l s  with c6ld dilute alkali . Po s s ibly the tis su e  us e d , i . e . 

sus p ens i on cultur ed cells compar ed w i t h  hypo c o tyl , o r  the 

different s p e ci e s  us ed may a c count for this differ enc e in alkali 
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TABLE XV . EXTilACT ION OF C ELL Y!ALL- BOUND HYDROXYPROL INE 

In o r i g inal c e ll wal l 

p r eparation 

Extr a c t e d  b y  10}b KOH 

Ext r a c ted by 24;b KOH 

In Re s i due 

IVI TH ALKALI 

Hydroxyproline 

mg/gm of 6r i g inal � o f  ini t ial c ell 

c el l  l·ral l  pr epa r tion "�:m ll hydroxyp r o l ine 

2 . 14 100 

1 . 80 84 . 1  

0 . 24 11 . 2  

0 . 10 4 . 7  

,..� C ell '\vall s ext r a c t e d  s eq_uentially ·Hi th lOj� and 24/& KOH by 

s t i r r ing o v er ni g ht at 35° C Und er ni tr o g en . 
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s. o lubili ty , al thoug h the higher t emp eratur e employed her e vlill 

have f a c ilitated extra c t ion t o  s ome extent . 

When the '10/o alkali extra c t  of lupin hyp o co tyl \va s 

a c idif i ed only a s l ir;ht h em i c ellulo s e -A pr e c i pi t a t e  1va. s obtaine d .  

Af t e r  dialys i s  and f r e e z e - drying o f  the a c i d i f i e d  s o lu t i on a 

h·emi c ellulo s e - B  f r a c ti on \-lhi ch contained 70;b o f  the extr a c te d  

:hydroxyproline w a s  obtain ed .  li\J.r t he r f r a c t iona tion a l s o  

i nvolving dialy s i s  s how ed tha t  muc h  o f  this hydroxypr oline wa s 

non- di alys able .  The hy�r oxypr oline - r i ch p r o t ein ha s the r ef o r e  

b e en extr a c t ed a s  polymer and no t i n  small deg raded fragr.1en t s . 

Vlhen dilute ( G • lN) oxal i c  a c i d  ( pH 2 )  t r eated vral l s  wer e 

extr a c t ed wi th 10% KOH tG di s s olve the hydroxyproline r i ch 

polymer the _r e sp.l t s  shovm in Tabl e XVI v..rer e  o btained . They 

ShO\<l tha t  the polymer \'!a S s t i ll l ar g ely non-di alysabl e in s p i te 

of the c l eava g e  of arabinofur ano s id e  links . Thus e i ther mo s t  

of t he pr o t ein fragments " per s e  ar e non-dialys able o r  t h ey a r e  

a t t a ched b y  bonds s table t o  both acid and alka l i  t o  
0 

car bohydra t e  of suff i c i ent bulk to r ender them non- dialys able . 

The r e sul t s  sug g e s t  linJ"ag e of t he e xt en s in to the insoluble 

�a r t  o f  th e c el l  wall compl ex thr ough polys a c c ha r i d e s o th e r  than 

t ho s e involving sug�r- sugar a rabinofurano s i de l inkag e s . 

The r e  i s  l i ttle r ea son to doub t that the ext en s in i s  

bound into the vJal l  by coval ent link s . The well e s tabl i s he d  

" alkali extr a c t ion of carbohydrates h a s  been found t o  r emov e  the 

pro t e in , albei t in a par tly degraded f o rm a s  the par t i al lo s s  
dur i ng di alys is s hovrs . I t  ther efor e appear s that the 

inve s t ig ation of alkal i extr a c t s .  of the cell wall may prove 

u s eful i n  the s tudy of the r el a tionship of ext ens in to wall 

car bohydrate s . By us ing alkali at l e a s t  one c omponent , namely 



TABLE XVI . E?FEC ·r OF DILU'.rE ACI D  ON EXTRACTION OF CELL V/ALL HYDROXYPROLINE BY ALKALI 

Extrac tion* 
Extracted 

Oxali c acid 

pH 2 . 0 , - 100°C , 5 hr 

1 )  10J� KOH 1 hr I l .  21 

folloued by 

lO}b KOH 5 hr I 1 . 76 

2 )  · 10;G KOH 9 hr I 4 . 34 

Hydroxyproline (mg/gm of orig inal buffer 

extra cted vrall s )  

In Re s idue 

4 . 19 

2 . 98 

1 . 23 

0 . 93 

f{; Rema ining 

in Res idue':< 

7 1  

29 

22 

% of extrac ted hydroxy­

proline non-dialysable 

7 1 . 8  

58 . 9  

86 . 2 

* �{tra c tions with KOH at room temper ature under ni tr o g en ,  after the oxal i c  acid treatment 
outlined . 

,; 

(J) 
O'J 
p 
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the carbohydrate , may be extracted lvi thout suffer ing extens ive 

degradation . 

JVlATER IALS Ai�D hETBO DS 

Plant T i s sue . Lupin hypo c o tyl s wer e  [:;rown a s  des cribed in 

Chapter I .  Ent ir e 6 cm hypo co tyl s and upper and lovre r· 2 cm 

s e c tions of 6 cm hypo c o tyl s wer e  exc i s ed f or all wall preparation s .  

C ell Hall s .  To tal cell wall s  were pr epared by extr a c t ing the 

g r oun.d .hypo co tyl s ei the r  for 2 hour s 1vi th boiling neutral 

detergent or by gr iriding wit h  buffer �0. 5 M pho s phate , pH 7 . 0 ) 

in a Har e ing blender for a f ev.r minut e s  at room temperature . 

Extrac tions of C ell \:falls . Extractions vri th 811 · Ur ea , 

7H· Ur ea- CaCl 2 guanidinium thi o cyanate , and s o d ium methoxi de or 

s odium hydroxide in methanol involved s tirring wi th a magne tic 

s tirrer  in a clo s ed ,;flask for  a specifi ed tim'e o r  overn i ght at 

r oom temperatur e ( l8- 22°C )  us ing 0 . 5 g (dry vle ight )  of c ell 

wall s to lOO ml of s o lution . Alkali extra c t ions invo lved 

s imilar extraction of the t i s s� e  but us ing 1 g m  ( dry vre i g ht ) per 

lOO ml s of alkali under nitr o g en in a s ealed flask . Dj_J.ut e  

a c id tr eatments involved r efluxing for 5 hour s i n  the 

s p ecified acid . � lask content s wer e  filter ed through s intered 

gla s s  and the r e s hl .ue s 1.rashed qui ckly \vi th di s t illed vrater . 

The extra c t s  (filtrate s )  and I vms hing s v1ere neutralized \·!he r e  

n e c e s sary and were dialys ed fo r  24 hour s agains t running tap 
I 

't¥ater , unl e s s  o the r-vli s e  s tated , befo r e  analys i s . 

Analys e s . Hydr oxypro line vm s measur ed by the method o f  Svli t z er 

and Summe r  outl ine d in Chapt e r  I I  Hate.r·ials  and He thods , aft e r  

hydrolys i s  for 16  hour s i n  6i .. � . ECl . 
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IV . EXTRACT I ON OF CELL \·!ALL PROTEIN AND 

CARBOHYDRA1'ES '.-JI TH ALK11.LI 
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INTRODUC T I ON : Extra c t i on of lupin hypo co tyl c e l l  wall s with a 

var i � ty of pro t e in d enaturants b o th befo r e  and a f t e r  dilut e 

·ac id and s o d ium me thoxide t r e a tmen t s did no t d i s s o lve . 
hydr oxyproline , sugg e s ti ng t h.J.t ext ens in i s  co val en tly l ink e d  t o  

in s olubl e "\•ral l  cans t i  tuen.t s o t her than t hr ough d i lu t e  a c i d  

l a b i l e  or e s t er l i nk s . The indications ar e tha t · i t  i s  

ne c e s s ary t o  br eak c oval ent bonds befor e the hydroxypr o l ine c an 

b e  extr a c t ed , and t hi s  i �  cons i s t ent wi th t h e  po s tula t e d  r o l e  of . 

ext en s in in c on t r oll ing ext en s i b i l i ty of the \vall by 
0 

cr o s s link ing thr ough such bonds t o  o t her \</all polyr.1er s ( Lampo r t , 

1 9 65 ) . 

In o r d e r  to s tudy the ext ens in- polys a c c ha r i d e  c ompl ex i t  is 

d e s i r a ble to i s ol a t e  i t  i n  a s  near to the native s ta t e a s  
" 

0 

po s s ibl e . How clo s e  p a s t  d e g r adative s tudi e s have c om e  to 

appr o a ching thi s i de al is diff i cul t to a s c er tain , but in mo s t  
. 

t r e atment s the ext ens i n  B.as b e en · br olwn into sr::tall fragment s 

af t e r  enzymi c ( Lampo r t , 1969 ; K e e g s tr a  e t  al . ,  1973 ) or 
chemi c al ( Lampo r t , 1967 ; 1965 ; Honro e t  al . , 197 2 )  

.d eg r ada tion . ·vlhi l e  muc h  a bout the s tructur e o f  the c ompl ex 

ha s b e en d educ e d  fr om t he s tudy of the s e  d e g r adation p r o du c t s  it 

i s  f el t  that extr a info rma t i on about th e extensin c ompl ex may be 

o b tained from a s tudy of t he a s s o c iation of hydr oxy p r o line wi t h  

alkali s olubl e  car bohydr a t e  fra c ti ons , a s  i t  i s  kn01.vn tha t vJhen · 

the s e  a r e  i s o la t e d  under sui tabl e cond i t i ons li t tl e  

poly s a c char i d e  br eakdown o c cur s , thus e s s entially only o ne 



component of the glycopr o t e i n  i s  degraded . 

No s t  higher plant c e l l  vml l s  s o  far s tudi e d  have a hi g h  

degr e e  o f  s e c ondar y  depo s i t i on i n  \·lh i ch hydr oxyprol ine i s  a 

" v e ry mino r c omponent . The c e l l  wall has ther ef o r e  usually 

been inv e s t i g a t ed w i th an unde r s tandably lar g e  bias to1-va r d s  

carbohydr a t e s  whi l e  the pr o t ein c omponent ha s b e en ne gl e c t e d , 

e v en in many inv e s t i g a t i ons o f  pr imary wall s . 
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I n  lupin hyp d c o tyl polym er -bound hydroxypr o line c an e a s i ly 

b e  extr a c t e d  with 10% KOH into non- di alysable mol e cul e s  

p o s s i bly a s s o c i a t e d  wi th par t o f  t h e  c el l  wal l  hemi c ellul o s e .  

The r efor e ,  in o r d e r  t o  gain s o me mor e  informa t i o n  on the 

r elationshi p o f  exten s in to the wall polys a c c ha r i d e s  t he 
0 

approach h a s  b e en to inv e s  t i. g a  t e  the hyd r o xyp r o line and 
0 

mono s a c c har i d e  c ompo s i tion of car bohydrate fra c t ions i s ol a t e d  

f r om alkaline extr a c t s  o f  t he wall . 

RESULTS AND DI SCUSSION 

Alkali Extr a c t ion of Hygr oxyn r o l in e  from C e l l  \Jall s 

Alkal i s o lubl e frac tions f o r  analy s i. s  of hy droxyp r o l ine 

and mono s a c c ha r i d e  c ontent ,,rer e  i s olated f r om c el l  \va l l s  

b a s i c ally a s  de s c r i b ed i n  th e pr evi ous s e c tions and s ho1\rn i n  

Fi g . l  ( Chap t e r  I ) . After d e p e c t ina t i o n  t he c e l l  v1all s vlGr e 

ext r a c t e d  wi th 10% KOH under n i t r o g en a t  35
°

C .  The 

hemi cellul o s e - B  f r a c t i o n , r e c ov e r ed by dialy s i.ng and 

f r e e z e - drying t he a c idified ext r a c t  contained 70% of th e 

extracted hydr oxyp r o line . Thi s hem i c ellulo s e- B  via S  di s s o lved 

i n  CaC1 2 and t r e a t e d  -vri th i o dine ( Gaillar d , 1961 ) t o  g iv e  a 

p r e c ip i ta t e  of hemi c ellulo s e- B  ar abinoxylan and a s o lubl e 

h e t er o g lycan-B ( Ga illar d , 1965 ) , bo th of vlhi ch wer e pur i f i ed by 
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di alys i s  f o r  48 hour s a g a in s t  running ivater and then 

fr e e z e - dr i ed . The r e s i due vms then extra c t e d  with 247& KOH 

4% bor i c . a c i d  and t he extr a c t s  s imilarly fr a c t i onat e d  into 

l i near and b�anched s p e c i e s ,  ( p r e c i p i table and nob-pr e c i pit�bl e 

f r om CaC1 2 with i o �ine r e s p e c tively ( Gaillar d an d Bai l ey , 1966 ) . 

T he s e  and t h e  24i� KOH - 4;& bor i c  a c i d  extr a c t e d  v!all s c ontained 

only tr a c e s  o f  hydroYypr o l ine . The 0 . 54fo r emaining in the 10% 

KOH tr eated wal l s  app ear s to hav e been r endered dialysable by 

the prolonged s tr ong alkal i t r e a tment . The r e s ul t s  ar e s hovm 

i n · Table X:V I I . The mono s a c c ha r i d e  c ompo s i tions o f  t he 

arabinoxylan and he te.�oglycan iver e  r e spec tively 1 : 0 . 34 : 0 . 50 : 0 . 60 

and 1 : 5 . 9 : 4 . 7 : 0 . 3  for xylo s e , arabino s e ,  g ala c to s e  and glu c o s e .  

The h e t ero g l y c an-B contained 45% and the xylan-B 25)a of the 

hydroxypr oline pr e s en t  in t he extr a c t ed hemi c el lulo s e-B . lfu ch 

of the hydroxypr o l ine ha s ,  t he r efor e ,  b e en extr ac ted in a 

non- dialys able f o r m  and no t in small degr aded fragment s .  

However the fac t  that 30j& of the hydr oxyproline in the lOjb KOH 

ext r a c t  wa s lo s t on d i aly s i s  ind i c at e s  that the extens in ha s 

probably under g one a f a i r  d e g r e e  of b r e akdown . Ba s ed on t he 
0 

sn:.all amount of s olubl e hydr o xypr o l ine -containing glycopr ot ein 

i n  t he cyto pla sm , publi s h e d  r e sul ts  so far su g g e s t  tha t the 

nat i v e  exten s in mo l e cul e i s  far t o o  large to dialy s e  and has a 

molecular weight of a bout 30 , 000 when i n c o r p o r a t e d  int o  the wall 

( Brysk and Chr i s p e els , 197 2 ) . 

The 24fo KOH app ear s t o  have almo s t  c ompl e t ely extr a c t e d  the 

hydr oxyprol ine r ema ining in the wal l s  aft er 10;& KOH tr eatment . 

Ho r e  t han 90fo o f  t hi s  i s  d i alysable an d thus very degr a d e d . 

vlh i l e  a s s o c i a t i on vrit h  a poly s a. c c ha r i d e  fraction do e s  no t 

neces sarily imply liriliag e to tha t polysacchar ide i t  i s  perhaps 



* 

* *  

Fr a c t i o n  

TABLE KVI I .  ALKALI EXTRAC T I ON Oli' PO LYSACCARIDES AND HYDRO/.YPROLHJE 

Wei g h t  
(mg/ gm c ell 

wall ) 

FROH LUPIN HYP O C O TYL C ELL HALL 

Hydr o xypr o l ine 
(mg/ gm c ell 

1vall ) 

jb o f  c ell \.vall 
hydroxypr oline 

in f r a c t i o n  

Hono s a c char i d e  
c ompo s i ti on 

Xyl :Ara : Gal : Glu . 

CaCl2 wall mat e r i al us �d had b e en ext r a c t e d  f o r  2 hr s with b o i l ing neutral d e t e r g ent 

3ranched -B 24 and Line ar -B24 a r e  t ho s e  f r a c ti ons extra c t e d  by 24/& KOH and not pr e c i p i tated and • -..J 

p r e c i p i ta t e d  r e s p e c tively from CaC l 2  s olut i on wi th i o dine . � 



r e l evant t ha t  mo s t  o f  th e non- d i alys abl e hydroxy p r o l ine i s  

a s s o ci a t e d  w�th the galacto s e- a r a bino s e- r i ch h�mi c e l lulo s e  

h e t e r o glycan- B ;  < sug g e s ting tha t the o r i g inal c e ll wall 

glyco pr o t e in is a s our c e  of thi s h e t e r o g ly can . 

Ra t e s  of Extr a c t i on o f  C e l l  Ha. l l  Polym e r s  wi t h  Alkal i  

Simil a r  ext r a c t ions t o  t h e  abov e , wi th 10% KOH ,  but at 

18 - 20° C f o r  18 - 24 hours l ik ewi s e  r emove d  mo s t  o f  the 

hydroxy p r o l i n e  f r om t he wall . There wa s s t i l l  s ome lo s s  
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( 2 0 - 30%) of hyr oxypr o l ine a s  di aly sable ma t er i al . As thi s wa s 

probably due t o  a lkaline degr adation o f  t he p o lym e r , 

extr ac tions a t  lO\'Te r ot empera tur e s  ( 0- 2° C ) and/ o r  for s hor t e r  
0 

time s wer e inv e s tig ated . The r e s ul t s  s how e d  that only s ma l l  

amou.n ts o f  t he hydr oxypr oline wer e extr a c ted . 

The 10% KOH extra c t ion , usually ov erni ght a t  r o o m  

t emp eratur e af t e r  d e l i gnif i c a t i o n  i s  c onu�only u s e d t o  d i s s o l v e  

t h e  bulk o f  t he hem i c ellulo s e  polysac c har id e s  from plant c e l l  

wal l s . The r ef o r e , k e e p ing in mind t h e  po s s i b l e  impor tan c e  o f  

ext en s in- po l y s a c c har i d e  a s s o c i a ti ons in contr o l l ing \7a l l  

extens ibil i t y , alkali ext r a c t i ons a t  var i ous t emp er atur e s  and 

t i m e s  w e r e  fur the r inv e s t i g a t e d  i n  t erms of bo th 

hydroxypr o l i n e  and the hemi c e l lul o s e  poly s a c c har i de s . The 

· r e sul t s  from two alkali extr a c t io n  s equen c e s  ar e g i v en i n  

Tabl e s  XVI I I  a n d  X I X  and s how t h a t  the bulk o f  the 

hemi c ellulo s e  a r a binoxylan-B and about half o f  th e 

he t e r o gly can-B f r a c ti on c an b e  r emoved almo s t  ind ep end ent of 

hydroxy pr o l in e . The s e  r e sul t s  su g g e s t  tha t the glyc o p r o tein 

is linked to t he alka li ins oluble por tion of the c e ll wall s  by 

link s  whi c h  a r e  only s l o wly broken by alkal i , and i s  e i the r no t 

l inked to the - bulk of the hemi c el lulo s e  o r  bound t o  i t  only by 
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De t e r g en t  

:t:xt r a c t ed 

C ell Uall 

Ba t c h  A 

D e t e r g ent 

Ext r a c t ed 

C ell i:lall 

:Oatch B 

TABLE XV I I I . EFF EC T OF TENPELlA'J,'URE AND T il1E ON 10% KOH EXTRAC T I ON 

Ext r a c t ions T ime 
in s e quenc e ( hr ) 

1 4 

2 19 

0 

3 13 
0 

1 4 

2 1 6  

OF CELL 'V'JALL POLY1·;EnS 

T emp�r atur e  
( c )  

-· 

0 

2 

2 

18- 20 

18-20 

18';" �0 

Hydr o xyp r o l ine Hemi c ellulo s e  
(mg ext r a c t e d/g neutral d e t e r -

g ent tr eated c ell wall s )  

0 . 17 2  188 

0 . 675 58 

2 . 55 83 

1 . 8 0 188 

3 . 13 89 

--.J 
C.u 
PJ 



Sequence  

A 
1* 

3 

B 

l* 

2 

TABLE XIX . POLY- AND HONO Sil.CCrtArGDE CONPO S I T I ON OF AL...XA.LI EXTRACTS 

FROH LUP IN HYPOC OTYL C ELL HALLS 

Hemicellulo s e-B 
Total Arabinoxylan-B Heteroglycan-B 

Hemi cellulos e  
(mg/gm of initial neutral deter g ent extracted walls )  

_1_88 

83 

188 

89 

� 

135 (0 . 162 ) ** 

46. 5 ( 2 . 26 )  

155 ( 1. 60 ) 

46. 5 ( 1. 70 ) 

7 • 3 ( 0 • 013 ) >i' * 

8 . 6 ( 0 . 29 )  

10 . 3 (0 . 12 )  

9 . 2 ( 0 . 14 ) 

Honosacchar ide 
compos ition of  
arabinoxylan-B 
(Xyl : Ara : Gluc : Gal ) 

1 : 0 . 34 : 0 . 39 : 0 . 47 

1 : 0 . 51 : 0 . 95 : 2 . 38 

1 : 0 . 46 : 0  •. 29 : 0 . 5 2 

1 : 2. 64 : 0 . 51 : 1. 17 

* Extracts  from batch A and B of Table XVI I I  

* *  Figur es  in  parentheses  ar e hydroxyproline content o f  hemi cellulo s e  frac tions in mg . 

....J 
w 
o' 
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very alkal i - labi l e  l ink s . Suc h a l inl shown t o  b e  labil e  even 

to 0 . 5H. KOH a t  0-4°C is t he xyl. o s ylser.i:rie . l i nk (And er s on ,  

Hoffman and Meyer , 1965 ) . Cl eavage  of su c h  a bond mi ght 

r elea s e  muc h  of the bonded c arbohydrate , but the exi s t en c e  o f  

o ther alkali s tabl e bond s within the ext ens i n  � ompl ex may 

q. c c ou..�t f or the i n s o lubi l i ty o f  the pr o t e in moi e ty in the lO}b 

KOH .  Al s o , when on e  cons i d e r s  the polyme r i c  na tur e  of t h e  �<rail 

c on s t i tu en t s  i f  mus t be r eal i z ed that over t h e  l engt h  o f  an 

.exten s in mol e cul e t he r e  vri ll b e  a large number o f  linkag e s  a l l  

o f  Hhi ch mus t be c l ea:veJ. befo r e  r el e a s e  of th e pro tein o c cur s . 

Thus whi l e  the pro bability o f  c l e avag e o f  ea c h  o f  the s e  bond s 

may be hi gh t he l ikelihood of b r e aking all o f  the  alka l i  l a bi l e  
0 

l ink s pe r p r o t ein c ha in und e r  t he c ondi t ion s u s e d  may b e  l ower . 

?oweve r , a lkal ine c l e avag e  o f  p e p t i d e  l i��s par t i cularly 

th�oughf - el im)_na t i on of s er ine lvil l  probably hav e  r educ e d  the 

averag e l en g th o f  the pep t ide chains and thus made the 

extra c t ion o f  ext ens in , k s  fr a gment s , mor e l i k e ly . 

0 

Re e s  and Hi ght ( 1969 ) have s tated tha t the plant c el l  \·Tall c 

in prin c i p l e  be c omple tely di s per s ed wi thout br eaking c o valent 
. 

�onds by , f o r  exampl e ,  the s equential u s e  of EDTA and 

cupramrnonium s al t s . The pr e s ent r e sul ts sug g e s t  however tha t 

the alkalj_ne c ond i t i on s  enc oun t e r ed in t he cupr ammonium s o lu t i on 

. would l ead t o  cl eavag e  of alka l i  labile b ond s and par tly explain 

i t s  abil i ty to d i s pe r s e  pr imary c ell vmll s .  

Relation s hi P o f  Hydr oxyn r o l in e  and Hemi c el lulo s e  Po lysac ch arid e s  

The fa c t  tha t ext ens in i s  no t ex tra c t ed by 10% KOH a t  0°C 

indi cat e s  tha t  i t s  bondinc t o  the c el l  v1al l  i s  inta c t , a bond ing 

whi ch i s  p r o bably r elevant to the hypo thes i s ed wall s t ii f ening 
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'functi on of extensin .  Ther efore  t o  inves tigate the 
' 

a s s o �iation of ext ensin with wall polysac charides mor e  clo s ely 

the fractiona tion of 22°C 10% KOH extracts  was performed a s  

befo r e  but on \ifall s vrhi ch had fir s t  of all been treated wit h  

10� KOH at 0°C to r emove that hemi cellulo s e  whi ch i s  ei ther 

attached to extensin by alkali labile bonds only , or unattached 
. 

but insolubl e  in neutral deter g ent . 

Matrix polysaccharides extracted from the depectinated 

hypocotyl cell wall s  with alkali at  0°C (HO ) and at r o om 

tenperature (HRT ) wer e s eparated into the usual hemi c ellul o s e-A 

(xylans pr ecipitated by acidification o f  the alkaline extrac t ) 

and hemicellul o s e-B (whic h  r emains in the acidified s o luti on ) . 
0 

Hemic ellulos e -B was fractiona te d a s  befor e  by dis solving in 

c?ncentrated . Ca61 2 solution and adding iodine to precipitate 

hemi c ellulos e-B-arabinoxylan ( 1-4 l iru{ ed polymer s )  and l eave the 

arabino s e-gala c to se- r i ch he t eroglycan in the supernatant 

( Gaillard ,  1961 ) . 
0 

0 
Total hemi c ellulo s e  fr om s everal of the alkaline extr a c t s  

vras s eparated into the s e  fra ctions lvhi ch \·rer e analys ed f o r  

hydroxyproline and mono s�ccharides  after hydrolys i s . Resul t s  

from analysi s  o f  the arabinoxylan and heteroglycan ar e given in 

Table XIX . 

·di s carded . 

The small amounts of hemicellulo s e-A \<rer e 

Although s equenti al extrac tion s tudies  ( Table XVII I )  showed 

that mo s t  of the hydroxypr ol ine was extr a c ted at r oom 

t emp e rature after the r emoval of the bulk of the 

hemi c ellulo s e  ( HO ) at 0°C , i t  is evident that "''hen the 

glycopro tein is extracted at 22°C it is la r g ely a s s o c ia t e d  vli th 

the hemi cellulos e-B  arabinoxylan fraction (although at 35°C mor e  



s eems to be a s s o ci at e d  vri th the hetero glycan-B ) . Thus thi s 

f r a c t ion as usually i solated at r o om temperatur e contains two 

sub-frac tions d i ffering in the temperatur e r equi r ed to aff e c t  

7 6  

their extraction and i n  the i r  cont ent o f  hydroxyproline . The 

sub-fractionation i s  fur ther empha s i s e d  by the mono s a c char ide 

c ompo s i tions of the arabinoxylan frac tions , a s  the 

hydroxyproline - r i ch arabinoxylan-B i s  hi gher in galacto s e  and 

arabino s e  than th e mor e rapidly extrac ted po lymer . Thi s i s  

cons i s t ent 1.·ri th t he knmm exi s tenc e  o f  arabino sylhydroxyp r ol ine 

( Lampor t ,  1967 ) and galacto syl s er ine (Lampor t ,  Katona and 

Ro eri g , 1973)  l ink s vri t hin ext ensin . But in vi ew of the 

;J - el iminati on of s er ine \·rhi ch is r epor ted to o c cur at 0-4°C 

vrith 2 - 15% NaOH (Ander s on , Hoffmano and lvleyer , 1965 ) muc h  of 

the gala c to se may not b e  in di r e c t  l inka g e  vrit h  the pr o tein , 

although it could b e  lin1�ed t o  the xylan . Pr ot ein fragments 

no t in covalen t  a s s ooci ation vrith the arabinoxylan frac ti on 

v!Ould p e) s si bly e i t her b e  s pun out of s o lution in CaC1 2 dur ing 

the clarifi cat ion s tep o r , mo re probably becau s e of the i r  sma l l  

s i z e , r emain i n  t he heteroglyc�n- B .  T o  te s t  the forme r 

po s s i bili ty an examinat i on of the g elatinous mas s  obtaine d from 

high s p e e d  c entr i fugation of the soluti on of r oom temper atur e 

extr a c t ed hemi c ellulo s e-B in , CaC1 2 wa s made . I t  r evealed a 

l a r g e  quantity of polysac c har i de in the g el but an enr i c hmen t  of 

hydroxypr oline in the hemi c eJ..lul o s e-B r emaining in the 

supernatant . The CaCl 2 insolubl e polysaccharide ( g el ) 

r e pr e s ented 50 - 60% o f  the polysacc hari d e  r e cover ed from the 

CaC1 2 s o lution , but i t  contained only about 30� of the 

hydr oxyp r oline r e cover ed .  The compos i t ions of the CaC1 2 
ins o lub l e  poly s a c charide and t he supernat�nt wer e r e sp e c tive ly 
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Xyl o s e  

1 

1 

Arabino s e  

1 . 45 

3 . 48 • 
• 

Gluco s e  

0 . 29 

0 . 28 

Galacto s e 

0 . 66 

4 . 74 

Thus ther e i s  a mark ed enr i cmnent of ar abino s e  and 
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£alacto s o, ind ep endent of hydr oxypr o l in e , i n  th e g e l .  Evi dent l y  

t h e  bulk of the hydroxyproline r ich polymer i s  no t l ink ed to 

• thi s fracti o n  d e s pi te its enr ichment in arabino s e  and 

galacto s e  • I t  i s  not e-vwr thy th a t  the ratio of ar a bino s e :  
. 

galacto s e  i n  the tvw fractions change s , sugg e s ting that  the s e 

_ sug a r s  ar e no t d erived s o l ely from an arabinogalactan pr e s ent 

i n  b o th frac t io n s . In fact i t  d ecrea s e s  in the frac t i on which 
0 

incr e a s e s  i n  hydroxyproline . 

The much s"mall er amounts of h e t er oglycan- B  compa r e d  wi th 

arabinoxy lan- B i s o lated f r om the r o om t emp er a tur e extr act 

contain about th e s ame amount of hydroxyproline p e r  uni t  of 

polys acchar i de _ a s  the arabinoxylan . The amount of 
0 

hydro xyproline a s s ociated 11J i th the hEfter o g lycan incr ea s es \vhen 

the t emp eratur e of extraction incr e a s es , e. g. to 35°C .  It  i s  

po s s i bl e  the r ef o r e  tra t  thi s h e t e r oglycan-B include s  alka l i  

d e g r ad e d  exten s in compl ex who s e  yi eld i s  incr ea s ed by the 

breal{dovm occur r ing vJi th extracti on at hi ghe r t empe r a tur e s . 

· Ho\·J:ever , becaus e of  t he l arge proportion of h e t er oglycan-B 

extracted wi th 0°C , 10% KOH i t  do e s  not s e em likely that thi s  

fracti o n  as u sually i solated (Sy one room temperature alkaline 

extraction) owes its exi s tence to th e pr e s ence in it of 

extens in fragment s as vlas  s ugge s t ed . But thi s  do e s  not rul e 

out the pos sibili ty that i t  i s  m·erely conv entio nal pectin whi ch 

ha s become bou...11d into the wall by e s tabl i s hing cold alka l i  

labil e l inks \ifi t h  wall pr o t ein c ontaining a s  w ell as the s e 
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linkag e s , a mor e  s tabl e  type lvhich r equir e s  hi gher 

temperatur e s to di srupt it . Hov1ever the 1 1he t er oglycan- B1 1  

(non- iodine pr e cipi table polysac char ide ) from a�T (20°C ,  10% 
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c � KOH s o luble hemi c el lulo s e - B  extracted from 0°C 10% KOH 

extra cted c e ll wali s )  may r epr e s ent a frac tion derived fro� the 

extensin polys a c c haride complex. 



HATERIALS Ar D  hET'HODS 

Plant Ti s su e :
· 

Lupin hypo c o tyls wer e  gro-vm and .pr epared a s  

d e s cri bed in Chap te r I .  

C e1 1  �·Jall l'1ater ial . Cell v-ral l  mate r ia1 for fra c ti ona tion was 

pr epar e d  by gr inding hypo c o tyl s in i c ed water in a \·lareing 

bl enQer for 30 s e conds , f i l t e r ing , and e xtra c t ing the r e s idue 

f o r  2 hour s  in two changes of boiling neutral detergent . The 
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walls obtained wer e then wa s h e d  b y  sus p ending i n  ho t di s tilled 

water and filt er ing bro or  thr e e  time s .  

Extra ction.  All alkalinB ext r a c ti ons Y-JBr e carr i e d  out a s  befo r e 

by stirr ing on a ma gne t i c  s ti r r er in a cl os ed f l a sk unde r  

ni tro g en a t  t he s p e c ified tempe rature s  on melting i c e  i n  a cold 

r oom for 0°C extra c ti on , or in the laboratory at r oom 

t empera tur e .  Hher e  s equential extr a c tions Her e  mad e  t he walls 

1r1er e  qui cl\:ly fil t er ed and r in s ed after each extrac tion and then 

inmediat e ly sub j e c t  to the next s tag e in the s equence .  

�ra c ti ona ti ons . Poly s a c char ide frac tionations wer e carr i e d  out 

a� des c r i bed in C ha p t e r  I of thi s the s i s , exc ep t  that whe r e  

mentioned the c entr ifug a tion o f  the hemi c ellul o s e-B dis s olved 

in CaC1 2 s o lution \·ra s for 90 minutes at 70 , 000 g ins tdad of for 

15 minu t e s  at 70 , 000 g . Thq hemi c ellulos e-B wa s d ecanted off 

and fractionat ed as before , and the g elatinous ma s s  whi c h  

c o ll ected under the f ormer c entrifugation condi tions -vm s 
I 

r e suspended in \·m ter , di alys 'ed 24 hour s again s t  running tap 

water and lyophi l i z ed . 

Analys es . Details of mono s a c c haride and hydroxyproline 

analys es of t he 10� KOH extr a c t s  and of the variou s  fr a c tions 

i s olated ther efrom have al r eady been given . 
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V .  HYDROXYPROLINE - POLYSACCHARIDE ASSOC I AT I ONS 

IN POLYSACCHARIDE FRACT I ONS FROM ELONGAT ING 

F\ 1'\]) NON- ELONGA'i' ING L UPLZ HYPOCOTYL 

INTRODUCT I ON : Previous s tudie s  ( Chapt er I ) have s hown that 

a bout 75% of  the elongation of a 6 cm lupin hypocotyl takes 

place in its upper 2 cm. · Hmvever little difference was folli"ld 

i n  the alkali soluble  polysa c char ide fractions when lovrer 

1ni ddle and upper 2 cm regions of delignified hypo co tyl wer e 

c ompared . The delignifi cation treatment was subsequently 

found to r emove mo st  of the hydroxyproline and arabino s e  

( Chapter I I ) bo th o f  whi ch are  probably impor tant cooponents o f  

polymers invo lved in the control of' wall extens ibility ( Lampor t ,  

1970 ) .  HydroxyproJ,ine has been shmm to incr ease  in the wall 

as i t  ag es  ( Lamport , 1965 ; Cl eland and Kar1sne s , 1967 ; Ridge 
Q 

and O s borne , 1970 ; Winter et  al . , 197 1 ; Sadava e t  al . , 1973 ) . 

Al s o  analys es  of acid  hydrolys�tes  of non-delignifi ed lupin 

hypo cotyl c ell walls sugges ted that t he r e  was more arabino s e  

in the lo"vJer  ( leas t  ext ens ible ) than in the upper region o f  the 

hypo cotyl . It ther efo r e  be came apparent that differenc� s  in 

wall compo s i tion b-etween regions of differing grm·Tth rate  may 

b e  d etermined at leas t par tlv by t he hydroxyproline-r i c h  
' 

protein ( extensin ) throug� �ts as sociation with wall 

polysac charide s , as sugges t ed in t he extens in hypo the s i s  of 

Lamport ( 1965 ) . Thus i t  is imperative to analys e  

non-delignified wall where par ticular attention can b e  g iv en to 

the hydroxyproline-rich component . 

Mos t  of t he hem� c ellul o s e  can be s eparated from the 
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hydroxyproline by extrac tion a t  0°C leaving a relatively 

protein-rich , r oom temperature extrac table hemi c ellulos e  

(Chapter
.
IV ) .  If pro tein-a s s oc iated polysa cchari de change s  

during grov1th then it i s  rel evant to examine the 

hemi c ellul o s e  arabinoxylan and heteroglycan not only from a 

s ingle  10% KOH room temp erature extraction , but als o  from 

s eparate 0°C and r oom temperatur e extracts . Thi s i s  b ecau s e  

i t  i s  a t  room temperature tha t the hemicellulo s e  frac tions 

whi c h  ap9ear to be  mo st clo s ely a s s o ciated with the pro tein 

ar e r emoved .  The r e sult s  o f  such an inve s tigation ar e r eported 

belo-vr . 

R ESULT S  AN D DISC USS ION 

Extr a c tion of C ell Hall Components from UpD e r  a.nd Lovmr 

2 cm . Regi ons of 6 cm Hypo co tyl 

Difference s  in components from non-delignified cell wall s  of 

lower compar e d  with upp er regions of hypocotyl wer e  examined by 

analysing mono sacchar ides and hydroxyproline in the fractions 

i s olated from 10% KOH extracts . Results  ar e pres ented in 

Table XX .  They are in agreement with a higher concentration 

of the glycoprotein in Hall constituents from the lower 

s e ctions of hypo cotyl , in accordance with the concept  of the 

control of extensibility by ext ens i n .  Thus the r e  is mor e 

hydroxyproline in the walls of the non- elongating r egion and 

higher hydroxyproline levels in its  hemi cellulo s e  fractions . 

A fur the r indi cation of a mor e  extensive linkage  of the 

glycoprotein in \·Tall polymeri c  material in the least  extensible 

(non-elongat ing ) lower r egion compared \·.ri th the more extensi ble 

( elongating ) upper r e g ion i s  indi cated by dialys i s  lo s s e s  of  
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hydroxyproline . Both the f r a c t iona ti on to hemi cellul o s e-A and 

B and the sub s equent f r a c tionation of the hem i cellul o s e-B 

involve dialys i s  •of the f r a c t i on s . The ext ent of l o s s o f  

hydroxyproline during the s e  dialyses may the r efo r e  b e  

cons idered a s  an ind ex o f  l evels o f  low mo l e cular weight 

- mat erial containing this amino acid and r elea s ed by the alkal i .  

Thi s dialysi s l o s s . i s very much higher for t he upper hypo co tyl 

s e c t ions sug g e s ting e i ther the pr e s enc e in the wall of lower 

mol e cular wei g ht glycopro tein fragment s no t y e t  extens ively 

lirlked to polysac char i d e , o r g r eater sus c ep tibi l i ty to alkaline 

d eg rada tion . 

If t he heteroglycan-B frac tion contains a large  numb er of 

glycopro tein fragrr..ents , and on the as sump tion that the peptide 

chain is e qu ally sus c e p tible to alkaline cleavage in both upp er 

and lower r eg ions of t he hypo c o tyl , one might exp e c t  g r eater 

dialy s i s  of bo th hydroxyprol ine and car bohydrate  from the 

f r a c t ion der ive d  f r om t he upper s ec tion . Thi s i s  b e c au s e  the 

number of polys a c c haride - polys a c c ha r i d e  a s s o cia ti ons vi a 

pr o t ein l eft inta c t  will d e c r e a s e a s  t he dis t an c e  betwe en the 

poly s a c char i d e s  on the p e p tide c hain inc r eas e s �  The t e sult s  

of Table XX s how tha t  only half a s  muc h  heterogly can- B  i s  

r e covered from the upper r eg i on a s  fro� the lower and i t  

contains a much lo·wer p e r c enta g e  of hydroxyproline . The ratio 

of the absolu t e  amount of hydr oxyp r oline in th e heterog lycan- B 

to t hat in a r abinoxylan-B i s  1 : 2  for the top r eg ion and 1 : 1 . 4 

for the bo t tom . Thi s i s  p o s s i bly a r ef l e c ti on not only o f  

dialy s i s  from the heteroglycan-B but al s o  of a n  extensin 

mol e cule mor e  frequently bonded per . uni t p eptide l eng th to the 

1 1arabinoxylan-B1 1  in t he lovrer r e g ion , so that f ewer fragment s 

a r e  r el ea s ed from a s s o c i a tion with the polysa c c haride s by the 
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TABLE JG'( . EXTRACT I ON OF C ELL vlALI:. C OHPOl'ii E;,;Ts FROI'--1 T O P  AHD EO TTOH 

C omponent in C ell 1.:lall s >�c 

Hydroxyproline** 

Hemi cellulo s e-A** 

Hemi c ellulo s e-B ( 1-4 ) l ink ed linear 
polys a c char ide C · arabinoxylan-B ' : ) 

He@i cellulo s e-B he ter oglycan- B* * *  

Extr a c t e d  hydr oxy?r ol ine lo s t  
on dialy s i s  ( fo ) 

Mono s a c c ha r i d e  compo s i ti on of 
hemi c ellulo s e -B- ar abinoxylan-B 
(Xyl : Ara : Gluc : Gal ) 

. 

2 C �1 SEC T I ON S  OP 6 C H  LUPIN HYPO CO TYL 

0 
� 

. 

Upp er · ( elongat ing ) 

3 . 2 1  

18 . 5  (0 . 12) * ** 
0 

147 ( 0 . 41 )  

26 ( 1 . 18 )  

69 . 6  

1 : 0 . 41 : 0 . 7 6 : 0 . 61 

* C ell \llall s extr a c t e d  wi th 10;:-& KOH at r o om t emp e r atur e o verni ght . 

* *  mg/g of neutral d e t e r g en t  extra c te d c ell wall s . 

Lower (non- �longating ) 

5 . 34 

32 . 5 ( 0 . 48 ) ** *  

138 ( 1 . 60 )  

52 ( 3 . 07 )  

2 6 . 4 

1 : 0 . 89 : 0 . 84 : 0 . 66 

*** Valu e s  in par enthe s e s  ar e hydroxyproline as fo of polys a c c har i de fraction. 

-, 

OJ 
� 
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KOH . 

It  i s  notewor thy that al though there i s  a higher l evel of 

" ar abinm:ylan-B11 a s so ciated gala c t os e in t he lmver  than in the 

upp er r egion thi s sugar s hows a much lo1trer per c entag e incr eas e  

between the t'.vo r e g ions t han arabino s e . Thi s i s  cons i s t ent 

wit h  the sug g e s tion of Brysk and Chri speels ( 1970 ) that the 

extens in i s  inccr pora ted w i th arabino s e  s i de chains only , and 

then becomes l irJ\: ed to gala c t o s e .  If i t  wer e incorporated 

with galac tan s ide cha in s  one would expe ct a far g r eater 

in6 r ea s e  in g al a c to s e , provided t ha t  the alkaline extra c tion 

condi tions have not br ol\:en the gala c tan- pro t e in linl\:ag e .  If 
s omej1 - elimination of gala c to syl s er iri.e .: ha s o c curred , a.n 

inc r e a s e  j_n r e s i dual gala c t o s e  might indi cate that i>n the 

na tive s tate there 1 s  a marked incr eas e in bound gala c to s e . 

��e h  o f  t he gala ctos e in the arabinoxylan- B could r epres ent 

extens in s i d e  chalns whi c h  ar e p r e c i pi tated by iodine or el s e  

s pun out of sus p ens ion in CaC1 2 solution when the i odine 

pr e c i p i tated 1 1ar abinoxylan-B1 1  i s  s eparat ed from the 

heteroglycan-B r i ch supernatant . 

Level s of  Galacto s e  and .ll.r abino s e  in Hydroxyprol ine-.lU ch 

Fra c tions 

It  ha s been s hown tha t bo th ar abino s e  and hydroxypr oline 

are higher as a propor tion of to tal c ell: wall in the lower than 

upper 2 cm s e c t ion of 6 cm lupin hypo cotyl ( Chapter I I I ) .  It 

has als o been s hown that the hemi c ellulo s e  in which thi s  

diff e r ence i s  mea s ured can be divided into 0°C and 22°C 101� KOH 

extr a c table por ti ons ( Chapter IV ) . That extracted a t  r o om 

t emp eratur e contains nearly all of  the hydroxyproline and i s  

also higher in arabino s e  and gala c t o s e  than the 0°C 10% KOH 
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s o lubl e por t i on . It th er efore appear s that the frac tion s  from 

lupin hypo c o ty l  whi c h  are enr i ched in hydroxyproline have a 

par allel enr i c hment in arabino s e  and galacto s e  and that t hi s 

may be  a ref l e c tion of the pr e s en c e  of ext en s in . 

In view of the above the differ ence betwe en f r a c t i on s  in 

�he upper and lovrer s e cti ons s hould be made mor e  appar en t  by 

: examining the r oom t emperatur e s olubl e hem ic ellul o s e  from the s e  

two r egions a f t er r emoval of the port ion ext r a c t ed with 0°C 10% 
. 
KOH for 10 hour s . A c ompari s on of the mono s a c char ide 

c ompo s ition o f  20°C 10% KOH s o lubl e  he�i c ellul o s e-B fra c t ions 

i s olated from upper and l mv-er hypo c o tyl r egions wa s ther efore 

made . On the same bat e �  of hypo cotyl s a r e c ompar i s on of 0°C 

and 22° C lO;b K�H s o luble arabinoxylan vm s made . In both 

compa r i sons th8 arabinoxylan wa s sub-fr a c ti onated by 

c entr ifuging at hi gh speed a s olu tion of it in CaC1 2 • 

Hhen the he!lli c ellulp s e-B i s  di s s o lved in aqueous  CaC1 2 SpG 

1 . 3  pr ior to pr e c i p i ta ti on of the ' �ravinoxylan-B by i odine 0 

( s e e  Fig . I  B )  a tur bid s o lut ion i s  formed . Thi s i s  usually 

clar ified pr i o r  t o  the addi ti on of  io dine , by spinning for 15 

minute s  at 70 , 000 g .  However vrhen t he s olut ion i s  s pun fo r 90 

minutes at 70 , 000 g a g el atinous ma s s  coll e c t s  Hhi ch contains 

a s  much carbo hydrate as the ; arabinoxylan- B · fr<;J. c tion t hat can 

· be pr e cipita t e d  from the supernatant wi t h  iodine . Fur thermo r e , 

· hydroxyp-roline analys e s s hovr that the g elatinous fra c tion s pun 

out of the CaCl 2 s olution contained one thi r d  a s muc h  

hydroxyproline a s  the arabinoxylan subs equently pr e c ipi tated 

from the c larified sup ernatant . . Thi s the r efore provides a 

means of crud ely sub-fractionat ing the arabinoxylan-B by 

s epara ting from i t  a CaCl 0 inso�uble g e l  whi ch would normally 
I� 
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be s pun down du r ing the high- speed centr ifugation aft er 

addition of io dine . A flow she et for this sub-fractiona tion i s  

s hovm i n  Fig . 3 .  : 

H e t e r o g ly c o.n - B  1.-ra s r e cov er e d from the sup ernatant af t e r  

iodine pre c i pi tat ion , as  usua l . Al t hough s om e  of i t  may have 

contribu ted to the g el s pun from the solution of 

Hemi c ellulo s e-B in- CaC1 2 i t c an..no t  have cont r i bu t e d  muc h  a s  the 

amount of polysac charide in t he gel far exc eeds the amount o f  

heteroglycan-B u sually r e cover ed .  

A . Total Hypocotyl 

The 1 1 ara binoxylan - B "  and CaC1 2 insolubl e hemi c ellul o s e - B  
• 0 

fractions from to tal hypoco tyl were inve s ti g a t e d  af te r  

extrac tion at  0°C and room temperatur e . The arabinoxylan-B 

was pr e c ipi tated as befor e wi th iodine but only after the CaC1 2 

soluti on cont�ining hemi c e l l ulo s e -B had been s pun at h i g h  s p e e d  

to coll e c t  th e g ela t inous ma t er i al . The r e sul t s  ar e s hmvn in 

Table Y.XI A .  

I t  i s  aga in c l ear tha t  about 70% o f  the 10% KOH s olubl e 

polys ac charid e can be r emoved by t r e a tment a t  P°C .  Howev e r  the 

0°C fraction contains half as much Cac�2 SpG 1 . 3  insolub l e as  

i t  does  " arabinoxylan-B" hemi c ellulo s e , lvher e a s the r oom 

t emp e r a ture extract  contains rather mor e  CaC1 2 insoluble than 

i t  do e s  of arabinoxylan , even although about tvro thirds o f  the 

CaC1 2 insolubl e polysaccharide is r emoved at 0°C .  

Compared wi th  th e "arabinoxylan-B'1 the mate r ial s pun from 

the CaC12 soluti on has a high propor tion of arabino se  and 

galac to s e . Al s o , ther e i s  a higher proportion o f  the s e  sug a r s  

i n  the .:na teri al s pun from the r o om t emperatur e extracted 

hemicellulos e-B (whi ch contains mos t  of the hydroxyproline ) than 
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FIG . 3 .  ALKALINE .FRACTIOi�A'l'IOH OF CELL vJALLS l,'.lO.uiFIED TO IHCLUDE 

REMOVAL OF CaC1 2 INSOLUBLE POLYSACCHARIDE 

Neutral detergent 
extra cted Hall 

I 
Extract "di th 

, I 
Filtrate 

Acetic acid to pH 4 . 5 

10/b KOH 

Res idue 

Fil trate 

Hemi cellulos e  BlO 
Pr e cipi tate 

Hemic ellul o s e  A 

I 
Di s s olve in CaCl n SpG 1 . 3 G . I 

centrifuge l7o , ooo g,  90 mins . 

I 
CaC1

2 
insoluble  gel Supernatant 

I 
Di s s olve in CaC1 2 

Add iodine solution 

I 
Heteroglycan-B 

I 
Pr e cipi tat e 

l inear ( 1-4 ) linked 

polys acchar ide (11iil'abinoxylan-B" ) 
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0 from that extra c t ed at  0 C .  �lhether or no t this  r efl e c t s  t he 

pr e s ence of a glycoprotein r ich  in arabino s e  and g al a c to s e  and 

hydroxyproline c an be deterJ[lined only by further work 

invol v ine grea t Gr resolution of cell , .. ,rall fra ctions . Even the 

s eparate occurr enc e o f  arabino §alactan and pro tein in the 

fracti on would no t rul e  out an in vivo as so ciation between them 

. r esulting in r e s i stanc e to 0°C 10% KOH extrac tion , if a bond 

between them was cleaved by the sa�e treatment at  20°C .  Thi s 

�·muld be esp ec ially true if arabino gglact;i;m'·- in bo th frac tions 

was bonded to long chai� xylan which as  well as being i o dine 

precipi table was not  very solubl e in CaC1 2 s olution . 

0 

B .  Unrrer and Lm..rer Hypo cQiLl Sections 
• c 

The polyme r s  des cribed in Tabl e XX vler e a cOJ::!Ibination of 

the two frac tions which could have been extracted s equent i ally 

I'.he c ell vmll s fro:-:1 a fur ther  batch of top  

and bo t to� hypo cotyl s ecotions vJe r e  extracted s equentially Hi th. 

In this eiperiment the 

hydroxypr oline r i ch room t empe rature extract ms  examined and 

yi elded hemi cellul o s e-B �r abinoxylan� of mor e  m�rkedly 

differ ent . mono sacchar ide compo si tion ( Tabl e X:XI.B) wi t h  

Xylo s e  

· of top 1 

and bot tom 1 . . 

Arabino s e 

0 . 6 

1 . 9 

Glu co s e 

0 . 4  

0 . 4  

Gala c to s e  r at io s 

0 . 6 

1 . 07 .  

Ther e was four t ime s  a s  much hydroxyproline in th e bo t tom 

fraction . 

The monosac char ide compo s i tion o f  th e f r a c ti ons again 

sug g e s t s  tha t the polysaccharide vThic h  i s  being spun down from 

the CaCl2 s olution p r i o r  t o  add ition of io dine i s  ri ch in 

arabinogalactan . In this r e gard it is no tewor thy that the 



Hyp o c o tyl 

TABLE XXI . EXTRAC T I ON O F  CE.uL HALL PO:SYSAC CHAR IDES FRO l-1 6 ea LUPIN HYPOCOTYL 

Extrac tion 

Reg ions T emperature 
Fr a c t i on ��ie ight * 

Mono s a c char ide Comp o s i tion 

Xylo s e  Arab ino s e  Gluco s e  Gala c to s e  
' 

A .  Total 0 Ar abinoxylan-B 86 1 0 . 19 0 . 38 0 . 48 

To tal -0 - - - C aC1
2

- ins o lubl e  47 1 1 . 01 0 . 36 1 . 65 

To tal 20 Ar abinoxylan-B 18 1 1 . 45 0 . 29 0 . 66 

To tal 20 CaC1
2

- ins o luble 24 1 3 . 48 o .  28 4 . 74 

B .  Upp er * *  20 Ara binoxylan- B 23 1 0 . 5 9 0 . 4lo 0 . 61 

Upp e r  20 CaC1
2

- insolubl e  35 1 3 . 19 o .  24 5 . 31 

. LovJer 20 Arabinoxyl an-B 0 28 1 1 . 90 0 . 43 1 . 07 

Loiver 20 CaC1
2

- insolubl e 31 1 4 . 49 0 . 16 4 . 96 . 

* mg/gm of neutral d e t er g ent extr a c ted c el l  wall . 

·� *  'v'lalls extr a c ted for 10 hr vli th 101� KOH a t  0°c extr a c tion fo r 24 hr . (X) 
0> p, 
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Cac�2 insoluble polysacchar ide is greatest  a s  a proportion of 

the tot al linear polysaccharide  ( CaC12 insoluble plus 
" 

"arabinoxylan-B" ) in the upper r egion o f  hypo co tyl . Thi s  

differ ence i s  no t great , but if i t  i s  r eal and due to an 

arabinogalac tan then i t  i s  in keeping wi th r e sul ts of other s 

O'Jevj_ns , Engli sh and Alber sheim , 1968 ; Nor thcote , 1972 ) \vho 

· claim a decrease  in arabino s e  and galacto s e  as a ti s sue age s . 

I t  i s  po s s ible that although such a decr ease o c cur s i t  i s  being 

ni s gui s ed be cause the fr�ctionation has no t dis tinguis hed 

be tv1een an arabinogalactan decreasing in quantj_ ty and an 

" ar abj_noxylan'' undergo ing a concomitant incr eas e in arabino s e 

and galacto s e . . However 0 the r elative chang e s  in arabino s e  and 

galac to s e  between the fractions from top and bo ttom hypo cotyl 

Fegions sug g e s t �  th�t although incorporation of an 

arabinogalac tan may be o c curr ing s ome extra arabino s e  i s  b�ing 

incorporated , po s sibly as arabino s e  olig o s ac char i de s ide c hains . 

Ther e i s  evidence that the s e  ar e present on protein befor e  i t s  
0 

0 -
s e c r etion into the cell wall (Brysk and Chri speel s , 197 2 ;  Karr  

1972 ) .  
" 

An incr ease in galacto s e  in frac tions from the lovrer 

hypocotyl - r egions is no t ne c e s s arily due to serine l irllied 

galactan . Nuch of it  i s  po s s i bly due to the pr e s ence of xylan 

_ linked galac to s e . In this cas e  the inc r ease  \vould be 

inde pendent of extensin inc orporation , although i t  may 

eventually become link ed to the pro tein . 

Vlhether or  not metabolic  turnover knovm to o c cur 

ext ensively in c ell walls  (Lampor t ,  1970 ) take s place  between 

the two fractions is a ques tion for inve s tigation . Po s si bly 

an incr eas e  in cro sslinkage through extens in binds the CaC1 2 
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ins olubl e and CaC1 2- s olubl e  f r actions mor e  extens ively in the 

l ower s e c t i on of hypo c o tyl . Thi s would decr eas e  the 

pr opbr tion of arabinogala. ctan contributing to the heter oglycan­

B and incr eas·e the arabino s e  and gala c to s e  in the so  c all e d  

1 1ara.binoxylan-B 1 1  fraction . 

The hemi cellulo s e-B i s  to tally s o lubl e in CaC12 soluti on 

vrhi c h  al s o  conta ins ur ea . Thi s sugg e s ts that the usual 

ins olubil i ty of s ome of the hemi c ellulo s e  polys a c c har ide i s  due 

to inter - and/or intramolecular as soci ations , and po s s ibly 

r ef l e c t s  a capa c i ty for int e r - polymer,· as so ciations within the 

Such non- coval ent int erac tions between wall 

p o lysac char ides have been demons trated ( Rees , 1969 ) and f or 

s ome tim e been considered impor tant in determining the 

pr o per ti e s  of the pr imary wall ( Gould e t  al . , 1965 ) .  Thi s ha s 

u sually been di s cus � ed in r ela tion to p e ctic u subs tance s whi ch 

ar e pr es ent in hi gher conc entr a tion in the wall than i s  the 

CaCl2 ins olubl e polysac char ide ( s ee Chapter I Table I ) . 

The CaC12 ins oluble po ly s a c c haride  do e s  no t incr eas e  a s  a 

propor tion of the to tal hemi c ellulo s e-B in the bo ttom compar ed 

with the top hypo c o tyl r egion.  This  sugg e s t s  t hat the 

g e lation capa c i ty of the hem i c ellulo s e-B per s e  i s  no t a .  
I 

pr imary d e terminant o f  growth rate . 

I 
However , the ability o� the fraction to form gels may no t 

I 
b e  di rectly related only to , t he amount of  arabino s e- galac t o s e -

r i ch CaCl 2 ins oluble polysac c haride contained in i t  but a l s o  to 

the f ine s tructur e of this polysa c c haride . Ther e i s  evidenc e 

tha t such polymers  may undergo s light internal modificat ions 

such a s .  the ins er tion of r hamno s e  uni t s  or s ide  ch.'ains v.Jhi ch 

affec t  their linearity ( Gould et al . , 1 9 65 ; As p inall e t  al . , 
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· 1967 ; R e e s  and \Hght , 1969 ; fiubery and Nor thcote , 1�70 ) .  

Alt hough polyme r s  of varying g elation capa c i ty may be s pun 

w:Lt h e qual e a s e  from the CaC1 2 s olution , it i s  no t ne c e s s arily 

a r ef l e c t ion on the s t r eng th of the ir non- coval ent bonding 

wi thin the wall , al though it do e s  s ug g e s t  an abil i ty to 

a s s o c i at e . One mus t take into a c c ount the environment lilithin 

the c el l  v.ral l  ·wher e as vlell as a much lov1er ioni c 

conc entration t her e ar e a number of other mol e cul e s  pr e s ent 

whi ch mi ght influenc e the ability to form g el s . For example ,  

ext ens in , by forming g lycosyl linkages to galacto s e  o r  o ther 
I 

sugar s may s ter i cally hinder the formation of non- coval ent 

inter p olym e r  j unctions whil e  at the same t ime fo rming a r ig i d  

networ k  ba s e d  o n  irr ever s ible formation of covalent bonds . The 

trans i tion from a pH dep endent non- coval ent to a covalent typ e  

o f  linkag e  may b e  the bas i s  of the lo s s  o f  e long ation r e s pon s e  
0 

to auxins in pr imary c e l l  vralls as they age . 

The o r i g in of the ar abino s e  and galac to s e ( ?arabinogala c t an) 

in the hemi c ellulo s e-B i s  of int er e st , a s  i t  i s  po s s ibly 

derived la r g ely from p e c t i c  arabinogalactan whi ch is r end e r e d  

ins o lubl e  i n  neutral detergent by coval ent a s s o c iation , 

perhaps thr ough extens in ,  wi th o ther wall poly s a c char ide� . In 

thi s c a s e  i t  might ent er th� wa ll as p e c tin and later be c ome 

bound into \..rha t is  knO\vn coventionally a s  the hem i c ellulo s e  

f r a c tion . Such a p r e cur s o r  product r elationship betwe en two 

wall fractions has been s ug g e s ted by Stoddar t and No r thco te 

( 1967 ) and Rub ery and Nor thco t e  ( i970 ) a s  a r e sult of their 

wo rk on turnover of p e c ti c  subs tances in sycamo r e  sus p e�s ion 

cul tur e s . 

Whether the arabinogalac tan o f  the room temper atur e  
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·c 

extracted arabinoxylan-B fraction i s  der ived metaboli cally from 

t he 0°C solubl e frac tion , from conventio�pec tin , or  ne i ther , 

s&ould be appar ent from labelling experiments . That i s , the 

d e g r e e  of s p e cificity involved in glyc� sylat ion of the extens in 

mole c..:ul e dur ing fabr i c a tion of the extens in- poly s a c c ha r i d e  

complex of t h e  c el'l wa ll s hould b e come appar ent . 

The above result s  c l ear ly s how that appli cation of the 

alkali extra ction pro cedur e to c ell vrall s from top and bo t t om 

2 cm r eg ions of a 6 cm lupin hypocotyl p r o vi d e s  evidence of a 

diff erence in poly s a c c ha r i d e  comp o s i.t 1on b e tw e en elongating and \ 

non- elongating reg ions . I t  s e ems s i gnifi cant that thi s 

differ ence i s  larg ely in a fracti on wi th whi c h  mo s t  of the 

extracted hydr oxyproline is a s s o c i a t e d . Vih e t he r  o r  not thi s 

as s o c iation involve s d ir e c t  covalent linka.ge r emains to be s een . 

The data contr t bu t e s to the groviing body of evidence whi ch 

sug g e s ts tha t al though the c ell wall i s  pr edominantly 
b 

carbohydrate , a r e la t ively smal l fra ction , the glycoprotein 

extens in , i s  o f  great impo r t anc e in the d etermination of c el l  

el ont;a tion . .F'ur ther s tudy of i t s  c hemi cal inte g r a t i on into 

the wall is irn.por tant to an under standing of i ts mode of a ction . 

In thi s conn e c tion it s e ems l ikely tha t g lyco s yl s er ine li�� s 

ar e not the sole  one s j o inin� the amino acids to the cell wall 

as the s e  links appear to be ,broken by jJ - elimination in lOig KOH 
I 

at 0°C (Ander son , Hofi'man arid Heyer , 1965 ) , to p e rm1t 

extr a c ti on o f  hydroxyproline . It  s eems tha t  on the whole  the 

role  of the hydroxyproline r i ch glycoprotein in controlling 

extens ibility involves the forma tion of mor e than one kind of  

l i nk wi th the c ell wal l  poly s a c c haride and may even �nvolve 

amino a c ids linked to the " c ellul o se 11 frac tion ( Honr o , Bailey 
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and Penny , in p r e s s ) .  
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MATER I AL S  AND EETHODS 

Pl ant T i s sue . S e e d s  o f  blu e  lupin ( Lup inus angu s t i f o l iu s ) wer e  

g e rmina t ed and grovm under p r eviou s ly d e s c r i b e d  condi t i o n s  

( C hap ter I ) . 
+ 

Hyp o c o tyl s ( 6  - 0 · 2 ern i.n l eng th ) wer e harve s ted . 

Ei the r whol e hypo c o tyl s wer e  us ed or t hey wer e cut into t hr e e  
• .  

2 cm s e c tions of whi ch the top and bo ttom r e g ions wer e 

analy s ed in t h i s exp e r iment . 

Cel l  Wal l  Pr eDaration.  The hypo cotyl s and s e c t i ons wer e  g round 

in a /Jar eing bl e nder in i c e d  vra ter for 30 s e conds , f i l t e r e d  and 

extr a c t e d  for 2 hour s in 2 c hang e s of � bo i l ing neutral de t er g en t . 
The wal l s  wer e wa s hed by s u s p ending in hot di s t i l l e d  wa t e r  and 

f i l t e r ing two o r  thr ee time s . 

Ext r a c t i ons . All alkaline extrac tions wer e c ar r ie d  out 

ba � i c ally as d e s cribed in Chap ter I of thi s t h e s i s , exc e p t  that 

the ti s sue u s e d  h e r �  wa s no t delignified . Compar i s ons o f  

up p er and lower r eg ions wer e made i n  t erms o f  t otal 10% KOH 

s o lubl e hemi c el lulo s e  and in t erms of the 18- 2 2°C lo;,b KOH 

s o lub le hemi c el lul 0 s e r emoved fr om the wall s a f t e r  a pr i o r  

extr a c t i on fo r 10 hour s wi t h  10% KOH a t  0°C .  Fo r c ompar i s on of 

hemi c el lulo s e s  derived fro m 10% KOH extra c ti on at 0°C and 

subs e qu ent extr a c tion at 18- 2 2°C r e s pe c tiv ely wall s deriv'ed 

from whole hypo c o tyl s wer e us e d .  All extra c t i ons wer e  done 

und e r  n i trog en . 

Fr a c t ionation s .  Fo r c ompar i s on of top and bo t tom hyp o c o tyl 

r eg ions total 10% KOH s oluble h emi c e llul o s e  wa s f r a c tiona t ed 

into hemi c el lul o s e  A and B and the h emi c e llulo s e-B 

sub - f r a c tiona ted into l inear and br o.nched s p e c i e s  by iodine · 

pr e c i p i t a ti on o f  the l inear s p e ci e s  from s o lu t i on in aqueous 

CaC1 2 SpG 1· 3 ,  as ha s b e en d e s c r i b e d  in Chap t er I .  
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For compari s on of hemicellul o s e  from top and bo ttom 

hypoco tyl by extract ion with 10}� KOH at room t emperatur e af ter 

prior 0°C 10� KO� extrac tion , and fo r compar i s o n  of both 0°C 
< 

and r o om tempera tur e 10% KOH s oluble h emi c ellul o s e s  from to tal 

hypo c o tyl , a modi f ie d  fra c t i onation wa s used . In this the 

· hemi c ellulo s e  wa s Qi s solved in CaC12 , SpG 1 . 3  by s t i rring 

overnight and the solution vJa s s pun a t  70 , 000 g for 90 minute s . 

The CaC12 ins oluble ma terial ( g el ) v.ras  re  sus p ended in wate r , 

di alys ed 24 hou r s  against running tap vmter and f r e e z e  dr i ed . 

The sup ernatan t  \'la s dialys ed and freeze-dried before 

r edi s s o lving in CaC1 2 s olut ion and submitting t o  iodine 

pr e cipitation to s eparate l inear · ·  ( 1-4 ) link e d  polys a c c harides 
• 0 

and the he terogly can- B ,  as  d e s c r ibed in Chapter I .  
0 

Analys e s . Car bohydrates wer e  analysed in ac id hydr olys e s  of the 

frac tions by the quantitative paper chromatographi c me tho d o f  

Hil s on ( 1964 ) a s  des cr ibed i n  l1ethod s Chapter I .  Hydroxypr o line 

wa s measur ed in 6 N • HCl hydrolysates  by the me thod of  Swi t z e r  

and Swnmer des  c r i  b e d  i n  Ne thods  Chao ter I I .  ' � 
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V I . THE AHINO ACI D  COHPOSITIOH Oli' POLYSACCHARIDE FRACT I ONS 

ISOLATED FRON LUPIN HYPOCOTYL C ELL WALLS 

IHTHODUC T ION : The protein 1 1 ext ens in " i s  characteri s t i c · o f  the 

c ell . walls  of"' h igher and many loi;Jer plan t s  ( Lampor t , 1970 ; 

Nill er et al. , 197 2 ;  Lamport and Eiller , 197 1 ;  Go t elli and 

Cleland , 1968 ) . No s t  of the cell hydroxyproline is  located in 

thi s pro tein , whi ch is c onfined to the c ell wall (Lampor t , 

1965 ) .  

The i sola tion of arabino sylhydroxyproline and peptide s 

containing hydroxyprol�l \arabino s e ) 1_4 from c ell vJall 

hydr olys ate s ( Lampor t , 1967 ) lead to the idea that extens in acts  

to crosslink wal l  polysaccharides and thereby control the 

extens ibility of the vmll . This was supported by the 

phys iologi cal evidence that hydroxyproline incr eas ed in walls 

as  they ceased elongatio� ( Cleland and Karlsne s , 1969 ) . 
0 

Extensin fragrn.ents wer e later found to contain bo th 

arabino se  and g alacto s e  ( Lamport , 1969 ) and thi s lead to the 

po s tulation tha t  the \vall pro tein Has bou:.r1d via arabino s e  

oligo saccharide-linked galactan to the ·vmll microfibr ils 

( Lalilpor t , 1970 ) .  Mor e  r e c ently ho1vever , it has been shovm 

that isolated arabino sylhydroxyproline i s  not involved in any 

dir e c t  link to polysa ccharide , at  lea s t  in fragments s o  far 

isolated . Mor eover galact o s e  a s s o ciated 1-vi th wall peptide s 

has now been shown to be involved in a galac to syls erine l inkag e  

( Lamport  e t  al . , 1973 ) and although as yet only s ingle 

galac to s e  unit s  have been found attached to the peptide , it i s  

thought that pr o tein linked galac tan conjugates  the o ther 



�olysac chari des  and the pro te in of the wall (Keeg s tr a  e t  al . , 

197 3 ) . 

The ability of prona s e  to r elea s e  polysa c char ides f r om 

polysac char ida s e  tr eated walls  (Keegs tra et al . , 197 3 )  adds 

weight to the conc ept of cro s sl ink s  be tv1een the pro tein and 

nta j or wall polys a c c har ide s .  Based on the s e  and o ther 
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: C Talmadg e  et al . ,  197 3 ;  Bauer e t  al . ,  197 3 )  r e sults Keeg s tr a  

e t  al . ( 1973 )  have now propo s e d  a g eneral model for the pr imary 

� ell wall of sycamo r e  su�pens ion cultur e s  in whi c h  the ext en s in 

and mos t  o f  the wal l  polysaccharide s ar e uni t ed into a 

macromol e cular compl ex . The e s s ential f eatur e of Lampor t ! s  

o r ig inal model ( Lampo r t , o1970 ) i s  pr e s erved and tha t  i s  that 

the pro t ein mol e cul e cro s s links thr ough polysac c har ides  of the 

wall matrix to the microfibr ils  and can therefor e retard their 

movement r elative t o  one ano ther . Any s tudy o f  the primqry 

cell  wall ma tr ix is ther efo r e  now to be r egar ded as a s tudy o f  

the exten s in-pulys a c charide complex ang has an impor tant 
0 

bearing on t he w1der s tanding of cell e longa tion . 

In addi tion to enzymi c and har sh c hemi cal degradation u s ed 

by the abo ve worker s ,  mild chemi cal means may be us ed to 

fragment the wall and enabl e i s o lation of var i ous polymer s .  

These  may then be characteri zed and f i tt e d  into a 

·hypo theti c al model of  the \vall . 

It  \vas s ho1m in Chapter IV tha t t o tal 10;'& KOH s oluble 

hemic ellulos e (HT ) can be extr a c ted in two fairly di s c r e e t  

s ta g e s .  The fir s t  of the s e  i s  at 0°C and r emove s  about two 

thirds of the hemi c ellulo s e  ( HO ) . and l i t tl e  hydroxyprol ine . The 

r e s i s tant hemi c ellul o s e  (HRT ) i s  readily extr a c ted along \·Ji t h  

mo s t  o f  t he '-'Jall hydr oxypro l ine ·vThen the temperatur e i s  



incr ea s ed to r o om tempera tur e ( 18- 22°C ) . It wa s the r e f o r e 

s ugg e s t ed that HRT i s  bound into t he \·Tall thr ough i t s  
c 

invo lvement i n  the exten s i n  poly s a c chari de compl ex and i s  no t 

, r el e a s ed unt i l  t he complex i s  d i s s o c j_ a t ed through the rup tur e 

o f  alkali labi l e  b onds . 
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Such a bond is the gala c to s yl s er ine l ink o f  ext ens i n . I t  

app ear s t o  b e  r e s i s tant t o  0°C 10% KOH ( Lampo r t  e t  al . , 1973 ) , 

al though thi s  i s  c ons iderably - mo r e s table than a 

g lyco s yl s erine l iru� r epor t e d  from c o l lag en (And er son , Hoffman 

and Heye r , 1965 ) . The alkaline c l eavage of thi s bond i s  

a c compani ed by de s tr u c tion of the s e r ine thr ough /' - el imina t i on 

( Fi g . 5a ) . 
" 

Evi d enc e for th e imp o r t an c e  o f  t he galac t o s yl s er ine to the 

a s s o ci a tion b e t-v1e en var ious \>!all p olymer s may th er efor e b e  

o b taine d  f r6m a s tudy of the i r  amino a c i d  compo s i t i on s . 

Fur thermo r e , a s  a v ar i e ty o f  amino a c i d-carbohyd r a t e  b onds ar e 

po s s ible ( Lamp or t , 1970 ) , i t  i s  r el evant to c o n s i der t h e  l evel s 

o f  amino a c id s  o th er than s er ine , a s  an enr i c hment o f  a 

par t i cular amino a c i d  in any f r a c t i o n  might i n�i ca t e  a bond 

b e twe en thi s amino a c id and a s p e c if i c  polys a c char i d e  in that 

f r a c t ion . Thi s appr oach may al s o  p r ovide info rma t i o n  u s eful 

to t h e  me thodo l o gy of extensin i s o l a tion and wil l help clar i fy 

the r �lation s hip of ext ens in and the alkal i - s o lubl e  plant c e l l  

wal l  carbohydr at e s . The r e sul t s  o f  such a s tudy a r e  r e por t e d  

below. 

RESULTS AND DI SCUSS ION 

Ext r a c t ion o f  po lys a c char i d e f r a c t i ons and pr o t ei n  

Lupin hypo co tyl s w e r e g round an d  extra c t ed vli t h  neutral 



de ter g ent . They were then subj e c ted to the alkaline 

fractionation shown in � ig . 3  Chapter V which i s  basically 

a c cor ding to Gaillard and Bailey ( 1967 ) with the 0°C and 

18- 2 :;:Pc alkal ine extractions . T i s sue � i s  extrac ted wi th 10% 

KOH fi r s t  at 0°C for 8 hour s to r emove 0°C soluble 

hemicellulos e  (HO ) and then at 18- 22°C for 24 hour s to r emove  
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the r o om temperatur e s oluble frac tion (HRT ) .  The HO has b e en 

s hovm to contain l i ttle hydr oxyproline (Chapter IV ) and vras  

no t fra c tionated fur ther . The HRT was di s solved in CaCl2 

SpG 1 . 3 an d  s eparated by c entr ifuga t�on a t  70 , 000 g into CaCl 2 

SpG 1 . 3 ins oluble mat erial , and s olubl e material , and the 

l atter f r a c tionated . fur ther into linear and branche d spe ci e s  

(arabinoxylan-B and heteroglycan- B )  by the addi tion o f  I 2 : KI 

s o lution ( Gaillar d , 1961 ; Gaillard and Bailey , 1966 ) . 

H e'mi cellulos e -A wa s not r emoved prior to thi so fracti onation a s , 
<' 

apart from being lov;. · in quantity in thi s tis sue O·Ionro , Bailey 

and Penn.y , 1972 ) , i t  contains very little hydroxyproline ( Honro 

Bailey and Penny , 1974 ; Chapte
.
r V ) . The 10� KOH extracted 

r e s idue  vms tr eated wi th 24fo KOH for 24 hour s at  room 

t emper a tur e .  

The r esults ar e g iven in Table X I I  in terms of 

polysaccharide fractions and pro tein extracted . They confirm I 

the r e sult s  already pr es ented in Chapter s  IV and V although the 

arabino�ylan-B : CaCl2 ins olrble polysac char ide rat io is  
I 

s omewhat higher than formerly obtained when appr oximately equal 

quantities  of the two fractions were fom1d . As befor e ,  the 

h eteroglycan is  a minor component . 

Of the lo s s  in weight of th e res idues wi th the 0°C and · 

18- 22°C 10J KOH extractions about 30A i s  recover ed i� the 

f r e ez e  dr ied  extracts  after 48 hour s dialys i s . This po s si bly 



indi cates a high degree of degradation of the polymers, the 

pr e s ence in the wall of  ma terial of  low degree of 

p olyme r i za t i o n , 6r of some ba ct er ial �egradati on . 

The wei g hts o f  HO and HRT after 2� hour s di alys is are 

g iven in parentheses in Table XXI I .  The l o s s of the s e  

fra� tions i s  only about half that enc ounter ed over 48 hou� s . 
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The percentage and we i g ht of pr o t e in per g r am o f  detergent 

extrac ted start ing wall  is al so s hown in Tabl e XX I I . The 

f i gur e s  ar e obta ined f r om the amino a c id analyses shmm in 

Table XXI I I . no extra c tion o f  protein vms r e c o r d ed with the 

0°C 10� KOH extr a c t i on and mo s t  of i t  (77%) was removed by the 

18-22°C extra c tion of" RO . In agreement wi th thi s  Olson ( 1964 ) 
0 

has sho1m th.J. t 85fj qf the hydr oxyproline ( an index of wall 

pro t ein ) of tobacco  callus c e � l s  is r e s i s tant to 0°C alkal i  

extr a c tion , a.YJ.d Doug all and Shimbayashi ( 1960 ) and Lampo r t  

( 19 65 )  have fowid the bulk of the wall-bound hydroxyprol ine in 

sycamore callus cells to be r esi s tant to cold alkali .  Of the 

25 . 2  mg of pro tein in the 0°C 10% KOH extra ct ed res idue (RO ) 
only 8 . 1 mg are a c c ounted for in the sum of pro tein in the room 

temperatur e  10% KOH extracted residue (RRT ) plus the t hr e e  

fra ctions derived from HRT . This means tha t in the 18- 22°C 

10% KOH extra c tion and fra cti onation s ome 67$ of the pr o t e in in 

RO befo re extrac tion has been lost. A similar f igur e for the 

lo s s  of to tal frac tion can be deduced from Ta ble XXI I .  Hence 

there is no evidence for independent dialysi s of the pro tein 

and poly s a c charide . 

The amino. a c i d  analy s e s  (Table XXliOtShow tha tafthe 

hydroxyprol ine not extracted a t  18- 22°C two thirds was r emoved 

by the 24$ KOH leaving approximately 11� of the pro tein 



TABLE XX I I .  ALKALINE EXTRACT ION O F  PO LYSACCHARI DE AND PROTEIN i''Rm1 

>:< Extr a c t i on 

Condi tions 

Neutral 
Deter g ent 

(4 hr , 100° C ) 

10;� KOH ( 0° C 
8 hr )  

- -

l01G KOH ( 18- 22° C 
24 hr ) 

24,;b KOH ( 18- 22° C 
24 hr ) 

Cell vlall 
Aft er 

Extr a c t i on 
(mg ) 

1000 

- - 7 64 . 8 

626. 7 

512 . 0  

* �xtr a c ti ons in s e que nce 

NEUTRAL DETERGENT THEATED LUPIN HYPO C O TYL C ELL ltiALLS 

0 

Polys a c c ha r i d e  Extr a c ted Pr o t e in in Extr a c t e d  Residue 

To tal Fr a c ti on I s o lated mg/gm of mg/gm of Ini ti al 
Fr a c t ion from HRT* *  

Extr a c t e d  C ell Hall ( RHD ) 
(mg ) Re s idue 

'> 

- - 24 . 26 24 . 26 

103 . 3 (HO ) 32 . 96 25 . 2 1 
�87 . 9 ) * *  -

23 . 0  
45 . 3  (HRT ) ( a r abinoxylan B )  8 . 99 5 . 63 

(85 . 4 ) ':< *  10 . 6  0 

( Ca C l
� 

SpG . 1 . 3  
- .  

ins o l  ble . ,  

4 . 1 
(hetero g 1yc an- B) 

30 . 0  (H24 ) 0 5 . 0 2 2 . 57 

% Extraction 

o f  Pr o te in 

-

0 

77 

89 . 4  
' 

* *  �i gur e s  in par enthe s e s  a r e  wei ght s  r e c ov e r e d  af ter 24 hr . dialys i s , o t he r  f i gur e s  a r e  f or to tal 
f r a c tion af t e r  48 hr . Qi aly si s . 

,· 

(0 
(X) 
i1' 
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T.ABLE lJC I I I . ANINO AC ID A ·�ALYSES O F  FRACTIONS AND RES IDUES 

OET.·UNED FROLi EXTHAC T I ON SE�UENC:i:!: SHO.vJ.N Ill FIG . 4  

Sample and Amino -a cid content mg/gm sample Amino 
RND RO RRT CaC12 Arabino- Het ero- R 24 

Acid in sol- xylan-B glycan-
uble B 

Lysine 2 . 28 3 . 16 0 . 56 14 . 61 13 . 05 10 . 39 0 . 36 

Hi $tidine 1 . 20 1 . 96 0 . 20 13. 31 8 . 78 2 . 55 0 . 10 · 

Am.1.110nia 0 . 13 0 . 17 0 . 05 2 . 87 0 . 99 5 . 02 0 . 051 

Arginine o .  24 0 . 32 0 . 12 2 . 64 0 . 71 5 . 86 0 . 053 

Hydroxypr oline 7 . Q4 9C). 33 1 . 89 32 . 48 48 . 12 15 . 37 1 . 93 
0 

Asparti c Acid 0 . 89 1 . 03 0 . 49 6 � 48 3 .  7 2  13 . 05 0 . 29 

Threonine 0 . 61 0 . 69 0 . 20 3 . 68 2. 38 6 . 05 0 . 11 

Ser ine 2 . 51 3 . 51 0 . 42 10 . 38 . 1 2. 90 22 . 05 0 . 15 

Glutami c Acid 0 . 83 1 . 05 0 . 4 2  9 . 58 4 . 62 24 . 60 o .  27 

, Proline 2 . 11 2 . 82 0 . 86 19 . 51 11. 52 4 . 03 0 . 66 

Glycine 1 . 76 2 . 14 1 . 33 5 . 7 6  1 . 48 14 . 43 0 . 8 2 

Alanine 0 . 66 0 . 83 0 . 27 4 . 49 3 . 01 6 . 07 0 . 20 

t - Cys tine 

Valine 1 . 16 1 . 58 0 . 48 8 . 5? 6 . 11 5 . 76 0 . 33 

Methionine 0 . 06 o. 08 0 . 03 0 . 70 0 . 24 1 . 81 0 . 02 

Isoleucine 0 . 54 0 . 73 0 . 37 3 . 5 2  1 . 90 4 . 99 0 . 30 

'Leucine 0 . 84 1 . 10 0 . 46 7 . 68 ' 3 . 22 8 . 74 0 . 33 

Tyro s ine 1 . 24 1 . 58 0 . 29 '7 . 04 8 . 61 7 . 17 0 . 13 

Phenylalanine 0 . 66 0 . 88 0 . 55 3 . 14 1 . 15 4 . 53 0 . 4 2  

Total (mg/gm 
sample )  

24 . 26 32 . 96 8 . 99 156 . 4 132 . 5 162 . 5 5 . 02 

Sample vreight ]_000 764 .8 626 .7 10 . 6  23 . 0  4 . 1  512 . 0 

(mg/gm of RliD) 



o riginally in the RND.·.in the R24 . Similarly , the data of 

Lamport ( 1965 )  indicates that some 20/b of the wall -bound 
-

hydroxypl"oline of sycamor e  sus pension cul tur e c el l s  -vra s- not 

One should 

however , be c au t i o�s in extr apo lating fr om walls  of intac t  

t i s sue t o  tho s e  fr om suspens ion cul tur e s , as s ome 

differ enc e s  behreen the t110 in vlall s tructure are apparent . 

Her th et al . · ( 1972 )  found an alkali stable fraction from 

Pl eur o c hrys i s  s cale s  to contain 32ft protein o f  whi ch 38% was 
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s erine . No hydroxyproline vms pr es ent al ti1ough Miller et  al . 

( 1972 )  and Lam p o r t ( 1970 )  have s hot.ifn hydroxyproline to be 

1.videspr ead throughout · t he pl ant kingdom . Thi s indi cates tha t  

perhaps i t  i s  no t always val id t o  use  hydroxyproline as  an 
0 

indicator of ex tensin in wal l  f r a c t ions . 

The natur e of the t ena c i ously bound hydr o xyprolj_ne i s  o f  

intere s t  in view of the s u g g e s t i on tha t  t he ext ensin-

polysaccharide complex _ of the wall matr ix control s  wall 

extens i b i l i ty by c r o s sl inldng be tween the cellul o s e 

microfibrils . One of the obvi ous p o ints for q o n t r o l  o f  

exten s ib il i ty is  the mi c r o f i br i l - g ly c o p� otein j unction , 

presu�ably left intact and pos sibly c onc entr a t e d  in the pro tein 

of the R24 . Keeg s tra et  al . ( 1973 ) have propo s ed a fairly 

indire c t  linl{ag e of the pro tein thr ough s erine � 

arabino gala c tan � pecti c r hamnogalacturonan - araban and 

galactan � xyloglucan , vlit h  the inter connec ti ons uniting mo s t  

of t he wall polysaccharide • T�e xyl o g lucan i s  thought to be 

. attached by hydrogen .bonds to  the mi crofibril surface and to  be 

able to c r e e p  along the mi cr ofibril a t  a rat e dependent on wall 

pH and the reby rapidly influenc ed by alL�in . Whi l e  the ahove 
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model may be true for suspens i on cultur e cell wall s , from whi ch  

muc h  unbound polysaccharide \•Till have been lea ched into the 

suspending medium (Becker , Hui and Alber sheim , 1964 ) , i t  do e s  

no t ap year to adequately accom.'Tioda t e  ivrp. t i s  kno1.m of the 

primary wall s  of intac t  ti s sue . The incomple t e  s olubility o f  

hydroxyprolin e  i n  alkali and the differential r emoval o f  mos t  

o f  the pro tein , xylan and pec t i c  polymer s  during the · s equenc e  

o f  neutral de ter gent , 0°C 10% KOH and 18- 22°C 10% KOH 

extractions sug g e s t s  that  the mi crofibril -matrix and matrix 

polymer inter-r elationships are s omew�at differ ent than , 
I 

envi s ag ed by t h e  above au.thor s .  

Amino Acid CornDos ition of i:/all Fra c tions a4d Rcsidues 
0 

Tho s e  r e s idues, extracts  and der ived fra c t i ons obtaine d 

from the expe r j_mental s e quenc e shovm in Fig .  4 and "�•·Thi ch �,.,,er e 

sub j ected to  automatri c amino acid analysis  aroe sho1·m in Table 

XX I I . 

The HO and 24]b KOH extracts  \·!er e no t fra ctionated or 

analys ed as they contain very ;Li ttle pro tein (Eonro , Bailey and 

Penny , 1972 ) .  The R24 s imilarly contains li ttle  but as 

di s cus s ed thi s protein is probably a very impor tant component 

of extensin due to its intimate as s o ciation with the 

mi crof i bril s . 

The per c entage amino ac�d compo s ition of the protein in 
I 

each  frac tion i s  given in Table XXIV . Over all , a considerabl e 
I 

var ia t ion i s  appar ent involving a large number o f  amino acids . 
' 

Thi s , c oupled 1-!i t h  uncer tainty due to dialys j_ s  lo s s e s mak e s  

it dif f i cul t t o  obtain a bas i s  for the compar i s on of  the var ious 

frac tions . A drawbaclc in using per c entage c ompo s i  t�ons i s  that 

variati on in each amino acid of a fraction a1 fects  the fi gur e 
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FIG . 4 .  ALKALIHE EXTRACTI ON AHD FRAC'.fiOl AT I ON OF' PL1 ,·T CELL-HALL 

POLYS.ACCHARIDES AT 0°C AHD 18- 22°C 

Fr e sh Ti s sue 

Gr ind in War e ing Bl end e r  

Extr a c t  wi th Neutr al Det e r g ent 100°C 4 hr s .  

I 
!Re s i due (RHD ) 

Ext r a c t  10% KOH , 0°C 

I 
·.-, . l t  I t .C l  - r a  e He s i d�e I (RO ) 

Jeu t r al i z e , dialy s e  
Freeze  dry 

Hemi c ellul o s e  (HO ) 

Extr a c t  

I 
Fi l t r a t e  

Neutr al i z e , Di a ly s e 
,. and freeze-dry 

Hemi c ellul o s e (HRT ) 

t emp eratur e 

I 
Re s i due (RRT ) 

Extraq,t 24;& KOH 
at room 

t emp e r a tur e 

Fil tr a t e  

Neu tr ali z e ,  dialy s e  
and f r e e z e dry (H24 )  

I 

S t ir over n i g ht in 
CaCl 2 SpG 1 . 3  

c entr i fug e 

I 
I 

Supe rnatant , CaC1 2 SpG l. 3 ins o lubl e 

Add J 2 : KI s o lution 

c entr i fug e 

Supe r na tant Pr e c i p i ta t e  

" H e t er o glycan- 1:3 "  "Ar abinoxy l an-B11  

h emi c ellulo s e  

H e s i due 

(R24 )  
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TABLE YJCIV • . AHIN O  ACIDS OF' T HE FRACTI OI'JS. AND RES I DUES SHmffl IN · :rABLE XX I I I 

AS A PERC ENTA GE OF �OTAL AMINO AC I DS FOR EACH ANALYS I S  

S ampl e  and Per c enta g e  Amino A c i d  Content 

A c i d  RND RO RRT C aCl
2 

ins o lubl e  Ar abinoxylan - B  Heter o g lycan-B 

Ly s ine 9 . 40 9 . 5 9 6 . 23 9 . 34 9 . 85 6 . 40 

Hi s ti dine 4 . 95 5 . 95 2. 2 2  8 . 5 1 6 . 63 1 . 57 0 

Ammonia 0 . 54 0 . 5 2 0 . 5 6 1 . 83 0 . 75 3 . 0 9 
0 0 

Arg inine 0 . 99 0 . 97 1 . 33 · 1 . 69 0 . 54 3 . 61 

Hydroxypr oline 31 . 08 28 . 31 2 1 . 02 20 . 7 6 3 6 . 31 9 . 4 6  

A s par ti c Aci d  3 . 67 3 . 13 5 . 45 4 . 14 2 . 81 8 . 03 

Thr eonine 2 . 5 1 2 . 09 2 . 2 2  2 . 35 1 . 80 3 . 72 

Ser ine 10 . 34 10 . 65 4 .  67 6 . 64 9 . 74 13 . 57 
0 

Glutami c A c i d  3 . 4 2 3 . 19 4 .  67 G 6 . 12 3 . 49 15 . 14 

Proline 8 . 70 8 . 5 6 9 . 57 12 . 47 8 . 69 2 . 48 

Gly cine 7 . 25 6 . 49 14 . 7 9 3 . 68 1 . 12 8 . 88 

Al anine 2 . 72 2 . 5 2 3 . 00 2 . 87 2 .  27 3 . 74 

Half -Cys tine 

Valine 4 . 78 4 . 79 5 . 34 5 . 59 4 . 6J.; 3 . 55 

11ethionine 0 . 25 0 . 24 0 . 33 0 . 45 0 . 18 1 . 1 1 

I s ol euc ine 2 . 23 2 . 21 4 . 12 2 . 25 1 . 43 3 . 07 

Leu c ine 3 . 46 3 . 348 5 . 12 4 . 91 2 . 43 5 . 38 

Tyro s ine 5 . 11 4 . 7 9 3 . 23 4 . 50 6 . 50 4 . 41 

Phenylalanine 2 .  7 2  2 . 67 6 . 17 2 . 01 0 . 87 2 . 7 9 

R 24 

5 . 53 

1 . 58 

o .  78 . 

0 . 81 

2 9 . 58 

4 . 40 

1 . 65 

2 .  27 

4 . 17 

10 . 13 

1 2 . 61 

3 . 07 

5 . 07 

0 . 26 

4 . 57 

5 . 04 f-' 
1 . 99 

0 
0 
o' 

6 . 48 
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obtained for all o ther s in the same fraction . Hmvever , 

despite the l imitations , s ome meaningful point s  ar e apparent 
·-

and ar e dis cu s s ed below . 

Extrac�ion o f  RHD vri th 10;& KOH at 0°C for 24 hour s caus e s  

very li ttl e chang e in amino a c i d  compos ition of  the· extracted 

cell \vall .  Thi s indi cates that if glycosyl s erine bonds exi st 

in the lupin hypo co tyl they ar e no t as  susceptible to  

/ - elimination as  the xylo syls erine r eported from chondroitin 

sulphate peptides  o f  cartilag e (Ander son , Hoffman and :tvreyer , 

1 965 ) and whi ch wer e de stroyed by 2% NaOH at 0-4°C for 19 hour s . 

It also s hows tha t  t he bulk of the hemi c ellulo s e  i s  not 

involved in a polysactharide- protein c omplex s imilar to that 
0 

propo s ed by Keeg s tr �  et al . ( 1973 ) , wher e the galacto syl 

bond is the only covalent link bebm en the pro t e in and 

polysaccharide moi eties and whe r e  thi s  and interpolysaccharide 

covalent links r esul t  in the Hall matrix being effectively a 

macromole cule . Ac cording to  their mod el the HO s hould not 

have been extracted f rom mm unl e s s  ac companied by / - elimina tion 

of  galacto s yl s erine o r  s imultaneous extraction of  protein . The 

r esults  sug g e s t  that HO mus t  be bound into the \val l  by o ther  

mor e  alkali labile links which  may s till involve extensin .  

Es ter linkages  bet\.reen the carboxyls of  a spar ti c and glutamic 

a c ids and sugar hydroxyls could be involved ( Lamport ,  1970 ) 

although s o diummethoxide was ineffective in extra c ting 

hydroxyproline from the wall ( Chaper I I I ) .  It i s  inter e s t ing to 

not e  that l evel s of thes e amino acids hav e  often been hig h  in 

published c ell wall analys es  ( Lamport ,  1970 ; Lamport et  al . , 

1973 ; Brysk and Chr i speels , 197 2)  although in the pr e s ent case  

they r epr e s ent only a few per c ent of the  RND pro tein . 
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However , a s suming c r o s s l ink s b e twe en t he HO p o ly s a c c ha r i d e s  i t  

would only take a f ew amino a c id- sugar e s ter l ink s to a c c oUJlt 

f o r  the i ns o lubi l i ty of HO in p e c ti c  s olvent s .  

T h e  amino a c i d  c ompo s it i on o f'  RND .·i s f a i r l y  s imilar to 

that r epor t e d  for a var i e ty of o t her higher plant c e ll wal l s 

and has t he typ i c ally hig h  hydr oxyp r o l�ne ( Lampo r t ,  1970 ; Bry sk 

and Chr i s p e el s , 197 2 ) . 

Extr a c t i o n  o f  RO vli th 10j& KOH at 18- 22°C f o r  24 hour s to 

g iv e  RRT c aus ed a mark e d  c hang e in amino acid c ompo s i t i on . I t  

s hould be r ememb er e d  tha t  the RRT protein r epr e s en t s  only a 

p o r t i on o f  t ha t  pr e s ent in RO , the r ema inder having b e en 

d i s s o lved f r o m  the wal l ( a s  HRT ) and . r e covered t o  s ome ext en t  

i n  t he fr a c tions i s olated f r om t h e  extr a c t . 

Ho s t  o f  the c hang e s  involve incr eas e s in the amino a c id 
n 

p e r c entag e i n  the p ro t e in o f  RRT compar e d  vli t h  t hat in RO o r  

RND . �hi s no doubt r e f le c t s  the decr ea s e  in t he c a s e  of bo th 

hydr oxyp r o l i n e  and s er ine to t he ext ents of 7 .  3;� and 6;& 

r e s p e c tively b e tween RO and RRT . Thi s means t ha t  the 

hydr o xypro l ine and s erine have dropp ed to 75% and 50� 

r e s p e c t ively o f  t he ir o r i g inal pe r c entag e s . 

T ha t  the amount of s er ine in the pr o t ein ha s halved I 

p r o bably indi c at e s  that� - eliminat ion ha s o c cur r ed . Dur i ng 

t h i s  r e a c ti on (Fig . 5 a ) an un·s t a bl e dehydr o p epti d e  int ermedi a t e  
I 

( 2 - amino a c r yl i c a c i d )  i s  forme d . Thi s e a s ily Ul1de r g o e s  

hydr olys i s  under mild alkali o r  a c.id c ondi t ions r e sul ting i n  
0 

t h e  fo rmat i on of a - C - NH 2 t e rminal and o<: - oxo pyruvi c a c id . Thu s  

the p eptide c hain i s  cl eaved . The ami d e  fo rmed wi ll r e l ea s e  

ammonia upon a c id hydr olys i s . 
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FIG . 5 .  ,/1 - ELIMINAT ION OF 0-GLYCO SYLATED SERINE AND THREONINE* 

� (a ) S erine nnd Thr e onine>:: * 

( b )  Thr eonine onlv 

O G  I 
C H 11 
C H 2  

+ 

+ 

< 0 
0 . \\ 
� · CH - C · -......_ R1 c - N H - 2 '"' N H , . hydro ly� ........._ R 2  

* Refer ence - Adams , 1965 . 

N H 2- C H 2- C O O H 
g lyc in e .  

* :t i n  (a ) th e t-:Je thyl i s  r epl aced by hydro gen 

R1 and n ?  a r e  the :N- terminal and C-tcrminal residue s  
r e s pe c ti vely, and G a glyco syl unit . 



Lampor t  has r epor t e d  alkal ine d e s truc t i o n  o f  s er j_ne i n  

s y c amo r e c e l l  wal l s  under c ond i ti o n s  s imilar t o  t ho s e  

103 

enc oun t e r ed he r e , but no t at 0°C .  The extr a c ti on o f  0°C 10% 

KOH r e s i s tant hem i c ellulo s e  HRT f r om RO can be explaine d in 

t erms of g ly c o pr o t e in comp l e x  s imil ar io that p r o po s ed by 

Keeg s tr a  et a l .  ( 1973 ) if one a s sum e s  that the alkali c l eave s 

the g a l a c tosyl s e r in e  bond and a t  the s ame t im e  d i s s o ci a t e s  the 

p o ly s a c c har i d e s  f r o m  the mi c r o f i br il s . If on th e o ther hand 

the pr e s ence of 24/& KOH r e s i s tant pro t e in indi c a t e s  a mor e  

d i r e c t  b on ding of exten s in t o  micr ofibr il s , t h en r el ea s e  o f  

the po l y s a c c har i d e  may depend t o  somd extent o n  p e p t i d e  c ha in 

c l eava g e  a s  �-<rell a s  on/'- el imina tion . Di s t ingui s hing b e tween 

s uch al t e rna tives may prove di ff i c ult due to the extent o f  

c r o s  s l inking 1--ri t hin the vra l l . However , a s tudy o f  the 

kine t i c s  of extr a c t i on o f  the var i o u s  wall po l yme r s  aft e r  a 

v ar i e ty o f  t r e a tments c ould provide r e sul t s  �el e vant to the 

interpr�t a ti on of wall s truc tur e .  

I t  i s  probably s i gni f i c an t  that the extr a c t e d  pro t e in 

vrhi c h  h a s  r ema ine d vri th the a r'a binoxylan-B fra c t ion ( i . e . 

e xcluding dialy s ed , CaC12 ins o luble and heter o g lycan-B p r o t e in ) 

h a s  r el a t i vely hig h s er in e  l evel s a c c ompani ed by hig h 

hydr oxypr o l in e . The arabinoxylan- B s er ine i s  a t  a s imii ar 

l evel t o  that in RND and RO and thi s sug g e s t s  that the 
I 

ar abinoxylan- B pr o te in i s  th,at Hhi c h  has not y e t  b e en 

)3 - el iminat ed from a s s o ci a t�o n  wi th p o l y s ac char i de . On thi s 

b a s i s , t he h e t e r o g l y c an- B s e r in e  may b e  par t of f r agment s o f  

p r o te in c ontaining non- gly c o s y l a t e d  s er in e  a s  w e l l  a s  s er in e  

glyco s yl a t e d  bu t unattache d  to a xylan and the r ef o r e not 

p r e c i p i t a t e d  wi th i o dine . However , i f  the r e g i on of ext en s in 

whi c h i s  bonded to polys a c c ha r i d e s  i s  enr i ched in s er in e  then 
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the level s will be rai sed in the fraction enr i c hed in the 

polysac charide , even if ext�nsive f-elimination has o c curr ed . 

A marked inc r eas e in glycine in the cell wal l  r e sidue 

o c curr ed aft er tr eatment of RO with the room t emperatur e KOH . 

I t  is inter es ting that glycine can be the produc t of  the 

f - elimination of O-glycosylated- 1- thr eonine by the reac tion 

s hovm in Fi g .5 b  in whi ch a vinyl glyco s ide is formed and 

decompo s ed in alkali to free sugar and ac etaldehyde (Adams , 

1965 ) . The thr eonine res idue i s  conver ted to glycine and the 

peptide chain remains inta c t . 

The c ons tancy of  thr eonine levels  ar gues agains t thi s 

r eaction b eing involved her e although \-rhen pro tein lo s se s  ar e 

c on s ider ed i t  mus t  s e  r egarded as po s s ible . In this cas e , the 

high glycine obs erved in the r e s idue ( ll. . &%) compar ed wi th only 

a few per c ent in ths arabinoxylan-B and CaCl � insoluble � G 

materiaJ would su g g e s t  protein containing glyco sylated 

t hreonine a s s o c iated wi th t he mi crofibr i l s  and protein wi th 

glyco sylated s erine as sociated pr imarily wi th the matr ix. 

Dur ing the;B - elimina tion of thr eonine depolymerization and 

r el ease of the peptide chain would not o c cur with the same 

frequency as during s erine des truction . Thi s could par tly 
I 

a c count for the incr eas ed l evel of glycine in the r e s idue . 

I 
Hydroxyproline l evels vary betv;een r e s idues and fractions . 

I 
In i ts glycosylated and non�gly co sylated s tates it  i s  s table to 

both acid and alkali and is ther efor e not l ikely to have b e en 

des troyed . That i t  i s  not enri ched in the res idue i s  

c onsi s tent vli th evidence that i t s  arabino syl s ide chains are 

no t fur ther attached to mi crofibril-linked polysa c charide 

( Lamport et al . , 1973 ) , as  was originally sug g e s te d  by Lamport 
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(- 1970 ) . I t  i s  however markedly enri ched in the arabinoxylan-B 

frac tion compar ed wi th RRT , al though the average proportion of 

hydroxyproline in the arabinoxylan-B and CaC12 ins olubl e  

fract ions i s  fairly s imilar t o  that in the original c ell wall 

(RND ) • 

. That hydroxypr oline can inc r ea s e  in proportion r elative to 

� ther amino a c id s  to the extent i t  has sugg e s t s  ( i )  that its . 

di s tr ibution along the peptide c hain i s  uneven and c onc entrat ed 

in thos e r eg i ons wher e a glycosyl s erine bonding of exten s in 

fr agments to the arabinoxylan-B r emains or  ( i i ) t ha t  i t  i s  

involved its elf in dir ec t  linkag e t o  the polysac char i d e s  of' 

thi s fracti on or ( i i i ) "tt,hat t he CaC1 2 insolubl e 

het er oglycan-B fr act ions ar e contaminated vli th r es idual 

ayto plasmi c pro tein v.Jhich dilutes  out the hydroxyproline . The 

a s slh'Tlption in the s e  c a s e s  is that the s olubil i ty in CaC1 2 SpG 

1 . 3  soluti on o f'  any protein is enhanced by attachment to the 

s o luble arabinoxylan- B . 
0 

0 

Eviden c e  in favour of' ( i ) lies  in the r e sults of  tho s e  

who have e.naly s e d  ex tens in fragment s (Lampor t ,  1969 ; Lampor t 

e t  al . ' 1973 ) .  The pro_t)ortion o f  hydr oxyproline and s er ine in 

the amino · aci d s  of such fragments is g enera lly muc h  hig her than 

in intact wall protein . In the i s olated fragment s of extens in 

· so far s equer1:c ed by Lampo rt the l ovle s t  hydroxypr oline cont ent 

, was 60;; of con s ti tuent amino acids  and in the fr agment in "'111hi ch 

a g alactosyls enine. . \•TaS identified ( Lampor t e t  al . , 1973 ) the 

p eptide had the compo s i ti on Gal 2Ser 2Hyp5Lys 1 • In mo s t  ca s e s  

hydr oxypr oline and s er ine predominat e  s o  th�t i t  app ear s tha t 

whe r e  galacto syl s erine links exi s t , the r e  will be an 

enri chment in hydroxyproline . The arabinoxylan-B compo s i tion 
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i s  consi s tent w i t h  t his , althoug h gala c to syls erine link s have 

not a c tually b e en demons tr ated in thi s cas e .  I t  i s  h01.,rever 

r el evant that a high level o f  hydroxyproline is pr e s ent in a 

frac tion in whi c h  high s erine level s also o c cur and in whi ch 

the pro tein and polysac char ide have s ho�m parallel s o lubi l i ty 

in cap1 2 SpG 1 . 3  and pr ecip itabi l i ty vli th I2 : KI . 

The minor heteroglycan-B fraction , althoug h high in s er ine , 

i s  r elativ ely low in hydroxypr oline and i s  mor e markedly 

different in amino acid CSJmpo si tion from RND and RO than are  

the o ther fra c t ions . It i s  al so high in glutami c acid whi ch i s  

mor e  character i s t i c  of t he cytoplasmi c pro tein of lupin. 

In an ear l i er experiment conducted at 35-40°C 

arabinoxylan�B t CaC1 2 ins o lubl e and heteroglycan-B wer e 

s eparated . Des pite the same alkaline treatment 

allo-hydroxyproline was found only in the latter fra c tion to 

t he extent of almo st  50� . of. its to tal hydroxypr oline . 

sug g e s t s  that none of t he hydroxyproline in the 
0 

Thi s 

h e t e r o glycan-B was glyco sylated and that if c hain cl eava g e  

o c curr ed then \·Ther e  glyco sylated hydr oxypr oline 1-vas  
" 

con c entrat ed the cleava g e  -was suffi c i ently frequeht t o  r ender 

the hydroxypr ol ine - (a.....r>abino se)1-4 fragment s dialysabl e .  Such i s  

fur ther eviden c e  for the o c curr ence of arabino s ylhydroxypr ol ine 

·and galacto syl s eei�e� in the s ame r egion of the extensin 

< mo l e cul e . 

The comp o s ition of the CaC1 2 ins o lubl e  polys acchar i de i s  

i n  many r e s p e c t s  intermediate between tha t  of the 

arabinoxylan-B and t he he teroglycan-B . It i s  probably a 

mixtur e of two pro tein type s .  ( 1 )  Tho s e  typ i cal o f  

heterog lycan-B and consis ting o f  small r e s idual cyto plasmi c 
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and extens in f r a gments . ( 2 ) Tho s e  typi cal o f  

ara binoxylan- B  and r epr e s enting l a r g er p r o t e i n  f,ragmen t s  than 

in the he t er o glycan-B , and ext en s in- poly s a c char i d e  wi th i t s  

s o lubi l i ty i n  C a C1 2 r edu c e d  du e t o  g r eater c l e avag e f r om CaC1 2 

s olubl e poly s a c c ha r i d e . The lower l evels of hydroxyprol ine 

and p er ine in the CaC1
2 

ins olubl e f r a c t ion supp o r t  thi s . Al s o , 

. thi s f r a c ti on ha s be en found to c ontain a low er p er c enta g e  o f  

xyl o s e  than t he arabinoxylan- B and highe r  l evel s of g a l a c to s e  

�nd ar abino s e ,  par t i cula� l y  if der ived from HRT ( a s  i n  t hi s  

exp e r iment ) c ompared wiih HO . The parallel d r o p  in 

hydr oxyproline and s erine in the CaC1 2 insolubl e f r a c tion 

c ompar e d  v.ri �h th� CaC1 2 � o lubl e  {l=-4 ) l ink e d  l inear fra c tion 

i s  fur the r evi d en c e  for some a s s o c ia tion bet\<Jeen the tvro amino 

a ci d s  s uc h  as s har ing the same r e g i ons in the p e p t i d e  c hain o f  

e x t. en s i n .  

T h e  24� KOH extr a c t e d  
_
r e s idue ( R24 ) has very low s er ine 

l ev e l s  and c ompar ed \vi th RRT is high in hydroxypr o l ine . The 
J 

0 
mo s t  marked diff e r en c e  i s  in the very low s er ine sug g e s ti ng 

tha t  the pr o t ein i s  not bound into the R24 by gala c t o s y l s e r ine 

l i nk s  as the model of Ke eg s t r a  et a l .  ( 1973 ) sugg.e s t s . Whil e  

t h i s  portion o f  t he \•rall protein may include the very inipor tant 

p o int of cro s s l inkag e of ·ma tr ix and mi crofibr il , i t  i s  qui t e  

_ po s s- i b l e  that n o  c oval ent l inkag e  i s  involved , and t ha t  the 
-

r e s i s tanc e to alkal i tr eatment i s  due to enc ru s ting alka l i  

r e s i s tant polym er s . Suc h  a s i tuation would b e  s imilar to that 

r ep o r t ed fo r tryp tophan in toba c c o  mo sai c virus where bur i ed and 

expo s ed r e s i du e s  ar e r es pe c tively r e s i stant and sus c e p t i bl e  to 

a tt a ck by N-bromo succ inimi d e  (Wi tko p , 1961 ) . The low s er ine 

and thr eonine l evel s do no t ,  however , suppo r t  the idea of 
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hydr ox�-amino a c i ds b e ing invol v e d  in linkage of p r o t e in in 

R 24 .  

Whe ther o r  not · a  ·coval ent bonding i s  invo lve d ,  the 24% KOH 

r e s i s tant f r a c ti on of the exten s in and polys a c c ha r i de i s  

c l o s ely a s so ci ate d wi th the c e llulo s e  mi crof i br i l s  and 

t her efo r e  very r el evant to any c on s i derati on of the int e r a c t i on 

o f  mi crofibr il s  and matr ix . In work aimed at p r o vi ding 

inf o r ma t i on n e c e s sary fo r the cons tru c t i on o f  a c el l  wall m o d e l  

r e la t ed to wha t i s  knovm of polys a c c hari d e  c ompo s i tion , 

m i c r o f i b r il o r i entation , metab ol i c  c ontrol of elong a t ion e t c . , 

one would do v1el.l to clo s ely examine thi s fr a c t i on o f  the c el l  

"'.·rall . 

0 
It i s  c l ear fr om the abo v e  r e sul t s  t hat in the pr e s ent 

s ta t e  of :V...no-vrl e dg e , any c ell '>!all model , al though u s eful , mu s t  

b e  r e garded a s  tran s i ent . 



109 

l1ATERIALS AN D hETHODS 

Growth, pr eparation, and extr a c t i on o f  t i s su e  ha s b e en 

d ealt wi th in ear l i e r  s e c t i ons o f  the th e s i s  a s  well a s  in s o m e  

d e t a i l  in the t ext o f  thi s  s e c tion . 

A!•nino Ac i d  AnalysEt§.. 10 mg of to tal s ampl e  wa s hydr o lys e d  \•Ti th 

6 N., HCl in an evacua t e d  tube f o r  16 hour s . They wer e  

sub j e c t ed t o  analy s i s on a Be ckmann Hodel l20C autoCJ.a t i c  amino 

a c i d  analy s er . 
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VII . KINETICS OF EXTRACTION OF HYDROXYPROLINE AND SUGARS FROH 
c 

DEP.ECTINATED LUPIN HYPOCOTYL CELL WALLS 

WITH 10� KOH AT 0°C AND 18- 22° C 

INTRODL'Cl'ION: Ext r a c tion o f  hemi c el lul o s e  from c ell v.ral l s  vli th 

alkali has g en e r ally employ ed suc c e s s ive tr e a tment s wi t h  

dilute and conc entr a t e d  alkali at r oom t em p e r atur e .  The s e  

m e t h o d s  have b e en devel o p e d  a s  a r e sult o f  1-vo rk on plan t  t i s sue 

with a hig h degr ee  of s e c ondary wall depo s i ti on . It  ha s 

b e c om e  appar ent however tha t such methods are not a l t o g ether 

sui table fo r t h e · s tuody of p r imary c ell vJall s in whi c h  the 

polymer s app ea r  to o be l e s s  tig htly kni t . 

A maj or di f f e r enc e b e twe en pr imary and s e c ondary wall s 

whi c h  dr a s t i c ally aff e c t s  the extr a c t ion of their p o lyme r s  i s  

t he p r e s ence o f  l i gnin in t he s e c ondary wall s .  

Ano ther ma j or diff e r en c e  ha s novJ b e c ome c l e a r , namely the 

pr e s en c e  of a hydr oxyp r o l ine - r i c h  p r o t e in in the pr imar y  wall 

( Lamp o r t , 1965 ) . Thi s p r o t e in i s  thought to , b e  invo lved i n  

the control of cell elongation and ha& therefore  b e en t erme d  

ex tens in . B e c aus e over about 95% o f  t h e  c el l  hydr oxyp r o l i n e  

i s  __ f ound in t h e  c ell wall t h i s  amino acid may be us ed to 

indi cate the pr e s enc e and approximate amount of extensin.  

Extens in fragments have been found to contain a lar g e  

propor tion o f  the pr imary wall arabino s e  as hydroxyproline  

l i nked ( arabino s e ) 1 �--4. oligo sac charides ( Lampor t ,  1970 ) and 

mor e r e c ently have b e en shown to contain gala c t Q s y,l s er ine 

( Lamp o r t , Katona and Ro e r i [; , 1973 ) . Curr ent thiru�ing i s  tha t 

the galactos:(l s er ine i s  the point of  attachmept of extens in to 



the r emaining matr ix polys ac char ide s , thems e lve s covalently 

interlinked , and t he whol e ext ens in-polysaccharide compl ex 
C-
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rion- covalently bound to the netvmrk of cellulo s e  microfibr i l s . 
c 

o Ke eg s tr a  � t  al . ( 1973 ) have propo s ed a cell wall model to thi s  

effe c t  ba s e d  on w6rk wi t h  s ycamore sus pension cultur e s . 

Resul t s  from thi s laboratory ar e no t in comple te 

agreement vli t h  the abo ve model in that it  ha s be en found that 

t he bulk of t he hemi cellulo se can be r emoved at 0°C vli th lOjb 

KOH . Under the s e  condi t ions the gala ctosyl s er ine bond i s  not 

cl eaved and only a s mall por t ion of t he \·Tall hydroxypro l ine i s  

extracted . 10% KOH at room t emperatur e appear s t o  

effec tively ruptur e �he gala c to syl s er ine bond with 

_ � - elimina t i on of  � er ine ( Lampor t ,  Ka tona and Ro eri g , 1973 ; 

C hapt er VI ) and r emove the r emaining 10}G KOH solubl e  

h emi cellulos e (Chapter IV ) . 

In pr eviously publi shed fractionations us ing 10% KOH no 

d i s tinc t ion ha s b e en made betwe en the 0°C and r oom temperatur e 

s o lubl e c ell wall fra ctions . Ins ofar as the s e  tvro fracti ons 

may be  a r efl ecti on of involvement or  non- inv?lvement of 

hemi c el lulo s e  in the extens in polysac �har ide compl ex the 

s eparation i s  relevant to the s tudy of primary �all s truc tur e .  

\Jjhether or  no t the r e  is any mark ed diff er ence in the 

polys accharides extra c t ed at each temperatur e i s  not ye t known 

and i s  a que s ti on whi ch has impor tant implications that ar e 

di s cus s ed below. 

The pres ent exper iment has been aimed a t  defining mor e  

c l early the s eparation o f  the 0°C 10% KOH and 18- 22°C 10/b KOH 

s o lubl e wall fra c ti ons by s equential extractions at the two 

t emperatur e s . 
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RESULT S AND DI SCUSSION 

To tal Fracti on Extracted a s  a .H'unc tion of Time 

· · · The tim� cour s e  of · extraction of 0°C solubl e  

hemi c ellulos e (HO ) and room temperatur e extracted 

hemi c ellulo s e  (HRT ) wi th 10% KOH from lupin hypo cotyl was 

f i r s t  es tabl i s hed . This was obtained by extracting a bat ch 

of depectinated (rteutral deter g ent 4 hour s , 100°C )  c ell walls  

wi th 10� KOH s equentially for  1 ,  1 ,  2 ,  4 ,  and 4 hour s at 0°C 

0 and then for 1 ,  1 ,  2 ,  4 ,  4 ,  12 , and 24 hour s at  18- 22 C .  Thu s  

the walls wer e filter ed 1 ,  2 ,  4 ,  8 ,  and 1 2  hour s after the 

star t of extraction at 0°C and 1 ,  2 ,  4 ,  8 ,  12 , 24 and 48 hou r s  

after the temperCj.tur.s of extraction had been r a i s ed t o  l8- 22°C 
" 

(Tabl·e XXV ) . The· extracts  \ver e  neutrali zed , dialys ed and 

fr e e z e  dried . 

The to tal hemic ellulo s e  extrac ted up . to each time , 

obtained from th� sum of th e weights of hemi c ellulo s e  extrac t s  

u p  t o  t hat time i s  shovm i n  Fig . 6  and Table Y .. XV colurnn a .  

Ther e is clearly a rapid extra c ti on at 0°C whi c h  soon l evel s 

off . \tlhen the temperatur e i s  r a i s ed to · l8-22°C ther e i s  a 

rapid increa s e  in extraction again levelling off fairly 

qui ckly . In agreement with earlier r·esul ts  (Honro , Bailey 

and Penny , 1974 ) HO r epr e s ents about two thirds  of the to tal 

. hemi c ellulos e  usually extracted over 24 hour s at l8-22°C . 

In th e pr evious s e c ti on i t  was s hown that ther e  '''as no 

lo s s  of s erine or  any othe r amino acid  \'li th 0°C treatment of 

lupin hypocotyl . It the refo r e  s eems that HO i s  being 

r eleas ed due to the acti on of alkali on some bond o ther  than 

the 0- glyco sidic  linkage bet\·Teen a sugar and a 

hydroxyamino acid , or el s e  i t  i s  not linked to the alkali 



TABLE XXV . -REHOVAL OF HENIC :2LLUL'b SE AND HYDROXYPRO LINE li'RON DEPECTINATED LUPIN 

HYPOC OTYL CEL.L �·JALL BY SE.�UENT IAL EXTRAC T :LONS · \ili TH 10% KOH AT 0°C 

AN D 18- 22°C 

I 
T emp eratur e Number Total Time Duration Hemi c ellul o s e  ' Hydroxypr oline 

0°C 

18-22°C 

of in of Stag e 
Stag e &"'Ctr action in 
in Sequenc e 
Sequence (hr ) 

1 1 

2 2 
3 4 
4 8 
5 1 2  

6 13 
7 14 
8 16 
9 20 

10 24 
11 36  
12 60 

. 

Sequence 
( hr )  

' 

1 
1 

2 
4 
4 

1 
1 
2 
4 
4 

12 
24 

Total 
up to 
tl�e 
g iven 

a 

128 . 9  
152 . 8  

167 . 8  
181 . 8  
193 . 9  

221 . 1 
235 . 2 
250 . 2 
268 . 5  
281 . 6 
306 . 1 
332 . 8  

: 
Extr acted* I Extracted"" i 

(mg ) I (mg ) 
0 " 

Per . Rate of To tal · Per Rat e  of 
Stage E�tra c tion up to Stage Extrac tion 

(mg/hr ) time (mg/hr ) 
g iven 

b c d e f 

128 . 9  128 . 9 0 . 280 0 . 280 0 . 28 
23 . 9  23. 9 0 . 310 0 . 030 0 . 30 
15 . 0  7 . 5  0 . 35 2  0 . 044 0 . 02 2 
13 . 3  3 . 3 0 . 440 0 . 088 0 . 02 2 
12 . 8 3 . 2  0 . 570 0 . 130 0 . 033 

27 . 2  27 . 2  0 . 88 O e 31 0 . 31 
14. . 1  14 . 1  1 . 20 0 . 32 0 . 32 
15 . 0  7 . 5  1 . 88 o .  68 0 . 34 
18 . 3  4 . 6 3 . 00 1 . 12 0 . 28 
13 . 1 3 . 3 3 . 88 0 . 88 0 . 2 2 
24 . 5  " 2 . 0  5 . 13 1 .  25 0 . 104 
2 6 . 7 1 . 1  - - -

* All figure s are per g of neutr al deterg ent depectinated starting c ell wall . I-' 
I-' 
[\) P' 
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insoluble wall . 

Rat e  of Extra cti on o f  Hemi c ellulo s e  and 

Hydroxyproline at  0° C and l8- 22°C '\•Ti th 10$ KOH 

'Hhen the r e sult of each extracti on of hemi c ellulo s e  
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sho{m. in Tabl e .{kv column .Q i s  expr e s s ed as mg . hemi c ellul o s e  

· r el ea s ed p e r  hour the figur e s  in Table Xt'\.V column c ar e 

obtained . Resul t s  froo hydroxyproline analys e s  of acid 

hydro lysat e s  of  the dia.lysed freeze  dried extracts  from ea ch 

s te p  in the extraction s equenc e ar e sho·vm in Tabl e �av co lumn 
e .  Expre s s ed on a mg hydr oxyproline extracted per hour 

ba s i s  th ey gi ve the fi gU'r e s  1.vhi ch ar e pre s ented in Table XX.V 

colUF� [ and graphi cally in Fi g . ? .  Total hydroxyproline 

extracted up to each filtering time is s hov-m in column g,. 

HO has cl early a very high rate of extracti on compar ed to 

ERT . Over the fir s t hour at each t emperatur e 4 . 7  time s a s  

much hemi cellulos e i s  extrac t ed a t  �°C than at l8- 2 2° C ,  

although ov er 12 hour s at each t emperatur e the HO : HRT ratio i s  

only 1 : 0 . 45 .  Expr e s s ed o therwi s e , o f  the HO extra c t ed over 

12 hour s 66 . 5% is  removed during the f ir s t hour , wher eas for 

HRT the f igur e is 40 . 2% . ltlhatever r eacti on i s  involved in tb..e 

· r eleas e of HO a t  0°C would s eem t o  have a highe r  rate  cons tant 

than tha t involved in the r eleas e of HRT at 18 - 22°C .  

The HO contained only 7% of the hydroxyproline pr e s ent in 

the s tarting depec tinated cell wall -vrhile the HRT contained 

56 . 5% of the s tar ting hydroxyproline and 19% r emaine d in the 

r e s idue after 24 hours in lOfo KOH at  18- 22°C . Some 8 2fo of  

t h e  hydroxypr ol ine i s  ther efore a c c ount ed for . Thi s i s  
. a • 

s omewhat highe r  than in earlier experiments probably be cau s e  
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t h e  hydr oxyproline c ontaining pro tein once extrac ted was 

neutr alized wi thin a few hour s in mos t steps in the s equenc e 

Of extracti ons , and the r efor e Ha S not SUbj e c ted to continuing 

at  tack by alkal i .  . In pr evi ous exper iment s the degr adation 

r vrould have continued fo r the dur ation of the to tal 

extraction . 

The data in Fig . 7 shows tha t al though the ini ti al r a t e s  

o f  extraction of hydr oxyproline a t  0°C and 18-22°C are s imilar 

ther e i s  a s harp decl ine at 0°C , so thqt the average rate of 

extracti on i s  much high er at 18_: 22°C . Of the HO 

hydroxyproline 50� i s  extr a c ted dur ing t he f i r s t  hour o f  the 

12 hour s in 10% K0H at 0°C . This can b e  expla ined oin terms of 

pr o tein-poly s a c charoide cro s slinks \.•Then one consider s the 

kin e t i c s  of hemic ellul o s e  extra c ti on compar ed wi th 

hydroxy�;roline extr a c ti on at the two temperatur e s . 0 At 0 C both 

cur ves ar e approximately hyperboli c and asymptotic  but at 

18-22°C only t he hemi cellulos e  extract ion curve s ho\vs t he s e  

character i s t i c s  l·rhile the r emoval o f  hydroxypr oline decr ea s e s  

almos t line a r ly after t he fir s t  few hours . 

amounts of hydr oxyproline and polysacchar ide extr a c ted ar e 

propor tional to one ano th er . I t  is  likely tha t t he r emoval of 

much of th e hydr oxypro l ine from the \•rall s in the fir s t  hour i s  

due to r emoval of the bulk of the HO in this time . If the r e 

i s  even only a small degr e e· of l inJ.�age betvJe en extens in and 

the HO polys a cc haride then a large extraction of thi s 

polysac char i d e  will be a c corJpani ed by a propo r t i onally lar g e  

extr a c tion n f  hydroxypro l ine . Thi s i s  borne out by the data 

pr e s ented graphi cally in Fi g .  8 where  it  can be  s een tha t at 

leas t ov er  the fir s t  f ew hour s hydr oxyproline do es no t make up 
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mor e  than 0 .  3/b of t he HO and do es no t chang e appr eciably as a 

pe r c en ta g e  of the fracti on .  The ini tially extracted HO 

hydroxyproline could indi cate the pr e s enc e of a portion of 

exten s in whi c h  is incompl etely bound into the ext ens in 

polys a c c har ide coinplex.  Pul s e  labelling with c 14- proline may 

g ive some indi cation of whe the r o r  no t thi s  r epr e s ents a 

pr e cur sor o f  the HRT frac tion . 

Betwe en 2 and 1 2  hour s at 0°C hydroxyproline inc r ea s e s  

linearly as a pe r c entag e o f  H O  extracted at each s tag e , from 

about 0 . 3 to 1 . 0% .  

\-!hen the tempe ratur e i s  r a i s e d  to 18- 22°C the rat e s  o f  

h emi c ellulo s e  and hyo.roxyproline extracti on j UJnp to about 8 
,, 

time s the r ates of oextrac ti on of the pr e ceding hour a t  0°C .  

The rate of HRT extracti on then drops rapidly while that for  

hydroxypr o line i s  mor e sus tained . The effect  of thi s on the 

c ompo s i ti on of HRT c an be s een in :r..,i g . 8 vlhe r e  the 

hydr oxypr oline accounts for as much as 7{b of the HRT extra c t e d  

b et�<reen 8 and 12  hour s a t  18- 22° C .  As suming that 

hydroxyproline compr i s e s  about 30% of the amino acids pr e s ent 

in this frac t ion the HRT extra ct ed at thi s  s tag e i s  over 20% 

pro tein . However the grounds fo r making thi s a s slli�p ti on ar e 

bas ed on f igur e s  fo r total HRT from one 24 hour extraction 

· (Ch�pter VI ) wher e  the r e  may have been diff erential ' dialy s i s  

o f  amino acids  after the pr o long ed expo sur e t o  alkali . 

Fra c t i onat i on o f  HO and HRT 

The HO from s teps  1 and 4 and HRT from s t ep s  6 and 11 in 

the extra c tion s equenc e  vTer e frac tionated into linear and 

br anched s p e c i e s by pr e cipitat ion of the l ine ar mol e cules  f r om 
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CaC12 s o lu t j_on by t h e  add i t i on of I 2 : KI solu t i o n  ( Gai l l ar d and 

Bail e y , 19 66 ) . The small amount o f  H emi cellul o s e-A pr e s ent i n  

lupin hypo c o tyl ( thapter V) wi l l  have contr i buted to the 

= arabinoxylan-B f r a c tion . T he blue pr e c i p i ta t e  wa s coll e c t e d  

anQ bo th pr e c i p i ta t e  (arabinoxylan-B )  and s up e rnQtant 

(heter oglycan- B )  neutral i z e d  w i t h  s o d ium thi o sulphate prior to 

dialysing for 24 hour s . The f r a c t i ons Her e r e c o v er e d  by 

f r e e z e - drying the dialys e d  s o luti ons . The r e sul t s  o f  the 

f r a c tion3. tion a r e s ho\·m in Table XXVI .  

The h e t e r o g l y c an- B i s  t h e  mino r  c omponent o f  all the to tal 

h emi c ellul o s e s  f r a c t i onat e d ,  in a g r e em ent wi t h  ear l i er r e sul t s . 

B e c aus e of thi s i t- i s · unl ikely tha t t he earl i er sug g e s t i o n  

tha t h e t e r o g ly c an- B c ould r ep r e s en t  d e g r aded e x t en s in complex 
0 

i s  corr e c t , a t  l e a s t  in t he c a s e of the HO d e r i v e d  f r a c t i on s . 

Although t h e  24- 3 6  hour extr a c t e d  HRT i s  only about 10% 

xylo s e  ( s e e Fi g . 9 ) 75� o f  i t  i s  p r e c i p i tated by i o dine 

s olution i n c luding the _ hyd r o xypro line - r i c h p r o t e in , as e a r l i er 

r e sul t s  indi c a t e  ( Monro , B a i l e y  and Penny , 1974 ) . Thi s impl i e s  

l inkag e o f  mo s t  o f  the component s of HHT a t  t h i s t ime to xyl an 

o r  o ther 1 - 4 l i nl:: e d  linear polyme r s .  Thes e may have a 

l ow degr e e  o f  po lyme r i za t i o n  but becau s e  of int er polymer 

a g g r e g a t i on in the CaCl 2 s o luti on r e a c t  po s i ti v e l y  wi th i o dine 

( Gai llard and Bai l ey , 1966 ) . 

I t  i s  int e r e s t ing tha t the hemi c ellulo s e  f r om s t ag e s  4 

and 6 in t he extr a c ti on s e quen c e  s how s imilar d i a ly s i s  l o s s e s  

and contain s im i l a r  amount s o f  hydroxyproline ( Fi g . 8 ) . 

Hemi c ellul o s es from s ta g e s  1 and 11 and probably al s o  from 

s tages  4 a nd 6 c ont 3.i n  s imilar amom1ts o f  the var iou s 

mono s a c c ha r i d e s  ( Fi g . 9 ) . I t  uould s e em tha t  at 0°C a small 
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TABLE XXVI . F::\ACT I ONAT IOH OF HEMIC ELLULOSE EXTRACTED FRO M 

LUPIN HYPOC OTYL C ELL \ilALL \rliTH 10}� KOH AT 0°C 

AND 18- 2'?.0 C 

Par ent Hemi c ellulos e  Derived Fr act ions 

Arabinoxylan-B 

Extraction 

Temperatur e ( ° C )  

Wei ght I ( linec:r ( l-4 ) 

Taken (mg ) � link ed 
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amount of mat erial typical o f  HRT a s  v.1ell as 0° C 10% KOH 

s oluble xylan i s  b e ing remov e d  du e to s ome c leava g e  of the 

l8- 22°C · 10% KOH labil e bond . 

Hono s a c cha r icie Compo s i t i on o f  Hemi cellul o s e  Removed 

a t  Eac h  Stage in Extr ac tion S e a uenc e s  at 0°C and l8- 2 2°C 

The mono s ac char i de compo s it�on of extra c t s  i s  s hown in 

1 17 

the hi s tograms of Fig . :·.9 . The f i gur e s  ar e der ived from the 

G . L . C .  of t h e  alditol a c etate s  of mono s ac char i d e s  r el ea s ed 

from the hemi c ellulos e by acid hydrolys i s . They ar e 

c ons i s tent Hi th earli e r  r esul t s  ( 11onro ,  Bail ey and Penny , 1974 ; 

C hapters IV and v·) vrni ch s howed
. 

a higher propor tion o f  
_, 

ar abino s e  and galaqto s e  in the hemi c ellulo s e  extr a cted a t  r oom 

t emper atur e than in that r emov ed in a pr ior 0°C 10% KOH 

tr ea tment . 

A lar g e  uni d entifi ed p eak o c curred between arabino s e  and 

xylo s e  in the HRT chromatograms and has no t b e en included i n  

t h e  data o f  Fi g .  �9 .. • It can be s e en on the gas chromatograph 

of s tage 7 s hovm in Fi g . lO .  

The mono s a c c har ide c ompo s i tion of . HO depends on the time 

in t he extr a c t i on s equenc e at 'dhi ch it is r emov ed from the 

wall . During t he fir s t  hour when the bulk of HO i s  

extrac ted , xyl o s e  and g luc o s e  i n  the r ati o ":. o f  2 : 1  a c c ount f o r  

o v e r  60% o f  t h e  extracted poly s a c c hari de . Ther eafter xyl o s e 

d e c r ea s e s  vlhile arabino s e  and galac to s e  incr ea s e  until b et·v1een 

8 and 12 hour s xylo s e , arabino s e ,  galacto s e  and gluc o s e make 

up about 90� of the HO in approximately equal propor t i ons . I t  

appear s that at least tvJO di ff er ent compone-.. · . .  � ar e being 

extr a cted , tl� t  dominating in the later pha s e  having a high 
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a r abino s e - g a l a c to s e  c ont ent . 

The in c r ea s e  i n  arabino s e  and g a la c to s e  par al l e l e d  by th e 

i nc r ea s e in hydr oxypr oline p r o bably in�i c ate s fragmenta t i on o f  

the oxten s in-poly s a c char i de c omplex. Exten s in f ragment s h ave 

b e en s hovm t o  bear arabino s e  o l i go s a c c haride s id e  chains 

( Lamport s l967 ) and in many c a s e s
' 

gala c to s e  ( Lampo r t , 1969 ) . 

This and the s imilar dialy s i s  l o s s e s  during f r a c ti onation o f  

s t e p s  4 and 6 of t he extr a c ti on s equenc e sug g e s t  t ha t  s o m e  
. I • 

r emoval o f  t he extens in . c ompl ex i s  o c cur r 1ng . 

A small and d e cr e a s ing a mount of manno s e  and r ha��o s e  i s  

extr a c te d . Hanno s e  i s  typi c al o f  the r oom t emp e r a tur e 24)"& 

KOH-4% H3Bo3 s olubl e Hall f r a c t i on ( Chap t e r I ) .  I t  i s  

if1ter e s ting tha t  th e r e  s hould b e  cold ( 0° C )  10% KOH 
C' 

extra c t a b l e  and 24/& KOH ext r a c table manno s e  a nd none r er:1 0v e d  

by an intermediate 18- 22°C 10% KOH . I t  is appar ent tha t the 

a c tion of alkali on c ell wal l s  has s ome s pe c i f i c i ty and tha t 

the r e  i s  a c onsi derable di ffer ence b e twe en the \val l  bond s 

l a b il e to cold 10% and r o om t emp eratur e 24% alkal i .  If t h e  

HO manno s e  i s  a pr e cur s o r  t o  t h e  24ft KOH s o lubl e manno s e ,  i t  

do e s  n o t s e em to pa s s  thr ou�h a f r a c t io n  o f  intermedia t e  

s olubi l i ty .  Thi s -vrould sug g e s t that a t  l ea s t s ome of the HO 

and HRT p o ly s a c c har i d e s  ar e· metabo l i c ally ind ep endent of one 
I . .  

..., . 

ano ther o nc e  incorporated into the vmr:l . 

The mono s a c c ha r i de compo s i tion of HRT s hows s everal 

s i gnif i cant chang e s  vli th ti me of r o om t empe r a ture extr a c ti on 

vlh i c h  i s  0 b e t·vJeen 12 and 60 hour s at 18-22 C .  They are ( 1 )  a 

d e cr e a s e  i n  the level o f  xylo s e  from 23fo in the thi r t eenth 

hour ( s tag e 6 )  to 7% b e twe en 24 and 36 hour s ( S ta g e  11 ) ; 
' 
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( 2 )  a dro p in galactos e  to about one third of its  ini tial 

value by 16- 20 hours ( s tage 9 )  followed by an inc r e a s e  to it s 

or iginal value between 36 and 60 hour s ( s tag e 12) ; ( 3 )  a 

thr e efold inc r ea s e  in the HRT arabinose extracted betwe en 

12- 13 hour s ( s tag� 6 )  and that extracted between 16- 20 hour s 

( s tage 9 )  followed by a decreas e .  

The arabino s e  level i s  much higher in HRT than in the 

bulk of the HO , in agr e ement with earlier r e sult s . Refer enc e 

tQ Fig . 8  shows that the increas e in arabino s e  i s  paralleled 

by an inc r ea s e  in hydroxypr oline as  a percentage o f  HRT from 

1 to 6 . 7}6.  Being expr e s s ed on a % basis the s e  figur e s  do not 

r epr e s ent absolut e amount s . However , when t he r ate  of 
., 

arabinos e  extra cti�n is  plotted in mg/hr for the 18- 22°C 

portion of the extraction s equence (Fi g .IJ) a curve s imilar to 

that for hydroxyproline extraction (Pig . 7) i s  obtained . It is  

rather mor e  hype rbolic t han tha t for  r ate of  hydroxyproline 

extraction probably becaus e no t all of the arabino s e  i s  

pr e s ent a s  hydroxyproline linked arabinos e s id e  chains . 

From the data of Fig . 7 and Fig . :9: it i s . cl ear that 

hydroxyproline and arabino s e  are extracted independently of 

mos t  of the o the r HRT sugar s . .Fur thermor e the shape of the 

curve for rate of extraction of arabino s e  agains t time (Fig . 

ll) i s  mor e  s imilar to that of hydroxyproline extraction than 

to that of HRT extr:1ction . \·Jhile arabino se s hows a 

percentag e incr eas e  in parallel 1vi th that of hydroxyproline 

the galacto s e  decr eas e s  until it is at its lov1es t  vlhen 

hydroxyproline and arabino s e  have r eache d  peak extraction rate 

( Fi g . 9 . ) .  Arabino s e  oligo saccharides  have been shmvn to be  

in alkali s tabl e linkage vn th hydroxyproline ( Lampor t ,  1967 ) .  



In hi gher plant s mo s t  of the hydr oxypr bline app e ar s t o  b e  

g lycos ylat e d , and the arabino s e  oligos acchar i d e s  4 uni ts  in 

1 20 

l eng th .  The pr e s ent data indi cates that a t  the s t a g e  of  the 

extraction s eque n c e  Hhe r e  the HRT is  q. 2i� hydr oxyproline and 

6 . 4;& arabino s e  the molar ratio of hydroxyproline to ar abino s e 

i s  1 : 8 . 7 .  About half of thi s arabino s e  i s  the r efo r e  no t 

pr e s ent as s i de c hains of ext ens in . 

It i s  cl ear from the abo ve r e sul ts �nd tho s e  pres ent ed 

pr eviously that di ffer ent alkali labile  bonds are involved in 

th e binding of HO and HRT r e s pe c ti ve�y to the lO;)S KOH 

ins olubl e vTall . I'To chang e in amino a cid o c cur s in �>rall s 

tr eated fo r 10 hour s at 0°C with 10� KOH �Chapter VI ) .  The 

r el e a s e  of HO i s  the refo r e  no t du e toj3- elimination of  

gala c to syl s er ine but due to cl eavage  of  some mor e  alkali labi le 

bond . If the HO polysac c har ide i s  involved Jn the 
' 

extensin- polysac char ide complex some of the wall xylan or 

xyloglucan mus t  be l inked in a differ ent way to tha t  sugge s t e d  

by Kee g s tra e t  al . ( 1973 ) . The two s tep r elea s e  of  xylo s e  at 
' 

0° C and 18W 22°C sug g e s t s  two type s  of bonding or two typ e s  of 

polymer . In the ir nodel o f  sycamor e  suspen sion cul ture c ell 

v1alls all the xylo s e  i s  pr eRent in xyloglucan and i s  s imilarly 

linked to the p e c t i c  and c el!lulo s e  fractions . 

Ho s t  of the hypocotyl wall p e c'tin i s  extracted by the 4 

hour neutral d e t er g ent tr eatment . In this r e sp e c t  the 

r e s ul t s  ar e at var iance wi th tho se of Kee g s tra et al . who 

incl ude nearly a ll the polyur onide and o ther wall matrix 

polys accharides in their model o f  the extens in 

polys accharide c ompl ex of sycamo r e  sus p ens ion cul tu.l? e cell 

wall s . However thi s may simply be a r eflect �on on the lo s s  
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of unbound pectin to t he sus p ens ion cul ture medium and o f  the 

absence , p erhaps due to  pe ctin s olubili ty ,  of the pectin- r i ch 

middle lar.ue lla typical of the c ell walls of inta c t  higher  

plant tis sue . In o ther words the extens in-polysaccharide 

complex bas i cally · a s  propo � ed by Keeg s tra  e t  al . may be  

pr e s ent in  intact  tis sue c ell wall s but in  addi tion to  o ther 

polysac charide vlhi ch i s  unbou.nd and los t from sus pension 

cultur e c ell walls . The cold alkali may be r e s ponsible for 

br eaking e s ter linkag es  bo th in the acidic amino a cids o f  

extensin ( Lampor t 1970 ) as  1:1ell as  in the polyuronides . 

Deester if i c ation o f  pectin i s  likely to caus e a marked 

lo\•rering of hydro g en bonding capacity between polyuronide 
• 0 

chains if some remain after the deter g ent extra ctioh. 
0 

Polyuronide s have not been rneasured in fracti ons in the pre'S ent 

experiment . It s e ems that they may be  impor tant to cons ider 

in futur e analys es . Dilute bas e has al so  been s ho¥m to 

partially extract xyloglucan non- covalently bound to c ellulo s e  

(Eauer et  al . ,  1973 ; ·· Aspinall et  al . , l969 ) . Thus the 

extraction of HO may be due to disrupti on of covalent and 

non- covalent bonds . 

From extraction step 6 onvrards the r e  is a lack of 

coincidence between r eleas e of arabino s e  and galactose 

· suggesti ng t hat a bond between the ma j or galacto s e  and 

arabino s e  por tions of HRT i s  cleaved by 107& KOH a t  r oom 

t empera tur e .  In this r egard i t  i s  r el evant that between 

extracti on s teps 2 and 5 at 0°C there is a parallel increas e 

in arabino s e  and galacto s e .  Thi s sugge sts  the pr e s ence  o f  a 
0° C 10% KOH s tabl e linkage betvle.en the tvm , and tha t a bond 

between aro.bino s e  - galacto s e  containing polymer s and the 0° C 

10j& KOH insoluble wall  i s  being cleaved . 
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I n  the pr evious chapter i t  was s een that s i gnificant 

j3 - el imination of s er ine doe s  no t o c cur after 10 hour s in 10;& 

0 
KOH at 0 C .  It i s  unl ikely that linl{ag e  to arabinogalac tan 

s i de chains 1..rould be suff i c i ent to r en�er the extensin 

inextrac table unl e s s  i t  wa s o ther\vi s e  bonded in soc1e way to 

the r emainder of t he cell wall . A fur ther l inkag e  i s  no t 

indi cated in the model of Keeg s tra et  al . Unfortuna tely a 

timecour s e  of I - el iminat ion of s er ine ha s no t been determined 

in the pr e s ent work . However Lampo r t  e t  al . ( 1973 ) have 

examinedj9- eliminat ion of galactosyl�erine under a var i e ty of 

condi ti ons . They found that 4 . 4  H. NaOH for 10 hour s at 23°C 

c ould c aus e / - eliminat ion of jus t under 50;� of the s er ine 
n 

r es idue s  of tomato suspens i on cul tur e s  wher eas N2H4 fo r 10 

hour s a t  105°C caus ed about 75% des truc tion of s er ine . 

As suming the same lability of galacto syl s erine in lupin 

hypoco tyl cell walls  it s e ems that relea s e  of galacto s e  from 

the vmil s  approximately parallels  j3 - elimination of s er ine . 

The;J- eliminat ion r eac ti�n when carried out under the 

condi tions employed here r e sul ts  in peptide chain cleavag e . 

As suming that the s er ine linked galactan is  bound to th e 

insolubl e por tion of th e wall , and hydroxyproline to arabino s e  

o l i go s a c charides, r el ea s e  of ' s e gments of peptide c hain will 

o c cur when ad j a c ent galac to pyl s erine uni ts are ;&- eliminated . 
' 

Ther efor e  the r e  will be a lack o f  coincidenc e in galacto s e and 
' 

arabino s e-hydroxyproline extra c tion a s  i s  obs erved her e , wi th 

galactos e  being fr eed before mo s t  of the arabino s e . 

Earlier 1vo rk in thi s laborato ry ha s sho-vm tha t  the iodine 

precipitable hemi c ellulo s e-B c an be divided into CaC1 2 s o lubl e 

and CaC12 ins oluble fracti ons . The former nas an amino acicl 
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c ompo s i tion s im ilar to t ha t  for the v1h6l e  wall and the r efo r e  

p r o bably contains s e gment s of extens in whi ch c ontain 

non-/ - el iminated galac tos e- l ink ed s er ine . Henc e i t  appears 

that elimina tion of adj a c ent g a l a c to sy� s er ine s is pro bably 

no t absolutely ne c e s sarJ for the r eleas e of ext ens in s egment s . 

The s er ine l in1c e d  galacto s e  pr e s ent in the i o dine 

pr e c i p i tabl e f r a c tion may be fur ther bonded t o  xylan or 

xylo glucan and i f  not may r e pr e s ent por tions o f  polys a c char i d e  

whi c h  wa s l ink ed a c c o rding t o  the model o f  Ke eg s tr a  e t  al . and 

vlhi c h  ha s be c om e  s eparated due to a c �ion of alkali on bridg ing 
I 

mo l e cul e s . Fur ther chro ma t o g r aphi c analys i s  of the s e  

f r a c t ions i s  imp o r tant to det ermine how muc h  o f  the i o dine 
n 

p r e c i p i tated hydr oxyproline conta ining polymer i s  c oval ent ly 

l inlc ed to xyl o s e- r i ch polymer . 

Dur ing the s tage of HRT ext r a ct ion when mo s t  of the 
� 0 

hydroxyproline i s  remov e d  the g lu c o s e-xylo s e  r at io r emains 

appr oxima tely c ons tant at about 1 : 2 . 5 . Thi s is somewhat 

differ ent to t he 3 : 4  ( 1 : 1 . 3 ) rat i o  for the xyloglucan of 
' 

sy camor e  su s p e n s i on cul tur e cell wall s  claime d by Baue r e t  al . 

( 1973 ) . In the mo del of Ke e g s tr a  et a l .  ( 197 3 )  ba s ed partly 

o n  the r e sul t s  of Bauer et al . it is pr opo s ed tha t all o f  the 

\•Tall g lucan i s  p r e s ent a s  XJ'l o g lu c an , Whic h  COrlS t i  tut e s  the 

h emi c e l lulo s e  o f  th e wall . Wi lder and Albe r s heim ( 1972 )  

r ep o r t  the s am e  s tru c tur e f9r the hemi c el lulo s e  of Pha s e o lus 
I 

vulgar i s  sus pens ion cul tur e wall s .  The r e sul t s  her e sug g e s t  

that i n  lupin hyp o c o tyl there i s  e i ther a lar g er numb er o f  

xyl o s e  s ide ch a ins o n  the glucan than i n  sycamor e sus p en s i on 

cul tur e s , or mor e  l ikely , that s ome xylan i s  pr e s ent in the 

HRT . 
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The incr eas ing propor tion of g alacto s e  in s tage s  11 an� 

12 of  th e extraction s equence (when mos t  of the wall protein 

has been r emoved ) sugges ts  tha t  ther e is s ome galactan 

r eleased by cleavage of o ther than ga}acto syls erine bonds . 

Such a bond i s  po s s ibly r e spons ible fo r the bonding of some of  

the s erine-linked galac tan to  the r emainder of  the c ell \vall . 

The parallel r elease of xyl o s e  and galacto s e  in }1qT doe s  

sugg e s t  that the s e  two a r e  liberated by cleavage  o f  the same 

bond or bonds whi ch di ffer from tho s e  involved in relea s e  of  
-

HO . If t hi s  cleavage o c curred in the polyur onide s ec tion o f  

the extensin-poly s ac charide complex o f  Keeg s tr a  et  al . the 

galacto s e  would b e  liberated ins teag _ of xylo s e  unl e s s  the 

xylo s e  was also d i s so ciat ed from the cellul o s e  mi crofibrils . 

It  do e s  in fact appear that the xylo s e  is  fairly readily 

s epara ted from i t s  bydrog en bonding with th� mi crofibril s 

(Bauer e t  al . ,  197 3 ; Aspinall e t  al . ,  1969 ) . Kee g s tra e t  al . 

sugge s t  that hydrogen bonding i s  the only link bet\veen the 

xylo s e  and the mi crofibril s .  , In this  cas e i t  i s  inter es ting 

that such s olvents as guanidinium thio cyanate vlill not r emove 

exten s in from the  wall . Also , if hydrogen bonding is 

impor tant and is disrupted by 10% KOH one might expect  a· mor e  

rapid r eleas e o f  extensin i�stead o f  s eparate  extraction o f  

the bulk o f  the HRT polysac<!.!haride and hydroxyproline . It  

s e ems that even t hough the Polysac char ide of the extens in 

complex as envi saged by Ke eg s tra et al . may s eparate from the 

mi crofibrils fur ther bonds mus t  be broken before  it can be 

r elea s ed from t he wall . The pattern of  mono s a c char ide 

extraction sug g e s t s  that this fur ther cleavage mus t , be betv1een 

t he galac tan and hydroxyprol�rabino se , and ther efore  pro bably 



at  t he s it e  of j3 -elimination of s erine , whi ch br eaks the 

peptide c hain . 

· The · r e sults indi cate that the jJ - eliminat ion mus t  o c cur 

ei ther t o  r educe the size  of t he complex so  that it  become s 

s teri cally feas ibl� to extra c t  it  or s o  that s ome highly 

r es i s tant bond b e tvreen cxt ens in and th e mi crofibrils  i s  

cleave d .  In rela fi on t o  thi s que sti on the ear lier  r esults o f  

Lampor t ( 1969 )  ar e · o f  inter e s t . \'!her e pur e polysacchar idas e s  

were us ed in an attempt to extra c t  extensin from sus pension 

cul tur e  c ell wall s there was l i t tle suc ces s . Thi s indi cat e s  

that di s ruption o f  the polysac charides  i s  no t sufficient to 

r ender extensin extractabl e . However , where s ome pro teas e  
" 

was pr � s ent consi d sr able extraction was achi eved . Hall 

fractions isolated frou sycamo r e  suspension cultur e s  by the 

a c tion of endopolygalacturona s e  contained l ittl e pro tein 

although this vla s ·readily r emoved frou the \vall s l.•rit h  attac hed 

polysaccharide when the wall s wer e treated wit h  prona s e  

( 'ralma d [j c  et a l . , 197 3 ;  Bauer e t  al . ,  1973 ; Keeg s tra e t  al . ,  

1973 ) . I t  therefo r e  s eems t ha t  cleavage of the peptide c hain 
' 

i s  a prerequi site  to  r emoval of extens in , The r e sult s  her e 

suggest  that i t  i s  not until p - elimina tion ha s cau s ed br eak s  

in the pep tide c hain that the pro teir. is  extr a ctable , 

although i t  has no t been s hown that cleavage of o ther alkali 

labile bond s is not al so r e quired .  Other bond s will probably 

have been broken bJ the relat ively non- specifi c a c ti on of 

aqueous alkali on vrall  polymer s ,  lvhic h  makes it diffi cult to 

. a s cribe  polysac char ide r elea s e  to cleavage of any parti cular 

bond . Ho-vmver , t he fac t  tha t dif1 er e1:ces  in extra c ti on rate  

do  o c cur indicates the pr e s ence of b ond s diff er ing in 

sus c ep ti bili ty to alkali . 
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I n  the pr evious cha p t er and i n  t h e  1,10rk o f  Lampo r t  ( 1965 ) ,  

O l s on ( 19 64 )  Doug a l l  and S himbaya s hi ( 1960 )  an a lkali 

r e s i s tant f r a c ti o n  of t he \-Tal l  pr o t ein \va s f o und . If thi s 

r epr e s en t s  por t ions of many of the p e p t i d e  chains of the 

extens in- poly s a c c ha r ide c ompl ex t hen p r o t eo ly s i s  will b e  

ne c e s s ary t o  extr a c t  the ex tens i n  by non- c e l lulolyti c mean s . 

Thi s very impor tan t po int o f  a t t a c hmen t to the mi c r o f i br i l s  

has not b e en incl�ded i n  e i th e r  t he model o f  Lamp o r t  ( 1 970 ) o r  

tha t of Ke e g s tr a e t  al. ( 1973 ) a s  b e ing di s t in c t  f r o m  the 

bonding via s er ine - l inJced gala c t o s e ,  a l though i t  doe s appear 

to b e  v e ry s i gni fi c ant . I t  i s  inter e s ting that i t  sur v iv e s  

extr a c ti on e v en where the s er ine i s  r e du c e d  t o  very low . l ev el s 
0 

a s  a p er c en tag e o f  the 24% KOH in s olub l e wall pr o tein , a s  
0 

r e s ul t s  of the p r e vious s e c t i on showed . Galac t o syl s er irie . 

th er efo r e  do e s  no t app ear t o  b e  impor t ant to a s s o c i a ti on o f  

the alkali r e s i s tant pr o t e in and the rni c r o f i br il s . vlhe th er 

thi s  a s s o c i a t i o n  o f  pro te in and "'l'lall c ellul o s e  i s  non- c oval ent 

du e t o  t he tr a p p ing of pr o t e in among s t  alkali ins olubl e  

poly s a c c ha r i de s  o r  invo lve s a pr o t e in- carbo hydr a t e  bond i s  a 

que s t ion wor thy of c ons i d e r a tion . 

One \·Jay in Hhi ch fur t he r  informa ti on on t he differ en c e s  

b e b.Jeen t h e  H O  and HRT fr a c t ions c an probably be o btained is from 

a s tudy of the metabo l i c  r el a t ionship of the two f r a c ti ons . 

I t  i s  of int er e s t  to f ind out whethe r  or no t HRT 

po ly s a c c har i d e  i s  derived from t he HO frac tion due to the 

forma tion o f  0°C 10% KOH r e s i s tant c r o s s - link s  vli t hin the ·Hall 

as th e Horlc . of Brys.k and Chris peel s ( 1972 )  sug g e s t s . Pul s e  

label l i ng exp e r i �ent s s h ould s how whe ther t he r e  i s  a 

pr e cur s o r-pr o duc t r el a t i on s h i p  be tween t he two f r a c ti ons . 



Al t hough t he c on s tru c t ion o f  c e ll wal l mo d e l s  has 

invo lved a limi t e d  number of b ond j_ n g s  and r ela t i onships of 

wal l  po lyme r s the true s i tu a t i on ap p e ar s  to be very c ompl ex 

and p r obu. bly inv o l v e s  a far l a .r t; er nur'lbc r  of c ombina t i on s  o f  

wall po lyn� r s  t han ha s b e en u s ed i n  the wal l  mo del s s o  f a r  

pT o p o s ed . 
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jYLi.TKUALS AlT D l<ETHODS 

Plant Ti s s u e  

S e ed s  o f  bi t t er blue lupi n  ( LuD inus §l.ngu s t i :f o l ius ) \ver e 

r; er minat e d  and g r o1.m unde r  pr e vi ously de s c r i  b e d  c ondi ti on s 

( Penny , 1969 ) • Hyp o c o tyl s a bout 5 cm in l eng t h  wer e 

ha r ve s t ed a.nd d e ep f r o z en f o r  no long er than tvro day s . They 

wer e gr ound for 30 s e c onds in a 1tJareing bl end e r  i n  di s ti l l ed 

wat er , f i l t e r e d  o v e r  s in t e r e d  g la s s and im.rnedi a t e ly extr a c t e d  

und er r eflux for a to tal o f  4 hou r s  i n  tvw c hang e s  o f  th e 

neu tral d e t e r g ent o f  Van So e s t ( 1963 ) . The wal l s  wer e  I 

f i l t er e d , wa s h e d  twi c e  by r e s u s p ending in ho t d i s ti ll e d wa t e r  

f o r  5 minu t e s and f.i l t e r ing , and f ina lly ·vra s h ed vJi t h  e thanol 

and a c e tone and d r i ed a t  40°C overni eht . 

Ti s sue ( 5 · 52 gj wa s sub j e c t e d to a s e r i e s  o f  ext r a c t i ons 

by s ti r r ing w i th 200 ml volum e s  of 10� KOH a t  0°C i n  a f l a sk 

t ho r our;hly flu s h e d  vri th ni t r o g en . The t emp e r a tur e wa s 

maintained a t  0°C by s tanding , the flask in a c onta ine r  of i c e  

o n  a magne t i c s ti r r er in a co l d room at  4°C .  At U1e end o f  

e a ch extr a c t i on th e wall s we r e  f i l t e r e d  qui ckly o n  a 
·
p o r o s i ty 

1 s inter ed g la s s  funnel and then immedi ately submi t t e d  to the 

next extr a c t i on i n  t he s equenc e . 

The t ime s of f i l t e r ing : t o  0°C extr a c tions wer e 1 ,  2 ,  4 ,  
I 

8 and 12 hour s from the s tar t of t he expe r im ent . Aft e r  the 

f inal 0°C extr a c t ion t he walls wer e neutral i z ed w i th d i lu t e  

a c e ti c a c i d , -vra s he d  \'li t h  di s till ed 1.-ra ter , e t hanol and a c e to n e  

and dr ied over night bef o r e wei ghing . 

The r o om t emp e r a tur e ( 18- 22°C ) extr a c t i ons 1 er e  c a r r i ed 
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Lout as for the 0
°C 10� KOH extr a c ti ons but in t he labor atory , 

and i·rer e f i l t ered 1 ,  2 ,  4 ,  8 ,  12 , 24 and 48 hour s after the 

s tar t of th e ro om t empe r a tur e extra ction . 

All extra c t s  wer e neutralized with a c e t i c  a c i d  

immedi ately af t e r  f i l t er ing , r ef i l t e r ed t hrough a po r o s i ty 4 

� in t e r e d  g l a s s  funnel and dialys ed for 24 hour s a g ains t 

· running tap wat e r . At the end of th.i s t i m e  th ey \ver e 

0 concentr a t ed on a rotary evapor a to r at 40 C to about 8 0  ml and 

" t hen fr e ez e dr ied and w�igh ed . 

Po lys a c c ha r id e  fr a c tiona t ion 

Fr eeze  dr i ed he�i c ellul o s e  extracts  (50 or 100 mg ) wer e 

d i s s o lv e d  in C aC1
2 

s o lu �ion S p G  1 . 3  ( 15 or 30 ml ) clarified by 

s p inning a ·� 70. , 000 g for 15 minu t e s , and i o c.line s olution 

I 2 3% , KI 4% w/v ; 2 . 5  or 5 . 0  ml ) added . Af ter s tanding f o r  

an hour t h e  s o lutions wer e c entr ifug ed and t he heavy blue . 

pr e cipi tat e and superna�ant s eparated by d e c antation and 

neutrali zed vrit h  rla 2s 2o3 s o lu ti o n . 

dialys ed 24 hour s , and fr e e z e  dr ie d .  

Hyd.roxyorol ine analys e s  

The s o luti on s wer e 
0 

Wall r e s idues and fr e e z e  dr i e d c el l  \1Iall extra c t s  ( 20 mg ) 
wer e hydrolys e d  under g entle r ef lux wi th 6N · HC1 ( 8  ml ) for 18 

. hour s .  The hydr o lys a t e s  were analys ed fo r hydroxypr oline by 

the method of' Sv.ri tzer and Swn.rne r . 

Carbohydrate analys e s  

( 1 )  Hydrolys i s of fra ct i ons . vJall r e s i due s and f r e e z e  dr i e d  

c ell wall extra c t s  ( 20 mg ) were placed in 5 0  m l  boil ing tub e s . 

7 2% H2so4 (0 . 7  ml ) was added and af t er 3 hour s di s ti.lled vrat er 

(('20 ml ) .  Ea c h  tube vvas then cover ed vri t h  a \vatchgla s s  and 

pla c ed in a \va te r bath at 100°C for 3 hour s .  The 
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hyd r o ly s a t e s  vler e neutr a l i z e d  vri th Baco3 , f il t er e d  and f r e e z e  

dr i ed . 

( 2 )  Pr eparation of al d i t o 1  a c e t a t e s  f or_g_a s - l iqui d_ 

c hr or:1ntogr a phy. The fr e e z e  dr i ed hydrolys o. t c s  ·vre r e  d j_ s  s o lved 

in 2 ml di s t iLL e d  v:a t e r  and 3 ml NaBI-14 ( 0 . 311) added and 

allow e d  to r e a c t  for 3 hour s in a c old r o om ( 0-4°C ) . The 

r e a c ti on 1·m s s to pped by t he addi t i on o f  a c e t i c a ci d  and the 

s olution pa s s ed th rough a c o lumn o f  amber li t e r e s in IR- 120 

(H+ ) and e luted Hi th 5 bed volume s o i  di s t i l l e d  Ha t e r . The 

s o lutions \·/er e evapo rated to dryne s s  in sma l l  r o und - b o t tomed 

flasks and taken up i n  dry methano l , Hhi ch Ha s evapor a t e d  to 

dryne s s  in r eac tfon �ial s on a ho t plate a t  135°C und e r  a 
" 

s tr e am of ai r .  vJJ)en the s ampl e s  11er e c ompl e t ely dry t he vi al s  

\•r e r e  c o ol e d  and pyr i dine : n c e t i c  anhydr i de 1 : 1 ( 0. 4 . ml ) wa s 

added . The vi a l s  vrere t ig h tly s to pp e r ed and p l a c e d  in an 

oven at 1 10°C for 1 hour w i t h  p e r i o di c al s hak ing . They wer e 

then c o o l e d  and chloroform ( 0 . 4  ml ) added . 

( 3 )  S eparation o f  Ald i tol L_c e t a t e s . The ald i t o l  a c e tat e s  

wer e s eparated wi t h  a Var i an Aer ogr aph s er i e s 1400 gas 

chroma t o g raph us ing a 2 m s ta inl e s s  s t� el column of out s id e  

d iame t er 1/Bth inch . The gas  c hroma t o gr aphi c pa ckin� wa s 

3� ECN S S - M by we i gh t  on GAS - CHROM Q ,  100/120 m e s h  (Appl i e d  

S c i enc e Labo r a t o r i e s , Inc . , P . O . Box 440 , State Co ll e g e , P . A . ) . 

Gas flow r a t e s  wer e  N2 , 20 ml/min ;  H2 , �o ml/min ;  air ; 300 

ml/min . 1 .  )-11 of s ampl e 1va s inj e c t ed .  Temp er a tur e s u s e d  

vJer e  c o lumn , 165°C ( iso the rmal ) ;  inj ection , 210°C ;  and 

d e t e c t o r  220°
C . 
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CONCLUSION 

The data p r e s ent e d  has r e sul t e d  froD an inve s ti g at io n  o f  

the compo s i t i o n  of pr imary c e l l  •;�al l s  o f  lupin hyp o c o t yl in 

r e l a tion to hyp o c o tyl e l onc; a tion . B e c aus e of' t he 

pr edominantly c ar bohydra t e  natur e of th e wall the ini t i al 

app r o a ch ·v�a s t o  s tudy t he mono s a c c har ide c o m p o s i ti on o f  

f r a c t ions i s o la t ed the r e f r o m  b y  p r o c edur e s  u s e d  i n  thi s 

l a b o r a tory ma inly for the s tudy o f  h emi c ellul o s e . To t hi s  

end the alkal ine f r a c t i o na tion me thod develo p ed by Gaillard 

( 1961 ) and ba s i c ally as d e s c r i b e d  by Gaill a r d  and Bai l ey ( 1968) 
0 

\va s  us ed ( Fi g . 1 ) . Dur ing the c our s e  of the vro rk i to b e c a!J.e 

appar ent tha t one 6f t he wall component s p r o bably mo s t  

r e l evant to t he c ont r o l  o f  elong a t j_pn i s  t h e  hydroxypr o l ine -

ri eh c e l l  Hal l  p r o t e j.n ext en s i n .  Becaus e hydroxypr o l i n e  i s  

confined mainly to the c el l  Hall pro tein i t  \·ra s u s ed a s  an 

ind i c ato r  of extens irr, and a s tudy of the r el a tionship o f  

hydr o xyp r o l ine t o  vJall f r a c t j_ons and to s t em e long a t ion mad e . 

In the l i g ht of the r e s ul t s  o b ta ined s ome pr e l iminary 

inc o r po ration exp e r iment s wer e d one . 

Although the app r o a c h  has b e en to s tudy the cell wall 

. Hi t h  t e c hnique s u s ed widely fo r c ar bohydrate s tudi e s  the s e  

have pr o v e d  inadequa t e  in s everal r e s p e c t s . I t  i s  c l e ar that 

whi l e  s ignif i c ant points hav e ar i s en from the work on c ell 

wall f r a c tions more meaningful r e sul t s  will eme rg e  when th e s e  

fra c ti on s  ar e fur t her analy s ed with t he high r e s olution 

o ff e r e d  by c hr omat ography , e l e ctr opho r es i s  e t c . 

The me tho d s  us ed he r e  d i s t ingui sh between c l a s s e s  o f  one 



' type of p o lymer , namely th e carbohydr a t e s . The 

polys a c c har j_ de fr a c t ions are c la s s ed a c cor ding t o  their 

s tru c tur e only in so f a r  a s  this is r efle c t e d  in the 

c apabil i ty of a r ea g ent to pr e c i pitate o r  extr a c t  the 

po l y s a c c har i d e . Thu s  the t erms hemi c ellul o s e-A , 

� r abinoxyl an- B  r ef e r  to f r a c t ions enr i ched in c e r tain 

· c a r bohydr a t e s but c er tainly no t pur e in t he s ens e that they 
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e a ch contain mo l e cul e s  of only one s truc tur e .  The 

· hemi c e llul o s e - 13 - l inear �-4 l inked polys a c c ha r i d e  for exampl e 

i s  a f r a c t i on extr a c t e d  f ro m  the wall by 10� KOH and 

p r e c i p i t a t e d  f r om Cac1 2 s o luti on with i o dine , and the 

uniformi ty b e tween c ell owal.l p o l.y s a c c har j_d e s l e a d s  us t o  

extr apo l a t e  to  lupin hyp o c o tyl and a s sU.i'lle the pr e s en c e  o f  

· ar abinoxylan er xyl o g lu c an , a l t hough gala c t o s e a l s o  o c cur s i n  

the f r a c tion . The name s tradi tionally e i v en to wall 

f r a c ti on s . i s o l at e d  by t h e  .me t ho u s  used he r e ar e no t entir ely 

a c cur a t e  even wher e the nam e r ef e r s  to a s p e ci fi c  �tructur e . 
, 

0 

The polyd i s pe r si ty of wal l poly s a c char i u e s  o r  o f  fragmen t s  o f  

t h e  c ell wall c ompl ex mak e i t  difficult to a chi eve cl ear c u t  

· r e sul ts by suc h me thod s �  I t  i s  c har a c t er i s ti c  of th e human 

mind to r e du c e  any c ompl ex to uni t s . I t  s e ems that in the 

c a s e of the c e ll "�'!all one mus t  r e c o gni z e  that in a s en s e  the 

c omplex i s  the uni t . 

Clearly th e c ell \.vall mus t  be r eg a r d e d  as a c omplex of 

s everal typ e s  o f  polymer - carbohydr a t e , pr o te i n , l i gnin , 

l i p i d  and po s s i bly othe r s . Us e of metho d s  d e s i gne d f o r  th e 

s tudy of one of the s e  typ e s  Hi l l  pr ovid e date: , but i t  vrill b e  

di ff i cul t t o  in t er pr e t in the c ontext o f  t he v1hole c ell \val l  

Hhi ch fro m the po ir�t o f  vi evl of exp er imental d e s ign s hould 
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' per hap s be r eg ar ded mor e  a s  a ma cr omo l e cul e . 

As far a s  r el ating the hydroxyproline-r j_ ch pro tein to t he 

c ell wall fra ctions i s  conc erned the r e sul t s  a r e of int e r e s t , 

but b e c aus e thes e  frac tions p r obably d o  no t c onta in di s c r e e t  

species  i t  i s  not po s sibl e t o  s ay ·�:�i t h  c er tainty to whi ch 

· po ly s a c c har i d e  the protein is bonded , if it i s  a t  all , but 

· o nly tha t  i t  i s  as s o c i at ed in certain propor tions vli t h  

fr a c tions enr i c hed in polys ac c har i des of c er tain compo s i t ion . 

However the r e sul t s  a r e . indi c a t o r s  upon whi ch a model of the 

c ell vmll , and 1·ro rking hypo th e s e s can b e  founded . 

I t  i s  uo1.·r ne c e s s ary for t h i s '\.'lork to be extend ed by mor e 

complete r esolution of �all components so that indivi dual 

f r a gment s c orota ining bo th ext en s i n  and vrall p o l y s a c c ha r i d e  o r  

o ther polymer c an be  i s olated p r i o r  to id entifying the bonds 

l ink.ing t he d iff er ent .::noieti e s . vTl1ile it would provide mor e 

info rmation on the nah:u- eohmll fr actions from t he 

frac tionati on o f  Ga i l l a r d  and Bai l e� if they w e r e  r e s o l v e d  

fur ther , a s  much info rr:lation on t h e  mol e cul ar s tructur e  of 

the c ell waJ.l c ould be  obtained by r esolution o.f the to tal 

alkaline ext r a c t s  by c hr oma t o g r a phy , ele ctro pho r e s i s et c . , in 

o the r \vords by considering the extra ct to contain a s p e c trv .. m 

o f  polymer s der iv ed from t he degradation o f  a mac romolecule . 

A difficul ty. inher ent in t he me tho d us ed her e i s  that the 

r e l a t ively non- spec ifi c action of alkal i  p robably mak e s  the 

s pec trum of derived polymer s  far broader than i t  vTOuld be if  

a g en t s ( s u ch a s  enzymes ) -v,rhic h  acted on  s pecific bonds had 

been us e d . 

The alkaline extraction provides  a means of obtaining 

fairly l a r g e  f r a gm ent s whi ch on,ce  s eparated could b e  



sdb j e c t e d  to t he a c tion of pr o t e a s e s  o r  c a r b o hyd ra s e s  a s  an 

a p pr o a c h  t o  i d en t i fying any a lkal i  s table linkaee po int s . 

Although a s imilar approach ha s b e en tak en by Bau e r  e t  a l . 

( 1973 )  t h e i r  work c o uld al s o  be extended by u s e of a lkal i 

extr a c t i on whi c h  s e ems t o  r emove a gr ea t er pr o por t ion o f  

hyuroxypr o line a t  l e a s t  from lup].n hypo c o tyl and 1·�v ena 

oo l e o p t i l e  wall s • 
. 
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Two mo d e l s  o f  the pr ima r y  c el l  wal l  ext en s in-polys a c c hari de 

c 6mplex have b e en p r opo s e� in r e c ent y e ar s ; t ho s e  o t  Lampo r t  

( 1970 )  (Fi g . 1 2a )  and o f  Ke eg s tr a  e t  al. ( 1973 )  (Fi g . 1.:::b ) . In 

t he f o rmer the pr o t e i n  ba ckbone i s  link G d  to t hG m i c r o f i br i l s 

vi a a gala c tan \·.rhi c h  i s  bq,und to the hydro xypr o lyl ( ara bino s e ) 1_4 

o f  ex t en s in .  The e al a c tan- ar abino s e  o l i g o s a c c ha r i d e  linkag e  

wa s sug g e s ted due t o  the e o - o c cur r en c e  of arabino s e  and 

g a l ac to s e  in frag ment s of ext ens in ( Lampo r t , 1969 ) and wa s 

t houcht t o  b e  anoma l ou s ly alk a l i  labile a s  only a r a b ino s e  

o l i g o s a c c ha r i de had b e en found a t ta c he d  t o  hydr oxyp r o l ine i n  
0 

alkaline hydr o ly s i t e s  of c e ll wal l s  ( Lampo r t , 1967 ) .  1;Ji th 

the di s c ov e r y  of t h e  g a l a c t o syl � e r ine bond t he gal a c tan-

h�droxypro lylarabino s e  l inkag e  w a s  no long e r  ne c e s s ary f or a 

vra l l  mo d el •. Thi s and o the r evidenc e l ea d  t o  t he s e c ond mo d e l  

(K e eg s tr a  e t  a�. , 1973 ) in whi c h  t he ar abino s e  o l i g o s a c c har i d e  
. 

s. i d e  c hains of hydr oxyproline a r e  fr e e  and the main l inkag e  o f  

�he pro t e i n  to th e vrall i s  through galac t an _.,..r hamno galac tur onan 

� arabinan or g a l a ct an � xylo glucan , t he la s t  b eing a t ta c he d 

b y  hydr o g en bonds to t he mi c r o f i br il s . T h e  hyd r o g en bond s 

a r e the p o in t  o f  mov ement o f  the ma trix and m i c r o f ibr i l s  and i t  

i s  s ug g e s t ed t ha t thG s e  oond s a r e  influen c e d  by pH , i t s elf 

c on t r ol l ed by an auxin s ens i ti v e  hydr o g en ion pump in t he 

pl a s ma l emma . 
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On the basis of results present e d  in this thesis some 

modifications to the a bove mod els may Qs_ mad e , a lthough 

suppor t for many of their features ha s also b e en obtain e d . 

The r e sults pertinent to th� construc tion of a modified wall 

model are summarized belo\v .  

� l ) · T h e  avera g e  composition of the 6 cm lupin hypocotyl cell 

: wall is as follows : p e c t in 27� , hemicellulose 19 . 8% ,  

cellulose 42 . 3;0 , l i gnin 3 . 3;-; and pro tein 7 . 9/o . 

( 2 )  C han ge s  in cell \va.l"l composition re lated t o  ·Hall 

elong at ion occur in a protein and a.raoino se- rich fraction of the 

\val l ,  and invo lve p e r centage increase s  in both hydroxypr o l ine 

and arabino s e . 
0 

0 
( 3 )  i:,iost o"f the arabino s e  and much galactose is r emoved f rom 

d epectinated c e ll wal l  by the d e l i gnif ica tion tr e atment o f  

Gaillard ( 1958a ) . Other sugars col!lpr i s in[; the hemicellulose 

are not g r eatly aff e c ted . 

{4 ) Hydroxyprol ine is completely reY11o-v e d  f r om t he cell wal l  

b y  the deli gnif i cati on treatment which the refore di s rupts t he 

1mll pro tein . 

( 5 ) Dilute acid at the temperature and pH of the d elignifi cation 

Hi l l  remove much o f  the '.•Tall arabinose and g alac to s e , but l ess 

· than is extract e d  by the del ignification t r e a tment , whose 

effect on the monosaccharide composition of t; hc -....,rall is 

therefore not due sol ely to the c l eavage of dilut e - acid l a bile 

bonds . 

( 6 )  Dilute acid did not remov e the wall hydroxyprol ine , 

indica t :Lng that the ext ensin is · not bound into t he wall by 

d i lute a c id labile bonds a s  ha s b e en implie d .  An aci d l a b i l e  

l inkage h a s  b e en propo s e d  ( Lamp'ort , 1970 ) betw e en the 
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a r a b i no s e- o l i g o sa c c h ar i d e s  and t he hydroxypr o l ine of extens in , 

and the r e  vra s the su g g e s ti on t hat such a l i nk could b e  th e 

s i te o f  bond cl eava g e  by a c i d  dur ing \vall l oo s en ing indu c ed by 

low pH ( Rayl e e t  al . , 1970 ) .  The r e sul ts p r e s ented he r e  d o  . 

no t p ro vide evi d en c e  for suc h an acid l abi l e  bo nd . Ho t 

d i lu t e  a c i d  di d not r e l e a s e  extensin or f a c i l i ta t e  i t s  

extr a c tion fr om th e 1·1all vJi t h  o th e r  s o l  v en t s . 

( 7 ) Ur ea and 61-1 guanj_ d intum thio cyanate a r e inei'f e c ti ve in 

r emoving hydr oxyproline from the vrall , ind i c a t ing tha t co val ent 

bond s a r e  pr o bably involved in the bbnding o f  exten s in to the 

wall polys a c c ha r i d e s .  Dilut e a c i d  pr e tr e a t�ent did no t 

f a c i l i ta t e  hydr oxyp r o l ine extr a c tiop by th e a bo ve a g ent s 

s howing that t he bond s r e s pons ible f or binding extens in into 

th e wal l  ar e � r o bably no t d i lut e a c i d  lab i l e  alone . 

( 8 ) So dium me thoxf d e  do e s  no t f a c il i ta t e  ext r a c ti on of 

exten s�n fr o1n a c id ( pH2 . 9 ,  100° C , 5 hr ) or non- a c id t r e a t e d  

wall s ,  indi ca ting t ha t  e s ter l inks alone do no t bind exten s i n  

to the 1-ra l l . 

( 9 ) Bar ium hydr oxj_d e  hyd r o ly s i s  i·Jhi ch cleav e s  p e p t i d e  l i nt s  

r en1o ve s mo s t  o f  th e c e ll i•Jall arabino s e  and g al a c to s e and 

hydroxypr o line , but no t the xyl o s e . If th e s e p o r t ions o f  

the wall a r e  l ink ed the i r  conne ction i s  ther efor e through an 

alkal i - la b i l e  bond . 
I 

( 10 )  When the bar iu� hydroxide hydr olysate i s  di alys ed t h e  l o ss 

of a r a bino s e  i s  much g r e a t e r  than t he lo s s  o f  gala c to s e  

ind i c a t ing t hat the arabino s e  i s  pr e s ent in s ma ll e r  \rJ'all 

fragment s than t he gala c t o s e . The mo r e  r a p i dly dialys e d  

arabino s e  pr o bably r epr e s ent s the ar abino s e  o l i g o s a� c har ide 

s ide c hains of exten s in l ink e d  g l y c o s idi cally to 



hydr oxypr o line . This sug g e s t s  tha t the lin!�a e; e of 
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hydroxyprolyl (arabino s e ) l-� and g ala c to s e is ei th er a lkali 

labil e as sug g e s � ed by Lampo r t  in his model , or non- exi s tent , 

, as in the model o f  Kee g s t r a  e t_a l . The na tur e of a non­

alkali - labi l e bond b e twe en hydr oxyprol�arabino s e  

o l i g o s a c c har i d e  and gala c t an i s  har d t o  vizualize 1.1hen one 

c ons i der s t hat the p r imar y r educ ing gr oup in bo th the 

g a l a c to s e  and arabino s e  i s  alr e ady involve d in bonding . 

( 11 )  Ho s t  of the hydrox:ypr o l ine can b e  ext r a c t e d  f r om t he vm ll , 

wi th mos t o f  the hemi c el lulo s e , by 10% KOH . Alk a l i - l abi l e  

bonds a r e  t he r efor e pr o bably involved i n  binding he�i cellulos e  

and ext ens in t o  the alkal i - insolubl e \•Tal l  fr a c ti o n . 
0 

( 1 2 )  Delignifi cation o f  the hyp o c o tyl c ell wal l s  pr i o r  to  

alkali ext r a c ti on l eave s a 10� KOH s ol�bl e hemi c ellulos e - B  

fr a c t i on whi c h  i s  r i c h  i n  xyl o s e . Thi s xyl o s e  i s  the refor e 

pr e s ent in a polyt::er 1vhi c h  do e s  no t d e p end on the 

hyd r o xypr o lylar ab::Lno s-e mol e cul e f or i t s  r et ention in the vra ll . 

( 13 )  Alkal i�e fr a c ti ona ti on r eveal s that the hem i c e llul o s e-B 

c an be divided  into a ma j o r i o dine pr e cipitable and mino r 

non- iodine - pr c ci p i table wal l  fr a c t ion . · Henc e mo s t  o f  t he 

1-·mll hemi c e l lul o s e i s  associ ated with l inear ( 1-4 ) linked 

. poly s a c char i d e . Ho s t  of the hydroxyp r o l ine i s  a s s o c i ated 

with the l inear f r a c ti on .  

( 14 )  Del i gni fi c a t ion caus e s a g r eat lo s s  of arabino s e  from 

both of the s e  fracti ons . 

( 15 )  If the 10)6 KOH extr a c ti on i s  done a t  0°C t1vo thirds of 

the 18- 22°C 10/b KOH . s o lubl e  hemi c ellulo s e i s  r emove d f r om the 

-vmll . Li ttle hydroxypr o l ine i s  extr a c t e d  at 0°C . The 
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r ema ining hemi c el lulo s e  and the hydroxyp r o l i ne i s  r emov ed when 

the t efupera tur e is r ai s e d . T hu s  bond s o f  ti.w differ ent 

alkali labil i ti e s  a r e  invo lved in a t ta chm ent of the r o om 

t e�p erature 10� KOH- s o lubl e hem i c el lulo s e  to t h e  a lkal i  

ins olubl e po r t i on o :f th e \·Tall . 

T ha t mo s t  o f  the h emi c el lulo s e  can b e  extr a c t ed 

s eparately fr om the ext en s in by 10fo KOH at 0° C indi ca t e s that 

e i the r the bulk of it i s  no t bound to ext en s in o r  tha t i t  i s  

i n  extr emely alkal i - labi l e  bond ing t o  i t . I t  i s  po s s i bl e 

that there i s  a l inkag e b e twe en s ome of the hemi c el lul o s e  and · 

t h e  r ema ining wall whi c h  i s  sus c e:p t i ble to lOjb KOH at 20°C but 
Al fhou�h the r e  i s  no d i r e ct evi d enc e for a 0°C 

0 

lOJ�KOH-.la bi l e  bond . be t\veen t he h er..fJ.i c e.llul o s  e and exten s in i t  

i s  a p o s s i b i l i ty , and j_f j_ t exi s t s a t  l ea s t  tvm typ e s  o f  

alkal i - labil e bond s to  ext en s in shoul d b e  env i s ag ed . 

( 1 6 )  De s tr uc t ion of s er ine by _,/.1-elimination do e s  not o c cur in 

· 1hen the ter:1per a tur e is r a i s e d  to 18- 22° C  
ther e i s  a mark e d  l o s s o f s er ine . Thus c l e avag e  o f  

g al a c to s yl s er ine i s  probably ne c e s s ar y  f or the r elea s e  o f  

HRT bu t no t o f  HO . HRT i s  the r efor e .pr o bably l in};:ed to 
-extens in vj_ a g a l a c tan or gal a c t o s e . 

( 17 )  The r el e a s e o f  HO tak e s  pla c e  in two o v e r l ap ping s t a g e s . 

During t he f i r s t  the re is r el ea s e  of xylo s e and dur ing the 

s e c ond a fra c ti on mor e  enr i c h e d  in arabino s e  g ala c t o s e and 

hydroxyproline o c curs . Thi s is con s is t en t wit h  an ini t ial 

r el ea s e of xyl o g lu c an or xyl an and a s lov1e r but inc r e a s ing 

r el e a s e  of r.1a t e r ial der ive d fr ora ext ens in mor e s lovrly , p e r hap s 

due t o  cl e avae e of ano the r 0°C 10/& KOH l abile bond . 

( 18 )  The r el ea s e o f  HRT a l s o  var i e s  vri th t ime . As a pe r c en tage 
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"of HRT all sugar s except arabino s e  decreas e  and then galacto s e 

and to a l e s s er extent xylo s e  again increas e . There appear s 

to  be &J. ini tial r eleas e o f  xylan (or xyloglucan ) and gala ctan 

and then a continued but dimini shing r elea s e  of ar abino s e . 

Thi s can be explained by t he cleavage of a bond between the 

�al�cto s e  and arabino se-ri ch por tions of the wall in such a 
0 

· way that the br eak allows immedia te r el �a s e  o f  galactan , ·v1hile 

the r el e a s e  of arabino s e  depends on other factor s such as 

· pr oximi ty of  th e � - elim
_
ina ti  ve cleavage  of the peptide chain . 

( 19 )  The r el ea s e  of galacto s e  approximately parallels the 

;8-elimination of galac to syls er ine . The f a c t  that arabino s e 

r elea s e  do es  no t parallel thi s can be e:z:plained by the 

ne c e s sity for ;; -eli::ninations in the same r eg ion of the ext en sin . /' 
· s o  tha t  the resul t ing i)eptide chain cleavag e can releas e an, 

arhbino s e- r i ch portion of exten s in .  

( 20 )  Pro�J.as e  t r e a tn�ent Gf the hypo coty l  \valls C;.ppendix D )  

caus es  a l o s s  of arabino s e  but no t oJ Jgalacto s e  from the 

arabinoxylan-B su�ge sting that galactan but not araba.n i s  

involved i n  l inkag e  o f  extensin to the fraction.. The 

indep endence of arabino s e  and galactos e  i s · fur ther empha s i s e d  

b y  the greater dialysabili ty o f  arabino s e  compar ed with 

. galacto s e  in Ba (OH ) 2 hydrolysates  of depectinat ed c ell wal l s  

( s ee 9 and 10 ) • 

· ( 21 )  Nuch o f  th e linear 1-4 linked polymer ( i . e . the CaC1 2 

s o lubl e iodine precipi tated por tion )  r el ea s ed appear s to 

contain a non-;B - eliminated mater ial , sug g e s t ing that 

)-elimination of adj a c ent s er ine s is not absolut ely nec e s sary 

for r elea s e  or extensin . Ther efor e sor�e of the s erine-linked 

s i de chains ar e probably cleaved from attachment to 
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mi c r of i br i l s ,  but no t from the ext ens in chai n . T hus t he r e  

may b e  two alkal i labi l e  bonds i n  the s er i e s  o f  po lymer 

conn e c t ions b e tw e en the mi crof i br i l s  and the s e r ine of 

ex t ens in . 

( 22 )  A 24% KOH r e s is tant pr o t e in f r a c t ion exi s t s wi t hi n  the 

\va l l . I t  i s  r i c h  i n  hydr oxyp r o l i ne but conta ins very l i t tl e  

s e r in e , whi ch do e s  no t t he r ef o r e  app ear t o  be  invol v e d  i n  

bond ing of thi s fra c ti on t o  the 24� KOH in s o lubl e 

p o l y s a c c hari d e s . 

A l t hough t h e  2415 KOH tr e a tment uiJ. l  r emove nearly a l l  o f  

t h e  hemi c e l lul o s e and no t a l l  o f  t h e  p r o t ein thi s do e s  no t 

pr ovide grounds f or sug g e s t ing a d i r e c t  l ink b e hreen t he 
• 0 

p r o t ein and the c eJ.. lul o s e mi crof i b r i l  ( j3 - 1 , 4-linked og lu c an ) ' 
0 

a s  tr a c e s  of sugar s o the r than g lu c o s e  r emai� in th e extr a c t e d  

c e l l  wal l s . Al s o , wh en one con s id e r s  the h i g h l y  o r d e r e d  

na tur e o f  the c e l lulo s e mi c r of i br i l  i t  will be r ea l i z e d  that 

' mo s t  of t he c e l lulo s i c  gluc o s e  is pr o ba bl y  u��a va i labl e f or 

l inkag e , a l though in Lampo r t ' s  mod e l  g al a c tan i s  bound t o  

para crys talline r e g ions o f  the mi crofibril . At the s ur f a c e  

o f  the m i crof i br i l , wher e gluco s e  may b e  available fo r bonding , 

o t her mo l e cu l e s  of hemi c e l lul o s e  may exi s t  in qui t e  hi g h  

con c entra tion r e la ti v e  to t h e  sup e r f i c i al g luc o s e . I t  i s  

w i t h - th e s e  sugar s t ha t  a 24>� KOH r e s i s tant pr o t e in may l ink . 

The wall mo d e l s  of Lamp o r t  and Ke eg s tr a  e t  al . p r e d i c t  

t he behavi our o f  wall c omponent s under a var i e ty o f  t r e atmen t s . 

Some of t h e s e  pr e d i c ti on s  ar e not borne out by the r e sul t s  

· pr e s ent ed he r e . For ins tanc e ,  a c c o rding to Lamp o r t  a c i d  o r  

alkaline tr eatment s hould r e l ea s e t he g lyco pr o t e i n . A c i d  

w i l l  no t r eadi l y  r el ea s �  e x t en s in and alkal i  i s  n o t  to tally 

eff e c ti v e  in dping s o . 
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Simil ar ly , in the mo del of Ke e g s tra . et a l . 'rher e ar e 

s ev e r a l  p o in t s  of conf l i c t v.ri th the r e sul t s o btained her e . 

( 1 ) I t  s hould no t b e  po s s ibl e to r emov e p e c t�n indep endently 

of ext ens in a c c o r ding to th e ir model , �s a}l o f  the extens in-

mi crofibr i l  l int: s a r e  thr ough a polyuronid e  mol e cul e and all 

of the wall p e c tin i s  envi s ag ed to be invo l v e d  in th e e x t en s in-

poly s a c c ha r i d e  c ompl ex . ( 2 )  Remo val o f  xyl o s e polymer lvith 

alkali s hould b e  a c c ompan i e d  by t he r el ea s e  o f  ext en s in . Thi s  

doe s no t o c cur I·Ti th t he 0°C 10% r<:oH extra c t io n . ( 3 )  Extensin 

s hould r e qui r e t he pr e s en c e  in i t  o f . gala c tosyl s er i fi e , to b e  
I 

r e ta ine d in the vral l , ye t the 24/0 KOH r e s i s t ant fraction i s  

very low i n  s e r ine . 

The mod el propo s ed he r e  and tha t of Ke e g s t r a  e t  al. ar e 

bas i c a l l y  in a g r e ement in tha t the extens in i s  l inked to the 

r emainder of the wall thr oug h a glyco sylseripe bond ,  whi l e  the 
( 

mo del o f  Lamp o r t c on tains no suc h linl,. . 

In bo th the model s o f  Ke eg s tra e t  al . and Lampo r t  the 

ext en s in c hain is or i ented p a r a l l el t o  the c ellulo s e  

mi c r o f i br i l s  ( Fig . l30 . The r e sul t s pr e s ente d her e  sug g e s t  a 

s tr ong d i r e c t  l ink of a p o r t i on o f  th e extens in to the 

mi c rof i br i l s , and if thi s r e p r e s ents attachment of th e p r o t e i n  

' 
rurming be tvre en mi crof ibr il s the o r i entat ion mus t b e  mor e at 

ri ght_ angl e s t o  t hem a s  s hown in Fi g . l3b '. It ha s b e en 

sug g e s t e d  tha t vrall c r e e p  i s  due t o  the cl eava g e  and 

r eformat ion o f  hyd r o g en bonds under t ens i on , implying the 

mo vement of the bonding polymer s  parallel to one ano ther i . e . 

chain s l i ppag e . I f  the r e s i s tanc e to e longati o n  i s  

r e s i s tan c e  t o  s ep a r a tion o f  mi cro f i br il s , and i f  cr�ep 

invol v e s  the ir s lo w s epar a t i o n  i t  woul d s e em �o r e  l o g i cal that 
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the hydr o g en bond ing p o lym e r s s hould b e  at an ang l e  to the 

m i c r o f i br i l s . The s i tua t i on w h er e  e x t en s in i s  p ar all e l t o  t h e  

mi c r of i br i l s  and d1aii�1 s l i. flJJ&. g e  a t  r i ght an�:; le s t o  t L e:n i s  

s hown in Fi g . J. 3 c Em·; ever i f  th e m i c: r o f j_  br i l s  a r e  a t  an 

<:m�; l e  L.o one c:wo t he r  c o n :::> i d e i' :J. bl e �3 tr e s s  ·Hi l l  be pla c ed o n  th e 

bpnclE; b e h·re en l!O lyr:: e r  s s t r e t c h e d  t o  t he i r  r;:axinmm ( Fi g .  13 d anJ 

�) and e v en f o r  bond s whi c h  l i e  par all e l  to the mi c r of i br i l  

t he r e  '>Ti l l  b e  a s hear ing c o :ll lJOnent ( ab o f  li'i g  . l3d and l 3e ) . 

A mo d i fi e d  mo d el o f  the pr i�ary c e ll wa l l  ba s e d on the 

above r e su l t s  �nd on t he � o d e l s  o f  Larnpor t and Kee g s tr a  e t  a l . ---

i s  s l1o1Jn i n  / j_ g . l4 .  I t  ha s t h e  f o l l owing f e � tur e s . 

( 1 )  Bxt en s in i s  b01..md t o  the Hal l  coval ently . 
() 

( 2 )  l<o s t  of the o e c t in i s  no t inv o l ve d  i n  l i nJ:: a g e  o f  t h e  
pr o t e in and :ni c r o f i br i l s ,  in c o n tr a s t t o the mo d e l  o f  Kc e g s t.r a. 
e t  al . 

( 3 )  J:-i'J. ch  o f  the ual l  xylan i s  not n e c e s s ary f o r  t h e  

bonding o f  o r o t e i n  t o  c eJ lul o s e  mi c r o f i br i l s , and i s  

t t  · - · . , - l - o0 c· · o j T ·o · - l ·  · 1  , · a a c n e  a. e o  :.:;n e 1.va L  oy l ;o A ri . aDl  e oonas . 
0 

T hi s al so 

c on t r a s t s  with the mo d el o f  Ke e g s tr a  et a l . wh e r e  all of the 

xyl an i s  i nvo l v ed , as xy l o g lu c an . 

(4 ) The r e  i s  a c l o s e  a s s o c i a t i on b e breen a' p o r t i on o f  the 

ext en s in and t h e  m i c r o f i br i l s . Thi s f r a c; tion o f  e x t e n s in L; 
h i g h  in hydroxy p r o l ine a.nd low i n  s er ine . Suc h  an a s s o c i a t i on 

i s  no t empha s i s ed in e i t he r  of the abo ve mo d e l s .  

( 5 ) An alk a l i  l a b il e bond exl s t s  b e tvJeen t he wal l  

ar abino g a l a c tan- ext ens in and t he vla ll xyl an o r  xylbgluc an .  

D i a ly s i s  of alkaline hydrol y s a t e sug g e s t  that t h e  a lkali 

s e par a t e s  muc h  of th e wall a r a b ino s e  and g al a c to s e .  In t h e  

m o d e].  o f  Lamp o r t  an ano�a l ou s ly alka l i - l a bi l e  bond wa s 

po s tu l a t e d  b e tween hyd r o xy p r o l y l a r a b i no s e  and g a l a c t an but 
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� Jun c t i o n  :6 on e  in p e c t i c g e l  

m C ellul o s e  m i c r o f i br il 



thi s i d e a  ha s now b e en d i s c �r de d  by Lamp o r t . 

( 6 )  Dilute a c i d labi l e  l inl-;: s bind muc h  o f  tho 1-1al l 

a r abino s e and g a la c to s e to the r emainder of the c e ll wal l . 

( 7 ) i::J. c b  e�.;: t l; r: ::-; in c hain l1o. s  s ev e r al l i nl�o. g e s  through 

g al a c to s y l s  ur i::1e and p oly s a c  c i·1ar· i de s to t he mi c r o i' i  br illar 
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p o 1: t ion o f  tl1e vra l J . Thu s  s e v er al c l eavag e s  o f  t ho pe p t i d e  

c ha i 21  due t o  j3 - el :Lr.1ina t ion :�ru s t o c cur befo r e  s e c t ions o f  the 

c ha. i n  ar e r e l e a s e d • .  Thi s i 1i L l1 d e g r e e  o f  linL a g e i s  

c ons i s tant wl t h  bo th 8o J e l s  �u t in tha t of Larnp o � t  the l i �� a g e  

i s  no t thro ugh g a.l n. c to s yl s e:r i:ue . 

A m o d e l  i s  :.:c. d e  ri10 r e  r e .l evant to t he in V�L vo s i tua t i on i f  

s c a l e  i s  i n t r o du c � d  � y  cons i d e r a t i o n  of m i c r o f i br i l  s i z e  and 

s c; po.r a t ion and the 5l e r. g t l1 oi' s o r: :e of tho mo l e cula r s p e c i e s i n  

th e Hall . 

Tr1e a s s wnl.; ti o n :L s made t i,_o.t t he ':Ial l  i s  601� 11a t er and 40,:.; 

p o l yr:: e r s by ':1e i ; i1 t  Cto eloi' s e,'l , 1959 ) . As th e av e r a g e  d ens i ty 

o i' •.m.l :;_ PO l '-f;,1 8r S i S  2.-DO'll. t J. . b ( i.larl;: , 1967 ) � . 

po 1y;n e r  vol '-1.::1 e  t o  ·, ;:;. "C e r  volu::lo i n  the 1mll 

26 : 60 . 

t he r a t i o  o f  

b e c o m e s  4 0  
1 . 5 60 = 

42 . 31_;  o f  the po ly:-iler vo lur:J.e i s  c o l hllo s e  \ihi c £-1 t i w r  e:C o r  e 

o c cupi e s  
Li 0 3 
��OO X 30 . 7  = 

But a s  c ellulo s e  in c o n  t u.  e t  vri t r1 11a t e r  i s  16,; l·ra. t e r  the 

a c tual vo lwne o c cup i e d by c e llul o s e m i c r o f i br i l s  Hill be 

( 1 . 5  1 6  x 1 3  X lOO ) + 13 ;  = 
o f  t he t o tal vo lume of th e wal l .  

T h e  d i s tan c e  b e t\'Je en c ellulo s e  iJli c r o f i br i l s  c .::tn b e  

cal cul a. t e d  appoxi:no. t e ly b y  r of e r  en c e  t o  Fi g . 15 .  The ar e 3. o f  

int e r f i  b r  i J. l .J.r s �J o. c c  encl o s e d by t :-10 i' o u.r mi c 1· o -�' i b r  i l s  :L s t i w  

o. r e a.  of' the p.J.r all e l o g r arn A 13 C D ninu s  the .J. r e a  o f  one 
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micr ofibr i l . If the ar ea ABCD i s  lOO s quar e uni t s  the ar ea of 

the mi crof ibr il will be 16 s quare uni t s . 

Wher e r- i s  t he r adius of a microfibril ( s ay 100 ll )  and � i s  

the length o f  t h e  s id e s  DC and BC 

the a r ea of ABCD = � x BE 

;:;: P.. x 0 • 5 � tan �o 

The cro s s  s e c t ional ar ea of a mi cr ofi br il (--sf'f 2 ) i s  16�� of 

the area of ABCD.  

lY �2 = 16x0 . 5 ,£.2 tan �o 
lOO 

t 2  = 2 .  27 1 X 105 �2 

t 0 
= 469 A 

As C c and Dd are each lOO � in length the clo s e s t  

di s tanc� betwe en mi cr of ibr il s i s  (469- 200 ) � '  that i s : 269� . 

Thi s value f or intermi crofibr i llar d i s t ance i s  probably an 

over e s timat ion becau s e  the pe c t i c sub s tance s  have b e en 

included in the wall matrix in the above calculation . The 

�e c t ins are kno�m to be enr i c hed in the middl e l amella rat her 

than di s tributed evenly thr oughout the wall . 

The cohe s iv e  capacity of the wall matr ix will probably 

depend partly on the l eng t hs of  i t s  cons t i tuent polymer s . 

Some fi gur e s  for mo le cul ar l engths have been publ i s he d . 

Pe c tins are g enerally ove r 500� in l eng th and vrould ther efor e 

e a s ily stretch beb·Je en two mi crofibrils . Ivioreover s everal 

different p e c t in cha ins are capable of j o ining thr ough 

.non- covalent bonds to form regions of a s so ci ati on knovrn a s  

j unc tion - zone s . The r e sul t  i s  tha t a network of pe c tin 

mol e cul es in t he s o lvent i s  for med and a g e l  r esul ts .  The 

j unc tion zones may be suf f iciently or der ed to form 

mi c r o cys talli t e s . linen the fo rmation o f  j unction zone s betwe en 
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D I STA NCE BETWEEN CE LLU LOSE M ICR OF I BR ILS 

I N  LUP I N  HYPOCOTYLS 

0 

The mi c r ofibrils have been e quidi s tantly s p a c e d  s o  that they are 

.at their greatest  minimum s epara tion .  

F i g . l5 applies  to pp . l43 and 141: o f  text . 
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d i f f e r ent p e c t i c  polyme r s  i s  c on s i der ed it i s  c1e o. r that many 

m i c r o f ibr i l s  u i l l  fall within th e s pher e o
"
f a g e l  involving 

c o� me c t ed pec t i c  poly:J.e r s . 

Xyl an s g en e r a lly have a d e g r e e  of polymer i zation of about 

150- 200 . The c e llo bio s e uni t  o f  c ellulo s e  i s  e s t imat ed to 

be 10 . 3  Jl. A s s uming a xyl o bi o s e U:.l'lit to be of s imilar 

d imens ions and r ember ing that s id e  c hains do no t c ontri but e to 
0 

mol e cular l eng t h , a cons e r va t i v e  f i gur e o f about 500 A would 

be the l eng t ll of a xyl c:m mol e c ul e .  Xylan s have b e en s hown t o · 

be c apabl e of f o rming j un c t i o n  zones (Heidus zynsld and 

Har che s s au l t , 197 1 )  and mi c r o c .r y s tall i t e s  a s  ar e f ound in 
0 

p e c tin s in v i vo and in pur e  p e c t in g e ls , s o  that i t ,, 1;1oul d 

s e em t ha t  neb.w rk s of both xylans and p e c t in s a r e p r o b a bly 

pr e s ent in t he wal l .  A s  wel l  a s  binding t o  one ano the r , 

xylan chains have b e en s ho trn capable o f  noncoval ent binding to 

c el lul o s e  ( C l ayton a.nd ?hel p s ,  1 9 65 ; Luc e  and Rober t son , 1 9 61 ) 

and to be c l o s el y  appl i ed to th e mi c r o f i br i l  s urfa c e . 10� KOH 

at 0°C may , due to di s rup t ion o f  non- c o valent !Jonds (As pinal l 

e t  al . , 1969 ) c au s e  relea s e  of xyl o s e  polyme r from the 

c el lul o s e  mi c r o f i br i l s  and f r o m  a s s o c i a�i on in j unc tion zone s . 

Brysk and C hr i s p e c l s  ( 197 2 )  hav e e s timat e d  35 , 000 a s  the 

mol e cular \·!e i g h t  of a hyd r o xyp r o l ine r i ch cytoplasmi c p r o tein 

thought to be ext ens in pr e cur s o r . A l o vrer f ig ur e  of about 

11 , 000 c an b e  � btained from t he f i gur e s  of Lampo r t  ( 1970 ) . 

The ave r a g e  mol e cular vre i g ht o f  the amino a c i d s  of ext ens in 

i s  about 114 g i vi ng a deg r e e  of polym e r i zation of 307 i n  t he 

c a s e  of 3rysk and C hr i s p e e l s  and 97 f o r  Larnpo r t ' s pr o tei n . 

If one a s sume s tha t  the ext ens in has a polyp r o l ine 

c oni' i gura t i o:J. , as is four1d in c ollag en , a di s tanc e OJ. 3 . 1 2  � 
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1./ill be travelled per r e s idue , p arall el to the helix axi s . Thus 

the l engths of the polypeptide c hains in the c a s e  of 

Brysk and Chr i s peel s , and Lampor t ,  will be 950 � and 303 }{ 
r e s p e c tively . 

If the xylan or xyloglucan , pe ctj_n , gal a c tan and pro t e in 

are  coval ently l iruced i� s er i e s  a mol ecule o f  a t  l ea s t  2000 2-t 

in l eng th ,  capable o f  s tr e t ching a c r o s s fiv e  mi crofibr i l s  a s  

they are spaced ·vli thin the wall , lvill b e  formed . Although 

the evi den c e  i s  aga ins t l inka g e  in s er i e s  the dimens ions of 

the individual po ly�c r s  make i t  cl ear that whe r ever the points  

of c ova l ent linkage of  the polyl!ler s are , a macromolecul e 

capable of spanning the intermi crofibfillar s p a c e  will b e  

forme d .  

The c el l  vrall model dra1.,rn to s cale i s  s ho-vm in Fig . 14 .  

I t  i s  impo r tant ,to r emember tha t the cellul o s e  

mi crofibril i s  e s s entially inextensibl e  and deforma ti on o f  the 

cell wall depends pr imar ily upon bondine between rathe r than 

wi thin t he mi c r ofibrils . The modulus of ela s t i c i ty in the 

po lymer chain di r e ction fo r c r y s talline native c ellulo s e  has 

b e en cal culated as 1 . 37 x 104 kg/mm2 ( Sakurada et al . ,  1962 ) . 

The f i gure g i ven for mi crofibr i l  s eparation i s  an 

average throughout the thi ckne s s  of th e \vall . Hmvever i t  i s  

kno\•rn that the mi crofibril s ate  not evenly di s tr i but ed 
' 
I thr ough the wall , but are arranged in lamellae wni ch are  ' 

s eparated by the matrix poly� a c c harides (Ro elof s en , 1 965 ; 

Probine and Pr e s ton , 1961 ) . In thi s cas e one '"ould exp e c t  

mo s t  of tha t int errni crofibr illar int erac tion medi ated through 

c o val ent bond s to be wi thin t he lamella e , while tha t  due t o 

pec tin-pec tin links , in gel format ion to be  between the 
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l amellae . In Ni t ella at l ea s t , t he r e  llpp ear s t o  be little  

r ad :Lal i� einfor c ement i . e . ther e i s  l i ttle r einfor cement betvmen 

the inside and out s i de of the wall ( Pr o bine and Pr e s ton , 1961 ) . 
If t hi s i s th e cas e no s t  o f  t he c oval ent r e s i s tanc e to cell  

el onr:a ti on will be due to  l ong i tudina lly o r i ent ed bond s . 

I t  app ear s t ha t  the mi c r o f i br i l s  j_n elonga t ing cells  ar e 

depo s i ted by appo s i tion wi th a mean tran s v e r � o r i cnta t i on 

w h i c h  b e c oo e s  pr edomi�antly l o n 8 i tudinal a s  el ong a ti on pro c e eds . 

Thu s  the mi c r o f i br i l s of the inner lamellae ar e cro s s ed and 

s u b t end a small ang l e  \•Ti th t h e  ho r i z oi1te.l . This angle 

inc r ea s e s  g r eatly as the cell e long ate s ( and o t her 

m i c r o f i br i l s  ar e added by appo s i tion) s o  that the length of 

mi c r of ibr i l  c ap abl e of l ink ing to a mi c r o f ibr i l  vrhi ch c r o s s e s  

i t  i s  gr e atly ieduced . Cons i der .F'i g . l6 

If the maxi:nu.'TI 'di s t :1.:1 c e  ov e r 1,-1hi c h  t he c"oval ent 

cros slinks can fo rm i s  AC , the l eng th of mi c r o f i br il s  not 

s eparated by mo r e  than AC i s  AD and t he ang l e  betw e en the 

mi c r o f i br il s  i s  8 it can be s �cn t hat 

Co s e c  0 · 5  e = 
AB 

0 . 5  AC 

As AC i s  constant L o<: C o s ec 8 

A g r aph o f  8 vs Co s e c 8 ' i s  s hown in Fi g . 17 and shows t ha t  

a chang e f ro m  a lmo s t  paralle;L mi c r ofibril ori entation at 
I 

depo s i t ion on the inner viall' sur f a c e  to an ang l e of e = 10° 

would be accompanied by a · 1� fold d e c r ea s e in longi tudinal 

bonding . In other vmr d s  the longi tudinal coval ent bonding 

would have been r educ e d  90%. 

The degree  of r es i s tanc e o f  the wall to c ell tuc g o r  

pres sur e may al so be contr oll ed by the ea s e  v1i
'
t h  v!hi ch 
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mi crofibrils  can move a cr o s s  one ano the� as elongation i s  not 

a c compabied by a marked decrea s e  in c ell diameter . This i s  

pr e sumably al s o  ":. functi on o f  int ermi crofibril angl e .  I f  bond 

r ef o rmat ion o c curs r eadily and the r e s i s tance i s  d eiJ endent on 

the nwJb er of bond s to be broken , then the mos t  r e s i s tan c e  

will o c cur at the mi c r o f ib r i l  ori entation . wher e the 

g r ea t e s t  m i c r ofi br il movement occur s for any chang e i n  ang l e . 

Cons ider simplifi ed cas e i n  Fig . l8 whe r e  t1·ro 

mi crofibr ils  ai and b� wi th fixed po int s A and C have a 

moving point of  inter s e c tion at B .  BD i s  parallel to the 

long itudinal axi s of t he c ell and incr ea s e s  wi th increas ing 

c ell  l eng t h  to DE: "AD is cons tant . 

Thus . Tan 9 

Ther efore  incr er.1ents in e d e c r ea s e  f o r  every uni t incr ease 

in BD . 

Also AB BD = 
Sin e 

Thus , a s  S i n G d e c r e a s e s  a s  e incr eas e s  AB inc r ea s e s  

wi th increa s e  i n  BD . Thus the d e g r ee of movement of the 

mi c r o f i  br i l s acr o s s  one ano the r incr eas e s  vli th every unit 

incr eas e  in c el l  length . 

approa ches 90° incr eas e in 

, approximately equals DE ) .  

If the mi crofibril reor i en tation 

AB increase  in BD ( i . e .  

As thi s s tage is approached 

cons tiaint on elongation would als o come from within the 

mi crofibril due to valency bonds r es is ting i t s  extension , 

unl e s s  the m} .. crofibril could move along its  entir e length , 

through the matrix. The l ea s t  bonding about point B will 

o c cur when the m i c r ci f i br i l s  hav e  each moved 45° from their 

orieinal orientation at r ig ht angles to the long i tudinal axi s 
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of the cell . Beyond thi s  s tag e th er e will be a rapid inc r ea s e  

i n  bondii1g a s  e incr eas e s . 

Ther efore t he r e ar e at l ea s t hvo inter a c t ions . of 

· rni cr o f ibr il s Hhi ch c on t r i bu te t o  vral l  s tr eng th at differ ent 

s ta g e s  in elonga t i o n .  One i s  the r e s i s tanc e to s eparation 

e spe c ially at small int e rm i c ro f i br i l l ar ang l e s  Hher e th e 

bonded l ength i s  l ar g e . T�e o the r i s  th e r e s i s tanc e to mov ement 

along one ano ther e s p e c ially whe n t h e  intermi c r ofibrillar ang l e  

Hi th c ell axi s is  small . The r e  i s  a l s o  the po s s i b il i ty O T  

r e s i s tan c e  due to  int e rl amellar bonds and res tr i c tion of 

l ong i tudinal movement of microfi br il s .  

I t  i s impor ta�t to r eal i z e  that the degree  of mi�rofibr il 

r e o r i entation d i s cu s � ed her e may not often o c c ur in matur e wal ls 

due to the pr e s en c e  of thi cl';:ening s and pits in the wal l . 

Hoviever at leas t srp.all s c a l e  mov ement does o c cur and , a s  

,di s cus s e d ,  thi s i s  suffi ci ent to dra s ti cal ly r educe the bonding 

b e tween rni crof ibr il s . 

I t  vroul d s eem t hat in th e young cell  r es i s tance to 

elongation may be g r eat e s t  a t  the inner surfa c e  of the vlall . A 

transverse  mi crofibril orienta tion ha s b"een s hmm to favour 

e longat i on due to a high degr e e  of radial res i s tan ce t o  tur g o r . 

T.h i s  is po s s ibly b e c aus e \'lidening of t he c ell requires  not only 

a hi g h  d eg r ee of movement of microfibr il s  along one ano ther but 

becaus e thi s movement would tak e place  vri th a sma l l  angle and 

ther efor e  a hi gh degree of bonding b e tween mi c r o f i br i l s .  

If the wal l protein i s  dir e ctly involved in pr eventing 

mi c r of ibr i l  s e parat i o n  thr ough c ovalent bond ing to the 

microfibr i l s  then a bonding l ong i tudinal to t he c ell axi s 



and at rig ht ang l e s  to the microfibril s  would s e em lik ely , 

unlil�e in the model of Kee g s tra et  al . 
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Thi s is cons i � tant with the o c curr ence of microfibril 

bound protein repor ted in t l1.i s Hork . Hovwver , vrhen one 

consid er s the multipli city of cro s s -links in th e comple x  i t  

should no t matter gr eatly vhe the r the r ever s ibl e  auxin 

s ensitive bond i s  a ctually dir e c tly to the mi crofibril or 

between mi crofibr il�attache d  component s .  Auxin or acid 

indu ced slippage could thus be envi saged as e i th er bet"I.,Te en 

matr ix component s or betv.re en mi crofibril and matrix . In 

actual fact bo th could probably occur . 

From the wall �od�l i t  i s  clear tha t  appo s i tion �s the 

only s t er i ca.lly fea s :Lble vTay of' adding c ellulo s e  mi crofi bri l s  

to  the 1.-ra.l.l , unl e s s  s ome mG. j o r  r eorgani zation o c cur s . I t  i s  

ther efo r e  fitting that the iri.nermo s t ru.icl�ofi br il s should have 

t he mos t effe c t  on cell growth and that the cell s hould 

therefore fairly rapidly be a8le to influence cell  elongation . 

Us ing benzimidaZole .  Probine ( 1965 ) wa s able to alter 

mi crofibril  depo s i tion and c ell expansion markedly wi thin a 

f ew hour s . I t  i s  of inter e s t  to quantitatively a s s e s s  the 

amount of depo siti on r equired to affect  grovrth and the time 

r e quired for t hi s . 

The vlall model propo s ed her e has impor tant impli cati ons 

for t he p enetration of subs tance s , particularly of high 

·mol e cular Height , into the vmll . Fur thermore as enzymes have 

b e en found to alter 'i·Jall properti e s  it is  of int er e s t  to knovr 

whether or not the s e  ar e in fact acting on the s ame r egion of 

the 'iifall as that ac ted upon by the c ell du.r ing the induction of 

c ell elong ation . Ru.es ink ( 1969 ) found tha t  treatrrlGnt o f  live 
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Avena co l e o p t i l c s w i t h  h i g h  c onentr a t i ons o f  c ellula s e di d no t 

i n c r e a s e the g r owth r a t e , al thoug h the extens i b i l i ty wa s 

inc r e a s ed .• Al so i pr ona s e i s  c a pabl e o f  r emoving a lar g e 

p r o p o r tion of t h e  '-vrall pr o te in vii t hout dra s t .i c ally aff e c t ing 

vrall pr op er ti e s . Po s s ibly s om e  of t he p ene t r a t i on o __ high 

� 
mo l e cular we i g n t  subs tan c e s  tak e s  p l a c e  t hr oug h p i t s , and the s e  

may b e  the ar e a s  vilii ch ar e attacked by the enzyme s wi thout 

g r e a tly aff e c t ing the s tr eng t h of th e wall . 

T he r e  s e e m s  t o  be l i t tl e evidence for the outer and inne r  

r e g i ons c ontr i blJ.t ing in differ ent 'd a y s  to the m e chani c al 

p r o p e r t i e s o f  the vmll , al thoug h the meaning o f  extens i bi l i ty 

mea s ur ement s in t e rms o f  wall s truc tur e i s  at the moment very 
• e 

p o o r l y  ·under s to o d . Hea su r em ent s o f  D P ( p la s ti c  cor.o.pl.ianc e )  
0 

do no t appear t o  be c l o s e l y  c o r r e la t ed wit h g r ow th r a t e  

( Cl e lc:nd , 197 1 ;  Chap t er I thi s the s i s ) . In lupin hypo co tyl 

th er e i s  a r a p i d  inc r ea s e  in elong a t i on r a t e  a f t e r  the 

'add i t i on of IAA a l t houg h D .  P .  d o e s  no t inc r ea s e  ma.rh: e dly unti l  

a bout 40 minut e s after ·auxin appl i c a ti on ( Penny e t  al. , 1972 ) .  

Al though exten s ive p r o na s e  tr eatment do e s no t al t er the 

m e c hani c al pro p e r ti e s of Av ena c o l e opti l e c el l  wal l s  to any 

g r e a t  exten t  i t s  a c t i o n  in r emoving 90;6 
·
of th e 1vall pr o l ine i s 

a c c ompan i e d  by s ome lo o s ening of the \•Tall s im i lar to that 

indu c e d  by lo\v pH . Thi s d o e s  no t n e ce s s ar ily mean t hat 90% of 

the r e g i ons of ext en s in c hains vrhi c h  bear cr o s s -l i nk s  have b e en 

r emo ve d .  The amino a c i d  r e sul t s  o f  Chap ter V I  s ug g e s t unev en 

di s t r i bution of s er ine along the p e p t i d e  c ha in .  Ther e i s  

evi d en c e  that ext ensin i s  i n  f a c t  r e s i s t ant to enzyma ti c 

d e g r ada tion \vher e p o ly s a c char ide a t t a chment s  ar e pr e s ent (Br y sk 

and Chr i s p eels , 197 2 ) . Thu s  1vhil e  mu ch of the ex ten s i n  
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mol ecule may be  r emoved f r om the wall i t i s  po s si bl e tha t mos t  

" of t he portions contr ibu ting to the physical unity of the 

extens in compl ex r �main , so  that the overall cro s slinldng 

vli t C11n t he Ha ll i s  not r edu c ed as dra s ti cally a s  proline or 

p r o t e in r emoval would sugge s t . 

A d i f f i cul ty in the sy s t em i s  d e c i d ing whe t h er mor e  than 

one pr o t e i n  i s  i nvolved . I t  i s  perhap s  s i gnifi c ant that 

exten s in fragmen t s  examined > .. .. : · ·  di f f e r  £rl amino acid 

c ompo s i tions from. bo th t he hyd.roxyproline-ri ch cytoplasmi c 

f r a c t ions ( extens in pr e cur sor s ? ) i s olated from va r ious plan t s  

and the to tal bound cell wall protein .  
• 0 

Some fragr:tents 

examined appear to be gr ea tly enr i ched in hyd r o xypr ol:}ne . 

Either the \lal.l c ont ains c oval en tly bound pro t e in o ther than 

t he hydroxyproline-rich p o lymer or el s e  the polymer i s  of quit e 

var iable compo si tion along i t s  l eng th . 

The evidenc e on whi ch the wall model given in Fig . l4 i s  

ba s e d  i s  at  the mom ent fairly inconclus ive so  th at some work is  

neces sary befo r e  the mo del can b e  r egarded as much  mo r e than a 

wo rking hypo the s i s . 

One of the mos t impor tant su b j e c ts fo.r inv e s t i g a t i on i s  the 

natur e of t he a lkal i r e s i s tant pro tein and i t s  a s s o c i a tion \:lith 

t he c e llul o s e mi c r of i b.r il s . 

It i s  impor tant to examine the 24% KOH r e s i s t ant pro t e in 

. e s p e c i ally in view of the fact t ha t  uhile i t  appear s t o  b e  

t ightly bonded to the mi c r of i br i l s  i t  ha s a l o w  l ev e l  of s erine . 

Thi s rai s e s  the po s s i bil i ty o f  bonding through the 

hydroxyp r o lylarab i no s e  or s ome other amino acid to 

. 
f 1 po lysacchari de . A s epara ti on of the pr o t ein r o s ld.ue r o m  24;o 
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KOH extr a c t ed wall s coul d p o s s i bly b e  achieve d u s i ng 

' cupr ammonium s al t s i f  6H· GTC . . pr o ve s inade qua t e . Solutions of 

polys a c c h� r id e  in such s olven t s have be en submi t t e d  t o  g e l  

�hroma t o gr aphy .  Su c h  a me tho Q shoul d ,  in t h e  l i g ht o f  the 

pr e s ent r e sul t s , be . a t t eopt e d  at about 0°C und e r  n i tr o g en . 

Hop efully i t  w oul d a llow t h e  i s o la tion of mi c r o f i b r i l - bound 

p r o t ein 'l.vi thout d i s rupti on o f  coval ent bonds - thu s any 

p r o t e in- bound p o ly s a ccr1ar i d e  s hould r emain i nta c t . An added 

mino r advant3. g e  in t his s y s  t ern i s  t ha t  cuprammonium s al t s  \·rill 

form blue comp l ex e s Hi th pr o t ein t hus al lovring mo vement o f  the 

p r o t ei n to b e  i' o l loHed , and po s s i bly an a c cur a t e dir e c t  mea sur e 

o f  pr o t e i n  in c o luwn eluat es  t o  b e  mad e . Even lar g e  fr agment s 

" 
o f  ext�ns in s hould b e  obta inabl e f rom wal l s , w i th o r  without 

a c i d s tr i pping , by thi s method . 

The r e l e3. s e  o f  extens in f r o:-n the \·Tall may r equir e no t only 

c l eava g e  of the g al a c to s yl s e r in e  l irL::a g e  but al s o  s c i s s i on o f  

t h e  polyp e p t i d e  chain . If the extens i n  i s  j o in e d to th e 

m i c r o f i br i l s  o t he r than throug h ga la c to s yl s er i ne alka l i  s hould 

no t r emov e  the hydr oxypr ol ine f r om the �cvall if the tr e atment i s  

c ar r i ed out in th e p r e s en c e  o f  b o r o hydr i de . Bo r o hydr i d e  r e cJ.J. c e s  
. 

t h e  dehydro p e p t i de intermedi a t e  o f  ,0-:- el imina ti on s o  that ins t ead 

of the p ep t i d e  bond b e ing c le ave d , alanine is p r oduc e d  and t he 

� eptide c hain r emain s inta c t . If tr e atment o f  the vrall s 'l.vi th 

a lkal i in the pr e s en c e  of bor o hydr i d e  f a i l s  to r el ea s e  exten sin· · 

s ome bonding to th e mi crof ibr i l s  o ther t han thr ough 

g alac to syl s er ine is sugg e s t e d . 

In th e model pro p o s e d  he r e  for lupin hyp o c o t:;.rl c ell ,,ral l s  

p e c t ins ar e no t c oval ently l ink ed into th e ext ens j.n-

p o ly s a c c haride c oQpl ex a s  in th e mo d e l  o f  Ke eg s tr a et al . 
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be c au s e th e y  c an ea s ily b e  extr a c t ed with oxal a t e  o r  neutral 

d e t er g en t . Hm·r ev er po ly-ur oni de ha s no t been s hm,m to b e  

a b s ent from d e t e r c ent o r  oxal a t e  ex t r a c ted wall . T h i s i s  

s i gn ifi c ant in r el a t i o n  to th e extr a c tion of hemi c ellulo s e  a t  

Pe ctins hav e  b e e n  s hown to be extr emely 

l ab i l e  to a lkal i (lJ eukor.l and Deuel , 1858 ) and will d e p o lyr.'ler i z e  

even a t  neutral pH . Alk aline deg r adat i on o f  poly s a c c har i d e &  

p r o c e ed s  by a s t e pl,li s e  el imina t ion of r e s i clu e s  f r o m  the 

r educ ir:g e nd . Glyc o s idi c bond s  wit hin the c ha in ar e g ene r ally 

a lkal i r e s i s tant . Ho·wever , polygala cturonic a c i d  be have s l il;: e 

an oxidi z ed p o l y s a c c hari d e  in that gl y co s id i c  l ink ag e s wi t hin 

the cha i n  a r e  r ea d i ly s plit . It i s  po s s i bl e  tha t the r el e a s e  
0 

o f  xylan by 0°C 10;6 KOH i s  due to c l eavag e of p o lyur oni d e . 

Ho-vre v er , i t  i s  n.o t mw r thy tha t xyl an i s  no t extr a c t ed by neut r Etl 

d e t � r g ent even thoug h p e c t ins have b e on found to b e  extr emely 
0 

s en s i t ive t o  e l e va t ed t e np e r a tur e s  in neutr al s o lu ti on 

(Alber sh�im , 1959 ) . Al s o  Ba i l e y  and Kaus s ( in p r epar at i on ) 
f i nd t ha t  if alkali extr J. c t i on i s  a}J p l i e d  t o  c e ll vJalJ. s o f  mune: 

b e an hypo c o tyl w i t hout ini t i al d ep e c t ina ti on t h en w hi l e 

h emi c ellul o s e  and r; lycopr o t ein i s  s ti l l  di s so lve d by 10,� KOH at 

0 0 C and r o om temp e r a tur e r ep e c t ively t he p e c t i c  poly-ur onid e  all 

r emains as s o c i a t e d  with th e wal l . I t  s e em s t hat the 

d e p e c t ination tr eatment s may r ender p e c tins sus c e p ti bl e  to 

alkal i . The use of p e c t i na s � s  in c onj unc tion � i t h  6M • GTC and 
I 

p r ona s e  s hould help elu c i d a t �  the invo lvement of the 0°C 10% KOH 

s o lubl e hemj_ c el lul o s  e in the 1-ral l  complex . Should 

e ndo p e c tina s e  al t e r t he chara c t er i s t i c s  o f  ext r a c tion o f  HO 

xyl o s e  and not II��T xylo s e  a polyur o ni d e  bound b e t\ve en HO xylan 

and t he r emaind e r  of the c ell \vall i s  l ik el y . . A s imilar 
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a p p r o a c h  ha s alr e a dy been u s e d  by K e e g s tr a  et al . 

T h e  u s e o f  d e g raclative enzymes has t he advanta g e  that 

t her e is a high d e g r e e  of s p e c i f i c i ty a t tainabl e and appl i e d  to 

wall fr agmen t s  in c on j un c t i o n  wi t h  chro:-:1<£1 to g r a:9hy s houl d be 

u s eful i n  conf i r m i ng the p r e s on c e  of sus ::.; e c t e d  bond s and 

a s s o ci ation s . 

The b i o s ynthe s i s  o f  the wal l  g ly c o p r o t e in-poly s a c char i de 

c ompl ex i s  o f  inter e s t  i� that t he wall p r o p e r t i e s  aoul d  d e p end 

on the r a t e s  and d e g r e e  of f or mation of c er tain of the l in.k s 

b e twe en i ts cons t i tu ent polyme r s . C e r ta inly the r ap i d i ty of 

auxin indu c ed elong at i on mat e s  it unl il�ely that auxin " indu c e s  1 1  

ir.�J:: ediate forma t i o n  or clea.va g e  o f  c oyalent bonds . However 

the po t en t i al of th e wall t o  r e s pond and i t s elong a t i on r a t e  

und er the s t e a dy s ta t e  condi t i ons g ene r ally f ound c oul d be 

controll e d  by t he c r q s s l inkint; to the glycoprot e i n . 

If ' �xt en s in i s  ac tive i n  t h e  cont r o l  of e l ong a t i on i t  i s  

irr.por tant to knm.,r whether t he numb er of c r o s s - L Lnk s  p er uni t 

l ength o f  e x t ens in i s  cons tant , .  and i f  no t ,  vlha t c ondi ti ons \·ri ll 

l e a d  to a c hang e  in the number . I t  s houl d b e  po s s i bl e , u s ing 

(3 - elimina t i on a s  a mea sure o f  s er ine g ly c o s yl a t i o n , to mea sur e 

any ch an g e  in t he r a t i o  of g l y c o syla t ed to non- 6 l y c o sylated 

s er ine wi t h  s ta g e  in g r owth . Us ing r ad i o a c t iv e  s er ine s hor t 

t e rm chang e s , p e r hap s in r e s po n s e  to auxin , s houl d b e  ap oar en t . 
. I -

I t  nov1 s e ems t ha t  t1vo di•f f e r ent l i nkage s y s t ems c an b e  

r eg arded a s  d e t er mining the p hy s i c al pr o p e r ti e s  o f  the wal l . 

T hey are ( 1 )  covalent c ro s s - l ink s of the glyc o pr o t e in­

p o l y s a c c ho r i d e  comp l e� and ( 2 )  p o l ar int e r a c t i on s  whi c h  a c t  · to 

r i g i dify t h e  wall a s  a w hole . 
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Probably the covalent c r o s s -linl(S as sw11e inc r easing 

impor tance as t he wall ages and confer an irr ever s ible rigidi ty 

on the matrix . The polar int eractions on the o t he r  hand \>Jould 

be prinw.ry consolidation for c e s  in t he young matrj_x , and being 

non- covalent would be sus ceptible to  chang es  in their 
0 

er.Lvir onm cmt such as loHerj_ng of pH . 

I t  i s  plaus ible that auxins have the ir primary effect  on 

c ell wa l l  development by influencing the rate at whi ch the 
0 

covalent cro s s -linkage oc:c·ur s  beti·Jeon the separate polyrDer s  o f  

the wall . Probably d i s tinct from this i s  the s hor t term auxin 

eff e c t  ap1)ar en tly due to a lovrering · of the pH in the cel l  vrall · 

0 
brought about by the  action of an ATP dependent hydrogen ion 

pump in the pla smal emma (Ha g er et al . ,  197 1 ) . Such  a drop in 

pH Hill di srupt the interpolymer a s s o ci a tions upon •Jhi ch gel 

fo riT� tion is dependent . Keeg s tra  et al . have suggested t h�t  

hydrogen bonding between t h� c el lulo s e  micmfibr ils  and the wall 

xylo glucan i s  p�1 d e pend ent and thus t lw "rate of cr e ep of the 

xylo glucan along the mi crofibril will be determined by the 

:t- .  efflux o f  H 1ons into t he wall . 

Such � sys tem can explain t he rapidity of the a c tion of  

auxins and low pH upon the  wall . How important t hi s  effect  i s  

in the intac t  plant vrher e  a fluid matrix exi s t s  i n  young ti s sues  

j_s not yet c er tain , and hov1 g enerally the young \vall  matrix i s  

affe c ted i s  o f  intere s t . If only the inner surface of the wall 

needs to be a c ted upon a pump in the plasmalenma might b e  

quickly effective . ( It is  r el e vent that t he pH a t  which 

polygalacturoni c acid.  c hains become pro tona ted is s imilar to 

that at whi ch wall loo s ening o c cur s ) . Perhaps a g eneral 

di saggr egation and neor i entation 'of ma trix polymer s o c cur s 
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c 

dur ing elongation o f  the c ell wa ll until su c h  t ime a s  the 

i n c o r por at e d  e x t ens in c ro s s  link s  to pr event i t .  Then vrill 

di s rupt ion of the ext en s in in young non- elong a t ing vml l  r e s to r e 

t he ab i l i ty t o  r e s pond to IAA o r  d i lute a c i d ?  I t  may b e  

po s s i b l e  to d i r e c tly t e s t  this us ing t r e a t ed c el l  wa ll s 

sti'r r ounde d  by young living t i s sue . 

Ther e r emain many inter e s ting que s tions t o  b e  answ e r ed 

about cell 1vaJ. l. s ,  and with cons t antly impro ving t e c hniqu e s  i t  

s hould b e  po s s i b l e  t o  mak � rapid p r o g r e s s in th e next f ew y ear s 

and t o  s if t  and c o l l a t e  th e r el ev anc i e s  from the la r g e  amou.."1t 

of d a t a  so far publ i s h ed on the c ell wall . 
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APPENDIX A 

INCORPORAT ION 0 1? c 14-ARABINOSE AND c 14- GALAC�rOSE 

INTO V1iRIOUS i•'R. CT lONS OF LUPIN HYPOCOTYL CELL HALLS 

INTROl·JUCT ION : Ext ensin has a pos tul ated role in controll ing 

G,'ell wall extens i bil i ty by c ovalent c r o s s-linJ.cing vli th the vmll 

carbohydrates ( Lampo r t , 1965 ) . Evidenc e for c r o s s  link s to 
. 

arabino s e  through hydroxyp.r ol ine ( Lampor t , 1967 ) and to 

gala c to s e  via s er ine (Lampo r t , Katona and Ro er i g , 1973)  ha s be e..Yl 

pr ovid e d .  However , the r e  i s  al s o  evidence that extens in i s  

inc orpor ated into the wal:k ·�'li th arabino s e  oli g o s a c c har ide s 

attac hed anQ thep be come s linked to the galactan (Brysk and 

Clir j. s peel s ,  197 2 ) . , If thi s occur s i t  is  of inter e s t  to gain 

s ome· idea o f  the s our ce wi thin the wall of the polys a c c haride s  

that b e c ome a s so ci at ed with the extensin after i t s  tr anspor t 

into t he vlall . 
0 

One me thod of inv e s t i g a t ing this i s  to pul s e  label the vrall 

and try to determlne whe t he r the l evel of a parti cular labell ed 

sugar inc r ea s e s  in the exten s in-rich fraction a t  the exp en s e  of 

ano the r  fr�ction . Such c e ll wall turnover involving the 

appar ent mov�nent o f  label between diff er ent fractions has b een 
0 

r eported by a pumber of work er s ( Lampo r t , 1970 ) . It has not 

yet been inve s tig a ted in relation to hydroxyproline ri ch 

fractions o f  t h e  c ell 1·mll extrac ted wi th alkal i .  

In an ear l i e r  exp er iment it was s hown tha t  ho t barium 

hydroxide solution was abl e t o  r emove mo s t  of t he c ell wall 

arabino s e dur ing hydrolys i s  of the 11all protein . Thus the 

degradation of extensin r esul ts ln the r el ea s e of the arabino s e  
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l irlked to i t . 

Be caus e a t  the t ime i t  s e em e d  l ik ely that the p r o t e in 

bound arabino s e  formed part of a p r o t e in link ed ar aban i t  v.ra s 

considered t ha t  if t h e  l inkag e o f  the po ly s a c c har_i d e  and p r o tein 

1•ra s f ormed vTi thin the 1,rall , then it c oul d be the s i t e  of c o ntra l 

o f ·Hall ex t en s i b il i ty ,  a s  sug g � s t e d  by Lampor t ( 1970 ) .  

Fp.r t he rmor e ,  upon bonding to the extens in the p o ly s a c c har i d e  

pr o bably c hang e s  i t s  s olubili ty from that typi cal o f  a p e c t i n  t o  

a torm ins o luble in p e c t in _ s o l v ent s .  Thi s b e ing the c a s e  i t  

s houl d b e  po s s i bl e  t o  det e c t  a m e t abol i c turnover be twe en the 

two f r a c tions with label from c 14- arabino s e  mov ing from the 

aramoniua oxala t e  s a luble ( p e c ti c )  f r a c ti on o f  th e wall to the 

bar ium hydr oxi dG _ extr a c t e d  p o r t i o n  o f  the r e s i due . An 

examinat ion of t�rnov e r  betwe en two such fra c t i ons was condu c t e d  

and i s  r e por t e d  below .  

I t  has b e en s houn that much o f  t h e  h em i c e llulo s e  (HO ) but 
0 

l i t tl e  hydroxypr oline c an be extr a c t ed bY lo,,; KOH a t  0°C 
0 

( Chapt er IV) . Sub s e quent extr a c t i o n  wi th 10% KOH a t  r o om 

t emp er atur e ( 2 2° C ) vril l  r emove nearly all th e hydr oxyprol ine 

and some add i t i onal hemi c e llul o s e (IE{T ) .  If the ext en s in 

c ompl ex i s  fabr i c a t e d  \<li t hin the -v-mll i t  i s  po s s i bl e tha t the 

c a r bo hydr ate p o r tion o f  th e c omplex is der ived from 

hemi c ellulo s e  \1hi c h  in b e coming l ink ed to extens in is r end e r e d  

:LnsolubJ.e in t he 0°C 10% KOH , but is r emove d , a long \,r..�., t h  th e 

ext en s in ,  by the r oom t empe ratur e t r e a tment . If t hi s  i s  the 

c a s e  a movement of label f rom HO t o  HRT might b e  appar ent . 

Fur t he r mo r e ,  i f  th e ext ens in is  incorpor a t e d  \vi th arabino s e  

o l i g o s a c char ide s at tB.ched and t hen be eor:J.e s link e d  to galactan a 

1 4  n movement o f  pr e dominantly c - - g al a c to s e  into th i s  HR1 and a 
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c o r r e s ponding d e c r e a s e  in t h e  p e c t i c  and/o r  Ha f r a c tions mi ght 

be s e en . Wi th t he s e  p o ints in mind t he incor p o r a tion of c 14-

J 4  -
· ar abino s e  and C - - g alac t o s e into var ious vlall f r a c tions Ha s 

f o l l ow e d . The r e sults o f  the exp e r im ent ar e r ep o r t e d  below. 

The t1vo pul s e - c ha s e  exp e r iments  111e r e  conduc t ed at 

diff e r ent times . The f i r s t  wa s done a t  a s ta g e  when the 

hyd r o xyproline-ara b i r10 s  e l inka g e  was thought to be r e s po n s i bl e  

f o r  the binding of eztens in t o  t he c ell wall , and b efor e th e 

publ i ca t ion of e v i d en c e  for a g a l a c to syl s er ine b ond ( Lampo r t , 

Katona and Ro er i g , 1973 ) . The s e c ond expe r im ent 11a s car r i ed 

out aft er the d i s c overy of g al a c t o s yl s er ine in extens in 

f r agmen t s had been made publ i c .  I t  wa s d one b e tween the 
" di s covery that mo s t  o f  t he he::1i c el lulo s e  could b e  r emov e d  

independently o f  hydroxypr o l ine by ext r a c t i on vri t h  10% KOH a t  

0 ° C  and the appl i c at ion o f  0 ° C  and r o ol!l t emper atur e aUcaline 

extr a c t ion s e que n c e·s to lm,rer and up p e r  s e c ti o n s  of hyp o c o tyl . 

I t  s houl d ther efor e be r e garded a s  p r e l iminar y .  The r e  -v-ra s 

insuffi c i en t  time e i ther for the me t ho d  to b e  appli ed t o  lower 

and upp er s e c t i ons or for any mor e than a limi t e d  nu.mb e r  of 

l a b e l l i ng expe r im en t s to be done . But al thoug h a h i g h  d e g r e e  

o f  confi d enc e c anno t b e  pla c ed i n  the r e sul t s  s ome po int s  

emer g e  whi c h  sug g e s t  tha t the ap p r o a c h  i s  wor th pur suing . 

RESULT S AND DISCUSS ION 

· ( i ) Ext r a c t ion of c
14

-Arabino s e  labell ed Hypo c o tyl s w i th Ba (OH� 
1 14 3 

Hypo coty s e c tions wer e incub a t e d  in C - a r abino s e  for 1-4;-

hour s and the n g iven a c ha s e  in c o l d  arabino s e  for 5 hour s . 

During t h e  c ha s e arabino s e  incorpor a t e d  into th e -vmll i n  

mo l e cul e s  una t t a c h e d  to extensin and a s  part o f  the p e c t in 
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f ru c t i on could be come l ink ed to t he wall pro tein and thus 

r en d c r e d . i n s o lubl e in pe c tin s o l vent s . To t e s t  thi s lab ell ed 

s e c t ion s f r om befor e and af t er the cha s e  wer e  g r ound and 

ext ra c ted w i t h  80% e thanol to r emove fr e e  ar abino s e  and then 

under r ef lux \.vi th 0 .  5}b ammonium oxal a t e  to r emo v e  p e c t ins and 

o ther wat e r  s o lubl e wal l c omponents . The ext en s in was then 

r �moved by a sub s e quent extr a c t ion with 0 . 43 N . Ba ( OH ) 2 at 90°C . 
0 

The r e s i dual hem i c ellul o s e  1va s  d i s s o lved vi t h  N · H2so 4 under 

r ef lux and th e r e s i due hydf oly s e d  wit h  7 2;b H2s o4 • Th e 

f r a c tions w e r e  neutr a l i z ed \vher e n e c e s sary and the i r  r ad i o a c tivity 

c ount e d . T h e  r e s ul t s  ar e s hown in Ta ble XXV I '\.vhe r e  the 

p e r c en tag e of to tal in co r ppra t e d counts in e a c h  f r a c tion i s  

g iven af ter c o r r e c t i on for c ount1ng eff i c i ency . 
< 

Ther e i s  s ome i ndi cat ion of turnov er ,  e s pe c i ally be twe en 

t h e  oxal a t e  and Ba ( 01-I ) 2 s olubl e fr a c ti ons . The di f f e r en c e  of 
approxima t ely 5 ;  in the p�r c en ta g e  incorporated in to the 

Ba ( OH )
2 s o luble f r a c ti on fro m cha s ed ru;;d" non- cha s e d  t i s sue i s  

f a i r l y  hi gh -vrhcn one c on s i der s t he r el ati v ely s ho r t  dur a t i on o f  

c ha s e . Howe v e r , i f  the ext en s i n  polys a c c ha r i d e  c ompl ex i s  

f ormed du e t o  l inl<:a g e  of e'xt ens i n  t o  p e c t i c  poly s a c char i d e s  

this r a t e  i ·s n o t  sur p r i s ing ,  a s  i t  wo uld theo r e t i c ally tak e  

only one c r o s s - l ink f r om wal l  bound ext en s in to any p e c t i c  
< 

p o l ymG.r to r end er tha t po lymer ins o lubl e in oxalat e . 

��r th ermor e ,  should t he oxalate s olubl e p o lymer s thems elve s 

be come cro s s -linl<:ed vli thin the wall the eff e c t  of a bond to 

ext en s in will be magnified.  Some t ime a f t e r  t he compl e t ion o f  

thi s exp er iment Kee g s tr a , Talmadg e ,  Dauor and Alber s heim ( l973 ) 

publ i s hed a mo � o l  f or s y c amo re c ell wall s in whi ch the p e c ti c 

poly s a c char i d e s  wer e ext ens ively c r o s s -l ink e d  to o th e r  

/ 
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TABLE XXV II . D ISTRIBUT I ON OF c14- L-ARABINOSE IN FRACT IONS OF 

LABELLED L1JPH� HYPOC O TYL BEFORE AND AFTER CHASE 

WITH N ON-RADIOAC T I VE 1-ARAB INO S E  

Incorporated Counts 

"�fter Puls e  After Cha s e  

- - - ·- -counts in Fraction jb o f  to tal Counts in Fraction 

0 5 4  . 
• Jo ar:rr:1on1 urn 

oxalate ( 100°C )  
s oluble 

0 . 43N . :aa (OH )  
( $OOC ) soluble 

1 . N H§so4 
( 10Q0 ) solubl e 

R e s i due 
( " Cellulo s e" ) 

I 

I 

203 , 470 4 6 . 7 -160 . 000 ' 

117 , 690 27. 2 132 , 660 

109 , 360 25 . 1 0 108 , 170 

4 , 790 1 . 1 7 , 750 

* Fractions obtained from s equential extra c ti on with the solvents named . 

/o of total 

39 . 2 
' 

32 . 5  

26 . 5  

1 . 9  
!-' 
(J) 
I-' 
r.> 
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po1y s a c char i d e s  and extensin . In the p� e s ent exp e r iment the 

f o r ma tion of thi s  c ompl ex mean s that a s l1if t in label i'IOUJ. d 

apply to arabino s e  s i de chains on any linl�ed polym er , a s  1'/e l l  

a s  on araban . 

The \vor king hypo the s is in t he s e cond l abelling exp erim en t 

i s  tha t  turnover between two hemi c ellulo s e  fra c tions i s  

o c cur r ing . The d e s i gn o f  th e pr e s ent exp er iment probably i s 

such that turnover b e tween 0°C and r oom t emperatur e 10;% KOH 

s o lub l e hemi c ellulo s e  uould no t be dete cted . 

It i s  \·1811 to r crner:1ber that in thi s exper i.:nent any 

mol e cul e s  ext r a c ted by the 0 . 5% oxalate ar e coll e c t ively t e rmed 

p e c t i c  subs tanc e s . ' Thi s is a suf f i c ient ly loo s e  def ini t i o n  t o  

allo1·r t he inclu s i on of tho s e  po lymer s typi cal o f  o ther l'lall 

f r a c t i ons , bu t so r e c entl y  transpo r t ed to the -vrall that they 

have no t yet be c orn.e 1 inked to i t . Thus par t �f the p e c tin 

whi c h  appar ently b e c ome s linked to t he Ba (OH ) 2 solubl e fract ion 

c ould b e  ext en s in H!1i ch bear s ara-oino s e  . olig o s a c chari d e  s i d e  

c ha ins but i s  n o t  y e t  inc o r p o r a·t ed into the g lycoprot ein-

polysa c char ide comple x .  Karr ( 1972 )  ha s isolated a 

cytoplasmi c enzyme sys t em \vhich c atalysed the glyco syl ation of 

ext en s i n .  Al though the pr ecur s o r  fra c tion of ext ens in appears 
I 

to be only a small pr o por tion of the total wall glycoprotein 

( Chr ispeels , 1969 ) , becaus e i t  is a pr e cur sor it will have a 

relatively high s pe cifi c radib - a c t ivi ty after a pul s e  of 
' 

labelled c14- L-arabino s e . 

Chroma t o g raphi c analysis  s ho\·Jed tha t s ome conver s ion to 

xylo s e  had o c cur r e d , but a s  xyl os e  i s  vir tually abs ent from 

the oxalate and Ba ( OH ) 2 s o lubl e fracti ons th i s  �hould ' no t  

affect the r e sults . J:i'ur the rmo r e  c
14

- xylo s e was s hovm 
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chroma to g r aphi c ally to be v e ry low in the s e  f r a c tions . Near ly 

all the c ount s involved in t h e  oxal at e and Ba ( OH )
2 

f r a c t ions 

ar e t he r efor e  from c14- L-arabino s e and the c hang e in 

d i s tr ibu t i on o f  c ount s  mus t i nvolve arabino s e - conta ining 

polyme r s . The pr e s ent exp e r i ment hns s houn the suitabi1ity of 
I 

c 14- L- ar abino se  f o r  us e in labell ing experiment s on cell Ha ll s . 

11l± 
Sub s tantial amount s of C - xylo s e wer e  found i n  the IN · H  SO 2 4 

solubl e f r a c t i o n .  

T h e  per c entag e c hang e in c ount s s ho-vm in Table X.XVII i s  not 

ne c e s s a r i ly a true r efl e c tion of tr an sfer of label between 
\ 

poly s a c c har i d e s  a s  ther e � s  a los s o f  about 6 . 3� of t h e  to tal 

count s incorporated vl i:li c h  could a c count for much o f  the c hang e 

in l a b e l l ing o b s er ved . Thi s i s  po s s'i"oly du e to the a c t i vi ty 

o f  poly s a c char i d a s es as sugges t ed by the wo r k  o f  o the r s  

( Lamp o r  t ,  1970 ) • 

I l> 
Autolys i s  of isolated Zea mav s co leopti l e  c e l l  ln.tl l s  has 

b e en s hovm to o c cur to th e extent o f  lO;b los s  of g lu c an i n  8 

hour s ( Le e , Kiv i l a an and Bandur ski , 1967 ) and g r owing p e a  

s e c ti on s a r e  r e por ted to be  capable o f  l lo s ing 30}� of 

inc o r po r a te d  label in 24 hour s ( Ha c Ln c hl an and Young , 1962 ) . 
On the o the r hand Rob er t s . and But t  ( 1968 ,  1969 ) using r o o t  tips 

of  mai z e  r eac hed the conclu s i on tha t g al a c to s e  o r  glucur oni c 

a c i d  i s  e s s ent ially s table o n c e  incorpor at e d . 

' 

( ii ) Inc o rpor a tio.n of c14-Ara1hnos e  o r  c14- Gal�:?-c to s e into 0°C 
I 

and 22°C lOi� KOH s olub l e  f r a c tions 

To s ee whether the r e  i s  any movement of label from the 

hydr o xypr o l ine - f r e e  0°C 10;� KOH s o luble frac t ion (HO ) to the 

hydroxypr o line - r i c h  22°C lO)b KOH s olubl e f r a c t i o n  ( HR.T ) of t he 

wall s e c t ions wer e pul s e- l ab e l l ed for 1 hour wi th ei ther 
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c 14- L- a r ab ino s e  or c 14- D- gala c to s e and anal y s e d  immediat ely 

af t e r  incubat ion in th e c 14- containin8 medium and after s i x  

and tw entyfour hour s c ha s e  in non- r ad i o a c t i v e  medi a . The 
0 

incubo. ted s e c t i o n s  ·..rer e g r o und in 801�S e t hano l to r emove 

uni n c o r por a t e d  labels and then submi t t ed to e.n alkal ine 

frac tion�t ion ba s i cally as a l r eady d e s c r i be d . 

The g r ound wal l s  1·1er e r efluxed vli. t h  neu t r a l  d e t er g en t  t o  

r e:nove cytopl a smi c and p e c t i c mat e r i al s , fo llovm d by 101& KOH a t  

0 ° C  and finally by 10� KOH at r o om t empe r atur � ( 22°C ) t o  r emove 

mo s t  of the wall pr o t e in along with that hemi c e llulo s e- B  no t 

ext r a c t e d  a t  0°C . The d e t e r g en t  and KOH extr a c t s  

(neutr al i z ed ) ·v1er e" dialy s ed and an aliquo t taken fo r "' 

s c intillat:L o n  c ou:.!1ti,J1.g • T h e  r e sul t s  ar e tabul a te d  in T a bl e 

.2G\VI I I and XXIX and dr avm g r aphi c al ly in Fig . 19 .  

The di s tr i bution of l a bel in the hemi ce llul o s e  an d r e s i du e  

. ( t ha t i s  excludin g the neut r a l  d e t er g ent extr a c t ) i s  s hown i n  

Tabl e XXX . The c hang e s  a r e  in the s a m e  dir e c ti on a s  s hown 

in Tabl e XXIX but the d i ff e r enc e s  ar e a c c entua t e d . 

The r e  ar e s everal c hang e s  in labell ing tha t o c cur dur ing 

the c ha s e . They ar e p e r c entag ewi s e  

( a )  a d e c r e a s e  in neutral d e ter g ent s olub l e  l a b e l  a f t e r  

6 hour s , c hang ing to a s l i g h t  inc r e a s e o v e r  the 6 hour l e r e l  

af t er 24 hou r s  

( b )  a d e c r ea s e  in 0 ° C  10;� KOH s o lub le l ab e l  ( arabino s e  

and g a l a c t o s e )  wi t h  t ime 

( c ) a s l i ght incr ea s e  in 22°C 10/o KOH s olub l e  

C 14 b '  · · t t c 14 1 t · t' t ·  -ara 1no s e  bu · no - g a  a c  o s e \Vl n 1me 

( d ) a s l i g ht incr ea s e in c 14- gala c t o s e  and a muc h  g r ea t er 

inc r ea s e in c 14-arabino s e  in t he r e s i due . 



Isotope 

and Sugar 

c14-L-Arabino s e  

c14-L-Arabino s e  

c 14-L-Arabino se 
1 4  

C-'- --D-Galacto s e  
14 -

C -D-Galactos e 

c 14-D-Gala c to s e  

TABLE XXVIII.  INCORPORATION OF c 14- L-ARABINOSE AND c 14- D - GALACTOS:t; 

INTO TO TAL * CELL 'ilALL .OJ:i' LUP IN HY?OCOTYL 

Time of To ta.l d . p .m .  d . p . m .  

Analysi s * *  Applied (Xl0-3 ) ' Incorporated 
Cxlo-3 ) 

0 

1 2 , 54 2  74: . 7  

6 2 , 0 65 51 . 9  

24 1 , 709 57 . 6  

1 2 , 077 35 . 4  

6 2 , 194 44 . 4  
. 

24 2 , 111 37 . 2  

* Includes neutral detergent extractable fraction 

0 

Per c entage 

Incorporation 

2 . 94 

2 . 5 1 

3 . 37 

1 .  70 

2 . 0 3 

1 .  7 6  

** Sections pul s ed during f i r s t  hour only , ther eafter cha s e  i n  cold 1-arabino s e  solution . 

f---' ' 
� 
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TABLE XX IX ._ : : .  INCORPORA.T I ON o£' c 14- L-ARAB INO SE AND c 14- D- GALAC TO SE . INTO 

VARI OUS FRAC T I ON S  O F  T OTAL CELL HALLS Ol<' LUPIN EYP O C OTYL 

Time Neutral Deterg ent 0°C 10}6 KOH 22°C 10/& KOH Re sidue 
of* 

" 

Sugar Analy- Extract  Extra ct  Extract 1 1 C ellulo s e 11 

c14-L-Arabino s e  

c 14 - . b .  - L-ara  lno s e  

c 14-L-Arabino s e  

c 14-D- Galacto s e  

c14-D-Galac to s e  
14 C - D- Gala c to s e 

s i s  

1 

6 

24 

1 

6 

24 

d . p . m . 

(X1 0- 3 ) 

14 . 3  

9 . 56 

11 . 96 

6 . 69 

6 . 75 

6 . 35 

% to tal d . p . m . 

(X10 - 3) 

47 . 9  10 . 8 

28 . 2  8 . 37 

36 . 2 8 . 07 

4 1 . 2  2 . 13 

34 . 4 2 . 77 

38 . 4  1 . 67 

% total d . p . m .  <f ' t 1 Jb -eo a d . p . m .  % . total 
o (X 19 - 3 ) (XlO - 3) 

36. 3 0 . 54 1 . 8 2 4 . 19 14 . 0  

35 . 4 0 . 81 3 . 45 4 . 85 20 . 6  

24 . 5  1 . 99 6 . 04 10 . 98 33 . 3  

1 6 . 1 0 . 31 1 . 9 2 6 . 61 40 . 7  

14 . 1  0 . 56 2 . 88 9 . 47 48 . 4 
10 . 2  0 . 325 1 . 96 8 . 23 49 . 7  

� 

'-.. 

Total 
d *� 

• p . m . ' o  

(X10-3 ) 

29 . 8  

23 . 6  

33. 0  

15 . 7  

19 . 6 

16. 6 

* Sections pul s e d  dur ing fir s t  hour only . Ther eafter cha s e  in non-radioactive L- arabino s e  and 
D-galac t6 s e  solutions . 

" 

* *  All values of d . p . m . per gm . fr esh  weight of ti s sue 

0 

1-' 
� 
o' 



Sugar and 
I s o to p e  

c
14

- L-Arabino s e  

c
14

- L-Arabino s e  

c
14

- L- Arab ino s e  

1LL 
C --D-Galacto s e  

1 .1.  
C� -- D- Galacto s e  

14 
C -D-Ga1a c t o s e  

TABLE XY,X �. - DJC ORPO?.AT ION OF c
14

- L-ARAB INO SE MJD c
14

- D- GALACTOSE 

Time o f  

INTO NEUTRAL DET EnGENT INS OLUBLE }:l'RAC T IONS OF LUPIN 

frYi?OC O'I'YL C ELL VlALLS 

Inc o r po r a t i on into f r a c ti on s  a s  
a per c enta g e  o f  sum o f  co·ili�t s in 

Smn of c ount s 
in the thr e e  

Analys i s *  the thr e e  frac tions a t  e a c h  time f r a c tions at 

- - - -

1 

6 

24 

1 
. 

6 

24 

0° C 10,% KOH 
Extr a c t  

(HO ) 

69 . 6  

5 9 . 6 

38 . 3  

27 . 5 

21 . 7 

1 6 . 5 
l) 

� . 

22° C 10,% KOH 
s o lubl e  

(HRT ) 

3 . 4  

5 . 8 ° 

9.; 5 

3 . 3 
� 

4 . 4 

3 . 17 

e a c h  time ,;, * 

Re s idue (Xlo-3 ) 

2 6 . 9 19 . 68 

34 . 7 14 . 34 - .  
. 

5 2 . 2  17 . 77 

69 . 3  9 . 83 

74 . 0 13 . 90 

80 . 3  10 . 7 1 

* Time f r om s ta r t  o f  incub a t i o n  whi c h  inc lud e s  a 1 hour pul s e  in radi o a ctive sugar 

* *  d . p . m . p e r  g r am f r e sh wg t o f  ti s sue 
I-' 

� � 
0 
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(a ) i s  r a th e r  sur pr i s ing as it s ug g e s t s  t hat the 

s o lubil ity o f  s ome p e c t i c ma t er i al d e c r e a s e s  a f t er s ix hour s 

but then incr ea s e s again . Thi s sug 8 e s t s the po s s i bi li ty o f  

l inkag e s  form inE b et1·re en t he p e c ti c and non- p e c ti c  

p o l y s a c c har i de s , and , c ontrary t o  the r e sul t s  of o ther s . f ro m 

turnover s tudie s  (Katz and O r din , 1967 ) , th e p a s s age o f  l a b e l  

f r om the h emi c ellulo s e  to the p e c tin . The natur e  o f  

mo l e cul e s  inv o lv e d  i f  t h i s  o c cu r s  i s  of int er e s t . G r e c;t t e r  

r e s o lut ion of t lli s fr a c ti on c ould r eveal that a p e c t i c  

p o ly s a c c ha r i d e  i s a c t ing a s  a pr e cur s o r  to a hemi c ellulo s e 

p o lyme r , a s i tua tj_on s imilar to tha t  alr eady r e p o r t ed by 

S t o ddar t and l�o r t hc o t e  ( 1967 ) , whi l e  a henli c cllulo s i c  polymer 

i s  hav ing i t s  l inkag e to the ins o luble port ion of t he wal l  

c l e aved . The f ormer would hav e a r ela tively s ho r t  half l if e  

a s  ·'3. pr e cur s o r . The pul s e of l a b e l  c ould ther e f o r e  pa s s  qui te 
0 

qui ckly into the h emi c ellul o s e  fr a c ti on wher e a g r adual r e l e a s e  

o f  t he i n c o r p o r a t e d  label o c cur s . 

A d e c r ea s e  in hO c14- arabino s e  and c
14

- gala c to s e  w ith t ime 

s ug g e s ts turno v e r , but into vrhi ch f r a c t io n  c anno t be d e t ermined 

f r om t he s e  r e sul t s . C e r tainly i t  would b e  cons i s t ent wi t h  

po ints r ai s ed in t he di s cu s s ion in pr evious c hap t e r s  i f  the 

l a b el pr e s ent in the HO b e c am e  inc o r p o r a t e d  i nto HRT wi th t ine , 

a s  a r e sult of th e j un c t i on o f  ext ensin and ar abino g al a c tan 
I 

in vivo . Hmvever the extent ; o f  l ab el ling a chi eved c oupl ed vrith 

th e h e t er o g ene i ty obs e r v e d  i� the f r a c ti ons i s  not suf f i c ient 

t o  allol,J any ind i c ation of t hi s  t o  b e  dedu c e d . 

S imilarly only small chane e s  are to be s e en in the 22°C 

10� KOH s o luble f r a c t i on o ver 24 hour s . If t he smal� inc r ea s e  

· 
t '  · £' t · · c

14 
b · d · d 1 b 1 d · th ln r1l s  r a c  - l on ln - ara lno s e  er1ve a e · c o!.Oflar e \'ll 
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that from c 14- galacto s e  i s  r eal then i t  ·i s consis tent with the 

incorporati on of extens in into this fraction with arabino s e  

but no t galac to s e  atta ched (Brysk and Chr i s p e e ls ,  197 2 ) ,  and it 

al s o  sugg e s t s  that if such is  the o r i gi� of the arabino s e  then 

t · � 1 � c14 
, · �-- · 1 incorpora 1on or a pu s e  o r  --ar a o1nos e vake s p a c e  over a 

l 1 t · · ct t ·  · t h  · · c 14 · r elative y ong ·1me per1o , o · · Llenn s e  e lncreas e 1n ln 

the fr� ction would be rather abrup t .  It is po s s ible that 

linkag e of galac to s e  and no t arabino s e  had o c cur red wi thin t h e  

vmll , but b y  bonds sus ceptible to 0°C lO;b KOH and Hhi ch onc e  

cl eaved would r el ea s e  tho g alac tos e c�ntaininE mol e cule from 
I 

the exten s in coxnpl ex into the 0° C lOjb KOH soluble extr a c t . 

Unfo r tunately 'd e  do no t kno\,, the time taken for var ious 
0 

mol e cul es to b e c ome s tabil ized wi thin the wa ll and th er efor e do 

no t r eally know how clo s ely a pat tern of labelling r el at e s  to 

th0 d i s tr ibution of mole cul e s  sug E; e s ted by the fractionat ion 

r e sul ts pr e s en t ed ear l i er . To d e t ermine tha t  lar ger s cal e 

label l ir1g experiment s enabling s p e c ifi c activi tie s at  var i.ous 

t ime s to be cal cul ated will be r equi r e d .  

The r e  is a prolong ed incr e a s e  i n  c14- arabino s e  der ived 
14 0 d label compar ed Hi th that from C - galacto s e  in the 22 C lOJo KOH 

extr a c t ed r e s idue ( 1 1 c el1ulo s e 1 1 ) .  14 The ga1acto s e  C app ear s to 

r emain f airly cons tant in l evel . Thi s sug g e s t s  tha t gala c to s e  

pas s e s  into tightly- bom1d po�ymer ( po s s ibly galactoglucomannan , 

whi ch i s  10;% KOH insolubl e )  :in the 10;& KOH ins o luble fraction 
' 

fairly direc tly o r  e l s e  tha t the galac to s e  entering equa l s  the 

gala c to s e  leaving . Ther efore , if fuor e  than one gala c to s e  

containing polymer exi s t s  in thi s fraction a hig h  degr e e  o f  

turno ver (as  define d in t he intro di.J.c tion ) could be o c curri.nc . 

Houever , if t i:li s  Her e the ca s e, one vmul d exp e c t  that o ver a 24 
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hour per iod exhausti on of the precursor would resul t in an 

overall lo s s  from the fraction , unless there is a 

contribution from turnover of a number o f  o ther frac tions 

, within the vm11 . Some studie s  have s hovm that incorpo rated 

label tends t o  accumulate in  the less s o luble fractions of t h e  

wall with t ime (Katz and Or din , 1967 ) , wherea s one study 

involving pul se- chase labelling could provide no evidence for 

breakdovm of  labelled pol y:-:1er s after incornor a tion into t he 

Hal l  ( Ro ber t s  and Butt , 1969 ) . The galacto se  label in the , 

residue may res id e largely in the galactoglucomannan, and if so 

it would appear to be fairly stable. 

The data pres ented her e sugg e s t s  that althoug h 

transforma t:Lons of labelled polymer s Hi t hin the vrall may o c cur , 

th ey are either too gradual, o r  too confined to a small nmnber 

of molecules wi t hin a mixtur e to be detected with certainty by 

the methods employed here .  Hhich molecules are involved can 

only rer.1ain speculation . until they ar e po sitively identified , 

and it s eems that this demands chromatographic and electro -

phoretic or such methods of hiE h  r e s oluti on .  

The r e  ar e s everal a s pects of thi s  experiment which make 

interpretation of the results difficult .  Fir s tly , we do no t 

knov1 the extent to Hhich the f a c t  that the s e c ti ons ar e c easing 

elong ation will eff e ct the result s .  One might �xp e c t  ther e to 

b e  relatively little synthe s i s  o f  extens in in the fir s t  hour 

( hour of incuba tion ) c ompar ed wi th at later times . 

The r e  i s  a l s o  the problem of sugar int e r conver s ions (Ha s sid , 

1967 ) . The galacto se g luco s e  transformation is likely to be 

the mos t impo rtant in thi s  c a se and ha s probably resul ted in 

much non-gal a c to se label in the c
14

-galacto s e  incubated s e c tions . 
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The c14 in the r e s idue is  par t i cula rly hig h i.n t hi s  cas e .  

That i t  is  al s o  hig h in t h e  1 1  c ellul o s e  1 1  fra c tion from the 
14 . 

C - 1- arabino s e iqcubations does  however sug g e s t  that some of  

t hi s  label could b e  a t ta c hed to fr a gments of ext ens in r ema ini.ng 

with the cellulc s e .  lu'Tlino a c id analys es s hou the pr e s enc e of 

t i g htly bound pr o tein in 10 and 24� KOH extr a c ted c ell wall s . 

Euch of t he label in the neutral d e ter g ent fra c tions may al so  

have been der i v ed from cytoplasmi c mol e cule s � etaboli cally 

r elated to c 14- gluc o s e  derived from c14-gala c to s e . Few such 

mol e cule s  ( lipids , pro tein s , etc . ) are not in s ome way r elated 

to glu co s e .  

A v e r y  s e r ious lf'mita tion in thi s  exp e r im en t , whi ch casts  

doubt on the 1:mr13..h ofo th e d a t a  pr e s en ted is the pr e s ence  of  

considerable va r ia ti on in the total counts r e cover e d .  Thi s is 

unlikely to be due to var iation in uptake or to r e spiratory 

deg radation of the label . The mo s t  likely point of lo s s  

would b e  in the dialys i s . I t  i s  par t i cul arly no t i ceable in 

the 6 hour arabino s e  analys i s , where  ther e i s  an incon s i s tent 

dro p in the neu t r al deterg ent label . O therwis e  the labelling 

patt erns in the a r abino s e  incubati ons a r e  fai rly cons i s t en t . 

Clearly ther e i s  much improvement r equi r e d  in thi s 

experiment including the us e of methods of hi g h e r  r e soluti on 

t han us ed her e  or  el s ev!her e in thi s  the s i s . 

EXPERil<UT TAL 

( a )  Ba (OH)�trac tion 

Ti s sue . .  Hypo cotyl s v"ler e gr ovm under the condi ti ons 

des cri bed in Chapter I unti l 4 cm in hei g ht . The upper 0 .  5 cm 

wer e exci s ed and floated on T r i s -maleate buffer pH6 . 1 ,  0 . 02 M 
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i n  a petri . .  di s h  fo r 30 minut e s . Pr i o r  to incub a tion 

s e c tion� wer e r emoved from the d i s h  and g ently blo t t e d  dry 

wit h  t i s sue p a p e r
.

b efor e wei g h ing . 

Rad i o i s o t o D e s  

Incuba t i on .  Grou p s  of about 20 s e c tions wer e  wei g h e d  and 

p l a c ed in small p e tr i L  di s he s  und e r  the condi ti ons in whi c h  

th e hypo co tyl s ·v1er e g r oHn , alone 11i t h  a medium cons i s t ing of 

di s t illed ua t e r  (4 . 0  ml ) ,  tris-.rnaleate ( 0 . 5 rnl , pi-1 6 . 1 ,  0 . 21-f ) and 

c
14

- L-ar abino s e  ( 0 . 5  ml , 10 J1c/ml ) . The di s he s  vTe r e g ently 

a g i tated "'ri t ll a s lm-1ly rotating r e c ipro c a ting s hal;:er dur inr; 

the i.ncub a t i o n , vlhi. ch la s te d  1 hour 45 minut e s . At the end o f  

t h i s  t i m e  h a l f  the g r ou9 s o f  s e c ·ti ons \ver e  f i l ter ed on a vla d  of 

g l a s s  woo l  and \va s he'd \·lith d i s till e d  \'la t e r . Thr e e  l o ts of 

s e c t i ons wer e  then d r o pp e d  into ho t e thanol t o  kill the m  whi l e  

t h e  r emaining t h r e e  g r oup s wer e  g i v en a cha s e  incubat i on i n  

. c o � d  arabino s e  ( 0 . 0 2 M) . 

Cha s e  incuba tions · · vrer e  c arr i e d out U.Ylde r  the s ame 

c oncl i  ti ons a s  t he la b e lling , a s  f o l l ovl S . The r i n s e d  s e c ti on s  

we r e  placed in d i s h e s  c onta ining 2 0  m l  of 0 . 05 M a r abino s e  

s oluti on 0 . 02 M in tr i s -maleate pH 6 . 1 - and a g i ta t e d  a s  b e fo r e . 

The s o luti on vra s r en evre d  aft er 5 ,  10 , 20 , 45 and 90 minu t e s  and 

t he incubation allov1ed t o  cont inue f o r  5 hour s . At the end of 

thi s t ime t he s e c ti on s  wer e  drained and dr opp e d  into ho t 

e t hanol to kill t hem . 

( b )  10% KOH extr a c t i on 

T i s sue . Hyp o c o tyl s w er e  g rovm a s  befor e but unti l  about 

6 cm in l eng t h . Th e t o p  1 cm wer e e xc i s e d and poo l ed on 

0 . 0 25 H pho s pha t e  buff e r  pH 6 . 3 for a bout 30 minute s . 
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Incubat ion . Groups o f  20 - 30 s ec tions wer e  blotted dry 

• and weighed prior to placing in small -flasks for incubation.  

The incubating medium consi s ted of 5 ml of 0 . 0 25 M pho s phat e  

buffer pH 6 . 3 containing either l ;uc  of  c 14- L- arabino s e  or  
14 . 

0 . 5 ;u c of C -D-gala c tos e .  The incubations \ver e  allowed to 

pro ceed for l hour . At t he end of th is  time g r oups of 

s ec tions vere  drained , rinsed , and either killed by putt ing :into 

ho t ethanol or gi ven a cha s e  incubation for 6 o r  24 hours in 25 

ml of the s am e  pho s phate buff er pH 6 . 3 but containing 2/& stwrose .  

The non- r adioactive media ,,rer e changed after 10 , 20 and 30 
minu t e s  and then half hourly thr ee times . After 6 and 24 hours 

groups of s ections wer� kill ed by put ting them into hot e thanol . 

0 

Extractions . Tq minimize  error due to lo s s es during 

extrac tion the quantity of walls  to be extrac ted was inc r ea s ed 

by the addi tion of t en time s the quanti ty of s imilar but 

U..."1.labelled v1alls .  

( a )  Ba (OH � extra c tion. 

Sections wer e gr ound in a pestle and mo r tar and then 

v1a s hed for 3 hour s in 6 chang es of 25 ml of 80% ethanol . At 

t hi s  and subs equent s tages  in the pro ce s.sing of the walls they 

1·1er e colle cted on a filter pad by mill i pore  filtration . The 

0°C 10% KOH extra ct ion it-Ta S performed by s tirring the ivall s in 

20 ml of 10% KOH �recooled to  0°C) in a nitrog en flushed 

s topper ed fla sk s tanding on i c e  in a cold room . After 14 

hour the contents of t he flask \vere filter ed on vlhatman No . l  

filter paper in the cold room and the sup ernatant neutraliz ed 

s l01¥ly vJi th 50;� a c e ti c acid . The r e sidue vras re-extracted  at 

22°C for 18 hour s and the extract similarly neutralized . Bot h  

extracts  ·Here  dialy s ed overni ght . The r e s idue �:vas hydroly s ed 
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-vli th 7 2% H2s o4 in the s ame 11ay as the Ba (OH ) 2 t r e a t e d  r e s i du e  

( part i ) .  

-- S c i n t i lla tton C oun.ting 

A 1 ml al i qu o t  of e a c h  o f  th e aqueous extr a c ts wa s p l a c e d  

i n  10 ml o f  s c i n t i l l a tion flui d and c ount ed on a Pa ckar d 

Tr i-Carb mo d el 2009 Li quid S c in t i l lation S p e c t r om e t er . The 

s cinti llation flu i d  us ed cons i s t e d _ of Toluene : Tr i ton X- 100 

( 2 : 1 )  in whi c h  the to luene contained 0 . 4% ( l..r/v ) PPO and 0 . 1% 

( 11// v ) PO PO P. 
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APPENDIX B 

HYDRO LYT IC CACT IVITY IN LUPIN HYPOC O TYL C ELL WALLS 

IHTRODUCT ION : C entr al to c e r tain t heor i e s  of c e ll ·Hal l  

e l o ng a t i on i s  th e id ea of hydro lytic a c t iv i ty wit hin th e wall 

r ender ing it ext en s ib l e  through t h e  c l eava g e  df polymer chains 

( M,_a t c_h_et+· a nd 1· 'an c e  l 062 · • .., . \ ' - v  .� ' l<'an and lVia c Lachlan , 1966 ; Ha s uda , 

1968 ) . Ther e i s  now littl e  doub t that poly s a c c har idases exi s t  

wi thL1. the v.rall ,  and i t  ha s b e en c la i:i1 e d  ( Ha suda and \vada , 

1967 ) t h:J. t exo g en o u s  appli cat ion of su c h  enzyme s vrill r e sul t 

in loo s ening o f  wal l �  to whi c h  they a r e  appl i e d , althoug h one 
0 

c anno t claim t ha t  t he l a t t e r  point i s  very r e l evant to t he 

in v ivo s i tuat ion . 

0 

If hydr o ly s i s  o f  wall comp onents o c cur s i t  i s  o f  inte r e s t  

t o  fnovr whe ther any s pe c if i c  p o lyme r s  ar e cl eave d . To thi s 

end a var i ety of hydrolytic a c t i vi t i e s  we r e  a s s ayed on a 

numbe r  of p o ly s a c c haride s ,  and c ell \-Tall frac tions and the 

hydrolyti c a c t ivi ty of fr e s h  c el l  wall s  ·l'ia s al s o  t e s t ed .  

The r e sul t s  ar e r eported b elow . 

RES ULTS AND D I S C US SLON 

To gain an idea of so me of th e hydr olyt i c  a c t ivi t i e s  

pr e s en t  i n  t h e  c el l  wall a var i e ty of  subs t r a t e s  wer e 

incubated \vith c ell wall s obtained from gr inding vrhol e  young 

hypo c o ty l s  in i c e  c o l d  buff e r . The carbohydr a t e  subs trat es 

a r e  l i s t e d  in Table XXXI an.d include frac tions i s o l a t e d  from 

t h e  lup i n  hypo c o tyl . It wa s of int er e s t  to s e e  whe th e r  o r  

no t any of ·  the s e  fractions vre r e  par ti cula rly sus c e p t i ble to 



. 17 :?.8. 

TABLE XXXI .  POLYSACCHARIDASE ACTI IfiTY OF LUPIH HYPOCOTYL 

CELL WALL PR EPARAT I Ol'J  

Sub s trata , and principl e  

linkag e  o f  same 

Cell wall (autolysi s )  

Cell ·Hall boiled 

.Arabinoxylan- B 

Hemi c ellulo s e-A 

He�i c ellulo s e-B10** 
0 

1� . 11 1 B "'* iCml c e  u�o s e - 24 · 

24.1; KOH insoluble Hall 

cellobi:o s e  ( J.-4 ) 

li chenin ( 1-4 ) ( 1- 3 )  

lamin arin "(l-3 )  

s tar ch ( l- 6 )  

sucr o s e  ( 1-4 ) 

cellulos e ( 1-4 ) 

Activi ty* 

++++ 

++ 

++++ 

+ 

++++ 

0 

* Ac tivity measur ed from int ens i ty of mono saccharide spo t s  

* *  

yi·zualized on the c hromatography paper after r ea ct i on with 

alkaline Ag NO 3 

B10 and B 24 r e f er to hemi cellul o s e -B extracted with 10% 

KOH and 24� KOH r es pe c tively 
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the hydr olyt i c  a c t :Lvi ty of hyp o c o tyl wall pr e p a r a t i on as such 

' f r a c ti on s · coul d ·u1us c ontain polymer c l o s ely involved in 

r d et ermining wal l  p la s t i c i ty . The r e sult s  a r e  s hown i n  Tabl e 

XXXI .. 

In cas e pro t e o lyt i c  a c t iv i ty wa s pr e s ent and a c t e d  on the 

pr o t e i n  componen t of the cell lial l  pr o t e in- carbohydr a t e  conplex , 

the _ a c tivi ty o f  c e ll Hal l  pr eparati ons on the g eneral 

pro teolyt ic  sub s t r a t e  Azo c o ll wa s t e s t e d . Thj_ s  i s  a 

par t i cu l a t e  suiJ s t r a t e  and i s  a conj ugate of c ollag en and a dy e .  

I t  i s  f o r tu i tou s tha t the waJ.l p r o t e i n  appear s to b e  s imilar to 

c o l l a g en in bo t h  s truc tur e �8d func tion . The p r o t e o lyt i c  

a c t i v i ty i s  d e t e rliline d b y  mea sur i ng the intensi ty o f  colour due 

to dye r el e a s e d  int o  s olution f r om t he parti cl e s  of Azo c o l l . 

B e c aus e such a sub s t r a t. e  i s  par t i cula t e  i t  1--ro uld p o s s i bly no t 

have a c c e s s  to wal l- p r o t eo lyt i c  enzym e s  whi c h  woul d i n  e ff e c t  

al so b e  p ar t i c l e  bound . Ther efo r e  the 1.val l  pr e p ar a t ion -vra s 

degraded wi th a p o t ent c e llulas e and a p e c t ina s e , and a mixture 

o f  the two , p r i o r  t o  incubation wi t h  Azo coll . 

The r e sul t s  indi c a t e  that whi l e  sub s tra t e s  o f  s ho r t  c ha i n  

l ength and ( 1-4 ) and ( 1- 3 )  lirJ{ag e  a r e  sus c e pt i bl e , the r e  i s  

very l i t tl e  attack on the f r a c t i ons from the vrall . I t  i s  

p e rhaps r el evant that the s e  f r a c t ions have b e en thor oughly 

d i a ly s e d  and ar e pro bably f r e e  of, any short c ha i n  mat e r ial . 

Thus i f  the d e g r e e  of a c t ivity p r e s ent depend s on t he nuinb e r  o f  

c ha in en dings such mat eri al s a s  c e l l o bi o s e  (2 mono s ac c har i d e  

uni t s ) , lamina r in ( 20 mono s a c c ha r i d e  uni t s ) will y i e l d  a l a r g e  
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amoun t o f  mono s a c c ha r i d e . In thi s c ontext i t  i s  al s o  

r el evant tha t  t he c ell wal l s  a r e  r ep o r ted t o  c ontain exo - as  

well a s  endo - p o lis a c c har i da s e  (Ka t z  and Ordin , 1967 ) , alth ough 

i t  i s  diff i cul t to r e conc il e the a c t iv i ty o f  th e f o rmer wi th 

the sug g e s t ed a c t ion of s u c h  enzyme s in cha i n  s pl i t t ing dur i ng 

c e l l  e l onga ti on . However i f  their a c tion in s ho r t ening 

polys a c c ha r i d e  c h a i ns al s o  r e duc e s  t he hydr o g en bonding 

capa city and thus r educe s  t h e  num ber o f  j un c t i on z one s p o s s i b l e  

f o r  g el f orma t i o n  i n  the wal l  then t he y  c an c o n c e i vably have a 

r o l e  in d e t er1nining the wall pr o p e r t i e s  di r e c tl y  through the i r . 

a c tion on wal l  p o lymer s .  I t  d o e s  not s e em l i k e ly tha t they 

a r e  dir e c tly involved in the rapid r e s pons e to au.xj_n o r  low pH . 
• 0 -

Their pr e ci s e  function in 1.val l  me tabo l i sm i s  o b s cur· e� and an 
0 

impor tant s ub j e c t  t o  be i nv e s t i g a t e d . 

Ha s uda and Wad a  ( 1967 ) wer e  able to indu c e  c ell wal l  

elong a t i o n  b y  exog enou s appl i c ation o f  exo - � -{ 1-3 ) glucan 

hydr o l a s e .  Nevins ( 197 2 )  ha s found th at auxin appl i c a ti on 

will l ead to r el ea s e o f  gluc o s e  f r om the all o f  Avena c o l e o p t il e  

and lo s s  of a h emi c ellulo s e  g l.u c an , whi ch s e e m s  to ind i c a t e  a..n 

exo - g lu c ana s e  a c tivity whi c h  i s  par t i cularly s u s c eptible t o  

auxin a c t io n .  A n  exo-f - C 1-4 ) - glucanas e  a c t ivi ty has b e en 

r epor t e d  from Avena c o 1 e o p t i l e s  by Heyn ( 1969 ) and autolys i s  

o f  t h e  c e l l  '.1Tall ha s for s ome t ime b e e n  kno"Wn ( Le e , K i  v i laan 

and Bandur ski , 1967 ; Lamp o r t , 1970 ) . 

Hor e  defini t e  r e sul t s  may po s s i bl y  be o btained i f  the vrall 

pr epar a tion i s  incubated f o r  a l o ng e r  t ime wi t h  the s ub s tr at e . 

C e r tainly in v i t r o  wall aut o l y s i s  i s  v e ry s low wh� r e  i t  ha s 

b e en d e t e ct e d , and will p r o b a bly g i v e  r e sul t s  mor e  indi c a t i v e  

of the in v ivo s i tuat i on than can be o b ta ined b y  app l i c ati on of 
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exo g enous sub s t r a t e s  to ival l  pr eparati ons . Hm.;ev e r , had 

c diff e r ential su s c ep t i b ili ty to wal l  a c t ivi ty b e en detected the 

indi c a t ibns w ould have b e en worth inv e s ti�a t i n g  fur the r . 

Table XXXII sbovTs tha t th e r e 1-ra s no ind :L c a t ion of any 

p r o t e o lyt i c  a c tivi ty in the wall . Al thou�h c el lul a s e  plu s 

c ell wall did give a ra ther higher r ea ding t han th e c ellul a s e  

alone the fa c t  tha t the e ff e c t  on Az o c o ll of \·ral l s  bo th bo i l e d  

and tlnoo i l ed p r i o r  to c el lul a s e  treatment sugg e s t s  tha t a 

tu.J;'bidity du e to small f r ag ment s of the degraded walls vra s 

r e s pons ibl e fo r the highe r r e ading s . 

I t  i s p erha p s  not t o  b e  exp e c t e d  that p r o t ea s e  i s  a c tive 
• 0 

in c ontr o l l j_ng ·Hall proper ti e s , a t  l e a s t  by hydr olysj s of 

ext ens i n .  Ext en s i� b e c o� e s  inc r eas ingly i m p o r tan t in quant ity 

a s  t h e  e longat i on s lows ( C l eland and Karl sn e s ,  1969 ) . I t  

vrould c er tainly b e  a vra s t eful pr o c e s s  if thi s  we r e  a 

r ef l e c tion on wan' ing pro t ea s e  a c ti v i ty . Fur the rmo r e  the 

high d egr e e  of c r o s s - l.inking to poly s a c char i d e  vToul d p r o b a bly 

r en d er ex t ens in s omevha t r e s i s tant to p r o t e o l y s i s . One could 

p o s tulate that by varying the de g r e e  o f  cro s s - l inking the 

extent o f  cl eavag e o f  the extens in- p o ly s a c char i d e  complex i s  

cont r ol l ed . 

Perhap s a mor e r ea s onabl e hypo the s i s  i s  t hat cro s s - l in�age 

wi thin the ext ens i n  c ompl ex s t e r i cally hind e r s 

po ly s a c charida s e a c t ivi ty . In thi s  c a s e ext ensin may i n  f a c t  

c ontr i bu te to t he p r o p er t i e s  o f  the \•Tall no t o nly by v i r tue o f  

the s tr eng th o f  t h e  polyp ep t ide chain but al s o  by pr e ven t ing 

t he br eakdown o f  c a rbohydr a t e s  and r e sul ting vlall loo s ening . 
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TA.BLE XXXII. PROTEOLYTIC AC T I V ITY OF LUPDJ HYPOC O TYL C ELL 
'* 

HALLS AFT�R VAR I O US TREA'fl·1ENTS 

C el lul a s e  C ellul a s e  
( Wo r thington )  ( Tr i choderma ) 

+ 

- + 
...__ 

+ 

+ 

+ 

+ 

'* �  
Pec tina s e  C ell Bo i l e d  Reading 

( S;tgma ) \-Jall C ell 
Hall 

120 

1 . 5 

+ 14 

+ 5 

+ 7 
0 

+ 150 

+ + 1 2 . 5 

+ + 15 

+ 5 

+ 150 

1 . 5  

* C ell wall s 9r e tr eated w i th th e enzyme s for 4 hour s at 30°C 

* - :-i-p e c t::- o;;�lOt ome t e r  r e adi n g  at 520 m}l a me a sure of � '" I �ro t e o l yt i c  rele a s e ; o f  dye from collagen-dye comp l e x .  
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EXPERIHENTAL 

Hypocotyl s (80 g )  5 crn in l ength were harve s ted and ground 

in i c e d  buffer (Tris -HCl , pH 6 . 5 )  wi th Ballot.l:n-i beads to g ive 

a thi ck paste . They wer e  wa s hed s eve ral t im e s  with iced  

buff er . The b e a d s  and wal l s  wer e  s eparated by slow 
.-

c entr i fug a tion o n  a laye r of carbon tetrachlor ide . The 

aqueous pha s e  ( containing the c ell vrall s )  \vas r emoved and s pun 

a t  20 , 000 g f o r  30 minut e s and the c ell wall p elle t  suspended 

in pho spha t e  buf f e r pH 6 . 5  to form a pippetabl e slurry . 

Cycloheximid e  \va s added to thi s to a :(inal conc entr a tion of 10 

mg/ml . 

C el l  �val l  Pr etr ea tment s .  The cell wall p r ep ar a t ion 1vas used  as  

s uch or a f t er pr e tr eatment o f  4 ml aliquots with cellula s e 

( 20 mg ) o r  pectina s e  ( 10 mg ) o r  a mixtur e of the two ( 20 mg 

c ellulas e  and 10 mg �ectina s e  for 4 hour s a t  30°C ) . 

" 

Hydrolyt i c  A c t i vi ty o f  C e l l  Wal l s . ( i ) Carbohydrates  - The 

specified  substrate (5 mg ) wa s put into a small test  tub e wi th 

1 ml of c ell  wall pr e par a t ion and a drop of toluene . The 

tubes  wer e corke d  and incubated in darkne ss at 30°C for 16 

hour s . At t he en� of this  t ime aliquo t s  wer e  taken from the 

tubes and s potted f o r  chroma4ography • 

. /--· ( i i ) Pr o teolyt i c substrata -

Azocoll ( Calbio chem g eneral �roteolytic  subs trat a , 20 mg ) was 

placed in a 15 ml conical c ehtr ifuge tube with 4 ml o f  c el l  

wall pr eparation . In the cas e of pr etr eated c ell  wall s  the 

Azocoll lJa S  added to the pr e tr eating incubation mixture in i t s  

Tub e s  wer e  allO'ded to incubate at room te
.
mp eratur e f o r  20 
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0 

minutes  vli th oc cas ional shaking then quickly filtered through 

a 'dad of g la s s  v!Ool . The fil trates were r ead . on a Spectra 

bench spectrophotometer at 520 m1u .  

C hr oma togr aphy 

· The aliquo ts from incubation of carbohydrates  and wall  

: fractions wit h  the c ell wall  pr eparation were spotted  onto 

\·lha tman 1 mm paper • Thes e  wer e run fo r 10 hour s in Ethyl 
. 

Ac etate : Pyr idin8 : \·Jater 0 2 : 5 : 4 )  and the mono s a c char ide s 

vi zualized wi t h  alkaline s ilver nitrate .  
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A PPEN DIX C 

ATTEHPT TO FOLLO\-J PRODUCT I ON OF REDUC ING 

EHD GROU PS VH TH IH '.filE C ELL !ALL 

· If , a s  has b e en sugge
.
s ted ( Iviat che tt and Nanc e ,  1962 ; Fan 

.· and Ha c La chlan , 1966 ; Ha suda , 1968 ) , c e11 11Tal l  e longat i on 

r e sul t s  in incr ea s ed rup tur e of wall p o lys a c char i d e s  then i t  
. 

i s  theor e t i cally po s s i ble to dete c t  thi s by us ing a t e c hni que 

c apable of g iving a mea sur e of any inc r ea s e  in end g rouping s . 

An attemp t was the r ef o r e  mad e to measur e  an inc r e a s e  in 

r e ducing sugar s after ap§)l i c a t i on of IAA to lupin hypo co tyl 

s e c tions , follovred by i <i ent i f i c a  tion of wall f r a c t ions and 
• < 

sugar s invo lved. . 

S e c t ions 1 cm in l ength were exc i s ed from the upp er end 

of 5 cm hyp o c o tyl s .  The.s e vrer e then divided l eng thloJi s c  and 

each half incubated in s e parate bat cl�es in Tr i s -maleat e buffer 

pH 6 . 1 for 1 hour . One g r oup Ha s then made t o  3 x 10- 5 H in 

IAA and t he incubat i on continue d for 1} hour s . The s e c t i on s  

w e r e  then
. 

dropped into 9
'
5% e t hanol and 'lda sh-e d i n  s everal 

c hang e s  of 80% ethanol .  They wer e r in s ed in a b s olut e ethano l  

. and dr i e d  overni g ht . 

The s e c ·tions vrer e  then r e a c t ed vli th 0 .  3 H Tr i t iated s o d ium 

bor o hydr i d e  a t  4°C for 1 hour fo llovred by 30 minut e s  at r o om 

t emp eratur e .  Rea c t i on was s topped by th e addi t i on o f  0 . 0 2 

N . HC 1 .  The s e c ti ons wer e r in s e d  in s everal chang e s  of 80% 

e thanol and then fra c tiona t e d . · This i nvo lved extraction Hit h 

0 .  5.% ammonium oxal ate , lOib KOH and 24;:& KOH . Ext r a c t s  wer e 

dialysed overni ght and al i quo t s . taken fo r s c intillation 
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c ounting . 

Although the s e c ti on s  wer e fai rly heavi ly labelle d th er e  

\va s  no s i gnif i c ant di f f e r en c e  be t\veen the plus and minus IAA 

tr e a tment s ,  e i th er in total l ab e l  or di s t r i bu ti on v!i t hin t h e  

fr a c t ions • 

. At thi s s ta g e the exp e r i m en t  \<!a s  di s c ontinued in favour 

· of ot he r s  in pr o gr e s s .  0 Had di f f e r enc e s  b e en appar ent the 

analy s e s  vmuld have b e en continued and an a t t emp t made to 

s eparate and i d entify thE? lab el l ed polyo l s  d er iv ed f r om the 

r e ili1 c ed end group s , and the r eby g a in s ome i d ea of whi ch bonds 

und er1·rent in c r e as e d cl e ava g e  due to IAA . Thi s c ould then 

have l ead to i d e�t ifi c a t� on of th e enzym e s  inv o l ve d .  

It i s  p e r ba p s  no t sur pr i s ing that n o  o v e ral l eff e ct wa s 

not e d � due to the la r g 8  ba cxg r ound o f  end g r oup s a l r e ady \vi thin 

th� wal l  �nd be c aus e although a c c e l erated c le av a g e  might . o c cur 

t he r e  wi ll p r o bably al s �  be an inc r ea s e d  rate o f  b ond 

f or mation . Thu s al thoug h t h e  number .o f  f r e e  ending s may 
0 

r emain cons t ant , the r a t e  of br eakag e  and r ef or �a t i on of bond s , 

and the r a t e  of r.·ral l  c r e e p  may b e  inc r e a s e d by IAA . 

The expe ri ment could p er haps be ext end ed by r e duc ing the 

c ell ·vral l  \vi th c o l d  bor ohydr i d e  before auxin tr e a "c::;len:c , 

al t hough the eff e c t  of this on the c ell metab o l i sm i s  l ik ely 

to b e - damag i ng . If it i s  no t ,  then an examinati o n  o f  the 

e f f e c t  of b o r o hydr i d e  on wall c r e ep whe r e  bond fo rma ti on 

c ould no t r eo c cur would be int e r e s ting . Simi larly , o n  t he o f f  

c hanc e th a t  b ond forma ti on bu t n o t  bond cl eavag e r equi r e s  the 

p r o du c tion o f  AT P ,  it c ould b e  I·!O rthHhile to indu c e  s e c t i on s 

to e longa te and then apply cyanide and l o ok f o r  an increa s e  in 

end - group s over the non IAA c ontrol . This c ould b e  don e  in 
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c o n j un c t i o n  wi th the c old b o r o hydr i d e  r educ t ion ment ioned 

abov e . 

As a means of o ve r c oming the e ff e c t  of cold borohydri de 

on metaboli sm one c ould t r y  sur r ounJing l ivinr; t i s sue wi th 

bor ohydr ide t r ea t e d  •.val l s  and then no te c hang e s  i n  r e du c ing 

povrer of th e s y s tem Hi th and H i  thout L4..A . Su ch exper iment s 

h mvever have t he s ever e limi t a t ion that the plasmal enuna and 

tr eated 11alls a r e  at a g r e a t e r  d i s tan c e  from one ano th e r  t h an 

in . t h e  int a c t  plan t , and tha t they ar e · s epar a t e d  by t he 

unt r ea t ed c ell 1va ll \·rhi ch c oul d , due to i t s :.; proximi ty t o  t he 

l iving c e ll , a c t  a s  a s ink fo r any f a c tor s r e s pons ible f o r  

wal l  pla s ti c i z a t i on . · 

The u s e of p r o t o plas t s  o r  o f  par t i al p r o t o pla s t s  coul d  

o ve r come t hi s d i f f i cul ty , e . g .  b o r o hydr ide r e du c e d  c o l e o p t i l e  

s ur r oundine; hem i c ellulo s e  tr e a t ed livint; c o l e o p t i l e ,  o r  

r e duc ed c o l e o p t i l e  containing p r o toplas t s  wi t hi n  i t s  cyl ind er . 

Al though the ,,ro rldng hypothe s i s  ha s b e en tha t  coval ent bond 

c l e a vag e o c cur s dur ing wa ll elongation , thi s i s  no t 

n e c e s s ar i l y  val i d , a s  pH indu c ed chang e s  in g el s tr u c tur e 

c ould be r e s pons ible ( Re e s , 1969 ) . The early r e s pons e s  to 

IAA ( Penny , 1969 ; Ni s sl and Zenk , 1969 ; Evahs and Ray , 1969 ; 

De l a  Fuente and Leopold , 1970 ) and lo1.-r pH ( Ray l e : and C l  eland , 

1970 ) in Avena c o l e o p ti l e  sugg e s t  thi s po s s i b i l i ty . If the r e  

i s  mor e t han one IAA eff e c t  a c t io n  on coval ent bonds i s  mor e  

l i k ely to o c cur in the l ong er t er m  IAA eff e c t  \vhi ch do es no t ·  

b e c ome appar en t f o r  over 30 minu t e s  (Bak er and Ray , 1965 ) . 
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APPENDIX D 

EFFECT OF PROI'ASE Oi� C ELL hALL FR.ACI' I ONS 

In o r der to explore the a s s o ciations between ext ensin and 

c ell wall car bohydr a t e , wall s w i t h  and without p r ona s e  

tr eatm ent wer e subm i t t ed to an alkaline fra c t iona tion . I t  wa s 

f el t  that if any carbohydra t e  c omponent vra s hel d into a c ell 

wall fra c t i on thr ough a s s o ciation wi th the exten s in exten s iv e  

p r ona s e  tr eatment mi g ht r e sult in an alteration o f  the 

r elative amou11ts of frac tions extracted from the wall . For 

ins tance , any pol;ys ac�har ide vrhich i s  bou..n.d thr oug h  ext ens in • I 
t o  t he arabinoxylan-B might af t e r  cleavage of the ext ens in 

ent er the hetero glycan-B f r a c t i o n .  

As a preliminary inve s ti gation th e follovling exp er iment 

was done on c ell walls from 5 cm hyp o c o tyl whi ch had be en 

g round in buffer and nonidet-90 detere; ent ( Shell ) ,  vm shed in 

wat e r , and dr ie d after an e thanol r ins e .  To 200 mg of cell 

'i'lal l s  and 20 mg of Prona s e  i n  a large tube wa s added 35 ml 

1-vater , 10 ml 0 .  05 H pho sphate buffer and 5 ml cycloheximid e  
. 

( lOO mg/ml ) .  The tub e  was s toppered and agitated g ently f o r  

3 6  hour s at 3 2°C .  A c ontro l  tub e containing al l of the 

·components except prona s e  wa s s imilar ly tr eat e d .  The wall s  

Her e  filter e d  and t hen fra c t ionated into 0 . 5% ammonium oxalat e ,  

10% KOH and 24% KOH s oluble f r a c tions . Eac h  of the s e  wa s 

d i alysed 24 hour s aga ins t tap "�..rater  and fr e e z e  dr i e d  and 

vJe ighed . 

No s i gnifi c ant di fferenc e s  in weight between the plus and 

minus pronas e tr eatm ent s vJa s found , po s s ibly becau s e  of the 
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vari 1ltj_on in ·vreig hts of fractions from such a small amount of 

s tar ting material \·Tas too gr eat . 

The 10% KOH extra c t  was frac tionated into the 

het ero glycan-B and arabinoxylan- B fractions as d e s cribed in 

C hapter I of t his the s i s , and the latter fraction acid 

hydrolys ed and analys ed by quanti tative chr omatography a s  al so 

d e s cribed in Chapter I .  

The r e sul t s  ar e s hmm in Tabl e  XXXI I + ,  wher e t he 

mono sacchar i d e  compo s it ions ar e g iven r elative to xyl o s e .  

-

Clearly the r e  is a s harp d e c r ea s e  in arabino s e  ( ca . 60% ) 

due to prona s e  treatment and a smal l e r  ( 20i' O de c r ea s e  in 

g al a ctos e .  

It i s  l ik ely tha t thi s r efle c ts t he ext ent of binding of 

t h8 s e  sugar s to t he arabinoxylan-B through extens i n .  The 
,, 

r e sults are consi s te'nt �ovit h the exi s tenc e of arabino s e  and 

g alacto s e  in s eparate mole cul e s  in the compl ex . 

The dialysability of the a rabino s e  sug g e s t s the 

p o s s ibility tha t  arabino s e  o l i g o saccharides of hydroxypro l ine 

ar e not attached to galactan a s  sug g e s ted by Lampor t  ( 1970 ) , 

and t ha t  the galac tan i s  attached to some o the r p ar t of the 

mol e cule . 

From a knmvl edge of the s truc tur e of arabinogalac tans and 

o f  arabino s e  o l i g o s a ccharide ; s i d e  chains of extensin one can 

a c count for the r el ative propo r t ions of arabino s e  and 

galacto s e lo s t  by a s suming that much arabino sylhydroxyproline 

was eliminated along wi th some arabino galactan . Fur the rmo r e  

s hould the bulk O.t the ar abino gala ctan o r  galac tan b e  bound ·t o  

t h e  r emainder of the arabinoxylan-B fraction i t  will no t b e  
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TABLE XXXI II .  WHO SAC CHAR I DE C OMPO SIT ION O F  ARABINOXYLAN-B 

FRON PROHA S E  TREATLD .AHD NON- TREATED 

C ELL \'JAIJLS 

T r eatment 

- Pr o na s e  

+?r onas e 

Arabino s e  

0 . 63 

o .  23 

Mono s ac char i d e  

Gala c to s e  Gluc o s e  

0 . 48 

0 . 38 

0 . 74 

0 . 7 1 

Xylo s e  

1 

1 



183 

r e l e.o. s ed t he r ef r om by prona s e .  

The extent o f  deprote ina t ion has no t y e t  b e en mea sur e d  

but j udg ing f r o m  the lo s s  of a r a bino s e  wa s qui t e  ext en s iv e . 

The diff e r en c e  b e tween the + prona s e  and - prona s e  t r e a tment s 

g i ve s  s om e  indi e a  ti o n  that th e 10;& KOH extr a c t i on may not have 

�extens iv e ly d eg r a d e d  the arabinoxylan-B as the ef f e c t  of 

• pr ona s e  i s  s t il l  v e r y  no t i c eabl e d e s p i t e  24 hour dialys i s . 

However , if t he s p e c ifi c i ti e s  o f  10% KOH and p r ona s e in peptide 

b ond c l eava g e  differ thert the ext ent s of de g r ada ti on by e a ch 

will be addit i v e . 

Thi s worlr c an po s s i bly b e  ext ende d  and g i ve mo r e  c l ear 
0 

cut r e sul t s  by prona s e t r e a tment of arabinoxylan- B i s o lat e d  

from a l ar g e r  quantity o f  hypo co tyl s t han -vra s us e d  her e .  Thi s 

u s ed in c o n j unc tion vri th exopolys a c c harida s e s  s hould provi d e  

us e ful infor ma t ion o n  t h e  interr ela tionships of 

poly s a c char i d e s  and pro tein in th e ext ens in compl ex . Fo r 
� 

ins tan c e , t r ea tm ent of t h e  ar abj_r�oxyl'an-B 'd i t h  s p e c i fi c 

exo polys a c char i da s e s  s hould g i v e  info rmati on on \·Jh i c h of the 

mo l ecul e s a r e  bond ed to xylc:m or extens in . By ·al t er ing th e 

s equence of u s e  of s p e c ifi c enZJTJ.Tte S a p i ctlil:B o f  wall or of -vmll 

f r a c tion s tructur e s hould be o b tained . 
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A PPENDIX E 

THE EF:.F'ECT OF� - D I PYR IDYL O N  c 14-ARA.BINO S E  

INC ORPORAT I OlT INTO TH E C ELL HALL 

Evid en c e  ha s been provided that coval ent cro s s  lir& s 
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betvre en Hall polymer s  can develop \vi thin th e vTall (Hor thcote , 

1967 ; Rubery and Nor thcote , 1970 ; Brysk and Chr i speel s ,  197 2) , 

and i t  now s e ems likel y  that the mac romole cular natur e of the 

wall is due larg ely to bond s formed between c ons tituents af ter 

their incorpor a ti on .  

A t  the time {hat· thi s exD er iment v1as s tar t ed i t  ·vras known - 0 

that the \·Tall protein extensin contained. ar abinos e and i t  vras 

thought that throug h thi s the protein mi ght be l inked to 

polys a c c har ides ( Lampor t ,  1970 ) .  Po s sibly thi s l inl-;:ag e ·Hould 

be to po lymer s whi ch Hould b efor e bonding to the protein be 

solubl e in hot water and oxalate , or lO(b KOH at 0°C ,  but 

throug h the bonding i\fOUld be come par t  of the 0°C 10% KOH 

insolubl e vra.l l . 

A method to t est thi s wa s pres ented in App endix A \•Ther e 

the mov em ent o f  a pul s e o f  label into the hydroxyproline-rich 

frac tion was f o ll owed . Thi s unfortunately has the drawba ck 

that until the bond betv1e en and label- containing 

polysac charide tha t  chang e s  f r a c tions and ext en sin i s  actually 

demons trated the evidence is only indi r e c t . A more dir e c t 

appro a c h  although s till not providing a defini t e  answer i s  to 

obs erve ho\·T sto pping · t he forma tion of a knovm carbohydrate­

pro t ein bond wil J  al ter the distribut ion of  pu b s ed ·labels  in 

the c ell wall . By adding a r eag ent which pr events forma ti on 
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of t he bond , pol y s a c char i d e  I·Jhi ch no rmally -vmuld appear i.vi t h  

t he ext en s in mig ht ins t ead be extr a c ted by mor e mild 

condi tions . 

Su c h  exper imen t s  ltre r e  at temp t e d  us ing the r e a g en t  
I 

ao4ot. - d i pyr j_ dyl l!lh i c h  has b e en u s ed to pr event the hyd r o xylati on 

of p e p t i de bound pro line to hydr o xyprol ine ( Barne t t , 1970 ; 

Chr i s peel s , 1972 ) .  It \vas hoped that i t s  eff e c t , due t o  

c he l a t i on o f  f e r r ous i ons , woul d be s p e cifi c enough t o  enabl e 

the r elat ions h i p  o f  th e hydr oxylati on of pr o l ine t o  c e ll 1;.Jal l  

bio s ynthe s i s  t o  b e  inve s t i g a t ed . Thu s  i t  \va s  thought that 

vrhe r e  oV<r- di pyr i dyl -v.ra s pr e s ent and the format i o n  o f  

hydroxypro line l im1 t ed. , poly s a c char i d e  Hhi c h  might u sually - 0 

b e c ome l inl\:ed t o  hydJ' oxypro line o r  arabino s yl- hydroxypr o line 

ltTould be unabl e to for m  thi s a s so ci a t i on and in s t ead o f  

ul t imately r equi r ing 10% 1\0H a t  r oom t emp eratur e t o  ext r a c t  i t  

would r emain s o luble i n  0°C 10% KOH o r  i n  p e c t in s o lvent s . 

A c om:!)ar i s on of the fat e of a pul s e  of l abel in the 
, 

pr e s enc e o r  abs enc e  of � - d i pyr i dyl s hould t h e r efor e g i ve an 

ind i c a ti on of the o r i g in of the hydroxyproline l inked 

poly s a c c har id e . Fur the rmor e ,  by varying the t imes of c14 
( 

pul s e  ando«-dipyr i dyl appli cation s ome ind ic a t i o n  of -v;hethe r  

t he
_

po lys acc har i d e mus t  b e  f r e shly incorporat ed o r  c an be 

alr eady par t of the viall to f orm a bond vrith extens in c an b e  

o btained . 

In t he few pr eliminary exper iments car r i e d  out i t  -v;a s 
r 

found that the«< - di pyr idyl over a r ang e of conc entr a t i on s  had 

a f a i r ly g ene r a l  inhibi ting eff e c t . Thi s i s  not r eally 

sur pr i s ing when one c ons i de r s  tha t i t s  a c t ion is due to a 

c helating capa c i ty . Ho r eover i t  b e c ame appar ent from l.vo rk in 



6 ther labo rato r i e s  ( Lampor t ,  197 3 ;  Keeg s tra et_al . , 1973 ) 

that t he hydroxyproline- arabino s e  was probably not the main 

point of fur ther linkag e  of extensin to c ell wall 

polys a c cha.r i de s . 

However , the rational e can be appli ed to  o ther bonds 

18 6 

vii thin the vlall if sui tabl e inhibitor s  of their format ion can 

;be f ound . 
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