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PAkT I : INVESTIGATIONS GI; C E L L - W A L L  MGDIFICATICNS. 
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ABSTRACT 

The ac t ion  c f  xylana5es on chercical wocd pulps K S  studied i n  
the presecce o f  a 1 cry FgC1, so lu t ion .  i n  t h a t  medium, the 
Etxk-cel l u l a ses  present i n  t h k  crude enzyrre mixture f rcn  the 
Casidicnycete Sporv t r jchm dirncrp_h_o_Foru_m were inhiki ted a s  shown 
by soluble sucjar analysis ar:c by N,O ecu la r  weight de t e rn imt ion  of 
the c a r t a c i l a t e a  der iva t ives  o f  the enzyw-t rea ted  pulps. After 
r.r:zymat.ic hgdrolysis,  although the miss l c s s  w z s  l e s s  t.har: 2% of 
the dry r a t e r i a l  weight, inpcrtant s t r u c t u r a l  nwl i f ica t icns  were 
revealed by physic87 property det.erairiatiuns cn the  residual pulps. 
The water re ten t ion  value w h i c h  increases by ZOI, the  m a n  pore 
radius which is  reduced by a f a c t c r  o f  10, the scanr:iny electron 
cicroscopic yhotosraphs which show f i b e r  f l e x i b i l i t y  and  external 
f i b r i l l a t i c n  and the  molecular w i g h t  d i s t r i b u t i o n  curves,  a l l w  us 
t o  come t o  the  conclusion t h a t  xylans a r e  ac tua l ly  hydrolyzed in 
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148 MOM ET AL. 

the  whole 
d i  s t r i  bu t i  
hydrclysis 
t b u s ,  i n f l  

de l ign i f ied  ce l l  walls. Therefore, becal;se o f  the xylan 
on k i i t h  regard t c  ce l lu lose  n i i c ro f ib r i l s ,  the  se l ec t ive  

bq xylanases vight a f f e c t  the c e l l  wall c o k s i o n  a n d ,  
uence the papermaking prcper t ies  of pulps. 

I NTFOD UCT I 0) 

The use of new spec i f i c  markers makes i t  pcss ib le  t o  gain a 
b e t t e r  unlerstandir,$ L f  t h e  r e l a t ionsh ip  of various c e l l  wall 
polysaccharidic ccns t i tuents  with each other1'*. Fcr exasiple Rue1 
and JoseleaL' n;aking use o f  gold-bearing xylarases cn ul t r a th in  
sec t ions  of ycvncj tissue: af parenchyma c e l l s  arid f i b e r s  from the 
r e e d  P.rundc dcnax, have shown t h a t  xy1ar.s a r e  present k i t h  a h i s h  
ccncentration i r :  the  whole ce l l  wall. T h i s  cc;nclLsior! agrees with 
prwicu3  resu! ts3p4 which sc lgges t  t t - a t  xylarls car. ccrist.itute 3 tbirl 
s h t i i t h  i r c c r d  each elerentarq f i b r i l  o r  each g r o u p  cf fasc is ted  
f ib r i l s ' .  

3 

,. 

The present work i s  based on these conclusions. The stcdy i s ,  
hcKe'uer, conducted with de l ign i f ied  f i b e r s  as licjnin impedes 
enzymatic ac t ion  ifiside f u l l y  l i g n i f i e d  c e l l  wal l s .  The objective 
was t o  reveal cell-wa:? s t ruc tu ra l  acd i f i ca t ions  following the  
s p e c i f i c  hydrclysis o f  rylans i n  re la t ic~r i  t o  t h e i r  p a r t i c u l a r  
d f s t r i b c t i o n  and t o  understand why xylans seen t o  be "shielded from 
or riot reccgnized" by the xylansses according t o  Paice a d  Jurasek' 
and Boutelje e t  a1 . 

C 

6 

KATEI? IALS 

Enzymes 

The crude enzymatic coaplex cocs t i t u t ing  the c u l t u r e  f i l t r a t e  
c f a Bas i d i omy c e t e , S po ro t r i c h knacgt-phos po rum, was k i nd 1 y 
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ACTION OF XYLANASES. I 149 

provided tly "La Repidase" (59  - SECLIN, France) ur;der the  t rade  
n a r c  "cel l u l a se  de Basidioniycete". C u r i n g  the  fungus growth nany 
err2yr:les z rc  secrt.ted irltc the cu l tu re  mediuw, amc?r,G hh!cb 
c e l l u l a s e s ,  xylanases, amylases, and 8-glucosidases were iden t i f i ed  I 

7 

SL b s t ra t e s  
Xvlap : This polysacrharide ~ i s  the  ex t r ac t  cbtair;t.ti from the 

bleact-~c!  Lt-aft p u l p  frCNl hircn wocc' by stirring the  p u l p  ifi a 
p; h C t i  soluticjrl Lnder nitruqer airiiosphere. 1t.s nebtral  sL;r$r 

s i t i c r :  was the fo1lcwir.g : sy lcse  s19.G Yi arL a r . ab i rvsP  C.4 % 
P (r.c;lcr r a t i c s ;  a s  ceterr;:.irled by t r i f l u c r c a c e t i c  acid hqdrc l j s i s  

ir.c e rk lgs i s  c f  t h e  a ld i to l  Ece-tate der ika t ive5  in a gas 
ctir.ur!atcr,'raFk f i t t c i  v ; f t t !  ii (;?P.F cr.lI;n;ri ccctaining S F  ( 2  ?;) 

--.- - 

O f :  s 3 h  LhrCT WdX-DKCS FhdSe. 

ticrxan : Marind!: h i l S  ot.tair;t.ti front iv'orj n u t  2s described ky 
Chl;r,z:i E t  a1  . I t s  neutral sti4i.r ccmpositiorl bas mnanncsc 94.P 7 ,  
o l u c c i ~  4 . 7  7: and x y l c s e  0.5 X a s  deterta<r!cd b y  f.ot.31 z c i d  
hydrc!ysi. 2cci:rxiiq t c  Saenan ~t a7 

5 

1 C  
, 

Carboxyolet_hy!cel lu lose  : lhi:  water sc luble  polysaccharic!e 
(CF!C; i s  the coimercia! product "Blancse cel 'iilcse p w "  71-i3SXF 

(tiercl:lez, S . A .  France). 

-- Aviccl cFl lu lose  -. - - . . pcwder : This niicrocrysti.llir,c ce l lu lose  b a s  
tht. Con;rfrC<L:i prcckct A V I C E L  PH101. Glucr,se b a s  the  ocly siigar 
cjetccttd a f ?  e r  t o t a l  hydrclqs i s  iG.  

CbEmica: p u l p j  : Industrid: s L l f i t e  sprLce atxi k rzf t  birch 
p u l p s ,  f ~ l l j  tileactled by the converiticrial CFr klcacll s e c i ~ ~ r c e ,  were 
wplayed. Thej here receive? a s  Cry shee ts .  
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150 NORA ET AL. 

I 'ETHCCS 

Enzymatic hydrolysis o f  the  i sp j a t ec  subs t r a t e s .  

Each subs t r a t e  was dissolved, or well disFersed, j c  uatet- ( 2 . 5  
g.L'I), a n d  incubated, under shakinc, a t  40°C with the enzymati'c 
complex. The incubation time was 4 h f o r  microcrys ta l l ine  ce l lu lose  
and  mannan and 15 m i n  Gnly f o r  xylan, a n d  so luble  ce l iu l c se  ( C K )  
because of the la rge  amounts cf sugars rap id ly  relezsed.ike 
formation of reducing-end groups was  reasl;red by the Ccrrogyi-Helson 
method 12 

In the same manner, the hydrolysis o f  the subs t r a t e s  was 
studied i n  the  presence of a glycanases inh ib i to r .  Mercuric 
ch lor ide  i n  aqueous s o l u t i m  a t  the f ina l  concentratior- of 1r.N was 
used a n d  t he  reducing end groups produced were determined''. The 
mercuric ch lor ide  molecule has a very low d i s soc ia t i cp  i n  water ar;d 
therefore  mercuric ions do  n o t  s ign i f i can t ly  i n t e r f e r e  with the 
reducing end groups determination. However, a stancard curve 
obtained i n  the  1mM HgC12 medium i s  needed. 

Enzymatic hydrolysis o f  xylan i n  p u l E .  

Sheet fragments o f  the indus t r ia l  pulps and  the  freeze dried 
aspen p u l p  were soaked overnight in a 1 nEl HgCl? so1l;tion a t  rcom 
temperature. Then, they were washed several t i r e s  w i t h  k s C 1 2  
solutiGn and s t i r r e d  t c  obtain a pclp s l u r r y .  

1)  Enzymatic hydrolysis o f  asper, p u l p .  
The crude E~,;;'L'E ccc:i:le:c ( Z C  ~ 5 ;  \.is c i  ;i, I :f 7 . ' :  ' I ;  t i t  

1 mM HgC12 so lu t ion .  I t  was peured i n t c  che p u l p  sliirr;/ icr-tained 
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ACTION OF XYLANASES. 1 151 

in a n  Amicon u l t r a f i l t r a t i o n  ce l l  f i t t e d  w i t h  a non ce l lu los i c  U M l O  

d i a f l o  membrane. The f ina l  volume was IL and the  p u l p  consistency 
was 32. The incubation was performed a t  40°C under gent le  

a a i t t t i o n  f c r  s. period of e8 h during which the  incubating medim 
was pressed two t i nes  t h r o u g h  the  membrane. E a c h  t i n e  new I-:gC12 
so lu t ion  was added to  continue the hydrolysis,  b u t  t he  enzymes were 
n o t  replaced. A t  the end of t h a t  experiment the  p u l p  was pressed 
dry and heated a t  100°C for 10 min t o  i nac t iva t e  the enzymes. The 

12  f i l t r a t e s  were a l so  heated, co l lec ted  and  t he  reducing end groups 
analyzed. 

2 )  Enzymatic hydrclysis of indus t r ia l  pulps. 
The birch k ra f t  ar;d the spruce s u l f i t e  p u l p  were t rea ted  

according t o  the  same procedure as outlined above, except t h a t  the 
crude enzyme complex was 60 rng and  120 mg durfcg 24 h f o r  the  birch 
and  the spruce pulps, respectively.  I t  should be noted however tha t  
these  experimental conditions may be optimized fu r the r .  

Analyses o f  pulps a n d u l p  degradation p r c < G .  

I n i t i a l  pulp and enzyme-treated pulp were acid hydrolyzed 
according t o  Saeman e t  a l l o .  The rieutral sugars were iden t i f i ed  as 
a l d i  t o 1  a c e t a t e  der iva t ives  by gas chromatography a s  described fci. 
i so l a t ed  subs t r a t e s .  The soluble sugars ca r r i ed  through the 
membrane were separated on a Eio5el P2 column e lu ted  with d i s t i l l e d  
water a t  60°C, a n d  ident i f ied  by comparison t o  standards.They were 
a l so  analyzed a f t e r  being hydrolyzed by the  t r i f l u o r o a c e t i c  acid 
method . 8 

Physical t e s t s  on p u l p .  

The pore formation in the aspen p u l p  f i b e r s  during the 
s e l e c t i v e  xylan hydrolysis was followed with a nitrogen porcsi-  
meter. The volume of pores (with a radius of l e s s  t h a n  50 i) was 
determined, a n d  the spec i f i c  area o f  the  pulp f i b e r s  was measured. 
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152 MORA ET AL. 

The water re ten t ion  value ( W R V )  was ca lcu la ted  according t o  Silvy 
e t  a l l 3  w i t h  standardized cent r i fuga t ions .  

Cfc 1 ecu 1 a r  w_js h t d i s t r i  b u t  i o n .  
The weight aberasf m l e c u l a r  weights a n d  the  i , , ~ l e c u l a r  

weisht d i s t r i b u t i o n  o f  the d i f f e ren t  pulps were determined 
according the  procedure established by Lauriol e t  a1  : 

- The pulps here f i r s t  submitted t o  carbani la t icn  in 
dinethyl sulfoxide with a n  excess of phenyl isocyanate, for 46 h a t  
70°C. 

- After p rec ip i t a t ion  a n d  pu r i f i ca t ion  , the carbanilated 
der iva t ives  were characterized with regard t o  t h e i r  degree o f  

s u b s t i t u t i c n  ( C . S . )  on the b a s i s  of t h e i r  nitrogen content.  This 
was obtained by Kjeldahl 's  method. I n  a l l  cases the obtained values 
were near DS=3. 

- The molecular weisht d i s t r ibu t ion  was obtained by s i ze  
exclusion chromatography ( S . E . C . )  using a double detection o n  
l i n e  : a low angle l a s e r  l i g h t  s ca t t e r ing  ( L . A . L . L . S . )  apparatus 
(Chromatix KMX-6) equipped with a 15 u1 c e l l  workin; a t  632.E nm, 
and a d i f f e r e n t i a l  refractometer (Waters R 4 0 1 ) .  Elutions were 
performed with tetrahydrofuran ( T H F )  through three  columns 
assoc ia ted  i n  s e r i e s  : E H i ,  E . l O O O  a n d  E.500 (Waters-bBondage1). 
The flow-rate was 0.5 mL.min. , The r e f r a c t i v e  index g,-i:"ents 
dn/dc, needed f o r  ca lcu la t ions ,  were measured i n  THF a t  20°C w i t h  a 
Brice Phoenix d i f f e ren t i a l  refractometer a t  632.8 nm. The second 
v i r i a l  c o e f f i c i e n t s ,  A 2 ,  were a l so  previously obtained, i n  THF, 
from s t a t i c  determination of T, of each sample (A2 = 5.10-4 mol. 
cm-'. g-'). These measurements were ca r r i ed  out w i t h  the Chrornatix 
K M X - 6  L.P..L.L.S. apparatus equipped with a 150 ~1 c e l l .  

W 

14 

14 

-1 

- 

RESULTS 

ir h ib i t i c r .  a s s a y : x d  ri*olecl;lrr weish i  t i e temina t ions .  
Figure 1 i s  a p l o t  of the hydrolysis r a t e  of the 

heniicellulosic subs t r a t e s ,  xylan a n d  mannan, in water or  in the 1 
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ACTION OF XYLANASES. I 153 

HY D R 0 LY S IS 
RATE per HOUR 

ENZYME COMPLEX 
RATION 

F;GUP,E 1. E f f e c t  o f  Enzyse f i n a l  c a n c m t r a t i o n  cn t n e  h y c r c l y s i r  
r a t e  per  hour o f  hemice l lu los ic  s u b s t r a t e s  : x y l a n  i r  
water  (A), xylan in  the presence o f  1 mbl HgC1, (a). 
rnannan i n  water  and i n  1 RM H $ 1 2  s o l u t i o n  (2:. 

mM HgC12 s o l u t i o n  versus  t h e  enzyrre complex concent ra t ion .  The 
enzyme mixture  shows a s t rong  a c t i v i t y  o n  xylan in  w a t e r ,  and t h i s  
a c t i v i t y  decreases  cn ly  near  80 % c f  i t s  value when t h e  rezc t ion  
medium i s  rep laced  by t h e  1 rcM HgC12 so1ut ion.In t h e  same w i y ,  
mannan i s  hydrolyzed t o  a l e s s e r  e x t e n t  in  w a t e r ,  b u t  t h e  mannanase 
a c t i v i t y  seems t o  be unaffected i n  t h e  mercuric c h l o r i d e  IT ,e d '  iun.  

Figure 2 i l l u s t r a t e s  t h e  hydro lys is  of two s tandard  c e l l u l o s i c  
s u b s t r a t e s  over  a wider range of  enzyme concent ra t ions .  
The e x o c e l l u l a s e  a c t i v i t y  r e l a t e d  t o  t h e  enzyme a c t i v i t y  on  
m i c r o c r y s t a l l i n e  c e l l u l o s e  ( A V I C E L )  can be de tec ted  a t  a low leve l  
in water  medium. The 1 EM mercuric  c h l o r i d e  medium does not reduce 
t h a t  a c t i v i t y .  B u t  t h e  s t r o n g  endoce l lu lase  a c t i v i t y  which i s  
measured in  water  by the  hydro lys is  o f  t h e  carboxymethylcel l u l o s e  
i s  t o t a l l y  l o s t  i n  t h e  i n h i b i t i n g  medium. T h u s ,  one can expect  a 
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154 MORA ET AL. 

HYDROLYSIS 
RATE per HOUR 

ENZYME COMPLEX 
NTRATION 

COMPLEX 
ITRATION 

FIGLlRE 2 .  E f f e c t  o f  enzyme f i n a l  concent ra t ion  on t h e  hydrc lys i s  
r a t e  per  hour of c e l l u l o s i c  s u b s t r a t e s  : 
carboxymethylcel lulose i n  water  ( m  ) ,  carboxycethyl-  
c e l l u l o s e  in  1 mM HgCl2,so1ution (+) ,  m i c r o c r y s t a l l i n e  
c e l l u l o s e  i n  water  and i n  1 rr.M HgC12 s o l u t i o n  (a). 

h y d r o l y t i c  e f f e c t  on the hemice l lu los ic  p a r t  of  p u l p  f i b e r s  wi thcut  
encounter ing  a s i g n i f i c a n t  degradat ion of c e l l u l o s e  cha ins .  

T h a t  conc lus ion  was confirmed by de termina t ion  of average 
molecular  weichts  (Table 1) al?d c f  t h e  molecular w i 5 h t  
d i s t r i b u t i o n  curves (Figs .  3, 4). 

The crsphs f o r  s t a n d a r d  a rd  f o r  enzyme-treated pulps 
(Figs.3,4) can be superposed i n  t h e  high molecular  weights  doflain. 
Thus, t h e  c e l l u l o s e  cha ins  a r e  not  c leaved  i n  s p i t e  o f  88 h o f  

a t t a c k  by t h e  enzyme s o l u t i o n  on t h e  aspen pulp (Fiqure 3 )  or in  
s p i t e  of 24  h of a t t a c k  on t h e  spruce  pulp by a f o u r  t imes more 
concent ra ted  enzymes s o l u t i o n  (F igure  4 ) .  A f t e r  enzyrr;atic 
t r e a t m e n t ,  d i f f e r e n c e s  a r i s e  only i n  t h e  low molecular  weights  
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ACTION OF XYLANASES.  I 155 

TReLE I 

Character is t ics  of the Carbanilated Derivatives From the Pulps .  

1.118.000 1,110.0011 648,000 2 .155 1.250 1 . 7 2  0.157 Spriice p u l p  
standard 

0.160 1.150.')00 1.lfi0.0011 670.000 2 . 2 1 5  1 .290 1 . 7 3  Enzyme-trea Led 
SPI'IICC l1'Jl? 

80O.OlJfl R05,000 115.0(10 1.550 605 2 . 5 6  

( a )  dcterinined by L . A . L . L . S .  ( S t J t i c  f b t h o d )  

(11)  dPtcrmined by S i r e  Exclurion ChrOtnrltont-a(rliy (Oynasiic l lethod usinq L . A . L . L . S .  and d i f f e r e n t i a l  

( c )  moldr w e i g h t  o f  the c a r b a n i l a t e d  pionomer u n i t  = 51'1 q . ~ n o l e ~ ~  

r e f r a c t o m e t e r  coupled on I i n e l  

domain. In addi t ion ,  the  d i s t r i b u t i o n  curves (Figure 3) fo r  
enzyme-treated aspen p u l p  ind ica te  a loss  of low molecular weight 
material while i t  i s  nct t he  case f o r  the  curves (Figure 4 )  
obtained from enzyme-treated spruce pulp. This cal: be explained by 
differefices according t o  wood o r i g j n  and chemical pretreatment. 
Indeed,the y i e ld  in xylan macronolecules which can be subjected t o  
enzymatic hydrolysis i s  higher i n  aspen p u l p  (Table 2 )  t h a n  in 
spruce p u l p  (Table 4 ) .  

Eloreover, the hydrolytic ac t ion  on hemicel luloses reduccs the 
r e l a t i v e  abundance of these macromolecules i n  the spruce p u l p  
(Figure 4 )  so tha t  curve 2 re la ted  t o  enzyme-treated p u l p  lays 
beneath curve 1 re la ted  t o  standard p u l p .  Some hydrolysis products 
w i t h  low molecular weights a re  a l so  generated. I n  the same way, a 
marked e f f e c t  was expected f o r  experiments with aspen p u l p  where 
xylans a re  the  only hemicelluloses (Table 2 ) .  O n  the contrary,  the 
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RELRTIUE ABUNDANCE 

1.10 

l m 2 0  1 
1 .oo 

0.90 

0.80 

0.70 

0.60 

0.50 

0.90 

0.30 

0.20 

0 .10  

0.00 

3.50 ' t . 0 0  9.50 5.00 5.50 6.00 6.50 7.00 

FIGURE 3. Molecular weicjht distribution curve of the carbsnilatEc 
derivztives from the aspen pulp.Contro1 pulp curve ! 
(+++), enzyme-treated pulp curve 2 (-!. 

distribution curves (Figure 3) show an important increzse in the 
relative abundance o f  molecules having lower molecular weights. The 
reason for that increase is not kncwn but i t  could expldined by 

discrete cleavage o f  bonds in xylan chains with polymerization 
degrees higher than those usually admitted. Indeed, the averaGe 
viscosisetric polymerization degree (EL) o f  isolated xylans from 
hardhcccls is kncwr: to be around 150-200, but no result was ever 
Gbtained about xylan chains which cannot be extracted with alkaline 
medium. The use of carbanilated derivatives in this method14 which 
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RELATIUE 

1.90 - 

1.20 - 

1.00 - 

0.80 - 

0.60 - 

- 0.90 - 

0.20  - 

0.00 

157 

ABUNDANCE 

f \  

i'-i 
+/ \ 

+#+ 3 , , , , ( , , ,  LOG M 2 
, , I , ,  , I ,  I , I , ,  

F IGURE 4 .  Molecular weight d i s t r ibu t ion  curve of the  carbanilated 
der iva t ives  from the s u l f i t e  spruce p u l p .  Control p u l p  
curve 1 (+++), enzyme-treated p u l p  curve 2 (-). 

involves the so lubi l iza t ion  of a l l  the f i b e r  cons t i tuents  seems t o  
be a proper way t o  ident i fy  the  rea l  hemicellulosic part o f  the 
plant celi-walls.  

Neutral s u p r  CoGpo~iticn c f  pulps acd  p u l p  degradation 
products.  

Tables 2 ,  3 and 4 give the rcolar r a t i o s  cf neutral sugars i n  
the d i f f e ren t  pulps. The sugar ccrrpositicns a re  cons is tec t  with 
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TAeLE 2 

MOM ET AL. 

Neutra l  Sugar Composition o f  I n i t i a l  and 88 Hours Enzyme-Treated 
Aspen Pulps .  

~ ~~ ~ 

Ara Xyl Man G i  c 

I n i t i a l  aspen p u l p *  0.5: 19.6'; 1 .9% 78": 

t -- Enzyme- trea ted p u i  p 0.9% 19.5:: 2:; /;.a: 

x m o l a r  r a t i o s  

TABLE 3 

- -  ------- -_-- . - - -  I___ 

I n i t i a l  Birch K r a f t  o.7 I 25.2 72.1 'x 
pulp (molar  r a t i o s )  

...- __-. -. - - _-_-- 
1.5 X - c  5 374 c l L  

tiydrclp;<s products  
we i y h  t (mg ) 

---- - ~ --_... ~ 

Per  cen t  G f  theii-fti-al- 
c o n t e n t  o f  the 2.8 % 5.9 % C % 0.3 5 
c c r b s i d e r &  sugar ( K / w )  

* determi.ne6 f r m  R o n t s a ? ? E r i d i m s i s .  ** frum 30 g o f  dry  p u l p .  
- _ _ _  -- - 
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1:ei;tral S u a a r  Ccmpositioq o f  Spruce S u l l i t e  P u l p  arid Relative 
prooorcion of Each Pleurral S u s a r  Preser t  i r :  t he  Solubie Kydrolysis 
Prccucts After Enzyrre Treatment Fa r  2 4  Eours. 

Per cent 

( id/ \,I ) 
Ara Xyl Man Glc mass loss+ 

I n i t i a l  spruce s u l f i t e  
p u l p  (mola r  r a t i o s )  1 .4  % 7 . 7  % 8.9 % 82 Z 

Hydrolysis procucts 
weight** (mg ) 3.8 104 15.8 37.5 0 .6  Z 

Per cent of the i n i t i a l  
content o f  the 1.3 % 6 L 0.6 Z 0.1  % 
ccnsidered sugar ( W / W )  

determined from monosacchariae analysis.+* f r c s  50 5 cf cry p ~ l ; .  

--- 

II------ 

analys is  r e s u l t s  o f  indus t r ia l  pulps o r ig ina t ing  from the same 
wood specics a n d  which have been subjected t o  s imi l a r  cooking 
processes. 

The ana ly t ica l  r e su l t s  on the  enzyme-treated aspen p u l p  (Table 
2 )  show tha t  t he  enzymatic hydrolysis does n o t  cause a s ign i f i can t  
decrease in the  hemicellulose content o f  the  p u l p .  The ancunt of  

soluble sLSars in the incubation r e e i u r  asrcEs w i t t .  X ~ C -  

conclusion. 
The hydrolysis r a t e  ca lcu la ted  as t he  r a t i o  of the 

xylo t r iose-equiva len t  weight" t o  the  dry pulp weight was l i n i  ted 
t o  0.5 X ,  although the incubation time was as long as €2 h with 
henice l lu lascs .  The susars r e l ease t  here at:alyzEc! c1: Biogel column 
2s seen f o r  birch p u l p  hydrclytic prcducts (F iaure  5 ) .  T h y  Delotq 
t c  t h e  xylose s e r i e s  f r c s  d p  1 t o  8; glucose or ce l lob ic se  which 
a re  obtained i n  l i t t l e  arccunts ( T a b l e  3 )  may Ix present beneath the 
peaks o f  the xylose s e r i e s .  

Tables 3 a n d  4 give the percentage o f  each neutral  susar 
i n i t i a l l y  present in t h e  birch acd spruce p u l p s  respec t ive ly ,  which 
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MORA ET AL. 

FIGURE 5 .  Biogel P 2  analysis of the dialyzable sugars from a 24 h 

0 '  
hydrclysis of  the k ra f i  birch F u l p . V o i d  vo1un;e:V 

can be determined ir. the r i > t u r f  o t  so luble  susars  prcdUceG by an 
enzymatic degradation for  24 h .  

Tht> r e s u l t s  i l l u s t r a t e  again t l , a t  l i t t l e  rcaterial i s  l o s t ;  
t h q  a l so  ind ica t e  the  se l ec t ive  hydrolysiz a c t i o n  w i t h  regard i c  
Clannails a n d  xylzns ( T a b l E  4 ) .  

floreover, the  main enzymatic action on s u l f i I e  sprbce p u l p  
(Table 4 )  comes from xylanases which appear t o  be 10 times more 
e f f i c i e n t  than mannanases with respect t o  recovered soluble suoars. 
T h i s ,  of course,  assumes tha t  soluble sugar content cor re la tes  well 
w i t h  the number o f  bonds cleaved i n  the nacroimlecules i n s i d e  t h e  
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T A B L E  5 

Standard aspen p u l p  1 .4  1.16 i66 2 . 2 3  

Xylanase t r ea t ed  p u i p  2.1 0.2 17 i. 7G 

f i b e r  c e l l  w a l l .  T h a t  s e l e c t i v i t y  could be expected f o r  hardwccd 
p u l p ,  b u t  i t  i s  more surpr i s ing  w i t h  a spruce pulp where mannans 
a r e  the  main hemicellulose of  the  c e l l  walls (Table 4 ) .  T h ~ s ,  the 
respective l c c a l i s i t i c n  o f  the  two nacrorolecules inside the pl2nt 
c e l l  wall a r e  t o  be questioned. 

Enzywes e f f e c t s  on p u l p  cha rac t e r i s t i c s .  

Table 5 s u m a r i s e s  the r e s u l t s  o f  the  physical t e s t s  of the 
aspen p u l p  a f t e r  a n  enzyme 

T h e  water re ten t ion  value is  increased by 20 %. That i s  a 
f i r s t  ind ica t ion  of i m p o r t a n t  rnodffications w i t h i n  the  ce!l wall of 
the aspen p u l p  fibers which was not expected on the bas i s  of the 
m a l l  mass loss. The major r e s u l t ,  however, i s  obtained by spec i f i c  
area measurements and pore radius ca l cu la t ions .  The mean pore 
radius i s  reduced by a f ac to r  o f  ten following the  action of 
xylanases, and this demonstrates t he  formation of  micro-cracks 
which may be opened i n  t he  walls of  pores r e su l t i ng  from the  
chemical treatments o f  the aspen wood. 

degradation f o r  88 h .  
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162 MORA ET AL.  

FIGURE 6. Scanning electron microscopic observations o f  the kraft 
birch pulp : control ( I ) ,  enzyme-treated pulp for 24 h 
( 2 ) .  
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The scanning e lec t ron  microscopic observations o f  the bleached 
k r a f t  p u l p  from birch (standard and 24 h enzyre-treated pulps) 
corfirm the  abcve coriclusirrs.  The photographs c l ea r ly  shok a r  
external f i b r i l l a t i o n  a n d  a good f l e x i b i l i t j  o f  f i be r s  which a l sc  
inrply in te rna l  nodi f ica t ions  (Figure 6 ) .  

furthermore, a ca refu l  shrvey of t he  preparation d i d  ro t  
r e ~ ~ a l  t h e  chcppeci aspect c h a r a c t e r i s t i c  c i f  crllulase-desradec! 
f ibe r s  , t h u s  cvnfi rmi ng the  e f f i c i e n t  i nh ib i t  i Grr of erldccel 1 ul ases . 

Endc-cellulase i r ~ h i b i t i o n  was obtained in a nercur ic  chloride 
solutivr.  k i t h  the objec t ive  to  study s e l e c t i v e  nodi f ica t ions  inside 
p u l p  f i t e r 5 .  !t cannGt be expected t h a t  an i cdus t r i a l  process slight 
be b u i l t  i p  such a sediuni, b u t  we have been able t o  den,crstratf the 
se l ec t ive  ac.tior: cf  xylenases CI; ii laboratory sca l e .  

Certainly,  the  crude er i zyna t i c  complex iccludes mannanasrs 
which 2re not  ir ,hibited irr thc rcac t icn  ccr.tiiticns. k w v e r ,  s i c c e  

cluccniacnans a re  ten tic:cs less  present t h a n  YylanC ir! the aspen 

p u l p  f ibe r s  and since nar:r:ana:t: a rc  n o t  very ac t ive  on the 
isolatcc: s l ;bs t ra te ,  we cannct ascr ibe  the ir.iportdt!t characes in the 
FhjSiCi;l cb ,a rac tc r i s t ics  c f  the aspen p u l p  t G  niannariases. 
Furthernure, the l i t t l e  e x c c ~ l l u l a c e  c.r ce1:otichydrolase t c t i v i t j  
cn c r j s t a l l i n e  ce l lu lose  n , i c ru f ib r i l s  k c u l d  no? g rea t ly  a f f e c t  t k t  
rhicrofibril u l t r a s t ruc tu ra l  cuhesion, nos t ly  sirice t h i s  o r t i v i t y  i s  
not enhanced by synergistic e f f e c t  k i t h  tha t  o f  erdoce l lu lases .  

A l :  these r e s u l t s , t h e  rrolecular weigbt d i s t r ibu t ion  curves as 
well as the physical t e s t s ,  ind ica te  t h a t  xylans a r e  more widely 
hydrclyzcd i n  the  f i b e r  c e l l  wall thar i t  i s  shown by the usual 
mode of calculat . ion o f  the hydrolysis ra te  based upon the re lease  
o f  soluble sl;sars. Indeed, t h i s  ca lcu la t ion  mode does nct account 
f o r  xylan hydrolysis prcdhcts l e f t  " in  s i t u "  ir. the  f i b e r  ce l l  wall 
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where they a re  re ta iced  via hydrcgeri bopding. Uith respect t c  the 
d i s t r ibu t i cn  of xylans between ce l lu lose  microfi b r i l  s2  y 3  y 4  ’ ce l l  
wall cohesion should be widely Kodified by a se l ec t ive  action on 
xylans mainly i n  hardwocd p u l p s  where the xylar: content i s  
important. I t  i s  the aim of p a r t  I 1  t o  test. p u l p s  w i t h  regard t c  
papemakin5 proper t ies  in c rder  t o  cot-ifirm t h e  r c l e  o f  x j1ar .s  cn 
f i b e r  s t rength .  

We have a l s o  pcinted b u t  ? h a t  n:anr;anases l i k e  xylariases k . w ~  
t h e i r  a c t i v i t y  i n  the ir ihibit ing medium. I t  is, ther,, i r r t t r e s t i r c  
t o  ncte a g s i v  t ha t  glucorannans, in c c r t r a s t  t o  xj.lans, a re  not 
:.ignificafitly degraded in spruce WcGd pulp fibers. The d i f fe rence  
n:ust r e s u l t s  frcri a lower access ib i ! i t j  cf  much of  the ylbccn;annaKs 
vt-ick a re  in c l c se r  assoc ia t ion  w i t h  c e l lu lose  than xylans16’..’.  

7 -  
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