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The Types of Linkage of Carbohydrates in Wood Cell Wall (I) ™'

— The Isolation of Carbohydrates —
Sang Pill Lee*? - Jong Yoon Lee**

Summary

This study was performed to find out the types of linkage of carbohydrates in wood cell
walls.

To study the structure of linkage of carbohydrates in wood cell walls, we have attemapted
to find out the method holocellulose preparation and optimum condition of enzyme hydrolysis
in holocellulose, and fractionate oligosaccharide with products that hydrolized partly by
acetolysis and deacetylation in holocellulose.

We have achieved four results. These results as follow;

1. At first, we reacted in wood meal NaClO. 1g per lignin lg for one hour and then the
same of quantity NaClO, for four hours.

Through these experiments, we have developed new holocellulose preparation method
which had low loss of carbohydrates and high effect of the delignification.

2. The optimum condition of enzyme hydrolysis of holocellulose which had lignin was
0.005M sodium acetate buffer (pH 5.0}

We have achieved 7.2% reducing sugar through the procedure that reactioned 0.0lg
holocellulose putting enzyme 0.03g for 72 hours. It may be supposed that 5.5% of lignin
contained in holocellulose prevented enzyme contaction from holocellulose and so this lignin
has resulted in the low efficiency of enzyme hydrolysis.

3. We did not fractionated from oligosaccharides which were preparated by the method of
acetolysis and deacetylation in holocellulose. The reason is that holocellulose having a lot of
lignin prevented prefectly partial hydrolysis from the method of acetolysis and deacetylation.

4. We attempted analysis of six standard substances through HFLC apparatus having sugar
pak 1 column which we have changed flow rate and the column temperature variably. These
six standard substances were D-glucose, D-mannose, D-xylose, D-galactose and L-rhamnose,
L-arabinose, But sugar pak 1 column was not fitted analysis of four substances because
D-galactose, D-mannose, D-xylose, L-thamnose were agreement with elution time. And so, we

could not analize four standard substances with sugar pak 1 column.
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Table 1. The different stage of chlorite delignification for sapwood meal of Populus
deltoides
No Re(gga)nt‘ T(f:;” Regant Time Regant Time Regant Time Regant Time Regant Time
1 2 1 2 1 2
2 2 1 2 2 2
3 3 1 3 2
4 3 1 3 1 3 1
5 3 1 3 2 2 1
6 3 1 3 1 3 1 3 1
v 3 1 3 2 3 2
& 3 1 3 2 3 2 3 2
9 3 1 3 1 3 1 3 1 3 1 3 1
1) 3 1 3 4

- Kegant:NaCl0Q,, **Time:Reaction time.
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2.4 Holocellulose2| BHIAX
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€ g7 AT BEE4E %) 939 34,
grgo] AlgEE AAS bufferdE 7] G
0.02M McLlvaine buffer(pH5.8)% 0.2M sodium
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Holocellulose 0.01g% 50mé& 4tZflasks] %

eF UHBe MEE %< buffer® 20ml 7HE T
~3%%o EFAE Holmy UEF F 40°CH
G2 A g5z ¥ 80E/mine YA
T Hbg F100°Ce] B B&o0M 15450 RS
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AHF o) E Aol e wAsEs 2
HEE AdRsn, A2k b dry ovenP3ol
A Zg Az

A acetyl L%

HzE crude acetate 25g% B4 uw
150mfo] B A A Ansta chA] 75m T4 v
ol EHAA e,
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Charcoal-Celite columnol 23] ¥ oligo-
saccharides® B Mk #, alditol-acetate
FrAE &9 glciz FHstAch

TEEGe A EEE SRS ¢
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2.7 HP.LC 2%

R EREWE L-rhamnose, L-arabinose, D-
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Table 2. Analysis conditions of HPLC

Model Column Solvent Detector @imn (0)

Flow rate Column temp.

60

7

80
Waters  Sugar  Water  RI 16x 90
441  Pakl

0.2

60
70
80
90

03

60
70
80
90

04

60
70
80
P

0.5

3. BR X EE
3.1 A#e] RS o

BE FIBED de KM K55 1917 1
&3 Shorgerl® KM ks KEoz 3n,
a9 @& giviel dov & #HBIAME TAP-
Pl #&% 9 JIS A&¥E Pl e —#
e SirEel A& pHrskgch

ol Fub g WAool (LBE MG SR
17 Table 33 #Th.

Table. 3. Composition of Populus deltoides(%)

Cold Hot 1% NaOH Organic Kl
a ason
Water  Water solvent  Ash :
extract -L.gnin
exfract  extract extract
238 44 272 9.0 07 24.0

3.2 KMol #Em 2

Kol RERE e B IKSBE Fod
G U kEEEE HAa o] EHel7] WE
o glc HHFe sl BEHE FEEs O
Fojof gt

ol FH#ol¥ Methylation™, TMS{E®, ¢td€
feigsigol sley A& A&F alditol-
aceate’th 2 28 glc e, s

Table 4+ v HFUF A EHHE R
o},

Table 4. Sugar composition of Wood

Species Components(%)

b Ara. Xyl. Man. Gal. Glu. Rham.
Populus ‘
deltoides 43 294 35 14 630 T

T*: Trace, below 1%

8 ol A arabinose &7 ¥ galactose 371
%= arabino-galactan®l A, xylose @71% 4-0—
methy! glucuronoxylanol A A= glct 425
o, @F4A hemicellulosed] & galactoglu-
comannan®] FFESA %7 W& mannosedt”
¥ glucomannanol X HXHE ZHolth

Glucose 2718 K7L cellulosedl Al HXEK
), 2359 3 A¥E glucomannand A H
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BHE7 AFggn g
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ATt

x KBIANE #iagRe FEse RKES

B &4 HdE AAAIIEA ligning %ol
A A7 7] Y8l Table 1014 9 & o] r}A
ZdgA ogAMEHAN 93 holocellulosel
W e lignin SET BEEE o479 HEE Table
50 eER AT

1 lignin A= M= No.8 9100l £
2 holocellulose®] &9 UM e Nol.2¢9 ¥
Eol gkt

HE No.8 9,108 vusted & o No8e #tg
A2k NaClO,7F 12g Eolztor, vhg e 74
ZFol 28 HAT, No9= NaClO,7} 18g, ¥H54
ZHe 6412, 283 A8 No.10€ NaClO,7} 6g
ARSE AL, WHEAIE 5AI o] AL SR

£ holocellulose® F&oJX = No.109]
No.89¢l ®3s) 28 =Udth

ol 2}zko] wkgAlZto] &1, K lignindl AH&E
NaCl0,9] el Ad oo, & BRI FTEBH
B ligninAl RAEEHS &4 AT 94
A ligning€ Bol AAY  de A4 ¥
3 No.109 ®d o]l holocellulose2l FE Lol
7HE Hgstctn Azse] & AYAME o A
#2 E holocellulose® FABE AT

3.4 Holocellulose2 BFEHRR

faYy MREEERC fFiEste RAK(LGHe #iE
& eyl A% & HEko g £PBY FHik
A BRE A 32F9 lignin©l EFHH

Table 5. Lignin contents and sugar composition of holocellulose

No Klason- Yield of holo- 7 Composition(%)
hgﬁn cel%&lfse Ara. .« Xyl Man. Gal. Glu. Rham.

1 11.0 85.2 5.6 32.2 3.9 21 55.8 T
2 10.2 84.3 3.1 31.0 34 1.6 58.7 T
3 9.0 81.2 52 305 43 T 593 T
4 8.0 80.4 50 301 4.0 T 60.0 T
5 8.0 80.3 4.3 30.3 4.2 T 60.1 T
6 7.3 79.1 4.1 28.3 4.8 T 63.0 T
7 6.7 79.5 3.6 274 24 T 65.0 T
8 5.1 78.7 1.7 256 3.0 T 69.2 T
9 4.8 77.2 4.0 26.2 49 T 64.6 T
10 55 79.3 2.3 26.1 3.2 T 67.0 T

T*:Trace, below 1%



40 =4 Fs 158 35 19874 9¥

A& holocellulose® PAAKG# &7 93 R
#He #7] 98t bufferd] EEE v, 27
2 bufferd) FEE HSAAH HFY HRE
Table 6, 791 #A3Ach

Table 6. The effect of three types buffer sol.

in relation to incubation time on

enzyme hydrolysis

Reaction time(hr.)

48 60 72
Buffer sol.

0.02M

Mecllvaine buffer - - 1.8
{pH 5.8)

0.2M

Sodinm acetate buffer - - 24
(pH 5.0)

0.1M

Sodium phosphate buffer - - 1.2
(pH 6.9)

Tahle 7. The effect of buffer con. in relation
to incubation time on enzyme hyd-

rolysis

Reaction time (hr)

72 84 96 108
Buffer con.
0.05M
Sodium acetate buffer 72 72 72 72
{(pH 5.0)
0.1M
Sodium acetate buffer 27 27 27 28
(pH 5.0)
0.2M
Sodium acetate buffer 24 25 24 24
{pH 5.0

#19] #EANA sodium acetate buffer’} T &
% bufferdll ®l&f o £& HEE vehidod,
buffere] F%e] UAXE 0.05MY W7F 5MEH
£E 7 A4 dehdch

el ggAIZbe loi A A el A
2N R R iR lofAl Rbolrt WA Rl 724
b ol ZollE WEE fdvt

aHe 99 ERAAM FFY 0.05M sodium

acetate buffer& FIA SIS holocellulose 0.01gell
0.03g8 BEA2E %9 20me HELEAE 73t
7243 A S o} 7.2%9 @ddol HAH
st

BER 2 cellulose? #H 71 E9 HHFHA &
g g7l A holocellulosed] EAESH N 484
b 982 2 holocellulose7t A9l K4 taks
o oAnn AW °o]EL holocelluloserol
Lgninel 0.7% 2 Al fle dedolr hiks#E
g7 o] & AT holocellulose”t A9
K|y kg A

PN BExBdz 73 FUdIY ol
e A& celluloseol lignin® hemicellulose”}
U@ e R A et A7 HEe Aiad
27t cellulosedr ol Effsted B W& &
o} holocellulose?t £33 F@E + A

232 g holocellulose® BALER HBES
Eol7] HatdMe 3ty wgony, HEMNY
HEko 2z Axvt REHS BUA 8 &+ A
 R2EAE 9A 8§ Foior &9, %3] lignin
ligno-cellulosice] FHER cellulosedl ZF8tA &5
#3817 W& ligning BEde #Eo) &4
C: LR

3.5 Otigosaccharides®] B % ¥

Millers 2 £ cellulose® FIHS HAYQL
{fuming hydrochloric acid) ¥ acetolysis &}
deacetylationol 2l 5 MK #EHE char
coal-celite columno 2 2¥=7F 2~7712 9
oligosaccharides® ZBEY & UJtn B3 3
o,

28X & d¥EAME A% 44 PES
dAct

ol A B MKH#E & F alditol-acetateEoll
o8 gle 4¥& Chromatogram$ Fig. 19
bl ok

Columng 539 d& iy HEE gle &
W9 g 9 A2#9 glucose® mannose?t 1:1
9] HERE veER

olAe g nfo] B o 4FEFY ligninol FE
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3

Components /\
1. Mannose i
2. Glucose / \
3. Inositol / \

\ 2 \'
N AT L

10 20 30 (min)
Fig. 1. Gas-liquid chromatogram of sugars in

eluated fractions from Charcoal-Celite
column.
Column:3% ECNSS-M on Gas-Chrom Q.
Condition: 200C, 45ml/min. (N;), FID.
8l A8 S acetolysis @ deacetylation®} 9 &
o B koBAAMAE ©2d Hy B mks
7t dojyal gskdhe Aelth
a2#M & d#oAAME holocellulose & H
acetolysis 2 deacetylation®l 2|3 charcoal-

celite column® 2% oligosaccharides®] 7B+

& £ o

3.6 HP.LC &%

B SHAl e §iREs EEY ¥ ofy
g B FAEA Aol Wel 2aFH+y alditol
acetatefiol 213 glc Rz FES FHRL
7ZrEsta, SiERe] #ov, SREESo] Hol
¢ hplc® S Kt 8 HH2 7l
A3t WA EEHES FHSTY dFsach
Sugar pak 1 coumm® {EA3tS sample2 M BRE

#'8 L-rhamnose, L-arabinose, D-xylose, D-man.

nose, D-galactose, D-glucose® FIAASt column

oo §5S HBAA UM YUY KRS

Table 8ol el AU

Table 8olAM ¢t 2ol 6742 BEFEAELE 44
5%z &o Hzo column £EE 90°C, H& S
0.5ml”min, detector® RI 16x & 3ddoH,
48 750 psiz B SiTEA& o D-xylose,
D-mannose, L-rhamnose, D-galactose¥ elution

time©o] 1182 MdAA da3¥ 2wy, L-arabinoses

Table 8. Relation between flow rate column

temperature in sugar analysis by

HPLC

Flow Rate Column Temp. Elution Time{;1n.)
(m!i/min} C) Ara. Xyl Man. Gal Glu Rham

0.2 9o~ 29 27 27 27 235 27
0.3 90 23 21 21 21 19 21
04 90 16 14 14 14 13 14
0.5 90 1z 11 11 11 10 11

* Elution Time: Approximate elution time in

minutes.

12890, D-glucosew 108U &2 71¢ ®zA
Fia=

2 elution timeo] YA d= 419 HES
THEY £ A 2TE 27 dst 94 f58
0.5m¢ /min. oA 02w, min. 7}A| i}ﬁﬂi H 5k A
71 Axsted BokAW, §4%& YEFE A
A A2 elution timeTr Fo]d I xylosesdr mon-
nose, rhamnose, galactose®] peak® ®#a& =+
ATt

281 columnd% Wil o3 Hig= &%
7t dErE
nose?| peakv FEEA ¥3: FeEwHo| AR
| oA 29, elution timedlE 9Fz7He) W87}
Ak,

o]¢t#o] Sugar Pak 1 column$ FF3td %k
&l FEdte 499 ohe A8 meyy
g o &% on HPANA xylose, mannose,
galactose, rhamnose® Z¥E 4 YA}

Fig.2.& 6719 E¥EHES EFsto £ 4
o]},

xylose, mannose, galactose, rham-

2

Peaks

1. Glucose
2 1 3 2. Xylose
g Mannose
3 Galactose
5 1A Rhamnose
o P 3. Arabinose
5] IR
Al
o) N

10 20 (min.)

Fig. 2. The sepration of sugar on a Sugar Pak

1 column. Column temp.:90°C, Mobile
phase:water, Detectors:RI 16x, Flow

rate:0.5ml/min.
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4. % &

Rbre] ffasidol st RAKILEY R
FHEFXE M98, MEL holocellulose
o} Bl BE A holocellulosed) MESME
A F@EBEAF, 28l holocellulose® acetoly-
sis 4 deacetylationdl 9% #5 mko#E o
o} &l oligosaccharides®] 78 2 H#< sto) ¢}
&3 & ERE 999

1. NBEEA &8 lignin 1g93 otg 4t
HEF 1gg 9ol 1A A7 E T 2
AMokg W 443 w3t ed R lignin BB
P EFIL RAKILEWY &4 A& AEL holo
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