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SUMMARY

. TITLE

Prcducticn cf Functicnal Material fram Xylan of Agricultural and Faorest Westes

. OBJECTIVE AND NECESSITY

One of the most abundant and inexpensive biomass is hemicellulose
especially in agricultural and forest wastes. Hemicellulose accounts for up
to 20 25% of the total dry weight of higher land plants, and about 20% of
agricultural waste such as rice straw or wheat straw. The xylan, a group
of heteropolysaccharides, are the major components of the hemicellulose
fractions of many terrestrial plants. For example, xylan occupies 20-40%
portion of softwood hemicellulose, 80 90% portion of hardwood
hemicellulose, 68 78% portion of agricultural residues hemicellulose such as
rice straw and wheat straw. The composition and structure of xylans vary
according to their sources, but all xylans are composed of a backbone
chain consisting of xylopyranose polymer linked with B (1-4) glycosidic
bond.

The xylooligosaccharides is a major intemediates of xylan hydrolysis
with xylanase and has received increasing attention as a growth promoting
factor for Bifidus in the large intestine. More specially, the
xylooligosacchride can be renewed and utilized as new functional food
additives in dietary industries. So far the study on the production of
xylooligosaccharide has been poorly investigated, even though the
hydrolysis of xylan is extensively studied for the production of xylose

monomer. The xylooligosaccaride has not produced in our country. The
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xylooligosaccharide production and its technical development are becoming
more and more important for industrial aspect of functional food. T he
uronic acid derivatives, one of xylan hydrolysates, play an important role in
detoxification of oxidative radical and metabolism of steroids. We
investigated effective methods for the isolation of xylan, and established the
optimal condition for the production of xylooligosaccharide and glucuronic
acid derivatives. Development of new function in uronic acid derivatives
and xylooligosaccharides will promote the additive value of agricultural and

forest wasts.

. SCOPES OF THE STUDY

The prgject consists of two subject and a joint subject. The formers are
production of functional xylooligosaccharides by enzymatic hydrolysis of
xylan and manufacture of new functional materials by isolation and
chemical hydrolysis of xylan. The latter is development of new function in
hydrolysates of xylan. The major contents and scope of this project can be

summarized as follows :

1. Production of functicnal xylooligosaccharides by enzymatic hydrolysis

of xylan

1) Development of microorganism produced xylanase which has excellent
productivity of xylooligosaccharides from xylan
Isolation of microorganism produced xylanase and investigation of its

microbiological characteristics
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Xylooligosaccharide production by various xylanases of isolated strains
Selection of microorganism produced xylanase which has excellent
xylooligosaccharides productivity and investigation for production of

xylanase

2) Enzymological characterization of xylanases and production of xylooligosaccharides
Purification and enzymological characterization of xylanase which has
excellent xylooligosaccharides productivity
Production of xylooligosaccharides by xylanases and compositional
analysis of xylooligosaccharides
Establishment of condition for xylooligosaccharide production

Preliminary test for cloning and isolation of xylanase gene

3) Cloning and overexpression of xylanase gene
Cloning and sequencing of xylanase gene
Overexpression of xylanase by recombinant DNA technique
Xylanase production according to culture condition
Xylanase production in jar-fermentor scale
Optimal production condition of xylooligosaccharides by the overproduced

xylanase

2. Manufacture of new functional materials by isolation and chemical

hydrolysis of xylan

1) Pretreatment technique of agricultural and forest residues for Xxylan

extraction

Collection of agricultural and forest residues
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Establishment of pretreatment condition of agricultural residues
Chipping treatment of forest residues from oak wood

Optimal condition of steam- explosion pretreatment

2) Establishment of purification and isolation technique of xylan and
possibility for application of various functional product
Establishment and optimal condition for xylan extraction
Compositional analysis of xylan
Purification of xylan

Compositional analysis of purified xylan

3) Isolation of uronic acid derivatives and xylose from xylan by chemical
hydrolysis
Hydrolysis of xylan by chemical treatment
Isolation of uronic acid derivatives from hydrolysates
Establishment of hydrolysis condition from xylan

Isolation of cellulose from xylan extraction residues

3. Development of new function in hydrolysates of xylan

1) In vitro investigation of digestibility of xylooligosaccharides and improvement
of lipid metabolism in blood
Degradation of xylooligosaccharides by saliva, pancreas and small
intestinal muscus enzymes
Investigation of triglyceride contents in blood

Investigation of LDL, HDL and total cholesterol contents in blood
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2) In vivo investigation of improvement effect of cholesterol metabolism
by xylooligosaccharides
Hepatic HM G- CoA reductase activity
Contents of hepatic triglyceride and cholesterol
Accumulation of lipid peroxides in tissue
Pathological investigation of hepatic tissues

Reduction of blood glucose level in diabetic rat

3) Development of new function of xylooligosaccharides and xylan hydrolysates.
Determination of gastrointestinal transit time
Determination of fecal bile acids contents
Determination of fecal cholesterol contents

Detoxification of toxic oxidative radicals in tissues

. RESULT AND APPLICATIONS

1. Result of this study

In order to produce of functional material from xylan in agricultural and
forest wastes, we established optimal extraction technique and purification
method of xylan. Production of functional xylooligosaccharides from xylan
and production condition of uronic acid derivatives was also established.
Cellulose and cellulose derivatives was manufactured from by- product in
xylan extraction step. Xylooligosaccharide production system by enzymatic
hydrolysis was established by the selection of microorganism produced the

excellent xylanase, cloning and overexpression of the xylanase gene.
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Utilization efficiency of agricultural and forest wastes will be elevated
by the production of functional xylooligosaccharides and uronic acid
derivatives from xylan, which were determined to improve effect of lipid
and cholesterol metabolism, antioxidative detoxification and glucose level in

blood of rat. T he results can be summerized as follows :

1) Results on Production of funtional xylooligosaccharides from
xylan by enzymatic hydrolysis

T hermotolerant Streptomyces thermocyaneoviolaceus M- 049 which
produced excellent thermostable xylanase, was selected for the
xylooligosaccharides production from xylan.
The optimal production condition of xylanase of this bacteria was
investigated in flask and jar- fermentor sclae. T he bacteria produced
14.2 unit/ml of xylanase in the optimal condition.
Three xylanases(N1, B2 and B3) of four xylanases produced by S.
thermocyaneoviolaceus were purified to be homogeneous and
estimated molecular weight on SDS-PAGE and the other
xylanase(B1l) was purified partially.
The optimal pH of purified xylanase N1, B1, B2 and B3 was pH
5.0 5.5. These enzymes were stable at the range from pH 45 10.5.
The optimal temperature of purified xylanase N1, B2 and B3 was 6
5 and that of B1 was 70 . Xylnase N1 was stable at 65 and
xylanase B1, B2 and B3 were stable at 55 for 1 hour.
Km values of purified xylanase N1, B1, B2 and B3 were determined
to be 1092, 2.15, 11.80 and 2.62mg/ml, respectively. Vnex of these
enzymes were 3.02, 0.71, 452 and 1.10 py mol/min, respectively.

The purified xylanase N1, B2 and B3 were bound to unsoluble xylan,
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but xylanase B1 had a low affinity in the insoluble xylan. Xylanase
N1 was bound to Avicell, but B1, B2 and B3 were not.

Purified xylanase N1, B1l, B2 and B3 could not hydrolyzed X-
Xylanase N1 could not hydrolyzed X: but B1l, B2 and B3 weakly
hydrolyzed X: Xylanase N1 could not hydrolyzed X¢ but B1, B2
and B3 hydrolyzed X4 to Xz Xylanase N1 weakly hydrolyzed X5 and
B1, B2 and B3 hydrolyzed X5to X1, X2 and X

Amino acid sequence of N-terminus of purified xylanase N1 and B3
were DTITSNQTGTHNGYF and AESTLGAAAA, respectively.

xynB and xynA genes, for xylanase N1(XynB) and xylanase(XynA),
were cloned in E. coli. The nucleotide sequences of both genes were
analyzed.

Cloned xynA and xynB were subcloned in overexpression vector and
XynA and XynB were overproduced in E. coli.

Characteristics of recombinant XynA and XynB were the same as
xylanase B3 and N1, produced by S. thermocyaneoviolaceus,
respectively.

Recombinant E. coli BLR(DE3)/pEMA 144, containing xynA gene, was
produced XynA(xylanase B3) up to 128 unit/ml and recombinant E.
coli BLR(DE3)/pEMB10, containing xynB gene, was produced
XynB(xylanase N1) up to 142 unit/ml in jar-fermentor. T hese
enzyme productivities were 9 to 10 times higher than S.
thermocyaneoviolaceus.

The xylanases complex of S. thermocyaneoviolaceus and recombinant
xylanases(XynA, XynB) were produced xylooligosaccharides to 58.8
g/t and 65.0 g/ using 10% xylan in optimal production condition,

respectively.
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2) Results on  Manufacture of functional materials by isolaton and
chemical hydrolysis of xylan

@ In the chemical composition, we found that the contents of
water- extractives and ash of rice straw and barley straw were
more than those of oak wood.

(® Oak wood(Quercus mongolica), rice straw(Oryza sativa) and barley
straw(Hordeum vulgare) were treated with three types of
steam- explosion(20kgf/cmz3 6 min, 15 kgf/cmz- 10 min, and 15(30)
kgf/cmz- 10(0.5) min.). The content of lignin in steam-exploded
materials was higher than that of non-treated materials. In the yield
of crude xylan isolated from steam exploded materials, amount of
crude xylan were influenced by the steam pressure in steam
explosion treatment. In higher steam pressure, amount of crude xylan
were higher than those of low steam pressure.

® The crude xylan was extracted from steam-exploded materials with
hot- water and 0.5% potassium hydroxide solution. In the sugar type
of crude xylan extracted with hot water and 0.5% potassium
hydroxide solution, the oligomer content of crude xylan extracted
with hot water was much more than that of crude xylan extracted
with 0.5% potassium hydroxide solution. So, the most effective steam
explosion condition of agricultural and forest residues for isolation of
xylan was 20 kgf/cm2 pressure for 3 minutes. And the most effective
method of isolation was hot water extract.

@® The crude xylan was purified with 5% barium hydroxide solution
and ethanol precipitation procedure. T he content of xylose of purified
xylan was over 85%, but other sugar resides were not removed

completely.
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® The optimal acid hydolysis condition for the isolation of uronic acid
derivatives in xylan was a treatment with 1.0 N sulfuric acid
solution for 90 min. The isolated uronic acid was analyzed using
HPLC and 1:C- NMR techniques. In the result of HPLC analysis of
the isolated uronic acids, oak wood had glucuronic acid and
galacturonic acid and exist approximately 15 : 1 molar ratio against
the xylose residue. Rice straw and barley straw had glucuronic acid
only, and exist appoximately 15-20 : 1 molar ratio against the xylose
residue.
® In the result of 1:C- NMR analysis of the isolated uronic acid, we can
be assumed the existed sructure as follows;
& The isolated uronic acid in rice and barley straw existed
D- glucurouronic acid residue with monomer type.

The isolated uronic acid in oak wood existed 6 types with
4- O- methyl- a - D- glucuronic acid, D- galacturonic acid,
D- glucuronic acid, 2- O- (4- O- methyl- a - D-glucuronic
acid)- D- xylose, 4- O- (p - D- galacutornic acid)- D- xylose, and 3 -1,

4 linked (4- O- methyl- a - D-glucuronic acid)- D- xylobiose.
® The preparation of cellulose from waste residues after hot-water
extract were carried out by sodium chlorite and oxygen- alkali
bleaching. Cellulosic derivatives; cellulose acetate and carboxymethyl
cellulose, were prepared with these cellulose. The degree of
substitution of acetate was 21 25. FT-IR spectra of prepared
cellulose acetate were found that peaks at around 1,200cm-1 and
1,750cm-1 increase markedly, due to ester carbonyl group. The

degree of substitution of carboxymethyl cellulose(CMC) was 0.7 0.9.
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3) Result on Development of new function in hydrolysates of xylan
@ The digestibility of xylooligisaccharides : The xylooligisaccharide
were not digested with the digestive enzymes and examined to be
the low calorie functional food delaying absorption of bile acid in the
intestinal tract by their administration.
® The effect of improvement on lipid metabolism of xylooligisaccharides
The gastrointestinal  transit time were decreased by
xylooligosaccharide supplementation in high cholesterol diet rat. Thus
the xylooligosaccharides supplementation determined to be effective in
the improvement of constipation. Xylooligosacchareide diet decreased
the plasma triglyceride, total- cholesterol and LDL- cholesterol while
increased the HDL- cholesterol, so reduced the atherogenic index. The
levels of excretion of fecal bile acid, cholesterol, coprostanol and
coprostanone were increased in xylooligosaccharide supplementation.
T hus, xylooligosaccharide supplementation determined to be effective
in the improvement on cholesterol metabolism. The activity of hepatic
HMG-Co A reductase, a rate Ilimiting enzyme in cholesterol
biosynthesis was significantly increased in high cholesterol diet, but
it was recovered to the level of normal group by xylooligosaccharide
supplementation.  Xylooligosaccharide diet reduced the hepatic
cholesterol and triglyceride but increased the phospholipid. Blood
glucose level in xyloolygosaccharide supplementation group was
significantly lower than that of high cholesterol diet group.
® The antioxidative detoxification of xylooligosaccharide : Hepatic
superoxide dismutase(SOD), glutathione peroxidase(GSH-px) and
glutathione S-transferase(GST) activities in high cholesterol diet

group were decreased by 21%, 41% and 49%, respectively. but those
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were increased by xylooligosaccharide supplementation and the
reduced glutathione contents were increased. Thus, the level of
hepatic thiobarbituric acid reacting substances(TBARS) in high
cholesterol diet group was increased by 211%, compared to that of
normal group but it was significantly reduced by xylooligosaccharide
supplementation. Light micrographs of hepatic tissue slice revealed
that hepatocyte fat size and number were decreased in 10%
xylooligosaccharide supplementaion groups, compared with the other
oligosaccharide groups.

® The effect of blood glucose reduction in diabetes : To observe the
blood glucose level lowering effect of xylooligosaccharide, we have
checked oral glucose tolerance and glucose level lowering effect in
diabetic rat. By showing reduction of glucose level and retardation of
postprandial glucose level elevation, the xylooligosaccharide improved
the glucose tolerance capacity and reduced blood glucose level.

® The effect of uronic acid derivatives on fatigue recovery after
exercise : The contents of lactic acid were reduced and hepatic
glycogen contents were increased by supplementation of glucuronic
acid derivatives. So administration of glucuronic acid derivatives
promoted the fatigue recovery and strengthen antioxidative system

after exercise.
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2. Option for application

Isolation method of xylan was established to produce functional
materials using xylan of agricultural and forest wastes. Optimal production
condition of xylooligosaccharides from xylan was established using complex
xylanases of Streptomyces thermocyaneoviolaceus and recombinant
xylanases from E. coli. We discovered that xylooligosaccharides and uronic
acid derivatives, which were produced in this project, had new functions
such as improvement of lipid metabolism and gastrointestinal function,
antioxidative detoxification and reduction of glucose level in blood, etc. So,

we suggest our options for the application of those functional materials.

1) The report of this praject should be distributed and advertised to the
related organizations and sugar manufacturers.

2) The developed technology should be transferred to manufacturer and
company which were related to food industry.

3) The results of this project should give a presentation at academic
meeting and publics.

4) New function of xylooligosaccharides and uronic acid derivatives should
be advertised and encouraged its application to pharmaceutical and food
industry.

5) Recombinant E. coli having streptomycete xylanase gene on plasmid
DNA secreted the xylanase into culture broth. This result will be
helpful to elucidate secretion and protein folding mechanism.

6) Isolation method of xylan from oak can be used in commercial process
to produce xylan as reagent grade.

7) For the scale up to produce xylan, xylooligosaccharides and uronic acid
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derivatives, continuous reaction system and product isolation processes
should be studied furthermore and supported more grants.

8) By-products of new functional material production process, such as
cellulose, cellulose acetate and carboxymethylcellulose, can be used for
the utilization efficiency and economic benefit of agricultural and forest
w astes.

9) Xylooligosaccharides and uronic acid derivatives, which had a lot of
new function, will be contributed for public health.

10) Advanced technology achieved during this project can be used as a
database of carbohydrate related field. Two xylanase genes isolated in
this project are valuable in application of biotechnology as a

bio- resource.
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1
450 23Kg 1
20 25% ,
, 20%
xylan xylan 20 45%,
80 90%, , 68 78%
xylan 4- O- methyl glucuronoxylan
4- O- methyl glucuronoarabinoxylan arabinose
acetyl xylose 4 9 1
(DP) 100 : xylan
4- O- methylglucuronoxylan arabinose
acetyl xylose 5 15 1
(DP) 200 . ,
xylan  4- O- methyl glucuronoarabinoxylan arabinose xylose
5 1 (a-1,3 ) arabinose
xylan xylose
xylitol . Xylose

xylitol
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Xylooligo oligo

Bifidus
fructose transferase
Bifidus
xylooligo
, 2 5
xylooligo
xylooligo
xylan 4- O- methyl glucouronic acid
xylose
. Xylan
xylose
xylooligo
xylan
xylan
xylooligo
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xylan xylooligo xylan
2 xylan
1 y ’

1 : Xylan xylooligo

1. Xylanase
: Xylooligo .
2. xylanase xylooligo
xylanase
3. Xylooligo xylanase
1. Xylooligo xylanase
xylanase .

2. Xylanase xylooligo

xylooligo

y g 3. Xylooligo
4. Xylanase
1. Xylanase
2. DNA xylanase

3 Xylanase 3 xylanase

4, xylanase
5. xylooligo
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1 Cx 1
: Xylan 9 ( )
3. chipping
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1. Xylan
2 : Xylan
2. xylan
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3 : Xylan 9
xylose 3: Xylan
4. Xylan cellulose
3 : Xylan
1. ,
1 : Xylooligo xylooligo
in vitro triglyceride (T G)
3. , LDL- HDL-
1. HMG-Co A
2 : Xylooligo 2. TG
in| 3.
Vivo 4.
5.
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xylan
3. cholesterol
4
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2  Xylan xylaclige

1
20 25% ) '
20% . xylan xylan
20 45%, 80 90%, , 68
78% . xylan  xylopyranose
B-(14)
xylan
xylooligo
Bifidus ,
Xylan xylooligo
(Brisaria, 1981).
xylooligo xylan xylooligo
xylanase
, Xylanase
xylooligo
xylanase xylooligo xylan
xylose xylose

- 44 -



xylooligo

xylooligo
xylanase Streptomyces
thermocyaneoviolaceus M - 049 ,
4 xylanase
xylooligo 2 xylanase(xylobiose
xylotriose xylotriose xylooligo
)
subcloning
xylanase
2 xylanase xylan xylooligo
2
1.
xylan 235
(KCTC) (KCCM)
34 xylanase xylan
, Xylanase Streptomyces

thermocyaneoviolaceus K CCM 40049
DH5a ,
BLR(DE3)
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XM (1.0% xylan, 0.1% yeast extract, 0.1% bactopeptone,
0.05% MgSO<s 7HZO, 0.005% FeSO4 7HZO, 0.05% KHZPO4 0.2%
KZHPO4 50 XM (1.0% xylan, 0.1% yeast extract, 0.1% bacto
peptone, 0.05% MgSOs 7HZO, 0.005% FeSOsz 7HzZO, 0.05% KHZPO¢ 0.2%
K:HPO4  15% agar) 1 50 24
(200 rpm, rotary shaking incubator)
XM 200 500- baffled flask 121 15
2%

XM 0.8%

, 0.06% yeast extract, 0.06% bactopeptone, 0.05% MgSO<z 7HZO,
0.005% FeSO4 7HZ0, 0.05% KHZPO4 0.2% KZzHPO<

(WB ) :
XM
50 24 4 . 1

2. Xylanase

Xylanase[B - 1,4- D- xylan- xylanohydrolase(E.C.3.2.1.8)]

100 mM sodium phosphate buffer(pH 7.0) 0.2 (
) 0.2 1.0% xylan (birchwood xylan 1.0 g 80
121 15 100
) 04 65 20
DNS(dinitrosalicylic acid, Miller , 1959) 0.8
DNS
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24

boiling water bath 10
546 nm 1
1 pmol xylose
50 30
xylanase
3.
(bovine serum albumin, BSA)
Bradford (Bradford, 1964) 595 nm , UV 280
nm
4.
DNS (Miller , 1959)
0.8 DNS 0.8
boiling water bath 10 24
546 nm Xylose
. TLC(thin layer chromatography) xyooligo
Xylan xylooligo thin layer chromatography(TLC
; Silica gel 60 FZ Merck ) 1- buthanal
2- propanol : water : acetate : acetonitrile(7 : 5 : 4 : 10 : 2, VIVIVIVIV)
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, orcinol : sulfuric acid : methanol(0.2 : 10 : 90, W/V/V)

95 5
. HPLC(high performance liquid chromatography) xylaoligo
Xylan , xylooligo Sugar-Pak  column(®
6.5x 300 , Water ) HPLC(Water Model 600E)

Refractive Index Detector(Water Model 410) ,

Ca-EDTA (50 mg Ca-EDTA/? ) ,
column 85 , 0.5 , 20
. Xylooligo Megazyme ( ) (Xz X6
integrator( D520B)
ribose 100 /

5. Polyacrylamide gel

SDS- PAGE(sodium dodecylsulfate polyacrylamide gel electrophoresis)
Laemmli (1970) 10% polyacrylamide gel

SDS- tris- glycine buffer[0.025 M tris(hydroxymethyl) amino-

methane, 0.192 M glycine, 0.1% SDS, pH 8.3] bromophenol
blue tracking dye 15 mA 4
coomassie brilliant blue R-250 4
50% methanol  10% acetic acid 1 1
5% methanol 7% acetic acid 2 12
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Laemmli (1970) SDS- PAGE
. SDS-PAGE bovine serium albumin(66 kDa),
ovalbumin(45 kDa), glyceraldehyde- 3- phosphate dehydrogenase(36 kDa),
carbonic anhydrase(29 kDa), trypsinogen(24 kDa), trypsin inhibitor(20 kDa)

Sigma low range molecular calibration Kit(catalog no,

M 3913)
7. Xylanase binding assay
xylan Avicell(Fluka Chemie AG,

PH- 101) binding assay . xylan  Irwin  (1994)
, birchwood xylan(Sigma ) 2 g 40

1 N NaOH pH 10.0
magnetic bar 60 3000 x g

2 50 mM sodium
acetate buffer(pH 5.0) 10 95%

(Toyo no. 5A)

xylan
xylan 09 g . Binding assay
10 50 mM citrate- phosphate buffer(pH 5.5) (1 100 )
xylan Avicell 1.0 unit 15-
Eppendorf tube 50 1 . 20 3
vortex . 15,000 rpm 5
xylanase
xylan Avicell
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Xylanase ,
700 congo- red
xylan 235 1
51 2 . Xylan
xylooligo xylanase
xylooligo monomer xylose B
- xylosidase B - xylosidase
B - xylosidase ,
xylan xylooligo TLC
xylooligo  (Xz X6 R-11, R-81, C-144, C-270, C-506,
J-20, J-59 7 3 ( ). Xylanase
50 2
xylooligo R-11, C-270
J-59 3 4
50
xylooligo xylanase
(KCCM) 15
(KCTC) 19
xylanase 4
3 (R-11, C-270 J-59) 4 xylanase
xylooligo 2-1 . 7
, , xylooligo
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Table 2-1. Xylanase production of the selected strains and reaction
products of their xylanases
Culture temperature( )
40 50
Strains Enzyme Enzyme
activitya Products activitya Products
(unit/ ) (unit/ )
No. R-11 0.96 Xz, X% X<, X5 - (no growth)
C-270 0.84 X<, X5 X6 - (no growth)
J- 59 0.85 Xz, X& X4, X5 - (no growth)
B. stearothermaphillus . .oy
(KCCM 11238) 0.70 X1, Xz, X3 0.47 X1, X, Xi X4
B. stearothermaphillus
.34 X1 31 X1, X4
(KCTC 1830) 03 03 '
S. thermocyaneoviolaceus oy oy
g - P4
(M- 049) 0.81 Xz, X3, X4 0.56 Xz, X5, X¢, X5
Thermomonospora fusca 0.35 Xz X3 0.47 X1, X2

(KCTC 9052)

X1, xylose; Xz, xylobiose; XI, xylotriose; X¢ xylotetraose; XE& xylopentaose;

X¢€ xylohexaose. ¢, Enzyme activity was assayed at 50 for 30 min.

( ). B - xylosidase
, 95 3 xylooligo
xylanase Streptomyces thermocyaneoviolaceus
K CCM 40049( M- 049 )
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S. thermocyaneoviolaceus M- 049 Bergy's manuals of systematic

bacteriology spiral
(1.2 x 04 05 ) warty type
28 60 50
65

D- glucose, D-xylose, D-fructose L-rhamnose, inositol

xylanase
S. thermocyaneoviolaceus 4 xylanase

, xylanase birchwood xylan
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1.
pH
S. thermocyaneoviolaceus M- 049
pH XM pH 0.1 N HCI 0.1
N NaOH pH 4.0 10.0 500- baffled flask 200
24 , 2-1 . pH 7.0
, pH 6 pH 8 68%
100 ¢
A
G AN
® 80 | KX \
z PO
= 60 \
i IJ Y
3 ' 5
Z 40 } / X
= . \
cE / \
20+ /
rr' K‘
o . -
4 5 (5 7 B = 10

Initial pH of media
Fig. 2- 1. Effect of the initial pH of medium on the xylanase production. T he
medium was composed of 1.0% birchwood xylan, 0.1% yeast extract, 0.1%
bactopeptone, 0.05% MgSO< 7HZO, 0.005% FeSO4 7HZO, 0.05% KHZPO4 and
0.2% KZzHPO< The pH was adjusted with 0.1 N HCI or 0.1 N NaOH.
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XM xylan , (rice bran),
(rice hull), glucose sucrose
2-2 . xylanase
XM (1.0% birchwood xylan ) 173%
1.0%
XM ,
glucose  sucrose
xylanase

xylan

T able 2- 2. Effect of carbon source on the xylanase production

Substrate Xylanase activitya Relative activity

(1.0%) (unit/ ) (%)
Birchwood xylan 1.43 100b
Oat spelts xylan 0.79 55
Glucose 0.21 15
Sucrose 0.21 15
Rice hull 0.43 30
Rice bran 0.59 41
Wheat bran 247 173
Only wheat branc 2.28 159

Basal medium was composed of 0.1% yeast extract, 0.1% bactopeptone,
0.05% MgSOs 7HZO, 0.005% FeSO4 7HZO, 0.05% KHzZ2PO4 and 0.2%
KZHPOL & Enzyme activity was assayed at 50 for 30 min. k, The activity
in the birchwood xylan was taken as 100%. ¢, The medium contained only

1% wheat bran without basal medium.

- 54 -



xylanase XM
xylan xylanase

2-2 . XM 0.8%
100 + e l

60 ¢ /

|/
04

a i j i .
0 0.2 0.4 0.6 0.8 1
Wheat bran(%)

Relative activity(%)

Fig. 2-2. Effect of wheat bran concentration on the xylanase production.
Basal medium was composed of 0.1% yeast extract, 0.1% bactopeptone,
0.05% MgSO<s 7HZ20, 0.005% FeSO< 7HZO, 0.05% KHZPO{ and 0.2%
KZHPO<
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. Yeast extract peptone

Xylanase 0.8%
yeast extract xylanase
birchwood xylan 0.8% XM yeast extract
xylanase , 2-3 yeast
extract , 0.06 0.2%
, 0.3%
100 .,.l'._,-—"'\
L
. Bor
&
= ““‘“'a\\_'
2 B0 f
0
m
L
=
m 40
JI¥
o
20
0 ! . ! !
0 0.1 0.2 0.3 0.4 0.5

Yeast extract{%)

Fig. 2-3. Effect of yeast extract concentration on the xylanase production.
Basal medium was composed of 0.8% wheat bran, 0.1% bactopeptone,
0.05% MgSO<s 7HZ20, 0.005% FeSO< 7HZO, 0.05% KHZPO{ and 0.2%
KZHPO<
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Xylanase 0.8% , 0.06% yeast

extract peptone xylanase
bactopeptone xylanase
, 2-4 bactopeptone
, 0.06% , 0.2%
0.8% , 0.06% yeast extract, 0.06% bactopeptone,
0.05% MgSOz 7HZO, 0.005% FeSO4 7HZO, 0.05% KHZPO4 0.2%
KZHPO4pH 7.0) (WB )

100 .—/._.,.Iri________
“\\' .
80 e
2 e
=
2 B0 -
2
m
n
=
&40 -
o
s
20 r
0 i . . .
0 0.1 0.z 0.3 0.4 0.5
Bactopeptone(%)

Fig. 2-4. Effect of bactopeptone concentration on the xylanase production.
Basal medium was composed of 0.8% wheat bran, 0.06% yeast extract,
0.05% MgSO<s 7HZ20, 0.005% FeSO< 7HZO, 0.05% KHZPO{ and 0.2%
KZHPO<
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2. Jar- fermentor

. Xylanase aeration
Xylanases 250- baffled
flask XM 50 121 15 ,
50 200 rpm
. 25-¢ jar- fermentor(
) 1¢ WB 121 15 1%
300 rpm , 1 vvm, 2 vvm
3 vvm 50 24
aeration . 2-5 2 vvm
100 |
®
E ai
=
g 60
0
2 40
©
g 20

1 2 3
Aeration{vvm)

Fig. 2-5. Effect of aeration on the production of xylanase by S.
thermocyaneoviolaceus. The bacteria were cultivated at 50 for 24 h in
WB medium which was composed of 1.0% wheat bran, 0.06% yeast
extract, 0.06% bactopeptone, 0.05% MgSO<4 7HzO, 0.005% FeSO< 7HZO,
0.05% KHZzPO4 and 0.2% K:HPO4pH 7.0).

- 58 -



. Xylanase

Xylanases
1% jar- fermentor 2 vvm
, 300, 400 500 rpm
xylanase 2-6 400
rpm

100
|
]
=
B 9
m
15
=z i
i 40
]
i

20

, 1

300 400 500
Agitation speed(rpm)

Fig. 2-6. Effect of agitation on

the production of

xylanase by S.

thermocyaneoviolaceus. The culture conditions were the same as Fig. 2-5.
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. Xylanase

Jar- fermentor

vvm, 400 rpm 1, 2 3%

jar- fermentor

2% ( 2-7).

100 |

gl

40 -

Relative activity(%)

20 r

1 Z 3
Wheat bran{%)
Fig. 2-7. Effect of wheat bran concentration on the production of xylanases
by S. thermocyaneoviolaceus at jar-fermentor incubation. The culture
conditions were the same as Fig. 2-5 except basal medium which was
composed of 0.06% yeast extract, 0.06% bactopeptone, 0.05% MgSO< 7H:O,
0.005% FeSO< 7HZO, 0.05% KHZPO4 and 0.2% KZHPO4pH 7.0).
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. Xylanase

S. thermocyaneoviolaceus jar- fermentor
2 vvm, 400 rpm 2%
2-8 24 14.2 unit
g
-8} o000
it g‘“":}—.-;\.—-[:)‘_'o--
(5]
15
o0 g .9
£ ]
S1wtf /
= f
= /
5 .
o /
Ul.:é 5T ;,-'
5 s
z /

0 s 16 24 32 40 48
Culture timalh)

Fig. 2-8. Effect of culture time on the production of xylanase by S.
thermocyaneoviolaceus. o —o , pH; e —e , xylanase activity. The bacteria

were cultured at 50 for 48 h in WB medium containing 2% wheat bran.
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5 Streptomyces thermocyaneoviolaceus

xylanase

1. (ammonium sulfate)

1¢ (12,000 rpm, 10 )
800 50% 8
12,000 rpm 30
30 50 mM Tris- HCl buffer(pH 8.6)
2 8

4 , xylanase 4

2. DEAE Sephadex A-50 ion exchange chromatography

30 50 mM
Tris- HCI buffer(pH 8.6) DEAE Sephadex A-50 column(® 2.8
x 28 ) loading
02 06 M NaCl 40
10 . , 2-9
N1 N2 NaCl
B 3
-4 3
N2 24
N1 xylanase B

xylanases
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1.6 0.5
—= 0.4
E 1.2 |
= .
'-5 0.3 %
208 | <
= c
= 028
2 5
o o
@ 0.4 F
;_:ﬁ 01 0.6
|E\|a0|(|v|)
0 (i) ] 1 d g 0.0

0 20 40 60 80 100 120 140
Fraction number(10ml/tube)

Fig. 2-9. DEAE Sephadex A-50 ion exchange column chromatography of
xylanases in S. thermocyaneoviolaceus. DEAE Sephadex A-50 ion exchange
column was equilibrated with 50 mM Tris-HCl buffer(pH 8.6). The
enzymes were eluted with a linear gradient from 0.2 to 0.6 M NaCl in 50
mM Tris- HCI buffer(pH 8.6) at a flow rate of 40 /h and 10 /tube of
fraction volume. o —o , protein; e —e | xylanase activity; ——, NaCl

gradient.
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3. Sephacryl S-200 HR gel chromatography

( 2-9) B (YM10
membrane, Amicon ) 3 50 mM sodium phosphate
buffer(pH 7.0) Sephacryl S-200 HR column(® 16 x 80 )
loading 10 . , 2-10
B1, B2 B3 3
-4

1.8 1.2
E
12 B1— 108E
= =]
= o
E P

=

b —

. | 3 =)

2 0.6 0.4 =

T

=
=
Reacs
(L
0 (D) M 0

0 20 40 60 80 100 120
Fraction number(3ml/tube)
Fig. 2-10. Sephacryl S-200 HR gel chromatography of xylanases (B) in S.
thermocyaneoviolaceus. Sephacryl S-200 HR gel was equilibrated with 50
mM sodium phosphate buffer(pH 7.0). The column was eluted with 50 mM
sodium phosphate buffer(pH 7.0) at a flow rate of 10 /h and 3 /tube of

fraction volume. o —o , protein; e —e | xylanase activity.
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4. Xylanase N1

2-9 N1 (YM10 membrane,
Amicon ) 3 50 mM sodium phosphate buffer(pH 7.0)
Sephacryl S-200 HR column(® 1.6 x 80 ) loading
10 3
2-11
SDS- PAGE

xylanase N1

0.3
=
= g
= 0.2 E
) 5
= =2
3 o
= E
1] ‘D
a —
2 01 &
L (n
5
-
-~

0.0

0 20 A0 60 a0
Fraction number(3ml/tube)

Fig. 2-11. Sephacryl S-200 HR gel chromatography of xylanase N1 in S.
thermocyaneoviolaceus. Sephacryl S-200 HR gel was equilibrated with 50
mM sodium phosphate buffer(pH 7.0). The column was eluted with 50 mM
sodium phosphate buffer(pH 7.0) at a flow rate of 10 /h and 3 /tube of

fraction volume. o —o , protein; e —e , xylanase activity.
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5. Xylanase B1

2-10 Bl (YM10 membrane,
Amicon ) 3 50 mM sodium phosphate buffer(pH 7.0)
DEAE Sephadex A-50 column(® 2 x 35 ) loading

NaCl 0 1
M 40 5
, 2-12
-4
0.9 0.12
E _
Z 0.6 0.08 E
= o=
= oo
- Y]
= <
= =
1] ‘D
b ) —
2 0.3 0.04 2
L (n
I 1
-
-~
NaCl(M)
0 4 o0

Fraction number{(5ml/tube)

Fig. 2-12. DEAE Sephadex A-50 ion exchange column chromatography of xylanase
B1 in S. thermocyaneoviolaceus. DEAE Sephadex A-50 ion exchange column was
equilibrated with 50 mM sodium phosphate buffer(pH 7.0). The column was eluted
with 50 mM sodium phosphate buffer(pH 7.0) at a flow rate of 40 /h and 5 /tube

of fraction volume. o —o , protein; e —e , xylanase activity; ——, NaCl gradient.
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( 2-12) B1 (YM10

membrane, Amicon ) 3 50 mM sodium phosphate
buffer(pH 7.0) FPLC(Pharmacia Biotech ) Superose 12 HR
column  loading 0.5 0.5

, 2-13

, SDS-PAGE major band 2 minor
band . xylanase B1

Bl —»

Relative response(AZB0nm )

L R T R R T e B B e = e B B = St S B S S S [P |

0 5 10 15 20 25 a0 a5
Retention time(min)

Fig. 2-13. FPLC with Superose 12 HR column of xylanase Bl in S.
thermocyaneoviolaceus. Superose 12 HR column was equilibrated with 50
mM sodium phosphate buffer(pH 7.0). The column was eluted with 50 mM
sodium phosphate buffer(pH 7.0) at a flow rate of 0.5 /min and 0.5

/tube of fraction volume.
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6. Xylanase B2

2-10 B2 (YM10 membrane,
Amicon ) 3 50 mM sodium phosphate buffer(pH 7.0)
Sephacryl S-200 HR column(® 1.6 x 80 ) loading

10 2.1 . ,
2- 14
SDS- PAGE
xylanase B2
1.2 0.3
08 0.2 E
2 s
o o
£ 2
o L
: k =]
;_.g 0.4 0.1 =
T
s
3¢
0 4 : ' 0

0 20 40 60 80 100 120
Fraction number{2.1ml/tube)
Fig. 2-14. Sephacryl S-200 HR gel chromatography of xylanase B2 in S.
thermocyaneoviolaceus. Sephacryl S-200 HR gel was equilibrated with 50
mM sodium phosphate buffer(pH 7.0). The column was eluted with 50 mM
sodium phosphate buffer(pH 7.0) at a flow rate of 10 /h and 2.1 /tube

of fraction volume. o —o , protein; e —e , xylanase activity.
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7. Xylanase B3

2-10 B3 (YM10 membrane,
Amicon ) 3 50 mM sodium phosphate buffer(pH 7.0)
FPLC(Pharmacia Biotech ) Superose 12 HR column loading
0.5 0.5 . ,
2-15 2 1
SDS- PAGE

xylanase B3

B3—>“

Relative response(AZB0nm )

— /

I R T o R R e e R o |

0 5 10 15 20 25 a0 a5
Retention time(min)

Fig. 2-15. FPLC with Superose 12 HR of xylanase B3 in S.
thermocyaneoviolaceus. Superose 12 HR column was equilibrated with 50
mM sodium phosphate buffer(pH 7.0). The column was eluted with 50 mM
sodium phosphate buffer(pH 7.0) at a flow rate of 0.5 /min and 0.5

/tube of fraction volume.
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SDS- PAGE , 2-16 xylanase N1, B2
B3 , Xylanase B1 2
Xylanase N1, B2 B3 (Sigma , low
range molecular calibration Kit. catalog no. M 3913) 2- 17
. Xylanase N1 35 kDa, B2 25 kDa, B3 47 kDa
M N1 Bl B2 B3
CHEN
e s el
b| @ —
C| - L R
d| e
e| 4w —
LI

Fig. 2-16. Electrophoresis profile of xylanase N1, B1l, B2 and B3 on
SDS-PAGE. Protein were resolved on a 10% polyacrylamide gel. Lane M,
molecular weight marker; N1, xylanase N1; B1l, xylanase B1l; B2, xylanase
B2; B3, xylanase B3. a, bovine serium albumin(66 kDa); b, ovalbumin(45
kDa); c, glyceraldehyde- 3- phosphate dehydrogenase(36 kDa); d, carbonic
anhydrase(29 kDa); e, trypsinogen(24 kDa); f, trypsin inhibitor(20 kDa).
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Molecular weight(kDa)

In A i A i A
(8] 1 2 3 4 o G
Mobility{cm)

Fig. 2-17. Estimation of molecular weight of xylanase N1, B2 and B3 by

SDS-PAGE. Symbols are the same as Fig. 2- 16.

6 xylanases

1. pH

pH pH 30 7.0 100 mM

citrate- phosphate buffer, pH 6.0 80 100 mM sodium phosphate buffer,

pH 8.0 9.0 100 mM Tris-HCI buffer pH 85 105 100 mM
glycine- NaOH buffer pH 3.0 pH 10.5 pH 50

30 . , 2-3 S.
thermocyaneoviolaceus xylanase N1 pH 100 mM
citrate- phosphate buffer pH 5.0 , Bl, B2 B3
xylanase pH pH 5.0, 55 5.0

- 71 -



pH pH 3.0 105
pH 4 24
pH 50 30
2-3 , Xylanase N1 pH 45 105
80% , Xylanase B1, B2 B3
pH 35 105 90%

T able 2-3. Optimal pH and thermal stability of the purified xylanases.

xylananse N1 xylanase B1 xylanase B2 xylanase B3

Optimal pH1 pH 5.0 pH 5.0 pH 55 pH 5.0
pH stability pH 45 105 pH 35 105 pH 35 105 pH 35 105
range2 (80%)3 (94%)3 (91%)3 (90%)3

1, The enzyme activity was measured in the standard reaction mixture for
30 min at 50

z, The purified enzyme was incubated at 4 for 24 h in each pH of buffer
solution. After the enzyme solution was adjust to optimal pH, the
remaining activity was measured under the standard conditions.

S, The relative remaining activity of the indicated pH range of xylanases
after 24 h at 4

The buffers used: pH 3.0 7.0, 100 mM citrate- phosphate buffer; pH 6.0

8.0, 100 mM sodium phosphate buffer; pH 8.0 9.0, 100 mM Tris-HCI

buffer; 9.0 10.5, 100 mM glycine- NaOH buffer.
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pH
30 85 5 30
, 2-18 xylanase N1 65
, 50 70 80% . Xylanase
B1 70 , B2 B3 65
. S. thermocyaneoviolaceus  xylanase Bl
, 70 3
100
a0
g
=
= 60
1)
o
S
= 40
b
L
o=
20 &

[] 1 1 1 i 1
30 40 50 60 70 80

Temperature(®C)
Fig. 2-18. Optimal temperature of purified xylanases. The enzyme activity
was measured in the standard reaction mixture of the indicated temperature
for 30 min at optimal pH. e, xylanase N1; o, xylanase B1l, m, xylanase

B2; O, xylanase B3.
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pH 100 mM
citrate- phosphate buffer 60
65 30 . , 2-19
xylanase N1 65 95%
70 60 65%
. Xylanase B1, B2 B3 55 , 65
1 xylanase B1  74%, xylanse B2 B3 80 %

S. thermocyaneoviolaceus  xylanase

xylanase N1

100

80

60

40

Relative activity(%)

20

[} 1 1 1 —
30 40 50 60 70 a0

Temperature(°C)
Fig. 2-19. Thermal stability of the purified xylanases. The purified enzymes
were incubated in optimal pH of buffer solution for 60 min at each
temperature. The remaining activity was measured for 30 min at 65

Symbols are the same as Fig. 2- 18.
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Km 65 birchwood xylan
0.8 unit( ) 50 mM citrate- phosphate buffer(pH
5.5) ( 04 02 , 02 )

. Lineweaver-Burk plot birchwood xylan xylanase N1,
B1, B2 B3 Km 10.92, 2.15, 11.80 2.62 mg/ , Viex
3.02, 0.71, 452 1.10 p mol/min ( 2- 20).

G
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HE-F 2 e t/ .-"f:{-”f
= ol -
%F’ 4 z""
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L L Lt o
1.9 1 .5 0 0.5 1 1.5
1/ [s]{ml/mg)

Fig. 2-20. Lineweaver-Burk plot of xylanase from S. thermocyaneoviolaceus.

Symbols are the same as Fig. 2- 18.

6. Xylanase binding assay

xylanase N1, B1, B2 B3 xylan Avicel
binding assay . 2-21
xylanase N1 100 / xylan ,
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xylanase B1 50 / xylan 38%

, xylan 100 /
. Xylanase B2 50 / xylan 83%
, xylan 100 /
Xylanase B3 75% 100 /
xylan . xylanase xylan
binding . Avicel binding assay
xylanase N1 100 / Avicel
Xylanase B3  20% Avicel xylanase B1 B2

10% Avicel

100 e
i
# £ 80
k=] =]
3 S 60
: 3y
@ @
E E 40 e
R i ' - -
D g 20 E‘-‘ =
1 D:_[ﬁ:' _I_-U__I___-__\I
o 20 40 60 80 100 0 20 40 60 80 100
Insoluble xylanimg/ml) Avicellmg/ml)

Fig. 2-21. Binding of xylanases to insoluble xylan and Avicel. Binding
experiments were run by adding diluted enzyme(final conc. 1 unit/ ) to the
indicated amounts of insoluble xylan or Avicel in 1 of 50 mM
citrate- phosphate buffer(pH 5.5) in 15 Eppendorf tubes. Samples were
incubated for 1 h at 60 with vortexing for 3 sec every 20 min and then
centrifuged at 15,000 rpm for 5 min. The amount of enzyme remaining in the

supernatant was determined by a xylanase activity assay. Symbols are the

same as Fig. 2-18.
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7. xylan

S. thermocyaneoviolaceus xylanase N1, Bl, B2 B3
birchwood xylan xylooligo . 100
mM citrate- phosphate buffer(pH 5.0) xylanase N1 (5
unit/ ) 5 1% birchwood xylan 5 60

TLC xylooligo . ,
2-22 1 xylobiose(XZ)  xylotriose(X?)
xylooligo
xylan, xylohexaose(X€) xylooligo

xylobiose, xylotriose xylopentaose(XE)
, xylose . HPLC
2-23 TLC

xylobiose  xylotriose

xylose xylotetraose(X4) xylooligo
xylanase N1 xylooligo xylobiose  xylotriose
xylotriose(X?) xylobiose(X2)
S. thermocyaneoviolaceus xylanase N1
endoxylanase . S. thermocyaneoviolaceus  xylanase
B1, B2 B3 birchwood xylan
2-24 . Xylanase B1 B3
Xz X3 xylooligo
xylanase B2  X:& Xz X< xylooligo
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dm Xvlose
h Xyln::hinru'
4= {ylotriose

‘h Xylotelraose

TR
-
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Fig. 2-22. TLC of hydrolyzates produced by the hydrolysis of birchwood
xylan with the purified xylanase N1. The developing solvent was composed
of 1-butanol : 2- propanol : water : acetate : acetonitrile(7 : 5 : 4 : 10 : 2,
VIVIVIVIV). Sugar spots on the plate were detected by orcinol : sulfuric
acid : methanol (0.2 : 10 : 90, W/V/V). Hydrolyzates of birchwood xylan
were obtained after 0 h(lane A), 1 h(lane B), 4 h(lane C), and 6 h(lane

D) incubation.
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Fig. 2-23. HPLC of xylooligosaccharides produced by hydrolysis of
birchwood xylan with the purified xylanase N1. hydrolyzates of birchwod
xylan were obtained after 0 h(A), 4 h(B), and 6 h(C) incubation at 60 . 1,
xylose; 2, xylobiose; 3, xylotriose; X, soluble xylan and xylooligomer longer

than xylohexaose.
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Fig. 2-24. HPLC of xylooligosaccharides produced by hydrolysis of
birchwood xylan with the purified xylanase B1, B2 and B3. Birchwood
xylan was hydrolyzed at 65 for 1 h. X1, xylose; X2, xylobiose; X3,

xylotriose; XN, xylooligomer longer than xylohexaose.
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8. xylanases xylooligo

S. thermocyaneoviolaceus xylanase N1, B1, B2 B3
xylooligo  (XZz XE€) xylooligo
Megazyme , 1% xylooligo (50
mM citrate- phosphate buffer, pH 5.5) 10 xylanase 1
unit/ 100 60 12
TLC 2-25
xylanase N1, B1, B2 B3 xylobiose
B - xylosidase
xylotriose(X?) , Xylanase N1
, Xylanase B1l, B2 B3 xylose
xylobiose(X?2) X3 . Xylotetraose(X4)
xylanase N1 , Xylanase B1, B2
B3 X< Xz ,
xylose  X& . Xylopentaose(X¥£)
xylanase N1 = Xz, X@ XE X5
. Xylanase B1, B2 B3 Xt
Xz xylose  xylotriose
2-4
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€& X1

Ul Labh YT TEIR 11 f" € x2
X3 & LERAL EEEn € X3
X4 P . " €& X4
X5 <> . " € X5
! €& X6

MN1B1B2B3 X3N1B1B2B3 X4N1B1B2B3X5N1B1B2B3Z(P

Fig. 2-25. TLC analysis of hydrolyzates of xylooligosaccharides(Xz X&) by
the purified xylanases of S. thermocyaneoviolaceus. The reaction mixture
was consist of 10 of 1% xylooligosaccharides and 90 of enzyme
solution(final 1 unit/ ) in 50 mM citrate- phosphate buffer(pH 5.5). The
reaction mixture were incubated at 60 for 12 h. Symbol; M, marker of
Megazyme; N1, xylanase N1, B1, xylanase B1l;, B2, xylanase B2, B3,
xylanase B3, 20P, Suntory xylooligosaccharides(20P). X:, X4 and X5 mean

reaction mixtures without enzyme.

Table 2-4. Hydrolysis of xylooligosaccharides from X2 to X5 by the purified
xylanase N1, B1, B2 and B3.

X2 X3 X4 X5
Xylanase N1
Xylanase B1
Xylanase B2
Xylanase B3
The data were estimated from the result of Fig. 2-25. , no hydrolysis;
, weak hydrolysis; , active hydrolysis.
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xylanase N1 B3

Protein sequence 476(ABI ) HPLC dual
microbe syringe system deuterium lamp 190 370 nm

, column  PTH analysis column(® 21 x 220 )

Hunkapiller Hood (1983) gradient
elution . xylanase N1 B3
2- 26 2-27
. Xylanase N1 aspartic acid ,
15 (DTITSNQTGTHNGYF) , Xylanase
B3 alanine , 10
(AESTLGAAAA) . EMBL(European Molecular
Biology Laboratory) protein peptide databases peptide search
program(Fasta3) xylanase ,
S. thermocyaneoviolaceus xylanase N1 S. thermoviloaceus
xylanase  Stx 100%, Clostridium thermocellum
xylanase  XynA  92%, Cellulomonas fimi xylanase  XynD
77%, Bacillus sp. xylanase  XynY  75%, Chaetomium gracile
xylanase CgxB 71% .S
thermocyaneoviolaceus xylanase B3 S. thermoviloaceus
xylanase Stx , S. coelicolor xylanase  XInA, S.
lividans xylanase  XInA, S. avermitilis xylanase
Xyl30 Actinomadura sp. xylanase Xyl 100%
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xylanase N1 DTITSNQTGTHNGYF

Stx DTITSNQTGTHNGYF
XynA VVITSNQTGTHGGYN
XynD AAVTSNTTGTHDGYF
XynY AAITSNEIGTHDGYF
CgxB QTLTSSQT GTNNGY F

Fig. 2-26. Amino terminal amino acid sequence of xylanase N1. Xylanase
N1, xylanase N1 of S. thermocyaneoviolaceus; Stx , xylanase Stx  of S.
thermoviloaceus; XynA, xylanase XynA of Clostridium thermocellum;
XynD, xylanase XynD of Cellulomonas fimi ; XynY, xylanase XynY of

Bacillus sp.; CgxB, xylanase CgxB of Chaetomium gracile.

xylanase B3 AESTLGAAAA
Stx AESTLGAAAA
XInA AESTLGAAAA
XInA' AESTLGAAAA
Xyl30 AESTLGAAAA
Xyl AESTLGAAAA

Fig. 2-27. Amino terminal amino acid sequence of xylanase B3. B3,
xylanase B3 of S. thermocyaneoviolaceus; Stx , xylanase Stx of S.
thermoviloaceus; XInA, xylanase XInA of S. coelicolor; XInA', xylanase
XInA of S. lividans; XylIL30, xylanase Xyl30 of S. avermitilis; Xyl ,

xylanase Xyl of Actinomadura sp..

- 83 -



7 Xylanase

1. Xylanase

. S. thermocyaneoviolaceus genomic DNA library

S. thermocyaneoviolaceus xylanase
genomic DNA . TEG buffer(25 mM
Tris-HCI, pH 8.0, 10 mM EDTA, 50 mM glucose) lysozyme
70 60 10% SDS lysis , PCI, RNase,
Proteinase K TE buffer(25 mM Tris-HCI, pH

76, 10 mM EDTA)
genomic DNA Sau3A 12 20 kb
sucrose density gradient . DNA

A BlueSTAR BamH digested, dephosphorylated arms(Novagen. catalogue

no. 69245- 3) , DNA in vitro packaging titer
, genomic DNA library -70
xylanase PCR primer
PCR probe DNA
S. thermocyaneoviolaceus xylanase
PCR(polymerase chain reaction) probe DNA

DEAE Sephadex A-50 ion exchanger, Sephacryl S-200 HR gel
chromatography Superose 12HR column FPLC
xylanase B3 ( XynA )
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primer xylanase

S. lividans  xInA S. thermoviolaceus  stx

consensus primer (

2-28 ). DEAE Sephadex A-50 ion exchanger Sephacryl S-200 HR gel
chromatography xylanase NI1(

XynB ) S. lividans xInB S.
thermoviolaceus  stx xylanase

consensus primer
( 2-29). XynA  xynB 4 primer
PCR PCR 2-5 . PCR

template DNA  S. thermocyaneoviolaceus genomic DNA 10 ng
100 pmol forward primer(primer U, 1U G1l, G3) reverse
primer(primer D, ID G2, G4) total volume 100
PCR . denaturation 96 12, annealing
55 5 , 5 unit Taq polymerase
extention 72 2 1 cycle 94 2 ,
5 2 ,72 2 30 cycle . 4
primer XynA PCR
band agarose gel ( 2-30A), xynB
PCR PCR product
( 2- 30B). xylanase
, PCR product probe
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Stx -St MCSHALPRPALRQRIRGGCGRGRGVLCLGAT-LSTPPTAHAAESTLGAAAAQSGRYFGTA
XINA-SI MGSYALPRSGVRRSIRVLLLALWGVLGTATAL 1APPGAHAAESTLGAAAAQSGRYFGTA

IAAGRLSDSTYTSIASREFNVVTAENEMK IDATEPQRGCFDFSACDRVYNWAVQNGKEVR
IASGRLSDSTYTSIAGREFNVVTAENEMK IDATEPQRGCFNFSSADRVYNWAVQNGKQVR
pri-U pri-1U
GHTLAWHSQQPYWNCSLSGSELRQAM IDHINGVMNHYKCK TAQACVVNEAFEDGNSCARR
GHTLAWHSQQPGWVCSLSGSALRQAM IDHINGVMAHYKCK IVQWCVWNEAFADGSSCARR

DSNLQRTGNDW IEVAFRTARAADPSAKLCYNDYN IENWTWAKTQAVYNMVRDFKQRGVPI
DSNLQRSGNDW IEVAFRTARAADPSAKLCYNDYNVENWTWAKTQAMYNMVRDFKQRGVPI

DCVCFQSHFNSGSPYDSNFRTTLQSFAALGVDVAITELC IQGASFTTYANVWNDCLAVSR
DCVCFQSHFNSGSPYNSNFRTTLQNFAALGVDVAITELC IQGAPASTYANVTNDCLAVSR
pri-ID
CLCITWGVRDTDSWRSGDTPLLFNGEGSKKPAYSAVLEALNGGSSCEPPEDGGSCC IKN
CLCITWGVRDSDSWRSEQTPLLFNNCGSKKAAYTAVLEALNGCESSEPPADCG—CIKG
pri-D
AASGRCLDVSCAGTADGTAVGLYDCHCGTNGQUWTYTDACEFRVYCNKCLDAGGTGNCTRV
VGSGRCLDVPDASTSDCTQLGLWDCHSGTNGQUWAATDACELRVYCDKCLDAAGTSNESKYV

QIYSCWGGENQKWRVNSDGT IVGVQSCLCLDAA--GTGNSTPVQLYTCSYADNQRWTVS
QIYSCWGGENQKWRLNSDGSWGVQSCLCLDAVENGTANGTL IGLYTCSNGSNQRWTRT

Primers Sequence(5' - 3')

Forward primers

pri- U(30mer) GGAATTCAGCGACT CGACGTACACGTCGAT

pri- lU(20mer) AGAACGAGATGAAGATCGAC
Reverse primers

pri- D(30mer) GGAATTCTTGCTGCCGTCGCCGTTGAACAG

pri- ID(20mer) TGCAGGGT GGTGCGGAAGTT

Fig. 2-28 . Oligonucleotide primers for xynA gene isolation deduced from
amino acid sequence of Streptomyces xylanase. Stx -St, S.

thermoviolaceus(T sujibo et al); XInA-SI, S. lividans(Shareck et al).
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Stx -St MNTLVHPQCRAGCLR-LLVRAAWALALAALAAVNMFGGTARADT I-TSNQTCTHNGYFYSF
XINB-SI  MNLLVQPRRRRRGPVTLLVRSAWAVALAALAALMLPGTAQADTVWWTTNQECTNNGYYYSF
pri-Cl
WTDAPGTVTMNTGAGGNYSTQWSNTCNFVAGKGWATGCRRTVTYSGTFNPSCNAYLALYG
WTDSQGTVSVNMGSCGQYSTSWRNTCNFVAGKGWANGCRRTVQYSCSFNPSCNAYLALYG
pri-G3
WSQNPLVEYY IVDNAGTYRPTGTYKCTVYSBCGTYDIYMTTRYNAPS IECTKTENCYWSV
WTSNPLVEYY IVDNAGTYRPTGEYKCTVTSBCCTYDIYKTTRVNKPSVECTRTFDCYWSV

RCONKRTGCT ITTGNHFDAWAAHCMPLGTEN-YMILATEGYQSSC-SSNITVGDSGCONGG
RCGSKRTGCT ITTGNHFDAWARAGMPLGNFSYYMIMATEGYQSSCTSSINVGGTGGCDSCG
pri-G4
GCCCGCGEGNTCGCTATLSACEQWSERYNLNVSVSGSONWTVTVRVPAPEKVMATANVTA
GCNGGCG----CGGCTATVSAGQKWGERYNLDVSVSGASDWTVTVNVPSPAKVLSNANVNA

SYPDAQTLVARPNCNGNNWCVT IGKNGSTTWPTVSCSVG
SYPSAQTLTARLNCSCNNWCAT IGANANWTWPSVSCSAG

pri-G2
Primers Sequence (5 -3')

Forward primers

pri- G1(30mer) GGAATTCACAACGGCTACTTCTACTCGTTC

pri- G3(27mer) GGAATTCAGCAACACCGGCAACTTCGT
Reverse primers

pri- G2(30mer) GGAATTCCCCCAGTTGTTGCCGTTGCCGTT

pri- G4(27mer) GAATTCCTGCTCT GGTAGCCCT CGGT

Fig. 2-29 . Oligonucleotide primers for xynB gene isolation deduced from
amino acid sequence of Streptomyces xylanase. Stx -St, S.

thermoviolaceus(T sujibo et al); XInB-SI, S. lividans(Shareck et al).
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Table 2-5. Expected size of PCR products synthetized from xynA and xynB

genes by using the primers

Expected size of PCR

Gene Primers combination
fragments*
primer U - D 786
primer U - ID 595
XynA primer 1U - 1D 538
primer IU - D 739
primer G1 - G2 726
«VNB primer G1 - G4 429
y primer G3 - G4 333
primer G3 - G2 630

*  Estimated from stx (xInA) and stx (xInB) genes of S. thermoviolaceus(S.

lividans)

M 1 2 3 4 M 5 6 7 8
Fig. 2-30. PCR products of S. thermocyaneoviolaceus xynA(A) and xynB(B)
gene using the primers. A: Lane M, A DNA/BstE ; lane 1, PCR product from
primer U and D; lane 2, primer U and ID; lane 3, primer IU and ID; lane 4,
primer IU and D; B: Lane M, A DNA/Hind ; lane 5, primer G3 and G4; lane
6, primer G1 and G4; lane 7, primer G1 and G2; lane 8, primer G1 and G4.
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. Plague hybridization S. thermocyaneoviolaceus xynA XynB

S. thermocyaneoviolaceus genomic DNA library

bacteriophage plate 1 plaque plating XynA  xynB
plaque hybridization . Probe DNA
XynA XynB primer set PCR product

. XynA primer(primer U-D) PCR probe
3 signal ( 2- 31A). plate
xynB probe(primer G1- G2) 7 signal (

2- 31B), xynA xynB  signal . Signal 11

plague 2 plague hybridization

, insert DNA A BlueSTAR cre-loxP

mediated auto- subcloning system plasmid subcloning
subcloning BM25.8
DH5a
DH5a host 11 plasmid
xylanase RBB- xylan plate(0.1% remazol brilliant
blue R D-xylan XM agar plate) xylan
) 2 , XynA probe
signal insert DNA
pSM A 4( 2-34) , xynB probe signal insert DNA
pSMB8( 2- 35) insert DNA
15 kb 12 kb , S.

thermocyaneoviolaceus  xylanase
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Fig. 2-31. Plague hybridization of S. thermocyaneoviolaceus genomic DNA

library with PCR fragment of xynA(A) and xynB(B) gene as a probe DNA.

. Southern hybridization subcloning
PSMA4(xynA) pSM B8(xynB) plaque
hybridization probe DNA southern hybridization
xynA PCR probe PSMA4(xynA) Sph
2.7 kb band signal ( 2-32 lane
f). XynA
puC119 2.7 kb Sph subcloning pUMA2( 2-34)

RBB- xylan plate
2.7 kb XYynA
xynB pSM B8
1% agarose xynB PCR probe Southern hybridization ,
BamH 3.3 kb band signal
( 2-33 lane a). 3.3 kb BamH pWHM3
subcloning pwWMB81 ( 2- 35), RBB-xylan plate
PUMA?2 33
kb BamH xynB

XynA xynB
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M a b c d e f a b ¢ d e f
Fig. 2-32. Southern blot analysis for subcloning of xynA. pSMA4 was
digested with various restriction enzymes and hybridized with ZP-labelled
XynA probe. A: 1.0% agarose gel electrophoresis of enzyme digested
pSMA4; lane M, DNA marker; lane a, 1 of BamH  digested pSMAA4;
lane b, Nco ; lane ¢, Pst ; lane d, Pvu ; lane e, Sma ; lane f, Sph
B: Hybridization analysis of the southern transfer from the gel A

A B

i
i
i
L

M abocdefgh.i abcdefgh.i
Fig. 2-33. Southern blot analysis for subcloning of xynB. pSMB8 was
digested with various restriction enzymes and hybridized with ZP-labelled
XxynB probe. A: 1.0% agarose gel electrophoresis of enzyme digested
pSMBS8; lane M, DNA marker; lane a, 1 of BamH  digested pSMBS;
lane b, Bgl ; lane ¢, Kpn ; lane d, Pst ; lane e, Sac ; lane f, Sal ;
lane g, Sma ; lane h, Sph ; lane i, Xho . B: Hybridization analysis of

the southern transfer from the gel A
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ori

Al

Ap

Sau3Al/BamHI

~ ¥l .
BamHI/Sau3Al _ |a:2\m R

lacl

pUC119
.\ Ap 3.2kb ori

PSM A 4*
16.2kb

15kb fragment ~
containing xynA
ColEl origin

Sphl digestion

Sph ‘ XYynA - Sph
2.7kb of Sphl fragment** Sphl digestion

CIAP
ligation
Sphl

XynA
pUMA 2

i 5.9kb
AP Sphl
ori_.-

‘-\""'\-\.\‘_‘_

Fig. 2-34. Construction of pUMA2. *, pSMA4 was created by cre-loxP
mediated auto- subcloning system from A BlueSTAR containing xynA gene
in 15 kb fragment. **, 2.7 kb of Sphl fragment had a signal of xynA probe

in southern hybridization.
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Sau3Al/BamHI

Sau3AI/BamHl E. coli St
--’{r’i ori

Ap.

{ PWHM 3
7.2kb

PSM B 8*
13.2kb

MCR
BamH| digestion 1

BamH xynB BamH BamHI digestion

3.3kb of BamHI fragment** CIAP

ligation

'Ap  pWMBS1

" 10.5kb
\ i BamHI
Bz%- xynB

Fig. 2- 35. Construction of pWMB81. *, pSMB8 was created by cre-loxP
mediated auto- subcloning system from A BlueSTAR containing xynB gene
in 12 kb fragment. **, 3.3 kb of BamHI| fragment had a signal of xynB

probe in southern hybridization
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. S. thermocyaneoviolaceus xynA XynB gene

S. thermocyaneoviolaceus xynA
pUM A 2( 2- 34) 2.7 kb Sph 500 bp
pUC119  subcloning( 2- 36) DNA

(Pharmacia Biotech; ALFexpress DNA sequencer)

sequencing
12 3 4 4 5 6 2 627 3 1
pumaz | | I I | 11 L 11 L)
500 bp
pUMA24
> <
pUMA25
> <
pUMA 26
> <
pUMA 22
> «
pUMA23
> <

Fig. 2-36. DNA sequencing strategy of S. thermocyaneoviolaceus xynA
gene in pUMA2(2.7 kb Sph  fragment containing the xynA gene). The
arrow heads show the sequencing direction. Bold line represents the coding
sequence of S. thermocyaneoviolaceus xynA gene. 1, Sph ; 2, Pst ; 3,

Pvu ; 4, Sma ;5 BamH , 6, Pvu , 7, Sal
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S. thermocyaneoviolaceus xynB

pW M B81( 2- 35) 3.3 kb BamH
500 bp puUC119  subcloning
( 2-37) DNA (Pharmacia Biotech; ALFexpress
DNA sequencer) sequencing
, S. thermocyaneoviolaceus xynA (1918 bp)
2- 38 . GenBank nucleotide sequence
databases accession no. AF194024 . codon ATG
codon TGA 1431 bp(No. 478 1908) ,
476 . xylanase B3
12 3 4 5 6 4 2 6 3 3 31
pwmest || ] | 1 | | | [ | | |
pUMB11
pUMB12
pUMB13
P <
pUMB14

500 bp
Fig. 2-37. DNA sequencing strategy of S. thermocyaneoviolaceus xynB

gene in pUMB1(3.3 kb BamH fragment containig the xynB gene). The
arrow heads show the sequencing direction. Bold line box represents the
coding sequence of S. thermocyaneoviolaceus xynB gene. 1, BamH ; 2,

Pvu ; 3, Sma ; 4, Sal ; 5 Sph ; 6, Pvu
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XynA leader sequence codon
ATG 120 bp(No. 478 597) signal peptide 40
. DNA protein

Blast(National Center for Biotechnology Information nucleotide search

program) ,
S. thermocyaneoviolaceus  xynA S. thermoviolaceus
xylanase stx 99%, S. lividans xylanase
XInA 91%, S. halstedii xylanase XysA
91%, S. avermitilis xylanase xyl30 88%,
Actinomadura sp. FC7 xylanase xylanase 90%
S. thermocyaneoviolaceus xynB (1794 bp)
2- 39 . coding region  GenBank nucleotide
sequence databases accession no. AF194025
codon ATG codon TGA 1008 bp(No. 261
1268) , 335
xylanase N1 XxynB leader
sequence codon ATG 120 bp(No. 261 380) signal peptide
40 . XynA
DNA protein Blast
, S.
thermocyaneoviolaceus xynB S. thermoviolaceus
xylanase stx 99%, S. lividans xylanase
xInB  86%, Cellulomonas fimi xylanase xynD  87%,
Cellulomonas pachnodae xylanase xynllA  83%
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1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861

cccgggagtc ggcgagegaa ccaagtcgge ctgaacgegg tgttgacagg ggattcggea
ggagaccttt cctgtcctcg tccgtcttcg geectgtctc gecgggageg ccgeggetge
gcgacgtacc gectcggeag aaatgatctt cgaaagttic gaaagaaaac cggaaagatt
ctccgtecag cgggttgacg agacaccgtc aagtctcaat catcctgtcg gggaaaccga
tcctgcaccg agecgegeaa ccatgteggt cccgageace cgtgecgeac gacagagecg
cgtacgaagc acccgegtca tgecgtggta cgtcagtgag gtccacacca cggcagtgge
cggtgegeat gtgcageceg gggtecgggg ccgaccegte cgtecgeccg tggaagegga
cggtgtctce cccctgegee tegetegttc cgtgacgtct accttggagg cagacccatg
ggctctcacg ccctteccag accggetcte cgecaaagga tccgeggegg ctgtgggegt
ggccgeggeg tecteggtet gggegecacg ctgagcacac Cgecgaccge gecacgccgec
gagagcacgc tcggtgegge cgeggcetcag ageggecgtt acttcggeac cgecatcgec
gcgggeagge tgagegactc gacgtacacg tcgatcgeca gecgegagtt caacatggtg
acggccgaga acgagatgaa gatcgacgce accgaaccge agegegggea gttcgactte
tccgeeggeg accgegtcta caactgggeg gtgcagaacg gcasagaggt gegeggecac
accctggect ggcactccca geagecgtac tggatgcaga gectgagegg cagtgacctg
cgccaggega tgatcgacca catcaacgge gtgatgaacc actacaaggg caagatcgec
cagtgggacg tcgtgaacga ggecttcgag gacgggaact cgggageccg gegegactcc
aacctgcagc gcaccggcaa cgactggatc gaggtcgect tccgcaccge gegegecgec
gacccgtccg ccaagetctg ctacaacgac tacaacatcg agaactggac ctgggccaag
acccaggccg tgtacaacat ggtccgegac ttcaagcage geggegtacc gatcgactge
gtcggcttce agtcgeactt caacagcgge ageccgtacg acagcaactt ccgcaccacc
ctgcagagct tcgeggeget cggtgtcgac gtggecatca ccgaactcga catccagggt
gcctcgecca cgacgtacge caacgtggtc aacgactgec tggecgtcte gegetgectg
ggcatcaccg tctggggtgt gegegacace gactcctgge ggtcgggtga caccccgetg
ctgttcaacg gcgacggcag caagaagcct gectactccg ccgttctcga cgegcetcaac
ggcggctect ccggegaace tccggaggac ggegggtccg gacagatcaa gaacgccgeg
tcgggecggt gectegacgt ctcecggtgee ggcaccgecg acggeacage agtccagetc
tatgactgcc acggcggcac caaccagcag tggacctaca ccgacgecgg cgagttcagg
gtctacggca acaagtgcct ggacgecgge ggcaccggaa atggaacgeg tgttcaaatt
tacagctgct ggggegocga caaccagaag tggegegtga actccgacgg caccatcgtc
ggtgtccagt cgggectgty cctggacgee gecggeacgg gcaacagcac cccggtccag
ctctacacct gctcgtacge cgacaaccag cgctggaccg tctcctgaca cggcatge

Fig. 2-38. DNA sequence of S. thermocyaneoviolaceus xynA gene. The coding

sequence was located in 1431 bp from position 478 to position 1908. 120 bp of

upstream sequence from ATG codon(underlined sequence) coded 40 amino acid

residues of signal peptide which was deduced from amino acid sequence analysis.

The start and stop codon for xynA gene were shown in the shaded box. The

nucleotide sequence of xynA in S. thermocyaneoviolaceus was assigned accession

no. AF194024 and KS102744 in GenBank and GenNuri, respectively.
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ggatcccatg accctcgatc ggtgtcgaaa ctttcgggga tcggacgect cgecttgatc
gcaatttcat gatgagtgga tgcgggtcge agtgctggta gtactgcaaa getcttgage
tgcgactage cagccccaga gggettcttt tgttacgcga acctttcgaa ataattaccg
aaaccattga cagttgtcag ggtcaggcca acactcacgt cgtcaccctc acgcacgege
agcgaggagg aagcacgtce atgaacacge tcgtccatcc gcagggecge gcaggeggte
tgcggetget cgtcagagee gegtgggege tggecctgge cgeectggee gegatgatgt
tcgggggeac cgeccgogeg gacacgatca cctcgaacca gaccggcace cacaacgget
acttctactc gttctggacc gacgccccecg geaccgtcac catgaacace ggegecggeg
gaaactacag cacccagtgg agcaacaccg gcaacttcgt ggcgggcaag ggetgggeca
ccggeggecy ccgeaccgtg acctactcgg geacgttcaa cccgtcecgge aacgectacc
tggcgetgta cggetggtce cagaacccge tcgtcgagta ctacatcgtc gacaactggg
gcacctaccg geccaccgge acctacaagg geaccgtcta cagcgacgge ggcacgtacg
acatctacat gaccacccgc tacaacgcce cctccatcga gggcaccaag accttcaacc
agtactggag cgtccggcag aacaagcgca ccggeggaac catcaccace ggcaaccact
tcgacgectg ggecgegeac ggecatgecge teggeacctt caactacatg atcctcgeca
ccgagggcta ccagagcage ggcagetcca acatcacggt cggtgactce ggeggegaca
acggeggegg tggtggeggt gocggegocy gtggcaacac cggtggetge accgegacye
tgtccgeggg tgagcagtgg agegaccget acaacctgaa cgtgtcggty agegogtcgg
acaactggac ggtgacgatg cgggttcccg cgecggagaa ggtcatggeg acctggaacg
tcaccgegag ttatccggat gegcagacge tggtggecag gecgaacgge aacggcaaca
actggggtgt gaccatccag aagaacggca gcaccacctg geccacggtc agetgetecg
tcggctgage ggcgtacgga caacgaaagg aggacaccge acatgegcat cccgtcacge
cggcegetge getegetget cgecggectg geecggeggeg ctgetggeca cegegggtgt
ctgtaccgtg gacgccggea ccgcacacge cgeggectge accggetacg tcggectgac
cttcgacgac ggcccgtcca acgaccacac ccccgecctg ctgaacgege tgaagcagaa
cgggetgegg gecaccatgt tcaacgaggg tcagttcgec gecgectace cggeccaggt
gaaggcccag gtggacgeeg geatgtgggt cggcaaccac agctacacce acccgeacct
gacccagcag agccaggege agatcgactc cgagatctcc cgcacccage aggecatcge
gaacgcggge ggcggeacac ccacgetgtt ccgtecgect acggcgagac caacgccace
gtgcagtcgg tcgaggccaa gtacgggcetg aaggagatca tctgggacgt cgac

Fig. 2-39. DNA sequence of S. thermocyaneoviolaceus xynB gene. The coding

sequence was located in 1008 bp from position 261 to position 1268. 120 bp of

upstream sequence from ATG codon(underlined sequence) coded 40 amino acid

residues of signal peptide which was deduced from amino acid sequence analysis.

The start and stop codon for xynB gene were shown in the shaded box. The

nucleotide sequence of xynB in S. thermocyaneoviolaceus was assigned accession

no. AF194025 and KS102745 in GenBank and GenNuri, respectively.
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2. DNA xylanase

. S. thermocyaneoviolaceus xylanases

S. thermocyaneoviolaceus xylanase XynB
xylooligo xylanase N1
, xylanase N1
overexpression . XynB DNA
codon Nde site PCR primer(MBU 5 -CGGGATCCATAT
GAACACGCTCGTCCATCC-3) codon EcoR site PCR
primer(MBD 5 -CGGAATTCAGCCGACGGAGCAGCTGA-3)
primer xynB  cloning pSMB8
PCR 2- 40 expression vector
pET 21a(+)(Novagen ) Nde -EcoR
T 7- expression system BLR(DE3)
RBB- xylan- IPT G plate xylan

insert . 1.0 kb xynB
pEMB10
S. thermocyaneoviolaceus  xylanase B3 XynA
overexpression . PUMA2 DNA
XynA codon Nde site PCR
primer(MAU 5-GGGGTACCATATGGGCTCTCACGCCCTTCC-3)
codon EcoR site PCR primer(MAD 5 -CGGAATTCAGGAGAC
GGT CCAGCGC-3) . primer XynA
PSMA4 PCR pET21a(+) Nde -EcoR
BLR(DE3) ( 2- 40).
RBB- xylan- IPT G plate xylan

insert . 14 kb  xylB
pEM A 144



f1 origin MCR

/" Ndel

: lacl ™.
/ pPET 21a(+) |

5.4kb ;

g

MBU Ry MAU

: MAD "\

Ndel EcoRI

MBD EcoRI
Ndel EcoRl CIAP

PCR product of xynB gene
from pSMB8

PCR product of xynA gene
from pSMA4

Ligation Ligation

EcoR EcoR
f1 origin f1 origin
. xynB d XYynA
/ Nde / Nde
| pPEMB10 ! | pEMA144 !
I 6.4kb ) 6.8kb
Ap lacl ;; Ap lacl
\;?i'- - \MBFi- -

Fig. 2-40. Construction of overexpression vectors. PCR products of xynA

and xynB were digested with Ndel and| EcoRI before ligating to pET 21a(+).
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xylanase

XynB BLR(DE3)/pEMB10
xylanase( xylanase N1 )
RBB- xylan- IPT G plate
, 2-41 xynB
subcloning pEMB10 BLR(DE3)
S. thermocyaneoviolaceus
XYnA
BLR(DE3)/pEMA 144
xylanase
xylanase activity 2-6
BLR(DE3)/pEMB10 TB IPTG 52 unit
xylanase , BLR(DE3)/pEMA144 TB 63
unit xylanase S.
thermocyaneoviolaceus  xylanase WB
12 unit XynB 4.3 52 unit , xynA 5.2
63 unit

Fig. 2-41. RBB-xylan

recombinant E. coli. a, S

thermocyaneoviolaceus; b, E.

clearance assay with S. thermocyaneoviolaceus and

coli

BLR(DE3)/pET 21a(+); ¢, E. coli BLR(DE3)/pEMBI0; d, E. coli DH5a /pSMBS.
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T able. 2- 6. Production of xylanases in recombinant strains on different media.

Strains M edia Activity(unit/ )
S. thermocyaneoviolaceus WB(wheat bran) 12
BLR(DE3)/pET 21a(+) LB 0
LB 20
BLR(DE3)/pEMB10 - 52
LB 17
BLR(DE3)/pEMA 144 B 63

S. thermocyaneoviolaceus was grown at 50 for 24 h. The xylanase of E.
coli BLR(DE3) containing recombinant plasmid was induced at 37 for 12
h after growth at 37 for 3 h. TB media were composed of 1.2% yeast

extract, 2.4% tryptone, 0.4% glycerol, 0.231% KHZPO4 and 1.254% KZzHPOZ

xylanase

overexpression  Xxylanase

37 3
IPTG 1 mM 3
Osmotic shock (Nossal Heepel, 1966) (
2- 42). XynA BLR(DE3)/pEMA 144
xylanase 28% , 67.6%  periplasm, 4.4% cytoplasm
( 2- 43A), 69%
23.4% periplasm, 8% (
). xynB BLR(DE3)/pEMB10
xylanase 65.9% xylanase
16.8% periplasm, 17.3% (
2- 43B).
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Culture broth in log. phase

Culture filtrate

Osmotic shock with 40% sucrose
(RT, 10 min / 13,000x g, 10 min)

Periplasmic fraction 1

Cold shock in ice-bath
(20 min / 13,000% g, 10 min )

Periplasmic fraction 2

Sonication of cell pellet
(30 sec x 3/ 28,000% g, 15 min)

Cytoplasmic fraction

Cell debris

Fig 2-42. Flow sheet for the extraction of xylanases by the osmotic shock.

100

80
67.8
60 ¢

40
28

Relative activity(%)
Relative activity({ %)

20 ¢

CF PP CP

100

80

&0

40

20

f5.9

—

CF PP CP

Fig. 2-43. The localization of recombinant xylanase in

strain

BLR(DES3)/pEMA144(A) and BLR(DE3)/pEMB10(B). CF, culture filtrate; PP,

periplasm(1 and 2 fraction in Fig. 2-42); CP, cytoplasm.

- 103 -



3. xylanase S. thermocyaneoviolaceus xylanases

xylanase(XynA) xylanase B3
S. thermocyaneoviolaceus M- 049 xylanase B3
65 , pH 5.0 xylanase
XynA cloning BLR(DE3)/pEMA 144
xylanase XynA
xylanase B3 . 2-44 S.
thermocyaneoviolaceus xylanase B3
xylanase(XynB) xylanase N1
S. thermocyaneoviolaceus M- 049 , xylanase N1
60 pH 55 xylanase
BLR(DE3)/pEMB10 xylanase
XynB xylanase
N1 xylanase XynB , pH, , pH
2-45 S. thermocyaneoviolaceus
xylanase N1 . DNA

xylanase xylooligo
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Fig. 2-44. Comparison of properties between purified xylanase B3 from S.
thermocyaneoviolaceus(e —e ) and xylanase of recombinant E. coli
BLR(DE3)/pEMA144(c —o ). A, optimal temperature; B, thermal stability;
C, optimal pH; D, pH stability.
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Fig. 2-45. Comparison of properties between purified xylanase N1 from S.
thermocyaneoviolaceus(e —e ) and xylanase of recombinant E. coli
BLR(DE3)/pEMB10(oc —o ). A, optimal temperature; B, thermal stability; C,

optimal pH; D, pH stability.

- 106 -



4. xylanase

BLR(DE3)/pEMA 144 xylanase

1) Xylanase

BLR(DE3)/pEMA 144 xylanase(XynA)
LB
0.5% casamino acid
550% ( 2-7).
monosodium glutamate(MSG)  0.2%
0.5% yeast extract, 1.0% tryptone,

1.0% NaCl, 0.5% casamino acid, 0.2% MSG

2) Xylanase aeration
BLR(DE3)/pEMA144 xylanases aeration
100- TB 10
121 15 , 3
7 200 rpm 12 . 25
) jar- fermentor 18 12
1 15 1% 400 rpm

1vvm, 2 vvim 3 vvm
37 3 1 mM IPTG( ) 9

2 vvm

aeration 110 unit ( 2- 46).
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Table. 2-7. Effect of organic and inorganic nitrogen sources on the

xylanase production of E. coli BLR(DE3)/pEMA 144

Nitrogen source Growth Xylana§e activity Relative activity

(A600) (unit/ ) (%)
LB* 4.8 16.7 100a
TB 10.3 63.3 379
1% Yeast extract 6.2 45.7 274
1% Peptone 45 11.6 69
1% Tryptone 53 114 68
1% Polypeptone 44 14.7 88
0.5% Casamino acid 45 91.9 550
1% Malt extract 8.8 104 62
0.5% NH<NOZ0.5) 3.9 6.0 62
0.5% (NH4zS040.5) 45 30.1 180
0.5% NH<CI(0.5) 3.7 6.0 36

* Basal medium(LB) was composed of 0.5% yeast extract, 1.0% tryptone
and 1.0% NaCl. Bacteria were grown at 37 for 12 h. 1.0 mM IPTG was
added to the media for the enzyme induction after 3 h incubation. ¢ The

activity in LB were taken as 100%.

3) Xylanase
BLR(DE3)/pEMA144  xylanases
jar- fermentor 2 vvm
, 200, 300, 400 500 rpm xylanase
300 rpm
120 unit ( 2- 47).
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¥ylanase activity(unit/ml)

Aaration(vwm)

Fig. 2-46. Effect of aeration on the production of xylanase by

BLR(DES3)/pEMA 144.

140
120 +

1

¥ylanase activity(unit/ml)
2

o ¥ & 8 B

200 300 400 500
Agitation speed(rpm)

Fig. 2-47. Effect of agitation speed on the production of xylanase by
BLR(DE3)/pEMA 144,
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4) Xylanase

(2 vvm, 300 rpm)

BLR(DE?3)

2-48 24 1285 unit  xylanase

140

120 ¢ I 5
100 | / | 4

80 | 1

¥ylanase activiby{unit/ml)

60 / I.'
f
Il / 1 2
0+ 7
|Ill .III
o0 | II|.'I |I|I 1

0 4 B 12 16 20 24 28 32
Culture time(h)

Fig. 2-48. Profile of cell growth and xylanase production by

BLR(DE3)/pEMA144 in jar-fermentor. « —e | xylanase activity; o —o , cell

growth(A600 nm).
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BLR(DE3)/pEMB10 xylanase

1) Xylanase

BLR(DE3)/pEMB10 xylanase(XynB)
2-8 LB
CSL(corn steep liquor)
, 0.2% 820%
( )
BLR(DE3)/pEMB10 0.5% yeast
extract, 1.0% NaCl, 1.0% tryptone 0.2% CSL

Table 2- 8. Effect of carbon saurces an the xylanase production by BLR(DE3)/pEMBI10

Carbon source Growth Xylanase activity Relative activity

(A 600) (unit/ ) (%)
LB* 5.4 14.2 100a
TB 8.7 27.4 193
1% Sorbitol 7.7 6.2 44
1% Lactose 6.5 5.8 41
1% Maltose 8.8 24 17
1% Fructose 7.1 41.0 290
1% Saccharose 4.6 2.6 18
1% Potatodextrose 11.4 38.8 274
1% Mannitol 105 36.3 256
1% Glucose 12.1 2.3 16
1% Wheat bran 8.5 8.1 84
1% Rice bran 10.8 8.1 57
0.2% CSL(0.2) 5.1 116.1 820
0.5% CSL(0.5) 6.0 114.4 808
1.0% CSL(1.0) 9.1 25.7 181

* Basal medium(LB) was composed of 0.5% yeast extract, 1.0% tryptone

and 1.0% NaCl. ¢ The activity in LB was taken as 100%.
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2) Xylanase aeration

BLR(DE3)/pEMB10 xylanase aeration
100- LB 10 121
15 , 37
200 rpm 12 . 25-¢
jar- fermentor (0.5% yeast extract,
1.0% NaCl, 1.0% tryptone, 0.2% CSL) 1¢ 121 15
1% 300 rpm ,
1vvm, 2 vvm 3 vvm 37 12
aeration . 2 vvm aeration
120 unit ( 2- 49).
3) Xylanase

BLR(DE3)/pEMB10 xylanase

jar- fermentor 2 vvm
, 200, 300 400 rpm xylanase
300 rpm
122 unit ( 2- 50).
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Xylanase activitylunit/m])

o B8 &8 8 B

1 2 3
Aeration{vvm)

Fig. 2-49. Effect of aeration on the production of xylanase by

BLR(DES3)/pEMB10.

3 2

g

¥ylanase activity(unit/ml)

e B8 & 8 B

200 300 400
Agitation speed(rpm)

Fig. 2-50. Effect of agitation speed on the production of xylanase by

BLR(DES3)/pEMB10.
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4) Xylanase
(2 vvm, 300 rpm)

BLR(DE3)/pEMB10
2-51 12

xylanase

160

140 | /*o—o\.__.__' \

@ o m®
o & o
—a.

)]
]
i
=
.
%

b
o
i

¥ylanase activityl{unit/ml)

[}
(=]
T

|

0 4 8 12 16 20 24 28 32 36
Culture time(h)

growth and xylanase production by

Fig. 2-51. Profile of cell
BLR(DE3)/pEMB10 in jar-fermentor. « —e , xylanase activity; o —o , cell

growth(A600 nm).
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8 Xylooligo

1. S. thermocyaneviolaceus xylanases

S. thermocyaneoviolaceus xylanases xylan

2 % birchwood xylan 2 % oat spelt xylan 0.5
50 mM sodium phosphate buffer(pH 7.0) (5 unit/ )
0.5 . 50 4
100 rev/min . 10
boiling , 15,000 rpm TLC

S. thermocyaneoviolaceus

xylanase N1, N2 B xylanases oat spelt
xylan birchwood xylan xylooligo
( 2-52).
xylooligo 10% birchwood
xylan 2 100mM citrate- phosphate buffer(pH 5.5) 1
(10 unit/ ) 1 50, 60 65 4
HPLC ,
( 2-53), Xz XE€
60 xylose xylan 55
65 60 xylooligo (XZz X¢€) ( 2-54).
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Birchwood Oat spelt

X1 =
L]

X2 = ‘..
X3 = * @9 .
X4 =y %
X5 = & "
X6 =

® ¢ o O

NTN2 B T

Fig.2-52. Thin layer chromatography of the various xylan hydraolyzates produced by
xylanases of S. thermocyaneoviolaceus. The reaction mixture consisted of 0.5 of
xylan and 05 xylanase solution which were diluted with 50 mM phosphate
buffer(pH 7.0). The final enzyme concentration was 2.5 unit/ . The reactions were
carried out at 50 for 4 h and terminated with boiling for 10 min. Symbal: O,
enzyme free; N1, xylanase N1; N2, xylanase N2; T, total xylanases dialyzed after
ammaonium sulfate precipitation; X1, xylose; X2, xylobiose; X3, xylotriose;, X4,

xylotetraose; X5, xylopentaose; X6, xylohexaose.
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EVLAB

50T 60T " 65T

—

Fig. 2-53. HPLC analysis of the xylan hydrolyzates produced by xylanases
of S. thermocyaneoviolaceus at various temperature. The reaction mixture
consisted of 2 mf of 10% birchwood xylan solution, 1 m¢ of 50 mM
citrate-phosphate buffer(pH 55) and 1 m¢ of xylanase(10 unit/mé) were
incubated for 4 h. After boiling for 10 min the reaction mixture was
centrifuged with 15000 rpm and then filtrated with 0.45 m membrane.
Symbol: X1, xylose; X2, xylobiose; X3, xylotriose; X4, xylotetraose, X5,

xylopentaose; X6, xylohexaose; Xn, xylooligomer longer than X6.
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:‘§
g m X1
8 @x2
o | X3
% g X4
& EX6
B X2X6

Reaction terrperature( °C)

Fig. 2-54. Effect of reaction temperature for the production of
xylooligosaécharides. The relative concentration of xylooligosaccharides was

calculated from HPLC data of Fig, 2-53 .

o GAEEY] TE xylooligoDe] Ak

¥ x| WE xylooligo2d] 24 ¥eE ZAbel7] $81M birchwood xylan 2 g
< 50 mM citrate-phosphate buffer(pH 55)Z 1, 2, 5, 10, 20 2 40 unit/mS A 314
B ¥4 xylanases§< 20 meell @sld 60°ColM 12 AlIR}F ¥Hg3tm TLC X HPLC
2 ARES BNY At 47 19 -9 1Y 2-5%3 2ok 1Y 2-6o ek
X~Xe7HA19 20 FFE BHY 2 HH FAEEE 10 unit/meolRTHaY
2-57). olEit}t o ¥ EAFRAANE xylose #Eo] A3 kst Ly ¥
°of Fadhe AL BAT 1, 2 wit/me] AFES TAAME X9 o] BT,
TFEE BAG~20 unit/m)olAE Xoo o] =t
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X1l = 5

x2 w | W

X3 .
@
&

&
& o0
X4 = I i ¢
! ’.
. $ o = = o

Enzyme concentration(unit/ )

Fig. 2-55. Thin layer chromatography of the xylan hydrolyzates produced by
various concentration of xylanases of S. thermocyaneoviolaceus. The reaction
mixture was consisted of 20 of 10% bhirchwood xylan and xylanases(1 40 unit/

) in 50 mM citrate- phosphate buffer(pH 5.5) and was incubated at 60 for 12 h.

Symbol: M, marker from Megazyme; 20P, Suntory xylooligomer(20P).
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3 [ 3
14
5 U/ml 10 U/ml 20 U/ml

x1-

3,

Fig. 2-56. HPLC analysis of the xylan hydrolyzates produced by various

concentration of xylanases of S. thermocyaneoviolaceus. The reaction

conditions were the same as Fig. 2-55.
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a
3 O
3
Re]
@ m X1
s D
8 .X3
2 E | x4
_g>_ 10 . 8| x5
< - | ax6
e | W | wx2x6
0 L= +H =
1

Enzyme concentration(unit/rm)

Fig. 2-57. Effect of enzyme concentration for the production  of
xylooligosaccharides. The concentration of xylooligosaccharides was calculated

from HPLC data of Fig. 2-56.
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pH

S. thermocyaneoviolaceus xylanases xylan

pH bichwood xylan 2 g
20 pH (final conc. 10 unit/ )
60 12
50 mM citrate- phosphate buffer(pH 4.0 55), 50 mM sodium phosphate
buffer(pH 6 8) 50mM glycine- NaOH buffer(pH 9 10)
15,000 rpm TLC HPLC
2- 58 2-59 . pH pH
xylan xylose

( 2- 60).

. - B e Xl
e | ex
| e«
@ s
Q| « x5

it
'

40 50 55 6.0 7.0 8.0 9.0 100 M
Reaction pH
Fig. 2-58. Thin layer chromatography of the xylan hydrolyzates produced
by xylanases of S. thermocyaneoviolaceus at various pH conditions. The
reaction mixture was consisted of 20 of 10% birchwood xylan
solution and 10 unit/  of xylanase in various pH solution and incubated
at 60 for 12 h. Symbol: M, marker from Megazyme.
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Fig. 2-59. HPLC analysis of the xylan hydrolyzates produced by the
xylanases of S. thermocyaneoviolaceus at various pH condition. The

reaction conditions were same as Fig. 2-58,
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Q 20 | mEX2
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.EI ' fiF ¥ 4
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3 : : | I:lxb‘
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pH

Fig. 2-60. Effect of pH condition for the production of xylooligosaccharides. The

concentration of xylooligosaccharides was calculated from HPLC data of Fig.

2-59.

xylooligo
Birchwood xylan 2 g 20 50 mM sodium
phosphate buffer(pH 6.0) xylanase (final conc. 10 unit/
) 60 2 10
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23 bollingstel EAW$E AL o AEE 15000 pmes WAL
o} 49e e ¥ TLC 2 HPLCE ol4a A4E xylooligod g 24
SATHIY 2-61, 29 2-62). 7 At HIAIYE AAHE 2 2K~

) Bol Zbg Be AAWE AT 12 ABIYen] HeA] 8T
£% Xi5 X0 BFo] Z7HATHIY 2-63). '

X1 = » .,.r
X3 = .

X4 = . . : ‘
X5 = . :

i QO El:. 5 .

® 9
!

XY
e
'
I
!

M 1 2 q 8 12 24 20P
Reaction time(h)
Fig. 2-61. Thin layer chromatography of the xylan hydrolyzates produced
by xylanases 6f S. thermocyaneoviolaceus at various reaction time. The
reaction mixture consisted of 20 m¢ of 109 birchwood xylan and 10 unit/m{
of xylanases in 50 mM phosphate bgffer(pH 6.0) . and incubated varioqs
reaction time at 60°C. The reaction was terminated with boiling,for 10 min,

Symbol: M, marker from Megazyme; 20P, Suntory xylooligomer(20P),
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Fig. 2-62. HPLC analysis of the xylan hydrolyzates produced by the

xylanases of S. thermocyaneoviolaceus at various reaction times.

- 127 -

NeEX ot S A HARS Xylan2 0|88 JIsd 22 MM



S

S 40 |

G X

7 mX2

5 o | BX3
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1 2 4 8 12 24

Reaction Time(hrs)

Fig. 2- 63. Effect of reaction time to production of xylooligosaccharides. T he

concentration of xylooligosaccharides was calculated from HPLC data of

Fig. 2- 62.
S. thermocyaneoviolaceus
xylanases 10% birchwood
xylan 50 mM phosphate buffer(pH 6.0) 60
10 unit/  xylanases 12

xylooligo xylobiose 20.1 g/¢ , xylotriose 8.9 g/
¢ , xylotetraose 4.5 g/t , xylopentaose 16.2 g/¢ , xylohexaose 9.1 g/¢
xylooligo (Xz X€ 588 g/t
xylose 5.0 g/t
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2, BLR(DE3)/pEMA 144 xylanase

BLR(DE3)/pEMA144  xylanase(Xyn A; xylanase B3
) xylan

birchwood xylan 2 g 50 mM sodium- phasphate

buffer(pH 6.0) 5, 10, 20 40 unit/ 20 60
12 . TLC HPLC
2-64 2- 65 . 2-65 xyloaligo
10 unit/ ( ) xylodligo (XZz X¢€)
xylose ( 2- 66)
10 unit/
&= X1
&= X2
= X3
& X4
& X5

Enzyme conc.(unit/ )

Fig. 2-64. Thin layer chromatography of the xylan hydrolyzates produced by
various concentration of xylanase of BLR(DE3)/pEMA144. The reaction mixture was
consisted of 20 of 10% birchwood xylan and xylanase(final conc. 5 40 unit/ )
which diluted with 50 mM sodium phaosphate buffer(pH 6.0) and incubated at 60
for 12 h. Symbol: M, marker from Suntory xylooligomer(20P);
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s & xoa % AA

Fig. 2-66. HPLC analysis of the xylan hydrolyzates

5 Ujml 10 U/m! 20 Ujml 40 U/ml

(¥ &

X

produced by various

concentration of xylanase of BLR(DE3)/pEMA144. The reaction conditions were same

as Fig. 2-64

8 8 &8 &

—d
(@)

Xylooligosaccharide(g/L)

o

Enzyme concentration{unit/m)

Fig. 2-66. Effect of enzyme concentration

X1
@|X2
g X3
g X4
B8 X5
2X6
| X2X6

to production of

xylooligosaccharides. The concentration of xylooligosaccharides was

calculated from HPLC data of Fig. 2-65.
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pH

BLR(DE3)/pEMA 144 xylanase(Xyn A)
xylooligo pH birchwood xylan 2
g 20 buffer (final conc. 10 unit/ )
60 12 . 50 mM

citrate- phosphate buffer(pH 4.0 5.5), 50 mM sodium phosphate buffer(pH

6 8 glycine- NaOH buffer(pH 9 10) . xylooligo
TLC HPLC 2- 67 2- 68
2- 68 xylooligo Xz (Xz X6
xylanase pH 5.0 ( 2-69).
» SOPd . Flext
s o i « X2

i

M4 5 6.7 8 910 M

Reaction pH
Fig. 2-67. Thin layer chromatography of the xylan hydrolyzates produced
by xylanase of BLR(DE3)/pEMA 144 at various pH conditions. T he reaction
mixture was consisted of 20 of birchwood xylan and 10 unit/  xylanase
in various pH buffers and incubated at 60 for 12 h. M, marker from

Suntory xylooligomer(20P).
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Fig. 2-68. HPLC analysis of xylan hydrolyzates produced by xylanase of
BLR(DE3)/pEMA144 at various pH conditions. The reaction conditions were

the same as Fig. 2-67.
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Fig. 2-69. Effect of pH condition to production of xylooligosaccharides. The
concentration of xylooligosaccharides was calculated from HPLC data of

Fig. 2-68.
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pH 5.0 birchwood xylan 2 g 50
mM citrate- phosphate buffer(pH 5.0) 20 (final conc. 10 unit/ )
60 2 10
boiling . 4 15000 rpm 5
TLC HPLC xyloaligo
( 2-70 2-71). 2-71 xylooligo (Xz X6
BLR(DE3)/pEMA144 xylanase(XynA)
xylaooligo 24
( 2-72).

@& X1
@ X2

@ X3
@ X4

4 X5

Reaction time(h)

Fig. 2-70. Thin layer chromatography of the xylan hydrolyzates produced
by xylanase of BLR(DE3)/pEMA 144 at various reaction time. Symbol: 20P,

marker of Suntory xylooligomer (20P).
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Fig. 2-71. HPLC analysis of the xylan hydrolyzates produced by the
BLR(DE3)/pEMA144 at various reaction times. The reaction

war
1w
[(F o
1.
I
"
l!."

xylanase of

mixture and conditions were the same as Fig. 2-70.
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Fig. 2-72. Effect of reaction time for the production of xylooligosaccharides.
The concentration of xylooligosaccharides were calculated from HPLC data

of Fig. 2-71.

ol Z#}e FHsY AZY¥ U¥Z BLRIDE3)/PEMAlM7L AArss
xylanase(XynA)E ©]-§3tal xylooligo 3¢ AAst7] Ue FH=AL 10% birchwood
xylane 50 mM sodium-phosphate buffer(pH 6.0)°} 10 unit/m¢] xylanase(XynA)&
A713te] G0CoAM 24 Al MEATIE Rolnk ojgd HHzANM B4 xylooligo
7Y FFE 10% birchwood xylang 7122 A9 w xylobiose 246 g/l
xylotriose 65 g/ £, xylotetraose 5.1 g/ £, xylopentaose 85 g/ £, xylohexaose 85 g/t
22 3 xylooligod ¥ 650 g/ ¢ Atk olu xylose: 74 g/ 0 & M43,
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3. BLR(DE3)/pEMB10 xylanase

BLR(DE3)/pEMB10 xylanase(XynB)
xylooligo  xylan xylooliogo
birchwood xylan 2 g 5, 10, 20 40 unit/ 50
mM sodium phosphate buffer(pH 6.0) 20
60 12 . 15,000 rpm
TLC HPLC 2-73
2-74 . 2-74 xylooligo 40 unit/
20 unit/
20 unit/
( 2-75).
- &= X1
&= X2
& X3
& X4
& X5

5 10 20 40 20P

Enzyme conc.(unit/ )
Fig. 2-73. Thin layer chromatography of the xylan hydrolyzates produced by

various concentration of xylanase of BLR(DE3)/pEMB10. The reaction mixture was
consisted of 20 of birchwood xylan and various concentraion of Xylanase in 50
mM citrate- phosphate buffer(pH 6.0) and incubated at 60 for 12 h. Symbol: M,

marker from Suntory Xxylooligomer(20P).
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Fig. 2-74. HPLC analysis of the xylan hydrolyzates produced by various
concentration of xylanase of BLR(DE3)/pEMB10. The reaction conditions were the

same as Fig. 2-73.
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Fig. 2-75. Effect of enzyme concentration to production of xylooligosaccharides. The

concentration of xylooligosaccharides was calculated from HPLC data of Fig. 2- 74.
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v 9§ pHol W £Ynge] A4

A2% #FF BLR(DE3)/pEMBI10 xylanase(XynB)ol 23 xylooligo B A
Abel) mlxlE pHE 988 ZAMSH7] 93] birchwood xylan 2 g€ 4% 959
o2 34F FEAA(final conc. 20 unit/mé)oll Fo] 60TAA 12 A|ZF ¥HA[Z
¥ 449 xylooligode =44 TLC ¥ HPLCZ 43 ATe 19 2-76
o 2 2-77¢% 2o 2¥Y 2-T7ZFH xylooligo 7 ##E ZAIY ZI o]
xylanase® EAZE HA pHEO = pH 6094 713 £ xylooligo ¥ A
& YEHATHZ ™ 78).

X1 =

X2 =
X3 =

X4 =

M 40 50 55 6.0 70 80 90 10.0

. Reaction pH
Fig. 2-76. Thin layer chromatography of the xylan hydrolyzates produced by
xylanase of BLR(DE3)/pEMBIO at van:ous pH conditions. The reaction mixture was
consisted of 20 mé of birchwood xylan and 20 unit/mﬂh xylanase(final conc.) in
various pH solutions and was incubation at 60C for 12 h. Symbol; ; M, marker

from Suntory xylooligomer(20P).
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pH 6.0

pH 4.0 pH 5.0 pH 55
k] ™
1
] N -
b3 X
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x 1
a

A
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A
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Fig. 2-77. HPLC analysis of the xylan hydrolyzates produced by the

xylanase of BLR(DE3)/pEMBI0 at various pH conditions. The reaction

conditions were the same as Fig. 2-76.
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I@XS
g X6
| X2-X6

Xylooligosaccharides(g/L)

Fig. 2-78. Effect of pH condition to production of xylooligosaccharides. The
concentration of xylooligosaccharides was calculated from HPLC data of Fig. 2-77.
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10 boiling 15,000 rpm

TLC HPLC 2-79 2- 80
2- 80 xylooligo
BLR(DE3)/pEMB10 xylanase(XynB) xylooligo
(Xz X6 24 (

2- 81)

@& X1

@ X2

@ X3

@ X4

1 2 4 8 12 24 20P

i 88
}
-

Reaction time(h)
Fig. 2-79. Thin layer chromatography of the xylan hydrolyzates produced
by xylanase of BLR(DE3)/pEMB10 at various reaction time. The reaction
mixture consisted of 20 of birchwood xylan and 20 unit/  of xylanase
(final conc.) in 50 mM sodium phosphate buffer(pH 6.0) and incubated at
60 and terminated with boiling 10 min. Symbol: 20P, marker of Suntory

xylooligomer(20P).
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Fig. 2-80 . HPLC analysis of the xylan hydrolyzates produced by the
xylanases of BLR(DE3)/pEMBI10 at various reaction times.
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Fig. 2-8l. Effect of reaction time for the production of xylooligosaccharides. The
concentration of xylooligosaccharides was calculated from HPLC data of Fig. 2-?.

olde AAE F¥aW AxY uAd BLR(DE2)/pEMBIL0o] AAbste
xylanase& ©]83l4 xylooligo @ (Xe~Xe)& AAE 7] Yot A ZH4L& 10%
birchwood xylan(50 mM sodium phosphate buffer, pH 6.0)& 7}8t9 60°C
oA 2441 WEAZI= Aol A Fokoh ojdl YA HE xylooligo T =
d& xylobiose 26.1 g/f, xylotriose 114 g/{, xylotetraose 36 g/¢,
xylohexaose 239 g/ £ F2™ xylooligo B9 %<& 650 g/L At o] o A
H & xylosed] %< 43 g/t A
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Xylan xylooligo xylanase
xylanase
4 xylanase
2 xylanase DNA
xylanase

S. thermocyaneoviolaceus M- 049
xylanases 2 xylanase

xylan xylooligo

, xylan
235 (KCTC)
(KCCM)
34 xylanase xylooligo
S. thermocyaneoviolaceus M- 049
2. 0.8% , 0.06% yeast extract, 0.06%
bactopeptone, 0.05% MgSOZ 7HZO, 0.005% FeSO< 7HZO, 0.05% KHZzPO4

0.2% KZHPO«(pH 7.0) (WB )
3. Jar- fermentor 2 vvm,
400 rpm 2% WB 24
, 14.2 unit
4. S. thermocyaneoviolaceus xylanase , DEAE

Sephadex A-50 ion exchange chromatography, Sephacryl S-200 HR gel

chromatography FPLC(Superose 12 HR column) xylanase
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N1, B2, B3 . B1
xylanase SDS- PAGE xylanase N1
35 kDa, B2 25 kDa, B3 47 kDa
5. xylanase pH xylanase N1, B1, B2 B3 pH 50 55
, pH pH 45 105 80%
6. xylanase xylanase N1 65 , Xylanase B1
70 , B2 B3 65 xylanase N1
65 95%

,  Xylanase Bl1l, B2 B3 55 . S
thermocyaneoviolaceus xylanase xylanase
N1

7. Birchwood xylan xylanase N1, B1, B2 B3 Km
10.92, 2.15, 11.80 2.62 mg/ , Vex  3.02, 0.71, 4.52 110 p
mol/min

8. xylan Avicel binding assay xylanase
N1 xylan Avicel . Xylanase B1, B2 B3
50 / xylan 38%, 83% 73%

, Avicel xylanase B3 20%, xylanase Bl B2

10%

9. Birchwood xylan xylooligo
xylanase N1 xylooligo Xz Xt

X Xz . Xylanase B1 B3 X:

X3 xylooligo xylanase
B2 X: Xz X< xylooligo
10. Xylanase N1, B1, B2 B3 xylooligo (X2 XE€)
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Xz , X3S

, Xylanase N1 , Xylanase B1, B2
B3 xylose Xz X
. X< xylanase N1
, Xylanase B1, B2 B3 X< Xz
, xylose  X@ . XE
xylanase N1 Xz, X¢ XE
Xt . Xylanase B1, B2 B3
XE Xz xylose  X:
11. xylanase N1 B3
, Xylanase N1 aspartic acid ,
15 (DTITSNQTGTHNGYF) ,
xylanase B3 alanine , 10
(AESTLGAAAA)
12. S. thermocyaneoviolaceus xylanase
genomic DNA A BlueSTAR DNA library
PCR probe xynA(xylanase B3 )  xynB(xylanase
N1 ) plague hybridization

A BlueSTAR cre-loxP mediated auto- subcloning

system plasmid subcloning . Subcloning
DH5a
RBB- xylan plate 2
XynA xynB probe signal
pSMA4 pSMBS8 insert DNA
15 kb 12 kb , S.

thermocyaneoviolaceus  xylanase
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13. pPSMA4(xynA) pSMB8(xynB)  xynA XynB probe  southern

hybridization XYynA 2.7 kb Sph subcloning
pUMA?2 xynB 33 kb BamH
subcloning pwWMB81 , RBB- xylan plate

14. S. thermocyaneoviolaceus xynA XynB gene

XynA codon ATG codon TGA
1431 bp , 476 . xynB
codon ATG codon TGA 1008
bp , 335
xylanase 40 signal peptide

GenBank  nucleotide sequence databases

XynA gene accession no. AF194024 XynB
AF 194025
15. DNA xylanase XynA xynB
overexpression . DNA
codon Nde site PCR primer codon EcoR site
PCR primer XynA pSMA4, xynB
pSM B8 PCR pET21a(+)  Nde
- EcoR BLR(DE3) . 1.4 kb
xylA PEMA 144 , 1.0 kb xynB
pEM B 10 . RBB- xylan
, xylanase
16. xynA cloning BLR(DE3)/pEMA 144
xylanase  XynA( xylanase B3 ) xynB cloning
BLR(DE3)/pEMB10 xylanase XynB(
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xylanase N1 ) S. thermocyaneoviolaceus xylanase B3 N1

) pHy ) pH

17. BLR(DE3)/pEMA 144 xylanase(XynA)
0.5% yeast
extract, 1.0% tryptone, 1.0% NaCl, 0.5% casamino acid, 0.2% MSG

jar- fermentor 2
vvm 300 24
xylanase , 128.5 unit
18. BLR(DE3)/pEMB10 xylanase(XynB)
0.5% yeast
extract, 1.0% NaCl, 1.0% tryptone 02% CSL
Jar- fermentor 2 vvm 300 rpm
16 xylanase ,
142 unit
19. S. thermocyaneoviolaceus xylanases

10% birchwood xylan(50 mM sodium
phosphate buffer, pH 6.0) 10 unit/ xylanases 60 12
xylooligo

X2 201 g/t , X389 g/t , X445 g/t , X516.2 g/t , X€ 9.1 g/t

xylooligo (Xz X€  58.8 g/t . X2
xylooligo
20. BLR(DE3)/pEMA144  xylanase
10% birchwood xylan(50 mM sodium phosphate buffer, pH 6.0) 10
unit/ xylanase(XynA) 60 24

, xylooligo X2246 g/t , X365

- 148 -



g/t , X451 g/t , X5203 g/t , X685 g/t xylooligo  (XZ X6

65.0 g/¢ . Xz X5 xylooligo
21. BLR(DE2)/pEMB10
10% birchwood xylan(50 mM sodium phosphate buffer, pH 6.0) 20
unit/ xylanase(XynB) 60 24
, xylooligo X2 26.1 g/t , X3
114 g/t , X4 3.6 g/t , X6 239 g/t xylooligo  (XZ X6
65.0 g/t . Xz  X€ xylooligo
xylooligo (10) (29,
20, 21) birchwood xylan
xylan
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3 Xylan

1
450
23 kg
20 25% , ) '
20% . xylan xylan
20 45%, 80 90%, )
68 78%

xylan  4- O- methyl- glucuronoxylan

acetyl
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arabinose

xylose 5-15

1



200 : )

xylan  4- O- methylglucuronoarabinoxylan arabinose xylose

5 1 arabinose
xylan 4- O- methyl- glucuronic acid
xylose . uronic acid

) bilirubin
chipping
xylan
xylan , xylan
xylan
xylan
2 Xylan
1.
1)
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2)

3-1
3- 1L m3
1986 965 140 - - 1,105
1988 447 175 263 309 1,194
1990 309 191 137 440 1,1077
1992 190 109 171 326 796
1994 206 145 141 - 896
31 1994
690,000 mz
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3-2

3-2 m3

1986 1988 1990 1992
) 568 760 640 954 1,1213
8.1% 9.3% 9.0% 10.6% 9.2%
3-2
2.
, 6 cm
3. chipping
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chipper 2x 2x 0.2 cm chip

wiley mill 40 80 mesh
, Klason lignin
alditol- acetate
3-3. - %
_ Cold water Hot water 1% NaOH Ethanol- benzene Lignin
Species _ _ _ _ Ash
extractives extractives extractives  extractives content
Oryza
15.3 185 48.7 5.0 105 1938
sativa*l
Hordeum
25.6 26.8 52.7 51 89 159
vulgare*2
Quercus
20 4.8 242 2.6 06 208
mongolica*3

*1 - rice straw, *2 - barley straw, *3 - oak wood

3-3 . 3-3
(Oryza sativa), (Hordeum vulgare)
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(Quercus mongolica)

3-4
Arabinose , 10.2%, 6.7%
4- O- methyl- glucuronoarabinoxylan arabinose
4- O- methyl- glucuronoxylan
xylose 29.8%
3-4.
Sugar composition (%)
Species

Rham. Ara. Xyl. Man. Gal. Glc.

Oryza sativa*l T*4 10.2 30.7 5.2 5.7 48.2
Hordeum vulgare*2 T 6.7 29.6 4.3 3.3 56.1
Quercus M ongolica*3 T 2.7 29.8 16 12 64.6

*1 : rice straw *2 : barley straw *3 : oak wood *4 : T-trace, below 0.1%

xylan
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3-5
10%

Klason lignin alditol- acetate

3-1

3-5.
) ) Steam- exploded conditions
Species M aterials No. - -
Pressure(kgf/cmz)  Time(min.)
EO 20- 3*1 20 3
Oryza sativa
EO 20-6 20 6
EH 20-3*2 20 3
Hordeum vulgare
EH 20-6 20 6
EQ 15-10*3 15 10
EQ 15- 10(30) 15(30)*4 10(0.5)*4
Quercus mongolica
EQ 20-3 20 3
EQ 20-6 20 6
*1 : 20 kgflcmz, 3
*2 : 20 kgflecmz, 3
*3 : 15 kgf/cmz, 10
*4 15 kef/emsz, 10 30 kef/emz, 30
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alditol- acetate

3-6.
Klason Sugar compositions (%)
M aterials No.
lignin (%) Rham. Ara. Xyl. Man. Gal. Glc.

EO 20- 3*1 34.0 T*5 4.9 331 3.5 3.0 55.5
EO 20-6 37.1 T 6.2 42.1 2.9 2.6 46.2
EH 20- 3*2 32.7 T 4.7 37.6 3.2 34 51.2
EH 20-6 37.9 T 4.0 27.0 3.3 21 63.5
EQ 15-10*3 215 T 0.9 18.0 1.8 T 79.3

EQ 15- 10(30)*4 24.6 T 13 16.4 14 T 80.9
EQ 20-3 23.7 T 43 42.0 7.2 3.7 42.9
EQ 20-6 29.3 T 25 419 5.0 44 46.2

*1 : 20 kgflcmz, 3

*2 : 20 kgflecmz, 3

*3 : 15 kgf/cmz, 10

*4 15 kcf/ecmsz, 10 30 ket/emz, 30

*5 : T-trace, below 0.1%

, 20 kgf/cmz, 3
glucose xylose

Xylose

20 kgflecmz, 3
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20 kgflcmz, 6

xylose



20 kgf/cmz

, glucose
glucose
glycoside
Xylan
xylan
xylan
0.5%
xylan
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1) xylan

water bath 100 rpm 1

2) xylan

49

, 10% (pH

37

3-7
20 kgflcmz, 6
xylan

20 ke¢f/lemz

49

5.5)

- 160 -

96 ml , 80 , shaking
2G3 glass filter
4
0.5% 96 ml
100 rpm
2G3 glass filter
3
4
xylan
20 kgflcmz, 3
xylan
xylan
15 ke¢f/emz
xylan



3-7. 0.5% xylan

Yield of crude xylan (%)

M aterials No.

Hot water extract 0.5% KOH solution extract
EO 20- 3*1 224 25.6
EO 20-6 211 34.1
EH 20- 3*2 36.7 35.3
EH 20-6 2738 33.1
EQ 15- 10*3 17.8 214
EQ 15- 10(30)*4 23.6 245
EQ 20-3 23.7 27.0
EQ 20-6 244 28.9
*1 : 20 kgflcmz, 3
*2 : 20 kgflecmz, 3
*3 : 15 kgf/cmz, 10
*4 15 kcf/cmz, 10 30 kct/emz, 30
0.5% xylan
xylan 0.5%
) xylan

) 20 kgf/cmz, 3

2. GC(gas chromatography) xylan

0.5%
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xylan  GC(gas chromatography)

- Model : Shimazu GC- 14A

- Column : 400x 0.4 cm glass column

- Column Packing materials : PEGA(0.2%) + PEGS(0.2%) +
Solocone GE XF- 1150(0.4%)

- Col. Temp. : 190

- Inj. Temp. : 220

- Det. Temp. : 250

- Detector : FID Carr. Gas : 1.2 kgf/lcm3

- Standard material : myo- Inositol

xylan
4 xylan
xylan
alditol- acetate GC
3-8 xylan
xylan
3-8
, 20 kgf/cmz, 3 20 kgflcmz, 6
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3-8 xylan
M aterials Sugar composition (%)
Sugar yield(%)

No. Rham. Ara. Xyl. Man. Gal. Glc.
T otal 28.3 T*4 8.5 54.0 53 7.8 24.4
EO 20-3*1 Oligomer 20.8 T 0.5 60.0 - 8.7 30.8
Monomer 7.5 T 30.7 37.3 20.0 53 6.7
T otal 13.9 T 7.0 47.3 5.8 13.7 25.2
EO 20-6 Oligomer 104 T 29 51.0 - 16.3 29.8
Monomer 3.5 T 20.0 37.2 25.7 5.7 114
T otal 48.1 T 122 66.3 10.3 54 58
EH 20-3*2 Oligomer 28.2 T - 91.5 - 6.0 2.5
Monomer 19.9 T 29.6 30.7 24.6 45 10.6
T otal 43.8 T 26.9 48.9 12.8 2.3 9.1
EH 20-6 Oligomer 85 T - 95.3 - - 4.7
Monomer 35.3 T 334 37.7 15.9 2.8 10.2
T otal 75.6 T 7.5 75.4 6.7 15 8.9
EQ 20-3*3 Oligomer 554 T 0.7 82.9 4.2 2.0 10.2
Monomer 20.2 T 26.2 55.0 13.8 T 5.0
T otal 43.6 T 9.1 58.9 195 8.7 3.7
EQ 20-6 Oligomer 6.4 T - 95.3 - - 4.7
Monomer 37.2 T 10.8 52.7 22.8 10.2 3.5

*1 : 20 kgflcmz, 3
*2 : 20 kgflecmz, 3
*3 : 20 kgflcmz, 3

*4 : T-trace, below 0.1%
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,  Xylan

xylose 75%

oligomer
xylan
05% KOH 1
3
4 xylan
GC
3-9 3-8
monomer
xylan
xylan ,
xylan
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50%

xylan

monomer

xylan

aditol- acetate

oligomer
3-4

glycoside

xylan

xylan



3-9. 0.5%

xylan

Materials Sugar yield(%) Sugar composition (%)
No. Rham. Ara. Xyl. Man. Gal. Glc.
T otal 36.1 T*4 8.3 60.1 28 55 23.3
EO 20-3*1 Oligomer 156 T 115 603 32 103 147
Monomer 20.5 5.8 60.0 24 20 29.8
T otal 28.2 T 39 66.7 21 0.7 26.6
EO 20-6 Oligomer 6.7 T 75 25.4 - - 67.1
Monomer 215 T 2.8 79.5 2.8 0.9 14.0
T otal 43.7 T 9.6 54.9 4 6 6.2 24.7
EH 20-3*2 Oligomer 25.8 T 6.2 65.1 - 85 20.2
Monomer 17.9 T 145 40.2 11.2 2.8 31.3
T otal 23.8 T 6.7 61.8 5.0 34 231
EH 20-6 Oligomer 16 T 18.8 - 312 312 188
Monomer 222 T 5.9 66.1 3.2 14 234
T otal 40.2 T 2.7 50.2 12.7 6.0 28.4
EQ 20-3*3 Oligomer 18.8 T - 55.3 10.1 1.6 33.0
Monomer 214 T 51 45.8 150 9.8 243
T otal 445 T 11.2 63.4 12.6 2.7 10.1
EQ 20-6 Oligomer 255 T 125 56.5 17.3 12 125
Monomer 19.0 T 9.5 72.6 6.3 4.8 6.8

*1 : 20 kgflcmz, 3
*2 : 20 kgtflecmz, 3
*3 : 20 kgflcmz, 3

*4 : T-trace, below 0.1%
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xylan

) 20 kgflcmz, 3

6
3. xylan
xylan
xylan 5% - ,
. 5% - xylan
5%
hexose
4 xylan
- xylan
3-10 5% -
20 kcflemz, 3 20 kcif/ecmyg,
88.1% ,
xylan
10%
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3-10

xylan

57.6%

20 kgf/cme,

xylan

5%

30%
10 20%



3-10. 5% -

xylan

Yields of purified xylan

M aterials No.

Based on steam- exploded

Based on crude xylan

materials
EO 20-3%1 719 16.1
EO 20-6 69.4 146
EH 20- 3*2 88.1 32.3
EH 20-6 85.4 23.7
EQ 20- 3*3 57.6 137
EQ 20-6 52.6 12.8
*1 : 20 kgflcmz, 3
*2 : 20 kgflecmz, 3
*3 : 20 kgflcmz, 3
xylan
Amberlite IR-120(H+ )
Amberlite IRA-68(OH- )
4 xylan
xylan
xylan
active carbon(Sigma
Co.) 1

- 167 -



xylan xylan
xylan
xylan
xylan
xylan
4. xylan
5% - xylan
alditol- acetate GC
3-11. 5% - xylan
M aterials Sugar compositions(%)
No. Rham. Ara. Xyl. Man. Gal. Glc.
EO 20- 3*1 T*4 4.3 85.4 3.0 35 3.8
EO 20-6 T 31 85.0 2.3 44 52
EH 20-3*2 T T 88.7 T 54 59
EH 20-6 T T 86.9 13 3.0 8.8
EQ 20- 3*3 T 11 87.1 4.2 T 7.6
EQ 20-6 T 17 86.6 35 12 7.0
*1 : 20 kgflcmz, 3
*2 : 20 kgflecmz, 3
*3 : 20 kgflecmz, 3
*4 : T-trace, below 0.1%
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3-11 xylan . 5%

- xylan
, hexose arabinose
5% - xylan
mannan
arabinose
xylan monomer
arabinose
5% - xylan
xylan oligomer ,
4 Xylan xylase
1. xylan
xylan xylose
xylan B-(1, 4
peeling . Xylose Cz
glucuronic acid xylan galacturonic acid peeling
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Xylan -

, aldonic acid , , uronic
acid . xylan uronic acid uronoside
xyloside
xylan 4- O- methyl- iduronic acid , taluronic acid
4- O- methylglucuronic acid , galaturonic acid 2
anthraquinone xylan
xylonic acid lyxonic acid , xylan

xylosone  benzylic acid

xylan
xylan uronic acid
xylan xylose
Arabinofuranoside 6- deoxy glycoside
, pentoside hexoside
Glycoside
methyl- 2- deoxy-
a - D- glycoside methyl- a - D- glycoside 2,000
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aldobiouronic acid

proton
Xylan arabinan  12%

2- furaldehyde(furfural)
aldobiouronic acid ,
2. xylose

xylan

xylan ,
IR- 120(H+ ) column
Amberlite IRA-68(OH- )

40

HPLC

xylose, arabinose

Uronide
xylan
xylose
column
0.01M
. 0.01M

171 -

xylose

pH 5.5

Amberlite

HPLC



AU

0.0600

Model : Spectra physics SP 8800

Column : AminexTM HPX-87H, 300mmx 7.8mm
Mobile phase : 0.008N HzSO4

Flow rate : 0.60ml/min

Pressure/Temp : 62kg/cm2 / 35

Detection : UV @210nm

]

1
{ glucuronic acid

0.0400 i
0,0200 — |
i
= 1'
5.0000
]
o i < - s - — 2
1 E— T T
10,00
Minutas
3-2. xylan
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y glucuronic acid
0.0600—
0.0400 |
-
0.0200—
m¢omri &‘
ey R TR
o 1 B o [ [ T T T ¥
10.00
Hinutas
33 xylan
32 3-3 xylan
HPLC 3-4
galacturonic acid ,
, , glucuronic acid  xylose
15 20 : 1

173 -
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glucuronic acid
00,0600 —
{
0.0400
: [
0,0200 ' ;
‘ |
| (| ,palacturonic acid
. | | e
00000 . \. N
-|l = ] 1 I._
T ) e e [ 1 T |
10,00
Miputas
3-4. Xylan
HPLC
Xylan 0.01M
, 3-4 xylan
glucuronic acid  galacturonic acid
. Shimizu galalcturonic acid  glucuronic
acid 1:5
1:6
Timell xylan xylose uronic acid
8 11:1 . Xylan

xylan  glucuronic acid
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Shimizu birch wood xylan

glucuronic acid galacturonic acid
xylan
xylose 15:1
1:C-NMR . JLC-NMR HPLC
TC-NMR
- Model : Varion Unity Plus 300 (Varion Co. Ltd)
- Magnet : 300
- Spectrum width : 100
- Sample conc. : 150 mg/2ml
- Solvent : D20
3-12 TC-NMR

data

3-12 1:C-NMR

a B 2 35 ppm shift

, glycoside 10 ppm shift

glycoside shift

, glycoside 10 ppm
shift

glucuronic acid galacturonic acid  C¢
170 ppm , Ct 6.1
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ppm shift
58 61 ppm ,

chemical shift

3-12. 1:C-NMR chemical shift data

M odel Compound C1

C2 C3 C4 C5 Co

OMe

Cl C2 C3 C4

B - D-xylose 97.6

Me- 3 - D- xylopyronoside 105.0

Me-4-O-Me-3 -L-xylo
105

- pyranoside
a - D- glucuronic acid 96.9

Me- a - D- glucopyranosyl
_ 101.0
- uronide

Me- 4- O- Me- a - D- gluco
_ 01.0
- pyranosyluronide

B - D- galacturonic acid 97.0

Me- 3 - D- galactopyranosyl 103

- uronide

75.1

75.1

0751

72.0

72.0

72.0

68.7

2 68.7

73.9

73.9

73.9

73.4

73.4

73.4

69.5

69.5

70.4

70.4

80.2

72.4

72.4

83.0

70.9

70.9

64.0

64.0 57.8

64.0

71.4 172.9

714 1729 57.1

714 1729 57.1

70.5 172.6

70.5 172.6 56.5

59.7

61.6
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C¢

HPLC

32
60 ppm
80 ppm

glucuronic acid
C¢

BEE"SITT
Ll T4 e
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xylan

glucuronic acid
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i |
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-NMR
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I
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3- 6.
- 178 -

158

m




LFS .G LT

T

- A FE . aa

e LT . P A

n
wpl
W i:#n'
B 'E""-
- £
PR
fLT A1)
::: ruqﬁ!ih;q4l=1;=
L T T
Ho'd ga® neg //
BB
b ]

pil L Il

3-7.

L

il i W il

LC-NMR

37 IC-NMR spectrum

C1
, 80 70 ppm

glycoside

60 ppm

- 179 -

m



3-13.

1:C-NMR chemical shift data

Chemical shift

Chemical shift

Difference in

of model Assignment* chemical shift of
of material
compound model compound
172.9 175.3 GA-C-6 -24
172.6 174.7 GalA-C-6 -21
105.0 103.1 X- C- 1(branch point) +1.9
103.2 101.9 GalA- C- 1(branch point) +1.3
101.0 100.3 GA- C- 1(branch point) +1.3
97.6 94.8 X-C-1 +2.8
97.0 94.1 GalA-C-1 +2.9
96.9 93.8 GA-C-1 +3.1
83.9 89.5 X- C- 2(branch point) -5.6
83.0 86.9 GA-C-4 -39
80.2 79.5 X-C-4-0 +0.7
75.1 75.6 X-C-2 -0.5
73.9 73.7 X-C-3 +0.2
73.4 73.1 GA-C-3 +0.3
724 72.2 GA-C-4 +0.2
72.0 715 GA-C-2 +0.5
714 71.4 GA-C-5 0
70.9 70.1 GalA-C-4 +0.8
70.5 69.4 GalA-C-5 +0.9
70.4 68.8 X-C-4 +1.6
69.5 68.6 GalA-C-3 +0.9
68.7 68.4 GalA-C-2 +0.3
64.0 66.7 X-C-5 -27
61.6 62.3 OMe -0.7
* GA : glucuronic acid residues, GalA : galacturonic acid residues

: Xylose residues, OMe :

methyl| group
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3-13 3-7 1:C- NMR spectrum

3-13 chemical shift
shift . 1729 ppm
glucuronic acid Ce , 172.6
ppm galacturnonic acid Ce
105.0 ppm xylose C1 glycoside
, 103.2 ppm galacturonic acid C1
glycoside , 101.0 ppm
glucuronic acid C1 glycoside . 97.6 ppm
glycoside xylose C1
, 97.0 ppm glycoside galacturonic acid
C1 , 96.9 ppm glycoside
C1 . 839 ppm xylose
Cz , Xylose
C: xylose C:
83.0 ppm glucuronic acid
C< . 3-7
glucuronic acid C< 61.6 ppm
glucuronic acid C<
80.2 ppm xylose CZ
glycoside . xylose C<
C< glycoside
75.1 ppm xylose C:
73.9 ppm glucuronic
acid C: , 72.4 ppm glucuronic acid
C B -
72.0 ppm glucuronic acid C:
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, 714 ppm glucuronic acid Ct
70.9 ppm galacturonic acid C<
, 70.5 ppm galacturonic acid Ct
70.4 ppm xylose C< glycoside
C< , 69.5 ppm galacturonic acid
C: , 68.7 ppm galacturonic acid Cz
, 64.0 ppm xylose Ct
61.6 ppm glucuronic acid C<
3-13 ,
xylan 1 3
Glucuronic acid  galacturonic acid  Ce€
, glucuronic acid C¢
B - glucuronic acid
, galacturonic acid
glucuronic acid C1 xylose Cz a - (1,
2)- glycoside aldobiouronic  acid ,
galacturonic acid C1 xylose C< B -(1,
4)- glycoside
xylose B -(1, 4)-glycoside ,
xylose xylose C: glucuronic acid C1
a - (1, 2)-glycoside aldotriouronic acid
3. xylan
xylan uronic acid
0.25 1.0N, 60 180
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DNS

xylan uronic acid
3-8
1.0N
90% . 10N
90 level off
, 1.ON
90 90%
xylan
uronic acid 1.0N,
90
100
=| B = =
o E é ﬁ é
Fa
i
[
—_ 5‘:.
Ly O 0
woTo
o O 1.0M
A DN
o o
; o 0.25M
o
&0 : : t L
&0 a0 120 150 160
A ZH [min .}
3-8.
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4. Xylan

xylan

Xylan

24

184 -
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. Xylan

1) xylan
xylan ,

3- 14. xylan ( : %)
Materials  Klason Sugar composition

No. lignin Rham. Ara. Xyl. Man. Gal. Glc.
EO 20- 3*1 35.7 T 7.2 T T 92.8
EH 20- 3*2 39.0 1.0 104 2.2 T 86.4
EQ 20- 3*3 28.9 T 133 2.8 T 83.9

*1
*2
*3
*4

20 kgffecmz, 3
20 kgffecmz, 3
20 kgffecmz, 3

T -trace, below 0.1%

Xylan

, Xylose
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xylan

2)
25 g 500 , 300
1lg, 0.2 70 shaking water bath 100 rpm
1
1g, 0.2 . 2
2G3 glass filter ,
a - , Klason
lignin , ,
a - 1g 200 17.5%
10 , 25 water bath 4 5
10 1
5 2G3 glass filter . 5
200

10% 10 5 200

q -

CED . 005 g 100
105+ 0.5 30 ,
25 . 3 1M
Cuene 25 1
1G3 glass filter 25+ 0.1
Ostwald (F-99, IWAKI Co) 10 , flow time
flow time
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Degree of Polymerization(D.P.) = ( / 0.1) x 190
3- 15. xylan
Klason
M aterials No. Yield(%) a - Cell.(%) D.P.*4
lignin(%)
EO 20- 3*1 72.9 215 67.7 254.6
EH 20- 3*2 62.8 115 68.9 288.8
EQ 20- 3*3 70.5 18 83.0 442.7
*1 : 20 kgflcmz, 3
*2 : 20 kgflecmz, 3
*3 : 20 kgflcmz, 3
*4 : Degree of Polymerization
3-15 xylan
(D.P)
3-16 xylan
3-16 , Xylan
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glucose

3- 16. xylan
M aterials Sugar composition(%)

No. Rham. Ara. Xyl. Man. Gal. Glc.
EO 20- 3*1 T*4 16 T 0.6 T 97.8
EH 20- 3*2 T T 29 0.6 T 96.6
EQ 20- 3*3 T 0.9 10.0 5.0 T 84.1
*1 : 20 kgflcmz, 3
*2 : 20 kgflecmz, 3
*3 : 20 kgflcmz, 3
*4 : T-trace, below 0.1%

3-15 3-16 , xylan
450 , o -

83% 18%  70.5%
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- xylan

1) -
1970
1960
“oxygen based pulping & bleaching process”

2) -

3-17 29 Bomb

oil bath . 2G3 glass

filter , 10%
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3-17. -

Composition Condition
(9) 2
NaOH (%) 6
(hr.) 2
() 120
(kgf/cmz) 10
3- 18. - xylan
Klason
M aterials No. Yield(%) a - cell.(%) D.P.*4
lignin(%)
EO 20- 3*1 40.5 5.3 78.3 271.7
EH 20- 3*2 38.9 10.1 745 288.8
EQ 20- 3*3 59.5 185 67.1 604.2
*1 : 20 kgflcmz, 3
*2 : 20 kgtflecmz, 3
*3 : 20 kgflcmz, 3
*4 : Degree of Polymerization
- xylan ,
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96.2%

3- 19. - xylan
M aterials Sugar composition(%)

No. Rham. Ara. Xyl. Man. Gal. Glc.
EO 20- 3*1 T*4 0.4 2.6 6.1 T 90.9
EH 20- 3*2 T T 17 0.9 T 97.4
EQ 20-3*3 T T 2.6 12 T 96.2

*1
*2
*3
*4

20 kgffecmz, 3
20 kgffecmz, 3
20 kgffecmz, 3

T -trace, below 0.1%
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1)

10 g 500 1 part
80 part, 7 part, 0.1 part 40 3
shaking water bath 100 rpm

20 ,
100 4
1g 250 75%
40 50 60 30 0.5N NaOH 40
15 48
0.5N HCI

(%) = [(A-B)Nb - (C-DNa)] x 43/ W
A NaOH ml B : Blank NaOH ml
Nb : NaOH C: HClI  ml
D : Blank HCl  ml Na : HCI
W (9) 43 :
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3-20

(D.S) (D.P),
3- 20.
M aterials Sugar composition(%)
Yield(%) D.P*1 D.S*2

Ara. Xyl. Man. Gal. Glc.
EO 20-33 881 >186 21 T*6 08 32 T 96.0
EH 20-3*4 884  >186 22 T 17 0.9 T 97.4
EQ 20-3*5 1517 > 186 25 T 0.7 0.8 T 98.5

*1 : Degree of Polymerization
*2 : Degree of Substitution
*3 : 20 kgflcmz, 3

*4 . 20 kgflcmz, 3

*5 . 20 kgflcmz, 3

*6 . T-trace, below 0.1%

CED
2%

4%
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KBr KBr

FT-IR . FT-IR

Model : Mattson Instruments Inc. Galaxy 7020A
Spectral range : 4000 400 cm-1

Beam splitter : Coated on KBr

Detector : DT GS

Resolution : 0.25 cm-1

3-9, 10, 11 , ,

FT-IR spectrum

FT-IR spectrum

FT-IR spectrum . 3,500 cm-1

1,200 cm-1 1,750 cm-1

Czg, Cg, Ce
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2) (CMC)

CMC
sodium carboxymethyl sodium glycolate
CMC
monochloroacetic acid ,

(02 ) cMC

0.3 v

10 g 80% iso- propylalcohol 250 ml

30 30% NaOH 50 1
monochloroacetic acid 55 g 30 55 water
bath 3 . 1G3 glass filter
80% 200

90% . 80% 200
3 200 60

CMC
CMC 059 20% 40 50 water bath 1
CMC

, NaCl, NazSO4 HZzS0¢

CMC . CMC
1G3 glass filter 60
CMC . CMC
29 , 100 ( i + 70% 100 ml)
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3 4 1G3 glass filter 80%
5 105
4 . 03g 100 1
250 70% 15
30 200 , 04N NaOH 3

0.4N HCI

Degree of Substitution(D.S.) = 0162 x A / (1 - 0.058 x A)
A : NaOH /

3-21. CMC

M aterials

Sugar composition(%)
Yield(%) D.P*L D.S.*2

Ara. Xyl. Man. Gal. Glc.

EO 20-3*3  80.9 > 186 0.70 T*6 1.7 4.1 T 94.2

EH 20-3*4 839 > 186 0.81 T 15 0.6 T 97.9
EQ 20-3*5 846 > 186 0.88 T 1.0 0.4 T 98.6
*1 : Degree of Polymerization

*2 : Degree of Substitution

*3 : 20 kgflcmz, 3

*4 : 20 kgtflecmz, 3

*5 . 20 kgflcmz, 3

*6 : T-trace, below 0.1%
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3-21 cMC (D.S.), (D.P),
CMC :

CMC

xylan uronic acid

xylan uronic acid

1. 40 80 mesh

lignin

10%

lignin

, glucose
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0.5%

xylan 20 35%
fl 3 xylan
0.5% ,
xylan
xylan ,
xylan oligomer
oligomer monomer
xylan 5% -
xylan  xylose 85%
xylan  1.0N 90
0.01M
HPLC ,
acid xylose 15 20:1

glucuronic acid  xylose

, glucuronic acid  galacturonic acid

1:C-NMR ,

4- O- methyl- D- glucuronic acid

8 :

xylan

, 20

xylan

glucuronic

15:1

4- O- methyl- D- glucuronic acid, D- galacturonic acid, D-glucuronic acid,

2- O- (4- O- methyl- a - D- glucuronic acid)- D- xylose,

- D- galacturonic acid)- D-xylose, B -(1, 4)

- 201 -
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- D- glucuronic acid)- D- xylobiose

7. Xylan

, FT-IR

CMC

1,200

-1

0.2

1,750
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4 Xylan

1
1. Xylooligo
xylooligo
in vitro a - amylase, , o - amylase,
, xylooligo isomaltoolio fructooligo
xylooligo xylooligo
2. Xylooligo
(xylan)
xylooligo
(1 )
xylan
xylooligo
oligo TG, total cholesterol,
HDL- cholesterol, LDL- cholesterol atherogenic index (Al:
)
total- POV, HDL- POV, LDL- POV
xylooligo
HM G- CoA reductase , triglyceride,
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cholesterol phospholipid

xylooligo

superoxide dismutase(SOD), glutathione

peroxidase(GSHpx), glutathione S-transferase(GST) , glutathione ,
cytochrome P40 TBARS
, GOT GPT . xylooligo

oligo
1
xylooligo Suntory xylooligo
3.

glucuronolactone

(glucuronic acid)

xylan
(glucuronic acid)
xylan
(o- acetyl- 4- o- methyl- gucuronoxylan) Ba(OH)z
Amberlite IR-120 IRA-67 0.01M

glucuronic acid
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4 treadmill

glucose glycogen

GOT, GPT

(glucuronic acid)
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xylooligo

1. Xylooligo
, fructooligo
M-50, FO-54)

, (human sera)

oligo

isomaltooligo

Suntory (Lot No. 91012551)

isomaltooligo (

Sigma (A 3176) ,

o - amylase, , ) ,
500 xylooligo , fructooligo
500 37 12

4-1

Table 4-1. Operating conditions of HPLC for the analysis of oligosaccharides

[tems Conditions

Instrument Waters Model 600E (USA)
Column Sugar-pak (30 X 3.9 i.d.)
T emperature 90

Mobile phase 50 Ca-EDTA/1E HZ20

Flow rate 05 /min

Detector RI

Injection volume 10
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(10%) 1 ( )1 37

DNS
Adiotomre
xylooligo , fructooligo isomaltooligo
(Sigma D7884 : M.W .cut- off<1,200)
0.1% sodium azide 0.05 M phosphate buffer(pH

7.0)(sodium azide phosphate buffer; SAP buffer)

1% 3 SAP buffer 3
( 5 cm X 12 cm)
SAP buffer 100 37
100 rpm
Xylooligo
Adiotomre
SAP buffer 30 mM bile acid 3 1% 3
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Kit( ( ), ZNZABLLE- 2)

2. Xylooligo

1) Xylooligo

birchwood xylan 100g 50mM sodium phosphate buffer(pH 6.0)

10 Streptomyces thermocyaneoviolaceus M 049
xylanases 10 unit/ml
60 shaking water bath 100 strokes/min 12
60
(evaporator) 60
xylooligo
2)
100 ¢ Sprague- Dawley
(
Co)) (randomized complete block design)
4-2
xylooligo suntory  xylooligo
10 4 (1,2 ) 5 (3 ) 4
4-2
4
22+
10 , 50+ 10%
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3)

(Food Efficiency Ratio, FER)

Table 4-2. Classification of experimental groups according

(9)
(9)

to concentration

of xylooligosaccharide

groups

Ingredients Normal* C C 5X C 10X C 15X C 10sX
Casein 18 18 18 18 18 18
Salt mixture 4 4 4 4 4 4
Vitamin mixture 1 1 1 1 1 1
Cellulose 5 5 5 5 5 5
Corn ail 5 5 5 5 5 5
Sucrose 5 5 5 5 5 5
Starch 62 60.75 55.75 50.75 45.75 50.75
Sodium Cholate - 0.25 0.25 0.25 0.25 0.25
Cholesterol - 1 1 1 1 1
xylooligo J) - - 5 10 15 -
Suntory xylooligo 2) - - - - - 10
T otal(%) 100 100 100 100 100 100

* Normal : basal diet

C . basal diet 1% cholesterol 0% xylooligosaccharide

C 5X : basal diet 1% cholesterol 5% xylooligosaccharide

C 10X : basal diet 1% cholesterol 10% xylooligosaccharide

C 15X : basal diet 1% cholesterol 15% xylooligosaccharide

1C 10SX : basal diet 1% cholesterol 10% xylooligosaccharide(Suntory Co.)
) 1 xylooligosaccharide

2) Suntory (Lot No. 91012551)
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4)

12
22 gauge
30 1,500% g 20
-80
-80
5)
enzymatic Kit AM 201K 500 nm
6) triglyceride, HDL-
TG Kit( ) 550
nm
Kit( )
500 nm . HDL- 2%
dextron sulfate 1 M MgCI2 (1:1)
Kit( ) 500 nm
LDL- Fiedewald Total cholesterol (HDL- cholesterol
T G/5) Atherogenic index (Total cholesterol

HDL- cholesterol) / HDL- cholesterol
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7)

TBA , TBARS n-butanol
excitation 515 nm, emission 533 nm
Y agi , 1,1,3,3- tetra- ethoxy- propane
0.05 1/12 N HZS04 4 10% phosphotungstic acid
0.5 5 . 1,100x g 10
1/12 N HzSO4 2
10% phosphotungstic acid 0.3 1,100x g
10 4 0.67%
TBA 1 95 60 ,
n- butanol 5.0 1,100x g 15
n- butanol
8) triglyceride, cholesterol phospolipid
Folch triglyceride
cholesterol
Sale triglyceride  cholesterol

0.5% Triton X-100 3 mM sodium cholate
(turbidity) triglyceride  cholesterol
550 nm 500 nm

T akayama . Folch
BD (butanol : diisopropy! ether, 40:60,
v/v) 1 30 , 1,600x g 2

CHCI3 04 , chromogen
0.1 2 , H2O 05
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heptane 2 1,500% g 5
710 nm
9) microsomal HM G- CoA reductase
microsome Hulcher
10) (TBARS)
thiobarbituric acid (TBA) (TBARS)
Satoh
11)
10% neutral formalin ,
paraffin block 4-5 Hematoxylin- Eosin
200
12) (Gastrointestinal transit time)
Marker Carmine red(Sigma Chem. Co. C1022) 0.5%

4

marker
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13) bile acid, cholesterol

19 Cuzubayko

M acdonald 340nm

cholesterol 3 w et
freeze dryer(-70 )
Folch , cholesterol
Sale 550nm
, coprostanol, coprostanone Czubayko

GC 4-3

T able 4-3. GC conditions for fecal sterol analysis

[tems Conditions

Column Supelco SACTN-5 Capillary column
Detector Flame ionization detector(FID)
Column temperature 285

Detector temperature 300

Injector temperature 300

Carrier gas(N2) 28ml/min

Chart speed 1 min/cm

Attenuation 64
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14) Superoxide dismutase (SOD), Glutathione peroxidase (GSHpx)
Glutathione S- Transferase(GST)

SOD pyrogallol
Marklund and Marklund pyrogallol
420nm . GSH- Px Lawerence Burk
340nm . 1 1 1 p mol
NADPH . GST
2,4- dinitrocholorobenzene(DNCB) glutathione 25
20 GSH-DNCB conjugate
(EnM/rm = 9.6 mM-1 cm-J) Habig
340 nm
15) Glutathione
Glutathione Bernt  Bergmeyer
IM perchloric acid 3ml
IM KzCO: glutathione(GSSG) glutathione
reductase , NADPH 340 nm

, glutathione(GSH)  glyoxalase
s-lactosyl-GSH 240 nm

16) Cytochrome Pz
cytochrome P40 lg 0.25
M sucrose 8,000x g 4
105,000% g 1 cytosol( )
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microsome( )

pellet 4 0.25M sucrose microsome
Omura  Sato 450 nm
490 nm spectrophotometer . microsome 1 0.1
mM phosphate(pH 7.4) 6 1 /
CO gas 3 5 base line
Sodium dithionite 3 450 nm
91 mM-Icm-1
17) Glutamate Oxaloacetate Transaminase(GOT), Glutamate Pyruvate

T ransaminase(GPT)

GOT GPT Reitman Frankel
GOT, GPT kit

18)

4 STZ, 55 mg/kg B.W. 01 M

sodium citrate buffer(pH 4.3)

STZ 6 300 mg/dl

19)

bovine serum albumin

Lowry
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20)

Tukey's HSD test

Amberlite IR- 120

Amberlite IRA-67

4 ethanol crude xylan
xylan Ba(OH): Amberlite IR-120
Amberlite IRA- 67 001 M
100 g sprague- Dawley
4-4
T (Training group), glucuronic acid TU
(Training- Glucuronic acid group), glucuronic acid 2 2TU

(Training- 2x Glucuronic acid group)

pellet

4-5 . (glucuronic
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acid) 1 100 g  0.1ml(Glucuronic acid

97% + Galacturonic acid 3%)

%, 28m/min/30min 5 4

4-6

T able 4- 4. Classification of experimental groups.

Groups T readmill Glucuronic acid

Normal - -

TU

2TV

Normal : basal diet

T . basal diet + Training
TU . basal diet + Training + Glucuronic acid
2TU : basal diet + Training + 2x Glucuronic acid
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Table 4-5. The composition of experimental diet*

Ingredient

Exp. Rat
(% of calorie)

(EP)

Crude protein
Crude fat

Crude carbohydrate
Crude fiber

Crude ash

246

54

47.7

3.5

6.5

*Purchased from Samyang oil & feed, Korea

Table 4-6. Training schedule of experimental rats

Duration(w eek)

1 2 3 4
Speed(m/min) 10 20 25 28
Grade(degree) 7 7 7 7
Time(min) 10 20 25 30
F c
(daysiwesk) ; ; : :
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uronic acid
28m/min/30min pentobabital
2,000rpm 20

( ) enzymetic kit AM 201K 500 nm
lactic acid
heparin 8%
perchloric acid 3000 rpm 10
cocktail (0.33 M glycin, 027 M

hydrazine buffer, 0.83 mg of NAD, 5 unit LDH(lactic dehydrogenase)

perchloric acid lactic acid 37 shaking
w aterbath 45 incubation 340 nm
glycogen
glycogen Lo uVv-1201 49
0 492nm
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superoxide dismutase(SOD), Glutathione S-transferase

(GST)

SOD pyrogallol
Marklund and Marklund

GST 2,4- dinitrocholorobenzene(DNCB)

glutathione 340 nm

3 Xylooligo

1. oligo

oligo
, oligo 37
HPLC 4-1 : ,

xylooligo , fructooligo isomaltooligo
isomaltooligo

fructooligo
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Fig. 4-1. HPLC profile of oligosaccharides degradation by various secretion
mucus. 1, Standard oligosaccharides; 2, saliva o -amylase; 3, pancreatic

juice a -amylase; 4, human sera; 5, small intestine mucus; 6, large intestine

mucus.
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2. oligo

oligo
4-2 isomaltooligo 37 4
( 9 ) , fructooilgo ( 05 )
xylooligo
12
—a—Isomalto

- Fructo
P I '__*_.,__.———.—.".—_H

©o

La

Raduced Sugar(malml)
Fo

4] 1 2 3 4 5 6 7 8 a 10 11 12
Reaction Timel(hr)

Fig. 4-2. Reducing sugar produced by digestion of oligosaccharides using

the small intestinal mucus.

3. Xylooligo
Xylooligo oligo Aditomer
4-3 . (guar gum) bile
acid bile acid  100%
, 2 glucose, fructooligo isomaltooligo 50%
xylooligo 43% ,
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xylooligo in vitro

isomaltooligo
xylooligo

120
_ —a— Glu
& 100 —m—-Xylo
3 —h—Fructo
= ——lzomalto
s 8
R
oW
%i 60
g 0
=0
e 40
‘Q
m
k] 20
=

0

0 2 4 a 24 48 G
Dialyzis pericid{hr)

Fig. 4-3. In Vitro passive transport of bile acid in the presence of

oligosaccharides through a dialysis membrane.
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4 Xylooligo

1.
1)
4 , 4-7 4-8
10% 15% xylooligo
oligo 10%
isomaltooligo (oM )
(food intake) xylooligo

15% xylooligo (15X group)

Oligo
10% isomaltooligo

Table 4-7. Effects of dietary xylooligosaccharide on food intake and body
weight gain, food efficiency(FER) in rats fed high cholesterol

diets
Food intake Body weight gain
Groups FER
(g/days) (g/day)

Normal 18.13+ 0.50zb 156.63+ 8.79a 0.28+ 0.02a
C 19.67+ 0.84a 165.10+ 14.71cb 0.30+ 0.02a
C 5X 18.06+ 0.72¢b 152.21+ 9.94kd 0.16+ 0.02b
C 10X 19.23+ 0.51eb 96.40+ 8.60c 0.17+ 0.02b
C 15X 20.05+ 0.54a 128.52+ 9.32ce 0.15+ 0.02c
C 10sX 19.45+ 0.39b 107.30+ 10.07ce 0.20+ 0.01a

All values are meant SE (n=10).
Values within a column with different superscripts are significantly

different each groups at p<0.05 by Tukey's test.
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Table 4-8. Effect of sources of dietary oligosaccharides on food intake, body

weight gains and food efficiency ratio(FER) in rats fed high cholesterol

Food intake Body weight gain
Groups FER
(g/day) (g/4 weeks)
Normal 23.42+ 0.67a 205.44+ 13.26a 0.22+ 0.01a
C 23.31+ 0.40a 240.38+ 8.44kc 0.23+ 0.01a
Xylo 26.14+ 0.37b 204.56+ 10.70a 0.20+ 0.0l1a
Isomal 25.80+ 0.14b 259.89+ 11.07kc 0.26+ 0.01b
Fructo 25.12+ 0.50b 202.67+ 12.81a 0.20+ 0.0l1a

All values are meant SE (n 10). Values within a column with different
superscripts are significantly different at p<0.05 by Tukey's test.

Diet groups: Normal, basal diet

C, basal diet 1% cholesterol

Xylo, basal diet 1% cholesterol 10% xylooligosaccharide

Isomal, basal diet 1% cholesterol 10% Isomaltooligosaccharide

Fructo, basal diet 1% choleste 10% Fructooligosaccharide

2)
, , 4-9 4-10
C
Oligo ( 49 C oligo
oligo
xylooligo
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fructooligo

C isomaltooligo fructooligo
xylooligo xylooligo
Xylooligo (  4-10)
(C group) C
10X C 15X
C
xylooligo xylooligo
C xylooligo
Table 4-9. Organ weights of rats according to different dietary
xylooligosaccharide levels. (g/100g Body weight)
Groups Liver Kidney Intestine Cecum
Normal 2.85+ 0.20a  0.66+ 0.02NS  2.02+ 0.07a 0.58+ 0.04a
C 7.85+ 1.70b 0.65+ 0.02 2.15+ 0.07a 0.87+ 0.15a
Xylo 4.55+ 0.16¢ 0.67+ 0.02 2.31+ 0.13b 247+ 0.12b
Isomal 475+ 0.21kc  0.64+ 0.01 2.11+ 0.07a 0.70+ 0.06a
Fructo 468+ 0.13tc  0.69+ 0.02 2.38+ 0.09b 1.67+ 0.11c

All values are meant SE (n=10).
Values within a column with different superscripts are significantly different

at p<0.05 by Tukey's test. The diet groups are the same as T able 4- 8.
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Table 4-10. Organ weights of rats according to different dietary

xylooligosaccharide levels (9/100g Body weight)

Group Liver Kidney Intestine Cecum

Normal 2.85+ 0.23a 0.66x 0.02NS  2.02+ 0.07a 0.58+ 0.04a
N 10X 330t 0.20a 0.73+ 0.04  235£ 009  1.90f 0.17b
C 785+ 1.70b  0.65+ 0.22 2.15+ 0.07eb 0.87+ 0.15a
C 5X 5.06x 2.89%kc  0.67x 0.02 2.29+ 0.10b 1.55+ 0.09b
C 10X 455+ 0.16c 0.67+ 0.02 231+ 0.13b 247+ 0.12c
C 15X 436+ 0.35¢c  0.64+ 0.04 2.35+ 0.11b 244+ 0.24c

All values are meant SE (n=10). Values within a column with different
superscripts are significantly different at p<0.05 by Tukey's test.

The diet groups are the same as T able 4- 2.

4- 4
23% xylooligo C+5X, C+10X  C+15X
14%, 15%  18% (p<0.05)
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Normal C C+5X  C+10X  C+15X

Fig. 4-4. Effects of dietary xylooligosaccharide on blood glucose levels in

rats fed high cholesterol diet.

All  values are meant SE (n=10). Bars with different letters are
significantly different at p<0.05 by Tukey's test. The experimental

conditions are the same as Table 4- 2.

triglyceride, , HDL- LDL-

(Atherogenic index)

4-11 . Xylooligo
(C group)
32% C xylooligo
C+10X

Oligo ( 4-5) oligo

oligo (C

group) 10% xylooligo
HDL (c)
C xylooligo 5%, 10%
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. LDL

xylooligo . atherogenic
index C 5.0
xylooligo 10%

(10X ) : oligo
HDL TG
LDL
Oligo HDL oligo
C LDL
Al xylooligo >

fuctooligo > isomaltooligo

Table 4-11. Serum triglyceride, cholesterol and atherogenic index in

cholesterol diet rats according to xylooligosaccharide concentrations

TG Total- cholesterol HDL- cholesterol LDL- cholesterol Atherogenic

(1) (1) (1) (1) index

Groups

Normal 74.40+ 2.32a 183.1+ 7.72a 63.60+ 295a  105.10+ 6.94a 1.88+ 0.14a

C 109.3+ 5.60b 260.6+ 13.14b 2502+ 3.16b  210.71% 11.59b 9.41+ 0.15b

S5X 103.98+ 6.30kc  223.6+ 11.88c 34.01+ 2.74cd 177.04+ 14.22c 557+ 0.25C

10X  94.39+ 4.38cd 201.3+ 8.45z 37.27+ 1.60d 139.30+ 15.18d 4.40+ 0.56d

15X 92.30+ 3.14d 226.3+ 12.64c 28.73+ 2.57kc  173.08%+ 11.84«d 6.87+ 1.07cd

35.67+ 2.17d 158.28+ 14.71d 4.96+
0.63cd

10SX  89.01+ 3.48d 212.6+ 7.74c

All values are meant SE (n=10).

Values within a column with different superscripts are significantly different
each groups at p<0.05 by Tukey's test.

Foot notes are the same as in Table 4-8.
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Fig. 4-5. Serum triglyceride(A), cholesterol(B) and atherogenic index(C) in
cholesterol diet rats according to various kind of dietary oligosacchrides.
Different letters on the top of the line indicates significant difference
between groups by tukeys test at P<0.05 (n=10).

T he experimental conditions are the same as Table 4- 8.
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4-12) (C group)
10% xylooligo . Oligo
( 4- 6) oligo
. LDL- POV C

oligo

Table 4-12. Serum lipid peroxidase value (POV) in cholesterol diet rats according to

xylooligosaccharide concentrations (nmolMDA/mlI)
groups T otal POV HDL POV LDL POV
Normal 1.579+ 0.05a 1.02+ 0.06NS 0.589+ 0.10a
NX 1.656+ 0.05a 1.02+ 0.06 0.570+ 0.10a
C 2.000+ 0.12b 113+ 0.11 0.952+ 0.10b
5X 1.714+ 0.10eb 1.02+ 0.09 0.740+ 0.14eb
10X 1.533+ 0.04a 0.997« 0.10 0.617+ 0.02a
15X 1.702+ 0.10eb 1.050+ 0.13 0.664+ 0.08a

All values are meant SE (n=10). Values within a column with different
superscripts are significantly different each groups at p<0.05 by Tukey's

test.
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Fig. 4- 6. Effects of dietary xylooligosaccharide on disaccharidase activities

Serum lipid peroxidase value (POV) of

T he experimental conditions are the same as Table 4- 8.

2.
triglyceride, cholesterol phospholipid
4-7
oligo (
(C group) 290%
C xylooligo , isomaltooligo , fructooligo
18% 26% xylooligo

Xylooligo
15%  xylooligo
26%, 45% 23%
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in rats fed high cholesterol diets.
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4-7) oligo

45%,

5%, 10%
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oligo (C group) xylooligo
isomaltooligo , fructooligo 50%, 33% 41%
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Fig. 4-7. Effect of sources of oligosaccharides on cholesterol and triglyceride
concentrations of liver in rat fed high cholesterol diet.
Meant SE. Bars with different letters(a,b,c,d,e) are significantly different at

p<0.05 by Tukey's test. The diet groups are the same as Table 4-8.
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Table 4-13. Effect of dietary xylooligosaccharide on hepatic triglyceride

(T G), cholesterol levels in rats fed high cholesterol diets

Groups Tfr,igrly,c.er,id,e Ch,oles:t,erol

( /g tissue) (/g tissue)
Normal 18.13+ 1.50a 2.26% 0.19a
C 70.79% 5.29b 45.28+ 2.68b
C 5X 52.28+ 3.01c 25.60+ 0.81c
C 10X 39.09+ 1.97d 22.84+ 0.42d
C 15X 54.31+ 3.09c 28.68+ 0.83e

All values are meant SE(n=10). Values within a column with different

superscripts are significantly different at p<0.05 by Tukey's test.

37%

fructooligo

xylooligo

xylooligo

4-8

C

46%, 20% 37%

34%

- 234 -

4- 14 . oligo
(C group)
xylooligo , isomaltooligo
xylooligo
5%, 10% 15%
xylooligo

10%



60

o
35 a
= ac
b c
2 40 C
]
E b
=
a2
= 20
al
=1
7]
=]
o

0

Normal | Aylo lsomal Fructo

Fig. 4-8. Effect of sources of oligosaccharides on phospholipid concentration
of liver in rat fed high cholesterol diet.
Meant SE. Bars with different letters(a,b,c) are significantly different at

p<0.05 by Tukey's test. The diet groups are the same as Table 4- 8.

T able 4-14. Effects of dietary xylooligosaccharide on hepatic phospholipid

levels in rats red high cholesterol diets.

Groups Phosph.olipid

( /g tissue)
Normal 45.92+ 2.74a
N 10X 4443+ 1.62a
C 28.74+ 1.38b
C 5X 30.55+ 1.50b
C 10X 42.09+ 3.09c
C 15X 38.36x 2.72c

All values are meant SE(n=10). Values within a column with different
superscripts are significantly different at p<0.05 by Tukey's test.

The diet groups are the same as T able 4- 2.

- 235 -



HM G- CoA reductase

HM G- CoA reductase 4-9 4-15
Oligo HM G- CoA reductase (
4-9) oligo oligo
Xylooligo
HM G- CoA reductase

43% , Xylooligo
% a
L E a a
®2 3 a
c 2
3a
e g
— E 2
5 s -
L
w :
=g |
)
G 1
Normal C Xvylo lsomal Fructo

Fig. 4-9. Effect of oligosaccharides sources on hepatic HM G- CoA reductase
in rat fed high cholesterol diet.
Mean+ SE. Bars with different letters(a,b) are significantly different at

p<0.05 by Tukey's test. The diet groups are the same as Table 4-8.
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Table 4-15. Effect of dietary xylooligosaccharide on hepatic HMG- CoA

reductase activities in rats fed high cholesterol diets

HM G- CoA reductase

Groups (nmol/min/mg protein)
Normal 2.703+ 0.23a
C 1.498+ 0.23b
C 5X 2.924+ 0.40a
C 10X 2.419+ 0.43zb
C 15X 2.062+ 0.31eb

All values are meanx SE(n=10). Values within a column with different

superscripts are significantly different at p<0.05 by Tukey's test. The diet

groups are the same as Table 4- 2.

(TBARS)
oligo 4- 10 4- 16
(C ) 211%
xylooligo , isomaltooligo fructooligo
) 50%, 33% 45% . xylooligo
10%, 15% (  4-16) (C )
50% 33% 10%
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Fig. 4-10. Effect of sources of oligosaccharlde on TBARS of liver in rat
fed high cholesterol diet.
Meant SE. Bars with different letters(a,b,c,e) are significantly different at

p<0.05 by Tukey's test. The diet groups are the same as Table 4- 8.

Table 4-16. Effect of dietary xylooligosaccharide on TBARS of liver in rat

fed high cholesterol diet (MDA nmol/mg protein)

Groups TBARS

Normal 1.202+ 0.106a
C 3.739+ 0.492b
C 5X 2.629+ 0.166¢
C 10X 1.863+ 0.188d
C 15X 2.519+ 0.055c
C 10SX 1.960+ 0.160d

All values are meant SE(n=10). Values within a column with different
superscripts are significantly different at p<0.05 by Tukey's test.

T he diet groups are the same as T able 4- 2.
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Fig. 4-11. Light micrograph of hepatocytes of rat fed 1% cholesterol diet
cholesterol diet without oligosaccharides and different oligosaccharides.

(1) Liver, rat, normal diet. The arrangement of hepatocytes to central vein
is regular. There is no fatty change. H&E, x 200. (2) Liver, rat, 1%
cholesterol diet. Hepatocytes are vacuolated by fatty changes. Some are
looking clear due to large amount of intracytoplasmic fat. H&E, x 400. (3)
Liver, rat, 1% cholesterol diet with 10% xylooligosaccharide. Fatty change
is quite diminished. H&E, x 400. (4) Liver, rat, 1%
cholesterol diet with 10% fructooligosaccharide. Fatty change is quite
reduced, compare with cholesterol diet without oligosaccharide group. H&E,
x 200. (5) Liver, rat, 1% cholesterol diet with 10% isomaltooligosaccharide.
Fatty change is markedly, compare with cholesterol diet without
oligosaccharide group. H&E, x 200.
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(Gastro intestinal transit time)

xylooligo ( 417
C xylooligo
xylooligo (C+10X)
Suntory xylooligo (C+10SX) . Oligo
( 4- 12) oligo

oligo

Table 4-17. Effects of dietary xylooligosaccharide on gastrointestinal transit

time in rats fed high cholesterol diets

Groups Gl transit time (hrs)
Normal 11.75+ 0.53a
C 8.70+ 0.52b
C 5X 7.56x 0.40b
C 10X 5.90+ 0.79c
C 15X 5.52+ 0.44c
C 10SX 6.20+ 0.68c

All values are meant SE (n=10).
Values within a column with different superscripts are significantly

different each groups at p<0.05 by Tukey's test.
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Fig. 4- 12. Gastrointestinal transit time in high cholesterol diet rat according
to various kind of dietary oligo- saccharides.

Normal : Normal diet group.

C : 1% cholesterol + oligosaccharide free group.

Xylo : 1% cholesterol + 10% xylooligosaccharide group.

Malto : 1% cholesterol + 10% isomaltooligosaccharide group.

Fructo : 1% cholesterol + 10% fructooligosaccharide group.

bile acid, cholesterol

bile acid 4- 18 . Xylooligo
2.3 , 5%, 10%, 15%
xylooligo C 5X,C 10, C 15X 71 , 84 6.5
10% xylooligo bile acid
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( 418
9.5 . xylooligo C 5X,
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C 10, C 15X 140%, 144% 98%

10% xylooligo xylooligo Suntory

Table 4-18. Effect of dietary xylooligosaccharide on fecal bile acid and

cholesterol contents in rats fed high cholesterol diets

Groups Bile acid Cholesterol
(mg/day) (mg/day)
Normal 12.79+ 4.59a 2.83%+ 0.40a
C 29.73+ 4.60b 26.84+ 3.48b
C 5X 90.97+ 20.59c 64.37x 4.67c
C 10X 106.93+ 19.90c 65.50+ 3.62c
C 15X 82.69+ 11.25c 53.22+ 4.63d
C 10SX 215.74+ 14.11c 64.95+ 4.17c

All values are meant SE(n=10).
Values within a column with different superscripts are significantly
different at p<0.05 by Tukey's test. The diet groups are the same as

T able 4- 2.

coprostanol, coprostanone
4-19 . Coprostanol
(C ) 2%
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xylooligo C 5X,C 10, C 15X 85%, 108%

78% . Coprostanone C
41% 5%, 10%, 15% xylooligo
C 5X, C 10, C 15X 91 , 121 , 9.0
xylooligo
(C+10X)  Suntory xylooligo (C+10SX)

Table 4-19. Effect of xylooligosaccharide on fecal neutral sterol contents in

rats fed high cholesterol diet

Coprostanol Coprostanone

Groups
(mg/day) (mg/day)

Normal 1.08+ 0.17ec 0.56+ 0.14a
C 0.80+ 0.18a 0.33+ 0.05a
C 5X 1.48+ 0.07b 2.99+ 0.58b
C 10X 1.66+ 0.05b 3.98+ 0.73b
C 15X 142+ 0.11kc 2,96+ 0.75b
C 10sSX 1.59+ 0.06b 3.40+ 0.52b

All values are meanx SE(n=10).
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test.
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3. Xylooligo

Superoxide dismutase(SOD)

Glutathione S-transferase

(GST) Glutathione peroxidase(GSHpx)
SOD  superoxide
radical HZ0:z

(  4-20) xylooligo

20% xylooligo

C 5X,C 10, C 15X 13%, 20% 13%
Selenium GSHpx

4- 20

29% 5%, 10%, 15% xylooligo

C 5X, C 10X, C 15X

10% xylooligo

glutathione
GST
xylooligo
5%, 10%, 15% xylooligo
C 15X 24%, 37% 29%
xylooligo

xylooligo (C+10X) Suntory
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Table 4-20. Effects of dietary xylooligosaccharide on superoxide dismutase,
glutathione peroxidase and glutathione s-transferase activities in rats fed

high cholesterol diets.

SOD GSHpx GST
Groups (Unit/mg protein (nmol NADPH/ (nmol DNCB/mg

/min) min/mg protein) protein/min)
Normal 3.82+ 0.11a 176.32+ 3.78a 183.53+ 5.04a
C 3.04+ 0.08b 125.27+ 6.94b 123.01+ 6.40b
C 5X 3.42+ 0.15c 150.96+ 5.22¢c 152.72+ 4.96c
C 10X 3.65+ 0.23cc 171.70+ 6.43a 168.50+ 4.10d
C 15X 3.43+ 0.10a 138.32+ 8.65kc 159.21+ 3.98c
C 10SX 3.60+ 0.21cc 169.85+ 4.10a 167.49+ 3.19d

All values are meanx SE(n=10).
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test.

glutathione
glutathione(GSH)
( 421 xylooligo 56%
5%, 10%, 15% xylooligo
C 5X, C 10X, C 15X 25%, 71% 16%
glutathione(GSSH) xylooligo
53% . 5%, 10%,
15% xylooligo C 5X, C 10X, C 15X 31%,
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43% 24%
GSH/GSSG xylooligo
2% . 5%, 10%, 15% xylooligo
C 5X, C 10X, C 15X 78%, 208% 51%
. 10% xylooligo
glutathione xylooligo (C 15X)
Suntory xylooligo (C+10SX)

Table 4-21. Effects of dietary xylooligosaccharide on liver glutathione

contents in rats fed high cholesterol diets.

Groups ( /g ?vselt_| tissue) ( /gGv?Sthissue) GSHIGSSG
Normal 5.66+ 0.34a 0.38+ 0.03a 15.68+ 1.72a
C 251+ 0.11b 0.58+ 0.03b 4.40+ 0.26b
C 5X 3.13+ 0.25¢c 0.40+ 0.03a 7.85% 0.40c
C 10X 4.28+ 0.29d 0.33+ 0.03a 13.53+ 0.89a
C 15X 2.92+ 0.16c 0.44+ 0.02ec 6.65+ 0.33d
C 10SX 4.10+ 0.12c 0.34+ 0.03a 12.05+ 0.50d

All values are meanx SE(n=10).
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test.
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Cytochrome P40

cytochrome P#£0 mixed function oxidase(MFO) ,
superoxide radical HZ0z . MFO
cytochrome PZ4(C 4- 22 xylooligo
45%
5%, 10% xylooligo C 5X, C 10X
15% xylooligo C 15X

xylooligo (C+15X) Suntory
xylooligo (C+10SX)

T able 4- 22. Effects of different levels of xylooligosaccharide on microsomal

cytochrome P40 content in liver rat fed high cholesterol

Cytochrome P40

Groups .
(nmol/mg protein)
Normal 0.507+ 0.045a
C 0.737+ 0.071b
C 5X 0.609+ 0.048:b
C 10X 0.585+ 0.040¢cc
C 15X 0.620+ 0.043kc
C 10SX 0.569+ 0.037ec

All values are meanx SE(n=10).
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test.
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Glutamate Oxaloacetate Transaminase(GOT), Glutamate

Pyruvate Transaminase(GPT)

GOT
GPT 4- 23 . GOT GPT
(C ) xylooligo
xylooligo (C+10X)  Suntory
xylooligo (C+10SX)

T able 4- 23. Effects of dietary xylooligosaccharide on serum GOT and GPT

activities in rats fed high cholesterol

GOT GPT
Groups
(1U/ml) (1U/ml)

Normal 100.56+ 8.48a 35.89+ 2.29a
C 117.68+ 11.84b 53.63+ 9.30b
C 5X 93.25+ 8.14a 43.63% 4.63a
C 10X 93.89+ 6.91a 40.44+ 3.76a
C 15X 95.88+ 11.47a 49.14+ 6.58a
C 10SX 93.78+ 7.51a 40.22+ 2.78a

All values are meanx SE(n=10).
Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test.
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Fig. 4-13. Test of oral glucose tolerance in STZ-induced diabetes rat
according to different sources of dietary oligosaccharides.
Diet groups: Normal, basal diet

DM, basal diet STZ inj.

DM- X basal diet STZ inj. 10% xylooligosaccharide
DM-M, basal diet STZ inj. 10% isomaltooligosaccharide
DM-F, basal diet STZ inj. 10% fructooligosaccharide
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Fig. 4-14. Concentrations of serum blood glucose in STZ induced diabetes
rat according to different sources of dietary oligosaccharides.

Meant SE. Bars with different letters(a,b,c) are significantly different at
p<0.05 by Tukey's test.

The diet groups are the same as Fig. 4- 13.
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Fig. 4-15. Effects of exercise and/or uronic acid tube feeding on body
weight changes in rats.

INormal : Basal diet

T : Basal diet exercise

TU : Basal diet exercise uronic acid(1 fold)

2T U : Basal diet exercise uronic acid(2 fold)
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22%, 16% 14%
T TU 2TU
T

Table 4-24. Effects of exercise and/or uronic acid tube feeding on body

weights gain, food intake and FER in rats

Group Body weights(g) Food intake(g) FER

Normal 395.6+ 6.01la 24.52+ 0.80a 0.30+ 0.01a
T 366.0+ 8.18b 19.10+ 0.72b 0.28+ 0.01a
TU 365.8+ 8.62b 20.52+ 0.64c 0.24+ 0.01b
2TU 357.0+ 14.49b 21.19+ 0.58kc 0.25+ 0.01b

All values are meant SE(n=10)

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey's test.

JLegend refers to Fig. 4- 15.

4-25 . (T )
(TU )

- 254 -



Table 4-25. Effects of exercise and/or uronic acid tube feeding on blood

glucose levels in rats

Group Glucose(mg/ )
Normal 115.90+ 7.67NS
T 102.35+ 9.90
TU 103.99+ 11.94
2TU 94.83+ 13.14

All values are meanx SE(n=10).

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey's test.

JLegend refers to Fig. 4- 15.

3. glycogen

glycogen

4- 26 . (T )
T TU
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Table 4-26. Effects of exercise and/or

glycogen concentrations in rats

uronic acid injection on liver

Group Glycogen
Normal 30.84+ 3.73a
T 22.41+ 0.93b
TU 24.11+ 2.63eb
2TuU 25.10+ 4.15eb

All values are meant SE(n=10).

Values within a column with different superscripts are significantly

different at p<0.05 by Tukey's test.

JLegend refers to Fig. 4- 15.

4, lactic acid

lactic acid
(T ) 240%

TU 2TU 39%, 35%

4- 27
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T able 4- 27. Effects of exercise and/or uronic acid tube feeding on lactic

acid concentration in rats

Lactic acid
Group

(mmol/t )
Normal 0.43+ 0.10a
T 1.46+ 0.11b
TU 0.89+ 0.05c

i

2TU 0.95+ 0.05c

All values are meanx SE(n=10).

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey's test.

JLegend refers to Fig. 4- 15.

5. glutamate oxaloacetate transaminase(GOT) glutamate

pyruvate transaminase(GPT)

GOT
GPT 4- 28 . GOT GPT
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T able 4-28. Effects of exercise and/or uronic acid tube feeding on serum

GOT and GPT activities in rats

GOT GPT
Group
(u/mil) (u/mil)
Normal 84.660+ 3.051NS 52.105+ 1.593NS
T 83.601+ 1.514 49.109+ 0.693
TU 81.244+ 2.404 53.250+ 1.211
2TU 83.376x 2.606 53.169+ 1.798

All values are meanx SE(n=10).

Values within a column with different superscripts are significantly
different at p<0.05 by Tukey's test.

JLegend refers to Fig. 4- 15.

6. (SOD, GST)
superoxide radical
HZO0Z SOD
4-29
TU
glutathione glutathione
thioester(R- S- G) GST ( 4-29
T T
TU 2TU
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Table 4-29. Effects of exercise and/or uronic acid injection on superoxide

dismutase(SOD) glutathione s-transferase(GST) activities in rats

SOD
Group ) ) ) GST
(Unit/mg protein/min)
Normal 3.907+ 0.412NS 319.27+ 18.708N\S
T 4.073+ 0.357 298.79+ 14.655
TU 4.458+ 0.157 304.22+ 40.515
2TU 4.819+ 0.312 303.90+ 10.777

All values are meanx SE(n=10).
Values within a column with different superscripts are significantly

different at p< 0.05 by Tukeys test.

7. (TBARS)
4-30 . T
TU 2TU
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Table 4-30. Effects of exercise and/or uronic acid injection on hepatic

thiobabituric acid reative substances(T BARS) in rats

TBARS
Group )
(MDA nmol/mg protein)
Normal 1.374+ 0.054a
T 1.273+ 0.081cb
TU 1.165+ 0.087b
2TU 1.115+ 0.125b

All values are meanx SE(n=10).

Values within a column with different superscripts are significantly
different at p< 0.05 by Tukeys test.

JLegend refers to Fig. 4- 15.

xylooligo
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(athrogenic index) . ® Xylooligo
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HM G- CoA reductase
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® xylooligo
3. Xylooligo @
xylooligo
SOD, GSHpx GST 26%, 41%
49% xylooligo
glutathione
®
211% xylooligo . ®
xylooligo 10%
® oligo
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4. xylooligo : Xylooligo
xylooligo
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xylanase ,

xylooligo

xylanase

Streptomyces thermocyaneoviolaceus

xylan
xylan xylan
xylooligo
xylan
, 2
xylooligo
xylooligo
1 : Xylan
1) Xylan xylooligo
M- 049
2) xylanase
unit

3) S. thermocyaneoviolaceus
SDS- PAGE
4) xylanase N1, B1, B2 B3
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jar- fermentor

14.2
xylanase 3
1
pH 50 55 pH



5)

6)

7)

8)

9)

10)

11)

12)

13)

45 105

xylanase N1, B2 B3 65 ,B1 70
, N1 65 , Bl, B2 B3 55 1
xylanase N1, B1, B2 B3 Km 10.92, 2.15, 11.80
262 |/ , Vnex  3.02, 0.71, 4.52 1.10 p mol/min
xylanase N1, B2 B3 xylan Bl
. Xylanase N1  Avicel B1,
B2 B3
Xylooligo  (XZz X§) xylanase N1, B1, B2
B3  XZ , N1 X:¢
B1, B2 B3 N1 X< B1,
B2 B3 X< Xz . N1 Xt
B1, B2 B3 Xt Xz X1 Xz
xylanase N1 B3
DTITSNQTGTHNGYF AESTLGAAAA
xylanase N1(XynB) B3(XynA)
xynB XYnA
XYnA xynB
2 xylanase
XynA XynB S.
thermocyaneoviolaceus xylanase B3 N1
XynA BLR(DE3)/pEMA144  xynB
BLR(DE3)/pEMB10 xylanase
XynA (xylanase B3) XynB(xylanase N1)
XynA 128 unit, XynB 142 unit
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S. thermocyaneoviolaceus 9 10

14) S. thermocyaneoviolaceus xylanase,
XynA XynB  xylanase 10% xylan xylooligo
xylanase 588 g/t . XynA
XynB  65.0 g/t xylooligo

xylanase
xylanase xylan xylooligo
2 : Xylan
1) 40 80 mesh
2) 20 f/ 3-6
lignin
10%
, glucose
3) 0.5% xylan
xylan 20 35%
, 20 A/ 3 xylan

0.5% '
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xylan

xylan ,
xylan xylan
oligomer
oligomer monomer
4) xylan 5% -
xylan  xylose 85% ,
5) xylan  1.0N 90
0.01M
HPLC ,
glucuronic acid xylose 15 20:1

glucuronic acid  xylose
15 : 1 , glucuronic acid  galacturonic acid
7 8:1
6) I*C- NMR ,

4- O- methyl- D- glucuronic acid
4- O- methyl- D- glucuronic acid, D- galacturonic acid, D- glucuronic acid,
2- O- (4- O- methyl- a - D- glucuronic acid)- D- xylose, 4-0O- (B
- D- galacturonic acid)- D- xylose, B -(1, 4) (4- O- methyl- a

- D- glucuronic acid)- D- xylobiose

7) Xylan -
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, FT-IR

xylan

: Xylan

1) Xylooligo

2) Xylooligo
xylooligo
® Xylooligo

LDL- cholesterol

21

1,200 -1 1,750 -1 carbonyl
(CMC) 0.7 0.9
xylan
: Xylooligo
©)

2.5

ester

HDL - cholesterol

(athrogenic  index)

® Xylooligo bilic acid, cholesterol
coprostanol  coprostanone xylooligo
® xylooligo
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HM G- CoA reductase

xylooligo
xylooligo
oligo
® xylooligo
3) Xylooligo O
xylooligo
SOD, GSHpx GST 26%,
41% 49% xylooligo
glutathione
®
211% xylooligo
©) xylooligo 10%
® oligo
10% xylooligo
® xylooligo
Suntory xylooligo
4) xylooligo : Xylooligo
xylooligo
5)
(lactic acid)
glycogen
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xylooligo

, (bile acid) (coprostanol, coprostanone)
xylooligo
SOD, GSHpx, GST glutathione
lactic acid
glycogen
xylooligo
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