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Abstract

The objective of this project was to study the synthesis of oligosaccharides
‘using glycosidase enzymes indigenous to Thailand. Initially, a search was made for
indigenous glycosidase enzymes by screening the seeds -of more than 50 species of
Thai plants from 17 families for nine glycosidase enzymes. The enzymes o-D-
mannosidase,  B-D-glucosidase,  B-D-fucosidase, . o-D-galactosidase, . B-D-
-galactosidase, and -D-N-acetyl-glucosaminidase were found in significant amounts
(>0.1 pole/min/ g seed), and 38 species contained one .or more of these enzymes.
Preliminary tests for reversal of hydrolytic action were made by prolonged incubation
with 50% (w/w) monosaccharide at pH 5, at elevated tempera’tur’e._O_ligosaccharide
synthesis was observed with o-D-mannosidase (30-60% yield), B-D-glucosidase (15-
30% yield), and for B-D-galactosidase (10-15% yield). -

A glycosidase enzyme with both B-glucosidase and B-fucosidase activities was
‘purified from the seeds of Dalbergia cochinchinensis Pierre (Thai Rosewood) by
ammonium sulfate fractionation, preparative isoelectric focusing and Sephadex G-150
chromatography. The enzyme had molecular weights of 330,000 in the native state
and 66,000 in the denatured state. Hydrolysis of pNP-B-D-glucoside pNP-3-D-
glucoside and pNP-3-D-fucoside showed pH optimum at pH 5.0 and was inhibited by
6-g1'ucon01actone,' HgCly, and p-chloromercuribenzoate. The Ky and kcat values of
the purified enzyme were: 5.4 mM and 307 sec_1 for p-NP-B-D-glucoside and 0.54
mM and 151 sec-1 for p-NP-B-D-fucoside, so that the latter had by far the highest
keat/Ky ratio. p-NP-B—D-galactoside, p-NP-B-D-xyloside and p-NP-c.-L-arabinoside
“were hydrolyzed more slowly. Hydrolysis of the -sophotose, laminaribiose and
gentiobiose were also rather slow, and hydrolysis of cellobiose was even slower. No
hydrolysis of the cyanogenic glucosides linamarin or prunasin, but some hydrolysis of
amygdalin and salicin was found. Chemical modification with conduritol B epoxide
and mixed kinetic experiments clearly showed the existence of a single common
“active site for hydrolysis of the two substrates.

B-Galactosidase was purified from the seeds of Thai jute (Hibiscus sabdariffa
L. vax altissima) by ammonium sulfate fractionation, DEAE-cellulose column

- chromatography, Sephadex G-100 column chromatography, Lactosyl-Sepharose

chromatography, and a second DEAE-cellulose chromatography step. The final
product was purified 868-fold with a yield of 13%, and gave a single major band of
molecuiar-weight 66,000 on SDS-PAGE, similar to the native molecular weight of
55,000 determined by gel filtration. The Ky values for various substrates were as
follows: 0.80 mM for p-NP-B-D-galactoside, 12.8 mM for o-NP-B-D-galactoside and
84.7 mM for B-lactose, and the relative Viax values were 100% for p-NP-B-D-
galactoside, 26.7% for o-NP-f-D-galactoside and 9.4% for B-lactose. Hydrolysis of p-.
NP-B-D-galactoside was strongly -inhibited by various substances including D--



galactal'; galactono-1,4-lactone, méthyl-o-D-galactoside, methyl-B—D-gélactoside, }
HgCl» and p-hydroxymercuribenzoate. " - ' . '

a-Mannosidases were partially purified from Albizzia procéra Benth,
Hibiscus sabdariffa var. sabdariffa, . Hibiscus sabdariffa var. altissima, and Vigna:
umbellata using various column chromatographic techniques. The final products
obtained in each case were still not pure, but they contained less than 5%
contamination by other glycosidzise enzymes and were considered suitable for use in
oligosaccharide synthesis. Linamarase was purified from cassava until homogeneous
on SDS-polyacrylamide gel, but showed evidence of aggregation when analysed on
non-denaturing gel. ) '

‘The above preparations of enzymes were used for oligosémcharide synthesis by
reversal of their hydrolytic action at high temperaturé -and high monosaccharide
concentration, and the products obtained were analysed by h.p.l.c. With purified B-
ghicosidase/B-fucosidase from Dalbergia cochinchinensis Pierre, high glucose
- concentration greatly improved enzyme stability. The synthesis reaction with D-
- glucose showed optimum pH of 5.0, optimum temperature of 60°-65°C, and was
enhanced at high glucose concentration and high enzyme concentration. © Under
suitable conditions, total synthesis reached 30-35% of total sugar, with the ratio of
trisaccharide to disaccharide being about 0.2 Analysis of products on a Dionex
Carbopac PA-1 column indicated that gentiobiose (glucose B1-6 glucose) was by far
the major product. Synthesis with D-fucose was poor, but with mixtures of D-glucose
and D-fucose, new products were observed, probably due to hetero-oligosaccharides,
which are being purified for further characterisation. '

Synthesis by 8-galactosidase from Hibiscus sabdariffa var altissima incubated
with D-galactose showed rather low maximal yields of 15%. Optimum pH was 3-4,
but temperatures from 40°-80°C showed little difference, and 20-30 % galactose
" appeared to be optimal. With o.-mannoside products, man(o.1-6)man could be readily
resolved from man(al-2)man and man{otl-3)man on Aminex h.plc. With a-
mannosidase from Albizzia procera Benth, optimal pH was 4.0 - 4.5, optimal
temperature was 50°C, and optimal mannose concentration was 50 - 60% w/w, so that
under suitable conditions, yields were 16% for man(a1-6)man, 9% for man(otl-2)
" man and man(oi-3)man, and 9.5% for mannotrioses or higher oligosaccharides.
Detailed time course studies were performed on the time course of synthesis with
Vigna umbellata o-mannosidase, using a newly developed analytical method for
sepafation of above thrée mannobioses. -~ The results showed that the enzyme
synthesised more man(o1-2)man at early times and more man(al-6)man at later
times, suggesting that the enzyme showed fegiospecificity for man(ol-2)man.
Vatiation of conditions did not affect regiospecificity, and optimal synthesis was
observed at pH 4.0, 50°-60°C, and 70% w/v mannose. Studies with c.-mannosidases
from Hibiscus sabdariffa var. altissima and var. sabdariffa are still not complete, but



the former showed maximal synthesis at temperature 40°-60°C, pH 4.0, and mannose
concentration greater than 30% w/w. Cassava linamarase showed rather low levels of
synthesis of less than 5%. '

In conclusion, several new glycosidase enzymes have been discovered by

. screening Thai plant seeds. Some have been purified and studied in detail in terms of

their kinetic properties and inhibition, notably the B-glucosidase/B-fucosidase from

Dalbergia cochinchinensis Pierre and f-galactosidase from Hibiscus sabdariffa var.

altissima. Other enzymes, particularly o-mannosidases, were only purified until they

contained less than 5% contamination by other glycosidases. Synthesis studies

carried out with all these enzymes showed that maximal synthesis depended on .
enzyme and varied from 5% up to 35%-40%. In general, several products were

obtained, and novel hetero-oligosaccharides were also detected. - Separation of

synthesis products poses a serious problem, but is required so that complete

characterisation of products can be achieved by physico-chemical techniques, such as

nm.r. and g.c./m.s. However, novel separation techniques are being developed, and "
are being used in conjunction with more established approaches for isolation of

particularly interesting products. Thus, provides an important basis for future work to

be done by our group on oligosaccharide synthesis using enzymes from Thai sources.
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o 1.1 urasdatnsasianduimananilulaemigniblislugasmnam (1)

Raw matterials:
Agricultural -
G'rains-(ri;:e, wheat, maize; etc.) root crops (cassava, potato, sago, etc.) cane
" sugar, agricultural wastes (straw, bagasse, maize cobs, etc.)
Industrial and household
Molasses, paper and cellulose, woo.d waste hydrolysate, organic wastewater from
starc_h and other factories, garbage

Products

Food
' Food components (amino acids, citric acid, vitamins, flavours, c'olours'),
baker’s yeast, beverages including alcoholics.
Animalzfeedstui?s (single cell proteiﬁ), microbial pesticidesl, Rhizobium and-
Mycorrhizae, veterinary vaccires |
Drugs
Antibiotics, diag'nostic agents, vaccines, steroids
Chemicals
- Acetone, butanol, enzymes, polysaccharides
Fuels

Ethanot (gasohol), methane(biogas)
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Enzymes

- Alpha-amylase and
gldcoamylase
Aipha—amya‘ase and

other enzymes

Glucose

isomerase

L.actase

Pectolytic

enzymes

Glucose oxidase

- Action

Cleavage of
aipha-1,4 giycosidic links

Cleavage of alpha-1,4 links, etc.

isomerisation of

glucose and fructose

Conversion of
lactose to giucose
and galactose

Hydrolysis of pectin

~ Oxidation of glucose

to gluconolactone

+ H,0,

Uses

‘Productior.x of glucbse
syrup'frém starch’
Removal of starch
residues texﬁle and
detergent industries
Production of high-

fructose sYrup from

- glucose

‘Production of low-

lactose milk

Removal of
cloudiness from fruit

juices, wine, etc.

- Assay of glucose in

diagnostics, removal
of glucose from

foods, etc.
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HO
*- | CH,OH

HO OMe
selective protection * HO

- KO ' H

)
GH, OH CHoOH
0
H ' o  BnO OMe
. HO
+ i ) ; - protection *
protection . e :
CH, 08z ' CH, 0Bz
o o
Bz0 8z 8n0 OMe
' e selective deprotection * OBz
i ' activation i :
CH,0Bz : _ CH, 0Bz
v )
820 \ HO __~Ohe
. 820 820

dimerization

OBz

BzO -
{v deprotection
HO (0] 2]
CH,OH N e
0 ' 0
.H ' o = Oide
oH - OH

Galg1-3Galg-OMe
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aslulaesn lasmsihoiianaluluioaalsdaindald (donor) Ninaziiluwininena
a A (3 [} : r . . as Qs u ‘ . (3
fihadlelng 11w UDPG (Uridyl diphosphate glucose) 183@n3u (acceptor) 1ol
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Wudgntle

YfRsmildlunmisinenslulaem sansndonde 9 16l
DOR + R'OH <——2> DOR'+ROH

DOR = glycosyl donor

R'OH = acceptor



M3f 1.3 useddreduledlnianantsd wazanudan (1)

Blood group active substances

Fuc (0L 1-2) Gal (3 1-3) GIcNAG...

GalNAc(OL1 —3)[F§c(oc1 -2)]Gal(B1-3)GlcNAG....

Gal(0L1 - 3)[Fuc(e1-2)]Gal( B 1-3)GleNAc...
Recéptors for pathogens
Gal(a1-4) Gal(B1)-R

Tumor-assoclated antigens

NeuNc(0t2-8)NeuAc(a2-3)Gal( B1-2)aic(f1)-R

NeuNc(0L2-3)Gal( 31-3)GieNAc(B1)-R

NeuNe(0L2-3)Gal( B1-3)[Fuc(ot1-4)] GicNAc(B1)-R

Gat ( B1-4){Fuc (01-3)]GINAc( B1) - R

Allytglycosides
Inhibitors -
Temporary anomeric protection
Poiy.saccharide oopolyﬁefs
Affinity adsorbents

Neoglvcoproteins

Benzylglycosldes
inhibition studies

Temporary anomeric protection

H ‘structure
A structure

B structure

P-fimbriated E.coli

melanoma
various cancers
pancreas, colon cancer

gastrointestinal adenocarcinoma

2-Brnm0ethylgiyco§ides

Neogivcoproteins |

Affinity‘ suppoerts

Neoglycolipids .

Glycosides for affinity labelling or coupling
Memylgi.ycc.osldes

Inhibition studies

Temporary anomeric protection
letwpﬁenyﬁ glycosides

Eniyme substrates-

inhibition studies

Coupling to proteins, alfinity adsorbents
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57 1.2 nssaemsdiewldlenlduisen Transglycosylation w3e
a o

Transglycosidation ( 1 1)'

—HOR \ HOA e
a DOR+EH =—= E'D —= DOA+EH . .
/]LHEO
DOH + EH
b Examples
N crude B-galactosidase
(rat) .
Lac + GlcNAc = Gal (B1—3) GIcNAc + Glu
(5% wiw) (3% w/w) 60h . (main isomer)
crude B-galactosidase
- . {(yeast) L
 Gal(f)-OPhNO,-0 + Gal ——= Gal(1—6)Gal + HOPhNO,-0
(2% w/v) (8% w/v) 4nh (main isomer) -
. a-galactosidase
{yeast)

Gal (#)-OPh+GalNAc ——>= Gal («1—6)GalNAc + HOPh

(main isomer)

Y lysozyme , _
2 tetrasaccharides ==——= hexasaccharide + disaccharide

12
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U 1.3 susasnsdsenedledlnusanlsflaslffitmanenlalineledios

sunudjfznassewlodinaledanmumoss (1)

CTP .+ NeuSAc Gal(B)OR + GalNAc(a)OE

CMP-NeuSAC ROH

PPi B-o-galactosidase
synthase (EC 3.21.23)
(EC 2.7.7.43)
CMP-NeuSAc Gal(B1—3)GalNAc(a)OEt

f-o-galactoside
a-2,3-sialyltransferase
(EC 2.4.99.4)

Neu5Ac(x2—3)Gal(f1—3)GalNAc(x)-OEt -

Sqquénﬁal use of glycosidase and glycosyltransferase in the synthesis of an
.oligosaccharide. ;




- (yeast)

i?) -Glucosidase

TransQIUcosylase
: Mannqsidés‘e
(jack bean)

o~ Glucosidése

(Tetrahymena)

L -Glucosidase

(buckwheat)

OL—Glucosidase'

(yeast)

B—Ga!amosidase

. (E.éoli)

Cellobiose .

Gentiobiose
Laminaribiose
Cel!ébiose
p-Nitrophenyi
CL-Mannoside

Phenyi C.-glucoside

Starch

Phenyl. OL-glucoside

‘Lactose

Glucose

Glucose

Glucose
" Giucose
Lactose

Mannose

Galactose
Mannose
Xylose
Ribose
Erythritol
Mannitoi

Glucitol

Glucose

. Fructose

N-~Acetyl

galactosamine

16

d. o L X ST T )
mmefitd o éretssnaslininnhanltlumsdsienzsiledlnuaaanlsd (12)
- Enzyme Donor AEceptor' Products
Glicosidase Mattose Nigerose, isomaltose

kojibiose, maltotriose

Gentiobiose, laminaribiose

“trisaccharides

- Trace of laminaribiose

Gentiobiose
GlcB-1 - 6 Gal
Man(X~1-2 Man |

ManCl-1-6 Man

Gle®l-1 - 6 Gal-

GlcO~1 - 6 Man

T Glet<1 - 4 Xyl

GloO-1 - 1 Aib -

‘GleOl-1 - 6 Ery-ol

GlcOl-1 - 1 Man-ol

GlcOl-1 - 1 Glc-of

‘GleOt-1 - 6 Gle-of

Nigerose, maltose, kojibiose,

isomaltose, 2-nigerosylglucose

" nigerotriose, S—maltosylglumse

maﬁotrioée

“Turanose, maltulose, 1 -QL-glucosyl.

truétose,pi(xs three unidentified

glucosy! frictoses

- Gai B-1-6 Gal Nac
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) ca - P e A ws P Aaa @ @ A ¢ o .
loddawunuluiion laulmiaundgénwisasjidmdaundy Ao wawlod wéh-ng
AMUE IINTATY Penicillium emersonii (20) F3NInHaunaURUATIEA LR INLTAM 1160

a a . - A o ) o o : - Y v.
ldlagldnanfatzana 16.5 weodioud Wednensilovldiheanglasanudviu
. :’ as o . o Ov = o \ . . o

60 iafirud lasimin faamnl 60° @ (Huwnat 80 Talus ieulainglaasdiagan
\IoT Aspergilius. niger azaiwladlnuzam bad lairunwiiavlfioiuhenanglas
P . v e & . Y e A a (<] . : & e A
fenududy 70 wWedimudlasihwinfanngdl 60° o (21) tewlodiudr-nuanlad
\@& 91N Escherichia coli 33 lgawlafinuoaalsd iaitunu (22) iawlmiiud-
loladiasann Aspergillus niger AlinTAnswGasiitunu (23) aulminmuaiing s

. Py . . o ”CII Tyl M_«. . ) . . va
wknananzawsadensy lalu-laflnusaenlsa (homo-oligosaccharide) ‘lefan
n;v X A & o . a oW g o '3 a . [
siaafiduausanlurTrumauss famunsaraangiienminals-ledlaumaanlsd
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ameft 2.1 uresmaseledlnuaealsdlasld acceptor sugars dha 9w (13)

Donor Acceptor Main Product Yield (%) -
a-Fucosidase : .
FucaOp-NO2Ph GalBOMe Fuca1,6GalfOMe 10

. Fucal,6GalfOMe 6
FucoF CalfOMe " Fuctxl 6GalpOMe 5
' Fuca 2GalpOMe 5
a-Galactosidase
GalaOp-NOsPh GalaOMe Galal,3GalaOMe 27
GalaOp-NO2Ph GalfoMe Galal,6GalBOMe - 18
~ GalaOp-NOPh GalaOp-NOZPh Galal,3GalaOp-NOPh 14
GalaOo-NOPh GalaOp-NO7Ph Galal,2GalaOo-NO2Ph 6
GalaOp-N(P GalaOCH,CH=CH3 Galel,3GalaOCHCH=CHj 27
© Galal,6Gle GalNAc Galel 6GalNAc 9
Gala1,6Gle GleNAc Galal,6GlcNAc 18
-B-Galactosidase :
GalfOp-NOzPh 5-thioGle GalP1,6(5-thioGlc) 30
GalB0Oo-NOPh GalaOMe Galf1,6GalaOMe 14
Galf0o-NO;Ph GalpOMe Galp1,3GalBOMe 2
GalB0o-NO.Ph Gal Galf1,6Gal 7
Galf1,3Gal - 2
GalpOo-NO,Ph An GalP13Ara 4
: _ Galpl,5An 12
GalB0p-NO,Ph Gleal 2Fmu Galft],6Glcal 2Fru *
~ lactose Gleal 2Fru Galp1EGleal,2Fmu 17
lactose GalNAc GalP1,6GaiNAc 25
lactose .GleNAc Galf1,4GleNAc S
lactose GlcNAc Galp1,3GIcNAc 2
 lacwose GlcNAc GalP1,3GlcNAc 2
laciose GIcNACBSE: GalP1 3GIcNAcPSEt 17
lactose * GlcNACBSE: GalP1,6GicNAcPSE? 23
Gal GalNAc GalP}1,6GalNAc 3
Gal Fru Galpl,lFru 8
Gal GkNAc Galf1,6GIcNAc 32
Glucoamylase :
Gle Gle Gleal 4Gl 2
Gl Gk Gleal 6Glc 24
a-Glucosidase :
Glc Fru Glcal,4Fru 5
Glel,1Fru 3
Gilc - Fru - Glcal,1Fru 27
: Glcal 4Fru 14



an

o177 2.1 (d8)

7 Donor Acceptor Main Product Yield (%)
Gle T Gle Gleal,3Glkc 3
Glcal,4Glc . 2

.G - Gle’ Gleal,6Cle . 24

B-Glucosidase

Gic _ Glc Glcp1,6Gic _ 3
Gicp1.3Glc .

Gle . " Glc Glcp1,6Gle _ 26

Glc Gle GicBl.6Gle 19

v GlcBl,4Glc 6

Glcp1,4Gic Glcp1,4Glke GlcBl,4GlcBl 4Glc 11

Glucal Glucal 2-deoxy-Glcp1,3Glucal 9
a-Mannosidase

ManaOp-NOPh ManaOMe Manal,2ManaOMe 18

ManaOp-NO2Ph ManaOp-NOPh Mancl,ZManaQOp-NOPh - 8

B-N-Acetylglucoaminidase
“GIcNAGBOp-NO;Ph GalfOMe - GleNAcB1,6GalfOMe 9
GleNAcfOp-NOsPh ManaOMe GlcNACcB1,6ManaOMe 10

N-Acetjlhexnsaminidase : )
GlcNAcBOp-NO,Ph ManoObe GleNAcp 6ManxOMe 10

GlcNAcPOp-NO,Ph GalaOMe GicNAcP1,6GalaOMe 26
GIcNACfOp-NO,Ph GalfOMe GIcNAcf1,3GalfOMe =~ 4
GalNAcROp-NO,Ph GalaOMe GalNAcB1,3GalaOMe 6
~ GlcNAcaOp-NO,Ph GalaOMe GlcNAcal,3GaleOMe 6

Cyclodextrin-glucosyl transferase : _
GleaF - GlcaF a-cyclodextrin - 30

B-cyclodextrin 38

. malwoligomers 32

a-cyclodextrin 1-deoxynojirimicin (DNJ) Gleal,4DNJ 25
starch _ DNJs . - Cleael,4DNJ - 1834
Cellulase ; o . .
GlcB1AGIcBF Glcf1.4GlcBF . (GlcBl,4Glc), n222 7

B-Fructofuranosidase (Invertase) .
Sucrose Sucrose o Fruf2,6Fruf2,1Glc *

Tréhalase .
GlefF . : Xyl . Gleal,1Xyl 24
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2.2.2 mIgnaiawisa
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AFUNE RN TR TI9RA LA NI NI MNNTRIATIEH LaR Inuraan 136 aatninin crude
extract M3 lUIGNATNAUGIIRITAZALINFBUAN L NIR LN TaIWaNauar 35-65 %
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@ o on L% Q. 1 o ) s‘d‘d v L2 1 Ul aooan
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A & aan ar 4 e o , i i T @ .
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2.3 HAaN1IMaras

2.3.1 myamatBuoewladluuians

. . & o =Y =Y I3 =1 o
uansaTanIUTunoenlodinnaninaledias 9 v9a luufeanTsiie
v 9 leglfsumamfiiduauwiusyasnmiulasiiis uszanatasiinuwimlulas#
o . - o o -~ ~ P & ot
uaaﬂgﬂz:aaaanmnimaqammaumm*nmmmaamﬂdaﬂﬂamas wnlmifanawn

N9 9 TR LAUA

1. owldaan-@ -uunludias (a-D—mannosi&ase)
2. onlodivd-a-ngladias  (B-D-glucosidase)

3. Lﬂﬂfﬁﬁé’ﬁﬂﬁ—a—ﬂgfﬂ%ma (a-‘D—giucosidase)

4. wwlodiudn-a-Aalediies  (B-D-fucosidase)

5. awlodiudn-a-muanledies (B—D—gaiactosi&aée)

6. laulptaawi-a-musnladier (o-D-galactosidase)
7. wwlsddann-a-erniluSies (o-L-arabinosidase)
8. iawlmiiudn-G-18u-a:88a-nalamiifivas (B-D-N-acetyl glucosaminidase)

9. awlodoan-uss-Aaledies (oL-L-fucosidase)

esamravneulod 19 9 slialuwdafsans 9 ludsinalnenin 60

wfloanasznadn g 17 aszga anTifl 2.2 usasfisuea@iaresionlml 6 slafiny

& & o o '3 v ‘v-'.'d»v « 4
mﬂ‘lumaﬂw"mmmuLau"{mmgamw 0.1 lulasluadau dansuiude TINanis
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TABLE 2.2 Glycosidase enzymes activities in seeds (micromol/min/g dry seeds)

BOTANICAL NAME COMMON NAME Alpha-D-  Beta-D-N-acetyl - Alpha-D- Beta-D- Beta-D- Beta-D-
mannosidase  glucosaminidase  galactosidase galactosidase fucosidase ' glucosidase

F.Araceae
Amorphophallus campanulatus . un 0.110 NS 0.106 NS NS NS
Blume
F.Caesalpinaceae (Leguminoceae)
Afzelia xylocarpa Cralb. yzenlug NS NS ND . NS NS NS
Cassia angustifolia Vahl. UzAWLUN NS NS NS NS NS NS
Cassla bakeriaria Craib. Aalwgni/Pink shower NS NS ND NS NS NS
Cassia fistula Linn. fu/Golden shower - NS NS NS NS NS NS
Cassia floubunda Cav. Tindnansn NS NS ND NS NS NS
Cassia garrettiana Craib. LENRTY NS NS NS NS NS NS
Cassia surattensis ' NTILIATA 0.134 NS NS NS NS NS
Delonix regia Rafin moungdiﬂ%"ﬂ/Flame Tree " . NS NS NS 0.153 NS NS
Deltophorum inerme Llanos. UUN3INDI/Yellow Flame NS NS ND _ NS NS NS
Peltophorum dasyrachis Kurz. uuw‘%ﬂﬁ/Jungle Flame " 0.197 NS 0.1 64 NS NS NS
Sindora siamensis Teijsm. uzAug NS NS ND - NS NS NS
F.Caricaceae
Ca.rica papaya Linn. YRna/Papaya NS NS ND NS NS ND

o€



BOTANICAL NAME COMMON NAME Alpha-D-~ Beta-D~-N-acety! Alpha-D~ Beta~-D- Beta-D- Beta-D-
mannosidase  glucosaminidase galactosidase galactosidase fucosidase glucosidase

F.Casuarlnaceae

Casuarina equisetifolia Linn.'_ ' fUnzia/ironwood NS NS ND NS NS NS

Casuarina junghuhniana Mig. uUTEAWNS Pine Tree NS NS ND NS NS 0.104

F.Compositae

Helianthus annus MU /Sunflower 0.195 0.101 0.237 NS NS NS

F.Cucurbltaceae

Cucumis sativus Linn. HAINI1/Cucumber 0.105 NS NS 0.350 NS NS

Cuéu'rbita moschata (Duch.) Poir. ﬂn‘nad/Pumpkin 0.149 NS NS 0.295 NS NS
Luffa acutangula (L.) Roxb. mumgw/Gourd NS NS NS . 0.1 68 NS NS

Mdrﬁordica charantia Linn. ~3z/Bitter melon NS 0.122 NS 0;226 NS NS

F.Faboceae (Leguminoceae)

Arachis hypogaea L. thawe/Peanut 0.139 NS NS NS NS NS

Glycine max fn#04/Soybean 0.529 NS 0.208 0.173 NS NS

Vigna radiata (L.) Wilzcek ﬁiLﬁU?/Mung Bean 0.425 0.106 0.150 0.178 NS NS

Vigna sinensis L. Saviex Hassk ﬁ"lﬁu/CQw Pea 0.333 NS 0.124 0.280 NS NS

Vigna sinensls Saviex T /Black Bean 0.171 NS 0.192 NS NS NS

F.Gramineae

Sesamum indicum L. 96 /Black sesame 0.312 NS 0.267 0.120 NS NS

Sesamum sp. 31117 /White sesame 0.273 NS 0.485 0.200 NS NS
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0.147 .

BOTANICAL NAME COMMON NAME Alpha-D- Beta-D~N-acety! Alpha-D- Beta-D~ Beta-D- Beta-D-
mannosidase glucosaminidase gal.actosidase galactosidase fﬁcosidase glucosidase

F.Malvaceae ‘
.Gossyptum arborium L. {1¢ A-25/Cotton 0.141 NS 0.130 0172 NS NS
Gossypium hirsutum L. fheeidnlse/Cotton 0.283 NS 0.229 0.277 NS 0.131
Hibiscus cannabinus L. ﬂaﬁ’Jm/Kenaf 0.488 0.153 0.266 0.318 NS NS
Hibiscus sabdariffa L.var altissima e/ Thai jute 0.822 0.353 0.388 0.922 0.170 0.213
Hibiscus sabdariffa L.var sabdariffa m:Lé]rULI LY /Red sorrele 1.150 0.398 0.399 0.634 0.105 NS
F.Mellaceae

Malia azedarach Linn. Lﬁ'ﬂu/Chlnaberry _ NS NS NS NS NS NS
Swietenia mahogani L. acFanNIu/Mahogany 0.276 NS NS 0.117 0.122 0.120
F.Mimosaceae _

Acacia auriculaeformis Cunn. nyefinnisin/ Wattle 0.937 0.626 0.323 0.153 NS 1.060
Acacia catechu fuFaunin 0.557 0.555 0.612. NS NS NS
Acacia farnesiana Willd. nazfiuin NS NS 0.1 6v3 NS NS NS
Albizzia procera Benth. Tian | 1.240 0.142 NS NS NS NS
Parkia speciosa Hassk. C NS NS NS NS NS NS
F.Papilionaceae (Leguminoceae.)

Dalbergia cochinchinensis Pierre . W:gd/Blackwood ‘ 0.312 1 0.287 0.165 0.317 26.260 17.400
Dalbergla nigrescen Kurz. U 0.424 NS NS NS 2.279 1.183
Gliricidia sepium Steud. LLﬂN%&/Madre de Cocoa 0.500 0.162 0.611 0.278 1.061. | NS
Sesbanié grandiflora wniu _ 0.370 ° NS 0.197 ND NS
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* ND = NOT DETERMINED

** NS = NOT SIGNIFICANT  (<0.100)

BOTANICAL NAME COMMON NAME Alpha-D- Beta-D-N-acety! Alpha-D- Beta-D- Beta-D- Beta-D-
' ' : ménnosidase glucosaminidase  galactosidase galactosidase fucosldase glucosidase
E.Plnaceae
. Pinus Khasya Royle. suauly/Pine NS NS 0.148 0.148 NS NS
F.Rutaceae .
Acronychia laurifolia Blume. #311/indian Mahogany 0.170 0.245 NS NS 0.201 6.1 37
F.Solanaceae
“Capsicum annuum L. WINHILENU/Chill 0.132 0.106 NS NS NS NS
F.Tillaceae _
Corcorus capsul'aris L. Yanizialnnan/Tossa jute 0.501 0.478 0.196 0.740 0.466 0.301
Corc_orus olitrorius L._ Yanszanlngny/Tossa jute 0.304 0.3_30 0.179 0.534 0.196 0.118
F.Verbenaceae
Gmelima arborea Roxb. o NS NS NS NS NS NS
Tectona grandis Linn.f. &n/Teak NS NS NS NS NS 0.220

¢c
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@.’ﬁ’mﬁ 2.3 Glycosidase acflivities in citrous 1ruits_.
Source :;Total activity Specific activity
Enzymes (1U/8 seeds) (IU/mg protein)
)1, Mandarin orange
1.1 Beta-D-N-Acetylgluco 0.119 0.038
Saminidase
. 1.2 Alpha-D-Manncsidase 0.043 0.014
1.3 Beta-D-Galactosidase 0.015 0.005
2. Sweet orange
2.1 Alpha-D-Mannosidase 0.083 0.048
2.2 Alpha-D-Galactosidase 0.023 0.013
2.3 Beta-D-N-Acetylgluco 0.018 0.011
saminidase
| 2.4 Beta-D-Galactosidase 0.17 0.010
53. Pomelo
' 3.1 Alpha-D-Galactosidase 0.037 0.014
3.2 ‘Alpha-D-ifannosidase 0.034 0.013
3.3 Beta-D-Galactosidase 0.030 0.011
4, Lime _ |
- 4.1 Beta-D-Galactosidase 0.028 0.028
4.2 Alpha-D-Mannosidase 0.016': 0.018
4.3 Beta-D-Mannosidase 0.011 0.011
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3 D-mannose
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Figure 2.1 H.p.l.c analysis of the synthesis products with crude ol-mannosidase from

Albizzia procera Benth. The ammonium sulfate fraction containing Ot -

mannosidase was incubated with 50% (w/w) D-mannose at pH 5, 50

°C for 7 days. Experimental and Control show reaction mixturé's

incubated with and without enzyme respectively.
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Figure 2.2
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H.p.l.c analysis of the synthesis products with crude B—glucosidase.and'
B—fucoéidase from Dalbergia cochinchinensis Pierre. The crude éxtract
containing B—glucosidase and B—fucosidase was incubated with 50%
(w/w) D-glucose at pH 5, 50°C for 7 days. Experimental and Control

show reaction mixtures incubated with and without enzyme respectively.
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D-galactose
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H.p.l.c analysis of the synthesis products with partially purified B—

.'?_galactosidase from Hibiscus sabdariffa var. alfissima. The DEAE-

celluslose fraction was incubated with 50% D-galactose at pH 5, 50°C

for 7 days. Experimental and Conirol show reaction mixtures incubated

with and without enzyme respectively.
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A e ¥ A"..--aé v & &« [P Y
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3.1 unin

s T &

Sewlodfwaniudn-a-ngladas (EC 3.2.1.21) dluawladfmunsasmoiuse
"Lﬂalﬂ%ahmﬁ@m@‘htéﬁ‘lé’gwnang{[ﬂa awlafwanitlusmumainidiens g dunse
azmﬁmﬁu(éls) sragatu rmhidesaagloenlidinlnalelsd laureulmiam
uIR( 26-29) wnlmifdenioalalulas (30) Lauﬁqﬁﬁﬂaméua‘[avlu‘[aa (31) ﬁ%a |
dapssimanilTuanlnslelod (32) dudu Feenmsanslunoszdsevasenlss
@ 9 iliusnngueaniddndiunguden 9 ﬁﬁ@gmaﬂﬁ’@mﬁauﬁu \Fw amygdalin B-

glucosidase [EC 3.2.1.11 7](33), prunasin [3- glucosidase (EC 3.2.1.118) (34) uaz

thioglucosidase (EC 3.2.3.1)(35)

wwlrifndes loanluifinlnalalodniSondin amygdalin  wuldlusrsenaanniuda
AaNaua (Prunus amygdalis) \@N3uNTI8 9 Nwin almond emulsin wuaIaLsnluil
pr - wet o i 3 o - P R !
1837 fdanlalidiauainowlmiftznaudimenlodsasriiafia amygdalin hydrolase
Uae prunasin hydrolase (36) tawlmiriefigowylaluiuiauas black cherry (Prunus

a At o :VA W eo ~ w =3 R .
perofira L) towlmiidiwanitanufianini le uanuiisu@insnuannda linamarase 371

TuEUsnas, NIUaaUBIdn flax, butter bean 38 lima bean, lUu8e Hevea brasiliensis
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FRUFIRAT AIOTTHNA 3.1

@13197 3.1 Relative Maximal Hydrolytic Activities (V

max

for Linamarase from Several Sources (36)

) with Different Substrates

Hevea

brasiliensis

0.25
-5

3x10
-3

5x10

36

Linum Manihot Phaseolus

usitatissimum  esculenta {unatus

seed petiole seed
Linamarin 100 | 100 100
Linustatin 4 . : - --
Prunasin 140 0 51
Amygdalin ' C 0 O.Sb
Dhurrin -1 == ==
p-Nitropheny!-3-D-Glc 184 441 112
p-Nitrophenyl--3-D-Gal 83 0 75

b
*Relative activities measured at 6.25 mM. Activity relative to linamarin, both measured

at 10 mM.
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oulois1wan thioglycosidase tountawlmianniudauas Cress (Lepidium sativum
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salicin, methyi-3-D-glucoside, phenyi--D-glucoside, gentiobiose, celiobiose, sucrose,
lactose, maltose, p-aminophenyi-1 —thio—ﬁ—D—qucoside, pNP—thio—B—D gluceoside, pNP-
ﬁ—D—galactoside, xyloside it&z mannoside; N-acetylglucosaminide W8z N-acetyl-
gailactosaminide; pNP-0l-D~-glucoside, gaiactoside tszmannoside; oNP- ﬁ—D—

galactoside L8% xyloside (uen

wnlmiiuan-a-Walades (EC 3.2.1.38) lunulusssum@univinenlodiud-
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3.2 5&@3%&:‘3%15

3.2.1 m§®w:gd (Dalbergia cochinchinensis Pierre) (Eﬂﬁ 3.1) ‘15%“1)%1’3’1&1@5&%6
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Figure 3.1
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Dalbergia

cochinchinensis Piem

Examples-of young tree and seeds of Thai Rosewood, Payung (Dalbergia

cochinchinensis Pierre)
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Isoelectric focusing of the dialyzed 35-75 % ammonium sulfate precipitate from Dalbergia cochinchinensis Pierre. lsoelectric focusing was
performed in a Rotofor apparatus using 2% ampholyte (with ratio pH 4-6: pH 3-10 of 5:1) for 4 h at 12 W, Tubes 8-14 were pooled for
further purification, ®—@ B~Glucosidase activity (nkat/ml);o—o B—fucosidase activity (nkat/ml); ~-~-- pH.
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Figure 3.3 Sephadex G-150 chromatography of the isoelectric focusing pobl_from Dalbergia cochinchinensis Pierre. Enzyme containing fractions from

isoelectric focusing (Figure 3.2) were concentrated by ultrafiltration and subjected to chromatography in'a Sephadex G-150 column (2.5 cm O

x 80 cm), equilibrated with 0.1 M sodium acetate buffer, pH 5.5, containing 0.1 M NaCl at a flow rate of 21 ml/h. Tubes 26-38 pooled;’
dialyzed, and lyophilized. ®—® [-Glucosidase activity (nkat/mi); Q-0 B-fucosidase activity (nkat/ml); l—M A, .. '
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Table 3'_2 - Purification of B-gmcosidase/ B-ﬁ.lcosidase from Dalbergia cochinchinensis

Pierre
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Total Total Specific Purification Yield
Fraction activity protein activity |  fold %
(nkat) (mg) | (nkat/mg) | -
Crude Extract
B-Glucosidase 2,633 40.5 650 | 1.00 100
B-Fucosidase 3,167 40.5 782 . { 1.00 100
35-75% Ammonium sulfate
3-D-Glucosidase 1,750 17.5 100.0 1.54 66.5
B—D—Fucosidase 2,017 17.5 115.3 1.47 63.7
Rotofor isoelectric focusing
B—D—Giucosidase [ 11.4 98.0 1.51 42.4
B-D-Fucosidase 1,333 11.4 116.9 1.49 42.1
Amicon ultrafiltration
B-b-Glucosidase 1,183 9.45 125.2 1.93 44.9
[3-D-Fucosidase - o 1,383 9.45 146.3 1.87 43.7
Sephadex G-150 ‘
B-D-Giucosidase - 800 1.00 800 12.3 30.4
B-D-Fucosidase 1,033 | 1.00 1,033 13.2 32.6

Ten g of seeds were used for purification , and assays were performed with 1 mM

p—NP—B—D—glucoside or TmM p—NP—B—D—fucoside at pH 5.0 and 30°C.
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- Figure 3.4 Electrophoresis of purified B—glucosidase / ﬁ—fucosidase from Dalbergia
cochinchinensis Pierre. a. SDS-PAGE with_protein stain: . 7: molecular
weight markers; 2. purified enzyme (10 ug); b. Ngﬂ;d_énjtuﬂﬂg_gﬁl_cﬁ

purified enzyme: 7: 2.4 g enzyme stained for protein; 2: 2.4 ug

enzyme stained for B-glucosidase activity.
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Non-denaturing electrophoresis of purified B—giucd_sidase / B—fucosidase ,
followed by activity staining. 7: 1.2 Lig enzyme stained with 4—MU—B—D—
fucoside; 2: 36 |lg enzyme stained for 4-MU-[3-D-galactoside; 3: 36 g

enzyme stained for 4-MU-o~L~arabinoside.
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Figure 3.6

pH profile of B-glucosidase (M) and B-fucosidase (@) from Dalbergia

cochinchinensis Pierre.
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Figure 3.7 Temperature profile of 3-glucosidase (M) and -fucosidase (@) from

Dalbergia cochinchinensis Pierre for hydrolysis of pNP—B—D~glucoside.



Table 3.3  Kinetic properties of B—glucosidase/ B-fucosidase from

Dalbergia cochinchinensis Plerre
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| Substrate _ K, K.ae kK,

mii . sec'1 I\ﬂ-1 .se'c.1

p—NP—B—D—qucoside 5.37 T 0.09 307 T 486 57,300"
p-NP-[3-D-fucoside - 0.54 *+0.04 151 =+ 3.0 283,100

| p-NP-B-D-galactoside |  14.58 % 0.71 44 * 08 3,000 .
p-NP-OL-L-arabinoside 1.00 *0.03 6.8 + 0.04 6,900
p-NP-[3-D-xyloside 2.45 *0.14 1.8 £ 0.04 730

Assays were performed in 0.1 M sodium acetate buffer, pH 5.0 at 30°C. k

assuming a subunit molecular weight of 66,000 dalions.

cat

was estimated
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Table 3.4 Hydrolysis of synthetic substrates by B-giucusidase/ B-fucosidase

from Dalbergia cochinchinensis Pierre

Substrate ' Relative
| N - activity
_ p—NP—B—D-giucoside 100.0
p—NP—ﬁ—D—fucoséde ‘ 1241
p—NP—[}—D~ga!actoside 8.95
p—NP—ﬁ-D—mannoside - 0.26.
p-NP—ﬁ—D—xonside | 3.91
p-NP-[B-L-fucoside 0.05
p-NP-O(-D~glucoside 0.18
p-NP-0l-D-galactoside 0.03
p—-NP-Cl-D~mannoside 0.36
p-NP-Q(-L-arabinoside - - 4.89
| p—NP—OLI—I_—fucosi'de _ 0.08
p-NP-[3-D-maltoside 0.21
p-NP-[3-D-thioglucoside | : 0.02
p-NP-P-D-thicfucoside 003
methyi- B—D—glucoside 0.18
phenyI—B—D—gluco_side S.OO

Reactions einployed 5 mM glycosides in 0.1 M sodium acetate, pH 5.0 at 30°C.
p-Nitrophenol was quantitated, except with the methy!- and phenyi-glucosides,

where gitccse was measured.



Table 3.5 Hydrolysis of Natural Substrates by B-Glucosidase/ B-Fucosidase'

from Dalbergia cochinchinensis Plerre

Substrate Relative
activity*
p-NP-f-D-glucoside (control) 100.0
sophorose  [[31-2] 1 0.39
laminaribiose [BT—S} : 0.34
cellobiose  [B1-4] 0.06
gentiobiose B1-6] 0.29
linamarin <0.05
prunasin <0.1
amygdalin 4.55
salicin v ‘ 3.75
phioridzin | <0.05 _
arbutin 1.1.5_ -
sinigrin 0.86
laminarin <0.0"S |

Reactions employed 5 mM substrates in 0.1 M sodium acetate buffer, pH 5.0
at 30°C for 30 min, and glucose release was measured. With laminarin

(5mg/ml), reducing equivalents were measured
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Table 3.6. Effect of various substances on B-glucosidase/ B-fucosidése from
Dalbergia cochinchinensis Pierre
| Substance Final %A‘ctivity remaining
conc B-D-Glucosidase B-b—Fucosidase

Control = 100.0 100.0
FeSOy4 1 mM 112.9 99.9
FeClg 1T mM 104.2 113.6
CaClo 1 mM 102!f 93.8
MnCio 1 mM 04.8 91.5
KCN 1 mM 106.7 104.5
_ZnSO4 1T mM 111.2 107.6
MgClo 1 mM 111.3 112.1
NaF T mM 104.4 81.8
HgClo TmM 0.3 3.1
HgClo 10 1M 9.2 10.8
HgClo 0.1 UM 10.7 9.4
p~Chioromercuribenzoate 1 mM 1 0y {4 - 10.2
p-Chioromercuribenzoate 10 UM 15.2 132
p-Chloromercuribenzoate 1 UM 25.2 23.7
EDTA | 1 mM 93.9 99.3
lodoacetate _ 1 mM 84.2 8.3
“O-Gluconolactone TmM 8.8 6.8
O-Gluconolactone 0.1 mM 50.3 69.8

Substances were tested on the hydrolytic activity towards pNP—B—D—glucoside'(ZmM)

or 'pNP—ﬁ—D—fucoside (1mM) in 0.1 M sodium acetate buffer, pH 5.0 at 30°C.




71
siaszanadlazanms 20-30 wesioud ancfuendiauasienliazsasfizanm 0.3

4w qud - ' . aad ' '
wefudilafivhinamng -20° @ wan 5 94 wead@davesenlsiaanslszanm 1
wafirudiiianulif 4° o Wunen 5 Tu uszaessszanm 1.6 wadimuda il Aude3t
lyophilization uananiidanuimafiviewiod Biduna 4 wwenluinawusutudn

v

Py - QO o (7 &t nn; 4 . . I'd ' 5 oo A - r'd
gunni -20 @ wvtien loituandiaseadilszanm 50 1Waslaue NILanaIavaILa L L]
@8 pNP-B-D-glucoside unzein pNP-B-D-fucoside 3zanadring nufalizaim 50
wasioue waneiilanuanlad i lugtazais 0.1 luaslmaouazdiantiwines

~

= e o [ - o I ‘ P o . .
ALaT 5.0 umm"lﬂgm@mqmunﬂu -20° 9 1 WAaN 4 tAauTULAsING ITWUILaw e
aad : . T & - aad .
ARIAas pNP-B-D-glucoside RARILITzANTE 20 1wafioud wumcuan@iades pNP-B-D-
fucoside AARIUTZNIM 12 1D rUdivinmii n1Ivin freeze-thaw hiiNadaLan@IAUAILEY
vt & v a .QIQ o'zT“.‘:I X E L e . Cma
aliud-a- WlaGiasiae (freeze-thaw nntalustduas 8 a39) udinadauaadlaves
Lau‘iénﬁmﬁﬂ—a—ng‘[ﬂ%maﬁm AaLEAGIARARILTTANIL 19 tasiawditAvLa% s b 1T
Cazane 0.1 WwanslanfsuasBiantinines Wew 5.0 uddufuawlad i lutiinau uaisian
freeze—thaw bANREIELINY senuien lodiandifezansslscanm 10-20 Wasiaue a9
ﬁfulﬂUa;ﬂﬁaﬁ-’mtﬁumu‘lmﬁmnﬁu‘lﬂuﬁLﬁua:an'jmﬁuﬁqmﬂgﬁﬁm LazOFaINITLAL
wnlmibladunawiuarnih lumuiededs yophilization :nnmassInanuainn
& L . - 5 & ot . - : vv. v et

Lau"l.énumqﬂﬁmwﬂan@mm&m@w:ga dhaeanlmindanuamudeanizdie g laraud e

_' and & v . a = M e i 3 ,U..d P a
uszuaa@iavavawloiiud-a-nglediasazgudoluldhoninewlad wer-G-Raledias

3.3.10 MTIATIERANMUIUNITLBINTRANUWUEE IR LATanN
fﬂ'mmﬁLmq:vfﬂ’nm‘hmwaammmﬂﬁuﬁ:‘lnaiﬂﬁanﬁamﬂ%m high performance

liquid chrornatography WU L@ KALT WAL ARALNNIATIIRELANNEINITD luMTdasa 3t



72

msniaialasinlefiinsd Aeswisndesvuse B1,2 usz B1,3 ldwe 9 Ay uazeunngday
o ) . \I!"w.w ¢ e [Y o o P
wusy 31,6 leudsanindusy 1,2 use 1,3 nwldanzinaspuiidvuelunafitiiiu
wazaztapwurz 1,4 lavasfigavtaunulidenss  wenvinfiwudnawlmilisinsodsy

gapWRuszdavin- Inaladan laiay

+“

VL ¥ & o ‘[ Avl [ ot (Y VL '3
3.3.11 mMIaanay amwamaemmaﬂ@ ARV W QIMNNIUDUTRIYUG VUL B W LTU

=

£
13gND
nnnareseylalowefvesnhaangleadldvinnisaais pNP-B-D-glucoside
. w d' . . i o ci s 43’ “~ :J a ‘i' =
C@BLATaY gas liquid chromatography ®Wu2N NﬂmwamnﬂLﬂ@mutﬂuuﬁmﬁaﬂﬁiﬂmuﬂﬂtﬂu B—

Talouad @Tau,amlugﬁﬁ 3.8

3.3.12 msfnsuinosswaenlsd

PIMMsAnELSnaIszesien lodvinlasanusinliany Professor Seiya Chiba
_uar Associate Professor Hirokazu Matsul uvsnaiinyasmans awinsndsaantnla
ﬁ‘szmmﬂﬂu murl,@ﬁmam'smmmrjmﬁamn‘ :r.\IJ"RCT} -Jsps lan a5.98 "égﬁqw%( AU

ldiianudded w dwzmadilu

- nsAnsuiiaienenlnllesldastuginsisaesew ledfidadn
) T v oA o o o . a
conduritol B epoxide Tuilufinmunudindussduginviinuesenlsdiwannglad

AR WRZRINNTREUE LaINTIHNIIUT a3 % byl méﬁ—ng‘l‘[ﬂ%mmm:mﬂsﬁﬁé‘am—ngiﬂ%



73

CHOET Mo v

| |
I i ! ;
- 2 : :
w0 ! ! i
" t
r |
4 i
- i
b
== .
P
! !
—] i :
I
i 5 | ' :
| . ;
| | : ;
- 1w I_. _ R N
! oo ! ‘ i l
{ = F ¢ i i
~ oo T -+ u-;:g i i
P -— 77 i oy o e
B B iien oo BN SV I V'
: " ) i o
]
i
T

B.80"
5.687

1120
16.807.

22.48
28.88°

Figure 3.8  G.l.c. analysis of the products of hydrolysis pNP-B-D-glucoside, showing
that the B-anomer of -'g'tucoside is the initial product of hydrolyéis. Peak

6is BéD—giucopyranose and peak 5 is OL-D¥gIUCopyranose.
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Inactivation of B~D—glucosidase/B~D—fucosidasé' from Dalbergia cochinchinensis Pierre by CBE. The B-D—fucosidase/B—D—glucosida.se was
treated with CBE at 0 mM (~O-), 0.5 mM (-@®-), 1.0 mM (-[J-), 3.0 mM (-M-), 6.0 mM (-A-), and 9.0 mM (~A-) in 0.1 mM sodium
acetate buffer pH 5.0, at 37°C, for 5 to 20 min. (A) hydrolysis of PNPG; (B) hydrolysis of PNPF.
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PNPF (O) as substrate: (A) k. vs [CBE]; (B) double reciprocal plot of
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- Figure 3.11

inhibition of - ﬂ—D— glucosidase activity by PNPF.  The reaction ~ mixture,

containing 0.25 mi of substrate {PNPG) at various concentrations, 0.1 ml of 0.1 M

sodium acetate buffer, pH 5.0, 0.1 m! of various concentrations of PNPF, and
0.05 mi of enzyme solution, wz.a.s' incubated at 3'”700 for 10 min. The gluéose
liberated was measured. -@- 0 mM PNPF; -%- 0.25 mM PNPF; -A- 0.5
mM PNPF; —%¥- 0.75 mM PNPF.
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described in Fig. 3.12. -@-= theoretical curve; ¥ = experimental values.



82
¥ . N . . v o : A3 [
ANTENGIE preparative isoelectric focusing uaih lUdunasus Sephadex G-150 azle
& o Saa e
anlrduignnidanuniaig
- a4 = [ P ' o A
ulmiudanifassnlaiidr pH Amanzrudemasmassawloiilu 5.0 &3
a1 e 'Y a 4 ° ° A ' 1A
Wuenfladidpanuen pH Amnzauluasiausssenlmiswanlnsladiessiulngids
2l pH inunzaulumsrnnudandnaiivnse (47 ) indamsdneianuaansalunis

Ld a
bi)

. @ o € . s & o [ aad
HABRURLATNRILOTIRWAT ) WU'}'WLQNVL‘E&EU'SQY] i@?ﬂ&ﬂ@“uﬂﬂ@?@l [3] pNP—ﬁ—D—

— A i 4 o [ o ~
giucoside LR pNP—B—D—fUCOSide i;f\'?ﬂq@ SL‘:\W;Imﬁ&]ﬂ@lﬁ@:ﬂﬂ'}ﬂﬂﬁlauvtsﬁﬂlﬂ@]”!—ﬂﬁiﬂ‘ﬂ

waaunaprie (26-29, 37 ) uasuandwanniawlaiiud-AaleSiegansasdunn

2
= o

. A - Ao a .
mevaw (Lactuca sativa) (38) Teiiuandiagesmiudan pNP-B-D-fucoside Wz pNP-
A A P . = '

B-L-fucoside muanmnummwmwLaﬂmﬁmmumw:gammmyaU pNP-f3-D-
galactoside, pNP-0L-L-arabinoside, pNP—ﬁ-—D—xyloside waz phenyl—ﬁ—D-glucoside o
@nipein wudnwneiiwdsiuh lweulodwinud-nglefiasdwguiu drad
tiwaw bl unaisaen white clover (29 ) usztewlmiiudr-ngladios 1inAimilesdon
o A = ‘.‘1 & . i P Ana i 4 W e & a PR~ -

2 (48, 49) Fnnanlmisunlueadiade inale lwans 3 rialdnustaiiasan

nlulnalalodnsauriiauu configuration i C azaaudumiaf 1,2 uaz 3 aglu

@unU trans equatorial Lw@ERUNWU LY pNP-[2-D-giucoside az pNP-[-D-fucoside

PInmsAnwIawmaaivadanladnudn tewlmilidn K da pNP-B-D-fucoside
#Buniea pNP-B-D-giucoside ©iv 10 1¥ &% K 68 pNP-3-D-Xyloside uaz pNP-0L-

L-aralsinoside &fnatszningn K, ¢8 pNP-B-D-fucoside uazéia Km vas pNP-3-D-

[V Y
a

s 4 . v
glucoside uaz pNP-S-D-galactoside nafierafiasnntulassgFsvssihananule



83

@
°

cd = I's A A ° ¢ A s ~ o ¥
laigmalniuauazaay 5 axaaudIn C Ui 5 %:wgﬂ.ﬂmmuag P mIU
P ° | et P=] . a . A ' by & A ° s

aafalaah C drunish 5 axlingfiuntang Fezasnlutiienatanlos 5390 C dunis
o . ¢ o & I { et s Apa P
#i 5 azfiny -CH,OH oy asmuaradulilldnsfilininiduwanlslasian 7 ¢ azaay
Fupief 5 siignlumstiruelz@nimwluns? fURLATNITRINNTO/UNY

o A4 . [ ' = @ o & P .
Lo L be mmwLmﬂmamnmw:mﬂ@ama’mLaulmau‘lmngzﬂsmamﬂ white
clover (29) ua2 linamarase IMNAuFLNAY (50) laswuinazfidn K darusmasniitiiu
pNP-0(-L-arabinoside itaz pNP-B-D-xyloside d1ninen Km vasgusiamniily pNP--

D-glucoside 11n

wiiinen K sia pNP-B-D-fucoside 9261n31 @1 K_ 8 pNP-B-D-glucoside 119
= A . A b o i i ° v 4
10 (¥ifigny TIL&as31 pNP-B-D-fucoside mavazilusuisamiangadmiviowladil
) ¥ ~ s ~ o yov- (lﬂl o v n‘
udatnslsfianusanmsiiadfisenmssssvasinalelodnwulusssumddaudnsdninn
VL. a : & & a . o & o2 oA
waz Wnafiauinnii 5 wWediruauasaaniigas pNP-B-D-glucoside a8 99%u3 918
:VL IVL(A y w‘-rL.aL,u ) a er-v : 4 o
1 Inale laNaTII8e Uy W TR URLATNANUTTINTR AW kriaIna1? Fetians
=] L =1 d‘ e ' Qs - . = & o o A L] Qo
mwnumiﬂnmmmnuﬁﬁmmﬂnﬁﬁm‘smaaLau”lsmm@n~ﬂ§Iﬂmwam:wuma@ﬂ
o o A =3 A’ L ) ~ @ 5
AsEREFURIEIMTITNTAasan ki 9 sufednldegwnaiann (29-33) aunu

ar

MIARBUALINURLAAIN IUTITUTF IR Tz DI mMsdnda L

PNMITANHINRTBIA U EIF AN THINUUDIL O LT WLANFITINTWAINY Tanaziing
v & PRy g & o d“VLw . o P &5 e ~
lunmsfutsianalauasias ki riad dathaTuuTInInge iasamawlodid pH
9

o & 2 & v . P A a . 6 ) A
LRANCTAU suﬂqiﬂjdquLﬂ%ﬂs@] %\Hﬂuvlﬁyl@')']%%!ﬂ'ﬂ’]ﬂquﬂU§L'3MLiGmaﬁLa%qujNLﬂuﬁgﬂ“@]ﬂ

alalu pH Milunte esnuseraduldldiardsznavdiwindsansansndugsnis



84

° . - ‘av  ar A o & s B R av v & Py
rnsmaasewladldlestuivdiasuiiieundsnnnuandrzesnyeansuanda vas
A PN . . . s ’ s o < A < = '

nsaaziiluriia acidic amino acid mg‘lumnmmmaaxau‘lﬂm HINTTANBILSLIOALTITA
. v e L v . s €t o el o &
onlaidhonsld®ns conduritol B epoxide Hufuinanlaifiaionldiiamunigndann

= <t P -'.x aann vn‘; 4 (% o/ ' [ Y
wszlwenlailuanaduiewmnisnfizmlinadels wd-a-lnalelodwisied-

ol r=Y N Q. =~ =Y 0 =i 1] 1 e
a-fhlaloaiduduaiasn lapiuSamsadelu 1 nihstasvasionles]

@ 9
“a 3 =

' P V &l v A £ = P aad )

lapapamnanidiewlnituonlduianinnuionzmlivaadiadans pNp-
B-D-glucoside uaz pNP-f-D-fucoside MIANEMRURIATNSTINTG VD98 bl

@ ° =y 1 d pa 9 =S v o & o ' ..A
mvzdaseiivmisde Ui efas ldnmutawinfimavhnusaseulodasnan lusssuma
'y p.:ivl ‘Lﬁc{r&_ 9 & A e A o -y
hilwihnesls ussiwaledsiiminugannluuiafizdina Ssamaizduanuiiugm
Atidszlomidaly anmIansseumdinananlsiswaniudn-naledies laold pnp-
B-D-glucoside uaz pNP-B-D-fucoside idusumamludiuds g sadunzys dur
Tuly ludrdu fulu dawseae wszdaiwsn wuilududn g maritieulsiue-
naladiasluszauedaudradniszanm 3.5 nkats dendurasiusasiaihanldemsay
< Co g al s e i€ s L mad < & .k
sfiinmasnaifaduiisy 1 wefioudvasueadlaninuafnuluforinmm aanuns
=< Pt [ . a o o n a ' 4
anwuhoaiusudsznevvadnteezdily Saunseesiilu vinousenenlodusslase

) 2 an % X o = e o o 1 % s vI i
- 8519 3 Hdvesaw britiiaaduniitanlafzdiivmydaly-



85

U 4

nmseSoaanladaan-a-uanluding

4.1 uynih

anloddan-a-uauludies duewlminfdnsawisumibanlduslonl
lunsasaneiladlnumaalsaled asmetsnanwninisonanorinudonu (17-
19) unasvodawlsd san-a-unuludasfiluniinnudde wewlodanaaude (Jack
ar QT LS o o Aad A ™ N
bean) AMIFILATIZALOR LnuTAAT 136 019Y 18 ®ediT fe equilibrium - controlled

. - o A v s 3 e o a
systhesis BIBRNULRUIABNITLD 'Qﬂ?ﬂ']i]ﬁ"i,%ﬂal}“ljQGLBMVL%M%’]W')?'WIUﬂﬁﬂ'\ﬂuvl.m,(ﬁiﬂ

WAz kinetically - controlled synthesis lagfjfi3en transglycosylation

& T a & &l o dAda a & -
ey bmidan-uunludier Wuenlminwuldluzgsifianaoriansluzam
(51-53) dai (54) uazluy Ailfdnmauunluiizfe naauda (Jack bean,
. . y PN
Canavalia ensiformis) Waza7n almond (Prunus amygdalus) \hasamiew lminaaasriiad
“t 3 ] o & o 1 o o ¢=i P (4
FIaES YN I luUSundaudann wasiidminen WannuSennuiaeu loiuasans
A Y = Sact =2 A o & o ' ' @
aiidne g rumawadszanm 9lelins@nsifonuienlodasnanegienitesnng
;04 : € @ = dy o & a
HANTINHESWLIAT 1At ki WINA s ALNU I WL AR HRIUITD 1T NN TFILOTITARITINNAALE
aY ‘!' Sk o AV e ) @ - A o ) a Y k4 4
alnuzaanlsd leauin @antenanunndn Twuni 1 @enuinnssaasieplaw loldas
ldldnfausnialoflnuannilsdniil regiospecificity geldiifanldianloifimanzau

@
o

muldrnmznedasiivanzay uazidmayiae iasuuslusidudiudlsznaun

o

gL



86

r= =4

u Inslalis@udeg snnune (3.4) ledlnusaenlsdvanihaauuulwaniuoiine
a a’:’ A @ a . o o r

wwinn uasledlnugeanbsasaniheawuuluafiiufie (branched chain) SIF3aTEA |

[ pr} vu ‘. y.. ~ & S s o v =< B
ldenn Ssnnanaiwhaesdinmeaaiuaznaluladluiiaiu dlinms@nsara

a G ' o . < waes - o oas oA ) X
sagrosmuitiueilulotemuasinalalisdunlasuanufisuanninisoiRuannis

A e = ol ° Mo v [ Y 2 s

wnnenwinsduenuifshfdslonildatanfrndunsfinsnssassm

duenflulaemdamainawaasinalalusindneg vasuysd mudhlationaln

nRduiuTIMY Winsnma innsundreaess ursnsmuzauaasie g luiiliia

q

o . X s & = T = =S d -.: B
ATWINHUANLIY LRILTETY NRTHTUAWLIN sﬂ?@%‘ﬂﬁ'}ﬂ"ﬁ%@&lLLM%IuﬁLﬂ%ﬁﬁuﬂitﬂaU

‘
3 =t

.w' [ s H oo e = o & e nﬂ»&/ < <t &
anwuifudmtznovlwmiioasdndusuivlduiuafGoniegernuug Tanuiy

AurTolIuaIiIua virulence UAITDANS 9 1hALDI.

Li (55) lempsmnilfienlmidash-uuuludiemssl fiionuedeudiony

WenaunulugaIn Phenyl mannoside 3131114 Phenyl mannobiosides wastaldUfAsen

faunauaialuihans mannobiose Inihanausnluglaeae Rastall uazamzy (17)
Tansanunmssnanzilaluunululaflnuanenlsd uaziennalsunnluleflnuwaanlsd
) 6 [ L ¥ & o P [ (23 a [l a s A
Inifluesausnlegldionlmisaruanludiasantiuia detnvasdjitonmaaten

fromihaauaulugan winiulesiifadaruuululod ludidaiuen g asusadiu
P . e e 4 VL!JA ) - |esa @ W‘I lv
gNTW7 4.1 Johansson uazanzy(18,19) lednmmuialdfsondounaulasls

ewlel danuinludesrnmudensivildanuduiuseshaauuslusBunmag g

e s TP [y a k- as o .w
argliifiamsshiledlnuanlsdlaoin nansguemzi(amnd 4.2) anmels

LY
& s

caa | w o A Y a & by P A A
ﬂ{]ﬂﬂﬂZJauﬂautwaﬁﬂdiaaiﬂumﬂﬂﬁ‘qﬁ@"ﬂE]\‘i'uﬂ@ﬁaLL&J%I‘HN%SJ AANINIDEUND

mminiﬁhmaﬁﬁﬁmgmﬂu&umm‘ﬂ wazineauywlusduinaafiazauin leasin



Table 4.1 Yields of oligosaccharides synthesised by co-condenation

with mannose under equilibrium conditions(% yield by HPLC) (17)

Percentage yield of
oligosaccharides

45% 12% _
Acceptor sugar .total sugar total sugar .Class*
p-Galactose 4.00 4.20 a
o-Glucose 11.00 11.70 a
b-Xylose 5.34 4.70 a
D-Psicose 9.30 8.20 a
p-Allose 8.05(m) 2.40{m} b .
o-Talose 2.67 0.00 b
p-Tagatose 7.50 5.50 b
t-Rhamnose v 4.23 1.60 b
L-Fucose 6.73 0.00 b
p-Malitose _ 7.50 5.90 b
p-Trehalose 13.60 9.20 b
. o-Melibiose 5.60 0.00 - b
O-Maltotriose 7.50 3.20 b
N-acetyl-p-mannosamine 9.50(m) 6.40(m)} c
p-Altrose 3.75 ND u
o-Fructose ND 13.10 u
p-Quinovose 3.05 ND U
D-Arabinose 38.00 ND u
N-acetyl-p-glucosamine 3.65{m) ND Y
p-Digitoxose 2.45(m) ND U
D-Sucrose ND 14.40 u
p-Raffinose _ ND - 4.20 u

_* Classes are defined as: (a) sugars that can act as acceptors and
- that are not inhibitory at high concentrations; (b) sugars that act
as.-acceptors but are inhibitory at high concentrations; and {c)
sugars that neither accept mannose nor inhibit synthesis of man-
" nobioses k
ND, No data available
m, Mannobiose is sole product
u, Unclassifiable with present data



Table 4.2 Equilibrium data for the OL-mannosidase reversion at 55°C (19)

o mannose :

{Inatial conc.) H,0 (m) Monosacch. (s} Disacch. {w) Trisacch. {m) Tetrasacch. (m) Ko Kearn
25 46.0 1.18 0.17 0.033 - 5.5 3.7
40 40.0 1.72 0.34 0.11 0.021 4.6 7.5
55 32,5 1.81 0.61 0.23 0.052 6.0 6.8
70 : 241 1.67 0.74 0.37 0.16 6.4 7.3

85 16.6 1.73 0.93 0.61 0.25 5.1 - 6.2
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Table 4.3 Purification of O-Mannosidase from Albizzia procera Benth.

Purification Step

Crude Extract -

35-75% Ammonium sulfate
DEAE-cellulose (#160-199)
Sephadex G-150 (#33-45)
Pheny!-Sepharose

Total Total = Specific Fold

Activity Protein  Activity  Purification

u

73.3
64.0
42.9
21.6
18.0

mg

82.6
74.3
21.0
1.02
0.57

Usmg

0.89
0.86

204

20.2

31.5

* Purification was performed from 50 g of imbibed seeds

. 0.97
2.29
22.7
354

Table 4.4 Extent of contamination of Albizzia procera

(l-mannosidase by other glycosidases

Substrate

PNP-0Ol-Mannoside
PNP—B—GaIactoside
PNP-[-Glc-Nac
:_.'PNP—B~GaI—Nac
PNP-Ol-Galactoside

Relative

Activity

100
<0.25
0.76
<0.25
.26

% Yield

100
87.3
58.5
29.5
24.6
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Table 4.5 Partial purification of OL-Mannosidase from

Hibiscus sabdariffa var. sabdariffa

Purification Step Total
| Activity
. . u
Crude Extract o ) 71.6
35-75% Ammonium - | 62.4
sulfate
DEAE -cellulose 47.1
Sephadex G-200 38.2
Sephadex G-100 27.1
Sephadex G-200 Pool | 7.7
Sephadex G-200 Pool | 3.9

Total
Protein
mg
1210.2

518.5

227.6
40.6
22.6

2.6
3.6

Specific

Fold % Yield

Activity  Purification

0.06

0.12

0.21
0.94
1.20

2.95

1.07 -

1 100
2.04 87.2
3.50 65.9
15.9 53.4
20.3 37.9
50.0 10.7
18.0 5.4

Table 4.6 Extent of contamination of OL-mannosidase frbm

Hibiscus sabdariffa var. sabdariffa by other QIYCoéidases

Subsirate

PNP-alpha-Mannoside
PNP-beta-Galactoside
.. PNP-beta-Gic-Nac

PNP-alpha-Galactoside

Relative

Activity

100
0.92
1.70

1.87
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" Figure 4.1 DEAE~cellulose chromatography of the dialysed ammonium sulphate fraction of Albizzia procéra Benth.
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Figure 4.2 Sephadex G-150 chrométdgraphy of Albizzia procera Benth. o.~mannosidase pool from DEAE-cellulose (Figure 4.1)
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Table 5.1 Sources and properties of f)—gaiact_osidase enzymes

1_0&

K, Ke
Source Form Method of separation M.W..(kD) pH optima p! value oNP-[-gal :pNP—B-ga!
' mM mM
i - 4 7.1 - 1.48
Cajanus indicus Il CM-celiulose - 4 6.5 _ 03
il - 4.5 6.1 - 1.2
.Hordium valgare |~ Gelffiltration and CM- 65 - - - -
it celiulose 48 4.2 - - -
1 DEAE-cellulose and gel 74 3.2 - - 2.3
Lupinus futeus iI  fitration 54 3.9 - - . 24
i 65 3.1 ~ - 1
Méd;cago sativa - | Gel filtration 300 7.2-7.4 - - -
i 180 4.2-4.4 - - -
Petunia hybrida ! = 4.3 5.6 1 -
Il isoelectiic focusing - 4.3 5.9 1.3 -
i - 4.3 6.1 "0.9 Co-
1% - 4.3 6.5 i.8 -
Vigna. radiata { 67 4 - 0.69 4.54
I DEAE -cellulose and CM- 83 4 - 2.63 4.35
fli cellulose 96 4 - 1.25 4.16
v 44 4 - 2,77 0.66
Lens culinaris | DEAE-cellulose and CM- . 45 - - 0.13.
it cellulose - 5 - - . 025
Vigna sinensis { 43.6 4.5 - 25 0.39
I}  DEAE-cellulose and gel 66.8 4.5 - 2.8 0.57
Wl fitration 54.3 4.5 - 2.8 0.82
v 79.4 4.5 - 2.8 0.5
_ 1 DEAE-‘sephadex. ge! filtra- 144 3.8 6.7 - 0.32
Lycopersicon es- i tion and CM-sephadex 82 4.2 7.8 - 077
culentum L. H . 71 3.8 6.8 - . 0.43
Raphanus sativus | CM-cellulose,hydroxyl-
apatite, gel filtration and IEF 80 4 8.6-8.8 1.19 0.46
Tropacolum majus | DE-~cellulose,CM-cellulose, 70 4.0-5.0 6.6-7.1 - -
' chromatofocusing '
Barley Lactosyl Sepharose4B 70 4 5.0,5.1,5.4,5.7 1.35 -
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K, Ko
Source Form Method of separation M.W.(kD) pH optima pl value oNP-B-gal pNP-B-gal
. ’ mM mM
Com Lactosyl Sepharose4B 68 4 4.5, 4.6 0.77 -
3.6 ° - -
Jack bean Lactosyi Sepharose4B 65 4 6.9,7.7,8.3 0.53 -
Rye Lactosyl Sepharose4B 69 .4 4.7,48,54.6, 1.6 .
4.4 6.56.6,7.1,7.2 - _
: 7.5,7.8,8.0
Tobacco Lactosyl Sepharose4B 46 4 5.2,5.25,5.9, 111 _
6.6,6.7,7.1,7.4,
- 7.7,7.9.8.0
Spinach Lactosy! Sepharose4B 63 4 6.6,7.3 - 0.61 -
_ 4.4 - -
Wheat germ Lactosyl Sepharose4B N.D. 4.5 4.9.5.0 8.4 -
Feline liver | Con A Sepharose, DEAE- 700 4.1 4.9-5.7 - 4.9-5.7
i cellulose, Affinity chroma 130
tography and gel filtration
Bovine testis | Con A Sepharose, >600-700 = - - _
Rat mammary | Gel fitration, Affinity 110,pH7.0 '35 0.19
gland - chromatography 200, pH5.0 .
Rat epididymal 1~ Con A Sepharose, DEAE- 320, low pH - 3.5 - _ 0.52
. lumiral fluid cellulose, get fittration 180,92, nautral
Aspergillus niger 1 Gel filtration,ion exchange, 124 2.5-35 4.64 2.35 -
it hydrophobic chromato- 150 2.5-4.0 4.59 2.36 -
it graphy 173 coo R 4.55 2.38 -
Streptococcus 6646K | Affinity chrom, gel filtration - 5.5 - 2.17 217
Saccharomyces | Uttrafiltration,gel filtration, 630 7 42 - G.1 -
lactis . i ion exchange chromato- 550 7 4.8 2.5 -
3 graphy . 41 7 4.5 2.6 -
Y 19 7 .. B2 12.5 -
" Escherichia cofi | Gelfilration, DEAE- 540 7 - - -
it celluiose chromatography 850-2328 7 - - -
Bacillus macerans ! ‘ 320 6.5
Thermoaerobacter i 154 6
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Table 5.2. Effect of imbibing and germination on the content of B—gaiactosldase and Ol-mannosidase
from the seeds of Hibiscus sabdariffa L. var. altissima
Day of % Seed Morphology | Activity (U) Specific Activity (U) Specific Weight (g) of ,
Treatment selected* of germinating B—gal activity Ol-man activity seed, root, plantlet
seed selected |per g seed*™* | U B---gal/mg per g seed** | U Ol-man/mg per g seed**

Imbibing

1 97 root 1T mm 1.15 0.034 1.04 0.03 2.15

2 98 root 2 mm 1.79 0.037 1.35 0.028 2.47
Germination

1 98 root 5-10 mm 0.74 0.026 0.84 0.031 3.1

2 76 root 10-15 mm, 0.74 0.026 0.91 0.032 4.66

plant 20~30 mm
3 71 root 15-20 mm, 0.41 0.011 0.83 0.029 8.92

plant 50-100 mm

* % Seed selected was calculated from the number of seeds with the specified morphology, used for crude extract preparation

compared to the number of seeds at the start.

** g seed refers to the weight of original seed corresponding to the selected group.

cit
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Table 5.3. Purification of B—galactosidase from Hibiscus sabdariffa L. var. altissima seeds

- Total

Yield

Purification Total Specific Purification
Steps - - activity protein activity Fold
unit (U) mg | U/mg (%)

Crude extract 70.2 2430 0.029 1 100
35-70 % (NH,),S0, fraction 58.8 414 0.14 4.8 84
DEAE -cellulose chromatography 43.8 20.2 217 75 63
Sephadex G-100 filtration

Pool 1 (with OL-gal) 25.7 10.6 2.42 83 37

Pool 2 (without OL-gal) 14.1 6.96 2.02 70 20
Affinity chromatography

from Pool 1 (with OL-gal) 19.3 6.66 2.91 100 ' 27

from Pool 2 (without O{-gal) 13.9 2.39 5.82 201 20
DEAE;CeIlulose chromatography

from Pool 1 (with CL-gal) 12.14 0.947 12.8 442 17

from Pool 2 (without Ol-gal) 8.88 0.353 25.2 868 13
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DEAE-cellulose chromatography of the dialyzed 35-70% a__rhmonlum sulfate fraction from Thai Jute seeds. The column (2.0 x 15 c¢m) was

washed with TO'mM potassium phosphate buffer, pH 7.0, followed by a gradient of 0 - 0.2 M NaCl in the same buffer (starting at tube 50), and
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Elgure 5.4 Sephadex G-100 chromatography of the unbound DEAE-cellulose fraction from Figure 5.3. The column (1.5 x 80 ecm) was eluted with 10 mM potassium
phosphate buffer, pH 7.0 containing 50 mM NaCl. -O- A, -®- [B-galactosidase activity; -Bll-  O(-galactosidase activity; '
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Figure 5.5 SDS*pdyacrylamide gel.electrophoresis of purified Hibiscus sabdariffa L. var.
- altissima B—gaiactosidase on a 10 % slab gel.' Lane ‘1: purified B—

galactosidase (5 [1g); Lane 2: high molecular weight markers (205 kD, 116
kD, 97 kD, 66kD, 45 kD and 29 kD).



Figure 5.6

sabdariffa L. var. aftissima on Sephadex G-200 chromatography.
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Figure 5.7 Deterrhinaﬁon of optimum temperature of B—gaiactosidase from Hibiscus

* sabdariffa L. var. altissima.
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- Determinaiion of optimum pH of B—gaiactosidase from Hibiscus sabdariffé L.

var. altissima.



Table 5.4.  Effect of various substances on the activity of B—galactosidase

. from Hibiscus sabdariffa L. var. alfissima

Substance - Concentration Relative Activity
|  (mm) (%)
Control - 100
MgCio 1 111
KCN 1 110 -
NiOAc 1 105
CuS0O4 1 108
CaClo 1 106
NaF 1 105
LioH 1 103
. {CdOAc 1 95
ZnSO4 1 - 93
EDTA 1 a6
HgClo 1 1
|lodoacetic acid (1AA) 1 71
p-Hydroxymercuribenzoate (PHMB) 1 2
Isopropyl-thio- 3 -galactoside (IPTG) 1 95
Methyl-3-galactoside 5
Methyl-OL-galactoside 5
p—NP*OL-ga!act_oside 5 26
. p—Aminophenyi—thio-B—galactoside 5 | 1 05 '
p-Aminophenyi- B -galactoside 5 92
Phenyl- 3 -galactoside 5 53
Galactono-1,4-lactone B 5
Glucono-1,5-lactone 5 85.
D-Galactal 5 ' 9‘
D—Gaiactose. 5 27
B-Lactose 50 84

Enzyme was preincubated with each substance for 30 min and then assayed with

123

1 mM pNP—ﬁ—D—gaiactopyranoside in 0.1 M sodium acetate buffer, pH 4.0 at 30° C.
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Table 5.5. Kinetic properties of Hibiscus sabdariffa var. altissima ﬁ-gaiactosldase

vrnax/ Km

Substrate K, Vo

{mM) (nmol/min/ug proteln) (nmoli/min/pg,/mivi)
p-NP-[3-D-Galactoside 0.80 + 0.02 53.31+ 0.3 66.1
0-NP-[3-D-Galactoside 12.8 +0.51 1421 0.3 1.11
B-Lactose 84.7 t1.28 5.0+ 0.3 0.060 .

Reactions were performed in 0.1 M sodium acetate buffer, pH 4.0 at 30°C ;

values représent mean = S.D, determined by regiession analysis.

GeL
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Figure 6.1 Sepharose 4B chromatograbh’y of 35-65% ammonium sulphate fraction
from cassava petiole. Fraétioné of 3 ml were taken and monitored for
protein (@). Activity was determined with 2mM linamarin (A), pNP--
glucoside (O), 10 mM pNP-B-galactoside (A) or 3 mM pNP-pB-

fucoside ().
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.' Activity of linamarase, P-glucosidase, B-fucesidase and B-galactosidase

and the ratio of p-Fuc/B-Glu and B-Gal/BGlu from the High and Low

moiécuiar weight pools from Sepharose 4B chromatography.

|

Petiole Stem " Root cortex
(Part]) (Partll) | (Partl) (Parti) | (Partl) (Partll)
High Low High Low - High Low
Pooled tube no. - | 50-86 108-126 | 54-85 105130 | 56-85  104-125
Protein (mg/ml) | 018  0.18 012 0294 | 0139  0.086
Activity (IU/mI)
B-Glucosidase | 34.66  0.16 1883 014 | 2042 003
B -Fucosidase | 3375 0.14 17.75 044 | 3275 004
B -Galactosidase | 0.69 0.10 0.46 0.11 0.07 0.04
Linamarase 2032 008 | 1174 005 | 17.48 001
Ratio
B-Fuc/ B -Glu 097 088 094 1.03 111 . 1.25
p-Gall B-Glu | 002 065 002 082 003 125
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L e e~ Sl .

Figure 6.2 Electrophoresis of purified cassava linamarase under | denaturing -
conditions in various gel systems, followed by protein staining. A: SDS-
poiyacrylamide gels; B: Acid-urea gels; C: Triton-acid-urea gels. M:
Molecular weight markers; 7: petiole. linamarase; 2: stem l'i'namarase;. 3:

root cortex linamarase.
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- Figure 6.3 Non-denaturing polyacrylamide gel electfophoresis on 5% gels. A:
Protein stain; B: Activity stain. 7: petiole crude extract; 2: petiole (NH,),
- 80, ppte; 3: petiole Sepharose pool; 4: stem Sepharose poot; 5: root '

cortex Sepharose pool.
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a- General reaction

. —H,0 .
monosaccharide ——— disaccharide === higher oligosaccharides
b Driving mechanisms for synthesis
: High substrate concentration
a-mannosidase _ : :
Man —=  O-a-Man-Man _ + higher oligomannosides
(83%w/w) (37% yield after 12 h)"
Molecutar trap v
B-galactosidase :
Gal + GItNAc —=  N-acetylaliolactosamine
(10% w/w) . (30% w/w) © (B1—6 linkage)

1)

Molecular trap {active carbon)
(9.1% yield)*

Figure 7.1 Equilibrium synthesis of oligosaccharides by glycosidases (11)
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Figure 7.2 H.p.l.c. profile 'o'.f oligosaccharide synthesis with purified B—
glucosidase/B—fucosidase from  Dalbergia cochinchinensis Pierre.
Enzyme was incubated wifh 50% (w/w) D-glucose at pH 5, 50°C for 8
days. Peaks at 12.69 min, 9.88 min and 8.78 min are D-glucose,

disaccharide and trisaccharide respectively.
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Time course of :oligoséccharide synthesis (% product) and enzyme

activity remaining (% activity) with purified B—gluc':'osidase/B—fucosidase.'

from Dalbergia cochinchinensis Pierre. Enzyme was incubated with 50%

w/w D-glucose at pH 5, 50°C for varying times.
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“Figure 7.4  Stability of purified B—qucosidése/B—fucosidasev from  Dalbergia
cochinchinensis Pierre in the absence of su‘bstrate.' Enzyme was

| incubated in buffer without substrate at pH 5, 50°C for varying times.
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Figure 7.5 Effect of pH on oligosaccharide‘ synthesis by purified B—glucosidase/B—
fucosidase frem Dalbergia cochinchinensis Pierre. Enzyme was incubated

with 50% w/w D-glucose at varying pH, . at 50°C for varying times.
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Figure 7.6  Effect of temperature on oligosaccharide synthesis by purified B— ‘
glu'cosidase/B—fucosidasé, from. Dalbergia cochinchinensis Pierre.
Enzyme was incubated wiih_ 50% w/w D-glucose at pH 5 at varying

temperatures.
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Effect of glucose concentration on oligosaccharide synthesis by purified

B—glucosidase/B—fucosidase from Dalbergia cochinchinensis Pierre.

Enzyme was incubated with varying concentrations of D-glucose at pH 5

at 50°C for varying times.
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Figure 7.8
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Effect of varying enzyme concentration on oligosaccharide synthesis by
purified _B—glucosidase/ﬁ—fucosidase from Dalbergia cobhinchinensis
Pierre. Varying amounts of enzyme were incubated in a reaction miXture_
of 100 -mg containing 50% w/w D-glucose at pH 5 at 50°C for varying

times.
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Figure 7.9 H.p.l.c. profile of the synthesis reaction with 50% D-fucose by purified
B—glucosidaSe/B—fucosidase from Dalbergia cochinchinensis Pierre.
Enzyme was incubated with 50% w/w D-fucose at pH 5, 50°C for 7

days. Only small amounts of disaccharide were detectable.
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H.p.l.c. profile of the synthesis reaction with a mixture of D-fucose and
D-glucose by purified B—glucosidase/B—fucosidase from Dalbergia
cochinchinensis Pierre. Enzyme was incubated with 50% (w/w) fotal

monosaccharide (20% w/w fucose + 30%_w/w glucose) at pH 5, 50°C

_for 7 days. Peaks at 15.83 min,'1 2.68 min, 11.83 min, and 2.88 min

were beileved to be D-fucose, D-glucose, heterodisaccharide, and

glucose disaccharide.
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Figure 7.11  Thin-layer chromatography of the synthesis products with a mixture of D-
fucose and D-glucose by purified B—giucosidase/B—fucosidase from
Dalbergia cochinchinensis Pierre. Solvent was 2-propanol:acetone: 1M
lactic acid (7:1:1 by vol.}) 1: sophorose + gentiobiose; 2: cellobiose +
laminaribiose; 3: glucose + fucose; 4: 50% glucose incubated with
enzyme for 14 days; 5: 30% glucose + 20% fucose incubated with
enzyme for 16 days; 6: 30% glucose + 20% fucose incubated with

enzyme for 7 days.
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Dionex carbopac PA-1 h.p.l.c. profile of synthesis products obtained by

incubating purified Dalbergia cochinchinensis. Pierre B-giucosidase/ﬁ—

fucosidase with 50% w/w glucosé.
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Figure 7.14  Separation of glucose disaccharides and other sugars by thin-layer
chromatography using 1-butanol: ethanol: water (5:3:2 by voi.). Fuc =
D-fucose; Glc = D—gluéose; Lami = laminaribiose; 'Sopho = sophorose;

Cell = cellobiose; Gentio = gentiobiose; Glc oligomer = glucose oligomer.
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Figure 7.15  Separation of tr'saccharide, disaccharide and monosaccharide (in order of

elution) on Biogel P-2 superfine chromatography.
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Figure 7.16  pH profiles of oligosaccharide synthesis by'B-gaIactosidase and by OL-

mannosidase from Hibiscus sabdariffa var altissima. ﬁ-Galactosidase

was incubated with-33% (w/w) D’—galactose in 0.1 M Mclivaine buffer

‘atpHs 3.0, 3.5, 4.0,4.5, 5.0. 5.5, and 6.0 at 50.°_C for 7 days. OL-

Mannosidase was incubated with 50% (w/w) D-mannose in 0.1 M
Mclivaine buffer at pHs 3.0, 4.0, 5.0. 6.6 and 7.0 for at 55°C for 7
days. '
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Figure 7.17 .Temperature profiles of oligosaccharide synthesis by B—gélactosidase
and QL-mannosidase from Hibiscus sabdariffa var altissima. The
reaction mixture containing enzyme solution'v'(LO U) and 33% (W/W) of

-the appropriate sugar was incubated in 0.1 M Mcllvaine buffer, pH 4.0

at various temperatures ranging from 40-80°C for 7 days.
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vFigure 7.18 Effect of monosaccharide concentration on yieid of synthesis by B—
galactosidase and Ol-mannosidase frorﬁ Hibiscus sabdariffa var altissima.
Enzyme (1.0 U) was incubated with various sugar concentrations, 20%,
30%, 40% and 50% (w/w) of D-galactose or D-mannose in 0.1 M
Mclivaine buffer, pH 4.0 at 50°C for 7 days.
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Figure 7.19  Time course of oligosaccharide synthesis by B-ga&actosidase from
Hibiscus sabdariffa var altissima. [3-Gatactosidase (1.0 U) was N
incubated with 33% D-galactose in 0.1 M Mclivaine buffer, pH 4.0 at
40°C for 1, 2, 3, 5 and 7 days. '
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H.p.Lc. profile of the synthesis products obtained with Ol-mannosidase
from Hibiscus sabdariffa var altissima. Ol-Mannosidase was incubated = -
with 33% w/w D-mannose at 55°C for 7 days. - Products were

compared to the retention times of standard markers.
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Figure 7.21  Time course of oligosaccharide syntheéis by Ol-marnnosidase from

Hibiscus sabdariffa var altissima. Ol-Mannosidase (1.0 U) was
incubated with 33% D-mannose in 0.1 M Mclivaine buffer, pH 4.0 at
50°C for 1, 2, 3, 5 and 7 days. |
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HPAEC profiles of various standards analysed on CarboPac PA1 column
equipped with PAD using (a) eluent A (0.075 N NaOH), (b) eluent B
{0.075 N NaOH + 0.164 mM zinc acétate), and (c) eluent € (0.1 N

NaOH + 0.65 mM zinc acetate) as mobile phases. Standards are D{(+)-

~ mannose, ManOL( 1-6)Man, ManOL( 1-2)Man, ManQl(1-3)Man, and

ManOL(1 46){Man(l( 1-3)Man.
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HPAEC profiles of products after synthesis for 1 (a), 3 (b), 5 (c}, and
11 (d) days by Gt.-mannnosidase from Vigna umbellata. Samples were
analysed on CarboPac PA1 column using eluent B (0.075 N NaOH +
0.164 mM zinc acetate). Peak @ was believed to be the E3-a.'nv0'mer of D

(+)-mannose.
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Figure 7.24  Yield of total mannobioses after synthesis for 1 (—#—), 2 (—{1—), 3
(—eo—), 5 (—0—), 8 (—0—); and 11 (—I—) days by
incubation of Vigna umbellata Ot-mannosidase (0.5 U/ml) with mannose
under various conditions as follows: (a) temperature varied from 30°-
80 °C, (b) pH varied from 4.0-10.0, and {(c) concentration of

mannose from 10% - _80% W/V.
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Figure 7.25
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H.p..c. orofile of oligesaccharide products cbtained with partié%iy purified
Ol-mannosidase from Albizzia procera Benth. Enzyme was inc.ubatéd _
with 50% w/w D-mannose at pH 4.5, 50°C for 4 days. Peaks at
14.49 min, 11.30 min, 10.40 min and 9.25 min represent D-
mannose, manol{1-6)man, mixture of manat(1-2) and manou(1-3),

and trisaccharides respectively.
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Figure 7.26  Effect of varying temperature on the synthesis of oligosaccharides by Ol-
_ mannosidase from Albizzia procera Benth. Enzyme was incubated with'

__'50'% w/w D-mannose at pH 4.5 at various temperature for 1 -4 days.
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Figure 7.27 Effect of varying pH on the synthesis of oligosaccharides by O0-
mannosidase from Albizzia procera Benth. Enzyme was incubated with

50% w/w D-mannose -at various pHs at 50°C for 1-7 days.
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Figure 7.29  H.p.l.c. profile of synthesis using purified cassava linamarase. Enzyme
' was incubated with 50% w/w D-glucose at pH 55 50°C for 7 days:
Peaks at 12.69 min, and. 9.89 are glucose and disaccharide

respectively.
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