4 A P @ o [y
ﬂ'l'i!,!,’s’fﬂﬂﬂﬂﬂﬂl@\?‘fﬂluﬁﬂ'ﬁﬂfﬂi']u"lﬁmull“]fllﬁjﬂﬁu"lﬁﬂ'lﬂiluﬁ”lﬂgﬁﬁﬁ Manihot esculenta Crantz

uaz miaaauou Tainsduyu

Ausinaninenns

= aA
mﬂm%?ﬂuiaﬂmn”lw

QRINNTUANTING 1A Y

a a a 4 a [
AUVANTUDIYPWIAINTUUNIING QY



Expression of Starch Branching Enzyme Genes Cloned from Cassava Manihot esculenta Crantz.

and Immunological Monitoring of the Enzymes

ﬂ;ﬁﬂ‘m HNINEINT

Facw of Science

R ANTUUNIINYIAY

Copyright of Chulalongkorn University



Thesis Title Expression of Starch Branching Enzyme Genes Cloned from

Cassava Manihot esculenta Crantz and Immunological

 of the Enzymes

By
Field of Study
Thesis Advisor impaseni, Ph.D.
Thesis Co-Advisor

A yHE 1 ,_ Hafigkorn University in Partial
Fulfillment of the Regy

De: of the Faculty of Science

THESIS COMM#

AN .8 ... Chairman
' asdi, Ph.D.)

... Thesis Advisor

q W’] Mfﬁm mﬂ.’ﬂﬂ“ﬂ’lﬂ d

.. External Examiner
(Associate Professor Jarunya Narongkachawana, Ph.D.)



- - - s - Y - [
g3ty Inau : nsutAIBBNYBIBUNA I ¥UT M FNeN Tl Inaunmiudnlend

Manihot esculenta CRANTZ UDEMIARAIUNM mu'lsﬁmaiuqu {Expression of starch branching

nta CRANTZ and immunological menitoring of

wulmfndaleia il falpha- | 4-glucan : alpha-1 4-glucan-6-
e, L ’

glcosyliransferase, EC 2.4.1. 184 A lronsonio ueav 14-nauau uda

Ny, F.

X asAmuniidh cDNA vea
& [ - P : v ,. . I. iy, o ‘-f i

ww laniad e Tanann glish 3 1im e v IRy TR 2.8

oz 2.7 AlaweFagnrims gl ) faj roscita gami (DE) Ahuwadidnim

Faunnaven1dRidegs naght LA g ity Iife SBER! un: SBERII

L . - ‘ ) % " - of
waanminh e Taiig ap Wiz 1AMImnGgrivedinen

- F ' e ) i -
Tinnuvieu 1w SBERI SBE piaRuleIng 1A 0Bianing

- L ; P
WesFmuifenam 8 e o s oinlgisn1d

o - g "
#f pH 7.0 unzguNnll 3P 0an \ an AB K 0L 213 uDE 346
findnTunelinAnns uaz A1 Ky FAMEBER] Sinnuiumzases Tulaminndy

P ] w—‘k : oy [ . 4 - o
SBERII ¥atinnwdumizaeez TuTamanu b : 96 113 ABzil IuABLBNT A IAom s 1¥msniinanlas
nsmeziTu wuh nlsdu, unveiikitDom ML jactea ueneInii TUSBERI nmexii s

uﬁ ei Tuveaeu laladals
-

a = [ mw el -
nahuiniudnls i oiunsaesii luinnn

aoudinuvieu sl |

o LE " - - ' pr ; a
Wi gninamunminiighlendansd aoutiiunieu fnmmen Inauenuous ywuh ususuedveaeulmi

iJ - J ‘ - - J L L LA
unnzya musedufneydmidnyanilald  diedueulmingamgninniniudnlzndamodug Kuso ey 6, 9

AT

= = Iy = : o -
ung n‘”u“a:muimnmlgm ummmn#uﬂmmquuw nudnlznda

AapaR wesiemn blot

18 ungko 7 lanioAu

Bl




## 4873862523 : MAJOR BIOTECHNOLOGY
KEYWORDS: ST ARCH BRANCHING ENZYME/ CASSAVA / POLYCLONAL ANTIBODY
SURACHAI YAIYEN : EXPRESSION OF STARCH BRANCHING ENZYME GENES

Starch Ipha-1,4-glucan : alpha-1.4-
glucan-6-glucos 2 A goimsgn.the amylopectin molecules
by hydrolysis of theg#fphas 4 aifls. 1 cata ” o f ation of an alpha-1,6 cross
linkage betwe: ‘ : i R a B8hcesidue. In this study the
cDNA of two SBE g¥nes #belfa wefg wed an * ed. Their respective PCR.
products were 28 and 37 kigfvey od i 8t | -‘ T 28b for sbell. They were
expressed in E. coli Jbsctif za ' ‘expression
mM IPTG for 4/f0urs
resulted in 5 folds

Gandition was induction with 0.4
e His-Tag chromatography
iff : “'\ B4 and 7.6 units/mg protein,
respectively. Both S :" ZRLE show : : ,‘ erisfics: molecular weight of 90 kDa
' g of 37°C. However, their kinetic

characteristics were different, K =" B8e were 2.13 and 3.46 mg/ml and 1.7 ez 3.4

as more active than SBERII towards

@Iupcctin as substrate.
=

‘ Jolh SBERI and SBERII

i w bserved with
| I%mtibﬂdies of
t differént ages of 6. 9

and T2 months by western blots. Anti?BER[ stained more intensely with both bands aw kDa
, |

IR ST TING TR

Field of study.......Biotechnology........... Student’s signalure,%‘!?mt'rh;... g«-" . S
Academic year..............2009.............. Advisor’s srmm%—%wﬁ_

Co-Advisor’s signature., shegetiteenrs | Auret—



ACKNOWLEDGEMENT

| would like to express my deepest appreciation and gratitude to my

Netrphan, for their ex ?jy}ce encouragement and support
throughout this the% _A

- —— i

advisor, Assoc. Prof. Dr. Tipapor Fi paseni and Co-advisor, Dr. Supatcharee

and Assist. Prof, Df 3uabueha fol o Atesis committee.

A Grdf onal(Sciencs ‘ ~ - Development Agency
(NSTDA), Cy - : :’:f, ler Rat .' ksomphot Endowment
ology (TGIST) and The
ihd (Ratchadaphiseksomphot
Endowment Fund) for ¢ gét.?-*-j__;ﬂ"; S the

o song and member
in Cyclod_&i for their helpful
comments.

Sincere tlﬁnﬂare extended to alfefaff members and friends in the

ﬂ At AW EAE I ED G w

Chul ngkorn University for thewasmstance and frlendshlp

QW’]ﬁ’QﬁﬁﬂMWﬂ fe§H

support, infinite love and understanding.



CONTENTS

THAL ABSTRACT Lo v

ENGLISH ABSTRACT .........

ACKNOWLEDGEMEN *\\

LIST OF FIGU

LIST OF ABBR

CHAPTER 1 INTEODUETUDNY... et .. AW O . O ... 1
........................................... 1
............................... 12
1.3 Starch bios IS 4 N e e etererenenrncenearerananns 20
1.3.1 Amylose s '7“) s i e 24

1.32 Amylg E’-W e, 24
1.4 Starth-branching-enzyme ') ....................... 25
1.5 Aim flljhe DTS O, . . . ﬂ .......................... 31

CHAPTER 2 MATE?ALS AND METHODS .................................................

A ﬁm NANINEINT

1.2 Enzyme and Restrld onenzymes..... sy ...................... N
QW’]MMW&M’YJVIH'}&%

2. LA HOSECEIIS. ..o
2.2MethOdolOgy .. ..veiniiti e 33

2.2.1 Cloning for starch branchingenzyme................coiini. 33



. . L
gr1zatiol recomoinant prasn
.,.--'.gf.: ditfono \She'e on.............
2.3 Protein det 7 R

2.4 Assay of BE ctivipfassay i, . AR 39
2.5 P ylamide gel efectrophor J .................... 40
................................1::1:-':-Jj:11111:11:11:11:11:1111‘1
ﬂuﬂ:amjmnmnfz:: ......
2 6.2 Enzyme purification @ ................... &% ...
'ﬂ W ’ma%ﬂafﬁ mww h e a El

2.7.2 Purification of SBE 1SOfOrMS. ....oooveiiiii e 42



iX

2.8 Western blot analysis. ..........coooiiiiii i 43
2.8.1 Preparation of crude enzyme at differentages........................... 43
2.8.2 Preparation of anti-SBE antibody.......................oo 43

2.8.3 Western blot..... .

2.9 Characterization

(A
3.1 Cloning of cassavasshel-an

r A »
3.1.1 Charactexizé ':r"';? —.:w ,
y sef and shelt cD e 48

S into E. coli expression vector .....48

3.1.2 A
pET EXPrESSION VECTOIS. . .ecuveeiieieeiieeieeienseesieesieesieete e sre e 49
ﬂ ...60
uzjctjmm) Hﬁj nﬂ ’]ﬂs .63
3 1.5 Protein pattern of cell‘nd crude extraCtSgmy. .........coovverrereeernennn.
QRAMAIAANIINGIAE
3.2.1 Preparation of Crude eNZYmesS. ..........oeoiuiiniiiii e
3.2.2 The purification of recombinant SBES..................ccooiviiiiiinnnn 69

3.3 Characterization of recombinant SBE..........ooviiiiiiiii e 72



3.3.1 Molecular weight determination by SDS-PAGE.......................... 72

3.3.2 Optimum pH of recombinant of SBE.....................coooiiiiin.l. 72
3.3.3 Optimum temperatures of recombinant SBE............................... 72
.................................. 72

.......................... 77

......................... 80
............................. 83

....................... 83

| method............ 83
.................................... 87
4.1 Characterizatiofif of EDNADES e g AR 89
4.2 Cloning andexprgésion gk e -.'J“ " N e SRR 92

V et |
4.3 Purification of reco "!‘A- = oI . . ... ... 94
4.4 Characterization.oi {r ’ : .l_t:_‘.'f’fll""* ........... [STSTITITPIORPPTRIRn 95
4.4, 1&4 fermination e 95
4.4.2 Eff N = 95
i’ [l].

4.4.3 Kin |c constants of SBERI and SBERII ....................................... 96

4 4.5 Effect of amino acid m(jlflcatlons of starglaranching enzymes.. @i4®

qmmnwummma&l

4.5 Immunological study of SBE

4.6 Correlations of sbe genes to native SBE isoforms



Li b )

%
AUINENINYINS
RIAINTUNRIINYIAY



LIST OF TABLE

Table PAGE

CHAPTERII

1.1  World cassava ,
1.2 World trade]%
e —

1.3 A typicW

1.4 o ictip® /M piAndh AN N N 10
15 ' o\ Vricties inhathoc, ek 1
1.6 Percent gffamylosefangl amylopectin in, résefve plantstarch..................... 13
1.7  Properties @f thefamyloSe apd-amiyopectin 'c@mporents of starch............. 17
CHAPTER I
2.1 Primers for sbe geRes mmrerrre B evreaseesreeseesaneeseeearerarans 36
2.2 Procedure’s PCE = /s e 36
Wl
CHAPTER Ijl'J QL
m il
Purific on table of transformed cassava starch brafithing enzymes........ 71
CH TER v

Qmﬂﬁﬂmﬁﬂ"ﬁﬂm A



LIST OF FIGURES

Figure Page
CHAPTER 1

1.1Cassava plant anddubor . md L. L/l 5
1.2 Structures of agylose.and:a mylojctm .................................... 14

wf/d
1.3 The branc ctur / Gting. .3 e e 16
1.4 The starct” : 18

1.5 Schemat€*epregentatioh gf
the starch gRnulgl. L f.. s AR 21

1.6 The major 13 abg te and ¢ en /x bIved inthe'gbpversion of

n
sucrose to starg Im Okage
y ¥

CHAPTER 3@ |'

3.1 Full-length s?l cDNA from cassava..........., ...................................................

BQ::H ﬂgcmn ¢ ﬂquencﬂsgms m ...............
R R Fab1aTbIL ) mm;a“ﬂ

USING EMBOSS @ligN......cccviiiiii et



Figure Page

SBE produced ind#* Col eXprgSSiof NOSh i . el .o voevveeveeiiieiieineiiienenns 64
3.10 SDS- coli rosetta-gami

................................... 66

3.11 SDS-PAG] E. coli rosetta-gami
MBPIESMIdR . 5% ... 68

3.12 Chromatograph aiprofilesor ~*i~=- >BERIon Hitrap-His tag
. st »

column chromatography B et 70

a2 ‘__;_?;‘.—:.
3.13 ZymOﬁms STt st ” SL;) ........................ 73

3.14 Opti e 74
P ”E 7 N

3.15 Optlmunldmper ............... 1T TR 75

3.16 Substrate spislflc of recombinant SBEs .....................................................

3. lqlnetlc studies o; SBERII W|th amylose as substrate.............cccceeveveirinennnn,



XV
Figure Page

3.21 Immunoblot pattern of recombinant SBE against

CHAPTER

4.1 Schemati ‘

amino acid g

ﬂ‘NEJ’JVIEWI’iWEI’]ﬂ‘i
RIAINTUURITINYIA Y



LIST OF ABBREVIATION

A Absorbance
AMP
BSA
CPM
DBE
DTT
EDTA
FPLC | st ferforruance .n.__h"-.l
Xg

GBSS
HCI .I drochloric acit

f:..-".r
kDa kilo Balteg—— — =

MW

N- ethylmalelmlde

::zﬂummmﬁwmm

SDS Sodium doo*yl sulfate

A" AINININNAINEAY

TEMED N,N,N’,N’-tetramethyl ethylene diamine



CHAPTER 1

(Figure 1.1A sava is a perennial

woody shruk uvth, ~Cassal/el 18, NwnajOrlisource of low cost

carbohydrates i fes. Whe largest producer of
direNdnd Indonesia. Production

- -
C | 10e
- oA : A\
Al L A . h
tig J" h':A’- FR‘;

cassava is Brazil

L . .
thaliniBatin America has remained

NGTET \\
el overthe past 30 years.

in Africa and Asia c§

at relatively constant |

DaSl

Nacbtsi %

Agiland is the main exporter of

cassava with the major portan=going-t BPE. It is a staple food in many parts
for Westernﬂw cen hout trzbumid tropics. The
world fﬁ:ﬁ””' &td the abundance of

substitutes.

i

A

- -

- |

| 1
L

Cassava is‘; tropical root crop, requiring at least 8 months of warm weather

W IMENINEINT

Cassava has rﬁ\ yield and is higﬂy resistant to the damage from serious peund

QARSI TWIINERE

Cassava is grown for its enlarged starch-filled tubes, which contains nearly

the maximum theoretical concentration of starch on a dry weight basis among food



crops. Fresh tubes contain about 30% starch and very little protein.Tubers are

prepared much like potato. They can be peeled and boiled, baked, or fried. It is not

recommended to eat cassava Incooked Jse of potentially toxic concentrations
of cyanogenic glucosigeg /ﬁ s levels through cooking. In
traditional settingsafsties ricagtubel;s.a_'__fgm-and the sap is extracted
through squeezifg » _ “The. ~the er dried over a fire to
make a meal : ‘ ' 3 ie YpedEan then be rehydrated with

- oy

water or ad | f stews.”| it ! are™processed in several
different way:. . firstefes \ \_‘ he p they are either sun-

b o - gh “ is cooked. Alcoholic
v AN
beverages can bei : “the: tubers. u iOMKto being used for human

. i ' . L ' . ' .
consumption, dried €3 .»;--_-iﬂ’-@:f feedi@nd cassava starch , it can be

[

modified to provide chara Feristics—the ‘required for specialized food and
‘.-/ _.::t f‘j’ .
industrial @uc : ceﬁe, starch for sizing
6 e—— o

paper andl 9als biodegradable

products, manmcturl of rl'jE)er latex.

Global caiiava production in 2008 | forecasted as 238.5 million tonnes,

Al AP HRIHEANT

strong growth n Asia, much on account of Thailand, where, according to

QIR B iR L iwbsp

current year is likely to fall to an eight year low of 7.5 million tonnes (pellet

equivalent). The forecast is based on a significant decline in the competitiveness



of cassava feedstuffs and starch relative to grain based products, combined with

lower international demand for cassava asa feedstock for ethanol production. This

in recent years, and in

doing so, firmly e i§he ‘Ghiha-as"the. A gading importer of cassava

lina’s st u, especially in the context

of chips and pellets |mpor —Yhite—Th ) IS foreseen to export 40 percent less

than what .ﬁdld 07, China’s t ket Zexpected to fall to

35 percentl " jupplies of cheaper
ol i

"
-

domestic graiﬂj}ase

industry are Ilkel*io depress cassava |nflowwo the country. A permanent retreat

AULANBNING T

ipments (malnly for animal feed), appears to have come to

QAIEY Al yaay

2006. The European Union has emerged as the main destination for pellets in the

cassﬂ for China’s ethanol

current year. However, the momentum in European Union purchases has slowed



in the past few months, coinciding with the increased availability of feedstuffs

among member states following the recent grain harvest. As for cassava starch

and flour, global trade is agag¥ ‘ ftogcontract, but not to the same degree

)ﬂtrade would similarly reflect

the price advantammbase&tarcﬁo maintain over cassava.

Japan appears(v ‘ '_aI starch buyer, with

significant intéfnatigptl pirghages durl

Cassavagccugfuls 0oeh inits' (D WATEL graliing leaves and other

4 ‘. 1 Il.n .l--'-. g
green parts, it gtartsgfto rod / ate JLhegability to produce and

accumulate starch p_e = "'::. Q-'.:_ the age athwhich it is harvested, the

o

amount of rainfaII 1 other=fatte o joca With the age of 12 months and

sufficient amount of rainfe '._.;.._---s on is as follows Table 1.3. The
- ZTMIN T .
composnlonjf ' m%starch. Therefore,

Lt

cassava is E j animals. Usually,

-
-

cassava tuber ﬁlh lo

starch content, if ?e cassava tuber placed in gwater is light, the starch content is

FUHI WEM INBANTG "

startql:ontent will be high.

a»mmnmummmaﬂ

gh density. For a rapid test of



h Parenchyma
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Table 1.1 World cassava production

2005 ] 2007 2008
\ \ w/ JTousand tonnes

World 20028000 | | 272550 228 138 238 450
Africa 114 __} 118 -— 17 888 124 000
Nigeria 41565~ 5750 49 000
Congo ' 7 | 15 300
Ghana 10 300
Angola 9 000
Mozambique 7750
Tanzania : 7000
Uganda 4000
Latin America
Brazil = B 27313 26 300
Paraguay ‘ 5100 5300
Colombia 2200
Asia 76 650
Thailand 29 150
Indonesia 20 000
Viet Nam

In




Table 1.2 Thai Trade in Cassava *

2005

‘ 2006 | 2007 2008
H/ J Thousand tonnes

Total

20644 9240 7 026

Flour and starch

Total 4416 4132
Japan 729 921
China 694 586

Chinese Prov. 'lli 482
Indonesia : . ﬂ 15 % 667 450
Malaysia J 20 353
Others | b 1341
Chips and peIIets l.\

Total yrrs 2894
China 1032
EU 1392
Others 470

-

il

-
Source: TTTAﬂﬂAO —

! In product Welgt‘omps and pellets

ﬂ‘NEJ’JVIEWI’iWEI’]ﬂ‘i
RIAINTUURITINYIA Y




Table 1.3 A typical cassava root compositions.

4// w ;jf.f_'_'_‘-_"'-- s
CYanlde ///%¥\\\ _39 e
//&- i\\\

100 gram of
Composmon t g

,- Weight

Starch -85.0
Protein .57-5.78
Fiber AN 1.77-3.98
Residug~4 ‘ gk '
‘ | ~& . -
Fat Wl ® 5-0.48

i '
Non-Starc rbohydrate 3. 59@6

ﬂ‘NEJ’JVIEWI’iWEI’]ﬂ‘i

RIAINTUURITINYIA Y



In Thailand, a cassava-breeding program was started with the release of

Rayongl in 1975. Rayongl was developed from a selection of local cultivars, and

a'sC r strial raw material. Since then, there
have been many cassava™ )ﬁWith different physical and
- - .' E _w:

of starch ¢

institutional brg€dingyof g £

" A AN ERAANNN
the many varietigg’dev#loged, u.;}:‘t- ihat'are widely adopted (Table

J “' ‘;f '5_ w
1.6) (Sriroth et al.; 2000)f ""”, -

¥
&

The breeding prografiis whith=are"still guousifdeveloping cassava varieties

are:

zj), Department of

F
,,,,,,,,,,, _
NJ

Ohiversity (KU), Ministry of

- Sriracrﬁj Resea
Universitiii Affair

=) /

AHusAaNtMIneInT
IR TN INYIAE


http://www.cassava.org/

\\\\’ Y// 10
Table 1.4 Cassavas varieties in Thailand (www.ﬂ& ___/.4
S— _-ll" 9 e —— —
Rayong 1 Rayong 2 R E IS yong 90 | KU 50 Srirajal Five minute
7/ 1 &

Stem color | Metallic Pale brown | P W iSh gish Metallic Metallic Greenish

green [ 3 n green green brown
Petiole Purple Greenish Palegfree e pu G e green purple Purple green | Light green
color purple W_
Heights 200-300 180-220 30- % 0-2 60-200 200-300 231 250-350

Y
(cm) | A7
Number of Little Medium Hig - ium High Little Little Little
7,
branches A
| __I_':\
Tuber’s Pale brown | Pale brown t rown Brown Yellow- Dark-brown
| = 2\ hit
color - - white
] il
Production 3.22 i : 3.67 - 2-3
(tree/rai) | |
o] 1 o WP i o i A

Starch (%) 18.3-24 18%3;:24 3-28 | | 5 23.3 21.9 14

=2 Qs

AR ANNIUNNIINEIA L


http://www.cassava.org/
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Table 1.5 Comparison of cassava varieties in Thailand

Varieties Advanta , b l' Disadvantage
Rayong 1 \"‘ Bl oft Low content starch
@Wwslmantitative starch content,
Rayong 2
uber up to environment
“Shoit shrub and high branch,

Rayong 3 - N

s\ diTTTCult to take care
Rayong 5 U= Whigh disease in plant

Pt A N
Rayong 60 , TarVIAl /‘R erifis color, low starch content
-, ’ '\ :
Rayong 90 |  High roofdryd .f*’.’*"ﬁ‘?"; / Short age
r = i-' d
High root.dm /matter, High Difficult to take care if low
KU 50
=gmironment
:
- ] -
Sriraja 1 H| uber ha%lor, low content starch
' good plant type ‘
Fi 1!] qq ’q

ammmmummmw
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1.2 Starch

Starch is the most significant form of carbon reserve in plant, occurs largely as

complex insoluble granule located in amylpplast. Starch is synthesized in leaves during

the day from photosynthetica IS mobilized at night. It is also

L\ L
synthesized transiently. ___-._LQ;J suchﬁ

major site of accumulaiaaes W fruits, tubers and storage

tubers. Starch is synte®ize jsfid | whicharesealt loplast in storage organs

and root caps cells, but its

committed primaril : tion. The Slgsy developed directly from

Starch can b ically frag 1 f \ \ es Ofglucan polymers amylose
ofof a ». and amylopectin in different

plants, resulting in diffe 7.-;7;53 oS | ( Ie 1.7) (Bank and Muir, 1980).

Amylase and amylopectin: _;,- e 0% and 70-80% of the starch,
.‘___-1-,1 oy

respectively (ia : l@ounts of lipids (0.1-

1.0%), proteinm).

Amylose Msists of predominantly linear chain otlljl((l-4) linkaged glucose

re3|due h sidue yI usually branc low level
(appraxi aﬁ (Ej wgl" aﬁp 30% of
starch. is proportion, however may vary consideral?&with the plant specbOnce

RIINRERTINERY

resultmg in rigid gel. However, depending on the concentration, degree of

polymerization, and temperature, it may crystallize and shrink (retrogradation) after

heating .
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Amylopectin, which consists of highly branched glucan chains, accounted for
~70% of starch. Chains of roughly 20 o(1-4) linkage glucose residues are joined by o(1-

6) linkages to other branches. Th es, themselves form an organized structure.

Some are not substituted on\* i %f lled A chains (Figure 1.2).

-———' ‘ a
Table 1.6 Percent of amyle and am'10pe U Asreserve plant starch

Starch__ ‘ ‘ \ s Amylopectin (%)

Rice ' = NN 815
Waxy ‘ = e ,, " 100

Barley 78
Waxy 100
Wheat 72
Oat 73
Corn 72
Tapioca 83.3
.
Potato ) - s 80
5= i
Sweet potato ' 17.8 82.2

ﬂUEJ’JYIEIVI’B'WMﬂ‘i
QW’]MﬂﬁﬂJﬂJWYJWFJ'mEI
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CH,OH CH,OH

UV o,
AugIeninens
Figure 12 Structures of amylose an&amylopectin o | 'Y |
ARIRINIRANTINEINY

C) The conformation of the chain in amylose

D) The branched structure of the amylopectin and glycogen type of molecule
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These chains are a(1-6) linkage to inner branches (B chains), which may be branches at
one or several points. A single chain in an amylopectin molecule has a free reducing end

(C chains). The branches are not ra d rr nged but are clustered at 7-10 nm interval

(Figure 1.3). An average a ‘ to 400 nm long (20 to 40 clusters)
and ~ 15 nm wide. Af -_-:__';?:.'-«-q" ® re limited hydrogen bonding

than amylose in solution: i< ‘= ) i ' viscosity and elasticity to

Starch structu . size-ahd shape,‘an “ﬂ.\ e and amylopectin contents,
y
j = g ¥ - J % -
molecular structure, nonoester derivativey ‘\: and phospholipid content,
anules, the A-granules are

ape. The B-granules are small

with diameter between 2%5 pf) "'f'ffr:_ 2 sph bpe (Figure 1.4). Development of the

A-granules and B-granule L 'k pee Result showed that the A-granules

appear in the eatly stage of endosperm development, wher Qe B-granules appear

about 10 to 12 (A ug‘b"the A and B-granules

jzsa
Il
of wheat, barley\ind triticale showed that the branch gth distribution of the

amyl a f nule starch
amylope Im H\ W Elm w‘ﬂﬁuﬂ ? P 22 to ~44)
and Iong branch chain (DP > ~44) tiin do the amylopgetip in A-granule starcii All the
PRI TUURIRB IR
do the large A-granule. Small B-granules, with larger proportions of short branch chains,

display lower gelatinization temperature than the large A-granules, except barley. The

differences in the branch structure of amylopectin (Figure 1.2).
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el A Cluster
- )

\J

Figure 1.3 The lf nch structure of amylopectin

AU INENINGINS
ARIAN TN INYAE
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Table 1.7 Properties of the amylosegandg@mylopectin components of starch

i

Property : 5 Amylopectin
General structure 7 . : Branched
Color with iodine ; Purple
)-max of iodine comple® : 77 544-556 nm.
lodine affinity 1.05-1.25%
Average chain Iengt glugbse 20-30

Degree of polymerizatifn 4

i

(glucose residue) 4

10,000-100,000

Solubility in water

Soluble

Stability in aqueous solufion % f':':‘.

———-

Stable

Conversion to maltose by coyetaHing: 2 ‘i:?

Q

B-amylase

59%

ﬂNU’JVIEIVI’B'WU’]ﬂ‘i
QW’]Mﬂ?ﬂJNWYJVI?J’mEJ
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Pl

M)

774

A. Large granule (A-granule)

B. Small granule (B-granule)
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Between the small and the large granulgs;of wheat, barley, and triticale are the reverse of

. //y such as potato and maize. This
/ f-%ching enzyme found primarily

>

——

—

in the large granulef,__’.___-—’#,

Within starc re arranged radially and
adjacent branches w, elices that can be packed
r f Wy ‘ _ . "..- o )

regularly, giving a ity fo*the-sts yrapules. the degree of crystallinity is

W
»

‘ tir b, The'degree of branching and

S
oh gran Ie is na
§-regions (Fi )

helical structure and are thot i:-gg:

siderably, even between
iformly crystallinic, but also
ylose molecules form single
ese amorphous regions, which are

present throu@  (Smith et a g)

Starch ve rather different

—

1. R R
macrostructures. rch granules from storage organs shoM[mternal semicrystalline

dense

growth [gs which (rﬂferentlally sensitivel@ef chemical and enzymatic attack. The

WE AN BRI oo

branch a!zsters of parallel amylope?ln molecules. The formation of these ri g may
q are generally smaller than t;ose in storage organs and have a distinct macrostructure.
They are thought to have a crystalline core with an amorphous outer mantle that consists

of less branched glucan polymers. Most of the turnover in starch during day/night cycles
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involves the amorphous mantle of the granule. Other components within all starch
granules are proteins (0.5% in cereal endosperm and 0.05% in potato tuber), which

include the enzymes of starch biosynthgsjs gnd may contribute to the flavor of starch and

|
* /f/yo tuber). The chemical structure of
s @ may be localized in specific

>

transported to a ' i org sefsus that starch synthesis

takes place in pla 1 [ , L (FIC ( dyer et al., 2000). ADP-

M ADP-glucose by the

— et

combined action MSS and SBE. ADP-glucose is synthesizecﬂﬂh leaves from fructose-6-
phosphatg,  from ‘cﬂn cycle. Threeﬁ’enz /MeS; hosphoglucoisomerase,
phospﬁu“t@a@&%&%sﬁeﬂlgﬁ P Iﬁse synthesis
(Figureqls). In previously, the mu?ﬂ in Clakia xantiana, Arabidopsis tha@a and

ARIRINFUUNIINH QY

q in leaves (Casper et al., , 1986; Hanson and McHale,

and Stit, 1990).
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P
]

structure in the prggeding panel (Smith et al., 1997).

a. St”rﬁrﬁ of twﬁﬁs if in imiﬁt% iicu‘eﬁ)%ﬁ; ﬁ %I glucose
b. Asi Ie cluster within an amylaoectln molecule, s owmg association ofﬂacent

‘ﬂW]ﬁ‘@ﬂﬁﬂJﬂJWYmmaﬂ

c Arrangement of clusters to form alternating crystalline and amorphous lamellae. The

lamellae are produced by the packing of double helices in ordered arrays. Chains of
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12-16 glucose units span one cluster; chains of about 40 glucose units span two
clusters.

d. Slice through a granule, showing a

fnatin
| I|
e. Zones of semi crystallir% /ﬁvystalline and amorphous lamellae,
e —

and amorphous ma '
_— e —

In amyloplast,.a e starch is synthesize, The

synthesis pathway is_safe r ADP-glucose synthesis

comes from the cata#®lisga” off sigfose.se pf “GarbOmgseurce in the cytosol. The

amyloplast has tw# ghthf Then, ADP-glucose

’é tabdlized\intoNtsjose * hexose phosphate  that

pyrophosphoryla 2 pathV ‘a :
: “r st

is transported into@MmylgPlaslf with, ’m sphate tra \ cat@; after triose/hexose phosphate
ol ) ; )

=

takes place by the capfbinge actiop -:_’ SBEYahd DBE (Figure 1.6) (Okita,

1992; James et al., 1995 Margijtahd Smith
o ' - 77

However, the enzyme . are, W and amylopectin synthesis, which it

s

depends on qt@ _t @ch.

AUEANENINEINT
IR TN INYIAE
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SUCROSE STARCH
a amylose amylopectin

UDPgluco e T
fructose

ose 1-P
Id

\ ~glucose 6-P

Y
fructose 6 P

) - | ¥ 4 i -I'h_
Figure 1.6 The maj Jmeta Polites ’“:‘ . F ’ 1Mvo \\ d ilthe conversion of sucrose to

WA \

starch in storage organs.; € “L;Qf?.;"f ...... e o the

‘la

phosphate (Smith et al. 1997) 0 r~— -:','j..;- 2. sucrose synthase; b. UDP-glucose

pyrophosphor@e; cqQmutase; e. starch
ejg. ADP-glucose

anic pygphosphate
ﬂUEJ’JVIEIVI‘mEJ'TIﬂﬁ

wwmnmummmaﬂ

astid either as a hexose

synthase (G BSEé

i
-

transporter; h. he&ﬂe phosp
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1.3.1 Amylose synthesis
Amylose molecules appear to exist as single helices within the starch granule,

regions. Their precise location in relation to

intersperse with amylopectin in amor

the ordered amylopectin mat

- : d)/Iose synthesis in storage organs is
a specific function of -‘;:';.'f und star ‘;):!_{&(GBSSI) which catalyzes the
— >

transfer of glucosyl. ;

steducing ends of growing
polysaccharides via-ng tor or primer for GBSSI
activity is the sho _ ' . "‘* . denyer et al., 1999). It is
evident that GBYVSSI s Pt ‘ Jnertie rom other isoforms, and
detailed compari on o frug " &’ et { x - ose of other isoforms is

esi \ h\,‘ DSe in vivo is integrated in
a complex way with ¥ thesis ¢ ' -, ‘ mat : 1 € non-uniform distribution of
the amylose within gra educe 14 tivily, the synthesis of amylopectin
rather than amylose via tarch granules, and the positive

correlations -______ N th )1 @h synthesis and its

NJ

amylose conte

AuEA LN NeIns.

granule%; the soluble starch syntha? (SSS) and starch gmchlng enzyme (SEﬁjn the
YR IHARTITNYIRY:
the peripheral of the granule. Initially, these chains are of insufficient length to act as
substrates of SBE which acts preferentially upon chains in double helical conformation,

and they remain un-branched. When they reach appropriate length for branching to
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occur, branches are created through the action of SBE by catalyzing the cleavage of

o(1—4) linkage and transfer of the released reducing end to a Cg hydroxyl, creating a

D-enzyme catalyzeW { el jnfarehaingto another. Amylopectins do

not accumulate to.ge® W : arcm sing. The branch linkage
hydrolysis is requj s | oductio :‘- emoves the outer chains
from the unorganizgd® A ey " \ 1.7). This will prevent
phytoglycogen s;)nthe 0 gt 'r:_ i ghtly: Spa € x that will generate the
next amorphous | : ‘:'g‘ i, isfs M\ﬁ tI decreased by the mutation

. NI A .\\11. es. Branch frequency in
phytoglycogen is approXimate 'tht n amylopectin. Phytoglycogen
opectin, presumably because the

! @s, and long B-chains

;ﬁ"e may play a direct role
|

0, [U&
in amylopectin f(jation or it could be involved in indirectsrecycling of glucosyl unit

oA AW

potentlal direct determinant of chain géngth dlstrlbutlon wever, it is not cle w D-

q et HRTIRENR 8

does not exhibit the hig u:?.
chain length ajst] ale

with multiple braaghe
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1.4 Starch branching enzyme

Starch branching enzyme also called Q-enzyme (a-1,4-glucan : a-1,4-glucan-6-

glucosyltransferase,EC 2.4.1.18) inta( b anch pomts in the amylopectin molecules
aIyzes the formation of an a-1,6

:end Sthe #in and another glucose residue.

e b‘ en fatind eaf (Hawker et al., 1974),
L “'u.

and Boyer, 1988), Rice
: ~

1S an \ er k981) and potato (Borovsky

\\ .9 A2y me, characterized by four

\

affoldfor Substrate binding and catalysis.
! i

\ a| \ he elght regions of parallel

The members of thi four- consgrved amino acid sequence that
catalytic and some substrate bf# ssidue @ft from the barrel domain, SBEs show
considerable structural on in‘the lengt .acid sequences at the N- and C-

terminal regio . —-unnullnuu-nl-l-l---l-lnliiiaiiﬁiiiiiiiiﬁiiiii—--ui'uu CP Indlcated that SBEI

AJ

and SBEII are

sjtu ogem=branching enzyme from
| 4
bacteria (Burton e a 1995) The length and comp05|t|on ouhe amino acid loops that

conne anch length
introdﬂ m ﬂqm Hrni mﬂjnj Comparison
of the deduce amino acid sequencesQ:c SBEI and SBE liiagicated a dlfference S|ze
RIBINTUURINEIRY
conserved in SBEII members (Burton et al., 1995). This difference in the length of the

loop might be significant since SBEI and SBEII catalyse different branching reactions.

Multiple SBE isozymes have been found individual plant species and are encoded by two
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gene families (families A and B) based on the primary sequence. Members of the two
families display distinct enzymatic properties, presumably because of the differences in

N- and C-teminal regions. Several s have shown that the N-terminal region is

// nd required for maximum enzyme
& strate specificity (Hamada et

forms create chains with

important for specificity of tr

sequence compariséns. ms Ifa : ' - mai ende perm, Il and I of rice
y and 11 and | of potato tuber
(Drummond et al., 1972)Aall j ) : pspa@tively. The A and B isoforms of
starch branching enzyme ' a;‘ ::i’ “ ate affinities and in the length of

branches the@r

amylopectin,

A @ferentlally branches

. With amylose as a
|

=
substrate, isoforr&i preferentially transfers longer chain 1@1 isoform A (Guan and

enzy ial glycogen

Prelss 1993). hen‘e ssed in a strain of Beoli that lacks a lycogen-branching
C %

ek Vel WELY

synthasmo give a glycogen-like p(*ymer ConS|stent with their actions in U the
ﬁ*&ﬂ AN el 4131

long chains (greater than 14 glucose units) than the glycogen synthesized by i1soform B.

It is likely that the difference in properties of the isoforms is general between A and B

classes. The difference in properties between A and B isoforms have led to the
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suggesting that isoform B participates in in vivo synthesis of the long and intermediate
length chains that will span cluster, whereas isoform A participates in the synthesis of

shorter chains that lie wholly within cl { Munyikawa et al.,1997).

ster
1

This idea is potentiallysteStable ///d of mutant and transgenic plant in
eliminated 0& in activity. Mutation at the

— ‘ ——————
AMYLOSE-EXTENDER. Nd=thegRUGO-SUS(R) locus of peas lead

specifically to the lo isdforhy (Denyeret'a ‘.'\: yWalhe amylopectin in ae mutant
N : o

Ny o . .
ayerageiehain length relative to that

"

. w5 ‘ . -'.‘""-. 1".
of the wild type. Theyé is, J1o no-diamatig ‘Change #ithe distribution of the chain

endosperm and r m

L \'. W

lengths among I hegstructtiral periodicity of 9 nm
-z 2L

the grandle ot afflectetl, by*the mutation. No mutation
S g A\

within semicrytallj

affecting the B isofor been described; b dramatic fe@luction of the activity of this

isoform in potato tuber #hiro r;{{a”"%ﬁ enS8l RNA is reported to have only

minor effects on the structure JJ n 'T et al.,1996).

In pea@

separated by i

( sical properties were
Nins with the estimated
|

e
molecular Weigth 114 and 108 kDa eluted at low salt concd}_{]}ation while a higher salt

concentrgfion. Immun ally, the 114 and 188/kDa proteins were in distinguishable
ol eI N Y RINEING. -
(Smith,ﬂ88).
g ¢ = P
ARIBINTHURTING IR
q immunological and proteinase digestion pafterns in two o‘rms. Further studies revealed

that the SBEII isoform was composed of two proteins (SBElla and SBEIIb) whish

SBEIla was found only in the endosperm (Mizuno et al.,1992; Nakamura et al., 1992).
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Plant branching enzyme (Q-enzyme) was first identified in potato (Drummond et
al., 1975), the purified SBE had monomeric molecular weight ranging from 83-103kD.
The K, value of the enzyme determl t be 0.02 mg/ml and K4 was in the order of

1000 sec™ using potato am now and Johanssons, 1991). In

1996, SBE was extragte ‘-__"‘; and separated by SDS gel
electrophoresis. The speeifi ' ' » ied.t0 produce peptides and then
separated on the reygre8 5€ \‘\ #fipally sequencing. The data
showed that three | ) thase \ang :\' gfegms of branching enzyme
were present in the sta# ofatd 1l Arsson i ) 8). The CDNA of potato SBE
& n et al., 1991) and A class
(minor form) (Sa J999).5A i. the '_ tivities of purified starch
pared using several assay
method such as: substraté®speg _ 7 ficity, g of linear dextrin, it was found
that SBE | was more actlve u}"j ;ﬂ 0S er ereas SBE Il was more active on
amylopectln (Rydbe

In cereal G *as’BE I, lla and Ilb in

ol
developing kernely,if maize (Boyer and Preiss,1978). SBE irTMveloping rice endosperm

have beep purified ag wlidaisoforms QE | and I. After electrophoresis on a native
A INEVETWE I o

two |soa‘ms QE lla and QE llIb. QF‘IIa was detected onIy in the extract of en osperm,

o mmnwwna Vfﬁl"’l’ﬂ 4]

kamura, 1992)
The three isoforms of SBE were purified from tubers of cassava cultivar KU 50

(Yaiyen et al., 2004). Form 1 and 2 showed the molecular weight of 105 and 57 kDa and
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preferred amylopectin as substrate. Form 3 showed the molecular weight of 57 and
preferred amylose as substrate.

In molecular characterization, Rer

al., 1995). The enco een isola (Fisher et al., 1993), rice
(Mizuno et al., 1992 Sons.eial 2 __ o (Burton et al., 1995). The
) \Bianchting enzyme was cloned

H‘f!

from Agtll cDNAJ i %\p ri-upr :0b 'I""-»,ﬁ ‘b. gzaman et al., 1992). Next,

The cloned encodin |

o W

| wag :~ at ,.' Qfld exa '\n- pn the spatial and temporal
expression of the sbell .",‘:’"J etaly,

are needed to understand the full

@ plants, most studies
ﬁJ’n starch synthesizing

However, molecular: _{_@J“J udies

function of thk

are carried o&

enzymes in cassa\Mare still rare.

ﬂUEJ’JVIEIVIﬁWEJ']ﬂi
Q\W’mﬂﬂ‘iﬁuﬂﬂ'l’mmﬂﬂ
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Aims of the Dissertation

1.

2.

3.

To clone genes of SBE from cDNA of the enzymes prepared for cassava tuber

| /fhamctenze them in compare with

0’_—.==>

isafor om native and recombinant

KUSO0.

To Express the rec

nature SBE. '§

a
To prepare antl ]

enzyme and punolog .‘-' activit VWigstern blot.
To use the api ieS 1o o/ e ;-' ta nat of SBE in the tubes at

L

ﬂUEl’JVIEWI’iWEI’m‘i

RIAINTUURITINYIA Y



CHAPTER 11

MATERIAL D METHODS

2.1 Material .___ :

,.‘Tn’-*“"’
2.1.1 Full length a 1)

Native enzyme frgfh cagSayf tibeg(amiliiof eséulehta'Crantz. cv. KUS0)

Restriction enzyme: e = BioLabs, Inc., U.S.A))

abs, Inc. USA)

— - YIS | 8N VYR YoTet Evrs W 4T T c)U S.A)
a l‘

RNase: Stt

T,DNA Ilga‘s;: New England BioLabs, Inc US.A

Zlﬂcﬁﬂ?ﬂﬂﬂiﬂmﬂ‘i

28 is bacterial expressmn vector with T7 and Lac promoters, adds T7 and

WIS IR INE T Y



33

2.1.4 Host cells

E. coli rosetta gami with genotype : A(ara leu)7697 AlacX74 AphoA Pvull

pCR-Blunt vector

(Invitrogens) and p: ar ( Spe : were extracted by

Each stargh bran --Tf:___,__ be) genes were amplified using PCR

method. Primers for sbe genes w re-designed-, the orward primer of sbe genes were

designed to covexpe 10 s‘i&\ while the reverse

primer were dESIl 32.1 ). The reaction

mixture contained Zﬂ.mits P, ﬁM MgCl,, 0.2 uM of

each primer and 0.5 ugef template. The condltlon owed Table 2.2. The PCR product

- FHH NN TnyanT

from agarq gel by gel extraction kit (Geneal

NI Vsl ngnay

gene was expressed in pET28c where as sbell was expressed in pET28b (Figure 2.1).

They were linearized with Sall and Xhol in pET28c and Sall and BamHI in pET28b. The
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reaction mixture contained 2 units of each restriction enzymes, and incubated at 37°C for

20 hours. The linear form of pET28 was recovered from agarose gel by gel extraction kit

o\\*’ [fl/ in pGEM-T Easy vector for further

s frt‘\ pGﬁector were digested with

BamHI. The reaction

(Geneaid). After that, the PCR pr

used.

restriction enzymes, S 7 W
mixture contained - - o at 37°C for 20
hours. They were re i Geneaid).

2.2.1.4 Li N

C ~ selected vectors, sbel

.l'

to pET28c and sbell to pEl 28 Tﬂa i f ’; \\ 18d 30 nmoles of vector, 100

nmoles of fragment and 4 #nits -—'- ¥ m |nc pated overnight at 16°C. The
J :’,f.-f-’ o’

recombinant plasmid from this regetton—w fther transformed into host cell by
electroporation @ B AV } Q
2R ,\J

@resh a gar'1| (DE) was inoculated

into LB broth. Cells v?rﬁown to Iog phase about 0.4-0. 5) The culture was

cells werewsh with cold distilled water ‘and centri uged at 2,500xg for 15 minute at

RIENIN mﬁ% g4 ﬁ‘zj

2 mI of 10% glycerol. This suspension was stored at -80°C in 50ul aliquot until used.
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2.2.1.6 Electroporation

The recombinant plasmids from 2.2.1.4 were transformed into

competent cells of E. coli rost } . ro‘oration. In each electroporation
mixture, one microliter of recorIbi 1ant sl | : rwith 50ul of competent cells
and placed on ice for inute. T ;- mullre @ to cold electroporation
cuvette and applied 0 sequently, LB medium
was immediately a ::': an ransferred to new sterile
tube. This was inc % * ffar plate containing 50
pag/ml Kanamyecin, 348 | | nphenie gycin and incubated at

37°C for 20 hours. Thi #on hetetombindntPlashiigs which could grow on

ﬂUEJ’JYIEIVI’B'WMﬂ‘i
QW’]MﬂﬁﬂJﬂJWYJWFJ'mEI
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Table 2.1 Primers for sbe genes

gene Upstream primer Downstream primer

shel ACGCGTCGACGATGTTAGGTTCTTACEETCTET CCGCTCGAGTCATTTGTCATCCGATGTCTCT

shell CGGGATCCTCTCAGCGAAA RCGEGTCGACTATATCTTAACCGGCGACAGG

Step Cycles
Initial denat . ng 95" - 4 | ’ 1 cycle
Denaturation g ic/ 7 Uiy

Annealing 30 cycles

Extension
Final extension
Soak

1 cycle

ﬂﬂﬂ?ﬂ&l“ﬂﬁﬂﬂ’mi
RIAINTUURITINYIA Y
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EET upstraam primar#68 i
Sgill

g
San’l Hind Il Natl  Xhol His=Tag
“LAG 'IT-'- GGECLEAL

TERGGLECETE T'” GTCTTRAGGGRTTTTTTG

'mﬂr 255

[1INYNA
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2.2.2 Expression of she genes

2.2.2.1 Characterization of recombinant plasmids

ompletely..digested with Sall and Xhol,

e, was estimated by agarose

recombinant plasmids 7 S
Sall and BamHlI, r g
gel electrophoresis:
2.2.2.20

jan grown overnight at

37°C in 5 ml LB broth cofitait ing 0 g/m : ki ‘ ml Chloramphenicol and
o Qhture was inoculated in 50 mli
of same medium at 37°C with 2 l a. en, turbidity at Aggo had reached 0.4,

the transformant .cuture ndaced by IPTC ratz:\of 0,0.1, 0.2, 0.4,

J

0.6,0.8and 1.0 g 4, 6, 8, 12 and 16
{ Ny

hours and coIIectedlﬂ cen n prﬂratlon the cell pellet

was resuspended in 1 ri} of cold extraction buffeq}d cells disrupted by sonication on

- AUBIMININEINT

min at 4°C‘I he supernatant was assayed for SBE activity and protein concentration.

ARIQINS AlAnEy

S PAGE.



39

2.3 Protein determination

Protein content was determined by the Coomassie blue method, using bovine serum
1 roj itgrs of sample was mixed with 5 ml of
mint e/ﬂ rding the absorbance at 595

—

Ve Byhneasuring the
stimulation with rabbit-

eschibed by Mizuno et a l., 2003

The reaction mixture Of-0:2-mt=co d 0.1 M MOPS-NaOH pH 7.0, 50

M o-D-[*C] a if;ﬂw fayele phosphory!
mM a-D- i_ 0S€ -m Jep osphorylase a
R h 4

and appropriate 8&] djr, the mixture was

0 the mix@F, 20 pg rabbit-liver

glycogen was added e g@Rrecipitate the newlygferms glucans with methanol. The

- AUETRENIHEART -

scmtlllatloﬂl:ounter One unit enzymeictlwty was deflned as 1 mmole of a-D- [14C]

TRTRNN IR HIINBIRY

4]
-

e
boiled for 3 min tMerminate e

per min under the condition used
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2.4.2 Spectrophometric method

The modified assay was based on the spectral change of the glucan-iodine

complex that occured after branchig \‘Wr e (Boyer and Preiss, 1978).
The assayed wassg u -' )ﬁmlxture containing 1 mg/mi
potato amylose or potata.amylope and@l MJ@I pH 7.0 with appropriate

amount of enzyme.

yme and 0.1 ml aliquots
of reaction mixture -1.:"“»-.2»__-’} aliquot was boiled for
2 minutes. mixed - ' @dine solution I. The
absorbance changes lose and amylopectin,
respectively. One uni h : .';"'._ ase in absorbance of 1.0

per minute at 37°C.

A, with addition ofﬂ} % (W, solutiq@n slab gel (10x8x1.5)

of 7.5% (v/v) separatlr?%nd 4% (vIv) stackln I. Cold Tris-glycine buffer pH 8.3

~-FUHIRURTNYANG

16 mA. F@BE activity stain, gel strlp was rinsed with distilled water and soaked in 50

IR ST e

red brown bands on the blue stained background.



41

2.5.2 SDS - PAGE

The denaturing gel was carried out on slab gelwith 0.1% (w/v) SDS in 10%
(w/v) separating gel and 5.0% (W/v \w}fj Tris-glycine buffer pH 8.3 containg
0.15 (w/v) SDS was used \.—' -' d analyzed were treated with
sample buffer and boiled - » @ The electrophoresis was

performed at constant™ cure : \ cpersslagiea m temperature on an

E. coli rosetta, " fan ! mant “Were. ' / Efpight at 37°C in 5 ml LB
broth medium containing v ::,__'_K,;.:.:.::.:".' _ghg hloramphenical and 12.5
pg/ml Streptomycin. After that_ cel=cultirt” was inoculated in 50 ml of same
medium at 37°C v:&h 9 : of‘dreached 0.4, IPTG

,,,,, —_ = ,J
#ne expression and

4
-

continue cultlvatlonl]ﬂ 4 hours: 10,00% for 15 min, and then

washed with cold OS?&ACI After that, the &) pellet was washed once in cold

A INENTHYANT

mM EDT;‘Iand centrifuged again. The ceII pellet was stored at -80°C until used.

QRTRNIS biYigehifIaEh]

Unbroken cells and cell debris were removed together by centrifugation at 12,000xg for

30 min at 4°C. The supernatant was collected for further step.
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2.6.2 Enzyme purification

The recombinant enzyme was purified by His-tag column chromatography.

Firstly, the column was charged bys0x jand equilibrated with starting buffer

(0.05 M Tris-HCI pH 7.5) cQniaimighoL )d d 1 mM DTT. Recombinant
enzyme was applied to-thescalum = flovgrate mllowed by washing with

starting buffer. Finally, th i - was elutedd ng buffer containing 0.5

Cassava tubers ‘ iffer 3 ek \ cortex was removed. The
parenchyma was choppe.d 1_1.:__._ ende ‘ - he pH of the cassava juice
was adjusted with 0.05 M Tris '::ﬁ:'g::_';. ) aining'2 mM EDTA and 1 mM
dithiothreitol. Thﬁass s Added v Ine 121“ to prevent serine

,,,,, — —_— —r 4

protease activityt' Ul hour at 4 °C to

"
-

remove starch and I@ The's S crude mlzyme and kept at 4°C

for further work.

ﬁ%ﬂQ%ﬂﬂﬁwmﬂ’i

e native crude enzyme from 9 month old tubers was purified accordlng to

RISNAS alam3naidy

by first DEAE-Toyopearl column eluted with 0.15 M NaCl in 0.05 M Tris-HCI pH 7.5

contained 2 mM EDTA and 1 mM DTT. at flow rate 60 ml/h. The three isoforms were
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separated with second DEAE-Toyopearl column by stepwise elution with 0.04 M, 0.08

M and 0.1 M sodium chloride respectlvely, at flow rate 60 mi/h. followed by Q-

BX was removed. The

Al of the cassava juice

j:ﬁ! A contd "", EDTA and 1 mM
[ ™ 1 |
f ‘| e } 1 \
dithiothreitol. The cassay# juige ’?wis- /Benzamidifie 1 mM to prevent serine

protease activity. The ho gl (-—i,-;—'e-f-“ t 218800xg for 1 hour at 4 °C to

e vwas U

A
-

— |:l
enzymes were sentﬁ rasing les in Jﬂibit at Department of

Medical technology, C@Wal University. The I clonal antibodies were conjugated

-~ AUHINHNTRENT

reagent b method adapted from that descrlbed by Wehlky et al. (1969).

QWIANDL. NARIANLIAS

2 5.2, the gel as well as the nitrocellulose membrane were incubated for 15 min in tank

blotting transfer prior to blotting. Sheets of material were placed up against one another
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in this order while avoiding air bubble: filter paper on fiber pad, the gel, the membrane,

filter paper and finally fiber pad (Figure in Appendix C). The installed electroblot unit

was filled with about 2 liters of tankil¢ Wf r buffer. The separated protein on the
gel were then electrically trap ’-. ) q/})ﬂe membrane from the cathode
towards anode at 50 vo foL2.h S. Dl‘19 thystem was cooled down
gel was marked on the
et ime, with PBS buffer (0.1
M Phosphate buf ¥ ‘ ", & ”_’= ‘ temperature. The
membrane was incu [ ; _ 3 \ buffer) at 37°C for 1
@4minute in PBS buffer

containing 0.025% (v/v jth PBS buffer at room

temperature. Subsequently, tlie mem Brar fv’ te 1 our in polyclonal antibody (
: *"rf*" Sias |
at 1:100 dilution). The membranewaswashed ' for 10 min of PBS buffer at room

¥
LTI IN T

temperature. Aftex/as' Iopf\while keeping the

membrane statiol ' ydrogen peroxide

"
-

until bands were viame. T

with distilled water.

UEJ’JVIEJVI§WEJ’1ﬂ‘§

Charaq'lzatlon of recombinant SB

Q\ RN NYIAY

S alnlng The molecular weight of SBE subunits were determined form calibration curves

topp ii'by rinsing membrane

obtained from R and molecular weight of standard proteins; namely Phosphorylase b
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(94 kDa), Bovine serum albumin (64 kDa), Ovalbumin (45 kDa), Carbonic anhydrase

(30 kDa) and soybean trypsin inhibitor (20.1 kDa).

2.9.2 Chemical modificatiomaf! pnching enzymes

The effects ¢ -: od e /ﬁnM of IAA (iodoacetic acid),
ide) - {-Ethiy a‘_mfmgm) carbodiimide), TNBS

(Trinitrobenezene sulpronic aed ‘ 1) | xal Diethypyrocarbonate),
NAM (N-Acetylim a;oi | B A - \ \ ) ere added separately to
. ; fons were stopped by

activity in each

aslilt was expressed as the

2.9.3 Effect of pH ; starch Bra Achit gymeagtivity
r”"‘ : ;

The purified recomb Ised to rstudy the effect of pH on its

_,,-,,, ,

activity. The ensz 1017 ZfThe enzyme was

-
incubated with s yriate buffer. After

A
incubation for 30 rrl"ﬂ.ltes

minute. The result was (?pressed as the percentage relative activity.

FUHINUNTNEINS

e recombinant SBEs were used to study effect of temperatures on its

Wf;‘iﬁﬁﬂ sy

measured as described in section 2.4.2.The result was expressed as the percentage

eatlni”'n boiling water for 5

relative activity.



46

2.9.5 Determination of K, and V.«

The recombinant SBEs were used to study for kinetic constant with potato

amylose as the substrate of this enz\ ‘ ) ¥ rgaction mixture consisted of various

concentrations of amylose, G, 75,011, 0/ %‘5 0.6,0.7,0.8,0.9, 1.0, 1.25,
. "5

1.5, 1.75 and 2.0 mg/ml R

;_FP

The reacti Wwa i
water for 5 minutes,

29.6 Com £lclyity usi - plopectin as

|\ ! .l-'._
Sulstrate specificity for amylase

and amylopectin. The engyme

N/
0 minutes—Aft o n was stopped by heating in
bdid e S ’

,| SR ¥ Il' :
3843 »é \"-. each substrate at 37 °C

for 0, 5, 10, 20, 30, 60 anddl2

To detern'reg amino acid compaqsitions, each native enzyme were

AU NN TN INT

deriavatiqulbefore injection. The derivatization was mixed with ortho-phthalaldehyde

‘ -
’qaz bvir ﬁysH[ﬁViioda t ﬁﬁtg
was performed using amino acid column (200x2.1 mm). The oven temperature was

40°C. The injection program was shown in table 2.3.
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The gradient was established with two solvents: A (20 mM sodium acetate

pH7.2 containing 0.018% triethylamine) and B (20% of 100 mM sodium acetate pH 7.2

containing 40% acetonitrile and ‘
Table 2.3. The detection v& ,

ol Jhe gradient program was shown in

-==i-

Table 2.3 Gradle

Elutio rate (ml/min)

0.45
0.45
045
0.8

0.8

ﬂuﬂ'mamwmnﬁ
QW’]Mﬂ‘itMﬂJW\’Jﬂﬂ’mﬂ



CHAPTER 3

bstarch branching enzymes (SBES)

were studied. Togw tha followingabbreviatiens would be used to represent

SBERI

I gene.

3.1 Clonlr@ assava sbel and shell cDN Qessmn vector

Two ¢ é E.’e%nt vector, and full-length

SBERIl =7

OM‘DI’ Supatcharee Netrphan,

| ﬁdﬁd (120 d Ui

1 Characterization of lae polypeptides e oded by shel and WI cDNAs

Q\Wﬂﬁﬁﬂ‘iﬁuﬂﬂﬂ’mmﬂﬂ

The nucleotide and deduced amino acid sequences of sbel and sbell cDNAs

SBEII, in pMIExZ vector, were kindly obtained fr

were shown in Figure 3.1 and 3.2, respectively. The open reading frame of shel cDNA is

comprised of 2,559 nucleotides, thus coding for polypeptides of 852 amino acids. The
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open reading frame of sbell cDNA is 2,514 nucleotides long and codes for a polypeptide

ded by sbel and sbell cDNAs were calculated

of 837 amino acids. The poly

to have molecular weig

22% when using EMBOSS align
the polypeptide encoded by
sbel cDNA sh : ‘ o Stmilarity T wheat (Triticum aestivum),
maize (Zea may)el ) (0 _ ‘ ; I\_‘ X ively (Figure 3.5), while the
polypeptide enco : [ :f ’ S|m|Iar|ty to SBEII from wheat

(Triticum aestivum) ,I num tube \w \ spe tively (Figure 3.6).

3.1.2 Amplif o"?:f cDNZ _ ns or cloning into pET expression
vectors ;!T_'__SF
he fragments tha an to cover the coding
a:e\deagned to locate upstream

regions of sej
' .
of the start co n while the reverse prlmers were located nstream of the stop codon.

sul o gs cte addcd¥tol thed5’ Fediof both r_iThePCRwas

performed using the conditions @€scribed in sectio =23 and the amphﬁeWoducts of

q W’m]@’% AT WA IS B

respectively (Figure 3.7). These amplified products were purified from the gel and

digested with Sali and Xnoi (for sbei) and Saii and BamHi (for sbeii).
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(A)

EGGTCTTTATCACCTTCTTTAGCCAAGAACTCCAARRG

5 eI CGAAAATTGCCTGGTTGTTCTAGATTCCTTTTEGH

ACCAAGAATCTCAATAGATAAGE . 7 GGCAGATGAGAAGAAAATGATAACAAGCTTTGA-
AGACATGGAAATTACTGC™ T a7 Aﬁ'ﬁTTCAGATATAGAATGCAAAGATTTACAAA-
GAAACAACTCATTGAAAAALARGAA TR GAGGARTTTT , BEAAS TTTGGATTTAATAGAGAAGCAGGTGGAATHEH
CTATCGTGAGTGGGC e 1 Connc ‘ i MR- T GG T TCCAACCATAGGATGGAAAAGAATGA
ATTTGGTGTTTGGAGTATCAACA oif' f Fhn R AATTCAAGGGTCAAATTCAGATTCAAGCATGGEGA
TGGAGTTTGGGTTGATC A f-‘ fof g - e LTGGAGCACCATATGATGGTGTCTACTGEGH
TCCTCCACCTCCAGRMRGGTACS o fof coe AN e C ATATATGAGGCTCATGTGGGAATGAGEAG
CTCAGAACCTCGCATTAATAMNTACE THCTE CAAACAACTATAATACGGTTCAGTTAATEEE

TGTTATGGAGCATTGARMM ATGGIM CG IF jgNeler:v: = ™ AGTAGATCTGGAACTCCTGAGGATCTERR
ATATTTAATTGATAMECTCAY F TR, i A0 B2 GTCMOSCAAGTAACAATATCACTGATGGACTTAR
TGGCTTTGATGTTGGCCAAM ; TACTTTCAS - AGE TCR jCATAAGCTATGGGATAGCAGACTCTTTAAGER
TGCTAATTGGGAAGT TAZMICGCT y i ACTTERS: GG AN GG A TT TGATGGATTCCGATTTGACGGAGT RBG
ATCAATGTTGTACCAGFATCATHCCH T TAGT ‘ ' 0 AGTGAGGCAACTGATATTGATGCCGTHGH

TTATCTGATGCTGGCCAATTGFCTG “BCAZ [ APE 1 M TGAA ATGTTTCTGGCATGCCTGGGCTTGG-

TTCTGTCTCTGAGGGGGGAIAGE ‘ - ¥ c A R A CGA TCGATTACTTGAARAACAAGAGTGAT GAR
GAGTGGTCAATGAAGGAZNT C TCiF Gl c T2 AN ATACAR _ " GCTTATGCTGAGAGTCATGACCAAGCCETH
GTAGGTGACAAGACGEPTGCCTI T Al TAA TGEAT o2 T W A T T T TGACAGATGCTTCACCTATGGTTGATEEA
GGGGTAGCGCTTCATAAGATGE T Al il b P CTTAATTTTATGGGAAATGAGT TTGGCCATEEE
GAGTGGATTGACTTCCCAAGEE 2 AGI Ar TG : ’fw G G Ml TGGAACCTAGTTGACACTGAACACTTGAGATAG
AGGTTCATGAATGCATTTIRCANCEPTATGAL PEAT 2 GTATT QR TCMGCATCAACARAGCAGATTGTGAGCAGCACA AT
GAAGAGGATAAGGTTATCGTC T jiAGC G & 7CAA TN CATCCAGAGAATACATATGATGGGTACAAGGTTEGH
TGCGACTTGCCCGGAAAGTAT GG T T g . T T GGACGTGGAAGAGTGGGCCATGATGTGGACCAT IR
ACATCTCCTGAAGGGATACCTAGAGTChetad JCCARAR TCCTTCAAAATACTCTCTGCAGCTCGCACTTGTEHG
GTTTACTATAGAGTTGAAGAAAAAGAAGG P 1T GGTGCTGCARATGAGACATTGACAGACATTGCAAAGCTGEGA
GATTTTGAAGGTATCAACGAGACAT GANCRU RGNS L GGATCTTAAGGCAGCACAACCTTCTTTGATTGCCGATERR
ATTGCAACAAAGGCAAACACAGAAMENG BACT A CAAATGAAAGTGACAATCCATCATCCAATTCCTGAGT
TCAGGTTTAG CEG g TCTT CAGAFTITGTATGGCCCTCATCAGTAGACATCA
GTAGGTATGC z TCTTGTAAATAAAAAATAAATAAAT
CCTTATCTAAAARARA :

(B)

st e
MLGSLGLFPAPDFGSHF‘SLAKNSKRAV RNCOTVROROTEETG P SRFLFLPRI;IE&iVKQGLAISAAVADEKKMITSFEEDMEIT
GLLSIDPGLESFKD RMORFTNQKQOLIEKYEGGLEEFSNGYLKFGFNREAGGIVYRE QEAQVIGDEFNGWDGSNHRMEKNEFGVIWS
INIPDSGGNPAIHHNSRV FKHGDGVWVDRIPAWIRYATVDPTKFGAPYDGVYWDPPPPERYQFKYPRPPKAQAPRIYEAHVGMSSSEPRI
NTYREFADDVLPRIRAN VMEHSYYGSFGYHVTNFF TPEDLKYLIDKAHSLGLSVLMDVVHSHASNNITDGLNGEDVG
DRGYRKT SEATDIDAVVYLMLA
N VAYAESHDQAIVGDKT
SP G WNLVDTEHLRYRFMNA
FDRAMNE LD NEBDK V&L Vi LV VENEH ( WE RGRVGHDVDHFTSPEG

I PGV FNNRPNS FKILSAARTCVVYYRVEEKEGNHNSSDIGAANETLTDIAKLGDFEGINETSPADAVAKQEDLKAAQPSLIADDIATKA
NTETE‘. EETSDDK*

ammﬂwwﬂqwma d

A) The coding region of sbel cDNA was highlighted in grey.

B) The deduced amino acid sequences of sbel cDNA were shown.
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(A)

AGGAATACGTTTTCCTTGTGCTCCACTATGCAAATCTCAATCTAGEE
AGAAGGAGGCGTTTTCTAGGAGGGTCTTCTCTGGAAAGTCATEEG
L CTGATGGTCGGATTGAATGCTATTCTTCTTCAACAGATC-
Gl GTCTCATTATGGATGATAAGATTGTTGAAGATGAAGTAR
CCAAGGTCCATTCCTCCACCCGGCAGAGGGCAAAGAR

: 2 BEC A CAGTACAAAAGACTCCGAGAAGAAAT TGACARGH
ATGAAGGTGGTCTGGATGCAT s , AGTGAAACAGGAATAACTTATAGAGAGTGGGCACEAG
GAGCTACGTGGGCTGCATS s CﬁfGACTCAGAATGAGTGTGGCGTCTGGGAGA-
TTTTGCCGAATAATGCAGALGGIICAD ¥ T CATGGATACTCCATCTGGCAACAAAGATTEEA
TTCCTGCTTGGATCAAG et : : M= . TG TCCTCCCGAGGAGGAGAAGTATGHEGH
TCAAAAATCCTCAGCCAAAGAGARM gt ¥ AATGAGTAGTACGGAGCCAGTAATTAACACATHEG
CCAACTTTAGAGATGATCES ; il ' . L TGGCTATTCAAGAGCATTCATATTATGEEA
GTTTTGGGTATCA RCRANCFT T conl [T . GATTTAAAGTCTCTAATAGATAAAGCTCACGEGH
TAGGTCTTCTTGTTCTCATGS i rfcgcnte \ S A 2 CTGAATATGTTTGATGGTACGGATGGTCHEH
ACTTTCACTCTGGAGCAFCCCIG el JN : i ARG R C T GGGAGGTTCTAAGGTTTCTTCTTTEER
ATGCAAGGTGGTGEMECATGHIN AcR G TN fiN S 0 [ TC/M TGTACACCCATCATGGATTGCAGGTAG
ATTTTACCGGCAACTACAATMR A TAS ol A & CEA e AW A A Y e T T TGATGCTGTTGAATGATATGATTCATGEIG
TCTTCCCAGAGGCTGTCUICATIGFTGE ACTCEIRAGCCN " . TTGAAGATGGTGGTGTTGGCTTTGATTATG
GTCTCCACATGGCTEIIECTGAFRANGE sy aEENG | Y . TTCUA A TGGGTGACATTGTACACATGCTGAECA
ACAGGCGGTGGTTECAAAACHFTGT caiih- Bgc Ve MG CTGACARAACTATTGCATTTTGGCTGATGGEEH
AGGATATGTATGACTTCARIECTEHF AR cACCMEINGTINC Tt ~ el Nl c N/ CCATTGCAAARAATGATCAGGCTTATTAGEA
TGGGATTAGGCGGAGAAGIA TATH Al T 77T N A pTTGATTTTCCAAGAGGTGATCTACATCEEG
CCAGTGGTAAATTTGI#CCTGEIRAC [ACAGE - A TAGGCAATTCAAAGCGTCTGAGATATCHTG

GAATGCAAGAGTTTGATCAAGHEAA T GO € ‘ ] , T OB T C TGAGCACCAATACATATCACGGAAGGATGEAR
GGGATCGGATCATTGTCT G cAGHEGAAACE TR ( AR [ CTAGCAGCTATTCGGATTACCGAGTTGGCTECH
TAAAGCCAGGAAAGTACAMEAT Gl ; ; TTMGCAGGCTTAGTCATGATGCAGAGCACTTCAGEH

TTGAAGGGTGGTACGATAACCGH CGA - ATGTA CAGCAGTGGTCTATGCTTTAGTGGAGGATGAAG-

AGAATGAAGTGGAACCTGTCGEEEGT "‘r;#_,“ Tolor:\ TGGTTCTTGGTATTTTGTTGTCATGATAAACATAAT
CAAAGACCAATAGGAAACGCA GGTTA ;infdfthuh CATC FCAGCTCAGACCTCCTAAACCATAAATCTTCAAGTTGCTTGCG

TTCGGTAGTATGTTATGTGGTACTTTGCAAT CalehhhnketAaeh { CTGTGGATGCTAACTATGACAATTTTGTATATATGCCAACGAGG
AAAAAAAAAAAAAAAIJ

ADAAT “1‘;5
.--';‘b!.zw

MGHYTISGIRFPCARBE SQS SNVMWIASKRVLPDGRIECYSSSTDQLEAPGTVSE
ESQVLTDVESLIMD EDEVNKESVP QRIYDIDPST_" ROHLDYRYSQYKRLREEIDKYEGGLDAFS

RGYEKFGFSRSETG EWAPGATWAALIGDENNWNPNADVMTQONECGVWE IFLPNNAD IPHGSRVKIRMDTPSGNKDSIPAWIKFESV
QAPGELPYNGIYYDPPEEE YVFKNPQPKRPKSLRI YESHVGMS STEPVINTYANFRDDVLPRI KKLGYNAVQLMAIQEHSYYASFGYHVTNF
YAASSRFGTPDDLKSLI LVLMDIVHSHASTNTLDGL GHYFHSGPRGHHWMWDSRLFNYGSWEVLRFLLSNARWWLDEY

YZEH Q FGEATRVIDAVVETM CIE GGVGFDYRLHMAVADK

GP8T KMIRLITMGLGGEGYL

IQHLEEAN GEITS YISRKDERDRIIVFER

GNI& PRSF} ALVEDEVENEVEPVAG
Flgure 3.2 Full-length sbell cDIA from cassava

A) The deduced amino acid sequences of sbell cDNA were shown.
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(Continued)

SBERI ETSPADAVAKQEDLKAAQPSLIADDIATK 836

/ N
= N

SBERI
SBERII

Figure 3.3 Jnme ahning "; ‘ Bmces of sbel and shell cDNAs

Same gr ¢'ohair and similar: e thdicated by semi colon (;)

Same gfou- —i 3iA-but e at sizedre ihdicated by full stop (.)

ﬂﬂﬂ?ﬂ&l“ﬂﬁﬂﬂ’mi
RIAINTUURITINYIA Y
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IR
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L ) Bk SGPRGHHWMWDS
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DEEWSMKEISWSLTNRRYTEKCV
f A N R
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RGTAHKMVH

l | .||:.
A OKMIR

———————— NGWSYDKC
PP Er e e e e e AT
640 LITMGLGGEGYLNFMGNEFGHPEWIDFPRGDLHLPSGKFVPGNNYSYDKC

NLVDTEHLRYRFMNAFDKAMMEKYS FLASTKQIVSSTNEEDKV

246

243

293

293

343

343

393

393

443

490

493

540

543

589

593

639

632

689

82
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(Continued)

SBERT 83 IVF ‘ KYRVALDSDAWEFGGRGRV 732
g | [ I I B I O

SBERTT HWTSSYS VI,DSDDPLFGGFGRL 789

SBERT MIPG NFNN YYRVEEKEGN 781

SBERII < e---+—- 1 P G2 830

-l!I 'I !
Same gr h ofiidé chais ina dicated by semi colon ()
/ I y

Same grouf rr;;. *“ sizéydre indicated by full stop (.)

\
!
il

ﬂuﬂ'mamwmnﬁ
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Wheat
Maize

SBERT
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Potato
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SBERT
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Potato
Wheat
Maize
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Potato
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29

95
98
117
85

155
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145

215
218
237
204

275
278
297
264

335
338
357
324

395
398
417
384

455
458
477
444
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(Continued)

SBERI W SHDQAIVGDKTVAFLLMDKEMYYGMSCL 575
Potato TSMKRY.TS S! A DQSIVGDKTIAFLLMDKEMYSGMSCL 578
Wheat R SIVGDKTMAFLLMDKEMYTGMSDL 597

Maize DD ISMGLE, S EiSIVGDKTIAFLLMDKEMYTGMSDL 564
- - R - Tk ok Kk kk s kkKAKKKAKK KKK K

SBERI 7 : HPEWIDFPREGNGWSYDKCRRQ 635
Potato o, AT H [5) [ERGHPEWI DFPREGNNWSYDKCRRQ 638
Wheat ' AFQKMT HE TEMG B I DF PREGNNWSYDKCRRQ 657
Maize A JORMIHE ‘ G YR MOMERCH PEW I DFPREGNNWSYDKCRRQ 624
. ) *********.******‘k*‘k
SBERI , : STNEEDKVIVFERGDLVEVEN 695
Potato INLADEE / 27 RRF S (e S8 DDDNKVVVEERGDLVEVEN 698
Wheat v WSLFDID ( O TVSPMNEEKKI IVFERGDLVEVEN 717
Maize WglvD: RY K VI A RDOAMNAT B 5% S *QW SDMNDEEKVIVFERGDLVEVEN 684
.* * 5 -.‘k::*‘k*‘k*‘k*‘k*‘k*‘k
SBERI HEE J’. PR\ 3UDTPCRYR Ps w.x G RER GHDVDHFTSPEGT PGVPETNENN 755
Potato ;if LR SDAWE G HGRBGHDVDHFTSPEGIPGVPETNENG 758
Wheat YK DALMFGEE GRVRHDNDHF TSPEGVPGVPETNFNN 777
Maize _ <y EPGK) 2] VFGGHEGRYVGHDVDHEFTSPEGVPGVPETNENN 744
‘fi :’Eﬁ Kok KUK Kok kR kR AR KK Kk kok ok ok ok kK
SBERI R KA Q- jf Y5 NHNSSDIGAANETLTDIAKLGDFEGINETSP 811
Potato (@ELLRERVILTTF] TEVVSYYQQPISRRVTRNLKIRYLQISV 818
Wheat \ ] KRPGY - ———————— IDVEA 824
Maize ] ] PFEYAES-———————— IDVKA 792
SBERI i
Potato TLTNACQOKL ) 861
Wheat = TRVKDAADGEATSGSKKASTGGDSSKKGINFVFGSPD -— 865
Maize iFASSKEDKEATAGGK —————————— KGWKFARQPSDQDTK—— 823

Aud nmw gN3...
RIS AURAINYA Y

Same group of side chain and similar size are indicated by semi colon (:)

Same group of side chain but different size are indicated by full stop (.)



SBERII
Potato
Wheat

SBERII
Potato
Wheat

SBERII
Potato
Wheat

SBERII
Potato
Wheat

SBERII
Potato
Wheat

SBERII
Potato
Wheat

SBERII
Potato
Wheat

SBERII
Potato
Wheat

qmIaensel

SBERII
Potato
Wheat

MGHYTISGIRFPCAP-LCKSQSTG--FHGDRR-TSSCLSENFKKEAFSRRVEFSGKSSHES
-MVYTLSGVREFPTVPSVYKSNGES—--SNGDRR-NAN-VSVFLKKHSLSRKILAEKSSYNS
MATFAVSGATLGVARPA( GELLPRSGSERRGGVDLPSLLLRKKDSSRAVLSR-—————

oo kK . koK * sk, * %

EAPGTVSEESQVLTDVESLIMDD----K
TETSPENSPASTDVDSSTMEHASQIK

————————————— SKPRSIPP
SKTLNTSEETIIDESDRIRERGIPP
————————————— EKPRVVPK
* :*
GRGQIFT Y D] RQ ' R EGE DAFSRGYEKFGFSRSETG
PGL#OK PP ULIN YROHT DYR Y KR E AR YEGGLEAFSRGYEKMGFTRSATG
REDGOK ): YFRSE 5 A TBQRE GGLEAFSRGYEKLGFTRSAEG
X A *:. % *:********:**:** *
" Y A . . A W %
§ REGIR P G AT AL IGDENNRE R DY M ONE WEIFLPNNADGSPPIPHGSRVKIR
YREWALGROSAA ﬂe?i_ “ LPNNVDGSPAIPHGSRVKIR
ITYRRWAR .‘};"i N1 'RDDYGVWE I'5L,PNNADGSPATPHGSRVKIR
* * * % % - *******.****.**********
/ |

IF) i 1

MDTPSENKDS T BA S VOR NGI R"PE KYVFKNPOQPKRPKSLRIYESHV
- 1

MDTRSIE VK DSkt 3 D] IH PEEERYIFQHPRPKKPKSLRIYESHI

¥ _
MDTPSGVKDS BSAITE A YYDPPEEEKYVFQHPQPKRPESLRIYESHI

i
KKk e hkkhkhkK hkAkkhkeoekhkekoeokehkhkekekhkhkAkkhkhk*ko

KkAhkKkkkKk kKK

MATOEHSYYASFGYHVTINFYAASSREG
FGYHVTNFFAPSSRFG

SEGYHVTNEFFAPSSREG

j********:*.*****

TDGHYFHSGPRGHHWMWDS

TPDDLKSLIDKA ASNNTLDGLNM TDSCYFHSGARGYHWMWDS
TPEDLKSLIDRAHELGLLVLMDIVHSHSSNNTLDGLNG BETDTHY FHGGPRGHHWMWDS

******* ***** ********* * ******* *k  kk *** * * Kk o ******

NEYFGYA
AFKEDG GBS EEYFGLA
SWENVLRFE DGERF HGEOQ GEYFGFA

****** ***** ********* *************** **** . *kkkk kkkk Kk

c G K

B\ VEMPT R K

A DVSEMPC I GEDYR K

* K * * * * Kk kK ***.** * :* :**** **“:* *

EITQKRDEDWKMGDIVHMLTNRRWLEKCVSYAESHDQALVGDKTIAFWLMDKDMYDEMAL
ELLKKRDEDWRVGDIVHTLTNRRWSEKCVSYAESHDQALVGDKTIAFWLMDKDMYDEFMAL
ELLKQSDESWKMGDIVHTLTNRRWLEKCVTYAESHDQALVGDKTIAFWLMDKDMYDFMAL

Keses Kk ke akkkhkk kkkhkrk khkkkskkhkrkkkhkhrkkkkkrkkokhkkkkokkkkkokk

Kk ok kK ok ke Kk

56
55
54

109
113
107

140
173
138

200
233
198

260
293
258

320
353
318

380
413
378

440
473
438

500
533
498

620
653
618
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(continued)

SBERII DGPSTPLIDRGH 680
Potato FMGNEFGHPEWIDFPRAEQHLSDGSVIP 713
Wheat GNEFGHPEWIDFPRGPQTLPTGKVLP 678
****************_ *. *k_.:*k
SBERII AYGFMTSEHQYISRKDERDRII 740
Potato MOTEBK YEFMTSEHQF I SRKDEGDRMI 773
Wheat YGFMTSEHQYVSRKHEEDKVI 738
* *******::***.* ‘k::*
SBERII GK e DDPLEGGFGRLSHDAEHFSFEG 800
Potato y sV E i ALBGDBE 1 FGGFGRIDHNAEYFTFEG 833
Wheat ' SKYRVALDS DDREFGGFSRLDHDVDYFTTEH 798
! BoM <k Kk kkk ke ke saks k
SBERII QI PRgE VI e C RIAVAAR LV BB EVE : LDV AR, - 837
Potato WPPDREMS | TYAT DI ENEBVAAVEEVVVEEE 882
Wheat  JFFDNBER SHEV Y TP SEEAR R R R - 823
ok k . L = o i "
g~ :
¥
il
y " ! L lIlll
Figure 3.6 Alignmeglf of ava With SBEII from other plants
&

erisk (*).

: ._-..._.,-.._.-_ cated by semi colon (3)

Indicated by full stop (.)

AULINENINGINT
RN IUNRIINYIAY
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3.1.3 Cloning of sbhe cDNA fragments into pET expression vector

The pET-28 vector

. ’/'able for cloning of sbel cDNA, pre-digested

with Sall and Xhol, wo T-28b would be needed for cloning of

Sall- and BamHI- ch. L{&ransformation of the recombinant
S —

rain. rossettazgami (DE3) were carried out as
SMRERNAS in pET-28 vectors was

confirmed by‘-" [Figufef and by gestng el ecombinant plasmids with

AUt INeNineIng
RIAINTUNRIINYIAE
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M 1 2 3 4

dbiaad
t}E 4 | .

Figure 3.8 Restrictién ana ..L;. of the recombi ‘: t pET-28 vectors

-d;e' -r‘ "'

Lane M = T=kirm b- mt marker

'k : I and Xhol- digeste I-pET 28c vector

f‘}ne ' l |

La&e 4 =Sall and BamHI- d| sted products of sbell-pET 28b vector

ﬂUEJ’JVIﬂ"ﬂ‘SW?J’m‘E
awwmmmumwmaﬂ
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3.1.4 Production of the recombinant polypeptides

\1/7

To obtain the optim gation of IPTG suitable for the production of

/ TG (0.1, 0.2, 0.4, 0.6, 0.8 and 1 mM)

After induction, the cells were

recombinant proteins, vagi

were added to the B&
—
incubated for a W

SBE activity

jon of soluble proteins used in
g IPTG very little activity of
SBERI could W& could significantly increase
SBE activity (Fig ' Howsv i o reased to 0.6, 0.8 and 1 mM
IPTG, the results gerefnoff ; 'i: saltere oH‘l that 0.4 mM was the
lowest concentfationgBf | TG to,give the hig st o u pression. For SBERII, similar
results were obs Jed ; : g4 hou . duction with 0.4 mM IPTG, the
specific activity of ' .’-o‘ at 1.2 and 0.79 units/mg proteins,
respectively.
3.15F -!'I". in-pattern and-crude-extracts b‘ ,J.)
W) '
i
f

concentration

NJ _ _
Juere induced with various

1
IPTG as described in section 3.1.4. A@r a period of time, the cells

H EH ﬁ ﬂ WH h[iDS .
u i Elo 2 11 showed that
both SBERI and SBERII were exfifessed as 90 kDa peefe

a»mmnmwmwmaﬂ
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Specific activity (Unit/mg protein)
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e
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-
o}
17
g 0
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[

——0mM

——0.1mMm
——0.2mM
== 0.4 mM
——0.8mM

&= 1mM

A = SBERI

B = SBERII

—4—0mM

——0.1mMm
—&—0.2mM
——04mM

——0.8mM

—&—1mM
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(Continued)

M 1 2

3

4
97

45

30

. TR\ Y . .
Figure 3.10 SDS-PAGE -"'J ar proteins from E. coli rosetta-

, id
A = Cobtig Eambinant SBERI

B-1= S[Tﬁ PAG Ctionﬁth 0,0.1,0.2,0.4,0.6, 0.8,

1.0°MM IPTG, respectively
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(Continued)

+= SBERI

R

A ey
¥
L}

-
J 7

[ i
= Calddy

iy

ns from E. coli rosetta-

m m
.Mmi harboring sbell-pET28b recombina‘ﬂblasmid.

gi Contro Ic”m E. coli rosetﬂdaml 2 = recombinant SBERII

UHINININEANT v

1.0 mM IPTG, respec“'vely

q Wfﬂ SNF ﬁ’136 a \ ¢

Lane1-7=C ato, 2 ,
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3.2 Purification of the recombinant proteins

ﬂ/// from 5 g of the E. coli expression host

n m‘ Iltr ection 2.6). Crude preparation of

3.2.1 Preparation of crud

The recombina

strain rossetta—gam@

e —

SBERI and SBERMeMAee

pe activity and specific activity

fr expression system carry

histidine-tagging sgquegte f ' '!; al re \ allows purification of
. ‘ \ bgraphy (section 2.6). Elution
7 ) Was|Ce out using buffer containing 0.5

M imidazole and 0.3'"M NaEt=A \ecord ' chro atographic profiles of each SBER

(Figure 3.12), only -J ity peak were collected. Table 3.1

‘ Q

\lysm was carried out. To

summarized. the-pur

V7
A

oTij
|
identify the Igtation of SBERI and SBERII, the gel Was

AUt nmringmy
RN TR N

ined with I, as described in



16 - - 80000
1.4 ' ! ) L 70000
12 \\\ // ' L 60000 %
, . - o
_ : Z
g 1 "L L 50000 3
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058 - 40000 O
-
&
0.6 L 30000
0.4 L 20000
0.2 L 10000
0 Lo
50
A
- 60000
0.35
L 50000
'3
40000 2
s 025 el
30000 3
=
=
L 20000
L 10000
0.05 ,
r"._“...v..nu W . . i
| L }' ] = e ] N
uUIS |‘1| 04 80 a 65 fdl 7§ sel
TH i Fraction (Tube) = B

ARTASILIR

A = SBERI

B = SBERII
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Table 3.1 Purification table of transformed cassava starch branching enzymes

Total Protein | sTofallagtivity

'} ¥

Reco) binant star¢ i aithing enzyme |

Crude 604 — 6

Hitrap - Histag

7 i\\
Crude 47 LE'?“\\\ »

Specific activity Fold %Recovery
1 100
N — 5 161
G 7' 0 ell
1 100
5 138

Hitrap - Histag _ ﬂAr. l‘\\.
VA 8\
£ J ! \

ﬂUEl’JVIEWI’iWEI’m‘i

QRIAN TN ING 1Y
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3.3 Characterization of recombinant SBE

3.3.1 Molecular weight de n by SDS-PAGE

Recombinants o SDS-PAGE as described in section

2.5.2. Standard pro&

e —

their molecularW

one band wit

ndard curve was constructed from

n msara

\). SBERI and SBERII showed

m standard curve (Appendix

3).

3.3.2 Opti

rious pHs’s using appropriate

buffer as desc @ shoWwn in Figure 3.14 A and B)
Both recombina . ~, , ,-s{-*" M@letivity '@l 7.0 in all buffers, with highest
activity observed in ""’!’r";ﬁﬁ ' 'bu and Tris-HCI buffer.

3.3.3 Optimum terfiaralifes of keeomBian L S5

Each *:* nt temperatures as de sClIbed in section
2.7.4. SBE ac similar profiles with highest

hy, h

ity owe

Hli . » e@
Both recombinant SBEs loss act|V|ty to

activity at 37 s than 90% at 50°C (Figure

l; UHINANINEINT

To compare the substrafé specificity, amymand amylopectin frwotato

q Wﬂ R A a1

in Figure 3.16 A and B. SBERI utilized amylose better than SBERII while SBERII was

more active towards amyiopectin.



e 1 =Crude enzymeg J

ﬂumwmwmm

Lane 3 = Purlfled SBERII

q W’] AT INE Y

Lane 2 = Purified SBERII
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Figure 3.14 Optimum pH of recombinant SBEs

A =SBERI

B = SBERII
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100

80

% Relative activity

100

% Relative activity

= |

A = Amylose as substrate

B = Amylopectin as substrate
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3.3.5 Kinetic study of recombinant SBE with amylose

Two recombinant S _gssayed for SBE activities with amylose as
substrate as described ingsi | fi 'PH and temperature as determined in
section 3.3.2 and 3% &.1?-3.18 as saturation curve and
Lineweaver-Bu 2 : : ERI fand speetively. K, for amylose were
‘ dis.4 AAg/min for SBERI and

calculated at

SBERII, resp

ﬂﬂﬂ?ﬂ&l“ﬂﬁﬂﬂ’mi
RIAINTUURITINYIA Y



-'fh‘\‘ﬁo /min
o
-
hn

(LAggemin)!

(o

A = Saturation curve

10
Amylo s‘:m g/ml)!

g !

B = Lineweaver —Burke plot of amylose
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A = Saturation curve

B = Lineweaver —Burke plot of amylose
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3.3.6 Amino acid compositions

The amino acid compgsifi three isoforms of native SBE from cassava

tuber cv. KU50 and SB ERTan SBE / ermined with the method described in

i e amini __corrsosm binant enzymes were calculated
from the dedu M Teswlisawere expressed as percentage of
‘ RN { @id compositions of SBE1 and
BRI whereas SBE3 was more
similar to dedu s OFSBER| : Il such as alanine, glutamic
acid, lysine, proling i f;’ AR ch ome difference were in bold .
. I\H
\
nbfhant SBEs were incubated with
modifying reagents fiame {{{.u doa d), 'EM (N-ethyl-maleimide), EDC (1-
Ethly-3-(3-diaminopr A "'E' ’1 W} initrobenezene sulphonic acid), PGO

(Phynylglyaxalj; DEPC (Diethypy te), NAM-(N=Acetylimidazol) and NBS (N-

L

Bromo-succinmid e,_i;'a‘s‘blt shown in Figure 3.19

n
ﬁ ‘.II i
revealed that El SBE2 and SBERI were affected by™®EPC and NAM while SBE3

TLARY 3D Vinh |1 10 p I

prominent effect on recombinant ﬁzymes

QxW’]MﬂiﬂJﬂJWl?ﬂﬂ’]ﬂﬂ




Table 3.2 Amino acid composi «c\ pDingtive and recombinant SBEs
A

Amino acid \\‘1 ‘V%

Recombinant enzyme™

SBER1 SBER?2

6.9 4.5

i?“ ‘L\

0.9 1.2
7.3 7.6
7.3 6.3
5.5 5.6
8 8.4
3 3.5
5 4.9
5.3 4.5
7 6.8

ag ]
- 3 / L'e
b el I
5 o [ , 0
o FAT &
-

b \

2.8 3.3

5.1

6.2

7.9

4.2

<| Al | ™ O Z | Rl —| | | m| m| 9| o] >

6.3

2

Natlve enzyme meanttarch branching effZme from cassava tub&td

RIS HEARY

Amino acids were expressed as percentage by weight of total amino acids in the molecule

81



100 7 g

80 -

% Relative activity
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PGO
TNBS |
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S@R nd SBERII = reco nt enzymes
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3.4 Immunological study of SBE

3.4.1 Western blot analysis (4 |
The purified \
were used to raise& [

e —

L/;/ﬁva cv. KU50 and recombinant enzyme

nt of Medical technology, Chiang

iging"to section 2.12. The results
\

showed that the®puri : dWith the polyclonal antibodies from

SBERs. Bands wefe "r'.-r;.. { : hd 60kDa for SBE1,SBE2 and SBE3

P e, 4 #% 'y . . W
respectively( Figure 3 2'?:‘:,?? -activi ecombinant SBEs with antibodies of

native i1sofQ !"":-"":":—:":':-:':':':'"':':—;;;!: 521 )-FOWeVEL, Of ly positive bands at 94

F,é}r.J

kDa (Figure 21
.Il
|tor of enzyme development by |mmunojfclgical method

.

342M

e.ﬁmmﬁﬂﬁfﬂﬂﬁﬁi:ﬁ?ﬁ‘i’;‘f

PAGE of the enzyme at differint ages was |m blotted against antvles from

amas&ﬂwwwv}ma (=i

108 kDa and 60 kDa. whereas antibody from SBERII showed less intense bands at both

molecular weight intensity of both bands increased with ages (Figure 3.22).
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170
130
100
70
55 e
=%
-
40 =
e
v "gﬂ
35 2
i)
25 1ol

ﬂuﬂﬁwﬁ%’wmnﬁ

Lane2=SBE2 ¢

QW’]@\&ﬁ‘%’ﬂJNW]’mmﬂEJ

A = SBE isoforms against antyibody of SBERI

B = SBE isoiorimis against antibody of SBERI|
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M 1 2 3 1 5 6

17

13

=

100

70

40

35

25

Figure 3.2

&

e
| _
] ne M = Protein marker

LJeﬂSBERI against antl / of Isoform 1

AUEI AN NEINT

Lane 3 = SBERI a?mst antibody of Isoform 2

RN IENTINGAY

I agalnst antibody of Isoform

Lane 6 = SBERII against antibody of Isoform 3
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17

13

55

40

35

25

?‘ﬁi%ﬁf o311} ed (in T A

Lane M = Protein 'arker (kDa)
QW’]Nﬂ‘%ﬁWWWﬂEI’]ﬂEJ
Lane 2 = Crude extract from 9 month age
Lane 3 = Crude extract from 12 month age

A = against with SBERI B = against with SBERII



CHAPTER 4
DISCUSSION

|
: -...;_': .. k}(f% ily of enzyme, characterized
egion ﬂé barrel domain. Apart from

‘_ﬁ‘

lation in the length and
. Multiple SBE isozymes
ed by two gene families
s of the two families

Pecauige,of the differences in N-
Ny e
h

N, 8.N-terminal region is

at
\
"‘l.

trang errec hain \ ﬁ; th required for maximum

enzyme activit ea hﬁ\ terminal regi n HL‘!. in substrate specificity
The ,,l AEesihmultipl@hisoprms of starch branching

enzyme raises the ty that dif arms@itreate chains with different

length or branch points & Mencies. Multiple forms of starch

branching enzyme cg pching pattern and polymodal

distributio@ . _'_.g“f the amylopectin.

These isof& . Nd’m and B isoform,
o peer) .

based on arnilln acl ormﬂg‘lla and | of maize
| i

endosperm, IfM™and I of rice endosperm, | and Il of pea®®mbryo (Burton et al.,

1995), and I a‘ tatq tuber (Martin 1995) fall into classes A and B,
re ivel %&a ofmg ofstarch rzwn ﬂ 1 r%h in their

submtea inities and in the length ot branches they preferentially create. In vitro,

isoform A preferentially branche‘amylopectin, whggeas isoform B preferefitidlly

ARSI RBARS

of E. coli that lacks a glycogen-branching enzyme, both isoforms can form
branches in the linear product of the bacterial glycogen synthase to give a

glycogen-like polymer. Consistent with their actions in vitro, the glycogen
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synthesized by isoform A has more shorter chains (6-9 glucose units) and fewer
long chains (greater than 14 glucose units) than the glycogen synthesized by

isoform B. It is likely that the ¢ P e in properties of the isoforms is general
’# rgperties between A and B isoforms

r
between A and B classes. Jiiedifife ;

ipates in in vivo synthesis of the

Ate~tength-chai YT Cluster, whereas isoform A
participates in W shrter i 3t wholly within cluster
Sy Irst identified in potato
ic molecular weight

sho "fnhl that two isoforms of

i) .

branching en in the ¢ N0 "'\ atQtwber™Larsson et al., 1976).
A %

The cDNA of ‘clonedland ide *I..‘-._ B class (major form)

(Kobmann et al., 1 1A class jorm)(JoBling et al., 1999). Study of
/ X = \

purified starch br, i andallgexpressel iMSE.coli showed that SBE |

pas "OBE 1l was more active on
amylopectin (Larsson 200 ptind in many cereal crops such as BE
I, lla and 11b in developif and Preiss, 1978), QE | and

QE 11 devgloping rice endosperm | ¥ hufa, 1992). Previously,

cDNA codtn ] 8] nthing enzyme was
cloned from )ﬁ 15 NA Ej)be (Salehuzzaman et

al., 1992). Next, the cloned encoding SBE Il was isolat:e and examined on the
spati d a ressionof t e 0ss0is gt al..2003)., For Thai
NG UITTTE ¢TI T e
cultq (Aroonrungsawadi, 1999). Recently, three isoforms were isolated from
tubers of cassava KUS50. Charlterizations of the=8, isoforms suggesteligthat

Sl GhT TRt SehiLEET

In this work, cloning and expression of cassava sbe genes were attempted.

The full length cDNA of sbe genes extracted from cassava tubers cultiva KU50
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were used. The expressed transformant SBEs (SBERI and SBERII) were purified,

characterized and compared to the 3 native isoforms.

4.1 Characterization of ¢l !%/
The cDNA of sbesg I cas Manlhot esculenta Crantz.)
encoded to two Ry _ | eir deduced amino acid

ligrain SBE type (Maize,
[@)w)n the comparison with
those in EMBL- e ntages of amino acid
sequence si ecause the similarity
were especially Rg domain (Figure 4.1).
The glycoge h different types of

catalytic domai a1 'eflgs and may be involved

in homodimeric/teggm cﬂe "‘:f ﬂ""' 8fact \ embers of this family
A .

included the alpHa an@i/lase w u.;’; (Pre 5 et al., 1986). Several other

identical regions were alsgiobserved - ' mpatison. Conserved amylolytic

regions found in other amylolatic-=enzy om other plants were also found
(Jespersen et al., 18 - The structura nd(‘ez:to the isoforms of
branching %€ 2ymes from other species. Althotigh | f the SBERI and

SBERII \erblve h&uevere not the same
==

protein. Previadsly, cDNA™coding ava (Man.jjt esculenta Crantz.)

branching enzyn?was cloned from xgtll cDNA library using a potato cDNA

FTLIET’J NUNITREINT

Report (Salehuzzaman et al., 1992) found cDNA clones coding for

q R Rt el e

around 3.0 kb in size. in sbel (Martin et al.,1990; Kobmann et al., 1990). Jossons
(Jossons et al., 2003) cloned partial cDNA for sbell from mRNA of leaves
cassava by a cDNA-specific fragment of sbel, the longest clone of 1838 bp. The
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overall identity between the cassava sbell clone and other plant sbell and sbel

genes was >76 and <56%, respectively. The deduced amino acid sequence of the

gree of identity with SBEII from pea

mblance between cassava SBEIIl and
}d similarity, respectively).

cassava shell clone showed th
(81%) and sweet potato

SBEI was considerab

ﬂUEJ’JVIEWIﬁWEI’lﬂﬁ
RIAINTU NN INYA Y



91

Query seq,
Specific hits

Superfanilies
Hulti-donaing

Query seq,
Specific hits

Superfanilies

Alpha-am lase_C

Hulti-domains

Figure 4.1 Sk L ation fled liomalin of SBERs’ deduced

Red -terminus domain.

Pink =“Ea

£ .-'"":..-' .
a) N
GreenL amylase superfamily conserve doma

w

Blue L - a
et

=|Glycogen bra

ﬂTJEl’JVIElVIi‘NFJ’]ﬂﬁ
QW’]&\‘Iﬂ’iﬂJﬂJW]’mEJ’]ﬂEJ

Grey



92

4.2 Cloning and expression of sbe genes
Efficient cloning and expression of eukaryotic genes especially plant genes in
bacteria were hard to achieve becaus .' st amino acids are encoded by more than
i sﬁfw

jas in the usage of the 61 available
2, ulagion closely reflects the codon
bias of the mRNA [Joptiatien: "0 heterologous target genes is

over expressed in.Eccoliself i wsagezcansimpede translation due to

and open re ector carries an N-
L

terminal His*Ta Fag® Configurat \"-. “n_ an optional C-terminal

His*Tag sequence. grhe e%e@ umbe \ "l‘».,‘*' 22 convention, so the
X - \ )

cloning/expressio n of COdIRg@strandyWasstranscried by T7 RNA

polymerase. The addifion f}};a_;g'}' ide T0F casy detection on Western
e ¥ A

blots. Upstream primers wete=specifichSfeSigned close to open reading with

. L A :
suitable restriction sites=ti-erder-that.su 8 type couls be selected for

transcripti@ @ sbel gene which

contained thmb‘all gene contained
BamH 1 site wl'_ﬁ' h sul strear:"jﬁrimers were designed
to contain stop condon and restriction site for their plasmid: the Sall site. The
recompinant p sﬁi ere cloped iptg E. rosetta gami (DE) and expressed
ur‘rﬁb Turglt(ﬁ %gawlgjﬂrﬁg:]yﬁ namycin,
tetraqaline,streptomycin, and chloramphenicol. They contained a chromosomal
copy of the gene for T7 RNA pﬁymerase. The upgtmgam region of the ir§gited

ARARSAIRIMARREARD

expression which were repressed until IPTG induction of T7 RNA polymerase
from a lac promoter. The recombinant plasmid is transferred to an These hosts are

lysogens of bacteriophage DE3, a lambda derivative that has the immunity region
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of phage 21 and carries a DNA fragment containing the lacl gene, the lacUV5
promoter, and the gene for T7 RNA polymerase (Studier and Moffatt, 1986; Novy
and Morris, 2001). Once a DE

S is formed, the only promoter known to
F rgee gene is the lacUVS5 promoter,
n05|de (IPTG). Addition of

IPTG to a growing 8

which in turn transeri

proteins that

96). BXpression of such proteins

etal.,

can be dram [ &. the| level of "».\ ‘ ;., AWK increased within the
host (Brinkman ; Seideletal 2% R (g et al., 1993; Del Tito
et al., 1995). ) G i 1 '”-. privatives that combine the

!
. . %
enhanced disulfi ation S@lting \\ rxB/gor mutations with

enhanced expressio eukaryotic, "‘".'. coniain codons rarely used in E.
coli. These strains supply tR As-for A \GA, AUA, CUA,CCC, GGA on a

compatible chlora Jhen ‘#""' o e_tRNA genes are driven by

their nati\@ moters. Many proteins require | 2} ié'bf stable disulfide
bonds to m& bonds are usually
formed only lfnjn exp Pring et al., 1997; Aslund et
I., 1999). Without disulfide bonds, these proteins may beﬂdﬁ

as ipglusion ephancement o matio sul nds in this
AU AN

aCClqlJIated in the form of inclusion body.
The crude extract from #combinant clonegilgs assay for SBE adfiity.

LIRS IUERIIRURE

sbe gene was occurred because there are some expression of T7 RNA polymerase

egraded or accumulate

from lacUV5 promoter in the DE lysogen from E. coli genome. Highest SBE
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activity were achieved at 0.4-0.6 M IPTG, thus, final concentration of 0.4 M
IPTG was used for induction.

release the enzym BE contained His*Tag
sequence at i oy sidil gis an amino acid motif in
proteins that iX Pisti in (1 sidUssg@iLhe His*Tag sequence

L\"., at N-terminus. The his-tag

were not removed ptto ,;m S fistidi v i ) hrombin treatment led to
significant activity . »Search - throt amiho acid sequences showed
existence of thrombin ""’:.", ¥ the peptides at three positions on
SBERI i.e. at residugs ff'ib?-um. sitions on SBERII i.e. residues

143 and C@ __________________ POIt: _‘ is-tag did not or
slightly aff&cis g\i SBE activities of
the recombina@enzy ry Ie\{'@zﬁ, the His tag were left
intact. After, purification by nickel column, the activitieS of both recombinant

enzymes_incre 5(5 ificaptly, resulting e_gpparent_recovery of enzymes
grﬁt 1&].%' wﬁr %ult tE}%‘o} 0 s%zactivity

inteqing actors by the column (Amersham, 1999).

ARIANTAUINIINEIAY


http://en.wikipedia.org/wiki/Amino_acid
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4.4 Characterization of SBE isoforms

4.4.1 Molecular weight and determination
The molecular weights ¢ ated from the deduced from amino acid
sequence, cDNA was enggdl ﬁ re approximately 95 kDa. The
\ %;s were determined to be

approximately 90 D -PAgE. P - Hrified SBE isoforms from
e — -
cassava tuber KUs rmifjed o ight 108, 60 and 60 kDa

(Yaiyen et. al., 200 e, SyNi hesi 4 inactive precursors that are

activated un i it 0 Mlimited proteolysis of enzyme

e

or post-trans i 7 )ro| ®glur with native SBE

expressed in the ica ordasithisNProcess was about in the

transformant i "-.1."%,,1 ihKidM8y bean, demonstrates

'. h ]
ingle o‘.~ aVe different sub-cellular

ighindk eh2ymatic properties (Hamada

U
et.al.,2002). In agditi [ ' ;1:1‘-‘,_'- ge Jleci@r size, it was associated

o —— e

with the granule. B se e e pcateéll only in the soluble fraction

of the endosperm (Samuel eFals=t397)=
HMIN T,

4.4. fect of pH and temperature or
E

activity meaSLiﬁ" Clt st activity than other

IS hifliF‘g
buffer in same'pH, indicating that citrate has a significant influence on the catalytic
activity but hag.n t on_its substrate a for amylose (Matsui et.al.,2001).
AL HEwINEIAS -
show the highest temperature at 37°C, after which the enzyme activity dropped
steadily to lower than 50%. The c‘servation was clog@af those separated infaffve

RIRATIRARIINE 1A E
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4.4.3 Kinetic constants of SBERI and SBERII

Starch Dbranching enzyng ployed amylose as main substrate.

Experiments were carried Qut ’ inve Ky and Ve for amylose of each
-. . max Were 1.7 and 3.4 A Aggo/

0.57 A Ageo /. i 1,SBE2 and, SBE3, ‘tespettillely ( Table 4.1) This
~.' Is amylose than isoform

3.Therefore, : Ia to SBE1 and SBE2

whereas SBERI or corre ,_ SBE \ s N@ted that the K., and V ax
of SBERI and SB :‘_é iserved in the three native

isoforms. It was réportghl that t r: ‘."‘ - ain « ‘k, =Mwas involved in substrate
specificity where as N-temn pinal-domain taM@for specificity of transferred
chain length and require for T8 1€ activity. The recombinant enzymes

were tagged_with histi i higher K, and V. observed

could be the-gffect from the presence of h : _,.., nder the substrate
binding to 'saMe igtics were observed
: = =

in the saturatignj curves 0f*SB When coq}ﬁlred to those reported

for SBE1,SBEZ2 a SBE3 by Yaiyen(2006)

ﬂUEl’WIEWIﬁWEI']ﬂﬁ
QW’]@\‘Iﬂ’iﬂJNW]’JV]EHﬂEJ
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Table 4.1 Comparison of characterization of native and recombinant

enzymes

Ky In
amylose(mg/ml)
SBE1 1.12
SBE2 1.37
SBE3 2.17
SBERI 2.13
SBERII 3.46
4.4.4 Compgtrisail o BE| ctivitl iy lose and
amylopegfin £ 4._4.:)' \
There Have @€en reps { hat ¢ soffe SB \ fo s, although catalyzed
Branching of amyj@se, ‘jpreferentially a Iopectin as substrate. So

experiments were carrled QU0

e_jf any of the recombinant SBEs
‘f"'-ii_;-"u‘ﬁ* L,

displayed su h acti lllzz:qmylose better than

SBERII whit€ SBERII-was-more-active it AopeLtlTAn previous report,

native casSavél lose than SBES3,
et |

indicating simﬂﬂrity of SB B*SBE2 and SBERII to SBE3.This in

agreement with the kinetic studies ins section 4.4.3. Starch branching enzymes

) mﬁmﬁwwm 3

nformatlon SBERI should be grouped in class B whereas SBERII which is
S eC|f|c for amylopectin should b‘grou ed in class ﬂ\ccordln to Hamadaket al

q & ?E ose I call ea ﬂ
starch granule whereas S

I'in‘the so uble ractlon the p astid.
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4.4.5 Effect of amino acid modifications of starch branching enzymes

of each form of SBE with several amino

1l

ly SBE1, SBE2 and SBERI were
NAM by 8 )( 0%. NAM affected tyrosine
residue by causing slation at at‘OH i _rgsine. Tyrosine played role

e ———— T -
as catalytic reW [., 1999 and Myers et

al.,1995). DEPC ith/ histidine

The results from tr

)
o,
a
3
o
=
=

Q
o
=
@
3,
)
=28
i
=

s\ robably by cleavage of
imidazole rin ific \\\":“\ eversible. It was reported
that histidine I rtant .\“l}?\::"*-_, unane et al., 1998).
The substrates Amyl 41‘\:‘\- E:.Ih“*x;ﬁh'"'x protection
against BE iffCti :R PC (Loosé o“-,\\. A\rat1976). At least one
histidine residu iblefof ofE SV Activity in Maize (Preiss

et al.,1998). activity of all SBE inthis
study. 1-Ethly-3- play role on tyrosine
modification at — group. - .. ioUgl reported to have effect on

catalytic residue in amylase-gamatn= fira et al.,1996). N-Acetylimidazole
(NBS) affected with

tryptopharﬂ;r:&i /ptophan was im . inding site in a-amylase

(SOgaard & Al W Jspecifically  with
guanido gro@? 0 ild @nditions. The only

peptides at carboxyl side of

I
L

comparably rapid reaction is with a-amino groups. Thezarginine was conserved

was_igportant in Ca is.of SBE in C-ter Cao and Preiss, 1996).  In our
eﬁ\% caused j@r i wzti I tivi}¢. nitt@benzenes
sulp@ic acid (TNBS) or picryl sulphonic affected hydrophilic amino acid such

as serine, threonine, asparagine ad glutamine. SBEgSis, a member of a-arfiydése

ARSI S

aspartic acid residues necessary for activity (Mac Gergor et al., 2001).
From this study, tyrosine and histidine were important for activity of

SBE, SBE2 and SBERI. Moreover, arginine may be more important at the active



99

site of the SBE especially SBE1, SBE2 and SBERI. These finding complied with

previous reports on SBE in other plants and also further support the similarity of

SBE1, SBE2 and SBERI. M]
4.4.6 Amino aci \

The ana = 0 aw co 1ot gative enzymes were
e — =
calculated as % of.t J ids By we ighte adscompared with deduced amino

T,
ArchaDbi C(] 0. ) . I Wi f n h
S ¢ | fizymes. It was found that,

alanine, glut I i AX0iMhe “aftl, tyrosine were significant

£

group of ami i i SBE2 to SBERI whereas

support the psi i & (N
N
L,

"

4.5 Immunological oh SBEL [~ 1,

Polyclonal a " Ffie o"L‘E—' isofofe aAd transformant SBE were
raised. The antibo ere conjugate howge radish peroxidase. When
western blots of the antibodies-and the stareh branching enzymes were performed,

y. S Rl o

antibosies of SBER -*ﬁ}*‘?;;__ﬂ owed positive staining of

purified SBE3, SBE2 and SBES3 bands at the mo @of 108, 60 and 60

kDa, respehmd with polyclonal
antibodies fro@ eac nd a;:‘i:'ared at 90 kDa. The
results suggesteéd that all native SBE isoforms and reconibinant SBE contained
simj itope. SEq es which resulted | 0ss reactivity of the_antibodies.
Slﬁdﬁ er o%ﬂ%ti%ifﬂ g’eﬁi ﬁﬁcognized
SBEﬁ better than SBERII whereas SBE3 antibody bind better with SBERII.
When crude enzyme at different ages were immunokiBiied against antibodie8if#om

IASIRHATINE YL

intense bands at both molecular weight. The intensity of both bands increased

with ages, with highest staining at 12 months. Yaiyen (2008) reported the specific
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activity of SBE in cassava tubers started to accumulate and increase from 6

months up to 12 months old. Very small amount was detected at 3 months.

4.6 Correlations of she ganeSO igoforms

senescoll be i % ;NA of cassava, the sbel and
sbell. Both genes_W g but were expressed into
‘—" = -ﬁ'

transformant enz , especially concerning

frame shift o ' 5 Wereyohservethrendering some difference

in E.coli, only I . : " k observed for both

transformant ' ﬂ close tg) ‘the\holdeuldMveight of SBEL.The
A

smaller molecu ' ,,‘.\ most likely be the post

'-\o "at- genes expressed in the
parenchymal cell " ers, whi OlldShot be produced in the
transformants. In such¥ case e, ! #.__E"'-:"-'_ erveg in the substrate specificity
may be cuased by the cleaveeEpartion glering the alignment shown in figure
4.1, it was also spe at N-terminal since 125-350

residue. ..w___m f 1 _~ sequences of the

smaller iso m.dnaracteristics, such
as amino aciﬂnodl I Ions 'ij‘d Kinetic parameters,
suggested the elatlonshlps of SBE1 and SBE2 with SBERI and SBE3 with
thi ould_ prop nd ere the
RUHAREMENEART
as the expression product of sbell gene and was the class A SBE (Guan
and Preiss, 1993). Since both sb‘genes were succegSfiglly cloned and expi@sged,

EIANOAMARIINEIINL

domain with different substrates. May be used to raise antibodies which will be

able to detect isoforms of SBE more specificly.



CHAPTER S

CONCLUSIONS

|
1. The cDNA of sbel ’r nd 2514 bp open reading

Iy%eptl

'Iarlt of 49% *lnv SELISBEALW?2 program and

837 amino acids.

frame, Whlch

2. Both cassa

72.2% by 5 i ght I'".‘_ Birdeduced amino acid

3. 3 B gEnes) 3 Adi2.7 kb and were ligated
ndifhensformed into E.coli

Rosetta gmi . JThe expression f,SBER BERII were induced by

5. R moved slower than SB > y 7% native

RIl showed

single b

ﬁﬁﬁﬁ% )k LMl

BERI utilized amylose bejér than SBERII W&e SBERII was morere

q A TRATHUAII RN

Vmax Were 1.7 and 3.4 AAgso/min for SBERI and SBERII, respectively.

with molecular weight 90 kDa by SDS-RAGE.



102

8. Amino acid composition showed native SBE1 and SBE2 were similar to the
deduced amino acid from sbel gene whereas SBE3 was more similar to

deduced amino acids from sbell gene.

9. SBE1, SBE2 and SB n¢ @ffected by DEPC and NAM only while
|

EDC, NBS, PGO a\ z//ﬁivity of all SBE. IAA and NEM

showed no e& . @ore prominent effect on

E——— . .
e residue played role in

recombin

s

g enzyme.

10. digs of at' SBE miled SBE cross-reacted
erd/Agli- JSBER: ; w:lu‘ e Be fds at 108 and 60 kDa
when blottegfwithf SBET, ‘Z?‘Z e =‘-.H= Whilefanti-SBE1, anti-SBE2and
d oy \ A
anti-SBE3 shgived ;-'vvrrwi 90 H‘?"'-._I en blotted with purified
P 4 \ - - ~| A
SBERI andSBERII. 7% \\
i 4 i il o o i i
11. When anti-SBERI 3 SBEI & used to monitor SBE in crude

Ders, anti-SBERI stained more

inter% vy -with-the both bands-at-108 KDa—and—60-kda compared to anti-
L i

AUINENINGINS
ARIANTAUUNIINYIAY

extracts preparedsfra
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APPENDIX A
Luria-Bertani (LB) broth media

Peptone from casein 1%
Yeast extract 0.5%
NaCl 0.5%

6.8-7.2
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APPENDIX B

Preparation for polyacrylamide gel electrophoresis

08 ¢

1. Stock reagents

30 % Acrylamide, 0.8% bis-acryl
Acrylamide
N,N’-methylene-

Adjust vqumeml-wrth dlﬂled waﬁﬁi:-

15M Tris- HCI/ W
' AN o

Tris (hydroxy

0.5 M Tris-HCI pH 6.8/

Tris (hydroxymethyl),.— ’ 6.06

Adjustp{&to 3 with T M HCI ooELwith distilled water.
1.0 M Tris-H oH '-‘

Tris (hydroxymethyl)-amin |l 121 g

Adjust pH to ilB ith 1 M HCl and adjuvlume to 100 ml with distilled water.

SO.utﬂau&L’JVlimiﬂEl'mi

M Tris-HCI pH 8.8

ﬂﬁﬁaw&ﬂ’iﬂmwwwmaﬂ

Solutlon C (SDS PAGE)
1.0 M Tris-HCI pH 8.8 50 ml
10% SDS 4 ml
Distilled water 46 ml
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2. Non- denaturing PAGE

7.0 % Seperating gel
30 % Acrylamideml solution 1.75 mi
1.5 M Tris-HCI pH 8.8 25 ml

Soluble starch

10% (NHLl)zszo8 100 ul
TEMED - ul
4.0 % Stacking gel;pr"_a :
30 % Acrylagai€ ' ml
0.5 M Tris-H ml
Distilled ml
10 % (NHg d | ul
TEMED | fé-’, ul
5X Sample buffep .\E%
1 M Tris-HCI 1 31 ml
Glycerol 12X 50 ml
1% Bromophen qu L :ti 05 ml
Distilled water ’;:: _' 1.4 ml
One pa@ 2Mple buffer e to four parse ﬁ

Electrophoresys

Tris (hyr 03 ¢

L1440 ¢

Dissolve in distilled fd 0 1 liter. Do not adj H (final pH should be 8.3).

: @UEVJVIEWI?WMTW

109 eparatlng gel

QWQRWWNW]’M?EJHQEI

Distilled water 2.39
TEMED 10 ul

Glycine I
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4.0 % Stacking gel
30 % Acrylamide solution 0.67 ml
Solution C 1.0 ml
Distilled water 3.27 ml

10 % (NH,),S,04

=Wy

5X Sample buffer
1M Tris- HCIm 9 -—=" 0.6

50% Glycer/ 7
10% SDS - '

Electrophoresis buffer, 1 litcess s :

(25 mM Tris, mM P4 : L\
“ ..................................... = 3/)3 9
L VN

Tris (h
= 41.40 ¢

Glycine -
i]ﬂ' 10 g

sos U}
Dissolve in distilled 'at to 1 litre. Do not adj H (final pH should be 7.8-8.3).

ﬂUﬂ’)VIEWI?WEHﬂ?
QW’]@\‘]ﬂ‘iﬂJNWYJVIEJ’]ﬂEJ
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APPENDIX C

Immunoblotting assay

Tank-blotting transfer buffer, .
25 mM Tris(Hydroxymet

150 mM Glycine
- é

20% Methanol —————

pH should be appr

Blocking buffe
3% (w/v) Bovine s

cathode anode

S,

+

L
o

I ——————— . P

| R R e e o

N \\‘-1%} i

buffer -_—
42y direction of

q mm 2% mumqmm A
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APPENDIX D
Iodine’s Solution
lodine solution |
0.05% Potassium iodide; 0.005% Iodine
0.05 g

Potassium iodide
lodine / 0.005¢g
Adjust to 100 ml /

lodine solution 11

1% Potassium iodi

lodine ’
Adjust to 10Qf

FWEJ’)VIEWI?WEJ’]ﬂi
RIAINTUURIINYIN Y
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APPENDIX E

O;j ; OOOSSSS\\\‘V/ ’/-/2"
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APPENDIX F
Calculation of SBE activity

Blk = CPM of reaction mixture with out SBE
X = CPM of SBE products
Y = CPMof*Cin50

Incubation time = 60 mi

iy,

SBE activity = X-Blks '

AUEINEN NGNS
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