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NAD kinase is found in both  piokasyotic cells and eukaryotic cells. It
catalyzes the phosphorylation o NAD! to NADP" using ATP. NAD' and NADP" act
as important electron-acteplors in numerous metabolic pathways. They maintain
redox homeostasis and"prevén ulls from reactive oxygen species (ROS). In this
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be a target protein of OsCaM1-1.
Department.......Biochemistry... Student’s Signature. ..
Field of Study....Biochemistry.....

Academic Year ....2009...........

Tk,




Vi

ACKNOWLEDGEMENTS

This study was carried out during four years at the Department of
Biochemistry, Faculty of Science, Chulalongkomn university. 1 am very grateful to my
advisor Assistant Professor Dr. Teerapong Buaboocha, and my co-advisor Assistant

’Mr excellent guidance and support from

o!h your enthusiasm and your

Professor Dr. Kanoktip Packdi
the very beginning to thew
Working with you was insp
My gratitude J
Pongsawasdi, Associa rofess e, Tip apern \ Li i and Dr. Ratree
Wongpanya for serving &8 thesis ¢ s, for their valuable comments and also
useful suggestions.

My appreci members in Dr. Teerapong’s
h

laboratory, Biocher 7 stipport and positive working

appy thmughcm my study encouragement,

atmosphere that help_ine eny and

especially Snﬁmf?ﬂw%’.waﬁ g.fﬁ@jn carrying out various

experiment. Thidghks also to Sanlha.na Nakapong and Bongkoj Boanbumpung for their

3’5'1 RARR I UM INYIA Y

any thanks to all my friends of the Department of Biochemistry, for their
instruction, lending helping, interesting discussion and friendships in the laboratory.
Finally, I wish to thank my deepest gratitude to my parents and my family for

their love, care, understanding and encouragement extended throughout my study.



CONTENTS

ABSTRACT (BRRERRY.ccicsssvisivsicisisnmmmmmisn s nsnmvasiss ¥

Modulation an NP 1 |

mﬂmmq V]ﬁﬂ‘ﬁ?ﬂﬂ’]ﬂ‘i e 12

v | 1
"31 Wm@iﬁ ”ggnuma g Ei g
Objectives of the thesis ... SRR R e R R T



2.1.9 OligonucTEOtideDmmIGrs. . & . i i st e eeeeeeveeeeeemeseene
2.1.10 MicroorgaiSi LY ) Ny Ry e rere e e
2.1.11 Software..
22 Bacterial growih iU LI . rrrrcrrrreeereeee
R VRS - N T ——

2.3.1 Quantitative method for deter ion of DNA concentration.....

2.3.2 SequellEC analysite O 1o
233 CIomngﬁm \D ki s in clu@g vector (pTZ57R/T)

NGV 62 110

Q‘W”Tﬂ’ﬁﬂ‘mﬁ’ﬁﬂﬂ e &1 g
2.8.3.4) Extraction of DNA fragment from agarose gel...
2.3.3.5) Ligation of PCR products to pTZS7R/T.......ccvvninnnnnnns

2.3.3.6) Transformation of ligated products to E. coli host cell by CaCl,

viii
Page
28
29
30
32
33
33
33
33
34
34
34
34
34
35

35

7

Lk

38

38



a) Preparation of E. coli competent cells...........c.couieninnnen
b) Transformation by CaCl, method..........ccivininiiininnnnns
2.3.3.7) Analysis of recombinant plasmids.................ccooeiiiiii

a) Plasmid DNA isolation by alkaline lysis method ............

.....................................

2.3.5 Sequence analysis ﬁT; j S R

2 4 Exprcsslon ; T S 0 R 40 B 8 R L, 3 B L S = 2 s s s ne e R e

24.1 Pmparauﬁu Lol

2.4.2 Optimizatiof far NADK genes@xpression ..........ccoeevvvevvnninnns

BN HIR N TES il B
QRAREATOIIINE AN

2 -5 Protein SIRMING - o idiinsivaiiin s i e e

2.5 Purification of the NADK] profeins.. ... ...cccocvrimuvsssismenssinsssssen

2.5.1 ' Crude extract preparation... ... v wssssvssssssnsmnpsamsasnsensmsas

2.5.2 NADK] protein purification by Nickel Sepharose column..........

Page
39

40

41
42
42
42

42

43

43

44

44

45
46

46



2.6 Western blot detection of the His-tagged protein........................
ot AT RHSE AR .. v o S R S S R A B R RS s
2.7.1 In-gel activity Staining..........co..ovvrueinaninenenennnnns

2.7.2 Measurement of NAD ki L e

2.8.3 Partial purifigatig
2.9 ¥S-recombindnt GaMbinding ASSAY 4 b,

CHAPTER Il RESULTS . ... 400 0l 0 e,

3.1 NAD kinase sequence é-; B ...
3.2 Molecular dloi inase genes . Lol

3.3 Expression o ‘

3.4 NAD kinase assqf the recombin ADKI and NADK2..

41 e AURSBYINT... .
AEtoninnsy

3.6 NAD kinase activity of rice Oryza sativa L. cultivar Khao Dok Ma Li

105 (KDMLI0S). ...t

3.6.1 Measurement of NAD kinase activity in rice under salt stress.......

51
51
52

53

53

54
54
56
56
59
61

70

|

1

-]

2

85

85



xi

Page
3.6.2 Partial purification of NAD kinase from rice Oryza sativa L.

cultivar Khao Dok Ma Li 105 (KDML105).........ccocvvevviiivnee. 85

3.7 Regulation by calmodulin.............ooivirieimiiiie e, o4

3.7.1 Effect of CaM on NADkinasge activity.............coceeeervnnnnnns 94

3.7.2 **S-recomb ant CaMbindingasSaye’................................ 94
-—

CHAPTER IV DISCW ......................... 100

4.1 Amino acid s \ \ e Oryza satival......... 100

4.2 Cloning and ex: i // ﬂ ﬂ \\\\ e 101

4.3 Purification and ghar e n\\ AD kinase............ 104

4.4 NAD kinase actiy - «-( .‘ tivar Khao Dok Ma Li
105 (KDMLI0S)... .. e e 105

4.5 Regulation bycalmodulin........... Ml s e 108
CHAPTER V CONGIA 7 S 110
REFERENCES........ : R ST 112
APPENDICEsﬂ uElfJ Wﬂﬂ‘ﬁﬂﬁﬂﬂ? .................... 121

T | T P, 122

%ﬁ«ﬂﬁ\‘lﬂ‘iﬁu UAIANEIRY...

B]DGRFLPHY ................................................................................ 136



LIST OF TABLES
Table Page

2.1 The sequences and the length of oligonucleotide primers used for

cloning of the NAD kinase genes ... 36
3.1 The purification table of "'-.' m_- mbinant NADK1 by Ni-Sepharose

ﬂ‘lJEl’J'VIEWIﬁWEI']ﬂ‘i
wwmnmumawmaa



LIST OF FIGURES
Figure

1.1 NAD(P)" as electron carrier and in regulatory reactions.......

2+
1.2 Structures of Ca -mobilizing derivatives of NAD(P)"....

1.3 Partial multiple alignment of I\ : several organisms...............

3.1 Sequence mm&mn""' e Oryza safiva L Na)l(l (OsNADK1) and

NAD ,ﬂuEJ ﬁww}j and NADK2

Amhldupsm ...................................................

W Wﬂi S i i § i
-bmdmg domain from OsNADK2 and AINADK2......................

3.3 Ethidium-bromide stained 1% agarose gels of the PCR products

amplified from the NADK] and NADK2 cDNAs..........cccovviviiiinnnnn.

xiii

Page

26

50

57

58



Figure
3.4 Analyses of the recombinant plasmid pTZ57R/T with NADK/! or
NADK?2 inserted by digesting with restriction enzymes followed by

separation by 1% agarose gel electrophoresis.............ccccoviiiieniinnninn.

3.5 Restriction analysis of the 7
-

3.6 Restriction analysis omb.
agarose gel.....f". ol

3.7 Nucleotide an
recombinant pla:

3.8 Nucleotide and

sepesassans
[y *
L

3.9 SDS-PAGE analysis of the soluble protéir

..r-"___.g_:_f__ f‘:-l'

3.10 SDS-PAGE analysis of the inclusian/bodies from E. coli Rosetta (DE3)

i @IM,J o) BN EL LEL3 vanke st
LGN L RN N GT
3.11 Ifiduction of recombinant NADK 1 to various IPTG concentrations. .......
3.12 Induction of recombinant NADK2 to various IPTG concentrations......

3.13 In-gel activity staining of soluble proteins extracted from E. coli

Rosetta (DE3) pLysS harboring NADK/! and Rosetta-gami harboring

Xiv

Page

62

63

69

72

73
74

75

76



Figure
3.14 Purification of recombinant NADK from the inclusion bodies...........
3.15 Purification of recombinant NADK1 from the soluble protein fraction...
3.16 Western blot analysis of the recombinant protein from E. coli Rosetta

(DE3) pLysS harboring N4
N0

3.17 Substrate saturatio

3.18 Lhewmvﬂ-ﬂw \:

3.19 NAD kinase agtivityol the ¢

rice seedlings .l‘

£ 3 ;inﬁ AN
3.20 SDS-PAGE analysis of the ice | 0

saturated ammoniun

concentrations of saturated ammonium sulfate.............ccooeeiiiiinnn

229 an 1) S BENIEINT ot coren
oV BN e G .

-----------------------------------------------------------------------------

3.24 NAD kinase specific activity of crude extract from E. coli expressing
NADK2 in various concentrations of saturated ammonium sulfate.......
3.25 SDS-PAGE analysis of the partially purified native NAD kinase from
3-week old rice seedlings..........ccoooiiiiniiiiiiiii e

Page
79

80

g1

83

86

88

89

91

92



Figure
3.26 SDS-PAGE analysis of the purification of recombinant OsCaM1-1

3.27 NAD kinase specific activity of the purified recombinant NADK in the

S\

precipitate from F. coli éxpressing ;11‘ the presence of various

presence of various calciur ations and 300nM OsCaMI-1......

3.28 NAD kinase speci .' ated ammonium sulfate

calcium conceniratic

3.29 NAD kinase speci

ﬂ'lJEl’J“ﬂWlﬁWEl']ﬂ‘i
ammmm AN Y

97

97



W]
AR TN N3

xvii

LIST OF ABBREVIATIONS
absorbance, 2'-deoxyadenosine (in a DNA sequence)
base pair

2'-deoxycytidine (in a DNA sequence)

QMBI TN ING 1A

S5 & &g

milligram
minute
nanogram

nanometer

optical density



AULINENINYINS
ARIAATAUNING 1A Y



CHAPTER I

INTRODUCTION

Metabolic roles of NAD" and NADP"

Nicotinamide adenine dinucleotide (NAD') and nicotinamide adenine

dinucleotide phosphate (NADP" i well established as key energy

mcﬁl metabolic regulators (Noctor

phosphate on the aden@Sing/(Tigure 1.14). "is used in catabolic reactions and
the generated NADH 'l ucing power for othermetabolic pathways or ATP
synthesis. NADP" is

life, the photosynthesis i anl-chloreplasts. NADPH is considered to be the

the pool of reduced gluta hione and thioredoxin detoxifying enzymes such as

cytochrome P450. 0 be not only an electron

carrier but also a precli;sar for molecules mvolvﬂd in protein modification and

i Y VA 50007 smmn

enzymes in the regulat:cm of importdnt cellular functions has rapidly increased. Thus,
RCR' MR FR TR IO 11 YR A F—
the nucleotide pools is rising. One of the crucial enzymes in the maintenance of the
NADP" pool is NAD kinase. It phosphorylates NAD" to NADP* using ATP as a
phosphoryl donor. This reaction represents the only known way to generate NADP® in

all living organisms.
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Figure 1.1: m;),; ulatory reactions. (A)

)

e e
Structure of NAD(P3. Th oxed in red. The lower part

Uj

shows the dlfferem:e‘m hydrogen am in the nicotinamide moiety during

reversibl wﬂeumamwmsﬁ NAD(P)" serves as
precursor nf mﬁseager moleculés and as a substrate for covalerit modifications of
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NAD(P)" - mediated signaling

NAD(P)" is used as a precursor for molecules involved in calcium signaling.

2+
The divalent cation calcium (Ca ) is the most common signal transduction element in

prokaryotic and eukaryotic cells which controls many processes (Berridge er al,

! ,y/u]es, Ca cannot be metabolized

te,j'l a lwels The cell has two

'_"""'"--i.

therefore cells have to ti
erpal medium or release from internal
1ats

2+ f .
sources of Ca entry, githerfic -\ al~med
// \ \ 2
: : retic (ER/SR). These Ca

S'[IJI‘ES, ma.in]}?’ t.he 1 p . l ::_...‘ I
// - \ 2+
influx mechanisms ar€ ba d b Gg.l
W

emove the Ca  signal. Both

2000). Unlike other second

2+

processes are often organiged 1o : : 'é:e ‘spikes and waves of Ca“" to avoid the

cytotoxic effects of prolonged ‘high i - a levels (Pollak, 2007). The

2+

2+
release of Ca fronmy odulated by Ca itself or

the second messenges ,P?"-_' ,4,5-trisphosphate (IP3),

cyclic ADP-ribose ( '-"II F:gure L2)s and mmnmc acid adenine dinucleotide

m&um VI IE) I e st i i
’“‘”“’Q‘W’fﬁ"ﬂ AT N g vl

derivativés was discovered shortly after (Clapper et al,, 1987; Lee et al,, 1989; Lee

and Aarhus, 1995) and has been detected in several organisms and cell types (Lee,

2+
2001; Guse, 2004). Cyclic ADPr was shown to be an endogenous activator of Ca -

24
induced Ca release by ryanodine receptor (RyR) in the ER/SR (Galione er al, 1991)

2+

while NAADP activates intracellular Ca channels distinct from those that are



2+
Figure 1.2: Struct -mobilizing. deri atives of NAD(P)*. Cyclic

P’r is generated directly by

NAD hydrolysis or b mation by a base-exchange
reaction, substituting tinic acid, and the same class of
enzymes synthesizes P from NADP". ADPE, ADP-ribose; cADPr, cyclic

\

i el — -
ADPr; cADPrP, 2'-phosphate 55-,: NA , nicotinic acid ADP. (Pollak et al,

~2007) ETONE

[ ]

J
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sensitive to IP3 and cADPr (Clapper ef al., 1987; Lee and Aarhus, 1995).

NADK - the essential enzyme for NADP" biosynthesis
NAD kinase (NADK) catalyzes the phosphorylation of NAD" to NADP*
using ATP or inorganic polyphosphate as phosphoryl donors. This reaction

represents the only known way t te NADP" in prokaryotic and eukaryotic

‘ homogenates (Vestin, 1937; von
.-#
eﬁ*_,rm

cells. NADP" synthesis w

Euler and Adler, 193ﬂw

from yeasts, mammal
However, conclusive s ‘ : »a on' by K ntly become available after
identification of the #mi SEqihces), o s vacterium tuberculosis and
.'ﬂ?" ¥i Ly 1 "

2t al22000° date, NADKs of Homo sapiens,

Bl
; abiﬂﬁiﬂ aligna and multiple prokaryotes have been

ally purified and characterized

q juinness and Butler, 1983).

Micrococcus flavus N

Saccharomyces cerevisi

,*'j_-;::;_:.:._;, - '
characterized (Magni ef al., ZZD == tal, 2007). NADK is an essential enzyme
= ke

_.--"

I
Grose er al., 2006) and 1 m ﬂ'le yeast S. cerew.s‘me (Bu:ganokal et al., 2006; Shianna ef

al,, 2006). Thﬁ uﬁcﬁ}%ﬁnﬁﬁ%ﬂq ﬂeﬁmnces shows a highly

conserved regu:m, the catalytic domain, within the-C-terminus of the proteins whereas
oo ARSI IUMBNINELN E o i
1.3). The catalytic domain (Pfam PF01513) is characterized by two well-conserved
motifs, the GGDG motif and a glycine-rich motif. The GGDG motif is also found in
diacylglyceride kinase, sphingosine kinase and 6- phosphofructokinase thereby
proposed to be a feature of a kinase superfamily including NADK (Labesse ¢

al., 2002). The importance of both motifs for the enzymatic activity was confirmed by



site-directed mutagenesis of amino acid residues within the motifs (Labesse er al,
2002; Raffaelli er al., 2004; Mori et al., 2005b) and was further supported by three-
dimensional structures of prokaryotic NADKs (Garavaglia er al, 2004; Liu er al,

2005; Mori et al., 2005b; Oganesyan et al., 2005; Poncet-Montange et al., 2007).

While several three-dimensional structures of prokaryotic NADKs have been

or %nned. M. tuberculosis NADK is a

o m—

resolved (Figure 1.4), no euka y

biological tetramer and '

Mori et al, 2un5b) 5
domain and a C-terminal taj :

‘7 ers (Garavaglia et al., 2004;
d into an N-domain, a C-

mbles a classical Rossmann

domain (Garavaglia et al, 2004

tetramer (Liu ef al, ﬁS, Poncet-M 9007). The substrates NAD™ and

ATP and the product NADE." are all boundito a cleft between the N- and C-domains.

Subunit imm%mmln ?J ug mlﬂ :slﬂigm 1.4B; black broken
o TR S T e e

filtration‘experiments.
Subcellular localization and physiological roles of eukaryotic NADKs

Yeast — The presence of NADK activity in the cytoplasm and mitochondria
of yeast is long established (McGuinness and Butler, 1985). Three NADK isoforms
in S. cerevisiae have been characterized recently. ScNADK-1 and ScNADK-2 are

cytosolic proteins and exhibit relaxed substrate specificity with some preference



towards NAD" (Kawai er al, 2001b; Shi et al, 2005) whereas ScNADK-3
localizes to the mitochondrial matrix and prefers NADH as substrate (Outten
and Culotta, 2003). A global analysis of protein expression in yeast revealed
ScNADK-2 to be less present (~300 molecules per cell) compared to ~5000

molecules of isoform 1 and

’ aghami ef al, 2003). In agreement,

SeNADK-1 and ScNADK lmnst all NADK activity in vive

since the disruption :fflh both i ~letha. m_l:.h or without the deletion of
isoform 2 (Biegano Ll 2006; nna et al; 2006). The double mutant can

be rescued by overe
al, 2006) or humas

mitochondrial isofo a8 esla ol d a5 the most critical generator of NADPH in

stress induced by hydrogen peroxide or roxia (Krems ef al., 1995; Outten and
ameshift mutations in the
nﬁtmn (Strand er al, 2003).

Deletion strains am:up te iron in ﬂutuchundna and are defective in

mlmhundnaiﬂulglegam&mw m alutta, 2003) leading to
upregu e e \% m el al ). In contrast,
d;smpiw}ia ﬁ 5 -2d ﬁim mﬂ; defects or in
hypersensitivity to high oxygen concentration (Outten and Culotta, 2003). ScNADK-
1 is suggested to provide NADP" for cytosolic NADP-dependent dehydrogenases and

detoxifying systems while the role of isoform 2 remains rather unclear (Bieganowski

et al., 2006).



Plants — NADK activity has originally been associated with cytoplasmic
(Simon et al., 1982), mitochondrial (Dieter and Marme, 1984) and chloroplastic
fractions (Muto and Miyachi, 1981; Jarrett er al, 1982). Based on sequence
similarity with NADKs from other organisms, three genes encoding putative NADKs

were predicted in the A. rhaliana

me (Hunt et al., 2004) and subsequently
cloned and characterized (T V )lmer et al., 2005). AINADK-] and
AtNADK-3 are exprcss&l tﬁuemﬁfﬂm 2 is only expressed in
leaves (Turner et al., 2{ flal, «* studies on the localization of
overexpressed green - |
AINADK-2 to be tar 7. ‘ oplasts 1ai el @l., 2005) while AtNADK-1
and AINADK-3 are found ig' the m (Chai et al., 2006). Plant NADK isoforms
respond differently to

peroxide of plant cell suspen r’ d At ADK-1 mRNA and protein levels

l“'
"'J ‘

(Berrin et al., ZEDSJ:iTw tl:Insm'ipl '7 of .

i T
AINADK-1 and AtNADK-2 were not significantly affected by these conditions (Chai

el al, Zﬂﬂﬁ),ﬂ]% E;fr;}mﬂ ﬁ&%fwmtﬂ rﬁmased sensitivity to

oxidative ereasﬂBtmn et al., 2005): The knock out of NADK- 2 . thaliana delays
wﬁ%&&ﬁﬂﬁtm%ﬁﬂ? W &L’;L@p&lmﬂ NADK
activity and NADP(H) content was significantly lowered in leaves of the mutant
compared to wild-type (Takahashi er al, 2006). AINADK-2 protects chloroplasts
against oxidative stress and plays a vital role in chlorophyll synthesis according to
the importance of NADP" in photosynthesis (Chai et al, 2005). Knockout of

AtNADK-3 enhanced the plants sensitivity to various stress conditions



ALUADE

Figure 1.3: Farl?zl multiple alignment of NA’BRE from several organisms.
Amino acid sequcnces uf H. sapiens NADK {pmtem ID NP_075394); A. thaliana
NADK-1, NADK.2 Jand NKDK3 (NP 974347, NP 563145 and NP_177980,
respect:vely} S rcerevwme NADK=1, NADK-Z and NADK 3 fPZI3?3 NP 010873
and NP’ 015136, respectlve]y'), E© doli NADK (NF 4 ?105}‘ and~ M. tuberculosis
NADK (BAB21478) were compared using Clustal W. Identical and similar residues
are highlighted in black and grey respectively. The two conserved NADK motifs are

boxed in red. (Pollak ef al., 2007).
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Figure 1.4: Cryst f prokarvetic. NADKs. (A) Stereo ribbon

humt Resﬁ?ts of the GGDG sequence

representation  of
fingerprint and of { ﬂnscn*ﬁ'd‘ region are colored in red and blue,
i the NAD binding are drawn in a

A

us: N’ti N terminus. Modified from

respectively. Residues p
ball-and-stick represent

(Garavaglia er al., 2004). uaternary structure of MINADK-

NAD. An asymmetric unit comamed 2 sum.(mmmk NAD-A/-B, or — A'/B’).
_}' _.af
NAD' is indicated. 1 sphorii ,gmk) The A-A' and B-B'

|
contact regions are ericlosed by black broken !ine.{ﬂdﬂ'\IADK-ﬂexihle loops are

shown in yell ﬁ:yﬁ ﬁﬂﬁ%«gﬂﬁ Iﬁ model of quaternary

structure of M@ADK—NAD as shuwn in (B), hut was rotated b}f 90°C. NAD" is

s Y P G AR NP B o e

(Thr.'!t}ﬂ- Ser205), yellow (Asnl59, Glul60), and pink (Asp85, Gly86). Modified
from (Mori et al., 2005b). (D) Ribbon diagram of the AfNADK tetramer in complex

with ATP. The individual monomers are labeled as A, A', B and B’ (Liu ef al., 2005).
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(Chai et al,, 2006). Under these conditions the mutant plants show significantly
decreased NADPH level and GSH/GSSG ratio and increased expression of stress
marker genes compared to wild-type plants.

Redox-reactions generating NADPH

Besides a direct phosphory f NADH by NADKs several NADP"-

specific dehydrogenases, ucle:ot:de: transhydrogenase have

been identified as signific: utofs %NADPH pool (Figure 1.5).

Glucose-6-pho hase (G6F "J\ e key regulatory enzyme of
the cytosolic pento hatg fpathway \, e oxidation of glucose-6-

phosphate to 6-phospho-g! ctope and the p w of reducing equivalents in

Was ref e (0 increased G6PD activity and
esult Woia Gorp i et 60
mechanism to protect cells agau 15t oxidati '_ ge, Indeed, G6PD overexpression
conferred strong pie -»'“15'1 agains -induced cell Leath through induction of
GSH production (Sal\'ﬁﬁ'ﬁ” - 1; Conversely, inhibition of

G6PD activity potentiated &Dz-inducad ccUeath (Tian et al., 1999) confirming that

G6PD has an a uﬂuq mm{ﬂﬂnﬂ ’]czlnins However NADPH
. iﬁjﬁ NiREPE R an] i

superoxi
Modulation of NADK activity
2+
A connection between NADK activity and calcium/calmedulin (Ca /CaM) is

well known for decades, at least for the enzymes from sea urchin eggs (Epel et al.,

1981), plants (Anderson et al., 1980) and human neutrophils (Williams et al,, 1985).
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Plants possess both CaM-dependent and -independent NADK isoforms that differ in

their subcellular localization (Simon et al., 1982; Dieter and Marme, 1984; Simon et

al, 1984; Pou De Crescenzo er al, 2001). However, the activity of the three

2+
recombinant NADK isoforms from A4. thaliana was not influenced by Ca /CaM

although AINADK-2 bm@
Turner et al., 2005
> 2

| m——
Calcium signaling 7

¥ serves as an Mgssen, _v cellular processes including

dent manner (Turner er al., 2004;

plant responses to envirgfimehtl /Stresses Suc salin ity, drought and cold. These

: v/ .' i . " 1
stresses have been show ~iransient elevation of the cytoplasmic Ca®
concentration level. Bec fects of calcium, cells pay very

particular attention to kee levels much lower than the

normal extracellular 10 MW sually/t ie range 10%-10°M. This is

accomplished using ¢ ffj-; ety of caltium-pumping s located both in the plasma

membrane and o - uperat&@ very efficient calcium-sta

system. But, 1ﬁdﬂ;g] jﬂﬂ W ytoplasmic calcium to
between 107 ma:-,f ollow plaSma membrane pcrturbatiun and

B LRLO L LRI L e

respunsea. Elevation of the Ca™ concentration is detected by calcium sensor proteins.
The classical calcium sensor is calmodulin (CaM), which regulates activity of its
protein targets in a calcium-dependent manner. In plants, CaM may play an importan
role in transducing Ca’*-mediated signals from various environmental stresses inty

appropriate adaptive cellular responses.
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phosphatase

eseo » NADP®  «— ¥ NAD'
mﬂ ( NAD kinase
ME WNADPH T

Figure 1.5: Generation """"m . G6PD, glucose-6-phosphate
dehydrogenase; IDP, NaAD itraié:dehyrogenase; ALDH, NADP -

dependent aldehyde déhydfogenase; sendent malic enzyme; Ap,

electrochemical proton gradieny

ﬂ'lJEl’JVIEWIﬁWEI’]ﬂ’i
Qﬁﬂﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ
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Calmodulin

Calmodulin (CaM) is probably the most well characterized Ca®* sensors
among major groups of Ca’"-binding proteins. It is a small (148 residues, 17 kDa),
highly conserved, soluble, intracellular Ca**-binding protein ubiquitously found in

animals, plants, fungi and protozoa, and is regarded as a major transducer of Ca®*

signals in mammalian cells. It has four EF @: function in pairs. Many proteins

involved in Ca®* signal wansduetion alér Uﬁ'—'—.m response to changes in free
Ca® levels, but are IM e o ions. Some of these proteins

multifunctional protei | its to intera d regulate the activity of a

Ca**-bound-ca muduhn-med]ated mgna] tmnsducucn in plants is shown in

o 11 DS RTH M) B i oo

cases, in trﬂnsmm changes in Ca®* cencentrations in the cytosol and/or organelles (e.g.
nuclﬁua“ Imelanmg mm&a ggm :'l)aeﬂr extracellular
pools or intracellular stores are capable of binding to Ca®’-modulated proteins
including calmodulin and calmodulin-related proteins. Structural modulations of these
proteins enable them to interact with numerous cellular targets that control a multitude
of cellular functions, such as metabolism, ion balance, cytoskeleton and protein

modifications. In addition, Ca** and calmodulin might also regulate the expression of



AULINENTNEINS
RINNIUUNIININY

15



16

genes by complex signaling cascades or by direct binding to transcription factors.
Rapid changes in cellular functions result from direct interactions of calmodulin and
calmodulin-related proteins with their targets (within seconds to minutes) while
slower responses require gene transcription, RNA processing and protein synthesis

(variable times from minutes to da

The EF hands in Calv distinct globular domains, each

of which contains one

affinity toward Ca®’
conformational change§ indcpendentty; the two domains act in concert to bind target

proteins. Upon increasé off Cd" concentation 1o | icromolar or low micromolar

levels, all CaM molecules e binding is required for this

“on/off"” mechanism to functi v The cooperativity of Ca™ binding ensures
A \(/ -

that full actwatwqﬁm CaM oceurs in a n ojon of calcium concentration

The selectivity of aM toward Ca’* alsu is an 1mportant factor in effective

transduction ﬁ.ﬁu’:ﬂ WW%I w‘&}qlﬂlﬁn the presence of high

concentrations 3+ Mg”* and monovalent cations in the cell. The, eation selectivity is
Hﬂh]ﬂa aﬂﬂﬁa\ln ﬁtml'll m&%mﬂlgl‘alm For example,
dlsc:nmmatmn between Ca’* and Mg”* is accomplished through reduction in the size
of the binding loop. Binding of Mg®* ions would collapse the EF-hand loop, therechy
reducing the distance between negatively charged side chains and destabilizing the
CaM- Mg** complex. Even small changes in the chemical properties of the C:*

binding loop (e.g., Glu-12—Gln) can drastically reduce the binding affinity to (42
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(Beckingham, 1991; Haiech et al., 1991). The Glu-12—Gln mutation changes the
carboxylate side chain into carboxylamide, which removes the oxygen ligand for
Ca®". Together, structural analyses in combination with site-directed mutagenesis
established that CaMs (and other EF hand—containing proteins, including CBLs) have

evolved as highly specific Ca*" senso et al., 2002).

ted by two EF-hand pairs forming

connecting the two lobes. In

{ Nsequence identity and 75%

xl

v o i e
1l Open conformation exposes a

interhelical a'ngleﬁ Delween ”.'l ¥ | Lk
hydrophobic surface wlgu.n each glubular domain and permits the binding of protein

s o 0, 8 R AL 9 2 59

Ca’*-cxd binds and regulatés the activity.of a wide range of proteins that are
not negﬁsﬂlm lnim Mla’maﬁ: EJ many different
proteins? More specifically, the plasticity of the Ca’*-CaM structure must
accommodate the variation in both the molecular size and the composition of the
target proteins. This issue has been addressed by structural analyses of Ca’*-CaM and

target-bound Ca**-CaM.
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Ca’ S i Calmodulin
\” H"‘ ct calmodulin-mediated
cellular responses (rapid)

dulated profemns and
wmm
second Mmessengers
: wmm
\DP-ribose)

A

Figure 1.7: The Ca**-bound calm rm l diated signal transduction in plants.
Broken arrows denote Ca’™ fluxés fror ar or intracellular stores, and

question marks signi(y 0 suediates.

Iﬂ 2
ﬂ‘lJEl’J‘VIEWlﬁWEI']ﬂ‘i

’Q‘mﬁﬂﬂ‘im URNINYAY
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Figure 8C shows that the two globular domains of Ca’*-CaM are connected by a
flexible tether that can accommodate peptides of varying sizes. The binding of CaM-
binding peptides is largely driven by hydrophobic interactions between hydrophobic
anchor residues of the peptide with the hydrophobic surface cavities of CaM.
CaM, play a particularly important role in
);: chains are very flexible and the

ity tHan Qﬁng in stronger van der Waals

interactions. The hydropheBic.piiches of each lobe are surrounded by several charged

Methionine residues, unusually abur

the binding of target peptid

sulfur atom has a larger
-terminal end of the peptide-

. the N-terminal hydrophobic

patch has clusters off negatively ~and ‘posi sharged residues. This charge

Basic residues at thé N-terminu: epti alybridges with acidic residues

surrounding the p -f'"' i : 1 “ obe of CaM. Together, the
i

structures of CaM il ustmte how this ciass of proteins can function as extremely

efficient cﬁﬂ%l}%ﬂéj W’?}ﬁ !EJ transduce Ca®* signals

with high effi clﬂmy and accuracy. ¢

ARIANN I UANINYAY
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o £ D)

Yy ¥
Figure 1.8: Ribbon presentations of ealmodulin. (A) Ca’'/ CaM determined by X-

ray crystallography, (B} glebular domain“ef CaM (apo-CaM) determined by NMR
spectroscopy, ' (C) and” (D) Ca*“/€aM target peptide interaction; Peptide binding
causes-disnuption of the flexibledether, bringing the globulardomaisis|closer to form a
channel ‘around the peptide. The majority of contacts between Ca”'-CaM and target
peptide are nonspecific van der Waals bonds made by residues in the hydrophobic
surfaces. For (A) to (C), I-1V, Caz*wbinding loops in the EF-hands; N, amino- termini
of the CaM; C, carboxy-termini of the CaM; LD, central linker domain and P, target

peptide. The o helix, loop and P-sheet are colored in red, blue and yellow

respectively.
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In plants, there are multiple Cam genes that code for either identical proteins
or proteins containing a few conservative changes. These small changes in amino acid
composition of CaM isoforms may contribute to differential interaction of each CaM

isoform with target proteins. The striking example for differential regulation of CaMs

comes from the studies with snybeT isoforms. In soybean there are five CaM
tghly conserved compared to other

isoforms (SCaM1 to -5) S

plant CaM isoforms lwmdj:

divergent and show di

h swmm whereas SCaM4 and -5 are

nin the conserved group (Lee er

al., 1995). Soybean | ative abundance in vivo. The

conserved isoforms ssion compared to divergent

forms. Surprisingly, the: r ) 5 are specifically induced by fungal

elicitors or pathogen. T results provide evidence for the differential regulation of

.p_;- "
Pl aradaed

CaM isoforms in plants. AII'"‘EH— “activate phosphodiesterase (PDE) but

s and target proteins (Lee e

al., 1997). Differential regulatmn of cnzymes by soybean divergent and conserved

CaM mnfomﬁu%ﬂ %%ﬂm%%: waﬂﬁf}ﬂ ﬁﬁmugh SCaM isoforms

show similar pattt:ms in proteingblot overlay assays, they differ in their relative
o) f kot b b i horeod hed ) G oo 10 amot
samples, two divergent CaM isoforms that are found in Arabidopsis do not interact
with proteins that bind to conserved CaM isoforms (Kohler er al., 2000). These studis
suggest that conserved and divergent CaM isoforms may interact with different targy
proteins. There is considerable evidence to indicate that CaM genes are differentially

expressed in response to different stimuli indicating that different CaM isoforms an
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involved in mediating a specific signal. Three of the six Arabidopsis Cam genes
(Caml, -2 and -3) are inducible by touch stimulation indicating the presence of
different cis-regulatory elements in their promoters. In potato, only one of the eight
CaM isoforms (PCaM1) is inducible by touch (Takezawa er al., 1995). The presence

of multiple CaM isoforms adds fi

?7mp]exiry to the Ca’* mediated network.

@ and closely related proteins from

with'the exeeptionof Arabidopsis and, families of
——

Even though a large family

several plants has bﬁe{j'_-—.—"
genes encoding CaM M

whole-genome scale.

n extensively conducted in a
length amino acid sequences
using the neighbor-joining
method and bootstrap ahalySis perform ith ClustalX generated a consensus tree
groups: 1-6. What defines a “trug”™Cal! i inguishes it from a CaM-like protein

= _-;J-';-*’f' L2

that serves a dlsthczgl,‘ele in vivo i‘s

approaches including”biochemical ar 565 Have been taken to address
this question (Buabooc a er al., 2002). by ph}rlngcnctm analysis based on amino acid

oo s 54 34 ) P s s o i

acid sequence 1§‘¢|:nt:ty (= 97%) to keiown typical £aMs from other plant species were
idenﬁl%q.ﬁcﬂsaﬁim Mgujﬂ a:l]g 111[ unl]maassiﬁad them
as “true” CaMs that probably function as typical CaMs. They were named OsCaM]1-1,
OsCaM1-2, OsCaM1-3, OsCaM2 and OsCaM3. The OsCamli-1 gene strongly
increased under salt stress as early as 30 min and peaked at 1 hour after treatment. In
expression pattern of genes encoding OsCaM1-1, OsCaml-2, OsCam1-3, OsCam2

and OsCam3 was evidently different under salt stress treatment. The stimuli that
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EEE! HUHHHH

Figure 1.9 Eﬂ‘ﬁw m.ﬂ.ﬁud similarities among

0sCaM and OsC roteins. Tree construction usmg the nmghbor-jmnmg method

o Y Y P A RN 9 R e ot
numhem are shown and the resulting groupings of CaM and CaM-like proteins
designated as 1-6 are indicated on the right. Schematic diagrams of the OsCaM and
OsCML open reading frames show their EF hand motif distribution. (Boonpurapong

and Buaboocha, 2007).
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strongly increased the level of steady state mRNA corresponding to OsCaml-1 did
not affect that of other OsCam genes. (Boonpurapong and Buaboocha, 2007).

Rice as a model monocot system

Rice is the world’s single most important food crop and a primary food for

] . Rice refers to two species which are
&]ﬁcal and subtropical southern and

__J
TT—

< -
southeastern Asia an? spectivelye. Among the Asia domesticated rices,
Oryza sativa, three 5 ' \a .,‘:‘hfﬁ nguished based on geographic

more than a third of the world’s’

Oryza sativa and Oryza , Il

NS

N\

conditions, japoni ' 7S g §\\

glutinous and non-g Japonis ' ties have narrow dark green

anica, all of which include

leaves, medium-heig ltc plant height. It is usually
grown in cooler subtropic -__: € ¢limates, such as Japan, Portugal, Spain,
i e

USSR, lialy, and France. hvindica rice varieties, widely grown

throughout the trapies : m@; heavy tillering with long,
- h
i
narrow, light green lﬁw.: : riﬁd in the equatorial region of

Indonesia. P

=3 L
In a:&liuﬂ g:mamrﬁtw:lﬂaa fll:jlhmc races differ in
chara nﬁsfif w W‘ﬁtﬁ _ lﬁeﬁiﬂongﬂinn of the
grainﬁe tempeéure at :iic he grain bemmmaﬁmus and the aroma in

cooking. The contrasts which most immediately strike the non-specialist are that
indica rices have longer, more slender grains which usually separate when cooked,
while japonica rices have shorter, rounder and more translucent grains which quickly

become slightly sticky when cooked.
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Oryza sativa is an annual grass as shown in Figure 1.10, which grows best
when submerged in water. It grows in upland areas, irrigated areas, rainfed lowland
areas, and flood-prone areas. Rice is highly adaptable and can be grown in diverse
environments. [t resembles a weed, 2 to 5 feet tall, depending on the variety and depth

of submersion. Rice is constantly bombarded with environmental signals, both biotic

and abiotic, some of which cause ‘ : @l the growth and development and
affect the yield and qua 4 Q selected to be sequenced as a
priority and has gatrM ‘of the

p0del organism”. Rice with its relatively

. well developed genetics.
availability of” a denggfphy€ical m: n d ers (Chen et «l.. 2002), high
degree of chromoso g-liflearity with other major cereal such as maize, wheat,
barley and sorghum ( i efunl~2006) andtogether with its complete genome
-sequcnce is considered a mn = stem. It is being used to understand

1T\ I8

several fundamenal . ferowth and developmental

‘I._.— 1“ .
processes ranging o o fifhction to whole metabolic

pathway engineering. n. dddllmn rice xlmn:*; extensive synteny among other cereals

thereby 1ncrﬂﬂ ulﬂ Q %'ﬂ‘ﬂﬁ“ﬂ <) Pfeler with availability of

--28,000 full Iength ¢cDNAs. a lgrge number gl expressed gequence lags. yeasl
artiﬁc‘feaq ﬁgﬁlﬂsﬂbjlm utm::l-] gomﬂg al %Jrivcd artificial
chromosomes, libraries and rich lorward and reverse genetics resources have made

rice a worthy forerunner among the plants especially among the cereals.
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Relatively little is known about NAD kinase activity and its regulation in plant
cells. Therefore, a major goal of the work presented in this thesis was to examine the
activity of NAD kinase of rice Oryza sativa L., a model plant for monocots and one

of the most ecomonically important crops in Thailand and the world, and determine

AULINENINYINS
AR TUAMINYAE



CHAPTER 11

MATERIALS AND METHODS

2.1 Materials

2.1.1

2132

020 (Sanyo Electric Co., Ltd.,
2,820, P100, P1000 (Gilson Medical

Ay !’. otion Co. USA)
R

1 - @
-20° Fre:zcr (Sharp, J apan}

BN oo s

Gel electrophoresig apparatus: q,_;.l mate 2000 (Teyobo Japan)
SRl KRETAE MG Tt
Incubator shaker: Innova™ 4000 (New Brunswick Scientific, UK)
Laminar flow: HS-124 (International Scientific Supply Co., Ltd.,
USA)
Magnetic stirrer: Fisherbrand (Fisher Scientific, USA)

Magnetic stirrer and heater: Cerastir (Clifton, USA)
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Mastercycler gradient PCR system (Eppendorf, Germany)
Microcentrifuge: PMC-880 (Tomy Kogyo Co., Ltd., Japan)

Microtiter plate reader (BMG Labtech)

Microwave oven (Panasonic, Japan)

%tiﬁc Co., USA)

C 1000 (Bio-RAD Laboratories, USA)
dorf, Germany)

pendorf, Germany)

cman Coulter, USA)

Scientific Inc., USA)

X |

Butyl- }oyope:a:l (TOSOH, Japan}

ﬂﬂd@@ R 1 T

AR

0.22pm Millipore membrane filter (Millipore, USA)

Nipro disposable syringe (Nissho, Japan)

Nitrocellulose membrane: Protran (Whatman, USA)

0.2 mI-PCR thin wall microcentrifuge tube (Eppendorf, Germany)

10-, 100-, 1000-ul pipette tips (Axygen Hayward, USA)
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PVDF membranes (Macherey-Nagel, Germany)

Quartz cuvette: Hellma 105.201-QS (sigma-aldric,USA)

2.1.4 Chemicals and reagents

Absolute ethanol (BD

'. i\ anti-mouse IgG (Jackson

I‘.'-.}
r 08 (Sigma Chemical Co., USA)
Anti-His antiSeriim (GE Healthcare, USA)

,‘ ki
- " , ,

» ‘5». 0

: N
Bacto s J

Benc ark“" Hls-tagged Protein Standard (Invitrogen, USA)

A BB B O co. v

W Beta-merca toethdnol (Fluk'aj Switzerland) o
Bovine Serum Albumin (Sigma Chemical Co., USA)
5-Bromo-4-chloro-3-indole- f -D-galactopyranoside; X-gal (Sigma
Chemical co., USA)
5-Bromo-4-chloro-indolyl phosphate: BCIP (Fermentas, USA)

Bromophenol blue (Merck, Germany)
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Calcium chloride (Carlo Erba Reagenti, Italy)
Chloroform (Merck, Germany)

Coomassie brilliant blue R-250 (Bio Basic Inc., USA)
Copper sulfate (Carlo Erba Reagenti, Italy)

dATP, dCTP, dGTP,and dTTP (Fermentas Inc., USA)

shenol sodium salt: DCIP (Sigma

SO (Finnzymes, Finland)

anhydrous: Na2HPO4 (Carlo

Ethylene d di .' waacetic acid: EDTA (Carlo Erba Reagent,

ki A

thylen. N,N,N°,N -tetraacetic acid:

E;GTA (Sigma Chemlcal Co., USA)

A Bbhi i SR GHHNR

D Glucose 6-phosphate disodium salt hydrate iﬂuka Switzerland)
QWAL AR Y

Glycerol (BDH, England)

Glycine (Sigma Chemical Co., USA)

Hydrochloric acid (Merck, Germany)

Iso-1-thio-B-D-thiogalactopyranoside: IPTG (Serva, Germany)

Isopropanol (Merck, Germany)
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Lambda DNA (Promega Co., USA)

Magnesium sulfate (Sigma Chemical Co., USA)

Methanol (Merck, Germany)

Nickel(II) sulfate hexahydrate: NiSOy (Sigma Chemical Co., USA)

7 dinucleotide: NAD (Sigma Chemical Co.,

é-tas Inc., USA)

Ehemmai Co., USA)

ﬁr.f“
e{Carlo Erba Reagenti, Italy)

odi oyl sulfite il Co., USA)
Sodiur r:‘ Erba Reagenti, Italy)
Sodi hydmmdc (Carlo Erba Reagen , ltaly)

A TR s s

. T (iysiroseyl sl asminmghisne (Fhiks, i tetod)
RNASNIAIAII N

Tween 20 (Bio-RAD Laboratories, USA)

2.1.5 Enzymes
DNA polymerase, large (Klenow) fragment (New England Biolabs,

Inc., USA)
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DyNAzyme Il DNA polymerase (Finnzymes, Finland)

Glucose-6-phosphate dehydrogenase from baker's yeast (Sigma
Chemical Co., USA)

Restriction endonucleases: Sall, Hindlll (Fermentas, Inc., USA),

Ndel, Vspl (New. England Biolabs, Inc., USA)

ck, Germany)
on kit (Geneaid, Taiwan)
Geneaid, Taiwan)
itus, Inc., USA)

2.1.7 Radinmi ﬂ
fl ﬂ”ﬁl’?ﬂ mw%vw B

ammmm URNINYAY

1.8 Antibiotics

Ampicillin (Sigma Chemical Co., USA)

2.1.9 Oligonucleotide primers

The oligonucleotide primers were synthesized by Operon, Germany.



2.2 Bacterial growth mcﬂ]uhf
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2.1.10 Microorganisms
Escherichia coli

strain Rosetta(DE3)pLysS

strain Rosetta-gami

strain XL1- l. ’,ﬁ

2.1.11 Software

\ IF e WY tm] cg
Clustal ‘/// ‘1\\1‘ </ Tools/clustalw2/index.html
ExPA / --L‘ _m* \ or tools/protparam. html

GE -'-'".- 7 ’\\\ ftware Development Inc.)

al Software)

Luria-Bertanj broth (LB medium) (Maniatis e
LB v

medais

i

extract was preparqd and pH adjusted 7.2 with NaOH. For agar plates, it was

supp],mﬂi Nﬂ%ﬂv&l ! j W B Fs autoctaved for 20
W‘T@ {ﬂzﬁ‘ﬁj ﬂwaﬁﬁ"] ﬁtﬁ‘ supplemented

tibiotic drug

@ NaCl and 0.5% yeast

2.3 Methods

2.3.1 Quantitative method for determination of DNA concentration
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The concentration of DNA was determined by measuring the absorbance
at 260 nm ( Azep) and estimated in pg/ml using the equation: [DNA] (ug/ml) =
Az * dilution factor x 50 as an absorbance at 260 nm of 1.0 corresponds to 50

pg/ml of DNA (Sambrook er al., 1989).

2.3.2 Sequence analysis

ally,

Sequences of the CDNA Jun@g putative NADKs (designated

NADK] and NAD n
Annotation Proje

Project Databasg

d from the rice databases via the Rice Genome
-!a logv.mstedw/) and the Rice Annotation

(http://rapdb.dna.affrc.go.ip/).

Sequencing of the/€D] cd oul at Macrogen, Korea. Multiple
sequence alignme

uk.clustalw).

ClustalW  (http://www.ebi.ac,

2.3.3 Cloniug of the NAD Ki into clowing vector (pTZ5TR/T)

I
r design

Tﬁgﬂzm W‘%{WWJ used were as follows

NADK] (AK099730) and NADK? (AK065215). Based on the cDNA sequences

b UV 7|3 BlpId V] s ok i primers o

amplifying the coding region of each NADK gene was designed using the

23.3.1) Pri

SECentral program (Scientific & Educational Software) with Nde/ and Sall
restriction sites engineered at the 5’ and 3' ends, respectively. They were checked
for minimal self-priming and primer dimer formation. The sequences and the

length of the all oligonucleotide primers are shown in Table 2.1.
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Table 2.1 The sequences and the length of oligonucleotide primers used for

cloning of the NAD kinase genes

Gene Primer Sequence Length

NADK] | Forward | 5° -GCCCATATGTCGCTCGACGAGCTTCCGCAC- 3’ 30

Reverse | 5’ -C'I'GGTCGACATCA.CGCGGGCCGTCGMTG&- 3 30

NADK2 | Forward 7 30

Reverse L 30

tcmplate 200 ?‘._-;  of dATP, dCTP, dGTP ; _ =\E P, 1 uM of each primer

and 5 units of V. f DNA pnl}rmerase (New Enngd Biolabs, Inc., USA). PCR

ampliﬁcaﬁ W% Wﬁ WWI 94 °C for 5 minutes,

30 cycles 3* denaturation at 94°C for 1 n'u ute, annea]mg vary 69-72°C for |

it tod LGS 2t i ’]Mﬂlﬁ &) cicp, 5 units

Tag DNA polymerase (Fermentus, Inc., USA) were added and incubated at 72 °C
for 10 minutes to add a dA at the 3' end. For NADK2, the amplification reaction
was performed in a 50-pl reaction that contained 1X DyNAzyme II DNA
polymerase buffer, 2.5 mM MgCl,, 50-100 ng of DNA template, 200 uM each of

dATP, dCTP, dGTP and dTTP, 1 uM of each primer and 5 unit of DyNAzym:

=
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I DNA polymerase (Finnzymes, Finland). PCR amplification was performed as
follows: pre-denaturation at 94 °C for 5 minutes, 30 cycles of denaturation at
94°C for 3 minutes, annealing at 60°C for 30 seconds and extension at 72°C for 1

minute. The final extension step performed at 72 °C for 10 minutes. PCR

fphénol blue). Electrophoresis

I | ﬂ
was performed atgcanstant voltage of 100 volts until the bromophenol blue dye

migrated Wﬁpﬁeﬂﬁﬁwgﬂmmmphmm the gel

was stained With ethidium bromide solution (5-10 ug/ml in disgilled water) for 5
miftked nd HGRIned 10 G491k br O s, DONA bgments on the
agar:se gel were visualized on UV light transilluminator and photographed. The
concentration and molecular weight of DNA fragments was determined by
comparison of the band intensity and the relative mobility with those of the

standard A/HindIIl DNA markers.
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2.3.3.4) Extraction of DNA fragments from agarose gel
The amplification products generated by PCR were purified from agarose
gel using Geneaid gel extraction protocol (Geneaid, Taiwan). After
electrophoresis, the desired DNA fragment was excised as gel slice from an
agarose gel using a scalpel and transferred to a microcentrifuge tube. Five
I yy/ﬂxm was incubated for 10 minutes
i &complem!y dissolved. During

inutes. The mixture was then

incubation, the tur:
transferred into a DF
minute. The flow i
added and the column/was cej ifuged at 000 rpm for 1 minute. The flow

through was disca

Lt i' ':f!i-. Yer was added to the DF column.

i

The column was let standing for 1 centrifuged at 12,000 rpm for |

minute, then ;15 flow arded, The DF column was

centrifuged agaia for 3 minutes : _ﬂ_. ent of the Wash buffer.

R

] i
The DF column Js then placed into a sterile 1.5 ml microcentrifuge tube. DNA

e APy oo e e

column. THe column was let étandmg for 2 minutes, am'l en centrifuged a

10 B4 4 e USRI ﬂ@ Godcentration v

dctenmnr:d by agarose gel electrophoresis.

2.3.3.5) Ligation of PCR products to pTZSTR/T
After the PCR products were purified from the agarose gel, they wert

ligated to the pTZ57R/T vector (see in Appendix A). A suitable molecular ratio
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between vector and inserted DNA in a mixture of cohesive-end ligation is usually
1:3. To calculate the appropriate amount of the PCR product (insert) used in a
ligation reaction, the following equation was used:

ng of vector x kb size of insert

& ey x insert : vector molar ratio = ng of insert

The 20 pl of ligation mixture ntainad appropriate amounts of the

1@@: and 10 U of T4 DNA
——

2.3.3.6) Trans  of ligated produ coli host cells by CaCl,

method

of Sambrook et @1} (1989). Three mi of LB & (i) tryptone, 0.5% (w/v)

T )

yeast extract, anc -"*'v‘.u : ..; ed with a single colony of
1

E. coli strain XLI- Plue and mcubated at 37 “C with shaking at 250 rpm

i B8 3 b 5 v s

starting cu]l:urc and the culture was incubated=at 37 °C with ghaking at 250 rpm
or 3 ) b Bk o (b P e rece
0.45-0.55. The culture was chilled on ice slurry for 15-30 minutes and the cells
were harvested by centrifugation at 8,000 xg at 4 °C for 10 minutes. The
supernatant was decanted and the cell pellet was washed with 25 ml of fresh ice-
cold 150 mM CaCl,, resuspended by gently mixing and centrifuged at 8,000 xg al

4 °C for 10 minutes. The supernatant was discarded. The cells were resuspended
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with 25 ml of fresh ice-cold 150 mM CaCl, and incubated on ice for 30 minutes,
then centrifuged at 8,000 xg at 4 °C for 15 minutes. The supernatant was
discarded and finally, the cells were resuspended in 1 ml of fresh ice-cold 150

mM CaCl; and incubated on ice for 1 hour. These cells were used as freshly

prepared competent cells.

b) Transform

In this study sformed with the recombinant

plasmids by CaClagffietht ity microl ers of vetent cells were mixed well

with 10 pl of the ligat ice for 30 minutes. The cells

were heat-shocked for 90 .se(% ] 1 ‘i waterbath set to 42 °C and quickly
e e
incubated on ice for 5 ¢ “Five hils dreﬂ of LB medium was added then

the cell suspension was inc =t with shaking at 250 rpm for 1 hour
Lot -
ily, the cell suspension was

X
ampicillin, 10 pl of 0.1 M Iso-1-

and the cells

spread onto LB 3 " ]
oD tnegslaciopymmosice, (LTG0, an 30, B et 20 mymlo-Bromerd

cthm-3-1ﬁ:%E—l§}aw topbrbfosie} (K jgd1) [on Ja plate with the diamete

of 10 cm and incubated at 37 €C overnight<The recombinant clones containing

A IANLY AR M LA EL L B v

white colonies which potentially contained recombinant plasmids were selected

and analyzed by restriction enzyme digestion.

2.3.3.7) Analysis of recombinant plasmids
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a) Plasmid DNA isolation by alkaline lysis method
A single colony of recombinant cells was selected and grown in 5 ml of
LB broth (1% (w/v) tryptone, 0.5% (w/v) yeast extract, and 1% (w/v) NaCl)
containing 100 pg/ml of ampicillin overnight at 37 °C with shaking at 250 rpm,

The cells were spun in a microcentrifuge at 8000=g for 10 minutes at 4 °C. The

cells were resuspended i r (50 mM of Tris base, 10 mM of

Na;EDTA.H,O and ﬁn I of I@nd mixed by vortexing. The

suspension was allowe, " 5 minmt a room temperature, then 300 pl
of Alkaline-SDS 0
suspension was inyérted ogr ' 3 -7- it &5 to mix and allowed to stand on ice
of 5 minutes. Threg Argc : ‘. __';: «'m on (3M of potassium acetate)
was then added to tl g
stand for 10 minutes on e 11 salt-genomic DNA precipitate was

then removed 3 centrifug 4°C for 15 minutes. The
L

supernatant was. ifansfe: fuge tube and the nucleic acid

was precipitated Jaddmg 480 ul (0.6 volumes) omsapmpanol The sample was

mixed mﬂlﬂmwﬁw Wﬂﬂj’ninm:s to collect the

prempﬂatecﬂbﬂh The DNA pgllct was resus;x:nded in 90 p[ of sterile water and

s FiHFHe RN B B 7 20

pl uf cold absolute ethanol were added to the DNA solution, then mixed and
chilled on ice for 30 minutes. The DNA was collected by centrifuging a
14,000xg for 20 minutes at 4 °C. The pellet was rinsed with 300 pl of 70%
ethanol and allowed to dry for 10-15 minutes. The plasmid DNA was

resuspended with 30 pl of sterile water and stored at -20 °C.
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b) Restriction enzyme analysis
The recombinant plasmids isolated by the alkaline lysis method were
analyzed for the presence of the interested cloned fragments by digestion with
appropriate restriction endonucleases. All restriction digestion was performed in

the conditions recommended the enzyme manufacturer. The NADK

recombinant plasmids weréldigesteel/ Wi gdel and Sall. Each of the reactions
was carried out in a | = at 326 DNA products were analyzed by
e

1% agarose gel e c size of DN ﬁ'agmcnts was determined by

s
rpm for 16 hnuﬁ : ﬁracled using Alkaline lysis

method as describedrabove. The expression vector pET21a(+) was linearized with

e mdﬂauﬁk’l JoEs mmmm i

ﬁﬁrﬁ:ﬁ‘ ﬁ ?4 The linearized
pEa‘(la ) was from agarose gel using Geneaid gel extraction protocol.

2.3.4.2) Preparation of NADK gene fragments

After the NADK genes were cloned into pTZ57R/T and the recombinant

clones were checked with restriction enzyme digestion. The recombinant
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plasmids that containing NADK genes were extracted by using Alkaline lysis
method as described above. The NADK genes were digested with Ndel and Sall
using the conditions recommended by the enzyme manufacturer. The reaction
was incubated at 37°C overnight. The NADK gene fragments were harvested from
: itim protocol.
W
Z.

nis to pET21a(+)

agarose gel using Geneaid gel ext

2.3.4.3) Ligation ¢

To clone A pression vector, the prepared

‘\
\-‘ A suitable molecular ratio
between vector and is N :' mi \ 1:5 was used. The 20 pl of

ligation mixture contai : I f the vector DNA and the gene

fragment, 1x ligation b , 11 % NA ligase, was incubated overnight

|
2.34.4) Trangormatmn of E. cofl XL-1Blue ct]l by CaCl; method

coffith SN BTN 1o st o £

K GRS N

water bath set to 42 °C and the cells were quickly incubated on ice for 5 minutes,
500 ul of LB medium was then added the cell suspension and the suspension was
incubated at 37 °C with shaking at 250 rpm for 1 hour and the cells were spun
down to retain 200 pl. Finally, the cell suspension was spread onto the LB agar

plates containing 100 pg/ml ampicillin and the plates were incubated at 37 °C
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overnight. The recombinant clones which contained the pET21a(+) vector could
growth on LB agar plates containing ampicillin. A single colony was selected and

analyzed by restriction enzyme digestion.

LB broth (1% (w/v)=tryptone, 0. wivy extract, and 1% (w/v) NaCl)
containing 100 pg/mi® ilfin ov -ﬁ" t37 °C with shaking at 250 rpm.
alkaline lysis method. The
recombinant plas digEs with Neel and Sall. The reaction was
incubated at 37" ight an% he dud 3 analyzed by 1% agarose gel
electrophoresis. The'si ert was determined by comparing with
those of the A / HindIIl mar , =
= ?/FHA
235 Sequeiice ana
The recumblgam plasmids werc extracted by High Speed plasmid Mini kit

B T —

DNA Vﬁ'm:m:mg was carried dut at Macrogen, Korea. Thetséquencing primers

AAVNIRN VNS

use

2.4 Expression of the NADKI and NADK2 genes

To produce recombinant proteins, the NADK] and NADK2 genes cloned

in the expression vector pET21a(+) were expressed in E.coli Rosetta (DE3) and
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Rosetta-gami, respectively. Both proteins were expressed in E.coli as described

below.

2.4.1 Preparation of cell expression

The recombinant -.Eﬁ‘f a() ids containing NADK genes were
osetta-gami cells by heat shock

- prepared as'deseribed above. The recombinant
plasmids were U’ hé/cor \\\- then placed on ice for 30
minutes. The cells w _éh ! *d ‘for 90 se _~ in a water bath set to 42 °C
and quickly incu i¢e 5 mifuies, 'S 0l of LB medium was added,

then the cell suspensi s frouba ed a 37 °C. with shaking at 250 rpm for |

ARl
ai-l'&!'ﬂ-"-i J
ISP spread onto the LB agar plates

containing 100 pgn"ml amfu@ nid incubated at 37 °C overnight.

I ;Il
24.2 Uptimi;tinn for NADK genes expressi

kb A 5 o7

hours in 5 m] of LB medium{ pH 7.0, comtaining 100 pglml ampicillin. The
SARIANT A WUTATEORE . e
shaking for 3 - 4 hours until the optical density at 600 nm (ODggo) of the cultur
reached 0.6. Protein production was induced by adding IPTG to the fimi
concentration of 0.1 mM for NADK/ and 0.6 mM for NADK?2 and the incubation
was continued at 37°C for 3 hours. The cells were harvested by centrifugation a

8000xg for 15 minutes, and then the cell pellets were washed twice in cold wash
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buffer (50 mM Tris-HCI, pH 7.5) and the cells were collected again by
centrifugation. The cell pellet was stored at -80°C until it was sonicated. In crude
extract preparation, the cell pellet was resuspended in cold lysis buffer (50 mM
Tris-HCI, pH 7.5, 1 mM EDTA, and 1 mM DTT), incubated on ice for 30

minutes and then broken by sonication on ice. Unbroken cells and cell debris

were removed by centri N or 30 minutes. The supernatant was

sample and 1 ml Jhich' was prepared as described in

(Appendix B). as mixed by vortexing. Protein

concentration o ing the absorbance at 595

[y @ for 5 minutes but before |

hour. The concﬂnﬁun was calculated using ﬂ standard curve of protein

B INEN NGNS
AW DBARLIM St 1618

! The SDS-PAGE system was performed according to the method of Bollag
et al., 1996. The slab gel system contained 0.1% SDS (W/V) and consisted of
12% seperating gel and 3.9% stacking gel. Tris-glycine (25 mM Tris, 192 mM
glycine and 0.1% SDS), pH 8.3 was used as electrode buffer. The gel

preparartion was described in (Appendix B). The protein samples were mixed
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with 5x sample buffer (60 mM Tris-HCI pH 6.9, 79% glycerol, 2% SDS, 0.1%
bromophenol blue and 14.4 mM p-mercaptoethanol) by the ratio of 5: 1 and
boiled for 10 minutes before loading to the gel. The electrophoresis was run from

the cathode towards the anode at a constant current of 20 mA per gel at room

lactoglobulin (18.4 ysozyme (14,400.Da) were used.

The gel {Brred 1o a'box co Coomassie staining solution

(0.25% Coomassie 0.50% methar d 7% glacial acetic acid) The

staining, the stai solition was potred off, t @s briefly rinsed with water

and incubated With the Coon slifion (10% methanol and 7%

glacial acetic acid

h“d”ﬂ%ﬂfﬂ‘aflﬂﬂ'ﬁwmﬂ‘i
28 mﬁ;lam;muma NYIRE

2.5.1 Crude extract preparation

The gel was gentljr destamed or several times until protein

For the large scale protein expression, a single colony of recombinant
cells was grown overnight at 37 °C for 16 hours in 25 ml of LB medium, pH 7.0,
containing 100 pg/ml ampicillin. Then, 1,000 ml of the same medium was

inoculated with 2.0% of the starter culture and was cultured at 37 °C with shaking
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for 3-4 hours until the optical density at 600 nm (ODggp) of the culture reached
0.6. Protein production was induced by adding IPTG to the final concentration of
0.1 mM and the incubation was continued at 37 °C for 4 hours. The cells were
harvested by centrifugation at 8,000xg for 15 minutes, then the cell pellet was

washed twice in cold wash buffer (20 mM Phosphate buffer, pH 7.5) and

of cold lysis buffer ate buffer, pH 7.5, 1 mM EDTA, and 1 mM
1hi 1 broken by sonication on ice.

hy eentrifugation at 20,000xg for

THEV AN
\;ﬁ 1.1",:-‘- 4 °C unt
2LEr)

Nl

| it was used.

et ) |
2.5.2 NADKI pro mu@& ation- ¥ Nickel Sepharose column
The hgl:fe kegd into a small column and
washed with S.gblumn volumes o Bhd 5-10 column volumes

I {
of binding buﬂ; (20 mM phosphate buffer, Q‘l 7.4, containing 25 mM
[

imid&alﬂrﬂﬁ.ﬁﬁ% ﬁﬁﬂ %ﬁw& loaded into the

column atilloom temperature. s/ The flow tlmugh was coiksled by a gravity
0, T bl vl ki hAd oy vash
(20 mM phosphate buffer pH 7.4 containing 25 mM imidazole) to remove
unbound proteins. After washing, the protein was eluted with elution buffer
(20 mM phosphate buffer, pH 7.4, containing 200 mM imidazole). The
presence and purity of the purified protein was evaluated by SDS-

polyacrylamide gel electrophoresis as described above. The imidazole was
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removed by dialysis for at least 4 hours at 4 °C against 20 mM phosphate

buffer, pH 7.4 twice.

2.6 Western blot detection of the His-tagged protein
After running the SDS-PAGE, the SDS-gel slab was removed from the

pe and 20% methanol) for 30

minutes before . the Trans-Blot® SD (Bio-Rad)

membrane. The atform, followed by the

membrane, the sly, as shown in Figure 2.1.

]
5

AULINYNINYINT
ARIAATUAMINYAE
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Safety lid

Cathode assembly with latches

Filter paper

Gel

Membrane

Filter paper

Spring-loaded anode platform mounted
{/: wcables

B & A kR

Mg/

':ZF |
AULINENINYINS
ARIANTAULNINGIAY
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Protein transfer was performed at a constant current of 90 mA from the
cathode towards the anode for 90 minutes. After transferring the proteins from
the gel to the membrane, the orientation of the gel was marked on the

membrane. The membrane was then transferred to an appropriate container

locking buffer (1x PBS buffer [10 mM

ﬂunm (v/v) Tween™-20 and 5%

avermght with gentle shaking.

(petri dish) and incubated in
phosphate buffer, 150 1
(w/v) non-fat dry

—

The membrane was ywashed 5 (imes for 10 minutes each in washing buffer

The membrane washﬂd 3 times for 10 minules each in washing buffer at

room tenﬁr%m %IEJ WWF color development

using NBT%CIP (Fermentas) (dissolved nuﬂﬂ mM Tns-‘ﬂCl, 100 mM NaCl

ABIPIAIUUININGTNE

2.7 NAD kinase assay
2.7.1 In-gel activity staining
The native polyacrylamide gel using 7% separating gel and 4% stacking

gel was prepared as described in (Appendix B). Electrophoresis was performed
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on 100 pg of crude extract proteins at 4 °C using Tris-glycine (25 mM Tris,
192 mM glycine), pH 8.3 containing 1 mM DTT and 0.1 mM ATP. After
electrophoresis, NAD kinase activity was detected by incubating the gel at 37

°C in a 10-ml staining mixture containing 2.25 ml of nitroblue tetrazolium

(NBT; 2 mM), 150 pul of phtnaz.!

methosulfate (2.7 mM), 300 pl of G6P (0.1
M), 25 pl of G6PDH (0.5 Zy ATP (60 mM), 300 pl of MgCl,

(100 mM), and 1.0.4

HC (1@? 5) with or without 250

1 (Appendix B). The

tein extract and allowed to

proceed for 30 utes al room temparaturc Thg reaction was stopped by

i 5 AR P ] I ) e o s

protein. Ths'kADP formed was detected by ding 50 pL of the NADK assay

it 0 b sl vl ’m)ﬂ’lﬁoﬂm 50 m
Tns—HCl (pH 7.5), 17.7 mM Gle-6P, 1 mM EGTA, 0.1 units of yeast Glc-6-P
dehydrogenase, 1 mg/ml 2,6-dichlorophenolindophenol (DCIP), and 1 mg/ml
methyphenazinium methylsulfate (PMS). Reduction of DCIP was monitored at

600 nm using the microtiter plate reader or the spectrophotometer.



33

2.8 Partial purification of NAD kinase from rice Oryza sativa L. cultivar Khao
Dok Ma Li 105 (KDML105)

2.8.1 Preparation of rice seedlings

Seeds of the Khao Dok Ma Li 105 (KDML105) indica rice cultivar Oryza

University. Healthy rice seeds were rinsed

sativa L. were obtained from Kase

with deionized water and soaked )tcs in 2.1% sodium hyperchlorite
with shaking, thmw S| ,Wmﬂ:l water for at least 3 times.

Washed seeds we NB iedium, which was prepared as described
8-hr dark photoperiod. After 7

days, germinate rapsfE % Limpinuntana's nutrient solution

12 or 24 hours, '\

2.8.2 Prtpar:t?n of soluble extrnct

ﬂ‘% H‘Qﬂ%ﬂﬁu‘va}ﬁ W&]ﬂ ﬂe@s from the 3 week-old

seedlings werc collected, immiersed in liguid nitrogen and ground in liquid
n@gwu;ﬁ}ﬂmnmuemm mﬂa&mmﬂ frozen and
ground to a fine powder. Then buffer A (50 mM Tris-Cl, pH 7.5, 200 mM KC|,
and 3 mM MgCly), 1 mM EGTA, 0.5 mM EDTA, 1 mM dithiothreitol (DTT), |
mM phenyl methyl sulfonyl fluoride (PMSF), 1 mM benzamidine, 50 uM
leupeptin, and 1X Protease inhibitor mix was added. The homogenate was

filtered and centrifuged at 15,000xg for 20 minutes. The supernatant was then
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dialyzed against buffer B (50 mM Tris-Cl, pH 7.5, 100 mM KCl, 3 mM MgCl,, 1

mM EGTA, 0.5 mM EDTA,and | mM DTT).

2.8.3 Partial purification of NAD Kkinase

The crude protein in buffer B was applied to a column (25 mL) of

DEAE-Toyopearl (TOS if #/mn -binding protein eluate, which
collectes t to 3.5 M NaCl. The sample
was clarified by centrif 15,0 inutes and applied (3 ml/min)

to a column (10 ,."a‘ , Japan). The column was

washed with buffe 1 Tris-Cl, pH , NaCl, 3 mM MgCl,. and 1

contained NADK a

mM DTT) until ne. The adsorbed proteins were
eluted with a linear ! 1361 f 0% to 100% buffer D (50 mM Tris-Cl,

pH 7.5, 30% [v/v] et Cl," 3 mM MgCl;, and 1 mM DTT).

i
NADK activi W ~as a single pe: _acjivity at approximately 95%
buffer D. Fractieds (7 mL) we s ntammg greater than 20%

peak NADK acngy were pooled, d:al:,fzed and ﬁ—;ﬂm in liquid nitrogen. NADK

B ”F?‘fi’ﬂ“‘ﬂ‘ﬂ‘ﬁ NINYINT
’@%ﬁﬁt&ﬂﬁnﬁﬂmﬂﬂ NYIRE

*S-Labeled recombinant CaM was prepared using a rice Cam (OsCam-
1) cloned into the pET21a(+) expression vector. Samples of NAD kinase proteins
were separated by SDS-polyacrylamide gel electophoresis (SDS-PAGE) and
electrotransferred onto nitrocellulose membrane (whatman, USA). Following the

transfer, the membrane was blocked by immersing in blocking solution (3% (w/v)
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skim milk in 1X TBS-Tween-20 [20 mM Tris-HCI, 150 mM NaCl, pH 7.5,
0.05% (v/v) Tween-20], 5 mM CaCl,) at room temperature for 2 hours with
gentle shaking. The membrane was then washed in 1X TBS, 5 mM CaCl; once
and incubated with probe solution (1X TBS-Tween-20, 5 mM CaCly, 1% (w/v)

gelatin, 200 nM **S-labeled recombinant OsCaM1) for 2 hours. The membrane

¥ )
AULINENINYINS
AMIAATUAMINYAE



CHAPTER II1

RESULTS

3.1 NAD kinase sequence analysis

Database searches for (NADK) genes identified two putative

NADKs in the rice (Oryza s ave named these genes OsNADK/

me:
and OsNADK2. The primagystructures of OsNADKI and OsNADK2 proteins were

alignments, OSNADK] afid OSNADK2 share 65% and 56% amino acid identities,

compared with those - Arabidopsis. Based on pairwise

respectively with fultiple sequence alignment of all
proteins was performed and A éqsqtt yd Y the diverged N-terminal regions is
shown in Figure 3.1. -terminal regions, two highly
conserved and l"'l.lmzti«cnm][:..r il hich have been identified within the

NAD kinase familyt 2 BG-XL) and a Gly-rich motif

(DGXXX-TPTGSTA ' yﬁphubic residue, are largely

conserved in both OsNADKI and OsNADK2. The GGDG motif is well conserved in

o K @M&Quﬂﬁlﬂnim&ﬂﬁe T

R T NN e
OsNA ,a -binding domain was predicted by comparison with NADK2 from

Arabidopsis, which is conserved among putative homologs in other plants (Figure

3.2).
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VRWLRTQEGLN I YVEPRVEEELLSESSSENFVQIWEDDKE ISLLHTEVDLLITI 294
VRHLKEHKKIMV’EPH?SKELI.TI:DSH‘HFIQTHDDDEEKMHTMLMI 300

- LR E N = - I-'I'Il--l- - -
R ] - - aw
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-1
4089
415

(LELKIPDDARSHAWVSFD 932
; PDSARLELEIPDDARSHNAWVSFED 928
LLPEHVIVRVQVPENSRSSAWNVSED 469
FEWR‘JWPI‘EISRWE‘D 475

L

-:==l‘ -III.

GHERRQQLSRGDSVRIYE : VR WFRSLIRCLH'H'HERLDQ‘KHI.""—-"""— 985

GRRRQQL&RGD GDWER 984
AGDALVCSE GLHS 524
s3s

Figure 3.1 Sequence comparison of rice (Oryza sativa L.) NADK1 (OsNADKI)

wma Navkz (G4 i wmmmm (ANADK)

B KOV 101

asterisk (*); conserved substitutions sequences are indicated by a colon (:), semi-

conserved sequences are indicated by a dot (.); and a gap introduced for alignment

purposes is indicated by a dash (-).
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Figure 3.2 Sequin Wiigal region containing a

i . ]
predicted CaM-biudmg domain from OsNADK2 and AtNADK2. The solid line

[ 4
indicates pnsilﬁsw gﬁlﬂﬁﬁw mnn iﬁntica] residues on the

same column afé indicated by an asterisk (*); conserved substitutions sequences are

oo G AR AT T GRS o

gap intraﬁuced for alignment purposes is indicated by a dash (-).
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3.2 Molecular cloning of the NAD kinase genes
The complete coding region for NADK] and NADK2 was amplified by PCR

using their respective full-length ¢DNA clone as a template and a pair of

oligonucleotide primers designed by the SECentral program. For NADKI, the

r ,(//jgmted as NADKI-F was 5-
TT &3', which contains an Ndel

sequence of the reverse primer,

sequence of the forward

GCCCATATGTCGCTCGAE

restriction site (in bol 5" end,
designated as NADKT-R wa€ 3~ UTGGT ' GCGGGCCGTCGAATGA

-3'. which contains a Sa " at its 5’ end. For NADK2, the

sequence of the foswase ﬁn ed as NADK2-F was 5-
e \
TGCCATATGCTCGCCET( @G;ﬁm’: CGGCAC -3, which contains an Ndel
* '\J-‘1
e /N

restriction site (in bold leu€rs) at its 5* end.yThe sequence of the reverse primer,

designated as NADK2-R was 5= PAAGFOGAECTAATGCCT TCTGGTCCAGTCG

-3, which contains i Safi-resirie .-‘._.,_.._’ ......... et5] at its 5' end. After PCR

amplification, PCR @duﬂt were ted by agarose gel electrophoresis and

QR i p—
Geneal B IR T R ™ L % W’f’?‘ﬂ‘if"f ﬁﬂm -

ligated ifito pTZSTR/T vector. After the competent E. coli strain XL1Blue cells
were transformed with the ligation mixtures, the transformants were selected by
blue/white colony screening on ampicillin agar plates containing X-gal and IPTG.
White colonies were randomly picked and cultured in LB broth containing 100
pg/ml of ampicillin at 37 °C overnight and the cultures were subjected to plasmid

extraction. To confirm insertion of the PCR product into the vector by restriction
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Figure 3.3 Ethidium-brumide,'SEnim-cl‘!_T‘f“.fﬁ agarose gels of the PCR products
amplified from the NADKT and NADK2 cDNASTH) Lane 1-5 NADK! fragments

from varying annealingtemperatures between 69572 Cand b) NADK2 fragment from

the annealing temperatuge of 60 °C. Lanes M3 A/Hindlll marker.
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analysis, potential recombinant plasmids were digested with Ndel and Sall for
NADKI and Ndel, Sall and spl for NADK2, and incubated at 37 °C overnight.
These reactions were then analvzed by 1.0% agarose gel electrophoresis. The results in

Figure 3.4 showed that DNA fragments of approximately 1.6 and 3.0 kb for NADK]

and NADK2, respectively, we length of these gene fragments was as

expected.

3.3 Expression of the rg

The NADK! F  ,21&(+] at the 5'-Ndel and 3'-
Sall sites in frame wi esulting recombinant plasmids,
{DK 2, were checked for insertion
by digesting them with Wdgl and Sla whit results were obtained as shown

in Figures 3.5 and 3.6, r¢sp ;‘, Al of the subcloned fragments were verified by

DNA sequencmg

- j pressed in an Escherichia
coli system strain Rés ‘_I‘ for NADK1 and NADK?2,
J

respectively.

o8] P GBI s s v

recombinant NﬂDK] and NADK2ywere deduc as prcsented igure 3.7 and 3.8,
cpelthol] ThENS oo b 3&:]:3 mdmnaﬂﬂm recombinant
pmtcms of 547 residues and 996 residues corresponding to molecular masses of
approximately 60.6 kD and 110.3 kD for NADK and NADK2, respectively.

To produce the recombinant proteins, a single colony containing
pET212/NADK! and pET21a/NADK2 was cultured in LB medium containing 100
mg/ml ampicillin at 37 °C until the OD600 reached 0.6. Isopropyl-b-D-

thiogalactoside (IPTG) was added to the final concentration of 0, 0.1, 0.3 and 0.5 mM
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Figure 3.4 Analyses of the rvew:ﬂz,irmhli:mﬂ;tr i&iusmid pTZ5TR/T with NADKI or
NADK? inserted by digesting with I‘Eﬁtril;'li;;_ﬂth’m{‘?i followed by separation by
1% agarose gel elecirophoresis. a) and b) Lane [+ pTZ57R/T with fragments of
NADKI and NADK. inserted, respectively without digestion and lane 2: the
respective plagmids | digestdd IMith | Nl and\ Seldl. Thel digested NADK2 clone
generated a single band, which congisted of bothpTZ57R/T andgNADK?2 fragments;
and ¢) pIZSTR/T WithMhe ingertedOVEND A2 digested  with/Ndel) Sall’and Vspl. Two

bands under the NADK2 band were the digested fragments of pTZ57R/T. Lane M:

3 HindlIl marker.
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Ndel

b)

£ Ry : o
Figure 3.6 Restriction analysis of the récombinant pET21a/NADK2 on 1.0 %

| K
S i 75’ o
agarose gel. Y. "
a) Lane M: B¥indIll marker o

Lant iy plolE e \ald B withe dieegipwe
Laf 2: pET21a/NADK?2 digested with Ndel and Sall

b)Y ichénrt i ldfag ramfoll 1he tegaAmbinan(pEFA ad+pdoRthining NADK?2
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Figure 3.8 Nucleotide and deduced amino acid sequences of NADK2 gene in the
recombinant plasmid. The underlined amino acid sequence is a His; tag and the stop

codon is marked with an asterisk (*).
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for the recombinant NADK1 and 0, 0.2, 0.4 and 0.6 mM for the recombinant NADK2
to induce the expression. The cells were harvested at 2 hours after IPTG induction and
then analyzed by 18% SDS-PAGE.

For NADKI1, the SDS-PAGE results showed that the recombinant protein

“’f)b e protein fraction (Figure 3.9) but was
(Figuré er 0.1, 0.3 and 0.5 mM IPTG
"J e ——

expression could not be detecte

detected in the inclusion 'k g
induction. For NADEK expressii il was detected in either soluble
protein fraction (Figlire 3¢9 )40r Anclision bodies. 3.10) after induction by

NAD kinase activily uﬁ#ﬁ easured by a two-step procedure
’q':l-?‘:i'_’-d'_'_' -
described previously with mj_agﬁﬁ;‘[‘. ationsuFirst, 15 pl of cell lysate was added to

(A

q.J)lulu

a 150-pl reaction
NAD', 6 mM MgCljj 1 b inciiation for 30 minutes af room

temperature. The reacfion, was stoppedy by boiling for 5 minutes followed by

-::entriﬁlgatim% u&-l: ln&njmwﬂ :lﬂ:ﬁf NADP”" produced was
o e TS T AT e T o e
mM Tris-HCI (pH 7.5), 17.7 mM Glc-6P, 1 mM EGTA, 0.1 units of yeast Glc-6-P
dehydrogenase, | mg/ml 2,6-dichlorophenolindophenol (DCIP), and | mg/ml
methylphenazinium methylsulfate (PMS). Reduction of DCIP was monitored at 600
nm. In the inclusion bodies from E. coli expressing NADK2, after the proteins were
solubilized in 8M urea and refolded by 50 mM Tris-HCI (pH 7.5), 0.1 mM DTT and

0.2 mM EDTA, no NAD kinase activity was detected. On the contrary, NAD kinase
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activity was found in the soluble proteins from both E. coli Rosetta (DE3) pLysS
harboring NADK/ and E. coli Rosetta-gami harboring NADK2. NAD kinase specific
activity of the crude proteins extracted from E. coli expressing NADK] was highest
when the culture was not induced by IPTG and decreased when induced with higher

2 "k//]}l{l NAD kinase specific activity of

the crude proteins extracted fram g NADK?2 was highest when the
—-' "J -—
' |2). From the results above, 0.1

concentrations of IPTG (Figu

culture was induced

mM IPTG for NAD

__ ere further used for inducing

production of the reco ant /| :'_ ,'ff‘ secanse of & mM IPTG was no detected the

The soluble protein _ _'_":'_. ;“,'; By coli Rosetta (DE3) pLysS harboring

NADK! and Rosetta- gaml-”h}}mi}; separated in native

performed on 100 @.of 1
detected by incubating thesgel at 37 °C in@/10 ml staining mixture containing 2.25
BONAC 71 1 S EUT0 T
w0, S0 SR OO 1 P PATYTRT Py ot o

mM), 300 pl of MgCl; (100 mM), and 1.0 ml of Tris'HCI (1.0 M; pH 7.5) with or

'«@ NAD kinase activity was

without 250 pl of NAD" (100 mM). As a result, the purple precipitate appeared in
the crude extracts from E. coli cells harboring the recombinant plasmids only in the
presence of NAD®, which marked the position of NAD kinase activity (Figure
3.13). The result shows that the crude protein extracts of both recombinant NADK1

and NADK?2 appear to have activity of NAD kinase.
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Figure 3.9 SDS-PAGE a al’uls of tj;? sﬁluble protein fractions from E. coli
AlJ' adla

Rosetta (DE3) pLysS ha mﬁ’ng_ pl‘.szﬂkf and Rosetta-gami harboring

pET21a/NADK2 after induetion: h} mri’ﬁﬂi"!ﬁ(: cunf{cntralmns

'h’d - — — :___}

Lane M: protein matkgF{Fermentas)

Lane 1: soluble pruleig;ﬂ of cells carrving pET21a/N4A DK uninduced

Lane 2: so!uhl:_:?prgte@itg ol’:tﬂ:.;,d,:rymg pEy’ EL:;"JBZ{DL Linduged by 0.1 mM IPTG
Lane 3: soiuhléﬁdt&ins créiu's {-arrj-'in:r pET1218NADR  indSced by 0.3 mM IPTG
Lane 4% 30fiflé prt}t&lm cﬁ'c:’l{s pa;rr} img MEIJN@K? mﬂuL&I b}fD 5 mM IPTG
Lane 5: snlublc proteins of cell.& carrying pET21a/NA DKE unmduc&d

Lane 6: soluble proteins of cells carrying pET21a/NADK?2 induced by 0.2 mM IPTG
Lane 7: soluble proteins of cells carrying pET21a/NADK2 induced by 0.4 mM IPTG

Lane &: soluble proteins of cells carrving pET21a/NADK?2 induced by 0.6 mM IPTG
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Figure 3.10 SDS-PAGE s nah’ﬂs ui{ﬁumctﬂsmn bodies from E. coli Rosetta

o a-
-

- e
(DE3) pLysS harboring Nﬁfﬁkf anmgctta -gami harboring NADK2 after
e x‘ ir ‘_r o
induction by mn&ls IPTG cunmntratiuns. _Jr;ﬁ box shows bands of the

recombinant NADK‘I’j.riEh the mnlecu]ar 1ass of ately 60.6 kD.

Lane M: protein marker a(l ermentas)

e o R R BT s

Lane 2: mcIus.mn bodies of cells cagrying pE’ FE]&’MDK! mduc@hv 0.1 mM IPTG
P oblioh O3Nelob ol bl i 1 e A Bk

Lane S:én lisi Qﬁd sinl‘céil rg‘l&l J !fJJm @H @ﬂ.} mM IPTG

Lane 4: inclusion bodies of cells carrying pET21a/NADK/ induced by 0.5 mM IPTG

Lane 35: inclusion bodies of cells carrying pET21a/NADK?2 uninduced

Lane 6: inclusion bodies of cells carrying pET21a/NADK2 induced by 0.2 mM IPTG

Lane 7: inclusion bodies of cells carrying pET21a/NADKZ2 induced by 0.4 mM IPTG

Lane 8: inclusion bodies of cells carrying pET21a/NADK2 induced by 0.6 mM IPTG
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Figure 3.11 Induction of reco: pinant NADK1 at various IPTG concentrations.
L ,; :\; < ';
The recombinant vector pETZ¥z LI was expressed in E. coli Rosetta (DE3)

pLysS.
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Figure 3.13 In-gel activ t}r" jf' ble proteins extracted from E. coli

Rosetta (DE3) pLysS harbori ng NADK setta-gami harboring NADK2.
NAD kinase activitg s ARuith (+NAD") or without (-
NAD") the substrate REIT.

e B PR PR AT F AN 2

Lanes 2%&oluble proteins of gells carr}fmg pE:T"zmwAﬂK.r

FRAMIRIRIN SHABEAE ¢
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3.5 Purification and characterization of the recombinant NADKI protein
Both recombinant proteins produced were expected to contain a Hise tag,
which consists of six consecutive histidine residues, at their carboxyl terminal end,

therefore a Ni Sepharose was used to purify the proteins based on the principle that

poly-His-fusion proteins bind For the recombinant NADKI protein,

olved with buffer containing 8 M
urea and 25 mM imi : ightat room mperature with shaking. After
applied to the Ni Sepharose high

centrifugation at 10, - a5
\\
thmugh was collected by a

gravity flow and the ¢ fad W shie i With the Binding buffer containing with 25
mM imidazole to remo 5 \ \ ashing, the NADK| was eluted

with the elution buffer contaiiag 200.n midazole. Proteins obtained from each
step of purification were analy2id and purity by 18% SDS-PAGE
X

Even though,mn recombimant” NAD pmte@ was observed in the soluble

protein fracti u ﬁ %gﬁy )1 s atectcd in this fraction.
Therefore, pama ion of the soluble 1 prmem attempte:d using a Ni

A RTRIA TR NN Ao

were furmed at 4 °C. Proteins obtained from each step of purification were

(Figure 3.14). Y.

analyzed for the identity and purity on 18% SDS-PAGE (Figure 3.15).

To verify the presence of a His; tag within the recombinant NADK]1 protein,
western blot analysis using an anti-Hisé tag antibody was conducted. After
proteins of interest were separated by SDS-PAGE and transferred from the gel

to the PVDF membrane, detection of His6-tagged proteins was carried out with the
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Anti-His primary antibody (anti — His antibody: mouse anti — His Ab from mouse
ascites fluid; product code 27-4710-01, Amersham Biosciences) with the dilution of
1:3000, followed by the secondary antibody, alkaline phosphatase (AP)-conjugated

rabbit anti-mouse lgG (Jackson ImmunoResearch) with the dilution of 1:2500. The

\ ’M/‘a]tm phosphatase activity using

Data describin ification of the- ctoimbinant protein NADKI from the

result was visualized by

soluble protein fracti hed @ p led inTable 3.1. Overall, through the
- fication fold was obtained. To
the substrate saturation curves
of NADKI were gene khovilki! igure 3.17. Initial velocities of

NADKI1 were measured in the-px of a“saturating concentration of one of the

substrates, NAD" gy t varying Sonces of in other. Figure 3.17a shows
the saturation y ) £ | " f4 mM ATP and 0.6 mM

Mg®" for different ¢oncentrations of NAD" (0.2-6 ™M). Figure 3.17b shows the

sauraion cufs o ﬂf}wﬁ ﬂ? THEHEPFP M NAD' for it

concemratmnsqaf ATP (0.2-6 mM). Mg con ntratmn was sted to be 2 mM

hlghemq ﬂﬂcﬁlmumﬂg nﬂlﬁc&l of ATP existed

as !"«figﬁ.TF‘2 (Delumeau, 1998) and free calcium concentration was reduced to 0.1
mM to limit CaATP*" formation. The Lineweaver-Burk plots or the inverted substrate
saturation curves were constructed (Figure 3.18a, b). Viax i1s expressed in mol NADP*
formed h”' (mg prntein]“*. The calculated Fay (unit mg‘Ipmtcin] and K, (mM) are

0.35 and 0.79 for NAD" and 2.32 and 0.29 for ATP.



Figure 3.14 Purlﬁcatmn of rncomhmnnt NADKI1 from the inclusion bodies.

a}LmMPﬂ%%W%%J&%‘ﬁWEJ’]ﬂ'ﬁ

Lane 1: msn?l'.llble proteins

Lokl Ublbl \ﬂmmumfm }IR

Lane 4-5. flow-through

Lane 6-7: fractions washed with buffer containing 8 M urea and 25 mM imidazole

Lane 8-9: fractions eluted with buffer containing 8 M urea and 50 mM imidazole
b) Lane M: protein marker (Fermentas)

Lane 1-3: fractions eluted with buffer containing 8 M urea and 200 mM imidazole

Lane 4-9: fractions eluted with buffer containing 8 M urea and 500 mM imidazole
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e 4 NADKI1

Figure 3.15 Purificati om the soluble protein
fraction.

Lane M: pre

i

Lane 1: sohdiPR R J
Lane 2: flow- nugh

o 44 B B e o

the molecular \ﬂ:lght of approximately 60.6 kD was obtained

ARIANN 3TN UA1INYINY



81

{ "-;J'
4t
-H-J '

Figure 3.16 Western blot an: ymbinant protein from E. coli

Rosetta (DE3) pLys .____—_ ;
\‘f—.r"

Lane®
.: lh
Lane 1: clusmn bodies

ﬁ“u Eﬁﬂ‘%ﬂ@ﬂ%&ﬂﬂhe soluble protein
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Table 3.1 The purification table of the recombinant NADK1 by Ni-Seph:

Total volume

Protein content

yeolumn chromatography.

Total prosei /‘ N \ TumIActmtjr

NADK1 e _ Purification fold
(ml) {mg/ml) (mg) ?f/)jfé»ia\ xﬁ{h‘\\ lss ||:| |

Crude 5 534 1335 . :

purified 5 0.08 N 2253

J/ &"r 9\\\‘

amaanimum'mmaﬂ

ﬂUEJ’JVIEWI?WEJ’]ﬂ‘i
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V (umol/hr) a
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2500

2000 -

1500

1000 4

500 =

0 J

t; z IA‘w R
$ N ENINYINT

0
Figure 3.17 ﬂ te saturation un'u of th ereenn inant NADKI

QIR M3id PH FTE poor v

NﬁD concentrations (0.2, 0.4, 0.8, 2, 4 and 6 mM).

b) In the presence of saturating concentration of NAD" (4 mM) for varying

ATP concentrations (0.2, 0.4, 0.8, 2, 4 and 6 mM).
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y=2.2644x+ 2 8684
-

14

™ /
13

=

1

1/v (nmol.hr)

\ﬁiil’//

1/v nmol.hr)

ﬁumwawwﬂ'm
o4 s o G e o

for difféfent concentrations of ATP. b) plot of 1/v against 1/MgATP* for different

concentrations of NAD". Initial velocities are expressed in pmol of NADP" formed h’

' mg".
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3.6 NAD kinase activity of rice (Oryza sativa L.) cultivar Khao Dok Ma Li 105

(KDML105).

3.6.1 Measurement of NAD kinase activity in rice under salt stress.

NAD kinase activity was a in the crude extracts from leaves of

KDMLI105 rice seedlings grown ¢ ok @ After 1 week of germination, rice

seedlings were transferrg lcnt solution and grown for 2

"n. inase activity remained the

treated with 150 mM solution for 0, 3, 6,9, 12 or
24 hours. Figure 3.19 8l
same as the control at @ hy ‘ , was obscryed after 6 hours of salt stress
treatment. The NAD kimfisc : ic ings then continued to decline

until after 24 hours of salt si

3.6.2 Partial purification of NAD kinase from rice (Orys a sativa L.) cultivar Khao
/

Dok Ma Li 105 (KDML105) m

Khao Dok Ma Li 105 (KDMLI05) fige seeds were germinated in NB medium.

ater 7 s, bl <ol |6 AL s i s

LN T ) 0

using chilled mortars and pestles. The plant material was kept frozen, ground to a fine
powder, and proteins were extracted according to the methods described above. Rice
crude protein extract was then precipitated with 0-30%, 30-50% and 50-70% saturated
ammonium sulfate. Proteins obtained from each step of purification were analyzed for

the identity and purity on 18% SDS-PAGE compared with the recombinant NADKI



pmolNADP/min/mg

0.04 -

0.03

0.02

0.01 -

0.00
control
24hr

s tely '8

Figure 3.19 NAD kinas . 7, | the crude extracts from 3-week old

KDMLI105 rice seedlings ;ggs; _
M o

Limpinuntana's nutrientsalution-collected atthe begim 0 hr) and the end (24 hr
p s = i (0 ) (24 hr)
of the experiment. D ! a

AuEINENINYINg
AMIAN TN INYAE
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and NADK2 proteins (Figure 3.20, 3.21). For the rice protein extract, proteins
precipitated with 0-30% saturated ammonium sulfate had the highest NAD kinase
activity (Figure 3.22), which is similar to the recombinant protein NADK?2 (Figure

3.24). In contrast, the recombinant NADKI had the highest NAD kinase activity

when precipitated with 30-50%.; , nium sulfate (Figure 3.23). The samples

say regulation of NAD kinase by

to a column (25 ml) of DEAE-Ho ope ul (10! apan). The non-binding protein
eluate, which containg < achiy i ) ed and brought to 3.5 M NaCl.

nn (10 ml) of Butyl-Toyopearl

firid = 2

(TOSOH, Japan). The cc-lumﬂ Tt d eluted with a linear gradient (150 mL)

of 0% to 100% buffey I (Tris-CL. pH [y#v] ethanediol, 100 mM KCI,
Y |

3 mM MgCl,, and M 1 as a single peak of activity

at approximately 95% utTer D. Fractions (? ml) were Collected and those containing

e B P N e it

mM Tris-Cl. pﬂ 7.5, 100 mM KCly 3 mM MgC and | mM D . Proteins obtained
from @bl bhlbon G54 Mﬁa’ﬂiﬂﬂw’lﬁpﬂy on 18%SDS-
PAGE (Flgure 3.25). Data describing the partial purification of NAD kinase from the
3-week old rice seedlings were obtained as shown in Table 3.2. Overall, DEAE-
Tovopearl and Butyl-Toyopearl column chromatography gave a purification fold of

11.76.
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protein crude extract precipitated

Figure 320 SDS-PAGE mﬂnf@s

with saturated ammrﬂﬁshﬁﬂl}ﬁm ~

Lane 1: crude Jtract —

Lane Zﬁrﬁ ﬁ Ejaﬂ %‘ﬂ]gj lﬁ ammonium sulfate
Lane 3:qgrude extrac premplta ed with 3 %o saturated amrnunium sulfate

TRIRMN B I i
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M 1 2 3 4 M 5 6 7 8

alysis-of the pretein crude extract from E. coli.
PR -

pﬁ:cf@taud with saturated ammonium sulfate.

' emaséa

Figure 3.21 SDS-P

expressing NADKI1 a

. M.v. ..‘J * i:
Lane 1: crude extract E Lqétc'f:pné};mg Nﬁﬂhl
Y P ¥

saturated amqiomum sszfatﬁ PN g f
Lane 3: crude e:-;‘ujct from E. coli ﬂpﬂW{p"ﬁmpﬂaleﬂ with 30-50%
saturated ammeinum sulfate ‘I-='

] =

Lane 4: crlgm erlrml Fl‘mqmﬂ].:-gq eﬁrrﬁ; (?&NAP!T astpltatf:d with 50-70%

saturatchMmumum sul ﬂite

B I'-—:

Lanﬁ-_,l?:; dt{ &I&éci frnmlf :Li"ji &@rﬁémné N.hm‘h Lr

Lane 6: crude extract from E. coli expressing NADK2 precipitated with 0-30%

saturated ammonium sulfate

Lane 7: crude extract from £. coli expressing NADK2 precipitated with 30-30%

saturated ammonium sulfate

Lane 8: crude extract from £ coli expressing NADK2 precipitated with 50-70%

saturated ammonium sulfate
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Rice

pmolNADP/mg/min

50-70

= T s N
-
o ¥

icixtiluity of rice extracts precipitated in various

w ! L
# ]

concentrations of satur moniom sulfate.
fadd £k 4
+ “of
"-J_i" 1-'_1;":

pmolNADP/mg/min

crude 0-30 30-50 50-70
Saturated ammonlum sulfate (%)

Figure 3.23 NAD kinase specific activity of crude extracts from E. coli
expressing NADKI1 precipitated in various concentrations of saturated

ammonium sulfate.
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Figure 3.25 SDS-PAGE ang ially purified native NAD Kkinase

N

mﬂpm marker ( A8 m

Lane 1: érude extract of ricé/

qma AN NN,
ARH FTTTAEN A

Lane 4: purified recombinant NADK |

from 3-week old niceseedlingse—————— -
()

<



Table 3.2 The purification table of native NADK from 3-week ld rice sé

7\

Total Activity

Total volume Protein content
Sample
(ml) (mg/ml)
crude extract 15 .77
DEAEunbound 4.5 0.057
Butyl-Toyopearl 2.5 0.045

AN
kS w\

Purification fold
nmolNADP/min
1.72 1
0.107 6.93
0.079 11.67

d

AULINENINYINT
ARIANTAUNNIING 1A Y

£6



3.7 Regulation by calmodulin
3.7.1 Effect of CaM on NAD kinase activity
Protein production in E. coli strain BL21 harboring the OsCamli-l in

pET21a(+) was induced with 0.1 mM IPTG for 3 hours. Proteins were extracted and

applied to a Phenyl-Sepharose bv washmg and eluting the column as

described above. The p the purification were analyzed by

SDS-polyacrylamide 3:26). The fractions containing
OsCaM1-1 protein we s sufficient EGTA to remove

calcium ions. All protej tnfugai Filters (10000 Daltons

molecular weight cut-o i ncentratmn was determined by

Bradford solution. The NAD kinases was examined by

measuring their activity a @'results are shown in Figures 3.27,

3.28 and 3.29 for the purifiedre B , ADK 1, the 0-30% saturated ammonium

sulfate precipitate -' 7- - COl eXPTesSIng i: the rice crude extract. For

SCaM1- @hd not cause the activation of

both recombinant pr ins, the pre

NAD kinase. jj ﬂ.ﬁg ﬁm ;I ﬁ ﬁdecrease when the Ca*
concentration i 1ally 1 rice crude extract, Ca®*

g LA LI e

reduce the effect of Ca®* in all concentrations.

3.7.2 **S-recombinant CaM binding assay
To determine whether NADK| and NADK2 were target proteins of a
calmodulin, calmodulin-binding assay using *°S-labeled recombinant calmodulin as a

probe was performed. **S-Labeled recombinant CaM was prepared using the rice Cam



95

(OsCami-1) cloned into the pET21a(+) expression vector. Samples of NAD kinase
(recombinant NADK, recombinant NADK2 and rice protein extract) were separated
by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and electro-transferred onto

nitrocellulose membrane (whatman, USA). Following the transfer, the membrane was

blocked and incubated with | ion containing 200 nM **S-labeled

recombinant OsCaM1-1 ‘ brrane was washed and exposed

' , ile no signal was detected in

“/¢// N s from rice Oryza sativa L.,

to an X-ray film for 1

the recombinant NAD

OsCaM1-1 specifically détegfey ’\ ! L protein NADK2, which appeared as
'§~
two major bands. Howeyér, flofe” ' u\\\ of NADK?2 (approximately 110

kDa).

ﬂUEJ’JVIEmﬁWEJ’Iﬂi
Qﬁﬂﬂﬂﬂ‘imﬂmﬂﬂmﬁﬂ
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protein by Phenyl-Sephappse

Lane M: marker prctcin - fﬁ;” ,e
Lane 1: crude proteis

F..
Lane 2: flow thrc-

Lane 3-4: washed frafum with buffer cantaining 1 mM CaCl; and 200 mM NaCl

w@uﬂmmmmz
amaﬁnmumwmaﬂ
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NADKI1Ni-Column

pmolNADP/min/mg

fic activify of the purified recombinant NADK1 in

§ Concentrations and 300 nM OsCaM1-1.
&l idd

L& f} L]

‘;5_

pmolNADP/min/mmg

IT’I 5]

. Lo g : : &
NS 3 b Qg \WTa ST

Figure 3.28 NAD kinase specific activity of the 0-30% saturated ammonium
sulfate precipitate from E. coli expressing NADK2 in the presence of various

calcium concentrations and 300 nM OsCaM1-1.
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Figure 3.30 * S-recombingnt @ say. Proteins were subjected to

SDS/PAGE and Iransferred,mw A m 3 memhrane The membrane was

incubated with b= ‘jArmwh indicate positive

signals.

Fﬁr]mlTuééi NeINNS

Lane 1: Hce crude pmtem extract

s

pr—
L |

‘*‘Ei b LN DEe A ,@aa:ff};ci.}i NEAL,
Lane 3, 5, 6: eluted fraction of Butyl-Toyopearl of rice crude protein
Lane 4: 0-30% saturated ammonium precipitate of rice crude protein
Lane 7: purified recombinant NADK 1 protein

Lane 8: insoluble protein fraction from E. coli expressing NADK1

Lane 9: soluble protein fraction from E. coli expressing NADK2



CHAPTER IV

DISCUSSION

4.1 Amino acid sequences of NAD kinase from rice Oryza sativa L.

We have identified, clnned,,and characterized cDNAs encoding two distinct

NADK isoforms, denoted NADKI (OSNADK]) and NADK2 (OsNADK?2) (Figure

3.1). The sequence similarity beis @nm&inﬂ for NADK! and NADK?2
is restricted to the C- . The mot] 9,9, -}{XGGDG-KL and GDXXX-

-u_

ophobie residue, have been reported in
\ Both motifs were found to be

conserved in both OgNADF “OSNA *" (he conserved GGDG motif of
NADKs has been suggesige important and to be involved in
nucleotide binding (ShiraKihas bt k., 1988)6r in phosphate transfer (Pignot, ef al,

2000).

'3-. with a predicted mass of

roughly 60 kD, is qu]ar to the size predlctcd for anambidopsis NADK (Turner et

al.,2004) mdﬂtﬁﬂ(ﬁdﬁﬁﬂwmm et al.,2000). We found

no evidence ofCaM binding to N°ADK1 or effect of CaM on Lts activity suggesting
o AT G0 TR D i vap
been descnbed in a number of ‘higher plant species including pea, spinach, oat and
tomato (Simon er al, 1982, 1984; Gallais er al,2001; Delumeau er al, 1998).
Sequence analysis (sequence homology searches) of NADK2, which has 996 residues
and a predicted molecular mass of about 110.3 kD, revealed the long N-terminal
extension that shares a strong sequence similarity (about 60% identity) to AINADK2

from Arabidopsis (Figure 3.2). This region was reported to contain a CaM-binding
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domain, of which the presence appears to be unique to plant NADKs. Widespread
distribution of putative NADK2 homologues in other higher plants (e.g. arabidopsis,
canola, soybean, lettuce, sorghum, wheat, and others) has been reported.

A number of different physiological roles have been proposed for NADKs in

plants. Having multiple, diffe ulated NADKs may afford additional

metabolic flexibility in g¢ to NADP ratios. An important

consideration, hnw 3
localization of NA 1SQd0TH / Al

al research, is the subcellular

ce of NADP in different

2001). By comparisg, aglivity in plant cells has been

observed in lﬂﬂ:: osolicefraction of cell$.(Gallais et al.,2000; Pou De Crescenzo ef

wroon ol b AL AT L IR e ot e nteme
) SN S T T TR TR Mo e

participite in the light-stimulated conversion of NAD to NADP (Jarrett e al.,1982).

4.2 Cloning and expression of NAD kinase genes

The complete cDNA for NADK1 and NADK2 was amplified by PCR using
the full-length cDNA as a template. The sense primer contained Ndel site, while the

antisense primer consisted of Sall site for further cloning purpose. Vent DNA
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polymerase was used for amplification of NADKI because of its high fidelity derived in
part from an integral 3'—5' proofreading exonuclease activity not possessed by Tag.
The fidelity of Vent DNA polymerase (New England Biolabs Inc., USA) is 5-15-fold
higher than that observed for Tag DNA polymerase. For NADK2, DyNazyme DNA
polymerase (Finnzymes, Finland), W plify long PCR fragments up 4.0 kb,
was used because of its_iTREEN éﬂiﬂmthn of GC rich sequences or

-—

regions containing long ce

DNA fragment sativa L. NADK] and NADK2

were ligated into a TA"veélar, R/T and introduced by transformation into E,
: & 8 4
coli XL1-Blue. The /g ading fameiis inte

" |r {‘:F
white colonies. The NADK enq --

Tupted resulting in the appearance of

"‘tad with the Ndel-Sall sites of

pET-21a in frame with -‘7;'-‘1 Sdinz a 6x His tag to produce a fusion

___..l I,J'.-'I"f-"fl-.f

protein. pET sys’gim has ™ been - deve htly-regulated expression of

recombinant proteliis in E. e 3. control basal expression is the
use of vectors that mmam what 1s termed a T?facm'ﬂmﬂter (Studier er al., 1990;

Dubendorff ﬂ ulgj ﬁmwﬁ’wﬁqmmmﬁr sequence just

downstream ¢ the T7 promoter. They also carry the natural pmmutr:r and coding
o T BT 1 o
d:w:rgc When this type of vector is used in DE3 lysogens, the lac repressor acts both
at the lacUV3 promoter in the host chromosome to repress transcription of the T7
RNA polymerase gene by the host polymerase and at the T7/ac promoter in the vector
to block transcription of the target gene by any T7 RNA polymerase that is made. For
protein production under this system control, addition of IPTG to a growing culture of

the lysogen induces T7 RNA polymerase production, which in turn transcribes the
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target DNA in the plasmid.

For NADKI1, the recombinant plasmid was transformed into E. coli Rosetta
(DE3) pLysS, derivative of BL21, which was designed for expression of eukaryotic
proteins that contain rare codons. For NADK2, E.coli Rosetta-gami, an Origami

} fide bond formation with the Rosetta

frffg@ns with enhanced expression of

derivative, which combine

characteristics rcsultin&

eukaryotic proteins.

inclusion bodies was

of IPTG while in th;resence of IPTG, the level of TﬂD kinase specific activity was

lower and cﬂ'ﬁﬂ ﬁ:ﬂeﬂmwﬂm‘;ﬁﬁmrﬁ Expression in the

absence of IPTG can occur becau\&e there is some expression of T7 RNA polymerase

oo Gl L R A AVERI NGl v

At hlgher IPTG concentrations, it is possible that the overexpressed protein may result
in an accumulated misfolding protein leading to formation of inactive aggregates. For
NADK2, NAD kinase specific activity was highest at 0.6 mM IPTG concentration (1.8
pumolNADP/min/mg). However, the expressed protein could not be detected by SDS-

PAGE.
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The ability of NADK to produce NADP" in the presence of ATP was
employed to obtain an activity band in the in-gel activity staining method. With the
aid of the appropriate substrate and NADP'-dependent enzyme (G6PDH), the

resulting NADPH transfer of reducing power from NADPH to NBT, by PMS, results

lazdn precipitate at the site where the enzyme is
@ng indicate that both recombinant

le proteins.

proteins: NADK1 an

4.3 Purification and NAD Kkinase

After the h e cell wall was disrupted by

ultrasonication, traction buffer containing

divalent cations necessary for 1 i ctivity. Addition of a reagent containing a thiol
L 5. e

extraction buffer wﬂ inimize amage (Bollag er al,1996). The
recombinant NADKI, succes I purified by Ni-sepharose column

chmmatﬂgrﬂ;ﬂ w %lwlgdmcﬁ wbgf]nm 1‘]; soluble protein faction.

Western blot analysm using an @nti-Hiss tag=antibody confitsed identity of the
AR NN TN, e

activity was measured by the reactions involved reduction of DCIP, the solubilized
and refolded proteins from the inclusion bodies did not show any activity. However,
NAD kinase activity was detected in the soluble protein fraction from E.coli
expressing NADK2. Unlike NADK1, the recombinant NADK2 protein could not be

purified by Ni-sepharose or detected in western blot analysis (data not show)and
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could barely be detected by in-gel activity staining suggesting that production level of

the recombinant NADK2 was low.

Overall, through the Ni Sepharose high performance column, a 23-purification

fold was obtained for the purification of the recombinant NADK1. Subsequently, the

@1 were examined. All NAD kinase

to {jme and Profein concentration (data not shown).
The calculated Vi (unit g™ in) and K, are 0.35 and 0.79 for NAD" and

kinetic properties of the
activities were linear wit
2.32 and 0.29 for A iability between plant species

has been reported forh : ] . (unit mg ‘protein) and K, (mM) are 0.52

for NAD" and 0.73 fi nant AINADK]1 (Turner ef al
2004).

4.4 NAD kinase actmty L.) cultivar Khao Dok Ma Li 105
(KDML105)

Salt stress hagbee:n show effect @s&:d germination and growth

of rice seedli zT id dccrcascd when NaCl
cnncentratm@ iﬁm migiﬁa ation the germination
TN Y T e
rice seeds. In addition, high level of NaCl also inhibited rice growth and caused injury
on rice plants such as rolling of rice leaves, necrosis and death of rice seedlings.
Beside germination and growth of rice seedlings, salt stress also had an effect on
protein synthesis (Tanonkeow er al.,2004). In this study, NAD kinase activity was

assayed in the crude extracts from leaves of KDML105 rice seedlings grown under

salt stress. It was decreased after 6 hours of salt stress treatment and continued to
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decline until after 24 hours of salt stress. In contrast to the increase in NAD kinase
activity observed after aluminium stress in monocotyledons (Slaski er al.,1989) and
after cold treatment in Brassica napus (Maciejewska, 1990), our study indicates that a

NaCl treatment induces a large decrease in this enzymatic activity in the rice (Oryza

sativa L.) cultivar Khao Dok Ma ’ KDMLI105). A decrease in NAD kinase

t tomato L. pimpinellifolium under

salt stress (Delumeau :r.a water stress (Zagdanska er al.,

1990). The alterati ' “\activity seem t0'be dependent on the nature of
the stress and, from p ol the NAD kinase seems to be
an important modulatogof serease in NAD kinase activity was
unexpected in response MNAD kinases have been shown
to play important roles to oxidative stress and, studies have
already demonstrated that sa_k_}@{ i dative stress and changes in the anti-
oxidant enzymati d = - . al., 1994)

In addition, 9: a Elatiunship exists between the

external Ca®" availability, and the relative extent of NAD kinase inhibition.

Dlsplacemeanueﬂ ’g fnﬂ nlgnﬂﬂhlaﬁlﬂaﬂ had already been
TR T AT T e o

also beén recorded (Cramer et al.,1985; Lynch et al.,1987; Lynch er al.,1988; Lynch,
et al,1989). This could explain the decrease in NAD kinase activity observed
whatever the nature of the ionic stress applied to the cells.

Solubility differences in salt are frequently exploited to separate proteins in
the early stages of purification protocols. Ammonium sulfate was the salt of choice

and was used in this work because it combined many useful features such as salting
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out effectiveness, pH versatility, high solubility, low heat of solution and low price
(Bollag et al., 1996 and Creighton, 1993). Preliminary experiment on ammonium
sulfate precipitation was also done in this work. Rice crude protein extract

precipitated by 0-30% saturated ammonium sulfate had the highest NAD kinase

activity (Figure 3.22), which i \ | e recombinant protein NADK2 (Figure
3.24). In contrast, the : T\/ the highest NAD kinase activity
when precipitated wi ate. For further purification, most
protocols involve h has become an essential tool

in protein purificatio ¢ chromatography separates proteins with

purification of NAB Kinase frc es. ﬁﬂf:r purification by DEAE-

Toyopearl, the non-bihding protein eluate contained NADK activity with a 7-

peus B ALYV G )AL opmnc o
“*““”’-‘i"ﬁ‘“T ANARIVEY PN N A

promoting its separation on the basis of reversible hydrophobic interaction between
immobilized hydrophobic ligands on chromatographic medium and non-polar regions
on the surface of proteins (Queiroz ef al.,2001). Butyl-Toyopearl, which butyl groups
are chemically bonded on the surface of hydrophilic resin was used. Adsorption of
proteins to a HIC adsorbent is favored by a high salt concentration in the mobile

phase. The elution of solute is accomplished by decreasing the salt concentration with
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increasing hydrophobicy. In this work, the enzyme was eluted from Butyl-Toyopearl
column using linear gradient 30% [v/v] ethanediol. From this step, NADK activity
was obtained with a 12-purification fold. From SDS-PAGE (figure 3.25), the bands at

approximately 56 and 14 kDa were likely the Rubisco large and small subunits,

t the upper band in the fraction eluted
from Butyl- Tn}'npearl of “appre i a mlghl be OsNADK2 and that

undetectable following DEAE

Activity of plzui: NAD kinases bnen reported to be regulated by Ca>"/CaM

in pea {Mutﬂ%i E}n’al %ﬂg%‘émﬂm; al.,1998), oat (Pou De
Crescenzo et af 001), and méize (Dieter @ al,1984). A%Ca’*/CaM-dependent
LA TR ERE
linked to the outer membrane (Dieter er al., 1984), or to both outer and inner
membranes (Sauer ef al.,1985). Such membrane-bound isoform was also reported to
increase after dormancy breakage in Avena seeds (Gallais er al.,1999). Unlike

Arabidopsis, in which the enzyme was fully activated by conserved CaM in the

presence of calcium and displayed differential responsiveness to various CaM-like
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Arabidopsis proteins (Turner er al.,2004), our results did not show activation of any
NAD kinase by Ca®*/CaM suggesting that activity of both NAD kinases might not
regulated by Ca**/CaM or the responsiveness of NAD kinase to Ca’'/CaM regulation

(if there is any) might be lost in the recombinant proteins. In sequence analysis

did not indicate Ca®"/CallsdepEiident activafions. - Ssrecombinant CaM binding assay
binant NADK1 and in any
protein fractions specifically interacted with the
recombinant protei ajor bands, but none has the
expected size of NAL , 110 & )a). However, the possibility that the
positive bands were deriyed J-f the recombinant protein that has been truncated

could not be ruled out. F ed to be conducted in order to make a

conclusive stateméil that act '--"—_m:;;;'::::il; isoform is regulated by
Ca*'/CaM. ' m

ﬂﬁﬁl?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
Q‘W’W&Nﬂﬁﬁu SJW]’JWEHEI d



CHAPTER V

CONCLUSIONS

1. The primary structure of OsNADKI1 and OsNADK?2 shares 65% and 56%

kinases from Arabidopsis, AINADKI and

amino acid similarity with

/Nn conserved sequences: the GGDG

o

motif and the G ir conServed C-terminal region.
2. The OsNADKsand @SN IDK "“* ;1' ode 547 and 996 amino acids

with a predieted sagt ‘ kDa and 110 kDa, respectively, were

N\

3. NAD kinase actiyityfin‘itie Sofuble’s \ faction from E. coli strain Rosetta

3 expression vector.

(DE3) pLysS ¢z "?1‘,; Rosetta-gami carrying OsNADKZ was

detected by in-ge aining, while SDS-PAGE detected

ju om the cells expressing
1y
o T DA RN i 0 e e

by Ni—%lunm chromatography and refolded but no NAD, kinase activity was

QAN IUNAINGIAE

5. The soluble recombinant OsNADK1 was purified using Ni-Sepharose with a

Pmtei.ﬂ ‘l*l:‘ i

OsNADKI. B

23-purification fold and the following kinetic properties: Fpa (unit mg
' protein) and K,, (mM) of 0.35 and 0.79 for NAD and 2.32 and 0.29 for ATP,

respectively.
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6. In leaves of KDMLI105 rice seedlings grown under 150 mM salt stress, NAD
kinase activity in the crude protein extracts was decreased after 6 hours of

treatment and continued to decline until after 24 hours.

7. NAD kinase was partially purified from leaves of 3-week old rice seedlings using

8. y shiowed that OsCaMl-1 specifically
interacted ade extract of recombinant NADK2
suggesting ths et profein 0f OsCaM-1.

]
5
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APPENDIX B
Chemical solution
1. Determination of protein concentration
Bradford solution:

Coomassie Brilliant Bl

Add 100
Mix, and adjust vol n Whatman No.l pape and

store the solution at class bottle (usable for several

weeks).

J""
2. SDS-Polyacrylamide Gel Elect SDS-PAGE)

Rﬂ:;:“'"‘“ﬁ y——;‘ 3 is
R“'*““’m: :el‘mlﬂ‘er 8X ﬂ
e ineninengs

amamﬁmwmwmaa

Add water to a final volume of 500 ml.
Filter through 0.22 pm nitrocellulose.
Store at room temperature.

Stacking gel buffer 4X

Tris base 15.1g



H;O 150 mL
Adjust pH to 6.8 with conc. HCL.

Add water to a final volume of 250 ml.

Filter through 0.22 pm nitrocellulose.

Store at
Reservoir buffer 103
Tris base

Glycin —r 14
S —

Dissolve T

J
Store at rogm te temperature.

124

ﬂ%ﬂ%%&m@ﬁﬁﬁﬂﬁﬂx reservoi bt

Wﬁﬁmﬂmmmma

Sodium dodecylsulfate 20g

Dissolve in a final volume of 100 ml in sterile H,O. Stir rapidly to

dissolve completely.

Filter through a 0.22-pm nitrocellulose filter.

Store at room temperature.
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Sample buffer 5X
1 M Tris-HCI, pH 6.9 60 pl (60 mM)
glycerol 790 ul (79%)
20% (wi/v) SDS 100 pl (2%)

2

5ml

X
U

10% (w/v) Ammsopium Persulfate; »

ﬂuﬂmmm'ﬁw 2139
awﬁﬁﬁﬁ‘mwﬂ%ﬂma

Store at Store at 4°C; prepare fresh every two weeks.
Staining solution

Coomassie Brilliant Blue R250 25¢

Methanol 500 ml

Glacial acetic acid 70 ml

H,0 430 ml
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Dissolve with rapid stirring.
Store at room temperature
Destaining solution
Methanol 100 ml

Glacial acetic acid 70 ml

12.5% 15%

Acrylamide,
30%A:0.8%B
Resolving gel b
20 % SDS
| H:0

16.7 20
5 5
0.1 0.1
18 14.7

i
2. Swirl the

ll

Amrimmum pcrsu.ﬂfatc 200 pl

ﬂaumwﬂmwmm
TN E i (1l el

Degas the solution for 1 minute.
3. Pipet the solution into the gel sandwiches to a level about 2 ml below the
bottom of the teeth of the gel comb. Overlay the gels with H,O. A sharp

water-gel interface will appear under the H,O layer when the gel has
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polymerized. This step will take about 15-30 min. Afier the gel has
polymerized, pour off the H,O layer.

4. Prepare the stacking gel solution in a 50-ml flask as follow:

Acrylamide, 30%A:0.8%B 2.6 ml
Stacking gel buffer 4X 5ml
20% SDS 0.05 ml
H:0 12.3 ml
Swirl ;, then add:

10% 150 pl
TE T | 10 ul
Swirl ot to generate too many
bubbles.
Degas the snlutm -uf“:zr*::
22 b\ 2

5. Swirl the {I oel sandwiches with the

Y
stacking gelmixt ombs into the gels. Taking

)

care not to mly»duca bubbles under the “teeth”. Allow the gels to set for at

teaﬂ rﬂﬁl@%ﬂ ﬁcﬁﬁﬂsﬂ@mm
Zéiﬁ“ B ANeR L

setting until the dye completely enters the stacking gel then increase the
power to 3-4 W (~100-120 V). Once the dye completely enters the
resolving gel, decrease the power to 2-3 W (50-100 V).

7. At the end of the run, turn off the power supply, remove the gel from the

apparatus, and discard the upper reservoir buffer. Gently pry apart the
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glass plates, invert the glass plate to which the gel has adhered over a
plastic box containing ~100-200 ml of Staining solution, and tease one
corner of the gel off the plate. Allow the gel to gently fall off the plate.
Cover the box and stain the gel for 1 to 2 hrs at room temperature with

gentle shaking.

. After staining, pour off the assie blue solution, rinse the gel

briefly with water: The hﬂ&ﬂl in several hundred ml of

3. Native polyacryla

3.1. Preparation fo
Reagents:
Resolving gel b

Tris V

] U

250 mL

FWH‘;}%%%‘W BIN3

q T LT TR ]

Store at room temperature.

Stacking gel buffer 4X
Tris base 15.1¢g
H,0 150 mL

Adjust pH to 6.8 with cone. HCL.
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Add water to a final volume of 250 ml.
Filter through 0.22 pum nitrocellulose.

Store at room temperature.

Acrylamide, 30% A: 0.8%B

Dissolve ina 55,,

=" ™

\7
3.2. Native-PA | e
! iy

7% Separating qek

bbb 18913 W1 b
QSRR In iR

10% Ammonium persulfate 0.36 ml

TEMED Il
4.0% Stacking gel

distilled water 1.214 ml

30% (w/v) Acrylamide solution 0.27 ml
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Stacking gel buffer 4X 0.5 ml
10% Ammonium persulfate 0.015 ml
TEMED 1l

5x Sample buffer

1 M Tris-HCI pH 6.

3.03g
1440 g

Dissolve in distilled d iter to o 6t adjust pH with acid or

ATP before use.

4 mmﬁ%mwﬂmwmm
Reagents:
qmammmm NYIR El
+Ca/-CaM | -Ca/+CaM | +Ca/+CaM | -N Final

1 M Tris-Cl (pH7.9) 50 pl 50 pl 50 pl 50 pl (Sm
100 mM ATP 40 pl 40 pl 40 pl 40ul | (4 mM)
100 mM NAD 40 pl 40 pl 40 pl = (4 mM)
1 M MgCl; 6 pl 6 pl 6 pl 6ul | (6 mM)
10 mM CaCl, 110 pl - 1ol | 110pl | 22mM)
gﬁ‘" recombinant : 12 2u | 12 | (3000M)
H,0 754 pl 852 ul 742 | 782




The cycling assay mixture

450 pl- | 1,800 pl- | 3,600 ul- | Final conc.
1 Rx 4 Rx 8 Rx
H,0 3281 pul | 13124 ul | 2624.8 ul
1 M Tris-Cl (pH7.4) 225 ul 90 ul 180 pl (50 mM)
100 mM Gle-6P 80 pl 320 pl 640 pl (17.7 mM)
100 mM EGTA 4.5 ul 18 ul 36 ul (1 mM)
10 mg;"ml PMS 4.4 108.8 pl
10 mgfm] DCIP 10.4 ul
Protocol:

1. Add sample (<30 pl),
proceed for 30 mig
2. Stop reaction by bbili

before proceed.

e
the reaction for 2 mn

5. Add 4 pl of 0.1 mM NAD!

ﬂumwﬂmwmm

5.NB

Reagents:

NB(+2,4-D) liquid medium 1 L

100X NB Nitrate stock 1 L

(NH,);SO, 463 g

E;...,i»‘{mmm AN
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Final concentrations (1X)

(463 mg/l)



KNO; 283.0 ¢ (2.830 mg/l)

100X NB Sulfate stock 1 L

MgS04.7H;0 18.5¢ (185 mg/l)
MnSOLH:0 | (10 mg/l)
o 2 mg/l)
(0.025 mg/l)

\ \ W (166 mg/l)
(0.75 mg/l)
(0.025 mg/l)

k ‘ 460 mg/1)

3'303 300 me - (3 mg/l)

A 1849/ Bﬂ?ﬂrﬁﬂﬂ“‘iﬁmﬂﬂ
9 RABIAIMUNI TN Y

FeS04.7H,0 278 ¢ (27.8 mg/l)

Na;EDTA 378 ¢ (37.8 mg/l)

Nicotinic acid stock (1 mg/ml)
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Dissolve 100 mg of nicotinic acid in sterilized deionized H,0,
adjust volume to 100 ml. Filter sterilize the solution.
Pyridoxine stock (1 mg/ml)

Dissolve 100 mg of pyridoxine in sterilized deionized H,0,

adjust volume to 100 il Filter sterilize the solution.

I
{
1
b N
i
N
e J TR T 1
ALl I

Final concentrations

e b

100X NB

IDH

Myo- mns.}mt JJ0ome (100 mg/1)
R RURINYANT amer
idoxine stock ¢ (1 mg/ml) =, 1 ml af1 mg/l)
QRARDIAUNTAINY 108
2,4-D stock (1 mg/ml) 2 ml (2 mg/l)

Casein hydrolysate 300 mg (300 mg/l)

L-Proline 500 mg (500 mg/1)

L-Glutamine 500 mg (500 mg/l)

Sucrose g (30 g/
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Adjust pH 1o 5.8.
Add H:Oto 1 L.

Autoclave.

6. Limpinuntana's nutrient solution

Growing rice

Reagents: .
Li-riluutn/ | |
' ’ | inal concentrations (1X)
P (0.10 g/L)

, (0.16 g/L)
300X Solution i {11)
——-»*:*:———::-”-‘1 (41 mg/L)
02¢ | (38mg/L)
g/L)

@fymwamw (¢1n3"
ARAYITE ARTINY D

NaEDTA (27 mg/L)
300X Solution D (1 L)

MnCl,.4H,0 04323 g (1.44 mg/L)

H3BO; 0342 ¢ (1.14 mg/L)

Na;Mo04.2H,0 0.0075 ¢ (0.025 mg/L)

ZnS04.7TH,0 0.0264 g (0.088 mg/L)



135

CuS04.5H;0 0.0117 g (0.039 mg/L)

1X Limpinuntana’s solution (300 ml)

Mix solution A, B, C and D together (1 ml each), then add deionized water to

AULINENTNEINS
PRI TUAMINYAE
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