CHAPTER III
MATERIALS AND METHODS

1. Chemicals

A. Enzymatic preparation of [1°’H]JGGDP and [1°H]GGMP by
microsomal fraction of Nicotiana tabacum

1. Plant material

Nicotiana tabe \“ ( sion culture was mentioned by Dr.

G. Herrmann, Institute of Plant'Bioehemis ale, Germany. It was grown in
LS liquid medium and subcultured ev he cultured cells were used to
prepare microsomes after beifig stibg ‘!
2. Buffer

Homgg€nifed buficiidontaining 100 mM potassium phosphate

buffer pH 7.5, 250 mM'SucgOsgl 4m 9Cly, and & mM B-mercaptoethanol

e

MgClz ,and 2 mM B-mer Dt Qe h%‘]’fj
3. Microsome'prejpasation
All of -é‘:

described previousl ._ i

4 bufte ¢ \-: 0"mM Tris/HCI pH 7.5, 10 mM

»Caried out at 4 OC using the method

tion (Thai et al.; 1999y, Cell cultured suspensions

o
& (Y.

——— :
fumm The cells were washed wi [!
remaining liquid mediunt’ before v;léifhing.ﬂhe washed cells were homogenized in

homogenized bﬁ‘eu Haa fyll mcg w %&nﬁf buffer) using mortar

and pestle. Aﬁe"l)eing stirred gentlygfor 20 min, the homogenate was filtered through

QR R IR VI §1Bor 2.

resulting Supernatant was then centrifuged for 1 hour at 100,000 x g to obtain a crude

of N. tabacum gro Whatman filter paper no.1

by using Biichner ater 2 times to remove the

microsomal pellet. The pellet was dissolved in resuspension buffer with minimum
volume. The protein concentration of the microsomal fraction was determined by
Bradford reagent (Bradford, 1976) using a standard curve of BSA.

4. Reaction mixture used for the preparation of [1-’H]GGDP and
[1-’H]GGMP.
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Enzymatic reaction of 80 pl contained 50 pg microsomal protein of
N. tabacum, 0.2 uCi [1-°’H]GGOH (synthesized as described in B), 62.5 mM MOPS
buffer pH 6.5, 500 nmol cytidine triphosphate (CTP), 10 mM sodium orthovanadate,
and 5 mM MgCl,. The reaction was incubated for one hour at 37 °C, stopped reaction
with 240 pl MeOH, centrifuged at 12,000 rpm for 1 min. The supernatant was
collected and the precipitate was washed with 100 pul MeOH:H,O (4:1) and
centrifuged at 12,000 rpm for 1 mi W supernatant was mixed together and

GMP and [1-°’H]JGGOH

* packed in a Pasteur pipette.

concentrated by rotary evapora

The column was washegd g : ith 25 mM NH4HCO;. The
concentrated aqueous residucsvas ap o k el column. After washing
with 25 mM NHsHCO Edfe ater . 20N pounds from the reaction

mixture, the column was glutgd it 'g' ¢ \ nt of 25 mM NH4HCO; and
MeOH. The amount of* MgOH in 25 mM NHLE 0y “Was 30% , 50% , 70%, 75%,
80%, 85%, 90%, and 100% ré ivjely. ‘Bach fraction was applied on to a silica gel

TLC precoated plate and oped using the solvent system of

isopropanol : NH4OH : wate L6 ,.7 311). ! ,__.'_r, 'e_.._' résulting plate was detected with TLC

radioscanner. Under ghis con —__._;:_.;;.;:::;;.f;j P is 0.2, [1-"H]GGMP is
0.6, and [1-"H]GGOFI5.0.9.
6. Charae erlzatlon of "H-GGDP and °* mGGMP prepared from the

microsomal preﬁaﬁﬂ GfAl;anJ m%m&aéﬁ}rﬁ; the column at 80%

MeOH for [1- H%GMP and 90% Me€OH for [1- mGGDP were ¢haracterized by the
reactloan qu@oﬂlﬁﬁum Naﬁe’}@;w% qlaaﬂ The reaction
mixture contained 30 mM glycfne .buffér pH 9.4, 0.1 nCi of either of the substrate and
4 units of alkaline phosphatase. The reaction was incubated for overnight (37°C) and
stopped by adding MeOH and ethyl acetate. After extraction two times with ethyl
acetate and evaporation until dryness with Speed Vac, the residue was redissolved
Vwith ethyl acetate, applied onto a silica gel TLC plate and developed using the solvent
system of isopropanol : NH4OH : water (6:3:1). [1->H]GGOH, the enzymatic product,
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was detected by TLC radioscanner comparing with the Rf value of the authentic
[1-°’H]GGOH.
7. Instruments for radioactive compounds detection
TLC Radioscanner, Automatic TLC-Linear  Analyzer,
Tracemaster 20
Phosphoimage, Fujifilm BAS-1500
ckman LS 6000TA

Liquid scintilator, B i i
B. Chemical synthesis.of [1- ]é@'
[1-°H)GGOM™Was=prepe edeH,; and geranylgeranial.

Geranylgeranial was prepazed™®ytising the | - ~u od of Pattenden and Smithies (1995).

GGOH (10 mg, 35 mmolyvas / \\ 0:5 mg, 0.35 mol) (avoid long

=
P
l

time exposing air). The rgdCti Ktureiwas s n ed for 24 hr at room temperature.

(95:5), sprayed with -dini ph?(

showed yellow spot) or Iodine @a f % N
faress
NaB H4 5 ( h‘:d;v [1C -acA t

The product was deteéted by fsi ca g Al LE solvent system toluene:EtOAc
\- cific reagent for aldehyde,

' mCi/mmol, Perkin Elmer) was
reaction mixture for 2 hr at room
) mixture of 30 ul MeOH, 15
ul HOAc, and 20 pl water. [1-°H]GGOH was , '-'_"-'

o

mixed with geranylgeranial 15 W

temperature. After ,;é_ i

ilica gel TLC plate using
the solvent system ofﬁenzene: VieOH . The plate was scanned with TLC
radioscanner (Tracemast!’r.ﬂ"%q and its fadioactivity was measured by liquid

scintillator (Be %&(@ &l %aiw gm §t10n mixture was then

purified by a preya.ratlve silica gel TEC. Using tl&solvent systex&pf toluene:EtOAc

o9 RFAFAPATIEHIAD DR Yo

C. Chemical synthesis of dibenzoyl plaunotol
Dibenzoyl plaunotol was the derivative of plaunotol that gave a dark
spot under UV254 nm, but plaunotol did not. So it could be used to confirm the
enzymatic production of plaunotol from the biosynthetic study of plaunotol. It was
prepared from the reaction between plaunotol and benzoyl chloride. Plaunotol was

purified from Kelnac® soft gelatin capsule by silica gel column chromatography
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eluting by isopropanol-CHCIl; (96:4, and 90:10). The purified plaunotol was reacted
with benzoyl chloride (mole ratio of plaunotol and benzoyl chloride, 1:2.5) in dry
pyridine. The reaction mixture was stirred overnight at room temperature. After the
reaction was finished, pyridine was removed by N, gas, the mixture was then
redissolved with EtOAc and applied into silica gel TLC plate, developed with the
solvent system of hexane-EtOAc (9:1). Dibenzyl-plaunotol showed dark spot under

pand evaporated to dryness with N, gas.

The chemical structure was co _ (performed by Dr. J. Schmidt,
Institute of Plant Biochemist , 'aale

UV254 nm, its area was eluted with

2. Feeding experime ‘\ e activity.
A. Feeding o “H]GGOH
The see; OsuS We sted from Siri Ruckhachati

Medicinal Plant Garden, M: iversit it Pathom. They were germinated
n greenhouse of Institute of Plant

Biochemistry, Halle/Saale, _ :-:-: Cher es ftom young plants were used for

Healthy, leaves ’ from th n and put into a small glass
container which con -,%:'-""'4”” 10 )uCi [1-°’H]GGOH for 92
hours. The leaves was gt o ma uxecmvith 80% ethanol 20 min for
2 times. The ethanol extract was dried by fptary evaporator, then 10 ml CHCl; was

added, and paﬁ 'ﬁi&} @Wﬂ @lwﬁq ﬂl‘ﬁCl The chloroform

extract was applied onto a TLC s .}ma gel plate developed w1th solvent system

bm”ﬂ“ﬁ"’“iﬁﬁ‘ﬂmwml’?ﬁﬂ ‘Ei gree
In order to confirm that the compound from feeding experiment is

plaunotol, the plaunotol area in TLC plate were cut and eluted with EtOAc. The

EtOAc extract was mixed with plaunotol 500 pg, and derivatized with benzoyl
chloride to obtained dibenzoyl plaunotol, which can be detected under UV 254 nm,

and by TLC radioscanner.
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B. Feeding of cell suspension and callus of C. stellatopilosus
Callus culture and cell suspension culture of C. stellatopilosus was
maintained in MS agar media and MS liquid media, respectively. [1-°HJGGOH 10
pCi was applied directly onto callus, and it was also added into the liquid media of
cell suspension culture. After the suitable period of time, the cells were extracted and

detected for [1-*H]plaunotol as described in A.

Na-EDTA, 1 mM 1,4-dithi ifol fandi4 01 \‘
ffer eortained'5 | M HEPES-KOH pH 7.6, and
0.1 mM 1,4-dithioe eV \

d cut into small pieces. They
were homogeneized with _ : 30" seconds at 13,500 rpm. The
homogenate was filtered through sr ) gauze, and then centrifuged for 10
min, at 5,000 rpm, 4.4C'to obtain a pellet part.“The'pollct was redissolved with a

in, at 5,000 rpm, 4 06

e
The pellet of chlorop :“ was then resuspended with sall amount of resuspension

ﬂum NURINGINT

With 2x10 ml 80%(v/v) acefone in centrifyge tubes, 10 pl of

oG AT VU S DIt 5

x g for l(ﬂmm, at 4 °C. The absorbance at 652 nm was used to measure chlorophyll

small volume of iso \on. buffe

content using 80% (v/v) acetone as a blank. The chlorophyll content in the unit of
mg/ml was calculated by OD652 x 26.
4. Purification of chloroplast by sucrose gradient
Sucrose solutions (20 ml) in concentrations of 70, 60, 50, 40, 30,
and 15% (w/v) was prepared in resuspension buffer. Sucrose gradient tubes were

prepared by adding 5.5 ml of 70% (W/v) sucrose to an ultra clear centrifuge tube
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(Beckman), followed by 5.5 ml of 60%, 50%, 40%, 30%, and 15% sucrose,
respectively. The total volume of sucrose was 33 ml, and the inter-phase between
different sucrose concentrations could be seen. The chloroplast suspension was added
on top of sucrose, then centrifuged for 60 min, at 50,000 x g, 4 OC. Each band was
collected separately in centrifuge tube, diluted to a final sucrose concentration of 15%

(v/v) with resuspension buffer, and centrifuged for 10 min at 5,000 x g, 4 °C. The

pellet was resuspended in 200 pl res Spe

ion buffer, and determined for chlorophyll
concentration. }

@ phosphatase activity

5. Assay for.ge r-',_:"‘ﬂ-. anyl

The 80 = lxd [1->H]GGDP 0.07 uCi, 0.5
M MOPS buffer pH 6.5 . plast ex \ - It Wassincubated for 1 hr at 37 9%
and stopped the reactio (C n -, ixture was centrifuged for 1
min at 12,000 rpm to remioy, ﬂ “ ernatant was evaporated to

dryness with N, gas, ‘TedigSolve ‘- *: ‘\‘\ vas saturated in water and
applied to silica gel TLEC, dévg : S isopropanol:NH4OH:H,0

(6:3:1). [1-°’H]GGOH waglde

D. Detectlon of GGDJ é“' u:;r}&_;; ivity from cell-free extract of C.

stellatopilosus leaves -

iaed

I Prepamion 0f 20,000 x g fraction frorrm,'. stellatopilosus leaves
FresHleaves (10-3 ﬁ 6f/C. stellatopilosus were used to prepare

for crude ngﬂpu&lé} Y &LFEBWED WY Jodisication (Tensaka

and De-Eknamk , 1998). The 2000 x g pellet suspension and the 20,000 x g
Lz T E Y ae—
eluted with resuspension buffer.
2. Detection of enzyme activity

The desalted fractions were incubated for 1 hr at 30 °C with 67
uM GGDP (Sigma), 100 mM tricine buffer pH 7.8. The reaction mixture was
extracted by 300 ul EtOAc for 2 times. The EtOAc layer was dried by vacuum drier
(Speed Vac 100, Savant). The dry extract was redissolved with EtOAc and applied on
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a silica gel TLC plate, using the solvent system of benzene-EtOAc (9:1). The TLC
was detected with TLC densitometer (Shimadzu).
3. Solubilization of membrane-bound enzymes for GGDP phosphatase
activity assay
The fraction of membrane-bound enzymes from the 20,000 x g
leaves pellet was prepared by washing the pellet for 2 times with extraction buffer.

The washed pellet was redissolved wi uspension buffer. Triton X-100 was added

to the final concentration of ilized pellet was mixed well and

centrifuged for 1 hour at ilized enzyme and pellet from

100,000 x g were desalte ‘ etection for GGDP phosphatase

activity.
3. Purification and

1. Plant material
Fresh leaves of @ X collected from the plants growed
in the Institute of Biotechnolog _ﬂfﬁa‘!.-

Bangkok. LR IN S

pinéering, Chulalongkorn University,

2. Buffer i X
Extraction buffer contained $3 mM TricinﬁlaOH pH 7.8, 5 mM B-

e T EBARG 7. v

mercaptoethanol, and 1 mM EDTA. ¢

’6133&’} AREAEFaVET It (ST =K T

lmME A.

3. Optimization of enzyme assay condition

The solubilized membrane-bound GGDP phosphatase from 100,000 x g
supernatant was desalted by PD-10 column. The desalted crude GGDP phosphatase
was used to determine time-course of GGDP phosphatase activity, optimum

temperature, optimum pH, and enzyme stability.
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3.1 Preliminary study for optimum pH of the crude GGDP phosphatase
Various buffers were tested for enzyme activity in different pH, such
as Na,HPOy/citrate pH 3, 4, 5, 6; sodium phosphate buffer pH 6 and 7; Tris/HCI
buffer pH 7, 8, 9; glycine buffer pH 9, 10, 11; and Tricine/NaOH pH 7.8 and 8.5.
3.2 Optimum temperature for the enzyme activity
The enzyme activity was determined for 1 hour at various

temperature from 25 °C to 100 °C.

3.3 Time course 0 t 1 formation
in the reaction mixture was
detected from the time int€fVal Gfthe reaction MIXiUre from 0, 10, 20, 30, 45, 60, 120,

and 180 min. The enzymenft nfair \? PP, and 0.5 M Tris/HCl pH 7.0
were incubated at 30 °C cacti \

-. ous conditions (refrigerator,

. 35 7,10, 14, 17, 25, 32, and
45 days. After incubatio at Ythe GGO * was detected.

4. Enzyme assay e

The optimal) ¢ “of GGDP atdse activity obtained from
ve, was used as the ¢ ietidod. The 150 pl reaction
mixture contained SO(ﬂ'nM Tns/HCI'pH™ 7.0, 67 p]\/m}GDP, and 100 pl enzyme
fraction. The reaction miktnge was incubated for 60 min at 30 °C. The reaction was

stopped by adftls KA. 1Y ¥k P ENed Foned twice by 300

EtOAc and vortqued to extract GGOH into EtQAc. The phasg ,was separated by
ot R DA TR VR IO TEY B rve e
evaporate‘li to dryness by vacuum drier (Speed Vac 100, Savant). The redissolved
GGOH was applied on a silica gel TLC plate (Merck). The TLC system was
benzene-EtOAc (9:1). The amount of GGOH was measured by TLC densitometer
(Shimadzu Dual-Wavelength Thin Layer Chromo Scan Model CS 930, Shimadzu) at
wavelength 210 nm, and calculated from standard curve of GGOH (Sigma).

optimization study AbOY

The activity of enzyme 1 unit (umol/min) = 16.67 nkat
Specific activity (unit/mg protein) = 16.67 nkat/mg protein
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5. Standard curves of GGOH, FOH, and GOH

| GGOH (Sigma), FOH (Sigma), and GOH (Sigma) were diluted with
95% ethanol in different concentrations. Each concentration was applied on TLC
plate in tripicate, using a TLC system of benzene-EtOAC (9:1), then they were
detected at 210 nm by TLC densitometer. The peak area was plotted for standard

curve in the range of linearity.

6. Enzyme extraction AN ',/

All steps we . cformed a : esh leaves (1 kg) were washed
and ground using pestle and_mortar in the presence of liquid nitrogen. The fine
powder was homogenized y ‘stirri

mM tricine/NaOH pH 7.§

itres of extraction buffer (83
ethanol, 10 mM EDTA, and 10

~

mM MgCl,). After filteridg thr : ;"_.; cese b, the crude homogenate was
centrifuged at 20,000 X" g jor 20 mii ‘green pellet was collected. The pellet
was washed with extraction Buf A ﬂ ‘ 'he washed pellet was dissolved with
330 ml extraction buffegfang o oncentration of 0.1% Triton

X-100, mixed thoroughly, afid gentifuged at 100 000 x g for 1 hr to obtain the crude

s !

GGDP phosphatase in the green SUNOITIC E! fant

7. Enzyme purification )
The © n chromatog echniq@ were performed with a
Biologic HR set (Bio-Rad), in 4 OC refrigerator. The crude solubilized GGDP

phosphatase erﬂn%ﬂa ’Bo%o&]gws w@%ﬂ @ntrlprep-30 (Amicon).

It was apphedqnto a BioGelA (ﬁlo-Rad) column which w. equlhbrated with

o SO A I 1o

0.5 ml/mfn and the fractions were collected until no more protein was detected. The

fractions showing two peaks of GGDPase phosphatase activity, PI and PII. Each peak
fraction was pooled and concentrated by lyophillization. The concentrated fractions of
PI and PII were then applied separately into Superose 6 column (Pharmacia)
equilibrate with buffer C. The active fractions of PI was pooled and kept at —20 a9
for enzyme characterization, whereas the active fractions of PII from a Superose 6

column were pooled, concentrated by lyophillizatin, and applied to an anion exchange
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column (Uno Q, Bio-Rad) equilibrated with buffer C. The column was washed with
buffer C and eluted with buffer C containing NaCl gradient from 0 to 1 M to obtain
the final enzyme preparation of PII.

8. Protein determination
During chromatographic separation by a Sepharose 6 column and an

UNO Q column, protein profiles were,m 1tored by UV detector at 280 nm. For a

BioGel A column, the protein corncentrati tions was determined by method of
Bradford (1976) using bovi - serur Sigma) as a protein standard.
The pooled active enzyme fraclie ation step was also determined
7 ias pipetted into each well of 96-
well plate, and mixed wi ; edcol enirated dye solution (Bio-Rad Protein
Assay, Bio-Rad). The w t ated \fe in at room temperature and

odel 450 (Bio-Rad).

9. Molecular weight det '
9.1 Determination ] oht' by SDS-PAGE

SDS-PAGE wa ’f:'w Ou f* : ‘Mini Protean II Apparatus (Bio-Rad).

The protein fractlo 1is4of PI, PII from t he BioGelA eolumn, and the SDS-PAGE

protein standard wer® awplied sep: | 't protem standard involved

, 150, 100, 75 Q) 35, and 25. The gel was

stained with Coomasie blugmThe dry ﬁ was used to calculate for molecular weight.

The standard ¢ uﬂ Qa’iﬁl &l ﬁnw &’(}Qiﬁof the standard protein

versus relative moblhty (Rf) (X-axisy:

9 TR GBI i e o

log proteﬂl size versus relative mobility (Rf) by the equation of

proteins with molecul: !I weights o

Log molecular weight = (slope)(Rf of protein) + y-intercept
9.2 Molecular weight determination by gel filtration
PI and PII from the BiogelA column were determined for native
molecular weight by a Superose 6 HR 16/50 (1.6 id x 50 cm) column which
connected to a Biologic HR Set (Bio-Rad). PI and PII fraction were concentrated by
lyophyllization. It was then redissolved with resuspension buffer. The sample 500 pl
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was injected to the Superose 6 column equilibrated with resuspension buffer. The
column was eluted with the same buffer at the flow rate 0.5 ml/min. The protein was
detected by UV detector at 280 nm.

The Superose 6 HR column was calibrated by using the stardard
proteins for gel filtration (Bio-Rad). The standard protein included thyroglobulin
(670 kD), gammaglobulin (158 kD), ovalbumin (44 kD), myoglobulin (17 kD),
vitamin B-12 (1.35 kD). The position,of yoid volume (Vo) was determined by blue

dextran. The relative molecular weight of' / me was calculated from the calibration
curve between log moleculz 1gh ﬁ = elution volume) of standard
protein plotted. The equatio at calibration was;

method of Laemmli (R >-P AGE wa ermine the purity of protein
fraction from column chrgma gl?t;; : :{ d'tl molecular weight of proteins.
It was performed by a Bio-Rad MiniProtean pparatus on a Mini-slab gel (70 x 80
x 7.5 mm). The separating gf_l_g 1 #f_' Polyacrylamide (prepared from a stock

solution of 30% w/vA acryl: ide ( d), 8% . w/v N,N’-methylene-bis-
\‘»' and procedure of SDS-

- 1)
1. U EIBRATNYINT

11.1 Enfyme kinetics - y
Q P PSR KR} 4] ot mas
routine as$ay conditions with the enzyme fractions of PI and PII from the Superose 6
column. The concentrations of GGDP used for kinetic study of PI are 0.40 mM, 0.25
mM, 0.20 mM, 0.09 mM, and 0.07 mM. The concentrations of GGDP used for
kinetic study of PII are 0.40 mM, 0.33 mM, 0.27 mM, 0.20 mM, 0.09 mM, 0.07 mM,
0.03 mM, 0.01 mM, and 0.007 mM. The rates of enzymatic reaction (pkat/mg) were

acrylamide (Bio-Radj)i:
PAGE was described iﬁart 4 (genc

calculated and plotted against various concentrations of GGDP (mM) to obain the
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rectangular hyperbolar graph of Michaelis-Menten equation. Km and Vmax values of
PI and PII were determined using Lineweaver-Burk plot.
11.2 Influence of metal ions on the enzyme activity
The effect of metal ions was tested by adding 1 mM of each
metal ion solution (MnSO4, CoCl;, Na;Mo0O4, ZnSO,4, MgCl,, MnCl,) into the
reaction mixture. The enzyme activity assay was done as the standard procedure as
described in 4. PI and PII used in thi

Venment were obtained from the BioGelA

The substrate specificity was % from PI and PII from the

BioGelA column. The ‘ e\ ?\"-‘.' assay was done by using various
substrates included 67 isohehfcnyl-di 0s (IDP) (Sigma), 67 pM geranyl
diphosphate (GDP) (Sigma#), v il te (FDP) (Sigma), compared
with routine substrate conée e boiled control of each
alternative substrate was usgd as the b " ¥ \
11.4 Inhibition offe :

The inhibitory

fractions from the BioGelA columnz

farnesol, and geranylgeraniol

ols was determined with PI and PII
p mixture contained the substrate of
67 uM GGDP and 200.000 dpm [1-"H]G GD! P (Dur ont)-/The 0.1 mM of geraniol
(Sigma), farnesol ( as added into the reaction

ed by a TLC Radioscanner.

¥ ﬂ’e;‘fi DEABANELIDT e s v

PI and PII fractlons from the Supetose 6 columa. The following buffer was used
Y o1 1 3 B 18] 63 YN e o1
4.0, 4.5, %.0, 6.5); 0.5 M Na,HPOy/citric acid (pH 4.0, 5.0, 6.0); 0.5 M MOPS (pH
5.5, 6.0, 6.5. 7.0, 7.5, 8.0), 0.5 M tris/HCI (pH 7.0, 7.5, 8.0, 8.5); 0.5 M glycine (pH
7.5, 8.0, 8.5).

mixture. The radioact > geranylgeraniol peak was detee

12. Dephosphorylation of [1-3H]GGDP by GGDP phosphatases
PI from the Superose 6 column and PII from the UNO Q column were

assayed to detect for intermediate geranylgeranyl monophosphate. The reaction
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mixture contained 0.1 pCi [1-°’H]GGDP, 15 pM 0.5 M Tris/HC1 pH 7.0, and 35 pM
enzyme fraction. The mixture was incubated overnight at 30 °C. The reaction was

stopped by adding EtOAc, and partition twice with EtOAc. The EtOAc layer was

separated by centrifugation for 1 min, then it was dried by vacuum drier. The EtOAc
fraction was applied on a TLC plate, using the solvent system isopropanol-NH4OH-
H,O (6:3:1). The radioactive prod c LC plates were detected with the TLC

radioscanner. }‘/4

13. Dephosphorylation of [L-HIGGMP by G P phosphatases
PII from the Bio@&lAr s used to dephesphorylate [1-°’HJGGMP. The
reaction mixture containg H]GGMP, 0:59M Tris/HCI pH 7.0, and 35

hr at 30 °C. The reaction was
stopped by adding Et and eentrifugediat 12,000 rpm for 1 min. The
supernatant was collect Qrate dryness' N, gas. It was redissolved
with butanol and applied”onfa siliéa g6k i
isopropanol-NH;OH-H,0 (6:3 43 The ra

detected with the TLC radioscannest/  © &

using the solvent system of

ive’ products in TLC plates were

Y )
7 prenyl diphosphate

- !

4. Gene clonin ?'.
phosphatase

oo AUH ANYNINYIAS

1.1 Plant material ¢

=~ /
o Vvady el T E1 deidoissd Phia)wdspblihea srom open
field, Fac".llty of Pharmaceutical Sciences, Srinakarindwirot University, Ongkarak,
Nakorn Nayok, Thailand.
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1.2 Microorganisms

Table 4 Microorganisms used in this study.

Microorganisms Genotype
E. coli F ¢80dlacZAM15 A(lacZYA-argF)U169 deoR recAl
DH5a (Clontech) endA1hsdR17 (r¢’,;mg’) phod supE442 thi-1 gyrA96

E.coli BL21 codon e ‘
plus (DE3) RIL straizig
(Stratagene)

&-mz{) dem” Tel” gal endA Hte

crBC) ¢80lacZaAM15
9 A (ara-leu)7697 galU galK

One Shot® TOP 14

(Invitrogen)

2. Enzymes

Tag DNA-Polyme ':pg,,'

Dr. J. Ziegler, Institute of Plant
Biochemistry, Halle Shale, Germany) - :‘
e N

Pfu DNA- VI :
» )

B nanduynns
QR AININSBANY A Y

QIA quick gel extraction kit (QIAGEN)

QIAprep Spin Miniprep kit (QIAGEN)

SMART RACE ¢cDNA Amplification kit (BD Biosciences)
pET directional TOPO Expression kit, Invitrogen

4. Nucleic acids
5.1 DNA
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5.1.1 1 kb DNA Ladder (New England Biolabs)

5.1.2 Deoxynucleotides (dATP, dCTP, dGTP, dTTP) (Life Techno -
logies) .

5.1.3 Nucleotide primers specific for gene target were synthesized by
MWG-Biotech AG

5.1.4 Nucleotide primers for routine experiments:

T7 TOPO primer wa designed by Mr. N. Guennewich (Instutute

om pGEM-T Easy vector
\\\ C GAC TCA CTA TAG 3’
GGT G CT ATA GAA TAC 3’
b N
- i icing of “{t&\m om pET 101/D-TOPO vector
ef \ AC GAC TCA CTATAG 3’
-\ B CTC AGC GGT GG 3’

¥Z 4 ’:‘\1\ N

5.2 Plasmids: &%‘I =

.
CCIOT =t

5. Chemicals y
6.1 Commonﬂlem :
All chemuzablzs. used were stir‘lgard commercial products of analytical

grade from tﬂ %ﬁ.&% ‘ﬂc&})m%qaﬁx , Fluka, Boehringer

Ingelheim, MeréK, Roth and Slgma

qman IIJ?;ogH Hnga nyranomﬁ )g!;al) (Biomol)

Isopropyl-B-D-thiogalactoside (IPTG) (Biomol)

Big Dye® Terminator v1.1 Cycle sequencing RR-100 (Applied
Biosystem)

Amplicillin (Sigma)

Chloramphenicol (Sigma)



45

6.3 Substrate
[1-’H]GGDP (specific activity 16 Ci/mmol) (Amersham)

6. Instruments
Gel document (Gel Doc 1000, BioRad)
PCR machine (GeneAmp® PCR System 9700, Applied Biosystem)

UV/Visible spectrophotome et (Ultrospec 3000, Pharmacia Biotech)

Nucleotide sequencer (A \ #3100-Avant Genetic analyzer, Hitachi)

\lij/, /
Refrigerator centrifiig ;__‘: all R@Z6%us, DuPont)
Bench-top refrigerator centrifige Centrifuge 5810 R, Eppendorf)

Bench-top centrifi “eotrifuge 5810 Ry Eppendorf)

Vertical gel eleg ad Hercules)

Power supply Pl 1, Reiskirchen)

Western Blo
Heat Block (Th€ry

Shaker (Duomax2(

Laminar Hood formigrobia HE ; eraeus Instruments)

TLC radioscanner

7. Software
DNASTAR

aﬁiﬁﬁf’ﬁmﬁ‘ﬂﬂ AR

-Me Align Window 82 3.18 199341998

ARAM SN INYIN Y

%lustal W v1.82 (www.ebi.ac.uk/clustalw/)
ChloroP v1.1 (Emanuelsson et al., 2000) (www.cbs.dtu.dk/services/ChloroP)
Sosui  v1.0  (Hirokawa et al., 1998) (http://sosui.proteome.

I!’

bio.tuat.ac.jp/sosuiframe0.htm)

Prirﬁer design (www.basic.nwu.edu/biotools/oligocalc.html)
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8. Media (Sambrooke, 1989)
SOB medium
20% (w/v) Bacto-tryptone
5% (w/v) Bacto-yeast extract
0.5% (w/v) NaCl
The solultion was added with 10 ml of 250 mM KCl, adjusted to pH

7.0 with NaOH, and then adjusted volume to 1 1. After the mixture was autoclaved, 5

SOC medium /

Added the CdSterilel 1'M glucoseinto SOB medium
0.5% (

AN
1.0 % (wiy

Adjusted to pHl 7,8-with 1 )

LB medium
1.0 % W/v )t

LB agar [
.‘r oclaved, and stored at

U

9. Electrophoﬂiu Ei."j eI %Jw 1N

9.1 Agarose gel electrophoz,esis v

q ﬁﬁiﬁs?ﬁ ﬁ EHEQ m ?ﬂlﬂ?ﬂeﬁﬂl .5% agarose is
used forgsmall agments. The 0.6 g agarose gel was dissolved with 50 ml
IXTAE buffer using microwave. The gel solution was added with 4 pl of 0.4 pg/ml
ethidium bromide, and then poured in the agarose gel apparatus. DNA sample was
mixed with 5x probe buffer to the ratio 5:1 (buffer:DNA solution), centrifuged

shortly, and pipetted into the well of the gel. The loading gel apparatus was connected
to the power supply, and run at 75 volts.
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50x TAE buffer
Tris-base 2420 g
Glacial acetic acid 57.1 ml
0.5 MEDTA 100 ml

Adjusted to pH 8.0, and adjusted volume to 1 1.

The sam sith the samiple buffer and heated for 5 min at
95 °C. The sample prephrs vas then cent d for 1 min at 13,000 rpm to

precipitate the insol 2% 20 m1 of protein sample was loaded into the gel

The glass gase v‘g
of glasses with the rubber,

g the space between two pieces
_ ogether with clippers at both sides of
the glass case. The separating -; etwas. T Jureduinto the space between glasses around
7.5 cm height, efully with afer on the top, and of the
7 BuJOH was discarded and the
gel was washed with water. The stacking gel was pou@ on the top of separating gel,
and the comb was put inside to make the wells. After leaving the gel to be hardened

For 0.5 b, it “ﬁ Sabfed ik 'ﬂhﬂ%ewgﬁl WhifH Ware already removed the

clippers and th&rubber, was placed into the electrode chamber e glass case was

chppe W ﬁeﬂn ?J?:I;%ﬁ]{% % Hd']eatﬂe buffer. The
electrode buffer was poured inside and outside the chamber, the samples were loaded

into the well. The power supply of 100 volts was applied until the blue dye almost

separating gel.

reaching the bottom edge, and then the gel was removed for staining.
Coomasie Blue stain
The gel was immersed into the coomasie blue staining buffer for

one hour, then it was destained with the destaining buffer with gently shaking.



Separating gel 12%

Milli Q water 34 ml
1.5 M Tris/HCI, pH 8.8 25 ml
20% SDS (w/v) 50 pl
Acrylamide/Bis-acrylamide
(RotiphoresR gel 30, Roth) 4 ml
.“q-‘ -'II Nerélu ‘_
S ' 50 pl
5 ul
3.075 ml
1.25 ml
23 pl
670 ul
25 pl
------- B pl
unmng buffer, pH 8.8 1 liter 5
i By .
AULINETTWENNS
SDS b
AT INYIAY
1xSample buffer 8 ml
milli Q water 4 ml
0.5 M Tris/HCI, pH 6.8 1 ml
Glycerol | 800 ul
10% SDS 1.6 ml
B-mercaptoethanol (Roth) 400 pul

48
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0.05% Bromphenol Blue (Sigma) 200 pl

Coomasie Blue stain solution

HOAc 100 ml
MeOH 300 ml
Water 600 ml
g
ml
ml
ml
oHOACc and 3% glycerine.

coomasie blue staining by washing
out the destaining buffer with ater; Ot er stain can be done immediately after
removing gel from thig g y nexsed jinto the fixing buffer and
followed with silve "1”_ ¥

F@, the gel wa ed 1nto t@ fixer agent containing 40%
EtOH and 10% HOAc for 3,x 45 min. Theny it was rinsed by water to remove fixer

for 3 %30 miﬂtﬁn&] b 30 e Pihogh $bibh ifeh We sensitizer containing

0.5% (wiv) gluﬂxaldehyde 30% QOH 2g/1 sodlum thiosulfa H20 and 68 g/l

AT PV HAL P i o
min withisilver stain reagent containing 1 g/l silver nitrate, and 250 ul/l 37% (w/v)
formaldehyde. After being washed rapidly (10-20 seconds) with water, the gel was
developed until the protein bands appeared (5-15 min) with developer consisting of
25 g/l sodium carbonate, and 100 pl/l 37% (w/v) formaldehyde. The reaction was
terminated by immersion in 14.6 g/l EDTA for 5-10 min. The staining gel was stored
in solution consisted of 3% glycerol, and 1% HOAc.
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Protein molecular weight marker (Fermentas SM0431) consisted
of B-galactosidase (116 kD); bovine serum albumin (66.2 kD); ovalbumin (45.0 kD);
lactate dehydrogenase (35.0 kD); Rease BspSS1 (25.0 kD); B-lactoglobulin (18.4 kD);
and lysozyme (14.4 kD).

11. Determination of nucleic acids

The concentration of nuclei ids was determined by a UV spectro

photometer at the wavelength ding on the type of nucleic acid,

The 2 pl of am, ' \N\\ pl of water (dilution factor

'.‘ \\

of 25), measured for -spectrophotometer and then

calculated into the con :&f ;;‘__ \ | equation:
DNA concentrfitioft (ng/h) = (OBag, dilution factor x 50 ug)
'-",-';"’ ’ 1000 pl
RNA concentration{jg/p! ) dilution factor x 40 pg

T 108

e

12. Nucleotide sequenmng

nucleotides as @W ﬂ Efﬂqﬁ ﬂﬂﬁ TT?‘“}'C’ sequenced for
WA 30U ALALL i

diluted le (DNA polymerase,dNTPs, ddNTPs labeled and Big Dye buffer); 1 ul of
10 mM primer (T7 or SP6 primer for P GEM-T Easy plasmid;T7 TOPO or T7 reverse
primer for pET 101/D-TOPO vector); and plasmid (400-600 ng). The PCR
amplification was carried out by the following program: 96 °C for 2 sec, and 25
cycles consisted of 96 OC for 10 sec, 50 OC for 5 sec, and 60 °C for 4 min.

After finishing, the 10 pl of water was added into the PCR reaction

mixture.
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12.2 Purification of Big-Dye PCR reaction mixture

The PCR product of Big-Dye PCR was purified from the reaction
mixture prior to sequencing for nucleotide. The Sephadex G50-50 Superfine
(Pharmacia) was loaded into the wells of MultiScreen® HV plate by using the column
loader, then the gel was swollen with 300 ul Milli Q water in each well. The plate
was covered and placed at 4 °C for more than 3 hr. The water was removed from the
column by centrifugation for 5 min at. 910 x g. Then the sample from Big-Dye PCR
was loaded drop by drop into the cente column. The plate of gel filtration

column was then placed on the top : titer plate and centrifuged for 5

min at 910 x g. The cléea) a ned and ready to put into the
sequencer machine (ABI PRISN310 2 analyzer, Hitachi).
Dilution ofBigdyeil 1.
yevil': one lied Biosystem) 50 ul
sh Vil : 75 ul
5%, 8¢ pplied Biosystem ) 75 pl
13. DNA concentration (ECERr
The DNA solution olume of 3 M sodium acetate and

reaction mixture was-Ci ) ‘. , discarded supernatant,
and washed pellet wit@]O% ethanol. nm'

min at 13,000 DNA' pellet was redissélved with ;]p.ﬁfﬁater, and measured for

DNA concentr 1 mm&hﬂ;ﬁtm EJ
B LT T

(Performed in room temperature, use free RNAse water, and wear gloves in every

step)

thanol was removed by centrifugation for 10

Fresh, young leaves of Croton stellatopilosus (1 g) were frozen with liquid
nitrogen, grounded into powder by using mortar and pestle, and then transferred into a
falcon tube. It was added with 3.5 ml of cooled lysis buffer and 3.5 ml of
phenol/chloroform (Roti®- Phenol:chloroform:Isoamyl alcohol 25:25:1, Roth), and
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shaked for 30 min. The extract was centrifuged for 10 min at 5,000 rpm. The
aqueous layer was collected. The organic phase was extracted again for 2 times with
phenol/chloroform (add 3.5 ml, and 3 ml phenol-chloroform, respectively). The
aqueous fraction was combined together and precipitated by 0.1 volume of 3 M
sodium acetate, pH 5.2 and 1 volume of isopropanol. The mixture was placed at
—20 °C for 1-2 hr, then centrifuged for 20 min at 5,000 rpm. The obtained pellet was

washed with 500 pl of 70% EtOH (‘ out redissolved the pellet) and centrifuged

again for 10 min at 5,000 rpm ’a.,,._ “ r ied, and then redissolved with 300 ul
of TE buffer gently (do yortex). prec1p1tated from the dissolved
pellet by adding 300 pl 6 2
RNA was obtained by
washed with 500 pl of Z0%

t 4 OC overnight. The pellet of
15 min at 4 °C, then it was
ation at 5,000 rpm 10 min at
4 °C, and leaved it driedfbr et was redissolved with 50 ul of
b

TE buffer by vortexing to & ount of RNA was quantitated

by measuring the absorbang€ 2 }-0 Ny ; : tion of 1:50.
Lysis buffer _,m,f‘ 4
10 mM Tris cs-ﬂ
50 mM NaCl__#2 0 =
1% '.’;-+;,,
4% P "'f. ¢ X
I mME TApH80 m

mﬁlﬁ?fmmmm
RARIN TN INY D

10 mM Tris/HCI pH 8.0
1 mM EDTA pH 8.0
Sterile filtered.
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15 First-strand cDNA synthesis

First-strand cDNA was synthesized according to protocol of Superscrlpt
First Strand system (BD Biosciences). This First-strand ¢cDNA kit was used to
convert 1 ng to 5 pg of total RNA into the first strand cDNA by the principle of RT-
PER:

The reaction mixture was performed in the 500-pl eppendorf tube in the

following steps:

1. Denature:
1 pl
1 pnl
1 pl
water 10 pl

vater bath at 65 °C for 5 min,

The second w Wwas prepared, and then added into

the first reaction mixture. e contained:

q‘qmnﬁmmﬂm incubated for 2 min at

Mlﬁ]ﬂllifu AN Y

Enzyme SuperScript ™ 11 RT (50 units) was added and incubated for
50 min at 42 °C.

42°c

4. Termination
The reaction was terminated at 70 °C for 15 min., chilled on ice, and

then stored at —20 °C until use.
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16. Amplification of prenyl diphosphate phosphatase fragment of C
stellatopilosus by PCR.

Oligonucleotides were designed from the high homology region of known
prenyl diphosphate phosphatase amino acid sequences. Six degenerated primers were

used to perform PCR with the template of single-stranded cDNA (see section 15) in a

volume of 50 pl as follow;

Touchdown P ge tegiplat ITs d cDNA and the degenerated
primer was carried out ingall € \Bination Of Sense and antisense primers. The PCR
conditions was composed @f pr denatur min at 95 °C; denaturing 1 min at

O,

95 9C; annealing 1 mj in 2 °C step of 2 cycles,

— o :
followed by 10 cy¢les at 45  C; 72 °C; and addition 7 min
|8 Y

ﬂﬁaqﬁ@miwawni
awﬁm‘%—%ﬁmwmaa




55

95 °C 1 min
= 1 min x 2
2.9¢ 1 min
95°C 1 min

45°C lmin 444 x10
72°C :
B
4°C
The resulting PCR

garose gel containing ethidium

bromide as described ing9. muchdown PCR products was

indicated by Nested PCR n different tempe \ ~\~\ 54-60 °C with the gradient
PCR machine.
The amplicon frem Nesged PER was d as'follow. The 40 pl of reaction

mixture was mixed with and loaded into the wells of

agarose gel. The gel was dete¢iedainder ght The band around 500 bp in size
was cut under UV light, and_ cxlra A by QIAquick® gel extraction kit

PR
(QIAGEN).

4
17. Ligation r
The gel extract ccﬁtmm licen was ligated into pPGEM-T Easy vector
mﬁm& Ha 117
2?Rap1d ligation buffer 5 ul g
RASIRTRUAIS LR ¢
Gel extraction of the PCR product 3ul
3 unit/pl T4 DNA ligase 1 pl

The reaction mixture was incubated for overnight at 4 °C. The amount of
inserted DNA in pGEM-T Easy vector with 3:1 molar ratio (insert:vector) was
calculated as follow:

Amount of DNA (ng) = (50 ng vector x kb insert) x 3
Size of vector (kb)
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18. Transformation

The 100 pl of competent cells was pipetted into a falcon tube for more
oxygen, and then it was mixed with 2 pl of ligated reaction mixture. The tube was
swirled, incubated for 30 min on ice, immersed in water bath for 25 sec at 42 OC, and
then placed immediately on ice for 2 min. The 900 ul of SOC medium was added
into the tube, and shaked at 200 rpm 37 °C for 1 hr. The cell culture was then
inoculated onto LB agar plates conta' ning 100 pg/ml ampicillin, 80 pg/ml X-gal, and
0.5 mM IPTG. The plates were I‘ : ‘ vernight at 37 °C. There were blue

onies were selected and detected

for gene insertion by colGNy PER: using T7prumer as.sense primer and SP6 primer as

agar plate, eight colonies were
picked and inoculated i ; f aining 507l of LB medium with 1 pg/ml
ampicillin (performed in %)
were shaked in the shakm il

e miniculture. Then the PCR tubes
00 rpm, 37 °C for 3 hr. After

incubation, the PCR. W i 0f 30 pul as follow:
L

m 10 mM dNTPs

ﬂuﬂﬁtﬁiﬁmimmﬂ“ﬁ
awwamﬁ""fﬁwnﬁmaa

Miniculture pl
PCR conditions were 30 sec at 94 °C, followed by 30 cycles of
30 sec at 94 °C, 30 sec at 50°C, 45 sec at 72 °C, and ending with a 5-min final

extension at 72 °C.
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19.2 Double digestion with restriction enzyme
The other method to check for the gene insertion is the double
digestion. The pGEM-T vector has the restriction site for EcoR I at the end of both

sites of gene insertion, therefore the cleavage of the vector with EcoR I yielded the
gene fragment that can be detected its size by agarose gel electrophoresis. The

positive colonies were picked from agar ate and directly cultivated in the 6 ml of LB

medium with ampicillin. Or pip \\\ | / iculture into 6 ml of LB medium with
ampicillin, and incubated at®87 “C for o & The plasmid was extracted using
: aancentration was measured by

UV spectrophotometer as e cdin sec
i

tion S

U \%:}\\Eﬂ estion in the total volume of
#u -..;;; 1 \\“ :\j\ of EcoR I, 1 pg of plasmid,
and 2 pl of 10x EcoR jfer g '7 3 \\ was incubated for 1 hr at 37 °C,

and detected for the req

20 pl, which was perfo

2lectrophoresis.

The 1 pl of minicul_ UG Was, p d into 6 ml of LB medium with
t 37 °C fo ght.. The E. coli culture was
J‘.".' e plasmid was extracted
pin miniﬂp kit (QIAGEN), and the

concentration was measutedsby UV spectrophetometer as mentioned in section 11.

AUEINININE NS
R OB R B eac

c¢DNA Amplification kit, BD Biosciences)

SMART (Switching Mechanism at 5’ end of RNA Transcript) is a method
for performing both 5’-and 3’ rapid amplification of cDNA ends (RACE). This kit
can utilize first strand cDNA directly in RACE PCR without the need of secondary

harvested by centrifuged 4,000 &

from the cell pellet @ using QIAprep

strand synthesis and adaptor ligation. The total RNA can be used as starting material
for constructing the full-length ¢cDNA. The procedure according to the manual

included:
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1. First strand DNA synthesis; the reaction mixtures were shown in Table 5.

Table S Reaction mixtures of first strand DNA synthesis using for RACE PCR.

5’-RACE-Ready-cDNA 3’-RACE-Ready cDNA
Total RNA (50 ng-1 ng total RNA) 3 ul | Total RNA (50 ng-1 ng total RNA) 3 pul
5’-CDS primer 1 pl | 3°-CDS primer 1 pl
SMART IIA Oligonucleotides

Water q.s. S\ / q.s. 5nul
SMART IIA Oligenucleot miCiminal G residues that anneal to dC
rich cDNA tail and serve as : mplate forenzyme reverse transcriptase.
5°-CDS prime 1\ }
3’-CDS prim AG TGG CAA CGC AGA GTA C
T3oVN-3 ‘ =\ \

mixed, placed in 70 °C for

(he reaction mixture containing:

20 mM DTT __ 2

Powe ‘.?: .

.5 hr. Then it was diluted

St o) il 1)1 11
20 °C until ulEI

PowerScr§ RT when functioned until réached the en ﬁ’ RNA template,

it exm‘ﬂdwmr}l ﬂﬁg mumﬂ ’;3%8 r] the first strand

cDNA. At the same time, PowerScript RT switched template from mRNA to

The reaction 1xture was placed in 42 °C fo

SMART Oligo in order to generate a complete first strand cDNA copy of the original
RNA with the additional SMART sequences at the end.

5x First-Strand buffer contained 250 mM Tris-HCI pH 8.3, 375 mM KCl,
and 30 mM MgCl,.

Tricine-EDTA buffer contained 10 mM Tricine-KOH pH 8.5, and 1mM
EDTA.
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2. Designed primer for RACE PCR
The primer should be designed with 23-28 nt, 50-70% GC, and Tm
>65 °C. The best result would obtained if Tm >70 °C (enable to use Touchdown
PCR), and avoid using self-complementary primer.
Primer for 5°-RACE PCR (antisense):
5’GGC CTC TGC GGT CAA ATG CTT TCA ACT TCC CAG3’

3R1: 5° GCA CTT GGC CGG Q\\ NG LE LGAT TTC TT TGG CGC 3’
3R2: 5 TGG CAG GAT G1 ATTT JUAGGT CTC TTA GGG 3’
3. RACE PCR to ate 5’ at : gments

Amplificatios

shown in Table 6:

in olurne reaction mixture as
Table 6 Reactig \

\
5’-RACE PCH i m '\\\ -RACE PCR reaction mixture

Water =345 34.5 ul
10x Advantage 2 PCR fer— = Ox'Advantage 2 PCR buffer 5 ul
10 mM dNTP mix 0 mM dNTP mix 1l
50x Advantage:2 Polyim mix 1 ) antage 2 Polymerase mix 1 pl

5*-RACE-Realy SDNA— 25 jil | 3ERACE Rjady cDNA 25 pl
UPM 10x (Universal P ) V. IOﬂUniversal Primer A mix) 5 pl
10 uM 5°-RACE prémer 1 10 uM 3°-RACE primer Il

ng i

Ola l

: Pl A
Y ¢ i T
Polymegmgiﬂﬁmmmjﬂmz tiﬁﬁfﬂMPTCalf :11:1]‘:

minor amount of a proof reading polymerase.

UPM =5’ CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAA
CGCAGAGTACT;pVN 3’

Touchdown PCR for 5’-RACE PCR; annealing temperature touchdown
from 72 °C to 60 °C, 2 °C step decrease. The PCR cycles were shown as followed:
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94°C 10 sec
94 OC 5 sec
72°¢ 3 min %S
94 °C 5 sec
70 °C 10 sec x5
72C 3 min

94 °C
60 °C
7290
72 9¢
4°C ¢

Touchdown PCR for 8°-RACE PER4anhc ling temperature touchdown
from 72 °C to 68 °C, 2 °€ sép dectease.
94 °C
94 °C
72 O

2%

94" 1
70°C = 10 sec

aﬁﬁﬁﬂ%ﬂwmm
ammnimumfmmaa

7996 2 min
e 7 min
4°C infinity

4. Nucleotide sequencing of RACE products and full-length gene
The amplicons from 3’- and 5°’-RACE PCR were detected by agarose
gel electrophoresis. Then they were extracted from gel by QIA quick gel extraction



61

kit. The purified ¢cDNA fragment was ligated into pGEM-T Easy vector and
transformed into E. coli DH5a.. The transformant was cultured into LB agar plate
containing X-gal, IPTG, and ampicillin as described in Section 18. The white
colonies were collected and checked for gene insertion by colony PCR. The positive
clones were inoculated into 6 ml of LB medium containing ampicillin, incubated at

200 rpm, 37 °C, overnight. Then, the cells were harvested, and extracted the plasmid

Nucleotide sequencing of plasmi

by QIAprep Spin Miniprep kit. The_plasmid was measured for the concentration.
? BigDye PCR using T7 primer for

sense direction, and SP6 prir

1 n. The nucleotide sequences of

each fragment were align STAR) The whole nucleotide

sequences derived from

frame (ORF) by program E

22. cDNA sequence andlysif

Full-leng q ithi _7 JRF ing uded tart codon (ATG) and stop
codon (TAA) were tranglate : ), AMINO 2 sequences by program EditSeq
(DNASTAR). It was m o= th, amino acid sequences of prenyl
diphosphate phosphatase and phos id_phosphatase from various plants in

database by progra & R), and reported for the

X
and 1ts cﬁavage site was detected by

homology and phylog zegetic |

The chlﬁ)pla

program ChloroP.

ﬂummmwmm

23. Heterologou§ expression in E. co i

NN 1101 o
cDNA se ed otif, were generated by The PCR were

performed in a 50-pl volume containing

10x Pfu reaction buffer S ul

10 uM sense primer 1 ul
10 pM antisense primer 1 pl
10 uM dNTPs 1 upl

Single strand cDNA 1 pl
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Pfu polymerase 1 pl

Water 40 pl
The single stranded cDNA was prepared from total RNA by Superscript
First Strand system kit as described in Section 14 with primer Oligo dT. The sense
primers and antisense primers were designed following the manufacturer’s

instructions of pET directional TOPO Expression kit (Invitrogen):

Sense primer for ORF1
5’ CAC

Sense primer for OR}

/TGG CITT ATC TTT €TG ETT 3°

-y G ATG @TC AGA TAC CCT 3’
Sense primer fo // i1 \\
S g A a\ CT GGG AAA GACA 3’

Sense primer fo aCateJORF 2 &

/N
Sense primer affer RR/n 6ti§:-"-;‘

\\‘ A CCC GTT TGG GCA 3’

5’ gAQ B TCRARGAC CTC CAT CATG 3’
’ -
Antisense primer ¥ :?@.-o fOp CON

iy TTTT w"“';' L TC AAC GTC CTG GTG GCT 3’

7 ,-f

Touchdown PC th th X ure above were performed.
The PCR conditions vge used: p) mm followed by 3 cycles of 94
°C 1 min, annealing temperature touchdown, from 64 9C-54 °C, 2 °C step decrease,

and 72 °C 2 ﬁﬂ‘ﬂ‘ﬁ}"ﬂ ﬂ%ﬁ Wﬁ@ﬂ@eahng temperature 20

cycles with the 52°C, and ending wxgl a 10-min ﬁnal extension at 7290

ANTIH & WYY ST o v
excised from the as extracted from the agarose by using gel

extraction kit. The DNA concentration was measured by UV spectrophotometer. The
DNA in gel extraction was then inserted into vector (pET 101/D-TOPO vector,
Invitrogen) in the ratio of PCR product: TOPO vector (5:1 molar ratio)

PCR product inserted into vector (ng) =:vector (ng) x kb insert)

vector size (kb)
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Reaction mixture of TOPO cloning reaction

PCR product 1.5 ul
Salt (1.2 M NaCl + 0.06 M MgCl,) 1 pl
TOPO vector (pET101/D-TOPO) 1 pl
Milli Q water 25 ul

The reaction mixture was vortexed, placed at room temperature (22-23 °C)

for 30 min, and then placed on ice unti g transformation.

Transforming compe

3-pul of TOP@ g rea '&ged into vial containing E. coli
. ' TE—

cell (One Shot TOP10

incubated on ice for 30

gentlyswithout pipetted up and down,
for exactly 30 sec without
shaking, then put on ic 2 medium. The mixture was

shaked at 200 rpm, at 3 loculated on agar plate of LB

medium containing 100 p d at 37%¢ overnight.
The col picked andyi \. into 6 ml of LB medium plus
ampicillin. Then the cell§'w ' ! racted for the recombinant plasmid

by using plasmid extracti ere sequenced for nucleotide

sequences. The exact nucleotideseq; 'e.«' .,-: ‘ orrect direction will be further used
for expression. .
A\ 2

The 10 w O
BL21 (DE3) Codon pl RIL with the same method desetibed above, and inoculated
into LB medium,c ﬂ: cﬁ m;lﬁﬁ at 37 9¢ overnight.
Positive clone:ij edb n 19) using T7 forward
and T7 reverse vector-based primers{T7 TOPO and T7 reverse p irl) The colony

YRIANNTIUANNRTINGA

with 1nsex%on was inoculated into 50 ml of LB medium with 100 ul /ml ampicillin

w" transformed into E. coli

and 50 pg/ml chloramphenicol, grown overnight at 200 rpm, 37 °C. Aliquots of 15
ml were used to inoculate 1 1 Erlenmeyer flasks containing 500 ml of LB medium
with ampicillin and chloramphenicol. These were grown at 37 °C 180 rpm to ODgqq
=0.5-0.7. The cell suspension was placed on ice and started to induce for expression
by adding IPTG with the final concentration of 1 mM, shaked at 22 °C, 180 rpm

overnight,
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Cells were harvested by centrifugation at 8,000 rpm for 10 min. The
pellet was redissolved with His-Tag lysis buffer containing 750 pg/ml lysozyme and
placed on ice for 1 hr. Then the suspension was sonicated for 30 sec twice to break

cell. The homogenized was centrifuged at 10,000 x g for 30 min. The supernatant

was used for purification.

24. Purification of recombinant pro by affinity column chromatography

pellet was resuspended 1 1 ) B FAter thathit was resuspended in 10 ml of

crude bacterial lysate aker for 20-60 min to allow

the his-tag binding to ‘ etc' " 16 lysate was transferred to 15 ml-
Greiner tubes, and centri £ Bhe supernatant was kept at —20
°C for later SDS-PAGE 1 d' is-tag fraction. The resin was
washed twice by resuspendm ~ihg; '_ #12-14 ml of HWB and agitating on

00fx g. After the supernatant

was discarded, the res i’.,_' BB The resin was transferred
to a 2-ml gravity ﬂovﬂol cd wit}mo ml of HWB. Then, the
protein was eluted by H]iB The first 3-ml gluant was combined and desalted with a

010 A4S SBIND W EN IR ot 7.

recombinant protéin was stored at —30 °C. The Talon resin was_r Q}covered with 10-
column uﬁ @ ﬂﬁl\m 'r'fag Ei}iazole and B-
PRIRALITE H R VIR

mercaptoethanol. column should be kept at 4 °C. Talon resin can be re-used for

3-4 times.

24.2 Hi-Trap HP affinity column (Amersham)
HiTrap HP is a prepacked column for purification of his-tag
recombinant protein by immobilized metal affinity chromatography (IMAC) using
Ni**. It was operated with liquid chromatography system (Aekta, Amersham). The
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crude lysate of E.coli was loaded onto the column. After the column was washed with
10 ml HWB, it was eluted with linear gradient of 0-500 mM imidazole in HWB at a
flow rate of 0.5 ml/min for 20 ml. The fractions of 1 ml were collected and detected

for the his-tag protein by Western Blot with his tag monoclonal antibody.

His-Tag lysis buffer (HLB)
50 mM Sodium phosphate buffer pH 7.0
500 mM NaCl | .
2.5 mM imidaZolie S
10% glycer®
10 mM B A
1% Tweeq '

750 pg/ml

His-tag wash fie l B
50 mM Sog ho fer p

500 mM NaQF s

2.5 mM imidazol ,'“
- —"‘
10% glyic

His-tag elution Buffer (HE

ﬁr?N bk AT N T

ARSReRSLIAM TN
10 mM B -mercaptoethanol

The desalted recombinant protein from a PD-10 column was concentrated by
Centricon-10 (Amicon). The concentrated protein was detected with 12%SDS-PAGE

and assayed for GGDP phosphatase activity. The recombinant protein was identified
by his-tag monoclonal antibody.
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25. Detection for gene expression by Hig-Tag monoclonal antibody.
1. Electroblotting from SDS-PAGE

The Whatman filter paper size 7x9 cm, Nitrocellulose membrane 7x9
cm (Sartorius), and SDS-PAGE gel were placed into blotting buffer for 15-30 min.
The electrode plate was moistured with water. The Whatman filter paper was placed
one by one onto the electrode plate for 3 layers, and air bubbles was removed by
en the nitrocellulose membrane was placed,
and followed with SDS-PAGE gg \ ally. ilter paper was placed one by one for
3 layers. The lid was covéred onto e &tg, and then connected to power

supply of 0.8 mA/cm? for™ " wice [ w8 mA/cm® = 50 mA). After

rolling the stirring rod over each layer. ]

The 104 38T Buffer wit )k powder (Roth) was added

into glass petri dish. e nifrocell A\ ane which has been blotted
already was applied and = it the membrane was transferred

pl of alkaline phospha@e econ ary antibody, and Sh@d for 1 hr. The membrane
was washed with TBST for4 x 10 min. Then it was stained with 10 ml TBS buffer,

pH 9.5 contﬂ:uztﬂ v ) Fbd |BRe ¥ sthaifih INBT, 75 mgml in

dimethylformam%e), 35 ul of 5-bromo-4-chlo&-3-indolylphoaphate (50 pg/l in
ames TR} 05 O VB B B o s
band within 5-60 min. The reaction was stopped with 20 mM EDTA in TBS buffer.
Blotting buffer for Electroblotting (Western blot) pH 9.1

48 mM Tris

39 mM Glycine

20 vol % MeOH

0.037% SDS
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Fast Green Dye
1% glacial acetic acid
0.1% Fast green _
Tris-buffered saline/Tween 20 (TBST)
20 mM Tris/HCI pH 7.5
150 mM NaCl
0.05% Tween 20
Tris-buffered saline (TB.
20 mM Tris/HE!

26. Geranylgeranyl diphg sphat: . € enzyme assays.

The reaction mixflirg \concentrated recombinant protein,
0.1 uCi [1-°’H]GGDP (Amg 548 d13 | \\ 0™ /HC1 pH 7.0 buffer. Assay
mixture was incubated : \ ts were collected with three
times ethyl acetate extraction (3 -_'f“.‘- ' _ layer were combined together
and dried with Speed Vac./Thg Ap into a silica gel TLC plate with the
solvent system of isopropano -NHL :1), and detected for GGMP and

GGOH with a TLC rallic

]
AU INENTNEINS
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