CHAPTER 1V
RESULTS

1. Preparation of compounds for biosynthetic studies

A. Chemical synthesis of [1-°H|GGOH

[1-3H]GGOH was synthesized from GGOH according to Section 2 of
Materials and Methods. The diagra m
19. The resulting [1-°’H]GGOH had its.
The obtained label GGOH. W2
authentic GGOH. The
*H]GGMP and [1-°H]
cultures.

3H]GGOH synthesis was shown in Fig.
I e specific activity 0.028 Ci/mmol.
mparison its Rf value with the
7 used for synthesizing [1-
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Figure 19 Diagram of chemical synthesis of [1-°’H]JGGOH

B. Preparation of [1-3H]GGMP and [1-°’H]GGDP by microsomal fractions
1. Detection of GGOH kinase activity '
When [1-°’HJGGOH was used as the substrate and CTP was the

phosphate group donor, kinase activities from microsomal fractions of both Croton



69

stellatopilosus cell suspension and Nicotiana tabacum cell suspension were detected
and resulted to enzymatic products of [1-’HJGGDP and [1-°’H]GGMP (Fig. 20). The

enzymatic reaction steps were shown in Fig. 21.
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Figure 20 Phosphoimagg's icrosome from

C. stellatopilosus. :La 2 por), lane 2-4 reaction mixture,

lane 5 control without C

CTP appe i iLatalyzed by the microsomal
kinase. No such ki V : J P, GTP, or ITP. It should
be noted that the emess amount Of microsomal m)tem could reduce GGDP
formation. Overnight infubation of reaction/mixture led to an appearance of various

enzymatic pmﬂtuﬂ sighiflpt Jodd o GEDP.) Th 0aP00 x g supernatant of

the same rotex’ll amount as microgomal protein _showed no kinase activity. Also
P SO protein,§ w3

additioQtWr’em;&ﬂ%f&d%@u@nﬁ%}ﬂ@ﬂive better yield

of the labéled products.

2. Conditions for [1-°’H|GGMP and [1->H]GGDP formation
Attempts to increase the yield of [1-°’H]GGDP by the catalysis of
microsomal kinases always resulted high formation of [1-°’H]JGGMP as well. Since
[1-’H]GGMP is not commercial available and might also be an intermediate of
dephosphorylation of GGDP to GGOH. We also aimed to obtain [1-’HJGGMP for
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this study. Based on the optimization, the highest yield of [1-°’H]GGMP appeared to
be 95% from the reaction mixture containing 50 pg microsomal protein, 0.2 puCi [1-

*H]GGOH, 62.5 uM Tris/HCI pH 7.0, 6.25 mM CTP, 10 mM sodium orthovanadate,
5 mM MgCl, (Fig. 22A).

[1-°’H]GGDP was obtained with high yield under the same reaction mixture
but using 62.5 pM MOPS pH 6.5 instead of 62.5 pM Tris/HCI pH 7.0. The yield of

yr one-hr of the incubation (Fig. 22B).

:"7 =
[1°H]GGOH + V1 \_Q.:‘;"& " [1-*H]GGMP

[1°H]JGGMP  +

[1-°’H)GGDP was approximately

[1-°*H]GGDP

Figure 21 Diagram o mg \a “H]JGGMP and [1-°H]GGDP

formation from [1 3H]GG L/ e ek
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Figure 22 TLC radiochromatograms of enzymatic products from microsomal
kinases. A) Enzymatic conversion of [1-°’HJGGOH to 1< H]GGMP with 95% yield
under the condition of Tris/HCI buffer pH 7.0; B) conversion of [1-°’H]GGOH to [1-
*H]GGDP under the condition of MOPS buffer pH 6.5 with 53-60% yield.
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3. Characterization and purification of [1-’H]GGMP and [1-*H]GGDP
The incubation of [I-’H]JGGMP (Fig. 23A), and [1°’H]GGDP (Fig.
23B) with the alkaline phosphatase led to the formation of GGOH in both cases. No

GGOH was detected in the control reaction mixtures without adding the alkaline

phosphatase.
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Figure 23 TLC radioglmmatograms ofqgephosphorylation of [1-3H]GGMP and

[1-*H]GGDP ﬂ wfp‘}&ﬁﬁsﬂ @ wpﬁﬁﬂl@n of [1-*H]GGMP to

yield [1-°’H]JGGOH as compared w}th no conversion in the absg'lce of the enzyme.
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3. Purification of [1-’H|GGMP and [1-°H|GGDP
Higher scale of reaction mixture was performed to produce
higher amount of GGDP. The 130-fold reaction contained 26 puCi of [1-’HJGGOH.
The extract after stopping reaction was concentrated and applied into MCI CHP20P

column. The water-soluble substances of non-radioactive compounds were removed
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by eluting column with 25 mM NH;HCO;. [1-*H]JGGMP, [1->H]GGDP, and [E-
'3H]GGOH were eluted from the column at the concentration of 80%, 85-90%, and
100% MeOH in 25 mM NH;HCOs, respectively as shown in Fig. 24. [1-’H]GGDP
was obtained 2.27 pCi, or 8.7% from the starting amount of [1-3H]GGOH.
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Figure 24 TLC radioﬂomato of 1l actions fro1 MCI gel CHP20P column,

eluted with stepwise gradieat of 25 mM NHsHCO; and MeOH. A) GGMP fraction
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3. Chemical synthesis of dibenzoyl plaunotol

The reaction of dibenzoyl plaunotol synthesis was shown as follows
(Fig. 25):

OH Cl
_F
OH o)

geranylgeraniol

Figure 25 Diagram of ehemical'syntic 'é-f‘ plaunotol

s confirmed by FTICR (Fig. 26).
7 . .
MW of plaunotol is 306, thereféfe the M 537 indicated two groups of benzoyl

The structure of di

available in the structure.
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Figure 26 FTICR of dibenzoyl plaunotol (C3sH4,04) MW 514 + Na 23 = 537
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2. Biosynthetic study of C. stellatopilosus
A. Feeding leaves of C. stellatopilosus with [1-°’H|GGOH

The healthy leaves were fed with 10 pCi [1°HJGGOH for 92 hours. Then
they were extracted with 80% ethanol, and acid-base partitioned with CHCI; as
mentioned in the method. The TLC radiochromatogram of CHCI; extract is shown in

Fig. 27.

Start Front

Figure 27 TLC radioc  from leaf feeding with 10 pCi

[1-°’H]GGOH compared wi ;;___'_;'g s Which were detected by I, vapor
(black spots)
The small agec '.., the feeding leaves. The

plaunotol area were mﬂrom a a TEC™pIate, and eli d with EtOAc. The EtOAc
extract of 4,690 cpm was mixed with plaunetol 500 pg (1.63 pumol) to synthesize a

servative it RHFY) HOS W RSs. the chromatogram

of the reaction niixture showed a fewy amount of dlbenzoyl plaun
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Figure 28 TLC radiochromatograsi sho (faceamount of a compound at the same
Rf as the dibenzoyl plaun andard of dibe oyl plaunotol was detected

under UV,s4 nm.

B. Feeding callus and. i C \ 1topilosus with
[1-°H|GGOH ‘ ‘\\

Cell callus and ¢ Seris '-_ UTes L % stellatopilosus were fed with
10 puCi of [1°'H]GGOH. A A8 ' - ere extracted with 80% EtOH,
and were partitioned with chlorof6 T deeribed in Method. The chloroform extract
was applied to a silicayg : e, soly benzene-MeOH (9:1). The
phosphoimage of \; ."Hd
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Figure 29 TLC phosplitirgag ofﬁf /2 sion of C. stellatopilosus fed

with [1°’H]JGGOH. Lz

lane 6: geranylgeraniol. (lag > 8hd-6 ected with iodine vapor.)

“cell suspension; lane 5; plaunotol;

The TLC chyomafogram of callus an¢ éfision fed with [1-*H]GGOH
showed the major \pfoduct at the f f his Jsubstance was not further
identified. The calluﬂeedn at the s@'xe Rf value of plaunotol, but

its amount was too small gbe detected b“erivatization The result showed clearly

s FHHARUAINEAN T
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stellatopilosus leaves

Chloroplast was extracted from fresh leaves of C. stellatopilosus by
sucrose gradient (Fig. 30). The layer between 30% - 40% sucrose was used for
GGDP phosphatase assay. The results were shown in Fig.31 and Fig. 32 that GGDP
and GGMP were dephosphorylated into GGOH. GGMP was detected as intermediate
of dephosphorylation from GGDP into GGOH.
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Figure 31 TLC radiochromatograms of GGDP phosphatase activity of chloroplast

extract of C. stellatopilosus. A) assayed with chloroplast in chlorophyll concentration
of 30 pg/ul; B) assayed with chloroplast in chlorophyll concentration of 50 pg/ul; C)
assayed with chloroplast in chlorophyll concentration of 100 pg/pl; D) assayed with
chloroplast in chlorophyll concentration of 150 pg/ul.
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preparation of C. stellatopilos "E'g : ,\u |[1->’H]JGGMP as substrate; lane
3: boiled control; lane 4: [1- H]GGE] Z

. activity in the chloroplast

D. Detectl 0 0,000 x g fraction of C.

1
-
bl

stellatopilosus cell-f (‘, -extrac 7 Y )

The pelﬂ fractie _ g, O% g and its supernatant were
detected for GGDP pho.?hatase activity oy pared with the boiled control and the

reactions with Ejbm m1n at 30 °C using
Tricine bufferﬂjgﬂe resultlng TLC detected by Iodme vapor (Fig. 33) showed
the pre jﬁh wlrﬁ ons. No such a
peak 15%155134 iﬂljmm m lee typical TLC

densitochromatogram at 210 nm of the 20,000 x g pellet fraction is shown in Fig. 34.
These results were consistent to the previous report (Tansakul and De-

Eknamkul ,1998) showed the presence of both the GGDP phosphatase and GGOH 18-

hydroxylase in 20,000 x g pellet. Therefore, the pellet fraction was chosen for further

investigation.
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GGOH

Figure 33 TLC patternsfof prod ] 57 obt I _ ‘GDP phosphatase activity in
20,000 x g fraction of Crof albPilo! Lhe reaction mixture contained
67 uM GGDP, 100 mM Tficin _ and 100 pl desalted enzyme
preparation. Lane 1: pellet 'n.' D | "2 supernatant without GGDP; lane 3:
supernatant boiled conigolleduiiEEEREIGH rolled: lane 5 GGOH (Sigma);
lane 6: supernatant uif--—————ﬁ

E. The effect of txiton X-100 selubilization on the membrane-bound

mwmm@ﬂﬂ?ﬂﬂﬂﬁ“ﬂqﬂi

The green crude, GGDP pho hatase obtamedi’ﬁ'om solubilized
20,000 Q Wéqua (alﬂ '@W Wlf(;}\’eg WE’?K‘(ﬂxﬂcenmﬁJgatlon
for 60 mif, its supernatant was the crude GGDP phosphatase. As shown in Fig. 3
the crude GGDP phosphatase desalted by PD-10 column exhibited the activity as
same as the 20,000 x g pellet, that meaned Triton X-100 can solubilyzed all of
membrane-bound GGDP phosphatase. The precipitate from 100,000 x g
centrifugation showed trace of GGDP phosphatase activity due to some supernatant
contamination to the pellet. The result from Fig. 35 clearly indicated that GGDP
phosphatase is a membrane-bound enzyme.
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Figure 34 A typiédl TLC-densitochromatogram of the reaction mixture (A210 nm)

e IO AR AL LI 0A
A) Boiled gontrol (lanie 4); B) 20, ithout ’Jﬁﬂ

C) 20,000 x g with GGDP (lane 7).
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Figure 35 T ‘Wm tivity=of GGDP phosphatase
before and aﬂl@ﬁﬁe lubilization. A) Hﬂompellet 100,000 x g; B)
supernatant 100,000 x g without détergent; C Selubilized-pel 0,000 x g; D)
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3. Purification and characterization of GGDP phosphatase from C. stellatopilosus

1. Optimization of GGDP phosphatase assay
Preliminary studies on the properties of the solubilized crude GGDP
phosphatase was carried out in order to design the optimum condition for enzyme
activity assay and for the planning of enzyme purification steps. The desalted crude
GGDP phosphatase was determined fo
showed that the best buffer for the

ts optimum pH and buffers. The results
as Tris/HCI pH 7.0.
ixture containing 67 pM GGDP,

' “’\\‘c

Under this con *’*-‘a ,
0.5 M Tris/HCI pH 7.0 at

with time for up to 60 min

0 _C.showed GG """-(1!_ ation in the linear relationship

1ncubat10n was performed in

various temperatures frog

Fig. 36 indicated that
For enz

and —20 °C for up to 48 da

The result as shown in
\ Vas s observed at 50 °C.
e preparation was kept at 4 °C

’ periodically for its activity. As
shown in Fig. 36 the enzyme @ st
= 0

appeared to be decreased until
C'storage, the enzyme activity still
remained with no significant We.s ore design the purification step in
refrigerator within w_:-s day, ‘e can : [ :1;1 e preparation in —20 °C
for a long time througfiér

From thgpreliml ary study, | ndar@onditions for enzyme assay
was optimized as followss 150 pl reaction mixture containing 67 uM GGDP, 0.5 M

Tris/HCI pH 7. ﬂ%ﬂ@bﬂﬂ%ﬁ(ﬂ:ﬂﬂeﬂﬁ was stored at —20 °C

and could be freéﬂed and thawed for geveral tlmes

ARIANN 3TN UA1INYA Y
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Figure 36 Optimization of GGDP phosphatase assay. A) Stability of the crude
GGDP phosphatase storage in —20 °C (M); and 4 °C () B) optimum temperature of

the crude GGDP phosphatase activity; C) time-course of the crude GGDP
phosphatase activity.
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2. Purification of the solubilized GGDP phosphatase
Fresh leaves which were not too young and not too old were collected.
The crude GGDP phosphatase extract was obtained as described in Section 3 of
Materials and Methods. The crude enzyme extract concentrated and desalted by using
Centriprep-30 (Amicon) was firstly pass through a gel filtration column of BioGelA.
The chromatogram of the BioGelA column was shown in Fig. 37.

PI and PII were conc¢ trated separately by lyophillization into a small

arose 6 gel filtration column. The

volume. Each of them was loaded on h
protein pattern from this column w, &howed one major band on SDS-

PAGE gel. The major™peak of PI ro@ose 6 column with GGDP
phosphatase activity (Fig. Was used to'd natlve molecular weight. The

active PII fraction from theMBioGelAlco . ,; phylllzed and applied on the
same Superose 6 column (## mdjor pe GGDP phosphatase activity

alibrated column. The active

peak fraction of PII from#the er 6 column w " philized to reduce its volume.
It was then applied to the U Q %gi )il sxchange column (Bio-Rad) (Fig. 40). The
forens

column was eluted with 20 FristHC and Na ¢ gradient from 0-1 M. The active

fractions were pooled and were dial
--l's/ J'F ':" r ]
concentrated by ly' hilli ' ly by SDS-PAGE with silver

e resuspension buffer. It was again

1ot be detected due to trace
amount of the obtalneg protein. GE of LE enzyme preparations from
various steps of punﬁq.at&n was shown, in Fig. 41. The summary of GGDP

phosphatase pﬁéuot}wa %%@ Wﬁ ’}.ﬁ‘gon of P T was 3.1 fold

from Superose 6i¢olumn, whereas th;; punﬁcatlon of PII was 157 fold from Superose

6°°‘wmmmtrmmma d
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Figure 38 Chromatogram of PI separation by Superose 6 column.
( — : protein absorbance at 280 nm; #: GGDP phosphatase activity)
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Figure 40 Chromatogram of PII separation by UNO Q column

( — : protein absorbance at 280 nm; ¢ : GGDP phosphatase activity;

----- : NaCl concentration(M))
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Figure 41 SDS-PA € obtained during enzyme
purification of PI g' (Lane 1: crude GGDP
phosphatase; lane 2: PI ffac ; . he-Bi n; lane 3: PI fraction from
the Superose 6 column; ldne I?m BioGel A column; lane 5: PII
fraction from the Superose § coln i weight maker.
BB
$fabbis v 2
Table 7 Summary of GGDP tion from C. stellatopilosus leaves
Purification | Vol Yield | Purification
step ( (%) Factor
j (ng) | (pkat) | (pkat/mg) (-fold)
Crude extract = iﬁ E }—ﬁ% 024 £ 1000 1.0
BioGel A ' 2ol
PI v 25 13535 401.8 | &x29.7 388 1.4
n AR ANFU BRI IGINRE o
Superose 3
Pl 50 3940 261.5 66.4 20:7 3.1
PII 12 86 285.7 3322.0 22.6 157.4
UNO Q
PII 6 8 45.5 5786.8 3.6 2742




89

3. Molecular weight determination
3.1 Determination by SDS-PAGE
The enzyme preparations of PI and PII were subjected to SDS-
polyacrylamine gel electrophoresis. After running, the gel was developed with
coomasie blue. The molecular weights of PI and PII were estimated with comparison
their relative mobilities (Rf) to those of known molecular weights of the broad range

protein molecular weight marker (Bio-Rad). The Rf values of protein MW marker are

in the range of 25 kDa-100"KDa."The equation-was
N -
cigh RRY73 x Rf +2.15
| \\\
1,.of PII was 3.50 cm, and the
migration front was 5. . Ahgrgtore theVRf ‘of s 0.39 and the Rf of PII was

\\

0.68. The molecular ¥ , a en r ermined from the calibration
equation and showed _ f, (i § \ om SDS-PAGE gel was 58.7
kDa, whereas those of Pllfva i. 6 “"'I \

J ,f:r i
Table 8 Rf value of proteins fi F-”‘#A’ﬁ }; gel

25 _ 035 | 0.07
AUFINININL NP
AN IR Ny
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3.2 Determination by Superose 6 gel filtration
The native form of enzyme was determined by Superose 6
column compared with the standard protein for gel filtration (Bio-Rad). The elution
profile of standard proteins is shown in Fig. 43. The calibration curve of log
molecular weight (x-axis) versus Vo/Ve (y-axis) was plotted (Fig. 44). The equation
from the calibration curve was
Log molecula

Vo of the colur 1, PI was eluted out at 58.07 ml,

NN \1\]” ‘
while PII was eluted out at 70:5.ml. / .

. S

The EMtioavoh of ““'wuw proteins is shown in Table 9.

Table 9 Vo/Ve value o D m filtration column
] '\.
Peak Protei ‘ D D) \ ution vol. Vo/Ve
’\\ (ml)
W AGr \ .

eight =8.0564 x —2.2537

A 333 1
B thyrogl ulin | 7 53.4 0.62
& gamma gléb _ 65.9 0.50
D ovalbumin F 69.5 0.47
E yglot s 7 78.3 0.42
F vitaumil .93 .4 0.36

PI M ‘ﬁ 58.07 0.57

P ¢ 4 34,1 70.5 0.47

A NHNINEINS

Y As shown in Table 9, the molecular welght f PI and PII were

VR AT B 0.

PII was 34.1 kD.
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Figure 43 Eluti Syl standard on superose 6
column. Peak A: void peak; B: thyroglobulin, 670 D; | (: gammaglobulin, 158 kD:
D: ovalbumin, 44 kD; E ayoglobin, 17 kDgE: vitamin By, 1.35 kD.
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4.1 Kinetic

The prima
was plotted between GGDP concz
(pkat/mg) to obtain t 1€

e of PI and PII

‘the method of Michaelis-Menten
h.and velocity of activity of PI and PII
gular t shown in Fig. 45 A. It was
converted to -TQ'_,._'“'_“‘ h W -i /GGDP and 1/velocity to
obtain Km and Vmax. Ehe resu e Km yalue of PI was 0.2 mM, and
the Vmax value of PI was‘277 8 pkat/mg. N&}ubstrate inhibition was observed.

ﬂ ﬁﬁ@%’ﬁ@w Etjq:ﬂlﬁ Vmax value was 7530

pkat/mg (Fig. 45\B). The velocity o‘f PII showed 27 fold more than that of PI. The

o ST T T R T o
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4.2 Influence of rhetal ions on the enzyme activity

The influence of metal ions on the enzyme activity of PI and PII
was determined by performing the standard assay in the presence of 1 mM of MnSOy,
CoCly, Na;MoOs, ZnSO4, MgCl, and MnCl, compared with standard assay without
metal ion. The results are shown in Table 10, revealed that the activity of PI has less
effect from the metal ion than that of PII. The activity of PI was decrease by Mn**,
Mn*", Zn*", and Co®*. Both PI and PII
NazMoO4 which is a general

whereas the activity of PII was inhibit

activities were completely i
phosphatase inhibitor.
Table 10 Th I 7, i \\ \\ . enzyme activity

Substancegs B % \?*‘ﬁ % activity of
(1 mM) PII

Boiled ¢ontz 0

No substafice f 100
MgCl, 105
ZnS0O, 0

MnSOy4 0

MnCl

KCl & 111
CoCl, m 0

NaCl 95

ﬂwmamowmmo
QW’]@&Q‘;QA;JWYJVIEHQEJ

GGDP was the best substrate for PI and PII. PI was specific to

GGDP for the incubation time of one hour. Increasing of the incubation time of PI
also exhibited phosphatase activity over GDP and FDP. PII can use the substrates of
GGDP:FDP:GDP in the ratio 100:23:10 for the incubation time of one hr (Table 11).
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Table 11  Substrate specificity of PI and PII.

Substrate % Relative activity
(0.2 mM) PL PII”
GDP 7 10
FDP 11 23
GGDP 100 100

II"": incubation time 1 hr

@eraniol (GOH), farnesol (FOH),

and geranylgeraniol (GG ; ' ' \

enzymatic product of and “all of .them, have related structure. The

PI': incubation time 18

(Cz0) were prenol and the

possibility of enzyme inibi ¥ “pré  ‘were d"ies by incubating standard
L-"H]GGDP, and 0.1 mM of GOH,

-Hj¢ I wasiddkeothc by TLC radioscanner. The
control performed with b : A)k e d o\ of [1’H]GGDP, whereas the
control with the absence of pre -r__';§-_ e no di \ nt amount of [1-’H]GGDP. The
results indicated that GOH, F O : dshad no effect to GGDP phosphatase
activity of both Pl amaPlie®™ ¢

N
hd
# -

4.5 pH @:ene y of the enzy activitﬂ
The gelationship betwegn, pH and enzyme activity of PI and PII
was determineﬁi% H {g %aﬂy‘m @% %ﬂ sﬁ)wn in Fig. 46. PIand

PII exhibited enZyime activity in the p}-l range of 4&8.0.

s
it Was tm W(ﬁ ‘N' %]’Odcitric acid
buffer (}ﬂ H J,@)ﬁ@amaci SO frr;l citrate buffer gljl 4.0,4.5,5.0),0.5

M MOPS (pH 5.5, 6.0, 6.5, 7.0, 7.5, 8.0), and 0.5 M Tris/HCI (pH 7.0, 7.5, 8.0). The
result shown in Fig. 46 A indicated that the optimum pH of PI was 6.0-6.5.

PII activity was determined with 0.5 M Na,HPO,/citric acid
buffer (pH 4.0, 4.5, 5.0, 6.5), 0.5 M MOPS (pH 6.0, 6.5, 7.0, 7.5, 8.0), 0.5 M glycine
(pH 7.5, 8.0, 8.5), and 0.5 M Tris/HCI (pH 7.0, 7.5, 8.0). The result shown in Fig.
46 B indicated that the optimum pH of PII was 6.5-7.0.
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5. Dephosphorylation step of GGDP by PI and PII

The consequence step of dephosphorylation reaction was determined.
The GGMP was detected as an intermediate of reaction. Using solvent system of
isopropanol-NH;OH-H,O (6:3:1) can separate GGDP, GGMP and GGOH with the Rf
values 0.2, 0.6, and 0.9, respectively. PI from Superose 6 ,and PII from UNOQ were
incubated with 0.1 pCi [1-’H]GGDP, in 0.5 M Tris/HC pH 7.0, overnight. The result
present of GGMP and GGOH as the enzymatic
products. It could be suggested that dephbsphorylation of GGDP by PI and PII
consisting of two steps. Figst, € iedved one phosphate out to obtain
GGMP, then the secondphosphat : to yield GGOH. The result in
Fig. 48 showed the dephgs ion «of GG IP_to obtain GGOH by PII from
BiogelA, confirmed NP an interme e.0 the phosphatase activity of
PIIL.

was shown in Fig. 47 revealed the

GGOH C
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»
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+
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Figure 47 TLC radiochromatogram of dephosphorylation using [1-3H]GGDP as
substrate. (A) dephosphorylation of PI from Superose 6 column; (B) boiled control of
PI; (C) dephosphorylation of PII from UNO Q column; (D) boiled control of PII.
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4. Gene cloning of prenyl diphosphate phosphatase from C. stellatopilosus
1. Designed of degenerate primers

The amino acid sequences for prenyl diphosphate phosphatase were
searched from database. The degenerated primers were designed from the consensus
among prenyldiphosphate phosphatase (Lipid phosphate phosphatase, phosphatidic
acid phosphatase) from Arabidopsis thaliana AtPAP1 (Q9ZU49), AtPAP2 (Q9X160),
AtPAP3 (Q8LFDI), phosphatidic acid from Oryza sativa (Q8RZ97), phosphatidic
acid of Vigna unguiculata (Q9FV ﬁcylglycerol pyrophosphate phosphatase

from A. thaliana (Q8LAS9).

Six degenerated re de wn in Table 12.
Table 12 Degenerated / fl ed .\‘ . sphate phosphatase
Sequences ///Eﬁ imers
1. HMHDWLI 5’ C4 AJC m‘i (CDT(AGCT) AT(ACT) 3’
| f*f | \
2. DMMTDL 5 GA(CT A c (CT)T(ACGT) 3’

?‘J"“ ’
3. DVYDLHH 5" GA(CT, t;;;‘:‘_.f. I') (CT)T(AGCT) CA(CT) CA(CT) 3’

4. HTSWSF 5 (AG)AA-{AGERNGCIAT AGCT)(GC)(AT) (AGCT)GT (AG)TG
, &
5. DDYWHHW ' A(E})TC (AG)TC 3’
‘ b
6. GWGPHAY 14 2TE TI§GHGETICC CCAAGCTICC 3
Prim 4 6 everse” complern ucleotidé’ sequences (antisense

T ARIRINTUNNINYA Y

ue to high homology among prenyl diphosphate phosphatase, lipid
phosphate phosphatase and phosphatidic acid phosphatase, the amino acid sequences
from those proteins were used to determine for the consensus regions. Moreover, all

of them contained phosphatase motif.
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Figure 49 Amino acid sequences comparison of prenyl diphosphate phosphatases.
The regions used for primer design were underlined.
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2. Total RNA extraction

Young leaves of C. stellatopilosus (1 g) was used and total RNA was
extracted by using phenol-chloroform method. The quality of total RNA was
determined by agarose electrophoresis (Fig. 50) and its concentration was determined
by UV spectrophotometry at wavelength of 260 nm. The yield of total RNA was
84.12 ng/g fresh leaves.

. tal RNA

Figure 50 Agarose gel of to; IRNA 6 ‘tresh leaves of C. stellatopilosus.

3. cDNA synthesis and PCR fro erated primer
The first strand JA were synthes: A 5 total RNA by RT-PCR as

described in part ?’e!; ~Materials and M ¢ DCR reaction mixture was

performed with the {Et pld

and themrimer of antisense direction
(pnmer 4, 5, 6). The ic& arated cDNA s&gle strands of primer 4, 5, and 6 were

" B NG NN

ormed by usmg the first strand cDNA as template
with t %ﬁlcombmatlon of
sense aamﬁmﬁmmsg Hﬂ“j‘an iple bands. The
specific band was verified by Nested PCR using gradient temperature. The result in
Fig.51 was obtained from touchdown PCR with degenerated primers 1 and 6, and
template of single strand ¢cDNA of primer 6, then the PCR product with multiple
bands was used as template for Nested PCR with the second couple of primers 2 and

5. The single band of 512 bp nucleotides was obtained at the annealing temperature of

54.3 °C from gradient temperature.
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1.0kb —
0.5kb —

sl <+<— (0.512kb

Figure 51 Agarose gel eleg
with 1 kb DNA ladder (lang.l)e

4. Subcloning and se/

The PCR pre@iuc

m—
N
ofka «\}*.\‘ R ragmen
4\\\\ e

arose gel, ligated into pGEM-T

Easy vector, and trans tofco npete £.co/tDHSe. The single white colonies
which contained gene i : . \_ own in LB medium containing
1 pg/ml ampicilin to obtai reice 5 o5 \ 1d were isolated and analyzed for
nucleotide sequences. The e sequenee ?" e identified by using TBLASTX

program of the NCBI
to phosphatidic acid phosg & afd pfemy t osphatases.

ttp:// 1.gov). The results showed homology

rr,—-— g

[T Y]

=

5. Full-length gene

U

Based on the ot?ained sequence information of the putative 512 bp cDNA,

i a UWE F{ 1 f th d
new primers eﬂﬁﬂ ? T ﬂA stream of the 5'-en
ﬂ and do Gnr ! -

(primer 5'-RA wnstream of the 3

-end (primer CEl, and 3'-RACE2).

Oh R R TPV W@ 111013 M.
using theqﬁ st cDNA' whi esized ac in rotocol. Three

amplicons from 3 primers were obtained from touchdown PCR as shown in Fig. 52.
Then they were analyzed for nucleotide sequences. The fragments were connected
together by overlapping area of nucleotide. Full-length gene was obtained (Fig. 54).
The open reading frame was determined from the starting codon of ATG to the stop
codon of TAA.
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2 - «—875bp
595 bp—» [ )

There are 2 ot £ \~\ ieading frame (ORF) with the
same position of stoﬁ cgdo The first OR (ORF1) of 888 bp started from
nucleotide 85 to nucleo : -' sdestia \ of 296 amino acids with a

(ORF2) of 798 bp started
from nucleotide 175 to & 197 ‘: stiopded a protein of 266 amino acid with a
otide sequence and its deduced
be full-length gene of ORF (ORF1,
and ORF2) were fugther studies. The chloroplast tr ansit) , ptide area of the deduced

Nl
: f‘. program ChloroP. The

amino acid sequence were s hown iy Fig.

amino acid sequenc V
o ] . 4N .
prediction revealed no ![ loroplast transit peptide available in both sequences of ORF1

and ORF2 ‘a (Y

m 5-RACE primer
563-595

3'-RACE primer1 em

Sre 3-RACE primer2 mm
682-714

Figure 53 Diagram of RACE PCR fragment and the connection into full-length gene
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1 atacaatgagtacaaagaggagggaggtccagcattggctcacatactgtgacgtcccat 60

61 ggagttgcagctgctaggacgcacATGCATGATTGGCTTATCTTTCTGCTTCTTGTGGTG 120
) MH DWW L) I F I L& LV Y=l2

121 ATAGAGGTGATTTTATATGTTATTCATCCTTTTARACGATATGCTGGGAAGGACATGATG 180
13=I E VvV I L ¥ V I H P F K R ¥ A G K D M M=32

181 ACAGATCTCAGATACCCTTTACAAAGTAATACGGTACCCGTTTGGGCAGTTCCARTGTAT 240
33=T DL R ¥ P L 08 N T V P ¥ W A vV P M Y =52

241 GCCATTCTTTTGCCAATGCTGGTTTTCCTAGTTGTCTATTTTCGTAGGAGAGACATCTAT 300
93=A I L Ly P M & V F L ¥ ¥ ¥ B R R R D T ¥v=72

301 GACCTCCATCATGCCATACTAGGTCTCTTTTATTCTGTTCTAGTCACAGCTGTAATTACT 360
73-D L H H A I L__cuS W ¥V L VT A V I T<92

361 GATTCGATAAAAAATGCAGTT
93=D 8§ I K N
421 GATGGAAAGGATGT]
113="IDY (G K D

TTCTTTTGGCGCTGTTTTCCT 420

JFFWRCFP-IIZ

M@ATGGTGATAAAAATGTT 480
v H G D K N V -132

481 ATAAAGGAAGGACAGHE GQAnAl "\\t\\\.‘a\ GTCCTTTGCTGGACTG 540
133-1 K E G yJ 2= u\,\\~\\ S F & 6 m=152
541 GGGTTTTTGTCGETT ARG \"« \"}\\ ACCGCAGAGGCCATGTT 600
153- G F L § . —?\ ; \ R R 6 H Ww=172
601 GCAAAGCTATGTATCAFCHET E GG SICTTGTTGGCATTTCTCGA 660
173-A2 K L C @ I‘Fi_I.j’ V G I S R-192
661 GTGGACGACTATTGG TTGGCAGGAT € TGGAGGTCTCTTAGGGCTCACG 720
193- Vv D D Y W'H T“E}:’: G L Li G L T =212
721 GTATCAACATTTTGTTAPT TECRASETCTTE {CCATATCATCCTCAGGGTTGGGGG 780

) T P Y H P Q G W G -232

213=1NV S T B e Y L

781 CCTTATGCTTAGTTTE ACACAAGCATCTAGTGCT 840
233- P Y A e e T : Q A S S A -252

841 ACAAATTTGCTRSAA CAEAGTAATGTATTTATG 900
253-T N L L il 5 Eeeou EfE s v v F om-272
901 GGGCTACATTTAGC%FGCAACTCTAGTTTGCCAATGGAAAGCCACCAGGACGTTGAAAGG 960
273-G L D V E R -292
961 GGACCﬂAﬁ&ﬁMﬁaﬂiﬂ%j:li]ﬁaaggaaaatat 1020

293-6 p § .
1021 g a cttattattactgtc v a ttta 1080
1081 Qﬁﬁtﬁﬁﬂaﬁ ﬁﬁﬁﬁ;ﬁgjtﬁ aEIcaat 1140
1141 dttaatctgcaggéaagtttttcccttaataatgtcggaattctgattctgctgtttgat 1200
1201 taacttattatattattcttgccttttcgaaaaaaaaaaaaaaaaaaaaa 1251

Figure 54  Full-length gene of ORF1 and ORF2. The start codons were in bold

letters.



106

S. Expression of C. stellatopilosus prenyl diphosphate phosphatase in E. coli.

In order to express C. stellatopilosus prenyl diphosphate phosphatase, the
gene was constructed and cloned into the plasmid pET 101/D-TOPO vector. The
primer was designed as shown in Material and 'Methods. The fusion protein with His-
tag at C-terminal of ORF1, truncate of ORFI, ORF2, truncate of ORF2, and gene
after RR motif had the calculated molecular weight of 37.1, 34.4, 33.4, 32.3, and 28.9
kD respectively. Fig. 55 showed the size of the fusion genes containing His-tag of

981 bp sslicR
915 bp\——t — 3%864 bp
777 bp
3 4
Figure 55 Agarose § 1sion gené w pression. A) lane 1: 1-kb
DNA ladder; lane 2' W 3. Ol [ IN A ladder; lane 2: truncated

ORF1; lane 3: truncate

AU INENTNEINS
AMIAN TN INY 1Y
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Figure 56 Starting amino acid of 5 clon%fuﬂlgpnﬂmyﬁimsﬂaﬂsjatase. 1 = ORF1, 2 = truncated

ORF1, 3 = ORF2, 4 = truncated ORF%ﬁ=se§ence after RR motif. The folbwﬁ amino adid sequence was the same in all
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clones, with his-tag at C-terminal.q
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6. Purification of C. stellatopilosus prenyl diphosphate phosphatase by affinity
column

The protein expression pattern from crude lysate cells showed two major
bands. They seemed to be the recombinant proteins because of their appearances after
induction by IPTG (Fig. 57,58). However, they were also contained in the flow
through fraction from Talon resin column. So the recombinant proteins with his-tag
were determined with His-tag mono 1
Materials and Methods.

nitrocellulose membrane b

l antibodies (His-tag Mab) as described in
DS-PAGE gel were blotted into

lot) The membrane was stained

rotems before determination by
using His-tag Mab. The \a\“ ands were marked. The results in
the His-tagged protein. The

protein ORF1, trunca '0 2 showed obvious bands of

interaction with His-t oximats }j KDa positions. Protein after RR motif
showed a different ban :ﬁf \ ght result from degradation of
this protein. The ORF2 ‘ approximately 66 kDa of MW,

and it was appeared on SD A Egel it mi; a protein rich of histidine, so that

it could bind to His-tag Mab.

It was diffiqultato identify the rec Jis-tagged protein bands by

SDS-PAGE gel, evé “ [ the concentrated f¥om Talon resin column was
loaded onto the gel aﬁ o ver (F@ 57,58). By comparison of
MW position from mtrgcellulose membrﬁ in Fig. 59, the band of recombinant

proteins in wﬁﬂﬂ%f}‘%ﬂlw HNE ﬂ 3

The purification of E. coll crude lysate from Co”" binding affinity column

(Talon m OTI m&gmg affinity Hi-
trap® cﬁ m m ﬂ ed th column were

not pure. The fractions from Hi-trap column was loaded into SDS-PAGE, staining
with Coomasie blue. The band of the expression protein can be identified as shown in
Fig. 59.
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7. GGDP dephosphorylation of recombinant C. stellatopilosus prenyl
diphosphate phosphatase

The fraction from Talon resin column was desalted by PD-10 column and
concentrated by using Centricon-10. Then it was investigaed for GGDP phosphatase
activity. The activity assay was performed with the control of the empty vector. The
result in Fig 61 showed the GGDP phosphatase activity of all 5 proteins (ORF1,

truncated ORF1, ORF2, truncated ORF2, and protein after RR motif). The main

AUEINENINYINS
RN TAUNIINGIAE
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kD
116.0

66.2

45.0
35.0

25.0

18.0

Figure 57 SD
Lane 1: 0-hr induciion;fa e £ induc jon; lat ¥ overnight induction; lane 4:
crude lysate; la : flov Eiv Ction fr falon column; lane 6: MW marker;
lane 7-8: Talon fraCtiod cor ith trich setic acid. (silver stained)

3

Jl**{"} Faes ”‘

18.0
| |
QW N N2 | 3 bl s V)6l i8] 9 blof
:igure 58 SDS-PAGE of protein ORF1 and ORF2.
Lane 1: Talon fraction of protein ORF2; lane 2,8,9: Talon fraction of protein ORF1;
lane 3: MW marker; lane 4: Talon fraction of protein ORF2; lane 5: flow through

fraction of protein ORF2; lane 6:crude lysate of protein ORF 2; lane 7: ORF 2
overnight induction; lane 10: crude lysate of protein ORF 1. (silver stained)
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Figure 59 Western Blot of truncated ORE \ HiTra lumn eompafed with SDS-PAGE (stained with coomasie

:%. flow through fraction; lane 4-10: fractions
(From A, lane 1, 5-9 showed band against Hisstag,monoclonal angibodies. The lines under his-tag protein in lane 1, and dots
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blue) (B). Lane 1: crude lysate; lane 2: proié

from Hi-Trap column.
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Figure 60 Western B
column. The protein was cofice

d proteins from TALON resin
) before loading onto the gel.
Lane 1 and 6: protein moleglilag weig ht marke lape 2: “protein ORF1; lane 3: flow
through fraction of ORFI ' ane 5: flow through fraction of
ORF2; lane 7: flow throug : fter RR motif;, lane 8: protein after
RR motif; lane 9: : flow throug on acated protein of ORF2; lane 10:
truncated protein of: _,;:-;mm;m_u:___wgn of truncated protein of
ORF1; lane 12: trunc) ‘fn. [‘
Thedotsmtheposmbelowthe ands m lane 3, 5, 9and11werethemajor

e *‘°ﬁ“ﬁ%fﬁ“?f’iiﬁ%’?ﬁﬂ“ﬂ“m
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11
Ccts)

Intensity [cts]

”
Cetsd

Dlstance c g
FIGU]@ F "11@ rﬂlﬁu?mygrﬂswf’tl:%eyom lation of recombinant

prenyl diphosphate phosphatase. The enzymatic product was applied on TLC silica
gel plate with the solvent system of isopropanol-NH4;OH-H,O (6:3:1). A) protein
ORF1; B) protein of truncated ORF1; C) protein ORF2; D) standard [1-3H]GGOH;
E): protein of truncated ORF2; F) : protein after RR motif; G) empty vector control;
H) standard [1-°’H]GGDP.
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Figure 62 TLC radiochromatograms of the dephosphorylation activity of
recombinant prenyl diphosphate phosphatase. A) protein ORF 1; B) protein of
truncated ORF1; C) protein ORF2; D) protein after RR motif; E) control E.coli with
empty vector; F) standard [1-°H]GGOH.
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