CHAPTER V

DISCUSSION

1. Preparation of [1-°’HJGGMP and [1->H]GGDP for biosynthetic studies
The aim of synthesizing [1-°H]GGDP and [1-°’H]GGMP from [1-’H]GGOH

by using microsomal preparations (Thai et al., 1999) was to have both radioactively

labeled compounds sufficiently f being used in enzymatic product detection. We
found that the microsomal frac ions  fr stellatopilosus could convert [1-
*H]GGOH into both [1-°H]GCDP-and -’ t in lower rate than using the
microsomal fraction fro tabacum cell suspension cultures. Similar to the
case of N. tabacum (THal cis® / ACTP was the only phospharyl donor for the

microsomal fractions inase has been previously

phosphorylation of GGQH 0 él‘gé?‘ WS™ ati

ol il {'J

reported in archaebactgfiunySy f .o: X ' Ohnuma et al, 1996). The

docaldarius was catalyzed by two

enzymes of GGOH kinasg" an¢ M Kinas t using ATP rather than CTP as
*?11,-1 o | \
phosphate donor. s \
T # !
In this study, the highac ~of Conversion of [1-’HJGGOH into [1-

and the formation of [1-°H]GGMP

was obtained in I‘¢ .5. This suggested that ¢ \ e different kinase enzymes

are involved in the ream 10 d"af -l-j t the catalytic process of the

same kinase.

GGDP:is £ A 4 i studies, especially the
biosynthesis sﬂyﬁﬂ:ﬁmdﬂ Ii] m:l m‘:§nzyme and molecular
levels. non- m aﬁ 3 available in
commcﬁ%ﬁ:ﬁaﬁﬁH e ga ‘ ﬂﬂ?jﬁﬂ describing the

synthesis of ['*C]JGGDP both enzymatically and chemically. The production of
[14,8,12,16-14C]GGDP by using prenyl transferase enzyme from the mutant stain of
Gibberella fujikuroi, which is blocked for carotenoid biosynthesis, has been
performed from R-[2-'*C]mevalonic acid and the yield of 65% has been obtained
(Knoess and Reuter, 1996). ["*C]GGDP has also been reported to be obtained from

['*C]mevalonic acid by using cell-free extract of immature seeds of Echinocystis

lobata (Sandmann et al, 1980) and pea cotyledon extract (Banthorpe et al, 1992).



116

Cell-free enzyme extract of Micrococcus lysodeikticus has been shown to catalyze the
conversion of isopentenyl diphosphate plus farnesyl diphosphate into polyprenyl
phosphate from C20-C55 including GGDP (Kurokawa et al, 1971). In 1979, Gafni
and Shechter reported the synthesis [*CJGGDP from ['*C]JGGOH with 30.9%
recovery yield.

In our study, [I-’H]GGDP and [1-°H] GGMP was purified in one step by

MCI gel CHP20P column. The advantage of this method is that the aqueous soluble

phosphatase inhibitor. In ‘additior

compounds can be easily removed, e .- sodium orthovanadate which is the
o, t @on of GGDP from the reaction

mixture was simple. Pre

and Thompson (1993) has

s of purification until Kenedy

en 1 diphosphate purification in

chromatography. In \ b RN Mhion of [1-°’H]GGPP and [1-
*H]GGMP from silica y H -folloewed by lyophilization led to low yields of
both labeled compounds ol O compounds were changed to
other compounds that wer n ¢ sition on the TLC plate. Other
separation methods of GGDP ha%y ported such as HPLC ion pair (Beyer

et al, 1985), reverséd-phiase HPL g and IBBulET) 1993), DEAE cellulose

0 ' ’ | Schechter, 1979), Amberlite
(Mackie and Overton,lj977) bre (Da'@son, 1986). In this study,
although the method ;)ﬁ' producing GGDP, using microsomal protein was time-

consuming amﬂ %ﬁs@ ﬂaﬂgﬂ ﬁ wcg ’].\ﬂ '§on and preparing for

microsome, our ification steps were relatively simple. It is, therefore suitable for
PS5 Wigh Y p

R RTRII R UNIINEIA Y

& Feedmg experiments on C. stellatopilosus
A. Feeding of C. stellatopilosus leaves with [1-3H]GGOH

The radiolabeled plaunotol was produced in small amout from feeding with
[1-’H]GGOH into the leaves and callus culture with the considerable amount of
unknown labeled compounds appearing at the solvent front of TLC plate. This
suggested that GGOH can be taken up into the leave, but not being used for
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synthesizing plaunotol as main compound. In literature, GGOH has been shown to
bind with chlorophyllide a and b to obtain chlorophyll (Shibata et al, 2004), and
GGOH was converted into GGMP and GGPP in tobacco (Thai et al, 1998). Since
GGDP is the universal substrate of diterpenoids and carotenoids and can be used for
prenylating Ras-protein in signal transduction pathway (Christopher and Poulter,
2000) as well as being the component of cell membrane, it is not surprising to detect

the unlabeled unknown compounds in our case.

From our preliminary etect plaunotol in the green parts of

stem and leaves of the ge s indicated that the synthesis of

%n the parts which containing

chlorophyll. Our attem firm y derivatizing into dibenzoyl
plaunotol did not give cleas

iP g 0\,\ 1€ ST

plaunotol has started sin

ount of plaunotol forming in
the feeding experiments shoet of C. stellatopilosus with
[U-"C]glucose could i v olabelled plaunotol by NMR and
indicated that it was degived' fl®m alo (-\
De-Eknamkul, 2005). ' =4

away (Wungsintaweekul and

Callus and cell sus nsl :$ 0f Plau-Noi were fed in our experiments
savere made with various growth stages

of both types of in vifFe e >. Ho : g'Cultures gave small amount

of the labelled comp _‘ ‘ pla . It was so small
amount that cannot be gonfirmed by derivatizing it to @benzoyl plaunotol. For the

cell suspension, no labeled compound was degected in the plaunotol area. It has been

reported that pﬂnul&}.n’ﬂr% ﬂ 1&}% wﬂ'}:ﬂ‘ﬁmpmus (Morimoto,

1988) with lowdmount. Therefore it is hkely that the compound detected in the

callus at the solvent
front of Ei ﬁmwosterwynggﬁg:rtgﬁeled compound

obtained from callus feeding by ['*C]glucose (Potduang, 2000).

B. Detection of GGDP phosphatase activity in the cell-free extract of C.
stellatopilosus leaves
In this study, chloroplast fraction was isolated from the fresh leaf

extract of C. stellatopilosus by using sucrose gradient technique. The results clearly
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showed that the chloroplast preparation could dephosphorylate either GGDP or
GGMP into GGOH. GGMP was detected as intermediate of the dephosphorylation
from GGDP into GGOH. As shown in Fig. 31, however, high amount of [1-’H]GGDP
was still remained in the reaction mixture. This might be due to the enzymatic
reaction in the chloroplast was not performed efficiently under the condition. For
example, the amount of chloroplast used in the reaction mixture might not be enough.
ontained a lot amount of chlorophyll that

#Ef chloroplast. This can lead to an

overload of concentrated reaetion g chlorophyll onto a TLC plate.

Another reason might bw- @being used in this experiment

was contaminated by sodiwm*6Lifiovanadate which is a phosphatase inhibitor and led

In addition, the chloroplast preparati

might be the limitation of incr

their synthetic locatio astids and le was found to contain in
the chloroplasts (Potd 2000). eport of Tansakul and De-
compartment might suggest that. chle ! D] osynthetic location of plaunotol
Therefore, we tried to 1nvest1W- , osphatase is present in chloroplast

GGDP and GG phosphatase ac 1l0roplast preparation of C.
stellatopilosus. 1t indicates the urrence renyl.ﬂhosphatase activity in this
compartment. So far, there.has been no report on the studying of prenyl phosphatase

activity in the ﬂoulﬁ frgkiéh PARE] o)Wk v Fekpn GGDP phosphatase

activity present f microsomal fracu‘ons e.g. from in rice seedlin (Nah et al., 2001)
and rat‘avmﬁﬁ ﬂﬁmcﬂﬁ{]lﬂ ﬂ@f ﬁ!&]&u’e membrane-
bound engymes and have not yet been purified erefore, there has been no amino
acid sequence of GGDP phosphatase in database. In our study, we named our enzyme
GGDP phosphatase according to its activity over GGDP.

Our crude GGDP phosphatase which was solubilized by TritonX-100
exhibited its activity in 20,000 x g pellet and Triton X-100 could solubilize most of
the membrane-bound GGDP phosphatase. The results from Fig. 35. clearly indicated
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that GGDP phosphatase is a membrane-bound enzyme that bound to the chloroplast

organelle.

3. Purification and characterization of GGDP phosphatase from C. stellatopilosus
The results from our enzyme purification suggests the presence of two forms

(PI and PII) of membrane-bound phosphatase enzymes that presumably catalyze the

dephosphorylation of GGDP to form OH in C. stellatopilosus leaves. The activity

of enzyme in this study was de \ 16 /

amount of GGOH from peak-a \\ Ii

C densitometer and calculated the

ge of GGOH concentration from

standard curve was betwe

Characterization DP ‘phosphatase. forms revealed that PI has an
apparent molecular weig
denature condition.
column gel filtration. 7
volume corresponding ﬁ m ‘; ight of 232 kD for PI, and

molecular weight of 34 Ny ults clearly indicate that PI is a tetrameric

weight 30-34 kD. The optim : 5 6.5, and that of PII is 6.5-7.0. Metal

ions has less effect on the ac (eg. the activity of PI is

Wh telLby Mn?*, Zn**, and Co").
Both PI and PII activiﬁs are hibited by.m mM Na,MoQO4 which is a
general phosphatase 1nhllytg For substrate,specificity, both PI and PII have specific

aivity toward DB b B3] hd G4BT T B 1 ppeared o be 0.2

mM, and the V'mfak value of PI is 278, pkat/mg. No substrate inhibition was observed.

The Knﬂawnﬁwﬂeﬁtﬂ{ %ﬁqﬁwmﬁ 87,530 pkat/mg.

The veloqlty 0 showed around d faster than that of PI. The GGDP
phosphatase activity of PII showed the substrate inhibition at concentration of GGDP
more than 0.2 mM.

Study on the process of dephosphorylation reaction of [1-3H]GGDP
showed the presence of [1-’HJGGMP and [1-’HJGGOH in the reaction mixture with
PII preparation, confirming that GGMP is the intermediate of the GGDP phosphatase.
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There are numerous enzymes in chloroplast such as enzymes involved
in photosynthetic system and glucose synthesis. Monoterpenes and diterpenes also
believed to be synthesized in this compartment. The enzymes with phosphatase
activity in the chloroplast from Swiss-Prot database include fructose-1,6-bisphosphate
phosphatase, lipid phosphate phosphatase, ADP-glucose pyrophosphorylase, etc.
Based on the information on molecular weight and subunit of these enzymes, the

protein of PI was tetramer with subunit, of 58 kD seems to that of ADP-glucose

pyrophosphatase from various ) ifed Ze ays, Arabidopsis thaliana, Oryza
sativum, etc. This enzyme "played 2 A biosynthesis. It catalyzes the
synthesis of the activated @ dongr (ABP=gluco e) from glucose-1-P and ATP.

On the other hand, the m ’*K»,- s to correspond to that of

h was obtained from gene

The i ophosphate substrates has
been also found in the, rks #Seh . ‘ aechter, 1984; Perez et al, 1980).
Excess of dolichyl pyrop ‘ P) for 2 led to an induction of Dol-PP
phosphatase 52%. Other D es of PI and PII were compared with

those of previously reports of p spi es and are summarized in Table 13.

ﬂ‘lJEJ’J‘VIEJVI‘iWEJ’]ﬂ‘i
QWWﬁNﬂ‘mJ UA1AINYAY
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Table 13 Comparison of some properties of prenyl phosphate phosphatases obtained
from this study and those reported previously.

Prenyl Km Vmax Optimum  Inhibitor Increasing Reference

phosphatases  (uM)  (nmol/min/mg) pH of activity

by Mg2+
PI 200 16.6 6.0-6.5 Mo™* slightly ~ This study
PII 100 454.5 6.5-7.0 Mo, Co%, No This study
Dol-PPase Scher and
(calf) 20 Yes Waechter, 1984
Dol-Pase 45 No Frank and
(pig) Waechter, 1998

FDPase (rat) 7 No effect  Bansal and

Vaidya, 1994
No effect  Bansal and

Vaidya, 1994
No effect Nahetal, 2001

GGDPase 12
(rat)
FDPase (rice)  n.d.

GGDPase n.d. No effect Nahetal, 2001
(rice)

GGDPase n.d. No effect Perez et al, 1980
(orange)

The C. stel‘lptopilosus GGDP phosphatase seems to be closely related

=Y U
to the enzyme ﬂfﬁlﬂlﬂ ﬁ}ﬂtﬁ ﬂﬁ of prenyl phosphoric
ester to form p . In Titerature, thi of p ant p

s group hosphatases has been called

both prenyl i tase ‘ﬁ,ﬁj‘ P ﬁ i i i}]h et al., 2001)
and preH ﬁﬁﬁﬁﬁa i’l:ﬁjs mﬂﬁ‘ ., 1980). The
latter has been shown clearly the involvement of the reaction sequence prenyl-PP >
prenyl-P - prenol. Interstingly, there has been a report on this reverse sequence of
the conversion of farnesol or GGOH to its monophosphate and diphosphate products
by Nicotiana tabacum cell cultures (Thai et al, 1999). These enzymes involving
either the prenyl dephosphorylation or prenyl phosphorylation have mostly been
shown to be membrane-bound enzymes of microsomal fractions (Nah et al, 2001;

Bansal and Vaidya, 1994; Thai et al, 1999)
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4. Gene cloning of prenyl diphosphate phosphatase from C. stellatopilosus

1. Full-length gene of prenyl diphosphate phosphatase
The amino acid sequences for reported prenyl diphosphate
phosphatases were searched from database. The degenerated primers were designed
from the consensus among protein prenyldiphosphate phosphatase from plants.

Total RNA from young leaves of C. stellatopilosus was extracted by

phenol-chloroform method, and single-strand ¢cDNA by RT-PCR
principle. The single cDNA d as ylth degenerated primer of sense
and antisense direction t6"6BtAin agiient or 512 bp by Nested PCR. The

2.2.9 of the NCBI.

amino acid sequence and gé

By Arogfam, theinucle sequence was translated into

shown in the comparis®
results showed homologff tq ospk '. iefaci ases and prenyl diphosphate
phosphatases. | 2 L |

Full-length gghe j¥as-obtained by S#RACE and 3“RACE PCR using
SMART kit. The 5'-end of ge e WE Biine by 5'-RACE PCR which amplified

: ""# .e-', B i
nucleotides upstreani“ip antisense ( g primer. The PCR reaction

ol specific primer of prenyl
product co ainedIB.lcleotide sequence of UPM

following with nucleotidessequence of our ggne in 5'-end until reaching the nucleotide

sequence of mﬁ%;&,{g ‘iq i)l’%ﬁ Wh&]tﬁq ﬂ'ﬁ'of prenyl diphosphate

phosphatase waSlobtained as shov? in dlagram in Fig. 63. 3’-end of gene was

determﬂdw wmm '?1 gj 3'-end primer
to poly-Ay were obtained. Due to th and 5'-RACE fragments were

designed to have an overlapping area, so the fragments can be combined to get full-

mixture contained UPM (univer

diphosphate phosphatag. '- RA

length gene nucleotide sequence. The open reading frame (ORF) was determined

from the start codon of ATG to the stop codon of TAA.
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=i 3
NN R i |
UPM T gene 5'-RACE primer
5'-end of gene

Figure 63 Diagram of synthesizing 5-end of gene by 5-RACE PCR
using SMART Kkit.

2. Sequence analysiSo———

The alignment oisded e amin uence of prenyl diphosphate
phosphatase from C.=%fe the. es of prenyl diphosphate
phosphatase and phosphatid hatase \L om Swiss-Prot database by
ClustalW revealed higk 10l0gy 2- ) atidic acid phosphatase as

shown in Table 14. Tfie jprg -‘-a:{ >Xhil \ the most similarity to prenyl

diphosphate phosphatase fFomfCs sréd e , s PAP from Vigna unguiculata
. f| #

(cowpea) (71%). da

f I‘: “'t-:i.l

lustalW as shown in Fig. 64.

\Z Y

"rF.' Tl
The phylocamiliaiatiads

'II In:
1 iF |

AU ININTNEINS
ARIANTUNIINGIAE



Q05521
Q872K8

P53223

Figure 65 phylogenetic tree of prenyl diphosphaté atidic acid phosphatase, diacylglycerol diphosphate

phosphatase, and dolichyl diphosphate pha é‘_‘"‘m"’“’""““‘iﬁ'""'-'-“"'”;i, 0 accession no. was shown below table 14.

] I
AU INENTNEINS
RIANTUNMINGINY

174!
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Table 14 Percent (%) homology of prenyl diphosphate phosphatase, phosphatidic
acid phosphatase, diacylglycerol diphosphate phosphatase, and dolichyl diphosphate

phosphatase
ZU49 | X160 | LFD1 | LLQ7 | FVLI | LAS9 | 5521 | 72K8
ORF2 | 100
Q9
ZU49 | 56 57
Q9
X160 | 62 60 61 \
Q8 A\
LFD1 | 69 70 55 h~h{;‘t‘~\ ,
& —
LLQ7 |71 |72 | saeemsmmms 3%
Q9
FVLI | 58 58 oV \\*&\\
Q8

LAS9 | 51 52 {/// ‘\\\\\

?5021 26 |26 ‘(l[ll& qé\\\‘\ 23

%81(8 25 27 25 "l 2’@ ‘ui\\\‘u 20 25
§§23 14 12 15 ’5 “\\ 12 10 |7

. o
Accession no.: Q9ZU49: Lipid phosphate s atase 1 (AtLPP1) (Phosphatidic acid
phosphatase 1) (AtPAPl) 4-1;','.*‘!', {,d ph - hosphatase) from Arabidopsis
thaliana (At); Q9X I -‘.F—“—-—-=-——----=-—-—- ----------- ). :_‘L J.PP2) (Phosphatidic acid

p ase) from At; QS8LFDI1:
rsor (AtLPP3) (Phosphatidic

acid phospha 3 ti m E«Igj from Af; QI9LLQ7:
phosphatidic a at eﬁn fl’iulata (Vu); Q9FVLI:
PAP beta from Vu; Q8LAS9: IIGPP phosphatase from Af;y Q05521: DGPP

o @ AR AU AT o

phospha e (DGPP phosphatase) from Neurospora crassa; P53223: dolichyl

phosphatase 2) (A 'V 2

r

Putative lipid phospha phosphatase 3, chloroplast prec

diphosphate phosphatase from yeast.



CLUSTAL W (1.82) multiple sequence alignment 127

ORF1
ORF2
Q8LFDL ~MARF SFPCFPNFGGF N---QAVTNRGFE I SETADNWVSPSDIPLI-EPNSKEHRMREAQ 55
QoLLQ7 MASWWDLRRLFGFQSIRTRFQDLSSRRLGI SAVSGAHF SSINFPLIDKKNEEDFRTREVQ 60
QOXI60 MPETH 5
QoFVLL -MPEIQ 5
QBLASY MAKIM 5
Q9ZW49 MTIGSFFSSLLFWRNSQDQEAQRGRMQEID 30
Q05521 MNRVS 5
Q872k8 MGFFNRQPRAADGAAPPVAANGTTRNEKRARRHGFE 36
P53223
ORF1 ~MHDWLTFLLLVWIEVILYVIHPFKR—===m=— YAGKDMMTOLR 36
ORF2 MMTDLR 6
QBLFD1 LGGHTLRSHGMTVART HMHDWI ILVLLVILECVLLI IHPFYR--——--~ FVGKDMMTDLS 108
QoLLQ7 LGSHTVSSHGYAVART HKHOWL I LLLLVLVAIGLYVVHPFHR -~ ——---FVGKDMMTDLR 113
QOXI60 LGAHTIRSHGVTVARFHMHOWLILLLLIVIEIVLNVIEPFHR--~----FVGEDMLTOLR 58
QoFVL1 LGMHT IRSHGTRVART HMHOWL I LLLLVI I DAVLNIIEPFHR--~—----FVGEGMMTDLR 58
QBLASY LGSHSVKSHGWKVAREHLCDWLILVWLGLIDIVLNVIEPFHR-------YIGPDMLTOLT 58
Q9ZU49 LSVHT IKSHGGRVASKHKHOWI I LVILIAIEIGLNLISPFYR-------YVGKDMMTDLK 83
Q05521 FIKTPFNIG----AKWRLEDVFLLIIMILLNYPVYYQQPFER--——— —QFYINDLTISH 54
Q872k8 PYTMTTRPTFGQWLKYTWLOTLTMAALGAIGLGVYYAHPAPSRSFAVQF SDGEVVYPQFA 96
P53223 MNSTAAAINPNPN VIPFDDT 20
ORF1
ORF2
QBLFDL
Q9LLQ7
QOXI60
Q9FVLL
Q8LASY D I 2 A
Q9zU49 ONTVPIWS VEVERYIEKRTEWDL HHSTLGLLFAVLITGVIT
Q05521 RVNN ADRRHLIFILYTSLLGLSLAWFSTSFFT
Q872k8 - 1P PLLCM EWDVNNGVLGLLYSLITAAVFQ
P53223 / VEARYL Swi = EACTVAFGQLMNEIFN
ORF1 TRNAVGRPROF & & ~NVICHGD-KNVIKE
ORF2 I NAVGR ) KD NVICHGD-KNVIKE
Q8LFDL AIKNAVG PP 7 ALYD —-DVICHGD-KSVIRE
QILLQ7 : ‘ -- ~DVICHGE-KGVVKE
QIXI60 A ! TEHNV -~ 255 NVLCTGA-KDWWKE
Q9FVLL ATl - v — 2= ———_DVRCTGD-KGVIKE
QBLASY L ——DVWCHGV-KKIIKE
Q9zU49 RGER=DG I % _GVVCHGK-AAEVKE
Q05521 ‘ DRCQPVEGUPLDTLETA ~KDVCTTKNHERLLD
Q872K8 TVCKPDITRATNTQI A k IYYTKDICTGD-PNEIDD
P53223 @QPRAVSFGA NDTIRS
ORF1
ORF2 g S\WSFAGL KAFDRRG- HVAKL C11FLPLLVACLVGIISRVD
QSLFD1 SHP CIVILPLLFAALVGIISRVD
QoLLQ7 < ¢ L A
QOXI60
QoFVLL
QBLASY
QozZU49
a872es : -
Q872K . : Y HPALWKLAAVY APVLGACL I A
P53223 S i NFLEKCIFSGALALL SFCVC
* 4 - . .
ORF1 G YLQFFP-. WIGPY AYFRVLEESHG
ORF2 GWEPYAYFRVLEESHG
QBLFD1 PYAYFQVLEAARV
QoLLQ7 GWGPYAYFRMLEESRQ
QOXI60 ! ; - PHAYFQMLADSRN
QOFVL1 TTTASFCY b PHAYFQMLAESRN
QBLASY : HAYFRMLAERST
9ZU49
Q05521 PLPFKPLMDDSDV
Q872K8 IWDWRYNHIPLNRSNPFPFGSRDDMELGGA
PSBZZﬂ NLD S : Hz -aqmwmxwu
ORF1 ] : UNSESRVGEE- L AEARNSSLPME SHQDVERGPK
orrz_ ] NTQASSATN--~--L LNSESRVGEE -EESNVFMGLHLARNSSL PME SHQDVERGPK
Q8LFD1 VQ----QPPPQVNNGEE -~EDG-GFMGLHLVDNPTMRREEDVETGRG -~
QoLLQ7 MTQVPNVPNSGHAQLT GEEGQGCHGCMGIESESRDRNATLN-DI ESGRG
SVRQ - g -

q ﬁh a %R ; ﬁm

qozugs | i
q Q05521 TLEEAVTHQR---1PDEELHPLSD

Q872K8 TFTRQVGWGT SGAGF PFDDKHGY AGGGYGGYGGYGGGPAINRKPVAGNGVGGPFHSHGAR
P53223 FYMTDSYNLAPLTLKENYEAYWKR
ORF1
ORF2
Q8LFD1
QoLLQ7
QOXI60
QOFVL1
QBLAS9
QozZU49
Q05521
Q872K8 396
P53223

Figure 65 Multiple alignment of prenyl diphosphate phosphatase, phosphatidic acid
phosphatase, diacylglycerol diphosphate phosphatase, and dolichyl diphosphate phosphatase.
The protein names according to accession no. was shown below table 14. (I, II, IIl =
phosphatase motif of KXsRP, PSGH, and SRXsHX3D, respectively)
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As shown in the Table 14, there is a 51 % homology between amino acid of
A. thaliana DGPP phosphatase but it is less observed when compares between that of
phosphatase from yeast and Neurospora (26% homology).

The phosphatase motif consisting of ' three consensus (Stukey and Carman,
1997) was found among all 13 amino acid sequences of prenyl diphosphate
phosphatases, phosphatidic acid phosphatases, diacylglycerol pyrophosphate
phosphatases, dolichyl phosphate phosphatase, ORF1 and ORF2 as shown in the

alignment by CLUSTAL W i V//T/e phosphatase motifs consisting of

KXeRP, PSGH, and SRXs
ﬁled to those of terpene synthase

Moreover, the
which were the enzym e s iate with, pyrophosphate group. There is a

Frrs \
Table 15 Per 1ology ellatopilosus prenyl diphosphate

Q38710 P80042
ORF2
Q8L5K3
Q38710
P80042 7
QI9SSU0 9 61

Accession no.: Q8L5K}:‘ ‘_,{_+)-1imonene sipthase 1 from Citrus limon (Lemon);

Q38710 abietﬂeﬂsﬂ.ﬂ%e%ﬁ(%ﬁ WIﬂ)’]rﬁ ‘%’bies grandis; P80042:

geranylgeranyl pyrophosphate synt}etase from Caps:cum Q9SSUO geranylgeranyl

TN TR AN ANYAY

Mutatlon of phosphate motif were studies in DGPP phosphatase from yeast,
there were evidences that mutation of arginine at motif I and histidine at motif III of
phosphaptase motif caused completely loss of DGPP phosphatase activites. And
mutation of histidine at motif II also led to 91% decreasing of DGPP phophatase
activity (Toke et al, 1999).
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The model for the topology of the deduced amino acid sequences of ORF1
and ORF2 were predicted by program Sousi v1.0 (Hirokawa et al.,, 1998)
(http:/sosui.proteome. bio.tuat.ac.jp/sosuiframe0.htm). The prediction indicated that

both of them were transmembrane protein with 6 and 5 transmembranes regions,
respectively as shown in Fig. 66.
The enzyme involved in the biosynthetic pathway of plaunotol which is

diterpene should be taken place in chloroplast. So we expected the available of the

redlcted There was no exactly

The program available at

present could not 100% exa

ORF1 and ORF2 by trial afd

> desi igned the truncate proteins of
cted the truncate gene from
the basis of inputtingfiuclg Stide 4 puc I shloroP program, the cleavage site of
cTP from nucleotide d ‘ | e program. The RR motif
(twin-arginine motif) wa€'r of monoterpene synthase and
nptif of ORF1 was also designed.
acate ORF2, and truncate after RR

motif were constructed, in addities with @ €lone of empty vector as a control. All

diterpene synthase, so the
The 5 clones of ORF1,

ﬂ‘lJEJ’J‘VIEJVI‘iWEJ’]ﬂ‘i
QWWﬁNﬂ‘mJ UA1AINYAY
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No.Nterminal  transmembrane region  C terminal  type  length| | A
|1 2 HDWLIFLLLVVIEVILYVIHPF 23 PRIMARY & 22 |
43 TVPVWAVPMYAILLPMLVFLVVY 65 PRIMARY = 23
74  LHHAILGLFYSVLVTAVITDSIK 96  SECONDARY 23
139  SFPSGHTSWSFAGLGFLSLYLSG 161  SECONDARY
171  HVAKLCIIFLPLLVACLVGISRV = 193  PRIMARY
203 VFAGGLLGLTVSTFCYLQFFP | 223  SECONDARY 21

A n .&u At;l
¥

‘
[
|
[
|
|
\

_ PRIMARY 23
SECONDARY
QNDARY

Figure 66 Proposed model for the topography of deduced amino acid sequence of
ORF1 (A); and ORF2 (B) in the organelle membrane using program Sousi v1.0.
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3. Expression of C. stellatopilosus prenyl diphosphate phosphatase in E. coli.
Gene was constructed and cloned into the plasmid pET 101/D-TOPO vector.
The fusion protein with His-tag at C-terminal of ORFI, truncate ORF1, ORF2,
truncate ORF2, and gene after RR motif were obtained from the expression in E. coli.
As many reports of gene cloning in enzyme involve in terpenoid pathway using E.
coli expression system, so we chose this system as a first tool for expression of gene.
Because of several number of arginine, isoleucine and leucine contained in the amino

acid sequence of C. stellatopilosu phate phosphatase, so the expression

- 9

i Purificatio Aol

affinity column

diphosphate phosphatase by

The protein ate cell showed two major

bands that seem to bgfthefregombi --.,-- because of the appearance after
induction by IPTG. Howevef, the reﬁ_! omﬂ"\‘ Blot showed clearly that the
major bands were not the his- : e . S l otein ORF1, truncate ORF1, ORF2,
and truncate ORF2 showed g o--- -x—f ; ction with His-tag Mab around 30

kDa position. Protein after RR m - 0, band at that area, but the band below

the membrane. Sinece also have pho epzymes, the empty vector

control was performéc ('( g the simil S binant protein preparation in
“ a Q
5. GGDP d ?miw Hﬂﬁ%qﬂ ?Ilatopilosus prenyl

diphosphate phésphatase

/0N (A 123
and concentrated (§m s“ usSe ”I e for GGDP

phosphatase activity. Protein ORF1 showed the main enzymatic product of GGOH,

the expression and purlﬁano

whereas the others showed the main product of GGMP. Another proteins that yielded
GGOH were truncate protein ORF1, protein ORF2, and truncate protein ORF2 (Fig.
61 and 62).
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The result indicated that dephosphorylation of prenyl diphosphate
phosphatase consisting of 2 steps. First, GGDP was cleaved one group of phosphate
to obtain GGMP and then the second phosphate group was cleaved to yield GGOH.

The deduced amino acid of C. stellatopilosus prenyl diphosphate
phosphatase which were obtained from this study showed highly identity to that of
phosphatidic acid phosphatase and diacylglycerol pyrophosphate phosphatase as
shown in the alignment. These e 1es were transmembrane protein. DGPP
phosphatase and lipid phosphate ' from yeast were reported for the

P (Faulkner et al, 1999). They

showed that the productid MP {fom G BY DGPP phosphatase was linear

for 30 min, after that, the appafent i GMP was reduced, whereas
production of GGOH incge#Seg 0 5.0-5.5. Furthermore, both
DGPP and GGDP wef€ egdh d subs P phosphatase (Faulkner et
al, 1999).

It can be notg -' petween prenyl diphosphate
phosphatase, phosphaﬁ ‘ acylglycerol pyrophosphate
phosphatase and lipid phosphate ratase-that ey have phosphatase motif, high
homology between amino acid. —4:e-e‘- ces, and the broad specificity among their

substrate.
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