CHAPTER 11
LITERATURE REVIEW

1. Botanical description of Croton stellatopilosus Ohba

As described in the web site of Flora of Thailand (www.
nationalherbarium.n/thaieuph/ThSearchUse.htm), ~ Croton  stellatopilosus ~ Ohba
(Fig. 2) is a kind of shrub to 6 m tall, branching from base; younger parts distinctly

pubescent. Indumentum consisting of e-dendritic, cream-yellowish-brown hairs
» margin serrate, apex acute to short

with a slightly darker center.

acuminate, brighter below.

@rescences whitish, 7-10 cm long,

; ; | — || ——
the staminate in the apical.i often |stil

yhen the lower pistillate part is

(71

already in flower or evgs s.densely pubescent throughout;
pedicel 2-6 mm long; $ Balsfndt/ K al$ bo \\ mm; stamens 10. Pistillate
flower densely pubesceaf' th 01 o 1 \

~\ i long; sepals 3 by 1.5 mm;

apically. Fruits 5 by 6 mii, $h e ' ry slighfly muriculate, sulcate, quite thin-

petals not seen; stigmias a\ e lower half and once divided

walled, sparsely pubescef by 2.5 mm, with a very small

+

caruncle. Flowering and frifitingian Decen

Distributign areas ;.F.__ he
Thungna), Sa Kaeg,4Prachin Buri (Kabinburi), Chat _';:;.,u gsao, Chon Buri (Khao
Khieo). Y 7 N

The name oﬂhis plant has been changed remntly based on its taxonomic
characteristic. It was or&'ﬂﬂﬁdemified as'Croton su?i'atus by Airy Shaw (1972)

i

by comparing Vi eoledhbr b Anfabi 144 o Incia. However, te

samples of Thaiq{:ollections differ invat least two gharacters fromghe Andaman plants:
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sublyrattis), and peculiarly cone-like, dense, pyramidal inflorescence buds (not found

p Fébruary.
and appear to be in Lop Buri (Khao

on the Andaman Island). Also the leaves are generally slightly smaller in Thailand.
These differences have been used as the major points to separate plants from the two
countries. Croton stellatopilosus has, therefore, been described from south-eastern
Thailand and is the correct name for the source plant of plaunotol 1n the strictest sense

(Esser and Chayamarit, 2001).



Figure 2 Various parts of Croton stellatopilosus Ohba: (A) Leaves; (B) Flowers;
(C) Fruits



2. Thai Folk medicinal uses
' C. stellatopilosus (Plau-Noi) is a Thai medicinal plant that has been used

traditionally as an anthelmintic and a dermatologic agent for skin diseases (qaansal
wnanende, Anzndamans, medmindmaneaianf, 2530; Ponglux. ef al., 1987). The parts of

stem, bark and leaf have been used as an antidiarrheal and to normalize mentruation,

whereas its flower has been used as an anthelmintic (:fina, suiinings, Ansindoaans,

postpartum (wnian waiszand, ussunsnas,

2526). In addition, Plau-Noi*and Plz gifolius Roxb.) have been used
~such as stemachic, anthelmintic, emmenagogue,
digestant, transquilizer andee# ativel They alsoshave been used for the treatment

of lymphatic, pruritic, lepsé raQr and yaws (s iz unzanz, 2531; dundu yuos

3. Bioactive compoun

Plaunotol, the 2 ac), is an acyclic diterpene alcohol
which was registered with the World feal ganization (WHO) under the code CS-
684 (Ogiso et al., 1985). ! | vhich has been manufactured by
Sankyo Co., Ltd,, "VJJ'“—""‘i“7"""'i_";’"“'-,","‘-“"“""‘1 ; Ogiso et al. (1978) by
antiulcer activity guide-frac

53 g per 81.5 kg dried Stem.

Other ‘m i rf TR by Kitazawa et al. in
1980, they are %jjﬁc ne, aEJIj]P M :jﬂl‘ﬁ, plaunol D, plaunol E
with less yield from stem (1.2 g, 1.5 g, 0.5 g, 445g, respectivelyifrom 81.5 kg dried
o ARG 3 6 UV IVTE TN D

%ecently, the extract from C. stellatopilosus combined with surfactant has

AT
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‘ lj of the stems. The yield is

been patented for the use as shampoo for animals (Mamiya and Iso, 2003a) and the
topical compositions containing fungicides 1%wt bifonazole and 10%wt (E,Z E)-7-
hydroxymethyl-3,11,15-trimethyl-2,6,10,14-hexadecatetraen-1-ol from C. stellato
pilosﬁs showed treatment of onychomycosis (Mamiya and Iso, 2003b). The chemical

structures of those bioactive compounds from C. stellatopilosus were shown in Fig. 3.
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tetraen-1-ol, (C) plaunol B, (D) plaunol C, (E) plaunol D, (F) plaunol E.

4. Various techniques used for obtaining plaunotol

Among the occurrence of 15 species of Croton available in Thailand
summarized by Tansakul 1998, it has been shown that only one species of C.
stellatopilosus that contain plaunotol (Ogiso et al., 1981 and 1985; Vongcharoensathit



and De-Eknamkul, 1998). The quantitative analysis of plaunotol in Plau-Noi leaves
in Thailand has been reported by Vongchareonsathit 1998. The content of plaunotol
is in the range of 0.14-0.79 % w/w. Due to the importance of plaunotol for medicinal
use, various studies have been carried out to evaluate the possibility alternative
sources of plaunotol and GGOH. These studies include:

1. Cell suspension culture (Kitaoka et al., 1989). They found that no

production of plaunotol but only GG ccumulated in the lag or stationary phase of

cell growth at 0.05% dry weight, ’
n s found that plaunotol is present

3. Chemical syn 50

OngO et al., 1985; Sato et al.,
\\\
00) .

2. Callus culture
0.17% dry weight.

1988; Takayanaki, 1994; 2( -
ne ,‘g rom crude extract of C.

stellatopilosus by Nil otol is 15-17 g from 6 kg dried

ground leaves.

Biotechnology i nethods to improve secondary

metabolite production. In plant products, it generally begins
from the study of blosynthetlc ,-‘ or to confirm the proposed biosynthetic
pathway and to identif in fhe biosynthetic pathway. In

AN directly modifying the

addition, recombina iy, DNA™ te
expression of genes reEed to bio now @o possible to manipulate the
pathways that lead to spcgdary plant ccmpounds (Bourgaud et al., 2001). The

knowledge cmﬂ o {ofte Tihdl/stép etk Bginkefringito increase the product

by manipulate ifligene level of the el}zyme limiting step (Bourgaud et al., 2001; Broun

a"“"‘@?ﬂ?ﬁ%ﬂ"ﬁ‘?ﬂ"&lﬂ’]'ﬁﬂﬂ?ﬂ d

5 Methods used in biosynthetic study of secondary metabolites
Various methods used in biosynthetic studies of secondary metabolites have
been given by Luckner, 1990. It can be summarized as follow:
1. Methodology of biosynthetic studies use of isotope-labeled
compounds (tracer technique, feeding experiment), such as the administration

(feeding) of putative precursors labeled with isotopes at one or more specific positions



to organisms producing secondary products, then isolate the secondary compounds
after a suitable period of time, and determine whether they contain any of the isotopes
enriched in the administered precursor. This technique could detect the intermediates
and elucidate of mechanistic details of biosynthetic pathways. The isotopes used are
24, 3H, 3¢, Mc, *N, 0, 2P and S.

2. Use of enzyme preparations (cell-free preparation): In tracer

experiments, administered substances have to pass many barriers before reaching the

site of the biosynthesis of seconda : products’ so the incorporation rates are often low

and sometime misleading. oblems caused by compartmentalization
may be avoided by using ws of homogenates, or enzyme
preparations instead of whole™Cells Hawever, in" vitro_experiments with enzymes of

secondary metabolism arg o§F5 )k Ca \ Of 5] amount present and they may
denature and inactivated ajfier disi ’ of t s es of storage.

\ to have basic information
diates and types of reactions.

This knowledge may com ‘.*’l"; eriments which are usually a prerequisite

of successful enzymatic woik, and ge experience on reactions of secondary

product formation, i.e., on well-founded knewledge of the biochemistry of secondary
i A et o %

metabolism.

7
6. Previous biosyntheﬁ study in C. stellatopilosus m
1. Feeding experiments 'Y

ﬂ Heﬁg’&tﬂ-ﬂﬂq@%nﬁlﬁ;} ﬁ\% of C. stellatopilosus

resulted to a loW incorporation of t%;e label into plaunotol. This may be due to the

=1 o/
compli€ati it Q: c GJ) : a
RTRIIYI e
q 1.2 Feeding of C. stellatopilosus callus with [1- glucose showed

the incorporation of the label into phytosterols with mix origin of isoprene units from
both mevalonate pathway and non-mevalonate pathway (De-Eknamkul and Potduang,
2003).

1.3 Feeding the whole leaf of C. stellatopilosus with [1-'°C] and [U-
13C] glucose lead to an incorporation of the label to plaunotol exclusively by the non-

mevalonate pathway (Wungsintaweekul and De-Eknamkul, 2005).
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2. Cell-free extract
The fraction of 20,000 g pellet from fresh leaves of C. stellatopilosus
was studied for the enzyme activities utilizing substrate [1-°’H]GGDP (Tansakul and
De-Eknamkul, 1998). It showed clearly that the amount of GGOH was formed and
utilized for plaunotol formation. Therefore, the biosynthetic pathway of plaunotol

was proposed to be involved two enzymes, namely, phosphatases and GGOH-18-

hydroxylase.

7. Compartmentalization peé&hesis in plants and in C.

stellatopilosus ' —

The location 1 site ,
important for choosing orgah g / ‘ \\\
/P NN

and genes involved in thejafbigt
believed to be biosynth€sizéd ) as FF ’ embrane-surround compartment

(Trapp and Croteau, 2001) : @\ \ ommonly composed of the
secondary products and ghz

ondary products of interest is

etic
ang m cells to study its enzymes
a ‘f‘

ene compounds in plant are

bollsm Lipophilic secondary

compounds are found eitheg's ‘ Con ‘# ¢membranes (chlorophylls) or are

located in the plasm of plastid as_lipophilic droplets-like carotenoids

e i T

(Luckner, 1990). From ‘micro iside mesophyll cell of C.

1?"‘[,. as shown in Fig. 5

U

ﬂ'lJEJ’J‘VIEMﬁWEI’]ﬂi
Q‘W’mﬁﬂim UA1AINYAY

stellatopilosus leaves.
(Sittithaworn, 2001 P(ﬁuang, 000
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Figure 5 Electron micrograph of the palisade mesophyll cell x 3,800 time. The oil
globules of plaunotol located in chloroplast (Potduang, 2000). (g = oil globule)
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8. Phosphatases: Clarification

As review previously (Widlanski and Taylor, 1999), phosphatases is a group
enzymes that catalyze the hydrolysis of phosphoester and phosphoanhydride bonds of
a diverse set of substrates (Boyer et al., 1961). They are generally classified based on
substrate specificity, mechanism of action, and pH optimum for catalytic activity (e.g.
acid and alkaline phophatase).

Based on their substrate acti i

T phosphatases can be divided into 3 major
groups; ,

1. Nonspecifi am@sad class of enzymes including
both alkaline and acid ph B —

2. Phosphop . oproteins or phosphopeptides
as substrates such as sering pha '\. - n tyrosine phosphatases

3. Sma \s\

tor one (or a related group of
structurally similar) s phatas '\. C. stellatopilosus can be
classified in this group. \

Based on mechani bé divided into 2 groups:

1. Enzymes at il ¢ 'site nucleophile as the initial

phosphoryl group acceptor. 'Ihig : ided into two subgroups:
et .

“Phe glcophile containing active

amino acids such as hisfidine, [ ' )

- @osp atases site &@'ataining metal ion. Many

phosphatases ultilize a twg-&etal ion dyad t&})ind phosphate ester and catalyze their

s s GAAYG W HATG s " co”

2.%Bnzymes that transf&r the phosphoryl group immediately to water.

e A0 AN A Y

According to Expasy database there are two groups of enzymes with

phosphatase activities that use prenyldiphosphate as substrates:
1. Terpenyl diphosphatase (E.C. 3.1.7.3)
This group of phosphatases catalyze the dephosphorylation of terpenyl
diphosphate compounds. Geranyl diphosphatase is an example of this type. It has

been shown that partial purification of supernatant 105,000 x g from leaves of sage
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(Salvia officinalis) from Sephadex G-150 and hydroxyapatite column can hydrolyze
“bornyl pyrophosphate into borneol (Croteau and Karp, 1979a; 1979b; Stafford, 1990)
(Fig. 6). The phosphatase activities have shown to have two types of enzyme with
difference Mr, pH optimum, and substrate specificity. The first enzyme was specific
to pyrophosphate ester of borneol and pyrophosphate ester of cyclic monoterprenols:
mentyl, thujyl, and terpinyl. The other type was specific to prenol pyrophosphate ester
(Croteau and Karp, 1979b) (Table 1).

&8
H OH
| o &
— (+)-camphor
~ pyrophosphate

Figure 6 Pathway o
officinalis (Stafford, 1990). &

. .\. geranyl diphosphate in Salvia

-bornyl pyrophosphate synthase

(a cyclase); (2) = (+)-bomayl hosphohydrolase; (3) = (+)-borneol
dehydrogenase. ‘ '
Table 1 Some propé] “‘-_ Spliohydrolases.
BPP | Example oh il Mr
phosphohydrolase ‘substrates o timum
GULE ki R
Type 2 Y neryl, geranﬁ 3.5-4. 0 37, 65 kDa verlap at 50 kDa)

ammmwn'mma ¢

(prenyl-diphosphatase, prenyl-diphosphate diphosphohydrolase, prenol

pyrophosphatase, prenylphosphatase)
These enzymes catalyzed phosphoric ester hydrolysis to be prenol.
They have been found in plants and animals, such as, Citrus sinensis (Perez et al.,

1980, Oryza sativa (Nah et al., 2001) Croton stellatopilosus (Tansakul and De-



14

Eknamkul, 1998), rat liver (Tsai and Gaylor, 1966; Bansal and Vaidya, 1994). Most
of them have been reported to be membrane-bound enzymes in microsomal fractions.
2.1 Phosphatase activities from the preparation of orange flavedo
(Citrus sinensis)
A partial purified enzyme preparation from acetone extraction
has been shown to contain a number of phosphohydrolytic activities which

hydrolyzed several phosphomonoestei| as well as pyrophosphate bonds as shown in

require divalent metals. It has been

concluded the reaction seque cecata \ zyme is Prenyl-PP - Prenyl-P 2>

etal., 1980).

(a) Substrate Purification

0.12 mM fold

P-cellulose
IDP-[“C] Isopentenol-JF"C ‘f; ‘-_.J _, 02 - -
GDP-[’H] Geraniol- [3H] ' 6.05 25
NDP-[*H] 7.26 27
FDP-[’H] T D — > 175 1.6
GP-[’H] L, 11.25 7.9
NP-[*H] Nerol. 5-' ] : 11.43 7.6
CiDP-[’H] Citronellgl H’] 2.42 -
cntn AIHS Tl*ﬁﬂﬁﬂ%ﬂ’]ﬂi‘ .
CoDP-[’H] 2.23 -
S8pecific acti
O ARAY E’I’i‘m VLTI o
ct fold
11.22 79.9

PPi Pi 7.14 122.4 17.0
P-nitrophenyl- 10.80 163.2 15.0
phosphate Pi
AMPi Pi 6.80 120.7 18.0

Abbrevation: IDP = isopenten.yl diphosphate; GDP = geranyl diphosphate; NDP = neryl diphosphate; FDP =
farnesyl diphosphate; GP = geranyl monophosphate; NP = neryl monophosphate; CiDP = citronellol diphosphate;
GGDP = geranylgeranyl diphosphate; CoDP = copalyl diphosphate; ATP = adenosine triphosphate; PPi =
pyrophosphate; AMPi = adenosine monophosphate; P-cellulose = P- cellulose column chromatography.
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2.2 Farnesyl diphosphatase (FDPase)
FDPase is the enzyme that hydrolyzes diphosphate group from
FDP to form farnesol (FOH). The FDPase from rice (Oryza sativa) has shown to
have a substrate specificity to FDP. It is a membrane-bound enzyme detected in the
microsomal fraction. It does not require Mg** for its activity, the optimum pH is 5.5-
6.3. The enzyme can be inhibited by Zn** and Mn?** (Nah et al., 2001; Bansal and

Vaidya, 1994). Its reaction sequence has not yet been determined whether FOH came

from one step dephosphorylatio the report in orange flavedo.
siological role of hydrolyzation
of FDP into FOH by FD dlingI5Te .- ce the toxicity of FPP which is

accumulated within the ce s 1 ~. h et al., 2001).

h ‘* ase)

\» dro yzes GGDP to form GGOH.
It has also been showf ¥ | n ) a yme of microsomal fractions
Oryza sativa, and rat liv 50 f optimumipHiis 7.0-7.9, and need no Mg2+

?;'f’“
Iééﬁ“ al,, 2001; Tansakul and De-
e e
Eknamkul, 1998). Until n r port on amino acid and nucleotide

sequences of any GGDPase enz “’_ X
i, ‘ 4

for the reaction (Crotea

=y e

10. Amino acid sequéi; lizing GGDP
So far, there lﬂ been noa q ence@f any GGDPase in database.
Therefore, conserved regions of other related enzymes that use substrates with

pyrophosphate ﬁ)% ﬁef‘]nﬁ: W‘% bwyg;qcﬂ@ay or others has been

of interest. Thes®lclosely related enzzmes can be cla551fied as follow

q 1.] isoprenyl digig;ui};g Lases (Pren)ngansferaseEYI
q

1.1.1 E-Isoprenyl diphosphate synthase

1.1.2 Z-Isoprenyl diphosphate synthase
1.2 Terpenoid cyclase (Terpene synthase)
1.3 Prenyl diphosphate phosphatase
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IT Other phosphatases
2.1 Vacuolar H'-pyrophosphatase (V -PPase)
2.2 Enzymes with phosphatase motif

I Terpenoid biosynthesis pathway
1.1 Isoprenyl diphosphate synthases (Prenyltransferase)

1.1.1 E-Isoprenyl diphosphate synthase (IPPS) is the enzyme that

catalyzes the reaction of adding ID! - (€5 ious prenyl diphosphate substrates

farnesyl synthase is the ; at add~iPP _into GDP to form FDP and

geranylgeranyl synthas i addition. of IDP into FDP to form GGDP.

i ' i .\\1\“\ prenyl diphosphate synthase of

geranyl pyrophosphate f (GF S \ ;\X Py’ hosphate synthase (FPPS),
v APPQ

~.\~" : been shown in Fig. 8.

Ra"\\
OPP
) | 7
Figure 7 Prenylation Bye&-isoprenyl diphésphate synthase (Wang and Ohnuma,
wo AU ANON I ND 13

AMIANTUUNIINYAY
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GPP syn, Peppermint
FPP syn, Avian
FPP syn, Escherichia coli .
GGPP syn, Sulfolobus acidocaldarius
PP syn, Arabidopsis thaliana
P2 syn, Erwinia uredovora
; p, Human
3 Saccharomyces cerevisiae

Figure 8 Structures of E=l€0; diphosphate syiithases (Wang and Ohnuma,

2000) | '

is formed into substrate*bi gipgcket/ These a ay roles in substrate binding
and catalysis via chelatin | : :
first DDXXD motif (FARM

5™ amino acid before the firs

(Sittithaworn et al., 2001). The s

eqliired for enzyme activity. The
. ysphate product. The 4™ and
ntrolled for the product elongation
ARM) binds to IPP (Fig. 9). The
enzyme geranylgeranyl diphosphate s .___ i atdpilosus mutated at the 4™
and 5™ amino acids have been shown to o

product from GGDP (C20) into FDP (C1 ithawo ‘fj’.i aiez:;)nlg)t.h e
AULINENTNEINS
ARAIN TN URIINYIAY
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\—DDx0 > FARM
;r\/" DDxxD — SARM
- 5 7
=R ? =9
alh
N
N
OF
N
oD

The 5™ amino acid

Figure 9 Schematic rep ite.of FPPS with FDP (product) and

IPD bound (Liang et al. / amino : u\ further chain elongation of

the product and represe oroduct chain length.

msit peptide domain present in the

of moho %- . e; diterpene, and tetraterpene
3 some identical characters such as; 1)
there are 10 uncharged amino acids-at N al 2) central region (11-46) composed

A T

of hydroxy amino acidy(seri ive gharged amino acid (lysine,

L —

arginine and histidin -V—— : ¥
1.1@Cis® Atc syr@ases (Z-IPPS)

;—gPS is the enzy&n}e that catalyzes the reaction of adding

IDP (C5) intc;ﬂryl pﬂa%ﬁ ﬁﬁtffm ﬂﬁemeneids with cis-
configuration (Figy 10). The active site of Z-IPPS differs from that of E-IPPS. Z-IPPS
lack of ifs ¢ equi i e tEw This group of
enzymeﬁmaﬁﬁmg ng p mﬂ:([ﬁ:ﬂg site in many

phosphate  binding proteins such as nucleotide triphosphate hydrolase,
phosphofructokinase, sugar phosphatase. The chain length has been determined by a
large amino acid in the bottom of the tunnel of active site, for example L137 (Fig. 11)

(Ko et al., 2001). The multisequences alignment of these enzymes appear to have

several conserved sequences.
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oPP

OPP

2000)

{

e 1 AT 84 GG s

synthase (UPPS)jwith FDP chain elongation and IDP bound (Liang et al., 2002)
Y RIRNTUNR NN
: ;
1.2 Terpenoid cyclases (Terpene synthases)
Terpenoid cyclases catalyze the cyclization of substrates GDP,
FDP, GGDP into various types of cyclic terpenoids. The conserve regions of
terpenoid cyclases such as 1) aspartate-rich motif (I,L, or V) DDXXD motif, the

binding site for metal ion that attached to diphosphate group of substrate (Mau and
West, 1994; Huang et al, 1998; Bohlmann et al., 2000). 2) N-terminal transit peptide
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for monoterpene synthase and diterpene synthase, which are biosynthesized in
plastids. These transit peptides consisted of 50-60 amino acids with numerous of
serine and threonine and few acidic amino acids (Wise et al., 1998). There is also a
RRXsW motif at the transit peptide sequence of diterpene (Bohlmann et al., 2000). 3)
Serine 5 residues that are highly conserved may be involved in the binding and

transferring of diphosphate group during reaction (Wise et al., 1998) 4) Highly

conserved histidine and cysteine residue  (Rajaomarivony et al., 1992). In Fig.12, the
ene cyclase) and casbene synthase

(diterpene cyclase) show | ‘ &ce because of the present of

plastidial targeting sequenee: Vet iraene@d epi-aristolochene synthase
are sesquiterpene synthase 1thesi

amino acid sequence of limone syn

plastidial targeting sequeng

Lame  F J ] Dadeitch
0 G i
= Gleln

)

D T K L I

800l

=
N ¢ o /
Figure lq wwtﬁcﬁ ﬁ\fﬁe ﬁréﬂ . ﬁrﬁxﬁynmase. There

are consegved regions such as aspartate-rich motif, highly conserved histidine and
cysteine residues, and N-terminal plastidial targeting sequences of monoterpene and
diterpene synthase (Back and Chappell, 1995). (Number within the boxes indicate the
number of amino acid, percentage refers to the identity scores between the indicated

domains.)
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Both enzyme groups of the prenyltransferase (terpene synthase)
and the terpene cyclase have analogous functions for their substrate binding and
catalysis. First, both use hydrophobic interaction to bind the hydrocarbon moiety of
the allylic pyrophosphate substrate. Second, ‘both catalyze the PPi leaving by co-
ordination of similar active site amino acids such as Asp, Glu, and Lys, with
Mg**(Liang et al., 2002).

1.3 Prenyl dlp.hOS .\\\\\
1C 1d phosphate phosphatase)

on the enzyme geranylgeranyl
diphosphate phosphatases. ta ~~ '* es,whowever, the prenyl diphosphate
phosphatases have its sy x \\- osphatase (PAP) and lipid
; U49), and AtLPP2 (Q9XI60)

se isoforms of enzymes are

phosphate phosphata
from Arabidopsis thali

transmembrane protein selig N espend to stress. Their actual
substrates are believed to e _' : pyrophosphate (DGPP) phosphatase
and phosphatidate (PA) ph h ase. T , of gene expression have been shown
to be in roots, stems, leaves, -h.-.-. 1 siliques (Pierrugues et al., 2001). The

enzymes prenyl diphe 0 34, and BAC41335 (=Q9XI60)

-ga were thought to have

from Arabidopsis ,'.w_.“‘- (Tokuhir
a role in prenyl alc@ol pro preﬁon of prenyl diphosphate
phosphatase in yeast Sacgharomyces cerevi.s:"g,e.

ANENINEING

II Otheqphos %!uases

SVl i v i L T

enzyme that transfers proton from cytosol through plasma membrane in order to
produce driving force for passing metabolites to storage in plant vacuoles. The PPi
originated from various cell reactions is the substrate of this enzyme, and its
enzymatic product is 2Pi (Maeshima, 2000). The conserved regions of V-PPase has
been reported as follows: 1) DX7KXE, the substrate binding motif (PPi binding) such
as DVGADLVGKVE; 2) acidic 1 DXXXDXXXD motif such as DNVGDNVGD;
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3) acidic 2 DXXXDXXXD motif such as DTXGDPXKD (Fig. 13). The aspartate
residues at the PPi binding site, and at both acidic motifs played a role in binding and

hydrolysis of substrate (Nakanishi et al., 2001).

1an avﬂ identified the conserved
phosphatase sequence n}?tif that shares among several lipid phosphatases, the

mammalian gl %‘rw ﬁ%ﬂn’qrﬂaﬁnal nonspecific acid
ﬁ conserv

phosphatases reglon is KXXXXXXRP -(X12- 54) PSGH-(X31-54)-

ﬁﬁ’lﬁﬁmﬁﬂ’]’mmﬂﬂ



Prosein (source, accession #)
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Domain 1%  Domwin 2 Dosmmin 3¢

PGP’ phosphatase {E. coli, PIR20])
PGP phosphatase (. infTuerzae, P44370}

PAR phosphatase (M. suzculus, DE4376)
Glucose-6-phosphatase (H. sapiens, PI5575)
Glucose-S-phosphatase (R, morvegicus, L37333)
Glucose-6-phosphatase (M. muscalus, P35576)
Phosphatase (7. denticola, L25421)

Apyrase (8. flexneri, U04539)

NS-phosphatase” (S. ryphimmrfu, $14515)
NS5-phosphatase (M. morganif, P23381)
NS-phosphaase (P smarrii, P26975)
Acid phasphatase (Z. mobitis, P14924)
Hypothetical (3. cerevitine, US1031)
Hypothesical (S, cerevisiae, U3057)
Hypothetical (. cereviriar, XS7371) .

Hypethetical (S, cerevisine, Z28278) ‘_————-’ _

Hypothetical (C. elepans, Z68105)
Hypothetical (€. ¢irgans, U28733)
Hypothetical (C. etrgans, U39648)
Hypothetical (Sysechocystis sp..
Hypuhuiul (D. mobilis, SO1073)

Figure 14 Consensus sequ

motif (Stukey and Carman, 1997) '_,;-‘ 42 -‘
» {

96-KDKVQEPRP~54 -PSGH-36-5RLLLGMHWPRD-254
93-KALFEEPRP~54-PSGH-41-SRVRLGMHYPID-241
119-KYTIGSLRP-19-Y3GH-44-SRVSDYKHHWSD-283
T5-KWILFGQRP~31-PSGH~49-SRIYLAAHFPHQ- 357
71-KWILFGORP~31-P5GH-49-SRIYLARHFPHQ-353
75-KWILFGQRP-31-PSGH-49~SRIYLAAHFPHD- 357
B2-KRILKIPRP~17-PSGH-54-SRVYLGVHYPTD- 341
123~-KEYYKRVRP-23 - PSGH~- 31 -SRVICGAHNQSD~-246
122-KKYYMRTRP-23-P5GH-31-SRVICGAHWQSD-232
132-KEHYNRIRP-23-P3CH-31-SRVICGYHWQSD-249
EXYMRIRP-21-PSGH-31-SRVICGYHWQSD-248
EWNRKRP~23-PSGH-31-SRIVCGAHWFSD-264
RLRP-39-PSGH-46 - SRTQDYRHHFVD-26%
LRP-41-P5GH-38~SRVIDHRHHWYD-275
iP-20-PSSE-42-GRIYCGMNHGILD-409

9-K PAP-20 - PSSH - 42 -GRVYCGNHGMLD- §04
-KCY RE-44-PSGH-47~-TRVTDNWHFPTD- 318
43, -YSGH-45-SRITDNKHHWSD- 341

FHRERP-17 - PSGH-31 - SRYALGRHYITD-145
FURTRP-12- PSGH- 39 -ASNYCRVHWATD-240
TPRP-12-PSGH-33-SRLYLRAHYPID-225
ARP-13-PSGH-41-SRIYLGVHYPSD-216
Rb\a ~PSGH- 84 - SRIFLGVHWRFD- 609
\ PSGH SRXNXXXXHXXXD

h rfeatures of this model

Jl NucIéop hilic attack of the &jbstrate s phosphoryl group
by the histidine of domaim 3 and produetion of a ﬁhosphoenzyme catalytic

memeane ] YETVIUNINEY

2. Conseryed arginine &es1dues of domains 1 and 3

e RER AT AN YYD B

3. The histidine of domain 2 participating in the protonation

of the substrate leaving group

Phosphatases in which phosphatase sequence motif include

prenyl diphosphate phosphatase from Arabidopsis thaliana, diacylglycerol

pyrophosphate phosphatase (DGPP phosphatase), phosphatidic acid phosphatase (PA
phosphatase), dolichyl pyrophosphate phosphatase (Dol-PP phosphatase). They are
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transmembrane protein with 6 transmembrane regions. Their signal peptides have not
been mentioned. The deduced amino acid sequences of lipid phosphate phosphatases

from A. thaliana in Fig. 15 represent transmembrane regions and three domains of

phosphatase motif.

AtLpplp:B2 KO
AtLpp2p: 56 LODg
AELpp3pi 56—

AtLpplp:l62-*XELYDALG q. ) ; i
ALLDP2p: 137 -ICIFENVTRIELY LD TAE S T - SGEH
AtLpp3p: 137- *KALYCET GG S oy e,
II1 ‘ Y : \
AtLpplps241-F Al P TAGTT a0 2 oy G e E ST TR
AtLpp2pi1217- ! ?a-
AtLpplp: 216 - R RN |

AtLpplp:320-256T5TARA = man - ak
AtLpplp:
AtLpplp1295-CLELVDNPTHRSR»

Figure 15 Compariso ctween the deduced AtLpplp,

AtLpp2p, and AtLpp3p piote ugueset al., 2001). (TM = transmembrane
region; I, I, III = phosphatase__, t-domaimilsg, 3, respectively)

in of 34 kD. It catalyzed

to forxﬂ PA, and then removes the
phosphate from PA to fofmediacylglycerol as/shown in FﬁlG (Han et al., 2004). PA

phospatase 1§30 b dh Lty bt

Dol-PP phospheﬁ‘.lclse is an enzyme that plays a rolgn glycosylati(m,of lipid.

ARIANNFIUNATINEIAE

to diacylglycerol, and
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J(

in the nuclear genome and
synthesized in the cytoso 1 th Sstination is either mitochondrion, the
chloroplast or the secre sthway. — Netermibal targeting sequence that is

recognized by translocation ma e _key part involving in the sorting

(Buchanan et al., 2000y clsson ¢ £

Both mitochojidiial and chic St of their proteins from the
cytoplasm in the form of preprot ransit peptides 7 The targeting sequencing
will be proteolytically renpved during or aﬁuhe entering.

Targefl% %Wlﬂ'ﬁpﬁéw Ejlﬁ})ﬂﬁmoufs located in N-

terminal end (orC-terminal in some proteins). Each compartment and membrane

roies A N T TS VYT = e e
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Table 3 Peptide targeting domains for transport to different organelles.

Organelle Targeting domain

ER Signal peptide (SP)
Chloroplast Transit peptide (cTSs)
Mitochondrion Presequence or mitochondrial

targeting peptides (mTPS)

Nucleus clear localization signal (NLS)
Peroxisome ’ e targeting signal (PTS)
Vacuole ing signal (VSS)

basic, hydroxylated, 10 kcid, \wherea hloroplast transit peptides
(cTPS) consisted of n

There are programsavaila edicting the localization of protein
which has targeting sequencegz_,~ g cleavage site of these proteins.
These programs such 4 { cTP (Emmanuelsson ef al.,

, ‘“ﬂ | 1997), and TargetP, the
programme to predig subcellula; aliza in!_Ichloroplast,

mitochondria,
ER/golgi/secreted, and othgss with a success rate of 85% in plant. TargetP also

predicts potentxﬂl%%} % %q Esmﬁ Wafl}ﬂ ﬁrrectly around 40% in

chloroplast and 56% in mltochondna‘ It can dlstuﬂnsh between s ad mTPs better
than CIQ W %u@sﬂﬁj m 2&% "]If}%\fﬁjaﬂrﬁ EJ webserver at
ttp://ww¥w.cbc.dtu.dk/services/TargetP/.

Diterpene has the biosynthesis location at plastid, such as in
chloroplasts. The amino acid sequences of diterpene synthases normally consisted of
chloroplast transit peptides (Mau and West, 1994; Fischbach et al., 2001; Engprasert
et al., 2004). However, the secondary structure of cTPs is not well characterized, and
the sequence conservation around the stromal processing peptidase cleavage site is

not strong (Gavel and Heijne, 1990).
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Targeting proteins to plastids
Transport of proteins into chloroplasts involves a removable transit
peptide. Chloroplast proteins encoded in nuclear DNA are synthesized in the cytosol.
These proteins are translated as precursor with an N-teriminal transit peptide of 40-50
amino acid that targets the polypeptides to the chloroplast into the stroma. After that,
a peptidase removes the transit peptides of stromal precursor proteins. Proteins that

lack of transit peptide cannot be imported.

Pathways for transpo : id membrane

There are 3 p e transportation of protein across
thylakoid membrane in ¢ il he's @ys will be mentioned here in
detail. "

1. SECp cre d ion system) required ATP,
stimulated by pH gradi€nt ' ; st s and thylakoid lumen (Fig.17).

2. pH ' he pH gradient, the twin-
arginine motif is essenti rdtein -¢' rt vt tilis | hway (Fig. 17).

3. SRP pa sﬁ&&f gn i olh particle), required GTP rather than
(et A
romal factor (SRP).

Figure 17 Pathways for protein targeting into thylakoids. (1=SEC pathway; 2=pH
gradient pathway (Robinson and Bolhuis, 2001).
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The twin-arginine translocation pathway encoded by tat genes, so
called Tat system (Robinson and Bolhuis, 2001). Tat system operates in the thylakoid
membrane of chloroplast, and in the plasma membrane of most free-living bacteria. It
functions to transport fully folded proteins across the membrane. The transportation
required no nucleoside triphosphate for their import into thylakoids, but it is totally

dependent on pH gradient between the lumen of thylakoid and the stroma (Mould and
Robinson, 1991)

Sec-type system ( d in chloroplast and bacteria. The
system consists of SecA, Se and SechZh@mologues.  Sec pathway transport
thylakoid lumen proteins. F schanisnt dep ATP.

Consensus seg - s of chloro snt peptide

There 2 ‘- ny / e »\ \\\E tenze the chloroplast transit

cntified in many proteins in
= % W\
ao “i‘ ! i E >
" AN

shown in Fig. 18. The RRXj otiﬂaﬂ_@._ erpene synthases such as geranylgeranyl
pyrophosphate synthase we @E& 1o be the \-* ge site for chloroplast transit
peptide (Engprasert et al., 2 D4) ;é,-:-. R

peptide. The consensus 0f RR 1y

Arabidopsis thaliana. puotei wed the Sec type system as

7 olved in Tat system. So it is

possible that diterpene synthases 3 pene synthases were transported into

e

chloroplast by Tat systen -
'yj,—” Y )

e

E iy
ﬂ'lJEl’WIEWI‘ﬁWH’]ﬂ‘i
’QWW&NﬂiﬂJ UAIINYAY
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TAT pathway

sp|0B2660 | H136_ARATH SPSRRELLYQBAAVSLSLSSIVGPARA--- - --
Bp Q42029 | PEP1_ARATH AVERRLALTLLVGAAAVGSKVSPADRA - - - ==~
ap | Q9XPT3 | PSQL_ARATH . BISARSVIGLVAAGLAGGSFVQAVLA- -« -- - ;
sp[Q41932| PEG2_ARATH ESSRRSVIGLVAAGLAGGSFVKAVPA=======~
sp|PB2715|35.8_kDa_protein GLSRRDLVLIGLSSPLSMFLPLSSPVTHA----~
#p[049292|TLI0_ARATH VLSRREVMARGLVSSTTALAFPREGLA === -
Bp | PB2538 | TL26_ARATH KCQRRLIVTPCVVAPRISLLSRAPLSFA-----
ap|023403 | T215_ARATH AVGRRKSMMMGLIMSGLIVSQANL PTAFAP- - -
sp|P822B1 |TL29 RARATH AFHRRDVLKLAGTAVGMEL IGNGF INNVGDAKA
tr|QSLU10 | 36_kDa_protein STTRRILLTSLFMNLCFNPSRYLSALA == ===
tr|QSLYRS |18_kDa_protain 2 " (1.1 VESVGLL IGALSYDSKDGDFASA—
#p{022870|17.5_kDa_protein T" ------
tr|Q9M222[16.9_kpa _p*oteiq\ : -------
tr{Q95CY2|14.7 kDa_prot - RN 0 F@FS IGLLDNVSALA - - - - - - -
tr|Qs88720{15.9 kDa_prom_.L 2 DIASSVFFLPLAISPATA- -~ ---
tr|022773 TMG_W’I/' FRRELSLA VAIGLVENDRRRHDANA
tr|QSLM71|17.8_kDaproLein ; ROASTILLEST SFFVLTPSSSEA
€T |Q93EL? |HhoR pre oY ORGRRIMIFGSSLALTSSLLGSNQQRLPMESATA
tr|QILXX3|20_kDa_préte OPRERELLLKOAVAL PATLQLKEAPTSAA
<
Sac pathway
tr|Q39245 |Violaxanthid d8 © “-LEELEAPLLLRLYGVLACAFLIVPSADA- == «=- -~ - =~
sp|P23321 | PSOL_ARATH AVKIAGFALATSALVVSCGASA- - »v= v -~~~
Bp| Q98841 | PSO2_ARATH _ ABPALATSALVVSGAGA- -~ --~ e
sp|P11490 | PLAS ARATH o) CVIAVATAASIVLAGNAMA -« « v v == == -~
sp|P42635 | PLAT ARATH B bR L PGVAAVAAAASTALAGNAMA -« == cavven
8p|02260% | DEGP_ARATH — g PR ALSPSLFAAS PAVESASA-------
tr|Q9zPo2|D1L _pmc}iuing PR -3', SVLLVS5ISYVTTDSPPSWG-
tx|PB2869|38_ ..‘ Teirn K LEKLVAT 7 PP P LFGLDSAY ISPARA- - ===
LY |Q9ASSE |16, 5] protein ‘
5p|P81760| TL1? m | ==-FI AALCACTLTIASDYIA---~=======
tr|022160}11.6_ “XDa_protein =-------VSKRSLFALNVEASLFFVDPALA=-=-~~-~+=-~
tr|Q9ZVLs|1a.3 kDa protein ---LIDA%LA_L_ALSLRTFSWGTMA ---------
Lz |Qo3K33 (17 otein ~-------SELPEKLISFALAISLTSPSPALA--v=~---v~~
tz|QSLVVS ﬂﬁﬁk -----------
tr|QSPL23 1 st. 88PIS-5VA=----------
tr|Q953a5 |40 KDa _prot:cin ~ugcusmswmsvpsmpmvmwrpnvs-
Figure Transit pefp-t]ldes of lumlyj proteins Eomm Arabidopsis thaliana

(Schubert et al., 2002).
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